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[Tonmep

MpenctaBbTe cebe crneayoLLyo CUTyaumto: AeBYLIKA CUAUT 3@ pyneM 0bblYHOM
MaLLMHbI, NAPEHb - Ha NACCAXUPCKOM cuaeHbe. Tenepb OH roBoput: «CBeTodop
3e/1eHbIN>». YTO MOXKHO YC/bIWATb B 32aBUCMMOCTM OT KaueCTBa OTHOLLEHWI U OMbITa,
MOSTYYEHHOrO MEXAY ABYMS MaBHbIMU FEPOSIMM Ha AaHHbIA MOMEHT?

> o QakTnyeckas nHbopmaums: Ceetodop — 3enéHbiN. Mbl MOXXEM exaTb!

> o CaMopackpsbiTue: S ropasgo bonee KBanu@PUUMPOBAH, YEM Bbl, B yrpaB/ieHUN
aBToMobuneM, NOTOMY YTO YXKE 3aMETUS1, YTO CBETOGOP 3eNEHbIN!

> o OTHOLWeHue: S Bceraa AO/MKEH roBopuTb Tebe, YTo Aenatb!

> o [lobyxaeHune: MNMoexanu!

Understanding Artificial Intelligence Fundamentals, Use Cases and Methods for a
Corporate Al Journey -2020



[MpocTas HenpoceTeBas A3bIKOBaA MOAENb

TOKeH — KoHel,

nocneaoBaTesibHOCTH
TeMm nerye HpaBuMMCS  Mbl en <EOS>
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YcnoBHaA A3blIKOBaA moAenb

BekTop, KOAUpYOLWMIA
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Moaenun Seq2Seq

o Exactly at midnight <EQS>
BekTop, KoaMpYyLWNK Xenaemoe
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Mcnonb3oBaHUe CTeKa PeKypPPEeHTHbIX C/I0EB

Exactly at midnight <EQS>
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[MTpobnembl Npu nepenavye KOHTEKCTA
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A lonely sail is ‘. white 7 <EOS>
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Kntoun (keys) n 3anpocsl (queries)

CpaBHeHMe 3anpoca K KaXXaoMy KIody,

41O npucyTcTByeT 4yTObbl HAUTU Hanbonee COOTBETCTBYIOLMM 4TO Mbl MLLEM Ha
Ha 3TOM 3Tane? 3TOM 3Tane?

BekTopbl BekTop
kntoueli (keys) 3anpoca (query)

dyHKUna (HanpuMep,
NIMHEWH.cnon+RelLU)

Xi1 Xi 2 Xi3 Xi,4 Yio Vi1 Yi,2 Vi3

' '

RNN 2HKoaep RNN [ekoaep



MexaHn3am BHMUMaHuMA (Attention)

BHMMaHKe NMPUCBANBAET BAXXHOCTb Ka>XAOMY C/10BY, BbIHUNCNAA <KMATKUE>»> BECA AN
YNCNOBOIo NpeacrtaBieHnd CsioBa B KOHTEKCTHOM OKHE.

OueHKa BHUMaHUS

er1 = ke qy a.0auH cnont RNN:
x Y= f(s,ap)
(-

b.Heckonbko cnoés RNN:

— k(h —
ki =oc(W:h; + b;) ry t )= alen g [Csll 1]
[ — -1
S exp(et,l)
1=
‘ Zt’ exp(et',l)
a, = z achy
T beneet napyc  oauHokou <START> A lonely sail
RNN Encoder RNN Decoder
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BHMUMaHUe B AeTanax

Xi1 Xi 2 Xi3 Yio Vi1 Yi2 Vi3
<START>




BapuaHTbl BHUMAHUA

1. MNpocTon BapmaHT KJtoYa M 3anpoca
ke = hy q1 = Si er1 = ke - qp
2. JINHENHOE MYNbTUNIIMKATUBHOE BHUMAHME
— T
ke = Wihe  qu = Wes, err = hi Wy Wys; = hiW,s,
3. icnonb3oBaHMe AONONHUTENbHOW (PYHKLINK

=k(hy) q;=q(s;) €l = ki q

Ay = exp(et'l) a, = 2 a.v(h)
et exp(esr ;) - T

O6y4yeHHas MyHKUUSA 3HAYEHUN
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Ob6Lan cTPyKTypa TpaHchopmepa

«BbITb W He BbITb, BOT B YEM BOMNPOC»
(«amneT», Yunoam LLekcrnivp)

! JHKOoAep [dekoaep \‘.
i 3HKc;uep ,U,EK§£I,ED E
i 3H|<:>nep ﬂeK?IJ.eP i
i 3Hl<(;nep D.eK?D.eP E
i 3H|<:mep Llek?nep i
\ 3H|<:>nep fexoaep ':

«To be, or not to be, that is the question»
(«Hamlet», William Shakespeare)

13



CamoBHMMaHue (Self-Attention)

a, = Z A 1V = W, z “t,lht
t

t

B exp(et,l)
Ae1 =
Y. rexp(es ;)
e =kt - q

ve =v(hy) Ve =Wyhy
kt = k(ht) kt — tht
q: = q(he) q: = tht

ht — O-(Wxt + b)
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Bektopa Query, Key u Value

Bxon

BekTopHoOe
npeacTaBieHne

3anpocbl (Queries)

Kntouun (Keys)

3HadeHus (Values)

q1

%1

MeuTbl

q>
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ManMHHbIe BbliHNCNEeHUA BHYTpeEHHEr o BHUMMaHWA

X we Q
X =
X wk K
X =
WV
X y _ V
Q KT
X
softmax ( ) x ¥ = Z
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CamoBHMMaHUe B aHKoAepe

KOHTEeKCTyanm3unpo-
sartvie pexropue. 71 L L L] = ] - T
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YepenoBaHme BHUMAHUSA U HEIMHEMHOCTH

Chon camoBHUMaAHUA

’—A T A T A T A_’
@ d1 |V1| lkzl q> |U2| |k3| d3 E;g,
hi h3 h3
a; a; as
N - 5
Chon camoBHUMAHUA
r—A T A T A T A_’
]jé] d1 |V1| lkzl d> |v2| |k3| ds3 &;
hy hs h3
X1 X2 X3

HennHenHoe
npeobpasoBaHue

hi = J(W‘)af + b"'))
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[Mpnmep MHOroypoBHEBOro CaMOBHUMAHUSA

«Mockingbirds dont do one thing but make music for us to enjoy. They don't eat up
people’s gardens, don't nest in corncribs, they don’t do one thing but sing their hearts out
for us. That's why it’s a sin to kill a mockingbird.» («To Kill a Mockingbird», Harper Lee)

Mockingbirds The music of These birds should

give us only these birds gives be protected

good things us pleasure

Mockingbirds try  The music of They do their They are good They don't do

to sing well these birds is best singing birds. anything wrong
nice

Mockingbirds are  Music made by birds sing their They = Mockingbirds don't

singing birds mockingbirds heart out Mockingbirds eat up gardens

mockingbirds Music heart out they don't eat



HemHoro 6onblue npumepos

1.What word can you make shorter by adding two letters? Short.

2.Police arrested two kids yesterday, one was drinking battery acid, the other was eating
fireworks. They charged one — and let the other one off.

3.What would the Terminator be called in his retirement? The Exterminator.
4.Sundays are always a little sad, but the day before is a sadder day.

5.1 lost my job at the bank on my first day. A woman asked me to check her balance, so
I pushed her over.

6.How much money does a skunk have? Only one scent.

7.Why is Peter Pan always flying? Because he Neverlands.
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MHororonosoe BHUMaHue

a2=

a1
az»
ars

v' HeckonbkO BEKTOPOB KJ/IHOYEN,
3aMnpoCcoB U 3HAYEHMUS

v' PacyeT BeCOB He3aBMCUMO AN4
Ka)<10M rof1oBbl BHUMaHUS

v Ha npakTtuke 8 ronos BHMMaHus
MOKa3bIBalOT XOPOLLNM
pe3ynbTar

ATOroBbIN BEKTOP BHMMaHMS
- KOHKaTeHaLus
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Peannsauma mHOXeCcTBeHHOIro BHMMaHUA

BHUMAHUA #0 BHUMaAHUA # 1 BHUMaHWUA # 2

[[0onoBa

Z4

[[onoBa

X

[[onoBa

WO

[[0NnoBa
BHUMaAHWUA # 7/

Z7
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[TO3MUMOHHOEe KoanpoBaHue

_ Xt
1.HanBHOE No3nLUMOHHOE KOAUPOBAHMUE: X = tt
_ 'xt' —
2.HacTpoeHHoe No3unLMOHHOE KOAMPOBAHME: X, = ) Y Xy = f(x¢,pt)
LVt

OTHOCUTENbHAsA NO3NLMSA TOKEHa bonee Ba)kHa, YEM ero abcontoTHasa nNo3nums

v .
«Mos cBeya, bpocas Tyck/bi CBET, B TBOWN HOBbIN MUP OCBETUT 6e3aopoxbe.» U.A. bpoackni

' v
«Houb, ynunua, doHapb, anteka, beccMbiCneHHbIM 1 Tyckbin cBeT.» A.A. Bnok
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HYacToTHble npeacTtaBneHnA

Homep B nocneaoBaTenbHOCTU

" sin(t/10002*1/4) 7
cos(t/10002*1/a)
sin(t/1000%*2/4)
cos(t/10002*2/2)

Pt

sin (t/l(.).;)OZ*%/d)
cos (£/10002°2/4).

Pa3MepHOCTb BeKTopa

d - Pa3MepHOCTb NO3MLIMOHHOMO Busyanusaums — BEKTOPHbIX NpeAcTaBeHnI
KOMPOBaHUs MO3ULIMOHHOIrO KOAMPOBaHMUS

_ Xt
1.KoHKaTeHauus Bxoaa € NO3ULMOHHBLIM KOANPOBAHMEM: Xy = [Pt]

2.CnoxeHue c aMbeganHrom Bxoaa: emb(x;) + p;




CoBmecTHasa paboTta sHKoAepa U AeKoaepa

[ekonep I
JHKoAEe | e \
jemm e D . E [ONHOCBA3HBIN CrIoW
! [ MOMHOCBSA3HbIN CrOi ] ! : [
: f R BHMMaHMWe 3HKoAep-AeKoaep
: i ': A Sf
: [ CaMOBHMMaHMe ] ! :\ CaMOBHMMaHMe
¢ _lot 4
3anpocsl (query): q =Wg's = qtk? al, = exp(e;)
Y..rexple
Knioun (key): ki = WEht e expler,)

3HauveHus (value): vi = W,f he BbIxo4 KpoCC-BHUMaHMeE: cf = z



Cnou aHKogepa n aAekoaepa bonee aeTasibHO

Softmax

JINHEeNHbIN cnoun

[dekopep #2

CaMOBHMMaAHME

[MOSTHOCBA3HbIN ] [ [MOSTHOCBSA3HbIN

OctaTtkn/ HopManmnsaums
1 |
JHKOAEep-AeKoAep BHUMAHME

A A

CaMOBHMMaHMeE

\ 4

- o o o o e e e e M e M e e e e e e e E—

[MONTHOCBA3HbLIN ] [ [MONTHOCBSA3HbIN

OctaTkn/ Hopmanmsauus
1 1
CaMOBHUMaHue

OctaTkn/ HopManmsauus
( T T '
- MacknpoBaHHOE CaMOBHMMaHWe

[ekopep #1

—— o o o e e e e o o -

JHKoAaep #1




MacKnpoBaHHOE BHMMaHMe (MporHo3 cieaytoLwero ToKkeHa)

Yi 77777 | Y2mmmmmr | Y3
i : FL : i v YuyeT  CcaMOBHWMaHWS Ha
2 | > | > NPOWbIX [JaHHbIX, HO He Ha
é.l | ﬁ% : i‘i Gyaywmx (T.k. Byayume ewé
[ : 1 : 1 HY>KHO CreHepupoBaTb)
| I
et : 42 : 43
| : — i | o = Kei*qisl=t
Mo” CaMOBHUMaHNA tl —oo | <t
’—A V A : \ T A : T A;
| |
@ q1 @ : @ 'p) @ : ds Ei; Ha npakTuke:
A | A I A
. i - i - exp(es;) > 0,1<t
hi : h; : h3
: :
| I



PunHanbHbIE NPeacKasaHna

TOKEH, acCOLMMPOBAHHBIN C MHAEKCOM

T

log BEpOSAITHOCTY | ] cee
01 2 3 45 T Pasmep cnosaps
[ Softmax ]
logits coe
01 2 3 45 T Pa3smMep cnosaps
[ JINHEWHbIN cnow ]

|

Bbixoa cTeka gekoaepos




[eHepauunAa nocneaoBaTe/IbHOCTU

DTan AekoampoBaHus : 3 Ceiiyac  He BpeMS]
LT e b et [ JInHenHbIV cnoit + Softmax
2 D \ 4 h
CTek 3HKOAEepOoB Crek aexoaepos
BekTopHOE N J (8 J
NpeAcTaBNeHve C T T T T T T
MOSULMOHHBIM — ———— 17717 [TT1T 717 [IT11] [(TT 11 [T 111
KOLI,VIpOBaHVIEM
BexTopHoe (TT1] [I117 [II111 COII1d o T s
npeacTaBfieHune BbIXOA
Bxon Now is no time Cenvac He

“Now is no time to think of what you do not have. Think of what you can do with what there is.”
(«The Old Man and the Sea», Ernest Hemingway)
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