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AnroputMmbl ana popabortku B libcds

TpeboBaHuA K peanusauum

K cnenyrowemy cemectpy b6osee siBHO HanucaTb POPMyINPOBKY . 4 u 9

Pull Request nosxeH ObITb CIMBaeM C Tekyllen master-seTKon peno3nTopus

OTCcyTCTBME 3aKOMMEHTMPOBAHHbIX KYCKOB KOAa

Kop HanncaH B CTU/1e N CTaHAapTe KoaMpoBaHua bubnnoteku

HanuncaH Habop MOAYNbHBIX U CTPECC-TECTOB (€CNN CTPYKTYpPa AaHHbIX CTaHAapTHas, TO TeCThl

NCNOJb3YIOTCA CYLWETBYIOLWMNE C PerncTpaumen CBoOen CTPYKTYpbl AaHHbIX)

5. NopaepxunpaeTca UHTepdenc cbopa CTaTUCTUKK MO KOHTENHEPY, ECAIN TaKOBOW eCTb B
bubnnoTeke oNa peasmsyemMoro Tmna KOHTENHEPOB

6. Cbopka 1 NpPoroH TeCToB C akTMBUpoBaHHbIMK Address n Undefined Behavior Sanitizers He
BbIAAET HMKakmx owmnbok (“-fsanitize=address,undefined”)

7. TecCTbl NPOrHaHbl C akTUBMPOBaHHBIM Thread Sanitizer n No KaXxgomy npeaynpexaeHuio ecTb
YBEPEHHOCTb, YTO 3TO He owwmnbKa

8. TeCTbl NpoaHann3npoBaHbl CTOPOHHUM CpeACcTBOM noucka ownbok (Hanpumep, Intel Parallel
Studio) 1 TakXxe no Kaxaomy npefynpexxaeHnto eCTb YBEPEHHOCTb, 4YTO 3TO He ownbka

9. MNocne BbINONHEHMNA BbILLEYKa3aHHbIX MYHKTOB BeTka Aobasnsetcs B Cl n Ha Bcex

nogaepXnsBaemblix naaTopmax Bce TeCTbl NPOXOAAT YCNeLwHo

W

HepeanusoBaHHble

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

CnoXXHoCTh:3

Pa3BuTue nogxona Flat Combining. Anroputm DECStack nHTepeceH TeMm, 4TO CO CTOPOHbI paboThbl C
LeHTpasibHbIM CTEKOM OH ABASETCA non-blocking n nostomy TpebyeT npumeHeHus safe memory
reclamation (SMR) Tnna Hazard Pointer (HP), a co cTopoHsbl ha3bl collide — 6nokupyembin. TpebyeTcs
pewnTb cnegyLwme 3agaydu:

1. N36aBnTbLCSA OT NPEeAnoNoXKEHNS, YTO NOTOKM NPOHYMepoBaHbl 0T 1 Ao N. Y Hac eCcTb TOJIbKO
thread ID. B 3To# CBA3M HAf0 Kak-TO U3MEHUTb CTPYKTYpPY Maccmea location. Bugnmo, BMeCTo
Hero Hy>Ho ucnonb3osaTb thread-local storage (TLS), Torga B collision xpaHuUTb yKa3aTenu Ha
3anucu B TLS.

2. Pacnpenenenusa gnHammyeckon namaTu (allocation) nog cTpykTypbl multiOp 66ITb HE AOMKHO.
Jlyqwnm BapuaHTom byaeT, ecam multiOp co3gatoTca Ha CTEKe, HO B 3TOM C/lyy4ae MoryT BbiTb
cepbesHble NpobaemMbl C BDEMEHEM XU3HU, - ObpaLLeHne K pa3pyLLIEHHbIM AaHHbLIM 1 Np.

3. UeHTpanbHbIn cTeK — anropuTtm Tpenbepa. byneT 340poBo, €Cnn B peasm3aunm Knacc cTeka
byneT BbiHECEH B onuumu (traits) knacca DECStack.
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[2005] Purcell, Harris Non-blocking Hashtables with open addressing.pdf

CnoxHoCcTb:5+

Ewe oaHa pa3HoBMAHOCTb open-addressing hash table. AnropuTm He onucbIBaeT paclunpeHune
Tabnvubl, NnpegnaraeTcs NCNoNb30BaTb MeToA 13 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

CnoXHOCTb:6

Ewé onHa peanusauuns skip-list. AnropuT™ nHTepeceH TeM, 4YTO Ha HyJIEBOM YPOBHE Yy3Jbl CBA3aHbI B
double-linked list. ABTOpbI He rOBOPAT, NPUMEHUM NN HP K X anropuTMy, BMECTO 3TOr0 OHU
npegnaratoT Ucnosb3oBaTh reference counting nnm KpaTko onucaHHbIM UMK epoch-based noaxoa.
TpebyeTcs NOHATbL, MOXKHO N1 NpuMeHnTb HP u/mnm RCU.

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

CnoxHocTtb:7

Pa3suTtume nogxopa [2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search Trees.pdf
Ha k-apHble nepesbs. Coenatb 6e3 helping'a, oueHNTb, BO 4TO BbIMBaeTCs peanusauus helping'a n
cTouT N ero Boobuie genatb.

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

CnoxHocTtb: 7T+

[2012] Korenfeld CBTree - A Practical Concurrent Self-Adjusting Search Tree.pdf Pa3aHoBMAHOCTb
camobanaHcmpytoLllerocs aepesa, NOCTPOEHHOI0 C UCNOb30BaHMEM TexHUKN hand-over-hand
locking. MNMpoaHanu3umpoBaTb, kakon SMR nogxoauT (HP, RCU, 06a), nmbo xe anropnutm He TpebyeT
HUKakon SMR cxeMbl.

[2011] Prokopec,Bagwell,Odersky Cache-Aware Lock-Free Concurrent Hash
Tries.pdf

CnoxHOCTb:8

[2011] Prokopec,Bagwell,0dersky Lock-Free Resizable Concurrent Tries.pdf [2011]
Prokopec,Bronson,Bagwell,Odersky Concurrent Tries with Efficient Non-Blocking Snapshots.pdf
Peanunsaunsa KoHKypeHTHoro trie. No comments.
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Tpebylowue popadoTkm

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

C/I0XHOCTb: 4+
Pull request

Skip-list, ocHoBaHHbIN Ha fine-grained locks (6210KMpoBKa Ha YPOBHE 3/1IEMEHTOB — MMEHHO ANS
TaKOro Knacca airopuTMOB MHTEPECHO peann3oBaTb pasfiniHble mutex'sl). IHTepecHas un
OTHOCMTENbHO NpocTas peanunsauns skip-list. Node cgenatb aHanorn4yHo ToMy, Kak caenaHo B libcds
SkipListSet. MoxxHO nofymaTb Hag onTUMMU3aLMEN AN «HEBBLICOKMX» Y3/10B: A5 Y3/1a BbICOTON 1 He
BbIAENSETCS HMUKAKOM namsaTu nop baluHo (y Hero HeT H6awHm), 50% y3noB B skip-list nmetoT BbICOTY
1; xoTenock 66l 4N y3/710B BLICOTON < 4 He pacnpenenaTb NaMaTb Nog H6alHmM, a NCNoNb30BaTh
Kakoun-To pre-allocated storage. Tem cambiM gna 50 + 25 + 12,5 + 6,25 = 93.75% y3n08 He byneT
afNoKaLuui, 4TO XOPOLLO AO/MKHO CKa3aTbCA Ha MacwTabmupyemocTn. MoXXHO nonpoboBaTb BCE Y3/bl
pacnpenenaTb BbICOTON 4:

struct node
uint32 t height
node * tower; // To/IbKO 4151 Y3/10B 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

CnoxHocTtb:4
Pull request

MHe 3TOT aJIFOPUTM OYEHb XO4ETCA I'IOI'Ip06OBaTb. EAMHCTBEHHbIN MNWHYC — aBTOpPbI HE MNOoKa3anu,

KaK MCNoJib30BaTb TEXHUKY HP, TONIbKO HaMeKHY I B HECKONIbKMX NpeanoxeHusx. Tpebyetcs
aganTupoBaTb anropuTm nog Hazard Pointer n/wunn cBa3aTbCs C aBTOpaMu, 3anpocus NOSCHEHUNA,

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

C/I0OXHOCTb: 3+
Pull request

JTa paboTa, HECMOTPSA Ha CBOI «CTAPOCTb», MHTEPECHa TEM, YTO MO3BOJIAET CAeNATb MNOSHOLEHHbIE
ntepatopbl no lock-free cTpykType. Ha ocHoBe ONMCAHHOI0 asropuTMa CNMCKa MOXXHO NMOCTPOUTD
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hash-map (MichaelHashSet/Map, SplitListSet/Map - 3T cTpykTypbl B libcds kak napameTp
NPVHMMAIOT peannsaumnio cnucka) nam gaxe SkipList ¢ Bo3MoXHOCTbIO Be3onacHom utepaumm, 410
04Y€eHb LeHHO. He 3abbiBaTb, YTO B JAHHOM airopuTMe ecTb owmnbka — cm. [1995] Michael, Scott
Correction of a Memory Management Method for Lock-Free Data Structures.pdf.

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

CnoXHoOCTb:5+
Pull request

NHTepecHbIn anropnTm open-addressing hash table. NMoxox Ha Cuckoo hashing, peanunsauns
KOToporo ecTb B libcds.

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

CNOXXHOCTb:2+
Pull request

B libcds y>xxe ecTb HP- n RCU-based peanusauun (6e3 helping'a), Tpebyetcs caenatb append-only
Bepcuto (6e3 GC - cds::gc::nogc), To ecTb Bepcuto 6e3 BO3MOXXHOCTY yaaneHNsa 3/1eMEHTOB.

MonpoboBaTb peanun3oBaTb helping (byaeT xopowo, ecnun helping byaeT BkAoYaTbCA OTAENbHbLIM
tnarom B traits).

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

CNOXXHOCTb:2
Pull request

AnropuTMm 1 ero noapobHbIN aHann3 ecTb B KHUre. TpebyeTca co3gaTh ovepedb Ha C++11.
OueHnTb, MOXXHO N1 co3aaTh intrusive-sepcutio.

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

CnoxHocTb: 1+
Pull request

ANropuTM 1 ero nofpobHbIN aHann3 ecTb B KHUre. TpebyeTca co3paTth cTek Ha C++11, ncnonb3ys

oba anropuTMa, onmcaHHbIX B KHUre: Ha shared_ptr u split reference counting. OLeHUTb, MOXXHO K
co3naTb intrusive-sepcuio.

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

CnoxHocTb:4

Pull request
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MepCneKkTUBHbLIN anropuT™m noctpoeHuns lock-free cteka, ovyepeam, deque. loxeH obecnevymsaTb
0YeHb XOPOLUYI0 NPOU3BOAUTESNILHOCTL A8 push-onepauun, Tak Kak push nponm3soanTcs B
NOKasbHbIN AN5 NOToKa storage. MNceBaokoa oCHOBaH Ha tagged pointers, TpebyeTcs NpUMeHNTb
Kakomn-nnbo aopyron SMR - Hazard Pointers, reference counting.

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

CNOoXXHOCTB:5
Pull request

NHTepecHbIn anropuTm open-addressing hash table. CnepnyeTt caenaTb intrusive-BapuaHT: XpaHuM
yKa3aTeNun Ha faHHble, CYATAEM, YTO pacrnpefensiTb NaMaTb NOL AaHHbIE HE HYXKHO. ANrOpUTM
onmMcaH A0CTaTO4YHO XOPOLUO, HO HEMPUBbLIYHO. 3aMeYaHus:

1. MoHATb, rae cnepnyeTt NPpUMEHATL aTOMapHble onepaunn. B nceBookoLe 3TO OTMEYeHo
CcKobkamm < >:

o < a:=b > = atomic load, atomic store
o <ifa==0thena:=b>=2a.CAS(0,b)

2. MceBOoKoA onucaH B NPeanosioXKeHnm, 4To nmeeTcst P NOTOKOB (NpoLeccos), paboTaroLwmx ¢
hash set. Monpo6oBaTb n36aBnTLCA OT P. ECin He nony4nTca — P gosmkeH 6biTb NnapaMeTpom
KOHCTpyKTOpa. Ana thread-local data ucnonb3osath TLS. Peannsaumsa fo/KHa y4MTbIBaTb, YTO
P MoXeT BbITb 4OCTUIHYTO — B 3TOM C/ly4ae nmbo BbibpackiBaTb UCKAOYEHME (NN10X0), NnMbo
KakuM-To 0bpa3om AoxnaaTbCs 0CBOOOXKAEHUS cnoTa (Ny4yiwe).

3. K oaHHbIM, XxpaHuMbiM B hash table, cnepyet npumeHaTb Hazard Pointer. [1na ynpasneHus
BHYTPEHHMUMU CTPYKTYpaMm aaropmTm nUcnosib3yeT pasHoBuaHocTb refCount.

Pa3BuTME: €CIN MOXKHO BbIAEANTb aiIfOPUTM paclumpeHns hash-tabnuubl B 0TAENbHYHO
NPOrpPaMMHYI0 CYLLHOCTb (K1acc), TO ero B NMPMHLMUMNE 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

C/10XHOCTb:4
Pull request

Takxe: A Takxe: [2010] Gidenstam,Sundell, Tsigas Efficient Lock-Free Queues that Mind the
Cache.pdf. AnropnT™ nHTepeceH TeM, 4TO NaMATb BblAenseTca nos 610K 31eMeHTOB, Kak B
std::deque, 4TO MOXeT 3HaYUTENIbHO YBENNYNTb NPOM3BOANTENLHOCTL Stl-like ovepenn. OueHnTb,
MOXXHO /I peanun3oBaTb 3TOT aNropuT™ Ha Hazard Pointer. AnropuTM CyLleCTBEHHO MnoslaraeTcs Ha
pa3paboTaHHyto aBTopamm SMR cxemy — nomecb HP n reference counting - B 4acTu ynpaBneHus
cnuckom 6aokoB. MonpobosaTb ncnonb3oBaTh Ans 6a1okos shared ptr + HP. Co3gaTh intrusive u stl-
like Bepcuw.
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[2014] Henzinger, Kirsch, Payer, Sezgin, Sokolova Quantitative Relaxation of
Concurrent Data Structures.pdf

C/10XKHOCTb: 3

Pull request
CermeHTMpOBaHHLIN CTEK. B cTaTbe NpnBoanTCs ncesaokon ans tagged pointers (ykasaTtenb +
Bepcus). CnepnyeT peanusoBaTth ero Ha Hazard Pointer, intrusive u stl-like Bepcuto. Pasmep cermeHTa

— CTeneHb JBONKW, 3a[1aeTCs B KOHCTPYKTOpe. OLEHUTb, BO3MOXHO /N CAeNaTh ONTUMU3ALINID — He
yIansiTb CErMEHT, a BECTW HEKOTOPbIN free-list HECKONBKUX Y aNeHHbIX CEFrMEHTOB.

PeannsoBaHHbIE

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

PeannsoBaTb ONMCaHHLIN B CTaTbe anropuT™M bounded deque. SMR 3aeck He TpebyeTcs, Tak Kak
deque ocHOBaHa Ha MaccuBe.
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