BEICOKOIIPON3BOOUTEIbLHLIN
BBIYHCIIUTEIILHBIN LIEHTP

HUAY MHUOU

Pykoeodcmeo no/v308ames

Bepcusa 1.4.9
Mocksa, 2024



© 2012-2024 Aupgpeti CaBueHKO, ApTéM AHuUKees, [IMmutpuit OKyHeB

[JaHHBIM JOKYMEHT pacIpocTpaHsaeTcs o nuneH3uu Creative Commons
Attribution-ShareAlike 3.0 Unported (CC BY-SA 3.0).

Bce 3aMeyaHus ¥ NpeaiokKeHUs II0 9TOM JOKYMeHTaIuu ¢ 6jiarogapHo-
CTBIO IPUHUMAITCA 110 agpecy hpc@lists.ut.mephi.ru.

Co3pano npu nomotu XqETEX u BibTgX.

[Tocnenuee usmenenue: 30 oktsa6psa 2024 .


mailto:hpc@lists.ut.mephi.ru

Conepikanue

COOEPKAHHE . . . . . . . . . ittt e e e e e e e e e e e e 2
1 OOIIHME MOMOKEHHMST . . . . . « . v v v e v et e e e et e e e e 3
2 Kak cTaTh MOJIB30BATEIEM . . . . . . . . v v v vt et e e e oo 3
2.1 TIpaBuia UCIHOMB30BAHMS . . . « v v v v v v v e et e e e e e e e e 3
2.2 TlonmydeHUE YUETHOU BAMUCH . . . o« v v v v v v e e v e e e e e 5
2.2.1 Perucrtpauus rpyImmnbl IOJIb30BATEIE€H . . . . . . v v o . . . 5

2.2.2 Hcnonb3oBaHue SSh-KmoUerd . . . .. . .. .. ... .... 5

3 Pecypcsi HPC-IIeHTpa . . . . . . . . . . . . i, 6
3.1 depmMa «YHUBEPCUTETCKUU KITACTEDP» . « « v v v v v v v v v v v 6
3.2 ®epma «Basov» . . ... .. e 7
3.3 ®epma «Cherenkov» . . .. ... ... ... ... ... . .. ..., 8
3.4 @epMa «TENSOT» . . . . . . . v e e e e e e e e e e e e 9
3.5 Mogynb «Basis» . . . . . . ... e e e e e 11
3.6 XpaHunuie pool/6 . . . . . . ... ... 12
3.7 Kakue ¢pepMbl CIIeQyeT UCIIOIB30BATD . . . . « v ¢ v v v v o v v o 12
3.8 IIporpaMMHass HHPPACTPYKTYPA . « « v v v v v v v v v e v e e e 13
3.9 IlpepgyctanoBnenHoe IIO . .. ... ... ... .. ......... 14
3.10TTomUTUKA OOHOBIIEHHM . . . v v v v v v v e e e e e e e e e e e e a 14
3.11HecBoGomuoe ITO . . . . . . . . . . . . i et 15

4 Hcnonb30BaHHE PEPM . . . . . . . . . .. ... 16
4.1 TlpemBapuTesIbHBIE TPEOOBAHUST . . . . .« v v v v v v e v e e o 16
4.2 Pabotacssh . ... ... . ... . . . ... e 16
4.3 PaboTa c GaMIOBOM CUCTEMOM . . . . . « v v v v e v e e e e e v 18
4.3.1 /home . ... .. .. e 18

4.3.2 /mnt/pool . . ... ... 19

4.3.3 /tmp . .. e e e e e e e 20

4.4 TloaroTOBKA ITIOJIb30BATENbCKUX MPUIOKEHUNA . . . . . . . . . . . 20
4.5 3aIYCK 38U . « v v ¢ v v e e e e e e e e e e e e e e e e e e 23
4.5.1 3a0pPOC PECYPCOB . . v v v v v e et e e e e e e 23

4.5.2 PabGorTa c nmapaajlelbHbBIMU IPUTOKEHUAMA . . . . . . . . 24

4.5.3 Pabota c rpadpuUYeCKUMU YCKOPUTENNSIMHA . . . . . . . . . . 27

4.5.4 Hcmonb30oBaHHWE OUPEKTOpUu /tmp . . . . . . .. ... ... 28

4.6 MOHUTOPUHT U yIPaBJIEHUE 3aJad4aMM’ . . . . . . . o o v v o v .. 29

5 KOHTAKTBI . . . . . . . . . . e e e ettt s e e 29
CIIHCOK JIMTEPATYPBL . . . . . v v v v v e e it e e e e e e e e e et e e e 31



1. OO1IMe MOI0OKEeHUu S

BBICOKOITPOU3BOAUTENBHEIN BEIYNCIUTENbHBIN IIeHTPp HUAY MUOH (ga-
nee — HPC-lleHTp) npegHa3Ha4YeH AJIS BBHIIOJIHEHUSA PECYPCOEMKUX U/UIHN
pacIpeneneéHHbBIX BEIYUCIEHUN COTPYOHUKAMU U yUAlTUMUCS YHUBEPCUTE-
Ta IIPU BHITIOJTHEHUY Hay4YHBIX, MCCJIEJOBaTEJIbCKUX U 00pa30BaTENbHBIX 3a-
oad4, B YaCTHOCTH, [OJisI 00y4YeHUs UCIT0JIb30BaHUIO COBpeMeHHbIX HPC-TeXHOIOT U,
B pamMKax UMeIOIXCs anapaTHEIX PECYPCOB I10JIb30BaTeJIAM IIPegoCTaB-
JIsIeTCS BO3MOZKHOCTD BBINOJHAThE 3aJadyd C UCIOJIb30BaHUEM CJIEOYIOLIUX
TexHonoruu Ha ocHoBe OC Linux:

 SLURM (meHemxep pecypcos [1]);
* MPI (peanuzamus OpenMPI [2]);

* GlusterFS (ceTeBas daiinoBasi cucrteMma [3]).

2. Kak cTarth 1nmojn30BarTrejieM

[Tepen TeM Kak mopgaBaTh 3asiBKY Ha MCIIOJIb30BaHME pecypcoB LleHTpa,
II0KaJIyHCTa, 03HAKOMbTECH C IIPABUJIaMH MCIIOIb30BaHusa. PakKToOM momayu
3asBKHY BhI TOATBEpKOaeTe CBOE CoTjlacke C JaHHLEIMHU IIPaBUIaMHu U 00s13a-
TEJIbHOCTH UX HUCIIONHEeHUus Bamu.

2.1. IIpaBuja UCIIO/JIb30BaHUSA

1. Pecypcet HPC-lleHTpa npegHa3HadYeHHI A1 IOAAePKKYA hyHIaMeHTalb-
HBIX ¥ TIPUKJIaOHBIX HaYYHBIX UCCJIeJOBaHUU, MCCIIefOBaTETIbLCKUX U 00-
pa3oBaTeNbHBIX 3afad, Tpebyromux npusnederus HPC.

2. Ilonmb30BaTeNsIMU MOTYT OBITh: COTPYOHUKHU, yuamnuecsa HUAY MUOU
U opranu3zanui, umeromux c HUAY MUOH coBMeCcTHBEIE Hay4YHBIE IIPO-
€KTHL.

3. Tlonbp30BaTensIM KaTETOPUYECKU 3allpelllaeTcs nepenaBaTh CBOIO YUET-
HYIO 3allMCh, I1apOJib K HEW UJIU CEKPETHBIU SSh-KJII0Y MHBIM JIMIlaM.

4. Tlomb3oBaTenb 00sI3yeTCss He UCIOIb30BaTh LIeHTp Oy 3ajad He yKa-
3aHHBIX B II.1, B T.4. OJIsT KaKOU-JTM0O0 mesiTeTbHOCTU, IPOTUBOpeYalllei
3aKoHOOaTensCTBY PO.

5. YcTraHOBKa U UCIIOJIb30BaHME HEJIETaIbHOTO IIPOrpaMMHOT0 obecreye-
HHS KaTEerOpUYeCcKM 3allpellleHa, KaK U Jiio0oe HapylleHue JTUIeH3UMN



10.

11.

12.

Ha ucnonb3dyemoe [10 (Hanpumep, monbiTKa Ucnoiab3oBaHus B HPC-
LleHTpe OecmiIaTHOTO TOJILKO [IJIsI YaCTHOTO ucnonb3oBauus I[10). ITpu
HWCIIOJIb30BaHUU JIUIIeH3MOHHOrO0 10 mmonb30oBaTesnb OOIKEH mepenaTh
KOIMHUIO JIMIIEH3UH aIfMUHHACTPaTOpPaM.

[Tonb30BaTENSIM 3aIIpeNlaeTCs IHITAaTbCSI 000UTU CUCTEMY 3aIIUTHI, KBOT
UJI agMUHUCTPATUBHEIX orpaHuyenu HPC-1leHTpa, B 4aCTHOCTHU, 9KC-
JIyaTUPOBaTh YA3BUMOCTH.

. B cniygyae o6HapyKeHUs YSI3BUMOCTU CUCTEMEI, IT0JIb30BaTeIb 00513aH

He3aMeIJIUTEJILHO COOOIIUTE 00 9TOM agMUHUCTPATOPaM JIMYHO 110 e-
mail hpc-private@ut.mephi.ru.

. ADMUHHCTpPATUBHEIE OOBSIBIEHHSI, a TaKxke IIpoOjieMbl Hu IIped-

JIOXKEHUSI II0JIb30BaTesied o0CyxKpaaloTCsa 4Yepel3 CIHMCOK pac-
ceinku  hpc@lists.ut.mephi.ru. TIlouytra amMmuHHCTpaTOpoB (hpc-
private@ut.mephi.ru) npegHasHadeHa TOJILKO OJIsI PellleHUs: mpooOieM
0€e30I1acCHOCTH.

. Apmunauctpauusa HPC-LleHTpa BHIIOJHSET THIaTEIbHBIM ayOuT Oeu-

CTBUU IIOJIL30BATEJIEH.

B cnydyae oOHapyKeHUS HEJIETUTUMHON aKTUBHOCTHU MJIU HaAPYIIEHUS
OaHHBIX ITPABUJI CO CTOPOHHI IOJTb30BATENISI, aAMUHUCTPAIIUS OCTaBIIS-
eT 3a co00i mpaBo OJIOKMPOBAHUS COOTBETCTBYIOIIEN YUETHON 3alIUCHU
C BO3MOZKHEIM yIaJleHUeM HeJleTaJIbHbIX JaHHBIX.

[Tonb3oBaTenu B MyONuMKanusax pPabOT, BHIIOIHEHHBIX MHPU ITOMOIIU
HPC-lleHTpa, 0613yI0TCS CCHIIAaThCS Ha UCIIOJIb30BAaHUE €T0 PECYPCOB.
I17151 pyCCKOS3BIYHEIX PaboT cieyeT UCI0JIb30BaTh (POPMYIUPOBKU BU-
Ia «IIpU IIPOBefeHnM paboT OBIJIM UCIIOJIb30BaHbl PECYPCHI BHICOKOIIPO-
U3BOOUTENIBHOT O BEIYUCIIUTENBbHOT O leHTpa HUAY MUOKW » nnsa aHriio-
s3bIYHBIX — “our work was performed using resources of NRNU MEPhI
high-performance computing center”.

AOMUHHCTpaIUs TpUjaraeT BCe BO3MOXKHBIE YCUIHS OJi 0e30TKas-
Ho¥ paboTel HPC-LleHTpa 1 COXPaHHOCTH MOJIb30BaTEJILCKUX TaHHEIX.
OpHako, B cujly 0ObEKTUBHBIX 0OCTOSITENTHLCTB, HEBO3MOXKHO IapaHTH-
poBaTh abOCOMIOTHYIO CTAOUIBPHOCTh U COXPAHHOCTh MH(OpPMAIIMH, II0-
5TOMY II0JIb30BaTENIU OOJIZKHBI PETYJISPHO COXPAHSITh IIOJIyYeHHEIE Pe-
3yIbTATHI U XPAaHUTh KOINU 0CO00 BaXKHLIX JaHHBIX BHEe pecypcoB HPC-
LlenTpa.
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2.2. ITonyuyeHHe Y4ETHOH 3alTUCH

[I71g Tonmy4eHUus y4E€THOM 3aIllCh He0OX0OuMO, YTOOB COTpyOHUK MU DU
B IOJIZKHOCTHU [OIleHTa (HadyalbHMKa OTAeJIa) U BhHIIIIE 3all0JTHKUII Ha Bac 3asaB-
Ky https://it.mephi.ru/service-notes/32. 3aTeM, moIb30BaTEIIIO0 HEOO-
XOIMMO CTe€HepPUPOBATh IIapy M3 MyO0JIMYHOT0 U IPUBATHOTO KiItouen SSH-2
RSA mnuHoit He MeHee 16384 O6uT (cM. 1. 2.2.2) mis yoaJeHHOT'O OOCTYyIIa
ssh unu mapy u3 ny6nuyHoro u npuBaTHoro kimode OpenPGP [4] [5] [6]
o141 mepemady mapois no mudpoBaHHOU MOYTE.

[Ty6nuyHBIM KJTI0Y HEOOXOOMMO OTIIPABUTh Ha ITOYTOBBIN SITUK

hpc-private@ut.mephi.ruc koprmopaTuBHOU HOYTH (@mephi.ru gnsa co-
TPYOHUKOB, @ut.mephi.ru s cTyoeHTOB) IOJIb30BaTENISI UJIM aBTOpa 3asB-
KHU.

3aTeM, IoIb30BaTENI0 HEOOXOOUMO IMOANUCATLCS Ha CHUCOK PACCHIIKHN
hpc@lists.ut.mephi.ru. [I1s 3TOro He0O6XO0AMMO 3aUTH Ha CAUT

https://lists.mephi.ru/listinfo/hpc, B mone Your email address: ykKa3aTh
Baiir mo4ToBHIM agpec ¥ HaXaThb Ha KHONKY Subscribe.

CoTpyaoHUK, 3allOJTHUBIINUN 3asBKY, IMOJIYYUT yBedoMJIeHHe 00 m3MeHe-
HUU CTaTycCa 3asBKM 10 KOPIIOPaTUBHOU IIOUTE.

[Tpu xxkemanuu Bel cMOKeTe U3MEHUTH IIapPOJIb C TOMOIIBI0O KOMaHObI passwd,
HO IIPH 9TOM OH [OJI?KeH OyIeT COOTBETCTBOBATh CTPOTUM TPpeboBaHUAM Oe3-
OMaCHOCTH Kak I10 OJIMHE, TaK U IO CI0KHOCTH. CUCTeMa He ITI03BOJIUT BaMm
YCTaHOBUTH C1a0bIi apolb.

2.2.1. Perucrpanus rpynimsl nojib30BaTejIeH

[Tpu HEOOXOOUMOCTH IIONYYUTh YYETHHIE 3aMUCHU [AJI OONBIIION TPy
[MOoJIb30BaTejiel, MOXKHO MMOAAaTh 3asiBKy Cpa3y Ha BCIO I'PYIIIy B BUOE CIy-
KeOHOM 3alMCKU OT PYKOBOOUTENS TPYIIIBI MU ITOApPa3fesieHus Ha UM
HadallbHUKa ylIpaBieHus nHpopMmaTtusanuu PomanoBa Hukomnas Hukona-
eBrYa. B cimy>keOHOM 3anucKe MOJIKHEI ObITh TepeuncierHsl @O monb30Ba-
Tesiel, uxX e-mail, 1lesTb ¥ CPOK 3aBepHIeHUS PaboT (HalmpuMep, CPOK OKOH-
yaHusg o0yueHusi). OTBETCTBEHHOCTh 3a HOCTOBEPHOCTh ITPENOCTaBIIE€HHBIX
OaHHBIX HAXOOUTCS Ha PYKOBOOUTEINE, ITIOAABIIEM CITY2KEO0HYI0 3alIUCKY.

2.2.2. Ucnoiab30Banue ssh-kKiaouen

[Tpu XxenmaHWM, MOJIL30BATEIb MOCJIE MOXKET MCIOOJIb30BaTh Ssh-kmoun
s mocTtyna K pecypcaMm HPC-LlenTpa. st 3TOro HE0OX0OUMO HA KAUEeHM-
CKOU MawuHe co3aaTh mapy u3 nyonuyroro id rsa.pub u npuBatHoro id rsa
KJII0YEeU C MMOMOIIbI0 KOMaHbI:

ssh-keygen -t rsa -b 16384
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nns knueHTta OpenSSH [7] sa OC Linux, FreeBSD, MacOS, okpyxeHuUu
WSL [8] mns OC Windows u okpyxkenuu Cygwin [9] gma OC Windows, unu
KOMaHBbI:

puttygen.exe -t rsa -b 16384

mist knueHTa PuTTY [10] [11] Ha OC Windows.

He 3a0yabTe yKa3aTh CIOXKHBIM MapoJjib OJIS 3alllMTH KiTtoda! 3aTeM Iio-
MeCcTuTe MyOnu4YHbINM K04 B ¢paunn ~/.ssh/authorized keys Ha cepBepe
ayTeHtudukanuu. O6paTuTe BHUMaHUe, YTO Iepefada IIPUBaTHOTrO KJllo4ya
WHBIM JIUIIaM, B TOM 4YuCIe agMuHucTpaTopaM HPC-11eHTpa, KaTeropudecku
3amnpenieHa.

I[Ins ucmosnb3oBaHUe Ssh-Kmodyel Mexkpay depMaMu IeHTpa HYXKHO CO-
37aTh mapy U3 IMyOJIMYHOTO U IMTPUBATHOTO KJTI0Ya Ha CcepBepe ayTeHTUuu-
KalluM U IIOMEeCTUTh NyOJMYHBIN K04 B ¢aiun ~/.ssh/authorized keys
TaM ke. Pa3 B gac ¢aunsl ~/.ssh/authorized keys CMHXpPOHU3UPYIOTCH
Ha (pepMHIL.

3. Pecypcst HPC-1leHTpa

3.1. ®PepMa «YHHBEPCHTETCKHH KIaCTep»

BrlyucnuTenbHbIE peCYPCh YHUBEPCUTETCKOTO KjlaCTepa COCTaBIISIOT:
* 216 amep;

* 864 GB RAMV;

* cetb 1 Gbit/s;

* MOOKITIOYEeHHEe K XpaHunuinam gaHHbiXx 10 Gbit/s;



* MMUKOBAas MPOU3BOOUTENBHOCTD ~ 3.0 TFlops64.

®epMa COCTOUT U3 1 ynpaBiaswOmero u 27 BEIYUCIUTEILHBIX Y3710B. Kaxk-
OBbIA y3€eJl COCTOUT U3:

» 2 x E5450 Intel Xeon CPU;
* 4 ¢puzuueckux sigpa Ha CPU;
* 32 GB RAM (DDR2 667 MHz).

OOecneuyuBaeT 4-X KpaTHOE YCKOpeHNe BEKTOPHBIX SIMD BHIYUCTIEHUN.
[Ins 3agad, He MCHOIB3YIOIINX METOObl BEKTOPHOTO IIPOrpaMMHPOBAHUS,
9Ta (pepMa HOIKHA MCIOIb30BaThCS B IIEPBYIO O4Yepeb.

Ha aToit pepme He peKoOMeHOyeTCsI UCII0Ib30BaTh 00jiee OOHOrO y3Jjia B
OOHOU 3apjaue.

Ha ¢epme mMeeTcsi pe3epB pecypcoB IS CPOYHBIX 3aad ITPOOJIKU-
TEeJIbHOCTBIO MeHee 4aca (sbatch -p fast cm. m. 4.5.1).

3.2. ®epmMma «Basov»

OcHOBHBIE TapaMeTpPhl GEePMBEI:

e 304 ¢puznyecKux sOpa;
2.4 TiB RAM;
* ceTb 10 Gbit/s;

* IMMKOBas MIPOU3BOOUTENBLHOCTE ~ 6.6 TFlops64.



®epma BKIIOYaeET B ce0sa 1 ynpaBiasaomuil 1 19 BEIUKNCIUTEIIBHBIX Y3JI0B.
Kaxkpgpiii y3es1 COCTOUT U3:

* 2 x E5-2680 Intel Xeon CPU;
* 8 pusuueckux amep Ha CPU;

* 128 GiB RAM (DDR3 1600 MHz).

OOGecneyuBaeT 8-Mu KpaTHOE YCKOPEeHUE BEKTOPHBEIX SIMD BHIYUCTIEHUH.
Ha ¢epme uMeeTcsi pe3epB pecypcoB [/Isi CPOYHBIX 3ajiay ITPOIOJIKU-
TEeJIbHOCThIO MeHee 4aca (sbatch -p fast cm. m. 4.5.1).

3.3. ®epma «Cherenkov»

OCHOBHBIE TapaMeTpPhl (pepMHI:

* 304 puzmyecKux sOopa;

2.4 TiB RAM;

44 TiB 1o1e3HO0ro OJUCKOBOI0 IIPOCTPAHCTBA;

ceTb 56 Gbit/s;

* MUKOBasl MPOU3BOOUTENBHOCTDL ~ 12 TFlops64.

depmMma BKIO4YaeT B cebst 1 ympaBmisomui u 19 BHIYUCITUTENbHBIX Y3JI0B.
Kaxparl y3esl COCTOUT U3:



* 2 x E5-2630v3 Intel Xeon CPU;
* 8 ¢pusuueckux sgep Ha CPU;

* 128 GiB RAM (DDR4 2133 MHz).

Ocob6enHocTthio hepMbl Cherenkov ssBnsieTCcs UCIIOIb30BaHME BEICOKOIIPO-
n3BOOUTENbHOM HeOmokupyomien cetu Infiniband FDR. 9Ta ¢pepma xopoio
TIOOXOMOUT M1 3afa4 C MHTEHCUBHBIM 00MeHOM gaHHbIMU MPI.

ObecneyuBaeT 16-Tu KpaTHOe YCKOpeHHe BEKTOpPHBIX SIMD BhIUmCIE-

Huii. Ecnu Bamre npunoxenue nonaepxkuBaeT SIMD 6u611M0TEKH, UCIIOIb-
3yuTe Ha pepMme Cherenkov ouepens (pa3mer, partition) 3agay avx2 (sbatch -p avx2
cM. 1. 4.5.1). He ucnonbs3yiite ouepensb avx2 6e3 BeKTOPHBIX SIMD-6ubnuorex!

3.4. ®epma «Tensor»

-4

VJ‘I il / é

OcHOBHBIE TapaMeTpHl (PePMHL:
* 612 pusuueckux sagep CPU;
* 1280 ten3opHbIX Anep GPU;
10240 sasmep CUDA;

6.5 TiB RAM;

64 GiB GPU RAM;

ceTh 2x100 Gbit/s;



* nuKoBas npoudBoauTenbHOCTb CPU ~ 47.0 TFlops64;
» nukoBas nmpousdBonuTenbHOCTL GPU ~ 15.6 TFlops64.

depmMma BKrouaeT B cebs 1 ynpasnsawomuii, 1 GPU u 17 CPU y3nos. GPU-
y3€eJI COCTOUT U3:

» 2 x Intel Xeon Gold 6252 CPU;

* 12 ¢usuveckux sagep Ha SNC, o 2 SNC rHa CPU;
2 x NVIDIA Tesla V100 SXM2 32GB GPU;

192 GiB RAM (DDR4 2933 MHz).

Kaxpgeii CPU-y3en COCTOUT u3:

» 2 x Intel Xeon Gold 6240 CPU;

* 9 pusuueckux samep Ha SNC, mo 2 SNC na CPU;
« 384 GiB RAM (DDR4 2933 MHz).

OcobeHHOCTBHIO (pepMBI Tensor SIBISETCS MCIOJIb30BaHUE Ipad@UueCcKUx
yckoputener GPGPU c nognepkKKou 13bIKa nporpaMmMmupoBaluss CUDA. 9ToTt
MOIY/Ib MOOXOOUT OJIS TEH30PHBIX aJITOPUTMOB HarogoOue HEMPOHHBIX Ce-
TEu.

BHumaHue! GPU-y3en ¢gepmbl Tensor 3anpeniaeTcsi UCIOIb30BaTh OIS
3ama4, He UCIOoNb3yiomux rpadudeckue yckoputenu GPGPU! LleHTpans-
HBIe nTpolieccoprl GPU-y3na npegHa3HaveHH st ooecnedenus padotel GPGPU.

IIpyro#i ocobeHHOCTHIO pepMbl Tensor siBISIeTCS HCIIOIb30BaHUE BBHICO-
KOIIpOM3BOAUTENIbHOU HeOmokupytomlei cetu Infiniband EDR dual-rail. 9ta
dbepma XopolIo MOAXOAUT AJIsA 3adad C MHTEHCUBHLIM OOMEHOM OaHHBIMU
MPI.

ObGecneyuBaeT 32-X KpaTHOE YCKOpPeHUe BEKTOPHBIX SIMD BHIYUCTIEHUN.
Ecnu Baiie npunoxenue noggepxkuBaeT SIMD 6u6Iu0TEKH, UCIIOTb3yUTE
Ha pepme Cherenkov ouepens (pa3gen, partition) 3agay avxb12 (sbatch -p avx512
cM. 1. 4.5.1). He ucnonb3yiiTe ouepensb avx512 6e3 BeKTOpHBIX SIMD 6ub-
JIUOTEK!

I71s 3agay, UCIOJIB3YIOIINX METOABI BEKTOPHOI'O IIPOrPaMMUPOBAHUS, 9Ta
(pepma gonKHaA MCIOIB30BaATHCS B IIEPBYIO OYepenb.

10



29" Depth

24x 2.5" Hot-swap Drive Bays

3.5. Moaynb «Basis»
OcHOBHBIE TapaMeTPHl MOAYJIA:
* 64 pusuveckux saapa CPU;
* 3456 TeH30pHHIX Anep GPU;
* 55296 agep CUDA;
* 512 GiB RAM;
« 320 GiB GPU RAMV;
* cetb 100 Gbit/s;
* nuKoBas npousBonuTenbHOCTb GPU ~ 78 TFlops64.

Mopynb BKItodaeT B cebs1 1 ynpasnsiomuii u 1 GPU y3en. GPU-y3er co-
CTOUT U3:

« 2x AMD EPYC 7452 CPUj;
* 4 pusudveckux Aapa Ha SNC, mo 8 SNC na CPUj;
8 x NVIDIA Tesla A100 PCIe4 40G GPU;

512 GiB RAM (DDR4 3200 MHz);
e 2 x NVMe SSD nakonurens 6.4 TB 6.2/4.0 GB/s 1000/250 kIOPS.

11



OcobeHHOCTBHIO MOy Basis fABnsieTCS UCIIONTb30BaHMe rpapruiecKux yCKo-
puteneun GPGPU c¢ nogmepkkKou sidblka nporpamMmupoBanuss CUDA. 3Tot
MOAYJIb IIOAXOOUT IJIs TEH30PHBIX aJITOPUTMOB HanmogoOue HEMPOHHBIX Ce-
Teu.

BHumaHue! GPU-y3en moayis Basis 3anpeliaeTcs UCIOIb30BaTh OJIs 3a-
oad, He UCIOJIb3yIoInux rpadudeckue yckopurtenu GPGPU! LleHTpanbHbIE
npoiteccopbl GPU-y3ma npenHa3HadeHH Ay obecnedyenus pabotet GPGPU.

3.6. Xpauuauiie pool/6

|

-
1 —

mmi
uml
11
uml
ami
1
EE
L]
==
oE
1T
HEI
aEEEEEEN

| snnmmn
| ‘Sassesssass
 aszsszsszs
N | sEssaRasacs
L

" PrEEEEEEESE
ill | sessssssssE

I

Xpauununie pool/6 npencrasmnseT coboit GlusterFS Distributed Volume
[3] kmacTep ¢ UCIIONB30BaHUEM JIOKAJILHBIX (hauloBeIX cucteM XFS u mpo-
rpaMMHBIX RAID-10 MmaccuBOB Ha y31ax.

[Tone3Hast eMKOCTh XpaHuIuIIla coctasnsieT 655 TiB.

XpaHUIUIIE COCTOUT U3 5-TU y3710B. KaXK Okl y3€JI COCTOUT U3:

e 1 x Intel Xeon 3204 CPU;
96 GiB RAM (DDR4 2133 MHz);

LSI 3008 SAS3 JBOD kKoHTpONIEp;
36 x SAS3 8TB HDD 7200 rpm 256 MB cache;

» ceteBoit unrepdetic IB FDR 56 Gbit/s.

3.7. Kakue ¢pepMsbI CjieaAyeT HCI0/Ib30BaTh

Ecnu Baina 3agaya nogaepkuBaeT ucnonb3oBanue GPU (BugeokapT, rpa-
(puyeckrx yCKOPUTENEN), UCIIOIb3YIUTE B IOPSAAKE IPUOPUTETA:

* odepenb gpu Ha ¢epme Basis;
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* ouepenb gpu Ha ¢pepme Tensor.

Ecnu Baira 3apmada noagepzkKuBaeT BeKTOpHBIe SIMD 6u0I1M0TEeKH, HC-
II0JIb3YUTE B IOPSAOKE IPUOPUTETA:

* ouyepenb avxb12 Ha pepme Tensor;

* ouepenb avx2 Ha pepme Cherenkov.

Ecnu Bairra 3afjaua He nogaepxKuBaeT BeKTopHbie SIMD 6ubnuoTeku, uc-
II0JIb3YUTE B IOPSIOKE IPUOPUTETA:

* ouepensb cpu Ha ¢pepme Unicluster;
* ouepenb cpu Ha pepme Basov;
* ouepenb cpu Ha ¢pepme Cherenkov;

* ouepenb cpu Ha ¢pepme Tensor.

Ecnu Bol BeiOpanu ¢pepmy Unicluster, cTapaiiTech He HUCIIOIb30BaTh 0O-
jlee OOHOTO y3Jla B OOQHOU 3ajade.

3.8. IIporpaMmMHasi HHPPACTPYKTypa

depmrbl paboTaioT Ha Oa3e onepamuoHHOoU cucteMbl GNU/Linux Debian
[12].

[Tonb30BaTENN HETIOCPENCTBEHHO paboTaloT 1Mo ssh TOJIBKO C yIpaBisiio-
INUMH y371aMu ¢pepM, OHU Ke IIpefHa3HadYeHHl OJI1 KOMIUJISAIUYN ITPUJI0XKe-
HUM. PaboTa C BEIYUCIUTENBHBIMU Y3JIaMU OCYILECTBIIETCSA ITOCPENCTBOM
nHCTpyMeHTOB SLURM 06e3 npsiMoro goCcTyIia IIoJjib30BaTe .

Ha ¢pepmax npemoCcTaBisslOTCS CIeOyIoIue UHCTPYMEHTHI:

SLURM Ha ¢epmax HCIIOJIb3yeTCsI CHCTEMa YyIIpaBJIeHUS pacIipefeeH-
HbIMU BeIurciaeHusMu SLURM [1]. SLURM umeeT 06paTHYI0 COBMECTUMOCTD
CO CTapTOBBIMU cKpunrtamu ctangapTa OpenPBS [13].B pamkax SLURM pe-
anu3oBaHa nogaepxka MPI 3agay.

MPI TIlompepxkka MPI (Message Passing Interface, uncTpymeHT nist 00-
MeHa OJaHHBIMU MeXK[y IlapajielbHO pPaboTalouMU 3afjadaMU Ha Pa3HbIX
y3Jlax) peajan3oBaHa Cc moMombio maketoB OpenMPI [2] u MPICH [14]. Teky-
IIVie BEPCUU ITaKeTOB MOXKHO y3HaTh IIPU IIOMOIIY YTUIUTH apt-cache (mo-
npoOHee B 4.4).
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C Touku 3peHus nojab3oBaTtens, MPI-npunoxenue paboraet BHyTpu SLURM/PBS-
dagmauu. [Tognepxkusatorcss ROMIO [15] u OMPIO [16] I/O APL.

Pa6ota MPI-npunoxkeHui yCKOpeHa C UCII0JIb30BaHueM TexHonoruu KNEM
[17], ocobo adbdhekTuBHON Oy nepemadyn O0JILIINX 00bEMOB TAHHBIX, aCHH-
XPOHHOTO ¥ BEKTOPHOTO OOMeHa TaHHBIMHU.

GCC [Insg KOMIIUISLUNHU IT0JIb30BAaTENbCKUX ITPUIOKEHUN IPEI0oCTaBIIsAET-
cs cTaHOapTHas onda Linux komnekuus komnunsatopoB GCC [18], moomep-
XKuBawmasa cnenyromue a3elku: C, C++, Assembler, Fortran, Objective C,
Objective C++. IToogepxkuBaetcs TexHomnorusa OpenMP [19]. 15151 KoMIIuis-
uuu MPI npunoxkeHui cjiegyeT UCIIOIb30BaTh COOTBETCTBYIOIINE KOMaHIbI
c mpeduUKCOM «mpi»: mpicc, mpic++, mpif77, mpi90. Peanusanuio MPI mox-
HO yKa3aTh B BUe NOCT(PUKCa, HallpuMep: Mpicc.openmpi uigu mpicc.mpich.

TeKCTOoBbIE peJakTopbl [IpencraBiieHbl TEKCTOBBIE pefgakTopkel Vim, Emacs
U, OJI9 HOBUYKOB, mcedit u nano.

OOpaTuTe BHUMaHue, 4TO X-CepBep Ha Hamux ¢epMax He MOAaepKUBa-
eTcsi. AimapaTHBIE aKCelepaTophl BU3yanu3aluui GU3ndecKd OTCYTCTBYIOT.
depmMbl TpegHa3HAYEH OJIs BRIYUCIIMTENBHBIX 3ada4, a He [OJid Bu3lyaju3a-
IIUM TIOTyYEHHBIX Pe3yIbTaTOB, KOTOPYI0O HEOOXOAMMO BBITIOJIHATL Ha KJIU-
€HTCKHUX CUCTEeMax.

3.9. IIpenycranoBiaeHnHoe 110

CucTteMHbBIE aIMUHUCTPATOPH 00ecnedyuBaloT noaaepxkkKy I10, umeroiie-
rocst B opuIIMaIbHEIX PEIIO3UTOPUSIX YCTAHOBJIEHHBIX AUCTPUOYyTHUBOB. [101-
mepxkka octanbHOTO [TO ocymiecTBisieTcss B ¢opMaTe OTBETOB Ha BOIPOCH
rmosib3oBaTened. [Tonmb30BaTesnsiM pa3pelraeTcss cooupaTtsd 10 U3 MCXOTHBIX
KOOOB M YCTaHAaBIUBAaTh OMHAPHEIE IPUJIOKEHHUS B IEPCOHATBHBIX TUPEKTO-
pUSAX IPHU YCJIOBUM COOJIIOAEHUS MUIEH3UOHHBIX COTJIallleHu# (rmogpobHee
B 4.4).Pa3peliaeTcs UCIIOIb30BaHMeE II0JIb30BATEIbCKUX OKPYy2KeHUl chroot
(HammpuMep, ¢ moMouIbio proot [20]).

3.10. IToauTUKa OOHOBJ/ICHHUH

C 1enbio mommepzKaHWs aKTYaJIbHOCTH M 0€30MMaCHOCTH YCTAHOBIIEHHO-
ro obmrecucrtemMuoro I1O, mpoBOOsATCS perynsipHble OOHOBJIEHUSI CUCTEMEI.
[TmaHOBOE OOHOBJIEHHE MPOXOOUT MEXKAy YUeOHBIMU CeMeCTpaMu. ATMUHU-
CTPaTOPBI OCTABASIIOT 3a COOOM ITPABO IIPOBOAUTH 3KCTPEHHOE OOHOBIIEHUE
OTHOENbHBIX KOMIIOHEHT IIPU BHISIBJIEHUH CEPhE3HBIX TP0OIEeM O€30IaCHOCTH.
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3.11. Hecsoooaguoe I1O

Intel oneAPI Ha depmax mocTynmHO HeCBOOOOHOE MporpaMMHOe obecIie-
yeHue Intel oneAPI. B cocraB nporpaMMHoOro koMmminekca oneAPI BxogsaT
komounsatopel icc (C/C++), ifort (Fortran),cpencTBa OTIagKu U IPOdU-
nupoBaHusi, oubnuoreku MKL, Intel MPI u gpyrue.

I1TO oneAPI pacmnionaraeTtcs B nupektopusx /opt/intel/oneapi/. Ccoii-
KM Ha JOKyYMEHTAaIIUIO IOCTYIHH B (aiinax /opt/intel/oneapi/readme. ..
[TonmHBIE TEKCTHl JIMIIEH3MOHHBIX COTJIAIIIEHUUW COOepIKaTCsI B OUPEKTOPHUU
/opt/intel/oneapi/licensing/.

Intel PS XE Ha ¢pepMmax gocTyIrHO HeCBOOOIHOE JINITEH3NOHHOE ITPOTPaMM-
Hoe obecrieuenue Intel Parallel Studio XE 2020 Cluster Edition for Linux -
Floating Academic 2 seats. B coctaB nporpammMmuoro komijiekca PS XE Bxo-
OST apXUBHBIE Bepcuu KoMnunsatopoB icc (C/C++), ifort (Fortran), cpencTts
oTiamku u npodunupoBanus, oudbnuorek MKL, Intel MPI u gpyrux.

1O PS XE pacmnonaraetcsa B gupektopusx /opt/intel/. PykoBoOcTBo
I1I0JIb30BaTes OCTYIIHO B oupeKTopuu /opt/intel/documentation 2020/.
[TproObpeTEHHAs NUIEeH3UI HaKJIaJblIBaeT OTPaHUYEHUS:

* JIUIEH3US OrPaHUYEHA OABYMS II0JTb30BATEIISIMHU, KOMIUIUPYIOIUMHU OfI-
HOBPEMEHHO;

* KOJINYECTBO OJTHOBPEMEHHEBIX 3alTyCKOB CKOMIIUJIMPOBAHHLIX ITPUIIOXKE-
HUM HEe OTPaHUYEHO;

¢ JIMIIEeH3Ud pPa3pelllaeT HMCIIOJIb3OBAHHE B HaquOIZ H IIperiogaBaTelIb-
CKOM INesTEeNbHOCTH, BKIII0Yas BLIIIOJITHEHNE HAQYYHLBIX TPAHTOB;

* JIUIIeH3USI He pa3pellaeT HUCIOIb30BaHUEe B paboTax IIO0 XO3SHCTBEH-
HBIM IOTOBOpPaM (C 1ejIbi0 KOMMeplanu3alum).

[TonmHBIE TEKCTHI TULEH3MOHHBIX COTJIAIEHUM COOePKaTCs B OUPEKTOPHU-
SIX IPOOYKTOB, HanpuMmep /opt/intel/.../licensing/EULA. txt.

NVIDIA HPC SDK Ha ¢epmax mocTynHO HeCBOOOOHOE IporpaMMHoe obec-
neyenre NVIDIA HPC SDK. B coctas nporpamMmmuoro komijiekca HPC SDK
BXOOAT KOMIIUIATOPH nvcc u nvfortran (CUDA), cpencTBa OT/IagKu U IIPO-
¢dunupoBanus, 6ubnuoreku libcublas, libcufftw, libcurand u opyrue.

I10O pacnionaraetcsa B gupektopuu /opt/nvidia/hpc sdk/.

[TonmHBIE TEKCTHI IMILIEH3UOHHBIX COTJIAIEHUM COepKaTCSA B QUPEKTOPU-
sIX IIPOAYKTOB, HampuMep /opt/nvidia/.../license/LICENSE. txt.
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NVIDIA CUDA Toolkit Ha depmax mocTymHO HeCBOOOOHOE IIpOrpaMM-
Hoe obecneuenue NVIDIA CUDA Toolkit u3 coctaBa peno3utopusi Debian
non-free. B cocTtaB nmporpammuoro kommniaekca CUDA Toolkit BxogsT KoMnu-
nsatop nvcc (CUDA), cpenctBa oTiagku u npodunmupoBaHusi, OuOINOTEKH
libcublas, libcufftw, libcurand u opyrue.
[TonmHBIM TEKCT NHUIIEH3UOHHOIO COTJIAIlIeHUs JOCTYIEeH B ¢aline
/usr/share/doc/nvidia-cuda-doc/copyright.

4. Ucnnonb30BaHHe pepmMm

4.1. IlpeagBapuTe/IbHbIEe TPEeOOBaHUSA

IInst paboTH ¢ hepMaMu MMOJIb30BATEIII0 HE0OX0oaAuMO 00amaTh 0a30BHI-
MU HaBEIKaMu paboTel B OC Linux; B YacTHOCTH, HE0OX0OUMO BlazmeTh bash,
ssh, gcc, omgHMM K3 YCTaHOBJIEHHBIX TEKCTOBBIX pPedaKTOpPoOB (vim, emacs,
nano, mcedit), ymeTh yCcTaHaBIMBATh IIPUJIOKEHUS U 00JlagaTh HaBHIKAaMH
IIPOrpaMMHUPOBAHMUSI, JOCTATOYHBIMHU [JII KOMIIUISILINN TI0Ih30BaATEILCKUX
MIPUJIOKEHUN.

BONBIIMHCTBO 3TUX aCIIEKTOB BHIXOAUT 3a PaMKU [TAaHHOT'O PYKOBOJICTBA,
KOTOPOE ITOCBSIIEHO OMMUCAHNIO ITPeNoCTaBIsieMoli pabo4deil cpensl (CM. pas-
nen 3.8) u ocobeHHOCTSAM, crieninduuabiM ais pepm HPC-LlenTpa. 1715 Kax-
OOTO IIPUIIOKEHUS Ha hepMax yCTaHOBIIEHa JOKyMEHTaIus, HOCTyITHAs I10-
cpenctBoM man, info u B /usr/share/doc. OgHako, Hau“HAOIIMM B Linux
MO2KHO ITOPEKOMEHI0BATh CJIeAyIOIe MaTepHuallbl [jIs1 03HaKOMIIeHus: Linux
in a Nutshell [21], OcHoBul onepanmonHou cucteMbl UNIX [22], Advanced
Bash-Scripting Guide [23]/McKycCcTBO IIporpaMMHPOBaHUs Ha SI3BIKE CIie-
HapueB KOMaHOHOM 0007049KH [24], pyKOBOACTBa OJig OTiIamgdukoB gdb [25],
valgrind [26], strace [27], npodunupoBiirka perf [28].

B o01m1ecTBEHHOM [IOCTYIIE€ UMEIOTCS JIEKIIMM 10 OCHOBAM IlapasjiebHo-
ro nmporpammupoBanusa [29] [30] [31] u pykoBoacTBa [AJid BEICOKOIIPOU3BO-
OUTEJIbHBIX MaTeMaTudyeckux oubnuorek [32] [33] [34] [35]. CnemyeT mom-
HUTh, YTO It00asi ONMTUMUIAIINS ITPOTPAMMHOI0 o0ecreueHus OOJIXKHa Ha-
YMHATHCS M 3aKaHYMBATHCS IMTPOPUITHPOBAaHUEM.

4.2, Paoora c ssh

IocTym mosb30BaTenel Ha (pepMbl OCYIIECTBIISIETCS IO IIPOTOKOIY SSh
yepe3 cepBep ayTeHTUUKAUU hpc.mephi.ru. s mogkIoYeHust Heo6Xo-
OUMO BHITIOJTHUTH KOMaHMY:

$ ssh -i /path/to/private/key username@hpc.mephi.ru
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nnsa knueHTa OpenSSH B OC Linux, FreeBSD, MacOS, okpyxenuu Cygwin
oist OC Windows, KoMaHAY:

$ ssh -i C:\path\to\private\key username@hpc.mephi.ru
onst knuenTa OpenSSH B okypxkenuun WSL nnsg Windows, uny KOHMaHOY:
$ putty.exe -i C:\path\to\private\key.ppk username@hpc.mephi.ru

oy knueHTa PuTTY.

Pe3epBHBIU cepBep ayTeHTUDUKALIUY OOCTYIIEH 10 agpecy hpc2.mephi.ru.
Ynpasnsiomye y3nbl ¢pepMbl JOCTYIIHEL C CepBepa ayTeHTu(GUKAIIUU I10 al-
pecam:

Available HPC clusters:
basis
basov
cherenkov
tensor
unicluster

To log on cluster, type:
ssh cluster name

For example:
ssh cherenkov

$ ssh cherenkov

[Tpu paboTe ¢ ssh ciemyeT yYUTHIBAaTh OrPaHUYEHUST Ha HHTEHCUBHOCTD
COoemMHEeHNM, BEI3BAaHHBIE COOOPaKeHUSIMHU MMOJIUTHUKYN Oe3ormacHocTu. Heo0-
XOOUMO n30eraTh MOBTOPHLIX IIOOKITIOUEHUH, YIEPKUBasI YKe YCTaHOBJIEH-
HbIe COeOUHEeHHus. IIpyu HeoOXOOUMOCTH peanu3allii HeCKOJILKUX COeluHe-
HUM MOKHO KCIIOJIb30BAaTh MEeXaHU3M COKeTOB SSh. [IJ11 HCIIOJIb30BaHUS 3TO-
ro MexXaHM3Ma CjiedyeT BKIIIOYHUTL ero Ha CTOPOHE II0JIb3oBaTesns. Hampu-
Mep, onsg naketa OpenSSH nmoctatouno gmonucats B paiin /etc/ssh/ssh _config:

ControlMaster auto
ControlPath ~/.ssh/socket-%r@%sh:%p

[Tpu oTcyTCTBUM OOCTyIla K ¢pepMaM II0 MPOTOKONy Ssh crnemyeT obpa-
IIaThbCSI K CUCTEMHBIM agMHUHHCTpPaTopam. OOpalilaem Baillle BHUMaHUEe Ha
TO, YTO YTUJIUTA Ping He IIpegHa3Ha4dYeHa [Jid NIPOBEPKMU OOCTYIIHOCTH SSh
COeIUHEeHUH.
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4.3. Pa6ora ¢ parytIoBOM CHCTEMOH
Ilonn3oBaTensaMm IIpegoCTaBJIAE€TCA TPHU BUOA OJUCKOBBIX XPaHUWUJINIIL:
* /home;
 /mnt/pool;
e /tmp.

CxkomnupoBaTh Gali uam QUPEKTOPHUIO C JIOKAJIbHOT'0 KOMITbIOTEPa Ha Xpa-
HUJIUIE U 00paTHO MOKHO C IIOMOIIIbI0 KOMaH;:

$ scp -i /path/to/private/key -r /path/to/local/file \
username@hpc.mephi.ru:/mnt/pool/6/username

$ scp -1 /path/to/private/key -r \
username@hpc.mephi.ru:/mnt/pool/6/username/file /local/path

o knuernTta OpenSSH B OC Lunix, FreeBSD, MacOS, okpyxenuu Cygwin
miist Windows, KoMaH[I:

$ scp -i C:\path\to\private\key -r C:\path\to\local\file ©
username@hpc.mephi.ru:/mnt/pool/6/username

$ scp -i C:\path\to\private\key -r ©
username@hpc.mephi.ru:/mnt/pool/6/username/file C:\local\path

ot kinuernTta OpenSSH B okpyxernuu WSL nnss Winsows, uiu KOMaH[:

$ pscp.exe -i C:\path\to\private\key.ppk -r C:\path\to\local\file *
username@hpc.mephi.ru:/mnt/pool/6/username

$ pscp.exe -i C:\path\to\private\key.ppk -r ©
username@hpc.mephi.ru:/mnt/pool/6/username/file C:\local\path

s knueHTta PuTlTY.

4.3.1. /home

[loMalltHKe TUPEKTOPUHU IOIb30BaTeJiel Ha Pa3HbIX pepMax pa3fgebHEIE.
BHyTpHU KaxXmou epMbl DOMaIIHSISI OUPEKTOPHS OOCTYIIHA Ha BCEX BHIYMC-
JINTENIbHEIX Y3J1aX 3a CYeT ucnoab3oBanusa POSIX-coBmecTuMoOU ceTeBOM aui-
noBowu cuctembl NFSv4.2 [36].

[aHHBIN pa3gel IpegHa3HadyeH XpaHeHUsI KOHPUTypaloOHHLIX (Hanios,
KJTIouel Imu@poBaHUS U MPOYNX MHPPACTPYKTYPHBIX JaHHBIX HEOOIbIIIOTO
o0bpéMa. He ucrosnb3yiTe maHHBINA pa3mesnl OIS XpaHeHUS IIPUIOXKEHUHN U
BBIYUCJIUTETbHBIX JaHHBIX.
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4.3.2. /mnt/pool

OCHOBHBIE XpaHUIUIIAa JaHHBIX (hepM HOCTYIHH B fupekTopuu /mnt/pool.
daiiioBLIe CUCTEMBI, CMOHTUPOBaHHBIE B /mMnt/pool, HOCTYIIHBEI CO BCEX y3-
JIOB BCEX KJIaCTEePOB.

Ha xpanunuiax /mnt/pool/3 u /mnt/pool/4 ucnons3lyercs POSIX-coBmecTuMas
ceTeBas ¢annoBas cuctema NFSv4.2. OTu xpaHunuia npegHa3HadeHHbl [
CcOOpPKU U YCTAHOBKM II0Ib30BAaTEIbCKUX IIPUJIOKEHUU.

BHumaHue! CrnenyeT IIOMHUTH O CYIIECTBEHHBIX pa3/IM4YUAX B annapar-
HOM ofOecreueHuu pepM. 3alycKaeMble IIPUJIOKEHUS HYKHO KOMITUIIUPO-
BaTh [OJI1 Pa3/INYHLIX (hepPM OTOEJIbHO, HEIIOCPEOCTBEHHO Ha HYy2KHOU (pepMe.

Ha xpanunume /mnt/pool/6 ucnons3lyetrca POSIX-coBmecTuMas Kiia-
cTtepaHs daunosas cucteMma GlusterFS [3]. Xpanunuinie npegHasHadyeHoO OJI
BXOIOHBIX U BEIXOOHBIX HAHHBIX IPOBOOUMEIX PACYeTOB.

BHumaHue! Uciosib30BaHUE YTUJIUTHL F'SYNC IIPUBOOUT K O4YE€HBb BHICOKOU
Harpy3ke Ha ¢annoByio cucteMy GlusterFS. CtapaiiTech UCIIONB30BaTh YTH-
Ty Cp. IIpu He0OXOOMMOCTHU UCIOJIb30BAHUS YTUIUTHL MSYNC IPUMEHSINTEe
onmuu rsync --whole-file --inplace.

CucrteMa KBOT He IPUMEHSETCS, HO II0JIb30BaTE/IsIM HEe PEKOMEHAYETCA
3aHUMaThb Oojiee HeoOxomuMoro u 6osiee 1/3 ot 0611ero 06 bEMa XpaHUINIIA.

BrumaHue! OTKa30yCTOMYHUBOCTh YPOBHS MHUCKOB 00eclieurBaeTCs pea-
nmu3anuen RAID-10 u3 cocrtaBa sappa Linux. OTKa30yCTOMYUBOCTL YPOBHSA
cepBepa XpaHeHUs JaHHBIX He oOecrieynBaeTCsi. bakanmmpoBaHue HaHHBIX
He IPOMU3BOAUTCS. XPaHUIIUIIA BEIYUCIUTENBHOTO LIEHTPa NIpeaHa3HaueHbl
TOJIBKO [JI IPOBEOEHUS TEKYILIUX PaCuyeTOB, UCIIOJIb30BaHUE UX O LeJier
apXUBUPOBaHUs He HomnmycKaeTcsi. He 3a0riBaiiTe COXpaHATH BaXXKHbIE OaH-
Hble Ha COOCTBEHHBIE HOCUTEJIH !

BHumaHue! Pa3nuyHble 5K3eMIJIIPEL 3a0a4y cjefyeT 3anyckaTh B pas-
JINYHBLIX OUPEKTOPHUSIX. 3aIllyCK HECKOJIIBKUX 3K3EeMILJISPOB OOHOTUIIHBIX 3a-
ma4d B OOHOM OUPEKTOPUM MOXKET IIPUBECTU K KOH(PJIMKTY 10 UMEeHaM Bpe-
MEHHBIX (aliIoB, HOBPEXKIOEHUIO JaHHBIX, IOTYYeHNI0 HEBEPHEIX pe3yybTa-
TOB.

[Tonb30BaTensaM ciaenyeT UMEeTh B BUAY, YTO IPOU3BOOUTEIBHOCTE IIepe-
Hayu JaHHBIX 110 CETU CUJIBHO 3aBUCHUT OT pa3Mepa 0j10Ka maHHBIX. Ecnu Ba-
IlIe TIPUJIOKeHue OyaeT MMPOou3BOOUTh PAbOTy € 6JI0KaMM JaHHBIX Pa3MepPOM
ropsinka KujaobauT, Bel mony4duTe pe3koe majeHue IIPOu3BOOUTEILHOCTH.
PexoMeHOyeTCs1 HaKanjvBaTh U3MEHEHUS OaHHBIX OO Pa3MepoB IIOpPSAOKa
MerabalT, ¥ TOJIBKO 3aTEM IepelaBaTh UX 3a OOWH pa3. [laHHOe TpeboBa-
HIEe PacIpoCTpaHseTCs Ha JiloOble ceTeBble MPOTOKOJLI, OyAb TO paboTa C
daitnamu Ha Gluster/NFS, unu nepenmada coobuieHuit uepe3 MPI.

Ecnu Bhl cTaBUTE B 04Yepedb HECKOJILKO 3aJjad OJHOBPEMEHHO, HE00XO-
OUMO IIPOCJIEOUTh, 4YTO C YBEeIMUYEHUEM YHCJia 3allyIeHHBIX 3a7a4 He BO3-
pacTaeT BpeMsl UX BHITIOJTHEHUS. TaKol HeraTUBHBIN 3(PpPeKT MoKeT OBITh
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BEI3BAH OT'PaHHUYEHHEM IIPOM3BOOUTEJIbHOCTU XPAHUIIUIITA HJAaHHBIX. B sToMm
CJIy4dae€ HY2KHO 3aIlyCKaTh HOBEBIE€ 3aa4X TOJIBKO ITOCJI€ 3aBEPIIEHUA ITPEObI-
OYyIIUX UCIOIb3ys MHCTPYMeHT sbatch --dependency (cm. mpumep B pas-
mene 4.5.4).

4.3.3. /tmp

Ha y3ne t2nl1 monyns Basis B pupekTopuu /tmp goCTyiHaA JIOKaJlbHas BEI-
COKOTIPOU3BOAUTENIbHAS (haliyioBasi CUCTeMaA [JIsI BpEMEHHBIX HaHHBIX, pabo-
Taroias Ha ocHoBe RAID-0 maccuBa NVMe SSD Hakomnureneu.

[ManHasa dainoBasi CHCTeMa IIpegHa3HadYeHa UCKITIOYUTENBHO IJI1 UHTEH-
CUBHOM 00pab0OTKM BPEMEHHBIX JaHHBIX HETIOCPENCTBEHHO B MOMEHT 3aIlyC-
Ka 3amayuu. [Ipumep paboThI C fUpPeKTOpuEn /tmp mocTyreH B pa3nene 4.5.4.

BHumaHue! ®aunbl cTaplle 2-X MecslieB aBTOMaTU4YEeCKU yOaJIsilOTCSA C
OaHHOU (GauIOBOM CUCTEMEI.

4.4. TIoaroTOBKa MOJIH30BaTe/ILCKHX IIPH/IOKEHHH

B o61ieM ciydae, moab30BaTEIbCKOE IMTPUI0KEHNE OOJIKHO OBITH OTKOM-
MMMINPOBAHO Ha yIIPaBIISIOIIEM y3Jie COOTBETCTBYIOIIEN (pepMbl. [IJ19 3TOTO
HMCIIONb3YEeTCsI CTaHOaPTHBIM HaOOp KOMIIMIISITOPOB gCC, OIIMCAaHHBLIA B pas-
mene 3.8. Takxke goctynHH oTiiaguuku gdb, valgrind, strace u npodunu-
poBIuK perf.

Ha depmax mpepocTaBiasieTCs HIMPOKUNM HAOOP CUCTEMHBIX Y HAyYHBIX
6ubnuoTek. [I71s1 Toro, 4Tod y3HaTh, YyCTAHOBJIEHA TU OMOJIMOTEKA (MU JIIO-
60i1 mpyroi nmakeT) Ha (pepMe, HY2KHO BHITIOJTHUTh KOMaHAY:

$ dpkg -1 | grep uma 6ubnuotekwu

YT00BI y3HATD, €CTh 11 OMOIMOTEKA B TOOKIIIOUEHHBIX PETIO3UTOPUSIX HEOO-
XOOUMO MCIIOJIb30BaTh KoMaHay apt-cache search, mHanpumep (mns 6ub-
TMOTEKHU OBICTPHIX Dyphe-npeoOpa3oBanui fftw):

$ apt-cache search fftw

libfftw3-3 - Library for computing Fast Fourier Transforms

II71s1 TOrO, 4TOOHI Y3HATH MOCTYITHEIE BEPCHUM HEOOXOOUMO HCIIOJIb30BaTh
yTunuty apt-cache policy, Hanpumep:

$ apt-cache policy libfftw3-3
libfftw3-3:
Installed: 3.3.8-2
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Candidate: 3.3.8-2

Version table:

*** 3,3.8-2 500
500 http://mirror.mephi.ru/debian buster/main amd64 Packages
100 /var/lib/dpkg/status

[TompoOHO HMCIIOIb30BaHUE MAaHHOM KOMaHOH OITMCAaHO B man apt.
[Tonue# Iy Th A0 (PaiiyioB yCTAaHOBIEHHOM OMOIMOTEKHM MOXKHO Y3HATh KO-
MaHOOu:

$ dpkg-query -L libfftw3-double3:amd64

/usr/1ib/x86 64-linux-gnu/libfftw3.s50.3.5.8
/usr/1ib/x86 64-1linux-gnu/libfftw3 omp.so0.3.5.8
/usr/1lib/x86 64-linux-gnu/libfftw3 threads.so.3.5.8

OOpalllaeM BHUMaHUE ITOIb30BaTeled Ha HaJM4yue Pa3IUYHBIX peau-
3amui OubIMOTEK TMHEWHON anreOpsl, NOAOePKUBAIOIINX CIIedyIolue uH-
Tepdelichl mporpammupoBanus npunoxenuu (API): BLACS, BLAS, CBLAS,
LAPACK, LAPACKE. HMcnonb30BaHuUe alliapaTHO ONTUMHA3UPOBaHHBIX BBICO-
KOTIPOU3BOOUTENBTHRIX OMOIUOTEK MO3BOJISIET YCKOPUTH BBHITIOJTHEHUE IIPO-
rpaMMBbI B eCSTKY pa3. [IoMUMO BepCuil U3 Perno3uTOPUEB OUCTPUOYTUBOB
IIPEIOCTaBIISIIOTCS HOBeMIlme COOPKU 3TuxX OMOINOTEK B fupeKkTopuu /opt c
TOTOBBIMM CKPHUIITAMU HaCTPOUKY IIEPEMEHHBIX OKPYKeHusA customvars. sh.
[TogKmIOYUTh UX MOXKHO, HAlIlpUMED, TakK:

$ source /opt/fftw-3.3.9/double/customvars.sh
$ source /opt/openblas-0.3.13/customvars.sh

OOpaTuTe BHUMaHUe, YTO 3TH KOMaHAbl HaZO BHIIIOJIHUTH KakK nepe KOH-
(puryprupoBaHuEM U KOMOUNIANUEN IPUIOKEHNS, TaK U BHYTPU CTAPTOBOTO
CKpuliTa 3apgauu (cm. m. 4.5.1).

[TpoBepUTH MOAKIIIOUEHNE BHEIITHUX OUOIMOTEK MOKHO TaK:

$ ldd nyTb _po npunoxeHus

libopenblas.so0.0 => /opt/openblas-0.3.13/1ib/libopenblas.so.

17151 UCIIONTb30BaHUs rpadUUEeCKUX YCKOPUTETIEH OOCTYIIHBI CBOOOIHBIN
nuHTepderic nporpammupoBanus API OpenCL u npomnpueTapHbIY SI3LIK IPO-
rpammupoBalHusa CUDA. OpenCL nognepxuBaeTcsa KoMuiaaTopom gecc, CUDA
MIOAEePKUBAETCS KOMIIUISITOPOM nvce. [IOCTYITHBI TOTOBBIE CBOOOIHEIE O1O-
nuoTteku clBLAS, clFFT, u nponipuetapasie CuBLAS, CuFFT, CuFFTW, CuRAND.
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IOCTYITHO MHOTO TOTOBBIX BEICOKOYPOBHEBBIX OMOJIMOTEK, TOAAEPKUBAOIINX
paboTy ¢ rpadpruUeCKUMU YCKOPUTEIITIMH.

Ecnmu Bam HeoOxommMma OuOIMOTEKa MM MPUIOXKEHWEe, UMelleecs B
ouIMaTbHEIX PEMO3UTOPHUSIX, HO He YCTAaHOBJIEHHOe Ha (epmax, oOpaTu-
TeCh K agMUHHCTpaTopaM. Ho oOpaTute BHHMaHKUe, YTO X CEPBEP U COIYT-
CTBYIOII[ME IIPUIOKEHUS He MOANepPzKHBAIOTCS. BEIUKMCIHUTENILHBIE 3amadn
MOZKHO OTKOMITHIUPOBATEL 6e3 MOoamepRKu X.

He 3abriBaiiTe UCIOJIE30BATh (hIaru ONTUMHU3AIINY KOMIIUISITOPA, HAITPH-
Mep:

$ gcc -march=native -mtune=native -0fast example.c

He 3a0rIiBaliTe UCIIOIb30BaTh OTJIaAOYHbBIE (pjlaru KOMIIUISATOPA IIPU OT-
agKe ¥ MIpopUuINpPOBaHUU:

$ gcc -ggdb3 -00 example.c

IMTpu ucnonb30BaHUU aBTOMATU3UPOBAHHBIX CUCTEM COOPKU (jiarud KOM-
MIUJIITOPa M JIMHKOBIIKMKA MOXHO yKa3blBaTh Uepe3 [IepeMEHHEBIE OKpYyXKe-
Hus CFLAGS, CXXFLAGS, FFLAGS, LDFLAGS, Hanmpumep:

$ CFLAGS="-ggdb3 -00" LDFLAGS="-ggdb3"” ./configure
, AJIN
$ CFLAGS="-ggdb3 -00" LDFLAGS="-ggdb3” cmake .

[Tpu UCIIONTE30BAaHUN aBTOMATU3UPOBAHHLIX CUCTEM COOPKH He 3a0hIBaii-
Te yKa3blBaTh ITPEe(UKCH IUPEKTOPUN YCTAaHOBKU, HAIIpUMED:

$ ./configure --prefix=/mnt/pool/6/username
, NN
$ cmake -DCMAKE INSTALL PREFIX:PATH=/mnt/pool/6/username .

B npotuBHOM cnydae Y Bac BOSHUKHYT OIMOKYU OTCYTCTBUS IIPaB OOCTY-
T1a TIPU BBITIOJTHEHUU YCTAaHOBKH.

II71s1 UCIIONTb30BAHUS CAMOCTOSITEJIbHO COOpaHHBIX OMOIMOTEK U ITPUIIO-
KEHUU 110 yMOJTYaH1I0 He0OX0OMMO HaCTPOUTH ITIEPEMEHHbBIE OKPYXKEHU:

export PATH=/mnt/pool/6/username/bin:/$PATH

export LD LIBRARY PATH=/mnt/pool/6/username/lib:$LD LIBRARY PATH

$
$
$ export LIBRARY PATH=/mnt/pool/6/username/lib:$LIBRARY PATH
$ export CPATH=/mnt/pool/6/username/include:$CPATH

He 3a6niBaliTe HacTpauBaTh IIepEMEHHBIE OKPY2KEHUS BHYTPU CTAPTOBO-
ro cKpumnTa 3agauu (cm. m. 4.5.1).
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4.5. 3anyck 3aga4

3anyck U yoajleHue 3afad BBIMIOJIHAIOTCS C IIOMOIIBI0 MHCTPYMEHTOB Me-
Hemkepa pecypcoB SLURM [1], ucuepnsiBarolille ONUCAaHHBIX B OpHUIIMATIb-
HOM PYKOBOACTBe noyib3oBaTesids SLURM u B COOTBETCTBYIOIMX CTPaHUILIAX
man. Ha Kaxkpmoit pepMe UCIONIb3yeTCs CBOM MeHeOXKep PeCcypcoB.

4.5.1. 3anpoc pecypcoB

B npocrertimniem cnydae Oisi TIOATOTOBKY 3aa4yy Hy2KHO COCTaBUTh CKPUIIT
HCIIOTHEHU S 3afa4u (HanpuMep, myjob. sh) asms mo00# OCTyITHOM KOMaHI-
HOM 000/104YKM (HanpuMep, bash), ykazaB HeoOxoauMbie 01 pabOTH pecyp-
CBI UCIIO/Ib3YS CIIeIaabHO CPOPMUPOBAHHLIN 3ar0JI0BOK 3afiladyy, CogepkKa-
Uy nupeKTuBbl #SBATCH:

#!/bin/bash

#

#SBATCH --nodes=1

#SBATCH --ntasks-per-node=1
#SBATCH --time=10:00:00

/mnt/pool/6/useraname/myprogramm my args

[MaHHBIV CKPUIIT IpegHa3Ha4veH [OJisd IocleqoBaTelbHOU (He Mapaieib-
HOU) IporpaMMmebl 1 3anpaiurBaeT 1 MPI noTok Ha 1 BEIYMCIUTEIHHOM y3JIe
Ha 10 gacos.

Menenmxep pecypcoB SLURM 06paTHO COBMECTUM C CUHTAKCHCOM 3aro-
JI0BKOB cTaHmapTa OpenPBS [13]:

#!/bin/bash
#
#PBS -1 nodes=1l:ppn=1,walltime=10:00:00

/mnt/pool/6/username/myprogramm my args

[MpenmnoYTuTEeILHBIM SIBJISIETCSI COOCTBEHHBIN cuHTakKcuc SLURM.

He cnepyeT 3anyckaTh HECKOJIBKO 3ajJa4d B OOHOU OUPEKTOPHUU, ITIOCKOJIb-
Ky pa3Hble 9K3eMIUISPHI IPUJIOKEHUS MOTYT CO3aBaTh BpeMeHHbBIE (haliibl
C OMMHAKOBLIMM OTHOCUTEJILHBIMHU NYTSIMHU, YTO IPUBEAET K KOHPIUKTY 3a-
IIMCHU HECKOJIbKUX 3a7lay B OOUH (aul.

IlJ7ig II0OCTaHOBKHY 3aJa4yy B O4Yepelb Ha HUCIOJIHEHUE HYXKHO BBIIIOJIHUTh
KOMaH[YV:

$ sbatch myjob.sh
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[Tocmne 3aBepireHus: paboTel mporpamMmel, stdin u stdout 6ygyT pa3meiie-
HBEI B (patisie Bupma ${jobname}.out B gupekTopuu, B KOTOPOM OLIJIa BEITIOJI-
HeHa KoMaHpa sbatch.

Ecnu Bul xoTHTE MCIONB30BaTh Oo4depenb (pa3mer, partition), oTIuyHyIO
OT yMoOJT4aHusi, BEI MOXKeTe MCIIOIb30BaTh 3ar0JI0BOK:

#SBATCH --partition=partition name

WUJIV apTyMeHT yTUunIuTh sbath -p $partition name . Mudopmarmio 06
odyepensax MOXKHO yY3HaTh IPU MOMOIIYA YTUIUTHL sinfo.

[TontHOE OommMCaHUE OOCTYIIHBIX PECypPCOB MOXKHO Hautu B [1]. [Toxanyu-
cTa, 0ObEKTUBHO OlleHUBaWTe HEOOXOOUMEIE PECYPCHI 1 MaKCUMAJILHO TOY-
HO UX YKa3bIBaWTe — 3TO MO3BOJISIET ITOBLICUTH 3(pPEKTUBHOCTDL PAOOTHI [AHC-
reT4yepa 3ajad ¥ YMEHBIIUTD 3aJIePKKU B OUepeasix.

BrHumaHue! 3agayuu, MpeBBICUBIIINE OTBEeOEHHOE UM BpeMs walltime, yHu-
YTOKAIOTCS.

4.5.2. PaboTa c napauie/IbHBIMHU IIPUJI02KE€HUSIMHA

Ha ¢epmax nmpemycmoTpeHa BO3MOXKHOCTH paboThl ¢ POSIX threads u
OpenMP Ha 00111eti MaMsaTH BHYTPU OOHOTO BEIYMCIIUTENBHOTO y31a. [171s pa-
OOTHI C pa3menbHOM MTaMsIThI0O Ha HECKOJIBKUX y3J1aX MOONepKUBAIOTCS pas-
nu4yHble peanu3anuu MPI: OpenMPI u MPICH. SLURM wucnone3yet cueny-
IOLIYe IOHATUS I YIIpaBJIeHUsI peCypCcaMu:

» thread - BEIYMCIUTENBHLIN ITOTOK (HUTH), ITOCIEIOBAaTEIbHAS TTOOIIPO-
rpaMMma;

* task - BEIUKMCIUTENIbHBIA IOTOK CTaHgapTa MPI, MoxkeT comepxkaTh MHO-
&KecTBO nOoTOKOB OpenMP unu POSIX threads;

* job - 3amyck mporpaMMel, MOXKET COAepKaTh MHOXKECTBO IOTOKOB MPI;

* Cpu - JIOTUYECKOE AOPO IIpoiieccopa, obecreunBaeT padboTy omHoro thread
0e3 mepekIIoYeHU KOHTEKCTa;

* core - pu3nUeCcKoe SAPO MPOIeCcCopa, MOKET COIepPKaTh HECKOILKO
JIOTUYECKUX SIep;

* socket - cokeT, mporeccop (SNC), MoxkeT cogepKaTb HECKOJIbKO (hu3u-
4YeCKUX sSOep;

* node - y3eIl BBIUMCJIMTEJIbHON CETH, KOMITBIOTED, CEPBEP, MOZXKET COOep-
2KaThb HECKOJIBKO COKETOB.

HNupopMmalmio 06 anmapaTHON KOHGUIypallu¥ BHIYUCIUTEJIBHOTO y3J1a
MO2KHO y3HATh MPU ITOMOIIY KOMaH[IbI:

$ scontrol show node $node name
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Bos10op MPI okpyxkxeHusi [lo ymonuaHuIo Ha ¢pepMax ucrnonb3dyercss OpenMPI,
O/ ero IIPUMEeHEeHUsI HUKAaKUX OOMOJITHUTENIbHBIX e CTBUM BHIIIOTHATL HE
HYXKHO.

Brel MoxkeTe ABHO yKa3aTh XKejlaeMyl peanusaunuio MPI npu nmomoinu
IMOCT(PUKCOB KOMIUJIITOPA U YTUIIUTHI 3allyCKa, HAalTpUMep:

$ mpicc.openmpi example.c
$ mpirun.openmpi ./a.out

, UJIN

$ mpicc.mpich example.c
$ mpirun.mpich ./a.out

AHanmoru4yHo, MOCTGUKCH UCIIOIb3YIOTCS IS Pa3AesieHUus II0CjiefoBaTe b-
HBIX Bepcuit OubInoTeK u OMOGIMOTEK, UCIIOJIL3YIOIINX PA3JINYHBIE pealn3a-
nuu MPI, Hanpumep:

$ apt-cache search hdf5

libhdf5-103 - Hierarchical Data Format 5 (HDF5)
libhdf5-dev - Hierarchical Data Format 5 (HDF5)
libhdf5-mpich-103 - Hierarchical Data Format 5 (HDF5)
libhdf5-mpich-dev - Hierarchical Data Format 5 (HDF5)
libhdf5-openmpi-103 - Hierarchical Data Format 5 (HDF5)
libhdf5-openmpi-dev - Hierarchical Data Format 5 (HDF5)

BHumaHue! TlpunoxkeHunue, CKOMIUJINPOBAHHOE U CIMHKOBaHHOE C OJHOU
peanu3anuel 6ubnmoreku MPI He MOXKeT OBITDH 3aITYIIEHO C UCI0JIb30BaHU-
eM YTUJIATHL 3allyCKa Apyrou peanu3auuu MPIL.

3anyck MPI-npunoxenuu [l 3anycka MPI-npunoxeHuit He0O0X0OqUMO
3anpoCuTh Hy2kKHOe 4yucJo tasks u nodes (cMm. pa3gen 4.5.2) ¥ UCIIOIb30BaTh
mpirun BHYTPHY CKPUIITA 3allyCKa 3aJay4yy AJIs BEIIIOTHEHUS Hy2KHOT' O TIPUJIO-
KeHHUs. YKa3blBaTh YHMCJIO ITIOTOKOB OJjIsi mpirun He HyKHO: SLURM aBTOMa-
TAYECKU HACTPOUT mpirun yepes3 nmepeMeHHbIe OKPYXKeHHUs. B ocTaibHOM
paboTta ¢ MPI-3agayaMi He OTIMYAETCS OT OOBIYHLIX 3ajay.

[IpuMep CTapTOBOTO CKPUIITA 3aJaydyu:

#!/bin/bash

#

#SBATCH --nodes=2

#SBATCH --ntasks-per-node=8
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#SBATCH --time=5:00:00

cd /mnt/pool/6/username/workdir
mpirun ./my mpi app

3anyck OpenMP-npuwioxkeHHun Vconb30BaHue BI0XKeHHOro MPI+OpenMP
(Hybrid-MPI) napannenu3Ma m03BOISET 9KOHOMUTDL OIIEPATHUBHYIO IIaMATh
TapasIeIbHOTO ITPUIOXKEHMUSI, HO MOXKET IIPUBOOUTL K IIOTEpPe ITPOU3BOOU-
TEJIbLHOCTU Ha COBPEMEHHLIX CepBepax C MHOTOYPOBHEBOU HepapXudeCKoOu
CTPYKTypou ob1ie#t namsaTu. OnTUManbHOe COOTHOIIeHUe TOTOKOB OpenMP
threads k motokam MPI tasks Hy>KHO oIIpefensiTh SKCIepPUMEHTAIbHO, OI-
HaKO, PEKOMEHAYETCS UCIIOIb30BaTh He MeHee ogHOro moToka MPI task Ha
socket. IIpuMep HUCIIOJIb30BAHUS:

#!/bin/bash

#

#SBATCH --nodes=2

#SBATCH --ntasks-per-node=2
#SBATCH --ntasks-per-socket=1
#SBATCH --cpus-per-task=4
#SBATCH --time=5:00:00

cd /mnt/pool/6/username/workdir
export OMP_NUM THREADS=$SLURM CPUS PER TASK
srun --mpi pmix ./my mpi app

Kak ompenenuTs ONTHMA/IbHOE YHCJIO MOTOKOB? [ ompeneneHus
OIITUMAJIbHOT'O YK CJIa ITIOTOKOB HE0OXOOUMO BLIOPATh pepMy u BHIOPATh Xpa-
HUJIUIIE JaHHBIX B COOTBETCTBUU C peKOMeHOauusamu (CM. pa3gensl 3.7, 4.3.2).
I[lanee HeoOXOOMMO MOCTPOUTH KPUBYIO MaciiTabupyemocTtu. 1o ocu abc-
IIMCC B JIOTapu(PMHUYECKUX KOOPAWHATaX OTKJIaAbIBAIOTCS 3allPOIIeHHbIE BbI-
YHUCIUTENbHBIE TOTOKU. I10 OCH opavHAT OTK/IaAbIBalOTCS 3aTpadyeHHbIe pe-
CYpPCHI B BH€e IPOU3BEOEHHUS 3allPOIIEeHHLIX IIOTOKOB Ha 3aTpadeHHOe Bpe-
MsI BHIIOJTHEHUS. [IIsT mOmaBIsSIONIero OOJNBIIMHCTBA ITPAKTUYECKUX aJiro-
PUTMOB C POCTOM YHCJIa ITOTOKOB PacTeT KOJIUYEeCTBO 3aTpadyeHHBIX Pecyp-
coB, 3(pPeKTUBHOCTDL PAOOTHI MTPUIOKEHHUS TalaeT. ITO BEI3BAHO POCTOM II0-
Tepb Ha CHHXPOHM3alINI0, BBOO-BBIBO U IPYTHeE ITIOCIeI0BaTEIbHbIE YYaCTKU
anroputMa. Hu B KoeM ciy4dae He CclieoyeT HCIIOJIb30BaTh YUCJIO TOTOKOB,
OombIliee, YeM YHCJIO TTIOTOKOB, IPU KOTOPOM KOJIMYECTBO 3aTPadyeHHBIX pe-
CYPCOB YBEIUYNBAETCS BABOE OTHOCUTEJILHO ITIOCIE0BATEIbHOTO OMHOIIO-
TOYHOTO 3amycka. Ecyiu mpu yKa3aHHOM YHCJie IOTOKOB BPEMSI BHITIOJTHEHU S
Barmie#r 3afja4ym Bce eIll€ He yKJIaAblBaeTCs B OrpaHUYeHHue OJisd (PepMbl, He
clenyeT yBeJIM4YUBaATh YHMCJIO IIOTOKOB, CJieqyeT pa30uBaTh 3aayy Ha YaCTH.
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OFpaHI/IquI/Ie Ha 9HMCJIO ITIOTOKOB CHU3Y MOXKET OBITH BEI3BAHO HeOooCcTarT-
KOM OIlepaTUBHOMU ITaMSATHU Ha BhIOpaHHOM uucJiie y3710B. OOpaTuTe BHUMA-
HHe Ha coueTanue MPI u OpenMP. O6beM 3ampoIlleHHOM B 3agade olepa-
THBHOU MMaMATH Ha KaXObIM BEIYUCINUTEIbHBLIN IIOTOK MOXKHO PETYIUPOBATh
nHCTpyMeHTOM #SBATCH - -mem-per-cpu=.

4.5.3. Pabora c rpa¢duUYeCKHMH YCKOPHUTEJISIMH

Il71s1 3amycKa NPUJIOKEHUS C UCIIOIb30BaHUEM IpadUdeCKUX YCKOPUTE-
jiel HeoOXOOMMO 3aIMPOCUTH HYXKHOE KOJTUYECTBO YCKOPUTEJIEH dyepe3 WH-
CTPYMEHT gres:

#!/bin/bash

#

#SBATCH --partition=gpu

#SBATCH --nodes=1

#SBATCH --gres=gpu:2

#SBATCH --gres-flags=enforce-binding
#SBATCH --ntasks=2

#SBATCH --time=1:00:00

cd /mnt/pool/6/username/workdir
mpirun ./my gpu app -some my gpu args -my gpu count 2

Kpome Toro, Ojiss G0IbIIMHCTBA IIPUIOKEHUN HEe0OXOOMMO YKa3aTh Ma-
paMeTpHl 3alyCKa Ha rpaduyeCKUX YCKOPUTENISIX BPYYHYIO. JTHU IIapaMeT-
PHL He cTaHgapTU30BaHbl. OnucaHue ITapaMeTpPOoB 3allyCKa [J11 KOHKPETHOI' 0
IIPUIIOXKEHUST He0OXOOUMO UCKATh B 0QUITHAILBHOM PYKOBOJICTBE IIOIh30Ba-
TeJIs OJIS 9TOTO IPUIIOKEHUS.

BoNMbUIMHCTBO IIPUIOKEHUM, ITOOAEPKUBAIOIINX IrpaduiyecKre yCKOPH-
Teu, ABASIOTCS IapalijienbHbIMU. PeKoMeHOaluy mo BEIOOPY YHcCJiia IOTO-
KOB CPU Ha kaxpapiiit GPU Hy2KHO MCKaTh B 0pUIIUaIbHOM PYKOBOJACTBE II0JIb-
30BaTensd ojid npunoxeHusd. [IIUPOKO paclipoCTpaHEeHbI IBE MOOEIU UCIOJIb-
3oBaHusa GPU:

e 1 MPI task Ha kaxabeiii GPU (QUANTUMESPRESSO, LAMMPS+KOKKOS);
* MaKcHUMaJIbHOe Bo3MozkHOoe unciio MPI tasks Ha GPU (LAMMPS+GPU).

AHanoru4HoO, CjiegyeT YTOYHUTH B PYKOBOACTBE II0JIb30BaTEIsI IPUJIOKE-
HUS peKoOMeHOalluu 110 ucrnojb3oBanuio OpenMP threads ¢ GPU.

[Tpu ucnons3loBanuu GPU MoxkeT BO3HUKHYTH ITpo0IeMa HefjocTaTKa 00b-
eMa OIlepaTUBHOU MaMSATH YCKOPUTEs. ITa IpobjieMa MOXKeT OBITh pellleHa
nepebopoMm kKonmuuectBa MPI tasks u OpenMP threads Ha GPU u yBenuue-
HUeM 4yucia ucnonblyeMolx GPU B 3apaye.
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71 3agay, UCIOIb3YIOIINX HECKOIbKO GPU 00HOBpEMEHHO, HACTOSATEIIb-
HO peKOMEeHyeTCs UCIO0Ib30BaTh 0ubmroTeky MPI ux coctaBa NVIDIA HPC
SDK u yka3biBaTh JONOJIHUTEJIbHEIE TapaMeTpsl MCA:

mpirun --mca btl self,smcuda ./my gpu app -some my gpu args

4.5.4. Acnio1b30BaHHUE TUPEKTOPHUH /tmp

g 3apmad, Tpebyolux O00JIbIIYI0 MHTEHCUBHOCTL PaboTH C ¢aliiamy,
PEKOMEHOYEeTCS UCIOJIb30BaTh BEICOKOIIPOU3BOAUTENILHYIO BPEMEHHYIO OU-
pekToputo /tmp cm .m. 4.3.3 ¥ COCTaBHOU 3aIllyCK 3aJayMu.

Tako# moaxo[ IMO3BOJIAET He MOKUAATHCS OCBOOOXKIEHUST OCHOBHBIX BHI-
YHCIIUTEIbHBIX PECYPCOB (Hanpumep, rpadpudecKux yCKOPUTEJIEN) B MOMEHT
KOIIMPOBAHUS UCXOOHBIX JaHHBIX C IIOCTOSTHHOTO XPaHUJIXILA BO BDEMEHHYIO
OUPEKTOPHIO, COKPATUTh BpeMS pacyeTa 3a CUeT BEICOKOM CKOPOCTHY PabOTHI
BPEMEHHOU OUPEKTOPUU U 0CBOOOOUTH OCHOBHEIE PECYPCHI IJIS CIeNyIOoIIen
3a7jla4yd B MOMEHT KOMUPOBAHUS PEe3yIbTaTOB U3 BDEMEHHOU OUPEKTOPUU B
IIOCTOSSHHYIO.

[TpuMep cKpunTa Ipemnpoleccurra pre. sh:

#!/bin/bash

#

#SBATCH --partition=gpu
#SBATCH --nodelist=t2nl
#SBATCH --ntasks=1
#SBATCH --time=1:00:00

mkdir /tmp/2022-08-24-100500
chmod 700 /tmp/2022-08-24-100500

cp -r /mnt/pool/6/username/100500/* /tmp/2022-08-24-100500
[TpumMep CKpHUIITa 3allyCcKa pacdeTa comp. sh:

#!/bin/bash

#

#SBATCH --partition=gpu

#SBATCH --nodelist=t2nl

#SBATCH --gres=gpu:l

#SBATCH --gres-flags=enforce-binding
#SBATCH --ntasks=1

#SBATCH --time=1:00:00

cd /tmp/2022-08-24-100500
/mnt/pool/6/username/run/my gpu app
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[TpuMmep ckpunra moCTIpoleccurra post.sh:

#!/bin/bash

#

#SBATCH --partition=gpu
#SBATCH --nodelist=t2nl
#SBATCH --ntasks=1
#SBATCH --time=1:00:00

mv /tmp/2022-08-24-100500 /mnt/pool/6/username/
[TpuMep 3allyCcKa COCTaBHON 3adayH:

$ sbatch pre.sh

Submitted batch job 4376

$ sbatch --dependency=afterok:4376 calc.sh
Submitted batch job 4377

$ sbatch --dependency=afterany:4377 post.sh
Submitted batch job 4378

4.6. MOHUTOPMHI ¥ yIIpaB/IeHHEe 3aJadaMy

[Tonb3oBaTeNb MOXKET MMPOCMOTPETD CTATYC 3a7ayd C IIOMOIIIbI0 KOMAH/IbI
squeue. [I1st TpoCcMOTpPe MOAPOOHON NpOopPMaLIMK O 3aJade MOKHO HCIIOJTh-
30BaTh KOMaHY:

$ scontrol show job $job id

CTaTHUCTHUKY UCIOIb30BaHUS PECYPCOB B 3afja¥e MOXKHO IIOCMOTPETH C
TTOMOIIIBI0 KOMAaH/IbI:

$ sstat -a -j $job id

g ynaneHus 3agad CliegyeT UCIOIb30BaTh: scancel $job id.

5. KOHTaKTHBI

Coo06muTh 0 mpobiieMe MOXKHO UCITOJb3ys popmy https://tasks.mephi.
ru/projects/hpc-support/issues/new.

s cBsa3u ¢ agMuHucTpaTtopaMu HPC-1leHTpa criegyeT BOCIOIb30BaTh-
cs e-mail hpc-private@ut.mephi.ru. ITosxcaayticma, nonb3yuTECh YKa3aHHBIM
KOJIJIEKTUBHEIM agpecoM. [Tucema, oTnpaBieHHEIE Ha TUYHBIE agpeca agMu-
HUCTPATOPOB MOTYT OBITh 00PaboTaHBI C CYIIIECTBEHHOMN 3aePKKOH.
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[TopaTe 3as1BKy Ha ucmojb3oBaHue pecypcoB HPC-lleHTpa MOXKHO 110 af-
pecy https://it.mephi.ru/service-notes/32, Ho nmepen 3TuM Brl 00.104C-
Hbl TIIAaTEJIbHO O3HAKOMUTHLCS C PAa3mesioM 2.

C ONBITHBIMH II0JIb30BATENSIMU MOZKHO CBSI3aThCS Yepe3 CIIUCOK PACChIII-
K e-mail hpc@lists.ut.mephi.ru. Ilepen oTnpaBKo¥ COOOIIEeHNST HEOOXOIH-
MO MOAOMCAThCS Ha JNUCT pacchinku https://lists.mephi.ru/listinfo/hpc. Ap-
XUB JINCTA PACCHIJIKUA OOCTYIIE€H 110 agpecy https://lists.mephi.ru/pipermail/hpc/.

[TuceMma, otnpaBieHHBle Ha hpc@lists.ut.mephi.ru, mony4atnT agMuHUI-
cTpaTtophl U Bce mojyb3oBaTenu HPC-LlenTtpa. [luceMa, oTnipaB/ieHHBIE Ha
hpc-private@ut.mephi.ru, mony4amoT TOITBPKO aAMUHUCTPATOPHI.
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