NMMUNTAIIMOHHOE MOAEJIMPOBAHUE 11O CETHN
KOJIJIEKTUBHEIX OIIEPAIIN CETU <<AHI‘APA>>

A.B. Myxocet, A.C. Cemenos, A.C. Cumonos

B OAO «HUIIDBT» paspabaTbiBaeTcsi BLICOKOCKOPOCTHAsI KOMMYHUKAIIMOHHAA CETh «AH-
rapa» C TOIOJIOTMEH «MHOIOMEPHLIH Top». s ucciieloBaHus U OLEHKU MPOU3BOAUTEIHLHOCTH
paspabaThiBaeMoil ceTr Ipu GOJBIIOM KOJINYECTBE HUCIOIb3YEMBIX Y3JI0B CO3/aHa HapasiesbHast
[IOTAKTOBasl UMUTAIMOHHAsT Mojesib cerr. CeTb «AHrapas MMeeT alnapaTHYIO ITOJJIEPXKKY JIBYX
KOJIJIEKTUBHBIX omneparmii — broadcast u reduce. B crarbe omnucana peajmsanus KOJIEKTHUBHBIX
orepanuii B UMUTAIIMOHHON MOJIEJIN, U TIPEJICTABJIEHBI PE3Y/IbTATHI OIEHKU UX MPOU3BOIUTETHHO-
cru upu omory Mojenu. OIeHKU IPOM3BOAUTEILHOCTH TOJIyIeHbl Ha 6a30BbIX TecTax broadcast
u reduce, a Tak>Ke Ha IPUKJIAIHBIX 33/[a9aX — YMHOXKEHUE DA3PEeXKEeHHONH MATPHUILI Ha BEKTOD U
YUCJICHHOE PEIIeHNEe HeJIMHEHHOr0 yPaBHEHUSI TEILIOIPOBOIHOCTH.

Karoueswie caosa: umumaryuonmnoe modeauposarue, «Anzapas, MHO2OMEPHBIT MOP, KOMMYHU-
KAUUOHHAA CEMb, KOANEKMUBHDLE ONEPAUUL.

BBenenue

B HacCcTod1ee BpeMsd CYIIEPKOMIIBIOTEPhI COJAepPzKaT COTHH TbICAY BBIYHUC/IUTE/JIbHBIX fJ1€epP.
Db PEKTUBHOCTD OIHOBPEMEHHO# pabOTHI sifiep Ha 3aJl[adaX ¢ HHTEHCUBHBIM OOMEHOM JIAHHBIMU
MeKJly HUMU (3a/1a91 MOJIEJIMPOBAaHUsl, 3a/Ia9K Ha rpadax U HeperyJsipHbIX CEeTKAaX, BbIYUC/Ie-
HUsI C UCIIOJIb30BAHIEM PA3PEXKEHHBIX MATPHIL) B OCHOBHOM OIIPEJIEIISETCsI IPOU3BOUTEIBHOCTHIO
KOMMYHUKAITHIOHHOM CEeTH, COeMHSIONIEN BBIYUCIUTEbHBIE Y3JIbI BBICOKOCKOPOCTHBIMU KaHAJIa~
MU CBsA3H (JIMHKAMH).

B OAO «<HUII9BT» paspabarsiBaeTcst BHICOKOCKOPOCTHASI KOMMYHUKAIMOHHAS CeTh « AHra-
pa» ¢ ToroJIoruell «MHOroMepHsbiii Top» [1H6|. B 2013 rosy BblmyieH KpucTain Mapiuipy TH3aTopa
s10ii cetn |7], Ha ero ocHoBe B 2015 roiy 0:KHUJIAETCs IOCTPOEHUE CYIIEPKOMIIBIOTEDA.

Jl1sT HEKOTOPBIX MPUKJIAIHBIX 3a7ad Tpedbyercsa 3(hpdHeKTUBHOE BBIIOJIHEHNE KOJLJIEKTHUBHBIX
KOMMYHUKAIIMOHHBIX OIlepalliii, B KOTOPBIX 33CHCTBOBAHO CPa3y MHOI'O BBIYNCJIHUTEJILHBIX Y3-
JIoB. B cetn «AHrapa» peasim3oBaHa ammapaTHasl MMOJJIEP:KKa JIBYX KOJUIEKTUBHBIX OIlepaIuii
— broadcast u reduce [8]. s sroro mobapiieHa BUpPTyaJabHAsi MOJCETh, COCTOSIAs U3 JBYX
BUPTYA/JIbHBIX KAHAJOB C OCOOBIMU IpAaBUJIAMU MapIIpyTH3aluu. BupTyasbHas MOJICETh UMeeT
TOIOJIOTHIO JIEPEBa, HAJIOXKEHHYIO Ha, « MHOTOMEPHBIA TOP».

LIS OIeHKYU MPOU3BOIUTETLHOCTH HA TECTOBBIX MPOTpaMMaxX U Jjisi MCCJIETOBAHUST HOBBIX
apxuTekTyp Ha s3bike Charm-++ cosmana mapasuiesibHast OTAKTOBAs UMHUTAIMOHHAS MOJIE/b
paspabarbiBaeMoii KOMMYHUKaIuoHHO# ceru [4]. OmHAKO MojyIep:KKa KOJLUIEKTUBHBIX OllepaIiuii
B MOJIEJIN OTCYTCTBOBAJIA.

NmuranuoHHoe MOJETUPOBAHUE ITO3BOJISET HCCAEIOBATDH XapaKTEPUCTUKHA CeTeil W Cylep-
KOMITBIOTEPOB, COCTOAIINX U3 OOJIBIION0 YHUCIa y3JI0B, ITO OCODEHHO BAXKHO JIJIsT KOJLUIEKTHBHBIX
omnepamuii, 3pPEeKTUBHAA PeATH3aIINA KOTOPBIX HAUNHACT HPOSABISITHCA P OOJIBIIIOM YUCTIE WC-
MTOJIb3YEMBIX y3/10B. MuTaIrmontoe Moe/iupoBanmne 60IbIIOr0 YUC/Ia y30B BaXKHO M3 S9KOHOMU-
YeCKUX COOOparKeHHi, TaK KakK OOJIBIION CYIepPKOMITBIOTEP-MAKET ITOCTPOUTH JIOPOTO IO IKOHO-
MHUYIECKUM COOOPAYKEHUSIM.

[lenbio maHHONE pAOOTHI SIBISIETCS PEATUBAIINS ITOJCETH KOJIEKTUBHBIX OIEPAIINii B UMUTAITA-

OHHOM MO/JieJIn, a TaKzKe JeMOHCTPaIllisd IIPOU3BOJUTE/IBHOCTH IIOACETHU KOJIJICKTUBHBIX onepauﬂﬁ

! CraTpst pekoMeHq0BaHA K My GIMKAIIY TPOrPAMMHBIM KOMITeTOM Merk 1yHapotHoii HayuHoi Kordepermun «ITa-

paJjuleIbHbIE BBIYUCIUTEIBHBIE TexHooruu — 2015».



pu nomoiu paspaboranuoit mojiesun. Crarhsi OpraHn3oBaHa CJaeAymuM obpazoM. Bo Bropom
paszJieJie OIHUChIBAETCS aPXUTEKTYPa MOJJIEPKKU KOJJIEKTUBHBIX Ollepalliii B KOMMYHUKAIIMOHHON
cetn. TpeTuil pa3mes NOCBSIIEH peaTn3aIuy MOIIePKKI KOJIJIEKTUBHBIX OTIEPAITIIT B TOTAKTOBOI
VMUTAIIMOHHON MOJIENTN CeTH. B 4eTBepTOM pasjese ONMCHLIBAIOTCS OIEHKHN ITPON3BOINTEILHOCTH
KOJUIEKTUBHBIX OIE€PAINii, Oy YeHHbIe [P ITOMOIIN UMHUTAIMOHHON Mojiesin ceTu. B 3akiiode-

HUHN NEPEIUCIIAIOTCA OCHOBHbBIE PE3YJ/IbTATHI pa6OTI>I " IIJIaHbI ,IL&HBHGﬁHIPIX I/ICCHG,ZLOBaHI/IfI.

1. KoujekTuBHBIE ollepaliui B MapHIPyTU3aTOPe

KOMMYHUKAITMOHHON ceTu «AHrapa»

KoJutekTuBHBIE OllepaIii UCHOJIb3YIOTC Jijisi OOMEHA, JIAHHBIMU MEXKJIy HECKOJbKUMU y3-
JaMu cucTeMbl. VX OTHOCST K OCHOBHBIM HPUMHUTHBAM B3aUMOJIEHCTBUS BbIYUCIUTEIbHBIX PO-
IeCCOB B OOJIBINMUHCTBE CTAHAAPTOB Mapa/lIeIbHOTO IPOrPAMMUPOBAHKs, OPUEHTHPOBAHHDBIX Ha
BBIIIOJTHEHNE Ha cucTeMax ¢ pacupesesennoil namsarsio (MPI 9], Shmem [10], PGAS-sa3bikn —
UPC |11], X10 |12]); onu MOryT COCTABIATH 3HAUNTEIBHYIO YaCTh KOMMYHUKAI[OHHBIX 0OMEHOB
B nporiecce paborsl [13]. Peasmsarust KOJIZIEKTHBHBIX ONEpaIlnii ¢ NCIOIB30BAHUEM ONePaInii TH-
4 «TOYKA-TOYKa» UMeEeT Psiji HeJOCTATKOB, TAaKUX KakK OO0JIbINast J0JIs JyO Py IONero Tpaduka,
ioxast MacrabupyemMocTs |14], mostomy ux anmaparHast HOJJIEPKKa CIIOCOOCTBYET IOBIIIEHIIO
MacTabupyeMOCTH TIapasliesibHOf porpammMbl (cM., Hanpumep, [15]).

BBICOKOCKOPOCTHAST KOMMYHUKAITMOHHAST CETh «AHrapa» ¢ TONOJOrHeil « MHOIOMEPHBIiT TOP»
[O/IJIEPKUBAET JIETEPMUHUPOBAHHYIO U JAITUBHYIO TIepelady MaKeTOB, HeOJOKUPYOIINE 3alt-
CH, YTEHHsl, AaTOMAPHBIE OIEPAIN, OTKA30yCTONINBOCTh HA KAHAJBLHOM YDOBHE M OOXOJ OTKa-
3aBIINX KAHAJIOB M y3JI0B. B paMKax JaHHOW ceTu peajn30BaHa allllapaTHAasl IIOJJIEPKKa JIBYX
KOJIIEKTUBHBIX omnepaiuii — broadcast u reduce [8]. st sToro mobasiieHa BUpTyasbHast 110/
CeTb, COCTOSIINAs U3 JBYX BUPTYAJIbHBIX KAHAJIOB C OTJIEIbHbIME Oydepamu U CIeruaJ bHbIMI
IpaBUJIAMU MapIIpyTU3anuu. BupryajbHas HOJICETh UMEET TOHOJIOTUIO Jepesa (eM. puc. [1f), mo-
CTPOEHHOI0 B TOpe. BuIOUpaeTcss KOpHEBOIl y3€e/1, 0T KOTOPOro CTPOUTCS JIEPEBO C YUETOM TOPSIJIKA
m3mepennit: X, Y, Z, W (370 n03BoJIsieT IpeJ0TBPATUTh BO3MOXKHbBIE Je/7I0KN). B mocTpoenHOM
JIepeBe CyIeCTBYeT J(Ba HaIpaBJIeHUsl JIBUKEHUs: OT KOPHsl U K KopHIO. KaxkjaoMmy Hampasiie-
HUIO COOTBETCTBYET CBOW BUPTYyasbHBIN KaHas. B cucreme MOryT ObITh TPAH3UTHBIE Y3JIbI, B HUX

IIPOIECCOPBI HE IMOCBHLJIAIOT WU HE ITOJIyYaloT JaHHBIX.
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Puc. 2. BBIIIOJTHEHU ST

Puc. 1. BupryanabHas mojceTh KOJIEKTHBHBIX
omeparuii Ha npumepe 2D-pemerku. Crperi-
KaMn O603Ha‘—IeHO HallpaBJIeHUE IBUXKEHHA OT
KOpHS, IudpamMu 0003HAUEHBI ITAITLI 00X0a

JepeBa.

orepauu
broadcast He u3 KOpHEBOrO y3Jia Ha IPUMEpE
2D-pemerku. IlynkTupHoit JmHUEl BBIIEIECH
myTh J10 KopHsi. CIUIOMIHON — pacipocTpaHe-

HHUEe OT KOPHA.

ITpu BeImoONHEHUN omeparuu broadcast KakJblit y3es IpU IIOJIYUYCHUHU [TaKeTa OT y3J/ia, Ha-

XOJIAIIErocs BBIIIE 110 JIEPEBY, PACChLIAET €ro BCEM y3JaM, HaXOAAIIUMCA HUXKE 110 JIEPEBY



(cm. puc. . [Ipu nHXKeKIUU TaKeTa B CeTh HE B KOPHEBOM y3Jie CHAYaJa NeHEPUPYETCS 3aIpoc
Ha broadcast, KOTOpbIii TTOCHLIAETCST KOPHIO (CM. puc. [2)).
[Tpu Beimossennn oneparuu reduce (mam Bapuanta all reduce) ysesnm oxKujaer makeTbl OT
XOCTa, €CJIN y3eJI He TPAH3UTHBIN, U BCeX Y3JI0B, HAXOIANINXCS HUXKE 110 JIEPEBY; BBIOJIHIET HAJT
HUMU YKa3aHHYIO B IIaKeTe KOMMYTATUBHYIO ACCOIMATHBHYIO OMHAPHYIO OIIEPAIUIO U OTIPABIISAET
rOTOBBII PE3yJIbTAT BBEPX K KOPHIO. B TeKymeil peajn3anun o iepKuBaioTCs Ollepaliuu MaKCu-
MyMa, MUHAMYMa ¥ CyMMBI TIeabix ances. Omeparus reduce B KOpHE 3aBepINaeTcs almapaTHO
OTHPABKO# (6€3 9KeKIMN) pe3ysbraTa 3a/IaHHOMY Y3JIy HOCDPEJICTBOM OIIEPAIMH «TOYKA-TOYKA»
(broadcast jst all reduce).
st onpenesieHnsT HAIPABICHUS K KOPHIO M OT KOPHSI Ha KaXKJIOM y3Jie 3a/1aeTCs TabJIIa
MaPIIPYTH3AINH KOJIEKTUBHON MTOJICETH, ITPU 9TOM YKA3BIBAIOTCS CJICIYIONINE TTOJIsI: HAPABJIC-
HUsI HA Y3JIbl HUYKE U BBIIIE 110 JEPEBY; SIBJSIETCS JIM y3eJ TPAH3UTHBIM WJIM KOpHEBBIM. Jljist
3a/IaHUsI KOPPEKTHOIO JIEPEBA JIOJIYKHBI BBITIOJIHATHCS CJIEIYIONNE KPUTEPUN:
® KOPEHb POBHO OJIUH;
® eC/IM B KAKOM-TO y3JI€ BBICTABJIEHO HAIIPABJIEHUE BHU3 10 JIEPEBY, TO B 9TOM HAIIPABJIEHUU
JIOJIPKEH HAXOJUThCs IPUHAJJIEXKAIUN JIEPEBY y3€j, B KOTOPOM HAaIlpaBJICHHE BBEPX II0
JIEPEBY BBICTABJIEHO ITPOTUBOIIOJIOXKHBIM JIAHHOMY;

® HAIPABJIEHUs HA Y3JIbl HIZKE 110 JIEPEBY MOTYT ObITH TOJBKO: 1) MO M3MEPEHUSAM, CIIe/IyIO-
UM 32 HAIIPABJICHUEM BBEDPX IO JI€PEBY B PAMKaX MOPSIKA HAIPABJICHUI, 2) MO HAIIDAB-
JIEHUIO, TIPOTUBOIIOJIOKHOMY HAIIPABJIEHUIO BBEPX 110 JIEPEBY.

B pamkax ceTm MOKHO 3a/1aBATh pa3JnvHbIe Tepecekatornecs aepeBbs. [lommepxuBaeTcs
16 nepeBbeB, KaxKIOMy COOTBETCTBYeT CBOI nuentudukarop Treeld, mo KoTopoMy mpon3BOINTCS
BBIOOpKA W3 TAOJIMIBI MApPIIPYTU3AIMKA [PU HPUHSITHH PEIIeHUs] 110 MAPIIPYTH3AIUH TAKeTA.
OTHOBPEMEHHO MAPIIPYTU3ATOD MOIEPKUBACT A0 16 pa3nmaHbIX makeTos reduce Mo KarxKJaoMy
Treeld. Kaxknprit reduce, BBIMOJHSIONIAICS 10 JIAHHOMY JI€PEBY, UMEET CBOU HIACHTUMUKATOD
Reduceld (ot 0 mo 15).

C TOYKHU 3peHust MPUKJIATHOTO IPOTPAMMUCTA, HA30BbIE BEPCUU KOJJIEKTUBHBIX OIEPAITHil —
OJIHOCTOPOHHUE aCUHXPOHHBIE oneparuu. [Iporeccop He GJIOKUpyeTCs 1OC/ie OTIPABKUA COODIIe-
HUs, 8 PE3YyJIbTAT 3aIlUChIBACTCS B IAMSATH 6€3 aKTUBHOIO YYACTUs IIPUHUMAIOINIEN CTOPOHBI, 3TO
[IO3BOJISIET COBMEIIATH OXKHUJAHUE OKOHYAHUS Olepanuu co cuerom. Jljist Toro, 4robbl y3HATD,
YTO KOJUIEKTUBHAS OIIEPAINS 3aBEPIINIACH U PE3YJIHTAT JOCTYIIEH BHIYUCIUTEIbHBIM y3JIaM, CY-

IIECTBYIOT ME€XaHU3Mbl CUHXPDOHU3AIINN, OCHOBAHHbIC Ha KOJIJIEKTUBHBIX OII€palugX.

2. Peammauua KOJIJIEKTUBHDBIX onepam/lf/i B HapaJIJIeJIbHOﬁ

MMUTAIMOHHON MOJ€eJIn

JLJisi OIEHKM TTPOU3BOIUTEILHOCTUA W UCCJIEIOBAHUS HOBBIX apPXUTEKTYP BBICOKOCKOPOCTHOI
KOMMYHUKAITMOHHOM ceTu pa3paboTaHa U MCIOJIB3YeTCd MapaJijiebHas OTAKTOBAs UMUTAIIMOH-
Hast Moziesib [4]. Mogesb paspaborana Ha sisbike Charm-+ u m03BOJIsIeT MOJIEJIUPOBATH HA Bbl-
YUCJIUTEJIBHOM KJIacTepe KOH(MUIypaIruu ¢ OOJbIINM KOJUIECTBOM MOJEUPYEMBIX Y3JI0B CETH.
Moyiesib MapIpyTu3aTopa yCTPOEHA, JIOCTATOYHO THOKO M UMEET OOJIBIIIOe KOJIMIECTBO KOHMUTY-
PAIIMOHHBIX [APAMETPOB. DTO MO3BOJISIET HOJCTPAMBATD MOJIEIb JJIsi PA3IUIHBIX TUIIOB CETEil.
B Momenm peanmn3oBaHBI CJIeIyIONIE TOMOJOTUH: TOP MPOU3BOJBHON pasmepHOCTH, ceTh Kamm,

cerp Kioca.
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Puc. 3. O6mast cxema MapIIpyTH3aTOPa KOMMYHUKAIIMOHHON CETH ¢ TOIOJIOIHel « MHOMOMEDHBI

TOP», Peajiln30BaHHAasI B MMUTAITMOHHON MOJIeIN CeTn

Ha puc. [3] npeacrasiena obmas cxema MapHpyTH3aTOPa PACCMATPHBAEMON CETH, Peajn30-
BaHHAs B UMUTAIITMOHHON MOJTETH.

MaprmpyTu3aTop MMeeT JBa THUIA BXOIOB: MEXKY3JOBBIE W WHXKEKITHOHHBIE. AHAIOTUIHO,
MMeeTCsl JIBa THIIA BBIXOJOB: MEXKY3JIOBbIE U 3KeKI[MOHHbIe. MexKy3s10Bble BXOJbI (BBIXOIbI) CO-
eJIMHSIIOTCsI C BBIXOJAMU (BXOJAMU) JPYTUX Y3JIOB COOTBETCTBEHHO, MOCPEICTBOM (DU3NIECKUX
KAHAJIOB, TAK HA3BIBAEMBIX MEKY3JIOBBIX JTUHKOB. CUNTAETCSI, ITO IOMEXH OTCYTCTBYIOT. M HKeK-
[MOHHBIE (2KEKIMOHHBIE) KAHAJIbI, TaK Ha3bIBAEMbIe IIPOIECCOPHBIE, CJIYZKAT JJIsl CBSI3U IPOIEC-
copa ¢ MapipyTu3aTopoM. KaxK/Ibiii mporeccop CoeInHsIeTCs ¢ MapIPYTH3aTOPOM TTOCPEICTBOM
OJTHOT'O WJTH HECKOJIbKUX MH2KEKITHOHHBIX M TAKOTO YKe KOJTHMIEeCTBA KEKIIMOHHBIX KaHAJIOB. Kana-
JIbl IpeicTaBiaioT coboit FIFO-6ydepa, nocTyabie TOJILKO JIJIs ITEHIS UIH TOJBKO JIJIsT 3aIIUCH.
MunuMasibHasT JJIMHA [epe/laBaeMbIX JIAHHBIX B ceTu — 128 6ur (haur JaHHbIX).

L1t 11o/1/1epXKKU BUPTYaJIbHBIX MIOJICETEN B MapIIPYTU3ATOPE PEyCMOTPEHBI BUPTYaJIbHbBIE
kanajbl (VC). Bupryasnbubie kanassl npejacrasisiior coboit FIFO-6ydepa ¢ 610koM Mapripy-
tusanun. Kaxkapiii maker n3 JuHKa depe3 OJ0K aHanm3a JaHHbIX BAD momamgaer B 3amaHHbIN
tunom nakera FIFO-6ydep.

Jlas peanmmzanuu mMoCeTH KOJIEKTUBHBIX OMEpAInit M00ABIEHBI TBA BUPTYAJBHBIX KaHa-
na: juist jgeuzkennst K kopuio (VCUp) u juist pekenns K smerbsam (VCDown), a rakske 610K

PEGroup 15 9:KeKIuy, MHXKEKIUU U 00pabOTKN KOJIEKTUBHBIX IIaKETOB.

2.1. Bupryanbabie kanagabl VCUp u VCDown

3a ocuoBy BupryasibHbix Kanajgos VCUp u VCDown B3siT eTepMUHUPOBAHHBIN BUPTYa b
ubiil kKanan (VCDet). Ilpu srom usmeneHa MapuipyTu3aiusi, a TakyKe JJ00aBIeH MEXAHU3M BbIJIa-
qu Konuii makera. MapiipyTusanusi OCyIECTBIISAETCs 0 JTAHHBIM U3 TabJIUIbI MapIIPy TU3AINN
U 110 3ar0JIOBKY HakeTa. TabJiniia MapiuipyTU3aiiu 3al0/THIETCs Ha dTale HHUITUAJIU3AIUN MO/Ie-
sin. B Tabmutie 16 cTpoK, 1o CTPOKE Ha KaxK/10e JepeBo. Y CTPOK ecTb cjemyiomiue nojst: Treeld
— HOMED JlepeBa IO/CeTN KOJUIEKTUBHBIX omeparuil, 1sRoot — ompejenser sBIsIeTCS JIA y3eJ

KopHeM, toRoot — HampaBs/ienne BBepX K KOpHIO, Pe — yJacTByeT Jin y3e/1 B KOJIJIEKTUBHON OITe-



panuu wid OH TPAH3UTHLIN, Dirs — HalpaBJeHUs BHU3 IO jJepeBy, Dir sum — KOJIUIeCTBO
HanpasJeHnil (HY>KHO JIJIi KOHTPOJISl BBIJAHHBIX MakeToOB). IIporiecc MpoXoxKieHus ImakeTa o
BUPTYaJIbHBIM KaHAJAM KOJUIEKTHBHBIX OIIEPAIUii COCTOUT U3 CJIEAYIONINX TanoB (cM. puc. [4)):

® OXKHUJIAHWE IIPUEMA BCEro nakera B Oydep BUPTyaJbHOIO KaHAJIA;

e yTeHne TabJIMILI MAPIIPYTU3AINN, aHAJN3 TOJOBHOTO (DJIUTA TAKETA;

® B 3aBUCHMOCTHU OT BUPTYaJIHLHOTO KaHAJA U [IOJIy9eHHOH Bbillle HHMOPMAIUN COCTABIISETCS

CIIMCOK HaHpaBJIeHI/IfI Ha mepeaavy: JIeTsdAM, B BBIUNCJINTEIbHBIN y3es nji K KOPpHIO.

VeUp ¢ VcDown ¢
OxupaHue nau(eTa Lie/IMKOM OxunaaHune na*Ke'ra Lie/IMKOM
YTeHue TabAuLbl MapLLIpyTU3aLIMK YreHue TabaunLIbl MapLUpyTU3aLIMK
broadcast Tun reduce broadcast Tun credit

\ H nakeTa naketa
J:E] er
isRoot j OTnpaBka getam u B PE Otnpagka B 610k PEGroup

OTnpasKa geTAm U B PE  oTnpaBKa K KopHio  OTnpaeka B 610K PEGroup

Puc. 4. Jloruka paborsl Bupryasibpabix kKanagoB VCUp u VCDown

2.2. Bgok PEGroup
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Puc. 5. O6mas cxema 6j10ka PEGroup

<34 0¥

Baok PEGroup (cm. puc. |5) npejnasuaden jijist npreMa/nepejadn makeTos tuma broadcast,
reduce-TIakeToOB M KpeAUTHBIX MakeToB. OH pasfesieH Ha TpW OCHOBHBIE dacTh: Broadcaster —
610k pacceliku broadcast makeros, Reducer — 6uiok sy makeroB reduce u 6JI0K aHajn3a Kpe-
JINTHBIX MAKETOB. VHKEKTUPOBAHHDIE TIAKETHI KOJUIEKTUBHBIX OMEPAIAil OT MPOIeccopa CHAYATA
monagaoT B ouepeas PEGroup Fifo 6moka PEGroup. Ilocie dero 6,10k MapinpyTusanuu, aHa-
JIN3UPYsI TAKEeTBhI, OTIPABIseT WX B COOTBeTCTByMommit 6sok. Reduce- m KpeguTHBIE MaKeTHI,

MPUIIIEIININE U3 BUPTYAJIbHBIX KaHAJIOB, HomanaoT B 0,10k Reducer.



2.3. Buok Reducer

Brok Reducer nmpunumaer nakerst tuma reduce. Haj manubivmu u3 nakera tuna reduce 6Ji0K
Reducer npousBoauT 33/ JaHHYIO OMEPAIIIO (OIPEeIEISETCs [0 TAHHBIM U3 TOJIOBHOTO (DJINTA MaKe-
Ta), COXpaHsieT 3HAYCHNs y ce0s B MaMSATH JIJIsT NAJbHEHIINX Onepanuii Wi OTIPaBIIseT JaJlblie
o ceru. s kaxxmoro Treeld m Reduceld B 6/10xe Reducer mmeercst n3nadaabHO PaBHDBIN HYJIIO
CUeTINK MPUHATHIX HakeToB. Korma B Reducer u3 BupTyasibHOTO KaHa/a TPUXOIUT HakeT reduce,
TO €ero IpoIecc Ipoxoxktenus 1o 0,10ky Reducer Oymer ciaemyromnmm:

e I3 zarosioBounoro ¢guura makera cuantbiBaiorca Treeld u Reduceld.

e VBesumunBaeTcd Ha 1 3HadeHue cuerduka npuHATbIX nakeros 1mo Treeld m Reduceld.

e CunreiBatorcs 3Hauenusi u3 mamstu no Treeld u Reduceld (ecou 310 mepsbiii naker, To
HIYEro He IIPOKMCXOJINT).

o [IpousBojurcs 3ajianHasi apudMeTUIeCKas ONepanys HaJ| KaXKJIbIM (DJINTOM JIAHHBIX U3
BHOBb IIPUIIE/IIIEr0 TaKeTa U COOTBETCTBYONIMM 3HAYCHUEM U3 HaMATU (€CJIU 9TO HepBbIi
[AKET, TO HUYEro He MPOUCXOJINT).

o Ilosyuennble 3HaYEHNsT BHOBb 3alHCBHIBAIOTC B mamaTh 1o Treeld m Reduceld (ecsm sro
[EpBBIii TaKeT, TO B KauecTBe 3HaYeHuil 6epyTcst hIUThI JJAHHBIX ITAKETA).

e Ecim npuriemmuii maker ObLI MOCJIEIHUM, TO MOJIYIYEHHBIR PE3YyJIbTAT BbIJIAETCS B OGJIOK
MapIipyTusanuu. B kpepurHoM OJ10Ke yBesmdnBaeTcs Ha 1 3HaAYEHHE CUeTYNKA, BbIIAHHBIX
pesynbTupyommx makeroB reduce mo Treeld.

Ecisin y3es ne 6611 KOPHEBBIM, TO MapIIPyTU3ATOP BBICTABUT 3aIIPOC K KOPHIO BBEPX II0 JIEPEBY.
Eciin y3en KopHeBOii, To OymeT BBICTABJIEH 3aIlpoc Ha repejaady B ouepeis PEGroup Fifo, misa
PacChUIKH pe3y/ibrara oneparun peaykuuu (reduce yopars).

2.4. BJjok aHaim3a KpPeJAUTHBIX MAKETOB

Biok aHam3a KpeIuTHBIX MAKETOB CO3/AaH JIsi KOHTPOJIA KOJHMIECTBaA OJIHOBPEMEHHO 0bpa-
bareBaeMbIx reduce makeroB B 6J10ke Reducer; qomycrumo 16 omepartiuii mo ogHoMy mepeBy. biiok
oTIIpaBJiseT KpeanTHbIN makeT B PE u Bcem cBonM sersam. OTipaBKa JIeTsM IIPOUCXOIUT KayK TbIi
pa3, Korja u3 y3Ja ObLIO OTIPABJIEHO BBEPX 110 JIEPEeBY WJIN B IIPOIECCOP 8 MAKETOB C Pe3yJibTa-
TOM PeayKIINN I KaxKa0ro (pukcupoBannoro nepesa. Ormpaska B PE ocymecTsisieTcst Kaxkabre
128 oTmpaBIeHHBIX TAKeTOB C Pe3yabraroM peaykimu 1mo BceM Treeld mimm xkaxxapre 4096 TakTOB.
B mporeccop oTmpaBiisiioTcss 3HAYEHUS BCEX CUETINKOB BBIMOJTHEHHDBIX ONEPAIUil PEIyKIIUHA 110
BceM Treeld. Takeke 610K aHAIM3UPYET IPUXOIAIINE KPEIUTHBIE TaKeThl. KaXKAbIil TaKoil akeT
O3HAYAET, YTO y3€JI-POJUTE/Ib MOXKET IPUHATD erie 8 makeToB mo ganaomy Treeld. KpemurHbrit

OJIOK OCYIIeCTBJIAET Tepeaady nakeToB depe3 010k Broadcaster.

2.5. Buaok Broadcaster

Biok Broadcaster 6eper nmoouepe ino nakerst u3 odepein PEGroup Fifo u kpeaurnoro 6soka,
AHAIM3UPYET 3aTOJIOBKU MAKETOB W TADJNILY MapIIpyTU3AINN U TPUHUMAET PEIeHne O MapIil-
pyTHU3aIlii: BHU3 TI0 JE€PEBY, BBEPX K KOPHIO WM Ha WHKEKINo B PE.

B mMomenn peanmsoBaH MeXaHU3M TOCTPOEHUST BPEMEHHBIX TUATDPAMM TTPOXOKICHUST TaKe-
Ta MO MapmpyTu3aropy. s KaxKmoro peagm3oBaHHOTO OJIOKA C MOMOIIBIO 9TOTO MEXAHU3MA
[IOCTPOEHBI BpEMEHHBIE JarpaMMbl. Bee jamarpaMMbl COOTBETCTBYIO BPEMEHHBIM JTHAIPAMMAM
anmapaTHoOi peajn3anun. [IpuMep auarpaMMbl IPOXOXKIEHAST TAKETa 110 BUPTYAJIbHOMY KaHAJLY

VCUp upuseen Ha puc. [0
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Puc. 6. Bpemennas juarpaMma mpoxoxKjieHus nakera mo kanaiay VCUp

3. OneHKa NpoU3BOAUTEILHOCTH KOJIJIEKTUBHBIX OIlepaIuii
Ha 0a30BBIX TeCTaX W IPUKJIAAHBIX 3ada49aX

O1eHKa, IIPOU3BOAUTE/ILHOCTY KOJUIEKTUBHBIX Ollepalliii IpOBOAUIAChL B JBa drama. Ha mep-
BOM 3Talle MCCIeI0BaInCh 6a30Bbie omepanmu broadcast n all reduce, nmeromne HemmocpeaCTBEH-
HYIO allllapaTHYO ITOJJIEPXKKY B IOJCETH KOJUIEKTUBHBIX olepaluil. 3ajada BTOPOro STara —
JeMOHCTPaIsA ITPOU3BOIUTC/IBHOCTHU H€60.HI)H_II/IX IPUKJIQJIHBIX TECTOB-3a/1a4. BbI6paHbI CcJeayro-
[IYe 3aJa49K: yMHOYKEHIE Pa3pesKeHHON MaTPHIbl Ha, BEKTOP, YNCJIEHHOE PEIIeHHE 3a1a9H C HeJIM-
HEMHBIM ypaBHEHUEM TEILJIOIPOBOIHOCTH.

O1eHKH TPOM3BOAMTEILHOCTH OBLIN MOJIYyYEHBI IIPU IIOMOIIN UMUATAIIMOHHON MOJIE/N CETH,
KOTOpasl OIUCaHa B TpeTheM paszese. [lapamerpbl Moae/ i ceTu COOTBETCTBYIOT 3HAYEHUSAM IIa-
pamerpam CBUC mapmpyrusaropa ceru «AHrapay, Boinyinennoro 8 2013 roay u npupeneHbl B
rabiinie. HeobXoauMble BHIYUC/IEHNS IIPOBOLUINCEH Ha IIPOIECCOPE, IapaMeTpbl KOTOPOro TaKyKe

[IpUBEJIEHBI B TabJIHIIE.

Tabauma
[TapameTpbl OIEHUBAEMOT'O CYIIEPKOMITBIOTEDA
ITapameTp 3uavuenue
ITporeccop Intel Xeon E5-2660
TakToBast yacTora nporeccopa, I'T'r 2.2
KonuaecTtBo simep B y3ie 8
Pazmep kama L3, Mb 20
[MukoBasi TPOU3BOAUTEIBHOCTE y3a, ['duronc 140.8
TakToBast yacrora MapripyrTusaropa, MI'm 500
Nurepdeiic nmporeccopa ¢ ceTbio PCle gen2 x16
Bajepkka Ha wHKeKnuio (sxkeknuio) nakera depes PCle, nc | 300
3ajiepKKa [epegadu o0 JIMHKY, HC 80
Tonosorust cetu 3D/4D-top

3.1. Ba3sosrle TecThl broadcast u all reduce

Ha srane recrupoBanus 6a30BbLIX Ollepaliii OLEHIBAIACH IPOU3BOIUTEILHOCTD OA30BBIX OlTe-
pamuit broadcast u all reduce. TecTbl 3aK/II09a/INCh B ITOCBLIKE OJHOIO IAKETa MAKCHMAJILHOIO
pasmepa B 16 duuros (256 Gaiit) npu momoru omnepanuii broadcast u all reduce st paznoro

KOJINYECTBa y3JIOB MOJECJIUPYEMOH CeTH.



Ha puc. [7] npe/icTaBiensl pe3yibrarhl BbIIoIHeHHs oneparuii broadcast u all reduce. Cuxnm
U KPAaCHBIM [MOKA3aHO BPEMs BBIIOJHEHUs! (B MKC) KOJUIEKTUBHOI ONEPAINH JIJIsi CETU C TOIIOJIO-
rueit 3D- m 4D-top cooTBeTcTBenHO. KBa/ipaTHRIMIU MapKepaMH OTMEYEHO BPeMsI BBITIOJHEHUS
KOJJIEKTUBHOI OIIEpaIlii, Peau30BaHHOI C TOMOIIBIO CETH KOJIEKTUBHBIX OIEPAIINil, TPEYToIh-
HBIMH MapKepaMu — TP TOMOITH KOMMYHUKAIIMOHHBIX OMEPAIHl «TOUKA-TOUKA» TI0 TOMY ZKe
JIEPEBY, UTO U B IIOJICETH KOJUIEKTUBHBIX OIEPAIUil, HO OJIyIYEeHHOE aHAJTUTUIECKH.

Hns onepanuu broadcast B ceru ¢ ronosorneit 3D-rop BbUrpbi st 8 y37108 (Top 2x2x2)
cocrasisier 2,39 pa3, a st 8096 y3soB (rop 16x16x32) — 6,97 pas. dus tonosorun 4D-top
Berphin st 8096 ysinos (Top 8x8x8x16) cocrasisier 6,18 pas. IIpesocxocTBo ammapaTHOit
TIOJAECP2KKHN KOJIJIEKTUBHBIX OHepaI_[I/II';I O6YC.HOB.HGHO OTCYTCTBUEM HAKJIQ/HbIX PAaCXOI0B Ha 92KEK-
o / uHzkek o nakeros. Ceru ¢ Tonosiorueit 4D-Top 06/1a/1a10T MEHBIITMM JIMAMETPOM TI0 CPaB-
HEHUIO ¢ ceTsiMu 3D-TOp Ipu OAUHAKOBOM KOJIMYECTBE Y3JI0B, MIOITOMY JIJIsl CeTeil ¢ TOMOJIOruei
4D-rop Beurpseit Menbine. st oneparun all reduce pasHuiia B IpousBOIUTEIBHOCTH TPUMED-
HO Takasi yKe. TaKuM 00pa30M, peajr3aius Olepalnii ¢ ITOMOIIBIO KOJUIEKTUBHOW MOJICETH AT

3HAYUTEILHBINI BBIUTDLIIT 11O CPaBHEHUIO C HCIIOJIb30BaHUEM OHepaIlI/Iﬁ «TOYKa-TO4YKa».
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a) Omneparus broadcast b) Oneparus all reduce
Puc. 7. Bpemsi BbinoiHeHus onepanuii (B MUKPOCEKYHJIax ) @ broadcast u @ all reduce

3.2. YMHOXKeHUe pa3pe>kKeHHOIl MaTpullbl Ha BEKTOP

Omnepalyst yMHOXKEHHSI Pa3PEeKeHHON MaTPHILI Ha BEKTOP JIEXKUT B OCHOBE METOa COIpPsI-
xenubix rpagueaToB CG. CG — MeTonm HaxXOXKIAEHUsT JOKAJIbHOIO MUHUMYMa (PYHKITUU Ha OC-
HoBe MHQOpPMaIU O ee 3HadeHnax u rpajuenre. OpuH u3 crocoboB pacluapaieuBaHus 3TOi
olepanuy 3aK/rouaeTcsd B ciaeayonieM [16]: mycrs nana paspexxennasi marpuna A u BeKTOp Z,

Tpebyercst HaiiTu iy = Ax. CTpokn MaTpuIlbl OJIOKAMU PABHOMEPHO PACIIPEIEISIIOTCS 110 Y3J1aM:

T T
A= (A1, Ay,...,Ay) = Az = (A1z, Agz, ..., Appx)” (1)
roe A; — crpoku mMarpunbl A, XpaHdammecs Ha ¢-OM y3je. 1Ipu yMHOXKEHHM CTPOK MaT-
PUIIBI HAa BEKTOP IIOJIy4YaloTCsl Pe3y/JIbTHPYIOIINe YaCTH MCKOMOIO BeKTopa y: Y; = Ajx, rie
j=1,2,...,np, np — KOJUIECTBO BLIUACIUTEILHLIX y3JI0B. [yt COOpPKM pe3y/IbTUPYIOMIEro BeK-

TOpa Y Ha KaXKJIOM W3 BBIMHCJIUTETHHBIX Y3JI0B JIJIS [TOCJIEIYIONINX BBIYUC/ICHUNH TOHAT00NTCS
KoJIeKTUBHas oneparus all gather.

st peasmzanun all gather gepes omepalinio «TOIKa-TOUKa» UCIOb3YETCS AJITOPUTMOM «Pe-
KypCuBHOE yiBoerues [17]. AJropurm 3ak/rodaercs B CJEMYIONEM: CHAYAIa BCE y3JIbl MOMAPHO

0OMEHHMBAIOTCST JIPYT € JAPYTOM, 3aTeM Mapbl OOMEHUBAIOTCS MOMAPHO TAKUM 00pa30M, UTO KaK-



JIBIIA y3es1 Iapbl OOMEHUBAETCS JJAHHBIMU C JIPYTUM y3JI0M Hapbl U T.7. CxeMa paboThl aaropurma
n300paXKeHa Ha PUC.

st peanuzaruu all gather depes KoJIIeKTUBHBIE Oll€pallui UCIIOJIb3yercst broadcast — Bce
y3JIbI PACCBUIAIOT CBOIO YacTh BEKTOPA, MHUIUUDPYs oleparuio broadcast. Ucronssytores Bece 16

JepeBbEB, KOPHU KOTOPBIX PABHOMEDPHO PaCIpPeIeIEHBI IO CUCTEME.

War 2 | S " 4 0« | . w 4
War 3 ‘\‘\ V>_<1/V /'

Puc. 8. Cxema pabOThI aJroOpuTMa «PEKYPCUBHOE YIBOEHHUE» JIJIsi CUCTEMBI U3 8 y3JI0B

Jlist pacueroB Boibpana mMarpuria ¢ d = 10 HEHy/IEBBIMU SJIEMEHTAMH B CTPOKE U Pa3MEpPOM
N = 20480000. Usmepenue BpeMeHH YMHOYKEHHUsI CTPOK MATPHUIIBI HA ILIOTHBIM BEKTOP ITPOBO-
AUJIOCh Ha peasibHOM Tiporieccope Intel Xeon E5-2660 ¢ mcmonb3oBaHmEM TECTOBON MPOrPAMMBI
na C / OpenMP oTmenbHO 1Jj1s1 KarKI0ro KOJUYECTBa CTPOK MAaTPHIILI, IOMNAIAIONINX Ha BBIYKC-
JIMTEbHBIN y3eJI P YBEJIMYEeHNH KOJUYIECTBa Y3JIOB ceTu U japobsieHun 3ajgadu. [IpounsBomu-
TEeJIbHOCTh Ha OJHOM y3je cocrasjisier 591 Mditorc. Bpemst Boimosinenust omeparuu all gather
[TOJIYYEHO C TOMOIIBI0 UMUTAITMOHHON MOJIE/IN CETH.

OreHKa TOYHOCTH UMUTAIMOHHOI'O MOJIEJIMPOBAHUS IPOBOIMIACEH jiuis omepariuu all gather,
peaIM30BAHHON TP IIOMOIIM OIlepallnii «TOYKa-TOUYKay. BpeMs BoimosHenus all gather, mosry-
YEHHOE IIPU ITOMOIIY UMHUTAIIMOHHON MOJIEJIN, CPDABHUBAJIOCH CO BDEMEHEM BBITIOJIHEHUsI 9TOM orre-
palyy Ha TECTOBOM KJacTepe, apaMeTpPbl KOTOPOro IPUBEJIEHbI B TabJmile, i 2, 4 u 8 y3J/10B.
MaxkcumasabHas pasHHIA BpeMeH BBIIOJIHeHus cocrasisger 8,96 %.

Ha puc. [9] Bumo, 9T0 nenosp3oBanue anmapaTHBIX KOJUIEKTUBHBIX ONEPAIH JIAI0 MAKCH-
MAaJILHBII TpUpocT IpousBoauTenbroctn 28 % ma 2048 yznax mas cern 4D-Top mo cpaBHeHHIO

C HCIIOJIB30BaHUEM KOJIJICKTUBHDBIX onepaum‘/’l, peaim30BaHHBIX C ITOMOIIIBIO onepaum‘/’l «TOYKa-

TOYKA».
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Puc. 9. IlpoussoguTebHOCTL 3a7a9u yMHO-  Pmc. 10. ITpom3BOIUTEIBHOCTH JIBYXMEPHOI

KEHHUA Pa3peKeHHO MaTpPHUIbl Ha BEKTOP 3342491 TENJIOIIPOBOJHOCTY Ha PA3/INYHbIX CET-
(N = 20480000, d = 10) B 3aBHCUMOCTH OT  KaxX B 3aBHCHMOCTH OT KOJHMYECTBA BHIMUCIIH-
KOJIMYECTBA BBIYMCIUTEILHBIX y3/I0B I CETH  TeJIbHBIX y3JI0B

¢ TomoJjiorueit 4D-Top



3.3. 3amada c HeJMHEIHbIM YPAaBHEHUEM TEMJIONPOBOIHOCTU

PaCCManI/IBaeTCH JABYyXMEpHad HeJInHelTHas 3a/1a4a TEIJIOIIPOBOAHOCTU:

ou Pu 0%

— - 4 - 2
ot o(x1,z2,1) (8:6% + 890%) + f(@1,22,t) (2)
tel0, tg], x1€[a, b], x2€[c, d], V1,29, : 00 = 0 (3)

fABHag paszHocTHas cxema:

n+1 n

n n n n n n
ik oo [ Yire = 2Y5k + Uitip N U1 = 2055 + Ui

— Yk
At J h3 h?

+ £ (4)

VestoBue yeToiauBoCTH:
1 1
1,1 S 1,1
20 (1, x2,1t) (h? + iT§> 2mazx|o(xy, x2,t)] (,7% + 2

At <

()
)

JlByxMepHas 006J1aCTh paclpele/isieTcs IIOPOBHY 110 BBIYMCIUTEIbLHBIM y3J1aM. B gBHOI cxeme
JJIsI BBIYUCJIEHUS 3HaYeHUsI B sT9eiike Ha CJISIYIONIEM CJI0e 10 BpEMEHH HeoOXOanMbl 9 3HaYeHMi
SIIEEK C TPEJIBIIYIIEro CI0si (CM. pHC. . JL1st 3TOrO Ha KaXKIbIi y3e1 Tpedyercs 0061acTh 60Ib-
e Ha eJUHUILy B KayKJyI0 CTOPOHY, YTOOBI ObLIa BO3ZMOXKHOCTL PACCUUTATH I'PAHUILI O0JIACTH.
IToce kazkmoro pacuera o0JacTH HEOOXOAMM OOMEH I'PAHAMH MEXKIY y3JIaMU M BbIYUCJIEHHE
ONITUMAJILHOTO Iara 1o BpeMeHu. JlJist BBIYUC/IEHHsI BPEMEHHOrO Inara, Tpedyercss BbIYUCIUTD
MaKCHUMyM K03 bUIeHTa TeMIepaTyporpoBofHocTn (yeir. ycroitansoctn 5). Berancienne max-
CUMyMa IIPOUCXOIUT IIPK ITOMOIIHN KoJIIeKTHBHOM omneparun all reduce. Ob1mast cxema napaJiiesb-

HOIl peasIM3al[in 3a/1a4n [Ipe/cTasieHa Ha puc. [12]

v

BbluncaeHne makcumyma KoadbduumeHTa
TemnepatyponposogHoctu (All reduce)

? X v
® /‘ ® Pacuert rpaHuL,
O o
/ Pacyet obnactu ‘ ‘ O6MmeH rpaHuuLamm
¢ ¢ ¢ |

Puc. 11. [Tlabson ABHO#N CXeMBbI IBYXMEPHOIt .
L. Puc. 12. Cxema mnapaJurejibHON pean3aiuu
HeJIMHEIHOH 3aJ1a91 TeIJIOIPOBOIHOCTH . .
SIBHOM CXeMbI /I HEJUHEHHOro ypaBHEHUS

TEIIOIPOBOIHOCTH.
. No, —12
[TponsBoANTEIHLHOCTD BBIYUC/ISIETCS 110 (POpPMYIIE: T * 10 |Tdomc|, rme Ny

KOJIMIECTBO OIEepalluil ¢ IIaBaiomeil TouKoit. PaccMaTpuBainch 3a1adu ¢ OOIMIM KOJIHIECTBOM
staeek, pasabiM 40960000, 81920000 n 163840000 (ma puc. O6OSH8H€HI>I 40M, 81M u 163M co-

orBeTcTBEeHHO). Bpems pacdera obmactu (1) nsmepsizioch Ha peasbHoM mporieccope Intel Xeon

10



E5-2660 ¢ ucnosbzoBanuem TectoBoit nporpammvbl Ha C/OpenMP orienbHO it Kaxjoro pas-
Mepa 00JIACTH, MPUXOISINENCS Ha BBIYUCIUTE/bHBIN y3€/ IIPU YBEJIMICHUH KOJIMYECTBA Y3JI0B
cetu u JipobsieHnn 3a7a49u. [[pon3BoIUTEIBHOCTD HA OJIHOM Y3JI€ COCTABJISAET MPUOJIM3UTETHHO
11 T'dpaonc. Bpemst Borauciaenus MakcumyMa Koddduimenta teMneparypornpoBofHOCTh (Tinaq)
ITOJTyI€HO IIPH TIOMOIIN UMHUTAIIMOHHOTO MOJeanpoBaHus omnepanun all reduce.

Ha mannoit 3amade (cM. puc. arapaTHas M0JJIEPYKKA KOJUIEKTUBHBIX OIEPAINl B CETU
4D-Top cKa3bIBAETCs, KOTIa y3J10B B cetu bostee 64. Ha 6oJbIOM 1nc/ie BBIYUCIUTEILHBIX Y3108
(32768) 1pOM3BOAUTELHOCTD BapUAHTa C UCHOJIb30BAHUEM II0JICETH KOJUIEKTUBHBIX OIlepaIii
IIPEBLINITIACT ITPOU3BO/IUTE/ILHOCTE BapuaHTa C peaﬂI/ISaI_[I/IeI/UI Ha OCHOBE onepauﬂﬁ «TOYKa-TOYKa»
B 3 pasa mjig 3agaqau ¢ 40M gueek B ceTke, JJisT OCTAJIBHBIX PA3MEPOB 331249 BBIUI'PHIII COCTABJISTET

2.7 paz.

3akJIroueHue

B nmammoii pabore ommcana peanm3aius MOIIEPKKU IIOICETU KOJJIEKTHUBHBIX OIEpalinii B
napaJsiieJIbHOM OTaKTOBOM MMMUTAIMOHHON Motenin cetu «Arrapay. C UCIOJIB30BAHUEM UMUTA~
[IMOHHON MOJIE/IN TOJIYYCeHBI JIEMOHCTPAIIMOHHBIC OICHKYU ITPOU3BOIUTEILHOCTH OA30BBIX KOJLIEK-
TUBHBIX ONeparuii U HeOOJIbITNX MTPUKJIAIHBIX 33/1a4.

OreHKY BpeMeHU BBITIOJIHEHUsT 0A30BbIX KOJUIEKTUBHBIX omepariuii reduce u broadcast moka-
3aJ1M 3HAYUTEJbHBIN BRIUTpLIT (Gosee 2-x pa3 jyist 8 y3i10B, 6osiee 6-u pa3 jyist 8192 y3/108) npu
WICIIOJIb30BAHUHN AIMAPATHON MOJCETH KOJLUIEKTUBHBIX OIePaIil OTHOCUTEIHHO MTPOIPAMMHON pe-
AJIM3AIMH STHX OIEePaIldii IPU IIOMOIIU OIEPAINU «TOYKa-TO4YKa». C yBeJmYeHneM KOJIUIeCcTBa
BBIYUCIUTEIbHBIX Y3JI0B PA3HUNA B MPON3BOIUTETHLHOCTH YBEJIMINBAETCS.

Ornienka TPOU3BOJIMTEILHOCTH TPUKJIATHBIX 3329 [POBOJMJIACH HA MMHUTAIIMOHHONW MOJIETH
Ha [IpuMepe 3aJa91 YMHOXKEeHUST Pa3peKeHHOM MaTPUIThl Ha BEKTOP U 331491 THCIEHHOTO peIlre-
HUSI SIBHOHM CXeMbI HEJIMHEHHOTO YPaBHEHUs TEIIONPOBoiHOCTH. JlJIst 3a/1a4un yMHOXKEHUS MaTPHU-
IIBI HA BEKTOP BBIOpaHbI ciemyromupe mapamerpsl: 20480000 — pazmep marpuiis: ¢ 10 HeHyI€BBIMEI
3JIEMEHTAMHU B CTPOKE, 3aJ1a9a TeIJIOMPOBOIHOCTU PACCMATPHUBAJIACH Ha CETKAX C KOJUIECTBOM
saeex 40960000, 81920000 u 163840000.

Ha zanate ymuoxKeHust pa3perkeHHON MAaTPUIIbI HA BEKTOD, PEAJM30BAHHON C IIOMOIIBIO OIle-
paruu all gather, BeIUrpBINT OT MCIOJIL30BAHUS ANMTAPATHON MOAICPXKKU KOJIJICKTUBHBIX OTIePa-
I 1T0 CPABHEHUIO C PeaJin3allieil Ha OCHOBE OIEPAIlM «TOYKA-TOYKAa» HEDOJIBINON, PACTET C
YBEJIMYEHNEM KOJUIECTBA BBIYUCIUTE]bHBIX Y3JI0B ¥ MaKCHUMaJbHO cocTtapisger 28 % ma 2048
y3J1ax Jjisg ceTu ¢ torosorueit 4D-top.

Ha 3ajiave unciaeHHOro perienus sBHON CXeMbl HEJTUHENHOTO yPABHEHUS TEIJIOMPOBOIHOCTH
Ha THICAYAX U JEeCATKAX THICAY BBIYUCIUTEILHBIX Y3JI0B IMPOU3BOIUTEILHOCTH BapUaHTa C HC-
MIOJTb30BaHUEM TIOJCETH KOJIJIEKTUBHBIX ONEPAINI MPEBBIIIAET TPOU3BOIUTEILHOCTD BAPUAHTA C
pean3aliiell Ha OCHOBE Ollepalnii «ToYKa-To4dkay oT 2,7 o 3 pas. [Ipu yBe/myeHnn KOJIUIeCTBa
BBIUNCIUTEIbHBIX Y3JI0B PA3HANA B MIPON3BOANTETHEHOCTH PACTeET.

Boimoninennasi pabora 1o3BOJIMIIA IOy YUTh OIEHKH [TPOU3BOUTENHLHOCTH TECTOB C UCIIO/b-
30BaHUEM alMapaTHON MOJIEePKKH KOJUIEKTUBHBIX OIEPaIii B KOMMYHHUKAITMOHHOM CEeTH ¢ TO-
MIOJIOTHEH «MHOTOMEPHBIH-TOP» U MOKa3aJ1a BO3MOXKHOCTD IOy IEHUsT BHICOKOW ITPOU3BOIUTE b=
HOCTU C WCIOJIb30BAHUEM TaKUX KOJIJICKTUBHBIX OIEPAIUil /i BBIOPAHHBIX 3ajad4. [lpu aTom
BBIOpAHBI KOHKPETHBIE PA3MEPhI IEMOHCTPAITMOHHBIX 33,1aM.

C ucnoJsib30BaHUEM IIPEJICTABJIEHHBIX B JIAHHOW CTaThe Pe3y/IbTATOB IJIAHUDPYETCS JeTaIbHOEe

HCCJIEJIOBAHNE TPOU3BOJIUTEILHOCTH KOJIEKTUBHBIX OTIEPAIUil ¢ 11eJIbI0 pa3paboTK HOBOH apxu-
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SIMULATION OF COLLECTIVE OPERATIONS HARDWARE
SUPPORT FOR «<ANGARA» INTERCONNECT
A.V. Mukosey, JSC «NICEVT» (Moscow),

A.S. Semenov, JSC «NICEVT» (Moscow),
A.S. Simonov, JSC «NICEVT» (Moscow)

JSC NICEVT develops the Angara high-speed interconnect with multi-dimensional torus
topology. To evaluate the performance of the interconnect on a large number of nodes a cycle-
accurate simulator is used. Angara interconnect supports two types of collective operations:
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broadcast and reduce. The paper describes the implementation of collective operations in the
simulator and presents an early performance evaluation. Performance benchmarks include some
basic broadcast and all-reduce tests, as well as several well-known computational applications,
specificaly, sparse matrix-vector multiplication and numerical solution of the nonlinear heat
conduction equation.

Keywords: simulation, Angara inteconnect, multi-dimensional torus, collectives operations.
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