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SKIFCH: 9®PEKTUBHBINT KOMMYHUKAIINMOHHBIN
NMHTEP®ENC

0. A. Kaumos, A.FO. Opaovs, A.B. Illeopun

SKIFCH: HIGH PERFORMANCE COMMUNICATION
INTERFACE

Yu.A. Klimov, A.Yu. Orlov, A.B. Shvorin

B patore omuceBaerca SkifCh — mmzkoypoBHeBwIii nntepdeiic mepeaa-
qn coobrennii. /lamubrii uaTepdeiic 3dhdeKTUBHO TONNEPKUBAETCH HA YPOBHE
ceTeBOro 00OPYAOBAHNS, KOTOPOE, B CBOIO OYEPEh, MOKET OBITh PEATM30BAHO
B IIJINC (kak cuenano B cynepkomnbiorepe CKUD-Appopa) win B crerua-
Jm3upoBaHHBIX Mukpocxemax. Uurepdeiic SkifCh moxer 6vITh mcmoib3oBan
IS BBICOKOXPDEKTHUBHBIX CETEBBIX OOMEHOB HEMOCPEACTBEHHO M3 MPUKJIAI-
HBIX TPOTPaMM, & TaKXKe JJisi PeaH3allni KOMMYHHKAIMOHHBIX OHOIHOTER
6osiee BRICOKOTO ypoBH#A. Ha mannbiii MomenT noBepx uaTepdeiica SkifCh pe-
asmzoBanbl cucrembl MPI, SHMEM, GASNet u ARMCI. B paGore Takzxke
npuBeneHo cpaBHenne ddderTuBHOCcTH ncnonb3oBanus SkifCh u MPI na cy-
nepromtbiorepe CKUD-Aspopa.

Karouesnvie caosa: cynepromnvromep, KOMMYHUKAUUOHHAR CEMb, UHMED-
petic nepedau coobuwenuti, SkifCh.

We present highly efficient low level message passing interface named
SkifCh. This interface is easily supported by network hardware which can
be implemented in FPGA (as is in the case for SKIF-Aurora supercomputer)
or in specific microchips. SkifCh interface is intended for use as highly efficient
communication layer by applications or higher level communication libraries.
For the moment there are several libraries implemented on top of SkifCh: MPI,
SHMEM, GASNet, and ARMCI. We also provide a performance comparison
for SkifCh versus MPI using the SKIF-Aurora supercomputer.

Keywords: supercomputer, HPC, interconnect, message passing interface,

SkifCh.

BBengeunne

Ha cerogusimumii nenb unTepdeiic nepegaan coobmennii MPI [1| sBisiercs crangaprom se-
daKkTo HpU HANUCAHUE NPOrpaMM JIjisg paboThl Ha MaIlMHaX ¢ paclpeiefeHHON naMmaTbio. OH
OTJIMYHO 33JI0KYMEHTHPOBAH, HMEET Psiji 3aMevaTe/IbHbIX peajiu3aliiii, u, TJIaBHOe, sBJISETCs J0-
CTATOYHO BBIPA3UTEIbHBIM CPEJCTBOM KaK JIJIs HAIUCAHUS MHOXKECTBA NMPUKJIAIHBIX IIPOrPaMM,
TaK W JJisi co37aHusi HoJjiee BBICOKOYPOBHEBBIX OUOJIMOTEK.

OiHaKo, KaK 3T0 06BIMHO OBIBAET, MJIATON 38, YHHBEPCATBHOCTE sIBJIgeTCH oTepsi 3hDeKTUBR-
HOCTH TaM, TJie moJotin 661 6ojiee y3KocIenuan3npoBatitblie perenus. B ciyuae MPIL, 61arona-
P MEXAHU3MY HEPEYIIOPSI0YHBAHIS COODITEHUI TP IIPHEME UX U3 CETH, IPOTPAMMUCT ITOJTy 4aeT
olpesieJIeHHOE YA0OCTBO CTPYKTYpHU3allii cBoeil mporpammbl. Ho, HezaBHCHMO OT TOTO, II0JIb3Y-
ercs JI IPEUMYINECTBAMU 9TOT0 MEXaHU3Ma, OH B JIIOOOM cjydae BBIHYXKJEH pacIliadiBaThCs
HEKOTOPOI moTepeil 3(ppeKTUBHOCTH.
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B nannoit pabore Mbl nipenyiaraem untepdeiic nepegadu coobmienuit SkifCh, B koTopom mepe-
YIOPSATOUNBaHAE COOOIIEHN I Ha, MPUEMHOM KOHIIE 3HATUTEIHLHO YIPOITEHO U MOYKET OBITh TaCTHI-
HO HJIH IOJIHOCTBIO peasinzoBano B annaparype. SkifCh sapisiercst unrepdeiicom 6ojiee HUZKOro
yposHst e MPI B ToM cMblcsie, 9To BOSMOKHOCTH W OTpaHUYeHHsT alllapaTyphbl BHIPAyKeHBI B
HeM Gogtee stBHO. TeM He MeHee, oH JoycKaeT 3(hPeKTUBHYIO Pealu3alliio KaK MOJHOTO CTaHIap-
ta MPI, Tax u qpyrux pacrnpocTpaHeHHbIX 6Hb6IMOTEK obMeHa HaHHbIMI. Ha MOMeHT HamncaHnst
s10il cTarhn nMetores (mommumo MPI-2) peammzannn SHMEM [2], GASNet [3] w ARMCI [4] mo-
Bepx SkifCh. Takxke mmanupyercst nopaep:xkka Charm-+-+ [5] u npyrux cucrem.

3a cUer yIpolleHus u repexojia Ha bojiee HusKuit ypoperb SkifCh nozpossier 6oitee adpdpek-
TUBHO WCIOJB30BATH BOZMOKHOCTH KOMMYHHUKAIMOHHON ceTi. B mepByio odepe/ib pedh UaeT o
TeMIle BbIIadn coobmenuii [6], u 910 6yaer mpoleMOHCTPUPOBAHO HIYKE. 3aMETHM, UTO JTUCITUILITH-
HBI KOMMYHHUKAIH Ha OCHOBE OJIHOCTOPOHHUX 0OMEHOB JaHHBIMH, Takue Kak SHMEM |[2], moryT
6b1Th peasnzopanbl Ha SkifCh 6es cymecrBennoii norepu adpekTuBHOCTH. B CBA3M ¢ 9TUM MBI
[PU3LIBAEM aBTOPOB BUOIMOTEK I MapasijieIbHOTO IporpaMMupoBaHus paccMmarpupars SkifCh
KAK BO3ZMOKHYIO OCHOBY KOMMYHHUKAIMOHHONW YaCTH.

1. Ocobennocrtu MPI

Nurepdeiic MPI npenoctaBisgeT M0Jib30BATETO BOZMOKHOCTE OCHLIATH COODIIEHUS B OJHOM
nopgd/iKe, a IPUHUMAThL — B APYTOM.

int MPI_Recv (voidx buf,
int count,
MPI_ Datatype datatype,
int source
int tag,
MPI Comm comm,
MPI_Status =xstatus);

?

Puc. 1. lIpororun dbyukimu MPI_Recv()

st aroro mpu Beizoe dyHuKImu MPI_Recv() (cM. puc. 1) mosib3oBaTe/ib yKa3bIBaeT KOMMY-
HUKATOP cOmMIM, paHT oTmpaBuTens source (6o koncranty MPI_ANY SOURCE) u Ter coo6-
menus tag (6o koncranty MPI_ANY TAG). Eciin 1o ceTn NpHIIo HeCKOJIBKO COOBIIEHHIT, TO
6ubsnoreka MPI BeiGeper u3 HUX IepBoe, KOTOPOE YIOBIETBOPSAET YKA3aHHBIM MapaMeTpaM.

Takum obpasomM, peanuzanus oubnanoreku MPI noskua npuHuMarh coobiieHHs B TOM IO-
pA/iKe, B KOTOPOM OHH IIPUXOJAT, & BBIIaBaTh WX IIOJB30BATENI0 B TOM NOPAIKe, B KOTOPOM OH
MPOCUT. DTO O3HAYAET, UTO MPUXOAAINNE COOOIIEHIST HEOOXOIMMO XPAHUTh U IIEPEYIIOPIIOUHBAT.

[TepeynopsinodnBaHie BHOCHT Oy TUMBIN HAKIAIHON pacxo (4To 6yer MOKa3aHo B pasfe-
Jie 4), naxe ecyu MOJIb30BaTe/Ib HEe MCIOJb3YeT MepeynopsIounBaHie sBHO (TO €CTh BBI3BIBACT
MPI_Recv() ¢ mapamerpamu MPI_ANY_ SOURCE u MPI_ANY_ TAG). Heno B Tom, 9To 6ub-
JIMOTEKA, He MOXKET 3apaHee 3HATH, oTpebyeTcs JIu XpaHeHHe BXOJSIIEro coOOIeH s, U TTO9TOMY
creK (byHKIH, 0beclieqnBaONUX MEXaHI3M ePEYIIOPsI0YHBaHUS, B JIIOOOM C/lydae H0JIKEH OT-
pabortarh. «CXJIOMHYB» TOT ¢TeK (yOpaB €ro coBceM WM MOMECTHB B Alllaparypy), BO3MOKHO
JOOUTHCSA CYIIECTBEHHOTO IOBBIMIEHNs TeMIIa, 00pabOTKH COODIIeHNIA.

OTKaz oT HAKJIaJHBIX PACXOJI0B Ha, MEPEYIIOPSI0UUBaAHUE BXOJSIUX COODITEHNH Mpeoia-
raeT BO3JIOYKEeHNEe KOHTPOJIS 38 IEPEHOCOM COODINeHn U3 ceTu B pabotue MpoIecchl Ha I0JIb30-
Baresist unTepdeiica. Takum ob6pazoM, 1y 3pHEKTUBHOIO UCIOJIb30BAHNA KOMMYHUKAIMOHHOM
cpelibl Heobxonumo copMyupoBarh uHTepdeiic 6osee Huskoro, yem MPI, yposas.
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2. Nutepdeiic SkifCh

2.1. Kparkoe onucanue narepdeiica SkifCh

MpuknagHas nporpaMmma

<— MPI1/MPI2, SHMEM, ...
KOMMYHMKaLMOHHbIE BUBNNOTEKM

SKIF-MPI, SKIF-SHMEM,
SKIF-ARMCI n SKIF-GASNET

, <—IHTepdpeic SkifCh
OC Linux
= KoMmMyHukaupoHHasa 6ubnmoreka SKIE-NetLib
Apaheep HUKHEro ypoBHs SkifCh
skif-driver

MapLLpyTU3aTop CUCTEMHOA KOMMYHUKALIMOHHOK CETH
SKIE-3D-router SKIF-3D-router

Puc. 2. Crex mIpoTOKOJIOB

st cetn Tonoorun 3D-top cynepromnbiorepa CKU®-Aspopa [7] 6611 paspaboral HU3KO-

yposuesbiit uHTepdeiic SkifCh. Ero nojoxkenue B cTeKe KOMMYHUKAIIMOHHBIX TPOTOKOJIOB MTOKA-
3aHO Ha puc. 2.

// struct iovec from sys/uto.h:
struct iovec {

void * iov_base;

size _t iov_len;

k5

#define SKIFCH_ CONT_ SIZE 3
typedef uint32 t netaddr t;
struct SkifCh;

ssize t SkifCh_Send (SkifCh x skifch ,
netaddr t dst mnetaddr,
const struct iovec x iov,
int iov_count);

ssize t SkifCh_Recv (SkifCh x skifch ,

struct iovec cont[SKIFCH CONT_SIZE],
int x cont count);

int SkifCh_ RecvComp (SkifCh * skifch);

Puc. 3. Onucanue siapa unrepdetica SkifCh

Anpo unrepdeiica SkifCh npejcrarieno wa puc. 3. OcranoBumMcs Ha HeM GoJjiee 1o IpobHO,
9T0OBLI CpaBHUTL ¢ uHTepdeiicom MPI.

2.1.1. ®yuknusa SkifCh_Send()

Oyuknus SkifCh  Send() moxoxka Ha dpyukiuio MPI_Send(), a Takke Ha 6ubnorednyto pyHK-
o writev() u3 sys/uio.h (cMm., Hanpumep, [8]). OHa uMeer cenyOMuil TPOTOTHIL:
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e skifch — ykaszaresb Ha cTpykTypy Kanajya SkifCh;

e dst netaddr — ajgpec nosnydarens (anajor panra B MPI);

e iov u iov_count — 3aJai0T JnaHHble B (opMaTe aHAJOIHYHOM TOMY, UTO HCIIOJIb3YETCs B
dyuknmsx readv() u writev() [8];

e BO3BpalllaeMoe 3HaYeHNe — KOJIMYECTBO YCIIENHO OTIPABJIEHHBIX 6aiiTOB, TO €CcTh pasMep
OTIPABJIEHHOTO COOBITIEHNS.

[Tapamerpsl iov u iov__count 33Jal0T MACCUB YKazaTe el Ha, JIaHHbIE [T0Ib30BaTe . Pasbuenne
Ha YacTU IIPU llepeslade He YUYUThIBaeTcsd: MOYKHO CUHUTATh, YTO IMOCBLIAECTCH OJUH CILJIONHON
MaCCHB JaHHBIX. PazbueHune ucrosib3yercs JUIIb JJis TOTO, 4TOOBI M36€XKATh JOMOJIHUTEILHOTO
KOIIMPOBAHUA IIPU OTIIPABKE JIAHHBIX.

Oyuknus SkifCh _ Send() dpopmupyer coobilieHre U3 TaHHBIX TOJIb30BATENSI H OTIPABJISAET €ro
B CETb, IPUYEM pPa3MeEP COODIIEHUs ONpelesdeTcd TUHAMIYECKH B 3aBUCHMOCTH OT COCTOSHUS
ceru. Takum obpazom SkifCh Send() umeer mpaBo OTHpPAaBUTHL HE BCE JNAaHHBIE MOJH30BATENS, a
TOJIBKO UX 9aCTh, 9TO aHAJOTHYHO MoBeJeHNo PYHKINE writev ().

Y1o6B1 OTIPABUTE OCTABIIHECH JaHHBIE, HEOOXOIUMO COOTBETCTBYIOIUM 00pa30M H3MEHUTD
apaMeTphl iov 1 iov_count (4TOGBI OHUM OMMCHIBAJIN OCTABIIHNECS JAHHBIE) W, BO3MOYXKHO, H3MEHUTH
caMU JIaHHBIE, 8 3aTeM CHOBa BbI3BaTh (byHKIHNIO mockliKu SkifCh Send(). Hannyio mnpoueaypy,
BO3MOXKHO, IIPUJIETCs TOBTOPATH MHOTOKPATHO.

2.1.2. ®yuknusa SkifCh Recv()

Oyukrus SkifCh_Recv() sHaunTenbHo oTandaeTcs 1 o MPL_Recv(), u ot readv(). OHa nMeer
clieylolue IapaMerphbl:

e skifch — ykaszaresb Ha cTpykTypy Kanajya SkifCh;

e cont — yKa3aTeJsb Ha MaccuB, pa3Mepa He MeHee, deM SKIFCH CONT _SIZE;

e cont_count — yKazaTejlb Ha MECTO, Ife OYJIeT pazMelieH pa3Mep 3al0JIHEHHON YacTH Mac-
CUBa, cont Toc/ie 3aBepinenns PyHKINN;

® BO3BpAIllaeMoe 3HAYEHHE — KOJIMYECTBO YCIIENHO MOJYyYEeHHbIX OaliToB, pasMep IoJIydYeH-
HOI'O COOOIIEHNS.

Maccus cont pazmepa SKIFCH CONT _SIZE jiofizkeH OBITH 3aBeleH IOJIb30BaTEIEM IIepe/]
BBI30BOM, HAIIPUMED, Ha CTEKe. DJIEMEHTHI MacCHBa He JOJIXKHBI ObITh POUHUIHAJIU3HPOBAHBI.

[Hocne Boizosa SkifCh_Recv() B Bo3BpallaeMOM 3HAUEHUU IOJb30BATENIO OYIeT BLIJAH pas-
Mep NpUHATOro coobieHus B Gaiitax. MaccuB cont 6y/eT 3allojiHEH yKazaTeJ Ml Ha 9acTH CO-
00ITIeH S, KOTOPBIE XPaHdATCs BO BHyTpeHHell namsitu peayuzanuu SkifCh. Peanbhoe xonmdecTso
3aIl0JIHEHHBIX 3JIEMEHTOB MaCCHBa, cont OyJeT yKazaHo B cont count. Pazbuenne coobinenus Ha
YaCTH HECYIIeCTBEHHO, MOYKHO CUHTATH, YTO COODIEHNE — 9TO OJIMH CILJIOITHONH MaCCHB.

3a oguH BbIZoB SkifCh Recv() ByJeT mojiydeHo OJiHO coobIleHre, KOTOpoe HBLIO OTIPAB/IEHO
onuuM BbizoBoM dyHkiuu SkifCh Send(). Kak u npu ormpabke, 4TOOBI HOJYYUTE BCE HEOHXO-
JIUMBIE JIaHHBIE, OTIIPaB/IeHHbIe HeCKOJBLKUMU BbizoBaMu SkifCh  Send(), morpebyercs Takoe e
KOJTU9IeCTBO BbI30BOB pyHKINM SkifCh _Recv().

SkifCh rapanTupyer nopsijiok cooOIneHuit MeKIy OTIpaBUTeIeM U mojy4areseM. OmaHAKO
IpU [pUeMe COODITIEHUS 3apaHee HEM3BECTHO, OT KAKOI'O OTIIPABHUTENS OyIeT HOoJydeHo coobIre-
uue. [losromy, naxke ecjin gaHHble OBLIM OTIIPABIEHBI HECKOJIBKUMHU TOAPST UAYIMME BBI30BAMHU
dyuknuu SkifCh Send(), To He obsg3are/ibHO OHU OYJYyT HPUHSTHI MOJAPS MIAYIIUME BBI30BAME
dyurnuu SkifCh  Recv(). Mexkay noJsiyueHHeM cOOBIEHUI OT JAHHOTO OTIIPABUTENISI MOTYT OBITh
MOJIYY€HbI COODITEHUs OT JPYyTUX OTHpaBuTe /el.

[ocne obpaborku coobrienus nonab3oBaTe/b 06g3aH BBIBBaTH SkifCh RecvComp(), KoTopas
yeenomsier peanuzanuio SkifCh o Tom, 4To coobIneHre TPOYUTAHO, U COOTBETCTBYIOIIEE MECTO
B cykebHOM Hydepe MOYKHO HCIOJIB30BATH TOBTOPHO.
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Takoil MexaHU3M, B YACTHOCTH, [TO3BOJIET M30€KaTh 00513aTeILHOTO KOIUPOBAHUS Ha, IPH-
eme. Bcin nosnbzoBaresib MoxKer obpaboTarh mojiydeHHOe coolIleHne Ha MecTe, TO HHTepdeiic
MTO3BOJISET €My ITO CIEeIaTh.

2.2. Kananpwr SkifCh

CremyeT oTMETHTD, 9TO Tl U/ ujin KoMMyHUKaTOpbl B MPI nenonbayiorest fj1st pas/ieieHnst
[POCTPAHCTBA COODITIEHUI MEXKY PA3IMIHBIME MOJICUCTEMAME — HAIIPUMED, MeXK Iy OubIMoTeKoi
u porpaMmoit. CoBceM BBIOPOCHTD TaKoil MOJIE3HBIH MeXaHU3M ObLI0 6Bl OIMPOMETYUBO, MTOITOMY
pasnie/ieHne MpocTPpaHCTBa cOODITIEHN BOBMOYXKHO U ¢ Hclojib3oBanueM unTepdeiica SkifCh. dna
5TOTO KarKJasi 9acTh MPOrpaMMbl (HampuMep, 6UOIMOTEKa ), KOTOpast TOJIZKHA HCTOTB30BATH CETh
HE3ABUCUMO OT JPYTHX cucTeM, nojydaer cBoit kanasa SkifCh u cpoit cereroii ajnpec dst netaddr.
DTo obecriednBaeT IMOJyUYeHUe JIMIb TeX COODIIeHUil, KOTOpble IpelHaszHauYeHbl UMEHHO eif. B
HeKoTOpoM cMblciie Kanajibl SkifCh anamorunaas mopram nportokona TCP /1P.

[Ipu nomomu xanajor uaTepdeiic SkifCh abcTparupyer Jijisi MOJB30BATE S paslie/ieHue co-
OOITeHN T MEXK Y TOJIydYaTe/isiMi. DTO MOXKEeT 0DeclednBaThCs HEIOCPEICTBEHHO allllapaTypoil,
auHo TporpaMMHoil pocioiikoil. B cay4ae cetn 3D-rop cynepromnbiotepa CKU®-Aspopa ce-
TeBble ayianrepbl peajuzopanbl B [LJINC, u pazneienne mpocTpaHcTBa COOBIIEHUI TPOUCKOIUT
umMernHo tam. WMcnosbzopanue [LJINC nospojisier TMOKO ONUCHIBATH, KaKasd 4aCcTh COPTHPOBKU U
HepeynopsIounBaHusi cOOOIMEHNi ByIeT pean3oBaHa B alapaType (IIpH ee orpaHHIeHHBIX BO3-
MOXKHOCTSIX ), & KaKasi Oy/IeT BBINOJHATbCS Ha ypOBHE OGMOIHOTEKH (€C/i 9TO peajibHO HYXKHO B
IPUJIOXKEHNN ), HanpuMep, B 6ubmnoreke MPI.

2.3. Ocobennoctu SkifCh n ero mecro B pazpaborke 110

SkifCh mosunuonupyercst apropaMu B MEPBYIO 04Yepe/ib KAK HU3KOYPOBHEBOE CPEICTBO, HA
KOTOPOM CJIEJlyeT PeaIt30BbIBATH KOMMYHUKAIIMOHHbBIE OHUOIMOTEKH DOoJjiee BBICOKOTO YPOBHS, Ta-
kue kak MPI, SHMEM, Charm-++ u 7. 1. OiHako 970 He yMaJisieT BO3MOXKHOCTH HCIIOJIb30BAHUS
SkifCh HenocpejicTBeHHO Tpu pazpaboTKe TPUKJIAIHBIX IIPOIPAMM.

B uem ke mpeuMyInecTBO UCIOJIb30BaHNs HUZKOYPOBHEBOIO HHTepdeiica Mo cpaBHEHUIO, Ha-
npumep, ¢ MPI?

[Ipexx e Bcero — B noBbImieHnn 3(P@EKTHBHOCTH 38 CYET CHUYKEHUS HAKJIAJHBIX PACXOJO0B.
Hanpuwmep, dyrkmust SkifCh_Recv() (B ommmane or MPI_Recv() u readv()) ne xonupyem coobrre-
Hue B 6ydep nojb3oBareis, a ocrapisger ero B 6ydepax 6ubnuoreku SkifCh u nokasweibaer, rie
HMEHHO OHO paciiojioykeHo. llojibzoBaTtenb BoJieH CKOMUpoBaTh coobilieHue B cBoii 6ydep yubo
obpaborarh ero Ha Mecre. OCHOBHas HJiest TAKOTO MOJXO/a 3aKJOUYAETCH B TOM, YTOOBI MMETH
BOBMOYKHOCTH HU30€XKATH JIMIHETO KOMHPOBAHUS.

WNurepdeiic SkifCh nonpasymeBaer, 4T0 BHYTpH GUOIHOTEKN HE MPOUCXOIUT JIOTOJHUTE b~
Holt 6ydepuzanuu. Hampumep, eciu coobineHne He MOXKeT ObITH OTIIPABJIEHO HEMEIJIEHHO, TO
BBI30B SkifCh Send() z3aBepImuTcsa HeycmeXoM, U TPOTPAMMUCT JOJYKeH MOBTOPUTDH BBI3OB Uepes
HEKOTOPOE BpEMs .

[Ipu BbI30Be SKifCh Send() ¢ GosibImoit mopiiueil JaHHBIX, B CETh MOXKET ObITh OTIPABJIEHO
coobIreHune, cojieprKalliee TOJIbKO HAaYaJbHYIO YaCTh JAHHBIX. DTa 0COOEHHOCTH BHI3BAHA OI'DAHU-
YeHHEM alllapaTHBIX pecypcoB cetu u orcyTeTBieM 6ydepusaruu B SkifCh. [ostomy, eciu npo-
rPaMMUCTY HEOOXOIMMO ePeIaTh DOJBITYIO MOPIHIO JaHHBIX, TO IPH OTIIPABJIEHUH OHO Oy IeT Ha-
pe3aHO Ha OTJEbHBIE COODINEHNsI. DTO ABTOMATHIECKH O3HAYAET, YTO IPOrPAMMUCTY HEODXOIIMO
03300TUTBC cobupaHueM OOJIBITUX HMOPIKEH JIAHHBIX U3 HECKOJIBKUX COODITEeHNH Ha ITPHEMHOM
KOHIIE.

3aMeTuM, 4TO U3-3a 0TCyTCcTBUs Oydepusaiuu u nepeynopsigounpanus, SkifCh Recv() mosy-
YaeT cOODINEHHs OT PasHbIX OTIpaBUTENEH B MPOU3BOJbHOM Hopsinke. OHAKO, KaK U B CJiydae
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¢ untepdeiicom MPI, SkifCh rapantupyer (1 HakIaJbIBaeT COOTBETCTBYIOIINE OIPAHUYCHUS Ha
HIKE/TEXKAIIY IO PEan3alliio CeTH ), YTO COODITEHHsT OT OJHOTO OTIPABUTEISI IPUXOJST B TOM Ke
MOPsiJiKe, B KOTOPOM OBIJTH MTOCJIAHBI.

3aborsack 06 3PPEeKTUBHOCTH, HE CTOUT 3a0BIBATE W O ITPOIYKTHBHOCTH — TPYIOEMKOCTH CO-
3/aHNs TPOTPAMMHOIO obecliedeHusi ¢ TOYKH 3peHus paszpaborduka. Kak mpaBujo, dyeM HUXKe
YPOBeHbB, Ha KOTOPBI ollnpaeTcs paspaboTduk, deM OJInXKe K allaparype, TeM ITPoAyKTHBHOCTD
HiKe. (DTUM PaKTOM, B 4aCTHOCTH, OIPAB/BIBACTCS CYIMECTBOBAHNE BHICOKOYPOBHEBBIX CPEJICTR
nporpammuposanus.) Onucaunbie Boime orpanndenns SkifCh, ¢ ool ¢cTOPOHBI, AEHCTBUTETHHO
YCJIOXKHSIOT ero uctojibzoBanmne. C Apyroit CTOPOHBI, YCJIOXKHEHHS KACAOTCsl B OCHOBHOM 0OMe-
Ha GoybImuMu coobmmennsMu. Bo MHOTHX caydasix (Hampumep, ais 6ubmmoreku SHMEM) stu
OTpaHUYEHUs HecyIlecTBeHHb. W MeHHO 6/1arofiapst 9THM OIPAHUYEHUSM VIAETCs He ITOTEPSTh
5(pPEeKTUBHOCTD CETH.

3. IIpumepsnl nucnogb3zoBanus SkifCh

B pamrax pabot o cozpannio cetu 3D-Top cynepkomnbiorepa CKU®-Aspopa agTopamu 651
i peanmuzoBabbl 6ubnorekn MPI u SHMEM [2], ocHoBatHBIe Ha ommcaHHOM BhIllie HHTepdEiice
SkifCh.

Hpyrumvu komtekruamu 6b11u paspabortanbl cicteMbl GASNet [3] u ARMCI [4], aro mokasbi-
BaeT JIOCTATOUHYI0 (DYHKIIMOHAJIBHYIO HAIIOJHEHHOCTDb 1 YKU3HecniocobHocTh nHTepdeiica SkifCh.

SkifCh mwsHauambuo paspabarbiBajcs s cetn 3D-top cynepromnbiotepa CKU®-Aspopa.
Kak y»xke 6b1710 cKazaHo, peaju3alius KOMMYHUKAITHOHHOM cpejibl B 9TOH MaIlliHe BBIIIOJIHEHA B
[JINC, gro naer moctaTodHo HObIIYI0 ¢BOOOLY NpU BLIOOPE I'PAHUIIBI U METONOB pa3jieleHus
paboThl MeXIy HporpaMMHOil u anmnapatHoii dactsaMu. Brociencrsun SkifCh 6bun nepenecen
Ha cerb MBC-Dxkcnpecc [9], Ha ocHoBe koropoii B UTIM PAH comectro ¢ HUN «KBanT» 6b11H
coznanbl cyniepkomibioTepbl MBC-Dkcenpecce u K-100. 9Ta ceTh ocHOBaHa Ha TPAMON KOMMY TAIUK
PCI-Express npu moMorrnu craigaprabix MuKpocxeM ¢pupmbl PLX.

[Tocnennee aBisiercsa cBumeTeILCTBOM Toro, dTo naTepdeiic SkifCh obnamgaer moctaTodmoi
FHOKOCTBIO U MOYKET ObITh aJIalTHPOBAH K PA3HBIM THIIAM KOMMYHUKAIMOHHOTO 000pPYIOBaHUS.

4. DddekTuBaoctb SkifCh

B pabote [6] 6bL1a TpOIeMOHCTPUPOBaHA BaXKHOCTH TAKOTO MOKA3ATENIs KAYeCTBA, KOMMY HU-
KallMOHHOU CeTH KaK TeMII BBIIAYN COODIIEHUH.

st cpaBHenusi adpekTUBHOCTH paboThl ¢ ucnojib3oBanueM uHTepdeiicoB SkifCh u MPI
6yeM HCIoMb30BaTh cTalfapTHLI TecT MsgRate? [10]. Slapo ero peannzanun na MPI npuseeno
Ha puc. 4. C ucnonbzopanuem SkifCh Tect sanmceiBaercs aHaJOTHIHO.

Baeck ongun nporece (¢ HoMepoM () TOJNBKO OTHpaBIsieT COOOIIeHNs, a Ipyroil (¢ HoMepoM
1) monbko mpuHEMaeT coobinenns. Uamepsiercs: obmee BpeMsi BbImojiHeHHe TecTa. KommdecTBo
uTepaluii, ieJIeHHOe Ha MOJYYEHHOE 3HAUEHHE — 9TO TEMII BBIIAYN COODITEHUH.

Ha rpaduke Ha puc. 5 npuBefeHbl pe3yIbTaThl TECTa B 38BUCHUMOCTH OT pasMepa coOOITeH s
ns peamuzanuit na MPI u ma SkifCh. Xoporro BugHo, 9T0 1jIsT KOPOTKHX COODBITMEHUH HCIOb-
soBanue SkifCh nmaer rpomasinoe npeumymiectso 1o cpaBhuenunio ¢ MPI va ceru 3D-top, peanuszo-
BanHbIM 1oBepx SkifCh.

B naHHOM TecTe HMKAK He HCIOJIb3YIOTCs MPEUMYIIECTBA IePEYNOPHAI0YNBaHIS COODITEHUI
Ha IpueMHOM KoHIile. EcTh coobimennsi ToIbKO OJHOTO BHJIA, U BCE OHU JOJIXKHBI ObITH MOJTY YeHbBI

2310t Tecr BXOAUT B HocTaBKy ScaliMPI mox mverem «Ping-Pings, WTo MOKeT BBeCTH B 3ab/Iy K IeHNe,
nockosibKy B Habope IMB [11] ects Gosiee uzBectHbIil TecT ¢ TeM ke umereM Ping-Ping, KoTopslii ycrpoen
coBepilieHHO HHave. Bo u3bexkanue myTaHUIBI MBI PEIINJIN JIATH CBOE Ha3BaHUE TECTY.
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MPI_Barrier (MPL COMM_WORID) ;
for (i = 0; i < N /xxoauwecmso umepayuix/; i++)
if (my_rank = 0)
MPI_Send(buf, len, MPL BYTE, 1 /xdstx/, 0, MPLCOMM WORID);
else if (my_rank =— 1)
MPI_Recv(buf, len, MPL BYTE, 0 /xsrcx/, 0, MPL COMM_WORLD, &sts );
MPI_Barrier (MPL COMM_WORID) ;

Puc. 4. Tect MsgRate

Temn Bblgayn cooGLeHUi

14
+=3D-Torus, SkifCh
=2= 3D-Torus, MPI

12 == |nfiniBand QDR,

OPENMPI 1.4

o

16 32 64 128 256 512 1024 2048

Temn Bblgaumn cOOOLLEHUI (MFIH. COOOLLEHNI B CEKYHAY)
[+4]

Pasmep coobLieHus (6aiTbl)

Puc. 5. Temn Boiaan coobienuii (6osibIte — Jrydiie)

B HOpsjKe WX nosBjeHus. Takum obpazom, paszHuiia B ckopocT paborsl Tecta Ha SkifCh u Ha
MPI nosiHocThio 06yc/IoB/ieHa TEMH HAKJIAIHBIM PACXOJaMHU Ha, IEPEYITIOPSI0YHBAHIE COODIIEHU,
KOTOPBIE IPUCYTCTBYIOT BCETJIA — HE3ABUCUMO OT TOTO, UCIIOJIb3YETCS JIH JIAHHBIH MEXaHU3M HJIH
HET.

st cpaBHEHUs IPUBENEHBI TaKXKe 3HAaYeHUs JJIst TOTo »Ke camoro koja #Ha MPI, npu ucnoss-
soBaumu peayuzaiu Open MPI [12] na cern InfiniBand QDR. Bee zamepsr (u Ha cerun 3D-top,
u Ha ceru InfiniBand) mpoussoguincs Ha ysnax cynepkommbiorepa CKIN®-Aspopa.

5. 3akJjrouyeHue

B crarbe npenioxken HuszkoypoBHeBbIN unTepdeiic nepepadn coobmenuit SkifCh. Beumm mo-
Ka3aHbl IPEUMYINECTBA W HETOCTATKH €ro MCIIOb30BaHus 10 cpaBHeHuto ¢ uHTepdeiicom MPI.
[Iponemoncrpuposano, aro SkifCh mosposisier s peKTHBHO UCIIONB30BATE BOZMOXKHOCTH KOMMY-
HUKAIMOHHON CETH, JOCTHTas BEICOKOTO TEMIIa BBIIa9N COOBITEHNIT 3a CIET TPOCTOTH HHTepdeiica
1 MepeHoca TacTi paboThl B allapaTypy.
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[TPOI'PAMMKWPOBAHINE

Creiyer oTMeTHTh, 4TO OJIM3KHIE O MOJOXKEHUIO B CTEKE CETEBBIX ITPOTOKOJIOB BBICOKOI(]-
dekTuBHblEe HHTEPdEHCH ecTeCTBEHHBIM 06Pa30M BOZHHKAIOT YV MHOTHX paspaboTdUKOB ceTeBoil
allIapaTyphbl  KOMMYHHUKAIIMOHHBIX OUOIHOTEK.

Hanpumep, 6ausknm anajorom SkifCh B 6ubmmoreke MPICH2 [13| siBastercst BHYTpeHHUI
unrepdeiic CH3, He npenHasHadeHHbIH, ONHAKO, JJis CTOPOHHETO HCIIOJIB30BAHUS.

B 6ubanoreke Intel-MPI [14] takum unTepdeiicom spasiercs TMI, KoTopblii gaeT Bo3aMoXK-
HOCTH pazpaboTdnkaMu 3(PGMEKTUBHO UCIOJIB30BAThH PA3INYHble KOMMYHUKAIIMOHHbBIE CPEJIbI, Ha-
npumep, QLogic PSM u Myrinet MX.

Bonbmoit uaTepec BhizbiBaer QLogic PSM [15] — HusKoypoBHEBBIH BBICOKO(DMOEKTHBHBII
unrepdeiic, paszpaboranubiii pupmoit Qlogic st cBoeil cereBoit amnaparypsl. B orimdne or
CH3 u TMI stor unrepdeiic npennasHaden ajs peajuzaiuu He Tojibko MPI, Ho pazmudnbix
KOMMYHUKAIMOHHBIX 6ubjinorek — umetores: peajuzanuu SHMEM u npyrux. PSM sapjisercs
HauboJiee GJIM3KUM U3 M3BECTHBIX aBTOpaM JaHHoU paborsl anajoros SkifCh. MurepecHo, [dTo
dupma QLogic zaspasger o adpdekruproctn PSM uMeHHO B CBS3M ¢ BBICOKHM TEMIIOM BbIJIa-
qu coobrienunii. OQHaKO JI0 CUX [IOP HAM He MPEJICTaBUIACh BOZMOYXKHOCTH YBUIETH 3asiBIEHHBIE
uGpPBl B PEAJILHOCTH.

OcHoBHbIME TpenmyInecTBaMu nHTepdeiica SkifCh o cpaBHeHNIO ¢ aHaOoraMu MOTYT OBITH
HA3BAHBI CJIENYIONTHE:

® OpUEHTAINS Ha CO3/aHNe PA3IUIHBIX OUBIMOTEK ¢ BBICOKOXDDEKTHBHON KOMMYHUKAITMOH-
HOW YaCThIO;

® JI0CTATOYHAS TMOKOCTH, IIO3BOJISIONAs He MOTepATh 3PPEKTUBHOCTh CETH HA PA3HBIX KJIac-
cax ceTeBoro 0bopyIOBaHMUS;

e JIOCTYNHOCTH Ha COBpPeMeHHBIX cynepkommbioTepax CKU®-Aspopa u K-100, 0ba uz KoTo-
PBIX SIBJISIOTCH THOPUIHBIMH.

3aMeTHM HAIOCJIEN0K, YTO UCIIOJIb30BaHUe THOPUIHBIX MAIIIH IIPEIII0JIaraeT 0BbI9HO MEJTKO-
3epHHUCTHIE OOMEHBI. DTO 0OCTOSATENBCTBO 3HAYUTE/ILHO TOBBIMAET TpeHOBAHUS K KAYeCTBY KOM-
MYHUKAIMOHHON CETH B II€JIOM, U, B YACTHOCTH, JIOCTHYKEHHE BBICOKOH (P PEeKTUBHOCTH HCIIOIb-
30BaHUS MAIMHBI CTAHOBUTCH HEBOBMOXKHBIM 6€3 BBICOKOT'O TEMIIa BBIIAYM COODIIEHUI.

Pabomow  swinoanaromes no  naywho-mexrnuveckod npoepamme (Co03no20  zocydapemesa
«CKUOD-I'PUI» [16], a maxorce npu noddeporcke PODPU no npoexmy N 09-07-13598-ofu_ .

Cmamoa pexomendosana K NYbAUKGUUL NPOZDAMMHBIM KOMUMEMOM MENHCOYHADOOROT HAY -
notl kongepenuuy «llapasreavrnie evruucaumensusie mexnoaoeun 2011,
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