10th International Conference "Distributed Computing and Grid
Technologies in Science and Education” (GRID'2023),
Dubna, Russia, July 3-7 2023

Federated deep learning for solving an image
classification problem on a desktop grid system

llva |I. Kurochkin, Alexandra |. Prun

ITP RAS, Moscow, Russia

depepaTuBHOe riayboKoe obyyeHue ANa pelleHHUs 3ajaum
KJaccudmrKauum n3obpaxkeHum Ha rpma-cucteme
U3 NepCOHa/IbHbIX KOMMbIOTEPOB

KypoukuH .., TpyH A.WN.

LIPB UMMM PAH, MockBa, Poccus

This work was funded by Russian Science Foundation (Ne 22-11-00317).



R RERERREEEEEmwwwmmN
[ 1yGOKME HEMPOHHbIE CETU

* TeHaeHIUA K YBEJUYEHHUIO IJTyOMHBI HEHWPOHHBIX CETeH
(152 y ResNet)

= OrpoMHOe KOJIMYECTBO HACTpAMBAEMBIX IIapaMeTPOB
(ResNet-152 — 60.2 ., GPT3 — 175 mipa.)

C1 96x55x55

"+ C2 256x27x27
1x256x256 | .

= +, P1 96x27x27

CeepTKa Moasbibopka  CBepTKa SHepr. [MonHOCBAS.
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NlataceTt CIFAR-10

N3006parkeHunsa: 32x32x3
Pasmep gatacerta: 60 000
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NaTtaceT CIFAR-100

Superclass Classes

aquatic mammals beaver, dolphin, otter, seal, whale

fish aquarium fish, flatfish, ray, shark, trout

flowers orchids, poppies, roses, sunflowers, tulips

food containers bottles, bowls, cans, cups, plates

fruit and vegetables apples, mushrooms, oranges, pears, sweet peppers

household electrical devices clock, computer keyboard, lamp, telephone, television

household furniture bed, chair, couch, table, wardrobe ‘
insects bee, beetle, butterfly, caterpillar, cockroach l
large carnivores bear, leopard, lion, tiger, wolf

large man-made outdoor things bridge, castle, house, road, skyscraper K
large natural outdoor scenes cloud, forest, mountain, plain, sea -~
large omnivores and herbivores camel, cattle, chimpanzee, elephant, kangaroo .
medium-sized mammals fox, porcupine, possum, raccoon, skunk 5
non-insect invertebrates crab, lobster, snail, spider, worm \"
people baby, boy, girl, man, woman N
reptiles crocodile, dinosaur, lizard, snake, turtle

small mammals hamster, mouse, rabbit, shrew, squirrel

trees maple, oak, palm, pine, willow

vehicles 1 bicycle, bus, motorcycle, pickup truck, train

vehicles 2 lawn-mower, rocket, streetcar, tank, tractor l
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Tiny-ImageNet-200

Tiny-ImageNet-200 - momyIsspHBIA Ha00P
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JIAHHBIX COCTOAIIUI U3 100 000 U300paKEHUH, IITHPOKO

HCIIOJIb3YEMBbIH JIJIsI HCCJIE€/IOBAHUUN KOMITLIOTEPHOTO
3pEHUA U CPAaBHUTEJIBHOTO aHAIN3A.

ITO YMeHbIIIeHHAas BEPCUSA UCXOTHOr0 Habopa
naHHbIX ImageNet, comeprxkainad 200 kiaccos. Kaxmnoe
IIBETHOE N300pakeHue B HaAbope TaHHBIX UMEET
paspeliesue 64x64 TOYKM.

Habop /1aHHBIX OXBaThIBAET IITUPOKUU CIIEKTP
KaTeropui 06 beKTOB, BKJIIOUAas *KUBOTHBIX, TPAHCIIOPTHHIE

CpeJ/icTBa U IIpeAMEThI IIOBCEJHEBHOTO 00UXO0/1A.



/laTaceTbl

ImageNet

The ImageMet dataset contains 14,197,122 annotated images according to the
WordNet hierarchy. Since 2010 the dataset is used in the ImageNet Large Scale...

11,272 papERS = 106 BEMCHMARKS

MNIST

The MNIST database (Modified National Institute of Standards and Technology
database) is a large collection of handwritten digits. It has a training set of 60,0...

6,296 pAPERS = 50 BEMCHMARKS

I CIFAR-100
- :EEEE.;.:E The CIFAR-100 dataset (Canadian Institute for Advanced Research, 100 classes) is
Bl aED

-:_- sazuk 'li a subset of the Tiny Images dataset and consists of 60000 32x32 color images....

6,076 pAPERS = 44 BEMCHMARKS

SVHN (Street View House Numbers)
Street View House Numbers (SVHN) is a digit classification benchmark dataset
that contains 600,000 32x32 RGB images of printed digits (from 0 to 9) croppe...

2,675 pAPERS = 11 BEMCHMARKS

CelebA (CelebFaces Attributes Dataset)
CelebFaces Attributes dataset contains 202,599 face images of the size 178x218
% from 10,177 celebrities, each annotated with 40 binary labels indicating facial a-.

2,652 PAPERS = 18 BEMCHMARKS
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/laTaceT TEKCTYPHbIX M306parKEHUM

HcxoaHble JaHHbIE: 654 1300paxkeHus (2272 X 1074 TOYEK)

IIpeoOpa3oBaHus:

» IloBopoT

» IlepekpsoiTue

» Hopmasnusaiuysa KoHTpacra

» Jlpyrue nipeoOpa3oBaHusa U MOAUPUKAITUN
CdopmupoBaHHBIM JaTacCeT:

» 6972 (pparmeHTa Ha KaxKJ0€e N300pakeHue
(256x256 TOUEK)

> 654 x 6972 = 4.5 MJIH. h)parMeHTOB
N300paskeHul BCero




Y3Kne Mecta oby4vyeHus

* bonbline pasmepbl JaTaceToB
« HeobxogmmocTb 3agencTBOBaThL BECTb AaTaceT npu oby4eHnn

* Bpema obyyeHnst HEMPOHHOWN CETU




Buabl pacnpeaeneHHoro ooy4yeHums

Kinaccudpukanusa 1:
* paspeyieHne 110 MOJEJIH,
° pasjeyieHHe IO JAaHHBIM.
Kiaaccuduramua 2 (1o HATMYHIO IapaMeTPUYecKOro cepBepa):
° C mapaMeTPUYECKUM CEPBEPOM,
* JelleHTPpaJIn30BaHHOE 00yUYeHHE.

Kinaccudukammua 3 (1o orpaHUYeHUsM paciipoCTpaHeHUs
TAHHBIX):

» ¢ O0OIIUMU JaHHBIMH,
 (bemepaTUBHOE O0yUEHHE
> TopusonTasibHOe deaepaTUBHOE 00YUEHUE;

> BepTukajbHOe (peiepaTUBHOE O0ydeHUE;
- QemepaTUBHOE «TpaHCcPepHOe» 00ydeHHeE.
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PacnpepeneHHoe oby4vyeHue. Knaccupurkayma 1

Pa3sgeneHne no gaHHbIM Pa3geneHue no mogenu

Model

“




PacnpegeneHHoe obyyeHue
C napamMeTpuvyecKkmMm cepBepom

MapameTpuyecKknii
cepeep
(CnobanbHaa moaens)

rpagueHTsl .-*"

JIoOKaneHan JIoKaneHasA JIoKaneHas JIoKaneHan
Mmoaenb Moaenb Moaenb MOoaenb




/lelueHTpann3oBaHHOE
pacripefieieHHoe 0by4yeHune

o

e

JlokantHaA

MOAENDb
rpafMeHThl

JloKkanbHaA
moaensd

JNokaneHan
moaensb

JloKkanbHas
Mmoaenb
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[po6iemMa orpaHUYEHMS pacnpoCcTpaHEHMA JAHHbIX

Obwme aaHHbIe



denepaTrBHOE r1yboKoe oby4vyeHue
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KOMOMHUPOBaHHbIE AaHHble

@ CeTb




benepaTrBHOE r/1Iy60KOEe 006y4YeHme

« [opnsoHTanbHOE doeaepaTnBHOE ObYyYEHME;
« BepTukanbHoe degepatnBHoe 0by4eHME;
« PenepaTmBHOE «TpaHcdepHoe» oby4veHMe.

Hanboe A

NpWaHaKK

[opHI0HTANEHOE

degeparHeHoe
OB HHE
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HaHHee B
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OfbekThl BeprurankHoe feaepaTHEHOR ODyeHHe
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OCoOBGEeHHOCTH rpUa-CUCTEM

 I'eTepOreHHOCTD Y3JI0B PaCIIpeieIEeHHOU
CUCTEMBI;

» ABTOHOMHOCTb Pac4eTOB HA PA3JIMYHBIX y3J1aX U
HEBO3MOKHOCTD IIOCTOSTHHON KOOPAMHAIINH
PaCUYETOB MEXKAY Y3JIaMU;

« HeHane>XHOCTDb CBA3€H U BO3MOXKHOE
OTKJIIOUEHIE BhIYUCTUTEIbHBIX Y3JI0B;

- HenmocTostHHOE BpeMsi HeIIpephIBHOU PaOOTHI
y3J1a ¥ TPYTHOCTh pacueTa JIATeIbHbBIX
3aJaHUH;

- Hanuuwme omubok u 3aAep:keKk IpU pacueTax.



GopMMpoBaHME NIOKA/IbHbIX AaTaceToB

« KosmmuecTBO 3JIEMEHTOB KaXKJOTr'0 JIOKAJIBHOTO Mcmg;ﬁ?gg s N

AaTacCeTa PaBHAECTCA C - KOMMYECTBO
D pabiouux yanos

d=—=
C’

rae D — pa3mep ucxogHoro aaraceta, C —
KOJIMYEeCTBO paboyuX y3JI0B;

»  KaxapIii TOKaJIbHBIU aTacCeT IIPeICTaBIIsAET /R
coboil He mepeceKaroIrecs MoAMHOKECTBA
HCXOJHOTO JlaTaceTa;
» JlokasbHBIE AaTaceTbl GOPMUPYIOTCS IIyTEM
caIydaiiHOTro BhIOOpa d pa3IMYHBIX HHIEKCOB; Nic Nle

* @opMupyercs COOTBETCTBHE MEXKAY pPabouum
y3JI0M 1 €ro HabopOM JIaHHBIX.

Nlc



dopmMmnpoBaHUe I0Ka/IbHbIX JlaTaceToB

. CToxacTtuyeckoe (crnyyanHoe) dpopMmpoBaHUE NoKarbHOro gaTaceTa;
. PasgeneHne gataceTta Ha YacTu (CTaTUMYECKOE) A0 KOHUA 0byyYeHus;

. PasgeneHne gataceTta Ha YacTu (AMHaAMUYEeCKOe) NOCIe KaXXaou
nTepauum;

. MbpnaHoe dopmmpoBaHMe gataceta C UCNOMb30BaHUEM, KaK

CrnydanHoro Bblbopa, Tak Hannuns Yactn n3obpaxeHuin U3 fIokanbLHOro gartaceTta
NPOLUION utepaumn.

i-2 urepauns, i-1 wrepauua, i urepaumsd,
Jysen J ysen Jyzen

Obwunn gatacer

JlokanbHbIN patacet
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begepaTtMBHOE 0O6YYEHME Ha FPUI-CUCTEME

Pazgenexue BX0aHbIxX
NaHHbX Mexay padounmu
yanamu

batch ero NUYHLIX AaHHBIX

L |
@%%...@

l OTnpageka kaxaomy padodemy yany

o ' o ' ' > ' OGyuyeHue nonyyeHHoro
0 s, l _ I [ X X e Habopa AaHHbIX Ha
o 3y oy 8 e 3 o3

; pabounx yanax
QO e ¥ —Q ot
OTnpasnexue \ / /
00HOEMEHHLIX BeCoB

00paTHO Ha padoune
yansl

ArperMpoBsaHue nokanbHbIX
rpaaveHTos

:

OGHoENeHUe Becos
rnoGansHoi Mmogeny

o f Mpenckasaxue

OO0 » 100ansLHO MOLENEK
KNaccos Nz00paxeHnn
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BbiOpaHHble rmnepnapameTpsbl
M NOJIyYeHHble pe3y/ibTaThl

Mouenb VGG-16 MobileNetV3
Haracer CIFAR10/100 Tiny-ImageNet-200
Tun pacnpenenenus
JTAaHHBIX
KosmuecTBo s1mmox 90 150 80 60
KonuuecTBo 50 50 10 5
BBIUHCJIUTEIBHBIX y3JI0B

HE3aBUCUMBIN cOanaHCUPOBAaHHBIHI HE3aBUCUMBIN cOaaHCUPOBAaHHbBIN

KonunuecTBo n0KambHbBIX
3MOX Ha y3Jlax

KoaddumueHnt ckopoctu

0.01 0.001
oOyueHus

Pazmep oOyuarorero

10 32
JIOKaJILHOTO Oarya

Pasmep TectoBoro 6arya 32
[TapameTp,
KOHTPOIUPYIOLTUN
cOaTaHCUPOBAHHOCTD
JAHHBIX
TounocTn/Accuracy 86.21% 85.18% 50.08% 40.31%

- 0.8 - 0.9
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Pe3ynbTtatbl peaepaTtmMBHOro obyyeHmsa 1/2

HenponHasn cetb: VGG16
Haracet: CIFAR100
HezaBrcumoe croxactuueckoe (opMHUPOBaHIE JTOKAJIbHbBIX JIaTACETOB

OwmnbKa/loss Ansa NoKanbHbIX MOAENEN ToyHocTb/accuracy Ans rnobaabHoM mMoaenm
ﬁ 80 +
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Pe3ynbTtaTtbl pegepaTtMBHOro obyyeHus 2/2

HenponHan cethb: MobilenetVs
Haracer: Tiny-ImageNet-200
HezaBucruMoe croxactudeckoe ¢oOpMHPOBAaHHE JJOKAJIbHBIX JATaCETOB

OwmnbKa/loss Ansa NoKanbHbIX MOAENEN ToyHocTb/accuracy Ans rnobaabHoM mMoaenm

50
l 40 -

I 30
20 1

T

acC

— L
HL

T T T T T T T T T
0 10 20 30 40 50 60 70 80
epoch




R LRy

3akjiro4yeHue

= B pe3ysipTaTe NPOBENEHHBIX 3KCIIEPUMEHTOB
IIOATBEPK/IEHA BO3MOKHOCTD (peZIEPATUBHOTO
00ydeHUsA ITyOOKHUX HEMPOHHBIX ceTell Ha TPU/-
CHCTEME U3 IIEPCOHATIbHBIX KOMIIBIOTEPOB.

= brin onpoOoBaHbl HECKOJIBKO METOAMK
(dopMupoBaHus JIOKAJIbHBIX 00YUaAIOIIUX JaTaCETOB.

* HacTpolika napaMeTpOB I'PU-CUCTEMBI IIO3BOJIHUIIO
COKPaTUThb BpeMsI IIPOBEJIEHU S SKCIIEPUMEHTOB.
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Cnacuobo 3a BHUMaHMe

LleHTp pacnpeaeneHHbIX BbIYUCIIEHUN
UMM PAH

web: distributed-computing.ru

e-mail: kurochkin@iitp.ru



