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* ²�>Àº

* Policy-Based Data Structures

* It is designed for high-performance, flexibility, semantic safety, and

conformance to the corresponding containers in std and std::tr1.

* µC
éõêâ(�§'X²ïä!MFL!i;ä!æ�
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* gnu pbds::priority queue <T>

* �std::priority queue�Ä�^{�Ó§�)size()§empty()§

push(const T)§top()§pop()§clear()
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template <typename Value_Type ,

typename Cmp_Fn = std::less <Value_Type >,

typename Tag = pairing_heap_tag ,

typename Allocator = std::allocator <char > >

class priority_queue

* Value TypeÚCmp FnØ^`


* TagL«¤¦^�æ�a.§�±´binary heap tag£��æ¤§

binomial heap tag£��æ¤§rc binomial heap tag§

pairing heap tag£�éæ¤§thin heap tag

* AllocatorATØ^+
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* �±^begin()Úend()5¼�iteratorlH{

* �±increase key§decrease key§ÚíØü���

* �±Ü¿
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* point iterator push(const reference)

* void modify(point iterator, const reference)

* void erase(point iterator)

priority_queue <int > p;

priority_queue <int >:: point_iterator it = p.push (0);

p.push (1); p.push (2);

p.modify(it, 3);

assert(p.top() == 3);

p.erase(it);

assert(p.top() == 2);
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* void join(priority queue &other)

* rotherÜ¿�*this§,�other¬���
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* �kÊ«ö�µpush!pop!modify!erase!join

* pairing heap tagµpushÚjoin�O(1)§Ù{�þ�Θ(log n)

* binary heap tagµ�|±pushÚpop§þ�þ�Θ(log n)

* binomial heap tagµpush�þ�O(1)§Ù{�Θ(log n)

* rc binomial heap tagµpush�O(1)§Ù{�Θ(log n)

* thin heap tagµpush�O(1)§Ø|±join§Ù{�Θ(log n)¶�´X

J�kincrease key§@omodify�þ�O(1)

* /Ø|±0Ø´ØU^§´^å5éú
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* ë�ÿÁ�kµstd::priority queue§binary heap tag§

binomial heap tag§pairing heap tag§rc binomial heap tag§

thin heap tag§Ã��ãä

* µÿÅµWindows§i5-3210M 2.50GHz§gcc version 4.4.0 (GCC)
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* �Å)¤107�[0, 230)��ê§�\�êâ(�¥§,�popÑ5

êâ(� ØmO2�^� mO2�^�

std::priority queue 16378 ms 2797 ms

binary heap tag 5454 ms 2720 ms

pairing heap tag 21421 ms 17362 ms

thin heap tag 39290 ms 28672 ms

Ã��ãä 8692 ms 4916 ms

(*)push back+sort+pop back 4563 ms 938 ms
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* �E��106:§2 × 107>�k�ã§¦�æ`zDijkstra�{�

�mE,Ý�����¹

* 5¿binary heap tagØ|±ù«ö�

êâ(� ØmO2�^� mO2�^�

binomial heap tag 26807 ms 17018 ms

pairing heap tag 7684 ms 6230 ms

rc binomial heap tag 32004 ms 18745 ms

thin heap tag 9388 ms 6483 ms

Ã��ãä 9595 ms 5080 ms
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* �E��n:§m>�Ã�ã§¦�æ`zDijkstra�{��mE,

Ý�����¹

* �©a�lydrainbowcatJøÿÁêâÚÃ�êâ(�

* £�ODijkstra�{$1��m§ØO)¤êâ���m¤
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n m pairing thin Fibæ ��æ �ãä

100k 10M 390 ms 578 ms 703 ms 1088 ms 422 ms

1M 10M 2063 ms 3516 ms 4209 ms 9236 ms 2594 ms

1M 20M 4298 ms 6595 ms 6859 ms 18648 ms 4745 ms

100k 25M 3375 ms 4805 ms 3735 ms 5655 ms 2501 ms

1M 30M 6579 ms 9609 ms 9393 ms 27960 ms 6816 ms

50k 50M 484 ms 563 ms 1235 ms 6392 ms 453 ms

100k 50M 7061 ms 9550 ms 8051 ms 11301 ms 4580 ms

1M 50M 11088 ms 15559 ms 14707 ms 47108 ms 10848 ms
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n m pairing thin Fibæ ��æ �ãä

100k 10M 281 ms 360 ms 438 ms 625 ms 219 ms

1M 10M 1485 ms 2250 ms 2836 ms 7968 ms 1444 ms

1M 20M 3204 ms 4485 ms 4987 ms 16629 ms 2711 ms

100k 25M 2141 ms 2798 ms 3206 ms 2309 ms 1262 ms

1M 30M 4908 ms 6642 ms 6795 ms 25128 ms 3964 ms

50k 50M 375 ms 407 ms 680 ms 2217 ms 280 ms

100k 50M 4245 ms 5792 ms 4150 ms 4105 ms 2312 ms

1M 50M 8455 ms 11541 ms 10927 ms 42101 ms 6217 ms
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* éu`zDijkstra�{§pairing heap tagî�¯uthin heap tag§

¿�ÃØ´ÄmO2§�ÝÑ���Ã�êâ(���

* �ãä�{Ð

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

¦^�{
~K
5UÿÁ

��(Ø

* éu`zDijkstra�{§pairing heap tagî�¯uthin heap tag§

¿�ÃØ´ÄmO2§�ÝÑ���Ã�êâ(���

* �ãä�{Ð

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

¦^�{
~K
5UÿÁ

��(Ø

* éu`zDijkstra�{§pairing heap tagî�¯uthin heap tag§

¿�ÃØ´ÄmO2§�ÝÑ���Ã�êâ(���

* �ãä�{Ð

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

¦^�{
~K
5UÿÁ

��(Ø

* binary heap tag3ý�õê�¹e`ustd::priority queue

* pairing heap tag3ý�õê�¹e`

ubinomial heap tagÚrc binomial heap tag

* 3�kpush§popÚjoinö��§binary heap tag�Ý�¯

* 3kmodifyö��§�±�Äæ^pairing heap tag§

thin heap tag½Ã�êâ(�
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gnu pbds::tree
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Ä�^{

* I�ext/pb ds/assoc container.hppÚext/pb ds/tree policy.hpp

* gnu pbds::tree <Key, T>

* �std::map�Ä�^{�Ó§�)begin(), end(), size(), empty(),

clear(), find(const Key), lower bound(const Key),

upper bound(const Key), erase(iterator), erase(const Key),

insert(const pair<Key, T>), operator[](const Key)
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* Ø�^map´setº�I�r1����ëêU¤null typeÒ�±


�

* £5¿§3'�Î���§~X4.4.0§I�¦
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* cã�m§3noipbj¥Ñy
éõJ,Trajan�spaly�*l§�

kjÅsplayØÄ~�*l

* Ø�¯·]b�o§·�¯pb ds]b�o�

* 4·�wwext/pb ds/detail/splay tree/splay tree.hpp�1321�

// $p14y 7r33 7481.

template <typename Key , typename Mapped , typename Cmp_Fn ,

typename Node_And_It_Traits , typename Allocator >

class PB_DS_CLASS_NAME : public PB_DS_BASE_C_DEC

* pb ds¦^�L¡´splay tree§�¢Sþ´�«��$p14y 7r33�

p�êâ(��
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$p14y 7r33 7481.

* wþ�AT´leetspeak

* splay tree tablºÐ�`ØÏº

* XJy|kÃù���HuLgC��)
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template <

typename Const_Node_Iterator ,

typename Node_Iterator ,

typename Cmp_Fn_ , typename Allocator_ >

class Node_Update = null_tree_node_update ,

* :´ù�Node Update§Øw§ù�class���ëê§�w%@

�´��

* pb ds¥¥�Jø
�����À�§'Xg�

�tree order statistics node update

* ��òNode Update�½�tree order statistics node update§ù

�treeÒ¬¼�ü�¼êfind by orderÚorder of key
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* iterator find by order(size type order)

* é1order+1�����S�ì§XJorder��¬�£end()

* size type order of key(const key reference r key)

* Î¯ù�tree¥kõ��'r key����
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* void join(tree &other)

* rother�¤k��£Ä�*this¥£�¦�5otherÚ*this���Ø

U��§ÄK¬�ÑÉ~¤

* void split(const key reference r key, tree &other)

* ��other§,�r*this�¥¤k�ur key���£�other
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* I�~Kíº

* xx��|±�ÎrankÚk���set/map§�No^No^�
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g½ÂNode Update

* g��tree order statistics node updateÚO�´fäsize

* �\?UÒ�±ÚON´Ü¿�?¿&E

* 'X����U�ÎfãÚ�map <int, int>§ÒI�P¹fä

�mapped value�Ú

* Ò4·��ø/g½ÂNode Updatej�
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g½ÂNode Update

template <class Node_CItr , class Node_Itr ,

class Cmp_Fn , class _Alloc >

struct my_node_update{

virtual Node_CItr node_begin () const = 0;

virtual Node_CItr node_end () const = 0;

typedef int metadata_type;

* c¡�Ñ´�½�ª

* metadata type´�!:þP¹��	&E�a.§ùp�int
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virtual Node_CItr node_end () const = 0;

typedef int metadata_type;

* c¡�Ñ´�½�ª

* metadata type´�!:þP¹��	&E�a.§ùp�int
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inline void operator ()( Node_Itr it, Node_CItr end_it ){

Node_Itr l = it.get_l_child (), r = it.get_r_child ();

int left = 0, right = 0;

if(l != end_it) left = l.get_metadata ();

if(r != end_it) right = r.get_metadata ();

const_cast <metadata_type &>(it.get_metadata ())

= left + right + (*it)->second;

}

* operator()�õU´´ò!:it�&E�#�Ù�m¯f�&E�

Ú§D\�end itL«�!:

* it´Node Itr§^(Ò?1���C¤
iterator§2�->second�

�Ò´ù�!:�mapped value
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inline int prefix_sum(int x){

int ans = 0;

Node_CItr it = node_begin ();

while(it != node_end ()){

Node_CItr l = it.get_l_child (), r = it.get_r_child ();

if(Cmp_Fn ()(x, (*it)->first)) it = l;

else{

ans += (*it)->second;

if(l != node_end ()) ans += l.get_metadata ();

it = r;

}

}

return ans;

}
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inline int interval_sum(int l, int r){

return prefix_sum(r) - prefix_sum(l - 1);

}

* ,�Ò�±�õw¤3�

* �IP4§éNode Itr�±��¯�kµ^get l child§

get r child¼��m¯f§^ü�(Ò¼�!:&E§

^get metadata¼�!:�	&E

* �m©´��ëêNode CItr§Node Itr§Cmp FnÚ Alloc£ù�m

qvk^¤§,�½Âü�J¼ê§2½Â()ö�Î^u�#,�

!:�&E§,�Ò�±���o��o
�
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tree <int , int , std::less <int >, rb_tree_tag , my_node_update > T;

T[2] = 100; T[3] = 1000; T[4] = 10000;

printf("%d\n", T.interval_sum (3, 4));

printf("%d\n", T.prefix_sum (3));

* ^å5�´é�B�ì�
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* ù�Ò�±����õUg½Â�tree


* �Nx�c�¤kõU§�)insert§find§erase§$�

´joinÚsplitÑ´|±�

* �èá§·Ür²ïä��é��<Ú/////Ø¬��#
No�²ï

ä�<¦^

* Øv�?µØ|±�
$?ö�§~X���mfä

* XJ|±�IP§I�éõP{��è§�Ò��
^ù�¥�
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* �mE,ÝÒØ©Û
§��?1ÿÁ

* ë�ÿÁ�´�«tree tagÚset/map
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* �Å)¤107�[0, 230)��ê§�\�êâ(�¥§,�H{�H

* ov tree tag��mE,Ý´²�?�§1JTLE

êâ(� ØmO2�^� mO2�^�

std::set 16154 ms 11033 ms

rb tree tag 13336 ms 10909 ms

splay tree tag 23425 ms 15051 ms

Ã�splay 25157 ms 15811 ms

WJMZBMR���treap 20906 ms 16627 ms

(*)Ã�àBST 11783 ms 9398 ms

(*)push back+sort 4574 ms 949 ms
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* �Å)¤107�[0, 230)��ê��key§2�Å)¤�Óêþ��

ê��mapped value§�\�êâ(�¥§,��Å?1107gÎ

¯

êâ(� ØmO2�^� mO2�^�

std::map 29160 ms 20598 ms

rb tree tag 24661 ms 20644 ms

splay tree tag 48712 ms 32100 ms

(*)push back+sort+lower bound 15236 ms 5267 ms

gnu pbds::cc hash table 5705 ms 3750 ms

gnu pbds::gp hash table 5173 ms 1407 ms
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* I�ext/pb ds/assoc container.hppÚext/pb ds/hash policy.hpp

* gnu pbds::cc hash table <Key, Mapped>

* gnu pbds::gp hash table <Key, Mapped>

* ATv

§|±findÚoperator[]
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* priority queue§�STL�'|±
modify§eraseÚjoin

* tree§��uSTL�set/map§�|±splitÚjoin¶$

^tree order statistics node update�|±�ÎrankÚk��¶��

±g½ÂNode Update5�o�õ&E

* £8c'm�¸�¤STLvk�ü«hash table

* ÃM^pb ds¥�Ostd::set/map/priority queueØ¬¦§SC��
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* a�CCFÞ��Á-E9E
�6¹Ä

* a�·�1��ë½1��o¥Æ§±9�ö
Ü#gP�

* a��aÓÆ4·��
pb dsù�¥§±

9adamant3CodeforcesÆ���'0�

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

o(
��

��

* a�CCFÞ��Á-E9E
�6¹Ä

* a�·�1��ë½1��o¥Æ§±9�ö
Ü#gP�

* a��aÓÆ4·��
pb dsù�¥§±

9adamant3CodeforcesÆ���'0�

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

o(
��

��

* a�CCFÞ��Á-E9E
�6¹Ä

* a�·�1��ë½1��o¥Æ§±9�ö
Ü#gP�

* a��aÓÆ4·��
pb dsù�¥§±

9adamant3CodeforcesÆ���'0�

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

o(
��

��

* a�CCFÞ��Á-E9E
�6¹Ä

* a�·�1��ë½1��o¥Æ§±9�ö
Ü#gP�

* a��aÓÆ4·��
pb dsù�¥§±

9adamant3CodeforcesÆ���'0�

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^



m©�c
{0

priority queue
tree

hash table
o(

o(
��

��

��*ü

�ë½1��o¥Æ uV² C++�pb ds¥3OI¥�A^


	¿ªÊ¼Ö®Ç°
	×ÔÎÒ½éÉÜ
	Ñ¡ÌâÔ�Òò

	¼ò½é
	pb_ds
	Why pb_ds?

	priority_queue
	Ê¹ÓÃ·½·¨
	ÀýÌâ
	ÐÔÄÜ²âÊÔ

	tree
	Ê¹ÓÃ·½·¨
	ÀýÌâ
	×Ô¶¨ÒåNode_Update
	ÐÔÄÜ²âÊÔ

	hash_table
	hash_table

	×Ü½á
	×Ü½á
	ÖÂÐ»


