el

SIHEE 10-0020-0120175 [T A

O (19) it =53] % (KR) (11) FANE  10-2022-0122175

(12) 3NESFR(A) (43) AL 202209802
(561) FAES &7 (Int. Cl.) (71) 29
GO6N 3/08 (2006.01) GO6N 3/04 (2006.01) nHE Y AP
(52) CPCE3|&+F AMEEEA T R 145, dE gt (et
GOBN 3/084 (2013.01) %571)
GO6N 3/0454 (2013.01) (72) =}
(21) E9¥s 10-2021-0026460 SEA
(22) 2994 20217302826 A7) % FFFAl AR 65, 104% 20045 (5
AA AR 2021902€26Y T, =3 Ik
o4
MESHEA ART AR 7, 2015 (ke
170
(FHo) 7<=

AA 4T 5 F 6 Y

(4 W3l WY 239 4% 9% 3d 2 X

(57) 2 o

Boage We ARE FezedAs 2¥Y A% 95 P % PN ANET Bl AFY ws 47

A% FAL A Az e mDe @Yt 9 Y] B AHY == 47 #d%E F 49
g ol gl AT FS B AFY wSE Adshs WA 25 AFY

&1
b
o
A

o

Low bandwidth

[l

]

I~ s | @ ¢ O
i . :
I |

| T

| —<]

]

| e O

1]

1]

waw

High bandwidth

| GPU N |

b e




10-2022-0122175

ol

=

=

H

)
=)

wE Zzte] 7]

il

B

T

B

2674 14, 607% 14075 (%

stk Q1 BF 664 )

1

=
</

| %3

(A

el

Al AzxT daz64 31, 102% 405

ST
GOBN 3/049 (2013.01)

(72) &=t

=
=

484

(52) CPC




SIS 10-2022-0122175

g Al Al

FrHY
ATE 1

7] Bamo] AFE -t Z47te] AARZ B ge® 2 (loss), A7) 9= dolE, A sebuE 2 o] &3}
o AR 228 £ =2 dgshe W 2

A7) Hee] AFE =B el A7) d¥d BAE ol&ste] IHAES AlAtsta A AR L AlRb
B Joll w2t &9 7|Rte s s7|stete] 7] detvHE HlE7]

A7 =W E A% 852 Pipelined EASGD(Elastic Averaging Stochastic Gradient Descent) H+= Pipelined
DC-ASGD(Delay Compensation-Asynchronous SGD)E 7|Wto g FaE= =¥y A3 kg Wy,

AT% 3
A2&el glojA,

447] Pipelined EASGD 71Wste] 7] 4ol AFY w= Zzhe vhay stebvelst Beo) 23 stehie F
4] Beel 27 stebvE R ALgaA A% ALE Fas,

7] EA Tk S E e olgald 4Y) vhaE sebulE s A7) Bae] 27 sebulE el Aol Algeli,
A7) QHHE 2aE olgste] TATAES AT, 47 BA FE Hlste] A7) Bie 24 ey
Aake =

“d7] Pipelined DC-ASGDe]l 7Iwkste] 7] o] Z5FE wr& Z7bE IFIB ~AEH el ofs) 73l Al et
MBS ARgste] A AdE Fdstan, Ag7] dEE 2AE olgste] A#HJAES AEtal taylor

e}
expansion® B3} AAKA Bk Wl gradientF ASse] Aue) seholElE ANE 2IY AF e P

g w= Zzte WEs §48 A6 $U@ ARl edstsl s waebus s,
il

ARE A% gradient’t EASA Lomw EAnw APshs 28 NS s .



10~
2022-0122175

ol

=

=

M

=

SIRSE=)

e
T

=

=)

hva

ZAA;

—\_j_
371

A
e i
. =
i E
o N &h
5 3 = T
= P = v =
i il N 1ro Eo < -
g N T w ¥ ot -
A i up W T o o ooz o
BN < g s 53 T g3
¥ oH 2 15 . i o % = 2 N e
b = N W — o = © o
o#nw T Zi o 0 mlAT ﬂmo ° - D : e =
= Hv S ol o i = F ST I & < o ) o T
o i W il <8 Y ™ B ra < I o g i iy e e S o e
2T T i o do o o B oo g ks Y e F N B
T o m T 50 B Jo 5 Gl = 5 2 . 5 BK w3 _
o CTR ) - Tl 0 wp o ) T T E X g e Ly Eo !
5 < & o 2 z IR O S = 5w S iy _Momaa
g = ¥ P gl pre X * = = X o om0z *E o
= & ) MR - W g o of ! < NS e M 3 iy -y
B ] Vﬂv\ &) ‘Wo 1.M N ~ K sy dlo 07 . T ) EE n‘muH_,lq
g = TE 5 o Zo ° do B o - X M = T P %
Tou P W B o ® i s X ) R L
do s . X N X0 mK =0 —_ ~ A - = O D
% 2 o o T o T NS — s = B ! T o - s . ®
TS A5 ofp ¥ Ao {4 T aw_ s Jo 10 < < A oy
oy © 2 5o i - e = Jom % oy ) o -2 ™
Gl s £ % T mum o wn 3 o M % Wr - & ol ol s
Y Mﬁ i T = mo o] Nm = .E T o T X! - h ur & a4 W
e ° = B gy .
A ¥ ® N R 4 = By = T 5 rE u s 5T
iy ~ 1 =R oAl —_ - oo = = X I -y T ° o o T
R au W e TE h = X oo - % w S k
oy = - T = ny oF _ < o ol o - oy h=SC) = — 7 . oy
= 2 ] 3 Ajm g R o KT i o T v X o X T
B O » ﬂ,Dl‘IW: o - r S~ ﬂiﬂ&M]Umﬂ MF ,Mu_l,m.A ,»A|1r_|1_.
» N ~ . ojp i~ Tor = X g T ° . T o = R S R T Tor O
Ju,ﬂlo -_E_no =0 A= w A o< - o B c%o
iy = ) 10 X J.L B 1yA_| o ‘AL o T 0 N 0 . AT O#E ..ﬂ =0 T
Eox o g e AF -« © = T o T % _1Jg_o| _— Al N }Mxﬁ
o ~ | o X e K | i o o o = ol = s X w { w <
= m o W N 4r ° o <0 ol X o = ~ o ® 2] MR
g ) " T Sy w3 s oy w N o) X
r * 3 Py o= v il b TS o 3= i o Ik )
o T w ° ' S = T oy < <2 T W T G W B o W
R 2 W 2 | Jn T o o = = P o o h? W T g Ta®
= 9 < T iy gou ) ] - Jo o el X Ho ook T
A g z 2 4 w T o Zx Mo BX RN n < T w F 4 F o
o i T e Ao o = ~ " s o T 7 o 5 o
! T R 2 ~ ~o oo = - 0 = o M - F = = = u <
— W < X HE <H oy h i} — S o = 0 el 0 "y dr
7 p B < = N = o= N © S o %0 o) 5 7oA BE = o=
@]mﬂ@ mumio @ H ﬂpémm ]Mﬂ}q 1rEﬂ e L_&L) e de ﬂaﬂmfﬂr
\d N A & il o o T 9 I &Ea o 5 B o 5 I . el EEL@
ol » w27 5o < = T T LEe RN B oo
Y —_ 0 . o= A~ . "
<0 X N pul No G = = il o = & ~al - % ~ B P s
5 7 s e b E T B 2° 0 LB awrgk s o
T W B N B n S S s B F P Ppe
-~ Z M Mo M o) W5 = R op o . o
U ﬁmu%iqdrqo 5 o ol o - W . ogﬂ.;r
N = N X o ) ~ B ey R o owr W . L o h
W F;ﬂmﬂyqo TR 2 W R B o= o B o &
= ] o ®P = T T o it ° N 5 o = ™ N 7
% T R o e LEE o o i - Swg al
DN rop S - To = g oA No 5 ™ < =
N T X4 oo i o Gu3 o< I
T ool < O = <o A Moo o
= N ‘W bo _ — ﬂ ﬁo 1__/| N E.E N LO ot .HL ﬁi
o o) X Y = K AR (- o No 7= rel w1, TE
= — = & . =n NS ERION ‘
(=} (] [w)
_I_ o < .S N Mo o T o o T e X
S o el ol & - m_ BT
[ S o B ool m.ﬁ oy B
[ T Z - ol =
g g ol
= g - Al
g £
=2 S %0
(=] =] —
S (=]
= S
2



[0010]

[0011]

[0012]

[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

SIS 10-2022-0122175

AR Hedol ol gatadnt. BIAE
gom, A8 Fe g
% 2

TdekEE &

wEba o)A EAZS 3FetHA itE AAWS TFEE] YEME HE steso]l S o] gdte] AL spHE
QR AE ARTS £33 5 9= Wi wek a3r sttt

ey AYbAel wWg AFEH FE2EES o]gd AT g g AstE e o] Bl oE Z
HaEHE TAstE 72 AFY = 719 B2l 57 AFE == 5o dolE wd &xo] v mS- =g]7]
uj o) T}

Y 7] ¢

=
=7
(E3]&3 0001) US &71E3] 2019-0114548

g J§
ddstel= A

WAL FAE AAEAE dold A%
Aoket g @,

S
oft
N
b
il
B
[
Lot
i)

)
3o
rlr
P
ok
it
o>
of\i
&
o>
o
e
S
o

H
T
=
=

A9 HE 8

471G ek 2o BAL wye] Slste], B wdel 9 Axldel BEw, We AFE Fexedqe 2ud
A% S wpoRA, B AFY wt 47 A4 FA 98 Az de 2ue @R W 4] %
SOl ARG wE A7) £AHE e 949 doly, SeulEe} 47 mag olgael ANE FUR T
AFY wER Agshs WA B85 AFY =5 2zl 471 98 dold 2 47 sieuiHe ARe oF
RE gAsh ANS da fAtE @A P B AFY wm 7o) GRS Ba QY 22 (loss),
A7) 49 dold, A7) ARuEE olgiel Add 2aE g AFY wSE Adet w9 A 25
o FIFY == Aol 37] QHE 22F o gete] TUAES AMSL AARA e Azhe] 2
EZ =AY, vg] AAE B2 Fr)d uE g4y sutoz Z7)8ste] 4] deEtuEE nEr|doz )
Aske WAE Edeh 299 A% o wel Avat

A7 2WE AF5 852 Pipelined EASGD(Elastic Averaging Stochastic Gradient Descent) H+= Pipelined
DC-ASGD(Delay Compensation-Asynchronous SGD)E 7|Wto 2 &= 4 9it}.

-

17] Pipelined BASGDY] 7kate] 7] B4e] AFE wt 2Azhe wha sebule e B 22 e
7] Bel 24 SevEw ASAN A% ALS Fasa, 47 B4 e edEe olguaA 47
WE el 7] ueel 22 deulEe] Aolg AN, A YN maE o|elel erAE
A, 7] BA F1E lste] 47 Bael 24 werEE A 5 A,

©:

%+7] Pipelined DC-ASGDOl 7]uksto] 2}7] B0 HAFH »
HEE AREStY &3 AARS FEsta, A7) gdEE 22E o&sle aTAEE
expansions E3] AAEA kS WY gradientE d=3dte] HA1Y HEinEE AAE $ Q.
A7) B4 AFY v 7L HEs fAE Y8 55U AlFe edve) ddus HolrbEA S8y,
= AATE 93 gradient7} EAHA Form 2 FHIvE WP = 9ir).
wol o2 S| maw, MY A4S sy AXEA, ZRAAN; 9 37 Z2AXN IF
A7l MR e, SAGE F8 oF dolH, devEe BEE o] gste] ALte s o
g dolg ¢ A7) mEtuge AHERS 2R/ §le I3y Aks

oo

Aﬁ

rr

=

td

ol &
12 4

:\9
ol
Ho
>
QL
k]

_5_



10-2022-0122175

5
7]

(¢

=
=

=

o
H]

e
=)
=

=

}‘\l_

.

o} O
=)

ol 7l

°©

Q

|8

=

tol 71 stehvlg

FaL A 1 5] ]

°©

°©

s

A
Qs

713}

tol ZHHAEE A

°

&

3

L

[e)

22 (loss), 47 9 el 7] shehlg
I aa ot

|

ZAIA el <

hyA

71

o}

™

17F A&

=

=

dloly s}

wul
=

of mEw, =d

wyo 3}

[0021]

!

o))
—

[0022]

g

s

H= 3t

°©

]

A
L

784
78

=

=

=

=

Pipelined EASGD %

=

o2 vlaE gy

e

a

=
Aleflof u}

714 WA ow viaE seboy
A

Pipelined ®M¥3} ++%

62 Pipelined ¥ 43} ¢

5

.
2
juy
a

gl
L

=

ofp

ok
=

P FAF Y g

[ 54

O/

Alstz] 7

[0023]

o

el

o
e

5

sl 4

&A

&0

)

PH

o

=

3t

il =] ofof 3
(Deep Neural Network, DNN)

3]

Zgell A it

}

&

AFH Z2H

[0024]
[0026]

Ajm
Tor

.50
=0

N

B Al wew, GPU7t

[0027]
[0028]

o]

¢

oW

N

4 73 =2

L
L

7t

* (high

B

o))
He

o))

o))

7A
B

A=
Ay

el
=

bandwidth)

ddoltt.

L
L

o

=

bandwidth)

[0030]
[0031]

<
No

]

7o 2 A

=
=

tol dloly -3t

2] 8]

ol

=
=

ol E49 274 ¢1A (Local Worker)

=l

[0032]



[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]
[0041]

[0042]

[0043]

[0044]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

SIS 10-2022-0122175

FY w2 Adsta, ofu Y] 9 doly 2L 4] stehiEe ARS oF gt GA% AN A8 4
s,

TR 7t ARY wst dsE B AP 2a(loss), A7 A wlolE, A7) seuEg ol gate A4
@ 2a% thg AFY wE2 A9w

715 sl Juke] edsh 2L g Sl mue] AFAs e setuE e Aol @ asi,

olZ 98, B A oA Pipelined EASGD(Elastic Averaging Stochastic Gradient Descent) I+
Pipelined DC-ASGD(Delay Compensation-Asynchronous SGD)E ©]-&3}o] &=ds/Idn 2 ueng AL =3
Eia=

ge}r) e 78alo] 2loJA] | Pipelined EASGD ¥+ Pipelined DC-ASGDZ o]-&3&}o] Al7|¢} o] 43y =
UAEES Aitetar QA ke Azt b A EE dFstAY, vl A" 54 F7)0 wel a8 7)
Who g F7|stete] stetuEE ZAlgtt.

2 AAde] mE2W, Pipeline WEste] A& H3l 72 AFHEH ot 59 Aldo =d 3 (forvard) 9t 93
3} (backward) & WZol7bAA Fagy, gy x7]d e IAGE 9% gradient7t EASIA] Forn=z FA syl
Rl Ria =

o]+ IFIB 2AEHo g AJd ¢ g},

w43 $ao] o], Pipelined EASGDE wh2~E] setu]ele} ole] /o] =4 setue & =4 sehvevt ALE
A =9} A s

3k, Pipelined DC-ASGD= 1F1B 27Al& %ol oo ZAld H4le] setvHE AMgste] =3 AMte .
2 AAde] e 7 A kB ZRAM R dE2E 23ste] 2¥dE AS 9% A4S IS 5 Y.
o

oA7IA, ZEAXNE AFH Z2aEE HdT F & CPU(central processing unit)y Z1Hfol] 714
ﬁ o]
1 S

e & qnh

MEels 344 e el Fua A% gAe e B A% FAE EFT 5 Ak Fe 4%
AAE AAE FAA 49, UB e 28 5 EZHY 4 Atk Mm99 aas wmels ge
R AR S

A4 7 Ayl AHgEa Y AE AW s WS contrastive divergence(CD)E o]-83F AFA 8t (pre-
training) ¥ F S dI(error back propagation: EBP)S o]&3F s} WhHo|t},

o] F 7}A] g5 WS 22 34 (loss function)¥t TFE ¥ gradient descent ¥2joz Rdl wbabw]E (DNN
9] weight)& A 3}eir),
Batch gradient descentztil®™ &&= ;e gradient descent WA olA = Al g5 HolHE o] &3l

gradient& AX F 29 evEE BAsHE B4L wEw,

1914, Batch gradient descent= ©lol¥] ®MH3}t 7|3 AHES MH A27F 7beskAIRE, B2 local minima
£ 7HA= D9 ghFell= AdshA] gt

iz

ol stochastic gradient descent (SGD) WA oAM= AA| 8t do|HZ o] &3te] A &3t gradientS 3}
7 X
1

I
el ) SkE AlEvit) gradientE Frokar RE gpebu|EE ZBAlSkE A S wb

o] AL AZF2 random walk XS A& local minimas @& E37F ¢l7] wio DN <o A4 o
2 Fasith. AN SGhE Rty o2 Fxtelry] wlitdd ®Wdstsly] oj# YA &5 Alzte] o8 AUtk ©E
o] A},

Batch gradient descent®} stochastic gradient descent® %%k mini-batch stochastic gradient descent

_7_



[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

SINES] 10-2022-0122175
3} ©|o|E] S mini-batchd}x Ea)= o8] 79 Fe aFoz Uy, 319 mini-batche] &3+
2 o] &3te] gradientE Foti ®E setuHE Balste HAS whEd)

1
Mini-batch 7tol+= =34 o2 3P A9, mini-batch WH-olA = GPU 5= AF&3}e] batch gradient descent
9} frAfgk HJ‘?SP—E dolelE HEsstoza 8 £E5 SgAD = 7] diod dA 7 de AEEHa

ro

ey HolE = =°17] 9I8A mini-batch®] A7]E =¥ random walk &7 FolEo] dhFol
oYXtk ©ie] vk, =, WHEst a&o] AFA ot

T2 F 9 AHel EEE feiA dadEe ShE Vlee R AWskAwh, olFe] o= XE SGDE mini-
batch SGDE ©|™| g},

nzi ok
ot
l:o{f
o

SGD dare]F vt ol £ 49 gradient ®bY] WEFOZ DNNO| 7ha Al (weight)E w4 FA8HAA

or—7
= 1=
b2 Qe g,

54 1

>

t+1

w' ' =w i VLOw x "y

o714, ® & weight, "% learning rate, L& &4 4, x= 49 dolE, y& A5 AAWe] EHs ok 5

= B gk(target value), A t& ¥ 315(= mini-batch 192)E YERTE,

WA =afo] Hadk SGD 7Nk HAH3I duEEe £AHoR N P wiEe] #HHA}Elr] ofHo)h. ulehA
SGD 71¥re] B 5 dua]Ee thkdt LA (approximation) WHHS AREETH. o]#E A WHEES SGDO A
Z Qa3 gradient #H& FAFEQ WAoo Gk, o]stellA A delayed gradient’} Ad5 Aste] Fast

2] H.

Pipelined SGD ¥ #@3} dugFS 2 +95™, DN 22 Ie2pr| g7t 24k o] o)
Y7l agHoR ALEEY] wie] i Ao B2 3t HE S=doE o]8d ZulifE DN St
Atk A vhe WY Sk dal Z7FA 2 delayed gradient #Al Wil st H3wmrl A8ty

ZAstojof 7FE DINS a3 oz &A1 4+

S
N, i
S|

T 9He] glenz  oF 3

B AAo|AE, pipelined SGD(stochastic gradient descent) HW#E3} dzaE]Ze] AHES FAsHHEA
delayed gradientZ %13t g% A5 Ast TAE 2T & A= WHS Ao,

o2 95t HE =Y ol2 Ak FYAEE =513, pipelined SGD YaE]E=e AA F&AT B4 HES
BAsela WY gt dugES 73t 371807 delayed gradient A4S &3td £ e AlE AAW
sk daElES AlQketth

wA 7o ¥Es W I SAES 28

lo
fin)
o,
)
o,
e
B
o,
&

o
o
o
=
o
@
2
it
i)
ofo
o
ol

W3 29 A3} (model parallelis

dolel aske dolelE thre] Bl F@sks Aotk AukHoz dole] Wesh suk DI o
g selEE 92 2 Ades el Awsel ey seulE e AR s dolE dRE bl

gradient & AAFslE AFE ==Eo] FHQsi),

2o = wp s

714 AFEH =t st=do] FA oebx GPU =¥ CPU (central processing unit) o (core) To] =
T Ak

A g5 HolHE HAFYH == /MR v dF sk dioE e DW vwixE fEugHE BE HFE =X
AFsta, 7 AFE Lo A2 T2 g5 dolHE AFEste] Al g5,

7k AFE =20 DINS M2 e do]HE AMEste] 53] wiite] Axxor Mz te 24 stevE )
2 27 e, odd 27 sebrlEE, 5 A9 DN 299 veight 5L Bl st viry mae wE

_8_



[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

SIS 10-2022-0122175

ofof ghth. R AFE kB AY mElS Fste] viaH EEE vb=s= W= F 714 (synchronous) W

% 2t 574 WA oz vhaE stehEE s 3P B Erolu

& 20 Z=AlE kel #ol, Synchronous SGD= € Aol B HHFHE o] 24 detvHE 2gste] vixs

B st HE ke

By AlstA, (1) vhag 2dllelM 7z AFY mE2 s ARRS dEdth (2) 7 AHFE =Sl
gradient%— A} (3) AAE gradientS thA dHalulE] AulE A$3i; (4) olar 2de] deln g
MECE, (DollA (4) SAI7) Aldste] wrE A,

7P hadt 24 vpebvlg 2§ U2 tadt go] BE 24 dEvEE Fetste] ke g E A st

— 7
4714, W & uhay shebueeln, WA A Y ws=e] 27 weelEol, ki A%Y s A%
th. DN veight Sl gradient® AFAA vhaE serlHE T8 £E ok, AAE vhaE o] tha
Y woel Wzd W BE A9 mde HAF vy g 2 B AFY mse 24 wepng
Fahs s Aol Wb olw 4 WRE wge] EAg

Mini-batch 571 wefslM 5718 7718 29 % vk, Z, “WA nini-batch % F F7187}k 95

A dtal, 98 £22 udste] TE e, F)ddde S Fuke ] wiiel] F713 F7] H A5 A
ZEA H8E A 1 8]10]: ok, o]EA TWA mini-batchritt 57135 F3ste AL 2A2HQ mini-batch

<, hypothesis spacedlA] 7N o g d5E 24 men|ge 2o vixy IFrHE F7|doz 7PAlst
t AezA, 27 IeuEEe HIE o83t WY Qo= dguEuith JFAE FoEs 5o o8 71K
Z23 el 71Es)tt.

Elastic averaging SGD (EASGD)olM &= Z+ 27 uetv]er) /fE A o2 FXE X npxg miebu g 258 Hoj
2 4 & AZ7F Aol®ltt. Block-wise model-update filtering (BMUF)o|Ai= o] wixg wpejve e} & 4)
27 vetve] Jie] xfolE whaE] mhebulE] WslEFEo R 15563 momentums F7ete] wmiAE dietv]E]E Y
2lghet,

e AFE wEE AMSSE A9 AR AFE wro dAH BAl Fell w3 o7)x] B3 Ao
AA F718F 27 =ed 5 Ak, oy FAE slAsty] flElA] Sync-SGDel A= KA o] AFE w==E
et & Ko AFEY wEolA gradient Aldte] U ywx] HAFH ==E V|vEA &a 57|3E 1
gl 5718l jAlE AFE s w5 AAVF Holg 7} ol AMSEA Fahis BAE ¢8s)
el 2zt AFE === wiid AA <5 dolEolA FZE mini-batchE A EEte] AFH == o] AFRE}
= dlolgel FHo] B - Y= 3},

T 3 M4 WA oR wiaH gEtuHE e S EAIE E=Holt)

% 28 Fxstd, (1) vixH I Er vErdeR 4 AFY ==
gradientE 71AFech; (3) AAE gradientE v AW Z ¥]57]4
Hlg7]d o2 Zixsitt, (DolA (4) ©AI7F Al&ste] dhEg,

= 39

H] -]

AlE vFe} 7ro] | asynchronous SGDE synchronous SGDO H]8|A] wiAE mtelng 7BAS 93t T2
I, Fder gAY 3G AFY =8 7Ivd Zav) §l7] wEol DW shsell 7 del Ab

2

_9_



[0083]

[0084]

[0085]

[0086]
[0087]
[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

SISl 10-2022-0122175

|55 WY g5 Wl T shuelt).

Asynchronous SGDoA] Z+ AFE =

ZHEE ZgAst, FAle 24 AF

st HE E7]38sk,

olgAl st v HFH =TTt sAlol Iehvy A et FAlsof sk Asto] AlsA] gkv] wiie] E4l
B ddo] fadn. 5ol FEHW BEE AFY == 27 sEvEE HrslA vty i gE ek

o}

Asynchronous SGDOAE AFE =t Eo] Idetug Ao A gradientS H|E7]A o2 AEsl7] wfjiLo|
23 gradient 2.2 nAE Fetn|eld H AT, =4 =& gradient% 71 gradientE A4 9
|5ty e g st ofdel WA =23 gradientoll ©JsiA o]n] ZAFE mlAE dhepu| o] 485
of EA7F 2 4= k. o] 3 gradientS delayed gradientz} 3},

=% ZtAF9] mini-batch H°HE 0]%"6]1 A gradient& A & 24 3
B wol 2rolg Auy o AFdY vt 27 seueel 2§

il

q =
A A}

™ %
&
7] Wi

% 4] EAE vhsh gol, mal W /1w W SHelAE rUES

)

. = o9
Aozl ®e) qrelse] oY HFE mEolM gAlel Adtel Fejd 4= 9l

dlE E9] convolutional neural network (CNN)<

] ol
convolution A4HS T 4 k. ZF 74 E=H@Y S22 Y FA= daHs e7HS AFE == ¢
=

o] FAYE Fote] Aedr. A=A AAFTH Zo] BE wAE Al ALt ol 4

EHo2E WEdol =AY, AFY i k9] 32l v dto] WE AFY FAAAME B¥Hs a8 A
7} Tt

3k, DN g5 HAo] ZEH o7 feed-forward (forward pass)® F S A 3}(backward pass)e| =274 W+
Fol7] wiEe doE wHES A WX A EE wdo] A AP 4 gle AU AAA At A4
ol Hlg&H o= x84 7heAdo] U,

% 5% Pipelined HE3} F+x2& Z=AI3 ¥t}

= 59 =AIE vFe} Zo], Pipelined ®WE3} WHAlS DNNO = ©9|& RdlS Eaksl= md Wyslo] dFolr),
S, B2 Toll & FHS T2 HAFE kto &St

ki

62 Pipelined ¥ HE3} &

AFY xo &3y FolM tWA mini-batch® forward passE mhX|H T}
oA tHA mini-batch®] forward passE& g}, o, A WA FAFHY ==+
t+1¥ 4 mini-batch®] forward pass& sAlol aAFcl. FALSHA backward passte ZH2F TFE mini-batchell o
sto] BE AHAFE =TTt Al g,

oo K

6o wAlg ks o], 3
AFY o wud =

wekA] Pipelined WS E RE AFE w=7F E8402 95, DW 2 gefuerp Bikejo] v
ﬂﬂ Ao AMGE7] wjEel iR DN 5ol AFsirh. 2y FFE =Tl backward passell €] 3iA

F7F QAAHNE o, 2 HFE =29 forward pass &k weight= ©]"] T2 mini-batchol <84 W7
2;17] 2ol ZHEH forward pass #¥ weightE Ab&she A7) @At =, delayed gradient A7} &
AsHAl H .

B odwyo oAx §8S Ho|WAME delayed gradient ¥4 122 93l Pipelined EASGD *:+= Pipelined DC-
3

&

9} 7o), EASGD(Elastic Averaging SGD)= Ho]E] W &3} due)Ze] d=F0 24 nini-batcho] A<
Z 274 A (Local Worker)Eel 27 v HE /EA R FA 8 SEFatARE, wtAE Y7 (Master
Worker)«] vpiE spetu| el A dojX = FrE7) AghE.

EASGD 71X Z+ Local Worker&9] Helu]E]= Master Worker® }2}w]E{e} Elastic Force(©]3s} g H )=
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& AAlelo] uhE Pipelined EASGDOl A<= dlolE] W3} vt ofuel mel ®Hstrt gl g,

%, Pipelined EASGDE WA S}l 2 AHRS ole] 7} T waoz vole WAsE AgsaA, UFY
wmd] FYE Rug AN 4G uEd 29 3dst ANE 485E A

= 78 B Ao wE Pipelined EASGD T+ 5 =A|%F =Holt),
T 7dAME 4 AFY o e 24 YAV AFH, AW Edo] AB Fx0 Afo Ed A= Node 0,
24 B Node 19 @39 AEHE TAISH Ao,

Pipelined EASGDAIA, wl) stetvleisl 22 webulge] A4e mE71Hom Beow gur),
% 8o ¥ AAde] e sty A4 SuelEe dek mrold,

dE £, Node 1ol mtejmE] Zile] FaldttA, AR Edo] B sdstes &5 ZJildt. 3pA|RE,
delayed gradient®] A|ZF A eAvtE 2l ALES whEThH | 27 A

59 274 gn|gE 2vtEA AAE,
A F7) vokeh Fashe vheE 9 2 97 e waE A B8R 2AEYd we geles) &
@9 4 Aok,

+1
e A kAl A wmel stahule E = loss 4 Le] 719v]sh wha) warom AAEWA, vl

wele] spetulE W oohe] Ffolst Aol wF fAHL),

784 3

w;:l:w;-nVL(w;;x ‘v f)-oa(w;(-;)

71N & wyEel JEE 2AsE sevEeld. wyHe JEst A5 AFEE ol s,

Nesterov’ s momentume %83}

ATt

2

7y wEe] A md shebulg AN $Ae thed gel AT 4

7814 4

=1 i Fa Fa Fa ¥
Vi :ﬁvk'HVL(Wk+BVk;x =Y )

84 5

1t t+1 ¢ —t
w, =witvy —or,(wk— w)

Fa
v L b T ) -
714 %= Nesterov' s momentum®]il, B = Nesterov' s momentum®] 7}&x]o]t}.

ol gt 7|H-2 delayed gradient TA1E ¢3lsli=dl o]82 4 QUth. F, ZF FolA Fr|doz nd ARES
3 woll, elastic averaging WHS A&t MZL wiaE Edd A9 mdd st Rl AMRES
7§28k 4= Qi)

Pipelined DC-ASGDE Taylor series 7]%t gradientE =3k AHolt).
23 gradientE tWHA A7+ gradient® ol#fj ¢} o] FAHE 4 AU},

B oZas Aol
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84 6

vL(W I+t;x f’y i): VL(W f;x I’y 1)+v ZL(wf;xf’y f)(wf+t_w f)+8

2
A7l Y = =2 3] Hessian matrixel @t AZ Al
oA 24| Hessian matrixS 7-3}7] o5 7] wjiol] 7]E0l = ofefie} 2+

ofj

7

fo of

84 7

VIL(w rﬂ;x r,y f) ~VIL(w f;x t,y I)erVL(w t;x f,y f)@ VIL(w r;x r,y r)@ (w o 1)

A7 A Y= A FA9 rAAE A S hyperparameter©] ™, ®—‘C— element-wise productZ <n|dht},
7129] pipelined SGD & Zo] ¢ 4L #8389 delayed gradient ZAS 318 4 gy, =, Zuin
Zol A WA= delay?t Tl A9 TTUHm Azreld fwiml 29| backward pass AAHAle]  2A}EHE

Hr

VLo x5 apgate W g ojael ol MasH Bt
914 8

i+l

w; W —n( VL(W ;;x i,y T)erVL(w ;;x t,y t)@ VL(W ;;x i,y ’)@(w;ﬂ—w ;))

4G B el AAdE A BHE S8 A" Aola, B o
Wel cklA vt 9, Wg, Rk s Aol
&3 Ao nolok @ Aolth,
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=56
E ri |Bi| F2 |B2 | 3 B3| Fi |BE| F5 | B2
g F3|F3| |F3|B3|Fi|BS F3|B3|FS(BS|
§~ Fi\FZ|F3| |F}| |F?|Ba|F?|B3|F; B}
S||F|r2|FR\FrE| |FE| |FE| |F|BE| F? B
Time
EH7

| . :
| Local |Local | |Local | | Local Maste(!

Node 0 orker  Worker Worker Worker rker
0A 1A 2A 3A A J

k{ .[

=,

‘Lbcal Local | | Local | |Local |Master|
Node 1 Worker Worker| \Worker Worker rker|
| 0B 1B 28 3B B ‘

EHS8

Algorithm : Pipelined EASGD
Processing by worker i and the master

parameter

i ¢ Computing Node index
m : Local Worker index
* : Master Worker

it : mini-batch index

if (1 divides 1)) then
a) X'y — Xy - |F‘(’*'-jm = -“-m]
b)Y X = & g+ alely =% )
end

Xy = Xy - '1"8lm.t,_i(x)
= t+1

Until Forever
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