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Pabora mocssaiiena mcciaenoBaHUIO MAacCHITAOUPYEMOCTH AJArOPHUTMa UMMMUHO st PENIeHus] CUCTEM Hepa-
BeHCTB. JlaHHBIA aJIrOPUTM fABJISIETCS TUIUYHBIM IIPEICTABUTEIEM KJIACCa UTEPAIMOHHBIX IPOEKINOHHBIX aJITOPUT-
MOB J[JIsI DEIlIeHNsI CUCTEeM JIMHEHHBIX yDABHEHWN ¥ HepaBeHCTB. JlJIs aHaIMTHYIecKoro aHaIN3a MaCIITabupyeMOCTH
HCIOJIB3YeTCsl MOJeJIb apasulesabHbix Borauciaenuii BSE (Bulk Synchronous Farm). laercs npeicrapienue auro-
purma YuMMuHO B BHJE oneparuii HaJ[ CIIMCKAMU C MCHOJIb30BanueM (yHKIWiA Boiciero nopsaka Map u Reduce.
BoiBosaTes aHATUTUYECKIE OIEHKYU I'DAHMIIBI MACIITAOMPYEMOCTH AJITOPUTMA, IS MHOTOIIPOIIECCOPHBIX BBIMUCIIH-
TEJIPHBIX CHCTEM C PACIpeJlelleHHOH maMAThio. [IpuBoagTcs faHHBIE O peayn3anuy aJIrOpuTMa UMMMHUHO HaJI CIIUC-
Kamu Ha g3bike C++ ¢ mcmosap3oBanueM nporpaMmHoro mabsona BSF u 6ubinorekn mapasiielbHOro IporpaMMu-
posauust MPI. JlemoHCTpHpyfOTCS pe3yIbTaThl MACIITAOHBIX BBIUYUCIATEILHBIX SKCIIEPUMEHTOB, BBITOJHEHHBIX HA
KJIACTEPHOl BBIYUCIUTENBHON cucTeMe. Ha OCHOBe 9KCIIepUMEHTATBHBIX PE3YAbTATOB JTAeTCs AHAIN3 aJIeKBATHOCTH
OIIEHOK, MTOJIy9YEHHBIX AHAJMTHYECKUM I[yTEM C ITOMOIIHI0 CTOMMOCTHBIX MeTpuK Mojenu BSF.

Karouesnie caosa: arzopumm ummuno, cucmema AUHETHDT HEPABERCME, UMEPAUUOHHBIT AA20PUMM, NPOEK-
YUOHHOIT AA2OPUMM, PEAAKCAUUA, MOJEAD NAPGANEALHUT ebluucaerull BSF, ouenka macwmabupyemocmu, sdperx-
MUBHOCTVD PACTLAPAAACAUBGHUA, KAAGCTIEPHDLE BBIUUCAUMNEADHDIE CUCTILEMDbL.

OBPA3EIl IINTUPOBAHUA
Coxkomuuckast MI.M., Coromuuckuit JI.B. WccaenoBanne macitabupyeMOCTd ajropuTMa
YuMMUHO JjIs PEIeHus] CUCTEeM JIMHEHHBIX HEPABEHCTB HA KJIACTEPHBIX BBIYUCUTEIHHBIX CHU-
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BBenenue

3a1aua peleHnsi CUCTEMbI JIMTHEHHBIX HEPABEHCTB BO3ZHUKAET BO MHOTHX OOJIACTSIX BBIUMC-
JINTEJILHOM MaTeMaTUKU. B KadecTBe MPUMEPOB MOXKHO IPUBECTH JIMHEHHOE IIPOrpaMMHUPOBa-
uue |1, 2|, BoccranoBiieHne n306pakeHuii 10 TIpoeKIwsaM |3], 06paboTky n300pazkeHuii B Mar-
HUTHO-PE30HAHCHO} ToMorpadun [4], paJIualoOHHy 0 TEPAIMIO ¢ MOJLYJIUPYEMON MHTEHCUBHO-
crbio [5]. B Hacrosiee BpeMsi M3BECTHO JIOCTATOYHO MHOI'O METOJIOB DEIIEeHUsI CUCTEM JIMHE-
HBIX HEPABEHCTB, CPEIU KOTOPBIX MOKHO BBLIEJIUTH KJIACC KCAMOUCIPABJIMIONINXCIY UTePali-
OHHBIX METOJOB, JoIycKaiomux dpdekTuBHOe pacuapasenuBanue. [Tuonepckumu paboramu
311eCh ABJISIOTCH 1yOsmKarmu [6, 7], B KOTOPBIX IPeJIozKeH MeTo s penakcanuii Armora—Mor-

knaa—IIloenbepra s perenus CUCTEM JIMHEHMHBIX HepaBeHCTB. Mero pesakcarnuit MOXKHO

*
Pabora pekomennoana [IporpaMMubIM KOMHTETOM MEXKIYyHAPOIHON HaydHOU KoH(Mepertmu «Cymep-

KoMITbioTepHble Hu B Poccum 2018» .
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OTHECTH K AJIFOPUTMAM IPOEKINOHHOI'O TUIIA, UCIIOJIb3YIOIIMM OIIEPAINI0 OPTOrOHAILHON IIPo-
CKIIMM Ha T'UIIEPIIJIOCKOCTHL B EBK.HI/II[OBOM IIPOCTPaHCTBE. O,ZLHI/IM 13 IIePBbIX UTEPallMOHHbIX
AJTOPUTMOB POEKIMOHHOTO TuIia 66wt asropur™ Yummuno (Cimmino) [8], npegnasnavennbii
JIJI PEIIeHns] CUCTEM JIMHEHHBIX ypaBHEHNH U HepaBeHCTB. AjropurM YuMMuHO oKazas 60JIb-
1I0€ BJUSAHUE HA PA3BUTHE BBIYUCIUTENLHON Maremaruku [9]. O6oOIIeHNsAM U paCIIMpeHUsIM
anroputmMa UMMMHUHO OBLIO MOCBSIIEHO 3HAYUTEIBHOE KOJIMIecTBO pabor (cM., Hampumep, |3,
10-13]).

CI/ICTeMbI JIMHENHBIX HEepaBE€HCTB, BO3HHUKAIOIIUE IIPDU PEIICHHUN IIPAKTHUYICCKUX 3a/la'v, BO
MHOTHX CJIyYasxX MOTYT BKJIIOYATh B ceOsl COTHM MUJIJIMOHOB IE€PEMEHHBIX, IIPU 9TOM KOJIHUYIe-
CTBO HEPABEHCTB COCTABJIAET BEJUYMHY TOrO Ke mopsiaka [2]. B atom ciiydae akTyajbHBIM
CTAHOBUTCS BOIIPOC PA3pabOTKKU MACIITAOUPYEMBIX TapaslIe/IbHBIX AJTOPUTMOB JIJIs PEIICHUS
CBEpPXOOJIbIINX CUCTEM JIMHEHHBIX HEPABEHCTB HA MHOIOIPOIECCOPHBIX CHCTEMAaxX C PacIpeje-
JIEHHOH maMsiThio. [Ipu co3manuu napaJuiesibHbIX aJTOPUTMOB JJjIsi OOIBITAX MHOI'OIIPOIECCOP-
HBIX CHCTEM BayKHO y K€ Ha paHHeil crajuum paspaboTKu aaropurma (JI0 HAIMCAHUS [IPO-
IPAMMBbl) HOJIyYUTh AHAJIMTUYECKUE OIEHKH ero Maciirabupyemoctu. st 5Toil mesm ucnosb-
3YIOTCsl PA3JINYHbIe MOJIEJIU MAapaJIeIbHbX Bbruucsienuil [14]. B macrosimee BpeMsi u3BecTHO
6OJ'IBH_IO€ KOJIMIECTBO PA3JIMYIHBIX ITapaJlJIeJIbHBIX BbIYHUCJIUTEJIbHBIX MOﬂeﬂeﬁ. HaH60ﬂee n3-
BECTHBIMU Cpe/i HuX sBiistiorcst Mojen PRAM [15], BSP [16] u LogP [17]. Ykazauubie Mojemnu
MIOJIBEPIJINCH OOODITIEHUSM W YTOYHEHUSM, OPOJUB IIEJble CeMEHCTBA, HACUYUTHIBAIONINE JI6-
CATKY TAPAJLIEJbHBIX BBIYMCIUTEIbHBIX MoJeel (cm., manpumep, [18-20]). 3amaua paspa-
6OTKI/I HOBBIX ITapaJlJIeJIbHBIX BBIIYUCJIMTCJIbHBIX Moﬂeﬂeﬁ HE yTpaTuJjia aKTyaJIbHOCTU XU B HACTO-
diree BpeMsl. ITO O0bICHSIETCS TeM, YTO HEBO3MOXKHO CO3JaTh MOIEJDb ITapaJlIe/IbHBIX BbIYULC-
JIeHU# — ((XOpOH_IyIO BO BCEX OTHOIIEHUAX» . HOSTOMy HeO6XO/II/IMO Or'paHUYIMNBaATHCA OIIPEaCJICH-
HBIMM MHOIOIIPOILIECCOPHBIMU apXUTEKTYPAMU U OIIPedeIeHHBIMI KJIACCAMU aJIlOPUTMOB. B pa-
6ore [21| Gbuia mpejiokeHa Mojeab HapasuiesnbHbix Bbrunciaenuit BSE (Bulk Synchronous
Farm), opuenTupoBanHasi Ha KJIACTEPHBIE BBIYUCIATETHHBIE CUCTEMbI ¥ aJITOPUTMbI UTEPAIH-
OHHOI'O THUIIa. yKa3aHHaH MOJI€JIb II0O3BOJIAEeT C BBICOKOI TOYHOCTBIO OIICHUTDH I'PAHUILYy MacCHITa-
OMPYEMOCTH HapaJslIeIbHOIO UTEPALMOHHOIO aJrOPUTMa A0 HAIIMCAHUA IporpaMmbl. IIpumep
ucosb3oBanus Monesn BSF npuonurcst B pabore [22].

Ilenpro HACTOSIIEH CTATBYU SABJISIETCS MCCJIEIOBAHNE MACIITAOUPYEMOCTH aJITOPUTMa InM-
MWHO JJIsl PeIleHnsi OOJIBIINX CUCTEM JIMHEHHBIX HEPABEHCTB Ha MHOI'OIIPOIIECCOPHBIX CUCTEMAX
C pacIpeIeJIEHHOM MAMATHIO MyTEeM UCTIOIb30BAHUS MOJIENN TapasiebHbIX Bhrancaenuii BSF.
CraTbsl ©MeeT CJIeAyIIyI0 CTPYKTypy. B pasmese 1 memaercss MOCTaHOBKA 3aadl U JAETCS
OIMCAHME AJTOPUTMA UUMMWHO JJIS PEIeHUsl CUCTEMBI JIMHEWHBIX HEPABEHCTB. B paszmese 2
CTPOUTCS TIPEJICTABICHUE aJropuT™Ma YUMMUHO B BUJE ONEPAIMil HAJI CIIUCKAMHU C UCIIOJIH30Ba~
HreM (OyHKIINIA BeIcIIero nopsaaka Map u Reduce, onpenensieMbix popmasimamoM bépma—Mup-
Terca. Pazien 3 mOCBAIEH aHAJTUTUYECCKOMY HUCCJIEIOBAHUIO MACIHITAOUPYEMOCTU aJrOPUTMA
YuMMUHO HaJl CIIMCKAMU C TOMOIIBI0 MeTpuk Mmojesn BSFE; nmpuBomaTcss uTorosbie (hOPMYJIBI
JIJI OLEHKU yCKOpeHus u 3M(MEKTUBHOCTH paCHapaslIe/IMBAHNUS; BRITUCASIETCS T'DAHUIIA MaC-
MITAOUPYEMOCTH AJITOPUTMA B 3aBUCUMOCTHU OT pa3Mmepa 3amaaqu. B pasmene 4 maerca unudop-
MaIlisi O PeaJin3aIuu AJrOpuTMa UMMMUHO HAJI CIIMCKAaMU, BBIIOJHEHHOU Ha sa3bike C++ ¢
HCITOJIb30BAHUEM ITPOrpaMMHOro Kapkaca BSEF u 6ubimoreku mapaJjjielbHOro IporpaMMIpPOBa-
uusg MPI, u npuBouTcsa cpaBHeHUE pe3yIbTATOB, MOy YEHHBIX AHAJIUTUICCKUM U IKCIIEPUMEH-
TAJBHBIM IIyTEM. B 3ak/IOUYeHNM CYMMUDYIOTCS IOJIyYeHHBbIE Pe3yJIbTaTbl W HAMEYAIOTCS

HallpaBJIeHUd JIAJbHENIINX NCCAEeTOBAHUNA.
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1. AJIPOpI/ITM YuMMMUHO AJisdl HeEpaBEeHCTB

IIycrs B eBrummoBoM mpocTpaHcTBe R” 3amama COBMECTHas CUCTEMa JUHEHHBIX Hepa-

l,i(a;):<ai,x>—bi <0 (i=1,...,m) (1)

(yryioBbiMu cKOOKaMM Mbl 0003HAYAEM CKaJjisipHOe TpousBejenue). Heobxomumo HaliTH OJHO
soboe perrienne cucreMsl (1). Jlist pemenunst 9Toif 3aja4m yo00HO UCIIOIB30BATH T€OMETPUYE-

CKUil s3bIK. B COOTBETCTBUU C 3TUM T = (xl,...,xn) paccMaTpuBaeTcd Kak TOYKa B N-MEPHOM
eBKIHIO0BOM mpocTpancTse R”, a kaxgoe mepasencTso [(z) < 0 — Kaxk mosynpocTpan-

crBo FP,. Taxum 00pa3oM, MHOXKECTBO pelleHuil CUCTeMbl (1) MOXKHO IIPEJICTABUTH KAK BBIILYK-

m
JIBIIT M-MEePHBI MHOTrOrpaHHUK M = ﬂ P. . Kaxnoe ypasuenue [(z) = 0 ompeenser rumep-
i=1

ILJIOCKOCTL H i

H ={zecR" |{(a,2) =1} (2)

I3
OproronajbHast MPOEKIIUs Ty, () TOUKM T Ha TMIEPIUIOCKOCTb H, BBIYHCTIACTCS IO CJIeIyIo-
et popmy.ie:

b. —(a,zx
7 < ¢ > (3)

7TH (I) =+ 9 CLZ-,

1 |

rje ”” — eBKJIMI0Ba HOpMa. OmpeaesuM opmo2oHaAbHOe 0MPAHCeHUE TOYKA L OTHOCUTEHHO

a;

runepiiockoctu H, ciemyromum o6pasom

o (€)= 0 () — 2 = o A0T) @)

i i
o

(3
Asrroput™m UuMMEIHO JIJTsT HEPABEHCTB C PABHBIMU BECOBBIMU KO MUIIMEHTAMI COCTOUT U3 CJIe-

JYIOIIUX IITaroB:

Mar 1. k== 0; z, = 0.

ITTar 2. Ty =T+ =) py (a:k)
mi

=
Ilar 3. E ’ i
ar 3. Ecim ||xk+1 -z || < ¢, mepeéiTu HAa IIar b.

IITar 4. k := k + 1; mepeiitu Ha mar 2.
IIar 5. Cron.

B kavectBe HauaIBHOrO NPUOIVIKEHUA I, B &IropuTMe IUMMUHO MOXKET ObITH B34T IIPO-

u3BobHELE BekTop B R". Ha mare 1 B kadecTse Ha4aIbHOrO NPUOIMKEHUS 2, Oepercsd HyJie-

Boit BekTOp. Ha 1mare 2 opranusyercs UTepalMoOHHBIN IPOIIECC:

A m
Tpor = T T EZ Py, (T;) (5)

=1
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Kaxoe HOBOE mpubyimzKenwe ; ,; NOJyvaeTcs IyTeM JNoOaBeHus K TeKyllemy IIpuOIzKe-

HHK)Q% ImeHTpa MaccC OpTOFOHaHbeD(OTpa)KeHHﬁﬁTOQKH xk OTHOCUTEJILHO FHHepHHOCKOCTeﬁ

H,,...,H , ymMHO)eHHOrO Ha Koaddunyuenm peaakcayuu A . Ussectro [10], aro mpm 0 < A < 2

IR

UTEPAIMOHHBII 1porecc (5) CXOAUTCs K TOUKe, IIPUHAJJIeKAIell MHOTOTpaHHUKY M .

2. IIpeacraBienue ajsropurma UuMMUHO B BHUJE Ollepanui

HaJd CIIMCKaMHn

JIHHﬁHOqueHHHﬁaHaHHTquCKHX,OHeHOK,aHFOpHTMa]BCOOTBeTCTBHH(}METpHKaMMﬁMOﬂeHH
BSF on mo/2KkeH ObITH IPeACcTaBIeH B BUIE Ollepaldii HaJl CIUCKAMUI C UCIOJIL30BaHUEM (DyHK-
umii BeIciiero mopsiaka Map u Reduce, onpenensiemblx dopMmaaunsMoM bépaa—Muprenca

(Bird—Meertens formalism) [23]. s 3agansex dysximun F : A — B u croucka [a,,...,a,, ]

dyuKMs BhICIIero mopaaka Map dopMupyeT HOBBIN CIUCOK TOW K€ JIJIMHBI IIyTeM ITPUMEHe-

Hus (yHKIEH F KO BCEM 9JIeMEHTaM CIHCKA [aj,...,a, ]:
Map(F,lay,...,a,]) = [F(a,),...,F(a,)]- (6)
s 3aanEbIx OMHADHOM acconuaTuBHOM omeparuu & : Bx B — B u cmucka [b,...,b, |
dbynknus BeiciIero nopsaka Reduce pemynupyer crmucox [by,...,b, | K OQHOMY 3/1eMeHTY IyTeMm
MHOTOKPATHOT'O IIPUMEHEHUsS OIlepanuu ¢ K JIeMEHTAM CIIACKA:
Reduce(®, [b;,...,b,]) = b, @ ... @b, . (7)

B konTekcre amropurtma YMMMHUHO OIIpeIe/ MM CIIICOK LMap CJIEJIYIOIIIUM OOPa30M:

Ly, = [iyseeesiy ] (8)
rae i, € {L,....om} w4 =4 upn k=1 (kl=1...,m). Ipyruvn crosamu, Ly, — crmcok
HOMEPOB HEPABEHCTB cucTeMbI (1), B3ATBIX B HEKOTOPOM mopske. st mpousBosibaoro z € R”
onpesesmum dyukmuio Fo: {1,...,m} — R":

F,(i) = py (2) (9)

11t Beex © € {L---,m}. Nnaue rosops, Gynxuus F (i) BeIMUCIAET OPTOrOHAILHOE OTPAZKEHIE
Toukn L OTHOCHTeIbHO rumepmyockoctu H,. Ina mpomssomproro x € R" ompememmm crm-

COK ng duee C R cemyromum obpasom:

L) e = [E.(0)se (). (10)

(z)

Crcox L]idu(,? BKJIIOYaeT B Ce0s OPTOrOHAJbHBLIE OTPAXKEHUsI TOYKA T HA TUIMIEPIJIOCKO-

ctu Hy,...,H , B3aTble B NOPAJKE, ONPEIEIACMOM CIUCKOM L Takum obpaszom, cru-

YT Tm ) Map *
(2)
COK LReduce IIOJIy4JaeTCd M3 CIIMCKa LMap IIyTeM IIPDUMCHCHUA K HEMY (byHKU;I/II/I BBICIIIET'O IIO-

pAIKa I\%Lp, ucHob3yIomeil B KauecTse napamerpa pynkmuio F

educe

L) e = Map(E,, Ly, ). (11)

2019, T. 8, Ne 1 23



I/ICCJIe,I[OBaHPIe MaCHJTaﬁI/IpyeMOCTI/I aJiropurMa YHuMMuHO AJIdA pelieHusi CuUCTeM...

Onpenemim 6unaphyio acconuarusayio oneparmio 6 : R" X R" — R" cnenyromum o6pazom:
T Dy =za+y (12)
I mobbix z,y € R™. B mamHoM citydae onepaiius ¢ BbBIIOJHIET OOBIYHOE CJIOYKEHUE BEKTO-

pos. Torma cymma OpTOrOHAJIBHBIX OTPaXKeHUil TOUKM L MOXKET ObITh IOJIydeHa IIyTeM IpU-

(z)

MeHeHHMs K CIucKy Ly’, ==~ yHKIuu BbICIero nopsika Reduce, ucrnonbsyiomeil B KadecTse

ImapaMeTpa OIePaInio CJIOXKEHUS BEKTOPOB P :

m

EpHi(m) = Reduce(@,ngduce). (13)

1=1
Tenepb MbI MO2KE€M 3alliCaTb aJIF'OPUTM YuMMUHO B BHUIIE onepaunﬁ HaJl CIIMCKaMM:

Mar 1. k= 0; 25 :=0; Ly, = [L,...,m].

Mar 2. L), = Map(F, ,Ly,,).

[Tar 3. s := Reduce(®, Lg"') ).

educe

IITar 4. Ty = xk+E-s

2
ITTar 5. Eciu ”xk+1 — " < ¢, nepefiTu Ha 1ar 7.

ITlar 6. k£ := k 4 1; nepetitu ua mar 2.
HTar 7. Cror.

Mogens BSF npenmosaraer, 900 ajJropuTM BBIIOJHSIETCS BHIYUCIUTEIHLHON CUCTEMO, CO-
crosieit u3 ogHoOro ysna-macrepa u K ysnos-pabounx (K > 0). [Ipu srom mar 1 Bbimosss-
eTCsl U MacTepoOM, U PabOINMU B XOJ€ MHUIMAIU3AINN UTePAIMOHHOrO mporecca; mar 2 (Map)
BBIIIOJIHSIETCSI TOJBKO Ha yaiax-pabounx; mar 3 (Reduce) BbimosiHseTcs: Ha y371aX-pabouux u
YACTUYHO Ha y3Jie-MacTepe; marn 4-6 BBLIIOJIHSIOTCS TOJbKO Ha y3jiae-macrepe. B momean BSF
[PEJIIIoJIaraeTcs, YTo Bce apudMeTHIecKre oneparyn (CJI0KeHNne U YMHOXKEHHE), a TaK¥Ke OIle-

paruu cpaBHEHMS HAJ YUCJIAMU C ILIABAIOIIEN TOYKON 3aHUMAIOT OJIMHAKOBOE BpEMS T op -

3. AnajuTrundyeckoe nccijiegoBanue MaCH_ITaGI/IpyeMOCTI/I

Beenem caenyromue obo3HadeHMs AT aHAIN3a MACIITAOUPYEMOCTH aJIrOpuTMa IUMMUHO:

¢,  — KOJMYeCTBO BEIIECTBEHHBIX YHCEJI, Ilepe/laBaeMbIX OT MacTepa OJHOMY paboueMy;

Cpfap — KOJIMHYECTBO apudMeTUIeCKUX Olepalyil, BbINOJHseMbIX Ha mmare Map (mmar 2
AJITOPUTMA);

c — KOJINYECTBO apU(PMETUIECKUX OIEPAIHil, HEOOXOIUMbBIX JIJIs BBITOJHEHUS OJHOM

a
ornepanuu @ ;

¢,  — KOJMYECTBO BEeleCTBEHHBIX YMCEJI, IepelaBaeMbIX OT OJHOr0 paboyuero MacTepy;

¢, — KOIMYeCTBO apudMeTHIeCKUX ONEPAIMil U ONEPAIUil CPABHEHUS, BBITOJIHIEMBIX

MAacTepPOM Ha Imarax 4 m 5 ajaropuTMa.
Beraucianm ykazannbie 3Hadennd. B Havyase Kax 10t ©Teparu MacTep mepegaeT KaxKIoMy

pabouemy ouepenHoe IpuOIMKeHue T, , ABJdiolleecss BeKTOpPoM pasmepHocTH 7. Clemoba-

TEJILHO:
c, =n. (14)
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Tlopcunraem KommyecTBO apudMeTHIeCKUX ONepalnii, BoIOJTHIeMbIx Ha mrare Map. s

KazKJI0ro aJjieMeHTa CIIUCKa L BbIUuCJIdeTCd OJUH BEKTOP IIO opMyJie 4 . BaMeTI/IM qTO
Map )

2 .
BEJINYNHBI " a ” (i =1,...,m) He 3aBUCAT OT &, , U IIOITOMY MOI'YT ObITH BBIYUC/IEHBLI 3aPaHEe
Ha 3Tame uHAMUAM3aUA. C y9eToM 3TOr0 KOJUYIECTBO OIMEPAIldii TPYU BBIYUCIEHUN OJTHOTO
OPTOrOHAJILHOTO OTPaKeHUs TOYKU T, cOocTaBigeT 3n + 1. YMHOXKUB 9TO YMCIO HA KOJUYe-

CTBO HEPABEHCTB, TI0JLyYaeM
Crap = ™30 +1). (15)

[Tpu Beimosinennn mara Reduce ciimcok L COCTOSIIUN U3 M BEKTOPOB, JIEJIUTCA IIOPOBHY

Reduce?

MexK1y Bcemu pabounmu. Besume ganee Mbl npeanonaraeM, yro K < m. JIjas nmpocTOThI MbI
Oy/IeM CIMTATh, YTO M BCErja KpaTHO KoJWdecTBy pabounx K . Omepanus @ B JaHHOM CIIy-

Jae O3HAYAET CJIOYKEHUE JBYX BEKTOPOB pasMmepHocTr 7. Clem0BaTeIbHO:

c =n. (16)

a
BekTop, mostyaenHblii KaxxapiM paboduM Ha 1mare Reduce, epecbLIaeTCst MacTepy. SHAUUT:

c. = mn. (17)

Beoimosinenue mara 4 tpebyer 2n oneparuii (KOHCTAHTY )\/ m MBI TIPEJIIOJIaraeM BBIUYUCIEHHON

nee). Boimosinenue mrara 5 T T 3n — nPMETUICCKUX OII Uil 1 OJHY OII 171
3apanee). Boinmosinenue nrara 5 Tpedyer 3 1 a e ec omepa 0 OIIEPAIIAIO

cpaBaenns. OTCOa MOTyYIaeM CIETYIONyo (hopMyIy:

c. = 5n. (18)

p

IMonoxxum 7, — BpeMs, 3aTpaduBaeMoe pabOYMM Ha BBIIOJHEHUE OJHOI apudmeTnde-

P

CKOIi ollepaliuu, T — BpeéMd, 3aTpavduBacMO€ Ha IIEPEChIJIKY II0O CeTH OJHOI'O BEIICCTBCHHOI'O
s Ty )

quciaa 6e3 ydeTa JIaTEHTHOCTHU. TOI‘,[L& MbI IIOJIYyH9a€M CJICAYIONUIe 3HAYCHUA JIJIsd CTOMMOCTHBIX

napamerpos Mozesu BSF [21] B ciyuae asropurma Yummvuso:

t, = 1,0 (19)
by = m(3n + D7, (20)
t, = nT,; (21)
t, = nt,; (22)
t, = 5nt,,. (23)

Ypasuenue (19), norydyennoe na ocuose (14), maeT oLeHKY BpeMeHM f , 3aTPAYHBACMOIO Ma-

CTEPOM Ha Iepeiady CoobIIeHus ojHOMYy pabodeMmy 6Ge3 ydera JiareHTHOCTH. Y paBhenue (20),
HOJIy9eHHOe ¢ ucroJib3oBanueM (15), o6o3HauaeT BpeMsi, 3aTpavnBaeMOe OJHUM PabounM Ha
0bpaboTKy Bcero coucka Map. @opmysa (21) moayuena ¢ ucnosb3oBanueMm dopmyJibl (16).
B coorsercTBuu co croumocTHOl MeTpukoil Mozenu BSEF f  obosHavaeT BpeMs BbINOJHEHUS

onepanuu @ (B JAHHOM Cirydae — CJIOXKEHHEe BEKTOPOB). YpasHeHue (22), oIy YeHHOe Ha OCHOBE

(17), naer oLeHKY BpeMeHU [, , 3aTPaYMBAEMOIO MACTEPOM HA, HOJIyYeHHEe COOOIIEHUS OT OIHOIO
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pabodero Ge3 ydera Jarenrnoctu. Popmysa (23), mosyuennasi ua ocuose (18), Bbrauciser

BpeMd tp, 3aTpadrBaEMOe MACTEPOM HA BBIYUCJICHUE OYEPEIHOrO MPUOIMKEHUS U IIPOBEPKY

YCJIOBUS 3aBEPITIEHUS.
B coorBercTBUEM C 3THUM BpeMs pellleHus 3a/adUd CUCTEMON B COCTaBe OJHOTO MACTEPA U

oxuOro paboyero (K = 1) Moxker GbITb BBIYUCIEHO CIIEYIONMM 00pa3oM:

T,=2L+t +t, +t, +ty, +1,

=2L+7,n)+71, (57 + m(3n + 1) + (m — L)n). (24)

Bpewmsa pertiennst 3a1aun cucTeMoil B cocTaBe OJIHOrO MacTepa U K pabounx MOXKET ObITb BbI-

TUCTICHO IO CJIeTyIomeit opmye:

tray T+ U
T =K(2L+t +t +1,)+22 ¢ +t
(25)
_OK(L 474 o) 47 [m(3n+1)+(m 1)n+4nJ‘
r op op K

ITIpu m — oo dopmyisr (24) u (25) aCHUMITOTHYECKH IPUOIHZKAIOTCS K CIIE/YIONIAM OIIEHKAM:
T :2(L—I—Ttrn)—I—Top<5n+m(3n+1)+mn); (26)

m(3n + 1) + mn
K

Ty =2K(L+T1,n+ Topn) +7, [

+ 4n]. (27)

Ha ocuoBanumn dbopmys (26) u (27) Mbl MoxkeM 3anucarb GHOPMYJLy i YCKODEHHsI G Kak
dyukimio ot K :

T, 2(L—i—TtTn)—l—Top(E)n+m(3n—|—1)+mn>

1 —
Ty m(3n + 1) + mn
K

a(K) = (28)

2K(L+Tt7,n—|—7'0pn)+7'op[ —|—4n]

s onpeiesieHnsl TPAHUIIBI MACIITAOUPYEMOCTH AJITOPUTMa UUMMHUHO B COOTBETCTBHUU C

MeTOJIKOl, ormcanuoii B [21], Boraucsum npoussonyto a'(K) u pemmum ypasHenue
a'(K) = 0. (29)

U3 dopmysibr (28) momydaem ciemyonryo hOpMyILy st TPOU3BOIHON YCKOPEHUSI:

m(3n +1) + mn_

(Q(L + 7,n) + Top (Sn +mBn+1) + mn)) . [ = 2L +n7,) - Tapn]

) - TER (30)
[QK(L +T,n+T,n)+T, [W + 4n]]
Pemum ypaBaenue
(2(L +7,n)+7, (5n +m(3n +1) + mn)) . [WTW —2(L +nt,,) - Topn]
K _o (8D

m(3n + 1) + mn
K

[QK(L +7,n+ T, + Tap[ +4n

Pasnenus 06e yactu ypaBHenus (31) Ha [MOJOXKUTEJIBHYIO BEJIMIUHY

2L+ 1,n)+ T,

op

<5n +m(3n + 1) + mn)
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1 YMHOZKHB Ha ITOJIO2KUTEJIbHYIO BECJIMYINHY

2K(L + 7,n + Topn) +7,

m(3n + 1) + mn N 4n]}2
b K
IIEPEXO/IM K yPABHEHHIO

m(3n + 1) + mn
K2 Top

—2(L +n71,) =T, =0,

OTKY/Ia IOJIy4aeM

K (m(3n +1)+ mn)Top‘
2L +n1,) +n7,,

Taxkum obpaszom, yPpABHEHIE (29) nMeeT TOJTHKO OJTVH KOpPEHbD

K, = \/< m(3n + 1) + mn)Top/(Q(L +nt,) + nTOp) Ha uHTepBase [1,4+00). Jlerko Bumers, 4o
!

o'(K) nmpuanvaer Ha mHTepBasie [1,K) TOIBKO IOTOXKATENbHbIE 3HAYEHHS, & Ha HHTEPBAJe

(K,,+00) TompKo orpunarenbubie 3uadenusd. Creposarenabno, B Touke K| jocTHracTcs Mak-

cUMyM yCcKopeHus. TakuM o0pa3oM, rpaHuiia MacimradupyeMocta K ajaropurmMa YuMMuHO

mazxr

B cooTBeTCTBHM C Mojeabi0 BSF ompemnensercs ciemyroieit popmMyJIoii:

(m(?)n +1) + mn)To
Kma:r = . ° (32)
2L +nt,,) + 01,
Yupocrum dhopmyiy (32). Ilpu n,m — oo umeem
(m(?m +1)+ mn)Top ~ O(mn) (33)
u
2L + nt,,) + 01, ~ O(n). (34)
IMoxcraBus npassie yact dopmy (33) u (34) B (32), momyunm
_ |Omn)
max O(’Il) ’
YTO PABHOCHJIBHO

Takum 06pa3oM, IpaHUIA MACIITAOUPYEMOCTH aJrOpuTMa UMMMHUHO HAJ CIMCKAMHU PaCTeT
MIPOIIOPIMOHAIBHO KBAIPATHOMY KOPHIO M3 KOJIMYECTBA HEPABEHCTB.

B zakstouenue aToro pazzesna namuieM (GpopMyJIy Jjisi ONEHKH MapaJjiiebHoi 3¢ dekTrs-
Hoctu e Kak pyHkuuu or K. C ydgerom dopmyiisl (28) umeem

a(K) 2L +7,n)+ 17, (5n + m(3n +1) + mn)

= : (36)
K 2K*(L + mn + 7,n) + 7, (m(3n +1) + mn + 4nK>
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4. BbrumncaunrejbHBbIE IKCIIEPpMMEHTbI

s Bepudukanum pe3yJsibTaroB, MOy YeHHBIX aHAJTUTUIECKAM IIyTeM, Mbl BBITIOJIHUIU De-
aJu3annio ajaropurMa dumMuHO Ha sizbike C+-+ ¢ HCHOJb30BaHUEM IMIPOIPAMMHOIO KapKaca
BSF u 6ubsmorexku mapaseasaoro mporpammvuposanus MPIL. Jlannas peanuzarus ¢BoGOTHO
nocrynsa B cern Wutepner mo anpecy https://github.com/leonid-sokolinsky /BSF-Cimmino.
CucteMy HEPABEHCTB MBI 3aMMCTBOBAJIM U3 MOJEILHOM MacIITabupyeMoil 3aa9u JIMHEHHOTO

uporpamvupoBanust Model-n pasmeproctu n, npusejierHoit B pabore [24]. Kosmvectso Hepa-

BEHCTB B 3TO# cucreme paBHO m = 2n + 2. Mbr uccienoBaiu yckopenue u 3pHeKTUBHOCTD
pacnapaJjuiesimBanus ajaropurma dummunao Ha cynepkomibiorepe «Toprajgo FOYVpI'Y» [25].
TecrupoBanue poBoauIoCh st pasmeprocreir 1500, 5000, 10000 u 16000. O HOBPpEMEHHO MBI
MIOCTPOMJIN JIJIsi 3TUX 2Ke pasMepHocTeil rpaduku yckoperus u 3h(MEKTUBHOCTH € UCIOJIb30Ba~
areM opmya (28) u (36). st 3TOro SKCIepruMeHTaIbHBIM 11y TeM ObLIH OIPEIeIeHbl BEJININHbI

B cexympax: L =15-107, 7 , =29 1078 u 7, =19 10~ . Pe3ynbraThl HpUBEIEHb HA

0.
puc. 1-8. Bo Bcex ciydasix aHaJUTUYECKHE OIEHKU OKa3aJIUCh OY€Hb OJIM3KU K IKCIEPUMEH-
TaJgbHbIM. Kpome 3TOro, mpoBeeHHbIE SKCIIEPUMEHTDH! MTOKA3bIBAIOT, YTO I'PAHUIA, MaCIITabu-
PYeMOCTH HPOrpaMMbl PACTET IPOIOPIIMOHAJBHO KOPHIO KBaJIPATHOMY W3 KOJIWYECTBA HEpa-

BEHCTB, YTO OBLIO MPEJICKA3AHO aHAJUTUYECKH C TIOMOIIBI0 hopmyibl (35).

3akKJ/II0YeHue

B craTbe BhIOSIHEHO aHATUTUIECKOE UCCIEI0BAHIE MACIITA0NPYEeMOCTH U 3P(PEKTUBHOCTH
pacapaJsIe/IMBaHus UTEPAIMOHHOIO AJrOPUTMa UUMMUHO JJIs PEIIEHNS OOJIBINTNX CUCTEM JIM-
HEWHBIX HEPABEHCTB Ha MHOTOITPOIIECCOPHBIX CUCTEMAX C PaCIpeIesieHHON maMsaThio. J[jist aToro
HCIIOJIb30BaHa MOJIeNh Tapasutesbabix Beraucaenuii BSF (Bulk Synchronous Farm), ocnoBan-
Hasl Ha IapajurMe «Macrep-pabouney. Onucana peajgu3alidst aaropurMa YuMMIHO B BHJIE OlTe-
paruit HaJ[ CIIUCKAMK C UCIIOJIb30BaHueM (PYHKIUi BbIciero rnopsiaka Map u Reduce, onpee-
ssieMbix popmasmamom Bépaa—Muprenca. [lonydena oreHka TpaHUIBI MACIITAOUPYEMOCTH
ajroputMa YuMMEHO HaJ, criuckamu. JlaHHas OleHKa MOKa3bIBAET, UYTO IPAHUIA MaCIITabupy-
€MOCTH PaCTeT IPOIOPIMOHAJBHO KOPHIO KBaJIpaTHOMY M3 KOJWYECTBa HEPABEHCTB. TakxKe
MTOJIyYeHbI (POPMYJIbI JIJI OIEHKU YCKOpeHUsl U 3(M@PEKTUBHOCTH pPaclapaslIeIMBAHUs aJIro-
purMa YUMMHIHO HAJI CIUCKaMM. BbIoHEHA peann3ans aJropurMa UMMMIHO HaJI CIIICKAMEI
Ha ga3biKe C++ ¢ ucnosb30BaHreM IIporpaMMHOro kapkaca BSFE u 6ubinoreku mapaJiieibHOro
nporpamMmupoBaduss MPI. Ha kacrepHoil BI9uc/mMTe/IbHOI CUCTEME IIPOBEIEHBI MACIITAOHbIE
SKCIIEPUMEHTBI JIJIs OIIpejiesieHusT (paKTHIECKUX KPUBBIX YCKOPEHUS W MapaJlIebHOM 3 dhek-
TUBHOCTHU JJTA 33724 ¢ KoamdecTBoM IepeMeHHbIX 1500, 5000, 10000, 16000 m KoJIudecTBOM
mepapencts 3002, 10002, 20002, 32002 coorBeTcTBeHHO. Pe3yIbTaThl S9KCIIEPUMEHTOB ITOKA3AJIH,
910 Mojesib BSF ¢ BBICOKOII TOYHOCTBIO IPEICKA3bIBAET I'PAHUILY MACIITAOMPYEMOCTH AJIIO-
purMa YuMMuHO HaL cinckamu. B paMKax JaJbHEUIINX UCCIeJOBAHUI MBI IIJIAHUPYEM PEIUTh
CJIEJTIYIOIUE 3a,AH:

1) npumenuts asropurM Yummubo juist peasmsanuu dasbl Qwest asropurma NSLP [2],
MIPETHAZHAYEHHOTO I PEIIEHUsT CBEPXOOJIBINX HECTAITMOHAPHBIX 33/1a4 JIMHEHHOIO IIPOrpaM-
MUPOBAHUS;

2) mpOBECTH BBIYUCJIUTE/IbHBIE IKCIIEPUMEHTBI 110 PEIIEHUI0 CBEPXOOJIbINNX 3a/ad JIMHeT-
HOT'O IIPOrPaMMUPOBAHUS HA KJACTEPHON BBIYUCIUTEJBHON CHUCTEME B YCJIOBHAX JIWHAMUIE-

CKOI'O USMEHECHHNA MCXOAHbIX JaHHBbIX.
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