B
Kak e
MalLUMHHOE oby4yeHue
MEHSAET Nnoaxoa K S —
NO3HaHUIO? ‘¢ '

e = et

HoBble 3apgaun ans |
KBAaHTOBO-CTaTUCTMYECKOM - =
Teopuu aHanu3a AaHHbIX

NaBnoBckun EBreHnn HukonaeBuu,
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JIlTabopaTopusa aHaNUTUKN
NOTOKOBbIX AaHHbIX U |
MaLlUMHHOro ooy4vyenusa HI'Y
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[1naH BbICTyNnNeHnA

A W N —

O mMawmnHHOM 0D0y4yeHnn B Haykax

Knaccbl 3aga4y MalmMHHOro ody4veHus
CoBpeMEHHbIE METOAblI MALLMHHOIO O0Bby4YeHus
HoBble 3aga4n Ongd COBMECTHOro mccrnenoBaHus




[1naH BbICTyNnNeHnA

O mMalUMHHOM ODYy4YeHMn B HayKax

Knaccbl 3aga4y MalmMHHOro ody4veHus
CoBpeMEHHbIE METOAblI MALLMHHOIO O0Bby4YeHus
HoBble 3aga4n Ongd COBMECTHOro mccrnenoBaHus

B W N —

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)




k.

OnpepeneHuns

* MawwmnHHOe oby4yeHne - MeToq co3gaHusa nporpamMmmel 0e3
HenocpeacTBEHHOro0 KOAUPOBaHUSA NporpamMmbl, a NoCcpeacTBOM
oby4yeHns Ha npumMmepax

* [IpogedeHuUEe byHKUUU Yepe3 3a0aHHble MOYKU 8 CII0XKHO
ycmpoeHHbIX rnpocmpaHcmsax (K.B. BopoHuo8)



MawnHHoe oby4yeHune Kak Hayka

*okono 100 000 Hay4HbIX nybnukaumn B roq
* TbICAYN anropuTMOB

* Hanbornee ycrnewHoe HanpaBneHne UCKYCCTBEHHOIO
MHTENIeKTa, BbITECHMBLLEE 3KCMEPTHLIE CUCTEMbI U
NHXEeHePUo 3HaHU

» Donee MHXeHepUud, HeXenn Hayka



[Tpymepbl MaLLMHHOIMO OOYy4YeHUA B
donsuke

* MalunHHOE 0by4YeHMe N KBAHTOBLIN OTXXUI HaLLM pacnagbl 6030Ha
Xgrrcg,zf(l)ttps://npluﬂ ru/news/2017/10/19/higgs-learning,
19.10.2017

« PB3: Learning Particle Physics by Example: Location-Aware
Generative Adversarial Networks for Physics Synthesis,
https://arxiv.org/abs/1701.05927, 13.06.2017

« Actpo: Generative Adversarial Networks recover features in
astrophysical images of galaxies beyond the deconvolution
limit, https://arxiv.org/abs/1702.00403, 1.02.2017

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)



Hagexabl Ha M n MO

we will want Al to help us 8
debug our thinking by using all data from all

experiments optimally and “open our eyes” just as

AlphaGo opened the eyes of the professional go
players and enhance our intuition and creativity and
ability to break paradigms and boxes

Maria Spiropulu (Caltech)



[1naH BbICTyNnNeHnA

W o=

O mMawmnHHOM 0D0y4yeHnn B Haykax

Knaccbl 3aga4 MmalmMHHOIO oby4yeHus
CoBpeMeHHbIE METOALI MALLMHHOIO 00y4YeHus
HoBble 3aga4n Ongd COBMECTHOro mccrnenoBaHus

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)




Knaccbl 3aga4y MallMHHOIMO 00y4YeHUs

m Knactepusauus

= Knaccudpumkaumn
mPerpeccus

= LleH3ypupoBaHue

s CHUXXeHue pa3mMepHOCTHU



Knaccunukauyms

Red 01.11.17

2,32 Red 07.11.17 B C2

456 Blac 27.11.17 AAB
K

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLLMHHOro obyyenust HIY (C)
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IamepuTtenbHble LKanbl

HomuHanbHbie (categorical): Tonbko paBeHcTBo. Green = Blue
* bool, list

MNopsiakoBbie: cpaBHeHMe. «<BCC» > «BCB» (lexicographic)
e char

NHTepBanbHble: nopsigkoBble + pacctosHne. 30°C bonbwe 15°C kak
« date -5°C 6onbuwe -20°C

OTHOLWIEHUN: UHTEPBanbHbIE + HOMNb NeKUuMa B 2 pa3a Aornblie YeM BYepaLlHNAs
... Bec 70kr B 1.4 pa3a 6onblue yem 50kr

» ABcontoTHaa: oTHoweHun + cnoxeHne N, Q, R
 double, int

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)
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MeTtogonorusa DIKW

[1aHHbIE

¥

NHdopmauung

\ 4

3HaHun4

\ 4

MyopocTb

- 3admKkcrupoBaHHble hakTbl (0AHHOCTD)

- YM€eHbLLIaeT HeonpeaeneHHoCTb
(Bcerga eCcTb UCTOYHUK U MPUEMHMK)

- JQaloT npeackasyemMbln pesynsrar
(peuenTbl)

- NMOHUMaHMe YCIOBUN UCMNOSb30BaHUA
(«3HaHNg» B NNaTOHOBCKOM CMbICIe)




[1naH BbICTyNnNeHnA

A W N =

O mMawmnHHOM 0D0y4yeHnn B Haykax

Knaccbl 3aga4y MalmMHHOro ody4veHus
CoBpeMEHHbIE METOAbI MALLMHHOIO 0by4YeHUS
HoBble 3aga4n Ongd COBMECTHOro mccrnenoBaHus

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)
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CHMXeHne pasMmepHoOCTH

PCA, t-SNE, AE

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U 14



MeTon rmaBHbIX komnoHeHT (PCA)

[lepBas riiasHas
KOMIIOHEHTA

NabopaTtopusi aHanMUTUKM NOTOKOBbLIX OAHHbLIX U

MaLKnHHoro oby4denunsa HIY (C) "
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MaLLMHHOro obyyenust HIY (C)

I
0
Na6opatopus aHaBIMAkn noTokoBbIX AaHHBIX U

t-SNE
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t-SNE

Heoens

Hen
nepeobepemMeHHan

DepeMeHHOCTb

Knactep 6epeMeHHOCTH, 30ecb Kpome
OJHOKOPEHHbIX OTHECEHbI 'Hegens w
abbpeBunarypa "Heq"

Knactep runepToHuMn: ceMaHTUYeCcKn
Onn3Kkn Bce BO3MOXHbIE 'TUMNEP *TOHUM
*TeH3un" n "'puck . TepMmuH
"acceHumanbHbIA" Bbl3Ban BONPOCHI, HO
OKa3arnocb eCcTb acCeHUuanbHas
rmnepToHus” (95 % Bcex cny4yaes).

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)

REWS

3CCEHUMANbHLIN

TMNepTOHNYECKMI

runepToHus O C0KHATE
ApTepUanbHbLIN
rUnepTeHINA |
PUCK
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t-SNE

npoTes

: MEeXaH1yecKnil KﬂaCTep npOTe3M pOBaHMﬂ_

MMWKC

N3 nHTepecHoro TyT: "TpoMbakToMUa"

npoTe3anpoeaHue
KnanaH

MEOWHX pnactuk@ENPOTE3NPOBAHME = Onepaull/lﬂ I-IO yﬂ'aneHV”'O
TPOMBOTMYECKNX Macc N3 paHee

Buonornyeckuit
KOMWCCYPOTOMMUA

YCTaHOBJIEHHOro nportes3a. 'KapboHukc"
33KPbITLIN - MapKa npOTe3OB.

IMUKC

TPOMO3IKTOMMUA

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U 19
MaLKnHHoro oby4denunsa HIY (C)



t-SNE B acTpoOU3NKe

-10

Ha/H3 emission

Binary stars
Problematic

Molecular abs. bands
Cool metal-poor giants
Hot stars

000000

-40 -30 -20 -10 0 10 20 30

[
3
k=)

Figure 3. The result of the classification procedure, based on the projection map in Figure 2. Collections of spectra assigned to
distinct categories are flagged (colour coded), the rest are black. The axes of the panels have no physical meaning, they merely
span the low—dimensional projection space.

The Galah Survey: Classification and diagnostics with t-SNE reduction of spectral

information
https://arxiv.ora/pdf/1612.02242.pdfp09:d2220k610r0k08k1x fankbx 1 50

MaLKnHHoro oby4denunsa HIY (C)




t-SNE - maTtepunans! kypca MOTU

 https://www.coursera.org/learn/unsupervised-learning/le
cture/Bn22S/mietod-t-sne

JTabopaTopusi aHanNUTUKN NOTOKOBbLIX AAHHbIX U

mMaLumHHoro obyyeHus HIY (C) 2!



ABTO3HKOAep (CBEpPTOYHbLIN)

feature maps feature maps feature maps OQUTPUT

INPUT feature maps
28x28 4@24x24 4@12x12 12@8x8 12@4x4 26@1x1

BxogHoe
u3obpa)keHue

V
0
(T8
t'O

! b
h
9

Mogebibopka Ceeprka

CeepTKa — npoxoa aapom Noasbibopka — Ceeprka

Aapo
CBEPTKU — CBEPTKU NO BCEM onepauyma
MaTpuua U3  HEeMPOHAM HMXKHEro C/10A YMEHbLWeHUA
BECOB, ANA aKTUBAUUM HEUPOHOB pasmepHocTH. Yawe
Hanpumep, BepPXHero /oA — Bcero — Bbibop
pasmepom nony4YeHue KapTbl MaKcumyma unm
NOWUCK CpeaHero no

5x5 npusHakoe (feature maps).
DOna apep pasHoro tuna
NONYYAIOTCA Pa3Hble KapTbl

HEeCKO/IbKMM
cocegHUm Heﬁponam.

NPU3HaKOB.
o O
]
. e,
* L
) JTabopaTtopusi aHanUTUKN NOTOKOBbLIX AAHHbIX W )

MaLLMHHOro oby4yeHusa HIY (C)

22



BoccTtaHOBNeEHME NOBEPXHOCTH
1 2

1 - yepen 6e3 NoBpeXaeHUs;

2 - Yepen co cMoaenMpoBaHHbIM
noBpeXxaeHnemMm;

3 - mnnaHTaTt ansd
NoBpeXOeHHON Moaenu;

4 - BOCcCTaHOBNEHHas MoAerb
yepena.

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U 23
MaLKnHHoro oby4denunsa HIY (C)



[ nyboKkmne HEMPOHHbIE CETH

CNN, RNN, LTSM, GAN, ...

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U 24



CNN

INPUT
28x28

feature maps

4@24x24

BxoaHoe
n3obpaxeHue

flapo
CBEePTKU —
marpuua us
BEecos,
Hanpumep,
pasmepom
5x5

CeeprTKa — npoxog Aapom
CBEPTKMU NO BCEM
HEMPOHAM HUKHEro CNoA
ANA aKTUBALUWUKM HeMPOHOB
BEPXHEero c/10A —
nony4YeHue KapTbl

npu3sHakos (feature maps).

Dna apep pasHoro tuna

NONYYaoTCA pa3Hble KapTbl

NPU3HAKOB.

feature maps feature maps QUTPUT

feature maps
4@12x12 12@8x8 12@4x4 26@1x1

NoasbibopKa — CeepTtKa MNoasbibopka CeeprKa

onepauyma
YyMeHbLIEeHUA
pasmepHocTU. Yawe
Bcero - Bbibop
MaKCUMyma mnm
NOWUCK CpeaHero no
HECKO/IbKMM
COCeaAHMM HEeMpOHam.

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLLMHHOro oby4yeHusa HIY (C)

25



CNN - nsBne4vyeHmne npnsHaKkosB

Low-Level| |Mid-Level| |High-Level Trainable
— —p —
Feature Feature Feature Classifier

. -

Feature visualization of convolutional net trained on ImageNet from [Zeiler & Fergus 2013]

JTabopaTopusi aHanNUTUKN NOTOKOBbLIX AAHHbIX U

MaLLMHHOro oby4yeHusa HIY (C) 20



Faraday Spectrum

Irput Layer i -

e~ =

Inception Layer

Dense Layer

Inception Layer
p y 256

Dense Layer
256

Inception Layer Flatten

Figure 1. Three inception layer convolutional neural network
(CNN) classifier. Each dense layer has an additional dropout (0.5)
and activation (ReLU) layer within it.

Figure 2. A zoom in of an inception layer. Each of the convo-
lutional layers (in blue) has additional batch-normalization and
activation (ReLU) layers within it.

Classifying Complex Faraday Spectra with Convolutional Neural Networks
https://arxiv.org/abs/1711.03252, 9.11.2017

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLLMHHOro oby4yeHusa HIY (C)
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....... s invariant

o

g 06 1 — views
= ~—  baseline
e 04 1 ;

g 0.

2 residual

=== training
0.2 4

-— = validation
— test
0.0
1074 1073 1072 107! 10°

Contamination (FPR)

Fig. 10: Logaritmic ROC curves on ground-based data. Train-
ing (dotted line), validation (half dotted line) and test (solid line)
score of all four architectures. Data comes from the best of five
runs in terms of validation set score.

Deep Convolutional Neural Networks as strong gravitational lens
detectors

https://arxiv.org/pdf/1705.07132.pdf"P9:05.201 A 28

MaLIMHHOTO 0by4eHunsa HIY (C)




GAN (ApxutekTtypa)
[ eHepaTuBHas cocTa3aTenbHada CeTb

JTabopaTopunsa aHanUTUKM MNOTOKOBbLIX AAHHbIX U 29
MaLLMHHOro obyyenust HIY (C)



GAN (pix2pix)

INPUT OUTPUT

PIX2pix

JTabopaTopusi aHanNUTUKN NOTOKOBbLIX AAHHbIX U 30



Local Awareness GAN

=
O
1.0 10 S
_ % GENERATOR
9 = Lot
& 100 & i sl
g 0.5 UPSAMPLING UPSAMPLING "
£ 200 per g —,
é’ 2 107 Auxiliary . § i S
~n 00 B Input - ; i ;
~ . q : i
) 7] T I P4 e 28 ; i
¥ 1 > | )i i o i i |
€ 107 il i < & y— g ; -
8 -os 3 s e w TN = _ y
; /
g 2l 3 PROJECT : 14 ; " Z
S o™ 0? HADAMARD RESHAPE COMPOLUTION # ==
= 2 B 1 EMBEDOING  PRODUCT LEAKY RELU
10 G LOCALLY CONNECTED s LOCALLY CONNECTED batch
- LEAKY RELU
+ Y CONNECTED
= 107 BATCH NORM LocALL)
=1.0 =0.% 0.0 0.5 1.0 LEAKV’RELU
[Transformed] Pseudorapidity (y)
Figure 1: A typical jet Image. || =000 e e
BEERE = DISCRIMINATOR W
MINIBATCH | / GAN—QMB rated
Mean of 10% Jet Images | oechmation W
zv SIGMOID 2
| D
i Output " <=
10 ;" M
s
= 10°
2 : : i
=) 1
=S 1
b= 0
E 102 semsesesieetan < RIS S
5 25| .
3 25
£ 10 -3 Primary | 25 batch
‘N Output SIGMOID 8 8
N AVERAGE 32
i 10 FLATTEN POOLING LOCALLY, c:) SHECTED: LOCALLY CONNECTED
3 s 92 72 72 LEAK! RELU  LOCALLY c‘omscren SR CONVO:.UYION
g 10 L] 1 L BATCH NORM LEAKY RELY S LEAKY RELU
“7’ 10-5 CONCATENATE BATCH NORM
§
E 107
8
10 Pythia
-1.0 =0.5 0.0 0.5 1.0 109 e

[Transformed] Pseudorapidity (n)

N w
[&)] o

N
o

-
o

Time to generate a jet image (ms)
o o

2 10 24 s
El 18 &
< &
S os 12 §
£ 6

5 .

£ 00 0

3

=) -6

£ —05

E 0 (B -12
@ -18
o

g-10 -24

-1.0 -05 00 05 1.0
[Transformed] Pseudorapidity (n)

GAN-generated signal - background
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[Transformed] Pseudorapidity (n)

Real signal - background
Speea-up

Our solution

Pythia  LAGAN  LAGAN
(CPUonly) (CPU)  (GPU)

Learning Particle Physics by Example: Location-Aware Generative Adversarial Networks for Physics Synthesis
https://arxiv.org/pdf/1701.05927.pdf, 13.06.2017

JlaBopaTtopunsa aHaNUTUKM NOTOKOBbLIX AaHHbIX U
mMaLumHHoro obyyeHus HIY (C)
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Distributed Representation

CnoBo nNpeacTaBnsieTcd BEKTOPOM B MHOTOMEPHOM MPOCTPaHCTBE

om|  [oat
0.9 0.05
— 043
07 6

mMaLumHHoro obyyeHus HIY (C)

JTabopaTopusi aHanNUTUKN NOTOKOBbLIX AAHHbIX U
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Distributed Representation

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLLMHHOro oby4yeHusa HIY (C)
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[1naH BbICTyNnNeHnA

O mMawmnHHOM 0D0y4yeHnn B Haykax

Knaccbl 3agay MallMHHOro oby4eHus
CoBpeMeHHble MeToAbl MaLLMHHOIO Oby4YeHUs
HoBble 3agayn Ana COBMECTHOro nccnegoBaHus

S W N —

NabopaTtopusi aHanNUTUKM NOTOKOBbLIX OAHHbLIX U
MaLKnHHoro oby4denunsa HIY (C)
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HoBble 3aaauu ons
KBAHTOBO-CTaTUCTUYECKOM
Teopumn aHanu3sa AaHHbIX



CmeluaHHble COCTOAHUA

e 3agaua:

* YyecTb BNUaAHME Habnogarena n npndopa Ha N3MepeHns

« MeToa: Npu U3MEPEHNN BOCCTAHOBUTbL MCXOAHYIO MaTpuLy NSIOTHOCTU
MaKpOCUCTEMBI «M3MepsieMoe-npndop-HabnogaTenb»

e« 3ayem?

* peaJjin3oBatb 3alyTaHHble CUCTEMbI U CMEeLlaHHblE COCTOAHUA
* UCNOJMb30BaTb MaTpuULy NIOTHOCTU BMECTO MCXOOHbIX AAaHHbIX



HeundpoBble wWKan.l

* MHOXecTBO noamMHoxecTB: X \subset N

« Kakumum anropmtmamm pabdortaTtb C TaKUMUN U3MEPEHUAMU?
* IHBapMaHTHOCTb OTHOCUTENBHO BbIOPAHHOW LLUKasbI
 [lpocneanTb BCe onepaunn ¢ 3TUM TUNOM AAHHbIX



NCTOUYHUNKN

e https://nplus1.ru/news/2017/10/19/higgs-learning

* MawmnHHOEe 00y4eHne 1 KBAHTOBBIN OTXKUI HaWnK pacnaabl 6030Ha Xurrca

 https://arxiv.org/abs/1701.05927

« Learning Particle Physics by Example: Location-Aware Generative Adversarial
Networks for Physics Synthesis

 https://arxiv.org/abs/1711.03252, 9.11.2017
« Classifying Complex Faraday Spectra with Convolutional Neural Networks

e http://www.nsu.ru/xmlui/bitstream/handle/nsu/13448/08.pdf

* MaBnoeckun E. H., MNakynny . B., MNocnenos C. O. BocctaHoeneHue 3 D-monenu
ﬁecbeKTa yeperna Ha OcHoBe IMyDOOKMX HEMPOHHbLIX CEeTEN {‘/ BectH. HI'Y. Cepus:
HcgospMaLl,MOHHble TexHonorun. 2017. T. 15, Ne 3. C. 74-78. DOI
10.25205/1818-7900-2017-15-3-74-78. 1SSN 1818-7900.

e https://arxiv.org/pdf/1705.07132.pdf, 19.05.2017
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