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B pabote paccmoTpeHa 3aava ONTHMH3AIIK METOA SJICTUPOBAHMUS BBITIOIHCHUSI KPUTUIECKHUX CEKIWi Ha BBIAEICH-
HBIX TporeccopHsIx aapax (Remote Core Locking — RCL). [laHHBI METOA MO3BOMSAET MOBBICUTH MACIITA0HPYEeMOCTh
MHOT'OIOTOYHBIX IPOTPaMM 32 CUET CHIKEHHS KOHKYPEHTHOCTH JOCTYIA K KPUTHUECKUM CEKIHSM M IPOCTPAHCTBCH-
HOH JOKanm3anuy oopameHnid K mamstu. [Ipeuoxen anropuT™ ONTUMHU3AIMH BRIJEICHHUS MaMATH B IpOrpaMMax Ha
ocHoBe RCL B MHOTOSIEpHBIX CHCTEMax ¢ HEOJHOPOIHBIM JOCTYIIOM K NaMsATH. BEIONHEHO mccremoBaHue Ha Kia-
CTEepHOH BBIYMCIHUTENBHON crucTeme. [loka3aHo, 4To onmTHMHU3amus JOCTHUTAeTcs Onarozmapsi BBIACJICHHIO IMAMSTH Ha
NUMA-y3nax, Ha koTopsix ¢yakimorupyer RCL-cepsep.

KioueBsble cioBa: RCL; MHOromorounoe mporpaMMHpOBaHIe; KPUTHUCCKUE CEKIUH; MACIITaONPyeMOCTb.

B Hacrosimee BpeMsi UMeEEeT MECTO 3HAUUTENBFHOE YBEIMUEHHE KOMMYECTBA MPOLIECCOPHBIX SIACP B BbI-
gucnuTenbHBIX cucTemax (BC) ¢ obmieli mamsateto [1], otHOCsmuxcs k kmaccam SMP u NUMA. B cBsizu ¢
3THM BO3pacTacT NOTPEeOHOCTh B CO3JaHMH MAacCIITaOMpPyEeMBIX MapaJUIeNbHBIX TporpaMm, 3((EeKTHBHBIX MpU
OOJBIIOM KOJIMYECTBE MapalIeNbHBIX TIOTOKOB.

Cpenu mepcrieKTUBHBIX MOAXO0B, TMO3BOJSIOMIMX OOECIEUNTh BBICOKYIO MacIITaOHpyeMOCTh Hapal-
JIETIbHBIX TPOrpaMM, CIIEAYET B MEPBYIO OYEpPEab BBIACIUTH alTOPUTMBI U CTPYKTYpPbI JaHHBIX, CBOOOAHBIE OT
onokupoBok (lock-free) [2], u mporpaMMHyI0 TpaH3aKLHMOHHYIO MaMATh (software transactional memory) [3].
Henocratkamu HEOIOKHUPYEMBIX alTOPUTMOB M CTPYKTYP AAaHHBIX SIBIISIOTCS OFpaHUYEHHAs 00JIACTDb WX IPHU-
MEHEHUS U CYIECTBEHHBIE TPYA03aTPAaThl, CBSI3aHHBIC C pa3pabOTKON mapajuieNbHbBIX mporpaMm. Kpome Toro,
MPOITYCKHAS CIIOCOOHOCTh TAKUX CTPYKTYpP YacTO COMOCTaBHMA C aHAJIOTMYHBIMH CTPYKTYpaMH JaHHBIX, OCHO-
BaHHBIMH Ha O10KupoBKax. [IporpamMmHas TpaH3aKIHOHHAS NaMATh Ha CETONHSIIHMNA JeHb He oOecreurnBaeT
JOCTaTOYHBIN YPOBEHD MTPOM3BOIUTEIBHOCTH MHOTOIIOTOYHBIX IPOTrPaMM U HE MOITYYria IHPOKOTro MPUMEH e-
HUS B peajibHBIX MPHIOKECHUSX.

TpaauuuOHHBIA MOAXOJ OpraHMU3alUN KPUTUYECKUX CEKUWH B MHOTOIMOTOYHBIX MPOrpaMMax ¢ MOMO-
1IbI0 OJIOKUPOBOK CETrofHsl ocTaércsi Hambonee pacupoCcTpaHEHHBIM B MHOTOMOTOYHOM IPOrPaMMHUPOBaHHU.
BrokupoBku mpoiie B HCMOIb30BAHUH 110 CPAaBHEHUIO C HEOJIOKMPYEMBIMU aJrOPUTMaMH M CTPYKTYPaMH JaH-
HBIX ¥ 00€CIEYNBAIOT BEICOKUH yPOBEHBb MPOU3BOAUTENLHOCTH. KpoMe TOro, 0OCHOBHas 4aCTh CYILECTBYIOINX
MHOTOIIOTOYHBIX MPOrpaMM pa3paboTaHa C UCHONb30BaHHEM OJOKUPOBOK. [109TOMY BOCTpeOOBaHHBIM SIBIISIET-
csl cO3/1aHUE MacIITaOUPYEMBIX aIrOPUTMOB PEATH3alNU B3aHMHOTO UCKITIOYEHHSL.

MacmtabupyemMocTs OJIOKHUPOBOK CYIIECTBEHHO 3aBHCHT OT pelIeHHs Mpo0JeM, CBSA3aHHBIX C KOHKYPEHT-
HBIM JIOCTYIIOM (access contention) mapajuielbHBIX TOTOKOB B Pa3AeiseMbIX 0ONACTSX MaMATH M IPOCTPAHCTBEHHON
JIOKanM3alyel ooparennii K kam-namsaTu (cache locality). KoHKypeHTHBIH qocTynm nMeeT MecTo Ipu OTHOBPEMEH-
HOM OOpalleHNH HECKOJIBKHX MOTOKOB K KPHUTHYECKON CEKLMH, 3aIUIIEHHON OIXHUM OOBEKTOM CHHXPOHH3ALUH,
YTO MPUBOJINUT K YBEIUYCHHUIO 3arpyKEHHOCTH KAII-NaMATH. JIOKabHOCTD K3Illa MEET CYLIECTBEHHOE 3HaUCHHE B
TOM CiIydae, KOrja BHYTpU KPUTUYECKOW CEKLINH BBIMOIHSIETCS 00palleHre K pa3nessieMbIM JaHHBIM, KOTOPBIE Te-
pea 3TUM HCIONB30BAINCE HA IpyroM siape. JlaHHOE 0OCTOATENHCTBO MPHBOIMT K MpoMaxaM o Kdmry (cache
Misses) ¥ 3HAYUTEILHOMY YBEJTHYECHHIO BPEMEHH BBIOTHEHHSI KPUTHUESCKIX CEKIHH.

Cpenu Hanbonee 3¢ EeKTUBHBIX MOIXOI0B K peaan3alii MacIITabupyeMbIx OJOKMPOBOK MOYKHO BbIJie-
muth CAS spinlocks, MCS-locks [4], Flat combining [5], CC-Synch [6], DSM-Synch [6], Oyama lock [7]. Ot-
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JeTTbHO HEOOXOIUMO BBIICIUTH PSII METOAOB, MPEANONATaIONINX JIeJICTUPOBAHNE BBITIOJIHEHUS KPUTHYECKUX
CEKITMI BBIJCICHHOMY TPOIIECCOPHOMY SAPY JJIsS TOBBIIICHUS JIOKANBbHOCTU Katmia [S5, 8—10]. Padotsr [9, 10]
MOCBSIIEHBI Pa3pabdoTKe MOTOKOOE30MaCHBIX CTPYKTYP AaHHBIX (CIIMCKOB M XeUI-TabiInil) Ha OCHOBE JeNerupo-
BaHUA BBINIOJIHEHNS KPUTHUYECKUX ceKnuil. B crarke [8] mpemnaraercd yHuBepcaabHOE alnapaTHOE pEIIEeHHE,
BKJTIOYaroliee Habop MpOLeCCOPHBIX MHCTPYKIMH IS TIepeaun yIpaBJIeHUs BBIACICHHOMY SAPY Mpoleccopa.
Flat Combining [5] oTHOCHTCS K IpOrpaMMHO-peaIn3yeMbIM MeTonaM. B ponu cepBepa, BBIOTHSIOMIETO KPH-
TUYECKHE CEKIIMH, BBICTYNAIOT Bce MOTOKH. OHAKO BBIMOIHEHUE TPOLENYPhI IEPEAAaY yIpaBiIeHNs KpUTHUE-
CKOM cekLrell MeXAy MOTOKaMH NMPUBOIUT K CHHKEHHIO MPOU3BOAMTEIBHOCTH JaXke IMPH HE3HAYHTEIbHOM
KOHKYPEHTHOM jaoctyne. Kpome Toro, JaHHbIe alrOpUTMbI HE TIOAJEPKUBAIOT OJIOKUPOBKH MTOTOKOB BHYTPH
KPUTHYECKUX CEKLIUH KaK BCIEACTBUE aKTHBHOTO OXKHIAHMS, TaK U U3-3a OJOKMPOBKH MOTOKA HA YPOBHE siApa
OIlEpPAllMOHHON CHCTEMBI.

1. Meton AeJIErHPOBAHUSA BBINMMOJHCHUA KPUTUYICCKUX CEeKIHil HAa BbIeJeHHBIX MPOLIECCOPHBIX AApax

Bpewms BeImonHEHNE KPUTHUECKUX CEKIMII B MHOTOMOTOYHBIX NMPOrpaMMax CKIaJbIBA€TCS U3 BpPEMEHHU
nepenavyy TpaBa BBIIONHEHHS OJOKHMPOBKOH W BPEMEHH BBITIONHEHHSI MHCTPYKIHMHA KPUTUYECKOW CEKIUHU
(puc. 1). Ilpu nepenave mpaBa BiaJeHUs1 OJOKUPOBKOW BO3HUKAIOT HAKJIaJHBIC PACXOAbI BCICACTBHE MEPEKITIO-
YEeHUS] KOHTEKCTA, 3arpy3Kd KAILI-TMHHUH, COIEpXallel r1o0albHyI0 IepeMEeHHYI0 CHHXPOHU3ALUH, U3 olepa-
TUBHOU MaMSTH, aKTUBU3AIMH TIOTOKA, BBHIMOIHSIOMIETO KPUTHYECKYIO CeKIHio. Ha Bpemsi BBIIOIHEHHS HH-
CTPYKUHUI KPUTHYECKOH CEKIMH CYIIECTBEHHO BIHSIET MPOCTPAHCTBEHHAs JIOKaNW3alMs OOpalleHuil K Tio-
0aJbHBIM MEPEMEHHBIM. TpaavlMOHHBIC AJTOPUTMBI B3aMMHOTO HCKIIOYEHHUS! MpPEATNOoiaraloT 4acroe mepe-
KITIOYEHHE KOHTEKCTa, KOTOPOE MPUBOIUT K BBITECHEHHIO Pa3JeieMbIX IEPEMEHHBIX U3 KIUI-TAMATH.
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Puc. 1. Kpurrdeckuii myTh BBITOTHEHNS KPUTHUECKUX CEKIUU

B pabGote paccmaTpuBaeTcs METOJ BBITIOTHEHHSI KPUTUIECKUX CEKITUI Ha BBIIEICHHBIX y3JIaX MPOIECCO-
pa (Remote Core Locking — RCL) [11], mo3Bomnsromuii MUHIMHU3UPOBATH BPEMS BHITIOITHEHHUS CYIIECTBYIOLINX
MHOT'OIIOTOYHBIX MPOrPAMM 32 CUET YMEHBILICHUS KPUTUUECKOT O IyTH BBHIMOIHEHUS] KPUTUUECKUX CEKIUH.

JauHplil MeToA mpeanonaraeT 3aMeHy B CYHICCTBYIOUIMX MPOrpaMMax BBHICOKOHATPYXEHHBIX KpUTHYE-
CKHUX CEKIMI Ha yJaldCHHBIA BBI30OB MPOLEAYp Ul BBIMOJIHEHUS HA BBIJCICHHBIX IPOLECCOPHBIX Sapax
(puc. 2). Bce kpuTHUECKHE CEKIIMH, 3aIUIIEHHBIC OTHOW OJIOKUPOBKOM, BBIMOIHSIOTCS TMOTOKOM-CEPBEPOM,
paboTaromuM Ha BbIICICHHOM sifpe. [1oCKOMbKY KPUTHYECKHE CEKIIMM BBITIOTHSIOTCS B OTACIBLHOM TIOTOKE,
OTCYTCTBYIOT HaKJIaJHbIC PACXO/bI Ha MepeAady IpaBa BIaICHUs KPUTUUECKON CEeKITUEH.

RCL Ttakke mo3BoisieT COKpaTUTh BpeMsl BBIOTHEHUS UHCTPYKIUN KPUTUUYCCKUX CEKIUNA. ITO JOCTUTA-
eTcs TeM, UTO pa3zeiseMble JaHHbIC, 3aIUIIEHHBIC OJTOKHPOBKOM, ¢ OOJBIION BEPOSATHOCTHIO HAXOIATCS B J10-
KaJIbHOW KAII-MIAMSITH S7pa, Ha koropoM (yHknuoHupyer RCL-cepBep, uTo obecrieunBaeT CHUXKCHHE YUCIIA
MpoMaxoB 1Mo k31y. KOHKYypeHTHOCTh AOCTyNa CHHUKAETCS 3a CUET MCIIONBb30BAaHUSA OTICIBbHON BBIJICICHHOU
K3II-TUHUM T KQXKJIOTO TIOTOKA-KIIMEHTa, KOTOpasi OTBeYaeT 3a XpaHeHHe HHPOPMAIUU O KPUTUIESCKOH CeK-
MY ¥ aKTUBHOTO OXKUJIaHUS IMOTOKa-KireHTa (puc. 3).
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vl v2

T1-T3 — paboune MOTOKH

S — cepsep, GYHKIIMOHUPYIOIUHA HA BBIJECTICHHOM SIIPE
CS1-CS3 — BbINOTHEHNE KPUTHUECKUX CEKIHH

vl, v2 — pa3nenseMble IEPEMEHHBIE

Puc. 2. JlenerupoBaHrie BHITIONHEHIUS KPUTHIECKIX CEKIIMI HA BBIICIICHHOM MTPOIIECCOPHOM SIIIpe

o Baokuposka AprymeHTbl DyHKIHA
g NULL NULL NULL req,
a _—
5'3 &lockl 0x34dcf8af &funcl req,
& _—
E &lock2 0x45adcf9e &func2 reqs
= 1 T 1
1 1
= 1 1
g _—
= NULL NULL NULL req,

Pa3Mep KOUI-JIMHUHU

Puc. 3. Tabnmma 3ampocoB Ha BEITTOTHEHNE KpUTHIECKHX ceknuii B RCL

B cymectBytomeli peanuzanuun RCL He yduThIBaeTcs HEOAHOPOAHBINM AocTyn K nmamsatd B NUMA-
cucremMax. B nmanHo# pabore mpemiararorcsi ajlropuTMBI, MO3BOJAIONIME MUHUMHU3HUPOBATh BpeMs JOCTyNa K
MaMATH B CHCTEMax ¢ HEOJHOPOJIHBIM JOCTYIOM K MaMATH NPHU BHINOJIHEHUH MHOTOMNOTOYHBIX IIpOrpaMMm Ha
6aze RCL.

2. OnTHMHM3anUs AITOPUTMOB JIeJIeTHPOBAHUS BbINOJHeHUSI KpuTHYecKuX cexkuii B NUMA-cncremax

B Hacrosiiee BpeMsi BHIYMCIUTEIBHBIE CUCTEMBI C HEOTHOPOAHBIM IOCTYMoM K obOmeil mamstu (Non-
uniform memory access — NUMA) (puc. 4) noXyduiy LIMPOKOE pacrpocTpaHeHue. Takue CUCTEMBI IPEICTaB-
JISIIOT cOOOM KOMIO3UIIME MHOTOSIIEPHBIX MTPOIECCOPOB, KaXKIBIH U3 KOTOPBIX CBSI3aH C JIOKAJILHOH 00J1acThIo
rinobansHOM namsTu. [Ipomeccop BmecTe ¢ ero JiokansHOH mamsaTeio popmupyer NUMA-y3en (NUMA-node).
BzanmopeiicTBie MeX Iy mpoLeccopaMy B oOpaleHne K naMsIT ocyuiecTBisiiores uepes mwuny (AMD Hyper-
Transport, Intel Quick Path Interconnect). OOpamieHne K «I0KaIbHOW» 00JaCTH NMaMATH BBIMOJIHSIETCS HEIo-
CPEACTBEHHO, oOpalleHe K «yJaJIEHHOI» 00JacT maMsTH SBJsieTcs Oonee TpyAOEMKHM, MTOCKONBKY BBIMOJ-
HAETCS Yepe3 TPaH3UTHBIE Y3IIbI.

B MHOromotrouHbIX mporpaMMax IpH BBIOJTHEHHHM KPUTUYECKHX CEKLIMN Ha BBIAEIEHHBIX IPOIECCOP-
HBIX Sipax CYIIECTBEHHYIO POJb MTpaeT JaTeHTHOCTh Hpu oOpameHnn RCL-cepBepa kK ydacTkam HamsTH
BHYTPH KPUTHYECKHX CeKIMi. [Io3ToMy B Takux mporpammax Ba)KHO BBIACIATH IMaMsATh B 00JAacTH MaMsTH,
JIOKaJIBHOH Y31y, Ha KoTopoM (yHkunonupyer cepsep RCL. DTo mo3Bossier coKpaTuTh BpeMst oOpamieHni K
MaMATH U MUHUMH3UPOBATh BPEMsI BBITTOJIHEHUSI MHOTOIIOTOYHON MTPOrPaMMBIL.

B Hacrosmed cratbe uccneayeTcs BIUSHHUE MOMUTHKH BbiaeneHus naMsatd B NUMA-cuctemax Ha 3¢-
(DEeKTHBHOCTh METO/A JENETUPOBAHMS BBINONHEHHS KpuTHueckux cekuuid. IIpemnoken amroputm RCLA-
wareMalloc, Mo3BOMSIOMINI MUHUMH3UPOBATh BPEMs BBITIOJIHEHHS MTapaJuUICIbHBIX IIPOrPaMM 3a CUeT ONTHMU-
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3auuu Bbinenenusa namata B NUMA-cucremax. CyTh anroputma 3akiiodaercs B cienytomeM. [Ipu Beimomnne-
HUU MHOTOIIOTOYHOM MpOrpaMMbl mamsTh Bbaensercs Ha ToM NUMA-y3ne, Ha KOTOpOM (QYHKIHOHHPYET
RCL-cepsep. OcHoBHbIe maru anroputma RCLAwareMalloc:

1. [Tpu BeImONHEeHNH (HYHKUMU BBIACIECHUS MaMSATH MPOBEPSIETCS, HHULMAIM3UPOBAHBI JIM B IPOrpamMme
RCL-610kupoBku (3amymienst 11 RCL-cepBepsr).

rIIIITlrIIIIT
TIIIITITIIIIT

KoHTpossiep NaMsaTH

lllllslllllls

J‘nll‘:lllll‘

Puc. 4. OynkimonansHas cxema MHoromporeccopHoit NUMA-cucTeMst

2. Ecnu B mporpamme He nHunManu3npoBanbl RCL-6nokupoBku, To ucnonkdyercss pynkmus Default-
Malloc BeIAEEHNS TAMATH IO YMOJTYAHHUIO M yKa3aTelb Ha BBIACICHHBIA CErMEHT MaMsTH A00aBiseTcs B CIIU-
cok AllocList.

3. Ecnu B mporpamme nHunmanu3npoBanbl RCL-0M0KHpOBKH, TO TMpOBEpsieTCs, BBHIIOMHSIOTCS JIH BCE
RCL-cepBeps! Ha omHOM NUMA-y31e.

4. Ecnu Bce RCL-cepBeps! BeimonHsAtoTcs Ha onHoM NUMA-y311e, TO yCcTaHaBIMBaeTcs MOJINTUKA BBIIE-
nenus namsati Ha janHoM NUMA-y3ie. B npotuBHOM ciydae ucnionssyercst pynkius DefaultMalloc.

5. Ecnu nocne ouepennoro 3amycka RCL-6okupoBku obHapyxkeHo, uTo He Bce RCL-cepBeph! BHINOI-
HSIOTCS HA OTHOM Y3JI€, TO OCYLIECTBIIACTCS MpUBsI3Ka BbiAeneHus namatn K NUMA-y3iy.

6. [lpn mannmanm3anuu nepsoii RCL-OnokupoBku mpoBepsercs, myctoi nu cnucok AllocList. Ecmu
CIHCOK HE MYCTOM, TO BBIMOJHAETCS MHUrpauusi OiokoB BeigeraeHHoW mamstu Ha NUMA-y3en, Ha KOTOpOM
¢ynkunonupyer RCL-cepBep.

3. Pe3ynbTaThl 9KCIIEPHMEHTOB

DKCHEepUMEHTHI TPOBOAMINCH Ha y3Jie BeIYucIauTenbHoro kinacrepa Oak LleHTpa mapayienbHbIX BBIYHC-
JUTENbHBIX TexHomorui PenepanbHOr0 TOCYAapCTBEHHOTO OIOKETHOTO 00pa30BaTENbHOTO YUPESKACHUS
BbIcuiero o0pasoBaHus «CHOUPCKHUN TOCYAapCTBEHHBIN YHUBEPCUTET TEICKOMMYHHUKAMKA U WH(POPMATHKI.
V3en ykoMIIeKToBaH ABYMs 4eThIpExbsaepHbiMu npoueccopamu Intel Xeon E5420, 24 T'6 namaru. CooTtHo-
LICHUE CKOPOCTH JOCTYMA K JIOKAJIbHOMY M yIaJIEHHOMY CerMeHTaM nmamsitu 2:1.

MopnenupoBaHue alrOpUTMOB BBINOMHSJIOCHh HA OCHOBE CHHTETUYECKOTO TecTa. TecT pealn3yer UTepaTHB-
HBII JIOCTYI K 27IeMeHTaM MaccuBa JUTHHEL b =5 x 10°, Vicrnons308anock Tpu maGIoHa JOCTYIA K HIEMEHTAM:

— CIy4allHBIN: Ha KQXKJIOH UTEepaLlii BEIOMpAETCsl CIyJYaiHbIi 2JIEMEHT MacCHBa;

— TOCTIeIOBAaTENIbHBIN: Ha KaXKI0H HOBOW UTEpALMU BEIOMPAETCS DIIEMEHT, CISAYIOMNHI 3a MPEeabIAYIINM;

— C MHTEPBAJIOM: Ha KaKAOW HOBOW WTEpallMK BHIOMpPAETCS DIEMEHT, PAaclOIOKEHHBIH Ha PacCTOSHUU
s = 1000 s1eMeHTOB OT MPEABITYLIETO.

Yucno p nmapaienbHBIX MOTOKOB BapbHpPOBanoch oT 1 10 8 (KOJMYEcTBO MPOLECCOPHBIX SiAEP HA BbI-
anCTHTENEHOM y371e). Kaxcaplit motok BemonHan n = 10° / p omepauuii HHKpEMEHTa COOTBETCTBYIOIIETO ie-
MEHTa TeCTOBOT0 MaccuBa. MHIEKC 3J1eMeHTa MacCHBa ONPEAEIsUICs MabIoHOM TOCTYIa K MacCHUBY.

[IpoBoaunocs cpaBHEHUE IBYX aJTOPUTMOB BBIACIECHUS MAMSITH:

1. Beinenenue namsatu o ymonuanuto (DefaultMalloc).

2. Beinenenne mamartu ¢ yuérom pacnonoxenus RCL-cepsepa (RCLAwareMalloc).

BeimonHsutack npuBsI3Ka MOTOKOB K MPOLIECCOPHBIM SAPaM BBIUMCIUTEILHOTO y37a:

— MOTOK, BhIoNHsIomuM Beiaenenue namatu: NUMA-y3en 0, mpoueccopHoe sipo 0;
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— RCL-cepBep: NUMA-y3en 1, nporeccopHoe sizipo 0;

— tectoBbiit oToK 0: NUMA-y3en 0, nporeccopnoe siapo 0;

— TectoBbld TOTOK 1: NUMA-y3en 0, nporeccoproe sapo 1;

— TectoBbld OTOK 2: NUMA-y3en 0, nporieccoproe sapo 2;

— tectoBbid TOTOK 3: NUMA-y3en 0, nporeccoproe sapo 3;

— tectoBbid TOTOK 4: NUMA-y3en 1, nporeccoproe sapo 1;

— TectoBbId OTOK 5: NUMA-y3en 1, nporieccoproe sapo 2;

— TectoBbli TOTOK 6: NUMA-y3en 1, nporeccopHoe sapo 3.

B kagecTBe nokaszatenel 3pPEeKTUBHOCTH HCIOIB30BANACH POITYCKHAs CIOCOOHOCTh b = n / t (f — Bpems

BBITIOJIHEHHUS DKCIIEPUMEHTOB) U 71 — IMIPOLIEHT MPOMAaxoB 1o Kk3ury (cache misses).

h, 1000 onep/c m, Yo

10000

9000

8000

7000

6000

5000

4000

Puc. 5. D deKTHBHOCTD BHIIOTHEHHS TECTOBOH MapajlIeTbHOM MPOrpaMMBbL: @ — HPOIYCKHAsI CIIOCOOHOCTD, O — IPOMAXH T10 KAIITY.
e _ DefaultMalloc, cirygaiinsiii goctym; — o-_ DefaultMalloc, mocnemoBaTenbHbIH TOCTY,
- DefaultMalloc, moctym ¢ uaTepBaIoMm; ——_ RCLAwareMalloc, cirygaifHbIi ZOCTYII;
-0-_ RCLAwareMalloc, mocnenosarensusiii nocrymn; — Bl - — RCLAwareMalloc, 1oCTyIT ¢ HHTEPBATIOM
yI yi P

OKkcnepuMeHTsl nokasanu (puc. 5), uro anroput™ RCLAwareMalloc BblaeneHusi maMsTH, Y9UTBIBaIO-
it pazmenienne RCL-cepsepa B NUMA-cucreme, o3BoJisieT MOBBICUTH (IO CPaBHEHUIO ¢ aaroputMomM De-
faultMalloc) mponyckHyI0 CHOCOOHOCTD KPUTHUYECKOH CEKIMH 3a CUET COKPAIICHUS! BPEMEHH BBIITOJIHEHUS 00-
pamennii RCL-cepBepa k mamsaru. Ilpennokennslii nogxox Hanbonee 3GpPeKTUBEH NP CIydaiiHOM JOCTYIE K
JJIEMEHTaM MacCHBa W B cCJlydae JOCTyla K DJeMEHTaM MacCHBa C WHTepBaloM. OQPQEeKTUBHOCTH
RCLAwareMalloc yBennunBaercsi ¢ pOCTOM YHCIa TOTOKOB.

3akjIoueHne

Pa3pa60TaH AJITOPUTM BBIACICHUSA MAMATH B BBIYHMCIIUTCIBHBIX CUCTEMAX C HCOAHOPOAHBIM NJOCTYIIOM K
MMaMATU IIPU BBIIIOJITHCHUU KPUTUYCCKUX CCKI_II/II;’I Ha BBIICIICHHBIX ITPOLCCCOPHBIX dpax (RCL) A.TIFOpI/ITM 103-
BOJIACT MUHHUMU3HUPOBATH BPCMS BBIIIOJIHCHUSA KPUTHYCCKUX CCKI_II/II;’I 10 CpaBHCHUIO C BBIACICHUEM IMAMATH 110
YMOJIYaHUTIO 3a CUET MUHHUMHU3AIUHU KOJIMYECTBA 06paH.[CHI/Il>’I K yZ[aJ'IéHHI:IM NUMA-cermMenTam naMsatu. Airo-
pUTM pPCAIM30BaH B BUAC OMONMOTEKH M MOXKET OBITH HCIIONB30BaH C [EeJIbI0 MUHUMHU3AIHN CYHICCTBYIOIINX
MHOT'OITOTOYHBIX ITPOrpaMM.
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The number of processor cores in shared memory computer systems is increasing nowadays. Therefore, the need of scalable parallel
programs rises up. These programs must be efficient on large number of parallel threads.

Among the perspective scalable approaches of multithreading programming, one can emphasize lock-free algorithms and data struc-
tures and software transactional memory. The main drawbacks of lock-free algorithms and data structures are their restrained area of
applying and essential complexity of parallel programs development. Besides the throughput of those structures is comparable with
lock-based structures. Current implementations of software transactional memory do not provide high performance of multithreading
programs and have not common in real applications yet.

Classical approach of lock-based critical sections in multithreading programs remains the most prevalent. Locks are easier than lock-
free algorithms and data structures and ensures high level of productivity. Besides that, the most of present software is lock-based. Thus,
development of scalable locks is substantial now.

Locks scalability depends on access contention while accessing of parallel threads to share memory and space cache locality. Access
contention takes place while simultaneous access of multiple thread to one critical section, protected by one synchronization object. This
leads to cache become inefficiency. Cache locality is significant when the critical section contains the access to shared data, which was
accessed previously on the other core. This circumstance leads to cache misses and severe critical section execution time increasing.

The most efficient approaches of scalable locks implementation are CAS spinlocks, MCS-locks, Flat combining CC-Synch, DSM-
Synch, Oyama lock. However, these methods cannot guarantee the minimum of critical section execution.

The critical section execution time includes time of lock ownership transfer and critical section execution time. In this work, we
consider the method of critical section execution on remote processor cores (Remote Core Locking, RCL). RCL minimizes the execu-
tion time of legacy multithreading programs by reduction critical section execution critical path. This method replaces critical sections in
legacy programs by procedures remote calls. All critical sections protected by one lock are performed by server thread launched on re-
mote core. Therefore, by execution of the critical section by the particular thread minimizes the overheads of lock ownership transfer.

In the current implementation RCL, they do not consider the non-uniform access to memory in NUMA-systems. These systems are
the compositions multicore processors connected with local area of global memory. Time of critical section execution in RCL depends
on RCL-server latency while accessing to memory blocks within critical section. Thus, in these programs memory should be allocated
on NUMA node with the RCL-server. This reduces time of memory accesses and minimizes of programs execution time.

In this work, we propose the algorithm minimizing the memory access time in NUMA systems while RCL-programs execution. The
algorithm optimizes the memory allocation on NUMA-systems. The essential of the algorithms is allocating on the NUMA-node, on
which RCL-server is executing. The results of experiments show that the memory allocation algorithm increases the throughput of criti-
cal sections execution by reducing the time of RCL-server access to memory.
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