OrnaBneHune

OT3bIBbl KO BTOPOMY M3[aHNIO 18
MpegucnoBue 19
YTo Takoe HayKa O AaHHbIX 19
[na Koro npefHa3HayeHa 3Ta KHUra 20
Mouemy Python 21
O6Lwan cTpyKTYypa KHUrM 21
Bonpocbl ycTaHOBKM 22
YcnoBHble 0603HaueHns 23
Wcnonb3oBaHne nprMepoB Kofa 24
MonHouBeTHble nnNCTPaLUn 24
OT n3pgatenbcTBa 24

YACTb I. JUPYTER: 3A NMPEAE/IAMU OBbIYHOIO PYTHON

naBa 1. 3HakomcTBO ¢ IPython n Jupyter 27
3anyck komaHaHom obonoukn IPython 27
3anyck Jupyter Notebook 28
CnpaBka 1 gokymeHTauusa B IPython 28

JocTyn K AOKyMeHTaLmy C MOMOLLbIO cMMBona ? 29
[ocTtyn K ncxogHOMY Kogy € MOMOLLbIO CUMBOJIOB 77 31
WNccnenoBaHne cogepXrMoro Mogynen ¢ NomoLlbto GyHKLUN aBTOAOMONHEHUS........32
fopaumne KnaBuLLIM B KOMaHAHOM obonouke IPython 34
HaBuraumoHHble ropayme Knasuwm 35
lopAure KnaBMLWK BBOAA TEKCTA 35
lopAumne KnaBuLWIK ANA UCTOPUM KOMaHA, 36
[poune ropauve Knasmwmn 37

maBa 2. PaclumpeHHble MHTepPaKTUBHbIE BO3MOXHOCTM 38

Marunueckue komangbl IPython 38
BbinonHeHwe BHewHero koga: %run 38
N3mepeHre npoaomK1TeIbHOCTU BbINONMHeHMA Koaa: %timeit 39
CnpaBKa no «Marmyeckum» GyHKumam: ?, %magic n %lsmagic 40

WNcTopua BBOZA 1 BbiBOAA 40
O6bekTbl In 1 Out o6onoukn IPython 40
BbiCTpbIN JOCTYN K NpeAblAYyLLUM BbIBOAAM C MOMOLLbIO 3HaKa MOAYEPKMBAHNA.......... 42
lNopaBneHne BbiBOAA 42
CooTBeTCTBYIOLME «<MATNYeCKMe» KOMaHAbl 43

IPython 1 ncnonb3oBaHKe CUCTEMHOIO KOMAaHAHOIO NpoLieccopa 43
KpaTtkoe BBefieHMe B MCNOMIb30BaHME KOMaHAHOroO npoLeccopa 44
NHCTpYKUMM KOMaHLHOrO npoueccopa B o6onouke IPython 45
Mepepaya 3HauYeHU B KOMAHZHbIN MNPOLIECCOP U U3 HEro 45

«Marnueckune» KomaHAabl 4519 KOMaHAHOro npoueccopa 46




8 Ornasnexue

Mnasa 3. Otnagka n npodpununpoBaHue

OwunbKM 1 oTnaaka

YnpasneHue ucknoveHnsamu: %xmode

OTnafKa: uto Aenatb, eCivi MHGOPMaLIMK B TPACCUPOBKE HEOCTaTOUHO

MpodunmnposaHme 1 XpOHOMETPaXK BbIMOHEHNA KOLa

48
48
48
50
53

XpoHomeTpa BbinonHeHnA pparmMmeHToB Koga: %timeit n %time

MpodunmposaHue cLeHapues Lenrkom: %prun

53
55

Mowarosoe npodunuposaHne ¢ nomoLbio %lprun

56

MpodunmposaHme noTpebneHna namaT: %omemit n %mprun
[lononHnTenbHble UCTOYHKKK nHbOPMaLmm 06 obonouke IPython

Beb-pecypcbl

57

59

59

KHurn

59

YACTb II. BBEAEHUE B NUMPY

Mnaga 4. Tvnbl AaHHbIX B Python

Llenoe uncno B Python — 60osibLue, Yem NPOCTO LiesIoe YnCIo
Cnucok B Python — 6osbLue, 4em NPOCTO CINCOK

MaccuBbl dukcmpoBaHHoro Tvna B Python
Co3pfaHvie MacCrBOB U3 CMUCKOB

Co3paHne MaccnBOB C HynA

CraHgapTHble T!nbl AaHHbIX NumPy

naea 5. BeegeHune B maccnBbl NumPy

ATpnbyTbl Maccmeos NumPy

MHpekcauma maccuBa: OCTYN K OTAEMNbHBIM 3/1IeMEHTaM
Cpe3bl MacCcUBOB: fOCTYN K NOAMAacCBaMm

OpHomepHble NogmMaccBbl

MHoromepHblie NogMaccuBbI
MoamaccuBbl Kak NpeacTaBieHns

Co3pnaHue Konuin MaccMBOB

N3meHeHne popmbl MacCcMBOB
CnuaHne n pasbueHve MaccMBoB

CnmsHne MmaccnuBoB

Paz6ueHmne maccrsoB

64

65
66
68
68
69
70

72

72
73
74
75
75
76
77
77
78
78
80

InaBa 6. BoluncneHms ¢ maccusamu NumPy: yHBepcanbHble GyHKLUN

MepnntenbHOCTb LUKIOB

81

81

83

BeefeHue B yHMBepCanbHble GpyHKUMM
0630p yHMBepcanbHbIx GyHKUMI B 6ubnnoteke NumPy

84

ApridmeTryecKre onepaummn Hag MaccuBamu

84

A6contoTHOe 3HaueHne

85

TpuroHomeTpuyeckmne GyHKLMM

86

MokazaTenbHble GyHKUUM 1 norapudmbl

86

87

Cneymann3npoBaHHble YH1BepcasnbHble GyHKLMM
MpoaBUHYTbIE BO3MOXKHOCTU YHMBEPCaNbHbIX GYHKUMI

88

CoxpaHeHue pe3ynbTaToB B MaccuBe

88



OrnaBneHue

9

CBOAHble MOKasaTenu

89

BeKkTopHble npon3seaeHnA

90

YHuBepcasnbHble GyHKLMW: [OMONHUTENbHAA UHbOopMaLna

90

Maga 7. ArpernpoBaHue: MUHAMYM, MaKCMYM 1 BCE, UTO NocepesrHe

91

CyMMI/IpOBaHVIe 3HaAYeHN B MaccmBe

91

MUHUMYM 1 MaKCMyM

92

MHoromepHble cBOAHbIE MOKa3aTenun

93

Opyrue dyHKUMK arpernpoBaHma

93

MNpumep: uemy paBeH cpefHU pocT npesugeHTtos CLLUA

maBa 8. Onepaunn Hag maccuBamu. TpaHCAMpPOBaHMe

94
97

BeepaeHwve B TpaHCIMpoBaHue
MNpaBuna TpaHcIMpoBaHUA

97
99

99

TpaHcnuposaHue. Mpumep 1
TpaHcnuposaHue. Mpumep 2

TpaHcnupoBaHue. Mpumep 3
TpaHcnMpoBaHuWe Ha NpakTuke

LleHTpupoBaHue maccusa

MocTpoeHue rpadrka AByMmepHON GyHKLUMM

aBa 9. CpaBHeHWs, Macku 1 byneBa norvika

MpuMmep: NOACYET KONMUYECTBA AOXKASIMBbIX AHEN

OnepaTopbl CpaBHEHNA Kak YHVBepCalbHble GyHKLUN

PaboTa c 6yneBbiMM MaccriBamu

MopcueT KONMUecTBa 3N1eMeHTOB

byneBbl onepatopbl
Bynesbl MaccuBbl Kak MacKkm

Kntouesble cnosa and/or 1 onepatopsbl &/|

maea 10. «[1puxoTnnBaa» nHaeKcaumna

BO3MOXKHOCTN «NPUXOTANBON» UHAEKCALUK
Kom6urHupoBaHHas nHaekcaums

MprmMep: BbIGOPKa ClyyanHbIX TOYeK
N3meHeHne 3HaYeHn C NOMOLLbIO «NPUXOTAMBON» MHAEKCAL UM

Mpumep: pa3brieHne AaHHbIX Ha UHTEPBasbI

Maea 11. CopTupoBKa Macc1BOB

BbicTpas copTuposka B 6nbnmnoteke NumPy: yHKLUN NP.SOrt N NP.argsort ................

CopTnpoBKa No CTpoKam 1 cTonbuam

YactnuHana COpPTMPOBKa: CeKUMOHNPOBaHNe

Mpumep: k Gnvxanwmnx cocepen

Masga 12. CTpyKTYprpOBaHHbIE AaHHbIE: CTPYKTYPUPOBaHHbIe Maccuebl NumPy.............

Co3pgaHue CTPYKTYPUPOBAHHbLIX MaCCMBOB

bonee NpPOABUHYTbIE TUMbl AaHHbIX

MaccurBbl 3anuceit: CTPYKTYPUPOBaHHbIE MAacCKBbl C AOMONHUTENbHbBIMU
BO3MOXXHOCTAMMU

Bnepeg, k Pandas

100
101
102
102
103

104
104
106
107
108
109
110
111

114
114
116
116
118
120

123
124
124
125
126

130

132
133

133
134



10 Ornasnexue

YACTb III. MAHUNYNAUUN HAQ AAHHBIMU
C MOMOLLbIO NAKETA PANDAS

MnaBa 13. 3HakoMcTBO ¢ 06beKkTamu 6KbnroTekn Pandas 138
O6beKT Series 138
O6beKT Series Kak 0606LeHHbI Maccns NumPy 139
O61beKT Series Kak cneyunann3rpoBaHHbIN CJloBapb 140
Co3pgaHue o6beKToB Series 141
O6bekT DataFrame 142
DataFrame kak 0606wweHHbIn Macce NumPy 142
O6bekT DataFrame Kak cneunanmsnpoBaHHbIN ClI0Bapb 143
CospgaHue obbekTos DataFrame 144
O6mbekKT Index 145
O61beKT Index Kak Hen3meHAeMbI MaccuB 146

Index Kak ynopagouyeHHOe MHOXeCTBO 146

TnaBa 14. VIHgekcauus v BbI6OpKa JaHHbIX 147
BbibopKa faHHbIX 13 06beKTa Series 147
O61beKT Series Kak cfioBapb 147
O6beKT Series Kak OJHOMEPHbI MaccuB 148
NHpekcaTopsi: loc n iloc 149
Bblbopka faHHbIX 13 06bekTa DataFrame 150
O6bekT DataFrame Kak crioBapb 150
O6bekT DataFrame Kak ABYMepHbI MaccuB 152
[ononHnTeNbHbIN CUHTAKCUC ANA UHAEKCAUUn 154

InaBa 15. Onepauun Hag gaHHbIMKU B 6GrbnunoTteke Pandas 155
YHuBepcanbHble PYHKLMN: COXPAHEHWE NHAEKCA 155
YHnBepcasnbHble GyHKLMW: COrnacoBaHne UHAEKCOB 156
CornacoBaHue NHAEKCOB B 0ObeKTax Series 156
CornacoBaHue nHaeKkcoB B o6bekTax DataFrame 158
YHuBepcanbHble PyHKLMU: onepauun mexgy oobektammn DataFrame u Series.............. 159
naBa 16. O6paboTKa OTCYTCTBYHOLUMX AAHHBIX 161
Komnpomuccbl npy 0603HaUYeHMM OTCYTCTBYIOLMX AaHHbIX 161
OTcyTcTBYIOWME AaHHble B Pandas 162
None Kak 3HaYeHue-nHgMKaTop 163

NaN: oTcyTcTBYIOLIME YACNIOBbIE AAHHbIE 164
3HaueHua NaN 1 None B 6nbnnoteke Pandas 165

Tunbl AaHHBIX C NOAAEPXKKON NYCTbIX 3HaYeHWi B Pandas 166
Onepaumu Hag NyCTbIMY 3HAYEHUAMMN 167
BblfiBNeHre nycTbIX 3HaYeHWn 167
YpaneHue nycTbiX 3HaYeHnmn 168
3anonHeHve NyCTbiX 3HaYEHNN 169

Maea 17. Vlepapxunuyeckas nHgekcaums 171
MynbTUNHAEKCMPOBaHHbI 06beKT Series 171

Mnoxoi cnoco6 172




OrnaBneHue

1

Jlyywmin cnoco6: o6bekT Multilndex

MynbTUMHAEKC KaK LONONHNUTENIbHOE N3MepeHmne
MeToabl co3gaHua obbekToB Multilndex

ABHble KoHCTpyKTOPbI Multilndex

HassaHuA ypoBHen MynbTUNHAEKCOB

MynbeTunHAeKc ansa ctonbuos

MHD,GKCBU.I/IH N Cpe3bl MO MyNbTUNHAEKCY

MynbTunHaekcaumna o6beKkToB Series

MynbTunHaekcaumns o6bekToB DataFrame
MeperpynnupoBKa MynbTUMHAEKCOB

OTCOpTMPOBaHHbIE N HEOTCOPTUPOBAHHbIE NHAEKCI
BbinonHeHne onepauunii stack n unstack Hag nHgekcamm

Co3gaHue n nepeCTp0|7|Ka NHOEKCOB

FnaBa 18. O6beaviHeHVe HAbOPOB AaHHbIX: KOHKaTeHaLuA 1 AobaBeHne B KOHeL,..........

HanomunHaHue: KoHKaTeHauma maccnsos NumPy
MpocTaa KoHKaTeHaLuA ¢ nomoLlbio meToaa pd.concat

LybnmpoBaHue NHAEKCOB
KoHKaTeHaLua C NCnonb3oBaHNEM COEANHEHNI

MeTtop append()

asga 19. O6befrHeHe HABOPOB JaHHbIX: CAVISHWE U COEANHEHNE

PenaumoHHan anrebpa
Bupabl coeguHennin

CoenHEHVA «OAVH-K-OAHOMY>»

CoelHeHNA KMHOTUE-K-OQHOMY»

COG,D,I/IHGHI/IH «MHOTne-Ko-MHOTMm»

3apaHue Kftova cmaHuA

VIMEHOBAHHbIN ApPrymeHT on

MimeHoBaHHble aprymeHTbl left_on u right_on
MmeHoBaHHble aprymeHTol left_index u right_index

MNprMeHeHVe onepaunin Hag MHOXeCTBaMM A COeANHEHNI

I'IepeceKalou.u/leCH MMeHa CTOJ'I6LIOBZ VMEHOBAHHbIN aprymeHT SUFFIXES vveerererererererreens

Mpumep: oaHHble no wratam CLUIA

InaBa 20. ArpervipoBaHue 1 rpynnupoBKa

[JaHHble 0 nnaHeTax
MpocTtoe arpervpoBaHue B 6ubnnoTeke Pandas

groupby: pa3breHue, nprMmeHeHKe, o6bearHeHNE
Pa3bueHwe, npumeHeHUe 1 06bearHeHNe

O6beKkT GroupBy

ArperunpoaHue, dunbTpaums, npeobpasoBaHue, MPYMeHeHNe

3apaHue Kitouya pa3breHuns

Mpumep rpynnupoBKu

asa 21. CBogHble TabnuLbl

Mpumepbl Ana n3yyeHna NpremoB PaboTbl CO CBOAHBIMU TAOULRAMMU ........ceveenecereeseenne

CBofHble TabNNLbl «BPYUHYIO»

173
174
175
176
177
177
178
178
180
181
181
183
183

185

186
187
188
189
190

191

192
192
192
193
194
194
195
195
196
197
199
200

205
206
206
208
208
211
213
215
217

218

218
219



12 Ornasnexue

CUHTaKCMC CBOAHbIX TabnuL
MHoroypoBHeBble CBOAHbIE TabnnLibl

[JononHutenbHble NapameTpbl CBOAHbIX Tabiny

Mprimep: AaHHbIE O POXKAAEMOCTY

maBa 22. BekToprn3oBaHHble onepaLmy Hag CTpOKamu

3HaKOMCTBO CO CTPOKOBbIMU onepaunamu B bnbnroteke Pandas

Tabnuua cTpokoBbix MeTofoB B b1bnnoTeke Pandas
MeTogbl, aHanornyHble CTPOKOBLIM MeToAaM A3bika Python

MeTopabl, cnonb3yioLune perynapHble BblpaXKeHNs

MNpouve meToabl

Mpumep: 6a3a paHHbIX peLenTos

MpocTan pekomeHgaTeNbHaa cUcTemMa Ansa peLenTos
[JanbHenwasn paboTa ¢ peuentamm

InaBa 23. PaboTa ¢ BpemeHHbIMU pAgamm

[ata n Bpems B A3blke Python

MpepncTaBneHue gatbl M BpemeHu B Python: naketbl datetime n dateutil
Tunn3npoBaHHbIe MaCcCUBbI 3HAYeHUI BpeMeHu: Tun datetime64

6ubnmnotekn NumPy.
Hatbl n Bpema B bubnunoteke Pandas: nyuwee 13 o6ovx Mmpos

BpemeHHble psgbl 6nbnuoTekn Pandas: nHgekcauma no BpeMeHM

CTpyKTypbl AaHHbIX A/1A BPeMeHHbIX pAafoB 6nbnmotekn Pandas
PerynapHble nocnegosatenbHocTy: dyHKUmA pd.date_range()

MepuognyYHOCTb 1 CMeLLeHne aaT

MepenunckpeTr3aums, BpeMeHHble CABUTMM 1 OKHa

MepenunckpeT3auma N 3MEHEHNE NEePUOLNYHOCTY MHTEPBASIOB

BpemeHHble casurn
CKkonb3sume oOKHa

Mpumep: BU3yanu3auma KonuuecTsa Benocmnenos B Cnatne

Busyanusauua gaHHbIX

Yrny6neHHOe U3yyeHune AaHHbIX

FnaBa 24. YsenunuyeHuve nponssogutenbHoct bubnmotekm Pandas: eval() n query()

OcHoBaHus Ans ncrnosb3oBaHua dyHKumn query() n eval():
COCTaBHbIE BblPAXKeHUA

Wcnonb3oBaHune dyHKUmK pandas.eval() ans adbdeKTnBHbIX onepaumi
Ncnonb3oBaHue metofa DataFrame.eval() ans BbinonHeHnsa onepayuii

no ctonbuam

MpuceanBaHue B metoge DataFrame.eval()
JlokanbHble nepemeHHble B MeToae DataFrame.eval()

Metog DataFrame.query()

Mpoun3BoANTENbHOCTL: KOTAa CiefyeT NCMOoSb30BaTh 3TU GyHKLMM
[lononHnTenbHble UCTOYHVKM HbOPMALIM

220
220
221
222

227

227
228
228
230
231
233
235
236

237

238
238

239
241
241
242
243
244
246
248
250
251
252
253
256

259

259
260

262
263
264
264
265
266



OrnaBneHue

YACTb IV. BU3YAJIUSALINA
C NOMOLLbIO BUBJIMOTEKUA MATPLOTLIB

TnaBa 25. O6we coBeTbl No 6ubnunoTeke Matplotlib

MmnopTtuposaHue matplotlib
HacTtpoiika ctunen

Mcnonb3oBaTtb Unm He ncnonb3osatb show()? Kak 0To6paxKaTb FPaAGUK .......cervvveesnns

MocTpoeHue rpadrKoB B CLieHapuax

MoctpoeHune rpadrkos U3 komaHgHom obonouku IPython
MoctpoeHue rpadunkoBs 13 6rokHoTa Jupyter

CoxpaHeHue n3obpaxkeHnii B Gaiinbl

[lBa nHTepoderica no ueHe ogHOro

TnaBa 26. [pocTble NnHelHble rpaduKm

HacTtpoiika rpaduka: LuBeTa 1 CTUAN IMHUIA
HacTpoiika rpaduka: npegenbl oceil KoopanHat

MeTkun Ha rpadukax
HioaHcbl ucnonb3osaHna Matplotlib

maBa 27. lNpocTbie guarpaMmmbl paccesHns
MocTpoeHre anarpamm paccesHus ¢ nomoulbio plt.plot

MocTpoeHre anarpamm paccesHms C nomoulbio plt.scatter

plot 1 scatter: npnmeyaHne OTHOCUTENIbHO NPOU3BOAUTENBHOCTN

Bu3yanusaums norpewHocTer

MpocTble NnaHKy NorpewHocTen

HenpepblBHble NOrpeLHOCTH

InaBa 28. lpadyiky NNOTHOCTM 1 KOHTYpPHbIE rpaduKin

Bu3yanusauma TpexmepHon GyHKLMM

MMcTOrpaMmbl, pa3breHns No MHTEpPBanaM 1 NIOTHOCTb
[IBymMmepHble rncTorpaMmbl 1 pasbureHune no nHTepaanam

OyHKumA plt.hist2d: gBymepHas ructorpamma

OyHKuma plt.hexbin: rekcaroHanbHoe pPa3breHNE MO MHTEPBANAM ....veeueeeersresseennnes

flnepHas oLeHKa NNOTHOCTM pacnpegeneHns

InaBa 29. HacTpoiika nereHg Ha rpadumkax

Bbibop 3n1emMeHTOB AnA nereHabl

3apaHue nereHabl ANs TOYEK Pa3HOro pa3mepa
OT0bpaxkeHne HECKOMNbKIX NereH

aea 30. HacTporika LBETOBbIX LUKan
HacTtpolika uBeToBOW LLKanbl

Bbibop KapTbl LiBeTOB

OrpaHunyeHune 1 pacluMpeHie KapTbl LIBETOB

[OnckpeTHble LBeTOBbIe LWKasbl

Mpumep: pykonucHble urdpbl

269

269
269
270
270
271
271
272
273

276

279
281
284
285

287

287
290
292
293
293
295

297
297
301
304
304
305
305

308
310
312
313

315

315
317
319
320
321



14 Ornasnexue

InaBa 31. MHOXecCTBeHHble cybrpadunkm 324
plt.axes: co3gaHue cybrpadnkoB BpyUHyto 324
plt.subplot: npocTbie ceTku cybrpadurkos 326
plt.subplots: co3gaHune Bceli ceTkn 3a ogvH pas 328
plt.GridSpec: 6onee cnoxHble KOHOUrYypaLun 329

Maga 32. TekCT 1 noACHAOLWMe Haanucu 332
Mpeobpa3oBaHVA U KOOPANHATbI TEKCTA 334
CTpenkn 1 noAcHALWMe HaaNneK 336

maBa 33. HacTporika geneHuni Ha 0CAX KOOpPAMHAT 340
OCHOBHbIE 1 MPOMEXYTOUHbIe ieNIeHNA Ocerl KOOpPAMHaT 340
CoKpbITre AeneHnin u/unm MeTok 342
YMeHbLUeHne unm ysenmyeHve Konmyectsa geneHnn 344
DK30TnYecKre hopmaTbl AeSIeHNI 345
KpaTkas cBofKa IoKaTopoB 1 popmaTepoB 348

TnaBa 34. Hactpoiika Matplotlib: koHpurypaumm n Tabnuubl ctunei 349
HacTpoiika rpa¢ukos BpyuHyto 349
M3meHeHmne 3HaueHni no ymonyaHuio: rcParams 351
Tabnuubl cTunen 353

Cmunb no ymonuaxuio default 354
Crunb FiveThirtyEight 354
Crunb ggplot 355
CTunb «6aliecoBCKNe MeToibl AJ1A XakepoB» 355
CTnnb € TeMHbIM GOHOM 356
OTTeHKM ceporo 356
Crunb Seaborn 357

FnaBa 35. lNocTpoeHure TpexmepHbix rpadunkos B 6nbnnoteke Matplothib ........eceerecennee 358
TpexmepHble TOUKN 1 NNHUN 359
TpexmepHble KOHTYpHble rpadukn 360
Kapkacbl 1 noBepXHOCTHblE FpaduKm 362
TpraHrynauma noBepxHocTen 364
Mpvimep: BU3yanu3auus neHTol Mébnyca 365

FnaBa 36. Busyanmsauuma c nomoLlbto 61nbnmotekmn Seaborn 368
AHanusnpyem rpadukm Seaborn 369

Mmctorpammbl, KDE n nnotHocTn 369
Mpadukn nap 371
QaceTHble rMcTorpaMmbl 372
Mpadukn pakTopos 374
CoBMecCTHble pacnpegeneHuns 375
CTon6ukoBble fruarpammbl 376
Mprmep: BpemaA npoxoxaeHnsa mapadpoHa 377
JlononHuTenbHble UCTOYHVKIM HbOPMALIN 385

Opyrue rpaduryeckne 6nbnmnotekn gna Python 386




OrnaBneHue

15
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CoobpaskeHnss OTHOCUTENIbHO NMPOBEPKY MOAENU

Mnoxoit cnocob npoBepKkn Mogenu
Xopownii cnocob NpoBepKN MOLENN: OTNIOKEHHbIE faHHble

MepeKkpecTHaa NposepKa Mogenm
Bblbop onTumanbHon mogenu

KomMnpomucc mexxay ccteMaTinyeckom OWNOKON Y AUCIEPCUEN ....euuneveesveesneresereans

KpviBble npoBepku B 6ubnnoteke Scikit-Learn

Kpusble obyyeHunsa
MpoBepKa Ha NpakTUKe: MOWCK Mo ceTKe

Pe3tome

asa 40. [TpoeKkTupoBaHMe NPU3HaAKOB

KaTeropmaan ble MPU3HaKn
TekcToBble NPU3Hakn

Mpr3Hakn Ansa n3obpaxxeHnn
Mpoun3BofHble NPU3HAKM

MopcTaHOBKa OTCYTCTBYHOLWMX AAHHbBIX
KoHBewnepbl Nnpr3Hakos
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Maga 41. 3arnaHem rnybxe: HauBHaA baiecoBckasa Knaccudrkaumua
banecoBckasa knaccmdpukauma

layccoB HaUBHbIN HGaiecoOBCKMI KnaccupukaTop

MonvHoMManbHbIN HAaVBHBIN GaecoBCKUIA KnaccudurKaTop

Mpumep: KnaccudurkaLma TekcTa

Korga nmeeT cMbIC/T MCMOMb30BaTb HAVBHDBIN 6GANECOBCKUI KNACCUDUKATOP ..overnresnreennees

FnaBa 42. 3arnaHem rny6xe: nMHeHasA perpeccus

MNpocTasa nuHeHas perpeccus

Perpeccus no kombrHauum 6a3ncHbIX GyHKUNIA

MonvHomuanbHble 6a3ncHble GyHKLUN

layccoBbl 6a3ncHble GYyHKLUMM

Perynapusauusa

lpebHeBas perpeccua (L,-perynapusauma)
Nacco-perpeccus (L,-perynapmnsayms)

Mpumep: NpefcKasaHne BeNOCUNeaHoro Tpadrika

Mnaga 43. 3arnsHeMm rny6xe: METO[ ONMOPHbIX BEKTOPOB

OcHOBaHUA 4NA NCMONb30BaHMA MeToAa OMOPHbIX BEKTOPOB

MeTop onopHbIX BEKTOPOB: MaKCMMI3aLMsA OTCTyna

AI'II'IpOKCI/IMaLlI/IFl MeTOAOM ONMOPHbIX BEKTOPOB

3a rpaHuuamu nuHenHocTn: SVM-agpo

Hactpowika SVM: pa3mbiTiie OTCTYNOB

MNpumep: pacno3HaBaHue nuy,

Pe3tome

InaBa 44. 3arnaHem rny6xe: aepeBbaA peLleHn 1 CiyJaliHble neca
[BwKylan cuna ciyyariHbIX 1eCOB: AePEBbA NPUHATAA pPeLLeHnn

Co3paHvie fepeBa NPUHATHA peLleHuni

[lepeBbA NPUHATUA pelueHnin n nepeobyyeHune

AHcamb6nn mofeneii: cnyJyaliHble neca

Perpeccusa c nomoLbto cilyyanHbIx 1eCoB

Mpumep: UCNoNb30BaHMe CyYalnHOro fleca Ans Knaccudukaumm unuop ......

Peslome

Maga 45. 3arnaHem rny6xe: MeTof rMaBHbIX KOMMOHEHT

3HAKOMCTBO C METOLOM MaBHbIX KOMMOHEHT

PCA Kak MeTof MOHUXeHNA pasmMepHOCTH

Ncnonb3oBaHne metoga PCA ana Bu3yanvsaumm: pykonucHble uudpbl
Y10 03HaualOT KOMMOHEHTbI?

Bbi60Op KONMUECTBa KOMMOHEHT

WNcnonb3oBaHune metopa PCA gna dunbrpayum wyma

Mpumep: metog Eigenfaces

Pe3tome

FnaBa 46. 3arnaHem rny6xe: obyueHne Ha 6a3e MHOroo6pasui

O6yyeHue Ha 6a3e mHOroobpasuii: <-HELLO»
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MHoromepHoe macltabuposaHue (MDS)

MDS Kak obyueHue Ha 6aze MHOroobpasui
HenuHelHble BnoxeHus: Tam, rae MDS He paboTtaet

HenvHeliHble MHOroo6pasuiA: IOKanbHO IMHENHOE BIIOXeHVe

HekoTopble cO06paxeHrs OTHOCKUTENIbHO METOAO0B 00YYeHNA
Ha 6a3e MHOroobpasui

Mpumep: ncnonb3oBaHue Isomap Ana pacno3HaBaHWUA NnL,

Mpumep: BU3yanu3auma CTpyKTypbl Lndp

InaBa 47. 3arnaHem rny6xe: Knactepusayus metogom k cpeHux

3HaKOMCTBO C MeToAoM k cpeHUMX
MakcrmMmn3aumsa MaTemMaTMyeckoro oXnaaHns

Mpumepbl
Mprmep 1: npumMeHeHne MeToAa k cpeaHNX AnA pacno3HaBaHUA

PYKOMUCHBIX Lndp

Mpumep 2: cnonb3oBaHve MeToa K CpeaHNX AN CKATUS LBETOB ......evvveerrvenns

InaBa 48. 3arnaHeM rny6xe: CMecn rayccoBbIX pacnpefeneHui

MpuurHbl noasneHns GMM: HepocTaTky meTofa k cpegHnx

0606LeHre EM-Mmopenu: cmecu rayccoBbix pacrnpefeneHui
Bbibop Tvna KoBapuauumn

GMM Kak meTofi OLeHKM MAOTHOCTM pacnpeaeneHns

Mpumep: ncnonb3zoaHue metoga GMM gna reHepaumMmy HOBbBIX AAHHDIX ..c.uvereeseeeeseenses

MaBa 49. 3arnsaHeMm rny6xe: AnepHas oUeHKa MNIOTHOCTU PACMIPEAETIEHUS «...uunuveeeseverennane

O6ocHoBaHve meToga KDE: ructorpammbl

flpepHan oueHKa NNOTHOCTU pacnpefenieHna Ha NpakTuke
Bbl6Op WMPUHBI AApa NyTeM NEPEKPECTHOW NMPOBEPKN

MpriMep: He CTONb HauMBHbIN Galiec
BHyTpeHHee yCTpONCTBO NOMIb30BaTeNbCKON MOAENM

Mcnonb3oBaHWe Nosnb3oBaTeNbCKOM Mogenu

Maea 50. MpviKnagHas 3afava: KOHBeNep pacrnosHaBaHus nnL

MpusHakn HOG

MeTton HOG B gencTBun: NPOCTON AeTEKTOP NKL|

1. Monyyaem Habop nonoxmTenbHbIX obyyatoLwmx ob6pasLos
2. Monyyaem Habop oTpuLaTenbHbIX 0byyatoLmx obpasLoB

3. O6bepuHaem Habopbl 1 Bbigendem HOG-npusHakm
4. Obyyaem MeTof OMOPHbIX BEKTOPOB

5. BbinonHAeM NoOWCcK UL, B HOBOM U306pakeHUn
MpepocTepexeHns N AanbHeNnLWwmne yCoBePLIEHCTBOBaHNA

D.OI'IOHHVITEHbeIe NCTOYHUKU I/IHd)OpMaLWIVI no MmalMHHOMY O6y‘-IEHVIIO ........................

06 aBTOpE

UnniocTpauns Ha o6noxke
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