MaLlunHHoe obyyeHue.
HenpoHHbIe ceTH
(YacTb 2)



30A040 MALLUUHHOIO OOy4YeHus
(Ha npumepe Kaaccudoukaummn)

U — MHOXXecTBO 06beKToB
X(U) - npusHaku ob6beKToB

Y — Knaccbl 06beKkToB



30A044 MALLUMHHOIO O0y4YeHus
(Ha npumepe kaaccudcpukaumum)

U X(U) y

Yenosek

NTnuya

Aom



30A040 MALUMHHOro ody4yeHus
(Ha npumepe KAaccUumkauum)

Pewaruwana pyHKUUA

F:X-Y

Obyuyatouian BblIbOpKa

X1 Y1
X2 Y2
D :

XN YN




30A040 MALUUHHOIO O0y4YeHus
(Ha npumepe kaaccudcukaummn)

PYHKUMA OLLINOKK

L(D,F) = ) [F(x) # y,]

1

OnTumanbHaa pewatrowas pyHKUUA

W* = argmin L(D, F(W))
w



[Tpobnema nckntoyatowero AJ1A
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Tabnunua UCTUHHOCTM
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- ouT NET = zwy + ywo.
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MHOrocnomnHbIn nepcenTpoH




[lepcenTpoH obLiero Bnaga

F BepIxXoaHOH
n BEKTOp

BeixoaHoOH OTaAOHHBIH
— BEKTOP BBIXO,

0A aA(Fn) aFn(Fn—l: Wn)
— x
ow,  dF, ow,,




MHOrocnomnHbIn nepcenTpoH

Teopema 1.2 (Kosumoropos, 1957). Jlwbast HenpepbiBHasi (h)yHKIHsI N apryMeHTOB
Ha equHHIHOM Kybe [0, 1]” IpeJACTABUMA B BHJIE CYIEPIIO3HIHH HElIPEPBIBHBIX (DYHKIIHI
OJIHOI'O apryMeHTa H OIHepPaIliH CJ0XKEeHHS:

rje hy, i — HenpepeIBHBIE (DYHKIMH, IPHYEM Q; HE 3aBHCST OT Bbibopa f.



MHorocnomHas cetb C OOHUM
CKPbITbIM CITOeM

BXO/ITHOU CJIOH, CKPBITBIN CJIOM, BBIXOJ/IHOM CJIO,
N IPU3HAKOB H mneitponon M wmeitpoHOB

N\ N N
' a3 =W ) =W " 45 B

[ oM




Anropurm 1.3. O6yuenue aByxciioitHoO# cetn metoaoM back-propagation — obparHoro
pacrpocTpaHeHusi ONITHOKH

Bxon:
X = (z;,y;)f_, — obyuaromas BriGopka, T; € R", y; € RM.
H — uncjio HEHPOHOB B CKPBITOM CJIOE;
1 — TeMmn 00y 4YeHus;
Bruixo:
CHHANTHYECKHe Beca Wik, Whm;

1: MHUIMAJIM3UPOBAThH Beca HeDOIBINMI CJTy YaifHBIMHM 3HAYEHUSIMU:
wjp, == random (—%, %),
Whm = random (—%, ﬁ)

2: MOBTOPATH

3:  BbIOpaTh 00bEKT T; CIIy4aiiHBIM 0bpa3oM;

4:  TIpPAMOH XOI:

ul = Uh(Z},zo wjhvj(:ri)), aiasi Beex h=1,..., H;
ay" == om (Zf:o whmuh(:ci)), aisi secex m=1,..., M;
eft:=a*—y", s Bcex m=1,..., M;

s (o
5 obpaTHBIH XO1:
ki Z:{:I £ 0 W g K BOSE T =Ty 0y HS
6: rpajMeHTHBIN IIar:
When = Whn — NEroLu", anascex h=0,....H, m=1,...,M;
wjn = wjn — Neroh’, nasiBeex j=0,...,n, h
T Q:=Q+ Qs

8: moka () He cTabuu3upyercs;

h




» K.B. BopoHuoB «Jlekunn no
NCKYCCTBEHHLIM HEUPOHHbLIM CETAMY»,
S1.2.1
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CBepTquble ceTtTu
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CBepPTOYHbIE CETU

(4 x0)
(0x0)
(0x0)
(0 x0)

TouyKa npunoXxxeHua (0x1)

(0 x 1)
CBEepPTKHU (0 x0)

(0 x 1)
+(-4x2)

Appo cBepTkU

Pe3synbraTt cBepTKU



OO6y4yeHune nepapxmm NpPmM3HAKOB

Q00|
[chm]
[ocl)o]
[OCiDO]




OOy4yeHune nepapxmm NPmUHAKOB

[O?O]
[O?Q]

Zeiler M., Fergus R. htt_p://arxiv.orq/pdf/1311.2901v3pdf, 2013




O6y4yeHue nepapxmm NPMU3HAKOB

[Q?O]

Zeiler M., Fergus R. http://arxiv.orq/pdf/1311.2901v3.pdf, 2013




OOy4yeHne nepapxmm NPUsHAKOB

Q00




ImageNet
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1.2 MUAAMOHA M306paxxeHnun, 1000 kanaccos



ImageNet

Xacku CnbUpCcKMii xacku




mite

container ship

motor scooter

BepoAaTHOCTHOE pacno3HaBaHUe

mite container ship motor scooter legpard
black widow lifeboat go-kart jaguar
cockroach amphibian moped cheetah
tick fireboat bumper car snow leopard
starfish drilling platform golfcart Egyptian cat
— 7 ; =
¥
i - ¢
5 ; 4 ‘)‘
. %

grille mushroom cherry Madagascar cat
convertible agaric dalmatiah squirrel monkey
grille mushroom grape spider monkey
pickup jelly fungus elderberry titi




MpopbiB B pACNO3HABAHUU U300OPAXKEHUM

ILSVRC top-5 error on ImageNet

22.5
15

7.5

2010 201 2012 2013 2014 Human  ArXiv 2015

NVIDIA blog http://devblogs.nvidia.com/parallelforall/mocha-jl-deep-learning-julia



TAYyOMHO uMeeT 3Ha4YeHue

2013-# rop
Ajaafaaaaaess s

2014-i rop,

1 14
e ,;iniiniiggnsiﬁigﬁiﬂ'ﬂf
sl B igiiyg Tig2 5 Hagsgatsy B B
il Eﬂ"-ié*aé o

Szegedy C. et al. http://arxiv.org/pdf/1409.4842v1.pdf, 2014




[MoxoXxxue nsobpaxeHus

ﬂHﬂEKC Kapturku n 3arpyxeHHan KapTuHka Haitn klakhman

< BepHyTbca Hazag




CTuAamsauma n3oopaxeHmu

Mabno Mukacco Yunoam TépHep

BuHceHT BaH lor Bacunun KaHaUHCKUMA daBapa MyHK

Gatys L.A. et al. http://arxiv.org/pdf/1508.06576v1.pdf , 2015
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PeKyppeHTHble ceTuH
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http://colah.github.io/posts/2015-08-Understanding-LSTMs/




ANAAOT C pEKYPPEHTHOMU CETbIO

Machine: hi

Human: hello

Machine: could you please let me know what are the operating systems you are using ?
Human: i am using linux

Machine: ok it was in the ssl vpn on which you stated it was broken

Machine: please check if you are logged in to corp network

Machine: what is the error that you are running please

Human: i am seeing an error related to vpn

Machine: what is the error message that you are getting when connecting to vpn using
network connect ?

Human: connection refused or something like that

Machine: may i know the version of network connect you connect ?

Human: i am not sure i know that

Machine: is the network connect prompting for any user certificate

Machine: ?

Human: yes

Machine: are you at home or at work at the moment ?

Machine: office ?

Human:iam at home

Vinyals O., Le Q.V. http://arxiv.org/pdf/1506.05869.pdf , 2015




f[eHepaAuUus ONUCAHUSA U30OPaXKEHUS

Later on the eighth day, Billy
was a friend of a man who
lived on his own . He did n't
know how far away they were
, and if he was to survive the
fall . His mind raced, trying
not to show any signs of
weakness .

The wind ruffled the snow and ice in the snow . He had
no idea how many times he was going to climb into the
mountains

Kiros R., Salakhutdinov R. http://www.cs.toronto.edu/~rkiros/adv L.html, 2015




f[eHepauua onMcaHus n3obpaxeHus

In the second day, | panicked . | havent
seen him enter the city, so | quickly
corrected the bus ride to the city . | was
hoping to see that they were on such a bus,
and as soon as we got within the city limits,
| had no idea where | was . The bus driver
was on the verge of tears running down his
nose and mouth . | picked up the rental car
and headed back towards London . The
ferry never faltered in such a state, but it s
not .

Kiros R., Salakhutdinov R. http://www.cs.toronto.edu/~rkiros/adv L.html, 2015




OOy4yeHue Cc NnoAKpenAeHuem

4

s

L 2 R
s1<
R

S,

DDD

0 2
X DDD Ss

2

-

Q(S,,L)—>4

Q(S,,R}>2

Q(S,,Ly>4

Q(S,,R}>0

Q(S;,L)

—>2

Q(S;,R]

—>2

Slide by Andrew C. Barto



OOy4yeHune ¢ noAKpenAeHuem

Q"(s,a) =R+ ymaxQ*(s’,a’)
a

CTapoe 3Ha4YyeHmne
A

Qi+1(spap) = !Qt(st' a,) +‘

\ )
Y (/4 (Rt+1 + Yy max Q.(s;41, ar) — Qi (sy, at))
HOBOE 3HAYEHME a




OOy4yeHune C NoAKpenAeHnem

Q°(s,a) =R+ ymaxQ*(s’,a’)
a

OLLEHKA OYAYLLLMX
HArpaA

Q:i:1(sp,ar) = Qi(sy, ap) + . A \
a (Rt+1 Ty mé‘x Q:(St+1,ar) — Qi (sy, at))

-

HArpPaAQ




Atari 2600 games

Video Pinball |
Boxing |
Breakout |

Star Gunner |
Robotank |
Atlantis |

Crazy Climber |
Gopher |

Demon Attack |
Name This Game |
Krull

Assault |

Road Runner |
Kangaroo |
James Bond |
Tennis |

Pong |

Space Invaders |
Beam Rider |
Tutankham

.

Mnih V. et al. Human-level control through deep reinforcement learning. Nature, 2015



