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B pabore mpuBeneHbl pe3yabTaThl aHalM3a BBIYUCIUTENBHOH CIOXHOCTH KOHTPOJIBHO-
JMIMAarHOCTUYECKUX TPOIEAYP B cucTeMe ympaBiieHus pecypcamu SLURM, ¢ mensio onpenencHus
MPEIENIOB UX MAacIITaOUPyeMOCTH — 3aBUCHMOCTH BPEMEHH PaOOThI OT KOJIMYECTBA BBIUUCIUTEINb-
HbIX y3110B B BC. BripaboTaHbl peKOMEHJAIMH 110 ONTUMHU3AINN KOHTPOIBHO-TAATHOCTHYECKUX
npoueayp B nakere SLURM.

Knrouegovle cnosa: KOHTPOIb, TUATHOCTHKA, CHCTEMA YIIPABIEHUS PECypcaMu, BHIYUCIUTEIb-

HBIC CUCTCMBEI.

BBenenne. OyHKIIMOHMPOBaHKE BeIMUCIUTENBHBIX cucTeM (BC) ocymiectBisercs noj ynpas-
JICHHEeM CHCTEM YIpaBlieHUsl pecypcamu. Eciu mpoaHanu3upoBaTh MPOrPaMMHBIN CTEK BBIYHCIH-
TeIbHBIX cucTeM u3 cnucka Top500 (pemakius uronb 2017 rona) [1], TO MOKHO 3aMETHTh, YTO OJI-
HOM U3 CaMbIX paclpoCTpaHEHHBIX MAKETOB ympaBiieHus pecypcoB sBisiercss SLURM [2]. HeoTs-
€MJIEMbIMH KOMIIOHEHTaMH WHCTpyMEeHTapus opranuzanuu (ynkuronupoBanuss BC sBusiorcs
MOJICUCTEMBI KOHTPOJISI M TUAarHocTHKu. [loacuctema KOHTpOJs MpeaHa3HayeHa ISl ONpeeIeHUs
(akTa BO3HHMKHOBEHHs OoTKa3a pecypca BC, a moacucreMa TUAarHOCTUKU IS JIOKAJIW3alUK OTKa-
3aBIIUX KOMIIOHEHTOB.

B coBpemennbix BC npouenypbl KOHTPOJIS U JUArHOCTHKY JIOTHUECKHU PEAIM30BaHbI Ha pas-
JMYHBIX YPOBHSX:

— Ha YPOBHE CUCTEMBbI YIIPaBJICHUSI pecypcamMu, KOHTPOIUPYeETCs cocTosiHue y310B BC;

— Ha ypOBHE CHCTEMBI MapajlieIbHOrO MPOrpaMMHPOBAHUS, KOHTPOJIUpPYETCs paboTocnocoo-
HOCTb IPOLIECCOB MapaiieIbHON IPOrpaMMBI.

B nannoit paboTe aHaTM3UPYIOTCA IPOrpaMMHBIE METOIbI KOHTPOJIS M TUATHOCTHKU Ha YPOB-
He cucTeMbl ynpaBienus pecypcamu SLURM.

Hentpanpaeiv komMnoHeHTOM makeTa SLURM sBisieTcss npouece slurmctld, xoTopeiii uepes
(uKcUpOBaHHBIE UHTEPBAJIbl BPEMEHH BBITIOJHAET KOHTPOJIbHO-TUArHOCTUYECKHUE TECTHI:

1. Onpenenenue CETEBOM TOCTYMHOCTH BBIYUCIIUTEIBHBIX Y3IIOB (ping).

2. 3ammycK IMarHOCTHYECKHUX TECTOB Ha BBIYUCIUTEIbHBIX Y3JIaX.

[IpoBepka ceTeBOl JOCTYMHOCTH P BBIYMCIUTENBHBIX Y3JI0B OCYIIECTBISETCS MyTeM HX IO-
CJIeIOBATENLHOrO orpoca. J[MarHocTudeckue TeCcThl MPEACTABIAIOT COOON CHerralIn3upOBaHHbIC
CCHAapHUH, MOATOTABIMBACMBIC AJIMUHUCTPATOPOM CUCTEMbI IJII KOHKPETHOT'O BBLIYHCIIMTCIBHOI'O
y3J1a, KOTOpbIe BO3BPALIAIOT CTPYKTYPY ONHMCHIBAOIIYIO €r0 COCTOSHHE.

B pa60Te BBIIIOJIHEH aCUMIITOTUYECKUI aHaIn3 BEIYUCIUTEILHON CII0KHOCTU NEPCUUCIICHHBIX

KOHTPOJBHO-JUATHOCTUYCCKUX NpOoHeAyp C LCIbIO OMPCACIICHUA MPCIACIIOB HUX MacmTa6preM0-

Pabora BrmonHeHa npu mogaepikke Poccuiickoro ¢oHAa (yHIaMEHTAIBHBIX HCCIENOBAHUHN (KOIBI MPOEKTOB
16-07-00712-a, 16-07-00992-a, 15-07-00048-a).
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CTH — 3aBHUCUMOCTH BPEMEHU PabOThl OT KOJMYECTBA BBHIUMCIUTENBHBIX y3710B B BC. BripaboTansl
PEKOMEHIALINNU IO ONTUMH3ALMH KOHTPOJIbHO-IUAarHOCTUUECKUX Mporenyp B nakere SLURM.

1. Apxurtekrypa cucrembl ynpasiaenus pecypcamu SLURM. Kak noka3ano Ha puc. 1, cuc-
tema yrpasieHus pecypcamu (CYP) SLURM coctout U3 HECKOIBKUX KOMITOHEHT. I JTaBHBIM KOM-
IIOHEHTOM CHUCTEMBI SIBJISIETCS yNpaBIOLMil npouecc slurmctld, KOTOPBIA KOHTPOIUpPYET (QyHK-
LMOHAJIBHOE SIPO CUCTEMBL. JIpyruM KOMIIOHEHTOM CHUCTEMBI SIBJISIETCS HAOOp MOJIb30BaTEIbCKUX
KOMaHJl, IPEJOCTABIAIONINX aBTOPU30BaHHBIM I10JIb30BATEISIM BO3MOKHOCTh Ha3HA4aTh 3aJa4u Ha
y37bl BBIYMCIUTEIBHON CHUCTEMBI M KOHTPOJIMpOBATh Mpolecc ux pemeHue. IIpouecc Bbrancian-
tesnibHOrO y371a (BY) slurmd 3amyckaercss Ha Kak[OM BBIUYMCIUTEIBHOM Yy3J1€ CUCTEMBI M B €O
(GYyHKIMK BXOJUT pelaTh 3aJa4yM, HaOMI0JaTh 3a XOJIOM pelleHus, cooupath HH(POPMAIHMIO O pe-
Cypcax BBIYMCIUTEIIBHOTO Y3J1a U IIepeaaBaTh €€ yIpaBisAIOLIEMY [TPOLECCY.

BY, (B

slurmd J L ﬁ‘\@nctld

<
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<
<

%

slurmd

Puc. 1. Apxutekrypa cucremsl SLURM

2. AJITOpUTMBI KOHTPOJISI U AUATHOCTHKH COCTOSAHUA y3J0B B cucteme SLURM. OcHos-
Has paboTa, CBA3aHHAs C KOHTPOJIEM U JMArHOCTHKON COCTOSIHUS Y3JI0B BBIYMCIUTEIBHON CHCTEMBI
B SLURM, peanuzyercst B OTIEIHHOM IMOTOKE YMPABISAIONIETO Tporiecca slurmctld, BHIMOTHSIOIIEM
¢yHkui0 SLURMCTLDBACKGROUND. OCHOBHBIMH 337jadyaMH 3TOW (DYHKLUHU SIBISIFOTCS: COXpaHe-
HHUE COCTOSHHSI YIPABJISIOIIEro Mpoliecca, JUCTeTYepu3alys 3aa4, KOHTPOJIb U AMarHOCTHKA CO-
CTOSIHUSI Y3JIOB BBIYMCIUTENBHOM cucTeMbl. ONHUIIEM aarOpUTMBl, pealIn3yIoie KOHTPOJIb U Iuar-
HOCTHUKY COCTOSIHUS Y3JIOB.

function SlurmctldBackground()
while TRUE do
if (TIME() — LastPingTime >= Pinglnterval) then
LastPingTime = TIME()
PINGNODES()
end if
if (TIME()— LastHealthCheckTime >= HealthCheckInterval) then
LastHealthCheckTime = TIME()
RunHealthCheck()
end if
end while
end function

BoruucnurensHas cnoxHOCTh PyHKIMH SLURMCTLDBACKGROUND paBHa

SlurmctldBackground - O(TPingNodes + TRunHealthCheck )
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B rnaBHOM nukie ¢yHkiuu SLURMCTLDBACKGROUND kaxable Pinglnterval cexyHn BbI3bIBa-
etcs pyHkiust PINGNODES, 3a1a4a KOTOpOH COCTOUT B MPOBEPKE AOCTYNHOCTH y310B BC 1o cetu u
peructpauuu y3noB BC, cocrosaue xoropbix CYP Ha naHHbIi MOMEHT HeusBecTHO. /[t aToro
(dbopmupyeTcs Ba CIIUCKA 3allPOCOB, MEPBbIM coaepkuT Bee y3ibl BC 10CTyHOCTh KOTOPBIX HEOO-
XOJUMO IPOBEPUTH, a BTOPOH COAEPKUT Bce y3ibl BC cocTosiHME KOTOPBIX M3MEHWIIOCHh U B JaH-
Hblli MoMeHT CYP He pacnonaraer akTyanbHOM uHpopmanueit o Hux. [Tocne GpopmupoBanus cnu-
CKOB, 3alpochl J00aBISAIOTCS B CIMCOK 3alIpOCOB CUCTEMBI Ul JaJIbHEHIIEro ux oOCIyKHBaHUS.
IIpn nony4yenun 3anpoca Ping BEIYUCIUTEIBHBIN y3€]1 OTBEYAET COCTOSHUEM 3arpy3KH MPOLECCO-
POB CHUCTEMBI U 0OBEMOM HCIOIB30BAHHON ONEPATUBHON MaMSITH.

function PINGNODES()
PingNodeList = LISTCREATE()
RegNodeList = LISTCREATE()
for each Node in NodeList do
if (ISNODENOTREGISTERED(Node)) then
LisTPUSH(RegNodeList, Node)
continue
end if
if (ISNODENORESPOND(Node) OR ISNODEDOWN(Node)) then
continue
end if
LisTPUSH(PingNodeList, Node)
end for
SENDREQUEST(PingNodeList)
SENDREQUEST(RegNodeList)
end function

BoruncnutenbHas cinoxHoOCTh (yHKIUU PINGNODES paBHa
TPingNodes - 0(” + TSendRequest )‘
rae n— koaudecTBO y310B B BC, Tsendrequest — BPEMS PACCBUIKM CIIy:K€OHOW HMHGpOpPMaLHH C
MMPUMEHEHUEM JIPEBOBUIHOTO airoputMma, umeet nopsaok O(logn).

Taxxke B rinaBHOM Iukie (QpyHKIMU SLURMCTLDBACKGROUND kaxawiii HealthCheckinterval
cekyHq BbI3bIBacTcs (GyHKIHUs RUNHEALTHCHECK B 3a7a4dl KOTOPOM BXOJMT OoJjiee JeTalibHas
npoBepka coctostHus y370B BC, yeM B ¢pynkmuu PINGNODES. [Ipu mony4yeHuun Takoro 3ampoca Bbl-
YUCIIUTENbHBIN y3€J BBIMOJHSAET CKPUIIT MPOBEPKU CUCTEMBI (IIOJIB30BATENb MOKET CaM OIMpee-
JIUTh KaKOW CKPHUNT BBIMOJHAT, yKa3aB €ro UMs B KOH(GUTypanmmoHHOM Gaiine slurmd.conf), naH-
HBIM CKPUNT MOKET MPOU3BOJIUTH JTUATHOCTHKY CETH, (aillloBOM CHUCTEMBbI, ONPEAENATh ammapar-
HbIE cOOM 1 co00IIaTh 00 ATOM yIIpaBistomeMy npoueccy slurmctld.

function RunHealthCheck()

HealthCheckNodeList = LISTCREATE()

for each Node in NodelList do
if (ISNODENORESPOND(Node) OR ISNODEDOWN(Node)) then

continue

end if
LisTPusH(HealthCheckNodeList, Node)

end for
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SENDREQUEST(HealthCheckNodeList)
end function

BrruucnurensHas cnoxHocTh GpyHKimrn RUNHEALTHCHECK paBHa

TRunHealthCheck = 0(“ + TSendRequest )’
rae n— koauuecTBO y310B B BC, Tsendrequest — BPEMsSI PACcCBUIKM CIIy:K€OHOW MHGpOpManuu c
IIPUMEHEHHUEM JPEBOBUIHOTO allroputMma, umeet nopsaok O(logn).
3akiarovyeHue. BpINONHEHHBIM aHAIW3 alrOPUTMOB KOHTPOJS U JUAarHOCTHKH CHUCTEMBI
SLURM mnoxka3aii, 4To BpeMs MX BBIIIOJHEHUS JINHEHHO 3aBUCHUT OT KosndecTBa OM B cucreme. B
6onpmemacitabHbIx BC nienecooOpasen nepexos k 6onee 3pGeKTUBHBIM alrOpUTMaM, HallpuMep,
OCHOBAHHBIM Ha JICLEHTPAIM30BAaHHOM CXeMe WM C pachapajieIMBaHMEM OCHOBHBIX (ha3 airo-
PUTMOB KOHTPOJISI M TUArHOCTHKHU.
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