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* KEMEZ+FRE FLF
* B = IR Oler

«40>» «Fr «Er» «E>» = Q>



* KEMEZ+FRE FLF
* B = IR Oler

* 171792544, saffah, saffah@126.com
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EE R IApb dsESILREREI—=!

«40>» «Fr «Er» «E>» = Q>



E? “2EELCFEEFRMRLELRE?

EERIHIpb dsESRILIRIRAI—=!
*

OIFERELERE, HXAIPFXHEMRD

«40>» «Fr «Er» «E>» = Q>



* @{? “2ESOEERFRKRLELRE"?
* EEFRBIpb dsEESIERERAT— 5!

* OIRLEREFRRE, HXARTERRD
* H2E908, Iy MRRTHEIR!

«0Or «Fr « =
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* Policy-Based Data Structures



* AR

* Policy-Based Data Structures

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

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

«40>» «Fr «Er» «E>» = Q>



FAREEAN?

Policy-Based Data Structures

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

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

HRTREBIBLSHM, LLMFER. mER. FHRE, #ES

«40r 4F>r «=)r « =) = Q>



-



* Bif&vector, setv map—HE



* Bif&vector, setv map—HE

* EESTLINEEE %
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* Bif&vector, setv map—HE

* EESTLINEEE %

* RBBITNOLEELFTAN, pb_dsEERAILAEMAY
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* Fhf&vector, set. map—#E

* LESTLINGEE %

* FREBIITNOIER ELZRHN, pb_dsEERATLAE A
*  (AMERTHRRT LA R
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* Z=3ext /pb_ds/priority_queue.hpp
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FEZEext/pb_ds/priority_queue.hpp

__gnu_pbds::priority_queue <T>
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FEZEext/pb_ds/priority_queue.hpp
%

__gnu_pbds::priority_queue <T>
*

push(const T), top(), pop(), clear()

«40>» «Fr «Er» «E>» = Q>

5std::priority_queueFIE A REHERE], BiFEsize(), empty(),
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typename Cmp_Fn

template<typename Value_Type,

typename Tag

typename Allocator

std::less<Value_Type>,
pairing_heap_tag,
class priority_queue

std::allocator <char> >

«O>r «fF»r < [ 3 Q>



typename Cmp_Fn

template<typename Value_Type,

typename Tag

typename Allocator

std::less<Value_Type>,
pairing_heap_tag,
class priority_queue

std::allocator <char> >

* Value_TypeMICmp_Fn AR T

«O>r «fF»r < [ 3 Q>



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_TypeMICmp_Fn AR T

* TagRRER{EAAIHERIZEEY, BILAZEbinary_heap_tag (ZX ),
binomial_heap_tag (ZIfitf), rc_binomial_heap_tag,
pairing_heap_tag (BCXJ#), thin_heap_tag

A4Or «AFr «=)r « =)



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_TypeMICmp_Fn AR T

* TagRRER{EAAIHERIZEEY, BILAZEbinary_heap_tag (ZX ),
binomial_heap_tag (ZIfitf), rc_binomial_heap_tag,
pairing_heap_tag (BCXJ#), thin_heap_tag

* AllocatorRiZAFAET

A4Or «AFr «=)r « =)
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* AT LA begin()flend( )3k 3k Bliterator A& 5
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* AT LA begin()flend( )3k 3k Bliterator A& 5

* A increase_key, decrease_key, FIMHFRENTTE
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* AT LA begin()flend( )3k 3k Bliterator A& 5
* AAEFH

* A increase_key, decrease_key, FIMHFRENTTE
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* point_iterator push(const_reference)

«0O0r «4F)» « Q>



* point_iterator push(const_reference)

* void modify(point_iterator, const_reference)



* point_iterator push(const_reference)

* void modify(point_iterator, const_reference)
* void erase(point_iterator)



* 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);

«40r 4F>r «=)r « =) = Q>
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* void join(priority_queue &other)
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* void join(priority_queue &other)

* Hlother&FHE*this, FRAFotherS#FE
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* FEAI?
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HEGIRRM?

BE—NAHE, BEA2RELR!

«40>» «Fr «Er» «E>» = Q>
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* HBFRMIERIE: push. pop. modify. erase. join
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* HBFRMIERIE: push. pop. modify. erase. join

* pairing_heap_tag: pushFljoin5O(1), HRAHMO(logn)
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* HBFRMIERIE: push. pop. modify. erase. join

* pairing_heap_tag: pushFljoin5O(1), HRAHMO(logn)
* binary_heap_tag: R #Fpushflpop, ¥IAIHEO (logn)

«40r 4F>r «=)r « =) = Q>




*

*

HBERFIEIE: push. pop. modify. erase\ join

pairing_heap_tag: push#ljoinAO(1), EKAIIMEO(logn)
binary_heap_tag: R #FpushFpop, IA#O (logn)
binomial_heap_tag: pushAMO(1), HKHAO(logn)

A4Or «AFr «=)r « =)




* B RMEEIE: push. pop. modify. erase. join

* pairing_heap_tag: pushFjoinHO(1), HFKAIIMO(logn)
* binary_heap_tag: R #Fpushflpop, ¥IAIHEO (logn)

* binomial_heap_tag: pushAI#O(1), E&KAO(logn)

* rc_binomial_heap_tag: pushAO(1), E&AO(logn)

«40r 4F>r «=)r « =) = Q>



FraaZH

&
priority-queue gﬁﬁﬁ &
e BB

hash_table
B4

B8] & 2R o A

* EERMIRIE: push. pop. modify. erase. join

* pairing_heap_tag: pushFljoinAO(1), EKAMO (logn)

* binary_heap_tag: R ¥ #FpushFpop, 1RO (logn)

* binomial_heap_tag: pushA¥PEO(1), EHKAO(logn)

* rc_binomial_heap_tag: push’HO(1), E&KAO(logn)

* thin_heap_tag: pushAHO(1), TXZFFjoin, HKHAO(logn); B2
R R Bincrease_key, H2modify HIHHEO(1)

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR



FFiEZ AT

N s
priority-queue %%E'Z
i HERER

hash_table
B4

B8] & 2R o A

* EERMIRIE: push. pop. modify. erase. join

* pairing_heap_tag: pushFljoinHO(1), HFKAIHO(logn)

* binary_heap_tag: R ¥ #FpushFpop, 1RO (logn)

* binomial_heap_tag: pushA¥PEO(1), EHKAO(logn)

* rc_binomial_heap_tag: pushH0O(1), HE&KAO(logn)

* thin_heap_tag: pushAHO(1), TXZFFjoin, HKHAO(logn); B2
R R Bincrease_key, H2modify HIHHEO(1)

A XE ARAEER, MERERRE

REDE-+MFE FLEF C++HIpb_dsEEZEOIFR IR
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* BEEEASHMRHEF Apairing_heap_tag
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* BEREASHBIFMER A pairing_heap_tag
* f§DijkstraBIRHERL A thin_heap_tag
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* BEREASHBIFMER A pairing_heap_tag

* f§DijkstraBIRHERL A thin_heap_tag
* B XEERE?
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* BEREASHBIFMER A pairing_heap_tag

* f§DijkstraBIRHERL A thin_heap_tag
* B XEERE?

* LRI ERAME—RE!

«40r 4F>r «=)r « =) = Q>
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* S5MRAYA: std:priority_queue, binary_heap_tag,

binomial_heap_tag, pairing_heap_tag, rc_binomial_heap_tag,
thin_heap_tag, FEZ&ER

«40>» «Fr «Er» «E>» = Q>



25N B9A: std:priority_queue, binary_heap_tag,

binomial_heap_tag, pairing_heap_tag, rc_binomial_heap_tag,
thin_heap_tag, FEZ&ER

* JEMHL: Windows, i5-3210M 2.50GHz, gcc version 4.4.0 (GCC)

«40r 4F>r «=)r « =) = Q>
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* BEHLAE 1070, 2% ROBESY, IRABIBIREGHP, RSpopthisk
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FHea L Al

\7 /\
priority-queue
tree

hash_table
BE

MK —: HEHEF

ER7®
BIa
TEREM

* FEALE 10710, 2%°) BE %,

AR BERE T, REpoptik

RN | NFFO2RIART | FFO260 AT

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

FE LR 8692 ms 4916 ms
(*)push_back+sort+pop_back 4563 ms 938 ms

REDE-+MFE FLEF

C++HIpb_dsEEZEOIFR IR
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HHF—HREEH

* BEHAERR41943041N0, 2°0 ) VEEH, AEBNEE—ME, RE151A
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* BEHAERR41943041N0, 2°0 ) VEEH, AEBNEE—ME, RE151A
HHF—HREEH

* JEEbinary_heap_tagiljoin f RBAREH, BHESHEAHEAIK/N
FRIEEE; Tithin_heap_tagRBARAH



FraaZH
L A%
priority-queue BI%E

tree i
hash-table MEREE
B

MK EMEFH

* BERLAE RR419430440N0, 230 S, AEANEE—IME, REKRA
HHF—H#AmAEEH

* JEEbinary_heap_tagiljoin " 2B AR EFH, BHEISERAHERNK/N
BRIELL; Tithin_heap_tag@BAINEFH

HRLE | TNFFO2RIART | FFO260 AT

std::priority_queue+FE B A& FH 38746 ms 4642 ms
(*)binary_heap_tag 5605 ms 3127 ms
binary_heap_tag+FERB A& H 11206 ms 3955 ms
pairing_heap_tag 6954 ms 5328 ms

thin_heap_tag 14514 ms 9588 ms

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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A E) & e AR R IR

* HE—N09, 2 x 10TAMARE, EFEMRIEDijkstraB Al
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A E) & e AR R IR

* FE—M0E, 2 x 107 BEE, ESHEMRKDijkstraBiER
* ¥ Ebinary_heap_tag P XX FHRIE

«40r 4F>r «=)r « =) = Q>



?F#uzm

N
priority-queue ﬁH;E S

tree
hash-table MR
£

MR =: HEMILDijkstraB ik

* HE—M098E, 2 x 10734 E’J’ﬁﬁl {ESHEML L DijkstraB S ERY
BB & 2 E A B & IR 1E

* JEEbinary_heap_tag M X Frix fhig{E

Hageat) | NFFO2MIART | FFO2R0 AT
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
FEZLEN 9595 ms 5080 ms

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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FEIXBIBIRIE SR

* fE— s, mIARMEEIE, FEHEMRKDijkstraB i ARIATE) S 2

«40>» «Fr «Er» «E>» = Q>



FEIXBIBIRIE SR

* fE— s, mIARMEEIE, FEHEMRKDijkstraB i ARIATE) S 2

* 44> BLiftlydrainbowcat IR MR BB FNF B iAW



FraaZH

i
priority. queue gﬁﬁﬁ &
tre

hash. Lable FEREMIL

ML = i’EW{Dijkstraﬁ;‘f

* WE—nmE, midEEE, FEHERADIjkstraB iERETE) 8 2%
EXRBEINER

* 44y Beiffflydrainbowcat R NN IR F B HIRLEH
*  (RiDijkstraB R BITHIRTE], A4 BIEFHIRTE])

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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FFiEZ AT
e
priority-queue
tree
hash_table
BE

ER7%
Bl
HERERR

AF02

n m pairing thin Fibi Wi L Eg iy
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
IM | 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

KEHES M FEF

C++HIpb_dsEEZEOIR IR
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FraaZH
e

priority-queue

tree
hash_table
BE

ER7%
Bl
HERERR

F02

n m pairing thin Fibf TN | ZREEW
100k | 10M 281 ms 360 ms 438 ms 625 ms | 219 ms
1M | 10M | 1485 ms | 2250 ms | 2836 ms | 7968 ms | 1444 ms
IM | 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

REDE-+MFE FLEF

C++HIpb_dsEEZEOIR IR
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FETRREIF02, REHABSFEHIEEMEY

A
«40>» «Fr «Er» «E>» = Q>

* SFFHLEDijkstraBi%, pairing_heap_tagf= &R Fthin_heap_tag,



* SFFHLEDijkstraBi%, pairing_heap_tagf= &R Fthin_heap_tag,
HEAXRESTH02, EEHABSFEHIELEWIES
* BRI KIELF

a
v
a
v
a
it
v
a
it
v
it
N
¥l
Q
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* binary_heap_tagfE 48 K % #1E 5L T Fstd::priority_queue

«40>» «Fr «Er» «E>» = Q>



* binary_heap_tag7E 4 K % HU1E S T4 Fstd::priority_queue
* pairing_heap_tagZE& K ZHIFER TN

TFbinomial_heap_tag#frc_binomial_heap_tag
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* binary_heap_tag7E 4 K % HU1E S T4 Fstd::priority_queue
* pairing_heap_tagZE& K ZHIFER TN

TFbinomial_heap_tag#frc_binomial_heap_tag

* #E R Bpush, popFjoiniElERT, binary_heap_tagi® &R

«40r 4F>r «=)r « =) = Q>



FraaZH

i
priority-queue gﬁﬁﬁ b3
tree
hash_table MERENIR
BE

KELEL

* binary_heap_tagfE4E K % ¥ 1H 7 T L Fstd::priority_queue

* pairing_heap_tagTEZE K B HIE L T
Fbinomial_heap_tag#lrc_binomial_heap_tag

* £ HBpush, popFljoint{ERT, binary_heap_tagiREiIR

* ZEBmodifyIR{ERY, TTLLE ERHpairing_heap_tag,
thin_heap_tagsi F 5 ¥ IELEH

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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* EEEext/pb_ds/assoc_container.hppFlext/pb_ds/tree_policy.hpp
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__gnu_pbds::tree <Key, T>

#ZEext/pb_ds/assoc_container.hppFllext/pb_ds/tree_policy.hpp
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* EEEext/pb_ds/assoc_container.hppFlext/pb_ds/tree_policy.hpp
*

__gnu_pbds::tree <Key, T>

* Hstd:mapBIE AR AR, BiFEbegin(), 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)

A4Or «AFr «=)r « =)
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T!

* FEFAmapiZset? RFEEILE = MERSEE M null_typesi T L

«40>» «Fr «Er» «E>» = Q>



* AR mapi &set?
7!

HE

BB MRS TR null_typeFh AT L
*

GEE, ZERIAMIMA, flins4.0, FEFE
Fnull_mapped_type)

«40>» «Fr «Er» «E>» = Q>



T!

* AHEHmapiEset? REEME —MERS B null_typeFL AT L
*

GEE, ZERIAMIMA, flins4.0, FEFE
Fnull_mapped_type)

* EEHER BB R LRI S MpairE gKey, Bk EMset/]LFRE
X5
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template<

typename Key, typename Mapped,
typename Cmp_Fn

std::less<Key>,

typename Tag rb_tree_tag,
template<

typename Const_Node_Iterator,
typename Node_Iterator,

typename Cmp_Fn_, typename Allocator_>

class Node_Update null_tree_node_update,
typename Allocator

std::allocator<char> >
class tree;

«O>r «fF»r < [ = Q>

it
v
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typename Key,

typename Cmp_Fn

typename Tag

«Or «BFr o< B

typename Mapped,

std::less<Key>,
rb_tree_tag,



typename Key,

typename Cmp_Fn

typename Tag

typename Mapped,

std::less<Key>,
rb_tree_tag,

* BI=1ME#Key, Mapped, Cmp_Fn#AHRT

«4Or «Fr o« QA



typename Key,

typename Cmp_Fn

typename Mapped,
typename Tag =

std::less<Key>,
rb_tree_tag,

* BI=1ME#Key, Mapped, Cmp_Fn#AHRT
* Tag2fgtreeB2KAY, TR rb_tree_tag, splay_tree_tag,
ov_tree_tagz—
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BRFsplayNEIERIAE R

* BIERATIE], FEnoipMhMER I T R ZiBETrajanBspalyfIfAi &,
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* BIERATIE], FEnoipMhMER I T R ZiBETrajanBspalyfIfAi &,
BRFsplayNEIERIAE R

* AEEBAEM A, HEEIpb dsHEMTA!
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BRFsplayNEIERIAE R

* AEEBAEM A, HEEIpb dsHEMTA!

* BIERATIE], FEnoipMhMER I T R ZiBETrajanBspalyfIfAi &,

* 113 {11EHext/pb_ds/detail /splay_tree/splay_tree.hppHJ1321T!

«40r 4F>r «=)r « =) = Q>



* BIELRTIE], EnoipMGMERHIN TR ZiB#EE TrajanAspalyIRR &,
BRFsplayNEIERIAE R

* AEEBAEM A, HEEIpb dsHEMTA!

template<typename Key,

* 113 {11EHext/pb_ds/detail /splay_tree/splay_tree.hppHJ1321T!
// $play 7r33 7481.

typename Mapped,
typename Node_And_It_Traits,
class PB_DS_CLASS_NAME

typename Cmp_Fn,

typename Allocator>
public PB_DS_BASE_C_DEC

«40r 4F>r «=)r « =) = Q>



FHiEZ AT

i A%
priority-queue BiRR
tree B 7E XNode_Update
hash_table AL
BE

Fib—x%

* HIEZRTIE], FEnoipMhIEh BIN TR ZiBEETrajanMspalyfifik,
BRFsplay N EERIAI R

* AEEHREEM A, BEiO)pb dsEEMA!
* 1L F A 1EFHext/pb_ds/detail /splay_tree/splay_tree.hppAJ1321T!

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{E F IR E =splay tree, {BSEfR_EZE—FU#S$p14y 7r338%
SRR

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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* F L XN iZ2leetspeak



* F L XN iZ2leetspeak

* splay tree tabl? $F{&iHANiE?

«40>» «Fr «Er» «E>» = Q>



* F L XN iZ2leetspeak

* splay tree tabl? $F{&iHANiE?

* MRIVAFEX MR L 2R B SR L E

«40>» «Fr «Er» «E>» = Q>
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template<

typename Const_Node_Iterator,
typename Node_Iterator,
typename Cmp_Fn_,

class Node_Update

typename Allocator_>

null_tree_node_update,

«O>r «fF»r < [ 3 Q>



template<

typename Const_Node_Iterator,
typename Node_Iterator,
typename Cmp_Fn_,

class Node_Update

typename Allocator_>

null_tree_node_update,
e
ERNE

* EERXMNode Update, FEEXNclassHIiEIRES%, RARIA

«O>r «fF»r < [ 3 Q>



template<

typename Const_Node_Iterator,
typename Node_Iterator,
typename Cmp_Fn_, typename Allocator_>

class Node_Update = null_tree_node_update,

* EERXMNode Update, FEEXMNclassBIERESEH, REBEBRIA

R E

* pb_dsEEFR iR T — PN AE=HE, tEINBE

HYtree_order statistics_node_update

«40r 4F>r «=)r « =) = Q>



i A%
priority-queue BiRR
tree B 7E XNode_Update
hash_ta bfli AL

ot

RINSH

template<
typename Const_Node_Iterator,
typename Node_Iterator,
typename Cmp_Fn_, typename Allocator_>

class Node_Update = null_tree_node_update,

* EERXMNode Update, FEEXMNclassBIERESEH, RERY
BERANE
* pb_dsEEFR AR T — N EZHETL, tLNBEH

Hitree_order_statistics_node_update

.

* QEY¥Node_Updatel¥ iE Jotree_order_statistics_node_update, iX
MreeFh & KGN R #find_by_orderForder_of _key

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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* iterator find_by_order(size_type order)



* iterator find_by_order(size_type order)

* i SBorder+ UNITTEMIENER, WMRorder KARIR[Elend()

«40>» «Fr «Er» «E>» = Q>



* iterator find_by_order(size_type order)

* % Border+ UNOTTEIIERE, IRorder kA 2B Blend()
* size_type order_of_key(const_key_reference r_key)

«40>» «Fr «Er» «E>» = Q>



* iterator find_by_order(size_type order)

* i Forder+ /N TTRANENKER, WMRorderK AL IR Eend()
* size_type order_of_key(const_key_reference r_key)
* [E) X Mree B DAL key/ NITTER

«40r 4F>r «=)r « =) = Q>
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* void join(tree &other)

«Or «F»r < A



* void join(tree &other)

REFEZZ, BMSHLFE)

* 0otherB AT B TTEZ BTN E*thisth  (FER R Kotherfl*thisBEI A~
S5

«40>» «Fr «Er» «E>» = Q>



* void join(tree &other)

* 0otherB AT B TTEZ BTN E*thisth  (FER R Kotherfl*thisBEI A~
gErERE, BNISERE)

* void split(const_key_reference r_key, tree &other)

«40r 4F>r «=)r « =) = Q>



* void join(tree &other)

* $otherfI T BT RN E*thisth (FKJE KotherF*thisHI{EIH A
REAEZE, BN SFE)
* void split(const_key_reference r_key, tree &other)

* sE=Sother, SAEI*this2ih A K Fr_keyBI T EFE Eother

«40r 4F>r «=)r « =) = Q>
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HEHIRRAG?

BE— M FEfrankfk/NMERset/map, BE2ZFELR!

«40>» «Fr «Er» «E>» = Q>
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* BHH AVtree_order_statistics_node_updateZt it B Fiisize



* BHH AVtree_order_statistics_node_updateZt it B Fiisize
* FHMERRATUE T BRZEHNIEES

«40>» «Fr «Er» «E>» = Q>



* BHH AVtree_order_statistics_node_updateZt it B Fiisize
* FHMERRATUE T BRZEHNIEES

* LLNEH— PN EEIGFERMAmap <int, int>, BEZEILRFH
Amapped_valueZ %0

«40r 4F>r «=)r « =) = Q>



* BHH AVtree_order_statistics_node_updateZt it B Fiisize
* FHMERRATUE T BRZEHNIEES

* EEanEH—I g

Amapped_valueZ %0

T FEFBImap <int, int>, HEZIZFFH
* FibFAI AR B E X Node_Updatel!

«40r 4F>r «=)r « =) = Q>
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template<class Node_CItr,

class Cmp_Fn,

class Node_Itr,
class _Alloc>
struct my_node_update{

virtual Node_CItr node_begin() const

0;
0;

«O>r «fF»r < [ 3 Q>

virtual Node_CItr node_end() const
typedef int metadata_type;



template<class Node_CItr,

class Cmp_Fn,

class Node_Itr,
class _Alloc>
struct my_node_update{

virtual Node_CItr node_begin() const

0;
0;

«O>r «fF»r < [ 3 Q>

virtual Node_CItr node_end() const
typedef int metadata_type;
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template<class Node_CItr,

class Cmp_Fn,

class Node_Itr,
class _Alloc>
struct my_node_update{

virtual Node_CItr node_begin() const

- i 0;
virtual Node_CItr node_end() const 0;
typedef int metadata_type;

* BIHEASREERER

* metadata_type2f5T5

a

R EIERIFIMEERIZER, X ERint
«Or 4Fr o« > > 12N G4
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inline void operator () (Node_Itr it,
Node_Itr 1

Node_CItr end_it){
it.get_1_child(), r = it.get_r_child();
int left = 0, right = 0;
if (1 != end_it) left =
if (r

!= end_it) right =

l.get_metadata();

r.get_metadata();
const_cast<metadata_type &>(it.get_metadata())
= left + right + (*it)->second;

it
v
it
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inline void operator () (Node_Itr it,
Node_Itr 1 =

Node_CItr end_it){
it.get_1l_child (),
int left =

r = it.get_r_child ();
= 0, right = 0;

if (1 != end_it) left =

if (r

= l.get_metadata();
!= end_it) right =

r.get_metadata();
const_cast<metadata_type &>(it.get_metadata())
= left + right + (*it)->second;

* operator(IIBER B T RitEREMAEEARTHIERZ
M, FAWend itRRET R

it

a
it
v
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i EMF*E
priority-queue BRR
tree B X Node_Update
hash,tabkli TERERA

ot

B E X Node_Update

inline void operator () (Node_Itr it, Node_CItr end_it){
Node_Itr 1 = it.get_1l_child(), r = it.get_r_child();
int left = 0, right = 0;
if (1 !'= 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( )M IRER B TRt EEEHARLABRTFHERZ
M, EABend itRRET =

* itENode_ltr, AIESHHTEUERZRK T iterator, FHELl->secondz
ERMEX T =B mapped_value

REDE-+MFE FLEF C++HIpb_dsEEZEOIFR IR
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= 0;
Node_CItr it

inline int prefix_sum(int x){
int ans

= node_begin();
while (it != node_end ()){
Node_CItr 1

if (Cmp_Fn () (x,

it.get_l_child(), r = it.get_r_child();
(xit)->first)) it = 1;
elsed{
ans += (*xit)->second;
if (1
it = r;
}

}

return ans;

«O>r «fF»r < [ 3 = Q>

!= node_end()) ans += l.get_metadata();
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return prefix_sum(r)

inline int interval_sum(int 1,

int r){

- prefix_sum(l - 1)

«4Or «Fr o« > QA




inline int interval_sum(int 1,
}

return prefix_sum(r)

* PRFERLAT LAK T o B!

«O>r «fF»r < [ 3 Q>

int r){

- prefix_sum(l - 1);



inline int interval_sum(int 1, int r){

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

[

* SRIETRT LAK T 2 A !

* RFEIRE, INode trATLUMBISE1ER: Fget | child,
getr childIRBMEARZ T, BRTESRKRTHRER,
Flget_metadata3RBY T S &M 2

A4Or «AFr «=)r « =)



FHiEZ AT

i EMF*E
priority-queue BRR
tree B X Node_Update
hash_table AL
BE

B E X Node_Update

inline int interval_sum(int 1, int r){

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

[

* SRIETRATAK I M !

* REIRE, *Node IltrATLABAIE1ER: Mget | child,
getr childiREER % T, ARITESRKRATRES,
Flget_metadata3k BR T3 S &IME 2

* —FFIA SRS #Node_Cltr, Node_ltr, Cmp_Fn#Fi_Alloc (X337
WEER), REEXENERY, BEX(BREFATEHREN
TRNER, REMATUERTABTAT!
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tree<int,

int, std::less<int>, rb_tree_tag,
T[2] = 100; T[3] = 1000; T[4] = 10000;

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

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

it
v
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tree<int,

int, std::less<int>,
T[2] = 100;

T[3] = 1000; T[4] = 10000;
printf ("%d\n", T.interval_sum(3, 4));

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

* RERIE 2R ERI!

rb_tree_tag,

my_node_update> T;

«O» «F» 4 E A
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* XEFRAUSE — M IIRE R E X Etree T

«40>» «Fr «Er» «E>» = Q>



* XEFRAUSE — M IIRE R E X Etree T

EjoinFsplit& 2 X 0

«40>» «Fr «Er» «E>» = Q>

* T B M Z BT B INEE, B3Finsert, find, erase, HEZE



* XA LS R — N IhRE R E X Hitree T

* KA, BEETEN
S OPN S

—=/8

* T EMHEZ ATRIFTBIEE, Bifinsert, find, erase, EE
EjoinFsplit& 2 X 0
5=

REKMANMFE—RET ELAETE

7
nwes
A4Or «AFr «=)r « =) = Q>
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& ERT7E
priority-queue BRR
tree B XNode_Update
hash_table TEREMIA
B

B E X Node_Update

* XER AT USRI — N ThEE B E X itree T

* MAMEIXZ RIRIFRBTINEE, B4Finsert, find, erase, EE
ZjoinFllsplit#f 2 T #5HY

* KD, EEEEENEESRKNANFE —HNET EASEE
REIAfER

*RRBZAL: TNEF—ERRIRME, FlanRAG TR
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FHiEZ AT

i EMF*E
priority-queue BRR
tree B X Node_Update
hash_table AL
BE

B E X Node_Update

* XER AT USRI — N ThEE B E X itree T

* MAMEIXZ RIRIFRBTINEE, B4Finsert, find, erase, EE
= joinFllsplit#li 2 ST #5HY

* KD, EEEEENEESRKNANFE —HNET EASEE
REIAfER

*RRBZAL: TNEF—ERRIRME, FlanRAG TR

* MRZFFHTIRE, EERSTROKE, BREAETRARXMEN

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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* REERERFANT, BERHITUR

* 25K H R & Fhitree_tagFiset/map

«40>» «Fr «Er» «E>» = Q>
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* BEHLAE 1070, 2°0) B R, FABIBURES S, RERAH—8
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* BEHLERR1074N0, 230 MR, BABIBIREHF, REERA—B
* ov_tree_tagPIRTE)E 28 E 2 RAY, FHRTLE
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FraaZH
i EMF*E
priority-queue BiRR
tree B7E X Node_Update
hash_table TEREMR
BE

MK —: FERHEF

* BEHLAERL107AN0, 250 ) BIEESY, FRABIBIBGET, RERH—E
* ov_tree_tagBIRTEI S E R T HF R, HRTLE

¥R | NFO289MET | FFO2RY AR

std::set 16154 ms 11033 ms

rb_tree_tag 13336 ms 10909 ms
splay_tree_tag 23425 ms 15051 ms

FBsplay 25157 ms 15811 ms
WJIMZBMR3E %t hfitreap 20906 ms 16627 ms
(*)FE®RBST 11783 ms 9398 ms
(*)push_back+sort 4574 ms 949 ms

REDE-+MFE FLEF C++HIpb_dsEEZEOIFR IR
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i)

* FEHLERR1074N0, 230 B EE B K Hikey, BFEHLE RIEREMEE
¥AEAImapped_value, IBAEIHIBLES, AREREHLIEHITI0

Rif]



FraaZH
i EMF*E
priority-queue BiRR
tree B7E X Node_Update
hash_table TEREMR
BE

MiX—: =8

* BEHLAERR107N0, 2°0 ) Y EE B X fikey, FBREHLAE RIERIHEHIE
1€ Amapped_value, FEABIBIRLEHTD, REREHEITIOVRE

8]
RGN | TNFFO2RI AR | FFO260 IR
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

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR



FraaZH
i EMF*E
priority-queue BiRR
tree B7E X Node_Update
hash_table TEREMR
BE

MiX—: =8

* BEHLAERR107N0, 2°0 ) Y EE B X fikey, FBREHLAE RIERIHEHIE
1€ Amapped_value, FEABIBIRLEHTD, REREHEITIOVRE

8]
HmdEty | NFFO289ART | FFO2RI AR
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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* ZE%ext/pb_ds/assoc_container.hppFllext/pb_ds/hash_policy.hpp
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FEZEext/pb_ds/assoc_container.hppFlext/pb_ds/hash_policy.hpp
__gnu_pbds::cc_hash_table <Key, Mapped>
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FEZEext/pb_ds/assoc_container.hppFlext/pb_ds/hash_policy.hpp
__gnu_pbds::cc_hash_table <Key, Mapped>

__gnu_pbds::gp_hash_table <Key, Mapped>
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FEZEext/pb_ds/assoc_container.hppFlext/pb_ds/hash_policy.hpp

__gnu_pbds::cc_hash_table <Key, Mapped>
__gnu_pbds::gp_hash_table <Key, Mapped>
Bz T, X¥FfindFloperator|]

*

«40>» «Fr «Er» «E>» = Q>
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* priority_queue, S5STLHEELLZ#F T modify, eraseFljoin

«40>» «Fr «Er» «E>» = Q>



* priority_queue, S5STLHEELLZ#F T modify, eraseFljoin

* tree, M TFSTLAYset/map, T iFEsplitMjoin; &

Fltree_order_statistics_node_updatei® X & iflrankFk/ME; EA]
B E X Node_UpdatesR#EHFEZFE
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*

* priority_queue, S5STLHEELLZ#F T modify, eraseFljoin
* tree, M TFSTLAYset/map, T iFEsplitMjoin; &

Fltree_order_statistics_node_updatei® X & iflrankFk/ME; EA]
B E X Node_UpdatesR#EHFEZFE

(BETEEEFER) STLRBAH ™ Mhash_table

«40r 4F>r «=)r « =) = Q>



FFIRZ AT

i
priority-queue B
tree st

hash_table

BE

* priority_queue, S5STLHEELLZ#F T modify, eraseFljoin

* tree, HHZEFSTLHIset/map, T X FFsplitFjoin; B
Fltree_order_statistics_node_updatei®f X #F & ifjrankFik/ME; EA]
LB E X Node_Update RfEFELIER

* (BRIEEEIMER) STLR BRI Mhash_table

* FehX A pb_dsEE{X & std::set/map/priority_queue F R {FIZFELISE
8

REDE-+MFE FLEF C++HIpb_dsEEZEOIR IR
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* BRBCCFEMIZSERERR

Ny

7)|L57-§£}J

* ROHERHBRAETSE ZHNFE, URBLRKHNEID

* R EIREF IR ENE T pb_dsiXMNEE, WL
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