COBPEMERHBIE 3AZAYM H METO[1bI ObPABOTHH
ECTECTBEHHOI0 A3bIKA
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EcTecTBeHHbIN 93blK

— ... A3blK, UICNONb3yEMBbIN ANA OOLWLEHNS NOOEN ... N HE
CO34aHHbIN LeneHanpaBneHHo (B oTAnYmMe oT
MCKYCCTBEHHbIX A3bIKOB).

Internet of Things Group




EcTecTBEeHHbIU A3blK - MMCbMEHHOCTb
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* [locnepoBaTenbHOCTb ONpeneneHHbIX CMMBONOB (BYKB, naeorpados,
NMUKTOrpamMm, nepornndos, C/I0B, MPeas0XKeHnin), BOCNPUHNMAEMas rNa3oMm
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ECcTeCcTBeHHbIN A3bIK - YCTHaA peyb

Image credit: Vox, “The Simpsons”
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HEY, LOOK!

! 1CAN SEE MY VOICE!
German speaker * LAUGHS *

—— vocal chords

[locnenoBaTeNbHOCTb ONPeAeneHHbIX MEXAaHUYECKUX KoNnebaHnm (3BYKOB,
dboHeM), BOCNPUHUMaEMas YXOM
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EcTecTBeHHbIUN 93blK - }eCThbl

Image credit: https://giphy.com/signwithrobert

Rolling on
the Floor
Laughing

How are you doing?

* [locnepoBaTenbHOCTb OMpeneeHHbIX ABUKEHUN (}KeCTOB, MUMUKU, GOPMBbI
NN OBUXKEHMA pTa U ryb, MoMoXKeHMA KOopryca Tena), BOCnpuHMMaeMas
r/1a30M
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Xo4y Kynumeo
HO8bIU mesie¢poH
“uPhone”. lpo Hez20
Xxopowue om3bigbl?
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

L LN J

PhoneFreak (2020-06-28 12:43 UTC+3)

uPhone - oTan4YHbIN TenePpoH, pekoMeHayo! =

citizenkane (2020-06-20 12:43 UTC+3)

.

B3an cebe n eHe uPhone. lecatb ns gecaTtu!
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Xo4y Kynumeo
HO8bIU mesie¢poH
“uPhone”. lpo Hez20
Xxopowue om3bigbl?

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

« Sentiment analysis - oueHKa SMOLMOHA/IbHOM OKPACKM TEKCTA

Xo4y Kynumeo
HO8bIU mesie¢poH
“uPhone”. lpo Hez20
Xxopowue om3bigbl?

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

llpo umo
ama KHuza2a?

BBBBBBBBBBBBB

A 30PH
3ECh THXHE
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

llpo umo
ama KHuza2a?

A 30PH
3ECh THXHE
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

llpo umo
ama KHuza2a?

BBBBBBBBBBBBB
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

« Text classification - Knaccndpmkauma TeKCToB

llpo umo
ama KHuza2a?

BBBBBBBBBBBBB

A 30PH
3ECh THXHE
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

A CKOJIbKO
2A/IOKMUK eCmb
80 BceneHHOU? :3
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

MeTarajjakTuka

MaTtepuan nz Buknnegnn — ceoboaHoOM aHUMKNoONeanm
(nepeHanpaeneHo ¢ «Habnwopgaemana BeceneHHaa»)

Habnopaemaa BcenéHHaa — NOHATUME B KOCMOJOTUK
BonbLuoro B3pbiBa, ONuckIBalollee YacTb BeeneHHoi,
ABNSAIOLLYICSH aBCOMOTHBIM MPOLWbLIM. Yucno =~
ranakTuk oueHnsaertcsa Gonee Yem B 500 mnpal?l.
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3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

MeTarajjakTuka

MaTtepuan nz Buknnegnn — ceoboaHoOM aHUMKNoONeanm
(nepeHanpaeneHo ¢ «Habnwopgaemana BeceneHHaa»)

Habnopaemaa BcenéHHaa — NOHATUME B KOCMOJOTUK
BonbLLOro B3pkIBa, ONUCkIBaKOLLEe YacTb BceneHHoM,
ABNAIOLLYIOCH aBCOMOTHBIM MPOLMLIM. Y1cro
ranakTuk oueHusaercsa Gonee vem B 500 mnpal?l.

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

A CKOJIbKO
20/I0KMUK
ecmso 80
BceneHHOU?

bonee
yeMm 500

BOMbLLIOro B3phIBa, ONUCHIBAIOLLEE YacTh
ABNAOLLYIOCA aBCOMOTHLIM NPOLLLIM. Yncno
ranakTuk oueHusaercsa Gonee vem B 500 mnpal?l.

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

* Question answering - 0OTBET Ha BONPOC NO TEKCTY

A CKOJIbKO
20/I0KMUK
ecmso 80
BceneHHOU?

bonee
yeMm 500

BOMbLLIOro B3phIBa, ONUCHIBAIOLLEE YacTh
ABNAOLLYIOCA aBCOMOTHLIM NPOLLLIM. Yncno
ranakTuk oueHusaetca 6onee yem B 500 mnpal2l.

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Kak 6yoem no-
O0pEeBHECKAHOUHABCKU
«lTpusem, Kak oena»?

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Kak 6yoem no-
O0pEeBHECKAHOUHABCKU
«lTpusem, Kak oena»?

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

* (Machine) Translation - nepeBoj, C 0O4HOrO fi3blKa HAa APYrou

Kak 6yoem no-
O0pEeBHECKAHOUHABCKU
«lTpusem, Kak oena»?

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Tol maKou
YMHbIU 3

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Tol maKou
YMHbIU 3

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

 Text/Dialogue generation - reHepauns TekcTa/BegeHme gnanora

Tol maKou
YMHbIU 3

Internet of Things Group



3aga4n o6paboOTKN eCTEeCTBEHHOIO A3blKa

Text to speech (TTS) - o3ByuMBaHMeE TEKCTA

Speech recognition - pacno3HaBaHne peyn/nepeBos, B TEKCT

Sign language recognition - pacno3HaBaHMe }KeCTOBbIX A3bIKOB

AH2/1043bI4HOE Ha38AHUE cpepbl 3a0a4 06pabomKu ecmecmeeHHO20 A3blKa -

NLP (Natural Language Processing)

Internet of Things Group



MawunHHbIN NLP - 3p0ecb n cenyac

Go gle milky way X

People also ask

Where are we in the Milky Way? ~

We're about 26,000 light-years from the center of the galaxy, on the inner edge of the
Orion-Cygnus Arm. It's sandwiched by two primary spiral arms, the Sagittarius and
Perseus Arms. The artists' concepts above and below show the Orion-Cygnus Arm, the
home spiral arm of our sun in the Milky Way galaxy. Jan 27,2020

* Question answering
earthsky.org » space » does-our-sun-reside-in-a-spiral-ar...

Which spiral arm of the Milky Way contains our sun? | Space ...
Search for: Where are we in the Milky Way?
Why is it called the Milky Way? v

How many solar systems are in the Milky Way? v

Internet of Things Group



MawunHHbIN NLP - 3p0ecb n cenyac

Go gle Q. how old is|

| how old is the milky way |

13.51 billion years

§o

how old is the universe
how old is the sun

. Question answering how old is the solar system
how old is pluto

how old is the moon

how old is the earth

how old is jupiter

how old is saturn

L O O 0 0 0 0 00

how old is our milky way galaxy

Internet of Things Group



MawunHHbIN NLP - 3p0ecb n cenyac

Google

* Question answering

I where does bruce willis live I X $ Q

Q Al B News [ Images [ Videos i More Settings  Tools

About 36,400,000 results (0.64 seconds)

View all

Los Angeles

Willis owns houses in Los Angeles and Penns Grove, New Jersey. He also rents apartments at

Trump Tower and in Riverside South, Manhattan.

en.wikipedia.org » wiki > Bruce_Willis v

Bruce Willis - Wikipedia

Internet of Things Group



MawunHHbIN NLP - 3p0ecb n cenyac

Source: https://www.youtube.com/watch?v=aMcjxSThD54

 Speech to text

> Pl o) 22:18/29:55
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MawunHHbIN NLP - 3p0ecb n cenyac

Image credit: vk.com

¢ ‘ Naven Kanaiaum ~

Npusert! Bery no aenam, ecrs
npoceBa!

& Moxoronocossm?
Aﬂgu@'

\ \“
 Speech to text M

Hoy 1e6a 30 cexyHn &2

) ltedielforbinl - As

>

Nosapaenaio! He sonpoc,
320IXAN KOHRUHO

RSB0

Paccxaxy NOAPOSHOCTH!

Nosapasnsio! He sonpoc,
303X KOHEUHO
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MawunHHbIK NLP - 3p0ecb 1 cemnyac

Image credit: https://www.macworld.co.uk/

@ R 24% W 14

“1s Jon snow dead”

Dead, alive... wildling, crow... north, south...

° Dialogue generation name, no name... Hodor, Wylis... all | know is

that | know nothing.

 Textto speech

Internet of Things Group



[TocTaHOBKA 3a4a4u A9 MalluH

 [IMCMEHHOCTb - NOCNe[0BaTENIbHOCTD ...
e YcTHas peyb - nocnenoBaTe/ibHOCTD ...

 HA3bIK }eCcToB - N0C/1eA0BaTEe/IbHOCTD ...

O6paboTKa ecTeCTBEeHHOro A3blKa

o06paboTKa nocnepoBaTe/ibHOCTEM

Internet of Things Group



[locnepoBaTe/IbHOCTb UMEEeT 3HaYeHune

OHa mucnyraaacb ToKa.
* Ha ypoBHe 6YKB:

OHa ucnyrazaacb KoTa.

EmMy cepbE3HO HY)XXHO 3aHUMAaTbCA CIIOPTOM.
 HaypoBHe cnos:

EMYy HY>XHO 3@aHMMAaTbCS CIIOPTOM CEPLE3HO.

« Ha ypoBHe npensoxKeHnn:

B cTpaHe rnipoun3olusia BCribilKa rpurna. Ho oboluiock 1Erkou ¢opmon.
Malua Toxxe 3apa3unsiacb. bosie3Hb MNogKOCUIa BCHO €€ XXU3Hb.

B cTtpaHe npou3oLlisa BcrbiwKa rpunna. bosie3Hb rnogKkocusia BCHO eé
XKW3Hb. Malia Toxe 3apa3uniacb. Ho oboLuiock J1Erkou ggopMon.

Internet of Things Group



CtpykTtypa NLP-anroputma

| ?7? |

Az20pumM KaaccupuKkayuu om3sieoe HA GubMbl

Internet of Things Group



CtpykTtypa NLP-anroputma

Bxogn; Bbixon;
What an amazing movie! POSITIVE [€=

Az20pumM KaaccupuKkayuu om3sieoe HA GubMbl

Internet of Things Group



CtpykTtypa NLP-anroputma

Bxogn; Bbixon;
What an amazing movie! POSITIVE

o
Az20pumM KaaccupuKkayuu om3sieoe HA GubMbl
Bxogn; Bbixopa:
The film was such a bore. NEGATIVE

Internet of Things Group



CtpykTtypa NLP-anroputma

Bxogn; Bbixop:
What an amazing movie! 1 €
— I I I I I I I I I I I I I I I _I

L I I I I I I I I I I I I I I I I I
Az20pumM KaaccupuKkayuu om3sieoe HA GubMbl
Bxogn; Bbixopa;
The film was such a bore. 0 <

Internet of Things Group



TOKeHun3auuna n cnoeapu

Bxoga:
What an amazing movie!

Internet of Things Group

Kak nepeBecTun TeKCT B dopmMar,
NPUroaHbIN 18 MCNONb30BAHMA B
aNropmMTMe MalKnHHOro/rnyboKoro
oby4vyeHUns?

TokeHusauua:

- Pa36buTb TEKCT Ha OTAENbHbIE
KOMMOHEHTbI (TOKEHbI)

- KaxaoMy TOKEHY NMpUCBOUTb
YHUKaNbHbIN MAEHTUPUKATOP



TOKeHun3auuna n cnoeapu

Bxoga:

What an amazing movie!

BapuaHT 1: npeBpalLaTh TEKCT B YMC/1A HA YPOBHE GYKB

[1noCbl U MUHYCHI:
—> W h a t a n |...
| | I I I I I + CpaenaHo 3a HaC KOAMPOBKOM
) USASCIl code chart
2 M P N R A + Manbin pasMep oTAENbHOMO
EHEREED N S A T H L naeHTUGMKaTopa (ana anPaBUTHbBIX A3bIKOB)
o|O|O]|!I | SOH | DC1 ! 1 A Q o q
ojlo]|1 |0 2 STX | DC2 " 2 8 R b r
! ‘ o "3 . i” * 3‘ I ‘ : ! - C/AWWKOM 60/bLLOE YNCIO SN1EMEHTOB B
nocnefoBaTeNbHOCTU
87 |104 | 97 (116 | 32 97 (110

- OTgenbHble 6YKBbI - NOKa/bHbIN NPU3HAK

Yuncno naeHtudmkatopos: ~200 (ASCII) E:I;IGOTB;I;(/I)bICﬂa CpaBHMBATb OYKBbI B Pa3HbIX

Internet of Things Group




TOKeHun3auuna n cnoeapu

Bxoga:
What an amazing movie!

BapuaHT 2: npeBpaLaTb TEKCT B YMC/1A HA YPOBHE C/IOB - C/IOBapb

. . [1a0Cbl N MUHYCBI:
—> what | an amazing movie

‘ ‘ ‘ ‘ + [lnvHa nocnenoBaTenbHOCTU ANA NMPenoKeHNN
P— P P MeHblUEe, YeM NPU KOANPOBKE OTAE/IbHbIX OYKB
2019: had 2033: what 6581: fate

Cnosaps 2020: an 2044: no 6582: 1885 + Manbiit pasmep oTaeNbHOro uaeHTUdUKaTopa
2021: were 2045: about 6583: amazing
- Heobxoammo yunTbiBaThb BCE C/IOBOGOPMBI
l ‘ ‘ ‘ (CcKknoHeHwue, cnpAXeHne N T. 4.)
2033 2020 6583 116 - rlyHKTyaLl,Vll'O HeO6XOﬂ|V|MO YYUTbIBaTb HapA[y C
O06bIYHbIMU C/IOBAMU

- Hy)KHO XpaHWUTb CNoBapb, B 0OLWEM CyYyae - CBOMU

Yucno naeHtnounkatopos: ~200000 (aHrn.) y
ONA KaxKa0om 3a4a4m/a3bika

Internet of Things Group



TOKeHun3auuna n cnoeapu

Bxoga:

What an amazing movie!

BapuaHT 2a: NpeBpaLlaTh TEKCT B YMC/1A HA YPOBHE KYCKOB C/10B

[Maochbl M MUHVYCHI:

—> what | an | amaz ##ting | movie

! ! ! ! ! + MeHbLlKUI pa3Mep croBapA

2019: had 2033: what 6581: fate
what +
Cnosaps 2020: an 2044: no 6582: 1885 ABHOe BblA€NEHNE MOp(I)eM
2021: were 2045: ##ing 6583: amaz o .
- bonbwnun aPpPeKTUBHLIN pasmMep

! 1 ! 1 ! nocnenoBaTeNnbHOCTHU

2033 | 2020 | 6583 | 2045 116 - YyTb 60onee cnoxkHaa npepobpaboTKa

Yucno naeHtnounkatopos: ~30000 (aHrn.)

Internet of Things Group



CtpykTtypa NLP-anroputma

BxO[; Bbixopn;
What an amazing movie! 1 €7
F | I | I | I | I | I | I | I | —I
I int I
1xL
TokeHu3sauusa ———> Ii
I [2033,
2020, I
| s |
L _—— I I I I I I I I I I I I I I

» [lpouecc TOKeEHM3AUMU - HEOTbEM/IEMAA YaCTb
obuiero anropmtma

NB: L - a¢ppekmusHaa 01uHa nocaedo8amesibHOCMU NOC/Ie MOKeHU3ayuu

Internet of Things Group



CtpykTtypa NLP-anroputma

BxO[; Bbixopn;
What an amazing movie! 1 €7
F | I | I | I | I | I | I | I | _I
int float I
I 1xL 2?2? 1x2
TOKEHM3AUNS e 2 = 10.05
I [22992393 222 0.97] I
| s |
L _—— I I I I I I I I I I I I I I

* Pewaem 3agavy ML/DL nogxogamMu - B KOHLE
HEKOTOPbIN KnaccndmKkaTop

Internet of Things Group



CtpykTtypa NLP-anroputma

BxO[; Bbixopn;
What an amazing movie! 1 €7
I int float float I

1xL 1xLxH 1x2

TOKEHM3AUNS e 2 —_—

I [2033, 2?2 [e.63,

o, 0.97] I
| s |
L _—— I I I I I I I I I I I I I I

* KnaccudpumkaTopbl (MONHOCTbIO CBA3AHHbIN C/10M,
NIOFTNCTUYECKANA perpeccus 1 T. A4.) 06bI4HO
MMEIOT BELLLECTBEHHbIE BXOAbI - MPU3HAKM

Internet of Things Group



CtpykTtypa NLP-anroputma

Bbixopn;

Bxoga:
What an amazing movie! 1 €
I float I
BbipeneHue
TokeHu3sauusa
I [2033 nNpusHaKoB [0.03,
2020 . 0.97] I
| e |
L _—— I I I I I I I I I I I I I I

 OcHoBHada BapuatuBHOCTb nogxonos NLP - B
BblaeneHnn npusHakoB (feature extraction)

NB: Ha cxeme npAMOYy20/1bHUKAMU YKQA3AHbl 06y4aeMbie KOMNOHEHMbl.

Internet of Things Group



BxogHble NPU3HaKU - YHUTAPHbIN KOA

1xL int (L- onuHa nocnedosamensvHocmu)

* BxoaHble NpU3HaKu -
2033 | 2020 | 6583 | 2045 116 KaTeropuanbHble (KaXKabli
— — — — — naeHTMOMKaTop B C/I0Bape -
e e e e e OTAENbHbIM KNacC) = uesnble Yncna
5 o 6  ML/DL cywecTBeHHO ncnonb3yeT
N 0.0 1.0 onepaymmn C BeweCTBEHHbIMM
> 0.0 1.0 .. 0.0 YyucCsiaMm, a He uenbiMu
1.0 0.0 .. 0.0
0.0 0.0 1.0  CTaHpapTHOE pelleHune -
1.0 0.0 npeobpasoBaHMe KaXKaoro Lesoro
9.0 4Yncna B BEKTOP BeLLECTBEHHbIX
0.0 0.0 0.0 0.0 0.0 4yumcesn C NOMOLLbIO YHUTAPHOIo Koaa

ne-hot encodin
1xLxV float (V- pasmep crosaps, ~ 10%) (one-hot encod g)

Internet of Things Group



BxogHble NPU3HaKU - YHUTAPHbIN KOA

1xL int (L- onuHa nocnedosamensvHocmu)

*  KagoMmy i-My ngeHTndmnkatopy
2020 CTaBUTCA B COOTBETCTBUE V-MEPHbIN
N BEKTOp, rae V - yncno Kateropuu (B
g:g HaleM cnyyae V = pasMep cnosaps)
- 2020 Hyneu « B V-MepHOM BEKTOpE i-bli1 31E€MEHT
o0 || paBeH 1.0, a oCTa/ibHblE PaBHbI HY /IO
> 1.0 y
0.0 | — * YHUTapHbIM KOA XOpoLo paboTaeT
NPn He CBA3AHHbIX MeXay cobou
_ \/-2020 -1 Hyneil BXOAHbIX KaTeropmax
0.0 | _|

1xLxV float (V- pasmep crosaps, ~ 109)

Internet of Things Group



[ToXOoXeCTb BEKTOPOB

« KaKow n3 BEKTOPOB BHM3Y Hanbonee noxox Ha /
BEKTOp cnpaBa?

~ . 7 —

Internet of Things Group



[ToXOoXeCTb BEKTOPOB

« KaKow n3 BEKTOPOB BHM3Y Hanbonee noxox Ha /
BEKTOp cnpaBa?

~ .~ /7 —

Internet of Things Group



[ToXOoXeCTb BEKTOPOB

« KaKol n3 BEKTOPOB BHM3Y Hanboiee NOXOoX Ha
BEKTOpP crnpaBa? [7.3, 8.1]

[6.2, -4.3] [-0.5, -0.7] [6.7, 7.9] [0.0, 1.3] [-0.7, 0.0]

Internet of Things Group



[ToXOoXeCTb BEKTOPOB

« KaKol n3 BEKTOPOB BHM3Y Hanboiee NOXOoX Ha
BEKTOpP crnpaBa? [7.3, 8.1]

[6.2, -4.3] [-0.5, -0.7] [6.7, 7.9] [0.0, 1.3] [-0.7, 0.0]

Internet of Things Group



[ToXOoXeCTb BEKTOPOB

¢ DPPeKTUBHAA MeTPpUKa 414 BEKTOPOB
NOPOXKAAETCA CKaNAPHbIM NpOM3BegeHNEM

(C_i.b)zab cos @ C_i ZH x_0>=[7.3, 8.1]

(&E)=Zalb] B)
X1 X3 X3 X4 X5

[6.2, -4.3] [-0.5, -0.7] [6.7, 7.9] [@.0, 1.3] [-0.7, 0.0]
(g - %7) = 10.43 (g - %3) = 112.90 (Xg - %2) = —5.11

(Xg - %) = —9.32 (xo - X4) = 10.53

Internet of Things Group



[TOXOXeCTb BEKTOPOB

Cnoeo good better best
TokeH 2205 2489 2920
BekmopHoe
npedcmassieHuUe
(ycnoeHo)

* «bnnskue» (B HEKOTOPOM CMbICNE) C/I0BA AO0NKHbI UMETb 60/bLLIOE
NONIOXKUTENIbHOE CKaNApHOe Npou3BeaeHNE Apyr C APYrom

Internet of Things Group



[TOXOXeCTb BEKTOPOB

Cnoeo good bad awful

ToKkeH 2205 2489 2920

BekmopHoe
npedcmassieHuUe

(ycnoeHo)

* «[MpoTMBONONOMXKHbIE» (B HEKOTOPOM CMbIC/IE) CNOBA AOHKHbI UMETb
60/blUOE OTPULATENBHOE CKa/IAPHOE NponsseaeHue

Internet of Things Group



[TOXOXeCTb BEKTOPOB

Cnoso good table amazing
TokeH 2205 2796 2920
BekmopHoe \
npedcmassieHuUe
(ycnoeHo)

* «He cBA3aHHbLIE» (B HEKOTOPOM CMbIC/IE) CNOBA AOKHbI UMETb CKaNIAPHOE
npousBeneHne, 6IM3KOE K HyKO

Internet of Things Group



BxogHble NPU3HaKU - YHUTAPHbIN KOA

1xL int (L- onuHa nocnedosamensvHocmu)

* YHUTaApHbIN KOA, COBEPLUEHHO He
2033 | 2020 | 6583 | 2045 | 116 NoAXOAUT A5 UCMONb30BaAHUSA C
METPUKOWN B BUIE CKAJIAPHOIO
0.0 0.0 0.0 0.0 | o.e
npousBeaeHus
0.0 | o.e 0.0 | 0.0 | 0.0 POV3BEAE
o 0 * Pa3MepHOCTb BEKTOPOB C/INLLKOM
- 0.9 1.0 Be/IMKa 1 N3bbITOYHa (pecaTKu
> 0.0 1.0 .. 0.0 ThICAY)
1.0 | e.e . 0.0
0.0 0.0 1.0 * HeT HMKaKOW BO3MOXHOCTU
;-g 0.0 YCTaHOBUTb 6/IN30CTb C/I0B
0.0 0.0 0.0 0.0 | o.0

1xLxV float (V- pasmep crosaps, ~ 107)

Internet of Things Group



BXxogHble NPU3HaKN - BNIOXKeHUA

1xL int (L- onuHa nocnedosamensvHocmu)

2033 2020 6583 2045 116
>
VxD float g3amue 3/1eMeHmMo8
Nno UHOEKCy

3.9 2.1 -4.8 -6.2 2.1
2.0 5.2 2.6 5.8 -4.0
-5.8 7.4 1.1 2.2 -0.9
8.0 -8.3 6.1 5.1 6.7
-5.4 3.6 -2.3 -0.9 -0.4
2.4 -0.8 7.1 -6.1 0.2

BnoxeHusa (embedding) - 6onee obwan
npoueaypa COOTHECEHUS BEKTOPA CO
C/10BOM

B ob6wem cnyyae, ecnm BXoAHble
NAEHTUPUKATOPLI MPUHUMAIOT 3HAYEHUS
[0, 1,..,V-1]-3T0 npocTo Tabnuuya n3 VvV
BEKTOPOB MPOU3BOJIbHOro Bnaa (Ho
3alaHHOU pa3MepHocTn D)

AsnatoTca obyyaeMbiM NapaMeTpoM -

1xLxD float

Internet of Things Group

(D - paamepHocme enoxkeHus, ~ 107 -

HYXXHO 00y4YaTb BMeCTe C OCTa/IbHOM
MOZeNblo, IMOO B KayecTBe OoTAe/IbHOU
3a4a4un




O6y4yeHune BnoxeHunm - Word2Vec

P(W;,_,IW;,) PWi,,, Wi, «  O6yueHue - 06bI4HO 6e3 yunTena

* BekTopbl BNOXeHUA nogbuparoTcs
TaK, YTOObl MAKCMMU3UPOBATH
BEPOATHOCTb NOABNIEHUA

t—2 t—1 t t+1 t+2 t+3 OKpPY*aloLunx CNoB BO3e

HEKOTOPOro «LEeHTPaNbHOro»

problems  turning banking  crises  as

T—-1

p(V) = 1_[ 1_[ P(v_\/’l-t+j|v_v’l-t;V) - max

t=0 —ms<j<m

j!'=0
L'V InL(V) = In P % e iesy e
()= ~nL0) = —7 NP WG V) = min | p(G V) = -
—-msjs<m tHIe Z eWkWig
j1=0 kev
Wi - BEKTOpP BNOXKEHUA
Image credit: http://web.stanford.edu/class/cs224n/ IV - Tabnnua BNOXKEHUN ( = BCe BEKTOPbI BOXEHUN ANA CoBaps)
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O6y4yeHune BnoxeHunm - Word2Vec

Country and Capital Vectors Projected by PCA
= — — ~
1 I Chlna( 1 1 1 I 1 W — W B N X
‘Beijing Moscow Russia —
15 Russia T N — N
Japan Weni + X = Wgojiing?
il dioeow, | China Beijing
Turkey: Ankara ~Tokyo
Relationship Example 1 Example 2 Example 3
05 I T France - Paris Italy: Rome Japan: Tokyo Florida: Tallahassee
Poland: big - bigger small: larger cold: colder quick: quicker
0r Germany- . Miami - Florida Baltimore: Maryland Dallas: Texas Kona: Hawaii
France "Warsaw 3 3 g 4e L TR : ;
R Einstein - scientist Messi: midfielder Mozart: violinist Picasso: painter
-05 F Italy- "Paris o - Sarkozy - France Berlusconi: Italy Merkel: Germany Koizumi: Japan
. mAtenS copper - Cu zinc: Zn gold: Au uranium: plutonium
4L Spain Rome | Berlusconi - Silvio Sarkozy: Nicolas Putin: Medvedev Obama: Barack
Microsoft - Windows Google: Android IBM: Linux Apple: iPhone
16 | B "Madrid | Microsoft - Ballmer Google: Yahoo IBM: McNealy Apple: Jobs
' . "Lisbon Japan - sushi Germany: bratwurst France: tapas USA: pizza
5 . ) ) . . ) . Tabauua: lNapel ¢108 ¢ 00UHAKOB0U 8EKMOPHOU PA3HOCMbIO 8
2 -15 -1 -0.5 0 05 1 15 2 06yy4yeHHOM goxeHuu Word2Vec
Sources: ° OTcnexxmnBaeTt 3aKOHOMEPHOCTU MeXxay CJioBaMU U NX BEKTOPaMM
https://pathmind.com/wikifword2vec B/IOYEHWU Ha YPOBHE IMHENHOMN anrebpsbi!

https://arxiv.org/pdf/1301.3781.pdf

Internet of Things Group




CtpykTtypa NLP-anroputma

BxO[; Bbixopn;
What an amazing movie! 1 €7
Gg) float I
I o 1x2
TokeHu3sauusa ¥ 70,03,
I [2033, O 9.97
2020 = 971 I
, m
I 116] I
L _—— I I I I I I I I I I I I I I

* [na npocTenwmnx 3agad MoXHo paboTaTb
HEeNoOCPEeACTBEHHO C B/IOXKEHUAMWN KaK MPU3HAKaMU

SST-2: ~80%
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CtpykTtypa NLP-anroputma

Bxogn; Bbixop:
What an amazing movie! 1 €
F | I | I | I | I | I | I ﬁ —_ I
I S float I
& Bbloenenue
TokeHu3sauusa X
I [2033, o DNpuU3HaKoOB [@0 -9073],
= .
2020, B I
I 116i I
L _—— I I I I I I I I I I I I I I

* Ha npaKTuKe K B/IOXKeHMNAM NpuMeHseTCA AaNbHenLune
onepaunn, y4ynTbliBarowme B3aMMOJENCTBMUA Mexay
cnoBaMM

NB: Ha cxeme npAMOYy20/1bHUKAMU YKQA3AHbl 06y4aeMbie KOMNOHEHMbl.
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CeepToyHbie ceTn gna NLP

* [lpepnsioxeHne MOXHO NpenCcTaBuUTb Kak 2D-

MaTpunly N3 BEKTOPOB O/14 OTAE/IbHbLIX C/10B U
il e __|_I NPUMEHATb K HeW CBEPTOYHbIE PUALTPBI
for T
.......... s 5
the — ee— -
\rideo B “‘....... '_u'_.‘ -...I..‘.__.‘.u.‘ .......................................................
and = - L e %
do = o . g T . S
n't . e T el
rent — ..................................................... | aen®
it B s st
I | I | I | I |
n x k representation of Convolutional layer with Max-over-time Fully connected layer
sentence with static and multiple filter widths and pooling with dropout and
non-static channels feature maps softmax output

Image credit: Kim, Y. (2014). Convolutional Neural Networks for Sentence Classification
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CeepToyHbie ceTn gna NLP

« Pe3ynbTaTt CBEPTKM NO onpepeneHunto

MHBapPWMaHTEH K TPaHC/TAUNN, MO3TOMY TaKHKe
il an S __|_I HeA0CTAaTOYHO XOPOLWO YYUTBIBAET rN106aNbHYHO
for L] TS ”_“ ] CTPYKTYPY NpennoxeHnA...
Se iy _— ..........................................................
and = I B T %
do o o N I i
= P ] ni: = S 2
rent _ ..................................................... )
L R Y N e q11
I | I | I I I |
n x k representation of Convolutional layer with Max-over-time Fully connected layer
sentence with static and multiple filter widths and pooling with dropout and
non-static channels feature maps softmax output
Image credit: Kim, Y. (2014). Convolutional Neural Networks for Sentence Classification SST- 2 no 8 81 %
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PekyppeHTHble cetu gna NLP

*

Image credit:
Illustrated Guide to Recurrent Neural Networks, M. Phi

* PeKkyppeHTHblE CETM NCNONBL3YIOT OAUH U TOT e HAabop BECOB, HO ANA Pa3HbIX
BXO40B

* Y peKyppeHTHOro c1od o6bI4YHO ABa BbIXOAA - OCHOBHOM U «CKPbLITOE COCTOAHMEY -,
M ABa BXOA4A - OCHOBHOM BXO[, U «CKPbITOE COCTOAHMEY, MOIyYEHHOE BO BPEMS
06paboTKM NpeablayLLero Bxoaa
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PekyppeHTHble cetu gna NLP
Image credit:

Illustrated Guide to Recurrent Neural Networks, M. Phi

01 02
l I
l I
What time It ?

* BbIxoa KaXaon ntepaymm CTPOUTCA C YY4ETOM TEKYLLETO KCKPbITOro
COCTOSIHUAY, A 3HAYUT, YYUTbIBAET BCE Npenbiaylme BXoabl

Internet of Things Group



PekyppeHTHble cetu gna NLP

¢

Image credit:
Illustrated Guide to Recurrent Neural Networks, M. Phi

O1 02 03 04 05 —

e
PV

K KZlaccugpukamopy

What time It ?

* Bbixog nocnegHen ntTepaumm MOXKHO UCMNOJIb30BaThb B KAaYecTBe NpPM3HaKa
BCEN nocsefoBaeTeNbHOCTU
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PekyppeHTHble ceTu gna NLP

Image credit:
https://arxiv.org/abs/1412.3555

J
e LSTM un GRU - Haunbonee

I | 0
= > nonynAapHblie apXUTEKTYPbI
[ HE-o—b—@-©@—o] e e P

CBEPTOYHHbLIX C/10€EB

A4

* T[lomMorarT n3baBuTbLCH OT
3bdEKTOB «3aTyXaroLWEro» Unu
«pacxoafuLeroca» rpagneHToB

(1) Long Short-Term Memory

r
T  TeopeTuyeckun mMoryTt
O obpabaTbiBaTb CKOJb YrogHoO
! 60/blWKMe NOCefoBaTeNbHOCTH
[xt]_. < oS 7 4.[;%] 6e3 yBemyeHna KoinyecTaa
T oby4yaeMbIxX NapaMeTpoB
_2: 0
(2) Gated Recurrent Unit SST-2: Ao 91.3%
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MawwnHHbIN NnepeBof ¢ noMoubo RNN - NMT

o Image credit:
* [lepeBop c ogHOro A3biKa Ha APYrow - _ http://web.stanford.edu/class/cs224n
3apa4a nepesofa nocseoo8amesibHocmu
B N0C/1e008amMesIbHOCMb Target sentence (output)
*  WNcnonb3lyeTca noaxon «3HKoAep- d 2 \
AEKOAEPY he hit me with a pie <END>
x x x x x x
© © © © © © ©
N £ = £ £ £ ET
= 4 e i 2 o = L Ly =
. S S s © S o)
o 0 o o} 0 0 o o) o) o 0 o Q
T () o ol | |0 5O | ® ) o :.|0| |0 ) Q.
o o o ©) @) o) ) ) ) o 7|0 ) ®
o o 0] o (@) @) o) ©) ) o) @) )
O =
= N e
. ’ z l
il a m’ entarte <START> he  hit me  with a  pie
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MawwnHHbIN NnepeBof ¢ noMoubo RNN - NMT

Image credit:
! http://web.stanford.edu/class/cs224n
kogmpyowen RNN cogepxunt B cebe

3aKOANPOBaAHHYIO MH(I)OpMaLI,VHO O BCEM Target sentence (output)
npensioXeHUn Ha UCXOLHOM fA3blKe A
4 A\
* [lopaeTca B Ka4yecTBe NepPBOro CKPbITOro he hit me with a pie <END>
cocTtoaHua gekogupytowen RNN
S = & S e & 5
\ = = B = = =
= - o g e & = = < =
. S S s © S o)
o 0 o o} 0 0 o o) o) o 0 o Q
T (0] o ol | |0 5O | ® ) ol . o |0 ) Q
o (0] (@) ) @) 0] () ) ) o 7|0 ) ®
o (@) 0] @) (@) @) (@) ©) @) (@) @) )
) 7
(om N > o
. ’ z l
L = i enarce <START> he hit me  with a  pie
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MexaHn3M BHMMaHuA (attention)

Image credit:
http://web.stanford.edu/class/cs224n

« [pobnemMa NpocToro sHKOAEP-AEKOAEP

noaxopa ¢ RNN - usnuwHasa Target sentence (output)
nHpopMaLMOHHAA Harpy3Ka Ha ONH- A
€4NHCTBEHHbIN BEKTOP ( r A
) he hit me with a pie <END>
x x x x x x
© © © © © © ©
AN = £ = = = £
= % of 3 po| 3 gof 3 oo 3 g ef’T o o
. S © S © S o))
ac 0 o o} 0 0 o o) o) o 0 o Q
T [ L L JHINE OO O o :Jo| . |0 O o
° o ’lo[ "lo[["|® Idindindindindins ®
o [ O o (@] (@) (0] O O (0] @) O
(W) A
. T T A T T T T .
L Z
- ’ ’ |
il a m’ entarte <START> he hit me  with a pie
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MexaHn3M BHMMaHuA (attention)

Image credit:
http://web.stanford.edu/class/cs224n

CKQJ/IAAPHbIE Nnpou38eoeHUd

* Ha KaxKgoM Lware geKoanpoBaHUA
byneM cpaBHMBATb TeKyLee
CKpbITOE COCTOAHME AeKoaepa C

_5_ . KaXKObIM 13 BbIXOL4HbIX COCTOAHUN
c EO—J 3HKOoAepa

@

el

< * Mepa «6An30CcTn» - CKansipHoe

- npousBepeHue

T =Z

SZ

O oz

L

il a m’ entarté <START>
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MexaHn3M BHMMaHuA (attention)

Image credit:
http://web.stanford.edu/class/cs224n

0.86
— 2
{ H 0.09 0.03 0.01 e
y N S w— K (“Softmax”)
> e
k:

1

distribution

scores

 Mepe 61M30CTM MOXKHO NMPUNNCaTb
CMbIC/1 OTHOCUTE/IbHOIO BK/1aZa KaxKaoro
C/I0Ba UCXOAHOrO NPenJ/ioXKeHMa B
reHepaLuio TEKYLLLErrO NepeBefeHHOro
cnoea

Encoder Attention Attention
RNN

il a m’ entarteé <START>
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MexaHn3M BHMMaHuA (attention)

distribution

{ LN\T\

Encoder Attention Attention
RNN scores

086@@9003001

he

V,

Internet of Things Group

0000|ec00]

<START>

Image credit:
http://web.stanford.edu/class/cs224n

B3BeweHHas (cornacHo mepe
61130CTN) CyMMa BCEX KCKPbITbIX
COCTOAHUW» 3HKOAEpPa f0baBnseTcA
NN KOHKATEHUPYETCA C TEKYLLUM
«CKPbITbIM COCTOAHMEMY AeKoaepa

Bonblwni BKNaa B nepeBos, TEKYLLErO
CNoBa BHECET TO NCXOAHOE CNOBO, Yen
BK/1ag, COr/lacHO Mepe 6/11M30CTun
OKasasca 6onblue apyrux




MexaHn3M BHMMaHuA (attention)

Y ceTnnoaBnaeTca BO3MOXHOCTb «06pau.|,aTb BHUMaHUEe» Ha

c

S .0 OT/AE/IbHble 3/IEMEHTbI NOC/1IeA0BaTE/IbHOCTU

— = -

c 3 { he me with a pie

Q-

ﬁ -lw—‘l_l | == =

5 1 l 1

c

O n

.-IS {D )

5 o (] ‘0| (o] o o] (]

= 9 e | (o (o |0 |0

=3 o (o |o (o (o |0
O @ (] O O @ o

e ' — — —_— e D

Sz AR NGIRE :
(0} oL _.|0O Q

Q& o[ o[ >lo[7|o[ 7lo[ 7|0 @

uC_l o} O (0] O O o =

=z

il a m’ entarte <START> he hit me with a
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MexaHn3M BHMMaHuA (attention)

¢ MexaHn3M BHMMaHUA fobasngaeT
NHTEPNPETUPYEMOCTM B NPOLLECC
nepesoja

agreement
on
European
Economic
Area

was
signed

in
August
1992
<end>

L))
. =
|_

the

LI
accord
sur

la
zone

« CeTb aBTOMATUYECKU
yCTaHaB/MBaeT COOTBETCTBUA
MeXay BXOOHbIMU N BbIXOAHbIMU
cnoBaMu, rae 6bl OHU HU
HaXo4UINCb B NPeaoXeHUN

économique
européenne
d

été

signé

en

ao(t

1992

« MexaHu3M BHUMAHUA OKa3biBaeTcH
ropasgo 6onee 06w MM, YeM 3a8a4a
nepesoga nnu gaxke NLP B uenom

Image credit:

<end> https://arxiv.org/pdf/1409.0473.pdf
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HepoctaTKkm RNN + attention

Image credit:
http://web.stanford.edu/class/cs224n

* lcnonb3oBaHMe MexaHU3Ma BHUMaHUS
he NPUBOAUT K HEOOBXOAMMOCTM XPaHeHUA
BCEX MPOMEKYTOYHbIX COCTOAHUMN

3HKOAEepa
* [lpu 3TOM TepaeTca JOCTOUMHCTBO YNCTbIX
{ W 5 RNN - He6o/blIOE KONNYECTBO
napaMeTpoB, XPaHUMbIX B NaMATH

Q. 01
0. 86 ©.09 ©.903 | BbluncneHmna RNN cywectBeHHO
Henapaanennsyemsol

* B NpOMeyTOUYHbIX COCTOAHMAX
3HKOAEepa coxpaHaeTcs
‘ | | | nHGOpMaLMOHHAA aCUMMeTPUA

OTHOCUTENIbHO Ha4Yasa U KOHUA
. , )
il a m entarté <START> npesoKeHns

distribution

scores

V,

0000|ec00]

RNN

Encoder Attention Attention
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«HyXHO NWb BHUMaHMEY

Attention Is All You Need

Ashish Vaswani® Noam Shazeer” Niki Parmar” Jakob Uszkoreit”
Google Brain Google Brain Google Research Google Research
avaswani@google.com noam@google.com nikip@google.com usz@google.com

Llion Jones® Aidan N. Gomez" ' Lukasz Kaiser”
Google Research University of Toronto Google Brain
1lion@google.com aidan@cs.toronto.edu lukaszkaiser@google.com

Illia Polosukhin® *
illia.polosukhin@gmail.com
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Transformer-cetu

Image credit:
== https://arxiv.org/pdf/1706.03762.pdf
oTtmax -
7 * B transformer-cetax nponcxoguT NOAHbIN OTKa3 OT
EKYPPEHTHOCTH
rf‘" Add & Norm IN p ypp
== * Bce aneMeHTbl NOCe0BaTENBHOCTH
hlal 06pabaTbiBatOTCA OLHOBPEMEHHO
~—
12 | (s o) * MexaHn3M BHUMaHUA NPUMEHAETCA He TOJIbKO
Wli-Head | | MeXay OEKOLEPOM N SHKOAEPOM, HO TaKXe N BHYTPU
Attention X .
, , 3HKoAepa - «self-attention»
— / * [lpuMeHeHne MexaHM3Ma BHMMaHUA CBOAUTCA K
Positional ]
Encoding &) MaTPUYHbIM YMHOXEHUNAM:
Input
Embedding QKT
I Attention(Q. K, V) = softmax(———)V

Inputs A\ / dk

Puc.: TunnyHana CTpyKTypa sHKoAepa
B transformer-ceTax

Internet of Things Group



Transformer-cetu

. QKT
Scaled Dot-Product Attention Attention(Q, K, V) = softmax( 1%
Vg
t [pumep self-attention:
MatMul .
1 1 e Q- 2D-MaTpuua LxD 13 BEKTOPOB BNIOXKEHUN
SO“*MG" 019 KaXKA0ro C10Ba U3 NpenJsiorKeHus
MaSk*(Opt') e K - ta e camas matpuua
Scale T .
orpa:
T H,
1"“3“‘"“1' e QKT - MaTpuua 13 ckanapHbix nponsseseHi
Q K Vv KaXK40ro BEKTOPA BIOXKEHUA C KAXKAbIM
apyrum; (i,j) asneMeHT COOTBETCTBYET 6/IN30CTHU
Image credit: I-rO BEKTOPA BJ/IOXKEHUSA K |-MYy BEKTOPY

https://arxiv.org/pdf/1706.03762.pdf
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Transformer-cetu

. QK T
Scaled Dot-Product Attention Attention(Q, K, V) = softmax( 1%
Vg
t + softmax(QKT')V = maTpuua V, B KOTOpPOM
: e KaXkabl cTonbeL, COCTOUT U3 NO-CBOEMY
SoftMax B3BELUEHHOM CMECU BCEX UCXOOHbIX CTONOL0B
1
MaTpuubl V
Mask (opt.) p H
Sc*ale e V - MoxeT 6bITb TOW 3Ke caMolt MaTpuLel LxD
> t N3 BEKTOPOB BIOKEHUN, YTO U Q, K,
atMul
R Torpa:
KV
A « softmax(QKT)V - BekTopbl BIOXKeEHUS,
Image credit TpaHCPOPMUPOBAHHbLIE (CMELlaHHbIe ApYyr C
https://arxiv.org/pdf/1706.03762.pdf APYroM) COrnacHoO NX NCXOOQHOM «6aU30CTU»
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Transformer-cetu

Multi-Head Attention

Scaled Dot-Product Attention

=

t
MatMul
{. Y
SoftMax
[}
Mask (opt.)
[}
Scale
1
MatMul

Image credit:
https://arxiv.org/pdf/1706.03762.pdf

Internet of Things Group

t

Linear

-,

Concat

Ab
A

Attention

Scaled Dot-Product u& "

Ha npaKTuKe K 0gHOMY "
TOMY e Bxogy
NPUMEHAETCA HECKOJIbKO
«TpaHcdopMaymm
BHUMaHUAY,
pa3nmyarolmeca ToNbKOo
BXOAHbIM MNOJIHOCBA3HbIM
c/loeM

[To3BONIS€T HA OHOM U
TOM e wWare
yCTaHaBAMBaTb 61M30CTU

CnoB Apyr K gpyry B
«Pa3HbIX CMbIC/1axX»



[TO3MUMOHHbIE BNOXKEHUA

Softmax

1 o
( )
f_" Add & Norm l

Feed
Forward

 S—

12x ~{(Add & Norm )

Multi-Head
Attention 12x

et

L

Positional
Encoding

Input
Embedding

Inputs

Puc.: TunnyHana CTpyKTypa sHKoAepa
B transformer-ceTax

Internet of Things Group

Image credit:
https://arxiv.org/pdf/1706.03762.pdf

Bce aneMeHTbl nocneaoBaTenbHOCTH
obpabaTbiBatOTCA OAHOBPEMEHHO, a HE
nocnenosartesibHO Apyr 3a pyroM, Kak B RNN
=> TepseTca HGopMauma 06 OTHOCUTENIbHOM
NONOXKEHUN C/IOB B MPEANOKEHUN U UX
nopaake

PelwwaeTca ¢ noMoLbio fob6aBneHus
NO3ULUOHHOIO B/IOXKEHUA/KOANPOBaAHUS
(positional encoding) - K KaXXAOMY BEKTOPY
C/10Ba B NOC/1e40BaTeNbHOCTMN [,00aBNsSeTCS
CTOPOHHWUN BEKTOP, 3aBUCALLUN TONbKO OT
No3nuUMK C10Ba B NOC/Ae40BaTeIbHOCTU




[TO3MUMOHHbIE BNOXKEHUA

Image credit:
https://arxiv.org/pdf/1706.03762.pdf
Softmax http://web.stanford.edu/class/cs224n

1 * [MO3NUMOHHbIE BNOXKEHUA MOTYT ObITb 06yYaeMbIMu
rf—v:Add&:Norm i NN GUKCUPOBAHHBIMU (HUXKeE):

Feed
Forward PE(pos,2i) . 3in(p08/100002i/dm0del)
12| _(Aa8 Nom) PE(pos 2i+1) = COS(pOS/100002‘i/dmodcl)

Multi-Head
Attention 12x

. J

Positional
Encoding

Cneesa: CuHycomnpanbHoe
MO3ULUMNOHHOE B/IOXKEHME ANnA
nocnegoBatenbHOCTU 13 50
CNoB (TOKeHOB) n
pa3MepHOCTU BNOXeHUA 64

Input
Embedding

Inputs

Puc.: TunnyHana CTpyKTypa sHKoAepa A
40 50 60
B tranSfOFmer—CeTﬂX channel index
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Transformer-cetu

Qutput
Probabilities

Internet of Things Group

(shifted right)

|
|
1 |
: EEEEE : Multi-Head
: FFeecIrd I Attention "
orwa X
1 Nz
1 — 1 1
I e —L 1 Add & Norm
I —~(Add& Norm] | Vasked
i Multi-Head | |1 Multi-Head
1 Attention 1 Attention
| LN S | - R W
: ] y : \ —
I Posiugnal ®_@ | @ Positional
| Encoding 1 Encoding
I Input 1 Output
I Embedding : Embedding
|
| I I
: Inputs : Outputs
I

B obwem cnyyae B transformer-cetu TaK
e eCTb U SHKOAEpP, U AeKoaep
(HanpuMep, Npu peLeHnmn 3agadn
MalLMHHOIO NnepeBoaa)

Hekopep transformer-ceten - Takxe
cocTouT 13 attention-6,10K0B




Transformer-cetu

Qutput
Probabilities

Add & Norm
Feed
Forward

|
| Multi-Head
| Attention
1 Nx
LI -
Nx 1 :
| ] Masked
Multi-Head | 1 Multi-Head I
I| Attention |y I Attention I
7| 9= |||
Positional ®_@ @ Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Qutputs
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(shifted right)

* B pekopepe, noMmnmo 6n10KkoB Tnna «self-
attention», Takke ectb 6/10KM TUNA
«encoder-decoder attention» -
aHAJIOTMYHbI MO CMbIC/TY TOMY, YTO
ncnosb3oBanocb B RNN:

* Q - MaTpuua 13 BEKTOPOB-MPU3HAKOB
Ha HEKOTOPOM 3Tare 3HKOoAEePa,

e K:=Q (Hanpumep)

e V - mMatpuua 13 BeKTOpPOB-MNPU3HAKOB
Ha COOTBETCTBYHLLEM 3Tane AeKkoaepa

Attention(Q, K, V) = softmax(




[TpnumMepsbl transformer-ceten: GPT, GPT-2

Recycling is good for the world.

NO!' YOU COULD NOT BE MORE WRONG!!

Recycling is NOT good for the
bad for our health, and it is
Recycling is not good for the
and it is a major contributor

our health. It contributes to

world. It is bad for the environment, it is
bad for our economy. I’m not kidding.
environment. It is destructive to the earth
to global warming. Recycling is not good for

obesity and diseases like heart disease and

cancer. Recycling is bad for our economy. It increases the cost of a

product, and in turn, the price of everything that is made with that

product. Recycling is not good for our nation. We pay a tremendous price

Internet of Things Group

©

OpenAl

« GPTnGPT-2 -
3 dEKTUBHO
reHePUpPYIoT
NPOLONKEHUS
0119 TEKCTOB

Image credit:
https://openai.com/blog/better-
language-models/




I'IpMMepbl transformer—ceTeM AlphaStar

AlphaStar

B

IR

Considered Location
Raw Observations Neural Network Activations f“"“"”\\“‘ \%r‘\%

g\\‘ ~ \"@ '
1”1&,“' {

Bs
('\'

i

Image credit: https://www.youtube.com/watch?v=HcZ48JDamyk

Internet of Things Group (intel. . 88



[MpumMepsbl transformer-ceten: AlphaStar

o DeepMind

How AlphaStar is trained

AlphaStar's behaviour is generated by a deep neural network that receives input data from the raw

game interface (a list of units and their properties), and outputs a sequence of instructions that

constitute an action within the game. More specifically, the neural network architecture applies a

transformer|torso to the units (similar to relational deep reinforcement learning), combined with a deep

LSTM core, an auto-regressive policy head with a pointer network, and a centralised value baseline. We

believe that this advanced model will help with many other challenges in machine learning research
that involve long-term sequence modelling and large output spaces such as translation, language

modelling and visual representations.
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[Tpumepsbl transformer-ceten: OpenAl MuseNet

Image credit: https://openai.com/blog/musenet/
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[TpumMepbl transformer-ceten: DETR

backbone i: encoder

—————————————————— " " " -

|
set of image featuresi:

|

|

|

: class
: ' FFN ey
|

|

! FFN [ 0

' transformer transformer object

encoder decoder i: = _’»»C,:::' :
[ S S ) ‘
COOOE-D) | B 0O m LN [ object
i

* Transformer-apxnuTeKkTypbl MOXHO NPUMEHATDL AarKe B 3a4a4ax
KOMMNbIOTEPHOro 3peHunA!

Image credit: https://arxiv.org/pdf/2005.12872.pdf
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[TpumMepsbl transformer-ceten: BERT

 BERT = Bidirectional Encoder Representations from Transformers

* PasHoBupgHocTu: BERT-base, BERT-large, ROBERTa, ALBERT,
DistilBERT, CamemBERT, MobileBERT, ...

KoHtpepeHuuss Games @®oto Komok Market Prosound TpobusHec Bontn  Pervctpauua

|K§:|' O63opbl  HoBoctm Brnorm HONOR 0 o o Q o e o @

maeHan / Hosoctn / 09 pekabpa 2019 8 19:09 /

KpynHeuwee 3a naTe ner ooHoBneHune Google npuwno B Poccuro

BHeapéHn anroputm BERT AnA pyccKoA3bIYHOMo NOMCKa

KomnaHua Google oGbaBuna o 3anycke B pyccKoA3bi4HOM (hUpMEHHOM CepBice Noucka HOBbIX anropuTmoB. bnarogapsa TexHonorvamu
MaLUMHHOro oBy4eHKns MOUCKOBKK CTan HaMHoro nydlle o6pabaTbiBaTb 3anpochl.

Image credit: https://www.ixbt.com/news/2019/12/09/krupnejshee-za-pjat-let-obnovlenie-google-prishlo-v-rossiju.html
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BERT

 BERT = Bidirectional Encoder Representations from Transformers

BERT (Ours) OpenAl GPT

Image credit: https://arxiv.org/pdf/1810.04805.pdf
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BERT

BERT = Bidirectional Encoder Representations from Transformers

¢ O6bIYHO MCNOAb3YETCA N1LWb NPEATPEHNPOBAHHBLIN SHKOAEP, OCTaIbHbIE
334341 peLlarTca nyTeM go6aBNEeHMSA K BbIXOA4AM SHKOAEpPA MOAY/EHN,
cneumdumnyeckmnx gna 3agavm (Hanpmmep, KnaccnpmkaTop)

* [lna Kaxkporo BXo4HOro aneMeHTa nocneposatesnibHOCTU BERT reHepupyeTt
BEKTOP, AaBnatowmnmnca sddbeKTUBHbIM BEKTOPOM-NPU3HAKOM 31eMeHTa AN
MHOIMX ganbHeULWnX 3agay, T.e. and Tekcta BERT reHepupyeT addeKTUBHbIE
npeacTaB/IeHUA C/10B

Image credit: https://arxiv.org/pdf/1810.04805.pdf
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BERT - npepoby4veHune

Input — [CL5] the man went to [MASK] store [SEP]
NSP Mask LM Mask LM
& * *

he bought a gallon [MASK] milk [SEP]
S EA £ Label = rovex:
BERT
Input — [CLS] the man [MASK] to the store [SEP]
El | ! ” EF'EH“ =1 | \i] penguin [MASK] are flight ##less birds [SEP]
m ['I'nl:rl ” |SEF| ” Tok 1 ] [Tﬂ] Label = notnext
Noskex Bertence A Masked Sentence B « DHKOAEP MOXHO 0byyunTb 6e3 yunutens -
*
Unlabeled Sentence A and B Pair / c noMowbrO BCNOMOTIraTe/ibHbIX 3a4a4

npeacKasaHua cneayroLLero
NpeaioXKeHUsa U 0HOBPEMEHHOIO
Image credit: https://arxiv.org/pdf/1810.04805.pdf BOCCTaHOBJ/IEHUA 3aMAaCKMPOBaHHbIX C/10B

Pre-training
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BERT - npepoby4veHne n poobyyeHune

Image credit: https://arxiv.org/pdf/1810.04805.pdf

@: Mask LM Ma‘fi LM \ ﬁ/@ﬁm Start/End SPEN
& &«

D —
. . ... >
BERT ~ RRERE 1w BERT

EI | Ey ” El?-F-F‘l“ E, | \il IEI'MI" E, | | Ey ” El'SF-F'l“ = | |E_'-"‘
(ma](m]..  [mn](Cmen [mr] . (o] (oo )(m] .. (] (oo (] (o]

Masked Sentence A > Masked Sentence B Question P Paragraph
\ Unlabeled Sentence A and B Pair / \\\ Question Answer Pair /

Pre-training Fine-Tuning
*  OpUH 1 TOT e NpeaTPEHNPOBAHHbBIN SHKOLEP 3aTEM MOXHO A00OYYNTb Ha
MHOXEeCTBO KOHEYHbIX 3ap,aq!
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BERT gna KoOHe4YHbIX 3a4au4

BxO[; Bbixopn;
What an amazing movie! 1 €7
I float I
TokeHu3sauusa T0.03
I [22902393’ 0.97] I
| s |
L _—— I I I I I I I I I I I I I I

* Ha MPaKTUKE K BN1OXKEHNAM NPUMEHAETCA ,u,aaneﬁu.lme
onepaunun, yd4mntbiBarowme B3al/IMOﬂ,el;1CTBMF| MeXay
cn1oBaMH

NB: Ha cxeme npAMOYy20/1bHUKAMU YKQA3AHbl 06y4aeMbie KOMNOHEHMbl.
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BERT - ¢popmat Bxoaa ona 3agay co CTPYKTYPOU TEKCTA

Input [CLS] ‘ my dog is ‘ cute | [SEP] he | likes || play ‘ ##ing | [SEP]

Token

Embeddings E[CLS] Emy Edog Eis Ecute E[SEP] Ehe Elil-ces Epla'gr E##ing E[SEP]
-+ -+ + -+ = = -+ -+ = -+ +

Segment

Embeddings EA EA EA EA EA EA EB EB EB EB EB
&+ =+ == == == == =+ =+ L =+ ==

Position

Embeddings EO E1 Ez E3 E4 E5 Es E? EB E9 Elo

Image credit: https://arxiv.org/pdf/1810.04805.pdf
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SQuAD

Normans

The Stanford Question Answering Dataset

The Normans (Norman: Nourmands; French: Normands; Latin:
Normanni) were the people who in the l0thand T1thcenturies
gave their name to Nermandy, a region in France. They were
descended from Norse ("Norman" comes from "Norseman")
raiders and pirates from Denmark, Iceland and Norway who,
under their leader Rollo, agreed to swear fealty to King Charles
11l of West Francia. Through generations of assimilation and

their descendants would gradually merge with the Carolingian-
based cultures of West Francia. The distinct cultural and ethnic
identity of the Normans emerged initially in the first half of the
10th century, and it continued to evolve over the succeeding
centuries.

mixing with the native Frankish and Roman-Gaulish populations,

3aja4a oTBeTa Ha Bornpoc no tekcty - SQUAD v1.1,v2.0

Home Explore 2.0

In what country is Normandy located?
Ground Truth Answers: France France France France

When were the Normans in Normandy?

Ground Truth Answers: 10th and 11th centuries in the
10th and 11th centuries [10th and 11th centuries 10th
and 11th centuries

From which countries did the Norse originate?
Ground Truth Answers: Denmark, Iceland and
Norway Denmark, Iceland and Norway Denmark,
Iceland and Norway Denmark, Iceland and Norway

Who was the Norse leader?
Ground Truth Answers: Rollo Rollo Rollo Rollo

What century did the Normans first gain their separate

Explore 1.1

Image credit: https://rajpurkar.github.io/SQuAD-explorer/explore/1.1/dev/Normans.html
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BERT - popmMaT BXOAa A1 OTBETOB Ha BOMPOCHI MO TEKCTY

Segment
N NN W e S S O O - fmbeddings
+ + + + + + + + + +
HE NS - I e e | | || |
[CLS] How many have ? [SEP] BERT - large
: e S S
Question Reference
Question: How many parameters does BERT-large have?
Reference Text: BERT-large is really big... it has 24 layers

and an embedding size of 1,024, for a total
of 340M parameters! Altogether it is 1.34GB,
so expect it to take a couple minutes to
download to your Colab instance.

Image credit: https://mccormickml.com/2020/03/10/question-answering-with-a-fine-tuned-BERT/
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BERT - 06paboTKa BbIx040B 4/15 NOoJly4eHNA OTBETOB

BepoaTHOCTb Hayana oTBeTa B TEKyLLEN NO3nLUumn BeposTHOCTb KOHLA OTBETA B TEKYLLEN MO3NLUN

1 1 1 L 1 1 1 L

Leod [ end ) end_J end ] end JCend i end Jend )
.. I N Bn BE Be BE e B | DN N D e

Transformer Layer 12 Transformer Layer 12

y_:_||_:_\y_L|]_:_\y_:_|]_:—||_:_\|_}_\ e e e e Ee =e e Ee

Transformer Layer 2

- . DN DN DN BN BN B S e
BERT |arge has 340 M params total l BERT |a|‘ge has 340 M params total !

Image credit: https://mccormickml.com/2020/03/10/question-answering-with-a-fine-tuned-BERT/
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Image credit: https://mccormickml.com/2020/03/10/question-answering-with-a-fine-tuned-BERT/
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Image credit: https://mccormickml.com/2020/03/10/question-answering-with-a-fine-tuned-BERT/
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BERT-large npna orBeTOB Ha BOMNPOCHI MO TEKCTY

Bxoga:

*mekcm™ *6onpoc*

float
1x384x1024

F————————————————

TokeHu3sauusa

|
|
|
|
—_

>

Bbixop;

38, 56 [€

float I
I

* B KauecTBe MOAVY A, npeo6pa3y+ou.|,ero NMPU3HaKN B
Onarna3oH OTBETOB, O6bIYHO BbICTYMaeT NOJIHOCBA3HbIW

Cou
NB: QA = question answering
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BERT-large npna orBeTOB Ha BOMNPOCHI MO TEKCTY

System Dev Test * BosmoxHocTn BERT-large
EM Fl1 EM Fl
Mo OTBETY Ha BONMpPOCHI
Top Leaderboard Systems (Dec 10th. 2018)
Human - - 823 912 CpaBHMWMa C
#1 Ensemble - nlnet - - 86.0 91.7 YyesioBeyeCKnMMH, a B
#2 Ensemble - QANet - - 845 90.5
aHCaMbnax - NnpeBOCXOAUT
Published
BiDAF+ELMo (Single) - 856 - 858 NX
R.M. Reader (Ensemble) 81.2 879 823 88.5
EM (exact match) - npoyeHmMHaa MempuKa
Ours 00/1u pe3ysibmamos Helipocemu, 8 Komopou
BERTg sk (Single) 80.8 88.5 - - omeem Mo0e/lu 8 MOYHOCMU cognadaem ¢
BERTLARGE (Smgle) 84.1 909 - - UCMUHHbIM
BERTLARGE (Ensemb]e) 85.8 918 - -

071 851 918 F1 - MempuKa, aHanoz2u4yHasa F1 e 3adayax

' * * KaaccupuKayuu, HO 8bl4UC9eMas CO2/IACHO
4ucay nepeKkpbimus MexKOy MOKeHaMu
omeema MOO0e/lu U UCMUHHbIMU MOKEHAMU
omeema

BERT] ArGE (Sg1+Ter18.QA) 84.2
BERT arcr (Ens.+TriviaQA) 86.2 92.2 87.4 93.2
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