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MoxHo 3aaaeatb NHobbIe BONpOCHI!
Mou 3HaHUA B 3TOM 061ACTU OFPAHUYEHET ...

Deep Learning

Computer Science Department, Stanford University
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Kypcbl no mawmHHOMY
obyyeHuro (www.coursera.org,
www.udacity.com u 1.n.)
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Kypcosbie u aunnomHeie
MPOEKTLI Ha TeMbI, CBA3AHHbIE
; C MAWUHHBLIM 06yYeHuem
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TTnaH Ha cerogHs

v 0630p Nnporpammel Kypca
v TpebosaHus

v/ BeepeHue B meToAbI MAWMHHOIO 06yYeHUs
v HemHoro o xusHu!
v UTo Takoe malwuHHoe obyuyeHue?
v TIpunoxeHmnsa mawmHHOro obyyeHus
v/ ANropuUTMbI MAWUHHOIO 0byyeHus
v JluHeliHas perpeccusa ¢ 04HOU NepemMeHHOU
v/ Metoa rpaaueHTHOro cnycka
v/ basbr gaHHbIX
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Llenb Kypca

v PaccmoTtpeHue paaa 3aaa4 v BONPOCOB M3 0611aCTU
MAWWHHOTO 0byyeHus ans:
v’ Co3aaHua 6asuca ¢ uenbro AasibHeulero
camoobpa3oBaHUS
v TTomowum B AanbHeUllen NpakTUYECKOU AeaTenNbHOCTU
KaK B 3TOU 0611aCTU, TAK U B CMeXHbIX 0611acTaxX
v/ PacwupeHua kpyrosopa

Yy B obuem ctaHeT NoHATHee 4YTO 3TO Takoe U
AEUCTBUTENbHO S BAM 3TO HYXHO
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CTpyKTypa Kypca
v  Jlekuuum

v TemaTtuka Kypca oxeaTbIBaeT: obyueHue c yumtenem,
obyuyeHue 6e3 yuntens, perpeccus, Knaccuopukaums,
KfacTepu3saums, CoKkpalieHme pasmepHoCTU AAHHBLIX,
nNeTeKTUpOoBaHME aHOMANUK, MaWUHHOe obyyeHue Ha
bonbwmx 6a3ax AAHHLIX U rNybokoe obyyeHue

Yy ATTecTtauus no Kypcy:

v’ PeweHue npaktuyeckmux 3aaaHUU U TeCTOB MO
nepevmncrieHHbIM Temam. byaem ncnonb3oeatb g3bIK
nporpammupoeaHug Python ansa peweHus
NPaKTUYECKUX 3a4aHUU
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TTpu peweHun NpakTUYecKmnx
3a4aHUU NoHapobaTcs

v Python 3 - BbICOKOYpOBHEBbLIN 43bIK MPOrPAMMUPOBAHUS
obLero HasHa4YeHUs, OpUeHTUPOBAHHLIN HA MOBbLILWEHUE
NPOU3BOAUTENBHOCTU pa3paboTUUKa U YNTAeMOCTU KOAA

Y A Takxe gononHutenbHble bubnuotexkmu: NumPy, SciPy,
Matplotlib u Scikit-Learn

Y OnumoHanbHO He 6yayT nuwHUmm OpenCV, Pandas v
Scikit-Image
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Kakyro nutepatypy MOXHO HAUTU?

£V OXX@n | T VA |LrexTs iN compuTER sciEncE

Chapman & Hull/CRC
Machine Learning & Pattern Recognition Series

Machine

A.B. Mepxos

PACNO3HABAHME
ObPA30B

A. A Nyrbannya, A T. WWWRWH p 1 2 ro e
lumposas oﬁnaﬁorua‘ ) - e AN Computer Vision

Algorithms and Applications

Beepnexne B MeToab!
CTaTUCTUHECKOrO 0By4eHus

Richard Szeliski

) Springer

Marsland S. Machine Learning: An Algorithmic Perspective, 2009

Mepkos A.b. Pacno3HaeaHue ob6pa3os: BBeAeHUe B MeTOAbI CTaTUCTUYECKOTO
obyueHus, 2011

NykbaHuua A.A., Wuwkun A.T. Llugpposas obpaboTka BuaeomnsobpaxeHumn, 2009
LLanupo J1., CtokmaH [x. KomnbroTepHoe 3peHue, 2006

Szeliski R. Computer vision: Algorithm and applications, 2010
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Kakyro nutepatypy MOXHO HAUTU?

Y MHOro uHmopmaumm No Teme Kypca MOXHO HaUTU B CeTu

NHTepHeT

v TIpomeccUOHanbHLIN MHPOPMALIMOHHO-
AHANIUTUYECKUU pecypc, NOCBALLEHHBIN MAWUHHOMY
0by4eHUro, pacno3HaBaHUO 06pas3os U
UHTeNeKTYarlbHOMY aHAMU3Y AAHHBIX,
http://www.machinelearning.ru

v’ bonblwoe konuyecTBO BUACONEKLUUIM MO TeMaTuKe
Kypca MOXHO HauTU Ha http://www.youtube.com no
knrouesomy cnosy machine learning

v/
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HemHoro peknambi!

Y Online kypc CT3H®OpACKOro YyHUBepcuTeTa «MalmHHoe
obyuyeHue»
v https://www.coursera.org/learn/machine-learning
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HemHoro peknambi!

Y Online kypc TopoHTCcKOro yHuepcuteta «HelpoHHbIe
ceTu B MAWUHHOM 0byyeHUumn»
v https://www.coursera.org/learn/neural-networks
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HemHoro peknambi!

Y Online kypc Bbicwel WwKkonbl 3kOHOMUKU «BeeaeHue B
MALMHHOEe 0byyeHue»
v https://www.coursera.org/learn/vvedenie-mashinnoe-

obuchenie
S
Ty A
@ A
A
A
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HemHoro peknambi!

v [pyrue KypcbI NO MawmHHOMY 06yYeHUo Ha

www.coursera.org

v Wuwem no knroyesomy cnosy machine learning.
Kypcos mHoro, oueHb MHOrO!

< Wi )
PR Machine
XY

AKV=LON
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- Neural Networks for Machine Learning

. Machine Learning: Clustering & Retrieva

K4 Hayka o aaHHbIx

) e

Practical Machine Learning

. Machine Learning: Classification

® & BeeneHne B maLunHHoe 0 ByueHne ) Google Cloud Platform Big Data and Machine Learning
° A A m Fundamentals
A G
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HemHoro peknambl!

Y Online kypc «BeeneHuve B MaWWHHOe 0byyeHue»
v https://www.udacity.com/course/intro-to-machine-
learning--ud120

Y Online kypc TexHonormuyeckoro UHCTUTYTA hxopaxum
«MawwHHoe obyyeHune»

v https://www.udacity.com/course/machine-learning--
ud262

Y Online kypc CT3H®OpACKOro yHueepcuteTa «BeeaeHue 8
UCKYCCTBEHHbIU UHTESINeKT»
v https://www.udacity.com/course/intro-to-artificial-
intelligence--cs271
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HemHoro o xusHul

Y PacnosHaeaHue nuu: Apple iPhoto software

iLife 11

% iPhoto '11

From your Facebook Wall to your
coffee table to your best friend’s
inbox (or mailbox). Do more with your
photos than you ever thought
possible. And do it all in one place.
iPhoto.

J What’s New in iPhoto \ What is iPhoto? l

http://www.apple.com/ilife/iphoto/
AI(V: LO N 2017, BJ'IG,D.MMMP Bonoxos 1 5
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HemHoro o xusHul

v Cnamy - HeT!
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MawwHHoe obyyeHue

Y BbIpocno u3 paboT no UCKYCCTBEHHOMY UHTENNeKTYy U
aBN9eTCS OAHOU U3 NepCneKTUBHbLIX BETOK ero pa3sutug
TTpenoctagnaet HOBYHO CMOCOBHOCTL ANS KOMNbOTEPOB
TTpumeper:

v MHTennekTyanbHbIM aHanu3 6a3 AaHHBLIX

v’ bonbwue 6a3bI AaHHBIX C pOCTOM aBTOMaTtusaumm/web

(peknamHbIe KNUKU, MeAULUHCKUE 3aMUCH,
nocneposatenbHoctTy OHK v 1.n.)

v TlpunoxeHus, kotopbie He MOryT BbITb
3aNpOrpaMMUPOBAHLI BPYUYHYHO (QBTOHOMHBIN BepTONeT,
pacrnosHaBaHMe pyKoOnUCHOro TekCTa U T.M.)

v Camosakasbisarowme nporpammer (Amazon, Netflix v 1.n.)

v TToHUMaHUe 0byuyeHUs YenoBeka U YenoBeYeCckoro mosra
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ABTOHOMHbIU BepTOneT

Y Co3AaH coTpyaHUKamu nabopatopum «MckyccTeeHHOro
UHTennexkTa» CT3HEPOPACKOro yHUBepcmuTeTa

http://heli.stanford.edu/
AKV= LON 2017., Bnaaymup Bgnoxos 1 8
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ABTOHOMHOe BoxAaeHue. TTpoekt ALVINN

Autonomous Land Vehicle In a Neural Network (ALVINN) aensetca cuctemon, kotopas
obyuaeTca ynpasnatb asTomobunem nytem HabnroaeHUs 3a BOXAeHUEM peasibHoro YesioBeka.
Apxutektypa ALVINN ocHoeaHa Ha HEMPOHHOW CeTU C OAHUM CKPLITbIM Cnoem, obyyaemowm ¢

WUcnonb3osaHUem meTtoaa ob6paTtHOro pacnpocTpaHeHUs oWmnbKU
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Stanley, J_unlor' U Google M06MJ'Ib

STanIey B . Junior | Google—monnb
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Cynepkomnbrotep IBM Watson

vy B 2011 r. komnbroTep oaepxan nobeny Haa ABYMS
nroabmu B Tenenepeaade Jeopardy («Csosa urpa»),
Nony4Yme 0AUH MUNNUOH AONNApOos!

KeH [XeHHUHrc:
«BatcoH», «Crog urpa»
U 4, ycTapeBLUn
BCE3HAaWKa

http://www.ted.com/talks/ken_jennings_watson_jeopardy_and_me_the_obsolete_kn
ow_it_all?language=ru
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KomnbroTepHoe 3peHue

Y PacnosHaeaHuWe nuu, noanucu, 0OTNeYaTkos nanbLes,
pagyXxHoMu 060N04YKU rnasa

NeaHoB
: T NeaH NeaHoBUY
|

]
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KomnbroTepHoe 3peHue

Y 3peHue ansa poboTtos

AiBo (anoHckasa cobaka-pobor, Teddy (anoHckuM menBeab-
nsobperteHue komnaHuu Sony) poboT, usobpeteHue
komnaHuu Fujitsu)
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KomnbloTepHoe 3peHue

/' Jln @.-®. Kak MbI yYuM KOMMbHOTEP MOHUMATD
n3obpaxeHua?

A cat
lying on

a bed with
a laptop

https://www.ted.com/talks/fei_fei_li_how_we_re_teaching_computers_to_understa
nd_pictures?language=en#t-5181
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KomnbloTepHoe 3peHue

/' Jln @.-®. Kak MbI yYuM KOMMbHOTEP MOHUMATD
n3obpaxeHua?

“A young boy is holding a
baseball bat”

https://www.ted.com/talks/fei_fei_li_how_we_re_teaching_computers_to_understa
nd_pictures?language=en#t-5181
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Y10 TaKOe MmawmnHHoe obyyeHue?

Yy A. Camyanb (Arthur Samuel), 1959 r.: MawwuHHoe
oby4eHue - 3T0 06,11aCTb UCCNEA0BAHUS, KOTOPAS
npefoCTaBngeT KOMNbLOTepy, He byayym aBHO
3anporpamMmpOBAHHOMY, BO3MOXHOCTb K 00yYeHUro
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Y10 TaKOEe mawmHHoe obyyeHue?

Yy A. Camyanb (Arthur Samuel), 1959 r.: MawwuHHoe
oby4eHue - 3T0 06,11aCTb UCCNEA0BAHUS, KOTOPAS
NpefoCTaBSeT KOMNbLOTEpY, He byayun 9BHO
3anporpamMmpOBAHHOMY, BO3MOXHOCTb K 00yYeHUro

v T. Mutyenn (Tom Mitchell), 1998 r.: koHKkpeTHO
nocTaefeHHas 3aaava obyyeHus. Fosopsar, UTo
KOMMNbrOTEpHas Nporpamma cnocobHa k 0byyeHuro ms
onbIiTa E no oTHoWweHUro kK HekoTopou 3aaade T u
KpUTepuro kadecTea paboTel P, ecnu ee
NpoOU3BOAUTENBHOCTb Ha T, kak mepa P, ynyuwaerca ¢
onbiTom E
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Y10 TaKkoe mawmHHoe obyyeHue?

y  ObydyeHue = npucnocobreHue
v Obyuaacb, MbI cTaHOBUMCS 60nee NpUCnNocobrieHHbIMU K
OKpYXarollien cpene
Yy ObyuyeHue # «3ayYmBaHMeE HaU3YCTb»
v/ 3ayunTb HaU3YCTb - A4S MAWWHLI He Npobnema
v’ MbI XOTUM HayuUTb MAWWHY AenaTb BbIBOALI!

7'7;‘

5e
an“"san
” U
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ANrOpUTMbL MALWUHHOIO 0by4YeHus

Yy O6yueHue c yuutenem (Supervised Learning). Anroputm
MALWUHHOro obyyeHusa obobLiaeT Ha OCHOBE pa3medeHHOoro
MHOXeCTBA TPEHUPOBOYHBLIX NMPUMEpOB

Yy ObydyeHue 6e3 yuutensa (Unsupervised Learning).
PazmeyeHHoe TpeHUpOBOYHOE MHOXeCTBO OTCYTCTBYET.
ANropuUTM MALMHHOIO 0by4YeHus nbIiTaercs
CAMOCTOSATEsIbHO OnpeaenuUTb CXOACTBO MexXAy BXOAAMM.
TToaToMy BXOAbI, KOTOpbIE UMEHOT UYTO-TO ObLiee
0bbeaAnHaroTCS B 06LLYHO KaTeropuo
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ObyuyeHue ¢ yunTenem

y Perpeccusa (npeackasaHue HenpepbIBHOM BLIXOAHOM
BeJIMYMHBI, Hanpumep, LieHbI Ha HeABUXUMOCTD)

LleHa 8 1000-x

AKV=LON

Creativity, Quality, Consistency

AONSApoB

A TTpeackaxem CTOMMOCTb
_ AOMa NO ero NnoLaam

X
Xxxx X
% X

X

——
500 1000 1500 2000 2500
TTnowaAab B KBAAPATHLIX PYTAX
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ObyuyeHue ¢ yunTenem

y Perpeccusa (npeackasaHue HenpepbIBHOM BLIXOAHOM
BeJIMYMHBI, Hanpumep, LieHbI Ha HeABUXUMOCTD)

A TTpeackaxem CTOMMOCTb

400 TMNPpPeAcKasaHHoe AOMa No ero nnowaau
>|< 3HaYeHue
S & 300 X
- X X X
m —
:?:5[ 200l XX NPOU3BOSIbHAS
__E’r nJoLaab

|
100 1 L % L
| | | )

500 1000 1500 2000 2500
TTnowaAab B KBAAPATHLIX PYTAX
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ObyuyeHue ¢ yunTenem

y Perpeccusa (npeackasaHue HenpepbIBHOM BLIXOAHOM
BeJIMYMHBI, Hanpumep, LieHbI Ha HeABUXUMOCTD)

A TTpeackaxem CTOMMOCTb

400 TMNPpeAcKkasaHHoe AOMa No ero nnowaau
>|< 3Ha4YeHue
S 5
S S 300 e X
» G
g 3 200L. X NpOU3BONbHAS
__E’r 2 I nJoLaab

100 4 L IK L

| | | )

500 1000 1500 2000 2500
TTnowaAab B KBAAPATHLIX PYTAX
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ObyuyeHue ¢ yunTenem

v Knaccugpukaumsa (npeackasaHue AUCKpeTHOM BLIXOAHOMU
BeJSIMUUHLI, Hanpumep, O unu 1)

Pak monoyHou xenessbl
(3nokayecTBeHHbIN UNU

>

o AobpokayecTBeHHbIN)
-]
X
$o 1P T XXX XX
5 3
23
S 5
o
5
0 (N) =@&-oH | | —>
Pasmep onyxonu
AKV= LO N 2017., Bnaaumup Bqnoxos 3 3

Creativity, Quality, Con e-mail: volokhov@piclab.ru



[

AKV_LON

Creativity, Quality, Con

30Ka4yecTBeHHas

TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

ObyuyeHue ¢ yunTenem

v Knaccugpukaumsa (npeackasaHue AUCKpeTHOM BLIXOAHOMU
BeJSIMUUHLI, Hanpumep, O unu 1)

onyxosb?

>

—
P
O
S’
[
|

O(N) &=

HAATUA Pak monoyHou xenes3bl
rpaHuLy (3noka4ecTBeHHbIN Unu
pewweHus! AobpokayecTBeHHbIN)

ool——+—
Pasmep onyxonu

2017, Bnapumup Bonoxos 3 4
e-mail: volokhov@piclab.ru



2

AKV_LON

Creativity, Quality, Con

30Ka4yecTBeHHas

TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

ObyuyeHue ¢ yunTenem

v Knaccugpukaumsa (npeackasaHue AUCKpeTHOM BLIXOAHOMU
BeJSIMUUHLI, Hanpumep, O unu 1)

onyxosb?

>

—
P
O
S’
[
|

O(N) &=

HAATUA Pak monoyHou xenes3bl
rpaHuLy (3noka4ecTBeHHbIN Unu
pewweHus! AobpokayecTBeHHbIN)

IX X X XX X

I npeAcKasatb TUN Onyxonu
I ANS ee NpOU3BOSNIbHOIO

/ pasmepa
— _|_ I 1 1 1 >

| | I
Pasmep onyxonu

2017, Bnapumup Bonoxos 35
e-mail: volokhov@piclab.ru



TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY vm. T1. I'. lemupoea

ObyyeHue 6e3 yuntens

PaccmoTtpum metopn,
K-cpeaHux v 3aaa4ky
C remsepom

(o)
@)
L
|

Ol
o
L
|

N
-

"
-
>
XI
S
>3
S\
>3
(]
Q
)
a
O
3
%)
>
o
%X
Q
>
x
>3
Q
a
an

i
1 2 3 4 5 6
OnutenbHocTb BbIOpOCA, MUHYTHI

AKV= LO N 2017., Bnaaumup Bgnoxos 3 6

Creativity, Quality, Con e-mail: volokhov@piclab.ru

>



TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY vm. T1. I'. lemupoea

ObyyeHue 6e3 yuntens

PaccmoTtpum metopn,
K-cpeaHux v 3aaa4ky
C remsepom

O
@)
1
1

(00}
| ®)
L
1

~
o
L
|

(o)
@)
L
|

Ol
o
L
|

N
-

"
-
>
XI
S
>3
S\
>3
(]
Q
)
a
O
3
%)
>
o
%X
Q
>
x
>3
Q
a
an

i
1 2 3 4 5 6
OnutenbHocTb BbIOpOCA, MUHYTHI

AKV=L O N 2017., Bnaaumup Bgnoxos 37

Creativity, Quality, Con e-mail: volokhov@piclab.ru

>




<«

TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

Knactepusaumsa 8 Google News

> Google News

C' @ news.google.com

Web |mages Videos Maps News Shopping Gmail more v

Google news

Top Stories
Deepwater Horizon
Fed meeting

Foreign exchange
market

Lindsay Lohan
1IBM
Tom Brady

Toronto
International Film
Festival

Paris Hilton
Iran
Hurricane Igor

Starred %%

San Francisco Bay
Area

World

us.

Business
ScifTech

More Top Stories
Spotlight

Health

Sports
Entertainment

All news
Headlines
Images

andrewyantakng@gmail.com | Web History | Settings v | Sign out

Search News ‘ t Search the Web

Top Stories

Christine O'Donnell »
White House official denies Tea Pa
CNN International - Ed Henry - 1 hour ago

-focused ad campai

Democratic sources say the White House is not considering an ad campaign
tying Republicans to the Tea Party. Washington (CNN) — A top White House

official sharply denied a report that claims President Obama’s political
advisers are weighing a national ...

Tea Party is misplacing the blame, former President Bill Clinton claims

New York Daily News

GOP tea party backer defends Christine O'Donnell The Associated Press
Atlanta Journal Constitution - Politics Daily - MyFox Washington DC - Salon
all 726 news articles »

US Stocks Climb After Recession Called Over.
Homebuilders Gain

MarketWatch - Kristina Peterson - 16 minutes ago

NEW YORK (MarketWatch) -- US stocks climbed Monday, gaining speed
after a key nonprofit organization officially called the recession over, giving
investors a boost of confidence in the gradual economic recovery.
Longest recession since 1930s ended in June 2009, group says

Los Angeles Times

Downturn Was Longest in Decades, Panel Confirms New York Times
Wall Street Journal - AFP - CNN - USA Today

all 276 news articles »

Deepwater Horizon »
BP Oil Well, Site of National Catastrophe, Dies at One

Vanity Fair - Juli Weiner - 22 minutes ago

The BP oil well, site of the Deepwater Horizon explosion that led to the worst

oil spill in US history, died today at one year old.
¥ Video: Blown-out BP Well Finally Killed in Gulf @8 The Associated Press

Weiss Doubts BP Would End Operations in Gulf of Mexico: Video Bloomberg

CNN International - Wall Street Journal (blog) - The Guardian -
New York Times
all 2,292 news articles »

Advsnced news search

MyFox Phils

U.S edition v Add a section »

Recent

Recession officially ended in June 2009
CNNMoney - Chris Isidore - 39 minutes ago

Hurricane Igor lashes Bermuda
USA Today - Gerry Broome - 5 minutes ago

‘Explain what you want from us.’ reads front-
page editorial
msnbc.com - Olivia Torres - 10 minutes ago

Crisis response: Pakistan floods

San Francisco Bay Area - Edit

Clorox »

Bay Biz Buzz: Clorox close to selling STP
Armor All

San Jose Mercury News - 48 minutes ago -
all 24 articles »

Google's official beekeeper keeps the company
buzzing with excitement

San Jose Mercury News - Bruce Newman -

1 hour ago

Jon Sylvia »

Martinez man still unconscious as police
investigate weekend shooting

San Jose Mercury News - Robert Salonga -
48 minutes ago - all 6 articles »

Spotlight

Sarkozy rages at EU "humiliation’
Financial Times - Peggy Hollinger -
Sep 16_2010
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

Knactepusaumsa B8 Google News

f5si] BP Kills Macondo, But Its ...
L C' | ® blogs.wsj.com/source/2010/09/20/bp-kills-macondo-but-its-legacy-lives-on/

THE WALL STREET JOURNAL. i
Digital Network Market\Vatch BARRONS  AlThingsDigital. FINS  SmarfMoney Morevw

THE WALL Sl‘REEI‘JOURNAL Login = Register For Free = Subscribe Now, Get 2 Weeks Free

THE 'SOURCE

Financial Transport Leisure Insurance Oil & Gas Sport Caught on the Technology
Services Web

SEPTEMBER 20, 2010, 12:44 PM GMT

BP Kills Macondo, But Its Legacy Lives On | searcn The source [ searc |

Article Comments (2) THE SOURCE HOME PAGE »

B erai B et Permalink Ellke |2 A : About The Source Folow us: B 33

The Source is WSJ.com Europe’'s home for rapid-
fire analysis of the day’'s big business and finance
stories. Itis edited by Lauren Mills, based in
London.

By James Herron

BP confirmed late Sunday
that the Macondo well that
leaked almost five million
barrels of oil into the Gulf of
Mexico has been
permanently sealed, but the - Articles Comments
well will continue to affect BP ’ :

and the wider oil industry for ] .. . 3 - Who Needs Plaza IT Anyway
many years. ' :

Most Recent

. 2. 'Will Banks Be Forced to Split Retail And Banking
The most immediate worry - Arms?

for BP and its shareholders N o 2 e
is how the authorities will ; - Timing of Ratings Award Intriguing
apportion blame for the spill.

3 ¥ RS Associsted Press - BP Kills Macondo, But Its Legacy Lives On
BP’'s own investigation

R Fire boat response crews battled the blazing remnants of the off shore oil
spread responsibility across rig Deepwater Horizon on April 21, 2010. . Woa Alraadyv Nead a Saonal 0 Racal 11T
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

Knactepu3saumsa B8 Google News

B8] Allen: Well is dead, but m... +

L C' @ edition.cnn.com/201

EDITION: INTERNATIONAL ~ Sign up ' Log in
Set edition preference <rr| ‘
PoweRED: BY GOORE

iReport

Travel

Home Video World S Africa Asia Europe Latin America Middle East Business World Sport Entertainment Tech

N

Allen: Well is dead, but much Gulf Coast D) (et (e (St () (oo

Wo rk re m ai n S &1 Recommend [ Be the first of your friends to recommend this.
By the CNN Wire Staff
September 20, 2010 — Updated 1317 GMT (2117 HKT

Most Popular »

Today's five most popular stories

White House official denies Tea Party-focused ad
campaign

Swedish far-right leader: Success due to

— immigration backlash
Click to play Lady Gaga to lead rally against military's 'don’t
ask, don't tell’

Why Facebook is blue -- six facts about Mark
Zuckerberg

China, Japan relations sour in dispute over fishing
captain

More

What next for Gulf oil spill?

STORY HIGHLIGHTS (CNN) -- The ruptured Macondo well, a mile under the Gulf of
Mexico off the | ouisiana coast _has been pronounced dead

A I(V_: LO N 2017, BHG.D.MMMP Bonoxos 40
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

Knactepusaumsa 8 Google News

m BP oil spill cost hits nearl...

<« C' | ® www.guardian.co.uk/environment/2010/sep/20/bp-oil-spill-deepwater-horizon-costs-10bn AR
Mobile site | Signin | Register = A Textlarger - smaller = Aboutus w Today's paper w  Zeitgeist w &
guardian.co.uk |Search [Business [~] search| 1

News | Sport | Comment | Culture  Business | Money | Life & style | Travel | Environment | TV | Video | Community | Blogs  Jobs

BP oil spill cost hits nearly $10bn wbeE - | I PO e o TR

BP has set up a $20bn compensation fund after the Deepwater Tweekiis|(68)
Horizon disaster, which has so far paid out 19,000 claims totalling &) Comments (10)

Latest news on the BP oil spill in the Gulf of Mexico

bp  BP_America: Find fact sheets, open
more than $240m Q house info and e-mail alert sign-ups at
@EPAgov's oil spill community page:
hitp://bit.ly/diuHoH
Julia Kollewe E m E about 3 weeks ago
9;;(;215:]{1;;) gk, Monday 20 September 2010 08.33 BST . guardianeco: UN report on Nigeria oil
L L A larger | smaller spills relies too much on data from Shell |
ig5e] Nnimmo Bassey hitp:/bit.ly/dBd7Ru
about 3 weeks, 5 days ago
Business bp  BP_America: Newly discovered microbe
BP = z =
i ﬁ thriving from consumption of #oil in the
Environment #GuIf of Mexico: hitp//bit ly/9kQYwa
BP oil spill - Oil - Oil about 3 weeks, 5 days ago
spills
Pl ) = Archive page: read more BP oil spill tweets
World news = Follow BP oil spill news with our Twitter list
United States = Full BP oil spill coverage from guardian.co.uk
More news

Omn Business

Mostviewed |[FEICEE [NETEES

Last 24 hours
1. Britain keeps AAA
credit rating

More on this story

BP’s costs for the Deepwater Horizon disaster have hit $10bn. Photograph:

Ho/Reuters US government

Horlaroc ol ‘dood
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7 TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
= Apl'Y um. TT. . emunpoera

Ewe Heckonbko npumepos Kknactepusaumm!

|

CermeHTaums pbIHKa AHANU3 ACTPOHOMUYECKUX AAHHBIX
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{ TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
AplY um. TT. I'. Oemunpoea

ANrOpUTMBI MALWMHHOTO 0byYeHus

Yy ObyyeHue NO anroputmy TUMNG <KHYT U NPSHUK»> UK
CTUMYSNIMpoBaHHOe obydveHue (Reinforcement Learning).
ANropuUTM MAWUHHOIO 0by4eHUs noslydaeT NOACKA3KY,
KOrAa ero OTBeT ABMSeTCa OWMBOYHBIM U He nonyudaer,
KOrAa OTBeT ABMSeTCa NPpaBUSIbHBIM

Y dBonrouuoHHoe obyuyeHue (Evolutionary Learning).
Buonoruyeckue opraHMsmbL aaanTUpPYHOTCA AN TOrO,
UTOObI YNYULWUTb CBOHO BEIKUBAEMOCTb U LIAHCHL UMETb
NOTOMCTBO B OKpYyXaroleu ux cpege. Cmoaenupyem
noaobHoe Ha komnbroTepel

AKV=L 0 N 2017, Bnapumup Bonoxos 4 3
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

JluHeWHas perpeccus ¢ 0AHOU NepemMeHHOU

y Perpeccusa (npeackasaHue HenpepbIBHOM BLIXOAHOM
BeJIMYMHBI, Hanpumep, LieHbI Ha HeABUXUMOCTD)

LleHa 8 1000-x

AONNApOB

A
400.

w
o
o

2004

100 -

Paccmatpusaem obyueHue

C yuuTenem (AaHLI NpaBUIIb-
HbIe OTBeThI ASA KaXA0ro
npumepa B AAHHLIX)

L XX TTpeackaxem CTOMMOCTb
) ¢ AOMa No ero nnaowaau

AKV=LON

Creativity, Quality, Consistency

S
500 1000 1500 2000 2500
TTnowaAab B KBAAPATHLIX PYTAX
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Ll TTpuKkNagHas UHPOPMATUKA: MALLIUHHOE 0byYeHue

dplY um. T1. I'. lemmnpoea

JTuHeWnHas perpeccusa ¢ 0AHOU nNepemeHHOU

Y TpeHUpOBOYHOE MHOXEeCTBO AAHHBIX (CKaxeMm, Bcero m)

TTnowaas (pyT?) - X

LleHa 8 1000-x ($) - y

2104
1416
1534
852

460
232
315
178

O603Ha4eHUsa: m = YUCIO TPeHUPOBOYHBIX NMPUMEPOB
X = «BXOAHas» nepemeHHas / CBOUCTBO
Y = «BbIXOAHAS» nepemeHHas / «meTka»
(x®, y®) = i-li TpeHUpPOBOUHBIY NpuMep

AKV LO N 2017., Bnaaumup Bqnoxos 45
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7 TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

JluHeWHas perpeccus ¢ 0AHOU NepemMeHHOU

v TlocneposatenbHOCTb AEUCTBUMA

MHOXeCTBO

* M'mnotesa h sbIrnaguT
Tak: h(x) = Qy + Q; X

[ ANroputm obyyeHus ] I R G 1o O 11 G 2

[TpeHMposquoeJ

OueHKa

TunoTesa
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, TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

JluHeWHas perpeccus ¢ 0AHOU NepemMeHHOU

v TlocneposatenbHOCTb 4eUCTBUU

X
O MmnoTtesa h BeIrnagmT
S s Tak: h(x) = Q, + Q, X
=
T3 I Kak oueHuts Q, 1 Q, ?
|
| | | : )
500 1000 1500 2000 2500
TTnowanb B KBAAPATHLIX PYTAX
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
= AplY um. TT. I'. Oemunpoea

CtoumocTHaa pyHkuma (Cost Function)

v Vapesl Beibpate Q, 1 Q, Tak, utober h (x) aBnanacb
61M3KOM K 3HAYEHUAM Y ANd BCeX TpeHl/lpOBOL-IHbIX

npumepos

Beenem cTOMMOCTHYHO
pyHKuuro J(Q,, Q,)

x U MUHUMU3UDPYEM ee:

S 8 -

S o 1 : .

=g J(Qo, Q) == (hq(x(M)-y)2

s 5 2m =

S o i=1

o ¥

— min  J(Qo, Q1)

OlQl

1
500 1000 1500 2000 2500
TTnowaAab B KBAAPATHLIX PYTAX
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, TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
= ApTY um. T1. . Jemunpoea

Kak MUHUMU3UPOBATL CTOUMOCTHYHO (PYHKLMUHO
ANS SIMHEWHOW perpeccum ¢ 0AHOU nepemMeHHOU?

v Mlcnonb3oaHue HopmanbHbIX ypasHeHUM (normal equation)
v PaccmoTtpum Ha cneayrolen nexkumm
v Tloaxopa paboTaeT TONbKO ANg NMMHEUHOU perpeccum

v Mcnonb3oeaHWe meToaoB YUCIeHHOU ONTUMU3ALUK,

Hanpumep, MeToaa rpaamUeHTHOro cnycka

v PaccmoTtpum Ha atou nekumu. bonee koHkpeTHO byaem
pPAcCMATpUBATbL MPYNMNOBOU rpaaueHTHbIU cnyck («Batch»
Gradient Descent). 'pynnoBov o03HayaeT, YTO HA KAXA0M
3Tane rpaAueHTHOro Crnycka UCnonb3yroTCa BCe
TPeHUpPOBOYHbIE MpUMepbI

v Tloaxon moxeT 6bITb UCMOSBb3OBAH U AN APYFUMX MeTOAOB
MALUHHOTO 0by4YeHUs, Hanpumep, HEUPOHHBIX ceTeun

AKV=LON 2017, Bnapumup Bonoxos 49
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T TTpuknaaHas MHPOPMATUKA: MALIMHHOE 0byYeHue
=2 AplY um. TT. . Jemumaoea

MeTona rpagueHTHOro cnycka

v TlocTaHOBKa 3a4a4u
v Vmeetca HekoTopas ctoumocTHas yHKums J(Q,, Q)
v Heobxoammo HaUTU Takue 3HaueHUus Q. Q,, UTObbLI PYHKUMA
J(Q,, Q,) cTana MuHUManbHoM

v PeweHue 3apaum
v CTapTyem U3 HeKOTOpbIX 3HaueHun Q,, Q,, Hanpumep, PaBHbLIX
BeSIMYMHE HOSb
v Tipononxaem nsmeHeHue sHaveHUn Q,, Q; A0 Tex nop, Noka
He AOCTUTHeM MUHUMYMA. MUHUMYM AOCTUXUM He Bceraal

AKV= LO N 2017., Bnaaumup Bqnoxos 50
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep paboTbI rpaAUEeHTHOro Cnycka

A I(V_: LO N 2017, BJ'IG.D.MMMP Bonoxos 5 1
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep paboTbI rpaAUEeHTHOro Cnycka
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{ TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
AplY um. TT. I'. Oemunpoea

MeToa rpagueHTHOro cnycka. Peanusauums

repeat until convergence
{ 0
Qj=Qj-a-J(Qo. Q) (j=0mnj=1)

OQJ
TTpasunbHas peanusaums HenpaeunbHas peanusauus
(napameTpbr Q,, Q, (napameTpl Q,, Q, ob6HoBNAFOTCA
O6HOBNAFOTCA OAHOBPEMEHHO) He 0AHOBpeMeHHO)
0 0
temp0 = Qg —a——J(Qqo, &1): temp0=Qp -a——J(Qqo, X1);
PO =Qo Qg 0 p0=Qo 0 (Qo. Q1)
0 = O;
templ = —G@J(Qo, Q) Qo =temp ]
1=-Q-a—— ;
Qo = tempO:; templ=Q -a Q J(Qo, Q1)
Q = templ; Q = templ;
AI(V_: LO N 2017, BJ'IG.D.MMMP Bonoxos 53
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, TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
S ApTY um. T1. . Jemunpoea

MeTtoa rpaameHTHOro cnycka. Peanusauus

Y CKOpPOCTb CXOAUMOCTU QNITOPUTMA perynmpyeTcs

NnapameTpom d
v Ecnv a maneHbkoe, TO rpaAnEHTHBIU CNYCK MOXeT BbITb
meA1IeHHBIM
v Ecnu a bonblwoe, TO rpaAUEHTHBIW CMYCK MOXeT MNPOCKOUUTD
MUHUMYM. ANITOPUTM MOXET He CXOAUTLCA UNU Aaxe
pacxoamTbCs
v 'pagneHTHBIU CNYCK MOXeT CXOAUTLCA K JTOKANIbHOMY

MUHUMYMY, AaXe eClIU d aB1aeTCa PUKCUPOBAHHDLIM
v ﬂplA I'IPM6J'IM>K€HMM K JIOKAJTbBHOMY MUHUMYMY l'pClﬂ.MeHTHbIﬁ
CNycCK 6YLI.€T AQBTOMATUYECKU BLINOMHATL 60nee manbie Wwaru.
ﬂOZ-)TOMy HeT HeobXxoammocTu YMeHbLWATb d Yepe3 HEKOTOpOoe
BpeMsa
AKV= LO N 2017., Bnaaumup Bqnoxos 5 4
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7 TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Apl'Y um. TT. . emunpoera

["paAUEHTHBIU CNYCK A8 JIMHEUHOU perpeccumn

repeat until convergence

{ 0
i =Qi—-a—J(Qo. Q1) (j=0mnj=1
} QJ QJ GGQJ (QO Ql) (J uj )

Y Bbrumcnue npoussoaHbIE NOSYyYUM
repeat until convergence

Qo =Qo —aig(hQ(x(i))-y(i)):
m = napameTpbl Q,, Q,

obHoBNArOTCSA

13 () () (). | oAHOBpemeHHO
=Q-a—) (hq(x*")-y*) x*:
Q=Q mg hQ Y

}
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep POpMBI CTOUMOCTHOU PYHKLIUU
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep POpMBI CTOUMOCTHOU PYHKLIUU
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{ TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep POpMBI CTOUMOCTHOU PYHKLIUU
ANa NUHEUHOU perpeccum

0, 20 -20 9,

SyHKums J(Q,. Q, ) sBNSeTCA BLINYKIIOU
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpymep paboTbI rpaAUEHTHOro Cnycka
018 NUHENHOWU perpeccumn
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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Price $ (in 1000s)

100f * Training data
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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Price $ (in 1000s)

100f * Training data
| | — Qurrent hypo‘thesis
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Size (feet®) to
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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1o 2000 5000 4000 %00 500 0 500 1000 1500 2000
Size (feet®) to
hg(X) - 370 PyHKUMA X Ans J(Q,. Q,) - 370 PyHKUMS
PUKCUPOBAHHBIX Q, U Q, napameTpos Q, U Q,
= 2017, Bnapumup Bonoxos
AKV=LON e-mail: volokhov@piclab.ru 66

Creativity, Quality, Consistency



» TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

TTpyumep paboTbI rpaAUEeHTHOrO CNyCKa
ANS JIMHEWHOW perpeccum
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
3 dplY um. T1. I'. lemmnpoea

[1aHHbIE, AaHHbIE, AAHHbIE ...

v K.B. BopoHuos (LA SHaekc): «KTo obyuaeT mawmHy?
MoxeT 6b1Tb MbI? MOxeT 6b1Tb BbI? Oba OTBeTa HeBepHsL.
MawuHa obyyaeTca Ha AaHHbLIX! OHU Ha3bIBAOTCA

obyuarolen BbI6OpKOU»

ozaﬂﬂ/ ”
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7 TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Apl'Y um. TT. . emunpoera

Kaggle nomoraet Bam yumTtbca, pabotatb U Urpatb

Y CopeBHOBaHUS, 6a3bI AAHHBIX U NMPOrPAMMHbLIE KOAbI HA
www.kaggle.com

Your Home for
Data Science

Kaggle helps you learn, work, and play

Competitions > Datasets »

Climb the world’s most elite xplore and a

machine leaming collection of high quality receive corm nity feedback
leaderboards ubli S

on your work

Kernels >
nalyze a ode ! cloud and
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! TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
= AplY um. TT. I'. Oemunpoea

KoHkypc PASCAL VOC

v Pattern Analysis, Statistical Modeling and Computational
Learning Visual Object Classes Challenge
v KoHkypc 60nblue He npoBoAUTCS
v [ocTynHbr matepuanst Npownbix net (6a3bl AGHHLIX,
OTYeTHI U T.1M.)
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TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
dplY um. T1. I'. lemmnpoea

basa aaHHbIX ImageNet

Bonbwas 6a3a AAHHBLIX LUPPOBLIX U306paKeHUU

IM R| G E N ET 14,197 122 images, 21841 synsets indexed

Explore Download Challenges Publications CoolStuff About

Not logged in. Login | Signup

ImageNet is an image database organized according to the WordNet hierarchy (currently only the nouns), in
which each node of the hierarchy is depicted by hundreds and thousands of images. Currently we have an
average of over five hundred images per node. We hope ImageNet will become a useful resource for
researchers, educators, students and all of you who share our passion for pictures

Click here to learn more about ImageNet, Click here to join the ImageNet mailing list

Wi

What do these images have in common? Find out!

Check out the ImageNet Challenge 2016

® 2016 Stanford Vision Lab, Stanford University, Princeton University support@image-netorg Copyright infringement
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7 TTpuknagHas MHEPOPMATUKA: MALIMHHOE ObyyeHue
Ll dplY um. T1. I'. lemmnpoea

bnaroaapHocTu

Y/ B nekumum ucnonb3osanmucb matepuarnst Kypca:
v Andrew Ng. Machine Learning (online class), 2012. Stanford
University, www.coursera.org/course/ml

Kyppukynym sutte Hapro 3aech: http://ai.stanford.edu/~ang/

AKV= LO N 2017., Bnaaumup Bqnoxos 72

Creativity, Quality, Con e-mail: volokhov@piclab.ru



