CopepxaHue

006 aBTOpax 17
Mpeaucnosue 20
Hauano paGoTsl ¢ MalIMHHBIM 00y4YeHHEM 20
[IpakTuka u Teopus 20
ITouemy 6511 BBIOpaH 51361k Python? 21
HUccnenoBanue 061acTi MAITMHAOTO O0yUYCHHS 21
st koro mpeaHa3zHadeHa 3Ta KHUra? 22
Uro paccmarpuBaeTcs B 3TOM KHUTE? 22
Uro HeoOXoauMo MpH padboTe ¢ 3TO KHUTOI? 26
Cornamienus 26
3arpyska Kojia mpuMepoB 28
Knem Bammx oT361BOB! 28
Mnaea 1. HapeneHne KOMNbIOTEPOB CNOCOOHOCTLIO 00Y4EHUS Ha JaHHbIX 29
[TocTpoeHne UHTEIIEKTYaIbHBIX MAIIUH JUIs TPaHC(OPMUPOBAHUS JaHHBIX B 3HAHUS 30
Tpu THIa MaIIMHHOTO 00Y4YEHUS 30
BripaboTka mporHo30B 0 OyAylIeM ¢ IOMOMIBI0 00yUYSHHS C YUUTEIeM 31
Pemenne nHTEpaKTUBHBIX 3379 C TIOMOIIBIO OOYYIEHUS C TIOIKPEIUICHHEM 34
OOHapyXeHUE CKPBITHIX CTPYKTYP C IMTOMOIIBI0 00y4YeHUs 0€3 YUHUTes 36
BBeznenue B OCHOBHYIO TEPMHHOJIOTHIO M 0003HAUCHHS 38
O0603HaueHNs U COITIALLIEHHS, UCTIOJIb3yeMble B KHUTE 39
TepmuHoOIOrHS, CBA3aHHASI ¢ MAIIMHHBIM 00y4eHHEM 41
JlopoxkHas KapTa IJIsl IOCTPOSHHS CHCTEM MAIIMHHOTO 00yUYeHUS 42
[IpensapurenbHas 00paboTKa — MPHUBEICHHUE JAHHBIX B PHEMIIEMYIO (hopMy 43
OO0yueHue 1 BBIOOP MPOTHOZHPYIOLICH MOJICITH 44
OteHKa MoJIeNel ¥ IPOTHO3NPOBAHKE HA HEe BCTPEYABIINXCS paHee o0pa3iax JaHHBIX 45
Ucnons3oBanue Python mig mammHHOTO 00ydeHuUs 45
YcranoBka Python u Heob6xoaNMBIX TAKETOB 46
Hcnonp3oBanue nuctpuOyTrBa Anaconda u aucrieTdepa MakeToB 46
[akeTsI A1t HAYYHBIX PACUETOB, HAYKH O JAHHBIX M MAIIMHHOTO OO0yUCHHS 47
Pesrome 48
Fnaea 2. OGy4eHue npocTbix anroputmoB MO ang knaccudukauum 49
HckyccTBeHHBIC HEHPOHBI — OEIT0oe 3HAKOMCTBO C paHHEH ncTopuei
MAaIIUHHOTO O0yYeHHUS 50
DopMaIIBHOE ONPEACICHUE UCKYCCTBEHHOTO HEMpPOHa 51
[IpaBumno oOydeHus epcenTpoHa 53

(6]



Codepanue

Peanu3zanus anropurMa o0ydeHus nepcentpoHa Ha Python 56
O0bexTHO-OpreHTHpOBaHHBIN API-nHTEepdeiic nepcentpona 56
OO0yueHre MOJIeNIM TIepCeNTPOHa Ha Habope MaHHbIX Iris 60

AnanTtHBHBIC TMHEWHBIE HEHPOHBI I CXOAUMOCTH O0yUECHUS 67
MunnMuzanus GyHKINI n3epKeK ¢ TOMOIIBIO IPaIMeHTHOTO CITyCcKa 68
Peanuzanus Adaline Ha Python 71
ViyumeHue rpaueHTHOTO CITyCKa IMOCPEACTBOM MacIITa0HPOBaHUS IPU3HAKOB 75
KpynaomacmtabHOE MammuHHOE 00yYeHNE U CTOXaCTHUCCKUI TPAJHEHTHBIN CITyCK 78

Pestome 84

Fnaea 3. 0030p knaccmpuKkaTopoB Ha OCHOBE MALLMHHOIO 00Y4YeHMs

¢ ucnonb3osanmnem scikit-learn 85
Br100op anroputma KiaaccupuKauu 86
IepBeie marn B ocBoeHuu scikit-learn — oOy4eHue nepcentpoHa 87
MopaenupoBaHre BEpOSITHOCTEN KIIACCOB IMTOCPEACTBOM JIOTHCTUYECKOM PErpeccuu 93
[TousiTHE IOTUCTUYECKON PErPECCUH U YCIOBHBIE BEPOSITHOCTH 94
BrisicHeHHe BeCOB (PYHKIIUU H3ICPIKEK JUIS JIOTUCTUIECKON perpeccuu 98
IpeoGpazoBanne peanmzannu Adaline B aaropuT™ JUIst JOrHCTHYECKOH perpeccun 101
OO0yueHne JOrHCTHYEeCKON PerpecCuOHHOM Moienu ¢ moMotbio scikit-learn 106
Pemenue npo6iemsl epeodydeHns ¢ TOMOIIBIO PEryIIpU3aLiH 109
Knaccudukamus ¢ MakCUMaIbHBIM 3230POM C IIOMOIIBI0 METOIOB OTIOPHBIX BEKTOpOB 113
[IoHgTHE MaKCHMAJIBHOTO 3a30pa 113
O0paboTKa HEMTUHEHHO cernapadeTbHOTO CITydas ¢ UCTIOIh30BAaHHEM
(DPUKTUBHBIX NTEPEMEHHBIX 115
AnbpTepHaTUBHBIE peanu3anuu B scikit-learn 117
Penienue HenMMHENWHBIX 3a/1a4 C IPUMEHEHUEM S JIEPHOTO METO/Ia ONIOPHBIX BEKTOpOoB 118
SAnepHbple METOBI TSl TUHEHHO cenapadebHbIX TaHHBIX 118
Hcnonp3oBaHue sIEpHOTO TPIOKA JUIsl HAXOXKAECHUS pa3IesisoLnX
TUIIEPIUIOCKOCTEN B IPOCTPAHCTBE BHICOKOM pa3sMepHOCTU 121
OOyueHue Mozeel Ha OCHOBE AE€PEBLEB MPUHATHS PEIICHUH 124
JoBeneHue 10 MakcuMyMa MpUpOCTa HHpopManuy —
HONTyYeHHEe HanOOoJbIIeH 0TAauN 126
[TocTpoenne nepeBa NpUHSATHUS pPELICHUI 131
OObenuHeHNE MHOXECTBA ICPEBHEB NPUHSITHS PEIICHUI
C MIOMOILBIO CITy4YalHBIX JIECOB 135
Merton k 6mmkaiiimx coceneit — anropuT™ JEHHBOTO O0YUCHHUSI 139
Pe3rome 143

Mnaea 4. MocTpoeHue xopowmx o6yyarowmx Habopos —

npeasaputenbHas 06padoTka AaHHbIX 145
Penrenne npo6ieMbl ¢ HEOCTAIONTUMH JTAHHBIMH 146
WneHTrnrKaIus HeOCTAIONIMX 3HAYCHUH B TAONMMYHBIX JaHHBIX 146

(7]



Codepanue

Hckmiouenne o0ydaromux o0pa3IoB WIH IPU3HAKOB
C HEJOCTAIOIIMMHU 3HAYCHUSIMU
YcnoBHBIHN pacdeT HEeAOCTAIOIMNX 3HAYCHUH
[onsitne API-unTepdetica onenmukoB scikit-learn
O06paboTka KaTeropuajgbHbIX JaHHBIX
KonupoBanue kaTeropualibHbIX JaHHBIX C TOMOIIBIO pandas
OTtoOpaxxeHue MOPSIIKOBBIX IPU3HAKOB
KonupoBanue MeTok Kj1accoB
BrimonHeHne yHUTapHOTO KOAUPOBAHNS Ha IMEHHBIX TIPH3HAKAX
Paszbuenne Habopa JaHHBIX HA OTAEIbHBIC O0YYAIONIMIA U UCITBITATSILHBIA HAOOPBI
[IpuBeneHue MIPU3HAKOB K TOMY K€ CAMOMY MacIuTaly
Br100p 3HaYMMBIX IPU3HAKOB
Perynspusanus L1 u L2 kak mtpadsl 3a CI0XKHOCTh MOIETH
I'eomerpuueckas nnTepnperanus peryiasapuzanuu L2
Pazpesxennsie pemenus ¢ perymsipusanuen L1
ANTOPUTMEI ITOCIIEOBATENFHOTO BEIOOpA MIPU3HAKOB
OreHka Ba)KHOCTU IIPU3HAKOB C IIOMOIIBIO CITYYaiHBIX JIECOB
Pe3tome

FmaBa 5. CxxaTtue AaHHbIX C NOMOLLbIO MOHMXEHUS Pa3MEpPHOCTH

[TonmkeHne pa3MEepHOCTH 0€3 YUUTENS ¢ MMOMOIIBIO aHAITN3a TIIABHBIX KOMITIOHCHTOB
OCHOBHBIE 1IIarH MPH aHATH3E IJIABHBIX KOMIIOHEHTOB
BrizienieHre MIaBHBIX KOMIIOHEHTOB IIIAT 3a IIaroM
[MonHas 1 00bCHEHHAS! TUCTICPCHSI
Tpancdopmarnus Ipu3HAKOB
AHanu3 171aBHBIX KOMIIOHEHTOB B scikit-learn
CyxaTve TaHHBIX C YYUTEIIEM ITOCPEACTBOM JIMHEHHOTO JUCKPUMHHAHTHOTO aHaJIK3a
AHaJH3 IMaBHBIX KOMITIOHEHTOB B CPaBHEHHUH C JIMHEHHBIM TUCKPUMHUHAHTHBIM
aHaJIM30M
BHyTpeHHee yCcTpOHCTBO JIMHEHHOTO TUCKPUMHHAHTHOTO aHAIN3a
Beruncnenne MaTpuil paccestHus
Bp160p JrHEHHBIX TUCKPUMHUHAHTOB JIJIS1 HOBOTO TIOANPOCTPAHCTBA MPU3HAKOB
[IpoernupoBanre 06pa3oOB B HOBOE MOIIPOCTPAHCTBO IPU3HAKOB
Peanmuzauusa LDA B scikit-learn
Hcnosnp3oBaHue sIIEPHOTO aHATN3a TITABHBIX KOMIOHEHTOB JIJISl HEJTMHEHHBIX
0TOOpaXkaroIuX (yHKIUH
SnepHble PyHKINH U SIACPHBIN TPIOK
Peanmzanus sinepHoro aHanu3a rIaBHBIX KOMIIOHEHTOB Ha si3bike Python
[IpoernupoBanre HOBBIX TOYEK JaHHBIX
SnepHbIil aHAIM3 IIABHBIX KOMITOHEHTOB B scikit-learn
Pestome

148
149
150
151
152
153
154
155
159
162
165
166
166
169
173
180
183

185

186
186
188
191
193
197
200

200
202
203
205
208
209

211
212
217
225
229
231

(8]



Codepanue

Fnaea 6. OcBoOeHMe NPaKTUYECKOro ONbiTa OLLEHKU Moaenei
M HaCTPOWKM runepnapameTpoB

MopnepHuzanus paboyrx MOTOKOB € TIOMOIIBIO KOHBEHEPOB
3arpy3ka Habopa maHHBIX Breast Cancer Wisconsin
OOnenuHeHHe IpeoOpa3oBaTeNicii U OLICHIIINKOB B KOHBEHEp

Hcnons30BaHme NEPEKPECTHOM MPOBEPKH 110 K GI0KaM ISt OLEHKH

s dexTuBHOCTH MOJIEITH
MerTon niepeKpecTHOM MPOBEPKH C yAepKaHUEM
[MepexpectHas npoBepka mo K 61okam

OTnajika alropuTMOB C TMTOMOIIBIO0 KPUBBIX 00yUSHHSI U IPOBEPKH
JlnarsoctupoBaHue MpooOIeM CO CMEIICHUEM U AUCIIEpCHeit
C MIOMOIIBIO KPUBBIX 00yUEHHUS

Peenue npobnem He000y4eHHS U ITepeoOyueH s C MOMOLIbIO KPUBBIX IIPOBEPKH
TouHast HacTpolika MoJieJiel MAITMHHOTO OOYYEHHS ¢ TIOMOIIBIO PEIIeTYaToro MoucKa

Hactpoiika runepnapaMeTpoB ¢ IOMOIIBIO PELIETYATOTO IIOUCKA
OT160p anropuT™Ma ¢ MOMOIIBIO BIOKEHHOH MEPEKPECTHOM MPOBEPKH
Hcnons3oBanme ApyTuX METPHUK OICHKU () (HEKTHBHOCTH
YreHre MaTpULbl HETOYHOCTEN
OnTUMHU3aLKs TOYHOCTH U TMOJIHOTHI KJIACCU(PUKALIMOHHON MOJIeNnn
[MocTpoenue kpuBoi paboueit XapakKTepUCTUKU TPUEMHHKA
MeTpuku nogcyeTa A MHOTOKJIACCOBOM KiTacCHU(UKAIH
Pemenne npoGiieMsl ¢ IucOaaHCOM KJIacCOB
Pesrome

Mnaea 7. 06beanHeHUe pa3HbIX MoAeneit AN aHcamOneBoro o6y4yeHus

OO0yueHue ¢ TOMOIIbI0 aHCaMOJIei
O0beauHeHNE KITACCH(UKATOPOB C MTOMOIIBIO MAKOPUTAPHOTO TOJIOCOBAHUS
Peammzamms npocToro kimaccupuKaTopa ¢ Ma)KOPUTAPHBIM TOJIOCOBAaHHEM
Hcnons3oBanue IpUHINTIA MAXKOPUTAPHOTO TOIOCOBAHMS ISl BEIPAOOTKH
MPOTHO30B
OreHKa 1 HacTpOiiKa aHcaMOIeBoro Kiaccupukaropa
Barrunr — nocrpoenue ancamOIIs KIacCU(PHUKATOPOB U3 OyTCTPIN-00pas3ios
Kopotko o 6arrunre
[Ipumenenune O3rruHTa I KiaccuGUKauy o0pasioB B HAOope JaHHbIX Wine
Hcnons30Banme B CBOMX HHTEPECAX CIa0BIX YICHUKOB TIOCPEACTBOM
aIalITUBHOTO OyCTUHTA
Kaxk paboraet OycTuHr
[Ipumenenne anroputma AdaBoost ¢ momorsto scikit-learn
Pestome

233

234
234
236

238
239
240
245

246
250
252
253
255
257
258
260
263
266
267
271

273

273
278
279

(91



Codepmanue

Fnaea 8. MpumeHeHne MaWIMHHOIO 00y4eHUs A1 CMbIC/IOBOrO aHanu3a

IoaroToBka naHHBIX ¢ peneH3usMH Ha ¢ribMbl IMDb 1 06paboTku TexkcTa
[Monmyuenne Habopa JAHHBIX C PEIICH3UAMHU Ha (QUITBMBI
[IpenBapurensHas 00paboTka HAOOPa JaHHBIX C HENBIO IPUBEICHUS
B Oosiee ymoOHbIH Gopmar
Monens CyMMHUpPOBAHUS CIIOB
TpanchopMupoBaHue CIOB B BEKTOPHI TPU3HAKOB
OmeHka BaXXHOCTH CJIOB C ToMoIipio mpuema tf-idf
OuncTKa TEKCTOBBIX JaHHBIX
[epepaboTka TOKYMEHTOB B JICKCEMBI
OOy4eHHre JOTUCTHYESCKON PerpecCHOHHON MOIENH TS KiacCH(DUKANH JOKYMEHTOB
Pabota c 6onee KpYMHBIME JAHHBIMH — TUHAMUYECKUE aITOPUTMBI
Y BHEIIIHEEe 00yueHHue
TemaTnveckoe MOZIECTUPOBAHUE C ITOMOILBIO JJATEHTHOTO pasMenieHus Jupuxie
Pasz0OueHne TeKCTOBBIX IOKYMEHTOB ¢ moMotnsio LDA
Peamuzanmsa LDA B oubnuoreke scikit-learn
Pesrome

Mnaea 9. BctpanBanme Mofenn MallMHHOIO 00y4yeHUs B BeO-npunoxeHue

Cepuanu3zanus MoIorHaHHbBIX OlleHIIHKOB scikit-learn
Hactpoiika 6a3el qanabIx SQLite Ui XpaHUITUINA JTaHHBIX
PaspaboTtka BeO-niprioxkenus ¢ momoripio Flask
[epBoe BeO-npunoxenue Flask
[IpoBepka JOCTOBEPHOCTH M BU3yalln3alus Gopm
[IpeBparmienue kaaccuduraTopa pereH3uil Ha GUIBMBI B BEO-NIPHIIOKEHHE
@ailnbl ¥ MOAKATaIorn — JAEPEBO KaTajioroB
Pearm3anus TiiaBHOTO IPUITOXKEHUS Kak app - Py
Hactpoiika popMmsl 11 penieH3nn
Co3nanue mabjaoHa CTpaHULbl PE3YJIbTaTOB
PasBepThiBaHHE BEO-TIPUIIOKEHHUS Ha ITyOJIMYHOM CepBepe
Cosnanue yderHoit 3amucu PythonAnywhere
3arpy3ska (aiyioB s IPHIIOKESHUS KIaccu(DUKaIUK PEIICH3UA Ha (PHIIbMBI
OOHOBIIEHUE KJTACCU(HUKATOpa PEIICH3UH HA (PHITbMBI
Pesrome

Mnaea 10. MporHo3aupoBaHue 3HaYeHUI HeNpPepbIBHbIX LENIeBbIX
nepemMeHHbIX C NOMOLLbIO PerpecCUOHHOr0 aHanu3a

Benenue B mMHENHHYIO perpeccuto
[IpocTas nuneliHas perpeccust
MHoOxecTBeHHas JTMHENHAS pErpeccus
HUccnenoBanne Habopa manHbX Housing
3arpy3ka Habopa nanusix Housing B 00bekt DataFrame

313

314
314

315
317
318
320
323
325
328

331
335
336
337
341

343

344
348
350
351
353
360
362
363
366
367
370
370
370
372
375

377

378
378
379
381
381

[10]




Codepanue

Busyanuzaius BaXHBIX XapaKTEPUCTHK HaOOpa TaHHBIX

IIpocMoTp B3auMOCBA3€EH € UCIIOIB30BaHUEM KOPPEIALMOHHON MaTpUIlbl
Peanuzanus quHEHHON perpecCUOHHOM MOJIEITH C UCTIOIB30BAHUEM OOBIYHOTO
METO/Ia HAMMEHBIIINX KBAJPaTOB

Hcrnonp30Banne rpaueHTHOTO CITyCKa JIJIsl BEISICHEHHSI ITAPAaMETPOB PETPECCUH

Onenka k03(pPUIIMEHTOB PErPeCCUOHHON MOIeNM ¢ ToMOIIbIO scikit-learn
[Toaronka HafeXHOH perpecCMOHHON MoenH ¢ ucrnonb3oBaHnneM RANSAC
Onenka 3¢ (eKTHBHOCTH JTHHEHHBIX PEerpecCHOHHBIX MOeNIeit
Hcnonb30Banne peryaspu3npoBaHHBIX METOOB ISl PErPEeCCHH
IIpeBpaiienne TMHEMHONW PErPeCCUHOHHON MOJEIN B KPUBOJIUHEWHYO —
TIOJINHOMHUAIIEHAST PETPECCUS

JloGaBneHne NOJIMHOMHUAIBHEIX WICHOB C UCIIONb30BaHueM scikit-learn

MonenupoBanue HETUHENHBIX CBsI3el B Habope naHHbIX Housing
O06paboTKa HEMUHEHHBIX CBSI3€H C HCIIOJIB30BAHUEM CITyJalHBIX JIECOB

Perpeccust Ha ocHOBE iepeBa MPUHSATHS PEIICHUN

Perpeccust Ha OCHOBE CiIy4aliHOTO Jeca
Pesrome

Fnaea 11. PaboTa c HeNOMEYeHHbIMM BaHHBIMU — KNAcTEPHbIW aHanu3

['pynmupoBanue 00BEKTOB IO IOAOOHIO ¢ IpUMeHeHneM anroputma K-Means
Knactepusamus K-Means ¢ ucrionbs3oanueM scikit-learn
Bornee uHTEIEKTYaNBHBIN CITOCOO pa3MelleH s HadyalbHbBIX [ICHTPOUIOB
KJIACTEPOB C UCTIONBb30BaHueEM anroputMa K-Means++
Kectkas unu MsrKas Kiactepu3aius
I/ICHOHB3OB3HI/IG METOAA JIOKTS JIA HAXOXKIACHHUS OIITUMAJIBHOI'O KOJIMYECTBA
KJIaCTEpOB
KonunuecTBeHHas OIICHKA KauecTBa KJIACTEPU3aIluH yepe3 rpad)uKu CHITy3TOB
OpraHuzanust KJIacTepoB B BUJIE NEPAPXUIECKOTO JIepeBa
I'pynmiupoBaHye KIIacTEpOB B BOCXOAIICH MaHepe
BrinonHeHue nepapXxuyeckoi KiacTepu3alui Ha MaTpHIle PacCTOSHUM
IIpuxpennenue neHAPOrpaMM K TEIIIOBOH KapTe
[Ipumenenune armoMepaTHBHON HEPAPXUIECKON KIIaCTepU3aNN
¢ nomolukio scikit-learn
Haxoxneaue obnacreil BBICOKOU III0THOCTH ¢ rtoMorsio DBSCAN
Pestome

maea 12. Peann3auus MHOrocioiHOW MCKYCCTBEHHOW HEMPOHHOW CETU C HyNS

MonenrpoBaHre CIOKHBIX (PyHKIHHA C TOMOIIBI0 HCKYCCTBEHHBIX HEHPOHHBIX ceTel
Kparkoe moBTOpeHme 0MHOCIOWHBIX HEHPOHHBIX CeTeH
BBeneHne B apXUTEKTypy MHOTOCIOWHBIX HEHPOHHBIX CETEN
AKTHBaN¥si HEHPOHHOM CETH MOCPEACTBOM MPSMOI0 paclpoCTpaHEHUs
Knaccuduxarust pykonucHbIX (P

383
385

388
389
393
396
399
403

405
405
407
410
411
413
417

419

420
420

426
427

430
431
436
437
439
443

445
446
452

455

456
458
461
464
467

[11]



Codepmanue

[Monyuenue n noarotoBka Habopa naHHBIX MNIST
Peanusanus MHOTOCIOHHOTO IIEPCENTPOHA
OO0yueHre HCKYCCTBEHHON HEUPOHHOU CeTH
Brruucnenne norucTHYecKoi QYHKIHMH U3IEPKEK
BripaboTka 00miero moHIMaHusl 00paTHOTO PacIpOCTPAHEHHS
OOy4eHue HEHPOHHBIX CETEell ¢ MOMOILBI0 OOPATHOTO PACIPOCTPAHEHHUS
O cxoAMMOCTH B HEHPOHHBIX CETAX
Heckonbko c10B 0 peanu3anuu HEUPOHHBIX ceTel
Pesrome

Mnaea 13. Pacnapannenusanue npouecca 00y4eHus HeIPOHHbIX ceTel
¢ nomoubio TensorFlow

TensorFlow u npou3BOAUTENBHOCT 00yUYeHHS
[IpoGnemsbl, CBI3aHHBIE ¢ IPOU3BOAUTEIHHOCTHIO
Uro Takoe TensorFlow?
Kak mb1 Oynem nsydats TensorFlow
[TepBrle maru npu padote ¢ oubnmorexor TensorFlow
Ycranoska TensorFlow
Co3nanue Ten3opoB B TensorFlow
MaHumynupoBaHUe THIIOM JaHHBIX U (OPMOi TeH30pa
[Ipumenenne MareMaTHUECKUX OMepalnii K TEH30paM
Pacmennenne, yxiaapBaHHe CTOIKONW M 00bEANHCHNIE TEH30POB
IMocTpoeHre BXOAHBIX KOHBEHEpOB ¢ ucnons3oBanuem tF.data —
API-unrepdeiica Dataset 6ubnuorexu TensorFlow
Cosnanue oosekra Dataset us cymiecTBYIOMUX TEH30POB
OObeauHeHNE IBYX TEH30POB B 00IIMil HAOOp TaHHBIX
TacoBanme, co3aHNe TAKETOB M IOBTOPEHHE
Co3nanne Habopa MaHHBIX U3 (AIOB HA JIOKATBHOM JTHCKE

W3Bredenvie 10CTyMHBIX HAOOPOB JaHHBIX 13 Oonbmorekn tensorflow datasets

[ocTpoenue HeipocereBoit moaenu B TensorFlow
API-unrepdeiic Keras B TensorFlow (tf.keras)
[TocTpoenue auHENHON perpecCHOHHON MOJIeNn
Oo6yuenune mozesu ¢ momompio Metonos -compile() u -fit()
[TocTpoeHre MHOTOCIIOIHOTO TIepCeNTPOHa T KIaCCH(PHUKAIIH IIBETKOB
B Habope naHHBIX Iris
OueHka 00y4eHHON MOJIENU HA UCIBITATEIbHOM Ha0Ope JaHHBIX
CoxpaHeHHe U IOBTOPHAs 3arpy3ka 00ydeHHON MOJEeTH

Br10op (yHKIuMil akTHBAIUY IJ11 MHOTOCIIOMHBIX HEHPOHHBIX ceTeit
Kparkoe moBTopeHHe JTOTUCTUICCKON QPyHKITH

OtieHKa BepOSTHOCTEH KJIACCOB B MHOTOKJIACCOBOW KJIACCH(UKAIINK Yepe3

MHOTOIIEPEMEHHYTO JJOTUCTHICCKYIO (PyHKIIUIO

PaCH.II/IpeHI/IC BBIXOOHOI'O CIIEKTPa C UCIIOJIb30BAHUEM T I/IHep6OJ'II/I‘IeCKOFO TaHICHCa

468
476
488
488
491
493
498
499
500

501

502
502
504
506
506
506
507
508
509
511

513
514
515
516
520
524
530
530
531
536

538
542
543
544
545

547
548

[12]



Codepanue

AKTHUBaIYsI HA OCHOBE BBIIPAMIIEHHOIO JIMHEHHOIO 3JI€MEHTA 551
Pe3rome 553
Mnaea 14. Morpyxaemcs rny6xe — mexaHuka TensorFlow 555
Kitouesbie cpencrsa TensorFlow 556
Brruucnurensisie rpagsl TensorFlow: nepexon Ha TensorFlow v2 558

[ToHsTHE BRIYMCINUTETBHBIX TPadoB 558

Cosnanue rpada B TensorFlow v1.x 559

[Tepenoc rpada B TensorFlow v2 560

3arpy3ka BXOIHBIX TaHHBIX B MOAENb: CTHIb TensorFlow v1.x 561

3arpy3ka BXOJHBIX JaHHBIX B MOAEJb: cTuib TensorFlow v2 561

YBeNn4YeHre BRIYUCIUTEIHHON MOIIIHOCTH C TIOMOIIBIO IEKOPaTopoB (pyHKIIHIA 562
O6wextrl Variable 6ubnuorexkn TensorFlow st XxpaneHus: 1 0OHOBIICHUS
rnapamMeTpoB MOJEIIN 565
Pacuer rpamueHTOB IOCPEACTBOM aBTOMAaTHIECKOTO TP PEPSHIINPOBAHII
u GradientTape 569

Pacuet rpaueHTOB NOTEpU IO OTHOILEHUIO K 00y4aeMbIM IIEPEMEHHbBIM 570

Pacuet rpaueHTOB 0 OTHOLICHUIO K HEOOy4aeMbIM TEH30paM 571

CoxpaHeHue pecypcoB AJIsl MHOKECTBA BBIYUCIICHUN IPaIUEHTOB 572
Vipoienue peanuzannii pacpoCTPaHEHHBIX apXUTEKTYP
nocpencteoM API-untepdeiica Keras 573

Pemienne 3amaun xinaccugpukanun XOR 577

YBenuueHue ruOKOCTH NOCTPOCHHUS MOJieNIel ¢ TTOMOILbIO

¢ynkonansHoro API-unrepdeiica Keras 583

Peanuzanus moneneii Ha ocHoBe kiacca Mode | 6ubnuorexu Keras 584

Peannzanmsa cnenuansHbIX ciioeB Keras 586
Ouenmuku TensorFlow 590

Paborta co cTondiaMu npru3HaKoB 591

MamHHOe 00yueHHe C UCTIOIb30BaHUEM TOTOBBIX OLIEHIIUKOB 596

Hcnons30BaHue OLEHIUKOB [UIsl KNacCcu(ukauu pykonucHsix nugpp MNIST 601

Coznanue cienuaibHOTO OLEHIINKA U3 cyliecTByromel moaenu Keras 604
Pe3tome 606

Maea 15. Knaccudukaums nzodpaxeHuin ¢ NoOMoLLbto rny6okmx

CBEPTOYHbIX HEPOHHbIX CeTeil 609
CrpourtenbHble OJIOKU CBEPTOUYHBIX HEHPOHHBIX ceTeit 610
Ionsrue cereit CNN u nepapxuii Ipu3HaKoB 611
BrlnonHeHne NUCKPETHBIX CBEPTOK 613
Crnou oaBBIOOPKH 624
I'pynnupoBanye BCEro BMECTE — peaau3alus CBEPTOYHON HEMPOHHOU CETH 626
Pabora ¢ MHOKECTBEHHBIMI BXOJJHBIMH FUTH [IBETOBHIMH KaHAJIAMU 627

Perynspusauus HEHpPOHHOU CETH ¢ TOMOILBIO OTKIIOUEHHS 631
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Codepmanue

@OyHKIMU TOTEPb AT KIAaCCUDHUKAIIUH
Peanmzanus riryObokoi CBepTOUHOM HEHPOHHOI ceTH ¢ ncnonb3oBanueM TensorFlow

ApXHUTEKTypa MHOTOCIOWHOM CBEpTOYHON HEHPOHHOU ceTH

3arpyska u npenBapuTeNbHas 00padoTKa JaHHBIX

Peanu3zanus cBepTOUHOM HEUPOHHOM CETHU C UCTIONB30BAHUEM

API-unrepdetica Keras 6udnuorexu TensorFlow
Knaccuduxanus nonoB no u300paKeHUSIM JIHII C HCTIOIB30BAHUEM CBEPTOYHOM
HEWPOHHOM CeTH

3arpy3ka HaOopa jgaHHbIX CelebA

Tpanchopmarus H300pakeHUH H JOTOTHEHNUE TaHHBIX

Oo6yueHue knaccupukaTopa ImojioB, OCHOBAHHOIO Ha CBEPTOYHON HEMPOHHOI ceTu
Pestome

maea 16. MogenupoBaHue nocnepoBaTesbHbIX faHHbIX C UCNOJIb30BAHUEM
PEKYPPEHTHbIX HEMPOHHbIX ceTei

[TonsiTre nocaenoBaTeNbHbIX JTaHHBIX
MopnenpoBaHue NOCIeJ0BaTENbHBIX JaHHBIX — BOIPOCHI MOPSAIKA
IIpencraBneHue Nocnen0BaTeENbHOCTEN
Kareropuu MogenupoBanus OCIEA0BATENbHOCTEN
PexyppeHTHbIE HEMPOHHBIE CETH Ul MOJEIUPOBaHUS [1OCIIEA0BATENbHOCTEN
MexaHn3M OpraHu3anny MUKIOB PeKYPPEHTHON HEMPOHHON CEeTH
Brrancnenne aktuBanuii B cetd RNN
PexyppeHTHOCTb CKPBITOTO CII0S WIIM PEKYPPEHTHOCTD BBIXOAHOTO CIIOS
CHOXHOCTH U3y4EHUs TONTOCPOYHBIX B3aUMOJEHCTBUM
S4eliky 1ONTON KPaTKOCPOUHOM MaMATH
Peanusanys MHOTOCIOHHBIX PEKYPPEHTHBIX HEHPOHHBIX CETEH AJI1 MOAEIMPOBAHNUS
nocienosarenbHocTel B TensorFlow
[Tpoekt HOMEp OIMH — MPOTHO3UPOBAHKE OTHOIICHUS B perieH3usax Ha prbMbr IMDb
[oaroToBka JaHHBIX ¢ PEIEH3USIMH Ha (DHITEMBI
Crou BRIOXXEHUH [T KONUPOBAHUS MIPEATIOKEHUN
ITocTpoeHue MOAEIU Ha OCHOBE PEKYPPEHTHON HEMPOHHOW CETH
IIpoext HOMEp Ba — MOJETUPOBAHKE S3bIKAa HA ypoBHE cuMBOJIOB B TensorFlow
[TornmManme s3bIKa ¢ MOMoIIBI0 Mojenu “TIpeoOpazoBarens”
MexaHn3M CaMOBHHMAaHUSA
MHororonoBoe BHUMaHue U 0510k “TIpeobpasorarens”
Pesrome

Fmaea 17. Mopoxparowme cocta3aTesibHble CETU AN CUHTE3a HOBbIX AaHHbIX

[TonsiTHE TOPOXKAAFOIINX COCTAZATEIBHBIX CETEH
Hauano paGoTsl ¢ aBTOKOJMPOBIIUKAMH
[Topokarorie MOJENH JIsl CHHTE3a HOBBIX JJAHHBIX
IenepupoBaHue HOBBIX OOPA3IOB C TOMOIIIBIO TOPOXKAAOIINX COCTA3ATENBHBIX CEeTEeH
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648
648
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662

665
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691
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702
716
717
720
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725
727
729
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Codepranue

DyHKIMU IOTEph CeTel reHepaTopa U AUCKpUMHUHATOpa B Moaenn GAN
Peanuzanus nopoxxnaromniei cocTsa3arebHON CeTH ¢ HYs
Oo6yuenue moneneit GAN B cpene Google Colab
Peanu3zanus cereil reHepaTopa U JUCKPUMHUHATOPA
OmnpeneneHre 00yJaromero Habopa JaHHBIX
Oo6yuenne monenn GAN
[ToBbIlIeHNE KauecTBa CHHTE3UPOBAHHBIX N300PaXEHUHN C UCTIOJIH30BAHUEM
ceeprouHoil cetu GAN u cetu GAN Baccepiureiina
TpancnoHnpoBaHHAs CBEpTKa
[TakeTHas HOpManu3anus
Peanuzauus reneparopa U AMCKPUMHHATOPA
Mepb! HECX0JCTBa MEXIY ABYMsI paclpeneieHus MU
[IpakTryeckoe Mcmonp30BaHKue paccTosiHUS BaccepiTeiitHa A1 TOpoXIaroIuX
COCTSI3aTeNbHBIX ceTel
Tpad rpaguenta
Peanuzanms mopoxaaroniei cocTs3arelibHOM ceTH BaccepinTeitna co mrpadpom
rpajuenTa s ooydenus monenn DCGAN
Konnanc mon
Jpyrue npunoxeHus NOpoxKIaONIUX COCTA3aTEIbHbIX CETEH
Pestome

Mnaea 18. O6yyeHue ¢ nogkpenneHmeM ansa NPUHATUS pPeLUeHuid
B C/IOXHbIX cpepax

BBenenue — oOyueHue Ha OIbITe
[MonsiTue 0Oy4eHus ¢ MOAKPEIICHuEM
Onpenenenne uHTEpdEiica “areHT—cpena’” CUCTEeMbl 00yUeHUsI ¢ IOAKPEIUICHUEM
TeopeTrnueckne 0CHOBEI OOYUEHHS C MTOJKPEIICHHEM
MapkoBcKHU€E POLECCHl NPUHITUS PELLICHUI
Maremarndeckast pOpMyITHPOBKa MAPKOBCKUX IPOLIECCOB IIPHHSATHS PEIICHUI
TepmuHONOrust 00y4eHus ¢ MOAKPEINIEHNEM: OTaua, OJIUTHKA U (PYHKLHS LIEHHOCTH
JuHaMudeckoe mporpaMMHUpOBaHKE C UCIIOIb30BaHUEM YpaBHeHUs bennmana
AJTOpUTMBI 00yUYeHHSI C IOAKPEIUICHUEM
JuHaMuyeckoe nporpaMMupoBaHue
OO0yueHue ¢ OAKPEIUICHUEM ¢ TIOMOIIBI0 MeTosa MoHTe-Kapiio
OOy4eHue METOIOM BPEMEHHBIX Pa3HOCTEH
Peanuzauus nepBoro aaroputmMa oOy4eHus ¢ MOAKPEIICHUEM
Beenenue B koMIiekT HHCTpyMeHTOB OpenAl Gym
Perienue 3a1a4u ¢ MEPOM CETKH € TIOMOIIBIO Q-00yueHHs
00630p mrybokoro Q-o0yueHus
Pestome 1o rmase 1 1o KHUTE

MpepMeTHbIN yKa3aTenb

731
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742
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766
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832

835
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