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A Code

A.1 binary_number_system.hpp

1 #i f n d e f CPHSTL BINARY NUMBER SYSTEM H
2 #de f i n e CPHSTL BINARY NUMBER SYSTEM H
3

4 /∗
5 Desc : Vui l l emin s t y l e b inary number system .
6 Auth : Asger Bruun 2009−2010.
7 Ref : Jean Vui l l emin . A data s t r u c t u r e f o r manipu la t ing p r i o r i t y queues .
8 Communications o f t he ACM 21 (1978) , 309−315.
9 ∗/

10

11 namespace cphs t l {
12

13 template<typename C, typename E>
14 // where E and C have the same type o f comparator and va l u e .
15 c l a s s binary number : pub l i c E : : r o o t l i s t t y p e {
16 binary number ( ) ;
17 binary number ( binary number const&) ;
18 binary number& operator = ( const binary number&) ;
19

20 pub l i c :
21

22 typedef typename E : : comparator type comparator type ;
23 typedef typename E : : r o o t l i s t t y p e r o o t l i s t t y p e ;
24 typedef typename r o o t l i s t t y p e : : b a c k i n s e r t e r b a c k i n s e r t e r ;
25 typedef typename E : : s i z e t y p e s i z e t y p e ;
26 typedef typename E : : po in t e r po in t e r ;
27

28 //would l i k e p r o t e c t e d :
29

30 c l a s s b i t s c a n n e r {
31 s i z e t y p e cur rent , b i t s l e f t ;
32

33 pub l i c :
34

35 b i t s c a n n e r ( s i z e t y p e const& d) : b i t s l e f t (d) {
36 i f ( b i t s l e f t == 0) cu r r en t = 0 ;
37 e l s e {
38 cu r r en t = 1 ;
39 n e x t b i t ( ) ;
40 }
41 }
42

43 s i z e t y p e cur rent ( ) { return cu r r en t ; }
44

45 void n e x t b i t ( ) {
46 a s s e r t ( cu r r en t != 0) ;
47 whi le ( true ) {
48 i f ( ( (∗ t h i s ) . b i t s l e f t & 1) != 0) { −−(∗ t h i s ) . b i t s l e f t ; break ; }
49 e l s e i f ( (∗ t h i s ) . b i t s l e f t == 0) { cu r r en t = 0 ; break ; }
50 e l s e { (∗ t h i s ) . b i t s l e f t >>= 1; cu r r en t <<= 1; }
51 }
52 }
53

54 pr iva t e :
55

56 f r i e nd std : : ostream & operator <<
57 ( std : : ostream & os , b i t s c a n n e r const& bs )
58 {
59 b i t s c a n n e r tmp( bs ) ;
60 whi le (tmp . cur rent ( ) ) {
61 os << tmp . cur rent ( ) << ” ” ; tmp . n e x t b i t ( ) ;
62 }
63 return os ;
64 }
65 } ;
66

67 pub l i c :
68

69 enum { number system = 2 } ;
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70

71 typedef binary number<C,E> fa s t number type ;
72 typedef typename fa s t number type : : b i t s c a n n e r f a s t b i t s c a n n e r ;
73

74 e x p l i c i t binary number ( po in t e r l i s t , s i z e t y p e s i z e )
75 : r o o t l i s t t y p e ( l i s t ) , accu ( s i z e ) {
76 a s s e r t ( i s v a l i d ( ) ) ;
77 }
78

79 bool i s v a l i d ( ) /∗ cons t ∗/ { return r o o t l i s t t y p e : : i s v a l i d ( accu ) ; }
80

81 s i z e t y p e s i z e ( ) const { return accu ; }
82 s i z e t y p e max size ( ) const {
83 // Note : I t i s c l e a r to the LWG tha t the va l u e re turned by
84 // max s i z e ( ) can ’ t change from c a l l to c a l l .
85 // Ref : www. open−s t d . org / j t c 1 / sc22 /wg21/ docs / lwg−c l o s e d . html#197
86 return std : : numer i c l im i t s<s i z e t ype > : :max( ) / E : : f o o t p r i n t ( ) ;
87 }
88

89 void swap ( binary number<C,E> & h2 ) {
90 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( h2 . i s v a l i d ( ) ) ;
91 r o o t l i s t t y p e : : swap ( h2 ) ;
92 std : : swap ( accu , h2 . accu ) ;
93 }
94

95 // f o l l o w i n g : t emporare l y made p u b l i c because o f problem wi th f r i e n d .
96 s i z e t y p e accu ;
97

98 protected :
99

100 s t a t i c comparator type comparator ;
101

102 pr i va t e :
103

104 // adder
105 typedef typename r o o t l i s t t y p e : : adde r a c c e s s type adde r a c c e s s type ;
106 typedef typename r o o t l i s t t y p e : : a d d e r a c c e s s r e f a d d e r a c c e s s r e f ;
107 s t a t i c void ac c ep t ca r ry ( b a c k i n s e r t e r & nxt , po in t e r& c ) {
108 nxt . add ( c ) ; c = 0 ;
109 }
110 s t a t i c void a c c e p t r e s ( b a c k i n s e r t e r & nxt , a d d e r a c c e s s r e f l ) {
111 nxt . add ( l . sk ip ( ) ) ;
112 }
113 s t a t i c void prop car ry ( po in t e r& c , a d d e r a c c e s s r e f l ) {
114 c = (∗ l . e j e c t ( ) ) . j o i n ( c , comparator ) ;
115 }
116 s t a t i c void prop carry2 ( po in t e r& c , a d d e r a c c e s s r e f l ) {
117 c = (∗ c ) . j o i n ( l . e j e c t ( ) , comparator ) ;
118 }
119 s t a t i c void c o n s t r u c t c a r r y ( po in t e r& c , a d d e r a c c e s s r e f l1 , a d d e r a c c e s s r e f l 2 ) {
120 c = (∗ l 1 . e j e c t ( ) ) . j o i n ( l 2 . e j e c t ( ) , comparator ) ;
121 }
122

123 protected :
124

125 s i z e t y p e remove root ( po in t e r r ) {
126 // Desc : remove roo t from roo t l i s t and re tu rn i t s s i z e .
127 // Note : b i d i r e c t i o n a l roo t l i s t can ’ t h e l p s k i p scanning
128 // : because s i z e c a l c u l a i t o n i s needed here .
129 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
130 po in t e r y ( (∗ t h i s ) . begin ( ) ) , z ( (∗ t h i s ) . end ( ) ) ;
131 b i t s c a n n e r bs ( (∗ t h i s ) . accu ) ;
132 whi le ( y != r ) {
133 bs . n e x t b i t ( ) ; z = y ; y = next ge t ( y ) ;
134 }
135 s i z e t y p e de l t a ( bs . cur rent ( ) ) ;
136 r o o t l i s t t y p e : : r emove a f t e r ( z ) ;
137 (∗ t h i s ) . accu −= de l t a ;
138 return de l t a ;
139 }
140

141 void add ( binary number& b) {
142 // T(n ,m) = O(min( l g m, l g n) ) amort i zed .
143
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144 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
145

146 i f (b . accu > (∗ t h i s ) . accu ) (∗ t h i s ) . swap (b) ; // p i c k roo t l i s t w i th h i g h e s t d i g i t .
147

148 adde r a c c e s s type r1 (∗ t h i s ) , r2 (b) ; // re f , not copy .
149 s i z e t y p e n1 ((∗ t h i s ) . accu ) , n2 (b . accu ) ;
150 po in t e r c (0 ) ;
151 r o o t l i s t t y p e r e s (0 ) ;
152 b a c k i n s e r t e r nxt ( r e s ) ;
153 whi le ( ( n1 != 0 && n2 != 0) | | ( c != 0) ) {
154 switch ( ( c == 0?0 : 4 ) + ( ( n2 & 1) << 1) + ( n1 & 1) ) {
155 case 0 /∗000 ∗/ : /∗ ou tpu t d i g i t z e ro ∗/ ; break ;
156 case 1 /∗001 ∗/ : a c c e p t r e s ( nxt , r1 ) ; break ;
157 case 2 /∗010 ∗/ : a c c e p t r e s ( nxt , r2 ) ; break ;
158 case 3 /∗011 ∗/ : c o n s t r u c t c a r r y ( c , r1 , r2 ) ; break ;
159 case 4 /∗100 ∗/ : a c c ep t ca r ry ( nxt , c ) ; break ;
160 case 5 /∗101 ∗/ : p rop car ry ( c , r1 ) ; break ;
161 case 6 /∗110 ∗/ : p rop carry2 ( c , r2 ) ; break ;
162 case 7 /∗111 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c , r2 ) ; break ;
163 de f au l t : a s s e r t (0 ) ; break ;
164 }
165 n1 >>= 1 ; n2 >>= 1 ;
166 }
167 i f ( n1 != 0) {
168 a s s e r t ( n2 == 0) ; a s s e r t ( r2 . empty ( ) ) ;
169 a c c e p t r e s ( nxt , r1 ) ;
170 (∗ t h i s ) . c l e a r ( ) ;
171 } e l s e i f ( n2 != 0) {
172 a s s e r t ( r1 . empty ( ) ) ;
173 a c c e p t r e s ( nxt , r2 ) ;
174 b . c l e a r ( ) ;
175 } e l s e {
176 a s s e r t ( r1 . empty ( ) ) ;
177 a s s e r t ( r2 . empty ( ) ) ;
178 }
179 (∗ t h i s ) . accu += b . accu ;
180 b . accu = 0 ;
181 (∗ t h i s ) . r o o t l i s t t y p e : : swap ( r e s ) ;
182

183 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
184 }
185

186 void increment ( po in t e r p) {
187 // Add one e lemenet and increment s i z e .
188 // Only every second con t i guous i n s e r t does meld .
189 a s s e r t ( i s v a l i d ( ) ) ;
190 a s s e r t (p != 0) ; a s s e r t ( (∗p) . he ight ( ) == 0) ;
191 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
192

193 i f ( ( (∗ t h i s ) . accu & 1) == 0) {
194 i n j e c t (p) ;
195 ++accu ;
196 } e l s e {
197 binary number hs (p , 1) ;
198 add ( hs ) ;
199 }
200 a s s e r t ( i s v a l i d ( ) ) ;
201 }
202

203 po in t e r decrement ( ) {
204 // Remove one e lemenet and decrement s i z e .
205 // Meld i s never needed because the t r e e e x t r a c t e d
206 // i s a lways the l e a s t s i g n i f i c a n t d i g i t .
207 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( ! ( ∗ t h i s ) . empty ( ) ) ;
208

209 po in t e r p( r o o t l i s t t y p e : : e j e c t ( ) ) ;
210 po in t e r t ( (∗p) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
211 i f ( t != 0) { // ! ( ∗ p ) . i s l e a f ( )
212 s i z e t y p e n ;
213 po in t e r r ( (∗p) . cons t ruc t (n , constant<bool , f a l s e >() ) ) ;
214 i n j e c t r a n g e ( r , t ) ;
215 }
216 −−accu ;
217 a s s e r t ( i s v a l i d ( ) ) ;
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218 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
219 a s s e r t ( (∗p) . he ight ( ) == 0) ;
220 return p ;
221 }
222

223 void promoted to root ( po in t e r replacement , po in t e r d) {
224 r o o t l i s t t y p e : : promoted to root ( replacement , d) ;
225 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
226 }
227

228

229

230 pr i va t e :
231

232 f r i e nd std : : ostream & operator <<
233 ( std : : ostream & os , binary number const& hs )
234 {
235 s i z e t y p e n( hs . accu ) ;
236 os << ” s i z e ( ” << n << ”) ” ;
237 po in t e r r ( con s t c a s t <binary number &>(hs ) . begin ( ) ) ;
238 s i z e t y p e h (0) ;
239 whi le (n != 0) {
240 i f ( ( n & 1) != 0) {
241 os << ” [ ” << h << ” : ” << (∗ r ) << ” ] ” ;
242 i f ( r != 0) r = (∗ r ) . n e x t r o o t g e t ( ) ;
243 }
244 n >>= 1 ; ++h ;
245 }
246 os << ”\n” ;
247 return os ;
248 }
249 } ;
250 template<typename C, typename E>
251 typename binary number<C,E> : : comparator type binary number<C,E> : : comparator = C( ) ;
252 } // namespace c p h s t l
253 #end i f

A.2 binomial_node.hpp

1 /∗
2 Desc : A t r a d i t i o n a l b inomia l three−po i n t e r node .
3 Probab ly na ive because o f i t s b i g p ena l t y in promote .
4 This i s t he node type V o f Brown .
5

6 Auth : J y r k i Katajainen , Asger Bruun c© 2009
7

8 Ref : M.R. Brown , Implementat ion and an a l y s i s o f b inomia l queue
9 a l gor i t hms , SIAM Journa l on Computing 7 (1978) , 298−319.

10

11

12 ∗ o
13 ∗ : : : \
14 ∗ o o o o
15 ∗ | :\ : :\
16 ∗ o o o o o o
17 ∗ | | :\
18 ∗ o o o o
19 ∗ |
20 ∗ o
21 ∗/
22

23 #i f n d e f CPHSTL PQFW BINOMIAL NODE H
24 #de f i n e CPHSTL PQFW BINOMIAL NODE H
25

26 #inc lude ” a s s e r t . h++” // a s s e r t
27 #inc lude <cs tdde f> // s t d : : s i z e t
28 #inc lude <s t r i ng> // s t d : : s t r i n g
29 #inc lude <sstream> //?
30 #inc lude <iostream> // s t d : : ostream + s t d : : o s t r i n g s t r e am
31 //#in c l u d e <t up l e>
32

33 #inc lude ” r o o t l i s t . hpp”
34
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35 namespace cphs t l {
36 namespace pqfw node {
37 c l a s s binomia l node base {
38 typedef binomia l node base N;
39

40 union {
41 void ∗ owner ;
42 N∗ s i b l i n g ; // ˜ WHN− l e f t
43 } ;
44 N∗ parent ; // ˜ WHN−d i s t i n g u i s h e d −ance s t o r
45 N∗ c h i l d ; // ˜ WHN−r i g h t
46

47 binomia l node base (N const&) ;
48 N& operator = (N const&) ;
49

50 pub l i c :
51

52 typedef binomia l node base node base ;
53 typedef std : : s i z e t s i z e t y p e ;
54 typedef unsigned char he ight type ; // a s s e r t ( s i z e o f ( vo id ∗) <= (256/8) ) ;
55 // t y p e d e f r o o t l i s t <N> r o o t l i s t t y p e ;
56

57 s t a t i c N∗ const n i l ;
58

59 s t r u c t ho l e type {
60 // Desc : De f ines the per ime te r o f an i n t e r n a l sub heap .
61 N∗ da ;
62 N∗ parent ;
63 union {
64 N∗ s i b l i n g ;
65 void ∗ owner ;
66 } ;
67 N∗∗ i ngo ing ;
68

69 ho l e type ( ) : da (0) , parent (0 ) , s i b l i n g (0) , ingo ing (0) {}
70

71 ho l e type (N∗ n , bool a u t o s p l i c e o u t , bool f o r c ed = f a l s e )
72 : da ( (∗n) . d i s t i n g u i s h e d a n c e s t o r ( ) )
73 , parent ( (∗n) . parent ) , s i b l i n g ( (∗n) . s i b l i n g )
74 {
75 a s s e r t (n != 0) ;
76 N∗ p ((∗n) . parent ) ;
77 i f (p == 0) ingo ing = 0 ;
78 e l s e {
79 N∗ ps ( (∗n) . p r e v s i b l i n g (p) ) ;
80 i ngo ing = ps == 0?&((∗p) . c h i l d ) :&((∗ ps ) . s i b l i n g ) ;
81 }
82 i f ( ( a u t o s p l i c e o u t && d o s p l i c e ( ) ) | | f o r c ed ) {
83 a s s e r t ( (∗n) . i s v a l i d ( ) ) ;
84 i f ( c a r e f u l ) {
85 (∗n) . parent = 0 ;
86 (∗n) . s i b l i n g = 0 ;
87 }
88 }
89 }
90 bool i s r o o t ( ) const { return i ngo ing == 0 ; }
91 bool d o s p l i c e ( ) { return ! i s r o o t ( ) ; }
92 void s p l i c e i n (N∗ n , bool f o r c ed = f a l s e ) {
93 i f ( ! ( d o s p l i c e ( ) | | f o r c ed ) ) return ;
94 (∗n) . parent = parent ;
95 (∗n) . s i b l i n g = s i b l i n g ;
96 i f ( ingo ing != 0) (∗ i ngo ing ) = n ; //???
97 }
98 } ;
99 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e ) {

100 ho l e type ho le ( th i s , true , f o r c ed ) ;
101 return ho le ;
102 }
103 template <typename H>
104 void s p l i c e i n ( ho l e type& hole , H&, bool f o r c ed = f a l s e ) {
105 ho le . s p l i c e i n ( th i s , f o r c ed ) ;
106 }
107

108 // s t r u c t o r s
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109

110 binomia l node base ( ) : s i b l i n g (0) , parent (0 ) , c h i l d (0 ) {}
111

112 // p r o p e r t i e s .
113

114 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return s i z e o f (N) ; }
115

116 s t a t i c bool i s spooky (N const ∗ p) { return 0<( long long )p && ( long long )p <1000; }
117 bool i s v a l i d ( ) const {
118 bool n o d e i s v a l i d = t h i s != n i l
119 && ! ( i s spooky ( t h i s ) | | i s spooky ( parent )
120 | | i s spooky ( c h i l d ) | | i s spooky ( s i b l i n g ) ) ;
121 a s s e r t ( n o d e i s v a l i d ) ;
122 return ( n o d e i s v a l i d ) ;
123 }
124

125 bool i s o t h e r r o o t ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return parent == n i l ; }
126 bool i s r o o t ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return parent == n i l ; }
127 bool i s l e a f ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return c h i l d == n i l ; }
128 bool i s marked ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return f a l s e ; } // ??
129

130 void ∗ owner ( ) const { a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ; return owner ; }
131 void∗& owner ( ) { a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ; return owner ; }
132

133 N∗ root ( ) const {
134 // Desc : f i n d the roo t . T(n) : O( l g (n) ) . ES : no throw .
135 a s s e r t ( i s v a l i d ( ) ) ;
136 N∗ p ( (N∗) t h i s ) ;
137 whi le ( ! (∗p) . i s r o o t ( ) ) { p = (∗p) . parent ; }
138 return p ;
139 }
140

141 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
142 a s s e r t ( i s v a l i d ( ) ) ; return parent ;
143 }
144 N∗ d i s t i ngu i shed de s c endant ( ) const {
145 a s s e r t ( i s v a l i d ( ) ) ;
146 return (∗ t h i s ) . i s r o o t ( ) ? c h i l d ( ) : s i b l i n g ( ) ;
147 }
148

149 N∗ m o s t s i g n i f i c a n t c h i l d ( ) {
150 // Desc : t he p o t e n t i e l r e tu rn o f a s p l i t b e f o r e doing i t ,
151 // ( which i s a l s o the t a i l o f a p o t e n t i a l c on s t r u c t ) .
152 a s s e r t ( i s v a l i d ( ) ) ;
153 return (∗ t h i s ) . c h i l d ;
154 }
155

156

157 N∗ s u c c e s s o r ( ) const {
158 // Desc : ” c h i l d f i r s t ”−ordered t r a v e r s a l .
159 // T(n) : O(1) . ES : no throw .
160 a s s e r t ( i s v a l i d ( ) ) ;
161 i f ( (∗ t h i s ) . c h i l d != n i l ) return c h i l d ;
162 e l s e i f ( parent != n i l && ! (∗ parent ) . i s r o o t ( ) )
163 return (∗ parent ) . s i b l i n g ( ) ;
164 e l s e return n i l ;
165 }
166

167 he ight type he ight ( ) const {
168 // Desc : Slow he i gh t , u s e f u l l f o r a s s e r t i o n s . ES : no throw .
169 a s s e r t ( i s v a l i d ( ) ) ;
170 he ight type h (0) ;
171 f o r (N∗ c ( c h i l d ) ; c != 0 ; c = (∗ c ) . c h i l d ) { ++h ; }
172 return h ;
173 }
174

175 bool t r e e v a l i d ( ) const {
176 i f ( t h i s == 0) return f a l s e ;
177

178 i f ( c h i l d ( ) != 0) {
179 N∗ p ((∗ c h i l d ( ) ) . parent ( ) ) ;
180 i f (p != t h i s )
181 return f a l s e ;
182 i f ( ! ( ∗ c h i l d ( ) ) . t r e e v a l i d ( ) )
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183 return f a l s e ;
184 i f ( s i b l i n g ( ) != 0) {
185 i f ( ! ( ∗ s i b l i n g ( ) ) . t r e e v a l i d ( ) )
186 return f a l s e ;
187 }
188 return true ;
189 } e l s e return true ;
190 }
191

192 // ope ra t i on s .
193

194 N∗ j o i n (N∗ weaker ) {
195 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
196 // Note : t he owner shou ld ensure ” a s s e r t ( (∗ t h i s ) . h e i g h t ( ) == (∗ weaker ) . h e i g h t ( ) ) ”;
197 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
198 r i g h t j o i n ( weaker ) ;
199 return t h i s ;
200 }
201

202 N∗ s p l i t ( ) {
203 // Desc : s p l i t weaker t r e e . T(n) : O(1) . ES : no throw .
204 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
205 return r i g h t s p l i t ( ) ;
206 }
207

208 template <c l a s s Boolean>
209 N∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
210 // Desc : Vui l l emin ” con s t r u c t ”. T(n) : O( l g n) . ES : no throw .
211 // I s o l a t e the roo t from i t s c h i l d s .
212 // Ret : A roo t l i s t in the r e v e r s e order o f an r e c u r s i v e s p l i t
213 // + t o t a l number o f nodes i n c l u d i n g the roo t .
214 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
215 a s s e r t ( i s v a l i d ( ) ) ;
216 N∗ r (0 ) ;
217 i f ( c a l c s i z e ) n = 1 ;
218 f o r (N∗ c ( c h i l d ) ; c != 0 ; ) {
219 N∗ d ((∗ c ) . s i b l i n g ) ;
220 (∗ c ) . parent = 0 ;
221 (∗ c ) . s i b l i n g = r ;
222 r = c ;
223 i f ( c a l c s i z e ) n <<= 1 ;
224 c = d ;
225 }
226 c h i l d = 0 ;
227 return r ;
228 }
229

230 N∗ r e l e a s e r o o t ( ) {
231 // Desc : Vui l l emin con s t r u c t wi th r e v e r s e roo t l i s t o rde r ing .
232 N∗ q ((∗ t h i s ) . c h i l d ) ;
233 (∗ t h i s ) . c h i l d = 0 ;
234 (∗q ) . parent = 0 ;
235 return q ;
236 }
237

238 N∗ r e l e a s e subheap ( ) {
239 // Desc : d i s connec t r e v e r s e roo t l i s t t a i l .
240 N∗ q ((∗ t h i s ) . s i b l i n g ) ;
241 (∗ t h i s ) . s i b l i n g = 0 ;
242 i f ( q != 0) (∗q ) . parent = 0 ;
243 return q ;
244 }
245

246 N∗ swap (N∗ p) {
247 // g ene ra l swap not needed or suppor t ed .
248 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
249 return promote (p) ;
250 }
251

252 void swap roots (N∗ q ) {
253 a s s e r t ( i s r o o t ( ) ) ; a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
254 N∗ p( t h i s ) ;
255 std : : swap ((∗p) . ch i l d , (∗q ) . c h i l d ) ;
256 f o r (N∗ c = (∗q ) . c h i l d ; c != n i l ; c = (∗ c ) . s i b l i n g ) (∗ c ) . parent = q ;
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257 f o r (N∗ c = (∗p) . c h i l d ; c != n i l ; c = (∗ c ) . s i b l i n g ) (∗ c ) . parent = p ;
258 }
259

260 N∗ promote a l t (N∗ p) {
261 // Vui l l emin compa t i b l e .
262 promote (p) ;
263 return (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
264 }
265

266 N∗ promote (N∗ p) {
267 // CPH STL compa t i b l e .
268 /∗
269 ∗ Desc : exchange p o s i t i o n wi th d i s t i n g u i s h e d a n c e s t o r .
270 ∗ T(n) : O( l g (n) ) . ES : no throw .
271 ∗ Note : b inomia l parent = d i s t i n g u i s h e d a n c e s t o r .
272 ∗
273 ∗ 4 case s ( out o f 6) , f o r node N:
274 ∗ o G G G
275 ∗ : : : \ : : : \ : : : \ : : : \
276 ∗ o o o G o o o P o o P F o o P F
277 ∗ : :\ : :\ : :\ : :\ : :\ : :\ : :\ : :\
278 ∗ o o o o o P o o o N o S o o N o o o o N S o o o
279 ∗ | : :\ | : :\ | : :\ | : :\
280 ∗ o o o N o o o o o o o o o o o o
281 ∗ | | | |
282 ∗ o o o o
283 ∗ P == F && N == S P == F && N != S P != F && N == S P != F && N != S
284 ∗ ( parent P, o l d e s t s i b l i n g S , grandparent G
285 ∗ , grand f i r s t c h i l d F)
286 ∗/
287 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( parent != n i l ) ;
288 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
289 N∗ c ( (∗p) . c h i l d ) ;
290

291 std : : swap ((∗ t h i s ) . s i b l i n g , (∗p) . s i b l i n g ) ;
292 (∗ t h i s ) . parent = (∗p) . parent ;
293 (∗p) . c h i l d = (∗ t h i s ) . c h i l d ;
294

295 i f ( c == t h i s ) { // update new c h i l d r e n o f t h i s (N == S) .
296 (∗ t h i s ) . c h i l d = p ;
297 f o r ( c = p ; c != n i l ; c = (∗ c ) . s i b l i n g ) (∗ c ) . parent = t h i s ;
298 } e l s e { // update new c h i l d r e n o f t h i s and l o c a t e younges t o l d e r (N != S) .
299 (∗ t h i s ) . c h i l d = c ;
300 whi le ( (∗ c ) . s i b l i n g != t h i s ) { (∗ c ) . parent = t h i s ; c = (∗ c ) . s i b l i n g ; }
301 (∗ c ) . s i b l i n g = p ;
302 whi le ( c != n i l ) { (∗ c ) . parent = t h i s ; c = (∗ c ) . s i b l i n g ; }
303 }
304 (∗p) . parent = t h i s ;
305

306 // update new c h i l d r e n o f p
307 f o r ( c = (∗p) . c h i l d ; c != n i l ; c = (∗ c ) . s i b l i n g ) (∗ c ) . parent = p ;
308

309 i f ( (∗ t h i s ) . parent != n i l ) { // grandparent e x i s t s .
310 c = (∗(∗ t h i s ) . parent ) . c h i l d ;
311 i f ( c == p) (∗(∗ t h i s ) . parent ) . c h i l d = t h i s ; // (P == F) .
312 e l s e { // l o c a t e younges t o l d e r s i b l i n g o f parent (P != F) .
313 whi le ( (∗ c ) . s i b l i n g != p) c = (∗ c ) . s i b l i n g ;
314 (∗ c ) . s i b l i n g = t h i s ;
315 }
316 }
317 return t h i s ;
318 }
319

320 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<N>() ; }
321

322 protected :
323

324 template <typename D>
325 std : : s t r i n g s t r ( ) const {
326 std : : s t r ing s t r eam os ;
327 i f ( t h i s == 0) os << ” n i l ” ;
328 e l s e {
329 N∗ x ((∗ t h i s ) . c h i l d ( ) ) ;
330 i f ( x != 0) {
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331 a s s e r t ( (∗ x ) . parent ( ) == t h i s ) ;
332 os << ”( ” << (∗ s t a t i c c a s t <D ∗ const >(x ) ) . s t r ( ) ;
333 f o r ( x = (∗x ) . s i b l i n g ( ) ; x != 0 ; x = (∗x ) . s i b l i n g ( ) )
334 os << ” , ” << (∗ s t a t i c c a s t <D ∗ const >(x ) ) . s t r ( ) ;
335 os << ”) ” ;
336 }
337 }
338 return os . s t r ( ) ;
339 }
340

341 N∗ s i b l i n g ( ) const {
342 // Note : d ec i d e i f u s ing s i b l i n g on a roo t i s l e g a l or not .
343 a s s e r t ( i s v a l i d ( ) ) ;
344 return ( (∗ t h i s ) . parent != 0) ? s i b l i n g : 0 ;
345 }
346 N∗ c h i l d ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return c h i l d ; }
347 N∗ parent ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return parent ; }
348

349 pr iva t e :
350

351 // s u b t r e e s p l i t and j o i n .
352

353 N∗ r i g h t j o i n (N∗ weaker ) {
354 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
355 a s s e r t ( i s v a l i d ( ) ) ;
356 a s s e r t ( ! c a r e f u l | | (∗weaker ) . i s r o o t ( ) ) ;
357 a s s e r t ( t h i s != weaker ) ;
358 (∗weaker ) . parent = t h i s ;
359 (∗weaker ) . s i b l i n g = (∗ t h i s ) . c h i l d ;
360 (∗ t h i s ) . c h i l d = weaker ;
361 return t h i s ;
362 }
363

364 N∗ r i g h t s p l i t ( ) {
365 // Desc : s p l i t weaker t r e e . T(n) : O(1) . ES : no throw .
366 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( c h i l d != n i l ) ;
367 N∗ b ((∗ t h i s ) . c h i l d ) ;
368 (∗ t h i s ) . c h i l d = (∗b) . s i b l i n g ;
369 (∗b) . s i b l i n g = n i l ;
370 (∗b) . parent = n i l ;
371 return b ;
372 }
373

374 // s p l i c e s u b t r e e h e l p e r s .
375

376 N∗ wrong jo in (N∗ younger ) {
377 // Desc : i n s e r t s i b l i n g . T(n) : O(1) . ES : no throw .
378 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗ younger ) . i s r o o t ( ) ) ; a s s e r t ( t h i s != younger ) ;
379 (∗ younger ) . parent = (∗ t h i s ) . parent ;
380 (∗ younger ) . s i b l i n g = (∗ t h i s ) . s i b l i n g ;
381 (∗ t h i s ) . s i b l i n g = younger ;
382 return t h i s ;
383 }
384

385 N∗ wrong sp l i t ( ) {
386 // Desc : remove nex t s i b l i n g . T(n) : O(1) . ES : no throw .
387 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( s i b l i n g != n i l ) ;
388 N∗ b ((∗ t h i s ) . s i b l i n g ) ;
389 (∗ t h i s ) . s i b l i n g = (∗b) . s i b l i n g ; (∗b) . s i b l i n g = n i l ; (∗b) . parent = n i l ;
390 return b ;
391 }
392

393 N∗ p r e v s i b l i n g (N∗ known parent ) const { // ” l i g h t weak and b inomia l i d e n t i c a l code ”
394 // Desc : l o c a t e o l d e r s i b l i n g from parent or re turn 0 .
395 // ( use p r e v s i b l i n g ( parent ( ) )
396 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( known parent == (∗ t h i s ) . parent ( ) ) ;
397 i f ( known parent == 0) return 0 ;
398 e l s e {
399 N∗ c ( (∗ known parent ) . c h i l d ) ;
400 i f ( c == t h i s ) c = 0 ;
401 e l s e whi le ( (∗ c ) . s i b l i n g ( ) != t h i s ) c = (∗ c ) . s i b l i n g ( ) ;
402 return c ;
403 }
404 }
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405 } ;
406 binomia l node base ∗ const binomia l node base : : n i l (0 ) ;
407

408 template <>
409 s t r u c t node t r a i t s <binomia l node base> { enum { h a s s p l i c e = 1 } ; enum { has owner = 1

} ; enum { i s r o o t l i s t a b l e = 1 } ; } ;
410 }
411 }
412 #end i f

A.3 bit_manipulation.h++

1 ı̈ ¿ /∗
2 Desc : Machine dependant b i t manipu la t ion ( in terms o f I n t e l ) .
3 Auth : Asger Bruun 2009−2010.
4 His t : Imported from p r i o r i t y queue Vu i l l l em in .
5 Warn : This i s f r a g i l e c r o s s p l a t f o rm code .
6 Impl : Simple o v e r l o ad i n g might l e a v e our compi l e r in c o n f l i c t when promoting a g i v en type

,
7 eg . i f a q u e s t i on about s i gned / uns igned i s more important t h a t one about s ho r t / l ong

.
8 This implementat ion i s d i r e c t e d by d i s t i n c t word wid th s in number o f b i t s w i th
9 d i r e c t hardware support , to a l l ow f o r ope ra t i n g e f f i c i e n t l y on wid th s lower

10 than o f s t d : s i z e t too . The op t ima l methods f o r a g i v en b i t wid th are s e l e c t e d
11 au t oma t i c a l l y us ing c l a s s s p e c i a l i s a t i o n ( a comp l i ca t ed work around on the problem
12 t h a t C++ does not a l l ow f o r p a r t i a l f un c t i on t emp la t e s p e c i a l i z a t i o n ) .
13 Note : The s p e c i a l i s a t i o n s are d i r e c t e d a g a i n s t s i z e s in powers o f 2 only ,
14 t h a t i s no promotion i s a t t empted f o r o the r s i z e s .
15 ∗/
16

17 #i f n d e f CPHSTL BIT MANIPULATION HPP
18 #de f i n e CPHSTL BIT MANIPULATION HPP
19

20 #inc lude ” a s s e r t . h++”
21 #inc lude <c l i m i t s > // CHAR BIT
22 #inc lude <l im i t s > // CHAR BIT
23

24 #i f d e f MSC VER
25 // Plat form : Mic ro so f t C, Windows .
26 // Ref : msdn . m i c ro so f t . com/en−us/ l i b r a r y /26 td21ds ( v = VS.90 ) . aspx
27 #inc lude < i n t r i n . h>
28 #inc lude ”b i t m an i pu l a t i on cpu co n f i g . hpp”
29 #e l i f de f ined ( GNUC )
30 // Plat form : GCC − no e x t r a c on f i g u r a t i o n i n c l u d e s needed .
31 // Ref : gcc . gnu . org / on l i n edoc s / gcc −4.4.0/ gcc /Other−Bu i l t i n s . html#index−

g t 0 0 5 f 0 0 5 f b u i l t i n 0 0 5 f f f s −2894
32 #end i f // GNUC
33

34 namespace cphs t l {
35 // Quote : www. open−s t d . org /JTC1/SC22/wg14/www/docs /n1425 . pd f
36 // 7.18 Common d e f i n i t i o n s <s t d d e f . h>
37 // . . . The t yp e s are
38 // p t r d i f f t which i s t he s i gned i n t e g e r type o f t he r e s u l t o f s u b t r a c t i n g two

po i n t e r s ;
39 // s i z e t which i s t he uns igned i n t e g e r t ype o f t he r e s u l t o f t he s i z e o f ope ra to r . . .
40 typedef std : : s i z e t word type ;
41 typedef std : : p t r d i f f t d i f f t y p e ;
42

43

44 template <typename T, i n t bit width>
45 s t r u c t bit man ; // s p e c i a l i s e d implementat ion forward
46

47

48 // −−−−− User i n t e r f a c e .
49

50 template <typename T>
51 T t r a i l i n g z e r o s ( const T n) {
52 // Desc : number o f l e a s t s i g n i f i c a n t zero b i t s
53 // ( p o s i t i o n o f l e a s t s i g n i f i c a n t nonzero b i t ) .
54 a s s e r t (n != 0) ; a s s e r t ( std : : numer i c l im i t s<T> : : i s i n t e g e r ) ;
55 return bit man<T, s i z e o f (T)∗CHAR BIT> : : t r a i l i n g z e r o s (n) ;
56 }
57 template <typename T>
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58 T b i t s c a n r e v e r s e ( const T n) {
59 // Desc : p o s i t i o n o f most s i g n i f i c a n t nonzero b i t .
60 a s s e r t (n != 0) ; a s s e r t ( std : : numer i c l im i t s<T> : : i s i n t e g e r ) ;
61 return bit man<T, s i z e o f (T)∗CHAR BIT> : : b i t s c a n r e v e r s e (n) ;
62 }
63 template <typename T>
64 T l e a d i n g z e r o s ( const T n) {
65 // Desc : p o s i t i o n o f l e a s t s i g n i f i c a n t nonzero b i t .
66 // Warn : the r e s u l t o f u s ing l e a d i n g z e ro s on a wrong data type ,
67 // eg . on a long where i t was a c t u a l l y a char , i s c a t a s t r o p h i c .
68 a s s e r t (n != 0) ; a s s e r t ( std : : numer i c l im i t s<T> : : i s i n t e g e r ) ;
69 return bit man<T, s i z e o f (T)∗CHAR BIT> : : l e a d i n g z e r o s (n) ;
70 }
71 template <typename T>
72 T pop cnt ( const T n) {
73 // Desc : number o f nonzero b i t s .
74 a s s e r t ( std : : numer i c l im i t s<T> : : i s i n t e g e r ) ;
75 return bit man<T, s i z e o f (T)∗CHAR BIT> : : pop cnt (n) ;
76 }
77 template <typename T, typename S>
78 bool b i t t e s t (T& n , const S pos ) {
79 // Desc : t e s t b i t a t a g i v en p o s i t i o n .
80 a s s e r t ( std : : numer i c l im i t s<T> : : i s i n t e g e r ) ;
81 a s s e r t ( std : : numer i c l im i t s<S> : : i s i n t e g e r ) ;
82 return bit man<T, s i z e o f (T)∗CHAR BIT> : : b i t t e s t (n , pos ) ;
83 }
84

85 // Jy r k i names :
86 template<typename T> T populat ion count (T n) {
87 return pop cnt (n) ;
88 }
89

90

91 // −−−−− Generic p l a t f o rm i n e f f i c i e n t code .
92

93 template <typename T, i n t bit width>
94 s t r u c t b i t man gene r i c {
95 s t a t i c T t r a i l i n g z e r o s (T n){
96 a s s e r t (n != 0) ;
97 T b (0) ;
98 whi le (n % 2 == 0) { n >>= 1; ++b ; }
99 return b ;

100 }
101 s t a t i c T b i t s c a n r e v e r s e (T n) {
102 a s s e r t (n != 0) ;
103 T b (0) ;
104 n >>= 1 ;
105 whi le (n != 0) { n >>= 1 ; ++b ; }
106 return b ;
107 }
108 s t a t i c T l e a d i n g z e r o s (T n) {
109 a s s e r t (n != 0) ;
110 return ( s i z e o f (T)∗CHAR BIT) − bit man<T, bit width > : : b i t s c a n r e v e r s e (n) − 1 ;
111 }
112 s t a t i c T pop cnt (T n) {
113 T b (0) ;
114 whi le (n != 0) { b += (n % 2) ; n >>= 1; }
115 return b ;
116 }
117 template<typename S>
118 s t a t i c bool b i t t e s t (T& n , const S pos ) {
119 a s s e r t ( pos >= 0) ;
120 a s s e r t ( pos < ( s igned ) ( s i z e o f (T)∗CHAR BIT) ) ;
121 return (n & (T(1) << pos ) ) != 0 ;
122 }
123 } ;
124

125 template <typename T, i n t bit width>
126 s t r u c t bit man : pub l i c bi t man gener i c<T, bit width> {} ;
127

128

129 // −−−−− Plat form dependant e f f i c i e n t code .
130

131 #i f de f ined ( MSC VER) && ( de f ined ( M IX86 ) | | de f ined ( M X64) ) // MSC 32/64− b i t I n t e l /AMD

14



132 #pragma i n t r i n s i c ( b i t t e s t , BitScanForward , BitScanReverse , popcnt )
133 #i f de f ined ( M X64) // 64− b i t
134 #pragma i n t r i n s i c ( b i t t e s t 6 4 , BitScanForward64 , BitScanReverse64 , popcnt64 )
135

136 template <typename T>
137 s t r u c t bit man<T,64> : pub l i c bi t man gener i c<T,64> {
138 s t a t i c unsigned long t r a i l i n g z e r o s (T /∗ uns igned long long ∗/ n) {
139 a s s e r t (n != 0) ;
140 unsigned long index ;
141 /∗ uns igned char i s n on z e r o = ∗/ BitScanForward64(&index , n) ;
142 return index ;
143 }
144 s t a t i c unsigned long b i t s c a n r e v e r s e (T /∗ uns igned long long ∗/ n) {
145 a s s e r t (n != 0) ;
146 unsigned long index ;
147 /∗ uns igned char i s n on z e r o = ∗/ BitScanReverse64(&index , n) ;
148 return index ;
149 }
150 #i f d e f CPU HAS LZ CNT
151 s t a t i c unsigned long long l e a d i n g z e r o s (T /∗ uns igned long long ∗/ n) {
152 a s s e r t (n != 0) ; a s s e r t ( c p u h a s l z c n t ( ) ) ;
153 return l z c n t 6 4 (n) ;
154 }
155 #end i f
156 #i f d e f CPU HAS POP CNT
157 s t a t i c unsigned long long pop cnt (T /∗ uns igned long long ∗/ n) {
158 a s s e r t ( cpu has pop cnt ( ) ) ;
159 return popcnt64 (n) ;
160 }
161 #end i f
162 template<typename S>
163 s t a t i c bool b i t t e s t (T /∗ uns igned long long ∗/ & n , S /∗ uns igned long long ∗/ pos ) {
164 return b i t t e s t 6 4 ( ( i n t 6 4 ∗) &n , pos ) != 0 ;
165 }
166 } ;
167

168 #end i f
169

170 // 32− b i t
171

172 template <typename T>
173 s t r u c t bit man<T,32> : pub l i c bi t man gener i c<T,32> {
174 s t a t i c unsigned long t r a i l i n g z e r o s ( const T /∗ uns igned long ∗/ n) {
175 a s s e r t (n != 0) ;
176 unsigned long index ;
177 /∗ uns igned char i s n on z e r o = ∗/ BitScanForward(&index , n) ;
178 return index ;
179 }
180 s t a t i c unsigned long b i t s c a n r e v e r s e ( const T /∗ uns igned long ∗/ n) {
181 a s s e r t (n != 0) ;
182 unsigned long index ;
183 /∗ uns igned char i s n on z e r o = ∗/ BitScanReverse (&index , n) ;
184 return index ;
185 }
186 #i f de f ined (CPU HAS LZ CNT)
187 s t a t i c unsigned long l e a d i n g z e r o s (T /∗ uns igned long ∗/ n) {
188 a s s e r t (n != 0) ; a s s e r t ( c p u h a s l z c n t ( ) ) ;
189 return l z c n t (n) ;
190 }
191 #end i f
192 #i f d e f CPU HAS POP CNT
193 s t a t i c unsigned i n t pop cnt (T /∗ uns igned long ∗/ n) {
194 a s s e r t ( cpu has pop cnt ( ) ) ;
195 return popcnt (n) ;
196 }
197 #end i f
198 template<typename S>
199 s t a t i c bool b i t t e s t (T& n , const S /∗ uns igned long ∗/ pos ) {
200 return b i t t e s t ( ( long ∗) &n , pos ) != 0 ;
201 }
202 } ;
203

204 // 16− b i t
205
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206 template <typename T>
207 s t r u c t bit man<T,16> : pub l i c bi t man gener i c<T,16> {
208 #i f d e f CPU HAS LZ CNT
209 s t a t i c unsigned short l e a d i n g z e r o s (T /∗ uns igned s ho r t ∗/ n) {
210 a s s e r t (n != 0) ; a s s e r t ( c p u h a s l z c n t ( ) ) ;
211 return l z c n t 1 6 (n) ;
212 }
213 #end i f
214 #i f d e f CPU HAS POP CNT
215 s t a t i c unsigned short pop cnt (T /∗ uns igned s ho r t ∗/ n) {
216 a s s e r t ( cpu has pop cnt ( ) ) ;
217 return popcnt16 (n) ;
218 }
219 #end i f
220 } ;
221

222 // Tip : Some CPU’ s have no suppor t f o r pop cn t and l z c n t .
223 // Use the f o l l o w i n g t e s t s in a pre−b u i l d s t e p to genera t e a
224 // header f i l e w i th p r ep roc e s s o r d e f i n i t i o n s f o r the a c t u a l p l a t f o rm .
225 // Enable f e a t u r e s by d e f i n i n g CPU HAS LZ CNT and CPU HAS POP CNT.
226 // Ref : msdn . m i c ro so f t . com/en−us/ l i b r a r y / hskd t eyh ( v = VS.90 ) . aspx
227 // Ref : s andp i l e . org / ia32 / cpuid . htm
228

229

230 bool cpu has pop cnt ( ) {
231 // Desc : i n f o t y p e = 0x00000001 and check b i t 23 o f c p u i n f o [ 2 ] .
232 i n t cpu in f o [ 4 ] ; const i n t i n f o t y p e (0 x00000001 ) ;
233 cpu id ( cpu in fo , i n f o t y p e ) ;
234 return ( cpu in f o [ 2 ] & (1 << 23) ) != 0 ;
235 }
236 bool c p u h a s l z c n t ( ) {
237 // Desc : i n f o t y p e = 0x80000001 and check b i t 5 o f c p u i n f o [ 2 ] .
238 i n t cpu in f o [ 4 ] ; const i n t i n f o t y p e (0 x80000001 ) ;
239 cpu id ( cpu in fo , i n f o t y p e ) ;
240 return ( cpu in f o [ 2 ] & (1 << 5) ) != 0 ;
241 }
242

243 #e l i f de f ined ( GNUC ) // GCC
244

245 // Note : I t appears i f t he GCC i n t r i n c i c s are w e l l d e f i n ed on any p l a t f o rm .
246 // There fore t h e r e i s no need in g ene ra l f o r :
247 // #i f ( d e f i n ed ( amd64 ) | | de f i n ed ( x 8 6 6 4 ) ) // 64− b i t I n t e l
248 // // t y p e d e f uns igned long long word type ;
249 // #e l i f d e f i n ed ( i 3 8 6 ) // 32− b i t I n t e l
250 // // t y p e d e f uns igned long word type ;
251 // #end i f
252 // Tip : Compa t i b i l i t y < i n t r i n x 8 6 . h> header f o r GCC −− GCC e q u i v a l e n t s o f i n t r i n s i c

Mic ro so f t V i sua l C++ fun c t i o n s . h t t p ://www. koders . com/cpp/
fidF6A8E722EF8A8D0E3BF173BC25726F66C56BB6B5 . aspx

253

254 // 64− b i t
255

256 template <typename T>
257 s t r u c t bit man<T,64> : pub l i c bi t man gener i c<T,64> {
258 s t a t i c i n t t r a i l i n g z e r o s (T /∗ uns igned long long ∗/ n) {
259 a s s e r t (n != 0) ;
260 return b u i l t i n c t z l l (n) ;
261 }
262 s t a t i c i n t b i t s c a n r e v e r s e (T /∗ uns igned long long ∗/ n) {
263 a s s e r t (n != 0) ;
264 return ( s i z e o f ( unsigned long long )∗CHAR BIT) − b u i l t i n c l z l l (n) − 1 ;
265 }
266 s t a t i c i n t l e a d i n g z e r o s (T /∗ uns igned long long ∗/ n) {
267 a s s e r t (n != 0) ;
268 return b u i l t i n c l z l l (n) ;
269 }
270 s t a t i c i n t pop cnt (T /∗ uns igned long long ∗/ n) {
271 return b u i l t i n p o p c o u n t l l (n) ;
272 }
273 } ;
274

275 // 32− b i t
276

277 template <typename T>
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278 s t r u c t bit man<T,32> : pub l i c bi t man gener i c<T,32> {
279 s t a t i c i n t t r a i l i n g z e r o s (T /∗ uns igned long ∗/ n) {
280 a s s e r t (n != 0) ;
281 return b u i l t i n c t z l (n) ;
282 }
283 s t a t i c i n t b i t s c a n r e v e r s e (T /∗ uns igned long ∗/ n) {
284 a s s e r t (n != 0) ;
285 return ( s i z e o f ( unsigned long )∗CHAR BIT) − b u i l t i n c l z l (n) − 1 ;
286

287 // // not t e s t e d :
288 // uns igned long index ;
289 // a sm (” b s r l %[n ] , %[ index ] ” : [ index ] ” = r ” ( index ) : [ n ] ”mr” (n) ) ;
290 // re tu rn index ;
291 }
292 s t a t i c i n t l e a d i n g z e r o s (T /∗ uns igned long ∗/ n) {
293 a s s e r t (n != 0) ;
294 return b u i l t i n c l z l (n) ;
295 }
296 s t a t i c i n t pop cnt (T /∗ uns igned long ∗/ n) {
297 return b u i l t i n p o p c o u n t l (n) ;
298 }
299 } ;
300

301 // 16− b i t
302

303 template <typename T>
304 s t r u c t bit man<T,16> : pub l i c bi t man gener i c<T,16> {
305 s t a t i c i n t t r a i l i n g z e r o s (T /∗ uns igned i n t ∗/ n) {
306 a s s e r t (n != 0) ;
307 return b u i l t i n c t z (n) ;
308 }
309 s t a t i c i n t b i t s c a n r e v e r s e (T /∗ uns igned i n t ∗/ n) {
310 a s s e r t (n != 0) ;
311 return ( s i z e o f ( unsigned in t )∗CHAR BIT) − b u i l t i n c l z (n) − 1 ;
312 }
313 s t a t i c i n t l e a d i n g z e r o s (T /∗ uns igned i n t ∗/ n) {
314 a s s e r t (n != 0) ;
315 return b u i l t i n c l z (n) ;
316 }
317 s t a t i c i n t pop cnt (T /∗ uns igned i n t ∗/ n) {
318 return b u i l t i n p o p c o u n t (n) ;
319 }
320 } ;
321

322 # i f ( de f ined ( amd64 ) | | de f ined ( x 8 6 6 4 ) | | de f ined ( i 3 8 6 ) ) // 64− b i t or 32− b i t
I n t e l or AMD

323 s t a t i c i n l i n e i n t cpuid ( i n t i n f o type , unsigned long cpu in f o [ 4 ] ) {
324 i n t h ighe s t ;
325 asm v o l a t i l e ( ”cpuid ” : ”=a ”(∗ cpu in f o ) , ”=b”(∗ ( cpu in f o +1) ) ,
326 ”=c ”(∗ ( cpu in f o +2) ) , ”=d”(∗ ( cpu in f o +3) ) : ”0 ”( i n f o t y p e ) ) ;
327 return h ighe s t ;
328 }
329 #end i f
330

331

332 #e l s e
333 #i f d e f MSC VER
334 #pragma message ( ”Using naive b i t manipulation , p l e a s e implement your plat form here ! ! ! ” )
335 #e l s e
336 #warning ”Using naive b i t manipulation , p l e a s e implement your plat form here ! ! ! ”
337 #end i f
338 #end i f
339

340 // −−−−− Tra i t s .
341

342 // Desc : Sma l l e s t b i t p o s i t i o n data type f o r i nde x ing a
343 // po i n t e r t ype o f t he s i z e numb e r o f b i t s wide .
344 // Use : t y p e d e f b i t p o s i t i o n t y p e : p o s i t i o n b i t s your type name ;
345 template < i n t number o f b i t s> s t r u c t w o r d t y p e t r a i t s {
346 typedef word type t ra i t s <(number o f b i t s >> 1)> h a l f t r a i t s ;
347 typedef typename h a l f t r a i t s : : b i t p o s i t i o n t y p e b i t p o s i t i o n t y p e ;
348 s t a t i c const char p o s i t i o n b i t s = h a l f t r a i t s : : p o s i t i o n b i t s + 1 ;
349 } ;
350 template <> s t r u c t word type t ra i t s <1> {
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351 typedef s igned char b i t p o s i t i o n t y p e ;
352 s t a t i c const i n t p o s i t i o n b i t s = 0 ;
353 } ;
354 template <> s t r u c t word type t ra i t s <(1 << 8)> {
355 typedef word type t ra i t s <(1 << 7)> h a l f t r a i t s ;
356 typedef s igned short b i t p o s i t i o n t y p e ;
357 s t a t i c const short p o s i t i o n b i t s = h a l f t r a i t s : : p o s i t i o n b i t s + 1 ;
358 } ;
359 template <> s t r u c t word type t ra i t s <(1 << 16)> {
360 typedef word type t ra i t s <(1 << 15)> h a l f t r a i t s ;
361 typedef s igned i n t b i t p o s i t i o n t y p e ;
362 s t a t i c const i n t p o s i t i o n b i t s = h a l f t r a i t s : : p o s i t i o n b i t s + 1 ;
363 } ;
364

365 template < i n t number o f b i t s> s t r u c t w o r d t r a i t s {
366 typedef word t ra i t s <(number o f b i t s − 1)> p r e d t r a i t s ;
367 typedef typename p r e d t r a i t s : : word type word type ;
368 } ;
369 template <> s t r u c t word t ra i t s <1> {
370 typedef unsigned char word type ;
371 } ;
372 template <> s t r u c t word t ra i t s <9> {
373 typedef unsigned short word type ;
374 } ;
375 template <> s t r u c t word t ra i t s <17> {
376 typedef unsigned long word type ;
377 } ;
378 template <> s t r u c t word t ra i t s <33> {
379 typedef unsigned long long word type ;
380 } ;
381

382 } // namespace c p h s t l
383 #end i f

A.4 bit_manipulation_cpu_config.hpp

1 #i f n d e f CPHSTL BIT MANIPULATION CPU CONFIG
2 #de f i n e CPHSTL BIT MANIPULATION CPU CONFIG
3

4 //#de f i n e CPU HAS LZ CNT
5 #de f i n e CPU HAS POP CNT
6

7 #end i f

A.5 brown_k_node.hpp

1 #i f n d e f CPHSTL PQFW BROWN K NODE H
2 #de f i n e CPHSTL PQFW BROWN K NODE H
3

4 /∗
5 Desc : Another b inomia l two−po i n t e r node base .
6 Auth : Asger Bruun 2009−2010
7 Idea : Reversed c h i l d order ing , non c i r c u l a r .
8 Ref : M.R. Brown , Implementat ion and an a l y s i s o f b inomia l queue
9 a l gor i t hms , SIAM Journa l on Computing 7 (1978) , 298−319.

10 Note : The b inary s t d : : comparator p r e d i c a t e u s u a l l y does not have the
11 a b i l i t y to r eb ind ( l i k e the s t d : : a l l o c a t o r ) . On the o the r hand
12 we know o f usage p a t t e r n s no o the r than where a comparator needs
13 to change the va l u e type on ly and w i thou t e x t r a parameters , . .
14 and because o f t h i s , i t s q u i t e s a f e to g i v e our comparator as
15 a ” t emp la t e t emp la t e parameter ” , i f we l i k e to do t h a t .
16 Bi− and uni−d i r e c t i o n a l roo t l i s t v e r s i on are f u l l y d e f i n ed .
17 ∗/
18

19 #inc lude ” a s s e r t . h++” // a s s e r t
20 #inc lude <cs tdde f> // s t d : : s i z e t
21 #inc lude ” r o o t l i s t . hpp” // r o o t l i s t n o d e
22 #inc lude ” r o o t l i s t b i d i r . hpp”
23 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp” // va l ue node
24 #inc lude ”type . h++” // i f t h e n e l s e
25

26 namespace cphs t l {

18



27 namespace pqfw node {
28 template <typename D// e r i v e d
29 , bool i s c o n s t = f a l s e >
30 c l a s s brown k base : pub l i c r o o t l i s t n o d e <D> {
31 protected :
32 D∗ c ;
33

34 brown k base (D∗ c ) : r o o t l i s t n o d e <D>() , c ( c ) {}
35 } ;
36

37 template <typename V = i n t
38 , typename C = std : : l e s s <V>
39 , typename A = std : : a l l o c a t o r <V>
40 , bool un id i r = true
41 >
42 c l a s s brown k node : pub l i c brown k base<brown k node<V,C,A, unid i r> >, pub l i c value node

<V,C,A> {
43 typedef brown k base<brown k node<V,C,A, unid i r> > B;
44 f r i e nd c l a s s brown k base<brown k node<V,C,A, unid i r> >;
45

46 typedef brown k node<V,C,A, unid i r> N;
47

48 e x p l i c i t brown k node ( ) ;
49 e x p l i c i t brown k node (N const&) ;
50 N& operator = (N const&) ;
51

52 pub l i c :
53

54 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = ! un id i r ;
55

56 template<typename V2>
57 s t r u c t r eb ind va lue type {
58 typedef brown k node<V2 , C, A> other ;
59 } ;
60

61

62 e x p l i c i t brown k node (V const& value ) : B( un id i r ? t h i s : 0 ) , value node<V,C,A>(va lue ) {}
63

64 typedef unsigned char he ight type ; // a s s e r t ( s i z e o f ( vo id ∗) <= (256/8) ) ;
65

66 typedef typename cphs t l : : i f t h e n e l s e <
67 unid i r , r o o t l i s t <N, f a l s e >, r o o t l i s t b i d i r <N>
68 > : : type r o o t l i s t t y p e ;
69

70 typedef brown k node node base type ;
71 typedef typename value node<V,C,A> : : s i z e t y p e s i z e t y p e ;
72

73 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return s i z e o f ( brown k node ) ; }
74

75 bool i s v a l i d ( ) const {
76 bool n o d e i s v a l i d = (∗ t h i s ) .B : : i s v a l i d ( )
77 && ((∗ t h i s ) . c == 0 | | B : : i s v a l i d ( (∗ t h i s ) . c ) ) ;
78 a s s e r t ( n o d e i s v a l i d ) ;
79 return ( n o d e i s v a l i d ) ;
80 }
81

82 N∗ sp ( ) const {
83 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
84 return (N∗) B : : next ( ) ;
85 }
86 N∗& sp ( ) {
87 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
88 return (N∗&) B : : next ( ) ;
89 }
90

91 // −−−−− roo t l i s t suppor t
92

93 bool pr ev roo tab l e ( ) const {
94 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
95 return (∗ t h i s ) . c != 0 ;
96 }
97 N∗ prev roo t ( ) const {
98 a s s e r t ( ! un id i r ) ; a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
99 return (∗(∗ t h i s ) . c ) . sp ( ) ;
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100 }
101 N∗& prev roo t ( ) {
102 a s s e r t ( ! un id i r ) ; a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
103 return (∗(∗ t h i s ) . c ) . sp ( ) ;
104 }
105

106 // −−−−−
107

108 bool i s r o o t ( ) const {
109 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
110 i f ( un id i r ) {
111 i f ( (∗ t h i s ) . c == 0) return f a l s e ;
112 i f ( (∗ t h i s ) . c == t h i s ) return true ;
113 return (∗(∗ t h i s ) . c ) . next == t h i s ;
114 } e l s e return (
115 (∗ con s t c a s t <N∗>( t h i s ) ) . parent ( ) == 0
116 ) ;
117 }
118 bool i s l e a f ( ) const {
119 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
120 return ( (∗ t h i s ) . c == 0 | | ( un id i r && (∗ t h i s ) . c == t h i s ) ) ;
121 }
122 bool i s m o s t s i g n i f i c a n t c h i l d ( ) /∗ cons t ∗/ {
123 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
124 i f ( (∗ t h i s ) . next == 0) return f a l s e ;
125 i f ( un id i r && (∗(∗ t h i s ) . sp ( ) ) . c == t h i s ) return true ;
126 i f ( (∗ (∗ t h i s ) . sp ( ) ) . next == 0) return f a l s e ;
127 return ( (∗ (∗ (∗ t h i s ) . sp ( ) ) . sp ( ) ) . c == t h i s ) ;
128 }
129

130

131 bool i s marked ( ) const { a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; return f a l s e ; }
132

133 void swap roots (N∗ q ) { // r e p l a c e t h i s roo t
134 // compared wi th cph s t l r e s t r i c t e d to roo t node r e p l a c e .
135 a s s e r t ( t h i s != q ) ;
136 a s s e r t ( i s r o o t ( ) ) ; a s s e r t ( (∗ t h i s ) . next == 0) ;
137 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ; a s s e r t ( (∗ q ) . i s l e a f ( ) ) ; a s s e r t ( (∗ q ) . next == 0) ;
138

139 i f ( i s l e a f ( ) ) return ;
140 std : : swap ((∗ t h i s ) . c , (∗q ) . c ) ;
141 i f ( un id i r ) (∗(∗q ) . c ) . sp ( ) = q ;
142 }
143

144 N∗ d i s t i ngu i shed de s c endant ( ) {
145 a s s e r t (0 ) ; return 0 ; // not implemented
146 }
147

148 N∗ root ( ) {
149 // Desc : f i n d the roo t . T(n) : O( l g (n) ) . ES : no throw .
150 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
151 N∗ p ( (N∗) t h i s ) ;
152 f o r (N∗ q = (∗p) . parent ( ) ; q != 0 ; q = (∗q ) . parent ( ) ) p = q ;
153 return p ;
154 }
155

156 N∗ parent ( ) const {
157 // Desc : f i n d parent . T(n) : O( l g (n) ) . ES : no throw .
158 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
159 N∗ mss ( m o s t s i g n i f i c a n t s i b l i n g ( ) ) ;
160 i f ( (∗mss ) . next == 0) return 0 ;
161 i f ( un id i r && (∗(∗mss ) . sp ( ) ) . c == mss ) return (∗mss ) . sp ( ) ;
162 i f ( (∗ (∗mss ) . sp ( ) ) . next == 0) return 0 ;
163 i f ( (∗ (∗ (∗mss ) . sp ( ) ) . next ( ) ) . c == mss ) return (∗(∗mss ) . sp ( ) ) . next ( ) ;
164 return 0 ;
165 }
166

167 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) {
168 return (∗ ( con s t c a s t <N∗>( t h i s ) ) ) . parent ( ) ;
169 }
170 N∗ m o s t s i g n i f i c a n t c h i l d ( ) const {
171 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
172 i f ( un id i r && (∗ t h i s ) . c == t h i s ) return 0 ;
173 i f ( ( ! un id i r ) && (∗ t h i s ) . c != 0 && (∗(∗ t h i s ) . c ) . next == t h i s ) return 0 ;
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174 return (∗ t h i s ) . c ;
175 }
176 N∗ m o s t s i g n i f i c a n t c h i l d ( ) {
177 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
178 i f ( un id i r && (∗ t h i s ) . c == t h i s ) return 0 ;
179 i f ( ( ! un id i r ) && (∗ t h i s ) . c != 0 && (∗(∗ t h i s ) . c ) . next == t h i s ) return 0 ;
180 return (∗ t h i s ) . c ;
181 }
182 N∗ m o s t s i g n i f i c a n t s i b l i n g ( ) const /∗??∗/ {
183 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
184 N∗ s ( con s t c a s t <N∗>( t h i s ) ) ;
185 f o r (N∗ t ( (∗ s ) . m o r e s i g n i f i c a n t s i b l i n g ( ) ) ;
186 t != 0 ; t = (∗ t ) . m o r e s i g n i f i c a n t s i b l i n g ( ) ) s = t ;
187 return s ;
188 }
189 N∗ m o r e s i g n i f i c a n t s i b l i n g ( ) {
190 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
191 i f ( (∗ t h i s ) . next == 0) return 0 ; // l a s t roo t
192 i f ( un id i r ) {
193 i f ( (∗ t h i s ) . c == t h i s ) return (∗ t h i s ) . sp ( ) ; // s i n g l e roo t
194 i f ( (∗ (∗ t h i s ) . sp ( ) ) . c == 0) return 0 ; // de epe s t l e a f
195 i f ( (∗ (∗ t h i s ) . sp ( ) ) . c == t h i s ) return 0 ; // most s i g n i f c h i l d o f roo t
196 i f ( (∗ (∗ (∗ t h i s ) . sp ( ) ) . c ) . next == t h i s ) return (∗ t h i s ) . sp ( ) ;
197 i f ( (∗ (∗ t h i s ) . c ) . next == t h i s ) return (∗ t h i s ) . sp ( ) ; // roo t
198 return 0 ;
199 } e l s e {
200 i f ( (∗ (∗ t h i s ) . next ) . next == 0) return (∗ t h i s ) . sp ( ) ; // second l a s t roo t
201 i f ( (∗ t h i s ) . c == 0) {
202 i f ( (∗ (∗ (∗ t h i s ) . sp ( ) ) . next ( ) ) . c == t h i s ) return 0 ; // de epe s t l e a f
203 i f ( (∗ (∗ t h i s ) . sp ( ) ) . c == 0) return (∗ t h i s ) . sp ( ) ; // f i r s t o f two s i n g l e r oo t s
204 i f ( (∗ (∗ (∗ t h i s ) . sp ( ) ) . c ) . sp ( ) == t h i s ) return (∗ t h i s ) . sp ( ) ; // l e a f
205 a s s e r t (0 ) ;
206 }
207 i f ( (∗ (∗ (∗ t h i s ) . sp ( ) ) . next ( ) ) . c == t h i s ) return 0 ; // most s i g n i f c h i l d
208 return (∗ t h i s ) . sp ( ) ;
209 }
210 }
211 N∗ l e s s s i g n i f i c a n t s i b l i n g ( ) {
212 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
213 i f ( (∗ t h i s ) . c == 0) return 0 ;
214 i f ( un id i r ) {
215 i f ( (∗ t h i s ) . c == t h i s ) return 0 ; // roo t 0
216 i f ( (∗ (∗ t h i s ) . c ) . next == t h i s ) return 0 ; // roo t 1
217 e l s e return (∗(∗ t h i s ) . c ) . sp ( ) ;
218 } e l s e {
219 return (∗(∗ t h i s ) . c ) . sp ( ) ;
220 }
221 }
222

223 N ∗ s u c c e s s o r ( ) const {
224 // T(n) : != O(1) . ES : no throw .
225 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
226 i f ( (∗ t h i s ) . c != 0 && (∗ t h i s ) . c != t h i s && un id i r ) return (∗ t h i s ) . c ;
227 i f ( (∗ t h i s ) . c != 0 && (∗(∗ t h i s ) . c ) . next ( ) != t h i s && ! un id i r ) return (∗ t h i s ) . c ;
228 N∗ p ((∗ t h i s ) . parent ( ) ) ;
229 i f (p == 0) return (∗ t h i s ) . next ( ) ;
230 N∗ pp ((∗p) . parent ( ) ) ;
231 i f (pp == 0) return (∗p) . next ( ) ;
232 e l s e return (∗p) . l e s s s i g n i f i c a n t s i b l i n g ( ) ;
233 }
234

235

236 he ight type he ight ( ) const {
237 // Desc : Slow he i gh t , u s e f u l l f o r a s s e r t i o n s . ES : no throw .
238 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
239 he ight type h (0) ;
240 f o r (N∗ c ( (∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ; c != 0
241 ; c = (∗ c ) . m o s t s i g n i f i c a n t c h i l d ( ) ) { ++h ; }
242 return h ;
243 }
244

245 N∗ j o i n (N∗ weaker ) {
246 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
247 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( t h i s != weaker ) ;
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248 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
249 a s s e r t ( ! c a r e f u l | | (∗weaker ) . i s r o o t ( ) ) ;
250 a s s e r t ( (∗ t h i s ) . he ight ( ) == (∗weaker ) . he ight ( ) ) ;
251

252 i f ( un id i r ) {
253 i f ( (∗ t h i s ) . c == t h i s ) {
254 a s s e r t ( (∗weaker ) . c == weaker ) ;
255 (∗weaker ) . sp ( ) = t h i s ;
256 (∗ t h i s ) . c = weaker ;
257 (∗weaker ) . c = 0 ;
258 } e l s e {
259 (∗(∗weaker ) . c ) . next = (∗ t h i s ) . c ;
260 (∗weaker ) . next = t h i s ;
261 (∗(∗ t h i s ) . c ) . next = weaker ;
262 (∗ t h i s ) . c = weaker ;
263 }
264 } e l s e {
265 i f ( (∗ t h i s ) . c == 0) {
266 a s s e r t ( (∗weaker ) . c == 0) ;
267 a s s e r t ( (∗weaker ) . sp ( ) == 0) ;
268 (∗ t h i s ) . c = weaker ;
269 } e l s e {
270 (∗(∗weaker ) . c ) . next = (∗ t h i s ) . c ;
271 (∗weaker ) . next = (∗(∗ t h i s ) . c ) . next ;
272 (∗(∗ t h i s ) . c ) . next = weaker ;
273 (∗ t h i s ) . c = weaker ;
274 }
275 }
276 return t h i s ;
277 }
278 template <typename C2>
279 N∗ j o i n (N∗ other , C2 const& comparator ) {
280 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
281 return j o i n ( other ) ;
282 e l s e return (∗ other ) . j o i n ( t h i s ) ;
283 }
284

285 N∗ s p l i t ( ) {
286 // Desc : s p l i t o f weaker t r e e . T(n) : O(1) . ES : no throw .
287 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( i s r o o t ( ) ) ;
288 a s s e r t ( m o s t s i g n i f i c a n t c h i l d ( ) != 0) ;
289 N∗ b = (∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ;
290 i f ( un id i r ) {
291 // i f ( (∗ b ) . i s l e a f ( ) ) {
292 i f ( (∗b) . c == 0) {
293 (∗ t h i s ) . c = t h i s ;
294 (∗b) . c = b ;
295 } e l s e {
296 (∗ t h i s ) . c = (∗(∗b) . c ) . sp ( ) ;
297 (∗(∗ t h i s ) . c ) . next = t h i s ;
298 (∗(∗b) . c ) . next = b ;
299 }
300 } e l s e {
301 // i f ( (∗ b ) . i s l e a f ( ) ) {
302 i f ( (∗b) . c == 0) {
303 (∗ t h i s ) . c = 0 ;
304 (∗b) . c = 0 ;
305 } e l s e {
306 (∗ t h i s ) . c = (∗(∗b) . c ) . sp ( ) ;
307 (∗(∗ t h i s ) . c ) . next = (∗b) . next ;
308 (∗(∗b) . c ) . next = 0 ;
309 }
310 }
311 (∗b) . sp ( ) = 0 ;
312 return b ;
313 }
314

315 template <c l a s s Boolean>
316 N∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
317 // Desc : Vui l l emin ” con s t r u c t ”. T(n) : O(1) . ES : no throw .
318 // I s o l a t e s the roo t from i t s c h i l d s .
319 // Ret : A roo t s t a c k + t o t a l number o f nodes i n c l . t he roo t .
320 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
321 // i f ( i s l e a f ( ) ) { n = 1 ; re tu rn 0 ; }
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322 i f ( ( un id i r && (∗ t h i s ) . c == t h i s ) | | ( ( ! un id i r ) && (∗ t h i s ) . c == 0) ) {
323 n = 1 ; return 0 ;
324 }
325 N∗ c ( (∗ t h i s ) . c ) ;
326 (∗(∗ t h i s ) . c ) . next = 0 ;
327 n = 2 ;
328 // scan to l a s t root , o p t i o n a l l y c a l c s i z e and/or mark r oo t s .
329 f o r (N∗ p ((∗ c ) . l e s s s i g n i f i c a n t s i b l i n g ( ) ) ; p != 0 ; p = (∗ c ) . l e s s s i g n i f i c a n t s i b l i n g ( )

) {
330 i f ( un id i r ) (∗(∗ c ) . c ) . next = c ;
331 i f ( c a l c s i z e ) n <<= 1 ;
332 c = p ;
333 }
334 i f ( un id i r ) (∗ c ) . c = c ;
335 (∗ t h i s ) . c = un id i r ? t h i s : 0 ;
336 return c ;
337 }
338

339 s t r u c t ho l e type {
340 bool i s l e a f ;
341 N∗ da ;
342 N∗ s out ;
343 N∗ p out ;
344 N∗ s i n ;
345 N∗ c i n ;
346

347 ho l e type ( ) : i s l e a f ( f a l s e ) , da (0)
348 , s ou t (0 ) , p out (0 ) , s i n (0 ) , c i n (0 ) {}
349 ho l e type (N∗ n , bool a u t o s p l i c e o u t , bool f o r c ed = f a l s e ) :
350 i s l e a f ( (∗n) . c == 0 | | ( un id i r && (∗n) . c == (∗n) . c ) )
351 , da ( (∗n) . d i s t i n g u i s h e d a n c e s t o r ( ) )
352 , s ou t ( (∗n) . m o r e s i g n i f i c a n t s i b l i n g ( ) )
353 , p out ( s out == 0?(∗n) . sp ( ) : 0 )
354 , s i n ( (∗n) . l e s s s i g n i f i c a n t s i b l i n g ( ) ) // equ zero i f f i r s t s i n g l e roo t
355 , c i n ( s out == 0?(∗n) . parent ( ) : 0 )
356 {
357 a s s e r t ( ! ( ( s out != 0) && ( p out != 0) ) ) ;
358 i f ( ( a u t o s p l i c e o u t && d o s p l i c e ( ) ) | | f o r c ed ) {
359 a s s e r t ( (∗n) . i s v a l i d ( ) ) ;
360 (∗n) . next = 0 ;
361 i f ( un id i r ) {
362 i f ( (∗n) . c == 0) (∗n) . c = n ;
363 e l s e (∗(∗n) . c ) . next = n ;
364 } e l s e {
365 i f ( (∗n) . c != 0) (∗(∗n) . c ) . next = 0 ;
366 }
367 a s s e r t ( (∗n) . i s r o o t ( ) ) ;
368 }
369 }
370 bool i s r o o t ( ) const { return da == 0 ; }
371 bool i s l e a f r o o t ( ) const { return i s r o o t ( ) && i s l e a f ; }
372 bool d o s p l i c e ( ) {
373 return ( un id i r && ! i s r o o t ( ) ) | | ( ( ! un id i r ) && ! i s l e a f r o o t ( ) ) ;
374 }
375 } ;
376 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e ) {
377 ho l e type ho le ( th i s , true , f o r c ed ) ;
378 return ho le ;
379 }
380 template <typename H>
381 void s p l i c e i n ( ho l e type& hole , H& /∗ h e ap s t o r e ∗/ , bool f o r c ed = f a l s e ) {
382 i f ( ! ( ho le . d o s p l i c e ( ) | | f o r c ed ) ) return ;
383 a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ;
384 a s s e r t ( (∗ t h i s ) . next == 0) ;
385 i f ( ho le . s ou t != 0) (∗ t h i s ) . next = hole . s ou t ;
386 i f ( ho le . p out != 0) (∗ t h i s ) . next = hole . p out ;
387 i f ( ho le . s i n != 0) (∗ ho le . s i n ) . next = t h i s ;
388 i f ( ho le . c i n != 0) (∗ ho le . c i n ) . c = t h i s ;
389

390 N∗ p in ( ho le . s ou t == 0?0 : (∗ ho le . s ou t ) . c ) ;
391 i f ( p in != 0) (∗ p in ) . next = t h i s ;
392

393 i f ( un id i r ) {
394 i f ( (∗ t h i s ) . c == t h i s ) (∗ t h i s ) . c = 0 ;
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395 i f ( (∗ t h i s ) . c != 0) {
396 (∗(∗ t h i s ) . c ) . next = hole . s i n ;
397 }
398 } e l s e {
399 a s s e r t ( (∗ t h i s ) . c != t h i s ) ; // ! : ensure no mixup wi th un i d i r
400 i f ( (∗ t h i s ) . c == 0) {
401 } e l s e {
402 (∗(∗ t h i s ) . c ) . next = hole . s i n ;
403 }
404

405 i f ( (∗ t h i s ) . c != 0) {
406 (∗(∗ t h i s ) . c ) . next = hole . s i n ;
407 }
408 }
409 }
410

411 N∗ promote a l t (N∗ p) {
412 // Vui l l emin compa t i b l e .
413 promote (p) ;
414 return (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
415 }
416

417 N∗ promote (N∗ p) {
418 // CPH STL compa t i b l e .
419 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
420 a s s e r t ( (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) == p) ;
421

422 N∗ p par ( (∗p) . parent ( ) ) ;
423 bool p was root ( p par == 0) ;
424

425 N∗ p l s s ( (∗p) . l e s s s i g n i f i c a n t s i b l i n g ( ) ) ;
426 N∗ p mss ( (∗p) . m o r e s i g n i f i c a n t s i b l i n g ( ) ) ;
427 N∗ p downto ( ( p par != 0 && (∗ p par ) . c == p) ? p par : 0 ) ;
428 N∗ t l s s ( (∗ t h i s ) . l e s s s i g n i f i c a n t s i b l i n g ( ) ) ;
429 N∗ t mss ( (∗ t h i s ) . m o r e s i g n i f i c a n t s i b l i n g ( ) ) ;
430 N∗ t upto ( t mss != 0?(∗ t mss ) . c : 0 ) ;
431

432 i f ( (∗p) . c == t h i s ) {
433 i f ( un id i r && p was root ) {
434 (∗ t h i s ) . next = (∗p) . next ;
435 (∗p) . next = t h i s ;
436 } e l s e {
437 std : : swap ((∗ t h i s ) . next , (∗ p) . next ) ;
438 i f ( p mss != 0) (∗(∗ p mss ) . c ) . next = t h i s ;
439 }
440 (∗p) . c = (∗ t h i s ) . c ;
441 (∗ t h i s ) . c = p ;
442 } e l s e {
443 i f ( un id i r && p was root ) (∗(∗p) . c ) . next = t h i s ;
444 e l s e i f ( p mss != 0) (∗(∗ p mss ) . c ) . next = t h i s ;
445 std : : swap ((∗ t h i s ) . next , (∗ p) . next ) ;
446 std : : swap ((∗ t h i s ) . c , (∗ p) . c ) ;
447 }
448 i f ( p downto != 0) (∗ p downto ) . c = t h i s ;
449 i f ( t l s s != 0) (∗ t l s s ) . next = p ;
450 i f ( p l s s != 0) (∗ p l s s ) . next = t h i s ;
451 i f ( t upto != 0) (∗ t upto ) . next = p ;
452

453 return t h i s ;
454 }
455

456 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<N>() ; }
457

458 protected :
459

460 template <typename D>
461 std : : s t r i n g s t r ( ) const {
462 std : : o s t r ings t r eam os ;
463 i f ( t h i s == 0) os << ” n i l ” ;
464 e l s e {
465 os << (∗ t h i s ) . element ( ) ;
466 N const ∗ const x = (∗ con s t c a s t <N∗>( t h i s ) ) . m o s t s i g n i f i c a n t c h i l d ( ) ;
467 i f ( x != 0) {
468 os << ”( ” << (∗ s t a t i c c a s t <D const ∗ const >(x ) ) . s t r ( ) ;
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469 f o r (N∗ y = (∗ con s t c a s t <N∗>(x ) ) . l e s s s i g n i f i c a n t s i b l i n g ( ) ;
470 y != 0 ; y = (∗y ) . l e s s s i g n i f i c a n t s i b l i n g ( ) )
471 os << ” , ” << (∗ s t a t i c c a s t <D ∗ const >(y ) ) . s t r ( ) ;
472 os << ”) ” ;
473 }
474 }
475 return os . s t r ( ) ;
476 }
477 } ;
478

479 template <typename V, typename C, typename A, bool unid i r>
480 s t r u c t node t r a i t s <brown k node<V,C,A, unid i r> > { enum { h a s s p l i c e = 1 } ; enum {

has owner = 0 } ; enum { i s r o o t l i s t a b l e = 1 } ; } ;
481 }
482 }
483 #end i f

A.6 brown_r_node.hpp

1 #i f n d e f CPHSTL PQFW BROWN R NODE H
2 #de f i n e CPHSTL PQFW BROWN R NODE H
3

4 /∗
5 Desc : Another b inomia l two−po i n t e r node base .
6 Auth : Asger Bruun 2009−2010
7 Idea : Reversed c h i l d o r d e r i n g , c i r c u l a r .
8 Ref : M.R. Brown , Implementat ion and an a l y s i s o f b inomia l queue
9 : a l go r i t hms , SIAM Journa l on Computing 7 (1978) , 298−319.

10 Note : Bi− and uni−d i r e c t i o n a l roo t l i s t v e r s i on are f u l l y d e f i n ed .
11

12 ∗ o
13 ∗ !
14 ∗ o
15 ∗ : \
16 ∗ > o o o o
17 ∗ | :\ : \
18 ∗ >o >o o >o o o
19 ∗ | | :\
20 ∗ >o >o >o o
21 ∗ |
22 ∗ >o
23 ∗/
24

25 #inc lude ” a s s e r t . h++” // a s s e r t
26 #inc lude <cs tdde f> // s t d : : s i z e t
27 #inc lude ” r o o t l i s t . hpp” // r o o t l i s t n o d e
28 #inc lude ” r o o t l i s t b i d i r . hpp”
29 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp” // va l ue node
30

31 namespace cphs t l {
32 namespace pqfw node {
33

34 template <typename D/∗ e r i v e d ∗/> // , boo l i s c o n s t = f a l s e >
35 c l a s s brown r base : pub l i c r o o t l i s t n o d e <D> {
36 protected :
37 D∗ cp ;
38

39 // t y p e d e f r o o t l i s t n o d e <D> r o o t l i s t b a s e ;
40

41 brown r base (D∗ cp ) : r o o t l i s t n o d e <D>() , cp ( cp ) {}
42 } ;
43

44 template <typename V = i n t
45 , typename C = std : : l e s s <V>
46 , typename A = std : : a l l o c a t o r <V>
47 , bool un id i r = true
48 >
49 c l a s s brown r node : pub l i c brown r base<brown r node<V,C,A, unid i r> >, pub l i c value node

<V,C,A> {
50 typedef brown r base<brown r node<V,C,A, unid i r> > B;
51 f r i e nd c l a s s brown r base<brown r node<V,C,A, unid i r> >;
52

53 typedef brown r node<V,C,A, unid i r> N;
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54

55 brown r node (N const&) ;
56 N& operator = (N const&) ;
57

58 pub l i c :
59

60 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = ! un id i r ;
61

62 template<typename V2>
63 s t r u c t r eb ind va lue type {
64 typedef brown r node<V2 , C, A> other ;
65 } ;
66

67 brown r node (V const& value ) : B( un id i r ? t h i s : 0 ) , value node<V,C,A>(va lue ) {}
68

69

70 typedef unsigned char he ight type ; // a s s e r t ( s i z e o f ( vo id ∗) <= (256/8) ) ;
71 typedef typename cphs t l : : i f t h e n e l s e <
72 unid i r , r o o t l i s t <N, f a l s e >, r o o t l i s t b i d i r <N>
73 > : : type r o o t l i s t t y p e ;
74

75 typedef brown r node node base type ;
76

77 typedef typename value node<V,C,A> : : s i z e t y p e s i z e t y p e ;
78

79

80 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return s i z e o f ( brown r node ) ; }
81

82 bool i s v a l i d ( ) const {
83 bool n o d e i s v a l i d = (∗ t h i s ) .B : : i s v a l i d ( )
84 && ((∗ t h i s ) . cp == 0 | | ! i s spooky ((∗ t h i s ) . cp ) ) ;
85 i f ( ! un id i r ) n o d e i s v a l i d &= (∗ t h i s ) . cp != t h i s ;
86 a s s e r t ( n o d e i s v a l i d ) ;
87 return ( n o d e i s v a l i d ) ;
88 }
89

90 N∗ s ( ) const {
91 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
92 return (N∗) B : : next ( ) ;
93 }
94 N∗& s ( ) {
95 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
96 return (N∗&) B : : next ( ) ;
97 }
98

99 template<typename PA // p r o t e c t e d acce s s
100 > s t a t i c void c l e a r heap (N∗ h , PA& pa ) {
101 // a s s e r t ( heap i s e j e c t e d from l i s t )
102 a s s e r t (h != 0) ;
103 N∗ p(h) ;
104 f o r (N∗ n ((∗p) . cp ) ;
105 ( un id i r && n != h) | | ( ( ! un id i r ) && n != 0) ;
106 n = (∗p) . cp )
107 {
108 pa . dest roy (p) ;
109 p = n ;
110 }
111 pa . dest roy (p) ;
112 }
113

114 // −−−−− roo t l i s t suppor t
115

116 bool pr ev roo tab l e ( ) const {
117 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
118 return (∗ t h i s ) . cp != 0 ;
119 }
120 N∗ prev roo t ( ) const {
121 a s s e r t ( ! un id i r ) ; a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
122 return (∗ (∗ (∗ t h i s ) . cp ) . s ( ) ) . cp ;
123 }
124 N∗& prev roo t ( ) {
125 a s s e r t ( ! un id i r ) ; a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
126 return (∗ (∗ (∗ t h i s ) . cp ) . s ( ) ) . cp ;
127 }
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128

129 // −−−−−
130

131 N∗ s p r ev ( ) {
132 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
133 i f ( un id i r && i s r o o t ( ) ) return 0 ;
134 i f ( un id i r && (∗(∗ t h i s ) . cp ) . i s r o o t ( ) ) return (∗(∗ t h i s ) . cp ) . cp ;
135 return (∗ (∗ (∗ t h i s ) . cp ) . next ( ) ) . cp ;
136 }
137 N∗& c prev ( ) {
138 // Desc : node hav ing i t s cp po i n t i n g to t h i s .
139 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
140 i f ( un id i r ) {
141 i f ( i s r o o t ( ) ) return (∗(∗ t h i s ) . cp ) . s ( ) ;
142 e l s e i f ( (∗ (∗ (∗ t h i s ) . s ( ) ) . cp ) . i s r o o t ( ) )
143 return (∗(∗ t h i s ) . s ( ) ) . cp ;
144 e l s e return (N∗&) (∗ (∗ (∗ t h i s ) . s ( ) ) . cp ) . s ( ) ;
145 }
146 e l s e return (N∗&) (∗ (∗ (∗ t h i s ) . s ( ) ) . cp ) . next ( ) ; // a s s e r t ( ! ( i s r o o t && i s l e a f ) ) ;
147 }
148

149 bool i s r o o t ( ) const {
150 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
151

152 N∗ p ( (N∗) t h i s ) ;
153 i f ( (∗p) . s ( ) == p) return f a l s e ; // non roo t l e a f
154 i f ( un id i r && (∗p) . cp == p) return true ; // s i n g l e roo t
155 i f ( un id i r && (∗(∗p) . cp ) . s ( ) == 0) return f a l s e ; // l e a f o f l a s t roo t
156 i f ( un id i r && (∗ (∗ (∗p) . cp ) . s ( ) ) . cp == p) return true ; // roo t
157 i f ( un id i r ) return f a l s e ;
158 i f ( ( ! un id i r ) && (∗p) . cp == 0) return true ; // s i n g l e roo t
159 return ( (∗p) . s ( ) == 0) | | ( parent ( ) == 0) ;
160 }
161 bool i s l e a f ( ) const {
162 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
163 N∗ p ( (N∗) t h i s ) ;
164 i f ( (∗p) . s ( ) == p) return true ; // bottom l e a f
165 i f ( un id i r ) {
166 i f ( (∗p) . cp == p) return true ; // s i n g l e roo t
167 i f ( (∗ (∗p) . cp ) . s ( ) != 0 && (∗ (∗ (∗p) . cp ) . s ( ) ) . cp == p) return f a l s e ; // roo t
168 i f ( (∗p) . s ( ) == 0) return f a l s e ; // l a s t roo t
169 i f ( (∗ (∗ (∗p) . s ( ) ) . cp ) . s ( ) == (∗(∗p) . s ( ) ) . cp ) return true ;
170 return f a l s e ;
171 } e l s e {
172 i f ( (∗p) . cp == 0) return true ; // s i n g l e roo t
173 i f ( (∗p) . s ( ) == 0) return f a l s e ; // l a s t roo t
174 i f ( (∗ (∗p) . s ( ) ) . cp != 0 && (∗ (∗ (∗p) . s ( ) ) . cp ) . next ( ) == (∗(∗p) . s ( ) ) . cp )
175 return ( (∗p) . parent ( ) != 0) ;
176 return f a l s e ;
177 }
178 }
179 bool i s marked ( ) const { a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; return f a l s e ; }
180

181 // ! : be c a r e f u l , owner i s not v a l i d f o r weak queue , i s f o r roo t l i s t s on ly .
182 void ∗ owner ( ) const { a s s e r t (0 ) ; return (∗ t h i s ) . owner ; }
183 void∗& owner ( ) { a s s e r t (0 ) ; return (∗ t h i s ) . owner ; }
184

185 void swap roots (N∗ q ) {
186 // compared wi th cph s t l r e s t r i c t e d to roo t node r e p l a c e .
187 a s s e r t ( i s r o o t ( ) ) ; a s s e r t ( (∗ t h i s ) . s ( ) == 0) ;
188 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ; a s s e r t ( (∗ q ) . i s l e a f ( ) ) ; a s s e r t ( (∗ q ) . s ( ) == 0) ;
189

190 i f ( i s l e a f ( ) ) return ;
191 std : : swap ((∗ t h i s ) . cp , (∗q ) . cp ) ;
192 (∗ (∗ (∗ q ) . cp ) . s ( ) ) . cp = q ;
193 (∗ t h i s ) . cp = t h i s ;
194 }
195

196

197 N∗ d i s t i ngu i shed de s c endant ( ) {
198 a s s e r t (0 ) ; return 0 ; // CPH STL s p e c i a l not implemented .
199 }
200

201
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202 N∗ root ( ) const {
203 // Desc : f i n d the roo t . T(n) : O( l g (n) ) . ES : no throw .
204 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
205 N∗ p ( (N∗) t h i s ) ;
206 f o r (N∗ q = (∗p) . parent ( ) ; q != 0 ; q = (∗q ) . parent ( ) ) p = q ;
207 return p ;
208 }
209 N∗ parent ( ) const {
210 // Desc : f i n d parent . T(n) : O( l g (n) ) . ES : no throw .
211 // Note : r e l i a b l e when s t r u c t u r e i s v a l i d b inomia l ,
212 // i e . dont use dur ing a s p l i c e out .
213 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
214

215 N∗ p ( (N∗) t h i s ) ;
216 i f ( ( ! un id i r ) && (∗p) . cp == 0) return 0 ; // s i n g l e roo t
217 i f ( un id i r && (∗p) . cp == p) return 0 ; // s i n g l e roo t
218 i f ( un id i r && (∗(∗p) . cp ) . s ( ) == 0) return (∗p) . cp ; // l e a f o f l a s t roo t
219 i f ( un id i r && (∗p) . s ( ) != p && (∗ (∗ (∗p) . cp ) . s ( ) ) . cp == p) return 0 ; // roo t
220 whi le (p != 0) {
221 i f ( (∗p) . s ( ) == 0) return 0 ; // l a s t roo t
222 i f ( un id i r ) {
223 i f ( (∗p) . s ( ) == p) {
224 i f ( (∗ (∗p) . cp ) . cp == p) return (∗p) . cp ; // bottom l e a f o f roo t
225 return (∗(∗p) . cp ) . s ( ) ; // bottom l e a f o f non roo t
226 }
227 i f ( (∗ (∗ (∗p) . s ( ) ) . cp ) . s ( ) == (∗(∗p) . s ( ) ) . cp ) {
228 i f ( (∗ (∗ (∗p) . cp ) . cp ) . s ( ) == p) return (∗p) . cp ; // l e a f o f roo t
229 e l s e return (∗(∗p) . cp ) . s ( ) ; // l e a f o f non roo t
230 }
231 } e l s e {
232 i f ( (∗p) . s ( ) == p) return (∗(∗p) . cp ) . next ( ) ; // bottom l e a f
233 i f ( (∗ (∗ (∗p) . s ( ) ) . cp ) . next ( ) == (∗(∗p) . s ( ) ) . cp ) {
234 i f ( (∗ (∗p) . cp ) . next ( ) != (∗p) . cp ) return (∗(∗p) . cp ) . next ( ) ; // l e a f
235 e l s e return 0 ; // redundant roo t
236 }
237 }
238 p = (∗p) . s ( ) ;
239 }
240 return 0 ;
241 }
242

243 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
244 return parent ( ) ;
245 }
246 N∗ m o s t s i g n i f i c a n t c h i l d ( ) {
247 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
248 i f ( un id i r && (∗ t h i s ) . cp == t h i s ) return 0 ;
249 return (∗ t h i s ) . i s l e a f ( ) ? 0 : (∗ t h i s ) . cp ;
250 }
251 N∗ m o s t s i g n i f i c a n t c h i l d ( ) const {
252 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
253 i f ( un id i r && (∗ t h i s ) . cp == t h i s ) return 0 ;
254 return (∗ t h i s ) . i s l e a f ( ) ? 0 : (∗ t h i s ) . cp ;
255 }
256

257 N ∗ s u c c e s s o r ( ) const {
258 // T(n) : != O(1) . ES : no throw .
259 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
260 i f ( un id i r && (∗(∗ t h i s ) . cp ) . i s r o o t ( ) ) return (∗(∗ t h i s ) . cp ) . s ( ) ;
261 i f ( ( ! un id i r ) && (∗ t h i s ) . cp == 0) return (∗ t h i s ) . s ( ) ; // s i n g l e roo t
262 i f ( ( ! un id i r ) && (∗ (∗ (∗ t h i s ) . cp ) . next ( ) ) . i s r o o t ( ) ) return (∗ (∗ (∗ t h i s ) . cp ) . next ( ) ) .

s ( ) ;
263 return (∗ t h i s ) . cp ;
264 }
265

266 he ight type he ight ( ) const {
267 // Desc : Slow he i gh t , u s e f u l l f o r a s s e r t i o n s . ES : no throw .
268 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
269 he ight type h (0) ;
270 f o r (N∗ c ( (∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ; c != 0
271 ; c = (∗ c ) . m o s t s i g n i f i c a n t c h i l d ( ) ) { ++h ; }
272 return h ;
273 }
274
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275 N∗ j o i n (N∗ weaker ) {
276 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
277 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( t h i s != weaker ) ;
278 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
279 a s s e r t ( ! c a r e f u l | | (∗weaker ) . i s r o o t ( ) ) ;
280 a s s e r t ( (∗ t h i s ) . he ight ( ) == (∗weaker ) . he ight ( ) ) ;
281

282 i f ( un id i r && (∗ t h i s ) . cp == t h i s ) { // prob t h i s
283 a s s e r t ( (∗weaker ) . cp == weaker ) ;
284 (∗weaker ) . s ( ) = weaker ;
285 (∗ t h i s ) . cp = weaker ;
286 (∗weaker ) . cp = t h i s ;
287 return t h i s ;
288 } e l s e i f ( ( ! un id i r ) && (∗ t h i s ) . cp == 0) {
289 a s s e r t ( (∗weaker ) . cp == 0) ;
290 (∗weaker ) . s ( ) = weaker ;
291 (∗ t h i s ) . cp = weaker ;
292 return t h i s ;
293 } e l s e {
294 (∗weaker ) . s ( ) = (∗(∗ t h i s ) . cp ) . s ( ) ;
295 (∗ (∗ (∗weaker ) . cp ) . s ( ) ) . cp = (∗ t h i s ) . cp ;
296 (∗(∗ t h i s ) . cp ) . s ( ) = weaker ;
297 (∗ t h i s ) . cp = weaker ;
298 }
299 return t h i s ;
300 }
301 template <typename C2>
302 N∗ j o i n (N∗ other , C2 const& comparator ) {
303 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
304 return j o i n ( other ) ;
305 e l s e return (∗ other ) . j o i n ( t h i s ) ;
306 }
307

308 N∗ s p l i t ( ) {
309 // Desc : s p l i t o f weaker t r e e . T(n) : O(1) . ES : no throw .
310 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( i s r o o t ( ) ) ;
311 a s s e r t ( m o s t s i g n i f i c a n t c h i l d ( ) != 0) ;
312 N∗ b = (∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ;
313 i f ( un id i r ) {
314 // i f ( (∗ b ) . i s l e a f ( ) ) {
315 i f ( (∗b) . s ( ) == b) {
316 (∗ t h i s ) . cp = t h i s ;
317 (∗b) . cp = b ;
318 (∗b) . s ( ) = 0 ;
319 } e l s e {
320 (∗ t h i s ) . cp = (∗ (∗ (∗b) . cp ) . s ( ) ) . cp ;
321 (∗(∗ t h i s ) . cp ) . s ( ) = (∗b) . s ( ) ;
322 (∗ (∗ (∗b) . cp ) . s ( ) ) . cp = b ;
323 (∗b) . s ( ) = 0 ;
324 }
325 } e l s e {
326 // i f ( (∗ b ) . i s l e a f ( ) ) {
327 i f ( (∗b) . s ( ) == b) {
328 (∗ t h i s ) . cp = (∗b) . cp ;
329 (∗b) . cp = 0 ;
330 (∗b) . s ( ) = 0 ;
331 } e l s e {
332 (∗ t h i s ) . cp = (∗ (∗ (∗b) . cp ) . s ( ) ) . cp ;
333 (∗(∗ t h i s ) . cp ) . s ( ) = (∗b) . s ( ) ;
334 (∗ (∗ (∗b) . cp ) . s ( ) ) . cp = 0 ;
335 (∗b) . s ( ) = 0 ;
336 }
337 }
338 return b ;
339 }
340

341 template <c l a s s Boolean>
342 N∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
343 // Desc : Vui l l emin ” con s t r u c t ”. T(n) : O(1) . ES : no throw .
344 // I s o l a t e s the roo t from i t s c h i l d s .
345 // Ret : A roo t s t a c k + t o t a l number o f nodes i n c l . t he roo t .
346 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
347 // i f ( i s l e a f ( ) ) { n = 1 ; re tu rn 0 ; }
348 i f ( ( un id i r && (∗ t h i s ) . cp == t h i s ) | | ( ( ! un id i r ) && (∗ t h i s ) . cp == 0) ) {
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349 n = 1 ; return 0 ;
350 }
351 N∗ r e t ( (∗ (∗ t h i s ) . cp ) . s ( ) ) ;
352 (∗(∗ t h i s ) . cp ) . s ( ) = 0 ;
353

354 (∗ t h i s ) . cp = un id i r ? t h i s : (∗ r e t ) . cp ;
355 (∗ r e t ) . cp = un id i r ? r e t : 0 ;
356 i f ( c a l c s i z e ) n = 2 ;
357 i f ( c a l c s i z e | | un id i r )
358 f o r (N∗ t ( (∗ r e t ) . s ( ) ) ; t != 0 ; t = (∗ t ) . s ( ) ) {
359 i f ( un id i r ) (∗ (∗ (∗ t ) . cp ) . s ( ) ) . cp = t ;
360 n <<= 1 ;
361 }
362 return r e t ;
363 }
364

365 s t r u c t ho l e type {
366 s t a t i c N∗ s p e c i a l ( ) { const N∗ n i l (0 ) ; return con s t c a s t <N∗>( n i l )−1; }
367 bool i s l e a f ;
368 N∗ da ;
369 N∗ s i n ;
370 N∗ s out ;
371 N∗ cp in ;
372 N∗ cp out ;
373

374 ho l e type ( ) : i s l e a f ( f a l s e )
375 , da (0) , s i n (0 ) , s ou t (0 ) , cp in (0) , cp out (0 ) {}
376 ho l e type (N∗ n , bool a u t o s p l i c e o u t , bool f o r c ed = f a l s e ) :
377 i s l e a f ( (∗n) . i s l e a f ( ) )
378 , da ( (∗n) . d i s t i n g u i s h e d a n c e s t o r ( ) )
379 , s i n ( (∗n) . s ( ) != n ?((∗n) . cp == 0?0 : (∗n) . s p r ev ( ) ) : s p e c i a l ( ) )
380 , s ou t ( (∗n) . s ( ) != n?(∗n) . s ( ) : s p e c i a l ( ) )
381 , cp in ( un id i r ?(∗n) . c prev ( ) : ( (∗n) . s ( ) == 0?0 : (∗n) . c prev ( ) ) )
382 , cp out ( i s l e a f ?(∗n) . cp : ( ( ∗ n) . cp == 0?0 : (∗ (∗ (∗n) . cp ) . s ( ) ) . cp ) )
383 {
384

385 i f ( ( a u t o s p l i c e o u t && d o s p l i c e ( ) ) | | f o r c ed ) {
386 a s s e r t ( (∗n) . i s v a l i d ( ) ) ;
387 (∗n) . s ( ) = 0 ;
388 i f ( i s l e a f ) (∗n) . cp = un id i r ?n : 0 ;
389 e l s e (∗ (∗ (∗n) . cp ) . s ( ) ) . cp = un id i r ?n : 0 ;
390 a s s e r t ( (∗n) . i s r o o t ( ) ) ;
391 }
392 }
393 bool i s l e a f r o o t ( ) { return s i n == 0 ; }
394 bool i s r o o t ( ) { return da == 0 ; }
395 bool d o s p l i c e ( ) {
396 return ! ( ( un id i r && i s r o o t ( ) ) | | ( ( ! un id i r ) && i s l e a f r o o t ( ) ) ) ;
397 }
398 } ;
399 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e ) {
400 ho l e type ho le ( th i s , true , f o r c ed ) ;
401 return ho le ;
402 }
403 template <typename H>
404 void s p l i c e i n ( ho l e type& hole , H& /∗ h e ap s t o r e ∗/ , bool f o r c ed = f a l s e ) {
405 i f ( ! ( ho le . d o s p l i c e ( ) | | f o r c ed ) ) return ;
406 a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ;
407 a s s e r t ( (∗ t h i s ) . s ( ) == 0) ;
408

409 i f ( ho le . cp in != 0) (∗ ho le . cp in ) . cp = t h i s ;
410

411 i f ( ho le . s i n == ho l e type : : s p e c i a l ( ) ) { // bottom l e a f
412 a s s e r t ( ho le . s ou t == ho l e type : : s p e c i a l ( ) ) ;
413 (∗ t h i s ) . s ( ) = t h i s ;
414 (∗ t h i s ) . cp = hole . cp out ;
415 } e l s e {
416 i f ( ho le . s i n != 0) (∗ ho le . s i n ) . next = t h i s ; // ( cou ld be l i s t head )
417 (∗ t h i s ) . s ( ) = ho le . s ou t ;
418 i f ( ho le . cp out != 0) {
419 i f ( ho le . i s l e a f ) (∗ t h i s ) . cp = hole . cp out ;
420 e l s e (∗ (∗ (∗ t h i s ) . cp ) . s ( ) ) . cp = hole . cp out ;
421 }
422 }
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423 }
424

425 N∗ promote a l t (N∗ p) {
426 // Vui l l emin compa t i b l e .
427 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
428 a s s e r t ( (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) == p) ;
429 N∗ r ( (∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
430 N∗ t ( t h i s ) ;
431

432 N∗ p s i n = ( un id i r && ( r == 0) ) ?0 :
433 ( un id i r && (∗p) . cp == r ) ?(∗ (∗p) . cp ) . cp
434 : (∗ (∗ (∗p) . cp ) . s ( ) ) . cp ;
435

436 N∗ p cp in ;
437 i f ( un id i r ) p cp in = ( r == 0) ?(∗ (∗p) . cp ) . s ( )
438 : ( ( (∗ r ) . cp == p) ? r : (∗ (∗ (∗ p) . s ( ) ) . cp ) . s ( ) ) ;
439 e l s e p cp in = ( r == 0) ?
440 ( ( (∗p) . s ( ) == 0) ? 0 : (∗ (∗ (∗p) . s ( ) ) . cp ) . s ( ) )
441 : ( ( (∗ r ) . cp == p) ? r : (∗ (∗ (∗ p) . s ( ) ) . cp ) . s ( ) ) ;
442

443 N∗ t s i n = ( un id i r && (∗ t ) . cp == p) ?(∗ (∗ t ) . cp ) . cp : (∗ (∗ (∗ t ) . cp ) . next ( ) ) . cp ;
444 N∗ t c p i n = ((∗p) . cp == t ) ?p : (∗ (∗ (∗ t ) . s ( ) ) . cp ) . s ( ) ;
445

446 i f ( p s i n != 0) (∗ p s i n ) . next ( ) = t h i s ;
447

448 i f ( t s i n == t h i s ) { // l e a f
449 (∗ t h i s ) . s ( ) = (∗p) . s ( ) ;
450 (∗p) . s ( ) = p ;
451 } e l s e {
452 (∗ t s i n ) . s ( ) = p ;
453 std : : swap ((∗ t h i s ) . s ( ) , (∗p) . s ( ) ) ;
454 }
455

456 i f ( (∗p) . cp == t h i s ) {
457 i f ( (∗ t h i s ) . cp == p) {
458 // p l e a s e dont ! ! s t d : : swap ((∗ t h i s ) . cp , (∗ p ) . cp ) ;
459 } e l s e {
460 (∗p) . cp = (∗ t h i s ) . cp ;
461 (∗ t h i s ) . cp = p ;
462 i f ( p cp in != 0) (∗ p cp in ) . cp = t h i s ;
463 }
464 } e l s e {
465 i f ( (∗ t h i s ) . cp == p) {
466 (∗ t h i s ) . cp = (∗p) . cp ;
467 (∗p) . cp = t h i s ;
468 (∗ t c p i n ) . cp = p ;
469 } e l s e {
470 std : : swap ((∗ t h i s ) . cp , (∗p) . cp ) ;
471 i f ( p cp in )
472 std : : swap ((∗ t c p i n ) . cp , (∗ p cp in ) . cp ) ;
473 e l s e
474 (∗ t c p i n ) . cp = p ;
475 }
476 }
477

478 return r ;
479 }
480

481 N∗ promote (N∗ p) {
482 // CPH STL compa t i b l e .
483 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
484 a s s e r t ( (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) == p) ;
485 N∗ p prev ( (∗p) . s p r ev ( ) ) ;
486 N∗ p pc ((∗p) . c prev ( ) ) ;
487 N∗ t p r ev ( (∗ t h i s ) . s p r ev ( ) ) ;
488 N∗ t pc ( (∗ t h i s ) . c prev ( ) ) ;
489

490 i f ( p prev != 0) (∗ p prev ) . s ( ) = t h i s ;
491

492 i f ( t p r ev == t h i s ) { // l e a f
493 (∗ t h i s ) . s ( ) = (∗p) . s ( ) ;
494 (∗p) . s ( ) = p ;
495 } e l s e {
496 (∗ t p r ev ) . s ( ) = p ;
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497 std : : swap ((∗ t h i s ) . s ( ) , (∗p) . s ( ) ) ;
498 }
499

500 i f ( (∗p) . cp == t h i s ) {
501 i f ( (∗ t h i s ) . cp == p) {
502 // p l e a s e dont ! ! s t d : : swap ((∗ t h i s ) . cp , (∗ p ) . cp ) ;
503 } e l s e {
504 (∗p) . cp = (∗ t h i s ) . cp ;
505 (∗ t h i s ) . cp = p ;
506 (∗ p pc ) . cp = t h i s ;
507 }
508 } e l s e {
509 i f ( (∗ t h i s ) . cp == p) {
510 (∗ t h i s ) . cp = (∗p) . cp ;
511 (∗p) . cp = t h i s ;
512 (∗ t pc ) . cp = p ;
513 } e l s e {
514 std : : swap ((∗ t h i s ) . cp , (∗p) . cp ) ;
515 std : : swap ((∗ t pc ) . cp , (∗ p pc ) . cp ) ;
516 }
517 }
518 return t h i s ;
519 }
520

521 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<N>() ; }
522

523 protected :
524

525 template <typename D>
526 std : : s t r i n g s t r ( ) const {
527 std : : o s t r ings t r eam os ;
528 i f ( t h i s == 0) os << ” n i l ” ;
529 e l s e {
530 os << (∗ t h i s ) . element ( ) ;
531 N∗ x = (∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ;
532 i f ( x != 0) {
533 x = (∗x ) . s ( ) ; // l e a s t s i g n i f i c a n t
534 os << ”( ” << (∗ s t a t i c c a s t <D ∗ const >(x ) ) . s t r ( ) ;
535 f o r (N∗ y = (∗x ) . s ( ) ; y != x ; y = (∗y ) . s ( ) )
536 os << ” , ” << (∗ s t a t i c c a s t <D ∗ const >(y ) ) . s t r ( ) ;
537 os << ”) ” ;
538 }
539 }
540 return os . s t r ( ) ;
541 }
542 } ;
543

544 template <typename V, typename C, typename A, bool unid i r>
545 s t r u c t node t r a i t s <brown r node<V,C,A, unid i r> > { enum { h a s s p l i c e = 1 } ; enum {

has owner = 0 } ; enum { i s r o o t l i s t a b l e = 1 } ; } ;
546

547 }
548 }
549 #end i f

A.7 direct_heap_store.hpp

1 #i f n d e f CPHSTL DIRECT HEAP STORE H
2 #de f i n e CPHSTL DIRECT HEAP STORE H
3

4 /∗
5 Desc : Vui l l emin s t y l e d i r e c t heap s t o r e based on b inary number system .
6 This o l d t h i n g appears to pop and e x t r a c t very f a s t .
7 Auth : Asger Bruun 2009−2010.
8 Req : Encapsu la tor i n t e r f a c e wi th :
9 j o in , promote , e lement , c on s t r u c t & n e x t r o o t .

10 I f debugging , then a s low h e i g h t needs to be s u p p l i e d too .
11 Tip : The owner p rope r t y o f t he encap su l a t o r may be used as next−root ,
12 t h i s cho i c e i s l e f t to the t r e e node implementor .
13 Note : The PQFW dummy compliance may s a f e l y be removed ,
14 i f not impor t ing s tandard node t yp e s from the c ph s t l−PQFW.
15 The a l l o i s n t used from here bu t the
16 pq−frameworks r e q u i r e i t s presence .
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17

18 Ref : Jean Vui l l emin . A data s t r u c t u r e f o r manipu la t ing p r i o r i t y queues .
19 : Communications o f t he ACM 21 (1978) , 309−315.
20 ∗/
21

22 #de f i n e PQFW dummy compliance
23

24 #inc lude <l im i t s > // numer i c l im i t s<s i z e t y p e > : :max ( )
25 #inc lude ”pwh node . hpp”
26 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp”
27 #inc lude ”node wi th facade . hpp”
28 #inc lude ”binary number system . hpp”
29

30 #i f n d e f MSC VER
31 namespace cphs t l {
32 // GCC does ye t not suppor t t emp la t e t ype arguments f o r f r i e n d .
33 template <typename VCAEZ CFG>
34 c l a s s v u i l l e m i n e x t r a c t ;
35 template <typename VCAEZ CFG>
36 c l a s s c p h s t l e x t r a c t ;
37 template <typename VCAEZ CFG>
38 c l a s s cormen extract ;
39 }
40 #end i f
41

42 #inc lude ” h e a p s t o r e w i t h v u i l l e m i n e x t r a c t . hpp”
43 #inc lude ” h e a p s t o r e w i t h c p h s t l e x t r a c t . hpp”
44 #inc lude ”heap s to r e w i th co rmen ext rac t . hpp”
45

46 #inc lude ”type . h++” // i f t h e n e l s e
47

48

49 namespace cphs t l {
50 template <typename VCAEZ CFG>
51 s t r u c t meld using number system ;
52

53 template <typename VCAEZ CFG>
54 c l a s s d i r e c t h e a p s t o r e a l t
55 : pr i va t e VCAEZ CFG : : Z
56 {
57

58 typedef d i r e c t h e a p s t o r e a l t t h i s t y p e ;
59 typedef typename VCAEZ CFG : : E E;
60 typedef typename E : : va lue type V;
61 typedef typename E : : comparator type C;
62 // t y p e d e f me ld us ing number sys tem<VCAEZ CFG> M;
63 typedef typename VCAEZ CFG : :M M; // eg : me ld us ing number sys tem<VCAEZ CFG>
64 typedef typename VCAEZ CFG : :X X; // eg : v u i l l em i n e x t r a c t <VCAEZ CFG>
65

66 #i f d e f MSC VER
67 f r i e nd M;
68 f r i e nd X;
69 #e l s e
70 // GCC does ye t not suppor t t emp la t e t ype arguments f o r f r i e n d .
71 f r i e nd c l a s s meld using number system<VCAEZ CFG>;
72 f r i e nd c l a s s v u i l l em i n e x t r a c t <VCAEZ CFG>;
73 f r i e nd c l a s s c p h s t l e x t r a c t <VCAEZ CFG>;
74 f r i e nd c l a s s cormen extract<VCAEZ CFG>;
75 #end i f
76

77 protected :
78

79 typedef typename VCAEZ CFG : : Z number system type ;
80 typedef typename number system type : : fas t number type fast number type ;
81

82 #i f de f ined (PQFW dummy compliance )
83 // f i x t h a t t he na t i v e PQFW t r e e node t yp e s are
84 // hard wired to i t s s tandard i n d i r e c t heap s t o r e .
85 s t r u c t dummy compliance {
86 typedef dummy compliance encapsu la to r type ;
87 typedef dummy compliance heap proxy type ;
88 typedef dummy compliance heap s to r e type ;
89 typedef dummy compliance mark store type ;
90
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91 void update ( void ∗ const ) { ;}
92 bool i s v a l i d ( ) { return true ; }
93 } ;
94 pub l i c :
95 typedef dummy compliance heap proxy type ;
96 typedef dummy compliance heap s to r e type ;
97 typedef dummy compliance mark store type ;
98 #end i f
99

100 pub l i c :
101

102 typedef E encapsu la to r type ;
103 typedef typename E : : a l l o c a t o r t y p e : : template rebind<E> : : o ther a l l o c a t o r t y p e ;
104 typedef typename E : : va lue type va lue type ;
105 typedef typename number system type : : comparator type comparator type ;
106 typedef typename number system type : : r o o t l i s t t y p e r o o t l i s t t y p e ;
107 typedef typename number system type : : s i z e t y p e s i z e t y p e ;
108 typedef V& r e f e r e n c e ;
109 typedef V const& c o n s t r e f e r e n c e ;
110

111 enum { number system = number system type : : number system } ;
112

113

114 /∗ I gues s we dont need i t , bu t in case , then i t s easy to change inner arguments t h i s
way :

115

116 t empla te<t emp la t e <typename T> c l a s s U>
117 s t r u c t wrap comparator {
118 // Desc : t r a c k or r e p l a c e cur r en t comparator .
119 t y p e d e f typename E : : t emp la t e wrap comparator<U> : : o t h e r new base ;
120 t y p e d e f d i r e c t h e a p s t o r e a l t <
121 new base
122 , S
123 > o the r ;
124 } ;
125

126 t empla te<t emp la t e <typename T> c l a s s U>
127 s t r u c t w r a p a l l o c a t o r {
128 // Desc : t r a c k or r e p l a c e cur r en t a l l o c a t o r .
129 t y p e d e f d i r e c t h e a p s t o r e a l t <
130 typename E : : t emp la t e w rap a l l o c a t o r <U> : : o ther , S> o the r ;
131 } ;
132

133 t empla te<typename A>
134 s t r u c t r e p l a c e a l l o c a t o r {
135 t y p e d e f d i r e c t h e a p s t o r e a l t <
136 typename E : : t emp la t e r e p l a c e a l l o c a t o r <A> : : o ther , S> o the r ;
137 } ;
138 ∗/
139

140 protected :
141

142 s t a t i c a l l o c a t o r t y p e a l l o ;
143

144 // s t r u c t o r s
145

146 pr i va t e :
147 e x p l i c i t d i r e c t h e a p s t o r e a l t ( r o o t l i s t t y p e l i s t , s i z e t y p e s i z e )
148 : VCAEZ CFG : : Z( l i s t , s i z e ) { a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; }
149

150 pub l i c :
151 e x p l i c i t d i r e c t h e a p s t o r e a l t ( ) : VCAEZ CFG : : Z(0 , 0 ) { a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; }
152

153 // templa te<typename PA> // p r o t e c t e d acce s s
154 // vo id c l one ( d i r e c t h e a p s t o r e a l t cons t& other , PA& pa ) {
155 // // implementat ion po in t f o r a s imp l e f a s t e r copy .
156 // a s s e r t ( f a l s e ) ;
157 //}
158

159 ˜ d i r e c t h e a p s t o r e a l t ( ) {
160 a s s e r t ( (∗ t h i s ) . empty ( ) ) ;
161 }
162

163 // ac c e s s o r s
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164

165 E∗ f i n d t o p ( ) {
166 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
167 return s t a t i c c a s t <E∗>( r o o t l i s t t y p e : : f i n d t o p ( number system type : : comparator ) ) ;
168 }
169

170 a l l o c a t o r t y p e g e t a l l o c a t o r ( ) const
171 { return a l l o ; } // mu l t i p l e−heap−framework needs t h i s .
172

173 comparator type get comparator ( ) const
174 { return number system type : : comparator ; }
175

176 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
177 return s i z e o f ( t h i s t y p e ) + n∗E : : f o o t p r i n t ( ) ;
178 }
179

180 E∗ top ( ) { return f i n d t o p ( ) ; }
181

182

183 // Make r e l e v a n t pa r t s o f number system pu b l i c
184

185 comparator type get comparator ( ) { return number system type : : comparator ; }
186 s i z e t y p e max size ( ) const { return number system type : : max s ize ( ) ; }
187 bool empty ( ) const { return number system type : : empty ( ) ; }
188 s i z e t y p e s i z e ( ) const { return number system type : : s i z e ( ) ; }
189 E∗ begin ( ) const { return s t a t i c c a s t <E∗>(number system type : : begin ( ) ) ; }
190 E∗ end ( ) const { return s t a t i c c a s t <E∗>(number system type : : end ( ) ) ; }
191 bool i s v a l i d ( ) { return number system type : : i s v a l i d ( ) ; }
192 void swap ( t h i s t y p e& h2 ) { number system type : : swap ( h2 ) ; } // f o r f a s t top .
193

194 // mod i f i e r s
195

196 template<typename PA // p r o t e c t e d acce s s
197 > void c l e a r (PA& pa ) {
198 // E f f e c t : removes j o i n s ch edu l e work from e x t r a c t .
199 whi le ( ! ( ∗ t h i s ) . empty ( ) ) {
200 E∗ p = (∗ t h i s ) . e j e c t ( ) ;
201 E : : c l e a r heap (p , pa ) ;
202 }
203 // CPH STL c l e a r i s s l ower :
204 // wh i l e ( (∗ t h i s ) . s i z e ( ) != 0) {
205 // E∗ p = (∗ t h i s ) . e x t r a c t ( ) ;
206 // pa . d e s t r o y ( p ) ;
207 // }
208 }
209

210 E∗ swap top (E∗ top ) {
211 // Desc : avo id e x t r a compare from f a s t top i f e x t r a c t ( ) r e tu rn top .
212 a s s e r t ( !C( ) ( (∗ top ) . element ( ) , (∗ f i n d t o p ( ) ) . element ( ) ) ) ;
213 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
214 E∗ p( number system type : : e j e c t ( ) ) ;
215 (∗p) . swap roots ( top ) ;
216 i n j e c t ( top ) ;
217 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
218 return p ;
219 }
220

221 void i n s e r t (E∗ p) { a s s e r t ( (∗p) . i s v a l i d ( ) ) ; number system type : : increment (p) ; }
222

223 E∗ ex t ra c t ( ) { return number system type : : decrement ( ) ; }
224

225 E∗ ex t r a c t t op (E∗ p) {
226 // Desc : t h i s i s an op t im i s a t i on oppo r t un i t y when un i d i r .
227 // use t h i s to t e s t i f top i s s t a b l e : a s s e r t ( (∗ p ) . i s r o o t ( ) ) ;
228 ex t ra c t (p) ;
229 return f i n d t o p ( ) ;
230 }
231

232 void ex t r a c t (E∗ p) {
233 return X: : ex t r a c t ( th i s , p ) ;
234 }
235

236 void i n c r e a s e (E∗ p , V const& v) {
237 // Note : A l l o c a t o r e x c ep t i on sa fe , bu t not compare e x c ep t i on s a f e .
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238 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
239 a s s e r t ( ! comparator (v , (∗p) . element ( ) ) ) ;
240 // t r y {
241 (∗p) . element ( ) = v ;
242 //}
243 // ca tch ( . . . ) { throw ; } // CPH STL don ’ t use t r y ca tch here .
244 E∗ d ((∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
245 whi le (d != 0 && comparator ( (∗d) . element ( ) , v ) ) {
246 d = promote (p , d) ;
247 }
248 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
249 }
250

251 void a f t e r i n c r e a s e (E∗ p , E∗ d) {
252 // For i n c r e a s e and CPH STL e x t r a c t ( p ) .
253 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
254 a s s e r t (d == (∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
255 whi le (d != 0 && comparator ( (∗d) . element ( ) , (∗p) . element ( ) ) ) {
256 d = promote (p , d) ;
257 }
258 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
259 }
260

261 void show ( ) {
262 std : : cout << (∗ t h i s ) ;
263 }
264

265 protected :
266

267 E∗ promote (E∗ p , E∗ d) {
268 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
269 a s s e r t ( ! ( ∗ p) . i s r o o t ( ) ) ;
270 E∗ r ( (∗p) . promote a l t (d) ) ;
271 a s s e r t ( (∗p) . i s r o o t ( ) == ( r == 0) ) ;
272 i f ( r == 0) promoted to root (p , d) ; // j o i n s ch edu l e and roo t l i s t f i x
273 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
274 return r ;
275 }
276

277

278 pub l i c :
279

280 void meld ( t h i s t y p e& h2 ) {
281 M: : meld ( th i s , &h2 ) ;
282 }
283

284 pr i va t e :
285

286 f r i e nd std : : ostream & operator <<
287 ( std : : ostream & os , t h i s t y p e const& hs )
288 { return os << s t a t i c c a s t <number system type const&>(hs ) ; }
289 } ;
290

291 template<typename VCAEZ CFG>
292 typename d i r e c t h e a p s t o r e a l t <VCAEZ CFG> : : a l l o c a t o r t y p e
293 d i r e c t h e a p s t o r e a l t <VCAEZ CFG> : : a l l o = a l l o c a t o r t y p e ( ) ;
294

295

296 template <typename VCAEZ CFG>
297 s t r u c t meld using number system {
298 // This i s t he on ly meld p o l i c y because i s much f a s t e r than CPH STL.
299

300 typedef typename VCAEZ CFG : :H H;
301

302 s t a t i c void meld (H∗ h1 , H∗ h2 ) {
303 (∗h1 ) . add (∗h2 ) ;
304 }
305 } ;
306

307

308 // −−− Backward c omp a t i b i l i t y −−−
309

310 // Convert o l d s t y l e d i r e c t heap s t o r e t emp la t e to new compact format .
311 template<typename E0
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312 , template <typename C2 , typename E2> c l a s s S
313 , i n t e x t r a c t o r p o l i c y
314 >
315 s t r u c t d i r e c t h e a p s t o r e c f g {
316 typedef typename E0 : : va lue type V;
317 typedef typename E0 : : comparator type C;
318 typedef typename E0 : : a l l o c a t o r t y p e A;
319 pr i va t e :
320 typedef d i r e c t h e a p s t o r e c f g <E0 , S , e x t r a c t o r p o l i c y > t h i s t y p e ;
321 pub l i c :
322 typedef E0 E;
323 typedef S<typename E : : comparator type ,E> Z ; // number system
324 typedef meld using number system<th i s type> M;
325

326 typedef typename cphs t l : : i f t h e n e l s e <
327 e x t r a c t o r p o l i c y == 1 , v u i l l e m i n e x t r a c t <th i s type>
328 , typename cphs t l : : i f t h e n e l s e <
329 e x t r a c t o r p o l i c y == 2 , c p h s t l e x t r a c t <th i s type>
330 , typename cphs t l : : i f t h e n e l s e <
331 e x t r a c t o r p o l i c y == 3 , cormen extract<th i s type>
332 , i n t // makes i l l e g a l e x t r a c t o r p o l i c y f a i l .
333 > : : type
334 > : : type
335 > : : type X; // e x t r a c t o r
336

337 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
338

339 // Op t i ona l l y add t h i s i f to suppor t mpq d i r e c t l y :
340 // t y p e d e f as pq fw<w i t h f a s t t o p <H> > R;
341 // t y p e d e f c p h s t l : : n o d e i t e r a t o r <E> I ;
342 // t y p e d e f c p h s t l : : n o d e i t e r a t o r <E, true> J ;
343 } ;
344

345 // Old s t y l e d i r e c t heap s t o r e t emp la t e .
346 template<typename E0 = w facade<w di r e c t va lue<pwh node base> >
347 , template <typename C2 , typename E2> c l a s s S0 = binary number
348 , i n t e x t r a c t o r p o l i c y = 1
349 >
350 c l a s s d i r e c t h e a p s t o r e
351 : pub l i c d i r e c t h e a p s t o r e a l t <
352 d i r e c t h e a p s t o r e c f g <E0 , S0 , e x t r a c t o r p o l i c y >
353 >
354 {
355 pub l i c :
356

357 e x p l i c i t d i r e c t h e a p s t o r e ( )
358 : d i r e c t h e a p s t o r e a l t <d i r e c t h e a p s t o r e c f g <E0 , S0 , e x t r a c t o r p o l i c y > >() {}
359 } ;
360

361 }
362 #end i f

A.8 has_member.hpp

1 #i f n d e f CPHSTL HAS MEMBER HPP
2 #de f i n e CPHSTL HAS MEMBER HPP
3

4 /∗
5 ∗ Desc : SFINAE t e s t f o r any member by name ( w i t hou t s i g n a t u r e check ! ) .
6 ∗ Matches any th ing : methods , a t t r i b u t e s , t y p e d e f s and i n h e r i t e d members too .
7 ∗ The member t e s t i s taken from a pos t by Shuvaev Alexander on the RSDN forum ,
8 ∗ and was l a t e r on r ew r i t t e n by Roman Pe r e p e l i t s a on comp . l ang . c++.moderated .
9 ∗ Work : I d i s ca rded the s i g na t u r e checks , r e pa i r e d the problem wi th non c l a s s t y p e s

10 ∗ (” i n t ” i s now suppor t ed too ) , removed the hard w i r e r i n g and added a
11 ∗ t emp la t e t e s t f o r o p t i o n a l f l a g s and some prep roc e s s o r macros f o r u s a b i l i t y .
12 ∗ Note : Test ing , f o r t y p e s only , i s f a r more s imp l e and i s t h e r e f o r e p ro bab l y s a f e r
13 ∗ f o r your code to depend on , i f You wish to suppor t unknown comp i l e r s too [ 4 ] .
14 ∗ Please read the macro DEFINE STATIC TEST HAS MEMBER TYPE.
15 ∗ User : This s t u f f might be o f h e l p f o r va r i ou s k inds o f s t a t i c method d i s p a t c h i n g .
16 ∗ Auth : Asger Bruun , 2010.
17 ∗ Ref1 : Shuvaev Alexander , ”SFINAE4 to be cont inued ” , Russian So f tware Deve loper Network ,
18 ∗ www. rsdn . ru/ forum/cpp /2759773 .1 . aspx ( use goo g l e t r a n s l a t e ) , 08−12−2007.
19 ∗ Ref2 : Roman Pe r ep e l i t s a , ”Check whether two f un c t i o n s are compa t i b l e us ing
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metaprogramming ,
20 ∗ groups . g oo g l e . com/group /comp . l ang . c++.moderated /msg/ e5fbc9305539f699 , 29−02−2008.
21 ∗ Ref3 : Tyson Whitehead , ”g++: Fu l l VS Pa r t i a l S p e c i a l i z a t i o n o f Nested Templates ” ,
22 ∗ www. mail−a r ch i v e . com/debian−g c c@ l i s t s . deb ian . org /msg12334 . html , 01−09−2004.
23 ∗ Ref4 : D. Vandevoorde and N. M. Jo s u t t i s , ”C++ Templates − The Complete Guide ” ,
24 ∗ Addison−Wesley , ISBN 0201734842 , 2003 , p . 106−107.
25 ∗/
26

27 #inc lude <t y p e t r a i t s > // i s pod , e n a b l e i f
28 #inc lude ”type . h++” // i f t h e n e l s e
29 #inc lude ” a s s e r t . h++”
30

31

32 #i f d e f MSC VER
33 # i f ( MSC VER<1600) // l e s s than MS VS2010 has no C++0x ” e n a b l e i f ”.
34 namespace std {
35 us ing namespace t r1 ; // ! : VS2008 f e a t u r e pack TR1 namespace f i x !
36 template<bool B, c l a s s T> s t r u c t e n a b l e i f { typedef T type ; } ;
37 template <c l a s s T> s t r u c t e n a b l e i f <f a l s e , T> {} ;
38 }
39 #end i f
40 #e l s e
41 // GCC 4 . 4 . 1 has C++0x e n a b l e i f in namespace s t d .
42 #end i f
43

44

45 // Simple s t a t i c t ype t e s t : ” boo l c p h s t l : : has member type NAME<T> : : v a l u e ”.
46 #de f i n e DEFINE STATIC TEST HAS MEMBER TYPE(NAME) \
47 namespace cphs t l { \
48 template <typename T> /∗ Vandevoorde and J o s u t t i s ∗/ \
49 c l a s s has member type ##NAME { \
50 typedef char yes ; \
51 typedef s t r u c t { char a [ 2 ] ; } no ; \
52 template <typename U> s t a t i c yes t e s t ( typename U: : copy type const ∗) ; \
53 template <typename U> s t a t i c no t e s t ( . . . ) ; \
54 pub l i c : \
55 s t a t i c const bool value = s i z e o f ( t e s t<T>(0) ) == s i z e o f ( yes ) ; \
56 } ; \
57 }
58

59

60 // More comple te s t a t i c t e s t : ” boo l c p h s t l : : has member NAME<T> : : v a l u e ”.
61 #de f i n e DEFINE STATIC TEST HAS MEMBER(NAME) \
62 namespace cphs t l { \
63 template <typename Type> /∗ Shuvaev Alexander ∗/ \
64 c l a s s has member ##NAME { \
65 c l a s s dummy class {} ; \
66 c l a s s yes { char m; } ; \
67 c l a s s no { yes m[ 2 ] ; } ; \
68 s t r u c t BaseMixin { void NAME() {} } ; \
69 s t r u c t Base : pub l i c cphs t l : : i f t h e n e l s e <std : : i s c l a s s <Type> : : value , \
70 Type , dummy class > : : type , pub l i c BaseMixin { Base ( ) {} } ; \
71 template <typename T, T t> \
72 c l a s s Helper {} ; \
73 template <typename U> \
74 s t a t i c no deduce (U∗ , Helper<void ( BaseMixin : : ∗ ) ( ) , &U : :NAME>∗ = 0) ; \
75 s t a t i c yes deduce ( . . . ) ; \
76 pub l i c : \
77 s t a t i c const bool value = s i z e o f ( yes ) == s i z e o f ( deduce ( ( Base ∗) (0 ) ) ) ; \
78 } ; \
79 }
80

81

82 // S t a t i c t e s t : ” boo l c p h s t l : :NAME<T> : : v a l u e ”.
83 #de f i n e DEFINE STATIC TEST OPTIONAL MEMBER FLAG(NAME) \
84 DEFINE STATIC TEST HAS MEMBER(NAME) \
85 namespace cphs t l { \
86 template <typename A, bool has member> \
87 s t r u c t s e l ##NAME { s t a t i c const bool value = f a l s e ; } ; \
88 template <typename A> \
89 s t r u c t s e l ##NAME <A, true> { s t a t i c const bool value = A: :NAME; } ; \
90 template <typename A> \
91 s t r u c t NAME { \
92 s t a t i c const bool value \
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93 = s e l ##NAME <A, has member ##NAME <A> : : value > : : va lue ; \
94 } ; \
95 }
96

97 // S t a t i c t e s t : ” boo l c p h s t l : : enable custom NAME<T> : : v a l u e ”.
98 #de f i n e DEFINE STATIC TEST ENABLE CUSTOM(NAME) \
99 DEFINE STATIC TEST OPTIONAL MEMBER FLAG( enable custom ##NAME)

100

101 // S t a t i c t e s t : ” boo l c p h s t l : : disable custom NAME<T> : : v a l u e ”.
102 #de f i n e DEFINE STATIC TEST DISABLE CUSTOM(NAME) \
103 DEFINE STATIC TEST OPTIONAL MEMBER FLAG( d i sab l e cu s tom ##NAME)
104

105

106 // In fo : t he h a s c o p y c on s t r u c t o r doesn t work s a f e l y wi th GCC.
107 #i f MSC VER
108 #de f i n e EXPERIMENTAL HAS COPY CONSTRUCTOR
109 #end i f
110 #i f d e f EXPERIMENTAL HAS COPY CONSTRUCTOR
111 namespace cphs t l {
112 #i f d e f MSC VER
113 // Ref1 : ”Compiler Support f o r Type Tra i t s ” ,
114 // msdn . m i c ro so f t . com/en−us/ l i b r a r y /ms177194 ( v = VS.100) . aspx
115 // Ref2 : ”Standard C++ Library TR1 Extens ions Reference ” ,
116 // msdn . m i c ro so f t . com/en−us/ l i b r a r y / bb982198 ( v = VS.90 ) . aspx
117 // msdn . m i c ro so f t . com/en−us/ l i b r a r y / bb982198 ( v = VS.100) . aspx
118 template<c l a s s T>
119 s t r u c t has copy cons t ruc to r {
120 s t a t i c const bool value = std : : i s pod<T> : : va lue | | has copy (T) ;
121 } ;
122 #e l s e
123 // Note : This doesn ’ t work un l e s s hav ing c a r e f u l l y c r a f t e d copy c on s t r u c t o r s .
124 // Pr i va t e copy c on s t r u c t o r s d e l i b e r a t e l y d i s a b l e d by no de f w i l l b rake i t .
125 // Ref : ” I s i t p o s s i b l e to determine i f a c l a s s has a d e f a u l t c t o r ?” ,
126 // groups . g oo g l e . com/group /comp . l ang . c++.moderated /msg/ dd11c681df214335
127 template <typename A>
128 s t r u c t has copy cons t ruc to r {
129 typedef char no ;
130 typedef long yes ;
131 s t a t i c A make A ( ) ;
132 s t a t i c yes check (A) ; // t h i s a l t e r n a t i v e w i l l be s e l e c t e d i f A can be copy

con s t r u c t e d
133 s t a t i c no check ( . . . ) ;
134 s t a t i c const bool value = s i z e o f ( check (make A ( ) ) ) == s i z e o f ( yes ) ;
135 } ;
136 #end i f
137 }
138 #end i f
139

140

141 #i f d e f UNIT TEST HAS MEMBER
142 #inc lude ” a s s e r t . h++”
143

144 #inc lude ”type . h++” // c p h s t l : : boo l 2 t ype<va lue>
145 // a l t e r n a t i v e l y : #in c l u d e < t y p e t r a i t s > // s t d : : i n t e g r a l c o n s t a n t <boo l , va lue>
146

147 #de f i n e STATIC ASSERT( cond i t i on ) { i n t check [ ( cond i t i on ) ? 1 : −1]; check [ 0 ] = 0 ; }
148

149 DEFINE STATIC TEST HAS MEMBER( type 1 ) // has member type 1<T> : : v a l u e
150 DEFINE STATIC TEST HAS MEMBER( a t t r i b u t e 1 ) // ha s member a t t r i bu t e 1<T> : : v a l u e
151 DEFINE STATIC TEST HAS MEMBER( s t a t i c a t t r i b u t e 1 ) // h a s memb e r s t a t i c a t t r i b u t e 1 <T> : :

v a l u e
152 DEFINE STATIC TEST HAS MEMBER( method 1 ) // has member method 1<T> : : v a l u e
153 DEFINE STATIC TEST HAS MEMBER( not impl 1 ) // has member not imp l 1<T> : : v a l u e
154

155 DEFINE STATIC TEST OPTIONAL MEMBER FLAG( s t a t i c f l a g 1 ) // s t a t i c f l a g 1 <T> : : v a l u e
156 DEFINE STATIC TEST ENABLE CUSTOM( method 1 ) // enab l e cus tom method 1<T> : : v a l u e
157 DEFINE STATIC TEST DISABLE CUSTOM( method 2 ) // d i sab l e cu s t om method 2<T> : : v a l u e
158

159 namespace cphs t l {
160 namespace has member {
161

162 // Desc : c l a s s e s f o r b a s i c has member t e s t s .
163

164 s t r u c t A {
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165 s t a t i c const bool s t a t i c f l a g 1 = true ;
166 typedef char type 1 ;
167 pr iva t e :
168 i n t a t t r i b u t e 1 ;
169 s t a t i c const i n t s t a t i c a t t r i b u t e 1 = 117 ;
170 i n t not impl 1 ( ) ; // not impl .
171 } ;
172

173 template<bool enable custom = f a l s e >
174 s t r u c t B {
175 e x p l i c i t B() {}
176 e x p l i c i t
177 #i f d e f MSC VER
178 d e c l s p e c ( nothrow )
179 #end i f
180 B(B const& other ) {}
181 s t a t i c const bool s t a t i c f l a g 1 = f a l s e ;
182 s t a t i c const bool enable custom method 1 = enable custom ;
183 i n t method 1 ( ) { return 0 ; }
184 } ;
185

186 template<bool d i s a b l e = f a l s e >
187 s t r u c t C {
188 // not a v a l i d d e c l a r a t i o n : boo l s t a t i c f l a g 1 ;
189 s t a t i c const bool disable custom method 2 = d i s a b l e ;
190 i n t method 2 ( ) { return 0 ; }
191 } ;
192

193

194 // Desc : method d i s p a t c h by type o v e r l o ad i n g .
195

196 template<typename O>
197 s t r u c t D : A {
198 O o ;
199 i n t method 1 ( ) {
200 bool2type<enable custom method 1<O> : : value> custom impl ;
201 return method 1 ( custom impl ) ;
202 }
203 i n t method 2 ( ) {
204 bool2type<disable custom method 2<O> : : value> no custom impl ;
205 return method 2 ( no custom impl ) ;
206 }
207 protected :
208 i n t method 1 ( bool2type<f a l s e >) { return 1 ; }
209 i n t method 1 ( bool2type<true >) { return o . method 1 ( ) ; }
210 i n t method 2 ( bool2type<f a l s e >) { return o . method 2 ( ) ; }
211 i n t method 2 ( bool2type<true >) { return 1 ; }
212 } ;
213

214

215 // Desc : method d i s p a t c h us ing e n a b l e i f .
216 // Note : i f o r g o t to r e pa i r the e n a b l e i f based t e s t a f t e r some expar iments t h a t

turned out bad .
217 /∗
218 t empla te<typename O>
219 s t r u c t E : A {
220 O o ;
221

222 i n t method 1 ( vo id ) ;
223 i n t method 2 ( vo id ) ;
224 } ;
225 t empla te<typename O>
226 typename s t d : : e n a b l e i f <
227 enab l e cus tom method 1<O> : : va lue , i n t
228 >:: t ype E<O> : : method 1 ( vo id ) { r e tu rn o . method 1 ( ) ; }
229

230 t empla te<typename O>
231 i n t E<O> : : method 1 ( typename s t d : : e n a b l e i f <
232 ! enab l e cus tom method 1<O> : : va lue , vo id
233 >:: t ype ) { r e tu rn 1 ; }
234

235 t empla te<typename O>
236 i n t E<O> : : method 2 ( typename s t d : : e n a b l e i f <
237 d i sab l e cu s t om method 2<O> : : va lue , vo id
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238 >:: t ype ) { r e tu rn 1 ; }
239

240 t empla te<typename O>
241 i n t E<O> : : method 2 ( typename s t d : : e n a b l e i f <
242 ! enab l e cus tom method 1<O> : : va lue , vo id
243 >:: t ype ) { r e tu rn o . method 2 ( ) ; }
244 ∗/
245

246 // Desc : method d i s p a t c h s epa ra t ed i n t o a h e l p e r c l a s s .
247

248 template<typename O, bool custom impl>
249 s t r u c t F he lper {
250 s t a t i c i n t method 1 (O& o ) { return 1 ; }
251 s t a t i c i n t method 2 (O& o ) { return 1 ; }
252 } ;
253 template<typename O>
254 s t r u c t F helper<O, true> {
255 s t a t i c i n t method 1 (O& o ) { return o . method 1 ( ) ; }
256 s t a t i c i n t method 2 (O& o ) { return o . method 2 ( ) ; }
257 } ;
258

259 template<typename O>
260 s t r u c t F : A {
261 O o ;
262 i n t method 1 ( ) {
263 const bool custom impl = enable custom method 1<O> : : va lue ;
264 return F helper<O, custom impl > : : method 1 ( o ) ;
265 }
266 i n t method 2 ( ) {
267 const bool no custom impl = disable custom method 2<O> : : va lue ;
268 return F helper<O, ! no custom impl > : : method 2 ( o ) ;
269 }
270 } ;
271 }
272 }
273

274 void uni t tes t has member ( ) {
275 us ing namespace cphs t l : : has member ;
276

277 // not suppor t ed : STATIC ASSERT( ! c p h s t l : : has member type 1 <7>:: v a l u e ) ;
278

279 STATIC ASSERT ( ! cph s t l : : has member type 1<int > : : va lue ) ;
280 STATIC ASSERT ( ! cph s t l : : has member type 1<A∗> : : va lue ) ;
281

282 STATIC ASSERT( cphs t l : : has member type 1<A> : : va lue ) ;
283 STATIC ASSERT ( ! cph s t l : : has member type 1<B<> > : : va lue ) ;
284 STATIC ASSERT( cphs t l : : has member type 1<D<B< > > > : : va lue ) ;
285

286 STATIC ASSERT( cphs t l : : has member attr ibute 1<A> : : va lue ) ;
287 STATIC ASSERT ( ! cph s t l : : has member attr ibute 1<B<> > : : va lue ) ;
288 STATIC ASSERT( cphs t l : : has member attr ibute 1<D<B< > > > : : va lue ) ;
289

290 STATIC ASSERT( cphs t l : : ha s member s t a t i c a t t r i bu t e 1 <A> : : va lue ) ;
291 STATIC ASSERT ( ! cph s t l : : ha s member s t a t i c a t t r i bu t e 1 <B<> > : : va lue ) ;
292 STATIC ASSERT( cphs t l : : ha s member s t a t i c a t t r i bu t e 1 <D<B< > > > : : va lue ) ;
293

294 STATIC ASSERT ( ! cph s t l : : has member method 1<A> : : va lue ) ;
295 STATIC ASSERT( cphs t l : : has member method 1<B<> > : : va lue ) ;
296 STATIC ASSERT( cphs t l : : has member method 1<D<B< > > > : : va lue ) ;
297

298 STATIC ASSERT( cphs t l : : has member not impl 1<A> : : va lue ) ;
299 STATIC ASSERT ( ! cph s t l : : has member not impl 1<B<> > : : va lue ) ;
300

301 STATIC ASSERT( cphs t l : : s t a t i c f l a g 1 <A> : : va lue ) ;
302 STATIC ASSERT ( ! cph s t l : : s t a t i c f l a g 1 <B<> > : : va lue ) ;
303 STATIC ASSERT ( ! cph s t l : : s t a t i c f l a g 1 <C<> > : : va lue ) ;
304

305 // runtime t e s t o f exposed s t a t i c method d i s p a t c h in D:
306 D<A> da ; a s s e r t ( da . method 1 ( ) == 1) ;
307 D<B<true> > dbt ; a s s e r t ( dbt . method 1 ( ) == 0) ;
308 D<B<f a l s e > > dbf ; a s s e r t ( dbf . method 1 ( ) == 1) ;
309 D<C<true> > dct ; a s s e r t ( dct . method 2 ( ) == 1) ;
310 D<C<f a l s e > > dc f ; a s s e r t ( dc f . method 2 ( ) == 0) ;
311
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312 //// runtime t e s t o f h idden s t a t i c method d i s p a t c h in F :
313 //E<A> ea ; a s s e r t ( ea . method 1 ( ) == 1) ;
314 //E<B<t rue> > e b t ; a s s e r t ( e b t . method 1 ( ) == 0) ;
315 //E<B<f a l s e > > e b f ; a s s e r t ( e b f . method 1 ( ) == 1) ;
316 //E<C<t rue> > e c t ; a s s e r t ( e c t . method 2 ( ) == 1) ;
317 //E<C<f a l s e > > e c f ; a s s e r t ( e c f . method 2 ( ) == 0) ;
318

319 // runtime t e s t o f h idden s t a t i c method d i s p a t c h in F :
320 F<A> f a ; a s s e r t ( f a . method 1 ( ) == 1) ;
321 F<B<true> > f b t ; a s s e r t ( fb t . method 1 ( ) == 0) ;
322 F<B<f a l s e > > f b f ; a s s e r t ( f b f . method 1 ( ) == 1) ;
323 F<C<true> > f c t ; a s s e r t ( f c t . method 2 ( ) == 1) ;
324 F<C<f a l s e > > f c f ; a s s e r t ( f c f . method 2 ( ) == 0) ;
325

326 #i f d e f MSC VER
327 // TR1
328 STATIC ASSERT( std : : h a s t r i v i a l c o p y <A> : : va lue ) ;
329 STATIC ASSERT( std : : h a s t r i v i a l c o p y <D<A> > : : va lue ) ;
330 STATIC ASSERT ( ! std : : h a s t r i v i a l c o p y <B<> > : : va lue ) ;
331 STATIC ASSERT ( ! std : : h a s t r i v i a l c o p y <D<B<> > > : : va lue ) ;
332

333 STATIC ASSERT( std : : has nothrow copy<A> : : va lue ) ;
334 STATIC ASSERT( std : : has nothrow copy<D<A> > : : va lue ) ;
335 STATIC ASSERT( std : : has nothrow copy<B<> > : : va lue ) ;
336 STATIC ASSERT( std : : has nothrow copy<D<B<> > > : : va lue ) ;
337 #end i f
338 }
339 #end i f
340 #end i f

A.9 heap_store_as_pqfw.hpp

1 #i f n d e f CPHSTL HEAP STORE AS PQFW H
2 #de f i n e CPHSTL HEAP STORE AS PQFW H
3

4 /∗
5 Desc : Makes the h e a p s t o r e compa t i b l e wi th the p r i o r i t y −queue−framework .
6 : The c o n f l i c t i n g c on s t r u c t o r s made a mess b e f o r e t h i s wrap ( pqfw
7 : u ses dynamic comparator and a l l o c a t o r and dhs uses s t a t i c ) .
8 Auth : Asger Bruun 2009−2010.
9 ∗/

10 namespace cphs t l {
11

12 template <typename B = d i r e c t h e a p s t o r e <> >
13 c l a s s as pqfw : pub l i c B {
14 typedef typename B : : encapsu la to r type E;
15 typedef typename E : : va lue type V;
16 typedef typename B : : comparator type C;
17 typedef typename B : : a l l o c a t o r t y p e A;
18

19 as pqfw ( as pqfw const&) ;
20

21 pub l i c :
22 as pqfw (C const& /∗ c = C() ∗/ , A const& /∗a = a l l o c a t o r t y p e ( ) ∗/ ) : B( ) {}
23 } ;
24 }
25

26 #end i f

A.10 heap_store_config.hpp

1 #i f n d e f CPHSTL PQFW HEAP STORE CONFIG H
2 #de f i n e CPHSTL PQFW HEAP STORE CONFIG H
3

4 /∗
5 Desc : Heap s t o r e type conver s ion .
6 Auth : Asger Bruun 2009−2010.
7 ∗/
8

9 #de f i n e INCL LEDA
10 #de f i n e INCL PQFWS
11
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12 #inc lude ” s t l−meldable−p r i o r i t y−queue . h++”
13 #inc lude ”mult ip le−heap−framework . h++”
14 #inc lude ” p r i o r i t y−queue−i t e r a t o r . h++”
15

16 #inc lude ” d i r e c t h e a p s t o r e . hpp”
17 #inc lude ”heap s to r e w i th co rmen ext rac t . hpp”
18 #inc lude ” h e a p s t o r e w i t h c p h s t l e x t r a c t . hpp”
19 #inc lude ” h e a p s t o r e w i t h f a s t t o p . hpp”
20 #inc lude ”node−i t e r a t o r . h++”
21 #inc lude ”node con f i g . hpp”
22

23 #inc lude ”pr i o r i t y queue f r amework f o r dbhs . hpp”
24 #inc lude ”heap s to r e a s pq fw . hpp”
25

26 #inc lude ”redundant binary number system . hpp”
27

28 //#in c l u d e ”p e r f e c t−component . h++”
29 #inc lude ”heap−proxy . h++”
30

31

32 #i f d e f INCL LEDA
33 #inc lude ” h e a p s t o r e c o n f i g l e d a . hpp”
34 #end i f
35 #i f d e f INCL PQFWS
36 #inc lude ”h e a p s t o r e c o n f i g p q f w s . hpp”
37 #end i f
38

39

40 namespace cphs t l {
41 namespace pqfw node {
42

43 template <typename E>
44 s t r u c t heap s to r e b ind {
45 // encap su l a t o r −> r e a l i s a t o r .
46 typedef typename E : : va lue type V;
47 typedef typename E : : comparator type C;
48 typedef typename E : : a l l o c a t o r t y p e A;
49

50 typedef d i r e c t h e a p s t o r e <E> dhs s low top ;
51 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E> > dhs ;
52 typedef pqfw for dhs nodes<V, C, A, E> pqfw ;
53 } ;
54

55 template <typename E>
56 s t r u c t hs db s low top {
57 typedef typename E : : va lue type V;
58 typedef typename E : : comparator type C;
59 typedef typename E : : a l l o c a t o r t y p e A;
60 typedef d i r e c t h e a p s t o r e <E, binary number , 1> R;
61 // t y p e d e f w i t h c p h s t l e x t r a c t <d i r e c t h e a p s t o r e <E, binary number , 1> > R2 ;
62 typedef d i r e c t h e a p s t o r e <E, binary number , 2> R2 ;
63 typedef typename R : : heap proxy type P;
64 typedef cphs t l : : node i t e r a t o r <E> I ;
65 typedef cphs t l : : node i t e r a t o r <E, true> J ;
66 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R>, I , J> mpq;
67 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R2>, I , J> mpq2 ;
68 } ;
69

70 template <typename E>
71 s t r u c t hs db { // d i r e c t b inary
72 typedef typename E : : va lue type V;
73 typedef typename E : : comparator type C;
74 typedef typename E : : a l l o c a t o r t y p e A;
75 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E> > R;
76 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, binary number , 3> > R with cormen extract ;
77 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, binary number , 2> > R w i t h c p h s t l e x t r a c t ;
78 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, binary number , 2> > R2 ;
79 typedef typename R : : heap proxy type P;
80 typedef cphs t l : : node i t e r a t o r <E> I ;
81 typedef cphs t l : : node i t e r a t o r <E, true> J ;
82 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R>, I , J> mpq;
83 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R2>, I , J> mpq2 ;
84 } ;
85
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86

87 template <typename E>
88 s t r u c t hs drb { // d i r e c t redundant b inary
89 typedef typename E : : va lue type V;
90 typedef typename E : : comparator type C;
91 typedef typename E : : a l l o c a t o r t y p e A;
92 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e u l t r a l i g h t > : :

redundant binary number> > R js u ;
93 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e l i g h t > : :

redundant binary number> > R j s l ;
94 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <jo in schedule medium > : :

redundant binary number> > R js m ;
95 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e f a t > : :

redundant binary number> > R j s f ;
96 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e u l t r a l i g h t > : :

redundant binary number , 2> > R js u2 ;
97 typedef d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e u l t r a l i g h t > : :

redundant binary number , 2> R j s u 2 s l ;
98 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e f a t > : :

redundant binary number , 2> > R j s f 2 ;
99 typedef d i r e c t h e a p s t o r e <E, j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number , 2>

R j s f 2 s l ;
100 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <>:: redundant binary number , 3> >

R with cormen extract ;
101 typedef wi th f a s t t op <d i r e c t h e a p s t o r e <E, j s p o l i c y <>:: redundant binary number , 2> >

R w i t h c p h s t l e x t r a c t ;
102 // t y p e d e f typename R : : h e ap p r o x y t y p e P;
103 typedef cphs t l : : node i t e r a t o r <E> I ;
104 typedef cphs t l : : node i t e r a t o r <E, true> J ;
105 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R js u >, I , J> mpq u ;
106 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R j s l >, I , J> mpq l ;
107 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R js m >, I , J> mpq m ;
108 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R j s f >, I , J> mpq f ;
109 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R js u2 >, I , J> mpq u2 ;
110 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R j s f 2 >, I , J> mpq f2 ;
111 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R j s u 2 s l >, I , J> mpq u2 sl ;
112 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R j s f 2 s l >, I , J> mpq f2 s l ;
113 } ;
114

115 template <typename E>
116 s t r u c t hs drb s l ow top {
117 typedef typename E : : va lue type V;
118 typedef typename E : : comparator type C;
119 typedef typename E : : a l l o c a t o r t y p e A;
120 typedef d i r e c t h e a p s t o r e <E, j s p o l i c y <>:: redundant binary number> R;
121 typedef typename R : : heap proxy type P;
122 typedef cphs t l : : node i t e r a t o r <E> I ;
123 typedef cphs t l : : node i t e r a t o r <E, true> J ;
124 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R>, I , J> mpq;
125 } ;
126

127 template <typename E>
128 s t r u c t h s i r { // i n d i r e c t redundant b inary
129 // p r i o r i t y q u eu e f r amewo r k −> me l d a b l e p r i o r i t y q u e u e .
130 typedef typename E : : va lue type V;
131 typedef typename E : : comparator type C;
132 typedef typename E : : a l l o c a t o r t y p e A;
133 typedef pqfw for dhs nodes<V,C,A,E> R;
134 typedef heap proxy<E> P;
135 typedef cphs t l : : p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
136 typedef cphs t l : : p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
137 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
138 } ;
139

140

141 template <typename DHS>
142 s t r u c t dhs {
143 // d i r e c t h e a p s t o r e to me l d a b l e p r i o r i t y q u e u e
144 typedef typename DHS : : va lue type V;
145 typedef typename DHS : : comparator type C;
146 typedef typename DHS : : a l l o c a t o r t y p e A;
147 typedef typename DHS : : encapsu la to r type E;
148 typedef typename DHS : : heap proxy type P;
149 typedef DHS R;
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150 typedef cphs t l : : node i t e r a t o r <E> I ;
151 typedef cphs t l : : node i t e r a t o r <E, true> J ;
152 typedef cphs t l : : me ldab l e p r i o r i ty queue<V,C,A,E, as pqfw<R>, I , J> mpq;
153 } ;
154

155 template <typename V = char
156 , typename C = std : : g reate r<V>
157 , typename A = std : : a l l o c a t o r <V>
158 >
159 s t r u c t vu i l l em in {
160 template <typename Runner>
161 s t a t i c void r e g i s t r a t e ( Runner& r ) {
162 typedef node conf ig<V,C,A> nc ;
163

164 // d i r e c t b inary number system
165 r . r e g i s t r a t e <typename hs db s low top<typename nc : : bno 3 dv > : :mpq>(
166 ”db bno 3 dv s low top ”) ;
167 r . r e g i s t r a t e <typename hs db<typename nc : : bno 3 dv > : :mpq>(
168 ”db bno 3 dv ”) ;
169 r . r e g i s t r a t e <typename hs db s low top<typename nc : : pwh 3 dv > : :mpq>(
170 ”db pwh 3 dv s low top ”) ;
171 r . r e g i s t r a t e <typename hs db<typename nc : : pwh 3 dv > : :mpq>(”db pwh 3 dv ”) ; // ∗∗∗

package
172 r . r e g i s t r a t e <typename hs db<typename nc : : pwh 3 iv > : :mpq>(”db pwh 3 iv ”) ;
173 r . r e g i s t r a t e <typename hs db s low top<typename nc : : pwh 3 dv > : :mpq2>(
174 ”db pwh 3 dv2 s low top ”) ;
175 r . r e g i s t r a t e <typename hs db<typename nc : : pwh 3 dv > : :mpq2>(”db pwh 3 dv2 ”) ; // ∗∗∗

s e l e c t
176

177 // r . r e g i s t r a t e <typename hs db<typename nc : : pwh 3 iv > : :mpq2>(”d b pwh 3 i v 2 ”) ;
178 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq f>(”d l ( f ) pwh 3 dv ”) ; //

∗∗∗ package
179 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : :mpq u>(”d l (u) pwh 3 dv ”) ;
180 // r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq l >(”d l ( l ) pwh 3 dv ”) ;
181 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : :mpq m>(”d l (m) pwh 3 dv ”) ;
182 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq f2 s l >(”d l ( f )

pwh 3 dv2 s low top ”) ; // ∗∗∗ s e l e c t
183 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq f2>(”d l ( f ) pwh 3 dv2 ”) ; //

∗∗∗ s e l e c t
184 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq u2 sl >(”d l (u)

pwh 3 dv2 s low top ”) ; // ∗∗∗ s e l e c t
185 r . r e g i s t r a t e <typename hs drb<typename nc : : pwh 3 dv > : : mpq u2>(”d l (u) pwh 3 dv2 ”) ; //

∗∗∗ s e l e c t
186

187 r . r e g i s t r a t e <typename hs db<typename nc : : bno 2 dv > : :mpq>(”db bno 2 dv ”) ;
188

189 r . r e g i s t r a t e <typename hs db<typename nc : : bno r dv b id i r > : :mpq>(”db bno r dv b id i r ”) ;
// ∗∗∗ s e l e c t

190 r . r e g i s t r a t e <typename hs db<typename nc : : bno r dv b id i r > : :mpq2>(”db bno r dv b id i r 2 ”
) ; // ∗∗∗ s e l e c t

191 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv b id i r > : : mpq f2 s l >(”d l ( f )
b n o r d v 2 b i d i r s l o w t o p ”) ; // ∗∗∗ s e l e c t

192 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv b id i r > : : mpq f2>(”d l ( f )
b n o r d v 2 b i d i r ”) ; // ∗∗∗ s e l e c t

193 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv b id i r > : : mpq u2>(”d l (u)
b n o r d v 2 b i d i r ”) ; // ∗∗∗ s e l e c t

194 r . r e g i s t r a t e <typename hs db<typename nc : : bno r dv > : :mpq>(”db bno r dv ”) ;
195 r . r e g i s t r a t e <typename hs db<typename nc : : bno r dv > : :mpq2>(”db bno r dv2 ”) ;
196 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv > : : mpq f>(”d l ( f ) bno r dv ”) ; //

∗∗∗ s e l e c t
197 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv > : :mpq u>(”d l (u) bno r dv ”) ; //

∗∗∗ s e l e c t
198 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv > : : mpq f2>(”d l ( f ) bno r dv2 ”) ; //

∗∗∗ s e l e c t
199 r . r e g i s t r a t e <typename hs drb<typename nc : : bno r dv > : : mpq u2>(”d l (u) bno r dv2 ”) ; //

∗∗∗ s e l e c t
200

201 r . r e g i s t r a t e <typename hs db<typename nc : : bno k dv b id i r > : :mpq>(”db bno k dv b id i r ”) ;
// ∗∗∗ s e l e c t

202 r . r e g i s t r a t e <typename hs db<typename nc : : bno k dv b id i r > : :mpq2>(”db bno k dv b id i r2 ”
) ; // ∗∗∗ s e l e c t

203 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv b id i r > : : mpq f2>(”d l ( f )
bno k dv 2 b id i r ”) ; // ∗∗∗ s e l e c t

204 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv b id i r > : : mpq u2>(”d l (u)
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bno k dv 2 b id i r ”) ; // ∗∗∗ s e l e c t
205 r . r e g i s t r a t e <typename hs db<typename nc : : bno k dv > : :mpq>(”db bno k dv ”) ;
206 r . r e g i s t r a t e <typename hs db<typename nc : : bno k dv > : :mpq2>(”db bno k dv2 ”) ;
207 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv > : : mpq f>(”d l ( f ) bno k dv ”) ; //

∗∗∗ s e l e c t
208 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv > : :mpq u>(”d l (u) bno k dv ”) ; //

∗∗∗ s e l e c t
209 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv > : : mpq f2>(”d l ( f ) bno k dv2 ”) ; //

∗∗∗ s e l e c t
210 r . r e g i s t r a t e <typename hs drb<typename nc : : bno k dv > : : mpq u2>(”d l (u) bno k dv2 ”) ; //

∗∗∗ s e l e c t
211

212 r . r e g i s t r a t e <typename hs db<typename nc : : bno 3 iv > : :mpq>(”db bno 3 iv ”) ;
213 r . r e g i s t r a t e <typename hs drb<typename nc : : bno 3 dv > : : mpq f>(”d l ( f ) bno 3 dv ”) ;
214 r . r e g i s t r a t e <typename hs drb<typename nc : : bno 3 dv > : :mpq u>(”d l (u) bno 3 dv ”) ;
215 // r . r e g i s t r a t e <hs drb<typename nc : : bno 3 dv > : : mpq l >(”d l ( l ) b no 3 d v ”) ;
216 r . r e g i s t r a t e <typename hs drb<typename nc : : bno 3 dv > : :mpq m>(”d l (m) bno 3 dv ”) ;
217

218

219 // i n d i r e c t b inary redundant number system
220 r . r e g i s t r a t e <typename h s i r <typename nc : : pwh 3 dv > : :mpq>(
221 ”i r pwh 3 dv ”) ; // s t d weak queue // ∗∗∗ package
222 r . r e g i s t r a t e <typename h s i r <typename nc : : bno 3 dv > : :mpq>(” i r bno 3 dv ”) ;
223 r . r e g i s t r a t e <typename h s i r <typename nc : : pwh 3 iv > : :mpq>(” i r p w h 3 i v ”) ;
224 r . r e g i s t r a t e <typename h s i r <typename nc : : bno 3 iv > : :mpq>(” i r b n o 3 i v ”) ;
225 r . r e g i s t r a t e <typename h s i r <typename nc : : bno 3 px > : :mpq>(” i r bno 3 proxy ”) ;
226 }
227 } ;
228 }
229 }
230 #end i f

A.11 heap_store_config_alt.hpp

1 #i f n d e f CPHSTL PQFW HEAP STORE CONFIG ALT H
2 #de f i n e CPHSTL PQFW HEAP STORE CONFIG ALT H
3

4 #inc lude ” s t l−meldable−p r i o r i t y−queue . h++”
5

6 #inc lude ” d i r e c t h e a p s t o r e . hpp”
7

8 #inc lude ”node−i t e r a t o r . h++”
9 #inc lude ”node con f i g . hpp”

10

11 #inc lude ”pr i o r i t y queue f r amework f o r dbhs . hpp”
12 #inc lude ”heap s to r e a s pq fw . hpp”
13

14 #inc lude ”redundant binary number system . hpp”
15

16 #inc lude ”benchmarking . hpp” // count ing compare and c o u n t i n g a l l o c a t o r
17

18 namespace cphs t l {
19

20 // Elementary VCA con f i g u r a t i o n :
21

22 template <
23 typename V0 // va l u e
24 , typename C0 = std : : l e s s <V0> // comparator
25 , typename A0 = std : : a l l o c a t o r <V0> // a l l o c a t o r
26 >
27 s t r u c t std VCA {
28 // Desc : VCA−c on f i g f o r po r t i n g from STL to CPH STL.
29 // Tip : The advanced user w r i t e s h i s / her own non t emp l a t e s
30 // to ob t a in the c l e a n e s t compi l e r messages p o s s i b l e .
31 typedef V0 V;
32 typedef C0 C;
33 typedef A0 A;
34 } ;
35

36 template <typename V0>
37 s t r u c t counting VCA {
38 // Desc : VCA con f i g s p e c i a l i s e d f o r performance combi counter .
39 typedef V0 V;
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40 typedef benchmarking : : counting compare<std : : l e s s <V> > C;
41 typedef benchmarking : : c o u n t i n g a l l o c a t o r <V, std : : a l l o c a t o r <V> > A;
42 } ;
43

44

45 // VCA + heap s t o r e + mpq c on f i g u r a t i o n s a l l in ones :
46

47 template <typename VCA CFG>
48 s t r u c t binary number PWH {
49 pr i va t e :
50 typedef binary number PWH<VCA CFG> t h i s t y p e ;
51 pub l i c :
52 typedef typename VCA CFG : :V V;
53 typedef typename VCA CFG : : C C;
54 typedef typename VCA CFG : :A A;
55 pr i va t e :
56 typedef node conf ig<V,C,A> nc ;
57 pub l i c :
58 typedef typename nc : : pwh 3 dv E;
59 typedef binary number<C,E> Z ; // number system
60 typedef meld using number system<th i s type> M;
61 typedef c p h s t l e x t r a c t <th i s type> X; // e x t r a c t o r
62 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
63 typedef as pqfw<wi th f a s t t op <H> > R;
64 typedef cphs t l : : node i t e r a t o r <E> I ;
65 typedef cphs t l : : node i t e r a t o r <E, true> J ;
66 } ;
67

68 template <typename VCA CFG>
69 s t r u c t binary number PWH VX {
70 pr i va t e :
71 typedef binary number PWH VX<VCA CFG> t h i s t y p e ;
72 pub l i c :
73 typedef typename VCA CFG : :V V;
74 typedef typename VCA CFG : : C C;
75 typedef typename VCA CFG : :A A;
76 pr i va t e :
77 typedef node conf ig<V,C,A> nc ;
78 pub l i c :
79 typedef typename nc : : pwh 3 dv E;
80 typedef binary number<C,E> Z ; // number system
81 typedef meld using number system<th i s type> M;
82 typedef v u i l l em i n e x t r a c t <th i s type> X; // e x t r a c t o r
83 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
84 typedef as pqfw<wi th f a s t t op <H> > R;
85 typedef cphs t l : : node i t e r a t o r <E> I ;
86 typedef cphs t l : : node i t e r a t o r <E, true> J ;
87 } ;
88

89 template <typename VCA CFG>
90 s t r u c t redundant number PWH {
91 pr i va t e :
92 typedef redundant number PWH<VCA CFG> t h i s t y p e ;
93 pub l i c :
94 typedef typename VCA CFG : :V V;
95 typedef typename VCA CFG : : C C;
96 typedef typename VCA CFG : :A A;
97 pr i va t e :
98 typedef node conf ig<V,C,A> nc ;
99 pub l i c :

100 typedef typename nc : : pwh 3 dv E;
101 typedef j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number<C,E> Z ;
102 typedef meld using number system<th i s type> M;
103 typedef c p h s t l e x t r a c t <th i s type> X;
104 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
105 typedef as pqfw<wi th f a s t t op <H> > R;
106 typedef cphs t l : : node i t e r a t o r <E> I ;
107 typedef cphs t l : : node i t e r a t o r <E, true> J ;
108 } ;
109

110 template <typename VCA CFG>
111 s t r u c t redundant number PWH VX {
112 pr i va t e :
113 typedef redundant number PWH VX<VCA CFG> t h i s t y p e ;

47



114 pub l i c :
115 typedef typename VCA CFG : :V V;
116 typedef typename VCA CFG : : C C;
117 typedef typename VCA CFG : :A A;
118 pr i va t e :
119 typedef node conf ig<V,C,A> nc ;
120 pub l i c :
121 typedef typename nc : : pwh 3 dv E;
122 typedef j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number<C,E> Z ;
123 typedef meld using number system<th i s type> M;
124 typedef v u i l l em i n e x t r a c t <th i s type> X;
125 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
126 typedef as pqfw<wi th f a s t t op <H> > R;
127 typedef cphs t l : : node i t e r a t o r <E> I ;
128 typedef cphs t l : : node i t e r a t o r <E, true> J ;
129 } ;
130

131 template <typename VCA CFG>
132 s t r u c t redundant number R {
133 pr i va t e :
134 typedef redundant number R<VCA CFG> t h i s t y p e ;
135 pub l i c :
136 typedef typename VCA CFG : :V V;
137 typedef typename VCA CFG : : C C;
138 typedef typename VCA CFG : :A A;
139 pr i va t e :
140 typedef node conf ig<V,C,A> nc ;
141 pub l i c :
142 typedef typename nc : : b n o r d v b i d i r E;
143 typedef j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number<C,E> Z ;
144 typedef meld using number system<th i s type> M;
145 typedef c p h s t l e x t r a c t <th i s type> X;
146 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
147 typedef as pqfw<wi th f a s t t op <H> > R;
148 typedef cphs t l : : node i t e r a t o r <E> I ;
149 typedef cphs t l : : node i t e r a t o r <E, true> J ;
150 } ;
151

152 template <typename VCA CFG>
153 s t r u c t redundant number R VX {
154 pr i va t e :
155 typedef redundant number R VX<VCA CFG> t h i s t y p e ;
156 pub l i c :
157 typedef typename VCA CFG : :V V;
158 typedef typename VCA CFG : : C C;
159 typedef typename VCA CFG : :A A;
160 pr i va t e :
161 typedef node conf ig<V,C,A> nc ;
162 pub l i c :
163 typedef typename nc : : b n o r d v b i d i r E;
164 typedef j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number<C,E> Z ;
165 typedef meld using number system<th i s type> M;
166 typedef v u i l l em i n e x t r a c t <th i s type> X;
167 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
168 typedef as pqfw<wi th f a s t t op <H> > R;
169 typedef cphs t l : : node i t e r a t o r <E> I ;
170 typedef cphs t l : : node i t e r a t o r <E, true> J ;
171 } ;
172

173 template <typename VCA CFG>
174 s t r u c t redundant number K {
175 pr i va t e :
176 typedef redundant number K<VCA CFG> t h i s t y p e ;
177 pub l i c :
178 typedef typename VCA CFG : :V V;
179 typedef typename VCA CFG : : C C;
180 typedef typename VCA CFG : :A A;
181 pr i va t e :
182 typedef node conf ig<V,C,A> nc ;
183 pub l i c :
184 typedef typename nc : : bno k dv b id i r E;
185 typedef j s p o l i c y <j o i n s c h e d u l e f a t > : : redundant binary number<C,E> Z ;
186 // t y p e d e f j s p o l i c y < j o i n s c h e d u l e u l t r a l i g h t > : : redundant b inary number<C,E> Z ;
187 typedef meld using number system<th i s type> M;
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188 typedef c p h s t l e x t r a c t <th i s type> X;
189 typedef d i r e c t h e a p s t o r e a l t <th i s type> H;
190 typedef as pqfw<wi th f a s t t op <H> > R;
191 typedef cphs t l : : node i t e r a t o r <E> I ;
192 typedef cphs t l : : node i t e r a t o r <E, true> J ;
193 } ;
194

195

196 // Type r e g i s t r a t i o n f o r benchmark or what ever wi th f r i e n d l y names :
197

198 template <typename VCA CFG>
199 s t r u c t v u i l l e m i n a l t 1 {
200 template <typename Runner>
201 s t a t i c void r e g i s t r a t e ( Runner& r ) {
202 // New s t y l e v e r su s o l d s t y l e :
203 // binary number PWH = db pwh 3 dv2
204 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <binary number PWH<VCA CFG> > >(”

binary number PWH ”) ;
205 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <binary number PWH VX<VCA CFG> > >(”

binary number PWH VX ”) ;
206 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <redundant number PWH<VCA CFG> > >(”

redundant number PWH ”) ;
207 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <redundant number PWH VX<VCA CFG> > >(”

redundant number PWH VX ”) ;
208 }
209 } ;
210 template <typename VCA CFG>
211 s t r u c t v u i l l e m i n a l t 2 {
212 template <typename Runner>
213 s t a t i c void r e g i s t r a t e ( Runner& r ) {
214 // New s t y l e v e r su s o l d s t y l e :
215 // redundant number R = d l ( f ) b n o r d v 2 b i d i r
216 // redundant number K = d l ( f ) b n o k d v 2 b i d i r
217 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <redundant number R<VCA CFG> > >(”

redundant number R ”) ;
218 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <redundant number R VX<VCA CFG> > >(”

redundant number R VX ”) ;
219 r . r e g i s t r a t e <m e l d a b l e p r i o r i t y q u e u e a l t <redundant number K<VCA CFG> > >(”

redundant number K ”) ;
220 }
221 } ;
222 }
223

224

225 #end i f

A.12 heap_store_config_leda.hpp

1 #i f n d e f CPHSTL PQFW HEAP STORE CONFIG LEDA HPP
2 #de f i n e CPHSTL PQFW HEAP STORE CONFIG LEDA HPP
3

4 /∗
5 Desc : LEDA Heap s t o r e type conver s ion .
6 Auth : Asger Bruun 2010.
7 ∗/
8

9 #inc lude <LEDA/ core / p queue . h>
10 #inc lude <LEDA/ core / impl / f heap . h> // f i b ona c c i−heap
11 #inc lude <LEDA/ core / impl /p heap . h> // pa i r ing−heap
12 #inc lude <LEDA/system/ a l l o c a t o r . h> // l e d a a l l o c a t o r <T>, l e da : : std memory mgr . c l e a r ( ) ;
13

14 #inc lude ”type . h++” // c p h s t l : : b o o l 2 t y p e
15 #inc lude <t y p e t r a i t s > // is same , remove po in t e r
16

17

18 namespace cphs t l {
19 namespace c p h s t l l e d a {
20

21 c l a s s empty type {
22 pub l i c :
23 empty type ( ) {}
24 } ;
25
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26 template <typename V
27 , typename C // STL adap t a b l e b inary p r e d i c a t e
28 , typename R // LEDA p r i o r i t y queue
29 >
30 c l a s s m e l d a b l e p r i o r i t y q u e u e f a c a d e {
31 pr iva t e :
32 R r e a l i z a t o r ;
33

34 pub l i c :
35

36 typedef me ldab l e p r i o r i t y queue f a cade <V,C,R> t h i s t y p e ;
37

38 enum { number system = 5 } ; // f o r p a t h o l o g i c a l t e s t s .
39 typedef t h i s t y p e r e a l i z a t o r t y p e ;
40 typedef typename std : : remove pointer<typename R : : pq item > : : type encapsu la to r type ;
41 typedef V va lue type ;
42 typedef i n t (∗ comp func type ) (V const&, V const&) ;
43 typedef typename R : : item i t e r a t o r ;
44 typedef std : : s i z e t s i z e t y p e ;
45

46 s t a t i c i n t compare (V const& a , V const& b) {
47 i f (C( ) ( a , b) ) return 1 ;
48 e l s e i f (C( ) (b , a ) ) return −1;
49 e l s e return 0 ;
50 }
51

52 void c lone ( t h i s t y p e const& other , bool2type<f a l s e >) {
53 // ! : t h i s i s a f i x f o r broken ” = ” in l e d a p a i r i n g h e a p .
54 f o r ( i t e r a t o r i ( other . r e a l i z a t o r . f i r s t i t e m ( ) ) ; i != 0
55 ; i = other . r e a l i z a t o r . next i tem ( i ) ) {
56 V v( other . p r i o ( i ) ) ;
57 (∗ t h i s ) . push (v ) ;
58 }
59 }
60 void c lone ( t h i s t y p e const& other , bool2type<true >) {
61 // ! : ass ignment r e s u l t s in acce s s v i o l a t i o n i f l e d a p a i r i n g h e a p .
62 r e a l i z a t o r = other . r e a l i z a t o r ;
63 }
64

65 e x p l i c i t m e l d a b l e p r i o r i t y q u e u e f a c a d e ( comp func type const& cmp = compare )
66 : r e a l i z a t o r (cmp) {
67 }
68 e x p l i c i t m e l d a b l e p r i o r i t y q u e u e f a c a d e ( t h i s t y p e const& other )
69 : r e a l i z a t o r (&other . compare ) {
70 const bool hc = std : : i s same<l eda : : p queue<V, empty type , l eda : : f heap >, R> : : va lue ;
71 bool2type<hc> has copy ;
72 (∗ t h i s ) . c l one ( other , has copy ) ;
73 }
74

75 bool empty ( ) const {
76 return r e a l i z a t o r . empty ( ) ;
77 }
78

79 s i z e t y p e s i z e ( ) const {
80 return r e a l i z a t o r . s i z e ( ) ;
81 }
82

83 i t e r a t o r top ( ) {
84 return r e a l i z a t o r . f ind min ( ) ;
85 }
86

87 const V& pr io ( i t e r a t o r i t ) const
88 { return r e a l i z a t o r . p r i o ( i t ) ; }
89

90 i t e r a t o r push (V const& v) {
91 return r e a l i z a t o r . i n s e r t (v , empty type : : empty type ( ) ) ;
92 }
93

94 void pop ( ) {
95 r e a l i z a t o r . de l min ( ) ;
96 }
97

98 void e ra s e ( i t e r a t o r p) {
99 r e a l i z a t o r . d e l i t em (p) ;
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100 }
101

102 void i n c r e a s e ( i t e r a t o r p , V const& v) {
103 r e a l i z a t o r . dec r ea s e p (p , v ) ;
104 }
105

106 void c l e a r ( ) {
107 r e a l i z a t o r . c l e a r ( ) ;
108 }
109

110 void meld ( t h i s t y p e& h2 ) {
111 // I s t h i s ope ra t i on r e a l l y miss ing in LEDA?
112 // Note : t he windows l i b r a r y f i b ona c c i−heap r e q u i r e s a huge s t a c k f o r meld .
113 whi le ( ! h2 . empty ( ) ) {
114 i t e r a t o r i ( h2 . top ( ) ) ;
115 V v( h2 . p r i o ( i ) ) ;
116 (∗ t h i s ) . push (v ) ;
117 h2 . pop ( ) ;
118 }
119 }
120 } ;
121

122 template <typename V = char
123 , typename C = std : : g reate r<V>
124 , typename A = std : : a l l o c a t o r <V>
125 >
126 s t r u c t l eda heap {
127 typedef l eda : : p queue<V, empty type , l eda : : f heap> F;
128 typedef l eda : : p queue<V, empty type , l eda : : p heap> P;
129 typedef me ldab l e p r i o r i t y queue f a cade <V, C, F> mpq f ibonacc i ;
130 typedef me ldab l e p r i o r i t y queue f a cade <V, C, P> mpq pair ing ;
131

132 template <typename Runner>
133 s t a t i c void r e g i s t r a t e ( Runner& r ) {
134 r . r e g i s t r a t e <mpq fibonacci >(” l e d a f i b o n a c c i h e a p ”) ;
135 r . r e g i s t r a t e <mpq pairing >(” l e d a p a i r i n g h e a p ”) ;
136 }
137 } ;
138 }
139 }
140 #end i f

A.13 heap_store_config_pqfws.hpp

1 #i f n d e f CPHSTL PQFW HEAP STORE CONFIG PQFWS HPP
2 #de f i n e CPHSTL PQFW HEAP STORE CONFIG PQFWS HPP
3

4 /∗
5 Desc : CPH STL PQFWS Heap s t o r e type c on f i g u r a t i o n .
6 Auth : Asger Bruun 2010
7 Note : The CPH STL ”empty ( ) r e t u rn s ( s i z e ( ) == 0) ” i s a de s i gn f l aw .
8

9 2010−3−13 CPH STL snapsho t s t a t u s :
10 binary−heap : 0 . ok
11 f i r s t −v e r s i on : 0 . // impos s i b l e , i s s e l e c t e d by macro de f .
12 new−weak−queue : 0 . ok
13 pennant−queue : 0 . ok
14 pq−db−pwh−3−dv : 2 . pq−i r−pwh−3−dv : 2 . pq−l c−pwh−3−dv : 2 .
15 rank−r e l axed−weak−queue : 0 . f a i l s a t runtime i f not NDEBUG
16 run−r e l axed−weak−queue : 0 . ok
17 weak−heap : 0 . ok
18 weak−queue : 0 . ok
19 weak−queue−with−f a t−nodes : 2 .
20

21 ∗/
22

23 #inc lude ” s t l−meldable−p r i o r i t y−queue . h++”
24

25 #inc lude ”mult ip le−heap−framework . h++”
26 #inc lude ” p r i o r i t y−queue−i t e r a t o r . h++”
27

28 #inc lude ”pennant−node . h++”
29 #inc lude ”weak−heap−node . h++”
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30 #inc lude ”fat−weak−heap−node . h++”
31

32 #inc lude ”blank−mark−s t o r e . h++”
33 #inc lude ”proxy−array−heap−s t o r e . h++”
34 #inc lude ”eager−mark−s t o r e . h++”
35 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
36 #inc lude ”lazy−mark−s t o r e . h++”
37

38 #inc lude ” s i ng l e−heap−framework . h++”
39 #inc lude ”element−encapsu la to r . h++”
40 #inc lude ”proxy−i t e r a t o r . h++”
41 #inc lude ”weak−heap−h e a p i f i e r . h++”
42

43

44 namespace cphs t l {
45 // −−−−− frameworks
46

47 template <
48 typename V,
49 typename C = std : : l e s s <V>,
50 typename A = std : : a l l o c a t o r <V>,
51 typename E = weak heap node<V, A>,
52 typename H = p r o x y l i s t h e a p s t o r e <C, A, E>,
53 typename M = blank mark store<C, A, E>
54 >
55 c l a s s mhfw : pub l i c mult ip le heap framework<V,C,A,E,H,M> {
56 typedef mult ip le heap framework<V,C,A,E,H,M> B;
57 typedef typename B : : s i z e t y p e s i z e t y p e ;
58

59 pub l i c :
60 enum { number system = 1 } ;
61 mhfw(
62 C const& c = C() , A const& a = A()
63 ) : mult ip le heap framework<V,C,A,E,H,M>(c , a ) {}
64

65 bool empty ( ) const {
66 return (∗ t h i s ) . s i z e ( ) == s i z e t y p e (0) ;
67 }
68 } ;
69

70 template <
71 typename V,
72 typename C = std : : l e s s <V>,
73 typename A = std : : a l l o c a t o r <V>,
74 typename E = element encapsu lator<V, std : : p t r d i f f t , A>,
75 typename H = top down b inary heap heap i f i e r ,
76 typename K = std : : vector<E∗ , A>,
77 typename S = vec to r su r roga t e <E∗ , K>
78 >
79 c l a s s shfw : pub l i c s ing le heap framework<V,C,A,E,H,K, S> {
80 typedef s ing le heap framework<V,C,A,E,H,K, S> B;
81 typedef typename B : : s i z e t y p e s i z e t y p e ;
82

83 pub l i c :
84 enum { number system = 6 } ;
85 shfw (
86 C const& c = C() , A const& a = A()
87 ) : s ing le heap framework<V,C,A,E,H,K, S>(c , a ) {}
88

89 bool empty ( ) const {
90 return (∗ t h i s ) . s i z e ( ) == s i z e t y p e (0) ;
91 }
92 } ;
93

94 // −−−−− queue t yp e s
95

96 template <typename V = char
97 , typename C = std : : g reate r<V>
98 , typename A = std : : a l l o c a t o r <V>
99 >

100 s t r u c t binary heap {
101 typedef e l ement encapsu lator<V, std : : s i z e t , A> E;
102 typedef t op down b ina ry heap heap i f i e r H;
103 typedef shfw<V,C,A,E,H> R;
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104 typedef proxy i t e r a t o r <E, R> I ;
105 typedef proxy i t e r a t o r <E, R, true> J ;
106 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
107 } ;
108

109 template <typename V = char
110 , typename C = std : : g reate r<V>
111 , typename A = std : : a l l o c a t o r <V>
112 >
113 s t r u c t pennant queue {
114 typedef pennant node<V,A> E;
115 typedef p r o x y l i s t h e a p s t o r e <C, A, E> H;
116 typedef blank mark store<C, A, E> M;
117 typedef mhfw<V,C,A,E,H,M> R;
118 typedef p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
119 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
120 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
121 } ;
122

123 template <typename V = char
124 , typename C = std : : g reate r<V>
125 , typename A = std : : a l l o c a t o r <V>
126 >
127 s t r u c t new weak queue {
128 typedef weak heap node<V,A> E;
129 typedef proxy ar ray heap s to r e<C, A, E> H;
130 typedef blank mark store<C, A, E> M;
131 typedef mhfw<V,C,A,E,H,M> R;
132 typedef p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
133 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
134 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
135 } ;
136

137 template <typename V = char
138 , typename C = std : : g reate r<V>
139 , typename A = std : : a l l o c a t o r <V>
140 >
141 s t r u c t rank re laxed weak queue {
142 typedef fat weak heap node<V,A> E;
143 typedef p r o x y l i s t h e a p s t o r e <C, A, E> H;
144 typedef eager mark store<C, A, E> M;
145 typedef mhfw<V,C,A,E,H,M> R;
146 typedef p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
147 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
148 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
149 } ;
150

151 template <typename V = char
152 , typename C = std : : g reate r<V>
153 , typename A = std : : a l l o c a t o r <V>
154 >
155 s t r u c t run re laxed weak queue {
156 typedef fat weak heap node<V,A> E;
157 typedef p r o x y l i s t h e a p s t o r e <C, A, E> H;
158 typedef l a zy mark s tore<C, A, E> M;
159 typedef mhfw<V,C,A,E,H,M> R;
160 typedef p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
161 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
162 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
163 } ;
164

165 template <typename V = char
166 , typename C = std : : g reate r<V>
167 , typename A = std : : a l l o c a t o r <V>
168 >
169 s t r u c t weak heap {
170 typedef e l ement encapsu lator<V, std : : p t r d i f f t , A> E;
171 typedef weak heap heap i f i e r H;
172 typedef shfw<V,C,A,E,H> R;
173 typedef proxy i t e r a t o r <E, R> I ;
174 typedef proxy i t e r a t o r <E, R, true> J ;
175 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
176 } ;
177
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178 template <typename V = char
179 , typename C = std : : g reate r<V>
180 , typename A = std : : a l l o c a t o r <V>
181 >
182 s t r u c t weak queue {
183 typedef weak heap node<V,A> E;
184 typedef p r o x y l i s t h e a p s t o r e <C,A,E> H;
185 typedef blank mark store<C,A,E> M;
186 typedef mhfw<V,C,A,E,H,M> R;
187 typedef p r i o r i t y q u e u e i t e r a t o r <E, R> I ;
188 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, true> J ;
189 typedef meldab l e p r i o r i ty queue<V,C,A,E,R, I , J> mpq;
190 } ;
191

192 template <typename V = char
193 , typename C = std : : g reate r<V>
194 , typename A = std : : a l l o c a t o r <V>
195 >
196 s t r u c t pqfws {
197 template <typename Runner>
198 s t a t i c void r e g i s t r a t e ( Runner& r ) {
199 r . r e g i s t r a t e <typename binary heap<V,C,A> : :mpq>(”binary heap ”) ;
200 r . r e g i s t r a t e <typename pennant queue<V,C,A> : :mpq>(”pennant queue ”) ;
201 r . r e g i s t r a t e <typename new weak queue<V,C,A> : :mpq>(”new weak queue ”) ;
202 #i f d e f NDEBUG // rank r e l a x ed weak queue f a i l s when debug
203 r . r e g i s t r a t e <typename rank re laxed weak queue<V,C,A> : :mpq>(”rank re laxed weak queue ”)

;
204 #end i f
205 // ! ! ! : f a i l s s t e f a n s i z e 10 : r . r e g i s t r a t e <typename run re l a x ed weak queue<V,C,A> : :

mpq>(”run r e l a x ed weak queue ”) ;
206 r . r e g i s t r a t e <typename weak heap<V,C,A> : :mpq>(”weak heap ”) ;
207 r . r e g i s t r a t e <typename weak queue<V,C,A> : :mpq>(”weak queue ”) ;
208 }
209 } ;
210 }
211 #end i f

A.14 heap_store_with_cormen_extract.hpp

1 #i f n d e f CPHSTL HEAP STORE WITH CORMEN EXTRACT H
2 #de f i n e CPHSTL HEAP STORE WITH CORMEN EXTRACT H
3

4 /∗
5 Desc : The Cormen a l g o r i t hms t e x t b o o k e x t r a c t ( p ) p o l i c y .
6 Auth : Asger Bruun 2009−2010.
7 ∗/
8

9 #inc lude ” d i r e c t h e a p s t o r e . hpp”
10

11 namespace cphs t l {
12

13 template <typename VCAEZ CFG>
14 s t r u c t cormen extract {
15 typedef typename VCAEZ CFG : : E E;
16 typedef typename VCAEZ CFG : : Z Z ;
17 typedef typename VCAEZ CFG : :H H;
18 typedef typename Z : : s i z e t y p e s i z e t y p e ;
19 typedef typename Z : : fas t number type fast number type ;
20

21 s t a t i c void ex t r a c t (H∗ hs , E∗ p) {
22 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
23 f o r (E∗ d ((∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
24 d != 0 ; d = (∗p) . d i s t i n g u i s h e d a n c e s t o r ( )
25 ) { (∗ hs ) . promote (p , d) ; }
26 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
27 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
28 s i z e t y p e n ((∗ hs ) . remove root (p) ) ;
29 i f ( (∗p) . i s l e a f ( ) ) {
30 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
31 } e l s e {
32 s i z e t y p e dummy;
33 E∗ r ( (∗p) . cons t ruc t (dummy, constant<bool , f a l s e >() ) ) ;
34 fa s t number type hs2 ( r , n−1) ;

54



35 (∗ hs ) . add ( hs2 ) ;
36 }
37 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
38 a s s e r t ( (∗p) . he ight ( ) == 0) ;
39 }
40 } ;
41 }
42 #end i f

A.15 heap_store_with_cphstl_extract.hpp

1 #i f n d e f CPHSTL HEAP STORE WITH CPHSTL EXTRACT H
2 #de f i n e CPHSTL HEAP STORE WITH CPHSTL EXTRACT H
3

4 /∗
5 Desc : The CPH STL e x t r a c t ( p ) p o l i c y .
6 : The method i s op t imi z ed compared to o r i g i n a l CHP STL
7 : ( and so i s the e x t r a c t o f new weak queue too ) .
8 Auth : Asger Bruun 2009−2010.
9 ∗/

10

11 #inc lude ” d i r e c t h e a p s t o r e . hpp”
12

13 namespace cphs t l {
14

15 a s s e r t i o n h e l p (
16 s t a t i c i n t count yes = 0 ;
17 s t a t i c i n t count no = 0 ;
18 )
19

20 template <typename VCAEZ CFG>
21 s t r u c t c p h s t l e x t r a c t {
22 typedef typename VCAEZ CFG : : Z Z ;
23 typedef typename Z : : s i z e t y p e s i z e t y p e ;
24 typedef typename Z : : fas t number type fast number type ;
25 typedef typename Z : : r o o t l i s t t y p e r o o t l i s t t y p e ;
26 typedef typename VCAEZ CFG : : E E;
27 typedef typename E : : ho l e type ho l e type ;
28 typedef typename VCAEZ CFG : :H H;
29

30

31 s t a t i c E∗ ex t r a c t (H∗ hs ) { return (∗ hs ) . decrement ( ) ; }
32

33 s t a t i c void ex t r a c t (H∗ hs , E∗ p) {
34 // Desc : CPH STL s t y l e p r i o r i t y queue e x t r a c t ( p ) .
35 // Opti : e x t r a s t a c k r ep l a c ed wi th ’ c on s t r u c t ’ .
36 a s s e r t ( c a r e f u l ) ; // works on ly when c a r e f u l
37 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
38

39 E∗ replacement ( ex t r a c t ( hs ) ) ;
40 i f (p == replacement ) { return ; }
41

42 a s s e r t i o n h e l p ( bool was root ( (∗p) . i s r o o t ( ) ) ; )
43 ho l e type ho le (p , true ) ; // ( auto s p l i c e s out when needed )
44 a s s e r t ( ho le . i s r o o t ( ) == was root ) ;
45

46 // ? : s imp l e debug mesurement o f o p t i i f ( ! h o l e . i s l e a f ) or i f rep lacement compares
47 a s s e r t i o n h e l p (
48 // i f ( (∗ p ) . i s l e a f ( ) ) // −−> 30% yes
49 // i f ( (∗ hs ) . ge t compara tor ( ) ( (∗ p ) . e lement ( ) , (∗ rep lacement ) . e lement ( ) )
50 // && ! ( ∗ p ) . i s l e a f ( ) ) // unesce sar ry c on s t r u c t −−> 7%
51 i f ( (∗ hs ) . get comparator ( ) ( (∗p) . element ( ) , (∗ replacement ) . element ( ) ) ) // unesce sar ry

c on s t r u c t −−> 21%
52 {
53 ++count yes ; // b r e a k h e r e ;
54 } e l s e {
55 ++count no ;
56 }
57 )
58

59 s i z e t y p e n ;
60 E∗ r ( (∗p) . cons t ruc t (n , constant<bool , f a l s e >() ) ) ;
61 r o o t l i s t t y p e l ( r ) ;
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62 whi le ( ! l . empty ( ) ) {
63 E∗ q ( l . e j e c t ( ) ) ;
64 replacement = (∗ replacement ) . j o i n (q , (∗ hs ) . get comparator ( ) ) ;
65 }
66

67 i f ( ho le . d o s p l i c e ( ) ) {
68 (∗ replacement ) . s p l i c e i n ( ho le ) ;
69 i f ( ! ho le . i s r o o t ( ) ) (∗ hs ) . a f t e r i n c r e a s e ( replacement , (E∗) ho le . da ) ;
70 } e l s e {
71 (∗ hs ) . r ep l a c e (p , replacement ) ;
72 }
73

74 a s s e r t ( ! c a r e f u l | | (∗p) . i s r o o t ( ) ) ;
75 a s s e r t ( (∗p) . he ight ( ) == 0) ;
76 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
77 }
78 } ;
79 }
80 #end i f

A.16 heap_store_with_fast_top.hpp

1 #i f n d e f CPHSTL HEAP STORE WITH FAST TOP H
2 #de f i n e CPHSTL HEAP STORE WITH FAST TOP H
3

4 /∗
5 Desc : Wraps a heap s t o r e wi th cached f i n d t o p ( ) .
6 : Re fac tored out o f d i r e c t h e a p s t o r e .
7 Auth : Asger Bruun 2009−2010.
8 Note : This has to be the ou t e r most wrapper ,
9 : in case the h e a p s t o r e i s wrapped in

10 : o t h e r ways , eg . co rmen ex t rac t .
11 ∗/
12

13 #inc lude ” d i r e c t h e a p s t o r e . hpp”
14

15 namespace cphs t l {
16

17 template <typename B = d i r e c t h e a p s t o r e <> >
18 c l a s s w i t h f a s t t o p : pub l i c B {
19 // t y p e d e f B B;
20 typedef wi th f a s t t op <B> t h i s t y p e ;
21 typedef typename B : : encapsu la to r type E;
22 typedef typename E : : va lue type V;
23 typedef typename B : : comparator type C;
24 typedef typename B : : a l l o c a t o r t y p e A;
25 // t y p e d e f typename B : : s i z e t y p e s i z e t y p e ;
26

27 E∗ top ;
28

29 pub l i c :
30

31 typedef typename B : : s i z e t y p e s i z e t y p e ;
32

33 template<typename U>
34 s t r u c t rep lace comparator {
35 typedef wi th f a s t t op <typename B : : template rep lace comparator<U> : : other> other ;
36 } ;
37

38 template<template <typename T> c l a s s U>
39 s t r u c t r ep lace comparator template {
40 typedef wi th f a s t t op <typename B : : template rep lace comparator template<U> : : other>

other ;
41 } ;
42

43 template<template <typename T> c l a s s U>
44 s t r u c t wrap comparator {
45 typedef wi th f a s t t op <typename B : : template wrap comparator<U> : : other> other ;
46 } ;
47

48 template<template <typename T> c l a s s U>
49 s t r u c t wrap a l l o ca to r {
50 typedef wi th f a s t t op <typename B : : template wrap a l l oca to r<U> : : other> other ;
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51 } ;
52

53 template<typename A5>
54 s t r u c t r e p l a c e a l l o c a t o r {
55 typedef wi th f a s t t op <typename B : : template r e p l a c e a l l o c a t o r <A5> : : other> other ;
56 } ;
57

58 // s t r u c t o r s
59

60 w i t h f a s t t o p ( )
61 : B( ) , top (0) { // Meldable−p r i o r i t y −queue i n t e r f a c e
62 }
63

64 // p r o p e r t i e s
65

66 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
67 return s i z e o f ( t h i s t y p e ) ;
68 }
69

70 E∗ top ( ) const { return top ; }
71

72 // mod i f i e r s
73

74 void i n s e r t (E∗ p) {
75 B : : i n s e r t (p) ;
76 i f ( top == 0 | | B : : get comparator ( ) ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
77 top = p ;
78 }
79 }
80

81 E∗ ex t ra c t ( ) {
82 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
83 E∗ p(B : : ex t r a c t ( ) ) ;
84 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
85 i f (p == top ) { // do t h i s to save compares .
86 i f (B : : empty ( ) ) top = 0 ;
87 e l s e p = B : : swap top (p) ;
88 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
89 }
90 // i f ( p == top ) t o p = B : : f i n d t o p ( ) ; // do t h i s i f no swap top .
91 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
92 return p ;
93 }
94

95 void ex t r a c t (E∗ x ) {
96 // ! : Use a s s e r t i o n b e l l ow to t e s t f o r s t a b l e s o r t ( top == > i s r o o t ) .
97 // a s s e r t ( ! ( ( x == top ) && ! ( ( x == top ) && (∗ x ) . i s r o o t ( ) ) ) ) ; // i s s t a b l e
98

99 i f ( x == top ) top = B : : e x t r a c t t op (x ) ;
100 e l s e B : : ex t r a c t (x ) ;
101 // or :
102 // B : : e x t r a c t ( x ) ;
103 // i f ( x == top ) t o p = B : : f i n d t o p ( ) ;
104 }
105

106 void i n c r e a s e (E∗ p , V const& v) {
107 B : : i n c r e a s e (p , v ) ;
108 i f (B : : get comparator ( ) ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
109 top = p ;
110 }
111 }
112

113 template<typename PA // p r o t e c t e d acce s s
114 > void pop (PA& pa ) {
115 E∗ p( top ) ;
116 top = B : : e x t r a c t t op ( top ) ;
117 pa . dest roy (p) ;
118 }
119

120 void meld ( t h i s t y p e& h2 ) {
121 B : : meld ( h2 ) ;
122 i f ( top != 0 && h2 . top != 0
123 && B : : get comparator ( ) ( (∗ top ) . element ( ) , (∗h2 . top ) . element ( ) ) ) {
124 top = h2 . top ;
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125 }
126 h2 . top = 0 ;
127 }
128

129 void swap ( t h i s t y p e& h2 ) {
130 B : : swap ( h2 ) ;
131 std : : swap ( top , h2 . top ) ;
132 }
133 void show ( ) {
134 std : : cout << (∗ t h i s ) ;
135 }
136

137 pr i va t e :
138

139 f r i e nd std : : ostream & operator <<
140 ( std : : ostream & os , t h i s t y p e const& hs )
141 {
142 i f ( hs . top == 0) os << ”top ( n i l ) ” ;
143 e l s e os << ”top ( ” << (∗ hs . top ) . element ( ) << ”) ” ;
144 os << ” ” << s t a t i c c a s t <B const&>(hs ) ;
145 return os ;
146 }
147 } ;
148 }
149 #end i f

A.17 heap_store_with_vuillemin_extract.hpp

1 #i f n d e f CPHSTL HEAP STORE WITH VUILLEMIN EXTRACT H
2 #de f i n e CPHSTL HEAP STORE WITH VUILLEMIN EXTRACT H
3

4 /∗
5 Desc : The o r i g i n a l Vui l l emin e x t r a c t ( p ) p o l i c y .
6 Auth : Asger Bruun 2009−2010.
7 ∗/
8

9 #inc lude ” d i r e c t h e a p s t o r e . hpp”
10

11 namespace cphs t l {
12

13 template <typename VCAEZ CFG>
14 s t r u c t v u i l l e m i n e x t r a c t {
15 typedef typename VCAEZ CFG : : Z Z ;
16 typedef typename Z : : s i z e t y p e s i z e t y p e ;
17 typedef typename Z : : fas t number type fast number type ;
18 typedef typename Z : : r o o t l i s t t y p e r o o t l i s t t y p e ;
19 typedef typename VCAEZ CFG : : E E;
20 typedef typename VCAEZ CFG : :H H;
21

22

23 s t a t i c E∗ i s o l a t e and remove (H∗ hs , E∗ p , s i z e t y p e& n) {
24 // Desc : He lper f o r Vui l l emin e x t r a c t ( p ) . Writes t r e e s i z e in n .
25 E∗ d ((∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
26 i f (d == 0) {
27 n = (∗ hs ) . remove root (p) ;
28 return 0 ;
29 } e l s e {
30 E∗ r ( i s o l a t e and remove ( hs , d , n) ) ;
31 whi le (p != (∗d) . m o s t s i g n i f i c a n t c h i l d ( ) ) {
32 E∗ s ( (∗d) . s p l i t ( ) ) ;
33 r = fast number type : : i n j e c t ( r , s ) ;
34 }
35 (∗d) . s p l i t ( ) ; // de tach p from d
36 r = fast number type : : i n j e c t ( r , d) ;
37 return r ;
38 }
39 }
40

41 s t a t i c void ex t r a c t (H∗ hs , E∗ p) {
42 // Desc : t he o r i g i n a l Vui l l emin e x t r a c t ( p ) .
43 // Opti : f a s t e r roo t ( and top ) e x t r a c t i o n .
44 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
45
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46 i f ( (∗p) . i s r o o t ( ) ) {
47 s i z e t y p e n ((∗ hs ) . remove root (p) ) ;
48 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
49 i f ( ! ( ∗ p) . i s l e a f ( ) ) {
50 s i z e t y p e dummy;
51 E∗ r ( (∗p) . cons t ruc t (dummy, constant<bool , f a l s e >() ) ) ;
52 fa s t number type hs2 ( r , n−1) ;
53 (∗ hs ) . add ( hs2 ) ;
54 }
55 } e l s e {
56 s i z e t y p e n ;
57 E∗ s ( i s o l a t e and remove ( hs , p , n) ) ; // Hn−1, Hn−2 , . .Hp .
58

59 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
60 E∗ t ( (∗p) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
61 i f ( t != 0) {
62 s i z e t y p e dummy;
63 E∗ r ( (∗p) . cons t ruc t (dummy, constant<bool , f a l s e >() ) ) ; // Hp−1 , . .H0 .
64 s = fast number type : : i n j e c t r a n g e ( s , r , t ) ;
65 }
66 fa s t number type hs2 ( s , n−1) ;
67 (∗ hs ) . add ( hs2 ) ;
68 }
69 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
70 a s s e r t ( (∗p) . he ight ( ) == 0) ;
71 a s s e r t ( (∗ hs ) . i s v a l i d ( ) ) ;
72 }
73 } ;
74 }
75 #end i f

A.18 join_schedule_policies.hpp

1 #i f n d e f CPHSTL JOIN SCHEDULE POLICIES H
2 #de f i n e CPHSTL JOIN SCHEDULE POLICIES H
3 /∗
4 Desc : A l t e r n a t i v e j o i n s ch edu l e p o l i c i e s f o r the redundant b inary number .
5 : ( r e f a c t o r e d out o f r edundant b inary number sys t em . hpp )
6 : They are named ” f a t ” , ”medium” , ” l i g h t ” and ” u l t r a l i g h t ”.
7 : None o f the p o l i c i e s e x c ep t from medium use dynamic memory
8 : a l l o c a t i o n , once i n s t a n t i a t e d . The medium we igh t p o l i c y i s
9 : t h e s tandard CPH STL dynamic memory a l l o c a t i n g j o i n s ch edu l e .

10 : The l i g h t and u l t r a l i g h t r e l i e s on b i t s c ann i n g r o o t l i s t s .
11 : The f a t p o l i c y uses a s t a c k based on a p r e a l l o c a t e d array .
12 Auth : Asger Bruun 2009−2010
13

14 Ref : Amr Elmasry , Claus Jensen , and Jy r k i Kataja inen .
15 : Relaxed weak queues : An a l t e r n a t i v e to run−r e l a x e d heaps .
16 : CPH STL Report 2005−2 , Department o f Computer Science ,
17 : Un i v e r s i t y o f Copenhagen (2005) .
18 ∗/
19

20 #inc lude <deque>
21 #inc lude <stack> // f o r the medium po l i c y
22 //#in c l u d e <vec tor> // f o r the f a t p o l i c y
23 #inc lude <array> // f o r the f a t p o l i c y
24 #inc lude <c l i m i t s > // CHAR BIT f o r the f a t p o l i c y
25

26

27 #inc lude ”redundant binary number system . hpp”
28

29

30 namespace cphs t l {
31

32 template < i n t N> s t r u c t s t a t i c l o g b {
33 enum { value = ( s t a t i c l o g b <N/2 > : : va lue + 1) } ;
34 } ;
35 template <> s t r u c t s t a t i c l o g b <1> {
36 enum { value = 0 } ;
37 } ;
38

39 template<typename E>
40 c l a s s j o i n s c h e d u l e u l t r a l i g h t {
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41 // Desc : u l t r a l i g h t does a l l i t s work in p ropa ga t e ca r r y .
42 // (no r e a l s t a c k e x i s t s in t h i s v e r s i on )
43 // Req . : c o r r e c t accu and carry b e f o r e p ropaga t e ca r r y on ly .
44 pub l i c :
45

46 typedef typename E : : he i ght type b i t p o s t y p e ;
47 typedef typename E : : po in t e r po in t e r ;
48

49 j o i n s c h e d u l e u l t r a l i g h t ( ) {}
50

51 po in t e r top node ( ) { return 0 ; }
52 void c l e a r ( ) {}
53 void swap ( j o i n s c h e d u l e u l t r a l i g h t & other ) {
54 }
55

56 // Add a l e a s t s i g n i f i c a n t carry b i t .
57 void push ( b i t po s type , po in t e r ) {}
58 template <typename L> bool i s v a l i d (L∗) { return true ; }
59

60 // Remove l e a s t s i g n i f i c a n t carry b i t .
61 template <typename L> void pop (L∗) {}
62

63 // Remove one s p e c i f i c carry b i t .
64 template <typename L> void drop (L∗ , b i t p o s t y p e ) {}
65

66 // Scan and remove c an c e l l e d carry b i t s .
67 template <typename L> void scan drop (L∗) {}
68

69 // Repairs s c h edu l e a f t e r one i n c r e a s e to top .
70 void r ep l a c e ( po inter , po in t e r ) {}
71

72 template <typename L>
73 void propagate car ry (L∗ t ) {
74 /∗ Desc : Propagate the sma l l e s t carry b i t i f any .
75 Psedu :
76 1 . l o c a t e accu and carry in roo t l i s t and remember b i t p o s i t i o n e ;
77 2 . remove the weakes t node from roo t l i s t and j o i n wi th the o the r ;
78 3 . propaga te the carry b i t a t p o s i t i o n e ;
79 ∗/
80

81 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
82 i f ( (∗ t ) . s i z e . car ry ) {
83 po in t e r p ( (∗ t ) . begin ( ) ) , z ( (∗ t ) . end ( ) ) ;
84

85 typename L : : b i t s c a n n e r bs ( (∗ t ) . s i z e , 0) ;
86 whi le ( ! bs . i s c a r r y ( ) ) {
87 bs . n e x t b i t ( ) ; z = p ; p = L : : nex t ge t (p) ;
88 }
89

90 po in t e r q = L : : nex t ge t (p) ;
91 i f ( ! L : : comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
92 (∗ t ) . r emove a f t e r (p) ;
93 (∗p) . j o i n (q ) ;
94 i f ( ! ( ∗ q ) . p r ev roo tab l e ( ) ) // a f i r s t s i n g l e roo t
95 (∗ t ) . head se t (p) ;
96 } e l s e {
97 (∗ t ) . r emove a f t e r ( z ) ;
98 (∗q ) . j o i n (p) ;
99 i f ( ! ( ∗ p) . p r ev roo tab l e ( ) )

100 (∗ t ) . head se t (q ) ;
101 }
102 (∗ t ) . s i z e . propagate ( bs . cur rent ( ) ) ;
103 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
104 }
105 }
106 } ;
107

108 // ////////////////////////////////////////////////
109

110 template<typename E>
111 c l a s s j o i n s c h e d u l e l i g h t {
112 // Desc : t h i s s c h edu l e has a b e t t e r remove root ( eg . f o r v u i l l em i n e x t r a c t ) .
113 // Req . : c o r r e c t accu and carry b e f o r e every ope ra t i on .
114 pub l i c :
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115

116 typedef typename E : : he i ght type b i t p o s t y p e ;
117 typedef typename E : : s i z e t y p e s i z e t y p e ;
118 typedef typename E : : po in t e r po in t e r ;
119

120 s t a t i c const b i t p o s t y p e none = ˜ b i t p o s t y p e (0) ;
121

122 pr i va t e :
123

124 po in t e r node ;
125 b i t p o s t y p e pos ;
126

127 pub l i c :
128

129 j o i n s c h e d u l e l i g h t ( ) : node (0 ) , pos ( none ) {}
130

131 po in t e r top node ( ) { return node ; }
132 b i t p o s t y p e top pos ( ) { return pos ; }
133

134 void c l e a r ( ) { node = 0 ; pos = none ; }
135 void swap ( j o i n s c h e d u l e l i g h t & other ) {
136 std : : swap ((∗ t h i s ) . node , other . node ) ;
137 std : : swap ((∗ t h i s ) . pos , other . pos ) ;
138 }
139

140 void push ( b i t p o s t y p e carry pos , po in t e r p) {
141 a s s e r t ( ca r ry pos >= 0) ;
142 a s s e r t ( pos == none | | ca r ry pos < pos ) ;
143 node = p ; pos = car ry pos ;
144 }
145

146 template <typename L> bool i s v a l i d (L∗ t ) {
147 i f ( pos == none ) return ( (∗ t ) . s i z e . car ry == 0) ;
148 a s s e r t ( (∗ t ) . s i z e . car ry != 0) ;
149

150 typename L : : b i t s c a n n e r bs ( (∗ t ) . s i z e , 0 ) ;
151 po in t e r p ( (∗ t ) . begin ( ) ) ;
152 whi le ( ! bs . i s c a r r y ( ) ) {
153 bs . n e x t b i t ( ) ; p = L : : next ge t (p) ;
154 }
155 a s s e r t (p == node ) ;
156 return (p == node ) ;
157 }
158

159 template <typename L>
160 void pop (L∗ t ) {
161 // a s s e r t ( carry b i t s have been c a l c u l a t e d ) .
162 a s s e r t ( pos >= 0) ; a s s e r t ( node != 0) ; a s s e r t ( pos != none ) ;
163 node = L : : nex t ge t ( node ) ;
164 typename L : : b i t s c a n n e r bs ( (∗ t ) . s i z e , (∗ t ) . j s . pos ) ;
165 i f ( bs . has more carry ( ) ) {
166 whi le ( ! bs . i s c a r r y ( ) ) {
167 bs . n e x t b i t ( ) ; node = L : : nex t ge t ( node ) ;
168 }
169 pos = bs . b i t p o s ( ) ;
170 } e l s e { node = 0 ; pos = none ; }
171 }
172

173 template <typename L>
174 void drop (L∗ t , b i t p o s t y p e ca r ry pos ) {
175 a s s e r t ( ca r ry pos >= 0) ;
176 i f ( ca r ry pos == pos ) pop ( t ) ;
177 }
178

179 template <typename L>
180 void scan drop (L∗ t ) {
181 whi le ( ( pos != none ) && ! b i t t e s t ( (∗ t ) . s i z e . carry , pos ) )
182 pop ( t ) ;
183 }
184

185 void r ep l a c e ( po in t e r replacement , po in t e r d) {
186 a s s e r t ( replacement != 0) ; a s s e r t (d != 0) ;
187 i f ( node == d) node = replacement ;
188 }
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189

190 template <typename L>
191 void propagate car ry (L∗ t ) {
192 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
193 i f ( (∗ t ) . s i z e . car ry ) {
194 po in t e r p( node ) ;
195 po in t e r q = L : : nex t ge t (p) ;
196 b i t p o s t y p e ca r ry pos ( pos ) ;
197 (∗ t ) . s i z e . propagate (1 << pos ) ;
198 (∗ t ) . j s . pop ( t ) ;
199 i f ( ! L : : comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
200 (∗ t ) . remove (q ) ; // r o o t l i s t : : remove
201 (∗p) . j o i n (q ) ;
202 } e l s e {
203 (∗ t ) . remove (p) ;
204 p = (∗q ) . j o i n (p) ;
205 }
206 i f ( b i t t e s t ( (∗ t ) . s i z e . carry , ca r ry pos +1) )
207 (∗ t ) . j s . push ( ca r ry pos +1, p) ;
208 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
209 }
210 }
211 } ;
212

213 // ////////////////////////////////////////////////
214

215 template<typename E>
216 c l a s s jo in schedule medium {
217 // Desc : t h i s s c h edu l e i s t he one from the cph s t l weak queue .
218 pub l i c :
219

220 typedef typename E : : s i z e t y p e s i z e t y p e ;
221 typedef typename E : : he i ght type b i t p o s t y p e ;
222 typedef typename E : : po in t e r po in t e r ;
223

224 s t a t i c const b i t p o s t y p e none = ˜ b i t p o s t y p e (0) ;
225

226 pr i va t e :
227

228 s t r u c t s t a ck en t ry {
229 po in t e r carry node ;
230 b i t p o s t y p e ca r ry pos ;
231

232 s t a ck en t ry ( po in t e r carry node , b i t p o s t y p e ca r ry pos )
233 : car ry node ( carry node ) , ca r ry pos ( ca r ry pos ) {}
234 } ;
235

236 typedef typename E : : a l l o c a t o r t y p e : : template
237 rebind<s tack ent ry > : : o ther a l l o c a t o r t y p e ;
238

239 typedef std : : stack<s t a ck en t ry
240 , s td : : deque<s tack ent ry , a l l o c a t o r t y p e > > s tack type ;
241

242 s tack type s t k ;
243

244 pub l i c :
245

246 jo in schedule medium ( ) : s t k ( ) {}
247

248 po in t e r top node ( ) {
249 return s t k . empty ( ) ?0 : s t k . top ( ) . car ry node ;
250 }
251 b i t p o s t y p e top pos ( ) {
252 return s t k . empty ( ) ?none : s t k . top ( ) . ca r ry pos ;
253 }
254

255 void c l e a r ( ) { whi le ( ! s t k . empty ( ) ) s t k . pop ( ) ; }
256 void swap ( jo in schedule medium & other ) {
257 std : : swap ((∗ t h i s ) . s tk , other . s t k ) ;
258 }
259

260 void push ( b i t p o s t y p e carry pos , po in t e r p) {
261 a s s e r t ( ca r ry pos >= b i t p o s t y p e (0) && car ry pos <= b i t p o s t y p e ( s i z e o f ( s i z e t y p e ) ∗8) ) ;
262 i f ( ! s t k . empty ( ) ) { a s s e r t ( ca r ry pos < s t k . top ( ) . ca r ry pos ) ; }
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263 s t a ck en t ry e (p , ca r ry pos ) ;
264 s t k . push ( e ) ;
265 }
266

267 template <typename L> bool i s v a l i d (L∗) { return true ; }
268

269 template <typename L>
270 void pop (L∗ /∗ i gnored ∗/ ) {
271 a s s e r t ( ! s t k . empty ( ) ) ;
272 s t k . pop ( ) ;
273 }
274

275 template <typename L>
276 void drop (L∗ /∗ i gnored ∗/ , b i t p o s t y p e ca r ry pos ) {
277 s tack type tmp ;
278 whi le ( ! s t k . empty ( ) ) {
279 i f ( s t k . top ( ) . ca r ry pos == car ry pos ) {
280 s t k . pop ( ) ;
281 break ;
282 } e l s e {
283 tmp . push ( s t k . top ( ) ) ;
284 s t k . pop ( ) ;
285 }
286 }
287 whi le ( ! tmp . empty ( ) ) {
288 s t k . push (tmp . top ( ) ) ;
289 tmp . pop ( ) ;
290 }
291 }
292

293 template <typename L>
294 void scan drop (L∗ t ) {
295 s tack type tmp ;
296 whi le ( ! s t k . empty ( ) ) {
297 i f ( ! b i t t e s t ( (∗ t ) . s i z e . carry , s t k . top ( ) . ca r ry pos ) )
298 s t k . pop ( ) ;
299 e l s e {
300 tmp . push ( s t k . top ( ) ) ;
301 s t k . pop ( ) ;
302 }
303 }
304 whi le ( ! tmp . empty ( ) ) {
305 s t k . push (tmp . top ( ) ) ;
306 tmp . pop ( ) ;
307 }
308 }
309

310 void r ep l a c e ( po in t e r replacement , po in t e r d) {
311 s tack type tmp ;
312 whi le ( ! s t k . empty ( ) ) {
313 i f ( s t k . top ( ) . car ry node == d) {
314 s t a ck en t ry e ( replacement , s t k . top ( ) . ca r ry pos ) ;
315 tmp . push ( e ) ;
316 break ;
317 } e l s e {
318 tmp . push ( s t k . top ( ) ) ;
319 s t k . pop ( ) ;
320 }
321 }
322 whi le ( ! tmp . empty ( ) ) {
323 s t k . push (tmp . top ( ) ) ;
324 tmp . pop ( ) ;
325 }
326 }
327

328 template <typename L>
329 void propagate car ry (L∗ t ) {
330 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
331 i f ( (∗ t ) . s i z e . car ry ) {
332 po in t e r p ( (∗ t ) . j s . top node ( ) ) ;
333 po in t e r q (L : : nex t ge t (p) ) ;
334 i f ( ! L : : comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
335 (∗ t ) . remove (q ) ; // r o o t l i s t : : remove
336 (∗p) . j o i n (q ) ;
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337 } e l s e {
338 (∗ t ) . remove (p) ;
339 p = (∗q ) . j o i n (p) ;
340 }
341 b i t p o s t y p e cur r po s ( (∗ t ) . j s . top pos ( ) ) ;
342 (∗ t ) . j s . pop ( t ) ;
343 (∗ t ) . s i z e . propagate ( s i z e t y p e (1) << cur r po s ) ;
344 ++cur r pos ;
345 i f ( b i t t e s t ( (∗ t ) . s i z e . carry , cu r r po s ) )
346 (∗ t ) . j s . push ( curr pos , p) ;
347 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
348 }
349 }
350 } ;
351

352 // ////////////////////////////////////////////////
353

354 template<typename E>
355 c l a s s j o i n s c h e d u l e f a t {
356 // Desc : t h i s s c h edu l e i s op t imi s ed f o r cph s t l e x t r a c t .
357 pub l i c :
358

359 typedef typename E : : s i z e t y p e s i z e t y p e ;
360 // t y p e d e f typename E : : h e i g h t t y p e b i t p o s t y p e ; // GCC doesn ’ t l i k e .
361 typedef unsigned in t b i t p o s t y p e ;
362 typedef typename E : : po in t e r po in t e r ;
363

364 s t a t i c const b i t p o s t y p e none = ˜ b i t p o s t y p e (0) ;
365

366 pr i va t e :
367

368 s t r u c t s t a ck en t ry {
369 po in t e r carry node ;
370 b i t p o s t y p e ca r ry pos ;
371 } ;
372

373 s t a t i c const b i t p o s t y p e max stack
374 = ( s i z e o f ( s i z e t y p e )∗CHAR BIT/2) − ( s t a t i c l o g b <s i z e o f (E) > : : va lue /2) ;
375

376 // s t d : : s t a c k i s not an op t i on because we need random acce s s .
377 std : : array<s tack ent ry , max stack> s t k ;
378 b i t p o s t y p e top ;
379 // i s b e t t e r than : s t a c k e n t r y s t k [ max s tack ] ;
380

381 s i z e t y p e b i t v a l ( b i t p o s t y p e pos ) {
382 a s s e r t ( pos != none ) ;
383 return s i z e t y p e (1) << pos ;
384 }
385

386 pub l i c :
387

388 j o i n s c h e d u l e f a t ( ) : /∗ s t k ( max s tack ) , ∗/ top ( none ) {}
389

390 po in t e r top node ( ) {
391 return top == none ?0 : s t k [ top ] . carry node ;
392 }
393 b i t p o s t y p e top pos ( ) {
394 return top == none?none : s t k [ top ] . ca r ry pos ;
395 }
396

397 void c l e a r ( ) { top = none ; }
398

399 void swap ( j o i n s c h e d u l e f a t & other ) {
400 std : : swap ((∗ t h i s ) . top , other . top ) ;
401 (∗ t h i s ) . s t k . swap ( other . s t k ) ;
402 }
403

404 void push ( b i t p o s t y p e carry pos , po in t e r p) {
405 a s s e r t ( ca r ry pos >= 0 && car ry pos <= ( s i z e o f ( s i z e t y p e ) ∗8) ) ;
406 i f ( top != none ) {
407 a s s e r t ( ca r ry pos < s t k [ top ] . ca r ry pos ) ;
408 ++top ;
409 } e l s e top = 0 ;
410 s t k [ top ] . ca r ry pos = car ry pos ;
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411 s t k [ top ] . carry node = p ;
412 }
413

414 template <typename L> bool i s v a l i d (L∗) { return true ; }
415

416 template <typename L>
417 void pop (L∗ /∗ i gnored ∗/ ) {
418 a s s e r t ( top != none ) ;
419 i f ( top == 0) top = none ;
420 e l s e −−top ;
421 }
422

423 template <typename L>
424 void drop (L∗ /∗ i gnored ∗/ , b i t p o s t y p e ca r ry pos ) {
425 i f ( top != none ) {
426 b i t p o s t y p e i (0 ) ;
427 whi le ( s t k [ i ] . c a r ry pos != car ry pos && i != ( top +1) ) {
428 a s s e r t ( i <= top ) ;
429 ++i ;
430 }
431 i f ( i <= top ) {
432 whi le ( i != top ) {
433 s t k [ i ] = s t k [ i +1] ;
434 ++i ;
435 }
436 i f ( top == 0) top = none ;
437 e l s e −−top ;
438 }
439 }
440 }
441

442 template <typename L>
443 void scan drop (L∗ t ) {
444 a s s e r t ( top != none ) ;
445 b i t p o s t y p e i (0 ) ;
446 f o r ( b i t p o s t y p e j (1 ) , e ( top +1) ; j < e ; ++j ) {
447 i f ( ( ( b i t v a l ( s t k [ i ] . c a r ry pos ) ) & (∗ t ) . s i z e . car ry ) != 0)
448 ++i ;
449 e l s e i f ( ( ( b i t v a l ( s t k [ j ] . c a r ry pos ) ) & (∗ t ) . s i z e . car ry ) != 0)
450 s t k [ i ] = s t k [ j ] ;
451 }
452 i f ( ( ( b i t v a l ( s t k [ i ] . c a r ry pos ) ) & (∗ t ) . s i z e . car ry ) != 0) top = i ;
453 e l s e i f ( i == 0) top = none ;
454 e l s e top = i −1;
455 }
456

457 void r ep l a c e ( po in t e r replacement , po in t e r d) {
458 i f ( top != none ) {
459 f o r ( b i t p o s t y p e i (0 ) ; i <= top ; ++i ) {
460 i f ( s t k [ i ] . car ry node == d) {
461 s t k [ i ] . car ry node = replacement ;
462 break ;
463 }
464 }
465 }
466 }
467

468 template <typename L>
469 void propagate car ry (L∗ t ) {
470 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
471 i f ( (∗ t ) . s i z e . car ry ) {
472 a s s e r t ( top != none ) ;
473 po in t e r p ( (∗ t ) . j s . top node ( ) ) ;
474 po in t e r q (L : : nex t ge t (p) ) ;
475 i f ( ! L : : comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
476 (∗ t ) . remove (q ) ; // ( i e . r o o t l i s t : : remove )
477 (∗p) . j o i n (q ) ;
478 i f ( ! ( ∗ q ) . p r ev roo tab l e ( ) ) // i s l e a f
479 (∗ t ) . head se t (p) ;
480 } e l s e {
481 (∗ t ) . remove (p) ;
482 (∗q ) . j o i n (p) ;
483 i f ( ! ( ∗ p) . p r ev roo tab l e ( ) ) // i s l e a f
484 (∗ t ) . head se t (q ) ;
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485 p = q ;
486 }
487 b i t p o s t y p e cur r po s ( (∗ t ) . j s . top pos ( ) ) ;
488 (∗ t ) . j s . pop ( t ) ;
489 (∗ t ) . s i z e . propagate ( b i t v a l ( cu r r po s ) ) ;
490 ++cur r pos ;
491 i f ( ( (∗ t ) . s i z e . car ry & ( b i t v a l ( cu r r po s ) ) ) != 0)
492 (∗ t ) . j s . push ( curr pos , p) ;
493 }
494 a s s e r t ( (∗ t ) . i s v a l i d ( ) ) ;
495 }
496 } ;
497 }
498 #end i f

A.19 light_binomial_node.hpp

1 /∗
2 Desc : A b inomia l two−po i n t e r non temp la t ed node base .
3 Auth : J y r k i Katajainen , Asger Bruun c© 2009
4 S ta t : 20091025 i s r o o t i s n t s a f e any more !
5 Note : Owner−po i n t e r are o f f e r e d on ly from pseudo roo t .
6 This s t r u c t u r e uses one out o f s e v e r a l p o s s i b l e
7 2−po i n t e r arrangements , where on ly the u n i d i r e c t i o n a l
8 roo t l i s t v e r s i on are f u l l y d e f i n e d .
9 Ref : We j u s t drew the node s t r u c t u r e on the b l a c k board .

10 I t o f f e r s a n i ce su c c e s s o r f un c t i on in cons t t ime .
11 The de s i gn i s obv ious , bu t we f i n d no r e f e r e n c e s .
12 20091029 We e x e r c i s e d t h i s s t r u c t u r e one more time
13 on the b l a c k board and r e a l i s e d t h a t the path from
14 l e a f to roo t i s l g (n) ˆ2 , i e . p r o bab l y o f no
15 p r a c t i c a l use , though perhaps b e a u t i f u l .
16

17 ∗ o
18 ∗ !
19 ∗ o
20 ∗ : \
21 ∗ o o o o
22 ∗ | :\ : \
23 ∗ o o o o o o
24 ∗ | | :\
25 ∗ o o o o
26 ∗ |
27 ∗ o
28 ∗/
29

30

31 #i f n d e f CPHSTL PQFW BINOMIAL TWO PTR NODE H
32 #de f i n e CPHSTL PQFW BINOMIAL TWO PTR NODE H
33

34 #inc lude ” a s s e r t . h++” // a s s e r t
35 #inc lude <cs tdde f> // s t d : : s i z e t
36 #inc lude <s t r i ng> // s t d : : s t r i n g
37 #inc lude <iostream> // s t d : : ostream + s t d : : o s t r i n g s t r e am
38 #inc lude <sstream> // s t d : : ss tream
39

40 #inc lude ” r o o t l i s t . hpp”
41

42 namespace cphs t l {
43 namespace pqfw node {
44 c l a s s l i g h t b i n o m i a l n o d e b a s e {
45 typedef l i g h t b i n o m i a l n o d e b a s e N;
46

47 union {
48 void ∗ owner ;
49 N∗ s ; // s i b l i n g or parent
50 // s ˜ c h i l d ?pwh− l e f t : pwh−d i s t i n g u i s h e d −ance s t o r
51 } ;
52 N∗ c h i l d ; // ˜ pwh−r i g h t
53

54 l i g h t b i n o m i a l n o d e b a s e (N const&) ;
55 N& operator=(N const&) ;
56
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57 pub l i c :
58

59 typedef l i g h t b i n o m i a l n o d e b a s e node base ;
60 typedef std : : s i z e t s i z e t y p e ;
61 typedef unsigned char he ight type ; // a s s e r t ( s i z e o f ( vo id ∗) <= (256/8) ) ;
62 // t y p e d e f r o o t l i s t <N> r o o t l i s t t y p e ;
63

64 s t r u c t ho l e type {
65 enum placements {empty , root , r i ght , wrong } ;
66 placements placement ;
67 N∗ da ;
68 union {
69 N∗ q ; // b ino parent or p r e v s i b l i n g / weak r i g h t or wrong parent
70 void ∗ owner ;
71 } ;
72

73 ho l e type ( ) : placement ( empty ) , da (0) , q (0 ) {}
74

75 ho l e type (N∗ n , bool a u t o s p l i c e o u t , bool f o r c ed= f a l s e )
76 : da ( (∗n) . d i s t i n g u i s h e d a n c e s t o r ( ) )
77 {
78 a s s e r t (n != 0) ;
79 i f ( da==0) {
80 placement = root ;
81 owner = (∗n) . owner ;
82 } e l s e {
83 N∗ p = (∗n) . parent ( ) ; a s s e r t (p != 0) ;
84 N∗ ps = (∗n) . p r e v s i b l i n g (p) ;
85 placement = ( ps == 0) ? r i g h t : wrong ;
86 q = ( ps == 0) ?p : ps ;
87 }
88 a s s e r t ( i s v a l i d ( ) ) ;
89 i f ( ( a u t o s p l i c e o u t && d o s p l i c e ( ) ) | | f o r c ed ) {
90 a s s e r t ( i s v a l i d ( ) ) ;
91 switch ( placement ) {
92 case ho l e type : : root : (∗n) . owner = 0 ; break ;
93 case ho l e type : : r i g h t : (∗q ) . r i g h t s p l i t ( ) ; break ;
94 case ho l e type : : wrong : (∗q ) . wrong sp l i t ( ) ; break ;
95 de f au l t : a s s e r t (0 ) ;
96 }
97 a s s e r t ( i s r o o t ( ) ) ;
98 }
99 }

100 bool i s r o o t ( ) const { return da==0; }
101 bool d o s p l i c e ( ) { return ! i s r o o t ( ) ; }
102 bool i s v a l i d ( ) const {
103 bool h o l e i s v a l i d = t h i s !=0 && placement !=empty
104 && (( placement != root && q!=0 && (∗q ) . i s v a l i d ( ) )
105 | | placement==root ) ;
106 a s s e r t ( h o l e i s v a l i d ) ;
107 return h o l e i s v a l i d ;
108 }
109 } ;
110 ho l e type s p l i c e o u t ( bool f o r c ed= f a l s e ) {
111 ho l e type ho le ( th i s , true , f o r c ed ) ;
112 return ho le ;
113 }
114 template <typename H>
115 void s p l i c e i n ( ho l e type& hole , H& /∗ h e ap s t o r e ∗/ , bool f o r c ed= f a l s e ) {
116 i f ( ! ( ho le . d o s p l i c e ( ) | | f o r c ed ) ) return ;
117 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
118 a s s e r t ( ho le . i s v a l i d ( ) ) ;
119 switch ( ho le . placement ) {
120 case ho l e type : : root :
121 (∗ t h i s ) . owner = hole . owner ;
122 break ;
123 case ho l e type : : r i g h t : (∗ ho le . q ) . r i g h t j o i n ( t h i s ) ; break ;
124 case ho l e type : : wrong : (∗ ho le . q ) . wrong jo in ( t h i s ) ; break ;
125 de f au l t : a s s e r t (0 ) ;
126 }
127 ho le . placement = ho l e type : : empty ;
128 }
129 void s p l i c e i n ( ho l e type& hole ) {
130 i f ( ! ho le . d o s p l i c e ( ) ) return ;
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131 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
132 a s s e r t ( ho le . i s v a l i d ( ) ) ;
133 switch ( ho le . placement ) {
134 case ho l e type : : root :
135 (∗ t h i s ) . owner = hole . owner ;
136 break ;
137 case ho l e type : : r i g h t : (∗ ho le . q ) . r i g h t j o i n ( t h i s ) ; break ;
138 case ho l e type : : wrong : (∗ ho le . q ) . wrong jo in ( t h i s ) ; break ;
139 de f au l t : a s s e r t (0 ) ;
140 }
141 ho le . placement = ho l e type : : empty ;
142 }
143

144

145 l i g h t b i n o m i a l n o d e b a s e ( ) : s (0 ) , c h i l d (0 ) {}
146

147

148 // p r o p e r t i e s .
149

150 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return s i z e o f (N) ; }
151 bool i s v a l i d ( ) const { return t h i s !=0; }
152 // boo l ha s pa r en t ( ) cons t { r e tu rn parent ( ) !=0; }
153 bool i s o t h e r r o o t ( ) const {
154 a s s e r t ( i s v a l i d ( ) ) ;
155 return s != 0 && ((∗ s ) . s == t h i s ) ;
156 }
157 bool h a s c h i l d (N const ∗ p) const {
158 //?? a s s e r t ( c h i l d != 0) ;
159 a s s e r t ( i s v a l i d ( ) ) ;
160 a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
161 bool yes ( f a l s e ) ;
162 f o r (N∗ c ( c h i l d ) ; c != 0 && c != t h i s ; c = (∗ c ) . s ) {
163 i f (p == c ) { yes = true ; break ; }
164 }
165 return yes ;
166 }
167 bool i s r o o t ( ) const {
168 a s s e r t ( i s v a l i d ( ) ) ;
169 i f ( s == 0) return true ; // c l ean and i s o l a t e d roo t .
170 i f ( (∗ s ) . s == t h i s ) return true ; // roo t wi th pseudo roo t or pseudo roo t .
171 i f ( c h i l d == 0) return ! (∗ s ) . h a s c h i l d ( t h i s ) ; // roo t l i s t e d roo t wi th zero h e i g h t

.
172

173 N∗ p = (N∗) t h i s ; // l o c a t e parent i f any
174 whi le (p != 0) {
175 i f ( (∗p) . c h i l d == 0) break ;
176 p = (∗p) . s ;
177 }
178 i f (p == 0) return true ; // roo t l i s t e d roo t h e i g h e r than zero .
179 a s s e r t ( (∗p) . s != 0) ;
180 return ( ! ( ∗ ( ∗ p) . s ) . h a s c h i l d ( t h i s ) ) ;
181 }
182

183 bool i s l e a f ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return c h i l d == 0 ; }
184 bool i s marked ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return f a l s e ; } // ??
185

186 void ∗ owner ( ) const { a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ; return owner ; }
187 void∗& owner ( ) { a s s e r t ( (∗ t h i s ) . i s r o o t ( ) ) ; return owner ; }
188

189 N∗ root ( ) const {
190 // Desc : f i n d roo t . T(n) : O( l g (n) ) . ES : no throw .
191 a s s e r t ( i s v a l i d ( ) ) ;
192 N∗ p = (N∗) t h i s ;
193 whi le ( ! (∗p) . i s r o o t ( ) ) { p = (∗p) . s ; }
194 return p ;
195 }
196

197 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
198 a s s e r t ( i s v a l i d ( ) ) ;
199 return parent ( ) ;
200 }
201 N∗ d i s t i ngu i shed de s c endant ( ) const {
202 a s s e r t ( i s v a l i d ( ) ) ;
203 return (∗ t h i s ) . i s r o o t ( ) ? c h i l d ( ) : s i b l i n g ( ) ;
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204 }
205

206 N const ∗ s u c c e s s o r ( ) const {
207 // Desc : ” c h i l d f i r s t ”−ordered t r a v e r s a l .
208 // T(n) : O(1) . ES : no throw .
209 a s s e r t ( i s v a l i d ( ) ) ;
210 i f ( c h i l d != 0) return c h i l d ;
211 e l s e i f ( s != 0)
212 return (∗ s ) . s ;
213 e l s e return 0 ;
214 }
215 N ∗ s u c c e s s o r ( ) {
216 // Desc : ” c h i l d f i r s t ”−ordered t r a v e r s a l .
217 // T(n) : O(1) . ES : no throw .
218 a s s e r t ( i s v a l i d ( ) ) ;
219 i f ( c h i l d != 0) return c h i l d ;
220 e l s e i f ( s != 0)
221 return (∗ s ) . s ;
222 e l s e return 0 ;
223 }
224

225 he ight type he ight ( ) const {
226 // Desc : Slow he i gh t , u s e f u l l f o r a s s e r t i o n s . ES : no throw .
227 a s s e r t ( i s v a l i d ( ) ) ;
228 he ight type h = 0 ;
229 f o r (N∗ c = c h i l d ; c != 0 ; c = (∗ c ) . c h i l d ) { ++h ; }
230 return h ;
231 }
232

233 bool t r e e v a l i d ( ) const {
234 // Desc : check sub−s t r u c t u r e (when debugg ing ) .
235 i f ( t h i s == 0)
236 return f a l s e ;
237

238 i f ( c h i l d ( ) != 0) {
239 N∗ p = (∗ c h i l d ( ) ) . parent ( ) ;
240 i f (p != t h i s )
241 return f a l s e ;
242 i f ( ! ( ∗ c h i l d ( ) ) . t r e e v a l i d ( ) )
243 return f a l s e ;
244 i f ( s i b l i n g ( ) == 0)
245 return true ;
246 e l s e
247 i f ( ! ( ∗ s i b l i n g ( ) ) . t r e e v a l i d ( ) )
248 return f a l s e ;
249

250 return true ;
251 } e l s e return true ;
252 }
253

254 // ope ra t i on s .
255

256 N∗ j o i n (N∗ weaker ) {
257 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
258 // Note : t he owner shou ld ensure ” a s s e r t ( (∗ t h i s ) . h e i g h t ( ) == (∗ weaker ) . h e i g h t ( ) ) ”;
259 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
260 r i g h t j o i n ( weaker ) ;
261 return t h i s ;
262 }
263

264 N∗ m o s t s i g n i f i c a n t c h i l d ( ) {
265 // Desc : r e tu rn the p o t e n t i e l r e tu rn o f a s p l i t .
266 a s s e r t ( i s v a l i d ( ) ) ;
267 return (∗ t h i s ) . c h i l d ;
268 }
269 N∗ s p l i t ( ) {
270 // Desc : s p l i t weaker t r e e . T(n) : O(1) . ES : no throw .
271 a s s e r t ( i s r o o t ( ) ) ;
272 return r i g h t s p l i t ( ) ;
273 }
274

275 template <c l a s s Boolean>
276 N∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
277 // Desc : Vui l l emin ” con s t r u c t ”. T(n) : O( l g n) . ES : no throw .

69



278 // I s o l a t e s the roo t from i t s c h i l d s .
279 // Ret : A roo t l i s t in r e v e r s e order o f an r e c u s i v e s p l i t
280 // + t o t a l number o f nodes i n c l u d i n g the roo t .
281 a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
282 N∗ r (0 ) ;
283 i f ( c a l c s i z e ) n = 1 ;
284 f o r (N∗ c ( c h i l d ) ; c != 0 && c != t h i s ; ) {
285 N∗ d ((∗ c ) . s ) ;
286 (∗ c ) . s = r ;
287 r = c ;
288 i f ( c a l c s i z e ) n <<= 1 ;
289 c = d ;
290 }
291 c h i l d = 0 ;
292 return r ;
293 }
294

295 N∗ swap (N∗ p) {
296 // g ene ra l swap not ( y e t ) suppor t ed .
297 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
298 return promote (p) ;
299 }
300

301 void swap roots (N∗ q ) {
302 a s s e r t ( i s r o o t ( ) ) ;
303 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
304

305 N∗ p = t h i s ;
306 std : : swap ((∗p) . ch i l d , (∗q ) . c h i l d ) ;
307 N∗ c = (∗q ) . c h i l d ;
308 whi le ( c != 0 && (∗ c ) . s != p) { c = (∗ c ) . s ; }
309 i f ( c != 0) (∗ c ) . s = q ;
310 c = (∗p) . c h i l d ;
311 whi le ( c != 0 && (∗ c ) . s != q ) { c = (∗ c ) . s ; }
312 i f ( c != 0) (∗ c ) . s = p ;
313 }
314

315 N∗ promote a l t (N∗ p) {
316 // Vui l l emin compa t i b l e .
317 promote (p) ;
318 return (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
319 }
320

321 N∗ promote (N∗ p) {
322 // CPH STL compa t i b l e .
323 /∗
324 ∗ Desc : exchange p o s i t i o n wi th d i s t i n g u i s h e d a n c e s t o r .
325 ∗ T(n) : O( l g (n) ) . ES : no throw .
326 ∗ Note : b inomia l parent = d i s t i n g u i s h e d a n c e s t o r .
327 ∗
328 ∗ g
329 ∗ ˆ \
330 ∗ | \
331 ∗ (1) <− <− p <− f (2)
332 ∗ ˆ \
333 ∗ | \
334 ∗ (3) <− n <− s (4)
335 ∗ ˆ \
336 ∗ | \
337 ∗ <−
338 ∗ (5)
339 ∗
340 ∗ p : parent , s : o l d e s t s i b l i n g ,
341 ∗ g : grandparent , f : grand f i r s t c h i l d )
342 ∗/
343 a s s e r t ( i s v a l i d ( ) && parent ( ) !=0) ;
344 a s s e r t (p == d i s t i n g u i s h e d a n c e s t o r ( ) ) ; // T=l g ?
345

346 N∗ g = (∗p) . parent ( ) ;
347 N∗ pc = (∗p) . c h i l d ;
348 N∗ n = t h i s ;
349 N∗ nc = (∗n) . c h i l d ;
350 N∗ nsp = (∗n) . s ;
351
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352 // 1
353 (∗n) . s = (∗p) . s ;
354

355 // 2
356 i f ( g != 0) {
357 N∗ gc = (∗g ) . c h i l d ;
358 i f (p == gc ) {
359 (∗g ) . c h i l d = n ;
360 } e l s e {
361 whi le ( (∗ gc ) . s != p) gc = (∗ gc ) . s ;
362 (∗ gc ) . s = n ;
363 }
364 }
365

366 // 3
367 i f ( nsp == p) {
368 (∗p) . s = n ;
369 } e l s e {
370 (∗p) . s = nsp ;
371 whi le ( (∗ nsp ) . s != p) nsp = (∗ nsp ) . s ;
372 (∗ nsp ) . s = n ;
373 }
374

375 // 4
376 i f (n == pc ) {
377 (∗n) . c h i l d = p ;
378 } e l s e {
379 (∗n) . c h i l d = pc ;
380 whi le ( (∗ pc ) . s != n) pc = (∗pc ) . s ;
381 (∗pc ) . s = p ;
382 }
383

384 // 5
385 (∗p) . c h i l d = nc ;
386 i f ( nc != 0) {
387 whi le ( (∗ nc ) . s != n) nc = (∗nc ) . s ;
388 (∗nc ) . s = p ;
389 }
390 return t h i s ;
391 }
392

393 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<N>() ; }
394

395 protected :
396

397 template <typename D>
398 std : : s t r i n g s t r ( ) const {
399 std : : o s t r ings t r eam os ;
400 i f ( t h i s == 0) os << ” n i l ” ;
401 e l s e {
402 N∗ x = (∗ t h i s ) . c h i l d ( ) ;
403 i f ( x != 0) {
404 os << ”( ” << (∗ s t a t i c c a s t <D ∗ const >(x ) ) . s t r ( ) ;
405 f o r ( x = (∗x ) . s ; x != t h i s ; x = (∗x ) . s )
406 os << ” , ” << (∗ s t a t i c c a s t <D ∗ const >(x ) ) . s t r ( ) ;
407 os << ”) ” ;
408 }
409 }
410 return os . s t r ( ) ;
411 }
412

413 N∗ c h i l d ( ) const { a s s e r t ( i s v a l i d ( ) ) ; return c h i l d ; }
414

415 N∗ s i b l i n g ( ) const {
416 a s s e r t ( i s v a l i d ( ) ) ;
417 return ( (∗ t h i s ) . c h i l d != 0) ? s : 0 ;
418 }
419 N∗ parent ( ) const {
420 // Desc : f i n d parent . T(n) : O( l g (n) ) . ES : no throw .
421 // Note : r e l i a b l e when s t r u c t u r e i s v a l i d b inomia l ,
422 // i e . dont use dur ing a s p l i c e out .
423 a s s e r t ( i s v a l i d ( ) ) ;
424 i f ( i s r o o t ( ) ) return 0 ;
425 N∗ p = (N∗) t h i s ;
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426 whi le (p != 0 && (∗p) . c h i l d != 0) { p = (∗p) . s ; }
427 a s s e r t (p != 0) ; a s s e r t ( (∗p) . s != 0) ; // because ! i s r o o t
428 return (∗p) . s ;
429 }
430

431 pr iva t e :
432

433 // s u b t r e e s p l i t and j o i n .
434

435 N∗ r i g h t j o i n (N∗ weaker ) {
436 // Desc : j o i n wi th a weaker t r e e . T(n) : O(1) . ES : no throw .
437 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( t h i s !=weaker ) ;
438 a s s e r t ( ! c a r e f u l | | (∗weaker ) . i s r o o t ( ) ) ;
439 i f ( (∗ t h i s ) . c h i l d != 0) (∗weaker ) . s = (∗ t h i s ) . c h i l d ;
440 e l s e (∗weaker ) . s = t h i s ;
441 (∗ t h i s ) . c h i l d = weaker ;
442 return t h i s ;
443 }
444

445 N∗ r i g h t s p l i t ( ) {
446 // Desc : s p l i t o f weaker t r e e . T(n) : O(1) . ES : no throw .
447 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( c h i l d ( ) != 0) ;
448 N∗ b = (∗ t h i s ) . c h i l d ;
449 (∗ t h i s ) . c h i l d = (∗b) . s i b l i n g ( ) ;
450 (∗b) . s = 0 ;
451 return b ;
452 }
453

454 // s p l i c e h e l p e r s .
455

456 N∗ wrong jo in (N∗ younger ) {
457 // Desc : i n s e r t s i b l i n g s u b t r e e . T(n) : O(1) . ES : no throw .
458 a s s e r t ( i s v a l i d ( ) && (∗ younger ) . i s r o o t ( ) && t h i s !=younger ) ;
459 (∗ younger ) . s =(∗ t h i s ) . s ;
460 (∗ t h i s ) . s =younger ;
461 return t h i s ;
462 }
463

464 N∗ wrong sp l i t ( ) {
465 // Desc : un l i n k nex t s i b l i n g s u b t r e e . T(n) : O(1) . ES : no throw .
466 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( s i b l i n g ( ) != 0) ;
467 N∗ b = (∗ t h i s ) . s ;
468 (∗ t h i s ) . s = (∗b) . s ; (∗b) . s = 0 ;
469 return b ;
470 }
471

472 N∗ p r e v s i b l i n g (N∗ known parent ) const { // ” l i g h t weak and b inomia l i d e n t i c a l code ”
473 // Desc : l o c a t e o l d e r s i b l i n g from parent or re turn 0 .
474 // ( use p r e v s i b l i n g ( parent ( ) )
475 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( known parent == (∗ t h i s ) . parent ( ) ) ;
476 i f ( known parent == 0) return 0 ;
477 e l s e {
478 N∗ c = (∗ known parent ) . c h i l d ;
479 i f ( c == t h i s ) c = 0 ;
480 e l s e whi le ( (∗ c ) . s i b l i n g ( ) != t h i s ) c = (∗ c ) . s i b l i n g ( ) ;
481 return c ;
482 }
483 }
484 } ;
485

486 template <>
487 s t r u c t node t r a i t s <l i gh t b inomia l node ba s e > { enum { h a s s p l i c e=1 } ; enum { has owner=0

} ; enum { i s r o o t l i s t a b l e =1 } ; } ;
488 }
489 }
490

491 #end i f

A.20 ms_c_fix.hpp

1 #i f n d e f CPHSTL MS C FIX HPP
2 #de f i n e CPHSTL MS C FIX HPP
3
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4 /∗
5 Desc : Enab l ing l e a k check and add miss ing i l o g when MS Compiler .
6 Auth : Asger Bruun 2009−2010
7 ∗/
8

9 #inc lude <cs tdde f> // s t d : : s i z e t
10

11 #i f d e f MSC VER // msvc l e a k d e t e c t i o n se tup
12 #de f i n e NOMINMAX // use s t d : : min & max .
13 #i f d e f INCLUDE LEAK CHECK
14 #d e f i n e CRTDBG MAP ALLOC
15 #inc lude <s t d l i b . h>
16 #inc lude <crtdbg . h>
17 #inc lude <iostream>
18 #inc lude <type in fo> // t y p e i d
19

20 i n t checked main ( i n t argc , char ∗∗ argv ) ; // the user d e f i n e d main
21 i n t main ( i n t argc , char ∗∗ argv ) {
22 i n t i , j ;
23 CrtSetReportMode ( CRT ASSERT, CRTDBG MODE FILE) ;
24 // s e t your break po i n t s in your user d e f i n e d main l i k e t h i s :
25 // Cr tSe tBreakA l l o c (123) ;
26

27 j = checked main ( argc , argv ) ;
28

29 // wr i t e l e a k r epo r t i f l e a k s were d e t e c t e d .
30 CrtSetReportMode ( CRT WARN, CRTDBG MODE FILE ) ;
31 CrtSetReportF i l e ( CRT WARN, CRTDBG FILE STDERR ) ;
32 i = CrtDumpMemoryLeaks ( ) ;
33 i f ( i ) {
34 std : : cout << ” l eak detected . ” << i << ”\n” ;
35 system ( ”pause ”) ;
36 }
37 return j ;
38 }
39 #d e f i n e main checked main
40 #e l s e
41 #inc lude <s t d l i b . h>
42 #inc lude <crtdbg . h>
43 #inc lude <iostream>
44 #inc lude <type in fo> // t y p e i d
45 #end i f
46

47 #d e f i n e system pause ( ) system ( ”pause ”)
48

49 #e l s e
50 #inc lude <type in fo> // t y p e i d
51 #d e f i n e CrtSetBreakAl loc ( ignored )
52 #d e f i n e system pause ( )
53 #end i f
54

55 //#in c l u d e ” a s s e r t . h++”
56 #inc lude ”b i t man ipu la t i on . h++”
57

58 #i f d e f MSC VER // add miss ing miss ing ” i l o g b ” , in msvc <cmath>.
59 //#in c l u d e < i n t r i n . h> // BitScanForward
60 //#pragma i n t r i n s i c ( BitScanForward , Bi tScanReverse , p op cn t )
61

62 #pragma warning ( d i s a b l e : 4244)
63 #pragma warning ( d i s a b l e : 4127)
64 #pragma warning ( d i s a b l e : 4099)
65 //warning C4244 : ’ argument ’ : conver s ion from ’ doub l e ’ to ’ s i z e t ’ , p o s s i b l e l o s s o f

data
66 //warning C4127 : c o n d i t i o n a l e x p r e s s i on i s cons tan t
67 //warning C4099 : ’ s t d : : pa i r ’ : t ype name f i r s t seen us ing ’ s t r u c t ’ now seen us ing ’

c l a s s ’
68

69 // the f o l l o w i n g warning i n d i c a t e s p o t e n t i a l degraded debugg ing c a p a b i l i t i e s :
70 #pragma warning ( d i s a b l e : 4503)
71 // warning C4503 : decora t ed name l e n g t h exceeded , name was t runca t ed
72

73 // MSC has no i l o g b :
74 s t a t i c unsigned i n t my ilogb ( s i z e t x ) { // i n t e g r a l r e v e r s e o f pw2
75 // a s s e r t ( x>= 1) ;
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76 unsigned in t r e t = 0 ;
77 x = (x>>1) ; whi le ( x != 0) { x = (x>>1) ; ++r e t ; }
78 return r e t ;
79 }
80 i n t i l o g b ( double x ) throw ( ) {
81 return my ilogb (x ) ;
82 }
83

84 namespace std {
85 // s t a t i c uns igned i n t l o g2 ( s i z e t x ) { r e tu rn i l o g b ( x ) ; }
86 unsigned in t l og2 ( s i z e t x ) { return i l o g b (x ) ; }
87 }
88

89

90 #e l i f de f ined ( GNUC )
91 #end i f
92

93 #inc lude <s t r i ng>
94

95 std : : s t r i n g type id name f ix ( std : : t yp e i n f o const& t i ) ;
96

97 std : : s t r i n g s t r r e p l a c e ( std : : s t r i n g s , std : : s t r i n g f , std : : s t r i n g r ) {
98 f o r ( s i z e t p = s . f i nd ( f ) ; p != std : : s t r i n g : : npos ; p = s . f i nd ( f , p+r . l ength ( ) ) )
99 s . r ep l a c e (p , f . s i z e ( ) , r ) ;

100 return s ;
101 }
102

103 #i f de f ined ( GNUC )
104 #inc lude <except ion>
105 #inc lude <iostream>
106 #inc lude <cxxabi . h>
107

108 std : : s t r i n g type id name f ix ( std : : t yp e i n f o const& t i ) {
109 // demangl ing .
110 // r e f : gcc . gnu . org / on l i n edoc s / l i b s t d c++/manual/ bk01pt12ch39 . html
111 i n t s t a tu s ;
112 char ∗ realname ;
113 realname = abi : : cxa demangle ( t i . name ( ) , 0 , 0 , &s ta tu s ) ;
114 // s t d : : cout << t i . name () << ”\ t = > ” << realname << ”\ t : ” << s t a t u s << ’\n ’ ;
115 std : : s t r i n g s ;
116 i f ( s t a tu s == 0) s = realname ;
117 e l s e s = t i . name ( ) ;
118 f r e e ( realname ) ;
119 return s t r r e p l a c e ( s t r r e p l a c e ( s
120 , ” cph s t l : : pqfw node : : ” , ””) , ” cphs t l : : ” , ””) ;
121 }
122 #e l s e
123 std : : s t r i n g type id name f ix ( std : : t yp e i n f o const& t i ) {
124 std : : s t r i n g s ( t i . name ( ) ) ;
125 return s t r r e p l a c e ( s t r r e p l a c e ( s t r r e p l a c e ( s t r r e p l a c e ( s t r r e p l a c e ( s
126 , ” cph s t l : : benchmarking : : ” , ””)
127 , ” cph s t l : : pqfw node : : ” , ””)
128 , ” cph s t l : : ” , ””)
129 , ” c l a s s ” , ””)
130 , ” s t r u c t ” , ””) ;
131 }
132 #end i f
133

134 #end i f // CPHSTL MS C FIX HPP

A.21 node_config.hpp

1 #i f n d e f CPHSTL PQFW NODE CONFIG H
2 #de f i n e CPHSTL PQFW NODE CONFIG H
3

4 /∗
5 Desc : Node type conver s ion and i t e r a t i o n .
6 Auth : Asger Bruun 2009−2010
7 ∗/
8

9 #inc lude ” a s s e r t . h++”
10 #inc lude ”m s c f i x . hpp”
11
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12 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp”
13 #inc lude ” n o d e w i t h i n d i r e c t v a l u e . hpp”
14 #inc lude ”node proxy . hpp”
15 #inc lude ”node wi th facade . hpp”
16

17 #inc lude ”pwh node . hpp”
18 #inc lude ”binomial node . hpp”
19 #inc lude ” l i g h t b i nom i a l no de . hpp”
20 #inc lude ”brown r node . hpp”
21 #inc lude ”brown k node . hpp”
22

23 //#in c l u d e ”weak−heap−node . h++”
24 //#in c l u d e ”pennant−node . h++”
25 //#in c l u d e ” fa t−weak−heap−node . h++”
26

27 namespace cphs t l {
28 namespace pqfw node {
29

30 template <typename V = char
31 , typename C = std : : g reate r<V>
32 , typename A = std : : a l l o c a t o r <V>
33 >
34 s t r u c t node con f i g {
35 template <typename B>
36 s t r u c t n {
37 typedef w facade<w di r e c t va lue<B,V,C,A> > dv ;
38 typedef w facade<w ind i r e c t va lu e <B,V,C,A> > i v ;
39 typedef w facade<proxy<B,V,C,A> > px ;
40 } ;
41

42 // The PQFW nodes are not any l ong e r compa t i b l e :
43 // t y p e d e f weak heap node<V,A> p q fw s t d ;
44 // t y p e d e f f a t weak heap node<V,A> p q f w f a t ;
45 // t y p e d e f pennant node<V,A> pq fw pen ;
46

47 typedef typename n<binomia l node base > : : dv bno 3 dv ; // b inomia l t r e e
48 typedef typename n<pwh node base > : : dv pwh 3 dv ; // p e r f e c t weak heap
49 typedef typename n<l i gh t b inomia l node ba s e > : : dv bno 2 dv ;
50 typedef w facade<brown r node<V,C,A> > bno r dv ;
51 typedef w facade<brown k node<V,C,A> > bno k dv ;
52 typedef w facade<brown r node<V,C,A, f a l s e > > b n o r d v b i d i r ;
53 typedef w facade<brown k node<V,C,A, f a l s e > > bno k dv b id i r ;
54

55 typedef typename n<binomia l node base > : : i v bno 3 iv ;
56 typedef typename n<pwh node base > : : i v pwh 3 iv ;
57 typedef typename n<l i gh t b inomia l node ba s e > : : i v bno 2 iv ;
58 typedef w facade<w ind i r e c t i on<brown r node<V,C,A> > > b no r i v ;
59 typedef w facade<w ind i r e c t i on<brown k node<V,C,A> > > bno k iv ;
60

61 typedef typename n<binomia l node base > : : px bno 3 px ;
62 typedef typename n<pwh node base > : : px pwh 3 px ;
63 typedef typename n<l i gh t b inomia l node ba s e > : : px bno 2 px ;
64

65 template <template <typename E> c l a s s T>
66 s t a t i c void execute ( ) {
67 T<bno 3 dv > : : execute ( ”bno 3 dv ”) ;
68 T<pwh 3 dv > : : execute ( ”pwh 3 dv ”) ;
69 T<bno 2 dv > : : execute ( ”bno 2 dv ”) ;
70 T<bno r dv > : : execute ( ”bno r dv ”) ;
71 T<bno k dv > : : execute ( ”bno k dv ”) ;
72 T<bno 3 iv > : : execute ( ”bno 3 iv ”) ;
73 T<pwh 3 iv > : : execute ( ”pwh 3 iv ”) ;
74 T<bno 2 iv > : : execute ( ”bno 2 iv ”) ;
75 T<bno r iv > : : execute ( ”b n o r i v ”) ;
76 T<bno k iv > : : execute ( ”bno k iv ”) ;
77 T<bno 3 px > : : execute ( ”bno 3 px ”) ;
78 T<pwh 3 px > : : execute ( ”pwh 3 px ”) ;
79 T<bno 2 px > : : execute ( ”bno 2 px ”) ;
80 }
81

82 /∗ to e x e cu t e the above use a node−t yped runner l i k e :
83 t emp la t e <typename E>
84 s t r u c t t e s t {
85 s t a t i c vo id e x e cu t e ( char cons t ∗ f r i e n d l y t y p e name ) { . . . ; }
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86 } ;
87 ∗/
88 } ;
89 }
90 }
91 #end i f

A.22 node_proxy.hpp

1 #i f n d e f CPHSTL PQFW NODE PROXY HPP
2 #de f i n e CPHSTL PQFW NODE PROXY HPP
3

4 /∗
5 Desc : Pub l i c i n t e r f a c e i s a proxy .
6 Feat : Except ion s a f e e lement ass ignment .
7 Auth : J y r k i Katajainen , Asger Bruun c© 2009
8 S ta t : 2091010 t e s t e d ok wi th ms−compi l e r and gcc 4 . 3 . 3 .
9 Prob : Discuss and f i n d agreement on the a l l o c a t o r l o c a t i o n .

10 ∗ −> (n)
11 ∗ |
12 ∗ [ v ]
13 ∗/
14

15 #inc lude <s t r i ng> // s t d : : s t r i n g
16 #inc lude <iostream> // s t d : : ostream
17 #inc lude <memory> // s t d : : a l l o c a t o r
18

19 #inc lude ” l i g h t b i nom i a l no de . hpp”
20 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp”
21 #inc lude ”node wi th facade . hpp”
22

23 namespace cphs t l {
24 namespace pqfw node {
25 template < typename B
26 , typename V
27 , typename C
28 , typename A
29 >
30 c l a s s proxy ;
31

32 template < typename B = l i g h t b i n o m i a l n o d e b a s e
33 , typename V = char
34 , typename C = std : : l e s s <V>
35 , typename A = std : : a l l o c a t o r <V>
36 >
37 s t r u c t proxy sub j e c t e l ement type {
38 typedef proxy<B,V,C,A> P;
39 V value ;
40 P∗ prx pt r ;
41 proxy sub j e c t e l ement type (V const& v , P∗ prx pt r ) : va lue (v ) , p rx pt r ( prx pt r ) {}
42 proxy sub j e c t e l ement type ( p roxy sub j e c t e l ement type const& c ) : value ( c . va lue ) ,

p rx pt r ( c . p rx pt r ) {}
43 pr iva t e :
44 proxy sub j e c t e l ement type& operator = ( proxy sub j e c t e l ement type const& c ) ;
45 } ;
46

47 template < typename B = l i g h t b i n o m i a l n o d e b a s e
48 , typename V = char
49 , typename C = std : : l e s s <V>
50 , typename A = std : : a l l o c a t o r <V>
51 >
52 c l a s s proxy {
53 typedef proxy<B,V,C,A> PE;
54 typedef proxy sub jec t e l ement type<B,V,C,A> sub j e c t e l ement type ;
55 typedef w di r e c t va lue<B, sub j ec t e l ement type> I ;
56 I ∗ s u b j e c t ; // the r e a l s u b j e c t
57

58 proxy ( ) ;
59 proxy ( proxy const&) ;
60 proxy& operator = ( proxy const&) ;
61

62 pub l i c :
63
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64 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = f a l s e ;
65

66 typedef V va lue type ;
67 typedef C comparator type ;
68 typedef typename A: : template rebind<I > : : o ther a l l o c a t o r t y p e ;
69 typedef typename I : : s i z e t y p e s i z e t y p e ;
70 typedef typename I : : h e i ght type he i ght type ;
71 typedef typename I : : ho l e type ho l e type ;
72 typedef B node base type ;
73 // t y p e d e f typename B : : r o o t l i s t t y p e r o o t l i s t t y p e ;
74

75 pr iva t e :
76

77 s t a t i c a l l o c a t o r t y p e a l l o ;
78

79 pub l i c :
80

81 proxy (V const& v) {
82 s u b j e c t = a l l o . a l l o c a t e (1 ) ;
83 try { new ( s u b j e c t ) I ( sub j e c t e l ement type (v , t h i s ) ) ; }
84 catch ( . . . ) { a l l o . d e a l l o c a t e ( sub j e c t , 1) ; throw ; }
85 }
86

87 ˜proxy ( ) {
88 (∗ s u b j e c t ) . ˜ I ( ) ;
89 a l l o . d e a l l o c a t e ( sub j e c t , 1) ;
90 }
91

92 V const& element ( ) const { return (∗ s u b j e c t ) . element ( ) . va lue ; }
93

94 V& element ( ) {
95 return (∗ s u b j e c t ) . element ( ) . va lue ;
96 }
97

98 void e l e m e n t s a f e s e t (V const& v) {
99 I ∗ i = a l l o . a l l o c a t e (1 ) ;

100 try {
101 new ( i ) I ( sub j e c t e l ement type (v , t h i s ) ) ; // might throw .
102 (∗ s u b j e c t ) . swap ( i ) ;
103 std : : swap ( sub j e c t , i ) ;
104 a l l o . d e a l l o c a t e ( i , 1) ;
105 }
106 catch ( . . . ) { a l l o . d e a l l o c a t e ( i , 1) ; throw ; }
107 }
108

109 // p r o p e r t i e s .
110 s t a t i c typename B : : s i z e t y p e f o o t p r i n t ( ) {
111 return s i z e o f (PE)+I : : f o o t p r i n t ( ) ;
112 }
113 bool i s v a l i d ( ) const { return ( t h i s != 0) && (∗ s u b j e c t ) . i s v a l i d ( ) ; }
114 bool i s r o o t ( ) const { return (∗ s u b j e c t ) . i s r o o t ( ) ; }
115 bool i s l e a f ( ) const { return (∗ s u b j e c t ) . i s l e a f ( ) ; }
116 bool i s marked ( ) const { return (∗ s u b j e c t ) . i s marked ( ) ; }
117 he ight type he ight ( ) const { return (∗ s u b j e c t ) . he ight ( ) ; }
118

119 void ∗ owner ( ) const { return (∗ s u b j e c t ) . owner ( ) ; }
120 void∗& owner ( ) { return (∗ s u b j e c t ) . owner ( ) ; }
121

122 PE∗ root ( ) const {
123 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . root ( ) ) ) ;
124 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
125 }
126

127 PE∗ m o s t s i g n i f i c a n t c h i l d ( ) const {
128 // Desc : l o c a t e weaker s u b t r e e b e f o r e an a c t u a l s p l i t .
129 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ) ;
130 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
131 }
132

133 PE∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
134 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ) ;
135 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
136 }
137
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138 PE∗ d i s t i ngu i shed de s c endant ( ) const {
139 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . d i s t i ngu i shed de s c endant ( ) ) ) ;
140 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
141 }
142

143 PE const ∗ s u c c e s s o r ( ) const {
144 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . s u c c e s s o r ( ) ) ) ;
145 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
146 }
147 PE ∗ s u c c e s s o r ( ) {
148 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . s u c c e s s o r ( ) ) ) ;
149 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
150 }
151

152 bool t r e e v a l i d ( ) const { return (∗ s u b j e c t ) . t r e e v a l i d ( ) ; }
153

154 // ope ra t i on s .
155 PE∗ j o i n (PE∗ weaker ) { return (∗(∗ s u b j e c t ) . j o i n ( (∗weaker ) . s u b j e c t ) ) . element ( ) . p rx pt r ;

}
156

157 template <typename C2>
158 PE∗ j o i n (PE∗ other , C2 const& comparator ) {
159 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
160 return j o i n ( other ) ;
161 e l s e return (∗ other ) . j o i n ( t h i s ) ;
162 }
163

164 PE∗ s p l i t ( ) { return (∗ s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . s p l i t ( ) ) ) . element ( ) . p rx pt r ; }
165

166 template <c l a s s Boolean>
167 PE∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
168 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . cons t ruc t (n , c a l c s i z e ) ) ) ;
169 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
170 }
171

172 PE∗ r e l e a s e r o o t ( ) {
173 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . r e l e a s e r o o t ( ) ) ) ;
174 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
175 }
176

177 PE∗ r e l e a s e subheap ( ) {
178 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . r e l e a s e subheap ( ) ) ) ;
179 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
180 }
181

182 PE∗ n e x t r o o t g e t ( ) {
183 I ∗ i ( s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . owner ( ) ) ) ;
184 return i == 0?0 : (∗ i ) . e lement ( ) . p rx pt r ;
185 }
186

187 void n e x t r o o t s e t (PE∗ r ) {
188 (∗ s u b j e c t ) . owner ( ) = ( r == 0?0 : (∗ r ) . s u b j e c t ) ;
189 }
190

191 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e )
192 { return (∗ s u b j e c t ) . s p l i c e o u t ( f o r c ed ) ; }
193

194 template <typename H>
195 void s p l i c e i n ( ho l e type& hole , H&, bool f o r c ed = f a l s e ) {
196 i n t dummy; (∗ s u b j e c t ) . s p l i c e i n ( hole , dummy, f o r c ed ) ;
197 }
198

199 PE∗ swap (PE∗ p) {
200 // g ene ra l swap not ( y e t ) suppor t ed .
201 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
202 return promote (p) ;
203 }
204

205 void swap roots (PE∗ p) {
206 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
207 // re tu rn (
208 // ∗ s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . swap roo t s ( (∗ p ) . s u b j e c t ) )
209 // ) . e lement ( ) . p r x p t r ;
210 (∗ s u b j e c t ) . swap roots ( (∗p) . s u b j e c t ) ;
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211 }
212

213 PE∗ promote (PE∗ p) {
214 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
215 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
216 return (
217 ∗ s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . promote ( (∗p) . s u b j e c t ) )
218 ) . element ( ) . p rx pt r ;
219 }
220

221 PE∗ promote a l t (PE∗ p) {
222 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
223 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
224 return (
225 ∗ s t a t i c c a s t <I ∗>((∗ s u b j e c t ) . promote a l t ( (∗p) . s u b j e c t ) )
226 ) . element ( ) . p rx pt r ;
227 }
228

229 std : : s t r i n g s t r ( ) const { return (∗ s u b j e c t ) . s t r ( ) ; }
230 } ;
231

232 template <typename B, typename V, typename C, typename A>
233 typename proxy<B,V,C,A> : : a l l o c a t o r t y p e proxy<B,V,C,A> : : a l l o = a l l o c a t o r t y p e ( ) ;
234

235 template <typename B, typename V, typename C, typename A>
236 std : : ostream& operator<<
237 ( std : : ostream &os , proxy sub j ec t e l ement type<B,V,C,A> const& c ) {
238 os << ” . ” << c . va lue ;
239 return os ;
240 }
241 }
242 }
243 #end i f

A.23 node_with_direct_value.hpp

1 #i f n d e f CPHSTL PQFW NODE WITH VALUE HPP
2 #de f i n e CPHSTL PQFW NODE WITH VALUE HPP
3

4 /∗
5 Desc : Node wi th conta ined va l u e .
6 Except ion s a f e t y o f wrapped methods unchanged .
7 Auth : J y r k i Katajainen , Asger Bruun c© 2009
8 S ta t : 20091008 Tested wi th ms−compi l e r & gcc 4 . 3 . 3 .
9

10 ∗ −> (n) [ v ]
11 ∗/
12

13 #inc lude <s t r i ng> // s t d : : s t r i n g
14 #inc lude <iostream> // s t d : : ostream
15 #inc lude <sstream> // s t d : : ss tream
16 #inc lude <memory> // s t d : : a l l o c a t o r
17 #inc lude <f unc t i ona l> // l e s s
18

19 #inc lude ”pwh node . hpp”
20

21 namespace cphs t l {
22 namespace pqfw node {
23

24 template < i n t number o f b i t s> s t r u c t s i z e t r a i t s {} ;
25

26 template <> s t r u c t s i z e t r a i t s <32> { // ?? uns igned
27 typedef char he ight type ;
28 } ;
29 template <> s t r u c t s i z e t r a i t s <64> {
30 typedef char he ight type ;
31 } ;
32 template <> s t r u c t s i z e t r a i t s <128> {
33 typedef unsigned char he ight type ;
34 } ;
35

36 // 20100730 add beg in
37 // Make c l a s s independant from ph y s i c a l memory .
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38 template <typename Derived
39 , typename A = std : : a l l o c a t o r <Derived>
40 >
41 c l a s s u s i n g a l l o c a t o r {
42 pub l i c :
43 typedef typename A: : template rebind<Derived > : : o ther a l l o c a t o r t y p e ;
44 typedef typename a l l o c a t o r t y p e : : po in t e r po in t e r ;
45 typedef typename a l l o c a t o r t y p e : : c o n s t p o i n t e r c o n s t p o i n t e r ;
46 typedef typename a l l o c a t o r t y p e : : r e f e r e n c e r e f e r e n c e ;
47 typedef typename a l l o c a t o r t y p e : : c o n s t r e f e r e n c e c o n s t r e f e r e n c e ;
48 typedef typename a l l o c a t o r t y p e : : s i z e t y p e s i z e t y p e ; // ! ! !
49 typedef typename s i z e t r a i t s <s i z e o f ( s i z e t y p e ) ∗8> : : h e i gh t type he i ght type ;
50 } ;
51 // 20100730 add end ! ! !
52

53 template <typename V = i n t
54 , typename C = std : : l e s s <V>
55 , typename A = std : : a l l o c a t o r <V>
56 >
57 c l a s s value node
58 : pub l i c u s i n g a l l o c a t o r <value node<V,C,A>,A> // 20100730 add
59 {
60 V va lue ;
61 value node ( ) ;
62 value node ( value node const&) ;
63 value node& operator = ( value node const&) ;
64 pub l i c :
65 typedef V va lue type ;
66 typedef C comparator type ;
67

68 value node (V const& value ) : va lue ( value ) {}
69

70 V const& element ( ) const { return va lue ; }
71 V& element ( ) { return va lue ; }
72 } ;
73

74 template <
75 typename DB = pwh node base
76 , typename V = i n t
77 , typename C = std : : l e s s <V>
78 , typename A = std : : a l l o c a t o r <V>
79 >
80 c l a s s w d i r e c t v a l u e : pub l i c DB, pub l i c value node<V,C,A> {
81 typedef w di r e c t va lue<DB,V,C,A> DE;
82

83 s t a t i c C compare ;
84

85 w d i r e c t v a l u e ( ) ;
86 w d i r e c t v a l u e ( w d i r e c t v a l u e const&) ;
87 w d i r e c t v a l u e& operator = ( w d i r e c t v a l u e const&) ;
88

89 pub l i c :
90

91 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = f a l s e ;
92

93 typedef V va lue type ;
94 typedef C comparator type ;
95 typedef A a l l o c a t o r t y p e ;
96 typedef typename value node<V,C,A> : : s i z e t y p e s i z e t y p e ;
97 typedef typename value node<V,C,A> : : h e i gh t type he i ght type ;
98 typedef typename DB: : ho l e type ho l e type ;
99 typedef DB node base type ;

100

101 template<template <typename T> c l a s s U>
102 s t r u c t wrap a l l o ca to r {
103 typedef w di r e c t va lue<DB,V,C,U<A> > other ;
104 } ;
105

106 template<typename A5>
107 s t r u c t r e p l a c e a l l o c a t o r {
108 typedef w di r e c t va lue<DB,V,C, A5> other ;
109 } ;
110

111 template<typename V2>
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112 s t r u c t r eb ind va lue type {
113 typedef w di r e c t va lue<DB, V2 , C, A> other ;
114 } ;
115

116 w d i r e c t v a l u e (V const& v)
117 : DB( ) , value node<V,C,A>(v ) {}
118

119 s t a t i c typename DB: : s i z e t y p e f o o t p r i n t ( ) { return s i z e o f (DE) ; }
120

121 DE∗ n e x t r o o t g e t ( ) {
122 return (DE∗) DB: : owner ( ) ;
123 }
124 void n e x t r o o t s e t (DE∗ r ) {
125 DB: : owner ( ) = r ;
126 }
127

128 DE∗ j o i n (DE∗ weaker ) {
129 return s t a t i c c a s t <DE∗>(DB: : j o i n ( weaker ) ) ;
130 }
131

132 template <typename OC>
133 DE∗ j o i n (DE∗ other , OC const& comparator ) {
134 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
135 return j o i n ( other ) ;
136 e l s e return (∗ other ) . j o i n ( t h i s ) ;
137 }
138

139 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<DE>() ; }
140

141 protected :
142

143 template <typename D>
144 std : : s t r i n g s t r ( ) const {
145 i f ( t h i s == 0) return DB: : template s t r<D>() ;
146 e l s e {
147 std : : o s t r ings t r eam os ;
148 os << (∗ t h i s ) . element ( ) ;
149 os << DB: : template s t r<D>() ;
150 return os . s t r ( ) ;
151 }
152 }
153

154 } ;
155 template <typename DB, typename V, typename C, typename A>
156 typename w di r e c t va lue<DB,V,C,A> : : comparator type w d i r e c t va lue<DB,V,C,A> : : compare = C

() ;
157 } // namespace pq fw node
158 } // namespace c h p s t l
159 #end i f

A.24 node_with_facade.hpp

1 #i f n d e f CPHSTL PQFW NODE WITH FACADE HPP
2 #de f i n e CPHSTL PQFW NODE WITH FACADE HPP
3

4 /∗
5 Desc : Makes the node compa t i b l e wi th p r i o r i t y −queue−framework ,
6 : makes the node i n t e r n a l s p r i v a t e and downcasts e v e r y t h i n g .
7 Auth : J y r k i Katajainen , Asger Bruun c© 2009
8 S ta t : 20091008 Tested wi th ms−compi l e r & gcc 4 . 3 . 3 .
9 Prob : There are prob lems wi th the g ene r i c downcast here and t h e r e

10 ( the p l a c e s wi th s t a t i c c a s t ) .
11 ∗/
12

13 #inc lude <memory> // s t d : a l l o c a t o r
14 #inc lude ” r o o t l i s t . hpp”
15 #inc lude ”has member . hpp”
16

17

18 // Def ine compi le t ime type t e s t s :
19 // boo l c p h s t l : : h a s memb e r r o o t l i s t t y p e <T> : : v a l u e
20 // boo l c p h s t l : : has member prev roo t<T> : : v a l u e
21 DEFINE STATIC TEST HAS MEMBER( r o o t l i s t t y p e )
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22 DEFINE STATIC TEST HAS MEMBER( prev roo t )
23

24

25 namespace cphs t l {
26 namespace pqfw node {
27 template <
28 typename B1/∗ ase ∗/
29 >
30 c l a s s with facade : pub l i c B1 {
31 with facade ( ) ;
32 with facade ( wi th facade const&) ;
33 with facade& operator = ( const with facade&) ;
34

35 template <bool has owner , c l a s s B2 = void> s t r u c t owner dispatch {
36 // dummy methods f o r (2− p t r ) node base s not suppo r t i n g owner .
37 s t a t i c void ∗ owner (B2 const ∗ /∗ b ∗/ ) { a s s e r t (0 ) ; return 0 ; }
38 s t a t i c void∗& owner (B2 ∗ b) { a s s e r t (0 ) ; return ( void∗&) (∗b) ; }
39 s t a t i c B2∗ r e l e a s e r o o t (B2∗) { a s s e r t (0 ) ; return 0 ; }
40 s t a t i c B2∗ r e l e a s e subheap (B2∗) { a s s e r t (0 ) ; return 0 ; }
41 } ;
42 template <c l a s s B2> s t r u c t owner dispatch<true , B2> {
43 // CPH STL owner−a t t r i b u t e dependant methods .
44 s t a t i c void ∗ owner (B2 const ∗ p) { return (∗p) . owner ( ) ; }
45 s t a t i c void∗& owner (B2 ∗ p) { return (∗p) . owner ( ) ; }
46

47 s t a t i c B2∗ r e l e a s e r o o t (B2 ∗ p) {
48 return s t a t i c c a s t <B2∗>((∗p) . r e l e a s e r o o t ( ) ) ;
49 }
50 s t a t i c B2∗ r e l e a s e subheap (B2 ∗ p) {
51 return s t a t i c c a s t <B2∗>((∗p) . r e l e a s e subheap ( ) ) ;
52 }
53 } ;
54

55 template <bool s p e c i a l l i s t , c l a s s D2 = void>
56 s t r u c t r o o t l i s t t y p e s e l e c t {
57 // type f o r node ba se s wi th s imp l e r o o t l i s t t y p e .
58 typedef r o o t l i s t <D2, f a l s e > type ;
59 } ;
60 template <c l a s s D2> s t r u c t r o o t l i s t t y p e s e l e c t <true , D2> {
61 typedef typename D2 : : r o o t l i s t t y p e : : template
62 r eb ind encapsu la to r type<D2> : : o ther type ;
63 } ;
64

65

66 typedef owner dispatch<node t r a i t s <
67 typename B1 : : node base type > : : has owner , B1
68 > od ;
69

70 typedef with facade<B1> D; // de r i v e d i f c r t p .
71

72

73 pub l i c :
74 // −−−−− d i r e c t b inary and p r i o r i t y queue framework common −−−−−
75

76 // t yp e s .
77

78 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l
79 = B1 : : p r o m o t e i s r o o t l i s t n e u t r a l ;
80

81 typedef typename B1 : : va lue type va lue type ;
82 typedef typename B1 : : comparator type comparator type ;
83 typedef typename B1 : : a l l o c a t o r t y p e a l l o c a t o r t y p e ;
84 typedef typename B1 : : a l l o c a t o r t y p e : : template
85 rebind<D> : : o ther : : po in t e r po in t e r ;
86 typedef typename B1 : : a l l o c a t o r t y p e : : template
87 rebind<D> : : o ther : : c o n s t p o i n t e r c o n s t p o i n t e r ;
88 typedef typename B1 : : a l l o c a t o r t y p e : : template
89 rebind<D> : : o ther : : r e f e r e n c e r e f e r e n c e ;
90 typedef typename B1 : : a l l o c a t o r t y p e : : template
91 rebind<D> : : o ther : : c o n s t r e f e r e n c e c o n s t r e f e r e n c e ;
92

93 typedef typename B1 : : a l l o c a t o r t y p e : : template
94 rebind<B1> : : o ther : : po in t e r ba s e po in t e r ;
95
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96 typedef typename B1 : : s i z e t y p e s i z e t y p e ;
97 typedef typename B1 : : he i ght type he i ght type ;
98 typedef typename B1 : : ho l e type ho l e type ;
99

100 typedef typename r o o t l i s t t y p e s e l e c t <
101 cphs t l : : ha s member roo t l i s t type<B1> : : value , D
102 > : : type r o o t l i s t t y p e ;
103

104

105 typedef typename B1 : : node base type node base type ;
106

107 // p r o p e r t i e s .
108

109 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return B1 : : f o o t p r i n t ( ) ; }
110

111 bool i s v a l i d ( ) const { return B1 : : i s v a l i d ( ) ; }
112 bool i s r o o t ( ) const { return B1 : : i s r o o t ( ) ; }
113 bool i s l e a f ( ) const { return B1 : : i s l e a f ( ) ; }
114

115 va lue type const& element ( ) const { return B1 : : element ( ) ; }
116 va lue type& element ( ) { return B1 : : element ( ) ; }
117

118 c o n s t p o i n t e r d i s t i n g u i s h e d a n c e s t o r ( ) const {
119 return s t a t i c c a s t <cons t po in t e r >(B1 : : d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
120 }
121 po in t e r d i s t i n g u i s h e d a n c e s t o r ( ) {
122 return s t a t i c c a s t <pointer >(B1 : : d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
123 }
124

125 po in t e r su c c e s s o r ( ) { return s t a t i c c a s t <D ∗>(B1 : : s u c c e s s o r ( ) ) ; }
126 c o n s t p o i n t e r s u c c e s s o r ( ) const { return s t a t i c c a s t <cons t po in t e r >(B1 : : s u c c e s s o r ( ) ) ;

}
127

128 // ope ra t i on s .
129

130 e x p l i c i t with facade ( va lue type const& v) : B1(v ) {}
131

132 template <typename C, typename M>
133 po in t e r j o i n ( po in t e r q , C const& comparator , M&) {
134 return j o i n (q , comparator ) ;
135 }
136

137 template <typename C>
138 po in t e r j o i n ( po in t e r other , C const& comparator ) {
139 po in t e r r e t ( downcast (B1 : : j o i n ( other , comparator ) ) ) ;
140 a s s e r t ( r e t == t h i s | | (∗ t h i s ) . element ( ) != (∗ other ) . element ( ) ) ;
141 return r e t ;
142 }
143 po in t e r j o i n ( po in t e r weaker ) { return downcast (B1 : : j o i n ( weaker ) ) ; }
144

145 po in t e r s p l i t ( ) { return s t a t i c c a s t <pointer >(B1 : : s p l i t ( ) ) ; }
146

147 po in t e r promote ( po in t e r q ) {
148 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗ q ) . i s v a l i d ( ) ) ;
149 a s s e r t ( (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) == q) ;
150 po in t e r r e s ( s t a t i c c a s t <pointer >(B1 : : promote (q ) ) ) ;
151 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗ q ) . i s v a l i d ( ) ) ;
152 a s s e r t ( (∗ q ) . d i s t i n g u i s h e d a n c e s t o r ( ) == t h i s ) ;
153 return r e s ;
154 }
155

156 po in t e r promote a l t ( po in t e r q ) {
157 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗ q ) . i s v a l i d ( ) ) ;
158 a s s e r t ( (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) == q) ;
159 po in t e r r e s ( s t a t i c c a s t <pointer >(B1 : : promote a l t ( q ) ) ) ;
160 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗ q ) . i s v a l i d ( ) ) ;
161 a s s e r t ( (∗ q ) . d i s t i n g u i s h e d a n c e s t o r ( ) == t h i s ) ;
162 return r e s ;
163 }
164

165 // −−−−− d i r e c t b inary heap s t o r e s p e c i a l −−−−−
166

167 // type r e d e f i n i t i o n s .
168
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169 template<typename A5>
170 s t r u c t r e p l a c e a l l o c a t o r {
171 typedef typename B1 : : template r e p l a c e a l l o c a t o r <A5> : : o ther new base ;
172 typedef with facade<new base> other ;
173 } ;
174

175 // p r o p e r t i e s .
176

177 he ight type he ight ( ) const { return B1 : : he ight ( ) ; }
178

179 po in t e r m o s t s i g n i f i c a n t c h i l d ( ) {
180 return s t a t i c c a s t <pointer >(B1 : : m o s t s i g n i f i c a n t c h i l d ( ) ) ;
181 }
182

183 std : : s t r i n g s t r ( ) const { return B1 : : s t r ( ) ; }
184

185 // ope ra t i on s .
186

187 template <c l a s s Boolean>
188 po in t e r cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
189 return s t a t i c c a s t <pointer >(B1 : : cons t ruc t (n , c a l c s i z e ) ) ;
190 }
191

192 // forward roo t l i s t a b i l i t y .
193

194 po in t e r n e x t r o o t g e t ( ) {
195 return ( po in t e r ) B1 : : n e x t r o o t g e t ( ) ;
196 }
197 void n e x t r o o t s e t ( po in t e r r ) {
198 B1 : : n e x t r o o t s e t ( r ) ;
199 }
200

201 // o p t i o n a l backward roo t l i s t a b i l i t y .
202

203 template <bool has prev root , c l a s s B2 = void>
204 s t r u c t p r e v r o o t d i s p a t c h { // un i d i r dummy methods .
205 s t a t i c bool pr ev roo tab l e ( c o n s t p o i n t e r ) {
206 // Note : abused on un i d i r v e r s i on f o r f a s t e r ! i s l e a f t e s t .
207 return true ;
208 }
209 s t a t i c po in t e r p r e v r o o t g e t ( po in t e r ) { a s s e r t (0 ) ; return 0 ; }
210 s t a t i c void p r e v r o o t s e t ( po inter , po in t e r ) { a s s e r t (0 ) ; }
211 } ;
212 template <c l a s s B2>
213 s t r u c t prev roo t d i spa t ch<true , B2> { // r e a l methods .
214 s t a t i c bool pr ev roo tab l e ( c o n s t p o i n t e r t ) {
215 return (∗ t ) . B1 : : p r ev roo tab l e ( ) ;
216 }
217 s t a t i c po in t e r p r e v r o o t g e t ( po in t e r t ) {
218 return ( po in t e r ) (∗ t ) . B1 : : p r ev roo t ( ) ;
219 }
220 s t a t i c void p r e v r o o t s e t ( po in t e r t , po in t e r r ) {
221 (∗ t ) . p r ev roo t ( ) = r ;
222 }
223 } ;
224 typedef prev roo t d i spa t ch<
225 has member prev root<B1> : : value , B1
226 > prd ;
227

228 bool pr ev roo tab l e ( ) const {
229 return prd : : p r ev roo tab l e ( t h i s ) ;
230 }
231 po in t e r p r e v r o o t g e t ( ) {
232 return ( po in t e r ) prd : : p r e v r o o t g e t ( t h i s ) ;
233 }
234 void p r e v r o o t s e t ( po in t e r r ) {
235 prd : : p r e v r o o t s e t ( th i s , r ) ;
236 }
237

238 // node i t e r a t o r c omp a t i b i l i t y .
239

240 va lue type const& content ( ) const { return B1 : : element ( ) ; }
241 va lue type& content ( ) { return B1 : : element ( ) ; }
242
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243 // heap c l e a r .
244

245 template<typename PA // p r o t e c t e d acce s s
246 > s t a t i c void c l e a r heap ( po in t e r h , PA& pa ) {
247 // a s s e r t ( heap i s e j e c t e d from l i s t )
248 a s s e r t (h != 0) ; a s s e r t ( (∗h) . i s r o o t ( ) ) ;
249 po in t e r p(h) ;
250 i f ( (∗p) . i s l e a f ( ) ) {
251 pa . dest roy (p) ;
252 } e l s e {
253 po in t e r q ( (∗p) . s p l i t ( ) ) ;
254 c l e a r heap (p , pa ) ;
255 c l e a r heap (q , pa ) ;
256 }
257 }
258

259 // −−−−− p r i o r i t y queue framework c omp a t i b i l i t y −−−−−
260

261 with facade ( va lue type const& v , a l l o c a t o r t y p e const& /∗ i gnored ∗/ ) : B1(v ) {}
262

263 void ∗ owner ( ) const { return od : : owner ( t h i s ) ; }
264 void∗& owner ( ) { return od : : owner ( t h i s ) ; }
265

266 po in t e r r e l e a s e r o o t ( ) {
267 // Desc : Vui l l emin con s t r u c t wi th r e v e r s e roo t l i s t o rde r ing .
268 return s t a t i c c a s t <pointer >(od : : r e l e a s e r o o t ( t h i s ) ) ;
269 }
270

271 template <typename M>
272 po in t e r r e l e a s e subheap (M& /∗ i gnored ∗/ ) {
273 // Desc : d i s connec t r e v e r s e roo t l i s t head from t a i l .
274 return s t a t i c c a s t <pointer >(od : : r e l e a s e subheap ( t h i s ) ) ;
275 }
276 po in t e r r e l e a s e subheap ( ) {
277 // Desc : d i s connec t r e v e r s e roo t l i s t head from t a i l .
278 return s t a t i c c a s t <pointer >(od : : r e l e a s e subheap ( t h i s ) ) ;
279 }
280

281

282 template <typename C, typename M>
283 bool i s v a l i d (C const& /∗ i gnored ∗/ , M const& /∗ i gnored ∗/ ) const {
284 return B1 : : i s v a l i d ( ) ;
285 }
286

287 template <typename C>
288 c o n s t p o i n t e r d i s t i ngu i shed de s c endant (C const& /∗ i gnored ∗/ ) const {
289 return s t a t i c c a s t <pointer >(B1 : : d i s t i ngu i shed de s c endant ( ) ) ;
290 }
291 template <typename C>
292 po in t e r d i s t i ngu i shed de s c endant (C const& /∗ i gnored ∗/ ) {
293 return s t a t i c c a s t <pointer >(B1 : : d i s t i ngu i shed de s c endant ( ) ) ;
294 }
295

296 template <typename C>
297 po in t e r s p l i t (C const& /∗ i gnored ∗/ ) { return (∗ t h i s ) . s p l i t ( ) ; }
298

299 template <typename C, typename M>
300 po in t e r s p l i t (C const& /∗ i gnored ∗/ , M& mark store ) {
301 mark store . unmark ((∗ t h i s ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
302 return (∗ t h i s ) . s p l i t ( ) ;
303 }
304

305 template <typename C>
306 po in t e r f a s t j o i n ( po in t e r q , po inter , C const& comparator ) {
307 return j o i n (q , comparator ) ;
308 }
309 template <typename C>
310 po in t e r f a s t s p l i t (C const& /∗ i gnored ∗/ ) {
311 return s t a t i c c a s t <pointer >(B1 : : s p l i t ( ) ) ;
312 }
313

314 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e ) { return B1 : : s p l i c e o u t ( f o r c ed ) ; }
315

316 template <typename H>
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317 void s p l i c e i n ( ho l e type& hole , H& heap store , bool f o r c ed = f a l s e ) {
318 B1 : : s p l i c e i n ( hole , heap store , f o r c ed ) ;
319 i f ( (∗ t h i s ) . i s r o o t ( ) ) {
320 typedef typename H: : heap proxy type PT;
321 typedef typename PT : : encapsu la to r type ET;
322 //PT∗ p ( (PT∗) owner ( ) ) ;
323 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
324 // ! ! ! (∗ p ) . update ( s t a t i c c a s t <po in te r >( t h i s ) ) ;
325 heap s to r e . r ep l a c e ( t h i s ) ;
326 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
327 }
328 }
329

330 void s p l i c e i n ( ho l e type h , bool f o r c ed = f a l s e )
331 { B1 : : s p l i c e i n (h , f o r c ed ) ; }
332

333 po in t e r swap ( po in t e r q ) { return downcast (B1 : : swap (q ) ) ; }
334 po in t e r swap roots ( po in t e r q ) {
335 B1 : : swap roots (q ) ;
336 return t h i s ;
337 }
338

339 void show tree ( ) const { std : : cout << s t r ( ) ; }
340

341 template <typename C>
342 bool t r e e v a l i d (C const& /∗ i gnored ∗/ ) const { return B1 : : i s v a l i d ( ) ; }
343

344 template <typename C, typename M>
345 bool t r e e v a l i d (C const& /∗ i gnored ∗/ , M const& /∗ i gnored ∗/ ) const { return B1 : :

i s v a l i d ( ) ; }
346

347

348 // −−−−− p r i o r i t y queue framework c omp a t i b i l i t y maybe not in use −−−−−
349

350 bool i s marked ( ) const { return B1 : : i s marked ( ) ; }
351

352 po in t e r root ( ) { return s t a t i c c a s t <pointer >(B1 : : root ( ) ) ; }
353

354 c o n s t p o i n t e r root ( ) const {
355 return s t a t i c c a s t <cons t po in t e r >(
356 B1 : : root ( )
357 ) ;
358 }
359

360 // −−−−−
361

362 pr iva t e :
363 c o n s t p o i n t e r const downcast (B1 const ∗ const b) const {
364 return s t a t i c c a s t <c o n s t p o i n t e r const >(b) ;
365 }
366 po in t e r const downcast ( ba s e po in t e r const b) const {
367 return s t a t i c c a s t <po in t e r const >(b) ;
368 }
369 po in t e r const downcast ( ba s e po in t e r const b) {
370 return s t a t i c c a s t <po in t e r const >(b) ;
371 }
372

373 f r i e nd std : : ostream & operator << ( std : : ostream & os , c o n s t r e f e r e n c e e ) {
374 os << e . s t r ( ) ;
375 return os ;
376 }
377 } ;
378 #de f i n e w facade wi th facade
379 }
380 }
381 #end i f

A.25 node_with_indirect_value.hpp

1 #i f n d e f CPHSTL PQFW NODE WITH INDIRECT VALUE HPP
2 #de f i n e CPHSTL PQFW NODE WITH INDIRECT VALUE HPP
3

4 /∗
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5 Desc : Node wi th i n d i r e c t va l u e
6 ( a c t u a l l y a va l u e wi th i n d i r e c t node ) .
7 Feat : Node swap in cons tan t t ime .
8 Except ion s a f e t y o f wrapped methods unchanged .
9 Auth : J y r k i Katajainen , Asger Bruun c© 2009

10 Note : Two ver s i ons , depends on the de s i gn o f the node base .
11

12 ∗ −> [ v ]
13 ∗ |
14 ∗ (n)
15 ∗/
16

17 #inc lude <s t r i ng> // s t d : : s t r i n g
18 #inc lude <iostream> // s t d : : ostream
19 #inc lude <memory> // s t d : : a l l o c a t o r
20

21 #inc lude ” l i g h t b i nom i a l no de . hpp”
22 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp”
23 #inc lude ”node wi th facade . hpp”
24

25 namespace cphs t l {
26 namespace pqfw node {
27 template < typename B = l i g h t b i n o m i a l n o d e b a s e
28 , typename V = i n t
29 , typename C = std : : l e s s <V>
30 , typename A = std : : a l l o c a t o r <V>
31 >
32 c l a s s w i n d i r e c t v a l u e {
33 typedef w ind i r e c t va lu e <B,V,C,A> IE ;
34 typedef w di r e c t va lue<B, IE∗ /∗ , AT∗/> I ;
35 V va lue ;
36 I ∗ node ; // the node s t r u c t u r e l a y e r .
37

38 w i n d i r e c t v a l u e ( ) ;
39 w i n d i r e c t v a l u e ( w i n d i r e c t v a l u e const&) ;
40 w i n d i r e c t v a l u e& operator = ( w i n d i r e c t v a l u e const&) ;
41

42 pub l i c :
43 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = true ;
44

45 typedef B node base ;
46 typedef V va lue type ;
47 typedef C comparator type ;
48 typedef typename A: : template rebind<I > : : o ther a l l o c a t o r t y p e ;
49 typedef typename I : : s i z e t y p e s i z e t y p e ;
50 typedef typename I : : h e i ght type he i ght type ;
51 typedef B node base type ;
52 // t y p e d e f typename B : : r o o t l i s t t y p e r o o t l i s t t y p e ;
53

54 s t r u c t ho l e type : pub l i c I : : ho l e type {
55 ho l e type ( IE∗ n , bool a u t o s p l i c e o u t , bool f o r c ed = f a l s e )
56 : I : : ho l e type ( (∗n) . node , a u t o s p l i c e o u t , f o r c ed ) {}
57 ho l e type ( typename I : : ho l e type const& h) : I : : ho l e type (h) {}
58 } ;
59

60 pr iva t e :
61

62 s t a t i c a l l o c a t o r t y p e a l l o ;
63

64 pub l i c :
65

66 w i n d i r e c t v a l u e (V const& v) : va lue (v ) { // node = new I ( t h i s ) ;
67 node = a l l o . a l l o c a t e (1 ) ;
68 try { new ( node ) I ( t h i s ) ; }
69 catch ( . . . ) { a l l o . d e a l l o c a t e ( node , 1) ; throw ; }
70 }
71 ˜ w i n d i r e c t v a l u e ( ) { // d e l e t e ( node ) ;
72 (∗ node ) . ˜ I ( ) ;
73 a l l o . d e a l l o c a t e ( node , 1) ;
74 }
75

76 V const& element ( ) const { return va lue ; }
77 V& element ( ) { return va lue ; }
78
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79 // p r o p e r t i e s .
80 s t a t i c s i z e t y p e f o o t p r i n t ( ) {
81 return s i z e o f ( IE )+I : : f o o t p r i n t ( ) ;
82 }
83 bool i s v a l i d ( ) const { return (∗ node ) . i s v a l i d ( ) ; }
84 bool i s r o o t ( ) const { return (∗ node ) . i s r o o t ( ) ; }
85 bool i s l e a f ( ) const { return (∗ node ) . i s l e a f ( ) ; }
86 bool i s marked ( ) const { return (∗ node ) . i s marked ( ) ; }
87 he ight type he ight ( ) const { return (∗ node ) . he ight ( ) ; }
88

89 void ∗ owner ( ) const { return (∗ node ) . owner ( ) ; }
90 void∗& owner ( ) { return (∗ node ) . owner ( ) ; }
91

92 IE∗ root ( ) const {
93 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . root ( ) ) ) ;
94 return i == 0?0 : (∗ i ) . e lement ( ) ;
95 }
96

97 IE∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
98 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ) ;
99 return i == 0?0 : (∗ i ) . e lement ( ) ;

100 }
101 IE∗ d i s t i ngu i shed de s c endant ( ) const {
102 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . d i s t i ngu i shed de s c endant ( ) ) ) ;
103 return i == 0?0 : (∗ i ) . e lement ( ) ;
104 }
105

106 IE const ∗ s u c c e s s o r ( ) const {
107 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . s u c c e s s o r ( ) ) ) ;
108 return i == 0?0 : (∗ i ) . e lement ( ) ;
109 }
110 IE ∗ s u c c e s s o r ( ) {
111 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . s u c c e s s o r ( ) ) ) ;
112 return i == 0?0 : (∗ i ) . e lement ( ) ;
113 }
114

115 bool t r e e v a l i d ( ) const { return (∗ node ) . t r e e v a l i d ( ) ; }
116

117 // ope ra t i on s .
118 IE∗ j o i n ( IE∗ weaker ) { return (∗(∗ node ) . j o i n ( (∗weaker ) . node ) ) . element ( ) ; }
119 template <typename OC>
120 IE∗ j o i n ( IE∗ other , OC const& comparator ) {
121 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
122 return j o i n ( other ) ;
123 e l s e return (∗ other ) . j o i n ( t h i s ) ;
124 }
125

126 IE∗ m o s t s i g n i f i c a n t c h i l d ( ) {
127 // Desc : l o c a t e weaker s u b t r e e b e f o r e an a c t u a l s p l i t .
128 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ) ;
129 return i == 0?0 : (∗ i ) . e lement ( ) ;
130 }
131 IE∗ s p l i t ( ) { return (∗ s t a t i c c a s t <I ∗>((∗node ) . s p l i t ( ) ) ) . element ( ) ; }
132

133 template <c l a s s Boolean>
134 IE∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
135 // conver t to i n d i r e c t ( and waste t ime )
136 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . cons t ruc t (n , c a l c s i z e ) ) ) ;
137 return i == 0?0 : (∗ i ) . e lement ( ) ;
138 }
139

140 IE∗ r e l e a s e r o o t ( ) {
141 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . r e l e a s e r o o t ( ) ) ) ;
142 return i == 0?0 : (∗ i ) . e lement ( ) ;
143 }
144

145 IE∗ r e l e a s e subheap ( ) {
146 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . r e l e a s e subheap ( ) ) ) ;
147 return i == 0?0 : (∗ i ) . e lement ( ) ;
148 }
149

150 IE∗ n e x t r o o t g e t ( ) {
151 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . owner ( ) ) ) ;
152 return i == 0?0 : (∗ i ) . e lement ( ) ;
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153 }
154 void n e x t r o o t s e t ( IE∗ r ) {
155 (∗ node ) . owner ( ) = ( r == 0?0 : (∗ r ) . node ) ;
156 }
157

158 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e )
159 { return (∗ node ) . s p l i c e o u t ( f o r c ed ) ; }
160

161 template <typename H>
162 void s p l i c e i n ( ho l e type& hole , H&, bool f o r c ed = f a l s e )
163 { i n t dummy; (∗ node ) . s p l i c e i n ( hole , dummy, f o r c ed ) ; }
164

165 IE∗ swap ( IE∗ p) {
166 // Desc : swap node p o s i t i o n s . T(n) : O(1) . ES : no throw .
167 // ope ra t i on between d i f f e r e n t t r e s s are a l l owed .
168 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
169 std : : swap ( (∗ (∗ t h i s ) . node ) . element ( ) , (∗(∗p) . node ) . element ( ) ) ;
170 std : : swap ((∗ t h i s ) . node , (∗p) . node ) ;
171 return (∗(∗ t h i s ) . node ) . element ( ) ;
172 }
173

174 IE∗ swap roots ( IE∗ p) {
175 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
176 a s s e r t ( i s r o o t ( ) ) ; a s s e r t ( (∗p) . i s r o o t ( ) ) ;
177 return swap (p) ;
178 }
179

180

181 IE∗ promote ( IE∗ p) {
182 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
183 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
184 return swap (p) ;
185 }
186

187 IE∗ promote a l t ( IE∗ p) {
188 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
189 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
190 return (∗ swap (p) ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
191 }
192

193 std : : s t r i n g s t r ( ) const { return (∗ node ) . s t r ( ) ; }
194 } ;
195

196 template <typename B, typename V, typename C, typename A>
197 typename w ind i r e c t va lu e <B,V,C,A> : : a l l o c a t o r t y p e
198 w ind i r e c t va lu e <B,V,C,A> : : a l l o = a l l o c a t o r t y p e ( ) ;
199

200 template <typename B, typename V>
201 std : : ostream& operator<< ( std : : ostream &os , w ind i r e c t va lu e <B,V>∗ i v ) {
202 os << ”” << (∗ i v ) . element ( ) << ” . ” ;
203 return os ;
204 }
205 }
206 }
207

208 // ///////////////////////////////////////////////////////////////////
209 // Desc : a l t e r n a t e s o l u t i o n .
210

211 namespace cphs t l {
212 namespace pqfw node {
213 template <
214 typename B = w di r e c t va lue<l i gh t b inomia l node ba s e , char>
215 >
216 c l a s s w i n d i r e c t i o n : pub l i c value node<typename B : : va lue type
217 , typename B : : comparator type , typename B : : a l l o c a t o r t y p e >
218 {
219 typedef w ind i r e c t i on<B> IE ;
220 typedef typename B : : template r eb ind va lue type<IE∗> : : o ther I ;
221

222 I ∗ node ; // the node s t r u c t u r e l a y e r .
223

224 w i n d i r e c t i o n ( ) ;
225 w i n d i r e c t i o n ( w i n d i r e c t i o n const&) ;
226 w i n d i r e c t i o n& operator = ( w i n d i r e c t i o n const&) ;
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227

228 pub l i c :
229

230 s t a t i c const bool p r o m o t e i s r o o t l i s t n e u t r a l = true ;
231 typedef typename B : : va lue type va lue type ;
232 typedef typename B : : a l l o c a t o r t y p e : : template rebind<I > : : o ther a l l o c a t o r t y p e ;
233 typedef typename I : : s i z e t y p e s i z e t y p e ;
234 typedef typename I : : h e i ght type he i ght type ;
235 typedef B node base type ;
236

237 s t r u c t ho l e type : pub l i c I : : ho l e type {
238 ho l e type ( IE∗ n) : I : : ho l e type ( (∗n) . node ) {}
239 ho l e type ( typename I : : ho l e type const& h) : I : : ho l e type (h) {}
240 } ;
241

242

243

244 pr iva t e :
245

246 s t a t i c a l l o c a t o r t y p e a l l o ;
247

248 pub l i c :
249

250 w i n d i r e c t i o n ( va lue type const& v)
251 : value node<typename B : : va lue type , typename B : : comparator type , typename B : :

a l l o c a t o r t y p e >
252 ( v )
253 {
254 node = a l l o . a l l o c a t e (1 ) ;
255 try { new ( node ) I ( t h i s ) ; }
256 catch ( . . . ) { a l l o . d e a l l o c a t e ( node , 1) ; throw ; }
257 }
258 ˜ w i n d i r e c t i o n ( ) { // d e l e t e ( node ) ;
259 (∗ node ) . ˜ I ( ) ;
260 a l l o . d e a l l o c a t e ( node , 1) ;
261 }
262

263 // p r o p e r t i e s .
264 s t a t i c typename B : : s i z e t y p e f o o t p r i n t ( ) {
265 return s i z e o f ( IE )+I : : f o o t p r i n t ( ) ;
266 }
267 bool i s v a l i d ( ) const { return (∗ node ) . i s v a l i d ( ) ; }
268 bool i s r o o t ( ) const { return (∗ node ) . i s r o o t ( ) ; }
269 bool i s l e a f ( ) const { return (∗ node ) . i s l e a f ( ) ; }
270 bool i s marked ( ) const { return (∗ node ) . i s marked ( ) ; }
271 he ight type he ight ( ) const { return (∗ node ) . he ight ( ) ; }
272

273 void ∗ owner ( ) const { return (∗ node ) . owner ( ) ; }
274 void∗& owner ( ) { return (∗ node ) . owner ( ) ; }
275

276 IE∗ root ( ) const {
277 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . root ( ) ) ) ;
278 return i == 0?0 : (∗ i ) . e lement ( ) ;
279 }
280

281 IE∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
282 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ) ;
283 return i == 0?0 : (∗ i ) . e lement ( ) ;
284 }
285 IE∗ d i s t i ngu i shed de s c endant ( ) const {
286 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . d i s t i ngu i shed de s c endant ( ) ) ) ;
287 return i == 0?0 : (∗ i ) . e lement ( ) ;
288 }
289

290 IE const ∗ s u c c e s s o r ( ) const {
291 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . s u c c e s s o r ( ) ) ) ;
292 return i == 0?0 : (∗ i ) . e lement ( ) ;
293 }
294 IE ∗ s u c c e s s o r ( ) {
295 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . s u c c e s s o r ( ) ) ) ;
296 return i == 0?0 : (∗ i ) . e lement ( ) ;
297 }
298

299 bool t r e e v a l i d ( ) const { return (∗ node ) . t r e e v a l i d ( ) ; }
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300

301 // ope ra t i on s .
302 IE∗ j o i n ( IE∗ weaker ) { return (∗(∗ node ) . j o i n ( (∗weaker ) . node ) ) . element ( ) ; }
303 template <typename OC>
304 IE∗ j o i n ( IE∗ other , OC const& comparator ) {
305 i f ( ! comparator ( (∗ t h i s ) . element ( ) , (∗ other ) . element ( ) ) )
306 return j o i n ( other ) ;
307 e l s e return (∗ other ) . j o i n ( t h i s ) ;
308 }
309

310 IE∗ m o s t s i g n i f i c a n t c h i l d ( ) {
311 // Desc : l o c a t e weaker s u b t r e e b e f o r e an a c t u a l s p l i t .
312 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . m o s t s i g n i f i c a n t c h i l d ( ) ) ) ;
313 return i == 0?0 : (∗ i ) . e lement ( ) ;
314 }
315 IE∗ s p l i t ( ) { return (∗ s t a t i c c a s t <I ∗>((∗node ) . s p l i t ( ) ) ) . element ( ) ; }
316

317 template <c l a s s Boolean>
318 IE∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
319 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . cons t ruc t (n , c a l c s i z e ) ) ) ;
320 return i == 0?0 : (∗ i ) . e lement ( ) ;
321 }
322

323 IE∗ n e x t r o o t g e t ( ) {
324 I ∗ i ( s t a t i c c a s t <I ∗>((∗node ) . n e x t r o o t g e t ( ) ) ) ;
325 return i == 0?0 : (∗ i ) . e lement ( ) ;
326 }
327 void n e x t r o o t s e t ( IE∗ r ) {
328 (∗ node ) . n e x t r o o t s e t ( r == 0?0 : (∗ r ) . node ) ;
329 }
330

331 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e )
332 { return (∗ node ) . s p l i c e o u t ( f o r c ed ) ; }
333

334 i n t dummy;
335 template <typename H>
336 void s p l i c e i n ( ho l e type& hole , H&, bool f o r c ed = f a l s e )
337 { (∗ node ) . s p l i c e i n ( hole , dummy, f o r c ed ) ; }
338

339 IE∗ swap ( IE∗ p) {
340 // Desc : swap node p o s i t i o n s . T(n) : O(1) . ES : no throw .
341 // ope ra t i on between d i f f e r e n t t r e s s are a l l owed .
342 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
343 std : : swap ( (∗ (∗ t h i s ) . node ) . element ( ) , (∗(∗p) . node ) . element ( ) ) ;
344 std : : swap ((∗ t h i s ) . node , (∗p) . node ) ;
345 return (∗(∗ t h i s ) . node ) . element ( ) ;
346 }
347

348 IE∗ swap roots ( IE∗ p) {
349 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
350 a s s e r t ( i s r o o t ( ) ) ; a s s e r t ( (∗p) . i s r o o t ( ) ) ;
351 return swap (p) ;
352 }
353

354

355 IE∗ promote ( IE∗ p) {
356 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s v a l i d ( ) ) ;
357 a s s e r t (p == (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
358 return swap (p) ;
359 }
360

361 std : : s t r i n g s t r ( ) const { return (∗ node ) . s t r ( ) ; }
362 } ;
363

364 template <typename B>
365 typename w ind i r e c t i on<B> : : a l l o c a t o r t y p e w ind i r e c t i on<B> : : a l l o = a l l o c a t o r t y p e ( ) ;
366

367 template <typename B>
368 std : : ostream& operator<< ( std : : ostream &os , w ind i r e c t i on<B>∗ i v ) {
369 os << ”” << (∗ i v ) . element ( ) << ” . ” ;
370 return os ;
371 }
372 }
373 }
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374

375 #end i f

A.26 priority_queue_framework_for_dbhs.hpp

1 #i f n d e f CPHSTL PRIORITY QUEUE FRAMEWORK FOR dhs
2 #de f i n e CPHSTL PRIORITY QUEUE FRAMEWORK FOR dhs
3

4 /∗
5 Desc : Makes the p r i o r i t y q u eu e f r amewo r k compa t i b l e wi th the
6 : d i r e c t h e a p s t o r e . The major problem was t h a t the
7 : pqfw e x t r a c t ( p ) has been b r eak ing the pre−c ond i t i o n s f o r
8 : t h e nodes o f dhs f o r the l a s t months and t h a t the
9 : pqfw t h e r e f o r e had to run in a mod i f i ed form .

10 : Now, the problem i s wrapped i n t o a minimal a dd i t i o n .
11 Auth : Asger Bruun 2009−2010
12 ∗/
13

14 #inc lude ”mult ip le−heap−framework . h++”
15 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
16

17 namespace cphs t l {
18

19 template <
20 typename V,
21 typename C = std : : l e s s <V>,
22 typename A = std : : a l l o c a t o r <V>,
23 typename E = weak heap node<V, A>,
24 typename P = heap proxy<E>,
25 typename H = p r o x y l i s t h e a p s t o r e <C, A, E, P>,
26 typename M = blank mark store<C, A, E>
27 >
28 c l a s s pq fw fo r dhs nodes
29 : pub l i c mult ip le heap framework<V,C,A,E,H,M> {
30

31 typedef mult ip le heap framework<V,C,A,E,H,M> B;
32 typedef typename B : : s i z e t y p e s i z e t y p e ;
33

34 e x p l i c i t pq fw fo r dhs nodes ( pq fw fo r dhs nodes const&) ; // unde f ined
35

36 pub l i c :
37

38 enum { number system = 1 } ;
39

40 e x p l i c i t pq fw fo r dhs nodes (
41 C const& c = C() , A const& a = A()
42 ) : mult ip le heap framework<V,C,A,E,H,M>(c , a ) {}
43

44 E∗ ex t ra c t ( ) { return B : : ex t r a c t ( ) ; }
45

46 bool empty ( ) const {
47 return (∗ t h i s ) . s i z e ( ) == s i z e t y p e (0) ;
48 }
49

50

51 void ex t r a c t (E∗ p) {
52 a s s e r t (p != 0) ;
53 E∗ replacement = ext ra c t ( ) ;
54 a s s e r t ( replacement != 0) ;
55 i f (p == replacement ) {
56 return ;
57 }
58 (∗ t h i s ) . mark store . unmark (p) ;
59 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( true ) ;
60

61 std : : l i s t <E∗ , A> s p e c i a l p a t h ;
62 i f ( true | | c a r e f u l ) whi le ( ! ( ∗ p) . i s l e a f ( ) ) { //ab +
63 (∗ t h i s ) . mark store . unmark ((∗p) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
64 a s s e r t ( (∗ t h i s ) . mark store . i s v a l i d ( ) ) ;
65 s p e c i a l p a t h . push f ront ( (∗p) . s p l i t (B : : comparator , B : : mark store ) ) ;
66 } e l s e {
67 E∗ q = (∗p) . d i s t i ngu i shed de s c endant (B : : comparator ) ;
68 whi le ( q != 0) {
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69 (∗ t h i s ) . mark store . unmark (q ) ;
70 a s s e r t ( (∗ t h i s ) . mark store . i s v a l i d ( ) ) ;
71 s p e c i a l p a t h . push f ront (q ) ;
72 q = (∗q ) . d i s t i ngu i shed de s c endant (B : : comparator ) ;
73 }
74 }
75

76 E∗ r = replacement ;
77 whi le ( ! s p e c i a l p a t h . empty ( ) ) {
78 E∗ s = s p e c i a l p a t h . f r on t ( ) ;
79 r = (∗ r ) . f a s t j o i n ( s , replacement , B : : comparator ) ;
80 s p e c i a l p a t h . pop f ront ( ) ;
81 }
82

83 (∗ r ) . s p l i c e i n ( ho l e a t p , (∗ t h i s ) . heap store , true ) ;
84

85 (∗ t h i s ) . mark store . mark ( r ) ;
86 (∗ t h i s ) . mark store . reduce ( (∗ t h i s ) . heap s to r e ) ;
87 i f (p == (∗ t h i s ) . top ) {
88 (∗ t h i s ) . top = (∗ t h i s ) . heap s to r e . f i n d t o p ( ) ;
89 E∗ t = (∗ t h i s ) . mark store . f i n d t o p ( ) ;
90 i f ( t != 0 && (∗ t h i s ) . comparator ( (∗ ( (∗ t h i s ) . top ) ) . element ( ) , (∗ t ) . element ( ) ) ) {
91 (∗ t h i s ) . top = t ;
92 }
93 }
94 }
95 } ;
96 }
97 #end i f

A.27 pwh_node.hpp

1 /∗
2 A weak−heap node − f i r s t adapted , then mod i f i ed .
3

4 Author : J y r k i Kataja inen c© 2009
5

6 Desc : Pro t e c t i on a ga i n s t t he changing i n t e r f a c e o f t he PQFW pe r f e c t weak heap node .
7 Every r ew r i t e i s expens i ve , e s p e c i a l l y because o f t he many e x t e r n a l i n h e r i t e d v a r i a n t s .
8 Giving up t r a c k i n g the moving t a r g e t , we w i l l have to do wi th a snapsho t o f 20091025.
9 Rewri te : Asger .

10 ∗/
11

12

13 #i f n d e f CPHSTL PWH NODE
14 #de f i n e CPHSTL PWH NODE
15

16 #inc lude ” a s s e r t . h++”
17 #inc lude <cs tdde f> // s t d : : s i z e t
18 #inc lude <iostream>
19 #inc lude < l i s t >
20

21 #inc lude ” r o o t l i s t . hpp”
22

23 namespace cphs t l {
24 namespace pqfw node {
25 c l a s s pwh node base {
26 typedef pwh node base N;
27

28 union {
29 void ∗ owner ;
30 N∗ l e f t ;
31 } ;
32 N∗ parent ;
33 N∗ r i g h t ;
34

35 pwh node base ( pwh node base const&) ;
36 pwh node base& operator = ( pwh node base const&) ;
37

38 pub l i c :
39

40 typedef std : : s i z e t s i z e t y p e ;
41 typedef unsigned char he ight type ;
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42

43 s t r u c t ho l e type {
44 N∗ da ;
45 N∗ parent ;
46 N∗ cur rent ;
47 union {
48 N∗ l e f t ;
49 void ∗ owner ;
50 } ;
51

52 ho l e type (N∗ p , bool a u t o s p l i c e o u t , bool f o r c ed = f a l s e )
53 : da ( (∗p) . d i s t i n g u i s h e d a n c e s t o r ( ) ) , parent ( (∗p) . parent ( ) ) , cur rent (p)
54 {
55 i f ( parent != 0) {
56 l e f t = (∗p) . l e f t ( ) ;
57 }
58 e l s e {
59 owner = (∗p) . owner ( ) ;
60 }
61 i f ( ( a u t o s p l i c e o u t && d o s p l i c e ( ) ) | | f o r c ed ) {
62 (∗p) . parent ( ) = 0 ;
63 (∗p) . l e f t ( ) = 0 ;
64 }
65 }
66 ho l e type ( ) : da (0 ) , parent (0 ) , cur rent (0 ) , l e f t (0 ) {}
67 bool i s r o o t ( ) const { return parent == 0 ; }
68 bool d o s p l i c e ( ) { return ! i s r o o t ( ) ; }
69 } ;
70 ho l e type s p l i c e o u t ( bool f o r c ed = f a l s e ) {
71 // Note : This f un c t i on l e a v e s the unde r l y i n g t r e e broken ,
72 // un t r a v e r s a b l e , and unp r i n t a b l e u n t i l s p l i c e i n .
73 a s s e r t ( t h i s != 0) ;
74 ho l e type ho le ( th i s , true , f o r c ed ) ;
75 return ho le ;
76 }
77 template <typename H>
78 void s p l i c e i n ( ho l e type& hole , H&, bool f o r c ed = f a l s e ) {
79 i f ( ! ( ho le . d o s p l i c e ( ) | | f o r c ed ) ) return ;
80 a s s e r t ( ho le . cur rent != 0) ;
81 (∗ t h i s ) . parent ( ) = ho le . parent ;
82 i f ( ho le . parent != 0 && (∗ ho le . parent ) . l e f t ( ) == hole . cur rent ) {
83 (∗ ho le . parent ) . l e f t ( ) = t h i s ;
84 }
85 i f ( ho le . parent != 0 && (∗ ho le . parent ) . r i g h t ( ) == hole . cur rent ) {
86 (∗ ho le . parent ) . r i g h t ( ) = t h i s ;
87 }
88 i f ( ho le . parent == 0) {
89 (∗ t h i s ) . owner ( ) = ho le . owner ;
90 }
91 e l s e {
92 (∗ t h i s ) . l e f t ( ) = ho le . l e f t ;
93 i f ( ho le . l e f t != 0) {
94 (∗ ho le . l e f t ) . parent ( ) = t h i s ;
95 }
96 }
97 }
98

99 protected :
100

101 N∗ l e f t ( ) const { return l e f t ; }
102 N∗& l e f t ( ) { return l e f t ; }
103 N∗ r i g h t ( ) const { return r i g h t ; }
104 N∗& r i g h t ( ) { return r i g h t ; }
105 N∗ parent ( ) const { return parent ; }
106 N∗& parent ( ) { return parent ; }
107

108 pub l i c :
109

110 pwh node base ( ) : l e f t (0 ) , parent (0 ) , r i g h t (0 ) {}
111

112 s t a t i c s i z e t y p e f o o t p r i n t ( ) { return s i z e o f (N) ; }
113 bool i s r o o t ( ) const { return parent == 0 ; }
114 bool i s l e a f ( ) const { return r i g h t == 0 ; }
115
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116 s t a t i c bool i s spooky (N const ∗ p) { return 0<( long long )p && ( long long )p <1000; }
117

118 bool i s v a l i d ( ) const {
119 bool n o d e i s v a l i d = t h i s != 0
120 && ! ( i s spooky ( t h i s ) | | i s spooky ( parent )
121 | | i s spooky ( l e f t ) | | i s spooky ( l e f t ) ) ;
122 a s s e r t ( n o d e i s v a l i d ) ;
123 return ( n o d e i s v a l i d ) ;
124 }
125

126 bool t r e e v a l i d ( ) const {
127 bool t r e e n o d e v a l i d ( true ) ;
128 i f ( (∗ t h i s ) . parent != 0) {
129 t r e e n o d e v a l i d &= (∗(∗ t h i s ) . parent ) . l e f t == t h i s | |
130 (∗(∗ t h i s ) . parent ( ) ) . r i g h t ( ) == t h i s ;
131 }
132 i f ( (∗ t h i s ) . l e f t != 0) {
133 t r e e n o d e v a l i d &= (∗(∗ t h i s ) . l e f t ) . parent == t h i s ;
134 }
135 i f ( (∗ t h i s ) . r i g h t != 0) {
136 t r e e n o d e v a l i d &= (∗(∗ t h i s ) . r i g h t ) . parent == t h i s ;
137 }
138 a s s e r t ( t r e e n o d e v a l i d ) ;
139 return t r e e n o d e v a l i d ;
140 }
141

142 void ∗ owner ( ) const {
143 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
144 return owner ;
145 }
146 void∗& owner ( ) {
147 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
148 return owner ;
149 }
150

151 N∗ j o i n (N∗ weaker ) {
152 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
153 a s s e r t ( (∗weaker ) . i s v a l i d ( ) ) ; a s s e r t ( ! c a r e f u l | | (∗weaker ) . i s r o o t ( ) ) ;
154 N∗ p( t h i s ) ;
155 N∗ c ( (∗p) . r i g h t ( ) ) ;
156 i f ( c != 0) { (∗ c ) . parent ( ) = weaker ; }
157 (∗weaker ) . l e f t ( ) = c ;
158 (∗p) . r i g h t ( ) = weaker ;
159 (∗weaker ) . parent ( ) = p ;
160 return t h i s ;
161 }
162

163 N∗ m o s t s i g n i f i c a n t c h i l d ( ) const {
164 // Desc : l o c a t e weaker s u b t r e e b e f o r e an a c t u a l s p l i t .
165 a s s e r t ( i s v a l i d ( ) ) ;
166 return (∗ t h i s ) . r i g h t ( ) ;
167 }
168

169 N∗ s p l i t ( ) {
170 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( ! c a r e f u l | | i s r o o t ( ) ) ;
171 a s s e r t ( (∗ t h i s ) . r i g h t ( ) != 0) ; //??
172 N∗ p( t h i s ) ;
173 N∗ q ((∗p) . r i g h t ( ) ) ;
174 // wrong l a y e r f o r doing t h i s : mark s tore . unmark ( q ) ;
175 N∗ r ( (∗ q ) . l e f t ( ) ) ;
176 (∗p) . r i g h t ( ) = r ;
177 i f ( r != 0) { (∗ r ) . parent ( ) = p ; }
178 (∗q ) . parent ( ) = 0 ;
179 (∗q ) . l e f t ( ) = 0 ;
180 return q ;
181 }
182

183 N∗ swap roots (N∗ q ) {
184 N∗ p = t h i s ;
185 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
186 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
187 N∗ c = (∗p) . r i g h t ( ) ;
188 N∗ g = (∗q ) . r i g h t ( ) ;
189 (∗p) . r i g h t ( ) = g ;
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190 (∗q ) . r i g h t ( ) = c ;
191 i f ( c != 0) { (∗ c ) . parent ( ) = q ; }
192 i f ( g != 0) { (∗g ) . parent ( ) = p ; }
193 return t h i s ;
194 }
195

196 template <c l a s s Boolean>
197 N∗ cons t ruc t ( s i z e t y p e& n , const Boolean c a l c s i z e ) {
198 // Desc : Vui l l emin ” con s t r u c t ”. T(n) : O( l g n) . ES : no throw .
199 // I s o l a t e the roo t from i t s c h i l d s .
200 // Ret : A roo t l i s t in the r e v e r s e order o f an r e c u r s i v e s p l i t
201 // + t o t a l number o f nodes i n c l u d i n g the roo t .
202 a s s e r t ( i s v a l i d ( ) ) ;
203 N∗ r (0 ) ;
204 i f ( c a l c s i z e ) n = 1 ;
205 f o r (N∗ c ( r i g h t ) ; c != 0 ; ) {
206 N∗ d ((∗ c ) . l e f t ) ;
207 (∗ c ) . parent = 0 ;
208 (∗ c ) . l e f t = r ;
209 r = c ;
210 i f ( c a l c s i z e ) n <<= 1 ;
211 c = d ;
212 }
213 r i g h t = 0 ;
214 return r ;
215 }
216

217 N∗ r e l e a s e r o o t ( ) {
218 // Desc : Vui l l emin con s t r u c t wi th r e v e r s e roo t l i s t o rde r ing .
219 N∗ p( t h i s ) ;
220 N∗ q ((∗p) . r i g h t ) ;
221 (∗p) . r i g h t = 0 ;
222 (∗q ) . parent = 0 ;
223 return q ;
224 }
225

226 N∗ r e l e a s e subheap ( ) {
227 // Desc : d i s connec t r e v e r s e roo t l i s t t a i l .
228 N∗ p( t h i s ) ;
229 N∗ q ((∗p) . l e f t ) ;
230 (∗p) . l e f t = 0 ;
231 i f ( q != 0) (∗q ) . parent = 0 ;
232 return q ;
233 }
234

235 N∗ d i s t i ngu i shed de s c endant ( ) const {
236 // Note : t h i s i s par t o f something in pqfw−e x t r a c t ( p )
237 // t h a t perhaps might be done more e f f i c i e n t l y us ing the
238 // Vui l l emin ” con s t r u c t ”.
239 a s s e r t ( i s v a l i d ( ) ) ;
240 N const ∗ q = t h i s ;
241 a s s e r t ( q != 0) ;
242 i f ( (∗ q ) . i s r o o t ( ) ) {
243 return (∗q ) . r i g h t ( ) ;
244 }
245 return (∗q ) . l e f t ( ) ;
246 }
247

248 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
249 a s s e r t ( i s v a l i d ( ) ) ;
250 N const ∗ q = t h i s ;
251 a s s e r t ( q != 0) ;
252 N∗ p = (∗q ) . parent ( ) ;
253 whi le (p != 0 && (∗p) . l e f t ( ) == q) {
254 q = p ;
255 p = (∗p) . parent ( ) ;
256 }
257 return p ;
258 }
259

260 N∗ promote a l t (N∗ p) { // Vui l l emin compa t i b l e .
261 promote (p) ;
262 return (∗ t h i s ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
263 }

96



264

265 N∗ promote (N∗ p) { // CPH STL compa t i b l e .
266 // Desc : t h i s i s t he Jy r k i v e r s i on o f promote which i s f a s t e r than my ve r s i on o f

t h i s ope ra t i on .
267 N∗ q = t h i s ;
268 a s s e r t (p == (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
269 i f (p == (∗q ) . parent ( ) ) {
270 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
271 N∗ a = (∗p) . parent ( ) ;
272 N∗ b = (∗p) . l e f t ( ) ;
273 N∗ f = (∗q ) . l e f t ( ) ;
274 N∗ g = (∗q ) . r i g h t ( ) ;
275 (∗p) . parent ( ) = q ;
276 (∗p) . l e f t ( ) = f ;
277 (∗p) . r i g h t ( ) = g ;
278 (∗q ) . parent ( ) = a ;
279 (∗q ) . l e f t ( ) = b ;
280 (∗q ) . r i g h t ( ) = p ;
281 i f ( a != 0) {
282 i f ( (∗ a ) . r i g h t ( ) == p) {
283 (∗a ) . r i g h t ( ) = q ;
284 }
285 e l s e {
286 i f ( ! (∗p) . i s r o o t ( ) ) {
287 (∗a ) . l e f t ( ) = q ;
288 }
289 }
290 }
291 i f (b != 0 && ( ! (∗q ) . i s r o o t ( ) ) ) {
292 (∗b) . parent ( ) = q ;
293 }
294 i f ( f != 0) {
295 (∗ f ) . parent ( ) = p ;
296 }
297 i f ( g != 0) {
298 (∗g ) . parent ( ) = p ;
299 }
300 }
301 e l s e {
302 N∗ a = (∗p) . parent ( ) ;
303 N∗ b = (∗p) . l e f t ( ) ;
304 N∗ c = (∗p) . r i g h t ( ) ;
305 N∗ e = (∗q ) . parent ( ) ;
306 N∗ f = (∗q ) . l e f t ( ) ;
307 N∗ g = (∗q ) . r i g h t ( ) ;
308 (∗p) . parent ( ) = e ;
309 (∗p) . l e f t ( ) = f ;
310 (∗p) . r i g h t ( ) = g ;
311 (∗q ) . parent ( ) = a ;
312 (∗q ) . l e f t ( ) = b ;
313 (∗q ) . r i g h t ( ) = c ;
314 i f ( a != 0) {
315 i f ( (∗ a ) . r i g h t ( ) == p) {
316 (∗a ) . r i g h t ( ) = q ;
317 }
318 e l s e {
319 i f ( ! (∗p) . i s r o o t ( ) ) {
320 (∗a ) . l e f t ( ) = q ;
321 }
322 }
323 }
324 i f (b != 0 && ( ! (∗q ) . i s r o o t ( ) ) ) {
325 (∗b) . parent ( ) = q ;
326 }
327 i f ( c != 0) {
328 (∗ c ) . parent ( ) = q ;
329 }
330 i f ( e != 0 && (∗ e ) . l e f t ( ) == q) {
331 (∗ e ) . l e f t ( ) = p ;
332 }
333 i f ( e != 0 && (∗ e ) . r i g h t ( ) == q) {
334 (∗ e ) . r i g h t ( ) = p ;
335 }
336 i f ( f != 0) {
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337 (∗ f ) . parent = p ;
338 }
339 i f ( g != 0) {
340 (∗g ) . parent = p ;
341 }
342 }
343 return q ;
344 }
345

346 N∗ p r o m o t e f i r s t (N∗ d) {
347 // Desc : f i r s t Asger vers ion , note : J y r k i s promote i s b e t t e r .
348 /∗
349 ∗ Desc : exchange p o s i t i o n wi th f i r s t d i s t i n g u i s h e d ance s t o r .
350 ∗ T(n) : O(1) ? ES : no throw .
351 ∗
352 ∗ d != p : ( g ) d == p : o
353 ∗ \ \
354 ∗ ( d ) ( g )
355 ∗ / . \ / \
356 ∗ o . o ( d ) o
357 ∗ / \ . / \ / . \ / \
358 ∗ o o . ( p ) o o (n) o o
359 ∗ / \ / \ . / \ / \ / \ / \ / \ / \
360 ∗ o o o o (n) o o o o o o o o o o o
361 ∗/
362 a s s e r t ( t h i s != 0) ;
363 a s s e r t (d != 0) ;
364 a s s e r t (d == d i s t i n g u i s h e d a n c e s t o r ( ) ) ; // T = l g ?
365 N∗ g = (∗d) . parent ;
366 i f (d == (∗ t h i s ) . parent ) {
367 // connect to parent o f d i s t i n g u i s h e d parent .
368 (∗ t h i s ) . parent = g ;
369 i f ( g != 0) {
370 i f (d == (∗g ) . r i g h t ) std : : swap ((∗ g ) . r i gh t , (∗d) . r i g h t ) ;
371 e l s e std : : swap ((∗ g ) . l e f t , (∗d) . r i g h t ) ;
372 }
373 // t r a n s f e r r i g h t par t .
374 (∗d) . r i g h t = (∗ t h i s ) . r i g h t ;
375 i f ( (∗d) . r i g h t != 0) (∗(∗d) . r i g h t ) . parent = d ;
376 (∗ t h i s ) . r i g h t = d ;
377 (∗d) . parent = t h i s ;
378 } e l s e {
379 // swap paren t s wi th d i s t i n g u i s h e d parent .
380 i f ( g != 0) {
381 i f (d == (∗g ) . r i g h t ) std : : swap ((∗ g ) . r i gh t , (∗(∗ t h i s ) . parent ) . l e f t ) ;
382 e l s e std : : swap ((∗ g ) . l e f t , (∗(∗ t h i s ) . parent ) . l e f t ) ;
383 } e l s e (∗(∗ t h i s ) . parent ) . l e f t = d ;
384 std : : swap ((∗ t h i s ) . parent , (∗d) . parent ) ;
385 // swap r i g h t pa r t s .
386 std : : swap ((∗ t h i s ) . r i gh t , (∗d) . r i g h t ) ;
387 i f ( (∗d) . r i g h t != 0) std : : swap ( (∗ (∗ t h i s ) . r i g h t ) . parent , (∗(∗d) . r i g h t ) . parent ) ;
388 e l s e (∗(∗ t h i s ) . r i g h t ) . parent = t h i s ;
389 }
390 // swap l e f t p a r t s .
391 std : : swap ((∗ t h i s ) . l e f t , (∗d) . l e f t ) ;
392 i f ( g != 0) {
393 i f ( (∗d) . l e f t != 0 && (∗ t h i s ) . l e f t != 0)
394 std : : swap ( (∗ (∗ t h i s ) . l e f t ) . parent , (∗(∗d) . l e f t ) . parent ) ;
395 e l s e i f ( (∗ t h i s ) . l e f t != 0) (∗(∗ t h i s ) . l e f t ) . parent = t h i s ;
396 e l s e i f ( (∗d) . l e f t != 0) (∗(∗d) . l e f t ) . parent = d ;
397 } e l s e {
398 i f ( (∗d) . l e f t != 0) (∗(∗d) . l e f t ) . parent = d ;
399 }
400

401 return t h i s ;
402 } ;
403

404 N /∗ cons t ∗/ ∗ root ( ) /∗ cons t ∗/ {
405 a s s e r t ( i s v a l i d ( ) ) ;
406 N /∗ cons t ∗/∗ p = t h i s ;
407 a s s e r t (p != 0) ;
408 whi le ( ! (∗p) . i s r o o t ( ) ) {
409 p = (∗p) . parent ( ) ;
410 }
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411 return p ;
412 }
413 N const ∗ root ( ) const {
414 a s s e r t ( i s v a l i d ( ) ) ;
415 N const ∗ p = t h i s ;
416 a s s e r t (p != 0) ;
417 whi le ( ! (∗p) . i s r o o t ( ) ) {
418 p = (∗p) . parent ( ) ;
419 }
420 return p ;
421 }
422

423

424

425 N∗ s u c c e s s o r ( ) const {
426 // Desc : ” r i g h t c h i l d f i r s t ”−ordered t r a v e r s a l .
427 // T(n) : O(1) . ES : no throw .
428 a s s e r t ( i s v a l i d ( ) ) ;
429 i f ( m o s t s i g n i f i c a n t c h i l d ( ) != 0)
430 return m o s t s i g n i f i c a n t c h i l d ( ) ;
431 e l s e {
432 N∗ d = d i s t i n g u i s h e d a n c e s t o r ( ) ;
433 i f (d != 0 && ! (∗ d) . i s r o o t ( ) )
434 return (∗d) . d i s t i ngu i shed de s c endant ( ) ;
435 }
436 return 0 ;
437 }
438

439 he ight type he ight ( ) const {
440 // Desc : Slow he i gh t , u s e f u l l f o r a s s e r t i o n s . ES : no throw .
441 a s s e r t ( i s v a l i d ( ) ) ;
442 he ight type h (0) ;
443 f o r (N∗ c ( r i g h t ) ; c != 0 ; c = (∗ c ) . r i g h t ) { ++h ; }
444 return h ;
445 }
446

447

448 std : : s t r i n g s t r ( ) const { return (∗ t h i s ) . s t r<N>() ; }
449

450 protected :
451

452 template <typename D>
453 std : : s t r i n g s t r ( ) const {
454 std : : o s t r ings t r eam os ;
455 i f ( t h i s == 0) { os << ” n i l ” ; }
456 e l s e {
457 i f ( ( parent != 0 && l e f t != 0) | | r i g h t != 0) {
458 os << ”<” ;
459 i f ( parent != 0 && l e f t != 0) os << (∗ s t a t i c c a s t <D ∗ const >( l e f t ) ) . s t r ( ) ;
460 os << ” , ” ;
461 i f ( r i g h t != 0) os << ” ” << (∗ s t a t i c c a s t <D ∗ const >( r i g h t ) ) . s t r ( ) ;
462 os << ”>” ;
463 }
464 }
465 return os . s t r ( ) ;
466 }
467 } ;
468

469 template <>
470 s t r u c t node t r a i t s <pwh node base> { enum { h a s s p l i c e = 1 } ; enum { has owner = 1 } ;

enum { i s r o o t l i s t a b l e = 1 } ; } ;
471 }
472 }
473 #end i f

A.28 redundant_binary_number_system.hpp

1 #i f n d e f CPHSTL REDUNDANT BINARY NUMBER SYSTEM H
2 #de f i n e CPHSTL REDUNDANT BINARY NUMBER SYSTEM H
3

4 /∗
5 Desc : Vui l l emin s t y l e redundant b inary number system
6 wi th carry b i t s hand led in cons tan t t ime
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7 ( or what ever the j o i n s ch edu l e p o l i c y g i v e s ) .
8 Auth : Asger Bruun 2009−2010
9

10 Ref : Amr Elmasry and Claus Jensen and Jy r k i Katajainen ,
11 Relaxed weak queues : {A}n a l t e r n a t i v e to run−r e l a x e d heaps (2005) .
12 ∗/
13

14 #inc lude <array>
15

16 #inc lude ” r o o t l i s t . hpp” // r o o t l i s t
17 #inc lude ”binary number system . hpp” // f o r c ro s s over
18 #inc lude ” j o i n s c h e d u l e p o l i c i e s . hpp”
19

20 namespace cphs t l {
21

22

23 template<typename Z = std : : s i z e t >
24 s t r u c t redundant binary number base {
25 Z accu , car ry ;
26

27 redundant binary number base ( ) : accu (0) , car ry (0 ) {}
28 redundant binary number base (Z s i z e ) : accu ( s i z e ) , car ry (0) {}
29 redundant binary number base ( redundant binary number base const& n)
30 : accu (n . accu ) , car ry (n . car ry ) {}
31 redundant binary number base ( redundant binary number base const& n , i n t o f f s e t )
32 : accu (n . accu >> o f f s e t ) , car ry (n . car ry >> o f f s e t ) {}
33

34 Z value ( ) const { return (∗ t h i s ) . accu+(∗ t h i s ) . car ry ; }
35

36 void c l e a r ( ) { accu = 0 ; carry = 0 ; }
37

38 void increment ( ) {
39 a s s e r t ( i s v a l i d ( ) ) ;
40 i f ( ( (∗ t h i s ) . accu & 1) == 0) ++(∗ t h i s ) . accu ;
41 e l s e ++(∗ t h i s ) . car ry ;
42 }
43

44 void decrement ( ) {
45 a s s e r t ( i s n o n z e r o ( ) ) ;
46 Z n(1 << t r a i l i n g z e r o s ( accu | carry ) ) ; // f i r s t b i t v a l u e
47 i f (n & carry ) { carry −= n ; accu += n ; } ;
48 −−accu ;
49 }
50

51 void subt rac t (Z b i t v a l u e ) {
52 a s s e r t ( pop cnt ( b i t v a l u e ) == 1) ;
53 a s s e r t ( ( ( (∗ t h i s ) . accu | (∗ t h i s ) . car ry ) & b i t v a l u e ) != 0) ;
54 i f ( b i t v a l u e & carry ) car ry −= b i t v a l u e ;
55 e l s e accu −= b i t v a l u e ;
56 }
57

58 bool i s v a l i d ( ) const {
59 a s s e r t ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) == (∗ t h i s ) . car ry ) ;
60 a s s e r t ( (∗ t h i s ) . accu >= (∗ t h i s ) . car ry ) ;
61 return ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) == (∗ t h i s ) . car ry )
62 && ((∗ t h i s ) . accu >= (∗ t h i s ) . car ry ) ;
63 }
64 bool i s n o n z e r o ( ) const { return ( accu | carry ) != 0 ; }
65

66 void swap ( redundant binary number base & n2 ) {
67 std : : swap ( accu , n2 . accu ) ; std : : swap ( carry , n2 . car ry ) ;
68 }
69

70 void propagate (Z c a r r y b i t v a l u e ) {
71 a s s e r t ( pop cnt ( c a r r y b i t v a l u e ) == 1) ;
72 a s s e r t ( ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) & c a r r y b i t v a l u e ) != 0) ;
73 (∗ t h i s ) . accu −= c a r r y b i t v a l u e ;
74 (∗ t h i s ) . car ry −= c a r r y b i t v a l u e ;
75 c a r r y b i t v a l u e <<= 1 ;
76 a s s e r t ( ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) & c a r r y b i t v a l u e ) == 0) ;
77 i f ( ( (∗ t h i s ) . accu & c a r r y b i t v a l u e ) == 0) (∗ t h i s ) . accu |= c a r r y b i t v a l u e ;
78 e l s e (∗ t h i s ) . car ry |= c a r r y b i t v a l u e ;
79 }
80
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81 c l a s s b i t s c a n n e r : protected redundant binary number base /∗<typename Z>∗/ {
82 pub l i c :
83

84 typedef typename s i z e t r a i t s <s i z e o f (Z) ∗8> : : h e i gh t type b i t p o s t y p e ;
85 s t a t i c const b i t p o s t y p e none = ˜ b i t p o s t y p e (0) ;
86

87 pr iva t e :
88

89 b i t p o s t y p e b i t p o s ;
90 bool i s c a r r y ;
91

92 pub l i c :
93

94 b i t s c a n n e r ( redundant binary number base const& d , b i t p o s t y p e o f f s e t )
95 : redundant binary number base (d , o f f s e t )
96 {
97 i f ( ( accu | carry ) == 0) { b i t p o s = none ; i s c a r r y = f a l s e ; }
98 e l s e {
99 b i t p o s = o f f s e t ;

100 i s c a r r y = ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) % 2 == 1) ;
101 n e x t b i t ( ) ;
102 }
103 }
104

105 Z current ( ) { return b i t p o s == none ?0 :1 << b i t p o s ; }
106 b i t p o s t y p e b i t p o s ( ) { return b i t p o s ; }
107

108 bool i s c a r r y ( ) { return i s c a r r y ; }
109 bool has more carry ( ) { return (∗ t h i s ) . car ry != 0 ; }
110

111 bool i s n e x t b i t p o s n o n z e r o ( ) {
112 return ( ( (∗ t h i s ) . accu | (∗ t h i s ) . car ry ) & 2) != 0 ;
113 }
114

115 void n e x t b i t ( ) {
116 a s s e r t ( b i t p o s != none ) ;
117

118 i f ( ( (∗ t h i s ) . accu | (∗ t h i s ) . car ry ) == 0) {
119 b i t p o s = none ; return ;
120 } e l s e i f ( ( ( (∗ t h i s ) . accu | (∗ t h i s ) . car ry ) & 1) == 0) {
121 b i t p o s t y p e de l t a = ( b i t p o s t y p e ) t r a i l i n g z e r o s ( accu | carry ) ;
122 (∗ t h i s ) . accu >>= de l t a ; (∗ t h i s ) . car ry >>= de l t a ;
123 b i t p o s += de l t a ;
124 i s c a r r y = ( ( (∗ t h i s ) . accu & (∗ t h i s ) . car ry ) % 2 == 1) ;
125 }
126 i f ( (∗ t h i s ) . car ry % 2) { −−(∗ t h i s ) . car ry ; }
127 e l s e { a s s e r t ( ( (∗ t h i s ) . accu % 2) == 1) ; −−(∗ t h i s ) . accu ; }
128 }
129

130 pr iva t e :
131

132 f r i e nd std : : ostream & operator <<
133 ( std : : ostream & os , b i t s c a n n e r const& bs )
134 {
135 b i t s c a n n e r tmp( bs ) ;
136 whi le (tmp . cur rent ( ) ) {
137 os << tmp . cur rent ( ) << ” ” ; tmp . n e x t b i t ( ) ;
138 }
139 return os ;
140 }
141 } ;
142

143 pr i va t e :
144

145 f r i e nd std : : ostream & operator <<
146 ( std : : ostream & os , redundant binary number base const& d)
147 {
148 os << d . accu << ”+” << d . car ry << ” = ” << d . value ( ) ;
149 return os ;
150 }
151 } ;
152

153 // ////////////////////////////////////////////////
154
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155 template<
156 template <typename E2> c l a s s JS = j o i n s c h e d u l e f a t
157 >
158 s t r u c t j s p o l i c y {
159 template<typename C, typename E>
160 // where E and C have the same type o f comparator and va l u e .
161 c l a s s redundant binary number : pub l i c E : : r o o t l i s t t y p e {
162 redundant binary number ( redundant binary number const&) ;
163 redundant binary number& operator = ( const redundant binary number&) ;
164

165 pub l i c :
166

167 enum { number system = 3 } ;
168

169 typedef typename E : : comparator type comparator type ;
170 typedef typename E : : r o o t l i s t t y p e r o o t l i s t t y p e ;
171 typedef typename r o o t l i s t t y p e : : b a c k i n s e r t e r b a c k i n s e r t e r ;
172 typedef typename E : : s i z e t y p e s i z e t y p e ;
173 typedef typename E : : po in t e r po in t e r ;
174

175 typedef redundant binary number base<s i z e t ype > number base type ;
176 typedef typename number base type : : b i t s c a n n e r b i t s c a n n e r ;
177

178 // s l ower i s : t y p e d e f redundant b inary number<C,E> f a s t numbe r t y p e ;
179 typedef binary number<C,E> fa s t number type ;
180 typedef typename fas t number type : : b i t s c a n n e r f a s t b i t s c a n n e r ;
181

182 redundant binary number ( po in t e r l i s t , s i z e t y p e accu , s i z e t y p e carry )
183 : r o o t l i s t t y p e ( l i s t ) , s i z e ( accu , car ry ) , j s ( ) { a s s e r t ( i s v a l i d ( ) ) ; }
184

185 redundant binary number ( po in t e r l i s t , number base type const& s i z e )
186 : r o o t l i s t t y p e ( l i s t ) , s i z e ( s i z e ) , j s ( ) { a s s e r t ( i s v a l i d ( ) ) ; }
187

188 bool i s v a l i d ( ) /∗ cons t ∗/ {
189 bool va l i d = (∗ t h i s ) . s i z e . i s v a l i d ( ) ;
190 a s s e r t ( v a l i d ) ;
191 b i t s c a n n e r bs ( (∗ t h i s ) . s i z e , 0) ;
192 va l i d &= r o o t l i s t t y p e : : i s v a l i d b s ( bs ) ;
193 a s s e r t ( v a l i d ) ;
194 va l i d &= (∗ t h i s ) . j s . i s v a l i d ( t h i s ) ;
195 return va l i d ;
196 }
197

198 s i z e t y p e s i z e ( ) const { return (∗ t h i s ) . s i z e . va lue ( ) ; }
199 s i z e t y p e max size ( ) const {
200 // Note : I t i s c l e a r to the LWG tha t the va l u e re turned by max s i z e ( )
201 // : can ’ t change from c a l l to c a l l .
202 // Ref : www. open−s t d . org / j t c 1 / sc22 /wg21/ docs / lwg−c l o s e d . html#197
203 return std : : numer i c l im i t s<s i z e t ype > : :max( ) / E : : f o o t p r i n t ( ) ;
204 }
205

206 void swap ( redundant binary number<C,E> & h2 ) {
207 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( h2 . i s v a l i d ( ) ) ;
208 r o o t l i s t t y p e : : swap ( h2 ) ;
209 (∗ t h i s ) . j s . swap ( h2 . j s ) ;
210 (∗ t h i s ) . s i z e . swap ( h2 . s i z e ) ;
211 }
212

213 protected :
214

215 number base type s i z e ;
216 s t a t i c comparator type comparator ;
217

218 typedef JS<E> j o i n s c h e d u l e t y p e ;
219

220 // f r i e n d c l a s s j o i n s c h e d u l e t y p e ; // t h i s i s n t v a l i d gcc .
221

222 f r i e nd c l a s s j o i n s c h e d u l e u l t r a l i g h t <E>;
223 f r i e nd c l a s s j o i n s c h e d u l e l i g h t <E>;
224 f r i e nd c l a s s jo in schedule medium<E>;
225 f r i e nd c l a s s j o i n s c h e d u l e f a t <E>;
226

227 j o i n s c h e d u l e t y p e j s ;
228
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229 pr iva t e :
230

231 // adder
232 typedef typename r o o t l i s t t y p e : : adde r a c c e s s type adde r a c c e s s type ;
233 typedef typename r o o t l i s t t y p e : : a d d e r a c c e s s r e f a d d e r a c c e s s r e f ;
234 s t a t i c void ac c ep t ca r ry ( b a c k i n s e r t e r & nxt , po in t e r& c ) {
235 nxt . add ( c ) ; c = 0 ;
236 }
237 s t a t i c void a c c e p t r e s ( b a c k i n s e r t e r & nxt , a d d e r a c c e s s r e f l ) {
238 nxt . add ( l . sk ip ( ) ) ;
239 }
240 s t a t i c void prop car ry ( po in t e r& c , a d d e r a c c e s s r e f l ) {
241 c = (∗ l . e j e c t ( ) ) . j o i n ( c , comparator ) ;
242 }
243 s t a t i c void prop carry2 ( po in t e r& c , a d d e r a c c e s s r e f l ) {
244 c = (∗ c ) . j o i n ( l . e j e c t ( ) , comparator ) ;
245 }
246 s t a t i c void c o n s t r u c t c a r r y ( po in t e r& c , a d d e r a c c e s s r e f l1 , a d d e r a c c e s s r e f l 2 ) {
247 c = (∗ l 1 . e j e c t ( ) ) . j o i n ( l 2 . e j e c t ( ) , comparator ) ;
248 }
249 s t a t i c void j o i n c a r r y ( po in t e r& c1 , po in t e r& c2 ) {
250 c1 = (∗ c1 ) . j o i n ( c2 , comparator ) ;
251 c2 = 0 ;
252 }
253

254 protected :
255

256 void add ( binary number<C,E>& b) {
257 // T(n ,m) = O(max( l g m, l g n) ) .
258 // Desc : add wi th f a s t e r b inary number type ( a lmost o b s o l e t e ) .
259

260 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
261

262 a s s e r t (b . accu != 0) ;
263 i n t bm( b i t s c a n r e v e r s e (b . accu ) ) ;
264 whi le ( ( (∗ t h i s ) . s i z e . car ry != 0) && ( t r a i l i n g z e r o s ( (∗ t h i s ) . s i z e . car ry )<bm) )
265 j s . p ropagate car ry ( t h i s ) ; // ! : un f o r tuna t e hack
266

267

268 adde r a c c e s s type r1 (∗ t h i s ) , r2 (b) ;
269 number base type n1 ((∗ t h i s ) . s i z e ) ;
270 s i z e t y p e n2 (b . accu ) ;
271 po in t e r c (0 ) ;
272 r o o t l i s t t y p e r e s (0 ) ;
273 b a c k i n s e r t e r nxt ( r e s ) ;
274 whi le ( ( n1 . accu != 0 && n2 != 0) | | ( c != 0) ) {
275 i f ( n1 . car ry % 2 != 0) a c c e p t r e s ( nxt , r1 ) ;
276 switch ( ( c == 0?0 : 4 ) + ( ( n2 % 2) << 1) + ( n1 . accu % 2) ) {
277 case 0 /∗000 ∗/ : a s s e r t ( n1 . car ry % 2 == 0) ; break ;
278 case 1 /∗001 ∗/ : a c c e p t r e s ( nxt , r1 ) ; break ;
279 case 2 /∗010 ∗/ : a c c e p t r e s ( nxt , r2 ) ; break ;
280 case 3 /∗011 ∗/ : c o n s t r u c t c a r r y ( c , r1 , r2 ) ; break ;
281 case 4 /∗100 ∗/ : a c c ep t ca r ry ( nxt , c ) ; break ;
282 case 5 /∗101 ∗/ : p rop car ry ( c , r1 ) ; break ;
283 case 6 /∗110 ∗/ : p rop carry2 ( c , r2 ) ; break ;
284 case 7 /∗111 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c , r2 ) ; break ;
285 de f au l t : a s s e r t (0 ) ; break ;
286 }
287 n1 . accu >>= 1 ; n1 . car ry >>= 1; n2 >>= 1;
288 }
289 i f ( n1 . accu != 0) {
290 a s s e r t ( n2 == 0) ; a s s e r t ( r2 . empty ( ) ) ;
291 a c c e p t r e s ( nxt , r1 ) ;
292 (∗ t h i s ) . c l e a r ( ) ;
293 } e l s e i f ( n2 != 0) {
294 a s s e r t ( r1 . empty ( ) ) ;
295 a c c e p t r e s ( nxt , r2 ) ;
296 b . c l e a r ( ) ;
297 } e l s e {
298 a s s e r t ( r1 . empty ( ) ) ;
299 a s s e r t ( r2 . empty ( ) ) ;
300 }
301 (∗ t h i s ) . s i z e . accu += b . accu ;
302 b . accu = 0 ;
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303 (∗ t h i s ) . r o o t l i s t t y p e : : swap ( r e s ) ;
304

305 // t r a n s f e r ou tda t ed carry to accu .
306 s i z e t y p e a ((∗ t h i s ) . s i z e . accu ) ;
307 (∗ t h i s ) . s i z e . accu |= (∗ t h i s ) . s i z e . car ry ;
308 (∗ t h i s ) . s i z e . car ry &= a ;
309 i f ( (∗ t h i s ) . s i z e . accu != a ) j s . scan drop ( t h i s ) ;
310

311 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
312 }
313

314 void a d d i n e f f i c i e n t ( redundant binary number& b) {
315 // T(n ,m) = O(min( l g m, l g n) ) .
316 // Desc : Vui l l emin adder , bu t wi th a de s i gn f l aw in the use
317 // o f the number system , and wi th a c o s t l y f i x in e x t r a compares .
318

319 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
320

321 i f (b . s i z e . car ry > (∗ t h i s ) . s i z e . accu )
322 (∗ t h i s ) . swap (b) ; // p i c k j o i n s ch edu l e wi th h i g h e s t d i g i t .
323

324 i f (b . s i z e . accu == 0) return ; // copy c on s t r u c t i on from mpq
325 i n t bm( b i t s c a n r e v e r s e (b . s i z e . accu ) ) ;
326 whi le ( ( (∗ t h i s ) . s i z e . car ry != 0) && ( t r a i l i n g z e r o s ( (∗ t h i s ) . s i z e . car ry )<bm) )
327 j s . p ropagate car ry ( t h i s ) ; // ! : un f o r tuna t e hack
328

329

330 number base type n1 ((∗ t h i s ) . s i z e ) , n2 (b . s i z e ) ;
331 adde r a c c e s s type r1 (∗ t h i s ) , r2 (b) ;
332 // r o o t l i s t t y p e & r1 (∗ t h i s ) , & r2 ( b ) ;
333 po in t e r c1 (0) , c2 (0 ) ;
334 r o o t l i s t t y p e r e s (0 ) ;
335 b a c k i n s e r t e r nxt ( r e s ) ;
336 whi le ( ( ( n1 . accu | n1 . car ry ) != 0
337 && ( n2 . accu | n2 . car ry ) != 0) | | c1 != 0 | | c2 != 0)
338 {
339 // i f ( c1 != 0 && c2 != 0) b r e a k h e r e ;
340 i f ( n1 . car ry % 2 != 0) a c c e p t r e s ( nxt , r1 ) ;
341 switch ( ( c2 == 0?0 :16 ) + ( c1 == 0?0 : 8 ) + ( ( n2 . car ry % 2) << 2)
342 + (( n2 . accu % 2) << 1) + ( n1 . accu % 2) ) {
343 case 0 /∗ 00000 ∗/ : a s s e r t ( n1 . car ry % 2 == 0) ; break ;
344 case 1 /∗ 00001 ∗/ : a c c e p t r e s ( nxt , r1 ) ; break ;
345 case 2 /∗ 00010 ∗/ : a c c e p t r e s ( nxt , r2 ) ; break ;
346 case 3 /∗ 00011 ∗/ : c o n s t r u c t c a r r y ( c1 , r1 , r2 ) ; break ;
347 case 4 /∗ 00100 ∗/ : a c c e p t r e s ( nxt , r2 ) ; break ;
348 case 5 /∗ 00101 ∗/ : c o n s t r u c t c a r r y ( c1 , r1 , r2 ) ; break ;
349 case 6 /∗ 00110 ∗/ : c o n s t r u c t c a r r y ( c1 , r2 , r2 ) ; break ;
350 case 7 /∗ 00111 ∗/ : a c c e p t r e s ( nxt , r2 ) ; c o n s t r u c t c a r r y ( c1 , r1 , r2 ) ; break ;
351 case 8 /∗ 01000 ∗/ : a c c ep t ca r ry ( nxt , c1 ) ; break ;
352 case 9 /∗ 01001 ∗/ : p rop car ry ( c1 , r1 ) ; break ;
353 case 10 /∗ 01010 ∗/ : p rop car ry ( c1 , r2 ) ; break ;
354 case 11 /∗ 01011 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c1 , r2 ) ; break ;
355 case 12 /∗ 01100 ∗/ : p rop car ry ( c1 , r2 ) ; break ;
356 case 13 /∗ 01101 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c1 , r2 ) ; break ;
357 case 14 /∗ 01110 ∗/ : a c c e p t r e s ( nxt , r2 ) ; prop car ry ( c1 , r2 ) ; break ;
358 case 15 /∗ 01111 ∗/ : p rop car ry ( c1 , r2 ) ; c o n s t r u c t c a r r y ( c2 , r1 , r2 ) ; break ;
359 case 16 /∗ 10000 ∗/ : a c c ep t ca r ry ( nxt , c2 ) ; break ;
360 case 17 /∗ 10001 ∗/ : p rop car ry ( c2 , r1 ) ; break ;
361 case 18 /∗ 10010 ∗/ : p rop car ry ( c2 , r2 ) ; break ;
362 case 19 /∗ 10011 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c2 , r2 ) ; break ;
363 case 20 /∗ 10100 ∗/ : p rop car ry ( c2 , r2 ) ; break ;
364 case 21 /∗ 10101 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c2 , r2 ) ; break ;
365 case 22 /∗ 10110 ∗/ : a c c e p t r e s ( nxt , r2 ) ; prop car ry ( c2 , r2 ) ; break ;
366 case 23 /∗ 10111 ∗/ : a c c e p t r e s ( nxt , r1 ) ; prop car ry ( c2 , r2 ) ; prop car ry ( c2 , r2 ) ; break ;
367 case 24 /∗ 11000 ∗/ : j o i n c a r r y ( c1 , c2 ) ; break ;
368 case 25 /∗ 11001 ∗/ : j o i n c a r r y ( c1 , c2 ) ; a c c e p t r e s ( nxt , r1 ) ; break ;
369 case 26 /∗ 11010 ∗/ : j o i n c a r r y ( c1 , c2 ) ; a c c e p t r e s ( nxt , r2 ) ; break ;
370 case 27 /∗ 11011 ∗/ : j o i n c a r r y ( c1 , c2 ) ; c o n s t r u c t c a r r y ( c2 , r1 , r2 ) ; break ;
371 case 28 /∗ 11100 ∗/ : j o i n c a r r y ( c1 , c2 ) ; a c c e p t r e s ( nxt , r2 ) ; break ;
372 case 29 /∗ 11101 ∗/ : j o i n c a r r y ( c1 , c2 ) ; c o n s t r u c t c a r r y ( c2 , r1 , r2 ) ; break ;
373 case 30 /∗ 11110 ∗/ : j o i n c a r r y ( c1 , c2 ) ; c o n s t r u c t c a r r y ( c2 , r2 , r2 ) ; break ;
374 // case 31 /∗11111∗/: a s s e r t (0) ; break ; // impo s s i b l e
375 de f au l t : a s s e r t (0 ) ; break ; // impo s s i b l e
376 }
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377 n1 . accu >>= 1 ; n1 . car ry >>= 1;
378 n2 . accu >>= 1 ; n2 . car ry >>= 1;
379 }
380 i f ( n1 . accu != 0) {
381 a s s e r t ( n2 . value ( ) == 0) ; a s s e r t ( r2 . empty ( ) ) ;
382 a c c e p t r e s ( nxt , r1 ) ;
383 (∗ t h i s ) . c l e a r ( ) ;
384 } e l s e i f ( ( n2 . accu | n2 . car ry ) != 0) {
385 a s s e r t ( n2 . car ry == 0) ; // or r e b u i l d r e s t o f j o i n s ch edu l e .
386 a s s e r t ( r1 . empty ( ) ) ;
387 a c c e p t r e s ( nxt , r2 ) ;
388 b . c l e a r ( ) ;
389 } e l s e {
390 a s s e r t ( r1 . empty ( ) ) ;
391 a s s e r t ( r2 . empty ( ) ) ;
392 }
393 (∗ t h i s ) . s i z e . accu += b . s i z e . va lue ( ) ;
394 b . s i z e . c l e a r ( ) ;
395 b . j s . c l e a r ( ) ;
396 r o o t l i s t t y p e : : swap ( r e s ) ;
397

398 // t r a n s f e r ou tda t ed carry to accu .
399 s i z e t y p e a ((∗ t h i s ) . s i z e . accu ) ;
400 (∗ t h i s ) . s i z e . accu |= (∗ t h i s ) . s i z e . car ry ;
401 (∗ t h i s ) . s i z e . car ry &= a ;
402 i f ( (∗ t h i s ) . s i z e . accu != a ) j s . scan drop ( t h i s ) ;
403

404 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (b . i s v a l i d ( ) ) ;
405 }
406

407 s t r u c t f o rward adde r s t a ck en t ry {
408 po in t e r carry node ;
409 i n t ca r ry pos ;
410 } ;
411

412 void add ( redundant binary number& b) {
413 // Desc : New forward adder .
414 // T(n ,m) = O(min( l g m, l g n) ) .
415 i f (b . s i z e . accu > (∗ t h i s ) . s i z e . accu ) (∗ t h i s ) . swap (b) ;
416 i f (b . s i z e . accu == 0) return ;
417

418 a s s e r t i o n h e l p ( s i z e t y p e expected ((∗ t h i s ) . s i z e ( )+b . s i z e ( ) ) ) ;
419

420 number base type n1 ((∗ t h i s ) . s i z e ) , n2 (b . s i z e ) ;
421 adde r a c c e s s type l 1 (∗ t h i s ) , l 2 (b) ;
422

423 r o o t l i s t t y p e r e s (0 ) ;
424 b a c k i n s e r t e r nxt ( r e s ) ;
425

426 i n t b i t count (0) , z e r o w r i t t e n (0) , b i t p o s (0 ) ;
427 po in t e r b i t s [ 6 ] ;
428

429 const i n t max stack = ( s i z e o f ( s i z e t y p e )∗CHAR BIT/2) − ( s t a t i c l o g b <s i z e o f (E) > : :
va lue /2) ;

430 // un f o r t una t e l y not p o s s i b l e : ” s t d : : s tack<f o rwa r d add e r s t a c k en t r y , s t d : : array<
f o rwa r d add e r s t a c k en t r y , max stack> > s t k ; ”

431 // f o rwa r d a d d e r s t a c k e n t r y s t k [ max s tack ] ;
432 std : : array<f o rward adder s tack ent ry , max stack> s tk ;
433 i n t top (0) ;
434

435 (∗ t h i s ) . s i z e . c l e a r ( ) ;
436

437 whi le ( /∗n1 . accu | ∗/ n2 . accu | b i t count ) {
438 i f ( n1 . accu & 1) {
439 b i t s [ b i t count++] = l1 . e j e c t ( ) ;
440 i f ( n1 . car ry & 1) {
441 b i t s [ b i t c ount++] = l1 . e j e c t ( ) ;
442 }
443 }
444 i f ( n2 . accu & 1) {
445 b i t s [ b i t count++] = l2 . e j e c t ( ) ;
446 i f ( n2 . car ry & 1) {
447 b i t s [ b i t c ount++] = l2 . e j e c t ( ) ;
448 }
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449 }
450 i f ( ( b i t count & 1) != 0) { // odd
451 nxt . add ( b i t s [−−b i t count ] ) ;
452 (∗ t h i s ) . s i z e . accu |= (1 << b i t p o s ) ;
453 } e l s e { // even
454 i f ( b i t count == 0) {
455 z e r o w r i t t e n = 1 ;
456 } e l s e i f ( z e r o w r i t t e n ) {
457 nxt . add ( b i t s [−−b i t count ] ) ; nxt . add ( b i t s [−−b i t count ] ) ;
458 s tk [ top ] . carry node = b i t s [ b i t count ] ;
459 s tk [ top ] . ca r ry pos = b i t p o s ;
460 ++top ;
461 (∗ t h i s ) . s i z e . car ry |= (1 << b i t p o s ) ;
462 (∗ t h i s ) . s i z e . accu |= (1 << b i t p o s ) ;
463 z e r o w r i t t e n = 0 ;
464 }
465 }
466 b i t count >>= 1 ;
467 switch ( b i t count ) {
468 case 0 : break ;
469 case 1 : b i t s [ 0 ] = (∗ b i t s [ 0 ] ) . j o i n ( b i t s [ 1 ] , comparator ) ; break ;
470 case 2 : b i t s [ 0 ] = (∗ b i t s [ 0 ] ) . j o i n ( b i t s [ 1 ] , comparator ) ;
471 b i t s [ 1 ] = (∗ b i t s [ 2 ] ) . j o i n ( b i t s [ 3 ] , comparator ) ; break ;
472 de f au l t : a s s e r t (0 ) ; break ;
473 }
474 n1 . accu >>= 1 ; n1 . car ry >>= 1;
475 n2 . accu >>= 1 ; n2 . car ry >>= 1;
476 ++b i t p o s ;
477 }
478 i f ( n1 . accu ) { // accep t r e s t o f roo t l i s t as i s .
479 po in t e r p( l 1 . sk ip ( ) ) ;
480 nxt . add (p) ;
481 whi le ( n1 . car ry ) { // save r e s t o f j o i n s ch edu l e .
482 i f ( n1 . car ry & 1) {
483 s tk [ top ] . carry node = p ;
484 s tk [ top ] . ca r ry pos = b i t p o s ;
485 ++top ;
486 p = l1 . sk ip ( ) ; p = l1 . sk ip ( ) ;
487 } e l s e i f ( n1 . accu & 1) {
488 p = l1 . sk ip ( ) ;
489 }
490 n1 . accu >>= 1 ; n1 . car ry >>= 1;
491 ++b i t p o s ;
492 }
493 }
494 b . s i z e . c l e a r ( ) ;
495 b . j s . c l e a r ( ) ;
496 (∗ t h i s ) . j s . c l e a r ( ) ;
497 (∗ t h i s ) . r o o t l i s t t y p e : : swap ( r e s ) ;
498 whi le ( top != 0) { // r e b u i l d j o i n s ch edu l e
499 −−top ;
500 (∗ t h i s ) . j s . push ( stk [ top ] . car ry pos , s tk [ top ] . carry node ) ;
501 }
502

503 a s s e r t ( (∗ t h i s ) . s i z e ( )==expected ) ;
504 }
505

506 s i z e t y p e remove root ( po in t e r r ) {
507 // Desc : Remove roo t from roo t l i s t and re tu rn i t s s i z e .
508 // This i s used from Vui l l emin e x t r a c t .
509 // Locat ing cor re spond ing b i t r e q u i r e s a l i s t scan ,
510 // t h e r e f o r e cons tan t t ime i s impo s s i b l e .
511 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
512 po in t e r y ( (∗ t h i s ) . begin ( ) ) , z ( (∗ t h i s ) . end ( ) ) ;
513 b i t s c a n n e r bs ( (∗ t h i s ) . s i z e , 0) ;
514 whi le ( y != r ) {
515 bs . n e x t b i t ( ) ; z = y ; y = next ge t (y ) ;
516 }
517 s i z e t y p e de l t a ( bs . cur rent ( ) ) ;
518 bool was carry ( ( (∗ t h i s ) . s i z e . car ry & de l t a ) != 0) ;
519 (∗ t h i s ) . s i z e . subt rac t ( de l t a ) ;
520 i f ( was carry ) {
521 a s s e r t ( bs . i s c a r r y ( ) ) ;
522 j s . drop ( th i s , bs . b i t p o s ( ) ) ;
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523 }
524 r o o t l i s t t y p e : : r emove a f t e r ( z ) ;
525 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
526 return de l t a ;
527 }
528

529 void promoted to root ( po in t e r replacement , po in t e r d) {
530 j s . r ep l a c e ( replacement , d) ;
531 r o o t l i s t t y p e : : promoted to root ( replacement , d) ;
532 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
533 }
534

535 void increment ( po in t e r p) {
536 // Opti : i n s e r t does never meld .
537 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ; a s s e r t (p != 0) ;
538 a s s e r t ( (∗p) . i s r o o t ( ) ) ; a s s e r t ( (∗p) . he ight ( ) == 0) ;
539

540 r o o t l i s t t y p e : : i n j e c t (p) ;
541 (∗ t h i s ) . s i z e . increment ( ) ;
542 i f ( ( (∗ t h i s ) . s i z e . accu & (∗ t h i s ) . s i z e . car ry ) % 2 == 1) {
543 j s . push (0 , p) ;
544 }
545 j s . p ropagate car ry ( t h i s ) ;
546

547 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
548 }
549

550 po in t e r decrement ( ) {
551 // Opti : Vui l l emin meld i s never needed because the t r e e
552 // e x t r a c t e d i s a lways the l e a s t s i g n i f i c a n t d i g i t .
553 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
554 a s s e r t ( ! ( ∗ t h i s ) . empty ( ) ) ;
555

556 po in t e r q (E : : r o o t l i s t t y p e : : begin ( ) ) ;
557 (∗ t h i s ) . s i z e . decrement ( ) ;
558 i f ( q == j s . top node ( ) ) j s . pop ( t h i s ) ;
559

560 po in t e r p(E : : r o o t l i s t t y p e : : e j e c t ( ) ) ;
561 a s s e r t (p == q) ;
562

563 po in t e r t ( (∗p) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
564 s i z e t y p e dummy(1) ;
565 i f ( t != 0) { // i e . ! ( ∗ p ) . i s l e a f ( )
566 po in t e r r ( (∗p) . cons t ruc t (dummy, constant<bool , f a l s e >() ) ) ;
567 i n j e c t r a n g e ( r , t ) ;
568 }
569

570 a s s e r t ( i s v a l i d ( ) ) ; a s s e r t ( (∗p) . i s r o o t ( ) ) ; a s s e r t ( (∗p) . he ight ( ) == 0) ;
571 return p ;
572 }
573

574 pr iva t e :
575

576 /∗
577 // dont o f f e r e j e c t un l e s s the cph s t l e x t r a c t needs i t :
578 po i n t e r e j e c t ( ) {
579 po i n t e r p ( r o o t l i s t t y p e : : e j e c t ( ) ) ;
580 i f ( p == j s . top ( ) ) j s . pop ( ) ;
581 r e tu rn p ;
582 }
583 ∗/
584

585 f r i e nd std : : ostream & operator <<
586 ( std : : ostream & os , redundant binary number const& hs )
587 {
588 os << ” s i z e ( ” << hs . s i z e << ”) ” ;
589 os << ” length ( ” << hs . l ength ( ) << ”) ” ;
590 b i t s c a n n e r bs ( hs . s i z e , 0) ;
591 po in t e r r ( hs . begin ( ) ) ;
592 whi le ( r != 0) {
593 os << ” [ ” << s i z e t y p e ( bs . b i t p o s ( ) ) << ” : ” << (∗ r ) << ” ] ” ;
594 r = (∗ r ) . n e x t r o o t g e t ( ) ;
595 bs . n e x t b i t ( ) ;
596 }
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597 os << ”\n” ;
598 return os ;
599 }
600 } ; // redundant b inary number
601 } ; // j s p o l i c y
602

603 template<template <typename E2> c l a s s JS>
604 template<typename C, typename E>
605 typename cphs t l : : j s p o l i c y <JS> : : template redundant binary number<C,E> : : comparator type
606 j s p o l i c y <JS> : : redundant binary number<C,E> : : comparator = C( ) ;
607

608 } // namespace c p h s t l
609 #end i f

A.29 root_list.hpp

1 #i f n d e f CPHSTL ROOT LIST H
2 #de f i n e CPHSTL ROOT LIST H
3

4 /∗
5 Desc : Vui l l emin s t y l e roo t l i s t .
6 Auth : Asger Bruun 2009−2010
7 Ref : Jean Vui l l emin . A data s t r u c t u r e f o r manipu la t ing p r i o r i t y queues .
8 Communications o f t he ACM 21 (1978) , 309−315.
9 Note : This i s t he u n i d i r e c t i o n a l v e r s i on .

10 The b i d i r e c t i o n a l v e r s i on has temporare l y branched to
11 ” r o o t l i s t b i d i r . hpp ” because s e r i o u s t r o u b l e combining the
12 two v e r s i on s in one source .
13 ∗/
14

15 namespace cphs t l {
16

17 template <c l a s s T, T V>
18 s t r u c t constant {
19 operator T() const { return V; }
20 } ;
21

22 namespace pqfw node {
23

24 template <typename D>
25 c l a s s r o o t l i s t n o d e
26 {
27 typedef r o o t l i s t n o d e N;
28

29 // p r o t e c t e d :
30 pub l i c : // ! ! : t emporare l y p u b l i c
31

32 union {
33 D∗ next ;
34 void ∗ owner ;
35 } ;
36

37 pub l i c :
38

39 s t a t i c bool i s spooky ( void const ∗ p) {
40 return 0<( long long )p && ( long long )p <1000;
41 }
42

43 s t a t i c bool i s v a l i d (N const ∗ const p) {
44 bool r o o t l i s t n o d e v a l i d = p != 0
45 && ! ( i s spooky (p) | | i s spooky ((∗p) . next ) ) ;
46 a s s e r t ( r o o t l i s t n o d e v a l i d ) ;
47 return ( r o o t l i s t n o d e v a l i d ) ;
48 }
49 bool i s v a l i d ( ) const {
50 return i s v a l i d ( t h i s ) ;
51 }
52

53 typedef r o o t l i s t n o d e r o o t l i s t b a s e ;
54

55 template<typename E2>
56 s t r u c t r eb ind encap su l a t o r type {
57 typedef r o o t l i s t n o d e <E2> other ;
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58 } ;
59

60

61 r o o t l i s t n o d e ( ) : next (0 ) {}
62 r o o t l i s t n o d e (D∗ next ) : next ( next ) {}
63

64 D∗& next ( ) {
65 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
66 return (∗ t h i s ) . next ;
67 }
68 D∗ next ( ) const {
69 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
70 return (∗ t h i s ) . next ;
71 }
72 D∗ n e x t r o o t g e t ( ) {
73 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
74 return (∗ t h i s ) . next ;
75 }
76 void n e x t r o o t s e t (D∗ r ) {
77 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
78 (∗ t h i s ) . next = r ;
79 }
80 } ;
81

82 template <c l a s s T> s t r u c t n o d e t r a i t s {
83 // s p e c i a l pqfw f e a t u r e s e xpen s i v e to implement .
84 enum { h a s s p l i c e = 0 } ; enum { has owner = 0 } ; enum { i s r o o t l i s t a b l e = 0 } ;
85 } ;
86 } // namespace pq fw node
87

88 us ing namespace pqfw node ;
89

90 template<typename E, bool b id i r>
91 c l a s s r o o t l i s t {
92

93 pr i va t e :
94

95 E∗ l s t ;
96

97 E∗ be fo re head ( ) { // roo t l i s t behav ing as a l i s t node .
98 a s s e r t i o n h e l p (E∗ r ( (E∗)&l s t ) ; )
99 a s s e r t ( ( void ∗) r == ( void ∗) &((∗ r ) . owner ( ) ) ) ; // r e q u i r e nex t as f i r s t f i e l d ( b e t t e r i f

t h e t e s t was s t a t i c ) .
100 return (E∗)&l s t ;
101 }
102 E∗ head ( ) const { return l s t ; }
103

104 r o o t l i s t ( ) ;
105 r o o t l i s t ( r o o t l i s t const&) ;
106 r o o t l i s t& operator = ( const r o o t l i s t &) ;
107

108 protected :
109

110 s t a t i c E∗ next ge t (E∗ p) {
111 a s s e r t (p != 0) ;
112 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
113 return (∗p) . n e x t r o o t g e t ( ) ;
114 }
115 s t a t i c E∗ prev ge t (E∗ p) {
116 a s s e r t (p != 0) ;
117 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
118 return (∗p) . p r e v r o o t g e t ( ) ;
119 }
120 s t a t i c void n e x t s e t (E∗ p , E∗ r ) {
121 a s s e r t (p != 0) ; a s s e r t ( (∗p) . i s r o o t ( ) ) ;
122 (∗p) . n e x t r o o t s e t ( r ) ;
123 i f ( b i d i r && r != 0) (∗ r ) . p r e v r o o t s e t (p) ;
124 }
125 s t a t i c void n e x t c l e a r (E∗ p) {
126 a s s e r t (p != 0) ; a s s e r t ( (∗p) . i s r o o t ( ) ) ;
127 (∗p) . n e x t r o o t s e t (0 ) ;
128 }
129 s t a t i c void n e x t p r e v c l e a r (E∗ p) {
130 n e x t c l e a r (p) ;
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131 i f ( b i d i r ) (∗p) . p r e v r o o t s e t (0 ) ;
132 }
133 void head se t (E∗ p) {
134 (∗ t h i s ) . l s t = p ;
135 i f ( b i d i r && p != 0 && ! (∗ p) . i s l e a f ( ) )
136 (∗p) . p r e v r o o t s e t (0 ) ; //???
137 }
138

139 pub l i c :
140

141 template<typename E2>
142 s t r u c t r eb ind encap su l a t o r type {
143 typedef r o o t l i s t <E2 , b id i r> other ;
144 } ;
145

146 s t a t i c const bool a n y s p l i c e = f a l s e ;
147

148 c l a s s adde r a c c e s s type {
149 r o o t l i s t <E, b id i r>& r l ;
150

151 pub l i c :
152 adde r a c c e s s type ( r o o t l i s t <E, b id i r>& r l ) : r l ( r l ) {}
153

154 bool empty ( ) { return r l . empty ( ) ; }
155

156 E∗ sk ip ( ) { return r l . sk ip ( ) ; }
157 E∗ e j e c t ( ) { return r l . e j e c t ( ) ; }
158 } ;
159 typedef adde r a c c e s s type & a d d e r a c c e s s r e f ;
160

161

162 typedef std : : s i z e t s i z e t y p e ;
163

164 // s t r u c t o r s
165

166 e x p l i c i t r o o t l i s t (E∗ head ) {
167 head se t ( head ) ;
168 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
169 a s s e r t ( ! b i d i r ) ;
170 // Compl icated b i d i r code moved temporare l y to r o o t l i s t b i d i r . hpp
171 }
172

173 // i t e r a t o r s
174

175 E∗ begin ( ) const { return (∗ t h i s ) . head ( ) ; }
176 E∗ end ( ) const { return 0 ; }
177

178 // ac c e s s o r s
179

180 template <typename C>
181 E∗ f i n d t o p (C const& comparator ) const {
182 E∗ y ((∗ t h i s ) . head ( ) ) ;
183 i f ( y != 0)
184 f o r (E∗ x ( next ge t (y ) ) ; x != 0 ; x = next ge t ( x ) )
185 i f ( comparator ( (∗ y ) . element ( ) , (∗x ) . element ( ) ) ) y = x ;
186 return y ;
187 }
188

189 // p r o p e r t i e s
190

191 bool empty ( ) const { return ( (∗ t h i s ) . head ( ) == 0) ; }
192

193 i n t l ength ( ) const {
194 i n t r (0 ) ;
195 f o r (E∗ p = (∗ t h i s ) . head ( ) ; p != 0 ; p = next ge t (p) ) ++r ;
196 return r ;
197 } ;
198

199 bool i s v a l i d ( ) {
200 // Desc : v a l i d a t e l i n k a g e s w i t hou t us ing s i z e i n f o .
201 bool va l i d ( true ) ;
202 E∗ p ((∗ t h i s ) . head ( ) ) ;
203 whi le (p != 0) {
204 va l i d &= (∗p) . i s v a l i d ( ) ;
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205 E∗ q = next ge t (p) ;
206 i f ( b i d i r && q != 0) {
207 va l i d &= prev ge t (q ) == p ;
208 }
209 a s s e r t ( v a l i d ) ;
210 p = q ;
211 }
212 return va l i d ;
213 }
214

215 template<typename BS // b i t s c a nn e r
216 > bool i s v a l i d b s (BS & bs ) {
217 a s s e r t ( i s v a l i d ( ) ) ;
218 bool h e a p i s v a l i d ( true ) ;
219 E ∗ r ( (∗ t h i s ) . head ( ) ) ;
220 whi le ( r != 0) {
221 typename E : : he i ght type h2 ((∗ r ) . he ight ( ) ) ;
222 h e a p i s v a l i d &= typename E : : s i z e t y p e (1 << h2 ) == bs . cur rent ( ) ;
223 bool i s r o o t = (∗ r ) . i s r o o t ( ) ;
224 h e a p i s v a l i d &= i s r o o t ;
225 a s s e r t ( h e a p i s v a l i d ) ;
226 r = next ge t ( r ) ;
227 bs . n e x t b i t ( ) ;
228 }
229 return h e a p i s v a l i d ;
230 }
231

232 bool i s v a l i d ( s i z e t y p e n) {
233 a s s e r t ( i s v a l i d ( ) ) ;
234 E ∗ r ( (∗ t h i s ) . head ( ) ) ;
235 typename E : : he i ght type h (0) ;
236 bool h e a p i s v a l i d ( true ) ;
237 whi le (n != 0) {
238 i f ( ( n & 1) != 0) {
239 typename E : : he i ght type h2 ((∗ r ) . he ight ( ) ) ;
240 h e a p i s v a l i d &= h2 == h ;
241 bool i s r o o t = (∗ r ) . i s r o o t ( ) ;
242 h e a p i s v a l i d &= i s r o o t ;
243 a s s e r t ( h e a p i s v a l i d ) ;
244 r = next ge t ( r ) ;
245 }
246 n >>= 1 ; ++h ;
247 }
248 return h e a p i s v a l i d ;
249 }
250

251 bool i s v a l i d ( s i z e t y p e n) const {
252 return con s t c a s t <r o o t l i s t const ∗>( t h i s ) . i s v a l i d (n) ;
253 }
254

255 // mod i f i e r s
256

257 s t r u c t b a c k i n s e r t e r {
258 E∗ l a s t ;
259 r o o t l i s t& r l ;
260 b a c k i n s e r t e r ( r o o t l i s t& r l ) : l a s t (0 ) , r l ( r l ) { a s s e r t ( r l . empty ( ) ) ; }
261 void add (E∗ e ) {
262 i f ( l a s t == 0) r l . head se t ( e ) ;
263 e l s e n e x t s e t ( l a s t , e ) ;
264 l a s t = e ;
265 }
266 pr iva t e :
267 b a c k i n s e r t e r ( b a c k i n s e r t e r const&) ;
268 b a c k i n s e r t e r& operator = ( b a c k i n s e r t e r const&) ;
269 } ;
270

271 void c l e a r ( ) { head se t (0 ) ; }
272

273 E∗ r e l e a s e ( ) {
274 E∗ r ( (∗ t h i s ) . head ( ) ) ;
275 c l e a r ( ) ;
276 return r ;
277 }
278
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279 s t a t i c E∗ i n j e c t (E∗ l i s t , E∗ p) {
280 // Desc : add one roo t .
281 // a s s e r t ( (∗ t h i s ) . head ( ) == 0 | | ( (∗ p ) . h e i g h t ( ) < (∗ head ( ) ) . h e i g h t ( ) ) ) ; // b inary
282 a s s e r t ( l i s t == 0 | | ( (∗p) . he ight ( ) <= (∗ l i s t ) . he ight ( ) ) ) ; // redundant
283 a s s e r t ( next ge t (p) == 0) ;
284 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
285 n e x t s e t (p , l i s t ) ;
286 return p ;
287 }
288

289 void i n j e c t (E∗ p) {
290 // Desc : add one roo t .
291 a s s e r t ( (∗ t h i s ) . head ( ) == 0 | | ( (∗p) . he ight ( ) <= (∗ head ( ) ) . he ight ( ) ) ) ; // redundant
292 a s s e r t ( next ge t (p) == 0) ;
293 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
294 n e x t s e t (p , (∗ t h i s ) . head ( ) ) ;
295 (∗ t h i s ) . head se t (p) ;
296 }
297

298 s t a t i c E∗ i n j e c t r a n g e (E∗ l i s t , E∗ r , E∗ t ) {
299 // Desc : add a roo t l i s t in f r o n t .
300 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
301 a s s e r t ( next ge t ( t ) == 0) ;
302 a s s e r t ( ( l i s t == 0) | | ( (∗ t ) . he ight ( ) < (∗ l i s t ) . he ight ( ) ) ) ;
303 n e x t s e t ( t , l i s t ) ;
304 return r ;
305 }
306

307 void i n j e c t r a n g e (E∗ r , E∗ t ) {
308 // Desc : add a roo t l i s t .
309 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
310 a s s e r t ( next ge t ( t ) == 0) ;
311 a s s e r t ( (∗ t h i s ) . head ( ) == 0 | | ( (∗ t ) . he ight ( ) < (∗ head ( ) ) . he ight ( ) ) ) ;
312 n e x t s e t ( t , (∗ t h i s ) . head ( ) ) ;
313 (∗ t h i s ) . head se t ( r ) ;
314 }
315

316 E∗ e j e c t ( ) {
317 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
318 a s s e r t i o n h e l p ( i n t l = length ( ) ) ;
319 E∗ p ((∗ t h i s ) . head ( ) ) ;
320

321 (∗ t h i s ) . head se t ( next ge t ( (∗ t h i s ) . head ( ) ) ) ;
322

323 n e x t c l e a r (p) ;
324 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
325 a s s e r t ( l ength ( ) == ( l −1) ) ;
326 return p ;
327 }
328

329 E∗ sk ip ( ) {
330 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
331 E∗ p ((∗ t h i s ) . head ( ) ) ; // (no forward c l e a r )
332 (∗ t h i s ) . l s t = next ge t ( (∗ t h i s ) . head ( ) ) ; // (no backward c l e a r )
333 return p ;
334 }
335

336 void remove (E∗ x ) {
337 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
338 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
339 i f ( x == (∗ t h i s ) . head ( ) ) {
340 (∗ t h i s ) . head se t ( next ge t ( (∗ t h i s ) . head ( ) ) ) ;
341 } e l s e {
342 E∗ w((∗ t h i s ) . head ( ) ) ;
343 a s s e r t ( ! b i d i r ) ;
344 whi le ( next ge t (w) != x) {
345 w = next ge t (w) ; a s s e r t (w != 0) ;
346 }
347 n e x t s e t (w, next ge t (x ) ) ;
348 }
349 n e x t p r e v c l e a r (x ) ;
350 }
351

352 void r emove a f t e r (E∗ z ) {
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353 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
354 i f ( z == 0) {
355 E∗ x ((∗ t h i s ) . head ( ) ) ;
356 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
357 (∗ t h i s ) . head se t ( next ge t (x ) ) ;
358 n e x t c l e a r (x ) ;
359 } e l s e {
360 E∗ x ( next ge t ( z ) ) ;
361 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
362 n e x t s e t ( z , next ge t (x ) ) ;
363 n e x t p r e v c l e a r (x ) ;
364 }
365 }
366

367 void promoted to root (E∗ p , E∗ d) {
368 i f (d == (∗ t h i s ) . head ( ) ) {
369 (∗ t h i s ) . head se t (p) ;
370 } e l s e i f ( b i d i r )
371 a s s e r t (E : : p r o m o t e i s r o o t l i s t n e u t r a l ) ;
372 e l s e { // r e p l a c e r o o t (p , d ) ;
373 i f (E : : p r o m o t e i s r o o t l i s t n e u t r a l ) {
374 return ; // i n d i r e c t va l u e
375 }
376 E∗ w((∗ t h i s ) . head ( ) ) ;
377 whi le ( next ge t (w) != d) { w = next ge t (w) ; a s s e r t (w != 0) ; }
378 n e x t s e t (w, p) ;
379 }
380 }
381

382 void r ep l a c e (E∗ x , E∗ y ) {
383 i f ( b i d i r ) {
384 a s s e r t ( x == (∗ t h i s ) . head ( ) ) ; // r e p l a c e head i s t he on ly l e g a l b i d i r r e p l a c e .
385 a s s e r t ( x != 0) ; a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
386 a s s e r t ( y != 0) ; a s s e r t ( ! c a r e f u l | | (∗y ) . i s r o o t ( ) ) ;
387 a s s e r t ( x != y) ;
388

389 (∗ t h i s ) . head se t (y ) ;
390 n e x t s e t (y , nex t ge t (x ) ) ;
391 n e x t s e t (x , 0) ;
392 } e l s e {
393 // a s s e r t x i s in r o o t l i s t and y i s n t .
394 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
395 a s s e r t ( x != 0) ; a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
396 a s s e r t ( y != 0) ; a s s e r t ( ! c a r e f u l | | (∗y ) . i s r o o t ( ) ) ;
397

398 i f ( x == (∗ t h i s ) . head ( ) ) {
399 (∗ t h i s ) . head se t (y ) ;
400 n e x t s e t (y , nex t ge t ( x ) ) ;
401 } e l s e {
402 E∗ w((∗ t h i s ) . head ( ) ) ;
403 whi le ( next ge t (w) != x) {
404 w = next ge t (w) ; a s s e r t (w != 0) ;
405 }
406 n e x t s e t (w, y ) ;
407 n e x t s e t (y , nex t ge t ( x ) ) ;
408 }
409 n e x t p r e v c l e a r (x ) ;
410 }
411 }
412

413 void swap ( r o o t l i s t& l2 ) {
414 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
415 std : : swap ( l s t , l 2 . l s t ) ;
416 }
417 } ;
418 }
419 #end i f

A.30 root_list_bidir.hpp

1 #i f n d e f CPHSTL ROOT LIST BIDIR H
2 #de f i n e CPHSTL ROOT LIST BIDIR H
3
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4 /∗
5 Desc : Vui l l emin+Brown+Bruun s t y l e b i d i r e c t i o n a l roo t l i s t .
6 Note : The f i r s t node has never a backward l i n k to l i s t hand le
7 because t h i s node i s acce s s ed in cons tan t t ime too .
8 Auth : Asger Bruun 2010.
9 Ref : Jean Vui l l emin . A data s t r u c t u r e f o r manipu la t ing p r i o r i t y queues .

10 Communications o f t he ACM 21 (1978) , 309−315.
11 Note : This i s t he b i d i r e c t i o n a l v e r s i on .
12 The b i d i r e c t i o n a l v e r s i on has temporare l y branched from
13 ” r o o t l i s t . hpp ” because s e r i o u s t r o u b l e combining the
14 two v e r s i on s in one source .
15 ∗/
16

17 #inc lude ” r o o t l i s t . hpp” // r o o t l i s t n o d e
18

19 namespace cphs t l {
20 us ing namespace pqfw node ;
21

22 template<typename E>
23 c l a s s r o o t l i s t b i d i r {
24 s t a t i c const bool b i d i r = true ;
25 pub l i c :
26 // ! : t y p e d e f typename E : : r o o t l i s t b a s e r o o t l i s t b a s e ;
27 typedef typename E : : r o o t l i s t b a s e : : template
28 r eb ind encapsu la to r type<E> : : o ther r o o t l i s t b a s e ;
29

30 s t a t i c const bool a n y s p l i c e = true ;
31

32 pr i va t e :
33

34 E∗ b l s t ;
35

36 E∗ be fo re head ( ) { // roo t l i s t behav ing as a l i s t node .
37 E∗ r ( (E∗)&b l s t ) ;
38 a s s e r t ( ( void ∗) r == ( void ∗) &((∗ r ) . next ) ) ;
39 // Above : r e q u i r e nex t as f i r s t f i e l d ( b e t t e r i f t e s t was s t a t i c ) .
40 return r ;
41 }
42 E∗ head ( ) const { return (E∗) (∗ con s t c a s t <r o o t l i s t b i d i r &>(∗ t h i s ) . be fo re head ( ) ) .

next ; }
43

44 r o o t l i s t b i d i r ( ) ; // d i s a b l e
45 r o o t l i s t b i d i r ( r o o t l i s t b i d i r const&) ; // d i s a b l e
46 r o o t l i s t b i d i r& operator = ( const r o o t l i s t b i d i r &) ;
47

48 protected :
49

50 s t a t i c E∗ next ge t (E∗ p) {
51 a s s e r t (p != 0) ;
52 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
53 return (∗p) . n e x t r o o t g e t ( ) ;
54 }
55 s t a t i c void n e x t s e t (E∗ p , E∗ r ) {
56 a s s e r t (p != 0) ;
57 a s s e r t ( ! r o o t l i s t b a s e : : i s spooky (p) ) ;
58 a s s e r t ( ! r o o t l i s t b a s e : : i s spooky ( r ) ) ;
59 (∗p) . n e x t r o o t s e t ( r ) ;
60 i f ( b i d i r && r != 0 && (∗ r ) . p r ev roo tab l e ( ) )
61 (∗ r ) . p r e v r o o t s e t (p) ;
62 }
63 s t a t i c void p r e v c l e a r (E∗ p , E∗ o ld prev ) {
64 a s s e r t (p != 0) ;
65 a s s e r t ( ! r o o t l i s t b a s e : : i s spooky ( o ld prev ) ) ;
66 i f ( b i d i r && (∗p) . p r ev roo tab l e ( ) ) {
67 a s s e r t ( (∗p) . p r e v r o o t g e t ( ) == o ld prev ) ;
68 (∗p) . p r e v r o o t s e t (0 ) ;
69 }
70 }
71 s t a t i c bool p r e v i s v a l i d (E∗ p , E∗ prev ) {
72 a s s e r t (p != 0) ;
73 a s s e r t ( ! r o o t l i s t b a s e : : i s spooky ( prev ) ) ;
74 a s s e r t ( prev != 0) ;
75 i f ( ! b i d i r ) return true ;
76 e l s e {
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77 bool va l i d ;
78 i f ( (∗p) . p r ev roo tab l e ( ) ) {
79 va l i d = (∗p) . p r e v r o o t g e t ( ) == prev ;
80 } e l s e va l i d = true ;
81 a s s e r t ( v a l i d ) ;
82 return va l i d ;
83 }
84

85 }
86 void head se t (E∗ p) {
87 n e x t s e t ( (∗ t h i s ) . be fo re head ( ) ,p) ;
88 }
89

90 pub l i c :
91

92 template<typename E2>
93 s t r u c t r eb ind encap su l a t o r type {
94 typedef r o o t l i s t b i d i r <E2> other ;
95 } ;
96

97 c l a s s adde r a c c e s s type {
98 // Desc : ope ra t i on mode needed f o r adder on b i d i r l i s t .
99 E∗ head ;

100

101 pub l i c :
102 adde r a c c e s s type ( r o o t l i s t b i d i r& r l ) : head ( r l . head ( ) ) {
103 i f ( (∗ t h i s ) . head != 0)
104 p r e v c l e a r ( (∗ t h i s ) . head , r l . be fo re head ( ) ) ;
105 r l . c l e a r ( ) ;
106 }
107

108 bool empty ( ) { return ( (∗ t h i s ) . head == 0) ; }
109

110 E∗ sk ip ( ) {
111 a s s e r t ( (∗ t h i s ) . head != 0) ;
112 E∗ p ((∗ t h i s ) . head ) ;
113 head = next ge t ( (∗ t h i s ) . head ) ;
114 return p ;
115 }
116 E∗ e j e c t ( ) {
117 a s s e r t ( (∗ t h i s ) . head != 0) ;
118 E∗ p ((∗ t h i s ) . head ) ;
119 (∗ t h i s ) . head = next ge t ( (∗ t h i s ) . head ) ;
120 i f ( (∗ t h i s ) . head != 0) {
121 p r e v c l e a r ( (∗ t h i s ) . head , p) ;
122 n e x t s e t (p , 0) ;
123 }
124 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
125 return p ;
126 }
127 } ;
128 typedef adde r a c c e s s type & a d d e r a c c e s s r e f ;
129

130 typedef std : : s i z e t s i z e t y p e ;
131

132 // s t r u c t o r s
133

134 e x p l i c i t r o o t l i s t b i d i r (E∗ head ) : b l s t ( head ) {
135 head se t ( head ) ;
136 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
137 }
138

139 // i t e r a t o r s
140

141 E∗ begin ( ) const { return (∗ t h i s ) . head ( ) ; }
142 E∗ end ( ) const { return 0 ; }
143

144 // ac c e s s o r s
145

146 template <typename C>
147 E∗ f i n d t o p (C const& comparator ) {
148 E∗ y ((∗ t h i s ) . head ( ) ) ;
149 i f ( y != 0)
150 f o r (E∗ x ( next ge t (y ) ) ; x != 0 ; x = next ge t ( x ) )
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151 i f ( comparator ( (∗ y ) . element ( ) , (∗x ) . element ( ) ) ) y = x ;
152 return y ;
153 }
154

155 // p r o p e r t i e s
156

157 bool empty ( ) const { return ( (∗ t h i s ) . head ( ) == 0) ; }
158

159 i n t l ength ( ) const {
160 i n t r (0 ) ;
161 f o r (E∗ p = (∗ t h i s ) . head ( ) ; p != 0 ; p = next ge t (p) ) ++r ;
162 return r ;
163 } ;
164

165 bool i s v a l i d ( ) {
166 // Desc : v a l i d a t e l i n k a g e s w i t hou t us ing s i z e i n f o .
167 bool va l i d ( true ) ;
168 E∗ p ((∗ t h i s ) . be fo re head ( ) ) ;
169 E∗ q ( (E∗) (∗p) . next ( ) ) ;
170 whi le (p != 0 && q != 0) {
171 va l i d &= p r e v i s v a l i d (q , p) ;
172 a s s e r t ( v a l i d ) ;
173 p = q ;
174 q = next ge t (q ) ;
175 }
176 return va l i d ;
177 }
178

179 template<typename BS // b i t s c a nn e r
180 > bool i s v a l i d b s (BS & bs ) {
181 bool h e a p i s v a l i d ( (∗ t h i s ) . i s v a l i d ( ) ) ;
182 a s s e r t ( h e a p i s v a l i d ) ;
183 E ∗ r ( (∗ t h i s ) . head ( ) ) ;
184 whi le ( r != 0) {
185 typename E : : he i ght type h2 ((∗ r ) . he ight ( ) ) ;
186 h e a p i s v a l i d &= typename E : : s i z e t y p e (1 << h2 ) == bs . cur rent ( ) ;
187 bool i s r o o t = (∗ r ) . i s r o o t ( ) ;
188 h e a p i s v a l i d &= i s r o o t ;
189 a s s e r t ( h e a p i s v a l i d ) ;
190 r = next ge t ( r ) ;
191 bs . n e x t b i t ( ) ;
192 }
193 return h e a p i s v a l i d ;
194 }
195

196 bool i s v a l i d ( s i z e t y p e n) {
197 E ∗ r ( (∗ t h i s ) . head ( ) ) ;
198 typename E : : he i ght type h (0) ;
199 bool h e a p i s v a l i d ( (∗ t h i s ) . i s v a l i d ( ) ) ;
200 a s s e r t ( h e a p i s v a l i d ) ;
201 whi le (n != 0) {
202 i f ( ( n & 1) != 0) {
203 typename E : : he i ght type h2 ((∗ r ) . he ight ( ) ) ;
204 h e a p i s v a l i d &= h2 == h ;
205 bool i s r o o t = (∗ r ) . i s r o o t ( ) ;
206 h e a p i s v a l i d &= i s r o o t ;
207 a s s e r t ( h e a p i s v a l i d ) ;
208 r = next ge t ( r ) ;
209 }
210 n >>= 1 ; ++h ;
211 }
212 return h e a p i s v a l i d ;
213 }
214

215 bool i s v a l i d ( s i z e t y p e n) const {
216 return con s t c a s t <r o o t l i s t b i d i r ∗>( t h i s ) . i s v a l i d (n) ;
217 }
218

219 // mod i f i e r s
220

221 s t r u c t b a c k i n s e r t e r {
222 E∗ l a s t ;
223 r o o t l i s t b i d i r <E>& r l ;
224 b a c k i n s e r t e r ( r o o t l i s t b i d i r <E>& r l ) : l a s t (0 ) , r l ( r l ) { a s s e r t ( r l . empty ( ) ) ; }
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225 void add (E∗ e ) {
226 i f ( l a s t == 0) r l . head se t ( e ) ;
227 e l s e { // non f i r s t d i g i t has h e i g h t > 0 .
228 n e x t s e t ( l a s t , e ) ;
229 }
230 l a s t = e ;
231 a s s e r t ( r l . i s v a l i d ( ) ) ;
232 }
233 pr iva t e :
234 b a c k i n s e r t e r ( b a c k i n s e r t e r const&) ;
235 b a c k i n s e r t e r& operator = ( b a c k i n s e r t e r const&) ;
236 } ;
237

238 void c l e a r ( ) {
239 (∗ t h i s ) . head se t (0 ) ;
240 }
241

242 E∗ r e l e a s e ( ) {
243 // Desc : remove head back l i n k i f b i d i r .
244 E∗ r ( (∗ t h i s ) . head ( ) ) ;
245 p r e v c l e a r ( (∗ t h i s ) . head ( ) , (∗ t h i s ) . be fo re head ( ) ) ; //p , o l d p r e v
246 c l e a r ( ) ;
247 return r ;
248 }
249

250 s t a t i c E∗ i n j e c t (E∗ l i s t , E∗ p) {
251 // Desc : add one roo t .
252 a s s e r t ( l i s t == 0 | | ( (∗p) . he ight ( ) <= (∗ l i s t ) . he ight ( ) ) ) ; // redundant
253 a s s e r t ( next ge t (p) == 0) ;
254 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
255 n e x t s e t (p , l i s t ) ;
256 return p ;
257 }
258

259 void i n j e c t (E∗ p) {
260 // Desc : add one roo t .
261 a s s e r t ( (∗ t h i s ) . head ( ) == 0 | | ( (∗p) . he ight ( ) <= (∗(∗ t h i s ) . head ( ) ) . he ight ( ) ) ) ; //

redundant
262 a s s e r t ( next ge t (p) == 0) ;
263 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
264 n e x t s e t (p , (∗ t h i s ) . head ( ) ) ; // ! ! :
265 (∗ t h i s ) . head se t (p) ;
266 }
267

268 s t a t i c E∗ i n j e c t r a n g e (E∗ l i s t , E∗ r , E∗ t ) {
269 // Desc : add a roo t l i s t in f r o n t .
270 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
271 a s s e r t ( next ge t ( t ) == 0) ;
272 a s s e r t ( ( l i s t == 0) | | ( (∗ t ) . he ight ( ) < (∗ l i s t ) . he ight ( ) ) ) ;
273 n e x t s e t ( t , l i s t ) ;
274 return r ;
275 }
276

277 void i n j e c t r a n g e (E∗ r , E∗ t ) {
278 // Desc : add a roo t l i s t in f r o n t .
279 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
280 a s s e r t ( next ge t ( t ) == 0) ;
281 a s s e r t ( (∗ t h i s ) . empty ( ) | | ( (∗ t ) . he ight ( ) < (∗(∗ t h i s ) . head ( ) ) . he ight ( ) ) ) ;
282 n e x t s e t ( t , (∗ t h i s ) . head ( ) ) ;
283 n e x t s e t ( be fo re head ( ) , r ) ;
284 }
285

286 E∗ e j e c t ( ) {
287 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
288 a s s e r t i o n h e l p ( i n t l = length ( ) ) ;
289 E∗ p ((∗ t h i s ) . head ( ) ) ;
290

291 (∗ t h i s ) . head se t ( next ge t ( (∗ t h i s ) . head ( ) ) ) ;
292

293 n e x t s e t (p , 0) ;
294 p r e v c l e a r (p , be fo re head ( ) ) ;
295 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
296 a s s e r t ( l ength ( ) == ( l −1) ) ;
297 return p ;
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298 }
299

300 // No : E∗ s k i p ( ) ;
301

302 void remove (E∗ x ) {
303 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
304 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
305

306 // op t imi s ed f a t j o i n s ch edu l e b i d i r e c t i o n a l roo t l i s t .
307 a s s e r t ( (∗ x ) . p r ev roo tab l e ( ) | | ( x == (∗ t h i s ) . head ( ) )
308 | | ( x == next ge t ( (∗ t h i s ) . head ( ) ) ) ) ;
309

310 i f ( (∗ x ) . p r ev roo tab l e ( ) ) {
311 E∗ p ((∗ x ) . p r e v r o o t g e t ( ) ) ; a s s e r t (p != 0) ;
312 E∗ n ((∗ x ) . n e x t r o o t g e t ( ) ) ;
313 (∗x ) . p r e v r o o t s e t (0 ) ;
314 (∗p) . n e x t r o o t s e t (n) ;
315 i f (n != 0) {
316 (∗x ) . n e x t r o o t s e t (0 ) ;
317 (∗n) . p r e v r o o t s e t (p) ;
318 }
319 } e l s e i f ( x == (∗ t h i s ) . head ( ) ) {
320 E∗ p ((∗ t h i s ) . be fo re head ( ) ) ;
321 E∗ n ((∗ x ) . n e x t r o o t g e t ( ) ) ;
322 (∗p) . n e x t r o o t s e t (n) ;
323 i f (n != 0) {
324 n e x t s e t (x , 0) ;
325 i f ( (∗n) . p r ev roo tab l e ( ) )
326 (∗n) . p r e v r o o t s e t (p) ;
327 }
328 } e l s e {
329 a s s e r t ( x == next ge t ( (∗ t h i s ) . head ( ) ) ) ;
330 E∗ p ((∗ t h i s ) . head ( ) ) ;
331 E∗ n ((∗ x ) . n e x t r o o t g e t ( ) ) ;
332 (∗p) . n e x t r o o t s e t (n) ;
333 i f (n != 0) {
334 n e x t s e t (x , 0) ;
335 (∗n) . p r e v r o o t s e t (p) ;
336 }
337 }
338 }
339

340 void r emove a f t e r (E∗ z ) {
341 a s s e r t ( (∗ t h i s ) . head ( ) != 0) ;
342 i f ( z == 0) {
343 E∗ x ((∗ t h i s ) . head ( ) ) ;
344 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
345 (∗ t h i s ) . head se t ( next ge t (x ) ) ;
346 n e x t s e t (x , 0) ;
347 p r e v c l e a r (x , be fo re head ( ) ) ;
348 } e l s e {
349 E∗ x ( next ge t ( z ) ) ;
350 a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
351 n e x t s e t ( z , next ge t (x ) ) ;
352 n e x t s e t (x , 0) ;
353 p r e v c l e a r (x , z ) ;
354 }
355 }
356

357 void promoted to root (E∗ , E∗) {
358 a s s e r t (E : : p r o m o t e i s r o o t l i s t n e u t r a l ) ;
359 }
360

361 // No : vo id r e p l a c e r o o t (E∗ p , E∗ d ) ;
362

363 void r ep l a c e (E∗ x , E∗ y ) {
364 a s s e r t ( x == (∗ t h i s ) . head ( ) ) ; // r e p l a c e head i s t he on ly l e g a l r e p l a c e on b i d i r l i s t .
365 a s s e r t ( x != 0) ; a s s e r t ( (∗ x ) . i s r o o t ( ) ) ;
366 a s s e r t ( y != 0) ; a s s e r t ( ! c a r e f u l | | (∗y ) . i s r o o t ( ) ) ;
367 a s s e r t ( x != y) ;
368

369 (∗ t h i s ) . head se t (y ) ;
370 n e x t s e t (y , nex t ge t (x ) ) ;
371 n e x t s e t (x , 0) ;
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372 }
373

374 void swap ( r o o t l i s t b i d i r <E>& l2 ) {
375 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
376 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
377 a s s e r t ( l 2 . i s v a l i d ( ) ) ;
378

379 E∗ tmp((∗ t h i s ) . head ( ) ) ;
380 i f (tmp != 0) p r e v c l e a r ( (∗ t h i s ) . head ( ) , (∗ t h i s ) . be fo re head ( ) ) ;
381 i f ( l 2 . head ( ) != 0) p r e v c l e a r ( l 2 . head ( ) , l 2 . be fo re head ( ) ) ;
382 n e x t s e t ( (∗ t h i s ) . be fo re head ( ) , l 2 . head ( ) ) ;
383 n e x t s e t ( l 2 . be fo re head ( ) , tmp) ;
384

385 a s s e r t ( (∗ t h i s ) . i s v a l i d ( ) ) ;
386 a s s e r t ( l 2 . i s v a l i d ( ) ) ;
387 }
388 } ;
389 }
390 #end i f
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B Code/CPHSTL modified

B.1 assert.h++

1 /∗
2 This i s a v e r s i on mod i f i ed by Asger f o r b inomia l queue and msvc ! ! !
3 Date o f snapsho t = 20091012.
4

5 The a s s e r t macro i s taken q u i t e d i r e c t l y from the book [ S t eve
6 Maguire , Writ ing s o l i d code , Mic ro so f t Press (1993) ] . This macro i s
7 a s ta t ement t h a t cannot be used in e xp r e s s i on con t e x t .
8

9 The s t a t i c a s s e r t i s now prov ided by the compi l e r .
10

11 Author : J y r k i Kataja inen 2001 , 2008
12 ∗/
13

14 #i f n d e f CPHSTL ASSERT
15 #de f i n e CPHSTL ASSERT
16

17 #inc lude <c s td io> // s t d : : f f l u s h , s t d : : f p r i n t f
18 #inc lude <c s t d l i b > // s t d : : a bo r t
19

20 #i f d e f NDEBUG
21 #de f i n e a s s e r t ( cond i t i on )
22 #de f i n e a s s e r t i o n h e l p (h)
23 #de f i n e b r e a k h e r e
24 #e l s e
25

26 // put t h i s around a s s e r t i o n code to avo id warnings when NDEBUG.
27 #de f i n e a s s e r t i o n h e l p (h) h
28

29 s t a t i c long long current break po int number = 0 ;
30 // usage : a s s e r t (++cur r en t b r e a k po in t numbe r != 177) ;
31 // or : a s s e r t i o n h e l p ( i f (++cur r en t b r e a k po in t numbe r == 177) b r e a k h e r e ; )
32

33

34

35 #i f d e f MSC VER
36

37 #inc lude <iostream>
38

39 bool a s s e r t ( bool e , char const ∗ message , char const ∗ s t r F i l e , char const ∗ strFunc ,
unsigned in t uLine ) {

40 i f ( ! e ) {
41 std : : f f l u s h (NULL) ;
42 std : : f p r i n t f ( s tde r r , ”\nAssert ion ’%s ’ f a i l e d : %s , l i n e %u , func t i on %s\n” ,
43 message , s t r F i l e , uLine , strFunc ) ;
44 std : : f f l u s h ( s t d e r r ) ;
45 // s t d : : a bo r t ( ) ; // o p t i o n a l
46 }
47 return e ;
48 }
49

50 template <typename V1 , typename V2>
51 bool a s s e r t e q u a l (V1 e , V2 a , char const ∗ s1 , char const ∗ s2 , char const ∗ s t r F i l e ,

char const ∗ strFunc , unsigned in t uLine ) {
52 // d i s p l a y s the a c t u a l data v a l u e s ( u s e f u l when debugg ing ) .
53 i f ( e != a ) {
54 std : : cout . f l u s h ( ) ;
55 std : : c e r r << ”\nAssert ion ’ ” << s1 << ” == ” << s2 << ” ’ f a i l e d ( ” << e << ” != ” << a

<< ”) : ”
56 << s t r F i l e << ” , l i n e ” << uLine << ” , func t i on ” << strFunc << ”\n” ;
57 std : : c e r r . f l u s h ( ) ;
58 // s t d : : a bo r t ( ) ; // o p t i o n a l
59 }
60 return e == a ;
61 }
62

63

64 #i f d e f M X64
65 #d e f i n e b r e a k h e r e std : : abort ( )
66 #e l s e
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67 #d e f i n e b r e a k h e r e asm { i n t 3 } // invoke debugger break po in t
68 #end i f
69

70 #de f i n e a s s e r t ( e ) { \
71 a n a l y s i s a s s u m e ( e ) ; \
72 i f ( ! ( a s s e r t ( e , #e , FILE , FUNCTION , LINE ) ) ) \
73 b r e a k h e r e ; \
74 }
75 #de f i n e a s s e r t e q u a l ( e , a ) { \
76 a n a l y s i s a s s u m e ( e ) ; a n a l y s i s a s s u m e ( a ) ; \
77 i f ( ! ( a s s e r t e q u a l ( e , a , #e , #a , FILE , FUNCTION , LINE ) ) ) \
78 b r e a k h e r e ; \
79 }
80

81 #e l i f de f ined ( GNUC )
82

83 #inc lude <s i g n a l . h>
84

85 #de f i n e b r e a k h e r e r a i s e (SIGINT)
86

87 void a s s e r t ( char const ∗ message , char const ∗ s t r F i l e , unsigned i n t uLine ) {
88 std : : f f l u s h (NULL) ;

89 std : : f p r i n t f ( s tde r r , ”\nAssert ion ‘%sÂ´ f a i l e d : %s , l i n e %u\n” ,
90 message , s t r F i l e , uLine ) ;
91 std : : f f l u s h ( s t d e r r ) ;
92 // b r e a k h e r e ;
93 std : : abort ( ) ;
94 }
95

96 #de f i n e a s s e r t ( cond i t i on ) \
97 i f ( cond i t i on ) { \
98 } \
99 e l s e \

100 a s s e r t (#condit ion , FILE , LINE )
101

102

103 #e l s e
104

105 void a s s e r t ( char const ∗ message , char const ∗ s t r F i l e , unsigned i n t uLine ) {
106 std : : f f l u s h (NULL) ;

107 std : : f p r i n t f ( s tde r r , ”\nAssert ion ‘%sÂ´ f a i l e d : %s , l i n e %u\n” ,
108 message , s t r F i l e , uLine ) ;
109 std : : f f l u s h ( s t d e r r ) ;
110 std : : abort ( ) ;
111 }
112

113 #de f i n e a s s e r t ( cond i t i on ) \
114 i f ( cond i t i on ) { \
115 } \
116 e l s e \
117 cphs t l : : a s s e r t (#condit ion , FILE , LINE )
118

119 #end i f
120

121

122 #end i f
123 #end i f

B.2 stl-meldable-priority-queue.h++

1 /∗
2 A meldab l e p r i o r i t y queue i s a con ta ine r which p ro v i d e s forward
3 i t e r a t o r s to the e l ements s t o r e d .
4

5 CPH STL guaran tee s :
6

7 1) Member f unc t i on push ( ) r e t u rn s an i t e r a t o r ( or a hand le ) to the
8 g i v en e lement and t h i s i t e r a t o r remains v a l i d the whole l i f e t ime o f
9 t h e e lement .

10

11 2) I t e r a t o r ope ra t i on s take l o g a r i t hm i c time in the wors t case .
12

13 3) Member f unc t i on top ( ) i s a cons tant−t ime ope ra t i on .

121



14

15 4) Member f un c t i o n s push ( ) , pop ( ) , e ra se ( ) , and in c r ea s e ( ) have the
16 l o g a r i t hm i c worst−case c o s t .
17

18 5) Member f unc t i on meld ( ) i s r e l a t i v e l y f a s t hav ing a
19 p o l y l o g a r i t hm i c worst−case c o s t .
20

21 6) The data s t r u c t u r e uses a l i n e a r number o f words in add i t i o n to
22 t h e e l ements s t o r e d .
23

24 Container requ i rement s not f u l f i l l e d [C++ standard Â§23 ] :
25

26 7) For an i t e r a t o r p , e x p r e s s i o n s −−p and p−− are not suppor t ed .
27

28 8) For two me ldab l e p r i o r i t y queues a and b , t he f o l l o w i n g e x p r e s s i o n s
29 are not suppor t ed : a == b , a != b , a < b , a > b , a <= b , and a >= b .
30

31 Author : J y r k i Katajainen , 2005 , 2006 , 2009 , 2010
32 ∗/
33

34 // 2010 Asger Bruun :
35 // 1) Added automat ic c oup l i n g to o p t i o n a l r e a l i s a t o r members .
36 // The on ly change ne s c e sa r ry a t d e c l a r a t i o n l e v e l was adding
37 // a p r o t e c t e d acce s s method pa s s a b l e to implementat ion p o l i c i e s
38 // ( a l t e r n a t i v e y to a bunch o f f r i e n d d e c l a r a t i o n s ) .
39 // 2) Replaced the t emp la t e arguments by a compact de s i gn .
40 // 3) Added conve r t i n g t emp l a t e s f o r backward c omp a t i b i l i t y .
41

42 #i f n d e f CPHSTL MELDABLE PRIORITY QUEUE
43 #de f i n e CPHSTL MELDABLE PRIORITY QUEUE
44

45 #inc lude <cs tdde f> // s t d : : s i z e t and s t d : : p t r d i f f t
46 #inc lude <f unc t i ona l> // s t d : : l e s s
47 #inc lude <memory> // s t d : : a l l o c a t o r
48 #inc lude ”mult ip le−heap−framework . h++”
49 #inc lude ” p r i o r i t y−queue−i t e r a t o r . h++”
50 #inc lude ”weak−heap−node . h++”
51

52

53 namespace cphs t l {
54 template <typename CFG>
55 c l a s s m e l d a b l e p r i o r i t y q u e u e a l t {
56 pub l i c :
57

58 // t yp e s
59

60 typedef typename CFG: :V va lue type ;
61 typedef typename CFG: : C comparator type ;
62 typedef typename CFG: :A a l l o c a t o r t y p e ;
63 typedef typename CFG: : E encapsu la to r type ;
64 typedef typename CFG: : R r e a l i z a t o r t y p e ;
65 typedef typename CFG: : I i t e r a t o r ;
66 typedef typename CFG: : J c o n s t i t e r a t o r ;
67 typedef typename CFG: : R : : r e f e r e n c e r e f e r e n c e ;
68 typedef typename CFG: : R : : c o n s t r e f e r e n c e c o n s t r e f e r e n c e ;
69 typedef typename CFG: :V∗ po in t e r ;
70 typedef typename CFG: :V const ∗ c o n s t p o i n t e r ;
71 typedef std : : s i z e t s i z e t y p e ;
72 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
73 typedef std : : r e v e r s e i t e r a t o r <i t e r a t o r > r e v e r s e i t e r a t o r ;
74 typedef std : : r e v e r s e i t e r a t o r <c o n s t i t e r a t o r > c o n s t r e v e r s e i t e r a t o r ;
75 typedef m e l d a b l e p r i o r i t y q u e u e a l t <CFG> con ta in e r type ;
76

77 protected :
78

79 typedef typename CFG: :A : : template
80 rebind<typename CFG: : E> : : o ther e n c a p s u l a t o r a l l o c a t o r t y p e ;
81

82 e n c a p s u l a t o r a l l o c a t o r t y p e a l l o c a t o r ;
83 r e a l i z a t o r t y p e r e a l i z a t o r ;
84

85 encapsu la to r type ∗ c r ea t e ( va lue type const&) ;
86 void dest roy ( encapsu la to r type ∗) ;
87
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88 template <typename K>
89 void i n s e r t (K, K) ;
90

91 s t r u c t p r o t e c t e d a c c e s s {
92 // Note : Passes p r o t e c t e d acce s s to non f r i e n d c l a s s e s .
93 typedef con ta in e r type mpq type ;
94 con ta in e r type ∗ mpq;
95

96 p r o t e c t e d a c c e s s ( con ta in e r type ∗ mpq) : mpq(mpq) {} ;
97

98 con ta in e r type const ∗ get mpq ( ) const { return mpq; }
99 con ta in e r type ∗ get mpq ( ) { return mpq; }

100 r e a l i z a t o r t y p e const& g e t r e a l i z a t o r ( ) const { return (∗mpq) . r e a l i z a t o r ; }
101 r e a l i z a t o r t y p e& g e t r e a l i z a t o r ( ) { return (∗mpq) . r e a l i z a t o r ; }
102

103 encapsu l a to r type ∗ c r ea t e ( va lue type const& v) { return (∗mpq) . c r ea t e (v ) ; }
104 void dest roy ( encapsu la to r type ∗ p) { (∗mpq) . des t roy (p) ; }
105 template <typename K>
106 void i n s e r t (K begin , K end ) { (∗mpq) . i n s e r t ( begin , end ) ; }
107 } ;
108

109 pub l i c :
110

111 // s t r u c t o r s
112

113 e x p l i c i t m e l d a b l e p r i o r i t y q u e u e a l t (
114 comparator type const& = comparator type ( )
115 , a l l o c a t o r t y p e const& = a l l o c a t o r t y p e ( )
116 ) ;
117 m e l d a b l e p r i o r i t y q u e u e a l t ( m e l d a b l e p r i o r i t y q u e u e a l t const&) ;
118 m e l d a b l e p r i o r i t y q u e u e a l t& operator=( m e l d a b l e p r i o r i t y q u e u e a l t const&) ;
119 ˜ m e l d a b l e p r i o r i t y q u e u e a l t ( ) ;
120

121 // i t e r a t o r s
122

123 i t e r a t o r begin ( ) ;
124 c o n s t i t e r a t o r begin ( ) const ;
125 i t e r a t o r end ( ) ;
126 c o n s t i t e r a t o r end ( ) const ;
127

128 // ac c e s s o r s
129

130 a l l o c a t o r t y p e g e t a l l o c a t o r ( ) const ;
131 comparator type get comparator ( ) const ;
132 bool empty ( ) const ;
133 s i z e t y p e s i z e ( ) const ;
134 s i z e t y p e max size ( ) const ;
135 c o n s t i t e r a t o r top ( ) const ;
136

137 // mod i f i e r s
138

139 i t e r a t o r top ( ) ;
140 i t e r a t o r push ( va lue type const&) ;
141 void pop ( ) ;
142 void e ra s e ( i t e r a t o r ) ;
143 void i n c r e a s e ( i t e r a t o r , va lue type const&) ;
144 void c l e a r ( ) ; // d e f a u l t or custom
145 void meld ( m e l d a b l e p r i o r i t y q u e u e a l t &) ;
146 void swap ( m e l d a b l e p r i o r i t y q u e u e a l t &) ;
147

148 #i f d e f DEBUG
149

150 bool i s v a l i d ( ) {
151 return r e a l i z a t o r . i s v a l i d ( ) ;
152 }
153

154 void show ( ) {
155 r e a l i z a t o r . show ( ) ;
156 }
157

158 #end i f
159

160 } ;
161
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162 // a l g o r i t hms
163

164 template <typename CFG>
165 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>&
166 meld ( m e l d a b l e p r i o r i t y q u e u e a l t <CFG>&,
167 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>&);
168

169 template <typename CFG>
170 void swap ( m e l d a b l e p r i o r i t y q u e u e a l t <CFG>&,
171 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>&);
172 }
173

174

175 namespace cphs t l { // −−− Backward c omp a t i b i l i t y −−−
176

177 // Convert o l d s t y l e d i r e c t heap s t o r e t emp la t e to new compact format .
178 template <
179 typename V0 , typename C0 , typename A0 , typename E0
180 , typename R0 , typename I0 , typename J0
181 >
182 s t r u c t m e l d a b l e p r i o r i t y q u e u e c o n f i g {
183 typedef V0 V; typedef C0 C; typedef A0 A; typedef E0 E;
184 typedef R0 R; typedef I0 I ; typedef J0 J ;
185 } ;
186

187 // Or i g i na l s t y l e d i r e c t heap s t o r e t emp la t e .
188 template <
189 typename V,
190 typename C = std : : l e s s <V>,
191 typename A = std : : a l l o c a t o r <V>,
192 typename E = cphs t l : : weak heap node<V, A>,
193 typename R = cphs t l : : mult ip le heap framework<V, C, A, E>,
194 typename I = cphs t l : : p r i o r i t y q u e u e i t e r a t o r <E, R, f a l s e >,
195 typename J = cphs t l : : p r i o r i t y q u e u e i t e r a t o r <E, R, true>
196 >
197 c l a s s me ldab l e p r i o r i t y queue
198 : pub l i c m e l d a b l e p r i o r i t y q u e u e a l t <
199 m e l d a b l e p r i o r i t y q u e u e c o n f i g <V,C,A,E,R, I , J>
200 >
201 {
202 pub l i c :
203 me ldab l e p r i o r i t y queue ( )
204 : m e l d a b l e p r i o r i t y q u e u e a l t <
205 m e l d a b l e p r i o r i t y q u e u e c o n f i g <V,C,A,E,R, I , J>
206 >() {}
207 } ;
208 }
209

210 #inc lude ” s t l−meldable−p r i o r i t y−queue . i++”
211 #end i f

B.3 stl-meldable-priority-queue.i++

1 /∗
2 A meldab l e p r i o r i t y queue i s a con ta ine r c l a s s t h a t j u s t c a l l s t he
3 f u n c t i o n s a v a i l a b l e in the r e a l i z a t o r c l a s s .
4

5 Author : J y r k i Kataja inen Âc© 2006 , 2009 , 2010
6 ∗/
7

8 #inc lude ” s t l−meldable−p r i o r i t y−queue . h++”
9

10 // 2010 Asger Bruun :
11 // Added automat ic c oup l i n g to o p t i o n a l r e a l i s a t o r members .
12 // us ing s t a t i c custom method s e l e c t i o n .
13 //
14 // Compile t ime r e a l i s a t o r con s t an t s :
15 // boo l c p h s t l : : has member empty<T> : : v a l u e
16 // boo l c p h s t l : : has member c lear<T> : : v a l u e
17 // boo l c p h s t l : : has member meld<T> : : v a l u e
18 // boo l c p h s t l : : has member c lone<T> : : v a l u e
19 // boo l c p h s t l : : has member pop<T> : : v a l u e
20
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21 #inc lude ”type . h++” // c p h s t l : : b o o l 2 t y p e
22 #inc lude ”has member . hpp” // ab s t a t i c member t e s t i n g macros .
23

24 DEFINE STATIC TEST HAS MEMBER( empty )
25 DEFINE STATIC TEST HAS MEMBER( c l e a r )
26 DEFINE STATIC TEST HAS MEMBER( meld )
27 DEFINE STATIC TEST HAS MEMBER( c lone )
28 DEFINE STATIC TEST HAS MEMBER( pop )
29

30 namespace cphs t l {
31 namespace { // method s e l e c t o r s .
32 template<typename R, bool custom impl>
33 s t r u c t s e l e c t empty { // no custom
34 s t a t i c bool empty (R const& r ) {
35 return r . s i z e ( ) ==0;
36 }
37 } ;
38 template<typename R>
39 s t r u c t se l ect empty<R, true> { // custom
40 s t a t i c bool empty (R const& r ) {
41 return r . empty ( ) ;
42 }
43 } ;
44

45 template<typename PA, bool custom impl>
46 s t r u c t s e l e c t c l e a r { // no custom
47 s t a t i c void c l e a r (PA& pa ) {
48 typedef typename PA: : mpq type Q;
49 typename Q: : encapsu la to r type ∗ p ;
50 typename Q: : r e a l i z a t o r t y p e& r ( pa . g e t r e a l i z a t o r ( ) ) ;
51 whi le ( ! r . empty ( ) ) {
52 p = r . ex t r a c t ( ) ;
53 pa . dest roy (p) ;
54 }
55 }
56 } ;
57 template<typename PA>
58 s t r u c t s e l e c t c l e a r <PA, true> { // custom
59 s t a t i c void c l e a r (PA& pa ) {
60 pa . g e t r e a l i z a t o r ( ) . c l e a r ( pa ) ;
61 }
62 } ;
63

64 template<typename PA, bool custom impl>
65 s t r u c t s e l e c t m e l d { // no custom
66 s t a t i c void meld (PA& q1 , PA& q2 ) {
67 whi le ( ! ( ∗ q2 .mpq) . empty ( ) ) {
68 (∗q1 .mpq) . push (∗(∗ q2 .mpq) . top ( ) ) ;
69 (∗q2 .mpq) . pop ( ) ;
70 }
71 }
72 } ;
73 template<typename PA>
74 s t r u c t s e l e c t me ld<PA, true> { // custom
75 s t a t i c void meld (PA& q1 , PA& q2 ) {
76 q1 . g e t r e a l i z a t o r ( ) . meld ( q2 . g e t r e a l i z a t o r ( ) ) ;
77 }
78 } ;
79

80 template<typename PA, bool custom impl>
81 s t r u c t s e l e c t c l o n e { // no custom
82 s t a t i c void c lone (PA& q1 , PA const& q2 ) {
83 q1 . i n s e r t ( (∗ ( q2 . get mpq ( ) ) ) . begin ( ) , (∗ ( q2 . get mpq ( ) ) ) . end ( ) ) ;
84 }
85 } ;
86 template<typename PA>
87 s t r u c t s e l e c t c l o n e <PA, true> { // custom
88 s t a t i c void c lone (PA& q1 , PA const& q2 ) {
89 q1 . g e t r e a l i z a t o r ( ) . c l one ( q2 . g e t r e a l i z a t o r ( ) , q1 ) ;
90 }
91 } ;
92

93 template<typename PA, bool custom impl>
94 s t r u c t s e l e c t p o p { // no custom
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95 s t a t i c void pop (PA& pa ) {
96 typedef typename PA: : mpq type Q;
97 typename Q: : r e a l i z a t o r t y p e& r ( pa . g e t r e a l i z a t o r ( ) ) ;
98 typename Q: : encapsu la to r type ∗ p( r . top ( ) ) ;
99 r . ex t r a c t (p) ;

100 pa . dest roy (p) ;
101

102 }
103 } ;
104 template<typename PA>
105 s t r u c t s e l e c t pop<PA, true> { // custom
106 s t a t i c void pop (PA& pa ) {
107 pa . g e t r e a l i z a t o r ( ) . pop ( pa ) ;
108 }
109 } ;
110 }
111 }
112

113 namespace cphs t l {
114 template <typename CFG>
115 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : encapsu la to r type ∗
116 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c r e a t e ( va lue type const& v) {
117 encapsu l a to r type ∗ p = a l l o c a t o r . a l l o c a t e (1 ) ;
118 try {
119 new (p) encapsu la to r type (v , a l l o c a t o r ) ;
120 }
121 catch ( . . . ) {
122 dest roy (p) ;
123 throw ;
124 }
125 return p ;
126 }
127

128 template <typename CFG>
129 void
130 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : des t roy ( encapsu l a to r type ∗ p) {
131 p−>˜encapsu la to r type ( ) ;
132 a l l o c a t o r . d e a l l o c a t e (p , 1) ;
133 }
134

135 template <typename CFG>
136 template <typename K>
137 void
138 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i n s e r t (K b , K e ) {
139 m e l d a b l e p r i o r i t y q u e u e a l t q ;
140 encapsu l a to r type ∗ d (0) ;
141 try {
142 f o r (K c = b ; c != e ; ++c ) {
143 d = cr ea t e (∗ c ) ;
144 q . r e a l i z a t o r . i n s e r t (d) ;
145 }
146 }
147 catch ( . . . ) {
148 dest roy (d) ;
149 q . c l e a r ( ) ;
150 throw ;
151 }
152 meld (q ) ;
153 }
154

155 template <typename CFG>
156 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : m e l d a b l e p r i o r i t y q u e u e a l t (
157 comparator type const& comparator , a l l o c a t o r t y p e const& a l l o c a t o r )
158 : r e a l i z a t o r ( comparator , a l l o c a t o r ) {
159 }
160

161 template <typename CFG>
162 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : m e l d a b l e p r i o r i t y q u e u e a l t (
163 m e l d a b l e p r i o r i t y q u e u e a l t const& other
164 ) : r e a l i z a t o r ( comparator type ( ) , a l l o c a t o r )
165 {
166 const bool custom impl = has member clone<r e a l i z a t o r t y p e > : : va lue ;
167 p r o t e c t e d a c c e s s pa1 ( t h i s ) ;
168 p r o t e c t e d a c c e s s pa2(& con s t c a s t <m e l d a b l e p r i o r i t y q u e u e a l t &>(other ) ) ;
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169 s e l e c t c l o n e <pro t e c t ed ac c e s s , custom impl > : : c l one ( pa1 , pa2 ) ;
170 // m e l d a b l e p r i o r i t y q u e u e a l t q ( compara tor type ( ) , a l l o c a t o r ) ;
171 // t r y {
172 // q . i n s e r t ( o t h e r . b eg in ( ) , o t he r . end ( ) ) ;
173 //}
174 // ca tch ( . . . ) {
175 // wh i l e ( q . s i z e ( ) != 0) {
176 // en c a p s u l a t o r t y p e ∗ d = q . r e a l i z a t o r . e x t r a c t ( ) ;
177 // de s t r o y ( d ) ;
178 // }
179 // throw ;
180 //}
181 // (∗ t h i s ) . swap ( q ) ;
182 }
183

184 template <typename CFG>
185 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c on ta in e r type&
186 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : operator=(
187 m e l d a b l e p r i o r i t y q u e u e a l t const& other ) {
188 m e l d a b l e p r i o r i t y q u e u e a l t q ( other ) ;
189 (∗ t h i s ) . swap (q ) ;
190 q . c l e a r ( ) ;
191 return ∗ t h i s ;
192

193 // m e l d a b l e p r i o r i t y q u e u e a l t q ;
194 // t r y {
195 // q . i n s e r t ( o t h e r . b eg in ( ) , o t h e r . end ( ) ) ;
196 //}
197 // ca tch ( . . . ) {
198 // wh i l e ( q . s i z e ( ) != 0) {
199 // en c a p s u l a t o r t y p e ∗ d = q . r e a l i z a t o r . e x t r a c t ( ) ;
200 // de s t r o y ( d ) ;
201 // }
202 // throw ;
203 //}
204 // (∗ t h i s ) . swap ( q ) ;
205 // wh i l e ( q . s i z e ( ) != 0) {
206 // en c a p s u l a t o r t y p e ∗ d = q . r e a l i z a t o r . e x t r a c t ( ) ;
207 // de s t r o y ( d ) ;
208 //}
209 // re turn ∗ t h i s ;
210 }
211

212 template <typename CFG>
213 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : :˜ m e l d a b l e p r i o r i t y q u e u e a l t ( ) {
214 c l e a r ( ) ;
215 }
216

217 template <typename CFG>
218 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : a l l o c a t o r t y p e
219 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : g e t a l l o c a t o r ( ) const {
220 return r e a l i z a t o r . g e t a l l o c a t o r ( ) ;
221 }
222

223 template <typename CFG>
224 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : comparator type
225 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : get comparator ( ) const {
226 return r e a l i z a t o r . get comparator ( ) ;
227 }
228

229 template <typename CFG>
230 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i t e r a t o r
231 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : begin ( ) {
232 return i t e r a t o r ( r e a l i z a t o r . begin ( ) , &r e a l i z a t o r ) ;
233 }
234

235 template <typename CFG>
236 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c o n s t i t e r a t o r
237 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : begin ( ) const {
238 return c o n s t i t e r a t o r ( r e a l i z a t o r . begin ( ) , ( r e a l i z a t o r t y p e ∗) &r e a l i z a t o r ) ;
239 }
240

241 template <typename CFG>
242 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i t e r a t o r
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243 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : end ( ) {
244 return i t e r a t o r ( r e a l i z a t o r . end ( ) , &r e a l i z a t o r ) ;
245 }
246

247 template <typename CFG>
248 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c o n s t i t e r a t o r
249 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : end ( ) const {
250 return c o n s t i t e r a t o r ( r e a l i z a t o r . end ( ) , ( r e a l i z a t o r t y p e ∗) &r e a l i z a t o r ) ;
251 }
252

253 template <typename CFG>
254 bool
255 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : empty ( ) const {
256 const bool custom impl = has member empty<r e a l i z a t o r t y p e > : : va lue ;
257 return se l ect empty<r e a l i z a t o r t y p e , custom impl > : : empty ((∗ t h i s ) . r e a l i z a t o r ) ;
258 // re turn (∗ t h i s ) . s i z e ( ) == s i z e t y p e (0) ; // ! : d e s i gn f l aw
259 }
260

261 template <typename CFG>
262 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : s i z e t y p e
263 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : s i z e ( ) const {
264 return r e a l i z a t o r . s i z e ( ) ;
265 }
266

267 template <typename CFG>
268 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : s i z e t y p e
269 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : max s ize ( ) const {
270 return r e a l i z a t o r . max s ize ( ) ;
271 }
272

273 template <typename CFG>
274 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c o n s t i t e r a t o r
275 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : top ( ) const {
276 return c o n s t i t e r a t o r ( r e a l i z a t o r . top ( ) , &r e a l i z a t o r ) ;
277 }
278

279 template <typename CFG>
280 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i t e r a t o r
281 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : top ( ) {
282 return i t e r a t o r ( r e a l i z a t o r . top ( ) , &r e a l i z a t o r ) ;
283 }
284

285 template <typename CFG>
286 typename m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i t e r a t o r
287 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : push ( va lue type const& v) {
288 encapsu l a to r type ∗ p = cr ea t e (v ) ;
289 r e a l i z a t o r . i n s e r t (p) ;
290 return i t e r a t o r (p , &r e a l i z a t o r ) ;
291 }
292

293 template <typename CFG>
294 void
295 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : pop ( ) {
296 const bool custom impl = has member pop<r e a l i z a t o r t y p e > : : va lue ;
297 p r o t e c t e d a c c e s s pa ( t h i s ) ;
298 s e l e c t pop<pro t e c t ed ac c e s s , custom impl > : : pop ( pa ) ;
299

300 // en c a p s u l a t o r t y p e ∗ p = r e a l i z a t o r . top ( ) ;
301 // r e a l i z a t o r . e x t r a c t ( p ) ;
302 // de s t r o y ( p ) ;
303 }
304

305 template <typename CFG>
306 void
307 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : e r a s e ( i t e r a t o r t ) {
308 encapsu l a to r type ∗ p = ( encapsu la to r type ∗) t ;
309 r e a l i z a t o r . ex t r a c t (p) ;
310 dest roy (p) ;
311 }
312

313 template <typename CFG>
314 void
315 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : i n c r e a s e ( i t e r a t o r t , va lue type const& v) {
316 encapsu l a to r type ∗ p = ( encapsu la to r type ∗) t ;
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317 r e a l i z a t o r . i n c r e a s e (p , v ) ;
318 }
319

320 template <typename CFG>
321 void
322 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : c l e a r ( ) {
323 const bool custom impl = has member clear<r e a l i z a t o r t y p e > : : va lue ;
324 p r o t e c t e d a c c e s s pa ( t h i s ) ;
325 s e l e c t c l e a r <pro t e c t ed ac c e s s , custom impl > : : c l e a r ( pa ) ;
326

327 // s e l e c t c l e a r <con t a i n e r t y p e , r e a l i z a t o r t y p e , p r o t e c t e d a c c e s s , custom impl>
328 // : : c l e a r ( (∗ t h i s ) , (∗ t h i s ) . r e a l i z a t o r , pa ) ;
329

330 // wh i l e ( r e a l i z a t o r . s i z e ( ) != 0) {
331 // en c a p s u l a t o r t y p e ∗ p = r e a l i z a t o r . e x t r a c t ( ) ;
332 // de s t r o y ( p ) ;
333 //}
334 }
335

336 template <typename CFG>
337 void
338 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : meld ( m e l d a b l e p r i o r i t y q u e u e a l t& q) {
339 const bool custom impl = has member meld<r e a l i z a t o r t y p e > : : va lue ;
340 p r o t e c t e d a c c e s s pa1 ( t h i s ) , pa2(&q) ;
341 s e l e c t me ld<pro t e c t ed ac c e s s , custom impl > : : meld ( pa1 , pa2 ) ;
342 // r e a l i z a t o r . meld ( q . r e a l i z a t o r ) ;
343 }
344

345 template <typename CFG>
346 void
347 m e l d a b l e p r i o r i t y q u e u e a l t <CFG> : : swap ( m e l d a b l e p r i o r i t y q u e u e a l t& q) {
348 r e a l i z a t o r . swap (q . r e a l i z a t o r ) ;
349 }
350

351 template <typename CFG>
352 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>& meld (
353 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>& r ,
354 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>& s
355 )
356 {
357 r . meld ( s . r e a l i z a t o r ) ;
358 return r ;
359 }
360

361 template <typename CFG>
362 void swap ( m e l d a b l e p r i o r i t y q u e u e a l t <CFG>& r ,
363 m e l d a b l e p r i o r i t y q u e u e a l t <CFG>& s ) {
364 r . swap ( s . r e a l i z a t o r ) ;
365 }
366 }
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C Benchmarking

C.1 benchmarking.hpp

1 #i f n d e f CPHSTL BENCHMARKING HPP
2 #de f i n e CPHSTL BENCHMARKING HPP
3 /∗
4 ∗ Desc : Repeated measurements o f r e source consumption .
5 ∗ An at tempt to s imp l i f y measurements and to improve
6 ∗ accuracy in time , i n c l u d e s some ba s i c s t a t i s t i c s .
7 ∗
8 ∗ Auth : Asger Bruun 2009−2010
9 ∗

10 ∗ Impl : t ime coun t e r − counts system time t i c k s .
11 ∗ compare counter − counts compares .
12 ∗ a l l o c c o u n t e r − counts a l l o c a t i o n s .
13 ∗ s t op wa t ch − t ime coun t e r conver t ed to seconds .
14 ∗ combi counter − t h e above coun te r s combined .
15 ∗
16 ∗ count ing compare − wrapper , makes your comparator count .
17 ∗ c o u n t i n g a l l o c a t o r − count ing a l l o c a t o r rep lacement .
18 ∗
19 ∗ c p u a t t e n t i o n − g e t op t ima l system p r i o r i t y f o r t iming .
20 ∗/
21

22 #inc lude ” a s s e r t . h++”
23 #inc lude ”m s c f i x . hpp”
24

25 #inc lude ”benchmark s t a t i s t i c s . hpp”
26 #inc lude ”benchmark compare counter . hpp”
27 #inc lude ”benchmark a l loc counter . hpp”
28 #inc lude ”benchmark time counter . hpp”
29 #inc lude ”b e n c h m a r k f a s t e r c l o c k p o l i c y . hpp”
30 #inc lude ”benchmark t s c c l o ck po l i cy . hpp”
31 #inc lude ”benchmark cpu attent ion . hpp”
32 #inc lude ”benchmark combi counter . hpp”
33 #inc lude ”benchmark pro f i l i ng counte r . hpp”
34

35 #end i f

C.2 benchmark_alloc_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK ALLOC COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK ALLOC COUNTER HPP
3 /∗
4 Desc : An a l l o c a t i o n counter , o f f e r i n g a count ing a l l o c a t o r .
5 Auth : Asger Bruun 2009−2010.
6 Impl : a l l o c c o u n t e r − t h e performance counter .
7 : c o u n t i n g a l l o c a t o r − use t h i s i n s t e a d o f the s t d : : a l l o c a t o r to g e t t he count .
8 ∗/
9 #inc lude ”benchmark s t a t i s t i c s . hpp”

10

11 namespace cphs t l {
12 namespace benchmarking {
13

14 s t r u c t a l l o c c o u n t e r b a s e {
15 typedef long long counter type ;
16 s t a t i c counter type a l l o c s ;
17 s t a t i c counter type cur rent ( ) { return a l l o c s ; }
18 } ;
19 a l l o c c o u n t e r b a s e : : counter type a l l o c c o u n t e r b a s e : : a l l o c s (0 ) ;
20

21 s t r u c t d e a l l o c c o u n t e r b a s e {
22 typedef long long counter type ;
23 s t a t i c counter type d e a l l o c s ;
24 s t a t i c counter type cur rent ( ) { return d e a l l o c s ; }
25 } ;
26 d e a l l o c c o u n t e r b a s e : : counter type d e a l l o c c o u n t e r b a s e : : d e a l l o c s (0 ) ;
27

28

29 s t r u c t a l l o c c o u n t e r : pub l i c sampler<a l l o c c o u n t e r b a s e > {
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30 sampler<dea l l o c coun t e r ba s e > counter2 ;
31

32 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
33 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
34 switch ( counte r idx ) {
35 case 0 : return ” a l l o c a t e d o c t e t s ” ;
36 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
37 }
38 }
39

40

41 a l l o c c o u n t e r ( bool s i n g l e o p )
42 : sampler<a l l o c c o u n t e r b a s e >( s i n g l e o p ) , counter2 ( s i n g l e o p ) {}
43

44

45 void s t a r t ( s i z e t y p e const& element count ) {
46 sampler<a l l o c c o u n t e r b a s e > : : s t a r t ( e lement count ) ;
47 counter2 . s t a r t ( e lement count ) ;
48 }
49 void stop ( ) {
50 sampler<a l l o c c o u n t e r b a s e > : : s top ( ) ;
51 counter2 . stop ( ) ;
52 }
53

54 void r epor t ( ) ;
55

56 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
57 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) ;
58 } ;
59 void a l l o c c o u n t e r : : r epor t ( ) {
60 // Note : t he a l l o c a t i o n count ing i s very s imple ,
61 // and chou ld be ex tended wi th more f i g u r e s .
62 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
63 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
64 counter2 . c u r r e n t e c = c u r r e n t e c = (∗ i ) . f i r s t ;
65

66 c o u n t e r f r a c t i o n avg ( average ( ) ) ;
67 double rsd ( r e l a t i v e s t d d e v ( ) ) ;
68

69 c o u n t e r f r a c t i o n avg2 ( counter2 . average ( ) ) ;
70 double rsd2 ( counter2 . r e l a t i v e s t d d e v ( ) ) ;
71

72 std : : cout . p r e c i s i o n (3) ;
73 std : : cout << ( i == element counts . begin ( ) ? ” a l l o ” : ” ”) ;
74 std : : cout << c u r r e n t e c << ” + ” << avg ;
75 i f ( rsd != 0) std : : cout << ” ( rsd ” << rsd << ”%)” ;
76 std : : cout << ” − ” << avg2 ;
77 i f ( rsd2 != 0) std : : cout << ” ( rsd ” << rsd2 << ”%)” ;
78 std : : cout << ” o c t e t s .\n” ;
79 }
80 }
81 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
82 void a l l o c c o u n t e r : : gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
83 sampler<a l l o c c o u n t e r b a s e > : : template gnuplot data<PP>( d e s c r i p t i o n+” − ”+unit name (0) ) ;
84 }
85

86

87 template <typename T = int , typename A3 = std : : a l l o c a t o r <T> >
88 c l a s s c o u n t i n g a l l o c a t o r : pub l i c A3 : : template rebind<T> : : o ther {
89 // Warn : qu i c k and d i r t y wrapping o f s t d : : a l l o c a t o r .
90 pub l i c :
91 typedef typename A3 : : po in t e r po in t e r ;
92 typedef typename A3 : : s i z e t y p e s i z e t y p e ;
93 template<typename U>
94 s t r u c t reb ind {
95 typedef c o u n t i n g a l l o c a t o r <U, typename A3 : : template rebind<U> : : other> other ;
96 } ;
97

98 c o u n t i n g a l l o c a t o r ( ) : A3( ) {}
99 c o u n t i n g a l l o c a t o r (A3 const& a ) : A3( a ) {}

100 template<typename U>
101 c o u n t i n g a l l o c a t o r ( c o u n t i n g a l l o c a t o r <U> const&) {} // : A3( a ) {}
102

103 po in t e r a l l o c a t e ( s i z e t y p e cnt , const void ∗ p = 0) {
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104 a l l o c c o u n t e r b a s e : : a l l o c s+= s i z e o f (T) ∗ cnt ;
105 return A3 : : a l l o c a t e ( cnt , p) ;
106 }
107 void d e a l l o c a t e ( po in t e r p , s i z e t y p e s ) {
108 d e a l l o c c o u n t e r b a s e : : d e a l l o c s+= s i z e o f (T) ∗ s ;
109 A3 : : d e a l l o c a t e (p , s ) ;
110 }
111 bool operator == ( c o u n t i n g a l l o c a t o r const&) { return true ; }
112 bool operator != ( c o u n t i n g a l l o c a t o r const& a ) { return ! operator == ( a ) ; }
113 } ;
114 }
115 }
116 #end i f

C.3 benchmark_combi_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK COMBI COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK COMBI COUNTER HPP
3 /∗
4 Desc : Combined time convers ion , a l l o c a t i o n and compare count ing .
5 Auth : Asger Bruun 2009−2010.
6 ∗/
7 #inc lude <ctime>
8 #inc lude ”benchmark s t a t i s t i c s . hpp”
9

10 namespace cphs t l {
11 namespace benchmarking {
12 s t r u c t stop watch : pub l i c t ime counter<> {
13 // Desc : conver t t ime coun t e r to seconds .
14 typedef long double seconds ;
15

16 stop watch ( bool s i n g l e o p )
17 : t ime counter <>( s i n g l e o p ) {}
18

19 s t a t i c const unsigned i n t m u l t i p l i c i t y = 2 ;
20 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
21 switch ( counte r idx ) {
22 case 0 : return t ime counter <>:: unit name (0) ;
23 case 1 : return ”seconds ” ;
24 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
25 }
26 }
27

28 void r epor t ( ) ;
29 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
30 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) ;
31 seconds average t ime ( ) ;
32 seconds sample s td dev t ime ( ) ;
33 std : : vector<seconds> box and whisper s t imes ( ) ;
34 std : : vector<seconds> q u a r t i l e t i m e s ( ) ;
35 } ;
36 void stop watch : : r epor t ( ) {
37 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
38 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
39 c u r r e n t e c = (∗ i ) . f i r s t ;
40 seconds avg ( average t ime ( ) ) ;
41 double rsd ( r e l a t i v e s t d d e v ( ) ) ;
42 double f a c t o r = avg / std : : l og2 ( double ( c u r r e n t e c ) ) ;
43 std : : cout . p r e c i s i o n (3) ;
44 std : : cout << ( i == element counts . begin ( ) ? ”time ” : ” ”) ;
45 std : : cout << c u r r e n t e c << ” ” << avg
46 << ” , rsd ” << rsd << ”%,\ t l g . f a c ” << f a c t o r << ” l g n .\n” ;
47 }
48 }
49 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
50 void stop watch : : gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
51 t ime counter <>:: gnuplot data<PP>( d e s c r i p t i o n ) ;
52 std : : cout << ”\n# ” << d e s c r i p t i o n << ” − ” << unit name (1) << ”\n” ;
53 std : : cout << ”# count pct5 Q1 median Q3 pct95 min max avg focus \n” ;
54 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
55 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
56 c u r r e n t e c = (∗ i ) . f i r s t ;
57 std : : cout << c u r r e n t e c ;
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58 std : : vector<seconds> qt ( box and whisper s t imes ( ) ) ;
59 f o r ( std : : vector<seconds > : : c o n s t i t e r a t o r j = qt . begin ( ) ; j != qt . end ( ) ; ++j ) {
60 std : : cout << ” ” << ∗ j ;
61 }
62 std : : cout << ” ” << average t ime ( ) << ” 0 .5\n” ;
63 }
64 std : : cout << ”\n” ;
65 }
66 stop watch : : seconds stop watch : : average t ime ( ) {
67 a s s e r t ( average ( ) > 0) ; a s s e r t ( c u r r e n t e c > 0) ;
68 return seconds ( average ( ) ) / seconds ( f requency ( ) ) ;
69 }
70 stop watch : : seconds stop watch : : sample s td dev t ime ( ) {
71 return seconds ( sample std dev ( ) ) / seconds ( f requency ( ) ) ;
72 }
73 std : : vector<stop watch : : seconds> stop watch : : box and whisper s t imes ( ) {
74 std : : vector<double> q ( box and whispers ( ) ) ;
75 std : : vector<seconds> r e t ( q . s i z e ( ) ) ;
76 f o r ( i n t i = 0 ; i != (5+2) ; ++i )
77 r e t [ i ] = seconds (q [ i ] ) / seconds ( f requency ( ) ) ;
78 return r e t ;
79 }
80 std : : vector<stop watch : : seconds> stop watch : : q u a r t i l e t i m e s ( ) {
81 std : : vector<double> q ( q u a r t i l e s ( ) ) ;
82 std : : vector<seconds> r e t ( q . s i z e ( ) ) ;
83 f o r ( i n t i = 0 ; i != 5 ; ++i )
84 r e t [ i ] = seconds (q [ i ] ) / seconds ( f requency ( ) ) ;
85 return r e t ;
86 }
87

88 s t r u c t combi counter {
89 typedef std : : s i z e t s i z e t y p e ;
90 typedef s i z e t y p e counter type ;
91

92 stop watch sw ;
93 compare counter cc ;
94 a l l o c c o u n t e r ac ;
95

96 combi counter ( bool s i n g l e o p )
97 : sw( s i n g l e o p ) , cc ( s i n g l e o p ) , ac ( s i n g l e o p ) {}
98

99 void prepare ( s i z e t y p e const& elements , s i z e t y p e const& repea t s ) {
100 ac . prepare ( elements , r epea t s ) ;
101 cc . prepare ( elements , r epea t s ) ;
102 sw . prepare ( elements , r epea t s ) ;
103 }
104 void s t a r t ( s i z e t y p e const& element count ) {
105 ac . s t a r t ( e lement count ) ;
106 cc . s t a r t ( e lement count ) ;
107 sw . s t a r t ( e lement count ) ;
108 }
109 void stop ( ) { sw . stop ( ) ; cc . stop ( ) ; ac . stop ( ) ; }
110 void f i n i s h ( ) { ac . f i n i s h ( ) ; cc . f i n i s h ( ) ; sw . f i n i s h ( ) ; }
111

112 s t a t i c const unsigned i n t m u l t i p l i c i t y = stop watch : : m u l t i p l i c i t y
113 + compare counter : : m u l t i p l i c i t y + a l l o c c o u n t e r : : m u l t i p l i c i t y ;
114

115 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
116 const unsigned i n t s ( stop watch : : m u l t i p l i c i t y )
117 , c ( compare counter : : m u l t i p l i c i t y ) , a ( a l l o c c o u n t e r : : m u l t i p l i c i t y ) ;
118 i f ( counter idx<s )
119 return stop watch : : unit name ( counte r idx ) ;
120 e l s e i f ( counter idx <(s + c ) )
121 return compare counter : : unit name ( counte r idx − s ) ;
122 e l s e i f ( counter idx <(s + c + a ) )
123 return a l l o c c o u n t e r : : unit name ( counte r idx − ( s+c ) ) ;
124 e l s e { a s s e r t (0 ) ; return 0 ; }
125 }
126

127 void r epor t ( ) {
128 sw . r epor t ( ) ;
129 std : : cout << ” ” ; cc . r epor t ( ) ;
130 std : : cout << ” ” ; ac . r epor t ( ) ;
131 }
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132

133 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
134 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
135 sw . gnuplot data<PP>( d e s c r i p t i o n ) ;
136 cc . gnuplot data<PP>( d e s c r i p t i o n ) ;
137 ac . gnuplot data<PP>( d e s c r i p t i o n ) ;
138 }
139 } ;
140 }
141 }
142 #end i f

C.4 benchmark_compare_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK COMPARE COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK COMPARE COUNTER HPP
3 /∗
4 Desc : A compare counter , combined wi th a count ing compare .
5 Auth : Asger Bruun 2009−2010.
6 Impl : compare counter − t h e performance counter .
7 : count ing compare − wrap your compare wi th t h i s to g e t t he count .
8 ∗/
9 #inc lude ”benchmark s t a t i s t i c s . hpp”

10

11 namespace cphs t l {
12 namespace benchmarking {
13 s t r u c t compare counter base {
14 typedef long long counter type ;
15 s t a t i c counter type comps ;
16 s t a t i c counter type cur rent ( ) { return comps ; }
17 } ;
18 compare counter base : : counter type compare counter base : : comps (0) ;
19

20 s t r u c t compare counter : pub l i c sampler<compare counter base> {
21 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
22 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
23 switch ( counte r idx ) {
24 case 0 : return ”compares ” ;
25 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
26 }
27 }
28

29 compare counter ( bool s i n g l e o p ) : sampler<compare counter base >( s i n g l e o p ) {}
30 void r epor t ( ) ;
31 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
32 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) ;
33 } ;
34 void compare counter : : r epor t ( ) {
35 // Note : a cons tan t number o f compares
36 // == > a sample s tandard d e v i a t i o n == 0.
37 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
38 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
39 c u r r e n t e c = (∗ i ) . f i r s t ;
40

41 c o u n t e r f r a c t i o n avg ( average ( ) ) ;
42 double rsd ( r e l a t i v e s t d d e v ( ) ) ;
43 double f a c t o r = avg / std : : l og2 ( double ( c u r r e n t e c ) ) ;
44 std : : cout . p r e c i s i o n (3) ;
45 std : : cout << ( i == element counts . begin ( ) ? ”comp ” : ” ”) ;
46 std : : cout << c u r r e n t e c << ” ” << avg ;
47 i f ( rsd != 0) std : : cout << ” , rsd ” << rsd << ”%” ;
48 std : : cout << ” ,\ t\ t\ t l g . f a c ” << f a c t o r << ” l g n .\n” ;
49 }
50 }
51 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
52 void compare counter : : gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
53 sampler<compare counter base > : : gnuplot data<PP>( d e s c r i p t i o n+” − ”+unit name (0) ) ;
54 }
55

56 template <typename C>
57 s t r u c t counting compare {
58 template <typename T>
59 bool operator ( ) (T const& a , T const& b) const {
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60 ++compare counter base : : comps ;
61 return C() (a , b) ;
62 }
63 } ;
64 }
65 }
66

67 #end i f

C.5 benchmark_cpu_attention.hpp

1 #i f n d e f CPHSTL BENCHMARK CPU ATTENTION HPP
2 #de f i n e CPHSTL BENCHMARK CPU ATTENTION HPP
3 /∗
4 Desc : E s p e c i a l l y t he newer mul t i−core cpu sys tems may r e s u l t in
5 : i n p r e d i c t a b l e i n t e r r u p t s and core s h i f t s f o r cur r en t p roce s s .
6 : Sometimes t h i s s p o i l s t he t iming methods , and an e f f i c i e n t
7 : s o l u t i on , on I n t e l cpu ’ s , i s to ask f o r more a t t e n t i o n .
8 : Also i n c l ud ed a cross−p l a t f o rm ( po s i x /msc ) s l e e p .
9 Auth : Asger Bruun 2009−2010.

10 ∗/
11 #i f d e f MSC VER
12 #inc lude <windows . h> // Sleep , QueryPerformance , Process A f f i n i t y & P r i o r i t y
13 #e l i f de f ined ( GNUC )
14 #inc lude <time . h> // nanos l eep ( )
15 #end i f
16

17 namespace cphs t l {
18 namespace benchmarking {
19 #i f d e f WIN32
20 void s l eep ms ( i n t m i l l i s e c o n d s ) {
21 Sleep ( m i l l i s e c o n d s ) ;
22 }
23 #e l s e
24 void s l eep ms ( long m i l l i s e c o n d s ) {
25 s t r u c t t imespec tm ;
26 tm . t v s e c = 0 ;
27 tm . tv ns e c = m i l l i s e c o n d s ∗ 1000000;
28 nanos leep(&tm , 0) ;
29 }
30 #end i f
31

32 #i f d e f MSC VER
33 void cpu at t en t i on ( bool yes ) {
34 // Desc : g e t f u l l a t t e n t i o n on a s i n g l e cpu core .
35 s t a t i c HANDLE h proce s s = 0 ;
36 s t a t i c DWORDPTR p r o c e s s a f f i n i t y , s y s t e m a f f i n i t y ;
37

38 i f ( yes ˆ ( h proce s s == 0) )
39 throw std : : except ion ( ”mode not d i f f e r e n t from prev ious mode”) ;
40 i f ( yes ) {
41 h proce s s = GetCurrentProcess ( ) ;
42 i f ( ! GetProcessAf f in i tyMask ( h process , &p r o c e s s a f f i n i t y , &s y s t e m a f f i n i t y ) )
43 throw std : : except ion ( ” f a i l e d to get p roce s s a f f i n i t y ” , GetLastError ( ) ) ;
44 // i f ( ! Se tProce s sA f f i n i t yMask ( h proce s s , 4L) ) // use core #3
45 i f ( ! SetProcessAf f in i tyMask ( h process , 2L) )
46 throw std : : except ion ( ” f a i l e d to s e t p roce s s a f f i n i t y ” , GetLastError ( ) ) ;
47 i f ( ! S e t P r i o r i t y C l a s s ( GetCurrentProcess ( ) , REALTIME PRIORITY CLASS) )
48 throw std : : except ion ( ” f a i l e d to s e t p roce s s p r i o r i t y ” , GetLastError ( ) ) ;
49 i f ( ! SetThreadPr ior i ty ( GetCurrentThread ( ) , THREAD PRIORITY TIME CRITICAL) )
50 throw std : : except ion ( ” f a i l e d to s e t thread p r i o r i t y ” , GetLastError ( ) ) ;
51 } e l s e {
52 i f ( ! SetProcessAf f in i tyMask ( h process , p r o c e s s a f f i n i t y ) )
53 throw std : : except ion ( ” f a i l e d to r e s t o r e proce s s a f f i n i t y ” , GetLastError ( ) ) ;
54 h proce s s = 0 ;
55 i f ( ! S e t P r i o r i t y C l a s s ( GetCurrentProcess ( ) , NORMAL PRIORITY CLASS) )
56 throw std : : except ion ( ” f a i l e d to r e s t o r e proce s s p r i o r i t y ” , GetLastError ( ) ) ;
57 i f ( ! SetThreadPr ior i ty ( GetCurrentThread ( ) , THREAD PRIORITY NORMAL) )
58 throw std : : except ion ( ” f a i l e d to r e s t o r e thread p r i o r i t y ” , GetLastError ( ) ) ;
59 }
60 }
61 #e l i f de f ined ( GNUC )
62 void cpu at t en t i on ( bool yes ) throw ( std : : except ion ) { ;}
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63 #e l s e
64 void cpu at t en t i on ( bool yes ) throw ( std : : except ion ) { ;}
65 #end i f
66 }
67 }
68 #end i f

C.6 benchmark_custom_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK CUSTOM COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK CUSTOM COUNTER HPP
3 /∗
4 Desc : A custom counter ”array ” o f custom counter <0> ,.. cus tom counter<N>.
5 Use them to measure e v e r y t i n g e l s e than time , space and compares .
6 Example , You can put a ++custom counter <0>:: count ; in
7 a s p e c i f i c procedure to count i t s number o f i n v o k a t i o n s .
8 Futu : Perhaps we shou ld deve l op a boo l counter to measure t h i n g s l i k e
9 branch c ond i t i o n s .

10 Auth : Asger Bruun 2010.
11 ∗/
12

13 #inc lude ”benchmark s t a t i s t i c s . hpp”
14

15 namespace cphs t l {
16 namespace benchmarking {
17 template<i n t index>
18 s t r u c t custom counter base {
19 typedef long long counter type ;
20 s t a t i c counter type count ;
21 s t a t i c counter type cur rent ( ) { return count ; }
22 } ;
23 template<i n t index>
24 custom counter base<index > : : counter type
25 custom counter base<index > : : count (0 ) ;
26

27 template<i n t index>
28 s t r u c t custom counter : pub l i c sampler<custom counter base> {
29 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
30 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
31 switch ( counte r idx ) {
32 case 0 : return ”custom ” ;
33 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
34 }
35 }
36

37 custom counter<index >(bool s i n g l e o p )
38 : sampler<custom counter base >( s i n g l e o p ) {}
39

40 void s t a r t ( s i z e t y p e const& element count ) {
41 sampler<custom counter base > : : s t a r t ( e lement count ) ;
42 }
43 void stop ( ) {
44 sampler<custom counter base > : : s top ( ) ;
45 }
46

47 void r epor t ( ) ;
48 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
49 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) ;
50 } ;
51 void custom counter : : r epor t ( ) {
52 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
53 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
54 c u r r e n t e c = (∗ i ) . f i r s t ;
55

56 c o u n t e r f r a c t i o n avg ( average ( ) ) ;
57 double rsd ( r e l a t i v e s t d d e v ( ) ) ;
58 double f a c t o r = avg / std : : l og2 ( double ( c u r r e n t e c ) ) ;
59 std : : cout . p r e c i s i o n (3) ;
60 std : : cout << ( i == element counts . begin ( ) ? ”comp ” : ” ”) ;
61 std : : cout << c u r r e n t e c << ” ” << avg ;
62 i f ( rsd != 0) std : : cout << ” , rsd ” << rsd << ”%” ;
63 std : : cout << ” ,\ t\ t\ t l g . f a c ” << f a c t o r << ” l g n .\n” ;
64 }
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65 }
66 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
67 template<i n t index>
68 void custom counter<index > : : gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
69 sampler<custom counter base > : : gnuplot data<PP>( d e s c r i p t i o n+” − ”+unit name (0) ) ;
70 }
71 }
72 }
73

74

75 #end i f

C.7 benchmark_faster_clock_policy.hpp

1 #i f n d e f CPHSTL BENCHMARK FASTER CLOCK POLICY HPP
2 #de f i n e CPHSTL BENCHMARK FASTER CLOCK POLICY HPP
3 /∗
4 Desc : Be t t e r c l o c k than the s t d : : c l o c k .
5 Auth : Asger Bruun 2009−2010.
6 ∗/
7

8 //#in c l u d e <chrono> // nanos l eep ( )
9

10 #i f d e f MSC VER
11 #inc lude <windows . h> // Sleep , QueryPerformance , Process A f f i n i t y & P r i o r i t y
12 #e l i f de f ined ( GNUC )
13 #inc lude <sys / time . h>
14 #inc lude <time . h>
15 #end i f
16 #inc lude ”benchmark time counter . hpp”
17

18 namespace cphs t l {
19 namespace benchmarking {
20 #i f d e f MSC VER
21

22 s t r u c t f a s t e r c l o c k p o l i c y {
23 typedef LONGLONG counter type ;
24 typedef long long her tz ;
25 s t a t i c counter type cur rent ( ) {
26 LARGE INTEGER t ;
27 i f ( ! QueryPerformanceCounter(&t ) )
28 throw std : : except ion ( ”QPC() f a i l e d ” , GetLastError ( ) ) ;
29 return t . QuadPart ;
30 }
31 s t a t i c std : : s t r i n g unit name ( ) { return ”performance count ” ; }
32 s t a t i c her tz f requency ( ) {
33 i f ( f r equency == 0) f r equency = probe f requency ( ) ;
34 a s s e r t ( f r equency > 0) ;
35 return f r equency ;
36 }
37 s t a t i c her tz probe f requency ( ) {
38 LARGE INTEGER f ;
39 i f ( ! QueryPerformanceFrequency(& f ) )
40 throw std : : except ion ( ”QPF( ) f a i l e d ” , GetLastError ( ) ) ;
41 return f . QuadPart ;
42 }
43 pr iva t e :
44 s t a t i c her tz f r equency ;
45 } ;
46 f a s t e r c l o c k p o l i c y : : he r t z f a s t e r c l o c k p o l i c y : : f r equency (0) ;
47

48 #e l i f de f ined ( GNUC )
49

50 s t r u c t f a s t e r c l o c k p o l i c y {
51 typedef long long counter type ;
52 typedef long long her tz ;
53 s t a t i c counter type cur rent ( ) throw ( std : : except ion ) {
54 s t r u c t t imeval t ;
55 gett imeofday(&t , 0 ) ;
56 return counter type ( t . t v s e c ∗ 1000000 + t . tv us e c ) ;
57 }
58 s t a t i c her tz f requency ( ) { return 1000000; }
59 } ;
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60

61 #e l s e
62

63 s t r u c t f a s t e r c l o c k p o l i c y : pub l i c s t a n d a r d c l o c k p o l i c y {} ;
64

65 #end i f
66

67 }
68 }
69 #end i f

C.8 benchmark_main.hpp

1 #i f n d e f CPHSTL BENCHMARK MAIN HPP
2 #de f i n e CPHSTL BENCHMARK MAIN HPP
3

4 /∗
5 Desc : Benchmark e x e cu t i on s ch edu l e and data g ene ra t i on .
6 Note : This source f i l e i s messy and cou ld use a c l ean up .
7 Auth : Asger Bruun 2009−2010.
8 ∗/
9

10 #inc lude ”m s c f i x . hpp” // pop cn t
11 #inc lude ” a s s e r t . h++”
12

13 #inc lude <algorithm>
14 #inc lude <cmath>
15 #inc lude <iostream>
16 #inc lude <set>
17

18 #inc lude <cmath>
19

20 #inc lude ”benchmarking . hpp”
21 //#in c l u d e ”benchmark main . hpp ”
22

23 namespace cphs t l {
24 namespace benchmarking {
25

26 const bool randomi s e t e s t da ta = true ;
27 const bool f o c u s p a t h o l o g i c a l d a t a = f a l s e ;
28

29 s t r u c t s t r i n g f i l t e r {
30 std : : set<std : : s t r i ng> f ;
31

32 // s t r i n g f i l t e r ( ) : i n c l u d e s ( t rue ) {}
33

34 bool i n c l u de s ;
35

36 s t r i n g f i l t e r ( std : : s t r i n g csv ) {
37 i n c l u de s = true ;
38 i f ( csv == ” . ”) return ;
39 i f ( csv . l ength ( ) == 0) return ;
40 i f ( csv . at (0 ) == ’ ! ’ ) {
41 i n c l u de s = f a l s e ;
42 csv = csv . subs t r (1 ) ;
43 }
44

45 std : : s t r i n g s ;
46 std : : s t r ing s t r eam ss ( csv ) ;
47 whi le ( g e t l i n e ( ss , s , ’ , ’ ) )
48 f . i n s e r t ( s ) ;
49 }
50

51 bool pass ( std : : s t r i n g name) const {
52 i f ( i n c l ude s ) return ( f . empty ( ) | | ( f . f i nd (name) != f . end ( ) ) ) ;
53 e l s e return ( f . empty ( ) | | ( f . f i nd (name) == f . end ( ) ) ) ;
54 }
55 } ;
56

57 s t r u c t benchmark base {
58 typedef std : : s i z e t s i z e t y p e ;
59

60 v i r t u a l std : : s t r i n g name ( ) = 0 ;
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61 v i r t u a l std : : s t r i n g d e s c r i p t i o n ( ) { return name ( ) ; }
62

63 v i r t u a l void prepare ( s i z e t y p e const& elements
64 , s i z e t y p e const& repea t s ) = 0 ;
65

66 v i r t u a l void run ( s i z e t y p e const& element count
67 , s i z e t y p e const& r e p e t i t i o n ) = 0 ;
68

69 v i r t u a l void f i n i s h ( ) = 0 ;
70 v i r t u a l void r epor t ( ) = 0 ;
71 v i r t u a l void gnuplot data ( ) = 0 ;
72 v i r t u a l ˜benchmark base ( ) {}
73 } ;
74

75 template <typename Counter /∗ = combi counter ∗/>
76 s t r u c t benchmark with counter : pub l i c benchmark base {
77 typedef benchmark base : : s i z e t y p e s i z e t y p e ;
78 Counter counter ;
79

80 s t a t i c std : : s t r i n g unit name ( ) { return Counter : : unit name ( ) ; }
81

82 benchmark with counter ( bool s i n g l e o p = f a l s e )
83 : counter ( s i n g l e o p ) {}
84

85 void prepare ( s i z e t y p e const& elements , s i z e t y p e const& repea t s ) {
86 (∗ t h i s ) . counter . prepare ( elements , r epea t s ) ;
87 }
88 void f i n i s h ( ) {
89 (∗ t h i s ) . counter . f i n i s h ( ) ;
90 }
91 void r epor t ( ) {
92 i f (name ( ) . l ength ( ) >5) std : : cout << ”\n” << name ( ) . subs t r (0 , 4 )
93 << ” . ” ;
94 e l s e {
95 std : : s t r i n g : : s i z e t y p e l (5 − name ( ) . l ength ( ) ) ;
96 std : : cout << ”\n” << name ( ) << std : : s t r i n g ( ’ ’ , ( char ) l ) << ” ” ;
97 }
98 (∗ t h i s ) . counter . r epor t ( ) ;
99 }

100

101 void gnuplot data ( ) {
102 (∗ t h i s ) . counter . template gnuplot data<data columns : : d e f a u l t p o s t p r o c e s s o r >(name ( ) )

;
103 }
104 } ;
105

106

107 s t r u c t benchmark su i te base : pub l i c benchmark base {
108 typedef std : : vector<benchmark base ∗> : : i t e r a t o r i t e r a t o r ;
109 typedef std : : vector<benchmark base∗> methods l i s t ;
110 methods l i s t benchmarks ;
111

112 v i r t u a l void t ype r epo r t ( ) = 0 ;
113 v i r t u a l bool f o cus ( s i z e t y p e const& elements ) = 0 ;
114 } ;
115

116 template <typename Counter /∗ = combi counter ∗/>
117 s t r u c t benchmark suite : pub l i c benchmark su i te base {
118 pr iva t e :
119

120 benchmark suite<Counter>(benchmark suite const&) ;
121 benchmark suite& operator = ( benchmark suite const&) ;
122

123 pub l i c :
124

125 typedef benchmark base : : s i z e t y p e s i z e t y p e ;
126 typedef benchmark with counter<Counter> benchmark ;
127

128 std : : s t r i n g f r i end ly name ;
129 s t r i n g f i l t e r & benchmark f i l t e r ;
130

131 benchmark suite ( std : : s t r i n g f r i endly name , s t r i n g f i l t e r & benchmarks )
132 : f r i end ly name ( f r i end ly name ) , b enchmark f i l t e r ( benchmarks ) {}
133
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134 ˜ benchmark suite ( ) {
135 whi le ( ! benchmarks . empty ( ) ) {
136 de l e t e ( benchmarks . back ( ) ) ; benchmarks . pop back ( ) ;
137 }
138 }
139

140 template <typename Benchmark>
141 void r e g i s t r a t e ( std : : s t r i n g name) {
142 i f ( benchmark f i l t e r . pass (name) ) {
143 benchmarks . push back (new Benchmark ( ) ) ;
144 }
145 }
146

147 std : : s t r i n g name ( ) {
148 std : : s t r i n g s ( f r i end ly name ) ;
149 return s ;
150 }
151

152 void prepare ( s i z e t y p e const& elements , s i z e t y p e const& repea t s ) {
153 f o r ( i t e r a t o r i = benchmarks . begin ( ) ; i != benchmarks . end ( ) ; ++i )
154 (∗(∗ i ) ) . prepare ( elements , r epea t s ) ;
155 }
156

157 void f i n i s h ( ) {
158 f o r ( i t e r a t o r i = benchmarks . begin ( ) ; i != benchmarks . end ( ) ; ++i )
159 (∗(∗ i ) ) . f i n i s h ( ) ;
160 }
161

162

163 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
164 f o r ( i t e r a t o r i = benchmarks . begin ( ) ; i != benchmarks . end ( ) ; ++i ) {
165 (∗(∗ i ) ) . run ( element count , r e p e t i t i o n ) ;
166 }
167 }
168

169 void r epor t ( ) {
170 std : : cout << ”\n” << f r i end ly name ;
171 f o r ( i t e r a t o r i = benchmarks . begin ( ) ; i != benchmarks . end ( ) ; ++i )
172 (∗(∗ i ) ) . r epor t ( ) ;
173 }
174

175 void gnuplot data ( ) {
176 std : : cout << ”\n# ” << f r i end ly name ;
177 f o r ( i t e r a t o r i = benchmarks . begin ( ) ; i != benchmarks . end ( ) ; ++i )
178 (∗(∗ i ) ) . gnuplot data ( ) ;
179 }
180 } ;
181

182 s t r u c t d e f a u l t i m p l t r a n s l a t i o n {
183 s t a t i c std : : s t r i n g t r a n s l a t e ( std : : s t r i n g const& desc ) {
184 return s t r r e p l a c e ( desc , ” ” , ”−”) ;
185 }
186 } ;
187

188 template <typename Counter /∗ = combi counter ∗/
189 , template <typename , typename> c l a s s Driver
190 , typename T = d e f a u l t i m p l t r a n s l a t i o n
191 >
192 s t r u c t benchmark main {
193 pr iva t e :
194

195 typedef std : : vector<benchmark su i te base ∗> : : i t e r a t o r i t e r a t o r ;
196 typedef std : : vector<benchmark su i te base ∗> : : r e v e r s e i t e r a t o r r e v e r s e i t e r a t o r ;
197

198 std : : vector<benchmark su i te base∗> s u i t e s ;
199

200 s t r i n g f i l t e r m e t h o d s f i l t e r ;
201 s t r i n g f i l t e r benchmark f i l t e r ;
202

203 pub l i c :
204

205 benchmark main ( std : : s t r i n g method csv , std : : s t r i n g impl csv )
206 : m e t h o d s f i l t e r ( method csv ) , b enchmark f i l t e r ( impl csv )
207 {}
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208

209 template <typename Impl>
210 void r e g i s t r a t e ( std : : s t r i n g impl name ) {
211 i f ( benchmark f i l t e r . pass ( impl name ) ) {
212 const i n t ws( s i z e o f ( void ∗) ) ;
213

214 typedef typename Impl : : r e a l i z a t o r t y p e R;
215

216 std : : cout << ”# ”
217 << ( has member meld<R> : : va lue ? ”M” : ” ”)
218 << ( has member clear<R> : : va lue ? ”C” : ” ”)
219 << ( has member pop<R> : : va lue ? ”P” : ” ”)
220 << ( ha s member roo t l i s t type<typename R : : encapsu la tor type > : : va lue ? ”R” : ” ”)
221 << ” ” << impl name ;
222 std : : cout << ” − valuetype ” << ( 1 . 0∗ s i z e o f ( typename Impl : : va lue type ) /ws) << ”

words ” ;
223 std : : cout << ” , encapsu la to r ” << ( 1 . 0∗ s i z e o f ( typename Impl : : encapsu la to r type ) /ws)

<< ” words ” ;
224 std : : cout << ” , r e a l i z a t o r ” << ( 1 . 0∗ s i z e o f ( typename Impl : : r e a l i z a t o r t y p e ) /ws) <<

” words . ” ;
225 std : : cout << std : : endl ;
226

227 s u i t e s . push back (new Driver<Impl , Counter>(impl name , m e t h o d s f i l t e r ) ) ;
228 }
229 }
230

231 pr iva t e :
232

233 void p r e p a r e s i z e ( i n t s , i n t r ) {
234 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i )
235 (∗(∗ i ) ) . prepare ( s , r ) ;
236 }
237 void r u n s i z e ( i n t s , i n t r ) {
238 std : : c e r r << ”prog r e s s : s i z e ” << s << ” , r e p e t i t i o n s ” << r ;
239 stop watch sw( f a l s e ) ;
240 sw . s t a r t (1 ) ;
241 f o r ( i n t rep (0) ; rep != r ; ++rep ) {
242 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i ) {
243 (∗(∗ i ) ) . run ( s , rep ) ;
244 }
245 }
246 //}
247 sw . stop ( ) ;
248 std : : c e r r << ” , time ” << sw . average t ime ( ) << ” s .\n” ;
249 }
250

251 void wri te head ( ) {
252 std : : cout << ”# implementat ions : ” ;
253 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i ) {
254 i f ( i != s u i t e s . begin ( ) ) std : : cout << ” , ” ;
255 std : : cout << (∗(∗ i ) ) . d e s c r i p t i o n ( ) ;
256 }
257 a s s e r t ( ! s u i t e s . empty ( ) ) ;
258 std : : cout << ”\n# methods : ” ;
259 benchmark su i te base ∗ bs (∗ s u i t e s . begin ( ) ) ;
260 f o r ( benchmark su i te base : : i t e r a t o r i ( (∗ bs ) . benchmarks . begin ( ) ) ;
261 i != (∗ bs ) . benchmarks . end ( ) ; ++i )
262 {
263 i f ( i != (∗ bs ) . benchmarks . begin ( ) ) std : : cout << ” , ” ;
264 std : : cout << (∗(∗ i ) ) . name ( ) ;
265 }
266 std : : cout << ”\n” ;
267 }
268

269 pub l i c :
270

271 void run ( i n t max exp , i n t c , i n t min rep , bool t e s t ) {
272 std : : cout << ”\n# benchmark data\n” ;
273 wri te head ( ) ;
274 std : : cout << ”\n# max s i z e : 2ˆ ” << max exp << ” ( ” << (1 << max exp )
275 << ”) with ” << c << ” i n t e r v a l s between every power o f 2 . ” ;
276

277 std : : cout << ”\n\n# standard c l ock ” ;
278 t ime counter<s t anda rd c l o ck po l i c y > : : r e p o r t c l o c k s p e c s ( ) ;
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279 std : : cout << ”# f a s t e r c l o ck ” ;
280 t ime counter<f a s t e r c l o c k p o l i c y > : : r e p o r t c l o c k s p e c s ( ) ;
281 std : : cout << ”# stop watch ” ;
282 stop watch : : r e p o r t c l o c k s p e c s ( ) ;
283 std : : cout << ”# t s c ” ;
284 t ime counter<t s c c l o c k p o l i c y > : : r e p o r t c l o c k s p e c s ( ) ;
285 std : : cout << ”# \n” ;
286 #i f d e f MSC VER
287 std : : cout << ”# cpu has pop cnt ( ) : ” << cphs t l : : cpu has pop cnt ( ) << ” .\n” ;
288 std : : cout << ”# c p u h a s l z c n t ( ) : ” << cphs t l : : c p u h a s l z c n t ( ) << ” .\n” ;
289 std : : cout << ”\n” ;
290 #end i f
291 typedef std : : map<const long , long> exe p lan type ;
292 exe p lan type exe p lan ;
293

294 i f ( t e s t )
295 f o r ( i n t s = 1 ; s != (1 << max exp ) ; ++s ) r u n s i z e ( s , 1) ; // e x e p l an [ s ] = 1 ;
296 e l s e {
297 // // Desc : uneven d i s t r i b u t i o n : 2ˆ k + j ∗2ˆ(1+k− l o g ( i n t e r ) ) − 1 , j = 0 . . i n t e r

−1.
298 // // the l e a s t s i g n i f i c a n t b i t s are a l l z e r o s ( and i f s i z e −1 then ones ) .
299 // // Ex . 2 : 2ˆ21−1 , 2ˆ21 , 2ˆ21+2ˆ20−1 , 2ˆ21+2ˆ20 , . .
300 // // Ex . 4 : 2ˆ21−1 , 2ˆ21 , 2ˆ21+2ˆ19−1 , 2ˆ21+2ˆ19 , 2ˆ21+2∗2ˆ19−1 , 2ˆ21+2∗2ˆ19 , . .
301 {
302 // Desc : even d i s t r i b u t i o n : 2ˆ( k/ i n t e r ) .
303 a s s e r t ( ! s u i t e s . empty ( ) ) ;
304 benchmark su i te base ∗ bs (∗ s u i t e s . begin ( ) ) ;
305 i n t m( max exp ∗ c ) , end (m+1) ;
306 i n t l a s t (0 ) ;
307 f o r ( i n t k ( c ) ; k != end ; ++k) {
308 i n t s = i n t (pow( double (2 ) , double ( k ) /double ( c ) ) ) ;
309 i n t r = i n t (pow( double (2 ) , double (m+c−k ) /c ) ) ;
310 r >>= 6 ;
311 r >>= 2 ;
312 i f ( r < min rep ) r = min rep ;
313

314 i f ( s != l a s t ) {
315 f o r ( i n t s2 ( l a s t +1) ; s2<= s ; ++s2 )
316 i f ( f o c u s p a t h o l o g i c a l d a t a && (∗ bs ) . f o cus ( s2 ) ) exe p lan [ s2 ] = r ;
317 exe p lan [ s ] = r ; l a s t = s ;
318 }
319 }
320 }
321

322 std : : cout << ”# execut ion plan : s i z e x r e p e t i t i o n s . ” ;
323 i n t brk (0) ;
324 f o r ( exe p lan type : : c o n s t r e v e r s e i t e r a t o r j
325 = exe p lan . rbeg in ( ) ; j != exe p lan . rend ( ) ; ++j ) {
326 std : : cout << ( ( brk == 0) ? ”\n#\t ” : ”\ t ”) ;
327 std : : cout << (∗ j ) . f i r s t << ” x ”
328 << (∗ j ) . second << ” = ” << ( (∗ j ) . f i r s t ∗ (∗ j ) . second ) << ” . ” ;
329 brk = ( brk + 1) % 4 ;
330 }
331 std : : cout << ”\n” ;
332

333 #i f d e f NDEBUG
334 benchmarking : : cpu at t en t i on ( true ) ;
335 #end i f
336 stop watch t o t a l ( f a l s e ) ;
337 t o t a l . s t a r t (1 ) ;
338 f o r ( exe p lan type : : c o n s t r e v e r s e i t e r a t o r j
339 = exe p lan . rbeg in ( ) ; j != exe p lan . rend ( ) ; ++j ) {
340 p r e p a r e s i z e ( (∗ j ) . f i r s t , (∗ j ) . second ) ;
341

342 // benchmarking : : c p u a t t e n t i o n ( t rue ) ;
343 r u n s i z e ( (∗ j ) . f i r s t , (∗ j ) . second ) ;
344 // benchmarking : : c p u a t t e n t i o n ( f a l s e ) ;
345 // s l e ep ms (10) ;
346 }
347 #i f d e f NDEBUG
348 benchmarking : : cpu at t en t i on ( f a l s e ) ;
349 #end i f
350 t o t a l . stop ( ) ;
351 i n t t o t a l s e c o n d s ( t o t a l . average t ime ( ) ) ;
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352 i n t seconds ( t o t a l s e c o n d s % 60) ;
353 i n t hours ( t o t a l s e c o n d s / 60) ;
354 std : : cout << ”\n# t o t a l execut ion time ” << hours << ” m : ” << seconds << ” s .\n” ;
355 }
356 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i )
357 (∗(∗ i ) ) . f i n i s h ( ) ;
358 }
359

360 void r epor t ( ) {
361 std : : cout << ”\n” ;
362 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i )
363 (∗(∗ i ) ) . r epor t ( ) ;
364 }
365

366 void t ype r epo r t ( ) {
367 std : : cout << ”\n” ;
368 f o r ( i t e r a t o r i = s u i t e s . begin ( ) ; i != s u i t e s . end ( ) ; ++i )
369 (∗(∗ i ) ) . t ype r epo r t ( ) ;
370 }
371

372 void gnuplot data ( ) {
373 benchmark su i te base ∗ bs (∗ s u i t e s . begin ( ) ) ;
374 i f ( (∗ bs ) . benchmarks . s i z e ( ) == 1)
375 std : : cout << ”\n# ” << (∗ (∗ (∗ bs ) . benchmarks . begin ( ) ) ) . name ( ) << ” . dat ” ;
376 e l s e
377 std : : cout << ”\n# pq . dat ” ;
378 std : : cout << ” ( t e s t data ” << ( randomi s e t e s t da ta ? ”random ” : ”repeated ”) << ”) ” ;
379 f o r ( i t e r a t o r i = s u i t e s . begin ( )
380 ; i != s u i t e s . end ( ) ; ++i ) (∗(∗ i ) ) . gnuplot data ( ) ;
381 std : : cout << ”\nend\n” ;
382 }
383

384 void g n u p l o t s c r i p t ( i n t max exp ) {
385 std : : cout << ”\n# gnuplot s c r i p t \n” ;
386 wri te head ( ) ;
387

388 bool p lo t = true ;
389 bool s t a t = true ;
390 bool minimum = true ;
391 bool smooth = true ;
392 bool gen [ ] = {plot , s tat , minimum , smooth } ;
393

394 bool t i t l e = true ;
395

396 bool key = true ;
397 bool e x t p a l e t t e = f a l s e ;
398 bool u s e s t y l e l i n e = f a l s e ; // broken
399

400 bool l i n e s = true ;
401 bool po int s = true ;
402 bool custom points = true ; // s e l e c t my symbols
403 i n t custom pts [ ] = {4 ,6 ,8 ,10 ,12} ;
404 i n t cus tom pts l en = s i z e o f ( custom pts ) / s i z e o f ( custom pts [ 0 ] ) ;
405 bool va r po in t s = f o c u s p a t h o l o g i c a l d a t a ; // v a r i a b l e s i z e d po i n t s
406

407 std : : s t r i n g ext = ”eps ” ;
408 // s t d : : s t r i n g e x t = ”ps ”;
409

410 // t e s t data column i n d i c e s .
411 const i n t pct5 = data columns : : pct5 +2; // 2
412 const i n t q1 = data columns : : Q1+2; // 3
413 const i n t median = data columns : : median+2;// 4
414 const i n t q3 = data columns : : Q3+2; // 5
415 const i n t pct95 = data columns : : pct95 +2;// 6
416 const i n t min v = data columns : : min v+2;
417 // cons t i n t max v = data co lumns : : max v+2;
418 const i n t s = data columns : : u s e r d e f +2;
419

420

421 std : : vector<f l o a t > co l ( s u i t e s . s i z e ( ) ) ;
422 f o r ( unsigned i n t j = 0 ; j != s u i t e s . s i z e ( ) ; ++j )
423 c o l [ j ] = ( f l o a t ( j ) / f l o a t ( s u i t e s . s i z e ( )−1) ) ;
424 // c o l [ j ] = ( f l o a t ( j ) / f l o a t ( s u i t e s . s i z e ( ) ) ) ;
425
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426 a s s e r t ( ! s u i t e s . empty ( ) ) ;
427 f o r ( i n t bw(0) ; bw != s i z e o f ( gen ) / s i z e o f ( gen [ 0 ] ) ; ++bw) {
428 benchmark su i te base ∗ bs (∗ s u i t e s . begin ( ) ) ;
429 benchmark su i te base : : me thods l i s t & m((∗ bs ) . benchmarks ) ;
430

431 i f ( gen [bw ] ) f o r ( unsigned i n t i = 0 ; i != m. s i z e ( ) ; ++i ) {
432 i f ( ext == ”eps ”)
433 std : : cout << ”\nset te rmina l p o s t s c r i p t eps c o l o r dashed enhanced font \”Times\”

14 ” ;
434 e l s e i f ( ext == ”ps ”)
435 std : : cout << ”\nset te rmina l p o s t s c r i p t landscape c o l o r dashed enhanced font \”

Times New Roman\” 14 ” ;
436 e l s e i f ( ext == ”svg ”)
437 std : : cout << ”\nset te rmina l svg dashed enhanced s i z e 1440 ,1024 ” ;
438 e l s e i f ( ext == ”png ”)
439 std : : cout << ”\nset te rmina l png t ransparent nocrop enhanced s i z e 1440 ,1024 ” ;
440 e l s e i f ( ext == ”pdf ”)
441 std : : cout << ”\nset te rmina l pdf ” ;
442 e l s e { std : : c e r r << ”bad gnuplot output f i l e type : ” << ext ; std : : abort ( ) ; }
443

444 std : : cout << ”\n” << ( key? ”” : ”# ”) << ” s e t key top l e f t samplen 8 ” ;
445 std : : cout << ”\n# se t key below 1.25 ” ;
446 std : : cout << ”\n” << ( key? ”# ” : ””) << ”unset key ” ;
447

448 i f ( t i t l e ) std : : cout << ”\nset x l a b e l ’ e lements ’ ” ;
449 std : : cout << ”\nset l o g s c a l e x 2 ”
450 << ”\nset au to s ca l e ”
451 << ”\nset yrange [ 0 .00000 : ] ”
452 << ”\nset xrange [ 1 .00000 : ” << (1 << ( max exp+1) ) << ” ] ”
453 << ”\nset format x \”2ˆ{%L}\””
454 << ”\nset g r id ”
455 << ”\n” ;
456 /∗ i f ( ! v a r p o i n t s ) ∗/
457 // s t d : : cout << ” s e t p o i n t s i z e 0 .5\n ”;
458 // s t d : : cout << ” s e t p o i n t s i z e 0 .4\n ”;
459 std : : cout << ” s e t p o i n t s i z e 0 .5\n” ;
460

461

462 i f ( e x t p a l e t t e ) {
463 std : : cout << ”\nset p a l e t t e model RGB” ;
464 std : : cout << ”\nset p a l e t t e f i l e ’ pq . pal ’ ” ;
465 } e l s e
466 std : : cout << ”\nset p a l e t t e de f ined ( 0 ’ dark−green ’ , 1 ’ green ’ , 2 ’ b lue ’ , 3 ’

dark−blue ’ , 4 ’ dark−red ’ , 5 ’ orange ’ ) ” ;
467 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ dark−green ’ , 1 ’ green ’ , 2 ’ b l u e ’ ,

3 ’ dark−b l u e ’ , 4 ’ red ’ , 5 ’ dark−orange ’ ) ”;
468 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ green ’ , 1 ’ b l u e ’ , 2 ’ red ’ , 3 ’

orange ’ ) ”;
469 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ red ’ , 1 ’ green ’ , 2 ’ b l u e ’ , 3 ’

magenta ’ , 4 ’ c o r a l ’ ) ”;
470 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ dark−green ’ , 1 ’ red ’ , 3 ’ b l u e ’ )

”;
471 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ dark−green ’ , 1 ’ b l u e ’ , 2 ’ b lue−

v i o l e t ’ , 3 ’ dark−red ’ , 4 ’ dark−orange ’ ) ”;
472 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ dark−green ’ , 1 ’ dark−cyan ’ , 2 ’

b l u e ’ , 3 ’#8A2BE2 ’ , 4 ’ dark−red ’ , 5 ’ dark−orange ’ ) ”;
473 // s t d : : cout << ”\ nse t p a l e t t e d e f i n ed ( 0 ’ dark−green ’ , 1 ’ b l u e ’ , 2 ’#8A2BE2

’ , 3 ’ dark−red ’ , 4 ’ dark−orange ’ ) ”;
474

475 // s e t p a l e t t e d e f i n ed (0 ”dark−green ” , 1 ”green ” , 1 ”y e l l ow ” , \
476 2 ”dark−ye l low ” , 2 ”red ” , 3 ”dark−red ” )
477

478 i f ( u s e s t y l e l i n e ) {
479 f o r ( unsigned in t j = 0 ; j != s u i t e s . s i z e ( ) ; ++j ) {
480 std : : cout << ”\nset s t y l e l i n e ” << ( j +1) << ” l t ” << ( j % 8 + 2) ;
481 std : : cout << ” l c pal f r a c ” << co l [ j ] ;
482 }
483 }
484 std : : cout << ”\nunset co lorbox ” ;
485 std : : cout << ”\n” ;
486

487 f o r ( unsigned in t k = 0 ; k != Counter : : m u l t i p l i c i t y ; ++k) {
488 std : : cout << ”\nset output ’ ”
489 << (bw == 1? ” s t a t ” :bw == 2? ”min ” :bw == 3? ”smooth ” : ” p l o t ”)

144



490 << s t r r e p l a c e ( Counter : : unit name (k ) , ” ” , ” ”) << ” ”
491 << (∗m[ i ] ) . name ( ) << ” . ” << ext << ” ’ ” ;
492

493 i f ( t i t l e ) std : : cout << ”\nset t i t l e \””
494 << s t r r e p l a c e ( (∗m[ i ] ) . d e s c r i p t i o n ( ) , ” ” , ” ”) << ”\””
495 << ”\nset y l a b e l ’ ” << Counter : : unit name (k )
496 << ” ’ ” ;
497

498

499 // i f ( bw == 3) s t d : : cout << ”\nsw ( x , S) = 1000/( x∗x∗S) ”;
500 i f (bw == 3) std : : cout << ”\nsw(x , S) = (100/(S∗x∗x∗x ) ) ” ;
501 // i f ( bw == 3) s t d : : cout << ”\nsw ( x , S) = (10/(S∗(1 .00002∗∗ x ) ) ) ”;
502 // i f ( bw == 3) s t d : : cout << ”\nsw ( x , S) = (0 .00001) ”;
503 f o r ( unsigned in t j = 0 ; j != s u i t e s . s i z e ( ) ; ++j ) {
504 i f ( j == 0) {
505 std : : cout << ”\nplot ’ ” ;
506 benchmark su i te base ∗ bs (∗ s u i t e s . begin ( ) ) ;
507 i f ( (∗ bs ) . benchmarks . s i z e ( ) == 1)
508 std : : cout << (∗ (∗ (∗ bs ) . benchmarks . begin ( ) ) ) . name ( ) << ” . dat ” ;
509 e l s e std : : cout << ”pq . dat ” ;
510 std : : cout << ” ’ ” ;
511 } e l s e std : : cout << ” , ’ ’ ” ;
512

513 typename Counter : : counter type idx (k
514 + Counter : : m u l t i p l i c i t y ∗ ( i + j ∗ m. s i z e ( ) ) ) ;
515

516 std : : cout << ” us ing 1 : ” << (bw != 2?median : min v ) ;
517 i f ( va r po in t s && po int s && bw == 0) std : : cout << ” : ” << s ;
518 i f (bw == 3) std : : cout << ” : ( sw( $1 , 1 ) ) ” ;
519

520 // i f ( bw == 3) s t d : : cout << ”: ( 1 e−4) ”;
521 // i f ( bw == 3) s t d : : cout << ”: ( 1 . 0 ) ”;
522 std : : cout << ” index ” << idx ;
523 i f (bw == 3) std : : cout << ” smooth a c s p l i n e s ” ;
524 std : : cout << ” with ” ;
525

526 i f ( po in t s && l i n e s ) std : : cout << ” l i n e s p o i n t s ” ;
527 e l s e i f ( po in t s ) std : : cout << ”po in t s ” ;
528 e l s e i f ( l i n e s ) std : : cout << ” l i n e s ” ;
529

530 i f ( po in t s && custom points ) std : : cout << ” pt ” << custom pts [ ( j +1) %
cus tom pts l en ] ;

531 e l s e i f ( po in t s ) std : : cout << ” pt ” << ( j +1) ;
532

533 // i f ( l i n e s | | bw != 0)
534 {
535 i f ( u s e s t y l e l i n e ) std : : cout << ” l s ” << ( j +1) ;
536 e l s e std : : cout << ” l t ” << ( j % 8 + 2) << ” l c pal f r a c ”
537 << co l [ j ] ;
538 }
539 i f ( va r po in t s && po int s && bw == 0) std : : cout << ” p o i n t s i z e v a r i a b l e ” ;
540

541 std : : cout << ” t i t l e \””
542 << s t r r e p l a c e ( (∗ s u i t e s [ j ] ) . d e s c r i p t i o n ( ) , ” ” , ”−”)
543 << ”\”” ;
544

545 i f (bw == 1) std : : cout << ” , ’ ’ us ing 1 : ” << q1 << ” : ”
546 << pct5 << ” : ” << pct95 << ” : ” << q3 << ” index ” << idx
547 << ” with c a n d l e s t i c k s l t 1 l c pal f r a c ”
548 << co l [ j ]
549 << ” n o t i t l e whiskerbars ” ;
550 // << ” w yerr l i n e c o l o r ” << ( j +1) << ””;
551 }
552 }
553 }
554 }
555 i f ( true | | ! key ) {
556 std : : cout << ”\nset output ’ ”
557 << ” l egends . ” << ext << ” ’ ”
558 << ”\nunset t i t l e ”
559 //<< ”\ nse t key in s v e r t \ nse t key l e f t top ”
560 << ”\nset key below ”
561 << ”\nunset x l a b e l ”
562 << ”\nunset y l a b e l ”
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563 << ”\nunset xrange ; unset yrange ”
564 << ”\nunset border ; unset x t i c s ; unset y t i c s ; unset z t i c s ” ;
565

566 f o r ( unsigned in t j = 0 ; j != s u i t e s . s i z e ( ) ; ++j ) {
567 std : : cout << ( j == 0? ”\nplot ’dummy. dat ’ ” : ” , ’ ’ ”) << ” us ing 1 : ” << median << ”

with ” ;
568 i f ( po in t s && l i n e s ) std : : cout << ” l i n e s p o i n t s ” ;
569 e l s e i f ( po in t s ) std : : cout << ”po in t s ” ;
570 e l s e i f ( l i n e s ) std : : cout << ” l i n e s ” ;
571

572 i f ( po in t s && custom points ) std : : cout << ” pt ” << custom pts [ ( j +1) %
cus tom pts l en ] ;

573 e l s e i f ( po in t s ) std : : cout << ” pt ” << ( j +1) ;
574

575 // i f ( l i n e s | | bw == 1)
576 {
577 i f ( u s e s t y l e l i n e ) std : : cout << ” l s ” << ( j +1) ;
578 e l s e std : : cout << ” l t ” << ( j % 8 + 2) << ” l c pal f r a c ”
579 << co l [ j ] ;
580 }
581

582 std : : cout << ” lw 3 ” ;
583 std : : cout << ” t i t l e \””
584 << T : : t r a n s l a t e ( (∗ s u i t e s [ j ] ) . d e s c r i p t i o n ( ) ) << ”\”” ;
585 }
586 }
587 }
588

589 ˜benchmark main ( ) {
590 whi le ( ! s u i t e s . empty ( ) )
591 { de l e t e ( s u i t e s . back ( ) ) ; s u i t e s . pop back ( ) ; }
592 }
593 } ;
594 } // namespace benchmarking
595 } // namespace c p h s t l
596 #end i f

C.9 benchmark_profiling_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK PROFILING COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK PROFILING COUNTER HPP
3 /∗
4 Desc : A hook in to e x t e r n a l Va lgr ind p r o f i l i n g t oo l , g u i d e s the
5 p r o f i l e r to measure on ly the pa r t s between counter s t a r t
6 and s top . This speeds up your e x t e r n a l p r o f i l i n g because
7 i r r e l e v a n t pa r t s are s k i pped and reduces the l o ad s o f data
8 c o l l e c t e d to be ana l y sed by You l a t e r .
9 Auth : Asger Bruun 2010.

10 Ref : h t t p :// v a l g r i n d . org / docs /manual/ c l−manual . html
11

12 ∗/
13

14 #i f de f ined ( GNUC )
15 #inc lude </usr / i n c lude / va lg r ind / c a l l g r i n d . h>
16 #e l s e
17 #d e f i n e CALLGRIND START INSTRUMENTATION
18 #d e f i n e CALLGRIND STOP INSTRUMENTATION
19 #end i f
20

21 #inc lude ”benchmark s t a t i s t i c s . hpp”
22

23 namespace cphs t l {
24 namespace benchmarking {
25 s t r u c t p r o f i l i n g c o u n t e r b a s e {
26 typedef long long counter type ;
27 s t a t i c counter type p r o f i l i n g s ;
28 s t a t i c counter type cur rent ( ) { return p r o f i l i n g s ; }
29 } ;
30 p r o f i l i n g c o u n t e r b a s e : : counter type p r o f i l i n g c o u n t e r b a s e : : p r o f i l i n g s (0 ) ;
31

32 s t r u c t p r o f i l i n g c o u n t e r : pub l i c sampler<p r o f i l i n g c o u n t e r b a s e > {
33 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
34 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
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35 switch ( counte r idx ) {
36 case 0 : return ” p r o f i l i n g s ” ;
37 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
38 }
39 }
40

41 p r o f i l i n g c o u n t e r ( bool s i n g l e o p ) : sampler<p r o f i l i n g c o u n t e r b a s e >( s i n g l e o p ) {}
42

43 void s t a r t ( s i z e t y p e const& element count ) {
44 sampler<p r o f i l i n g c o u n t e r b a s e > : : s t a r t ( e lement count ) ;
45 CALLGRIND START INSTRUMENTATION;
46 }
47 void stop ( ) {
48 CALLGRIND STOP INSTRUMENTATION;
49 ++p r o f i l i n g s ;
50 sampler<p r o f i l i n g c o u n t e r b a s e > : : s top ( ) ;
51 }
52

53 void r epor t ( ) ;
54 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
55 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) ;
56 } ;
57 void p r o f i l i n g c o u n t e r : : r epor t ( ) {
58 // Note : a cons tan t number o f compares
59 // == > a sample s tandard d e v i a t i o n == 0.
60 f o r ( e l ement counts type : : c o n s t i t e r a t o r i
61 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
62 c u r r e n t e c = (∗ i ) . f i r s t ;
63

64 c o u n t e r f r a c t i o n avg ( average ( ) ) ;
65 double rsd ( r e l a t i v e s t d d e v ( ) ) ;
66 double f a c t o r = avg / std : : l og2 ( double ( c u r r e n t e c ) ) ;
67 std : : cout . p r e c i s i o n (3) ;
68 std : : cout << ( i == element counts . begin ( ) ? ”comp ” : ” ”) ;
69 std : : cout << c u r r e n t e c << ” ” << avg ;
70 i f ( rsd != 0) std : : cout << ” , rsd ” << rsd << ”%” ;
71 std : : cout << ” ,\ t\ t\ t l g . f a c ” << f a c t o r << ” l g n .\n” ;
72 }
73 }
74 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
75 void p r o f i l i n g c o u n t e r : : gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
76 sampler<p r o f i l i n g c o u n t e r b a s e > : : gnuplot data<PP>( d e s c r i p t i o n+” − ”+unit name (0) ) ;
77 }
78 }
79 }
80

81

82 #end i f

C.10 benchmark_statistics.hpp

1 #i f n d e f CPHSTL BENCHMARK STATISTICS HPP
2 #de f i n e CPHSTL BENCHMARK STATISTICS HPP
3 /∗
4 Desc : Repeated measurements o f r e source consumption .
5 : I s an at tempt to s imp l i f y measurements .
6 : I n c l u d e s some ba s i c s t a t i s t i c s .
7 Auth : Asger Bruun 2009−2010.
8 Impl : sampler − t h e base c l a s s f o r performance coun te r s .
9 Note : Be s s e l e r ro r c o r r e c t i o n f o r sma l l sample s i z e s i s used .

10 ∗/
11 #inc lude ” a s s e r t . h++”
12 #inc lude <vector>
13 #inc lude <map>
14 #inc lude <numeric> // accumulate
15 #inc lude <sstream> // o s t r i n g s t r e am
16 //#in c l u d e <ios tream>
17 #inc lude <algorithm> // copy
18 #inc lude <cmath> // s q r t
19

20

21 namespace cphs t l {
22 namespace benchmarking {
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23 /∗ i n t e r f a c e ”sampler counter base ” {
24 ∗ t y p e d e f <user de f ined> c oun t e r t y p e ;
25 ∗ s t a t i c c oun t e r t y p e cur ren t ( ) ;
26 ∗ } ; ∗/
27

28 std : : s t r i n g t o s t r ( long const& n) {
29 std : : o s t r ing s t r eam s ;
30 s << n ;
31 return s . s t r ( ) ;
32 }
33

34 namespace data columns {
35 enum data column index {
36 pct5 , Q1, median , Q3, pct95
37 , min v , max v
38 , avg
39 // , s amp l e s t d de v , r e l s t d d e v
40 , u s e r d e f
41 , bowley , r epea t s
42 , column count
43 } ;
44

45 void wr i t e heade r ( ) {
46 const char headers [ 1 2 ] [ 1 0 ]
47 = {”count ” , ”pct5 ” , ”Q1” , ”median ” , ”Q3” , ”pct95 ” , ”min” , ”max” , ”avg ” , ” u s e r d e f ” , ”bowley ” , ”

r epea t s ”} ;
48 const i n t heade r s l en = s i z e o f ( headers ) / s i z e o f ( headers [ 0 ] ) ;
49 a s s e r t ( ( column count+1) == heade r s l en ) ;
50 std : : cout << ”\n# ” ;
51 f o r ( i n t i ( 0 ) ; i != heade r s l en ; ++i ) {
52 i f ( i != 0) std : : cout << ”\ t ” ;
53 std : : cout << headers [ i ] ;
54 }
55 std : : cout << ”\n” ;
56 }
57

58 typedef std : : s i z e t s i z e t y p e ;
59 typedef std : : vector<double> row type ;
60

61 void wr i t e da ta ( s i z e t y p e const& count , row type & row ) {
62 a s s e r t ( column count == row . s i z e ( ) ) ;
63 std : : cout << count << ”\ t ” ;
64 copy ( row . begin ( ) , row . end ( )
65 , s td : : o s t r eam i t e r a t o r <double>( std : : cout , ”\ t ”) ) ;
66 std : : cout << ”\n” ;
67 }
68

69 s t r u c t d e f a u l t p o s t p r o c e s s o r {
70 s t a t i c void proce s s ( s i z e t y p e const& /∗ count ∗/ , row type & row ) {
71 a s s e r t ( column count == row . s i z e ( ) ) ;
72 row [ u s e r d e f ] = 1 ;
73 }
74 } ;
75 }
76

77

78 template <typename B> // B = Counter Base .
79 s t r u c t sampler : pub l i c B {
80 // Desc : sampl ing and b a s i c s t a t i s t i c s .
81 // Ref : en . w i k i p e d i a . org / w i k i / S t anda rd e r r o r ( s t a t i s t i c s )
82 // en . w i k i p e d i a . org / w i k i / S t anda rd d e v i a t i on
83 typedef typename B : : counter type counter type ;
84 typedef long double c o u n t e r f r a c t i o n ;
85 typedef std : : s i z e t s i z e t y p e ;
86 typedef std : : vector<counter type> samples type ;
87 typedef std : : map<const s i z e t ype , samples type> e l ement counts type ;
88

89 bool s i n g l e o p ;
90

91 sampler ( bool s i n g l e o p /∗ = f a l s e ∗/ ) : s i n g l e o p ( s i n g l e o p )
92 , c u r r e n t e c (−1) , s t a r t c (−1) {}
93

94 ˜ sampler ( ) {
95 f o r ( typename e l ement counts type : : i t e r a t o r i
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96 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i ) {
97 (∗ i ) . second . r e s e r v e (0 ) ;
98 (∗ i ) . second . c l e a r ( ) ;
99 }

100 e lement counts . c l e a r ( ) ;
101 }
102

103 void prepare ( s i z e t y p e const& elements , s i z e t y p e const& repea t s ) {
104 e lement counts [ e lements ] . r e s e r v e ( r epea t s ) ;
105 }
106 void s t a r t ( s i z e t y p e const& element count ) ;
107 void stop ( ) ;
108 void f i n i s h ( ) {
109 // Proposa l : g ene ra t e t e s t r e s u l t s here .
110 }
111

112 s i z e t y p e s i z e ( ) ; // number o f samples
113 c o u n t e r f r a c t i o n average ( ) ;
114 c o u n t e r f r a c t i o n sample std dev ( ) ; // sample s tandard d e v i a t i o n .
115 double r e l a t i v e s t d d e v ( ) ; // r e l a t i v e s tandard e r ro r .
116

117 std : : vector<double> box and whispers ( ) ;
118 std : : vector<double> q u a r t i l e s ( ) ; // {min , Q1, Q2, Q3, max}
119

120 std : : vector<double> quan t i l e ( i n t numerator , i n t denominator ) ;
121

122 samples type& samples ( ) {
123 a s s e r t ( c u r r e n t e c != −1) ;
124 return e lement counts [ c u r r e n t e c ] ;
125 }
126

127 counter type c u r r e n t e c ;
128

129 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
130

131

132 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
133 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
134 i f ( d e s c r i p t i o n . l ength ( ) != 0)
135 std : : cout << ”\n# ” << d e s c r i p t i o n ;
136 data columns : : wr i t e heade r ( ) ;
137 f o r ( typename e l ement counts type : : c o n s t i t e r a t o r i
138 = element counts . begin ( ) ; i != e lement counts . end ( ) ; ++i )
139 {
140 c u r r e n t e c = (∗ i ) . f i r s t ;
141 std : : vector<double> row ( box and whispers ( ) ) ;
142 row . r e s e r v e ( data columns : : column count ) ;
143 row . push back ( average ( ) ) ;
144 //row . push back ( r e l a t i v e s t d d e v ( ) ) ; row . push back ( s amp l e s t d d e v ( ) ) ;
145 row . push back (1) ; // u s e r d e f
146

147 double IQR = row [ data columns : : Q3 ]
148 − row [ data columns : : Q1 ] ; // i n t e r q u a r t i l e range
149 double skewness (0 ) ;
150 i f (IQR != 0) skewness = ( row [ data columns : : Q1]+row [ data columns : : Q3 ]
151 − 2∗row [ data columns : : median ] ) / IQR ;
152 row . push back ( skewness ) ; // bowley
153 row . push back ( samples ( ) . s i z e ( ) ) ; // r e p e t i t i o n count
154

155 a s s e r t ( data columns : : column count == row . s i z e ( ) ) ;
156 PP : : p roce s s ( cur r ent ec , row ) ;
157 a s s e r t ( data columns : : column count == row . s i z e ( ) ) ;
158

159 data columns : : wr i t e da ta ( cur r ent ec , row ) ;
160 }
161 std : : cout << ”\n” ;
162 }
163

164 // vo id gnup l o t d a t a ( s t d : : s t r i n g d e s c r i p t i o n ) {
165 // gnup l o t da t a<data co lumns : : d e f a u l t p o s t p r o c e s s o r >( d e s c r i p t i o n ) ;
166 //}
167

168

169 protected :
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170 e l ement counts type e lement counts ;
171 counter type s t a r t c ;
172

173 pr iva t e :
174

175 c o u n t e r f r a c t i o n per op ( const c o u n t e r f r a c t i o n& v) {
176 // Desc : i f not s i n g l e ope ra t i on then assume
177 // cu r r en t e c number o f op e ra t i on s and d i v i d e .
178 return v / c o u n t e r f r a c t i o n ( s i n g l e o p ?1 : c u r r e n t e c ) ;
179 }
180 } ;
181 template <typename B>
182 void sampler<B> : : s t a r t ( s i z e t y p e const& element count ) {
183 a s s e r t ( s t a r t c == −1) ; s t a r t c = B : : cur rent ( ) ;
184 a s s e r t ( e lement count >= 0) ; c u r r e n t e c = element count ;
185 }
186 template <typename B>
187 void sampler<B> : : s top ( ) {
188 a s s e r t ( s t a r t c != −1) ; counter type now = B : : cur rent ( ) ;
189 samples ( ) . push back (now − s t a r t c ) ;
190 s t a r t c = −1;
191 }
192 template <typename B>
193 typename sampler<B> : : s i z e t y p e sampler<B> : : s i z e ( ) {
194 return samples ( ) . s i z e ( ) ;
195 }
196 template <typename B>
197 typename sampler<B> : : c o u n t e r f r a c t i o n sampler<B> : : average ( ) {
198 return per op ( c o u n t e r f r a c t i o n ( accumulate ( samples ( ) . begin ( ) , samples ( ) . end ( ) ,

counter type (0) ) )
199 / c o u n t e r f r a c t i o n ( samples ( ) . s i z e ( ) ) ) ;
200 }
201 template <typename B>
202 typename sampler<B> : : c o u n t e r f r a c t i o n sampler<B> : : sample std dev ( ) {
203 // Desc : sample s tandard dev i a t i on , wi th Bes s e l ’ s c o r r e c t i o n .
204 // Warn : to use s t d d e v one needs to know the nature o f t he d i s t r i b u t i o n .
205 c o u n t e r f r a c t i o n avg ( average ( ) ) ;
206 std : : vector<c o u n t e r f r a c t i o n > r e s i d u a l s ( samples ( ) . begin ( ) , samples ( ) . end ( ) ) ;
207 transform ( r e s i d u a l s . begin ( ) , r e s i d u a l s . end ( )
208 , r e s i d u a l s . begin ( ) , bind2nd ( std : : minus<c o u n t e r f r a c t i o n >() , avg ) ) ;
209 c o u n t e r f r a c t i o n r i p = inner product ( r e s i d u a l s . begin ( ) , r e s i d u a l s . end ( )
210 , r e s i d u a l s . begin ( ) , c o u n t e r f r a c t i o n (0) ) ;
211 return per op ( std : : s q r t ( r i p / c o u n t e r f r a c t i o n ( samples ( ) . s i z e ( ) − 1) ) ) ;
212 }
213 template <typename B>
214 double sampler<B> : : r e l a t i v e s t d d e v ( ) { // r e l a t i v e s tandard e r ro r
215 i f ( average ( ) == 0) return −1; // ( perhaps b e t t e r throw ?)
216 return double ( sample std dev ( ) ) ∗ 100 / double ( average ( ) ) ;
217 }
218

219 template <typename B>
220 std : : vector<double> sampler<B> : : box and whispers ( ) {
221 // r e t : ( pct10 , Q1, median , Q3, pct90 , min , max) .
222 const i n t d = 100 ; // p e r c e n t i l e denominator
223 const i n t q u a n t i l e s [ 5 ] = {10 ,25 ,50 ,75 ,90} ;
224

225 std : : vector<double> r e t (5+2) ;
226 s o r t ( samples ( ) . begin ( ) , samples ( ) . end ( ) ) ;
227 // samp l e s t yp e& s ( samples ( ) ) ;
228 s i z e t y p e l a s t ( samples ( ) . s i z e ( )−1) ;
229 f o r ( i n t i = 0 ; i != 5 ; ++i ) {
230 a s s e r t ( q u a n t i l e s [ i ]>= 0 && q u a n t i l e s [ i ]<= d) ;
231 s i z e t y p e p q ( l a s t ∗ q u a n t i l e s [ i ] ) ;
232 s i z e t y p e p( p q / d) ;
233 i n t m( p q % d) ;
234 i f (m == 0) r e t [ i ] = per op ( samples ( ) [ p ] ) ;
235 e l s e { // i n t e r p o l a t e
236 // s imp l e r : r e t [ i ] = per op ( doub l e ( samples ( ) [ p ] ) /2 + doub l e ( samples ( ) [ p+1]) /2) ;
237 r e t [ i ] = per op ( double ( samples ( ) [ p+1])∗m/d
238 + double ( samples ( ) [ p ] ) ∗(d−m) /d) ;
239 }
240 i f ( i != 0) { a s s e r t ( r e t [ i ]>= r e t [ i −1]) ; }
241 }
242 r e t [ 5 ] = per op ( samples ( ) [ 0 ] ) ;
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243 r e t [ 6 ] = per op ( samples ( ) [ l a s t ] ) ;
244 return r e t ;
245 }
246

247 template <typename B>
248 std : : vector<double> sampler<B> : : q u a r t i l e s ( ) {
249 const i n t q u a n t i l e s = 4 ; // (4 = > q u a r t i l e s ) .
250 std : : vector<double> r e t ( q u a n t i l e s +1) ;
251 s o r t ( samples ( ) . begin ( ) , samples ( ) . end ( ) ) ;
252 s i z e t y p e l a s t ( samples ( ) . s i z e ( )−1) ;
253 r e t [ 0 ] = samples ( ) [ 0 ] ;
254 f o r ( i n t i = 1 ; i != q u a n t i l e s ; ++i ) {
255 s i z e t y p e p q ( l a s t ∗ i ) ;
256 s i z e t y p e p( p q / q u a n t i l e s ) ;
257 i n t m( p q % q u a n t i l e s ) ;
258 i f (m == 0) r e t [ i ] = per op ( samples ( ) [ p ] ) ;
259 e l s e {
260 r e t [ i ] = per op ( double ( samples ( ) [ p ] ) ∗m/ q u a n t i l e s
261 + double ( samples ( ) [ p+1]) ∗( quant i l e s−m) / q u a n t i l e s ) ;
262 }
263 }
264 r e t [ q u a n t i l e s ] = samples ( ) [ l a s t ] ;
265 return r e t ;
266 }
267 }
268 }
269

270 #end i f

C.11 benchmark_time_counter.hpp

1 #i f n d e f CPHSTL BENCHMARK TIME COUNTER HPP
2 #de f i n e CPHSTL BENCHMARK TIME COUNTER HPP
3 /∗
4 Desc : A s t d : : c l o c k based time counter .
5 Auth : Asger Bruun 2009−2010.
6 ∗/
7 #inc lude <ctime>
8 #inc lude <stdexcept>
9 #inc lude <algorithm> // s t d : : min

10 #inc lude ”benchmark s t a t i s t i c s . hpp”
11 #inc lude ”benchmark t s c c l o ck po l i cy . hpp”
12

13 namespace cphs t l {
14 namespace benchmarking {
15 s t r u c t s t a n d a r d c l o c k p o l i c y {
16 typedef std : : c l o c k t counter type ;
17 typedef long long her tz ;
18 s t a t i c counter type cur rent ( ) {
19 counter type t ( std : : c l o ck ( ) ) ;
20 i f ( t == std : : c l o c k t (−1) ) {
21 throw std : : runt ime e r ro r ( ”No c lock ”) ;
22 }
23 return t ;
24 }
25 s t a t i c her tz f requency ( ) { return CLOCKS PER SEC; }
26 s t a t i c std : : s t r i n g unit name ( ) { return ”1/ ”+t o s t r ( he r tz ( ) )+” seconds ” ; }
27 } ;
28

29 template <typename P = t s c c l o c k p o l i c y >
30 // t emp la t e <typename P = f a s t e r c l o c k p o l i c y >
31 // t emp la t e <typename P = s t a n d a r d c l o c k p o l i c y >
32 s t r u c t t ime counter : pub l i c sampler<P> {
33 // Desc : p l a t f o rm independant a r b i t r a r y time measurement .
34 typedef typename P : : counter type counter type ;
35 typedef typename P : : he r t z her tz ;
36

37 s t a t i c const unsigned i n t m u l t i p l i c i t y = 1 ;
38 s t a t i c std : : s t r i n g unit name ( unsigned in t counte r idx ) {
39 switch ( counte r idx ) {
40 case 0 : return P : : unit name ( ) ;
41 de f au l t : a s s e r t (0 ) ; return 0 ; break ;
42 }
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43 }
44

45 t ime counter ( bool s i n g l e o p ) : sampler<P>( s i n g l e o p ) {}
46

47 void r epor t ( ) {
48 f o r ( typename sampler<P> : : e l ement counts type : : c o n s t i t e r a t o r i
49 = (∗ t h i s ) . e l ement counts . begin ( ) ; i != (∗ t h i s ) . e l ement counts . end ( ) ; ++i ) {
50 (∗ t h i s ) . c u r r e n t e c = (∗ i ) . f i r s t ;
51 typename sampler<P> : : c o u n t e r f r a c t i o n avg ((∗ t h i s ) . average ( ) ) ;
52 double rsd ( (∗ t h i s ) . r e l a t i v e s t d d e v ( ) ) ;
53 double f a c t o r = avg / std : : l og2 ( double ( (∗ t h i s ) . c u r r e n t e c ) ) ;
54 std : : cout . p r e c i s i o n (3) ;
55 std : : cout << ( i == (∗ t h i s ) . e l ement counts . begin ( ) ? ”time ” : ” ”) ;
56 std : : cout << (∗ t h i s ) . c u r r e n t e c << ” ” << avg ;
57 std : : cout << ” , rsd ” << rsd << ”%” ;
58 std : : cout << ” ,\ t l g . f a c ” << f a c t o r << ” l g n .\n” ;
59 }
60 }
61 template<typename PP /∗ = data co lumns : : d e f a u l t p o s t p r o c e s s o r ∗/>
62 void gnuplot data ( std : : s t r i n g d e s c r i p t i o n ) {
63 sampler<P> : : template gnuplot data<PP>( d e s c r i p t i o n+” − ”+unit name (0) ) ;
64 }
65 s t a t i c void r e p o r t c l o c k s p e c s ( ) {
66 her tz f ( sampler<P> : : f r equency ( ) ) ;
67 counter type g ( g r a n u l a r i t y ( ) ) ;
68 std : : cout << ”f requency : ” << f << ” hz , g r a n u l a r i t y : ”
69 << g << ” hz ( ” << double ( g ) / f << ” s ) .\n” ;
70 }
71 s t a t i c counter type g r a n u l a r i t y ( ) {
72 return std : : min ( p robe g ranu l a r i t y ( ) , p r obe g ranu l a r i t y ( ) ) ;
73 }
74

75 pr iva t e :
76 s t a t i c counter type p robe g ranu l a r i t y ( ) {
77 counter type t1 ( sampler<P> : : cur rent ( ) ) ;
78 counter type t2 ( sampler<P> : : cur rent ( ) ) ;
79 whi le ( t1 == t2 ) t2 = sampler<P> : : cur rent ( ) ;
80 return ( t2−t1 ) ;
81 }
82 } ;
83 }
84 }
85 #end i f

C.12 benchmark_tsc_clock_policy.hpp

1 #i f n d e f CPHSTL BENCHMARK TSC CLOCK POLICY HPP
2 #de f i n e CPHSTL BENCHMARK TSC CLOCK POLICY HPP
3 /∗
4 Desc : This module counts c l o c k c y c l e s .
5 Auth : Asger Bruun 2009−2010.
6 ∗/
7 #inc lude <algorithm> // s t d : : max
8 #inc lude ”b e n c h m a r k f a s t e r c l o c k p o l i c y . hpp” // f a l l b a c k i f no p l a t f o rm and compi l e r

suppor t .
9

10 namespace cphs t l {
11 namespace benchmarking {
12 s t r u c t t s c c l o c k p o l i c y {
13 // Desc : number o f cpu c y c l e s s i n c e r e s e t ( or re tu rn from h i b e rna t i on ) .
14 // Note : be aware o f s t d : : chrono : : s y s t em c l o c k in TR1.
15 // Ref : 1) ”Using the RDTSC In s t r u c t i o n f o r Performance Monitor ing ”
16 // I n t e l (1997) , www. c c s l . c a r l e t o n . ca /˜ jamuir / rdtscpm1 . pd f
17 // 2) www. i n t e l . com/ produc t s / p roce s so r /manuals/
18

19 typedef /∗? uns igned ∗/ long long counter type ;
20

21 #i f d e f MSC VER
22 #i f d e f M X64
23 // Ref : msdn . m i c ro so f t . com/en−us/ l i b r a r y / twchhe95 . aspx on i n t r i n s i c r d t s c .
24 // t y p e d e f i n t 6 4 c oun t e r t y p e ;
25 s t a t i c counter type cur rent ( ) { return r d t s c ( ) ; }
26 s t a t i c std : : s t r i n g unit name ( ) { return ”c l ock c y c l e s ” ; }
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27 #e l s e
28 #i f d e f M IX86
29 #i f ( M IX86 >= 500) // i n s t r u c t i o n s e t >= I n t e l Pentium I .
30 s t a t i c counter type cur rent ( ) {
31 a s s e r t ( s i z e o f ( i n t 6 4 ) == s i z e o f ( long long ) ) ;
32 long long cpu c ;
33 asm {
34 // o p t i o n a l b eg in
35 // push ebx
36 // push ecx
37 // cpuid // id −> ( ebx , ebc ) . s i d e e f f e c t : s e r i a l i z e e x e cu t i on .
38 //pop ecx
39 //pop ebx
40 // o p t i o n a l end
41 push eax
42 push edx
43 rd t s c // read time−stamp counter
44 mov dword ptr [ cpu c ] , eax
45 mov dword ptr [ cpu c +4] , edx
46 pop edx
47 pop eax
48 }
49 return cpu c ;
50 }
51 s t a t i c std : : s t r i n g unit name ( ) { return ”c l ock c y c l e s ” ; }
52 #e l s e // o l d I n t e l
53 s t a t i c counter type cur rent ( ) { return f a s t e r c l o c k p o l i c y : : cur rent ( ) ; }
54 s t a t i c std : : s t r i n g unit name ( ) { return f a s t e r c l o c k p o l i c y : : unit name ( ) ; }
55 #end i f
56 #e l s e // non I n t e l
57 s t a t i c counter type cur rent ( ) { return f a s t e r c l o c k p o l i c y : : cur rent ( ) ; }
58 s t a t i c std : : s t r i n g unit name ( ) { return f a s t e r c l o c k p o l i c y : : unit name ( ) ; }
59 #end i f
60 #end i f
61 #e l i f de f ined ( GNUC )
62 #i f de f ined ( i 3 8 6 )
63 s t a t i c i n l i n e counter type cur rent ( ) {
64 counter type cpu c ;
65 asm v o l a t i l e ( ” . byte 0 x0f , 0x31 ” : ”=A” ( cpu c ) ) ;
66 return cpu c ;
67 }
68 s t a t i c std : : s t r i n g unit name ( ) { return ”c l ock c y c l e s ” ; }
69 #e l i f de f ined ( x 8 6 6 4 )
70 s t a t i c i n l i n e v o l a t i l e long long cur rent ( ) {
71 r e g i s t e r long long cpu c asm ( ”eax ”) ; // edx : eax
72 asm v o l a t i l e ( ” . byte 15 , 49 ” : : : ”eax ” , ”edx ”) ;
73 return cpu c ;
74 }
75 s t a t i c std : : s t r i n g unit name ( ) { return ”c l ock c y c l e s ” ; }
76 #e l s e // cpu
77 s t a t i c counter type cur rent ( ) { return f a s t e r c l o c k p o l i c y : : cur rent ( ) ; }
78 s t a t i c std : : s t r i n g unit name ( ) { return f a s t e r c l o c k p o l i c y : : unit name ( ) ; }
79 #end i f
80 #e l s e // o the r compi l e r
81 s t a t i c counter type cur rent ( ) { return f a s t e r c l o c k p o l i c y : : cur rent ( ) ; }
82 s t a t i c std : : s t r i n g unit name ( ) { return f a s t e r c l o c k p o l i c y : : unit name ( ) ; }
83 #end i f
84

85 typedef counter type her tz ;
86

87 s t a t i c her tz f requency ( ) {
88 i f ( f r equency == 0)
89 f r equency = std : : max(
90 probe f requency ( )
91 , p robe f requency ( )
92 ) ;
93 a s s e r t ( f r equency > 0) ;
94 return f r equency ;
95 }
96 s t a t i c her tz probe f requency ( ) {
97 f a s t e r c l o c k p o l i c y : : counter type
98 wait ( f a s t e r c l o c k p o l i c y : : f requency ( ) / 4) ;
99 f a s t e r c l o c k p o l i c y : : counter type

100 f ( f a s t e r c l o c k p o l i c y : : cur rent ( )+wait ) ;
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101

102 counter type t1 ( cur rent ( ) ) ;
103 whi le ( f a s t e r c l o c k p o l i c y : : cur rent ( ) < f ) ;
104 counter type t2 ( cur rent ( ) ) ;
105

106 return ( t2−t1 ) ∗4 ;
107 }
108 pr iva t e :
109 s t a t i c her tz f r equency ;
110 } ;
111 t s c c l o c k p o l i c y : : he r t z t s c c l o c k p o l i c y : : f r equency (0) ;
112 }
113 }
114 #end i f

C.13 gnuplot_filter.cpp

1 /∗
2 ∗ Desc : Worst case data f i l t e r i n g f o r gnup lo t−s c r i p t s .
3 ∗ Auth : Asger Bruun 2009
4 ∗/
5

6 #inc lude <regex>
7 #inc lude <iostream>
8 #inc lude <sstream>
9 #inc lude <s t r i ng>

10 #inc lude <cs tdde f> // s t d : : s i z e t
11

12 #inc lude ”m s c f i x . hpp”
13

14 us ing namespace std ;
15 us ing namespace cphs t l ;
16

17 template<i n t N>
18 bool pass ( std : : s i z e t s ) {
19 return true ;
20 }
21

22 template<>
23 bool pass<1>( s i z e t s ) {
24 return cphs t l : : pop cnt ( s+1) == 1 ;
25 }
26

27 template<>
28 bool pass<2>( s i z e t s ) {
29 s i z e t succ ( s+1) , l , m;
30 switch ( cph s t l : : pop cnt ( succ ) ) {
31 case 1 : return true ; break ;
32 case 2 :
33 l = t r a i l i n g z e r o s ( succ ) ;
34 m = b i t s c a n r e v e r s e ( succ ) ;
35 return (m−l ) == 1 ;
36 break ;
37 de f au l t : return f a l s e ;
38 }
39 }
40

41 template<i n t N>
42 i n t proce s s ( ) {
43 const std : : t r1 : : regex rx ( ”(\\w∗) (\\d+)(\\w+) ( . ∗ ) ”) ;
44 s t r i n g s ;
45 whi le ( g e t l i n e ( cin , s ) ) {
46 i f ( regex match ( s . begin ( ) , s . end ( ) , rx ) ) {
47 std : : s t r ing s t r eam ss ( s ) ;
48 long i ;
49 s s >> i ;
50 i f ( pass<N>( i ) ) cout << s << endl ;
51 // e l s e cout << ”# s k i p : ” << i << end l ;
52 }
53 e l s e cout << s << endl ;
54 }
55 return 0 ;
56 }
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57

58

59 i n t main ( i n t argc , char ∗∗ argv ) {
60 i n t f i l t e r (0 ) ;
61 i f ( argc >1) {
62 std : : s t r ing s t r eam ss ( argv [ 1 ] ) ;
63 s s >> f i l t e r ;
64 }
65 switch ( f i l t e r ) {
66 case 1 : return process <1>() ; break ;
67 case 2 : return process <2>() ; break ;
68 de f au l t :
69 std : : c e r r << ”\n\n#−−−−− gnuplot data f i l t e r i n g u t i l i t y −−−−−\n” ;
70 std : : c e r r << ”arguments : [ gnup lo t da ta f i l ename ] [ d a t a s e l e c t i o n ]\n”
71 << ”\ t d a t a s e l e c t i o n 1 : 2ˆk−1.\n”
72 << ”sample : ’ gnu . dat 2 ’ .\n” ;
73 return 1 ;
74 }
75 }
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D Benchmark

D.1 benchmark.i++

1 #i f n d e f CPHSTL BENCHMARK I
2 #de f i n e CPHSTL BENCHMARK I
3

4 /∗
5 Desc : The Benchmarks .
6 : Imports the o r i g i n a l PQFW benchmarks , bu t r ew r i t t e n .
7 Auth : Asger Bruun 2009−2010.
8 ∗/
9

10 #inc lude ”m s c f i x . hpp”
11 #inc lude ”b i t man ipu la t i on . h++”
12 #inc lude ”benchmark main . hpp”
13

14 namespace cphs t l {
15 namespace benchmarking {
16

17 template <typename Q, typename Counter /∗ = combi counter ∗/>
18 s t r u c t pq benchmark : pub l i c benchmark suite<Counter> {
19 typedef typename benchmark suite<Counter > : : s i z e t y p e s i z e t y p e ;
20 typedef typename benchmark suite<Counter > : : benchmark benchmark ;
21 typedef typename Q: : va lue type va lue type ;
22 typedef typename Q: : i t e r a t o r i t e r a t o r ;
23

24 enum { number system = Q: : r e a l i z a t o r t y p e : : number system } ;
25 /∗
26 1 : i r − i n d i r e c t redundant b inary
27 2 : db − d i r e c t b inary
28 3 : l c − d i r e c t redundant b inary
29 ∗/
30

31

32 s t r u c t benchmark data {
33 std : : vector<value type> a ;
34

35 benchmark data ( s i z e t y p e const& element count
36 , s i z e t y p e const& r e p e t i t i o n ) : a ( e lement count )
37 {
38 f o r ( unsigned in t i = 0 ; i != element count ; ++i )
39 a [ i ] = va lue type ( i ) ;
40

41 i f ( randomi s e t e s t da ta ) // randomise every r e p e t i t i o n ,
42 srand ( ( unsigned in t ) r e p e t i t i o n ) ;
43 e l s e srand (1) ; // or use t h i s f o r same random data .
44

45 f o r ( unsigned in t i = 0 ; i != element count ; ++i )
46 std : : swap ( a [ i ] , a [ rand ( ) % ( element count ) ] ) ;
47 }
48

49 ˜benchmark data ( ) {
50 a . c l e a r ( ) ;
51 }
52 } ;
53

54

55 s t r u c t push n : pub l i c benchmark {
56 std : : s t r i n g name ( ) { return ”push n ” ; }
57

58 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
59 benchmark data d( element count , r e p e t i t i o n ) ;
60 Q q ;
61 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
62 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
63 ( void ) q . push (d . a [ i ] ) ;
64 }
65 (∗ t h i s ) . counter . stop ( ) ;
66 }
67 } ;
68

69 s t r u c t i n c r e a s e n : pub l i c benchmark {
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70 std : : s t r i n g name ( ) { return ” i n c r e a s e n ” ; }
71

72 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
73 benchmark data d( element count , r e p e t i t i o n ) ;
74 Q q ;
75 std : : vector<i t e r a t o r > v ;
76 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
77 i t e r a t o r p = q . push (d . a [ i ] ) ;
78 v . push back (p) ;
79 }
80 // ! ! ! 20100324 l e da cant : v a l u e t y p e m(∗ q . top ( ) ) ;
81 va lue type m( element count ) ;
82 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
83 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
84 q . i n c r e a s e (v [ i ] , ++m) ;
85 // dont : top ( ) cou ld have s i d e e f f e c t s : q . i n c r e a s e ( v [ i ] , ∗v [ i ] + ∗q . top ( ) + 1) ;
86 a s s e r t ( q . top ( ) == v [ i ] ) ;
87 }
88 (∗ t h i s ) . counter . stop ( ) ;
89 }
90 } ;
91

92 s t r u c t e r a s e n : pub l i c benchmark {
93 std : : s t r i n g name ( ) { return ”e ra s e n ” ; }
94 std : : s t r i n g d e s c r i p t i o n ( ) { return ”e ra s e n − ex t r a c t (p) ” ; }
95

96 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
97 benchmark data d( element count , r e p e t i t i o n ) ;
98 Q q ;
99 std : : vector<i t e r a t o r > v ;

100 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
101 i t e r a t o r p = q . push (d . a [ i ] ) ;
102 v . push back (p) ;
103 }
104

105 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
106 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
107 q . e ra s e (v [ i ] ) ;
108 }
109 (∗ t h i s ) . counter . stop ( ) ;
110 a s s e r t ( q . empty ( ) ) ;
111 }
112

113 void gnuplot data ( ) {
114 i f ( number system == 2)
115 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
116 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
117 e l s e
118 benchmark : : gnuplot data ( ) ;
119 }
120 } ;
121 // s t r u c t e ra s e one : p u b l i c benchmark {
122 // // Desc : e ra se one random element from n e lements .
123 // s t d : : s t r i n g name () { r e tu rn ”e ra s e one ”; }
124

125 // e ra s e one ( ) : benchmark ( t rue /∗ per t e s t ∗/) {}
126

127 // vo id run ( s i z e t y p e cons t& e lement count , s i z e t y p e cons t& r e p e t i t i o n ) {
128 // i t e r a t o r t ;
129 // Q p ;
130 // {
131 // benchmark data c ( e l ement count , r e p e t i t i o n ) ;
132 // f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ; ++i ) {
133 // i f ( i == 0) t = p . push ( c . a [ i ] ) ;
134 // e l s e ( vo id ) p . push ( c . a [ i ] ) ;
135 // }
136 // }
137 // (∗ t h i s ) . counter . s t a r t ( e l emen t coun t ) ;
138 // ( vo id ) p . e ra se ( i ) ;
139 // (∗ t h i s ) . counter . s t op ( ) ;
140 // }
141

142 // vo id gnup l o t d a t a ( ) {
143 // i f ( number system == 2)
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144 // (∗ t h i s ) . counter . t emp la t e gnup l o t da t a<typename s p e c i a l s i z e s
145 // : : t emp la t e po s t p r o c e s s o r <typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
146 // e l s e
147 // benchmark : : g nup l o t d a t a ( ) ;
148 // }
149 // } ;
150

151 s t r u c t pop n : pub l i c benchmark {
152 std : : s t r i n g name ( ) { return ”pop n ” ; }
153 std : : s t r i n g d e s c r i p t i o n ( ) { return ”pop n − ex t ra c t ( f i n d t o p ( ) ) ” ; }
154

155 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
156 benchmark data d( element count , r e p e t i t i o n ) ;
157 Q q ;
158 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
159 ( void ) q . push (d . a [ i ] ) ;
160 }
161 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
162 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
163 q . pop ( ) ;
164 }
165 (∗ t h i s ) . counter . stop ( ) ;
166 }
167 } ;
168 s t r u c t pop one : pub l i c benchmark {
169 // Desc : t r y t h i s on b inary numbers f o r e l ements : 2ˆ k − 1 .
170 std : : s t r i n g name ( ) { return ”pop one ” ; }
171

172 pop one ( ) : benchmark ( true /∗ per t e s t ∗/ ) {}
173

174 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
175 Q p ;
176 {
177 benchmark data c ( element count , r e p e t i t i o n ) ;
178 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
179 ( void ) p . push ( c . a [ i ] ) ;
180 }
181 }
182 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
183 ( void ) p . pop ( ) ;
184 (∗ t h i s ) . counter . stop ( ) ;
185 }
186

187 void gnuplot data ( ) {
188 i f ( number system == 2)
189 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
190 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
191 e l s e
192 benchmark : : gnuplot data ( ) ;
193 }
194 } ;
195 /∗ t h i s t e s t was na ive :
196 s t r u c t pop push n : p u b l i c benchmark {
197 // Desc : f i r s t a t t empt to measure Vui l l emin push on s i z e wi th a l l b i t s s e t .
198 s t d : : s t r i n g name () { r e tu rn ”pop push n ”; }
199

200 vo id run ( s i z e t y p e cons t& e lement count , s i z e t y p e cons t& r e p e t i t i o n ) {
201 Q p ;
202 {
203 benchmark data c ( e l ement count , r e p e t i t i o n ) ;
204 f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ; ++i ) {
205 ( vo id ) p . push ( c . a [ i ] ) ;
206 }
207 }
208 benchmark data d ( e l ement count , r e p e t i t i o n +1) ;
209

210 (∗ t h i s ) . counter . s t a r t ( e l emen t coun t ) ;
211 f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ; ++i ) {
212 ( vo id ) p . pop ( ) ; // s i z e a l l ones i f was pow o f 2 .
213 ( vo id ) p . push ( d . a [ i ] ) ;
214 }
215 (∗ t h i s ) . counter . s t op ( ) ;
216 }
217 } ;
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218 ∗/
219 s t r u c t push one : pub l i c benchmark {
220 // Desc : second at tempt to measure Vui l l emin push on s i z e wi th a l l b i t s se t ,
221 // e l im i n a t i n g the no i s e from pop , bu t in much lower p r e c i s i o n .
222 std : : s t r i n g name ( ) { return ”push one ” ; }
223

224 push one ( ) : benchmark ( true /∗ per t e s t ∗/ ) {}
225

226 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
227 Q p ;
228 {
229 benchmark data c ( element count , r e p e t i t i o n ) ;
230 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
231 ( void ) p . push ( c . a [ i ] ) ;
232 }
233 }
234 // ! ! ! 20100324 l e da cant : v a l u e t y p e m(1 + ∗p . top ( ) ) ;
235 va lue type m(1 + element count ) ;
236 // s i z e a l l ones i f pow o f 2 − 1 .
237 // a s s e r t i o n h e l p ( i f ( e l emen t coun t == 282) b r e a k h e r e ; )
238

239 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
240 ( void ) p . push (m) ;
241 (∗ t h i s ) . counter . stop ( ) ;
242 }
243

244 void gnuplot data ( ) {
245 i f ( number system == 2)
246 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
247 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
248 e l s e
249 benchmark : : gnuplot data ( ) ;
250 }
251 } ;
252

253 s t r u c t push l a s t one : pub l i c benchmark {
254 // Desc : second at tempt to measure Vui l l emin push on s i z e wi th a l l b i t s se t ,
255 // e l im i n a t i n g the no i s e from pop , bu t in much lower p r e c i s i o n .
256 std : : s t r i n g name ( ) { return ”push l a s t one ” ; }
257

258 push l a s t one ( ) : benchmark ( true /∗ per t e s t ∗/ ) {}
259

260 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
261 Q p ;
262 va lue type m;
263 {
264 benchmark data c ( element count , r e p e t i t i o n ) ;
265 f o r ( unsigned in t i = 0 ; i != ( element count −1) ; ++i ) {
266 ( void ) p . push ( c . a [ i ] ) ;
267 }
268 m = c . a [ ( e lement count −1) ] ;
269 }
270 // ! ! ! 20100324 l e da cant : v a l u e t y p e m(1 + ∗p . top ( ) ) ;
271 // s i z e a l l ones i f pow o f 2 − 1 .
272 // a s s e r t i o n h e l p ( i f ( e l emen t coun t == 282) b r e a k h e r e ; )
273

274 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
275 ( void ) p . push (m) ;
276 (∗ t h i s ) . counter . stop ( ) ;
277 }
278

279 void gnuplot data ( ) {
280 i f ( number system == 2)
281 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
282 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
283 e l s e
284 benchmark : : gnuplot data ( ) ;
285 }
286 } ;
287

288 s t r u c t e ra s e one : pub l i c benchmark {
289 std : : s t r i n g name ( ) { return ” e r a s e o n e l e a f ” ; }
290 std : : s t r i n g d e s c r i p t i o n ( ) { return ” e r a s e o n e l e a f − ex t ra c t (p) ” ; }
291
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292 e ra s e one ( ) : benchmark ( true /∗ per t e s t ∗/ ) {}
293

294 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
295 benchmark data d( element count , r e p e t i t i o n ) ;
296 i t e r a t o r m;
297 Q q ;
298 std : : vector<i t e r a t o r > v ;
299 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
300 i t e r a t o r p = q . push (d . a [ i ] ) ;
301 v . push back (p) ;
302 i f ( ( i == 0) | | (d . a [ i ] == 0) ) m = p ;
303 }
304

305 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
306 // ( vo id ) q . e ra se ( v [ r e p e t i t i o n ] ) ; // e r ro r was p ! ! !
307 ( void ) q . e r a s e (m) ;
308 (∗ t h i s ) . counter . stop ( ) ;
309 }
310

311 void gnuplot data ( ) {
312 i f ( number system == 2)
313 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
314 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
315 e l s e
316 benchmark : : gnuplot data ( ) ;
317 }
318 } ;
319

320

321 s t r u c t i n c r e a s e l o w e s t o n e t o t o p : pub l i c benchmark {
322 std : : s t r i n g name ( ) { return ” i n c r e a s e l o w e s t o n e t o t o p ” ; }
323

324 i n c r e a s e l o w e s t o n e t o t o p ( ) : benchmark ( true /∗ per t e s t ∗/ ) {}
325

326 void run ( s i z e t y p e const& element count , s i z e t y p e const& /∗ r e p e t i t i o n ∗/ ) {
327 Q p ;
328 i t e r a t o r e (p . push (0) ) ; // 1 +
329 f o r ( unsigned in t i ( 1 ) ; i != element count ; ++i ) { // n − 1 = 1 .
330 ( void ) p . push ( i ) ;
331 }
332 // i t e r a t o r top ( p . top ( ) ) ;
333 // ! ! ! 20100324 l e da cant : a s s e r t ( (∗ top ) > (∗ e ) ) ; // s u i t a b l e o rde r ing .
334 // s i z e a l l ones i f pow o f 2 − 1 .
335 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
336 ( void ) p . i n c r e a s e ( e , e lement count ) ;
337 (∗ t h i s ) . counter . stop ( ) ;
338 }
339

340 void gnuplot data ( ) {
341 i f ( number system == 2)
342 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
343 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e x 1 1 > >(name ( ) ) ;
344 e l s e
345 benchmark : : gnuplot data ( ) ;
346 }
347 } ;
348

349 s t r u c t meld : pub l i c benchmark {
350 std : : s t r i n g name ( ) { return ”meld ” ; }
351

352 meld ( ) : benchmark ( true /∗ s i n g l e op∗/ ) {}
353

354 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
355 benchmark data d( element count , r e p e t i t i o n +1) ;
356 Q p ;
357 {
358 // benchmark data c ( e l emen t coun t / 2 , r e p e t i t i o n ) ; // 20100725 changed to f i t

max mem b e t t e r .
359 // benchmark data c ( e l emen t coun t ∗ 2 , r e p e t i t i o n ) ;
360 // ??? b e t t e r : benchmark data c ( e l emen t coun t ∗ e l ement count ,

r e p e t i t i o n ) ;
361

362 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
363 // f o r ( uns igned i n t i = 0 ; i != e l emen t coun t / 2 ; ++i ) {
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364 // f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ∗2 ; ++i ) {
365 ( void ) p . push (2∗d . a [ i ] +1) ; // odd
366 }
367 }
368 Q q ;
369 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
370 ( void ) q . push (2 ∗ d . a [ e lement count−( i +1) ] ) ; // even
371 }
372 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
373 p . meld (q ) ;
374 (∗ t h i s ) . counter . stop ( ) ;
375 }
376 } ;
377

378 s t r u c t c l e a r : pub l i c benchmark {
379 std : : s t r i n g name ( ) { return ” c l e a r ” ; }
380 std : : s t r i n g d e s c r i p t i o n ( ) { return ” c l e a r ” ; }
381

382 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
383 benchmark data d( element count , r e p e t i t i o n ) ;
384 Q q ;
385 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
386 ( void ) q . push (d . a [ i ] ) ;
387 }
388 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
389 q . c l e a r ( ) ;
390 (∗ t h i s ) . counter . stop ( ) ;
391 }
392

393 void gnuplot data ( ) {
394 i f ( number system == 1)
395 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
396 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e pow n p lu s p r ed n> >(name ( )

) ;
397 e l s e
398 benchmark : : gnuplot data ( ) ;
399 }
400 } ;
401

402 // s t r u c t e ra s e any n : p u b l i c benchmark {
403 // s t d : : s t r i n g name () { r e tu rn ”e ra s e any n ”; }
404 // s t d : : s t r i n g d e s c r i p t i o n ( ) { r e tu rn ”e ra s e any n − e x t r a c t ( ) ”; }
405

406 // vo id run ( s i z e t y p e cons t& e lement count , s i z e t y p e cons t& r e p e t i t i o n ) {
407 // benchmark data d ( e l ement count , r e p e t i t i o n ) ;
408 // Q q ;
409 // f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ; ++i ) {
410 // ( vo id ) q . push ( d . a [ i ] ) ;
411 // }
412 // (∗ t h i s ) . counter . s t a r t ( e l emen t coun t ) ;
413 // f o r ( uns igned i n t i = 0 ; i != e l emen t coun t ; ++i ) {
414 // q . e ra se ( v [ i ] ) ;
415 // }
416 // q . c l e a r ( ) ;
417 // (∗ t h i s ) . counter . s t op ( ) ;
418 // }
419

420 // vo id gnup l o t d a t a ( ) {
421 // i f ( number system == 1)
422 // (∗ t h i s ) . counter . t emp la t e gnup l o t da t a<typename s p e c i a l s i z e s
423 // : : t emp la t e po s t p r o c e s s o r <typename s p e c i a l s i z e s : : s i z e p ow n p l u s p r e d n > >(

name () ) ;
424 // e l s e
425 // benchmark : : g nup l o t d a t a ( ) ;
426 // }
427 // } ;
428

429 s t r u c t copy : pub l i c benchmark {
430 std : : s t r i n g name ( ) { return ”copy ” ; }
431 std : : s t r i n g d e s c r i p t i o n ( ) { return ”copy − cons t ruc to r ” ; }
432

433 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
434 benchmark data d( element count , r e p e t i t i o n ) ;
435 Q q ;

161



436 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
437 ( void ) q . push (d . a [ i ] ) ;
438 }
439 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
440 {
441 Q r (q ) ;
442 (∗ t h i s ) . counter . stop ( ) ;
443 }
444 }
445

446 void gnuplot data ( ) {
447 i f ( number system == 1)
448 (∗ t h i s ) . counter . template gnuplot data<typename s p e c i a l s i z e s
449 : : template pos t p roce s so r<typename s p e c i a l s i z e s : : s i z e pow n p lu s p r ed n> >(name ( )

) ;
450 e l s e
451 benchmark : : gnuplot data ( ) ;
452 }
453 } ;
454

455

456 s t r u c t s t e f a n : pub l i c benchmark {
457 std : : s t r i n g name ( ) { return ” s t e f a n ” ; }
458 std : : s t r i n g d e s c r i p t i o n ( ) { return ”Ste fan − a mixed benchmark ” ; }
459 // Pseudo :
460 // N x i n s e r t ( )
461 // N x in c r ea s e ( )
462 // N/2 x e x t r a c t ( p )
463 // N/2 x pop ( )
464 void run ( s i z e t y p e const& element count , s i z e t y p e const& r e p e t i t i o n ) {
465 benchmark data d( element count , r e p e t i t i o n ) ;
466 Q q ;
467 (∗ t h i s ) . counter . s t a r t ( e lement count ) ;
468

469 std : : vector<i t e r a t o r > v ;
470 f o r ( unsigned in t i = 0 ; i != element count ; ++i ) {
471 i t e r a t o r p = q . push (d . a [ i ] ) ;
472 v . push back (p) ;
473 }
474 // ! ! ! 20100324 l e da can ’ t : v a l u e t y p e m(∗ q . top ( ) ) ;
475 va lue type m( element count ) ;
476 f o r ( unsigned in t i = 0 ; i != element count /2 ; ++i ) {
477 // ! ! ! 20100324 l e da cant : q . i n c r e a s e ( v [ i ] , ∗v [ i ] + (++m) ) ;
478 q . i n c r e a s e (v [ i ] , ++m) ;
479 }
480 f o r ( unsigned in t i = 0 ; i != element count /2 ; ++i ) {
481 q . e ra s e (v [ i ] ) ;
482 }
483 f o r ( unsigned in t i = 0 ; i != element count /2 ; ++i ) {
484 q . pop ( ) ;
485 }
486 (∗ t h i s ) . counter . stop ( ) ;
487 }
488 } ;
489

490 pq benchmark ( std : : s t r i n g impl name , s t r i n g f i l t e r & m e t h o d s f i l t e r )
491 : benchmark suite<Counter>(impl name , m e t h o d s f i l t e r )
492 {
493 (∗ t h i s ) . template r e g i s t r a t e <push n>(”push n ”) ;
494 (∗ t h i s ) . template r e g i s t r a t e <i n c r ea s e n >(” i n c r e a s e n ”) ;
495 (∗ t h i s ) . template r e g i s t r a t e <erase n >(” e r a s e n ”) ;
496 (∗ t h i s ) . template r e g i s t r a t e <erase one >(” e r a s e o n e l e a f ”) ;
497 (∗ t h i s ) . template r e g i s t r a t e <pop n>(”pop n ”) ;
498 (∗ t h i s ) . template r e g i s t r a t e <pop one>(”pop one ”) ;
499 // (∗ t h i s ) . t emp la t e r e g i s t r a t e <pop push n >(”pop push n ”) ;
500 (∗ t h i s ) . template r e g i s t r a t e <push one >(”push one ”) ;
501 (∗ t h i s ) . template r e g i s t r a t e <push la s t one >(”pu sh l a s t one ”) ;
502 (∗ t h i s ) . template r e g i s t r a t e <i n c r e a s e l o w e s t o n e t o t o p
503 >(” i n c r e a s e l o w e s t o n e t o t o p ”) ;
504 (∗ t h i s ) . template r e g i s t r a t e <meld>(”meld ”) ;
505 // (∗ t h i s ) . t emp la t e r e g i s t r a t e <erase any n >(”e ra s e any n ”) ;
506 (∗ t h i s ) . template r e g i s t r a t e <c l ea r >(” c l e a r ”) ;
507 (∗ t h i s ) . template r e g i s t r a t e <copy>(”copy ”) ;
508 (∗ t h i s ) . template r e g i s t r a t e <s te fan >(” s t e f a n ”) ;
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509 }
510

511 void t ype r epo r t ( ) {
512 std : : cout << ”\n” << (∗ t h i s ) . f r i end ly name << ” queue type : ” ;
513 std : : cout << type id name f ix ( type id (Q) ) << ”\n” ;
514 std : : cout << ”\n” << (∗ t h i s ) . f r i end ly name << ” r e a l i z a t o r type : ” ;
515 std : : cout << type id name f ix ( type id ( typename Q: : r e a l i z a t o r t y p e ) ) << ”\n\n” ;
516 }
517

518 s t r u c t s p e c i a l s i z e s {
519 s t r u c t s i z e x 1 1 {
520 s t a t i c bool f o cus ( s i z e t y p e s ) {
521 // 2ˆ21 − 1 , 2ˆ21 + 2ˆ20 − 1 , 2ˆ22 − 1 , . .
522 s i z e t y p e succ ( s+1) , l , m;
523 switch ( cph s t l : : pop cnt ( succ ) ) {
524 case 1 : return true ; break ;
525 case 2 :
526 l = cphs t l : : t r a i l i n g z e r o s ( succ ) ;
527 m = cphs t l : : b i t s c a n r e v e r s e ( succ ) ;
528 return (m−l ) == 1 ;
529 break ;
530 de f au l t : return f a l s e ;
531 }
532 }
533 } ;
534

535 s t r u c t s i z e pow n p lu s p r ed n {
536 s t a t i c bool f o cus ( s i z e t y p e s ) {
537 // 2ˆ20 + 19 , 2ˆ21 + 20 , 2ˆ22 + 21 , . . ( f o r weak queue c l e a r )
538 s i z e t y p e m( b i t s c a n r e v e r s e ( s ) ) ;
539 i f (m<2) return f a l s e ;
540 return s == ( s i z e t y p e (1) << m) + m − 1 ;
541 }
542 } ;
543

544 /∗
545 boo l focus<s i z e 1 1 >( s i z e t y p e s ) {
546 // 2ˆ21 − 1 , 2ˆ22 − 1 , . .
547 r e tu rn c p h s t l : : pop cn t ( s+1) == 1;
548 }
549 boo l focus<s i z e p ow n p l u s p ow p r e d n >( s i z e t y p e s ) {
550 // 2ˆ21 + 2ˆ20 , 2ˆ22 + 2ˆ21 , . .
551 s i z e t y p e succ ( s+1) , l , m;
552 sw i t c h ( c p h s t l : : pop cn t ( succ ) ) {
553 case 1 : r e tu rn f a l s e ; break ;
554 case 2 :
555 l = t r a i l i n g z e r o s ( succ ) ;
556 m = b i t s c a n r e v e r s e ( succ ) ;
557 r e tu rn (m− l ) == 1 ;
558 break ;
559 d e f a u l t : r e tu rn f a l s e ;
560 }
561 }
562 ∗/
563

564 template <typename S>
565 s t r u c t p o s t p r o c e s s o r {
566 s t a t i c void proce s s ( s i z e t y p e const& count , data columns : : row type & row ) {
567 a s s e r t ( data columns : : column count == row . s i z e ( ) ) ;
568 row [ data columns : : u s e r d e f ] = S : : f o cus ( count ) ? 2 : 1 ;
569 }
570 } ;
571 } ;
572

573 bool f o cus ( s i z e t y p e const& elements ) {
574 return s p e c i a l s i z e s : : s i z e x 1 1 : : f o cus ( e lements )
575 | | s p e c i a l s i z e s : : s i z e pow n p lu s p r ed n : : f o cus ( e lements ) ;
576 }
577 } ;
578 } // namespace benchmarking
579 } // namespace c p h s t l
580 #end i f
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D.2 makefile.mk

1 # Desc : Benchmark on s e l e c t e d p r i o r i t y queue combinat ions .
2 # High g r a n u l a r i t y t e s t s capab l e a t s ea r ch ing f o r r e s s ou r c e consumption peaks .
3 # Outputs the raw data and p l o t s : s imple , box and wh i s k e r s and b e s t v a l u e s .
4 # Auth : Asger Bruun 2010.
5

6

7 # CPHSTL ROOT=$ (HOME)/CPHSTL
8 # CPHSTL ROOT=/mnt/ h g f s / c p h s t l
9 CPHSTL ROOT=/media/win/ cvs /CPHSTL

10

11 ASGER ROOT=$ (CPHSTL ROOT) / Progress /Meldable−p r i o r i t y−queue/Asger−weak−binomial−mixed
12 CPHSTL SOURCE=$ (ASGER ROOT) /CPHSTL Branch
13

14 CXXFLAGS = −DNDEBUG −Wall −std=c++0x −pedant ic −x c++ −fno−s t r i c t−a l i a s i n g −O3
15 TEST CXXFLAGS = −Wall −std=c++0x −pedant ic −x c++ −fno−s t r i c t−a l i a s i n g
16 PROFILING CXXFLAGS = −DNDEBUG −DPROFILE −Wall −std=c++0x −pedant ic −x c++ −fno−s t r i c t−a l i a s i n g

−O3 −g
17

18 IFLAGS = −I . −I . . / Code −I . . / Test −I . . / Benchmarking −I . . / Code/CPHSTL modified −I ”$ (
CPHSTL SOURCE) / I t e r a t o r /Code” −I ”$ (CPHSTL SOURCE) /Common/Code” −I ”$ (CPHSTL SOURCE) /Type/
Code” −I ”$ (CPHSTL SOURCE) / Pr i o r i t y−queue−frameworks/Code” −I ”$ (CPHSTL SOURCE) /Proxy/Code
” −I ”$ (CPHSTL SOURCE) /Meldable−p r i o r i t y−queue/Code” −I ”$ (LEDAROOT) / i n c l ” −L$(LEDAROOT)

19

20 LFLAGS = − l l e d a −lm −lX11
21 CXX = g++
22

23

24 # implementa t ions :
25 IMPLS=binary number PWH , redundant number PWH , redundant number R , redundant number K ,

new weak queue , weak queue
26

27 SELECTED METHODS=push n i n c r e a s e n e ra s e n e r a s e o n e l e a f pop n pop one push one push l a s t one
i n c r e a s e l o w e s t o n e t o t o p meld c l e a r s t e f a n

28

29 # Command l i n e f o r p r o f i l e r ( i f invoked ) :
30 PROF CMD=”s t e f a n ” ”binary number PWH , redundant number R , redundant number K ” ”pro ” 6 7 3
31

32 # execu t i on s ch edu l e (max power o f two , number o f i n t e r v a l s between every power o f two ,
minimum number o f r e p ea t s f o r l a r g e data counts ) :

33 REP=23 7 9
34

35 OUT DIR=./ l i n u x g c c
36

37

38 %.png : %.eps
39 gs −dNOPAUSE −dBATCH −sDEVICE=png256 −r600 −dEPSCrop −sOutputFi le=”$@” ”$<”
40

41 %.pdf : %.eps
42 gs −dNOPAUSE −dBATCH −sDEVICE=pdfwr i t e dEPSCrop −sOutputFi le=”$@” ”$<”
43

44 .PHONY : $ (SELECTED METHODS) a l l d i r o u t executab l e methods png t e s t leak−check pro f gpro f
c l ean

45

46 a l l : methods png
47

48 d i r o u t :
49 @if [ ! −d ”$ (OUT DIR) ” ] ; then mkdir ”$ (OUT DIR) ” ; f i
50

51 executab l e :
52 $ (CXX) $ (CXXFLAGS) $ (IFLAGS) pq benchmark . cpp $ (LFLAGS)
53

54 methods : $ (SELECTED METHODS)
55

56 $ (SELECTED METHODS) : d i r o u t executab l e
57 . / a . out ”$@” ”$ (IMPLS) ” gnu $ (REP) > ”$ (OUT DIR) /$@. gnu ”
58 # ./ a . out ”$@” ”$ (IMPLS) ” rep $ (REP) > ”$ (OUT DIR)/ $@ repor t . t x t ”
59 . / a . out ”$@” ”$ (IMPLS) ” typ $ (REP) > ”$ (OUT DIR) / $@ types . txt ”
60 . / a . out ”$@” ”$ (IMPLS) ” dat $ (REP) > ”$ (OUT DIR) /$@. dat ”
61 @echo ”1 0 0 0 0 0 0 2 ” > $ (OUT DIR) /dummy. dat
62 @echo ”end ” >> $ (OUT DIR) /dummy. dat
63 cd ”$ (OUT DIR) ” ; \
64 gnuplot ”$@. gnu ” ; \
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65 cd . / . .
66

67 leak−check : executab l e
68 # Note : eager−mark−s t o r e . h++ p l u s LEDA are l e a k i n g .
69 va lg r ind −−leak−check=f u l l −−show−r eachab le=yes . / a . out . . t s t 6
70

71 t e s t : d i r o u t
72 $ (CXX) $ (TEST CXXFLAGS) $ (IFLAGS) pq benchmark . cpp $ (LFLAGS) −o t e s t . out
73 . / t e s t . out . . t s t 6 > $ (OUT DIR) / t e s t . txt
74 . / t e s t . out . . typ 6 > $ (OUT DIR) / t e s t t y p e s . txt
75 . / t e s t . out ”copy ” ”binary number PWH , redundant number R , redundant number K , new weak queue ,

weak queue ” rep 18 17 7
76 # ad j u s t exponent 6 accord ing to your machine and pa t i enc e ( u s u a l l y i use 10) .
77

78 pro f : d i r o u t
79 $ (CXX) $ (CXXFLAGS) −DPROFILE −g $ (IFLAGS) pq benchmark . cpp $ (LFLAGS) −o pro f . out
80 va lg r ind −−t o o l=c a l l g r i n d −−s imulate−cache=yes −−dump−i n s t r=yes −−c o l l e c t−jumps=yes −−i n s t r−

a t s t a r t=no . / pro f . out $ (PROF CMD) > /dev/ n u l l
81

82 gpro f : d i r o u t
83 $ (CXX) $ (CXXFLAGS) −pg −g $ (IFLAGS) pq benchmark . cpp $ (LFLAGS) −o gpro f . out
84 . / gpro f . out $ (PROF CMD) > /dev/ n u l l
85 gpro f gpro f . out > $ (OUT DIR) / g p r o f i l e . txt
86

87 png :
88 cd $ (OUT DIR) ; \
89 f o r f in ∗ . eps ; \
90 do gs −dNOPAUSE −dBATCH −sDEVICE=png256 −r600 −dEPSCrop −sOutputFi le=”$$f . png ” ”$$f ” ; \
91 done ; \
92 cd . / . .
93

94 pdf :
95 cd $ (OUT DIR) ; \
96 f o r f in ∗ . eps ; \
97 do gs −dNOPAUSE −dBATCH −sDEVICE=pdfwr i t e −dEPSCrop −sOutputFi le=”$$f . png ” ”$$f ” ; \
98 done ; \
99 cd . / . .

100

101 c l ean :
102 @rm −vf ∗˜ a . out t e s t . out gpro f . out pro f . out core
103 @rm −vf $ (OUT DIR) /∗
104 @rmdir $ (OUT DIR)

D.3 make_benchmark.cmd

1 REM ∗∗∗ Run the benchmarks and produce the p l o t s
2

3 REM # outpu t d i r e c t o r y :
4 s e t o u t d i r=w7 i7 msvc
5

6 REM # methods :
7 s e t meths=push n , i n c r ea s e n , e rase n , e r a s e o n e l e a f , pop n , pop one , push one , push la s t one ,

i n c r e a s e l o w e s t o n e t o t o p , meld , c l ea r , s t e f a n
8

9 REM # implementa t ions (most o f them are d i s a b l e d wi th REM) :
10 s e t impls=
11 REM se t imp l s=%impl s%, db bno 3 dv , db pwh 3 dv , db bno 2 dv , d b bno r dv , d b bno k dv ,

d b bno 3 i v , d b pwh 3 i v , d b b no 3 d v s l ow t o p , d b pwh 3 dv s l ow t op , d l ( u ) bno 3 dv , d l (m
) bno 3 dv , d l ( f ) bno 3 dv , d l ( u ) pwh 3 dv , d l (m) pwh 3 dv , d l ( f ) pwh 3 dv , d l ( u ) bno r d v
, d l ( u ) bno k dv , d l ( f ) bno r d v , d l ( f ) bno k dv , i r pwh 3 dv , i r b n o 3 d v , i r pwh 3 i v ,
i r b n o 3 i v , i r b n o 3 p r o x y

12 REM se t imp l s=%impl s%, l e d a f i b o n a c c i h e a p , l e d a p a i r i n g h e a p
13 REM se t imp l s=%impl s%, d b pwh 3 d v s l ow t o p
14 REM se t imp l s=%impl s%,pennant queue , weak heap
15 s e t impls=%impls%,new weak queue , weak queue
16 s e t impls=%impls%,binary number PWH , redundant number PWH , redundant number R , redundant number K
17

18 REM # execu t i on s ch edu l e (max power o f two , number o f i n t e r v a l s between every power o f
two , minimum number o f r e p ea t s f o r l a r g e data counts ) :

19

20 REM se t count=25 3 7
21 REM se t count=20 117 9
22 REM se t count=20 17 9
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23 s e t count=24 7 9
24

25 REM # d i r e c t o r y o f e x e c u t a b l e :
26 s e t ver=Release
27 REM # only f o r t e s t : s e t ver=Debug
28

29

30 i f ”%1”==”c l ean ” goto c l ean
31 i f ”%1”==”gnuplot ” goto gnuplot
32 i f ”%1”==”a l l ” goto benchmark
33 i f ”%1”==”” goto benchmark
34

35 rem Use :
36 rem make a l l − ( d e f a u l t ) run benchmark and gnuplot
37 rem make c l ean − remove gnuplot output
38 rem make benchmark − run benchmarks
39 rem make gnuplot − gnuplot output
40 pause
41 goto end
42

43 : c l ean
44 cd /d ”%˜dp0%o u t d i r%”
45 f o r %%e in ( png , pdf , eps , ps ) do de l ∗.%%e
46 goto end
47

48 : benchmark
49 i f not e x i s t %˜dp0%o u t d i r %\∗.∗ md %˜dp0%o u t d i r%
50 cd /d ”%˜dp0 ”
51 f o r %%m in (%meths%) do . . \ Test\vs2008\%ver%\pq benchmark . exe %%m %impls% gnu %count% > %

o u t d i r%\%%m. gnu
52 f o r %%m in (%meths%) do . . \ Test\vs2008\%ver%\pq benchmark . exe %%m %impls% typ %count% > %

o u t d i r%\%%m. typ
53 f o r %%m in (%meths%) do . . \ Test\vs2008\%ver%\pq benchmark . exe %%m %impls% dat %count% > %

o u t d i r%\%%m. dat
54 i f e r r o r l e v e l 1 goto bench er ro r
55 c a l l : gnuplot %1 %2 %3 %4 %5 %6 %8 %9
56 goto end
57 : b ench e r ro r
58 pause
59 goto end
60

61 : gnuplot
62 cd /d ”%˜dp0%o u t d i r%”
63 i f e r r o r l e v e l 1 pause
64 echo 1 0 0 0 0 0 0 4 > dummy. dat
65 echo end >> dummy. dat
66 f o r %%m in (%meths%) do ”% u s e r p r o f i l e%\gnuplot\ b i n a r i e s \ gnuplot . exe ” %%m. gnu
67 i f e r r o r l e v e l 1 pause
68 s e t path=%path%;C:\Program F i l e s \gs\gs8 .64\ bin
69 s e t path=%path%;C:\Program F i l e s \gs\gs8 .64\ l i b
70 REM # png
71 f o r %%f in (∗ . ps ) do gswin32c . exe −dNOPAUSE −dBATCH −sDEVICE=png256 −r600 −sOutputFi le=”%%˜nf .

png ” ”%%f ”
72 f o r %%f in (∗ . eps ) do gswin32c . exe −dNOPAUSE −dBATCH −sDEVICE=png256 −r600 −dEPSCrop −

sOutputFi le=”%%˜nf . png ” ”%%f ”
73 i f e r r o r l e v e l 1 pause
74 REM # pdf
75 f o r %%f in (∗ . ps ) do gswin32c . exe −dNOPAUSE −dBATCH −sDEVICE=pdfwr i t e −sOutputFi le=”%%˜nf . pdf ”

”%%f ”
76 f o r %%f in (∗ . eps ) do gswin32c . exe −sDEVICE=pdfwr i t e −dEPSCrop −o ”%%˜nf . pdf ” ”%%f ”
77 REM # above i s b e t t e r than : f o r %%f in ( ∗ . eps ) do ps2pd f . exe ”%%f ” ”%%˜nf . pd f ”
78 i f e r r o r l e v e l 1 pause
79 goto end
80

81 : end

D.4 pq_benchmark.cpp

1 #de f i n e INCLUDE LEAK CHECK
2

3 #inc lude ”m s c f i x . hpp”
4 #inc lude ” a s s e r t . h++”
5
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6 #inc lude <iostream>
7

8 const bool c a r e f u l ( true ) ; // needs to be t rue f o r c p h s t l e x t r a c t
9

10 #i f n d e f NDEBUG // manual PQFW swi t ch
11 #de f i n e DEBUG
12 #end i f
13

14 #inc lude ” h e a p s t o r e c o n f i g . hpp”
15 #inc lude ” h e a p s t o r e c o n f i g a l t . hpp”
16

17 #inc lude ”benchmarking . hpp”
18 #inc lude ”benchmark . i++”
19

20 s t r u c t i m p l t r a n s l a t i o n {
21 s t a t i c std : : s t r i n g t r a n s l a t e ( std : : s t r i n g const& desc ) {
22 std : : s t r i n g name( s t r r e p l a c e ( desc , ” ” , ”−”) ) , s (name) ;
23 const bool danish ( f a l s e ) ;
24 i f ( danish ) {
25 s = s t r r e p l a c e ( s , ” i r ” , ” i n d i r e k t e binær redundant skov med”) ;
26 s = s t r r e p l a c e ( s , ”db” , ”d i r e k t e binær skov med”) ;
27 s = s t r r e p l a c e ( s , ”d l ( ” , ”d i r e k t e doven mente ( ”) ;
28 s = s t r r e p l a c e ( s , ”(u) ” , ” skov med letvægt j o i n schedu le og ”) ;
29 s = s t r r e p l a c e ( s , ”( f ) ” , ” skov med tung j o i n schedu le og ”) ;
30 s = s t r r e p l a c e ( s , ”pwh” , ”svage træer ”) ;
31 s = s t r r e p l a c e ( s , ”−bno−r−” , ”−binomia le Brown R træer−”) ;
32 s = s t r r e p l a c e ( s , ”−bno−k−” , ”−binomia le Brown K træer−”) ;
33 s = s t r r e p l a c e ( s , ”bno ” , ”binomia le træer ”) ;
34 s = s t r r e p l a c e ( s , ”−3” , ””) ;
35 s = s t r r e p l a c e ( s , ”2 ” , ”2 peger ”) ;
36 s = s t r r e p l a c e ( s , ”−dv ” , ””) ;
37 s = s t r r e p l a c e ( s , ”−i v ” , ”−med i n d i r e k t e værdi ”) ;
38 s = s t r r e p l a c e ( s , ”slow−top ” , ”og langsom top ”) ;
39 s = s t r r e p l a c e ( s , ”−” , ” ”) ;
40 i f (name == ”i r−pwh−3−dv ”) s += ” = std svag kø ” ;
41 e l s e i f (name == ”db−bno−3−dv ”) s += ” = std binomial kø ” ;
42 e l s e i f (name == ”db−pwh−3−dv ”) s += ” = Vui l l emins f o r s l a g t i l implementer ing ” ;
43 s = s t r r e p l a c e ( s , ”æ” , ”ae ”) ;
44 s = s t r r e p l a c e ( s , ”ø ” , ”oe ”) ;
45 s = s t r r e p l a c e ( s , ”̊a ” , ”aa ”) ;
46 } e l s e {
47 s = s t r r e p l a c e ( s , ” i r ” , ” i n d i r e c t redundant binary f o r e s t with ”) ;
48 s = s t r r e p l a c e ( s , ”db” , ” d i r e c t binary f o r e s t with ”) ;
49 s = s t r r e p l a c e ( s , ”d l ( ” , ” d i r e c t redundant binary ( ”) ;
50 s = s t r r e p l a c e ( s , ”(u) ” , ” f o r e s t with u l t r a l i g h t j o i n schedu le and ”) ;
51 s = s t r r e p l a c e ( s , ”( f ) ” , ” f o r e s t with f a t j o i n schedu le and ”) ;
52 s = s t r r e p l a c e ( s , ”pwh” , ”weak t r e e s ”) ;
53 s = s t r r e p l a c e ( s , ”−bno−r−” , ”−binomial Brown R tree s−”) ;
54 s = s t r r e p l a c e ( s , ”−bno−k−” , ”−binomial Brown K tree s−”) ;
55 s = s t r r e p l a c e ( s , ”bno ” , ”binomial t r e e s ”) ;
56 s = s t r r e p l a c e ( s , ”−3” , ””) ;
57 s = s t r r e p l a c e ( s , ”2 ” , ”2 po in t e r ”) ;
58 s = s t r r e p l a c e ( s , ”−dv ” , ””) ;
59 s = s t r r e p l a c e ( s , ”−i v ” , ”−with i n d i r e c t value ”) ;
60 s = s t r r e p l a c e ( s , ”slow−top ” , ”and slow top ”) ;
61 s = s t r r e p l a c e ( s , ”−” , ” ”) ;
62 i f (name == ”i r−pwh−3−dv ”) s += ” = std weak queue ” ;
63 e l s e i f (name == ”db−bno−3−dv ”) s += ” = std binomial queue ” ;
64 e l s e i f (name == ”db−pwh−3−dv ”) s += ” = Vui l lemin implementation ” ;
65 }
66 // re tu rn name + ” − ” + s ;
67 return name ;
68 }
69 } ;
70

71 i n t run ( i n t argc , char ∗∗ argv ) {
72 std : : cout << ”# command : \”” ;
73 f o r ( i n t i = 0 ; i != argc ; ++i ) std : : cout << ” ” << argv [ i ] ;
74 std : : cout << ”\”\n” ;
75

76 us ing namespace cphs t l ;
77 us ing namespace pqfw node ;
78 us ing namespace benchmarking ;
79
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80 s t r i n g f i l t e r output ( argc >3?argv [ 3 ] : ”rep ”) ;
81

82 i n t max exp (5) , i n t e r v a l s (3 ) , r min (11) ;
83 i f ( argc >4) {
84 std : : s t r ing s t r eam ss ( argv [ 4 ] ) ; s s >> max exp ;
85 }
86 i f ( argc >5) {
87 std : : s t r ing s t r eam ss ( argv [ 5 ] ) ; s s >> i n t e r v a l s ;
88 }
89 i f ( argc >6) {
90 std : : s t r ing s t r eam ss ( argv [ 6 ] ) ; s s >> r min ;
91 }
92 bool rep ( output . pass ( ”rep ”) ) , typ ( output . pass ( ”typ ”) )
93 , dat ( output . pass ( ”dat ”) ) , gnu ( output . pass ( ”gnu ”) )
94 , t s t ( output . pass ( ” t s t ”) ) , pro ( output . pass ( ”pro ”) ) ;
95

96

97 typedef long long V;
98 // t y p e d e f i n t V;
99

100 #i f d e f PROFILE
101 typedef std : : l e s s <V> C;
102 typedef std : : a l l o c a t o r <V> A;
103 benchmark main<p r o f i l i n g c o u n t e r , pq benchmark , i m p l t r a n s l a t i o n
104 > bm( argc >1?argv [ 1 ] : ”” , argc >2?argv [ 2 ] : ””) ;
105 #e l s e
106 typedef counting compare<std : : l e s s <V> > C;
107 typedef c o u n t i n g a l l o c a t o r <> A;
108 benchmark main<combi counter , pq benchmark , i m p l t r a n s l a t i o n
109 > bm( argc >1?argv [ 1 ] : ”” , argc >2?argv [ 2 ] : ””) ;
110 #end i f
111

112 std : : cout << ”# has member : (M) eld , (C) l ea r , (P)op , (R) o o t l i s t t y p e − f r i e n d l y name and
s i z e s .\n” ;

113

114 #i f d e f INCL LEDA
115 c p h s t l l e d a : : leda heap<V,C,A> : : r e g i s t r a t e (bm) ;
116 #end i f
117 v u i l l e m i n a l t 1 <counting VCA<V> > : : r e g i s t r a t e (bm) ;
118 #i f d e f INCL PQFWS
119 pqfws<V,C,A> : : r e g i s t r a t e (bm) ;
120 #end i f
121 v u i l l e m i n a l t 2 <counting VCA<V> > : : r e g i s t r a t e (bm) ;
122 #i f n d e f NDEBUG
123 vui l l emin<V,C,A> : : r e g i s t r a t e (bm) ; // e x c l ud e o l d v a r i a n t s i f benchmarking
124 #end i f
125

126 std : : cout << ”\n# da t a s i z e : ” << ( s i z e o f (V)∗CHAR BIT) << ” b i t s \n” ;
127

128 i f ( rep | | dat | | t s t | | pro )
129 bm. run ( max exp , i n t e r v a l s , r min , t s t ) ;
130

131 i f ( rep ) bm. r epor t ( ) ;
132 i f ( typ ) bm. type r epo r t ( ) ;
133 i f ( dat ) bm. gnuplot data ( ) ;
134 i f ( gnu ) bm. g n u p l o t s c r i p t ( max exp ) ;
135

136 std : : cout << ”\n\n” ;
137

138 a s s e r t i o n h e l p (
139 i f ( ( count yes+count no ) != 0) {
140 std : : cout << ”count yes : ” << count yes
141 << ” , count no : ” << count no << ” , yes f r a c t i o n : ”
142 << double ( count yes ) / ( count yes+count no ) << ”\n\n” ;
143 }
144 )
145

146 // system (”pause ”) ;
147

148 l eda : : std memory mgr . c l e a r ( ) ;
149 return 0 ;
150 }
151

152
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153 i n t main ( i n t argc , char ∗∗ argv ) {
154 #i f d e f debug with ddd
155 char ∗ ddd [ 5 ] = {”” , ” . ” , ”db bno r dv ” , ”rep ” , ”5 ”} ; // when debug gcc
156 return run (5 ,&ddd [ 0 ] ) ;
157 #end i f
158 std : : c e r r << ”\n\n#−−−−− run benchmarks −−−−−\n” ;
159

160 i f ( argc<= 1) {
161 std : : c e r r << ”arguments : [ methods ] [ implementat ions ] [ output ] [ max exp ] [ i n t e r ] [ min rep ]\

n”
162 << ”where\n”
163 << ”\ tmethods : push , inc r ea s e , erase , pop , meld , push pop , worst push , c l ea r , s t e f a n \n”
164 /∗ << ”\ t c oun t e r s : seconds , c y c l e s , a l l o c a t i o n s , compares\n\n” ∗/
165 << ”\ t implementat ions : db bno 3 dv , i r pwh 3 dv , . . \ n”
166 << ”\ toutput : rep ( or t ) , typ ( es ) , dat ( a ) , gnu ( p lo t ) , pro ( f i l e ) , t s t \n\n”
167 << ”\ tmax exp : the number o f e lements as 2ˆ max exponent .\n”
168 << ”\ t i n t e r : the number o f i n t e r v a l s between every power o f 2 .\n”
169 << ”\ t ∗) even d i s t r i b u t i o n when i n t e r i s not a power o f 2 : 2ˆ(k/ i n t e r ) .\n”
170 << ”\ t e l s e uneven d i s t r i b u t i o n : 2ˆk + j ∗2ˆ(1+k−l og ( i n t e r ) ) , j = 0 . . i n t e r −1.\n”
171 << ”\ tmin rep : the minimum number o f r e p e t i t i o n s per element count .\n”
172 << ”sample : ’ . db bno 3 dv rep 10 3 ’ ( where ’ . ’ i s the wi ldcard ) .\n” ;
173 return 1 ;
174 } e l s e return run ( argc , argv ) ;
175 }
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E Test

E.1 bit-store-dummy.cpp

1 #inc lude ”bit−s t o r e . h++”

E.2 encapsulator-node-test.i++

1 #i f n d e f CPHSTL PQFW ENCAPSULATOR NODE TEST IPP
2 #de f i n e CPHSTL PQFW ENCAPSULATOR NODE TEST IPP
3

4 /∗
5 Desc : Test o f weak−heap−node and i t s v a r i a n t s .
6 Auth : J y r k i Katajainen , Asger Bruun c© 2009
7 Use : Test your own node type , N, wr i t e the f o l l o w i n g :
8 ” en c a p s u l a t o r n o d e t e s t <N, char > > >:: t e s t ( ) ; ”.
9 Warn : This t e s t was a c c i d e n t i a l l y w r i t t e n f o r s t d : : g r ea t e r ,

10 even though s t d : : l e s s i s a more popu lar cho i c e .
11 ∗/
12

13 #inc lude ”m s c f i x . hpp”
14 #inc lude ” a s s e r t . h++”
15

16 #inc lude <f unc t i ona l> // l e s s
17 #inc lude <iostream> // cout
18 #inc lude <type in fo> // t y p e i d
19

20 #inc lude ”binomial node . hpp”
21 #inc lude ”n o d e w i t h d i r e c t v a l u e . hpp”
22 #inc lude ”node wi th facade . hpp”
23

24 namespace cphs t l {
25 namespace pqfw node {
26

27 template < typename E = w facade<w di r e c t va lue<binomia l node base , char > >
28 // , t emp la t e <typename> c l a s s CT = s t d : : g r e a t e r
29 >
30 s t r u c t e n c a p s u l a t o r n o d e t e s t { // t e s t t he node type g i v en by E.
31 typedef typename E : : va lue type V;
32 typedef typename E : : comparator type C;
33 // t y p e d e f CT<V> C;
34

35 // He lpers .
36

37 s t a t i c i n t e lement count (E∗ root ) {
38 i n t r e t (0 ) ;
39 f o r (E∗ r = root ; r != 0 ; r = (∗ r ) . s u c c e s s o r ( ) ) ++r e t ;
40 return r e t ;
41 }
42

43 s t r u c t t e s t v a l u e s {
44 E a , b , c , d , e , f , g , h ;
45 t e s t v a l u e s ( )
46 : a ( ’A ’ ) , b ( ’B ’ ) , c ( ’C ’ ) , d ( ’D ’ )
47 , e ( ’E ’ ) , f ( ’F ’ ) , g ( ’G’ ) , h( ’H ’ ) {}
48

49 E∗ bu i ld ( ) {
50 C cmp ;
51 return d . j o i n (&b , cmp)−>j o i n ( a . j o i n (&c , cmp) ,cmp)
52 −>j o i n (h . j o i n (&f , cmp)−>j o i n ( e . j o i n (&g , cmp) ,cmp) ,cmp) ;
53 }
54 } ;
55

56 // The t e s t s .
57

58 s t a t i c void execute ( char const ∗ f r i end ly type name ) {
59 l i s t ( f r i end ly type name ) ;
60 t e s t b a s i c ( f r i end ly type name ) ;
61 t e s t r o o t f i n d ( f r i end ly type name ) ;
62 te s t promote ( f r i end ly type name ) ;
63
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64 i f ( node t r a i t s <typename E : : node base type > : : h a s s p l i c e == 0)
65 std : : cout << ”\ n s p l i c e not implemented and cannot be t e s t ed !\n” ;
66 e l s e t e s t s p l i c e ( f r i end ly type name ) ;
67

68 t e s t r o o t l i s t ( f r i end ly type name ) ;
69 }
70

71 s t a t i c void t e s t pq fw ( char const ∗ f r i end ly type name ) { // o b s o l e t e ??
72 l i s t ( f r i end ly type name ) ;
73 t e s t b a s i c ( f r i end ly type name ) ;
74 t e s t r o o t f i n d ( f r i end ly type name ) ;
75 te s t promote ( f r i end ly type name ) ;
76 t e s t s p l i c e ( f r i end ly type name ) ;
77 }
78

79 s t a t i c void l i s t ( char const ∗ f r i end ly type name ) {
80 std : : cout << f r i end ly type name << ” t e s t i n g ” << type id name f ix ( type id (E) ) << ”\n” ;
81 std : : cout << ” f o o t p r i n t : ” << E : : f o o t p r i n t ( ) << ”\n” ;
82 }
83

84 s t a t i c void t e s t b a s i c ( char const ∗ f r i end ly type name ) {
85 C cmp ;
86 // check ascend ing f i r s t 4 v a l u e s
87 // f o r ( i n t i = 0 ; i != 3 ; i++) a s s e r t ( ! cmp( succs [ i ] , succs [ i +1]) ) ;
88

89 t e s t v a l u e s tv ;
90 std : : cout << f r i end ly type name << ” setup : a = ’ ” << tv . a . element ( ) << ” ’ , b = ’ ” <<

tv . b . element ( )
91 << ” ’ , c = ’ ” << tv . c . element ( ) << ” ’ , d = ’ ” << tv . d . element ( ) << ” ’ .\ n\n” ;
92

93 a s s e r t ( tv . a . i s r o o t ( ) ) ;
94 a s s e r t ( tv . a . t r e e v a l i d (cmp) ) ;
95 i n t n = element count(&tv . a ) ; a s s e r t (n == 1) ;
96

97 // j o i n
98

99 std : : cout << ”p = d . j o i n (b) . ” ;
100 E∗ p = tv . d . j o i n (&tv . b , cmp) ;
101 std : : cout << ”p : ” << (∗p) . s t r ( ) << ”\n” ;
102 i f (cmp( tv . d . element ( ) , tv . b . element ( ) ) ) {
103 a s s e r t (p == &tv . b) ;
104 a s s e r t ( tv . b . i s r o o t ( ) ) ;
105 a s s e r t ( ! tv . d . i s r o o t ( ) ) ;
106 a s s e r t ( tv . d . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . b) ;
107 } e l s e {
108 a s s e r t (p == &tv . d) ;
109 a s s e r t ( tv . d . i s r o o t ( ) ) ;
110 a s s e r t ( ! tv . b . i s r o o t ( ) ) ;
111 a s s e r t ( tv . b . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . d) ;
112 }
113 n = element count (p) ; a s s e r t (n == 2) ;
114 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
115

116 std : : cout << ”q = a . j o i n ( c ) . ” ;
117 E∗ q = tv . a . j o i n (&tv . c , cmp) ;
118 std : : cout << ”q : ” << (∗q ) << ”\n” ;
119 i f (cmp( tv . c . element ( ) , tv . a . element ( ) ) ) {
120 a s s e r t ( q == &tv . a ) ;
121 a s s e r t ( tv . a . i s r o o t ( ) ) ;
122 a s s e r t ( ! tv . c . i s r o o t ( ) ) ;
123 } e l s e {
124 a s s e r t ( q == &tv . c ) ;
125 a s s e r t ( tv . c . i s r o o t ( ) ) ;
126 a s s e r t ( ! tv . a . i s r o o t ( ) ) ;
127 }
128

129

130 a s s e r t ( q != p) ;
131 a s s e r t ( (∗ q ) . t r e e v a l i d (cmp) ) ;
132

133 std : : cout << ”p = p . j o i n (q ) . ” ;
134 p = (∗p) . j o i n (q , cmp) ; std : : cout << ”p : ” << (∗p) . s t r ( ) << ”\n\n” ;
135 a s s e r t (p == &tv . a ) ;
136 a s s e r t ( tv . a . i s r o o t ( ) ) ;
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137

138 a s s e r t ( tv . b . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . a ) ;
139 a s s e r t ( tv . c . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . a ) ;
140 a s s e r t ( tv . d . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . b
141 | | tv . d . d i s t i n g u i s h e d a n c e s t o r ( ) == &tv . c ) ;
142 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
143

144 std : : cout << ” s u c c e s s o r s : ” ;
145 f o r (E∗ r = p ; r != 0 ; r = /∗ c o n s t c a s t ∗/ (∗ r ) . s u c c e s s o r ( ) )
146 std : : cout << ” ” << (∗ r ) . element ( ) ;
147 std : : cout << ” .\n\n” ;
148 n = element count (p) ; a s s e r t (n == 4) ;
149

150 std : : cout << ”q = p . s p l i t ( ) . ” ;
151 q = (∗p) . s p l i t ( ) ;
152 std : : cout << ”p : ” << (∗p) . s t r ( ) << ” & q : ” << (∗q ) . s t r ( ) << ”\n” ;
153

154 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
155 n = element count (p) ; a s s e r t (n == 2) ;
156 a s s e r t ( (∗ q ) . t r e e v a l i d (cmp) ) ;
157 n = element count (q ) ; a s s e r t (n == 2) ;
158

159 std : : cout << ”p = p . j o i n (q ) . ” ;
160 p = (∗p) . j o i n (q , cmp) ;
161 std : : cout << ”p : ” << (∗p) . s t r ( ) << ”\n\n” ;
162 a s s e r t (p == &tv . a ) ;
163 n = element count (p) ; a s s e r t (n == 4) ;
164 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
165 }
166

167 s t a t i c void t e s t r o o t l i s t ( char const ∗ f r i end ly type name ) {
168 std : : cout << f r i end ly type name << ” t e s t root l i s t \n” ;
169 t e s t v a l u e s t t1 ;
170

171 E∗ p = tt1 . bu i ld ( ) ;
172 typename E : : r o o t l i s t t y p e l 1 (0 ) ;
173 E∗ t ( (∗p) . m o s t s i g n i f i c a n t c h i l d ( ) ) ;
174 typename E : : s i z e t y p e n ;
175 E∗ r ( (∗p) . cons t ruc t (n , constant<bool , true >() ) ) ;
176 //E∗ r ( (∗ p ) . c on s t r u c t (n) ) ;
177 l 1 . i n j e c t r a n g e ( r , t ) ;
178

179 // t e s t v a l u e s t t 2 ;
180 //p = t t 2 . b u i l d ( ) ;
181 //E : : s i z e d r o o t l i s t t y p e l 2 ( (∗ p ) . c o n s t r u c t w i t h s i z e ( ) ) ;
182

183 // s t d : : cout << ” s i z e o f ( r o o t l i s t t y p e ) , s i z e o f ( s i z e d r o o t l i s t t y p e ) : ”
184 // << s i z e o f ( l 1 ) << ” , ” << s i z e o f ( l 2 ) ;
185 // a s s e r t ( s i z e o f ( l 1 )+s i z e o f ( vo id ∗) == s i z e o f ( l 2 ) ) ;
186 std : : cout << ”\n\n” ;
187 }
188

189 s t a t i c void t e s t r o o t f i n d ( char const ∗ f r i end ly type name ) {
190 std : : cout << f r i end ly type name << ” t e s t root f i nd \n” ;
191 a s s e r t i o n h e l p (C cmp) ;
192 f o r ( i n t t = 0 ; t != 8 ; ++t ) {
193 t e s t v a l u e s t t ;
194 E∗ p = t t . bu i ld ( ) ;
195 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
196

197 E∗ r = p ; // s e l e c t e lement #t
198 f o r ( i n t i = 0 ; i != t && r != 0 ; ++i ) r = /∗ c o n s t c a s t ∗/ (∗ r ) . s u c c e s s o r ( ) ;
199 a s s e r t ( r != 0) ; // ana l y s i s a s sume ( r != 0) ;
200

201 i f ( (∗ r ) . i s r o o t ( ) ) std : : cout << ”sk ip ” << (∗ r ) . element ( ) << ” ( i s r o o t )\n\n” ;
202 e l s e {
203 std : : cout << ”root found from ” << (∗ r ) . element ( ) << ” in ” << (∗p) . s t r ( ) << ”\n” ;
204 E∗ root = (∗ r ) . root ( ) ;
205 a s s e r t ( root == p) ;
206 }
207 }
208 }
209

210 s t r u c t dummy heap store {
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211 typedef dummy heap store heap proxy type ;
212 typedef dummy heap store encapsu la to r type ;
213

214 // ! ! ! ou tda t ed vo id update ( vo id ∗ cons t ) { ;}
215 void r ep l a c e (E∗) { ;}
216 } ;
217

218

219 s t a t i c void t e s t s p l i c e ( char const ∗ f r i end ly type name ) {
220 std : : cout << f r i end ly type name << ” t e s t s p l i c e \n” ;
221 a s s e r t i o n h e l p (C cmp) ;
222 dummy heap store dummy;
223 typedef typename E : : ho l e type ho l e type ;
224 f o r ( i n t t = 0 ; t != 8 ; ++t ) {
225 t e s t v a l u e s t t ;
226 E∗ p = t t . bu i ld ( ) ;
227 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
228

229 E∗ r = p ; // s e l e c t e lement #t
230 f o r ( i n t i = 0 ; i != t && r != 0 ; ++i ) r = /∗ c o n s t c a s t ∗/ (∗ r ) . s u c c e s s o r ( ) ;
231 a s s e r t ( r != 0) ; // ana l y s i s a s sume ( r != 0) ;
232

233 i f ( (∗ r ) . i s r o o t ( ) ) std : : cout << ”sk ip ” << (∗ r ) . element ( ) << ” ( i s r o o t )\n\n” ;
234 e l s e {
235 // s t d : : cout << (∗ r ) . i s r o o t ( ) ;
236 std : : cout << ” s p l i c e o u t ” << (∗ r ) . element ( ) << ” from : ” << (∗p) . s t r ( ) << ”\n” ;
237 ho l e type h = (∗ r ) . s p l i c e o u t ( ) ;
238 std : : cout << ”r : ” << (∗ r ) . s t r ( ) << ”\n” ;
239

240 (∗ r ) . s p l i c e i n (h , dummy) ;
241 std : : cout << ” s p l i c e i n , p : ” << (∗p) . s t r ( ) << ” .\n\n” ;
242 }
243 }
244 }
245

246 s t a t i c void te s t promote ( char const ∗ f r i end ly type name ) {
247 std : : cout << f r i end ly type name << ” t e s t promote\n” ;
248 C cmp ;
249 f o r ( i n t t = 0 ; t != 8 ; ++t ) {
250 t e s t v a l u e s t t ;
251 E∗ p = t t . bu i ld ( ) ;
252 a s s e r t ( (∗p) . t r e e v a l i d (cmp) ) ;
253

254 E∗ r = p ;
255 f o r ( i n t i = 0 ; i != t && r != 0 ; ++i ) r = /∗ c o n s t c a s t ∗/ (∗ r ) . s u c c e s s o r ( ) ;
256 a s s e r t ( r != 0) ;
257

258 V v = (∗p) . element ( ) ; −−v ; // top−1
259

260 std : : cout << ”promote ” << (∗ r ) . element ( ) ;
261 (∗ r ) . element ( ) = v ;
262 std : : cout << ” to ” << v << ” : ” << (∗p) . s t r ( ) << ”\n” ;
263 f o r (E∗ d = (∗ r ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
264 d != 0 && ! cmp(v , (∗d) . element ( ) ) ;
265 d = (∗ r ) . d i s t i n g u i s h e d a n c e s t o r ( )
266 ) {
267 (∗ r ) . promote (d) ;
268 i f ( (∗ r ) . i s r o o t ( ) )
269 std : : cout << ”r : ” << (∗ r ) . s t r ( ) << ”\n” ;
270 e l s e std : : cout << ”p : ” << (∗p) . s t r ( ) << ”\n” ;
271

272 (∗ r ) . element ( ) = (∗d) . element ( ) ;
273 a s s e r t ( (∗ r ) . t r e e v a l i d (cmp) ) ;
274 (∗ r ) . element ( ) = v ;
275 }
276 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
277 std : : cout << ” r e s u l t : ” << (∗ r ) . s t r ( ) << ”\n\n” ;
278 a s s e r t ( (∗ r ) . d i s t i n g u i s h e d a n c e s t o r ( ) == 0) ;
279 i n t n = element count ( r ) ; a s s e r t (n == 8) ;
280 }
281 }
282 } ;
283 }
284 }
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285

286 #i f de f ined (ENCAPSULATOR NODE TEST)
287

288 #inc lude <s t r i ng>
289 #inc lude <sstream> // o s t r i n g s t r e am
290

291 i n t main ( int , char ∗∗) {
292 us ing namespace cphs t l : : pqfw node ;
293 encapsu l a to r node t e s t <w facade<w di r e c t va lue<binomia l node base , char> > > : : execute ( ) ;
294 return 0 ;
295 }
296

297 #end i f
298 #end i f

E.3 makefile.mk

1 # un i t t e s t s
2

3 # CPHSTL ROOT=$ (HOME)/CPHSTL
4 # CPHSTL ROOT=/mnt/ h g f s / c p h s t l
5 CPHSTL ROOT=/media/win/ cvs /CPHSTL
6 ASGER ROOT=$ (CPHSTL ROOT) / Progress /Meldable−p r i o r i t y−queue/Asger−weak−binomial−mixed
7 CPHSTL SOURCE=$ (ASGER ROOT) /CPHSTL Branch
8

9 CXXFLAGS = −Wall −std=c++0x −x c++ −g
10 #CXXFLAGS = −Wall −s t d=c++0x −pedan t i c −x c++ −g
11 ## CXXFLAGS = −Wall −pedan t i c −ans i −x c++ −g
12 # IFLAGS = −I . . / Code −I . . / Benchmarking −I . . / Code/CPHSTL modified −I . . / . . / . . / . . / Source

/Common/Code −I . . / . . / . . / . . / Source / Pr i o r i t y−queue−framework/Code −I . . / . . / . . / . . /
Source /Asser t /Code −I . . / . . / . . / . . / Source / I t e r a t o r /Code −I . . / . . / . . / . . / Source /Meldable
−p r i o r i t y −queue /Code −I . . / . . / . . / . . / Source /Type/Code −I .

13 # IFLAGS = −I . . / Code −I . . / Benchmarking −I . . / Code/CPHSTL modified −I . . /CPHSTL−Type −I
. . /CPHSTL−I t e r a t o r −I . . /CPHSTL−Pr i o r i t y−queue−framework −I . . /CPHSTL−Meldable−
p r i o r i t y −queue −I . . / . . / . . / . . / Source /Common/Code

14

15 IFLAGS = −I . −I . . / Code −I . . / Test −I . . / Benchmarking −I . . / Code/CPHSTL modified −I $ (
CPHSTL SOURCE) / I t e r a t o r /Code −I $ (CPHSTL SOURCE) /Common/Code −I $ (CPHSTL SOURCE) /Type/Code
−I ”$ (CPHSTL SOURCE) / Pr i o r i t y−queue−frameworks/Code” −I $ (CPHSTL SOURCE) /Proxy/Code −I $ (

CPHSTL SOURCE) /Meldable−p r i o r i t y−queue/Code −I $ (LEDAROOT) / i n c l −L$(LEDAROOT)
16

17 CXX = g++
18

19 u n i t t e s t s : pq node t e s t pq fw t e s t pq benchmark
20

21 m i n i t e s t :
22 $ (CXX) $ (CXXFLAGS) $ (IFLAGS) m i n i t e s t . cpp
23 . / a . out
24 @rm −f a . out
25

26 pq node t e s t :
27 $ (CXX) $ (CXXFLAGS) $ (IFLAGS) pq node t e s t . cpp
28 . / a . out
29 @rm −f a . out
30

31 pq fw t e s t :
32 $ (CXX) $ (CXXFLAGS) $ (IFLAGS) pq fw t e s t . cpp
33 . / a . out
34 @rm −f a . out
35

36 pq benchmark :
37 $ (CXX) $ (CXXFLAGS) $ (IFLAGS) . . / Benchmark/pq benchmark . cpp
38 . / a . out . ! db bno r dv rep 5
39 #./ a . out . ! d b bno r d v gnu 5 1> pq . gnu
40 #./ a . out . ! d b bno r d v dat 5 1> pq . dat
41 #@gnuplot pq . gnu
42 #f a i l s . / a . out . d b bno r d v rep 5
43 # @rm − f a . out
44

45

46

47 # framework− t e s t :
48 # $ (CXX) $ (CXXFLAGS) $ (IFLAGS) −DUNITTEST PRIORITY QUEUE FRAMEWORK . . / Code/ p r i o r i t y −
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queue−framework . h++
49 # ./ a . out > /dev / n u l l
50 # # @rm − f a . out
51

52 # leak−check :
53 # $ (CXX) $ (CXXFLAGS) $ (IFLAGS) p r i o r i t y −queue−framework− t e s t . c++
54 # va l g r i n d −−l eak−check= f u l l −−show−r e a cha b l e=yes ./ a . out
55

56 c l ean :
57 @rm −vf ∗˜ a . out core

E.4 make_test.cmd

1 cd /d %˜p0
2

3 .\ vs2008\Debug\ pq node t e s t . exe
4 i f e r r o r l e v e l 1 pause
5

6 .\ vs2008\Debug\ pq fw t e s t . exe
7 i f e r r o r l e v e l 1 pause
8

9 .\ vs2008\Debug\pq benchmark . exe . ! d l ( l ) bno 3 dv , d l ( l ) pwh 3 dv t s t
10 i f e r r o r l e v e l 1 pause

E.5 mini_test.cpp

1 /∗
2 Desc : Test un i t t e s t h a s membe r and a d d i t i o n a l some copy con s t r u c t o r d e t e c t i o n t e s t s not

ready f o r ”has member . hpp ”.
3 Auth : Asger Bruun , 2010.
4 Note : These t e s t s were the f i r s t p r o t o t y p e s . I moved the exper iment s
5 f i r s t i n t o ” d i r e c t h e a p s t o r e . hpp ” , ”node f a c e . hpp ” and a
6 modi f i ed v e r s i on o f ”meldab le−p r i o r i t y −queue . h++” l a t e r on .
7 I r e a l i z e now a f t e r hav ing choosen the f i n a l d e s i gn s f o r automat ic
8 c on f i g u r a t i o n on op t i o n a l members t h a t i f o r g o t to r e pa i r the
9 e n a b l e i f based t e s t in ”has member . hpp ”.

10 ∗/
11

12 #inc lude <iostream> // s t d : : cout
13 #inc lude <t y p e t r a i t s > // i s c o n v e r t i b l e
14

15 #de f i n e UNIT TEST HAS MEMBER // vo id un i t t e s t h a s membe r ( )
16 #inc lude ”has member . hpp” // . . . ENABLE CUSTOM
17

18 #i f n d e f WIN32 WINNT
19 #de f i n e WIN32 WINNT 0x0600 // minimum re qu i r e d p l a t f o rm i s Windows Vis ta .
20 #end i f
21 #de f i n e WIN32 LEAN AND MEAN // e x c l ud e rare APIs such as Cryptography , DDE, RPC, She l l ,

and Windows Socke t s .
22

23

24 template<typename T, typename S>
25 c l a s s ptr {
26 // I n t e r e s t i n g copy con s t r u c t o r example t e s t e d ( in main ) from : ”C++0x : No concep t s no

fun ?” , h t t p :// p i z e r . wordpress . com/2009/08/16/ c0x−no−concepts−no−fun /
27 T∗ p ;
28 template<typename , typename> f r i e nd c l a s s ptr ;
29

30 pub l i c :
31 ptr (T∗ p) : p(p) {}
32

33 template<typename U, typename V>
34 ptr ( ptr<U,V> const& x , typename std : : e n a b l e i f <
35 std : : i s c o n v e r t i b l e <U∗ ,T∗> : : va lue
36 , void
37 > : : type∗ = 0)
38 : p ( x . p) {}
39

40 T& operator ∗ ( ) const { return ∗p ;}
41 T∗ operator −>() const { return p ;}
42 T∗ get ( ) const { return p ;}
43 } ;
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44

45

46 DEFINE STATIC TEST ENABLE CUSTOM( cpy )
47

48 namespace cphs t l {
49 template<typename V>
50 c l a s s r ea 1 {
51 pub l i c :
52 s t a t i c const bool custom copy construct = f a l s e ;
53 s t a t i c const bool enable custom cpy = f a l s e ;
54 long long l l ;
55 V v ;
56 e x p l i c i t r ea 1 ( ) : v (0 ) { std : : cout << ”r ea 1 empty \ t ” ; }
57 pr i va t e :
58 // ” p r i v a t e ” makes the MSC i n s t r i c ” h a s c o p y ” to d e t e c t a f a l s e p o s i t i v e
59 // and makes GCC 4 . 4 . 1 f a i l c omp i l a t i on . t h e r e f o r e we cannot suppor t :
60 // rea 1 ( r ea 1 cons t&) ; // unde f ined
61 } ;
62

63 template<typename V>
64 c l a s s r ea 2 {
65 pub l i c :
66 s t a t i c const bool custom copy construct = true ;
67 s t a t i c const bool enable custom cpy = true ;
68 long long l l ;
69 V v ;
70 e x p l i c i t r ea 2 ( ) : v (0 ) { std : : cout << ”r ea 2 empty \ t ” ; }
71 e x p l i c i t r ea 2 ( r ea 2 const& o ) : v ( o . v ) { std : : cout << ”r ea 2 copy \ t ” ; }
72 } ;
73

74 template<typename V, typename R = rea 1<V> >
75 c l a s s br i {
76 pub l i c :
77 typedef bri<V,R> t t ;
78 typedef R r t ;
79 r t r ;
80 e x p l i c i t br i ( ) : r ( ) { std : : cout << ”b r i empty\n” ; }
81

82 template<typename U>
83 br i ( t t const& o ) ;
84

85 // ? : i s i t b e s t to use ” i s c o n v e r t i b l e ” or ” i s same ” here ? (GCC works wi th
i s c o n v e r t i b l e on ly ) .

86 template<typename U>
87 e x p l i c i t br i (U const& o , typename std : : e n a b l e i f <
88 std : : i s c o n v e r t i b l e <typename U: : r t ∗ , R∗> : : va lue
89 && ! enable custom cpy<R> : : va lue
90 , void
91 > : : type∗ p = 0) : r ( ) { r . v = o . r . v ; std : : cout << ”b r i no copy\n” ; }
92

93 template<typename U>
94 e x p l i c i t br i (U const& o , typename std : : e n a b l e i f <
95 std : : i s c o n v e r t i b l e <typename U: : r t ∗ , R∗> : : va lue
96 && enable custom cpy<R> : : va lue
97 , void
98 > : : type∗ p = 0) : r ( o . r ) { std : : cout << ”b r i copy\n” ; }
99 } ;

100 }
101

102 // −−−−−
103

104 namespace cphs t l {
105

106 c l a s s X{
107 pub l i c :
108 s t a t i c const bool enable custom cpy = true ;
109 typedef X copy type ; // t h i s i s a f l a g e a s i l y d e t e c t e d .
110 e x p l i c i t X() {}
111 e x p l i c i t X(X const& other ) {}
112 } ;
113

114 c l a s s Y{
115 pub l i c :
116 e x p l i c i t Y() {}
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117 pr i va t e :
118 e x p l i c i t Y(Y const& other ) ; // d i s a b l e d
119 } ;
120

121 template <typename T>
122 s t r u c t has copy type {
123 typedef char yes ;
124 typedef s t r u c t { char a [ 2 ] ; } no ;
125

126 template <typename U> s t a t i c yes t e s t ( typename U: : copy type const ∗) ;
127 template <typename U> s t a t i c no t e s t ( . . . ) ;
128

129 s t a t i c const bool value = s i z e o f ( t e s t<T>(0) ) == s i z e o f ( yes ) ;
130 } ;
131

132 template <typename R>
133 c l a s s I {
134 template<typename> f r i e nd c l a s s I ;
135 R r ;
136 pub l i c :
137 // s t a t i c cons t b oo l enab l e cu s t om cpy = enab l e cus tom cpy<R> : : v a l u e ;
138 /∗
139 s e t c u s t om cpy
140 ge t cus tom cpy<R> : : v a l u e
141 DEFINE STATIC TEST( enab l e cus tom cpy , f a l s e ) // d e f a u l t
142 DEFINE STATIC TEST( d i s a b l e cu s t om cpy , t rue ) // d e f a u l t
143 ∗/
144 typedef R r type ;
145

146 e x p l i c i t I ( ) {}
147

148 template<typename T>
149 I ( T& other ,
150 typename std : : e n a b l e i f <enable custom cpy<typename T : : r type > : : value , void > : : type∗ = 0
151 ) : r ( other . r ) { std : : cout << ”{ custom cpy}” << std : : endl ; }
152

153 template<typename T>
154 I ( T& other ,
155 typename std : : e n a b l e i f <! enable custom cpy<typename T : : r type > : : value , void > : : type∗ = 0
156 ) : r ( ) { std : : cout << ”{no custom cpy}” << std : : endl ; }
157

158 // e x p l i c i t I ( I cons t& o the r ) : r ( ) { s t d : : cout << ”( nocpy ) ”; }
159 } ;
160 }
161

162 i n t main ( i n t argc , char ∗ argv [ ] ) {
163 uni t tes t has member ( ) ;
164

165 {
166 us ing namespace cphs t l ;
167 X x1 , x2 ( x1 ) ;
168 Y y1 /∗ , f o r b i d d en y2 ( y1 ) because copy c t o r d i s a b l e d ∗/ ;
169 I<X> ix1 , ix2 ( ix1 ) ;
170 I<Y> iy1 , iy2 ( iy1 ) ;
171

172 std : : cout
173 << has copy type<X> : : va lue
174 << ” ” << has copy type<Y> : : va lue
175 << ” ” << has copy type<int > : : va lue
176 << std : : endl ;
177

178 }
179

180 i n t i ( 7 ) ;
181 ptr<int , char> x(& i ) ;
182 ptr<int , char> y (x ) ;
183

184 us ing namespace cphs t l ;
185 typedef bri<int , rea 1<int> > b r i 1 ;
186 typedef bri<int , rea 2<int> > b r i 2 ;
187 b r i 1 b1a ;
188 b r i 1 b1b ( b1a ) ;
189 b r i 2 b2a ;
190 b r i 2 b2b ( b2a ) ;
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191

192 std : : e n a b l e i f <enable custom cpy<rea 2<int> > : : value , void > : : type∗ p = 0 ; p = 0 ;
193

194 std : : cout << ”\nstd : : i s pod<rea 1<int> > : : va lue ” << std : : i s pod<rea 1<int> > : : va lue << ”\n”
;

195 std : : cout << ”std : : i s pod<rea 2<int> > : : va lue ” << std : : i s pod<rea 2<int> > : : va lue << ”\n” ;
196 #i f d e f MSC VER // expe r i emen ta l doesn t work wi th GCC 4 . 4 . 1 :
197 // s t d : : cout << ”\ nha s copy con s t ru c t o r <rea 1<in t> >:: v a l u e ” << ha s copy con s t r u c t o r <

rea 1<in t> >:: v a l u e << ”\n ”;
198 // s t d : : cout << ”ha s copy con s t r u c t o r <rea 2<in t> >:: v a l u e ” << ha s copy con s t r u c t o r <

rea 2<in t> >:: v a l u e << ”\n ”;
199 #end i f
200 std : : cout << ”\nenable custum cpy<rea 1<int> > : : va lue ” << enable custom cpy<rea 1<int> > : :

va lue << ”\n” ;
201 std : : cout << ”enable custom cpy<rea 2<int> > : : va lue ” << enable custom cpy<rea 2<int> > : :

va lue << ”\n” ;
202

203 system ( ”pause ”) ;
204 return 0 ;
205 }
206 /∗
207 MSVC9 outpu t :
208

209 { custom cpy }
210 {no custom cpy }
211 1 0 0
212 r ea 1 empty b r i empty
213 r ea 1 empty b r i no copy
214 r ea 2 empty b r i empty
215 r ea 2 copy b r i copy
216

217 s t d : : i s pod<rea 1<in t> >:: v a l u e 0
218 s t d : : i s pod<rea 2<in t> >:: v a l u e 0
219

220 enab l e cus tum cpy<rea 1<in t> >:: v a l u e 0
221 enab l e cus tom cpy<rea 2<in t> >:: v a l u e 1
222

223

224 I cannot d e t e c t t emp la t ed copy con s t r u c t u r s a f e l y in GCC,
225 GCC4. 4 . 1 ou tpu t :
226

227 { custom cpy }
228 {no custom cpy }
229 1 0 0
230 r ea 1 empty b r i empty
231 // gcc bypa s s e s t h i s miss ing l i n e because o f auto copy c t o r .
232 r ea 2 empty b r i empty
233 r ea 2 copy
234 s t d : : i s pod<rea 1<in t> >:: v a l u e 0
235 s t d : : i s pod<rea 2<in t> >:: v a l u e 0
236

237 enab l e cus tum cpy<rea 1<in t> >:: v a l u e 0
238 enab l e cus tom cpy<rea 2<in t> >:: v a l u e 1
239

240 ∗/

E.6 pq_fw_test.cpp

1 #de f i n e INCLUDE LEAK CHECK
2

3 #inc lude ”m s c f i x . hpp”
4 #inc lude ” a s s e r t . h++”
5

6 const bool c a r e f u l ( true ) ;
7

8 #de f i n e DEBUG
9 #de f i n e UNITTEST MULTIPLE HEAP FRAMEWORK

10 #i f d e f MSC VER
11 #undef main
12 #end i f
13 #de f i n e main pqfw test main
14 #inc lude ”mult ip le−heap−framework . h++”
15 #undef main
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16

17 #inc lude ” d i r e c t h e a p s t o r e . hpp”
18 #inc lude ” h e a p s t o r e c o n f i g . hpp”
19

20

21 #i f d e f MSC VER
22 #d e f i n e main checked main // l e a k checked
23 #end i f
24

25 #inc lude ” s t l−meldable−p r i o r i t y−queue . h++”
26 #inc lude ”node−i t e r a t o r . h++”
27

28 namespace cphs t l {
29

30 template<typename T>
31 std : : s t r i n g b i n s t r (T v ) {
32 const T base = 2 ;
33 std : : s t r i n g r e s ;
34 do { r e s = ”01 ” [ v % base ] + r e s ; v /= base ; } whi le ( v ) ;
35 return r e s ;
36 }
37

38 template<typename T>
39 std : : s t r i n g r e d b i n s t r (T c , T a ) {
40 const T base = 2 ;
41 std : : s t r i n g r e s ;
42 do { r e s = ”012 ” [ ( c % base )+(a % base ) ] + r e s ; c /= base ; a /= base ; } whi le ( c | a ) ;
43 return r e s ;
44 }
45

46 void propa ( redundant binary number base<> & ccd ) {
47 i f ( ccd . car ry ) {
48 redundant binary number base <>:: b i t s c a n n e r bs ( ccd , 0) ;
49 whi le ( ! bs . i s c a r r y ( ) ) bs . n e x t b i t ( ) ;
50 ccd . propagate ( bs . cur rent ( ) ) ;
51 }
52 }
53 void i nkr ( redundant binary number base<> & ccd , unsigned i n t i ) {
54 whi le ( i != 0) {
55 ccd . increment ( ) ;
56 propa ( ccd ) ;
57 −−i ;
58 }
59 }
60

61 void number system demo ( ) {
62 std : : cout << ”\nDemo the number system .\n” ;
63 {
64 redundant binary number base<> ccd ;
65 const unsigned i n t m = 50; //64+32;
66 std : : vector<std : : s t r i ng> v (m+1) ;
67 f o r ( unsigned in t i = 0 ; i != (m+1) ; ++i ) {
68 // s t d : : cout << ” ccd (” << i << ”) : ”
69 // << b i n s t r ( ccd . carry ) << ” , ” << b i n s t r ( ccd . accu )
70 // << ” −> ” << r e d b i n s t r ( ccd . carry , ccd . accu ) << ”\n ”;
71 a s s e r t ( ccd . va lue ( ) == i ) ;
72 v [ i ] = r e d b i n s t r ( ccd . carry , ccd . accu ) ;
73 ccd . increment ( ) ;
74 propa ( ccd ) ;
75 }
76

77 const unsigned i n t n = m/10 ;
78 f o r ( unsigned in t j = 0 ; j != n ; ++j )
79 f o r ( unsigned i n t i = 0 ; i != m; i+= n) {
80 std : : cout << std : : setw (6) << v [ i+j +1] ;
81 std : : cout << ( ( i == (m−n) ) ? ” \\\\ \n” : ” & ”) ;
82 }
83 std : : cout << ”\n\n” ;
84 }
85 {
86 redundant binary number base<> ccd ;
87 const unsigned i n t m = 50; //64+32;
88 std : : vector<std : : s t r i ng> v (m+1) ;
89 f o r ( unsigned in t i = 0 ; i != (m+1) ; ++i ) {
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90 // s t d : : cout << ” ccd (” << i << ”) : ”
91 // << b i n s t r ( ccd . carry ) << ” , ” << b i n s t r ( ccd . accu )
92 // << ” −> ” << r e d b i n s t r ( ccd . carry , ccd . accu ) << ”\n ”;
93 a s s e r t ( ccd . va lue ( ) == i ) ;
94 v [ i ] = r e d b i n s t r ( ccd . carry , ccd . accu ) ;
95 propa ( ccd ) ;
96 ccd . increment ( ) ;
97 }
98

99 const unsigned i n t n = m/10 ;
100 f o r ( unsigned in t j = 0 ; j != n ; ++j )
101 f o r ( unsigned i n t i = 0 ; i != m; i+= n) {
102 std : : cout << std : : setw (6) << v [ i+j +1] ;
103 std : : cout << ( ( i == (m−n) ) ? ” \\\\ \n” : ” & ”) ;
104 }
105 std : : cout << ”\n\n” ;
106 }
107

108 redundant binary number base<> f i v e , twenty ;
109 i nkr ( f i v e , 5 ) ;
110 i nkr ( twenty , 2 0 ) ;
111 std : : cout << ” f i v e : ” << r e d b i n s t r ( f i v e . carry , f i v e . accu )<< ”\n” ;
112 std : : cout << ”twenty : ” << r e d b i n s t r ( twenty . carry , twenty . accu )<< ”\n” ;
113 std : : cout << ”twenty f ive a : ” << r e d b i n s t r ( twenty . carry , twenty . accu+f i v e . car ry+f i v e .

accu )<< ”\n” ;
114 std : : cout << ”twenty f ive b : ” << r e d b i n s t r ( f i v e . carry , f i v e . accu+twenty . car ry+twenty .

accu )<< ”\n” ;
115 std : : cout << ”\n\n” ;
116 }
117

118 void number system test ( ) {
119 std : : cout << ”\nTest the number system .\n” ;
120 redundant binary number base<> ccd ;
121

122 f o r ( unsigned i n t i = 0 ; i != 16 ; ++i ) {
123 std : : cout << ” ccd ( ” << i << ”) : ”
124 << b i n s t r ( ccd . car ry ) << ” , ” << b i n s t r ( ccd . accu )
125 << ” −> ” << r e d b i n s t r ( ccd . carry , ccd . accu ) << ”\n” ;
126 a s s e r t ( ccd . va lue ( ) == i ) ;
127 i f ( ccd . car ry ) {
128 redundant binary number base <>:: b i t s c a n n e r bs ( ccd , 0) ;
129 // s t d : : cout << ” b i t s c a nn e r : ” << bs << ”\n ”;
130 whi le ( ! bs . i s c a r r y ( ) ) bs . n e x t b i t ( ) ;
131 ccd . propagate ( bs . cur rent ( ) ) ;
132 std : : cout << ” b i t s c a n n e r : ” << redundant binary number base <>:: b i t s c a n n e r ( ccd , 0)

<< ”\n” ;
133 }
134 ccd . increment ( ) ;
135 std : : cout << ” b i t s c a n n e r : ” << redundant binary number base <>:: b i t s c a n n e r ( ccd , 0) <<

”\n” ;
136 }
137 f o r ( unsigned i n t i = 16 ; i != 0 ; −−i ) {
138 a s s e r t ( ccd . va lue ( ) == i ) ;
139 ccd . decrement ( ) ;
140 std : : cout << ” b i t s c a n n e r : ” << redundant binary number base <>:: b i t s c a n n e r ( ccd , 0) <<

”\n” ;
141 }
142 }
143

144 namespace pqfw node {
145

146 template <typename Q>
147 void t e s t ( ) {
148 pqfw test<Q> : : sma l l t e s t mu l t i p l e heap f r amework ( ) ;
149 pqfw test<Q> : : b i g t e s t mu l t i p l e heap f r amework ( ) ;
150 }
151

152 template <typename E>
153 s t r u c t p q f w r e a l i s a t o r t e s t {
154 s t a t i c void execute ( char const ∗ f r i end ly type name ) {
155 std : : cout << ”\n\nEncapsulator ’ ” << f r i end ly type name
156 << ” ’ : ” << type id name f ix ( type id (E) ) << ”” ;
157

158 std : : cout << ”\nTest d i r e c t binay ” ;
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159 t e s t<typename hs db s low top<E> : :R>() ;
160

161 std : : cout << ”\nTest i n d i r e c t redundant binay ” ;
162 i f ( node t r a i t s <typename E : : node base type > : : h a s s p l i c e == 0)
163 std : : cout << ”\n skipped because s p l i c e not implemented\n” ;
164 e l s e i f ( node t r a i t s <typename E : : node base type > : : has owner == 0)
165 std : : cout << ”\n skipped because owner not implemented\n” ;
166 e l s e t e s t<typename h s i r <E> : :R>() ;
167 }
168 } ;
169 } // namespace pq fw node
170 } //namespace c p h s t l
171

172

173 void pq fw t e s t ( ) {
174 us ing namespace cphs t l ;
175 us ing namespace pqfw node ;
176

177 number system test ( ) ;
178

179 std : : cout << ”\n\n−−−−− t e s t p r i o r i t y queues\n” ;
180

181 typedef i n t V;
182 typedef std : : l e s s <V> C;
183 typedef std : : a l l o c a t o r <V> A;
184 typedef node conf ig<V,C,A> nc ;
185

186 nc : : execute<p q f w r e a l i s a t o r t e s t >() ; // t e s t a l l node t yp e s
187

188 std : : cout << ”\nTest the slow top . ” ;
189 t e s t<hs db s low top<nc : : bno 3 dv > : :R>() ;
190

191 std : : cout << ”\nTest the f a s t top wrapper . ” ;
192 t e s t<hs db<nc : : bno 3 dv > : :R>() ;
193

194 std : : cout << ”\nTest the Cormen ex t ra c t . ” ;
195 t e s t<hs db<nc : : bno 3 dv > : : R with cormen extract >() ;
196

197 std : : cout << ”\nTest the CPH STL ext ra c t . ” ;
198 t e s t<hs db<nc : : bno 3 dv > : : R w i t h c p h s t l e x t r a c t >() ;
199

200 /∗ // does not work wi th gcc :
201 // t y p e d e f j s p o l i c y < j o i n s c h e d u l e u l t r a l i g h t > j s u ;
202 // t y p e d e f j s p o l i c y < j o i n s c h e d u l e l i g h t > j s l ;
203 // t y p e d e f j s p o l i c y <j o in schedu l e med ium> jsm ;
204 // t y p e d e f j s p o l i c y < j o i n s c h e d u l e f a t > j s f ;
205

206 // s t d : : cout << ”\ nTest the redundant b inary number ( u l t r a l i g h t s c h edu l e ) . ”;
207 // t e s t <hs drbc<nc : : bno 3 dv , j su > : :R>() ;
208

209 // s t d : : cout << ”\ nTest the redundant b inary number ( l i g h t s c h edu l e ) . ”;
210 // t e s t <hs drbc<nc : : bno 3 dv , j s l > : :R>() ;
211

212 // s t d : : cout << ”\ nTest the redundant b inary number (medium schedu l e ) . ”;
213 // t e s t <hs drbc<nc : : bno 3 dv , jsm > : :R>() ;
214

215 // s t d : : cout << ”\ nTest the redundant b inary number ( f a t s c h edu l e ) . ”;
216 // t e s t <hs drbc<nc : : bno 3 dv , j s f > : :R>() ;
217 ∗/
218

219 std : : cout << ”\nTest the redundant binary number ( u l t r a l i g h t schedu le ) . ” ;
220 t e s t<hs drb<nc : : bno 3 dv > : : R js u >() ;
221

222 std : : cout << ”\nTest the redundant binary number ( l i g h t schedu le ) . ” ;
223 t e s t<hs drb<nc : : bno 3 dv > : : R j s l >() ;
224

225 std : : cout << ”\nTest the redundant binary number (medium schedu le ) . ” ;
226 t e s t<hs drb<nc : : bno 3 dv > : : R js m >() ;
227

228 std : : cout << ”\nTest the redundant binary number ( f a t schedu le ) . ” ;
229 t e s t<hs drb<nc : : bno 3 dv > : : R j s f >() ;
230

231

232
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233 /∗ // o l d s t y l e was :
234 t y p e d e f w i t h f a s t t o p <d i r e c t h e a p s t o r e <w facade<
235 w d i r e c t v a l u e <b inomia l node ba se , V, C, A> > >
236 > p q d b bno 3 d v ; // s t d b inomia l queue
237 t y p e d e f mu l t i p l e heap f ramework<V, C, A, w facade<
238 w d i r e c t v a l u e <pwh node base , V, C, A> >
239 > p q i r pwh 3 d v ; // s t d weak queue
240 t e s t <pq db bno 3 dv >() ;
241 t e s t <p q i r pwh 3 d v >() ;
242 ∗/
243

244

245 std : : cout << ”\n\n−−−−− t e s t p r i o r i t y queues\n” ;
246 }
247

248 i n t main ( i n t /∗ argc ∗/ , char ∗∗ /∗ argv ∗/ ) {
249 us ing namespace cphs t l ;
250 us ing namespace pqfw node ;
251

252 // s t d : : cout . r d bu f (0) ; // make cout s i l e n t .
253 pq fw t e s t ( ) ;
254 number system demo ( ) ;
255 system pause ( ) ;
256 return 0 ;
257 }
258

259 #i f d e f NDEBUG
260 #error the t e s t i s u s e l e s without a s s e r t i o n s enabled .
261 #end i f

E.7 pq_node_test.cpp

1 #de f i n e INCLUDE LEAK CHECK
2

3 #inc lude ”m s c f i x . hpp”
4 #inc lude ” a s s e r t . h++”
5

6 const bool c a r e f u l ( f a l s e ) ;
7

8 #inc lude ”encapsu lator−node−t e s t . i++”
9 #inc lude ”node con f i g . hpp”

10

11 namespace cphs t l {
12 namespace pqfw node {
13

14 void pq node t e s t ( ) {
15 std : : cout << ”\n\n−−−−− t e s t node types \n” ;
16

17 typedef node conf ig<char> nc ;
18

19 nc : : execute<encapsu l a to r node t e s t >() ;
20 }
21

22 void p q n o d e s i z e o f t e s t ( ) {
23 // Desc : p r o t e c t y o u r s e l f a g a i n s t a c c i d e n t i a l data members .
24 std : : cout << ”\n\n−−−−− t e s t s i z e o f nodes\n” ;
25 a s s e r t ( s i z e o f ( b inomia l node base ) == 3∗ s i z e o f ( void ∗) ) ;
26 a s s e r t ( s i z e o f ( pwh node base ) == 3∗ s i z e o f ( void ∗) ) ;
27 a s s e r t ( s i z e o f ( l i g h t b i n o m i a l n o d e b a s e ) == 2∗ s i z e o f ( void ∗) ) ;
28 a s s e r t ( s i z e o f ( brown r node<long >) == 2∗ s i z e o f ( void ∗)+s i z e o f ( long ) ) ;
29 a s s e r t ( s i z e o f ( brown k node<long >) == 2∗ s i z e o f ( void ∗)+s i z e o f ( long ) ) ;
30

31 a s s e r t ( s i z e o f ( w d i r e c t va lue<pwh node base , int >) == s i z e o f ( pwh node base )+s i z e o f ( i n t )
) ;

32 a s s e r t ( s i z e o f ( w d i r e c t va lue<pwh node base , int > : : va lue type ) == s i z e o f ( i n t ) ) ;
33 a s s e r t ( s i z e o f ( w ind i r e c t va lu e <pwh node base , long >) == s i z e o f ( void ∗)+s i z e o f ( long ) ) ;
34 a s s e r t ( s i z e o f ( w facade<w di r e c t va lue<pwh node base , int> >)
35 == s i z e o f ( w d i r e c t va lue<pwh node base , int >)) ;
36

37 a s s e r t ( s i z e o f ( b inomia l node base ) == binomia l node base : : f o o t p r i n t ( ) ) ;
38 a s s e r t ( s i z e o f ( pwh node base ) == pwh node base : : f o o t p r i n t ( ) ) ;
39 a s s e r t ( s i z e o f ( l i g h t b i n o m i a l n o d e b a s e ) == l i g h t b i n o m i a l n o d e b a s e : : f o o t p r i n t ( ) ) ;
40 a s s e r t ( s i z e o f ( brown r node<long >) == brown r node<long > : : f o o t p r i n t ( ) ) ;
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41 a s s e r t ( s i z e o f ( brown k node<long >) == brown k node<long > : : f o o t p r i n t ( ) ) ;
42

43 /∗
44 // why wont t h i s compi le ???:
45 a s s e r t ( w facade<w i n d i r e c t v a l u e <pwh node base , in t> >:: f o o t p r i n t ( ) == 0) ;
46 a s s e r t ( w i n d i r e c t v a l u e <pwh node base , in t > : : f o o t p r i n t ( ) == 0) ;
47

48 a s s e r t (
49 w i n d i r e c t v a l u e <pwh node base , in t > : : f o o t p r i n t ( )
50 ==
51 ( s i z e o f ( w i n d i r e c t v a l u e <pwh node base , in t >)
52 +s i z e o f ( w d i r e c t v a l u e <pwh node base , in t >))
53 ) ;
54 ∗/
55 }
56 }
57 }
58 i n t main ( i n t /∗ argc ∗/ , char ∗∗ /∗ argv ∗/ ) {
59 us ing namespace cphs t l ;
60 us ing namespace pqfw node ;
61

62 // s t d : : cout . r d bu f (0) ; // make s t d : : cout s i l e n t .
63

64 p q n o d e s i z e o f t e s t ( ) ;
65 pq node t e s t ( ) ;
66 std : : cout << ”\n\n−−−−− pq node t e s t \n” ;
67 system pause ( ) ;
68 return 0 ;
69 }
70

71 #i f d e f NDEBUG
72 #error the t e s t i s u s e l e s without a s s e r t i o n s enabled .
73 #end i f
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F CPHSTL Branch/Iterator/Code

F.1 bidirectional-monolith-iterator.h++

1 /∗
2 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
3 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
4 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].
5

6 Authors : J y r k i Katajainen , Bo Simonsen , 2006 , 2008
7 ∗/
8

9 #i f n d e f CPHSTL NODE ITERATOR
10 #de f i n e CPHSTL NODE ITERATOR
11

12 #inc lude <cs tdde f> // s t d : : p t r d i f f t
13 #inc lude <iostream> // s t d : : ostream
14 #inc lude < i t e r a t o r > // s t d : : b i d i r e c t i o n a l i t e r a t o r t a g
15 #inc lude <s t r i ng> // s t d : : s t r i n g
16 #inc lude ”type . h++” // c p h s t l : : i f t h e n e l s e
17

18 namespace l eda {
19 template < typename K, typename I , typename C, typename R >
20 c l a s s d i c t i o na r y ;
21 }
22

23 namespace cphs t l {
24

25 /∗ Forward d e c l a r a t i o n s o f con ta ine r c l a s s e s ∗/
26

27 template <typename V, typename A, typename R, typename I , typename J>
28 c l a s s l i s t ;
29

30 template <typename V, typename C, typename A, typename R,
31 typename I , typename J>
32 c l a s s mul t i s e t ;
33

34 template <typename V, typename C, typename A, typename R,
35 typename I , typename J>
36 c l a s s s e t ;
37

38 template <typename K, typename V, typename C, typename A, typename R,
39 typename I , typename J>
40 c l a s s s e t b a s e ;
41

42 template <typename K, typename V, typename C, typename A, typename R,
43 typename I , typename J>
44 c l a s s map ;
45

46 template <typename K, typename V, typename C, typename A, typename R,
47 typename I , typename J>
48 c l a s s map base ;
49

50

51 template <typename V, typename C, typename A, typename E,
52 typename R, typename I , typename J>
53 c l a s s me ldab l e p r i o r i t y queue ;
54

55

56 template <typename N, bool i s c o n s t = f a l s e >
57 c l a s s n o d e i t e r a t o r {
58

59 pub l i c :
60

61 // t yp e s
62

63 typedef std : : b i d i r e c t i o n a l i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
64 typedef typename N: : va lue type va lue type ;
65 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
66

67 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
68 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
69
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70 typedef node i t e r a t o r <N, ! i s c o n s t > complement ;
71 pr i va t e :
72

73 // t yp e s
74

75 typedef typename i f t h e n e l s e <i s c o n s t , N const ∗ , N∗> : : type node po inte r ;
76

77 pub l i c :
78

79 // f r i e n d s
80 f r i e nd c l a s s node i t e r a t o r <N, ! i s c o n s t >;
81

82 template <typename M, bool both>
83 f r i e nd std : : ostream& operator<<(std : : ostream&, node i t e r a t o r <M, both> const&) ;
84

85 template <typename V, typename A, typename R, typename I , typename J>
86 f r i e nd c l a s s cphs t l : : l i s t ;
87

88 template <typename V, typename C, typename A, typename R,
89 typename I , typename J>
90 f r i e nd c l a s s cphs t l : : s e t ;
91

92 template <typename K, typename V, typename C, typename A, typename R,
93 typename I , typename J>
94 f r i e nd c l a s s cphs t l : : s e t b a s e ;
95

96 template <typename V, typename C, typename A, typename R,
97 typename I , typename J>
98 f r i e nd c l a s s cphs t l : : mu l t i s e t ;
99

100 template <typename K, typename V, typename C, typename A,
101 typename R, typename I , typename J>
102 f r i e nd c l a s s cphs t l : : map ;
103

104 template <typename K, typename V, typename C, typename A, typename R,
105 typename I , typename J>
106 f r i e nd c l a s s cphs t l : : map base ;
107

108

109 template <typename V, typename C, typename A, typename E,
110 typename R, typename I , typename J>
111 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
112

113

114 template <typename T1 , typename T2>
115 f r i e nd c l a s s std : : pa i r ;
116

117 template < typename K, typename I , typename C, typename R >
118 f r i e nd c l a s s l eda : : d i c t i o na r y ;
119

120 // s t r u c t o r s
121

122 n o d e i t e r a t o r ( ) ;
123 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&) ;
124 template<typename R>
125 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&, R const&) ;
126 n o d e i t e r a t o r& operator = ( n o d e i t e r a t o r const&) ;
127 ˜ n o d e i t e r a t o r ( ) ;
128

129 // ope ra t o r s
130

131 r e f e r e n c e operator ∗ ( ) const ;
132 po in t e r operator −>() const ;
133 po in t e r operator −>() ;
134 n o d e i t e r a t o r& operator++() ;
135 n o d e i t e r a t o r operator++( i n t ) ;
136 n o d e i t e r a t o r& operator −−() ;
137 n o d e i t e r a t o r operator−−( i n t ) ;
138

139 template <bool both>
140 bool operator == ( node i t e r a t o r <N, both> const&) const ;
141

142 template <bool both>
143 bool operator != ( node i t e r a t o r <N, both> const&) const ;
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144

145 pr i va t e :
146 // conv e r t e r s to be used by the f r i e n d s
147

148 n o d e i t e r a t o r ( node po inte r ) ; // node po in t e r −−> i t e r a t o r
149 operator node po inte r ( ) const ; // i t e r a t o r −−> node po in t e r
150 operator std : : s t r i n g ( ) const ; // i t e r a t o r −−> s t r i n g
151

152 node po inte r l i n k ;
153

154 } ;
155

156 }
157

158 #inc lude ”node−i t e r a t o r . i++” // implements c p h s t l : : n o d e i t e r a t o r
159

160 #end i f

F.2 bidirectional-monolith-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : n o d e i t e r a t o r
3

4 Author : J y r k i Katajainen , Bo Simonsen , Apr i l 2008
5

6 General d e s i gn idea i s proposed by J . Kataja inen and B. Simonsen
7 ∗/
8

9 #inc lude <sstream> // d e f i n e s s t d : : s t r i n g s t r e am
10

11 namespace cphs t l {
12

13 // d e f a u l t c on s t r u c t o r
14

15 template <typename N, bool i s c o n s t >
16 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( )
17 : l i n k (0) {
18 }
19

20 // copy con s t r u c t o r
21

22 template <typename N, bool i s c o n s t >
23 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a )
24 : l i n k ( a . l i n k ) {
25 }
26 template <typename N, bool i s c o n s t >
27 template<typename R>
28 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a , R const&)
29 : l i n k ( a . l i n k ) {
30 }
31

32

33 // ass ignment
34

35 template <typename N, bool i s c o n s t >
36 node i t e r a t o r <N, i s c o n s t>&
37 node i t e r a t o r <N, i s c o n s t > : : operator = ( node i t e r a t o r <N, i s c o n s t > const& a ) {
38 l i n k = a . l i n k ;
39 return ∗ t h i s ;
40 }
41

42 // d e s t r u c t o r
43

44 template <typename N, bool i s c o n s t >
45 node i t e r a t o r <N, i s c o n s t > : :˜ n o d e i t e r a t o r ( ) {
46 }
47

48 // opera to r ∗
49

50 template <typename N, bool i s c o n s t >
51 typename node i t e r a t o r <N, i s c o n s t > : : r e f e r e n c e
52 node i t e r a t o r <N, i s c o n s t > : : operator ∗ ( ) const {
53 return r e f e r e n c e ( (∗ l i n k ) . content ( ) ) ;
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54 }
55

56 // operator−>
57

58 template <typename N, bool i s c o n s t >
59 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
60 node i t e r a t o r <N, i s c o n s t > : : operator −>() const {
61 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
62 }
63

64 template <typename N, bool i s c o n s t >
65 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
66 node i t e r a t o r <N, i s c o n s t > : : operator −>() {
67 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
68 }
69

70 // opera to r++; pre−increment
71

72 template <typename N, bool i s c o n s t >
73 node i t e r a t o r <N, i s c o n s t>&
74 node i t e r a t o r <N, i s c o n s t > : : operator++() {
75 l i n k = (∗ l i n k ) . s u c c e s s o r ( ) ;
76 return ∗ t h i s ;
77 }
78

79 // opera to r++; post−increment
80

81 template <typename N, bool i s c o n s t >
82 node i t e r a t o r <N, i s c o n s t >
83 node i t e r a t o r <N, i s c o n s t > : : operator++( i n t ) {
84 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
85 ++(∗ t h i s ) ;
86 return temporary ;
87 }
88

89 // operator −−; pre−increment
90

91 template <typename N, bool i s c o n s t >
92 node i t e r a t o r <N, i s c o n s t>&
93 node i t e r a t o r <N, i s c o n s t > : : operator −−() {
94 l i n k = (∗ l i n k ) . p r edece s so r ( ) ;
95 return ∗ t h i s ;
96 }
97

98 // operator −−; post−increment
99

100 template <typename N, bool i s c o n s t >
101 node i t e r a t o r <N, i s c o n s t >
102 node i t e r a t o r <N, i s c o n s t > : : operator−−( i n t ) {
103 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
104 −−(∗ t h i s ) ;
105 return temporary ;
106 }
107

108 // opera to r ==
109

110 template <typename N, bool i s c o n s t >
111 template <bool both>
112 bool
113 node i t e r a t o r <N, i s c o n s t > : : operator == ( node i t e r a t o r <N, both> const& a ) const {
114 return l i n k == a . l i n k ;
115 }
116

117 // opera to r !=
118

119 template <typename N, bool i s c o n s t >
120 template <bool both>
121 bool
122 node i t e r a t o r <N, i s c o n s t > : : operator != ( node i t e r a t o r <N, both> const& a ) const {
123 return l i n k != a . l i n k ;
124 }
125

126 // parametr i z ed c on s t r u c t o r ( node −> i t e r a t o r )
127
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128 template <typename N, bool both>
129 node i t e r a t o r <N, both > : : n o d e i t e r a t o r ( node po inte r p)
130 : l i n k (p) {
131 }
132

133 // conver s i on ope ra t o r s ( i t e r a t o r −> node )
134

135 template <typename N, bool i s c o n s t >
136 node i t e r a t o r <N, i s c o n s t > : : operator node po inte r ( ) const {
137 return l i n k ;
138 }
139

140 // conver s i on opera to r (makes i t p o s s i b l e to p r i n t out an i t e r a t o r )
141

142 template <typename N, bool i s c o n s t >
143 node i t e r a t o r <N, i s c o n s t > : : operator std : : s t r i n g ( ) const {
144 std : : s t r ing s t r eam ss ;
145 std : : s t r i n g address ;
146 s s << ( i n t ) ( char ∗) ( (∗ t h i s ) . l i n k ) ;
147 s s >> address ;
148

149 i f ( i s c o n s t == f a l s e ) {
150 return std : : s t r i n g ( ” i t e r a t o r : node at ”) + address ;
151 }
152 e l s e {
153 return std : : s t r i n g ( ” c o n s t i t e r a t o r : node at ”) + address ;
154 }
155 }
156

157 // r e p r e s e n t a t i o n
158

159 template <typename N, bool both>
160 std : : ostream&
161 operator<<(std : : ostream& s , node i t e r a t o r <N, both> const& i ) {
162 s << std : : s t r i n g ( i ) ;
163 return s ;
164 }
165

166 }

F.3 node-iterator.h++

1 /∗
2 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
3 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
4 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].
5

6 Authors : J y r k i Katajainen , Bo Simonsen , 2006 , 2008
7 ∗/
8

9 #i f n d e f CPHSTL NODE ITERATOR
10 #de f i n e CPHSTL NODE ITERATOR
11

12 #inc lude <cs tdde f> // s t d : : p t r d i f f t
13 #inc lude <iostream> // s t d : : ostream
14 #inc lude < i t e r a t o r > // s t d : : b i d i r e c t i o n a l i t e r a t o r t a g
15 #inc lude <s t r i ng> // s t d : : s t r i n g
16 #inc lude ”type . h++” // c p h s t l : : i f t h e n e l s e
17

18 namespace l eda {
19 template < typename K, typename I , typename C, typename R >
20 c l a s s d i c t i o na r y ;
21 }
22

23 namespace cphs t l {
24

25 /∗ Forward d e c l a r a t i o n s o f con ta ine r c l a s s e s ∗/
26

27 template <typename V, typename A, typename R, typename I , typename J>
28 c l a s s l i s t ;
29

30 template <typename V, typename C, typename A, typename R,
31 typename I , typename J>
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32 c l a s s mul t i s e t ;
33

34 template <typename V, typename C, typename A, typename R,
35 typename I , typename J>
36 c l a s s s e t ;
37

38 template <typename K, typename V, typename C, typename A, typename R,
39 typename I , typename J>
40 c l a s s s e t b a s e ;
41

42 template <typename K, typename V, typename C, typename A, typename R,
43 typename I , typename J>
44 c l a s s map ;
45

46 template <typename K, typename V, typename C, typename A, typename R,
47 typename I , typename J>
48 c l a s s map base ;
49

50

51 template <typename V, typename C, typename A, typename E,
52 typename R, typename I , typename J>
53 c l a s s me ldab l e p r i o r i t y queue ;
54

55 template <typename CFG>
56 c l a s s m e l d a b l e p r i o r i t y q u e u e a l t ;
57

58 template <typename N, bool i s c o n s t = f a l s e >
59 c l a s s n o d e i t e r a t o r {
60

61 pub l i c :
62

63 // t yp e s
64

65 typedef std : : b i d i r e c t i o n a l i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
66 typedef typename N: : va lue type va lue type ;
67 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
68

69 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
70 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
71

72 typedef node i t e r a t o r <N, ! i s c o n s t > complement ;
73 pr i va t e :
74

75 // t yp e s
76

77 typedef typename i f t h e n e l s e <i s c o n s t , N const ∗ , N∗> : : type node po inte r ;
78

79 pub l i c :
80

81 // f r i e n d s
82 f r i e nd c l a s s node i t e r a t o r <N, ! i s c o n s t >;
83

84 template <typename M, bool both>
85 f r i e nd std : : ostream& operator<<(std : : ostream&, node i t e r a t o r <M, both> const&) ;
86

87 template <typename V, typename A, typename R, typename I , typename J>
88 f r i e nd c l a s s cphs t l : : l i s t ;
89

90 template <typename V, typename C, typename A, typename R,
91 typename I , typename J>
92 f r i e nd c l a s s cphs t l : : s e t ;
93

94 template <typename K, typename V, typename C, typename A, typename R,
95 typename I , typename J>
96 f r i e nd c l a s s cphs t l : : s e t b a s e ;
97

98 template <typename V, typename C, typename A, typename R,
99 typename I , typename J>

100 f r i e nd c l a s s cphs t l : : mu l t i s e t ;
101

102 template <typename K, typename V, typename C, typename A,
103 typename R, typename I , typename J>
104 f r i e nd c l a s s cphs t l : : map ;
105
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106 template <typename K, typename V, typename C, typename A, typename R,
107 typename I , typename J>
108 f r i e nd c l a s s cphs t l : : map base ;
109

110

111 template <typename V, typename C, typename A, typename E,
112 typename R, typename I , typename J>
113 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
114

115 template <typename CFG>
116 f r i e nd c l a s s cphs t l : : m e l d a b l e p r i o r i t y q u e u e a l t ;
117

118

119 template <typename T1 , typename T2>
120 f r i e nd c l a s s std : : pa i r ;
121

122 template < typename K, typename I , typename C, typename R >
123 f r i e nd c l a s s l eda : : d i c t i o na r y ;
124

125 // s t r u c t o r s
126

127 n o d e i t e r a t o r ( ) ;
128 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&) ;
129 template<typename R>
130 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&, R const&) ;
131 n o d e i t e r a t o r& operator = ( n o d e i t e r a t o r const&) ;
132 ˜ n o d e i t e r a t o r ( ) ;
133

134 // ope ra t o r s
135

136 r e f e r e n c e operator ∗ ( ) const ;
137 po in t e r operator −>() const ;
138 po in t e r operator −>() ;
139 n o d e i t e r a t o r& operator++() ;
140 n o d e i t e r a t o r operator++( i n t ) ;
141 n o d e i t e r a t o r& operator −−() ;
142 n o d e i t e r a t o r operator−−( i n t ) ;
143

144 template <bool both>
145 bool operator == ( node i t e r a t o r <N, both> const&) const ;
146

147 template <bool both>
148 bool operator != ( node i t e r a t o r <N, both> const&) const ;
149

150 pr i va t e :
151 // conv e r t e r s to be used by the f r i e n d s
152

153 n o d e i t e r a t o r ( node po inte r ) ; // node po in t e r −−> i t e r a t o r
154 operator node po inte r ( ) const ; // i t e r a t o r −−> node po in t e r
155 operator std : : s t r i n g ( ) const ; // i t e r a t o r −−> s t r i n g
156

157 node po inte r l i n k ;
158

159 } ;
160

161 }
162

163 #inc lude ”node−i t e r a t o r . i++” // implements c p h s t l : : n o d e i t e r a t o r
164

165 #end i f

F.4 node-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : n o d e i t e r a t o r
3

4 Author : J y r k i Katajainen , Bo Simonsen , Apr i l 2008
5

6 General d e s i gn idea i s proposed by J . Kataja inen and B. Simonsen
7 ∗/
8

9 #inc lude <sstream> // d e f i n e s s t d : : s t r i n g s t r e am
10
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11 namespace cphs t l {
12

13 // d e f a u l t c on s t r u c t o r
14

15 template <typename N, bool i s c o n s t >
16 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( )
17 : l i n k (0) {
18 }
19

20 // copy con s t r u c t o r
21

22 template <typename N, bool i s c o n s t >
23 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a )
24 : l i n k ( a . l i n k ) {
25 }
26 template <typename N, bool i s c o n s t >
27 template<typename R>
28 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a , R const&)
29 : l i n k ( a . l i n k ) {
30 }
31

32

33 // ass ignment
34

35 template <typename N, bool i s c o n s t >
36 node i t e r a t o r <N, i s c o n s t>&
37 node i t e r a t o r <N, i s c o n s t > : : operator = ( node i t e r a t o r <N, i s c o n s t > const& a ) {
38 l i n k = a . l i n k ;
39 return ∗ t h i s ;
40 }
41

42 // d e s t r u c t o r
43

44 template <typename N, bool i s c o n s t >
45 node i t e r a t o r <N, i s c o n s t > : :˜ n o d e i t e r a t o r ( ) {
46 }
47

48 // opera to r ∗
49

50 template <typename N, bool i s c o n s t >
51 typename node i t e r a t o r <N, i s c o n s t > : : r e f e r e n c e
52 node i t e r a t o r <N, i s c o n s t > : : operator ∗ ( ) const {
53 return r e f e r e n c e ( (∗ l i n k ) . content ( ) ) ;
54 }
55

56 // operator−>
57

58 template <typename N, bool i s c o n s t >
59 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
60 node i t e r a t o r <N, i s c o n s t > : : operator −>() const {
61 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
62 }
63

64 template <typename N, bool i s c o n s t >
65 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
66 node i t e r a t o r <N, i s c o n s t > : : operator −>() {
67 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
68 }
69

70 // opera to r++; pre−increment
71

72 template <typename N, bool i s c o n s t >
73 node i t e r a t o r <N, i s c o n s t>&
74 node i t e r a t o r <N, i s c o n s t > : : operator++() {
75 l i n k = (∗ l i n k ) . s u c c e s s o r ( ) ;
76 return ∗ t h i s ;
77 }
78

79 // opera to r++; post−increment
80

81 template <typename N, bool i s c o n s t >
82 node i t e r a t o r <N, i s c o n s t >
83 node i t e r a t o r <N, i s c o n s t > : : operator++( i n t ) {
84 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
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85 ++(∗ t h i s ) ;
86 return temporary ;
87 }
88

89 // operator −−; pre−increment
90

91 template <typename N, bool i s c o n s t >
92 node i t e r a t o r <N, i s c o n s t>&
93 node i t e r a t o r <N, i s c o n s t > : : operator −−() {
94 l i n k = (∗ l i n k ) . p r edece s so r ( ) ;
95 return ∗ t h i s ;
96 }
97

98 // operator −−; post−increment
99

100 template <typename N, bool i s c o n s t >
101 node i t e r a t o r <N, i s c o n s t >
102 node i t e r a t o r <N, i s c o n s t > : : operator−−( i n t ) {
103 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
104 −−(∗ t h i s ) ;
105 return temporary ;
106 }
107

108 // opera to r ==
109

110 template <typename N, bool i s c o n s t >
111 template <bool both>
112 bool
113 node i t e r a t o r <N, i s c o n s t > : : operator == ( node i t e r a t o r <N, both> const& a ) const {
114 return l i n k == a . l i n k ;
115 }
116

117 // opera to r !=
118

119 template <typename N, bool i s c o n s t >
120 template <bool both>
121 bool
122 node i t e r a t o r <N, i s c o n s t > : : operator != ( node i t e r a t o r <N, both> const& a ) const {
123 return l i n k != a . l i n k ;
124 }
125

126 // parametr i z ed c on s t r u c t o r ( node −> i t e r a t o r )
127

128 template <typename N, bool both>
129 node i t e r a t o r <N, both > : : n o d e i t e r a t o r ( node po inte r p)
130 : l i n k (p) {
131 }
132

133 // conver s i on ope ra t o r s ( i t e r a t o r −> node )
134

135 template <typename N, bool i s c o n s t >
136 node i t e r a t o r <N, i s c o n s t > : : operator node po inte r ( ) const {
137 return l i n k ;
138 }
139

140 // conver s i on opera to r (makes i t p o s s i b l e to p r i n t out an i t e r a t o r )
141

142 template <typename N, bool i s c o n s t >
143 node i t e r a t o r <N, i s c o n s t > : : operator std : : s t r i n g ( ) const {
144 std : : s t r ing s t r eam ss ;
145 std : : s t r i n g address ;
146 s s << ( i n t ) ( char ∗) ( (∗ t h i s ) . l i n k ) ;
147 s s >> address ;
148

149 i f ( i s c o n s t == f a l s e ) {
150 return std : : s t r i n g ( ” i t e r a t o r : node at ”) + address ;
151 }
152 e l s e {
153 return std : : s t r i n g ( ” c o n s t i t e r a t o r : node at ”) + address ;
154 }
155 }
156

157 // r e p r e s e n t a t i o n
158
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159 template <typename N, bool both>
160 std : : ostream&
161 operator<<(std : : ostream& s , node i t e r a t o r <N, both> const& i ) {
162 s << std : : s t r i n g ( i ) ;
163 return s ;
164 }
165

166 }

F.5 priority-queue-iterator.h++

1 /∗
2 An i t e r a t o r to be used in our p r i o r i t y −queue framework . Each
3 p r i o r i t y queue i s a queue o f p e r f e c t components . An i t e r a t o r ho l d s a
4 po i n t e r to a node . To acce s s the nex t node , we c a l l t h e su c c e s s o r
5 f o r the g i v en node ; i f t h e node has no suc c e s s o r in i t s cur r en t
6 component , t he f i r s t node ( i f any ) in the f o l l o w i n g component i s
7 re turned .
8

9 Observe t h a t f o r me ldab l e s t r u c t u r e s on ly u n i d i r e c t i o n a l i t e r a t o r s
10 can be suppor t ed ! Therefore , operator−− i s not p rov ided .
11

12 Author : J y r k i Kataja inen Âc© 2009
13 ∗/
14

15 #i f n d e f CPHSTL PRIRIOTY QUEUE ITERATOR
16 #de f i n e CPHSTL PRIRIOTY QUEUE ITERATOR
17

18 #inc lude <cs tdde f> // s t d : : p t r d i f f t
19 #inc lude <iostream> // s t d : : ostream
20 #inc lude < i t e r a t o r > // s t d : : f o r w a r d i t e r a t o r t a g
21 #inc lude <s t r i ng> // s t d : : s t r i n g
22

23 namespace {
24

25 // i f s ta t ement f o r compi le−t ime meta−programming
26

27 template <bool , typename T, typename U>
28 c l a s s i f t h e n e l s e ;
29

30 template <typename T, typename U>
31 c l a s s i f t h e n e l s e <true , T, U> {
32 pub l i c :
33 typedef T type ;
34 } ;
35

36 template <typename T, typename U>
37 c l a s s i f t h e n e l s e <f a l s e , T, U> {
38 pub l i c :
39 typedef U type ;
40 } ;
41 }
42

43 namespace cphs t l {
44

45 template <typename V, typename C, typename A, typename F,
46 typename R, typename I , typename J>
47 c l a s s me ldab l e p r i o r i t y queue ;
48

49 template <typename CFG>
50 c l a s s m e l d a b l e p r i o r i t y q u e u e a l t ;
51

52 template <typename E, typename R, bool i s c o n s t = f a l s e >
53 c l a s s p r i o r i t y q u e u e i t e r a t o r {
54 pub l i c :
55

56 // t yp e s
57

58 typedef std : : f o r w a r d i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
59 typedef E encapsu la to r type ;
60 typedef R r e a l i z a t o r t y p e ;
61 typedef typename E : : va lue type va lue type ;
62 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
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63

64 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
65 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
66

67 typedef p r i o r i t y q u e u e i t e r a t o r <E, R, ! i s c o n s t > complement ;
68

69 pr i va t e :
70

71 typedef typename i f t h e n e l s e <i s c o n s t , E const ∗ , E∗> : : type node po inte r ;
72

73 pub l i c :
74

75 // f r i e n d s
76

77 f r i e nd c l a s s p r i o r i t y q u e u e i t e r a t o r <E, R, ! i s c o n s t >;
78

79 template <typename F, typename Q, bool both>
80 f r i e nd std : : ostream& operator<<(std : : ostream&, p r i o r i t y q u e u e i t e r a t o r <F, Q, both> const

&) ;
81

82 template <typename V, typename C, typename A, typename F, typename S ,
83 typename I , typename J>
84 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
85

86 template <typename CFG>
87 f r i e nd c l a s s cphs t l : : m e l d a b l e p r i o r i t y q u e u e a l t ;
88

89 // s t r u c t o r s
90

91 p r i o r i t y q u e u e i t e r a t o r ( ) ;
92 p r i o r i t y q u e u e i t e r a t o r ( p r i o r i t y q u e u e i t e r a t o r <E, R, f a l s e > const&) ;
93 p r i o r i t y q u e u e i t e r a t o r& operator = ( p r i o r i t y q u e u e i t e r a t o r const&) ;
94 ˜ p r i o r i t y q u e u e i t e r a t o r ( ) ;
95

96 // ope ra t o r s
97

98 r e f e r e n c e operator ∗ ( ) const ;
99 po in t e r operator −>() const ;

100 po in t e r operator −>() ;
101 p r i o r i t y q u e u e i t e r a t o r& operator++() ;
102 p r i o r i t y q u e u e i t e r a t o r operator++( i n t ) ;
103 p r i o r i t y q u e u e i t e r a t o r& operator −−() ;
104 p r i o r i t y q u e u e i t e r a t o r operator−−( i n t ) ;
105

106 template <bool both>
107 bool operator == ( p r i o r i t y q u e u e i t e r a t o r <E, R, both> const&) const ;
108

109 template <bool both>
110 bool operator != ( p r i o r i t y q u e u e i t e r a t o r <E, R, both> const&) const ;
111

112 pr i va t e :
113

114 // conv e r t e r s to be used by the f r i e n d s
115

116 p r i o r i t y q u e u e i t e r a t o r ( node po inter , R∗) ;
117 operator node po inte r ( ) const ;
118 operator std : : s t r i n g ( ) const ;
119

120 node po inte r l i n k ;
121 } ;
122 }
123

124 #inc lude ” p r i o r i t y−queue−i t e r a t o r . i++”
125 #end i f

F.6 priority-queue-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : p r i o r i t y q u e u e i t e r a t o r
3

4 Author : J y r k i Kataja inen Âc© 2009 , 2010
5 ∗/
6
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7 #inc lude ” a s s e r t . h++”
8 #inc lude <sstream> // d e f i n e s s t d : : s t r i n g s t r e am
9

10 namespace cphs t l {
11

12 // d e f a u l t c on s t r u c t o r
13

14 template <typename E, typename R, bool i s c o n s t >
15 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : p r i o r i t y q u e u e i t e r a t o r ( )
16 : l i n k (0) {
17 }
18

19 // copy con s t r u c t o r
20

21 template <typename E, typename R, bool i s c o n s t >
22 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : p r i o r i t y q u e u e i t e r a t o r ( p r i o r i t y q u e u e i t e r a t o r <E,

R, f a l s e > const& a )
23 : l i n k ( a . l i n k ) {
24 }
25

26 // ass ignment
27

28 template <typename E, typename R, bool i s c o n s t >
29 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t>&
30 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator = ( p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t

> const& a ) {
31 l i n k = a . l i n k ;
32 return ∗ t h i s ;
33 }
34

35 // d e s t r u c t o r
36

37 template <typename E, typename R, bool i s c o n s t >
38 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : :˜ p r i o r i t y q u e u e i t e r a t o r ( ) {
39 }
40

41 // opera to r ∗
42

43 template <typename E, typename R, bool i s c o n s t >
44 typename p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : r e f e r e n c e
45 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator ∗ ( ) const {
46 return r e f e r e n c e ( (∗ l i n k ) . element ( ) ) ;
47 }
48

49 // operator−>
50

51 template <typename E, typename R, bool i s c o n s t >
52 typename p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : po in t e r
53 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator −>() const {
54 return po in t e r (&(∗ l i n k ) . element ( ) ) ;
55 }
56

57 // opera to r++; pre−increment
58

59 template <typename E, typename R, bool i s c o n s t >
60 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t>&
61 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator++() {
62 a s s e r t ( l i n k != 0) ;
63 node po inte r s = (∗ l i n k ) . s u c c e s s o r ( ) ;
64 i f ( s != 0) {
65 l i n k = s ;
66 return ∗ t h i s ;
67 }
68 node po inte r r = (∗ l i n k ) . root ( ) ;
69 typedef typename R : : heap s to r e type H;
70 typedef typename H: : heap proxy type P;
71 P∗ p = (P∗) (∗ r ) . owner ( ) ;
72 P∗ q = (∗p) . s u c c e s s o r ( ) ;
73 i f ( q == 0) {
74 l i n k = 0 ;
75 return ∗ t h i s ;
76 }
77 l i n k = (∗q ) . root ( ) ;
78 return ∗ t h i s ;
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79 }
80

81 // opera to r++; post−increment
82

83 template <typename E, typename R, bool i s c o n s t >
84 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t >
85 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator++( i n t ) {
86 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > temporary (∗ t h i s ) ;
87 ++(∗ t h i s ) ;
88 return temporary ;
89 }
90

91 // opera to r ==
92

93 template <typename E, typename R, bool i s c o n s t >
94 template <bool both>
95 bool
96 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator == ( p r i o r i t y q u e u e i t e r a t o r <E, R, both>

const& a ) const {
97 return l i n k == a . l i n k ;
98 }
99

100 // opera to r !=
101

102 template <typename E, typename R, bool i s c o n s t >
103 template <bool both>
104 bool
105 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator != ( p r i o r i t y q u e u e i t e r a t o r <E, R, both>

const& a ) const {
106 return l i n k != a . l i n k ;
107 }
108

109 // parametr i z ed c on s t r u c t o r
110

111 template <typename E, typename R, bool both>
112 p r i o r i t y q u e u e i t e r a t o r <E, R, both > : : p r i o r i t y q u e u e i t e r a t o r ( node po inte r p , R∗)
113 : l i n k (p) {
114 }
115

116 // conver s i on ope ra t o r s
117

118 template <typename E, typename R, bool i s c o n s t >
119 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator node po inte r ( ) const {
120 return l i n k ;
121 }
122

123 template <typename E, typename R, bool i s c o n s t >
124 p r i o r i t y q u e u e i t e r a t o r <E, R, i s c o n s t > : : operator std : : s t r i n g ( ) const {
125 std : : s t r ing s t r eam ss ;
126 std : : s t r i n g address ;
127 s s << ( i n t ) ( char ∗) ( (∗ t h i s ) . l i n k ) ;
128 s s >> address ;
129

130 i f ( i s c o n s t == f a l s e ) {
131 return std : : s t r i n g ( ” i t e r a t o r : node at ”) + address ;
132 }
133 e l s e {
134 return std : : s t r i n g ( ” c o n s t i t e r a t o r : node at ”) + address ;
135 }
136 }
137

138 // p ipe to an ou tpu t stream
139

140 template <typename E, typename R, bool both>
141 std : : ostream&
142 operator<<(std : : ostream& s , p r i o r i t y q u e u e i t e r a t o r <E, R, both> const& i ) {
143 s << std : : s t r i n g ( i ) ;
144 return s ;
145 }
146

147 }

F.7 proxy-iterator.h++
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1 /∗
2 The proxy i t e r a t o r s t o r e s a po i n t e r to an encap su l a t o r and a po i n t e r
3 to a su r r o ga t e . The po i n t e r to the encap su l a t o r r e p r e s e n t s the
4 cur r en t p o s i t i o n from where the va l u e can be f e t c h e d . The su r r o ga t e
5 po i n t s to a k e rn e l . The su r r o ga t e i s used to advance the i t e r a t o r ,
6 where the acce s s member f unc t i on i s c a l l e d to g e t a po i n t e r to the
7 d e s i r e d encap su l a t o r .
8

9 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
10 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
11 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].
12

13 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008 , 2010
14 ∗/
15

16 #i f n d e f CPHSTL PROXY ITERATOR
17 #de f i n e CPHSTL PROXY ITERATOR
18

19 #inc lude <cs tdde f> // s t d : : s i z e t and s t d : : p t r d i f f t
20 #inc lude < i t e r a t o r > // s t d : : r a n d om a c c e s s i t e r a t o r t a g
21 #inc lude ”type . h++” // c p h s t l : : i f t h e n e l s e
22 #inc lude <u t i l i t y > // s t d : : pa i r
23

24 namespace cphs t l {
25

26 template <typename V, typename A, typename K, typename I , typename J>
27 c l a s s vector ;
28

29 template <typename V, typename A, typename K>
30 c l a s s vector framework ;
31

32 template <typename V, typename C, typename A, typename F, typename R,
33 typename I , typename J>
34 c l a s s me ldab l e p r i o r i t y queue ;
35

36 template <typename CFG>
37 c l a s s m e l d a b l e p r i o r i t y q u e u e a l t ;
38

39 template <typename E, typename R, bool i s c o n s t = f a l s e >
40 c l a s s p r o x y i t e r a t o r {
41 pub l i c :
42

43 // t yp e s
44

45 typedef E encapsu la to r type ;
46 typedef R r e a l i z a t o r t y p e ;
47 typedef std : : r a n d o m a c c e s s i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
48 typedef typename E : : va lue type va lue type ;
49 typedef std : : s i z e t s i z e t y p e ;
50 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
51 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
52 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
53

54 protected :
55

56 // t yp e s
57

58 typedef typename R : : su r r oga t e type su r roga t e type ;
59 typedef typename i f t h e n e l s e <i s c o n s t , E const ∗ , E∗> : : type node po inte r ;
60

61 pub l i c :
62

63 // f r i e n d s
64

65 f r i e nd c l a s s proxy i t e r a t o r <E, R, ! i s c o n s t >;
66

67 template <typename V, typename A, typename K, typename I , typename J>
68 f r i e nd c l a s s cphs t l : : vec to r ;
69

70 template <typename V, typename A, typename K>
71 f r i e nd c l a s s cphs t l : : vector f ramework ;
72

73 template <typename V, typename C, typename A, typename F, typename S ,
74 typename I , typename J>
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75 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
76

77 template <typename CFG>
78 f r i e nd c l a s s cphs t l : : m e l d a b l e p r i o r i t y q u e u e a l t ;
79

80 // s t r u c t o r s
81

82 p r o x y i t e r a t o r ( ) ;
83 p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, f a l s e > const&) ;
84 p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, true> const&) ;
85 p r o x y i t e r a t o r& operator = ( p r o x y i t e r a t o r const&) ;
86 ˜ p r o x y i t e r a t o r ( ) ;
87

88 // ope ra t o r s
89

90 r e f e r e n c e operator ∗ ( ) const ;
91 po in t e r operator −>() const ;
92 p r o x y i t e r a t o r& operator++() ;
93 p r o x y i t e r a t o r operator++( i n t ) ;
94 p r o x y i t e r a t o r& operator −−() ;
95 p r o x y i t e r a t o r operator−−( i n t ) ;
96 p r o x y i t e r a t o r& operator+= ( d i f f e r e n c e t y p e ) ;
97 p r o x y i t e r a t o r& operator−= ( d i f f e r e n c e t y p e ) ;
98 p r o x y i t e r a t o r operator+( d i f f e r e n c e t y p e ) const ;
99 p r o x y i t e r a t o r operator −( d i f f e r e n c e t y p e ) const ;

100 d i f f e r e n c e t y p e operator −( p r o x y i t e r a t o r const&) const ;
101

102 template <bool both>
103 bool operator == ( proxy i t e r a t o r <E, R, both> const&) const ;
104

105 template <bool both>
106 bool operator != ( p roxy i t e r a t o r <E, R, both> const&) const ;
107

108 template <bool both>
109 bool operator <( p r oxy i t e r a t o r <E, R, both> const&) const ;
110

111 template <bool both>
112 bool operator >( p r oxy i t e r a t o r <E, R, both> const&) const ;
113

114 template <bool both>
115 bool operator <= ( proxy i t e r a t o r <E, R, both> const&) const ;
116

117 template <bool both>
118 bool operator >= ( proxy i t e r a t o r <E, R, both> const&) const ;
119

120 protected :
121

122 // conv e r t e r s to be used by the con ta ine r f r i e n d s
123

124 p r o x y i t e r a t o r ( node po inter , R∗) ;
125 operator node po inte r ( ) const ;
126

127 template <typename S>
128 p r o x y i t e r a t o r ( std : : pair<S , su r roga t e type∗> const&) ;
129

130 template <typename S>
131 operator std : : pair<S , su r roga t e type ∗>() const ;
132

133 void advance ( d i f f e r e n c e t y p e n) ;
134

135 node po inte r p o s i t i o n ;
136 su r r oga t e type ∗ su r roga te ;
137 } ;
138

139 template<typename E, typename R, bool both>
140 proxy i t e r a t o r <E, R, both>
141 operator+(std : : p t r d i f f t , p r oxy i t e r a t o r <E, R, both> const&) ;
142

143 }
144

145 #inc lude ”proxy−i t e r a t o r . i++” // implements c p h s t l : : p r o x y i t e r a t o r
146

147 #end i f

198



F.8 proxy-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : p r o x y i t e r a t o r
3

4 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008 , 2010
5 ∗/
6

7 #inc lude ” a s s e r t . h++”
8 #inc lude ”proxy−i t e r a t o r . h++” // ! ! !
9 #inc lude <c s t d l i b >

10 #inc lude <iostream>
11

12 namespace cphs t l {
13

14 // d e f a u l t c on s t r u c t o r
15

16 template <typename E, typename R, bool i s c o n s t >
17 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( )
18 : p o s i t i o n ( node po inte r ( ) ) , su r roga te (0 ) {
19 }
20

21 // copy con s t r u c t o r
22

23 template <typename E, typename R, bool i s c o n s t >
24 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, f a l s e > const& a )
25 : p o s i t i o n ( a . p o s i t i o n ) , su r rogate ( a . su r roga te ) {
26 }
27

28 template <typename E, typename R, bool i s c o n s t >
29 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, true> const& a )
30 : p o s i t i o n ( a . p o s i t i o n ) , su r rogate ( a . su r roga te ) {
31 }
32

33 // ass ignment
34

35 template <typename E, typename R, bool i s c o n s t >
36 proxy i t e r a t o r <E, R, i s c o n s t>&
37 proxy i t e r a t o r <E, R, i s c o n s t > : : operator = ( proxy i t e r a t o r <E, R, i s c o n s t > const& a ) {
38 p o s i t i o n = a . p o s i t i o n ;
39 su r roga te = a . su r roga te ;
40 return ∗ t h i s ;
41 }
42

43 // d e s t r u c t o r
44

45 template <typename E, typename R, bool i s c o n s t >
46 proxy i t e r a t o r <E, R, i s c o n s t > : :˜ p r o x y i t e r a t o r ( ) {
47 }
48

49 // opera to r ∗
50

51 template <typename E, typename R, bool i s c o n s t >
52 typename proxy i t e r a t o r <E, R, i s c o n s t > : : r e f e r e n c e
53 proxy i t e r a t o r <E, R, i s c o n s t > : : operator ∗ ( ) const {
54 return r e f e r e n c e ( (∗ p o s i t i o n ) . element ( ) ) ;
55 }
56

57 // operator−>
58

59 template <typename E, typename R, bool i s c o n s t >
60 typename proxy i t e r a t o r <E, R, i s c o n s t > : : po in t e r
61 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −>() const {
62 return po in t e r (&(∗ p o s i t i o n ) . element ( ) ) ;
63 }
64

65 template <typename E, typename R, bool i s c o n s t >
66 void
67 proxy i t e r a t o r <E, R, i s c o n s t > : : advance ( d i f f e r e n c e t y p e n) {
68 i f (n == 0) {
69 return ;
70 }
71 su r r oga t e type s = ∗ su r roga te ;
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72 i f ( p o s i t i o n == 0) {
73 d i f f e r e n c e t y p e i = s . sub j e c t ( )−>s i z e ( ) + n ;
74 p o s i t i o n = s . a c c e s s ( i ) ;
75 }
76 e l s e {
77 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) + n ;
78 i f ( i >= d i f f e r e n c e t y p e ( s . sub j e c t ( )−>s i z e ( ) ) | | i < 0) {
79 p o s i t i o n = 0 ;
80 }
81 e l s e {
82 p o s i t i o n = s . a c c e s s ( i ) ;
83 }
84 }
85 }
86

87 // opera to r++; pre−increment
88

89 template <typename E, typename R, bool i s c o n s t >
90 proxy i t e r a t o r <E, R, i s c o n s t>&
91 proxy i t e r a t o r <E, R, i s c o n s t > : : operator++() {
92 advance (1) ;
93 return ∗ t h i s ;
94 }
95

96 // opera to r++; post−increment
97

98 template <typename E, typename R, bool i s c o n s t >
99 proxy i t e r a t o r <E, R, i s c o n s t >

100 proxy i t e r a t o r <E, R, i s c o n s t > : : operator++( i n t ) {
101 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
102 advance (1) ;
103 return temporary ;
104 }
105

106 // operator −−; pre−decrement
107

108 template <typename E, typename R, bool i s c o n s t >
109 proxy i t e r a t o r <E, R, i s c o n s t>&
110 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −−() {
111 advance (−1) ;
112 return ∗ t h i s ;
113 }
114

115 // operator −−; post−decrement
116

117 template <typename E, typename R, bool i s c o n s t >
118 proxy i t e r a t o r <E, R, i s c o n s t >
119 proxy i t e r a t o r <E, R, i s c o n s t > : : operator−−( i n t ) {
120 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
121 advance (−1) ;
122 return temporary ;
123 }
124

125 // opera to r+=
126

127 template <typename E, typename R, bool i s c o n s t >
128 proxy i t e r a t o r <E, R, i s c o n s t>&
129 proxy i t e r a t o r <E, R, i s c o n s t > : : operator+= ( d i f f e r e n c e t y p e n) {
130 advance (n) ;
131 return ∗ t h i s ;
132 }
133

134 // operator−=
135

136 template <typename E, typename R, bool i s c o n s t >
137 proxy i t e r a t o r <E, R, i s c o n s t>&
138 proxy i t e r a t o r <E, R, i s c o n s t > : : operator−= ( d i f f e r e n c e t y p e n) {
139 advance(−n) ;
140 return ∗ t h i s ;
141 }
142

143 // opera to r+
144

145 template <typename E, typename R, bool i s c o n s t >
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146 proxy i t e r a t o r <E, R, i s c o n s t >
147 proxy i t e r a t o r <E, R, i s c o n s t > : : operator+( d i f f e r e n c e t y p e n) const {
148 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
149 temporary . advance (n) ;
150 return temporary ;
151 }
152

153 // operator−
154

155 template <typename E, typename R, bool i s c o n s t >
156 proxy i t e r a t o r <E, R, i s c o n s t >
157 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −( d i f f e r e n c e t y p e n) const {
158 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
159 temporary . advance(−n) ;
160 return temporary ;
161 }
162

163 // i t e r a t o r d i s t an c e
164

165 template <typename E, typename R, bool i s c o n s t >
166 typename proxy i t e r a t o r <E, R, i s c o n s t > : : d i f f e r e n c e t y p e
167 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −( p r oxy i t e r a t o r <E, R, i s c o n s t > const& a ) const {
168 i f ( p o s i t i o n == 0 && a . p o s i t i o n == 0) {
169 return 0 ;
170 }
171 e l s e i f ( p o s i t i o n == 0) {
172 d i f f e r e n c e t y p e n = (∗(∗ su r roga te ) . sub j e c t ( ) ) . s i z e ( ) ;
173 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ a . p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
174 return n − i ;
175 }
176 e l s e i f ( a . p o s i t i o n == 0) {
177 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
178 d i f f e r e n c e t y p e n = (∗(∗ su r roga te ) . sub j e c t ( ) ) . s i z e ( ) ;
179 return i − n ;
180 }
181 e l s e {
182 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
183 d i f f e r e n c e t y p e j = std : : abs ( d i f f e r e n c e t y p e ( (∗ a . p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
184 return i − j ;
185 }
186 }
187

188 // opera to r ==
189

190 template <typename E, typename R, bool i s c o n s t >
191 template <bool both>
192 bool
193 proxy i t e r a t o r <E, R, i s c o n s t > : : operator == ( proxy i t e r a t o r <E, R, both> const& a ) const {
194 return p o s i t i o n == a . p o s i t i o n && sur roga te == a . sur roga te ;
195 }
196

197 // opera to r !=
198

199 template <typename E, typename R, bool i s c o n s t >
200 template <bool both>
201 bool
202 proxy i t e r a t o r <E, R, i s c o n s t > : : operator != ( p roxy i t e r a t o r <E, R, both> const& a ) const {
203 return ! (∗ t h i s == a ) ;
204 }
205

206 // operator<
207

208 template <typename E, typename R, bool i s c o n s t >
209 template <bool both>
210 bool
211 proxy i t e r a t o r <E, R, i s c o n s t > : : operator <( p r oxy i t e r a t o r <E, R, both> const& a ) const {
212 return ( (∗ t h i s ) − a ) < 0 ;
213 }
214

215 // operator>
216

217 template <typename E, typename R, bool i s c o n s t >
218 template <bool both>
219 bool
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220 proxy i t e r a t o r <E, R, i s c o n s t > : : operator >( p r oxy i t e r a t o r <E, R, both> const& a ) const {
221 return a < ∗ t h i s ;
222 }
223

224 // operator<=
225

226 template <typename E, typename R, bool i s c o n s t >
227 template <bool both>
228 bool
229 proxy i t e r a t o r <E, R, i s c o n s t > : : operator<= ( proxy i t e r a t o r <E, R, both> const& a ) const {
230 return ! ( a < ∗ t h i s ) ;
231 }
232

233 // operator>=
234

235 template <typename E, typename R, bool i s c o n s t >
236 template <bool both>
237 bool
238 proxy i t e r a t o r <E, R, i s c o n s t > : : operator>= ( proxy i t e r a t o r <E, R, both> const& a ) const {
239 return ! (∗ t h i s < a ) ;
240 }
241

242 // parametr i z ed c on s t r u c t o r s
243

244 template <typename E, typename R, bool i s c o n s t >
245 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( node po inte r p , r e a l i z a t o r t y p e ∗ r )
246 : p o s i t i o n (p) , su r roga te ( (∗ r ) . su r roga te ) {
247 }
248

249 template <typename E, typename R, bool i s c o n s t >
250 template <typename S>
251 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( std : : pair<S , su r roga t e type∗> const& p)
252 : p o s i t i o n (0) , su r rogate (p . second ) {
253 // conver t index to a proxy
254 }
255

256 // conve r t i on ope ra t o r s
257

258 template <typename E, typename R, bool i s c o n s t >
259 proxy i t e r a t o r <E, R, i s c o n s t > : : operator node po inte r ( ) const {
260 return p o s i t i o n ;
261 }
262

263 template <typename E, typename R, bool i s c o n s t >
264 template <typename S>
265 proxy i t e r a t o r <E, R, i s c o n s t > : : operator std : : pair<S , /∗ ! ! ! ∗/ typename proxy i t e r a t o r <E, R

, i s c o n s t > : : s u r r oga t e type ∗>() const {
266 // conver t proxy to an index
267 return std : : pair<S , su r roga t e type ∗>(S (0) , (∗ t h i s ) . su r rogate ) ;
268 }
269

270 // opera to r+( in t , i t e r a t o r )
271

272 template <typename E, typename R, bool i s c o n s t >
273 proxy i t e r a t o r <E, R, i s c o n s t > operator+(std : : p t r d i f f t n , p r oxy i t e r a t o r <E, R, i s c o n s t >

const& a ) {
274 return a + n ;
275 }
276

277 }

F.9 rank-iterator.h++

1 /∗
2 A rank−based i t e r a t o r i s j u s t a ( po in te r , index ) pa i r where the
3 po i n t e r p o i n t s to the data s t r u c t u r e con ta in ing the c e l l r e f e r r e d to
4 and the index i s t he rank o f t h a t c e l l in the sequence o f c e l l s
5 s t o r i n g the e l ements .
6

7 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
8 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
9 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].

10
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11 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008
12 ∗/
13

14 #i f n d e f CPHSTL RANK ITERATOR
15 #de f i n e CPHSTL RANK ITERATOR
16

17 #inc lude <cs tdde f> // d e f i n e s s t d : : s i z e t and s t d : : p t r d i f f t
18 #inc lude < i t e r a t o r > // d e f i n e s s t d : : r a n d om a c c e s s i t e r a t o r t a g
19 #inc lude ”type . h++” // d e f i n e s c p h s t l : : i f t h e n e l s e
20 #inc lude <u t i l i t y > // d e f i n e s s t d : : pa i r
21

22 namespace cphs t l {
23

24 template <typename V, typename A, typename R, typename I , typename J>
25 c l a s s vector ;
26

27 template <typename R, bool i s c o n s t = f a l s e , typename E = typename R : : encapsu la tor type
>

28 c l a s s r a n k i t e r a t o r {
29

30 pub l i c :
31

32 // t yp e s
33

34 typedef std : : r a n d o m a c c e s s i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
35 typedef typename R : : va lue type va lue type ;
36 typedef std : : s i z e t s i z e t y p e ;
37 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
38 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
39 typedef typename i f t h e n e l s e <i s c o n s t , typename R : : c o n s t r e f e r e n c e , typename R : :

r e f e r enc e > : : type r e f e r e n c e ;
40

41 typedef E entry ;
42 typedef typename R : : su r r oga t e type su r roga t e type ;
43

44 protected :
45

46 // t yp e s
47

48 typedef typename i f t h e n e l s e <i s c o n s t , E const ∗ , E∗> : : type node po inte r ;
49

50 pub l i c :
51

52 // f r i e n d s
53

54 f r i e nd c l a s s r a n k i t e r a t o r <R, ! i s c o n s t , E>;
55

56 template <typename V, typename A, typename S , typename I , typename J>
57 f r i e nd c l a s s cphs t l : : vec to r ;
58

59 // s t r u c t o r s
60

61 r a n k i t e r a t o r ( ) ;
62 r a n k i t e r a t o r ( r a n k i t e r a t o r <R, f a l s e , E> const&) ;
63 r a n k i t e r a t o r ( r a n k i t e r a t o r <R, true , E> const&) ;
64 r a n k i t e r a t o r& operator = ( r a n k i t e r a t o r const&) ;
65 ˜ r a n k i t e r a t o r ( ) ;
66

67 // ope ra t o r s
68

69 r e f e r e n c e operator ∗ ( ) const ;
70 po in t e r operator −>() const ;
71 r a n k i t e r a t o r& operator++() ;
72 r a n k i t e r a t o r operator++( i n t ) ;
73 r a n k i t e r a t o r& operator −−() ;
74 r a n k i t e r a t o r operator−−( i n t ) ;
75 r a n k i t e r a t o r& operator+= ( d i f f e r e n c e t y p e ) ;
76 r a n k i t e r a t o r& operator−= ( d i f f e r e n c e t y p e ) ;
77 r a n k i t e r a t o r operator+( d i f f e r e n c e t y p e ) const ;
78 r a n k i t e r a t o r operator −( d i f f e r e n c e t y p e ) const ;
79 d i f f e r e n c e t y p e operator −( r a n k i t e r a t o r const&) const ;
80

81 template <bool both>
82 bool operator == ( r a n k i t e r a t o r <R, both , E> const&) const ;

203



83

84 template <bool both>
85 bool operator != ( r a n k i t e r a t o r <R, both , E> const&) const ;
86

87 template <bool both>
88 bool operator <( r a n k i t e r a t o r <R, both , E> const&) const ;
89

90 template <bool both>
91 bool operator >( r a n k i t e r a t o r <R, both , E> const&) const ;
92

93 template <bool both>
94 bool operator<= ( r a n k i t e r a t o r <R, both , E> const&) const ;
95

96 template <bool both>
97 bool operator>= ( r a n k i t e r a t o r <R, both , E> const&) const ;
98

99 protected :
100 // conv e r t e r s to be used by the con ta ine r f r i e n d s
101 r a n k i t e r a t o r ( std : : pair<s i z e t ype , su r r oga t e type∗> const&) ;
102 operator std : : pair<s i z e t ype , su r r oga t e type ∗>() const ;
103

104 void advance ( d i f f e r e n c e t y p e const& n) ;
105

106 su r r oga t e type ∗ su r roga te ;
107 s i z e t y p e p o s i t i o n ;
108 } ;
109

110 template<typename R, bool both , typename E>
111 r a n k i t e r a t o r <R, both , E>
112 operator+(typename R : : d i f f e r e n c e t y p e , r a n k i t e r a t o r <R, both , E> const&) ;
113

114 }
115

116 #inc lude ”rank−i t e r a t o r . i++” // implements c p h s t l : : r a n k i t e r a t o r
117

118 #end i f

F.10 rank-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : r a n k i t e r a t o r
3

4 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008
5 ∗/
6

7 #inc lude ” a s s e r t . h++”
8 #inc lude <iostream>
9

10 namespace cphs t l {
11

12 // d e f a u l t c on s t r u c t o r
13

14 template <typename R, bool i s c o n s t , typename E>
15 r a n k i t e r a t o r <R, i s c o n s t , E> : : r a n k i t e r a t o r ( )
16 : su r rogate (0 ) , p o s i t i o n ( s i z e t y p e ( ) ) {
17 }
18

19 // copy con s t r u c t o r
20

21 template <typename R, bool i s c o n s t , typename E>
22 r a n k i t e r a t o r <R, i s c o n s t , E> : : r a n k i t e r a t o r ( r a n k i t e r a t o r <R, f a l s e , E> const& a )
23 : su r rogate ( a . su r roga te ) , p o s i t i o n ( a . p o s i t i o n ) {
24 }
25

26 template <typename R, bool i s c o n s t , typename E>
27 r a n k i t e r a t o r <R, i s c o n s t , E> : : r a n k i t e r a t o r ( r a n k i t e r a t o r <R, true , E> const& a )
28 : su r rogate ( a . su r roga te ) , p o s i t i o n ( a . p o s i t i o n ) {
29 }
30

31 // ass ignment
32

33 template <typename R, bool i s c o n s t , typename E>
34 r a n k i t e r a t o r <R, i s c o n s t , E>&
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35 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator = ( r a n k i t e r a t o r <R, i s c o n s t , E> const& a ) {
36 (∗ t h i s ) . su r roga te = a . su r roga te ;
37 (∗ t h i s ) . p o s i t i o n = a . p o s i t i o n ;
38 return ∗ t h i s ;
39 }
40

41 // d e s t r u c t o r
42

43 template <typename R, bool i s c o n s t , typename E>
44 r a n k i t e r a t o r <R, i s c o n s t , E> : :˜ r a n k i t e r a t o r ( ) {
45 }
46

47 // opera to r ∗
48

49 template <typename R, bool i s c o n s t , typename E>
50 typename r a n k i t e r a t o r <R, i s c o n s t , E> : : r e f e r e n c e
51 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator ∗ ( ) const {
52 return r e f e r e n c e ( (∗ (∗ (∗ t h i s ) . su r roga te ) . sub j e c t ( ) ) . a c c e s s ( (∗ t h i s ) . p o s i t i o n ) ) ;
53 }
54

55 // operator−>
56

57 template <typename R, bool i s c o n s t , typename E>
58 typename r a n k i t e r a t o r <R, i s c o n s t , E> : : po in t e r
59 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator −>() const {
60 return po in t e r (&(∗(∗ t h i s ) . p o s i t i o n ) . content ( ) ) ;
61 }
62

63 template <typename R, bool i s c o n s t , typename E>
64 void
65 r a n k i t e r a t o r <R, i s c o n s t , E> : : advance ( d i f f e r e n c e t y p e const& n) {
66 i f (n == 0)
67 return ;
68 (∗ t h i s ) . p o s i t i o n += n ;
69 }
70

71 // opera to r++; pre−increment
72

73 template <typename R, bool i s c o n s t , typename E>
74 r a n k i t e r a t o r <R, i s c o n s t , E>&
75 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator++() {
76 (∗ t h i s ) . advance (1 ) ;
77 return ∗ t h i s ;
78 }
79

80 // opera to r++; post−increment
81

82 template <typename R, bool i s c o n s t , typename E>
83 r a n k i t e r a t o r <R, i s c o n s t , E>
84 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator++( i n t ) {
85 r a n k i t e r a t o r <R, i s c o n s t , E> temporary = ∗ t h i s ;
86 (∗ t h i s ) . advance (1 ) ;
87 return temporary ;
88 }
89

90 // operator −−; pre−decrement
91

92 template <typename R, bool i s c o n s t , typename E>
93 r a n k i t e r a t o r <R, i s c o n s t , E>&
94 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator −−() {
95 (∗ t h i s ) . advance (−1) ;
96 return ∗ t h i s ;
97 }
98

99 // operator −−; post−decrement
100

101 template <typename R, bool i s c o n s t , typename E>
102 r a n k i t e r a t o r <R, i s c o n s t , E>
103 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator−−( i n t ) {
104 r a n k i t e r a t o r <R, i s c o n s t , E> temporary = ∗ t h i s ;
105 (∗ t h i s ) . advance (−1) ;
106 return temporary ;
107 }
108
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109 // opera to r+=
110

111 template <typename R, bool i s c o n s t , typename E>
112 r a n k i t e r a t o r <R, i s c o n s t , E>&
113 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator+= ( d i f f e r e n c e t y p e n) {
114 (∗ t h i s ) . advance (n) ;
115 return ∗ t h i s ;
116 }
117

118 // operator−=
119

120 template <typename R, bool i s c o n s t , typename E>
121 r a n k i t e r a t o r <R, i s c o n s t , E>&
122 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator−= ( d i f f e r e n c e t y p e n) {
123 (∗ t h i s ) . advance(−n) ;
124 return ∗ t h i s ;
125 }
126

127 // opera to r+
128

129 template <typename R, bool i s c o n s t , typename E>
130 r a n k i t e r a t o r <R, i s c o n s t , E>
131 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator+( d i f f e r e n c e t y p e n) const {
132 r a n k i t e r a t o r <R, i s c o n s t , E> temporary = ∗ t h i s ;
133 temporary . advance (n) ;
134 return temporary ;
135 }
136

137 // operator−
138

139 template <typename R, bool i s c o n s t , typename E>
140 r a n k i t e r a t o r <R, i s c o n s t , E>
141 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator −( d i f f e r e n c e t y p e n) const {
142 r a n k i t e r a t o r <R, i s c o n s t , E> temporary = ∗ t h i s ;
143 temporary . advance(−n) ;
144 return temporary ;
145 }
146

147 // i t e r a t o r d i s t an c e
148

149 template <typename R, bool i s c o n s t , typename E>
150 typename r a n k i t e r a t o r <R, i s c o n s t , E> : : d i f f e r e n c e t y p e
151 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator −( r a n k i t e r a t o r <R, i s c o n s t , E> const& a ) const {
152 return (∗ t h i s ) . p o s i t i o n − a . p o s i t i o n ;
153 }
154

155 // opera to r ==
156

157 template <typename R, bool i s c o n s t , typename E>
158 template <bool both>
159 bool
160 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator == ( r a n k i t e r a t o r <R, both , E> const& a ) const {
161 return (∗ t h i s ) . p o s i t i o n == a . p o s i t i o n ;
162 }
163

164 // opera to r !=
165

166 template <typename R, bool i s c o n s t , typename E>
167 template <bool both>
168 bool
169 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator != ( r a n k i t e r a t o r <R, both , E> const& a ) const {
170 return ! (∗ t h i s == a ) ;
171 }
172

173 // operator<
174

175 template <typename R, bool i s c o n s t , typename E>
176 template <bool both>
177 bool
178 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator <( r a n k i t e r a t o r <R, both , E> const& a ) const {
179 return ( (∗ t h i s ) − a ) < 0 ;
180 }
181

182 // operator>
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183

184 template <typename R, bool i s c o n s t , typename E>
185 template <bool both>
186 bool
187 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator >( r a n k i t e r a t o r <R, both , E> const& a ) const {
188 return a < ∗ t h i s ;
189 }
190

191 // operator<=
192

193 template <typename R, bool i s c o n s t , typename E>
194 template <bool both>
195 bool
196 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator<= ( r a n k i t e r a t o r <R, both , E> const& a ) const {
197 return ! ( a < ∗ t h i s ) ;
198 }
199

200 // operator>=
201

202 template <typename R, bool i s c o n s t , typename E>
203 template <bool both>
204 bool
205 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator>= ( r a n k i t e r a t o r <R, both , E> const& a ) const {
206 return ! (∗ t h i s < a ) ;
207 }
208

209 // opera to r+( in t , i t e r a t o r )
210

211 template <typename R, bool i s c o n s t , typename E>
212 r a n k i t e r a t o r <R, i s c o n s t , E> operator+(typename R : : d i f f e r e n c e t y p e n , r a n k i t e r a t o r <R,

i s c o n s t , E> const& a ) {
213 return a + n ;
214 }
215

216 // parametr i z ed c on s t r u c t o r
217

218 template <typename R, bool i s c o n s t , typename E>
219 r a n k i t e r a t o r <R, i s c o n s t , E> : : r a n k i t e r a t o r ( std : : pair<s i z e t ype , su r r oga t e type∗> const& p)
220 : su r rogate (p . second ) , p o s i t i o n (p . f i r s t ) {
221

222 }
223

224 // conve r t i on opera to r
225

226 template <typename R, bool i s c o n s t , typename E>
227 r a n k i t e r a t o r <R, i s c o n s t , E> : : operator std : : pair<s i z e t ype , su r r oga t e type ∗>() const {
228 return std : : pair<s i z e t ype , su r r oga t e type ∗>((∗ t h i s ) . po s i t i on , (∗ t h i s ) . su r rogate ) ;
229 }
230 }

F.11 unidirectional-composite-iterator.h++

1 /∗
2 The proxy i t e r a t o r s t o r e s a po i n t e r to an encap su l a t o r and a po i n t e r
3 to a su r r o ga t e . The po i n t e r to the encap su l a t o r r e p r e s e n t s the
4 cur r en t p o s i t i o n from where the va l u e can be f e t c h e d . The su r r o ga t e
5 po i n t s to a k e rn e l . The su r r o ga t e i s used to advance the i t e r a t o r ,
6 where the acce s s member f unc t i on i s c a l l e d to g e t a po i n t e r to the
7 d e s i r e d encap su l a t o r .
8

9 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
10 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
11 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].
12

13 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008 , 2010
14 ∗/
15

16 #i f n d e f CPHSTL PROXY ITERATOR
17 #de f i n e CPHSTL PROXY ITERATOR
18

19 #inc lude <cs tdde f> // s t d : : s i z e t and s t d : : p t r d i f f t
20 #inc lude < i t e r a t o r > // s t d : : r a n d om a c c e s s i t e r a t o r t a g
21 #inc lude ”type . h++” // c p h s t l : : i f t h e n e l s e
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22 #inc lude <u t i l i t y > // s t d : : pa i r
23

24 namespace cphs t l {
25

26 template <typename V, typename A, typename K, typename I , typename J>
27 c l a s s vector ;
28

29 template <typename V, typename A, typename K>
30 c l a s s vector framework ;
31

32 template <typename V, typename C, typename A, typename F, typename R,
33 typename I , typename J>
34 c l a s s me ldab l e p r i o r i t y queue ;
35

36 template <typename E, typename R, bool i s c o n s t = f a l s e >
37 c l a s s p r o x y i t e r a t o r {
38 pub l i c :
39

40 // t yp e s
41

42 typedef E encapsu la to r type ;
43 typedef R r e a l i z a t o r t y p e ;
44 typedef std : : r a n d o m a c c e s s i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
45 typedef typename E : : va lue type va lue type ;
46 typedef std : : s i z e t s i z e t y p e ;
47 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
48 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
49 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
50

51 protected :
52

53 // t yp e s
54

55 typedef typename R : : su r r oga t e type su r roga t e type ;
56 typedef typename i f t h e n e l s e <i s c o n s t , E const ∗ , E∗> : : type node po inte r ;
57

58 pub l i c :
59

60 // f r i e n d s
61

62 f r i e nd c l a s s proxy i t e r a t o r <E, R, ! i s c o n s t >;
63

64 template <typename V, typename A, typename K, typename I , typename J>
65 f r i e nd c l a s s cphs t l : : vec to r ;
66

67 template <typename V, typename A, typename K>
68 f r i e nd c l a s s cphs t l : : vector f ramework ;
69

70 template <typename V, typename C, typename A, typename F, typename S ,
71 typename I , typename J>
72 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
73

74 // s t r u c t o r s
75

76 p r o x y i t e r a t o r ( ) ;
77 p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, f a l s e > const&) ;
78 p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, true> const&) ;
79 p r o x y i t e r a t o r& operator = ( p r o x y i t e r a t o r const&) ;
80 ˜ p r o x y i t e r a t o r ( ) ;
81

82 // ope ra t o r s
83

84 r e f e r e n c e operator ∗ ( ) const ;
85 po in t e r operator −>() const ;
86 p r o x y i t e r a t o r& operator++() ;
87 p r o x y i t e r a t o r operator++( i n t ) ;
88 p r o x y i t e r a t o r& operator −−() ;
89 p r o x y i t e r a t o r operator−−( i n t ) ;
90 p r o x y i t e r a t o r& operator+= ( d i f f e r e n c e t y p e ) ;
91 p r o x y i t e r a t o r& operator−= ( d i f f e r e n c e t y p e ) ;
92 p r o x y i t e r a t o r operator+( d i f f e r e n c e t y p e ) const ;
93 p r o x y i t e r a t o r operator −( d i f f e r e n c e t y p e ) const ;
94 d i f f e r e n c e t y p e operator −( p r o x y i t e r a t o r const&) const ;
95
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96 template <bool both>
97 bool operator == ( proxy i t e r a t o r <E, R, both> const&) const ;
98

99 template <bool both>
100 bool operator != ( p roxy i t e r a t o r <E, R, both> const&) const ;
101

102 template <bool both>
103 bool operator <( p r oxy i t e r a t o r <E, R, both> const&) const ;
104

105 template <bool both>
106 bool operator >( p r oxy i t e r a t o r <E, R, both> const&) const ;
107

108 template <bool both>
109 bool operator<= ( proxy i t e r a t o r <E, R, both> const&) const ;
110

111 template <bool both>
112 bool operator>= ( proxy i t e r a t o r <E, R, both> const&) const ;
113

114 protected :
115

116 // conv e r t e r s to be used by the con ta ine r f r i e n d s
117

118 p r o x y i t e r a t o r ( node po inter , R∗) ;
119 operator node po inte r ( ) const ;
120

121 template <typename S>
122 p r o x y i t e r a t o r ( std : : pair<S , su r roga t e type∗> const&) ;
123

124 template <typename S>
125 operator std : : pair<S , su r roga t e type ∗>() const ;
126

127 void advance ( d i f f e r e n c e t y p e n) ;
128

129 node po inte r p o s i t i o n ;
130 su r r oga t e type ∗ su r roga te ;
131 } ;
132

133 template<typename E, typename R, bool both>
134 proxy i t e r a t o r <E, R, both>
135 operator+(std : : p t r d i f f t , p r oxy i t e r a t o r <E, R, both> const&) ;
136

137 }
138

139 #inc lude ”proxy−i t e r a t o r . i++” // implements c p h s t l : : p r o x y i t e r a t o r
140

141 #end i f

F.12 unidirectional-composite-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : p r o x y i t e r a t o r
3

4 Authors : J y r k i Katajainen , Bo Simonsen Âc© 2008 , 2010
5 ∗/
6

7 #inc lude ” a s s e r t . h++”
8 #inc lude <c s t d l i b >
9 #inc lude <iostream>

10

11 namespace cphs t l {
12

13 // d e f a u l t c on s t r u c t o r
14

15 template <typename E, typename R, bool i s c o n s t >
16 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( )
17 : p o s i t i o n ( node po inte r ( ) ) , su r roga te (0 ) {
18 }
19

20 // copy con s t r u c t o r
21

22 template <typename E, typename R, bool i s c o n s t >
23 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, f a l s e > const& a )
24 : p o s i t i o n ( a . p o s i t i o n ) , su r rogate ( a . su r roga te ) {
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25 }
26

27 template <typename E, typename R, bool i s c o n s t >
28 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( p roxy i t e r a t o r <E, R, true> const& a )
29 : p o s i t i o n ( a . p o s i t i o n ) , su r rogate ( a . su r roga te ) {
30 }
31

32 // ass ignment
33

34 template <typename E, typename R, bool i s c o n s t >
35 proxy i t e r a t o r <E, R, i s c o n s t>&
36 proxy i t e r a t o r <E, R, i s c o n s t > : : operator = ( proxy i t e r a t o r <E, R, i s c o n s t > const& a ) {
37 p o s i t i o n = a . p o s i t i o n ;
38 su r roga te = a . su r roga te ;
39 return ∗ t h i s ;
40 }
41

42 // d e s t r u c t o r
43

44 template <typename E, typename R, bool i s c o n s t >
45 proxy i t e r a t o r <E, R, i s c o n s t > : :˜ p r o x y i t e r a t o r ( ) {
46 }
47

48 // opera to r ∗
49

50 template <typename E, typename R, bool i s c o n s t >
51 typename proxy i t e r a t o r <E, R, i s c o n s t > : : r e f e r e n c e
52 proxy i t e r a t o r <E, R, i s c o n s t > : : operator ∗ ( ) const {
53 return r e f e r e n c e ( (∗ p o s i t i o n ) . element ( ) ) ;
54 }
55

56 // operator−>
57

58 template <typename E, typename R, bool i s c o n s t >
59 typename proxy i t e r a t o r <E, R, i s c o n s t > : : po in t e r
60 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −>() const {
61 return po in t e r (&(∗ p o s i t i o n ) . element ( ) ) ;
62 }
63

64 template <typename E, typename R, bool i s c o n s t >
65 void
66 proxy i t e r a t o r <E, R, i s c o n s t > : : advance ( d i f f e r e n c e t y p e n) {
67 i f (n == 0) {
68 return ;
69 }
70 su r r oga t e type s = ∗ su r roga te ;
71 i f ( p o s i t i o n == 0) {
72 d i f f e r e n c e t y p e i = s . sub j e c t ( )−>s i z e ( ) + n ;
73 p o s i t i o n = s . a c c e s s ( i ) ;
74 }
75 e l s e {
76 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) + n ;
77 i f ( i >= d i f f e r e n c e t y p e ( s . sub j e c t ( )−>s i z e ( ) ) | | i < 0) {
78 p o s i t i o n = 0 ;
79 }
80 e l s e {
81 p o s i t i o n = s . a c c e s s ( i ) ;
82 }
83 }
84 }
85

86 // opera to r++; pre−increment
87

88 template <typename E, typename R, bool i s c o n s t >
89 proxy i t e r a t o r <E, R, i s c o n s t>&
90 proxy i t e r a t o r <E, R, i s c o n s t > : : operator++() {
91 advance (1) ;
92 return ∗ t h i s ;
93 }
94

95 // opera to r++; post−increment
96

97 template <typename E, typename R, bool i s c o n s t >
98 proxy i t e r a t o r <E, R, i s c o n s t >
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99 proxy i t e r a t o r <E, R, i s c o n s t > : : operator++( i n t ) {
100 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
101 advance (1) ;
102 return temporary ;
103 }
104

105 // operator −−; pre−decrement
106

107 template <typename E, typename R, bool i s c o n s t >
108 proxy i t e r a t o r <E, R, i s c o n s t>&
109 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −−() {
110 advance (−1) ;
111 return ∗ t h i s ;
112 }
113

114 // operator −−; post−decrement
115

116 template <typename E, typename R, bool i s c o n s t >
117 proxy i t e r a t o r <E, R, i s c o n s t >
118 proxy i t e r a t o r <E, R, i s c o n s t > : : operator−−( i n t ) {
119 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
120 advance (−1) ;
121 return temporary ;
122 }
123

124 // opera to r+=
125

126 template <typename E, typename R, bool i s c o n s t >
127 proxy i t e r a t o r <E, R, i s c o n s t>&
128 proxy i t e r a t o r <E, R, i s c o n s t > : : operator+= ( d i f f e r e n c e t y p e n) {
129 advance (n) ;
130 return ∗ t h i s ;
131 }
132

133 // operator−=
134

135 template <typename E, typename R, bool i s c o n s t >
136 proxy i t e r a t o r <E, R, i s c o n s t>&
137 proxy i t e r a t o r <E, R, i s c o n s t > : : operator−= ( d i f f e r e n c e t y p e n) {
138 advance(−n) ;
139 return ∗ t h i s ;
140 }
141

142 // opera to r+
143

144 template <typename E, typename R, bool i s c o n s t >
145 proxy i t e r a t o r <E, R, i s c o n s t >
146 proxy i t e r a t o r <E, R, i s c o n s t > : : operator+( d i f f e r e n c e t y p e n) const {
147 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
148 temporary . advance (n) ;
149 return temporary ;
150 }
151

152 // operator−
153

154 template <typename E, typename R, bool i s c o n s t >
155 proxy i t e r a t o r <E, R, i s c o n s t >
156 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −( d i f f e r e n c e t y p e n) const {
157 proxy i t e r a t o r <E, R, i s c o n s t > temporary = ∗ t h i s ;
158 temporary . advance(−n) ;
159 return temporary ;
160 }
161

162 // i t e r a t o r d i s t an c e
163

164 template <typename E, typename R, bool i s c o n s t >
165 typename proxy i t e r a t o r <E, R, i s c o n s t > : : d i f f e r e n c e t y p e
166 proxy i t e r a t o r <E, R, i s c o n s t > : : operator −( p r oxy i t e r a t o r <E, R, i s c o n s t > const& a ) const {
167 i f ( p o s i t i o n == 0 && a . p o s i t i o n == 0) {
168 return 0 ;
169 }
170 e l s e i f ( p o s i t i o n == 0) {
171 d i f f e r e n c e t y p e n = (∗(∗ su r roga te ) . sub j e c t ( ) ) . s i z e ( ) ;
172 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ a . p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
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173 return n − i ;
174 }
175 e l s e i f ( a . p o s i t i o n == 0) {
176 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
177 d i f f e r e n c e t y p e n = (∗(∗ su r roga te ) . sub j e c t ( ) ) . s i z e ( ) ;
178 return i − n ;
179 }
180 e l s e {
181 d i f f e r e n c e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
182 d i f f e r e n c e t y p e j = std : : abs ( d i f f e r e n c e t y p e ( (∗ a . p o s i t i o n ) . p o s i t i o n ( ) ) ) ;
183 return i − j ;
184 }
185 }
186

187 // opera to r ==
188

189 template <typename E, typename R, bool i s c o n s t >
190 template <bool both>
191 bool
192 proxy i t e r a t o r <E, R, i s c o n s t > : : operator == ( proxy i t e r a t o r <E, R, both> const& a ) const {
193 return p o s i t i o n == a . p o s i t i o n && sur roga te == a . sur roga te ;
194 }
195

196 // opera to r !=
197

198 template <typename E, typename R, bool i s c o n s t >
199 template <bool both>
200 bool
201 proxy i t e r a t o r <E, R, i s c o n s t > : : operator != ( p roxy i t e r a t o r <E, R, both> const& a ) const {
202 return ! (∗ t h i s == a ) ;
203 }
204

205 // operator<
206

207 template <typename E, typename R, bool i s c o n s t >
208 template <bool both>
209 bool
210 proxy i t e r a t o r <E, R, i s c o n s t > : : operator <( p r oxy i t e r a t o r <E, R, both> const& a ) const {
211 return ( (∗ t h i s ) − a ) < 0 ;
212 }
213

214 // operator>
215

216 template <typename E, typename R, bool i s c o n s t >
217 template <bool both>
218 bool
219 proxy i t e r a t o r <E, R, i s c o n s t > : : operator >( p r oxy i t e r a t o r <E, R, both> const& a ) const {
220 return a < ∗ t h i s ;
221 }
222

223 // operator<=
224

225 template <typename E, typename R, bool i s c o n s t >
226 template <bool both>
227 bool
228 proxy i t e r a t o r <E, R, i s c o n s t > : : operator<= ( proxy i t e r a t o r <E, R, both> const& a ) const {
229 return ! ( a < ∗ t h i s ) ;
230 }
231

232 // operator>=
233

234 template <typename E, typename R, bool i s c o n s t >
235 template <bool both>
236 bool
237 proxy i t e r a t o r <E, R, i s c o n s t > : : operator>= ( proxy i t e r a t o r <E, R, both> const& a ) const {
238 return ! (∗ t h i s < a ) ;
239 }
240

241 // parametr i z ed c on s t r u c t o r s
242

243 template <typename E, typename R, bool i s c o n s t >
244 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( node po inte r p , r e a l i z a t o r t y p e ∗ r )
245 : p o s i t i o n (p) , su r roga te ( (∗ r ) . su r roga te ) {
246 }
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247

248 template <typename E, typename R, bool i s c o n s t >
249 template <typename S>
250 proxy i t e r a t o r <E, R, i s c o n s t > : : p r o x y i t e r a t o r ( std : : pair<S , su r roga t e type∗> const& p)
251 : p o s i t i o n (0) , su r rogate (p . second ) {
252 // conver t index to a proxy
253 }
254

255 // conve r t i on ope ra t o r s
256

257 template <typename E, typename R, bool i s c o n s t >
258 proxy i t e r a t o r <E, R, i s c o n s t > : : operator node po inte r ( ) const {
259 return p o s i t i o n ;
260 }
261

262 template <typename E, typename R, bool i s c o n s t >
263 template <typename S>
264 proxy i t e r a t o r <E, R, i s c o n s t > : : operator std : : pair<S , su r roga t e type ∗>() const {
265 // conver t proxy to an index
266 return std : : pair<S , su r roga t e type ∗>(S (0) , (∗ t h i s ) . su r rogate ) ;
267 }
268

269 // opera to r+( in t , i t e r a t o r )
270

271 template <typename E, typename R, bool i s c o n s t >
272 proxy i t e r a t o r <E, R, i s c o n s t > operator+(std : : p t r d i f f t n , p r oxy i t e r a t o r <E, R, i s c o n s t >

const& a ) {
273 return a + n ;
274 }
275

276 }

F.13 unidirectional-monolith-iterator.h++

1 /∗
2 The idea o f combining i t e r a t o r s and cons t i t e r a t o r s i n t o the same
3 c l a s s i s taken from [ Matt Austern . De f in ing i t e r a t o r s and cons t
4 i t e r a t o r s . C/C++ User ’ s Journa l 19 ,1 (2001) , 74−79].
5

6 Authors : J y r k i Katajainen , Bo Simonsen , 2006 , 2008
7 ∗/
8

9 #i f n d e f CPHSTL NODE ITERATOR
10 #de f i n e CPHSTL NODE ITERATOR
11

12 #inc lude <cs tdde f> // s t d : : p t r d i f f t
13 #inc lude <iostream> // s t d : : ostream
14 #inc lude < i t e r a t o r > // s t d : : b i d i r e c t i o n a l i t e r a t o r t a g
15 #inc lude <s t r i ng> // s t d : : s t r i n g
16 #inc lude ”type . h++” // c p h s t l : : i f t h e n e l s e
17

18 namespace l eda {
19 template < typename K, typename I , typename C, typename R >
20 c l a s s d i c t i o na r y ;
21 }
22

23 namespace cphs t l {
24

25 /∗ Forward d e c l a r a t i o n s o f con ta ine r c l a s s e s ∗/
26

27 template <typename V, typename A, typename R, typename I , typename J>
28 c l a s s l i s t ;
29

30 template <typename V, typename C, typename A, typename R,
31 typename I , typename J>
32 c l a s s mul t i s e t ;
33

34 template <typename V, typename C, typename A, typename R,
35 typename I , typename J>
36 c l a s s s e t ;
37

38 template <typename K, typename V, typename C, typename A, typename R,
39 typename I , typename J>
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40 c l a s s s e t b a s e ;
41

42 template <typename K, typename V, typename C, typename A, typename R,
43 typename I , typename J>
44 c l a s s map ;
45

46 template <typename K, typename V, typename C, typename A, typename R,
47 typename I , typename J>
48 c l a s s map base ;
49

50

51 template <typename V, typename C, typename A, typename E,
52 typename R, typename I , typename J>
53 c l a s s me ldab l e p r i o r i t y queue ;
54

55

56 template <typename N, bool i s c o n s t = f a l s e >
57 c l a s s n o d e i t e r a t o r {
58

59 pub l i c :
60

61 // t yp e s
62

63 typedef std : : b i d i r e c t i o n a l i t e r a t o r t a g i t e r a t o r c a t e g o r y ;
64 typedef typename N: : va lue type va lue type ;
65 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
66

67 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const ∗ , va lue type ∗> : : type po in t e r ;
68 typedef typename i f t h e n e l s e <i s c o n s t , va lue type const&, va lue type &>:: type r e f e r e n c e ;
69

70 typedef node i t e r a t o r <N, ! i s c o n s t > complement ;
71 pr i va t e :
72

73 // t yp e s
74

75 typedef typename i f t h e n e l s e <i s c o n s t , N const ∗ , N∗> : : type node po inte r ;
76

77 pub l i c :
78

79 // f r i e n d s
80 f r i e nd c l a s s node i t e r a t o r <N, ! i s c o n s t >;
81

82 template <typename M, bool both>
83 f r i e nd std : : ostream& operator<<(std : : ostream&, node i t e r a t o r <M, both> const&) ;
84

85 template <typename V, typename A, typename R, typename I , typename J>
86 f r i e nd c l a s s cphs t l : : l i s t ;
87

88 template <typename V, typename C, typename A, typename R,
89 typename I , typename J>
90 f r i e nd c l a s s cphs t l : : s e t ;
91

92 template <typename K, typename V, typename C, typename A, typename R,
93 typename I , typename J>
94 f r i e nd c l a s s cphs t l : : s e t b a s e ;
95

96 template <typename V, typename C, typename A, typename R,
97 typename I , typename J>
98 f r i e nd c l a s s cphs t l : : mu l t i s e t ;
99

100 template <typename K, typename V, typename C, typename A,
101 typename R, typename I , typename J>
102 f r i e nd c l a s s cphs t l : : map ;
103

104 template <typename K, typename V, typename C, typename A, typename R,
105 typename I , typename J>
106 f r i e nd c l a s s cphs t l : : map base ;
107

108

109 template <typename V, typename C, typename A, typename E,
110 typename R, typename I , typename J>
111 f r i e nd c l a s s cphs t l : : me ldab l e p r i o r i t y queue ;
112

113
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114 template <typename T1 , typename T2>
115 f r i e nd c l a s s std : : pa i r ;
116

117 template < typename K, typename I , typename C, typename R >
118 f r i e nd c l a s s l eda : : d i c t i o na r y ;
119

120 // s t r u c t o r s
121

122 n o d e i t e r a t o r ( ) ;
123 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&) ;
124 template<typename R>
125 n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const&, R const&) ;
126 n o d e i t e r a t o r& operator = ( n o d e i t e r a t o r const&) ;
127 ˜ n o d e i t e r a t o r ( ) ;
128

129 // ope ra t o r s
130

131 r e f e r e n c e operator ∗ ( ) const ;
132 po in t e r operator −>() const ;
133 po in t e r operator −>() ;
134 n o d e i t e r a t o r& operator++() ;
135 n o d e i t e r a t o r operator++( i n t ) ;
136 n o d e i t e r a t o r& operator −−() ;
137 n o d e i t e r a t o r operator−−( i n t ) ;
138

139 template <bool both>
140 bool operator == ( node i t e r a t o r <N, both> const&) const ;
141

142 template <bool both>
143 bool operator != ( node i t e r a t o r <N, both> const&) const ;
144

145 pr i va t e :
146 // conv e r t e r s to be used by the f r i e n d s
147

148 n o d e i t e r a t o r ( node po inte r ) ; // node po in t e r −−> i t e r a t o r
149 operator node po inte r ( ) const ; // i t e r a t o r −−> node po in t e r
150 operator std : : s t r i n g ( ) const ; // i t e r a t o r −−> s t r i n g
151

152 node po inte r l i n k ;
153

154 } ;
155

156 }
157

158 #inc lude ”node−i t e r a t o r . i++” // implements c p h s t l : : n o d e i t e r a t o r
159

160 #end i f

F.14 unidirectional-monolith-iterator.i++

1 /∗
2 Implementat ion o f c p h s t l : : n o d e i t e r a t o r
3

4 Author : J y r k i Katajainen , Bo Simonsen , Apr i l 2008
5

6 General d e s i gn idea i s proposed by J . Kataja inen and B. Simonsen
7 ∗/
8

9 #inc lude <sstream> // d e f i n e s s t d : : s t r i n g s t r e am
10

11 namespace cphs t l {
12

13 // d e f a u l t c on s t r u c t o r
14

15 template <typename N, bool i s c o n s t >
16 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( )
17 : l i n k (0) {
18 }
19

20 // copy con s t r u c t o r
21

22 template <typename N, bool i s c o n s t >
23 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a )
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24 : l i n k ( a . l i n k ) {
25 }
26 template <typename N, bool i s c o n s t >
27 template<typename R>
28 node i t e r a t o r <N, i s c o n s t > : : n o d e i t e r a t o r ( node i t e r a t o r <N, f a l s e > const& a , R const&)
29 : l i n k ( a . l i n k ) {
30 }
31

32

33 // ass ignment
34

35 template <typename N, bool i s c o n s t >
36 node i t e r a t o r <N, i s c o n s t>&
37 node i t e r a t o r <N, i s c o n s t > : : operator = ( node i t e r a t o r <N, i s c o n s t > const& a ) {
38 l i n k = a . l i n k ;
39 return ∗ t h i s ;
40 }
41

42 // d e s t r u c t o r
43

44 template <typename N, bool i s c o n s t >
45 node i t e r a t o r <N, i s c o n s t > : :˜ n o d e i t e r a t o r ( ) {
46 }
47

48 // opera to r ∗
49

50 template <typename N, bool i s c o n s t >
51 typename node i t e r a t o r <N, i s c o n s t > : : r e f e r e n c e
52 node i t e r a t o r <N, i s c o n s t > : : operator ∗ ( ) const {
53 return r e f e r e n c e ( (∗ l i n k ) . content ( ) ) ;
54 }
55

56 // operator−>
57

58 template <typename N, bool i s c o n s t >
59 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
60 node i t e r a t o r <N, i s c o n s t > : : operator −>() const {
61 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
62 }
63

64 template <typename N, bool i s c o n s t >
65 typename node i t e r a t o r <N, i s c o n s t > : : po in t e r
66 node i t e r a t o r <N, i s c o n s t > : : operator −>() {
67 return po in t e r (&(∗ l i n k ) . content ( ) ) ;
68 }
69

70 // opera to r++; pre−increment
71

72 template <typename N, bool i s c o n s t >
73 node i t e r a t o r <N, i s c o n s t>&
74 node i t e r a t o r <N, i s c o n s t > : : operator++() {
75 l i n k = (∗ l i n k ) . s u c c e s s o r ( ) ;
76 return ∗ t h i s ;
77 }
78

79 // opera to r++; post−increment
80

81 template <typename N, bool i s c o n s t >
82 node i t e r a t o r <N, i s c o n s t >
83 node i t e r a t o r <N, i s c o n s t > : : operator++( i n t ) {
84 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
85 ++(∗ t h i s ) ;
86 return temporary ;
87 }
88

89 // operator −−; pre−increment
90

91 template <typename N, bool i s c o n s t >
92 node i t e r a t o r <N, i s c o n s t>&
93 node i t e r a t o r <N, i s c o n s t > : : operator −−() {
94 l i n k = (∗ l i n k ) . p r edece s so r ( ) ;
95 return ∗ t h i s ;
96 }
97
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98 // operator −−; post−increment
99

100 template <typename N, bool i s c o n s t >
101 node i t e r a t o r <N, i s c o n s t >
102 node i t e r a t o r <N, i s c o n s t > : : operator−−( i n t ) {
103 node i t e r a t o r <N, i s c o n s t > temporary (∗ t h i s ) ;
104 −−(∗ t h i s ) ;
105 return temporary ;
106 }
107

108 // opera to r ==
109

110 template <typename N, bool i s c o n s t >
111 template <bool both>
112 bool
113 node i t e r a t o r <N, i s c o n s t > : : operator == ( node i t e r a t o r <N, both> const& a ) const {
114 return l i n k == a . l i n k ;
115 }
116

117 // opera to r !=
118

119 template <typename N, bool i s c o n s t >
120 template <bool both>
121 bool
122 node i t e r a t o r <N, i s c o n s t > : : operator != ( node i t e r a t o r <N, both> const& a ) const {
123 return l i n k != a . l i n k ;
124 }
125

126 // parametr i z ed c on s t r u c t o r ( node −> i t e r a t o r )
127

128 template <typename N, bool both>
129 node i t e r a t o r <N, both > : : n o d e i t e r a t o r ( node po inte r p)
130 : l i n k (p) {
131 }
132

133 // conver s i on ope ra t o r s ( i t e r a t o r −> node )
134

135 template <typename N, bool i s c o n s t >
136 node i t e r a t o r <N, i s c o n s t > : : operator node po inte r ( ) const {
137 return l i n k ;
138 }
139

140 // conver s i on opera to r (makes i t p o s s i b l e to p r i n t out an i t e r a t o r )
141

142 template <typename N, bool i s c o n s t >
143 node i t e r a t o r <N, i s c o n s t > : : operator std : : s t r i n g ( ) const {
144 std : : s t r ing s t r eam ss ;
145 std : : s t r i n g address ;
146 s s << ( i n t ) ( char ∗) ( (∗ t h i s ) . l i n k ) ;
147 s s >> address ;
148

149 i f ( i s c o n s t == f a l s e ) {
150 return std : : s t r i n g ( ” i t e r a t o r : node at ”) + address ;
151 }
152 e l s e {
153 return std : : s t r i n g ( ” c o n s t i t e r a t o r : node at ”) + address ;
154 }
155 }
156

157 // r e p r e s e n t a t i o n
158

159 template <typename N, bool both>
160 std : : ostream&
161 operator<<(std : : ostream& s , node i t e r a t o r <N, both> const& i ) {
162 s << std : : s t r i n g ( i ) ;
163 return s ;
164 }
165

166 }
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G CPHSTL Branch/Priority-queue-frameworks/Code

G.1 bit-manipulation.h++

1 #inc lude ”b i t man ipu la t i on . h++” // The underscore r e d i r e c t s to Asgers v e r s i on .

G.2 bit-store.h++

1 /∗
2 A b i t s t o r e keeps a sequence o f b i t s in a s i n g l e word . Requirement :
3 The l e n g t h o f t he sequence shou ld not be l a r g e r than the s i z e o f a
4 word measured in b i t s .
5

6 Author : J y r k i Kataja inen Âc© 2009 , 2010
7 ∗/
8

9 #i f n d e f CPHSTL BIT STORE
10 #de f i n e CPHSTL BIT STORE
11

12 #inc lude ” a s s e r t . h++”
13 #inc lude ”bit−manipulat ion . h++”
14 #inc lude <c l i m i t s > // CHAR BIT
15 #inc lude <cs tdde f>
16 #inc lude <iostream>
17

18 namespace cphs t l {
19

20 template <typename W>
21 c l a s s b i t s t o r e ;
22

23 template <>
24 c l a s s b i t s t o r e <unsigned long> {
25 pub l i c :
26

27 typedef bool va lue type ;
28 typedef unsigned long word type ;
29 typedef std : : s i z e t s i z e t y p e ;
30

31 enum {word s i z e = CHAR BIT ∗ s i z e o f ( word type ) } ;
32

33 e x p l i c i t b i t s t o r e ( word type value = 0)
34 : word ( value ) {
35 }
36

37 operator word type ( ) const {
38 return word ;
39 }
40

41 s i z e t y p e s i z e ( ) const {
42 return populat ion count ( word ) ;
43 }
44

45 s i z e t y p e capac i ty ( ) const {
46 return word s i z e ;
47 } ;
48

49 template <typename I>
50 void s e t ( I index ) {
51 a s s e r t ( word type ( index ) < word s i z e ) ;
52 word type mask = word type (1) << word type ( index ) ;
53 word &= ˜ mask ;
54 word |= mask ;
55 }
56

57 template <typename I>
58 void unset ( I index ) {
59 a s s e r t ( word type ( index ) < word s i z e ) ;
60 word type mask = word type (1) << word type ( index ) ;
61 word &= ˜ mask ;
62 }
63
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64 template <typename I>
65 bool get ( I index ) const {
66 a s s e r t ( index < word s i z e ) ;
67 word type v = word type (1) << index ;
68 v = word & v ;
69 return ( v > 0) ;
70 }
71

72 s i z e t y p e l e a s t s i g n i f i c a n t o n e ( ) const {
73 a s s e r t ( s i z e ( ) != 0) ;
74 return t r a i l i n g z e r o s ( word ) ;
75 }
76

77 s i z e t y p e m o s t s i g n i f i c a n t o n e ( ) const {
78 a s s e r t ( s i z e ( ) != 0) ;
79 return capac i ty ( ) − l e a d i n g z e r o s ( word ) − 1 ;
80 }
81

82 s i z e t y p e choose ( ) const {
83 a s s e r t ( s i z e ( ) != 0) ;
84 return m o s t s i g n i f i c a n t o n e ( ) ;
85 }
86

87 protected :
88

89 word type word ;
90 } ;
91

92 template <>
93 c l a s s b i t s t o r e <unsigned long long> {
94 pub l i c :
95

96 typedef bool va lue type ;
97 typedef unsigned long long word type ;
98 typedef std : : s i z e t s i z e t y p e ;
99

100 enum {word s i z e = CHAR BIT ∗ s i z e o f ( word type ) } ;
101

102 e x p l i c i t b i t s t o r e ( word type value = 0)
103 : word ( value ) {
104 }
105

106 operator word type ( ) const {
107 return word ;
108 }
109

110 s i z e t y p e s i z e ( ) const {
111 return populat ion count ( word ) ;
112 }
113

114 s i z e t y p e capac i ty ( ) const {
115 return word s i z e ;
116 } ;
117

118 template <typename I>
119 void s e t ( I index ) {
120 a s s e r t ( word type ( index ) < word s i z e ) ;
121 word type mask = word type (1) << word type ( index ) ;
122 word &= ˜ mask ;
123 word |= mask ;
124 }
125

126 template <typename I>
127 void unset ( I index ) {
128 a s s e r t ( word type ( index ) < word s i z e ) ;
129 word type mask = word type (1) << word type ( index ) ;
130 word &= ˜ mask ;
131 }
132

133 template <typename I>
134 bool get ( I index ) const {
135 a s s e r t ( index < word s i z e ) ;
136 word type v = word type (1) << index ;
137 v = word & v ;
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138 return ( v > 0) ;
139 }
140

141 i n t l e a s t s i g n i f i c a n t o n e ( ) const {
142 a s s e r t ( s i z e ( ) != 0) ;
143 return t r a i l i n g z e r o s ( word ) ;
144 }
145

146 i n t m o s t s i g n i f i c a n t o n e ( ) const {
147 a s s e r t ( s i z e ( ) != 0) ;
148 return capac i ty ( ) − l e a d i n g z e r o s ( word ) − 1 ;
149 }
150

151 i n t choose ( ) const {
152 a s s e r t ( s i z e ( ) != 0) ;
153 return m o s t s i g n i f i c a n t o n e ( ) ;
154 }
155

156 protected :
157

158 word type word ;
159 } ;
160 }
161

162 #i f de f ined (UNITTEST BIT STORE)
163 #inc lude ” a s s e r t . h++”
164 #inc lude <iostream>
165

166 template <typename T>
167 c l a s s u n i t t e s t b i t s t o r e {
168 pub l i c :
169

170 void operator ( ) ( ) {
171 cphs t l : : b i t s t o r e <T> word ;
172 T n = word ; // conve r t i on opera to r
173 a s s e r t (n == 0) ;
174 T capac i ty = word . capac i ty ( ) ; // capa c i t y
175 a s s e r t ( capac i ty == s i z e o f (T) ∗ CHAR BIT) ;
176 word . s e t (0 ) ;
177 word . s e t (0 ) ;
178 a s s e r t ( word == 1) ; // s e t
179 bool b i t z e r o = word . get (0 ) ;
180 a s s e r t ( b i t z e r o == 1) ; // g e t
181 bool b i t one = word . get (1 ) ;
182 a s s e r t ( b i t one == 0) ;
183 bool bi t two = word . get (2 ) ;
184 a s s e r t ( b i t two == 0) ;
185 word . s e t (1 ) ;
186 a s s e r t ( word == 3) ;
187 a s s e r t ( word . s i z e ( ) == 2) ; // s i z e
188 std : : s i z e t i = word . choose ( ) ;
189 a s s e r t ( i == 1) ;
190 word . s e t (1 ) ;
191 a s s e r t ( word . s i z e ( ) == 2) ;
192 word . unset (1 ) ; // unse t
193 word . unset (1 ) ; // unse t
194 a s s e r t ( word . s i z e ( ) == 1) ;
195 i = word . choose ( ) ;
196 a s s e r t ( i == 0) ;
197 }
198 } ;
199

200 i n t main ( int , char ∗∗) {
201 u n i t t e s t b i t s t o r e <unsigned long> s ;
202 s ( ) ;
203 u n i t t e s t b i t s t o r e <unsigned long long> t ;
204 t ( ) ;
205 return 0 ;
206 }
207

208 #end i f
209 #end i f
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G.3 blank-mark-store.h++

1 /∗
2 A b lank mark s t o r e ; a mark must be removed b e f o r e any new marks are
3 i n t roduced .
4

5 Author : J y r k i Kataja inen Âc© 2009
6 ∗/
7

8 #i f n d e f CPHSTL BLANK MARK STORE
9 #de f i n e CPHSTL BLANK MARK STORE

10

11 #inc lude <algorithm> // s t d : : swap
12 #inc lude ” a s s e r t . h++”
13 #inc lude ”comparator−proxy . h++”
14 #inc lude <cs tdde f> // s t d : : s i z e t
15 #inc lude <iostream>
16

17 namespace cphs t l {
18

19 template <typename C, typename A, typename E>
20 c l a s s blank mark store {
21 pub l i c :
22

23 typedef C comparator type ;
24 typedef A a l l o c a t o r t y p e ;
25 typedef E encapsu la to r type ;
26 typedef std : : s i z e t s i z e t y p e ;
27

28 protected :
29

30 comparator proxy<C> comparator ;
31 E∗ s ing l e mark ;
32

33 pr i va t e :
34

35 blank mark store ( b lank mark store const&) ;
36 blank mark store& operator = ( blank mark store const&) ;
37

38 pub l i c :
39

40 blank mark store (C const& c = C() , A const& = A() )
41 : comparator ( c ) , s ing l e mark (0) {
42 }
43

44 ˜ b lank mark store ( ) {
45 }
46

47 s i z e t y p e f o o t p r i n t ( s i z e t y p e ) const {
48 return s i z e o f ( b lank mark store ) ;
49 }
50

51 E∗ f i n d t o p ( ) const {
52 return s ing l e mark ;
53 }
54

55 bool i s marked (E const ∗ p) const {
56 return s ing l e mark == p ;
57 }
58

59 void mark(E∗ p) {
60 a s s e r t ( s ing l e mark == 0) ;
61 s ing l e mark = p ;
62 }
63

64 void unmark (E∗ p) {
65 s ing l e mark = ( s ing l e mark == p) ? 0 : s ing l e mark ;
66 }
67

68 template <typename H>
69 void reduce (H& heap s to r e ) {
70 i f ( s ing l e mark == 0) {
71 return ;
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72 }
73 E∗ q = s ing l e mark ;
74 E∗ p = (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
75 whi le (p != 0) {
76 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
77

78 #i f d e f FIRST VERSION
79

80 (∗q ) . swap nodes (p) ;
81

82 #e l s e
83

84 q = (∗q ) . promote (p) ;
85

86 #end i f
87

88 p = (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
89 }
90 e l s e {
91 break ;
92 }
93 }
94 i f ( (∗ q ) . i s r o o t ( ) ) {
95 heap s to r e . r ep l a c e (q ) ;
96 }
97 s ing l e mark = 0 ;
98 }
99

100 template <typename H>
101 void meld ( b lank mark store& another mark store , H& heap s to r e ) {
102 i f ( another mark store . s ing l e mark != 0) {
103 another mark store . reduce ( heap s to r e ) ;
104 }
105 }
106

107 void swap ( b lank mark store& another mark store ) {
108 // Precond i t i on : The comparators are compa t i b l e and not swapped .
109 std : : swap ( s ing le mark , another mark store . s ing l e mark ) ;
110 }
111

112 void c l e an ing t r an s f o rmat i on (E∗) {
113 }
114

115 E∗ s i b l i n g t r a n s f o r m a t i o n (E∗) {
116 return 0 ;
117 }
118

119 #i f d e f DEBUG
120

121 bool i s v a l i d ( ) {
122 return true ;
123 }
124

125 #end i f
126

127 } ;
128 }
129

130 #end i f

G.4 eager-mark-store.h++

1 /∗
2 An eager mark s t o r e
3

4 Author : S t e f an Edelkamp Âc© 2009
5 ∗/
6

7 #i f n d e f CPHSTL EAGER MARK STORE
8 #de f i n e CPHSTL EAGER MARK STORE
9

10 #inc lude ” a s s e r t . h++”
11 #inc lude ”bit−s t o r e . h++”
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12 #inc lude ”lazy−mark−s t o r e . h++”
13 #inc lude <cs tdde f> // s t d : : s i z e t
14 #inc lude <cmath> // i l o g b
15 #inc lude <iostream>
16 #inc lude <vector>
17

18 extern i n t i l o g b ( double ) throw ( ) ;
19

20 namespace cphs t l {
21

22 template <typename C, typename A, typename E>
23 c l a s s eage r mark s to r e : pub l i c l a zy mark s tore<C,A,E> {
24 pub l i c :
25

26 typedef C comparator type ;
27 typedef A a l l o c a t o r t y p e ;
28 typedef E encapsu la to r type ;
29 typedef typename E : : mark type mark type ;
30 typedef typename E : : he i ght type he i ght type ;
31 typedef typename E : : index type index type ;
32 typedef unsigned long word type ;
33 typedef std : : s i z e t s i z e t y p e ;
34

35 typedef eager mark store<C, A, E> M;
36 typedef l a zy mark s tore<C, A, E> B;
37

38 s t r u c t entry {
39 encapsu l a to r type ∗ p o s i t i o n [ 3 ] ;
40 word type mates ize ;
41 } ;
42

43 protected :
44

45 std : : vector<entry∗> e n t r i e s ;
46

47 B const ∗ const up cast (M const ∗ const d) const {
48 return s t a t i c c a s t <B const ∗ const >(d) ;
49 }
50

51 B∗ const up cast (M∗ const d) const {
52 return s t a t i c c a s t <B∗ const >(d) ;
53 }
54

55 pr i va t e :
56

57 eage r mark s to r e ( eage r mark s to r e const&) ;
58 eage r mark s to r e& operator = ( eage r mark s to r e const&) ;
59

60 pub l i c :
61

62 eage r mark s to r e (C const& c = C() , A const& a = A() )
63 : l a zy mark s tore<C,A,E>(c , a ) {
64 }
65

66 ˜ eage r mark s to r e ( ) {
67 }
68

69 #i f d e f DEBUG
70

71 bool i s v a l i d ( ) {
72 return true ;
73 }
74

75 void pr in t ( ) {
76 f o r ( he i ght type h = 0 ; h < e n t r i e s . s i z e ( ) ; h++) {
77 entry ∗ e1 = e n t r i e s [ h ] ;
78 std : : cout << ” ( ” << h << ”) ”
79 << e1−>mates ize
80 << ” [ ” ;
81 std : : cout << e1−>p o s i t i o n [ 0 ] << ”/ ” ;
82 i f ( e1−>p o s i t i o n [ 0 ] )
83 std : : cout << e1−>p o s i t i o n [0]−> type ( ) ;
84 std : : cout << ” , ” ;
85
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86 std : : cout << e1−>p o s i t i o n [ 1 ] << ”/ ” ;
87 i f ( e1−>p o s i t i o n [ 1 ] )
88 std : : cout << e1−>p o s i t i o n [1]−> type ( ) ;
89 std : : cout << ” , ” ;
90

91 std : : cout << e1−>p o s i t i o n [ 2 ] << ”/ ” ;
92 i f ( e1−>p o s i t i o n [ 2 ] )
93 std : : cout << e1−>p o s i t i o n [2]−> type ( ) ;
94 std : : cout << ” , ” ;
95 }
96 std : : cout << ” teams ” << (∗ t h i s ) . teams ;
97 std : : cout << ” runs ” << (∗ t h i s ) . runs ;
98 std : : cout << ”\n” ;
99 }

100

101 #end i f
102

103 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
104 return
105 ( i l o g b (n) + 1) ∗ (4 ∗ s i z e o f (E∗) +
106 2 ∗ s i z e o f ( word type ) ) +
107 2 ∗ s i z e o f ( word type ) +
108 2 ∗ s i z e o f ( word type ) ;
109 }
110

111 E∗ f i n d t o p ( ) const {
112 i f ( (∗ t h i s ) . runs | | (∗ t h i s ) . teams ) {
113 E∗ top = 0 ;
114 f o r ( he i ght type h = 0 ; h < e n t r i e s . s i z e ( ) ; h++) {
115 entry ∗ e = e n t r i e s [ h ] ;
116 i f ( top == 0) {
117 i f ( e−>mates ize > 1)
118 top = e−>p o s i t i o n [ 1 ] ;
119 }
120 e l s e {
121 i f ( e−>mates ize == 2 &&
122 comparator ( top−>element ( ) , e−>p o s i t i o n [1]−> element ( ) ) )
123 top = e−>p o s i t i o n [ 1 ] ;
124 }
125 }
126 return top ;
127 }
128 e l s e {
129 return 0 ;
130 }
131 }
132

133 template <typename H>
134 void reduce (H& heap s to r e ) {
135 // s t d : : cout << ” reduce c a l l e d ”<< s t d : : end l ;
136 // p r i n t ( ) ;
137 a s s e r t ( i s v a l i d ( ) ) ;
138 whi le ( (∗ t h i s ) . runs . s i z e ( ) | | (∗ t h i s ) . teams . s i z e ( ) ) {
139 i f ( (∗ t h i s ) . teams . s i z e ( ) ) {
140 // s t d : : cout << ” case teams ”<< s t d : : end l ;
141 word type m = (∗ t h i s ) . teams . choose ( ) ;
142 // s t d : : cout << ” h e i g h t ” << m << s t d : : end l ;
143 E∗ p = e n t r i e s [m]−>p o s i t i o n [ 1 ] ;
144 a s s e r t ( (∗p) . type ( ) == E : : s i n g l e t o n ) ;
145 E∗ q = e n t r i e s [m]−>p o s i t i o n [ 2 ] ;
146 a s s e r t ( (∗ q ) . type ( ) == E : : s i n g l e t o n ) ;
147

148 // s t d : : cout << ” b e f o r e s i n g l e t rans form ”<< s t d : : end l ;
149 s i n g l e t o n t r a n s f o r m a t i o n (p , q , heap s to r e ) ;
150 // s t d : : cout << ” a f t e r s i n g l e t rans form ”<< s t d : : end l ;
151 }
152 e l s e { // ((∗ t h i s ) . runs ) {
153 // s t d : : cout << ” case runs ”<< s t d : : end l ;
154 word type m = (∗ t h i s ) . runs . choose ( ) ;
155 E∗ r = e n t r i e s [m]−>p o s i t i o n [ 0 ] ;
156 // e n t r i e s [m]−> p o s i t i o n [0]−> t ype ( ) == E : : l e a d e r ?
157 // e n t r i e s [m]−> p o s i t i o n [ 0 ] : e n t r i e s [m]−> p o s i t i o n [ 1 ] ;
158 a s s e r t ( (∗ r ) . type ( ) == E : : l e ade r ) ;
159 // s t d : : cout << ” b e f o r e run trans form ”<< s t d : : end l ;
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160 run t rans fo rmat ion ( r , heap s to r e ) ;
161 // s t d : : cout << ” a f t e r run trans form ”<< s t d : : end l ;
162 }
163 }
164 // s t d : : cout << ” end reduce ”<< s t d : : end l ;
165 // p r i n t ( ) ;
166

167 #i f n d e f NDEBUG
168

169 f o r ( he i ght type h = 0 ; h < e n t r i e s . s i z e ( ) ; h++) {
170 entry ∗ e1 = e n t r i e s [ h ] ;
171

172 i f ( e1−>p o s i t i o n [ 0 ] ) e x i t (1 ) ;
173 i f ( e1−>p o s i t i o n [ 1 ] && e1−>p o s i t i o n [ 2 ] ) e x i t (1 ) ;
174 }
175

176 #end i f
177

178 }
179

180 template <typename H>
181 void meld ( eage r mark s to r e& other , H& heap s to r e ) {
182

183 f o r ( he i ght type h = 0 ; h < other . e n t r i e s . s i z e ( ) ; h++) {
184 #i f d e f DEBUG
185 entry ∗ e1 = e n t r i e s [ h ] ;
186 #end i f
187 entry ∗ e2 = other . e n t r i e s [ h ] ;
188

189 a s s e r t ( e1−>mates ize < 4 && e2−>mates ize < 4) ;
190

191 i f ( e2−>mates ize == 2) {
192 E∗ p = e2−>p o s i t i o n [ 1 ] ;
193 other . remove mark (p) ;
194 other . remove node (p) ;
195 i n s e r t n o d e (p) ;
196 i n se r t mark (p) ;
197 reduce ( heap s to r e ) ;
198 }
199 }
200

201 other . e n t r i e s . r e s i z e (0 ) ; // ”remove ” a l l e l ements
202

203 }
204

205 void swap ( eage r mark s to r e& other ) {
206 // Precond i t i on : The comparators are compa t i b l e .
207 std : : swap ( e n t r i e s , other . e n t r i e s ) ;
208 std : : swap ((∗ t h i s ) . runs , other . runs ) ;
209 // s t d : : swap ( s i n g l e s , o t h e r . s i n g l e s ) ;
210 std : : swap ((∗ t h i s ) . teams , other . teams ) ;
211 }
212

213 protected :
214

215 void i n s e r t n o d e (E∗ q ) {
216 // e n t r i e s . push back ( q ) ;
217 // s t d : : cout << ” i n s e r t i n g node ” << q << ”: ” << e n t r i e s . s i z e ( ) << ”/” << (∗ q ) .

h e i g h t ( ) + 1 << s t d : : end l ;
218

219 i f ( he i ght type ( (∗ q ) . he ight ( ) + 1) > e n t r i e s . s i z e ( ) ) {
220 he ight type max = std : : max( e n t r i e s . s i z e ( ) , s i z e t y p e ( (∗ q ) . he ight ( ) + 1) ) ;
221 // // s t d : : cout << ”expanding from depth ” << e n t r i e s . s i z e ( ) << ” to depth ” << max <<

s t d : : end l ;
222 he ight type i = e n t r i e s . s i z e ( ) ;
223 f o r ( ; i < max ; i++) {
224 entry ∗ e = new entry ;
225 e−>p o s i t i o n [ 0 ] = e−>p o s i t i o n [ 1 ] = e−>p o s i t i o n [ 2 ] = 0 ;
226 e−>mates ize = 1 ;
227 e n t r i e s . push back ( e ) ;
228 }
229 }
230

231 he ight type nheight = q−>he ight ( ) ;
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232 entry ∗ e = e n t r i e s [ nheight ] ;
233

234 switch ( (∗ q ) . type ( ) ) {
235

236 case E : : member :
237 // s t d : : cout << ”newly i n s e r t member ” << q << s t d : : end l ;
238 e−>p o s i t i o n [ 0 ] = q ;
239 break ;
240

241 case E : : l e ade r :
242 // s t d : : cout << ”node l e a d e r newly i n s e r t e d ” << s t d : : end l ;
243

244 i f ( nheight ) {
245 entry ∗ e1 = e n t r i e s [ nheight −1] ;
246 i f ( e1−>p o s i t i o n [ 0 ] == q−> l e f t ( ) )
247 break ;
248 i f (q−> l e f t ( )−>type ( ) == E : : s i n g l e t o n ) {
249 // s t d : : cout << ” l e f t ” << q−> l e f t ( ) << ” i s s i n g l e t o n ” << s t d : : end l ;
250 i f ( e1−>p o s i t i o n [ 1 ] == q−> l e f t ( ) )
251 e1−>p o s i t i o n [ 1 ] = e1−>p o s i t i o n [ 2 ] ;
252 e1−>p o s i t i o n [ 2 ] = 0 ;
253 e1−>matesize−−;
254 (∗ t h i s ) . teams . unset ( nheight−1) ;
255

256 e1−>p o s i t i o n [ 0 ] = q−> l e f t ( ) ;
257 q−> l e f t ( )−>type ( ) = E : : member ;
258 }
259 }
260 break ;
261

262 de f au l t :
263 ;
264 }
265 }
266

267 void i n se r t mark (E∗ q ) {
268 // s t d : : cout << ” i n s e r t mark ” << q << ” type ” << q−>t ype ( ) << s t d : : end l ;
269 // Precond i t i on : (∗ q ) . t ype ( ) must have the new va l u e
270

271 he ight type nheight = q−>he ight ( ) ;
272 entry ∗ e = e n t r i e s [ nheight ] ;
273 switch ( (∗ q ) . type ( ) ) {
274

275 case E : : l e ade r :
276 // s t d : : cout << ” i n s e r t l e a d e r ” << q << s t d : : end l ;
277

278 e−>p o s i t i o n [ 0 ] = q ;
279 (∗ t h i s ) . runs . s e t ( nheight ) ;
280 break ;
281

282 case E : : member :
283 // s t d : : cout << ”e r ro r member marked ” << s t d : : end l ;
284 e x i t (1 ) ;
285 break ;
286

287 case E : : s i n g l e t o n :
288 // s t d : : cout << ” i n s e r t s i n g l e t o n ” << q << s t d : : end l ;
289 e−>p o s i t i o n [ 0 ] = 0 ;
290

291 #i f n d e f NDEBUG
292 i f ( e−>mates ize > 3) {
293 // s t d : : cout << ”e r ro r mate i n s e r t ”<< s t d : : end l ;
294 e x i t (1 ) ;
295 }
296 #end i f
297

298 i f ( e−>mates ize > 1) // e l e c t cap ta in
299 (∗ t h i s ) . teams . s e t ( nheight ) ;
300

301 e−>p o s i t i o n [ e−>mates ize++] = q ;
302 break ;
303

304 de f au l t :
305 ;
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306 }
307 }
308

309 void remove mark (E∗ r ) {
310 // Precond i t i on : (∗ r ) . t ype ( ) must have the o l d va l u e
311 // s t d : : cout << ”removing mark ” << r << s t d : : end l ;
312 he ight type nheight = r−>he ight ( ) ;
313 entry ∗ e = e n t r i e s [ nheight ] ;
314

315 switch ( (∗ r ) . type ( ) ) {
316 case E : : l e ade r :
317

318 e−>p o s i t i o n [ 0 ] = 0 ;
319 (∗ t h i s ) . runs . unset ( nheight ) ;
320 break ;
321

322 case E : : s i n g l e t o n :
323

324 #i f n d e f NDEBUG
325 i f ( e−>mates ize == 1) {
326 // s t d : : cout << ”er ro r mate remove ”<< s t d : : end l ;
327 e x i t (1 ) ;
328 }
329 #end i f
330

331 i f ( e−>matesize−− > 1) {
332 (∗ t h i s ) . teams . unset ( nheight ) ;
333 }
334

335 i f ( e−>p o s i t i o n [ 1 ] == r )
336 e−>p o s i t i o n [ 1 ] = e−>p o s i t i o n [ 2 ] ;
337 e−>p o s i t i o n [ 2 ] = 0 ;
338

339 break ;
340 de f au l t :
341 ;
342 }
343 r−>type ( ) = E : : unmarked ;
344 }
345

346 void remove node (E∗ x ) {
347 // s t d : : cout << ”removing node ” << x << ”: ” << e n t r i e s . s i z e ( ) << ”/” << (∗ x ) .

h e i g h t ( ) + 1 << s t d : : end l ;
348

349 he ight type nheight = x−>he ight ( ) ;
350 entry ∗ e = e n t r i e s [ nheight ] ;
351

352 switch ( (∗ x ) . type ( ) ) {
353 case E : : member :
354 e−>p o s i t i o n [ 0 ] = 0 ;
355 break ;
356

357 de f au l t :
358 ;
359 }
360

361 // s t d : : cout << ” end o f remove node ” << s t d : : end l ;
362

363 /∗
364 h e i g h t t y p e max =
365 s t d : : max( e n t r i e s . s i z e ( ) , h e i g h t t y p e ( (∗ x ) . h e i g h t ( ) + 1) ) ;
366 i f (max == en t r i e s . s i z e ( ) ) {
367 en t ry ∗ e = e n t r i e s . back ( ) ;
368 e n t r i e s . pop back ( ) ;
369 d e l e t e e ;
370

371 con t r a c t ( ) ; // not implemented in y i r k i s code
372 }
373 ∗/
374 return ;
375 a s s e r t ( i s v a l i d ( ) ) ;
376 }
377 } ;
378 }
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379

380 #end i f

G.5 element-encapsulator.h++

1 /∗
2 An element encap su l a t o r ; each encap su l a t o r knows the p o s i t i o n in the
3 data s t r u c t u r e where i t i s s t o r e d .
4

5 Author : J y r k i Kataja inen Âc© 2009 , 2010
6 ∗/
7

8 #i f n d e f CPHSTL ELEMENT ENCAPSULATOR
9 #de f i n e CPHSTL ELEMENT ENCAPSULATOR

10

11 #inc lude <c s t d l i b >
12

13 namespace cphs t l {
14

15 template <typename V, typename P, typename A>
16 c l a s s e l ement encapsu la to r {
17 pub l i c :
18

19 typedef V va lue type ;
20 typedef P p o s i t i o n t y p e ;
21 typedef A a l l o c a t o r t y p e ;
22

23 va lue type va lue ;
24 p o s i t i o n t y p e p o s i t i o n ;
25

26 e x p l i c i t e l ement encapsu la to r ( va lue type v , a l l o c a t o r t y p e const& = A() ) :
27 va lue (v ) , p o s i t i o n (0) {
28 }
29

30 V const& element ( ) const {
31 return va lue ;
32 }
33

34 V& element ( ) {
35 return va lue ;
36 }
37

38 p o s i t i o n t y p e p o s i t i o n ( ) const {
39 return p o s i t i o n ;
40 }
41

42 p o s i t i o n t y p e& p o s i t i o n ( ) {
43 return p o s i t i o n ;
44 }
45 } ;
46 }
47

48 #end i f

G.6 fat-weak-heap-node.h++

1 /∗
2 A node used by a p e r f e c t weak heap in a run−r e l a x e d weak queue
3

4 Authors : J y r k i Katajainen , Jens Rasmussen Âc© 2008 , 2009
5 ∗/
6

7 #i f n d e f CPHSTL FAT WEAK HEAP NODE
8 #de f i n e CPHSTL FAT WEAK HEAP NODE
9

10 #inc lude <algorithm> // s t d : : swap
11 #inc lude ” a s s e r t . h++”
12 #inc lude ”heap−node . h++”
13

14 namespace cphs t l {
15
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16 template <typename V, typename A>
17 c l a s s fat weak heap node
18 : pub l i c heap node<V, A, fat weak heap node<V, A> > {
19 pub l i c :
20

21 typedef unsigned char he ight type ;
22 typedef s igned char index type ;
23 enum mark type {unmarked = 0 , member , l eader , s i n g l e t o n } ;
24 typedef fat weak heap node<V, A> N;
25 typedef heap node<V, A, N> B;
26

27 protected :
28

29 he ight type he i gh t ;
30 index type index ;
31 mark type type ;
32

33 B const ∗ const up cast (N const ∗ const d) const {
34 return s t a t i c c a s t <B const ∗ const >(d) ;
35 }
36

37 B∗ const up cast (N∗ const d) const {
38 return s t a t i c c a s t <B∗ const >(d) ;
39 }
40

41 B∗ const up cast (N∗ const d) {
42 return s t a t i c c a s t <B∗ const >(d) ;
43 }
44

45 pub l i c :
46

47 fat weak heap node (V const& v , A const& a )
48 : heap node<V, A, N>(v , a ) , h e i gh t (0 ) , index (−1) ,
49 type ( unmarked ) {
50 }
51

52 he ight type he ight ( ) const {
53 a s s e r t ( t h i s != 0) ;
54 return he i gh t ;
55 }
56

57 he ight type& he ight ( ) {
58 a s s e r t ( t h i s != 0) ;
59 return he i gh t ;
60 }
61

62 index type index ( ) const {
63 a s s e r t ( t h i s != 0) ;
64 return index ;
65 }
66

67 index type& index ( ) {
68 a s s e r t ( t h i s != 0) ;
69 return index ;
70 }
71

72 mark type type ( ) const {
73 a s s e r t ( t h i s != 0) ;
74 return type ;
75 }
76

77 mark type& type ( ) {
78 a s s e r t ( t h i s != 0) ;
79 return type ;
80 }
81

82 template <typename C>
83 N∗ b a s i c j o i n (N∗ q , C const& comparator ) {
84 N∗ p = t h i s ;
85 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
86 N∗ c = (∗q ) . r i g h t ( ) ;
87 i f ( c != 0) {
88 (∗ c ) . parent ( ) = p ;
89 }
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90 (∗p) . l e f t ( ) = c ;
91 (∗q ) . r i g h t ( ) = p ;
92 (∗p) . parent ( ) = q ;
93 (∗q ) . he ight ( ) += 1 ;
94 return q ;
95 }
96 e l s e {
97 N∗ c = (∗p) . r i g h t ( ) ;
98 i f ( c != 0) {
99 (∗ c ) . parent ( ) = q ;

100 }
101 (∗q ) . l e f t ( ) = c ;
102 (∗p) . r i g h t ( ) = q ;
103 (∗q ) . parent ( ) = p ;
104 (∗p) . he ight ( ) += 1 ;
105 return p ;
106 }
107 }
108

109 template <typename C, typename M>
110 N∗ j o i n (N∗ q , C const& comparator , M& mark store ) {
111 N∗ p = t h i s ;
112 a s s e r t (p != 0) ;
113 a s s e r t ( q != 0) ;
114 a s s e r t ( (∗p) . type ( ) == N: : unmarked ) ;
115 a s s e r t ( (∗ q ) . type ( ) == N: : unmarked ) ;
116 B∗ u = up cast (p) ;
117 N∗ r = (∗u) . j o i n (q , comparator , mark store ) ;
118 (∗ r ) . he ight ( ) += 1 ;
119 N∗ a = (∗ r ) . r i g h t ( ) −> l e f t ( ) ;
120 N∗ b = (∗ r ) . r i g h t ( ) −> r i g h t ( ) ;
121 bool a unmarked = a == 0 | | (∗a ) . type ( ) == N: : unmarked ;
122 bool b unmarked = b == 0 | | (∗b) . type ( ) == N: : unmarked ;
123 i n t item = 2 ∗ a unmarked + b unmarked ;
124 switch ( item ) {
125 case 0 /∗ marked marked ∗/ :
126 ( void ) mark store . s i b l i n g t r a n s f o r m a t i o n ( a ) ;
127 break ;
128 case 1 /∗ marked unmarked ∗/ :
129 mark store . c l e an ing t r an s f o rmat i on ( a ) ;
130 break ;
131 case 2 /∗ unmarked marked ∗/ :
132 break ;
133 case 3 /∗ unmarked unmarked ∗/ :
134 break ;
135 de f au l t :
136 a s s e r t ( f a l s e ) ;
137 }
138 return r ;
139 }
140

141 template <typename C, typename M>
142 N∗ f a s t j o i n (N∗ q , N∗ , C const& comparator , M& mark store ) {
143 N∗ p = t h i s ;
144 a s s e r t (p != 0) ;
145 a s s e r t ( q != 0) ;
146 a s s e r t ( (∗p) . type ( ) == N: : unmarked ) ;
147 a s s e r t ( (∗ q ) . type ( ) == N: : unmarked ) ;
148 a s s e r t ( (∗p) . r i g h t ( ) == 0 | | (∗p) . r i g h t ( ) −> type ( ) == N: : unmarked ) ;
149 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
150 N∗ b = (∗q ) . r i g h t ( ) ;
151 bool c l e a n i n g n e c e s s a r y = f a l s e ;
152 i f (b != 0) {
153 (∗b) . parent ( ) = p ;
154 i f ( (∗b) . type ( ) != N : : unmarked ) {
155 c l e a n i n g n e c e s s a r y = true ;
156 }
157 }
158 (∗p) . l e f t ( ) = b ;
159 (∗q ) . r i g h t ( ) = p ;
160 (∗p) . parent ( ) = q ;
161 (∗q ) . he ight ( ) += 1 ;
162 i f ( c l e a n i n g n e c e s s a r y ) {
163 mark store . c l e an ing t r an s f o rmat i on (b) ;
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164 }
165 return q ;
166 }
167 e l s e {
168 N∗ a = (∗p) . r i g h t ( ) ;
169 i f ( a != 0) {
170 (∗a ) . parent ( ) = q ;
171 }
172 (∗q ) . l e f t ( ) = a ;
173 (∗p) . r i g h t ( ) = q ;
174 (∗q ) . parent ( ) = p ;
175 (∗p) . he ight ( ) += 1 ;
176 return p ;
177 }
178 }
179

180 template <typename C>
181 N∗ s p l i t (C const& comparator ) {
182 a s s e r t ( (∗ t h i s ) . he ight ( ) > 0) ;
183 B∗ b = up cast ( t h i s ) ;
184 N∗ p = (∗b) . s p l i t ( comparator ) ;
185 (∗ t h i s ) . he ight ( ) −= 1 ;
186 return p ;
187 }
188

189 void swap neighbours (N∗ r ) {
190 N∗ p = t h i s ;
191 a s s e r t (p != 0) ;
192 a s s e r t ( r == (∗p) . r i g h t ( ) ) ;
193 N∗ a = (∗p) . l e f t ( ) ;
194 N∗ b = (∗ r ) . l e f t ( ) ;
195 N∗ c = (∗ r ) . r i g h t ( ) ;
196 (∗ r ) . l e f t ( ) = a ;
197 i f ( a != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
198 (∗a ) . parent ( ) = r ;
199 }
200 (∗ r ) . r i g h t ( ) = p ;
201 (∗p) . parent ( ) = r ;
202 (∗p) . l e f t ( ) = c ;
203 (∗p) . r i g h t ( ) = b ;
204 i f (b != 0) {
205 (∗ c ) . parent ( ) = p ; // be c a r e f u l !
206 (∗b) . parent ( ) = p ;
207 }
208 (∗ r ) . he ight ( ) += 1 ;
209 (∗p) . he ight ( ) −= 1 ;
210 }
211

212 void swap roots (N∗ q ) {
213 B∗ b = up cast ( t h i s ) ;
214 (∗b) . swap roots (q ) ;
215 std : : swap ((∗ t h i s ) . he ight ( ) , (∗q ) . he ight ( ) ) ;
216 }
217

218 N∗ r e l e a s e r o o t ( ) {
219 B∗ b = up cast ( t h i s ) ;
220 N∗ s = (∗b) . r e l e a s e r o o t ( ) ;
221 (∗ t h i s ) . he ight ( ) = 0 ;
222 return s ;
223 }
224

225 N∗ promote (N∗ p) {
226 B∗ b = up cast ( t h i s ) ;
227 N∗ q = (∗b) . promote (p) ;
228 std : : swap ((∗ t h i s ) . he ight ( ) , (∗p) . he ight ( ) ) ;
229 return q ;
230 }
231

232 #i f d e f DEBUG
233

234 void show tree ( ) const {
235 N const ∗ t = t h i s ;
236 std : : l i s t <N const∗> l e v e l ;
237 l e v e l . push f ront ( t ) ;
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238 whi le ( ! l e v e l . empty ( ) ) {
239 typename std : : l i s t <N const ∗> : : i t e r a t o r l a s t = l e v e l . end ( ) ;
240 −− l a s t ;
241 typename std : : l i s t <N const ∗> : : i t e r a t o r p = l e v e l . begin ( ) ;
242 bool stop = f a l s e ;
243 whi le ( ! stop ) {
244 N const ∗ t = ∗p ;
245 i f (p == l a s t ) {
246 stop = true ;
247 }
248 ++p ;
249 l e v e l . pop f ront ( ) ;
250 i f ( ! (∗ t ) . i s r o o t ( ) && (∗ t ) . l e f t ( ) != 0) {
251 l e v e l . push back ((∗ t ) . l e f t ( ) ) ;
252 }
253 i f ( (∗ t ) . r i g h t ( ) != 0) {
254 l e v e l . push back ((∗ t ) . r i g h t ( ) ) ;
255 }
256 std : : cout << ”( ” << (∗ t ) . element ( ) <<
257 ” , ” << i n t ( (∗ t ) . he ight ( ) ) <<
258 ” , ” << i n t ( (∗ t ) . index ( ) ) <<
259 ” , ” << (∗ t ) . type ( ) << ”) ” ;
260 }
261 std : : cout << ”\n” ;
262 std : : cout . f l u s h ( ) ;
263 }
264 }
265

266 template <typename C, typename M>
267 bool i s v a l i d (C const& comparator , M const& mark store ) const {
268 N const ∗ t = t h i s ;
269 bool va l i d = true ;
270 i f ( (∗ t ) . parent ( ) != 0) {
271 va l i d &= t −> parent ( ) −> l e f t ( ) == t | |
272 t −> parent ( ) −> r i g h t ( ) == t ;
273 va l i d &= t −> parent ( ) −> he ight ( ) == t −> he ight ( ) + 1 ;
274 i f ( ! v a l i d ) std : : cout << ”e r r o r : parent\n” ;
275 }
276 i f ( (∗ t ) . l e f t ( ) != 0) {
277 va l i d &= t −> l e f t ( ) −> parent ( ) == t ;
278 i f ( ! v a l i d ) std : : cout << ”e r r o r : l e f t \n” ;
279 }
280 i f ( (∗ t ) . r i g h t ( ) != 0) {
281 va l i d &= t −> r i g h t ( ) −> parent ( ) == t ;
282 i f ( ! v a l i d ) std : : cout << ”e r r o r : r i g h t \n” ;
283 }
284 i f ( ! (∗ t ) . i s r o o t ( ) && ! mark store . i s marked ( t ) ) {
285 va l i d &= ! comparator ( (∗ t ) . d i s t i n g u i s h e d a n c e s t o r ( ) −> element ( ) , (∗ t ) . element ( ) ) ;
286 i f ( ! v a l i d ) std : : cout << ”e r r o r : h a l f order \n” ;
287 }
288 i f ( (∗ t ) . i s r o o t ( ) ) {
289 va l i d &= (∗ t ) . type ( ) == N: : unmarked ;
290 a s s e r t ( (∗ t ) . parent ( ) == 0) ;
291 i f ( ! v a l i d ) std : : cout << ”e r r o r : root \n” ;
292 }
293 e l s e {
294 N const ∗ p = (∗ t ) . parent ( ) ;
295 N const ∗ r = (∗ t ) . l e f t ( ) ;
296 i f ( (∗p) . l e f t ( ) == t ) {
297 i f ( mark store . i s marked (p) ) {
298 i f ( mark store . i s marked ( t ) ) {
299 va l i d &= (∗ t ) . type ( ) == N: : member ;
300 i f ( ! v a l i d ) std : : cout << ”e r r o r : member\n” ;
301 }
302 }
303 e l s e {
304 i f ( mark store . i s marked ( t ) ) {
305 i f ( r != 0 && mark store . i s marked ( r ) ) {
306 va l i d &= (∗ t ) . type ( ) == N: : l e ade r ;
307 i f ( ! v a l i d ) std : : cout << ”e r r o r : l e ade r ( l e f t )\n” ;
308 }
309 e l s e {
310 va l i d &= (∗ t ) . type ( ) == N: : s i n g l e t o n ;
311 i f ( ! v a l i d ) std : : cout << ”e r r o r : s i n g l e t o n ( l e f t )\n” ;
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312 }
313 }
314 }
315 }
316 e l s e {
317 i f ( r != 0 && mark store . i s marked ( r ) ) {
318 i f ( mark store . i s marked ( t ) ) {
319 va l i d &= (∗ t ) . type ( ) == N: : l e ade r ;
320 i f ( ! v a l i d ) std : : cout << ”e r r o r : l e ade r ( r i g h t )\n” ;
321 }
322 }
323 e l s e {
324 i f ( mark store . i s marked ( t ) ) {
325 va l i d &= (∗ t ) . type ( ) == N: : s i n g l e t o n ;
326 i f ( ! v a l i d ) std : : cout << ”e r r o r : s i n g l e t o n ( r i g h t )\n” ;
327 }
328 }
329 }
330 }
331 return va l i d ;
332 }
333

334 #end i f
335

336 } ;
337 }
338

339 #end i f

G.7 heap-node.h++

1 /∗
2 A heap node used as a base f o r va r i ou s s p e c i a l i z e d heap nodes
3

4 Authors : Asger Bruun , Jy r k i Kataja inen Âc© 2009 , 2010
5 ∗/
6

7 #i f n d e f CPHSTL HEAP NODE
8 #de f i n e CPHSTL HEAP NODE
9

10 #inc lude ” a s s e r t . h++”
11 #inc lude <cs tdde f> // s t d : : s i z e t
12 #inc lude <iostream>
13 #inc lude < l i s t >
14

15 namespace cphs t l {
16

17 template <typename V, typename A, typename N>
18 c l a s s heap node {
19 pub l i c :
20

21 typedef V va lue type ;
22 typedef A a l l o c a t o r t y p e ;
23 typedef std : : s i z e t s i z e t y p e ;
24 typedef unsigned char he ight type ;
25 typedef heap node<V, A, N> s e l f t y p e ;
26

27 s t r u c t ho l e type {
28 N∗ parent ;
29 N∗ cur rent ;
30 union {
31 N∗ l e f t ;
32 void ∗ owner ;
33 } ;
34

35 ho l e type (N∗ p)
36 : parent ( (∗p) . parent ( ) ) , cur rent (p) {
37 i f ( parent != 0) {
38 l e f t = (∗p) . l e f t ( ) ;
39 }
40 e l s e {
41 owner = (∗p) . owner ( ) ;
42 }
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43 }
44 } ;
45

46 N∗ parent ;
47 union {
48 N∗ l e f t ;
49 void ∗ owner ;
50 } ;
51 N∗ r i g h t ;
52 V va lue ;
53

54 pr i va t e :
55

56 heap node ( ) ;
57 heap node ( heap node const&) ;
58 heap node& operator = ( heap node const&) ;
59

60 protected :
61

62 N const ∗ const down cast ( s e l f t y p e const ∗ const b) const {
63 return s t a t i c c a s t <N const ∗ const >(b) ;
64 }
65

66 N∗ const down cast ( s e l f t y p e ∗ const b) const {
67 return s t a t i c c a s t <N∗ const >(b) ;
68 }
69

70 N∗ const down cast ( s e l f t y p e ∗ const b) {
71 return s t a t i c c a s t <N∗ const >(b) ;
72 }
73

74 pub l i c :
75

76 heap node (V const& v , A const&)
77 : parent ( down cast (0 ) ) , l e f t ( down cast (0 ) ) , r i g h t ( down cast (0 ) ) ,
78 va lue (v ) {
79 }
80

81 s t a t i c s i z e t y p e f o o t p r i n t ( ) {
82 return s i z e o f (N) ;
83 }
84

85 bool i s r o o t ( ) const {
86 return parent == 0 ;
87 }
88

89 bool i s l e a f ( ) const {
90 return r i g h t == 0 ;
91 }
92

93 V const& element ( ) const {
94 return va lue ;
95 }
96

97 V& element ( ) {
98 return va lue ;
99 }

100

101 N∗ l e f t ( ) const {
102 return l e f t ;
103 }
104

105 N∗& l e f t ( ) {
106 return l e f t ;
107 }
108

109 N∗ r i g h t ( ) const {
110 return r i g h t ;
111 }
112

113 N∗& r i g h t ( ) {
114 return r i g h t ;
115 }
116
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117 N∗ parent ( ) const {
118 return parent ;
119 }
120

121 N∗& parent ( ) {
122 return parent ;
123 }
124

125 void ∗ owner ( ) const {
126 return owner ;
127 }
128

129 void∗& owner ( ) {
130 return owner ;
131 }
132

133 template <typename C, typename M>
134 N∗ j o i n (N∗ q , C const& comparator , M&) {
135 N∗ p = down cast ( t h i s ) ;
136 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
137 N∗ c = (∗q ) . r i g h t ( ) ;
138 i f ( c != 0) {
139 (∗ c ) . parent ( ) = p ;
140 }
141 (∗p) . l e f t ( ) = c ;
142 (∗q ) . r i g h t ( ) = p ;
143 (∗p) . parent ( ) = q ;
144 return q ;
145 }
146 e l s e {
147 N∗ c = (∗p) . r i g h t ( ) ;
148 i f ( c != 0) {
149 (∗ c ) . parent ( ) = q ;
150 }
151 (∗q ) . l e f t ( ) = c ;
152 (∗p) . r i g h t ( ) = q ;
153 (∗q ) . parent ( ) = p ;
154 return p ;
155 }
156 }
157

158 template <typename C, typename M>
159 N∗ f a s t j o i n (N∗ q , N∗ , C const& comparator , M& mark store ) {
160 N∗ p = down cast ( t h i s ) ;
161 return (∗p) . j o i n (q , comparator , mark store ) ;
162 }
163

164 template <typename C>
165 N∗ s p l i t (C const&) {
166 N∗ p = down cast ( t h i s ) ;
167 a s s e r t (p != 0) ;
168 a s s e r t ( (∗p) . r i g h t ( ) != 0) ;
169 N∗ q = (∗p) . r i g h t ( ) ;
170 N∗ r = (∗q ) . l e f t ( ) ;
171 (∗p) . r i g h t ( ) = r ;
172 i f ( r != 0) {
173 (∗ r ) . parent ( ) = p ;
174 }
175 (∗q ) . parent ( ) = 0 ;
176 (∗q ) . l e f t ( ) = 0 ;
177 return q ;
178 }
179

180 void swap roots (N∗ q ) {
181 N∗ p = down cast ( t h i s ) ;
182 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
183 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
184 N∗ c = (∗p) . r i g h t ( ) ;
185 N∗ g = (∗q ) . r i g h t ( ) ;
186 (∗p) . r i g h t ( ) = g ;
187 (∗q ) . r i g h t ( ) = c ;
188 i f ( c != 0) {
189 (∗ c ) . parent ( ) = q ;
190 }
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191 i f ( g != 0) {
192 (∗g ) . parent ( ) = p ;
193 }
194 }
195

196 N∗ r e l e a s e r o o t ( ) {
197 N∗ p = down cast ( t h i s ) ;
198 N∗ q = (∗p) . r i g h t ( ) ;
199 (∗p) . r i g h t ( ) = 0 ;
200 (∗q ) . parent ( ) = 0 ;
201 return q ;
202 }
203

204 N∗ r e l e a s e subheap ( ) {
205 N∗ p = down cast ( t h i s ) ;
206 N∗ q = (∗p) . l e f t ( ) ;
207 (∗p) . l e f t ( ) = 0 ;
208 i f ( q != 0) {
209 (∗q ) . parent ( ) = 0 ;
210 }
211 return q ;
212 }
213

214 ho l e type s p l i c e o u t ( ) {
215 // Note : This f un c t i on l e a v e s the unde r l y i n g t r e e broken ,
216 // un t r a v e r s a b l e , and unp r i n t a b l e u n t i l s p l i c e i n .
217 a s s e r t ( t h i s != 0) ;
218 ho l e type ho le ( down cast ( t h i s ) ) ;
219 (∗ t h i s ) . parent ( ) = 0 ;
220 (∗ t h i s ) . l e f t ( ) = 0 ;
221 return ho le ;
222 }
223

224 template <typename H>
225 void s p l i c e i n ( ho l e type& hole , H& heap s to r e ) {
226 a s s e r t ( ho le . cur rent != 0) ;
227 N∗ p = down cast ( t h i s ) ;
228 (∗p) . parent ( ) = ho le . parent ;
229 i f ( ho le . parent != 0 && (∗ ho le . parent ) . l e f t ( ) == hole . cur rent ) {
230 (∗ ho le . parent ) . l e f t ( ) = p ;
231 }
232 i f ( ho le . parent != 0 && (∗ ho le . parent ) . r i g h t ( ) == hole . cur rent ) {
233 (∗ ho le . parent ) . r i g h t ( ) = p ;
234 }
235 i f ( ho le . parent == 0) {
236 typedef typename H: : heap proxy type heap proxy type ;
237 (∗p) . owner ( ) = hole . owner ;
238 heap s to r e . r ep l a c e (p) ;
239 }
240 e l s e {
241 (∗ t h i s ) . l e f t ( ) = ho le . l e f t ;
242 i f ( ho le . l e f t != 0) {
243 (∗ ho le . l e f t ) . parent ( ) = p ;
244 }
245 }
246 }
247

248 #i f d e f FIRST VERSION
249

250 void swap nodes (N∗ q ) {
251 // Warning : The ba c k po i n t e r s a t owners are not c o r r e c t e d because
252 // the type o f t he owners i s not known .
253 N∗ p = down cast ( t h i s ) ;
254 a s s e r t (p != 0) ;
255 a s s e r t ( q != 0) ;
256 N∗ a = (∗p) . parent ;
257 N∗ b = (∗p) . l e f t ;
258 N∗ c = (∗p) . r i g h t ;
259 N∗ e = (∗q ) . parent ;
260 N∗ f = (∗q ) . l e f t ;
261 N∗ g = (∗q ) . r i g h t ;
262

263 i f ( a != 0 && (∗a ) . l e f t == p) {
264 (∗a ) . l e f t = q ;
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265 }
266 i f ( a != 0 && (∗a ) . r i g h t == p) {
267 (∗a ) . r i g h t = q ;
268 }
269 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) && (∗b) . parent == p) {
270 (∗b) . parent = q ;
271 }
272 i f ( c != 0 && (∗ c ) . parent == p) {
273 (∗ c ) . parent = q ;
274 }
275 i f ( e != 0 && (∗ e ) . l e f t == q) {
276 (∗ e ) . l e f t = p ;
277 }
278 i f ( e != 0 && (∗ e ) . r i g h t == q) {
279 (∗ e ) . r i g h t = p ;
280 }
281 i f ( f != 0 && ( ! (∗p) . i s r o o t ( ) ) && (∗ f ) . parent == q) {
282 (∗ f ) . parent = p ;
283 }
284 i f ( g != 0 && (∗g ) . parent == q) {
285 (∗g ) . parent = p ;
286 }
287

288 (∗p) . parent = e ;
289 (∗p) . l e f t = f ;
290 (∗p) . r i g h t = g ;
291 (∗q ) . parent = a ;
292 (∗q ) . l e f t = b ;
293 (∗q ) . r i g h t = c ;
294

295 i f ( a == q && f == p) {
296 (∗p) . l e f t = q ;
297 (∗q ) . parent = p ;
298 return ;
299 }
300 i f ( a == q && g == p) {
301 (∗p) . r i g h t = q ;
302 (∗q ) . parent = p ;
303 return ;
304 }
305 i f (b == q) {
306 (∗p) . parent = q ;
307 (∗q ) . l e f t = p ;
308 return ;
309 }
310 i f ( c == q) {
311 (∗p) . parent = q ;
312 (∗q ) . r i g h t = p ;
313 return ;
314 }
315 }
316

317 #end i f
318

319 template <typename C>
320 N∗ d i s t i ngu i shed de s c endant (C const&) const {
321 N const ∗ q = down cast ( t h i s ) ;
322 a s s e r t ( q != 0) ;
323 return ( (∗ q ) . i s r o o t ( ) ) ? (∗q ) . r i g h t ( ) : (∗q ) . l e f t ( ) ;
324 }
325

326 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
327 N const ∗ q = down cast ( t h i s ) ;
328 a s s e r t ( q != 0) ;
329 N∗ p = (∗q ) . parent ( ) ;
330 whi le (p != 0 && (∗p) . l e f t ( ) == q) {
331 q = p ;
332 p = (∗p) . parent ( ) ;
333 }
334 return p ;
335 }
336

337 N∗ promote (N∗ p) {
338 N∗ q = down cast ( t h i s ) ;
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339 a s s e r t (p == (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
340 i f (p == (∗q ) . parent ( ) ) {
341 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
342 N∗ a = (∗p) . parent ( ) ;
343 N∗ b = (∗p) . l e f t ( ) ;
344 N∗ f = (∗q ) . l e f t ( ) ;
345 N∗ g = (∗q ) . r i g h t ( ) ;
346 (∗p) . parent ( ) = q ;
347 (∗p) . l e f t ( ) = f ;
348 (∗p) . r i g h t ( ) = g ;
349 (∗q ) . parent ( ) = a ;
350 (∗q ) . l e f t ( ) = b ;
351 (∗q ) . r i g h t ( ) = p ;
352 i f ( a != 0) {
353 i f ( (∗ a ) . r i g h t ( ) == p) {
354 (∗a ) . r i g h t ( ) = q ;
355 }
356 e l s e {
357 i f ( ! (∗p) . i s r o o t ( ) ) {
358 (∗a ) . l e f t ( ) = q ;
359 }
360 }
361 }
362 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
363 (∗b) . parent ( ) = q ;
364 }
365 i f ( f != 0) {
366 (∗ f ) . parent ( ) = p ;
367 }
368 i f ( g != 0) {
369 (∗g ) . parent ( ) = p ;
370 }
371 }
372 e l s e {
373 N∗ a = (∗p) . parent ( ) ;
374 N∗ b = (∗p) . l e f t ( ) ;
375 N∗ c = (∗p) . r i g h t ( ) ;
376 N∗ e = (∗q ) . parent ( ) ;
377 N∗ f = (∗q ) . l e f t ( ) ;
378 N∗ g = (∗q ) . r i g h t ( ) ;
379 (∗p) . parent ( ) = e ;
380 (∗p) . l e f t ( ) = f ;
381 (∗p) . r i g h t ( ) = g ;
382 (∗q ) . parent ( ) = a ;
383 (∗q ) . l e f t ( ) = b ;
384 (∗q ) . r i g h t ( ) = c ;
385 i f ( a != 0) {
386 i f ( (∗ a ) . r i g h t ( ) == p) {
387 (∗a ) . r i g h t ( ) = q ;
388 }
389 e l s e {
390 i f ( ! (∗p) . i s r o o t ( ) ) {
391 (∗a ) . l e f t ( ) = q ;
392 }
393 }
394 }
395 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
396 (∗b) . parent ( ) = q ;
397 }
398 i f ( c != 0) {
399 (∗ c ) . parent ( ) = q ;
400 }
401 i f ( e != 0 && (∗ e ) . l e f t ( ) == q) {
402 (∗ e ) . l e f t ( ) = p ;
403 }
404 i f ( e != 0 && (∗ e ) . r i g h t ( ) == q) {
405 (∗ e ) . r i g h t ( ) = p ;
406 }
407 i f ( f != 0) {
408 (∗ f ) . parent = p ;
409 }
410 i f ( g != 0) {
411 (∗g ) . parent = p ;
412 }
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413 }
414 return q ;
415 }
416

417 N const ∗ root ( ) const {
418 N const ∗ p = down cast ( t h i s ) ;
419 a s s e r t (p != 0) ;
420 whi le ( ! (∗p) . i s r o o t ( ) ) {
421 p = (∗p) . parent ( ) ;
422 }
423 return p ;
424 }
425

426 N const ∗ s u c c e s s o r ( ) const {
427 N const ∗ x = down cast ( t h i s ) ;
428 a s s e r t ( x != 0) ;
429 i f ( (∗ x ) . r i g h t ( ) != 0) {
430 x = (∗x ) . r i g h t ( ) ;
431 whi le ( (∗ x ) . l e f t ( ) != 0) {
432 x = (∗x ) . l e f t ( ) ;
433 }
434 return x ;
435 }
436 N const ∗ y = (∗x ) . parent ( ) ;
437 whi le ( y != 0 && x == (∗y ) . r i g h t ( ) ) {
438 x = y ;
439 y = (∗y ) . parent ( ) ;
440 }
441 return y ;
442 }
443

444 he ight type he ight ( ) const {
445 N const ∗ p = down cast ( t h i s ) ;
446 a s s e r t (p != 0) ;
447 he ight type h = 0 ;
448 whi le ( ! (∗p) . i s l e a f ( ) ) {
449 p = (∗p) . r i g h t ( ) ;
450 h += 1 ;
451 }
452 return h ;
453 }
454

455 #i f d e f DEBUG
456

457 void show tree ( ) const {
458 N const ∗ t = down cast ( t h i s ) ;
459 std : : cout << (∗ t ) . element ( ) << ” ” ;
460 std : : cout << ”\n” ;
461 std : : cout . f l u s h ( ) ;
462 t = (∗ t ) . r i g h t ( ) ;
463 i f ( t == 0) {
464 return ;
465 }
466 std : : l i s t <N const∗> l e v e l ;
467 l e v e l . push f ront ( t ) ;
468 whi le ( ! l e v e l . empty ( ) ) {
469 typename std : : l i s t <N const ∗> : : i t e r a t o r l a s t = l e v e l . end ( ) ;
470 −− l a s t ;
471 typename std : : l i s t <N const ∗> : : i t e r a t o r p = l e v e l . begin ( ) ;
472 bool stop = f a l s e ;
473 whi le ( ! stop ) {
474 N const ∗ t = ∗p ;
475 i f (p == l a s t ) stop = true ;
476 ++p ;
477 l e v e l . pop f ront ( ) ;
478 i f ( (∗ t ) . r i g h t ( ) != 0) {
479 l e v e l . push back ((∗ t ) . l e f t ( ) ) ;
480 l e v e l . push back ((∗ t ) . r i g h t ( ) ) ;
481 }
482 std : : cout << (∗ t ) . element ( ) << ” ” ;
483 }
484 std : : cout << ”\n” ;
485 std : : cout . f l u s h ( ) ;
486 }
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487 }
488

489 #end i f
490

491 } ;
492 }
493

494 #end i f

G.8 heap-proxy.h++

1 /∗
2 A heap proxy mainta ins the h e i g h t and a po i n t e r to the roo t
3 o f each heap .
4

5 Author : J y r k i Kataja inen Âc© 2009
6 ∗/
7

8 #i f n d e f CPHSTL HEAP PROXY
9 #de f i n e CPHSTL HEAP PROXY

10

11 #inc lude ” a s s e r t . h++”
12 #inc lude <cs tdde f> // s t d : : s i z e t
13

14 namespace cphs t l {
15

16 template <typename E>
17 c l a s s heap proxy {
18 pub l i c :
19

20 typedef E encapsu la to r type ;
21 typedef std : : s i z e t s i z e t y p e ;
22

23 heap proxy (E∗ root , s i z e t y p e he ight = 0 ,
24 heap proxy∗ next = 0 ,
25 heap proxy∗ nex t pa i r = 0)
26 : r o o t ( root ) , h e i gh t ( he ight ) , next ( next ) , n e x t p a i r ( n ex t pa i r ) {
27 }
28

29 ˜ heap proxy ( ) {
30 }
31

32 void update (E∗ root , s i z e t y p e height , heap proxy∗ next ,
33 heap proxy∗ nex t pa i r ) {
34 a s s e r t ( t h i s != 0) ;
35 a s s e r t ( (∗ root ) . i s r o o t ( ) ) ;
36 r o o t = root ;
37 he i gh t = he ight ;
38 next = next ;
39 n e x t p a i r = nex t pa i r ;
40 (∗ root ) . owner ( ) = t h i s ;
41 }
42

43 E∗ root ( ) const {
44 return r o o t ;
45 }
46

47 E∗& root ( ) {
48 return r o o t ;
49 }
50

51 s i z e t y p e he ight ( ) const {
52 return he i gh t ;
53 }
54

55 s i z e t y p e& he ight ( ) {
56 return he i gh t ;
57 }
58

59 heap proxy∗ s u c c e s s o r ( ) const {
60 return next ;
61 }
62
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63 heap proxy∗& s uc c e s s o r ( ) {
64 return next ;
65 }
66

67 heap proxy∗ s u c c e s s o r p a i r ( ) const {
68 return n e x t p a i r ;
69 }
70

71 heap proxy∗& s u c c e s s o r p a i r ( ) {
72 return n e x t p a i r ;
73 }
74

75 protected :
76

77 E∗ r o o t ;
78 s i z e t y p e he i gh t ;
79 heap proxy∗ next ;
80 heap proxy∗ n e x t p a i r ;
81

82 pr i va t e :
83

84 heap proxy ( ) ;
85 heap proxy ( heap proxy const&) ;
86 heap proxy& operator = ( heap proxy const&) ;
87

88 } ;
89 }
90

91 #i f de f ined (UNITTEST HEAP PROXY)
92

93 #inc lude <memory> // s t d : : a l l o c a t o r
94 #inc lude ”weak−heap−node . h++”
95

96 template <typename T>
97 void t e s t heap proxy ( ) {
98 typedef std : : a l l o c a t o r <T> A;
99 typedef cphs t l : : weak heap node<T, A> N;

100 typedef cphs t l : : heap proxy<N> P;
101 N∗ dummy = new N(T(0) , A( ) ) ;
102 P∗ p = new P(dummy) ;
103 P∗ q = new P(dummy) ;
104 P∗ r = new P(dummy) ;
105

106 (∗p) . s u c c e s s o r ( ) = q ;
107 (∗q ) . s u c c e s s o r ( ) = r ;
108 (∗ r ) . s u c c e s s o r ( ) = 0 ;
109

110 a s s e r t ( (∗p) . he ight ( ) == 0) ;
111 a s s e r t ( (∗ q ) . root ( ) == dummy) ;
112 a s s e r t ( (∗ r ) . s u c c e s s o r p a i r ( ) == 0) ;
113 a s s e r t ( (∗p) . s u c c e s s o r ( ) == q) ;
114 a s s e r t ( (∗ q ) . s u c c e s s o r ( ) == r ) ;
115 a s s e r t ( (∗ r ) . s u c c e s s o r ( ) == 0) ;
116

117 (∗ r ) . he ight ( ) = 4 ;
118 a s s e r t ( (∗ r ) . he ight ( ) == 4) ;
119 }
120

121 i n t main ( int , char ∗∗) {
122 te s t heap proxy<int >() ;
123 te s t heap proxy<char >() ;
124 return 0 ;
125 }
126

127 #end i f
128 #end i f

G.9 lazy-mark-store.h++

1 /∗
2 A l a z y mark s t o r e
3

4 Author : J y r k i Kataja inen Âc© 2009 , 2010
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5 ∗/
6

7 #i f n d e f CPHSTL LAZY MARK STORE
8 #de f i n e CPHSTL LAZY MARK STORE
9

10 #inc lude <algorithm> // s t d : : max , s t d : : swap
11 #inc lude ” a s s e r t . h++”
12 #inc lude ”bit−s t o r e . h++”
13 #inc lude <cs tdde f> // s t d : : s i z e t
14 #inc lude <cmath> // i l o g b
15 #inc lude <iostream>
16 #inc lude <vector>
17

18 extern i n t i l o g b ( double ) throw ( ) ;
19

20 namespace cphs t l {
21

22 template <typename C, typename A, typename E>
23 c l a s s l a zy mark s to r e {
24 pub l i c :
25

26 typedef C comparator type ;
27 typedef A a l l o c a t o r t y p e ;
28 typedef E encapsu la to r type ;
29 typedef typename E : : mark type mark type ;
30 typedef typename E : : he i ght type he i ght type ;
31 typedef typename E : : index type index type ;
32 typedef unsigned long word type ;
33 typedef std : : s i z e t s i z e t y p e ;
34

35 protected :
36

37 C comparator ;
38

39 b i t s t o r e <word type> runs ;
40 b i t s t o r e <word type> teams ;
41

42 #i f n d e f RANK
43

44 std : : vector<E∗ , A> nodes ;
45 std : : vector<b i t s t o r e <word type >, A> s i n g l e s ;
46

47 #end i f
48

49 pr i va t e :
50

51 l a zy mark s to r e ( l a zy mark s to r e const&) ;
52 l a zy mark s to r e& operator = ( lazy mark s to r e const&) ;
53

54 pub l i c :
55

56 l a zy mark s to r e (C const& c = C() , A const& a = A() )
57 : comparator ( c ) , runs ( ) , teams ( )
58

59 #i f n d e f RANK
60

61 , nodes ( a )
62 , s i n g l e s ( a )
63

64 #end i f
65 {
66 }
67

68 ˜ l a zy mark s to r e ( ) {
69 }
70

71 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
72 return ( i l o g b (n) + 1) ∗ 6 ∗ ( s i z e o f (E∗) + 2 ∗ s i z e o f ( word type ) ) +
73 2 ∗ s i z e o f ( word type ) ;
74 }
75

76 E∗ f i n d t o p ( ) const {
77

78 #i f n d e f RANK

242



79

80 i f ( nodes . s i z e ( ) == 0) {
81 return 0 ;
82 }
83 E∗ top = nodes [ 0 ] ;
84 f o r ( index type i = 1 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
85 i f ( comparator ( (∗ top ) . element ( ) , (∗ nodes [ i ] ) . e lement ( ) ) ) {
86 top = nodes [ i ] ;
87 }
88 }
89 return top ;
90

91 #end i f
92 }
93

94 bool i s marked (E const ∗ p) const {
95 return (∗p) . type ( ) != E : : unmarked ;
96 }
97

98 void mark(E∗ q ) {
99 // s t d : : cout << ” mark c a l l e d ” << q << s t d : : end l ;

100 a s s e r t ( q != 0) ;
101 i f ( i s marked (q ) | | (∗q ) . i s r o o t ( ) ) {
102 return ;
103 }
104 E∗ p = (∗q ) . parent ( ) ;
105 E∗ r = (∗q ) . l e f t ( ) ;
106 word type row = 0 ;
107 i f ( q == (∗p) . l e f t ( ) ) {
108 switch ( (∗p) . type ( ) ) {
109 case E : : unmarked :
110 row = 1 ;
111 break ;
112 case E : : member :
113 row = 2 ;
114 break ;
115 case E : : s i n g l e t o n :
116 row = 3 ;
117 break ;
118 de f au l t :
119 a s s e r t ( f a l s e ) ;
120 }
121 }
122 word type column = 0 ;
123 i f ( r != 0) {
124 switch ( (∗ r ) . type ( ) ) {
125 case E : : unmarked :
126 column = 1 ;
127 break ;
128 case E : : l e ade r :
129 column = 2 ;
130 break ;
131 case E : : s i n g l e t o n :
132 column = 3 ;
133 break ;
134 de f au l t :
135 a s s e r t ( f a l s e ) ;
136 }
137 }
138

139 // s t d : : cout << ”−− mark case ” << row∗4+column << s t d : : end l ;
140

141 switch ( row ∗ 4 + column ) {
142 case 0 :
143 mark act ion 1 (p , q , r ) ;
144 break ;
145 case 1 :
146 mark act ion 1 (p , q , r ) ;
147 break ;
148 case 2 :
149 mark act ion 2 (p , q , r ) ;
150 break ;
151 case 3 :
152 mark act ion 2 (p , q , r ) ;
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153 break ;
154 case 4 :
155 mark act ion 1 (p , q , r ) ;
156 break ;
157 case 5 :
158 mark act ion 1 (p , q , r ) ;
159 break ;
160 case 6 :
161 mark act ion 2 (p , q , r ) ;
162 break ;
163 case 7 :
164 mark act ion 2 (p , q , r ) ;
165 break ;
166 case 8 :
167 mark act ion 3 (p , q , r ) ;
168 break ;
169 case 9 :
170 mark act ion 3 (p , q , r ) ;
171 break ;
172 case 10 :
173 mark act ion 4 (p , q , r ) ;
174 break ;
175 case 11 :
176 mark act ion 4 (p , q , r ) ;
177 break ;
178 case 12 :
179 mark act ion 5 (p , q , r ) ;
180 break ;
181 case 13 :
182 mark act ion 5 (p , q , r ) ;
183 break ;
184 case 14 :
185 mark act ion 6 (p , q , r ) ;
186 break ;
187 case 15 :
188 mark act ion 6 (p , q , r ) ;
189 break ;
190 de f au l t :
191 a s s e r t ( f a l s e ) ;
192 }
193 }
194

195 void unmark (E∗ q ) {
196 // s t d : : cout << ” unmark c a l l e d ” << q << s t d : : end l ;
197 a s s e r t ( q != 0) ;
198 E∗ p = (∗q ) . parent ( ) ;
199 E∗ r = (∗q ) . l e f t ( ) ;
200 E∗ s ;
201 switch ( (∗ q ) . type ( ) ) {
202 case E : : unmarked :
203 return ;
204 case E : : member :
205 i f ( r == 0 | | (∗ r ) . type ( ) == E : : unmarked ) {
206 i f ( (∗p) . type ( ) == E : : member) {
207 // s t d : : cout << ”−− unmark ac t i on ” << 1 << s t d : : end l ;
208 unmark act ion 1 (p , q , r ) ;
209 }
210 e l s e {
211 // s t d : : cout << ”−− unmark ac t i on ” << 2 << s t d : : end l ;
212 unmark act ion 2 (p , q , r ) ;
213 }
214 }
215 e l s e {
216 a s s e r t ( (∗ r ) . type ( ) == E : : member) ;
217 E∗ s = (∗ r ) . l e f t ( ) ;
218 word type row = word type ( (∗p) . type ( ) == E : : l e ade r ) ;
219 word type column = 0 ;
220 i f ( s != 0) {
221 i f ( (∗ s ) . type ( ) == E : : unmarked ) {
222 column = 1 ;
223 }
224 e l s e {
225 a s s e r t ( (∗ s ) . type ( ) == E : : member) ;
226 column = 2 ;
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227 }
228 }
229 // s t d : : cout << ”−− unmark case ” << row∗3+column << s t d : : end l ;
230 switch ( row ∗ 3 + column ) {
231 case 0 :
232 unmark act ion 3 (p , q , r ) ;
233 break ;
234 case 1 :
235 unmark act ion 3 (p , q , r ) ;
236 break ;
237 case 2 :
238 unmark act ion 4 (p , q , r ) ;
239 break ;
240 case 3 :
241 unmark act ion 5 (p , q , r ) ;
242 break ;
243 case 4 :
244 unmark act ion 5 (p , q , r ) ;
245 break ;
246 case 5 :
247 unmark act ion 6 (p , q , r ) ;
248 break ;
249 de f au l t :
250 a s s e r t ( f a l s e ) ;
251 }
252 }
253 break ;
254 case E : : l e ade r :
255 s = (∗ r ) . l e f t ( ) ;
256 i f ( s == 0) {
257 // s t d : : cout << ”−− unmark ac t i on ” << 7 << s t d : : end l ;
258 unmark act ion 7 (p , q , r ) ;
259 }
260 e l s e {
261 i f ( (∗ s ) . type ( ) == E : : unmarked ) {
262 // s t d : : cout << ”−− unmark ac t i on ” << 7 << s t d : : end l ;
263 unmark act ion 7 (p , q , r ) ;
264 }
265 e l s e {
266 // s t d : : cout << ”−− unmark ac t i on ” << 8 << s t d : : end l ;
267 a s s e r t ( (∗ s ) . type ( ) == E : : member) ;
268 unmark act ion 8 (p , q , r ) ;
269 }
270 }
271 break ;
272 case E : : s i n g l e t o n :
273 // s t d : : cout << ”−− unmark ac t i on ” << 9 << s t d : : end l ;
274 unmark act ion 9 (p , q , r ) ;
275 break ;
276 de f au l t :
277 a s s e r t ( f a l s e ) ;
278 }
279 // s t d : : cout << ”end unmark ” << s t d : : end l ;
280 }
281

282 template <typename H>
283 void reduce (H& heap s to r e ) {
284

285 #i f n d e f RANK
286 // s t d : : cout << ” base reduce c a l l e d ”<< s t d : : end l ;
287 a s s e r t ( i s v a l i d ( ) ) ;
288 i f ( teams . s i z e ( ) != 0) {
289 he ight type h = teams . choose ( ) ;
290 index type i = s i n g l e s [ h ] . choose ( ) ;
291 E∗ p = nodes [ i ] ;
292 a s s e r t ( (∗p) . type ( ) == E : : s i n g l e t o n ) ;
293 s i n g l e s [ h ] . unset ( i ) ;
294 index type j = s i n g l e s [ h ] . choose ( ) ;
295 s i n g l e s [ h ] . s e t ( i ) ;
296 E∗ q = nodes [ j ] ;
297 a s s e r t ( (∗ q ) . type ( ) == E : : s i n g l e t o n ) ;
298 s i n g l e t o n t r a n s f o r m a t i o n (p , q , heap s to r e ) ;
299 return ;
300 }
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301 i f ( runs . s i z e ( ) != 0) {
302 index type i = runs . choose ( ) ;
303 E∗ r = nodes [ i ] ;
304 a s s e r t ( (∗ r ) . type ( ) == E : : l e ade r ) ;
305 run t rans fo rmat ion ( r , heap s to r e ) ;
306 }
307

308 #end i f
309 }
310

311 template <typename H>
312 void meld ( l a zy mark s to r e& other , H& heap s to r e ) {
313

314 #i f n d e f RANK
315

316 index type k = other . nodes . s i z e ( ) ;
317 f o r ( index type i = 0 ; i != k ; ++i ) {
318 E∗ p = other . nodes [ i ] ;
319 other . remove mark (p) ;
320 other . remove node (p) ;
321 i n s e r t n o d e (p) ;
322 i n se r t mark (p) ;
323 reduce ( heap s to r e ) ;
324 }
325 other . nodes . r e s i z e (0 ) ;
326 other . s i n g l e s . r e s i z e (0 ) ;
327

328 #end i f
329 }
330

331 void swap ( l a zy mark s to r e& other ) {
332

333 #i f n d e f RANK
334

335 // Precond i t i on : The comparators are compa t i b l e .
336 std : : swap ( nodes , other . nodes ) ;
337 std : : swap ( runs , other . runs ) ;
338 std : : swap ( s i n g l e s , other . s i n g l e s ) ;
339 std : : swap ( teams , other . teams ) ;
340

341 #end i f
342 }
343

344 #i f d e f DEBUG
345

346 bool i s v a l i d ( ) const {
347 bool va l i d = true ;
348 f o r ( index type i = 0 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
349 E const ∗ p = nodes [ i ] ;
350 va l i d &= (∗p) . index ( ) == i ;
351 va l i d &= is marked (p) ;
352 i f ( ! v a l i d ) {
353 std : : cout << ”e r r o r : nodes\n” ;
354 }
355 }
356 b i t s t o r e <word type> temp = runs ;
357 f o r ( he i ght type h = 0 ; h < he ight type ( temp . s i z e ( ) ) ; ++h) {
358 index type i = temp . choose ( ) ;
359 temp . unset ( i ) ;
360 E const ∗ p = nodes [ i ] ;
361 va l i d &= (∗p) . type ( ) == E : : l e ade r ;
362 i f ( ! v a l i d ) {
363 std : : cout << ”e r r o r : runs\n” ;
364 }
365 }
366 temp = teams ;
367 f o r ( he i ght type j = 0 ; j < he ight type ( temp . s i z e ( ) ) ; ++j ) {
368 he ight type h = temp . choose ( ) ;
369 temp . unset (h) ;
370 va l i d &= s i n g l e s [ h ] . s i z e ( ) > 1 ;
371 i f ( ! v a l i d ) {
372 std : : cout << ”e r r o r : teams\n” ;
373 }
374 }
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375 f o r ( he i ght type h = 0 ; h < he ight type ( s i n g l e s . s i z e ( ) ) ; ++h) {
376 temp = s i n g l e s [ h ] ;
377 f o r ( index type i = 0 ; i < index type ( temp . s i z e ( ) ) ; ++i ) {
378 index type j = temp . choose ( ) ;
379 temp . unset ( j ) ;
380 E const ∗ p = nodes [ j ] ;
381 va l i d &= (∗p) . type ( ) == E : : s i n g l e t o n ;
382 i f ( ! v a l i d ) {
383 std : : cout << ”e r r o r : s i n g l e s ( ” << (∗p) . element ( ) << ”)\n” ;
384 }
385 }
386 }
387

388 return va l i d ;
389 }
390

391 #end i f
392

393 protected :
394

395 v i r t u a l void i n s e r t n o d e (E∗ q ) {
396

397 #i f n d e f RANK // avo id s index manip
398 // s t d : : cout << ” i n s e r t i n g base ” << ”/” << (∗ q ) . h e i g h t ( ) + 1 << s t d : : end l ;
399 nodes . push back (q ) ;
400 s i z e t y p e max = std : : max( s i n g l e s . s i z e ( ) , s i z e t y p e ( (∗ q ) . he ight ( ) + 1) ) ;
401 s i n g l e s . r e s i z e (max , b i t s t o r e <word type >() ) ;
402 (∗q ) . index ( ) = nodes . s i z e ( ) − 1 ;
403

404 #end i f
405 }
406

407 v i r t u a l void i n s e r t mark (E∗ q ) {
408

409 #i f n d e f RANK // avo id s index manip
410

411 // Precond i t i on : (∗ q ) . t ype ( ) must have the new va l u e
412 switch ( (∗ q ) . type ( ) ) {
413 case E : : l e ade r :
414 runs . s e t ( (∗ q ) . index ( ) ) ;
415 break ;
416 case E : : s i n g l e t o n :
417 s i n g l e s [ (∗ q ) . he ight ( ) ] . s e t ( (∗ q ) . index ( ) ) ;
418 i f ( s i n g l e s [ (∗ q ) . he ight ( ) ] . s i z e ( ) > 1) {
419 teams . s e t ( (∗ q ) . he ight ( ) ) ;
420 }
421 break ;
422 de f au l t :
423 ; }
424

425 #end i f
426 }
427

428 v i r t u a l void remove mark (E∗ r ) {
429

430 #i f n d e f RANK
431 // Precond i t i on : (∗ r ) . t ype ( ) must have the o l d va l u e
432 switch ( (∗ r ) . type ( ) ) {
433 case E : : l e ade r :
434 runs . unset ( (∗ r ) . index ( ) ) ;
435 break ;
436 case E : : s i n g l e t o n :
437 s i n g l e s [ (∗ r ) . he ight ( ) ] . unset ( (∗ r ) . index ( ) ) ;
438 i f ( s i n g l e s [ (∗ r ) . he ight ( ) ] . s i z e ( ) < 2) {
439 teams . unset ( (∗ r ) . he ight ( ) ) ;
440 }
441 break ;
442 de f au l t :
443 ;
444 }
445

446 #end i f
447 }
448
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449 v i r t u a l void remove node (E∗ x ) {
450

451 #i f n d e f RANK
452

453 E∗ y = nodes . back ( ) ;
454 remove mark (y ) ;
455 nodes . pop back ( ) ;
456 i f ( x != y) {
457 index type i = (∗x ) . index ( ) ;
458 nodes [ i ] = y ;
459 (∗y ) . index ( ) = i ;
460 i n se r t mark (y ) ;
461 }
462 a s s e r t ( i s v a l i d ( ) ) ;
463

464 #end i f
465 }
466

467

468 void mark act ion 1 (E∗ , E∗ q , E∗) {
469 (∗q ) . type ( ) = E : : s i n g l e t o n ;
470 i n s e r t n o d e (q ) ;
471 i n s e r t mark (q ) ;
472 }
473

474 void mark act ion 2 (E∗ , E∗ q , E∗ r ) {
475 (∗q ) . type ( ) = E : : l e ade r ;
476 i n s e r t n o d e (q ) ;
477 i n s e r t mark (q ) ;
478 remove mark ( r ) ;
479 (∗ r ) . type ( ) = E : : member ;
480 }
481

482 void mark act ion 3 (E∗ , E∗ q , E∗) {
483 (∗q ) . type ( ) = E : : member ;
484 i n s e r t n o d e (q ) ;
485 }
486

487 void mark act ion 4 (E∗ , E∗ q , E∗ r ) {
488 (∗q ) . type ( ) = E : : member ;
489 i n s e r t n o d e (q ) ;
490 remove mark ( r ) ;
491 (∗ r ) . type ( ) = E : : member ;
492 }
493

494 void mark act ion 5 (E∗ p , E∗ q , E∗) {
495 remove mark (p) ;
496 (∗p) . type ( ) = E : : l e ade r ;
497 i n se r t mark (p) ;
498 (∗q ) . type ( ) = E : : member ;
499 i n s e r t n o d e (q ) ;
500 }
501

502 void mark act ion 6 (E∗ p , E∗ q , E∗ r ) {
503 remove mark (p) ;
504 (∗p) . type ( ) = E : : l e ade r ;
505 i n se r t mark (p) ;
506 (∗q ) . type ( ) = E : : member ;
507 i n s e r t n o d e (q ) ;
508 remove mark ( r ) ;
509 (∗ r ) . type ( ) = E : : member ;
510 }
511

512 void unmark act ion 1 (E∗ , E∗ q , E∗) {
513 remove node (q ) ;
514 (∗q ) . type ( ) = E : : unmarked ;
515 }
516

517 void unmark act ion 2 (E∗ p , E∗ q , E∗) {
518 remove mark (p) ;
519 (∗p) . type ( ) = E : : s i n g l e t o n ;
520 i n se r t mark (p) ;
521 remove node (q ) ;
522 (∗q ) . type ( ) = E : : unmarked ;
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523 }
524

525 void unmark act ion 3 (E∗ , E∗ q , E∗ r ) {
526 remove node (q ) ;
527 (∗q ) . type ( ) = E : : unmarked ;
528 (∗ r ) . type ( ) = E : : s i n g l e t o n ;
529 i n se r t mark ( r ) ;
530 }
531

532 void unmark act ion 4 (E∗ , E∗ q , E∗ r ) {
533 remove node (q ) ;
534 (∗q ) . type ( ) = E : : unmarked ;
535 (∗ r ) . type ( ) = E : : l e ade r ;
536 i n se r t mark ( r ) ;
537 }
538

539 void unmark act ion 5 (E∗ p , E∗ q , E∗ r ) {
540 remove mark (p) ;
541 (∗p) . type ( ) = E : : s i n g l e t o n ;
542 i n se r t mark (p) ;
543 remove node (q ) ;
544 (∗q ) . type ( ) = E : : unmarked ;
545 (∗ r ) . type ( ) = E : : s i n g l e t o n ;
546 i n se r t mark ( r ) ;
547 }
548

549 void unmark act ion 6 (E∗ p , E∗ q , E∗ r ) {
550 remove mark (p) ;
551 (∗p) . type ( ) = E : : s i n g l e t o n ;
552 i n se r t mark (p) ;
553 remove node (q ) ;
554 (∗q ) . type ( ) = E : : unmarked ;
555 (∗ r ) . type ( ) = E : : l e ade r ;
556 i n se r t mark ( r ) ;
557 }
558

559 void unmark act ion 7 (E∗ , E∗ q , E∗ r ) {
560 remove mark (q ) ;
561 remove node (q ) ;
562 (∗q ) . type ( ) = E : : unmarked ;
563 (∗ r ) . type ( ) = E : : s i n g l e t o n ;
564 i n se r t mark ( r ) ;
565 }
566

567 void unmark act ion 8 (E∗ , E∗ q , E∗ r ) {
568 remove mark (q ) ;
569 remove node (q ) ;
570 (∗q ) . type ( ) = E : : unmarked ;
571 (∗ r ) . type ( ) = E : : l e ade r ;
572 i n se r t mark ( r ) ;
573 a s s e r t ( i s v a l i d ( ) ) ;
574 }
575

576 void unmark act ion 9 (E∗ , E∗ q , E∗) {
577 remove mark (q ) ;
578 remove node (q ) ;
579 (∗q ) . type ( ) = E : : unmarked ;
580 }
581

582 template <typename H>
583 void c l e anpa r en t t r an s f o rmat i on (E∗ q , H& heap s to r e ) {
584 // s t d : : cout << ” c l e anpar en t t r ans ” << q << s t d : : end l ;
585 a s s e r t ( i s marked (q ) ) ;
586 E∗ p = (∗q ) . parent ( ) ;
587 a s s e r t ( (∗p) . type ( ) == E : : unmarked ) ;
588 a s s e r t ( (∗p) . l e f t ( ) == q) ;
589 E∗ r = (∗p) . r i g h t ( ) ;
590 a s s e r t ( (∗ r ) . type ( ) == E : : unmarked ) ;
591 unmark (q ) ;
592 (∗p) . l e f t ( ) = r ;
593 (∗p) . r i g h t ( ) = q ;
594 E∗ a = (∗q ) . l e f t ( ) ;
595 E∗ c = (∗ r ) . l e f t ( ) ;
596 (∗q ) . l e f t ( ) = c ;
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597 (∗ r ) . l e f t ( ) = a ;
598 i f ( a != 0) {
599 (∗a ) . parent ( ) = r ;
600 }
601 i f ( c != 0) {
602 (∗ c ) . parent ( ) = q ;
603 }
604

605 // mark ( q ) ;
606

607 // p = (∗ q ) . parent ( ) ;
608 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
609 a s s e r t ( i s v a l i d ( ) ) ;
610

611 i f ( i s marked (p) ) {
612 unmark (p) ;
613 // unmark ( q ) ;
614 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
615 q = (∗p) . s p l i t ( comparator ) ;
616 E∗ r = (∗p) . b a s i c j o i n (q , comparator ) ;
617 (∗ r ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
618 mark( r ) ;
619 }
620 e l s e {
621 // unmark ( q ) ;
622 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
623 ( void ) (∗p) . s p l i t ( comparator ) ;
624 E∗ r = (∗p) . b a s i c j o i n (q , comparator ) ;
625 (∗ r ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
626 i f ( q == r ) {
627 mark( r ) ;
628 }
629 }
630 a s s e r t ( i s v a l i d ( ) ) ;
631 }
632

633 pub l i c :
634

635 /∗
636 p p
637 / \ / \
638 [ q ] r −> r [ q ]
639 / \ / \ / \ / \
640 a b c d a d c b
641 ∗/
642

643 void c l e an ing t r an s f o rmat i on (E∗ q ) {
644 a s s e r t ( i s marked (q ) ) ;
645 E∗ p = (∗q ) . parent ( ) ;
646 a s s e r t ( ! i s marked (p) ) ;
647 a s s e r t ( (∗p) . l e f t ( ) == q) ;
648 E∗ r = (∗p) . r i g h t ( ) ;
649 a s s e r t ( ! i s marked ( r ) ) ;
650 unmark (q ) ;
651 (∗p) . l e f t ( ) = r ;
652 (∗p) . r i g h t ( ) = q ;
653 E∗ a = (∗q ) . l e f t ( ) ;
654 E∗ c = (∗ r ) . l e f t ( ) ;
655 (∗q ) . l e f t ( ) = c ;
656 (∗ r ) . l e f t ( ) = a ;
657 i f ( a != 0) {
658 (∗a ) . parent ( ) = r ;
659 }
660 i f ( c != 0) {
661 (∗ c ) . parent ( ) = q ;
662 }
663 mark(q ) ;
664 a s s e r t ( i s v a l i d ( ) ) ;
665 }
666

667 /∗
668 p [ q ] [ r ]
669 / \ / \ / \
670 [ q ] [ r ] −> p r or p q
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671 / \ / \ / \ / \ / \ / \
672 a b c d a c b d a c d b
673 ∗/
674

675 E∗ s i b l i n g t r a n s f o r m a t i o n (E∗ q ) {
676 a s s e r t ( q != 0) ;
677 E∗ p = (∗q ) . parent ( ) ;
678 a s s e r t ( ! i s marked (p) ) ;
679 a s s e r t ( (∗p) . l e f t ( ) == q) ;
680 a s s e r t ( i s marked (q ) ) ;
681 E∗ r = (∗p) . r i g h t ( ) ;
682 a s s e r t ( i s marked ( r ) ) ;
683 E∗ a = (∗q ) . l e f t ( ) ;
684 E∗ b = (∗q ) . r i g h t ( ) ;
685 E∗ c = (∗ r ) . l e f t ( ) ;
686 E∗ d = (∗ r ) . r i g h t ( ) ;
687 E∗ g = (∗p) . parent ( ) ;
688 unmark (q ) ;
689 unmark ( r ) ;
690 i f ( comparator ( (∗ q ) . element ( ) , (∗ r ) . element ( ) ) ) {
691 (∗p) . he ight ( ) −= 1 ;
692 (∗ r ) . he ight ( ) += 1 ;
693 (∗ r ) . parent ( ) = g ;
694 i f ( (∗ g ) . r i g h t ( ) == p) {
695 (∗g ) . r i g h t ( ) = r ;
696 }
697 e l s e {
698 (∗g ) . l e f t ( ) = r ;
699 }
700 (∗ r ) . l e f t ( ) = p ;
701 (∗ r ) . r i g h t ( ) = q ;
702 (∗p) . parent ( ) = r ;
703 (∗q ) . parent ( ) = r ;
704 (∗p) . l e f t ( ) = a ;
705 (∗p) . r i g h t ( ) = c ;
706 (∗q ) . l e f t ( ) = b ;
707 (∗q ) . r i g h t ( ) = d ;
708 i f ( a != 0) {
709 (∗a ) . parent ( ) = p ;
710 (∗ c ) . parent ( ) = p ;
711 (∗b) . parent ( ) = q ;
712 (∗d) . parent ( ) = q ;
713 }
714 mark( r ) ;
715 a s s e r t ( i s v a l i d ( ) ) ;
716 return r ;
717 }
718 (∗p) . he ight ( ) −= 1 ;
719 (∗q ) . he ight ( ) += 1 ;
720 (∗q ) . parent ( ) = g ;
721 i f ( (∗ g ) . r i g h t ( ) == p) {
722 (∗g ) . r i g h t ( ) = q ;
723 }
724 e l s e {
725 (∗g ) . l e f t ( ) = q ;
726 }
727 (∗q ) . l e f t ( ) = p ;
728 (∗q ) . r i g h t ( ) = r ;
729 (∗p) . parent ( ) = q ;
730 (∗ r ) . parent ( ) = q ;
731 (∗p) . l e f t ( ) = a ;
732 (∗p) . r i g h t ( ) = c ;
733 (∗ r ) . l e f t ( ) = b ;
734 (∗ r ) . r i g h t ( ) = d ;
735 i f ( a != 0) {
736 (∗a ) . parent ( ) = p ;
737 (∗ c ) . parent ( ) = p ;
738 (∗b) . parent ( ) = r ;
739 (∗d) . parent ( ) = r ;
740 }
741 mark(q ) ;
742 a s s e r t ( i s v a l i d ( ) ) ;
743 return q ;
744 }
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745

746 protected :
747

748 /∗
749 ( p ) ( p ) [ q ]
750 / \ / \ / \
751 a [ q ] −> a q or a p
752 / \ / \ / \
753 b c b c c b
754 ∗/
755

756 template <typename H>
757 void parent t rans f o rmat ion (E∗ q , H& heap s to r e ) {
758 // s t d : : cout << ” parent t r ans ” << q << s t d : : end l ;
759 a s s e r t ( i s marked (q ) ) ;
760 E∗ p = (∗q ) . parent ( ) ;
761 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
762 a s s e r t ( i s v a l i d ( ) ) ;
763 i f ( i s marked (p) ) {
764 unmark (p) ;
765 unmark (q ) ;
766 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
767 q = (∗p) . s p l i t ( comparator ) ;
768 E∗ r = (∗p) . b a s i c j o i n (q , comparator ) ;
769 (∗ r ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
770 mark( r ) ;
771 }
772 e l s e {
773 unmark (q ) ;
774 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
775 ( void ) (∗p) . s p l i t ( comparator ) ;
776 E∗ r = (∗p) . b a s i c j o i n (q , comparator ) ;
777 (∗ r ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
778 i f ( q == r ) {
779 mark( r ) ;
780 }
781 }
782 a s s e r t ( i s v a l i d ( ) ) ;
783 }
784

785 /∗
786 p r p r [ q ] [ s ]
787 \ \ \ \ \ \
788 [ q ] , [ s ] −> r or p , s or q
789 / \ / \ / \ / \ / \ / \
790 a b c d a c c a b d d b
791 ∗/
792

793 template <typename H>
794 void pa i r t r an s f o rmat i on (E∗ q , E∗ s , H& heap s to r e ) {
795 // s t d : : cout << ” pa i r t r ans ” << q << ” , ” << s << s t d : : end l ;
796 a s s e r t ( q != s ) ;
797 a s s e r t ( (∗ q ) . he ight ( ) == (∗ s ) . he ight ( ) ) ;
798 a s s e r t ( ! (∗q ) . i s r o o t ( ) && ! (∗ s ) . i s r o o t ( ) ) ;
799 E∗ p = (∗q ) . parent ( ) ;
800 a s s e r t ( q == (∗p) . r i g h t ( ) ) ;
801 unmark (q ) ;
802 E∗ r = (∗ s ) . parent ( ) ;
803 a s s e r t ( s == (∗ r ) . r i g h t ( ) ) ;
804 unmark ( s ) ;
805 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
806 typename E : : ho l e type h o l e a t r = (∗ r ) . s p l i c e o u t ( ) ;
807 ( void ) (∗p) . s p l i t ( comparator ) ;
808 ( void ) (∗ r ) . s p l i t ( comparator ) ;
809 E∗ t = (∗p) . b a s i c j o i n ( r , comparator ) ;
810 E∗ u = (∗q ) . b a s i c j o i n ( s , comparator ) ;
811 i f (p == t ) {
812 (∗ t ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
813 (∗u) . s p l i c e i n ( h o l e a t r , heap s to r e ) ;
814 }
815 e l s e {
816 (∗ t ) . s p l i c e i n ( h o l e a t r , heap s to r e ) ;
817 (∗u) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
818 }
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819 mark(u) ;
820 a s s e r t ( i s v a l i d ( ) ) ;
821 }
822

823 template <typename H>
824 void s i n g l e t o n t r a n s f o r m a t i o n (E∗ q , E∗ s , H& heap s to r e ) {
825 // s t d : : cout << ” s i n g l e t o n t rans ” << q << ” , ” << s << s t d : : end l ;
826 a s s e r t ( i s marked (q ) ) ;
827 a s s e r t ( i s marked ( s ) ) ;
828 E∗ p = (∗q ) . parent ( ) ;
829 i f ( (∗p) . r i g h t ( ) == q) {
830 i f ( i s marked (p) ) {
831 parent t rans fo rmat ion (q , heap s to r e ) ;
832 return ;
833 }
834 i f ( ! (∗p) . i s r o o t ( ) && is marked ((∗p) . l e f t ( ) ) ) {
835 s i b l i n g t r a n s f o r m a t i o n ((∗p) . l e f t ( ) ) ;
836 return ;
837 }
838 }
839 e l s e {
840 i f ( i s marked ((∗p) . r i g h t ( ) ) ) {
841 i f ( i s marked (p) ) {
842 parent t rans fo rmat ion ((∗p) . r i g h t ( ) , heap s to r e ) ;
843 return ;
844 }
845 s i b l i n g t r a n s f o r m a t i o n (q ) ;
846 return ;
847 }
848 c l e an ing t r an s f o rmat i on (q ) ;
849 }
850 E∗ r = (∗ s ) . parent ( ) ;
851 i f ( (∗ r ) . r i g h t ( ) == s ) {
852 i f ( i s marked ( r ) ) {
853 parent t rans fo rmat ion ( s , heap s to r e ) ;
854 return ;
855 }
856 i f ( ! (∗ r ) . i s r o o t ( ) && is marked ((∗ r ) . l e f t ( ) ) ) {
857 s i b l i n g t r a n s f o r m a t i o n ((∗ r ) . l e f t ( ) ) ;
858 return ;
859 }
860 }
861 e l s e {
862 i f ( i s marked ((∗ r ) . r i g h t ( ) ) ) {
863 i f ( i s marked ( r ) ) {
864 parent t rans fo rmat ion ((∗ r ) . r i g h t ( ) , heap s to r e ) ;
865 return ;
866 }
867 s i b l i n g t r a n s f o r m a t i o n ( s ) ;
868 return ;
869 }
870 c l e an ing t r an s f o rmat i on ( s ) ;
871 }
872 pa i r t r an s f o rmat i on (q , s , heap s to r e ) ;
873 a s s e r t ( i s v a l i d ( ) ) ;
874 }
875

876 template <typename H>
877 void run t rans fo rmat ion (E∗ q , H& heap s to r e ) {
878 a s s e r t ( (∗ q ) . type ( ) == E : : l e ade r ) ;
879 E∗ r = (∗q ) . l e f t ( ) ;
880 a s s e r t ( (∗ r ) . type ( ) == E : : member) ;
881 E∗ p = (∗q ) . parent ( ) ;
882 i f ( (∗p) . r i g h t ( ) == q) {
883 i f ( i s marked (p) ) {
884 // s t d : : cout << ” on ly parent ” << s t d : : end l ;
885 parent t rans fo rmat ion (q , heap s to r e ) ;
886 return ;
887 }
888 // s t d : : cout << ” f i r s t parent ” << s t d : : end l ;
889 parent t rans fo rmat ion (q , heap s to r e ) ;
890 i f ( ! i s marked (q ) ) {
891 return ;
892 }
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893 i f ( i s marked ((∗p) . l e f t ( ) ) ) {
894 s i b l i n g t r a n s f o r m a t i o n ((∗p) . l e f t ( ) ) ;
895 return ;
896 }
897 // s t d : : cout << ” second parent ” << s t d : : end l ;
898 parent t rans fo rmat ion ( r , heap s to r e ) ;
899 i f ( ! i s marked ( r ) ) {
900 return ;
901 }
902 // s t d : : cout << ” t h i r d parent ” << s t d : : end l ;
903 parent t rans fo rmat ion ( r , heap s to r e ) ;
904 }
905 e l s e {
906 i f ( i s marked ((∗p) . r i g h t ( ) ) ) {
907 s i b l i n g t r a n s f o r m a t i o n (q ) ;
908 return ;
909 }
910 // s t d : : cout << ” 1 s t c l e an i n g ” << s t d : : end l ;
911 c l e an ing t r an s f o rmat i on (q ) ;
912

913

914 #i f d e f RANK
915 i f ( teams . s i z e ( ) >0) {
916 // s t d : : cout << ” ## s p e c i a l case ” << s t d : : end l ;
917 return ;
918 }
919 #end i f
920 a s s e r t ( (∗ r ) . parent ( ) == (∗p) . l e f t ( ) ) ;
921 i f ( i s marked ((∗ r ) . parent ( ) −> r i g h t ( ) ) ) {
922 s i b l i n g t r a n s f o r m a t i o n ( r ) ;
923 return ;
924 }
925 /// s t d : : cout << ” 2nd c l e an i n g ” << s t d : : end l ;
926 c l e anpa r en t t r an s f o rmat i on ( r , heap s to r e ) ;
927 // c l e an i n g t r an s f o rma t i o n ( r ) ;
928 // s t d : : cout << ” 1 s t parent ” << s t d : : end l ;
929 // pa r en t t r an s f o rma t i on ( r , h e a p s t o r e ) ;
930 i f ( ! i s marked ( r ) ) {
931 return ;
932 }
933 // s t d : : cout << ” second s i b l i n g ” << s t d : : end l ;
934 s i b l i n g t r a n s f o r m a t i o n ( r ) ;
935 }
936 a s s e r t ( i s v a l i d ( ) ) ;
937 }
938

939 } ;
940 }
941

942 #i f de f ined (UNITTEST LAZY MARK STORE)
943 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
944 #inc lude ”fat−weak−heap−node . h++”
945 #inc lude <f unc t i ona l>
946 #inc lude <memory>
947 #inc lude ”heap−proxy . h++”
948 #inc lude ”mult ip le−heap−framework . h++”
949

950 template <typename V, typename E, typename A>
951 E∗ c r ea t e (V const& v , A& a l l o c a t o r ) {
952 E∗ p = a l l o c a t o r . a l l o c a t e (1 ) ;
953 new (p) E(v , a l l o c a t o r ) ;
954 return p ;
955 }
956

957 template <typename V, typename E, typename A>
958 void dest roy (E∗ p , A& a l l o c a t o r ) {
959 p−>˜E( ) ;
960 a l l o c a t o r . d e a l l o c a t e (p , 1) ;
961 }
962

963 template <typename V, typename C, typename A, typename E,
964 typename H, typename M>
965 void t e s t m a r k s t o r e ( ) {
966 typedef cphs t l : : mult ip le heap framework<V, C, A, E, H, M> Q;
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967 Q queue ;
968

969 typedef typename A: : template rebind<E> : : o ther n o d e a l l o c a t o r t y p e ;
970 n o d e a l l o c a t o r t y p e n o d e a l l o c a t o r ;
971 E∗ p = create<V, E, node a l l o ca t o r type >(V(2) , n o d e a l l o c a t o r ) ;
972 E∗ q = create<V, E, node a l l o ca t o r type >(V(4) , n o d e a l l o c a t o r ) ;
973 E∗ r = create<V, E, node a l l o ca t o r type >(V(1) , n o d e a l l o c a t o r ) ;
974 E∗ s = create<V, E, node a l l o ca t o r type >(V(7) , n o d e a l l o c a t o r ) ;
975 E∗ t = create<V, E, node a l l o ca t o r type >(V(11) , n o d e a l l o c a t o r ) ;
976 E∗ u = create<V, E, node a l l o ca t o r type >(V(3) , n o d e a l l o c a t o r ) ;
977 E∗ v = create<V, E, node a l l o ca t o r type >(V(5) , n o d e a l l o c a t o r ) ;
978 E∗ w = create<V, E, node a l l o ca t o r type >(V(8) , n o d e a l l o c a t o r ) ;
979 E∗ x = create<V, E, node a l l o ca t o r type >(V(9) , n o d e a l l o c a t o r ) ;
980 E∗ y = create<V, E, node a l l o ca t o r type >(V(6) , n o d e a l l o c a t o r ) ;
981 E∗ z = create<V, E, node a l l o ca t o r type >(V(10) , n o d e a l l o c a t o r ) ;
982

983 queue . i n s e r t (p) ;
984 queue . i n s e r t ( q ) ;
985 queue . i n s e r t ( r ) ;
986 queue . i n s e r t ( s ) ;
987 queue . i n s e r t ( t ) ;
988 queue . i n s e r t (u) ;
989 queue . i n s e r t ( v ) ;
990 queue . i n s e r t (w) ;
991 queue . i n s e r t ( x ) ;
992 queue . i n s e r t ( y ) ;
993 queue . i n s e r t ( z ) ;
994 a s s e r t ( queue . s i z e ( ) == 11) ;
995 a s s e r t ( queue . top ( ) == t ) ;
996

997 H heap s to r e ;
998 M mark store ;
999

1000 heap s to r e . i n j e c t ( t , 3 , mark store ) ;
1001 heap s to r e . i n j e c t (x , 1 , mark store ) ;
1002 heap s to r e . i n j e c t ( z , 0 , mark store ) ;
1003

1004 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1005 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1006

1007 mark store . mark (u) ;
1008 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1009 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1010 mark store . mark (v ) ;
1011 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1012 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1013 mark store . mark (w) ;
1014 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1015 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1016 mark store . mark ( r ) ;
1017 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1018 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1019 mark store . mark ( s ) ;
1020 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1021 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1022 mark store . mark (q ) ;
1023 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1024 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1025 mark store . mark (p) ;
1026 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1027 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1028 mark store . mark ( t ) ;
1029 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1030 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1031 mark store . mark (x ) ;
1032 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1033 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1034 mark store . mark (y ) ;
1035 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1036 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1037 mark store . mark ( z ) ;
1038 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1039 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1040
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1041 f o r ( i n t i = 0 ; i != 11 ; ++i ) {
1042 mark store . reduce ( heap s to r e ) ;
1043 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1044 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1045 }
1046

1047 mark store . unmark ( z ) ;
1048 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1049 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1050 mark store . unmark (y ) ;
1051 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1052 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1053 mark store . unmark (x ) ;
1054 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1055 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1056 mark store . unmark ( t ) ;
1057 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1058 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1059 mark store . unmark (p) ;
1060 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1061 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1062 mark store . unmark (q ) ;
1063 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1064 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1065 mark store . unmark ( s ) ;
1066 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1067 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1068 mark store . unmark ( r ) ;
1069 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1070 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1071 mark store . unmark (w) ;
1072 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1073 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1074 mark store . unmark (v ) ;
1075 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1076 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1077 mark store . unmark (u) ;
1078 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
1079 a s s e r t ( mark store . i s v a l i d ( ) ) ;
1080

1081 std : : pair<E∗ , s td : : s i z e t > smal l = heap s to r e . e j e c t ( ) ;
1082 a s s e r t ( smal l . f i r s t == z ) ;
1083 a s s e r t ( smal l . second == 0) ;
1084

1085 std : : pair<E∗ , s td : : s i z e t > medium = heap s to r e . e j e c t ( ) ;
1086 a s s e r t (medium . f i r s t == x) ;
1087 a s s e r t (medium . second == 1) ;
1088

1089 std : : pair<E∗ , s td : : s i z e t > big = heap s to r e . e j e c t ( ) ;
1090 a s s e r t ( b ig . f i r s t == t ) ;
1091 a s s e r t ( b ig . second == 3) ;
1092

1093 /∗ The above code d e s t r o y e s owners .
1094 queue . show () ;
1095 wh i l e ( queue . s i z e ( ) > 0) {
1096 ( vo id ) queue . e x t r a c t ( ) ;
1097 }
1098 ∗/
1099

1100 destroy<V, E, node a l l o ca to r type >(p , n o d e a l l o c a t o r ) ;
1101 destroy<V, E, node a l l o ca to r type >(q , n o d e a l l o c a t o r ) ;
1102 destroy<V, E, node a l l o ca to r type >(r , n o d e a l l o c a t o r ) ;
1103 destroy<V, E, node a l l o ca to r type >(s , n o d e a l l o c a t o r ) ;
1104 destroy<V, E, node a l l o ca to r type >(t , n o d e a l l o c a t o r ) ;
1105 destroy<V, E, node a l l o ca to r type >(u , n o d e a l l o c a t o r ) ;
1106 destroy<V, E, node a l l o ca to r type >(v , n o d e a l l o c a t o r ) ;
1107 destroy<V, E, node a l l o ca to r type >(w, n o d e a l l o c a t o r ) ;
1108 destroy<V, E, node a l l o ca to r type >(x , n o d e a l l o c a t o r ) ;
1109 destroy<V, E, node a l l o ca to r type >(y , n o d e a l l o c a t o r ) ;
1110 destroy<V, E, node a l l o ca to r type >(z , n o d e a l l o c a t o r ) ;
1111 }
1112

1113 i n t main ( int , char ∗∗) {
1114 typedef i n t V;

256



1115 typedef std : : l e s s <V> C;
1116 typedef std : : a l l o c a t o r <V> A;
1117 typedef cphs t l : : fat weak heap node<V, A> E;
1118 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E> H;
1119 typedef cphs t l : : l a zy mark s tore<C, A, E> M;
1120

1121 t e s t mark s to r e<V, C, A, E, H, M>() ;
1122 }
1123

1124 #end i f
1125 #end i f

G.10 multiple-heap-framework.h++

1 /∗
2 A p r i o r i t y −queue framework can be used to genera t e a r e a l i z a t o r f o r
3 a me ldab l e p r i o r i t y queue . The e f f i c i e n c y o f d i f f e r e n t op e ra t i on s
4 depends on the p o l i c i e s r e l i e d on .
5

6 Author : J y r k i Kataja inen Âc© 2009 , 2010
7 ∗/
8

9 #i f n d e f CPHSTL MULTIPLE HEAP FRAMEWORK
10 #de f i n e CPHSTL MULTIPLE HEAP FRAMEWORK
11

12 #inc lude ”a l l o c a t o r−proxy . h++”
13 #inc lude ”blank−mark−s t o r e . h++”
14 #inc lude ”comparator−proxy . h++”
15 #inc lude <cs tdde f> // s t d : : s i z e t and s t d : : p t r d i f f t
16 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
17 #inc lude <f unc t i ona l> // s t d : : l e s s
18 #inc lude <memory> // s t d : : a l l o c a t o r
19 #inc lude ”weak−heap−node . h++”
20

21 namespace cphs t l {
22

23 template <
24 typename V,
25 typename C = std : : l e s s <V>,
26 typename A = std : : a l l o c a t o r <V>,
27 typename E = weak heap node<V, A>,
28 typename H = p r o x y l i s t h e a p s t o r e <C, A, E>,
29 typename M = blank mark store<C, A, E>
30 >
31 c l a s s mult ip le heap framework {
32 pub l i c :
33

34 // t yp e s
35

36 typedef V va lue type ;
37 typedef C comparator type ;
38 typedef A a l l o c a t o r t y p e ;
39 typedef E encapsu la to r type ;
40 typedef H heap s to r e type ;
41 typedef M mark store type ;
42 typedef std : : s i z e t s i z e t y p e ;
43 typedef V& r e f e r e n c e ;
44 typedef V const& c o n s t r e f e r e n c e ;
45

46 // s t r u c t o r s
47

48 e x p l i c i t mult ip le heap framework (C const& = C() , A const& = A() ) ;
49 ˜ mult ip le heap framework ( ) ;
50

51 // i t e r a t o r s
52

53 E∗ begin ( ) const ;
54 E∗ end ( ) const ;
55

56 // ac c e s s o r s
57

58 A g e t a l l o c a t o r ( ) const ;
59 C get comparator ( ) const ;
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60 s i z e t y p e s i z e ( ) const ;
61 s i z e t y p e max size ( ) const ;
62 E∗ top ( ) const ;
63

64 // mod i f i e r s
65

66 E∗ i n s e r t (E∗) ;
67 E∗ ex t ra c t ( ) ;
68 void ex t r a c t (E∗) ;
69 void i n c r e a s e (E∗ , V const&) ;
70 void meld ( mult ip le heap framework&) ;
71 void swap ( mult ip le heap framework&) ;
72

73 #i f d e f DEBUG
74

75 void show ( ) {
76 heap s to r e . show ( ) ;
77 }
78

79 #end i f
80

81 protected :
82

83 comparator proxy<C> comparator ;
84 a l l o ca to r p roxy <A> a l l o c a t o r ;
85 H heap s to r e ;
86 M mark store ;
87 E∗ top ;
88 s i z e t y p e s i z e ;
89

90 pr i va t e :
91

92 mult ip le heap framework ( mult ip le heap framework const&) ;
93 mult ip le heap framework& operator = ( mult ip le heap framework const&) ;
94 } ;
95

96 }
97

98 #inc lude ”mult ip le−heap−framework . i++”
99 #end i f

G.11 multiple-heap-framework.i++

1 /∗
2 Implementat ion o f the mu l t i p l e−heap p r i o r i t y −queue framework .
3

4 Author : J y r k i Kataja inen Âc© 2009 , 2010
5 ∗/
6

7 #inc lude <algorithm> // s t d : : swap
8 #inc lude ” a s s e r t . h++”
9 #inc lude <c l i m i t s > // LONGMAX

10 #inc lude <iostream>
11 #inc lude < l i s t >
12 #inc lude <vector>
13 #inc lude <u t i l i t y > // s t d : : pa i r
14

15 namespace cphs t l {
16

17 template <typename V, typename C, typename A, typename E,
18 typename H, typename M>
19 mult ip le heap framework<V, C, A, E, H, M> : : mult ip le heap framework (
20 C const& c , A const& a )
21 : comparator ( c ) , a l l o c a t o r ( a ) , heap s to r e ( c , a ) , mark store ( c ) , top (0) ,
22 s i z e (0 ) {
23 }
24

25 template <typename V, typename C, typename A, typename E,
26 typename H, typename M>
27 mult ip le heap framework<V, C, A, E, H, M> : :˜ mult ip le heap framework ( ) {
28 // Precond i t i on : The data s t r u c t u r e con ta in s no e l ements .
29 }
30
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31 template <typename V, typename C, typename A, typename E,
32 typename H, typename M>
33 E∗
34 mult ip le heap framework<V, C, A, E, H, M> : : begin ( ) const {
35 i f ( s i z e == 0) {
36 return (E∗) 0 ;
37 }
38 return (∗ heap s to r e . begin ( ) ) . root ( ) ;
39 }
40

41 template <typename V, typename C, typename A, typename E,
42 typename H, typename M>
43 E∗
44 mult ip le heap framework<V, C, A, E, H, M> : : end ( ) const {
45 return (E∗) 0 ;
46 }
47

48 template <typename V, typename C, typename A, typename E,
49 typename H, typename M>
50 A
51 mult ip le heap framework<V, C, A, E, H, M> : : g e t a l l o c a t o r ( ) const {
52 return a l l o c a t o r . sub j e c t ( ) ;
53 }
54

55 template <typename V, typename C, typename A, typename E,
56 typename H, typename M>
57 C
58 mult ip le heap framework<V, C, A, E, H, M> : : get comparator ( ) const {
59 return comparator . sub j e c t ( ) ;
60 }
61

62 template <typename V, typename C, typename A, typename E,
63 typename H, typename M>
64 typename mult ip le heap framework<V, C, A, E, H, M> : : s i z e t y p e
65 mult ip le heap framework<V, C, A, E, H, M> : : s i z e ( ) const {
66 return s i z e ;
67 }
68

69 template <typename V, typename C, typename A, typename E,
70 typename H, typename M>
71 typename mult ip le heap framework<V, C, A, E, H, M> : : s i z e t y p e
72 mult ip le heap framework<V, C, A, E, H, M> : : max s ize ( ) const {
73 // Assume t h a t n <= LONGMAX.
74 typename std : : vector<int , A> : : a l l o c a t o r t y p e a ;
75 s i z e t y p e n = LONG MAX;
76 s i z e t y p e avai lable memory = a . max s ize ( ) ∗ s i z e o f ( i n t ) ; // in b y t e s
77 s i z e t y p e s p a c e a v a i l a b l e f o r e n c a p s u l a t o r s = avai lable memory −
78 heap s to r e . f o o t p r i n t (n) − mark store . f o o t p r i n t (n) ;
79 return s p a c e a v a i l a b l e f o r e n c a p s u l a t o r s / E : : f o o t p r i n t ( ) ;
80 }
81

82 template <typename V, typename C, typename A, typename E,
83 typename H, typename M>
84 E∗
85 mult ip le heap framework<V, C, A, E, H, M> : : top ( ) const {
86 return top ;
87 }
88

89 template <typename V, typename C, typename A, typename E,
90 typename H, typename M>
91 E∗
92 mult ip le heap framework<V, C, A, E, H, M> : : i n s e r t (E∗ p) {
93

94 heap s to r e . i n j e c t (p , 0 , mark store ) ;
95 i f ( top == 0 | | comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
96 top = p ;
97 }
98 ++s i z e ;
99

100 #i f d e f DEBUG
101

102 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
103 a s s e r t ( mark store . i s v a l i d ( ) ) ;
104
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105 #end i f
106

107 return p ;
108 }
109

110 template <typename V, typename C, typename A, typename E,
111 typename H, typename M>
112 void
113 mult ip le heap framework<V, C, A, E, H, M> : : i n c r e a s e (E∗ p , V const& v) {
114 a s s e r t ( ! comparator (v , (∗p) . element ( ) ) ) ;
115 (∗p) . element ( ) = v ;
116 mark store . mark (p) ;
117 mark store . reduce ( heap s to r e ) ;
118 i f ( comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
119 top = p ;
120 }
121

122 #i f d e f DEBUG
123

124 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
125 a s s e r t ( mark store . i s v a l i d ( ) ) ;
126

127 #end i f
128

129 }
130

131 template <typename V, typename C, typename A, typename E,
132 typename H, typename M>
133 E∗
134 mult ip le heap framework<V, C, A, E, H, M> : : e x t r a c t ( ) {
135 a s s e r t ( s i z e ( ) != 0) ;
136 std : : pair<E∗ , s i z e t ype > pa i r = heap s to r e . e j e c t ( ) ;
137 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
138 E∗ q = pa i r . f i r s t ;
139 s i z e t y p e h = pa i r . second ;
140 i f (h > 0) {
141 E∗ c = (∗q ) . r e l e a s e r o o t ( ) ;
142 heap s to r e . concatenate ( c , h − 1 , mark store ) ;
143 }
144 mark store . reduce ( heap s to r e ) ;
145 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
146 −−s i z e ;
147 i f ( top != q) {
148 return q ;
149 }
150 i f ( top == q && heap s to r e . begin ( ) == 0) {
151 top = 0 ;
152 return q ;
153 }
154 pa i r = heap s to r e . e j e c t ( ) ;
155 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
156 E∗ r = pa i r . f i r s t ;
157 h = pa i r . second ;
158 (∗q ) . swap roots ( r ) ;
159 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
160 heap s to r e . i n j e c t (q , h , mark store ) ;
161

162 #i f d e f DEBUG
163

164 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
165 a s s e r t ( mark store . i s v a l i d ( ) ) ;
166

167 #end i f
168

169 return r ;
170 }
171

172 #i f d e f FIRST VERSION
173

174 template <typename V, typename C, typename A, typename E,
175 typename H, typename M>
176 void
177 mult ip le heap framework<V, C, A, E, H, M> : : e x t r a c t (E∗ r ) {
178 a s s e r t ( r != 0) ;
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179 E∗ b = ext ra c t ( ) ;
180 a s s e r t (b != 0) ;
181 i f (b != r ) {
182 E∗ p = (∗ r ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
183 whi le (p != 0) {
184 (∗ r ) . swap nodes (p) ;
185 p = (∗ r ) . d i s t i n g u i s h e d a n c e s t o r ( ) ;
186 }
187 std : : l i s t <E∗ , A> s tack ;
188 whi le ( ! (∗ r ) . i s l e a f ( ) ) {
189 E∗ s = (∗ r ) . s p l i t ( comparator ) ;
190 s tack . push f ront ( s ) ;
191 }
192 whi le ( ! s tack . empty ( ) ) {
193 E∗ s = stack . f r on t ( ) ;
194 b = (∗b) . j o i n ( s , comparator , mark store ) ;
195 s tack . pop f ront ( ) ;
196 }
197 typedef typename H: : heap proxy type heap proxy type ;
198 heap s to r e . r ep l a c e ( ( heap proxy type ∗) (∗ r ) . owner ( ) , b ) ;
199 }
200 i f ( top == r ) {
201 top = heap s to r e . f i n d t o p ( ) ;
202 E∗ t = mark store . f i n d t o p ( ) ;
203 i f ( t != 0 && comparator ( (∗ top ) . element ( ) , (∗ t ) . element ( ) ) ) {
204 top = t ;
205 }
206 }
207 #i f d e f DEBUG
208

209 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
210 a s s e r t ( mark store . i s v a l i d ( ) ) ;
211

212 #end i f
213

214 }
215

216 #e l s e
217

218 template <typename V, typename C, typename A, typename E,
219 typename H, typename M>
220 void
221 mult ip le heap framework<V, C, A, E, H, M> : : e x t r a c t (E∗ p) {
222 a s s e r t (p != 0) ;
223 E∗ replacement = ext ra c t ( ) ;
224 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
225 a s s e r t ( replacement != 0) ;
226 i f (p == replacement ) {
227 return ;
228 }
229 mark store . unmark (p) ;
230 E∗ q = p ;
231 typename E : : ho l e type h o l e a t p = (∗p) . s p l i c e o u t ( ) ;
232 E∗ s = (∗p) . d i s t i ngu i shed de s c endant ( comparator ) ;
233 whi le ( s != 0) {
234 mark store . unmark ( s ) ;
235 q = s ;
236 s = (∗ s ) . d i s t i ngu i shed de s c endant ( comparator ) ;
237 }
238

239 E∗ r = replacement ;
240 whi le ( q != p) {
241 E∗ s = q ;
242 q = (∗q ) . parent ( ) ;
243 r = (∗ r ) . f a s t j o i n ( s , replacement , comparator , mark store ) ;
244 }
245 (∗ r ) . s p l i c e i n ( ho l e a t p , heap s to r e ) ;
246 mark store . mark ( r ) ;
247 mark store . reduce ( heap s to r e ) ;
248 i f (p == top ) {
249 top = heap s to r e . f i n d t o p ( ) ;
250 E∗ t = mark store . f i n d t o p ( ) ;
251 i f ( t != 0 && comparator ( (∗ top ) . element ( ) , (∗ t ) . element ( ) ) ) {
252 top = t ;
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253 }
254 }
255

256 #i f d e f DEBUG
257

258 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
259 a s s e r t ( mark store . i s v a l i d ( ) ) ;
260

261 #end i f
262

263 }
264

265 #end i f
266

267 template <typename V, typename C, typename A, typename E,
268 typename H, typename M>
269 void
270 mult ip le heap framework<V, C, A, E, H, M> : : meld (
271 mult ip le heap framework& other ) {
272 // Precond i t i on : The a l l o c a t o r s and comparators must be compa t i b l e .
273 i f ( s i z e < other . s i z e ) {
274 swap ( other ) ;
275 }
276 heap s to r e . meld ( other . heap store , mark store ) ;
277 mark store . meld ( other . mark store , heap s to r e ) ;
278 s i z e += other . s i z e ;
279 other . s i z e = 0 ;
280 i f ( other . top != 0 &&
281 comparator ( (∗ top ) . element ( ) , (∗ other . top ) . element ( ) ) ) {
282 top = other . top ;
283 }
284 other . top = 0 ;
285

286

287 #i f d e f DEBUG
288

289 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
290 a s s e r t ( other . heap s to r e . i s v a l i d ( other . mark store ) ) ;
291

292 #end i f
293

294 }
295

296 template <typename V, typename C, typename A, typename E,
297 typename H, typename M>
298 void
299 mult ip le heap framework<V, C, A, E, H, M> : : swap (
300 mult ip le heap framework& other ) {
301 // Precond i t i on : The a l l o c a t o r s and comparators are compa t i b l e .
302 heap s to r e . swap ( other . heap s to r e ) ;
303 mark store . swap ( other . mark store ) ;
304 std : : swap ( top , other . top ) ;
305 std : : swap ( s i z e , other . s i z e ) ;
306 }
307 }
308

309 #i f de f ined (UNITTEST MULTIPLE HEAP FRAMEWORK)
310 #inc lude ”blank−mark−s t o r e . h++”
311 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
312 #inc lude ”fat−weak−heap−node . h++”
313 #inc lude <f unc t i ona l>
314 #inc lude ”lazy−mark−s t o r e . h++”
315 #inc lude <memory>
316 #inc lude ”mult ip le−heap−framework . h++”
317 #inc lude ”pennant−node . h++”
318 #inc lude ”heap−proxy . h++”
319 #inc lude ”root−l i s t −heap−s t o r e . h++”
320 #inc lude ”weak−heap−node . h++”
321

322 #inc lude <algorithm>
323 #inc lude <numeric>
324 #inc lude <vector>
325

326 us ing namespace cphs t l ;
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327

328 template <typename Q>
329 s t r u c t pq fw te s t {
330 typedef typename Q: : va lue type V;
331 typedef typename Q: : comparator type C;
332 typedef typename Q: : a l l o c a t o r t y p e A;
333 typedef typename Q: : encapsu la to r type E;
334 typedef typename Q: : heap s to r e type H;
335 typedef typename Q: : mark store type M;
336

337 template <typename V, typename E, typename A>
338 s t a t i c E∗ c r ea t e (V const& v , A& a l l o c a t o r ) {
339 E∗ p = a l l o c a t o r . a l l o c a t e (1 ) ;
340 new (p) E(v , a l l o c a t o r ) ;
341 return p ;
342 }
343

344 template <typename V, typename E, typename A>
345 s t a t i c void dest roy (E∗ p , A& a l l o c a t o r ) {
346 p−>˜E( ) ;
347 a l l o c a t o r . d e a l l o c a t e (p , 1) ;
348 }
349

350 s t a t i c void sma l l t e s t mu l t i p l e heap f r amework ( ) {
351 Q w;
352

353 typedef typename A: : template rebind<E> : : o ther n o d e a l l o c a t o r t y p e ;
354 n o d e a l l o c a t o r t y p e n o d e a l l o c a t o r ;
355 E∗ p = create<V, E, node a l l o ca to r type >(V(2) , n o d e a l l o c a t o r ) ;
356 E∗ q = create<V, E, node a l l o ca to r type >(V(4) , n o d e a l l o c a t o r ) ;
357 E∗ r = create<V, E, node a l l o ca to r type >(V(1) , n o d e a l l o c a t o r ) ;
358

359 std : : cout << ” i n s e r t \n” ;
360 w. i n s e r t (p) ;
361 a s s e r t (w. top ( ) == p) ;
362 w. show ( ) ;
363 a s s e r t (w. s i z e ( ) == 1) ;
364 std : : cout << ” i n s e r t ” << (∗q ) . element ( ) << ”\n” ;
365 w. i n s e r t ( q ) ;
366 a s s e r t (w. top ( ) == q) ;
367 w. show ( ) ;
368 a s s e r t (w. s i z e ( ) == 2) ;
369 std : : cout << ”ex t ra c t \n” ;
370 E∗ s = w. ex t r a c t ( ) ;
371 w. show ( ) ;
372 a s s e r t (w. s i z e ( ) == 1) ;
373 std : : cout << ” i n s e r t \n” ;
374 w. i n s e r t ( r ) ;
375 a s s e r t (w. top ( ) != s && w. top ( ) != r ) ;
376 w. show ( ) ;
377 a s s e r t (w. s i z e ( ) == 2) ;
378 w. ex t ra c t ( ) ;
379 w. ex t ra c t ( ) ;
380 a s s e r t (w. s i z e ( ) == 0) ;
381

382 destroy<V, E, node a l l o ca t o r type >(p , n o d e a l l o c a t o r ) ;
383 destroy<V, E, node a l l o ca t o r type >(q , n o d e a l l o c a t o r ) ;
384 destroy<V, E, node a l l o ca t o r type >(r , n o d e a l l o c a t o r ) ;
385 }
386

387 s t a t i c void b ig t e s t mu l t i p l e heap f r amework ( ) {
388 Q h ;
389 a s s e r t (h . s i z e ( ) == 0) ;
390 a s s e r t (h . begin ( ) == h . end ( ) ) ;
391 typename Q: : a l l o c a t o r t y p e heap a = h . g e t a l l o c a t o r ( ) ;
392 typename Q: : comparator type heap c = h . get comparator ( ) ;
393 a s s e r t (h . s i z e ( ) <= h . max size ( ) ) ;
394 a s s e r t (h . top ( ) == h . end ( ) ) ;
395 V a [ ] = {8 , 10 , 13 , 1 , 6 , 5 , 3 , 7 , 11 , 9} ;
396 unsigned in t const n = s i z e o f ( a ) / s i z e o f (V) ;
397

398 typedef typename A: : template rebind<E> : : o ther n o d e a l l o c a t o r t y p e ;
399 n o d e a l l o c a t o r t y p e n o d e a l l o c a t o r ;
400 std : : vector<E∗ , n ode a l l o ca to r type > node ;
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401 f o r ( unsigned in t j = 0 ; j < n ; ++j ) {
402 E∗ p = create<V, E, node a l l o ca t o r type >(a [ j ] , n o d e a l l o c a t o r ) ;
403 node . push back (p) ;
404 }
405 h . i n s e r t ( node [ 0 ] ) ;
406 a s s e r t (h . top ( ) == h . begin ( ) ) ;
407 E∗ t = h . top ( ) ;
408 a s s e r t ( (∗ t ) . element ( ) == V(8) ) ;
409 f o r ( unsigned in t j = 1 ; j < n ; ++j ) {
410 h . i n s e r t ( node [ j ] ) ;
411 E∗ r = h . top ( ) ;
412 a s s e r t ( (∗ r ) . element ( ) == ∗( std : : max element(&a [ 0 ] , &a [ j + 1 ] ) ) ) ;
413 }
414 a s s e r t (h . s i z e ( ) == n) ;
415

416 V sum = V(0) ;
417 whi le (h . s i z e ( ) != 0) {
418 E∗ p = h . ex t r a c t ( ) ;
419 sum += (∗p) . element ( ) ;
420 }
421 a s s e r t (sum == std : : accumulate(&a [ 0 ] , &a [ n ] , V(0) ) ) ;
422

423 Q g ;
424 f o r ( unsigned in t j = 0 ; j < n ; ++j ) {
425 g . i n s e r t ( node [ j ] ) ;
426 }
427 a s s e r t ( g . s i z e ( ) == n) ;
428

429 std : : s o r t (&a [ 0 ] , &a [ n ] ) ;
430 V another sum = V(0) ;
431 whi le ( g . s i z e ( ) != 0) {
432 E∗ p = g . top ( ) ;
433 a s s e r t ( (∗p) . element ( ) == a [ g . s i z e ( ) − 1 ] ) ;
434 another sum += (∗p) . element ( ) ;
435 g . ex t r a c t (p) ;
436 }
437 a s s e r t (sum == another sum ) ;
438

439 f o r ( unsigned in t j = 0 ; j < n ; ++j ) {
440 destroy<V, E, node a l l o ca to r type >(node [ j ] , n o d e a l l o c a t o r ) ;
441 }
442 }
443 } ;
444

445 template <typename V, typename C, typename A, typename E,
446 typename H, typename M>
447 void sma l l t e s t mu l t i p l e heap f r amework ( ) {
448 pqfw test<mult ip le heap framework<V, C, A, E, H, M> > : : sma l l t e s t mu l t i p l e heap f r amework

( ) ;
449 }
450

451 template <typename V, typename C, typename A, typename E,
452 typename H, typename M>
453 void b ig t e s t mu l t i p l e heap f r amework ( ) {
454 pqfw test<mult ip le heap framework<V, C, A, E, H, M> > : : b i g t e s t mu l t i p l e heap f r amework ( ) ;
455 }
456

457 i n t main ( int , char ∗∗) {
458 typedef i n t V;
459 typedef std : : l e s s <V> C;
460 typedef std : : a l l o c a t o r <V> A;
461

462 std : : cout << ”weak queues . . . \ n” ;
463 typedef cphs t l : : weak heap node<V, A> E1 ; //<−−
464 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E1> H1 ;
465 typedef cphs t l : : b lank mark store<C, A, E1> M1;
466 sma l l t e s t mu l t ip l e heap f ramework<V, C, A, E1 , H1 , M1>() ;
467 b ig t e s t mu l t ip l e heap f ramework<V, C, A, E1 , H1 , M1>() ;
468

469 std : : cout << ”weak queues with f a t nodes . . . \ n” ;
470 typedef cphs t l : : fat weak heap node<V, A> E2 ; //<−−
471 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E2> H2 ;
472 typedef cphs t l : : b lank mark store<C, A, E2> M2; //<−−
473 sma l l t e s t mu l t ip l e heap f ramework<V, C, A, E2 , H2 , M2>() ;
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474 b ig t e s t mu l t ip l e heap f ramework<V, C, A, E2 , H2 , M2>() ;
475

476 std : : cout << ”pennant queues . . . \ n” ;
477 typedef cphs t l : : pennant node<V, A> E3 ; //<−−
478 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E3> H3 ;
479 typedef cphs t l : : b lank mark store<C, A, E3> M3;
480 sma l l t e s t mu l t ip l e heap f ramework<V, C, A, E3 , H3 , M3>() ;
481 b ig t e s t mu l t ip l e heap f ramework<V, C, A, E3 , H3 , M3>() ;
482

483 std : : cout << ”run−r e l axed weak queues . . . \ n” ;
484 typedef cphs t l : : fat weak heap node<V, A> E4 ; //<−−
485 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E4> H4 ;
486 typedef cphs t l : : l a zy mark s tore<C, A, E4> M4; //<−−
487 sma l l t e s t mu l t ip l e heap f ramework<V, C, A, E4 , H4 , M4>() ;
488 b ig t e s t mu l t ip l e heap f ramework<V, C, A, E4 , H4 , M4>() ;
489

490 /∗
491 t y p e d e f c p h s t l : : weak heap node<V, A> E5 ; //<−−
492 t y p e d e f c p h s t l : : r o o t l i s t h e a p s t o r e <C, A, E5> H5 ;
493 t y p e d e f c p h s t l : : l a z y mar k s t o r e <C, A, E4> M5; //<−−
494 sma l l t e s t mu l t i p l e h e a p f r amewo r k <V, C, A, E5 , H5 , M5>() ;
495 b i g t e s t mu l t i p l e h e a p f r amewo r k <V, C, A, E5 , H5 , M5>() ;
496

497 ∗/
498 return 0 ;
499 }
500

501 #end i f

G.12 pennant-node.h++

1 /∗
2 A pennant node
3

4 Author : J y r k i Kataja inen Âc© 2009
5 ∗/
6

7 #i f n d e f CPHSTL PENNANT NODE
8 #de f i n e CPHSTL PENNANT NODE
9

10 #inc lude <algorithm> // s t d : : swap
11 #inc lude ”heap−node . h++”
12

13 namespace cphs t l {
14

15 template <typename V, typename A>
16 c l a s s pennant node
17 : pub l i c heap node<V, A, pennant node<V, A> > {
18

19 pr i va t e :
20

21 pennant node ( ) ;
22 pennant node ( pennant node const&) ;
23 pennant node& operator = ( pennant node const&) ;
24

25 pub l i c :
26

27 typedef V va lue type ;
28 typedef A a l l o c a t o r t y p e ;
29 typedef pennant node<V, A> N;
30

31 s t r u c t ho l e type {
32 N∗ parent ;
33 N∗ cur rent ;
34 union {
35 N∗ l e f t ;
36 void ∗ owner ;
37 } ;
38 N∗ r i g h t ;
39

40 ho l e type (N∗ p)
41 : parent ( (∗p) . parent ( ) ) , cur rent (p) , r i g h t ( (∗p) . r i g h t ( ) ) {
42 i f ( parent != 0) {
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43 l e f t = (∗p) . l e f t ( ) ;
44 }
45 e l s e {
46 owner = (∗p) . owner ( ) ;
47 }
48 }
49 } ;
50

51 pennant node (V const& v , A const& a )
52 : heap node<V, A, N>(v , a ) {
53 }
54

55 template <typename C, typename M>
56 N∗ j o i n (N∗ q , C const& comparator , M&) {
57 N∗ p = t h i s ;
58 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
59 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
60 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
61 N∗ c = (∗q ) . r i g h t ( ) ;
62 i f ( c != 0) {
63 (∗ c ) . parent ( ) = p ;
64 }
65 (∗p) . l e f t ( ) = c ;
66 (∗q ) . r i g h t ( ) = p ;
67 (∗p) . parent ( ) = q ;
68 s i f t down (p , comparator ) ;
69 return q ;
70 }
71 e l s e {
72 N∗ c = (∗p) . r i g h t ( ) ;
73 i f ( c != 0) {
74 (∗ c ) . parent ( ) = q ;
75 }
76 (∗q ) . l e f t ( ) = c ;
77 (∗p) . r i g h t ( ) = q ;
78 (∗q ) . parent ( ) = p ;
79 s i f t down (q , comparator ) ;
80 return p ;
81 }
82 }
83

84 template <typename C, typename M>
85 N∗ f a s t j o i n (N∗ q , N∗ replacement , C const& comparator , M&) {
86 N∗ p = t h i s ;
87 i f (p != replacement | | comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
88 N∗ d = (∗q ) . r i g h t ( ) ;
89 (∗p) . parent ( ) = q ;
90 (∗p) . l e f t ( ) = d ;
91 i f (d != 0) {
92 (∗d) . parent ( ) = p ;
93 }
94 (∗q ) . r i g h t ( ) = p ;
95 return q ;
96 }
97 N∗ c = (∗p) . r i g h t ( ) ;
98 (∗q ) . parent ( ) = p ;
99 (∗q ) . l e f t ( ) = c ;

100 i f ( c != 0) {
101 (∗ c ) . parent ( ) = q ;
102 }
103 (∗p) . r i g h t ( ) = q ;
104 return p ;
105 }
106

107 template <typename C>
108 N∗ s p l i t (C const&) {
109 N∗ p = t h i s ;
110 a s s e r t (p != 0) ;
111 a s s e r t ( (∗p) . r i g h t ( ) != 0) ;
112 N∗ q = (∗p) . r i g h t ( ) ;
113 i f ( (∗ q ) . r i g h t ( ) == 0) {
114 (∗p) . r i g h t ( ) = 0 ;
115 (∗q ) . parent ( ) = 0 ;
116 return q ;
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117 }
118 N∗ r = (∗q ) . l e f t ( ) ;
119 (∗p) . r i g h t ( ) = r ;
120 i f ( r != 0) {
121 (∗ r ) . parent ( ) = p ;
122 }
123 (∗q ) . parent ( ) = 0 ;
124 (∗q ) . l e f t ( ) = 0 ;
125 return q ;
126 }
127

128 template <typename C>
129 N∗ d i s t i ngu i shed de s c endant (C const& comparator ) {
130 a s s e r t ( t h i s != 0) ;
131 i f ( (∗ t h i s ) . i s l e a f ( ) ) {
132 return 0 ;
133 }
134 i f ( (∗ t h i s ) . i s r o o t ( ) ) {
135 return (∗ t h i s ) . r i g h t ( ) ;
136 }
137 N∗ q = (∗ t h i s ) . l e f t ( ) ;
138 N∗ r = (∗ t h i s ) . r i g h t ( ) ;
139 i f ( comparator ( (∗ q ) . element ( ) , (∗ r ) . element ( ) ) ) {
140 (∗ t h i s ) . l e f t ( ) = r ;
141 (∗ t h i s ) . r i g h t ( ) = q ;
142 return r ;
143 }
144 return q ;
145 }
146

147 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
148 a s s e r t ( t h i s != 0) ;
149 return (∗ t h i s ) . parent ( ) ;
150 }
151

152 N∗ promote (N∗ p) {
153 N∗ q = t h i s ;
154 a s s e r t (p == (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
155 i f ( (∗p) . r i g h t ( ) == q) {
156 N∗ a = (∗p) . parent ( ) ;
157 N∗ b = (∗p) . l e f t ( ) ;
158 N∗ f = (∗q ) . l e f t ( ) ;
159 N∗ g = (∗q ) . r i g h t ( ) ;
160 (∗p) . parent ( ) = q ;
161 (∗p) . l e f t ( ) = f ;
162 (∗p) . r i g h t ( ) = g ;
163 (∗q ) . parent ( ) = a ;
164 (∗q ) . l e f t ( ) = b ;
165 (∗q ) . r i g h t ( ) = p ;
166 i f ( a != 0) {
167 i f ( (∗ a ) . r i g h t ( ) == p) {
168 (∗a ) . r i g h t ( ) = q ;
169 }
170 e l s e {
171 i f ( ! (∗p) . i s r o o t ( ) ) {
172 (∗a ) . l e f t ( ) = q ;
173 }
174 }
175 }
176 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
177 (∗b) . parent ( ) = q ;
178 }
179 i f ( f != 0) {
180 (∗ f ) . parent ( ) = p ;
181 }
182 i f ( g != 0) {
183 (∗g ) . parent ( ) = p ;
184 }
185 }
186 e l s e {
187 N∗ a = (∗p) . parent ( ) ;
188 N∗ c = (∗p) . r i g h t ( ) ;
189 N∗ f = (∗q ) . l e f t ( ) ;
190 N∗ g = (∗q ) . r i g h t ( ) ;
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191 (∗p) . parent ( ) = q ;
192 (∗p) . l e f t ( ) = f ;
193 (∗p) . r i g h t ( ) = g ;
194 (∗q ) . parent ( ) = a ;
195 (∗q ) . l e f t ( ) = p ;
196 (∗q ) . r i g h t ( ) = c ;
197 i f ( a != 0) {
198 i f ( (∗ a ) . r i g h t ( ) == p) {
199 (∗a ) . r i g h t ( ) = q ;
200 }
201 e l s e {
202 i f ( ! (∗p) . i s r o o t ( ) ) {
203 (∗a ) . l e f t ( ) = q ;
204 }
205 }
206 }
207 i f ( c != 0) {
208 (∗ c ) . parent ( ) = q ;
209 }
210 i f ( f != 0) {
211 (∗ f ) . parent ( ) = p ;
212 }
213 i f ( g != 0) {
214 (∗g ) . parent ( ) = p ;
215 }
216 }
217 return q ;
218 }
219

220 ho l e type s p l i c e o u t ( ) {
221 a s s e r t ( t h i s != 0) ;
222 ho l e type ho le ( t h i s ) ;
223 return ho le ;
224 }
225

226 template <typename H>
227 void s p l i c e i n ( ho l e type& hole , H& heap s to r e ) {
228 N∗ here = hole . cur rent ;
229 a s s e r t ( here != 0) ;
230 N∗ above = hole . parent ;
231 (∗ t h i s ) . parent ( ) = above ;
232 i f ( above == 0) {
233 (∗ t h i s ) . owner ( ) = ho le . owner ;
234 heap s to r e . r ep l a c e ( t h i s ) ;
235 return ;
236 }
237 i f ( (∗ above ) . l e f t ( ) == here ) {
238 (∗ above ) . l e f t ( ) = t h i s ;
239 }
240 i f ( (∗ above ) . r i g h t ( ) == here ) {
241 (∗ above ) . r i g h t ( ) = t h i s ;
242 }
243 i f ( t h i s == hole . l e f t | | (∗ t h i s ) . r i g h t ( ) == hole . l e f t ) {
244 (∗ t h i s ) . l e f t ( ) = ho le . r i g h t ;
245 i f ( ho le . r i g h t != 0) {
246 (∗ ho le . r i g h t ) . parent ( ) = t h i s ;
247 }
248 return ;
249 }
250 i f ( t h i s == hole . r i g h t | | (∗ t h i s ) . r i g h t ( ) == hole . r i g h t ) {
251 (∗ t h i s ) . l e f t ( ) = ho le . l e f t ;
252 i f ( ho le . l e f t != 0) {
253 (∗ ho le . l e f t ) . parent ( ) = t h i s ;
254 }
255 return ;
256 }
257 a s s e r t ( f a l s e ) ;
258 }
259

260 #i f d e f DEBUG
261

262 template <typename C, typename M>
263 bool i s v a l i d (C const& comparator , M const& mark store ) const {
264 N const ∗ t = (∗ t h i s ) . down cast ( t h i s ) ;
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265 bool va l i d = true ;
266 i f ( (∗ t ) . parent ( ) != 0) {
267 va l i d &= t −> parent ( ) −> l e f t ( ) == t | |
268 t −> parent ( ) −> r i g h t ( ) == t ;
269 i f ( ! v a l i d ) std : : cout << ”e r r o r : parent\n” ;
270 }
271 i f ( (∗ t ) . l e f t ( ) != 0) {
272 va l i d &= t −> l e f t ( ) −> parent ( ) == t ;
273 i f ( ! v a l i d ) std : : cout << ”e r r o r : l e f t \n” ;
274 }
275 i f ( (∗ t ) . r i g h t ( ) != 0) {
276 va l i d &= t −> r i g h t ( ) −> parent ( ) == t ;
277 i f ( ! v a l i d ) std : : cout << ”e r r o r : r i g h t \n” ;
278 }
279 i f ( ! (∗ t ) . i s r o o t ( ) && ! mark store . i s marked ( t ) ) {
280 va l i d &= ! comparator ( (∗ t ) . parent ( ) −> element ( ) , (∗ t ) . element ( ) ) ;
281 i f ( ! v a l i d ) {
282 std : : cout << ”e r r o r : heap order \n” ;
283 (∗ t ) . root ( ) −> show tree ( ) ;
284 }
285 }
286 return va l i d ;
287 }
288

289 #end i f
290

291 protected :
292

293 template <typename C>
294 void s i f t down (N∗ p , C const& comparator ) {
295 a s s e r t (p != 0) ;
296 whi le ( ! (∗p) . i s l e a f ( ) ) {
297 N∗ q = (∗p) . l e f t ( ) ;
298 N∗ r = (∗p) . r i g h t ( ) ;
299 i f ( comparator ( (∗ q ) . element ( ) , (∗ r ) . element ( ) ) ) {
300 i f ( comparator ( (∗p) . element ( ) , (∗ r ) . element ( ) ) ) {
301 p = (∗ r ) . promote (p) ;
302 p = (∗p) . r i g h t ( ) ;
303 }
304 e l s e break ;
305 }
306 e l s e {
307 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
308 p = (∗q ) . promote (p) ;
309 p = (∗p) . l e f t ( ) ;
310 }
311 e l s e break ;
312 }
313 }
314 }
315 } ;
316 }
317

318 #end i f

G.13 proxy-array-heap-store.h++

1 /∗
2 A proxy−array heap s t o r e ; t he redundant b inary system i s used f o r
3 keep ing t r a c k o f t he p e r f e c t components .
4

5 Author : J y r k i Kataja inen Âc© 2010
6 ∗/
7

8 #i f n d e f CPHSTL PROXY ARRAY HEAP STORE
9 #de f i n e CPHSTL PROXY ARRAY HEAP STORE

10

11 #inc lude <algorithm> // s t d : : swap
12 #inc lude ” a s s e r t . h++”
13 #inc lude ”bit−s t o r e . h++”
14 #inc lude <c l i m i t s > // CHAR BIT
15 #inc lude ”comparator−proxy . h++”
16 #inc lude <cs tdde f> // s t d : : s i z e t
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17 #inc lude <iostream>
18 #inc lude <memory> // s t d : . a l l o c a t o r
19 #inc lude <u t i l i t y > // s t d : : pa i r
20 #inc lude <vector>
21

22 namespace cphs t l {
23

24 template<
25 typename C,
26 typename A,
27 typename E,
28 typename W = unsigned long
29 >
30 c l a s s proxy a r ray heap s to r e {
31 pub l i c :
32

33 typedef C comparator type ;
34 typedef E encapsu la to r type ;
35 typedef A a l l o c a t o r t y p e ;
36 typedef W word type ;
37 typedef std : : s i z e t s i z e t y p e ;
38 typedef proxy ar ray heap s to r e<C, A, E, W> s e l f t y p e ;
39

40 enum {word s i z e = CHAR BIT ∗ s i z e o f (W) } ;
41

42 c l a s s heap proxy {
43 pub l i c :
44

45 E∗ r o o t ;
46 s e l f t y p e ∗ s t o r e ;
47

48 heap proxy (E∗ r = 0 , s e l f t y p e ∗ s = 0)
49 : r o o t ( r ) , s t o r e ( s ) {
50 }
51

52 E∗ root ( ) const {
53 return r o o t ;
54 }
55

56 E∗& root ( ) {
57 return r o o t ;
58 }
59

60 heap proxy∗ s u c c e s s o r ( ) const {
61 return (∗ s t o r e ) . next ( ( heap proxy ∗) t h i s ) ;
62 }
63 } ;
64

65 typedef heap proxy heap proxy type ;
66

67 protected :
68

69 comparator proxy<C> comparator ;
70 cphs t l : : b i t s t o r e <W> high ;
71 cphs t l : : b i t s t o r e <W> low ;
72 std : : vector<std : : pair<heap proxy , heap proxy >, A> prox i e s ; // ! : ab , A was miss ing .
73

74 pub l i c :
75

76 proxy a r ray heap s to r e (C const& c = C() , A const& a = A() )
77 : comparator ( c ) , high ( ) , low ( ) , p rox i e s ( a ) {
78 typedef std : : pair<heap proxy , heap proxy> pa i r t ype ;
79 pa i r t ype p( heap proxy ( (E∗) 0 , ( s e l f t y p e ∗) t h i s ) , heap proxy ( (E∗) 0 , ( s e l f t y p e ∗) t h i s

) ) ;
80 prox i e s . r e s i z e ( word s ize , p) ;
81 }
82

83 ˜ proxy a r ray heap s to r e ( ) {
84 }
85

86 s i z e t y p e f o o t p r i n t ( s i z e t y p e ) const {
87 return s i z e o f ( p roxy a r ray heap s to r e ) + 2 ∗ s i z e o f (E∗) ∗ word s i z e
88 + 2 ∗ s i z e o f ( s e l f t y p e ∗) ∗ word s i z e ;
89 }
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90

91 heap proxy∗ begin ( ) const {
92 i f ( low . get (0 ) ) {
93 return ( heap proxy ∗) &prox i e s [ 0 ] . f i r s t ;
94 }
95 return next ( ( heap proxy ∗) &prox i e s [ 0 ] . f i r s t ) ;
96 }
97

98 heap proxy∗ begin ( ) {
99 i f ( low . get (0 ) ) {

100 return &prox i e s [ 0 ] . f i r s t ;
101 }
102 return next(& prox i e s [ 0 ] . f i r s t ) ;
103 }
104

105 heap proxy∗ next ( heap proxy∗ p) const {
106 s i z e t y p e i = p − &prox i e s [ 0 ] . f i r s t ;
107 i f (p == &prox i e s [ i ] . f i r s t ) {
108 i f ( high . get ( i ) ) {
109 return ( heap proxy ∗) &prox i e s [ i ] . second ;
110 }
111 }
112 W mask = (1 << ( i + 1) ) − 1 ;
113 mask = ˜mask ;
114 W r e s t = s i z e t y p e ( low ) & mask ;
115 b i t s t o r e <W> word ( r e s t ) ;
116 i f ( word . s i z e ( ) == 0) {
117 return 0 ;
118 }
119 s i z e t y p e j = word . l e a s t s i g n i f i c a n t o n e ( ) ;
120 return ( heap proxy ∗) &prox i e s [ j ] . f i r s t ;
121 }
122

123 E∗ f i n d t o p ( ) const {
124 i f ( low . s i z e ( ) == 0) {
125 return 0 ;
126 }
127 b i t s t o r e <W> down = low ;
128 b i t s t o r e <W> up = high ;
129 s i z e t y p e h = down . l e a s t s i g n i f i c a n t o n e ( ) ;
130 E∗ top = prox i e s [ h ] . f i r s t . root ( ) ;
131 i f (up . get (h) ) {
132 E∗ p = prox i e s [ h ] . second . root ( ) ;
133 i f ( comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
134 top = p ;
135 }
136 }
137 down . unset (h) ;
138 up . unset (h) ;
139 whi le (down . s i z e ( ) != 0) {
140 h = down . l e a s t s i g n i f i c a n t o n e ( ) ;
141 E∗ p = prox i e s [ h ] . f i r s t . root ( ) ;
142 i f ( comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
143 top = p ;
144 }
145 i f (up . get (h) ) {
146 p = prox i e s [ h ] . second . root ( ) ;
147 i f ( comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
148 top = p ;
149 }
150 }
151 down . unset (h) ;
152 up . unset (h) ;
153 }
154 return top ;
155 }
156

157 template <typename M>
158 void i n j e c t (E∗ p , s i z e t y p e h , M& mark store ) {
159 a s s e r t (p != 0) ;
160 i n s e r t (p , h) ;
161 f i x ( mark store ) ;
162 }
163
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164 std : : pair<E∗ , s i z e t ype > e j e c t ( ) {
165 // Warning : t o p can po in t to the nodes e j e c t e d
166 i f ( low . s i z e ( ) == 0) {
167 return std : : make pair ( (E∗) 0 , ( s i z e t y p e ) 0) ;
168 }
169 s i z e t y p e h = low . l e a s t s i g n i f i c a n t o n e ( ) ;
170 i f ( high . get (h) ) {
171 E∗ r = prox i e s [ h ] . second . root ( ) ;
172 high . unset (h) ;
173 return std : : make pair ( r , h ) ;
174 }
175 E∗ r = prox i e s [ h ] . f i r s t . root ( ) ;
176 low . unset (h) ;
177 return std : : make pair ( r , h ) ;
178 }
179

180 template <typename M>
181 void concatenate (E∗ q , s i z e t y p e h , M& mark store ) {
182 whi le ( q != 0) {
183 mark store . unmark (q ) ;
184 E∗ s = (∗q ) . r e l e a s e subheap ( ) ;
185 i n j e c t (q , h , mark store ) ;
186 h = h − 1 ;
187 q = s ;
188 }
189 }
190

191 void r ep l a c e (E∗ new root ) {
192 heap proxy type ∗ proxy = ( heap proxy type ∗) (∗ new root ) . owner ( ) ;
193 (∗ proxy ) . root ( ) = new root ;
194 (∗ new root ) . owner ( ) = ( void ∗) proxy ;
195 }
196

197 template <typename M>
198 void meld ( p roxy a r ray heap s to r e& other , M& mark store ) {
199 // Precond i t i on : The comparators must be compa t i b l e .
200 i f ( low . s i z e ( ) == 0) {
201 swap ( other ) ;
202 return ;
203 }
204 i f ( other . low . s i z e ( ) == 0) {
205 return ;
206 }
207 s i z e t y p e h 1 = low . m o s t s i g n i f i c a n t o n e ( ) ;
208 s i z e t y p e h 2 = other . low . m o s t s i g n i f i c a n t o n e ( ) ;
209 i f ( h 1 < h 2 ) {
210 swap ( other ) ;
211 std : : swap ( h 1 , h 2 ) ;
212 }
213 b i t s t o r e <W> high 1 = high ;
214 b i t s t o r e <W> low 1 = low ;
215 b i t s t o r e <W> high 2 = other . high ;
216 b i t s t o r e <W> low 2 = other . low ;
217 W mask = (1 << ( h 2 + 1) ) − 1 ;
218 mask = ˜mask ;
219 (∗ t h i s ) . low = b i t s t o r e <W>(mask & (W) low ) ;
220 (∗ t h i s ) . high = b i t s t o r e <W>(mask & (W) high ) ;
221 other . low = b i t s t o r e <W>() ;
222 other . high = b i t s t o r e <W>() ;
223 s i z e t y p e h = h 2 ;
224 whi le ( true ) {
225 W branch = 8 ∗ high 1 . get (h) + 4 ∗ low 1 . get (h) + 2 ∗ high 2 . get (h)
226 + low 2 . get (h) ;
227 E∗ tmp ;
228 switch ( branch ) {
229 case 0 /∗ 0000 ∗/ :
230 break ;
231 case 1 /∗ 0001 ∗/ :
232 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
233 f i x ( mark store ) ;
234 break ;
235 case 2 /∗ 0010 ∗/ :
236 a s s e r t ( f a l s e ) ;
237 break ;

272



238 case 3 /∗ 0011 ∗/ :
239 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
240 f i x ( mark store ) ;
241 i n s e r t ( other . p rox i e s [ h ] . second . root ( ) , h ) ;
242 f i x ( mark store ) ;
243 break ;
244 case 4 /∗ 0100 ∗/ :
245 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
246 f i x ( mark store ) ;
247 break ;
248 case 5 /∗ 0101 ∗/ :
249 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
250 f i x ( mark store ) ;
251 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
252 f i x ( mark store ) ;
253 break ;
254 case 6 /∗ 0110 ∗/ :
255 a s s e r t ( f a l s e ) ;
256 break ;
257 case 7 /∗ 0111 ∗/ :
258 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
259 f i x ( mark store ) ;
260 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
261 f i x ( mark store ) ;
262 i n s e r t ( other . p rox i e s [ h ] . second . root ( ) , h ) ;
263 f i x ( mark store ) ;
264 break ;
265 case 8 /∗ 1000 ∗/ :
266 a s s e r t ( f a l s e ) ;
267 break ;
268 case 9 /∗ 1001 ∗/ :
269 a s s e r t ( f a l s e ) ;
270 break ;
271 case 10 /∗ 1010 ∗/ :
272 a s s e r t ( f a l s e ) ;
273 break ;
274 case 11 /∗ 1011 ∗/ :
275 a s s e r t ( f a l s e ) ;
276 break ;
277 case 12 /∗ 1100 ∗/ :
278 tmp = prox i e s [ h ] . second . root ( ) ;
279 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
280 f i x ( mark store ) ;
281 i n s e r t (tmp , h) ;
282 f i x ( mark store ) ;
283 break ;
284 case 13 /∗ 1101 ∗/ :
285 tmp = prox i e s [ h ] . second . root ( ) ;
286 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
287 f i x ( mark store ) ;
288 i n s e r t (tmp , h) ;
289 f i x ( mark store ) ;
290 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
291 f i x ( mark store ) ;
292 break ;
293 case 14 /∗ 1110 ∗/ :
294 a s s e r t ( f a l s e ) ;
295 break ;
296 case 15 /∗ 1111 ∗/ :
297 tmp = prox i e s [ h ] . second . root ( ) ;
298 i n s e r t ( p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
299 f i x ( mark store ) ;
300 i n s e r t (tmp , h) ;
301 f i x ( mark store ) ;
302 i n s e r t ( other . p rox i e s [ h ] . f i r s t . root ( ) , h ) ;
303 f i x ( mark store ) ;
304 i n s e r t ( other . p rox i e s [ h ] . second . root ( ) , h ) ;
305 f i x ( mark store ) ;
306 break ;
307 de f au l t :
308 a s s e r t ( f a l s e ) ;
309 }
310 i f (h == 0) {
311 break ;
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312 }
313 −−h ;
314 }
315 }
316

317 void swap ( p roxy a r ray heap s to r e& other ) {
318 std : : swap ( comparator , other . comparator ) ;
319 std : : swap ( prox ies , other . p rox i e s ) ;
320 std : : swap ( high , other . high ) ;
321 std : : swap ( low , other . low ) ;
322 }
323

324 #i f d e f DEBUG
325

326 void show ( ) {
327 std : : cout << ” == == == = \n” ;
328 cphs t l : : b i t s t o r e <word type> h i g h b i t s = high ;
329 std : : cout << ”high : ” ;
330 f o r ( s i z e t y p e i = 0 ; i < word s i z e ; ++i ) {
331 std : : cout << high . get ( i ) ;
332 }
333 std : : cout << ”\n” ;
334

335 cphs t l : : b i t s t o r e <word type> l o w b i t s = low ;
336 std : : cout << ”low : ” ;
337 f o r ( s i z e t y p e i = 0 ; i < word s i z e ; ++i ) {
338 std : : cout << low . get ( i ) ;
339 }
340 std : : cout << ”\n” ;
341

342 std : : cout << ”prox i e s : ” ;
343 f o r ( s i z e t y p e i = 0 ; i < word s i z e ; ++i ) {
344 i f ( low . get ( i ) ) {
345 std : : cout << i << ” : ” ;
346 i f ( high . get ( i ) ) {
347 std : : cout << (∗ prox i e s [ i ] . second . root ( ) ) . element ( ) << ” ” ;
348 }
349 std : : cout << (∗ prox i e s [ i ] . f i r s t . root ( ) ) . element ( ) ;
350 std : : cout << ”\n” ;
351 }
352 }
353

354 whi le ( l o w b i t s . s i z e ( ) != 0) {
355 s i z e t y p e h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
356 i f ( h i g h b i t s . get (h) ) {
357 h i g h b i t s . unset (h) ;
358 std : : cout << ”−−− ” << h << ”\n” ;
359 E const ∗ r = prox i e s [ h ] . second . root ( ) ;
360 (∗ r ) . show tree ( ) ;
361 }
362 l o w b i t s . unset (h) ;
363 std : : cout << ”−−− ” << h << ”\n” ;
364 E const ∗ r = prox i e s [ h ] . f i r s t . root ( ) ;
365 (∗ r ) . show tree ( ) ;
366 }
367 std : : cout . f l u s h ( ) ;
368 }
369

370 template <typename M>
371 bool i s v a l i d (M const& mark store ) {
372 i f ( low . s i z e ( ) == 0) {
373 return true ;
374 }
375 bool va l i d = true ;
376 cphs t l : : b i t s t o r e <word type> h i g h b i t s = high ;
377 cphs t l : : b i t s t o r e <word type> l o w b i t s = low ;
378 whi le ( l o w b i t s . s i z e ( ) != 0) {
379 s i z e t y p e h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
380 i f ( h i g h b i t s . get (h) ) {
381 h i g h b i t s . unset (h) ;
382 E const ∗ r = prox i e s [ h ] . second . root ( ) ;
383 i f ( ! (∗ r ) . i s v a l i d ( comparator , mark store ) ) {
384 std : : c e r r << ”heap−s t r u c t u r e e r r o r : ” << (∗ r ) . element ( ) << ”\n” ;
385 va l i d = f a l s e ;
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386 }
387 }
388 l o w b i t s . unset (h) ;
389 E const ∗ r = prox i e s [ h ] . f i r s t . root ( ) ;
390 i f ( ! (∗ r ) . i s v a l i d ( comparator , mark store ) ) {
391 std : : c e r r << ”heap−s t r u c t u r e e r r o r : ” << (∗ r ) . element ( ) << ”\n” ;
392 va l i d = f a l s e ;
393 }
394 }
395 i f ( ! v a l i d ) {
396 return f a l s e ;
397 }
398 h i g h b i t s = high ;
399 l o w b i t s = low ;
400 whi le ( l o w b i t s . s i z e ( ) != 0) {
401 s i z e t y p e h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
402 i f ( h i g h b i t s . get (h) ) {
403 h i g h b i t s . unset (h) ;
404 E const ∗ r = prox i e s [ h ] . second . root ( ) ;
405 i f ( (∗ r ) . he ight ( ) != h) {
406 std : : c e r r << ”he ight v i o l a t i o n : ” << (∗ r ) . he ight ( ) << ”\n” ;
407 return f a l s e ;
408 }
409 }
410 l o w b i t s . unset (h) ;
411 E const ∗ r = prox i e s [ h ] . f i r s t . root ( ) ;
412 i f ( (∗ r ) . he ight ( ) != h) {
413 std : : c e r r << ”he ight v i o l a t i o n : ” << (∗ r ) . he ight ( ) << ”\n” ;
414 return f a l s e ;
415 }
416 }
417 h i g h b i t s = high ;
418 l o w b i t s = low ;
419 whi le ( l o w b i t s . s i z e ( ) != 0) {
420 s i z e t y p e h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
421 i f ( h i g h b i t s . get (h) ) {
422 h i g h b i t s . unset (h) ;
423 E const ∗ r = prox i e s [ h ] . second . root ( ) ;
424 i f ( r == 0 | | (∗ r ) . owner ( ) != &prox i e s [ h ] . second ) {
425 std : : c e r r << ”bit−s t o r e v i o l a t i o n ( high ) : ” << h << ”\n” ;
426 return f a l s e ;
427 }
428 }
429 l o w b i t s . unset (h) ;
430 E const ∗ r = prox i e s [ h ] . f i r s t . root ( ) ;
431 i f ( r == 0 | | (∗ r ) . owner ( ) != &prox i e s [ h ] . f i r s t ) {
432 std : : c e r r << ”bit−s t o r e v i o l a t i o n ( low ) : ” << h << ”\n” ;
433 return f a l s e ;
434 }
435 }
436 return true ;
437 }
438

439 #end i f
440

441 protected :
442

443 void i n s e r t (E∗ p , s i z e t y p e h) {
444 i f ( low . get (h) ) {
445 high . s e t (h) ;
446 prox i e s [ h ] . second . root ( ) = p ;
447 (∗p) . owner ( ) = &prox i e s [ h ] . second ;
448 }
449 e l s e {
450 low . s e t (h) ;
451 prox i e s [ h ] . f i r s t . root ( ) = p ;
452 (∗p) . owner ( ) = &prox i e s [ h ] . f i r s t ;
453 }
454 }
455

456 template <typename M>
457 void f i x (M& mark store ) {
458 i f ( high . s i z e ( ) == 0) {
459 return ;
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460 }
461 s i z e t y p e h = high . l e a s t s i g n i f i c a n t o n e ( ) ;
462 E∗ q = prox i e s [ h ] . f i r s t . root ( ) ;
463 E∗ r = prox i e s [ h ] . second . root ( ) ;
464 E∗ s = (∗q ) . j o i n ( r , comparator , mark store ) ;
465 low . unset (h) ;
466 high . unset (h) ;
467 i n s e r t ( s , h + 1) ;
468 }
469 } ;
470 }
471

472 #i f de f ined (UNITTEST PROXY ARRAY HEAP STORE)
473

474 #inc lude ”blank−mark−s t o r e . h++”
475 #inc lude <cs tdde f> // s t d : : s i z e t
476 #inc lude <f unc t i ona l> // s t d : : l e s s
477 #inc lude <iostream>
478 #inc lude <memory>
479 #inc lude <numeric> // s t d : : accumulate
480 #inc lude ”weak−heap−node . h++”
481

482 template <typename E, typename H, typename M>
483 void push (E∗ p , H& heap store , M& mark store ) {
484 heap s to r e . i n j e c t (p , 0 , mark store ) ;
485 }
486

487 template <typename E, typename C, typename H, typename M>
488 E∗ ex t ra c t (C const& comparator , H& heap store , M& mark store ) {
489 typedef std : : s i z e t s i z e t y p e ;
490 std : : pair<E∗ , s i z e t ype > pa i r = heap s to r e . e j e c t ( ) ;
491 E∗ r = pa i r . f i r s t ;
492 s i z e t y p e h = pa i r . second ;
493 whi le ( (∗ r ) . r i g h t ( ) != 0) {
494 E∗ q = (∗ r ) . s p l i t ( comparator ) ;
495 h = h − 1 ;
496 heap s to r e . i n j e c t (q , h , mark store ) ;
497 }
498 return r ;
499 }
500

501 template <typename T>
502 void t e s t p r o x y a r r a y h e a p s t o r e ( ) {
503 typedef std : : l e s s <T> C;
504 typedef std : : a l l o c a t o r <T> A;
505 typedef cphs t l : : weak heap node<T, A> E;
506 typedef cphs t l : : p roxy ar ray heap s to r e<C, A, E> H;
507 typedef cphs t l : : b lank mark store<C, A, E> M;
508

509 A a l l o c a t o r ;
510 C l e s s ;
511 H heap s to r e ( l e s s , a l l o c a t o r ) ;
512 M mark store ( l e s s , a l l o c a t o r ) ;
513 E m(T(4) , a l l o c a t o r ) ;
514 E n(T(2) , a l l o c a t o r ) ;
515 E o (T(3) , a l l o c a t o r ) ;
516 E∗ p = new E(T(1) , a l l o c a t o r ) ;
517

518 std : : cout << ”push\n” ;
519 push(&m, heap store , mark store ) ;
520 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
521

522 std : : cout << ”push\n” ;
523 push(&n , heap store , mark store ) ;
524 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
525

526 std : : cout << ”push\n” ;
527 push(&o , heap store , mark store ) ;
528 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
529

530 std : : cout << ”push\n” ;
531 push (p , heap store , mark store ) ;
532 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
533
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534 std : : cout << ”ex t ra c t \n” ;
535 E∗ r = extract<E, C, H>( l e s s , heap store , mark store ) ;
536 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
537

538 std : : cout << ”push\n” ;
539 push ( r , heap store , mark store ) ;
540 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
541 }
542

543 i n t main ( int , char ∗∗) {
544 t e s t p r o x y a r r a y h e a p s t o r e <int >() ;
545 return 0 ;
546 }
547

548 #end i f
549 #end i f

G.14 proxy-list-heap-store.h++

1 /∗
2 A stack− l i k e heap s t o r e d e s c r i b e d in the paper by Elmasry e t a l .
3 [ 2 0 0 5 ] . However , t he implementat ion i s s im p l i f i e d us ing an idea
4 d e s c r i b e d in the paper by Brodal [ 1 9 9 5 ] .
5

6 Author : Asger Bruun , Jy r k i Kataja inen Âc© 2009
7 ∗/
8

9 #i f n d e f CPHSTL DOUBLE STACK HEAP STORE
10 #de f i n e CPHSTL DOUBLE STACK HEAP STORE
11

12 #inc lude <algorithm> // s t d : : swap
13 #inc lude ” a s s e r t . h++”
14 #inc lude <cmath> // d e f i n e s i l o g b
15 #inc lude <cs tdde f> // s t d : : s i z e t
16 #inc lude <iostream>
17 #inc lude < l i s t >
18 #inc lude ”heap−proxy . h++”
19 #inc lude <u t i l i t y > // s t d : : pa i r
20 #inc lude ”weak−heap−node . h++”
21

22 extern i n t i l o g b ( double ) throw ( ) ;
23

24 namespace cphs t l {
25

26 template<
27 typename C,
28 typename A,
29 typename E,
30 typename P = heap proxy<E>
31 >
32 c l a s s p r o x y l i s t h e a p s t o r e {
33 pub l i c :
34

35 typedef C comparator type ;
36 typedef typename A: : template rebind<P> : : o ther p r o x y a l l o c a t o r t y p e ;
37 typedef E encapsu la to r type ;
38 typedef P heap proxy type ;
39 typedef std : : s i z e t s i z e t y p e ;
40

41 protected :
42

43 comparator type comparator ;
44 p r o x y a l l o c a t o r t y p e p r o x y a l l o c a t o r ;
45 P∗ head ;
46 P∗ f i r s t p a i r ;
47 s i z e t y p e number of nodes ;
48

49 pub l i c :
50

51 p r o x y l i s t h e a p s t o r e (C const& c = C() , A const& a = A() )
52 : comparator ( c ) , p r o x y a l l o c a t o r ( a ) , head (0) , f i r s t p a i r (0 ) ,
53 number of nodes (0 ) {
54 }
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55

56 ˜ p r o x y l i s t h e a p s t o r e ( ) {
57 // Precond i t i on : The heap s t o r e must be o t h e rw i s e empty .
58 }
59

60 s i z e t y p e s i z e ( ) const {
61 return number of nodes ;
62 }
63

64 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
65 return ( i l o g b (n) + 1) ∗ s i z e o f (P) + s i z e o f ( p r o x y l i s t h e a p s t o r e ) ;
66 }
67

68 P∗ begin ( ) const {
69 return head ;
70 }
71

72 P∗ next (P∗ cur rent ) const {
73 return (∗ cur rent ) . s u c c e s s o r ( ) ;
74 }
75

76 E∗ f i n d t o p ( ) const {
77 P∗ p = begin ( ) ;
78 i f (p == 0) {
79 return 0 ;
80 }
81 E∗ top = (∗p) . root ( ) ;
82 f o r ( ; p != 0 ; p = (∗p) . s u c c e s s o r ( ) ) {
83 E∗ q = (∗p) . root ( ) ;
84 i f ( comparator ( (∗ top ) . element ( ) , (∗q ) . element ( ) ) ) {
85 top = q ;
86 }
87 }
88 return top ;
89 }
90

91 template <typename M>
92 void i n j e c t (E∗ p , s i z e t y p e h , M& mark store ) {
93 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
94 number of nodes += 1 << h ;
95 i f ( f i r s t p a i r != 0) {
96 P∗ mate = (∗ f i r s t p a i r ) . s u c c e s s o r ( ) ;
97 E∗ o = (∗ f i r s t p a i r ) . root ( ) ;
98 E∗ q = (∗o ) . j o i n ( (∗mate ) . root ( ) , comparator , mark store ) ;
99 P∗ jump = (∗ f i r s t p a i r ) . s u c c e s s o r p a i r ( ) ;

100 (∗ f i r s t p a i r ) . update (q , (∗ f i r s t p a i r ) . he ight ( ) + 1 , (∗mate ) . s u c c e s s o r ( ) ,
101 0) ;
102 (∗mate ) . update (p , h , head , 0) ;
103

104 P∗ s = (∗ f i r s t p a i r ) . s u c c e s s o r ( ) ;
105 i f ( s != 0 && (∗ f i r s t p a i r ) . he ight ( ) == (∗ s ) . he ight ( ) ) {
106 (∗ f i r s t p a i r ) . s u c c e s s o r p a i r ( ) = jump ;
107 }
108 e l s e {
109 f i r s t p a i r = jump ;
110 }
111

112 i f ( (∗mate ) . he ight ( ) == (∗ head ) . he ight ( ) ) {
113 (∗mate ) . s u c c e s s o r p a i r ( ) = f i r s t p a i r ;
114 f i r s t p a i r = mate ;
115 }
116 head = mate ;
117 return ;
118 }
119 i f ( head != 0 && (∗ head ) . he ight ( ) == h) {
120 E∗ q = (∗p) . j o i n ( (∗ head ) . root ( ) , comparator , mark store ) ;
121 (∗ head ) . update (q , (∗ head ) . he ight ( ) + 1 , (∗ head ) . s u c c e s s o r ( ) , 0) ;
122 P∗ s = (∗ head ) . s u c c e s s o r ( ) ;
123 i f ( ( s != 0) && ((∗ head ) . he ight ( ) == (∗ s ) . he ight ( ) ) ) {
124 f i r s t p a i r = head ;
125 }
126 return ;
127 }
128 P∗ u = cr ea t e (p , h , 0 , 0) ;
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129 (∗u) . s u c c e s s o r ( ) = head ;
130 head = u ;
131 }
132

133 void i n j e c t w i t h o u t j o i n (E∗ p , s i z e t y p e h) {
134 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
135 number of nodes += 1 << h ;
136 P∗ u = cr ea t e (p , h , 0 , 0) ;
137 (∗u) . s u c c e s s o r ( ) = head ;
138 head = u ;
139 }
140

141 std : : pair<E∗ , s i z e t ype > e j e c t ( ) {
142 // Warning : t o p can po in t to the nodes e j e c t e d
143 i f ( head == 0) {
144 return std : : make pair ( (E∗) 0 , ( s i z e t y p e ) 0) ;
145 }
146 P∗ f = head ;
147 E∗ r = (∗ f ) . root ( ) ;
148 head = (∗ head ) . s u c c e s s o r ( ) ;
149 i f ( f i r s t p a i r == f ) {
150 f i r s t p a i r = (∗ f ) . s u c c e s s o r p a i r ( ) ;
151 (∗ f ) . s u c c e s s o r p a i r ( ) = 0 ;
152 }
153 number of nodes −= 1 << (∗ f ) . he ight ( ) ;
154 std : : pair<E∗ , s i z e t ype > answer = std : : make pair ( r , (∗ f ) . he ight ( ) ) ;
155 dest roy ( f ) ;
156 (∗ r ) . owner ( ) = (P∗) 0 ;
157 return answer ;
158 }
159

160 template <typename M>
161 void concatenate (E∗ q , s i z e t y p e h , M& mark store ) {
162 whi le ( q != 0) {
163 mark store . unmark (q ) ;
164 E∗ s = (∗q ) . r e l e a s e subheap ( ) ;
165 i n j e c t w i t h o u t j o i n (q , h) ;
166 h = h − 1 ;
167 q = s ;
168 }
169 }
170

171 void r ep l a c e (E∗ new root ) {
172 heap proxy type ∗ proxy = ( heap proxy type ∗) (∗ new root ) . owner ( ) ;
173 (∗ proxy ) . root ( ) = new root ;
174 (∗ new root ) . owner ( ) = ( void ∗) proxy ;
175 }
176

177 template <typename M>
178 void meld ( p r o x y l i s t h e a p s t o r e& other , M& mark store ) {
179 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
180 std : : l i s t <P∗ , A> tmp ;
181 s i z e t y p e n = number of nodes ;
182 s i z e t y p e m = other . number of nodes ;
183 P∗ s = begin ( ) ;
184 P∗ t = other . begin ( ) ;
185 whi le ( s != 0 && t != 0) {
186 i f ( (∗ s ) . he ight ( ) < (∗ t ) . he ight ( ) ) {
187 tmp . push f ront ( s ) ;
188 s = (∗ s ) . s u c c e s s o r ( ) ;
189 pop ( ) ;
190 }
191 e l s e {
192 tmp . push f ront ( t ) ;
193 t = (∗ t ) . s u c c e s s o r ( ) ;
194 other . pop ( ) ;
195 }
196 }
197 i f ( begin ( ) == 0) {
198 swap ( other ) ;
199 }
200 whi le ( ! tmp . empty ( ) ) {
201 P∗ t = tmp . f r on t ( ) ;
202 E∗ r = (∗ t ) . root ( ) ;
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203 i n j e c t ( r , (∗ t ) . he ight ( ) , mark store ) ;
204 dest roy ( t ) ;
205 tmp . pop f ront ( ) ;
206 }
207 number of nodes = n + m;
208 other . number of nodes = 0 ;
209 }
210

211 void swap ( p r o x y l i s t h e a p s t o r e& other ) {
212 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
213 std : : swap ( head , other . head ) ;
214 std : : swap ( f i r s t p a i r , other . f i r s t p a i r ) ;
215 std : : swap ( number of nodes , other . number of nodes ) ;
216 }
217

218 #i f d e f DEBUG
219

220 void show ( ) {
221 std : : cout << ” == == == = \n” ;
222 f o r (P∗ p = begin ( ) ; p != 0 ; p = (∗p) . s u c c e s s o r ( ) ) {
223 std : : cout << ”−−− ” << (∗p) . he ight ( ) << ”\n” ;
224 E∗ r = (∗p) . root ( ) ;
225 (∗ r ) . show tree ( ) ;
226 }
227 std : : cout << ” == == == = \n” ;
228 std : : cout . f l u s h ( ) ;
229 }
230

231 template <typename M>
232 bool i s v a l i d (M const& mark store ) {
233 P const ∗ p = begin ( ) ;
234 i f (p == 0) {
235 return true ;
236 }
237 f o r ( ; p != 0 ; p = (∗p) . s u c c e s s o r ( ) ) {
238 bool va l i d = true ;
239 E const ∗ r = (∗p) . root ( ) ;
240 f o r ( ; r != 0 ; r = (∗ r ) . s u c c e s s o r ( ) ) {
241 i f ( ! (∗ r ) . i s v a l i d ( comparator , mark store ) ) {
242 std : : c e r r << ”heap−s t r u c t u r e e r r o r : ” << (∗ r ) . element ( ) << ”\n” ;
243 va l i d = f a l s e ;
244 }
245 }
246 i f ( ! v a l i d ) {
247 return f a l s e ;
248 }
249 }
250 p = begin ( ) ;
251 P const ∗ q = (∗p) . s u c c e s s o r ( ) ;
252 f o r ( ; q != 0 ; p = q , q = (∗p) . s u c c e s s o r ( ) ) {
253 i f ( (∗p) . he ight ( ) > (∗q ) . he ight ( ) ) {
254 std : : c e r r << ”he ight v i o l a t i o n : ” << (∗p) . he ight ( ) << ”\n” ;
255 return f a l s e ;
256 }
257 }
258 p = begin ( ) ;
259 q = (∗p) . s u c c e s s o r ( ) ;
260 f o r ( ; q != 0 ; p = q , q = (∗p) . s u c c e s s o r ( ) ) {
261 i f ( (∗p) . s u c c e s s o r p a i r ( ) != 0 && (∗p) . he ight ( ) != (∗q ) . he ight ( ) ) {
262 std : : c e r r << ”pa i r v i o l a t i o n : ” << (∗p) . he ight ( ) << ”\n” ;
263 return f a l s e ;
264 }
265 }
266 p = begin ( ) ;
267 q = (∗p) . s u c c e s s o r ( ) ;
268 f o r ( ; q != 0 ; p = q , q = (∗p) . s u c c e s s o r ( ) ) {
269 E const ∗ r = (∗p) . root ( ) ;
270 i f ( ! (∗ r ) . i s r o o t ( ) ) {
271 std : : c e r r << ”root v i o l a t i o n : ” << (∗p) . he ight ( ) << ”\n” ;
272 return f a l s e ;
273 }
274 i f ( (∗ r ) . owner ( ) != p) {
275 std : : c e r r << ”owner v i o l a t i o n : ” << (∗p) . he ight ( ) << ”\n” ;
276 return f a l s e ;
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277 }
278 }
279 return true ;
280 }
281

282 #end i f
283

284 protected :
285

286 P∗ c r ea t e (E∗ r , s i z e t y p e height , P∗ next , P∗ nex t pa i r ) {
287 a s s e r t ( (∗ r ) . i s r o o t ( ) ) ;
288 P∗ u = p r o x y a l l o c a t o r . a l l o c a t e (1 ) ;
289 new (u) P( r , height , next , n ex t pa i r ) ;
290 (∗ r ) . owner ( ) = u ;
291 return u ;
292 }
293

294 void dest roy (P∗ u) {
295 a s s e r t (u != 0) ;
296 (∗u) . ˜P( ) ;
297 p r o x y a l l o c a t o r . d e a l l o c a t e (u , 1) ;
298 }
299

300 void pop ( ) {
301 P∗ f = head ;
302 head = (∗ head ) . s u c c e s s o r ( ) ;
303 i f ( f i r s t p a i r == f ) {
304 f i r s t p a i r = (∗ f ) . s u c c e s s o r p a i r ( ) ;
305 (∗ f ) . s u c c e s s o r p a i r ( ) = 0 ;
306 }
307 }
308 } ;
309 }
310

311 #i f de f ined (UNITTEST PROXY LIST HEAP STORE)
312

313 #inc lude ”blank−mark−s t o r e . h++”
314 #inc lude <cs tdde f> // s t d : : s i z e t
315 #inc lude <f unc t i ona l>
316 #inc lude <iostream>
317 #inc lude <memory>
318 #inc lude <numeric> // s t d : : accumulate
319 #inc lude ”weak−heap−node . h++”
320

321 template <typename E, typename H, typename M>
322 void push (E∗ p , H& heap store , M& mark store ) {
323 heap s to r e . i n j e c t (p , 0 , mark store ) ;
324 }
325

326 template <typename E, typename C, typename H, typename M>
327 E∗ ex t ra c t (C const& comparator , H& heap store , M& mark store ) {
328 typedef std : : s i z e t s i z e t y p e ;
329 std : : pair<E∗ , s i z e t ype > pa i r = heap s to r e . e j e c t ( ) ;
330 E∗ r = pa i r . f i r s t ;
331 s i z e t y p e h = pa i r . second ;
332 whi le ( (∗ r ) . r i g h t ( ) != 0) {
333 E∗ q = (∗ r ) . s p l i t ( comparator ) ;
334 h = h − 1 ;
335 heap s to r e . i n j e c t (q , h , mark store ) ;
336 }
337 return r ;
338 }
339

340 template <typename T>
341 void p r o x y l i s t h e a p s t o r e t e s t ( ) {
342 typedef std : : a l l o c a t o r <T> A;
343 typedef std : : l e s s <T> C;
344 typedef cphs t l : : weak heap node<T, A> E;
345 typedef cphs t l : : heap proxy<E> P;
346 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E, P> H;
347 typedef cphs t l : : b lank mark store<C, A, E> M;
348

349 A a l l o c a t o r ;
350 C l e s s ;
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351 H heap s to r e ( l e s s , a l l o c a t o r ) ;
352 M mark store ( l e s s , a l l o c a t o r ) ;
353 E m(T(4) , a l l o c a t o r ) ;
354 E n(T(2) , a l l o c a t o r ) ;
355 E o (T(3) , a l l o c a t o r ) ;
356 E∗ p = new E(T(1) , a l l o c a t o r ) ;
357

358 std : : cout << ”push ” ;
359 push(&m, heap store , mark store ) ;
360 heap s to r e . show ( ) ;
361 std : : cout << ”push ” ;
362 push(&n , heap store , mark store ) ;
363 heap s to r e . show ( ) ;
364 std : : cout << ”push ” ;
365 push(&o , heap store , mark store ) ;
366 heap s to r e . show ( ) ;
367 std : : cout << ”push ” ;
368 push (p , heap store , mark store ) ;
369 heap s to r e . show ( ) ;
370 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
371 std : : cout << ”va l i da t ed \n” ;
372

373 std : : cout << ”ex t ra c t ” ;
374 E∗ r = extract<E, C, H>( l e s s , heap store , mark store ) ;
375 heap s to r e . show ( ) ;
376

377 std : : cout << ”push ” ;
378 push ( r , heap store , mark store ) ;
379 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
380 std : : cout << ”va l i da t ed \n” ;
381 }
382

383 template <typename T>
384 void i t e r a t i o n t e s t ( ) {
385 typedef std : : a l l o c a t o r <T> A;
386 typedef std : : l e s s <T> C;
387 typedef cphs t l : : weak heap node<T, A> E;
388 typedef cphs t l : : heap proxy<E> P;
389 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E, P> H;
390 typedef cphs t l : : b lank mark store<C, A, E> M;
391

392 A a l l o c a t o r ;
393 C l e s s ;
394 T a [ ] = {8 , 10 , 12 , 1 , 6 , 5 , 3 , 7} ;
395 unsigned in t k = s i z e o f ( a ) / s i z e o f (T) ;
396 H heap s to r e ( l e s s , a l l o c a t o r ) ;
397 M mark store ( l e s s , a l l o c a t o r ) ;
398 f o r ( unsigned in t j = 0 ; j < k ; ++j ) {
399 E∗ r = new E( a [ j ] , a l l o c a t o r ) ;
400 push ( r , heap store , mark store ) ;
401 }
402

403 T sum = T(0) ;
404 f o r (P const ∗ h = heap s to r e . begin ( ) ; h != 0 ; h = (∗h) . s u c c e s s o r ( ) ) {
405 f o r (E const ∗ p = (∗h) . root ( ) ; p != 0 ; p = (∗p) . s u c c e s s o r ( ) ) {
406 sum += (∗p) . element ( ) ;
407 }
408 }
409 a s s e r t (sum == std : : accumulate(&a [ 0 ] , &a [ k ] , T(0) ) ) ;
410 }
411

412 i n t main ( int , char ∗∗) {
413 p r o x y l i s t h e a p s t o r e t e s t <int >() ;
414 i t e r a t i o n t e s t <int >() ;
415 return 0 ;
416 }
417

418 #end i f
419 #end i f

G.15 proxy-list-node.h++

1 /∗
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2 A heap proxy mainta ins the h e i g h t and a po i n t e r to the roo t
3 o f each heap .
4

5 Author : J y r k i Kataja inen Âc© 2009
6 ∗/
7

8 #i f n d e f CPHSTL HEAP PROXY
9 #de f i n e CPHSTL HEAP PROXY

10

11 #inc lude ” a s s e r t . h++”
12 #inc lude <cs tdde f> // s t d : : s i z e t
13

14 namespace cphs t l {
15

16 template <typename E>
17 c l a s s heap proxy {
18 pub l i c :
19

20 typedef E encapsu la to r type ;
21 typedef std : : s i z e t s i z e t y p e ;
22

23 heap proxy (E∗ root , s i z e t y p e he ight = 0 ,
24 heap proxy∗ next = 0 ,
25 heap proxy∗ nex t pa i r = 0)
26 : r o o t ( root ) , h e i gh t ( he ight ) , next ( next ) , n e x t p a i r ( n ex t pa i r ) {
27 }
28

29 ˜ heap proxy ( ) {
30 }
31

32 void update (E∗ root , s i z e t y p e height , heap proxy∗ next ,
33 heap proxy∗ nex t pa i r ) {
34 a s s e r t ( t h i s != 0) ;
35 a s s e r t ( (∗ root ) . i s r o o t ( ) ) ;
36 r o o t = root ;
37 he i gh t = he ight ;
38 next = next ;
39 n e x t p a i r = nex t pa i r ;
40 (∗ root ) . owner ( ) = t h i s ;
41 }
42

43 E∗ root ( ) const {
44 return r o o t ;
45 }
46

47 E∗& root ( ) {
48 return r o o t ;
49 }
50

51 s i z e t y p e he ight ( ) const {
52 return he i gh t ;
53 }
54

55 s i z e t y p e& he ight ( ) {
56 return he i gh t ;
57 }
58

59 heap proxy∗ s u c c e s s o r ( ) const {
60 return next ;
61 }
62

63 heap proxy∗& s uc c e s s o r ( ) {
64 return next ;
65 }
66

67 heap proxy∗ s u c c e s s o r p a i r ( ) const {
68 return n e x t p a i r ;
69 }
70

71 heap proxy∗& s u c c e s s o r p a i r ( ) {
72 return n e x t p a i r ;
73 }
74

75 protected :
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76

77 E∗ r o o t ;
78 s i z e t y p e he i gh t ;
79 heap proxy∗ next ;
80 heap proxy∗ n e x t p a i r ;
81

82 pr i va t e :
83

84 heap proxy ( ) ;
85 heap proxy ( heap proxy const&) ;
86 heap proxy& operator = ( heap proxy const&) ;
87

88 } ;
89 }
90

91 #i f de f ined (UNITTEST HEAP PROXY)
92

93 #inc lude <memory> // s t d : : a l l o c a t o r
94 #inc lude ”weak−heap−node . h++”
95

96 template <typename T>
97 void t e s t heap proxy ( ) {
98 typedef std : : a l l o c a t o r <T> A;
99 typedef cphs t l : : weak heap node<T, A> N;

100 typedef cphs t l : : heap proxy<N> P;
101 N∗ dummy = new N(T(0) , A( ) ) ;
102 P∗ p = new P(dummy) ;
103 P∗ q = new P(dummy) ;
104 P∗ r = new P(dummy) ;
105

106 (∗p) . s u c c e s s o r ( ) = q ;
107 (∗q ) . s u c c e s s o r ( ) = r ;
108 (∗ r ) . s u c c e s s o r ( ) = 0 ;
109

110 a s s e r t ( (∗p) . he ight ( ) == 0) ;
111 a s s e r t ( (∗ q ) . root ( ) == dummy) ;
112 a s s e r t ( (∗ r ) . s u c c e s s o r p a i r ( ) == 0) ;
113 a s s e r t ( (∗p) . s u c c e s s o r ( ) == q) ;
114 a s s e r t ( (∗ q ) . s u c c e s s o r ( ) == r ) ;
115 a s s e r t ( (∗ r ) . s u c c e s s o r ( ) == 0) ;
116

117 (∗ r ) . he ight ( ) = 4 ;
118 a s s e r t ( (∗ r ) . he ight ( ) == 4) ;
119 }
120

121 i n t main ( int , char ∗∗) {
122 te s t heap proxy<int >() ;
123 te s t heap proxy<char >() ;
124 return 0 ;
125 }
126

127 #end i f
128 #end i f

G.16 root-list-heap-store.h++

1 /∗
2 A root− l i s t heap s t o r e ; t he redundant b inary system i s used f o r
3 keep ing t r a c k o f t he r oo t s .
4

5 Authors : Asger Bruun , S t e f an Edelkamp , Jy r k i Kataja inen Âc© 2010
6 ∗/
7

8 #i f n d e f CPHSTL ROOT LIST HEAP STORE
9 #de f i n e CPHSTL ROOT LIST HEAP STORE

10

11 #inc lude <algorithm> // s t d : : swap
12 #inc lude ” a s s e r t . h++”
13 #inc lude ”bit−s t o r e . h++”
14 #inc lude <cmath> // i l o g b
15 #inc lude <cs tdde f> // s t d : : s i z e t
16 #inc lude <iostream>
17 #inc lude < l i s t >
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18 #inc lude <u t i l i t y > // s t d : : pa i r
19

20 extern i n t i l o g b ( double ) throw ( ) ;
21

22 namespace cphs t l {
23

24 template<
25 typename C,
26 typename A,
27 typename E,
28 typename W = unsigned long
29 >
30 c l a s s r o o t l i s t h e a p s t o r e {
31 pub l i c :
32

33 typedef C comparator type ;
34 typedef A a l l o c a t o r t y p e ;
35 typedef E encapsu la to r type ;
36 typedef E component type ;
37 typedef W word type ;
38 typedef std : : s i z e t s i z e t y p e ;
39

40 protected :
41

42 comparator type comparator ;
43 std : : l i s t <E∗ , A> two stack ;
44 E∗ head ;
45 cphs t l : : b i t s t o r e <word type> high ;
46 cphs t l : : b i t s t o r e <word type> low ;
47

48 pub l i c :
49

50 r o o t l i s t h e a p s t o r e (C const& c = C() , A const& a = A() )
51 : comparator ( c ) , two stack ( a ) , head (0) , high ( ) , low ( ) {
52 }
53

54 ˜ r o o t l i s t h e a p s t o r e ( ) {
55 // Precond i t i on : The heap s t o r e must be o t h e rw i s e empty .
56 }
57

58 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
59 return ( i l o g b (n) + 1) ∗ 3 + s i z e o f ( r o o t l i s t h e a p s t o r e ) ;
60 }
61

62 E∗ f i n d t o p ( ) const {
63 E∗ p = head ;
64 i f (p == 0) {
65 return 0 ;
66 }
67 E∗ top = p ;
68 f o r (p = (∗p) . parent ( ) ; p != 0 ; p = (∗p) . parent ( ) ) {
69 i f ( comparator ( (∗ top ) . element ( ) , (∗p) . element ( ) ) ) {
70 top = p ;
71 }
72 }
73 return top ;
74 }
75

76 void i n j e c t (E∗ p , s i z e t y p e h) {
77 a s s e r t (p != 0) ;
78 (∗p) . parent ( ) = head ;
79 i f ( head != 0) {
80 (∗ head ) . l e f t ( ) = p ;
81 }
82 (∗p) . l e f t ( ) = 0 ;
83 head = p ;
84 i f ( low . get (h) ) {
85 high . s e t (h) ;
86 two stack . push f ront (p) ;
87 }
88 e l s e {
89 low . s e t (h) ;
90 }
91 i f ( two stack . empty ( ) ) {
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92 return ;
93 }
94 h = high . l e a s t s i g n i f i c a n t o n e ( ) ;
95 E∗ q = two stack . f r on t ( ) ;
96 two stack . pop f ront ( ) ;
97 p = (∗q ) . l e f t ( ) ;
98 (∗q ) . l e f t ( ) = 0 ;
99 E∗ r = (∗q ) . parent ( ) ;

100 (∗ r ) . l e f t ( ) = 0 ;
101 E∗ t = (∗ r ) . parent ( ) ;
102 E∗ s = (∗q ) . j o i n ( r , comparator ) ;
103 (∗ s ) . l e f t ( ) = p ;
104 i f (p != 0) {
105 (∗p) . parent ( ) = s ;
106 }
107 e l s e {
108 head = s ;
109 }
110 (∗ s ) . parent ( ) = t ;
111 i f ( t != 0) {
112 (∗ t ) . l e f t ( ) = s ;
113 }
114 low . unset (h) ;
115 high . unset (h) ;
116 i f ( low . get (h + 1) ) {
117 high . s e t (h + 1) ;
118 two stack . push f ront ( s ) ;
119 }
120 e l s e {
121 low . s e t (h + 1) ;
122 }
123 }
124

125 std : : pair<E∗ , s i z e t ype > e j e c t ( ) {
126 // Warning : t o p can po in t to the nodes e j e c t e d
127 i f ( head == 0) {
128 return std : : make pair ( (E∗) 0 , ( s i z e t y p e ) 0) ;
129 }
130 s i z e t y p e h = low . l e a s t s i g n i f i c a n t o n e ( ) ;
131 i f ( high . get (h) ) {
132 high . unset (h) ;
133 two stack . pop f ront ( ) ;
134 }
135 E∗ r = head ;
136 head = (∗ head ) . parent ( ) ;
137 (∗ r ) . parent ( ) = 0 ;
138 (∗ head ) . l e f t ( ) = 0 ;
139 return std : : make pair ( r , h ) ;
140 }
141

142 template <typename M>
143 void concatenate (E∗ q , word type h , M& mark store ) {
144 whi le ( q != 0) {
145 mark store . unmark (q ) ;
146 E∗ s = (∗q ) . r e l e a s e subheap ( ) ;
147 i n j e c t (q , h) ;
148 h = h − 1 ;
149 q = s ;
150 }
151 }
152

153 void meld ( r o o t l i s t h e a p s t o r e& other ) {
154 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
155 std : : l i s t <std : : pair<E∗ , s i z e t ype >, A> tmp ;
156 std : : pair<E∗ , s i z e t ype > s = e j e c t ( ) ;
157 std : : pair<E∗ , s i z e t ype > t = other . e j e c t ( ) ;
158 whi le ( s . f i r s t != 0 && t . f i r s t != 0) {
159 i f ( s . second < t . second ) {
160 tmp . push f ront ( s ) ;
161 s = e j e c t ( ) ;
162 }
163 e l s e {
164 tmp . push f ront ( t ) ;
165 t = other . e j e c t ( ) ;
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166 }
167 }
168 i f ( head == 0) {
169 swap ( other ) ;
170 }
171 whi le ( ! tmp . empty ( ) ) {
172 t = tmp . f r on t ( ) ;
173 i n j e c t ( t . f i r s t , t . second ) ;
174 tmp . pop f ront ( ) ;
175 }
176 }
177

178 void swap ( r o o t l i s t h e a p s t o r e& other ) {
179 // Precond i t i on : The comparators and a l l o c a t o r s must be compa t i b l e .
180 std : : swap ( two stack , other . two stack ) ;
181 std : : swap ( head , other . head ) ;
182 std : : swap ( high , other . high ) ;
183 std : : swap ( low , other . low ) ;
184 }
185

186 #i f d e f DEBUG
187

188 void show ( ) {
189 std : : cout << ” == == == = \n” ;
190 cphs t l : : b i t s t o r e <word type> h i g h b i t s = high ;
191 cphs t l : : b i t s t o r e <word type> l o w b i t s = low ;
192 f o r (E∗ p = head ; p != 0 ; p = (∗p) . parent ( ) ) {
193 s i z e t y p e h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
194 i f ( h i g h b i t s . get (h) ) {
195 h i g h b i t s . unset (h) ;
196 }
197 e l s e {
198 l o w b i t s . unset (h) ;
199 }
200 std : : cout << ”−−− ” << h << ”\n” ;
201 (∗p) . show tree ( ) ;
202 }
203 std : : cout << ” == == == = \n” ;
204 std : : cout . f l u s h ( ) ;
205 }
206

207 template <typename M>
208 bool i s v a l i d (M const& mark store ) {
209 E const ∗ p = head ;
210 i f (p == 0) {
211 return true ;
212 }
213 f o r ( ; p != 0 ; p = (∗p) . parent ( ) ) {
214 bool va l i d = true ;
215 E const ∗ r = (∗p) . parent ( ) ;
216 f o r ( ; p != r ; p = (∗p) . s u c c e s s o r ( ) ) {
217 i f ( ! (∗p) . i s v a l i d ( comparator , mark store ) ) {
218 std : : c e r r << ”heap−s t r u c t u r e e r r o r : ” << (∗p) . element ( ) << ”\n” ;
219 va l i d = f a l s e ;
220 }
221 }
222 i f ( ! v a l i d ) {
223 return f a l s e ;
224 }
225 }
226 cphs t l : : b i t s t o r e <word type> h i g h b i t s = high ;
227 cphs t l : : b i t s t o r e <word type> l o w b i t s = low ;
228 p = head ;
229 E const ∗ q = (∗p) . parent ( ) ;
230 f o r ( ; q != 0 ; p = q , q = (∗p) . parent ( ) ) {
231 i f ( (∗p) . he ight ( ) > (∗q ) . he ight ( ) ) {
232 std : : c e r r << ”he ight v i o l a t i o n : ” << (∗p) . he ight ( ) << ”\n” ;
233 return f a l s e ;
234 }
235 word type h = l o w b i t s . l e a s t s i g n i f i c a n t o n e ( ) ;
236 i f ( h i g h b i t s . get (h) ) {
237 h i g h b i t s . unset (h) ;
238 }
239 e l s e {
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240 l o w b i t s . unset (h) ;
241 }
242 i f ( (∗p) . he ight ( ) != h) {
243 std : : c e r r << ”bit−s t o r e v i o l a t i o n : ” << h << ”\n” ;
244 return f a l s e ;
245 }
246 }
247 p = head ;
248 typename std : : l i s t <E∗ , A> : : c o n s t i t e r a t o r i = two stack . begin ( ) ;
249 q = (∗p) . parent ( ) ;
250 E∗ r = ∗ i ;
251 f o r ( ; q != 0 ; p = q , q = (∗p) . parent ( ) ) {
252 word type h = (∗p) . he ight ( ) ;
253 i f ( ! low . get (h) ) {
254 std : : c e r r << ”bit−s t o r e v i o l a t i o n ( low ) : ” << h << ”\n” ;
255 return f a l s e ;
256 }
257 i f (p == r ) {
258 i f (h != (∗q ) . he ight ( ) ) {
259 std : : c e r r << ”pa i r v i o l a t i o n : ” << h << ”\n” ;
260 return f a l s e ;
261 }
262 i f ( ! high . get (h) ) {
263 std : : c e r r << ”bit−s t o r e v i o l a t i o n ( high ) : ” << h << ”\n” ;
264 return f a l s e ;
265 }
266 ++i ;
267 r = ∗ i ;
268 }
269 }
270 return true ;
271 }
272

273 #end i f
274

275 } ;
276 }
277

278 #i f de f ined (UNITTEST ROOT LIST HEAP STORE)
279

280 #inc lude ”blank−mark−s t o r e . h++”
281 #inc lude <cs tdde f> // s t d : : s i z e t
282 #inc lude <f unc t i ona l>
283 #inc lude <iostream>
284 #inc lude <memory>
285 #inc lude <numeric> // s t d : : accumulate
286 #inc lude ”weak−heap−node . h++”
287

288 template <typename E, typename H>
289 void push (E∗ p , H& heap s to r e ) {
290 heap s to r e . i n j e c t (p , 0) ;
291 }
292

293 template <typename E, typename C, typename H>
294 E∗ ex t ra c t (C const& comparator , H& heap s to r e ) {
295 typedef std : : s i z e t s i z e t y p e ;
296 std : : pair<E∗ , s i z e t ype > pa i r = heap s to r e . e j e c t ( ) ;
297 E∗ r = pa i r . f i r s t ;
298 s i z e t y p e h = pa i r . second ;
299 whi le ( (∗ r ) . r i g h t ( ) != 0) {
300 E∗ q = (∗ r ) . s p l i t ( comparator ) ;
301 h = h − 1 ;
302 heap s to r e . i n j e c t (q , h) ;
303 }
304 return r ;
305 }
306

307 template <typename T>
308 void t e s t r o o t l i s t h e a p s t o r e ( ) {
309 typedef std : : a l l o c a t o r <T> A;
310 typedef std : : l e s s <T> C;
311 typedef cphs t l : : weak heap node<T, A> E;
312 typedef cphs t l : : r o o t l i s t h e a p s t o r e <C, A, E> H;
313 typedef cphs t l : : b lank mark store<C, A, E> M;
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314

315 A a l l o c a t o r ;
316 C l e s s ;
317 H heap s to r e ( l e s s , a l l o c a t o r ) ;
318 M mark store ( l e s s , a l l o c a t o r ) ;
319 E m(T(4) , a l l o c a t o r ) ;
320 E n(T(2) , a l l o c a t o r ) ;
321 E o (T(3) , a l l o c a t o r ) ;
322 E∗ p = new E(T(1) , a l l o c a t o r ) ;
323

324 std : : cout << ”push\n” ;
325 push(&m, heap s to r e ) ;
326 heap s to r e . show ( ) ;
327

328 std : : cout << ”push\n” ;
329 push(&n , heap s to r e ) ;
330 heap s to r e . show ( ) ;
331

332 std : : cout << ”push\n” ;
333 push(&o , heap s to r e ) ;
334 heap s to r e . show ( ) ;
335

336 std : : cout << ”push ” ;
337 push (p , heap s to r e ) ;
338 heap s to r e . show ( ) ;
339 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
340 std : : cout << ”va l i da t ed \n” ;
341

342 std : : cout << ”ex t ra c t \n” ;
343 E∗ r = extract<E, C, H>( l e s s , heap s to r e ) ;
344 heap s to r e . show ( ) ;
345

346 std : : cout << ”push ” ;
347 push ( r , heap s to r e ) ;
348 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
349 std : : cout << ”va l i da t ed \n” ;
350 }
351

352 i n t main ( int , char ∗∗) {
353 t e s t r o o t l i s t h e a p s t o r e <int >() ;
354 return 0 ;
355 }
356

357 #end i f
358 #end i f

G.17 simple-mark-store.h++

1 /∗
2 A s im p l i f i e d eager mark s t o r e . The i n v a r i a n t s maintained :
3

4 1) A marked node does not have any ne i ghbour ing marked node
5 ( parent , c h i l d , or s i b l i n g ) .
6

7 2) A marked node i s a lways a r i g h t c h i l d o f i t s parent .
8

9 Authors : S t e f an Edelkamp , Jy r k i Kata ja inen Âc© 2009 , 2010
10 ∗/
11

12 #i f n d e f CPHSTL SIMPLE MARK STORE
13 #de f i n e CPHSTL SIMPLE MARK STORE
14

15 #inc lude <algorithm> // s t d : : max , s t d : : swap
16 #inc lude ” a s s e r t . h++”
17 #inc lude ”bit−s t o r e . h++”
18 #inc lude ”comparator−proxy . h++”
19 #inc lude <cs tdde f> // s t d : : s i z e t
20 #inc lude <cmath> // i l o g b
21 #inc lude <iostream>
22 #inc lude <vector>
23

24 extern i n t i l o g b ( double ) throw ( ) ;
25
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26 namespace cphs t l {
27

28 template <typename C, typename A, typename E>
29 c l a s s s imp le mark s to re {
30 pub l i c :
31

32 typedef C comparator type ;
33 typedef A a l l o c a t o r t y p e ;
34 typedef E encapsu la to r type ;
35 typedef typename E : : mark type mark type ;
36 typedef typename E : : he i ght type he i ght type ;
37 typedef typename E : : index type index type ;
38 typedef unsigned long word type ;
39 typedef std : : s i z e t s i z e t y p e ;
40

41 protected :
42

43 comparator proxy<C> comparator ;
44 std : : vector<E∗ , A> nodes ;
45 std : : vector<b i t s t o r e <word type >, A> marks ;
46 b i t s t o r e <word type> teams ;
47 E∗ buf fered mark ;
48

49 pr i va t e :
50

51 s imp le mark s to re ( s imp le mark s to re const&) ;
52 s imp le mark s to re& operator = ( s imple mark s to re const&) ;
53

54 pub l i c :
55

56 s imp le mark s to re (C const& c = C() , A const& a = A() )
57 : comparator ( c ) , nodes ( a ) , marks ( a ) , teams ( ) , buf fered mark (0) {
58 marks . r e s i z e ( b i t s t o r e <word type > : : word s ize , b i t s t o r e <word type >() ) ;
59 }
60

61 ˜ s imp le mark s to re ( ) {
62 }
63

64 s i z e t y p e f o o t p r i n t ( s i z e t y p e n) const {
65 return ( i l o g b (n) + 1) ∗ 6 ∗ ( s i z e o f (E∗) + s i z e o f ( word type ) ) +
66 2 ∗ s i z e o f ( word type ) ;
67 }
68

69 E∗ f i n d t o p ( ) const {
70 i f ( nodes . s i z e ( ) == 0) {
71 return 0 ;
72 }
73 E∗ top = nodes [ 0 ] ;
74 f o r ( index type i = 1 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
75 i f ( comparator ( (∗ top ) . element ( ) , (∗ nodes [ i ] ) . e lement ( ) ) ) {
76 top = nodes [ i ] ;
77 }
78 }
79 return top ;
80 }
81

82 bool i s marked (E const ∗ p) const {
83 return (∗p) . type ( ) != E : : unmarked ;
84 }
85

86 void mark(E∗ q ) {
87 // s t d : : cout << ”mark : ” << (∗ q ) . e lement ( ) << ”\n ”;
88 a s s e r t ( q != 0) ;
89 i f ( i s marked (q ) | | (∗q ) . i s r o o t ( ) ) {
90 return ;
91 }
92 a s s e r t ( buf fered mark == 0) ;
93 i n s e r t n o d e (q ) ;
94 i n se r t mark (q ) ;
95 buf fered mark = q ;
96 }
97

98 void unmark (E∗ q ) {
99 i f ( ! i s marked (q ) ) {
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100 return ;
101 }
102 i f ( buf fered mark == q) {
103 buf fered mark = 0 ;
104 }
105 remove mark (q ) ;
106 remove node (q ) ;
107 }
108

109 template <typename H>
110 void reduce (H& heap s to r e ) {
111 // s t d : : cout << ”reduce :\n ”;
112 s i z e t y p e n = heap s to r e . s i z e ( ) ;
113 i f (n == 0) {
114 return ;
115 }
116 i f ( buf fered mark != 0) {
117 E∗ r = (∗ buf fered mark ) . r i g h t ( ) ;
118 i f ( r != 0 && is marked ( r ) ) {
119 buf fered mark = parent t rans fo rmat ion ( r ) ;
120 }
121 propagate up ( buffered mark , heap s to r e ) ;
122 a s s e r t ( i s v a l i d ( ) ) ;
123 }
124 i f ( nodes . s i z e ( ) > s i z e t y p e ( i l o g b (n) + 1) ) {
125 buf fered mark = team trans format ion ( ) ;
126 i f ( (∗ buf fered mark ) . i s r o o t ( ) ) {
127 heap s to r e . r ep l a c e ( buf fered mark ) ;
128 }
129 e l s e {
130 propagate up ( buffered mark , heap s to r e ) ;
131 }
132 a s s e r t ( i s v a l i d ( ) ) ;
133 }
134 buf fered mark = 0 ;
135 // h e ap s t o r e . show () ;
136 // show () ;
137 }
138

139 template <typename H>
140 void meld ( s imp le mark s to re& other , H& heap s to r e ) {
141 index type k = other . nodes . s i z e ( ) ;
142 f o r ( index type i = 0 ; i != k ; ++i ) {
143 E∗ p = other . nodes [ i ] ;
144 other . remove mark (p) ;
145 other . remove node (p) ;
146 i n s e r t n o d e (p) ;
147 i n se r t mark (p) ;
148 reduce ( heap s to r e ) ;
149 }
150 other . nodes . r e s i z e (0 ) ;
151 other . marks . r e s i z e (0 ) ;
152 }
153

154 void swap ( s imp le mark s to re& other ) {
155 // Precond i t i on : The comparators are compa t i b l e .
156 std : : swap ( nodes , other . nodes ) ;
157 std : : swap ( marks , other . marks ) ;
158 std : : swap ( teams , other . teams ) ;
159 }
160

161 #i f d e f DEBUG
162

163 bool i s v a l i d ( ) const {
164 bool v a l i d 1 = true ;
165 f o r ( index type i = 0 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
166 E const ∗ p = nodes [ i ] ;
167 bool oke i = (∗p) . index ( ) == i && is marked (p) ;
168 i f ( ! oke i ) {
169 std : : cout << ”e r r o r : i n c o r r e c t handle ( ” << (∗p) . element ( ) << ”)\n” ;
170 }
171 oke i = ! (∗p) . i s r o o t ( ) ;
172 i f ( ! oke i ) {
173 std : : cout << ”e r r o r : a marked root ( ” << (∗p) . element ( ) << ”)\n” ;
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174 }
175 v a l i d 1 &= oke i ;
176 }
177 bool v a l i d 2 = true ;
178 b i t s t o r e <word type> temp = teams ;
179 word type o n e b i t s = temp . s i z e ( ) ;
180 f o r ( word type j = 0 ; j < o n e b i t s ; ++j ) {
181 he ight type h = temp . choose ( ) ;
182 temp . unset (h) ;
183 bool oke i = marks [ h ] . s i z e ( ) > 1 ;
184 v a l i d 2 &= oke i ;
185 i f ( ! oke i ) {
186 std : : cout << ”e r r o r : not a team ” << i n t (h) << ”\n” ;
187 }
188 }
189 bool v a l i d 3 = true ;
190 f o r ( he i ght type h = 0 ; h < he ight type ( marks . s i z e ( ) ) ; ++h) {
191 temp = marks [ h ] ;
192 word type o n e b i t s = temp . s i z e ( ) ;
193 f o r ( word type i = 0 ; i < o n e b i t s ; ++i ) {
194 index type j = temp . choose ( ) ;
195 temp . unset ( j ) ;
196 E const ∗ p = nodes [ j ] ;
197 bool oke i = is marked (p) ;
198 v a l i d 3 &= oke i ;
199 i f ( ! oke i ) {
200 std : : cout << ”e r r o r : ext ra mark ( ” << (∗p) . element ( ) << ”)\n” ;
201 }
202 }
203 }
204 bool v a l i d 4 = true ;
205 f o r ( index type i = 0 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
206 E const ∗ p = nodes [ i ] ;
207 bool oke i = marks [ (∗ p) . he ight ( ) ] . get ( (∗p) . index ( ) ) ;
208 v a l i d 4 &= oke i ;
209 i f ( ! oke i ) {
210 std : : cout << ”e r r o r : miss ing mark ( ” << (∗p) . element ( ) << ”)\n” ;
211 }
212 }
213 return v a l i d 1 && v a l i d 2 && v a l i d 3 && v a l i d 4 ;
214 }
215

216 void show ( ) const {
217 std : : cout << ”marked elements :\n ” ;
218 f o r ( index type i = 0 ; i < index type ( nodes . s i z e ( ) ) ; ++i ) {
219 std : : cout << (∗ nodes [ i ] ) . e lement ( ) << ” ” ;
220 }
221 std : : cout << ”\n” ;
222

223 std : : cout << ”teams :\n ” ;
224 f o r ( he i ght type j = 0 ; j < he ight type ( teams . s i z e ( ) ) ; ++j ) {
225 i f ( teams . get ( j ) ) {
226 std : : cout << i n t ( j ) << ” ” ;
227 }
228 }
229 std : : cout << ”\n” ;
230

231 std : : cout << ”marked elements :\n” ;
232 f o r ( he i ght type h = 0 ; h < he ight type ( marks . s i z e ( ) ) ; ++h) {
233 b i t s t o r e <word type> temp = marks [ h ] ;
234 index type o n e b i t s = temp . s i z e ( ) ;
235 i f ( o n e b i t s != 0) {
236 std : : cout << ” ” << i n t (h) << ” : ” ;
237 }
238 f o r ( index type i = 0 ; i < o n e b i t s ; ++i ) {
239 index type j = temp . choose ( ) ;
240 temp . unset ( j ) ;
241 E const ∗ p = nodes [ j ] ;
242 std : : cout << (∗p) . element ( ) << ” ” ;
243 }
244 i f ( o n e b i t s != 0) {
245 std : : cout << ”\n” ;
246 }
247 }
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248 }
249

250 #end i f
251

252 protected :
253

254 void i n s e r t n o d e (E∗ q ) {
255 nodes . push back (q ) ;
256 (∗q ) . index ( ) = nodes . s i z e ( ) − 1 ;
257 }
258

259 void i n se r t mark (E∗ q ) {
260 // Precond i t i on : q must have i t s new h e i g h t
261 a s s e r t ( ! i s marked (q ) ) ;
262 marks [ (∗ q ) . he ight ( ) ] . s e t ( (∗ q ) . index ( ) ) ;
263 i f ( marks [ (∗ q ) . he ight ( ) ] . s i z e ( ) > 1) {
264 teams . s e t ( (∗ q ) . he ight ( ) ) ;
265 }
266 (∗q ) . type ( ) = E : : s i n g l e t o n ;
267 }
268

269 void remove mark (E∗ r ) {
270 // Precond i t i on : r must have i t s o l d h e i g h t
271 marks [ (∗ r ) . he ight ( ) ] . unset ( (∗ r ) . index ( ) ) ;
272 i f ( marks [ (∗ r ) . he ight ( ) ] . s i z e ( ) < 2) {
273 teams . unset ( (∗ r ) . he ight ( ) ) ;
274 }
275 (∗ r ) . type ( ) = E : : unmarked ;
276 }
277

278 void remove node (E∗ x ) {
279 // Precond i t i on : Marks o f a l l o t h e r nodes must be v a l i d .
280 E∗ y = nodes . back ( ) ;
281 remove mark (y ) ;
282 nodes . pop back ( ) ;
283 (∗y ) . index ( ) = −1;
284 i f ( x != y) {
285 index type i = (∗x ) . index ( ) ;
286 nodes [ i ] = y ;
287 (∗x ) . index ( ) = −1;
288 (∗y ) . index ( ) = i ;
289 i n se r t mark (y ) ;
290 }
291 }
292

293 template <typename H>
294 void propagate up (E∗ q , H& heap s to r e ) {
295 whi le ( true ) {
296 E∗ p = (∗q ) . parent ( ) ;
297 i f ( (∗p) . r i g h t ( ) == q) {
298 i f ( i s marked (p) ) {
299 q = parent t rans fo rmat ion (q ) ;
300 i f ( (∗ q ) . i s r o o t ( ) ) {
301 heap s to r e . r ep l a c e (q ) ;
302 }
303 return ;
304 }
305 return ;
306 }
307 a s s e r t ( (∗p) . l e f t ( ) == q) ;
308 i f ( i s marked (p) ) {
309 q = l e f t c h i l d t r a n s f o r m a t i o n (p) ;
310 i f ( (∗ q ) . i s r o o t ( ) ) {
311 heap s to r e . r ep l a c e (q ) ;
312 return ;
313 }
314 cont inue ;
315 }
316 i f ( i s marked ((∗p) . r i g h t ( ) ) ) {
317 q = s i b l i n g t r a n s f o r m a t i o n (q ) ;
318 cont inue ;
319 }
320 c l e an ing t r an s f o rmat i on (q ) ;
321 return ;
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322 }
323 }
324

325 pub l i c :
326

327 /∗
328 p p
329 / \ / \
330 [ q ] r −> r [ q ]
331 / \ / \ / \ / \
332 a b c d a d c b
333 ∗/
334

335 void c l e an ing t r an s f o rmat i on (E∗ q ) {
336 // s t d : : cout << ”c l e an i n g : ” << (∗ q ) . e lement ( ) << ”\n ”;
337 // show () ;
338 a s s e r t ( i s marked (q ) ) ;
339 E∗ p = (∗q ) . parent ( ) ;
340 a s s e r t ( ! i s marked (p) ) ;
341 a s s e r t ( (∗p) . l e f t ( ) == q) ;
342 E∗ r = (∗p) . r i g h t ( ) ;
343 a s s e r t ( ! i s marked ( r ) ) ;
344 (∗p) . l e f t ( ) = r ;
345 (∗p) . r i g h t ( ) = q ;
346 E∗ a = (∗q ) . l e f t ( ) ;
347 E∗ c = (∗ r ) . l e f t ( ) ;
348 (∗q ) . l e f t ( ) = c ;
349 (∗ r ) . l e f t ( ) = a ;
350 i f ( a != 0) {
351 (∗a ) . parent ( ) = r ;
352 }
353 i f ( c != 0) {
354 (∗ c ) . parent ( ) = q ;
355 }
356 a s s e r t ( i s v a l i d ( ) ) ;
357 }
358

359 /∗
360 g g g
361 \?/ | |
362 p [ q ] [ r ]
363 / \ / \ / \
364 [ q ] [ r ] −> p r or p q
365 / \ / \ / \ / \ / \ / \
366 a b c d a c b d a c d b
367

368 ∗/
369

370 E∗ s i b l i n g t r a n s f o r m a t i o n (E∗ q ) {
371 // s t d : : cout << ” s i b l i n g : ” << (∗ q ) . e lement ( ) << ”\n ”;
372 // show () ;
373 a s s e r t ( q != 0) ;
374 E∗ p = (∗q ) . parent ( ) ;
375 a s s e r t ( ! i s marked (p) ) ;
376 a s s e r t ( (∗p) . l e f t ( ) == q) ;
377 a s s e r t ( i s marked (q ) ) ;
378 E∗ r = (∗p) . r i g h t ( ) ;
379 a s s e r t ( i s marked ( r ) ) ;
380 E∗ a = (∗q ) . l e f t ( ) ;
381 E∗ b = (∗q ) . r i g h t ( ) ;
382 E∗ c = (∗ r ) . l e f t ( ) ;
383 E∗ d = (∗ r ) . r i g h t ( ) ;
384 E∗ g = (∗p) . parent ( ) ;
385 remove mark (q ) ;
386 remove mark ( r ) ;
387 i f ( comparator ( (∗ q ) . element ( ) , (∗ r ) . element ( ) ) ) {
388 (∗p) . he ight ( ) −= 1 ;
389 (∗ r ) . he ight ( ) += 1 ;
390 (∗ r ) . parent ( ) = g ;
391 i f ( (∗ g ) . r i g h t ( ) == p) {
392 (∗g ) . r i g h t ( ) = r ;
393 }
394 e l s e {
395 (∗g ) . l e f t ( ) = r ;
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396 }
397 (∗ r ) . l e f t ( ) = p ;
398 (∗ r ) . r i g h t ( ) = q ;
399 (∗p) . parent ( ) = r ;
400 (∗q ) . parent ( ) = r ;
401 (∗p) . l e f t ( ) = a ;
402 (∗p) . r i g h t ( ) = c ;
403 (∗q ) . l e f t ( ) = b ;
404 (∗q ) . r i g h t ( ) = d ;
405 i f ( a != 0) {
406 (∗a ) . parent ( ) = p ;
407 (∗ c ) . parent ( ) = p ;
408 (∗b) . parent ( ) = q ;
409 (∗d) . parent ( ) = q ;
410 }
411 i n se r t mark ( r ) ;
412 remove node (q ) ;
413 return r ;
414 }
415 (∗p) . he ight ( ) −= 1 ;
416 (∗q ) . he ight ( ) += 1 ;
417 (∗q ) . parent ( ) = g ;
418 i f ( (∗ g ) . r i g h t ( ) == p) {
419 (∗g ) . r i g h t ( ) = q ;
420 }
421 e l s e {
422 (∗g ) . l e f t ( ) = q ;
423 }
424 (∗q ) . l e f t ( ) = p ;
425 (∗q ) . r i g h t ( ) = r ;
426 (∗p) . parent ( ) = q ;
427 (∗ r ) . parent ( ) = q ;
428 (∗p) . l e f t ( ) = a ;
429 (∗p) . r i g h t ( ) = c ;
430 (∗ r ) . l e f t ( ) = b ;
431 (∗ r ) . r i g h t ( ) = d ;
432 i f ( a != 0) {
433 (∗a ) . parent ( ) = p ;
434 (∗ c ) . parent ( ) = p ;
435 (∗b) . parent ( ) = r ;
436 (∗d) . parent ( ) = r ;
437 }
438 i n se r t mark (q ) ;
439 remove node ( r ) ;
440 return q ;
441 }
442

443 protected :
444

445 /∗
446 g g g
447 | | |
448 p [ r ] p
449 / \ / \ / \
450 a [ q ] −> a [ q ] or a [ q ] p l u s parent
451 / \ / \ / \ t r ans f o rma t i on
452 [ r ] s p s r s a t q
453 / \ / \ / \ / \ / \ / \
454 b c d e c b d e b c d c
455 ∗/
456

457 E∗ l e f t c h i l d t r a n s f o r m a t i o n (E∗ q ) {
458 // s t d : : cout << ” l e f t c h i l d : ” << (∗ q ) . e lement ( ) << ”\n ”;
459 // show () ;
460 a s s e r t ( i s marked (q ) ) ;
461 E∗ p = (∗q ) . parent ( ) ;
462 a s s e r t ( ! i s marked (p) ) ;
463 a s s e r t ( q == (∗p) . r i g h t ( ) ) ;
464 E∗ r = (∗q ) . l e f t ( ) ;
465 a s s e r t ( i s marked ( r ) ) ;
466 E∗ s = (∗q ) . r i g h t ( ) ;
467 a s s e r t ( ! i s marked ( s ) ) ;
468 a s s e r t ( i s v a l i d ( ) ) ;
469 i f ( comparator ( (∗p) . element ( ) , (∗ r ) . element ( ) ) ) {
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470 remove mark ( r ) ;
471 r = (∗ r ) . promote (p) ;
472 E∗ b = (∗p) . l e f t ( ) ;
473 E∗ c = (∗p) . r i g h t ( ) ;
474 (∗p) . l e f t ( ) = c ;
475 (∗p) . r i g h t ( ) = b ;
476 i n se r t mark ( r ) ;
477 i f ( (∗ r ) . i s r o o t ( ) ) {
478 remove mark ( r ) ;
479 remove node ( r ) ;
480 }
481 q = parent t rans fo rmat ion (q ) ;
482 return q ;
483 }
484 remove mark ( r ) ;
485 remove node ( r ) ;
486 q = parent t rans fo rmat ion (q ) ;
487 return q ;
488 }
489

490 /∗
491 ( p ) [ q ] ( p )
492 / \ / \ / \
493 a [ q ] −> a p or a q
494 / \ / \ / \
495 b c c b b c
496

497 ∗/
498

499 E∗ parent t rans fo rmat ion (E∗ q ) {
500 std : : cout << ”parent : ” << (∗q ) . element ( ) << ”\n” ;
501 a s s e r t ( i s marked (q ) ) ;
502 E∗ p = (∗q ) . parent ( ) ;
503 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
504 a s s e r t ( i s v a l i d ( ) ) ;
505 i f ( i s marked (p) ) {
506 remove mark (p) ;
507 remove mark (q ) ;
508 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
509 (∗p) . swap neighbours (q ) ;
510 i n se r t mark (q ) ;
511 remove node (p) ;
512 a s s e r t ( i s v a l i d ( ) ) ;
513 return q ;
514 }
515 std : : cout << ”remove : ” << (∗q ) . element ( ) << ”\n” ;
516 i n se r t mark (p) ;
517 remove node (q ) ;
518 a s s e r t ( i s v a l i d ( ) ) ;
519 return p ;
520 }
521 remove mark (q ) ;
522 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
523 (∗p) . swap neighbours (q ) ;
524 i n se r t mark (q ) ;
525 i f ( (∗ q ) . i s r o o t ( ) ) {
526 remove mark (q ) ;
527 remove node (q ) ;
528 }
529 a s s e r t ( i s v a l i d ( ) ) ;
530 return q ;
531 }
532 remove node (q ) ;
533 a s s e r t ( i s v a l i d ( ) ) ;
534 return p ;
535 }
536

537 /∗
538 p r p r [ q ] [ s ]
539 \ \ \ \ \ \
540 [ q ] , [ s ] −> r or p , s or q
541 / \ / \ / \ / \ / \ / \
542 a b c d a c c a b d d b
543 ∗/
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544

545 E∗ p a i r a c t i o n (E∗ p , E∗ r , E∗ q , E∗ s ) {
546 // Precond i t i on : p < r , q < s
547 E∗ a = (∗q ) . l e f t ( ) ;
548 E∗ b = (∗q ) . r i g h t ( ) ;
549 E∗ c = (∗ s ) . l e f t ( ) ;
550 E∗ d = (∗ s ) . r i g h t ( ) ;
551 E∗ g = (∗p) . parent ( ) ;
552 (∗ r ) . r i g h t ( ) = p ;
553 (∗p) . parent ( ) = r ;
554 (∗p) . l e f t ( ) = c ;
555 (∗p) . r i g h t ( ) = b ;
556 i f (b != 0) {
557 (∗ c ) . parent ( ) = p ;
558 (∗a ) . parent ( ) = p ;
559 }
560 (∗p) . he ight ( ) −= 1 ;
561 i f ( g != 0) {
562 i f ( (∗ g ) . r i g h t ( ) == p) {
563 (∗g ) . r i g h t ( ) = s ;
564 }
565 e l s e {
566 (∗g ) . l e f t ( ) = s ;
567 }
568 }
569 (∗ s ) . parent ( ) = g ;
570 (∗ s ) . r i g h t ( ) = q ;
571 (∗q ) . parent ( ) = s ;
572 (∗q ) . l e f t ( ) = d ;
573 (∗q ) . r i g h t ( ) = b ;
574 i f (b != 0) {
575 (∗d) . parent ( ) = q ;
576 (∗b) . parent ( ) = q ;
577 }
578 (∗ s ) . he ight ( ) += 1 ;
579 i n se r t mark ( s ) ;
580 remove node (q ) ;
581 i f ( (∗ s ) . i s r o o t ( ) ) {
582 remove mark ( s ) ;
583 remove node ( s ) ;
584 }
585 a s s e r t ( i s v a l i d ( ) ) ;
586 return s ;
587 }
588

589 E∗ pa i r t r an s f o rmat i on (E∗ q , E∗ s ) {
590 // s t d : : cout << ”pa i r : ” << (∗ q ) . e lement ( ) << ” ” << (∗ s ) . e lement ( ) << ”\n ”;
591 // show () ;
592 a s s e r t ( q != s ) ;
593 a s s e r t ( (∗ q ) . he ight ( ) == (∗ s ) . he ight ( ) ) ;
594 a s s e r t ( ! (∗q ) . i s r o o t ( ) && ! (∗ s ) . i s r o o t ( ) ) ;
595 E∗ p = (∗q ) . parent ( ) ;
596 a s s e r t ( q == (∗p) . r i g h t ( ) ) ;
597 E∗ r = (∗ s ) . parent ( ) ;
598 a s s e r t ( s == (∗ r ) . r i g h t ( ) ) ;
599 remove mark (q ) ;
600 remove mark ( s ) ;
601 bool x = comparator ( (∗p) . element ( ) , (∗ r ) . element ( ) ) ;
602 bool y = comparator ( (∗ q ) . element ( ) , (∗ s ) . element ( ) ) ;
603 i n t item = 2 ∗ x + y ;
604 switch ( item ) {
605 case 0 /∗ p >= r , q >= s ∗/ :
606 p a i r a c t i o n ( r , p , s , q ) ;
607 return q ;
608 case 1 /∗ p >= r , q < s ∗/ :
609 p a i r a c t i o n ( r , p , q , s ) ;
610 return s ;
611 case 2 /∗ p < r , q >= s ∗/ :
612 p a i r a c t i o n (p , r , s , q ) ;
613 return q ;
614 case 3 /∗ p < r , q < s ∗/ :
615 p a i r a c t i o n (p , r , q , s ) ;
616 return s ;
617 de f au l t :
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618 a s s e r t ( f a l s e ) ;
619 }
620 return 0 ;
621 }
622

623 E∗ team trans format ion ( ) {
624 // s t d : : cout << ”team :\n ”;
625 // show () ;
626 he ight type h = teams . choose ( ) ;
627 index type i = marks [ h ] . choose ( ) ;
628 E∗ q = nodes [ i ] ;
629 a s s e r t ( i s marked (q ) ) ;
630 marks [ h ] . unset ( i ) ;
631 index type j = marks [ h ] . choose ( ) ;
632 marks [ h ] . s e t ( i ) ;
633 E∗ s = nodes [ j ] ;
634 a s s e r t ( i s marked ( s ) ) ;
635 return pa i r t r an s f o rmat i on (q , s ) ;
636 }
637 } ;
638 }
639

640 #i f de f ined (UNITTEST SIMPLE MARK STORE)
641 #inc lude ”proxy−l i s t −heap−s t o r e . h++”
642 #inc lude ”fat−weak−heap−node . h++”
643 #inc lude <f unc t i ona l>
644 #inc lude <memory>
645 #inc lude ”heap−proxy . h++”
646 #inc lude ”mult ip le−heap−framework . h++”
647

648 template <typename V, typename E, typename A>
649 E∗ c r ea t e (V const& v , A& a l l o c a t o r ) {
650 E∗ p = a l l o c a t o r . a l l o c a t e (1 ) ;
651 new (p) E(v , a l l o c a t o r ) ;
652 return p ;
653 }
654

655 template <typename V, typename E, typename A>
656 void dest roy (E∗ p , A& a l l o c a t o r ) {
657 p−>˜E( ) ;
658 a l l o c a t o r . d e a l l o c a t e (p , 1) ;
659 }
660

661 template <typename V, typename C, typename A, typename E,
662 typename H, typename M>
663 void t e s t m a r k s t o r e ( ) {
664 typedef cphs t l : : mult ip le heap framework<V, C, A, E, H, M> Q;
665 Q queue ;
666

667 typedef typename A: : template rebind<E> : : o ther n o d e a l l o c a t o r t y p e ;
668 n o d e a l l o c a t o r t y p e n o d e a l l o c a t o r ;
669 E∗ p = create<V, E, node a l l o ca t o r type >(V(2) , n o d e a l l o c a t o r ) ;
670 E∗ q = create<V, E, node a l l o ca t o r type >(V(4) , n o d e a l l o c a t o r ) ;
671 E∗ r = create<V, E, node a l l o ca t o r type >(V(1) , n o d e a l l o c a t o r ) ;
672 E∗ s = create<V, E, node a l l o ca t o r type >(V(7) , n o d e a l l o c a t o r ) ;
673 E∗ t = create<V, E, node a l l o ca t o r type >(V(11) , n o d e a l l o c a t o r ) ;
674 E∗ u = create<V, E, node a l l o ca t o r type >(V(3) , n o d e a l l o c a t o r ) ;
675 E∗ v = create<V, E, node a l l o ca t o r type >(V(5) , n o d e a l l o c a t o r ) ;
676 E∗ w = create<V, E, node a l l o ca t o r type >(V(8) , n o d e a l l o c a t o r ) ;
677 E∗ x = create<V, E, node a l l o ca t o r type >(V(9) , n o d e a l l o c a t o r ) ;
678 E∗ y = create<V, E, node a l l o ca t o r type >(V(6) , n o d e a l l o c a t o r ) ;
679 E∗ z = create<V, E, node a l l o ca t o r type >(V(10) , n o d e a l l o c a t o r ) ;
680

681 queue . i n s e r t (p) ;
682 queue . i n s e r t ( q ) ;
683 queue . i n s e r t ( r ) ;
684 queue . i n s e r t ( s ) ;
685 queue . i n s e r t ( t ) ;
686 queue . i n s e r t (u) ;
687 queue . i n s e r t ( v ) ;
688 queue . i n s e r t (w) ;
689 queue . i n s e r t ( x ) ;
690 queue . i n s e r t ( y ) ;
691 queue . i n s e r t ( z ) ;
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692 a s s e r t ( queue . s i z e ( ) == 11) ;
693 a s s e r t ( queue . top ( ) == t ) ;
694

695 H heap s to r e ;
696 M mark store ;
697

698 heap s to r e . i n j e c t ( t , 3 , mark store ) ;
699 heap s to r e . i n j e c t (x , 1 , mark store ) ;
700 heap s to r e . i n j e c t ( z , 0 , mark store ) ;
701

702 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
703 a s s e r t ( mark store . i s v a l i d ( ) ) ;
704

705 mark store . mark (u) ;
706 mark store . reduce ( heap s to r e ) ;
707 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
708 a s s e r t ( mark store . i s v a l i d ( ) ) ;
709

710 mark store . mark (v ) ;
711 mark store . reduce ( heap s to r e ) ;
712 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
713 a s s e r t ( mark store . i s v a l i d ( ) ) ;
714

715 mark store . mark ( r ) ;
716 mark store . reduce ( heap s to r e ) ;
717 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
718 a s s e r t ( mark store . i s v a l i d ( ) ) ;
719

720 mark store . mark ( s ) ;
721 mark store . reduce ( heap s to r e ) ;
722 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
723 a s s e r t ( mark store . i s v a l i d ( ) ) ;
724

725 mark store . mark (q ) ;
726 mark store . reduce ( heap s to r e ) ;
727 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
728 a s s e r t ( mark store . i s v a l i d ( ) ) ;
729

730 mark store . mark (p) ;
731 mark store . reduce ( heap s to r e ) ;
732 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
733 a s s e r t ( mark store . i s v a l i d ( ) ) ;
734

735 mark store . mark ( t ) ;
736 mark store . reduce ( heap s to r e ) ;
737 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
738 a s s e r t ( mark store . i s v a l i d ( ) ) ;
739

740 mark store . mark (x ) ;
741 mark store . reduce ( heap s to r e ) ;
742 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
743 a s s e r t ( mark store . i s v a l i d ( ) ) ;
744

745 mark store . mark (y ) ;
746 mark store . reduce ( heap s to r e ) ;
747 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
748 a s s e r t ( mark store . i s v a l i d ( ) ) ;
749

750 mark store . mark ( z ) ;
751 mark store . reduce ( heap s to r e ) ;
752 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
753 a s s e r t ( mark store . i s v a l i d ( ) ) ;
754

755 mark store . unmark ( z ) ;
756 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
757 a s s e r t ( mark store . i s v a l i d ( ) ) ;
758 mark store . unmark (y ) ;
759 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
760 a s s e r t ( mark store . i s v a l i d ( ) ) ;
761 mark store . unmark (x ) ;
762 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
763 a s s e r t ( mark store . i s v a l i d ( ) ) ;
764 mark store . unmark ( t ) ;
765 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
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766 a s s e r t ( mark store . i s v a l i d ( ) ) ;
767 mark store . unmark (p) ;
768 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
769 a s s e r t ( mark store . i s v a l i d ( ) ) ;
770 mark store . unmark (q ) ;
771 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
772 a s s e r t ( mark store . i s v a l i d ( ) ) ;
773 mark store . unmark ( s ) ;
774 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
775 a s s e r t ( mark store . i s v a l i d ( ) ) ;
776 mark store . unmark ( r ) ;
777 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
778 a s s e r t ( mark store . i s v a l i d ( ) ) ;
779 mark store . unmark (v ) ;
780 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
781 a s s e r t ( mark store . i s v a l i d ( ) ) ;
782 mark store . unmark (u) ;
783 a s s e r t ( heap s to r e . i s v a l i d ( mark store ) ) ;
784 a s s e r t ( mark store . i s v a l i d ( ) ) ;
785

786 std : : pair<E∗ , s td : : s i z e t > smal l = heap s to r e . e j e c t ( ) ;
787 a s s e r t ( smal l . f i r s t == z ) ;
788 a s s e r t ( smal l . second == 0) ;
789

790 std : : pair<E∗ , s td : : s i z e t > medium = heap s to r e . e j e c t ( ) ;
791 a s s e r t (medium . f i r s t == x) ;
792 a s s e r t (medium . second == 1) ;
793

794 std : : pair<E∗ , s td : : s i z e t > big = heap s to r e . e j e c t ( ) ;
795 a s s e r t ( b ig . f i r s t == t ) ;
796 a s s e r t ( b ig . second == 3) ;
797

798 destroy<V, E, node a l l o ca to r type >(p , n o d e a l l o c a t o r ) ;
799 destroy<V, E, node a l l o ca to r type >(q , n o d e a l l o c a t o r ) ;
800 destroy<V, E, node a l l o ca to r type >(r , n o d e a l l o c a t o r ) ;
801 destroy<V, E, node a l l o ca to r type >(s , n o d e a l l o c a t o r ) ;
802 destroy<V, E, node a l l o ca to r type >(t , n o d e a l l o c a t o r ) ;
803 destroy<V, E, node a l l o ca to r type >(u , n o d e a l l o c a t o r ) ;
804 destroy<V, E, node a l l o ca to r type >(v , n o d e a l l o c a t o r ) ;
805 destroy<V, E, node a l l o ca to r type >(w, n o d e a l l o c a t o r ) ;
806 destroy<V, E, node a l l o ca to r type >(x , n o d e a l l o c a t o r ) ;
807 destroy<V, E, node a l l o ca to r type >(y , n o d e a l l o c a t o r ) ;
808 destroy<V, E, node a l l o ca to r type >(z , n o d e a l l o c a t o r ) ;
809 }
810

811 i n t main ( int , char ∗∗) {
812 typedef i n t V;
813 typedef std : : l e s s <V> C;
814 typedef std : : a l l o c a t o r <V> A;
815 typedef cphs t l : : fat weak heap node<V, A> E;
816 typedef cphs t l : : p r o x y l i s t h e a p s t o r e <C, A, E> H;
817 typedef cphs t l : : s imple mark store<C, A, E> M;
818

819 t e s t mark s to r e<V, C, A, E, H, M>() ;
820 }
821

822 #end i f
823 #end i f

G.18 single-heap-framework.h++

1 /∗
2 A p r i o r i t y −queue framework f o r a s i n g l e array−based heap .
3

4 Authors : S t e f an Edelkamp , Jy r k i Kata ja inen Âc© 2010
5 ∗/
6

7 #i f n d e f CPHSTL SINGLE HEAP FRAMEWORK
8 #de f i n e CPHSTL SINGLE HEAP FRAMEWORK
9

10 #inc lude <algorithm>
11 #inc lude ”a l l o c a t o r−proxy . h++”
12 #inc lude ” a s s e r t . h++”
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13 #inc lude ”comparator−proxy . h++”
14 #inc lude <cs tdde f>
15 #inc lude <c s t d l i b >
16 #inc lude ”element−encapsu la to r . h++”
17 #inc lude <f unc t i ona l>
18 #inc lude <iostream>
19 #inc lude <memory>
20 #inc lude ”top−down−binary−heap−h e a p i f i e r . h++”
21 #inc lude <vector>
22 #inc lude ”vector−su r roga te . h++”
23 #inc lude <u t i l i t y >
24

25 namespace cphs t l {
26

27 template <
28 typename V,
29 typename C = std : : l e s s <V>,
30 typename A = std : : a l l o c a t o r <V>,
31 typename E = element encapsu lator<V, std : : p t r d i f f t , A>,
32 typename H = top down b inary heap heap i f i e r ,
33 typename K = std : : vector<E∗ , A>,
34 typename S = vec to r su r roga t e <E∗ , K>
35 >
36 c l a s s s ing l e heap f ramework {
37 pub l i c :
38

39 // t yp e s
40

41 typedef V va lue type ;
42 typedef C comparator type ;
43 typedef A a l l o c a t o r t y p e ;
44 typedef E encapsu la to r type ;
45 typedef H h e a p i f i e r t y p e ;
46 typedef K kerne l t ype ;
47 typedef S su r roga t e type ;
48 typedef std : : s i z e t s i z e t y p e ;
49 typedef std : : p t r d i f f t d i f f e r e n c e t y p e ;
50 typedef V& r e f e r e n c e ;
51 typedef V const& c o n s t r e f e r e n c e ;
52

53 protected :
54

55 typedef typename A: : template rebind<S> : : o ther s u r r o g a t e a l l o c a t o r t y p e ;
56

57 comparator proxy<C> comparator ;
58 a l l o ca to r p roxy <s u r r o g a t e a l l o c a t o r t y p e > s u r r o g a t e a l l o c a t o r ;
59 K vector ;
60 H h e a p i f i e r ;
61

62 pub l i c :
63

64 S∗ su r roga te ;
65

66 // s t r u c t o r s
67

68 e x p l i c i t s ing l e heap f ramework (C const& c = C() , A const& a = A() ,
69 H const& h = H() )
70 : comparator ( c ) , s u r r o g a t e a l l o c a t o r ( a ) , vec tor ( a ) , h e a p i f i e r (h) {
71 su r roga te = s u r r o g a t e a l l o c a t o r . a l l o c a t e (1 ) ;
72 (∗ su r roga te ) . sub j e c t ( ) = &vector ;
73 }
74

75 ˜ s ing l e heap f ramework ( ) {
76 s u r r o g a t e a l l o c a t o r . d e a l l o c a t e ( surrogate , 1) ;
77 }
78

79 // i t e r a t o r s
80

81 E∗ begin ( ) const {
82 i f ( vec to r . s i z e ( ) == 0) {
83 return (E∗) 0 ;
84 }
85 return vector [ 0 ] ;
86 }
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87

88 E∗ end ( ) const {
89 return (E∗) 0 ;
90 }
91

92 // ac c e s s o r s
93

94 A g e t a l l o c a t o r ( ) const {
95 return A( vector . g e t a l l o c a t o r ( ) ) ;
96 }
97

98 C get comparator ( ) const {
99 return comparator . sub j e c t ( ) ;

100 }
101

102 s i z e t y p e s i z e ( ) const {
103 return vector . s i z e ( ) ;
104 }
105

106 s i z e t y p e max size ( ) const {
107 typename std : : vector<int , A> : : a l l o c a t o r t y p e a ;
108 s i z e t y p e avai lable memory = a . max s ize ( ) ∗ s i z e o f ( i n t ) ; // in b y t e s
109 return avai lable memory / ( s i z e o f (E) + 2 ∗ s i z e o f (E∗) ) ;
110 }
111

112 E∗ top ( ) const {
113 return vector [ 0 ] ;
114 }
115

116 // mod i f i e r s
117

118 void i n s e r t (E∗ node ) {
119 s i z e t y p e l a s t = vector . s i z e ( ) ;
120 (∗ node ) . p o s i t i o n ( ) = l a s t ;
121 vector . push back ( node ) ;
122 h e a p i f i e r . s i f t u p ( comparator , vector , l a s t ) ;
123 }
124

125 E∗ ex t ra c t ( ) {
126 a s s e r t ( vec to r . s i z e ( ) != 0) ;
127 E∗ node = vector . back ( ) ;
128 vector . pop back ( ) ;
129 return node ;
130 }
131

132 void ex t r a c t (E∗ node ) {
133 i f ( vec to r . s i z e ( ) == 1) {
134 a s s e r t ( vec to r [ 0 ] == node ) ;
135 vector . pop back ( ) ;
136 return ;
137 }
138 s i z e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ node ) . p o s i t i o n ( ) ) ) ;
139 s i z e t y p e l a s t = vector . s i z e ( ) − 1 ;
140 std : : swap ( vector [ i ] , vec tor [ l a s t ] ) ;
141 std : : swap ( vector [ i ]−>p o s i t i o n ( ) , vec to r [ l a s t ]−>p o s i t i o n ( ) ) ;
142 s i z e t y p e j = h e a p i f i e r . s i f tdown ( comparator , vector , l a s t , i ) ;
143 i f ( i == j ) {
144 h e a p i f i e r . s i f t u p ( comparator , vector , j ) ;
145 }
146 vector . pop back ( ) ;
147 }
148

149 void i n c r e a s e (E∗ node , V const& v) {
150 a s s e r t ( ! comparator (v , (∗ node ) . element ( ) ) ) ;
151 (∗ node ) . element ( ) = v ;
152 s i z e t y p e i = std : : abs ( d i f f e r e n c e t y p e ( (∗ node ) . p o s i t i o n ( ) ) ) ;
153 h e a p i f i e r . s i f t u p ( comparator , vector , i ) ;
154 }
155

156 void meld ( s ing l e heap f ramework& other ) {
157 i f ( s i z e ( ) > other . s i z e ( ) ) {
158 swap ( other ) ;
159 }
160 whi le ( other . vec tor . s i z e ( ) != 0) {
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161 i n s e r t ( other . ex t r a c t ( ) ) ;
162 }
163 }
164

165 void swap ( s ing l e heap f ramework& other ) {
166 std : : swap ( comparator , other . comparator ) ;
167 std : : swap ( s u r r o g a t e a l l o c a t o r , other . s u r r o g a t e a l l o c a t o r ) ;
168 std : : swap ( vector , other . vec tor ) ;
169 std : : swap ( h e a p i f i e r , other . h e a p i f i e r ) ;
170 std : : swap ( surrogate , other . su r roga te ) ;
171 }
172

173 #i f d e f DEBUG
174

175 s i z e t y p e parent ( s i z e t y p e j ) {
176 return ( ( j − 1) / 2) ;
177 }
178

179 bool i s v a l i d ( ) {
180 return h e a p i f i e r . i s v a l i d ( comparator , vec tor ) ;
181 }
182

183 void show ( ) {
184 s i z e t y p e s i z e = vector . s i z e ( ) ;
185 std : : cout << std : : endl << ” s i z e : ” << s i z e << std : : endl ;
186 std : : cout << ”va lues : ” << std : : endl ;
187 f o r ( s i z e t y p e i = 0 ; i < s i z e ; ++i ) {
188 std : : cout << vector [ i ]−>element ( ) << ” ” ;
189 }
190 std : : cout << ”\n” ;
191 std : : cout << ” i n d i c e s : ” << std : : endl ;
192 f o r ( s i z e t y p e i = 0 ; i < s i z e ; ++i ) {
193 std : : cout << vector [ i ]−>p o s i t i o n ( ) << ” ” ;
194 }
195 std : : cout << ”\n” ;
196 std : : cout << ”\n −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− \n” ;
197 }
198

199 #end i f
200

201 } ;
202 }
203

204 #end i f
205 #i f d e f UNITTEST SINGLE HEAP FRAMEWORK
206

207 #inc lude ”weak−heap−h e a p i f i e r . h++”
208

209 long comps = 0 ;
210

211 template <typename V>
212 c l a s s count ing comparator {
213 pub l i c :
214

215 bool operator ( ) (V const& a , V const& b) const {
216 ++comps ;
217 return a < b ;
218 }
219 } ;
220

221 template <typename R>
222 void un i t t e s t s i ng l e h eap f r a mew or k ( ) {
223 typedef typename R : : encapsu la to r type E;
224 typedef typename E : : va lue type V;
225 typedef std : : s i z e t s i z e t y p e ;
226

227 R heap ;
228

229 std : : vector<E∗> v ;
230 s i z e t y p e number of e lements = 1000000;
231 comps = 0 ;
232 s i z e t y p e t o t a l = 0 ;
233 std : : cout<< ”n : ” << number of e lements << std : : endl ;
234
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235 f o r ( s i z e t y p e i = 0 ; i < number of e lements ; i++) {
236 E∗ p = new E(V( rand ( ) % 100) ) ;
237 heap . i n s e r t (p) ;
238 v . push back (p) ;
239 a s s e r t ( heap . i s v a l i d ( ) ) ;
240 }
241 std : : cout << ” i n s e r t : comps per operat ion : ”
242 << ( double ) comps / number of e lements << std : : endl ;
243 t o t a l += comps ;
244

245 comps = 0 ;
246 f o r ( s i z e t y p e i = 0 ; i < number of e lements ; ++i ) {
247 heap . i n c r e a s e (v [ i ] , 100 + v [ i ]−>element ( ) ) ;
248 a s s e r t ( heap . i s v a l i d ( ) ) ;
249 }
250 std : : cout << ”dec rea se : comps per operat ion : ”
251 << ( double ) comps / number of e lements << std : : endl ;
252 t o t a l += comps ;
253

254 comps = 0 ;
255 f o r ( s i z e t y p e i = 0 ; i < number of e lements / 2 ; i++) {
256 heap . ex t r a c t (v [ i ] ) ;
257 de l e t e v [ i ] ;
258 a s s e r t ( heap . i s v a l i d ( ) ) ;
259 }
260 std : : cout << ”ex t ra c t : comps per operat ion : ”
261 << ( double ) comps / ( number of e lements / 2) << std : : endl ;
262 t o t a l += comps ;
263

264 comps = 0 ;
265 whi le ( heap . s i z e ( ) > 0) {
266 E∗ p = heap . top ( ) ;
267 heap . ex t r a c t (p) ;
268 de l e t e p ;
269 a s s e r t ( heap . i s v a l i d ( ) ) ;
270 }
271 std : : cout << ”pop : comps per operat ion : ”
272 << ( double ) comps / ( number of e lements / 2) << std : : endl ;
273

274 std : : cout << ”\ nto ta l number o f comparisons : ” << t o t a l << std : : endl ;
275 }
276

277 i n t main ( ) {
278 typedef double V;
279 typedef counting comparator<V> C;
280 typedef cphs t l : : s ing le heap framework<V, C> R;
281 un i t t e s t s i ng l e heap f r amework <R>() ;
282 typedef std : : a l l o c a t o r <V> A;
283 typedef cphs t l : : e l ement encapsu lator<V, std : : p t r d i f f t , A> E;
284 typedef cphs t l : : weak heap heap i f i e r H;
285 typedef cphs t l : : s ing le heap framework<V, C, A, E, H> Rx ;
286 un i t t e s t s i ng l e heap f r amework <Rx>() ;
287 }
288 #end i f

G.19 top-down-binary-heap-heapifier.h++

1 /∗
2 A top−down binary−heap h e a p i f i e r works as proposed by Wil l iams in
3 h i s semina l paper .
4

5 Authors : S t e f an Edelkamp , Jy r k i Kata ja inen Âc© 2009 , 2010
6 ∗/
7

8 #i f n d e f CPHSTL TOP DOWN BINARY HEAP HEAPIFIER
9 #de f i n e CPHSTL TOP DOWN BINARY HEAP HEAPIFIER

10

11 #inc lude <algorithm> // s t d : : swap
12

13 namespace cphs t l {
14

15 c l a s s t op down b ina ry heap heap i f i e r {
16 pub l i c :
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17

18 template <typename C, typename K, typename I>
19 void s i f t u p (C const& comparator , K& vector , I j ) {
20 I i = parent ( j ) ;
21 whi le ( ( j != 0) && comparator ( vec tor [ i ]−>element ( ) , vec tor [ j ]−>element ( ) ) ) {
22 std : : swap ( vector [ i ] , vec tor [ j ] ) ;
23 std : : swap ( vector [ i ]−>p o s i t i o n ( ) , vec to r [ j ]−>p o s i t i o n ( ) ) ;
24 j = i ;
25 i = parent ( j ) ;
26 }
27 }
28

29 template <typename C, typename K, typename I>
30 I s i f tdown (C const& comparator , K& vector , I n , I i ) {
31 I j = f i r s t c h i l d ( i ) ;
32 whi le ( j < n) {
33 i f ( ( j + 1 < n)
34 && comparator ( vec tor [ j ]−>element ( ) , vec tor [ j + 1]−>element ( ) ) ) {
35 j += 1 ;
36 }
37 i f ( comparator ( vec to r [ i ]−>element ( ) , vec tor [ j ]−>element ( ) ) ) {
38 std : : swap ( vector [ i ] , vec tor [ j ] ) ;
39 std : : swap ( vector [ i ]−>p o s i t i o n ( ) , vec to r [ j ]−>p o s i t i o n ( ) ) ;
40 i = j ;
41 j = f i r s t c h i l d ( i ) ;
42 }
43 e l s e return i ;
44 }
45 return i ;
46 }
47

48 #i f d e f DEBUG
49

50 template <typename C, typename K>
51 bool i s v a l i d (C const& comparator , K& vector ) {
52 bool okey = true ;
53 f o r ( typename K: : s i z e t y p e i = 1 ; i < vector . s i z e ( ) ; ++i ) {
54 i f ( comparator ( vec to r [ parent ( i )]−>element ( ) , vec tor [ i ]−>element ( ) ) ) {
55 std : : cout << ”e r r o r : ” << vector [ parent ( i )]−>element ( ) << ”&”
56 << vector [ i ]−>element ( ) << std : : endl ;
57 okey = f a l s e ;
58 }
59 }
60 return okey ;
61 }
62

63 #end i f
64

65 pr i va t e :
66

67 template <typename I>
68 I parent ( I j ) {
69 return ( ( j − 1) / 2) ;
70 }
71

72 template <typename I>
73 I f i r s t c h i l d ( I j ) {
74 return (2 ∗ j + 1) ;
75 }
76 } ;
77 }
78

79 #end i f

G.20 vector-encapsulator.h++

1 #i f n d e f CPHSTL VECTOR SURROGATE
2 #de f i n e CPHSTL VECTOR SURROGATE
3

4 /∗
5 This s u r r o ga t e keeps a po i n t e r to a v e c t o r and ac c e s s e s i t s e l ements
6 on b e h a l f o f i t .
7
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8 Author : J y r k i Kataja inen Âc© 2010
9 ∗/

10

11 namespace cphs t l {
12

13 template <typename V, typename S>
14 c l a s s v e c t o r s u r r o g a t e {
15 pub l i c :
16

17 typedef V s l o t t y p e ;
18 typedef S sub j e c t t ype ;
19

20 sub j e c t t ype∗& sub j e c t ( ) {
21 return ptr ;
22 }
23

24 template <typename I>
25 s l o t t y p e& acce s s ( I index ) {
26 return (∗ ptr ) [ index ] ;
27

28 }
29

30 pr i va t e :
31

32 sub j e c t t ype ∗ ptr ;
33 } ;
34 }
35

36 #end i f

G.21 weak-heap-heapifier.h++

1 /∗
2 A weak−heap h e a p i f i e r works as proposed by Edelkamp & Wegener in
3 t h e i r STACS paper . However , t he b i t s are not s t o r e d as such , bu t a
4 ne ga t i v e index in the encap su l a t o r deno te s a 1− b i t .
5

6 Authors : S t e f an Edelkamp , Jy r k i Kata ja inen Âc© 2009 , 2010
7 ∗/
8

9 #i f n d e f CPHSTL WEAK HEAP HEAPIFIER
10 #de f i n e CPHSTL WEAK HEAP HEAPIFIER
11

12 #inc lude <algorithm> // s t d : : swap
13

14 namespace cphs t l {
15

16 c l a s s weak heap heap i f i e r {
17 pub l i c :
18

19 template <typename C, typename K, typename I>
20 void s i f t u p (C const& comparator , K& vector , I j ) {
21 i f ( j == 0) {
22 return ;
23 }
24 whi le ( j != 0) {
25 I i = d i s t i n g u i s h e d a n c e s t o r ( j , vec tor ) ;
26 i f ( comparator ( vec to r [ i ]−>element ( ) , vec tor [ j ]−>element ( ) ) ) {
27 I tmp i = vector [ i ]−>p o s i t i o n ( ) ;
28 I tmp j = vector [ j ]−>p o s i t i o n ( ) ;
29 vector [ i ]−>p o s i t i o n ( ) = −tmp j ; // f l i p
30 vector [ j ]−>p o s i t i o n ( ) = tmp i ;
31 std : : swap ( vector [ i ] , vec tor [ j ] ) ;
32 j = i ;
33 }
34 e l s e {
35 return ;
36 }
37 }
38 }
39

40 template <typename C, typename K, typename I>
41 I s i f tdown (C const& comparator , K& vector , I n , I i ) {
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42 I k = se cond ch i l d ( i , vec tor ) ;
43 i f ( k > n − 1) {
44 return i ;
45 }
46 k = f i r s t c h i l d (k , vec to r ) ;
47 whi le ( k < n) {
48 k = f i r s t c h i l d (k , vec to r ) ;
49 }
50 k = parent (k ) ;
51 whi le ( k > i ) {
52 i f ( comparator ( vec to r [ i ]−>element ( ) , vec tor [ k]−>element ( ) ) ) {
53 std : : swap ( vector [ i ] , vec tor [ k ] ) ;
54 I tmp = vector [ i ]−>p o s i t i o n ( ) ;
55 vector [ i ]−>p o s i t i o n ( ) = vector [ k]−>p o s i t i o n ( ) ;
56 vector [ k]−>p o s i t i o n ( ) = −tmp ;
57 }
58 k = parent (k ) ;
59 }
60 return i ;
61 }
62

63 #i f d e f DEBUG
64

65 template <typename C, typename K>
66 bool i s v a l i d (C const& comparator , K& vector ) {
67 bool v a l i d i t y = true ;
68 f o r ( typename K: : s i z e t y p e j = vector . s i z e ( ) ; j > 1 ; ) {
69 −−j ;
70 typename K: : s i z e t y p e i = d i s t i n g u i s h e d a n c e s t o r ( j , vec tor ) ;
71 i f ( comparator ( vec to r [ i ]−>element ( ) , vec tor [ j ]−>element ( ) ) ) {
72 std : : cout << ”ha l f−order v i o l a t i o n : ” << j << ” ” << vector [ j ]−>element ( ) << ”\n” ;
73 v a l i d i t y = f a l s e ;
74 }
75 }
76 return v a l i d i t y ;
77 }
78

79 #end i f
80

81 // p r i v a t e :
82

83 template <typename I>
84 I parent ( I j ) {
85 return j / 2 ;
86 }
87

88 template <typename I , typename K>
89 i n l i n e I d i s t i n g u i s h e d a n c e s t o r ( I j , K& vector ) {
90 a s s e r t ( j != 0) ;
91 I i = parent ( j ) ;
92 whi le ( ( j & 1) == ( vector [ i ]−>p o s i t i o n ( ) < 0) ) {
93 j = i ;
94 i = parent ( i ) ;
95 }
96 return i ;
97 }
98

99 template <typename I , typename K>
100 i n l i n e I f i r s t c h i l d ( I j , K& vector ) {
101 return (2 ∗ j + ( vector [ j ]−>p o s i t i o n ( ) < 0) ) ;
102 }
103

104 template <typename I , typename K>
105 i n l i n e I s e c ond ch i l d ( I j , K& vector ) {
106 return (2 ∗ j + 1 − ( vec to r [ j ]−>p o s i t i o n ( ) < 0) ) ;
107 }
108 } ;
109 }
110

111 #end i f

G.22 weak-heap-node.h++
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1 /∗
2 A weak−heap node
3

4 Author : J y r k i Kataja inen Âc© 2009
5 ∗/
6

7 #i f n d e f CPHSTL WEAK HEAP NODE
8 #de f i n e CPHSTL WEAK HEAP NODE
9

10 #inc lude ”heap−node . h++”
11

12 namespace cphs t l {
13

14 template <typename V, typename A>
15 c l a s s weak heap node
16 : pub l i c heap node<V, A, weak heap node<V, A> > {
17

18 pub l i c :
19

20 typedef V va lue type ;
21 typedef A a l l o c a t o r t y p e ;
22 typedef weak heap node<V, A> N;
23

24 pr i va t e :
25

26 weak heap node ( ) ;
27 weak heap node (N const&) ;
28 weak heap node& operator = (N const&) ;
29

30 pub l i c :
31

32 weak heap node (V const& v , A const& a )
33 : heap node<V, A, N>(v , a ) {
34 }
35

36 #i f d e f DEBUG
37

38 template <typename C, typename M>
39 bool i s v a l i d (C const& comparator , M const& mark store ) const {
40 N const ∗ t = (∗ t h i s ) . down cast ( t h i s ) ;
41 bool va l i d = true ;
42 i f ( (∗ t ) . parent ( ) != 0) {
43 va l i d &= t −> parent ( ) −> l e f t ( ) == t | |
44 t −> parent ( ) −> r i g h t ( ) == t ;
45 i f ( ! v a l i d ) std : : cout << ”parent\n” ;
46 }
47 i f ( ! (∗ t ) . i s r o o t ( ) && (∗ t ) . l e f t ( ) != 0) {
48 va l i d &= t −> l e f t ( ) −> parent ( ) == t ;
49 i f ( ! v a l i d ) std : : cout << ” l e f t \n” ;
50 }
51 i f ( (∗ t ) . r i g h t ( ) != 0) {
52 va l i d &= t −> r i g h t ( ) −> parent ( ) == t ;
53 i f ( ! v a l i d ) {
54 std : : cout << ” r i g h t \n” ;
55 std : : cout << ”t : ” << (∗ t ) . element ( ) << ” ” ;
56 std : : cout << ” r i g h t : ” << t −> r i g h t ( ) −> element ( ) << ” ” ;
57 std : : cout << ”up again : ” << t −> r i g h t ( ) −> parent ( ) −> element ( ) << ”\n” ;
58 }
59 }
60 i f ( ! (∗ t ) . i s r o o t ( ) && ! mark store . i s marked ( t ) ) {
61 va l i d &= ! comparator ( (∗ t ) . d i s t i n g u i s h e d a n c e s t o r ( ) −> element ( ) , (∗ t ) . element ( ) ) ;
62

63 i f ( ! v a l i d ) std : : cout << ”ance s to r \n” ;}
64 return va l i d ;
65 }
66

67 #end i f
68

69 } ;
70 }
71

72 #end i f
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G.23 weak-queue-node.h++

1 /∗
2 A heap node used as a base f o r va r i ou s s p e c i a l i z e d heap nodes
3

4 Authors : Asger Bruun , Jy r k i Kataja inen Âc© 2009 , 2010
5 ∗/
6

7 #i f n d e f CPHSTL HEAP NODE
8 #de f i n e CPHSTL HEAP NODE
9

10 #inc lude ” a s s e r t . h++”
11 #inc lude <cs tdde f> // s t d : : s i z e t
12 #inc lude <iostream>
13 #inc lude < l i s t >
14

15 namespace cphs t l {
16

17 template <typename V, typename A, typename N>
18 c l a s s heap node {
19 pub l i c :
20

21 typedef V va lue type ;
22 typedef A a l l o c a t o r t y p e ;
23 typedef std : : s i z e t s i z e t y p e ;
24 typedef unsigned char he ight type ;
25 typedef heap node<V, A, N> s e l f t y p e ;
26

27 s t r u c t ho l e type {
28 N∗ parent ;
29 N∗ cur rent ;
30 union {
31 N∗ l e f t ;
32 void ∗ owner ;
33 } ;
34

35 ho l e type (N∗ p)
36 : parent ( (∗p) . parent ( ) ) , cur rent (p) {
37 i f ( parent != 0) {
38 l e f t = (∗p) . l e f t ( ) ;
39 }
40 e l s e {
41 owner = (∗p) . owner ( ) ;
42 }
43 }
44 } ;
45

46 N∗ parent ;
47 union {
48 N∗ l e f t ;
49 void ∗ owner ;
50 } ;
51 N∗ r i g h t ;
52 V va lue ;
53

54 pr i va t e :
55

56 heap node ( ) ;
57 heap node ( heap node const&) ;
58 heap node& operator = ( heap node const&) ;
59

60 protected :
61

62 N const ∗ const down cast ( s e l f t y p e const ∗ const b) const {
63 return s t a t i c c a s t <N const ∗ const >(b) ;
64 }
65

66 N∗ const down cast ( s e l f t y p e ∗ const b) const {
67 return s t a t i c c a s t <N∗ const >(b) ;
68 }
69

70 N∗ const down cast ( s e l f t y p e ∗ const b) {
71 return s t a t i c c a s t <N∗ const >(b) ;
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72 }
73

74 pub l i c :
75

76 heap node (V const& v , A const&)
77 : parent ( down cast (0 ) ) , l e f t ( down cast (0 ) ) , r i g h t ( down cast (0 ) ) ,
78 va lue (v ) {
79 }
80

81 s t a t i c s i z e t y p e f o o t p r i n t ( ) {
82 return s i z e o f (N) ;
83 }
84

85 bool i s r o o t ( ) const {
86 return parent == 0 ;
87 }
88

89 bool i s l e a f ( ) const {
90 return r i g h t == 0 ;
91 }
92

93 V const& element ( ) const {
94 return va lue ;
95 }
96

97 V& element ( ) {
98 return va lue ;
99 }

100

101 N∗ l e f t ( ) const {
102 return l e f t ;
103 }
104

105 N∗& l e f t ( ) {
106 return l e f t ;
107 }
108

109 N∗ r i g h t ( ) const {
110 return r i g h t ;
111 }
112

113 N∗& r i g h t ( ) {
114 return r i g h t ;
115 }
116

117 N∗ parent ( ) const {
118 return parent ;
119 }
120

121 N∗& parent ( ) {
122 return parent ;
123 }
124

125 void ∗ owner ( ) const {
126 return owner ;
127 }
128

129 void∗& owner ( ) {
130 return owner ;
131 }
132

133 template <typename C, typename M>
134 N∗ j o i n (N∗ q , C const& comparator , M&) {
135 N∗ p = down cast ( t h i s ) ;
136 i f ( comparator ( (∗p) . element ( ) , (∗q ) . element ( ) ) ) {
137 N∗ c = (∗q ) . r i g h t ( ) ;
138 i f ( c != 0) {
139 (∗ c ) . parent ( ) = p ;
140 }
141 (∗p) . l e f t ( ) = c ;
142 (∗q ) . r i g h t ( ) = p ;
143 (∗p) . parent ( ) = q ;
144 return q ;
145 }
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146 e l s e {
147 N∗ c = (∗p) . r i g h t ( ) ;
148 i f ( c != 0) {
149 (∗ c ) . parent ( ) = q ;
150 }
151 (∗q ) . l e f t ( ) = c ;
152 (∗p) . r i g h t ( ) = q ;
153 (∗q ) . parent ( ) = p ;
154 return p ;
155 }
156 }
157

158 template <typename C, typename M>
159 N∗ f a s t j o i n (N∗ q , N∗ , C const& comparator , M& mark store ) {
160 N∗ p = down cast ( t h i s ) ;
161 return (∗p) . j o i n (q , comparator , mark store ) ;
162 }
163

164 template <typename C>
165 N∗ s p l i t (C const&) {
166 N∗ p = down cast ( t h i s ) ;
167 a s s e r t (p != 0) ;
168 a s s e r t ( (∗p) . r i g h t ( ) != 0) ;
169 N∗ q = (∗p) . r i g h t ( ) ;
170 N∗ r = (∗q ) . l e f t ( ) ;
171 (∗p) . r i g h t ( ) = r ;
172 i f ( r != 0) {
173 (∗ r ) . parent ( ) = p ;
174 }
175 (∗q ) . parent ( ) = 0 ;
176 (∗q ) . l e f t ( ) = 0 ;
177 return q ;
178 }
179

180 void swap roots (N∗ q ) {
181 N∗ p = down cast ( t h i s ) ;
182 a s s e r t ( (∗p) . i s r o o t ( ) ) ;
183 a s s e r t ( (∗ q ) . i s r o o t ( ) ) ;
184 N∗ c = (∗p) . r i g h t ( ) ;
185 N∗ g = (∗q ) . r i g h t ( ) ;
186 (∗p) . r i g h t ( ) = g ;
187 (∗q ) . r i g h t ( ) = c ;
188 i f ( c != 0) {
189 (∗ c ) . parent ( ) = q ;
190 }
191 i f ( g != 0) {
192 (∗g ) . parent ( ) = p ;
193 }
194 }
195

196 N∗ r e l e a s e r o o t ( ) {
197 N∗ p = down cast ( t h i s ) ;
198 N∗ q = (∗p) . r i g h t ( ) ;
199 (∗p) . r i g h t ( ) = 0 ;
200 (∗q ) . parent ( ) = 0 ;
201 return q ;
202 }
203

204 N∗ r e l e a s e subheap ( ) {
205 N∗ p = down cast ( t h i s ) ;
206 N∗ q = (∗p) . l e f t ( ) ;
207 (∗p) . l e f t ( ) = 0 ;
208 i f ( q != 0) {
209 (∗q ) . parent ( ) = 0 ;
210 }
211 return q ;
212 }
213

214 ho l e type s p l i c e o u t ( ) {
215 // Note : This f un c t i on l e a v e s the unde r l y i n g t r e e broken ,
216 // un t r a v e r s a b l e , and unp r i n t a b l e u n t i l s p l i c e i n .
217 a s s e r t ( t h i s != 0) ;
218 ho l e type ho le ( down cast ( t h i s ) ) ;
219 (∗ t h i s ) . parent ( ) = 0 ;
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220 (∗ t h i s ) . l e f t ( ) = 0 ;
221 return ho le ;
222 }
223

224 template <typename H>
225 void s p l i c e i n ( ho l e type& hole , H& heap s to r e ) {
226 a s s e r t ( ho le . cur rent != 0) ;
227 N∗ p = down cast ( t h i s ) ;
228 (∗p) . parent ( ) = ho le . parent ;
229 i f ( ho le . parent != 0 && (∗ ho le . parent ) . l e f t ( ) == hole . cur rent ) {
230 (∗ ho le . parent ) . l e f t ( ) = p ;
231 }
232 i f ( ho le . parent != 0 && (∗ ho le . parent ) . r i g h t ( ) == hole . cur rent ) {
233 (∗ ho le . parent ) . r i g h t ( ) = p ;
234 }
235 i f ( ho le . parent == 0) {
236 typedef typename H: : heap proxy type heap proxy type ;
237 (∗p) . owner ( ) = hole . owner ;
238 heap s to r e . r ep l a c e (p) ;
239 }
240 e l s e {
241 (∗ t h i s ) . l e f t ( ) = ho le . l e f t ;
242 i f ( ho le . l e f t != 0) {
243 (∗ ho le . l e f t ) . parent ( ) = p ;
244 }
245 }
246 }
247

248 #i f d e f FIRST VERSION
249

250 void swap nodes (N∗ q ) {
251 // Warning : The ba c k po i n t e r s a t owners are not c o r r e c t e d because
252 // the type o f t he owners i s not known .
253 N∗ p = down cast ( t h i s ) ;
254 a s s e r t (p != 0) ;
255 a s s e r t ( q != 0) ;
256 N∗ a = (∗p) . parent ;
257 N∗ b = (∗p) . l e f t ;
258 N∗ c = (∗p) . r i g h t ;
259 N∗ e = (∗q ) . parent ;
260 N∗ f = (∗q ) . l e f t ;
261 N∗ g = (∗q ) . r i g h t ;
262

263 i f ( a != 0 && (∗a ) . l e f t == p) {
264 (∗a ) . l e f t = q ;
265 }
266 i f ( a != 0 && (∗a ) . r i g h t == p) {
267 (∗a ) . r i g h t = q ;
268 }
269 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) && (∗b) . parent == p) {
270 (∗b) . parent = q ;
271 }
272 i f ( c != 0 && (∗ c ) . parent == p) {
273 (∗ c ) . parent = q ;
274 }
275 i f ( e != 0 && (∗ e ) . l e f t == q) {
276 (∗ e ) . l e f t = p ;
277 }
278 i f ( e != 0 && (∗ e ) . r i g h t == q) {
279 (∗ e ) . r i g h t = p ;
280 }
281 i f ( f != 0 && ( ! (∗p) . i s r o o t ( ) ) && (∗ f ) . parent == q) {
282 (∗ f ) . parent = p ;
283 }
284 i f ( g != 0 && (∗g ) . parent == q) {
285 (∗g ) . parent = p ;
286 }
287

288 (∗p) . parent = e ;
289 (∗p) . l e f t = f ;
290 (∗p) . r i g h t = g ;
291 (∗q ) . parent = a ;
292 (∗q ) . l e f t = b ;
293 (∗q ) . r i g h t = c ;
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294

295 i f ( a == q && f == p) {
296 (∗p) . l e f t = q ;
297 (∗q ) . parent = p ;
298 return ;
299 }
300 i f ( a == q && g == p) {
301 (∗p) . r i g h t = q ;
302 (∗q ) . parent = p ;
303 return ;
304 }
305 i f (b == q) {
306 (∗p) . parent = q ;
307 (∗q ) . l e f t = p ;
308 return ;
309 }
310 i f ( c == q) {
311 (∗p) . parent = q ;
312 (∗q ) . r i g h t = p ;
313 return ;
314 }
315 }
316

317 #end i f
318

319 template <typename C>
320 N∗ d i s t i ngu i shed de s c endant (C const&) const {
321 N const ∗ q = down cast ( t h i s ) ;
322 a s s e r t ( q != 0) ;
323 return ( (∗ q ) . i s r o o t ( ) ) ? (∗q ) . r i g h t ( ) : (∗q ) . l e f t ( ) ;
324 }
325

326 N∗ d i s t i n g u i s h e d a n c e s t o r ( ) const {
327 N const ∗ q = down cast ( t h i s ) ;
328 a s s e r t ( q != 0) ;
329 N∗ p = (∗q ) . parent ( ) ;
330 whi le (p != 0 && (∗p) . l e f t ( ) == q) {
331 q = p ;
332 p = (∗p) . parent ( ) ;
333 }
334 return p ;
335 }
336

337 N∗ promote (N∗ p) {
338 N∗ q = down cast ( t h i s ) ;
339 a s s e r t (p == (∗q ) . d i s t i n g u i s h e d a n c e s t o r ( ) ) ;
340 i f (p == (∗q ) . parent ( ) ) {
341 a s s e r t ( (∗p) . r i g h t ( ) == q) ;
342 N∗ a = (∗p) . parent ( ) ;
343 N∗ b = (∗p) . l e f t ( ) ;
344 N∗ f = (∗q ) . l e f t ( ) ;
345 N∗ g = (∗q ) . r i g h t ( ) ;
346 (∗p) . parent ( ) = q ;
347 (∗p) . l e f t ( ) = f ;
348 (∗p) . r i g h t ( ) = g ;
349 (∗q ) . parent ( ) = a ;
350 (∗q ) . l e f t ( ) = b ;
351 (∗q ) . r i g h t ( ) = p ;
352 i f ( a != 0) {
353 i f ( (∗ a ) . r i g h t ( ) == p) {
354 (∗a ) . r i g h t ( ) = q ;
355 }
356 e l s e {
357 i f ( ! (∗p) . i s r o o t ( ) ) {
358 (∗a ) . l e f t ( ) = q ;
359 }
360 }
361 }
362 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
363 (∗b) . parent ( ) = q ;
364 }
365 i f ( f != 0) {
366 (∗ f ) . parent ( ) = p ;
367 }
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368 i f ( g != 0) {
369 (∗g ) . parent ( ) = p ;
370 }
371 }
372 e l s e {
373 N∗ a = (∗p) . parent ( ) ;
374 N∗ b = (∗p) . l e f t ( ) ;
375 N∗ c = (∗p) . r i g h t ( ) ;
376 N∗ e = (∗q ) . parent ( ) ;
377 N∗ f = (∗q ) . l e f t ( ) ;
378 N∗ g = (∗q ) . r i g h t ( ) ;
379 (∗p) . parent ( ) = e ;
380 (∗p) . l e f t ( ) = f ;
381 (∗p) . r i g h t ( ) = g ;
382 (∗q ) . parent ( ) = a ;
383 (∗q ) . l e f t ( ) = b ;
384 (∗q ) . r i g h t ( ) = c ;
385 i f ( a != 0) {
386 i f ( (∗ a ) . r i g h t ( ) == p) {
387 (∗a ) . r i g h t ( ) = q ;
388 }
389 e l s e {
390 i f ( ! (∗p) . i s r o o t ( ) ) {
391 (∗a ) . l e f t ( ) = q ;
392 }
393 }
394 }
395 i f (b != 0 && ( ! (∗p) . i s r o o t ( ) ) ) {
396 (∗b) . parent ( ) = q ;
397 }
398 i f ( c != 0) {
399 (∗ c ) . parent ( ) = q ;
400 }
401 i f ( e != 0 && (∗ e ) . l e f t ( ) == q) {
402 (∗ e ) . l e f t ( ) = p ;
403 }
404 i f ( e != 0 && (∗ e ) . r i g h t ( ) == q) {
405 (∗ e ) . r i g h t ( ) = p ;
406 }
407 i f ( f != 0) {
408 (∗ f ) . parent = p ;
409 }
410 i f ( g != 0) {
411 (∗g ) . parent = p ;
412 }
413 }
414 return q ;
415 }
416

417 N const ∗ root ( ) const {
418 N const ∗ p = down cast ( t h i s ) ;
419 a s s e r t (p != 0) ;
420 whi le ( ! (∗p) . i s r o o t ( ) ) {
421 p = (∗p) . parent ( ) ;
422 }
423 return p ;
424 }
425

426 N const ∗ s u c c e s s o r ( ) const {
427 N const ∗ x = down cast ( t h i s ) ;
428 a s s e r t ( x != 0) ;
429 i f ( (∗ x ) . r i g h t ( ) != 0) {
430 x = (∗x ) . r i g h t ( ) ;
431 whi le ( (∗ x ) . l e f t ( ) != 0) {
432 x = (∗x ) . l e f t ( ) ;
433 }
434 return x ;
435 }
436 N const ∗ y = (∗x ) . parent ( ) ;
437 whi le ( y != 0 && x == (∗y ) . r i g h t ( ) ) {
438 x = y ;
439 y = (∗y ) . parent ( ) ;
440 }
441 return y ;

314



442 }
443

444 he ight type he ight ( ) const {
445 N const ∗ p = down cast ( t h i s ) ;
446 a s s e r t (p != 0) ;
447 he ight type h = 0 ;
448 whi le ( ! (∗p) . i s l e a f ( ) ) {
449 p = (∗p) . r i g h t ( ) ;
450 h += 1 ;
451 }
452 return h ;
453 }
454

455 #i f d e f DEBUG
456

457 void show tree ( ) const {
458 N const ∗ t = down cast ( t h i s ) ;
459 std : : cout << (∗ t ) . element ( ) << ” ” ;
460 std : : cout << ”\n” ;
461 std : : cout . f l u s h ( ) ;
462 t = (∗ t ) . r i g h t ( ) ;
463 i f ( t == 0) {
464 return ;
465 }
466 std : : l i s t <N const∗> l e v e l ;
467 l e v e l . push f ront ( t ) ;
468 whi le ( ! l e v e l . empty ( ) ) {
469 typename std : : l i s t <N const ∗> : : i t e r a t o r l a s t = l e v e l . end ( ) ;
470 −− l a s t ;
471 typename std : : l i s t <N const ∗> : : i t e r a t o r p = l e v e l . begin ( ) ;
472 bool stop = f a l s e ;
473 whi le ( ! stop ) {
474 N const ∗ t = ∗p ;
475 i f (p == l a s t ) stop = true ;
476 ++p ;
477 l e v e l . pop f ront ( ) ;
478 i f ( (∗ t ) . r i g h t ( ) != 0) {
479 l e v e l . push back ((∗ t ) . l e f t ( ) ) ;
480 l e v e l . push back ((∗ t ) . r i g h t ( ) ) ;
481 }
482 std : : cout << (∗ t ) . element ( ) << ” ” ;
483 }
484 std : : cout << ”\n” ;
485 std : : cout . f l u s h ( ) ;
486 }
487 }
488

489 #end i f
490

491 } ;
492 }
493

494 #end i f
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H CPHSTL Branch/Type/Code

H.1 type.h++

1 /∗
2

3 Author : J y r k i Kataja inen 2001 , 2006 , 2009
4

5

6 This module i s a CPH STL ex t en s i on which p ro v i d e s a c o l l e c t i o n o f
7 t o o l s f o r per forming type mappings . The purpose o f t h i s module i s to
8 make the l i b r a r y s e l f −contained , bu t t h e s e t o o l s can be u s e f u l in
9 o the r c on t e x t s as w e l l .

10

11 The main source s when w r i t i n g t h i s have been
12

13 Andrei Alexandrescu . Modern C++ Design : Generic Programming and
14 Design Pat t e rns Appl ied , Addison−Wesley (2001) , see Chapters 2 and 3 .
15

16 Jaakko J ärv i , Tuple t y p e s and mu l t i p l e r e tu rn va lues , C/C++ Users
17 Journa l 19 ,8 (2001) , 24−35.
18

19 David Vandevoorde and N i c o l a i M. J o s u t t i s . C++ Templates : The
20 Complete Guide . Addison−Wesley (2003) , see Se c t i on s 13.10 and 15.2
21 and Chapter 19 .
22

23 Note : Use <t r 1 / t y p e t r a i t s > i f p o s s i b l e .
24 ∗/
25

26 #i f n d e f CPHSTL TYPE
27 #de f i n e CPHSTL TYPE
28

29 namespace cphs t l {
30

31 template < i n t v>
32 c l a s s i n t2 type ;
33

34 template <bool V>
35 c l a s s bool2type ;
36

37 template <bool , typename T, typename U>
38 c l a s s i f t h e n e l s e ;
39

40 }
41

42 #inc lude ”type . i++” // Implements the type f un c t i o n s
43

44 namespace cphs t l {
45

46 template <typename T, typename U>
47 c l a s s types {
48 pub l i c :
49 enum {
50 are same = cphs t l : : s ame t ra i t s<T, U> : : p o s i t i v e ,
51 are not same = cphs t l : : s ame t ra i t s<T, U> : : negat ive
52 } ;
53 } ;
54

55 template <typename T>
56 c l a s s type {
57 pub l i c :
58 typedef T o r i g i n a l t y p e ;
59 typedef typename n o n v o l a t i l e <typename non const<T> : : type > : : type u n q u a l i f i e d ;
60 typedef const typename cphs t l : : non const<T> : : type c o n s t q u a l i f i e d ;
61 typedef v o l a t i l e typename cphs t l : : n o n v o l a t i l e <T> : : type v o l a t i l e q u a l i f i e d ;
62 typedef const v o l a t i l e typename cphs t l : : type<T> : : u n q u a l i f i e d c o n s t v o l a t i l e q u a l i f i e d ;
63 typedef typename cphs t l : : non const<T> : : type non const ;
64 typedef typename n o n v o l a t i l e <T> : : type n o n v o l a t i l e ;
65 typedef typename cphs t l : : r e f e r e n c e t r a i t s <T> : : type r e f e r e n c e ;
66 typedef typename cphs t l : : c o n s t r e f e r e n c e t r a i t s <T> : : type c o n s t r e f e r e n c e ;
67 typedef T∗ po in t e r ;
68 typedef T∗ const c o n s t p o i n t e r ;
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69

70 enum {
71 i s u n s i g n e d i n t e g r a l = cphs t l : : l o o k u p t r a i t s <T> : : un s i gned in t eg ra l ,
72 i s s i g n e d i n t e g r a l = cphs t l : : l o o k u p t r a i t s <T> : : s i g n e d i n t e g r a l ,
73 i s o t h e r i n t e g r a l = cphs t l : : l o o k u p t r a i t s <T> : : o t h e r i n t e g r a l ,
74 i s i n t e g r a l = i s u n s i g n e d i n t e g r a l | | i s s i g n e d i n t e g r a l | |
75 i s o t h e r i n t e g r a l ,
76 i s f l o a t i n g p o i n t = cphs t l : : l o o k u p t r a i t s <T> : : f l o a t i n g p o i n t ,
77 i s a r i t h m e t i c = i s i n t e g r a l | | i s f l o a t i n g p o i n t ,
78 i s fundamenta l = i s a r i t h m e t i c | | i s f l o a t i n g p o i n t | |
79 cphs t l : : types<T, void > : : are same ,
80 i s p o i n t e r = cphs t l : : p o i n t e r t r a i t s <T> : : p o s i t i v e ,
81 i s r e f e r e n c e = cphs t l : : r e f e r e n c e t r a i t s <T> : : p o s i t i v e ,
82 i s a r r a y = cphs t l : : a r r a y t r a i t s <T> : : p o s i t i v e ,
83 i s f u n c t i o n = cphs t l : : f u n c t i o n t r a i t s <T> : : p o s i t i v e ,
84 i s po in te r to member = cphs t l : : po in t e r to member t ra i t s<T> : : p o s i t i v e ,
85 // i s enumera t i on = ? ,
86 // i s un i on = ? ,
87 // i s b i t c o p i a b l e = ? ,
88 i s c l a s s = cphs t l : : c l a s s t r a i t s <T> : : p o s i t i v e ,
89 has member cons t i t e ra to r = cphs t l : : member const i te rator<T> : : p o s i t i v e ,
90 i s a l l o c a t o r = cphs t l : : a l l o c a t o r t r a i t s <T> : : p o s i t i v e
91 } ;
92 } ;
93

94 /∗ To be in c l ud ed :
95

96 Author : e f im . s lobodov233432@arcor . de , Apr i l 6 th , 2005
97 Source : h t t p ://www. codecomments . com/ arch ive324 −2005−4−448963. html
98

99 t y p e d e f char Smal l ;
100 t y p e d e f s t r u c t { char unused [ 2 ] ; } Big ;
101

102 t empla te<in t>
103 c l a s s S e l e c t o r ;
104

105 t emp la t e <typename T>
106 s t r u c t Has member dual {
107 p r i v a t e :
108 t emp la t e <typename U>
109 s t a t i c : : Smal l t e s t ( : : S e l e c t o r <s i z e o f (&U: : dua l )>∗) ;
110

111 t emp la t e <typename U>
112 s t a t i c : : Big t e s t ( . . . ) ;
113

114 p u b l i c :
115 enum{ va l u e=s i z e o f ( t e s t <T>(0) )==s i z e o f ( : : Smal l ) } ;
116 } ;
117

118 // t e s t
119

120 c l a s s my1 {
121 } ;
122

123 c l a s s my2 {
124 p u b l i c :
125 vo id dua l ( ) ;
126 } ;
127

128 #inc l u d e <ios tream>
129

130 i n t main ( in t , char ∗∗) {
131 s t d : : cout << ”my1=” << Has member dual<my1> : : v a l u e << ”== 0?”
132 << s t d : : end l ;
133 s t d : : cout << ”my2=” << Has member dual<my2> : : v a l u e << ”== 1?”
134 << s t d : : end l ;
135 s t d : : cout << ” i n t =” << Has member dual<in t > : : v a l u e << ”== 0?”
136 << s t d : : end l ;
137 r e tu rn 0 ;
138 }
139 ∗/
140 }
141

142 #end i f // CPHSTL TYPE
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H.2 type.i++

1 /∗
2 Author : J y r k i Kataja inen 2001 , 2006
3 ∗/
4

5 #inc lude <cs tdde f> // d e f i n e s s t d : : s i z e t
6 #inc lude <memory> // d e f i n e s s t d : : a l l o c a t o r
7

8 namespace cphs t l {
9

10 // i n t to type conver s ion used f o r d i s p a t c h i n g
11

12 template < i n t v>
13 c l a s s i n t2 type {
14 pub l i c :
15 enum { value = v } ;
16 } ;
17

18 template <bool v>
19 c l a s s bool2type {
20 pub l i c :
21 enum { value = v } ;
22 } ;
23

24

25 // i f s ta t ement f o r meta−programming
26

27 template <typename T, typename U>
28 c l a s s i f t h e n e l s e <true , T, U> {
29 pub l i c :
30 typedef T type ;
31 } ;
32

33 template <typename T, typename U>
34 c l a s s i f t h e n e l s e <f a l s e , T, U> {
35 pub l i c :
36 typedef U type ;
37 } ;
38

39 template <typename X, typename Y>
40 c l a s s s a m e t r a i t s {
41 pub l i c :
42 enum { p o s i t i v e = 0 } ;
43 enum { negat ive = 1 } ;
44 } ;
45

46 // An a l l o c a t o r ? A co r r e c t t e s t shou ld check whether s p e c i f i c
47 // t y p e d e f s and member f un c t i o n s e x i s t !
48

49 template <typename U>
50 c l a s s a l l o c a t o r t r a i t s {
51 pub l i c :
52 enum { p o s i t i v e = 0} ;
53 } ;
54

55 template <typename V>
56 c l a s s a l l o c a t o r t r a i t s <std : : a l l o c a t o r <V> > {
57 pub l i c :
58 enum { p o s i t i v e = 1} ;
59 } ;
60

61 template <typename X>
62 c l a s s s a m e t r a i t s <X, X> {
63 pub l i c :
64 enum { p o s i t i v e = 1 } ;
65 enum { negat ive = 0 } ;
66 } ;
67

68 template <typename U>
69 c l a s s non const {
70 pub l i c :
71 typedef U type ;
72 } ;
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73

74 template <typename U>
75 c l a s s non const <U const> {
76 pub l i c :
77 typedef U type ;
78 } ;
79

80 template <typename U>
81 c l a s s n o n v o l a t i l e {
82 pub l i c :
83 typedef U type ;
84 } ;
85

86 template <typename U>
87 c l a s s n o n v o l a t i l e <v o l a t i l e U> {
88 pub l i c :
89 typedef U type ;
90 } ;
91

92 template <typename U>
93 c l a s s r e f e r e n c e t r a i t s {
94 pub l i c :
95 typedef U& type ;
96 enum { p o s i t i v e = 0} ;
97 } ;
98

99 template <typename U>
100 c l a s s r e f e r e n c e t r a i t s <U&> {
101 pub l i c :
102 typedef U& type ;
103 enum { p o s i t i v e = 1} ;
104 } ;
105

106 template <>
107 c l a s s r e f e r e n c e t r a i t s <void> {
108 pub l i c :
109 typedef void type ;
110 enum { p o s i t i v e = 0} ;
111 } ;
112

113 template <typename U>
114 c l a s s c o n s t r e f e r e n c e t r a i t s {
115 pub l i c :
116 typedef U const& type ;
117 } ;
118

119 template <typename U>
120 c l a s s c o n s t r e f e r e n c e t r a i t s <U const> {
121 pub l i c :
122 typedef U const& type ;
123 } ;
124

125 template <typename U>
126 c l a s s c o n s t r e f e r e n c e t r a i t s <U&> {
127 pub l i c :
128 typedef U const& type ;
129 } ;
130

131 template <>
132 c l a s s c o n s t r e f e r e n c e t r a i t s <void> {
133 pub l i c :
134 typedef void type ;
135 } ;
136

137 template <typename U>
138 c l a s s p o i n t e r t r a i t s {
139 pub l i c :
140 enum { p o s i t i v e = 0 } ;
141 } ;
142

143 template <typename U>
144 c l a s s p o i n t e r t r a i t s <U∗> {
145 pub l i c :
146 enum { p o s i t i v e = 1 } ;
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147 } ;
148

149 template <typename T>
150 c l a s s l o o k u p t r a i t s {
151 pub l i c :
152 enum {
153 u n s i g n e d i n t e g r a l = 0 ,
154 s i g n e d i n t e g r a l = 0 ,
155 o t h e r i n t e g r a l = 0 ,
156 f l o a t i n g p o i n t = 0
157 } ;
158 } ;
159

160 template <>
161 c l a s s l o o k u p t r a i t s <bool> {
162 pub l i c :
163 enum {
164 u n s i g n e d i n t e g r a l = 0 ,
165 s i g n e d i n t e g r a l = 0 ,
166 o t h e r i n t e g r a l = 1 ,
167 f l o a t i n g p o i n t = 0
168 } ;
169 } ;
170

171 template <>
172 c l a s s l o o k u p t r a i t s <char> {
173 pub l i c :
174 enum {
175 u n s i g n e d i n t e g r a l = 0 ,
176 s i g n e d i n t e g r a l = 0 ,
177 o t h e r i n t e g r a l = 1 ,
178 f l o a t i n g p o i n t = 0
179 } ;
180 } ;
181

182 template <>
183 c l a s s l o o k u p t r a i t s <s igned char> {
184 pub l i c :
185 enum {
186 u n s i g n e d i n t e g r a l = 0 ,
187 s i g n e d i n t e g r a l = 1 ,
188 o t h e r i n t e g r a l = 0 ,
189 f l o a t i n g p o i n t = 0
190 } ;
191 } ;
192

193 template <>
194 c l a s s l o o k u p t r a i t s <unsigned char> {
195 pub l i c :
196 enum {
197 u n s i g n e d i n t e g r a l = 1 ,
198 s i g n e d i n t e g r a l = 0 ,
199 o t h e r i n t e g r a l = 0 ,
200 f l o a t i n g p o i n t = 0
201 } ;
202 } ;
203

204 template <>
205 c l a s s l o o k u p t r a i t s <wchar t> {
206 pub l i c :
207 enum {
208 u n s i g n e d i n t e g r a l = 0 ,
209 s i g n e d i n t e g r a l = 0 ,
210 o t h e r i n t e g r a l = 1 ,
211 f l o a t i n g p o i n t = 0
212 } ;
213 } ;
214

215 template <>
216 c l a s s l o o k u p t r a i t s <s igned short> {
217 pub l i c :
218 enum {
219 u n s i g n e d i n t e g r a l = 0 ,
220 s i g n e d i n t e g r a l = 1 ,
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221 o t h e r i n t e g r a l = 0 ,
222 f l o a t i n g p o i n t = 0
223 } ;
224 } ;
225

226 template <>
227 c l a s s l o o k u p t r a i t s <unsigned short> {
228 pub l i c :
229 enum {
230 u n s i g n e d i n t e g r a l = 1 ,
231 s i g n e d i n t e g r a l = 0 ,
232 o t h e r i n t e g r a l = 0 ,
233 f l o a t i n g p o i n t = 0
234 } ;
235 } ;
236

237 template <>
238 c l a s s l o o k u p t r a i t s <s igned int> {
239 pub l i c :
240 enum {
241 u n s i g n e d i n t e g r a l = 0 ,
242 s i g n e d i n t e g r a l = 1 ,
243 o t h e r i n t e g r a l = 0 ,
244 f l o a t i n g p o i n t = 0
245 } ;
246 } ;
247

248 template <>
249 c l a s s l o o k u p t r a i t s <unsigned int> {
250 pub l i c :
251 enum {
252 u n s i g n e d i n t e g r a l = 1 ,
253 s i g n e d i n t e g r a l = 0 ,
254 o t h e r i n t e g r a l = 0 ,
255 f l o a t i n g p o i n t = 0
256 } ;
257 } ;
258

259 template <>
260 c l a s s l o o k u p t r a i t s <s igned long> {
261 pub l i c :
262 enum {
263 u n s i g n e d i n t e g r a l = 0 ,
264 s i g n e d i n t e g r a l = 1 ,
265 o t h e r i n t e g r a l = 0 ,
266 f l o a t i n g p o i n t = 0
267 } ;
268 } ;
269

270 template <>
271 c l a s s l o o k u p t r a i t s <unsigned long> {
272 pub l i c :
273 enum {
274 u n s i g n e d i n t e g r a l = 1 ,
275 s i g n e d i n t e g r a l = 0 ,
276 o t h e r i n t e g r a l = 0 ,
277 f l o a t i n g p o i n t = 0
278 } ;
279 } ;
280

281 #i f LONGLONG EXISTS
282 template <>
283 c l a s s l o o k u p t r a i t s <s igned long long> {
284 pub l i c :
285 enum {
286 u n s i g n e d i n t e g r a l = 0 ,
287 s i g n e d i n t e g r a l = 1 ,
288 o t h e r i n t e g r a l = 0 ,
289 f l o a t i n g p o i n t = 0
290 } ;
291 } ;
292

293 template <>
294 c l a s s l o o k u p t r a i t s <unsigned long long> {
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295 pub l i c :
296 enum {
297 u n s i g n e d i n t e g r a l = 1 ,
298 s i g n e d i n t e g r a l = 0 ,
299 o t h e r i n t e g r a l = 0 ,
300 f l o a t i n g p o i n t = 0
301 } ;
302 } ;
303 #end i f
304

305 template <>
306 c l a s s l o o k u p t r a i t s < f l o a t > {
307 pub l i c :
308 enum {
309 u n s i g n e d i n t e g r a l = 0 ,
310 s i g n e d i n t e g r a l = 0 ,
311 o t h e r i n t e g r a l = 0 ,
312 f l o a t i n g p o i n t = 1
313 } ;
314 } ;
315

316 template <>
317 c l a s s l o o k u p t r a i t s <double> {
318 pub l i c :
319 enum {
320 u n s i g n e d i n t e g r a l = 0 ,
321 s i g n e d i n t e g r a l = 0 ,
322 o t h e r i n t e g r a l = 0 ,
323 f l o a t i n g p o i n t = 1
324 } ;
325 } ;
326

327 template <>
328 c l a s s l o o k u p t r a i t s <long double> {
329 pub l i c :
330 enum {
331 u n s i g n e d i n t e g r a l = 0 ,
332 s i g n e d i n t e g r a l = 0 ,
333 o t h e r i n t e g r a l = 0 ,
334 f l o a t i n g p o i n t = 1
335 } ;
336 } ;
337

338 template <typename T>
339 c l a s s a r r a y t r a i t s {
340 pub l i c :
341 enum { p o s i t i v e = 0} ;
342 } ;
343

344 template <typename T, std : : s i z e t N>
345 c l a s s a r r a y t r a i t s <T[N]> {
346 pub l i c :
347 enum { p o s i t i v e = 1} ;
348 } ;
349

350 template <typename T>
351 c l a s s a r r a y t r a i t s <T[]> {
352 pub l i c :
353 enum { p o s i t i v e = 1} ;
354 } ;
355

356 template <typename T>
357 c l a s s f u n c t i o n t r a i t s {
358 pr i va t e :
359 typedef char one ;
360 typedef s t r u c t { char a [ 2 ] ; } two ;
361 template <typename U>
362 s t a t i c one t e s t ( . . . ) ;
363 template <typename U>
364 s t a t i c two t e s t (U (∗ ) [ 1 ] ) ;
365 pub l i c :
366 enum { p o s i t i v e = s i z e o f ( f u n c t i o n t r a i t s <T> : : template t e s t<T>(0) ) == 1 } ;
367 } ;
368
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369 template <typename T>
370 c l a s s f u n c t i o n t r a i t s <T&> {
371 pub l i c :
372 enum { p o s i t i v e = 0 } ;
373 } ;
374

375 template <>
376 c l a s s f u n c t i o n t r a i t s <void> {
377 pub l i c :
378 enum { p o s i t i v e = 0 } ;
379 } ;
380

381 template <>
382 c l a s s f u n c t i o n t r a i t s <void const> {
383 pub l i c :
384 enum { p o s i t i v e = 0 } ;
385 } ;
386

387 template <>
388 c l a s s f u n c t i o n t r a i t s <void v o l a t i l e > {
389 pub l i c :
390 enum { p o s i t i v e = 0 } ;
391 } ;
392

393 template <>
394 c l a s s f u n c t i o n t r a i t s <void const v o l a t i l e > {
395 pub l i c :
396 enum { p o s i t i v e = 0 } ;
397 } ;
398

399 template <typename T>
400 c l a s s po in t e r t o membe r t r a i t s {
401 pub l i c :
402 enum { p o s i t i v e = 0 } ;
403 } ;
404

405 template <typename T, typename C>
406 c l a s s po in t e r t o membe r t r a i t s <T C::∗> {
407 pub l i c :
408 enum { p o s i t i v e = 1 } ;
409 } ;
410

411 template <typename T>
412 c l a s s c l a s s t r a i t s {
413 pr i va t e :
414 typedef char one ;
415 typedef s t r u c t { char a [ 2 ] ; } two ;
416 template <typename U>
417 s t a t i c one t e s t ( i n t U: : ∗ ) ;
418 template <typename U>
419 s t a t i c two t e s t ( . . . ) ;
420 pub l i c :
421 enum { p o s i t i v e = s i z e o f ( c l a s s t r a i t s <T> : : template t e s t<T>(0) ) == 1 } ;
422 } ;
423

424 template <typename T>
425 c l a s s member cons t i t e ra to r {
426 pr i va t e :
427 typedef char one ;
428 typedef s t r u c t { char a [ 2 ] ; } two ;
429 template <typename U>
430 s t a t i c one t e s t ( typename U: : c o n s t i t e r a t o r const ∗) ;
431 template <typename U>
432 s t a t i c two t e s t ( . . . ) ;
433 pub l i c :
434 enum { p o s i t i v e = s i z e o f ( t e s t<T>(0) ) == 1 } ;
435 } ;
436 }
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