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| think the first 40 years or so of automatic differentiation was largely

people not using it because they didn't believe such an algorithm could
possibly exist.
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3apauva Ry

[MpepnonoXuMm, YTo Mbl XOTUM PELUNTb CreayroLLyto 3agady:

L — mi
(W)= e,

Takue 3aAaum 06blYHO BO3HUKAIOT B MALUMHHOM 0BYYEHUM, KOFAa HaM HY>KHO HalUTU MOAXOAsLLIME NapameTpbl w MoAaenu (Hanpumep,
06Yy4nTb HEMPOHHYHO CETb).
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O6bI4HO MeTOoAb! nepBoro nopsagaka pa6OTaIOT nydyuwe B 60onblUMX 3afadax, B TO BpeMs KakK MeToAbl BTOPOro nopsgka Tpe6y|0T CiwKoM
MHOIo NnamMmATun.
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BOCCTaHOBWTb UCXOfHbIe koopanHaTel W, € R? i=1,..,N.
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Ccbifika Ha BU3yanu3aumio &b, rae MOXHO YBUAETb, YTO 6e3rpaaneHTHbIe MeToAbl ONTUMU3aLN PeLlatoT 3Ty 3aAayy HaMHOTO MeasIeHHee,
0COBEHHO B MPOCTPaHCTBax G0/bLUOM Pa3MEPHOCTU.

Question

CsnzaHo nn ato ¢ PCA?
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PucyHok 3. Ccbinika Ha aHuMaumo


https://fmin.xyz/docs/visualizations/mds.mp4

IpaAMeHTHbBIN cnycK 6e3 rpagueHTa: 2-ToYeuHbl meToq,
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MpapueHTHbIN cnycK 6e3 rpagueHTa: 2-TouYeuHbl MeTop,

annpokKkcmmMmauumm
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Wy = Wy, — o, Vo, L(wy,)

MoxHo nu samenutb V,, L(w),) nenonbays Tonbko uHdopmaumio
HyneBoro nopsaka?
[a, Ho 3a onpefeneHHyto LieHy.
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PacCMOTPUM ABYXTOUEUHYIO OLEHKY rpaanenTa’ Gt

L(w + ev) — L(w — ev) ;
2e ’

roe v - CryyaiHbii BEKTOp U3 chepuyeckm CUMMETPUYHOMO
pacnpegeneHus.

G=d
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IpaAMeHTHbBIN cnycK 6e3 rpagueHTa: 2-ToYeuHbl meToq,
annpokcumauum

MpeanonioXuMm, YTo Mbl XOTUM PELLNTb CreaytoLLyo 3aaady:

Trajectories with Contour Plot

L(w) — min

weR —e— GD
4 2-P Estimator GD
Start Point
C MOMOLLbIO anropuTMa rpagueHTHoro cnycka (GD): ‘:r Optimal Point
Wy = Wy, — o, Vo, L(wy,) 2

ModxHo nu 3ameHnTsb V., L(w),) ucnonbays Tonbko MHGOpMALMIO

> 0
HyneBoro nopsaka?
[a, Ho 3a onpefeneHHyto LieHy.
PacCMOTPUM ABYXTOUEUHYIO OLEHKY rpaanenTa’ Gt iy
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G=d v,

2e -4
rAe v - CryYalHbl BEKTOP M3 Chepuyeckn CUMMETPUYHOTO T 5 ; ; 3
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PucyHok 4. “UnntocTpaumsa AByXTOYEUYHOW OLEHKM rpagMeHTHOro
cnycka”

1peKomer,yeTc;| Xopouwlasa npeseHTauus o 663I’paﬂl/leHTHbIX mMeToaax
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MpapueHTHbIN cnycK 6e3 rpagueHTa: MHOroTOUYeUHbIN R
MeTop, annpoKcMmMmaLum

Wiy = Wy, — 03,G


https://colab.research.google.com/github/MerkulovDaniil/optim/blob/master/assets/Notebooks/Zero_order_GD.ipynb

MpapueHTHbIN cnycK 6e3 rpagueHTa: MHOroTOUYeUHbIN R
MeTop, annpoKcMmMmaLum

Wiy = Wy, — 03,G

Trajectories with Contour Plot
Takxe paccMoTpUM Uaero KOHe4YHbIX pa3HOCTeun: —e— Gradient Descent
4 Finite Differences Gradient Descent ®

d ‘:' Start Point

L(’LU + 66i) — L(w — Eei) Optimal Point
G = ’ e;
. 2e ‘

i=1

OTKpbITb B Colab & /
- o Y

/

PucyHok 5. “UnntocTpaumnsa paboTbl MeToAa OLEHKU rpaameHTa C
MOMOLLIbKO MEeTOAa KOHEYHbIX pasHocTen”


https://colab.research.google.com/github/MerkulovDaniil/optim/blob/master/assets/Notebooks/Zero_order_GD.ipynb

npOKnﬂTMe PasMEepHOCTU ANAa MmeToaoB HyneBoro

nopsigka 2

min f(z)
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roe G - OUeHKa rpaguneHTa 2-ToYeYHast UM MHOroToYeYHasl.

20OnTUManbHbie CKOPOCTH ANS HYNIEBOFO MOPSAKA BbINYKIOM ONTUMMU3ALMM: CHNa ABYX OLEHOK GYHKLMN
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NMpoknaTne pasamepHOCTHU A1 METOA0B HYJIEBOIro v

nopsigka 2

)
GD:xy =z, — 0y, V () Zero order GD: x| = %, — oy, G,
rae G - oueHka rpagneHTa 2-To4eUHas UM MHOrOTOUEYHas.

f(z) - rnapkas f(z) - rnaakas u sbinyknast f(z) - rnaakas u cunbHo BbINyKas

2 1 * 1 *|2 H k

6D Vi@l ~0 (1 EAEF T oy —a P~ 0 ((1- 1)
k k L

k

commemoro [V ()2~ 0 () Fla) — 0 (2) fo - =0 (1= 2)')

nopagka

[ns 2-TOYeUHbIX OLEHOK, Mbl HE MOXEM CAenaTb 3aBUCUMOCTb JlyyLle, YeM OT ﬁ!

20OnTUManbHbie CKOPOCTH ANS HYNIEBOFO MOPSAKA BbINYKIOM ONTUMMU3ALMM: CHNa ABYX OLEHOK GYHKLMN
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KoHeuHble pasHOCTH v

HamBHbIN MOAXOA K MOYYEHMIO MPUBNUBNTENBHBIX 3HAYEHMIA FPaAMEHTOB - STO MOAXOL KOHEUHBIX PasHOCTeiR. [N KaX Ao KOOpANHaTEI,
MOXHO BbIUMCIIUTL MPUGAIKEHHOE 3HAYEHUE YaCTHON NPON3BOAHOM:
oL L(w + ¢ee;,) — L(w)
w

~ .= (0,...,1,...,0
aU]k e y €k ( ’ ' ’ )

SLinnainmaa S. The representation of the cumulative rounding error of an algorithm as a Taylor expansion of the local rounding errors. Master's Thesis (in Finnish), Univ. Helsinki, 1970.
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nogxogom?
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MeXay TOYHOCTbHO U CTaBUNIbHOCTBIHO.
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Teopema

CyluecTayeT anroputM ana TouHoro soiuncnenns V., L za O(T).

SLinnainmaa S. The representation of the cumulative rounding error of an algorithm as a Taylor expansion of the local rounding errors. Master's Thesis (in Finnish), Univ. Helsinki, 1970.



MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa

YTOGbI rNy6XKe MOHATL MAESH aBTOMATUYECKOro anddepeHUMpoBaHus, PaCCMOTPUM MPOCTYO GYHKLMIO AN BbIYMCTIEHUS NPON3BOAHbIX:
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YTOGbI rNy6XKe MOHATL MAESH aBTOMATUYECKOro anddepeHUMpoBaHus, PaCCMOTPUM MPOCTYO GYHKLMIO AN BbIYMCTIEHUS NPON3BOAHbIX:

L(wy,wy) = wylogw; + /Wy logw;

[aBaiiTe HapUcyem BbIYUCNTE TbHBIN rPad STOW GYHKLMK:

L(wi,ws) = wylogw; + /w2 logw;

()
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PucyHok 6. inntocTpaums BbluncnutenbHoro rpada ans GyHKumMmn L(w1 , wg)



MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa

YTOGbI rNy6XKe MOHATL MAESH aBTOMATUYECKOro anddepeHUMpoBaHus, PaCCMOTPUM MPOCTYO GYHKLMIO AN BbIYMCTIEHUS NPON3BOAHbIX:

L(wy,wy) = wylogw; + /Wy logw;

[aBaiiTe HapUcyem BbIYUCNTE TbHBIN rPad STOW GYHKLMK:

L(wi,ws) = wylogw; + /w2 logw;

PucyHok 6. inntocTpaums BbluncnutenbHoro rpada ans GyHKumMmn L(w1 , wg)

L
[aBante nonagem oT Havana rpada K KOHLY 1 BbIYUCINM NPOU3BOAHYO a—
wy



Mpsamoi pexxum aBTomaTuueckoro gudpdepeHumpoBaHms

PucyHok 7. inftocTpaumst IpaMoro pexuma asTomaTuyeckoro anddepeHumposaHms

DyHKLMSA
Wy = Wy, Wy = Wy



Mpsamoi pexxum aBTomaTuueckoro gudpdepeHumpoBaHms

PucyHok 7. inftocTpaumst IpaMoro pexuma asTomaTuyeckoro anddepeHumposaHms

DyHKUMS MpoussopHas
Ow, . Ow,

Wy = Wy, Wy = Wy =1,
ow, Oow,

=0



Mpsimoi peXxum aBToMaTuyeckoro auddepeHumpoBaHns
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ST SR (O S
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PucyHok 8. inntocTpauusa npsiMoro pexumMa asTomMmatudeckoro anddepeHumpoBaHms
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PucyHok 8. inntocTpauusa npsiMoro pexumMa asTomMmatudeckoro anddepeHumpoBaHms

DyHKLMSA
vy = log wy



MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa

p D B B S

Gy QB
1 awl 1, w

PucyHok 8. inntocTpauusa npsiMoro pexumMa asTomMmatudeckoro anddepeHumpoBaHms

DyHKUMA MponssogHas
- vy __ Ovy dwy 1
Uy = log wy dw; — Ow; dw; — w,




MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa
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V2, 5—
811)2 8’(1)1
w2, ow
1

PucyHok 9. inntocTpauusa npsiMoro pexunmMa asToMmaTudeckoro anddepeHumpoBaHms
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PucyHok 9. inntocTpauusa npsiMoro pexunmMa asToMmaTudeckoro anddepeHumpoBaHms

DyHKLMSA
Vg = Way



MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa
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PucyHok 9. inntocTpauusa npsiMoro pexunmMa asToMmaTudeckoro anddepeHumpoBaHms

DyHKUMA MponssogHas
— vy __ vy vy
Vg = Wyt dw; ~ Ovy dw;

vy Owy vy
+ Qwy Owy U’QaTl +u

dwy
ow,




Mpsimoi peXxum aBToMaTuyeckoro auddepeHumpoBaHns
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PucyHok 10. UnntocTpaums NnpsiMoro pexxmma aBToMaTyeckoro anddepeHLmpoBaHmus



Mpsimoi peXxum aBToMaTuyeckoro auddepeHumpoBaHns
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PucyHok 10. UnntocTpaums NnpsiMoro pexxmma aBToMaTyeckoro anddepeHLmpoBaHmus

DyHKLMSA

U3 = /U2



MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa

p D B g S
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PucyHok 10. UnntocTpaums NnpsiMoro pexxmma aBToMaTyeckoro anddepeHLmpoBaHmus

OyHKUMA MponssogHas
Vg = /g

OJvg _ Ovg Ovy 1 Ovg
dw; — Ovy, Ow; — 2,/U; Ow;




MpsMoit pexkum asTomaTnyeckoro audpdepeHumnposanmsa
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PucyHok 11. UnntocTpaums npssiMoro pexxmma aBToMaTnyeckoro audpdepeHumpoBaHmns



Mpsamoi pexxum aBTomaTuueckoro gudpdepeHumpoBaHms
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PucyHok 11. UnntocTpaums npssiMoro pexxmma aBToMaTnyeckoro audpdepeHumpoBaHmns

DyHKLMSA
L=wvy+vy



Mpsamoi pexxum aBTomaTuueckoro gudpdepeHumpoBaHms
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PucyHok 11. UnntocTpaums npssiMoro pexxmma aBToMaTnyeckoro audpdepeHumpoBaHmns

OyHKUMA MponssogHas

L = Vg +1)3 9L _ 9L vy oL dvg _ 1 Ovy vy

dw; — Ovy dw; Aug Jw, — T Ow; ow,



0L N
an

CpaenanTte aHanornyHble BbluUucneHusa gnsa

L(wl, ’l.U2) = wsq logwy + 1/ ws logwy
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PucyHok 12. nntocTpaums BblumcamTensHoro rpada anst GyHKLUum L(w17 wg)



NMpumep npssmMoro peXxxmuma aBToMaTUUYECKOrro R
nndpdepeHUUpoBaHUSA

()
o D B S D S

sz
W, ——
’ 811)2
PucyHok 13. inntocTpaums npsiMoro pexxuma aBToMaTuyeckoro anpdepeHumMpoBaHms

DyHKLMS MpoussogHas

. ow ow
Wy = Wy, Wy = Wy oWy _ o 9% _ 4

Owy 0w,



NMpumep npssmMoro peXxxmuma aBToMaTUUYECKOrro
nndpdepeHUUpoBaHUSA

PucyHok 14. VinntocTpauusi NpsiMoro pexxnma asTomatmnyeckoro anbdepeHumpoBaHms

DyHKLMA MpoussoaHas
2. — p Ovy _ Ovy Owy _ 1 .
v = logw; dw, ~ Owy Owy, T wy 0



NMpumep npssmMoro peXxxmuma aBToMaTUUYECKOrro
nndpdepeHUUpoBaHUSA
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PucyHok 15. MnnocTtpaums npsMoro pexunmMa aBToMmaTnyeckoro gupdepeHumpoBaHms

DyHKLMS MpoussogHas
Vg = Wy, vy __ Ouy Ovuy vy Qwy vy

— Owy
dwy — Ovy Ow, Qw, Owy Wa Ow,y +uy dw,




NMpumep npssmMoro peXxxmuma aBToMaTUUYECKOrro
nndpdepeHUUpoBaHUSA
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PucyHok 16. inntocTpaums NpsiMoro pexxuma aBToMatuyeckoro andpdepeHumpoBaHums

DyHkumS MpousBopHas
Us = /U2

Oug _ Ovz vy 1 Ouy
Owy — Ovy Owy — 2,/U; Owy




NMpumep npssmMoro peXxxmuma aBToMaTUUYECKOrro
nndpdepeHUUpoBaHUSA
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V2, 5
8’1}3 8w2
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PucyHok 17. inntocTpaumsi NpsiMoro pexxkMma aBTomatnyeckoro anbdoepeHumposaHuns

dyHkuma MpoussoaHas
. . OL __ OL Ovy AL Ovy __ 4 Ovy Jvg
L= vy + U3 Owy, ~ Ovy Owy + vy Qwy, 1011)2 + Owy




Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N].
Halua Lenb - BbIYMCAIMTL NPOU3BOAHYIO BbIXOA4a 3TOro rpada no

v

HEKOTOPOM BXOLIHOW NepeMeHHON Wy, T.e. ZN 513 noes
w,

npegnonaraeT pacnpocTpaHeHne rpagMeHTa no BXO4HOM

nepemMeHHoM OT Hayana K KOHLlY, N03TOMY Mbl MOXEM BBECTU

0603HayeHune:



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N].
Halua Lenb - BbIYMCAIMTL NPOU3BOAHYIO BbIXOA4a 3TOro rpada no

v
HEKOTOPOM BXOLIHOW NepeMeHHON Wy, T.e. —N 5ra naes

W
npegnonaraeT pacnpocTpaHeHne rpagueHTa no BXO,EI,HOVI

nepemeHHoM OT Hayana K KOHLYy, N03TOMY Mbl MOXXEeM BBECTU

0603HayeHune:
v,
'U/. =
g awk
oz
1 Bw
8z, Ui=vi(ﬂ¢17-~-7zt,v)
o, —
? Qwy,
t;
oz,, Ov; Ov; Oz;
Tty

a_UJk 311)k B = B:Ej Bwk



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N]. e Onsi=1,...,N:
Halwa uenb - BbIUMCAUTL NPOM3BOAHYHO BbIXOAA TOro rpada no

v
HEKOTOPOM BXOLIHOW NepeMeHHON Wy, T.e. —N 5ra naes

W
npegnonaraeT pacnpocTpaHeHne rpagueHTa no BXO,EI,HOVI

nepemeHHoM OT Hayana K KOHLYy, N03TOMY Mbl MOXXEeM BBECTU

0603HayeHune:
v,
'U/. =
g awk
oz
1 Bw
8z, Ui=vi(ﬂ¢17-~-7zt,v)
o, —
? Qwy,
t;
oz,, Ov; Ov; Oz;
Tty

a_UJk 311)k B = B:Ej Bwk



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N]. e Onsi=1,...,N:

° )
Halua uenb - BbIYMCNUTL NPOM3BOAHYIO BbIXOAa 3TOro rpada no BbiunenuTs U; Kak yHKUMIO €ro npeakos Ty , -

v
HEKOTOPOM BXOLIHOW NepeMeHHON Wy, T.e. —N 5ra naes

W
npegnonaraeT pacnpocTpaHeHne rpagueHTa no BXO,EI,HOVI

nepemeHHoPl OT Hayana K KOHLYy, N03TOMY Mbl MOXXEeM BBECTU

V; = 0(T1, -, Ty

0603HayeHune:
v,
v, =
g awk
oz
1 Bw
8z, Vi = vi(ﬂch e 7Zti)
o, —
? Qwy,
t;
oz,, Ov; Ov; Oz;
Tty

a_UIk 311)k B = B:Ej Bwk

..,l‘ti:



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro Ry
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N]. e Onsi=1,...,N:
° . .
Halua uenb - BbIYMCNUTL NPOM3BOAHYIO BbIXOAa 3TOro rpada no BbIUMCANTL U; Kak GYHKLMIO ero Npepkos Xy, ... , Ly
v
HEKOTOPOM BXOAHOW NEPEMEHHON W, T.e. —— 9ra upes v; = v (xq, ... ,xti)
w,
npegnonaraeT pacnpocTpaHeHue rpaueHTa no BXoaHoOM @ BLIUMCUTE MPOMU3BOAHYIO U; UCMONb3Yst GOPMYNY NPOU3BOAHOM
nepemMeHHoW OT Hayana K KOHLlY, N03TOMy Mbl MOXeM BBECTM CROXHOM GYHKLMM:
0603HaveHue: t.
L v, Ox;
I, ' Oz Ow
v; = =1 " Yk
4 ) J
Wy
Oz
15 dw
Bz 'Ui=vi(m17-~-7zti)
)
2 Owy,
ozs Ov; i gy; Ox;
Ti;y -

B_uzk wy, g Oz; Owy,



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro Ry
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N]. e Onsi=1,...,N:
° . .
Halua uenb - BbIYMCNUTL NPOM3BOAHYIO BbIXOAa 3TOro rpada no BbIUMCANTL U; Kak GYHKLMIO ero Npepkos Xy, ... , Ly
v
HEKOTOPOM BXOAHOW NEPEMEHHON W, T.e. —— 9ra upes v; = v (xq, ... ,xti)
w,
npegnonaraeT pacnpocTpaHeHue rpaueHTa no BXoaHoOM @ BLIUMCUTE MPOMU3BOAHYIO U; UCMONb3Yst GOPMYNY NPOU3BOAHOM
nepemMeHHoW OT Hayana K KOHLlY, N03TOMy Mbl MOXeM BBECTM CROXHOM GYHKLMM:
0603HaveHue: t.
L v, Ox;
I, ' Oz Ow
v; = =1 " Yk
4 ) J
Wy
Oz
15 dw
Bz 'Ui=vi(m17-~-7zti)
)
2 Owy,
ozs Ov; i gy; Ox;
Ti;y -

B_uzk wy, g Oz; Owy,



Anroputm npssMoro pe>xmuma aBToMaTUUYECKOro Ry
nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N]. e Onai=1,...,N:
° . .
Halua uenb - BbIYMCNUTL NPOM3BOAHYIO BbIXOAa 3TOro rpada no BbIUMCANTL U; Kak GYHKLMIO ero Npepkos Xy, ... , Ly
v
HEKOTOPOM BXOAHOW NEPEMEHHON W, T.e. —— 9ra upes v; = v (xq, ... 7Iti)
Wy,
npegnonaraeT pacnpocTpaHeHne rpagneHTa no BXogHon @ BblUMCIUTL MPOM3BOAHYIO U; UCTIONb3yst GOPMYITY MPON3BOAHOI
nepemMeHHoW OT Hayana K KOHLlY, N03TOMy Mbl MOXeM BBECTM CROXHOM GYHKLMM:
0603HayeHune: ts
2
—_ ({91)1» 6I]
) P =
Oy L~ Q. Owy,
v; = 9 Jj=1 J
Wy
O6paTuTe BHUMaHUe, YTO STOT MOAXOA HE TPeByeT XpaHeHWs BCex
o MPOMEXYTOUHbIX BbIUUCEHMIA, HO MOXHO BMAETb, YTO ANA
1
LA L
ow Y y
ye v = via1, .1 22,) BbIUVCIEHNS NPOU3BOAHO B, Ham HyxHo O (1") onepauumin. 1o
T2, 5 °
Owy,

03HauyaerT, YTo AJ1s BCero rpagueHTa, Ham HyXKHO dO(T) orepaumit,
Oz, i _ i: ov; Oz; YTO TO e CaMoe, YTO U AN KOHEYHbIX Pa3HOCTEN, HO Tenepb Y Hac
Bur Owy, Oz Owy, HeT NpPo6emM Co CTaBUNbHOCTBIO MU HETOYHOCTSIMU(GOPMYbI BbilLe
TOYHbI).

J=1



There 1S another



O6paTHbIN pEeXXMM aBTOMaTUYECKOro
nndpdepeHUUpoBaHUSA

Mbl pacCMOTPUM Ty Xe GYHKLWIO C BbIUUCAUTENBHBIM FpadoM:

L(wy,wse) = wylogw; + /w2 logw;

PucyHok 18. UnntocTpaums BblunmcanTenbHoro rpada ans GyHKLmnm L(w1 , wQ)



O6paTHbIN peXXM aBTOMaTUYECKOro S
nndpdepeHUUpoBaHUSA

Mbl pacCMOTPUM Ty Xe GYHKLWIO C BbIUUCAUTENBHBIM FpadoM:

L(wy,wse) = wylogw; + /w2 logw;

PucyHok 18. UnntocTpaums BblunmcanTenbHoro rpada ans GyHKLmnm L(w1 , u12)

I'Ipe,qnonox(MM, 4YTO Y Hac eCTb HEKOTOpble 3Ha4YeHUA NapaMeTpoB Wy, Wy N Mbl YXKe BbIMOIHUIN I'IpﬂMOIZ npoxon (T.e. BblYMCIIEHNE 3HAYEHMN

BCeX MPOMEXYTOYHbIX Y310B BblYNCNNTENBHOIO rpac])a). MpegnonoXum Takxxe, YTo Mbl Kak-TO COXPaHUIn BCE MPOMEXYTOYHbIE 3HaUYeHUsI V;.

oL 0L
[aBaWiTe nonaem oT KOHUa rpada K Hauany 1 BbIYMCIUM NPOU3BOAHbBIE ——, —:
Ow, 0w,



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA

©
DR

PucyHok 19. inntocTpaums o6paTHOro pexunma asTomaTnyeckoro auddpepeHumpoBaHms



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA

©
DR

PucyHok 19. inntocTpaums o6paTHOro pexunma asTomaTnyeckoro auddpepeHumpoBaHms

[MponssoaHble



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA

©
DR

PucyHok 19. inntocTpaums o6paTHOro pexunma asTomaTnyeckoro auddpepeHumpoBaHms

[MponssoaHble

oL
oL



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

Dy
8’1)3 6_L

PucyHok 20. MinntocTpaums 06paTHOro pexmnma aBTomatnyeckoro auddepeHumpoBaHms



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

Dy
8’1)3 6_L

PucyHok 20. MinntocTpaums 06paTHOro pexmnma aBTomatnyeckoro auddepeHumpoBaHms

[MponssoaHble



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA

Dy
8’1)3 6_L

PucyHok 20. MinntocTpaums 06paTHOro pexmnma aBTomatnyeckoro auddepeHumpoBaHms

[MponssoaHble

oL _oror _or,
dvy  OLOvy — OL



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA
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PucyHok 21. nntocTpauusi o6paTHOro pexxmma aBToMaTuyeckoro avpdepeHumpoBaHms



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

©
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o /
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PucyHok 21. nntocTpauusi o6paTHOro pexxmma aBToMaTuyeckoro avpdepeHumpoBaHms

[MponsBoaHble



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

©
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/ 31)3
Bvy <_.
8

L

PucyHok 21. nntocTpauusi o6paTHOro pexxmma aBToMaTuyeckoro avpdepeHumpoBaHms

[MponsBoaHble

OL 0L Ovg OLOL _ OL 1 +E)7L
vy,  Ovy Ouy,  OL vy,  Oug 2,/v;  OL




NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

o oL
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PucyHok 22. inntocTpaums o6paTHOro pexxnma asTomaTnyeckoro anddpepeHumpoBaHmns



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

o oL
o 502

PucyHok 22. inntocTpaums o6paTHOro pexxnma asTomaTnyeckoro anddpepeHumpoBaHmns

[MponssoaHble



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

o oL
o 502

PucyHok 22. inntocTpaums o6paTHOro pexxnma asTomaTnyeckoro anddpepeHumpoBaHmns

[MponssoaHble

oL _oLow _ oL
Ov, Ovy, v, Oy



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA
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PucyHok 23. inntocTpaums o6paTHOro pexmnma aBTomaTnyeckoro auddepeHuUmpoBaHms



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro
nndpdepeHUUpoBaHUSA

oL oL
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PucyHok 23. inntocTpaums o6paTHOro pexmnma aBTomaTnyeckoro auddepeHuUmpoBaHms

[MponsBoaHble



NMpumep o6paTHOro peXxxuma aBToMmaTU4YeCcKoro Ry
nndpdepeHUUpoBaHUSA

()
p D B e S

oL 0L

vy

8w1
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PucyHok 23. inntocTpaums o6paTHOro pexmnma aBTomaTnyeckoro auddepeHuUmpoBaHms

[MponsBoaHble

oL _ 0L dv, 0L 1 OL _ OL dv, L

b it S = 2= =y
1
Ow; 0v; Owy;  Ovy wy Owy  0vy Owy  Ovyg



O6paTHbIN peXXM aBTOMaTUYECKOro S
nndpdepeHUUpoBaHUSA

Question

O6paTiTe BHUMAaHME, 4TO A5 TOTO Xe KONMYEeCTBa BbIUMCIIEHUI, YTO 1 B MPSIMOM PEXXMME, Mbl NONly4aeM NosHbIA BekTop rpagverta VL.
KakoBa CTOMMOCTb YCKOPEHMS?



O6paTHbIN peXXM aBTOMaTUYECKOro S
nndpdepeHUUpoBaHUSA

Question

O6paTiTe BHUMAaHME, 4TO A5 TOTO Xe KONMYEeCTBa BbIUMCIIEHUI, YTO 1 B MPSIMOM PEXXMME, Mbl NONly4aeM NosHbIA BekTop rpagverta VL.
KakoBa CTOMMOCTb yCKOpeHWs?

OTteeT O6paTnTe BHUMaHMeE, YTO ANS UCMONb30BaHUA 06paTHOro pexumMa AD BaM HYy>XXHO XpaHWUTb BCe NPOMEXYTOUHbIE BblYMCIIEHUS 13
npsimoro npoxopa. 3Ta npobnema MOXeT 6bITb YaCTUYHO pPeLLieHa C MOMOLLbIO YEKTMOUHTUHIA, MPU KOTOPOM Mbl COXPaHsieM TONIbKO YacTb
NMPOMEXYTOUHbIX 3Ha4YEHUI, a ocTarnbHble NepecynTbiBaeM 3aHOBO MO Mepe HeO6XO0AMMOCTU. DTO NO3BOSIAET 3HAUMTENBHO YMEHbLUNTb
06BEM Tpebyemor NamaTh Npu 06yyeHnn 60MbLIMX MOAENEN MaLLMHHOTO 0ByYeHus.



AnrOpMTM OﬁpaTHOFO PeXnMa aBTOMaTU4YeCKOro

nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N].

Hawwa uenb - BblMMCNUTb NPOM3BOAHYHO Bbixoda 3Toro rpada rno Bcem

BXO[HBIM NepemMeHHbIM W, T.e. VU = (g;” Yy gz}“) . Ora
1 d

naes npegnonaraeT pacnpocTpaHeHue rpagueHTa GyHKLMM no
MPOMEXYTOUHbBIM NMepeMeHHbIM OT KOHLa K Hauasy, Mo3ToOMy Mbl
MOXeM BBECTU 0603HaYeHue:

. 8711 B vy
Vi T B0, o,

Memory: vy

oL
Oz
oL
oL ‘Z oL 9z; Bxy

;- 87.7:] v;

=1

8L
Oz,

- MPAMON NPOXOA,
Onai=1,...,N:



Anroputm o6paTHOro pe>XmmMa aBToMaTU4YeCKOro v
nndpdepeHUUpoBaHUSA

MpPeANoNOXMUM, UTO Y Hac eCTb BEIYMCIIUTENbHBIN rpad v, 1 € [1; N}. - NPSIMOM NPOXOL,
Halwa uenb - BbIUMCIUTL MPOU3BOAHYHO BbIXOAA 3TOro rpada no Bcem Onai=1,...,N:

7 ; T o BblUMCNNTb U COXPaHUTb 3HauYeHns U,; Kak HKUMKO ero npegkos
BXO[HBIM NepemMeHHbIM W, T.e. VU = (g;” Yy gz}l“ ) . Ora P i KaK Gy PeA
1 d

naes npegnonaraeT pacnpocTpaHeHue rpagueHTa GyHKLMM no
MPOMEXYTOUHbBIM NMepeMeHHbIM OT KOHLa K Hauasy, Mo3ToOMy Mbl
MOXeM BBECTU 0603HaYeHue:

. 8711 B vy
Vi T B0, o,

Memory: vy

oL
Oz
oL
oL ‘Z oL 9z; Bxy

;- 87.7:] v;

=1

8L
Oz,



Anroputm o6paTHOro pe>XmmMa aBToMaTU4YeCKOro v
nndpdepeHUUpoBaHUSA

MpPeANoNOXMUM, UTO Y Hac eCTb BEIYMCIIUTENbHBIN rpad v, 1 € [1; N}. - NPSIMOM NPOXOL,
Halwa uenb - BbIUNCAUTb NPOU3BOAHYHO BbIXOAA 3TOro rpada no Bcem Onai=1,...,N:
T [
ov OV n Bblumcnntb n COXpaHUTb 3Ha4YeHua VU, Kak ¢yHKLLMIO ero npegkos
BXOAHbLIM NepemMeHHbIM W, T.e. V., Uy = ( N4 “) .OTa o v
A P wIN = w2 dw, « OBPATHbIV NPOXOA,

naes npegnonaraeT pacnpocTpaHeHwe rpaaneHTa GyHKLMMU No Onsii = N 1:

=N,.., L

NPOMEXYTOYHbIM MepeMeHHbIM OT KOHUa K Ha4dany, N03TOMY Mbl
MO>XEeM BBECTU 0603HaYeHUe:

. 8711 B vy
Vi T B0, o,

Memory: vy

oL
Oz
oL
oL ‘Z oL 9z; Bxy

;- 87.7:] v;

=1

8L
Oz,



AnrOpMTM OﬁpaTHOFO PeXnMa aBTOMaTU4YeCKOro

nndpdepeHUUpoBaHUSA

MPeAnonoXmM, YTO y Hac eCTb BbIYMCIUTENbHBIN Fpad v;, @ € [1; N].

Hawwa uenb - BblMMCNUTb NPOM3BOAHYHO Bbixoda 3Toro rpada rno Bcem

, T
BXO[HBIM NepemMeHHbIM W, T.e. VU = (g;” Yy ng:,) . Ora
1

naes npegnonaraeT pacnpocTpaHeHue rpagueHTa GyHKLMM no
MPOMEXYTOUHbBIM NMepeMeHHbIM OT KOHLa K Hauasy, Mo3ToOMy Mbl
MOXeM BBECTU 0603HaYeHue:

. 8711 B vy
Vi T B0, o,

Memory: vy oL

By

oL

oL ‘Z L da; Bxy
- Oz; Ov;

Ov;

=1

8L
Oz,

&uv

- MPAMON NPOXOA,
Onai=1,...,N:
o Bbluncnutb u COXpaHUTb 3Ha4YeHua U’i Kak ¢yHKLI,MIO ero npegkos
« OBPATHbIN MPOX0O.,
Onai=N,.. 1
® BLIYMCANTD NPOU3BOAHYHO W ncnosnb3ys Gopmysy NPon3BoOAHOM
CNOXHOW QYHKLMM M MHPOPMALMIO OT BCEX MOTOMKOB (BbIXOZ4OB):

0L N~ OL O
Vi T dv, = dx; Ov,
= A



Choose your fighter S

Question

Kakoit n3 pexxumos AD Bbl 6bl BelIGpany (NpsiMoi/o6paTHbIn) ansa cnegyowero
BblUMCNUTENBHOrO rpada apudmeTmyecknx onepaumnn? MNMpegnonoxum, 4to

oL,

BaM HY>HO BbIYMCIUTL AKoBuaH J = L
awj L
2¥)

(&)
Y
S
y
HOOOE

PucyHok 24. Kakol pexxum Bbl 6bl Bbibpanu gns
BblYMCNIEHNS FPagNeHTOB?



Choose your fighter S

Question

Kakoit n3 pexxumos AD Bbl 6bl BelIGpany (NpsiMoi/o6paTHbIn) ansa cnegyowero
BblUMCNUTENBHOrO rpada apudmeTmyecknx onepaumnn? MNMpegnonoxum, 4to
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OtBeT O6paTnTe BHYMaHUE, YTO BPEMSI BblYMCIIEHUA B 0BPaTHOM pexume
NpPONOpLMOHabHO KOIMYECTBY BbIXOAO0B, TOrAa Kak BpeMs paboTbl MPAMOro
pexxvmMa NponopLMoHanbHO KonmyecTBy BXxoAoB. [10aToMy 66110 6bl XopoLuen naeem
paccMoTpeTb NpsiMom pexunm AD.
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PucyHok 25. & Mpaduk unnocTpupyeT naeto BbiGopa Mexay pexmmamm aBToMaTUyeckoro anddepeHumposaHms. PasmepHocTb Bxofa
n = 100 ¢ukcupoBaHa, M3MepeHO BpeMsi BbIUMCTIEHNS SKOBUaHa B 3aBUCHMOCTY OT COOTHOLLIEHUS Pa3MePHOCTEN BbIXOAA U BXOAA A1 Pa3HbIX
pa3mepHoCTen Bbixoga M.


https://colab.research.google.com/github/MerkulovDaniil/optim/blob/master/assets/Notebooks/Autograd_and_Jax.ipynb
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OTBeT B 06LeM cryyae HEBO3MOXHO OTBETUTb 6€3 HEKOTOPOrO 3HaHWsI O
KOHKpeTHoM cTpykType rpada (G. CnemyeT OTMETUTb, UTO CYLLECTBYIOT
NpPoABVHYTbIe MOAXOAbI, CMELUMBatOLLME NPSIMOM U 06paTHbIN pexxum AD B
3aBMCMMOCTM OT KOHKPETHOM CTPYKTYpbl rpada G.
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Mpumep: anropuTm 06paTHOro aBTOMaTUUYECKOro Ry
nmddepeHumnposaHusa gna feed-forward apxutekTypbl

nPAMOW NMPOXo 4 Weights 0 @ @
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PucyHok 27. ApxutekTypa NpsMoro pacnpocTpaHeHnst HEMPOHHON
cetn
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Mpumep: anropuTm o6paTHOro aBTOMaTUYECKOIro v

nmddepeHumnposaHusa gna feed-forward apxutekTypbl
nrPAMou nNPoxoa °

. Weights
* Uy = I Ha BXO[ 06bl4YHO NofaéTcs 6aTy AaHHbIX T

. ﬂ,ﬂﬂk::l,...,t*l,t: Input e ° e @ o e

® v, = U(vk,1 wk) O6paTuTe BHUMaHME, YTO Ha NPaKTUKe,

flaHHble UMetoT pa3aMepHocTb T € RbXd, roe b - pasmep 6atua

(ans opHoro o6bekTa 13 BeiGopku b = 1). B o Bpems kak MaTpuLa
BecoB Wy, K cnos umeet pasmep 1y, _ 1 X Ty, rae Ny - pasmep v, = Vk-1 . wy,
BHYTPEHHEro NPeACTaBNEHUs AaHHbIX.

OBPATHbIN MPOX0[, b x ng b x ng_1 ng_1 X Mg
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NpousBepeHune NeccnaHa Ha BeKTOp 6€3 BbIYUCIIEHUS Ry
camoro leccuaHa

Korga BaM HyxHa HekoTopas MHGOpMaLMs 0 KpUBU3HE GYHKLMK, OBbIYHO BaM HY>HO paboTaTb C reccuaHoM. OfHaKo, 3To TPYAHO Aenatb,

Korga pasMepHOCTb 3agaumn senuka. [ns ckansapHon dyHkumm f : R™ — R, reccman B Touke ¢ € R"™ 3anucbiBaeTcs kak sz(w), Torga
npou3aBeAeHne BeKTopa Ha reccaH MOXHO 3anncaTb Kak
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NpousBepeHune NeccnaHa Ha BeKTOp 6€3 BbIYUCIIEHUS Ry
camoro leccuaHa

Korpa BaM Hy>kHa HekoTopast MUHPOPMaLMsA O KPUBU3HE GYHKLMM, 0BLIYHO BaM HY>KHO paboTaTb ¢ reccuaHoM. OfiHaKo, 3TO TPYAHO AenaThb,
Korga pasMepHOCTb 3agaumn senuka. [ns ckansapHon dyHkumm f : R™ — R, reccman B Touke ¢ € R"™ 3anucbiBaeTcs kak sz(w), Torpa
npon3BeeHne BEeKTOPa Ha recCuaH MOXKHO 3anmcaTh kak

v V2f(z) v
ana no6oro sektopa v € R™. Mbl MOXeM UCMOMb30BaTh TOXAECTBO
V2f(z)v=V[z - Vfx)T ] = Vg(z),

rae g(x) = Vf(x)T - U - HOBasi GyHKUMSI, KOTOpas CKanapHO YMHOXaeT rpagueHT f B & Ha BEKTop v.



NpousBepeHune NeccnaHa Ha BeKTOp 6€3 BbIYUCIIEHUS Ry
camoro leccuaHa

Korga BaM Hy>Ha HeKoTopas MHGOPMaLMs O KPUBU3HE GYHKLMM, OBLIYHO BaM Hy>HO paboTaTb ¢ reccuaHoM. OfHaKo, 3To TPYAHO AenaTb,
Korga pasMepHOCTb 3agaumn senuka. [ns ckansapHon dyHkumm f : R™ — R, reccman B Touke ¢ € R"™ 3anucbiBaeTcs kak VQf(w), Torga
npon3sefeHne BEKTOpa Ha recCMaH MOXHO 3anmucaTb Kak
v V2f(z) v
ana no6oro sektopa v € R™. Mbl MOXeM UCMOMb30BaTh TOXAECTBO
V2f(z)v=V[z - Vfx)T ] = Vg(z),

rae g(x) = Vf(x)T - U - HOBasi GyHKUMSI, KOTOpas CKanapHO YMHOXaeT rpagueHT f B & Ha BEKTop v.
import jax.numpy as jnp

def hvp(f, x, v):
return grad(lambda x: jnp.vdot(grad(f)(x), v))(x)



OnHamMmuka o6y4yeHnst HeMPOHHOM CEeTU Yepes CNeKTp
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PuicyHok 28. Bonblume no Moaynto oTpuLaTenbHble COBCTBEHHbIE 3HaYeHUs reccuaHa ucyesnu nocne o6ydeHnst ResNet-32

“HeKoTopble MCCNEA0BaHA B OMTUMM3ALIMN HEMPOHHBIX CETel Yepes CMeKTP COBCTBEHHbIX 3HaueHNi Meccuana

24


https://arxiv.org/abs/1901.10159

Npesa XaTuMHCOHa a1 OLeHKU cnega MaTpPULLbl 0 S

MeTop, XaTunmHCOHa NO3BOMSAET OLEHUTb Cllief reccnaHa ¢ NoMoLLbHO onepaumﬁ BblYUCNIEHNA YMHOXXEHUA recChaHa Ha I'IpOVI3BOJ'IbeIVI BEKTOp:

Myctb X € R4 yy € R - criyyaitHbiit BeKTOp TakoM, 4To ]E[UUT] = 1. Torpa,

1%
Tr(X) = E[vT Xv] ~ %Z’U?Xl)i.

i=1

PucyHok 29. VicTouHuk

5A stochastic estimator of the trace of the influence matrix for Laplacian smoothing splines - M.F. Hutchinson, 1990


https://docs.backpack.pt/en/master/use_cases/example_trace_estimation.html
https://www.tandfonline.com/doi/abs/10.1080/03610919008812866

YeKNOUHTUHI

AHMMaLus BbilleyKa3aHHbIX MOAX0[0B O

IMprMep ncnonb3oBaHWA KOHTPOSbHBIX TOYEK FpagMeHTa O

8ZeR0: Memory Optimizations Toward Training Trillion Parameter Models


https://github.com/cybertronai/gradient-checkpointing
https://colab.research.google.com/github/oseledets/dl2023/blob/main/seminars/seminar-10/Large_model_training_practice.ipynb
https://arxiv.org/abs/1910.02054

YeKNnOUHTUHTI K

AHMMaLus BbilleyKa3aHHbIX MOAX0[0B O
IMprMep ncnonb3oBaHWA KOHTPOSbHBIX TOYEK FpagMeHTa O

B kauecTBe NpuMepa paccMoTpuM o6yueHne GPT-25:

» AKTMBaLWK B MPOCTOM pPeXMME MOryT 3aH1MaTb ropasao 60sblue NamaTH: AnA NociefoBaTenbHOCTH AnmHon 1K 1 pasmepa 6atua 32, 60 GB
HY>XHO A1 XPaHEHUSI BCEX MPOMEXYTOYHbIX aKTUBaLMNA.

8ZeRO: Memory Optimizations Toward Training Trillion Parameter Models


https://github.com/cybertronai/gradient-checkpointing
https://colab.research.google.com/github/oseledets/dl2023/blob/main/seminars/seminar-10/Large_model_training_practice.ipynb
https://arxiv.org/abs/1910.02054

YeKNnOUHTUHTI K

AHMMaLus BbilleyKa3aHHbIX MOAX0[0B O
IMprMep ncnonb3oBaHWA KOHTPOSbHBIX TOYEK FpagMeHTa O

B kauecTBe NpuMepa paccMoTpuM o6yueHne GPT-25:

» AKTMBaLWK B MPOCTOM pPeXMME MOryT 3aH1MaTb ropasao 60sblue NamaTH: AnA NociefoBaTenbHOCTH AnmHon 1K 1 pasmepa 6atua 32, 60 GB
HY>XHO A1 XPaHEHUSI BCEX MPOMEXYTOYHbIX aKTUBaLMNA.

o YeKMNOMHTUHI MOXET CHU3UTb noTpebneHne oo 8 GB, nepecuntbizasn ux (33% AONONHUTENBHBIX BEIYNCIIEHMIA)

8ZeRO: Memory Optimizations Toward Training Trillion Parameter Models


https://github.com/cybertronai/gradient-checkpointing
https://colab.research.google.com/github/oseledets/dl2023/blob/main/seminars/seminar-10/Large_model_training_practice.ipynb
https://arxiv.org/abs/1910.02054

Yem aBTOMaTHNYeckoe audpdpepeHumposanme (AD) He

ABIAeTCHA:

¢ AD He siBNsieTCS METOAOM KOHEYHbIX pa3HOCTeN

DIFFERENTIAT{ON
STABLE
SYMBoLIC AUTOMATIC
sLow FAST
VUMERICAL | MANWAL
(im PYACTICAL)
WNSTABLE

PucyHok 30. PaznuyHble noaxoas! Ans B3ATUSI MPOU3BOAHbBIX
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Yem aBTOMaTHNYecKkoe audpdepeHumuposaHue (AD) He
SIB/ISIETCS:
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AD He aABNsieTCA TONbKO NPaBWUIOM BblYUCIEHUS
NPOU3BOAHON CNOXHOM GYHKLMM

AD (o6paTHbIli pexxum) senseTcs
BpeMA3IpGEKTUBHBIM Y YNCNIEHHO CTabUSIbHBIM
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HdonosnHuTenbHblIE MaTepualbl

+ PekomeHayto NpounTaTh opuLmManbHbi MaHyan no Jax Autodiff. Open In Colab


https://colab.research.google.com/github/google/jax/blob/master/docs/notebooks/autodiff_cookbook.ipynb#scrollTo=RsQSyT5p7OJW

HdononHutenbHble MaTepualbl

+ PekomeHayto NpounTaTh opuLmManbHbi MaHyan no Jax Autodiff. Open In Colab
» PacnpocTpaHeHuve rpagueHTa Yepes NIMHeNHble HaMeHbLLMe KBaapaThl [ceMuHap]


https://colab.research.google.com/github/google/jax/blob/master/docs/notebooks/autodiff_cookbook.ipynb#scrollTo=RsQSyT5p7OJW

HdononHutenbHble MaTepualbl

+ PekomeHayto NpounTaTh opuLmManbHbi MaHyan no Jax Autodiff. Open In Colab
» PacnpocTpaHeHue rpagueHTa Yepes NMHelHble HaMMeHbLUWe KBagpaTbl [ceMuHap]
» PacnpocTpaHeHue rpagueHTa Yepes SVD [cemuHap]


https://colab.research.google.com/github/google/jax/blob/master/docs/notebooks/autodiff_cookbook.ipynb#scrollTo=RsQSyT5p7OJW

HdononHutenbHble MaTepualbl

PekomeHayto npounTaTh opuLmManbHbIi Maryan no Jax Autodiff. Open In Colab &
PacnpocTpaHeHue rpagueHTa yepes NMHENHbIe HaMeHbLUWE KBagpaThbl [ceMuHap]
PacnpocTpaHeHue rpaguenTa yepes SVD [cemuHap]

KOHTponbHble TOUKM akTUBaLmi [ceMuHap]


https://colab.research.google.com/github/google/jax/blob/master/docs/notebooks/autodiff_cookbook.ipynb#scrollTo=RsQSyT5p7OJW

Utorun



Ntorm R

Onpepenexus Teopembl
1. ®opmyna pfist IPUGAMKEHHOTO BbIYUCIIEHVSI MPOVU3BOAHON 1. AsTomaTunuyeckoe gnddepeHumpoBaHme. BolumcanTenbHbin rpad.
dyHKUMM f(l:) : R™ — R no k-oi koopauHaTe ¢ NOMOLLLIO Forward/ Backward mode (B aToM Bonpoce HeT [okasaTesbCTs, HO
MeTofa KOHeYHbIX pasHOCTen. Heo6X0AMMO NoAPOGHO onncaTb anropUTMb).
2. Nycts f = f(z1(t), ..., 2, (t)). Dopmyna Ans BeIMMCREHNS %{
ox;

uepes —;* (Forward chain rule).
3. MycTb L - dyHKUMS, BO3BPALLaKoLan cKansap, a Uy, - yHKUMSA,

Bo3Bpallatolias BekTop = € RE. dopmyna ans BeluMCREHMS! gTLk

yepes gTL (Backward chain rule).
z;
4. Npes XaTuMHCOHa AN1si OLleHKU cnefa MaTpuLbl C MOMOLLbHO
matvec onepaumm.
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