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«MWPOBAA NNUHNA» 3BOMKOLIMN: OT NMPOMPAMMHbBLIX ABTOMATOB K «YMHbIM»

BbIYNCIIUTEJIbHBIM MJITATGOPMAM

NOTUTEX

®un3nKa 4OCTUIMA TaKNUX BbLICOT, YTO Mbl MOXEM CyTb «yMHOro» nogxona: «BEeCKOHEYHYH FIEHTY» U3 CYETHOro
MHOXeCTBO KOMaH[, «MaLUMHbl TbIOpUHra» 3aMeHUTb Ha «(PYHKLUMIO
BbIYUCIINTb aXe TO, YTO HEBO3MOXHO
6 pacrnpegerneHna» MHOXeCTBa BXOOHbIX X N LieneBbIX NepeMeHHbIX
cebe npencrasnTb yaKTyarnbHbIX B MOMEHT BpeMeHHU t - onepatop P(X,y,t)

J1. JlanOay
apa
apa «YMHbBIX» KOMMbIOTEPHbIX nnartdgopm,
9pa KOHEYHbIX aBTOMATOB, KOTOPbLIE KOTOpblE peanunsytor alrmropnTMbl
MeXaHW4YeCcKUX aBTomMaroB, peanu3yroT 3apaHee cocTaBlieHHble BbIHYUCIIEHUU, popmMupyembie «B npouecce»
WCMONHSAIOLWNX anropuTMm, NPOrpaMMmbl BbIYMCHEHNIA 00paboTKM BXOAHbLIX U LeneBbIX AaHHbIX
I'Ipe,qCTaBneHHblﬁ B CTPYKTYpE Y —L€ENeBble

CaMOro «BbIYUCTIUTENS» X-BXO4Hble AaHHble [aHHble

[Mporpamma — Mbicnmas
nocriegoBaTenibHOCTb
KOMaHO BblYUCIEHUN

NaHHble-

U/

nporpamMmel
BbIYNCIEHUN




AKTYAINBbHBIE ACMEKTbl PA3BUTUA CYMNEPKOMMbIOTEPHBLIX

TEXHONorn: TOP 500

NONAUTEX
Modnonc | 1. MOLWHOCTb, 1 kryrmna -> 3 kBty =0.003 MBT1y4
yucno age « » ridnorc max
-- 1 ToHHa yrnga -> 3 MBT1y
2022 1680.XX 1100.XX 21 MBT -> 21/3 =
8,700,XXX T
Frontier (1.7 3dnonc) (1.1 3dnonc) e 7 TOHH B uyacC
e 168 TOHH B AeHb
AU 7,300,XXX 513.XX 415.XX 28 * 60480 ToHH B roa
Fugaku
2010 186,XXX 4.7X 2 6X 4 Bca EBpona noTtpebnser
Tianhe-1 400 000 MBT.
[Mo nuHUM anekTponepena4yn (500
2000 9 6XX 0.03 0.02 i KB) MOXHO nepepatb
ASCI Intel 500 MBT
lNpobnemei:

*  YNPABJEHUE MNPOLIECCAMU MNITAHUPOBAHUSA 3ALJAHNIA mak, 4mobbi
cnusumsb NOTPEBIIAEMYIO MOLWHOCTb (ymeHbwums «ya2nepoOHbil cned yugpposusayuu»)



AT [PAVK NOTPEBNEHMA 3. MOLHOCTY NPV BbINONHEHMY
3ALAHNI

Own6ku MNAHNPOBAHNA 3AOAHN

MNPBOOAT K HEPABHOMEPHOCTU
3AIPY3KW BbIYNCITUTEJIbHbIX
PECYPCOB

HoBaga cTtparternun passutmna KT

Less Moore, More Brain
Mensiue Mypa, boneiue Mo3ra

«More Brain» — ato
«BU3yanusaums» I KaK " ...Kyaa?
ovepeamn UCMONHAEMbIX . . Em

3aJaHui B y3nax N

KnacTepa :

[ SNOwm kW

—~




«MORE BRAIN» - 3TO CHOOA: PASPABOTKA «YMHOIO» MIAHUPOBLUMKA

L

NoNUTEX it

« Macwtab ©“  CHNOXHOCTb  BbIMMUCIIEHUXA  NpoJoSKatoT
yBENMUMBATLCA, a MNNaHMpOBaHWE NPOLECCOB BbIMOMHEHNUS
3alaHM”n CTaHOBUTCH Bce Ooriee CrOXHbIM Mpoueccom,
NO3TOMY :

* OCOOYI aKTyanbHOCTb MNpuodpeTardT noaxoabl K CO34aHUI0
CUCTEM yrnpasrneHusi, obecneunsaroLMx TOHHOE MNPOrHoO3npoBaHUe
BPeMEHN BbINOSIHEHUA 3afaHUU C Uenbl  PopMMPOBaAHUS

PaBHOMEPHOW 3arpy3kiM WUMEILLUXCA BbIYUCIIUTENbHbIX pecyp&didl: «YMHbI»
&...CHMXEeHUs NoTpebrnsaemMon anekTpu4eckon MOLLHOCTN. ﬂﬂaHleOBlf-WlK
3aJaHumn

* KWccneposaHue «NyYWMX MpaKTUK» MNoKasanwu, nonb3oBartenb -—
HeoTbeMnumasa dYacte CK cuctembl B uUenioM, a B (YyHKUUMU
NfIaHNPOBLUMKA 3a4HUMN OO0STKHbI BXOAUTb HE TONBKO aHanmn3 gaHHbIX

* 0 COCTOSAHMK pecypcoB HenocpeacTeeHHo camoro CK (3arpyska
y3r0B, Hann4yme cBoOOAHbLIX PECYPCOB NaMATU U ApP.), HO U ....
* MnpegocTaBnsgeMbiX Nonb3oBaTernieM nNpu opmMmpoBaHnn 3agaHnn




MOTMBALINA MEPEXOOA K «YMHbIM» PELWUEHUAM. CTATUCTUKA «BbDXMBAHUA» U

L

Syl [1POLOMKUTENBLHOCTY

3apauu, Ao 3 MUHYT Bonee 3 cyTok

&

BeinonHeHoO
ycnewHo

cHATble Slurm

10 MUHYT - T vac

Owwnbra

UCNONHEHWA Tuac-1cyTkn

«YCrnewHo BbINOMHEHO» - cocTaBndeT MeHbLe 1/3 oT obuero Yncna obpaboTaHHbIX 3as1BOK Mosib30oBaTENEN



«MORE BRAIN» - 3TO KAK — NCMNOJIb3BOBAHME HOBbIX

L

e <KMETPUK»
Tak Kak 3anyck 3agadu nonb3oBaTtens Ha UCMNONTHEHNE

He rapaHTUPYET ee ycneLwHoe 3aBepLleHne, HY>XHbl METPUKUN «YMHbIX»
peLLIeHNI:

«  «TOHKasi» HAaCTPOMKa 3aJaHnin NoNb30oBaTeENeN C NCMONb30BaHNEM

MexaHn3ma BHUMaHUs, Korga KakaoMy napameTpy 3adaHus CTaBUTCA B COOTB™ ™70 "
«3MOeduHr» BEKTOP BHUMAaHUS o

¢  «ODOBACHMMOCTb NOMNYYEHHbIX pe3ynsTaToB» (YCNeLHoe 3aBepLUEHnE, CHs sl .
aucrneTyepom, omndka B npouecce BbINOMHEHNS) B
Heobxogmmo wmcrnonb3oBaTb TakXe METPUKU npousBoautenbHoctn CK,

KOTOpPbIE NMO3BONAET onpenendTb Kakme:

— MapaMeTpbl 3aJaHnn crnieayet NpUuHATD, 4TOObI MOBLICUTDb BEPOATHOCTDb
«BbIXXKUBaHUA» 3alaHUA B ripouecce ero NcroJiHeHn4d

— cTpaTerMm WUCMOSIHEHUS 3a4aHn MoryT obecneynTb paBHOMEPHYHO 3arpy3|<ﬁ
UMALOITTIAYCA ANNANATUHRIY hacvhenr CK




BAPVAHT PELLEHMA “MORE BRAIN” C UCIMOJIbSOBAHVEM BJTOKA

L

«ONTUMANBHOIO» NMPEACKA3AHNA NMAPAMETPOB 3AOAHUN MONb30OBATESEN
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i d <ONTUMU3SALIIAY

[TPOLIECCHOE OMNWCAHME OYEPEOW 3AOAHUN B BIOKE
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«BAJTAHC» ANMOPUTMOB MAWLUMHHOIO OBYYHEHUA : KPUTEPUN HA OCHOBE

L

OYHKUN BHUMAHUA

NONMUTEX
ana 3a ucnony '
warpafd == CHue YBenuyeHve BpeMeHU
Bpemsi oXXngaHumd B ovepeau,
oXuagaHuvsa
B ouepeau | pPOCT BEPOATHOCTU
+ «BbXKUBAHUA» 3a0aHNA B
T npouecc BbINMOMTHEHUA
20, —— ¢
A ——
0 —— [OnuHa oyepeamn Ha ucnonHeHue B y3nax
\ 3a7aHme 2 CK knacrepa
—A, ——
_op L 3apaHve 100
! 3agaHue 1
L 3apgaHve [ + 1 \ : — CK pecypcsi: veem d
1 3agaHue i y3nbl 2, 6
3agaHue [ y3nbl k,
3afaHue q
y3en 622

Anroputmbl 6anaHcupoBaHus 1) mi
ouepenn MOryT MEHSITLCS B ) min cpegHero BpeMeHn «nNpocToa»

3aBMCUMOCTU KpUTepues (0_>KV|.U.3HV|9|)
2) Min «BpeMsi BbINONMHEHUS» 3aaHUS




nonutex I RRA%]g1=1).¢

KATEFOPUW NONb30OBATENEMN

PE3YNLTATLI MPEACKA3AHVA BPEMEHW BbINOMHEHUA 3AOAHUN

1:33:20

BbiBOA:
(( MOﬂen b 1:6:40
nonb3oBarena»,
CYLLECTBEHHO :
BIIUAET Ha o
TOYHOCTb o640
NPOrHO3
M "= omw 0:0:0
9PPEKTUBHOCTb
paboTbl CK

nnatgopMbl

Time prediction

3agaHund nonb3oBaTernemn ¢ «0onbLUov
nctopmnen» , TodHocTb > 80 %

Il Real
W Predicted
3agaHunsa
Nnosib3oBaTeNen ¢
«BornbLIon ncTtopuemn»
, TOMHOCTb
«cryvyanHag» ot

10% po 80 %




Probability quantile qut-off

«YCTONYMBOE HEPABHOBECUE» OLUNBOK

Byl [1PECKA3AH

Average error on valid predicts

Fatal mispredicts rate
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ill timeout z 0 i - 2000 KommeHTapuu:
" 1] ;
KommeHTapui: & B kavecTBe kpuTepus 5
«I'IpaBI/IJ'IbI-FI)bI')E(I'» = HY>XHa (PYHKLUS «3aCOpPeHUs»
S © MHOXECTBA «MNpPaBUITbHbIX»
npeackasaHun (Bpems S 05 1000 MHOXECTBOM «HENpPaBUMbHbIX»
paBHO UJTN oonbLue e OLIMBOK
doakTmn4eckoro)
0.4
Cnpasa — gons Takas obrnactb Ha cpeaHeM
«HenpaBUITbHbIX» PUCYHKE NMEET «pPO30BbIN

I'IpeJJ,CKa3aHI/II7I (C 0.3 ‘ " LuBeT» (BblAenuM KpacHbIM
3aHWXEHNEM BPEMEHMU 500 1000 1500 2000 2500 3000 3500 KOHTYPOM) :
BbINOJTIHEHUNA Kill timeout

Tpe6yeTc;| ONHaMN4eCcKasd KOPPEKTUPOBKaA NnapamMeTpoB NPUOpUTETa 3agaHunn




m BbIBOAH!

NOTUTEX

1. CyuwecTtByowmne metoabl MalmHHoro obydyeHuns CK He cTOUT nepeoueHnBaTh, OOHAKO UX KKOPPEKTHOEN
Mcnosib3oBaHMe MNo3BOSIAET pearibHO NOBLICUTL 3PdeKTUBHOCTL paboTel CK nnatdopmebl, ecnv B
CUCTEMY YNpaBrieHUs UCMNOSTHEHUS 3a4aHUN BKITIOYNTL «0Dy4HaeMyo» CypporaTtHyo Mogenb
nonb3oBaTerns.

2. 3agava «obyyeHusi» CK TOYHOMY nraHMpoBaHUIO BpPeMEHU nogaaetcs 3MEKTUBHOMY PELLUEeHUo, HO
TpebyeT BCTpamBaHUS B KOHTYP WCMNOMHEHUSI 3aJaHun «yMHOro» Oroka (C TOYKM 3peHus BblbpaHHOW
MNOSINTUKN BbINONHEHUS 3a4aHNN) OLEHKN KOPPEKTHOCTU AaHHbIX, NpeacTaBiEHHbIX NOSIb30BaTESIEM.

3. Tak Kak nonb3oBaTtenb HernpepbiBHO B3ammopgeuctsyer CK nnatpopmMon M MNOCTOSAHHO
COBEPLLUEHCTBYET CBOW COOCTBEHHbIN OMbIT, OCHOBLIBAsACb Ha pes3yrnbraTax BblYUCNEHUW C
y4eTOM 3Ha4YeHM BblIDpaHHbIX NapaMeTpoB 3aaHuin, TO CypporaTHad Moaesib OOSMKHA HOCUTb
OOBbACHUTESNbHBIM  XapakTep W YyduTbiBaTb AKTOp «BHUMAHUA» (MYNbTU-BHUMaAHUS) MO
OTHOLLEHUIO K BEKTOPY NapamMeTpoB UCMNOSIAHAEMOro 3agaHuns

4. OdbdektnBHaa paboTbl «yMHOro» Orioka TpedyeT MNOCTOSIHHOrO YTOYHEHUSI  «CypporaTHouM Mogenu
none3oBatenen» CK nnatdopmbl, NO3TOMY ANA WUCMNOMb30BaHUA «YMHOro» 6rioka OUEHKN BPEMEHMU
ncnonHeHna gns gpyrmx CK nnatdopm HeobxogMmo MpoBOAUT Mpouecc «4oobyyeHus» moaeneun c
Y4YETOM KOHKPETHOIo pa3sHoobpasunsa KnaccoB pelaemMblx NpUKagHbiX 3agad




