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IIPOTPAMMHBIN KOMIIJIEKC S-MPI [IJI1s1 OBECIIEYEHI A
PASPABOTKMU, OIITUMMN3ALINNN 11 BBITIOJTHEHMN A
BBICOKOIIAPAJIJIEJIbHBIX ITPMJIOXKEHUI
HA CYIIEPKOMIIBIOTEPHbBIX KJIACTEPHBIX CUCTEMAX

['. 1. Boponos, B. /I. Tpymun, B. B. lllymuun, /1. B. Exos
(OOO "Lentp komuerenmuii u o0yuenns", r. Capon)

OnuceiBaercsi pa3pabarTbiBaeMblii B paMKax KOHTpakTa ¢ MuHucrepcTBOM 0OpasoBanus

u #Hayku P® oredecrBeHHbIll mporpaMMubiii koMiuieke S-MPI,) pkimogaromuit B cebs 6ub-
smoreky S-MPI u mporpaMMHbie HHCTPYMEHTBI 71 aHAJM3a KOppekTHocTd 1 3P heKkTus-
HOCTH TapaJiIeJbHBIX TpuiIoxKenuit. [IpuBomuTcs cpaBHenne mpouspomuTeabHocTH S-MPI
U JBYX JPYrUX [IMPOKO pACIpOCTpaHeHHbx peanusanuii MPI-2 (Open MPI 1.54

u MVAPICH 1.2.7).

Karouesvie caosa: MPI, mapanmenbHble BIYUCIEHU, TPOBEPKA KOPPEKTHOCTH, UHCTPY-

MEHTaJIbBHBIE CpeaCTBa aHaJIHu3a.

BBenenune

s 3ddekTMBHOrO MCMOIb30BAHUST COBPEMEH-
HBIX KJIACTEPHBIX BBIYUCIUTETHHBIX CHCTEM HEODXO0-
muMbl 9 GEKTUBHBIE, HAJIEXKHBIE U YI00HbIE B HC-
MOJTB30BAHUN TTPOTPAMMHEBIE KOMILIEKCHI, TTOIIepP-
xkwuBatormume craggapr MPI-2 [1, 2| u obecmeun-
BAIOIIE YCKOPEHHYIO Pa3paboTKy, ONTHMHU3AINIO
U BBITIOJTHEHUE GUCOKONAPAALEALHVLT TIPUTOKEHMTIA.
[Ipu peasm3aiiuy TakKuX TPOrPAMMHBIX KOMILIEKCOB
OPUXOAUTCA pellaThb MHOXKECTBO TEOPETUYCCKUX N
MpPaKTUIECKNX MpobjeM, Hambojiee BAaXKHBIMUA U3
KOTOPBIX ABJIAIOTCHA OTKaBOy(ZTOI‘/JILII/IBOCTB7 MacCIIiTa-
OUPYEeMOCTh, ANTAIINAST K COBPEMEHHBIM KOMMYHI-
KAIMOHHBIM CPEIAM ¥ TOIMOJIOTHN KJIACTEPOB, TOJ-
JIep’KKa CMENTaHHBIX MOJleseil MporpaMMUPOBaHUS
T .

VkazaHuble MPOOIEMBI B TOM WA WHOM BHIE
PEeIIaioTCd B Pa3JIMYHBIX KOMMEPYECKHUX U CBO-
HOJTHO PACIPOCTPAHIEMBIX PEATH3AIIAX CTAHIAPTA
MPI-2, naubosiee uzBecTabl u3 KoTopbix Intel MPI,
IBM Platform MPI, MPICH2, MVAPICH2 |[3]
u Open MPI [4—6]. Opgmako pa3paboTka BCex
9TUX IPOTPAMMHBIX ITPOJIYKTOB HaXOANUTCA 1O KOH-
TPOJIEM WHOCTPAHHBIX TOCYTAPCTB M ACCOMMAITHN
MIPOMBIIIIEHHBIX TPy, Kpome Toro, B HacTOsIIES
BpPEMsI HET HU OJHON PeATn3aIiimy, KoTopas Obl yIo-
BJIETBOPSIA BCEM MPEIbABIAEMBIM TPEOOBAHUAM M,

B YaCTHOCTH, ObecrevymBaJia IMO/JIEPKKY pa3pada-
ThIBA€MOI'O B POCCI/II/I alIIapaTHOTrO U IMPOrPaMMHO-
ro obecriedenust KjaacTepHbix cucrem. [losromy 3a-
rada pa3paboTKM OTEYEeCTBEHHOT'O MPOTPAMMHOTO
KOMILJIEKCA, mojrepkuBatoriero crapgapt MPI-2,
SIBJIAETCS OY€Hb AKTYaJTbHOIA.

B nammoit craTbe mpecTaBiaeHbl coCTaB U (DYHK-
LMOHAJIbHOE HA3HAYEHHEe Pa3padarTbIiBAEMOro IPO-
rpammHOro Komiiekca S-MPI) a Takke mepBbie pe-
3yJIbTaThl €ro MpUMEHEHUd B OTCYECTBEHHBIX IIPO-
MBIIIJICHHBIX ITPUJIO2KCHNAX.

CocraB 1 Ha3HAYEHHUE
nporpaMmMHOro komiiekca S-MPI

PazpabarbiBaemMblii  IIpOrpaMMHBIi
(ITK) S-MPI upenazuaden:

— IUIsT  CO3MaHWUs MMapajlieIbHBIX IPUK/IATHBIX
oporpaMm m O6eCHequI/IH UX BBIIIOJIHEHUA Ha
IIIPOKOM CIIEKTPE BBLICOKOIIPOU3BOIUTEIBLHBIX
BBIYUCJIUTEJIBHBIX CHUCTEM, BKJIIOYad 06=/la'LtH’bl/€
U 2pud-ceru;

KOMILJIEKC

— obecriedenns MOJTHOMYHKIIMOHAIBHON CPEIbI
YCKOPEHHO# Pa3paboTKu, OTIAJKA W OINTHMU-
3alid MTapaJIeIbHBIX TTPUIOXKEHUIA.

Vkazaunyo dyuknuonaabaocts [TK obecredn-
BAIOT CJIEYIOIIe KOMIIOHEHTHI:
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1) oubmmoreka MPI, mosyunBimas —HasBamHume

S-MPI, koropass mo3BoJister CoO3jaBarb U
BBIIIOJIHATH napaJie/bHble IPOrpaMMBbl,
WCTIOJB3YIONINE  JUId  paclapaJlieTuBaHus

dyukiuu crangapra MPI-2;

2) mpOrpaMMHBIN KOMIIOHEHT HACTPOHKM mmapa-
merpoB 6ubsmoreku MPI, mpemnazunaueHHbIi
JIJTs TT0/100pa ONTUMAJIBHBIX TapaMeTpoB Oub-
JINOTEKM KaK )i KOHKPETHOI'O KJIACTEPA, TaK
U KOHKPETHOTO TIPUI0KEHUS;

3) KOMITOHEHT MTPOBEPKH KOPPEKTHOCTH, IPEIHA-
BHAYEHHBIH /st 0OHAPYKEHUS PeATbHBIX W 110~
TEHIUAJTBHBIX TTPOOJIEM, CBI3AaHHBIX C HEKOD-
PeKTHBIM ucmoJib3oBanueMm ¢yukiuit MPI;

4) KOMIIOHEHT TPOMIINPOBAHUS W TPACCHPOBKI
TIPUIOXKEHUsT J/TsT cOopa n coxpaHeHust mHQPOP-
maruu o Bbr3oBax MPI-dyukmuit B0 Bcex mpo-
reccax MpUI0XKEeHUST,

5) KOMITOHEHT O0OpabOTKH JaHHBIX C rpadude-
ckuM umHTepdeiicom s obecriedenns BU3lya-
Jm3anuu  TpoUINPOBOYHON U TPaCCUPOBOY-
HO¥ MH(MOPMAIUU O BBIMOJHEHUN TaPAJLIe/b-
HOTO TPUJIOKEHUST;

6) nporpamma ycranosku [IK MPI-2 ma Bbrumnc-
JINTEJIBHYIO CUCTEMY.

Anpom ITK S-MPI asistercss 6ubanoreka S-MPI.
Bce ocrampapie xkommomenTwl [IK wmcmomb3yrorcs
JIUTsl OTJIAJKY, AHAJIU3a [IPOU3BOAUTEILHOCTH U OTI-
TUMU3AINN TTapaJIe/IbHBIX MPUIOXKEHUi, coOpaH-
HbIX ¢ 6ubnmorexoit S-MPIL.

Bubumorexka S-MPI

Onnoit 3 mIaBHLIX 0CODeHHOCTEH Oubjmorexkn
SIBJIAETCS YHUBEPCAJTHLHOCTh — oObecrieueHne He3a-
BUCUMOCTHU TTapPaJIJICJIbBHBIX IIPOTPaMM OT apPXHTEK-
TYpP MHOTOIIPOIIECCOPHBIX CUCTEM, Ha KOTOPBIX OHU
BBITOTHAIOTCA. 10 ecTh OMHAXKIBI OTKOMITUIUPO-
BaHHOEe U cobpanuoe ¢ bubanorekoit S-MPI npuiio-
JKEHWe MOYKeT BBITIOJIHATHCS Ha KJIACTEPHBIX CHCTe-
MaxX C pa3/IM4HOI aAPXUTEKTYpOil, B TOM 4YHUC/IE I'U-
opuanoii (CPU, GPU, Intel Phi), u npoussosbHOit
KOMMYHUKAIIMOHHON Cpesoil M3 YUCaa IOIAepKU-
BaeMbIx (raknx kak Ethernet u InfiniBand).

B kadectBe K070BOil 6a3bl /i Pa3pabOTKU OTe-
vecTBeHHoil Oubmoreku S-MPl Obi1a BhIOpana
naubojiee PaCHPOCTPAHEHHAST W TOAXOSINALA st
9TUX Iesteit peanuzanug ctanmgapra MPI-2 ¢ oTkpol-
TeiM KOJ0M Open MPIL.

K ocuoBubiM mocTouncrBam 6ubimoreku Open
MPI moxkHO OTHECTH:

— nHawmboJiee TPUCIIOCODICHHYTO JIjIsi PACIITUPEHMET
PYHKIMOHATBEHOCTH MOTYIBHYIO apXUTEKTYPY
MCA (Modular Component Architecture);

— IOAAEPKKY HEOJHOPOJIHBIX KOMMYHUKAIIMOH-
HBIX CPET;

— cpencTBa ObeCTIeueHnsT HATEeKHOCTH,

— MUPOKUT HADOP MO/ IEPKUBAEMBIX BO3MOXKHO-
creit;

— XOpOIIYI0 TPOW3BOIUTEILHOCTH W MACIITaOMU-
PYEMOCTH BBITTOJTHEHUS TTPUIOKEHI.

Ho, kak u Bce KO/ibl OTKPBITOTO JIOCTYTIa, 610110~
teka Open MPI umeer psij| HeIOCTATKOB, 3aTPYHS-
IOIUX €€ IPOMBIIIJIEHHOE HCIIOTb30BAHNUE:

— OTCYTCTBHE YHHUBEpCAJTbHOCTH (T. €. 3aBHU-
CUMOCTBH BBIIIOJTHEHUA TIPUJIO?KEHUA OT IIPO-
rPaMMHOM M amiapaTHO Cpebl Kjacrepa, Ha
KOTOpPOM OMOJIMOTEKN U TPUIOKEHUEe ObLIN CO-
Opambl);

— HeJ0CTATOYHYIO CTAOM/IBHOCTD;

— HErapaHTHUPOBAHHYIO0 OWHAPHYIO COBMECTH-
MOCTBb MEXKJy BEPCUSIMU;

— OTCYTCTBUE CPEJCTB JIJisl IPOBEPKU KOPPEKTHO-
ctu ucnoab3oBanus MPI B mpumoxenusx.

ITo cpasuenuio ¢ Open MPI 6ubanoreka S-MPI
CYIIIECTBEHHO YCOBEPIIIEHCTBOBAHA, B YACTH YHUBEP-
CAJIbHOCTH WCIIOJIB30BaHUsI, CTAOWIBHOCTH W Ha-
JACZKHOCTHU, a TaKzKe JIOIIOJTHEHA HOBBIMH BO3MOZK-
voctamu. OHA, B YaCTHOCTU, OOECIIEUNBAET:

— YHUBEDPCAJIbHOCTH BBIMIOJIHEHUST TTPUKJIATHON
mporpaMMbl Ha, KJjacrepax ¢ IPOU3BOJIbHOMN
KOMMYHUKAIIMOHHON! Cpelloil;

— aBTOMATHYECKuii BbIOOD Hambosiee 3 HeKTrB-
HBIX KOMMYHUKAIIMOHHBIX CpPEJl W3 JHUCJa [10-
CTYIIHBIX]

— aBTOMATUYECKOE OIPE/IeJIEHNEe U HCII0/Ib30Ba~
HUE TOIO/IOTUN K/TACTEPHOU CUCTEMBbI Jijid BbI-
6opa ONTUMAJIBHBIX AJTOPUTMOB (DYHKIIMOHU-
pOBaHUsS KOMIIOHEHTOB OUO/IMOTEKH;

— CIeIUaJIbHbIE  TOMOJIOTUYECKHE
KOJIJICKTUBHBIX OIlepalnii;

AJITOPUTMBI

— HOBBI MEXaHW3M Iepejgadn cooOIeHuii aepe3
OOIIy IO TTAMATD;

— momepKKy MHoronorounoct MPI-mporteccos
yposass MPI THREAD MULTIPLE sue 3a-
BUCHMOCTH OT mpupoabl motokoB (Posix,
OpenMP, TBB);
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— rubKoe yIpaBjeHHe pa3MeIeHneM IIPOIeCCOB
¥ UX TOTOKOB HA BBIYUC/IUTEIbHBIX S/IPAX;

— cbop BuyTpeHHeil craructuku 0 BbizoBax MPI-
dbyuknumit nputoxenneM (MHTEHCUBHOCTH BbI-
30BOB, HCIIOJIH30BAHHOE BpPEMsI, apryMEHThI
BBI30BA U T. J.).

Ba cyer MNEepevYnCIeHHBIX W JAPYTUX  yCOBEP-
IIIEHCTBOBAHWIT TPOW3BOAUTEIBHOCTD OUOIMOTEKN
S-MPI cymrecTBeHHO yiydImeHa MO0 CPABHEHUIO C
Open MPI. Ha puc. 1, 2 npuBeieHO HWHTErpaib-
HOe CpaBHEHUE ITPOU3BOIUTEIHLHOCTH IO BCEM Te-
cram IMB (Intel® MPI Benchmarks) aByx Bepcuit
oubsmorekn Open MPI (1.5.4 u 1.6.3) ¢ 6ubimo-
tekoit S-MPI Bepcuu 0.1 jj1g pasHbx KoHUTYypa-
nwmit 3amycka. [IpaBuibHOCTE TPUMEHEHUS METO/I0B
ycoBepiencrBoBanus S-MPI nmonreepxkmaercs wn-
TErpajbHBIM YCKOPEHUEM 0 ABYX ¥ OoJsiee pa3 mjis
Pa3HBIX JJINH COOOIIEHMIA.

2,5
5126 16 Ko 128 K6
Puc. 1. UaTerpasbHoe cpaBHEHUE MTPOU3BOIUTETHHO-

cru 6ubsmmorek MPI na recrax IMB ny1a obmeii namaru
(16 mpomeccoB Ha oxHOM y3je s mpoueccopa AMD
Interlagos): csersio-cepoie cronbubt — Open MPI 1.5.4;
cepoie — Open MPI 1.6.3; uepasie —S-MPI

2,5
2 J ‘
5126 16 K6 128 Ko 512Ko
Puc. 2. HUnurerpanbHoe cpaBHEHHE MTPOU3BOIUTEb-

woctu Oubsmorek MPI ¢ koMMyHUKAIMOHHON Cpemoit
InfiniBand QDR (384 upoueccos na 32 y3jax apxurek-
Typbl Intel Westmere): csermo-cepoie cronbisr — Open
MPI 1.5.4; cepoie — Open MPI 1.6.3; gepubie — S-MPI

Bubnuoreka S-MPI 6buta ycmerrsHo wucmbTana
Ha TEeCTOBBIX MOJEC/JIAX ITPOMBINIJICHHBIX ITPUJIO?KE-
auit JIOTOC-upounocrs |7, 8] u JIOTOC-CFD |8,
9], paspabareiBaembix B POAL-BHUNID. Coe-
AyerT OTMETUTH, YTO JJjid 3STUX 3allyCKOB 6]31—
JIN WCIOJIb30BAHBI ONTUMAJbHBIE MapaMeTphl OuO-
quoreku S-MPI, momobpannbie Bpy4YHYIO, HC-

XOAsd W3 OCODEHHOCTEHl yKa3aHHBIX —ITPUJIOYKE-
mmit. Kax Bumgno w3 puc. 3, 4, BBIIOIHE-
HHUe [puIoKeHuit  yckopwiaoch o 18% s
JIOTOC-CFD u no 30—40% mma JIOTI'OC-

MpPOYHOCTh. HeTr coMHeHUsi B TOM, YTO HCIIOJIB30-
BaHHBIE ONTUMAaJIbHBIE mapamerpsl st S-MPIT mo-
ryT OBITH OIpejie/IeHbl KOMIIOHEHTOM aBTOMAaTUYe-
cKoit HacTpoiiku napamerpoB MPI.

HOMI/IMO IPOU3BOAUTE/IBHOCTH, OCHOBHBIMHU Xa-
pakrepuctukamu 6bubaunoreku MPI saBisrorca mac-
ITAOUPYEMOCTb U OTKA30yCTONYINBOCTb.

384 npouecca
Ha 32 y3aax

12 npoueccon
Ha 1 y3ue

0,6 0,8 1 1,2 1,4

Puc. 3. CpaBHeHue npou3BOJAUTEIHHOCTH TECTOBON MO-
nenu JIOTOC-CEFD (JIOT'OC-ruapoaunamuka) ¢ pas-
apivu oubsmorekamu MPI mms pa3ubix Konduryparuit
zamycka: cepbiii iBer — MVAPICH 1.2.7; uepubiii —
S-MPI 0.1

384 npouecca
Ha 32 y3nax

]
|

12 npoueccos
Ha 1 y3ne

0,6 0,8 1 12 1.4

Puc. 4. CpaBHeHnne mpou3BOIUTEIHHOCTA TECTOBOM
mozenu JIOI'OC-upounocrs (JISTAK-/IK) ¢ pasubivmu
oubsmmorekamu MPI nyis pasubix kondwuryparmit 3a-
nycka: cepbiii mser — MVAPICH 1.2.7; uepubrit —
S-MPI 0.1
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Pertennie mpobsiemMbl MacmTabupyeMOCTH W3HA-
JaJbHO 3a70KeHo B apxurekTypy Open MPI —
OoubIMoTEKa TOAIEPKUBAET 0 COTEH THICIYI OTHO-
BpEMEHHO paboTammux IporeccoB. bubanoreka
S-MPI erre 60.1€€e yCOBEPIIEHCTBOBAHA, B YaCTH MaC-
MITAOUPYEMOTO 3AITYCKA U YMEHbIIeHI HAKIaTHBIX
Pacxo/ioB OUOINOTEKN B CBEpXOOJIBIITUX 3AITYCKAX.

st obecrievenus orkazoycroiumBocTu B Onb-
JINOTEKE PEeAIM30BAHBI MEXAHU3MbI aBTOMATUIECKO-
T'O0 IEPEKJ/JIIOYCHUA Ha AJbTEPHATUBHYIO KOMMYHU-
KAIMOHHYIO CPey B CIydae 0TKa3a OCHOBHOM, Cpe/I-
CTBa aBTOMATUYECKOTO MPOJIOJIKEHUS BBITIOTHEHUS
TMPUIOKEHWS B CJIy9Iae OTKa3a OJHOTO M3 KAHAJIOB
nepeiayn JAHHBIX B MHOTOKAHAJIBHOM KOH(MUTYpa-
IIIU KOMMYHUKAIIMOHHOM CPEIBI, & TaKyKe MO IePK-
Ka KOHTPO/IbHBIX To4ek (checkpoint/restart).

NucTpymMeHTHI aHamn3a
napaJijieJIbHbIX MPUJI0KeHU

Cozpanve 3¢ddeKkTuBHON mapasaesbHOl  Tpo-
rpaMMbl TpebyeT 3HAYUTEILHO OOJIBITE PECYypPCOB
(JIFOJICKMX M BPEMEHHBIX ), I€M CO3/IaHUE MOCIEI0BA-
TEIbHOM MporpaMMbl. [103TOMYy aKTyaabHBI U BOC-
TpeOOBAHBI MHCTPYMEHTAJBHBIE CPEICTBA, TTOMOTa~
OTIFE OTJIAJINTH W OMTUMU3UPOBATH TMAPATLIETHHYTO
MIPOTPaMMY.

Cozmanne mapasae bHON TPOTPAMMBI yIIPOTIIAET-
Csl IPU HAJIMYUN CPEJICTB TMPOBEPKN MPABUIHLHOCTH
(koppekTHOCTH) wuCHOTb30Banusa (yuknuit MPI-
oubmoreku. B IIK S-MPI paspaboran wuucTpy-
mear MCCT (MPI Correctness Checking Tool).
OH comepKWT OKOJIO CTa TPOBEPOK, BBIMTOJIHSI-
IONMX aHAJIN3 [apaMeTpoB ucnoJiblyembix MPI-
byHKIWIT, TPOBEPKY IMEIOCTHOCTH MEPEIABAEMBIX
mauubix Mmexky MPI-iporteccamu, orciiexxkuBanue
BO3MOXKHBIX TIOTEPh JABYXTOYEUHBIX COODIIEHMIA,
MIPOBEPKY YCJIOBHI BO3HUKHOBEHHUS MTOTEHITHAID-
HBIX M peatbHbiXx B3anMo010kuposok (deadlocks)
Mexky MPI-iporteccaMm ¢ y4eToM BO3MOYKHBIX
ycosuit ronku (race conditions) u MHOXKECTBO Ipy-
rux. llpemycmoTrpera BO3MOXKHOCTH OTCIEKNBA-
HUS CTeKa BBI30BOB, KOTOpas IMO3BOJIAET 0OoJjee
TOYHO yKa3aTh MTPOOJIEMHOE MeCTO B MPHJIOXKE-
HUW.

Nucrpyment MCCT saBnsercs AguHAMUYECKH
noArpy2kaemMbiM Ha, drane 3amycka MPI-3amadn,
T. €. BCe TIPOBEPKHU OCYINECTBISIOTCA B pe-
AJTbHOM BPEMEHH Ha CTaJUU WCIOJHEeHus (run-
time). Tlpm 3TOM OH HE OKa3bIBAET UPE3MEPHO-
T'0 BJUSHIA HA TPOU3BOIUTETLHOCTD TIPOBEPSIEMOT0
MPI-npuiokerus 1Mo CPABHEHUIO C ITPOTPAMMAMU-

koHkypenTamu, Takumu Kak Intel Message Checker,
Marmot, MUST.

B nporiecce Hanucanust mapasiiebHBIX TPUI0KE-
HUWl HA TEpPBBI IIJIAH, TOMUMO OT/IA/IKU, BBIXOIAT
BOIPOCHl ux 3P PeKTnBHOCTH (C TOUYKHM 3pEHUs na-
pajutenu3Ma). PemunTs 9Tu BOMPOCHI € HUCIIOIB30-
BaHUEM CTAHIAPTHBIX CPEJICTB aHA/IN3a ODBITHBIX
npuiiozkeruit HeBodmozkHo. [losromy Heobxoumbl
MHCTPYMEHTBI i aHajm3a 3G@EeKTUBHOCTH Ma-
paJLIeJIbHBIX MPUJIOXKEHUN U cHATAHCUPOBAHHOCTH
WX TIPOIECCOB. IDTU WHCTPYMEHTHI JOJKHBI Ha3u-
poBaThcs Ha cbope mpoduaupyommeil (crarucrmae-
CKOf1) M TpaccupoBOYHON (peanu3yiomeii 3aBucu-
MOCTH OT BpeMeHW) HH(MDOPMAIMH U CPEJICTBAX ee
ITOCJIE/TY FOITIETO aHAJINABA.

Cy1recTByeT HECKOJIBKO ITAKETOB, KOTOPBIE MPE/I-
Ha3HAYEHBI [ aHAJIN3A [TapaJLIEIbHBIX TPUI0Ke-
Huil; HambOJiee M3BECTHBI KOMMEDPUYECKHUE ITPOIYK-
el ITAC (Intel Trace Analyzer and Collector),
Vampire, npegocTaBadIONIe MUPOKNE BO3MOXKHO-
CTHU JJId aHaJIN3a. HO OHU TaK2>K€ MMEIOT DA HeI0-
CTATKOB, OCOOEHHO B YaCTH MaCIITAOUPyEMOCTH TIPU
pabotre ¢ coTHaMu u Thicgdamu 1poreccoB. C yBe-
JIMYEHUEM PA3MEPOB 3aITyCKOB MMapa/LIeIbHBIX MIPH-
JIOZKEHUH 06beMbI COOMPAEMBIX U 3aTEM AHAJTUIUPY-
eMBbIX TPACC PaCTyT ¥, HAUWHAs C HEKOTOPOTO 3HA-
YEeHHA, CTaHOBATCA KPUTUYICCKH 60.HLH_[I/IMI/I. STO
MOI'YT OBITH TPacChl 00BLEMOM B JECATKHA W COTHH
rurabaiiToB, a B 6yim3KOM OyyiieM yke u Tepadaii-
TOB, W Jarke gecaTku TepabaiiToB. Tpacckl Takoro
obbemMa MOXKHO cOOMpaTh, HO OYEHL TPYIHO 0Opa-
6a.TbIBa.Tb C UCIIOJIB30BaHUEM TPAJAUITMOHHBIX METO-
JIOB JIOCTYTIA K JIAHHBIM, TaK KaK BPEMs OXKWJIaHUS
Pe3y/IbTaTa CTAHOBUTCS HEIPUEMJIEMO OOJIBIIIIM.

Buoss paspaborannsiii dopmar tpaccel XTF
(eXtended Trace Format) pemaer 3ty mpobaemy
yTeM U3MEHEeHUs CIocoba OpPraHu3aluu JAHHBIX B
daiisie ¢ BO3MOXKHOCTBIO IMOJIyYEHUsI BPEMeHU J[0-
cryma nopsika O(log(kommaecTso 3ammceii) ), T. e.
c1abo 3aBucdIIero or pocra obbema Tpacchl. Oc-
HOBHad UJed COCTOUT B UCITOJIB30BaHUN CTPAHUYIHO-
CTPYKTYPUPOBAHHOTO WHJIEKCHO-TIOC/IEI0BATETHHO-
o KOHTeﬁHepa JaHHBIX C BO3MOXKHOCTBIO IIPAMOTO
JIOCTYTIa, K WHIUBHUIYAJTHHON 3AIUCH.

UcnonpzoBanne XTF mo3BosmT yCKOPUTH IIPO-
mmecc cbopa TPACCHl B HECKOJBKO Pa3 Mo CPABHEHUIO
¢ mporpammamvu-koukypentamu (ITAC, Vampire),
HO OCHOBHOW BBIUTPBINI OXKUTAETCsT pu 0O6padboT-
Ke TPACC — MPOIECC 3arPy3KHM TPACCHI YCKOPUTCA B
JecaTKu u 60jiee pa3 m3-3a 3aMeHbl UCIIO0JIb3YyeMO-
0 KOHKYDPEHTaMU TPAJUIMOHHOTO MTOC/IEI0BATE b
woro ¢opmara Tpacc. llpu sTom coxpansieTcs Bcs
MMEBIIAsICs MOJTHOTA (PYHKITMOHATHLHOCTH.
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[IporpaMMHBI KOMIIOHEHT OOPAOOTKHU JAHHBIX
¢ rpadudeckuM WHTEPdEHCOM TpegHaA3HATEH IS
BU3yau3anuu, 00pabdOTKM W aHaau3a TPaCC Ia-
paJLIeJIbHBIX TPUJIOYKEHU, COOPAHHBIX C TIOMOIIIHIO
KOMITOHEHTa TPOMUINPOBAHUS U TPACCUPOBKU [IPU-
nmoxkenns. KoMmoneHnT obecrednBaeT BO3MOKHOCTD
MTOVCKA, TIPOBTEMHBIX € TOYKU 3PEHUs MPOU3BOIH-
TEJIBbHOCTU MeCT B IMapaJlJIC/JIbHBIX TIPUJIOKEHUAX C
IEJTHIO TIOBBITIEHNs X 9(DPEKTUBHOCTH W YTy dIIIe-
HUS MACIITabUPYEMOCTH.

I'pacdudecknit Bu3yam3aTop TPaACC HUCIOIB3Y-
er kpocc-miardopmennyio 6Gubmorexy Qt [10],
03TOMY MOXKeT (DYHKIIMOHUPOBATH IOJ, Pa3HbI-
mu onepanuonubivMu cuctemamu (Linux, Windows).
KowmmorenT Bu3yanm3annun 0H6eCednBaeT BO3MOXK-
HOCTh aBTOMATHU3UPOBAHHOTO TPadUIECKOro aHa-
JIN3a CTATUCTUYECKONW U mpoduaupyoieir nadop-
MAITHU C UCTOJTH30BAHNEM:

— COOBITUHHBIX IIKAJ 3aBUCHMOCTH OT BpPEMEHU
i (DYHKINNE, KO/UIEKTUBHBIX W IBYXTOY€U-
HBIX OIlepalnii;

— KAYeCTBEHHBIX U KOJIMYECTBEHHBIX OTODpa-
JKeHWl WHTEHCUBHOCTH OOMeHa COOOIEeHnMN
MEXK/Iy MPOIECCAMU;

— orobpazkenust wHPOPMAIUKA OT MOJYJ/IS IIPO-
BepKU KOPPEKTHOCTH;

— CTATUCTUKU 10 (PYHKIUAM, COODIEHUTIM, KOJI-
JIEKTUBHBIM OIEPAITAsIM;

— nuarpamMM cOaJJaHCUPOBAHHOCTH ITPOIECCOB.

[Iperaraembriit ”HCTPYMEHT cOOpa TPACC BBITOI-
HO OT/IMYACTCA OT KOHKYPEHTHBIX TEM, YTO ABJIdAd-
eTC OTKA30YCTOWYMBBIM K COOSIM BBITIOJTHEHUS TIa-
PaJsLIeIbHON IPOrpaMMbl — UH(MOPMAISA O BBIMIO/I-
HEHWM MPOTPAMMBI JI0 MOMeHTa, c0os Oyaer coxpa-
HEHA U MOYKeT OBITh ITPOAHAJIM3NPOBAHA.

3akJiroueHue

MK S-MPI npusean crars 0a3oii st obec-
IeYeHNs BBICOKOIAPA/LICIbHBIX pPacIeTOB B Pas-
HBIX OTPAC/AX KOHOMUWKH. bubmmoreka S-MPI,
YIIOBJIETBOPSIIOIIAsT COBPEMEHHBIM TPEOOBaHUSM U
IIPEBOCXOMSIIASA 3apyOeKHbIe AHAJOIH II0 OCHOB-
HBIM XapPaKTEPUCTUKAM, ITO3BOJIUT IOBBICUTH -
dEeKTUBHOCTD MCIIOIBL30BAHUS OTE€YECTBEHHBIX KOM-
OBIOTEPHBIX MomHOocTel. OO0beauHeHne B OIHOM
KOMILJIEKCE TTPOIPAMMHBIX CPEJICTB i pa3pabor-
KM, WCIIOJHEHNS, aHAIN3a W OIMTHMU3AINN IIapaJ-
JIeJIbHBIX TIpusioKenuit (c6op tpace, awamus 3d-
(beKTI/IBHOCTI/I7 HaXOzKJAeHne y3Kux MeCT B IIPO-
M3BOINTEIHLHOCTH, IPOBEPKa KOPPEKTHOCTH KO/Ia,

U T. II.) TO3BOJUT COKPATUTH CPOKH pPazpabOTKH
¥ OTJIAJKM TAPALIEeTbHBIX npuiaokenuit. U wHa-
korer, ITK S-MPI gacr BO3MOXKHOCTH aJ1allTHpPO-
BATbCI K BO3MOYKHBIM OTEYECTBEHHBIM KOMIIOHEH-
TaM aIMmapaTHOTO 00ecTeveHnsT M CHennpmIecKuM
TOIOIOTUSIM / KOH(DUT'Y DAITHSIM OTEUeCTBEHHBIX KJTa-
crepoB (B ToM uncie paspabarbiBaeMbiM B POIAIL-
BHUNDD).

B mampmeiimem IIK S-MPI moxker crars 6a30ii
It pa3pabOTKU MPOTPAMMHOTO 0DECIIedeHus, 1103~
BOJISIIOIIETO TO/Iy9IUTh YKCA(JIONCHYIO MTPOU3BOIU-
TeJIbHOCTD.

Pabora o cozmanuto [TK S-MPI Benmercst B pam-
kax komrpakrta (Ne 07.524.12.4020) ¢ Mununcrep-
crBoM obpazoBanus u Hayku PD.
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