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AnroputMmbl ana popabortku B libcds

TpeboBaHuA K peanusauum

Ll

Pull Request gonmxeH bbITb CIMBAaEM C TeKyLLEN master-eeTKon peno3mTopus

OTCcyTCTBME 3aKOMMEHTMPOBaHHbIX KYCKOB KoAa

Kog HanucaH B CTWNEe U CTaHAapTe KOAUPOBaHNS Bubanoteku

HanncaH Habop MOAY/IbHbIX U CTPECC-TECTOB (€C/M CTPYKTYpa AaHHbIX CTaHAapTHas, TO TeCTbl
MCMNONb3YIOTCA CYLLETBYIOWNME C perucTpaumen cBoen CTPYKTYpbl faHHbIX)

MonaepxneaeTcsa nHTepdenc cbopa CTaTUCTUKKN NO KOHTENHEPY, eCIN TAaKOBOW €CTh B
bnbnnoTeke Ana peannsyemoro Tuna KOHTENHEPOB

C6opka 1 NporoH TecToB C akTuBMpoBaHHbIMK Address n Undefined Behavior Sanitizers He
BbIOAET HMKaKmux ownbok (“-fsanitize=address,undefined”)

. TeCTbl NpOrHaHbl C aKTUBUPOBaHHbLIM Thread Sanitizer n nNo kaXxaoMy npefynpexxneHuto eCTb

YBEPEHHOCTb, YTO 3TO He ownbka
TecTbl NpoaHaM3MpoBaHbl CTOPOHHUM CPeaCcTBOM noucka owmnbok (Hanpumep, Intel Parallel
Studio) n TakXxe No KaXx4oMy NpefynpeXxaeHnto eCTb YBEPEHHOCTb, YTO 3TO He owunbKa

. [ocne BbINONHEHNS BbllL€yKa3aHHbIX MYHKTOB BETKa nobasnsietca B Cl n Ha Bcex

noALepXrMBaeMblx naaTgopMax BCe TeCTbl MPOXOAAT yCMeLHo

HepeanusoBaHHbIe

[2011] Bar-Nissan, Hendler, Suissa. A dynamic elimination-combining stack
algorithm.pdf

CnoxHocTb:3

Pa3zsuTue nogxona Flat Combining. Anropntm DECStack nHTepeceH TeMm, 4TO CO CTOPOHbI paboThbl C
LeHTpasibHbIM CTEKOM OH ABASieTCA non-blocking n nostomy TpebyeT npumeHeHus safe memory
reclamation (SMR) Tuna Hazard Pointer (HP), a co cTopoHbl ha3bl collide — 6nokupyembin. TpebyeTcs
pewnTb cnegyoline 3agadn:

1.

N36aBMTLCS OT NPEANOIOKEHNS, YTO MOTOKM MPOHYMepoBaHbl 0T 1 A0 N. Y Hac eCcTb TO/IbKO
thread ID. B 3TOM CBA3M Had0 KakK-TO U3MEHUTb CTPYKTYpPY Maccuea location. Buaumo, BMecTo
Hero Hy>Ho mcnosb3oBaTb thread-local storage (TLS), Torga B collision xpaHUTb yKasaTenu Ha
3anucuy B TLS.

. PacnpepenerHns guHamunydeckon namatu (allocation) nop cTpykTypbl multiOp 6bITb HE OOJIKHO.

Jlyywnm BapuaHToM 6yneT, ecnm multiOp co3aatoTcs Ha CTEKe, HO B 3TOM Cjlyvae MoryT BbiTb
cepbe3Hble NPobaeMbl C BPEMEHEM XXU3HW, - 06paLleHne K pa3pyLleHHbIM JaHHbIM 1 Np.

. LleHTpanbHbI cTek — anropuTm Tpenbepa. byaeT 340poBo, €C/V B peann3auum Knacc CTeka

byneT BbiHECEH B onuumu (traits) knacca DECStack.

[2005] Purcell, Harris Non-blocking Hashtables with open addressing.pdf

CnoxHocTb:5+
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Ewe ogHa pa3HoBMAHOCTL open-addressing hash table. AnropuTm He onucbiBaeT paclinpeHne
Tabnavubl, NnpegnaraeTcs NCNoAb30BaTb MeToA M3 npeabiaylien pabotol ([2003] Gao, Groote,
Hesselink Efficient almost wait-free parallel accessible dynamic Hashtables.pdf).

[2012] Crain,Gramoli,Raynal A Contention-Friendly, Non-Blocking Skip
List.pdf

CnoXHOCTbL:6

Eweé ogHa peannsaumns skip-list. AnropuT™m nHTEpeceH TeM, 4TO Ha HYJIEBOM YPOBHE Y3/bl CBSA3aHbI B
double-linked list. ABTOpbI HE FOBOPAT, NPUMEHUM N HP K nX anropmuTmy, BMECTO 3TOr0 OHWU
npegnaratoT NUCNoJsib30BaTb reference counting Wiy KpaTKo onucaHHbIN MU epoch-based nogxon.
TpebyeTcs NOHATb, MOXXHO A1 NpuMeHuTb HP u/unn RCU.

[2011] Brown,Helga Non-blocking k-ary Search Trees.pdf

CnoxHocTtb:7

Pa3zsuTue nogxona [2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search Trees.pdf
Ha k-apHble gepesbs. CoenaTb 6e3 helping'a, oLueHMTb, BO 4TO BbIIMBAETCA peanm3aums helping'a un
CTOMT 5in ero Boobuie aenaTb.

[2012] Afek,Kaplan,Korenfeld,Morrison,Tarjan CBTree - A Practical
Concurrent Self-adusting Search Tree.pdf

CnoxHocTb: 7+

[2012] Korenfeld CBTree - A Practical Concurrent Self-Adjusting Search Tree.pdf Pa3HoBMAHOCTb
camobanaHcupytoLerocs aepesa, MOCTPOEHHOI0 C UCMONb30BaHMeM TexHukn hand-over-hand
locking. NMpoaHann3nposaTb, kako SMR noaxoanTt (HP, RCU, o6a), nimbo xxe anroputm He TpebyeT
HUKakon SMR cxeMmbil.

[2011] Prokopec,Bagwell,Odersky Cache-Aware Lock-Free Concurrent Hash
Tries.pdf
C/10XKHOCTb:8

[2011] Prokopec,Bagwell,Odersky Lock-Free Resizable Concurrent Tries.pdf [2011]
Prokopec,Bronson,Bagwell,Odersky Concurrent Tries with Efficient Non-Blocking Snapshots.pdf
Peanu3aunsa KoHKypeHTHoro trie. No comments.

Tpebylowme popaboTkm
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[2007] Herlihy, Lev, Luchangco, Shavit A Provably Correct Scalable
Concurrent Skip List .pdf

CnoxHocTb: 4+
Pull request

Skip-list, ocHoBaHHbIN Ha fine-grained locks (6f10KMpoOBKa Ha YpOBHE 3/1IEMEHTOB — UMEHHO 414
TaKoro Kjacca aaropuTMoB MHTEPECHO peann3oBaTh pa3simyHble mutex'sl). UIHTepecHas 1
OTHOCMTENIbHO NpocTas peanunsauns skip-list. Node cgenatb aHanorn4yHo ToMy, Kak caenaHo B libcds
SkipListSet. MoxxHO noayMaTb Hag ONTUMM3aALNEN AN «HEBbLICOKMX» Y3/10B: ONS y3/a BbICOTON 1 He
BbIAENSETCS HMUKAKON namaTu nop balwHio (y Hero HeT H6awHm), 50% y3noB B skip-list nmetoT BbICOTY
1; xoTenock 66l AN4 y3/710B BbICOTON < 4 He pacnpenenaTb NaMaTb Nog H6aliHu, a ncnonb3oBaTh
Kakomn-To pre-allocated storage. Tem cambiM gna 50 + 25 + 12,5 + 6,25 = 93.75% y3n08 He byneT
aJlIoKaumMIn, 4TO XOPOLLO AOJHKHO CKa3aTbCA Ha MacwTabupyemocTu. MoxxHO nonpobosaTb BCe y3/bl
pacnpenensaTb BbICOTON 4:

struct node

uint32 t height
node tower; // To/IbKO AJi151 Y3J10B BbICOTOU > 4
node * next

node * next( uint32 t level

level next| level
tower | level —

[2013] Henzinger,Payer,Sezgin Replacing competition with cooperation to
achieve scalable lock-free FIFO queues.pdf

CNoXXHOCTb:4
Pull request

MHe 3TOT aNropmMTM 04eHb X04eTcst NonpoboBaTh. EAUHCTBEHHBI MUHYC — aBTOPbI HE MOKa3asu,
KaK MCNoJb30BaTbh TEXHNKY HP, TO/IbKO HAMEKHY M B HECKOJIbKMX NPeasioxeHusix. Tpebyetcs
aflanTupoBaTb anropuTtm nof Hazard Pointer n/wnu cBs3aTbCs C aBTOPaMM, 3aNpoCUB NOSCHEHWIA.

[1995] Valois Lock-Free Linked Lists Using Compare-and_Swap.pdf

CnoXXHoOCTb:3+
Pull request

OTa paboTa, HECMOTPSA Ha CBOK «CTAPOCTb», UHTEPECHa TEM, 4YTO MO3BOJISET CAeNaTb MNOHOLEHHbIE
nTepatopsbl no lock-free cTpykType. Ha 0CHOBE ONMCAHHOIO afropmTMa CNMCKa MOXXHO NOCTPOUTb
hash-map (MichaelHashSet/Map, SplitListSet/Map - 3T cTpykTypbl B libcds kKak napameTp
NPUHUMAIOT peann3aumnto cnucka) nnm gaxe SkipList ¢ BO3MOXXHOCTbIO 6e30MacHOM UTepaunmn, 4To
04Y€Hb LEeHHO. He 3abbiBaTb, 4TO B AaHHOM anroputme ecTb owmnbka — cm. [1995] Michael, Scott
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Correction of a Memory Management Method for Lock-Free Data Structures.pdf.

[2008] Herlihy,Shavit,Tzafrir Hopscotch Hashing.pdf

CNoXXHOCTb:5+
Pull request

NHTepecHbI anropuTtm open-addressing hash table. MNMoxox Ha Cuckoo hashing, peannsauus
KOTOporo ecTb B libcds.

[2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search
Trees.pdf

CNOXHOCTb: 2+
Pull request

B libcds y>xxe ecTb HP- n RCU-based peanunsauum (6e3 helping'a), Tpebyetcs caenats append-only
Bepcuio (6e3 GC - cds::gc::nogc), To eCcTb Bepcuto 6€3 BO3MOXHOCTY yAa/IEHNSA S/1EMEHTOB.

MonpoboBaTb peann3oBaTb helping (byaeT xopowo, ecnun helping byaeT BKAt0Y4aTbCA OTAENbHBIM
¢narom B traits).

A.Williams “C++ Concurrency in Action” - lock-free ouepeab Ha shared ptr

CNOXHOCTb:2
Pull request

AnropuTm 1 ero NnoApobHbIN aHanu3 eCcTb B KHUre. TpebyeTca co3naTh odepenb Ha C++11.
OueHnTb, MOXXHO N1 Co3aThb intrusive-sepcuio.

A.Williams “C++ Concurrency in Action” - lock-free cTtek Ha shared ptr

C/oXHOCTb: 1+
Pull request

AnropuTM 1 ero noapobHbIN aHanNn3 ecTb B KHUre. TpebyeTca co3paaTth cTek Ha C++11, ncnonb3ys

oba anropmnTMma, onucaHHbIX B KHUre: Ha shared ptr u split reference counting. OLeHUTb, MOXHO
co3paTb intrusive-sepcuio.

[2014] Dodds,Haas,Kirsch Fast Concurrent Data-Structures Through Explicit
Timestamping.pdf

CnoXXHOCTb:4
Pull request

MepcneKkTUBHbLIN anropuTm noctpoeHmns lock-free cteka, oyepeaun, deque. [lokeH obecnevymsaTb
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04Y€Hb XOPOLLUY NPOM3BOAUTENBHOCTb ANS push-onepauunin, Tak Kak push Nnpon3BoaANTCA B
NOKasbHbIN ANs NoToka storage. NceBaokon ocHoBaH Ha tagged pointers, TpebyeTcs NpuMeHnTb
Kakomn-nnbo npyron SMR - Hazard Pointers, reference counting.

[2003] Gao, Groote, Hesselink Efficient almost wait-free parallel accessible
dynamic Hashtables.pdf

C/10XHOCTb:5
Pull request

NHTepecHbIn anropuTm open-addressing hash table. CnenyeT coenatb intrusive-sapyaHT: XpaHuUM
yKa3aTenn Ha OaHHble, CYUTaeM, YTO pacnpenensdaTb NaMaTb NoA AaHHble He HY)KHO. AIFrOpuUTM
OMnCaH A0CTaTOYHO XOPOLLO, HO HEMPKBLIYHO. 3aMeYvaHuns:

1. MoHATk, roe cnepnyeT NPUMEHATb aToOMapHble onepaunn. B nceBookoLe 3TO OTMEYeHo
cKobkamm < >:

o < a:=b > = atomic load, atomic store
o<ifa==0thena:=b>=a.CAS(0,b)

2. MceBOoKoA onncaH B NPeAnosioXKeHUK, 4To MmeeTcs P NOTOKOB (NpoLeccos), paboTaroLmx ¢
hash set. Monpo6oBaTb n36aBnTbLCA OT P. ECin He nony4nTca — P gosmkeH BbiTb NnapaMeTpom
KOHCTpyKTOpa. Ons thread-local data ncnonb3osaTtb TLS. Peann3aums foO/KHA Y4UTbIBATb, YTO
P MoxeT bbITb OCTUFHYTO — B 3TOM Ciy4ae anbo BbibpacbiBaTb MCKAOYEHME (M10X0), Mbo
KaKnM-To 0bpa3oM foxunaaTbCcs 0cBoOOXKAEHUSA CnoTa (nyywe).

3. K gaHHbIM, XpaHuMbIM B hash table, cnenyeTt npumeHsaTe Hazard Pointer. 1ns ynpasneHus
BHYTPEHHMMM CTPYKTYPaMn airOPUTM NCMNOSIb3yeT pa3HoBuaHocTb refCount.

Pa3BuTMeE: €C/IM MOXKHO BbIAENNTL aNrOpUTM paclumpenuns hash-tabnumubl B 0TAeNbHYI0
NPOrpaMMHYI0 CYLLHOCTb (K1acc), TO ero B NPUHLNUMNE MOXHO MPUMEHUTb K N06bIM anroputMam
open-addressing, Hanpumep, K cuckoo hashing.

[2010] Gidenstam,Sundell,Tsigas Cache-Aware Lock-free Queues for Multiple
Producers-Consumers and Weak Memory Consistency.pdf

CnoxHocTb:4

Pull request

Takxe: A Takxe: [2010] Gidenstam,Sundell, Tsigas Efficient Lock-Free Queues that Mind the
Cache.pdf. AnropnT™ nHTEpeceH TeM, 4TO NaMATb BblgenseTca nos 610K 31eMeHTOB, Kak B
std::deque, 4TO MOXeT 3HAYMNTENLHO YBENNYMNTL NPON3BOANTENLHOCTL Stl-like ovepegn. OueHnTsb,
MO>XHO /I peanun3oBaTb 3TOT aAropuT™ Ha Hazard Pointer. AnropuT™m CyLLeCTBEHHO NoslaraeTcs Ha
pa3paboTaHHyto aBTopamm SMR cxemy — nomecb HP n reference counting - B 4acTu ynpaBneHuns
cnuckom 610koB. MNMonpoboBaTh ncnonb3osaTh Ana 6nokos shared _ptr + HP. Co3gaTsb intrusive u stl-
like Bepcum.

[2014] Henzinger, Kirsch, Payer, Sezgin, Sokolova Quantitative Relaxation of
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Concurrent Data Structures.pdf

CNI0XXHOCTb:3

Pull request
CermeHTUpPOBaHHbLIN CTeK. B cTaTbe npusoamTca ncesnokon ans tagged pointers (ykasatens +
Bepcus). CnegyeT peann3oBaTb ero Ha Hazard Pointer, intrusive un stl-like Bepcuto. Pasmep cermeHTa

— CTeneHb ABOMKMW, 3aaeTca B KOHCTpYKTOpE. OUEeHNTb, BOSMOXXHO /I caenaTb ONTUMU3aLNIO — He
yoanATb CErMEHT, a BECTU HeKOTOprI7I free-list HeCKoNbKKMX yAOaNn€eHHbIX CETMEHTOB.

PeannsoBaHHbIE

[2003] Michael CAS-Based Lock-Free Algorithm for Shared Deques.pdf
C/10XHOCTb: 3
Pull request

PeannsoBaTb ONMCaHHLIN B CTaTbe anropnt™M bounded deque. SMR 3aech He TpebyeTcs, Tak Kak
deque ocHOBaHa Ha Maccuee.
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