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AnroputMmbl ana popabortku B 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+
Pull request

AnropuTm 1 ero noApobHbIn aHanns3 ecTb B KHUre. TpebyeTca co3pnaTbh cTek Ha C++11, ncnonb3ys
oba anropuTma, onucaHHbIX B KHUre: Ha shared_ptr u split reference counting. OLeHUTb, MOXHO N
co3paThb intrusive-sepcuio.

A.Williams “C++ Concurrency in Action” - lock-free ouepepb Ha shared ptr
CNI0XKHOCTb.2

Pull request

ANropuTM 1 ero nogpobHbIN aHann3 ecTb B KHUre. TpebyeTca co3gaTth ovepenb Ha C++11.
OueHnTb, MOXHO N1 Co3aThb intrusive-Bepcuio.

[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
LeHTpaJibHbIM CTEKOM OH ABASETCA non-blocking n noatomy TpebyeT npumeHeHus safe memory
reclamation (SMR) Tuna Hazard Pointer (HP), a co cTopoHbl ha3bl collide — 6nokupyemsbin. TpebyeTcs
pewnTb cnegyoLine 3agadm:

1. N36aBUTbLCA OT NPEANON0XKEHNS, YTO MOTOKM NPoHyMepoBaHbl 0T 1 Ao N. Y Hac ecTb TO/IbKO
thread ID. B 3TOM CBA3M Ha0 KaK-TO U3MEHUTb CTPYKTYpPY Maccuea location. Buaumo, BMecTo
Hero Hy>XHO ucnosb3osaTb thread-local storage (TLS), Torga B collision XxpaHUTb yKasaTenu Ha
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3anucu B TLS.

2. Pacnpepenenuns gnuHamudeckon namatu (allocation) nog cTpykTypbl multiOp 6biTb HE fOKHO.
Jlyywwnm BapunaHToM byneT, ecnim multiOp co3aatoTca Ha CTeke, HO B 3TOM Cily4ae MoryT bbiThb
cepbe3Hble NpobaeMbl C BpEMEHEM XU3HK, - obpaLleHmne K pa3pyLleHHbIM aHHbIM 1 np.

3. LleHTpanbHbIN CTeK — anropuTtm Tpenbepa. byaeT 340poBO, €C/iM B peann3auny Knacc cTeka
byneT BbiHECEH B onuumu (traits) knacca DECStack.

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

CnoxHocTb:3

CermeHTMpOBaHHLIN CTEK. B cTaTbe NpnBoanTCs ncesaokon ans tagged pointers (ykasaTtenb +
Bepcus). Cnenyet peanusoBaTb ero Ha Hazard Pointer, intrusive n stl-like Bepcuio. Pa3mep cermeHTa
— CTeneHb ABOVIKK, 3aaeTCs B KOHCTPYKTOpe. OUueHNTb, BO3MOXXHO /M CAEeNaTh ONTUMU3ALINIO — HE
y0anaTb CerMeHT, a BeCTUN HeKoTopbin free-list HECKONBKNX yAaNeHHbIX CerMeHTOB.

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

CnoxHocTb:4

Takxe: A Takxe: [2010] Gidenstam,Sundell, Tsigas Efficient Lock-Free Queues that Mind the
Cache.pdf. AnropnT™ nHTEpeceH TeM, 4TO NaMATb BblaenseTca nof 610K 31eMeHTOB, Kak B
std::deque, 4TO MOXeT 3HaYUTENIbHO YBENNYNTb NPOM3BOANTENLHOCTL Stl-like ovepenn. OueHnTb,
MOXXHO I peanun3oBaTb 3TOT afropuT™ Ha Hazard Pointer. AnropuTM CyLleCTBEHHO nosiaraeTcs Ha
pa3paboTaHHyto aBTopamm SMR cxemy — nomecb HP n reference counting - B 4acTu ynpaBneHus
cnuckom 6aokoB. MonpobosaTb ncnonb3oBaTb Ans 6aokos shared ptr + HP. Co3naTh intrusive u stl-
like Bepcuw.

[2013] Henzinger,Payer,Sezgin Replacing competition with cooperation to
achieve scalable lock-free FIFO queues.pdf
C/10XHOCTb:4

MHe 3TOT anropuT™M 04eHb X04eTcs nonpobosaTb. EAUHCTBEHHBI MUHYC — @aBTOPbI HE NOKa3asu,
KaK MCnosb30BaTbh TEXHUKY HP, TONIbKO HAMEKHY N B HECKOJIbKUX NpefnioxeHusx. Tpebyetcs
ajanTuposaTb asroput™ nof Hazard Pointer n/wnu cBa3aTbCsa C aBTOpaMu, 3anpocrB NOSACHEHUN.

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

CnoxHocTb:3+

JdTa paboTa, HECMOTPS Ha CBOI «CTAPOCTb», UHTEPECHA TEM, YTO NO3BOJIAET CAeNaTb NOJIHOLEHHbIE
nTepaTopsbl no lock-free cTpykType. Ha 0CHOBE ONMCAHHOIrO afropmTMa CrNMCKa MOXXHO NOCTPOUTb
hash-map (MichaelHashSet/Map, SplitListSet/Map - 3T cTpyKTypbl B libcds kak napameTp
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NPVHMMAIOT peannsaumio cnucka) nam gaxe SkipList ¢ BO3MoXHOCTbIO Be3onacHom utepaunm, 41o
04Y€eHb LeHHO. He 3abbiBaTb, 4TO B AaHHOM airoputMe ecTb owmnbka — cm. [1995] Michael, Scott
Correction of a Memory Management Method for Lock-Free Data Structures.pdf.

[2003] Michael CAS-Based Lock-Free Algorithm for Shared Deques.pdf

Cno)XXHoCTh:3

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

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

CnoxHocTb:4

MepcnekTBHbLIN anropnTm nocTpoeHus lock-free cteka, ovepenn, deque. JomkeH obecneynsaTtb
04Y€Hb XOPOLLUY NPOM3BOAUTENLHOCTL ANSA push-onepauunin, Tak Kak push NnponM3BoaANTCA 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

CnoxHoOCTb:5

NHTepecHbIn anropuTtm open-addressing hash table. Cnepnyet caenaTb intrusive-sapuaHT: XpaHuM
yKa3aTesim Ha JaHHble, CYMTaeM, 4TO pacnpefensTb NaMaTb MNOA AAHHbLIE HE HY)KHO. AIFOPUTM
OMMCaH AOCTaTOYHO XOPOLLO, HO HEMPUBLIYHO. 3aMeYyaHus:

1. MoHATL, roe cnegyeT NPUMEHATb aTOMapHble onepaunn. B nceBookone 3TO OTMEYEHOo
cKobkamm < >:

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

2. MNceBpokon onucaH B NpeanonoXXeHnn, 4To umeeTcs P NOTOKOB (npoueccos), paboTatowmx ¢
hash set. MonpoboBaTb N36aBnTLCA OT P. ECin He nonyunTca — P nosmkeH BbiTb NnapaMeTpom
KOHCTpyKTOpa. Anga thread-local data nucnonb3oBaTb TLS. Peanu3sauns OosKHa y4nTbiBaTb, H4TO
P MoXeT bbITb 4OCTUIHYTO — B 3TOM C/ly4ae nnbo BeibpackiBaTb UCKAOYEHME (N10X0), NnMbo
KaKnM-TO 0bpa3oM foXnaaTbCa 0CBOBOXKAEHUSA CnoTa (nyywe).

3. K paHHbIM, XpaHuMbIM B hash table, cnegyeT npumeHaTb Hazard Pointer. 1na ynpasneHus
BHYTPEHHMMM CTPYKTYpPaMu airoOpuTM UCNosiblyeT pasHoBuaHocTb refCount.

Pa3BuTUE: €CIN MOXXHO BbIAENTb aNropuTM pacwmnpeHns hash-tabnuubl B 0TAeNbHYIO
NPOrpaMMHYI0 CYLLHOCTb (K/1acc), TO ero B NMPMHLMUMNE MOXHO MPUMEHUTb K Nt06bIM anropuTMam
open-addressing, HanpuMmep, k cuckoo hashing.
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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).

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

CnoxHocTb:4+

Skip-list, ocHoBaHHbIN Ha fine-grained locks (6710KMpOBKa Ha ypoOBHE 3/1IEMEHTOB — UMEHHO A1
TaKoro Kjacca aJiropuTMOB MHTEPECHO peann3oBaTb pa3findHble mutex'sl). IHTepecHas u
OTHOCUTENbHO NpocTas peannsauuns skip-list. Node cgenaTb aHanorm4yHo ToMy, Kak cgenaHo B libcds
SkipListSet. MoxxHO noayMaTb Hag onTUMM3aUNEN 0N «HEBBLICOKMX» Y3J10B: A5 y3Ja BbICOTON 1 He
BbIAENSETCSA HAKAKON NamaTu nop balwHio (y Hero HeT bawHm), 50% y3nos B skip-list nmeloT BbICOTY
1; xoTenocb 6bl 4N5 Y3710B BbICOTON < 4 He pacnpenenaTb NaMaTb nog ballHu, a MCnonb3oBaTh
Kakon-To pre-allocated storage. Tem cambim gnd 50 + 25 + 12,5 + 6,25 = 93.75% y3n08B He bygeT
aNIoKaLumMIn, 4TO XOPOLUO A0JHKHO CKa3aTbCA Ha MacwTabupyemocTu. MoxxHO nonpoboBaTb BCE y3/bl
pacnpenenaTb BbICOTON 4:

struct node
uint32 t height
node tower; // To/IbKO 4151 Y3J10B BbICOTOU > 4
node next

node * next( uint32 t level

level next| level
tower /| level —

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

CII0XKHOCTb:5+
NHTepecHbI anropuTMm 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
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CnoXHOCTB:6

Ewé onHa peanusauns skip-list. AnropuT™ nHTepeceH TeM, 4YTO Ha HYJIEBOM YPOBHE Yy3Jbl CBA3aHbl B
double-linked list. ABTOpbI He FOBOPAT, MPUMEHUM Nt HP K X anropuTMy, BMECTO 3TOr0 OHU
npeffiaraloT UCnosb3oBaTh reference counting nnm KkpaTko onucaHHbIn MK epoch-based noaxon.
TpebyeTcs NOHATb, MOXXHO AN NpuMeHuTb HP n/unn RCU.

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

CnoXHOCTb: 2+

B libcds y»xe ecTb HP- n RCU-based peanu3auun (6e3 helping'a), Tpebyetcs caenatb append-only
Bepcuto (6e3 GC - cds::gc::nogc), To eCcTb Bepcuto 6€3 BO3MOXHOCTY yAa/IEHNSA S1EMEHTOB.
MonpoboBaTb peann3oBaTb 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

Peanu3auuns KoHKypeHTHoro AVL-tree, HoBbIN MeTof optimistic hand-over-hand locking.
MpoaHanu3uposaTb, kakon SMR nogxoaut (HP, RCU, 06a), nnbo xe anroputm He TpebyeT HUKaKoN
SMR cxembl.

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

CnoxxHocTtb:7

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

[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 Pa3HOBUAHOCTb
camobanaHcmpytoLwerocs gepesa, NOCTPOEHHOIO C UCNOb30BaHMEM TexHUKN hand-over-hand
locking. MpoaHanu3nposaThb, kakon SMR noaxoant (HP, RCU, 06a), nnbo xe anroputm He TpebyeT
HUKakon SMR cxembil.
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[2011] Prokopec,Bagwell,Odersky Cache-Aware Lock-Free Concurrent Hash
Tries.pdf

CnoxHoCTb: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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