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DopaboTtka oubnuortekwm libcds

MpocdunupoBaHne n NOUCK oIMOBOK

HanTu, o6ocHOBaTb 1 MCNPaBUTb He MeHee 3 owKnboK || morpamMmmupBaHns (Bo3moxHble dead lock,
data race...). lpegnonaraeTcs UCNoJib30BaHMe aBTOMaTU3MPOBAHHbLIX CTPEACTB NONCKA, TaKUX KakK:

1. Valgrind helgrind
2. Intel Parallel Studio
3. Google Thread Sanitizer...

Anroputmbl

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

CnoxHocTb: 1+

AnropuT™m 1 ero nogpobHbI aHanu3 ecTb B KHUre. TpebyeTcs co3paTh cTek Ha C++11, ncnosb3ys
oba anropuTMma, onucaHHbIX B KHUre: Ha shared ptr u split reference counting. OLeHUTb, MOXHO N
co3paTb intrusive-sepcuio.

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

CnOXHOCTh:2

AnropuTm 1 ero noApobHbIN aHann3 ecTb B KHUre. TpebyeTcsa co3paTtb odepenb Ha C++11.
OueHunTb, MOXHO N1 co3aaTh intrusive-sepcuio.

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

CnoxHocTb: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) Tuna Hazard Pointer (HP), a co cTopoHbl ha3bl collide — 6nokupyembin. TpebyeTcs
pewnTb cneayowme 3agaydu:

1. N36aBUTbLCA OT NPEANONOXKEHNS, YTO NOTOKM NPOHYMepoBaHbl 0T 1 Ao N. Y Hac ecTb TOJIbKO
thread ID. B 3To# CBA3M Haf0 Kak-TO U3MEHUTL CTPYKTYpPY Maccmea location. Bugnmo, BMecTo
Hero Hy>XHO ucnosib3osaTb thread-local storage (TLS), Torga B collision XxpaHuTb yKasaTenu Ha
3anucu B TLS.

2. Pacnpenenenusa gnHammyeckon namaTu (allocation) nog cTpykTypbl multiOp 66ITb HE AOKHO.
Jlydwmm BapuaHToMm byneT, ecnm multiOp co34at0Tcs Ha CTEKe, HO B 3TOM CJlydae MoryT ObiThb
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cepbe3Hble NpobaemMbl C BpEMEHEM XU3HU, - 0bpaLleHne K pa3pyLLIEHHbIM AAaHHbLIM 1 Mp.
3. UeHTpanbHbIn cTek — anropuTMm Tpenbepa. byaeT 340p0BO, €CNKN B peannsaunm Knacc cTeka
6yneT BbiHECEH B onuuu (traits) knacca DECStack.

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

CnoxHocTb:3

CermeHTUpPOBaHHbLIN CTeK. B cTaTbe NnpuBoamnTCs ncesnokon ans tagged pointers (ykasaTtenb +
Bepcud). CnenyeT peanusoBaTb ero Ha Hazard Pointer, intrusive n stl-like Bepcuio. Pa3mep cermeHTa
— CTeneHb ABOWKW, 3aaeTCs B KOHCTPYKTOpe. OLUEHNTb, BO3MOXHO /M CAeNaTb ONTUMU3ALNI0 — He
yOansaTb CErMEeHT, a BECTU HeKoTopbIn free-list HECKONBKUX yAaneHHbIX CErMEHTOB.

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

CnoxHocTtb:4

Takxe: A Takxe: [2010] Gidenstam,Sundell, Tsigas Efficient Lock-Free Queues that Mind the
Cache.pdf. AnropnT™ nHTEpeceH TeM, 4TO NaMATb BbigenseTca nos 610K 31eMeHTOB, Kak B
std::deque, 4TO MOXXET 3Ha4YUTENIbHO YBENNYUTbL Npon3BoanTensHoCcTb stl-like oyepenun. OueHnTs,
MOXXHO /I peann3oBaTb 3TOT afiropuT™ Ha Hazard Pointer. AlropuTM CyLLeCTBEHHO NOMaraeTca Ha
pa3paboTaHHyto aBTopamu SMR cxemy — nomecb HP u reference counting - B 4acTu yrnpasneHus
cnuckom 610KkoB. MNonpobosaThk Ncrosnb3osaTh A1a 6nokos shared_ptr + HP. Co3gaTsb intrusive u stl-
like Bepcuw.

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

CnoxHocTtb:4

MHe 3TOT anropuTM O4eHb X04eTCs NonpoboBaTh. EANHCTBEHHLIN MUHYC — aBTOPbI HE MOKa3anu,
KaK MCNoJb30BaTb TeXHNKY HP, TO/IbKO HAMEKHY /M B HECKOJIbKMX NpeasioxeHusix. Tpebyetcs
aflanTupoBaTb anropuTtm nof Hazard Pointer n/wnu cBs3aTbCs C aBTOPaMM, 3aNpoCUB NOSICHEHWIA.

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

CnoxHocTb:3+

JdT1a paboTa, HECMOTPSA Ha CBOI «CTAPOCTb», UHTEPECHa TEeM, YTO NO3BOJIAET CAeNaTb NOJIHOLEHHbIe
nTepatopsl no lock-free cTpykType. Ha 0CHOBE ONMCAHHOIO afIrOPUTMa CNMUCKa MOXXHO NOCTPOUTb
hash-map (MichaelHashSet/Map, SplitListSet/Map - 3Tu cTpykTypbl B libcds kak napameTp
NPUHUMAIOT peasim3aumnto cnucka) nnm gaxe SkipList ¢ BO3M0OXXHOCTbIO 6€30MacHoOM nTepaunmn, 4To
04Y€Hb LeHHO. He 3abbiBaTb, YTO B AaHHOM anropnutMe ecTb owmnbka — cm. [1995] Michael, Scott
Correction of a Memory Management Method for Lock-Free Data Structures.pdf.
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[2003] Michael CAS-Based Lock-Free Algorithm for Shared Deques.pdf

CnoxHocTb:3

Peann3oBaTb ONMCaHHLIN B CTaTbe anropnT™m bounded deque. SMR 3aeck He TpebyeTcs, Tak Kak
deque ocHOBaHa Ha MaccuBe.

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

CnoxHocTb:4

MepCcneKkTUBHbLIN anropuT™m noctpoeHuns lock-free cteka, ovyepeamn, deque. losxeH obecnevymsaTb
0YeHb XOPOLUYI0 NPOM3BOAUTESNILHOCTb A8 push-onepauun, Tak Kak push npovm3soamTcs B
NOKasbHbIN 4518 NoToKa storage. MNceBaokoa ocHoBaH Ha tagged pointers, TpebyeTca NnpyMeHUTL
Kakomn-nnbo aopyron SMR - Hazard Pointers, reference counting.

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

CnoXXHoCTb:5

NHTepecHbI anropuTm open-addressing hash table. Cnenyet caenatb intrusive-sapuaHT: XpaHUM
yKa3aTeNn Ha OaHHble, CYUTAEM, YTO pacnpenensaTb NaMaTb NoA AaHHbIE HE HY)KHO. AFOpUTM
OMNUCaH A0CTAaTOYHO XOPOLLO, HO HEMPUBLIYHO. 3aMeYvyaHuns:

1. MoHATb, rae cnegyeT NPUMMEHATb aTOMapHbIe onepauun. B nceBaokoae 3To 0TMEYEHO
cKobKamn < >:

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

2. MNceBOokoA ONncaH B NpeanosioXXeHnn, 4To nmeeTca P noTokos (npoueccos), paboTatowwmx ¢
hash set. Monpo6osaTb n3baBnTLCA 0T P. ECAn He nony4nTcs — P goskeH 6bITb NnapamMeTpom
KOHCTpYyKTOpa. [Ons thread-local data ncnonb3osaTb TLS. Peann3zauma fo/KHa y4UTbIBATb, YTO
P MoXeT bbITb 4OCTUIHYTO — B 3TOM C/ly4ae nnbo BeibpackiBaTb UCKOYEHME (M10X0), NMbo
KakuM-To 0bpa3om goxnaaTbCs 0CBOOOXKAEHUS CnoTa (Ny4ywe).

3. K gaHHbIM, XpaHuMbIM B hash table, cneayeTt npumeHsaTb Hazard Pointer. 1ns ynpasneHus
BHYTPEHHMMU CTPYKTYpPaMu aJiropuTM UCNosib3yeT pasHoBuaHocTb refCount.

Pa3BuTmME: €CIN MOXKHO BbIAEANTb aJirOPUTM paclumpeHns hash-tabnunubl B 0TAENbHYIO
NPOrpaMMHYI0 CYLLHOCTb (Kacc), TO ero B NPUHLMUNE MOXHO MPUMEHUTb K Nt06bIM anroputMam
open-addressing, Hanpumep, k cuckoo hashing.

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

CnoxHoOCTb:5+

Ewe ogHa pa3HoBMAHOCTL open-addressing hash table. AnropuTm He onucbiBaeT paclimnpeHne
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Tabnvubl, NnpegnaraeTcs NCNoNb30BaTb MeToA 13 npeabiaylien pabotol ([2003] Gao, Groote,
Hesselink Efficient almost wait-free parallel accessible dynamic Hashtables.pdf).

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

CnoxHocTb:4+

Skip-list, ocHoBaHHbIN Ha fine-grained locks (6710KMpoOBKa Ha ypoOBHE 3/1IEMEHTOB — UMEHHO 414
TaKoro KJjacca ajqropuTMoB MHTEPECHO peann3oBaTh pa3simyHble mutex'sl). IHTepecHas 1
OTHOCUTENBLHO NpocTas peannsauuns skip-list. Node cgenaTb aHanorm4yHo ToMy, Kak cgenaHo B libcds
SkipListSet. MoxxHO noayMaTb Hag oNTUMM3aUNEN AN «HEBBLICOKMX» Y3/10B: A1 y3/1a BbICOTON 1 He
BbIAENSETCSH HAUKAKON NamaTu nop balwHio (y Hero HeT bawHm), 50% y3nos B skip-list nmeloT BbICOTY
1; xoTenock Obl AN4 y3/710B BLICOTON < 4 He pacnpenenaTb NamMaTb nof H6aLiHu, a ncnosib3oBaTh
Kakou-To pre-allocated storage. Tem cambim gns 50 + 25 + 12,5 + 6,25 = 93.75% y35108B He bypeT
aNlIoKaLUMIM, 4TO XOPOLLO A0JHKHO CKa3aTbCA Ha MacwTabupyemocTn. MoxxHO nonpoboBaTb BCE y3/bl
pacnpenenaTb BbICOTON 4:

struct node

uint32 t height
node tower; // To/IbKO AJ151 Y3J10B BbICOTOU > 4
node next

node * next( uint32 t level

level next| level
tower | level —

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

CnoxHocTb:5+

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

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

CnoXHOCTb:6

Eweé ogHa peannsaumns skip-list. AIroput™m nHTEpeceH TeM, 4TO Ha HYJIEBOM YPOBHE Y3Jbl CBA3aHbI B
double-linked list. ABTOpbI He FOBOPAT, MPUMEHUM N HP K X anropuTMy, BMECTO 3TOr0 OHU
npegnaratoT UCNoNb3oBaTb reference counting nam KpaTko onucaHHbIN MK epoch-based nogxoa.
TpebyeTcs NOHATb, MOXKHO It NpuMeHnTb HP u/mnm RCU.
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[2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search
Trees.pdf

CnoXHOCTb:2+

B libcds y>xxe ecTb HP- n RCU-based peanunsauun (6e3 helping'a), Tpebyetcs caenats append-only
Bepcuio (6e3 GC - cds::gc::nogc), To eCcTb Bepcuto 6€3 BO3MOXHOCTY yAa/IEHNSA I1EMEHTOB.
MonpoboBaTb peanun3oBaTb helping (byaeT xopowo, ecnun helping byaeT BkAOYaTLCA OTAENbHbLIM
tnarom B traits).

[2010] Bronson,Casper,Chafi,Olukotun A Practical Concurrent Binary Search
Tree.pdf

CnoxHocTtb:7

Peanusauus KoHKypeHTHoro AVL-tree, HoBbIN MeTof optimistic hand-over-hand locking.
MpoaHanu3npoBaTb, kako SMR nogxoaut (HP, RCU, 06a), nmbo e anroputm He TpebyeT HMKaKow
SMR cxembl.

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

CnoxHocTtb:7

Pa3suTtne nogxopa [2010] Ellen,Fatourou,Ruppert,vanBreugel Non-blocking Binary Search Trees.pdf
Ha k-apHble pepesbs. Caenatb 6e3 helping'a, oueHUTb, BO 4TO BbIIMBAETCA peanm3aumsa helping'a n
CTOWUT NN ero BoobLue aenatsb.

[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, MOCTPOEHHOI0 C UCNONb30BaHMEM TexHUKN hand-over-hand
locking. MNMpoaHanu3mpoBaTb, kakon SMR nogxoauT (HP, RCU, 06a), nnbo xe anroputm He TpebyeT
HUKakon SMR cxeMmbl.

[2011] Prokopec,Bagwell,Odersky 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
Peanunsaumnsa KOHKypeHTHoro trie. No comments.
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