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O6 aBTOpE

Kpuc Ans6on (Chris Albon) — aHaMMTHK JaHHBIX W MOJIMTONIOr C ACCATWIECTHHM OMbI-
TOM NMPHMEHEHUs] CTATUCTHYECKOrO 00y4eHHs, HCKYCCTBEHHOrO HMHTEJUIEKTa U pa3paboT-
K{ MpOrpaMMHOro obecrneueHus JUif MOJIMTHYECKHX, COLIMATbHBIX H T'YMAHHTapHLIX TPo-
€KTOB — OT MOHHTOPHHra BHIOOPOB 10 OKa3aHHA MOMOLLH B CTy4ae CTHXHHHBIX 6€acT-
BHii. B Hactosiuee Bpems Kpuc sBiserca Beaywium aHanWTHkoM naHHeix B BRCK —
KEHHHCKOM cTaprame, cO3JaloLleM MpoYHYIO CeTb A1 nonb3oparenci HMHTepHera Ha
¢dopMupytoLIEMCA PBIHKE.







lNpeaucnosue

3a nmocnegHHe HECKONBKO JIET MAIIMHHOE (CaM0)oOyveHHe CTalo 4acThlo LIHPOKOro
CMEKTpa MOBCeJHEBHbIX, HEKOMMEpYECKHX M MpaBUTENbCTBEHHbIX onepaunii. [lo mepe
pOCTa NOMyAAPHOCTH MAaLIMHHOTO O0y4YeHHA pa3BHBAIAaCh MEJKOCEpHiHad HHIYCTpHA
BBICOKOKQYE€CTBEHHOM JIMTEpaTyphl, KOTOpas MNpPenoAHOCHIA NPHKIAJHOE MAalIHHHOE
o0yyeHHe NPaKTHKYIOIIMM CMELMAIUCTaM. JTa JMTepaTypa Obuia O4YeHb YCNeEUIHOMH
B MOJATOTOBKE LIEJIOrO MOKOMEHHUA aHATMTHKOB aHHBIX H HHDKEHEPOB MallHHHOrO 00yye-
Hua. Kpome Toro, B 3Toil NHTepaType paccMaTpHBanach TeMa MALIHHHOTO OOy4eHHs
C TOYKM 3peHHs MpeAocTaBiieHHs y4yeOHOro pecypca, J€éMOHCTPHPOBABILETO CreLHATH-
CTY, YTO TaKoe MalUMHHOE O0yueHHe H Kak OHO pabotaet. BMecTe ¢ TeM, XOTH 3TOT NOA-
X01 ¥ 6bUT IITOJOTBOPHBIM, OH YITyCTHJI U3 BUAY APYryIO TOUKY 3PEHHA Ha 3Ty TEMY: KaK
Ha MaTepHaJIbHYIO 4acTb, Faiiki M GONTHI, MOBCEAHEBHOrO MalIHHHOrO 00y4eHHs. B aTom
H COCTOMT MOTHBAaLMA JAHHOW KHHIM — MPeJOCTaBHTh YMUTATENAM He (ONHaHT Mo Ma-
LIHHHOMY O0Yy4YeHHIO, a raeyHblii KoY 1A NpodeccHOHANa, YTOOBI KHHra Jiexana ¢ 3a-
YHTaHHBIMH O AbIp CTPaHHLAMH Ha paGouyMx cToNax, MOMOIJIA pEllaTh OrepaTHBHbIE
NOBCeIHEBHbIE 3a]1a4H NPAKTHKYIOLIETO CMIELHAIINCTA MO MaLUHHHOMY 00y4eHHIO.

Ecnu roBopHTh TO4YHEe, TO B KHHI€ HCMOJIB3YETCH 3a]a4HO-OPHEHTHPOBAHHbIA MOAXon
K MalWMHHOMY 06yueHHIo, ¢ moyTH 200 caMOAOCTAaTOYHBIMH pelliEeHHAMH (MPOrpaMMHBIA
KO MOXHO CKOMHPOBATh M BCTaBHTh, H OH GyzeT paboraTh) Haubonee pacnpocTpaHeH-
HbIX 3aJa4, C KOTOPbIMH CTOJIKHETCA aHAIMTHK JaHHBIX HIH HHDKEHEp MO MalHHHOMY
00y4eHHI0, 3aHHMAIOLIMHCA CO31aHHEM MOJIENeH.

KoHeyHas nens KHHrH — ObITb CMIPABOYHHKOM IS CIIELIMATHCTOB, CTPOSALIMX peaibHble
MaUIHHHO-0GYyvalolHrecs cucrembl. HanpuMep, npeacraBbTe, YTO YHTaTeNb HMeEET Qaiin
JSON, conepxammii 1000 kaTeropHanbHbIX H YHCIOBBIX MPH3HAKOB C MPOIMyLIEHHbIMH
JNaHHBIMH H BEKTOPaMM KATErOpPHAIBHBIX Lieeil ¢ HecOanTaHCHPOBaHHLIMH KIIaCCaMH,
H XOYeT MOJYYHTb MHTEpPIpeTHPyeMylO0 Mojeib. MOTHBaLMS A1 3TOA KHHIH COCTOMT
B MPEAOCTABIEHHH PELIENTOB, YTOObI MOMOYb YHTATE/IO OCBOHTh TAKHE MPOLECCHI, Kak:

¢ 3arpyska ¢aiina JSON (cM. peuent 2.5);
CTaHJapTH3aLMs NPH3HAKOB (cM. peuenT 4.2);

L 4

KOJMpPOBaHHe CIIOBapeii MpU3HaKoB (CM. peuenT 5.3);

L 4

HMITyTaLMA NPOMyLUIEeHHBIX 3Ha4€eHHi K1accoB (CM. pelent 5.4);

L 4

YMCHBILICHHE KOJTM4YECTBA ITPH3HAKOB C MOMOLIBIO IMTaBHbIX KOMIIOHEHT (CM. peuenr 9.1 );

4 o160p HawTyULIElH MOAEJTH C MOMOLLBIO PaHIOMH3HPOBAHHOIO NOKCKa (cM. peuenT 12.2);




¢ TpeHMpOBKa K1accH(HKaTOpa Ha OCHOBE ClIy4aiHOro yieca (CM. peuent 14.4);
4 ot10op cmyuaifHbIX MPHU3HAKOB B CIy4aiHbIX necax (cM. peuent 14.7).
Yurarenb UMEET BOZMOIKHOCTD:

1. KonupoBaTh/BCTaBIATH MPOrpaMMHBIH KOJ C MOJHOH yBEPEHHOCTBIO, YTO OH AeiCT-
BHTENIbHO paboTaer ¢ BIIIOYEHHbIM HIPYLIEYHbIM HAGOPOM NaHHbIX.

2. TlpounTaTh 06Cy*XaeHHe, YTOOBI MOMYUHTD MPEACTABIEHHE O TEOPHH, JieXKalleil B Oc-
HOBE METOMa, KOTOPbIH 3TOT MPOrpaMMHbIA KOA MCTMOJHAET, H Y3HaTb, Kakue napa-
METPbI BAXXHO Y4YHUTBIBATh.

3. BcTaBnaTh/koMOMHMpOBATH/afaNTHPOBATh NMPOrPaMMHBIH KOJ H3 PELENTOB Ul KOH-
CTPyHMpOBaHHA (PAKTHYECKOTO MPHIIOKEHHA.

Ans xoro npeaHasHayeHa KHuUra

JlaHHas KHHra He ABJAETCA BBEAEHHEM B MaLIMHHOE (camo)obydeHue. Eciu Bbl He 4yB-
CTByeTe ce0s yBEpeHHO B 00J1aCTH OCHOBHBIX MOHATHI MaLIMHHOro obyueHHs JIM60 Hu-
KOrJa He MPOBOAWIH BpEMA 3a M3yYeHHEM MaILHHHOrO OOy4eHHs, TO HE MOKynaiTe 3Ty
kuury. OHa npeAHa3HayeHa IS MPAKTHKYIOLMX CMELHATUCTOB MaLIMHHOIO o6yueHu,
KOTOpble, YyBCTBYs ce63 KOMGOPTHO C TeOpHeil M MOHATHAMH MALIMHHOro oOyueHus,
M3BJIEKYT MOJIb3y M3 KpPaTKOro CMpaBOYHHKA, COAEPXALUEero NpPOrpaMMHbIH KoI s
pelleHHs 3ahay, ¢ KOTOPbIMH OHH CTaJIKMBAlOTCA, paboTas €XKEJHEBHO C MallHHHBIM
obyueHueM.

[peanonaraercs TakokKe, YTO YHTATeNb YBEPEH B CBOMX 3HAHMAX A3bIKa POrpaMMHPOBa-
Hus Python W ynpasneHus ero nakertamu.

ns xoro He npeagHa3Ha4YeHa KHUra

Kak 3asBneHO paHee, 3Ta KHHra He ABJAETCA BBEJCHHEM B MalIHHHOE (camo)oOyueHue.
JlaHHas KHHra He AO/DKHA ObLITH BalIMM MEPBLIM H3JaHHEM IO 3TOi TeMe. Eciu BBl He
3HAKOMBI C TAKMMH TMOHATHAMH, KaK NEepeKpecTHasd NpoBepka, Coy4aiHbli nec U rpajau-
€HTHBIH CITyCK, TO Bbl, BEPOSTHO, HE H3BJIeUYeTe U3 3TON KHMTH TaKOH ke MoJb3bl, KOTO-
PYIO MOXXHO TMOJYYMTh OT OJHOrO H3 MHOTHX BhICOKOKAYE€CTBEHHBIX TEKCTOB, CIELIHAIb-
HO NpeHa3HaYEeHHbIX [UIA 03HAKOMJIEHHS C 3TOH TeMO. 5 pekoMEHAY10 NPOYHTATh OHY
M3 TaKMX KHHT, a 3aTeM BEpHYThbCA K 3TOH KHHre, 4YToObl y3HaTh pabouue, npakTHYECKHe
peLueHHs U1 3a1a4 MaLIHHHOrO 00yUYeHHA.

TepMuHONorua, ucnonb3yemMan B KHUre

MamunnHoe (caMo)oOy4yeHHe OMHpaeTcs Ha METOAbl M3 LUIHPOKOro criektpa obnacrei,
BKJIIO4as HHPOPMATHKY, CTATUCTHKY U MateMaTHKy. [1o aToit npuunHe npu oGcyxaeHHH
MaLIMHHOTO 00Yy4€eHHA CyLIECTBYIOT 3HAYMTEIbHbIE PaCXOXICHHA B UCMONb3yeMoO# Tep-
MMHOJIOTHH.
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Habniooenue — ennHoe uenoe B HalieM YPOBHE HCCIIENOBAHMSA, HallpUMeEp YEJIOBEK,
CHe/IKa KYIUTH-NIPOAaXKH HITH 3aMHCh.

Obyuailowuiica anzopumm — anropuT™, HCTOJb3yeMBIA IS TOrO, YTOOBI O6Y4HTBCS
HaWIy4UIMM napaMeTpaM MOAE/NH, HalpuMep JIMHEHHOM perpeccHH, HaHBHOro Oaife-
COBCKOr0 KJ1acCH(pHKaTOpa WIH NepeBbeB PELIEHHI.

Mooenu — pesynbrat TpeHHpOBKH obyuarowerocs anropurma. O0yuaroLecs anropmr-
MbI 3aYYHBalOT MOJIEJH, KOTOPbIE MBI 3aTE€M MCMOJIb3YEM [UIA NMpeaCKa3aHuA.

Ilapamemper — Beca WM k03¢ PULIMEHTBI MOZIENH, 3ayYeHHbIE B X0OJ€ TPEHHPOBKH.

TI'unepnapamempbr — HacTpo#ku obyualollerocs anropuTMa, KOTopble Heo6X0IMMO OT-
perynMpoBaTth nepea TPEHHPOBKOIA.

P e3y1bmamuerHocms — MeTpH"leCK.Hﬁ MoKas3aTteJib, HCHOHbi!yeMblﬁ And OLUCHHBAHUA
Ka4de€CcTBa MOJICIIH.

Ilomeps — MeTpHyeckuil Noka3areib, KOTOPbIif MAKCHMHU3HPYETCA WIH MHHHMH3HpYeT-
CA MOCPEACTBOM TPEHHPOBKH.

T PerHuposka — NpHMCHECHHE OGyHaIOUlCI‘OCﬂ aJiIrOpUT™Ma K JaHHBIM C HCII0JIb30BAHHEM
YHCJIEHHBIX MOAXOA0B, TAKHX KaK I‘pa.[[lfleHTHblﬁ CITYCK.

Iloozonka — npumeHeHHe 0Oy4alOLIErocs anropMTMa K JAHHBIM C HMCIOIb30BaHHEM
aHaJIMTHYECKUX MOAXOMIOB.

Hannvie — Konekuua HaboOaEeHHUH.

Mpu3sHaTenbHOCTH

Orta kHHra 6buia 661 HeBO3MOXKHa 6e3 06e3HOI NMOMOLIM MHOXECTBa JpYy3eil U He3Ha-
KOMbIX MHe mogeii. [lepeuncnuTb Bcex, KTO NPOTAHYJ PyKY NMOMOLUH B peaH3aluH 3To-
ro npoekra, 6yaer HEBO3MOXXHO, HO s XoTes 6bl xoTa GObl ynmomsHyTh Amxemy bacca,
Tepesy bopcyx, bkactuHa bozonse, AHape ne bpyuna, Hyma JIxamanu, [{3Ha ®dpunmana,
Ibkoana I'pyca, Capy I'Buno, buna Kam6oporimy, Mata Kench, JIu3su Kymap, Xunapu
[Tapkep, Huru IToapsin, CebacToana Pawky v Lllpes LllaHkap.

S momkeH UM BceM Mo KPYXKK€ IMHBa WJIH OaTh MATh.

KoMmMmeHTapumu nepeBoaUmka

B ueHTpe BHHMaHHA MalUMHHOro ob6ydeHus M ero nopobnactH, riny6okoro obyueHus,
HaxoaMTcA 00y4aloLascs CHCTEMa, TO €CTh CHCTEMa, CNOCOOHas C TEYCHHEM BPEMEHH
npHobpeTaTh HOBbIE 3HAHWUA M YIy4qllaTh CBOK paboTy, MCMONb3ys MOCTYNAIOLIYIO
HHbopMaumio'. B 3apy6exHo# cneunManM3dpoBaHHOM THTepaType A nepedayu 3HaHUMA
H npuobpemenus 3HaHHWiA CYLECTBYIOT OTAeNbHblE TEPMHHBI — train (vampeHupoéameo,
06yuuThb) M learn (gbryvumes, 06yunThCs).

L Cm. https://ru.wikipedia.org/wiki/O6y4aioanca_cHcrema, a Takke
https://bigenc.ru/mathematics/text/1810335. — ITpum. nepes.
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Training (TpeHHpoBka) — 3TO paboTa, KOTOPYIO BBIMOJNHAET HCCIEAOBATENb-NPOEKTH-
POBLIHK Ul MOTy4eHHs oOy4yHBIIEHCA MOAEIH, B OCHOBE KOTOPO#t IEXKHT O0y4arolHiica
aNIrOPHTM, 1O CYTH HCKaTeJlb MMHHMYMOB (WIH MakCHMYMOB) JUIA HaJUlexaliuM oOpa-
30M copMyIHpoBaHHBIX QYHKIMHA, a learning (camMoo6y4eHHe, 3ay4yHBaHHE) — 3TO pa-
60Ta, KOTOPYIO BBIMONHAET AATOPUTM-Y4YEHHK MO MPHOOPETEHHIO HOBBIX 3HAHHH WIH H3-
MEHEHHIO M 3aKpeIUIEHHIO CYLIECTBYIOUIMX 3HaHH# W noBeaeHHs’. Koraa xe B pycckoit
CreLMaNnbHOM JIMTepaType MCMoNb3lyeTcs TEpMHH "oOydeHue", To OH HeceT B ceGe aBy-
CMBICJIEHHOCTb, MOTOMY YTO MOJ HHM MOXET MOJApa3syMeBaThCA H Mepefaya 3HaHMMA,
M MoJy4YeHHe 3HaHHH OHOBPEMEHHO, KaK, HanpHMep, B CTy4ae C TEPMHHOM "MallIMHHOE
o0y4yeHue", KOTOpbIH MOXET 03Ha4aTb H TPEHHPOBKY AIFOPUTMHYECKHX MALIHH, H CMO-
COOHOCTh TakMX MalIHH 00y4aThCfl, YTO HEPEAKO BHOCHT ITyTaHHMLy H TEPMHHOJIOTHYe-
CKHif pa3bpoa B NepeBOAHON JHUTEpaType MpH pelleHHH AWwieMMBbl "training-learning",
B TO BpeMs KaK MOSBIEHHE B 3apyOexxHOH TeXHWuYecKkoil IuMTepaType TepMHHa learning
B 000OM BHJE MOApa3syMeBaeT MCKIIIOYHTENIBHO BTOpOE — camoobyuenue, 3ayuueanue
aJIrOPMTMOM BECOB M Apyrvx napamerpos. OTCiofa BBITEKAET OJHO BAKHOE CJIEACTBHE:
aHrnmiickuii TepmuH machine learning o6o3Ha4yaeTr npuobpemenue 3nanuii arzopummu-
Yeckoii MawuHol, a ClieJoBaTeNbHO, bonee COOTBETCTBOBATL OPHIHHATY OyleT TEPMHH
"Mawunnoe camoobyuenue” wim "asmomamuyecxoe obyuenue”. BecoMbIM apryMeHTOM
B MOJB3Yy 3TOr0 TEPMHHA ABJIAETCA H TO, YTO ¢ Hayaua 60-x H no cepeauHsl 80-x ronos
XX cronetus y Hac B xoxy 6eu1 noxoxHit TepMHH — "oOyyatomuecs MauuHbl". ITpo-
6nemMaTHka oOy4alomMXCA H CaMOMPOM3BOIAIUMXCA MaLHH H3y4anach B paborax
A. Teiopunra "Moser N MawHHa MbicauTb?" (1960, oGyuatoiumecs MawmHsl), K. Llen-
HoHa "Pa6oTsl Mo Teopun HHPopMaLMH K KHOepHeTHKe" (CaMOBOCIPOM3BOAALLMECA Ma-
wuHb), H. BuHepa "KubepHetvka, win ynparieHHe H CBA3b B XKHBOTHOM H MalIHMHe"
(1961), H. Hunecona "Obyuyatomuecs Mamuusl”" (1974) u 5. 3. Lpinkuna "OcHoBBI Teo-
puu obyuatommxcsa cucrem" (1970).

B HacroseM nepeBojie nanee 3a OCHOBY MpPHHAT 3apy6exHbIi NOIXOA, KOTOpbIii Heu3-
6exxHO MpHBEN K HEKOTOPOi KOppeKTHpOBKe TepMHHONOrHH. CooTBeTCTBYIOIHE O6Nac-
TH HCC/IEOBaHHA NEpEBENEHDbI KaK MauuHHoe camoobyyerue H 2nybokoe camoobyyenue.
IlpuMeHsieMble B MaLIHHHOM 0Oy4eHHH H ry60KOM 0OYyYeHHH AIrOpPHTMbI, MOAENH H
CHCTEMBI NepeBelicHbl KaK obyvamowuecs, Mauwunno-obyuaowueca n 2nyboko obyuaio-
wueca. To ecThb, aKLIEHT Je/1aeTCA HE Ha KIaCCH(HKALMH AITOPHTMA B COOTBETCTBYIOLLEH
HepapXHH, a Ha ero XapakTepHoM cBoi#cTBe. Jlanee MeToabl, KOTOpbi€ pealH3yIOTCA
B oOyvarolmxcs airopuTMax, nepeBefeHbl KaK memoobl camoobyverus (cp. MeToabl
obyuenns). Kak H3BecTHO, 3TH MeTONbI NEIATCA Ha TPH LIHPOKHE kKaTeropuH. Cremys
npHHUKITY 6puTBbl OKKaMa, OHH NepeBeieHbl Kak METObl KOHTPOJIHPYEMOro caMooly-
YyeHHA (cp. oOyueHHe C Y MTENEeM), METOAbl HEKOHTPOIHPYEMOro CaMooOy4YeHHus
(cp. obyuenune 6e3 yuuTens) u MeToabl caMoOOy4yeHHA C MAKCHMH3alMel Bo3Harpakae-
HMA, WIH moaxperuieHua (cp. obydenue ¢ noakperuieHuem). Iocnennuit TepMuH 06y-
CJIOBIIEH TEM, YTO B €r0 OCHOBE JIEXHT AIrOPHTM, KOTOpbIi "y4HTCA MakCHMH3HPOBATh
HeKoe MOHATHE BO3HarpakaeHuA", Mo;Ty4aeMoro 3a NMPaBHILHO BBIMOJHEHHOE JeiCTBHE’.

2 Cm. http://www.basicknowledge101.com/subjects/learningstyles.html#diy. — /Tpum. nepee.
7 Cm. https://en.wikipedia.org/wiki/Reinforcement_learning. — IIpum. nepes.
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Cpenn MHOrMX rumepnapamMeTpoB, KOTOphIE MO3BOJAIOT HaCTPOMTh paboTy obyvalolue-
roca aNropHTMa, HMeeTcs rate of learing, koTopsiit nepeBeieH Kak CKOPOCMb 3AyNUBAHUA
(cp. Temn 06yueHun).

UcxoaHbin koq

INepeBon kHHrH CHabXkeH MOACHEHHAMM M CCHUIKAMH, pa3MeLleHHbIMH B CHOCKkax. Bcs
konoBas 6a3a kHHrH nmpotectHpoBaHa B cpexe Windows 10. IIpu TecTHpoBaHMH HCXOZ-
HOro koja 3a ocHoBy B3AT Python Bepcuu 3.6.4 (Bpema nepeBona — Maii 2018 r.).

B xHHre ucnonelyercs pan cneuuManu3MpoBaHHbIX OHONHOTEK. B OOBIYHBIX YyCIOBHAX
6u6nnorekn Python MoxkHO ckayath H ycTaHOBMTH M3 Katanora 6ubnnorek Python pypi
(https://pypi.python.org/) npu nomowmu MeHemkepa nakeroB pip. OnHako cneqgyer
yuectb, yto B OC Windows ana pabotsl HeKoTOpbIX GM6IHOTEK, B YaCTHOCTH scipy,
scikit-learn, TpeOyercA, 4ToOBl B cHcTeMe ObUla YycTaHoBleHa OubGnHoTeka
Numpy+MKL. Bu6iuoreka Numpy+MKL npupasaHa k 6u6nuoreke Intel® Math Kernel
Library u Bimouaer B cBoii coctaB HeoOXxoaumsle JUHamHueckue Gubnuorexn (DLL)
B Katayiore numpy.core. bubnnorexy Numpy+MKL cnexyer ckauats ¢ xpanunuima whi-
¢aiinoB Ha BeG-cTpanuue Kpucrodpa Ionbka u3 JlaGopatopuu auHamuku ¢uryopeclieH-
uv KanndopHuiickoro ynusepcurera B r. HUpsaiin (http://www.lfd.uci.eduw/~gohlke/
pythonlibs/) u ycTaHOBHMTE NpH MOMOLUM MeHeIkepa nakeToB pip kak whl (coorBercT-
ByIOlllasd MnpoLeaypa ycTaHOBKH nmaketoB B ¢opMare WHL onucana Huke). Hanpumep,
Ana 64-pa3pangHoii onepaunoHHo# cucrembl Windows M cpeasi Python 3.6 komanna
6yner Takoii:

pip install numpy-1.14.2+mkl-cp36-cp36ém-win_amdé4.whl

CToMT Taloke OTMETHUTh, YTO 3TH OCOOEHHOCTH YCTaHOBKM He oTHocATcs k OC Linux
1 Mac OS X.

MpoTtokon ycraHoBku 6MGnuoTex

Janee npemiaraercs CNHCOK KOMaHA JIOKAIBHOH YCTAHOBKH OGHOIHOTEK, CKayaHHBIX
¢ xpanunuina whi-gaiinos.

python -m pip install --upgrade pip

pip install numpy-1.14.2+mkl-cp36-cp3ém-win_amd64.whl
pip install scipy-1.1.0-cp36-cp36ém-win_amdé64.whl

pip install scikit learn-0.19.1-cp36-cp3ém-win_amdé4.whl
pip install beautifulsoup4-4.6.0-py3-none-any.whl

pip install opencv_python-3.4.1-cp36-cp3ém-win amdé4.whl

Crenyrowue Hibke GHOIMOTEKH YCTaHABIMBAIOTCA CTAHAAPTHLIM 06pa3oM:

pip install matplotlib
pip install pandas

pip install sqlalchemy
pip install nltk
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pip install fancyimpute
pip install seaborn
pip install pydotplus
pip install graphviz
pip install keras

pip install pydot

pip install joblib

NPUMEMAHUE. B 3aBucumoct ot 6azoBoit OC, Bepcuit a3sika Python u Bepchii
nporpaMMHbLIX GHONHOTEK ycTaHaBiHBaeMble BaMH Bepcud whi-daiinoB MoryT otiu-
4yaThCA OT NMPUBEAEHHBIX BbILLE, IAe MOoKa3aHbl nocneaH1e Ha mai 2018 r. Bepcuu s
64-paspaanoii OC Windows u Python 3.6.4.

Huxe NMEPEeYHCIICHBI aJpeca 6H6HHOTCK, KOTOpBIE CA€OYy€T CKadaThb H3 XpaHWIHILIA
H YCTAHOBHTbD JIOKAJIBHO!

¢ numpy (https://www.lfd.uci.edu/~gohlke/pythonlibs/#numpy);

¢ scipy (https://www.lfd.uci.edu/~gohlke/pythonlibs/#scipy);

¢ scikit-learn (https://www .lfd.uci.edu/~gohlke/pythonlibs/#scikit-learn);
¢ BeautifulSoup (https://www.lfd.uci.edu/~gohlke/pythonlibs);

¢ OpenCV (https://www.lfd.uci.edu/~gohlke/pythonlibs/#opencv).

YctaHoBka 6ubnuorek Python u3 whi-cpainos

BbuGnuortekn ana Python MoxxHO pa3zpabatbiBaTh He TONbKO Ha 4HcTOM Python. JloBonsHO
yacTo 6uGMHOTEKH mporpaMMHpyloTcs Ha C (qMHamuyeckue GuUONHOTEKM), U ANA HUX
nuwerca obeptka Python. JIn6o 6ubnuoreka nuwercs Ha Python, Ho ang onTuMuU3aumu
y3KHX MecT 4acTh koaa nuuercs Ha C. Takue 6ubaHOTEKH NOTyyatOTCA O4eHb OBICTPHI-
MH, OfiHaKo GHOIHOTEKH ¢ BKpamieHuamMH koaa Ha C mporpamMmucty Ha Python Tsxenee
YCTaHOBHMTb BBUAY 6aHaNIBHOTO OTCYTCTBHMA COOTBETCTBYIOLIMX 3HaHMi MO0 HeoOXoam-
MbIX KOMIIOHEHTOB M HacTpoek B paboueii cpene (B ocobeHHoctH B Windows). [lns pe-
LIEHUs OMMCAHHBIX NMpob6ieM pa3paboTaH cneuuanbHbii popMar (aitnsl ¢ pacluMpeHreM
whl) mns pacnpoctpanenus GHMO6IHOTEK, KOTOPBIA CONEPHKHMT 3apaHee CKOMIMIMPOBaH-
HYIO BepcHIo 6ubaHoTekH co BceMu ee 3aBucumocTamu. @opmat WHL noanepxuBaercs
BceMH OCHOBHbIMH riatdpopmamu (Mac OS X, Linux, Windows).

VcraHoBKa NMPOM3BOAMTCA C MOMOLLBIO MeHemkepa 6ubnnoTek pip. B oTnnume ot oObIy-
HOi YCTaHOBKM KOMAHAOM pip install <mua 6uGumorers> BMECTO UMEHH GHOIHOTEKH
ykasbiBaeTcs myTb Kk Whl-gaiiny: pip install <myrs x whl gaiury>. Hanpumep,

pip install C:\temp\scipy-1.1.0-cp36-cp3ém-win_amdé4.whl

OTkpoiiTe OKHO KOMaHIHOH CTPOKH M INpH MOMOLUH KOMaH[bl cd nmepeiauTe B KaTajor,
rae pasmeuieH Baw whl-gaiin. I1pocto ckonupyiite Tyna ums Bawero whi-gaiina. B astom
CJTy4ae MOJHBII IMyTh YKa3bIBaTh He NoHanobuTca. Hanpumep,

pip install scipy-1.1.0-cp36-cp36m-win_amd64.whl
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IIpn BbIGOpe 6M6IMOTEKH BaXHO, 4YTOOBI Pa3pANHOCTb YCTaHABJIMBaeMOK GHONHOTEKH
M pa3pAdHOCTL HMHTepnperatopa coBnajgand. Ilons3zoBatrenn Windows Moryt Opatb
whli-aitnsl ¢ Be6-caifra Kpucroda I'onbka. Bubnuoreku Tam NocTosHHO OGHOBIAIOTCS,
H B apXHBE COIEPXKATCA BCE, KAKHE TOJIBKO MOTYT MOHaKOOHTBCA.

BnokHoTb! Jupyter

B kopHeBoii nanke pasMmelueHs! ¢ailibl ¢ paciuupeHreM ipynb. 3to daitisl 610kHOTOB
HHTepaKkTHBHOW cpeabl nporpamMupoBaHus Jupyter (http:/jupyter.org/). BnokHOTHI
Jupyter No3BoNAIOT MMETh B OHOM MECTE MCXOIHBIA KOA, pe3y/bTaThl BBIMOJIHEHHA MC-
XOJHOro Kozaa, rpa¢Mku AaHHBIX M NOKYMEHTALHMIO, KOTOpas MOAJEPKUBAET CHHTAKCHC
ynpouueHHoi pazMetku Markdown u MouHsiii cuHTakcuc LaTeX.

HHtepakTuBHas cpena nporpaMMupoBaHHus Jupyter — 3TO 30HTHUYHBIH MPOEKT, KOTOPBIA
Hapanay ¢ Python npenHasHaueH [uis BbIMOJMHEHUs B 0OBIYHOM BeG-Opay3epe HeGonbLIMX
nporpamMM M ¢pparMeHTOB MPOrpaMMHOrO KoJa Ha APYrMX f3blKaX MporpaMMHpOBaHMA,
B ToM 4Hciie Julia, R u MHOrHX pyTHX (yxe 6onee 40 A3bIKOB).

HurepakTHBHas cpema mnporpaMmupoBaHusA Jupyter yCTaHaBJIIMBAa€TCs CTaHIApPTHBIM
06pa3oM npH NMoMolLLM MeHekepa MaKeToB pip.

pip install jupyter

Jna toro yto6bl 3aMyCTHTh HHTEPAKTHBHYIO cpedly Jupyter, HY)KHO B KOMaHIHOH 060-
JIOYKe WIH OKHE TepMHHasIa HabpaTh U HCTIONIHUTH NPHBEACHHYIO HIDKE KOMaHy:

jupyter notebook

JlokanbHblil cepBep MHTEPaKTHBHOM cpensl Jupyter 3amycTHTcs B Opaysepe, 3aqaHHOM
o yMosT4aHHIo (kak npaswio, no aapecy http://localhost:8888/).
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MMABA 1
BeKkTOpbl, MaTpULbl, MACCUBbI

BBepeHue

bnbnnoreka NumPy nexuT B ocHOBe cTeka MalIMHHOro caMooOyueHus Ha Python u
nossosnser 3¢p¢eKTHBHO paboTaThb CO CTPYKTYpaMH AAHHBIX, YacTO HCMONb3yeMBIMH
B MaLIHHHOM caMooOYyuYeHHH: BEKTOpPaMH, MaTpHLAaMH H TeH3opaMH. Xota NumPy He
HaXoOQMTCA B LIEHTpE BHMMaHMA KHHMIH, 3Ta 6MOaMoTeka Oyaer 4acTo MNOABNATBHCA
B MOCJEQYIOIUHX I1aBax. B naHHo# riaBe paccMaTpHBaloTCs HaHGosee pacnpocTpaHEH-
Hble onepaiid NumPy, ¢ KOTOpPBIMH MBI, CKOpee BCETO, CTOJIKHEMCA BO BpeMs paboThl
C NMOTOKaMH OfepaLMii MalTHHHOrO CaMOO0y4eHHA.

1.1. Co3pnaHue BexTOpa
3apava

Tpebyercs co3nath BekTOp.

PeweHue

Hcnonb3zobars 6u6nuorexy NumPy muis co3gaHHs OIHOMEPHOTO MacCHBA:

# 3arpyauTh GuGIBIOTEKY
import numpy as np

# Co3nmaTb BEKTOp KaK CTPOKY
vector_row = np.array([1l, 2, 3])

# CosnaTb BeKTOp kKak cTonGeu

vector_column = np.array([[1],
(21,
(311

O6cyxneHue

OcHOBHOI CTPYKTYpOii 1aHHBIX NumPy sBnsiercs MHOroMepHbiii MaccHB. [lna Toro yro-
6b1 co31aTh BEKTOP, MBI MMPOCTO CO3JaeM OJHOMEPHBIi MaccHB. Kak H BeKTOpBI, 3TH Mac-
CHBBI MOTYT OBITb NMpeaCTaBJIeHbI FOPH3OHTANLHO (T. €. KAK CTPOKH) WIH BEPTHKAIBLHO
(T. e. xaK cTonGLpI).

1



JononHutenbHble MaTepuanbl Q4NA YTEHUNA

¢ "Bekropbl", MatemaTnueckuii pecypc Math’s Fun ("3abaBHas MaremarHka")
(http://bit.ly/2FBSqlv).

¢ "Epxanmpos eexktop", Bukunenus (http://bit.ly/2FtnRoL).

1.2. Co3paHue maTpuubl

3apava
Tpebyercs coznate MaTpuLYy.

PeweHue

JIna co3faHus AByMEpPHOro MaccHBa HCMonb3oBaTh 6M6HoTeky NumPy:

# 3Barpyaure 6ubrmoTeky
import numpy as np

# Co3maTb MaTpuLy

matrix = np.array([[1, 2],
(1, 2],
(1, 2]))

O6cyxneHue

Jiia cozgaHHA MaTpHLBI MOXHO MCMOJIb30BaTh AByMepHblii MaccuB NumPy. B Hawem
peleHHH MaTpHULia CONEPXHT TPH CTPOKM M IBa ctonbua (cTonbew eaMHHL M cTonbewt
JIBOEK).

Ha camoM gene NumPy umeeT cneuuanbHy10 MAaTPHYHYIO CTPYKTYPY AaHHBIX:

matrix object = np.mat(([1, 2],
(1, 21,
(1, 2]1)

matrix([[1, 2],

(1, 21,

(1, 211
OpHako MaTpu4yHasi CTPyKTypa MAaHHBIX HE PEKOMEHOYETCA MO [BYM MNpHYHHaM.
Bo-nepBbix, MaccHBbI ABIAIOTCA Ae-(PakTo cTaHIapTHOH CTpykTypo#H JaHHbIX NumPy.
Bo-BTOpBIX, NOAaBAsoLee 60IbLUIMHCTBO onepalmii NumPy Bo3BpalaloT He MaTpH4HbIE
00BEKTBI, @ MACCHBBI.

nOﬂOﬂHHTeﬂbele mMaTtepuvanbl ANA YTeHUA
¢ "Marpuua", Bukuneaus (http://bit.ly/2Ftnevp).
¢ "Marpuua", matematudeckuii pecypc Wolfram MathWorld (http://bit.ly/2Fut71J).
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1.3. Co3naHue paspexeHHOM MaTpUubl

3apava

HMmetoTca naHHble ¢ O4eHb MaIbIM KOJIHYECTBOM HEHYJIEBbIX 3HaY€HHH, KOTopble Tpeby-
eTcs 3¢ PeKTHBHO NPEACTaBHTD.

PeweHue

Co3nars pa3pexeHHYI0 MaTpHILy:
# 3arpysutb 6uGIMOTEKM

import numpy as np

from scipy import sparse

# Co3pmaTh maTpuuy

matrix = np.array([[0, 0],
[0, 11,
(3, 011)

# Co3maTh CXaTylo pa3pexeHHYo MaTpuuy-cTpoky (CSR-marpuuy)
matrix_sparse = sparse.csr_matrix(matrix)

O6cyxneHue

B MawmmMHHOM caMooOy4YeHHH 4YacTo BO3HMKAET CHMTyaLMA, KOTAa HMEETCH OrpoMHOE
KOJIMYECTBO AAHHBIX; OAHAKO OOJIBIIMHCTBO 3JIEMEHTOB B JAHHBIX ABJIAIOTCA HYJIAMH.
Hanpumep, npeacrasbte Matpuiry, B KoTopoii ctonousi — Bce ¢unbMbl B Netflix, cTpo-
KH — Kaxablii mons3oBatenb Netflix, a 3HaueHHUsA — CKOJIBKO pa3 MoJib30BaTeNb CMOTPES
KOHKpETHbIi ¢puibM. 3Ta MaTpHLia OyaeT HMETh AECATKH ThICAY CTONOLOB H MIWITHOHBI
ctpok! OaHako, NOCKOJbLKY GONBLIMHCTBO MOJIb30BaTeNeH HE CMOTPAT MOYTH Bce (Puib-
Mbl, MIOAABNAIOLIAA YACTh 3JIEMEHTOB MaTPHULI OyJIET PaBHATBLCA HYIJTIO.

Pa3pe)keHHble MaTpHLbI XPaHAT TONbKO HEHYJIEBBIE 3JIEMEHTBI M HCXOAAT M3 TOrO, YTO
BCE Jpyrve 3HaueHHs OyAyT paBHATHCA HYJIO, YTO MPUBOAMT K 3HAYHTEILHON BBHIYHCIIH-
TeJbHOW 3KOHOMMH. B HaieM pemeHus Mbl co3nanu MaccHB NumPy ¢ aByms HeHyle-
BHIMM 3HAaYEHHAMHM, a 3aTeM Npeobpa3oBaM ero B pa3pexeHHyl0 MaTpuuy. Ecin mbl
MOCMOTPHM Ha Pa3peXXeHHYI0 MaTpHLYy, TO YBHIHM, YTO B HEH XPaHATCA TOJIBKO HEHYJIe-
Bbl€ 3Ha4YEHHA:

# B3TNIAHYTh Ha pPa3pPEeXEeHHYI0 MaTpuULy
print (matrix_sparse)

(1, 1) 1
(2, 0) 3

CylecTByeT HECKOJILKO THIIOB pa3peXkeHHbIX MaTpull. B coccameix paspeoicennvix mam-
puyax-cmpokax (compressed sparse row, CSR) anementsi (1, 1) u (2, 0) npeacrasnsioT
HHIEKCHI HEHY/IEBBIX 3Ha4Y€HHH (C OTCUETOM OT HyJiA), cooTBeTcTBEHHO | M 3. Hanpumep,
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3/leMeHT | HaXOAMTCA BO BTOpO# CTpOke H BTOPOM cronbue. Mbl MOXeM yBHIETH Ipe-
HMYIIECTBO Pa3pe)KeHHBIX MATpHL, €C/M CO3JaaHM ropasno 6onee KpymHyro MaTpHLYy
¢ ete 60NBIIMM KOJTMMECTBOM HYJIEBBIX 3JIEMEHTOB, @ 3aTEM CPaBHHM 3TY KPYTIHYIO Mat-
PHLYY C Halue# HCXOAHOH pa3pe)XEHHOW MaTpHLIEH:
# Co3garh 6GoJslee KPyINHyO MaTpuULy
matrix_large = np.array([[0, O, O, O, O, O, O, O, O, O],

(o, 1, 0o, 0, 0, 0, 0, 0, 0, 0],

(3, o, 0, 0, 0, 0, 0, 0, O, 0]])

# Co3nmaTh CKaTY0 pa3peXeHHY MaTpuly-cTpoky (CSR-maTpuuy)
matrix large sparse = sparse.csr_matrix(matrix large)

# B3rnAaHyTb Ha MCXOOHYIO Pa3pexeHHY® MaTpuly
print (matrix_sparse)

(1, 1) 1
(2, 0) 3

# B3ryAHyTbL Ha Oojee KpPYINHYIO pa3pexeHHYyio MaTpuly
print (matrix_large_sparse)

(1, 1) 1
(2, 0) 3

Kak MBI BMAMM, HECMOTPA Ha TO, YTO Mbl 100aBWIH B Gonee KpynHyl0O MaTpHILy elue
Gobllie HyJIEBBIX 3IEMEHTOB, €€ pa3peXKeHHOe MPENCTABICHHE TOYHO TaKoe Xe, KaK H
Hallla MCXOJIHas pa3pexeHHas MaTpuua. To ecTb mo6GaBieHHE HYNEBBIX JIEMEHTOB HE
H3MEHWIIO pa3sMep pa3pexXeHHON MaTpPHLIBI.

Kak yxe oTMe4anoch, CyleCTBYET MHOXECTBO PaIM4YHBIX THIIOB Pa3peeHHbIX MaTpHLL,
TaKMX KaK C)KaTas pa3pexKeHHas MaTpHLa-cTosbell, CIHCOK CITHCKOB H CJIOBaph KIIIOYEI.
XoTa 00BACHEHHE PAaIHYHBIX THIOB M MX NMOCNEACTBHI BBHIXOIAMT 33 PAMKH 3TOH KHHIH,
CTOMT OTMETHTb, YTO "ITyullero" THMa pa3peXXeHHOW MATpHLbl HE CYLIECTBYET, OHAKO
MeXIy HHMH €CTb COJAEpXXaTelbHble PadIH4HA, H Mbl AOJDKHBI MOHHMATh, MOYEMY MBI
BLIOHpaeM OMH THI H He BbIOHpaeM ApyToi.

AononHuTtenbHble MaTepransl ANA YTEHUA

¢ "PaspexeHHbie MaTpHubI", nokymeHTauus SciPy (http://bit.ly/2ZHReBZR).
¢ "101 cnoco6 xpaHeHns paspexeHHo#H MaTpHLbl", Gor-noct (http:/bit.ly/2HS43cI).

1.4. BbiGop anemeHTOB
3apava

Tpebyercs BLIOpaTh OMMH WIH HECKOJIBKO 3JIEMEHTOB B BEKTOPE HWJIM MaTPHLE.
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PeweHue

Maccusbl NumPy no3Bonsior 310 Jierko caenarhb:

# 3arpysuTb 6uGIMOTEKY
import numpy as np

# Co3naTb BEKTOP-CTPOKY
vector = np.array([1, 2, 3, 4, 5, 6])

# Co3maTh MaTpuuy

matrix = np.array([[1, 2, 3],
(4, 5, 6],
(7, 8, 91))

# BuOpaTb TpeTWit 3JIeMEHT BeKTopa
vector [2]

3

# BuOpaTb BTOPYI0 CTPOKY, BTOpPOi cCTonGeL
matrix(1,1)

5

O6cyxaeHune

Kak u 6onbmnHcTBO Beweii B Python, MaccuBel NumPy HMeIOT Hy/1€BY10 HHAEKCALMIO,
T. €. HHIeKC nepBoro 3nemeHTa paseH 0, a He 1. C yuerom 3toro NumPy npeanaraer
IIHPOKMH CNEKTP METOAOB AJIA BbIOOpa (T. €. MHAEKCHPOBAHHA U HApe3KH) 3JIEMEHTOB

WIH rpyni 3JIiCMEHTOB B MaCCHBaXx:

# BufpaThb BCe 3JIeMEeHTH BeKTopa
vector([:]

array([(1, 2, 3, 4, 5, 6])

# BuiGpaTb BCe BIUIOTb HNO TPETbero 3JIEMEHTA BKJIOYMTEJIbHO

vector[:3]
array([1, 2, 3])

# BuiGpaThb BCe MOCJle TPeThero 3JIeMEeHTa
vector(3:]

array([(4, 5, 6])

# BuOpaTb NOCJIEOHMI SJIEMEHT
vector(-1]

Bexmopsi, Mampuusi, Maccueb!
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# BuiOpaTh Nepebie OBE CTPOKM M BCE CTOJIOUE MAaTPULE
matrix([:2,:]

array([[1, 2, 31,
(4, 5, 61])

# BhiOpaTh BCE CTPOKM M BTOPON CTojbeu
matrix([:,1:2]

array([[2],
[51,
[811)

1.5. OnucaHme matTpuubl

3agava

Tpebyercs onucath popMy, pasmMep H pa3MEPHOCTb MaTPHLIbI.

Pewexue

Hcnonb3oBath aTpHOYTHI shape, size H ndim:

# 3arpysuTe 6UGMOTEKY
import numpy as np

# Co3mate MaTpuuy
matrix = np.array([[1, 2, 3, 4],
(5, 6, 7, 81,
(9, 10, 11, 12]))

# B3rIAHYTb Ha KOJMYECTBO CTPOK M CTOJIOLOB
matrix.shape

(3, 4

# B3rNAHYTb HAa KOJIMUECTBO 3JIEMEHTOB (CTPOKM * CTOJOLE)
matrix.size

12

# B3rjAaHyTh Ha KOMMYECTBO pa3MepHOCTel
matrix.ndim
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O6¢cyxneHue

OTH onepalMH MOTYT MOKa3aThCi TPUBHAIBHBIMU (M 3TO AeiiCTBMTENBHO Tak). OQHAKO
BpeMs OT BpeMeHM OyaeT mone3Ho npoBepHTh GopMy M pa3Mep MacCHBa Uil JajlbHeid-
LIMX BBIYHCIIEHHHA M MPOCTO B KauecTBe MPOBEPKH COCTOSAHMSA eN 1ocie HEKOTOopoii omne-
paLuH.

1.6. MpumeHeHue onepauun K aneMeHTam

3apava

Tpebyercs NpUMEHHTH HEKOTOPYIO (GYHKLIMIO K HECKONBKHUM 3JIEMEHTaM MacCHBa.

PeweHue

Hcnonp3oBate Kkiacc vectorize 6u6anorek NumPy:

# 3arpyauTs GUOIMOTEKY
import numpy as np

# CozmaTb MaTpuuy

matrix = np.array([[1, 2, 3],
[4, 5, 6],
[7, 8, 91])

# Cozpmarby ¢yHkwmo, kKoTopasa mobBaeiseT k dyeMy-To 100
add_100 = lambda i: i + 100

# Co3maTb BEKTOPU3OBAHHYI GyHKLWMIO
vectorized add 100 = np.vectorize(add 100)

# NpuMmeHUTb QyHKLUMIO KO BCEM 3JIeMeHTaM B MaTpule
vectorized add 100 (matrix)

array(((101, 102, 103],
(104, 105, 106],
[107, 108, 109]])

O6cyxneHue

Knacc NumPy vectorize koHBepTHpyeT 0ObIuHYIO PyHKLHIO B HyHKLHIO, KOTOpas MO-
HKET NPUMEHATBCA KO BCEM 3JIEMEHTaM MaccHBa WIHM 4acTH MaccHBa. CTOMUT OTMETHTD,
YTO vectorize MO CYILECTBY MpPEACTABIAET COOOM LUK for Ha IEMEHTAMHU H HE YBEJIH-
YHBaeT NMpoHu3BoaUTENbHOCTh. KpoMe Toro, MaccuBsl NumPy mno3BoJfIOT BBIMOIHATH
ornepaLHy Mexy MacCHBaMH, JJaKe €C/TH UX pa3MEPHOCTH HE COBMAjAAlOT (3TOT MpoLece
HasbiBaeTcs mpanciayueti). Hanpumep, Mbl MoXKeM co3aaTh ropasno 6onee mpocTyro
BEPCHIO HallIero pelieHHs, HCNOob3ys TPAHCIALMIO!
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# Do6aButb 100 kO BCeM 3jieMeHTaM
matrix + 100

array({[(101, 102, 103],
[104, 105, 106],
(107, 108, 109]])

1.7. HaxoxpneHue
MaKCUMaNbHOro U MMHUMarnbHOro 3Ha4YeHUM!

3apaua

Tpebyercs HalfTH MakCHManbHOE WIH MHHHMAJILHOE 3HaYE€HHE B MacCHBe.

PeweHue

Hcnonb3oBath QYHKUMH max H min 6M6nHoTEKH NumPy:

# 3arpyaurs 6uMGIMOTEKY
import numpy as np

# Co3gaTh MaTpuLy

matrix = np.array([[1, 2, 3},
(4, 5, 61,
(7, 8, 91))

# BepHyTb MAKCMMAJIbHLIA 3JIEMEHT
np.max (matrix)

# BepHYTb MMHMMAJIbHEIA 3JIEMEHT
np.min(matrix)

O6c¢cyxneHue

Yacro Tpe6yercsl Y3HaTb MaKCHMaJIbHOC€ H MHHHMAJIBHOC 3HA4Y€HHA B MacCHBE WIH noa-
MHO)XECTBE MacCHBA. 3TO MOXeET ObITh JOCTHIHYTO C NMOMOLIbIO METOAOB max H min. Hc-
Nnojab3ys MapaMeTp axis, MOXHO TaKKE NMPHMEHUTH OMEpPALHIO BAOJIb ONMPEAETICHHONO
HarnpapJICHHA:

# HamTu MaKCYMANbHLIA 3JIEMEHT B kaxaoom crondue
np.max (matrix, axis=0)

array([7, 8, 9])

18 | rnaea1



# HaitT MakcCUMasbHEDA 3/1eMEHT B KaXIOM CTPOKe
np.max (matrix, axis=1)

array([3, 6, 9))

1.8. BbluncneHue cpeaHero 3HaueHus, aucnepcum
U CTaHQaApPTHOro OTKNOHEeHUA

3apnava

Tpe6yercu BBIYHCJIIMTD Hel(OTOpble OIMUCATEJIbHBIE CTAaTHCTHYECKHE MNMOKA3aTECJIH O MACCH-
B€.

PeweHue

Hcnonb3oBatk GyHKLUMH mean, var H std OuO6aHoTekH NumPy:

# 3arpysurb 6GUGIMOTEKY
import numpy as np

# Co3maTb MaTpuuy

matrix = np.array([[1, 2, 3],
(4, 5, 6],
(7, 8, 911

# BepHyTb cpenHee 3HaueHue
np.mean (matrix)

5.0

# BepHyTb mMcCnepcuio
np.var (matrix)

6.666666666666667

# BepHyTb CTaHOAapTHOE OTKJIIOHEHME
np.std (matrix)

2.5819888974716112

O6cyxaeHue

Tak xe kxak ¢ ¢)’HKI.U‘UIMH max H min, Mbl MOXXEM JIETKO NMOJTy4YaTh OMHCATEIIbHbIE CTATH-
CTH4YECKHME NMOKa3aTesii 0 Beeid MaTpHLUE WIH JeaTh pacy€Thl BAOJIb OJHO# OCH:

# HaiiTM cpenHee 3HaueHMe B KaxmoM crondue
np.mean (matrix, axis=0)

array([ 4., 5., 6.])
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1.9. PechopmupoBaHune maccuBoB

3apava

Tpebyercs n3MeHHUTh GOpMy (KOTHYECTBO CTPOK H CTONOLOB) MaccHBa 6e3 U3MEHEHUs
3HaYEHHUH JJIEMEHTOB.

PeweHue

Hcnons3oBats MeTo reshape 6u6nnoreku NumPy:
# 3arpyauTb GubimoTeky

import numpy as np

# CospmaTb MaTpuuy 4x3

matrix = np.array([[1, 2, 3],
(4, 5, 6],
(7, 8, 91,
(10, 11, 12]))

# PedpopMMpoBaTb MaTpuLy B MaTpuly 2x6
matrix.reshape (2, 6)

array([[ 1, 2, 3, 4, 5, 6],
[ 7, 8,9, 10, 11, 12]])

O6cyxneHue

MeToa reshape MO3BOJIAET PeCTPYKTYPHPOBAaTh MAacCHB TaK, YTO Mbl COXPAHAEM TeE Ke
caMble JIaHHBIE H NPH 3TOM OpPraHM3yeM HX KaK Jpyroe KOJHYeCTBO CTPOK H CTOJIOLIOB.
EnuncTBeHHOE TpeOOBaHME COCTOMT B TOM, UTOOBI (OPMbI HCXOHOM M HOBOI MaTpHLl
COEPXXaTH OAMHAKOBOE KOJIMYECTBO JJIEMEHTOB (T.€. MATPHLUbl HMENH OAMHAKOBBIH
pa3mep). Pa3mep MaTpHLIBI MOXKHO YBHIETD C MOMOLLbIO aTPHOYTa size:

matrix.size

12

OnHUM M3 MONE3HbIX apryMEHTOB B METOAE reshape ABIAETCA -1, KOTOPBIii (akTHYECKH
O3HayaeT "CTONBKO, CKOJMbKO HEOOXOAMMO", MO3TOMY reshape(-1, 1) O3Ha4YaeT OQHY
CTPOKY H CTOJIBKO CTOJIOLIOB, CKOJIbKO HEOOX0AHMO:

matrix.reshape (1, -1)
array([([ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]))

HaKOHeu, €CJIM MbI NIPEAOCTAaBHM OQHO LEJIOC YHCJIO, TO METOA reshape BEPHET OAHOMEP-
HbIH MacCHB 3TOH JUTHHBI:

matrix.reshape (12)

array([ 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12])
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1.10. TpaHcnoHMpoBaHue BeKTopa B MaTpULly
3apava

Tpebyercs TpaHCIOHHPOBATh BEKTOP B MaTPHLLY.

PeweHue

Hcnons3oBath MeTOA T:

# 3arpy3uTb GUBIMOTEKY
import numpy as np

# CosmaTb MaTpuLy

matrix = np.array({[(1, 2, 3],
(4, 5, 6],
(7, 8, 911)

# TpaHCNOHMPOBaTbL MAaTPULY
matrix.T

array([[1, 4, 7],
(2, 5, 8],
(3, 6, 9]1)

O6cyxneHue

TpancnoHHpoBaHHe — 3TO YHHBepcalbHas IHHeHHo-anrebpanyeckas onepauys, B KOTO-
poif HHAEKCHI CTOJIOLIOB M CTPOK KKIOro 3/1eMeHTa MEHAIOTCA MecTaMH. BHe npeamMera
JIMHE#HOH anre6pel, kKak NMPaBWIO, HTHOPHPYETCA OOMH HIOAHC, KOTOPBIH 3aKUIHOYaeTCH
B TOM, YTO TEXHHYECKH BEKTOP HE MOXET OBITh TPAHCMIOHHMPOBAaH, NMOTOMY YTO OH ABJIA-
€TCA NHIIb KOJUIeKLIHEeH 3HaYeHHI:

# TpaHCNOHMPOBaTb BEKTOP
np.array([1, 2, 3, 4, 5, 6]).T

array([1, 2, 3, 4, 5, 6])

BMecTte ¢ TeM OOlIENpPHHATO Ha3bIBaTh TPAHCIIOHMPOBAHHE BEKTOpa NMpeoOpa3oBaHHEM
BEKTOpa-CTPOKH B BEKTOp-CTOJ0eL (0OpaTHTe BHHMaHHE Ha BTOPYIO Mapy CKOOOK) MM
HaobopoT:

# TpPaHCNOHMPOBATL BEKTOP-CTPOKY
np.array(([1, 2, 3, 4, 5, 6]]).T

array ([[1],
(2],
(31,
(41,
(51,
[611)
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1.11. CrnaxusaHue MaTpuubl
3apava

Tpebyercs npeobpazoBaTh MAaTPHIYY B OAHOMEPHBIH MacCHB.

PeweHue

Hcnonb3oBars MeToq flatten:
# 3arpy3uTtb OGubIMOTEKY

import numpy as np

# CospmaTh MaTpuly

matrix = np.array([[1, 2, 3],
(4, 5, 6],
(7, 8, 911)

# CrnamTe MaTpuly
matrix.flatten()

array([1, 2, 3,4, 5, 6, 7, 8, 9])

O6cyxneHue

Merton flatten npeacTaBusieT coboii npocToii MeToa MpeoOpa3oBaHNA MaTpHLbl B OHO-
MepHBIii MaccHB. B KauecTBe anbTepHaTHBBI, YTOOBI CO31aTh BEKTOP-CTPOKY, MBI MOXEM
TIIPUMEHHTb METOA reshape:

matrix.reshape(1l, -1)

array([(1, 2, 3, 4, 5, 6, 7, 8, 9]])

1.12. HaxoxaeHue paHra MmaTpuLbl
3apava

Tpebyercs y3HaTh paHr MaTpHLbI.

PeweHnue

Hcnone3oBars nHHeHHO-anre6panyeckuit METOA matrix_rank Gu6nHoTeKH NumPy:

# 3arpy3uthr OGMOIMOTEKY
import numpy as np

# Co3amaTh MaTpuLy

matrix = np.array([(1, 1, 1],
(1, 1, 10},
(1, 1, 1511
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# BepHYTb paHI MATDULE
np.linalg.matrix_rank (matrix)
2

O6cyxneHue

PaHr MaTpHLBI — 3TO pa3MEpPHOCTH BEKTOPHOrO MPOCTPAHCTBA, KOTOPLIE MOKPLIBAIOTCA
ee cronbuamu wiu ctpokaMu. B 6ubnnoreke NumPy HaiiTi paHr MaTpHLeI Jierko Gnaro-
Japs METOQY matrix_rank.

dononHutenbHLie MaTepuanbl ANA YTeHURA
¢ "Panr matpuusl", yue6Hsiit pecypc CliffsNotes (http:/bit.ly/2HUzkMs).

1.13. BblunucneHue onpeaennutens MaTpuLbl
3apava

TpeGyertcs y3HaTh onpenenuTeNb MaTPHLbL.

PeweHue

Hcnonp3osath nuHelHO-are6panyeckuii Meron det 6ubnuoreku NumPy:

# 3Barpyautb GuGymoTeky
import numpy as np

# Co3pmarTh MaTpuuy

matrix = np.array([([1, 2, 3],
(2, 4, 6],
(3, 8, 91))

# BepHyTb onpeneymMTeslb MaTPULK
np.linalg.det (matrix)

0.0

O6cyxaneHue

HHoraa MoxeTr OBITh MONE3HO BHIYMCIAMTL OMpelenuTeNb MartpHubl. bubwinorexa
NumPy nenaer 310 jlerko ¢ NOMOLIBIO METOAA det.

[AononHurensHble MaTepuanb! ANA YTEHUA

¢ "Omnpepenurens" | "CywHOCTh JMHelHOH anreOpbl”, rmaBa 5, Youtube-kaHain
3Blue1Brown (http://bit.ly/2FA6ToM).

¢ "Onpenenurens", MareMaTHueckuii pecypc Wolfram MathWorld
(http://bit.ly/2FxSUzC).
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1.14. Nony4yeHue AnaroHanu MaTpuubl
3apava

TpeGyeTcs NOMY4YHUTH SIeMEHTHI ITaBHOH JHaroHanu MaTpHLbI.

PeweHue

Hcnons3oBaTh METO diagonal:

# Barpysurbs GUGMOTEKY
import numpy as np

# CozpmaTb MaTpuuy

matrix = np.array([[1, 2, 3],
[2, 4, 6],
(3, 8, 910

# BepHyTb IMaroHasjlbHHE 3JIEMEHTL!
matrix.diagonal ()

O6cyxnexue

bubnnorexka NumPy no3Bonser jierko nojy4arb 3J€MEHTHI IN1aBHOH AMaroHauy MaTpH-
LBl C MOMOILLIO METOAa diagonal. KpoMe Toro, ¢ moMouibio napamerpa offset MOXKHO
NOJYYHTh JHAarOHaJIb B CTOPOHE OT IJIaBHO# AHArOHaIH:

# BepHyTb OMaroHajlb Ha OIHY Bhlle IUVIABHOM IMaroHaym
matrix.diagonal (offset=1)

array([2, 6])

# BepHyTb IMaroHallb Ha OOHY HWKe TJIAaBHOIl IMaroHasnm
matrix.diagonal (offset=-1)

array([(2, 8])

1.15. BbluncneHue cnega matpumubl
3apava

TpeOyeTcs BLIMMCIHTD ClIE] MATPULIBL.

PeweHue

Hcnonp3oBaTh METOA trace:

# 3arpyautbs 6GuGIMOTEKY
import numpy as np
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# Co3amaTbh maTpuuy

matrix = np.array([[1, 2, 3],
(2, 4, 6],
(3, 8, 91N

# BupHyTbL cien
matrix.trace ()

14

O6cyxneHue

Cnen MaTpHLB! SB/ISETCA CYMMO#H 3JIEMEHTOB IJIaBHOH JHAaroHaIM H YacTO HCMOJb3YyeTCA
3a KaJipOM B METOJaX MAIIHHHOro camMoobyueHus. Umes MHoroMepHslit MaccuB NumPy,
MBI MOXKEM BBIYHCIIMTD CJie[l C MOMOIIBIO METOMA trace. B kayecTBe albTEpHATHBBI MBI
TaKoKe MOXKEM BEPHYTh MArOoHallb MATPHLILI H BBIYHCIIHTH CYMMY €€ 3J1EMEHTOB:

# BepHyTb ImMaroHajllb U CyMMy €€ 3JIEMEHTOB
sum(matrix.diagonal())

14

dononHuTtenbHble MaTepuansl ANA YTEHUA

¢ "Cnen kBaapaTHO# MaTpHLBl", MaTeMaTH4eckHii pecypc MathOnline
(http://bit.ly/2FunM4S5).

1.16. HaxoxaeHue co6CTBEHHbIX 3HAYEeHUN
U COOCTBEHHbIX BEKTOPOB

3apava

TpebyeTtca HaifTi coOGCTBEHHbIE 3HAYE€HHA H COOCTBEHHBIE BEKTOPbI KBAJIPaTHOH MaTPHILIBI.

PeweHue

Hcnons3oath MeTo 1inalg.eig 6H6MHOoTEKH NumPy:

# 3arpy3uTb OUOIMMOTEKY
import numpy as np

# Co3amaTbh MaTpuuy

matrix = np.array([[1, -1, 3],
(1, 1, 6],
(3, 8, 911)
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# BruMCIIMTL COOCTBEHHHE 3HAUEeHMA U COOCTBEHHHE BEKTOPHI
eigenvalues, eigenvectors = np.linalg.eig(matrix)

# B3IJIAHYTb Ha COOCTBEHHBIE 3HayeHus
eigenvalues

array ([ 13.55075847, 0.74003145, -3.29078992))

# B3rnsHyTb Ha COOCTBEHHHIE BEKTODH
eigenvectors

array({[-0.17622017, -0.96677403, -0.53373322],
[-0.435951 , 0.2053623 , -0.64324848],
[-0.88254925, 0.15223105, 0.54896288]])

O6cyxaeHue

Cob6cTBeHHbIE BEKTOPBI LIHPOKO MCMONb3YyIOTCA B 6HONMHOTEKaX MaLIHHHOrO camoobyye-
Husi. B HHTYMTHBHOM M1aHe, HMesA JIHHEHHOe Npeobpa3oBaHHE, NPEACTABIEHHOE MaTpH-
uei A, MOXHO CKa3aTh, YTO COOCTBEHHbIE BEKTOPbl — 3TO BEKTOPbI, KOTOpbIE NMPH NpH-
MEHEHHH 3TOro npeobpa3’oBaHHA H3MEHAIOTCA TONBLKO B MaciuTabe (a He B HanpaB/ICHUH).
Bonee ¢popmanbHo:

Av =Av,
rae A — 3TO KBaJpaTHas MaTpHLa; A — COOCTBEHHOE 3HaueHHe; Vv — COOCTBEHHDI
BEKTOP.

B HaGope nuHelHO-anreGpanyeckux HHCTpyMeHTOB 6u61HoTekn NumPy meton eig mno-
3BOJIAET BHIYMC/IATH COOCTBEHHBIE 3HAU€HHA M COOCTBEHHbIE BEKTOpBI M06OI KBaapart-
HO# MaTpHULbI.

[JononuutenbHble MaTepuanbl ANA YTEeHUA

¢ "CoOcTBeHHble BEKTOpPbI H COOCTBEHHBIE 3HAYE€HHA C BH3YalbHbIM OOBACHEHHEM",
mareMatHyeckuii npoekt Explained Visually (http://bit.ly/2Hb32LV).

¢ "CoOcTBeHHble BEKTOpPbl H cOOCTBeHHbIe 3HaueHHsn" | "CylHOCTb JHHeHHOI anre6-
pet", rnasa 10, Youtube-kaHan 3BluelBrown (http://bit.ly/2HeGppK).
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1.17. BbluncneHune cKansipHbIX Npou3BeAeHNUN
3apava

TpebGyetca BLIYHCIIHTL ckanApHOE NPOM3BEJEHHE ABYX BEKTOPOB'.

PeweHue

Hcnonp3oBats kinace dot 6u6nHoTexu NumPy:

# 3arpyaurh GuOMOTEKY
import numpy as np

# Co3paTb OBa BeKTopa
vector_a = np.array([1,2,3])
vector b = np.array([4,5,6])

# BEMMC/MTbL CKaNApHOe Npou3BeleHne
np.dot (vector_a, vector b)

32

O6cyxaneHue

Cl(aJIﬂpHOC NMPOH3BECACHHE NBYX BECKTOPDOB & H b OIIpE€ACIACTCA KaK:

Z ab,

i=l
rae a;, b, — i-e 3neMeHTHI BEKTOpPOB a H b cooTBeTCTBEHHO.
Jns BBIYHCIEHHA CKAIAPHOrO MNPOHM3BEJECHHA HCIOb3yeTcs Kiace dot OGHONHOTEKH
NumPy. B kauectBe ansrepHatuBbl B Python 3.5+ MoXHO npHMMEeHHTH HOBBIH omnepa-
TOPp @:

# BeMMCIMTL CKaNApPHOe npou3BeneHue
vector a @ vector b

32

dononHutenbHblIe MaTepuans! ANA YTeHUA

¢ "CkansapHoe NMpoH3BeAeHHE BEKTOPOB H JUIHHA BekTopa", o61ienpeaMeTHLIA yueOHbIH
pecypc Khan Academy (http://bit.ly/2FrOAUe).

¢ "CkanapHoe npou3sseaeHHe", MareMatuueckuii pecypc Paul’s Online Math Notes
(http://bit.ly/2HgZHLp).

! MHor1a roBOpAT BHYTpEHHEE IPOM3BEICHHE HIH yMHOXEHHE Toukofi (dot product). — ITpum. nepes.
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1.18. CnoxeHue u BbIYUTaHUE MaTpUL

3apava

TpeOyercs CNoXHUTb WIH BHIYECTh JBE MATPHLbI.

PeweHue

Hcnons3oBate MeToAbl add H subtract 6ubanorekn NumPy:

# 3arpyauTe GuGIMOTEKY
import numpy as np

# CozmaTe MaTpuuy

matrix_a = np.array([[(1, 1, 1],
1, 1, 11,
1, 1, 211

# CozmaTb MaTpuuy

matrix b = np.array([[1, 3, 1],
1, 3, 1,
(1, 3, 811)

# CnoxuThr OBe MaTpWULIE
np.add (matrix_a, matrix_b)

(2, 4, 2],
(2, 4, 2],
(2,4, 101D

array ([

’

# BuMeCTb M3 OOHOM MATPULE OPYTYIO
np.subtract (matrix_a, matrix b)

array([[ 0, -2, 0],

[ 01 _21 O]l
[0, -2, -6]1)
O6cyxaeHue

B kauecTBe aJIbTEPHATHBEI MOXKHO MPOCTO MPHMEHUTD ONMEPATOPbI + U -:

# CnoxiTb OB MaTpUUA
matrix_a + matrix b

array([[ 2, 4, 2],
(2, 4, 2],
[ 2, 4, 10]1])
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1.19. YMHOXeHHue maTpuL
3apava

Tpebyercs nepeMHOXHTD 1BE MaTPHLIBI.

Pewenue

Hcnonp3oBath kiace dot 6M6nnoTekn NumPy:

# 3arpyauTn 6uMGIMOTEKY
import numpy as np

# CosmaTh MaTpuuy
matrix_a = np.array({[1, 1],
(1, 211

# CozmaTb MaTpuuy
matrix b = np.array({(1, 3],
(1, 211)

# lepeMHOXNMTE OBe MAaTPMUA
np.dot (matrix_a, matrix_b)

array([[2, 5],
(3, 711)
O6cyxaeHue

B kauyecte anbTepHaTHBbI B Python 3.5+ MoXHO nNpUMeHHUTH onepaTop @:

# lepeMHOXMTL OBE MATPULE
matrix a @ matrix b

array([[2, 5],

(3, 711
Ecan Tpe6yercx BBITIOJTHUTD MO3JIEMEHTHOC YMHOXXCHHE, TO MOXHO TNPUMEHHUTDH OMe€pa-
TOPp *:

# MepeMHOAMTL OBE MATPMLAEI MOIJIEMEHTHO
matrix_a * matrix b

array([[1, 3],
[1, 41])

[NononHutenbHble MaTepuanbl ANA YTEHUA

CAL

¢ "Onepaunu Han MacCMBaMH NMPOTHB MAaTPHYHBIX OMepauMii”, cCreLMaTH3HPOBaHHbIH
pecypc MathWorks nia riry6okoro camooGyuenus (http://bit.ly/2FtpXVr).
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1.20. O6paweHme maTpuubl

3apava
TpeGyerca BLIUMCIHTL OOPaTHYIO KBaJPaTHYIO MaTpPHILLy.

PeweHue

Hcnonb3oBarh NHMHelHO-anre6panyeckuii MeToA inv 6u6nnorekn NumPy:

# 3arpyauTb GUOIBIOTEKY
import numpy as np

# CosgaTb MaTpuuy
matrix = np.array([[1, 4],
(2, 511

# BruMcIMTL OOpaTHYIO MATPULLY
np.linalg.inv(matrix)

array([[-1.66666667, 1.33333333],
[ 0.66666667, -0.33333333]]))

O6cyxaeHue

Marpuueii, o6paTHO# KBaapaTHOH MaTpHuUe A, ABJIAETCA BTOpad MaTpuua A™', Takas,
4TO:

AAT =1,

rae I — enunnunas Matpuua. B NumPy ans Boluucnenus A™', ecnu OHa cyluecTyer,
HCIIOJIL3YETCA METON linalg.inv. m‘lﬂ TOr0 YTOORI YBHOETH 3TO B nei‘xcmuu, MOXHO
YMHOXKHTh MaTpHLy Ha oOpaTHYlo €if, B pe3ynbTaTe 6yaeT nomyyeHa eAMHHYHas MaTpH-
na:

# YMHORMTL MaTpully Ha OGpaTHYIO €ii MaTpuly

matrix @ np.linalg.inv(matrix)

array(([ 1., 0.],
[ 0., 1.1]D)

JononHutenbHble MaTepuanbl ANA YTEHUA

¢ "OO6parHas MaTpHua", MaTeMaTH4eckHii pecypc mathwords.com
(http://bit.ly/2Fzf0BS).
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1.21. NeHepupoBaHue cnyyaHbIX 3HAYEHUH
3apava

TpeGyerca creHepHpoBaTs nceBAOCTyHaHbIE 3HAUCHUA.

PeweHue

HcnonbiloBate MeTo random 6uGnnoTekd NumPy:

# 3arpysuTh GuGimoTeky
import numpy as np

# 3amaTh HauanbHOe 3HaueHMe UIA IeHepaTopa MCeBAOCSYYaiHHX uYuceli
np.random. seed (0)

# CreHepupoBaTb TpM CJyyaliHEX BelleCTBEHHHX uMcyla Mexay 0.0 u 1.0
np.random. random(3)

array([( 0.5488135 , 0.71518937, 0.60276338})

OG6GcyxneHue

NumPy npemnaraer WHPOKHiA CHEKTP CPEACTB FeHEpaLMH CITyYaiHbIX YHCeN, KOJHYeCT-
BO KOTOPBIX ropaszio Gosiblie, YeM 37ieCh MOXKHO OXBAaTHTh. B HallileM pelleHHH MbI cre-
HEPHPOBAJIH BEIECTBEHHbIE YHCJIa; BMECTE C TeM, FreHepalus LiebIX YHCeN Taloke HMeeT

LIHPOKOEC MPHMEHEHHE:

# CreHepupoBaTb TPU CJIyYaifHRIX LeJIkX YMcia mexay 1 u 10
np.random.randint (0, 11, 3)

array([3, 7, 9])

B kauectBe aJIbTEpHAaTHBbI Mbl MO)XXCM I€HEpHPOBATh YHCJIa, H3BJICKAaA MX H3 pacnpenc-

JICHHA:

# V3pneub TP uMClla M3 HOPMAJILHOT'O pacnpefesieHMA CO cpenHyM, paBHeM 0.0,

# M CTaHOAapTHEM OTKJIOHeHMeM, paBHEM 1.0
np.random.normal (0.0, 1.0, 3)

array((-1.42232584, 1.52006949, -0.29139398])

# M3Bneub TpM uMClla U3 JIOTUCTUYECKOTO pacnpelefieHMA CO cpeawyM, pabHeM 0.0,

# u macmraboM, paBHEM 1.0
np.random.logistic (0.0, 1.0, 3)

array([(-0.98118713, -0.08939902, 1.46416405])
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# U3Bneub TpU uucna, korophle Gosblie WM paBHH 1.0 M meHbme 2.0
np.random.uniform(1.0, 2.0, 3)

array([ 1.47997717, 1.3927848 , 1.83607876])

HakoHen,, HHoraa Moxer GbITh MONE3HO BO3BPALATh OAHH M T€ XK€ CIyuaifHble YHucia
HECKOJILKO pa3, YTOOBI MOMy4yaTh NpeACcKalyeMble, NIOBTOPAEMbIE pPe3y IbTaThl. ITO MOX-
HO cAeNnaTh, 3aJaB "HayanbHOE 3HauYeHHe" (LieNloe YMCII0) NreHepaTopa NCeBAOCTyYaiHbIX
yrcen. CiyyaiiHble nMpoLecchl ¢ OJHMMH M TeMH k€ Ha4yalbHbIMH 3HaYEHHAMH Bceraa
6yayT NopoXKAaTh OAHH H TOT e pe3yabTaT. Mbl 6yieM HCnoNb30BaTh Ha4albHbIE 3HA-
YyeHHA Ha MPOTAXKEHHH BCei 3TOH KHHTH, YTOOBI NPOrpaMMHBIH KOA, KOTOPLIi Bl BUAHTE
B KHHT€, M POrPaMMHBIi KOJI, KOTOPBIH BbI BBINOJIHAETE HA CBOEM KOMMBIOTEPE, AaBATH
OJIMHAKOBbIE Pe3y/IbTaThI.
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FMABA 2
3arpy3Ka AaHHbIX

BseneHue

[NepBbiM warom B m1060M HaYMHAHWM B 00JIACTH MAIUWHHOTO CaMOOOY4eHHs ABNAETCA
BBEJCHHE MCXOJHBIX JaHHLIX B Haury cucTeMy. Chipbie NaHHbIE MOTYT ObITh (aiiioM
XypHana onepauui, ¢aiutoM Habopa aaHHbIX WiH 6a3oit maHHbIX. KpoMe Toro, yacto
TpeGyercs NONMYuHTh AaHHbIE W3 HECKOJIbKHX MCTOYHMKOB. PelienTsl B 3To# rnase obpa-
IAIOTCA K METOJaM 3arpy3Kd JaHHBIX M3 Pa3IM4HbIX HCTOYHMKOB, BiUTIoYas CSV-daiinel
1 6a3bl manHbIX SQL. MBI Taloke paccMOTpHM MeTOAbl F€HEPHPOBAHMA CHMYJIHPOBaH-
HBIX AaHHBIX C XelaeMbIMH IS 3KCMepMMeHTOB cBoiicTBaMH. HakoHell, xoT# CylecTBy-
€T MHOro crnoco6oB 3arpy3ku JaHHBIX B 3kocucteMy Python, MBI cocpenoToumMmcs Ha
HCIMONB30BaHHH OGIIMpHOro HaGopa MeronoB 6ubnnoTeku pandas mis 3arpy3ku BHell-
HMX JaHHBIX M MCMoib30BaHMH scikit-learn — GHONHOTEKH MalIMHHOrO CaMooOy4YeHHs
C OTKPBITHIM HCXOIHBIM KOIOM — 11 FeHEpUPOBaHHA CHMYJIHPOBAHHBIX NaHHBIX.

2.1. 3arpy3ka o6pa3sua Habopa AaHHbIX
3apava

TpeGyertcs 3arpy3uTs cyuecTByrowmii o6pasen Habopa JaHHbIX.

PeweHue

Bubnuoreka scikit-learn nocrarnsercs ¢ paaoM nomyaspHeIX HaOOPOB JaHHBIX Ul MC-
NOJIb30BaHHA:

# 3Barpy3utb HaGophw OaHHEX scikit-learn
from sklearn import datasets

# 3arpy3mTb Habop U3OGPAREHUA PYKOMMCHHIX Lmdp
digits = datasets.load digits()

# Co3maTb MaTpuLy MPU3HAKOB
features = digits.data

# Co3nmaTb BeKTOp Lenen
target = digits.target

33



# B3arnAHyTb Ha nepBoe HaGumomeHue
features (0]

array([ o0., 0., 5., 13., 9., 1., 0., 0., 0., O., 13.,
15., 10., 15., 5., o0., O., 3., 15., 2., 0., 11.,
8., 0., 0., 4., 12., 0., O., 8., 8., 0., O.,
5., 8., 0., 0., 9., 8., 0., 0., 4., 11., 0.,
1., 12., 7., 0., 0., 2., 14., 5., 10., 12., 0.,
0., 0., 0., 6., 13., 10., 0., 0., 0.])
O6cyxaneHue

Hepeako Mbl xotuMm H36exaTh paGoTbl, CBS3aHHOHM C 3arpy3koii, npeoGpa3oBaHHeM H
OYHCTKONM peanbHOro HaGopa MaHHBIX, O TeX MOP, NMOKa He H3YYHM Kakoii-nu6o anro-
PHTM WIH METOA MalMHHOro camoobydenus. K cuacteio, 6u6aHoreka scikit-leamn
NOCTARJIAETCA C HECKOJLKHMH YHHBEpPCAIbHBIMH HabOpaMH JaHHBIX, KOTOPbI€ MOXHO
OBICTPO 3arpy3dTb. JTH Habopbl NAaHHBIX YaCTO HA3BIBAIOT UZDYUIEYHBIMU, IOTOMY YTO
OHH HAMHOTO MEHbLIE H YHILe, Y4eM Habop AaHHBIX, KOTOPHIH MBI BCTPEYaeM B peabHOM
mupe. [IpuBeeM HekoTOpEIE MOy ApHble 06pa3iibl HabopoB naHHbLIX B scikit-learn':

¢ load boston coaepxHT 503 o6pa3uoB LeH Ha xuibe B bocToHe; 310 XOpoluHii HaGop
JaHHBIX VISl H3Y4YEHHA PErpecCHOHHBIX aNrOpHTMOB;

€ load iris comepHT 150 06pa3ioB H3IMEPEHHIl LIBETKOB HPHCA; 3TO XOpoLuHii Habop
JOaHHBIX 111 M3y4YeHHA KIacCHHKALMOHHBIX aJIFOPHTMOB;

® load digits comepxHT 1797 o6pa3uoB H30OpaskeHHi PyKONMMCHBIX LH(P; ITO XOpO-
WHii Habop AaHHBIX U TPEHHPOBKH MOJIEIH, KiIacCHHLMpYIoLLei H300paxeHus.

HononuutenbHblie MaTepMuanbl 4NA YTEHUA

¢ Urpyweunsie HaGopbl faHHbIX 6M6aHoTekH scikit-learn (http://bit.ly/2ZHS6Dzq).
¢ Ha6op u3obpaxenuit pykonucHsix undp Digit (http://bitly/2ZmNSEBZ).

! B MammMHHOM caM00GyueHHH NPHHATO paGoTaTh C MaTPHLIAMH MPH3HAKOB. Kakaas cTpoka MaTpHLIL Hask-
BaeTcA HaGmoaeHHeM, o6pasLioM, MPELCACHTOM WIH 3alHChIO, a8 Kaxabifk cTonben — npuHakoM. Hanpu-
Mep, H3BECTHLIA Habop JaHHKX LBeTkoB HPHca Dulepa cocTouT K3 150 HabmoneHui, u kaxaoe Habmone-
HHe MMeeT 4 NpH3HaKa ¢ NJaHHLIMH 3aMepPOB LBETKOB B caHTHMeTpax. Takum o6pa3oM, pasMepHOCTs HaGnio-
JIEHHAl — 3TO YeThIpeEXMEPHBIA BEKTOP-CTPOKa, a pa3MEpHOCTh NMpH3Haka — 150-MepHbIil BekTop-cTONGEL.
®yHkunu no pabote c HrpyLIeyHBIMH HaGopamMu aHHBIX scikit-learn Bo3spainalor 06beKT-C10Baph, B KOTO-
POM Nno kmoyy data B Ka4ecTBe MaTPHLIbI MPHIHAKOB XPaHHUTCA MaccHB HopMbl n_o6pa3LIOB x #_MPH3HAKOB,
a mo KoYy target — BEKTOp NMEpeMEHHOM OTKIIHKA, HIH BEKTOP LEJIEBRIX 3HAYEHHHA, HIH NMPOCTO BEKTOP
ueneii (cM. http:/scikit-learn.org/stable/datasets/index.html#datasets). — [Tpum. nepee.

34 | [@naea2


http://bit.ly/2HS6Dzq
http://bit.ly/2mNSEBZ
http://scikit-learn.org/stable/datasets/index.htnilMatasets

2.2. Co3paHne CUMyNUPOBaHHOIro Habopa AaHHbIX
3apnava

Tpebyerca creHepHpoBaTh HabOp CHMY/IHPOBAHHBIX AAHHBIX.

PeweHue

Bubanoreka scikit-learn npeanaraer uesnblii pay METONOB AN CO3JaHMS CHMYJIHPOBAH-
HBIX AaHHBbIX. U3 HUX 0COOEHHO MOMNE3HBIMH ABJIAIOTCA TPH METOJA.

Ecnn Tpebyercs HaGop nNaHHBIX, MpeqHa3HAYEeHHBIH IUIA MCMONB3OBAHHA C JIHHEHHOH
perpeccHeii, To METOA make_regression SBJIETCA XOPOLUHM BbIGOpOM:

# 3arpy3urb OUOIMOTEKY
from sklearn.datasets import make_regression

# CreHepuMpoBaTb MATpULly MPU3HAKOB, BEKTOP LUEJIel U UCTUHHHE KO3OPULMEHTH
features, target, coefficients = make_regression(n_samples = 100,
n_features = 3,
n_informative = 3,
n_targets = 1,
noise = 0.0,
coef = True,
random_state = 1)

# B3INIAHYTL Ha MATPULY NPU3HAKOB U BEKTOp Lenei
print ('Marpuua npussakoB\n', features([:3])
print ('BekTop ueneit\n', target([:3])

MaTpuua Npu3HAKOB
[[ 1.29322588 -0.61736206 -0.11044703]
[-2.793085 0.36633201 1.93752881}
{ 0.80186103 -0.18656977 0.0465673 ])
BexTop uenen
[-10.37865986 25.5124503 19.67705609]

Ecnu Mbl 3aHHTEpECOBaHbl B CO3JaHHH CHMYJIHPOBAHHOTO Haﬁopa A3HHBIX IJIA 3aga4YH
KJIaCCHClJHKaIlHH, TO MOXHO HCMOJIB30BAaTh METOI make classification:

# 3arpyauTe GUGIMOTEKY
from sklearn.datasets import make classification

# CreHepupoBaTb MAaTpULly NPU3HAKOB U BEKTOp LeJen
features, target = make classification(n_samples = 100,
n_features = 3,

n_informative = 3,
n_redundant = 0,
n_classes = 2,
weights = [.25, .75],

random_state = 1)
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# B3IMAHYTL Ha MATPULY NPU3HAKOB M BEKTOp Leneit
print ('Marpuua npussnakoB\n', features[:3])
print('Bekrop ueneit\n', target([:3])

MaTpuua npuM3HaKOB
[[ 1.06354768 -1.42632219 1.02163151]
[ 0.23156977 1.49535261 0.33251578]
[ 0.15972951 0.83533515 -0.40869554]]
Bekrop uenen
[1 0 0)

HakoHew, ecniu Tpebyercs, yTo6sl Habop AaHHBIX XOpoLIo paboTan ¢ KiacTepH3yIOIUMH
MeTofaMH, To 6ubnroreka scikit-learn mpeiaraer MeToA CO3JaHHA CKOIUIEHHH Touek

make_blobs:

# 3arpysuTb GUOMMOTEKY
from sklearn.datasets import make_blobs

# CreHepvpoBaTb MaTpuUy NPU3HAKOB M BEKTOp LeJsei

features, target = make blobs(n_samples = 100,
n_features = 2,
centers = 3,
cluster_std = 0.5,
shuffle = True,
random_state = 1)

# B3INAHYTb HA MATpUUy NPM3HAKOB M BEKTOP LeJeit
print('Marpuua npusnakoB\n', features[:3])
print('BekTop ueneit\n', target(:3])

MaTpuua npu3HAKOB
[[ -1.22685609 3.25572052)
[ -9.57463218 -4.38310652)
[-10.71976941 -4.20558148]]
BekTop uenen
[011)

O6cyxaenume

Kak BuaHO M3 3THX peLueHHH, (byHl(l.l,erl make_regression BO3BpAalllacT MAaTpHIly IMpH3HaA-
KOB H BEKTOp Lejiei, COCTOAIHE U3 BELICCTBEHHBIX 3Ha'~leHHﬁ, B TO BpEMsA Kak q)y}lKI.LHH
make classification M make blobs BO3BpallalOT MAaTpHLYy IMPH3IHAKOB, COCTOALIYIO H3 BE-
LIECTBEHHBIX 3HAYEHHH, a BEKTOp L€l — M3 LEJOYHCICHHBIX 3HauyeHHi. 3HadeHus
BEKTOpa Liesieit 0603HaYaroT MPHHAUIEKHOCTD K KJ1acCy.

CuMynupoBaHHble Habopbl JaHHBIX 6ubnuoTekn scikit-learn npepocTaBnsioT WKMpPOKHE
BO3MOXKHOCTH IO YTIPaBJIEHHIO THIIOM CO311aBaeMbIX JaHHbIX. JlokyMeHTauus scikit-learn
COCPXKHT MOJHOE ONMUCAHHE BCEX MAPaMETPOB, HO HEKOTOPbIE U3 HUX CTOUT OTMETHTH.
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B (hyHKUMAX make_regression 11 make classification napameTp n_informative 3a/aeT Ko-
Nn4yecTBO MNMpPuU3HaKoB, NCMNOMb3yeMbIX O/14 CO34aHNA BEKTOpa u,erlel7|. Ecnu 3HayeHune na-
pameTpa n informative MeHbLLE 06LLI,EFO Konnuectsa npusHakoB (n_features), TO pe3y/ib-
TVIpyIOLLLI/IVI Ha6op AaHHbIX 6y,£l.9T MMETb M30bITOYHbIE Npu3HaKny, KOTOPbIE MOXXHO UAEH-
TVI(*)VILI,VIpOBaTb C NOMOLbKO METOAOB 0T6opa NMPU3HaKOB.

Kpowme TOro, dyyHKuus make classification COAEPXMNT NapameTp BECOB weights, KOTOPbIiA
MO3BOJISIET CUMY/IMPOBATb HABoOPbl AaHHbIX C Hec6alaHCUPOBaHHbLIMY Kriaccamu. Hanpu-
mep, weights = [.25, .75] BO3BpaLLaeT Ha6Gop AaHHbIX ¢ 25% HaGMOAEHWIA, NpuHaae-
Xalmx K 0GHOMY Kraccy, U 75% HabnogeHniA, NpUHaANeXalmx Ko BTOPOMy Kaccy.

Ana dyHKuMKn make biobs napameTp centers 3ajaeT KO/IMYECTBO CreHepMpPOBaHHbIX Ka-
CTepoB. C MOMOLLbIO 6MBNNOTEKUN matpiotiib MOXHO BM3yann3npoBaTb KfacTepbl, CO3-
JaHHble (hyHKUWeR make biobs (puc. 2.1):

# 3arpy3unTb 6MBIMOTEKY

import matpiotiib.pyplot as pit

# B3rnsHyTb Ha Aguarpammy paccesiHusi
pit.scatter(features[:,0], features[:,1], c=target)
pit. show Q

JononHuntenbHble Mmatepunasibl o9 YTeHUA

¢ [lokymeHTaums no make regression (http://bit.ly/2FtIBwo).
¢ [JlokyMeHTauus no make_classification (http://bit.ly/2FtIKzW).
¢ [okymeHTauma No make biobs (http://bit.ly/2FqKMAZ).

3arpyska faHHbix | 37


http://bit.ly/2FtIBwo
http://bit.ly/2FtIKzW
http://bit.ly/2FqKMAZ

2.3. 3arpy3ka ¢panna CSV

3apnava

Tpebyercs HMNopTHpoBaTh (ailn 3HaYeHHH C pazaenuTensMu-3anaTeiMu (daitn B dop-
Mate CSV).

PeweHue

Jlna Toro ytoGbl 3arpy3uTh JIOKANbHbIH WIH pa3MeLleHHbIH B ceTH ¢aitn CSV, HyxkHo
HCMNOIB30BaTh QYHKLUMIO read csv 6ubnHoTexu pandas (Tabn. 2.1):

# 3arpysuTb GUOMOTEKY
import pandas as pd

# Cosmare URL-ampec
url = 'https://tinyurl.com/simulated-data’

# 3arpy3uTe HaGoOp OaHHBIX
dataframe = pd.read csv(url)

# B3rnAHyTb Ha NepBhle OBe CTPOKM
dataframe.head(2)

Tabnuua 2.1
Integer datetime category
0 5 2015-01-01 00:00:00 0
1 5 2015-01-01 00:00:01 0

O6c¢cyxpenue

B oTHoweHuH 3arpy3ku ¢aitnoB CSV ciaenyer otMeTHTh Ba MOMEHTa. Bo-nepBbix, yac-
TO GBIBaeT MojIe3HO 3arisHyTh BHYTph (paiina nepen 3arpyskoi. ITo MoxeT ObITh OUEHb
TMOJIE3HO T TOro, YTOOBI 3apaHee YBHIETh, Kak Ha60p JaHHBIX CTPYKTYPHPOBaH H Kakue
napameTphbl Hy)KHO YCTaHOBHTb, YTOObI 3arpy3uTh ¢aiin. Bo-BTOpbIX, QyHKIMA read csv
umeetr Gonee 30 mapameTpoB, W MO3ITOMY JOKyMEHTaLHMs CMOCOOHa 06ecKypakuTb.
K cuactbio, 3TH mapaMeTpsbl CyLUECTBYIOT B OCHOBHOM [UIA TOro, YTo6bl JaTh BO3MOX-
HocTh 0OpabatbiBaTh IMpOKuii cniekTp ¢popmaros CSV. Hanpumep, B daitnax CSV 3Ha-
YeHUs pa3fie/ieHbl 3aMmATbIMH (HanmpHMep, OIHa CTpPOKa MOXeT ObITb 2,"2015-01-01
00:00:00",0); onHako B ¢paitnax CSV B kayecTBe pasnenHTese 4acTO HMCMOMB3YIOTCA
JpyrHe CHMBOJIbI, HarpuMep cumBoa Tabynaumu. [lapamerp sep 6ubnnoTekn pandas no-
3BOJISET 3a/1aBaTh HCMONL3yeMblii B (paiine pazgenurens. XoTs 310 GbIBaET HEYacTo, Mpo-
6nema ¢opmaTupoBanua daiinoB CSV 3akmodaeTcs B TOM, 4TO nepBas cTpoka ¢aiina
MCIIONIB3YETCA 1JIA ONpeJeieH!s 3arojoBKOB CTONOGLOB (HanmpuMep, integer, datetime,
category, KaKk B HalleM peiieHHH). [lapaMeTp header Mo3BosET yKa3biBaTh, CylLECTBYET
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JIH CTPOKA 3aroJloBKka H rac¢ oHa HaXOJQHTCA. Ecau CTpPOKa 3aroJjioBka HE€ CyLUECTBYET, TO
Mbl YCTAHABJIHBAEM header=None.

2.4. 3arpy3ka ¢anna Excel

3apava
Tpebyercs 3arpy3uTts 3nexTpoHHy10 Tabnuiyy Excel.

PeweHue

Jlns Toro yto6bl 3arpy3HuTh 3jekTpoHHY10 Tabnuuy Excel, HyxHo ucnons3oBath QyHK-
LIMIO read_excel 6ubinoTeku pandas (Tabn. 2.2):

# 3arpyauTh OuGIMOTEKY
import pandas as pd

# Co3pmary URL-ampec
url = 'https://tinyurl.com/simulated-excel’

# 3arpyauTb OaHHHE
dataframe = pd.read_excel (url, sheet name=0, header=1)

# B3INIAHYTbL Ha NepBhle OBEe CTPOKM
dataframe.head(2)

Tabnuua 2.2

] 2015-01-01 00:00:00
0|5 2015-01-01 00:00:01
119 2015-01-01 00:00:02

O6cyxneHue

310 pellicHHe NOX0Xe Ha Haule pelleHne LA YTeHHA ¢aitoB CSV. OCHOBHBIM OTIHYH-
€M ABJIAETCA JONOJHHUTENbHBIHA MapaMeTp sheet name, KOTOPbIH YKa3bIBaeT, KaKoil JIHCT
B ¢haiine Excel Mbl xoTuM 3arpy3uts. [lapaMerp sheet name MOXET NMPHHHMATh KaK CTPO-
KOBBI€ 3HA4CHHA, COAEpXKAIIME HMA JIMCTA, TaK H LieJIbIE YHCIIA, YKa3bIBaAlOILIHE HAa MO3H-
LMH NHCTa (C HyneBO# WHAekcauMeit). Ecnu HyXHO 3arpy3sHTh HECKOJBLKO JIHCTOB, TO
BKJIIOYHTE HX B criucok. HanpuMep, sheet name=(0,1,2, "ExeMecaunne npomamu"] BEPHET
cnoBapb (peiiMoB gaHHbIX pandas, coaepxalluHii nepBbiid, BTOPOH W TPETHH JIHCTBI H
JIUCT C HMECHEM ExemecAYHbe NpOOAXM.

3azpyaxa dawnbix | 39


https://tinyurl.com/simulated-excel'

2.5. 3arpy3ka canna JSON

3apava

Tpebyetcs 3arpy3uts ¢aitn JSON wia npeno6paboTkn NaHHBIX.

PeweHue

Bubnuoreka pandas npemoctaBiser (GyHKUHMIO read json I npeobpasoBaHus (aiina
JSON B o6nekT pandas (puc. 2.3):

# BarpysuTb 6ubrmoTeky
import pandas as pd

# Cosmars URL-ampec
url = 'https://tinyurl.com/simulated-json’

# 3arpysuTb OaHHblE
dataframe = pd.read json(url, orient='columns')

# B3rnAHYyTbL Ha NepBhle OBe CTPOKM
dataframe.head(2)

Tabnuuya 2.3
category datetime integer
0 0 2015-01-01 00:00:00 5
1 0 2015-01-01 00:00:01 5

O6cyxneHue

HUmnopt daitios JSON B pandas noxox Ha npelbLIylIHE HECKOIBKO PELIENTOB, KOTOPbIE
Mbl paccMoTpenu. KitloueBbIM OTIIHYHEM SBIISETCA MApaMeTp orient, KOTOPBIA yKa3bIBaeT
pandas, kak cTpykTypupoBaH ¢aiin JSON. OngHako, UTOGBI BBIACHHMTE, Kakoe 3HaYEeHHE
aprymeHra (split, records, index, columns H values) ABJIAETCA MPaBHIbHBIM, MOXET MO-
Tpe6GoBaThCA HEMHOro MO3KCNEpHMEHTHpoBaTh. bubnHoTexa pandas mpemnaraer eiue
OIIMH MOJIE3HBbIA HHCTPYMEHT — (PYHKIMIO json_normalize, KOTOpas nomoraer npeobpa-
30BBIBATh MOJTyCTPYKTypHpoBaHHble faHHble JSON Bo dpeiim naHHbBIX pandas.

nOﬂOﬂHMTeﬂbele MaTepuansl AnNA YTeHUuA
¢ JlokyMeHTaLus Mo json_normalize (http://bit.ly/2ZHQqwaa).
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2.6. OnpawmnBaHue 6a3bl AaHHbIX SQL
3apava

TpeGyertcs 3arpy3uTh AaHHbIE M3 6a3bl JAHHBIX C MOMOLUBIO A3BIKA CTPYKTYPHPOBaHHBIX
3anpocos (SQL).

PeweHue

DyHKIMA read sql_query 6MbaMoTekH pandas mo3BonseT BBIMONHMTB 3ampoc Ha SQL
K 6a3e naHHBIX M 3arpy3uThb AaHHbIe (Tabu. 2.4):

# 3arpy3utb OUOIMOTEKM
import pandas as pd
from sqlalchemy import create_engine

# CoanaTe nomwmoueHuMe k Gase JaHHRX
database _connection = create_engine('sqlite:///sample.db')

# 3arpy3auTb OaHHHe
dataframe = pd.read sql query('SELECT * FROM data', database_connection)

# B3rnsAHYTb Ha NepBhle OBE CTPOKMU
dataframe.head(2)

Tabnuua 2.4
first_name last_name | age | preTestScore postTestScore
0 Jason Miller 42 4 25
1 Molly Jacobson 52 24 94

O6cyxaeHue

U3 Bcex peuenTos, nMpeacTaBleHHbIX B 3TOM [JlaBe, 3TOT, BepoATHO, Oyaer HaubGonee
LIHPOKO MCMONb3yeMbIM B peaibHOM Mupe. SQL — yHHBepcanbHBIi A3bIK U1 H3BJIEYe-
HUA JaHHBIX W3 6a3 gaHHBIX. B 3TOM peuente Mbl CHauana npUMeHseM (QYHKLMIO
create_engine Ul YCTaHOBJIEHHA MOAKTIOUEHHA K anpy 6a3el nanHeix SQL nmox Ha3ssa-
Huem SQLite. 3areM Mbl Hcronb3yeM (QyHKLHIO read sql_query 6u6GmHoreks pandas,
4TO6bI ONPOCHTH 3Ty Ga3y AaHHBIX ¢ MoMowbsio SQL U MOMeCTHTL pe3ybTaThl BO ¢peiim
JaHHBIX.

SQL cam no cebe spnseTcs A3bIKOM, H XOTA 3TO BBIXOAMT 332 PAMKH HaCTOAILEH KHHIH,
A1a moboro, KTo jkeJlaeT M3y4HTh MaLIMHHOE CaMooOyUYeHHe, OH, 6€3yCIIOBHO, 3aC.TyXH-
BaeT TOro, YToObl MO3HAKOMHTbCA ¢ HMM nobwke. Haw SQL-3anpoc SELECT * FROM data
npocut 6a3y NaHHBIX NMPEAOCTaBHTh HaM BCE CTONOLEI (*) U3 TAOMHLBI data.

[NononHutenbHblie MaTepuanbl ANA YTeHUA

4 SQLite, aBTOHOMHOE BCTpaMBaeMoe AAPO peALMOHHOM 6a3bl NaHHBIX
(https://www.sqlite.org).

¢ VYueGHoe nmocobue no SQL ot W3Schools (https:/www.w3schools.com/sql).
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MABA 3

YnopsaoyeHue AaHHbIX

BesepeHue

VnopsaaoyeHHe OaHHbIX' — TEPMHH, OXBAaTHIBAIOLIMIA IUMPOKHA AHAMa3oH TEM H 4acTo
HeOQHMLMATLHO HCMONb3yeMblf JUIA OMHCaHHA mpolecca Mpeobpa3oBaHNA CBIPBIX
JAHHbIX B YMCTHIH M OpraHHW3OBaHHbIH ¢opMaT, roToBbIi Kk Hcronb3oBaHHlo. [lia Hac
yNOPSAMOYEHHE NaHHBIX — 3TO JIMLIb OJHH M3 IIAroB B NMpeno6paboTke AaHHBIX, HO 3TO

BaJKHBIH 11ar.

HauGonee pacnpocTpaHeHHO#H CTPYKTYpoH MHaHHBIX, HCMoJb3yeMoH ans "ynopsno-
yeHusn", Apnasercs ¢peitM NaHHBIX, KOTOPbI MOXeET OBITb U MHTYMTHBHO MOHSTHBIM,
M HEBEPOATHO YHHBepcaibHbIM. DpeiiMBl JaHHBIX ABIAIOTCS TaOMHYHBIMH, T.€. OHH
OCHOBaHbl Ha CTPOKax M CToN0OLax, kKaKue Bbl BCTpeyaeTe B 3NIeKTpoHHOMH Tabnuue. [1Ipu-
BeaeM (peiiM JaHHBIX, CO3IaHHBIHA U3 NaHHBIX O Maccaxupax Ha "Turanuke" (Tabm. 3.1):

# 3arpy3uTb GuGIMOTEKY
import pandas as pd

# Cosmate URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpy3uTb OaHHhe kak ¢peiM IJaHHBDX
dataframe = pd.read_csv(url)

# lNokasaTb nepeue 5 cTpPoOk
dataframe.head (5)

Ta6bnuua 3.1

Name PClass | Age Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton st 29.00 | female | 1 1
1 | Allison, Miss Helen Loraine 1st 200 female | O 1
2 | Allison, Mr Hudson Joshua Creighton 1st 30.00 | male 0 0
3 | Allison, Mrs Hudson JC 1st 25.00 | female | O 1

(Bessie Waldo Daniels)
4 | Allison, Master Hudson Trevor 1st 0.92 male 1 0

! Beinepka, ynopsnoueHue, cornacopanue naHHux (data wrangling). — ITpum. nepes.
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B 31OM ¢peiiMe naHHBIX MOXKHO 3aMETHTB TPH BAKHBIX MOMEHTA.

Bo-nepBbx, Bo ¢pefiMe maHHBIX Kakaas CTPOKa COOTBETCTBYET OAHOMY HaboaeHHIO
(HanpuMep, MaccakMpy) M Kaxablii cTonbell COOTBETCTBYET OAHOMY MpH3HaKy (rmoiy,
BO3pacTy H T. A.). Hanpumep, risas Ha nepBoe HaGmoaeHHe, Mbl BUIHM, YTO MHCC JJTH-
3a6er YonToH AnneH myTeliecTBOBAIA MEPBBIM KiaccoM, eif 6buto 29 sert, oHa Gbuia
XCEHIMHON U Mepexwia KatacTpody.

Bo-BTOpbIX, Kawablii cTronbew copepUT HMA (HanpHMep, Name, PClass, Age) H Kakaas
CTPOKa COIEPXMT MHAEKCHBI HOMep (HanpHmep, 0 IJIA CYacTIMBOH MHcc Onu3aber
YonroH AsuteH). Ml 6yneM HCnonb30BaTh WX Ui BLIGOpa M ynpaBieHHs HabmoaeHHs-
MH U NPH3HAKAMH.

B-Tpetbux, aBa cronbua, Sex H SexCode, COAEPKAT OIHY H Ty k€ HHPOPMALIHIO B Pa3HBIX
¢opmatax. B cronbue Sex keHUIMHA 0003Ha4aeTcs CTPOKOH female, B TO BpeMs Kak
B CTONIOLE SexCode XEHIMHA 0003Hayaercs LEJBIM YHCIOM 1. Mbl XOTHM, YTOGBI BCe
HallM MPH3HAaK¥ OBUIH YHMKAIbHBIMM, H MO3TOMY HaM HyXHO OyaeT yJajluTb OAMH H3
3THX CTONOLOB.

B 3T0it rnaBe Mbl pacCMOTPHM LUMPOKHH CMEKTP METOMIOB yMpaRieHHA ppeiiMaMH naH-
HbIX ¢ noMolubio 6ubanoTexn pandas ¢ HENBIO CO3AAHHA YHCTOrO, XOPOIIO CTPYKTYPH-
poBaHHoOro HaGopa HaGoeHHiIt 1A JanbHeiie# npenobpaboTku.

3.1. Co3zpaHue ppema flaHHbIX
3apava

Tpebyercs co3natb HOBIi (peiiM JaHHBIX.

PeweHue

Bubnnoreka pandas MMeeT MHOrO METOIOB CO3J]aHMA HOBOrO 06beKTa DataFrame. OTHHM
M3 NPOCTBIX METOJOB ABJAETCA CO3aHHE IMycToro ¢peiiMa NaHHBIX C MOMOLUBIO KOHCT-
PYKTOpa DataFrame, a 3aT€M ONpee/ieHHe Kaka0ro cronbua no oraenbHocTH (1abn. 3.2):

# 3arpysuTb OUGIMOTEKY
import pandas as pd

# Cozmath ¢peitM naHHnX DataFrame
dataframe = pd.DataFrame ()

# JoGaBUTh CTONOLE

dataframe['Mma'] = ['Ixernt IxekcoH', 'CTuBeH CTUBEHCOH']
dataframe['Bospacr'] = (38, 25]
dataframe('BommMrenn']) = [True, False]

# MokazaTtes DataFrame
dataframe
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Ta6bnuua 3.2

Umna Bospacr | Boagutenn
0 | Jxekun [JhoxexkcoH 38 True
1 CtueeH CTueeHCOH 25 False

B kayecTBe anbTEpHaTHBBI, MOCJIE TOTO KaK MbI CO3JAIH OOBEKT DataFrame, Mbl MOXEM
n06aBUTh HOBLIE CTPOKH B KOHell ¢ppeiiMa qaHHbIX (Tabu. 3.3):

# Co3maTb CTPOKY
new_person = pd.Series(['Mosumm Mynu', 40, True],
index=['Uma', 'Bo3pact’', 'Bomrens'])

# IoGaBuTb CTPOKYy B KOHell (ppeiMa IOaHHbIX
dataframe.append (new_person, ignore_ index=True)

Tabnuua 3.3
Umna Bo3apact | Boaurens
0 Dxexun [HxekcoH 38 True
1 CtueeH CTUBEHCOH 25 False
2 Monnu MyHun 40 True

O6c¢cyxpeHue

Moxer nokasarbcs, uto 6uGnHOTEKa pandas npeanaraer 6ecCkOHEYHOE KOMHYECTBO CIO-
coboB co3gaHna ¢peiiMa naHHbIX. B peanbHOM MHpe MoYTH HUKOTAa He TpedyeTcs co3-
AaBaTh MycTod ¢peiiM MaHHBIX M 3aTEM €ro 3anojHATb. BMecTo 3Toro Hamm ¢peims
JaHHBIX 6yIyT cO30aBaThCA U3 pPeabHBIX JAHHBIX, 3arpy)KaeMbIX M3 APYTHX HCTOYHHKOB
(1anpumep, daiina CSV win 6a3bl JaHHBIX).

3.2. OnucaHue gaHHbIX

3apava

TpeGyetcs B3IrNAHYTh Ha HEKOTOPblE XapaKTepHCTHKH (peiiMa JaHHBIX.

PeweHue

O;ma H3 CaMBbIX ﬂpOCTle Bemeﬁ, KOTOpble MBI MOXEM cCIe€Ji1aTh IOCJIE 3arpy31<u JAaH-
HBIX, — 3TO BSI‘II)IHyTb Ha nemee HECKOJIBKO C’I‘pOl( C MnoMoubr Metroaa head
(tabn. 3.4):

# Barpyaurs 6GubymoTeky
import pandas as pd
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# Cospars URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpy3mThb IaHHLE
dataframe = pd.read_csv(url)

# Noka3aTh IBE CTPOKM
dataframe.head(2)

Tabnuua 3.4
Name PClass | Age Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 female | 1 1
1 | Allison, Miss Helen Loraine 1st 20 female | 0 1

MBI Taxoke MOKeM B3TJIAHYTh Ha KOJIMUECTBO CTPOK H CTOJIOLIOB:

# loxa3saTb pa3MEPHOCTH
dataframe.shape

(1313, 6)
KpoMe Toro, ucnonb3ys MeroJ] describe, Mbl MO)KEM MOJYYHTh OMHCATEIbHYIO CTaTH-
CTHKY JU1A MO6BIX YHCIOBBIX cToN6LOB (Tabmn. 3.5):

# [oka3saTb CTaTUCTUKY
dataframe.describe ()

Tabnuua 3.5

Age Survived SexCode
count | 756.000000 1313.000000 1313.000000
mean | 30.397989 0.342727 0.351866
std 14.259049 0.474802 0477734
min 0.170000 0.000000 0.000000
25% 21.000000 0.000000 0.000000
50% 28.000000 0.000000 0.000000
75% 39.000000 1.000000 1.000000
max 71.000000 1.000000 1.000000

O6cyxaeHue

INocne Toro kak Mbl 3arpy3wid HEMHOTO NaHHBIX, HETUIOXO MOHATh, KaK OHH CTPYKTYpH-
POBaHBI M KaKyl0 HHGOpMAaLIHIO OHH cozepxaT. B uaeane Mbl 6ynem npocMaTpuBaTh BCE
JaHHble LenukoM. Ho B GONBILMHCTBE peabHBbIX CITy4aeB JaHHBIE MOIYT COAEPXKATh OT
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TbICAY 4O COTCH ThICAY WJIH MHJUIHOHOB CTPOK H cTonbuoB. BMecTo 3TOr0 MBI NOMKHBI
ONHPATHCA HA HIRIICYCHHC 85160p0K C LEJIBbIO NMPOCMOTpA HeGonbLINX CpP€30B H BBIYHCJIC-
HHA CBOJHOH CTAaTHCTHKH 3THX JAHHBIX.

B HaleM peLIeHHH MBI HCMIOb3yeM HMrpylue4Hbl# HabOp JaHHBIX NMacCaKMPOB Mocien-
Hero Tparwdeckoro myremectBus "TuraHuka". Ilpu nmomomu Merona head Mbl MOXEM
B3IJIAHYTh Ha NepBbIE HECKOJILKO CTPOK AaHHBIX (MATH Mo yMon4yaHuio). KpoMme Toro, Mel
MOXKeM MPUMEHHTb METOA tail U1 MPOCMOTpPa MOCIEAHWX HECKONbKMX cTpok. C mo-
MOILBIO aTpHOYTa shape Mbl MOXEM YBHAETb, CKOJIBKO CTPOK H CTO/IGLIOB COAEpXHTCA
B HauweM ¢peiime. U HakoHell, ¢ MOMOLLBIO METOAA describe Mbl MOXKEM YBHIETh HEKO-
TOpble OCHOBHBIE ONHCATE/NbHbIE CTATHCTHKH VI M0G0ro YHCI0BOro cronbua.

CTOMT OTMETHTB, YTO CBOJHAaA CTATHCTHKA He BCErJa PacCKa3blBaeT MOJIHYI0 MCTOPHIO.
Hanpumep, 6ubnnoreka pandas paccMaTpHBaeT cTONOLbI Survived H SexCode KaK YHCJIO-
Bble CTOJOLBI, MOCKOABKY OHM COEPXKAT eAMHHUbI U HymH. OqHako B JJaHHOM Cly4yae
YKCIIOBLIE 3HaYeHHs TMpeacTaBIAOT kateropud. Hanpumep, ecnu survived pahserca 1,
TO 3TO O3HAYaeT, YTO Maccaxup nepexun karactpody. Ilo 3Toi npHuHHe HekoTOphie H3
MPEACTaBIEHHBIX CBOAHBIX CTATHCTHYECKHX MOKa3aTelNell He MMEIOT CMBIC/IA, HAapUMep
CTaHJapTHOE OTKJIOHEHHE CTOJIOLA SexCode (MOKA3aTe/A MOJIa MACCDKUPA).

3.3. HaBuraums no ppemam AaHHbLIX
3apaua

TpeGyeTtcs BLIOpaTH HHAMBUAYANbHBIE JAHHBIE WIH Cpe3bl ¢pefiMa JaHHBIX.

PeweHue
Jna BbiGopa ofHOM WIH HECKOJNBKHX CTPOK JM60 3HaueHH# MCMONb30BaTh METOAB loc
WIH iloc:

# 3arpy3auTs GUGIMOTEKY
import pandas as pd

# Cozmats URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpyauTh IOaHHHE
dataframe = pd.read_csv(url)

# BuGpaTh nepBy0 CTPOKY
dataframe.iloc(0)

Name Allen, Miss Elisabeth Walton
PClass 1st
Age 29
Sex female
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Survived
SexCode
Name: 0, dtype: object

Jna onpeneneHHs cpe3a CTPOK, KOTOPbI TpeGyercs MOMy4HTb, NPUMEHAETCA Onepa-

TOp :, HANIpUMeEp, U1 BbIGOpa BTOpO#, TpeThei U YeTBepTO#i cTpok (Tabu. 3.6):

# BuOGpaTb TpU CTPOKM
dataframe.iloc([1:4)]

Ta6nuua 3.6
Name PClass | Age | Sex Survived | SexCode
1 | Allison, Miss Helen Loraine 1st 20 | female | O 1
Allison, Mr Hudson Joshua Creighton 1st 30.0 | male 0 0
Allison, Mrs Hudson JC (Bessie Waldo st 250 | female | O 1
Daniels)

Ero Taloke MOXXHO HCMONIB30BaTh, YTOObI MONYYHTh BCE CTPOKH 10 ONpPEAENCHHOH TOUKH,
HarnpHMep, BCE CTPOKH BILIOTH JIO 4E€TBEPTOi CTPOKH BKIIOYHTENBHO (Tabu. 3.7):

# BuOpaTh YeThHpe CTPOKM
dataframe.iloc(:4)

Ta6nuua 3.7
Name PClass | Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton st 29.0 | female | 1 1
1 | Allison, Miss Helen Loraine 1st 20 | female | O 1
2 | Allison, Mr Hudson Joshua Creighton ist 30.0 | male 0 0
3 | Allison, Mrs Hudson JC (Bessie Waldo 1st 250 | female | O 1
Daniels)

®peiiMbl JaHHBIX HE HYXKIAIOTCA B YHCJIOBOH MHAEKCALHH. MBI MOXKEM ONpPEAEIHTL HH-
aekc ¢peiiMa moObIM 3HaYEHHEM, e 3HAUYEHHE SRIAETCA YHHKAJIbHBIM JUIA KaKIOH
cTpokd. Hanpumep, Mbl MOXKEM 3aJaTh MHAEKC HAa MMEHAaX MacCcaKMpoB, a 3aT€M BbIOH-
paTh CTPOKH, UCMONB3YA HMA:

# BamaTb MHOexc
dataframe = dataframe.set_index(dataframe['Name'])

# llokasaTe CTPOKY
dataframe.loc['Allen, Miss Elisabeth Walton']

Name Allen, Miss Elisabeth Walton
PClass 1st
Age 29
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Sex female
Survived 1
SexCode 1
Name: Allen, Miss Elisabeth Walton, dtype: object

O6cyxaeHue

Bce cTtpoku Bo ¢pefime naHHbIX pandas MMEKOT yHHKaJbHOE MHAEKCHOe 3HaueHue. Ilo
YMOJTYaHHIO 3TOT HHIEKC ABIAETCA LIEJIBIM YHCIIOM, YKa3bIBAIOLIHMM Ha MOJNIOXKEHHE CTPO-
KM BO ¢peiiMe NaHHBIX; OfIHAKO 3TO He oOs3atenbHo. MHnekcel ¢peitMoB MoryT GbiTh
YHHKQTbHBIMH OYKBEHHO-LIH(POBBIMH CTPOKOBBIMHM 3HaYE€HUAMH WIH HOMEPaMH KIIHEH-
TOB. [l BbIOOpa OTHENBLHBIX CTPOK H CPe30B CTpok O6MOnHoTeka pandas npeaocTaBisier
JlBa MeToJa:

¢ Meron loc none3eH, Koraa HHaeKkc ¢peiiMa ABJISETCA METKOH (HampHMep, CTPOKOBBIM
3HaYeHHEM);

4 Meton iloc paboTaeT, OTBICKMBas MO3MLMIO BO ¢peiiMe NaHHBIX; HanpuMep, iloc(0]
BEPHET NEPBYIO CTPOKY HE3ABUCHMO OT TOrO, ABJIAETCA JIM HHAEKC LIETIbIM YHCJIOM WIH
METKOI.

OueHb BaXKHO HAY4YHTbCH CBOOOJIHO MOJIb30BATLCA KaK loc, TaAK H iloc, T. K. 3TH METOAbI
6y}.I)’T TNPHMEHATBCA MHOI'O pa3 BO BpEMA OYHCTKH NaHHBIX.

3.4. Bbi6op cTpok
Ha OCHOBE YC/IOBHbIX KOHCTPYKLUNA

3apauva

Tpebyerca oTo6paTh cTpokH ¢ppeiiMa AaHHBIX Ha OCHOBE HEKOTOPOTO YC/IOBHS.

PeweHue

B 6ubnnorexe pandas 3to nenaerca nerko. Hanpumep, ecnu TpeGyercsa BbiOpaTh Beex
JEHIIUH Ha "Turtanuke" (Tabn. 3.8):

# 3arpy3auTb 6MGIMOTEKY
import pandas as pd

# Co3pmath URL-anpec
url = 'https://tinyurl.com/titanic-csv'

# 3arpyauTb HOaHHhe
dataframe = pd.read csv(url)

# MokasaTb BepxHMe OBe CTPOKM, IOe cTosbel 'sex' paBHAeTca 'female'
dataframe[dataframe['Sex'] == 'female'].head(2)
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Ta6bnuua 3.8

Name PClass Age Sex Survived SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 female 1 1
Allison, Miss Helen Loraine 1st 20 female 0 1

OcTaHOBHTECh Ha CEKYHAy M NOCMOTpMTE Ha ¢opMaT 3Toro peiueHus. KoHcTpyk-
LUMA dataframe('Sex'] == 'female' — 3TO Hallle yCJIOBHOE€ BbIpaxkeHHe; 06epHYB ero
B dataframe[], Mbl Mopy4yaeM 6u6nuoteke pandas "BbIGpaTh BCe CTpokHU BO (peiime, rae
3HaYEHHE dataframe('Sex'] paBHAETCA 'female'".

CocraBiieHHe MHOXECTBEHHBIX YCIOBHMi TOXKe aenaercs Jierko. Hanpumep, 3aech Mbl
BbIOMpaeM Bce CTPOKHM, Ie MaccaxupaMu SABIMIOTCA >KEHLIMHBI 65 NeT M cTapuie
(tabn. 3.9):

# OrdunbTpoBaTH CTPOKM

dataframe[ (dataframe('Sex'] == 'female') & (dataframe('Age'] >= 65)]
Ta6bnuua 3.9
Name PClass Age Sex Survived SexCode
73 | Crosby, Mrs Edward Gifford 1st 69.0 female 1 1
(Catherine Elizabet...

O6cyxaeHue

Ot6op no ycnoBuio U GWIBTPaLMA AaHHBIX ABJIAIOTCA ONHUMH M3 Haubonee pacnpocTpa-
HEHHBIX 3a/1ay BO BpeMs YNOpAJOYeHHA JaHHbIX. BaM peako norpebyrorcs abcomoTHO
BCE ChIpble JaHHbleé M3 HMCTOYHHMKA; BMECTO 3TOro, Kak MPaBWIO, HHTEPECYET TOJbLKO
Kako#-to ux noapasgen. Hanpumep, Bac MOryT 3aHMHTEpPEcOBaTb TOJBLKO MarasuHbI
B KOHKPETHBIX MECTHOCTAX WIH HCTOpHH GoJie3Heil MauMeHTOB CTaplle ONpEAEIEHHOro
BO3pacTa.

3.5. 3amMeHa 3Ha4YeHuHn

3apava

TpeGyetcs 3aMeHHTH 3HaueHHA BO ppeiiMe NaHHBIX.

PeweHue
Meron replace 6ubanoreku pandas — 3To mpocToit cnoco6 HaWTH U 3aMEHHUTh 3Haue-
Hua. Hanpumep, moGo#i npelieieHT "female" B cTONOLIE Sex MOMXHO 3aMEHHTh Ha "Woman":

# 3Barpysautb GUOIMOTEKY
import pandas as pd
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# Cozpatb URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysurb OaHHue
dataframe = pd.read_csv(url)

# 3aMeHUTL 3HaueHMA, NOKa3aTb OBe CTPOKU

dataframe['Sex'].replace("female", "Woman").head(2)
0 Woman
1 Woman

Name: Sex, dtype: object
MBI Takke MOXEM HAMTH M BBHIMONHHTH 3aMeHy MO BCEMY OOBEKTY DataFrame, yKa3aB
BeCh (peliM JaHHBIX LIETMKOM BMECTO OHOro cTonbua (taba. 3.10):

# BaMeHMTbL 3HaueHMs, NOKa3aThb [OBe CTPOKU
dataframe.replace(l, "One").head(2)

Tabnuua 3.10
Name PClass | Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 | female | One One
1 | Allison, Miss Helen Loraine 1st 20 female | O One

Meron replace TaKkoke NPUHHUMAET peryJispHble BeipakeHus (Tabn. 3.11):

# BaMeHUTbL 3HaueHMA, NoKa3aTb OBE CTPOKM
dataframe.replace(r"1st", "First", regex=True) .head(2)

Tabnuuya 3.11
Name PClass | Age Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton First 29.0 female | 1 1
Allison, Miss Helen Loraine First 20 female | O 1

O6cyxneHue

Meron replace — 3TO MHCTPYMEHT, MCNONB3YyEMBIH UIA 3aMEHBbI 3HAYEHHH, KOTOPBIi
NPOCT M B TO e BpeMsi 00/1aJaeT MOLIHOM CIIOCOGHOCTBIO NPHHHMATh PETyNApHbIE BhI-
PaXKEeHHA.
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3.6. NepenmeHoBaHue cTonbuoB
3apava

Tpebyercs nepenmeHoBath cTonGel Bo ppeiiMe qaHHbIX pandas.

PeweHue

IlepeMeHOBaTE CTOJIOLLI C MOMOILBIO METOAA rename (Tab. 3.12):

# 3arpysurh OUGMOTEKY
import pandas as pd

# Cosmarte URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysuTb OaHHHe
dataframe = pd.read csv(url)

# lepeuMeHoBaTb CTONGel, MOKA3aTh OBE CTPOKM
dataframe.rename (columns={'PClass': 'Passenger Class'}).head(2)

Tabnuua 3.12
Name Passenger Class Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 290 | female | 1 1
Allison, Miss Helen Loraine 1st 20 |female | O 1

O6paTtuTe BHUMaHHE, YTO METOJ rename B KAYECTBE apryMeHTa MOXET MPHHHMATh CJIO-
Bapb, KOTOPbIH HCMONB3YeTCA U1 H3MEHEHH HECKOJIBKHX HMEH CTOJIOLOB OJHOBpEMEH-
Ho (Tabn. 3.13):

# TepeuMeHoBaTL CTONOLEH, NOKA3aTh OBE CTPOKM

dataframe.rename (columns={'PClass': 'Passenger Class', 'Sex': 'Gender'}).head(2)
Tabnuua 3.13
Name Passenger Class | Age | Gender | Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 | female 1 1
Allison, Miss Helen Loraine 1st 2.0 | female 0 1

O6GcyxaeHue

Hcnonb3oBaHHe MeTona rename CO CJOBapeM B Ka4yecTBE apryMeHTa [Uis MapaMerpa
columns ABRIAETCA MOMM MNpPEANOYTHTENbHBIM CIOCOOOM NepeHMeHOBaHHA CTON6LOB, No-
CKOJIbKYy OH pabGoTaer ¢ mo6biM konHuecTBoM cronbuoB. Eciu TpeGyercs nepenmeHo-
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BaTh BCE CTOJOLBI Cpa3y, TO HHK€ NpHUBEAECH MoJje3HbIA q:par MEHT K04, KOTOpblﬁ co3aa-
€T CN10Bapb CO CTapbIMH HMEHAMH CTONOLIOB B KayecTBE KIo4Yed U ITYCTBIMH CTPOKOBBLIMH
3Ha4YeHHAMM B Ka4eCTBE 3HAYECHMIA:

# 3arpys3uTb Gubmorexy
import collections

# CospaTe cnoBapb
column names = collections.defaultdict (str)

# Co3maTh KoUK
for name in dataframe.columns:
column_names [name]

# loka3aTb CJIOBapb
column_names

defaultdict (str,
('Age': '"',
'Name': '',
'PClass': '"',
'Sex': '',
'SexCode': '',
'Survived': ''})

3.7. HaxoxaeHune MMHUMYMa, MAaKCUMYMa, CYMMbI,
cpeaHero apupmMmeTU4ecKoro U konumyecrtBa

3apava

Tpebyercs HalTH MHHUMYM, MaKCHMYM, CYMMY, CpelHee apuMETHYECKOE H KOITHYECT-
BO 3Ha4YeHHUH YHUCIOBOro cToabua.

PeweHue

Bubnuoreka pandas mocTaBiiseTcs ¢ HEKOTOPbIMM BCTPOECHHBIMH METOAAMH Ui obiue-
MPHHATHIX OMHMCATEeNIbHBIX CTATUCTHYECKHX MOKa3aTeNnei:

# 3Barpys3ute 6ubsmoTeky
import pandas as pd

# Coszpmarb URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpys3uTb naHHhe
dataframe = pd.read_csv(url)
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# BeMMCIMTBL CTaTUCTUUECKME Noka3aTesu

print ('Maxcmym:', dataframe('Age'].max())
print ('Mmomym: ', dataframe('Age'].min())
print ('CpenHee:', dataframe['Age'].mean())
print ('Cymma:', dataframe('Age'].sum())

print ('KommuecTBo:', dataframe('Age'].count())

MaxkcimyMm: 71.0

MumyMm: 0.17

CpenHee: 30.397989417989418
Cymma: 22980.88

KommecTBo: 756

O6cyxaneHue

IToMHMO cTaTHCTHYeCKHX MOKa3aTesneif, HCoNb3yeMbIX B JAHHOM pellieHHH, 6ubimnoreka
pandas mpemiaraer AucrepcHio (var), CTAHAAPTHOE OTKIOHEHHe (std), ko3(PHLMeHT
akcuecca (kurt), Ko3pHIMEHT aCHMMETPHH (skew), CTaHIApTHYI0 OLIMOKY CpeaHero
(sem), MOIY (mode), MeqHaHy (meadian) H PO APYrHX.

Bonee Toro, 3T MeTOaBI TaKXKE MOXKHO MPHUMEHATb KO BceMy ¢peiiMy NaHHBIX:

# lokasaTh KoJMuecTBa 3HAYEHWUIA
dataframe.count ()

Name 1313
PClass 1313
Age 756
Sex 1313
Survived 1313
SexCode 1313
dtype: int64

3.8. HaxoxaeHue yHUKanbHbIX 3HA4YeHUN
3apaua

TpeGyeTtcs BLIOpaTh Bce YHHKaANIbHbIE 3HAYEHHA B CTONOLE.

PeweHue
IIJDI NMpoCMOTpa MAacCHBa BCEX YHHKAJIBbHBIX 3HaYyeHHii B CTOIl6ue HCII0J1B30BATh METOA
unique:

# 3arpysmuTtb OUOIMOTEKY
import pandas as pd

# Cosamary URL-ampec
url = 'https://tinyurl.com/titanic-csv'
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# 3arpya3uTb OaHHHe
dataframe = pd.read csv(url)

# BulpaTh yHMKaJbHhE 3HauyeHuA
dataframe['Sex'].unique ()

array(['female', 'male']), dtype=object)

B kauectBe QTbTCPHATHBbI METO/ value counts MOKAXKET BCC YHHKAIbHbIC 3HAYCHHA BMC-
CTe C KOJIMYECTBOM MOARIEHHH KaKIOro 3Ha4E€HHA:

# MokasaTb KO/MYeCTBa MNOABJIEHWUIA
dataframe('Sex'].value_counts()

male 851
female 462
Name: Sex, dtype: inté4

O6cyxneHue

MeTtoabl unique K value_counts MOJIE3HBI UL MAHHITYJIHPOBAaHHA H pa3BeAKH KATEropm-
aNbHBIX CTONOLOB. OYeHb 4acTo B KaTeropHalbHBIX cToNbLax OyoyT HaXoAMTBCA KJiac-
Cbl, KOTOpble JO/KHBbI ObITH 06paboTaHbl Ha 3Tane ynopsao4yeHus AaHHbix. Hanpumep,
B Habope naHHbIX Titanic PClass — 3TO cTonbel, YKa3plBalOLHi Ha KJ1acC MaccaXup-
ckoro Ownera. Ha "TuraHuke" ObUIO TpH K/acca; OJHAKO €CIM MPHUMEHHTb METOA
value_counts, TO MOXXHO OOHapy>XHTb npobneMy:

# Moka3aTb KOMMUECTBA MNOABJIEHUI
dataframe('PClass'].value_counts ()

3rd 711
1st 322
2nd 279
. 1

Name: PClass, dtype: inté4

XoTA, Kak M 0’)KHIAIOCh, MOYTH BCE MAacCaKMphbl MPUHAJIEXKAT K OMHOMY M3 TpexX Kjac-
COB, OJMH Maccaxup uMeeT Kiacc *. Jing pelenus nogobHoro pona npobieM cyLiecTBy-
€T pAA CTpaTeruii, KOTopbie Mbl PACCMOTPHM B 21ase 5, HO MOKA MPOCTO OCO3HAEM, YTO
"NMUIHKE" KIacChl B KAaTErOpHaIbHBIX JAHHBIX ABIAIOTCA OOBLIEHHBIM HEJNIOM, H HX HE
clieyeT MrHOpHpOBaTh.

Hakoneu, ecnu Tpe6yercs| MNMPpOCTO MOACYHTATH KOJIHYECTBO YHHKAJIBHBIX 3HaYeHHH, TO
MOXXHO IMPHMEHHTb METO/ nunique:

# MloxazaTh KOMMUYECTBO YHMKAJIbHBIX 3HauyeHMit
dataframe('PClass'].nunique ()
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3.9. OT60p NnponyweHHbIX 3HaYeHUN
3apaua

Tpebyercs BbIGpaTh npormyiLeHHble 3HaY€HHS BO QpeiiMe NaHHBIX.

PeweHxue

Meroap! isnull H notnull BO3BpAIialOT GyneBbl 3HAUYEHHA, YKa3bIBAIOILNE, OTCYTCTBYET
3Ha4yeHHe WM Her (Tabn. 3.14):

# 3arpyauTh OuGiBoTeKy
import pandas as pd

# Cozmatb URL-anpec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysuTb IaHHue
dataframe = pd.read csv(url)

# BuOpaThb NponymeHHWe 3HAYeHUA, MOKa3aTh ABEe CTPOKU

dataframe[dataframe('Age’].isnull()).head(2)
Tabnuua 3.14
Name PClass | Age | Sex Survived | SexCode
12 | Aubert, Mrs Leontine Pauline 1st Nan | female | 1 1
13 | Barkworth, Mr Aigemon H 1st Nan | male 1 0
O6cyxnexne

IpomyuieHHble 3HaUEHHUs ABIMIOTCA NOBCEMECTHOM NpobeMoii BO BpeMs yNOpAAOYEHHA
JIaHHBIX, M BCe )K€ MHOTHE HEeJOOLIEHHBAIOT CJIOKHOCTh paboThl ¢ MPOMyLUEHHBIMH JaH-
HbIMH. B 6u6nuoTexe pandas mis 0603HaYeHHs MPOMYIIEHHBIX 3HA4YEHHH HCTIONB3yeTCs
3Ha4YeHHe NaN 6uGnHorekn NumPy (ot aHrn. Not a Number — He 4Mci0), HO BaXKHO OT-
METHTb, YTO B 6M6iHOoTeke pandas 3HaueHHE NaN pealM30BAHO HATHBHO HE N0 KOHLA.
Hanpumep, ecnu TpeGyercs 3aMeHHTh BCe CTPOKM, COZEpKallHe CToNGel male C NpoOIy-
LEHHBIMH 3HA4YEHHAMH, TO Mbl BepHeM oH6Ky "umsa NaN' He onpeneneHo":

# MomuTaThCA 3aMeHMTbL 3HaYeHMA C NaN
dataframe['Sex'] = dataframe('Sex').replace('male', NaN)

NameError Traceback (most recent call last)
<ipython-input-7-5682d714£87d> in <module> ()

1 # Attempt to replace values with NaN

---=> 2 dataframe('Sex'] = dataframe('Sex'].replace('male', NaN)
NameError: name 'NaN' is not defined
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Jlns Toro 4ToOBI HMETH MOMHYI0 PYHKUHMOHANBHOCTD C NaN, HAM HY)XHO CHa4asna HMIIop-
THpoBaTh 6ubnnoTeky NumPy:

# 3arpysuTtb OUOIMOTEKY

import numpy as np

# 3ameHuTb 3HaueHms c NaN
dataframe('Sex'] = dataframe('Sex'].replace('male', np.nan)

Hepeako nns 0603HaueHUs OTCYTCTBYIOILEro HabmoaeHHa B Habope NaHHBIX HCTIONB3Y-
erca Hekoe 3Hayenue, Hanpumep NONE, —999 wmn . (touka). DyHKUMA read csv
6ubnnoTeky pandas MMeeT napaMeTp, MO3BOJAIOIMA yKa3piBaTh 3HAYEHUA, MUCTIONb3Ye-
Mbl€e U1 0003HaYEeHHs MPOIMYILEHHBIX 3HAUYEHHIA:

# 3arpy3auTb OaHHee, 3anaTh NPOMNyMEHHHE 3HadeHusd
dataframe = pd.read csv(url, na_values=[np.nan, 'NONE', -999])

3.10. YganeHue cTon6bua
3apava

Tpebyercs ynanuts ctonbewu u3 ¢pperima JaHHbIX.

PeweHue

Jlyywuuit cnoco6 ynanuTs ctonbew — MpHMEHHTh METO drop € NMAPAMETPOM axis=1 (T. €.
¢ OChI0 cTONO10B), TabA. 3.15:

# 3arpysmutb OUBIMOTEKY
import pandas as pd

# Cozmatrby URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysuTb naHHhe
dataframe = pd.read_csv(url)

# Ymamre cronbeu
dataframe.drop('Age', axis=1).head(2)

Tabnuuya 3.15

Name PClass Sex Survived SexCode
0 | Allen, Miss Elisabeth Walton 1st female One One
Allison, Miss Helen Loraine 1st female 0 One
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B kadecTBe OCHOBHOro aprymMeHTa [ OTOpachIBAHHA HECKONbKHX CTOJNIOLIOB OJHOBpE-

MEHHO MOXKHO TaKoKe MCIIOJIb30BaTh CIIKCOK MMeH cToN6LOoB (Tab. 3.16):

# OTOpOCUMTL CTONOLK

dataframe.drop(['Age', 'Sex'], axis=1).head(2)
Tabnuua 3.16
Name PClass | Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st One One
1 | Allison, Miss Helen Loraine 1st 0 One

Ecnm ctonGew He HMeeT MMeHH (YUTO HHOTA ObIBAET), €r0 MOXKHO OTOPOCHTH MO MHAEKCY
cTon61a c NOMOoIBIO MaCCHBA dataframe.columns (Tabn. 3.17):

# OrGpocuTb cronbeL
dataframe.drop(dataframe.columns[1l], axis=1).head(2)

Tabnuua 3.17
Name Age | Sex Survived | SexCode
Allen, Miss Elisabeth Walton 290 | female | 1 1
Allison, Miss Helen Loraine 2.0 female | 0 1

O6cyxneHue

Merton drop — 3TO MAHOMAaTHYeCKHii METOA yHaneHHA cronbua. AJbTepHAaTHBHBIA Me-
TOA — del dataframe('Age’], KOTOpBIi paboTaer 6osblIyI0 YaCTh BPEMEHH, HO HE PEKO-
MEHJYEeTCA H3-3a TOrO, KaK OH BbI3bIBaeTCs BHYTpH GuOnHoTekH pandas (aeTanu onuca-
HHMSl KOTOPOTO BBIXOJAT 32 pAMKHM 3TOH KHHTH).

PexoMeHIyeTcs B3ATh 32 NMPHBBIYKY HHKOTJAa HE HCIOJL30BaTh apryMeHT inplace=True
6ubnnorekn pandas. MHorve Metoanl pandas BKIIOHAlOT MapaMeTp inplace, KOTOPbIi
NpH paBEHCTBE True peJAKTHPYeT OOBEKT DataFrame HampsMyl0. OTO MOXET MPHUBECTH
K npobnemaMm B Gosiee CIOKHBIX KOHBedepax o6paboTkH JaHHBIX, MOTOMY YTO B 3TOM
ciydyae ¢periMbl JaHHBIX PacCMAaTPHBAIOTCSA Kak MYTHPYIOIHE 00BEKThI (KOTOPHIMH OHH
TeXHHYECKH ABIAIOTCA). HacToATenbHO pekoMeHTyeTcs pacCcMaTpHBaTh (periMbl TaHHBIX
Kak HeMyTHpylouue o6nsexTsl. Hanpumep,

# Co3nmaTb HOBHIA QperM maHHBX
dataframe name dropped = dataframe.drop(dataframe.columns(0], axis=1)

B 3TOM npuMepe Mbl He H3MeHseM (peiiM JaHHBIX dataframe, a CO3[1a€M HOBBIH, KOTO-
pblii ABJIAETCA M3IMEHEHHON BEPCHEH dataframe M Ha3bIBAETCHA dataframe name dropped.
Ecnu Bl Gyaere paccMatpuBaTh ¢peiiMbl JaHHBIX KaK HEMYTHPYIOIUHE OOBEKTHI, TO
n3baBuTe cebs OT MHOTHX rOJIOBHBIX Gonei.
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3.11. YoaneHue CTpPOKM
3apava

TpeOyercsa ynanurTh OfHY WIH HECKOJIBKO CTPOK H3 PpeiiMa NaHHbIX.

PeweHue

HUcnons3osars GyneBo ycioBue ans co3gaHUA HOBOro ¢peiiMa NaHHBIX, HCKIIOYHB CTPO-
KH, KOTOpbI€ BBl XOTHTE yaanuThb (Taba. 3.18):

# 3arpysuTh GUGIBMOTEKY
import pandas as pd

# Coanmarb URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpy3uTb naHHhe
dataframe = pd.read_csv(url)

# YnamTb CTPOKM, MOKAa3aTb MNepBhe nBe CTPOKM BHBOLA

dataframe(dataframe(['Sex'] '= 'male'].head(2)
Tabnuua 3.18
Name PClass | Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 290 | female | 1 1
Allison, Miss Helen Loraine 1st 2.0 female | 0 1
OGcyxneHue

XOT# TEXHHUECKH MOXKHO MCMOJIb30BAaTh METOJ drop (HanpuMmep, 4yTobbl oTOpOCHTH nep-
Bbl€ JIB€ CTPOKH, df .drop([0, 1], axis=0)), 6omee NpakTH4HBIA MeToq — MpOCcTO 0bep-
HyTb GynieBo ycnoBue B df [ ). [IpH4HHa B TOM, YTO MOILb YCIIOBHBIX KOHCTPYKLIMI A MOXKHO
HCMNOJB30BaTh V1A YAAleHHA TH60 oqHO# cTPOKH, 1H60 (ropasno 6osee BepoATHO) cpasy
HECKOJIbKHX CTPOK.

ByneBbl yCn0BHS MOXKHO MCMOJIb30BaTh, YTOObI JIEFKO YNANATh OTAE/bHbIE CTPOKH, CO-
MOCTaBJIAA C YHHKAIbHBIM 3Ha4eHHeM (Taba. 3.19):

# YoammTe CTPOKy, NOKas3aTh NepBHe JBe CTPOKM BHBOMA

dataframe(dataframe('Name'] '= 'Allison, Miss Helen Loraine'].head(2)
Tabnuua 3.19
Name PClass | Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 290 | female | 1 1
2 | Allison, Mr Hudson Joshua Creighton 1st 30.0 | male 0 0
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Byneno YCI0BHE JaXXe€ MOXHO HUCIONIB30BATh AJIA YAAJICHHA oaHo# CTPOKH IO €€ HHACKCY

(Tabn. 3.20):
# YoaymTe CTpoky, nokazaTh NepBhe OBE CTPOKM BHEBOLA
dataframe[dataframe.index != 0] .head(2)
Ta6bnuua 3.20
Name PClass | Age | Sex Survived | SexCode
1 | Allison, Miss Helen Loraine 1st 20 female | O 1
2 | Allison, Mr Hudson Joshua Creighton 1st 30.0 | male 0 0

3.12. YaaneHue nOBTOPAIOWMUXCA CTPOK
3apava

Tpebyercs ynanuTh NoBTOPAIOLLMECS CTPOKH M3 (PpeiiMa JaHHBIX.

PeweHue

Hcnonb3oBaTh MeTOR drop duplicates, HO IOMHHTD O NMapaMmeTpax (Tabux. 3.21):

# 3arpysuTb OuGIMOTEKY
import pandas as pd

# Coamare URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysuTh IDaHHHe
dataframe = pd.read csv(url)

# Yoamre OyGimkaTe, MOKa3aTh NepBhle OBE CTPOKM BhBOOA
dataframe.drop_duplicates() .head(2)

Tabnuua 3.21
Name PClass Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 | female | 1 1
1 | Allison, Miss Helen Loraine 1st 20 female | O 1

O6cyxaeHue

3aHHTepeCOBaHHHﬁ YHUTaTEIb Cpa3y 3aMETHT, YTO 3TO pPCLUCHHE Ha CaMOM J€JI€ CTPOKH

He oTOpachiBaeT:
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# lokasaTb KOMMYECTBO CTPOK
print ("KommuecTBo CTpok B MCxomoHoM ¢peiMe maHHbx:", len(dataframe))
print ("KommuecTBo cTpok nocne my®mkaupu:", len(dataframe.drop duplicates()))

KommyecTBO CTPOK B MCxomHoM ¢peiiMe maHHex: 1313
KomuecTBo CTpPOK nocine myGmmkawm: 1313

IIpyunHa B TOM, YTO METOA drop duplicates MO YMOIYaHHIO mﬁpacsmaer TOJIBKO T€
CTPOKH, KOTOpbI€ HIEANBHO COBMAAAlOT Mo BceM cTonbuam. Ilpu 3ToM ycnoBHH Kaxkaas
CTpOKa B HaleM ¢ppeiiMe NaHHBIX dataframe Ha CaMOM JeJie YHHKaTbHa. Bmecte ¢ TeM,
VIS TOTO YTOOBI BLIMOJHHATH MPOBEPKY Ha HAIMYHE MOBTOPAIOIUUXCHA CTPOK, HEPEIKO
Tpe6GyeTcs paccMOTpPeTh TOJBKO NMOAMHOXECTBO CTON6LOB. 3TO MOXHO CIENaTh C MO-
MOIILIO NapaMeTpa subset (Tabu. 3.22):

# Ynamre IOyOIMKaTh
dataframe.drop duplicates(subset=['Sex'])

Ta6bnuua 3.22
Name PClass | Age | Sex Survived | SexCode
0 | Allen, Miss Elisabeth Walton 1st 29.0 | female 1 1
2 | Allison, Mr Hudson Joshua Creighton 1st 30.0 male 0 0
Hpnrmmrrecs K TpHBEACHHOMY BbIlllE pe3yJbTaTy: Mbl MOPYYHIH METORY

drop _duplicates pacCMaTpHBaTh KaK XyOIHKaTel M0ObIE BE CTPOKH C OAHHAKOBBIM 3Ha-
YEeHHEM TOJILKO UM cToNOLa Sex U MX oTOpackiBaTh. Teneps y Hac octanca ¢ppeiM naH-
HBIX BCEro B JIB€ CTPOKH: OMH MY>K4YHHa M OJJHa JKeHIUHWHa. Bo3MoxHO, BBl cripaiunBae-
Te: MouYeMy METOA drop_duplicates PelIW COXPaHHTh HMEHHO 3TH JBE CTPOKH BMECTO
IBYX Opyrux ctpok? OTBeT 3aK/II04aeTCa B TOM, YTO METOJ drop_duplicates MO yMOJNYa-
HMIO COXPaHSET NepBoe MOABJIEHHE MOBTOPAIOLLEHCA CTPOKH H yJaNfeT ocTalbHble. MbI
MOJKEM YIpaBJIATh 3THM NOBEJEHHEM C TOMOLLBIO NTapaMeTpa keep (Tabu. 3.23):

# YmamaTe OyGJIMKATh

dataframe.drop_duplicates(subset=['Sex'], keep='last')
Ta6bnuua 3.23
Name PClass | Age | Sex Survived | SexCode
1307 | Zabour, Miss Tamin 3rd NaN | female | O 1
1312 | Zimmemman, Leo 3rd 29.0 | male 0 0

PoacTBeHHBIH MeTOa duplicated Bo3BpalnaeT pan OyneBbiX 3HaueHHH, 0603HaYaOWINX,
ABJIAETCA JIM CTpOKa (ppeiiMa Ay6HKaTOM WIH HET. 3TO XOPOLUHA BapHaHT, €CIH BBl HE
XOTHTE NMPOCTO YAAIHTD XyOIHKATHI.
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3.13. F'pynnupoBaHue CTPOK NO 3HAYEHUAM
3apava

Tpebyerca crpynnupoBaTh OTAeNbHBIE CTPOKH B COOTBETCTBHM C HEKOTOPBIM OGLUMM
3Ha4Y€HHEM.

PeweHue

Meron group ABISETCA OHMUM M3 CaMbIX MOLUHBIX (PYHKUHOHANBHBIX CpeaCTB B OHOIHO-
Teke pandas (Tabn. 3.24):

# 3arpy3uTb GUGIMOTEKY

import pandas as pd

# Coamarb URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpy3uTb IDaHHue
dataframe = pd.read csv(url)

# CrpynnuMpoBaTh CTPOKM MO 3HAaueHUAM CTosbua 'Sex', BLUUCIMTL CpenHee
# Kxaxmoit rpynmk
dataframe.groupby('Sex') .mean()

Ta6bnuua 3.24

Sex Age Survived SexCode
female | 29.396424 0.666667 1.0
male 31.014338 0.166863 0.0

O6cyxneHue

Mertoa groupby — TO cpeacTBo, nociie NMPHMEHEHUA KOTOPOro yNopsao4eHHble NaHHbIE
JeHCTBHTENbHO HA4YHHAIOT NPUHHUMaTh ¢popMy. Ha npakTike oyeHb YacTo Kakaas CTpoka
¢peiimMa naHHBIX 0003Ha4aeT YenoBeka WM COObITHE, H TpebyeTcsa X CrpynnupoBaTh Mo
KaKOMY-TO KPHMTEpHIO, a 3aT€M BBIYMCJIHTH CTaTHCTHYeCkMil noka3sarenb. Hanpumep,
MOXXHO MpeACTaBUTh GpeiiM JaHHBIX, Ile KOKAas CTPOKa ABIAETCA OTAC/IbHOM npoaaxei
B (denepanbHOM CETH pecTOpaHOB, H HaM Tpebyerca monyudTs obwui o6beM mpomax
B pacyeTe Ha pecTopaH. Mbl MOXkeM clieslaTh 3TO, CTpPYNMNHPOBaB CTPOKH MO OTAEIAbHBIM
pecTopaHaM, a 3aTeM BBIYHCIIMB CYMMY KaXIO#H Mpynnbl.

IMonb3oBaTenu, KOTOPBIM METOJ groupby B HOBUHKY, HEPENKO NMHUIYT CJAEIYIOLLYIO HHXKeE
CTPOKY KOJia H 03a1a4€Hbl TEM, YTO OHH MOTy4alOT B OTBET:

# CrpynnupoBaTb CTPOKM
dataframe.groupby ('Sex"')

<pandas.core.groupby.DataFrameGroupBy object at 0xl0efacf28>
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IoyeMy MeToA He BepHYN 4To-To Gosee nonesHoe? [IpuynHa B TOM, 4TO MeETOA groupby
JOJDKEH WATH B Nape ¢ HEKOTOPO# onepauuei, KOTOPYIO Mbl XOTHM MPHMEHHTD K KKAOH
rpynmne, B YaCTHOCTH C BBIYHC/IEHHEM arperMpoOBAHHOTO CTATHCTHYECKOrO NOKasaTess
(HanpuMep, cpeaHero apHgMeTHYecKoro, MeaHaHel, cymMmbl). Korma Mbl rosopum
O IPyNMNHPOBAHHH, MBI YaCTO MO/b3yeMCS COKPALIIEHHEM H FOBOPHM "IpyMNMHpPOBaHHE MO
nony", Ho oHo GyaeT He nonHeIM. J{1s Toro 4yrobbl rpyNNHpoBaHHe 6BLIO MONE3HBIM, HAM
HYXHO cOOpaThb HeYTO B IpYNNbi, a 3aTeM NMPUMEHUTb QYHKLHMIO K KOKIOH M3 3THX

rpynn:

# CrpynmmMpoBaTh CTPOKM, MOACYMTATL CTPOKM
dataframe.groupby ('Survived') { 'Name'] .count ()

Survived
0 863
1 450
Name: Name, dtype: inté4

O6paTHTe BHHMaHHe Ha CTONOEL Name, YKa3aHHBIH MOC/e MeTOMa groupby. JTO Aobamne-
HHE BBI3BAHO TEM, YTO OTAEJIbHbIE CBOJHBIE CTATHCTHUYECKHE TOKA3ATEIH HMEIOT CMBICI
TOMBKO JUIA OMpeJesieHHbIX TUNOB JaHHBIX. HarpuMep, B OTIHYHE OT pacueTa cpeaHero
BO3pacTa Mo Moy, KoTopblii abCOMOTHO onpaBaaH, BIYHCIEHHE CYMMapHOro Bo3pacta
N0 NoJTy He HMEET HHKAKOTo CMBbICa. B HallleM ciyyae Mbl FpyNNHpyeM NaHHbIE HA Bbi-
MBLIMX H NMOrHOLIMX MAacCaXHPOB, a 3aTeM MOJACYMTHIBAEM KOJHUYECTBO HMEH (T. €. mac-
CaXXHPOB) B KXXAOH rpytrne.

MBI TaKkke MOXeM CrpyNMnHpoBaTh Mo MepBoMy CTonOLy, a 3aTeM CrpyNIHpOBaThb 3Ty
rpyNIHpPOBKY MO BTOPOMY CTONOLY:

# CrpynnuMpoBaTb CTPOKM, BHUUCIMTL CpelnHee

dataframe.groupby (['Sex', 'Survived']) ['Age'].mean ()
Sex Survived
female 0 24.901408
1 30.867143
male 0 32.320780
1 25.951875

Name: Age, dtype: float64

3.14. 'pynnupoBaHue CTPOK NO BPpEeMEHU
3apava

Tpe6yetca crpynnupoBaTs OTAENBHbIE CTPOKH 110 MEPHOAM BPEMEHH.

PeweHue

Jlns rpynnyMpoBaHHA CTPOK ¢peiiMa Mo OTpe3KkaM BPEMEHH HCIOJIb30BaTh METOA resample
(Tabn. 3.25):
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# 3arpysuTtb GuGIMOTEKM
import pandas as pd
import numpy as np

# Co3paTe mana3son gmaT
time_index = pd.date_range('06/06/2017', periods=100000, freg='30S')

# Co3maTh ¢peiM maHHRX
dataframe = pd.DataFrame (index=time_index)

# Co3pmaTb crosbelL CJTydamHEX 3HadeHWd
dataframe('Sale Amount'] = np.random.randint(1l, 10, 100000)

# CrpynnMpoBaTb CTPOKM NO Hefesle, BEMUCIMTbL CyMMdy 3a HemeJuo
dataframe.resample('W') .sum()

Ta6nuya 3.25
Sale_Amount
2017-06-11 86505
2017-06-18 100489
2017-06-26 101015
2017-07-02 100490
2017-07-09 100288
2017-07-16 10785

O6¢cyxneHue

Haw crannaprHeiii Habop paHHbIX Tifanic He COREPKMT CTONIOLA C THIOM datetime, MO-
3TOMY IUIS 3TOro peuenTta Mbl CO3JanH NpocToi ¢ppeliM NaHHBIX, rA€ Kakaas CTpokKa
MPEACTARNAET OTACIBHYIO MpoJaxy. MBI 3HaeM AaTy H BpeMs KaKAo# MPOAaXH, a Takxe
€e CyMMY B JoJuiapax (3TH JaHHble HEPEaIMCTHYHBI, MOTOMY YTO KaxJaas npoaaxa npo-
HCXOAMT pOBHO 4epe3 30 ceKyHa M ABRIAETCA TOYHOH CYMMO# B A0JUtapax, HO paam npo-
CTOTBI JaBaiTe MPUTBOPHMCS).

Colipble aHHbIE BHIMIAAT cleqylowum obpa3zoM (Tabu. 3.26):

# MokasaTb TpU CTPOKM
dataframe.head(3)

Tabnuua 3.26
Sale_Amount

2017-06-06 00:00:00 7

2017-08-06 00:00:30 2

2017-08-06 00:01:00 7
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OO6paTHTe BHMMaHHE, YTO NaTa M BPEMA KAKAOH MPOAKH HABJIAIOTCA HHIEKCOM
DataFrame; 3TO MPOMUCXOAMT MOTOMY, YTO METOJ resample TpeOyeT, YTOObI HHAEKC HMEN
3HaYEHHs C THIIOM JAHHBIX datetime.

Hcnons3ys Meron resample, Mbl MOXKEM CIPYTINHPOBATh CTPOKH IO IIHPOKOMY MacCCHBY
NepHOAOB BPEMEHH (CMELLEHHiH), a 3aTEM MOXKEM BBIYHCIIHTH HEKOTOPYIO CTaTHCTHKY MO
Kaxno# rpynmne BpeMeHH (Tabn. 3.27, 3.28):

# CrpynnupoBaTb NO OBYM HeIeiAM, BLMUCIIMTL CpelHee
dataframe.resample('2W') .mean ()

Tabnuua 3.27

Sale_Amount
2017-06-11 5.001331
2017-06-25 5.007738
2017-07-09 4.993353
2017-07-23 4.950481

# CrpynnupoBaTb No MeCAUy, NOACYMUTATbL CTPOKM
dataframe.resample ('M') .count ()

Tabnuua 3.28

Sale_Amount
2017-06-30 72000
2017-07-31 28000

Bbl, BO3MOXXHO, O6paTWIH BHHMaHHE, YTO B ABYX MPHBEACHHBIX BbIlIE pe3ybTaTax HH-
JIeKC datetime SIBNISE€TCA AATOi, HECMOTPA Ha TO, YTO MBI FPYTINHPYEM COOTBETCTBEHHO MO
HeaensiM U MecsAuam. [IpyinHa B TOM, YTO MO YMONIYaHHIO METOJ resample BO3BpalLaeT
METKY mpaBoro "kpas" (MocJieIHIOI0 METKY) BpeMeHHOMH rpynnbl. Mbl MOXkeM YTIpaBNATh
3THM NOBeJEHHEM C MOMOILBIO NMapaMeTpa label (Tabn. 3.29):

# CrpynnupoBaTb MO MeCAUY, MOOCYMUTATb CTPOKA
dataframe.resample('M', label='left').count()

Tabnuua 3.29

Sale_Amount
2017-05-31 72000
2017-06-30 28000

[ononHutenbHble MaTepuans! ONA YTeHUA

¢ IlepeyeHp NCEBAOHHMOB IUIA CMELUECHHH MO BpPEMEHH, MPHHATHIX B OuOAMOTEKE
pandas (http://bit.ly/2FxfTe4).
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3.15. O6xoa cTon6bua B UMKNe
3apava

Tpebyetcs BBINMOMHUTL HTEPALIMIO N0 KOKAOMY 3/IEMEHTY B CTOIOLIE H IPUMEHHTh KaKoe-
TO AeiicTBHE.

PeweHue

Cronben 6ubnnorekn pandas MO)KHO paccMaTpHBaTh, Kak H Jilo0y1o Apyrylo nocienona-
TenbHOCTH B Python:

# 3arpy3uTtb GUGIMOTEKY
import pandas as pd

# Cozmate URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpysuTb naHHue
dataframe = pd.read csv(url)

# HanewaraTb nepBhe OBa MMEeHM B BEPXHEM DerucTpe
for name in dataframe['Name'] [0:2]:
print (name.upper())

ALLEN, MISS ELISABETH WALTON
ALLISON, MISS HELEN LORAINE

O6¢cyxneHue

B nononHenune K LHKJIaAM (‘-laCTO Ha3blBa€MbIM LIHKITIAMH for) Mbl TalOKE€ MOXKEM HCIOJIb-
30BaTh KOHCTPYKLHIO BKIIOYCHHA B CIHCOK’:

# HaneuaTaTb nepshe OBa MMEHM B BEPXHEM DerucTpe
[name.upper () for name in dataframe['Name'] [0:2]]

['ALLEN, MISS ELISABETH WALTON', 'ALLISON, MISS HELEN LORAINE']

Hecmotps Ha coGnasH npuberHyTh k uMkiam for, 6onee Python-oBckMM peleHHEM
6yner ucnonb3oBaTh pandas-MeTOX apply, KOTOPHIi OMMCAH B CIEAYIOLIEM PELICNTE.

? Tepmun list comprehension Taloke NEPEBOAMTCR HE COBCEM YIOGHBIM TEPMHHOM CHUCKOBOE GKAIONEHUE.
Ileno B ToM, yTo B Python noMumo Bk/IOYEHHA COOGCTBEHHO B CMIUCOK €LE CYLIECTBYIOT KOHCTPYKLMH BKJIIO-
4yeHua B cinoBaph (dictionary comprehension) M BkmoYeHHss B MHOXeCTBO (set comprehension). — [Tpum.
nepes.
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3.16. NpumeHeHne PyHKLUU KO BCEM NNIeMEHTaM
B cTon6ue

3apnava

TpeOyeTrcs NpUMEHHTH HEKYI0 GYHKLIMIO KO BCEM 3JIEMEHTaM B CToN6Le.

PeweHue

JIna npuMeHeHHs BCTPOEHHOI WM 3alaHHO# MoJsib3oBaTeseM QYHKLMH K KDKIOMY dJie-
MEHTY B CTOJIOLIE HCTIONB30BATh METO apply:

# 3arpy3uTe GUBMMOTEKY
import pandas as pd

# Cozmarb URL-ampec
url = 'https://tinyurl.com/titanic-csv'

# 3arpy3auTb OAHHHE
dataframe = pd.read_csv(url)

# Co3maTb ¢yHKWmO
def uppercase (x):
return x.upper ()

# [pyMeHUTbL ¢YHKIMIO, NOKA3aTb OBE CTPOKU
dataframe['Name']) .apply (uppercase) [0:2]

0 ALLEN, MISS ELISABETH WALTON
1 ALLISON, MISS HELEN LORAINE
Name: Name, dtype: object

O6cyxneHue

Meron apply — 3TO OTJIHYHBIH CMIOCOO BBIMONHUTL OYHCTKY H YNOPAAOYEHHE JAHHBIX.
OG1uenpHHATO NUcaTh QYHKLHIO, KOTOpas BBIMOJIHAET HEKOTOPbIE MOJIE3HbIE OMEpPALUH
(BbIOENEeHHE UMEH H ¢paMwinii, Mpeobpa3oBaHHA CTPOKOBBIX 3HAYEHHIi B BELIECTBEHHbIE
M T. 1.), ¥ 3aTeM 0TOoOpaXaTh 3Ty PYHKLHMIO Ha KOKIbIH 3JIeMeHT B cToN6lLe.

3.17. NpumeHeHMe (PyHKUUM K rpynnam
3apava

CTpoks GbUIH CrpynMHPOBATH C MOMOLIBIO METOAA groupby, H Tenepb TpebyeTca mpuMe-
HHUTb QPYHKLHIO K KOKAO# rpynne.
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PeweHue

OO6BeaHHHTb METOMBI groupby M apply (Tabn. 3.30):
# 3arpyauTh GuGIMOTEKy
import pandas as pd

# Co3marb URL-ampec
url = 'https://tinyurl.com/titanic-csv'’

# 3arpy3uTb OaHHHeE
dataframe = pd.read csv(url)

# CrpynnmMpoBaTb CTPOkM, MPMMEHMTbL QYHKLUMIO K I'Dymnam
dataframe.groupby('Sex') .apply(lambda x: x.count())

Tabnuua 3.30
Name | PClass | Age | Sex | Survived | SexCode
Sex
female | 462 462 288 | 462 | 462 462
male 851 851 468 | 851 851 851
O6GcyxaeHue

B peuenre 3.16 Gbu1 ynoMaAHyT MeToA apply. JlaHHbIN MeToa 0COOEHHO Mosie3eH, Koraa
TpeOyerca npuMeHHTb QyHKuMIO K rpynnaM. OObeaHHSs METOA groupby C METOAOM
apply, Mbl MOXXEM BBIMMC/IHTb COOCTBEHHBIE CTATHCTHYECKHE MOKA3aTe/H WiIH NpHMe-
HHTb 00Y10 PYHKLMIO K KOKIOH rpyTine B OTAENbHOCTH.

3.18. KoHkaTeHauusa ¢ppeMOB AaHHbIX
3apava

Tpebyercs cszaTh nocnenoBarenbHO ABa (ppeiiMa NaHHBIX.

PeweHue

Jns koHKaTeHauMH ¢GpeiiMOB BAOJIb OCH CTPOK HCMOJB30BATh METO/ concat C NapaMeT-
POM axis=0 (Tabn. 3.31):

# 3arpy3uTb OUBIMOTEKY

import pandas as pd

# Co3maTh ¢peitM OaHHBIX

data_a = {'id': [('1', '2', '3'],
'first': ['Alex', 'Amy', 'Allen'],
'last': ('Anderson', 'Ackerman', 'Ali']}
dataframe a = pd.DataFrame(data_a, columns = ['id', 'first', 'last'])
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# Co3maTh ¢peiM maHHkIX

data_ b = ('id': ['4', '5', '6'],
'first': ('Billy', 'Brian', 'Bran'],
'last': ['Bonder', 'Black', 'Balwner']}
dataframe b = pd.DataFrame(data_b, columns = ['id', 'first', 'last'])

# KoHxkaTeHMpoBaTb QperMul JaHHHIX MO CTPOKaM
pd.concat ([dataframe_a, dataframe b], axis=0)

Tabnuua 3.31

Id first last

Alex Anderson

Amy Ackerman

Allen Ali
Billy Bonder
Brian Black

N | = | @O N =| O
Ol |d|wW|IN]|-~

Bran Balwner

JIna KOHKaTEHaLMH BJONb OCH CTOJIOLIOB MOXKHO MCNIONB30BaTh axis=1 (Tabin. 3.32):

# KoHkaTeHMpOBaThb ¢perMnl JaHHBIX MO CTOJOLAM
pd.concat ([dataframe a, dataframe b], axis=1)

Tabnuua 3.32

id | first | last id | first | last

0 1 Alex | Anderson | 4 Billy Bonder
1 2 | Amy | Ackerman | 5 Brian | Black

2 (3 | Allen | Ali 6 Bran | Balwner

O6¢cyxneHue

TepMHH "KOHKaTeHaLHA" HMeET APYTOH CMbICT BHE cepbl HHHOPMATHKH H MPOrpaMMH-
POBaHHA, MO3TOMY, €C/IH Bbl HE CIbILIAIH €ro paHbllie, He BosHyiTech. HedopmannHoe
onpejeneHHe TEPMHHA "KOHKameHUposamv" — CKIeUTh OBa 0O0bekTa BMecTe. B Halem
pelEHHH MBI CKJIEWIH JBa HebGonblMX ¢periMa NaHHBIX C MOMOLLUBIO MapaMeTpa axis,
KOTOPBIA yKa3bIBa€T Ha TO, XOTHM JIH MBI CJIOXKHTD JBa ¢pefiMa NaHHBIX APYT Ha Apyra
MO0 pa3MECTHTh UX PAAOM.

B kauecTBe anbTepHaTHBBI 0OABJIEHHA HOBO# CTPOKH BO GpeiiM NaHHBIX MOXKHO NpHMe-
HHUTBb METOJ append (Tab:. 3.33):
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# Co3maTb cTpoky
row = pd.Series([10, 'Chris', 'Chillon'], index=(['id', 'first', 'last'])

# IoGaBuTb CTPOKY B KOHeL
dataframe a.append(row, ignore_index=True)

Tabnuua 3.33

Id first last

0 |1 |Alx Anderson
1 2 Amy Ackerman
2 3 Allen Ali

3 |10 | Chris Chillon

3.19. Cnusinne ppeMOB AaHHbIX
3apava

Tpe6yeTcs BHINOMHHTE CIUAHHE ABYX (QpeiiMOB JaHHBIX.

PeweHue

Ji1a Toro 4To6b1 NPUMEHUTH BHYTPEHHEE COeJHHEHHE, UCTIONb30BaTh METO/ merge C Ma-

paMeTpOM on, 3a1al0LUHUM CToJGeLl, MO KOTOPOMY MPOHCXOANT causHue (Tab. 3.34):

# 3arpysamTe GuGIMOTEKY
import pandas as pd

# Co3pmaTth ¢peiM maHHRX
employee_data = {'employee id': [('l', '2', '3', '4'],
‘name': ['Amy Jones', 'Allen Keys', 'Alice Bees',
'Tim Horton']}
dataframe_employees = pd.DataFrame (employee_data, columns =
['employee id', 'name'])

# Co3naTb ¢peiiM maHHRIX

sales_data = {'employee_id': ['3', '4', 'S', '6'],
'total sales': (23456, 2512, 2345, 14595]}
dataframe sales = pd.DataFrame(sales_data, columns = ['employee_id',

'total_sales’'])

# BRIMONHUTL CIMAHMe GpEeyMOB IAaHHRIX
pd.merge (dataframe employees, dataframe sales, on='employee id')

YnopsdoveHue 0aHHbIX
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Tabnuua 3.34

employee_id | name total_sales
0 |3 Alice Bees 23456
4 Tim Horton 2512

MeTon merge MO YMOJYaHHIO BBITIOJNIHAET OMEPALHIO BHYTPEHHEro coequHeHna. Eciu Mbl
XOTHM CJ€/aTh BHEIlIHEE COeAMHEHHE, MOXEM YKa3aTh 3TO MPH MOMOLIM MapaMeTpa how
(Tabn. 3.35):

# BRIMONHUTbL CJIMAHME (peMOB OaHHBIX
pd.merge (dataframe_employees, dataframe_sales,
on='employee id', how='outer')

Tabnuua 3.35

employee_Iid | name total_sales

Amy Jones NaN
Allen Keys NaN
Alice Bees 23456.0
Tim Horton 25120
NaN 23450
NaN 1455.0

O bW IN|=|O
O |dlWIN]|=

DTOT e napaMeTp MOXKHO HCTOJIb30BaTh UIA YKa3aHHA JIEBOTO M MPaBOro coeaAHHEHHil
(Tabn. 3.36):

# BunonHuTb cJmMAHMe (QpeiMOB IaHHBIX
pd.merge (dataframe_employees, dataframe_sales,
on="'employee_id', how='left')

Tabnuua 3.36
employee_id | name total_sales
0o |1 Amy Jones NaN
1 2 Allen Keys NaN
2 |3 Alice Bees 23456.0
3 |4 Tim Horton 2512.0

B kaxaoM ¢peiiMe OaHHBIX MBI TalOke MOXEM YKa3aTb HMSA cTonbLa, Mo KOTOpPOMY
BBINOJIHATH CMAHHKE (Tabna. 3.37):

# BuNONHUTL CyMAHME QperMOB OAaHHBIX
pd.merge (dataframe_employees,
dataframe_sales,
left on='employee id’,
right _on='employee_id')
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Tabnuua 3.37

employee_id | name total_sales
0 |3 Alice Bees 23456
4 Tim Horton 2512

Ecnn BMecTO CIHAHMSA MO OBYM cTon6uaM Mbl XOTHM BBHIMONMHMTE CIIHAHHE MO HHICKCAM
Kaxaoro (bpeﬁma JOaHHBIX, MBI MOXXE€M 3aMCHHTH MapaMeTpbl left on H right on Ha
right index=True M left_index=True.

O6cyxnenne

3ayacTyio JaHHbIE, KOTOpble HaM HYXXHO HCIMO/b30BaTh, HMEIOT CJIOXHBIH BHI; OHH HE
Bceraa GbIBaloT LenbHBIMH. BMecTo 3TOr0 B peabHOM MHpe Mbl OOBIYHO CTATKHBAaEMCA
C pa3po3HEHHbIMH HaGopaMM JaHHBIX M3 MHOTOYMCIIEHHBIX 3ampocoB K 6a3aM AaHHBIX
wiH ¢aiinam. ina Toro 4roObl MOMYyYHTH BCE 3TH AaHHBIE B OJHOM MECTE, Mbl MOXEM
3arpy3uTh KaXablif 3anpoc K AaHHBIM WIH ¢aiisl JaHHBIX B OTAENbHbIE (PEHMBI JAHHBIX,
a 3aTeM CJIMTh HX B OIMH (peiiM.

31oT npouecc MoXeT ObITh 3HAKOM BCEM, KTO HCMONB30BaT NMOMyNsApHbIA A3blk SQL nis
BBINOJIHEHUA OMNepauuii CIMAHHA (Ha3bIBaEMBIX coeOunenuamu). B To BpeMs Kak TOYHbIE
napaMeTphbl, HCNoNbL3yeMble B 6H6IHOTEKE pandas, 6yayT pa3iH4aThCA, OHH CIEAYIOT TEM
e oOmuM 1wabnoHaM, HCMOJIb3yeMBbIM B APYTHX A3bIKAX MPOrpaMMHPOBAHUA H HHCTPY-
MEHTax.

B mo6o# onepaunu cansHus HeoOXOQMMO YKa3aTh TpH acnekrta. Bo-nepBbix, MBI n0JDK-
Hbl YKa3aTh ABa ¢peiiMa NaHHBIX, KOTOPBIE XOTHM CJIHTh BOeAHHO. B HalleM pelieHHH
Mbl HA3BAJIH MX dataframe employees M dataframe_sales. BO-BTOpLIx, MBI JOJDKHBI YKa-
3aTh HMA (MMEHa) CTONOLOB, MO KOTOPBIM BBIMOJIHATE CITHAHHE, T. €. CTONOLLI, 3HAYCHHS
KOTOPBIX ABIAIOTCA OOLMMH 1A ABYX ¢peiiMoB AaHHbIX. Hanpumep, B HallieM pelleHHH
o6a ¢peiiMa naHHBIX HUMeIOT cTonbel employee id. Jyisi Toro 4To6bl OObENHHHTL JBa
¢peiiMa naHHBIX, Mbl OyfeM cOMOCTaBNAATH APYr C APYroM 3HauyeHHA B cronbue
employee id Kaxxaoro ¢peiima naHHeix. Ecnu 3TH aBa cTon61a HCMOMB3yIOT OHHAKOBOE
HM$i, MBI MOXXEM NPHMEHHTb NapaMeTp on. OHAKO, €CJIH Y HUX pa3Hble HMEHa, MBI MO-
JKEM HCIMOJIb30BaTh NMApaMETPhl left on H right on.

Yro Takoe neBblii U npasbiii GpperiMbl JaHHBIX? Bee npocto. JleBblii ¢peiiM maHHBIX —
310 ppeitM, KOTOPLIi MBI YKa3a/lH B METOZE merge NMEPBbIM, a NMpaBblii HpeHiM — BTOPBIM.
OTH noHATHA OYAYT HCMONB30BaHBI B CIETYIOIMX HHKe Habopax MapaMeTpoB, KOTOpbIE
HaM MOHano0ATCA.

TMocnenuuii acnekt, H HauGonee TPYAHBIH [UIA HEKOTOPBIX JIOAEH, — 3TO THI ONEpaLHH
CIIMSIHHUS, KOTOPYIO TpeOyerca BeINONHUTbL. OH 3amaeTcs MapaMeTpoM how. Meton merge
NOAACPIKMBACT YETHIPE OCHOBHBIX THIA COCAHHEHHIA:

¢ eHympenHnee — BepHYTb TONBKO T€ CTPOKH, KOTOpble cOBnajaiotT B o6oux ¢peiimax
(HanpuMep, BepHYTh J00Y10 CTPOKY, B KOTOPO# 3HaY€HHE employee id MOABIAETCA
OQHOBPEMCECHHO B dataframe_employees H B dataframe_sales);
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¢ gHewHee — BepHYTb Bce CTPOKH B oboux ¢peiimMax; ecnd CTpoka CylUecTByeT
B OfIHOM (hpeiiMe, HO OTCYTCTBYET B APYroM, TO MPOMyLLEHHbIE 3HAUYEHHS 3aMONHHUTD
3HauYeHHAMH NaN (HampuMep, BEPHYTb BCe CTPOKH H B employee_id, H B dataframe_
sales);

¢ J1e6oe — BepHYTb BCe CTPOKH M3 JieBoro ¢pefimMa, HO TONBKO T€ CTPOKH M3 MPaBOro
¢peiiMa, KoTOpbIE COBMAIH C JieBbIM (ppeiiMOM; NMpomMylleHHble 3HaYEHHA 3aTOJIHHTD
3Ha4YeHHUAMH NaN (HanpuMmep, BEpHYTh BCE CTPOKHM U3 dataframe employees, HO TOJILKO
T€ CTPOKH H3 dataframe sales, KOTOpbI€ MMEIOT 3HAYCHHC IJIA employee id, MOAB-
JfoLeecs B dataframe_employees);

¢ npasoe — BepHYTb Bce CTPOKH M3 NpaBoro ¢pefiMa, HO TOJLKO T€ CTPOKH M3 JIEBOrO
¢peiima, KOTOpble COBNAIH C NMpaBbIM (peitMOM; NMPOMyLLEHHbIE 3HAYEHHS 3aMOJHHTD
3HAaYCHHUAMH NaN (Hanpumep, BEPHYTb BC€ CTPOKH H3 dataframe_sales, HO TOJIBKO T€
CTPOKH M3 dataframe_employees, KOTOpbl€ MMEIOT 3Ha4Y€HHE I employee_ id, MOAB-
afoLleecs B dataframe_sales).

Ecnu BBl He MOHMIN BCEro 3TOro npaMo cei’mac, TO PEKOMEHIAYETCA NO3KCNEPHMEHTHPO-
BaTh C NMapaMeTpoM how B CBOEM IMPOrpaMMHOM KOA€ H MOCMOTPETh, KaK OH BJIMACT Ha
P€3yabTaThl, BO3BpALLla€MbI€ METOAOM merge.

JononHutenbHble MaTepuanbl ANA YTEeHUA

¢ BusyansHoe o6bscHeHne coenuHennii SQL, 6nor-noct (http://bit.ly/2Fxgcpe).
¢ JloxymeHTaums 6ubnnorexu pandas no onepauuu cnusnus (http:/bit.ly/2Fuod4rH).
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FMABA 4

PaboTa
C YUCINOBbLIMM AAHHbIMMU

BBeneHue

KonnyecTBeHHbIE NaHHBIE YTO-TO H3MEPAIOT — Oyab TO pa3Mep Kiacca, eeMecs4Hble
MPOAAXH MM OLEHKH ydaluxca. EcTecTBeHHBIM cnocoOOM NnpeacTaBlieHUs STHX BeJH-
9HH ABJSETCA YMCIIeHHOe (Hanpumep, 29 ctyneHtos, $529 392 npoaax). B atoii rnase
Mbl PacCCMOTPHM MHOTOYHCI/IEHHBbIE CTPaTerHn NnpeoOpa3oBaHHsA CBHIPbIX YHMCIIOBBIX JaH-
HBIX B NPH3HAKH, LiEJICHANMpaBjieHHO (OpMHpYyeMBbie 118 MaLIMHHO-00y4aloLMXxcs anro-
PHTMOB.

4.1. llkanupoBaHue npu3Haka
3apava

Tpe6yencu NPpOLIKAIIHPpOBATh YHCTIOBOH TNMPpH3HAK B AHAMNA30H MEXTY ABYMSA 3HAYCHHUAMH.

Pewenue

Jlns wKanupoBaHHUA MacCHBa MPH3HAKOB MCMO/b30BaTh KJIACC MinMaxScaler 6M6MHOTEKH
scikit-learn:

$# 3arpy3uTh GubimmoTexu
import numpy as np
from sklearn import preprocessing

# Co3naTh MpM3HAK

feature = np.array([{-500.5],
[-100.1],
(0],
[100.1),
{900.9]])

# Co3naTh WKAIMPOBMMK
minmax_scale = preprocessing.MinMaxScaler (feature_range={(0, 1))

# MpomkampoBaTh NpU3HAK
scaled_feature = minmax_scale.fit transform(feature)

73



# MoxasaTb NpomKaMMPOBAHHLIA NPU3HAaK
scaled feature

array([[O. 1,
[0.28571429],
[0.35714286],
[0.42857143],
[1. 1)

O6cyxneHue

lIkannpoBaHHe — 3To oOLIENpHHATaA 3afaya Npeao6paboTkH B MalIHHHOM caMooGy-
YyeHHH. MHOrHe aNropuTMBI, OMUCHIBaEMBIE Aajee B 3TOH KHHre, HCXOOAT M3 TOTO, YTO
BCE NMpPH3HAKM HAXOAATCA HAa OMHAKOBOM IIKane, Kak mpasuio, ot 0 mo 1 win or -1
1o 1. CywecTByeT Lenbiii piA METOOB INKATHPOBAHHA, HO ONHH M3 CaMbIX MPOCTBIX Ha-
3bIBAETCA MUHUMAKCHBIM WKaIuposanuem. B MHHHMaKCHOM IIKATHPOBAHHH MHHHMaJIb-
HOE€ H MaKCHMMalbHOE 3Ha4YeHHUs NMPH3HAKa HCMOJb3YIOTCA JUIA LIKATHPOBAHHA 3Ha4YeHH
B Mpejeiax Auana3oHa. B 4acTHOCTH, MHHHMAKC BBIYHCIIAETCA ClEYIOLHM 00pasoMm:

. X,—min(x)
"~ max(x) - min(x)

rie X — 3TO BEKTOp NPH3HaKa; X, — OTAE/bHbIH 37IEMEHT NMPH3HAKa X; X, — MpPOLIKa-
JIUPOBAHHEIA 3JIEMEHT.

B HaileM npuMepe H3 BHIBEAEHHOrO MacCHBa BHAHO, YTO MpHU3HaK GbUT ycnewHo npouu-
KaJIMpoBaH B Jxana3oH ot 0 go 1:

array([[O. I
[0.28571429],
[0.35714286],
[0.42857143]},
[1. 11

Knacc 6ubnnorekn scikit-learn MinMaxScaler mpeuiaraer ABa BapHaHTa LIKATHPOBAHHA
npu3Haka. OQUH BapHAHT — MCIIOJIb30BAaTh METOA fit JUIA BBIYMCIIEHHA MHHHMAILHOTO
M MaKCHMAJIBHOTO 3HAY€HHii NMPH3HAKa, a 3aTeM NMPHMEHHTh METOA transform AJIA LIKa-
NHMpPOBaHMA NMpH3HaKa. Bropoil BapHaHT — BBI3BATb METOA fit transform A/ BINOJIHE-
HUA obenx onepaumii OXHOBpeMEHHO. Mex Iy 3THMH JByMA BapHaHTaMH HET HHKAKOM
MaTeMaTH4YecKoi pa3HHLbl, HO HHOTAA €CTh MpaKTHYeckas BbIFOJa B TOM, YTOObI pa3ne-
JIMTB 3TH OMEPALHH, NOTOMY YTO 3TO MO3BOJNAET MPHMEHATH OQHO H TO Xe Npeobpa3osa-
HHe K pa3HbIM HabopaM JaHHBIX.

OononHuTenbHble MaTepuansl ANA YTEHUA

¢ "llxanuposanue npusHakoB", Bukuneaus (http://bit.ly/2Fuug2Z).

¢ CebactbaH Pauka "O wKkanupoBaHHH H HOPMAIH3aLMH MPH3HAKOB"
(http://bit.ly/2FwwRcM).
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4.2. CtaHpapTu3aums npM3Haka
3apava

Tpebyercsa npeobpazoBars npu3Hak, YTOObI OH HMeJ cpeHee 3HayeHne 0 U cTaHgapTHoe
OTIIOHEHHE 1.

PeweHue

Knacc standardScaler 6u6anoTekH scikit-learn Bbimonuser o6a npeobpa3zoBaHHA:

# 3arpys3urb OuBimoTexm

import numpy as np
from sklearn import preprocessing

# Co3maTb npuM3Hak

x = np.array([[-1000.1],
[-200.2],
[500.5]),
[600.6],
[9000.9]1)

# Co3maTh DKAMPOBIMK
scaler = preprocessing.StandardScaler ()

# NpeoBpa3oBaTb NpM3HaK
standardized = scaler.fit_transform(x)

# Noxas3aTe npM3Hak
standardized

array([[-0.76058269],
[-0.54177196],
[-0.35009716],
[-0.32271504],
[ 1.97516685]))

O6cyxaeHue

PacnpocTpaHeHHO# abTepHaTHBOH MHHMMAKCHOMY LIKATHPOBAaHHIO, ONIHCAHHOMY B pe-
uenre 4.1, ABngercs WKATHPOBAHHE MPU3HAKOB, MPH KOTOPOM OHH JODKHBI OBITbH MpH-
6nmKeHHO CTaHAapTHO pacnpeneneHbl. s 3Toro Mel MCMONb3yeM CTaHAapTH3aLMIO,
B XOJie KOTOpO#i JaHHbIe Npeobpa3ytoTcs TakuM 06pa3oM, YTO OHH HMEIOT CpeliHee 3Ha-
yeHHe X =0 W CTaHOAApPTHOE OTKIOHEHHE G =1. B YaCTHOCTH, KaXKAbIH 3IEMEHT B NpH-
3Hake npeobpa3yeTca TakHM 00pa3oM, YTOOI:
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rie x, — Halla CTaHJapTH3WpoBaHHas ¢opMa x,. IIpeobGpazoBaHHbIii MPU3HAK Mpen-
cTaBiisieT co60#i KOJIMYECTBO CTaHAAPTHBIX OTKJIOHEHHH, Ha KOTOPOE HCXOAHOE 3HAYEHHE
OTCTOMT OT CpeJHEr0 3Ha4Y€HHA NMPH3HAKa (TaK Ha3bIBaEMYIO Z-0YeHKY B CTATUCTHKE).

B MawmMHHOM camM000y4eHHH CTaHOApTH3alMA ABIAETCA PaclpOCTPaHEHHBIM METOAOM
IIKATHPOBaHMA C LieNbIo Npeno6paboTku U Mo MoeMy OMbITy HcMonb3yeTcs Gonblie, Yem
MHHHUMaKCHoe LKanupoBaHHe. OHaKO BapHaHT LIKATHPOBAaHHA 3aBMCHMT OT obyuaroLie-
roca anroputma. HanpumMep, aHanu3 rinaBHbIX KOMMOHEHT 4acTo paboTaer Ny4uie ¢ Hc-
NoJIb30BaHMEM CTAHAAPTH3ALIMH, B TO BpeMs KaK A1 HEHPOHHBIX CeTeil 4acTO peKOMEH-
AQyercs MHHHMAaKCHOe LIKaTHpoBaHHe (06a airopurma o6CyxaaloTcs gaiee B 3TOi KHH-
re). B xayecTBe o0luero npasuia, €CH Y BaC HET KOHKPETHOH NMPHYHHBI HCNOb30BaTh
a/lbTepHaTHBY, PEKOMEHIYETCA MO YMONYAHHIO MPUMEHATh CTAHAAPTH3ALMIO.

Mbl MoxeM yBHAETh 3¢¢eKT CTaHAapTH3aLUMH, OOpaTHUBILUKCH K CpeJHEMY 3HaueHWIO
M CTaHJapPTHOMY OTKJIOHEHHIO Pe3yJIbTaTa HAlEro peleHHs:

# HaneuaraTb cpenHee 3HauyeHue M CTaHOAPTHOE OTKIIOHEHUe
print ("CpenHee:", round(standardized.mean()))
print ("CraHnapTHoe oOTkIOHeHue:", standardized.std())

CpenHee: 0.0
CraHpapTHoe OTKJOHeHue: 1.0

Ecnu Hau naHHble HMEIOT 3Ha4YHTE bHbIE BLIOPOCHI, 3TO MOXKET HEraTHBHO MOBJIMATH Ha
CTaHJapTH3aLHIO, CKa3bIBAACh Ha CpPEeAHEM 3HAYEHHH M IUCTIEPCHH NMpH3Haka. B Takom
CJTy4ae BMECTO 3TOr0 4acTo ObIBaeT MOJE3HO NPOLIKATHPOBATh NPH3HAK, HCMONL3YA Me-
OuaHy W KBapTWIbHBbI pa3dmax. B scikit-learn Mbl genaeM 3To ¢ moMowblo Kiacca
RobustScaler, PEaM3yIOLIEr0 METOA po6acTHOrO KaNHPOBaHHUA:

# Co3maTh WKAJIMPOBLMK
robust_scaler = preprocessing.RobustScaler ()

# Npeobpa3oBaTh NpuU3HaK
robust_scaler.fit_transform(x)

array({[-1.87387612],
[-0.875 1,
{o. 1,
[ 0.125 1,
[10.61488511]])

4.3. Hopmanu3auus HabniopaeHun

3apaua

TpebyeTcs npolukanMpoBaTh 3Ha4YEHUs MPH3HAKOB B HAOIOAEHHAX IS MOMYYEHHA €H-
HUYHOH HOpMBI (061Leli HHO# 1).
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Pewenue

Hcnonb3oBaTk Knacc Normalizer € apryMe€HTOM norm:

# 3arpys3uTb GuMGMOTEKU

import numpy as np
from sklearn.preprocessing import Normalizer

# Co3pmaTb MaTpuuy NPU3HAKOB

features = np.array([[0.5, 0.5],
1.1, 3.4],
[1.5, 20.2],
[1.63, 34.4],
[10.9, 3.3]])

# CozpmaTe HOpMamM3aTop
normalizer = Normalizer (norm="12")

# [lpeobpa3oBaTbh MATPULY MNPU3HAKOB
normalizer.transform(features)

array({[0.70710678, 0.70710678],
[0.30782029, 0.95144452},
{0.07405353, 0.99725427],
[0.04733062, 0.99887928],
[0.95709822, 0.28976368]))

OGcyxneHue

MHorue MeToAbl LIKATHPOBAHHA (HANpHMEpP, MHHHMAKCHOE 1IKAJIHpOBaHHE W CTaHAap-
TH3aLMs) paboTaloT ¢ MpH3HAKaMH; OJHAKO MbI Takoke MOXKEM LIKAIHPOBaTh OTAENbHbIE
Habmoaenns. Kilacc Normalizer mIKaTMpyeT 3HaYeHHA B OTAENbHBIX HaOMOACHHAX, NPH-
BOAA WX K €IMHMYHOI HOpMe (CyMMa MX [UIMH paBHa |). 3TOT THN LUKAIHPOBAaHHA 4acTO
HCTIONB3YIOT, KOrla HMeeTc MHOro 3KBHMBAJIEHTHBIX MpPH3HAKOB (HanpHUMeEp, B KIacCH-
¢$HKalLMHU TEKCTA, KOra KaKA0€e CI0BO WIH IPYIIa 7-CJI0B ABJIAETCSA MPH3HAKOM).

Knacc Normalizer mpemocTaBisfieT TPH BapHaHTa HOPMbI, NIPH 3TOM €BKJIHAOBA HOpMa
(Hepenko uMeHyeMas L’ -HOpMOii) ABNIAETCA apryMEHTOM M0 yMOMYaHHIO:

I, = y/x +x5 + ..+ X2,
rae x — 3TO OTACJIBHOE HaGHIOIICHHC; X, — 3Ha4Y€HHeE 3TOro Ha6.|“0ﬂeHPU| Ans n-ro npH-

3HaKa.

# MpeoGpa3oBaTh MATPULY NPU3HAKOB
features_12 norm = Normalizer (norm="12").transform(features)

# MokasaTb MaTpuUy NPU3HAKOB
features_ 12 norm
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array([[0.70710678, 0.70710678],
[0.30782029, 0.95144452],
[0.07405353, 0.99725427],
[0.04733062, 0.99887928],
[0.95709822, 0.28976368]])

B KayecTBe anbTepHATHBLI MOXHO YKa3aTbh MaHX3TTEHCKYIO HopMy (L' ):

n
I, = 2.l
in]
# MpeoGpa3oBaTh MATPULY MPU3HAKOB
features 11 norm = Normalizer (norm="11").transform(features)

# MokazaTh MATPMLY MPU3HAKOB
features_ll norm

array([[0.5 , 0.5 1,
[0.24444444, 0.75555556],
[0.06912442, 0.93087558],
[0.04524008, 0.95475992],
[0.76760563, 0.23239437]])

UHTYHTHBHO HOpMy L’ MOXHO paccCMaTpHMBaTh Kak pacCTOSHHE MEXIy ABYMS TOYKAMH
8 Hulo-Hopke, nponeraemoe nruueii (T. €. Mo npAMoii), B To BpeMs kak L' MOXHO BOC-
NMPHHHUMATh KaK PacCTOSHHE NPOHIECHHOro 4€JIOBEKOM ITYyTH MO YJHUAM (MpOHTH OxHH
KBapTaJl Ha ceBep, OAHH KBAapTall Ha BOCTOK, OAMH KBapTal Ha CeBep, OAHH KBapTal Ha

BOCTOK H T. 1.), TO3TOMY €€ Ha3biBalOT "MaHX3TTEHCKOH HOpMO#" WIH " TakCOMOTOpHO#H

A

HopMo#".

Ha npaktuke obpature BHMMaHHE, YTO norm='11' LUKAJIHPYET 3HaueHHA HabmoaeHuH
TakMM 06pa3oM, YTo OHH B cyMMe faioT 1. MHoraa Takas cymMmMa MoxeT GbITb JkeNaTelib-
HbIM Ka4€CTBOM:

# HaneuaraTe cymMy
print ("Cymma 3HaueHmit neppsoro HaGsmomeHma:",
features 11 norm[0, 0] + features_ll norm(0, 1])

CymMMa 3HaueHui? nepeoro HaGuomeHua: 1.0

4.4. leHepupoBaHue
NONMMHOMMANbHbIX U B3aUMOAEACTBYIOLWKNX
NnpU3HaKkoB

3apava
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