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QOOPEKTNUBHOE ITPOI'HO3NPOBAHUE

BPEMEHHBIX XAPAKTEPUCTUK BBIYNCJ/INTEJIBHBIX 3AJAHUN

11O PACIIIMPEHHBIM META /IAHHBIM

C. A. Tleryuun
(OI'VII "BHUUA wm. H. JI. yxosa", r. Mocksa)

IIpoBeneno ucciiemoBanue npuMenenus crarucruieckoro merona Random Forest, ormo-
CAIIErocst K rPyIIe MAIIMHHOTO OOYYIeHMs, JIJisl IPOTHO3NPOBAHIS BPEMEHHBIX OKa3aTesei
BBIUKCJINTE/IHHOIO 3aJI[aHKs: BPEMEHU OXKUJIaHWsI B OYEpe M U BPEMEHM BBHINIOJIHEeHUs. Bce
SKCIIEPUMEHTHI IIPOBEJIEHBI HA JIAHHBIX OOJIBIIIOIO 00beMa MEHE[PKepa, PECYPCOB U IIJIAHUPOB-
IUKA 38 1aHuil Slurm, HAKOIJIEHHBIX UM B 2KYPHAJIAX 33 PA3JIMIHbIE KAJCHIAPHDBIE TIEPUOIHI.
IIporpamvmbr 06pabOTKY TAHHBIX PEATU30BAHLI B BAJIE CKPUIITOB B PAMKAX CTATHCTHIECKOM
cucreMsl R. [lpuniunuansroit nieeit paboThl SBUJIOCH BKJIIOYEHNE B CTPYKTYPY POIHO3HBIX
th)le.HeI‘/JI HOBBIX YHUKaJIbHBIX MEeTa/IaHHbIX BbIYUC/IUTEJIbHbIX 3aﬂ‘aHI/II71, HE UCIIOJIb3YEMbIX Da-
Hee. PesysbraTel nccieioBaHuil mokasaim 60see deM yIBOEHHYIO 3 MOEKTHBHOCTD IPEJIO-
2KEHHBIX IIPOrHO3HBIX MOJIEJIeil 0 CPABHEHUIO C OTIEHKAMU TI0JIb30BaTe el U IIJIAHUPOBIIUKA.
Pabora sBisteTcs mepBhIM MIaroM B IMIPOEKTE BHEIPEHNS ABTOMATHIECKIX CEPBUCOB YIIPaBJIE-
HUSI BBIYUCTUTEILHBIMA 38JAHUSIMU Ha YPOBHE METAIIJIAHUPOBIIUKA B [EJISIX ABTOMATU3AIIH
3aIIPOCOB PECYPCOB, a TaK¥Ke JiJisi O0oJiee KATeCTBEHHOIO OMOBEIEHNUsI TOJIHb30BATeIIEl.

Karoueswie crosa: IIPOTHO3UPOBaHNE, METaJaHHbIC BbIYUC/INTC/JIbHOI'O 3aJaHnsd, BpEMA BbI-

[TOJTHEeHUs1, BpeMsi oxkuanus, merosn Random Forest.

BBenenue

[IpoBeienne peryasspHbIX MaCCOBBIX PACUYETOB HA
BBICOKOIIPOU3BOIUTEbHBIX BBIYUCIUTEIBHBIX CH-
cremax (BBC) xapakrepusyercst BbICOKON paboueii
narpyskoii. Kak ciiesicrBue, 370 NpuBOIUT K 3HA-
YUTEJIbHOMY BPEMEHH HAXOXKJIEHUsI B OUEPeIsiX 3a-
IIyCKAaeMbIX BBIUUCIUTE/IbHBIX 3aanuii. [lob3oBa-
TeJIN MOJIYYaIOT PE3YILTATHI PACUETOB MO032KE 0XKU-
JIaeMOr0 BPEMEHHU, YTO HEraTHBHO CKa3bIBAETCSI HA
CPOKaX BBIMIOJIHEHUS] MCCJIEIOBATEILCKUX U [TPOU3-
BOJICTBEHHBIX ITPOeKTOB. CHUTyaIio He MeHsIeT Jia-
’Ke TIOCTOSTHHBIN POCT MPOU3BOUTETEHOCTH BBOJIH-
MBIX B 9KCIJIYATAIUIO HOBBIX CYIIEPKOMIIHIOTEPOB,
HECMOTPsI Ha JOCTYITHBIE JIJIs 33/ IaHUI TOJIb30BATE-
JIeil COTHU WJIN THICSYU BBIYUC/IUTE/BHBIX y3JI0B.

Hasnuune nocrosgnubix odepejieil B COBPEMEHHBIX
KJIacTepax ycyrybJisieT n3BeCTHYIO IpObIeMy MmoTe-
pu 3bDPEKTUBHOCTH [PU MONBITKAX I[LIAHUPOBIIH-
Ka 3arpyzKaTh BCE BBIMHUCJIUTEIbHbIE y3ibl. [Ilu-
POKOE BBIYUCTUTEIHHOE TOJIE TTO3BOJISIET 3aIyCKATD
MHOXKECTBO MHOTOY3JI0BbIX 3amanuii. [locie sTo-
ro B HEM BO3HHUKaeT jaedparmMeHTarus ¢ OOJbIIoi

ILJIOIIAIBI0 CBODOIHBIX, HO HE PACIIPEJIETIEHHBIX BbI-
YUCTUTEHHBIX PECYPCOB B MPOCTPAHCTBE BBITIOJ-
HAEMBIX 3aJaHuil < y3.4bl, epems™>. VX crocobHo
"sareperh" OHO MPUOPUTETHOE 3aJaHIE, OXKHIAI0-
mmee erre 6osbIiero pecypea. lIpumenenne pasind-
HBIX BAPUAHTOB aJITOPUTMa 69KPuIIUH2G — 00paT-
HOI'O 3aI0JTHEHHsI OUepe/u ([IPHOPUTETHOTO 3aILyC-
Ka MaJIOpECyPCHBIX 3aJ[aHUil 13 XBOCTA OUePeIn) —
HEJIb34d IIPU3HATHh YA0BJCTBOPUTEJIBHBIM JIJIfA IIOJI-
HOTO 3anoJiHeHust " 1eIp" u yerpanenus gedparmMmen-
tanuu. [Ipobiiema B TOM, 9TO IIPH ITOCTAHOBKE 34,14~
HU B 0Yepe/ib I0JIB30BaTEN TAI0T IIPUOIU3UTE b=
HYIO OIIEHKY BPEMEHU WX CYeTa, KOTopas mepeja-
eTCsT TTAHNPOBITUKY. MaJible OleHOYHbIe 3HATEHHST
IIOMOIr'alOT aJI'OPpUTMY 6bICTpee 3allyCKaTb 3aJaHusd
Ha cyer. OMHAKO CTATUCTUKA Paboveil HATPY3KHU
IIOYTHU BCEX CYIEPKOMIIBIOTEPHBIX IHEHTPOB IIOKa-
3LIBAET CUJILHOE TIPEBBIIIEHNE 3aIPOIIEHHOI0 Bpe-
MEHU BBINOJHEHUS] 10 CPABHEHUIO ¢ peasibHbIM [1].
DT0 00BSICHSIETCST HEXKEJIAHUEM T0JTb30BATE IS, ITO-
OBl €ro 3aJIaHre OBITO MPUHYTUTETHLHO CHSITO TI0 CO-
obrTuio TadimayTa. CylecTBeHHBIN pa3bpoc 3Ha-
YeHu i JUHAMUIYIECKUX XapaKTEePUCTUK MeTa/laHHbIX
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3aJIAHUN B MHOYKECTBE UX 3AIYCKOB TAKXKE MEIIaeT
[IOJIb30BATEIIO BBIOPATD MOJIXO/ISAIIII ITPOTHO3 MIPO-
JOJIZKUTCJIbHOCTU MX BBLIITOJITHECHU .

Hayunas npobsiemaTuka ¢ TPEIIOKEHUSIME 110
ONTUMU3AINY BbIJIEJIEHUS PECYPCOB ObLIa aKTUBHO
U TOJTHO OOCY?KJI€HA ellle B HAYaJIbHBIN [TepUO, Ia-
paJuIeIbHbIX BbluucjeHuit [2]|.  Asropursm 1iaHu-
poBaHus mapaJIeIbHBIX 38 IaHnii Ha Oase 09KdmI-
JIMHTa CTaJl MOIYJISIpeH, HadWHas CO BTOPOI I0JIO-
BuHbl 1990-Xrr., 1mocje ero onucanus B COOpPHHUKE
crareit mon penaximeit mpodeccopa . Deiirennb-
cona [3|. B mociemHue 1oJpl PE3KO yBEIMYUIIOCH
KOJIMIECTBO TyOJIMKaIuii B 9TOi 00JacTH B CBs-
31 C IIPpUBJICYECHUEM COBPEMEHHbBIX MHTEJ/IJICKTYaJIb-
HBIX METOJIOB CTATUCTHYECKOIO MAIMUHHOIO U TJIy-
6okoro obyuennst (ML — Machine Learning, DP —
Deep Learning) mjist pemenust 3a/1a4u HOBBIIIEHMS
spdexTuBHOCTH BhIeaenus pecypcoB BBC. Akry-
AJIbHOCTD ITOMCKa HOBBIX METOJUK YaCTHUYIHO CBA3a-
Ha C PE3KUM POCTOM KOJIMIECTBA Y3JI0B B COBPEMEH-
HBIX KJacTepax meTadJIoCcHOro Kaacca. IIpu stom
[IOTEPU OT HE3AIOJIHEHUS CBOOOHBIX Y3JIOB, JHOXO0-
JIATIIE JI0 HECKOJIBKUX IIPOIEHTOB I'OJIOBOI HEI03a~
IPY3KH, MOTYT OBITH SKBUBAJEHTHBLI IIPOCTOIO Iie-
JIOTO KJIACTEpa CPEeJIHEN MMPOU3BOIUTEHLHOCTH. B
HEKOTOPBIX paboTax, KACAIOIIUXCs TPOOJIEMBbI YTy d-
OIeHNs OICHOK BPEMEHHbIX (1)&3 BbIYUCJ/INTEJIBHOI'O
3aJIaHUS] — BPEMEHU OXKUJIAHWUS U BPEMEHU BBIIIOJI-
HEHUsI — C TOMOIIBIO MHTEJJIEKTYAJbHBIX METOJIOB,
HOJIyYeHbl 3HAYUTEbHbIe pe3ysbraTsl [4—6].

[IpunrunuaabHOil uieeit gaHHON pabOTHI, pac-
IUPSIONIEN paHee M3BECTHBIE METOJIbI, SIBJISETCS
HCIIOJIb30BaHue JOIIOJIHUTE/IbHBIX MeTa/JaHHbIX BbLI-
YUCJUTE/BHBIX 3aJaHUN, 00yIaeMbIX HA CTATUCTH-
YeCKUX JIAHHBIX IJIAHUPOBIIUKA U MEHEJZKepa pe-
cypcoB Slurm 7|, st TpOrHO3UPOBaHUST BPEMEH-
HBIX IOKazaTeseir paboueit Harpyskum. IIpemio-
JKEHHBIE MOJIeJIN HaIlPaBJIeHbl Ha PEIlleHre HECKO/Ib-
KUX IpakTuieckux 3aad. [lepBast 3aiada cBsizana
C OHOBelleHreM IIoJIb30BaTeseil B OoHIallH-peKuMe
JOCTOBEPHBIMU IMTPOIHO3HBIMU JTaHHBIMUA 11O BBIYIHC-
JINTEJILHBIM 3aJlaHusM. BTopas 3ajada peJno-
JlaraeT IOCTPOEeHNe U BHEJPEHUE [OJIYaBTOMATHYe-
CKOIl IIMJIOTHOH o4depesiu, yIpaBiIseMON IJIaHUuPOB-
IIIUKOM, KOTOPBI (popMHUpyeT cobCcTBeHHBIE "Ge30-
nacHble" 3HAUEHUS] BpeMeHU BBIITOJTHEHHST 3AITyCKae-
MBIX 3aJIaHUN, OTTAJKUBASICh OT UCTOPUH 3AITyCKOB
HPUJIOZKECHU.

B mamnoit crarbe:

1) Ha BBIOOPOYHBIX JIAHHBIX OOJIBIIOIO OObEMa

[IPOBEJIEH AHAJN3 CTATUCTUKY [IJIAHMPOBIIUKA;

2) OpeJIozKeHbl IPYIIIbI MOJIeJIeli METaJIaHHBIX C
pPaCITUPEHHON MAEHTUPUKAITNEN TPUTOXKEHMTIA;

3) IpUBEJEHO OLMCAHUE YKCIIEPUMEHTOB IO OIIpe-
JeJICHUIO KadeCcTBa Mojeseil U uX IMpUuMeHUMO-
CTH.

Hcnonb3yeMast B UCCIIEIOBANNN CTATHCTHKA IIO-
JIydeHa U3 XKypHaJIoB Slurm mpu IpoBeJIeHIN Mac-
COBBIX PACYETOB Ha OJHOM u3 Kyiactepos BHUMA
B TeUeHNEe TPEX DAa3/INIHBIX KAJEHIAPHBIX IIE€PHO-
noB: ocenb 2017r. (3 mecsana), Becua—iero 2018 .
(3 mecsna), mero—ocens 2018 1. (4 mecsna).

1. Amnanus a3 obpaborku
BBIYMCJINTEJIbHBIX 3aJaHUi

1.1. OummbKu OIeHOK IIoJib3oBarejeii. B
CTPYKType pabotueil Harpy3Ku BbIMUCIUTEIHLHBIX
KJIACTEPOB IPUHIMIINAJILHYIO POJIb HUIPAIOT JIBE
BPEMEHHbBIE XaPaKTEPUCTUKHU, COCTABJIAIONNE (ha-
3bl O2KMJJaHUgA MW BBLIIIOJTHEHMN S SaﬂaHI/II';I II0JIB30Ba-
Teseil. Eie omHa BpeMeHHasT XapaKTePUCTUKA, KO-
TOpasi UCIHOJIL3YEeTCd B JAHHOM HCCJICIOBAHUU, 3a-
JIaeTCs TT0JIb30BATEIEM B KAUeCTBE 3alpalllnBaeMOi
MaKCHMaJIbHOM KBOTHI BPEMEHU BBITIOJTHEHHS 38,1a-
nug. Jlnsa omumcanms Mogesieit, mpejiaraeMbIX B
CJIEIyIONIEM pa3zese, 0003HAYMM 3TU IIePeMEHHbIE
coorBerctBerHo Twait, Trun n Tlhmit. Eme ommy
[IeEpEMEHHY0, XapaKTepU3yIILyio 100 "yraapBa-
Hus" [I0JIb30BaTEeM JJINTEIbHOCTH 3aIaHIA — OT-
nomenune Trun/ Tlimit, obo3nauum kak Kwall-time.
Mauible 3HaYEHHUS 9TOr0 KO3 HUIMEeHTa CBUIeTE /b
CTBYIOT O 3aBBLIIIEHHBIX 3HadYeHusAX 11limit, KOTo-
pble npu O9KULIMHTE, KAK H3BECTHO, TOJI2KHBI
HEraTUBHO BJIMATH Ha JUTeNbHOCTH Twait. [leit-
CTBUTEBHO, JJIsT OObEIMHEHHOTO HabOpa TaHHBIX
N3 CTaTUCTHUKU TpeXMeCAYIHbIX II€epUuoI0B pac4e-
To 20172018 rr. KOoppesorpamma (puc. 1) mme-
eT OOJIBIION yroJi HAKJIOHA PErPECCHOHHON JIMHUN
u 3HavueHne Ko3ddunumenta koppendarun Ilupcona
r = 0,53, 4TO COOTBETCTBYET CpeJHell CTEeleHN 3a-
BUCUMOCTH, Tak Kak momnasgaer B uarepsas (0,3;
0,7). B kauecrBe aprymenta Ha rpaduke BbICTY-
maer "maomanas" 3amaHus, T. €. IPOU3BEICHHE 3a-
Ka3aHHbIX [10JIb30BaTesIeM y3710B (nodes) 1 IPOrHO-

“Ha puc. 1 u 3 mkasubl rpadUKOB IPOJIOrapudMUpPOBa-
HBbI, YTOOBI ITOKA3aTh HAIVIAIHYIO KAYECTBEHHYIO KapTUHY
pacupeneseHnuil CoO 3HaAYUTEIbHOU JI0JIE MaJIbIX 3HAYEHUi B
JaHHDBIX. KOJ’II/I‘{ECTBGHHI)IE METKH Ha OCAX COOTBETCTBYIOT
HE peaJiIbHBbIM, & HEKOTOPBIM YCJ/JIOBHBIM METPpUKaM 3HaYEHU I
BU3YaJIUBUPYEMbIX IIEPEMEHHBIX. Ha ApyTrux I‘pad)I/IKaX TaK-
2K€ MOr'yT HUCIIOJIb30BaTbhbCA YCJIOBHBIE 0603Ha‘{eHI/IH.
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C. A. lleryaun

Tlimnit x nodes

Puc. 1. Buusunne 3amnpammBaeMblx PECYPCOB HA BpPEMst
oxxumanus, r = 0,53

3a BPEMEHU BBIIIOJIHEHNSI. DTO IMOATBEPIKIAET BarK-
HOCTD 3aJIa91 ONTUMU3AINHN TepeMenHoit Tlimit.
Ocobenno BaykHa TOYHOCTL IIPOTHO3a [IOJIL30BA-
Tess o Tlimit 1jist KOpOTKUX 0 BPEMEHU 3aITyCKOB
3aJIaHUil, TaK KaK MMEHHO OHM ITOMOTaioT 3aIloJi-
HATH HEOOJIbINNE IIyCTOTHI B BEIYUCIUTEILHOM IIPO-
CTPAHCTBE U3 PACIPEIEJIEHHBIX U CBOOOIHBIX Pe-
cypcoB. OIHAKO I 3TUX 3aJaHnil KO3PMOUIHEHT
Kuwall-time, Kak mpaBuio, IMeeT OYeHb HU3KHE 3Ha-
YeHHUsl. IDTO JIEMOHCTPUPYET PUC. 2, TJie aHAIU3U-
pyercs TOT »Ke Habop JAaHHBLIX, 9YTO X Ha puc. 1.
Opmaunara (byuknus pacupenenenuns CDF) moka-
3bIBAaC€T IIPOIEHT HAKOIIJICHU A yHOpH,I[OLIeHHbIX 3Ha-
qennii koapdurmenta. laHHble pa3dbuTbl Ha JBa
KJIacca 110 MOPOry MPOIECCOPHOIO BPEMEHH:
— JJIMHHBIE 3a/aHUsT — pa3MepoM OoJibire 15 y3-
JIO-MUHYT;
— KOpPOTKHE 3aJaHusl — pasMepoM He OoJIbIle
15 y3mo-MuHYT.

I'panuvuHOe 3HAUEHUE B 9TOI yKPYITHEHHON METPUKE
COOTBETCTBYET IIPOIIECCOPHOMY BpeMeHH 15 X 16 X
x 60 = 14400 mpoIeCCOPHBIX CEKYHJI, TaK KaK JaH-
Hasl CTATUCTUKA coOpaHa Jiisi 16-si/IepHBIX y3JI0B.
Ha puc. 2 mabmogaercss "crymeHbka" y Kymy-
JISSTUBHOM (DYHKITUU paCIpeJiesIeHUs JIJIs HeMAaJIo-
r'o MPOIEHTA JJIUHHBIX 3aianuilt ¢ Kwall-time, pas-
HbIM 1 (mpaBble BepxHue dacTu rpadukos). K co-
JKAJIEHUIO, 9Ta CTATHCTUKA CBUJIETEILCTBYET HE O
[IPOHUIATEILHOCTH 0JIb30BaTEE], a, CKOpee, Ha-
000pOT, — HEXKEJAHUN 3a00TUTHCS O TOYHOM OIeHKE
BPEMEHHM CBOUX pacueToB. Bce sTtu 3ajaHust CHs-

CDFE 2017

100%"

75%-
50%-

25%-

OVG-“: T T T T -' T T T T
0,0 025 05 075 1,000 025 05 075 1,0
Kwall-time

Puc. 2. Pacupeiesienre BpeMeHU BBITIOJIHEHUST 33 IQHWIA:
—— — JJIMHHBIE 3aaHU; - - - — KOPOTKNE 33 aHUS

TBI CHCTEMOI IO COOBITHIO TaiimayTta. Jlmurean-
HBIII UTEPAITMOHHBIN IPOIECC MO/JIETUPOBAHUS TI0
Py METOJNK TTO3BOJISIET TTOJIB30BATENIO TTOIyIaTh
U TEPUOANIECKH COPACLIBATH HA JIUCK PE3YJILTATHI
MMPUEMJIEMOM TOYHOCTHU 33JI0JITO JIO CHATUS 3a]a-
oug cucrtemoit. TaiiMayT sIBJIsIeTCs epecTpPaxoBOY-
HbIM CHOCO6OM IpeKpalleHusA BBIIIOJIHCHUA HUTEpa-
Uit cyera.

Tor daxT, 9T0 K yKazsaHHOMY KJIACCY OTHOCSIT-
cg boJiee JUIMTEIbHBIE 3aJIAHUS, €M Te, KOTOPbLIe
CHSITHI IO HOPMAJIbHOMY KOJIy 3aBepIIeHUs], UJITIO-
crpupyet puc. 3. unarpamma IeMOHCTPUPYET Tua-
[Ta30H pacupeiesenns: 3Hadennii Tlimit ¢ BLICOKIM
YPOBHEM MeMaHbl JJIS TPYHIHI 3aJaHUil ¢ KOJIOM
TaiMayTa.

2017 2018
2|
4

10- £ 1
3
=
~ 102. 1

10

CraTyc 3aBeplIeHHs

Puc. 3. Humarpamma nuanasonos 3uadenuit 1limit mo
roJIaM JijIst IBYX KJIACCOB 3aJaHuit: 1 — ¢ HOpMAJIbHBIM

KOJIOM 3aBepIIeHns; 2 — 3aBepIIeHHbIX 110 TafiMayTy
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1.2. OmmumbKu OIEHOK ILIAHWMPOBIIHNKA. 3a-
Jada KOPPEKTHUPOBKHU 3HaveHuit Tlimit cBst3aHa C
IIPOrHO3UPOBaHUEM BPEMEHU HaXOXKJICHHA B O1Iepe-
mu Twait. Tloab3oBaresb T0OJXKEH 3HATH IIPEIIIO-
JlaraeMblii MOMEHT IIOJIYIE€HUS JOCTYIA K BBIUHC-
jmTebHOMy pecypey. IlnmanupoBmuk Slurm Bbi-
maer 91y nHbopManuoo. OIHAKO €ro OIeHKa JI0-
CTATOYHO Tpydasi, TaK Kak Oasupyercs: Ha IPOCTO
dbyuknun ot 3uaderuit Tlimit tex 3agaHuii, KOTO-
pble HaxoIATCsa B a3e OXKUIAHUS B KOHKPETHOM
BbBITYUCJIUTEJIBHOM Dpa3/ieJie. Ba.BbH_HeHHI)Ie 3Ha4de-
HHUS [10JIb30BaTe e, KaK IIPABUIIO, IPUBOJIST K IIEC-
CHMHUCTUIECKOMY ITPOTHO3Y ILIAHUPOBIIIKA OTHOCH-
TeJIbHO BPEMEH CTapTa 3aJIaHUil. DTO MOATBEPK1a-
IOT IIOJIyYeHHbIE IIPU MOHHTOPHUHIE TPACC 3aJaHuil
kiacrepa BHUMA BoibopKU, KOTOpBIE JIONOJIHEHBI
3HAYEHUIMI IIPOIHO3a BpPeMEHHU 3allycka. Hampu-
Mep, Ha Takoi BBIOOPKe u3 8 Thic. 3aaanuii (puc. 4)
JIEMOHCTPUPYETCS CEIYIONIast CTATUCTAKA:

— He ollpejesieHo IIaHUpoBHIUKOM 54 % 3a1a-
HUIA;

— HaXOIUTCH B 30He nepeonenku 93 % or onpeze-
JIEHHBIX;

— cpeJHsisl OIMOKa, Ha OJHO 3aJlaHue — & 4aCOB;

— cyMmmapHas omubka — 42 yCIOBHBIX CYyTOK.

Puc. 4 nokasbiBaeT 3HAYUTETHBHO OOJIBIIYIO ILIO-
Ia/1b [0J1 JINHUEH OTKJIOHeHus (OmmMbOK) POrHO3-
HbIX 3HadeHuit Tpred or peanbubix Tstart B moJo-
JKUTEJIbHOl 30He rpaduka (30Ha IEePeoIeHKN ).
HecMoTpsi Ha MOMBITKE ILJIAHUPOBIIUKA IT€PUO-
JITYECKNA KOPPEKTHUPOBATH MPOTHO3HOE BPEMs IpU
NIPUCYTCTBUU 3aJIaHUs B OYEpEd, ITO HE BCeria
yJIydInaer cymmapHoe oTkjonenue. llo merpuke

L dh i

0 2000 4000 6000
Howmep 3a1auHmsa B BeIGOpKe

Tpred - Tstart, a
150

100- \

50-

11 Ll
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-100+

8000

Puc. 4. Onenka Slurm Bpemenu 3arycka

cpeHeit abCOTIOTHOHM OIUMOKY TPEJCTAPTOBbIN TPO-
CHO3 JIJIsi B3dTOr0 HabOpa JIAHHBIX TOJIBKO yBe-
JINYMJI OMMOKY Ha4daJIbHOrO mIporxosa c 42 mo 60
yCJIOBHBIX CcyTOK. Ha puc. 5 (M. TakzKe IBETHYIO
BKJIQJIKY ) [PEJICTABJIEHA TPACCa TPeX 3aJIaHuil, Ha-
XOJIUBINIUXCSL B COCTOAHUSX OYKUJIAHUS U BBITIOJIHE-
HAsA B TedeHme 2 cyT. IIyHKTUPHBIME TIBETHBIMU
JIMTHUSIMU 0003HaYeHbI (ha3bl OXKUIAHUSI, CILIONTHON
depHOli — pa3bl BbINOJHEHUS. lIBeTHBIE TOYKHU
Ha BEePTUKAJIN TOKAa3bIBAIOT JBa ITPOTHO3HBIX Bpe-
Menu 1uianuposiuka (Tpred) — nepBoe u nocse-
Hee, TEPE/T 3AITYCKOM, a YePHbIE TOUKH COOTBETCTBY-
10T OIIPEJIEIEHHOMY CHCTeMOii MoHuTopuHTa (1 pa3s
B 5 MHH) BPEMEHHU IEpexojia 3aJaHusi B COCTOsI-
uue Boioaaenust (Tactual). 3amernm, 4ro y 3a-
Jaaus 35513 HaYAJIBLHBIN TPOTHO3 OKA3AJICH JIydIIle
npeacraproBoro. Y 3amanust 35521 mpeacrapro-
BBIIl IPOTHO3 OKA3aJICsl TOYHBIM, HO B TE€UEeHHE OC-
HOBHOI'O BPEMEHU OKUJIAHUS ILJIAHUPOBIIUK OIIH-
baJica Ha 2 CyT.

OnmcaHnHplii  aHaAJIM3 KYPHAJBHBIX  (DailioB
MeHeJKepa U IUIAHUPOBINWKA 3aJanuii Slurm mo-
Ka3aJl U MOATBEPAN BaXKHOCTb YTOYHEHUS OIEHOK
JABYX BPEMEHHBIX XapaKTEePUCTUK BBIUNCINTEIb-
HBIX 3aJIaHUil: BPEMEHU BBINOJHEHUS U BPEMEHU
OXKWIAHS.

2. Mozaean Ha OCHOBe pacCIlIVpPeHUs
MeTaaaHHbIX 3adaHnil

Paccmorpum jiBe rpynmnbl u3 4YeTbIpex Mojiesieit
meTamanubix MO, M1, M2, M3 s obydenus ma-

Tpred, Tactual
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Bpemsn 3amepa

Puc. 5. HeadbdekruBnocts KOppekTupoBku Slurm mpo-
THO3a BpEMEH! 3allycka: e, --- — 3ajanne 35513;

o, - - - — zamanue 35520; e, - - - — 3amanne 35521
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PaAMeTPOB-OTKJIUKOB MIPHU TIPOTHO3UPOBAHUU BPEMEH
BBINIOJIHEHUST 1 OxKufanus 3amannii (taba. 1). Ile-
pPeMeHHasd OTKJIMKa 3aJaeT THII MOJCJIN. ﬂﬂﬂ
HENpepbIBHbIX Besmuud Trun n Twait mporHosHast
MOJIeJTb OTHOCHUTCSI K THIY perpeccuonHoit. s
JABYX JAPYTUX OTKJIUKOB, KOTOPbIE SABJSIIOTCA KaTe-
TOPUALHBIMU TT€PEMEHHBIMHU, MOJIETh CTAHOBUTCS
ktaccudukannonuoii. Habopsl mpeaukTopoB st
JIBYX TPYIIT MOJEJeil COBIAAIOT, 3a UCK/IIOUYEHU-
eM HeDOIBINMIX oTInYInil. BHyTpru rpynmbl KaxKmast
CTIEIYIONIAST MOJIEb COJECPIKUT B cebe MPETNKTOPBI
MpebIIYIel, paciupsis UX HAOOp HOBBIMU MeTa-
JTAHHBIMU.

Badl\,/[eTI/IM7 Y9TO TOJIBKO MaJiasl 9aCTb IIPEJIUKTOPOB
B SIBHOM BHJIE COJEPYKUTCS B THUIOBBLIX YKypHAJaX
Slurm. Mogenu 2 u 3 cojuep:KaT MeTaJaHuble, IPe/I-
JIOKEHHDBIEC ABTOPOM I VBEJUUCHUS KOJUIECTBA

upeKTOpoB (B Tabs1. 1 OHM BBIIEJIEHBI cepbiM (o-
HOM), KOTOpBIe (DOPMUPYIOTCSI JTOMOJHUTETHHO, HO
TaKKe Ha OCHOBE CTATHCTUKY IJIAHUPOBINUKA. 3HA-
YeHUsT KAJEHJAPHBIX [apaMeTpoB, KOTOpPbIE, KaK
OXKUIAETCS, TOJIZKHBI YTy IIaTh KATeCTBO MOMeel,
BBIYHC/ISIIOTCS IO JIATe TIOCTAHOBKM 3aJIaHUsI B OUe-
pernb pazgena. CylmecTBeHHAs] 9acTh MPETUKTO-
poB uiaeHTUMUIUPYET PUIOKEHEE, 0 KOTOPOMY
npoBojuTcs pacuer. Hampumep, koprex < project,
program, area, task, param>> SBISETCS MACTIOPTOM
zajianus. C ero mOMOIIbIO MOJIB30BATEb COXPaHSI-
erT B Oaze JAHHBIX Slurm BaxKHYI0 WHGOPMAIIUAIO O
BBITIOJTHSIEMOM TpHIOXKeHnn. Koprexk 3aaeTcsa B
arpubyre comment TaKeTHOrO BbI30Ba. Ecjm paHb-
e 9T JIOTIOJTHUTEIHHBIE TTOJIsT CIIYYKUIN IS aHa-
JIM3a CTATHCTUKH 3allyCKOB 3ajaHuil 8], To B jaH-
HOIl paboTe WX NpeJIaraeTcs MCHOJb30BATh st

Tabruua 1

OTKJINKN U TPEeAUKTOPHI MoJjiejieii U3 MeTaJaHHbIX 3aaHuii

TTapameTp XapaKTepuCcTUKa Mogens Trun Mogens Twait
MOR MI1R M2R M3R MOW MIW M2W M3W
OrKInKI

Trun t BBIIIOJIHEHNS + + + +

Twasit t oxxugaHuA + + + +
class Trun KJIaCC t BBIIIOJIHCHUS + + + +

class Twait  Kiacc t oXKuJaHusA + + + +

IIpenukTopsr

Tlimit 3a1pocC ¢ BBITOJTHEHMS + + + + + + + 4
Twait t oKW TaHUS + + +

nodes KOJI-BO y3JI0B + + + + 4 + + +
part paszes + + + + + +
reserv pe3epBarust + + + + T +
nuser [10JIB30BATEIDb + + + + T +
nbat daitr 3amycka + + + + T 4
nworkdir pabotas TUPEeKTOPUs + + + +
project IIPOEKT + o + +
program KOJT TIPUJIOYKEHU ST e 4k & +
area, 06JIaCTh MOJIEJIUPOBAHUST 4 == == 4+
task 33/1a49a + b + +
param pacyeTHasi MOJEJIb + 4L + 4
mon MeCsII] uE +
hod Jac JIHs + +
dow J€Hb HeJIeJIN 4= +
pod yTPO/ IeHb / Bedep 4L +
nalloc 3aHATHIE y3JIbI + 4
nque JJINHA O4Yepe 4= a4
Twaitl t oxxmmanus (Slurm) +
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yIIydIleHnsT KadecTBa Mojeseii. Hekoropbie moJist
KaTeropuaJibHOIO THIIA, HAIpUMep UMsl II0JIb30Ba-
TeJid, MEHAIOTCA Ha ITOPAAKOBbBIE HOMEPa 3HaYeHUl
KaTeropuaJIbHON IepeMeHHOM, TaK Kak O0JIbIIOe KO-
JINYECTBO KATEroOpHil yXyIIaeT KaueCTBO IIPOTHO3-
HBIX MOJIeJIEN.

OO6bsiCHIM HIEI0 BJAOXKEHHOCTH MOIeJIei.

Mogess 0 (MOR, MOW) siBiisteTcst TpuBHAIbHOM
u 6asupyercs TOJbKO Ha npeaukrope Tlimit.

Mogens 1 (M1R, M1W) ommpaercss ma Tumo-
BbI€ IPEIUKTOPBI, C IIOMOIIBIO KOTOPBIX OOBLITHO
[IPOBOIATC UCCJIeNOBaHus pabodeil HAIPY3KU IIa-
pasutenbHbIX 3amanuit (popmar swf — standart
workload format) [9]. Dra crarucruka, cobpaH-
Hasi B HEKOTOPBIX 3apYOEXKHBIX CYIIEPKOMIILIOTED-
HBIX IIeHTpax, jocrynHa 4depes Murepuer [10]. K
CcOXKaJIEHNI0, SWi-apXuBbl cojep:kaT WHMOPMAIUTIO
0 paboueil HaIpPy3Ke CYIEPKOMIIBIOTEPOB IIPOILILIO-
r'0 BeKa, KOrJa ee CTPYKTYypa OblLiia MIPUHITUITHAIBHO
gapyroii. [TosroMmy Baauganuio METOIUK W MOJEJIei
Ha OCHOBaHHUU JAHHBLIX STHUX apXUBOB HEJb3sl CUU-
TaTh obocHoBanuoi. Momenb 1 MOXKHO paccMaTpu-
BaTh KaK 0A30BLI BapUaHT.

Mogens 2 (M2R, M2W) npuHnunuaibHO paciim-
pdeT MeTaJlaHHbIE 3aJaHUll, XapaKTepu3ys CIeIu-
PUKy 3alyCKaeMbIX MPWIOXKeHu. VIMeHHO momoJi-
HUTEJIbHBbIE IIapaMeTpbl JOJI2KHBI IIOBBIIIIATH TOY-
HOCTb MoOjeym. llpumeHeHUe pacIIMpeHHON HUieH-
TUUKAINN 33 JaHIH — BasKHAasT KOHIIEIIS JTaHHON
paborer. Takmm 0Opa3oM OCYIIECTBJISACTCS Iepe-
XOJl OT HAPaJUIMbl O00E3JIMUEHHOTO BLIYUCIUTE/Ib-
HOTO 3aJIaHWsI, 3aIIyCKAeMOr0 KOHKDPETHBIM II0JIb-
30BaTesieM, K IOHSITUIO BBIYUCIUTEBHOIO NPUao-
oicenus KaK IPYIIL pacdeToB, KOTOPoe 00JIalaeT
YCTOWYHUBBIMU PECYPCHBIMU XapaKTEPUCTUKAMHU.

Mogesns 3 (M3R, M3W) nonosiHsieT npeuKTopbl
KaJIEHIAPHBIMU IIPU3HAKAMU, & B CJIydae MOIEJIH-
POBaHUdA BPEMCEHHN OXKHWJIaHWUA — €Ie U COCTOAHHN-
eM pasjiesia (KOJMIeCTBO PACIPEIEIeHHBIX Y3JI0B 1
JUTHA odepenn). BaxkHoil njeeil siBiisercst pasbus-
Ka KaJIeHIapHOTO BPEMEHM Ha HECKOJIbKO KaTero-
pUAIbHLIX 3HAYEHHUI: dYac U IEepPUOl CYTOK, IEeHb
HEJIeJU U T. M., ITO JOJKHO IIOMOIaTh IIPU KJIACCH-
dbukanmonHoM pas3bueHuu.

Mogenuposanne 0yaeM IPOBOIUTL METOIOM Ma-
mmuaoro obyvenust Random Forest (RF — cayuaii-
Houti aec) [11], KOTOPBIi SIBJISIETCS OJHUM U3 HEMHO-
I'UX YHUBEPCAIbHBIX aJTOPUTMOB M XOPOIIO 3aPEKO-
MeHI0BaJI ce0si Ha PasHOPOIHBIX HAbOPax C UUCJI0-
BBIMH M KATE€rOpHaIbLHLIMU JaHHLIMHA. AJIropuTM
yCTONYINB K BhIOpOocam 3Hadenuii. Kpome Toro, om
MMeeT BBICOKYIO CKOPOCTBb O0yUeHUsI U CIIOCOOHOCTH
obpabaTeiBaTh H0JIBIIINE 00BEMBI JaHHBIX. Bee aTn

KadeCcTBa HOIXOISIT JIJIsI aHAIN3a CyIePKOMIIbIOTEp-
Hoit pabodueit Harpy3ku. [logbop onTHMAaIBEHOTO Me-
Tofa u3 "GosbInoi Tpoikun" addexruBHbIx ML-
METOIUK — OIOPHBIX BEKTOPOB, PEIIAIOIINX Jepe-
BBEB WK I'PAJUEHTHOrO OyCTHHIa, KOTOPhIE MOLYT
IIOKa3bIBaTh 6J'II/I3KI/Ie pe3yJibTaThbl 110 Ka9eCTBY IIPO-
IHO30B B 3aBUCUMOCTH OT KOHKPETHOIO Habopa JaH-
HBIX, IIEJIBIO HE fABJILAJICA.

3. VYcioBusi IpoBeAeHUS YKCIEPUMEHTOB

3.1. UcxonHble maHHBIE U OPOTrPaAMMHOE
obecrnieueHue. /[yt nmposesneHust o0yueHusi ObLIA
oToOpaHa reHepaJibHasi BEIDOPKA IEPUOJIOB OCEHb—
suma 20171. u BecHa—JeTo—oceHp 2018 1. craTm-
CTUKU BBIYUCUTEIbHBIX 33JIlaHuil KJIacTepa Cpeji-
Hell MPOM3BOANTEILHOCTH C BBICOKOI pabodeil Ha-
rpyskoit.  Ilpu cbope MAHHBIX TPUHITUIUATIBLHO
HE UCIIOJIb30BAJINCH CIIEIUAILHBIE MOHUTOPUHIOBBIE
CUCTEMBI, YTOOBI ITOKA3aTh CAMOJIOCTATOYHOCTD MH-
dpopMmarmn KypHaJIoB, cobupaembrx Slurm. OcHoOB-
HblE JIAHHBIE OBLIN BBIIPY2KEHBI KOMAHJION sacct.
JlotiostHUTE/IbHBIE JIAHHBIE IS MOJIEJIell II0JIyde-
HBl [PU MEPUOIUIECKOM MOHUTOPHUHIE COCTOSHUS
y3JI0B KJacTepa U OYepe/i C IIOMOIIBI0 KOMAH/T
squeue u sinfo, 3alycKaeMbIX Yepe3 CEPBUC Cron.
N3 renepasbHO#l BBIOOPKK C(HOPMUPOBAHBI JIBE
TPYIIBI JAHHBIX ¢ KoiamdecTBoM H, 10 m 50 ThIC.
zamnuceil, 9ToObl TECTUPOBATDL MOBEICHUE Moeseit
pu uU3MeHeHuHn pasmepa BbiOOpku. Obyuaroriast
BBIOOPKA COTJIACHO CTAHJIAPTHON METOJIUKE COJep-
»kasa 70 % Beex HaB/IIONEHNI, KOHTPOJIbHAS TECTO-
Basg — 30 %.

[IporpaMmuble CKPUIITHI pPeaM30BaHbI B PaM-
KaX WCIOJb30BAHUSA HWHCTPYMEHTOB CTATUCTUYE-
cKoit sKocucremsbl Ha g3bike R [13]. Habop ckpmir-
TOB BKJIIOUEH B COCTaB pa3pabOTaHHON aBTOPOM
B 2014—2015TT. UWHTEpPAKTUBHOIN CHCTEMBI aHa-
maza "Antuk" [14]. B uposemenHOM wuccienoBa-
HUM KCIIOJIb30BaJIach Bepcus Meroqa RF u3 makera
randomForest, mocrynuast na CRAN-penosuropun
cucrembl R. Tak kak RF orHOCHTCS K Trmy marna-
HOro 00yUeHust, 0A3UPYIOIIEMYCS Ha AaHCAMOJISIX pe-
MAIOIINX JIEPEBbEB, B METOJUKE HEOOXO/IMMO 3a/1a-
BaTh IapaMeTp KOJUYIeCTBA JE€PEBbEB B aHcaMOJe.
Bruio Beibpano 3uadenue 100, KoTopoe OOBITHO HC-
[IOJIb3YETCs B CJIydae UCC/IEIOBAHU, HE CBA3BAHHBIX
€ MacIITabMPOBaHUEM ITOI'O ITapaMeTpa, 1 KOTOpoe
B PacCMaTpPUBAEMOM CJIydae 00ecIedmsio mopor, mo-
cJie KOTOPOT'o OMIMOKU MoJiesiefl yyke He yMeHbIa-
IOTCH.
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3.2. Merpuku oreHku KadectrBa. Jlia
JIMAarHOCTUKYM U3MEHEHUs KadecTBa MoJiesieil mnpu
BapbUpOBaHNU HAOOPOB METAaHHBLIX 3aJIaHUN Oy-
JIeM TIPUMEHSTh HanboJiee PEKOMEH/yeMble MeTPH-
KU JIJIsI PEFPECCUOHHBIX U KJIACCUPUITUPYIONTUX MO-
JleJiei:

1. KopeHnb u3 cpeiHeKBaIpATUIECKON OITHMOKN

n

1 2\ 2
RMSE = — <t@—t’.”’e),
O

i=1

rje n — KOJIMYeCTBO 3aJaHuil B BBIOODKe; 1f—
aKTyaJIbHOE 3HAYEHUE BPEMEHHOI'O OTKJIUKA;

d
7" — npejcKasaHHOE MOJIEIIBIO 3HAUEHHE.
2. Cpenasist abCOJIIOTHAST OIMTUOKA

1 n
MAE:EE ‘ ‘
=1

3. Tounocrs (accuracy) — nponeHt (/051s1) IPo-
FHO3HBIX 3HAYEHUN OTKJIMKA, KJIACCUMUIIIPO-
BaHHBIX IpaBuibHO. JIpyrue, bostee mudopma-
TUBHBIC KpUTEpUHU 3PHEKTUBHOCTH K1accudu-
KaTopoB (IosiHOTa, crenuduIHoCTh U 11p.) [12]
B paboTe He MCIOIb3YIOTCS, TAK KAK MTPUMEHSI-
I0TCA K KJacCy OMHApHBIX KJIAaCCU(DUKATOPOB
WIN K KaXKJIOMy KJIACCY B OTIETHLHOCTH.

t;-l N tfred

4. Baxnoctb npeaukTopoB. Meron RF mozBosis-
eT OIEHUBATHL POJIb IPEIUKTOPOB B obeciede-
HUHN KavecTBa KJacCudUKaTropa, ITo HHAEPOP-
MaTHUBHO IIpHA 0T60pe Pa3/IMIHbIX MeTaJaHHBIX
1 COKPAIIEHNH Pa3MEPHOCTH MOJIEJIH.

Perpeccruonnbie MeTpuku 11e1€co0dpa3Ho mpuMe-
HSTh W JIJIs OIEHKU KJIACCU(DUKATOPOB, KOTJA HO-
Mepa KJIacCOB He KOJUPYIOTCA KaK 3HAYEHUs KaTe-
rOPUAJTBLHON TIEpEMEHHOMN, TaK KaK OHH YIIOPSI0ve-
HBI II0 BO3PACTAHUIO TMCIOBBIX 3HAUEHN OTKIINKOB,
OTHOCAIINXCA K CMEXKHBIM KJIACCAM.

4. MWccaengoBaHue MojeJiein

4.1. Mogeap Trun. Cuayasa IpoaHaIU3U-
pyem mioesenne mojesieit MOR, M1R, M2R, M3R
Ha PerpecCHOHHOM cxXeMe IMPOrHO3UPOBAHUS 3HATE-
HIUA HEIITPEPBIBHOT'O BpEMEHU BBLIIIOJTHECHU A 33,,[[3.HI/H>1.
Tak Kak abCOJIIOTHBIE 3HAYEHUS OIIEHOYHBIX METPHUK
TP CEKYHIHOM MacIITabe OTKIUKa 17un siBJISIOTCS
OOJIBITIUMHY YUCJIAMH U MaJIOMH(POPMATUBHBI, IIPEI-
Jlaraercsi pacCMaTpPHUBAThL OTHOIIEHHE IPOTHO3HBIX
3HaUEHU oab3oBaTesst 11imit K TpOrHO3HBIM 3Ha-
YEHUSIM MOJICJIM. DTO OTHOIIEHHE k IIOKA3LIBAET, BO
CKOJIBKO pa3 MOJIe/Ib TOUHEE UeJOBEYECKOr0 IpPe.I-
ckazaHus. B Tabj. 2 HAOJIIOMAIOTC MOX0XKUE MIPH-
POCTBI YJIy4IIeH!s] Ka9ecTBa IIPOrHO3a JJisl PA3HBIX
pasmepoB BbiOOpoK. Merpuka RMSE cunraercs
HaI/I60.Hee BaKHBIM KpuUuTepueM JiJjisl OIECHKU ITPOIrHO-
3UpPOBAHNs 3HAYEHMUI HEIPEPBIBHLIX IIEPEMEHHBIX.
Ona maer 6oJiee YeM TPeXKpaTHOe YJIyUIIeHHe Ha
mocaeaHeir Mogean. M3 Tabis. 2 Takke BHUIHA MO-
HOTOHHOCTD U3MeHeHUsI 3HadeHnit. JlomoaHnrespHo
GyHKIMN pacupeeenns Ha puc. 6 UIIOCTPUPYIOT
CYIIECTBEHHYIO PA3HUILY OJIM30CTH C peabHBIM Bpe-
MeHEeM MOJEJbHON OIEHKHU 110 CPABHEHUIO C OIIEHKON
Tlimit. B BusyanusupyemoMm nabope oTdUILTPO-
BaHbl MaJIble BpPEMEHa, Ha KOTOPBIX BCe rpaduKu
BU3YyaJbHO OJIM3KM, & TaKKe HECKOJHKO OOJIBIITNX
"BBIOPOCOB".

[lepeitmem K KaaccrnUKAIMOHHONE CXeMe IIPOTHO-
3upoBaHusa. Ee I1enecoobpasHo HMCIOIbB30BATH B
cllydyae aBTOMATUYECKO 0Oe30I1acHOi 3aMeHbI IIPo-
CHO3a I0JIb30BaTe/IsT Ha MOPSATKOBBI HOMED KJIac-
ca. IlpornosupoBarh 3HAUYEHME HEIIPEPHLIBHOI'O BPE-
MEHH BBIIIOJIHEHUsI He MMeeT OOJILIIOro IpaKThde-
CKOT'O CMBICJIA, BayKHEE OMPEIENNTh TPAHUIILI 0/
XOJIAIIEr0 KJIACCa U BHIOPATH €I0 BepXHee 3HAYCHNE
JJIsI 3aMeHbI IIPOTHO3a, IPEJIaraeMoro I0JIb30Ba-
TeJIeM.

lectsr KaaccoB st OTKJIMKA 1run B paMKax
KOHKPETHON BBIOOPKU CHOPMHUPYEM  CJIELYIOIIIM
00pa3oM:

Tabauua 2

VilydiieHne KavyecTBa PerpecCHUOHHbBIX MoJeJiell IpU paclupeHnu MmeTagaHHbix (2018 r.)

Pazmep Tun Momeibs MeTa IaHHBIX

BBIOOPKU K03 duImenTa Tlimit MOR MI1R M2R M3R

5 ThIC. k(RMSE) 1 2,48 2,73 3,09 3,27
k(MAE) 1 2,87 3,05 3,93 4,11

10 ToIC. k(RMSE) 1 2,60 2,86 3,14 3,23
k(MAE) 1 3,00 3,16 3,97 4,22

50 ThIC. k(RMSE) 1 2,97 3,49 3,61 3,75
k(MAE) 1 3,42 5,09 5,55 5,78
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0,25 0,50 0,75 1,00
BPEMH BBINNOJIHEHH A

Puc. 6. CpaBaenme 6sm30cTH pacupesesieHnii TPOrHO-
30B M3R (- - -) u Tlimit (---) ¢ peaJbHBIM BpeMeHeM (—)

1) pasobbeM KAy BpEMEHH Ha [[Ba CErMEHTa:
3a/IaHNs1, BBITOJIHSIBINNECS MEHee U OoJlee Jaca;

2) BHYTDH KazKJIOIO CEIMEHTa [IPOBEJEM IPYIII-
poBKy 3Hadenuii Trun B Tpu Kjacrepa IO Me-
tony k-means [13].

ITomo6mHoe muHAMITYECKOE pa30neHme TPAHNIIT KJla-
CTEPOB JjIsl OLpeJejeHus KJIACCOB OTKJ/IMKA IO
CpaBHEHNIO ¢ (PUKCHPOBAHHO 3aJaHHBIMU I'DaHHIA-
MU II0O3BOJISIET YUUTHIBATH YaCTOTHOCTb U CTPYK-
Typy pacupefesenus napamerpa 1run. Hasn-
4qfe TeCTOBBIX METOAWYECKHX 3aJaHuil ¢ KOpOT-
KUM BpEMEHEM BBIIIOJIHEHHs, & TaKrKe IIPOU3BOJ-
crBeHHBIX Meroauk Tuna Bag-of-Tasks (BoT), ko-
rja 3alycKaeTcd OOJIbIIoe KOJIMYECTBO KOPOTKHX
3ajiaHuil (B 9acTHOCTH, B OOJIACTH MOJIEKYJISIPHO-
JIMHAMHIYIECKOTO  MOJIEINPOBAHNS), OOOCHOBBIBAET

CIIEIUAJIBHOE BBIJIEJIEHUE IIEPBOIO CermMeHTa. B
TabJs1. 3 IpUBEIEHDI JAHHBIE O KadeCcTBe KJaccudu-
KaTopa, IIOCTPOEHHOI'O MO MNPEXKHUM MeTPUKAM C
J06aB/IEHHEM METPUKH TOYHOCTHU HOIAJAHUS B TPe-
Oyempbrit Kiacc. [Ipu Berauciennn opmyst ormrubOK
UCIHOJIb3YIOTCsI abCOJIIOTHBIE (IHCIIOBBIE) MOPSIIKO-
BbI€ 3HAYEHUsI KJIACCOB. B CBS3M C TeM, UTO KaTe-
TOPHUH KJIACCOB YIIOPSIOYEHBI 110 BO3PACTAHUIO 3HA-
YEHUI [IePEMEHHON, PErpeCcCUOHHBIE METPUKHU MOXK-
HO HCIIOJIH30BATH KaK Kiiaccudukannonubie. Jucro
KJTacCu(PUKAIMOHHAS] METPUKA GCCUTGCY TTOKA3BIBA-
€T JIOJTIO TIPABUJILHO OIPEJIEICHHBIX KJIACCOB. B Mo-
Jiesid 3 JJIs pa3/IMYHbIX BBHIOOPOK €e 3HAYEHUe CO-
crasyisier ayTh MeHee 90 %. 3mech Takke HabIIIOIA-
€TCsi MOHOTOHHOCTD PE3yJIbTATOB 00y YeHUsT 110 BCEM
KPUTEPUSM.

IIpuBenerHble B TaOIUIE PE3yJIbTAThI COOTBET-
CTBYIOT CJIyYailHbIM, HO THIIOBBIM '"ycpegHeHHbBIM "
10 CTPYKType BBIOOPKAM. Boabmoe xommue-
CTBO IIPOBEJIEHHBIX SKCIIEPUMEHTOB IIOKA3aJI0 3a-
BUCHMOCTH KadeCcTBa OIEHOK OT mporenta BoT-
MIPUJIOKEHUN B CTPYKType BbIOOpPOK. Ilpm mckiio-
YEHUU FTOM IPYIIILI 3aIIyCKOB U3 aHAJIM3a IIPOI'HO3
yxyamaercd. V1 HaobOpOT, OH yJIydIIaeTcs, KO-
ra 3aJaHUsI JTAHHOM TPYIIBI COCTABIIAIOT OOJIb-
MIAHCTBO. VTOroBbIll pa3dbpoc 3HAYEHUI METPUKI
accuracy onupeeseH B nuarepsase Mexk ity 70 u 96 %.

4.2. Mogaenb Twait. B moxpaza. 1.2 6bL1
[IpUBEJIeH IpUMep OIMIMOOK IIAHMPOBIIHKa Slurm
B OIlEHKE BPEMEHU OXKUJAHUsSI 33JIaHUN B OYEPEIN.
st mostydeHust 3Toi MHMOPMAIUU IPUIILIOCH 3a-
IIyCKaTb IPOHEeAYyPY MOHUTOPUHTA COCTOAHUA OYe-
penu. B Habop Takux 3ajjaHuii OMAAJNA T€, KOTO-
pble oxkujiam B odepe/isix bosee 3 mun. s chop-
MHUPOBaHHOIO Habopa U3 8 THIC. 3a/[aHUI IOy I€HbI
OIIEHKHU ITPOrHO3MPOBaHMsI 3HadeHuit Twait mianm-

Tabauya 3

OneHka KadecTBa MpPOruHo3a mias Trun-moaeim C¢ KjiaccaMu

Paszmep Metpuka Mogenb MerataHHBIX
BBIOOPKU MOR M1R M2R M3R
5 ThBIC. RMSE 0,871 0,699 0,698 0,677
MAE 0,312 0,212 0,207 0,200
accuracy 0,836 0,879 0,886 0,887
10 TrIC. RMSE 0,726 0,524 0,523 0,511
MAE 0,361 0,175 0,172 0,157
accuracy 0,716 0,866 0,870 0,884
50 ThIC. RMSE 0,678 0,589 0,564 0,551
MAE 0,288 0,209 0,194 0,187
accuracy 0,780 0,845 0,854 0,859
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POBIIIUKOM U € UCIIOJIb30BAHUEM MOJIEJIEH 110 perpec-
croHHOIT cxeme (Tabut. 4). B sTom mpumepe Mozemnn
metona RF B Hecko/ibKO pa3 MpPeBOCXOAAT IO Ka-
YECTBY OIEHKY, CACJAHHYIO ILIAHUPOBIIUKOM. Jlo-
[IOJTHUTEIBHO (DYHKIUU PACIIPE/IeSICHUs Ha PUC. 7
WLTIOCTPUPYIOT CYIIIECTBEHHYIO PA3HUILy OJIU30CTU
C peaJIbHbIM BPEMEHEM MOJICJIbHON OIEHKH 110 CPaB-
HEHUIO C OIeHKOi Slurm.

Kak u g Trun-mopeneii, B Tabj. 5 mpuBejieH
[IpUMeEp YJIYUIIEeHUs Ka9eCTBa IIPOrHO3a I KJiac-
cnpUKAIMOHHBIX MOJIeJIel Ha BHIOOPKE pa3MepoM B
10 ToIC. 3ammceit nepuojia Becua—maeTo 2018 T.

CDF

1,00 - e

0,751 §

0,50

0,251

|
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4
t
»
t
]
|

!

]

0,001
0,00

0,25 0,50 0,75 1,00

BpeMs osknaanus

Puc. 7. Cpasrenue Gn30CTH pacupejeeHnii Ipo-
rao3oB M3W (---) u Slurm (---) ¢ peasbHBIM Bpeme-

HeM (—)

MounoronHnocts y Twait-mofeneit npu paciimpe-
HUU METAAHHBIX COXPAHSETCs, TIPU ITOM OHA €ITle
6osIee BBIpaXKEHA, TI0 CPABHEHUIO ¢ 1run-MoJIe My
(puc. 8). OmubKu yMeHbIIATCs ObICTpee, TOU-
HOCTH PacTeT COOTBETCTBEHHO.

4.3. Baxk#HocTh BJINSHUS NOPEIUKTOPOB.
Metos RF mo3BosisieT yYuThiBaTh BAXKHOCTD BKJIA-
a TePEeMEHHBIX-TIPEIUKTOPOB B 3 PEeKTUBHOCTD
Mosiesin.  JJisi OIEHKU MCIIOJIb3YIOTCS JIBE CIIeIH-
aJibHble MeTpuku. [lepBas orpejiesisieT pe3ysibTaThl
[IEPECTAHOBKU 3HAUEHUN B IPEIUKTOPE, T. €. YMEHb-
IIEHUs TOYHOCTH MOjiejin. BTopasi MeTpuka ompe-
JIeJIsIeT Pe3yJIbTaT YMEHbBIIEHUS TIOKAa3aTe sl PA3HO-
popuoctu Jlxxuuu (suTponuu). Ha puc. 9 moka-
3aH IpUMep PaHKUPOBaHUs IpeanKTopoB M3W mo
9TUM JIBYM KPUTEPULAM JJIsi CAMO OOIBIITON MHOTO-
MeCSTIHON BIOOPKHU B 50 THIC. 3a/IaHMIA.

Kak wu mupemmnosarasoch, B INIPOrHO3e BpeMe-
HU OXKWJIAHUs, KPOMe 3allpallliBAeMBIX PECYPCOB
(Tlimit, nodes), KOppeJisitysi ¢ KOTOPBIME [TOKA3aHa,
Ha puc. 1, BAXKHYIO pOJIb 110 IIEPBOMY KPUTEPHIO WUT-
paroT KajeHjapubie mapamerpsl (dow, hod, mon u
1p.). Takzke cpeu Hanbosiee BasKHBIX TAPAMETPOB
dburypupyror mgaHHble HacnopTa 3aaaHuii (project,
area, program u np.). B BepxHell yacTu crmcka
TaKKe [MPUCYTCTBYIOT BBEJEHHBIE B MOJIED 3 JIaH-
HBIE O COCTOSIHIY 3arpy»KeHHOCTH KiacTtepa (nalloc,
nque). DTOT IPUMEP TOITBEPKIACT IPABUILHOCTD
nJien BKJIIOYEHUs] PACIIMPEHHBIX METAJAHHBIX B CO-
CTaB MOJIEJIEN.

Eme omao mpejiokeHne 3aKI0YAETCs B IIPH-
MEHEHHH IIPOrHo3a Slurm B JONOJHEHHE K aJi-

Tabaruua 4
VYiaydnieHue KadecTBa nporaos3a Slurm c ucnosib3oBanuMm Twait-monedsieii
Pazmep Tun Mogenb MeraaHHBIX
BBIOODKH ko3 dumnuenTa Slurm MOW M1W M2W M3W
8 ThIC. k(RMSE) 1 1,83 2,39 2,42 2,86
k(MAE) 1 2,48 2,87 2,99 4,02
Tabaruua 5

Orenku KavecTBa nmporHosa ajs Twait-moaeneil ¢ Kjaccamu

Pazmep Metpuka Mogenb MeTaIaHHBIX
BBIOODKU MOW M1W M2W M3W
10 ToIC. RMSE 0,877 0,767 0,692 0,494
MAE 0,436 0,387 0,314 0,146
accuracy 0,674 0,689 0,746 0,889
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Puc. 8. Cpasaenne moHoTOHHOCTH OOy4enust Twait- (a) u Trun-momeneit (6) (BeiGopka B 10 Thic. 3anmceii,

20181.)
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Puc. 9. Baxnocts npeaukropos st mogeaun M3W: a — kpurepuii Tounoctu; 6 — Kpurepuit JLxuHu

roputmy RF. HecmoTps Ha HETOYHOCTHL OICHKHU
[JIAHUPOBIIUKA, B POJIA TIPEJUKTOPA MOJETN (CM.
HocJIeIHUi mapaMeTp TabJ1. 1) OH moIydaeT mepBoe
MECTO B PEATHHIe BasKHOCTH II0 ODOMM KPHUTEPHU-
sIM, CyIIECTBEHHO IOBBLIIIAs KAYeCTBO IIPOrHO3UPO-
Banus. st Habopa JaHHBIX B 8 THIC. 3aIAHUI 9TO
yayumtenue cocrasusio 6 % png RMSE u 12 % mis
MAE.

4.4. Bausinue mapaMeTpoB OpU O0yYeHUH.
Asropurm RF He 06718/16T MHOYXKECTBOM MapaMeT-
POB JIJTsT €70 HACTPOMKM Ha KOHKPETHBIN HAOOD ITaH-
HBIX B IIporiecce oOydenus momenu. [IpuHrumnm-

AJIBHBIM TIapPaMETPOM SIBJISIETCSI KOJTMIECTBO Jiepe-
BbeB B aHcambiie — mapamerp niree. llpoBenen-
HBIE 3KCIIEPUMEHTHI ITOKA3aJId, YTO BO BCEX CJIYUIAAX
omubKa IepecTaeT yMeHbIaThcs mnociie niree >100.
IIpu srom mist momeneil Twait peskoe yMeHbIIIe-
HIEe ONMOKY [IPOUCXOAUT yKe B uHTepBase [20,40]
(puc. 10), a mst mozeseit Trun 1OpPOroM sIBJISIETCSE
ntree = 50. CaenoBaTebHO, IPU BCTPAUBAHUN AJI-
FOPUTMA B CUCTEMY ILJIAHUPOBAHUSI 38 aHUN CKPUIIT
[TOCTPOEHUsT MOJE/N OyJIeT BBIMOJTHSATHCS OBICTPEE,
ecan JUId mapaMerpa OyaeT BBIOPAHO yMEHbLIIIEH-
noe 3uadenne. Mopgens M3W nemoncrpupyer 6o-
Jlee 4eM JIBYKpaTHOE yJIydIleHHeE.
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KomryecTBo JepeBheB

Puc. 10. 3aBucuMoCTh OMIMOKY OT KOJUIECTBA JEPEBHEB
B ancambuie nyis Twait-moneneit: 1 — MOW; 2 — M1IW,
3 — M2W; 4 — M3W

JpyruM napaMeTrpoM, BIMSAOINIAM Ha Kade-
CTBO OIIEHKHU IPOTHO3UPOBAHUS, SIBJISETCS pa3Mep
BBIOOpKHU. [IpUMEHUM CJIEAYIONIYI0 CXeMy MACIITa-
oupoBanus. urepBas mepruoga pabodueil Harpy3ku
OyZeM yBeJUYINBAaTH DU JIBUXKEHUU HA3aJl OT Te-
KYIIIETO TOCJIeTHETO BPEMEHN 3aMepa B IeHepajlb-
noit BeIOOpke 2018T. ¢ mrarom B 5 ThIC. 3aja-
auit. Puc. 11 wutiocTpupyer yBeIndeHne MpOrHO3-
HOI OIMMOKM [JIsT BCeX MOJeseil Mpu pa3Mepe BbI-
6opku B mHTepBajsie 20—30 Teic. 3ajganwmii. Og-
HaKO C JAJILHENIINM yBeJMYeHneM pa3Mepa BO3HU-
KaeT MOHOTOHHOE YJIYUIeHNe KadecTBa pPerpeccu-
OHHOTO ITPOTHO3UPOBAHUS KaK JJjisl MPOCTHIX, TakK
U MHOT'OIIPEJMKTOPHBIX HAOOPOB METaJ[aHHBIX. 1a-
KIM 00pa30M, IIPU PEaTbHOM BBITIOJIHEHUH ITPOTHO3-
HOT'O CKPHUITA B CUCTEME OIOBEIEHUS MTOJIb30BaTe-
JIeit JITsi Hero HeoOXO/MMO BBIOMPATH ONTUMAJIbHBIE
pa3Mepbl HAbOpa JAHHBIX, MOJIYUYCHHBIE IIPU MPEJI-
BAPUTEJILHOM WCCJIEJIOBAHUN BJIUSHUS MAaCIITaOu-
pOBaHUS.

5. /IBe 3azmavu BHeApeHUS
pPe3yJIbTaTOB MCCJIE€/I0BAHUS

[Tostyuennbie BBIIE PE3YJILTATHI TO3BOJIAIOT IIe-
peiiTi K IpakKTUIecKoil ¢rase BKIIOUEHUsT MO
B OKpy’KeHHUe IJIAHUPOBIIMUKa. Ha mepBoM 3Tare
[IPEJIIIOIAraeTCs PEIIeHne JIBYX 3aJat, cOpPMYIIH-
poBaHHBIX BO BBejenun.

MAE
.“ \\\\.
3,0+ / N
/\ / \
/ ;} \‘—.
2,51
2,0+
3
1,51
: 4
1,04 ;
5 10 15 20 25 30 35 40 45 50
PazmMep HaGopa JaHHBIX, THIC.
Puc. 11. 3aBucumocts omubKm OT pasmMepa BBIOOPKHU

s Twait-moneneit: 1 — MOW; 2 — M1W; 3 — M2W;
4 — M3W

[lepBorit  mpoekT mpemdmosiaraerT  paspaboOTKy
KOMAH/IbI-YTUJIUTHL JJIsI TIOJIb30BaTesIeil, Ccrpemsi-
IIAXCA 0Ty YaTh 60Jiee JOCTOBEPHYIO HH(MOPMAIIIIO
06 06paboTKe CBOMX 3aJaHUM, HAXOSIIINXCS B OUe-
peliax BLIYUCJUTEILHOTO KiacTepa. UWuaTtepdeiic
KOMaHIbl IpPOCT: Ha BXoae 3amaercsd JoblD —
UAeHTUPUKATOD 3aJaHUsT B CTAINM OXKUIAHMUSI,
Ha BBIXOJIE IIOJIb30BATEIb IOJIYyYaeT IBE BPEMEH-
HbIE OIEHKA — MPeIIoJaracMoe KaJIeHIapHOe
BpeMsl 3allyCKa 3aJlaHUsl W IIPOrHO3HOE 3HadeHUe
JJIATEJILHOCTH €r0 BBIIOJHEHHSI IIOC/IE 3aIIYCKA.

Cxema peajm3anuy B3auMOJeHCTBAA Slurm u
6J10Ka, ITPOTHO3UPOBAHUS CJIEIYIOIIAS:

1) mpu mocranoBke JIIOOOro 3aJlaHusi B O4Yepelib
IJIAHUPOBIIUK COBMECTHO CO CTAHIAPTHBIM
HapCUHI'OM OIIUN NAaKeTHBbIX KOMaHJ sbatch
BBIIOJIHSIET PACIIHpPEHHbIe (DYHKIMH 10 POp-
muposaunio 20 MeTaJaHHbIX (cM. Tabi. 1) 3a-
IIyCKAeMOI'0 33/ IaHNs U COXPAHEHHUIO TOH 3a1u-
cH BO BHYTpEHHe# 0a3e JaHHBIX. JacTb Koaa
TO00HOTO PACIIUPEHUST YK€ BKJIIOYUEHA B Te-
KYIIyIO0 BEPCUIO INIAHUPOBIIMKA, J1j1sT obeciede-
HUSI CHHTAKCHYIECKOTO aHAJIN3a IMOJIel HMacIop-
Ta, 3aIaHUsI;

2) R-ckpunr nocrpoenust mozeneir M3W u M3R
3allyCKaeTCsI depe3 MeXaHu3M Cron II0 BhIOpaH-
HOMY PACIMCAHUIO: Pa3 B YacC WM PeXKe, UTOObI
AKTyaJIM3UPOBATH MOJIEIH C YIETOM IIOCIEIHIX
3aBePITEeHHBIX 3aManuil. [1ybuHa JaHHBIX CTa-
TUCTUKH SABJISIETCS IaPAMETPOM CKPUIITA;
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3) mo 3ampocy nosb3oBaTe st u3 6a3bl IIAHUPOB-
KA BBIOMPAETCsI BEKTOP METaIaHHBIX 3aIIPa-
IMUBAEMOT0 3aJIaHUs, 3arpy2KaeTcd paHee Io-
CTpOeHHasl TEeKYIasi MOJEb U OCYIEeCTBIISET-
Csl TPOTHO3WPOBAaHNE NBYX €JIMHUIHBIX OTKJIN-
KOB, KOTOPbIE BU3YAJU3UPYIOTCS B KOHCOJIBHOM
OKHE TIOJIb30BATEJIsI.

[Ipun peanuzanuu BTOPOrO IPOEKTA  CXEMa
HECKOJIbKO MEHSIETCS: IIar 3 CXEMbI 3allyCKaeTCst
cpasy mocjie 1mara 1 caMuM IJIaHUPOBIUKOM JIJIsT
nporHosupoBanusi 1o Mogesun M3R u  3amenbr
[IOJIb30BATEJILCKOTO 3HavdeHus 1limit Ha 3HAYE-
HHE BBIUMCIEHHOIO OTKJIMKa. TakuMm o0pa3om,
BTOPOIl PACHIUPEHHBIN TPOEKT MPEIyCMATPUBAECT
JIJISE HOBOT'O BBICOKOIIPOU3BOJINTEILHOIO KJIACTEPA
BHUUA BrenpeHne 3KCIEPUMEHTAJBHON ITAJIOT-
HOIl ouepesu, YIPaBJIsAEeMONl IJIAHUPOBIIUKOM,
KOTOPBII (pOPMHUPYET COOCTBEHHBIE ONTUMAJIHHDBIE
"OezomacHbie" 3HAUEHUWsS] BpEMEHH BBIIOJIHEHUSI
3aIlyCKAEMbIX 33/I[aHWI, OTTAJIKIUBAsACH OT UCTOPUU
3allycKa [PUJIOXKEHUI Ha OCHOBE IPOTHO3HBIX
mojiesieii.  Hajmmaume HOBOro kjiacrepa st MpPO-
€KTa BBI3BAHO TaKXKe TEXHUIECKOW ImpobieMoit
OTJIAJIKA aJITOPUTMOB MHTerparuu. K coykaJeHuro,
Oe30o/ie3HEHHAST UHTErpamus Slurm u 6Jioka MO-
JIeJINPOBAHUS TPeOyeT HAJIMYUSA HUCIHBITATEIHHBIX
CTEHJIOB W MPAKTUIECKU HEBO3MOXKHA Ha pabora-
IONEM BBICOKO 3arpyKeHHOM KJjacTepe, TaK Kak
3aTparuBaeT CaMblil BarKHbI M YyBCTBUTEJILHDLII
9JIEMEHT yIpPABJEHUS KJIACTEPOM — CHCTEMY
YIPABJICHUS BBIYUCIUTETHLHBIMU 338 IAHUSAMH.

BriBoanl

[IpoBeienHOE HCCIEIOBAHNE TTPOJIEMOHCTPUPOBA-
JIO CIIOCOOHOCTD METOJMK MAIIMHHOIO O0y4eHHs K
9 dEKTUBHOMY TPOTHOZUPOBAHUIO BaXKHEHIITIX TI0-
Kasareseil pabodeil Harpy3KH, CBSI3aHHBIX C Bpe-
MEHHBIMHI XapaKTepUCTUKaMn O6pa.6OTKI/I BBIYNCJIN-
TeJIbHBIX 3aiaHuil. [loydenbl ciiemyronue pe3yiib-
TaTbI:

1. Ha sHaunrenpHOil (110 BpemMeHm u o0beMy

JIAHHBIX) CTATHUCTUKE MOKAa3aHa CYIIEeCTBEH-
Hasi HETOYHOCTH IIPOTHO3UPOBAHUS B OIEHKAX
IT0JTb30BaTeNIeN U IJIAHUPOBIIIKA 33 IaHUI.

2. IlpejiozKeHbl HOBBIE TPYIIIIBI METAJIAHHBIX BbI-
YNCJINTEJBHBIX 33 IaHUI JIJIsl TIOCTPOEHUS 1IPO-
FHO30B MX BPEMEHHBIX XapaKTEePUCTUK Ha Ha3e
MeToja MamuHHOro oby4yenusd RE.

3. Ilokazana 3¢ dEKTUBHOCTD PEIJIOKEHHBIX
MOJIeJIeil: KateCcTBO OIEHOK JIJIsT JIFOOBIX BBIOO-
POK JIAHHBIX 10 CPABHEHUIO C OIEHKAMU T10JIb-

3oBaTeNiell W IUIAHUPOBIMWKaA Slurm Jydrire B
HECKOJIBKO Pas.

4. B mporecce oOydeHUsT BBISIBJICHBI 3aBUCHMO-
CTU KAYeCTBa OIEHOK OT PACIIHPEHUs] THUIIOB
MPEIUKTOPOB, MAPAMETPOB CaMON METOJUKY 1
CTPYKTYDBI paboueii HArpy3ku (B YaCTHOCTH,
YCTAHOBJIEHO CYINECTBEHHOE YJIydIleHUe IPO-
THO3a TTPU HAJTMYIUN GOIBITIOTO TTPOIEHTA, 3,18
uuit Tuma BoT).

5. Koapl pa3paboTaHHBIX CKPUIITOB BKJIIOYUEHBI

B COCTaB CHCTEMBI CTATHCTHYECKOIO aHAJIN3a
"Antuk" [14] (paspaborka BHINA).

Ocy1mecTBiisieMoe B HACTOAIIUN MOMEHT BHEJIpE-
HU€ OIHMCAHHBIX MHTE/JIEKTYAJILHBIX METOJIOB JIJIst
VIPaBJICHUS BBIYUCIUTEILHBIMU 3aJAHUIMUA KJIa-
crepoB BHUMA nossoiuT cobpaTh Marepuas st
aHaJI3a MOBbIMeHns 3PHEKTUBHOCTH 3arPY3KN UX
BBIYUCJUTEIBbHBIX pecypcoB. [Ipemmnosraraercs: mpo-
BECTH CpaBHEHHE PEe3Y/IbTATUBHOCTU PabOTHI ILIa-
HUPOBIIUKA B IITATHOM U IIPOTHO3HOM PEXKMMAaX HA
peaJIbHBIX JIAHHBIX MACCOBBIX PACUYETOB M OIyOJIH-
KOBATH PE3YJILTATHI 9TOI'0 CPABHEHUS.
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EFFICIENT JOB TIMING DATA PREDICTION BASED ON EXTENDED
METADATA / S. A. Petunin (FSUE "N. L. Dukhov VNIIA", Moscow).

Application of the Random Forest statistical method from the machine learning group for
predicting the job timing data (queuing time and runtime) was studied. All the experiments
were done with a large body of data logged by the Slurm workload manager and job scheduler
during different calendar periods. The data processing programs were implemented as scripts
within the R statistical system. The key idea of the work was to incorporate new unique
job metadata, which have never been employed before, into the structure of the predictive
models. The results of the studies demonstrated that the proposed predictive models were
twice as efficient as the estimates of users and the job scheduler. This work is the first step
in the implementation of automatic job management services at the level of the metadata-
based job scheduler to provide automatic processing of resource requests and more efficient

notification of users.
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