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m COOEP>XAHUE
NOAUTEX

 BBepnenune B npobrnemy. Ctatmuctmka TOIT 500
* «MwupoBaga nuHuna» asomouun KT: «Less Moor more Brain»
 YeMmy Hago «y4MUTb» COBPEMEHHbLIN CYNepKOMMNbIOTEP

*  «YMHBIN NNaHNPOBLLVK», UCMOMNb3YOLWMNA «CYpPpPOraTHyto» Moaenb
norb3oBaTens

 BbiBOObI

KntoyeBble crnoBa: yrpasneHue 8bICOKONpou3800UmMesibHbIMU
8bI4UCIEHUSIMU, MawWUHHOe obyyeHue, «YMHOE» MraHuUposaHue




 Cogqgito ergo sum («Mbicno, cnegoBaTenbHO, CYLLECTBYHO) -

).

/—-V
bbina 17 B copmynumposaHa P. [lekapTom.
OpgHako, nNpoTMBOpEeYUst 3TOM napagurMbl C  MPaKTUKOM 9KCNepUMeEHTanbHbIX
nccriefoBaHMN cTanu ACHbIM YKa3aHMEeM Ha HeobXoAuMOCTb OObLeauHUTb MeToAbl
«OeAyKuMn» N «<MHAYKUUWN.
B 18 Beke ato otmeTtunn W. KaHT B KHure < yucrtoro pasyma», B 20 Beke B
Teopeme JleBuHremma-Ckynemato yxe Oblno nokasaHo, YT o mogenu
CYETHOM CUrHaTYpbl MMEETCH arnemMeHTapHaa nogmMoernb NPOU3BOSIbHOW MOLLHOCTMW,
AOKa3aHHble yTBepxaeHua K. [egena o «HenonHoTte» ¢hopmMarnbHbIX CUCTEM»
CTaTU OCHOBOM HOBOW (BbIYUCNUTENIbHOU) MNapagurmbl npoueccos
MbILUMeHUSA

- Computo ergo sum

npakTU4YecKoe BOMJIOLWEHNe KOTOPON B HacTosiLee BpeMs peann3oBaHo B
TEXHONOMMAX « MAalULMHHOIoO O0Yy4YeHUA», KOTOpOe paccMaTpMBaeTCA Kak
0b6o6uweHne chbopmanmMamoB TeOpUMN BEPOATHOCTU, CTaTUCTUKN w_ ..
anropuTMmMYecKou Teopuun nHcpopmaumumn, rnpeariokeHHbix A. H.
KornimoropoBbIM, Ha criydan «00omnbLUNX JaHHbIX».




«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




AKTYANBHbIE ACMEKTbl PA3BUTUA CYMNMEPKOMMBLIOTEPHLIX TEXHOMNOrun: TOP

NONAUTEX 500
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

«BU3yanusaumsa»
oyepenm UCnorHaembIX
3ajaHuK B y3nax
Knacrepa :

=] SNOwm kW

—~




NOTUTEX

Computer Cores

HPL Rmax

TOP500

HPCG (Pflop/s)

A «MNOYEMY 3AKOH MYPA» YXXE HE B NMOMOLLb:

Fraction of

KATACTPOOUYECKAA OErPAJALIMA MPOUN3BOANTENLHOCTU CK

HPCG Benchmark June 2020

10

RIKEN Center for Computational

Science Fugaku, Fujitsu A64FX, Tofu 7,299,072
Japan
DOE/SC/ORNL Summit, AC922, IBM POWER9 22C 3.7GHz, Dual-rail 2414 59)
USA Mellanox FDR, NVIDIA Volta V100, IBM Al
DOE/NNSA/LLNL Sierra, 5922LC, IBM POWER9 20C 3.1 GHz, Mellanox 1572 480
USA EDR, NVIDIA Volta V100, IBM s
EniS.p.A. HPCS5, PowerEdge, C4140, Xeon Gold 6252 24C 2.1 669,760
Italy GHz, Mellanox HDR, NVIDIA Volta V100 /
DOE/NNSA/LANL/SNL Trinity, Cray XC40, Intel Xeon E5-2698 v3 16C 2.3GHz,
: 979,072
USA Aries, Cray
NVIDIA Selene, DGX SuperPOD, AMD EPYC 7742 64C 2.25 277,760
USA GHz, Mellanox HDR, NVIDIA Ampere A100 !
Natl. Inst. Adv. Industrial Sci.  ABCI, PRIMERGY CX2570M4, Intel Xeon Gold 6148
and Tech. (AIST) 20C 2.4GHz, Infiniband EDR, NVIDIA Tesla V100, 391,680
?:W:ti N?élscga)l SURETOTIpUINg Piz Daint, Cray XC50, Intel Xeon E5-2690v3 12C 387872
entre 2.6GHz, Cray Aries, NVIDIA Tesla P100 16GB, Cray '
Switzerland
gzm:"’;'ns\fvﬁcompm'"g Sunway Thulight, Surway MPR SW26010260C 0o
: 1.45GHz, Sunway, NRCPC izt
China
Korea Institute of Science and : :
Technology Information Nurion, CS500, Intel Xeon Phi 7250 68C 563584C 570,020

. 1.4GHz, Intel Omni-Path, Intel Xeon Phi 7250, Cray
Republic of Korea

(Pflop/s)

415.53

143.50

94.64

35.45
20.16

27.58

16.86

19.88

93.01

13.93

Rank

11

12

10

18

13.4

2.926
1.796

0.860

0.546

0.5093

0.5089

0.497

0.481

0.391

Peak

2.5%

1.5%
1.4%

2.4%

1.3%

1.8%

1.7%

1.8%

0.4%

1.5%

CmMeHa anroputmMa pelleHus
CJIAY c¢ LU pasnoxeHusa Ha

MeToA CONPSIKEHHbIX
rpagueHToB
«KatacTpoduyeckmn»
aerpagupyet
npoussoantTenbHocte CK u3

pentuHra TOP 500




«KTO BUHOBAT W YTO OENATb»: YEM 3AMEHUTb «3AKOH MYPA» ?77?

L

NOTUTEX

Less Moore, More Brain
Mensbli1ie Mypa, bosbitie Mo3ra

Hoeasa popmyna ctpartermun passutna KT

Future HPC Systems Will be Customized. ..

¢ HPC will have extreme

heterogeneity and build

custom systems for each
important application.

+ You will be able to dial up what you need in your
computer for your application mix ...

FPGA

Neural Engine  Tensor
g

oo

\ S
Z ...
|
A

«More Brain» — 3TO Kak U ...Kyna? Jack Dongarra ( ocHoBaTenb penTuHra
cynepkomnetoTepoB TOP 500



«UEHA» NHTEJJIEKTYAJIbHOCTU — SKCTPEMAJIbHAA BbIHNCITUTEJIbBHAA

L

MONUTEX CIIOXXHOCTb

Mpumep: 3agaya obyyeHns H/c pacnosHaBaTb 3D n3obpaxeHusi KomnbtoTepHon Tomorpadum (KT)

O6yuvatowlas Boibopka 10 KT cHMMKOB

CK: 1MNdpronc p=10'" - yncno HacTpanBaembix KT nergux
Y, Y, 4 N
= 1x10%5 dnonc BECOB HEMPOHHON CETU .'
AL Bxop x:
4 I
Bbixog y: m —
[na oBy4yeHuss H/C C TOYHOCTLIO T A HyXeH nu
knaccundgumkaumm 90% Hapgo: OKHO: ” N —4UCNO CINOEB  yYyeHbIM U
/> 100 KT (n=100) UHXXeHepam
A~ 17 x100 Y
- Yucno onepaumii = 10 Y «Bec» gaHHbIX KT «HepPHbIM
Bpemsa obyyeHus Ha CK = 102 cek BekTtop Y[  opHoro crost 2 x106 BanT AWMK» ?
-t 0By4eHus Ha MK Npy3HaKos ~ 10 o .
(200 I_QDHOHC) ~ 2)(106 cekK ~ BXO,EI,HOI/I CIon HENPOHHOU CETU

Yucno crnoes Hic 102 pasmepom 10° HeMpoHoB

CKonbBsiLLiee OKHO anropnTmMa CBEPTKM
NpagueHTHbLIN anropuTMm oby4YeHUsa rmyboKon CBEePTOYHOU HEMPOHHOMU CEeTU:

« pyHKUMSA OWMBKKM F = |ly * —y||?, y* - aTanoHHbI BEKTOP NPU3HAKOB
« Anroputm ucnonb3yeT 10'° yacTHbIX NPOM3BOAHLIX F 110 BceM HacTparBaeMbIM [TapaMeTpaM;
* Yycno onepauun yucneHHoro gudpdepeHumpoBaHua Ha ogHy ntepauuio Q= 101°




«MORE BRAIN» HAHMHAETCA C ... YMHOIO NMi1AHNPOBLWMKA

L

e SALAHNY

« 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




m KAK MPOLIECC OBPABOTKM 3AOAHUN OPTAHN30BAH CEVYAC
MOSIUTEX

CynepKoMMbloTEPHAas | COCTOsIHNE
cuctema CUCTEMb

[MoToOK
3agaHunm

=

napameTpbil

3arpyska 3agau
Ha UCMOSTHEeHUue

SLURM
ouepeau

oLeHKa

3agaHui, sananiz
npepocTaBnsiemM aAMUHUCTpaTop !
ble Mpobnemsi:
nonb3oBaTresnen * HETOYHOCTb B NapamMmeTpax 3agaHumn

nonb3oBareneu

N KaK creacreme

*  «OWNOKM» slurm B OUEHKE BPEMEHUN UCMOSTHEHMUA
3agJaHumn




MOTUBALINA MEPEXOOA K «YMHbIM» PEWEHNAM. CTATUCTUKA «BbDKMBAHUAY U

L

NOSIUTEX MPOOOIPKUTENTIBHOCTHU

3apauu, Ao 3 MUHYT Bonee 3 cyTok

BeinmonHeHo cHATble Slurm

yCnewHo

3-10 MUHYT

10 MUHYT - T vac

Owwnbra

UCNONHEHWA Tuac-1cyTkn

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



MOLOENb «KOMMETEHLUMW» NMONMb30BATENEN. CTATUCTUKA MO KINACCAM 3A0AY ( MEPMOL 2021-

2022 1T.)

NOAUTEX
|
: A KATEFTOPUN]
paanocusmnka [MPOLIEHT]
acTpodmanka [MMA KATETOPUN] dyHAaameH
10% TanbHbIN
3HepreTuka 38%

(nna3mbi/Teop/kBaH NMPOLEHT] MpuknapH

TOBasA U T.N.) oun

19% 62%

[MMA KATETOPUU]
[MPOLIEHT]
MeXxaHuKa
(npo4yHocTb/rMAapoa
MaLLUMHOCTpOEeHue
(aBna/aBTO/paKkeTg
E[lpuknagHon B OyHOaMeHTanbHbIN

B acTpodum3mka B GMonHopmaTmKa
B Orodunauka B 3HepreTuKa (3Hepromalty)
B reocpumsmka (cercmumkal/reopumsnka) B MaLUMHOCTPOEHME (aBna/aBTo/pakeTo)

B MexaHuKa (NpoYHocTb/rmapoamMHamMmumka) B usnka (nnasmbl/Teop/kBaHTOBas U T.11.)
B pagnodumsmka

B BHyTpeHHnn B BHelHui



m HOBLIE BBLIYNCIUTENBHBIE «METPUKM»

NOTUTEX

Tak Kak 3dllyCK 3aayu rnosrib3oBaresid Ha UCINOoJIHEHUE

He rapaHTUpyeT ee yCreLlHoe 3aBepLUeHne, HYXHbl «yMHbIe» MeTpl

- «TOHKafa» HacTpoWKa 3agaHuK rnonb3oBaTenen ¢ UCNosfib30BaHUEM /

MEeXaHn3Ma BHUMaHWA, KOra KaKaomMy napameTpy 3adaHunud CTaBUTCA B COOTBETCTBUE
«3MOEenNHM» BEKTOP BHWMaHWUA

e  «OOBACHMMOCTb MOJSTYYEHHbIX Pe3ynbTaToB» (YCnellHoe 3aBepLUeHne, CHATUE
aucrneTyepom, oLnbka B NpoLiecce BbIMONMHEHUS)

Heobxoaumo mcnonb3oBaTbh Takke MeTPUKU npousBoautenbHoctu CK,
KOTOpPble MO3BOSISAET ONpeaensTb Kakune:

— napaMeTpbl 3a4aHui cneayeT NPUHATbL, YTOObI MOBLICUTbL BEPOSITHOCTb
«BbDKMBaHUA» 3aaHUSA B NPOLIECCe ero UCMOoNMHEeHUs

— cTpaTerMm MCMorHeHns 3adaHnini MoryT obecneyntb PaBHOMEPHYIO 3arpy3Ky
MMelLLNXca annapaTHbIx pecypcoB CK




DAKTOP BHUMAHUA N KOHTEKCTE 3AOAYM MPOrHO3A NMAPAMETPOB

NOAUTEX 3AL0AHUV

“OaHo geno pasnuyaTth BELLW U COBCEM APYroe —
Nno3HaBaThb pasnuyme Mexay sewammy’
. KaHT
B ocHOBe MHTeNNeKTyanmsaunm nexuT:

1) abcTpakuuss OTOXOECTBIIEHUA W CPaBHEHUS WMHAOMBUMAOYANbHO pasnnuuMbix obbektoB ( A.A.
MapkoB, 1954 r.) n

2) 2) npuHumMn ToxgecTtsa Hepas3nuunmblXx (I JlendHuy, 1646-1716).
[na peanusaunm KOHUENUMN UHTENSEKTYanu3aunm nnaHMpoBLMKa Heobxoammo:

« OTKasz OT WUCNONb30oBaHUA MNapaMeTpPoOB WUCMOSHAEMbIX 3adaHUW  HECYLLECTBEHHbIX OS5
BbIOpaHHOro Kputepusi apdpeKTUBHOCTMN. ..

« 3amMeHa MHOIMMX «3KBMBaneHTax» napamMeTpoB Ha OOWH abCTPaKTHLIM C MOMOLLbIO oneparopa
«000obOLLEHNAN

 YuynTtbiBaTb, YTO AOSI7 PasnMYHbLIX 3adaHMK nosnb3oBatenen daktop BHUMaHua ( BEKTOP
COMNOCTABJTAEMbIN KAXOOMY NMAPAMETPY B 3A0AHUU TTOJIb3OBATEJIA) MoXeT ObITb
MHOrO3Ha4yHbIM M KOHTEKCTHO 3aBUCUMBLIM, T.e. MOXET AMHAMWYEeCKN MEHATbCS B Mpouecce
BbIMOSTHEHNS 3a4aHuUA. . ...




NOTUTEX

CYTb BO3HUKAILLNX CIIOXHOCTEN - B « OTHOCUTENBLHOCTU»

GAKTOPA BHUMAHUA

CyTb B TOM, 4YTO MNPU pPacCMOTPEHUU
NOTOKa BXOAHbIX AaHHbIX NMPUHMMAaTb BO
BHMMaHME NULLb T€ UX HUX, KOTOpble B
OAHHOW cUTyauunu No TeM WU UHbIM

npuyYnHam OKa3bIBaAlOTCHA

cyuwecCTBeéHHbIMU Ans
BblOpaHHbLIX  LEnen  UCMosib30BaHus
NONyyYeHHbIX pe3ynbTaTtoB, WUrHopupy4
apyrme — HecywectBeHHble (Mapkos
A.A., Teopua anropndpmos., 1954

B paccmMaTpuBaemMom 3agadve
«MMaHNpoBaHUA» 3adaHUM C  TOYKMK
3peHnss 3P PEKTUBHOCTN MUCMNOSIb30BaHUA

pecypcoB «CYLLUEeCTBEHHbIN»
napamMeTp — TOYHas OLEHKa




m BU3yANM3ALMA 3ArPY3KM CK 1M OUYEPEOV 3AOAHNM
NONAUTEX

OnucaHue npobnembi:

CyuwlecTBylowine MeTogbl MraHUPOBaHUSA
3arpy3ku nmeroT orpaHn4YeHHbIe
BO3MOXHOCTHU npeacKa3aHus
BPEMEHU NCMOSTHEHNA 3a4aHui, NO3TOMY

cTaTyc «odepeau 3afdaHun» HeobXoaMmo

NOCTOSAHHO KOPPEKTUPOBATb.
[Mpeonaraemoe peLleHmne:

' BoloeneHve «knaccoB 3KBMBAreHTHOCTU»
| UCMONHAEMbIX  3adaHui 1 NOCTPOoeHue

- Mopenu NPOrHO3NPOBaHUS BpeEMEHMU
| peLweHnmn Ha 3agaHHOM Habope
- annapatHbiX  PecypcoB € MOMOLbIO
anroputma, napameTpbl KOTOPOro
| YTOYHAIOTCHA C noMoLbHro
MeTon4oB MALLUMUHHOIO
CTaTyC RJ1acTepa CTaTyC ouepean Ha HCIIOJTHCHHE oqueHMﬂ."_

(LUBETOM OTMEYEHbI YPOBHW 3arpy3ku Hanunune «Pa3pLIBOBY B MOTOKE
y35oB KnaCTepa) NCNoJrfHeHnAa 3agaHnn mn3-3a oLnodokK

B OLleHKe BPeMEeHU peLleHnn



NOTUTEX

EB [[E PE3EPBbI YBENNYEHUA MPOU3BOAUTENBHOCTM CK

YWaen 1l |

YWaen 2

«npenckasaHns»

Yaen 3
Yaen d
¥aen5
Yaen 6
Yaen 7

Y3ien 9
Yaen 10

: | t

peackasarmer [

BpeMeHH

\ Ouncnetyepusaumsa No «npeackasaHHbIM» JaHHbIM-

OueHka nonb3oBarens
BPEMEHM BbINOSTHEHNS (3anonHeHne «nycToT»)

BbINOJTHEHUSA -

3apava — npeacKka3biBatb BpeMsA BbINMOJIHEHUA 3aau nosib3oBaTenen n coctaBnAaATb
pacnncaHne Ha OCHOBaHUN 3TOIO Npeacka3aHnd

YTto Ans npeackasaHma TpebyeTcs :
e  cOOp CTAaTUCTUYECKMX AAHHbIX, XapaKTePU3YHOLLIMX NPOLECC BbIMOMHEHUS 3aAaHUN
e aHanusa akTopoB PUCKa «BbIKMBaAHUA» 3aaHUN

° peann3aumna MexaHn3Mma «BHUMaHUA» K NMapaMeTpaM 3adBKU norib3oBarteneun —
CypporatHada Mogernb aoBepunsd K AaHHbIX 3aABKU




m UTO TPEBYETCHA:. CUHEPTMA NMPOrPAMMUPOBAHNA N MALUMHHOIO OBYYEHUA
NOTUTEX

OpHoBpeMeHHOe UCMOoSib30BaHMe 3TUX [BYX MOAXOAOB MOXET pearibHO
NoBbICUTb 3 MEKTUBHOCTb MPUMEHEHNSA CYNEPKOMIMbIOTEPHbLIX CUCTEM, TaK
Kak «oDy4yeHusi» peanun3oBbiBaTb  Hanmbonee addEKTUBHbIE KNacChl
anropuTMOB MMNaHMPOBaHUSA BbIYUCNUTENBHOW HArpy3Kku, Tak, YTobbl:

nocnegoBaTenibHO MoMelwas B o4Yepedb «UCMOMHSAEMbIX 3agad»
Hanbonbllee  KONMMYECTBO 3a4HWUA Monb3oBaTenien, KOHTPONupys
XapaKkTEPUCTUKN 3arpy3Kn annapaTHbIX PECYpPCoB

OOHOBPEMEHHO KOPPEKTUPYS napamMeTpbl 3asiBOK Mofib3oBaTerien B
oyepean «oXunaaHus1» WUCMOSTHEHUS, B YAaCTHOCTU, DOPMUPYS OLEHKY
BPEMEHN BbINOMNHEHNA 3adaHun, obecneumBas MX «BbDKUBAHME» B
npoLiecce obpaboTku




m [ MMOTE3A METOAOB MALLUMHHOIO OBYYEHUA N AHANN3 BO3MOXHbLIX NMPOBJIEM
NOTUTEX

[unoTtesa : «bonble obyvatowmx AaHHbIX — Bblle TOYHOCTb MoAenn». 3To Tak, ecrnu obyyarouwum, mecmossim U
pearibHbIM 8blI60pKam coomeemcmeayem 00Ha yHKuus pacrnpeodeneHus P(X,y), rae X — BXogHble NepeMEHHbIE, Yy —
LueneBble NepeMeHHble. Ecnu 9To He Tak, TO BO3HMKALOT:

 lMpobnema «YTeuka OaHHbIX». CUTyaLMA, KOrga CyLLEeCTBYET NPU3HAK, KOTOPbIM coaepXuT bonbLle nHpopmauyum
O LeneBoun nepemMeHHon, 4em X UCMOoSib3yeMble Ha NpakTuke

 lMpobnema Shortcut learning: cuTyauus, korga oOBy4YyeHHble MoAENM nosfyyarT BEPHbIN OTBET C MNOMOLLbHO
HEeBEPHLIX B obwem cnydae paccyxaeHumn ("right for the wrong reasons”), koTtopble paboTalT TOMbKO ASS
«obyvatowero» pacnpegenenust P(X,y) aaHHbIx, a ans real-world scenarios gatoT OWNMOOYHbIE pe3ynbTaThl.

« MMpobnema Overfitting features: OByyeHHass MogeNb UCMONbL3YET NPU3HAKN, KOTOPbIE NO3BONST 3MEKTUBHO
npeackasbiBaTb OTBET Ha obyyaroulen BblIbopke, HO HE Ha BCEX peanu3aunsix, U3 KOTOporo nosydeHa Bbibopka X.

PelweHnsa — BegeHne B npouecc obyvyeHnsa yHKUNN « BHUMAHUA» U KOO BACHEHUA», UCXOAs U3 TOro, YTO

* KOHEYHbIN Habop AaHHbIX UMEET OrpaHNnYeHHoe pasHoobpasne, He «NOKPbIBasi» BCEX BO3MOXHbIX CUTYaLIUN,

* B JaHHbIX X MOryT CyLecTBoBaTb «MNapasnTHbLIE Koppendauun» He uMmerwme MNpUYNHHO-CNeaCTBEHHbIX
OCHOBaHWK, KOTOPble XapaKTepHbl AN MOAenupyeMblX MPOLIECCOB




BAPVAHT PELLEHMA “MORE BRAIN” C UCIMOJIbSOBAHVEM BJTOKA
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«BANTAHC» AJITOPUTMA MAWWNHHOIO OBYYEHUA: BBIBOP KPUTEPVEB
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[OMHAMWKA NPOLIECCA YNPABIEHA OYEPEOLIO SAJAHV/ B MPOCTPAHCTBE
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KATEFOPUW NONb30OBATENEMN

PE3YNLTATLI MPEACKA3AHVA BPEMEHW BbINOMHEHUA 3AOAHUN
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Probability quantile qut-off
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m BbIBOAH!

NOTUTEX

1. CyuwecTtByowmne metoabl MalmHHoro obydyeHuns CK He cTOUT nepeoueHnBaTh, OOHAKO UX KKOPPEKTHOEN
Mcnosib3oBaHMe MNo3BOSIAET pearibHO NOBbLICUTL 3dpdekTnBHOCTL paboTel CK nnardopmel, ecnn 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 JaHHbIX, 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
OOBbACHUTESNMbHBIM  XapakKTep W YyuduTbiBaTb QAKTOp «BHUMAHUA» (MYNbTU-BHUMaHUS) MO
OTHOLLEHUIO K BEKTOPY NapamMeTpoB UCMNOSIAHAEMOro 3agaHuns

4. DdbdektnBHaa paboTbl «yMHOro» Ornoka TpedyeT MNOCTOSIHHOrO YTOYHEHUSI  «CypporaTHoM Mogenu
nonb3oBartenen» 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




