BBeoeHvne B MallMHHOE O0y4YeHuUue




YTo Takoe mawunmHHoe oby4yeHune? Touka 3peHna Wikipedia

MawmnHHoe obyueHue (aHrn. machine learning, ML) — knacc METOAOB UCKYCCTBEHHOIO MHTENIEKTA,

XapaKTepHOW YepTOM KOTOPbIX ABNSAETCS He NPSAIMOE peLleHne 3aaayu, a odyyeHme B npolecce
NMPUMEHEHUS PELLIEHNA MHOXKECTBAa CXOAHbIX 3a4a4. [Ans NOCTPOEHUs Taknx MeTo0B
MCMNOIb3YOTCA CpeacTBa MaTeMaTU4eCKON CTaTUCTUKU, YUCTIEHHBIX METO10B, METOI0B

ONTUMM3ALIUN, TEOPUN BEPOSTHOCTEWU, TEOPUM TPaddOB, pa3fiMyHble TEXHUKU pa6OTbI C AaHHbIMW B

LMdpoBon dopMme.

TepMuH «MawnMHHOEe oby4yeHue» Obi1 BBeaeH B 1959 rogy Aptypom Camyanem. Tom M.
MwTyenn gan Wwmpoko umTupyemoe, bornee goopmarbHoe onpeaereHne anropmMTtMos,
n3yvyaemMblx B 06nacT MalMHHOIo oby4vyeHust: «FoBOPAT, YTO KOMMbIOTEPHAA NporpamMmma
YUYNTCS Ha onbITe E B OTHOLLEHMM HEKOTOPOTO Kracca 3agad T n nokasarens P
NPON3BOAUTENLHOCTHN, ECIIN €€ NPOU3BOANTENBbHOCTL Ha 3adadvax B T, uamepsaemad P,

yrny4dluaeTcs ¢ onbITom Ex»




Buabl MalWMHHOIo o6y4yeHus

OOy4yeHune c yuntenem:
[1aHHble pa3mMeyeHsbl, NpaBuIibHbIE OTBETHLI HA 3a4a4y U3BECTHbI.

OOy4yeHune 6e3 yuntens:
[1aHHbIe He pa3MeYeHsbl, NpaBuIibHbIE OTBETbI HEU3BECTHbI.

O6y4yeHue nog HabnoaeHneMm (semi-supervised):
Cmecb (HebonbLLOro KonnyecTsa) pasMmevyeHHbIX NPUMepoB 1 (6omnbLLIOoro
KonuyecTsBa) Hepa3medeHHbIX npumMmepoB. MbpuaHbI nogxoa.

Reinforcement learning:
Harpagbl B 3aBUCMMOCTU OT JEUCTBUN, BbINOITHAEMBbIX areHTOM.
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XpoHonorus pasBuTuUsi MalUWMHHOIo o6y4YeHwus

4 1950-e roabl - HOBaTOPCKNE UccrnegoBaHma B 06racty MallMHHOIO 0by4eHuns c
MCNOMb30BaHNEM NPOCTbIX anropuTMOB;

¢ 1960-e roabl - bariecoBckne noaxoabl, BEPOATHOCTHbLIE PACCYXOEHUS;
4 1970-eroabl - «<3uma V.M .»;

< 1980-e roabl - obpaTHOE pacnpocTpaHeHne OLLINOKMN B HEMPOHHLIX CETSIX NMOKa3blBaeT
MHoroobeulatoume pesyneraTsbl U NPUBOAUT K YBENUYEHUIO UccregoBaHu B obnactn MO;

4 1990-e roabl - OpUEHTUPOBAHHbIN Ha JaHHbIE NOAX04 CTAHOBUTCHA OCHOBHbBIM HarnpaBleHNEM;
YnyyleHns B HEMPOHHbIX CETSX;

< 2000-e roabl - ynyywieHus B oby4yeHnn 6e3 yumTtens;

4 2010-e roabl - rnybokoe obyyeHue;



OCHOBHbIe Bexu Pa3BUTNA MallMHHOTIO OGyHGHMﬂ

% 1951 - nepBasit HENPOHHAs CETb;

% 1952 - KOMMbIOTEPLI, UTPaIOLLNE B LLALLKY;

% 1972 -co3naH a3bik [1ponor;

% 1986 - obpaTHOE pacnpocTpaHeHME OLLINOKU;
% 1989 - otkpbITHE reinforcement learning;

% 1995 - anroputm cry4anHoro rneca;

< 1997 -1BM Deep Blue nobexxgaet KacnapoBa B LLaxmaTtax;
% 2010 - GAN onuncaHbl B Hay4YHOM CTaTbe;

% 2012 - pacnosHaBaHue Kowlek Ha YouTube;
< 2016 - AlphaGo nobexpaet JIn Cegona s [0;
< 2017 - AlphaZero nobexgaet AlphaGo;

% 2019-GPT-2, StyleGAN.



OocTtnxeHmnsa mawimHHoro ooyyernus: GPT-2

KpyriHomacwmabHasi MoOerb si3biKa NoCmpoeHHas Ha arzopummax 6e3 yqyumeris,
Komopasi 2eHepupyem coariacoeaHHble ab3aubkl mekcma, docmuaaem co8peMeHHO20
YPOBHS MpouU3800UMENbHOCMU 80 MHO2UX mecmax MoOesiupo8aHUSs S13biKa U 8bINoHSIem
arieMeHmapHoe rnoHUMaHue mekcma, MaluHHbIU nepeeood, omeemsbl Ha 80IPOChI U
0b60obuweHue - u ece amo 6e3 0byyeHUs Mo KOHKPemMHbIM 3adaqam.

% GPT-2 - 310 6onbluas a3blkoBast Mofenb Ha ocHoBe transformer ¢ 1,5 munnuapgamm
napameTpoB.

% GPT-2 obyyaeTtca c npocTon Lenbio: Npeackasarb criegytoulee CroBo, y4nTbiBasi BCe
npeablayLine crioBa B HEKOTOPOM TEKCTE.



OocTtnxeHmnsa mawimHHoro ooyyernus: GPT-2

“The scary thing about GPT-2-generated text is that it flows very naturally if you're
just skimming, reading for writing style and key, evocative wordes.

If | just skim, without focusing, they all look totally normal. | would not have
noticed they were machine-generated. | would not have noticed anything amiss
about them at all.”

https://srconstantin.wordpress.com/2019/02/25/humans-who-are-not-co
ncentrating-are-not-general-intelligences/




OocTtnxeHmnsa mawimHHoro ooyyernus: GPT-2

The scientist named the population, after their distinctive horn, Ovid’s Unicorn. These
four-horned, silver-white unicorns were previously unknown to science.

While their origins are still unclear, some believe that perhaps the creatures were created
when a human and a unicorn met each other in a time before human civilization.
According to Pérez, “In South America, such incidents seem to be quite common.”
(mpumep mekcma, ceeHepuposaHHo20 GPT-2)

€ https://talktotransformer.com/ - BblnioXXeHHas B CBOOOAHbLIN AOCTYM
cokpalyeHHas Bepcnsa GPT-2

< https://nostalgebraist.tumblr.com/post/185326092369/the-transformer-explai
ned - getanbHoOe Hay4YHO-NonNynsapHoe 00 bACHEHNE BHYTPEHHETO YCTPOMCTBA
TpaHcdopmepa.




NocTtunxeHusa mawmHHoro ooby4veHus: Google DeepMind AlphaGo u
AlphaZero

4 2016: AlphaGo BnepBble oobirpan npodeccuoHanbHOro Urpoka B ro 6e3
KakKux-rmbo orpaHn4YeHunm;

2017: AlphaGo nob6exnaet Jln Ceponsi;

2017: AlphaZero, nocne 24 yacoB TPeHUPOBOK, nob6exaaeT AlphaGo.

LLlaxmaTbl: AlphaZero TpeHupoBancd no waxmaram B o6Lemn CroXXHOCTH 3a
OeBsATb YacoB a0 TypHupa npoTtme Stockfish 8 n nokasan npeBocxogHble

pe3ynbrarhbl.

Cérn: AlphaZero TpeHnpoBarncsi Ha CEru B obLLEeN CIIOXHOCTM ABa Yaca Ao

TypHUpa. 90 nobea ns 100 matyen.
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OocTtunxeHmnsa mawmHHoro ooydyeHusa: GAN
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OocTtunxeHmnsa mawmHHoro ooydyeHusa: GAN
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JocTuxeHna mawmHHoro ooy4vyeHus: GPT-

Do Electric Neural Nets Dream Of Anime Shows?

2\—=>2> SL—LF)(— , a student living with his older 4
sister at a high school, and his friends, who have to deal
with a bad situation, are summoned by "Akira" in order to
escape the school. They then find another friend. Rkara is
the main protagonist, and he is a highly skilled adven-
turer in kamijou. He is an ideal role model to everyone,
and a perfect example for the series based on light novel
stories, since it aims to be an interesting story with a
wide range of characters. "Akira is the main protagonist,
and he is a highly skilled adventurer in kamijou" has been
made in a light novel series based on light novel stories
in the early 2000s, with the exception of Gokoku no Geku-
sai no Natsu no Souki no Ippo and the first novel about an
extremely rare anime (in the early 2000s). "Rkira is the
main protagonist, and he is a highly skilled adventurer in
kamijou" has been made in a light novel series based on
light novel stories in the late 2000s, with the exception
of Gokoku no Gekusai no Natsu no Souki no Ippo and the
first novel about an extremely rare anime (in the early
2000s) .

m

It was a long time going back and forth between the series
and light novels. Gokocku no Natsu no Souki no Ippo, while
a series based on light novel, still has many plot points,
but mostly its main character is a beautiful cat. The se-
ries had the same idea as Gokoku (you know how a show like
this goes), and had the same concept. But this is because
it was a series based on light novel stories, no matter
what was written in the series (not how it ended). But in
this case, "Rkira" was a light novel novel.

What made this manga important in the first place?

It has all these things to say about its characters that
makes it so worth reading.

Its story has so many elements that make it the most
heartwarming anime of the series, and the series had a lot
of different genres and themes like a light novel story or
a drama drama. It is very interesting on multiple levels, ~

https://www.gwern.net/TWDNE
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[JocTxXeHnsi MalWMHHOIo O0y4eHus
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: Nvidia GauGAN




[MpobrnemMbl MalLIMHHOro oby4YeHUs: BbIOOP moaenu u
rmneprnapamMeTpoB

CMepTHOCTb

0 [o3npoBka
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[Mpobnembl mawMHHOro odby4yeHus: adversarial examples

Shark (93.89% confidence)

Giant Panda (99.32% confidence)

Goldfish {95.15% confidence)
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[MpobnemMbl MaliMHHOro ooby4yeHus: adversarial examples
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[MpobrnemMbl MalWIMHHOro ooy4yeHus: hyHKUMA Harpagbl
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Nrpa - nogo4Hble roHku, rae I BosHarpakgancs pocTomM CYETa 3a rnopakeHue ueneu,
NPUBOAMUT K TOMY, YTO rOHKa He 3aKaH4YMBaEeTCH, a NOET MO Kpyry, nopaxaa uenu u

H6eCckoOHEeYHO Habumpas o4KMN.

"Faulty Reward Functions in the Wild", OpenAl

Knaccuueckuin 3D areHT - HEMPOHHAas CETb C POBOTN3NPOBAHHOW PYKOW, B HECKOMBKO
HEOBbIYHOM 3KCMEPUMEHTE, rae PYHKLUMSA «OLEHLLNK / BO3HArpaxageHue» - 3To eLle ogHa
HEMPOHHAasA CeTb, 00y4YEeHHasA NPOrHO3MPOBaTb OLIEHKM YeNoBeKa, YYNTCS NepemMeLlaTb PyKy B
NONOXeHMe, KOTOPOE 8bI2/190UM Tak, Kak OyaToO OHO PACMOSIOXKEHO Y Llenun, HO Ha caMoM aene

NPOCTO MeXay «Kamepon» 1 Lenblo.

"Learning from Human Preferences", Christiano et al 2017, OpenAl

P



[MpobrnemMbl MalWIMHHOro ooy4yeHus: hyHKUMA Harpagbl
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[MnanunposaHue muccum HACA Ha Mapc, ontummaupytoulee notpebrenme
NULLK/BOObI/3neKkTpniecTBa Ansa obLero BbKMBaHUS B YENOBEKO-AHSIX,
OaeT onTUManbHbIN NfiaH: HeMeasieHHo yonTb 2/3 akmnaxa, Toraa

BbIXXUBLLUWE NPOoAep>KaTtCA MaKCMMalJibHO AOJ1ro.

HarpaxaeHue doyTbonbHOro poboTta 3a NPUKOCHOBEHUE K MSYY
3aCTaBUINO ero Hay4YnTbCHa 4odMpaTbCA 40 MsYa U «BUBpMpoBaTh»,

KaCasAaCb €ro Kak MOXXHO 6bICTpee.

David Andre & Astro Teller in Ng et al 1999, "Policy invariance under

reward transformations: theory and application to reward shaping”
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Mpo6nembl mawinHHOro obyyeHusn: Q*bert (University of
Freiburg)
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CHavana M 3aBepluaet nepBbin YPOBEHD, a 3aTEM
Ha4YMHaET NepexognTb C NaTtdopMbl Ha
nnaTtdopmy, Kak KaxkeTcs criydanHblM obpasom. o
HEeWn3BEeCTHOW HaM NpUYMHe Urpa He NpoaBUraeTcd
KO BTOPOMY payHAy, HO NnaTtgopMbl HAYMHAKOT
MUraTb, U areHT BbICTPO HabmnpaeT orpomMHoe
KONMM4YeCcTBO 04YKOB (0KOMNo 1 MMUNNIMOHA HA MOMEHT

OCTaHOBKM CUMYIISILINN).

https://arxiv.org/abs/1802.08842



Moaxoabl K MAalULMHHOMY OOYY€eHUIo

KoHTponupyemoe o6y4eHume - 310 3aa4a MaLLMHHOIO 06y4YeHUs1, COCTOSALLIAsA B
dbopmmrpoBaHum byHKLMK, KOTOpas OToOpaXkaeT BXOAHbIE JaHHble B BbIXOAHbIE
[laHHble Ha OCHOBE NPUMEPOB Nap BBOAA-BbIBOAA.

Knaccudomkaums n perpeccus ABnaoTcs ABYyMsi Hanbonee pacnpocTpaHeHHbIMA
3afla4amMu Anst KOHTPONMPYEMOro oby4YeHus.

< JlnHenHas perpeccus;
« HawuBHbIN banec;
% HenpoHHble ceTn (MHOroCNonHbIN NEPCENTPOH);

« [epeBbs pelieHun.
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Bbi6op nogxoaa

Ounemma cmelleHnA-gucnepcumn

Uem rmbye anropmtm, TeM BhbilLe gucnepcus. Hem meHee rubkmmn anropuTm,
TEM BblLLIE CMELLEHMe.

CnoXHocTb (PYHKLUU U KONTUYECTBO O00y4aloLmxX AaHHbIX

[MpocTble Mogenu TpebyoT MeHbLLE AaHHbIX, HO MOTyT COOTBETCTBOBATb
TONbKO NPOCTbLIM YHKLMAM.

Pa3mepHoOCTb

Cnuvwkom bonbLUoe KOSIMYECTBO I/I3M€p€HVII7I MOXET 3aTpyaAHNTb BblABJ1IEHNE
3adKOHOMEPHOCTU B AAHHbIX.

Lym
Hn3kas TOYHOCTb NPOTUB NepeodyyveHuns.

21



JIluHenHas perpeccun

B nnHenHoU perpeccmmn oTHOLLEHNA MOOENUPYHOTCH C

10

Mcnonb3oBaHMeM PYHKLUU NMMHEWHOrO NPeanKTopa,

YbUN HEU3BECTHbIE MNMapamMeTpbl MOAEJTIN OLEHNBAKOTCAH

O ;O N 0o ©

N

o 1 2 3 4 5 I'IO,EI,aHHbIM.
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Naive Bayes

CeMeNCTBO NPOCTbIX «BEPOSATHOCTHbIX KNAaccudrKaTopoB»,
OCHOBAaHHOE Ha NpUMeHeHUN TeopeMbl bareca c CUNbHLIMU

(HAaMBHBIMM) NPEANONOXeHNSIMU O He3aBUCUMOCTU MEXY

Npu3HaKamu.
P(B|A) P(A)

P(B)

P(A|B) =

% Jlyywe, yeM nNMHeNHasa perpeccus;
« MacwTtabunpyembii;

«» MoxeT gaBatb HEBEPHbIE pe3yJibTaTbl, ECJITN NPeanofoXeHnsd o

HE3AaBUCUMOCTU HEBEPHDbI.
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MHOrocronHbIn nepcenTpoH

» Tpu cnos y3noB: BXOOAHOW CINOW, CKPbITbIN

CITOU N BbIXOOHOW CIoW;

24



[epeBO NPUHATUA peLueHnn

% KaxgbI BHYyTPEHHUM y3en npeacTtaBnsaeT cobon «TecT» Ans atpmbyTa;
« Kaxxgasi BeTBb NpeacTaBnsdeT pesynbrar TecTa;
 KaxgbI nnCT npeacTaBnseT Knacc;
[MpenmyLlecTBa:
«» [lpocTo A4ng noHNMMaHUA U MHTepnpeTaLunm.
< [lonesHo gaxe c HeDONbLUIMM KONTMYECTBOM TOYHbIX AAaHHbIX.

< MoxeT onpenenuTb XyaLlune, nyylmne n oxknaaemble 3Ha4eHNs ans
pa3HbIX CLIEeHapWUeB.

% lcnonb3yeT mogens 6enoro sawuka.

< MoxeT coyeTaTbCcs C APYrMMN METOAAMMU NPUHATUS PELLEHWIA.

25 @conophysica { ZB




[epeBO NPUHATUA peLueHnn
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HepocTtaTtku:

Y/
%*

HectabunbHoe: HebonbLLne N3MeHEHNS B JaHHbIX MOTYT
MPUBECTU K 3HAYNTENBHBIM U3BMEHEHUSIM B IEPEBE PELLEHU.

HeTtouyHoe. MHOrne apyrue npeanktTopbl paboTatoT ©
aHanorM4yHbIM1 JaHHbLIMMW NydLLe.

[na gaHHbIX, BKITOYaKoLWKMX B cebs kaTeropuarsbHble
nepeMeHHble C pasnnyHbIM KOrIM4eCcTBOM YPOBHEW, MPUPOCT
NHOPMaLMN B EPEBBSX PELLEHUIN CMeLLLaeTCH B NOSIb3y
aTpnbyTOoB C 6ONbLLUMM KOSTMHECTBOM YPOBHEWN.

PacueTbl MOTYT ObITb O4EHb CITOXXHbIMW.

@conophysica _@



Cny4yauHbIn nec

Random Forest Simplified

Instance
Random Forest f
b o Y e
AN A AN
‘,CI\/ ?n'\\\ /q \/ \:c‘\\\ /q\/ ‘,\/\0
Q0.0 W.0.¥.0. 0 .0.V.Y,
0000000 S0dO 0O 6000 3000
Tree-1 Tree-2 Tree-n
Class-A Class-B Class-B

Majority-Voting

Final-Class
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MHOXXeCTBO AepeBbLEB pelLleHnI, BbIBOASLLMX Kacc,
KOTOPbI ABISIETCA MOAOM KIlaccoB (knaccudukayms)
NN CpeaHnM NMPOrHo3om (perpeccusi) oTaenbHbIX

[lepEBbLEB.

cnpaenseT npobrnemy ¢ 4epeBbAMU PELLEHUI MO NX

NOArOHKE K TPEHNUPOBOYHOMY HabOopY.
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GBDT

Gradient Boosting 06beanHaeT MHOXECTBO cnabdbix Moaenen MallnHHOro

00y4YeHus1 B 0OAHY CUITbHYIO UTEPATUBHbLIM CNOCODOM, OOLIYHO NCMOSb3YETCSH

C OepeBbAMU peLLeHUN.

Kaxxgoe nepeBo-npeeMHUK Y4UTCS MPOrHo3npoBaTh OLLINOKK NpeablayLLmnX

OepeBbLEB B aHcambne.

28



OueHKu KayecTBa mogerneu

relevant elements

' ' +» Perpeccus:

false negatives true negatives

CpenHsaa abcontoTHasa owmbka,

cpegHekBagpaTnyHas onoka.

«» Knaccudomkauums:

ToO4YHOCTb, MONHOTA, accuracy.

Precision = Recall =

29




Ycnexun MalwmMHHOro ooy4yeHus ¢ yumTenem

« [lporHos noroasbl;
< [lporHosbl NpoagoMKUTENBHOCTN NOE3KW;

% MeguumnmHckne amarHosbl;

% [1pOrHo3bl NPOOYKTUBHOCTUN HEPTAHBIX CKBAXKWH;

«» [1porHosbl NpoaomKNTeENbHOCTU BbluncrneHnn Ha HPC;

30



[MpoBanbi MAaWWMHHOIO O0Yy4YeHU s C yuYuTenem

31

% Wu & Zhang 2016, «<Automated Inference on Criminality using Face

Images» - NonbITKa No CTaH4apPTU3UPOBAHHLIM OOTO NoAenN onpeaenmnTb,

nogBeprarincb Jin OHN apecTy.

PasnunyHble rocnnuTanu cneuuanuanpyroTcs Ha pasHbiX 3ab60neBaHUsAX, Tak
4TO MOAEsNb MaLLNMHHOIoO 0by4YeHus, Npu3BaHHas onpenensaTb 6onesHb no
PEHTFEHOBCKOMY CHUMKY, BMECTO 3TOr0 Hay4mnach onpeaensTb, B KAKOM

rocnuTtane 6biy1 caernaH CHUMOK Mo aHHOTaUMUAX Ha peHTreHorpamMmmax.



lNoaoxoabl MALLMHHOIO O0y4YeHUs 6e3 yuutens

«» KnacTtepusauus
< lepapxunueckas knactepusauus;
% K-cpeoHnue;
< DBSCAN;

«» OOHapyxeHne aHoOManMn

% MeTon nokanbHbIX BbIOPOCOB

< HenpoHHble ceTun

% GAN

32



Uepapxumnyeckasn knacrepusauyus

”(the Iabgll:zti?/l:ttihtitsrg:tf?osvszrspecies) ‘:‘ Arj-IOMepauM;l: STO no‘ulxon «CH M3y BBer»:
D 1= Kakaoe HabntogeHe HauMHaeT B CBOEM

cobCcTBEHHOM KnacTepe, U napbl KNacTepos

00bEeaNHATCA MO Mepe NPoaBMKEHNS BBEPX MO

{Eg nepapxuu.
T2 & [leneHue: 3TO NOAXOM «CBEPXY BHU3»: BCE
e
| HaBMIoOEHUS1 HAUMHAIOTCS B OfJHOM KnacTepe, U
gl
—E pacLLeneHVst BbINOMHSIOTCS PEKYPCUBHO, BHU3 MO

- nepapxumu.
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K-means

% Uenbto aBnseTcs pasgenenne n HabnogeHun Ha k knactepos, B

KOTOPbIX Ka>Xa0e€e Ha6mo,u,eH|/|e NMPUNHAOJIEXNT KiaCTepy C

onvKanwnm cpeaHnMm 3Ha4YeHnemMm, Crty>Kallimm rpoToTmnrnom

KnacTepa.

1. HasHaubTe Kaxgoe HabntogeHme Knacrtepy, cpegHee 3Ha4YeHmne

KOTOPOIro UMeeT eBKIMMA0BO pacCTodHne C HaMMEHbLUNM

KBaZpaToOM;

2. PaccuntainTe HoBble cpeaHue 3HavyeHus (LeHTpouabl)

HabMOEeHU B HOBbIX CKOMMEHUSAX.

HavanbHble cpegHue reHepupyrTCcs criy4aHbiM 0Opasom.
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DBSCAN

35

Density-based spatial clustering of

applications with noise.

[ pynnupyeT B OOUH KNacTep TOYKN, KOTOpble
HaxoOATCA PAAOM 'Y KOTOPbIX MHOIO
cocegen. Cuntaet BbIbpocamm TOUKH,
Haxoadllmecsd B permoHax ¢ HU3Kou

NIIOTHOCTBHO.



OOHapyxeHne aHOManNnUn

36

CpaBHMBagd NokarnbHY NIOTHOCTb OObLEKTa C
NnoKanbHbIMW NNOTHOCTAMM €ro coceaen, MOXXHo
naeHTudpunumpoBaTb 06rnacT ¢ 0AMHaAKOBOU MITOTHOCTbIO
N TOYKU, KOTOPbIE MMEIDT CYLLLIECTBEHHO MEHbLLYIO
NOTHOCTb, YeM UX cocean. Takme TOYKMU CYUTaloTCA

BblOpoOcamu.



GAN

< [eHepaTnBHas ceTb reHepupyeT KaHaMaaToB, a

ANCKPUMUWHAUUNOHHAasA CeTb OLUEHNBAET UX.

% 3BeCcTHbI Habop AaHHbIX CAYXUT Ha4YarbHbIMU

OaHHbIMK 0OYy4YeHNs ANs QUCKpUMKUHaTopa.

% [eHepaTop TpeHupyeTcs B 3aBUCUMOCTU OT TOTO,

yaacTcsa nm eMy obMaHyTb ANCKPUMUHATOP.

% Ob6e ceTn ucnonb3yrT obpaTHOE pacnpocTpaHeHme

OLLNOKKM Anst 00y4YeHus.
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[MpoBanbl 06y4yeHnsa 6e3 yuntens

39 @conophysica @




OueHkKa KayecTBa mogeneu
«» BHyTpeHHasa oueHka:

» KoagpdunumneHT cunyata cpaBHMBAET cpegHee pacCTosHME 40 3N1IEMEHTOB B
O4HOM KJlacTepe Co cpegHUM pacCTOAHNEM O0 3fIEMEHTOB B APYrux

Knacrepax.

< BHewHasa oueHka:

« CpaBHeHMEe C U3BECTHOM «UCTUHHOM» KacTepusauymen.

« KnacTtepHasa TeHOeHUms:

+» B kakom cTteneHu knacTepsbl CyLWEeCTBYIOT B HAbope JaHHbIX.

40



NMonynapHblie OMbnmnoteku

¢ Scikit-learn: nnHenHasa n norncTuyeckas perpeccmn, AepeBbS PELLEHNN,

Knacrtepmusauus, k-cpegHue u T. A.
% TensorFlow: Deeplearning, nogaepxka GPU.
< Theano: To xe, yto n TensorFlow.
< Pandas: noarotoska AaHHbIX.

«» Matplotlib: Bu3yanusauua gaHHblx.
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Bb16op mogenu Ha npumepe scikit-learn

classification scikit-learn

algorithm cheat-sheet

2ot
more
data NO
YES samples
‘category

ES

regression

YES

number of
categories
known

oT
WORKING

dimensionality
reduction
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Hadoop ansa mawmHHOro ooy4yeHus

< Knaccudmkaumsa v perpeccus
< JlnHenHble mogenu (SVM, nornctmnyeckas perpeccus, MMHenHasa perpeccus)
«» HauBHbI 6GanecoBCckmin kKnaccudomnkaTop;
% [epeBbsi NPUHATUSA pPELLEHWNIA;
< AHcambnu gepeBbeB (Cny4arHbie neca u AepeBbsi C rpaaneHTHbIM BycToMm)
«» V30TOHMYecKas perpeccus

< KnacTtepusauus

< k-means
Gaussian mixture
power iteration clustering (PIC)
latent Dirichlet allocation (LDA)
streaming k-means

X/ K/ /7 Y/
%P 00 00 o0
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3akKknro4yeHume

a4

MawunHHoe 06yquMe Nno3BONAET pellaTb 3aAa'ium,

KOTOpble Ka3anucb paHTaCTUKOM eLle 5 net Ha3ag;

MalumHHoe oby4deHne TpebyeT OCTOPOXKHOIo 0bpaLLEHUS,
BNOXeHUW B annapartHoe obecneveHne, n 60sbLLIOro

KONnM4yecTBa JaHHbIX OJ19 NOBbILLEHUA Ka4ecTBa MoJenen;

Cboun mogenen MalMHHOro obyyeHna MoryT ObITb

HEOXWNOAHHBIMU U KaTaCTqu)I/I‘-IeCKI/I MW;

TeM He MeHee, ycrnewHoe pelieHne 3aga4y, KOTopble KaxKyTCA

C*)aHTaCTMKOlZ, 4acCToO OonpaBablBa€T PUCKU U paCXodbl.



Cnacn6bo 3a BHumMmaHue!

mgubin@tpu.ru




