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AnroputMmbl ana popabortku B libcds

Hepeanu3oBaHHbIe

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

CnoxHocTb:3

Pa3suTue 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 cTopoHbl ¢ha3bl collide — 6nokupyembin. TpebyeTcs
pewnTb cnegylolme 3agadm:

1. N36aBUTbLCA OT NPEANONOXKEHNS, YTO NOTOKN NPOHYMepoBaHbl 0T 1 Ao N. Y Hac ecTb TOJIbKO
thread ID. B 3TOM CBA3M Ha0 KakK-TO M3MEHUTb CTPYKTYpPY MaccuBa location. Buaumo, BmecTto
Hero Hy>Ho ncnosb3oBaTb thread-local storage (TLS), Torga B collision xpaHUTb yKasaTenu Ha
3anucu B TLS.

2. PacnpegneneHuns guHamudeckon namatu (allocation) nog cTpykTypbl multiOp 6biTb HE fOKHO.
Jlyqwnm BapuaHTom byaeT, ecam multiOp co3gatoTca Ha CTeKe, HO B 3TOM Cilyd4ae MOoryT BbiTb
cepbesHble npobsiemMbl C BpeMEeHEM XU3HW, - obpalleHne K pa3pyLleHHbIM JaHHbIM 1 Np.

3. UeHTpanbHbIn cTek — anroputm Tpenbepa. byneTt 340poBo, eCnun B peasm3alnm Knacc cTeka
6yneT BbiHECEH B onuumu (traits) knacca DECStack.

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

CnoxHoCcTb:5+

Ewe ogHa pa3HoBMAHOCTL open-addressing hash table. AnropuTm He onucbiBaeT paclimnpeHme
Tabauubl, NnpennaraeTcs MCNoab3oBaTh MeToA U3 Npeabiaywen pabotsl ([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

Eweé oaHa peanusaumns skip-list. AMrOpuT™M MHTEPECEH TEM, 4YTO Ha HYNIEBOM YPOBHE Y3Jibl CBSA3aHbI B
double-linked list. ABTOpbI HE rOBOPAT, NPUMEHUM N HP K nX anropuTmy, BMECTO 3TOr0 OHU
npegsaratoT UCrnosb3oBaTh reference counting nnm KpaTko onucaHHbIM UMK epoch-based noaxoa.
TpebyeTcs NOHATb, MOXXHO N1 NpUMeHUTb HP u/unn RCU.
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[2011] Brown,Helga Non-blocking k-ary Search Trees.pdf

CnoxHocTtb:7

Passutne nogxopa [2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search Trees.pdf
Ha k-apHble pepesbs. Caenatb 6e3 helping'a, oueHUTb, BO 4TO BbIIMBAETCA peasm3aumsa helping'a n
cTOMT Jin ero BoobLle aenaThb.

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

CnoxHocTtb: 7+

[2012] Korenfeld CBTree - A Practical Concurrent Self-Adjusting Search Tree.pdf Pa3HOBUAHOCTb
camobanaHcmpytollerocs aepesa, NMOCTPOEHHOI0 C UCNOb30BaHNEM TexHUKN hand-over-hand
locking. MNMpoaHanu3npoBaTb, kakon SMR nogxoauT (HP, RCU, 06a), nnbo xe anropmutm He TpebyeT
HUKakonm SMR cxeMmbl.

[2011] Prokopec,Bagwell,0dersky Cache-Aware Lock-Free Concurrent Hash
Tries.pdf

CnoXxHOCTb:8

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

Tpebylowue popadoTku

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

CnoXxHoCTb: 4+
Pull request

Skip-list, ocHoBaHHbIN Ha fine-grained locks (6s10KMpoOBKa Ha ypOBHE 3/1IEMEHTOB — UMEHHO 414
TaKoro KJjiacca aqropuTMOB MHTEPECHO peann3oBaTh pa3simyHble mutex'sl). IHTepecHas 1
OTHOCUTENLHO NpocTas peannsauuns skip-list. Node cgenaTb aHanormyHo ToMy, Kak cgenaHo B libcds
SkipListSet. Mo)xHO noaymMaTb Hag onTUMU3aUnen AN «HEBbICOKMX» Y310B: A5 y31a BbICOTOM 1 He
BbIAENSETCSH HMKAKON NamaTu nog balwHio (y Hero HeT H6awHm), 50% y3nos B skip-list nmeloT BbICOTY
1; xoTenocok Obl AN4 y3/710B BLICOTON < 4 He pacnpenenaTb NamMaTb nog H6aliHu, a ncnoib3oBaTh
Kakon-To pre-allocated storage. Tem cambiMm gns 50 + 25 + 12,5 + 6,25 = 93.75% y3n08 He bypeT
aJiNoKaLmMmn, 4TO XOPOLLO JO/MKHO CKa3aTbCA Ha MacwTabupyemMocTun. MoxHo nonpoboBaTh BCE y3/bl
pacnpenensaTb BbICOTON 4:
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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

CnoxHocTb:4
Pull request

MHe 3TOT aNropuTM 04eHb Xo4eTcs nonpoboBaTb. EANHCTBEHHbLIN MUHYC — aBTOPbLI HE NOKa3anu,
KaK MCNoJib30BaTb TEXHUKY HP, TONIbKO HaMeKHY I B HECKONbKMX NpeanoxeHusax. Tpebyetcs
aganTupoBaTb anropuTm nog Hazard Pointer n/wnn cBa3aTbCs C aBTOpaMu, 3anpocus NOSCHEHUNA.

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

CNOXXHOCTb:3+
Pull request

JdTa paboTa, HECMOTPSA Ha CBOI «CTAPOCTb», UHTEPECHa TEM, YTO NO3BOJIAET CAeNaTh NOJIHOLEHHble
nTepatopsl no lock-free cTpykType. Ha 0CHOBE ONMCAHHOIO afIrOPUTMa CNMCKa MOXXHO MOCTPOUTb
hash-map (MichaelHashSet/Map, SplitListSet/Map - 3Tu cTpykTypbl B libcds kak napameTp
NPVHMMAIOT peannsaumnio cnucka) nam gaxke SkipList ¢ BO3MoXXHOCTbIO He3onacHoOn ntepaunm, 41o
04Y€Hb LeHHO. He 3abbiBaTb, YTO B AAHHOM anroputme 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

CnoXHoCTb:5+
Pull request

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

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

CI0XHOCTb: 2+
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Pull request
B libcds yxe ectb HP- n RCU-based peanunsauum (6e3 helping'a), TpebyeTca caenatb append-only
Bepcuio (6e3 GC - cds::gc::nogc), To eCcTb Bepcuto 6€3 BO3MOXXHOCTY yAa/IeHNSA SN1EMEHTOB.

MonpoboBaTb peann3oBaTb helping (byaeT xopowo, ecnun helping byaeT BkNOYaTbCA OTAENbHbLIM
¢narom B traits).

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

CNoXXHOCTh:2
Pull request

AnropuTtm 1 ero noApobHbIN aHann3 ecTb B KHUre. TpebyeTcsa co3paTth odepenb Ha C++11.
OueHnTb, MOXXHO 1 co3aaTb intrusive-sepcutio.

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

CnoxxHocTb: 1+
Pull request

AnropuTt™m 1 ero noapobHbI aHaNU3 ecTb B KHUre. TpebyeTcs co3aaTh cTek Ha C++11, ncnonb3ys

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

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

C/10XHOCTb:4

Pull request
MepcnekTMBHbLIN anropnTm nocTpoeHus lock-free cteka, ovepenn, deque. JomkeH obecneynsaTtb
04Y€Hb XOPOLLUY NPOM3BOAUTENLHOCTL ANSA push-onepauunin, Tak Kak push Nnpon3BoanTCA B

NOKasnbHbIN ANs NoToka storage. NceBaokon ocHoBaH Ha tagged pointers, TpebyeTcs NpUMeHNTb
Kakomn-nnbo gpyron SMR - Hazard Pointers, reference counting.

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

C/I0XKHOCTb:5
Pull request
NHTepecHbI anropuTm open-addressing hash table. Cnenyet caenatb intrusive-sapuaHT: XpaHUM

YKa3aTeJIn Ha AaHHble, CHATAEM, 4TO PaCnpeENATb NaMATb Mo AaHHbIE HE HYXXHO. AJ'IFOpI/ITM
ornncaH AO0CTaTO4YHO XOpPOLUO, HO HeENPKMBbLIYHO. 3aMeyvaHuns:
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1. MoHATb, rae cnepgyeT NPUMMEHATb aTOMapHble onepauun. B nceBaokoae 3To 0TMEYEHO
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 6biTb NnapaMeTpom
KOHCTpyKTOpa. [Ons thread-local data ncnonb3osaTb TLS. Peann3auma fOSKHA Y4UTbIBATb, YTO
P MoxeT bbITb AOCTUFHYTO — B 3TOM C/y4ae nbo BbibpacbiBaTb MCKAOYEHME (M10X0), Mbo
KaKunM-To 0bpa3oM foxxmnaaTtbCcs 0cBobOXKAEHUSA cnoTa (nyywe).

3. K gaHHbIM, XpaHuMbIM B hash table, cnenyeT npumeHaTe Hazard Pointer. 1ns ynpasneHus
BHYTPEHHMUMM CTPYKTYPaMu airOPUTM NCNOSb3yeT pa3HoBuaHocTb refCount.

Pa3BuTME: €C/IM MOXKHO BbIAENNTb aNrOpUTM paclumpeHuns hash-tabnaumubl B 0TAeNbHYI0
NPOrpaMMHYI0 CYLLHOCTb (K1iacc), TO ero B NMPUHLUMNE MOXHO MPUMEHUTb K Nt06bIM 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. AnropuT™ nHTEpeceH TeM, 4TO NaMATb BblAenseTcs nog 610K 3/1eMeHTOB, Kak B
std::deque, 4TO MOXeT 3HaYMTENIbHO YBEINYNTL NPOU3BOANTENbHOCTL Stl-like ovepenn. OueHnTs,
MOXXHO I peann3oBaTb 3TOT aJiropuT™ Ha Hazard Pointer. AlropuTM CyLLeCcTBEHHO NoJlaraeTcs Ha
pa3paboTaHHyto aBTopamm SMR cxemy — nomecb HP n reference counting - B 4acTu ynpaBneHus
cnuckom 610koB. MonpobosaTb Ucnonb30BaTh A4 610koB shared_ptr + HP. Co3patsb intrusive u stl-
like Bepcum.

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

CnoXxHoOCTb:3

Pull request

CermeHTMpOBaHHLIN CTEK. B cTaTbe npnBoanTCs ncesgokon ans tagged pointers (ykasaTtenb +
Bepcus). Cnenyet peanusoBaTb ero Ha Hazard Pointer, intrusive u stl-like Bepcuio. Pa3mep cermeHTa
— CTeneHb ABOWKW, 3aflaeTCs B KOHCTPYKTOpe. OLUEeHNTb, BO3MOXHO /M cAeNlaTb ONTUMU3aUN0 — He
yOanaTb CErMeHT, a BECTU HeKoTopbIN free-list HECKONBbKUX yOaNneHHbIX CEerMEHTOB.

Peanun3oBaHHbIE
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[2003] Michael CAS-Based Lock-Free Algorithm for Shared Deques.pdf
C/10XHOCTb:3
Pull request

PeannsoBaTb ONMCaHHbIN B CTaTbe anroputM bounded deque. SMR 3aech He TpebyeTcs, Tak Kak
deque ocHoBaHa Ha MaccumBe.
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