OCHOBbI NPaKTUYeCcKoro
MCMNO/1Ib30BAaHNA HEUPOHHbIX CETEN.

Nekuna 6. Anropntmbl obyyeHuns ana rybokmx HC.



[nybokmne HC vs TpaanumoHHbie HC

U TpaguumoHHble (shallow ) HC:
= 1-2 BHYTPEHHUX CNOEB;
" HeoHXO0AMMOCTb NPeABapPTENbHOIO BblAE/EHUA NMPU3HAKOB,
npenobpaboTka AaHHbIX;
" «NPOCTOTa» 0by4yeHus.

U rybokue HC:

= >?7 CNOEB;

" MOAeNnpoBaHMe abCcTpakumii B AaHHbIX;

= 60/1bLLIOE YNUCNO CZI0EB U HEMPOHOB ->
60nbLLIOEe YNCNO BECOB.

" 34aNTUPOBAHNE AaNTOPUTMOB 0OYUYEHMUA.

" BbICOKME TPebOBAHMA K BbIUMCINTEIbHBIM
pecypcam. | >




TpyaHoctn obydyeHuns rybokmnx HC

L lokanbHble MUHUMYMBbI GYHKL MK

OWNOKU
O ChoxHbit naHawadT ueneso GpyHKLUM
U HepaBHomepHOCTb 06HOBNEHMUSA
NnapameTpoB ceTu

U Bbi6op 3aKOHA M3MEHEHUS CKOPOCTH

obyyeHus

https://www.cs.umd.edu/~tomg/projects/landscapes/



CTOXaCTUYEeCKUU rpaaAneHTHbIN CNYCK

( OcHoBHOM anroputm Ana rmyboKoro obyyeHus.
U BasnpyeTca Ha NpMHUMNAaX rpagueHTHOro CnycKa.
U BbluncneHure rpagmneHTa no Kaxkaomy npumepy
BbIYUC/INTENBHO 3aTPATHO —> BbIOOP CAYYaAMHbIX

NoAMHOXKecT n3 obyyatoulen BbIOOPKU.
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MeToabl onTMMMn3auumn 2-ro nopagKa

1
C(w + Aw) = C(w) + VC - Aw + E&wTH&w

Aw=—-H 'VC.

U OugeHka leccnaHa ™~ CKOPOCTb UBMEHEHUS TPagMeEHTa.

U TpebyeT mHoro namatn: 1000000 Becos - 102 snemeHToB leccuaHa - >3Tb
RAM .

L MeToabl yacTyHOM anpokcumauum feccuaHa (L-BFGS).

U Annpokcumaums TpebyeT Mcnonb30BaHWUA BCEX MPUMEPOB U3 oby4atoLein

BbIOOPKM.

W@



cnonb30oBaHMEe MOMEHTA

U Maea HakonneHns umnynbea.
L OueHKa «ckopocTu» rpagueHTa.

U NMpumeHeHne KoadduumeHTa «TpeHUa» ~ Ko3apdULMEeHT MOMEHTa.

f
v—=1v = uv —npvC
w—w =w+v.

U N3meHeHne KoapduumeHTa MOMEHTa B

npouecce obyyeHmna 0.5-0.9



MomeHT HecTepoBa

Momentum update

momentum
step
actual step

gradient
step

Nesterov momentum update

“lookahead” gradient
step (bit different than
original)

momentum
step

actual step

U OueHKa rpagueHTa B npeackasaHHOM NO3ULUKU GYHKLMKN OLLMBKU



N3meHeHne CKopocTn obyyeHusn

O CtyneHyatoe ymeHblleHUe
" B K pa3 Kaxkaple n utepaumin obyyenus;
" yMeHbleHne KoadpunumeHTa obyyeHus, ecnm owmnbKa Ha
noaTBep}KAatoLelt BbiIbopKe nepectasa YMeHbLIATbCA.

O 3kcnoHeHumanbHoe 1] = Oloe_ﬂt

&y
77 =
U Mnepbonunyeckoe 1-I—,B[




O630p anropntmoB obyyeHusa™.
MomeHT.

V=W +109, 9, =V,C(0) = o

O =6, -V, y=0.9

wvalue
=

£ W w0 8 100 1 Mo 1 180

* https://habrahabr.ru/post/318970/




O630p anropuTMoB 0by4yeHus.
|V|OM€HT HeCTepOBa
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O630p anropuTMoB 0by4yeHus.
Adagrad.

O Yyet yactoTbl 06HOBNEHMA Beca.

O YctonumsocTtb K BbibOpY
CKOpOCTU 0byyeHus.

1
V'Cf + €
€ — CIMaxMBawWWiA napameTp.

Bey1 =0 — Gt

value

25

2.0

15

1.0

05+

0.0

GRAD Adagrad_rectangles

gradient
— param=1e-07
— param=0.1
param=10.0
X
20 o (] 1o ] 50 20 250
aooch

11

%I



O630p anropuTMoB 0by4yeHus.
RMSProp.

20 GRAD RMSProp rectangbes.
U YueT yactoTbl 06HOBAEHUA BEca =g
— param=0.9

3a cyeT ycpeaHeHumA. —Prem

Elg’le = vE[]i-1 + (1 = 7)g}

TI l'.l-.‘
I'r;f+] = I'r;‘,l Eala——— ] i Mg
VE[g* ] + €
18 GRAD, RMSFrop, a8
: :l::ﬁ-ln.zl lTﬂ ' el
;ns .'I
X!

12



O630p anropuTMoB 0by4yeHus.

RMS[AM],
RMS[g,

Al = —

RMS[AB),
S [

i1 =0 —

E[A0), = E[A0Y)e1 + (1 —7) A5

H:‘JS[&H]; =/ ﬁ[.llgz].l + €

Adadelta.

Bl

QQQQQQQQ

gggggggg
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O630p anroputmoB obyyeHunsa. Adam.

GRAD Adam_rectangles

dient

t1zd
333

L MomeHT + yyeT yacToTbl

o6HOB/IEHMA Beca. A A A A
3 oo ?/ T hon —jo" hi?'l

BN

my = ,l".;f] Me—1 - {]_ .Hl }I';fr

ve = Bavs_1 + (1 — fa)g?

s . Uy e GRAD_Adam_spikes

My = ——. O = —— = T
A e = B
Ui i
Oprq = 8 — "
t+1 = b Tt )
B =09, 3 =0.999,¢ = 10°° 3“
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O630p anropuTMoB 0by4yeHus.
Adamax.

= By + (1= 3)\gul?
1 1
I

- - t
— 1 mP 1 ap (1 _ ap P . ) J|-_|[f_||::| 2
v = Jim [+ (= B = i (3285l

— maz(85 g1, 85Il . Blge1 . 1)

me = 3|?Hf_'_| | {]_ H| }If;f

i e
my = -
1- _."‘J'i
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O630p anropuTMoB 0by4yeHus.
JKcnepmmeHTbl (1).

bbly

aaaaaaaaaa
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O630p anropuTMoB 0by4yeHus.
JKcnepmmeHTbl (2).

Basins_and_walls
/3. / 5.00007
’// \,/

N /""\:\ — adam
N\ — adagrad
— rmsprop

— adadelta |]
— nesterov
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O630p anropuTMoB 0by4yeHus.
JKcnepmumenTbl (3).

Hills_and_canyon
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O630p anropuTMoB 0by4yeHus.
3Kcr|epMN\eHTb| (4)
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O630p anropuTMoB 0by4yeHus.

oss

JKcnepmumenTsbl (5).

w— adadeita0 1
— adadeits0.35
— odadeite! 0
—— adagrad 01
— 0drdl 0%
dagradd).*
—— odaml) 00GS
adaend 01
adam0 038
adamd 1

nesterev 1
resterca 15

maprop0.0036
rwspropd 01
spropo.035
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