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NpeaucnoBue

Hayka o gaHHbIX

AnanuTtukoB naHHbIX (data scientists) Has3bIBarOT "camMoill cekcyanbHOUM mpodeccueit
XXI Beka". O4eBUIHO TOT, KTO TaK BhIpa3uics, HUKOTJa He ObIBaJl B MOXKAPHOM YacTH.
Tem He MeHee, Hayka o JaHHBIX (data science) — 3TO AEHCTBUTENBHO MepeoBas U ObICT-
popa3BHUBarOLIAsACS OTPacilb 3HAHUH, a YTOOBI OTBICKAaTh 0003peBaTeseil PIHOYHBIX TEH-
JEeHLMH, KoTopble BO30Y;KACHHO MpeaBellatoT, uTo yepe3 10 yieT Ham moTpeOyloTcs Ha
MUUTMApIbl 1 MUWUIHApAbl 0OJblle aHATUTUKOB JaHHBIX, YeM Mbl UMEEM Ha TeKYLIHi
MOMEHT, He MPUAETCS 10Aro pbickaTh no MurepHery.

Ho uto ke 3TO Takoe — Hayka 0 JaHHbIX? B KOHIle KOHIIOB HEJb3s1 e BbIMYCKATh Crie-
LIMAJINCTOB B 3TOM 00JACTH, €CJIM He 3Haelllb, YTO OHa coOoii mpenctapnsger. CorjlacHO
nuarpamme BeHHa', KoTopast JOBONBHO H3BECTHA B 3TOM OTPACIIH, HAYKA O JaHHBIX HAXO-
JIUTCS Ha MEePECeUeHUH:

4 HaBBIKOB aJITOPUTMH3ALIMH M TIPOTPAMMHUPOBAHHS;
4 3HaHWI MaTEMaTHUKH U CTATUCTUKH;
4 npodeccoHaIbHOrO OMbITa B MPEAMETHOM 00JIaCTH.

Cobwupasch ¢ caMoro Havasia HarmMcaTh KHUTY, OXBAaTBIBAIOLLYIO BCE TPH HAIPABICHHUS, 5
OBICTPO TMpHILEI K BBIBOAY, UYTO BCECTOPOHHEEe 00CyxIeHHe MpodecCHOHATBLHOTO OMbITa
B MpeaMeTHOW o0nacTh nmotpedoBao Obl AECATKM ThICSAY cTpaHuu. Torga s pemun co-
CPEJOTOUYMTHCS] Ha MEPBBIX ABYX. 3ajada — MOMOYb XKEJIAIOIIKMM Pa3BUTh CBOM HABBIKU
ITOPUTMU3ALMHN U MPOTrPaMMHUPOBAHHS, KOTOPbIE MOTPEOYIOTCS AJISl TOTO, YTOOBI MPH-
CTYNUTh K PELICHHUIO 3a7ay B 00JacTW HayKd O AAaHHBIX, a TAKkKe MOYyBCTBOBATH cels
KOM(OPTHO C MaTeMaTHKOH W CTATUCTHKOW, KOTOpbIe HAXOASTCA B LEHTPE 3TOW Mex-
JUCLIMIUIMHAPHON MPaKTHYeCKO# cdephl.

JIOBOJIBHO TPYAHOBBINOIHUMAS 3ajada JUlsl KHUTK. Pa3BUBaTh CBOM HABBIKU aJITOPUTMHU-
3alliy ¥ IPOTpaMMHPOBAHMS JIyUllle BCero pelnas MpuKiiagHbie 3agad. [lpodrs sty kHu-
Ty, 4dTaTeslb TIOJYYUT XOpollee TpeACTaBIeHHEe O MOWX CIoco0ax alrOpUTMU3ALNN
TIPUKJIAJTHBIX 3a/1a4, HEKOTOPHIX WHCTPYMEHTaX, KOTOPBIMU 5 TIOJIb3YIOCH B paboTe, U Mo-
€M TO/IXO0/Ie K PelIeHHIO 3a/1a4, CBA3aHHBIX C aHaJM30M JaHHbIX. Ho 3To BOBce He 03Ha-
YaeT, YTO MOM CIOCOObI, MHCTPYMEHTBI M TIOAXO/ SBJISAIOTCS €IMHCTBEHHO BO3MOXKHBIMM.
Haperoch, 4To MO#i OMBIT BAOXHOBUT MONPOOOBAThH MOWTH cOOCTBEHHBIM TyTeM. Bee wc-

! lxon Benn (1834—1923) — anramiickuii JOTUK, MPEJIOKMBIINN CXEMaTHUYHOE M300paKeHUE BCEX BO3-
MOXHBIX TIEpECceUeHNiI HECKOIBKUX (JacTo — Tpex) MHOXkecTB (cM. https://ru.wikipedia.org/wiki/Benn,_
HMaon). — Ipum. nep.
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XOJIHbIE KOJIbl M JIaHHbIe u3 KHHUTHM JocTynHbl Ha GitHub (https://github.com/joelgrus/
data-science-from-scratch); oHu mOMOr'yT NPUCTYMUTD K paboTe.

To xe camoe kacaercst U MaTeMaTHKH. Ero nydlie Bcero 3aHMMaThCs, peluas MaTeMaTH-
yeckue 3a1auu. JlaHHas KHUra, pasymeercsi, He SBJISIETCSl PyKOBOACTBOM 10 MaTe€MaTHKe,
W Mbl He cobupaemcs, mo OoJblueii YacTH, 3aHUMaThCs et0. OAHAKO NeHCTBUTENLHOCTD
TaKOBa, YTO 3aHUMATHLCS aHAJIM30M AAaHHBIX HE MONyuuTcs 0e3 Hekomopwix NpeacTasiie-
HUIl O TEOpUH BEPOSTHOCTEH, MaTeMaTHYECKOH CTaTUCTHKE M JIMHEiHO# anrebpe. DTo
3HAYMT, YTO MO Mepe HaoOHOCTH Mbl OyIeM YXOAMTH C FOJIOBOM B MareMaTHYeCKHUe pa-
BEHCTBA, WHTYMLMIO, AKCHOMbl M MYJIbTSLIHBIE BEPCHUH TJOOATBHBIX MaTeMaTHUYECKMX
uneil. Hagetock, unutartens He TOOOUTCS MOrPY3UTHCS B HUX BMECTE CO MHOM.

Ilo X004y HMBJIOKEHHUA A TakKKE€ HaACKOCh MNeEpeAaTb OWYUIEHHUE, YTO HMIIPOBU3UPOBATH
C JaHHBIMU — 3TO YBJICKATCJIbHOC 3aHATHE, ITIOTOMY YTO, KaK OBI 3TO CcKasaTb, UMITPOBH-
3UpOBaTb C HUMHU HA CaMOM [¢eJie yBJ'IeKaTeJ'IBHO! B OCO6CHHOCTI/I, €CJIM CpaBHUBATH C Ta-
KHUMHU aJIbTEPHATUBAMH, KaK MOATrOTOBKa HaJI0roBOM ACKJIapaliluy WJin ):[O6I>I‘Ia NRIEE

C yucroro nucrta

Jlnst paboThl B 00J1aCTH HAyKHM O TAHHBIX pa3paboTaHa Macca MPOrpaMMHBIX OMOIHOTEK,
1aThopM, MOIyJell U UHCTPyMEHTapHeB, KOTopble 3(ppeKTHBHO peanu3yloT Haubosee
(Hepenko, ¥ HarMeHee) O0ILMe alTOPUTMbI U ITPUEMbI, PUMEHSIEMbIE B HAYKE O JaHHBIX.
ToT, KTO cTaHeT aHATUTUKOM JTaHHBIX, HECOMHEHHO, Oy/IeT TOCKOHAIBHO 3HaTh OMOIHO-
TEKy JJIsl HAy4YHbIX BbluuciieHnid NumPy, 6uOiavoTeky uis ManimHHOTO oOyueHus scikit-
learn, GuGnMoTeKy [UTa aHanu3a JaHHBIX pandas U MHOXecTBO Apyrux. OHHM MpeKpacHo
MOJXOMAT I PeLeHrs 3a1a4, CBA3aHHbIX ¢ HayKol o JaHHbIX. Ho oHM Takoke criocobert-
BYIOT TOMY, YTOObI Ha4yaTh peliaTh 3aJa4d B 0071aCTH HAYKU O JAaHHBIX, GaKTUUECKH He
MIOHUMas ee.

B aT0ii KHHMre Mbl HAYHEM JIBUTAThCS B CTOPOHY HAyKH O JaHHBIX, CTApPTOBAB C HYJIEBOM
OTMETKH, a UIMEHHO 3aiiMeMcsl pa3paboTKOM WHCTPYMEHTOB U peajiu3aliyeil aliropuTMoB
BPYUHYIO C TEM, YTOOBI JIyulile MOHATh UX. S BIOKWII HEMAJIO CBOEr0 YMCTBEHHOTO TPy/Aa
B CO3/I1aHHE SICHBIX, XOPOUIO 33JJOKyMEHTHPOBAHHBIX M YATAEMbIX peaiU3alliii arOpuT-
MOB M MPUMEPOB. B GOJIBIIUHCTBE ClTyYaeB HHCTPYMEHTbI, KOTOPbIE MbI CTAHEM KOHCT-
pyvpoBath, OyAyT UMeTh HEe MPaKTHYECKWH, a pasbiacHAONMI xapakTep. OHU XOpPOIIO
paboTaOT ¢ MajlbIMH, MOYTH WIPYIIEYHBIMU, HAOOpAMHU JaHHBIX, HO HE CIPaBISIOTCS
¢ JaHHBIMH "BeO-MaciuTaba'.

[lo xony usnoxxeHus s Oyay oTcbuIaTh YMTATENs K OMOIMOTEKaM, KOTOpbIE MOAOMIYT s
MPUMEHEHHUs] 3TUX METOAOB Ha (oJjiee KpYIMHbIX Habopax naHHbIX. Ho Mbl ux He Oyaem
TYT UCMOJIb30BaTh.

Ilo moBomy TOro, Kakoi si3bIK MPOrpaMMHUPOBAHUS JIyUllle BCEro MOAXOAUT s 00yUueHHs
HayKe O JaHHbIX, pa3BepHyJIach 310poBas rnojeMruka. MHOrue HacTauBaroOT Ha A3bIKe CTa-
TUCTUYECKOro MporpaMMmupoBaHusi R (Mbl Ha3bpiBaeM TakHX JItOJIel HEMpPaBUIbHBIMU).
Hexortoprsie npeanaratot Java unu Scala. Oanako, no moemy MHeHuto, Python — upe-
aJIbHBIA BapUAaHT.
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OH oOnamaeT HECKOJIBKMMH OCOOCHHOCTSIMH, KOTOPBIE JIENAlOT €ro 0COOEHHO MPHTroJl-
HBIM JJTS U3YYEHUS U PEllIeHus 3a/1a4 B 00JIaCTH HAYKH O JaHHBIX:

4 OH OecIIaTHBIH;
4 OH OTHOCHUTEJIHLHO NPOCT B HATMCAHHUU KO/a (M B OCOOCHHOCTH B TIOHUMAaHHH ),

4 oH pacnojiara€t COTHAMHU MPUKITAJHBIX 6H6J’II’IOT€K, npeaHasHa4YC€HHbIX IJIA paGOTBI B
obnactu HayKH O JaHHbIX.

He peurych HazBaTh Python MOMM MpeanoYTHTENbHBIM S3bIKOM MPOrPaMMHPOBAHHMS.
EcTb apyrue s3bIkd, KOTOpbIE s HAXOXKY OoJiee yI00HBIMU, MPOAYMaHHBIMHU JINOO MPOCTO
WHTEPECHBIMH IS TPOrpaMMupoBanust. M Bce jke MpakTUYeCKH BCSIKHM pas, Kormaa s Ha-
YHMHAI0 HOBBIM MPOEKT B 00JACTH HAYKH O AaHHBIX, JIMOO, KOrJa MHE HY>KHO OBICTPO Ha-
Opocarb pabouuii MPOTOTHI, JUOO MPOAEMOHCTPHPOBATh KOHLEMIMA STOM MpaKTHUe-
CKOM JIMCLIMIUTHHBI SCHBIM W JIETKAM JUIs TIOHMMaHUS CIIOCOOOM, s BCAKHM pa3 B UTOTe
rcnon3yro Python. M mostoMy B 3ToM KHHIe Mcnoibayetcs Python.

OTa KHUTa He MpedHa3HavyeHa AJis TOro, 4YroObl HAyYMTb MporpammupoBaTh Ha Python
(XOTs1, s TOYTH YBEpeH, UTo, MPOUTS €€, ITOMY MOXKHO HEMHOTO Hay4HuThcs). Tem He me-
Hee, s MPOBeAy WHTEHCHBHBIM Kypc mporpamMupoBanus Ha Python (emy Oynmer moces-
LIeHa 1ienias riasa), rae OyayT BbICBEUEHbI XapaKTepHbIE YepThl, KOTOpPbIe B JAHHOM CITy-
yae nproOperaioT 0co0yro BaxHOCTh. OIHAKO eciy 3HaHMs, KaK MpOrpaMMHUpOBaTh Ha
Python (Mnu o mporpamMMHupoBaHUM BOOOIIE), OTCYTCTBYIOT, TO YHUTATENIO OCTAeTCs ca-
MOMY AOTOJHUTE 3TY KHUTY YeM-TO BpoJie pykoBoAcTBa no Python s HaumMHaromumx.

B nocneayrommx 4acTsaxX Hallero BBEJICHUS B HAYKY O JNAHHBIX OyIeT MPUHAT TaKOH ke
MOJAX0 — YIiyOJIAThCs B A€TANM TaM, 1€ OHU OKa3bIBalOTCSl PELIAIOLMMHU UM MOKa3a-
TeNbHBIMU. B Ipyrux cuTyalnusax Ha 4vTaTelss Bo3jlaraercs 3ajada JOMBICIUBATh AETalIH
caMOMy WJIM 3aryisiibiBaTh B Bukuneauto.

3a rogpl paboThl B OTPACM S MOATOTOBUI HEKOTOPOE KOJIMYECTBO CHELUAIHUCTOB B 00-
JIACTH HAyKH O JIaHHBIX. XOTS HE BCE W3 HUX CTaJId MEHSIOLIMMH MHUP CyIep-Mera-pok-
3Be3/laMH B O0JIACTH aHallu3a JaHHBIX, TEM HEe MEHee, s UX BCeX BBIMYCTHI Oosee MoJro-
TOBJICHHBIMU CIELMATUCTaMH, YeM OHM Obltn 1o 3Toro. M g Bce Gonblue yOexxaaroch
B TOM, 4TO JIOOOW, Yy KOro eCThb HEKOTOpble MaTeMaTH4ecKhe CIOCOOHOCTH BKYTIe
C OomnpezesieHHbIM Ha0OpOM HABBIKOB B MPOTrpaMMHUPOBAHWH, pacriojiaraet BceM Heo0Xo-
OUMBIM AJIS peLleHus 3a1ad B 00JacTh HayKH o JaHHbIX. Bee, yero oHa Tpebyert, — 310
JIMLUb MBITIUBBIA YM, TOTOBHOCTb YCEPIHO TPYAUTbCS M HANWYME AaHHOM KHUTH. OTcrona
Y 3Ta KHUTA.

YcnoBHble 0603Ha4YeHUs, NPUHATBbIE B KHUTE

B kHure ucnonb3yroTes cienytouue TUnorpadguyeckue ycioBHble 0003HaUeHHUS:
¢ xypcus yKa3blBaeT Ha HOBbIE TEPMUHBI;

¢ vonowvpyuHET wpMdT MCTIONB3YETCs TS JJMCTUHIOB MPOrpaMM, a Takke BHYTpU ab3alieB
JUTSL CCBIJIKM Ha 3JIEMEHTHI TPOrpaMM, TaKHWe Kak MepeMeHHbIe WM UMeHa (yHKLWH,
0a3bl JaHHBIX, TUIMbI JaHHBIX, IEPEMEHHbIE OKPY’KatOLIeH Cpelbl, ONepaTopbl U KIIHO-
YeBble CII0BA;
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¢ sopmit MoHompIEnnit wpudT MOKA3BIBAET KOMAH/bl JIMOO JPYroi TeKCT, KOTOPBIH IO0JI-
>KeH OBITh HareyaTaH MoJIb30BaTeNIeM, a TAKXKE KIIFOUEBEIE CJI0BA B KOJIE;

¢ wvorompumEEst monpT Kypcmsom MOKA3BIBAET TEKCT, KOTOPBIN JO/DKEH ObITh 3aMEHEH 3Ha-
YEHUSIMH TTOJIb30BATEIIS JTMO0 3HAUYSHUSIMH, OTIPEIETIIEMBIMHU 10 KOHTEKCTY.

[aHHbIn anemeHT 0603HayvaeT NOACKa3Ky UIu COBET.

[aHHbI anemeHT o6o3HavaeT obLiee 3ameyaHme.

! [aHHbIN anemMeHT obo3HauaeT npegynpexaeHne nnn npeaocrtepexeHme.

Ucnonb3oBaHue npumMmepoB Koaa

JlomoTHUTENBHBIM MaTepHai (MpUMepsl KoJa, YMPaKHEHUS U TIp.) AOCTYTIeH JUTd CKauu-
BaHUs 10 aapecy https://github.com/joelgrus/data-science-from-scratch.

DTa KHUTa MpeIHa3Ha4YeHa JIJIs TOro, YTOObI TOMOYb BaM PEIlWTh Balllk 3afauu. B memnom,
€CJIM KOJ MPUMEPOB MpeJyiaraeTcsi BMECTe C KHUIOM, TO Bbl MOXETE HCIIOJIb30BaTh €ro
B CBOMX MpOrpamMMax M JOKyMeHTalmu. Bam He Hy»KHO CBSI3BIBATHCS C HAMU C MPOCHOOH
0 pa3pelleHny, ecli Bbl He BOCIIPOM3BOANTE 3HAYMTENbHYIO YacTh Kojxa. Hanpumep, Ha-
MUCaHWe TMPOrpaMMbl, KOTOpas HMCIOJIb3yeT HEeCKOJIbKO (pparMeHTOB Koja M3 JaHHOH
KHUTH, OUIMATILHOTO pa3pelieHus He TpeOyeT.

AJanTUpOBaHHBIA BapUAHT MPUMEPOB B BUJE JIEKTPOHHOIO apXHBa Bbl MOXKETE CKavaTh
mo cceuike ftp://ftp.bhv.ru/9785977537582.zip. Ota cchiiika JOCTYIMHA TaKXKe CO CTpa-
HULbI KHUTM Ha calite www.bhv.ru.

ITocne paclakOBKH apXuUBa y BacC MOJYUUTCA HECKOJIBKO MarokK:

4 nanku code-python2-original u code-python3-original cogepskar ucxomHble PUMEPHI
aBTOpa cooTrBercTBeHHO /T Python 2 u Python 3;

4 nanka code-python3-ru — aganTupoBaHHbIE UCXOJHbBIE TPUMEPBI TPOTPAMM;

4 nanka "3anucHele KHWKKK Jupyter" — COOTBETCTBEHHO 3allMCHbIE KHMXKKM Jupyter u
html-Bepcun KHIKEK;

4 nanka [Ipoyee — daiinbl kopmyca TekcToB SpamAssassin 1 whl-daiin 6ubnmorexu
BeautifulSoup, kotopast monagoburcs B erage 10, kak obpaszen whl-makera, u KoTo-
pyIO BMpPOYEM MOXKHO CKadaThb M YCTAHOBHTH CaMOCTOSATENBHO (cMm. pazo. "Kom-
Menmapuu nepegooyuxa”).
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BnarogapHocTH

[Ipexnae Bcero, xoten Obl Mobnaronaputh Maiika Jlykuneca (Mike Loukides) 3a To, uto
MPUHSUT MOE TIPEAJIOKEHHUE 10 MOBOAY 3TOH KHUTH, U 3a TO, YTO HACTOST HA TOM, YTOOBI 5
J0Bell ee 10 pasyMHoro oobema. OH Mor 6bl Jierko ckas3atb: "KTo 3TOT uesioBek, BooOLLe,
KOTOpBI HUIET MHe o0paslbl TJ1aB, U KaK 3acTaBUTh €ro MpeKpaTuTh, HakoHel?"
U s npusHaTeneH, YTo OH 3TOro He caenan. Xorena Obl N06JaroJapuTh MOEro peAakTopa,
Mapu borypo (Marie Beaugureau), koTopas KOHCYJbTHpOBaJla MEHs B T€UEHHE BCEil
npouenypsl MyOJMKaUMK M NpUBeNia KHUTY B ropasao Gosee ynoOoBapuMblil BuA, YeM
ecyii O 3TUM s 3aHUMAJICS caM.

51 Obl He HamMcas 9Ty KHUTY, €clid Obl HE U3YUWIT HAYKy O JaHHbIX, U, BO3SMOXKHO, 51 Obl HE
Hayuusics eil, ecau Obl He BimsHue JIpiiBa Xcy (Dave Hsu), WMrops Tarapunopa (Igor
Tatarinov), JloHna Pay3epa (John Rauser) u octaabHOM rpynibl e IMHOMBIILIECHHUKOB U3
Farecast (310 ObUIO Tak AaBHO, YTO B TO BPeMs Aake He ObUTO MOHATHS HAYKH O JaHHBIX).
Xopomure napau B Coursera Takxke 3acily’kKMBatOT MHOTO JOOPBIX CIIOB.

Sl tak ke OmaromapeH MouM OeTa-uurtarensMm W perieHseHTaM. kol Danpmuar (Jay
Fundling) oOHapy»kus1 TOHHBI OIUMOOK M yKa3ajl Ha MHOI'ME HEYeTKHE OOBSICHEHHS, U B
WTOre KHHMra OoKasajach HAMHOrO Jydllle U KOppeKkTHei, Onaromaps emy. [p6amm o
(Debashis Ghosh) repoticku npoeena caHUTapHYIO MPOBEPKY MOMX CTATUCTHUYECKUX BbI-
kiaaok. DHapo Maccenbman (Andrew Musselman) npeioskun cMSITYuTh epBOHAYAITb-
HbIM aCMEKT KHUIM, KacaloUIMICs yTBEPXKACHHUs, 4TO "JIOAH, NpeAroYrTaroiue a3bik R
BMecTo Python, ecTh MopasibHBIE U3BpallleHIIBI", YTO, JyMatO, B UTOT€ OKa3aJloCh HETLIO0-
xuMm coBetoM. Tpait Kosu (Trey Causey), Patian Matreio bandani (Ryan Matthew
Balfanz), Jlopuc Mynaponu (Loris Mularoni), Hypua Ilymxon (Nuria Pujol), Po6
JIxeddepcon (Rob Jefferson), Mapu It Kamp6enn (Mary Pat Campbell), 3ak J[xupu
(Zach Geary) u Benau I'pac (Wendy Grus) Takke BbICKa3aii HEOIIEHUMbIC 3aMeYaHUsl.
3a mo0Oble ocTaBIIMecs OIMHMOKH, KOHEYHO JKe, OTBEYaro TOJBKO sl.

$1 MmHOTMM 00s13aH cooOmiecTBy ¢ xemTerom #datascience B Twitter 3a To, 4yTo mpoe-
MOHCTPHPOBAJIA MHE MacCy HOBBIX KOHIEMIIHA, TO3HAKOMUIIA MEHS CO MHOKECTBOM 3a-
MeuaTeNbHbIX JIF0ICH U 3aCTaBUJIM MMOYYBCTBOBATh Ce0sl JIBOCUHUKOM, J1a TaK, YTO S YIIeJ
Y Hamnucall KHUTY B KauecTBe mpoTuBoBeca. OcoOble OnaromapHocTH cHoBa Tpato Kozu
(Trey Causey) 3a To, 4TO HeUassHHO YTOMSHYJI, YTOOBI 1 BKJIFOUMJI TJIaBYy PO JIMHEHHYIO
anredpy, u lun Jlx. Taitnop (Sean J. Taylor) 3a To, 4To HEYMBIILIIJICHHO YKa3aJia Ha Mapy
OOJIBIINX HECOOTBETCTBUI B ri1aBe "Pabora ¢ maHHbIMA".

Ho Oosiblie Bcero s 3aaosmkan orpomHyro OnaromapHocth ['anre (Ganga) u MbaayivH
(Madeline). EnunHcTBeHHas Belllb, KOTOpas TpyAHEE HAMWCAHUS KHUTH, — 3TO >KUTb
PAIOM C TeM, KTO MUIIET KHUTY, U s ObI He CMOT ee 3aKOHYUTH 0e3 UX TMOICPIKKH.



KommeHTapun nepeBog4mka

[IpuBenenHsle B KHUTE TMpHUMepbl OB MPOTECTUPOBAHBI B MHCTPYMEHTAIBHOM cpene
JUTs HAY4HBIX BbIUMCIIeHWH A s3bika Python — Spyder (Scientific PYthon Development
EnviRonment) — Bepcun 3.0.0 Ha ocHoBe Python 3.5.2 mnms Windows. Spyder — ato
npocTasi, JIerkoBecHasi U, IJaBHOe, OecIulaTHasi, MHTepaKTHBHAs cpefa pa3paboTKU Ha
Python, xoTopas npennaraer gpyHKIMH, moxoxkue Ha cpeay pazpabotku B MATLAB. Ona
TaKXKe MpeloCTaBIAeT HalMCaHHbIe MOMHOCThIO Ha Python u rotoBble Kk MCNONb30BaHUIO
Bumketrel PyQt4d u PySide, pemakTop McxomHOro koja ¢ MOJCBETKOM CHHTakcuca U
(GYHKUMSIMHM caMOaHallM3a/aHajn3a KoJa, pelakTop MaccuBoB aaHHbIX NumPy, pepakrop
crnoBapeii, koHconu Python u IPython u MHoroe apyroe. bonbmuHeTBO rpadMKoB U 1na-
rpaMM ObLJIM BOCCO3JIaHbI MMEHHO B 3TOM MHCTPYMEHTAJILHOW cpeflie, XOTS CTOMT IpH-
3HaTh, ecTh U Apyrue, Harpumep PyCharm u Eclipse PyDev.

B cBs3u ¢ TEM, YTO UCNOJIb3YEMBbIC B IIPUMEPAX UMCHA MEPEMCHHBIX U beHKI_[I/Iﬁ ABJIAOT-
Cd JIOTUYECKUM MPOAOJLDKEHUEM H3JIara€Moro mMmarepuaja, OHU NEpEeEBEACHbBI BMECTE C aB-
TOPCKUMHU KOMMEHTaApUsAMU W OOINOJIHEHbI KPAaTKHUM OIMMCaAHUEM. Kpome TOro, B CUlly
paSJ’[I/I‘IHﬁ B HAUMCEHOBAHUHN TEPMHUHOB KaK B OTe‘IeCTBeHHOI‘/II, TakK 1 3apy6e>1<H0171 JiaTepa-
TYpE, AJId HEKOTOPLIX M3 HUX MPUBEACHBI COOTBETCTBYIOIIUE SKBUBAJICHTHLIC BapHUaHTLI
HaVMEHOBAaHWM WJIM TOSCHECHUS. HeKOTOpLIe TEPMHUHBI, KOTOPbIE B TEKCTEC OCTAJIMCh 0e3
O6T>HCH€HI/I$[, KpaTKO OINpEAC/ICHbI B CHOCKaXx.

B uenom B kHHre mpuHAT cOanaHCMpPOBaHHBIN MOAXOM K TEOPUU U MPOrPaMMHUPOBAHHMIO.
Pasymeercs, MokHO HaiiT Gojiee MOApPOOHOE W3JIOKEHHE ACTIEKTOB HAyKH O JaHHBIX
Y Ha OCHOBe JApYTuX s3bIkoB mporpammupoBanus (Clojure, Julia, Haskell, MATLAB, R
unu Scala). OnHako ecid HEOOXOAUMO MO3HAKOMHUTBLCSA C STOM TEMAaTHKOM Ha OCHOBE
a3bika Python, To, ckopee Bcero, HauUMHATH ClielyeT IMEHHO C 9TON KHHTH.

KHura MoskeT ObITh HHTEPECHOW LIMPOKOMY KPYTy CHELMAIMCTOB, B TOM 4Kcie B obJac-
TH MaUIMHHOIO OOYYeHHS, HauWHAIOLIMM aHAJMTHKaM AaHHbIX, MPenoaaBaTelisiM, CTy-
JEHTaM, a TaKXKe BCEM, KTO HHTEpECYeTCsl MPOrpaMMHUPOBaHUEM.

Python 2 n Python 3

CeroHs HCTIONIB3YIOTCS JIBE TIaBHbIe pasHoBHAHOCTH Python: Python Bepcuu 2.x cymie-
CTBYET YK€ B T€YeHHe MHOTHX JIeT M BCE elle IIHUPOKO MPUMEHSETCs, B TO BpeMs Kak
Python Bepcuu 3.x, koTopas He sBiseTcss 0OpaTHO HecoBMmecTHMO# ¢ Python 2, crano-
BUTCs Bce OoJiee MOMyNspHOM, T. K. 9Ta Bepcusi Python B3siTa 3a 0CHOBY [uis AanbHekLe-
ro pa3BHUTHS.

OpavH W3 rNaBHBIX (AaKTOPOB, CASPKMBAIOUIMX TMOBceMecTHoe npuHsThe Python 3, —
HeJocTaTovHas MOIeP)KKa CTOPOHHUX OHMOIMOTEK, B YACTHOCTH CBSI3aHHBIX C pa3paboTKOi
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reONpUJIOKEHUI WM BU3YalbHbIX MHTep(deiicoB. Ho Mup He cTouT Ha MecTe, a BMecCTe
¢ HuM u Python 3, u Bce kpynHeiine OMOIMOTEKH, KOTOpbIE YKa3aHbl B 3TOW KHHUTE, Te-
nepb B PaBHOM CTEMEHHW MOXKHO BBITIONIHATH, Mcroib3yst Python 3. Bee mpumeps! mpo-
rpaMMHOrO KOJa B 3TOH KHHUre mpeoOpa3oBaHbl TakuM 0Opa3oM, YTOObI MCMOJIb30BATh
cuntakcuc Python 3. K cuacteto, paznuuus B cuHtakcrce mexay Python 2 u Python 3
npesiesIbHO TMPOCThIe U MOTpeOyIoT He3HAUMTENbHBIX M3MEHEeHHi. B mpocThIx nmpumepax
4acTO €AMHCTBEHHOE OTJIMYME COCTOUT B TOM, 4TO B BepcuH Python 3 mocyie omepartopa
print TpeOyIOTCS KpyTJIble CKOOKH; Bce OCTaJbHbBIE OTIIMYHMS 33I0KyMEHTHPOBAHbI B CHO-
CKax.

YcTtaHoBKa u yaaneHuwe guctpubytmea Anaconda

Anaconda — 3TO TMOJHOCTBIO CBOOOAHBIN JUcTpuOyTHB Python (npenHazHaueHHBIH
B TOM 4YHMCJIE Ui KOMMEPYECKOTO MCMOJIb30BaHUsl MU TIOBTOPHOTO pacnpocTpaHeHus). OH
copepykut 6omee 400 caMbIx momyspHBIX OnOnMoTek Python nnst Berumcnennit B obmac-
TH €CTECTBEHHbIX HAYK, MATEMAaTHUKH, MH)KEHEPUH W aHAJIM3a IaHHbIX.

VYcranoBka auctpubyTtria B Windows BBITIONHSAETCS CTaHAAPTHBIM 00pa3oM Moclie 3a-
rpy3ku c caiiTa OuHapHoro ¢aiina quctpudytusa. Ilanka ¢ ycTaHOBJICHHBIMU MPUIIOXKE-
HUSMU HaxonuTcs B pazzaere npunoxkenuid meHro Ilyck. Otkpoiite manky menio Ilyck,
BbiOeprTe Bee mpusioxkenus v Haxxmurte Ha nanke Anaconda3 (Ilyck | Bee npuioske-
Hust | Anaconda3). [lanka copep:KuT psia NpUIOKEHUH, TAKUX Kak HaBUratop Anaconda
Navigator, "HcTpyMeHTallbHas cpena Spyder u cepBep 3amMcHbBIX KHIKeK Jupyter. Uc-
nojHUMbIe Qaiiel HaxoasTes B nanke C:\Users\[ums nonvzosamens\Anaconda3\.

B Linux cHauana HeoOXoaMMO cKayaTh yCTaHOBIUMK — CKPUIOTOBBIN (aiin ¢ paciumpe-
HueM .sh nns obonouku Bash (https://www.continuum.io/downloads# unix). Ha npu-
Mepe nuctpuOyTtrBa Anaconda Bepcuu 3 (s Python 3.5.2) komaHma ycTaHOBKH BBITIIS-
JIUT TaK:

bash Anaconda3-4.1.1-Linux-x86 64.sh

OTMeTHM, YTO MHCTAJUISALMS BCTYIUT B CHITY TOCJIE TOTO, KaK BBl 3aKpOETe W 3aHOBO OT-
KpoeTe OKHO TepMHHAaJIa.

Jlns oOHoBieHUs qucTpuOyTHBa Anaconda ciieyeT HaOpaTh B TEPMUHAIIE CIIETYIOIYIO
KOMaHy:

conda update conda
Vnanenue nuctpubyTuBa Anaconda:

rm -rf ~/anaconda

Bonee monpobOHas undopmManus no aeuHcTauauuu Anaconda comepiKuTcs Mo ykaszaH-
HOM BBIIIIE CCBLIKE.

Urto0bl yIOCTOBEPUTHCS, YTO AUCTPUOYTHB Anaconda ycTaHOBJIEH YCHEIIHO, BOCIOJIb-
3ylTech claeayroled KoMmaHa0M:

conda --version

B pesynbrare OyneT BbIBeieH HOMEp YCTaHOBJIEHHOM BEPCHUH.
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HacTponka guctpnoyrusa Anaconda

B cnydae ecnu Bbl B OcHOBHOM pabotaete B cpeae Python 3, Ho nHorna Bo3HukaeT HeoO-
XOAUMOCTD MepeKIounTbes B cpeny Python 2 u ucnonezoBats ee ans paboTsl ¢ OubaMo-
TeKaMH, KOTOpble MpeJHa3HayeHbl ToJbKo 11 Python 2, To Anaconda npennaraer gpyHk-
LIMOHAJ CO3JaHMs U aKTMBALMK HOBOM Cpefibl, Ky/la MO)KHO YCTAaHOBHUTB HY>KHYIO BEPCHIO
s3pika. B Tabm. 1 mpuBeneHO HECKONBKO KOMaHJ, KOTOpPbIe MOKHO BBITMIOJHHUTH MPSMO
B Spyder Bo BCTpoeHHOM OkHe kKoMmMaHaHOW cTpokd (Mucrpymentsl| OTKpBITH
KOMAaHJIHYIO CTPOKY).

Ta6bnuya 1
KomaHnpa OnucaHue
conda create -n py27 python=2.7.9 YcTtaHoBuTb gpyryto Bepcuto Python (2.7.9) B HoByto
anaconda cpedy C MeHeM py27 (MM MOXeT BbITb NoObIM)
conda info --envs [MpoBepuTb, YTO Cpepa C UMeHeM py27 yCcTaHOBNEHa

(komaHaga BbIBOAUT CNMCOK BCEX Cpef, Npv aTOM
aKTUBHas cpeaa BblAeNsaeTcsa 3HakoM *)

source activate py27 (Linux, OS X), MepekntounTbcs B cpeay py27 C Apyroi Bepcuen

activate py27 (Windows) Python (komaHpa activate fobaBnseT B Ha4ano
CTPOKM NyTb K cpeae py27)

deactivate [eakTusumpoBaTh TEKYLLYIO CPeAy U BEPHYTLCA
K cpefe no yMOonyaHuio

python --version MpoBepuTb, 4TO cpeaa NCNonb3yeT HYXHY BEPCUIO
Python

conda remove -n py27 --all Ypanutb cpeay py27 (nocne BbINONIHEHUS KOMaHAbI

BbINOMHUTL conda clean --lock)

conda install --name py27 scypy YcTtaHosuUTb 6UBNMOTEKY SCypy B cpedy py27
conda remove --name py27 SCypy Ynanutbe 6GubnuoTeky scypy B cpeae py27
conda clean --lock OumncTuTb 6GNOKUPOBKY, €CnK npounsoLuen cooit

npu yctaHoske cpeapl (B Windows nHorga cnepsa
TpebyeTcs yaanuTe conda B gucneTtyepe 3agad)

YcTaHOBKa MHCTPYyMeHTanbHOU cpeabl Spyder

Jlns monb3oBateneid Windows Xopoias HOBOCTh 3aKJIOYaeTcs B TOM, YTO WHCTPYMEH-
TallbHas cpeia nporpaMMHUpoBaHHs Spyder yke BKJIIOYEHa B COCTaB AMCTPUOYTHBA
Anaconda, u ucnonHumsblii ¢aiitn Haxoautcs B mnanke C:\Users\[ums nonvzogamens]\
Anaconda3\Scripts\spyder.exe.

Urobel ycranoeuth cpeny Spyder B Ubuntu Linux, ncnone3yst opumanbHbii MEeHeKep
MaKeTOB, Hy>KHA BCEro oJiHa KoMaH/a (Tpoiika cootBercTByeT Python Bepcuu 3):

sudo apt-get install spyder
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UrtoObl ycTaHOBUTD C MCIONB30BAHUEM MEHEIKepa MaKkeToB pip:

sudo apt-get install python3-qt4 python3-sphinx
sudo pip3 install spyder

U 4T0o0BI OOHOBUTE:

sudo pip3 install -U spyder

Jnst BBITIOJTHEHMS] KOMaH[ MEHeKepa MaKeToB pip ClEAyeT OTKPBITh KOHCOJIbHOE OKHO
(MuacTpymentsl | OTKpPBITH KOMaHIHYI0 CTPOKY) U B OTKpBIBIIEMCS B TIPaBOM YacTu
uHTepdeiica monb30oBaTessl OKHE HaOpaTh HY)KHYIO KOMaHIy, HarmpuMmep, pip3 install
jupyter.

HacTponka nHcTpymeHTansHou cpeabl Spyder

[Tpu uHcTaIAUMU qucTpudyTrBa Anaconda3 mo ymonuaHuiO 0a30BBIM SIBJISETCS UHTEP-
nperatop Python 3 (B nmanHom ciyvae Bepcuu 3.5.2). B ciydae eciau Hy»KHO Ha Bpems
MEePEKITIIOUNThCS B PeXKUM padoThl B MHTepripeTatope Python Bepcuu 2 (B 1aHHOM ciiyuae
Bepcuu 2.9.7), CylIecTBYeT JiBa BapuaHTa: JOTMOJHUTENLHO WHCTAINTUPOBATL AUCTPUOY-
THB Anaconda ans Python 2 nmu0o BBIMONHUTE HEOOMBINYIO HACTPOHKY WHCTPYMEHTAIIb-
Holi cpeabl Spyder, mo ymonuanuto pabotatouieii Ha ocHoBe Python 3.

HacTtpouka cpeabl Spyder ¢ Python 3
Aana pa6otbl ¢ Python 2

Jns Takoil HaCTPOMKKM HyKHO B OCHOBHOM MeHIO BeiOpaTh MHCTpYyMeHTHhI U 3aTeM Ila-
pamerpbl. B otkpeiBwemcss okHe Ilapamerpsi BoiOpate HuTepmperatop Python.
B paznene UnTepnperarop Python ¢ nsyms nmepeximouaTessMU YyCTaHOBUTD MEPEKITIO-
yarens McnoJsb3oBath ciaeayomuii mnaTepnperatop Python u 3atrem HaxaTh KHOMKY
HAMPOTUB TEKCTOBOTO MOJIs, YTOOBI BHIOpaTh MyTh K MHTepriperaTopy Python 2.7.9, ko-
Topbiii Haxomutes B manke C:\Users\[ums_ nonvzosamens]\Anaconda3\envs\py27, rne
py27 — 3T0 uUMs cpenpl, co3naHHoi Bamu ans Python 2.7.9 (cm. paszo. "Hacmpoiixa ou-
cmpubymusa Anaconda" panee). Ecnu oTkpbiTh HOBYIO KOHCOJIb (KoHcoyn | OTKpBITH
KoHcoJb Python), To B cTpoke npuBeTcTBUS OyaeT yka3aHa Hy>kHas Bepcust Python.

Tenepb B 3TOW KOHCOJIM MOXKHO HaOWpaTh KOMAHJIbI W BCTAaBJIAThL LiEJIble MPOrpamMMBI,
OJIHAKO 3aITyCKaTh MPOrpaMMbl 13 pabodero okHa penakropa Spyder He momyuntes. Jliis
cueHapusi, padotaromero ¢ Python 2, TpeGyercs emie ofHa W MOCIEOHSS HACTpPOMKA.
B ocHOBHOM MeHIO HYXHO BbIOpaTh 3amyck, 3areM Hactpouts u B pasnene Konconn
BLIOpATh BTOPOU MepekirouaTesh BHINOJTHATL BO BHEHNIHEM CHCTEMHOM TEepMHHAJIE
(T. e. B HOBOM crelMANILHO BBIICJICHHOW KOHCOMH). Teneph 3TOT KOHKPETHBIN CrieHapuii
OyJeT BBINOJHATHCS B KOHCOMU ¢ Python 2.

3akonumuB paboty ¢ uHTepnperaropom Python 2.7.9, He 3a0yabpTe BEpHYThCS K UCXOHO-
My uHTeprpetaropy Python 3.5.2. Jns atoro HyxHO B pa3aene Uutepnperarop Python
MPOCTO YCTAaHOBUTH nepekitouatess [lo ymomganuio (TOT e, uto U 1uia Spyder).
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HanomuuM, uro B Windows mectopacroniokeHne 06a30BOro MHTEpIpeTaTopa Clieiyro-
mee: C:\Users\/umsn_nonvzosamens]\Anaconda3\python.exe. Pazymeercs, Takoil pexum
paboThl BHOCHT HEKOTOpBIE Hey100CTBa, HO MO KpaifHeil Mepe OH He TaKOi rPOMO3IKHIA,
KaK ycTaHOBKa eule onHoiW Bepcuu Anaconda 4.1.1, Ho yxe c¢ Python 2.7.9 B kauectBe
6a30BOro MHTEpIpPETaTOPA.

dPakynbLTaTUBHO

3anyck cepBepa 3anucHbIX KHUXeK Jupyter

B Windows un Ubuntu Linux mokaibHBIi cepBep 3aNMCHBIX KHIDKEK 3aIyCKaeTcsi u3 KO-
MaHJHOW CTpOKH NByMs criocobamu. [lepBeiii: OTKpoWTe OKHO KOMaHIHOW OOOJOYKH
(cnd) B Windows mnu okHo TepmuHaiia B Ubuntu Linux u npocto Habepure:

jupyter notebook

Bropoii BapuaHT:

ipython notebook

Tenepb MHTEepakTHBHAs BhIUMCIAUTENbHAs cpena [Python — 5To coctaBHas yacTe UHTer-
pupoBaHHO# cpenbl Jupyter, ¥ MO3TOMY BTOpPOW BapHMaHT 3alycka He PEKOMEHIIOBaH
K MpUMEHeHHIo 1 Oyner B OyIyllem yjaneH, K TOMy ke B HeM HCrToib3yeTcs (opmar
3aMMCHOM KHIKKHY Tipeabiayiiei Bepcun 3.0+ (Tekymas 5.0+).

YctaHoBka 6ubnuotek Python us whi-cbanna

bubnuorteku mist Python MoskHO pa3pabareiBaTh He TONBKO Ha urictoM Python. JloBoibHO
yacto 6ubnroTeku nunryTes Ha C (AMHaMu4eckue OUOJMOTEKH) U JIsl HUX MUIIETCS 00-
peTka Python wnnm e 6ubnmmoreka numiercs Ha Python, HO 11 oNITUMU3AIUK Y3KUX MECT
yacTh koja nuietcs Ha C. Takue OMOIMOTEKM MOY4alOTCsS OY€Hb OBICTPBIMH, OJHAKO
OubNMoTeKH ¢ BKparieHussMHu koja Ha C nporpamMmucty Ha Python Tsbkenee ycTaHOBUTB
BBU/y 0aHAJILHOTO OTCYTCTBHS COOTBETCTBYIOUIMX 3HAHWI JTMOO HEOOXOJUMBIX KOMIIO-
HEHTOB U HACTPOeK B paboueii cpene (B ocobenHoctu B Windows). Jlnst perienus onu-
CaHHBIX MpoOyieM pa3paboraH crenuaibHbIN dopmat (dhaiinbel ¢ paciuperuneM whl) s
pacnpocTpaHeHHs OUOJIMOTEK, KOTOPBINM CONEPIKUT 3apaHee CKOMITUIIMPOBAHHYIO BEPCHIO
6ubmmorekn co Bcemu ee 3aBucumocTaMu. @opmat WHL monaep:kuiBaercss BceMH oc-
HoBHbIMU natdopmamu (Mac OS X, Linux, Windows).

YcTaHoBKa MPOM3BOAMTCS € MOMOILBIO MEHEKepa MakeToB pip3 (Tpolika COOTBETCTBYET
Python Bepcuu 3). B ornuure oT OOBIYHOI YyCTAaHOBKM KOMAaHAOM pip3 install
<ms_maxera>, BMECTO HMMEHHM TaKeTa yKasblBaeTcsi myTb K Whi-daiimy: pip3 install
<myrs_x whl ¢asiry>. Hanpumep,

pip3 install C:\temp\networkx-1.11l-py2.py3-none-any.whl

JInbo oTKpoiiTe OKHO KOMaH/IHOM CTPOKH M TIPH MOMOIIM KOMaHbI cd MepeianTe B KaTa-
Jnor, rae pa3mMenieH Bai whi-gaiin. B Anaconda no ymomuanuto nono6Hble ¢aiinbl Haxo-
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nates B kartanore Scripts. [Ipocto ckomupyiite Tyna Bam whi-daiin. B stux ciaydasx
TIOJTHBIH MyTh yKa3bIBaTh He MOHagoOuTces. Hanpumep,

pip3 install networkx-1.11l-py2.py3-none-any.whl

[Tpu BBIOOpE MakeTa BaXKHO, YTOOBI Pa3psIHOCTh YCTAHABIUBACMOU OMONIMOTEKH U pas-
pAIHOCTL WHTeprpeTaTopa coBnagand. [lonb3oBatenu Windows wmoryt Opatb
whl-daiiner ¢ caiita http://www.lfd.uci.edu/~gohlke/pythonlibs/. bubnuoreku tam mo-
CTOSTHHO OOHOBJISIIOTCS, U B apXUBE COJIEPHKATCS BCE, KAKUE TOJIBKO MOTYT MOHAJJ00UThLCS.

MoarotoBka cpeabl Python 3 B OC Ubuntu Linux

Ta6bnuya 2

OencTBUe

KomaHpa

O6HoeneHne OC Ubuntu/Debian

sudo apt-get update && sudo apt-get
upgrade && sudo apt-get dist-upgrade &&
sudo apt-get autoremove

WHTepnpeTaTop a3bika Python 3
N MeHeaXep nakeToB

sudo apt-get install python3 python3-pip

OCHOBHbIEe Hay4Hble BUBNNOTEKM

sudo apt-get install python3-numpy
python3-matplotlib python3-scipy python3-
pandas python3-simpy

3anucHble kHWXkK Jupyter

sudo pip3 install jupyter

OpenGL

sudo apt-get install python3-opengl

PaspaboTka rpacmueckoro nHTepdeinca
nonb3oBarens

sudo apt-get install python3-pyqt5
python3-pyqgt5.qgtopengl python3-
pyqt5.qtquick

XpaHeHune gaHHbIX

sudo apt-get install python3-h5py

KomnbtoTepHoe 3peHue

sudo apt-get install python3-skimage

sudo apt-get install libatlas-dev
libatlas3gf-base && sudo pip3 install
scikit-learn

WHTerprpoBaHHas cpefa nporpamMmmmnpoBaHuns
(IDE) Spyder3

sudo apt-get install spyder3

ABT03aBepLueHune koga B IDE

sudo pip3 install --user rope py3k

YnpaBneHue naketamu .deb B Ubuntu Linux

VYcranoBka naketoB .deb B TepMuHaie (MakeT JOMHKEH HAXOJUThCS MOJI KOPHEBLIM KaTta-

soroM home)

sudo dpkg -i [maker].deb
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nJin
sudo dpkg --install [makxer].deb
Vnanenue nakeros .deb

sudo dpkg -r [maker].deb

Y nanenue BMecTe ¢ KOH(PpUTYpalIMOHHBIMU (aitiamu:

sudo dpkg -P [maker].deb



O6 aBTOpE

Jxodra I'pac pabotaer nmxeHepoM-IiporpaMMucTOM B koMrnanuu Google. /o sToro on
3aHUMAaJIcs aHAJIMTUYecKOol paboToli B HecKONbKMX crapramax. OH xuBeT B CHdTIe,
re peryispHO mocemiaeT HedopmanabHble BCTPEUM CHELHATNCTOB B 00JaCTH HAyKH
0 naHHbIX. OH penko MUILET B cBOil Ojor joelgrus.com u Bcerna goctynen B Twitter
o xelurery @joelgrus.



NMABA 1
BBeaneHue

— Jlannsie! ['ne 1aHHbIe? — pa3ApakeHHO BOCKIIMLIAI OH. —
Korza nox pykoii HET IIMHBI, U3 YET0 JIEMUTh KUPITUYKU?

Apmyp Konan Joiins'

NocnoacTBO AaHHLIX

Mpl KMBeM B MHpe, CTpaJaroleM OT nepen3ObiTka AaHHBIX. BeG-caifTel oTcnexuBaroT
nroboe HaxaTue JIoOoro nojb3oBateniss. CMapThOHBI HAKATUTMBAIOT CBEJCHUS O BallleM
MECTOMOJIOKEHUH U CKOPOCTH B €XKEIHEBHOM M €XeceKyHIHOM pexkume. "OuudpoBan-
Hble" cendepbl HOCAT LWaroMepbl Ha CTEPOUAAX, KOTOpbIe He MepecTaBas 3aMiChIBalOT UX
cep/ievHble PUTMBI, OCOOEHHOCTH JIBM)KEHHS, CX€Mbl IUTaHUS U CHA. YMHBIE aBTO COOM-
paroT CBeeHUs] O MaHepax BOXKICHHs CBOWX BIIQJICNbLIEB, YMHbBIE JloMa — 00 oOpaze
KM3HU CBOMX OOMTaTeseld, a YMHbIE MapKeTOJOr'M — O HalIMX MOKYNaTeJIbCKUX TPH-
Beiukax. Cam MHTepHeT mpejacTaiseT co0oil orpoMHbIi Tpad) 3HaHMIA, KOTOPBIH, cpenu
BCETO MPOUEro, COACPIKUT OOIIUPHYIO TMIIEPTEKCTOBYIO SHIMKIIONEINIO, CIICIIUATN3HUPO-
BaHHbIE 0a3bl JaHHBIX O (PHIbMaX, My3bIKe, CIIOPTUBHBIX pe3yJibTaTax, UTPOBBIX aBTOMa-
Tax, MeMax’ U KOKTEWJISX... U CJIMUIIKOM MHOTO CTaTUCTUYECKHX OTYETOB (IPHUUYEM HEKO-
TOpbIE MOYTH COOTBETCTBYIOT JI€HCTBUTELHOCTH!) OT CIIMIIKOM OOJBIIOTO YHCia rocy-
JApCTBEHHBIX HMCIIOJHUTEIbHBIX OPraHoB, M BCE 3TO IJIS TOTO, YTOOBI BBl OOBSIM
HEOOBATHOE.

B stnx JAaHHBIX KPOATCA OTBETHI Ha OecUncIEHHbIE BOIPOCHI, KOTOPbIE HUKTO AK€ HE
AYyMaceT 3a1aBaThb. JTa KHUra Hay4MuT BaC, KaK UX HAXOOUTh.

YTo Takoe HayKa O AaHHbIX?

CylecTByeT LIyTKa, YTO aHAIMTUK JaHHBIX — 3TO TOT, KTO 3HAET CTATUCTHUKY Jy4lle,
YeM crelyaiiucT B 00JacTH MHQOPMATHKH, a MHPOPMATUKY — JIyUIlle, YeM CTIeLMaIUCT
B obnacTu craTMCTHKM. He yTBeprkmaro, 4To 3TO Xopoluas UIyTKa, HO Ha caMOM Jede,
HEKOTOpble AHAIUTUKHU JAHHBIX ACWCTBUTENbHO SBIISIOTCS CHEeLUaTMCTaMU B 00JacTH
MaTEMAaTHYECKOW CTATHUCTUKH, B TO BPEMs KaK JIPyrve MOYTH HEOTIIMYMMBI OT MH)KEHEPOB
nporpaMMHoro obecrniedennsi. HekoTopble SBISIOTCS SKCIIEPTaMH B 00J1aCTH MAIIUHHOTO

! Penmuxa Illepioka Xonmca u3 pacckasa Aprypa Kowan Jloiins (1859-1930) "Menubie 6yku". — IIpunm.
nep.

? MeM (aHIIL. meme) — eIUHULA KyIbTYPHOM MHBOPMALIMK: TH00as Maes, CUMBOJL, MaHepa Wim o0pa3 nelict-
BUSI, OCO3HAHHO WJIM HEOCO3HAHHO NEpeaBacMble OT YETOBEKA K UEIIOBEKY MOCPEICTBOM PEUH, MUCbMA, BU-
JIe0, PUTYaJIOB, XKecToB U T. 1. (cM. https://ru.wikipedia.org/wiki/Mem). — Peo.
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o0y4eHHs, B TO BpeMsl KaK Jpyrue He cMOIJIM Obl MAlIMHHO OOYYHMTBCS, YTOOBI HAWTH
BBIXOJ] U3 JIETCKOro cajia. HekoTopble MMEIOT yueHble CTEeNeHH JOKTOpa HayK ¢ Brievar-
JSIOIIeH UcTOpUel MyOIMKaLMid, B TO BpeMsl KaK Ipyrue HUKOTa He YMTAJIM aKkaJeMuye-
CKHMX cTaTell (XOTS, UM JIOJDKHO ObITh CThIIHO). Kopode roBops, B 3HaYMTENIbHON Mepe
HEBa)KHO, KaK OMPEENATh MOHITHEe HAYKH O JaHHbIX, OTOMY YTO BCEr/a MOKHO HalWTH
NPAKTUKYIOLUX AaHAIUTUKOB JAHHBIX, VISl KOTOPBIX 9TO ONpejaeneHue OyAeT Bceleso
1 abCOIFOTHO HEBEPHBIM'.

Tem He MeHee, 3TOT (aKT He OCTAHOBHT HAC OT TOMBITOK. MbI CKaXkeM, YTO aHAJIUTUK
JIAHHBIX — 3TO TOT, KTO M3BJIEKAET LIEHHbIC HAOJIIO/IEHUs U3 3allyTaHHBIX JaHHBIX. B Ha-
UIM JTHA MUP TEPETNONHEH JIIOJIbMH, KOTOpbIE MBITAIOTCSA NMPEBPATUTh JAaHHbIC B LIEHHBIC
HaOJIIOIEHU.

Hanpuwmep, caiit 3nakomctB OkCupid npocuT cBoMX 4JIeHOB OTBETUTH Ha THICSYX BOTIPO-
COB, UTOOBI OTBHICKaTh HauboJee MOAXOAIEero il HUX napTHepa. Ho oH Takxke aHamu-
3UpYET 3TH Pe3yJIbTaThl, YTOObI BBIYMCIUTH BUAbI O€300MIHBIX BOMPOCOB, C KOTOPBIMU
BBl MOXKETE 00paTUThCS, YTOOBI y3HATh, HACKOJIBKO BBICOKA BEPOSTHOCTB OJIM30CTH MOCIIe
MIepPBOTo XKe CBUIAHUS.

Komnanwus Facebook mpocut Bac yka3bIBaTh CBOM pOJHOM rOpOJ M HBIHEITHEe MECTOIO-
JI0KeHHe, KOOBI YTOOBI 00JIErYuTh BalllMM JpPY3bSIM HaXOJUTh BAaC M CBSA3BIBATHCS C Ba-
mu. Ho oHa Takxke aHaJIM3UPYeT 3TH MECTOMOJIOKECHUSI, YTOOBI ONMPEIeIUTh CXEMbI TJI0-
OaypHON MUTPALIMM ¥ MecTa MPOXKMUBaHKS (haHATOB Pa3IMUYHBIX (yTOOIBEHBIX KOMAH/I.

Kpynublii onepatop po3HU4HO# ToproBiu Target OTCIeKMBAeT MOKYIMKHA W B3auMOAek-
CTBMsS OHJaiiH W B MarazuHe. OH MCMONB3yeT NaHHble, YTOObI CTPOUTH IMPOTHO3HBIE
MOJIEJI B OTHOIIEHUH TOTO, KaKHe KIMEHTKH OepeMEHHBI, YTOObI JIydllle MpoJaBaTh UM
TOBapbI, MpeTHa3HAYEeHHbIE 11 MIIaIeHIIEB.

B 2012 r. usbupatenbHbiii mtad bapaka O0aMbl HaHA] JECATKHA aHAJUTHKOB JaHHBIX,
KOTOpbIE BOBCIO KONAJM U 3KCIEPUMEHTHPOBAJIH, YTOObI ONpeAe/IuTh U3dupaTesiel, Ko-
TOPBIM TPeOOBAJIOCH JOIMOJHUTELHOE BHUMAaHHWE, TIPU 3TOM MOAOUpas ONTUMAalIbHbIC
oOpallieHus: ¥ MPOrpaMMBbI 10 MPHUBJICYCHUIO (PUHAHCOBBIX PECYPCOB, KOTOPbIE HampaB-
JSAJIUCh B apec KOHKPETHBIX TMOJyvyaTesie, W cocpedoTauuBas YCWIHS IO BBIBOIY
COIEepHUKA U3 TIPEBLIOOPHOM FOHKH TaM, TJie 3T YCUJIUS MOTJIA ObITh HarboJslee ycrel-
HeiMu. CylecTByeT oOlilee MHEHHE, YTO 3TH YCWIHS ChITpald BaXKHYIO POJib B TIepens-
OpaHuU Mpe3uaAeHTa, BCICICTBUE Yero COBEPIICHHO OUEBUIAHO, YTO Oyayllue MOJIUTHYEe-
CKHe KamrnaHuu OyayT Bce Ooliee u Oonee ynpasisieMbIMU JaHHBIMH, Belid K OeckoHeu-
HOMY HapallMBaHUIO YCHIIUI B 00JIACTH HAYKW O TaHHBIX M METOJIOB cOOpa TaHHBIX.

U npexcie yem BbI MOUYBCTBYETE MPECHILEHHE, CKa)KeM ellle Mapy CJIOB: HEKOTOpble aHa-
JUTHKY JAHHBIX BPeMsi OT BPEMEHH UCIOJIb3YIOT CBOM HaBBIKK BO Oj1aro, 4toObl caenaTh

3 Hayka o danHbix — 3TO MpaKTHUecKas JUCLHUILINHA, KOTOPask 3aHUMAETCsl H3YUEHHEM METoI0B 00001mae-
MOT0 M3BJICUEHHUS 3HAHUM U3 AaHHBIX. OHA COCTOMT M3 PA3JIMYHBIX COCTABISIIONIMX M OCHOBBIBAETCS HAa METO-
Jlax U TEOpHsX M3 MHOTUX 00JacTeil 3HaHW, BKIOYas 0OpabOTKy CHIHAIOB, MATEMATHKY, BEPOSTHOCTHbIE
MOJIEJIM, MAIIMHHOE U CTATHCTUYECKOE 00YyUEHHE, MPOrpaMMUPOBAHUE, TEXHOJIOTHUH JIJAHHBIX, PACIIO3HABAHHE
00pa3oB, Teoprio 00ydIeHNs, BU3yalbHbI aHAIN3, MOJEIMPOBAHUE HEONPEACICHHOCTH, OPTaHU3aLMIO Xpa-
HUWJIMII JTAHHBIX, & TAKXKe BBICOKOI((EKTUBHBIC BHIYMCICHUS C IIETBI0 W3BJICUECHUS CMBICIA M3 JAHHBIX U
CO3JIaHHs TIPOIYKTOB 00pabOTKY JaHHBIX. — [Ipum. nep.
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NPaBUTENILCTBO Oosiee 3pdeKTUBHBIM, TOMOYb O€3710MHBIM U YCOBEPIISCHCTBOBATh 3/1pa-
BoOXpaHeHHe. Ml KoHeuHO e Bbl He HaHeceTe Bpesia CBOeil Kapbepe, eclii BaM HPaBUTCS
3aHUMAaTbCs MMOMCKAMM HAaWIY4dlIero crnocoda, Kak 3acTaBUTh JIIOAEH LIeiKaTh Ha peK-
JaMHbIX OaHHepax.

OnpaBaaHue ans BbiayMmku: DataSciencester

[Moznpaensem! Bac Tonbko 4YTO MpHHSAIM HA paboOTy, YTOOLI BbI BO3MJIABWIIA YCHITHS
B 00acTH Hayku o naHHbIX B DataSciencester, ynuxanvproil couraabHOM ceTH Ui aHau-
THUKOB JaHHBIX.

IIpenHazHaueHHass WCKJIIOYMTENBbHO JJI1 AHAJIWTUKOB JIaHHBIX, TEM HE MEHee,
DataSciencester eile HU pa3y He BKJIaAblBajlach B pa3BUTHE COOCTBEHHOW MPAaKTUYECKOM
JedTe/IbHOCTH B 3TOM 001acTy (CrpaBeyIMBOCTU paay, OHa HU pa3y MO-HACTOALIEMY He
BKJIa/ipIBajlach JAaXke B Pa3BUTHE CBOEro mponaykra). Tenepb 310 Oyner Bauield paboToi!
Ha npotspkeHun Bceit KHMIM Mbl OyeM M3y4aTh MOHSTHSA 3TOM NMPaKTUYECKOH OUCLMII-
JIMHBI MyTeM PEeLIeHus 3a7a4, ¢ KOTOPbIMU Bbl OyleTe cTalkuBaThCsl Ha pabore. Mol Oy-
JIeM oOpaluaTtbes K AaHHBIM, MHOTAA TOCTYMAIOLIMM MPSIMO OT MOJib30BaTeNeld, HHOTAa
MOJIyYEHHBIM B PE3YyJIbTaTe€ UX B3aUMOACHCTBUI C CAMTOM COLMAJIBHOM CETH, a MHOrJa
Jlake B3STBIMH U3 DKCIIEPUMEHTOB, KOTOpbIe OyAeM IITaHUPOBATh CaMH.

U nockonbky B DataSciencester uaput ayX HOBHU3HBI, TO Mbl 3aiMeMCsl KOHCTPYHPOBaHH-
€M COOCTBEHHBIX HHCTPYMEHTOB C YMCTOro JiucTa. B pesynbrare y Bac Oyaer 1ocTaTouHO
TBEpAOE MOHMMAHWE OCHOB HAyKHW O NaHHBIX, U Bbl OylneTe roTOBbI MPUMEHHTb CBOM
HaBBIKM B JI000I KOMMAHUM WK e B JIIOOBIX APYIHX 3aJauyaxX, KOTOPbIE OKaXYTCs IUIs
BaC MHTEPECHBIMH.

Job6po noxanoBate Ha OopT u ynauu! (Bam pasperieHo HOCHTb IPKUHCHI MO MATHULIAM,
U TyajieT — [0 KOPUIOopPY HaIlpaso.)

Mouck kn4yeBbIX 3BeHLEB

Hrak, nHactan Bam nepebiii pabounii neHp B DataSciencester, U IUpPEeKTOp MO Pa3BUTHIO
CETH I0JIOH BOMPOCOB O €€ MoJib3oBarensix. JJo cero aHsa emy He Kk KOMYy ObUIO 0OpaTUTh-
Csl, MO3TOMY OH OYE€Hb BOOAYLLIEBJIEH BaLUMM MPUOBITHEM.

B wactHOCTH, OH XOdYeT, YTOOBI BBl YCTAaHOBWJIM, KTO CPEOW CIEIHATUCTOB SBIISETCS
"KimoueBbIM 3BeHOM". I 3TMX weneld oH mepenaeT BaM "CHUMOK' BCEH COLMalbHOMN
cetd. (B peanbHOl kM3HU OOBIYHO HUKTO HE TOPOIUTCS BpydaTh BaM TpeOyroluecs
naHHele. I naga 9 nocesieHa crnocodam coopa JaHHBIX.)

Kak Beirmmsaut 3ToT "cHuMOoK" naHAabIX? OH COCTOMT U3 CITHUCKA TTOJIb30BATENICH users, T
KaXK[IbIi MOJIb30BaTelNb MPEICTABICH aCCOLMATUBHBIM CIIUCKOM, WM CJIOBapeM, dict, CO-
CTOSIMM U3 uaeHTHdUKaTopa id (T. €. YKclia) MOJL30BATENS U €r0 WK €€ UMEHU name
(koTopoe Mo OAHOMY W3 HeOOBIYAMHBIX KOCMUYECKUX COBMAJeHUN pudMyeTcsl ¢ HJIeH-
TUPUKATOPOM id):
users = [

{ "id": 0, "name": "Hero" 1},

{ "id": 1, "name": "Dunn" },
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{ "id": 2’ "name": "Sue" },

{ "id": 3’ "name" : "Chi" },

{ "id": 4, "name": "Thor" },
{ "id": 5, "name": "Clive" },
{ "id": 6, "name": "Hicks" },
{ "id": 7, "name": "Devin" },
{ "id": 8, "name": "Kate" },
{ "id": 9, "name": "Klein" }

]

Kpome Toro, on nepenaet Bam aHHBIE O "IpY»KECKMX OTHOILIEHHSX" friendships B BHIIE
crnHcKa KOpTexKel, CoCcTosAmMX 13 nap uaeHtugukaropos 1D nons3osareneii:

friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),
(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]

Hanpumep, koptex (0, 1) o3HadaeT, YTo aHaIUTHK ¢ id 0 (Hero) m aHamuTHk ¢ id 1
(Dunn) sBnsrotes apy3pamu. CeTb npeacTasieHa Ha puc. 1.1.

Puc. 1.1. Cetb DataSciencester

HOCKOHLKy MOJIb30BATEIM NPEACTABJICHBI CJIOBAPSIMHU dict, TO HNOIMOJTHCHUE I/IH(bOpMaL[I/II/I
0 HUX CTAHOBUTCA MPOCTHIM ACJIOM.

He cnezyeT npsimo ceiiuac norpyxatbcsi B NoapoGHOCTM peanusauum koja. B enase 2
OyaeT npeanoXeH UHTEHCUBHBIN Kypc Asbika Python. Moka e cnegyeT Bcero nub no-
MbITaTbCSA NOMY4YUTL OGLLEE NPEeACTaBNeHne O TOM, YTO Mbl AeNaem.

Hampumep, MoxeT moHagoOWTbes HOOABUTH KakAOMY TOJIb30BATENIO CIHMCOK Ipy3ei.
Jlng 3Toro cHavana Ha3HaYMM HOBOMY CBOWCTBY friends Ka)KOro MOJIb30BaTeNs MyCTOH
CITMCOK:

# cBoricTBO friends comep¥uT ApPYy3€M OIS HOJB30BATENS USer
for user in users:
user["friends"] = []

A 3aTeM 3aIoJIHUM 3TU CIUCKU JaHHbBIMHW U3 CITUCKa KOpTe)Keﬁ friendships:

for i, j in friendships:
# 570 paboTaeT, MOTOMYy UTO uSers[i] - 5TO MNOJB30BATEJE,
# uert id paBeH 1
users([i] ["friends"].append(users([j]) # mobaBmTe j Kak Apyra AasS 1
users([j] ["friends"].append(users[i]) # gobaBmuTe 1 kak Opyra Aig j
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[Tocne Toro, kak B clioBape dict Ka)KIOro MoJb30BaTesl pa3MelleH CIMCOK ero Apy3ei,
MOTyYMBIIMHCSA Tpad MOXHO JIETKO OMPOCHTH, HANPUMEp, 1O MOBOIY CPEIHEro 4ucia
CBsI3€EH.

CnepBa HaxoauM CyMMapHO€ 4YHUCJIO CBHSeﬁ, CJIOKUB OJIMHBI BCCX CIIMCKOB )1py3e1>'1

friends:

# umcso mpysert
def number of friends(user):
""MCROJIBKO OPY3EM eCTh Yy HOoJb30BaTess user?"""
return len (user["friends"]) # mwmHa crmicka id agpysen

total connections = sum(number of friends(user) # olmee umciao cBaA3e
for user in users) # 24

A 3aTeM npocTo AETUM CyMMY Ha YMCJIO TMOJIb30BaTeseH:

from _ future  import division # B Python 2 nesmouncieHHoe HejieHyue XpoMaeT

num users = len(users) # mmHa CcoycKa MNoJIb30BaTesel

avg _connections = total connections / num users # cpenHee umcjio CBA3el =
# 2.4

Taroke Jlerko HaXOoJIUM HauboJiee CBSI3aHHBIX JIOJEH, T. €. JIUI, UMEIOIIUX HauOoJIbllee
YUCJIO IpY3€eH.

[Tockonbky nmonp3oBaresiel He CIMLIKOM MHOTO, UX MOXHO YMOPSAOYMTh MO YOBIBAHHIO
4ucia apy3en:

# umcuio mpysen g Kaxnoro id mosib3oBaTess

# cosmare cmcok B dpopmaTe (id mONB30BATEJISI, UMCIIO OPY3EN)

num friends by id = [(user["id"], number of friends (user))
for user in users]

sorted(num friends by id, # yHopAaoounmTs ero Mo MHOJio
key=lambda (user id, num friends): num friends, # num friends
reverse=True) # B yOnBawmeM HOPAOKE

# xaxnas mapa cocromT u3 id u umcyaa mApysedt (user id, num friends)
#[(1, 3), (2, 3), (3, 3), (5, 3), (8, 3),
# (0, 2), (4, 2), (6, 2), (7, 2), (9, 1)]

Bcro nponenanHyro paboTy MOXKHO paccMaTpuBaTh, Kak croco0 ONpeleauTh ML, KOTO-
pble Tak WM MHaue 3aHMMAlOT B CETH LeHTpajibHoe MecTo. Ha camom nene, To, UTO MBI
BBIYHCIIIIN, TIPE/ICTABIsIET cOOOH METPUKY CBS3M B COLMAILHOM rpade moja Ha3BaHHEM
yenmpanvrocms no cmenenu y3nos (degree centrality) (puc. 1.2).

JIocTOMHCTBO 3TOM METPHUKH 3aKJIFOYaeTCsl B MPOCTOTE BBIYMCIIEHUH, OJTHAKO OHA HE BCe-
r71a JaeT Hy>KHble WM OXKHuIaembie pe3yibTarel. Hampumep, B DataSciencester monp3oBa-
tenb Thor (id 4) uMeer Bcero ABe cBA3M, Torna kak Dunn (id 1) — Tpu. HecMoTps Ha 3T0,
CXeMa CeTH MokasbiBaeT, uTo Thor HaxoauTes O6mxe k HeHTpy. B enase 21 mbl 3alimemcs
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Puc. 1.2. CeTb DataSciencester, usmepeHHas METPUKON CTENEHN y3NOB

U3y4YeHHEM COLMAIbHBIX ceTell Ooliee MOIpOOHO U paccMOTpUM OoJiee CIIOXKHBIE Mpea-
CTaBJIeHUS O LIEHTPATLHOCTH, KOTOPbIE MOTYT Jydllle WM XYK€ COOTBETCTBOBATh WH-
TYWILUH.

AHanuUTuKu, KOTOPbIX Bbl AOJTIXKHbI 3HATb

BbI ele He ycrenu 3anojHUTh BCe CTpaHULBI (GOPMYJisipa HaiiMa HOBBIX COTPYIHHUKOB,
KaK JMPEKTOp MO MOoOpPaTUMCKUM CBA3SM MOAXOAMT K BaweMmy cTtosty. OHa XOoueT mpo-
CTUMYJIMPOBATh POCT CBSI3€H Cpe/ly HWIEHOB CETH M MPOCHUT Bac pa3paboTaTh CHCTEMY pe-
KOMEH/IaLlMK HOBBIX Apy3el "AHaTUTHKH, KOTOPBIX Bel AOKHBI 3HATH.

Bamra nepBast peakiusi — NpeArnooKUThb, YTO MOJIb30BATENb MOXKET 3HATh APY3el CBOMX
apy3ei. Mx nerxko BeIMMCIAMTE: HAAO JMIIbL MPOCMOTPETH Ipy3€il KaXKI0ro nosib3oBaresis
¥ coOpaTh pe3ysIbTaThl:

# cmomcok 1id mpyser mob30BaTeNd UsSer (IUIOXOV BapMaHT)
def friends of friend ids bad(user):
# "foaf" osHauaer "mpyr KOHKDETHOIO apyra"
return [foaf["id"]
for friend in user(["friends"] # ang xaxzgoro m3 npysen
# mose30BaTess
for foaf in friend["friends"]] # mosyumTes BCcex EI'O mpy3en

Ecnu Ty dyHKUMIO BBI3BATH ¢ apryMeHToM users (0] (Hero), oHa mokasert:
(0, 2, 3, 0, 1, 3]

Cnucok conepxxut nosib3oBaresis 0 (1Ba pasza), T. K. nmosib3oBaTesb Hero Ha camom fene
JIPY’KUT ¢ OOOMMHU CBOMMH JIPY3bSIMH; COJICPXKUT MoJib3oBateieit 1 u 2, xoTs o0a 3tH
MOJIb30BaTENs yKe NpyKaT ¢ Hero; v iBax bl coaepKUT nosb3oBaTens 3, mockonbky Chi
JIOCTH)KUMA Yepe3 JIBYX pasHbIX JApy3eil:

print ([friend["1d"] for friend in users[0] ["friends"1]) # [1, 2]
print ([friend["id"] for friend in users[1]["friends"]]) # [0, 2, 3]
print ([friend["1d"] for friend in users[2] ["friends"1]) # [0, 1, 3]

HNudopmarust o ToM, YTO HEKTO MOXKET CTaTh APYroM Ballero Apyra HECKOJIbKUMH MyTsi-
MU, 3aclly’KUBaeT BHUMaHHs, MOITOMY, HAMpPOTUB, CTOMT NOOABUTH CUETUMK B3aWMHBIX
Ipy3eH, a ajs 3TUX Lejed To4yHo moTpedyeTcs BcrioMoraTesbHas (QYHKLMs, KOTopas
OyZAeT UCKIIIOYATh TeX JIML, YK€ U3BECTHBIX MOJIb30BATEIO:
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from collections import Counter # ciuoBaps Counter He BarpyXaeTcs DO YMOJIYaHMIO

# He TOT Xe caMeui

def not the same(user, other user):
"""rBa MOJIBE30BATEJIS HE OOVHAKOBEIE, €CJ MX KJIoYM mMelT pasHere id"""
return user["id"] != other user["id"]

# He mpysbsg

def not friends(user, other user):
"""other user - He IpPyT, eClM OH He mpmHainexuT user["friends"], T. e.
ecim oH not the same (He TOT Xe 4TO M Bce Jiodu B user["friends"])"""
return all (not the same(friend, other user)

for friend in user["friends"])

# cmcok id npys3ert monbs3oBaTeNd USer
def friends of friend ids(user):
return Counter (foaf["id"]
for friend in user["friends"] # gng kaxgoro moero apyra
for foaf in friend["friends"] # moacumraTe MX npyzen,

if not the same (user, foaf) # KOTOPEIE HE SABJISIOTCS MHOM
and not friends(user, foaf)) # mu He Mo Ipy3BA
print(friends of friend ids(users([3])) # Counter ({0: 2, 5: 1})

Takast peanuzanust 6e3ommbdouHo coobmaer Chi (id 3), uto y Hee ¢ Hero (id 0) ectb
JIBOE B3aMMHBIX Jpy3eH, a ¢ Clive (id 5) — Bcero oJiMH Tako JApyT.

[Tomumo 3TOrO, BBl MOHKMMAETE, YTO, KaK AHAIWTUKY AAHHBIX, BaM ObIJIO Obl MHTEPECHO
BCTpEUaThCs C MOJIb30BATENIIMH, KOTOPbIE UMEIOT OIMHAKOBYIO c(epy MHTepecoB (KcTa-
TH, 5TO XOPOLIMH MpUMep acrekTa "MpoecCHOHAILHOTO OMbITa B MPpeAMETHOH obnacTu"
Hayky o AaHHbIX). [locie Toro, kak Bel MOCHpaIIKMBaJId BOKPYT, BaM YAaJjOCh MOIYyYUTh
Ha pYKH JaHHble O chepax MHTEpecoB B BUIE CMMCKA Map (user id, interest), COCTOS-
LIUX U3 id MONb30BaTENs U MHTEPECYIOLEH ero TeMbI:

# mHTEpecyIe TeME

interests = [
(0, "Hadoop"), (0,"Big Data"), (0,"HBase"), (0,"Java"),
(0,"Spark"), (0,"Storm"), (0,"Cassandra"),
(1,"NoSQL"), (1,"MongoDB"), (1,"Cassandra"™), (1,"HBase"),
(1,"Postgres"), (2,"Python"), (2,"scikit-learn"), (2,"scipy"),
(2, "numpy"), (2,"statsmodels"), (2,"pandas"), (3,"R"), (3,"Python"),
(3,"statistics"), (3,"regression"), (3,"probability"),
(4,"machine learning"), (4,"regression"), (4,"decision trees"),
(4,"libsvm"), (5,"Python"), (5,"R"), (5,"Java"), (5,"C++"),
(5,"Haskell"), (5,"programming languages"), (6,"statistics"),
(6, "probability"), (6,"mathematics"), (6, "theory"),
(7,"machine learning"), (7,"scikit-learn"), (7,"Mahout"),
(

7,"neural networks"), (8,"neural networks"), (8,"deep learning"),
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(8,"Big Data"), (8,"artificial intelligence"), (9, "Hadoop"),
(9,"Java"), (9,"MapReduce"), (9,"Big Data")
]

Hanpumep, y Thor (id 4) HeT obmux apy3eti ¢ Devin (id 7), HO oHM 00a 3aMHTEPECOBaHbI
B MallIMHHOM OOY4eHHWH.

OyHKLMS, KOTOpass HAXOOUT MOJIb30BaTesNeil, MHTEPECYIOLMXCSl ONpeAeIeHHOW TeMOi,
3JIeMEHTapHa:

# aHaJMTHKM, KOTOPBM HPABMUTCA HejeBasd TeMa target interest
def data scientists who like(target interest):
return [user id
for user id, user interest in interests
if user interest == target interest]

Bce pabotaer, oqHako QyHKIMS B TakoW peaji3allid MPOCMAaTPUBAET BECh CITUCOK TEM
MpH KaKJoM 3arpoce. Ecnu nosib3oBatesneii U TeM MHOTO (JIMOO TIAaHUPYETCS BBITIOJIHATh
MHOTO 3ampocoB), TO JydIle CO3[aTh WHASKCHBIH CHHCOK MOJb30BaTelNiel, Crpymmupo-
BaHHBIN 1O TEMe:

from collections import defaultdict

# 1d mosp30BaTENIEN MO BHAYEHMIO TEME

# KJIOUM - 5TO MHTEPECYKIME TEMEH,

# BHaueHMs - 5TO CHOMCKM M3 1d HOJIB30BATENEN, MHTEPECYKIMMXCSI STOV TEMON
user ids by interest = defaultdict(list)

for user id, interest in interests:
user ids by interest[interest].append(user id)

n (115 WHACKCHBIN CIIMCOK TEM, CprHHHpOBaHHLIﬁ 10 NTOJIB30BATECJIAM!

# nneHTMYUKATOPE TeM O MAEHTUYUKATOPY MOJb30BaTesd
# xmouy - 5T0 1d MoNB30BaTeNeN, 3HAYEHMT - CICKM TeM MJIA KOHKpeTHoro id
interests by user id = defaultdict (list)
for user id, interest in interests:
interests by user id[user id].append(interest)

Tenepb Jlerko HalTH JMLO, Y KOTO ¢ KOHKPETHBIM MOJIb30BaTesieM OoJIblle BCEro o0LumX
HMHTEepecoB. [ 3TOro Hy>kKHO:
1. BBIMOTHUTE 00X0 MHTEPECYIOIIUX MOJTb30BATENS TEM.

2. Ilo xaxmoit TeMe OCYIECTBUTh O0XO/ APYTHX IMOJIb30BaTeliel, MHTePECYIOIUXCs TOM
’K€ caMOM TEMOM.

3. Tloxcumrare, CKOJIBKO pa3 BCTPETATCS IpyrHe Mojib30BaTelH.

# Hambosiee ofupe MHTEPECYRIpIE TEME C NOJb30BATEJEM USer
def most common interests with(user):
return Counter (interested user id
for interest in interests by user id[user["id"]]
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for interested user id in user ids by interest[interest]
if interested user id != user["id"])

OTy (hyHKUMIO MOXKHO OBbLTO OBl 3aT€M NPUMEHUTH B YCOBEPLIEHCTBOBAHHOW BEPCUM CHUC-
TEeMbl PEKOMEHJALMN HOBBIX Apy3eil "AHaIUTUKH, KOTOPBIX Bbl 1OMKHBI 3HATH", OCHO-
BAaHHOM Ha COYETaHWUM B3aMMHBIX Jpy3eil U oOmMX TeM. DTU BHIAbl MPUIIOKEHUH MBI
nccaenyeM B enase 22.

3apnnatbl U onbIT paGoThbl

B TOT camblit MOMEHT, KorJia Bbl coOMpaeTech MOWTH MO00eIaTh, JUPEKTOP MO CBA3SAM C
00I1eCTBEHHOCTBIO oOpalaeTcss K BaM ¢ BONPOCOM, MOXKETE JIM Bbl MPEJOCTABUTH IS
caliTa Kakue-HUOYb MpUMedaTelibHble (DaKThl 00 ypOBHE 3apIuiaT aHAJIMTHKOB JaHHBIX.
PasymeeTtcs, naHHbIe 0 3apruiaTax UMEIOT KOH(GUICHIMATBHBIN XapakTep, TeM He MeHee,
eMy yAaJloch CHaOJJUTh BAaC aHOHUMHBIM HaOOPOM JTaHHBIX, COACPIKAIIUM 3apIuiaTy Ka-
JIOTO TIOJIb30BatTesis (B AOJUIapax) M ero CTak paboThl B KauecTBE aHAJIUTHKA JTAHHBIX
(B romax):

# BapmmaTel u cTax

salaries and tenures = [(83000, 8.7), (88000, 8.1),
(48000, 0.7), (76000, 6),
(69000, 6.5), (76000, 7.5),
(60000, 2.5), (83000, 10),
(48000, 1.9), (63000, 4.2)]

[lepBbIM J1enioM BBl BHIBOAWTE JaHHble Ha quarpammy (B 21ase 3 Mbl pacCMOTPHM, Kak
9TO JienaTh). Pe3ynbTaTel MOXKHO YBUAETH Ha puc. 1.3.

CoBeplIeHHO OYEBHAHO, YTO JIMLA ¢ OoJiee MPONOKUTENBHBIM OMBITOM, KakK MPaBHIIo,
3apabaTbIBatoT GoJbiie. Ho kak 5To mpeBpaTUTh B NpuMedaTenbHbIi (pakT? Bama nepsas
MOIMBITKA — B3STh CPEAHIOI0 apu(pMETHUECKYIO 3apIuiaTy Mo KaKAOMY CTaxy:

# BapnnaTa B 3aBUCHMMOCTH OT CTaXa
# KUY - STO I'OOBl, BHAYEHMS — SDTO CIOMUCKM 3apPIIAT IS KRKIOT'O CTaXa
salary by tenure = defaultdict (list)

for salary, tenure in salaries and tenures:
salary by tenure[tenure].append(salary)

# cpenHas zapmiaTa B B3aBUCHMMOCTM OT CTaxa
# KmOUM - 9TO T'OAB, KaX[oe BHaueHyme - 9DTO CPEeAHSS 3aplulaTa IO STOMYy CTaxy
average salary by tenure = {

tenure : sum(salaries) / len(salaries)

for tenure, salaries in salary by tenure.items()

}

Ho, xak okazaimoch, 3T0O He HeceT KaKOW-TO MpPaKTHYeCKOW 3HaUYMMOCTH, T. K. Y BCeX
TMOJTb30BaTeNIel pa3HbIid CTaX, U, 3HAYWT, MBI MIPOCTO coOdIaeM O 3apruiaTax OTAeNbHBIX
0JIL30BaTeNIEH:
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Puc. 1.3. 3aBucumocTb 3apaboTHoii nnaTel OT onbiTa paboTs!

LenecooOpa3Hee pa3oUTh MPOIOKUTEIBHOCTH CTaKa HAa MHTEPBAJIbI:

# craxHas Ipymnna
def tenure bucket (tenure) :
if tenure < 2:
return "meHee IOByx"
elif tenure < 5:
return "Mexny OByMS U OATbO"
else:
return "Gojee naTu"
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3arem crpynnupoBaTh BCE 3apIjlaThl, KOTOPbIE COOTBETCTBYIOT KaXKIOMY MHTEpBAJIY:

# BapmnaTa B 3aBUCVMMOCTY OT CT&XHOM IPYIIIE

# KJIOUM = CTaXHEe IPYIIOE, 3HAYEHMS = CINCKY 3apIUIAT B STOM IPyNIe

# cJulOBape CcomepXMT CIMUCKYM 3apIUIAaT, COOTBETCTBYKIME KAXIOVW CTAXHON IPYIIe
salary by tenure bucket = defaultdict (list)

for salary, tenure in salaries and tenures:

bucket = tenure bucket (tenure)

salary by tenure bucket [bucket].append (salary)
U B KOHIIE BBEIUMCIIUTE CPEHIOK apu(PMeTHIYEeCKYIO 3apIuiaTy 1o KaKAOoW TpyIe:
# cpenHsasg Bapmiara 0o IPyNne
# KUY = CTaxHbEe IPYNIE, BHAYEHMS = CPeHSd 3aplilaTa [0 STOM IPyIIe
average salary by bucket = {

tenure bucket : sum(salaries) / len(salaries)

for tenure bucket, salaries in salary by tenure bucket.iteritems ()

}
Pe3ynbpTaT BRIFISAUT ropa3no MHTEpecHee:

{'Mexnmy mBymsa u naTteo': 61500.0,
'MeHee mByx': 48000.0,
'GoJiee naTu': 79166.66666666667}

K Tomy e BbI mosTydaeTe KOPOTKHH M 3alIOMHUHAIOMIMIKCS "3BYKOBOM yKyc"4: " AHanMTH-

K{ C OMBITOM paboOTHl CBBILIE 5 JIeT 3apabaTeiBatOT Ha 65% Oosblle, YeM aHATUTUKH
C MaJIbIM WJIM OTCYTCTBYIOLIMM OIMBITOM paboThl B 9TOM obmactu!"

Brnipouem, MBI cerMeHTHpOBalM AaHHbIE Ha MHTEPBaJIbl MPOM3BOJIBHBIM oOpazoM. Ha
caMoM Jiefie, XOTeJoCh Obl MOJMyYUTh HEKYI0 KOHCTATalWIO CTETeHHW BO3JSHCTBHS Ha
YPOBEHb 3apIuiaTbl — B CpPeAHEM — JIOMOJIHUTENBHOTO rosa padotel. Kpome monyueHus
GoJiee SHEPrUUHOro NMpUMeUaTesIbHOro (hakra, TO MO3BOIUIO Obl CTPOUTH MpPEACKa3aHUsL
0 HEeU3BECTHBIX 3apruiaTax. Jta ues OyaeT vccieaoBaHa B 2nase 14.

Onnarta npemMuyM-akKayHTOB

Kornma Bbl Bo3BpamiaeTech kK cBoeMy pabodeMy CTONy, TUPEKTOp MO JI0XO/aM YXKe Bac
oxunaer. OHa jKenaeT Moiyyine pa3odparbcsi B TOM, KaKve IMOJIb30BaTeNId OIUIAYMBAIOT
MPUBUJIETMPOBAHHBIE aKKaYHTHI, a kakve HeT. (OHa 3HaeT MX UMEeHa, HO 3TH CBE/IEHHUS He
UMEIOT 0c000ii OTepaTUBHOMN LIEHHOCTH.)

Bri 06Hapy>1<HBaeTe, 4TO, I10 BCEH BUANMOCTH, MEXKAY OIBITOM pa6OTBI W OIUIaTOM aKKa-
YHTOB €CTbh HEKOC€ COOTBETCTBUE!

4 3BykoBoit ykyc (anri. sound bite) — sdpdexTHas kopoTkas permnka. COrNacHO MCCIEIOBAHMSM, CIIOCO0-
HOCTB ITyOJINKA COCPEIOTOUMBATHCS HA TOM, UTO OHA CIBIIINT WM BUAWT, OTPAHUUYEHA CPEIHUM BPEMEHEM
BHUMaHus, paBHBEIM 30 c. [TosToMy Best pekitama roBOpuUT "3BYKOBBIMH yKycaMu'', 9TOOBI MaKCUMaIbHO BOC-
MOJIE30BaThCSl OTPAHUIEHHBIM CPOKOM BHUMAHUS MyOImku. — [pum. nep.
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[Tonr3oBarenu ¢ Maoi 1 60JIBLION NPOAOKUTEIBHOCTBIO OMbITAa PabOTHI, KAK MPaBUIIO,
aKKayHTBI OIIAYMBAIOT, a MOJIb30BATENN CO CPEJHEN NPOJO/LKUTEIBHOCTBIO — HET.

CrnenoBaTenbHO, €Clid CO37aTh MOJIENTb — XOTS 3TUX JaHHBIX OIpPe/IeIeHHO HeA0CTaTo-
HO JJI TOTO, 4TOOBI CTPOUTh HAa HUX MOJIE]h — TO MOXKHO TOMBITATHCS CIPOTHO3H-
pOBaTh, YTO IMOJI30BATENIM C MAJILIM W OOJIBIIAM OIBITOM PabOThl OIJIATAT aKKAyHTHI, a
CepeHsIKA — HET:

# mpenckasz’aTh IUIATEXM, MCXOLS M3 CTaxa
def predict paid or unpaid(years experience):
if years experience < 3.0:
return "onnauexo"
elif years experience < 8.5:
return "He orulaueHo"
else:

return "orutaueHo"

Pa3}/MCeTCH, 3€Chb NMpoaHAJIM3UPOBAHBI JIMIIb TOYKU OTCEUCHUS.

Nmes B pacniopsbkeHnun Oolibliie JaHHBIX (M OOJbIlIe IO3HAHUN B O0JIACTH MAaTEMAaTHUKH),
MOKHO OBUTO ObI MOCTPOUTH MOJIEITb, MPEICKA3bIBAIOLIYIO TIPABAONOA00HE OIIATHI MOJThb-
30BaTeJieM aKKayHTa, UCXOJs U3 ero omnbita padoThl. Mbl 3aiiMeMcs vcciieIoBaHHEM 3TO-
ro THIA 3aj1a4 B enase 16.

MonynapHbie TeMbl

B ToT MOMeHT, Koraa Ball MepBblii paboumii JeHb MOAXOAUT K KOHILY, AUPEKTOp MO CTpa-
TErnu CONEPXKATENbHOrO HAIMOJHEHHUs 3aMpalliBaeT y Bac JaHHbIE O TOM, KAKUMH TeMa-
MM TIOJIB30BAaTENT MHTEPECYIOTCS OOJbIIe BCEro, 4TOObI COOTBETCTBYIOIIMM 00pa3om
paciiaHMpoBaTh CBOW KajeHAapb paboThl C JEKTPOHHBIM KypHajioM. Y Bac yxe hMe-
I0TCSl He0OpaboTaHHBIE JaHHbIE U3 MPOEKTa CUCTEMbl PEKOMEHIaLMKY HOBBIX JIpy3eil:

interests = [
(0, "Hadoop"), (0,"Big Data"), (0,"HBase"), (0,"Java"),
0,"Spark"), (0,"Storm"), (0,"Cassandra"),
1,"NosSQL"), (1,"MongoDB"), (1,"Cassandra"), (1,"HBase"),

"numpy"), (2,"statsmodels"), (2,"pandas"), (3,"R"), (3,"Python"),

(
(
(1,"Postgres"), (2,"Python"), (2,"scikit-learn"), (2,"scipy"),
(2,

(3,"statistics"), (3,"regression"), (3,"probability"),
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(4,"machine learning"), (4,"regression"), (4,"decision trees"),
(4,"libsvm"), (5,"Python"), (5,"R"), (5,"Java"), (5,"C++"),
(5,"Haskell"), (5,"programming languages"), (6,"statistics"),

(6, "probability"), (6,"mathematics"), (6,"theory"),

(7, "machine learning"), (7,"scikit-learn"), (7,"Mahout"),
(7,"neural networks"), (8,"neural networks"), (8,"deep learning"),
(8,"Big Data"), (8,"artificial intelligence"), (9, "Hadoop"),
(9,"Java"), (9,"MapReduce"), (9,"Big Data")

]

IIpocroii, ecnmu He caMblii BNEYATISIOMIMMA, CIMOCOO HalTH Haumboyiee TOMyIsPHbIE
TeMbI — MPOCTO TOJCUMTATH KOJMUECTBA BXOMKICHUH CIIOB WITH UX YACTOTHOCTH :

1. TlepeBecTr Kaxmyto TeMy B CTpOuHBbIe OyKBBI (TTOJb30BaTENM MOTYT HamedaraTb WX
MPOTTUCHBIMU).

2. Pa30uTh ux Ha cioBa.
3. Iloxcuurare pe3ynbTaThl.
B xozne 3T0 BHIMIAANT Tak:

# cyoBa M YacCTOTHOCTH
words and counts = Counter (word
for user, interest in interests
for word in interest.lower().split())

ITO MO3BOJISET JIETKO MEPEUHCIINTL CJIOBA, KOTOPBIC BCTPEYAIOTCA 6oJiee 0OJTHOTO pasza:

for word, count in words and counts.most common () :
if count > 1:
print (word, count)

B utore nonyyaem oxugaemblii pe3ynbTat (eciu TONBKO Bbl HE IIaHUpYeTe s pa3oue-
HUSI CTPOKHM Ha JIBa CJIOBA MCIONB30BaTh OMOMMoTeky "scikit-learn”, kotopas B 3TOM city-
Yae 0)KMJIaeMbIX Pe3yJIbTaTOB HE rapaHTUPYeT):

learning 3
java 3
python 3

big 3

data 3

hbase 2
regression 2
cassandra 2
statistics 2
probability 2
hadoop 2
networks 2

5 Tepmun "wacmomuocms” WCTIONB3yeTCst B GoJee 0OIIEM CMBICHE, KaK MOKA3aTelh, BBIPKAIOIMHA COBOit
YUCIIO TOBTOPEHUM MIIM BOBHUKHOBEHHUS COOBITHI (TIpotieccoB). — [pum. nep.
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machine 2
neural 2
scikit-learn 2
r 2

Mpi obpatumcst k OoJiee MPOJBHUHYTBIM CIIOCOOAM H3BIICUSHHS TEMATHKH W3 JaHHBIX
B 2naese 20.

Bnepepg

D10 OBl ycremHblil 1eHb! YcTaBmnii, BBl yCKOMb3aeTe U3 3[aHUs, MPeXIe YeM KOMYy-
HUOYAb elle yJaeTcs 3aJaTb BaM BOIMPOC MO MOBOAY uero-HUOynAb ewie. XOpOIIEHbKO
OTOCNHUTECh, MOTOMY YTO Ha 3aBTpa HaMeuyeHa MporpaMMa OpPUEHTALMM Ul HOBBIX
corpyanukoB. (Jla-ma, Bel mpopaboTanu Leibli JieHb, JaKke He MPOHAS MpOorpaMMbl
opuenrtauuu! [ToctaBpTe STOT Bonpoc nepen KaapoBoil Ciryk00H.)



NMABA 2

UHTeHCUBHLIN KypC
A3blka Python

Vake 25 €T, Kak HapoJ cXoauT ¢ yma oT [laiiToHa, uemy 51 He
HEPECTA0 YIHUBIISTHCS.
Maiixn Heiinun*

Bce HoBble coTpynHuku DataSciencester o0s3aHbl MPOXOANUTh NMPOrpaMMmy OPHUEHTALMH
MEepCOHala, CaMOM MHTEPECHOW YaCTbIO KOTOPOM SIBJISIETCS WHTEHCHUBHBIM KypeC s3bIKa
nporpaMmupoBanus Python.

DT0 HeBceoObeMITIONIee PYKOBOJICTBO MO 3bIKy. HanpoTHB, MHTEHCHBHBIN Kypc npeHa-
3HAueH JUIsl TOrO, YTOOBI BBIJICIUTH T€ 3JIEMEHTHI S3bIKa, KOTOpPbIe OYAyT Haubosee Bax-
HbI B JajibHelIeM (HeKOTOPhIM W3 HUX 3a4acTyl0 YJEJSIFOT CKPOMHOE BHMMaHHUE JaXKe
B y4eOHHKAaX).

OcCHOBBbI

YcTaHoBKa

Python moxHO ckadaTh ¢ python.org. OnHako eciM OH ellle He YCTaHOBJIEH, TO BMECTO
Hero pekoMmeHayem IUcTpuOyTUBHBIN maker Anaconda (https://store.continuum.io/
cshop/anaconda/), KoTOpbIil yke BKItoYaeT B cebs OONBIIMHCTBO OMOIHOTEK, HEOOXO-
JMMBIX 1J1s1 paboOThI B 00JIaCTH HAYKH O JAHHBIX.

Ha MoMeHT HamMcaHus KHWIM TIOCHeAHSsl Bepcus s3blka Obuta  Python 3.4.
B DataSciencester, TeM He MeHee, UCIIOIb3YyeTCsl cTapblii HageskHbId Python 2.7. Python 3
He coBMecTuM ¢ Python 2, a MHorue BaxkHble OGMONMOTEKM PabOTalOT TOJIBKO C BEPCH-
eit 2.7. Coo0lIecTBO aHAIMTUKOB JaHHBIX MO-TIPEKHEMY MPOYHO CHUAWT Ha Bepcuu 2.7, U
MBI He GyJeM HCKIToueHHeM. Y 6eIUTeCh, 4TO MOMyUHIH HMEHHO 3Ty BEPCHIO .

Ecnm BBl He ncnone3yere aucTpuOyTHB Anaconda, To He 3a0yIbTe YCTAaHOBUTH MEHEN-
skep maketoB pip (https:/pypi.python.org/pypi/pip), mo3BonsfomNii Jerko ycTaHaBIH-

! Maiikn Tleiinun (1943) — OpuraHCcKuii akTep, nMUcaTelb, TEACBEAYIINH, YIaCTHUK KOMHUK-TPYIIIIbI, U3BECT-
Hol Omarojapsi roMopuctudeckoMy Ttenemoy "Jleratomwmii upk Montu [laiitona", Berxonusmemy Ha BBC
B 1970-x, B uectp koToporo Obul Ha3BaH s3bIk Python (cm. https://ru.wikipedia.org/wiki/Ileitann,_
Maiika). — Ilpum. nep.

2 CerogHsi BCE OCHOBHbIC OMOIMOTEKH JUIs aHATM3a M BU3yalU3alliM JaHHBIX TPEKPAcHO paboTaloT B
Python 3, n mpu 3TOM B HEM OTCYTCTBYIOT HMpPOOJIEMBI ¢ KUpHIHIeCKMMHU mpudramu. C ydeTom 3TOrO
B HACTOSIIEN KHUTE 32 OCHOBY B3AT Python 3, To ecTh Bce mpuBEIEHHBIE B KHUTE IPUMEPHI OBIIN POTECTH-
poBansl B Python Bepcuu 3.5.2, ¢opma 3ammcy npuBeieHa B COOTBETCTBHE ¢ cuHTakcucoM Python Bepcun 3,
Y BCE PEAKUE CITydar PacXOKACHUS B PeasIM3aliN 3aJ0KyMEHTUPOBAHBI B CHOCKaX. — [Ipum. nep.
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BaTh CTOPOHHHE MaKeThl, TOCKOJIBKY HEKOTOPbIe W3 HUX HaM MoHano0saTcs. CTOUT Takoke
YCTaHOBUTbH HaMHOTro Gosiee ynoOHYyIo 11 paboThl MHTEpPaKTHBHYIO 0Oonouky [Python
(http://ipython.org/).

(Inctpubytue Anaconda uaer Bmecte ¢ pip u [Python.)
ITpocTo BbINOSHUTE:

pip install ipython

u 6oposaute MHTepHET B MOMCKAaxX pelieHHui Mo MOBOAY TOTO WM WHOTO 3arajgo4Horo
co001IeHNsT 00 OIMMOKE, BEI3EIBAEMOTO 3TOM KOMaHIOM.

[3eH a3blka Python

B ocHoBe si3bIKa JIeKaT HECKOJIBKO KpAmMKUX NPUHYUNOE KOHCMPYUPOBAHUS NPOSPAMM
(http://legacy.python.org/dev/peps/pep-0020/), umenyembix "n3eH s3bika Python". Ux
TEKCT BBIIAETCSl MHTEPIIPETATOPOM, €CIIM BBECTH KOMAH/Y import this.

OnuH U3 caMbIX 00CYXK/IaeMbIX CIICAYIOLIHI:

" JIoJoKeH CyIecTBOBaTh OJTUH — W, JKeaTelIbHO, TOJBKO OJIMH — OUYEBUJIHBIN CITOCO0
craenartb 3To".

Kop, HanmucaHHBIA B COOTBETCTBHH C 3THM "OUeBHIHBIM" CITOCOOOM (M, BO3MOIKHO, HE
COBCEM OYE€BHAHBIM sl HOBMYKA), 4acTO XapakTepusyeTcsi Kak "muToHoBckuit". He-
CMOTpS Ha TO, YTO TEMOU NAHHOM KHUTH He SIBIIeTCs MporpaMMupoBanue Ha Python, Mbt
OyZeM WHOTZa MPOTHUBOMOCTABIATH MUTOHOBCKHME W HEMMTOHOBCKHE CITOCOOBI JOCTHT-
HYTb OJIHOM W TOW ke IIeJU, HO, KaK MpaBuiIo, NpeArodYTeHue OyJeT OTAaBaThCs MUTO-
HOBCKHUM CHOCO0aM.

NMpob6enbHble CUMBOSbI

Bo MHOruX si3bIkax mporpaMMHpOBaHUsl T pa3rpaHuueHus OJIOKOB KOAA UCTIONB3YIOTCS
¢durypHbie ckoOku. B Python ucnone3yrotes oTcTymnbl:

# OpyMep OTCTYIIOB BO BJIOXEHHEIX IMKJax for
for i in [1, 2, 3, 4, 5]:

print(i) # mepBas crpoka B 6uioke for i
for j in [1, 2, 3, 4, 5]:
print(7) # mepBas cTpoka B Osoke for j
print(i + 7j) # nocnenuds crTpoka B Oioke for j
print (i) # mocienHsd cTpoka B 6Gioke for 1

print ("uykiel 3akoHUMIMCE")

DTO AenaeT KoJ JIerko UUTaeMbIM, HO B TO K€ BPeMsl 3aCTaBJIsIeT CleaUThb 3a (popMaTUpO-
BaHueM. [Ipoben BHYTpH KpyribIX M KBaApPaTHBIX CKOOOK MUTHOPUPYETCS, YTO olJyieryaer
HanucaHue MHOTOCJIOBHBIX BbIPAXKEHHI:

# IpyMep MHOI'OCJIOBHOI'O BEDAXEHNUS
long winded computation = (1 +2+ 3 +4+5+6+7+8+ 9+ 10+
11 + 12 + 13 + 14 + 15 + 16 + 17 + 18 + 19 + 20)
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M JICTKO YAUTAaCMOI'o KoJa:

# CIMCOK CIMCKOB
list of lists = [[1, 2, 31, [4, 5, 6], [7, 8, 9]]

# TaKOM CIMCOK CIIICKOB JIeI'de UMTaeTCs

easier to read list of lists = [ [1, 2, 3],
[4, 5, 61,
[7, 8, 911

I[J'ISI NpoaoJIKEHUA oIeparopa Ha CHCI[}/IOH_Ieﬁ CTPOKE HUCIIOJIb3YECTCA O6paTHa$I Kocasd
yepTa, BIIpoY€EM, TaKas 3allucChb 6y,[[€T TMPUMEHATHCA PEAKO:

two plus_three = 2 + \
3

B crnenctBue dopmartrpoBaHus Koja MpoOeTbHBIMH CHMBOJIAMH BO3HUKAIOT TPYJHOCTH
Mpy KOMMPOBAaHUM M BCTaBke koia B oOosouky Python. Hampumep, nombiTka ckomupo-
BaTh CJIEIYIOLUINHA KO

for i in [1, 2, 3, 4, 5]:

# ofpaTuTe BHMMAHME Ha IYCTYI CTPOKY
print (i)

B CTaHAapTHYIO o0onouky Python BbI3oBeT OlIMOKY:

# Omrbxa HapymeHVs OTCTYMHa: OXxuaaercs OJIOK C OTCTYIIOM
IndentationError: expected an indented block

MOTOMY YTO JUIsS HHTEPIIPETaTopa ImycTasi CTpOKa CBUIETEIbCTBYET 00 OKOHYAaHUM OJI0Ka
KOJZla C LIMKJIOM for.

Ob6onouka [Python pacnonaraer "BommeOHONU" (yHKUMEH $paste, KOTOpas MpPaBUIIBHO
BCTaBJISIET BCE TO, YTO HaxoawTcs B Oydepe oOMeHa, BKiItouUasi MpoOesIbHbIE CUMBOJIBI.
Tonbko OJHO 3TO yxKe SIBIIETCS BECKOW MPUYMHOW JJii TOTO, YTOOBI HCMONB30BaTh
[Python.

Moaynu

HexoTtopeie 6ubnuoTeku cpelibl MporpaMMHUpOBaHus Ha ocHoBe Python He 3arpyskatorcs
M0 YMOJTYaHHMI0. DTO KacaeTcsi Kak (pyHKIMH, COCTABIAIOLIMX YacThb si3bika Python, Tak n
CTOPOHHHMX MHCTPYMEHTOB, 3arpy’KaeMbIX CaMOCTOATENbHO. J[jis TOro 4yToObl 3TH MHCT-
PYMEHTBI MOXKHO OBIJIO HCIIONB30BaTh, HEOOXOAMMO UMHOPMUPOSANTs MOLYIIH, KOTOPBIE
UX coJepiKar.

O,[[I/IH M3 NOAXO0A0B 3aKJIFOYacTCA B TOM, 4TOOBI MpOCTO UMIMIOPTHUPOBATL CaM MOAYJIb:
import re

my regex = re.compile("[0-9]+", re.I)

3nech re — 3TO Ha3BaHWE MOYJIS, copepraiiero (GYHKIMHA W KOHCTaHTBI Ul paboThI
C peryJsipHbIMU BbIpQKEHUAMH. IMIOPTHPOBAB TakuM CMOCOOOM BECh MOYJb, MOKHO
obpaniarbes K pyHKIMAM, MpeaBapss UX NpeuKCcOM re..
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Ecnu B Koae nepeMeHHas ¢ UMEHEM re YK€ €CThb, TO MOXKHO BOCIIOJIb30BATHCA MCEBAOHU-
MOM MOAYJIA:

import re as regex
my regex = regex.compile ("[0-9]+", regex.I)

IIceBnOHNM HCTIONB3YIOT TaKXKe B TeX CIydasX, KOTJa UMIOPTHPYEMbIi MOIYJIb UMeeT
TpPOMO3JIKOE WMS WM KOTJa B KOJE MPOUCXOAWT HacToe oOpalleHne K MOIYJIIO.
Hanpumep, npu Bu3yanu3aium JaHHBIX HA OCHOBE MOZYJIS matplotlib JJIsl HErO OOBIYHO
WCTIONB3YIOT CIIEAYIONINIA CTaHIaPTHBIH TICEBJOHNM:

import matplotlib.pyplot as plt

Ecmm u3 MOIYJIA HY>KHO MOJYYUTb HECKOJIbBKO KOHKPETHBIX 3Ha‘IeHHﬁ, TO UX MOXXHO UM-
TNMOpTHUPOBATHL B ABHOM BHUIAE U UCIIOJIb30BaTh Oe3 OFpaHquHHﬁZ

from collections import defaultdict, Counter
lookup = defaultdict (int)
my counter = Counter ()

ECTeCTBeHHO, MOJXHO, HE MYAPCTBYA JIYKaBO, UMIIOPTUPOBATh B POCTPAHCTBO UMEH BCE
COIEPI)KMMOE MOAYJISA, HO TOra BO3HHUKAET PUCK HENPEIHAMEPEHHOM IEPE3anMcH yKe
OOBABIICHHBIX TMEPEMEHHBIX:

match = 10

from re import * # B Momyse re ecThb QyHKIMAI match
print (match) # "<function re.match>"

Crnenmyer u3beraTh Takoro poja MpocThIX PeLIeHHUH.

ApudmeTnyeckue onepauum

B Python Bepcuu 2.7 no ymMoI4aHUIO UCTIOJIB3YeTCs LEJOUMCIICHHOE JeJieHue’, 6aaroaa-
psg YeMy BBIpaKeHHe 5/2 paBHO 2. B GonpmmHcTBe cimyyaeB TpeOyeTcs MOTyYnTbh WHOM
pe3yJbTaT, Mo3ToMy (aiibl ¢ KOJOM Bcerja cieqyeT HauuHaTh CO CIeAyHoLled Jupek-
THBBI:

from _ future  import division

bnaronaps e nenenue 5/2 gact 2.5. Bce npumMepsl kosa, MPUBEAEHHbIE B JAHHOW KHUTE,
CoJIep’KaT UMEHHO 3TOT HOBBIM CTWIb JieieHus. B psne ciydaes, Tae TpeOyercs 1emo-
YHUCJICHHOEC AOCJICHUC, UM MOXKHO BOCIOJIb30BAaTbLCA MpHU NMOMOILIH I[BOﬁHOﬁ KOCOM UCPThI:
5//2.

3 D10 3aMeuanue oTHOCHTCS K Python 2, B KOTOPOM IENOYKCICHHOE JEICHHE BHITIONHAETCS ¢ OKPYTICHAEM
pe3yibTaTa BHUA3 10 OJDKaMIIero menoro, T. €. 5/2=2. UToObl U3MEHUTH 3TO TIOBEICHKNE, MOKHO MOCTaBUTh
HyJI rociie ToukH (5.0/2.0), ¥ B pe3yabTare nojydnM oxkuaaemslit oreer 2.5. B Python 3 uenouncnennoe
JieJieHre CTajno 0oJiee MOHATHBIM: 5/2 naeTr 2.5, a 4TOObI BBINOJHUTH OKPYTIIEHHE, UCHOJB3YIOT ABOMHYIO
KoCyt0: 5//2=2. — Illpum. nep.
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PYyHKLUM

@yHKL]u}Z — JTO IpaBuUJIoO, MPUHHUMAIOLIEE HOJIb WM HECKOJIBKO BXOJAAUINX apryMEHTOB
Y BO3Bpallarolllee COOTBETCTBYHOINUM pe3ynbraT. B Python dyHkimu oObiuHO onpene-
JIAKOTCA IIPH IIOMOIIK oreparopa def:
def double (x):

"""3neck, KOIZa HYXHO, DAa3MemainT
MHOT'OCTPOYHED] NOKYMEHTHPYIIpIWI KOMMeHTapwmit docstring,
KOTOPED! IOSCHAET, YTO MMEHHO QYHKIMA BEMYMCISIET.
Hamprvep, naHHas QyHKOMA YyMHOXaeT BXoAsdmee 3HaueHme Ha 2"""
return x * 2

@ynkuun B Python paccmarpuBarotest Kak 00BEKThl 7ep8020 Kiacca. ITO 03HAYAET, UTO
MX MOXKHO TIPHCBaWBaTh MEPEMEHHBIM W TepeaaBaTh B Apyrue (pyHKUMM Tak xkKe, Kak
nto0Oble Apyrue apryMeHThI:

# mpmvernTs QyHKIMO f K enmHuie

def apply to one(f):
"""prispBaeT QyHKIMo0 £ C enmHMIlEN B KayecTBe aprymeHTa""
return f(1)

my double = double # ccoUlka Ha paHee onpeneseHHYl QYHKIVIO
x = apply to one(my double) # =2

Kpome Toro, MoxHO Jierko co3/1aBaTh KOPOTKHE QHOHUMHBIE (DYHKYUU WU 1AMO0a-
BbIPAIICEHUA:

y = apply to one(lambda x: x + 4) #=25

JIsamMOna-BrIpaXKeHHsT MOXKHO TIpUCBaMBaTh nepeMeHHbIM. OfHako OOJBIIMHCTBO MpPO-
rpaMMHCTOB HaIlPOTUB PEKOMEHIYIOT IMOJIb30BATLCS ONEPATOPOM def:

another double = lambda x: 2 * x # Tax He menars

def another double (x): return 2 * x # Jyume Tak

[MapameTpam ¢GyHKIIUHM, TOMUMO 3TOTO, MOXKHO MEPeAaBaTh apryMEHThI M0 YMOITYaHHUIO",
KOTOpbIC CIICAYET YKa3bIBaTh TOJILKO TOrJa, Korja OXKuUaac€Tcd 3HaAYCHUEC, OTJIMYaroLieecs
OT 3HAa4Y€HUA IO YMOJTYaHHUIO:
def my print (message="Moe coofmeHMe Mo ymodaHmo") :

print (message)

my print ("mpuser") # HamevaTraer 'mpuser'
my print() # HameuaTaeT 'MmMoe cooBmeHMe O yMOJYaHmo'

HHorna nenecoobpa3Ho yKkas3biBaTh apryMeHThI 10 UMEHHU:

# OQYHKLVMS BRUMTAHNUS
def subtract (a=0, b=0):
return a - b

* IapameTp yka3blBaeTcs B OOBABIEHAN (PYHKLMH U OIMCHIBAET 3HAYEHHE, KOTOPOE HEOOXOIUMO IEpENaTh
TIPH €€ BBI30BE. APIyMEHT — 3TO KOHKPETHOE 3HAYEHNUE, IEPEAABAEMOE IIPH BBI30BE (GyHKIMN. — [Ipum. nep.
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subtract (10, 5) # BosBpamaer 5
subtract (0, 5) # BosBpamaeT -5
subtract (b=5) # TO Xe, UTO M B HpenmaymeM MIpyMepe

B naneHeilimem ¢yHKkmn OyIyT HCTIONB30BATHCS OUYEHb YacTo.

Ctpoku

CumsonvHvie cmpoxu (WK MOCTIeI0BaTeIbBHOCTH CUMBOJIOB) ¢ 00€MX CTOPOH OrpaHuYH-
BAaIOTCSl OIMHAPHBIMU MJIM AIBOMHBIMU KaBbIUYKaMH (OHH JOJKHBI COBMAATD):

single quoted string = 'Hayka O HaHHBEX' # onwHapHEIE
double quoted string = "Hayka o mHaHHBX"  # ZOBOJMHBIE

O6paTHa${ Kocas 4epTa MCNOJIb3YETCA IJIA KOAHUPOBaHUA CIELUUAIbHBIX CUMBOJIOB. Ha-
TpUMep:

tab string = "\t" # oBosHavaeT CHMMBOJI TabyJIAL

len(tab string) #=1

Ecnm tpeGyeTcss HemocpencTBeHHO cama oOpaTHas Kocas depra, KOTopas BCTpedaeTcs
B MMEHAaX KaTaJloroB B onepalroHHON cucteMe Windows WM B perynispHbIX BbIpaKeHH-
X, TO MPU TIOMOILH r"" MOXKHO CO3/1aTh HeOpMAmMupOBaHHyI0 CIpPOKY:

not tab string = r"\t" # obosHavaer cmmsosr '\' u 't'
len(not tab string) #=2

MHoroctpoyHble OJOKM TEKCTa CO3JAIOTCS TNPU TOMOINM TPONHBIX OJMHAPHBIX (WK
JIBOMHBIX) KaBbIYCK:

multi line string = """39T0 mepBasd CTPOKa.
B5TO BTOpas CTPOKA

a 570 TpeThs cTpoka'""

UcknouyeHus

Korga uro-to uaer He Tak, Python BobI3biBaeT uckniouenue. HeobpabotanHble ncKiIIOue-
HUSI TIPUBOJIAT K HEMPEelBUCHHOMY OCTaHOBY mporpammbl. Mckmouenus obpabaTbiBa-
FOTCA MPU MOMOIIHX ONIEPAaTOPOB try MU except:
try:

print (0 / 0)
except ZeroDivisionError:

print ("Henb39 OeMUTb Ha HOJB")

XO0Ts BO MHOTHX $I3bIKaX MPOrpaMMHUPOBAHUS UCIOJb30BAHUE UCKIIIOUEHUH CUHUTAETCS
TUIOXMM CTHJIEM TMporpaMMUpoBaHus, B Python HeT HHMYero crpamrHoro, eciii OHU HC-
TMOJTB3YIOTCS C LIEJBIO ClIeNaTh KO YHIIE, U MBI OyZleM WHOTa MOCTyNaTh UMEHHO TaK.
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Cnucku

HagepHoe, HavBaxkHelilel CTpyKTypo naHHBIX B Python siBnsieTcs cnucox. 910 mpocTo
YHOPSIAOYEHHAs! COBOKYIMHOCTb (MJIM KOJUIEKLIMS), IOXO0Kash HA MAaCCHUB B JIPYTHX S3bIKax
MPOrpaMMHUPOBAHUS, HO C IOMOJIHUTEIbHBIMUA (DYHKLMOHAIBHBIMU BO3MOYKHOCTSIMH.

integer list = [1, 2, 3] # CIMCOK IEJIBIX YMCe
heterogeneous list = ["cTpoxa", 0.1, Truel # Pas3HOPOMHEN! CIICOK
list of lists = [ integer list, heterogeneous list, [] ] # cmucox cmuckoB

list length = len(integer list) # mmma cmmcka = 3
list sum = sum(integer list) # cymMa 3HaYeHw B CIICKe = 6

YcraHaBnuBaTh 3HAY€HUE W MOYYaTh JTOCTYI K #-MY 3JIEMEHTY CIMCKA MOXKHO TIPH T10-
MOIIU KBaPATHBIX CKOOOK’:

x = list(range(10)) # mzamaer cmmcox [0, 1, ..., 9]

= (0, coMcku HYJb-MHAEKCHEE, T. €. MHAekc 1-ro sgemeHTa = 0
1

9, HO-IMUTOHOBCKM B3STEH MNOCJICOHMI SJIEMEHT

zero = x[0]

one = x[1]

eight = x[-2]
x[0] = -1

= 8, IIO-IIMTOHOBCKM B3ATH ITpeﬂHOCﬂeﬂHMﬁ SJIEMEHT

(
#
#
nine = x[-1] #
#
#

Tenepp x = [-1, 1, 2, 3, ..., 9]

[Tomumo 3TOTO, KBaipaTHBIE CKOOKW MPUMEHSIFOTCS JUTS "Hape3KH'" CIHCKOB:

first three = x[:3] # nmepmrie TOM = [-1, 1, 2]

three to end = x[3:] # c Tpersero mo komna = [3, 4, ..., 9]

one to four = x[1:5] # c nmepsoro mo werseprsst = (1, 2, 3, 4]

last three = x[-3:] # nmocnegame TPM = [7, 8, 9]

without first and last = x[1:-1] # 6e3 mepsoro m nocrnemwero = [1, 2, ..., 8]
copy of x = x[:] # xomms cmmucka x = [-1, 1, 2, ..., 9]

B Python wumeercs omepatop in, KOTOpBI MpOBepseT NPUHAIEKHOCTb 3JIEeMEHTa
CITUCKY:

1 in [1, 2, 3] # True

0 in [1, 2, 3] # False

IIpoBepka 3akiroyaeTcst B MOOYEPETHOM MPOCMOTPE BCEX DIIEMEHTOB, MO3TOMY IOJIb-
30BaThCSl UM CTOUT TOJBKO TOT/IA, KOTAAa TOYHO M3BECTHO, YTO CMMCOK HEOOBIION MiIH
HEBa)KHO, CKOJIbKO BPEMEHH YHIET Ha MPOBEPKY.

CIIMCKH JIETKO CLEMISTh APYT € APYrOM:

x = [1, 2, 3]
x.extend([4, 5, 6]) # memepr x = [1, 2, 3, 4, 5, 6]

3 B ormuue ot Python 2, e range — 370 (yHKIHS, KOTOpasi BO3BPALAET CIIUCoK, B Python 3 range — 310
KOHCTPYKTOpP BCTPOEHHOI'O THIIa B BHJE MMMYTaOCIbHOM MOCIEN0BATEIBHOCTH, M, YTOOBI MOJKIIOUYUTHCS
K (yHKIHOHATY 00pabOTKM CIMCKOB, €ro CIeIyeT MpeoO0pa3oBaTh B CIHCOK, MOITOMY list (range (10))
BMecTo range (10). Eme oaHo#t riaBHo#t ocodeHHocThio Python 3 sBisercst To, uTo B oreparope nevyaru
print ciexyer UCIOIb30BaTh KPYTiible CKOOKU. — [Ipum. nep.
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Ecmm HY>KHO OCTaBHUTb CITMCOK x 0e3 I/ISMGHGHI/If/i, TO MOXXHO BOCIIOJIb30BATHCA CIIOKCHU-
€M CIIMCKOB!:

X
y

[1, 2, 3]
x + [4, 5, 6] #y=11,2, 3, 4, 5, 6]; x HE wmameHwiICT

OOBIYHO K CTIMCKaM J00ABIISIOT MO OTHOMY 3JIEMEHTY 3a OJIHY ONepaLHIo:

x = [1, 2, 3]

x.append (0) # meneppr x = [1, 2, 3, 0]
y = x[-1] #=0

z = len(x) # =4

Hepezuco ObIBaeT y,Z[O6HO pacnakoeams CIHUCOK, €CJIM U3BECTHO, CKOJIBKO 3JIEMEHTOB
B HEM COACPIKUTCA:

x, vy = [1, 2] # Tenmepp x = 1, y =2

Eciu ¢ o6enx cTopoH BhIpakeHUs YUCIIO AJIEMEHTOB HE OJIMHAKOBO, TO OYAeT BbIIAHO
coo01LIeHHe 00 OLIMOKE ValueError.

Jlns otOpackiBaeMoro 3HaueHust OOBIMHO MCTIONB3YeTCs CUMBOJT TOUEPKUBAHUS:

oy =11, 2] # menepp y == 2, NEPBEDI SJIEMEHT HE HYXeH

KopTtexu

Kopmeotcu — 310 HenzMeHsiemble (MM UMMYyTabelbHbIe) TBOIOPOIHbIE OpaThsi CITUCKOB.
[IpakTHUieckn Bce, YTO MOXKHO AeJaTh CO CIIMCKOM, HE BHOCS B HErO M3MEHEHMsI, MO>KHO
JenaTb U ¢ KopTexxeM. BmecTo KBaipaTHBIX CKOOOK KOPTEX OQOPMISIOT KPYTJbIMH
CKOOKaMH, WIH BOOO1Ee 00X0oasaTca 0e3 HUX:

my list = [1, 2] # BamaTb CIOMCOK

my tuple = (1, 2) # BamaTe KOpPTEX

other tuple = 3, 4 # eme omuH KOpPTEX

my list[1] = 3 # menepp my list = [1, 3]
try:

my tuple[l] = 3
except TypeError:
print ("kopTex M3MeHATb HeJyb39")

Koprexun obecneunBaroT yaoOHbIH crmoco0 A BO3BpalleHUs] U3 QYHKLUUI HECKOIbKUX
3HAYECHUI:

# OyHKIMST BO3BpamaeT CYyMMy ¥ MPOM3BENEHME IABYX [IapPaMeTPOB
def sum and product (x, y):
return (x + y), (x * y)

sp = sum and product (2, 3) # = (5, 6)
s, p = sum_and product (5, 10) # s =15, p = 50
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KOpTe)KI/I (I/I CHPICKI/I) TaKIKE UCIIOJIb3YIOTCA BO MHOMCECMEEHHOM NPUCBAUBAHUU:

x, y=1, 2 #menepp x =1, y =2
X, Y=Y, X # oBMeH nepeMeHHbM) HO-INTOHOBCKM; Temepb X = 2, y = 1

CnoBapwu

Cnosapvy WM acCOUMATHUBHBIA CITUCOK — 3TO €lle OIHA OCHOBHAs CTPYKTypa AaHHBIX.
B HeM 3nauenus cBSI3aHBI C KIIOYAMU, YTO TIO3BOJIET OBICTPO M3BJIEKATh 3HAUEHHE, COOT-
BETCTBYIOLLEE KOHKPETHOMY KITIOUY:

empty dict = {} # BazaTe CJIOBapE IIO-IOUTOHOBCKH
empty dict2 = dict() # He COBCEM MO-IMTOHOBCKA
grades = {"Joel" : 80, "Tim" : 95} # Jmrepan cioBaps (OLEHKHM 3a DK3AMEHE)

JlocTym k 3HaYEHHIO MO KITF0YY MOXKHO TOTYYHTh MTPH MOMOIIH KBaJIPATHBIX CKOOOK:
joels grade = grades["Joel"] # =80

Ipu nombITKe 3aMpPOCHTh 3HAYSHHE, KOTOPOE B CJIOBape OTCYTCTBYET, OY/ET BBIAAHO CO-
o011eHHE 00 OIHUOKE KeyError:

try:
kates grade = grades["Kate"]
except KeyError:
print ("ouenxy nng Ksur orcyrcrByoT!")

HpOBepI/ITB HaJIMYME KJIK0Ya MOXKHO IIPHU MOMOIIY OmiepaTopa in:

joel has grade = "Joel" in grades # True
kate has grade = "Kate" in grades # False

CJ'IOBapI/I HUMECIOT METOHI get (), KOTOpBII\/'I Mpy NMOUCKE OTCYTCTBYIOUICTO KJIHOUa BMECTO
BbI30Ba UCKITFOYCHU A BO3BpaAlla€T 3HAYCHUEC MO YMOJIUAaHHIO:

joels grade = grades.get ("Joel", 0) # = 80
kates grade = grades.get ("Kate", 0) #=20
no ones grade = grades.get ("No One") # BHaAUeHme mo ymosyammio = None

[IpuceBaviBaHue 3HauUeHUsS TO KJIFOYY BBIMOJHIETCS MPU MOMOIIM TEX e KBaJpaTHBIX
CKOOOK:

grades["Tim"] = 99 # BaMeHTeT cTapoe BHaYeHHe
grades["Kate"] = 100 # nobaBjsgeT TPETBl 3amncChb
num students = len(grades) # =3

CroBapy 4acTo MCMOJIB3YIOTCS B Ka4eCcTBE MPOCTOro crocoda NpeacTaBuTh CTPYKTYpPHBIE
JIaHHbIE:

tweet = {
"user" : "joelgrus",
"text" : "Hayka O IaHHEIX - IOoTpscanmas Tema",
"retweet count" : 100,

"hashtags" : ["#data", "#science", "#datascience", "#awesome", "#yolo"]
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[TomMuMO MOMCKa OTIENIEHBIX KITFO4el MOYKHO 00paTUTLCS KO BCEM Cpazy:

tweet keys = tweet.keys() # cmmcok Kiodert

tweet values = tweet.values() # cmmcox 3HadeHm

tweet items = tweet.items() # cmmcox kopTexer (K4, 3HadeHMe)

"user" in tweet keys # True, HO MCHOJIBEBYET MEIJIEHHOE 1n CIMCKa
"user" in tweet # O-IMTOHOBCKM, MCHOJNB3YyeT ORCTPOE 1n CJIOBaps

"joelgrus" in tweet values # True

Knroun nomkHbBl OBITH HEM3MEHSEMBIMH; B UYACTHOCTH, B KauyecTBe KIOYel Henb3s
WCTIONIB30BaTh CMUCKU. EcIM Hy)KeH COCTaBHOM KITIOY, TO JIy4llle BOCIOJIb30BaThCsd KOp-
TEKEM WITH XKe HalTH croco0, Kak mpeoOpa3oBaTh KIFOU B CTPOKY.

CnoBapb defaultdict

[lycte B nOKyMeHTe HEOOXOAMMO MOACUYMTATh ciioBa. OUEeBUIHBIM pEIICHUEM 3a1a4uu
SIBJISIETCS] CO3/IaHUE CJIOBAps, B KOTOPOM KJIFOYM — STO CJIOBA, a 3HAUYEHUS — YaCTOTHO-
CTHU CJIOB (MJIM KOJIMYECTBAa BXOXKIECHU CJIOB B TEKCT). Bo Bpemsi mpoBepKU CJIOB B CITy-
Yae, eclii TeKyllee CJIOBO Y)Ke€ €CTh B CIIOBape, TO ero YacTOTHOCTh yBeJIWYHBAETCS, a
€CJIM OTCYTCTBYET, TO OHO A00ABIISIETCS B CIOBAPH:

# yacTOTHOCTWV CJIOB
word counts = {}
document = {} # HekM® HOKYMEHT; 3IeChb OH I1yCTOMi
for word in document:
if word in word counts:
word counts[word] += 1
else:
word counts[word] = 1

KpOMe 9TOr0, MOKHO BOCMOJIb30BaTLCA NNPUEMOM 0] Ha3BaHUEM "nyt{me MNpOCHUTH IIPO-
LIeHWS, YeM pa3pelieHns" U MepexBaThiBaTh OMMUOKY MPH MOMBITKE 00paTUTHCS K OTCYT-
CTBYIOLIEMY KJIIOUY:
word counts = {}
for word in document:
try:
word counts[word] += 1
except KeyError:
word counts[word] = 1

TpeTI/II\/'I MpHUEM — HMCIIOJIB30BaTh METO[ get (), KOTOpLII\/'I H3AMIHO BBIXOJUT U3 CUTYyaAllUU C
OTCYTCTBYIOLIMMHU KJIHOUaMU:
word counts = {}
for word in document:
previous_count = word counts.get (word, 0)
word counts[word] = previous count + 1

Bce nepeuncieHHble TpUeMbl HEMHOTO TPOMO3KHE, U MO 9TOW MPUYMHE LEeecoo0pa3Ho
MCTOJIb30BaTh CI0Baph defaultdict (KOTOPBIH €Lle Ha3bIBAIOT CIOBAPEM CO 3HAUEHHEM 10
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yMmonuaHuto). OH MOX0K Ha OOBIYHBIN CIIOBAph 32 UCKITIOYEHUEM OJTHOM OCOOEHHOCTH —
TPpH TIOMBITKE O6paTI/ITI>CH K KJIIO1Y, KOTOpPOIro B HEM HET, OH CIi€pBa ):[O6aB.]'I$[eT JJ1 HETO
3Ha4YCHUEC, HCIIOJIb3Ys (b}/HKLII/IIO 6e3 APryMeHTOB, KOTOpas NpPEAOCTaBIACTCA IMpPHU €ro
CO3JaHHH. UrtoObl BOCMOIB30BATLCS ClIOBapsIMHM defaultdict, UX HGOGXOHI/IMO HUMIIOPTH-
pOBaTh U3 MOAYJIA collections:

from collections import defaultdict

word counts = defaultdict (int) # int() BozBpamaer 0
for word in document:
word counts[word] += 1

Kpome Toro, ucnosbp3oBaHUE CJIOBapeil defaultdict MMEET MPAaKTUYECKYIO MOJb3y BO
BpeMsi pabOTHI CO CIIMCKaMH, CIIOBAPSIMHU U JIa’ke € TI0JIb30BATETIbCKUMH (YHKIMSAMHU:

dd list = defaultdict(list) # list() BosBpamaeT IyCTOI CIMCOK
dd 1ist[2].append(1) # menepr dd list conepxmr {2: [1]}

dd dict defaultdict (dict) # dict() BosBpamaer mycToy cjoBapb dict
dd dict["Joel"]["City"] = "Seattle" # { "Joel" : { "City" : Seattle"}}

dd pair = defaultdict(lambda: [0, 0])
dd pair[2][1] =1 # Tenepr dd pair comepxur {(2: [0,1]}

DT BO3MOXKHOCTH TIOHAAO0ATCs, KOrna cioBapu OymyT McHonb3oBaTbes Ui "cOopa'
pe3yJbTaTOB MO HEKOTOPOMY KIFOUY M KOTZla HeoOXOIMMO M30ekaTh MOBTOPSIOIINXCS
NPOBEPOK Ha MPUCYTCTBUE KJIIOUA B CJIOBApe.

CnoBapb Counter

[Nonknacc cnoBapeid Counter TpaHC(OPMHUPYET MOC/IEAOBATEIbHOCTh 3HAYEHUH B TMOXO-
XKUH Ha CI0Bapb defaultdict (int) OOBEKT, I KJIHOUaM MOCTABJIEHbI B COOTBETCTBUE Yac-
TOTHOCTH WIJTH, BbIpakasch OoJjiee TOYHO, KIIFOUYM OTOOpaskaroTcsi (map) B YaCTOTHOCTH.
OH B OCHOBHOM OYZIeT NPUMEHSATHCS NP CO3JAHUU TUCTOTPaMM:

from collections import Counter
c = Counter ([0, 1, 2, 01]) # B pesymprare ¢ = { 0 : 2, 1 :1, 2 : 1}

Ero (IJYHKLII/IOHEU'I MO3BOJIACT AOCTATOYHO JICTKO PEIIWTH 3aJavy noacuera YaCTOTHOCTEH
CJIOB:

# JIyunmii BapmaHT [OACYETa YaCTOTHOCTEH CJIOB
word counts = Counter (document)

CrnoBapb Counter pacriojlaraéT METOAOM most common (), KOTOPBIH HepeaKo ObIBaeT mose-
3€H:

# HanmeuvaTaTe 10 Hamboyiee BCTpEYAEeMEIX CJIOB M MX YaCTOTHOCTH (BCTPEUYaEMOCTE)
for word, count in word counts.most common (10):
print (word, count)
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MHoXecTBa

CprKTypa JAaHHBIX set WU MHOOJcecneo TNPEeACTaBIACT coboii COBOKYITHOCTb HEYINOpA-
JOYCHHBIX 3JICMECHTOB be3 noemopoe:

() # BagaTe IOyCcTOe MHOXECTBO
# memepp s = { 1}
# menepp s = { 1, 2}
# s kak m npexge = { 1, 2}
= len(s) # =2
# = True
#

N<OX Do o»
)
Q.
Q.

= False

1l
w
p-
o]
9]

MHoxkecTBa 6}/I[YT HCMOJIb30BAaTbCAd MO ABYM IMpUYHUHaM. BO-HepBLIX, onepanus in Ha
MHO>KECTBAX OYCHb 6BICTpaH. Ecmu HeO6XOI[I/IMO MNpOBEPUTH 6OJ'II>H.IYIO COBOKYIMHOCTb
3JIEMCHTOB Ha MPUHaJIC?)KHOCTb HeKOTOpOﬁ MnocJIeA0BAaTC/IbHOCTHU, TO CTPYKTYpPa AaHHBIX
set NOAXOAUT IJIA 3TOTO JIydllE, YEM CITHUCOK!

# cmmcok crom-cJoB

stopwords list = ["a","an","at"] + hundreds of other words + ["yet", "you"]

"zip" in stopwords list # False, HO MPOBEPAETCS KAXIEHL SJIEMEHT

# MHOXeCTBO CTOII-CJIOB
stopwords set = set(stopwords list)
"zip" in stopwords set # oueHb OBICTPas NPOBEDKA

Bropas npuuriHa — Moay4eHUe YHUKATbHBIX DIEMEHTOB B HA0Ope NaHHBIX:

item list = [1, 2, 3, 1, 2, 3] # crmcok

num items = len(item list) # KOJIMUECTBO = 6

item set = set(item list) # BepHer mHOXecTBO {1, 2, 3}
num distinct items = len(item set) # umciio Hemybsmpyoumyxcs = 3
distinct item list = list(item set) # Hazanm B cmmcok = [1, 2, 3]

MHoskecTBa OyAyT NPUMEHSITBHCS HAMHOTO PeXe CIOBapeil U CMHCKOB.

YnpaBnsiowme KOHCTPYKLUU

Kak 1 B GonbIIMHCTBE APYTHX A3BIKOB [TPOrPaMMHUPOBaHUS, N€HCTBUS MOXKHO BBITOJHSI T
IO YCIJIOBHIO, PUMEHSISI oniepaTop if:

if 1 > 2:
message = "ecom 1 Ovuia Ovl Oosibme 2..."
elif 1 > 3:
message = "elif osHauaer 'else if'"
else:
message = "KorZa BCe Mpelpllylle YCJIOBUS He BBIIOJIHAKTCA, MUCHIOJb3yeTcsa else"

Kpome Toro, Mo>kHO BOCHO/IB30BaThCA OJJHOCTPOUHBIM MpexmecinubimM ONepaTopoM if-
then-else, KOTOPBIH OyJIeT HHOTIa KCTIOJIb30BAThCS B TaIbHEHIIIEM:

parity = "uernoe" if x $ 2 == 0 else "HeueTHoe"
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B Python nmeertcst UMK while:
x =0
while x < 10:

print(x, "mensme 10")

x +=1

OI[HaKO qamie 6YI[GT HMCIIOJIb30BATHCA LUKII for COBMECTHO C OIE€paTOpOM in:
for x in range(10):

print(x, "menbme 10")

Ecnu TpeOyetcs Gosiee ciioxHas JIOTHKa YIPaBJICHHUs LIMKIIOM, TO MOXKHO BOCTIOJIb30BaTh-
Csl OMepaToOpaMH continue M break:

for x in range(10):
if x ==
continue # meperTy cpasy K CHIEAYRmEN UTEPALIA
if x ==
break # BEDITM M3 LMKJIA
print(x)

B pe3ynbrare Oyner HameuyataHo 0, 1, 2 1 4.

NUcTHHOCTDL

bynesrl nepemenHsle B Python paGoTaroT Tak ke, kak U B OOJNBLIMHCTBE APYTHX A3BIKOB
MPOrpaMMHUPOBAHHS JIUIIIb C OJIHUM HUCKITIOUSHUEM — OHH MUIIYTCS C 3arjiaBHOM OYKBBI:

one is less than two = 1 < 2 # = True

true equals false = True == False # = False

Jlns o0o3Ha4YeHHs HECYyLIECTBYIOIIEr0 3HAa4eHHs MPUMEHSETCS CIelHMabHBIA 00BeKT
None, KOTOPBIM COOTBETCTBYET 3HAYECHMIO null B IPYTHUX A3BIKAX:

X = None
print (x == None) # HanevaTaer True, HO 5TO HE NO-IIMTOHOBCKU
print(x is None) # HamewvaTaer True HNO-IMTOHOBCKH

B Python moxet ucnonb3oBathes J1000e 3HAYCHUE TaM, IJ1e 0KWAACTCS JIOTHUECKUH THI
Boolean. Bce cnemyroniyie aneMeHThl MMEIOT JIOTHYEeCKOe 3HAYeHHE False:

¢ False; L AN

4 None; 4 set() (MHOXeECTBO):
¢ [] (nycroit crucok); ¢ 0

4 () (mycroii croBaps): 4 o.0.

[IpakTHdeckn Bce ocTalbHOE pacCMaTpHBAETC KaK True. JTO MO3BOJISIET JIETKO MpHUMe-
HSITh OINEpPaTOpbl if Ul MPOBEPOK HA HAIWYME MyCThIX CIMCKOB, MYCThIX CTPOK, MyCThIX
cioBapeit u T. 1. MHoraa, npaeja, 5To NPpUBOAUT K TPYIHOPACIO3HABAEMbIM OLIMOKAM,
€CJIM HE YUUTBIBATh CIIEIYIOLIEe:
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s = some function that returns a string() # BosBpamaeT CTPOKOBOe 3HaUeHMe
if s:

first char = s[0] # DEpPBEBI CHMMBOJ B CTPOKE
else:

first char = ""

Bot Gonee npocToii crnocod cienars To ke camoe:

first char = s and s[0]

MOCKOJIBKY JIOTMUECKHM OnepaTop and BO3BpAILAET BTOPOE 3HAUEHHE, B CllyHae ecliv nep-
BOE€ UCTUHHOE, U NIepBOe 3HaUEHUE, B CIy4ae €C/IM OHO JIOKHOE. AHAJIOTMYHBIM 00pa3oM,
€CJIM x B CJICIYIOLEM HUKE BBIPOXKEHHUH sIBJIsieTCs JIMOO YMCIIOM, JIMOO, BO3MOXKHO, None,
TO pe3yJbTaT TaK WK UHaue OyIeT YMCIIoM:

safe x = x or 0 # GezomacHEpt crocob

Berpoennas ¢yHkums all si3bika Python Gepet crnucok M Bo3BpallaeT True TOJIBKO TOTA,
KOTJa KaXIbli 3JIEMEHT CIIMCKA MCTHHEH, a BCTPOSHHAs! (PYHKLMS any BO3BPALIAET True,
KOTJja UICTMHEH XOTs Obl OJJUH 3JIEMEHT:

all
all

([True, 1, { 3 }1) # True
([

any ([True, 1, {}1]) # True, True = MCTMHHOE
(1
(1

True, 1, {}1) # False, {} = joxHOe

all
any

1) # True, JIOXHBIE BJIEMEHTE B CIVCKE OTCYTCTBYIOT
1

# False, MCTVMHHEIE SJIEMEHTEl B CIVMCKE OTCYTCTBYIOT

He coBcem OCHOBbI

B sToMm paznesne Mbl 0OpaTUMCst K HEKOTOPBIM OoJee CI0KHBIM dJIeMeHTaM (yHKIMOHaIa
s3bika Python, koTopbie OymyT mosie3Hsl BO BpeMst pabOThI ¢ JaHHBIMU.

CopTtupoBKa

Kaxapiit cnicok B Python pacnionaraer Metonom sort (), KOTOpbI YNOPsIIOYMBAET €0 Ha
MecTe, T. €. BHYTPH CITMcKa 0e3 BblAeNeHHUs JOMOTHUTENIbHOW maMsaTH. UToObl n3dexaThb
W3MEHEHUI B CIMCKe, MOKHO MPUMEHUTb BCTPOCHHYIO (YHKLMIO sorted, KOTOpas BO3-
BpallaeT HOBBIH CIHCOK:

x = [4,1,2,3]
= sorted(x) # mocase coprmposkm = [1, 2, 3, 4], X HE MBMEHWICS
X.sort () # memepr x = [1, 2, 3, 4]

[To ymonuaHuto MeTo[ sort () U GYHKLHUS sorted COPTUPYIOT CIMCOK 110 BO3pacTarolLEeMy
3HAYEHHUIO 3JIEMEHTOB, CPABHUBAs JIEMEHTHI APYT C IPYTOM.

Ecnn HeoOxommumo, 4To0bI 2J1IeMEeHTBI ObUTH OTCOPTHPOBAHBI TIO YOBIBAIOIIEMY 3HAYEHHIO,
HaZlo0 yKa3aTb apryMEHT HalpaBJIeHUsS COPTUPOBKHM reverse=True. A BMECTO CPaBHEHMS
CaMHX DJIEMEHTOB MOXKHO CpPaBHHMBATh Pe3yJbTaThbl (DYHKLWH, KOTOPYIO Hafo yKas3aTb
BMECTE C KITOUOM key:
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# copTHMpoOBaTH CHMCOK IO abCOJIOTHOMY 3HAUEHMI0 B YORBAKIEM NOPAOKE
x = sorted([-4,1,-2,3], key=abs, reverse=True) #=1-4,3,-2,1]

# copTMpoBaTE CJIOBA M MX YaCTOTHOCTM IO YORBAKMEMY 3HAYEHMIO YaCTOT
wc = sorted(word counts.items(),
key=lambda word, count: count, reverse=True)

FeHepaToOpbl NnocnegoBaTeribHOCTEN

Hepenko nosensiercs HEOOXOIUMOCTb MPeoOpa3oBaTh HEKUI CIMCOK B APYTOM, BBIOMpast
TOJIBKO OTpeeSICHHBIC SIEMEHTHI WJIM BHOCS 110 X0y U3MEHEHHS B DJIEMEHTbI HCXOHOTO
CIMCKa, WK BBITIONHSSI U TO M JPYroe OIHOBpeMEHHO. [ IMTOHOBCKUM pelleHHeM SIBIseT-
csl IPUMEHEHHUE ceHepamopos nociieoogamenvrnocmeii (elle UMEHYEMBIX CIHCKOBBIMHU
BKJTFOUEHHUAMH )

# uyerHble uymciia

even numbers = [x for x in range(5) if x % 2 == 0] # [0, 2, 4]

# KBazgpaTE uMces

squares = [x * x for x in range(5)] # [0, 1, 4, 9, 16]
# KBaAIPATE UETHEIX UMCET]

even squares = [x * x for x in even numbers] # [0, 4, 16]

Crnick MOXKHO TpeoOpa3oBaTh B CJIOBapH dict MIIM MHOXKECTBA set aHAJOTMYHBIM 00-
pazom:

# cJoOBapp C KBampaTaMyt UMCE

square dict = { x : x * x for x in range(5) } # ( 0:0, 1:1, 2:4, 3:9, 4:16 }
# MHOXeCTBO C KBagpaTaMyl UMCEJT

square set = { x * x for x in [1, -1] } # {1}

Ecnu 3HaueHue B crmMcKe He HYKHO, TO OOBIYHO B KAYECTBE HepeMeHHOﬁ HCMOJIb3YETCH
CHUMBOJI MMOAYCPKUBAHUA:

# Hyom
zeroes = [0 for _ in even numbers] # mmeer Ty e AMHY, 4YTO M even numbers

FeHepaTop IOCJICAOBATCIIbHOCTHU MOXKET COACPIKATh HECKOJIBKO OIEPaTOpPOB for:

# maper
pairs = [(x, y)
for x in range(10)
for y in range(10)] # 100 map (0,0) (0,1)... (9,8), (9,9)

n MOCJICAYIOIXE ONepaTophl for MOT'YT UCIIOJIb30BATh PE3YJIbTaThl HPEAbIAYIINX:

# Hapel ¢ BO3pacTalmyM 3HAUYEHNEM

increasing pairs = [(x, y) # mospxo maper ¢ X <y,
for x in range(10) # range (MMH, Maxc) pPaBeH
for y in range(x + 1, 10)] # [mmH, MmpHt+l, ..., Makc-1]

['eneparopsl nocnenoBarenbHOCTE OyAyT MPUMEHSTHCS OYEHb YacTo.

6 FeHepaTop [0CJIEA0BATEIILHOCTU AHAJIOTMYEH MAaTeMaTUYeCKOM 3aluicu JUIs 3aJ1aHus MHOXECTBA IyTeM
OIKUCAHUS CBOWCTB, KOTOPBIMHU JOJKHBI 00JanaTh ero 4WieHbl — HpMM nep.
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®yHKUUU-TeHepaTopbl U FreHepaTOpHble BblpaXeHust

[IpobGnema co crivickamu 3akiro4aeTcss B TOM, YTO OHHU JIETKO BBIPAcTalOT 0 OOJbIIMX
pa3MepoB. BelpaskeHue range(1000000) co3maeT (aKTUYECKYIO MOCIeN0BaTeIbHOCTD
(B Python 2 3T0 BBIpa)keHHe co3maeT cnMcok) U3 1 MiH anemenToB. Ecnu nx obpabaTsl-
BaTh M0 OTHOMY 3a UTEPALMIO LIMKJIA, TO OHK MOTYT CTaTh INTaBHOW MPUYMHON Hed(dek-
TUBHOCTH (MJIM HEXBAaTKM OMEPATUBHOW MaMATH). A €cv MOTEeHUHAIBHO OyayT MCIMOJb-
30BaThCA JIMILIb MEPBble HECKOJIBKO 3HAYEHHWI, TO BBIYMCICHHE BCEX 3JIEMEHTOB CTaHO-
BUTCS ITyCTOM TPAaTOH pecypcoB.

I'enepamop — 310 00BEKT, KOTOPBII MOXKHO TOCIEA0BAaTENILHO MepedpaTh (0OBIYHO MpH
MOMOIIM ofepaTopa for), HO YbH 3HAYEHHs MPENOCTABISAIOTCA TOJBKO TOTJa, KOrjia OHU
TpeOyroTcs (UCTIONB3YS IeHUBOe 8bIUUCTCHIE).

[TepBblit cnoco® co3maHWsl TeHEpaTOPOB 3aKiloyaeTcs B HCIOJIb30BAaHUM  (DYyHKLIUH-
reHepaTopa COBMECTHO € ONepaTopoM yield:

def lazy range(n):
"""jeHyMBasg BEPCHMA IOCJenoBaTesbHOCTM range'""
i=20
while i < n:
yield i
i+=1

Hpe}.‘[CTaBJ’[eHHBH\/’I Jajic€ IUKII 6y;[eT HOTpe6J'[5[TB npeaocTaBjId€MbI€ 3HAYCHUA 110 OJHO-
MY 3a UT€panmro, rokKa 3JIEMEHTbI HE 3aKOHYATCA:

for i in lazy range(10): do_something with(i)

(Ha camom nene Python yxe pacnionaraet ¢pyHKIMeH lazy range MOJ HA3BaHHEM xrange, a
B Bepcuun Python 3 cama mociiegoBaTeibHOCTH (iMana3oH range) yxe "nenuBas'.) Takas
(hYHKIIMOHAIBHOCTb MO3BOJISET 3a7aBaTh OECKOHEUHYIO MOCIIeI0BATEIbHOCTD:

# HaTypaJbHEIE uymcJia
def natural numbers():
"""posBpamaer 1, 2, 3, ..."""
n=1
while True:
yield n
n+=1

XOTS[, HaBEPHOE, HE CTOUT MPOCMATPUBATH TaKyHO MOCJICA0BATCIIbHOCTL 6e3 MNPUMEHCHUA
KaKOﬁ-HH6yHL CXCMbI BbIXOJa U3 LHUKJIA.

Ob6paTHOW CTOPOHOM NEHMBOIO BbLIYMCIEHUS ABMSETCA TO, YTO MPOCMOTP reHepartopa
MO>HO BbINOSHUTL BCEro OAWH pas. Ecnn HyXHO NpoCMOTPETb MHOTOKPaTHO, TO Creay-
eT nnbo Kaxabl pa3 co3faBaTh reHepaTop 3aHOBO, NMGO UCNONb30BaTL CNIMCOK.

BTopoii crioco6 cozaanus reHepaTopoB — UCIONIB30BaTh FEHEPATOPHOE BBIPAXKEHUE, T. €.
reHepaTop MoCJIeI0BaTeIbHOCTH ¢ ONepPaTOpOM for, OOpaMIIEHHBII KPYTJIBIMA CKOOKaMU:
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# JIEHMBEDI CIMCOK UETHEIX umces MeHbme 20
lazy evens below 20 = (i for i in lazy range(20) if i % 2 == 0)

CremyeT OTMETHUTB, YTO KaXKIbIH OOBEKT dict UMEEeT METOJ] items (), KOTOPbI BO3Bpalla-
€T CIMCOK map "kimoy-3HaueHue". OqHaKo vaine OyJeT MpUMEHSITHCS METOJ iteritems (),
KOTOpbIX "NIeHWBO" MpeAoCcTaBseT MO OAHOMN Mape Mo Mepe HaBUraluu Io CJIOBapIo.

CnyvanHble yucna

[Tpy M3ydeHUH HAyKW O JAaHHBIX YacTO BO3HHMKAET HEOOXOJUMOCTh M€HEPUPOBATH CITy-
yaiiHble uncia. J{is 3Toro npeaHazHaueH MOAYJIb random:

import random

# UeTEpe pPaBHOMEDHEE CJIyYAJHEIE BEJIAUVHEL

four_uniform_randoms = [random.random() for _ in range(4)]

# [0.8444218515250481, # random.random () mpomsBomMT umMCIa
# 0.7579544029403025, # paBHOMEPHO B mHTEepBajse Mexny 0 u 1
# 0.420571580830845, # oyHKIMT random OyneT HPUMEHSITHCS

# 0.25891675029296335] # Hambosree uacTo

Moaynp random Ha caMOM Jejie TeHepUpyeT ncegoociyvaiHble (T. €. JeTepMUHUPOBaH-
HbI€) YKcila Ha OCHOBE BHYTpeHHero coctosiHus. Korma TpeOyercss momyunTb BOCHIPOU3-
BOJIMMbIE PE3yJIbTaTbl, BHYTPEHHEE COCTOSHME MOXKHO 3ajaTh IpHU TMOMOILM METOAa

random. seed:

random. seed (10) # BamaTh CuyYarHyl OOCJENO0BATENBHOCTE, yCTaHOBMB B 10
print (random.random() ) # 0.57140259469

random. seed (10) # nepeycraHoBuTs seed B 10

print (random.random()) # omare 0.57140259469

WHorna OyneT mpuMeHsATbCS METOA random. randrange, KOTOPBIM MPUHUMAET OWH MM JIBA
apryMeHTa M BO3BpAILAeT 3JIEeMEHT, BBIOpaHHBIN Cly4aiiHO U3 COOTBETCTBYIOLIEH mociie-
JOBATEJIbHOCTH range () .

random. randrange (10) # mpomsBosBEHO BEOpaTh M3 range(10) = [0, 1, ..., 9]
random.randrange (3, 6) # HmPoM3BOJIBHO BEOpATH M3 range (3, 6) = [3, 4, 5]

Ectb ClIC pdaa METOAOB, KOTOPBIC MPUTOAATCA. MeTO}I random. shuffle, HAIIPUMEDP, MEPE-
MCIIMBACT 3JICMCHTHI B CITMCKE B CHy‘IaﬁHOM MOpAAKE:

up to ten = range(10) # 3anaTe mocnenoBaTeNbHOCTE m3 10 2y1eMEHTOB
random.shuffle (up to ten)

print (up to ten)

#1102, 5,1, 9, 7, 3, 8, 6, 4, 0] (baxTmueckme pe3yJbTaATE MOIYT OTJIMYATEHCSHT)

Ecnu HykHO ciyyaiiHbIM 00pa3oM BbIOpaTh M3 CMHCKA OJMH JIEMEHT, TO MOKHO BOC-
MOJB30BAaThLCI METOAOM random.choice:

# Most Jryumni opyT
my best friend = random.choice (["Amca", "BoG", "Uapm"]) # cersuac "BEoG"
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Ecnu u3 McXogHBIX JaHHBIX HEOOXOOUMO CleNaTh MPOU3BOJIbHYIO BHIOOPKY 3JIEMEHTOB
be3 6036pama (T. e. 6e3 TIOBTOPSIOUIMXCS JIIEMEHTOB; 3TOT cMocob oTOopa ellle Ha3bIBa-
eTcs Oe3MOBTOPHBIM), TO AJISl OTHX LieJIeH CIIY>KUT METOJ random. sample:

# JloTeperiHie HOMEpa

lottery numbers = range(60)

# BEMTPRIIHEIE HOMEpa (IpyMep BEOOPKM 6e3 BO3BpaTa)

winning numbers = random.sample (lottery numbers, 6) # [16, 36, 10, 6, 25, 9]

Jlns monmyyeHus: BBIOOPKH 3JIEMEHTOB ¢ 8036pamom (T. €. JOMYCKAIOUIYIO MOBTOPBI; 3TOT
crocod 0T60pa C€1I€ Ha3bIBACTCA l'IOBTOpHLIM) Haao BCEro Jinilb caejlaTb HECKOJIBKO BbI-
30BOB METOJ1Aa random.choice ():

# COMCOK M3 UeThRpex SJIEMEHTOB (IPMMEP BEOOPKM C BO3BPATOM)
four with replacement = [random.choice (range(10))

for in range(4)]
#109, 4, 4, 2]

PerynsipHble BblpaXeHusi

PerynsipHbie BeIpakeHHs TPEIOCTABIISIOT CPEACTBA ISl BHITIOJHEHHUS TOUCKA B TEKCTe.
OHU HEBEPOSATHO MOJIE3HbI U OAHOBPEMEHHO JOBOJBLHO CJIOXKHbBI, MPUYEM HACTOJBKO, YTO
MM MOCBSILIEHBI LeNible KHUTY. B nanbHeiilieM B TeX HECKOJbKHMX ClIydasiX, KOrjla OHU
OyayT BcTpeuatbes B Kojie, OyIyT NaBaThCsl Pa3bsCHEHUs, CBI3aHHbIC ¢ UX paboToii. Bot
HECKOJIbKO IPUMEPOB X NpuMeHeHus B Python:

import re
print(all ([ # BCe OHM - MCTHMHHEIE, T. K.
not re.match("a", "cat"), # cioBo 'cat' He HaumHaeTcs c 'a'
re.search("a", "cat"), # B caoBe 'cat' ecrtr 'a'
not re.search("c", "dog"), # B caoBe 'dog' mer 'c'
3 == len(re.split("[ab]", "carbs")), # pasbmBka mo a wmt b
#B ['c','r',"'s"]
"R-D-" == re.sub("[0-9]", "-", "R2D2") # Bamena mmdp nmepmcamu

1)) # mamevaraer True

OG'bGKTHO-OpVIeHTMpOBaHHOG nporpamMmmMmumpoBaHue

Kak 1 Bo MHOTHX fi3bIKax MporpaMMupoBanus, B Python umeercs Bo3aMoxkHOCTE onpene-
JSTh KIACChl, KOTOPBIE coAepikaT AaHHble U QyHKUMU [id MX 00paboTku. Mbl MHOTOa
OyzaeM MMH MOJIb30BaThCS VIS TOro, YTOOBl caenare Kof uMiie u npoiue. HaBepHoe, ca-
MBIH TIPOCTOM cOcO0 OOBICHUTD, KAK OHU PabOTalOT — MPHUBECTH MPUMEP C MOAPOOHBIM
OMKCaHHUEM.

IIpeacraBum, uto B Python orcyTcTByeT BCTpoeHHas CTpyKTypa JaHHBIX Set AJISl peajiu-
3aMK MHOXecTB. Toraa MoskeT MoHaZoOUThCS co3/1aTh COOCTBEHHBIH Kiacc.

Kaknm rmoBeeHreM 3TOT Ki1acc JOKeH obnanats? Oxk3emnisap Kilacca Set TOIDKEH YMETh
n00aBNATh (add) U yAAlATh (remove) SJIEMEHTBI, a TAKKe MPOBEPSTh, COACPIKUT JIM OH
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omnpeeneHHoe 3HaueHue (contains). Ty QYHKUHMOHATBHOCTH MOYKHO 3a7aTh B BUAE KOM-
noHenmHelx (PyHKLHMHA, TOCTYN K KOTOPbIM obecneunBaeTcsi yepes TOUKY Mocie UISHTH-
¢ukaTopa oObeKTa Set:

# o Tpammipi KIaccaM Ha3HAYaloT MMEHAa C 3aIJlaBHOM OyKBEI
class Set:

# HOKE MOYT KOMIOHEHTHEIE QYHKIIAN
# kaxnas 6eper nepmBoni mnapamerp "self" (eme omHO mpaBmio) ,
# KOTOPEDT CCBUIAETCS Ha KOHKDETHEDI MCIOJB3YyeMiri OOBeKT kiyacca Set
def init (self, values=None):
""I3T0 KOHCTPYKTOP.
BrIBEBaeTCs IOPM CO3JaHMM HOBOI'O OOBLeKTa kjacca Set u
UCHOJIBEBYETCS CJAEOYIIM 00pazoM:
sl = Set() # mycToe MHOXEeCTBO
s2

Set([1,2,2,3]) # wmHMImamM3mpoBaTs 3HaveHusM" """

self.dict = {} # kaxgept sx3eMmiIsp mveeT cobCcTBeHHOe cBoyicTBOo dict,
# KOTOpOE MCIONB3YEeTCs IJIA MPOBEPKA
# Ha NPUHAIJIEXHOCTE SJIEMEHTOB MHOXECTBY

if values is not None:
for value in values: self.add(value)

def  repr (self):
"""370 CTPOKOBOE MpencTaBleHne oOveKkTa Set,
i

KOTOPOE BEIBOOMTCSA B OOOJIOUKE WM MepenaeTcsa B QyHKumO str()
return "Set: " + str(self.dict.keys())

# HDpWHa[IEXHOCTE NPEenCTaBJIeHa KJIoYOM B cjoBape self.dict
# co sHavemmem True
def add(self, value):

self.dict[value] = True

# BHaveHMe NPUHAIIEXAT MHOXECTBY, €CJIM eI0 KoY MMEeeTCsS B CJIOBApe
def contains(self, value):
return value in self.dict

def remove (self, value):
del self.dict[value]

Bce 3T0 MOKHO MCTIONIB30BaTh CJIETYIOLIMM 00pa3oM:

s = Set([1,2,3])

s.add (4)

print(s.contains(4)) # True
s.remove (3)
print(s.contains(3)) # False
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MHCprMeHTbI (bYHKLWIOHa.HbHOFO nporpaMmmMmumpoBaHusi

[lepenaBas ¢hyHKIMM B KauyecTBe apryMEHTOB, MHOTAA TPeOyeTcs, YTOObl OHU MPUMEHS-
JIUCh YaCTUYHO (WU KAppuposaniucy) ¢ Ledbl0 CO37aHus HOBBIX (yHKIMI. B kadyectBe
MPOCTOrO MpUMepa, MycTh UMeeTcs GYHKIUS IBYX MEePEeMEHHBIX:

# BO3BeZeHyme B CTENEeHL DPOWEr
def exp(base, power):
return base ** power

W nanmo mpuMeHHTH ee A co3aanus GyHKIMUA OJJHON MEepPeMEeHHOM two to the JJISl BO3-
BEJICHUs B CTEIMEHb 2, YbHUM BXOJSIIUM apryMEHTOM SIBJisieTCs (DYHKIMS power,  BBIXO-
JAIVM 3HAYeHUEM — Pe3YJIbTaT BBIUUCIICHUS (DYHKIIMHU exp (2, power).

Pa3yMeeTc;1, 9Ty 3ajaadyy MOXXHO PCIIWTh MPHU IHOMOIIM Omeparopa def, HO MHOraa 3TO
CTAaHOBHUTCA Hey,I[O6HbIMZ

# nBOVIKA B CTENeHNM power
def two to the (power):
return exp (2, power)

Jpyroii npyeM 3aKi1royaeTcsi B UCMOIb30BAHMM METO/IA functools.partial:

from functools import partial

# BO3BpamaeTr QYHKLMO C YaCTHUYHEM MPVMIOXEHMEM apIyMEHTOB

two_to the = partial (exp, 2) # menepp 5TO QYHKIMST ONHOV MNEPEMEHHON
print(two_to the(3)) # 8

Merton partial () TakKe UCIIONB3YIOT AJIsl 3aMOJHEHUS MOCASAYIOIINX apryMEHTOB, YKa-
3bIBas MPU STOM UX UMEHa:

square of = partial(exp, power=2) # kBagpaT wmcia
print(square of(3)) #9

YacTo BO3HMKaeT MyTaHHULA, €CIM KappuUpOBaTh apryMeHThl B cepeauHe GpyHkuuu. Cre-
nyet u3beraTb Takoro npuemMa.

B nanpHeiiem OynyT MepHOAMYECKH MCIOJIB30BATHCS BCTPOCHHbIE (DYHKLIMH map, reduce
W filter, KOTOpBIE MPENOCTABIAIOT (PyHKLIMOHAJbHBIE AIbTEPHATHUBBEI T'€HEpaTOpaM Io-
CJIeJ0BaTEIbHOCTEH:

def double (x):
return 2 * x

xs = [1, 2, 3, 4]

twice xs = [double(x) for x in xs] #[2, 4, 6, 8]
twice xs = map (double, xs) # TO Xe, UTO M BEIIE
list doubler = partial (map, double) # yaoBomTesb CIIVMCKA
twice xs = list doubler (xs) # cHoma [2, 4, 6, 8]

OYHKUUIO map MCMOJIB3YIOT ¢ (DYHKLUMSIMHM HECKOJBKMX apryMEHTOB, MPENOCTaBIss ei
HECKOJIBKO CIIUCKOB:
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# NEPEMHOXVNTE apPIyMEeHTE
def multiply(x, y): return x * y

products = map (multiply, [1, 2], [4, 5]) # [1 * 4, 2 * 5] = [4, 10]

DyHKIUS filter pabOTaET aHATIOTMYHO FEHEPATOPY MOC/IEA0BATEIBHOCTH C YCIOBHEM if:

# MpOBEpPKa UETHOCTM
def is even(x):
""MTrue, ecam x — ueTHoe,; False, ecom x - HeuerHoe"""
return x % 2 ==
x _evens = [x for x in xs if is even(x)] CIMCOK YEeTHEIX umces = [2, 4]
x evens = filter(is even, xs) TO XX&, UTO M BEIIE
list evener = partial (filter, is even) byHKIMST, KOTOPAs QUIBTOYET

CIIVICOK

H O FH H W

x_evens = list evener (xs) cHoBa [2, 4]

(DYHKI_II/IH reduce BBIIIOJIHACT CBEPTKY CIIACKA, T. €. 06’b€,Z[I/IH$IeT MEPBLIC IBa 3JIEMEHTA,
3aTE€M IJTOT PE3YJIbTaT C TPETbUM JBJIEMEHTOM, a TOT C UCTBEPTbIM U T. A., BO3Bpallas
€IMHCTBEHHBIN pe3yJibTart:

from functools import reduce

x_product = reduce (multiply, xs) #=17*2*3*4 =24

list product = partial(reduce, multiply) # QyHKILpISE, KOTOpas yHmpomaeT
# cmcok

x_product = list product (xs) # cHoBa = 24

PyHKUMA enumerate

Hepenko Hy»HO MTepaTHBHO OOOMTH CIMCOK, MCIOJB3Ys KaK 3JeMEHTHI, TaK U UX WH-
JEKCBIL:

documents = [] # cmMCcok HEKMX NOKYMEHTOB,; 34ECH OH IIyCTON
# He HO-IIMTOHOBCKM
for i in range (len(documents)):

document = documents[i]

do something(i, document)

# TOXe He MO-IMTOHOBCKM
i=0
for document in documents:
do something(i, document)
i4=1
[TuTOHOBCKHMM pellleHHeM SIBIIieTCS BCTPOeHHAsw (DYHKIMS enumerate, KOTOpas CO3/1aeT
KOPTEXKHU B (i)OpMaTe (MHI[eKC, eneMeHT):

for i, document in enumerate (documents) :
do something(i, document)
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TouHo Tak K€, €CJIM HY>KHbI TOJIBKO HHACKCHI:

for i in range(len(documents)): do something (i) # He NO-IIMTOHOBCKM
for i,  in enumerate(documents): do something(i) # MO-IMTOHOBCKM

Bce 310 Oyzet mmpoko Ucnonb30BaThes B JalibHEHIIIEM.

PYHKUMA Zip U pacnakoBKa apryMmeHToB

Uacto BO3HHMKAaET HEOOXOAUMOCTh OOBEJMHUTH JIBa WK 00Jiee CITUCKOB B OJHMH. BeTpo-
eHHast (DYHKIMS zip MpeoOpa3yeT HECKOJbKO CIUCKOB B OJIMH CITUCOK KOPTEXKEH, Co-
CTOSIIINN U3 COOTBETCTBYIONIMX DJIEMEHTOR!

listl = ['a', 'b', 'c']
list2 = [1, 2, 3]
list(zip(listl, list2)) #=1_[(a', 1), ('b', 2), ('c', 3)]

Eciu crincku uMeroT pasHble JJIUHBL, TO (GYHKIMS MPEKPATHT paboTy, Kak TOJBKO 3aKOH-
YuTCsl MepBbId U3 HUX. "Pa3beUHUTH" CIMHCOK MOXKHO MpPU MOMOUIM 3aMbICJIOBATOrO
TpIOKa:

pairs = [('a', 1), ('b', 2), ('c', 3)]

letters, numbers = zip(*pairs)

3Be310UKa * BBIMOJHIET PACHAKOBKY APSYMEHmMO0G, KOTOpas MCIOJb3yeT 3JIEMEHTHI rap
B KauyecTBE WHAMBUAYAIBHBIX apryMEHTOB Uil (YHKUMH zip. DTO TO K€ caMoe, e€ciiu
BbI3BATH:!

list(zip(('a', 1), ('b', 2), ('c', 3)))
Pesynbrar B 00oux cityyasax 6yzer [('a', 'b', 'c'), (1,2,3)].
PacnakoBKy apryMeHTOB MOXKHO TMPUMEHSTS ¢ JIF000#1 (hyHKLHEH:

def add(a, b): return a + b

add (1, 2) # Bepuer 3
add([1, 2]) # ommbra TypeError!
add (*[1, 21) # Bepuer 3

9ToT npuem 6YI[GT HCIIOJIb30BAThCA PEAKO, U TO B KAUECTBE NMPOrpaMMHUCTCKOIO TprOKa.

NMepemeHHble args u kwargs

[peanonoxum, Hy>KHO co31aTh (DYHKLIMIO BBICIIEro MOpsAKa, KOTOpas B KayecTBE BXO-
JSILIero apryMeHTa MpUHUMaeT HeKyro (pyHKLMIO £ M BO3BpallaeT HOBYIO (DYHKLHMIO, KO-
TOpast Ui JII000ro BXOJSIIEro apryMeHTa BO3BpallaeT yABOCHHOE 3HAUEHHE £:

# yneBouTesn
def doubler(f):
def g(x):
return 2 * f(x)
return g
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B HekoTopbIxX ciydasx 3To paboTaer:

def f1(x):
return x + 1

g = doubler (£fl)
print(g(3)) #8wmwm ( 3+ 1) *2
print(g(-1)) #0 wm (-1 + 1) * 2

Ho Tepnut Heynady ¢ GpyHKUMSMH, KOTOPblE MPUHUMAIOT 00JIee OHOTO apryMeHTa:

def f2(x, y):
return x + y

g = doubler (£2)
print(g(l, 2)) # TypeError: g() npmHmvaeT pPOBHO 1 aprymMeHT (3anaHo 2)

Xotenock Obl OnpeaejinTb ¢yHKHHKL KOTOpad NpUHHUMACT MPOU3BOJIBHOEC KOJIHNYCCTBO
apFYMeHTOB.:BTO ACJIa€TCd NpH MOMOLIKU paCriakKOBKKW apryME€HTOB U HeOOJIBIIOrO BOJI-
meOcTBa:
def magic(*args, **kwargs):

print ("Oes3bMaHHbE apTyMeHTH:", args)

print ("aprymeHTH N0 kimody:", kwargs)

magic(l, 2, key="word", key2="word2")

# HameuaTaer
# GesemgHHEIE aprymeHTe: (1, 2)
# aprymentr mo kmody: {'key2': 'word2', 'key': 'word'}

Jpyrumu crioBamu, korjaa (GyHKLHs ornpezesieHa MmoJoOHeIM 00pa3oM, epeMeHHas args
npeAcTaBiseT coO0H KOPTeX U3 OE3bIMSIHHBIX MO3ULIMOHHBIX apryMEHTOB, a MepeMeHHas
kwargs — CJIOBapb W3 MMEHOBAaHHBIX aprymeHToB. OHa paboTaeT W TMO-APYroMy, eciu
HYKHO BOCIIOJIb30BaThCsl CIIMCKOM (MJIM KOPTEXKEeM) M CIOBapeM Ui TOro, YTOObI nepe-
damv apryMeHThl B (DyHKLHIO:
def other way magic(x, y, z):

return x + y + z

x y list = [1, 2]
z dict = { "z" : 3}
print (other way magic(*x y list, **z dict)) # 6

OTH CBOWCTBA MEPEMEHHBIX args M kwargs MO3BOJISIOT MPOAEIBIBATh PA3HOIO POAaA 3aMbl-
cJIoBaTble TPIOKHU. 37ech STOT MpUeM OyAeT UCTIONIb30BaThCsl UCKIIOUMTENBHO AJIS CO3a-
HUs GYHKLMH BBICILETO MOPAIKA, KOTOPbIE MOTYT MPUHUMATh MPOU3BOJIEHOE YHUCIIO BXO-
JSIIMX apryMEHTOB:

# KOPPEeKTHED! yABOUTENH
def doubler correct(f):
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g

"""paboraeT HE3aBUCHMMO OT TOI'O, KaKOI'O poAa apIyMEeHTE
byurumsa £ oxumaer"""

def g(*args, **kwargs):
""Mraxyvps Obl HY OBUIM @pPIyMEHTH AN g, nepenaTb ux B £"""
return 2 * f(*args, **kwargs)

return g

= doubler correct (£2)

print(g(l, 2)) # 6

No6po noxanoBaTb B DataSciencester!

Ha stom nporpaMma OpUEHTAllUM HOBOI'O IMEPCOHAa 3aBeplIacTCH. I[a, KCTaTtu, mnocra-
paﬁTeCL HE pacCTepATh MOJTYUYCHHLIC CBEACHU.

Ana panbHeuwero nsy4yeHus

¢

¢

Jeduur nocobuit mo s3eiky Python B mMupe otcyrctByeT. OdunmanbHOe PyKOBO-
nctro (https://docs.python.org/2/tutorial/) Oynet Heruioxum nocoOueM JJis Havaa.

OdunmanbHoe pykoBoacTeo 1o [Python (http://ipython.org/ipython-doc/2/interactive
/tutorial.html) He Tak ynauyHo. Jlydine 03HaKOMHUTBHCS C BUAECOYPOKAMH W TIpE3eHTa-
uusamu  (http://ipython.org/videos.html). Kak Bapuant, B kHure Ysca MakkuHHU
"Python u anamu3 pauubix"’ (http://shop.oreilly.com/product/0636920023784.do)
uMeeTcs eicTBUTeNbHO Xopouias cTates no [Python.

" Makxunny V. Python i ananu3 nannsx. — M.: JIMK Ilpece, 2015.
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Busyanusauua gaHHbIX

HyMa}O, YTO BHU3yaM3alusd — OJHO U3 CaMbIX MOIIHBIX
Opy,E[I/Iﬁ JIOCTHKEHHUSI JIMYHBIX LEJICH.

Xapeu Maxxeir'

BamHeﬁmy}o YaCTb HMHCTPYMCHTapusaA aHaJIMTUKa MOaHHbIX COCTaBJIANKOT Fpa(bI/I‘{eCKI/Ie
METObl aHaJIn3a JaHHBIX WX METOIbl BU3YyaJIU3allMHU. N ecnu co3math BU3YyaJIM3aLIUIO
A0CTAaTOYHO IMPOCTO, TO CALCIATh XOpoulyio BU3yajiu3alluto — 3aJa4a HE U3 JICTKUX.

Busyanuzanus npuMeHSETCS IPEKJIE BCETO IS
¢ uccredosanusi NAHHBIX;
¢ nepeoauu NaHHBIX.

OcHoBHas 3a/1a4a 3TOH IJ1aBbl — Pa3BUTHE HABBIKOB, HEOOXOIMMBIX VISl TOIO, YTOOBI BbI
MOTJIM HayaTh MccieoBaHle cOOCTBEHHBIX AaHHBIX M CO3AaBaTh HA UX OCHOBE BU3yallu-
3allMK, KOTOpbIE Mbl OyZEeM HMCMONb30BaTh Ha MPOTsHKEHUH Beel KHUTK. Kak u GonbLinH-
CTBO T€M, BBIHECEHHBIX B Ha3BaHMs IN1aB 3TOW KHUTH, BU3yallM3allMsl JaHHBIX MpeACcTaB-
asieT co0oii OOIMPHYIO 00IacTh ISl U3yUESHHS, KOTOpast 3aCITyKUBAeT OTASIbHOW KHHUTH.
Tem He MeHee, Mbl MocTapaeMcsl 1aTh BaM OOlLLee MpeACTaBIeHUE O TOM, YTO TaKOE XO-
poias BU3yanusauusi.

Bubnuoteka matplotlib

Jinst rpaduyeckoro aHaiaM3a JaHHBIX CyIIECTBYeT OOJbILIONH HabOp pa3HBIX WHCTPYMEH-
ToB. Mbl OyneM MONb30BaThCs MOMyJsApHOW Oubmuorekoit matplotlib  (http:/
matplotlib.org/) (kotopas, Bripouem, yke 3apekOMeHoBasIa cedsl B KauecTBEe XOPOUIEero
uHCTpyMeHTa). Ecnu Bac uHTepecyeT co3gaHue OeTajbHO MPOpPabOTaHHBIX MHTEPAKTHB-
HBIX BU3yanu3auuii 1y MHTepHeTa, To 3Ta OMbIHoTEeKa, CKOpee BCero, BaM He MoJOMIeT.
Ho ¢ moctpoeHueM syieMEHTAapHBIX CTOJIOYATBHIX W TOYEYHBIX JUArpaMM W JIMHEHHBIX
rpadUKOB OHa CHpaBIISETCS JIETKO.

B 4vacTHOCTH, MBI OyZieM MOJIb30BaThCS MOJYJIEM matplotlib.pyplot. B camom mpoctom
ciTy4ae pyplot IMO3BOJIIET BHICTPAWBATh BU3yaJM3alMIoO ar 3a maroMm. Korga ona 3aBep-
1ieHa, n300pakeHue MOXKHO COXpaHUTh B (haiin (Ipu MOMOIIM MeToJa savefig()) WIN
BBIBECTU HA dKpaH (METOAOM show () ).

! Xapeu Maxkeii (1932) — npeanpHHuMarTe b, IMcaTelb U 0003peBaTels KPyIHEHIINX aMePUKAHCKUX HO-
BOCTHBIX u3anwmii (cM. https://en.wikipedia.org/wiki/Harvey_Mackay). — IIpum. nep.
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Hanpumep, npocroii rpaduk, Takoi kak Ha puc. 3.1, co3mpaercst TOCTaTOYHO JIeTKO:

from matplotlib import pyplot as plt

years = [1950, 1960, 1970, 1980, 1990, 2000, 2010] # roner
gdp = [300.2, 543.3, 1075.9, 2862.5, 5979.6, 10289.7, 14958.3] # BBI

# cosmare JmHENHYIL AMarpaMMy: rTogel 1o ocu X, BBI mo ocm Y
plt.plot(years, gdp, color='green', marker='o', linestyle='solid')

# noGaBUTH Ha3BaHME IyaIPaMME!
plt.title ("HommHanbHer BBII")

# noBaBuTh HoamAChE Kk ocu Y
plt.ylabel ("Mmpm $")
plt.show()

HoMWHanbHbIM BB
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10000

8000
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6000
4000

2000

0
1950 1960 1970 1980 1990 2000 2010

Pwuc. 3.1. Npocras nuHeiiHas gnarpamma

Co3paHue auarpamMm THIOrpa)CKOro KauecTBa MpelcTaBisieT coboil Gosiee CIOXKHYIO
3aJa4y W BBIXOJWT 32 PaMKU 9TOH IaBbl. Bbl MOXkeTe HacTpauBaTh JuarpaMmbl CaMbIMU
pasHoOOOpa3HBIMU CMIOCOOAMH, HAMPUMED, 3a/1aBasi MOAMUCH K OCSAM, THIIbI JIMHUI, Map-
Kepbl TOUeK U T. 1. BmecTo Toro, utoObl MoApoOHO M3ydaTh BCe 3TH BO3SMOXKHOCTH, MBI
npocto OyAeM MoJb30BaThCs HEKOTOPBIMM M3 HUX B HAIIMX MpuUMepax U pa3dupaTh 0co-
OCHHOCTH UX peaT3alllu MO X0y H3JIOKEHHUS.
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3HaumTenbHaa Yyacte dyHKkUMoHana bubnuotekm matplotlib B kHUre He mcnonb3yetcs.
Tem He MeHee, HagoO OTMETUTb, YTO BMONMOTeka MO3BONSET CO3AaBaTb COCTaBHblE
BMOXEHHbIE AMarpammbl, BbINOMHATL CrOXHoe dopmaTvpoBaHWe u Aenatb WHTepak-
TUBHble Bu3yanusaumn. CeepbTecb C AOKYMEHTauWen, ecnm XoTuTe KOMHYTb rryoxe,
YeM 3TO NpeacTaBeHo B KHUre.

Ctonb4aTble gnarpamMmmbl

Cronbuartble AuarpaMMbl XOPOLIO MOAXOASAT AJIS TeX CIydaes, Korjaa Tpedyercs nmokasaTb
8apbUpyeMocms HEKOTOPOH BEJIMYMHBI HA HEKOTOPOM AMCKPETHOM MHOXKECTBE 3JIEMEH-
ToB. Hanpumep, Ha puc. 3.2 mokazaHo, CKOJIBKO exeroaHbsix npemuii "Ockap" Amepu-
KaHCKOW KMHOAKaJeMHUH ObLIO 3aBOEBaHO KaKABIM M3 NEePEUMCIIEHHBIX (UITBMOB:

movies = ["3OuHm Xomn", "Ben-Typ", "Kacabmauxa", "Tanm", "Becrcannckasa mcropusa"]
num oscars = [5, 11, 3, 8, 10]

# mmpwHa cronbroB nmo ymosyanmo 0.8, mosToMy nobasyv 0.1 K JIEBBM
# xoopamHaTaMm, UTOOH KaXArpi cTojsiber] OrUI IO ILEHTPY WHTEPBAJa
xs = [1 + 0.1 for i,  in enumerate (movies)]

# mocTpouTEs CTONOHE C JIeBEMY X-KOOpAMHaTaMy [XS] u BEICOTOM [num oscars]
plt.bar(xs, num oscars)

plt.ylabel ("KommuecTBo Harpan")
plt.title ("Mon smoCyMele GMITbME")

# mobaBuTb MeTKV Ha ocy X C HAa3BaHUSAMY (QUIIBEMOB B LI@HTPE KaXIOI'O0 MHTEPBAJIA
plt.xticks([i + 0.5 for i, _ in enumerate (movies)], movies)
plt.show()

Cronbuaras auarpamMMa TakyKe XOPOUIO MOJXOAUT JIIS MOCTPOCHUSI TUCTOrPaMM CrpyI-
MUPOBAHHBIX 3HAYCHHUH YHCIIOBOTO PsJa, YTO TMO3BOJISET HATJISHO MCCIIEIOBATh Xapak-
Tep pacnpedeieHus Yicell B YUCIOBOM pany (puc. 3.3):

grades = [83, 95, 91, 87, 70, 0, 85, 82, 100, 67, 73, 77, 0]
decile = lambda grade: grade // 10 * 10 # Helpuib (Decsaras 4yacTb 4dyucia)

histogram = Counter (decile (grade) for grade in grades)

plt.bar([x - 4 for x in histogram.keys ()], # caBmuHyTE cTONbel; BieBO Ha 4
histogram.values(), # BoicoTa cToJibla
8) # mpwHa Kaxgoro crojbua 8
plt.axis([-5, 105, 0, 5]) # oce X or -5 mo 105,

# oce Y or 0 mo 5

plt.xticks([10 * i for i in range(11l)]) # meTrkm nmo ocm X: 0, 10,..., 100
plt.xlabel ("Oeunns")

plt.ylabel ("Unucno cryneHTOB")

plt.title ("PacnpernesieHye OLEHOK 3a ®k3aMeH Mt 1")

plt.show()
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Puc. 3.3. Vicnonb3oBaHune ctonbyaTtoii guarpammbl ANS rMCTOrpaMmel
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TpeTtuii apryMeHT B MeToJie plt.bar OmMpenenseT mMpuHy cronbuos. Ha Hawmeit nua-
rpaMMe HIMpUHA CTOJIOIOB paBHa § (3TO MO3BOJIAET OCTABUTh MEXIY CTOJIOLAMH He-
0oJbIIOe paccTOsTHUE, T. K. MIUPUHA WHTepBajioB paBHa 10). CaMu cTOJIOIBI CMEIEHBI
BJICBO Ha 4 MO3UIIVMH, TTIO3TOMY, HAIIPUMeEp, JieBasi U mpasas TpaHuLbl cTosona "80" paBHbI
76 1 84 COOTBETCTBEHHO, a €r0 LIEHTP HaXOAUTCS poBHO Ha §0.

[Tpu momouy MeToAa plt.axis Mbl 3aa1l OTOOpaXkeHWe OcHu X B Auana3zone ot —5 1o 105
(uto6bl cTonbupl "0" 1 "100" GbUIM MOTHOCTHIO BUIHBI), 2 OCH ¥ — B Juana3oHe ot 0
1o 5. MeTon plt.xticks ycTaHaBiAMBaeT MeTkU Ha ocu x — 0, 10, 20, ..., 100.

Kakoit 'orpomHbIi' npupoct!

506

) ‘ _ -
499 -

2013 2014

Puc. 3.4. [lnarpamma c fe30pneHTupytoLLeil ocblo y

BynbTe akkypaTHBI MPH UCMOJIL30BAHUM METOJA plt.axis. Co3MaHUe CTONOYATHIX Aua-
rpamMM C OCBIO J, KOTOpas HAuYMHAETCSl He C HYJIS, CUUTAETCS OCOOCHHO JyPHBIM TOHOM,
MOCKOJIbKY JIETKO J1e30pUeHTupyeT (puc. 3.4):

mentions = [500, 505] # yrnoMuHaHUA
years = [2013, 2014] # romsl

plt.bar([2012.6, 2013.6], mentions, 0.8)
plt.xticks (years)
plt.ylabel ("Unucio yrnoMmHaumii HayKu O HaHHBEIX")

# ecsm sTOrO He cpenaTh, matplotlib mopmmmer ock X kak 0, 1
# n pobaBur +2.013e3 B mpaBoM yTuly (Hemopaborka matplotlib!)
plt.ticklabel format (useOffset=False)



68 Masa 3

# mesopmeHTHMPYyBmAas OCh Y TOJBKO MOKA3EBaeT TO, uTo Bbme 500
plt.axis([2012.5, 2014.5, 499, 506])

plt.title("Kako 'orpomHeni' mpmpocT!")

plt.show()

Ha puc. 3.5 ncnone3oBanbl 6onee OCMBICTIEHHBIE OCH, W AWarpaMMa BBITJIAIUT YXKe He
TaKoOM BIIeUATIISIOLIEH:

plt.axis([2012.5, 2014.5, 0, 550])
plt.title ("Bosblie He TakoM OTPOMHENL")
plt.show()

bonblwe He TaKOA OrPOMHbIN

500

e £
= =
= =

]
=
=

YWCno yNnOMUHAHMIA HAYKKH 0 A3HHBIX

Puc. 3.5. Ta e camas gnarpamma C KOPPEKTHON OCbio ¥

JlnHenHbie rpadoukm

Kak Mb1 yxxe yOennnuch, JHHEHHbIe rpagKd MOXHO CO37aBaTh MPH TMOMOIIM METOAa
plt.plot. OHU XOPOUIO MOIXOMASAT AJIsl U300parkeHus mendenyuil (puc. 3.6):

variance = [1, 2, 4, 8, 16, 32, 64, 128, 256] # amcnepcusg

bias squared = [256, 128, 64, 32, 16, 8, 4, 2, 1] # KBampaT cMemeHvs
# cymmaphas onmbka

total error = [x + y for %, y in zip(variance, bias squared)]

xs = [1 for i, in enumerate (variance)]
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# meron plt.plot MOXHO BEI3EBATH MHOI'O pas,

# uTOOEI OKA3aTH HECKOJBKO IPAaPMKOB Ha OAHOM M TOM Xe AuarpamMue:
# BejieHas CIUIOMHAS JIMHUS

plt.plot(xs, variance, 'g-', label='mucnepcus')

# KpacHas WTPUXIYHKTUPHAS

plt.plot(xs, bias squared, 'r-.', label='cmemenne"2')

# CHHAAT OyHKTUPHAS

plt.plot(xs, total error, 'b:', label='cymmapnas ommOka')

# ecom mis Kaxmovi JIMHWMM 3anaHO HazBamme label,

# mo Jlerenna OyneT HOKasaHa aBTOMATHYECKH,

# loc=9 osHavaer "HaBepxy mocepenmHe"

plt.legend (loc=9)

plt.xlabel ("CnoxHocTs Momesn")

plt.title ("KomnpoMmucc Mexmy CMeleHVeM M mmcrepcuen")

plt.show()
100 KUMI‘IpOMH(C Mexay CMeleHnem HLI,H{I'IEDCHEF‘I
= HCNEepCHA
== (MELWEHWR2
----- CYMMapHas owubka
250 -
‘\
‘.l.
200 —%
T
'-t
150 E
L9
’""!
100 -y
50
0
0 1
CnoxHocTs mogenn

Puc. 3.6. Heckonbko nNuHeHbIX rpadduKoB C NEreHAoum
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ToyeyHble AnarpamMmmsbl

ToueuHas quarpamma UM ouazpamma pacceusanus (scatterplot) mydiie Bcero noaxoauTt
JUTS BU3YalTU3allMA CBS3M MEXIY JBYMs MapHBIMH BbIOOpPKaMHU AaHHbIX. Hampuwmep, Ha
puc. 3.7 mokazaHa CBSI3b MEXAY KOJIMYECTBOM OpYy3eil Mojb30BaTeNss U KOJMYECTBOM

MUHYT, KOTOPbIE€ OH MPOBOAUT Ha calTe KaKIbld I1€Hb:

friends = [ 70, 65, 72, 63, 71, 64, 60,
minutes = [175, 170, 205, 120, 220, 130, 105,

labels = ['a', 'b', 'c', 'd', 'e', 'f', 'g',
plt.scatter(friends, minutes)

# HaBHAUUTEH METKY IJIS KaXIOM TOYUKM

64, ©67] # mpyses
145, 1901 # murHYTE

'h', 'i'] # MeTkn

for label, friend count, minute count in zip(labels, friends, minutes):

plt.annotate (label,

xy=(friend count, minute count), # 3azaTe MeTKy

xytext=(5, -5),
textcoords='offset points')

# ¥ HEMHOI'O CMECTUTE €€

plt.title("3aBUCHMMOCTL MEXIy KOJIMUECTBOM MMHYT U UMCJIOM npy3ei")

plt.xlabel ("Unucio mpyszen")

plt.ylabel ("BpeMs, NpOBOIMMOE Ha CailTe exelHEeBHO, MMH")

plt.show()
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Puc. 3.7. TouyeyHas gmarpamma 3aBYCMMOCTU KONMYeCcTBa Apy3ei OT BpeMeHU, NPOBOAMMOrO Ha caiiTe
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[Ipu pa3melieHHH Ha TOUYEHHOHW AMAarpaMMme COMOCTaBUMBIX MEPEMEHHBIX MOYKHO MOJy-

YUTh UCKAKEHHYIO KapTHUHY, €CJTM MaciuTab 1o ocsM OyAeT onpeaensaThes OUOIMoTeKoit
matplotlib aBTOMATHYECKH, KaK MOKa3aHo Ha puc. 3.8:

test 1 grades = [ 99, 90, 85, 97, 80] # ouemxm 3a TecT 1
test 2 grades = [100, 85, 60, 90, 70] # omnemxu 3a Tecr 2

plt.scatter(test 1 grades, test 2 grades)
plt.title ("HeconocraBuMele ocu")
plt.xlabel ("Ouenxy 3a TecTt W 1")
plt.ylabel ("OueHku 3a Tect N 2")
plt.show()

10 HeconocTaegumble ocu

100 i .

90 | ] I L .

3aTect Ne 2

80

60 T .

50

75 80 85 90 95 100
OueHkn 33 TecT N2 1

Puc. 3.8. ToueuHas guarpaMmma ¢ HECONOCTaBUMbIMI OCAMU

Ho ecnu Mbl 106aBUM BBI30B METOJA plt.axis("equal™), TO AUarpamma 06osiee TOUHO Io-
Ka)keT, uTo OOJbIIIAs YacTh BapUalMy OLIEHOK npuxoanTces Ha TecT Ne 2 (puc. 3.9).

Otoit nHpopMalmu BaM OyaeT AOCTATOYHO /IS TOTO, YTOOBI MPUCTYNHTH K BU3yalh3a-

OWH CBOUX JAaHHBIX. Fopazno Gouiblie O METOAax BU3yajlu3allUh Mbl Y3HACM B OCTaJIbHOM
YHYaCTH KHHUT'H.
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0 Conocrasumbie ocu
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Puc. 3.9. Ta xe camasn TodeyHas gmarpamma C COnocTaBuMbIMU OCAMU

Ana npanbHeuwero usy4yeHus

¢

bubnuoreka seaborn (http://web.stanford.edu/~mwaskom/software/seaborn/), pas-
paboTaHHass Ha OCHOBE matplotlib, MO3BOJIAET JIEFKO CO3[aBaTh Oojiee KpacuBbie
1 OoJiee CIIOKHBIC BU3YaJIU3aLHH.

IMonynspuas Oudnuoreka D3.js Ha JavaScript (https://d3js.org/), npenHazHayeHHas
JUTS CO3/IaHMs TIPOJIBMHYTHIX HHTEPAKTUBHBIX BU3yalu3ainii 1uis IHTepHeTa, oTpaka-
eT MOCJIe/IHUe TeHICHIMH B 9TOi cepe. HecMoTps Ha TO, 4TO OHA HamMcaHa HE Ha
Python, Bam cTOUT MO3HAKOMUTHCS C HEH MOOIHIKE.

bubnuoreka Bokeh (http://bokeh.pydata.org/) — 510 cpaBHUTENHHO HOBas OUOIHO-
TeKa, KOTopas MO3BOJIAET cO3/1aBaTh BU3yanu3auuu B ctuiie D3.js Ha Python.

bubnuoreka ggplot (https://pypi.python.org/pypi/ggplot) — 510 nmopTrUpoBaHHas Ha
Python Bepcus nmomynsproii Oudnanorexn ggplot2, HanMcanHOW Ha s3bike R, KoTopas
UIMPOKO MPHUMEHSIETCS I CO3AaHus TpaduKOB U AMarpamMM THMOrpadcKoro KauecT-
Ba. Ecnu Bl yxke monb3oBasivchk ggplot2, To Gubnuoreka ggplot Gyaer, HaBepHOe,

CcaMOW MHTEPECHOM Ul Bac, a €CiIW HET, TO, BO3MOYKHO, OHAa TMOKAYKETCS HEMHOTO
3aIlyTaHHOM.
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IlnHenHan anreGpa

Ectp s uto-TO GosIee Oecrioie3HOoe WM MEHee MOJIE3HOE,
yem ajireopa?

Bunnu Konnonnu'*

Jluneiimas aneebpa — 310 00MacTh MaTeMaTHKH, KOTOpas M3y4daeT GeKMmopHvle Npo-
cmpancmea. B 3Toil KOPOTKO#A ri1aBe mepe BaMU He CTaBUTCS 3aadya pa3o0paThes ¢ 1e-
JIBIM pasjieSioM ajireOphl, HO Tak Kak JiMHeiHas anre0Opa JIeXHUT B OCHOBE OONBIIMHCTBA
MOHATHI M METOJIOB HAYKH O JIaHHBIX, 1 OyJly NMpHU3HATEINICH, €CIM Bbl XOTS Obl MOIbITae-
Tech. Bee, yeMy MBI HayunMMcsl B OTOM ri1aBe, OUeHb MPUTOJUTCSA HAM B OCTAILHOM YacTH
KHUTH.

BekTopbl

B abcTpakTHOM cMbICTe gekmopbl — 3TO 00BEKTHI, KOTOPbIE MOYKHO CKJIA/IBIBATh MEXKIY
co00li U YMHOXKATb Ha CKA/IsIpHble 6eauyunyl (T. €. Ha Yrcna), popMUpPYsl HOBbIE BEKTOPBI.

KoHkpeTHO B Haliem ciiyqae BEKTOPbI — 3TO TOUYKHM B HEKOTOPOM KOHEUYHOMEPHOM Ipo-
cTpaHcTBe. HecMoTps Ha To, UTO BBl MOXKETE HE PacCMaTpHUBaTh CaMH JJaHHbBIE KaK BEKTO-
Pbl, UMH yIOOHO NpeACTaBIATh MOCIEI0BATEILHOCTH YHCE.

HaHpHMep, €CJIM Yy BaC €CTb JaHHBIC O POCTE, BECC U BO3pPACTC OOJIBIIIOTO YHCIIA HIOHeﬁ,
TO 3TH JAHHBIC MO>KHO TPAKTOBATh KaK TPEXMEPHBIC BEKTOPBI (pocT, BeC, BO3PAcCT). Ecmn
Bbl TOTOBUTE I'PYIITY y4dallUuXCA K YE€TbIPEM SK3aME€HaM, TO OLUCHKHW CTYACHTOB MOKHO
TPAKTOBaATh KaK YETBIPEXMEPHBIC BEKTOPBI (sk3amenl, sk3aMeHZ2, 3K3aMeH3, 3K3aMeH4).

B camom mpocToM ciydae BEKTOpBI peall3yroT B BUIEe CITUCKOB uKces. Torna crniucok u3
Tpex 4uces OyJIeT COOTBETCTBOBATh BEKTOPY B TPEXMEPHOM MPOCTPAHCTBE, U HA0OOPOT:

height weight age = [175, # caHTMMETPEL,

68, # KMIIOTDAMMEL,
40 ] # romsl
grades = [95, # orzamenl
80, # sKzaMeH2
75, # sxzamen3
62 1 # sr3amend

! Bun Konnosmm (1942) — moTHaHicKuii KOMHK, My3bIKaHT, BEyImi u aktep (cm. https://ru.wikipedia.org/
wiki/Konnoann, bunam). — Ipum. nep.
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OnHa 13 mpo0JieM ¢ TaKKUM MOIXOI0M 3aKJIFOYaeTCsl B TOM, YTO HaM XOTeNIOCh Obl BBITIOJN-
HATH HaJl HUMU apughmemuyeckue oniepaliviy, a MOCKOJIbKY criicku B Python He sBnsroTcst
BeKTOpaMHu (M, cieJoBaTelbHO, He pacrojlaraloT CpeACTBAaMHU BEKTOPHOW apu(METHKH),
TO HaM MPHUAETCs peau30BbIBaTh 3TH apudmeTrdeckue onepauuu camum. [lostomy Hau-
HEM C HHX.

Hepeako npuxoautcs cxraosvisams 06a 6ekmopa. BeKTopbl CKIabIBAIOT HOKOMHOHEHM-
HO, T. €. €CIIv IBa BEKTOpa v ¥ w UIMEIOT OJIMHAKOBYIO JUTMHY, TO UX CyMMa — 3TO BEKTOD,
4eil MepBbIid AIIEMEHT paBeH v[0] + w[0], BTOpO — v[1] + w[1] U T. A. (Eciu anmHb! Bek-
TOPOB pa3Hble, onepalys CJI0KEHHS He BHITIOTHIETCS. )

Hampumep, crnioskeHue BeKTOpoB [1, 2] W [2, 1] AacT [1 + 2, 2 + 1] WM [3, 3], KaK Mo-
Ka3aHo Ha puc. 4.1.

5 CnoxeHune oByx BEKTOPOB

30|

25|

0.5 |

0.0

_DS -

Puc. 4.1. CnoxeHue JByx BEKTOPOB

OTo Jerko peanu3yercs oObeAWHEHHEM JBYX BEKTOPOB MOCPEACTBOM (PYHKUHMU zip U
CJIO)KEHHEM COOTBETCTBYIOIIUX IEMEHTOB C IOMOLIBIO IeHepaTropa IOC/IeoBaTelb-
HOCTH:

def vector add(v, w):
""MogagRBaeT COOTBETCTBYyIpE SJjeMeHTE" """
return [v i + w i

for v i, w i in zip(v, w)]
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Boruumanue 08yx eexmopog peannsyeTcs aHaJOTHYHBIM 00pa3oM, TOJILKO Oepercs pas-
HOCTh COOTBETCTBYIOILIHUX JIEMEHTOR:

def vector subtract(v, w):
""IBREYMTaEeT COOTBETCTBYylIME sBjaeMeHTH"""
return [v 1 - w i
for v i, w i in zip(v, w)]

Takke MOKET MOHAJOOUTbCS NOKOMNOHEHMHAA CYMMA CRUCKA 6€KMOPOB, T. €. HYKHO
cO311aTh HOBBIM BEKTOp, YeH MEepPBbIi 2JIEMEHT PaBEH CyMMeE BCEX MEPBbIX JIEMEHTOB BEK-
TOPOB, BTOPOWi 3JIEMEHT — CyMMe€ BCEX BTOPBIX 3JIEMEHTOB M T. 1. [Ipocreiimii criocob
C/eJaTh 3TO — CJIOXHUTb BEKTOPbI OZIMH 3a APYTUM:

def vector sum(vectors):
""" oyMMypyeT BCe COOTBeTCTBykmpe sjeMeHTH"""
result = vectors[0] # HauaTe C NEPBOIO BEKTOPA
for vector in vectors[l:]: # mponTy B IMKJIE IO OCTAJBLHEM BEKTOPAM
result = vector add(result, vector) # u CIOKMTE MX C pe3yJbTaTOM
return result

®aKTU4ecKH, MPOUCXOANT CBEPTKA CMHUCKA BEKTOPOB MPHU MOMOLIM vector add (B KayecT-
Be KOMOMHHMpYOLEH (YHKINH), ITO3TOMY MOKHO HanmucaTh KOpode, UCTIONb3Ys (hYHKIMN
BBICILIErO MopsiaKa:

def vector sum(vectors):
return reduce (vector add, vectors)

WJIN JaXXE€ TaK:

vector sum = partial (reduce, vector add)

XoTs nocneAHni crocod, ckopee, M30MIPEHHBIN, YeM MPUTOAHBIN TS UCTIOTB30BaHMS.

KpOMe TOro, Ham MOHAI00HTCS YMHOOMCEeHUe 6eKnopa HA CKAJIAP, KOTOPOE peain3yeTCAa
MPOCTBIM YMHOK€HUEM KaXKAO0T'0 3JIEMEHTA BEKTOpA Ha 3TO YHCJIO:

def scalar multiply(c, v):
"""e - sT0 ymcao, v - BekTop"""
return [c * v i1 for v i in v]

DTO MO3BOJMT BHIYUCIATH MOKOMIIOHEHTHOE CpefiHee 3HAUYeHHE CITUCKA BEKTOPOB (OJHU-
HaKOBOI'O pa3Mepa):

def vector mean(vectors):
"M BRIMCIIATE BEKTOP, Yel 1-3 BJIEMEHT - STO CpeqHee 3HaueHue
BCEX 1-X BJIEMEHTOB BXOAAIIX BEKTOpPOB"""
n = len(vectors)
return scalar multiply(l/n, vector sum(vectors))

MeHee oueBHaHAs onepauus — 3TO cKaiApHoe npoussedenue. CKanspHOe NPOU3BeACHUE
JIByX BEKTOPOB €CTh CyMMa X MOKOMITOHEHTHBIX MPOU3BEIECHHUI:

def dot (v, w):
iy 14w 1l 4+ ... +vn*wna"""
return sum(v i * w i
for v i, w i in zip(v, w))
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CkanapHoe nponsgenexne
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Puc. 4.2. CKanﬂpHoe npounseepeHne Kak Hucnoesas npoekuna BeKTopa

CkanspHoe NpoM3Be/IeHHEe OIpeeNseT BeJIMUMHY, Ha KOTOPYIO BEKTOpP v MPOCTHUPAETCS
B HanpaBsJIeHUM BekTopa w. Hampumep, ecnmi w = [1, 0], Torza CKaJsipHOe MPOU3BE/IeHHE
dot (v, w) — BTO MPOCTO MEPBBI KOMIOHEHT BeKTOopa v'. Bhipaskasch WHaue, 3TO JTMHA
BEKTOpA, KOTOpast MOJyYMTCsI, €CIIH CIPOCIIMPOBATh BEKTOP v Ha BeKTOp w (puc. 4.2)%.

Ucnonb3ys 3Ty QyHKUMIO, IETKO BBIYHUCIUTb CYMM) KEAOPAMO8 BEKTOpa:

def sum of squares(v):
"""V l * v l + + v n * v n"""
return dot (v, V)

KOTOPYIO MOKHO MPUMEHUTDL JI BBIYMUCJICHUS €0 6elUYUHbL (I/IJ'II/I ):[J'II/IHBI)Z

import math

def magnitude(v):
return math.sqrt (sum of squares(v)) # math.sqrt - KBaAPaTHEN! KOPEHb

2 Komnonenm 6exmopa — 9TO BEIMHMHA TPOSKIAN HA Gasnc, Tie 6a3nc — HAbOpP BEKTOPOB, 06PA3yIONNX
ocu koopauHaT. JIFo00# BEKTOp MOXHO BBIPA3UTh 4Yepe3 MPOEKLUK ero Ha Oa3MCHbIE BEKTOPBI, 9TH MPOEK-
UM — KOMITOHEHTHI BekTopa. Hanpumep, eciu 3a1an HEKOTOPBI O6a3uc i, j, k, TO BEKTOp X X MpPEJCTaBIs-
ercsi B BUIE: X =ai+ bj + ck. 3nech a, b, ¢ ¥ ecTh KOMIIOHEHTBI BeKTOpa X . — [Ipum. nep.

3 Jlnst cipaBKM: B KOOPAMHATHOM (JOPME CKANAPHbIM Npoussedenem 08YX 6eKmopos v U W Ha3bIBAETCS TIPO-

M3BEICHUE JIMHBI BEKTOPA W Ha YMCIOBYIO MPOEKLMIO BEKTOpA vV Ha HalpaBJICHUE BEKTOPA W UJIM MPOU3BE-
JICHUE JUIMHBI BEKTOPA vV HAa YACJIOBYIO IIPOEKIIMIO BEKTOPA W HAa HAIpaBJICHUE BEKTOpa v. — [lpum. nep.
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Teneps y Hac ecTb Bce (yHKIMH, HEOOXOIUMBIE JUTS BBIYMCIICHHS PacCTOSHUS (TOUHee,
eGKNIUO06A pacCMOAHUSL) MEKIY IByMs BEKTOpaMu 1o GopmyJie:

JO =m) + ot (v, —w, )

# KBaApAT PACCTOSHNUSI MEXOY OBYMS BEKTOPAaMI
def squared distance(v, w):
"""(v l - w l) ** 2 + e + (V n - w n) * A 2"""

return sum of squares(vector subtract(v, w))

# paccrosHue MeXmy OBYMI BEKTOPAMIA
def distance (v, w):
return math.sqrt (squared distance(v, w))

BeposTHo, OyneT noHsTHee, eCiIv MBI 3aMuileM 3Ty (DYHKIUIO B TAKOM BHJIE (UTO BBIYKC-
JISeT TO XKe caMoe):

def distance (v, w):
return magnitude (vector subtract (v, w))

Jlns Havana 5Toro BIMOJIHE JIOCTATOYHO. MBI Oy/ieM MOJb30BaThCS ATUMHU (QYHKIUSAMU Ha
MPOTSHKEHUH BCEHl KHUTH.

Wcnonb3oBaHne CNMCKOB Kak BEKTOPOB BENMKONENHO MOAXOAUT B Ka4ecTBe MNncTpa-
LMK, HO KpariHe HeathEKTUBHO NO NPOU3BOANTENBHOCTMY.

B pabouyem koae cnepyeT Bocnonb3oBaTbcs OGubnuotekon NumPy, B KOTOpOW €CTb
Knacc, peanusyloLlnin BbICOKOIPMEKTUBHBIN MacCUB C pPasHbIMU apudPMETUHECKMMU
onepauusamu.

MaTpuubl

Mampuya — 3T0 NBYMepHBIH psa uuces. Mbl OyieM pealin30BbIBATh MATPUIIbI KaK CITH-
CKH CITHCKOB, T/Ie BCe BHYTPEHHHE CITUCKH MUMEIOT OIMHAKOBBINA pa3Mep M MPeIcTaBIsIoT
co00it cmpoxy maTpuibl. Eciiu A — 3T0 MaTpwiia, TO A[i] [j] — 3TO BJIEMEHT B i-i CTPOKe
W j-M cTonbne. B cooTBeTCTBHMM ¢ TpaBUiIaMKM MaTeMaTHUYeCKOW 3amicH sl 0003HaUYEHUS
MaTpHIl Mbl Oy/ieM, B OCHOBHOM, UCIIOJIb30BATh 3ariaBHble OykBbl. Hanpumep:

A= [[1, 2, 3], # MmaTpura A mveer 2 CTPOkM M 3 cTojblLa
(4, 5, 611

B=[[1, 2], # maTpura B mveeT 3 CTpokm M 2 cTOJbLa
(3, 41,
[5, 6]1]

B mMaTemaTtuke, Kak npaBuno, CTPOKM U CTONOUbLI HYMEpPYIOTCA HauuMHas C eauHuUUbI

("nepBas cTpoka", "nepsbii cTonbeu"). Ho nockonbKy Mbl peanudyem MaTpuubl B BUAE
cnuckoB Python, koTopble ABRSOTCS HyMb-MHAEKCHBIMU, TO OyAeM HasbiBaTb MEPBYHO

CTPOKY MaTpuubl "HyneBon CTPoKon", a nepBbIi cTonbey — "HynesbiM cTonbuom".
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[lpencraBieHHass B BHUAE CIMCKAa CMHMCKOB MaTpWla A UMEET len(RA) CTPOK M len(A[0])
CTOJNOUOB. DTH 3HAYEHUS 00Pa3yIOT (hopmy MATPHIIBI:

def shape (A):
num rows = len(A)
num cols = len(A[0]) if A else 0 # uUmMCJIO 3JIEMEHTOB B HEPBO} CTPOKE
return num rows, num cols

Ecnu maTpunia uMeet n CTpok U k CTONOIOB, TO MbI OyJieM FOBOPHUTh, YTO 3TO MaTpHIIA
pa3mepa n x k. Kaxxnas ctpoka MaTpuIlbl pa3mepa # X k MOxkeT ObITh NIPeJCTaB/ieHa BEK-
TOPOM JITTMHOM k, a KaxkIpli cToJ0e — BEKTOPOM JUTUHOM 71:

# mosyunTh 1-0 CTPOKY
def get row(A, i):
return A[i] # A[i] - 570 i-s CTpOKa

# mosyunTs j-# cTosber]
def get column(A, j):
return [A i[j] # j-1 speMeHT CTPOKM A 1
for A i in A] # mna kaxnort CcTpokm A 1

Kpome Toro, Ham noTpebyeTcsi BO3MOKHOCTb CO3[aBaTh MaTpULly MPH HaM4WK ee dop-
MbI U (PYHKIIMH, KOTOpasi TEHEPUPYET €€ SJIEMEHThbI. DTO MOXKHO CIeNIaTh HA OCHOBE BJIO-
JKEHHOTO TeHepaTopa Mocie10BaTeIbHOCTH:

def make matrix(num rows, num cols, entry fn):
"""BosBpamaeT MaTPMLy PasMEPOM Num rows X num cols,
(i,7)-% =aeMeHT KOTOpOM paBeH QyHkUmyM entry fn(i, j)"""

return [[entry fn(i, j) # mpw 3ajaHHOM 1 CO37ATEH CHOMCOK
for j in range(num cols)] # [entry fn(i,0), ... ]
for i in range(num rows)] # HOBTOPMTE AN KaXxOgoro 1

ITpm momomwm 3T0# (HYHKIMH MOYKHO, HaTIPUMep, CO3AaTh eOUHUYHYIO MaAmpuyy pa3Mmepa
5 x5 (c eIMHULAMH TI0 TUArOHAJIM M HYJISIMH B OCTaJIBHBIX 3JIEMEHTAX):
def is diagonal(i, J):

""MenyHUIET 10 OMaIr'OHaJM, OCTaJbHEIE HyJ"""

return 1 if i == j else 0

# enmHnyHas MaTpuia
identity matrix = make matrix(5, 5, is diagonal)

# (01, 0, 0, 0, 0],
# [0, 1, 0,0, 0],
# [0, 0,1, 0, 0],
# [0, 0,0, 1, 0],
# [0, 0,0, 0,1]]

ManI/I]_IBI MMEIOT 0c000€ 3HAYEHHE JUTA HaC MO HECKOJIbKUM IMMPUYUHaM.

Bo-nepBbIX, MBI MOXKEM MCIIOJb30BAaTh MATpULy Ul MpPeACTaBIEeHUs HabOpa INaHHBIX,
COCTOSALIEr0 U3 HECKOJNIbKMX BEKTOPOB, paccMaTpUBas KaKIYIO0 CTPOKY MaTpHLbl B Kaue-
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cTBe BekTopa. Hampumep, eciim nMeroTcst naHHble 0 pocTe, Bece U BozpacTte 1000 wemo-
BEK, TO UX MOXKHO TPEICTAaBUTh B BHIe MaTpuIlsl pazmepa 1000 x 3:

data = [[175, 68, 40],
[163, 64, 26],
[193, 78, 1917,
# .

]

Bo-BTophiX, Kak Mbl yOeauMmcsi Janee, MaTpULy pasMmepa # X k MOXHO HWCMOJIb30BaTh
B KayecTBe JIMHEHHOW (DYyHKLMH, KOTOpas 0ToOpaxaeT k-MepHble BEKTOPHI B H#-MEPHBIE.
HexoTopble Hamm MeToIpl M KOHLENLMM TMPH aHajdW3e JaHHBIX OyayT HMCIOJIb30BaTh
Takue (QyHKIIH.

U, B-TpeThbHX, MAaTPHILIbI MOXHO HCMOJIb30BaTh JAJS ABOHYHOIO MPEACTABICHUS JIpyKe-
CKHUX cBsi3eil. B enage 1 myru coumanbHOW ceTH ObUTH NpEACTaBICHbl B BUJIE MHOXKECTBA
nap (i, j). AJbTepHaTUBHAs peanu3alys MOApa3yMeBaeT CO3aHUE MAMPUlfbl CMENCHO-
cmu, T. €. MATPHULBI A, TAKOM, YTO BJIEMEHT A[1] [j] paBeH |, €CJIH y3JIbl i U j CBA3aHbI Me-
K1y co0oii, 1 0 — B MPOTHBHOM ciTyyae.

BCHOMHHM, yTo paHee MBI HpeI[CTaBJ'I}IJ'II/I ):[py)KeCKI/Ie CBsI3HU B BUJEC CIITUCKA KOpTe)Keﬁ:
friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),

(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]
To >xe camoe MOXKHO peain3oBaTh CJICAYHOLIUM 06pa30M:

# mompzoBarens 0 1 2 3 4 5 6 7 8 9
#
friendships = [

, # mosp30BaTENb

’ # mosp30BaTEIB

, # mosp30BaTENb

, # moJs30BaTENb

’ # mosp30BaTEIB

0
1
1
0
0
0,
0
0
0
0

# IDOJIB30OBaTEIB

, # mosp30BaTENb

, # MoJp30BaTENE

’ # mosp30BaTEIB

O O O O O O kP O =

OOOO!—'\C}I—‘OOO
OO!—‘HO\!—'OOOO
OHOOHPOOOO
OHOOHPOOOO
HOHHOPOOOO
O B O O O O O O O O

W © 9 o G W N =R O

O O O O O O O B =
O O O O O kP O~ =B O

[
[
[
[
[
[
[
[
[
[

, # mosp30BaTENb

[Ipy oueHb HEOOJBLIIOM KOJIMYECTBE APYKECKUX CBs3ei Takoe MpeiCTaBlIeHHE HUMeEeT
ropazao MeHbUylo 3()(eKTHBHOCTDb, T. K. MPUXOAUTCS XPaHUTb MHOTO Hyjei. OmHako
B MaTPUYHOM MpEACTaBIEHUH MPOBEPKA CBSI3M MEXIY OBYMS y3JlaMH BBIMOJIHSAETCS Ha-
MHOTO OBICTpee — BMECTO TOTO, YTOOBI MPOBEPATH KaXIIYIO AYTYy B CIIUCKE, Hy’KHO BCETO
JIUILB BBITIOJHUTB TIOWCK B MaTpULE:

friendships[0] [2] == 1 # True, 0 m 2 - Opy3bBsS
friendships[0] [8] == 1 # False, 0 m 8 - He Opy3bBs

AHaNOrM4HBIM 00pa3oM, YTOObI HaWTH BCE CBS3M IJI1 KOHKPETHOTO y3Jia, BaM HY>KHO
JIMLIB MPOBEPUTH COOTBETCTBYIOLIMI 3TOMY Y311y cToJ0ew (UM CTPOKY) MaTpPHLIbL:
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friends of five = [i # HyXHO OOpaTUTECA
for i, is friend in enumerate (friendships([5])

if is friend] # Jmb K OOHOVM CTPOKE

Panee, 4TOOBI YCKOPHUTB 3TOT IMpoLEcC, Mbl JOOABISIM K KaKIOMY y3JIOBOMY OOBEKTY
cnmMcok cBszeld. Ho anst KpymHOro 3BOIIOLMOHHMpYIOLIEro rpada, MpeacTaBIeHHOTO
TakuM 00pa3oM, 5TO ObLTO ObI CIAULIKOM PECYpPCOEMKO U CIIOXKHO.

Mpb1 Gyzem Bo3BpalaThes K TeMe MaTPHILL Ha MPOTSHKEHUH BCel KHUTH.

Ana npanbHeuwero usy4yeHus

¢ Jluneiinas anrebpa akTHBHO WCMOJIb3YeTCs aHAJUTHKAMHM JAHHBIX (YacTO HESBHBIM
o0pa3om u He BIoJiHe pasduparommmMucs B Heit). [loaTomy Herutoxo O6bi10 ObI IPOYH-
TaTh y4eOHUKHU 1O 3TOi Tematuke. B iHTepHeTe MOKHO HaiiTh OecriaTHble mocoOus,
TaKue Kak:

e "Jluneitnas anre6pa" ot KanudopHuiickoro yuusepcurera B [[aBuce
(https://www.math.ucdavis.edu/~linear/);

e "Jluneitnas anre6pa" ot Bepmontckoro xomiemxka B Can-Muienb
(http://joshua.smcvt.edu/linearalgebra/);

e (oJee npoaBuHyTOE BBeneHHUe "HenpaBunbHas nrHeliHas anreopa”
(http://www.math.brown.edu/~treil/papers/LADW/LADW.html)
IUTSA TE€X, KTO HEe OOUTCS CII0KHOCTEI.

4 Becb QyHKUMOHAN, KOTOPBIA MBI pa3paboTaid B 3TOH IJaBe, a Takke OYeHb MHOTO
JIOTIOJTHUTENBHBIX BO3MOKHOCTEH MOXKHO HalTh B OecriiatHoii 6ubiroreke NumPy
(http://www.numpy.org/).
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Ctatucrtuka

DaxTel — ynpsmas Belllb, HO CTATUCTUKA IOPa3/io CrOBOPUMBEE.
Mapx Teen'

Cmamucmuka onvpaeTcs Ha MaTeMaTHKY W METOIbI, TPH MIOMOIIH KOTOPBIX MBI IbITAEM-
cs NoHATHh JaHHble. OHa mpejcTaBiseT co0ol OoraTyro U OOUIMPHYIO 00JIaCTh 3HAHWM,
IUTs KOTOpoit Oonblue nozoisia Obl KHIWKHAS MOJIKa W 1ieJlasi KoMHaTa B OMbnuorteke, a
He I71aBa B KHHUre, MO3TOMY Hallle W3JI0KEHHe, KOHEYHO ke, OyaeT KpaTkuM. Tem He
MeHee, MPeJCTaB/IEHHOro B 3TOM IJlaBe MaTepHasia BaM OyAeT JOCTaTOYHO, YTOObI CTaTh
OTacHBIM YeJIOBEKOM M MPOOYIUTh Y Bac MHTEPEC ISl CAMOCTOSTEBHOTO U3yUeHHSI.

OnucaHue OoAMHOYHOro Habopa AaHHbIX

Brnaromapst TMoie3HOMY COYETaHHIO JKMBOTO CIOBa W Y/Aaud, COLMANbHAas CeTh
DataSciencester BbIpociia 10 HECKOJIBKHX JECATKOB MOJIb30BaTelNeH, U AUPEKTOP MO MPH-
BJICUCHHIO (PMHAHCOBBIX PECYPCOB MPOCUT Bac MPOAHATM3UPOBATh, CKOJIBKO APY3eii eCTh
y MoJib30BaTesell CeTH, YTOObI OH MOT BKJIKOYMTh 3TH JIaHHBbIC B CBOM "Mpe3eHTALUH IS
audra".

I/ICHOJ'HBYSI MpOCThIEC METOAbLI U3 2JId6bl ], Bbl JIETKO MOKETE MPEABbABUTL 3allpalivBac-
Mble gaHHble. OJJHAKO ceiyac BbI CTOJIKHYJIUCH C 3ajlauei BBIMOJIHEHUS UX ONUCAMEIbHO-
20 a”Haausd.

JIro6oii Habop AaHHBIX OYEBHIHBIM 00PA30M XapaKTepu3yeT cam ceost:

# umcao mpyszen
num friends = [100, 49, 41, 40, 25,
# ... ¥ eme MHOTO OPyTWX

]

U Takoe onvcaHne MOXET OKa3aThCs HAWITYYLIMM JUTsS CPAaBHUTEILHOTO HEOOJBIIOrO Ha-
6opa nanubix. Ho nyis Gonee oObeMHOro Habopa AaHHBIX 3TO OyJeT BBITJSAETH OYEHb
IPOMO3JIKO U, CKopee Bcero, HerpospauHo. (IIpeacraBbTe, uTo y Bac nepen ria3aMu Cru-
cok u3 | muiH umcen.) [lo 3Toli mpuYKMHE MOJB3YIOTCA CTATUCTHKAMK (CTAaTUCTUYECKHUMH

' ITeppas uacts adopusma Gbina nonynspu3opana MapkoM TBeHoM, Bropas npurnuchisaercs Jopency Ilure-
py (1919-1990) — kanancko-aMepukaHcKoMy Tiearory u autepatopy (cm. http://dic.academic.ru/dic.nsf/
dic_wingwords/3596/®aktbl). — [Ipum. nep.

? [pesentamus 11s 1uTa — KOPOTKHMIL paccka3s O KOHLEIIMH NPOIYKTa, IPOEKTa MM CEpBHCA, KOTOPbIHA
MOXHO MOJHOCTBIO MPEJCTABUTH BO BPeMsI Moe3akH Ha mudre. HMcrons3yeTcs A M3I0KEHUS] KOHLETIINN
HOBOTO OM3HECA B LESIX MOTyYSHUs] UHBECTULNH. — [Ipum. nep.
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MoKa3aTeNsiMH), TPH MOMOIIK KOTOPBIX 0000IIAIOT U TiepeIatoT HHPOPMALHIO O CYIIECT-
BEHHBIX MPU3HAKaX, MPUCYTCTBYIOLIHMX B TaHHBIX.

Bravane Bbl momeuniaete KOJIMYECTBO ApPY3€d HA TUCTOrpaMMy, HMCIOJIb3Yys CJIOBapb
Counter M M€TOJ plt.bar (pI/IC. 5.1):

friend counts = Counter (num friends)

xs = range (101) # MakcuMasbHOe 3Hauvenme 100

ys = [friend counts[x] for x in xs] # BEICOT@ - 5TO KOJMYECTBO APY3EN
plt.bar(xs, ys)

plt.axis ([0, 101, 0, 25])

plt.title ("T'ucrorpamma KosmuecTBa mpys3eir")

plt.xlabel ("KommuecTBo Ipy3ein")

plt.ylabel ("KommuecTBo Juomein")

plt.show()

McTorpaMma KoJIH4ecTea Apy3en
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Puc. 5.1. T'ncrorpamma konuuyectsa py3en

K coxanenuto, 3Ta quarpamMma mMaio MH(GOpPMaTHBHA, TIO3TOMY BBl MPHUCTyMaeTe K Gop-
MHPOBaHUIO HEKOTOPBIX CTaTUCTHK. HaBepHoe, camMol MpocToil CTaTUCTUKOMN sBIISETCS
YHUCIIO TOYEK JaHHbIX:

num points = len(num friends) # umciio Touek = 204
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KpOMe 9TOro, MOryT OBITH HHTEPECHBI HAWOOJIBIINE W HANMEHbIINE 3HAYEHMS:

largest value = max(num friends) # MmaxcymanbHOe 3Hauenme = 100
smallest value = min(num friends) # muHEMManEHOE 3HaveHme = 1

KOTOPBIE ABJIAIOTCA 0COOBIMH cliyd4asaMHU, Koraa HY>XHO Y3HaTb 3HAY€HUA B OINPEACIICH-
HBIX ITO3UIUAX:

sorted values = sorted(num friends) # OTCOPTMPOBAHHEIE 3HAaYEHNUST
smallest value = sorted values[0] # vy = 1

second smallest value = sorted values([l] # crexywompst maHMMyM = 1
second largest value = sorted values([-2] # crenmywommt mMaxcimym = 49

Ho »t0 TONIBEKO Havamno.

MokasaTenu LeHTpa pacnpeneneHus

OOBIYHO MBI XOTUM MMETh HEKOTOPOE MPEACTABJICHHUE O TOM, I/Ie HAXOAMTCS LIEHTp JaH-
HbIX. Yale Bcero Juis 3THX Lieed UCMoJb3yeTcsi cpednee (MM cpenHee apupmeTHye-
CKO€) 3HaueHHe, KOTopoe GepeTcsi Kak cyMMa JaHHBIX, JIe/ICHHAs HA X KOJIMYeCTBO’:

# cpenHee 3HaueHME
# B Python 2 yacTHOe OKPYIVIIETCS BHM3, HOSTOMY CJEAYET MMIOPTHMOPOBATE
# BemecTBeHHOe neyneHme from _ future  import division
def mean (x):
return sum(x) / len(x)

mean (num_friends) # 7.333333

st AByX ToYek cpedHeil siBisieTcs TouKa, Jiexkallas nocepeauHe Mexay Humu. [lo mepe
noOaBeHHs APYTrUX TOYEK CpeliHee 3HaueHHe OyAeT CMeIllaThCs B pa3Hble CTOPOHBI,
B 3aBUCHMOCTH OT 3HAYEHMUS Ka)KJI0i HOBOM TOUKH.

Kpome cpeaHero 3HaueHUs, MHOT/Ia MOXKET MOHAaJOOUTLCS Meouana, Kotopas sBiseTcs
ONKANIIAM K [EHTPY 3HaYeHHeM (eCJIHM YMCIIO TOUeK JaHHBIX HeueTHoe) JIMOO cpeTHUM
apu(pMETHYECKNM, B3STHIM Kak MOJyCyMMa IBYX ONMKaHIIMX K LEHTPY 3HaYCHW (ecin
YHCJIO TOYEK YETHOE).

Hanpumep, ecnu y Hac ecThb OTCOPTUPOBAHHBIA BEKTOP x W3 MATH TOYEK, TO MEIUAHOU
Oynert x([5 // 2] wiu x[2]. Eciau B BekTope ecTh TOYEK, TO OepeTcs cpeHee apupmMeTH-
yeckoe x[2] (TpeTbhsl TOUKa) U x[3] (UeTBepTasi TOUKa).

OO6paruTe BHUMaHKE, YTO MeMaHa — B OTJIMYME OT CPEAHEr0 — HE 3aBUCUT OT KaXKIA0ro
3HaueHUs B Habope maHHbIX. Hanpumep, eciam caenats HanOOMBIIYIO TOUKY elie Oouble
(MM HAaMMEHBLIYIO TOUKY ellle MEHbILIE), TO CPEIMHHBIE TOUKH OCTaHYyTCS HEU3MEHHBIMH,
clieloBaTeIbHO, U MeIMaHa He U3MEHUTCS.

3 Bonee oOuimii BU UMeeT (opMysia cpeiHeil apudMeTHUECKOl 636eutenHoll, TIe KAkI0e 3HAUCHHUE Mepe-
MEHHO# CHavaja yMHOXaeTcs Ha CBOit Bec. B To Bpemst kak cpenusist apumeTHndeckast npocmas — ITO 4acT-
HBIN cTydai, KoTJa Beca A BceX 3HaueHui paBHbl 1. — [pum. nep.
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OYHKIUS median UMeET Oojiee CIOKHYIO pealu3all{io, YeM MOXHO ObUTIO Obl OXHIATh,
B OCHOBHOM H3-3a TOTO, YTO MPUXOJAUTCS YUUTHIBAT ClTydyail ¢ YeTHOCTHIO:

def median(v):
"""BozBpamaeT Oimokaymee K cepenvHe s3Hadenme aug v
n = len(v)
sorted v = sorted(v)
midpoint = n // 2 # MHOEKC CEPEenMHHOI'O BHAYEHMUST

if n % 2 ==
# ecuom HeyeTHOEe, BEPHYTEH CEPENMHHOE 3HAUEHMEe
return sorted v([midpoint]
else:
# ecum yeTHOEe, BEPHYTH CpenHee 2-X CEPEIVHHEX BHAYCHMHT
lo = midpoint - 1
hi = midpoint
return (sorted v[lo] + sorted v[(hi]) / 2

median(num friends) # = 6.0

Cpennee 3HaueHHe, KOHEYHO, BBIYMCIISIETCS TIPOIIE, 1 OHO HECKOJIBKO BapbHUPYET MO Mepe
W3MEHEHUs JaHHBIX. Eciii y Hac ecTh # TO4YeK, U OJIHA U3 HUX YBEJIMYWIIaCh Ha Jr000e
MaJloe YHCIIO e, TO cpeldHee 00s3aTenbHO yBEeIMUUTCs Ha e/n. (OTOT QakT Aenaer ero
MOJIBEP>KEHHBIM Pa3HOTO POJia YXUIIPEHUAM MPU KAIBKYJISILMUA.) A 1Ji1 TOro 4ToObl Haii-
T MEIWaHy, NaHHbIE HY>KHO CIIEpBAa OTCOPTUPOBAThb, U U3MEHEHUE OOHOM M3 TOYEK Ha
m000e Majoe YUCIIO ¢ MOXKET YBEeJIMYUTh MeIWaHy Ha BEeJIMYMHY PAaBHYIO €, MEHBIIYIO
4yeM e, TM00 He U3MEHHUTh COBCEM (B 3aBUCHMOCTH OT BCETO Habopa TaHHBIX).

Ha camom pene cyLlecTBYlOT HeouYeBMAHbIE MPUEMbl 3EKTUBHOIO BbIYUCIEHNUA Me-
AnaH" 6e3 CoOpTUPOBKM AaHHbIX. [TOCKONMbKY MX PAaCCMOTPEHUe BbIXOAUT 3a paMKu 3TOW
KHUTM, Mbl BbIHY)XAEHbI GyAemM CopTUPOBaTh AaHHbIE.

BwMmecrte ¢ TeM, cpegHee 3HaUeHHE OYEHb YYBCTBUTEILHO K 8b10pocam B NaHHbIX. Eciii Obl
cambIii Opy>kenro0HbIH nobp3oBares uMmen 200 npyszeit (Bmecto 100), To cpenHee yBenn-
ymiiock Obl 10 7.82, a MeMaHa ocTanack Obl Ha MpexHeM ypoBHe. Tak kak BBIOpPOCHI sIB-
JISIOTCS, CKOpee BCero, IUIOXUMH JTaHHBIMU (MJIM WHAa4e — Hepernpe3eHTATUBHBIMH IS
CUTYalluW, B KOTOPOM MBI MbITaeMCs pa3o0parh), TO CpeiHee MOXKET MHOTIA JlaBaTh HMC-
KOKEHHYIO0 KapTUHY. B kauecTBe mpumMepa 4acTo MPUBOASAT UCTOPUIO, KaK B CeperHe
1980-x ronor B YHueepcutete CeBepHoii KaposnHbl reorpadus crajia crnienyaiv3anyei
C CamMoO#l BBICOKOW CTapTOBOM CPEIHECTATUCTHYECKOW 3apIulaTOM, YTO MPOM30LUIO B OC-
HOBHOM M3-3a 3Be316I HBA (1 BeIOpoca) Maiikina JlxopaaHa.

O0001IeHHEM MeTMaHbl ABJISETCS KGAHMUIL — 3HAYEHHE, MEHbIIE KOTOPOro Pacrolio-
JKeH OIpeeeHHbIM MpoieHT’ AaHHbIX. (MequaHa — 3TO 3HaYeHHe, MEHbIIE KOTOPOTro
pacrionoxxensl 50% maHHBIX.)

4 https://en.wikipedia.org/wiki/Quickselect.

5 .
[Tox NpoOLEHTOM 3]IeCh HA caMOM JieJie MOJIPa3syMEBACTCs NpoyeHmuib, T. €. 3HAUCHUE B YHOPSI0UYEHHOM
BBIOOPKE, HXKE KOTOPOTO PACIOJIOKEH 3a1aHHbIN MPOLEHT NaHHBIX. — [Ipum. nep.
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# KBaHTWIE
def quantile(x, p):
"""Bo3BpamaeT 3HaYEHMEe B X, COOTBETCTBYKIEE P-OMYy HNPOLEeHTY naHHex"""
o

p_index = int(p * len(x)) # mpeobpasyeT 3HayeHMe $ B MHOEKC CIVICKA
return sorted(x) [p_index]

# 1
# 3 (HoKHWIT KBaHTMIIB)

quantile (num friends, 0.10
quantile (num friends, 0.25

quantile (num friends, 0.75 # 9 (BepxXHMVI KBAHTWIIE)

(
(
(
( # 13

quantile (num friends, 0.90

Pexe HCTIOJIB3YIOT MOOy — 3HAYC€HUEC WJIN 3HAYCHHS, KOTOPBIE BCTPEHAIOTCA HanboJee
qacTo:

# Moma
def mode (x) :
""M"Bo3BpamaeT CIMCOK, IOCKOJBKY MoZA Moxer OwTh 6osbme oxHon"""
counts = Counter (x)
max count = max (counts.values())
return [x i1 for x i, count in counts.iteritems()

if count == max count]
mode (num_friends) #1umé

Ho naunbosee yacto Mel 6YI[GM HCIIOJIb30BATh MPOCTO CPEAHEC 3HAUCHHE.

NokasaTtenu Bapuauuun

[Nokazarenu eapuayuu OTpaskaloT Mepy M3MEHUYMBOCTH JaHHbIX. Kak mpaBuiio, 310 cTa-
TUCTHUUYECKHE TOKa3aTeld, AJIsl KOTOPhIX 3Ha4YeHHs, OJIM3KKe K HYJIIO, 03HAYaAlOT MOJIHOE
omcymcmeue uzmenyugocmu, a 6oabLIMe 3HaYeHHs (UTO ObI 5TO HU 03HAYAJI0) — OUEeHb
oonvuyro usmenyugocms. Hanpumep, caMbIM MPOCTBIM TIOKa3aTesieM SIBISIETCS pazmax,
KOTOpBIi ornpezdenseTcs Kak pa3sHUIA MEXIy MAaKCUMalbHbIM M MUHMMAJbHBIM 3Haye-
HHUSMH JaHHBIX:

# pasmMax
# cimoBo "range" B Python yxXe MCHOJB3YeTCsS, MOSTOMYy OepeM ApyTroe
def data range(x):

return max (x) - min(x)

data range (num friends) # 99

Pa3zmax paBeH HyJT0, KOTJ1a max M min OJIMHAKOBBIE, YTO MPOUCXOIUT TONBKO TOra, Korjaa
BCE DJIEMEHTHI x PaBHBI MEXIy COOOM, M 3HAYMT, N3MEHYMBOCTb B JTAHHBIX OTCYTCTBYET.
U HaoGopoT, korga pazmax LIMPOKUM, TO max MHOTO OOJIbLIE min, U U3MEHYMBOCTh B AaH-
HBIX BBICOKAS.

Kak u Meinana, pasmax Takke He 3aBUCHT OT Bcero Habopa naHHbIX. HaGop maHHBIX, Bce
TOoukH KoToporo pasHbl 0 unu 100, uMeeT TOT ke pa3Max, YTO U HAOOP JaHHBIX, YbH 3HA-
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yeHus npeactasieHsl yucaamu 0, 100 u cepueit u3 uncna 50, X0Ta KaxeTcsl, UTO NEPBBIA
Habop "momkeH" BappUpoBaTh OOJIBIIIE.

Bosiee TouHbIM TIOKazaTeIeM Bapualiu [ABJIACTCA c)ucnepcu}z, BbIUKCIIIEMas Kak®:

# BEKTOD OTKJIOHEHMI OT CPEeNHEIr'o (LIeHTPMPOBATE BEKTOP)

def de mean(x):
"""rrepecunTaTh X, BLUTS €I'0 cpegHee (cpenHee pesysbTaTra 6yzer = 0)"""
x_bar = mean (x) # cpenHee
return [x 1 - x bar for x i in x]

# micmepcms — BTO CpenHdas CyMMa KBAAPATOB OTKJIOHEHMII OT CPEOHEIO;
# B BapyOEeXHOM JIMTEPAType STOT NOKa3aTeJb HOCUT Hal3BaHME variance
def variance (x):
"""rpennojaraercs, YTO BEKTOP X COCTOUT KaK MUHMMYM u3 2-X sjeMeHToB"""
n = len(x)
deviations = de mean (x)
return sum of squares(deviations) / (n - 1)

variance (num friends) # 81.54

BbIrnsauT noyTy Kak cpegHuin KBagpaT OTKIOHEHWI OT CPEAHMX 3HAYEHWiA, HO C OOHUM
WCKMIOYEeHNeM: B 3HaMeHaTene He n, a Ha n - 1. B AeNCTBMTENbHOCTU, KOrAa UMEIT
Aeno ¢ BbliBopkol 3 Gonee KpyrHoW reHepanbHOW COBOKYMHOCTM, NepeMeHHast x bar
SBRsieTC NUWb  npubnuaumenbHol oueHKol cpepHero, rae (x i - x bar) ** 2
B CPEAHEM [aeT 3aHWKEHHYI0 OLIEHKY KBagpaTta OTKIIOHEHUs OT cpefHero ans x_i. lNo-
3TOMy A€NsTHe Han, aHa (n - 1)'. CMm. Bukuneamio®.

IIpm sTOM, B Kakux ObI eAMHUIIAX HU U3MEPSINCH AaHHbIe (B "Ipy3bsax', HallpuMep), Bce
MoKa3aTeJId LIEHTpa pacrpeAeseHUs] BBIUMCISIOTCA B TeX K€ CaMbIX €JUHHLIAX U3Mepe-
HUS. AHajorMyHas cuTyalMs U ¢ pasMaxoM. Jlucmepcus ke muaMepsiercd B €IWHULAX,
KOTOpBIC TPEJCTABIAIOT co00M keaopam WCXOAHbIX enuHull ("Apy3bs B KBauaparte").
ITockonpKy Takve €aMHULBI U3MEPEHUS] TPYIHO MHTEPIPETUPOBATh, TO BMECTO IUCIEp-
cuu Mbl OyzneM dyaime oOpamarbes K CMAHOApmMHOMY OmkioHeHuio (KOpeHb W3 AWc-
MepCcHn):
# CTaHJAPTHOE OTKJIOHEHME
def standard deviation(x):

return math.sqrt (variance (x))

standard deviation(num friends) # 9.03

® yHKIMs variance BEMHUCISET HECMENMEHHYIO OICHKY BHIOOPOUHOI nucnepeyn (1 — | B 3HAMeHaTeNe). —
Ipum. nep.

7 TTocKoJIBKY COOTHOIIEHHE MEXKIY BLIGOPOUHOI 1 reHepalbHOM aucnepeneit cocraiser n/(n— 1), To ¢ poc-
TOM 71 JIaHHOE BBIP@XEHHE CTPEMUTCS K 1, T. €. pasHMLIA MEX]y 3HaUCHUSIMU BHIOOPOUYHOM M reHepabHOR
JucriepcusiMi ymenblaercs. Ha npakruke npu 7 > 30 y)xe HET pa3HULbL, KAKOE YKCIO CTOUT B 3HAMEHATEE:
num n— 1. — lpum. nep.

8 https://en.wikipedia.org/wiki/Unbiased_estimation_of standard_deviation.



Cmamucmuka 87

Pa3zmax v cTaHgapTHOE OTKIIOHEHHE TaK e UyBCTBUTEIIbHBI K BBIOpPOCAM, KaK U CpeJiHee.
Ha tom >xe camoM mpumepe, eciu Obl Y caMOro JpyKeiaroOHOro MoJb30BaTelNs ObLIO
200 nmpy3eii, To cTaHgapTHOE OTKJIOHeHUE ObLTO OBl 14.89 win Ha 60% Gosbie!

bonee HanmexxHOU anbTepHATHBON SIBISETCS BBIYUCICHUE UHMEPKGAPMUILHO2O PA3MAXA
WIM Pa3HOCTH MEXIy 3HAUCHHEM, COOTBETCTBYIOIIUM 75%, W 3HaYeHHEM, COOTBETCT-
BYIOIIMM 25% MaHHBIX:

# MHTEDKBapTMIBHEN Pa3Max
def interquartile range (x):
return quantile(x, 0.75) - quantile(x, 0.25)

interquartile range (num friends) # 6

DTOT Mokasaresb MO3BOJISIET MPOCTHIM 00pPa30M UCKIIIOYUTE BIMSAHUE HEOOJBLIOrO YHCa
BEIOPOCOB.

Koppensuus

V nupekTopa Mo pa3BUTHIO CETH €CTh TEOPHS, YTO KOJIMYECTBO BPEMEHH, KOTOPOE JIFOIH
NPOBOJAT Ha caiiTe, CBA3aHO C YMCIOM MX JApy3eil (OHa e He MPOCTO TaKk 3aHUMaeT
JIOJDKHOCTh TUPEKTOPA), U OHA MPOCHT BAC MPOBEPUTH 3TO MPEANOIOKEHHUE.

H3yuus xypHanbl Tpaduka, Bbl CO3AalM CIUCOK daily minutes, KOTOPBIA MOKa3bIBaeT,
CKOJIPKO MMHYT B JIEHb K&X/bIi M0Jb30BaTeNlb TpaTUT Ha DataSciencester, u ynopsinouu-
JM €ro TaK, YTOOBl €ro 3JeMEeHThl COOTBETCTBOBAJIM 3JIEMEHTaM HAIero MpeablIyLIero
CIUCKA num_friends. HaM Hy><HO HaliTH CBA3b MEXKAY 3TUMHU ABYMS METPUKAMHU.

Criepa o0OpaTuUMCsl K Kogapuayuu — MapHOMY aHAJIOTy nucrniepcud. B oTivwume ot awuc-
MepCHH, KOTopas u3MepsieT OTKIIOHEHHE OJIHOM NMepeMEeHHOM OT ee CpeHero, KoBapHaLuys
M3MepSeT COBMECTHOE OTKIIOHEHUE IBYX MEPEMEHHbBIX OT CBOUX CPEIHUX:

# xomapmarms def covariance(x, y):
n = len(x)
return dot (de mean(x), de mean(y)) / (n-1)

covariance (num friends, daily minutes) # 22.43

HanoMHuM, 4TOo (QyHKIHS dot CyMMUpYET MPOM3BEACHHS COOTBETCTBYIOLIMX Map 3Jie-
MEHTOB (cm. enagy 3). Korjma coOOTBETCTBYIOUINE 3JIEMEHTHI BEKTOPOB x U y 00a OJTHOBpe-
MEHHO BBIIlIE WA HIKE CBOUX CPEIHUX, TO B CYMMY BXOAWT TOJIOKHUTEIIbHOE YHCIIO.
Korma onuH U3 HUX HaXOAWTCS BBIIIE CBOETO CPEIHETO0, a IPYrod — HIKE, TO B CyMMY
BXOJUT OTpULIAaTeNIbHOE umnciio. CrieoBaTesbHO, "Oonbpinas” MosoKUTeIbHAs KOBapHUalis
03HAYaeT, 4YTO x CTPEMHUTCS MPUHUMATL OOJIBIINE 3HAYEHHS MPH OOJBINUX 3HAYCHHSX y
Y MaJible 3Ha4eHHsI — MPU MajibiX 3HaYeHUsX y. "bombiias" oTpuuaTtenbHas KoBapyualus
03HA4YaeT 00paTHOE — x CTPEMUTCS MPUHUMATh Majible 3HAYEeHHUs TpY OOJIBIIOM y U Ha-
oboport. KoBapuartus, 0:113Kast K HyJIi0, 03HAYaeT, YTO TAKOH CBS3H HE CYIECTBYET.
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Tem He MeHee, 5TOT MoKa3atesib ObIBAET TPYIHO HHTEPNPETUPOBATH, U BOT MOYEMY:

4 eIuHMLAMHM M3MEPEHHUS KOBapHalMW SIBIAIOTCS MPOM3BENEHHS €OUHMLl BXOASLIMX
MepeMEeHHBIX (HarpuMep, YUCII0 Ipy3eil U MUHYTHI B I€Hb), KOTOPbIE TPYIHO MOHSATH
(uro Takoe "Apyr B MUHYTY B JieHb"?);

4 ecnu OBl y Ka)XJ0T0 MoJib3oBatesns Obu1o B 2 pasa Oosblie Apy3eit (HO Takoe e KO-
4eCTBO MHUHYT, MPOBEJICHHBIX Ha caiiTe), TO KoBapHualus Obiia Obl B 2 pa3a Oomblie.
OnHaKko B HEKOTOPOM CMbICTIE CTENeHb B3aUMOCBSI3M MEXKIY HMMH ocTanach Obl Ha
npekHeM ypoBHe. ['0Bops MHaYe, TPyAHO ONpenenTh, YTO CYUTATH "00NMbIION" KOBa-
puanuei.

[TosToMy wame obOpamaroTcs K Koppenayuu, B KOTOPOW KOBapHalMs pachpenesercs
MEXIY CTaHAAPTHBIMU OTKJIOHEHHSIMU O0EMX MepPEeMEeHHBbIX:

# Kxoppendis
def correlation(x, y):
stdev_x = standard deviation(x)
stdev_y = standard deviation(y)
if stdev x > 0 and stdev y > 0:
return covariance(x, y) / stdev x / stdev y

else:
return 0 # ecsmn MepeMeHHEle He MEHSITCSI, TO KOPPEJIALMS PAaBHA HYJIO
correlation(num friends, daily minutes) #0.25

Koppensuus sBnsercst 6e3pa3MepHOii BEJIMUMHOM, ee 3HauUeHUs BCeraa JieskaT MexIy —1
(npeanbHas aHTHKOppersams) u 1 (MneansHas koppensuus). Tak, uucmo 0.25 npeacras-
Js1eT coOO0 OTHOCUTENBHO C1a0yH0 MOJOXKUTEIbHYIO KOPPEISALHMIO.

Brnipouem, mMbI 3a0b1TH cienaTh OJHY Belllb — MPOBEPUTH HalIW AaHHbIe. [locMoTpuM Ha
puc. 5.2.

Yenosek, y kotoporo 100 npy3ei, MpoBOAMUT Ha caiiTe BCEro OJHy MUHYTY B JI€Hb, U MO-
3TOMY OH MpeacTaBisieT coOol "nukuii" BEIOpoC, a Koppensuus, Kak OyaeT nokazaHo Ja-
Jiee, MOJKET ObITh OYeHb YYBCTBHUTEJIbHA K BbIOpocam. UTo Mpou30iier, eciid Mbl IPOUT-

HOpHUpYeM 3TOT BbIOpoc?

outlier = num friends.index(100) # mHOexc BEOpoca

# OoTOMIBETPOBATE BEHOPOC

num friends good = [x
for i, x in enumerate (num friends)
if 1 != outlier]

daily minutes good = [x
for i, x in enumerate(daily minutes)
if i !'= outlier]

correlation(num friends good, daily minutes good) # 0.57

bes BriOpoca mostydaeTcs GoJiee cubHas Koppedsius (puc. 5.3).
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B pesynbTare manpHeMIIMX HCClieOBaHUN Bbl OOHapy)KHBaeTe, YTO BHIOpPOC Ha camMoM
nerne ObUT TEXHUYECKUM HPOOHbIM aKKayHTOM, KOTOPBIN 3a0bUIM YAaJIWTh, U BBl TIOCTY-
MWIA COBEPUIEHHO MPaBWIBHO, UCKITIOYMB €70 U3 PaCCMOTPEHUS.

NMapapgokc CumncoHa

Hepenko mpu aHanu3e AaHHBIX BbI3bIBAaeT yauBIeHUe mapagokc CHUMICOHA’, MpU KOTO-
pPOM KOppeNsLMUA MOTyT OBITh OOMAHYMBBIMH, €CIIM HTCHOPHPYIOTCS CHYMbIEAIOUjUe
nepeMeHHbIe'’.

Hanpumep, Bbl pasmenuiv BceX MNOib30BaTeNiel CeTH HAa aHAIMTHKOB ¢ BocTouHoro
nobepexpss WK ¢ 3amagHoro MoOepekbss M peliaeTe BbISICHUTh, ¢ KAKOro MOOepeKbs
aHAJIUTUKHU ApYyKemoOHee (Tadu. 5.1).

Tabnuua 5.1. l'eozpacpus nonb3oeameneli cemu

Mobepexbe KonuyecTtBo nonb3oBaTtenen CpeaHee uncno apysen
3anagHoe 101 8,2
BocTtouHoe 103 6,5

OueBHIOHO, YTO AHAIWTHKK ¢ 3amagHoro molepekbsi OpyxearoOHee, YeM aHaTUTHUKH
¢ BoctouHoro mobepexbs. Baim kosiern BbLABUraloT pa3HOro pojAa MpeanonoKeHus,
MoveMy Tak MPOUCXOJIHUT: MOXKET OBbITh, JIEJI0 B COJTHIIE, MM B KO(e, W B OPraHUIeCKUX
MpOAYyKTax, Win B Oe3msaTexxHoi atmocdepe Truxoro oxeana?

[Iponomxkas u3y4ars JaHHbIe, BBl OOHapYKMBaeTe YTO-TO O4YeHb HeoObIuHoe. Ecnu yuu-
TBIBaTh TOJIBKO MOJIb30BaTeIeH C YYEHOHM CTEeNeHblo, TO Y aHaJUTUKOB ¢ BocTtouHoro
nobepexxbss Apyzed B cpeaHeM Oonbiue (Tabn. 5.2), a eciad paccMaTpvBaTh TOJBKO
nosTb30BaTenel 6e3 yueHoH CTeneHu, TO y aHaJIMTHKOB ¢ BocTouHoro nmobepexbs apy3eit
CHOBa OKa3bIBaeTCs B cpegHeM Ooubliie!

Tabnuua 5.2. leozpachus u yyeHas cmeneHb nonb3osameneli cemu

Mobepexbe CteneHb KonuyecTtBo nonb3oBaTenen CpeaHee uncno apysen
3anagHoe Ectb 35 3,1
BocTouHoe Ectb 70 3,2
3anagHoe HeTt 66 10,9
BocTouHoe Het 33 13,4

Kak Tofpko Bbl HAUMHAETe YUUTHIBATh YUEHbIE CTETNEHH, KOPPEsLUs ABHKETCS B 00paT-
HYIO cTopoHy! ['pynnupoBka JaHHBIX MO MPU3HAKY "BOCTOK — 3amaa’ cKpbuUia TOT (akT,

? https://ru.wikipedia.org/wiki/Tlapagokc_Cumncona.

19 CnyThiBatomas nepemennas (aHri. confounding variable) — BHEIIHSAS NepeMEHHAS CTATHCTMYECKOH MO-
JIENH, KOTOpasi KOppennpyeT (MOT0KUTENBHO MM OTPULATENBHO) KaK C 3aBUCHMOM, Tak M C HE3aBHCHMOMN
nepemMeHHoit. Ee urHopupoBanue NpUBOANT K CMEIIEHUIO OLICHKN MOJETH. — [Ipum. nep.



Cmamucmuka 91

YTO CpeAr aHAJTUTHKOB ¢ BocTouHOro nobepexnps uMeeTcsi CHibHAs aCUMMETpHs B CTO-
POHY YYeHBIX cTerneHeit''.

[lonoGHbIil (peHOMEH BO3HMKAEeT B PEeaJlbHOM MHpPE C OMNpEeAETeHHOW PeryJsipHOCTBIO.
['maBHO#1 MpoGieMoii IBJSIETCS TO, YTO KOPPESALMS U3MEPSET CBsI3b MEKAY ABYMs Tepe-
MEHHBIMU 1pU NpoyUx pagnvix ycaosusax. EcIu JaHHBIM Ha3HA4aTh KJIACCHI CIIydYaiHBIM
00pa3oM, YTO OOBIYHO MPOMCXOAMUT B XOPOLUO MOCTABJICHHOM SKCHEPUMEHTE, TO MOXKET
OKa3aTbCsl, YTO JOMYLIEHHUE "MpU MPOUMX PaBHBIX YCIOBUAX" MOxeT uMeTbh mecTto. Ho
€CJIM B OCHOBE Ha3HAU€HMs KJIACCOB JIE)KUT HEKasi MHOTOYpOBHEBas CXeMa, TO 3TO JOMy-
IIeHHe NPUBOANT K HEMPHUATHBIM MOCIEICTBUSM.

EnvHcTBeHHBIN peasbHbIil crOco0 M30ekKaTh TAKMX HEMPUIATHOCTEH — 3TO 3HAMb CBOU
JlaHHbIe U MOCTapaThCs MPOBEPUTH BOSMOXKHBIE CITyThIBaronue (haktopbl. OUeBHIHO, 3TO
He Bceraa MOXKHO chenathb. Ecau Obl y Bac He ObIJIO aHHBIX 00 YpoBHEe 00pazoBaHHs
200 aHaJIMTHUKOB, BBl OBl MPOCTO PEUIMIIH, YTO €CTh HEUTO, MPUCYIIIEE JIOIIM ¢ 3araiHo-
ro oOepexnbs, fenaroiiee ux 0osiee OOIUTETbHBIMH.

HekoTopble Apyrve noByLWKU KOppensayum

Koppensuus, paBHas HyJI0, O3Ha4aeT OTCYTCTBHE JIMHEHHOM CBS3M MEXIY IBYMs mepe-

MCHHBIMMU. OI[HaKO MOTryT OBITH COBCEM ApPYyrue BUAbl 3aBUCUMOCTEM. HaHpI/IMep, CCJIN:
[_2r _17 Or 1! 2]

y=12 1, 0, 1, 2]

TO MEPEMEHHbIE x U y UMEIOT HYJIEBYIO KOPPEJISILIMIO, HO CBSI3b MEKAY HUMM ONpeaesieH-
HO CYLIECTBYET — KaK[blii 3JIEMEHT y paBeH aOCOJIOTHOMY 3HAU€HHMIO COOTBETCTBYIO-
uiero »aeMeHTa x. Ho B HUX OTCYTCTBYeT CBS3b, MPHU KOTOPOM, 3Has O COOTHOLIEHUH
MEPEMEHHOM x i CO CPEAHUM mean (x), MOXKHO MOJIyYUTb MH(OPMALIMIO O COOTHOLICHUH
MEPEMEHHOM y i CO CPEIHUM mean (y). DTO KaK pa3 TOT THI CBSI3H, KOTOPbIA KOPpesILMs
MBITAETCS YCTAHOBUTb.

KpOMe TOro, KOppeJIaud HUYEro HE rOBOPUT O BEJIMYUHE CBA3U. HepeMeHHLIe:
X = [_2r 1! Or 1! 2]
y = [99.98, 99.99, 100, 100.01, 100.02]

HUMCIOT OYCHb XOpPOLIYH KOppeadluro, HO B 3aBUCUMOCTHU OT TOI'O, UTO Bbl U3MEPACTE,
BIIOJIHE BO3MOIKHO, YTO 3Ta CBA3b HE MPEACTABJIACT ocoboro HUHTEPECA.

Koppenﬂuuﬂ n NnpudiNHHaA 3aBUCUMOCTDb

HagepHoe, HEKOTOPBIM TOBOJMIIOCH CIIBIIIATE YTBEPIKAEHHUE, UTO "KOppensuus — 3TO He
kay3auus". Ckopee Bcero, sta ¢paza NpUHAUIEKUT TOMY, KTO, TJIs1 HAa AaHHbIE, KOTO-
pble MPOTHBOpEYAT KAaKOH-TO YacTH €ro MHUPOBO33PEHHMS, OTKA3bIBAETCsSl CTABUTh €€ MOJ

" apaooxe Cumncona v napanoke o6beIMHEHNS — CTATUCTHYECKUH dQEKT, Koraa NPy HAIMYMM ABYX
IPYII JaHHBIX, B KaX/0# M3 KOTOPBIX HAOJIONACTCS OJMHAKOBO HANpPABJICHHAs 3aBUCUMOCTb, PU 00beNH-
HEHMH 3THX TPYI HalpaBieHUE 3aBUCMMOCTH MEHSETCS Ha MPOTHBOIOJIOKHOE. MimocTpupyer Henpaso-
MEPHOCTh HEKOTOPBIX 00001eHui (cM. https://ru.wikipedia.org/wiki/llapagoxc_Cumncona). — /lpum. nep.
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comHeHue. TeM He MeHee, Ba)KHO MOHUMATh, YTO €CJIM x U y CUJIbHO KOPPETUPOBaHbI, TO
5TO MOKET 03HAYaTh, UTO JIMOO x BIIEUET 3a COOOM y, TMOO y BlIeUeT 3a COOOM x, THOO OHH
B3aMMOOOYCIIOBJIEHBI, JINOO OHM 3aBUCAT OT KAKOro-TO TpeThero (akropa, JIMOO 3TO
BOBCE HMYETO HE 03HAYAET.

PaccmoTpuM CBS3p MEXAY CIMTUCKAMH num friends M daily minutes. Bo3MOXHO, 4TO uem
Oonblue y monp30BaTeNs Apy3eil Ha caiite, TeM OoJibllie OH MPOBOAMT TaM BpeMEeHU. DTO
MOKeT ObITh HU3-3a TOTO, UTO KXKJBIH JPYr €XKEAHEBHO MyOIUKYeT HECKOJIbKO cOoo0le-
HUA, ¥ TO3TOMY 4YeM OoJibliie y Bac Apy3ei, TeM Oosblie BaM TpeOyeTcs BpeMeHH, YTOObI
0CTaBaThCs B Kypce MOCIeIHUX HOBOCTEM.

OnHako BO3MOXKHO M TO, YTO YeM OOJIbIlIe BpEMEHH IMOJIb30BaTENH MPOBOAT B CITOpaxX Ha
¢dopymax DataSciencester, TeM yaille OHM 3HAKOMSTCS C €AMHOMBIIUICHHUKAMU U CTAHO-
BATCA JApYy3bsMHU. MHBIMU CIIOBaMH, yBEeJIMYCHUE BPEMEHH, MPOBOAUMOrO Ha caiite, npu-
600um K POCTY UMcia Apy3el y nojb3oBaTeseH.

TpeTuil BapyaHT 3aK/IOUaETCs B TOM, YTO MOJb30BaTEIU, KOTOPHIE CUJIbHEE YBJICUEHbI
HayKOM O JaHHBIX, TPOBOJAT Ha caiite OoJbliie BpeMeHH (ITOTOMY YTO UM 3TO MHTEPECHO)
1 OoJiee aKTUBHO COOUPAIOT BOKPYT cels Apy3ei, CrielMalM3upyIOUXCsl B 3TOH 001acTH
(moTOMy YTO OHHM He XOTAT 00IAThCs ¢ KeM-JIU0O ele).

OnuH U3 croco0OB YKPENUTh CBOIO TMO3MIUIO B OTHOUICEHWH MPUYMHHOW 3aBHUCUMOCTH
3aKJI0YaeTCsl B MPOBEACHUHM PaHIOMU3UPOBAHHBIX UcHbITaHWK. Ecnu cinyyaiiHeiM oOpa-
30M pacrpeleNUTh MojIb30BaTeseil Ha [Be TPYyMIbl (3KCNEPUMEHTAIBHYIO U KOHTPOJIb-
HYIO) ¢ TIOXOXKel AeMorpadueit ¥ nMpeocTaBUTh SKCIIEPUMEHTAITLHON TPYIITNe HECKOJIBKO
VHOMW OMBIT B3aUMOJEICTBHSA, TO HEPEIKO MOXKHO MOIYYUTh NOATBEPKACHHE, YTO pa3HbIN
OMBIT B3aUMOJECHCTBHS MPUBOAUT K Pa3HbIM pe3ysibTaTaM.

Hanpumep, eciu Bbl He OOHUTECH, UTO Bac OOBHHST B IKCIIEPUMEHTAX HaJl BAIMMH MOJb-
30BaTeNIIMH'?, TO BB MOTJIM OBl CIy4aifHbIM 00pa30M BBIICIUTH U3 YHCIIA T0JIb30BaTes el
CeTH MOATPYIY U MOKa3bIBaTh UM TOJBKO HEOOJBILIYIO YacTh UX Apy3el. Ecau ata noa-
rpynmna B JajqbHeHIIeM MPOBOAMIA Obl Ha caliTe MEHbLIEe BPEMEHH, TO 3TOT (aKT BCEITHIT
Obl B BaC HEKOTOPYIO YBEPEHHOCTb, YTO HaJIMuue OOJIbILEro Ynciia Apy3eH sBIsSeTCs npu-
yyHOU GOJIBLIETO KOJIMYeCTBa BPEMEHH, MPOBOAUMOrO Ha caiiTe.

Ana npanbHeuwero usy4yeHus

¢ buGmuoreku SciPy (http://docs.scipy.org/doc/scipy/reference/stats.html), pandas
(http://pandas.pydata.org/) u StatsModels (http://statsmodels.sourceforge.net/)
MOCTAaBJISIOTCS C ITUPOKAM HAOOPOM CTAaTUCTUYECKUX (DYHKIIHA.

¢ Maremaruyeckast CTATUCTHKA UMEET 0coO0e 3HAUYEHHE (Ha,ZlO MpU3HaTb, U CTATUCTUKU
TO)KC). Ecnu BBI X0oTHTE CTaTh XOpOIUM AHAJIMTUKOM JaHHBIX, TO CTOUT IPOYCCTb
yqe6HI/IK 10 MaTeMaTUYEeCKOM CTaTUCTHKEe. MHOTHE M3 HUX OOCTYIIHBI B V[HTepHeTe.

'2 http://www.nytimes.com/2014/06/30/technology/facebook-tinkers-with-users-emotions-in-news-feed-
experiment-stirring-outcry.html.
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Teopusa BepOATHOCTEMN

3aKOoHBI BEPOATHOCTU, TAKHME€ WUCTHUHHBIC B LCJIOM W TaKUC
OIMUOOYHBIE B YACTHOCTH.

Dosapo I u660H"

TpyaHo pemarts 3agaun B 00J1aCTH HAYKH O JaHHBIX, HE MMes TIPE/ICTAaBICHUS O meopuu
eeposamHocmell ¥ ee MaTeMaTuueckoM anmnapate. Takke kak U ¢ 00CyKAeHHEM MaTema-
THUYECKOM CTATUCTHKH B 2dge 5, 37lech Mbl CHOBa Oy/ieM MHOTO pa3MaxvBaTh pyKaMH, HO
00oliieM CTOPOHOI 3HAYUTENIbHYIO YaCTh TEXHUYECKUX MOAPOOHOCTEH.

Jns Hammx meneit OyneM TNpeacTaBiIsTh BEPOATHOCTh KaK CMoco0 KOJTWYEeCTBEHHOMN
OIIEHKH HEeOTpe/IeNIeHHOCTH, CBA3aHHOU C coObImuUAMU U3 HEKOTOPOTO 8ePOAMHOCHIHO20
npocmpancmea. BMecto TOro 4roObl BAaBaThCcs B TEXHHUUYECKHE TOHKOCTH MO TMOBOJY
TOYHOTO OTpEJEJICHUs] 3TUX TEPMHUHOB, JIydllle MpecTaBbTe OpocaHue KyOuka. BeposT-
HOCTHOE TPOCTPAHCTBO COCTOWT M3 MHOXKECTBA BCEX BO3MOXKHBIX 3JIEMEHTapHBIX HCXO-
JoB (B cilyuae KyOWKa WX IIECTh — IO YHCIY TpaHeii), a Jto00e MOJAMHOXKECTBO 3THX
WCXOOB TIPEJICTaBIIIeT COOO0M ciIydaifHOe cOOBITHE, HalTpUMep, TaKoe Kak ""BhINasa rpaHb
¢ eguHuULEe" WM "BblNana rpaHb ¢ YeTHBIM YUCJIOM".

BeposTHOCTB cityuaitHoro cobbiThs £ Mbl Gyaem o6o3Hauate P(E).

B JajlbHEHUIIEeM MbI 6}/I[GM MPUMEHATH TECOPHUIO BepOHTHOCTeﬁ Kak Mpu noCTpoe€Huru Mo-
Heﬂeﬁ, TaK W MPU UX BBIYUCIICHUH. HMubivu CJIOBaMH, OHa 6y):(eT HCIOJIB30BATHCs IMMOCTO-
SIHHO.

KoneuHo, npu xelaHMK MOXKHO TOTPY3UThCS B QUITIOCO(UIO U MOpacCyKIaTh O CYUHO-
Ccmu TEOPUHU BEPOSTHOCTEH (STUM HETJIOXO 3aHMMAThCS 33 KPYXKKOW MH1Ba, HAIIPUMED), HO
MBI He OyZieM 3TOro Aenarhb.

3aBUCUMOCTb U HE3aBUCUMOCTb

BooGuue, nsa cobbitust £ u F' ABASIOTCS 3a6UCUMBIMU, €CITA KAKOE-TO 3HaHHE O HACTYTI-
neHnn coObITUS £ Aaer HaM MH(OPMAIMIO O HACTYIUIGHWH COOBITHs F, W HaoOOpoT.
B npoTuBHOM ciydae OHU He3asucumble.

Hanpumep, ecnu Mbl ABaxkIbl OpocaeM ypaBHOBEIIEHHYIO MOHETY, TO 3HaHHE O TOM, UTO
B MEPBBIi pa3 BbIMaAET Opesl, He AaeT HUKakod MHpOpMaLMK O TOM, YTO Opesl BhIMAAET U
BO BTOPOH pa3. DTH coObITHs He3aBHcUMble. C Ipyrod CTOPOHBI, 3HAHHWE O TOM, YTO

' Seapn Tu66on (1737—1794) — 3HAMCHUTEIA aHTTHACKHMIT HCTOPHUK, aBTop "MICTOpNN yranka u paspylie-
Hust Pumckoii umnepun". — Ilpum. nep.
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B TIEPBBIN pa3 BBHIMAJET Opell, ONpee]IeHHO, 1aeT HaM MH(GOPMAIIUIO O TOM, BBIMAIYT JIH
peuku oba paza. (Eciu B niepBbiii pa3 BeIMajgeT opel, TO, KOHEYHO XKe, UCKITFoYaeM CITy-
Yaii, korja o0a pa3sa BeIMafaroT pemku.) O0a 3TH COOBITHS 3aBUCUMBIE.

C Touku 3pE€HHA MaTEMaTUKH, rOBOPAT, YTO ABa cobbiThst Eu F He3a6UCUMbL, €CIIU BEPO-
ATHOCTb UX COBMECTHOI'O HACTYIUJICHUA paBHa NMPOU3BEACHUIO BepO}ITHOCTeI\/'I HX HaCTyIl-
JICHHS 11O OTACJIBHOCTH:

P(E, F)=P(E)P(F).

B npumepe ¢ OpocaHreM MOHETBHI BEpOSTHOCTb COOBITHS, UYTO B MEPBbIA pa3 BbIMageT
opel, paBHa 1/2, BepoATHOCTb cOOBITHS, YTO 00a pas3a BbIMadyT pellkd, paBHa 1/4, a
BEPOSTHOCTD, UTO B MEPBbIi pa3 BbIMaAeT opell # 00a pas3a BhIMaAyT pellku, pasHa 0.

YcnoBHas BepOATHOCTb

HOBTOpI/IMZ Koraa aBa cobobiTust Eu F HE3aBUCHUMBI, TO MO ONPEACIICHUIO BEPOATHOCTD UX
COBMECTHOTI'O HACTYIIJICHUA paBHa:

P(E,F)=P(E)P(F).

Ecnu sxe oHU ABNSIOTCS 3aBUCUMBIMU (K MPU 3TOM BeposiTHOCTh F' He paBHa (), TO ycio06-
Has 6eposimHocmb COObITHS E NPy YCIOBUM cOOBITUS F onpeenseTcs Tak:

P(E., F)
P(F)

[Tonx 5TUM NOHMMaeETCs BEPOSITHOCTh HACTYIUICHUS! COOBITHS £ TIPU YCIIOBUH, UTO U3BECT-
HO O HACTYIUICHUU COObITHS F.

P(E|F)=

Ota GopMysia yacTo MPUBOIUTCS K CIIEAYIOLIEMY BUY:
P(E, F) :P(E | F)P(F).
B cnyuae, xorna £ u F— He3aBUCHMBIE COOBITHS, TO MOXKHO YOeauThes, uTo (opmyna
MpUMET BUA:
P(E | F) = P(E),
KOTOpasi HA MaTeMaTHYECKOM SI3bIKe BBIPA)KAET, YTO 3HAHWE O HACTYIUIEHHUH COOBITUS F
HE JaeT HUKAaKOW TOTOMHUTENbHOM HHPOPMALMK O HACTYIUIEHUH COOBITHS E.

Jns neMoHCTpaLuK YCIOBHOM BEPOSITHOCTH OOBIYHO MPUBOIAT CJIECAYIOIIMN 3aMbICIOBa-
TBIM MpUMeEp’ ¢ CeMbeil, TJe eCTh JBOe AeTei, ueil nosi HaM He u3BecteH. [1pu aToM mpea-
oJ1araemM, 4ro:

4 Kaxablii peOeHOK PaBHOBEPOSTHO SBISETCS JIMOO MAaJbUMKOM, JTMOO JeBOYKOM;

4 1oy BTOpOro peGeHKa He 3aBUCHUT OT I10J1a NEPBOTO.

2 https://ru.wikipedia.org/wiki/llapagokc_manbunka_u_aeBouxu. — [Ipunm. nep.
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Torma BeposATHOCTb, UTO 00a pebeHka He JIeBOYKH, paBHa 1/4, BepOATHOCTH TOTO, YTO
OJlHa JIEBOYKA U OIMH MaJlbuuK, paBHa 1/2, a BEpOSATHOCTb, YTO 00€ IeBOYKH, paBHa 1/4.

Jnst Havana y3HaeM BEepOSITHOCTb HACTYIUICHHs! COOBITHS, Korna oba peOGeHKa — IeBOUKH
(B), npu ycnoBuH, 4To crapuimii pedbeHok — neouka (G). HMcnonb3ys onpeneneHue
YCJI0BHOH BEpOSTHOCTH, MOTYyUUM:

P(B,G) P(B)

P(B|G)= = =1/2,
P(G)  P(G)

MOCKOJIbKY coObiTHe B 1 G (00a pebeHKa — JIEBOUYKH ¥ CTAPIIUI peOSHOK — JICBOYKA)
npezcTaBieHo ogHuM cobbitieM B. (Ecnm u3BecTHO, 4To 00a peOeHKa — JIEBOYKH, TO
BEPHO, YTO CTapLIMii peOeHOK — /1eBOYKa.)

U, cxopee Bcero, Takoi pe3yabTat OyJeT B COTJacuy C Hallleil MHTYyHULIeH.

A Tenepb y3HaeM, KakOBa BEPOSTHOCTb COOBITHS, KOoraa o0a pedeHka — JEeBOUKU TPH
YCIJIOBUM, YTO KaK MUHHUMYM OJWH peOeHOK — aeBouka (L). M ynuBuTenbHas Belp —
oTBeT OyIeT OTIINYaThCs OT paHee MOyYeHHOro!

Kak u panblie, coobitie B u L (06a peOeHka — JIEBOUYKH # HE MEHee OJJHOTO pedeHka —
JIEBOYKA) MPE/ICTABJICHO OJJHUM cOObITHEM B. OJJHAKO MOIYyYHM:

P(B,L) P(B)

P(B|L)= = =1/3.
P(L)  P(L)

Kak takoe moxet OpiTh? Bce memo B TOM, 4TO €cii M3BECTHO, YTO KaK MUHHMYM OJIMH
peOeHOK — JeBOYKa, TO BEPOATHOCTb, YTO B CEMbEe MUMEETCS OJUH MallbYMK M OJ[HA
JICBOYKA, B JIBa pa3a BbIllIe, YeM BEPOSTHOCTh, YTO KMEFOTCS [IBE IEBOUKK’.

MoxkHO yOeauThesl B IPABWIIBHOCTH PAcCy X IeHUH, ""creHeprpoBaB” O0JbIIOe KOJIHYeCT-
BO CEMei:

# MPOM3BOJBEHO BEIOPATH MAJIBUMKA WM [EBOUKY
def random kid():
return random.choice (["boy", "girl"])

# mpoBepka NnapaloKca MajbuymMKa M NEBOYKM
both girls = 0
older girl = 0
either girl = 0

random. seed (0)
for in range(10000): # mpoBecTw SKCHEPUMEHT Ha COBOKYTHOCTH
# u3 100 000 cemert
younger = random kid()

3 Peub MeT 0 Mapajokce Maaburka i AeBOUYKH. KOraa M3BECTHO, 9TO B CeMbE KaK MAHAMYM OJHA JIEBOUKA,
MBI aBTOMATUYECKH OTMETAEM BAapUAHT C ABYMSI MaJbUMKAMU. A U3 TOTO, YTO OCTABIIMECS TPU UCXOJA paB-
HOBEPOSTHBI, JIeTaeTCs BBIBOJI, YTO BEPOSATHOCTH "7eBOUka — JeBouka” paBHa 1/3. — [lpum. nep.



96 asa 6

older = random kid()

if older == "girl": # crapuwas?
older girl +=1
if older == "girl" and younger == "girl": # o006e?
both girls += 1
if older == "girl" or younger == "girl": # moBas U3 IByx?

either girl +=1

print ("P(obe | crapuwas):", both girls / older girl) # 0.514 ~ 1/2
print ("P(obe | ymobas): ", both girls / either girl) # 0.342 ~ 1/3

Teopema bamneca

Jlydimum Apyrom aHaluTHKa JAHHBIX sBIseTcsi meopema baileca', koTopas mo3BoJseT
"mepecTaBUTh" YCIOBHbIE BEPOSITHOCTU MecTaMU. [1ycTh Hy’KHO y3HaTh BEpOSITHOCTh He-
Koero coObIThsl E, 3aBUCALLIEro OT HACTYIJIGHHUS HEKOEro APYroro coOwITus F, mpuyeM
B HaJMYMM MMeeTcs JIMb MHQOpMalMs O BEpOATHOCTH coObITHS F, 3aBUCSLIEro OT
HacTyrieHus: coObitust E. JIBykpaTHOe MpuUMeHeHHe (B CHITy CUMMETPHM) OTNpeaeseHUs
YCIIOBHOM BeposiTHOCTH facT ¢popmyiny baiieca:

P(E.,F) P(F|E)P(E)

P(E|F)= =
(B1F) P(F) P(F)
Ecnu coObiTre F paznoxuTh Ha JBa B3aUMOMCKITIOUYAIOIINX COOBITUS — coObiTHe "F u K"
u cobbiThe "F u He E" — w 0603HauuTth "He E" (T. e. E He HacTymaer), kak —F, Toraa:

P(F)=P(F,E)+P(F,—E),
Oyiaronaps yemy ¢opmysia MPUBOJUTCS K CICIYIOIIEMY BUIY:
P(E|F)= P(F|E)P(E) .
P(F|E)P(E)+P(F|—E)PP(—E)

Hmenno tak dpopmynupyercs Teopema baiieca.

JlaHHy1O TeopeMy 4acTO WCIOJB3YIOT, YTOOBI MPOJIEMOHCTPUPOBATh, MOYEMY aHAJIUTHKU
JaHHBIX yMHee Bpadveir’. [IpeacraBuM, 4To ecTh Hekas 00Jie3Hb, KOTOpas mopaxkaer | u3
kaxaesix 10 000 yenoBek, ¥ MOXKHO TPOHTH OOCIEIOBaHNE, BBISBISIONIEe 3Ty O0Ne3Hb,
koTopoe B 99% cnyuaeB gaeT npaBWIbHEIN pe3ynbTar ("OosieH", eciu 3a0oseBaHUe UMe-
etcsi, U ""He 00JIeH" — B MPOTUBHOM CTy4Yae).

Uro 03HaYaeT MOJIOKUTEINIBHBIN pe3ysbTaT o0cienoBanus? Ilycte 7'— 310 coObITHE, UTO
"pe3ynbTar Barero obciieoBaHus MOJIOKUTENBHBIN", a D — coObiThe, uTo "y Bac nme-

* Tomac Baiiec (1702—1761) — aHIIHIACKMHA MaTEMATHK M CBSILICHHHK, KOTOPBI TIEPBBIM TPEIUTOKMI HC-
0JIb30BaHUE TEOPEMBI J1JIsl KOPPEKTUPOBKU yOEkKICHNH, OCHOBBIBAsICh Ha OOHOBJICHHBIX JaHHBIX (cM. https://
ru.wikipedia.org/wiki/Teopema_baiieca). — IIpum. nep.

5 Cwm. https://ru.wikipedia.org/wiki/Teopema_Baiieca, npuvep 4. — Ipum. nep.
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eTcs 3aboneanue". Torga cornacHo Teopeme bBaiieca, BeposTHOCTh Hannuus 3aboJieBa-
HUS [IPU TIOJIOKUTENILHOM pe3yJibTaTe 00ceIOBaHUs paBHa:

P(T|D)P(D)
P(DIT)= P(T| D)P(D)+ P(T|=D)P(=D)’

ITo ycnoBuro 3a1aum U3BECTHO, UTO P (T | D) =0.99 (BeposATHOCTH, 4TO 3a00JIEBIINHN ITO-
JYYUT TIOJOXKHUTENbHBIA pe3ysbTaT 00CIeOBaHHS), P(D)zl/ 10000 =0.0001 (BeposT-

HOCTb, YTO JIFOOOH YesloBeK MMeeT 3a00JieBaHuE), P(T | —|D) =0.01 (BeposATHOCTB, UTO

3MI0POBBIM  YEJIOBEK  MOJIYYUT TOJOXKHUTEIbHBIM  pe3ysibTaT  o0C/Ie[OBaHUs) H
P(—|D) =0.9999 (BeposATHOCTb, YTO JIOOOE AAHHOE JIUIIO He uMeeT 3aboneBanus). Ecnu

MOJACTaBUTh 3TH YUCIIa B Teopemy baiieca, To:
P(D|T)=0.98%,

T. €. MeHee 1% Jroaei, KOTOpbIC MoJiyyaT MOJIOXKUTEIbHBIN pe3yjibTat O6CJ'IeI[OBaHI/I$I,
HMMEIOT 3TO 3a00JIeBaHNE HA CAMOM acie.

r|p|/| 9TOM npepgnonaraeTcd, YTo nogn npoxoaaTt obcnenoBaHue Gonee U MeHee cny-
vyanHo. Ecnim xe ero npoXoAaAT TOJIbKO T€, Y KOTOPbIX MMEKTCA onpeaeneHHble CUMNTO-
Mbl, TO BMECTO 3TOro nNpuinocb Obl 06yCJ'IaBJ'IVIBaTb COBMECTHbIM COObITUEM "MONOXU-
TenbHbIN pesynbTaTt obcnenoBaHMs U CUMNTOMBI", B pesynbTate 4yero, BO3SMOXHO, 3TO
YMCI0 OKa3anocb Obl HAMHOTO BbILLIE.

B To Bpems kak AJs aHaNMTHKA JAaHHBIX 3afaya pelaeTcs MPOCThIM MOACYETOM, 0OJb-
UIMHCTBO Bpaueil OnpeAessiioT HaBCKUIKY, YTO MPUOIM3UTENbHO P (D |T ) =2.

HUnTynuTrBHO OoMNlee MOHATHBIA CHOCOO — MPEACTABUTH MOMYJSIHIO YHUCIEHHOCTBIO
1 miH venoBek. 100 u3 HUX OXMAaEMO UMEIOT 3a0oJieBaHUE, U3 KOTOPBIX 99 monmyuuiu
TIOJIOKUTENBHBIN pe3yibTar obcnenoBanusa. C apyroi croponsl, 999 900 u3 HUX 0XH-
JlaeMO He UMEIOT 3a00s1eBaHus, U3 KOTOPBIX 9999 monmyumniiv monoXUTeIbHbIN pe3yabTaT
oOcietoBaHMsI, BCIGICTBUE YEro MOXHO OXKHAATh, 4TO TOJbKO 99 u3 (99 + 9999) nomny-
YUBIIUX TOJOXKHUTEIbHBIA Pe3ybTaT 00CIeIOBaHUS UMEIOT 3TO 3a00JIeBaHUe HAa CaMOM
nene’.

Cny4yanHble BeNIMYUHBI

Cnyyaiinas enuyuna — d3TO TIEpeMEHHas, YbMM BO3MOKHBIM 3HAYEHHSIM MOCTaBICHO
B COOTBETCTBME pacmpeneseHue BeposiTHocTel. [Ipocras ciyuaiinas BennunHa paBHa 1,
€CIT MoI0pOLIeHHass MOHEeTa ToBepHeTCs opiom, u 0, ecsin moBepHeTcs pewikoil. bonee
CJIOJKHAs BEJIMYMHA MOYKET U3MEPSTh YUCIO OpJioB, HabmoaaeMbiX npHu 10 Opockax, uiau
3HaueHue, BbIOMpaeMoe U3 Anana3oHa range (10), [J1€ KaXJ10€ YUCIO PABHOBO3MOXKHOE.

S [IpuBeneHHBIN NPUMEpP HA3BIBAETCS Napadokcom meopemvl Baiieca, KOTOPbIA BO3HMKAET, €CIM Oepercs
peaKoe SIBIEHHME, Takoe Kak TyOepKyne3, Hampumep. B 2ToM cilydyae BO3HHKAeT 3HAYMTENbHAs pa3HULA
B JIOJISIX OOJTBHBIX M 3J0POBBIX, OTCIOAA M YAUBUTENBHEINA pe3ynsTar. — [Ipum. nep.
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Ces13aHHOE CO CITy4ailHOW BeMYWHOW pacripesiesieHre BepOSTHOCTeW MPeaoCTaBisieT e
BEPOSTHOCTH, C KOTOPHIMM OHa pealin3yeT KaKAoe M3 CBOMX BO3MOKHBIX 3HAYEHWIl.
Cryuaiinas BenuuuHa Opocka MoHeTsl paBHa 0 ¢ BeposTHocThIO 0.5 1 1 ¢ TOH e Bepo-
aTHocThlo. CiyuaiiHas BeJMYMHA JUana3oHa range (10) UMEET pachpesiesieHHe, rae Kax-
nomy umciy ot 0 10 9 mocTaBieHa B COOTBETCTBHE BepOSTHOCTD 0. 1.

Mpl uHorga Oyaem roBopuTh O (CpeiHeM) OXKUIAEMOM 3HAUYSHUH WITH MAmeMamuieckom
02iCUOGHUY CITyYaHOM BEIMYMHBI, KOTOpPOE MPEACTaBisieT coOOH B3BELIEHHYIO CyMMY
NPOU3BEACHUN KaXKIOr0O ee 3Ha4YeHHsI Ha ero BeposTHOCTE . CpeHee oXumaeMoe 3Have-
HUe Opocka MOHeThl paBHO 1/2 (=0-1/2+1-1/2); cpeaHee oxugaemMoe 3HaUeHUE AUaria-
30HA range (10) paBHO 4.5.

ChyuvaiiHble BETMUMHBI MOTYT 00YClIAGIUEAMbCS COOBITUAMYU TOUHO TaK ke, KaK U Apyrue
coObrtus. [losb3ysick mpriMepoM ¢ ByMsl I€TbMU U3 pazo. "Vcnosnas eeposmmocms'
panee 6 OauHoll 2nage, ecni X — 3TO cliyvaifHas BETUYWHA, NPEICTABIIAIONIAS YHUCIIO
neBovek, To X paBHo 0 c¢ BeposTHOCcThIO 1/4, 1 ¢ BeposTHOCThIO 1/2 W 2 ¢ BeposAT-
HocThiO 1/4.

MO0>KHO ONpeAesIuTh HOBYIO CIIyYaiHYIO BEeJIMUMHY Y, KOTOpas JaeT YUCIIO IEeBOYEK MpU
YCIIOBUM, YTO KaKk MUHUMYM OAMH peOeHOK — aeBodka. lTorma Y paBHO 1 c BeposT-
HOCTBIO 2/3 1 2 ¢ BeposTHOCTBIO 1/3. A Takke OonpeAenuTh ClIyyailHylo BeIMUMHY Z, KaK
YMCII0 AEBOYEK MPH YCIOBHUH, YTO CTAPLUM peOeHOK — AeBOYKa, PaBHYIO 1 ¢ BEpPOSITHO-
cThio 1/2 1 2 ¢ BepodaTHOCTEIO 1/2.

B paccmarpriBaeMbIx 3a/1auax cirydaiiHble BEJIMUHHBI OYIyT MCIIOJIb30BAThCS MO OOJIbIIEH
4acTH HEsIBHBIM 00pa3oM, 0e3 MpHBJIEUEHUS K HMUM 0coOoro BHUMaHus. OnHAaKO eciiu
KOMHYTh Ty0Ke, TO UX MOXHO 00s13aTeIbHO OOHAPYKHUTh.

HenpepbiBHbLIE pacnpeneneHus

Bpocanne MOHETBI COOTBETCTBYET OUCKPEMHOMY pachnpedesieHulo, KOTOpoe CTaBUT B CO-
OTBETCTBHE MOJIOKHUTEIBHYIO BEPOSATHOCTh MPOHYMEPOBAHHBIM HMCXOJaM AMCKPETHOIO
BEPOSITHOCTHOrO MpocTpaHcTBa. OIHAKO Hepenko TpedyeTcs MOIeNMpoBaTh pacrperne-
JIEHHUs1 Ha HEIMpPEepbIBHOM IMPOCTpPaHCTBE UCXOM0B. ([ns Lenel M3MOXKEHUS B KHUre 3TH
MCXOJIbl Beeraa OyayT BelECTBEHHBIMHU YMCIIaMU, XOTS B peajibHOM JKM3HHU 3TO He Bceraa
Tak.) Hanpumep, pasnomepnoe pacnpedenenue Ha3HauYaeT 0OUHAKOBbLI eC BCEM UUCIIaM
Mexay 0 m 1.

IMockonbky Mexxay 0 u 1 HaxoauTcst GECKOHEUHOE KOJMYECTBO YKCEN, TO, 3HAUMT, BEC,
KOTOPBI OHO Ha3zHAayaeT WHIWBUIYaTbHBIM TOYKAM, JIOJDKEH C HEM30€KHOCTHIO ObITh
paBeH HyJt0. [To 3TOi npuyuKMHe HeNpephIBHOE pacipeielieHUe PacCTOsIHUS BEPOSITHOCTEM
MIPEJICTABJISIOT TUIOTHOCTBIO pacripeniesieHus BeposTHocTeit (probability density function,
pdf), Tarke umeHyemol Jupgepenyuanvroil gynxyueii pacnpeoenenus (JIDOP), Takoid,
YTO BEpOSTHOCTh HAOJIIOJATh 3HAUEHUE B OINPECTICHHOM MHTEpBalle paBHA UHTETpajy OT
nuddepeHInaTbHONM GYHKIUH, B3ATOMY B 3THUX Npejenax.

7 Ha npakTHKe IpU aHAIH3e BHIOOPOK MATEMATHYECKOe 0XKMIAHME, KAK IPABUIIO, HEU3BECTHO. 1107TOMY BMe-
CTO HETO UCMOJB3YIOT €r0 OLEHKY — CpefHee apuMeTHieckoe. — [Ipum. nep.
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Ecnu Bawe nHTerpansHoe ncuncrneHne xpomaet, To 6onee npocTor cnocod NoHATL 3TO
COCTOWT B TOM, YTO €CINK pacnpeaeneHne nMeeT QyHKUMIO NNOTHOCTU f, TO BEPOATHOCTb
HabrogaTtb 3HavyeHne mexay x u x + h npubnmxkeHHo pasHa h - f(x) Nnpu manbIx 3Hadve-
HUsAX h.

Oyukums wiotHocTH (Wi JIOP) paBHOMEpHOTO pacnpeiesieHus] — 5TO BCEro JINIIb:

# JOP paBHOMEPHOT'O paCHpeneseHUsS
def uniform pdf (x):
return 1 if x >= 0 and x < 1 else 0

BeposTHOCTb, UTO ciyudaiiHas BelWMuYWHA, 3aJaHHAs Takoil (YHKUMel pacrnpeneneHus,
HaxonuTcs B MHTepBaje Mexay 0.2 u 0.3, kak u oxuganock, paBHa 1/10. OyHKums
random.random() B Python — 370 (mceBmo)ciyuaiiHas BelMYMHA C PaBHOMEPHOW IUIOT-
HOCTBIO.

0.5

0.0

Puc. 6.1. NIHTerpanbHas yHKUMS paBHOMEPHOro pacnpeaerneHns

Yacto Hac Oousblie OyneT HHTepecoBaTh KyMYJsATHBHas (YHKLHWS pacripeielieHHs
(cumulative distribution function, cdf), Takke umenyemas unmeepanerol pynukyueti pac-
npeoenenus (UDOP), koTopas onpeaenser BeposTHOCTb, YTO ClIydaiiHas BeIMYMHA MEHb-
L€ WIM PaBHA HEKOTOpoMY 3HaueHuto. Peanuzauus UOP paBHOMepHOro pacnpeaeieHus
anieMeHTapHa (puc. 6.1):

# VIOP paBHOMEPHOT'O paCHpeneseHusS
def uniform cdf (x):
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"""Bo3BpamaeT BEPOATHOCTL TOI'O, YUTO PaBHOMEPHO paclpeneseHHas
coyyarHas BejuyHa <= x"""

if x < 0O: return 0 # BesymumHa HMKOrzZa He ObBaer MeHbme (
elif x < 1: return x  # Hampmvep, P(X <= 0.4) = 0.4

else: return 1 # BesmumHa Bcerza MeHbme 1

HopmanbHoe pacnpeneneHue

Koposnem pacnipenenenwii sBIsieTcs HopMaivHOe pacnpeodeiienue. ITO KIacCHYecKoe
pacripefeneHue B (opMe KOJOKOJIA TMOJHOCTBIO OMpenensercss JByMs MapaMeTpamHu:
1 (MIO) — MaTeMaTUYecKUM OXKHJaHUeM (CpeJHUM 3HauyeHHeM), U G (CUrMOi) —
CTaHJAPTHBIM OTKJIOHEHHEeM. MaremaThueckoe OXHJAaHWE YKa3blBaeT Ha CMEIIECHHE
KOJIOKOJIA, a CTaHJAapTHOE OTKJIOHEHHWEe — Ha ero "mmpuHy" (Wi Macirad).

Ero ¢ynkums pacnpenenenus (IPP) umeer cnenyrommii BUa:

(x-n)

exp| —
P 26°

1
f(x|H: G):m

KOTOPYIO MOKHO p€aiIn30BaTh TaKUM O6p330M:

# JOP HOpPMAJIEHOI'O paCHPEenesIeHNs
def normal pdf(x, mu=0, sigma=1):
sqrt_two pi = math.sqrt(2 * math.pi)
return (math.exp(-(x-mu) ** 2 / 2 / sigma ** 2)/(sqrt two pi * sigma))

Ha puc. 6.2 nns HarnsaHOCTH NpuBeaeHbl rpaduku HekoTophix JDP:

xs = [x / 10.0 for x in range (=50, 50)]

plt.plot(xs, [normal pdf (x,sigma=1) for x in xs],'-',label='mo=0, curma=1")
plt.plot(xs, [normal pdf (x,sigma=2) for x in xs],'--',6label="m0=0, curma=2")
plt.plot(xs, [normal pdf (x,sigma=0.5) for x in xs],':' 6 label='mo=0, curma=0.5")
plt.plot(xs,[normal_pdf(x,mu=—l) for x in xs],'-.',label="mo=-1, curma=1")
plt.legend()

plt.title("Heckombko [IOP HOpMAJILHOTO pacrnpenejenvsa")
plt.show()
Ilpy =0 u o=1 OHO Ha3BIBACTC CMAHOAPINHBIM HOPMANLHBIM PACHpEOeeHUeM.

Ecnu Z — 3710 cTaHmapTHas HOpMaJIbHO pacripeliesieHHas CllydyaiiHasi BeJMYMHaA, TO OKa-
3bIBAETCS, UYTO

X=cZ+p
TOKE SBISIETCS HOPMAJIbHO paclpeneNeHHOM, HO C MaTeMaTHUYeCKUM OXHIaHHWeM [l U

CTaHIapTHBIM OTKJIOHeHHeM G. M HaoGopot, ecnu X — HOpMaibHO pacrpenesieHHas
cilyyaiiHas BeJIMYMHA C MAaTEeMaTHYECKHUM OXKMAAHMEM [L M CTAaHIAPTHBIM OTKJIOHEHHEM

G, TO
X—p
(@
€CTh CTaHAapTHad HOPMAJIbHO pacrpeaciCHHasd cnyqaﬁHaﬂ BEJIMYHHA.

7 =
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i Heckonbko IOP HopmanbHOro pacnpeaeneHma
__\",_ — Mio=0, (HrMa=1
0.7 | I e I = = Mi0=0, curma=2
b « mio=0, curma=0.5
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0.5
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03
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Puc. 6.2. Heckonbko anddepeHumanbHbix yHKLMA HOPManbHOro pacnpejenexHus

HHrerpanbHyto GpyHKIUIO pacnipeesieHus! A1 HOPMalIbHOTO pacrpeiesieHUs] HeBO3MOXK-
HO Hamucath, MOJb3YACH JIUIID ""3JIeMEHTapHBIMU" CPEACTBAMU, OJHAKO STO MOXKHO CHe-
JaTh NPY MOMOIIY MTUTOHOBCKOW (YHKIIMM UHTErpalia BEpOATHOCTH math.erf:

# VIOP HOpPMAJIBHOI'O paCHpeneIeHNs
def normal cdf(x, mu=0,sigma=1):

return (1 + math.erf((x - mu) / math.sqrt(2) / sigma)) / 2
U cHOBa nmocTpouM rpadMKH HEKOTOPBIX U3 HUX (pHc. 6.3):

xs = [x / 10.0 for x in range (=50, 50)]

plt.plot(xs, [normal cdf (x,sigma=1) for x in xs],'-',label='mo=0, curma=1")
plt.plot(xs, [normal cdf (x,sigma=2) for x in xs],'--', label="m0=0, curma=2")
plt.plot(xs, [normal cdf (x,sigma=0.5) for x in xs],':',6label='mo=0, curma=0.5")
plt.plot(xs, [normal cdf (x,mu=-1) for x in xs],'-.',label="mo=-1, curma=1")

plt.legend(loc=4) # BHMBY chpaBa
plt.title ("Heckosbko V®P HOpMaJbHOTO pacnpenesyexus")
plt.show()

HHorna Tpedyercs oOpaTUTh MHTETPATbHYIO (PYHKIMIO normal cdf, YTOOBI HAWTH 3Haue-
HMe, COOTBETCTBYIOLIEe yKa3aHHOW BeposTHOCTH. IIpocToii crnocol BbUMCIUTE 0Opat-
HYIO (YHKUMIO OTCYTCTBYET, OJHAKO €CIIH Y4YeCTb, YTO normal cdf — HEMpepbIBHASL
¥ MOHOTOHHO Bo3pacTatoiasi GyHKLHs, TO MOXKHO MPUMEHHUTH IBOUYHBIN MOUCK®:

# ofparHas UOP HOPMAJLHOI'O PACHPENETIEHNUS
# (tolerance - 5TO KOHCTaHTa TOYHOCTH)

8 Cwm. https://ru.wikipedia.org/wiki/[{Bouunbiii_nouck. — [Ipum. nep.
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def inverse normal cdf(p, mu=0, sigma=1, tolerance=0.00001):

""" HanTy IPUOIIIDKEHHY MHBEPCHMIO, JCIOJNB3YS ABOMYHED! moyck"""

# ecs HE CTaHZAPTM3VPOBAHO, TO CTAHAAPTH3MPOBATH ¥ MPOLKAJMPOBATE

if mu !'= 0 or sigma !'= 1:

return mu + sigma * inverse normal cdf(p, tolerance=tolerance)

low z, low p = -10.0, 0  # normal cdf(-10) =

hi z, hip

10.0, 1 # normal cdf(10) =

while hi z - low z > tolerance:

mid z = (low z + hi z) / 2
mid p = normal cdf (mid z)

if mid p < p:

(ouedr 6umsko k) 0
(oueHr 6umsko k) 1

# B3ATH cepemuHy
# u BHaueHme JVIOP B 5TOM MecCTe

# BHaueHne CepenyHel BCe €le CJIMIIKOM HM3KOe, MCKATh BEREIIE €I'0

low z, low p = mid z, mid p

elif mid p > p:

# BHaueHne CcepeyHel BCe e€le CJIMIIKOM BEICOKOE€, MCKaThb HIDKe

hi z, hi p = mid z, mid p

else:
break

return mid z

@DyHKLMS MHOTOKPATHO JEJMT WHTEPBAIBI MOMOJIaM, MOKa He BBIAIET Ha TOYKY Z, KOTO-
past [OCTaTOYHO OJIM3Ka K TpeOyeMoil BEpOSITHOCTH.

1.0

0.8

0.6

0.4

0.2

0.0

Heckosnbko UDP HopmanbHOTo pacnpeaeneHns
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Puc. 6.3. Heckonbko nHTerpanbHbIx PYHKLMIA HOPManbHOro pacnpegenexus
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LleHTpanbHaa npegenbHas Teopema

OnmHa M3 TPUYMH PaclpOCTPAHEHHOCTH HOPMAJIbHOTO pPAacTpelesieHus] 3aKIFouaeTcs
B yenmpanvHoil npedenvroli meopeme (LIIT), cormacHo koTopoit (1o CyinecTBy) ciy-
YaiiHas BEeJMUYMHA, OlpelesieHHas Kak cpeqHee OOJIbLIOro Yuciia He3aBUCUMBIX U HJCH-
THUYHO pacnpeleieHHbIX cy4alHbIX BEJUUMH, cama SBIIeTCsl NPUOIMKEHHO HOPMaibHO
pacnpeneneHHOM.

B uactHOCTH, ecnu X, ..., X, — CIlydaifHble BEJIMUMHBI C MAaTeMaTUYECKHM OXKHUIAHUEM

(CpCI[HI/IM 3Ha‘{eHI/I€M) L U CTaHOAAPTHBIM OTKJIIOHEHHUEM O© U €CJIU 1 6OJ'ILHIOC, TO

1
;(x1 +..4X,)

— NpUOJIM>KEHHO HOPMAaJIbHO pacrpe/iesieHHas BeIMUMHA ¢ MaTeMaTHYECKUM OXKHIaHH-
€M |l W CTaHJapTHBIM OTKJIOHEHHEM (‘5/ Jn . DxeuBaneHTHEIM obpa3om (v yaie ¢ 60ib-
1Iei MpaKTHYeCKOU MOJIb30H),

(x, +...4+x,)—pn
on

€CTh HpI/I6J'II/DKeHHO HOpMaJIbHO pacnpeacicHHasa BEJIMUMHA C HYJIEBbIM MaTEMaTUYCCKUM
OXXUJAHUEM U CTaHAAaPTHBIM OTKJIIOHEHUEM, paBHbBIM 1.

TO MOKHO JIETKO MPOUJUTIOCTPUPOBATh, OOPATUBIUMCH K OUHOMUATLHO PACHPEOeleHHbIM
CllyyaiiHbIM BeJIMYMHAM, UMEIOLIMM [Ba MapameTpa — # U p. bunomuanbHas ciydaiinas
BEJIMYMHA binomial (n, p) — 3TO MPOCTO CyMMa 7 HE3aBUCHUMBIX CIy4alHBIX BETMYHH
¢ pacripeneneHreM bepHyJu bernoulli (p), TAKKUX, YTO 3HAYEHHE KaXKA0H U3 HUX paBHO |
C BepOATHOCTHIO p 1 0 ¢ BEpOsITHOCTBIO 1 — p:

# HeszaBuCHMMOE WCHETaHMe BEpHYJM, B KOTOPOM MMEETCS BCEI'O
# mBa curyvanueix mucxoga (1 m 0) C HOCTOSHHOM BEPOSTHOCTEI
def bernoulli trial(p):

return 1 if random.random() < p else 0

# GuHOMMAJIEHOE pPaCHpeneseHne
def binomial(n, p):
return sum(bernoulli trial(p) for in range(n))

MaremaThueckoe OKMAAHME CIy4alHOW BeJIMYMHBI C pacrpeneineHreM bephHymim
bernoulli (p) paBHO p, €€ CTaHAAPTHOE OTKJIOHEHHE PaBHO p(l— p). CornacHo ueH-

TpaI[BHOﬁ HpeHeHBHOﬁ TEOopeME, Mpu OoNbIIKX 1 OMHOMHANbHAS CﬂyqaﬁHaH BCJIMUHMHA
binomial (n,p) HpI/I6J'[I/I)KeHHO HOpMAJIbHO pacnpencjieHa ¢ MaTeMaTUY€CKUM OKHUIAaHUEM

LL=np W CTAHJAPTHBIM OTKJIOHEHHEM © = np(l— p) . Ha guarpamme Jierko yBUIETb
CXOJCTBO O0OMX pacrpeaeeHHIA:

# mocTpoMTE TMCTOIPAMMY
def make hist(p, n, num points):
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data = [binomial(n, p) for  in range(num points)]

# crombuaTas nguarpamMa, NOKashBalmas QaxTUieckyme OCUMHOMMAJIBLHEE BEIOOPKN
histogram = Counter (data)
plt.bar([x - 0.4 for x in histogram.keys()],

[v / num points for v in histogram.values()],

0.8,

color="0.75")

mi=p *n
sigma = math.sqrt(n * p * (1 - p))

# JMHENHEDT TaduK, MOKAa3RBAKIPNI HOPMAJBHOE MPUOIIDKEHNE

xs = range (min(data), max(data) + 1)

ys = [normal cdf(i + 0.5, mu, sigma) - normal cdf(i - 0.5, mu, sigma)
for i in xs]

plt.plot (xs,ys)

plt.title ("BuHoMManbHOE pacHpemesieHVe M eTo HopMaJibHoe NpubimmxeHue")

plt.show()

Hampumep, npu BbI30Be make hist (0.75,100,10000) TMOJY4YHM AWAarpaMMy, Kak Ha puc. 6.4.

buHOMWaNbHOE pacnpepenexne
. 1 ero HOpManbHoe npubanxeHne
0.08 1 1 1 1 1 1
0.06 i ! |
0.04 - -
0.02 - ! ‘ - -
0.00 I | | | P
55 60 65 70 75 80 8s 90 9

Puc. 6.4. PeaynbTar BbINONHEHUs yHKUMN make hist
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Mopaib 3Toro npuobIMKEHHUs 3aKJIF0YaeTCsl B TOM, YTO €CJIM (CKakeM) HY)KHO y3HaTh Be-
POSITHOCTb, UTO YPaBHOBELLEHHAs! MOHETa BbinazeT opsoM Oosnee 60 pa3 u3 100 6pockos,
TO 3TO MOYKHO BBIYMCIIMTH, KaK BEPOSATHOCTB, YTO normal (50,5) Gonbiue 60, 1 3To ropazao
Jerye caenarb, 4eM BUUCIATh MDOP GMHOMUaIbHOTO pacnpeneneHus binomial (100,0.5).
(XoTst B GONBIIMHCTBE MPUJIOKEHUH Bbl, BO3MOXKHO, BOCIMOJIB3YETECh CTATUCTHUECKUM
MpOrpaMMHBIM 00ecneYeHHeM, KOTOPOe C TOTOBHOCTBIO BBIYHCIIHUT JIIO0YIO0 BEPOSTHOCTD,
KaKyro ToJKeJaeTe.)

Ana npanbHeuwero usy4yeHus

¢ buGmuoreka scipy.stats  (http://docs.scipy.org/doc/scipy/reference/stats.html)
conepxur JIOP u UDP nnsa GonblmMHCTBA MOMYNSAPHBIX pachpesielieHui BeposT-
HOCTEM.

4 B koHiue 2nagul 5 yke OTMEHYanoch, YTO HEIUIOXO ObLIo Obl W3Y4YWTh Y4EOHHK TO
MaTeMaTHYeCKOW CTAaTUCTHKe. JTO ke KacaeTcs M y4eOHMKA IO TEOPUU BEpOST-
HOCTEH.



MABA 7
'MnoTte3a u BbIBOA,

[To-HacTosiieMy YMHOTO Y€JIOBEKA XapaKkTePU3YeT TO, YTO UM
JIBIDKET CTaTHCTHKA.

Jorcopoarc Beprapo Iloy'

JI51g 4ero Hy>kHbI Bce 3TH CBEJEHUS M3 MaTeMaTHYeCKOl CTaTUCTHKH M TEOPUM BEpOST-
HocTei? Hayunas CTOpOHAa HAayKM O JaHHBIX YacTO TOJpasyMeBaeT (OPMYIHMPOBKY U
MIPOBEPKY CIAMUCTNUYECKUX 2unome3 O AaHHBIX U MpoLeccax, KOTOPbIe MX MOPOKAALOT.

MpoBepka cTaTUCTUYECKUX rMnoTe3

AHaJIMTHKaM JaHHBIX YacTO TpeOyeTcs BHIMOIHUTE MPOBEPKY BEPOSTHOCTH, UTO OMpe/ie-
JIeHHasl CcTaTHUCTHYecKas rumnore3a sBiseTcss mnpaBwibHOW. [lom cmamucmuueckumu
eunomesamuy OyJeM TIOHMMAaTh YTBEP)KICHHs TuMa "3Ta MOHETa ypaBHOBelIeHA" WM
"aHATUTUKU JaHHBIX OoJble mpeamnounTaioT Python, yem R", unu "mocerurenu, ckopee
BCEro, MOKWHYT CTPaHHULLy, HE MPOUTS COAEP>KMMOro, €ciid pa3MeCTHTh Ha Hel BCIUIbI-
BAIOLIME OKHA C pa3paxkarouleil peklaMOd U KpOLIEYHON TpyAHOPa3IuYMMOM KHOMKOM
3akpeITh". Bece 3TH yTBepsKaeHHS MOTYT ObITh TPaHCIUPOBAHBI B CIMAMUCMuKy O NaH-
HbIX. B yclnoBHAX HECKONBKMX HWCXOIHBIX TPEAINONIOKEHUH 3TH CTATUCTUKH MOYKHO
paccMaTpuBaTh B KadecTBe HaOMIOACHWI 3a ciay4yallHbIMM BEJTMUMHAMH C M3BECTHBIMH
pacnpeaeneHusIMA, KOTOpbI€ MO3BOJISIOT JIeNaTh YTBEP>KIEHUS O BO3MOYKHOCTH, UTO 3TH
VICXOJHBIE MPEANOIIOKEHHS BEPHBI.

Knaccuyeckas TpakToBKa moapasyMeBaeT HajUuue IMIaBHON WM HYegou cunomesvl H,
KOTOpasi MpeACTaB/IAeT HEKYH TMO3WLHUI0 IO YMOJYaHWIO, M KOHKYpUpYOUeH Win
anbmepHamueHoll TUNOTe3bl [1), OTHOCUTENBHO KOTOPOH MBI XOTUM €€ COIOCTaBUTH.
UrtoObl MPUHATH pELIEHHE, MOYKHO JIM OTKJIOHHUTh /1) Kak OIHMOOYHYIO WM MPHUHATH ee
KaK BEpHYIO, UCTIOJIb3YIOT cTaTUCTUKU. [lo-Buaumomy, Oyaer pasymHee mokasaTb 3TO Ha
npumepe.

NMpumep: 6pocaHue MOHeTbI

[lycts uMmeeTcss MOHeTa, KOTOpYIO TpeOyeTcsi MpOBEpUTh, YpaBHOBelIeHa JIU oHa. (s
3TOrO JAefaeTcsl UCXOAHOe MPEeAroNoKEeHHe, YTO MOHETa UMEET HEKYHO BEpOSITHOCTh p
BBIMAZACHUS OpJjia, U BbIABUIaeTcs HyJieBas rMIOTe3a O TOM, YTO MOHETa ypaBHOBELIEHa,
T.e. p=0.5.1IpoBepuM ee, CONOCTABUB C AJIbTEPHATUBHOM runote3oit p = 0.5.

! Jixopmx Bepuapn 1oy (1856—1950) — npianckmii pamMaTypr, MIcaTelb, poMaHucT. — ITpum. nep.
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B wacTHOCTH, poBepKa Hy/IeBOW IMIOTE3bI OyeT COCTOATh B OPOCAHUM MOHETHI 71 pa3 U
nozcyere kKoiauyecTBa opioB X. Kaxkaplii Opocok MOHETHI — 3TO McIbITaHue bepHyuw,
rae X — 3T1o OMHOMUaNIbHAs Clly4yaiHas BeJIMYMHA benomial (n,p), KOTOPYIO, KaK Mbl YKe
yOenunuch B enage 6, MOXKHO NPUOTIHKEHHO BBIPa3UTh MPU TMOMOLIM HOPMAJIbHOTO pac-
npeAeeHuUs:

# anmpoxcymayisas OMHOMMAJIBHOM CJIydayHON BeJMUMHE HOPMAaJIbHEM PACIPENeIeHNEM
def normal approximation to binomial(n, p):

"""HaxoguT mu M Sigma, KOTOPEE COOTBeTCTBylT binomial (n, p)"""

mi=p *n

sigma = math.sqrt(p * (1 - p) * n)

return mu, sigma

B cnywae ecnu cnywaiiHas BeqWYMHA MOJYMHSAETCS HOPMAlIbHOMY pacIpellesIeHHIO,
TO JUTS BBIYMCIICHHUS BEPOSTHOCTH, YTO €€ PeaJln30BaHHOE 3HAYEHHUE JISKUT B Mpenenax
(vnM 3a mpeenaMH) ONMpeneseHHOro MHTepBaja, MOXHO BOCIIONB30BaThCs (DYHKIMEH
normal cdf 175 BeruuciaeHuss MOP HopManbHOro pacnpeaesieHus:

# BEPOATHOCTH, UTO 3HAYEHME HOPMAJILHOV CJIyYayHOM BEJIAYMHE JIEXAT
# HDKE MOPOI'OBOI'O 3HAYEHVIS

normal probability below = normal cdf

# OHO BEIIE NOPOI'OBOI'O 3HAYUEHMS, €CJIM OHO HE HiKe MOPOI'OBOI'O 3HAUYEHMS
def normal probability above(lo, mu=0, sigma=1):
return 1 - normal cdf(lo, mu, sigma)

# OHO JE&XMUT MEXTy, eCju OHO MeHbme hi, HO He Hwke 1o
def normal probability between(lo, hi, mu=0, sigma=1):
return normal cdf (hi, mu, sigma) - normal cdf(lo, mu, sigma)

# OHO JIeXwMT 3a mpeneiaMmy, €CJy OHO He BHYTPM
def normal probability outside(lo, hi, mu=0, sigma=1):
return 1 - normal probability between(lo, hi, mu, sigma)

[TomuMo 3TOrO, MOKHO CcAejaTh U 00paTHOe — HANTH HEXBOCTOBYHO O0JIACTh WU JKe
(cuMMeTpHUUHbIH) UHTEPBAJ BOKPYT CPEIHEr0 3HAUYEHUs, Ha KOTOPbII MPUXOJUTCS OIpe-
JIeJICHHBIN ypOBeHb MpaBaononaodus’. Hampumep, ecin Hy)KHO HaWTH WHTEPBANI C LICH-
TPOM B CpellHEM 3HAYEHHH, cOoAep Kailuii BeposaTHOcTh 60%, TO HAXOIWM TOYKH OTCe-
YeHMs], TIe BEPXHUH W HIKHHUHA "XBOCTB" comepkaT 1o 20% BepOATHOCTH Ka)Ibli
(c octaTtkom B 60%):

? B CTATMCTMKE 3HAYEHHs [IOHATUIl BEPOATHOCTH U IIPABIONOAOOMS Pa3IMyaAlOTCs 110 POJIM HApaMeTpa U pe-
3ynbpTara. BeposSTHOCTE MCIONB3YETCS ISl OTMCAHMS pe3ynbTaTa (DYyHKIMY MPU HATUINKA (UKCHPOBAHHOTO
3naueHust mapamerpa. (Ecmu cnenate 10 6pockoB ypaBHOBEUIEHHO MOHETHI, KakoBa BEPOSTHOCTh, YTO OHA
nosepHeTcs 10 pa3 opiom?) IlpaBromonobue nconb3yercs A OMUCAHMS mapaMerpa GyHKIUKM Py Haju-
yuu ee pesyabrata. (Eciu 6pomennas 10 pa3 MoHeTa noBepHysiach 10 pa3 opaoM, HaCKOJIBKO MpaBaomno100-
Ha ypaBHOBELIEHHOCTh MOHETHI?) — [lpum. nep.
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# BEDXHAST IPpaHna HOPMAJBHOM BEJIAYMHEL

def normal upper bound(probability, mu=0, sigma=1):
"""BosBpamaeT z, AJT KOTOpPOro P(Z <= z) = probability"""
return inverse normal cdf (probability, mu, sigma)

# HIKHAS IPaHMIE HOPMAJILHOJ BEJIMYUMHEL

def normal lower bound(probability, mu=0, sigma=1):
"""BosBpamaeT z, I4Jd KOTOpPOoro P(Z >= z) = probability"""
return inverse normal cdf(l - probability, mu, sigma)

# IOBYCTOPOHHME IPAHMIEI HOPMAJIBHOV BEJIMUVIHEL
def normal two sided bounds (probability, mu=0, sigma=1):
"""Bo3BpamaeT CHMMETOMYHEE (BOKPYIT' COEOHEI'0 BHaueHWs) IPaHMIE,
B mpenenax KOTOPEIX CONEPXUATCA yKal3aHHas BeposTHocTe"""
tail probability = (1 - probability) / 2

# BEpPXHAT IpaHMIa OOJKHA MMETH BHAUEHME XBOCTOBOM BEPOSTHOCTH
# tail probability Brme ee
upper bound = normal lower bound(tail probability, mu, sigma)

# HIOKHAS IDaHMNa LOJDKHA WMMETE 3HaUeHMe XBOCTOBOM BEPOATHOCTH
# tail probability mke ee
lower bound = normal upper bound(tail probability, mu, sigma)

return lower bound, upper bound

B uactHOCTH, mycTh pemieHo caenark n=1000 Gpockor. Ecnu rurnoreza o6 ypaBHOBe-
HIEHHOCTH MOHETHI MpaBUiIbHAs, TO CIy4aiiHas BenuuruHa X JJO/bKHA ObITh pacrpesesieHa
MPUOIMXKEHHO HOPMAJIBHO CO CPEeJIHAM 3HaueHHeM, paBHBIM 500, U cTaHIAPTHBIM OTKJIO-
HeHueM 15.8:

mu 0, sigma 0 = normal approximation to binomial (1000, 0.5)

Ha cnenpyromem stane Hago NMpPUHATH pelieHHe 00 ypogHe 3HAYUMOCHU, HA KOTOPOM
B JJalibHeiIIeM U OyeT c/ielaH BBIBOJ O CIIPABEJTUBOCTH THITOTE3bI, T. €. HACKOJIBKO MBI
TOTOBbI B pe3y/ibTaTe NMPOBEPKH COBEPIIUTH OwUOKY nepgoco pooda ('I0KHOMOIOKH-
TENbHY!0"), HENMPaBUIBHO OTKJIOHMB [, najke eciii oHa npaBwibHad. [lo nmpuunnam,
3aTepsBLIMMCS B aHHAjJaX UCTOPHUH, 5Ta FOTOBHOCTh 4acTo 3ajaHa Ha ypoBHe 5 wiu 1%.
Bosbmem 3a ocHoOBy 5%.

PaccMoTpuM npoBepKy, KOTOpas OTKIOHAET [, ecnu X BBINAJAET 3a MpPEJeIIbl TPaHuLl,
3aJ]aHHbIX CJIEYIOLUM 00pa3oM:

# OBYCTOPOHHME IPaHMUIE HOPMAJBHOM CJIydayHOI BEeJIIMHEL
normal two sided bounds(0.95, mu 0, sigma 0) # (469, 531)

IIpunsaB p aeiictBuTensHo paBHbIM 0.5 (T. €. H, npaBuiIbHasA), UMeeM Bcero 5% IIaHCOB,
4yro Habslogaemas ciaydaiiHas BeqimumHa X OyzeT jexarhb 3a mpejesiaMyd 5TOro MHTepBa-
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Jla, ¥ 3TO B TOYHOCTH COOTBETCTBYET TOMY YPOBHIO 3HAUMMOCTH, KOTOPBIH OBLIT HY>KEH.
Beipakasce nHave, ecnu H,, mpaBuiibHas, TO MPUOIM3UTENBHO B 19 ciiydaes n3 20 Takas
npoBepka OyneT nqaBaTh KOPPEKTHBIN pe3ysbTar.

Hepenko Takke BBI3BIBAaET MHTEPEC MOUHOCHL TIPOBEPKH, T. €. BEPOSTHOCTH HE ClIeNaTh
OwWUOKy 6Mopo2o pooda, KOria He ylnaeTcs OTKIIOHUTh Hj, Aake eclii OHa omubouHas.
Urobbl ee U3MEpHUThH, ClieAyeT KOHKPETU3MPOBATh, YTO B TOYHOCTH O3HaAudem OIMO0Y-
HocTh H). (3HaHue o Tom, uto p # 0.5, He maeT oOMILHON MHQOPMALIMK O pacrpesee-

Huu X.) B yacTHOCTH, MPOBEPUM, YTO CITyUUTCs, €CliK Ha camoM Jene p = 0.55, Gnarona-
pst YeMy CBOMCTBO YPaBHOBEIIEHHOCTH MOHETHI UyTh CMEIIIEHO B CTOPOHY OPJIOB.

B sTom cjydya€ MOILIHOCTb NPOBEPKHU MOXKHO BbIYHUCIIUTL TaK:

# 95% rpamms mpy ycaoBmy, yro p = 0.5
lo, hi = normal two sided bounds(0.95, mu 0, sigma 0)

# ¢axTmueckme mu u sigma mpu p = 0.55
mu 1, sigma 1 = normal approximation to binomial (1000, 0.55)

# ommbka BTOPOI'O poZa O3HAYAET: HE YAAJOCh OTKJOHWATEL HYJIEBYI IMIOTE3Y;
# 57O mpomcxoauT, KorzAa X BCE eme BHYTPM NEPBOHAYAJLHOI'O MHTEPBAJA
type 2 probability = normal probability between(lo, hi, mu 1, sigma 1)
power = 1 - type 2 probability # momzocTs = (0.887

Teneps nOMycTUM, YTO B KadecTBE HYJIEBOW TMIOTE3bl JAaHO YTBEP)KAEHHE O TOM, UTO
MOHETa He CMelleHa B CTOpPOHY opiioB, i p <0.5. B 3ToM ciayyae HyxkHa oOHocmo-

PpoHHAs TIPOBEpKa, KOTOpasi OTKJIOHSET HYJIeBYIO runoresy, koraa X Gosabwme 500, u He
otkionsieT, korga X mensine 500. [lpu sTom mpoBepka Ha 5%-M ypoBHE 3HAUMMOCTH
BjieveT 3a coboil mpuMeHeHHe (DYHKLUMHU normal probability below Ui HAXOMXAEHHS TOY-
KM OTCEUEeHHsI, HU)Ke KOTOPOH JIeKHUT 95% BeposTHOCTH:

# BEPXHAA IPaHMIa HOPMAJIbHOM CJIyYayrHON BeJIAYVHE!
hi = normal upper bound(0.95, mu 0, sigma 0)
# = 526 (< 531, mockoysbBKy HyXHO OOJBIIE BEDOSTHOCTM B BEPXHEM XBOCTE)

# BEPOATHOCTEH OmMOKY BTOPOI'O POAA
type 2 probability = normal probability below(hi, mu 1, sigma 1)
power = 1 - type 2 probability # momHOoCTE = 0.936

Oto Gonee MoLHAs MPOBEPKA, MOCKOJIBKY BMECTO TOTO, YTOOBI OTBEprHyTh Hy, koraa X
Hke 469 (uto Bpsn M BooOIe MPOW3OHAET, eciu ajlbTepHaTHBHAsS [| TIpaBHIIbHAsA),
oTBepraemM HyleByro H, korna X nexxut Mexay 526 u 531 (4To BrosiHe MOXKET TIPOU30M-
TH, €CJIM aJlbTepHAaTUBHAs rurnote3a H, npaBuibHas).
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P-3HauYeHuA

ANbTEepHATUBHBIM MOAXO/ MO CPABHEHUIO ¢ MPEdbIAYIINM crocoOOM NMPOBEPKHM Mpearo-
JaraeT UCTOJIb30BaHUE p-3HAUeHUI’ WM UHAYe 3HAUCHHUI YPOBHS p 3HAaUMMOCTH. BmecTo
BbIOOpa TpaHUL] HA OCHOBE HEKOTOPOH TOYKH OTCEYEHHS BEPOSTHOCTH BBIYHCIAETCS
BEPOSITHOCTh (TIPH YCJIOBHMH, 4TO [ MpaBuiIbHAsA) MOMYYEHUs] KaK MUHUMYM TaKOro ke
NpeaeabHOro 3Ha4eHusl, Kak U To, KOTopoe (hakTHuecKH HaboAaIoch.

I[.T[S[ I[ByCTOpOHHeI\/'I MPOBEPKU I'MIOTE3bI 00 YPaBHOBEIIEHHOCTU MOHETBI BLIYHUCIISACM:

# IBYyCTOpOHHEE DP-3HAYEHME
def two sided p value(x, mu=0, sigma=1):
if x >= mu:
# ecysm x GoJblle CpPEemHEro BHAYEHMS, TO BHAUYEHMsS B XBOCTe OOJBIE X
return 2 * normal probability above (x, mu, sigma)
else:
# ecym X MeHbIle CPeNHEeIr'o BHAJeHWs, TO BHAaYeHWs B XBOCTE MEHBIE X
return 2 * normal probability below(x, mu, sigma)

ITpm Beimagennu 530 opsIOB BHI3BIBAEM:

two_sided p value(529.5, mu 0, sigma 0) # 0.062

Mouemy 529,5, a He 5307 Bce geno B nonpaeke Ha Hel'lpeprBHOCTb4. OHa oTpaxaeT ToT
dakT, 4TO BbI3OB (YHKUMM normal probability between(529.5, 530.5, mu 0,
sigma 0) sBNseTcA Gonee TOYHOW OLIEHKOW BEpoATHOCTU HabnioaaTb 530 opros, Yem
normal probability between (530, 531, mu 0, sigma 0).

Mo3atomy BbI3OB IYHKLMM normal probability above (529.5, mu 0, sigma 0) ABNAeT-
ca bGonee TOYHOWM OLIEHKOW BEPOATHOCTU HabnaaTtb kak MuHumym 530 oprnos. OTme-
TMM, YTO TaKoW Xe NMPUEM MUCMNOMNb30BaH B NpuMepe, pesynbTaT BbIMNOMHEHUS KOTOPOro
nokasaH Ha puc. 6.4.

YtoObl yOeauTbes, UTO 3TOT pe3yNbTaT SBIISETCs pa3yMHOM OLIEHKOM, MPOBeIeM MOIeIb-
HO€ HCITbITaHue:

extreme value count = 0 # umcyo npenesbHEIX 3HaYeHMI
for in range(100000):
num heads = sum(l if random.random() < 0.5 else 0 # momcumMTaTe UMCJIO OPJIOB

for in range(1000)) # mpu 1000 6pockax
if num heads >= 530 or num heads <= 470: # mogcumraTh, Kak YacTO
extreme value count += 1 # umcyo 'npenensHO'
print (extreme value count / 100000) # 0.062

[Tockonbky p-3HaueHWe NpeBbIlIAeT 3aJaHHbId 5%-i ypOBEeHb 3HAUMMOCTH, TO HyJieBas
runortesa He oTBepraercs. M HarmpoTuB, Npu BbiMageHny 532 opioB p-3HaueHue Oyner:

two sided p value(531.5, mu 0, sigma 0) # 0.0463

3 Dakruuecku, p-3HAUEHNE — 3TO BEPOSTHOCTH OMIMOKM MPU OTKJIOHEHUH HYJIEBOH MMITOTE3HI (OIIMOKU TIep-
BOTO pona). — Ilpum. nep.

* Cwm. https://en.wikipedia.org/wiki/Continuity_correction. — IIpunm. nep.
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YTO MeHbIIe 5%-ro ypoBHS 3HAUMMOCTH, W, CII€IOBAaTeNIbHO, HyJieBas rumnote3a Oyner
OTBEprHyTa. TO B TOYHOCTH TaKas >ke MPOBEpKa, YTO U npexae. PazHuua auiue B noa-
X0JIe K CTATUCTHKaM.

BerHee W HWKHEEC p-3HAUCHUA MOXKHO MOJTYYUTh aHAJIOTMYHBIM O6p330M:

upper p value = normal probability above # BepxHee p-3HaveHyue
lower p value = normal probability below # WokHEee p-3HadYeHye

s mpoBeaeHns 0THOCTOPOHHEW IPOBEPKH MPH BBITIAACHWH 525 OpJIOB MOJTyYaeM:

upper p value(524.5, mu 0, sigma 0) # 0.061

U, cJle/IoBaTelIbHO, HyJIeBas TUIIOTe3a He OyneT oTBeprHyTa. llpu BeinageHuu 527 opyios
MOy YUM:

upper p value(526.5, mu 0, sigma 0) # 0.047

Y HyJIeBasl TUTIOTe3a OyJeT OTBeprHyTa.

Mepen npuMeHeHnem YHKUMW normal probability above ANS BbIMACNEHUS p-3HaYe-
HUI cnepyeT obecneunTb, YToObl AaHHbIE ObiNM NPUONM3NTENBHO HOPManbHO pacnpe-
™, Aenexbl. MNonHo NpYMEpoB MMOXUX PACYETOB, KOrAa UCXOASAT UCKIIOYUTENBHO U3 TOrO,
YTO LUAHC Cry4YaHOro HaCTYMNMeHMsI HEKOTOPOro Habnaaemoro cobbiTust paBeH OAHO-
My Ha MUIIIMOH, KOr4a Ha camMoM Aene UMeEETCs B BuAy "LUaHC Mpu YCROBWUMW, YTO AaH-
Hble HOpMarnbHO pacnpegerneHbl”. Ecrniv aTo He Tak, TO pacyeTbl CTaHOBATCA G6eccmblic-
NEeHHbIMU.

[ns NpoBepku Ha COOTBETCTBME HOPMArbHOMY pacrpefesieHnio CyLecTBYIOT pasHoo6-
pasHble CTAaTUCTUYECKUE MPOBEPKM, HO AaXe eCru NPOCTO pa3MecTUTb AaHHbIE Ha Ana-
rpamme, TO 3TO yXXE CTAHEeT LUaroM B NPaBuUribHOM HarpasrieHum.

D,OBepMTe.ﬂbele MHTEepBalbl

B npenpiaymem pazaene mpoBepsuTMCh TUTIOTE3BI O 3HAYSHUH BEPOSITHOCTH p BBITIA/IEHUS
OpJIOB, KOTOpoe Uis "OopjoB" sBIS€TCS napamempom HEU3BECTHOTO pacrpeaeseHUs.
B sToM ciyuae Mcnonb3ylOT TpeTUd MOAXOJ — CTPOSIT 00GepumenbHblll UHmMePB8al BO-
KpYr HabJI01aeMOro 3HaUeHUs TapameTpa.

Hanpumep, MOXHO OLICHUTh BEpOSTHOCTh HEYPAaBHOBEUICHHOCTH MOHETHI, OOPATHBILIUCH
K cpeqHeMy apu(pMETHUECKOMY 3HAUSHHWIO CIYYalHBIX BEJIMYMH BepHyJUTH, COOTBETCT-
BYIOIIMX Kaxxaomy Opocky MoHeThl — 1 (open) u 0 (pemka). Eciu HaOmroieHns mokasbi-
BatoT 525 opnoe u3 1000 6pockos, To orieHouHo p =(0.525.

Hackombko MOXKHO dogepsamsb Takoi olieHke? Jleno B TOM, 4TO eclii Obl UMEJIOCh TOYHOE
3Ha4Y€HHE p, TO COTJIACHO LIEHTPaAJIbHOU MpeAesibHON TeopeMe (cm. pa3zo. "llenmpanvhas
npeoenvras meopema" 2nagel 6) cpeaHee ITUX CIyYaHHBIX BEJIMUUH C paclpeerieHueM
BepHynnu 10MmKHO OBITH MPUOIMIKEHHO HOPMAJIBHBIM C MaTEMAaTUYEeCKUM OXKUAAHUEM P
Y CTaHJAPTHBIM OTKIIOHEHHUEM:

math.sqgrt(p * (1 - p) / 1000)
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Ho 3xech 3HaueHue P HEU3BECTHO, U MO3TOMY BMECTO HET'O UCIIOJIb3YETCA OLICHKA:

p_hat = 525 / 1000 # mponopist OpsoB B BEOOPke (p "c xpsmkxon")
mu = p hat
sigma = math.sqgrt(p hat * (1 - p hat) / 1000) # 0.0158

DTO0 He COBCeM OMpaBIaHHO, U TEM He MEeHee, BCe PaBHO MOCTYMaloT UMeHHO Tak. U uc-
TMOJIB3YS aNMPOKCHMALIMI0 HOPMAJIBHBIM paclipe/iejieHUeM, JieliaeM BBIBOJ, 4TO ¢ "yBe-
peHHOCThIO Ha 95%" crienyrouiuii UHTepBal COAEP>KUT UCTUHHBIN MapaMeTp p:

normal two sided bounds(0.95, mu, sigma) # [0.4940, 0.5560]

OTO yTBEpXAEHNE KacaeTcs uHmepsana, a He p. CrnedyeT NoHUMaTb ero, Kak yTBep-
XAeHne, 4To, ecriv Obl MPULLINIOCHE NOBTOPSATL 3KCMEPUMEHT MHOro pas, To B 95% cnyda-
eB "MCTUHHBLIN" NnapameTp (KOTOPbIA Kaxabll pa3 oguHakoB) byaeT nexaTb B npeaenax
HabnopaeMoro JoOBepUTENbHOTO MHTepBana (KOTOPbIA Kaxablii pas MOXeT ObiTb pas-

HbIM).
B uwacTHOCTH, BBIBOJI O TOM, YTO MOHETa HE ypaBHOBEIIEHA, HE JIeNIaeTCs, MOCKObKY 0.5
MOMA/IaeT B Mpeelibl JOBEPUTEIBHOTO HHTEpBAIA.
W nanpotus, eciiu 651 Boinanio 540 opios, To ObLTO OBI ClieMYOIIIEE:
p hat = 540 / 1000

mu = p hat
sigma = math.sqrt(p _hat * (1 - p hat) / 1000) # 0.0158
normal two sided bounds(0.95, mu, sigma) # [0.5091, 0.5709]

3nech yTBepKIeHHe, YTO "MOHETa ypaBHOBeIeHa", He JIEKUT B IOBEPUTEIIbHOM HUHTEp-
Base. (I'nnore3a 00 ypaBHOBELIEHHOCTH MOHETbI HE MPOXOAUT MPOBEPKH, KOTOPYIO, KaK
0’KM/IaI0Ch, OHA JI0JDKHA MPOXOANUTH B 95% ciyvaeB, eciiu Obl Obljia MpaBUIIBHOM. )

NoaroHka p-3aHavyeHunA

[Mponenypa, kKoTopas OTBepraet HyJeBYIO TMIIOTE3y TOJLKO B 5% ciyuaeB — 1o onpeje-
neHuto, — B 5% ciiyuaeB OyeT OTBeprarh HyJIEBYIO MMIIOTE3Y OLIMOOYHO:

# IpoBecTy SKCIEPVMEHT
def run experiment():
"""EpocuTs ypaBHOBemeHHy MoHeTy 1000 pas,
True = opuirl, False = pemxu"""
return [random.random() < 0.5 for  in range(1000)]

# OTBEPI'HYTH ypPaBHOBEMEHHOCTE MOHETE!

def reject fairness (experiment) :
""ycnone3ya 5%-e ypoBHM 3HaummocTu"""
num heads = len([flip for flip in experiment if flip]) # umcyio opJyoB
return num heads < 469 or num heads > 531

random. seed (0)
experiments = [run experiment() for in range (1000)]



'unome3sa u 8b1800 113

num rejections = len([experiment # UMCJIO OTKJIOHEHMI
for experiment in experiments
if reject fairness(experiment)])

print (num rejections) # 46

A 3TO O3HaYaeT, 4TO, eciv 33/1aThCs METbI0 HAMTH "3HaYrMBble" pe3ynbTaThl, TO X 00s-
3aTenbHO Hakaelb. J[Js 3TOro BCero JMib Hy>KHO COMOCTABUTh AOCTATOYHOE KOJIMYeCT-
BO TUINOTE3 C JaHHBIMU, U OJHA W3 HHUX IOYTH OIPENEICHHO IMOKAKETCS 3HAYUMOI.
3arem, ynaJvB NpaBUIIbHBIE BBIOPOCHI, B UTOTE BIOJIHE MOXKHO TMOJYYHTh p-3HAUCHHE
Hmwxke 0.05. (Heuro ornameHHo moxoxkee ObIIo caenaHo B paszo. "Koppenayua" enagol 5.
3ameTuiu?)

DTOT mnpueMm, KOTOpbI HWHOIJA HA3bIBAIOT TMOATOHKOM p-3Ha4yeHHs’ (MM B3JIOMOM
p-3HadeHus, p-hacking), B HEKOTOpPOH CTeNeHH SBISETCs CASICTBUEM 'CTATUCTUYECKOrO
BBIBO/IA, 3aJaHHOTO paMKkamMHu p-3HaueHuii". [lo sToli Teme HMeeTcss 3ameuvaTesbHas
cTaths "3emiist Kpyrias'®, B KOTOPOil KpUTHUKYETCS TAKOM MOJXOI.

Hayunas o0beKTUBHOCTD, WM KaK TOBOPAT "Xopoutas nayxa", Tpedyer GopMyIUpOBaTh
TUMOTe3bl A0 OOpalleHus K JaHHBIM, OYWIIATH JaHHBbIEe, HE Jep)ka B yMe THUIOTEe3bl, U
MOMHHTB, YTO p-3HAYEHHS — OTO HE 3aMEHHUTENH 3APaBOro cMbIcia. (AbTepHATUBHBIN
MOJXOJl paccMOTpeH B pazl. "Batiecogckuii cmamucmuieckuil 6vieo0" oanee 6 2mou
enase.)

NMpumep: npoBepneHue A/B-tecTUpoBaHuUA

OpnHa W3 BamMX TepBOCTENEHHBIX oOs3aHHOCTel B DataSciencester — 3aHMMaThCs
onTtuMmu3anveli onbita B3aumozeicTBus. [lon STUM 3BpeMH3MOM CKPBIBAIOTCS YCHITUS
3aCTaBHUTh TOJIB30BaTENEH MEeNKaTh Ha PeKIaMHbBIX 00bsBIeHUIX. OJUH U3 peKIaMHbBIX
areHToB pa3paboTai pekiiaMy HOBOTO DHEPreTHUECKOro HaMUTKa, MPpeAHa3HAYeHHOTO Jis
aHAJINTUKOB JaHHBIX, U JIUPEKTOPY OT/eja Mo pekjiaMe Hy»KHa Ballla MOMOIIb ¢ BHIOOPOM
MeXIy ABYMsS peKjaMHbIMHU oO0bsiBneHusMu: 4 ("Bkyc omnuuHbii!") u B ("MeHbIIe npea-
B3sTocTH!").

Byayuu yuenwvim crneuuaavcToM, Bbl pelliaeTe MPOBECTH dKCHEPUMEHT ¢ A/B-mecmu-
posanuem’, B KOTOpPOM OyzeTe ciiydailHbIM 0Opa3oM MOKa3blBaTh MOCETHTENIM caiTa
OJIHY U3 JIBYX peKJiaM, MPH 3TOM OTCIIEKHBAs KOJIMUYECTBO HAXKATUH HA KaXA0W U3 HUX.

> Cum. http://www.nature.com/news/scientific-method-statistical-errors-1.14700.

Cwm. http://ist-socrates.berkeley.edu/~maccoun/PP279_Cohenl.pdf. Amanormdmas crarhs, B KOTOpOif
paccMmarpuBaeTcs TeMa MOJrOHKY p-3HA4YeHHUs, €CTh U Ha PyCccKoM s3bike: "3emis kpyriuas (p < 0.05): baiiec,
Oumep u apyrme" (cMm. http://developpsy.ru/publ/alekseev_a_a_zemlja_kruglaja_p_ It 0_05_bajes_
fisher_i_drugie/1-1-0-6). — IIpum. nep.

7 A/B-TecTHpOBaHIE — METOJ] MAPKETHHIOBOrO HCCJIEIOBAHMS, CyTh KOTOPOTO 3aKTIOHACTCS B TOM, HTO
KOHTPOJIbHAS TPYIIA YIEMEHTOB CPABHUBACTCS ¢ HAGOPOM TECTOBBIX TPYII, B KOTOPBIX OJUH UK HECKOJIHKO
MoKaszaresiei ObLTA U3MEHEHBI, JJISI TOTO YTOOBI BBISICHUTH, KAKMe U3 M3MCHCHHUI yIy4IIaioT I[eJIeBO MoKa3a-
tenb (cM. https://ru.wikipedia.org/wiki/A/B-tectupoBanue). — [Ipum. nep.
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Ecnu 3 1000 notpeduteneit peknambl A ee BoiOpanu 990 yenoek, a u3 1000 notpebu-
Tesiel pekyiambl B ee BbiOpaniu Tonbko 10 yenoBek, TO MOXKHO OBbITh BIOJIHE YBEPEHHbBIM,
yto peksiama A myuuie. Ho uro nenate, ecnu pasHuua He Takas 6onbuias? Kak pa3s 3aech
Y TTOHA/TIO0MTCS CTATUCTUUECKHUIA BBIBOI.

[lycts N, moneil BUIAT pexiiaMy 4 U 7, W3 HUX HaOKUMarOT Ha Heil. Kaxxaplii mpocMoTp
peKJIaMBl MO’KHO IIPEICTaBUTh B BUJAE WCHBITAHUA bepHymmu, rae p, — 3TO BEpOST-
HOCTb, 4YTO KTO-TO HaxkmeT Ha pexyiame 4. Torzma (ecnu N, Gonblioe, YTO Tak U €CTh
B JAHHOM CITy4ae) W3BECTHO, 4TO 7, /N, — 3TO NPUOIIKEHHO HOPMalbHAs CITydaifHast
BEJIMYMHA C MAaTeMaTUYEeCKUM OXHUIAHWUEM p, U CTaHJAPTHbIM OTKJIIOHEHUEM

G4 =P (1_pA)/NA'

AHanorudHeiM 00pasom, 71, /N, — NpUOIKEHHO HOpPMalbHas Cly4aiHas BelHYHHA

C MaTCMaTUYCCKUM OKUJAAHUEM p, WU CTAHAAPTHBIM OTKIIOHCHHUCM G, = 4 [ Py (1 — D3 ) / N B

# OLIeHOUHEIE MapaMeTPH

def estimated parameters(N, n):
p=n/N
sigma = math.sqrt(p * (1 - p) / N)
return p, sigma

Ecmm AOMYCTUTDb, YTO O3THU JABE HOPMAJIbHO pacripe€acj€HHbIC Cﬂy‘laﬁHbIC BCJIMYUHEBI HE3a-
BUCHUMBI (‘ITO KaXXeTCd pa3yMHbIM, MOCKOJIbKY OTACJIbHbLIC HUCIIbITAHUA BepHyJ'IJ'II/I 00s13a-
HBI OBITH TaKI/IMI/I), TO UX pPa3HOCTb TOKE OOJDKHA ObITh HOpM&J’[bHOﬁ C MaTeMaTUYICCKUM

OKMIAHHUEM P, — p, W CTAHIAPTHBIM OTKIOHEHHUEM /G + G .

Ecnu GblTb TOYHbIM, TO MaTeMaTuka cpaboTaeT MMEHHO Tak, TOMbKO €ChN CTaH-
JapTHble OTKNOHEHUS U38eCMHbI. 3AecCb Xe peyb UAeT 06 Mx oueHkax, Uucxoasa u3
BbIGOPOYHBIX AAHHbIX, U, CriefoBaTeSlbHO, Ha CaMoM Jerne criegyeT UCnosb3oBaTb
t-pacnpegeneHne. Tem He MeHee, AN AOCTATOMHO KPYMHbIX HAOOPOB AAHHBLIX WX
3HaYEeHNs HAaCTONbKO BGN3KK, UTO YXKe HET 0coboit pasHULbI.

ITosTOMYy MOKHO MPOBEPUTH HYJIEEYI0 2Unome3y O TOM, UTO p, U p, OAMHAKOBBIE (T. €.,

4T0 p, — pp =0), UCTIONB3YS CIIEAYIOLLYIO CTATUCTHKY:

# crarucTuxa a/b-recTupoBaHua
def a b test statistic(N A, n A, N B, n B):
p A, sigma A = estimated parameters (N A, n A)
p B, sigma B = estimated parameters (N B, n B)
return (p B - p A) / math.sqrt(sigma A ** 2 + sigma B ** 2)

KOTOpast A0JbKHA ObITh MPHOJIMIKEHHO CTaHIAPTHOM HOPMaITbHOM BETMUHUHOM.

Hanpuwmep, ecnu pexknama "Bkyc otnuunsbli!" nomydaer 200 otkaukos u3 1000 npocMoT-
pOB, a peksiama "MeHbIe npeas3saTocTu!" — 180 OTKIMKOB M3 TaKOTO e KOJNYeCTBa, TO
CTaTUCTHUKA PaBHa:

z = a b test statistic(1000, 200, 1000, 180) # -1.14
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BepostHocTe HabmomaTh Takyio OOJBIIYIO pa3HHLy TpH (PAKTHUECKH OJMHAKOBBIX
CpeHUX 3HaYeHHAX OyneT:

two_sided p value(z) # 0.254

YTO MO3BOJIUT BaM CJieNiaTh BBIBOJ O Oosbinoi paszHuie. C qpyroif CTOpOHbI, €CIM peKiia-
Ma "MeHbLIe npeAB3ATocTU!" Moy4yuT ToJbKO 150 OTKIMKOB, TO B Pe3yJIbTaTe MOJYyUHUM:

z = a_b test statistic(1000, 200, 1000, 150) # -2.94
two_sided p value(z) # 0.003

U, Clle[loBaTe/IbHO, BEPOSITHOCTb HAO/MIOAATh TaKylo OONBLIYIO Pa3sHULY MPH OJUHAKOBO
3¢ deKTHUBHBIX peKIaMHbIX 00bsBIeHUX paBHa Bcero 0.003.

BanecoBCKUM CTaTUCTUYECKUN BbIBOA

PaccMmoTpeHHbIe BbIllie TIPOLIEAYPhI MPEANOJIAraloT BbIIBHKCHHE BEPOSATHOCTHBIX YTBEp-
JKJIGHUI Thmna "eclii HyleBas THMIIOTe3a MPaBWIbHAS, TO IAHC OOHAPY)KUTh TaKYIO-TO
npeesibHyI0 (IKCTpeMallbHYl0) CTAaTUCTUKY paBeH Bcero 3%" mo moBoay #pogepox cta-
TUCTHUYECKUX TUTIOTES.

ANBTEpHATUBHBIN MOJIXO/ K CTATUCTUYECKOMY BBIBOJIY CBSI3aH C PACCMOTPEHHEM B Kaue-
CTBE CITy4ailHBIX BEJIMUMH CAMHUX HEM3BECTHBIX MapamMeTpoB. AHAIHMTHUK (3TO Bbl) HAuM-
HaeT C anpuopHo20 pacnpedeierus A NapaMeTpoB U 3aTeM HCIONb3yeT HaloqaeMble
JaHHble U TeopeMy balieca nys momydeHus: OGHOBIEHHOTO anOCMEPUOPHO20 pachpede-
Jlenust U1 9TUX MapaMeTpoB. BMecTo BEpOATHOCTHBIX CY)KIIEHHI O TPOBEpKax JearoTcs
BEPOSTHOCTHBIE CY)KJIEHHS O CAMHX MapameTpax.

Hanpumep, ecny HeWw3BeCTHBIM MapaMeTpoM SBISETCS BEPOATHOCTb (Kak B TNpUMepe
¢ OpocaHHUeM MOHETbI), TO YaCcTO aPUOPHOE pacrpe/iesieHue BEepOSITHOCTH OepyT u3 bHe-
ma-pacnpeodeienus®, KOTOpoe pa3MelIaeT BCIO CBOK BEPOSTHOCTh Mexay 0 1 1:

# HOpMasmM3aIms
def B(alpha, beta):
""HopMasMsylmas KOHCTaHTa, Giaronaps KOTOPOi
CcyMMa BEPOATHOCTEN paBHa 1"""
return math.gamma (alpha) * math.gamma (beta) / math.gamma(alpha + beta)

# IOP nmns 6eTa-pacCrnpeneseHHON CJIyYaHON BeEJIAUMHEL
def beta pdf(x, alpha, beta):
if x < 0 or x > 1: # Ba mpegemam [0, 1] HeT Beca
return 0
return x ** (alpha - 1) * (1 - x) ** (beta - 1) / B(alpha, beta)

¥ Bera-pacnpeienienne — JBYXIapaMeTpuYeckoe (OOBIMHO C TPOU3BOJIBHBIMU (PUKCHPOBAHHBIMH MapaMeT-
pamu o u [3) HempephIBHOE pactpeneneHue. Mcmonpzyercs IUisl OnucaHusl CIydalHBIX BEJIMYHH, 3HAYCHUS
KOTOpBIX OTpaHUWyYEHbl KOHEYHbIM MHTepBasioM (cM. https://ru.wikipedia.org/wiki/bera-pacnpenenenue). —
Ipum. nep.
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Boob6iiie ropops, 3710 pacrnpeeneHie KOHICHTPUPYET CBOM BeC B:
alpha / (alpha + beta)

1 yeM OoJibllle 3HAaYeHUE MapaMeTPOB alpha U beta, TeM "MJIOTHee" pacripe/ieieHue.

Hanpumep, nipu alpha=1 U beta=1 naHHOe pacnpenesreHue MpeBpallaeTcs B paBHOMEp-
Hoe (¢ ueHtpom B 0.5 u oueHb pacrpeneneHHoe). [Ipy alpha HAMHOTO OOJBIIEM beta
06mbIas 4acTh Beca HAXOIWUTCS OKOJIO 1, a MPH alpha HAMHOTO MEHBIIEM beta OOmbIIas

yacTh Beca Haxoautcs okoso 0. Ha puc. 7.1 moka3aHO HECKOJNBKO pa3invHbIX Oera-
pacnpeneneHui.

; Mpumep beta-pacnpeseneHuii
— Beta(1,1)
= = Beta(10,10)
----- Beta(4,16) e o
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Puc. 7.1. Mpumep 6eTa-pacnpesenexuii

ITycTs 3amaHo anmpuopHoe pacmpeneneHue i p. MOXKHO He HacTauBaTh Ha ypaBHOBE-
HIEHHOCTH MOHETHI U PELINTh, YTO 00a mapaMeTpa alpha W beta paBHbI 1. Miu xke ObITh

abcoMOTHO YOeKIeHHBIM B TOM, YTO MOHeTa OyJeT BbIMaaaTh opjioM B 55% ciyuaes,
Y TIOTOMY BBIOPATh alpha =155, a beta=45.

3aTeM MOHETY OpocaroT # pa3 U MOJCUUTBIBAIOT /1 OpiioB U ¢ pewek. CorjlacHO TeopeMe
baiteca (1 HEKOTOpPBHIM MaTeMaTHWKaM, KOTOPBIX OBLIO OBl YTOMHUTENBHO TYT TEepeduc-

JSITh), anoCTepHOPHOE pacrpe/ielieHre Ui p CHoBa OyJeT OeTa-pacrnpesielieHUeM, HO
C MMapaMeTpaMu alpha + h M beta + t.
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HecnyyaiiHo anocTtepuopHoe pacnpeieneHne cHoBa noa4uHeHo 6eTa-pacnpeneneHuto.
Yucno opnoB 3agaHo GuHoMmansHbIM pacnpeaeneHuem, a 6eta-pacnpegeneHne — aTo
anpuopHoe pacnpegenexHne, ConpsikeHHoe C BuHOMManbHbIM®. U noaToMy, Kkorga anpu-
opHoe beTa-pacnpegerneHne obHOBMAETCA, UCMONb3ys HabnoaeHnss 3 COOTBETCTBYHO-
wero GMHOMManbLHOro, To B UTOre Nory4yaeTcs anocTepuopHoe beTa-pacnpegeneHme.

[Tycts MoHeTa OporreHa 10 pa3s, v BbINano ToJIbKO 3 oprna.

Ecnu Hauath ¢ paBHOMEPHOTO anpHOPHOTO pacnpeneneHus (B HEKOTOPOM CMbICIIe, OTKa-
3bIBasICh OTCTAMBATh yPaBHOBELIEHHOCTb MOHETHI), TO arnoCTEPUOPHOE pacrpeneneHue
Oyner beta(4,8), ¢ ueHTpoM BOKpyr 0.33. ITockonbKy Bce BEpOSTHOCTH pacCMaTpUBArOT-
Csl paBHOBO3MOXXHBIMH, TO TIpeABapUTENbHAs oraaka OyneT HaXOAWThes TAe-TO NMo0Ju-
30CTH OT HabOAAeMON BEPOSITHOCTH.

Ecnu >xe Hayathb C beta(20,20) (Bblpa)kasi yBEPEHHOCTb, YTO MOHETA MPUMEPHO YPaBHO-
BellleHa), TO aroCTepHOPHOE pacnpeaesieHrue OyAeT beta (23,27) ¢ LEHTpoM Bokpyr 0.46,
CBHUJIETENILCTBYSI O MIEPECMOTPE CTENEHH YBEPEHHOCTH B CTOPOHY TOTO, YTO, BO3MOXKHO,
pe3ysbTaThl MOAOPAChIBAHUS MOHETHI CJIETKA CMEIIEHbI B CTOPOHY PELIeK.

A ecnm HayaTh C beta(30,10) (BBIpaXkash yBEepEeHHOCTh, YTO Pe3yJIbTaThl MOJAOPAChIBAHUS
MOHEThI CMEILEHbI B CTOPOHY BbIMAJEHUs OpJOB B 75% ciyuaeB), TO amoCTEPUOPHOE
pacnipeneneHue OyeT beta(33,17) ¢ LeHTpoM Bokpyr 0.66. B aToM ciyuae cTeneHp yBe-
PEHHOCTH B CMEILEHHOCTH B CTOPOHY OpPJIOB BCe elle MPHUCYTCTBYET, HO YK€ He Takas
CUJIbHAsI, KaK MEepBOHAYAIBHO. DTH TPHU arlOCTEPHOPHBIX pacrpeselieHus MOoKa3aHbl Ha
puc. 7.2.

Ecmn MMPOAOJIKUTH 6pOCEITB MOHETY, TO allpyUOpHOE pacHpeacicHue 6y2[eT 3HAYUTb BCEC
MCHBIIC U MCHBLIC, ITIOKa B UTOTC HE IMOJTYHUTCH (HO‘-ITI’I) OJHWHAKOBOE aloCTEPUOPHOEC
pacnpeaci€Hrue, HEBaXKHO, C KaKOro aripuopHoOro pacrnpeacyi€eHnusa OHO HaAYWHaJI0Ch.

Hanpumep, He uMeeT 3Ha4YeHHUs, HACKOJbKO, MO MEepBOHAYAIbLHON MBICTH, MOHETa Oblia
CMellleHa, MOCKONbKY OyaeT TpyJHO MOANep>KUBATh 3TY YBEPEHHOCTDb MOCIIE BbINaAeHHUS
1000 opnor u3 2000 O6pockoB (eciiv, KOHEYHO, HE OBITh SKCTPEMAIOM, KOTOPBIN periaeTt
BBIOpATh, CKaKeM, beta (1000000,1) B KaUeCTBE allPUOPHOro OeTa-pachpeeneH s).

HHTtepecHo, 4TO Ha OCHOBE 0aiieCOBCKOTO BBIBOAA MOXHO JeJlaThb BEPOSTHOCTHBIC YT-
BEP)KACHUS O TMIOTe3aX, THUMa: "MCXOAS M3 alpUOpPHOro pacrpenesieHus W HaOtoaaB-
LIMXCS AaHHBIX, BBIMaJCHUE OPJIOB C BEPOSATHOCTHIO MexXay 49 u 51% umeer npaspono-
nobue, paBHoe Bcero 5%". C ¢uocodekoil TOUKM 3peHHs Takoe YTBEpXKIeHHEe CHIIBHO
OTJIMYaeTcsl OT YTBEPXKICHWH, TUMa "eclu MOHEeTa ypaBHOBEIIEHa, TO MOYKHO OXHIATh
MOSIBJIEHNE TaKUX-TO MPeAeSbHBIX 3HAUeHUH TONBKO B 5% ciyuaeB'.

[IpumeneHne OaliecOBCKOro BbIBOZA AJISi MPOBEPKH CTATUCTHUYECKMX TMIOTE3 CUMTAETCS
HECKOJIbKO MPOTHBOPEYMBBIM PELIEHHEM YAaCTUYHO MOTOMY, YTO €ro MaTeMaTHYeCKH
anmapatr MOXeT CTAaHOBMTbCS BeCbMa 3allyTaHHBIM, M YaCTUYHO H3-3a CyOBEKTHBHOM
MPUPOABI BEIOOPA allpUOPHOTo pacnpeaeeHus. Mol 6oublie He OyaeM MoJb30BaThCI UM
B 3TOM KHHUTI€, HO 3HATh O HEM CTOMT.

? Cwm. http://www.johndcook.com/blog/conjugate_prior_diagram/.
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AnocTepropHbie pacnpegeneHns n3 pasHbix anpUOpHbIX

— Beta(d,8)
=+ = Beta(23,27) #y
© Beta(33,17) L

0 e S TR [ | i ——

0.0 02 0.4 0.6 03

Puc. 7.2. AnOCTepI/IOprIe pacnpepeneruns, noflydeHHble N3 PasHbIX anPUOPHbIX

Ana npanbHeuwero usy4yeHus

4 B nannoii rnaBe Oblia 3aTPOHYTA JIMILIb HE3HAUUTENIbHAS YacTh TOTO, YTO HEOOXOAUMO
3HaTh O CTAaTMCTMYECKOM BbIBOAE. B KHMrax, peKOMeHAOBaHHBIX AJSl MPOUTEHUS

B KOHLIE 271a6bl 5, TaHHAs TeMa 00cyKaaeTcs ropasJio riyoxke.

¢ O6pazoatenbHas oHnaiiH-atgopma Coursera'’ TpeaiaraeT Kypc MO aHaJH3y
JaHHBIX W cratucTuueckoMmy BbiBoay (https://www.coursera.org/specializations/

statistics), KOTOpPbIi OXBaTbIBA€T MHOTHE U3 YIIOMSHYTHIX TEM.

1% Coursera — npoexT B cpepe MaCCOBOro OHIAMH-06PA30BAHIS, OCHOBAHHBIH MPOdeccopaMmu HH(POPMATHKH
Craungopackoro yausepeutera, CILIA, mpemmararomuit OecriaTHbIe OHIANH-KYPCH OT CHELHATINCTOB CO

BCEIro MUpa Ha Pa3HBIX A3bIKAX. — HPMM nep.



NMABA 8
(PpaAneHTHbIN CNycK

Te, kTO OaxBanmATCS CBOMM IMPOUCXOMICHHEM, XBACTAIOTCS
CBOHM JIOJITOM TePe/1 IPYTUMHU.

Cenexa'

Peas 3agaun B 061acT HayKH O TaHHBIX, MbI OyJIeM MBITaThCS MOA00PATh HAWITYYLIYIO
MOJellb, COOTBETCTBYIOLIYIO KOHKpPETHOW cutyauuu. [Ipu sTom oOblYHO mon "Haummyd-
e moxpa3yMeBaeTcs MOJIelb, KOTOpas "MUHUMH3UPYET OMMOKY Mojenu" Jrudo "Mak-
CUMM3MpYeT NpaBaonofodue naHHbixX". J[pyrumm cioBamu, oHa AOJDKHa oOecrieurBaTh
pellIeHre HEKOTOPOH ONTUMH3ALIMOHHOM 3a/1a4H.

CremoBaresibHO, HEOOXOJUMO YMETh pellaTh P ONTHMH3ALMOHHBIX 3a1a4. M B jaHHOM
cllydae MPHIETCS WX pelath ¢ YyhucToro jucra. Hamr momxonm OyaeT OCHOBBIBaThbCS Ha
memoode epaduenmnozo cnycka (gradient descent), KOTOpBIN BIOJIHE YKJIaJbIBACTCS
B TPAaKTOBKY OOCYXIAeMbIX TeM C YHCTOro JIMCTAa. PaccMOTpeHHe NaHHOW TeMbl camMo
no cebe He ABJIAETCS KaKMM-TO 0CO0O0 3aXBaTBhIBAIOIMM 3aHITHEM, OJJHAKO OHO JIaCcT BO3-
MO»KHOCTh 3aHMMAThCsl YBJI€KaTeIbHbIMH BEIlaMU HA MPOTSHKEHUH Beed KHUTH. Tak uTo
JEPIKUTECH PAIOM.

Upes B ocHOBe meToaa rPaAgneHTHOro cnycka

[lycth uMeeTcst Hekas PYHKIUS f, KOTOpas B Ka4eCTBE BXOJAIIETO apryMeHTa MpuHUMa-
€T BeKTOp M3 BEUIECTBEHHBIX YMCENl M BO3BpAlllaeT eJUHCTBEHHOE BEIIECTBEHHOE YHCIIO.
BoT oaHa 13 Takux MPOCTBIX PYHKIIUI:

# npymep reseBoyt QYHKIIM: CyMMa KBaZpaTOB

def sum of squares(v):
""IBEMMCIITET CYMMY KBaZpPAaTOB BJIEMEHTOB BekTopa v'"'""
return sum(v_i ** 2 for v i in v)

Hepenko TpeOyetcs HaiiTH MakcuMyM (MM MUHUMYM) Takol ¢yHkumu. Jpyrumu cio-
BaMU, HaJl0 HalTH TaKO# BXOASINUN apryMeHT v, KOTOPBIN Ha BBIXOJE AaeT HauOoOJbllee
(unu HarMeHblliee) BOZMOXKHOE 3HAUEHUE.

Jinst Takux QyHKUmMi epaduenm (B tuddepeHIMaIbHOM HCUUCTIEHUH 9TO BEKTOp, COCTAB-
JIEHHBIM W3 YacTHBIX MPOM3BOIHBIX’) 3a7aeT Ul BXOJSIIETO apryMeHTa HarpaBlieHHe

! JIymmit Anmeit Cenexa (IV B. 10 H. 3.) — pUMCKHiT (HI0CO(-CTOMK, TOIT M TOCYIAPCTBEHHBIN JIEATEINb.
31ech 0OBIPBIBAETCS CIIOBO descent, KOTOPOE MOXHO TMOHSTH, KaK MPOUCXOXKJCHUE U KaK CITycK. — [Ipum.
nep.

% Yaemnas npouseoonas — Npeel OTHOIIEHHs IPUPALIEHHs (JYHKLMH 110 BEIOPAHHOM NepeMeHHOM K Mpy-
pAIeHNIO ITOM MEepeMEHHOW MpPU CTPEMJICHMH 3TOro HpupamieHus k Hymo (cM. https:/ru.wikipedia.org/
wiki/YacTHas_npousBoaHas). — [lpum. nep.
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HauObICTpeiiero Bo3pactaHusi GyHKIUH (€CIM COMHEBaeTeCh, UTO elle MOMHHTE Aud-
(epeHIHaTIbHOe HCYHCIIEHHe, TO JIy4lle MPOCTO MOBEPUTh Ha CJIOBO JHOO 3ariisiHyTh
B UHTepHeT’).

[TosToMy OIMH M3 MOIXOI0B K MAaKCUMHU3ALMU (YHKIMU COCTOUT B TOM, YTOOBI BBIOpPATh
MPOU3BOJIbHYIO OTHPABHYIO TOUKY, BBIYMCIUTD MPAAMEHT, CAeJaTh MalbIi 1Iar B Harnpas-
JIEHUM TpajiieHTa (T. €. B HaNpaBJIeHWH, KOTOpOe 3acTaBiisieT (PyHKLHIO pacTH ObICTpee
BCEr0) W TOBTOPHUTH WTEPALMIO C HOBOM OTHPaBHOW TOUKH. AHAJIOTHUHBIM 00pasom
MO>KHO TIOTIBITAaThCSl MUHUMHU3UPOBATh (PYHKLMIO, JIefasi Masble WIaru B POmueonoiodic-
HOM HarpaBJeHWH (WM B HallpaBJIEHWW aHTUTPAJUEHTa), Kak MokazaHo Ha puc. 8.1.

I 60

I 46

r 32

T 18

4

Puc. 8.1. Nonck MUHMMYMa METOAOM rpajUeHTHOro cnycka

Ecnn dyHKUMA nMeeT yHMKanbHbI rnobanbHbll MUHUMYM, TO 3TOT anropuTM, BEposT-
Ho, ero Hanget. Ecnu xe (NokarnbHbIX) MAHUMYMOB HECKOMbKO, TO OH MOXeT "Hantun"
Kakon-TO HenpaBunbHbIN U3 HUX. B aTom crnyvyae MOXHO MOBTOPWUTL Npoueaypy C He-
CKOIMbKMX OTNPaBHbIX To4yek. [Mpn OTCYTCTBMM MUHUMyMa npoueaypa BrOSIHE MOXET
BOWTU B OECKOHEYUHbIN LK.

BbluucneHue rpagueHTa

Ecnu £ — 310 (bYHKLII/ISI OJIHOM HepeMeHHOﬁ, TO €€ MpPOU3BOAHAA B TOUKE x HU3MEPACT
CKOPOCTb U3MEHEHUA f (x) IIPHU OYCHb MaJIOM M3MCHCHHUH B Xx. OHpCHCJ’ISIGTCS[ Kak mnpeaein
OTHOIICHUSA HpHpaH.[eHPIﬁZ

# oTHOmeHMe NPMpameHM
def difference quotient(f, x, h):
return (f(x + h) - f(x)) / h

IPpH CTPEMJICHHHU h K HYJIIO.

(MHOFI/IC H3 TE€X, KTO U3y4YaeT UCYUHUCIICHUA, 03aJa4YC€Hbl TaAKUM OINPEACJICHUEM TpEacIia.
3I[eCB MBI CJIYKAaBUM U MPOCTO CKAKEM, UTO OH O3HA4Ya€T UMEHHO TO, YTO BbI L[yMaeTe.)

3 https://ru.wikipedia.org/wiki/I'paguent. — IIpum. nep.
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[TpousBogHast — 3TO HAKJIOH KacaTelnbHOH B (x, f(x)), B TO BpeMs KaK OTHOIIECHHE MPH-
palleHus — 3TO HakJIOH "He coBceM' KacaTelbHOM, KOTOpas MPOXOAMT Yepe3 (x + h,
f(x + h)). [lo Mepe ymeHbilieHUs h "He coBceM'" KacaTelbHas CTAHOBUTCS Bce Oiike U
Oyimke K KacateiabHOU (puc. 8.2).

Puc. 8.2. Annpokcumauusi Npon3BOAHOI NPy NOMOLLM OTHOLLUEHWA NpupaLleHni

ﬂﬂﬂ MHOTHUX ¢YHKHHﬁ AOCTAaTOYHO JIETKO BBINOJHUTHL TOYHOE€ BBIYMCIIEHHUE TPOU3BOI-
HbIX. HanpumMep, GyHKLMS BO3BEACHHUS B CTENEHb square:
def square(x):

return x * x

HUMECT MPOU3BOAHYHO!

def derivative (x):
return 2 * x

B 4YeM, €ClI eCThb eJlaHHe, MOKHO YOeOWTbCs, BBHIYMCIMB OTHOLIEHWE MNpUpalleHHi
SIBHBIM 00pa3oM M B3SIB MpeJel.

A ecnu He MoONy4YWIoCh (WM HET >KejdaHusl) HaWTu rpaaueHt? HecmoTps Ha TO, uTO
B Python HeB03MOXHO HeNocpeACTBEHHO OpaTh Mpelesbl, MOXKHO BBHIMOJIHUTL OLICHKY
MPOM3BOAHBIX IyTEM BBIYMCIICHHS OTHOLIEHHS MPUPALEHUH IS CKOJIb YTOOHO Majoro
NoJIoKUTeNbHOro urcia e. Ha puc. 8.3 mokaszaHbl pe3ynbTaThl OJHOIO TAKOTO OLIEHU-
BaHus":

*B Python 3 (3.5.2) (GyHKIUS map B MeToJie plot () MOXET BbI3BIBaTh UCKIIOYEHHUE, TIO3TOMY BMECTO Hee
CJIeIyeT UCTOJIB30BaTh MPEeoOpa30BaHme MOCIENOBATENFHOCTH B CIUCOK (1ist (map (..) ) nubo reHeparop
[OCJIEN0BATENILHOCTU B BUJIE CIKCKA, HATIPUMED,

plt.plot(xs, [2*x for x in xs], 'rx', label='daxtr')

plt.plot(xs, [derivative estimate(x) for x in xs], 'b+', label='Ouenxa')

— Ilpum. nep.
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# oLleHKa MPOM3BOLHOM
derivative estimate = partial (difference quotient, square, h=0.00001)

# mocTpowTs mmarpamMy, YTOOH IIOKa3aTb, YTO (QaKTHMIECKME MNPOW3BOLHEE
# m ux npmbimoKkeHMs B CYMHOCTM OOVIHAKOBEE

import matplotlib.pyplot as plt

xs = range(-10,10)

plt.title ("®axTMUecKMe MNPOM3BOIHHE M UX OLEHKM B CpaBHeHvm")
plt.plot(xs, map(derivative, xs), 'rx', label='daxt')

plt.plot(xs, map(derivative estimate, xs), 'b+', label='Ouenka') # cummi +

plt.legend (loc=9)
plt.show()

# KpacHEDT X

0 DakTUYeCcK1e NPOU3BOAHBIE U X OLEHKH

* Dakr
+  Ouenka

-5

-20

-10 -5 0 L1

Puc. 8.3. KauecTBo annpokcumaumm oTHOLLEHNEM NpUpaLLeHns

Ecnu £ — st10 (bYHKI_II/IH MHOT'UX MEPEMEHHBIX, TO OHa UMECT KPATHBLIC YacmHvle npous-
600Hble, Kaxxaast U3 KOTOPBIX ITOKA3bIBAET CKOPOCTb MBMECHCHMA f IMPHU HE3HAYUTCIBHOM

HU3MCHCHHUHU JIMIIb B O):[HOﬁ H3 BXOAAUINX NEPEMECHHBIX.

Ee i-s1 wacTHas mpow3BoJiHAs BBIYMCIAETCS Kak (pyHKIMS OJHOW i-ii mepeMeHHON mpwu

Npounx (PUKCHPOBAHHBIX MEPEMEHHBIX:

# yYacTHOe OTHOmeHWe NPYPAMEHNI]
def partial difference quotient(f, v, i, h):
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"MUBRIMCIIATE 1-€ YacTHOe OTHOmWeHwe npupamemyyi ¢yekipm £ B BexTope v'"""
w=[v]j+ (hif j == 1 else 0) # mpubaBuTe h TOJBKO K 1-My SJIEMEHTY V
for j, v j in enumerate(v)]

return (f(w) - £(v)) / h

[Tocne yero MOXKHO TaKUM JKe O6p830M BBbIYUCJ/IMUTb I'PaJUCHT:

# oLeHNTHL IpaaneHT
def estimate gradient(f, v, h=0.00001):
return [partial difference quotient(f, v, i, h)
for i,  in enumerate(v)]

OCHOBHOV HEeAOCTaTOK OLeHKM MPW MOMOLUM OTHOLUEHWUS MpUPALLEHUI 3aknovaeTcs
B TOM, YTO OHa SIBNSIETCS BbIMUCIUTENBHO pecypcoemkon. Ecnu v nmeet anuHy n, To
yHKUMSA estimate gradient AOMKHA BbIMMCMUTL £ ANS 2n Pa3NUYHbIX BXOAALLMX 3HA-
yeHun. B cnyyae MHOrokpaTHOW OUEHKM rpagueHToB OyaeT BbIMONMHATLCA GOonbLUOW

06beM n3bbITOYHOW paboThl.

Ucnonb3oBaHue rpagneHTa

Jlerko Y6eI[I/ITI>CH, 4TOo CI)YHKLII/IH CYMMBI KBaJpaToB sum of squares MHUHHUMAaJIbHA, KOrJa
€¢ BXOAAIIMuH BEKTOpP v COCTOUT U3 Hyneﬁ. HpeTBOpI/IMCH, YTO MBI HE 3HAeM 00 3TOM. By-
A€M HCTIOJIb30BaTh TPaAHUCHTBI OJId HaXOXKACHUSA MUHHUMYMa CpPEAU BCEX TPEXMEPHbLIX
BEKTOPOB. BLI6epeM MNPOU3BOJIBHYIO OTHPABHYIO TOYKY U MaJICHBKMMHU LIaraMu Ha4HEM
ABUTaTbCd B HAIPAaBJICHWUU aHTUIpaAHUCHTA, MOKa HE€ AJOCTUTHEM TOUYKH, € IpaJUCHT

OYCHb MalJl:

# cmemaTe mwar rpaiMeHTa

def step(v, direction, step size):
"""OBUraTECA C IIATOBEM pPasMepoM step size B HamnpabieHmu orT v'"""
return [v i + step size * direction i

for v i, direction i in zip(v, direction)]

# IrpagMeHT CyMMEI KBaOpaTOB
def sum of squares gradient(v):
return [2 * v i for v i in V]

# BEHIOpATE MPOM3BOJBHYD OTHIPABHYH TOUKY
v = [random.randint (-10,10) for i in range(3)]

tolerance = 0.0000001 # KOHCTaHTa TOYHOCTM pacyeTa

while True:
gradient = sum of squares gradient(v) # BEMMCIMTE IPaIMeHT B V
next v = step(v, gradient, -0.01) # choenaTe oTpmaTeNbHEN! maT TPaIVEHTa
if distance(next v, v) < tolerance: # OCTaHOBMTHECA MDY AOCTYIKEHUM
break # mpwemneMoro ypoBHA (T. €. CXOXIESHHST)
vV = next v # NPOJOKUTE, €Cyy HEeT
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BBIMOJIHUB 3TOT CKPUMT, MOKHO YOEIUTHCS, YTO OH BCET/a 3aBEPUIAETCS C BEKTOPOM v,
OYeHb OJU3KUM K [0,0,0]. [Tpu 3TOM, YeM MeHbIIIe 3a7aHa KOHCTaHTa TOYHOCTH pacyera
tolerance, TeM OJIMKe OH OYJIET K HyJIECBOMY BEKTODY.

BbiOoOp onTumManbHOro pasmepa wara

Ecnu npuurHa ABWXKEHHS MPOTHUB IpaUeHTa MOHITHA, TO HACKOIBKO JAJIeKO JIBUTaTh-
cst — He coBceM. Ha camom niernte, BEIOOp ONMTHMATBHOTO pa3Mepa 1ara OoJible KacaeTcst
MPaKTUYECKOro, YeM Hay4YHOro acrekTa Haykd o JaHHbIX. [lomynspHble BapuaHTHI cie-
AyroLue:

4 npuMeHeHHe TIOCTOSHHOTO pa3Mepa Liara;

4 nocTerneHHoe IpoOiieHNe 11ara BO BpeMeHH;

4 Ha KaXJI0M miare BbIOOp pa3Mepa Iara, KOTOpbIi MUHUMH3HMPYET 3HaUeHHE LeJIeBOM
¢yHKIMH (METO HAUCKOPEHIIIero CIycKa).

[Mocnennuii BapyiaHT BBITISIAMT HaWOoJiee MPEANOYTHTENBHBIM, HO Ha MPAaKTHKE TOXeE
TpeOyeT OOJBIINX 00bEMOB BhIYHUCIICHUI. Ero MOXKHO MPHUOJIMIKEHHO BBIPA3HTh, MPOOYs
pa3Hbie pa3Mephl Iara U BeIOUpas TOT, KOTOPBIM MPUBOJUT K HAMMEHBIIEMY 3HAYECHHUIO
LeeBor (yHKIMU:

# pasmeprl mara
step sizes = [100, 10, 1, 0.1, 0.01, 0.001, 0.0001, 0.00001]

HekoTopbie pa3Mepsl 1ara MOTYT NMPUBECTH K HENPAaBUIBHBIM BXOISILIMM apryMeHTam
TS enieBor (pyHKLIUH, TO3TOMY HEOOXO0AUMO cO31aTh (DYHKLUHMIO-00epTKY ¢ Ge30MacHbIM
NPUMEHEHHEM apryMEeHTOB, KOTOpas IJIs HENpaBWJIbHBIX BXOSILIMX apryMEHTOB BO3-
BpalaeT 6ECKOHEYHOCTh (He SIBJISIOLLYIOCS MUHUMYMOM HH JUIsl YEro):

# GezonacHas BepCHUsT

def safe(f):
"""BeDHYTE HOBYKH (QYHKLMIO, OOMHAKOBYKL C f, 3a MCKJIOYEHMeM TOIO,
YTO OHa BO3BpamaeT OeCKOHEUHOCTh BCAKMM pa3, korza f Brmaer ommbxy"""
def safe f(*args, **kwargs):

try:
return f(*args, **kwargs)
except:
return float('inf') # B Python Tax o6oo3HavaeTcs GECKOHEUHOCTE

return safe f

CobGupaem Bce BMecTe

B obmem ciiyqae uMeercss Hekas ueneBast GyHKLMS target fn, KOTOPYIO TpeOyeTcs MH-
HUMHU3UPOBaTh, a TaKkKe ee TPAIUeHT gradient fn’. K mpumMepy, Takoll rpaaueHT
gradient fn MOXXET MPEACTABIATh OLIMOKK B MOJEIH, KaK ()YHKLMIO CBOMX MapaMeTpoB,

> IpajiMeHT LeNeBOM (JYHKLMH — 5TO BEKTOD, XapaKTEpPUBYIOLMH HANPABIEHHE M CKOPOCTh H3MEHEHMS
neneBoit GpyHkipm. OH ONMpEneNnseTcs €€ YaCTHBIMU MTPOM3BOIHBIMY 10 KaXKI0U mepeMeHHON. — [Ipum. nep.
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W TOrJa Mbl MOMJIM Obl OTBICKAaThb MapameTpbl, KOTOpPble MUHUMM3MPYIOT OLIMOKH Ha-
CTOJIBKO, HACKOJILKO 3TO BO3MOXHO.

Hanee, MycTh KaKUM-TO 00pa3oM BBIOPaHO MCXOHOE 3HAUSHHE /I BEKTOpa MapaMeTpoB
theta 0. Torga meTon rpaiMeHTHOrO CIycKa peaausyeTcs CIeAyONUM 00pa3oM:

# HmakeTHas MUHUMABALAT
def minimize batch(target fn, gradient fn, theta 0, tolerance=0.000001):
"M ycnoe3yerT IPAaAMEeHTHEN! CIYCK IJIS HaXOXAeHMS BEekKTopa theta, KOTOPENT
MUHVMASYPYET HeJleByl QyHkimo target fn"""
step sizes = [100, 10, 1, 0.1, 0.01, 0.001, 0.0001, 0.00001]

theta = theta 0 # yCTaHOBMTEL T2Ta B HaYaJbHOS 3HAYCHME
target fn = safe(target fn) # GesonacHas Bepcus

# HeneBoy QyHKIMM target fn
value = target fn(theta) # MUHVIMIBYDYEeMOe BHauyeHyue

while True:
gradient = gradient fn(theta)
next thetas = [step(theta, gradient, -step size)
for step size in step sizes]

# BEIOpPaTB TO, KOTOPOE MUHMMMUSVDYET QyHKLMO OmMOOK
next theta = min(next thetas, key=target fn)
next value = target fn(next theta)

# ocTaHOBMTEHCH, eci QYHKIMS CXOOUTCA (CTPEMUTCS K MPenesy)

if abs(value - next value) < tolerance: # MeHbBIle KOHCTAHTEl TOYHOCTH?
return theta

else:
theta, value = next theta, next value

Ota (yHKIOMS Ha3BaHA MAaKeTHOWM MUHUMH3AIMeN (minimize batch), MOTOMY YTO Ha KaK-
JIOM LIare rpaueHTa, Wik UTepaluu, OHa MepecMaTpuBaeT Bech HAOOp AaHHBIX LIEJIMKOM
(nockombKy ueneBas GpyHKLMS target fn BO3BpallaeT OLIMOKY Ha BCeM HaOOpe JaHHBIX).
B caenyroiem pasaene Mbl pacCMOTPUM aJIbTEpPHATUBHBIN MOAXO0/, KOTOPBIH Ha KayKIOM
I1are paccMaTpHBaeT TOJIBKO OAHY TOYKY JaHHBIX.

I/IHOF}_'[a, HarpoTUB, HAAO MAKCUMUIUPOBANTb (I)yHKI_II/IIO. 9TO MOKHO caciiaTtb MMyTEM
MUHUMM3AIUHA ee OTPUIaHHus (KOTOpOe MMEET COOTBETCTBYIOIIMH OTpULATENbHBINA Tpa-
JTIACHT):
# oTpmiiaHMe pesyJssTaTa Ha BHXOAE
def negate(f):

""BeDHYTE QYHKLMIO, KOTOpas AJg JioOOI'0 BXOAAMEro X Bo3BpamaeT -f(x)"""

return lambda *args, **kwargs: -f(*args, **kwargs)

# oTpmramMe cmMcka pesyJbTaTOB Ha BEIXOAE
def negate all(f):
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"""po xe camoe, korma f BosBpamaeT cmmcokx umcen"""
return lambda *args, **kwargs: [-y for y in f(*args, **kwargs)]

# naxerHas MaKCUMMBaLMA IyTeM MUHVIMU3AI OTPWIIAHNS
def maximize batch(target fn, gradient fn, theta 0, tolerance=0.000001):
return minimize batch(negate (target fn),
negate all(gradient fn),
theta 0,
tolerance)

CToxacTU4yeCcKum rpagueHTHbIN CNyCK

Kak y»xe yrnoMuHaaock paHee, METOJ] TPaIMEHTHOTO CIYCKa, KaK NpaBuiio, OyAeT mpumMe-
HATBCS 1711 BBIOOpA MapaMeTpoB MOJICIM TaKUM 00pPa3oM, YTOObI MUHUMH3UPOBATh HEKOE
npezctaBieHue o0 ommbke’. [Toaxo Ha OCHOBe MpeApLIyIeii TakeTHOW Bepcur MeTo/1a
TpeOyeT Ha KaKIOM WIare rpaJveHTa JieaTh NPOTHO3 U BBIYUCIIATH TPAUEHT Ha BCEM
Habope MaHHBIX, B Pe3yJIbTaTe Yero Ha BHIUMCIIEHHE KaXKIIOTO Iara yXOIWUT MHOTO Bpe-
MEHH.

CDYHK]_II/II/I OIIMOOK OOBIYHO WMEIOT CBOMCTBO ANAAUTUBHOCTH, T. €. MPOrHO3Had 1911117 () %]
Ha BCEM Ha60pe JaHHBIX ABJIACTCA CyMMOﬁ MPOTrHO3HBIX OLINOOK U1 KOKIO0M TOYKH
JaHHBIX.

B sTOM ciydae MOXHO NMPUMEHHTb MemooO CMOXACMUYECKO20 2PAOUeHMHO20 CHYCKA
(stochastic gradient descent), KOTOpBIH 3a OIHY UTEPALMIO LIMKJIA BBIYMCISET IpajUeHT
(v menaet wwar) TOJbKO Ha OJHOM Touke. OH MHOTOKpPAaTHO MPOCMATPUBACT AaHHBIC, OKa
HE JIOCTUIHEeT TOYKH OCTAaHOBA.

Bo BpeMs KaXXA0ro HuKJjia npoCMOTp JaHHBIX BLITIOJIHACTCA B CﬂyqaﬁHOM nopsaake:

# nepememaTs MHIEKCE
def in random order (data):
"""reHepaTop, KOTOPEN BO3BpAamlaeT SJEMEHTH AaHHBEX B CJydarHoM nopsnkxe"""

indexes = [i for i, in enumerate(data)] # cosmaTe CIVMCOK MHIEKCOB
random. shuffle (indexes) # mepevemaTs NaHHEE U
for i in indexes: # BEPHYTH B STOM HNOPAOKE

yield datal[i]

W 1war rpaguenrta aenaetcd AN KaXI0M TOYKHM AAHHBIX. DTOT MOAXOJ HE HCKIHOYaeT
BO3MOXKHOCTH TMOMaJaHUs B OECKOHEUHbIH LMKJ, HAXOJSCh B OKPECTHOCTSIX MHUHUMYMa,
MO3TOMY, KaK TOJIbKO YJIy4lLIeHHe pe3ysbTaTa MpeKpalaeTcs, pa3Mep Liara yMeHbLIaeT-
Csl, U B KOHEYHOM CUETE aJIFOPUTM 3aBepluaeTcs:

® Qynkumn minimize batch umaximize stochastic ucnonwsyrores B paszo. "Crusicenue pazmepnocmu” 2na-
6vl 10 u "l[Ipumenenue mooenu" enaswr 16. Pynxuna minimize stochastic ucnonsdyercs B paso. "lpu-
MeHeHue memooda epaduenmuoco cnycka” enasvl 14 M B paszo. "l[loobop moodenu” n "Peeynspuzayus” ena-
6ol 15. — Ilpum. nep.
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# cToxacTuyeckas MYHMMI3ALAS
def minimize stochastic(target fn, gradient fn, x, y, theta 0, alpha 0=0.01):

data = zip(x, y)

theta = theta 0 # nepBoHavanbHas IwMIOTE3a

alpha = alpha 0 # IepBOHAYAJIBHED! pal3Mep mara

min theta, min value = None, float ("inf") # MUMHMMYM Ha S5TOT MOMEHT
iterations with no improvement = 0

# ocranoBmThCsH, ecom mocturuin 100 mreparpmi 6e3 YiTydleHMHI
while iterations with no improvement < 100:
value = sum(target fn(x i, y i, theta) for x i, y i in data)

if value < min value:
# ecsM HayVioeH HOBEDI MMHVMYM, TO BalOMHATE €I'0
# ¥ BEPHYTHCA K [NEPBOHAYAJILHOMY pPasMEPy mara
min theta, min value = theta, value
iterations with no improvement = 0
alpha = alpha 0

else:
# B IPOTMBHOM CJlyyae YJIydmleHmi! HET,
# mosTOMy MEITaEMCS CXaTh pasMeEp mara
iterations with no improvement += 1
alpha *= 0.9

# u nenaeM mar IpanMeHTa I KaXOOHM M3 TOYEK JaHHEIX
for x i, y i in in random order (data) :
gradient i = gradient fn(x i, y i, theta)
theta = vector subtract (theta,
scalar multiply(alpha, gradient i))

return min theta

Croxactuueckasi Bepcusi 0ObIUHO paboTaeT HaMHOTro ObicTpee, YeM makeTHas. Pazymeer-
s, MAKCUMM3HPYIOLIas BEPCHsl TOKE MOHAaA00UTCS:

# croxacTmdeckas MaKCHMA3ALVA
def maximize stochastic(target fn, gradient fn, x, y, theta 0, alpha 0=0.01):
return minimize stochastic(negate(target fn),
negate all(gradient fn),
%, y, theta 0, alpha 0)

Ana npanbHeuwero usy4yeHus

¢ Ilpogomxkaiite untats! Mbl Oynem Mosb30BaThbCsl TPAJMEHTHBIM CITYCKOM [UIsl pelie-
HUs 3324 U3 OCTaJIbHOM 4acTH KHUTH.

4 Ha JJaHHBIA MOMEHT HEKOTOPbIE, HECOMHEHHO, YK€ MOYYBCTBOBAJIU YCTAJIOCTh OT MO-
HUX COBETOB I10 IOBOAY YTCHUA y‘[C6HI/IKOB. Yro6el Kak-TO YTE€UWNTb, BOT KHHTra
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"Active Calculus" ("AkTuBHBIH MaTemaruueckuii ananmus", http://scholarworks.
gvsu.edu/books/10/), kotopas, Mo-BUOAMMOMY, OyIeT TMOMOHsATHEe YYEOHUKOB MO
MaTeMaTHYeCKOMY aHaJIu3y, Ha KOTOPBIX YUHIICS .

¢ bubGmmoreka scikit-learn pacrnonaraer MomysieM CTOXaCTHYECKOTO T'paJWeHTHOTO
crycka (http://scikit-learn.org/stable/modules/sgd.html), koTopslii MO HEKOTOPHIM
MO3ULIMSAM HE TaKoH OOILMiA, KaKk MpeACTaBIeHHbIM B KHUTe, U Oonee oO1uii o apy-
rum napamerpaM. Ha camom niesie B GONBIIMHCTBE peaibHBIX CUTyalMil Bbl, HABEPHSI-
Ka, OyJieTe Mmoyib30BaThesl OMOIUOTEKAMH, B KOTOPBIX 00 ONTHMU3AIMU yxKe 10o3ado-
TUJIMCH 3apaHee, U BaM He MPHICTCS JiesiaTh 3TO caMHuM (KpoMe TeX Cliy4yaeB, Korja
oHa paboTaeT HEeKOPPEKTHO, YTO B OJIMH MPEKPACHBIN IeHh HEN30€KHO CITyUUTCS).



NMABA9
COop AaHHbIX

ITucan 51 ee POBHO TpY Mecsila, OOLYMBIBAI €¢ COICPIKaHUC
TPU MUHYTbI, @ MaTepUa JUIsl Hee COOUPAI BCIO XKH3Hb.

®. Cromm Puydarcepanso’

UtoObl OBITH aHAJTUTUKOM JaHHBIX, MPEXKAE BCEro Hy»KHbI caMH AaHHble. CreLranucThl,
paboTatomme B 3TOil 00JacTH, TPATAT OLIENIOMIISIONIE OrPOMHYIO YacTh BPEMEHHM Ha
cOop, OYHUCTKY W Npeodpa3oBaHKe JaHHBIX. EcTecTBeHHO, B cilyyae KpaiiHeil HeoOXou-
MOCTH BCET/a €CThb BO3MOXKHOCTb BHECTH AaHHBbIE BPYUHYIO (MM MOPYYUTH 3TO CBOMM
MHUHBbOHAM, €CJIM OHH €CTb), HO OOBIYHO Takas paboTa He camoe Jydllee MPUMEHEHHE
coOCTBEeHHOMY BpeMeHH. B 3Toii riaBe Mbl 00paTHMcs K pa3nuuHbIM criocobam U Gopma-
TaM nepenayuu AaHHeIX B Python.

O61beKkTbI stdin v stdout

Ecam BemonuaTh cuenapun Python n3 koMaHIHO# CTPOKH, TO MOKHO nepedasans depe3
HUX JaHHbIE, MOJB3YACh Ul 3TOro OOBEKTaMH sys.stdin M sys.stdout. Hanmpumep, BoT
CLEHapHid, KOTOPBIH CUMTHIBAET CTPOKHM TEKCTa M BbINAET OOPATHO Te, KOTOPbIE COOTBET-
CTBYIOT PETyJIIPHOMY BBIPAXKEHHIO:

# egrep.py
import sys, re

# sSys.argv - CIMCOK apI'yMEHTOB KOMAHIHOJ CTPOKH

# sys.argv[0] - mMT camost HPOIPaMMVE!

# sys.argv[1l] - peryJispHOe BEPAXEHMe, yKa3EBAaEMOe B KOMAHIHOM CTPOKE
regex = sys.argv[l]

# O79 KaXOoyw CTPOKM, IEPENaHHOM CLieHapHo

for line in sys.stdin:
# ecsm OHa COOTBETCTBYET PEryJISPHOMY BEPAXEHMIO regex,
# zamucare ee B stdout
if re.search(regex, line): sys.stdout.write(line)

A 3TOT cUEeHapHui MOACUYUTHIBAET KOJIMYECTBO MOTYUYEHHBIX CTPOK M BO3BpAILaeT UTOrO-
BB pe3yJIbTaT:

' ®poncnc Crorr @uypkepansa (1896—1940) — aMepnkaHCKuil nmucaTelb, KPYMHCHIINN TPEICTABUTEb
TaKk Ha3bIBAEMOro "MOTEPAHHOTO TmokojJeHus" B jureparype (cMm. https://ru.wikipedia.org/wiki/
Ouwrkepansa, ®pincuc_Ckorr). — [pum. nep.
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# moncuer cTpok (line count.py)
import sys

count = 0
for line in sys.stdin:
count += 1

# pesyspTaT BEBOOMTCS HA KOHCOJE SyS.stdout
print (count)

DTOT clieHapuil B JalibHEeHIIIeM MOXKHO WCTIONIb30BaTh JUIs TIOcUeTa CTPOoK ¢aiiia, B KO-
TOpBIX conepkates unciaa. B Windows 5To BBINISINT ciaeqyromum oopa3om:

type SomeFile.txt | python egrep.py "[0-9]" | python line count.py
B UNIX-1togo6GHOM cUcTEME 3TO BBITJIAIAT HECKOJIIBKO UHAYE:

cat SomeFile.txt | python egrep.py "[0-9]" | python line count.py

CuMBon KoHBeHepHO# nepenauu "|" o3HayaeT, YTO HaJO "MCMOJIB30BATh BBIXOJ KOMaH-
Ibl ClieBa, Kak BXOA Ul kKoMaHabl crpaBa”. Takum cnoco6omM MOKHO co3faBaTh A0OCTa-
TOYHO MOAPOOHBIE KOHBEHepbl 00PabOTKY TaHHBIX.

B Windows aTy komaHAy MOXHO ncnonb3oBaTtb 6e3 ccbinku Ha Python:
type SomeFile.txt | egrep.py "[0-9]" | line count.py

YT006bI cAenarb T0 xe camoe B UNIX-nogo6Hon cucteme, notpebyetca HeMHOro Gonb-
we paboTbl”.

BoT aHanoruuHbIit CHeHapHﬁ, KOTOpBIﬁ BO BXOAAIIEM IIOTOKE ITIOACYHUTHIBACT CJIOBA U
3aMKMChIBAET HA KOHCOJIb HanboJiee pacnpoCcTpaHE€HHbIE U3 HUX:

# Hamboylee pacCHpoCTpaHeHHEle CJIOBa (most common words.py)
import sys
from collections import Counter

# nepenaTe 4yCJIO CJIOB B KadyeCTBEe IIEPBOI'O apI'yMeHTa

try:

num words = int(sys.argv[1])
except:

print ("npuMeHenre: most common words.py num words")

sys.exit (1) # HeHyJIeBOM KOZ BHXOZA CHUTHAJM3MUPYET o6 ombke
counter = Counter (word.lower () # mpmBecTy CyIOBa B CTPOYHEE

for line in sys.stdin

for word in line.strip().split() # pazburs cTpOKy
# mo mpobesam

if word) # mpomycTnTs 'mycTee' cioBa

2 http://stackoverflow.com/questions/15587877/run-a-python-script-in-terminal-without-the-python-
command.
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for word, count in counter.most common (num words) :
sys.stdout.write (str(count))
sys.stdout.write ("\t")
sys.stdout.write (word)
sys.stdout.write("\n")

3aTeM MOXKHO cJienaTh cJeayrouiee:

C:\DataScience>type the bible.txt | python most common words.py 10
64193 the
51380 and
34753 of
13643 to
12799 that
12560 in
10263 he
9840  shall
8987 unto
8836  for

OnbiTHble UNIX-nporpammucTbl, HECOMHEHHO, 3HAKOMbI C LUMPOKUM CMEKTPOM BCTPOEH-
HbIX UHCTPYMEHTOB KOMaHHOW CTPOKM, TakUX Kak egrep, Hanpumep, KOTopble, BEposT-
Ho, ByayT npeanoyTuTENbHEE COBCTBEHHbIX, CO3A4aHHBIX C YUCTOrO nucta. Tem He me-
Hee, NOMe3HO 3HaTb, YTO MpPU HEOOXOAMMOCTM BCErAa eCTb BO3MOXHOCTb UX peanunso-
BaTb.

YTteHue cdannos

[TomumoO Bcero npovero, MO>KHO SIBHBIM 00pa3oM CUMTBIBAThH M 3aNMCbIBaTh (paidyibl Heno-
cpencTBeHHO U3 kona. Python nemaer paboty ¢ ¢aiinamu 10cTaTOYHO MPOCTOM.

OcHoBbI paboThbl C TEKCTOBbIMU channamm
[lepBbIM 1IaroM B paboTe ¢ TEKCTOBBIM (aiJIoM sIBIIsIETCS MONyYeHHe (hailnioso20 0bvbekma
IpHU IOMOIIU METOAA open () :

# 'r' osHavaer TOJNBKO AT yUTEHMS = read-only
file for reading = open('reading file.txt', 'r')

# 'w' mmer B Qaiin - cOTpeT ¢aii, eciM OH yXe CymecTByerT!

file for writing = open('writing file.txt', 'w')

# 'a' pgobaBuger - nnd [obGaBJEHMS B KOHEI] daria
file for appending = open('appending file.txt', 'a')

# He B3abHTE 3aKPRTHE (Qarl B KOHIIE pPAOOTE
file for writing.close()
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YToObI MCKITIOUHTE CITydau, Koraa (aiiibl 1Mo TOH WM MHOW NMPUYMHE He OBbIITN 3aKpPbITHI,
clielyeT Bceraa Mojb30BaThCsl OJIOYHBIM OMEpPaTopoM with, B KOHIE KOTOPOTro OHH OyayT
3aKpbIThl aBTOMAaTUYECKH:

with open(filename, 'r') as f:
data = function that gets data from(f)
# B sTOM TOuke f yke ObUI BaKpHIT, OSTOMY HeE IBITalTeCh MCIOJIB30BaThH €I'0
process (data)

Ecnu TpeGyeTcst mpounTaTh TEKCTOBBINA (aiil LEIUKOM, TO MOXKHO BBITIOJHUTL Mepedop
CTpoK (paiina B LMKJIIE IPU MOMOLIM OfepaTopa for:

starts with hash = 0

with open('input.txt',6'r') as f:
for line in file: # obpaTUTbCA K KaXOO¥ CTPOKe ¢aria, MUCIOJIb3YST
if re.match(""#",line): # regex n[yd OPOBEPKM Hayaja CTPoku c '#'
starts with hash += 1 # ecin na, To nobasure 1 K CUETUMKY

Kaxkmas TekcToBasi CTpOKa, MoJiyueHHas TaKMM 00pa3oM, 3aKaHYMBAETCs CUMBOJIOM HO-
BOW CTPOKM (MJIM CHMBOJIOM OKOHYAHHS CTPOKH), TIOITOMY MpPEXJe YeM JeliaTh C Hei
4TO-JIM00 ellle, HepeaAKO ObIBaeT HEOOXOUMO yIAIUTh STOT CUMBOJI MPH MOMOIIH METO/1a
strip().

Hanpumep, umeertcs ¢aiin ¢ agpecamu 3JIeKTPOHHOM MOUTHI, MO OJJHOMY B CTPOKE, U Tpe-
OyeTcsi creHepupoBaTh TMCTOrpaMMy JAOMEHOB. [IpaBuia At KOPPEKTHOTO M3BIICUCHHUS
JIOMEHHBIX UMEH HECKOJIBKO 3aMbICIIOBATHI (K MPUMEpPY, CIUCOK MyONIUYHBIX cyhduk-
coB — https://publicsuffix.org/), oqHako B KayecTBe MEPBOTr0 MPUOIMKEHHS MPOCTO
BO3bMEM YaCTH aJipeca JIeKTPOHHOM MOYThI, KOTOpbIe HAYT mocie cumBoda @. ([Tpu atom
TakHe ajpeca, Kak joel@mail.datasciencester.com, OYIyT 00pabOTaHBI HEMTPABMILHO. )

def get domain(email address):
""M"pasbure 1o '@' w BEpHYTH ocTaToK CTPOKNM"""
return email address.lower().split("@")[-1]

with open('email addresses.txt', 'r') as f:
domain counts = Counter(get domain(line.strip())
for line in f
if "Q@" in line)

dPannbl ¢ pasgenurensamm

B ¢aiine ¢ GUKTHBHBIMU ajpecamMu 3JEKTPOHHOM MOYTHI, KOTOPbIA OBLT TOMBKO UTO 00-
paboTaH, ajpeca pacroioKeHbl M0 OJHOMY B cTpoke. OIHAKO valle MPUXOaUTCs pabo-
TaTh ¢ (aiiamu, rae B OAHONW CTPOKE HAXOMUTCS OOJIBIIOE KOJIUYECTBO JaHHBIX. 3HaUe-
HUs B Takux (aiiyiax 4acTo pasjelieHbl TUO0 3anamuivmu, TUO0 cumMeoramu maodyasyuu.
Kaxknast cTpoka coepsKUT HECKOJIBKO TOJIeH JaHHbIX, a 3arsaTas Wid CUMBOJ TaOyJIAILMN
YKa3bIBaIOT, IJI€ TOJIe 3aKaHUMBAETCS U Jasibllie HAYMHAETCS HOBOE.

Bce ycnoxnsiercs, korja MOsBISIOTCS TMOJs, B KOTOPBIX COJEprKaTcs 3amsTble, CUMBOJIbI
TaOynsIuMu M HOBOHM CTpokH (a Takue HeuzOexxkHo Oyayt). [lo 3Toil mpuuMHE MOUTH
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Bceryna OyAeT OIMMOKOW TMBITaThCS aHATW3WPOBATh MOAOOHBIE (ailiibl caMOCTOSTENBHO.
Bmecro sToro ciemyer Mcnonbp3oBaTh MOIYJb csv (MM OMOMHOTEKY pandas). [lo TexHm-
YeCKUM TPUYMHAM, 32 KOTOpble MOKHO CBOOOJHO BO3JIOKHTH BHHY Ha KOMITQHHIO
Microsoft, paGoraTh ¢ csv-aiiiamMu cienyer Bcerga B O80UYHOM PEXKHUME, YKa3bIBas
¢dnaxok b mocie » unu w (CM. Ha caliTe BONIPOCOB U OTBETOB JIJIsl MporpaMMucToB Stack
Overflow?).

Ecnu B (haiine HeT 3aroj0BKOB (UTO, MO-BHIUMOMY, TIOJIpa3yMeBaeT, YTO Kaxk/asi CTpOKa
TpeOyeTcs B BUJIE CIUCKA, U TaKke 00S3bIBACT MOMHHUTh, KAKWE TAaHHbIC HAXOMATCS B Ka-
JKJIOM CTOJIOLIE), MOXKHO BOCIIONIb30BATLCS YWTAIOIUM OOBEKTOM csv.reader, KOTOPBIH
BBITIOJTHSIET HABUTALIMIO TI0 CTPOKaM, MpeoOpaszys KKy U3 HUX HaJJIeKal[UM 00pa3oM
B CIIUCOK.

Hamnpumep, npeamnonoxum, 4to umeeTtcs Gaiis ¢ Kypcamu akLUid, TJe 3HaYeHHs pasjese-
HbI CUMBOJIOM TaOyJISLUHU:

6/20/2014 AAPL  90.91
6/20/2014 MSFT  41.68
6/20/2014 FB 64.5

6/19/2014 AAPL  91.86
6/19/2014 MSFT  41.51
6/19/2014 FB 64.34

Hx MoxHO 06paboTaTh cremyrommmM o0pa3om:

import csv

with open('tab delimited stock prices.txt', 'rb') as f:
reader = csv.reader (f, delimiter='\t"')
for row in reader:
date = row[0]
symbol = row[1l]
closing price = float (row([2])
process (date, symbol, closing price)

Ecnu xe daitn conepKuT 3aroJoBKH:

date:symbol:closing price 6/20/2014:AAPL:90.91
6/20/2014:MSFT:41.68
6/20/2014:FB:64.5

TO MOYKHO MPOMYCTUTh CTPOKY 3aroJIOBKOB (BBI3BAaB BHAUalle METOJ| reader.next ()) JTHOO
BOCIIOJTb30BATHCS YMTAIOIINM OOBEKTOM csv.DictReader, YTOOBI MOJYYUTh CTPOKH B BUJIC
cioBaps dict (T KJIFOYaMH SBISIFOTCS 3ar0JIOBKH):

with open('colon delimited stock prices.txt', 'rb') as f:
reader = csv.DictReader (f, delimiter=':")
for row in reader:
date = row["date"]

3 http://stackoverflow.com/questions/4249185/using-python-to-append-csv-files.
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symbol = row["symbol"]
closing price = float (row["closing price"])
process (date, symbol, closing price)

Haxe ecnu B (haiiie HET 3arojOBKOB, MOXKHO TMO-MPEKHEMY HCIMOJIb30BaTh YMTAIOLIHUMA
OOBEKT DictReader, IEPEAAB €My KJIIOUM B KQUECTBE apryMeHTa fieldnames.

3anuce JaHHBIX C pa3aCIUTEIAMU B (bal‘/'IJ'I BBITIOJIHACTCS aHAJIOTUYHBIM 06pa30M TpH 110-
MO MULIYLIETo 00BEKTA csv.writer:

today prices = { 'AAPL' : 90.91, 'MSFT' : 41.68, 'FB' : 64.5 }

with open('comma delimited stock prices.txt','wb') as f:
writer = csv.writer(f, delimiter=',"')
for stock, price in today prices.items():
writer.writerow([stock, pricel)

IMumymmit 00BEKT csv.writer CIIpaBUTCS, JaykKe €CJIM BHYTPH TOJIS TOXKE €CTh 3arsThle.
CoOcTBeHHBI MOJTYJIb, COOpPaHHBIN CBOUMU CHUJIAMH, HABEPHSKA, Ha Takoe He OyIeT cro-
cobeH. Hanpumep, eciu nonbiTaTbes 06paboTaTh CaMOCTOSTENBHO:

results = [["testl", "success", "Monday"],

"test2", "success, kind of", "Tuesday"],
"test3", "failure, kind of", "Wednesday"],
"testd", "failure, utter", "Thursday"]]

[
[
[
[

# He menaTe sToroO!

with open('bad csv.txt', 'wb') as f:
for row in results:
f.write(",".join (map(str, row))) # BHyTpM MOXeT ORITH MHOT'O 3aIllSThHX !
f.write("\n") # cTpOKa MOXET Tarkxe COLEPXATH CHMMBOJ HOBOM CTPOKM!

TO B UTOTE MOJIYUYUTCS CSV-(paiil, KOTOPBIN BBITJISIUT CIASAYIOIIMM 00pa3oM:

testl, success, Monday

test2, success, kind of, Tuesday
test3, failure, kind of, Wednesday
testd, failure, utter, Thursday

Y KOTOPBIY HUKTO HUKOT/Ia HE CMOXKET Pa3o0paTh.

N3BneuyeHue AaHHbIX U3 Be6G-pecypcoB

Ewe oaun cnoco® monyuuTh JaHHble — M3BJEKaTb UX U3 BeO-cTpaHuL (web-scraping).
Bri6opky camux BeO-CTpaHMII, Kak BBIICHSETCS, CleNaTh JOBOJBHO JIETKO, a BOT TOJY-
YUTh U3 HUX 3HAYMMYIO CTPYKTYPHUPOBaHHYIO MH(OPMALIMIO HE TaK MPOCTO.

AHanu3 koga HTML

Beb-cTpanuusl Hanucansl Ha s3bike HTML, B KoTOpoM TekeT (B uzeanie) pa3MeueH Ha
3JIEMEHTHI U UX aTpUOYThI:
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<html>
<head>
<title>Beb-crpannua</title>
</head>
<body>
<p id="author">[xo3s I'pac</p>
<p id="subject">Hayka O HaHHBIX</p>
</body>
</html>

B uneansHoM Mupe, rae Bce BeO-CTpaHMLBI Al oOLIeld Moyib3bl pa3MeUyeHbl CeMaHTHYe-
CKH, MOXKHO ObIJIO ObI U3BJIEKATh JaHHbIE, UCTIONb3YS NMpaBUiia TUMa "HaWTH SJIEMEHT <p>,
yel id paBeH subject, U BEPHYTb TEKCT, KOTOPBIM OH coaepKUt". B peasbHOCTH ke KOx
Ha HTML o0O0OblYHO He TOMBKO HE aHHOTHPOBAH, OH 3aYacTyIO MPOCTO COCTABJIEH HE
BMOJIHE KOppekTHo. M mosTomy, uToOBI B HeM pa3o0parbesi, MpUAETCs NMPHUOErHYTh
K BCIIOMOTaTeIbHbIM CPE/ICTBaM.

UroObl monmyuuts aaHHble w3 koma HTML, npumenum Oubnuorexy BeautifulSoup
(https://www.crummy.com/software/BeautifulSoup/), koTopas cTpouT AepeBo U3 pas-
HOOOpa3HBIX BIIEMEHTOB, PACTIONIOKEHHBIX HA CTPAHUIIE, U JUIS IOCTYIA K HUM TMpeaoc-
TapiseT mpoctoit wuHTepdeiic. Ha npeHb HanmcaHuws ToOclienHss Bepcus Oblia
BeautifulSoup 4.5.1* (pip install beautifulsoup4), KOTOPOM Kak pa3 U BOCIOJb3YEMCS.
Kpome Hee, Bocronbdyemcs Oubnmuotekoii requests (http://docs.python-requests.org/
en/latest/, pip install requests), KOTOpas MpeAOCTaBJigeT Oojee YAOOHBINH crocod co3-
JaHus http-3armpocoB, ueM COOTBETCTBYIOLIME CPe/ICTBA, BCTpoeHHbIe B Python.

Berpoennsiii B Python cuntakcnueckuii ananuzatop HTML cnumkom TpeGoBaTeneH
K COOJIIOJICHUIO TIPaBUJI U, KaK ClIe/ICTBHE, He Beerna cripasiisercss ¢ HTML, koTopsiii He
BroJTHe Xopoto copmupoan. 1o 3Toii npuurHe OyaeM HUCToNb30BaTh APYroi CHHTAK-
CHYECKHMI1 aHATM3aTOP, KOTOPbIH TpeOyeTCs yCTaHOBUTD:

pip install html5lib

Urobbl BOCHONBL30BaThCsl OuOMMoTekoit BeautifulSoup, HyxHO mepemaTh HEMHOTO
HTML-kona KOHCTPYKTOpY BeautifulSoup(). B mpuBoammbIx mpumepax 310 Oyaer pe-
3yJIbTaTOM BBI30Ba METOJIA requests.get ():

from bs4 import BeautifulSoup

import requests

html = requests.get ("http://www.example.com") .text
soup = BeautifulSoup (html, 'html5lib')

" TENEPb MOXKXHO MHOTOI0O I[OGI/ITBCH MpHu NMOMOIIH BCEro JIMUb HECKOJIBKUX MPOCTHIX
METOAOB.

* Ha cents6ps 2016 r. nocnenseii Bepcueii 6uémuoreky 6bu1a Bepcus 3.5.1. Cpeny IpuaraeMbiX K KHHTe
MaTepHuaioB UMEETCs e¢ yCTaHOBOYHBIM nakeT B popmare whl. Ipouenypa ycranoBku whl-naketoB noapoo-
HO OTHMCaHa B KOMMEHTAPUSIX MoJb3oBarens. — [Ipum. nep.



136 asea 9

Kak npaBuno, mbl Oyaem paboTaTth ¢ 00BEKTOM Tag, KOTOPBIH COOTBETCTBYET KOHCTPYK-
uusaMm pazMetku HTML unu teram, npencrasisiroliuM ctpykrypy HTML-cTpanuupbl.

Hanpumep, ciemyroiiee BeIpakeHe HAXOIUT MEPBBIN TeT <p> (M ero COAePIKUMOE):

first paragraph = soup.find('p") # mepBrpi Ter <p>, MOXHO OPOCTO SOUp.p

TexkcToBoe COACPIKUMOE oObeKTa Tag MOKHO TNOJIYYHTb, BOCIIOJIb30BAaBUIUCH €0 CBOMCT-
BOM text:

first paragraph text = soup.p.text # TEeKCT HNEPBOIO BJjIeMeHTa <p>
first paragraph words = soup.p.text.split() # cyoBa mEPBOIO BIIEMEHTA
ATpuOYTBHI Tera MOXKHO M3BJIeYb, 00Opallasich K HUM, KaK K CIIOBapIO dict:
first paragraph id = soup.p['id'] # BrBEBaer KeyError,

# ecom 'id' orcyTcTByeT
first paragraph id2 = soup.p.get('id') # BosBpamaeT None,

# ecom 'id' oTcyTcTByer

MO>KHO MOJTyYUTb HECKOJIBKO TErOB Cpa3y:

all paragraphs = soup.find all('p") # wwm mpocro soup('p')
paragraphs with ids = [p for p in soup('p') if p.get('id')]

Hepenxo Hy>kHO HaiiTH Teru ¢ KOHKPETHBIM KJ1aCCOM class TaOJIULbl CTUIICH:

important paragraphs = soup('p', {'class' : 'important'})
important paragraphs2 = soup('p', 'important')
important paragraphs3 = [p for p in soup('p')

if 'important' in p.get('class', [])]

YtoObl peanu3oBaTh Oojiee AETATM3UPOBAHHYIO JIOTHKY, 3alpochl MOKHO KOMOWHMPO-
BaTh. Hampumep, eciii Hy>)KHO HAWTH Ka)KAbI JIEMEHT <span>, COJEPIKALIMICS BHYTPH
9JIEMEHTa <div>, TO MOJKHO MOCTYIHTH CIIEAYIOIUM 00pa3om:

# suleMeHTH <Span> BHYTPM SJEMEHTOB <div>

# mpemynpexneHye: BEPHET TOT Xe Span HEeCKOJBKO pas,
# ecuam OH HaXOOUTCS BHYTPYM HECKOJBKMX SJIEMEHTOB div
# HyXHO OBITH CMBIUIEHHEE B STOM CJIyYyae

spans_inside divs = [span
for div in soup('div') # g kaxnoro <div>
# Ha cTpaHuie
for span in div('span')] # HarTu kaxgopi <span>

# BHyTpYM HEro

Bcero nuuib Heckonbko (DYHKLUME yxKe MO3BONAIOT JOCTHUb MHOro. Ecnu ske Bce-Taku
TpebyeTcs Ooliee cliokHas GYHKIMOHAILHOCTh (MM MPOCTO W3 JIIOOOMBITCTBA), CBEPb-
TECh C JOKYMEHTALMEH.

EctecTBeHHO, kakumu Obl HM ObUIM JaHHbIE, KaK MPaBUIIO, UX BAXKHOCTh He 0003HaUeHa
B BUAE class="important". [Ijis1 oGecrneyeHns: KOPPEKTHOCTH JAaHHBIX HEOOXOAMMO BHUMA-
TeNbHO aHanmu3upoBaTh UcxoAHbIA koa Ha HTML, pykoBoacTBoBaThCs CBOEH JIOTMKOM
BBIOOpA M YUHUTHIBATH MOTPaHUYHBIE ciydan. PaccmoTpum npumep.
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Mpumep:
KHUrn o6 aHanu3e aaHHbIX uspgartenbcrTea O'Reilly

[lorenumansubiii HBecTOp B DataSciencester cuurtaer, 4To MHTEpec K Hayke O AaH-
HBIX — KPaTKOBpeMEHHOe siBieHue. UToObl A0Ka3aTh €ro HEeMpaBoOTY, Bbl peluaere Mpo-
BEPUTh, CKOJIbKO KHHUT 00 aHajiu3e AaHHBIX ObLIO OMyOJMKOBAaHO 32 AJIMTEJbHBIN MpoMe-
xKyTok Bpemenu B u3aarensctBe O'Reilly. [lopbiBmincy Ha BeO-caiiTe M3aaTeNbCTBa, BbI
oOHapy»xuBaeTe OOJBIIOEe YHCIO CTPAHHWI| M3 KHHUT (M BHIEO) O JAHHBIX, IO KOTOPBIX
MOYKHO 00OpaThCs Yepe3 KaTajior, re Ha KaXIOoW cTpaHHle BbLIoKeHO no 30 HauMeHo-
Banuii ¢ URL-agpecamu tumna:

http://shop.oreilly.com/category/browse-subjects/
data.do?sortby=publicationDate& page=1

Uro6bl He BBITIIAAETh COIUIIKOM (€CIH, KOHEYHO, Bbl HE XOTHUTE, YTOOBI Balll aHAIM3ATOP
cTpaHul] ObUT 3a0aHeH), BCSIKUH pa3 repej TeM, Kak coOuparh JaHHbIE ¢ BeO-caiita, He-
00X0JIMMO CHavaJla YAOCTOBEPUTHCS, UIMEETCS JIM TaM Kakas-HUOYIb MOJIMTHUKA TOCTYyTA.
I'nsaas Ha agpec:

http://oreilly.com/terms/

BUJIHO, YTO 3TOMY MPOEKTY BpojJie Obl HUUTO He MernaeT. [ Toro 4utoObl ocTaBaThCs
MOPSITIOYHBIMH JIFOIBMHU, CIIEAYET TOXe MPOoBepuTh (haiin robots.txt, KOTOpKIN yKa3bIiBaeT
MOMCKOBBIM poOoTaM, Kak ceOs BecTH. BaxkHbimu B http://shop.oreilly.com/robots.txt
SIBJISIOTCSL CTPOKH:

Crawl-delay: 30
Request-rate: 1/30

[epBas coobiraet, 4To HyKHO kAaTh 30 CEKyHI MEXIy 3ampocaMu, BTOpas — YTO clie-
OyeT 3ampallivBaTh TOJBKO OAHY cTpaHMLy Kaxable 30 cexkyHa. B cymHocTH, cTpoku
roBOpAT 00 OJHOM M TOM K€, TOJBbKO pa3HbiMH criocobamu. (EcTe u apyrue cTpokw,
KOTOpBIE YKa3bIBAIOT Ha KATaJlOTH, HE MOIJIeXkKAlFe MAHUITYJISLMAM 10 cOOpy TaHHBIX,
Ho Haw URL-agpec Tam He coep:KUTCs, TaKk YTO TYT BCE B MOPSIIKE.)

Bcerpa CyLeCcTtByeT BO3MOXHOCTb, YTO M3aaTenbCTBO B Kakom-TO MOMEHT nepectpout
CBOW CalT U CrioMaeT BCto JIOrnKy, NOKa3aHHyO B 3TOM pasgene. A, KoHeuHO, caenato
BCe, 4YTO CMoOry, 4yTOObI NOMeLaTh 3TOMY, HO Y MEHA TaM He MeraTtoHHbl BIINAHUA. XoTs,
ecnn Kaxabln n3 Bac noobewjaet y66ﬂ,VITb BCEX CBOUX 3HAKOMbIX KYMUTb KOMUIO aToN
KHUTW...

UrtoObl MOHATH, KaK U3BJIEKATh AaHHbIE, 1aBaiiTe CkayaeM OJHY W3 3THUX CTPaHML] U repe-
JaliM ee KOHCTPYKTOpY BeautifulSoup:

# He ciyenmyer paszbmBaThe CTPOKYy C URL-azpecaMm TakmM 06paszoM,

# ecam He cTOMT 3amaya YMECUTH €€ Ha CTPAHMIEe KHUTM

url = "http://shop.oreilly.com/category/browse-subjects/" + \
"data.do?sortby=publicationDate&page=1"

soup = BeautifulSoup (requests.get (url).text, 'html51ib'")

Ecnu nocMoTpeTh Ha MCXOOHBIN KO cTpaHULbl (B Opay3epe, 1eNKHUTE NpaBoi KHOIKOM
MBbILIH 1 BeIOepUTe KoMaHay [IpocMoTpeTsh nerounnk v [lpocMoTp HEXoaHOTO KO



138 asea 9

CTPAHUUbI, WU JTIO00M JIpyroi BapuaHT, OJIM3KUN K BTOMY), TO MOXHO YBHIIETh, YTO
Kakaast KHUra (MM BHE0) OJJHO3HAYHO COJIEP)KUTCS B AJIEMEHTE s'9eHkH TaOauIpl <td>
C KJIaCCOM thumbtext. BOT (cOKpauleHHbIi BapuaHT) cooTBeTcTBYIOIIEero koga Ha HTML
IJTIST OTHOM KHUTH:

<td class="thumbtext">
<div class="thumbcontainer">
<div class="thumbdiv">
<a href="/product/9781118903407.do">
<img src="..."/>
</a>
</div>
</div>
<div class="widthchange">
<div class="thumbheader">
<a href="/product/9781118903407.do">Getting a Big Data Job For Dummies</a>
</div>
<div class="AuthorName">By Jason Williamson</div>
<span class="directorydate">December 2014</span>
<div style="clear:both;">
<div id="146350">
<span class="pricelabel">
Ebook:

<span class="price">&nbsp;$29.99</span>
</span>
</div>
</div>
</div>
</td>

Cnauana XOopouio Obl HAWTH BCE AJIEMEHTHI Tera td ¢ KJIACCOM thumbtext TaOMIIBI CTHIICH:

tds = soup('td', 'thumbtext')
print (len(tds)) # 30

Hanee neo6xonumo otdunbrpoBars kog Ha HTML, ynanus Buneo. (byayuiero nuHBecto-
pa BHevatssiioT ToJbko KHUrH.) [IpocmatpuBas kon Ha HTML panbiie, oGHapy»kum, 4To
KaxJas s4edka td COAEPXKUT OAUH WM Oojiee 3JEMEHTOB span C KIACCOM class
pricelabel U TEKCTOM text, KOTOPBIH BBINIIAUT KaK Ebook: WM Video:, MJIM Print:. [Toxo-
K€, YTO BUACOPOJIUKH COAEPKAT BCEro OJUH KIIAcC pricelabel, YeH TEKCT text HAUMHAET-
csl O clloBa Video (MOcie yAajeHusl HauallbHBIX po0esioB). B urore momayuum creayro-
uryro GyHKIUIO, KoTopast Oy/ieT ormo3HaBaTh BUIEO:

# mpenmkaTMBHAS QYHKIVA - ONPENENIMTENh BHUAEO

def is video(td):
"M ecgy BJIEMEHT MMeeT TOJIBKO OoOMH pricelabel,
M TeKCT BHyTpy pricelabel 6e3 HavaJbHEIX MPOGEJIOB
HaumHaeTcs ¢ 'Video', To sHaumr 570 Brmeo"""
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pricelabels = td('span', 'pricelabel')
return (len(pricelabels) == 1 and
pricelabels[0].text.strip().startswith("Video"))

print(len([td for td in tds if not is video(td)]))
# 21 (cermuac 5TO MOXET OHITEH APYTOE YMCJIIO)

Tenepb MOKHO TMNPHUCTYIUTDH K BBITATHBAHHUIO ,Z[aHHBIXS U3 dJIEMEHTOB td. HanMmeHoBaHnue
KHUTH — 3TO TEKCT BHYTPHU Tera <a>, KOTOPBIM HaxXOOWUTCS BHYTPHU DSJIEMEHTaA <div
class="thumbheader">:

title = td.find("div", "thumbheader").a.text

Hms aBTOpa (aBTOPOB) HAXOAUTCS B TEKCTE 3JIEMEHTA <div> C KJIACCOM AuthorName. MMe-
Ha, repeJl KOTOPBIMU CTOMT CJIOBO By (M KOTOpO€ HaJ0 YJAlMTh), MEPEeUnCIIstoTes yepes
3ansATyIo (Mo 3amaThiM TEKCT HaJ0 Pa3OUTh Ha YacTH, MOCIe Yero yAaauTb NpoOesl):

author name = td.find('div', 'AuthorName').text

authors = [x.strip() for x in re.sub(""By ", "", author name).split(",")]

Kon ISBN comepxutcs B ccblUIKe, KOTOpas HAaXOAWUTCS B 3J€MEHTe <div> C KIIACCOM
thumbheader:

isbn link = td.find("div", "thumbheader").a.get("href")

# re.match 3axBaTEBaeT YaCThb TEKCTa, COOTBETCTBYKMEIO
# peryJspHOMY BEPAXEHMO B KPYIVIBX CKOOKaxX
isbn = re.match("/product/(.*)\.do", isbn link).group(1)

}Z[aTa Pa3MEIIECHUs B KAaTAJIOTe COACPIKHUTCS B DJIEMEHTE <span class="directorydate'">:

date = td.find("span", "directorydate").text.strip()
CobepeM Bce COCTABIIAIONINE BMECTE B OJIHY (DYHKIIHIO:

# mHQOPMaIpIT O KHHUIE

def book info(td):
"""yvmes Ha Bxome obwekT Tag mis <td> 6mbimorTexyu BeautifulSoup, KOTOPEDT
0603HaYaeT KHUIY, W3BJIEYb OIMCaHWe KHUIW ¥ BEPHYTB CJoBapb dict"""

title = td.find("div", "thumbheader").a.text

by author = td.find('div', 'AuthorName').text

authors = [x.strip() for x in re.sub(""By ", "", by author).split(",")]
isbn link = td.find("div", "thumbheader").a.get ("href")

isbn = re.match("/product/(.*)\.do", isbn link).groups () [0]

date = td.find("span", "directorydate").text.strip()

return {
"title" : title,

> Bertsrupanue naHubix (data pull) — TexHOIOrMs noMcka Mmonb3oBaTeneM MHOPMALMU B 0a3aX JAHHBIX 1
B BeO-pecypcax. — [lpum. nep.



140 asea 9

"authors" : authors,
"isbn" : isbn,
"date" : date

}

Tenepb BC€ I'OTOBO IJIA U3BJICUCHUA JAaHHBIX CO CTPAHULL:

from bs4 import BeautifulSoup

import requests

from time import sleep

base url = "http://shop.oreilly.com/category/browse-subjects/" + \
"data.do?sortby=publicationDate&page="

books = []
NUM PAGES = 40 # naHHple Ha koHer] 2015 (Ha MoMeHT Hamicaums 6Osuto 31)

for page num in range(l, NUM PAGES + 1):

print ("cOop maHHLIX Ha CTpaHuue", page num, ", Bcero Haigmeno", len (books))
url = base url + str(page num)

soup = BeautifulSoup (requests.get (url).text, 'html5lib')

for td in soup('td', 'thumbtext'):
if not is video(td): books.append (book info(td))

# DOpPSOOYHEDI YEJIOBEK LOJKEH yBaXaTh robots.txt!
sleep(30)

Takoro poaa mnssnedeHue AaHHbix n3 HTML Gonblie noxoauT Ha TBOPYECTBO, YEM Ha
Hayky o AaHHbiX. CyliecTByeT 6ecUncneHHOe MHOXECTBO APYrMX CXeM Mnoucka Haume-
HOBaHWIA KHUT, (DUNBbMOB U APYrMX NCTOYHUKOB, KOTOpLIE Toxe ByayT paboTaTb XOpoLuUo.

Tenepb, KOraa AaHHBIC WU3BJICYEHBI, MOYKHO MOCTPOUTH Tpaduik KOJIMYECTBA KHUT, U3/a-
BaBIIMXCS B Kbl roa (puc. 9.1):

# mosyunTh ron

def get year (book) :
"""book ["date"] BozBpamaeT 'December 2015', mosToMmy Hazno
pas6uTe CTPOKY IO Mpobely M BaTeM B3sSTh BTOPyn dacTb"""
return int (book["date"].split()[1])

# wmcso Jer
# 2015 rom - mocjsenwmyi HOJIHEDI I'OX HAHHEIX (Ha MOMEHT TECTVMPOBAHMS CLEHapHs)
year counts = Counter (get year (book) for book in books

if get year(book) <= 2015)

import matplotlib.pyplot as plt
years = sorted(year counts)
book counts = [year counts[year] for year in years]
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plt.plot (years, book counts)

plt.ylabel ("Uucio KHMT' O aHaM3y OaHHBIX")
plt.axis([2000,2016,0,260]) # YyCTaHOBMUTE OCH
plt.title ("Iauxue Gosbume!")

plt.show()

[aHHbie bonblme!
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Puc. 9.1. Yncno kHUr No aHannay AaHHbIX, M34aBaeMbIX €XErogHo

[ToTeHMAaIbHBIN UHBECTOP CMOTPUT Ha AMarpammy W petmaet, uto 2015 rox 61 nuko-
BbIM JIJIS1 U3JaHUM TOI HAINPaBJIEHHOCTH.

Ucnonb3oBaHMe nporpaMmMHbIX UHTepdencos

MHorue Beb-caiiThl M BeO-CepBHMCHI MPENOCTABIAIOT MHTEepdeichl MporpaMMHUPOBaHHS
npunoxenuit (Applications Programming Interface, API) unu nmpocto nporpaMMHBIX WH-
Tep¢eiicoB, KOTOpbIE MO3BOJISIOT SIBHBIM 00pa3oM 3alpalvBaTh JaHHBIE B CTPYKTYPUPO-
BaHHOM (popmaTte. M 510 B 3HaUMTENIEHOI Mepe U30aBlIseT OT HEOOXOANMOCTH M3BIICKATh
JlaHHbIe caMmoMy !

®opmat JSON (u XML)

[Tockonbky npotokon HTTP ciyxut ans nepenayd TekcTa, TO AaHHbIE, KOTOPbIE 3arpa-
muBaroTes yepe3 BeO-API, momkHbel ObITh mMpeoOpa3oBaHbl B CTPOKOBBIN (hopmaT WK
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cepuanuzoeansi. Hepenko npu cepuanusalmy UCMONb3yeTCsl OObEKTHasE HOTAaLMs sI3bIKa
JavaScript (JavaScript Object Notation, JSON). O6bekTsl B JavaScript oueHb MOX0XH Ha
cioBapu dict B s3bike Python, uro oGsieruaetr MHTepnpeTaLnio UX CTPOKOBBIX MPEICTaB-
JICHUM:

{ "title" : "Data Science Book",
"author" : "Joel Grus",
"publicationYear" : 2014,
"topics" : [ "data", "science", "data science"] }

Tekcr B popmate JSON aHanmusupyeTcsl Mpy MOMOIIM MOAYJS json, B YaCTHOCTH, MO-
cpeAcTBOM ero (pyHKUMH loads, KOTOpas nmpeoOpasyeT (Iecepuaiu3yeT) CTPOKY, Npea-
crarysolyro 00bekT JSON, B 00bekT Ha Python:

import Jjson
serialized = """{ "title" : "Data Science Book",
"author" : "Joel Grus",
"publicationYear" : 2014,
"topics" : [ "data", "science", "data science"] }"""

# mpeofpazoBarhs CTPOKY B ¢opmaTe JSON B OMTOHOBCKMI CJIOBaph dict
deserialized = json.loads (serialized)
if "data science" in deserialized["topics"]:

print (deserialized)

Huorna nocraumik APl Bac HEHaBUAWUT M TPEIOCTABISIET OTBETHI TOJIBKO B (opMate
XML:

<Book>
<Title>Data Science Book</Title>
<Author>Joel Grus</Author>
<PublicationYear>2014</PublicationYear>
<Topics>
<Topic>data</Topic>
<Topic>science</Topic>
<Topic>data science</Topic>
</Topics>
</Book>

Uro6b! nomyunth gaHHble n3 XML, MOXKHO BOCIIOJIB30BaTLCSA OMOIMOTEKOM BeautifulSoup
aHAJIOTMYHO TOMY, KaK OHa MCTOIb30Bajlach [T momydeHus qaHHeix u3 HTML. Ceepsb-
TeCh C JOKYMEHTAIMel KacaTeJIbHO MOAPOOHOCTEH.

Ucnonb3oBaHue HenpoBepeHHoro API

BonbmmHCTBO MHTEpdelicoB mporpaMMmupoBanus npuioxenuii (APl) B Hamm nHuM Tpe-
OyIOT OT MoJb30BaTelNlsl CHavyala ayTeHTH(ULMPOBaTh ce0s Mpekae, YeM HadyaTb UMH
MOJIb30BaThCs. XOTsI HUKTO HE MOPULIAET MX 3a TAaKyl MOJMTUKY, HO TaK WJIM MHAYe OHa
CO3J1aeT MHOI'O M3JIMIIHUX WIAa0JIOHHBIX MPOLEaYpP, KOTOPbIE 3aTYMaHHUBAOT HEMOCPEACT-
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BeHHbII KOHTaKT. [loaTOMy cHauana oOpatumes K rnporpaMMHoMy HHTepdeticy GitHub®,
C MOMOLIBIO KOTOPOrO MOYKHO JeJ1aTh HEKOTOPBIE MPOCThIe BElH Oe3 MPOBEPKH MOTUH-
HOCTH:

import requests, json
endpoint = "https://api.github.com/users/joelgrus/repos" # koHeUHas TOUKa

repos = json.loads (requests.get (endpoint) .text)

B sToM MecTe nepeMeHHas repos NpeCTaBIsgeT cOOOM CUCOK U3 clloBapel dict, Kax bl
W3 KOTOPBIX 0003Ha4aeT MyOJMYHOE XpaHUIHIIe B MoeM akkayHTe Ha GitHub. (Moxete
MOZICTABUTH CBOE MM TTOJIb30BATENs M MOJYYUTh COOCTBEHHBIC MaHHBIE W3 XPaHWJIMIIA.
Benp y Bac yxe ectb akkayHT Ha GitHub?)

OTU JaHHbIE MOXKHO MCTOJIB30BaTh, HAITPUMED, YTOObI BBISICHUTD, B KaKHe MeCALbl U O
KaKUM JIHSM HeJeld s yalle BCero cos3laio XpaHwiuiia. ExuHcTBeHHas mpolOiema 3a-
KITIOYaeTcs B TOM, 4TO JIaThl B OTBETE MpeICTaBIeHbl cTPOKoH cuMBoioB (FOHuKoma):

u'created at': u'2013-07-05T02:02:282"

Python mocraensiercst 6e3 CHOCHOrO aHamM3aTopa JiaT, MO3TOMY TMPHUIETCS YCTAHOBUTH
CBOM:

pip install python-dateutil

B KOTOPOM, CKOp€EE BCEro, MOHA00UTCS TOJILKO CIJYHKLII/ISI dateutil.parser.parse:

from dateutil.parser import parse

dates = [parse (repo["created at"]) for repo in repos] # crmcok mar
month counts = Counter (date.month for date in dates) # umcgio Mecsien
weekday counts = Counter (date.weekday() for date in dates) # wumcio

# Oynumx mgHen

Takum xe 00pa3oM MOXKHO TIOJYUYHUTh S3bIKH TTPOrPaMMHUPOBAHHS MOWX TIOCIIEIHUX TATH
XpaHUWJIHLL:
last 5 repositories = sorted(repos, # nmocnenmye 5 XpaHWIAIL

key=lambda r: r["created at"],

reverse=True) [:5]

last 5 languages = [repo["language"] # mocuenume 5 SA3EIKOB
for repo in last 5 repositories]

Kak npaBuno, pabora ¢ APl OyzaeT BBINOTHATBCS HE HA HU3KOM YPOBHE B BUJIE BBIMOJIHE-
HHS 3a[IPOCOB M CaMOCTOSITENILHOrO pa3dopa oTBeToB. OJHO U3 MPEUMYILECTB UCIIOJIb30-
BaHHMs s3bIka Python 3akmtouaercs B TOM, 4TO KTO-TO yKe pa3zpaboTan OMOIHOTEKy ISt
npakTrdecku moboro APIL, noctymn k koTopoMy Tpedyercs nomyunts. Korna 6ubamnorexu

® Github — 0/IMH M3 CaMBIX NOIYJISPHBIX CEPBUCOB JUIS CO3JAHMS, PACIPOCTPAHEHUS U COBMECTHON PabOThI
¢ mporpamMHbIM obecriedeHueM (https://developer.github.com/v3/). — IIpum. nep.
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BBITIOJTHEHBI CHOCHO, OHM MOTYT COKOHOMHTHh YHMY HENpUATHOCTEH TpW BBISICHEHHUH
npobieMHbIx noApooHocTel noctyna k APIL. (Korna ske oHM BBITIOJIHEHBI KOE-KaK WM
BBISICHSIETCS, YTO OHM OCHOBAHbI Ha HECYIIECTBYIOLIEH Bepcuu cooTBeTcTBYyrOmMX API,
OHHM Ha CaMOM JieJIe CTAHOBSATCS IPUYHUHOMN TOJIOBHOM OOJIH. )

Tak wim uHaue, NepruoANYECKH BO3HUKAET HEOOXOIMMOCTh pa3BOpaynBaTh COOCTBEHHYIO
oubnuoreky noctyna k APl (unm, uto Gonee BeposTHO, KOMAThCsS B MPUUYMHAX, TIOYEMY
gyxas 6ubimoreka He paboTaeT, KaK HajO), MO3TOMY XOPOIIO Obl MO3HAKOMUTHCS C He-
KOTOPBIMH NOAPOOHOCTSIMHU.

Mouck API

Ecnu HeoOX0AMMO MONTyuuTh JaHHbIE C OMPEeJIEHHOr 0 caiTa, TO Bce MoIpoOHOCTH clie-
IyeT WUCKaTh B pazzaene mjis pazpaborumkoB wnu pasgene API caiita. [lomumo storo,
MOYKHO TOMBITAaThCs OThICKAaTh OuONMoTeky B MHTepHere mo 3ampocy "python  api".
Bot nuwb HekoTopble u3 HUX: APl Ha Python ans BeG-cepsuca Rotten Tomatoes, npe-
JOCTAaBJISIONIEr0 CTATUCTUKY M 0030pbl KUHODHUIBMOB, psii 00epTOK (MM HAACTPOEK)',
Takux kak obeptka APl Ha Python nns BeO-caiita Klout, mpegocTapnsioiero aHanuTUKy
COLIMANIBHBIX CBS3€il HAa OCHOBE BEedyLIMX MHPOBBIX coucereil, ooeptka APl mns nnat-
¢dopmbl Yelp anst MHTErpupoBaHUs TPAHCAKLIMOHHBIX YCIIYT, MPelaraéMblX CTOPOHHUMU
pa3paboTuMKaMu MECTHBIM TpeanpusatusM, odeptka APl nns BeG-cepsuca IMDB s
BBITIOJTHEHUS TIOUCKA 0 KMHeMaTorpaduueckoii 6aze nanubix Imdb u T. 1.

Eciu nyxHb1 crimckun APl ¢ obeptkamu Ha Python, To BOT Tpm Karamora: API-
Hazactpoiiku Ha Python (https://github.com/realpython/list-of-python-api-wrappers),
Python APl u Python ans Haumnatowmx (http://www.pythonforbeginners.com/
development/list-of-python-apis/).

Ecnu Hyxen Gonee mmpokuii katajgor BeO-API mist cosmanus cimyx6 HTTP (ne o0s3a-
TelnbHO ¢ obepTkamu Ha Python), To xopommM pecypcom Oymer Programmable Web
(http://www.programmableweb.com/), rae ectb OrpoMHbIil KaTajior, pacnpeneieHHbIi
no kateropusim APL.

M ecnu 1miociie Bcero 3TOro BbI TaK HUYEro W HE HAIIH W3 TOro, 4Td0 BaM HY>KHO, TO BCE-
rga MOXKHO O6paTI/ITLC$[ K HU3BJICUCHUIO JaHHBIX C B€6-CTpaHI/ILI KakK K IMocJieAHEMY IIpU-
6G)KHH_ly aHaAJIMTUKa JaHHBIX.

Mpumep:
ucnonb3oBaHune uHtepdencos Twitter API

Twitter — 3To ¢aHTaCTUYEeCKUH MCTOYHHMK JNAHHBIX JUid paboThl. Ero MoxxHO Mcnonb3o-
BaTh IS MOJyYeHHUs] HOBOCTEH B pealbHOM BPEMEHH, U U3MEPEHHUs peakliy Ha TeKy-
1[Me COOBITHS, JJIs TTIOMCKA CCHUIOK, CBSA3aHHBIX C KOHKPETHBIMU TEeMaMH, MPAKTHYECKU

" OBeprka APl — 5T0 IPOMEKYTOUHBI CI0i MeXy cpenoil paspaboTku Ha Python u unTepdeiicom mpo-
rpamMMupoBanus npunoxenuit (API), npenocraBnseMbiM BeO-CepBUCOM, pacpeieNieHHOM TuaTdopmoit mium
OubMoTeKo 001Iero Moap30BaHus. — [Ipum. nep.
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JUT BCETO, YTO MOKHO MPEACTaBUTh cele, Moka uMeeTcs AOCTYI K ero AaHHbIM, KOTOPbIH
MOJKHO MOJTy4HTh uepe3 ero API.

Jlnst B3auMosieicTBUS ¢ MHTepdelicaMu MporpaMMHUPOBAaHUS TPUIOKSHUH, MpPeIocTaB-
JICHHbIMHU pa3paboTUMKaM COLMAIbHOMN ceThio Twitter, Oy/ieM UCMONL30BaTh OMOINOTEKY
Twython (https://github.com/ryanmegrath/twython, pip install twython). [lyis paboTsl
¢ corceTbto Twitter Ha s3pike Python mmeeTcs uenblit psu Apyrux GMOIMOTEK, OHAKO
paboTa UMEHHO ¢ 3Tol OMOMHOTEKOH y MeHsl yJalach Jydile Bcero. Bel MoxeTte ucciie-
J0BaTh U Apyrue!

Honyqu ne y4yeTHbIX OaHHbIX

Jns Toro 4toObl BOCHONIB30BAaThCs WMHTepdelicaMu MPOrpaMMHUPOBAHUS MPUITOKEHHUI
(API) coucern Twitter, Hy>KHO MOTYYHUTb HEKOTOPbIE TOJIHOMOYMS (IJ11 KOTOPBIX HEOO-
XO/IMMO MMETh yUYeTHYIO 3anuch Twitter, U KOTOPYIO Tak WM MHAUe cieayeT UMeTb, Oia-
rojapss 4eMy MOXKHO CTaThb 4YacTbIO JKMBOTO W JpyskesoOHoro coobmectBa Twitter
#datascience). Kak m Bce ocTajbHBIE MHCTPYKLMHM, Kacaroliuecs BeO-cailToB, KOTOpbIE
s HE KOHTPOJIUPYIO, B OINpPEAeSeHHbIH MOMEHT OHM MOTYT yCTapeTh, HO BCE K€ €CTh Ha-
JOeXIa, YTO OHU OYIYT aKTyaJlbHbIMH B T€UEHHE HEKOTOPOTO BpeMEHH. (XOTs OHHU YxKe
MEHSUTHCh, TIO KpaitHel Mepe 0JIMH pa3, MoKa g Mucall 3Ty KHUTY, Tak 4To yaauu!)

Hrak:
1. Ilepeiigure Ha https://apps.twitter.com/.

2. Ecnu Bbl He BOLLIM Ha CaiT, LIEJIKHUTE Ha cchbulike Sign in U BBeIUTE UMS MOJIb30Ba-
tenst Twitter v maposib.

3. Haxwmure kHonky Create New App (Co3nate HOBOE NMPUIIOKEHHE).

4. TlpucpoiiTe emy ums (Hampumep, "Hayka O JaHHbIX'"), JaiiTe onmucaHUe U YKaKuTe
moboii URL-anpec B kauecTBe BeO-caiiTa (He BaXKHO, KAKOW).

5. Cornacurech C yCJIOBUSMU UCMONB30BaHUs U HaxkMUTe KHOMNKY Create Your Twitter
Application (Co3naiite Bawe npunoxenue Twitter).

6. 3armmure ko4 notpedoutens (Consumer Key) u cekper norpedutens (Consumer
Secret).

Haxwmute kHomnky Create my access token (Co3nate Mot Mapkep JocTyTia).

8. 3anmmuTe Mapkep JOCTyna M CEKPETHYIO 4acTh Mapkepa Aoctymna (MOXKeT TMOHaJo-
OUTbCS OOHOBUTH CTPAHMILY ).

Kitou notpebutesis U cekpeT noTpeduTess coobmarot B Twitter, kakoe NpuiokeHue 00-
pammaercs k ero unrepdeiicam API, B To BpeMsi kak Mapkep J0CTyrna M CeKpeTHas 4acTh
MapKepa JI0CTyNa ToBOPSAT O TOM, KTO 3TO aenaeT. Eciu Bbl Koraa-mubo MCroib30Balld
coOcTBeHHBIN akkayHT Twitter J1sl BXO/a Ha KaKOH-HUOYIb APYTOM callT, TO CTpaHKLA co
ccbuikoi HazkmuTe, 4TOOBI pa3pemInTh Kak pa3 reHepUpyeT MapKep J0CTyMa AJisl 3TOTOo
caiita, KOTOPBIi UCTIONB3YeTCs T TOTrO, YToObI yOoeauTb Twitter, 4To 3T0 OBUTH BBI (MJIH,
10 KpaiiHell Mepe, KTO-TO, IeHCTBYIOIIUIA OT Bamiero nMeHH). [TockoibKy HaM He Hy>KHa
Takasi OTKpbiTas QyHKIMOHaNbHOCTH ("'NMOOOI MoxeT BOHTH"), 0OoiieMcs CTaTHUECKH
CO3JIaHHBIMHM MapKepOM JIOCTYIA U CEKPETHOM YacThlo MapKepa JIoCTyTa.



146 asea 9

Kniou/cekpeT noTpebuTens u kno4y/cekpeT Mmapkepa AOCTyna AOMKHbI paccMaTpuBaThCs
Kak rnaposnu. Bbl He JOMKHbI AENUTLCS UMK, NyONMKOBaTb UX B CBOEM Gnore u nepesa-
BaTb MX B Bawe nybnuyHoe xpaHunuue Ha GitHub. OgHo 13 npocTbIxX pelleHnii — xpa-
HUTBL nx B pamnne credentials.json, KOTOPbLIN HE NepefaeTcs, a B CBOEM KoAe UCMorb30-
BaTb MeToA json.loads ANS UX U3BMEYEHMS.

Ucnonb3oBaHue Twython

CHauvana obpatumcss k APl mowcka B coucern Twitter  Search  API®
(https://dev.twitter.com/rest/reference/get/search/tweets), xotopeiii TpeOyeT TOIBKO
KJIIOU U CeKpeT noTpebutens (KIod/ceKpeT MapKepa J0CTyma He TpeOyroTes):

from twython import Twython
twitter = Twython (CONSUMER KEY, CONSUMER SECRET)

# mckaTe TBUTH, codepxampe ¢paszy "data science"
for status in twitter.search(g='"data science"') ["statuses"]:
user = status["user"]["screen name"].encode ('utf-8")
text = status["text"].encode('utf-8")
print(user, ":", text)
print()

MeTogq .encode ("utf-8") HyXeH, YTOObl y4nTbIBaTL Cry4aun, KOrga TBUTbI COAEpXaT CUM-
Bonbl KOHMKOAA, C KOTOpbIMU onepaTtop print He cnpaensetcd. (Ecnu ero ybparts, TO,
ckopee Bcero, byaeT nonyyeHa owmbka UnicodeEncodeError.)

B onpegeneHHbI MOMEHT Ballen AeATeNbHOCT B 06NacT aHanuTUKU AaHHbIX Bbl NMOY-
TU HaBepHsIKa CTONKHETECH C CEPbE3HbIMU TPYAHOCTAMM, CBA3aHHbIMU ¢ FOHMKOAOM, YTO
3acTaBUT Bac 06PaTUTLCS K IOKYMEHTaLMM Mo Python® Unin e HEXOTS HauaTb UCMOMb-
3oBaTb Python 3, koTopbii 06xoauTcsa ¢ Tekctom B FOHMKOAE ropasgo ApyxenobHee.

Ecnm BeIMOTHUTH FNNTCHeHapHﬁ,TO MOXKHO TOJIYYUTb HECKOJIBKO TBHTOB,H&HOHOGHC
CJICAYHOLINX:

haithemnyc: Data scientists with the technical savvy &amp; analytical chops to
derive meaning from big data are in demand. http://t.co/HsF9Q0dShP

RPubsRecent: Data Science http://t.co/6hcHUz2PHM

spleonardl: Using #dplyr in #R to work through a procrastinated assignment
for @rdpeng in @coursera data science specialization. So easy and Awesome.

8 API noucka B couceru Twitter (Twitter Search API) — 510 xommnoHenT API coumanbHoii cern Twitter,
MOCTPOCHHBI HAa OCHOBE ApXUTEKTYpPhl B3aUMOJECHCTBMSI KOMIOHEHTOB DACIPEACICHHOTO MPHI0KEHHUS
B cetrt (REST), xoTOpBIii MO3BOMAET A€NaTh 3aPOCHl OTHOCUTEIHLHO MOKA3aTeNIeH MOCIeMHIX WM MOy IsIp-
HBIX TBUTOB M BEIET ce0s aHAJOTMYHO (hyHKIMSIM MOUCKA JOCTYIHBIX 1JIsi MOOMJIBHBIX MM BEO-KIIMEHTOB,
Takux kak nouck B Twitter.com. API noucka B coucern Twitter BBINOJHSET MOUCK MO BBIOOPKE HENABHUX
TBUTOB, OIyOJIMKOBAHHBIX 3a MOCNeHUE 7 AHEH. — [Ipum. nep.

? https://docs.python.org/2/howto/unicode.html.
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Ora uHdopMalMsa He MpelcTaBseT 0co00ro UHTepeca, riIaBHbLIM 00pa3oM MOTOMY, UTO
API noucka B corceru Twitter Search APl Bcero nuiib nokaspiBaeT HECKOJIBKO MOCIIE/I-
HUX Pe3yJIbTaTOB, KOTOpPbIE OH CUMTAEeT HY>KHbIM Noka3aTb. Korga Bel peuraete 3agauu,
CBsI3aHHBIE C HAYKOW O JaHHBIX, 4alle TpedyeTcs ropasio Oosnblie TBUTOB. I Takux
ueneit cnykut Streaming API'. DToT uHTEpdeiic Mo3BoMIeT MOAKIIOUATHCS K OTPOMHO-
My TIOTOKY coobieHuii Twitter. UToObl UM BOCTIONIBE30BATHCS, HEOOXOIUMO ayTeHTHU(U-
LMPOBATHCS C MOMOIIBIO JIMYHOTO MapKepa JOCTyIa.

UroObl momyunTth goctyn K Streaming API npu nomomu Twython, HeoOxoaumo onpee-
JIMTh KJIacc, KOTOPBIM HacledyeT y Kiacca TwythonStreamer U MepeonpenenseT ero MeToa
on_success () (H, BO3MOYKHO, €ro ME€TO on error () ):

from twython import TwythonStreamer

# mobaBySTH HaHHEE B IVIOOAJILHYH MNEPEMEHHYI - STO HOPUMED IJIOXOI'0 CTWIS,
# HO OH HaMHOTO yNpPOmAeT MNPUMEP
tweets = []

class MyStreamer (TwythonStreamer) :
""" pam coBCTBEHHED! NoAKJacc kyacca TwythonStreamer, KOTOPEDI
onpenenseT, KakK B3avMOAEHCTBOBaTE C morToxom"""

def on success(self, data):
""" yrTo pemaTh, Korda twitter mpuckUI@eT AaHHEE?
37echk AaHHEE OynyT B Buae cjoBaps dict, mpeacrasisomero Teur"""

# HyXHO COBMPATBE TBUTEH TOJBKO HA aHIUIMICKOM
if data['lang'] == 'en':
tweets.append(data)
print("received tweet #", len(tweets))

# ocraHOBMTEHCSA, KOIZa COGPAHO HOCTaTOYHO
if len(tweets) >= 1000:
self.disconnect ()

def on error(self, status code, data):
print (status code, data)
self.disconnect ()

ITonkmace MyStreamer mMopakTIOUaeTcss K MOToKy Twitter u xxaer, korga Twitter mogact
nmanHble. Kaxplil pa3, korga oH MojlydaeT HeKOTOpbIe JaHHbIe (3/1eCh, TBUT MPEICTaBIIeH
Kak 00BbeKT s3bika Python), oH mepemaeT STOT TBUT B METOJ on_success (), KOTOPBIA I10-
OaBJIIeT €ro K CIUCKY MOJyUYeHHBIX TBUTOB tweets MPU YCJIOBHUH, YTO OHU Ha aHTJIUMCKOM
sI3bIKE, U B KOHIIE, nocyie coopa 1000 TBUTOB, OH OTCOEIUHSIET CTPUMED.

' TTorokossle uutepdeiicsl API concern Twitter Streaming API — 5T0 psia koMIoHeHToB API coumanbHoi
ceru Twitter, mocTpoeHHBIX Ha 0cHOBE apxUTekTypsl REST, KoTOpBIE MO3BOMISIOT pa3paboTdnKaM MOTydaTh
JIOCTYI K IJ100aJIbHOMY IIOTOKY TBUT-JAHHBIX C HU3KOM 3a1epKKON nocryna. — [lpum. nep.
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OcTaock TOIBKO HWHULAAJIU3UPOBATDH €0 U 3allyCTUTD:

# Bamyck IMOTOKa
stream = MyStreamer (CONSUMER KEY, CONSUMER SECRET,
ACCESS TOKEN, ACCESS TOKEN SECRET)

# HaumHaeT NOTPEONATH HyOJMYHEE CTATYCHl,
# KoTOpPEIE comepXaT KioyeBoe cJoBo 'data'
stream.statuses.filter (track='data')

# B ciuyyae, ecym HampOTHUB HYXHO HauaTh HOTPebnarTt BCE HyOJMyUHEE CTAaTyCEH
# stream.statuses.sample()

DTOT cueHapuii OyIeT BBITOIHATHCS 10 TeX Mmop, nmoka oH He cobepet 1000 TBUTOB (WK
MOKa He BCTPETUT OLIMOKY), M OCTAHOBHUTCS, MOCJIE YeTO MOYKHO MPUCTYIUTh K aHAJIM3Y
TBUTOB. Hampumep, Hanbosee pacnpocTpaHEHHbIE XELITErH MOXXHO HAWTH CleAyIOLUM
oOpa3zom:

# Bemymme xemreru
top_hashtags = Counter (hashtag['text'].lower ()
for tweet in tweets
for hashtag in tweet["entities"] ["hashtags"])

print (top hashtags.most common (5))

Kaxnpiii TBUT COAEpKUT OOJbILIOE KOJWUYECTBO AAHHBIX. 3a MOAPOOHOCTAMH MOXKHO
00paTHUThCS K OKPYIKAIOLIMM JTHOO0 MOKonaThes B JokyMeHTauun Twitter API'.

B peanbHom npoekTe, BEpOATHO, BMECTO TOro YToObl monaraTbCs Ha CMUCOK, XpaHs-
LUMIACS B ONepaTMBHOWN NaMsiTW, Kak Ha CTPYKTYpy AaHHbIX ANs TBUTOB, crieayeT coxpa-
HWUTb ux B dhann unu 6asy AaHHbIX, YTOObI UMETbL UX BCEraa nog, pykow.

Ana npanbHeuwero usy4yeHus

4 pandas (http://pandas.pydata.org/) — ocHoBHasi OUOIMOTEKA, UCTIONIb3yeMasi B Hay-
K€ O JJAHHBIX 151 pabOThI ¢ TaHHBIMH (B YaCTHOCTH, 11 KIMITOPTA AaHHBIX).

4 Scrapy (http://scrapy.org/) — Oonee noaHOMDYHKIMOHANIbHAS OWOJMOTEKA IS
MOCTPOEHHUS CIIOKHBIX BeO-aHAIM3aTOPOB, KOTOPbIe 00J1aal0T TaKOW (PYHKIMOHAJb-
HOCTBIO, KaK Mepex0/1 M0 HEU3BECTHBIM CChLITKAM.

' https://dev.twitter.com/overview/api/tweetshttp://pandas.pydata.org/.
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O6paboTKa AaHHbIX

DKcnepThl 4acTo 00/1aat0T, CKOPee, JaHHBIMHU, YEM 3/IpaBbIM
CMBICJIOM.

Konun Haysnn'

O6paboTka JaHHBIX UMEET KaK HAyYHO-TEOPETUYECKUH, TaK M MPAKTUYECKUN acTeKThI.
Jlo cux mop rinaBHEIM 00pazoM o0cyskaanach HayYHO-TEOpeTHYecKask CTOpOHA paboThI
¢ AaHHbIMU. B 3T0# rnaBe OyayT paccMOTpeHbl HEKOTOpbIE MPOQECcCHOHAIbHbIE TIPUEMBI,
MpUMEHsIeMble Ha MPAKTHKE.

UccnepoBaHue gaHHbIX

ITocne Toro kak OIpeacJICHbl BOMNPOCHI, HA KOTOPBIC H€O6XO,Z[I/IMO TMOJIYYUTb OTBET, U Ha
PyYKax UMEHOTC HEKOTOPLIC JaHHBIC, MOXKET BO3SHUKHYTH cobnasH cpasy Ke Norpy3uTbCia
B pa60Ty, HavaB CTPOUTb MOLCIIU U MOJydaTb OTBETHI. He CJICAYET NMoaAAaBaTbCAd 3TOMY
HUCKYULICHUIO. HepBLIM miaromM JOJIKHO CTaThb, MPEXKIAC BCETO, uccne0o8anue NaHHBIX.

UccnepoBaHue OONHOMEPHbIX AaHHbIX

B npocreiiiem ciyvyae MOXXET MMETbCSl OIHOMEPHBIH HaOOp NaHHBIX, KOTOPBIM Mpen-
cTapisieT coOoi Bcero Juilb pan yuces. Hampumep, 310 MokeT ObITh CpeiHee YMCITIO MU-
HYT, KOTOpbI€ KaX/Iblil MOJb30BaTeNb MPOBOAMT Ha caiiTe KaXKablid AEHb, YMCIIO MPOCMOT-
POB K&KIOro BUIEOYPOKA M3 KOJUIEKLMH, MOCBSILEHHON aHalnu3y AaHHBIX, WIM YUCIIO
CTpaHMLL B K&KIOW KHUIe, OCBSIILEHHON HayKe O JaHHbIX, U3 OUOIMOTEeKH.

O‘IeBI/IIlHO, MEpPBLIM €JIOM HCOGXOHI/IMO BBIYHUCJINTh HECKOJIBKO CBOJHBIX CTAaTHUCTHK.
K MpUMEpPY, MOKHO BBISICHUTb KOJUYECTBO TOYEK AAaHHbIX, UX MHWHHMAJIbHOC, MaKCH-
MaJIbHOC 3HAYCHUA, CPpEAHEEC 3HAUCHNUE U CTAHAAPTHOC OTKIIOHEHUE.

Bripouem, 3Tu nokasaTenu He Bceraa crnocoOHbl MOMOUb pa3oOparbcs B AaHHbIX. Ha cre-
JYIOLIEeM dTare Hajo NOCTPOUTh TMCTOrpaMMy, B KOTOPOW JaHHbIe pa30UThl HA AUCKPET-
Hble unmepganvl (0akeTbl), U MOACUUTATH YUCIIO TOUYEK JaHHBIX, MOMaJatolX B KayKAbIi
W3 HUX:

# mpmBecTM TOYKY NAHHEX K HOMEPY MHTEpBaJja
def bucketize(point, bucket size):

! Konwu JTiorep Mayamn (1937) — remepan Boopyxennsix cun CIITA, roccekperaps B IEpPHO EPBOTO CPo-
ka mpesuneHtcTBa Jx. bByma-mnanmiero. MsBecten B cBs3u ¢ ¢anscudukarnmeii B Coere besonmacHoct
OOH 5 ¢epans 2003 ., kOTAa OH IEMOHCTPUPOBAIT AMITYJTy, SKOOBI, ¢ OallMiIaMu CHOUPCKOM S3BBI, YTOOBI
MOATBEPANTD aKT HAM4YKs OHOJIOTHYecKoro opyxusi B Upake. — ITpum. nep.
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Pwuc. 10.1. 'ncrorpamma paBHOMEPHO pacnpeeneHHblX cryyvanHbix BenuuunH uniform
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Puc. 10.2. ['ucTorpamma HopmanbHO pacnpejeneHHbIX CryYaiHbiX BeNWYuMH normal
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""" OKOYTUIMTE TOUKY OO CJEAYKHEeI'0 HaMMEHBIIeI'O KPaTHOI'O
pasmepa mHTepBasna bucket size"""
return bucket size * math.floor (point / bucket size)

# DOATOTOBUTE IVICTOIPAMMY

def make histogram(points, bucket size):
"M eIpynnMpOBaTE TOYKM M HNOACUMTATE KOJMYECTBO B mHTEepBaje"""
return Counter (bucketize (point, bucket size) for point in points)

# n300pas3uTh IMCTOIPAMMY
def plot histogram(points, bucket size, title=""):
histogram = make histogram(points, bucket size)
plt.bar (histogram.keys (), histogram.values (), width=bucket size)
plt.title(title)
plt.show()

Hanpumep, paccmoTpum cienyroiiye apa Habopa JaHHBIX:

random. seed (0)

# paBHOMEPHO pacmpenenenrre Mexny -100 mn 100
uniform = [200 * random.random() - 100 for _ in range(10000)]

# HOpPMaJIEHO pacHpenesieHHKE C HYJIEBEM CPEIHVM, CTaHAAPTHEM OTKJIOHEHMeM 57
normal = [57 * inverse normal cdf (random.random())
for in range(10000)]

VY oboux cpennue 3HaueHus O6mu3ku k 0, a craHgapTHbIe OTKJIOHeHHS — Kk 58. Tem He
MeHee, OHM MMEIOT COBEpILEeHHO pa3Hble pacripenenenus. Ha puc. 10.1 nokasaHo paBHO-
MEpHO pacrpeAeeHHbId Ha0op JaHHBIX uniform:

plot histogram(uniform, 10, "I'mcTorpamma paBHOMEPHEX BeJMuMH'")

a Ha puc. 10.2 — HOpMaIIbHO pacTipeesieHHbIH Ha0Op TaHHBIX normal:
plot histogram(normal, 10, "T'mcTorpamva HOPMAJIbHBIX BeJMUMH")

B nanHOM ciydae y o00MX pacripe/iesieHHid TOBOJIbHO pa3Hble MOKa3aTelM max U min, HO
JlaXKe 9TUX CBEJICHHH HEJI0OCTATOYHO, YTOOBI TIOHSTh CHienels X Pa3inyusl.

[ByMepHble AaHHble

Tenepb B HalleM pacnopsbKeHHH AByMEpHbI Habop naHHbIX. Hampumep, kpome exe-
JHEBHOTO YMCIIa MUHYT MOXKET €llle YUMThIBaThCsl FOJOBOM cTaxk paboThl B 001acTH aHa-
Au3a JaHHbIX. Pazymeercs, MOXKHO pa3o0paTbcs B KaKAOH pa3MEpHOCTH MO OTAEsb-
HOCTH. A MOXXHO, CKa’K€M, PaCKHAATh JaHHbIE HA TOUSUHOW AuarpaMme.

Jliis mpuMepa paccMOTpUM elie OJuH (PUKTUBHBINA HA0OOp JaHHBIX:

# cuyuariHas BEHOOPKA M3 HOPMAJIBHOI'O paCHpeneseHUS
def random normal () :
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"""Bo3BpamaeT CJyYanHylo BEIOOPKY M3 CTaHAaDTHOI'O
HOpMaJIbHOT'O pacnpenenemns"""
return inverse normal cdf (random.random())

xs = [random normal () for  in range(1000)]
ysl = [ x + random normal() / 2 for x in xs]
ys2 = [-x + random normal() / 2 for x in xs]

Ecnn Ob1 Hy>kHO OBIJIO BBIMOMHUTE (PYHKIIMIO plot histogram CO CIUCKAMH ys1 H ys2 B Ka-
YeCTBE apryMEHTOB, TO TMOJYYWJIUCh ObI OYEHb MOXO0XHE JUarpaMMsbl (IeWCTBUTENIBHO,
00e HOpMaJTbHO pacrpe/elieHbl ¢ OJIMHAKOBBIM CPEIHUM 3HAUYEHHEM M CTAHJAPTHBIM OT-
KIIOHEHHEM ).

Ho y oboux, kak BuaHO u3 puc. 10.3, umetotcs Oolbliive pa3inudus B COBMECTHOM pac-
HpeiesIeHUH M0 xs:

plt.scatter(xs, ysl, marker='.', color='black', label='ysl')
plt.scatter(xs, ys2, marker='.', color='gray', label='ys2')
plt.xlabel ('xs"')

plt.ylabel ('ys"')

plt.legend (loc=9)

plt.title("OueHb pasHOE COBMECTHOe pacmperneseHue")

plt.show()
OyeHb pa3Hoe (oBMeCTHOe pacnpejeneHune
- ysl
4 s T
1
a0
_2 L}

Puc. 10.3. ToueyHass Anarpamma ByX pasHbiXx HAOOPOB AaHHbIX VS
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Kpowme Toro, paznuune GyaeT oueBHIHBIM, €ClIM 00paTUThCS K KOPPEISLNK:

print (correlation(xs, ysl)) # 0.9
print(correlation(xs, ys2)) #-0.9

MHOI’OMeprIe AdHHbIe

Paboras ¢ MHOroMepHBIMH JTAaHHBIMH, KaK TPAaBWIIO, BBISICHAIOT, KAKAUM 00pa3oM Bce paz-
MEPHOCTU COOTHOCATCA ApPYr C APYyrom. B kauectBe MpOCTOro pCUICHUA BbIINOJIHACTCA
aHaIIN3 KOPPeNAYUOHHOU MAmpuysl, B KOTOPOH 3aIlMCh B CTPOKE i W CTOJOLE j 03HAYaeT
KOPPEJISILIMIO MEKIY i-U U j-i pa3MEpPHOCTSIMU AaHHBIX:
# KOppesaIVOHHAsS MaTpHIa
def correlation matrix(data):

"""gosppamaeT MaTpuly num _columns x num columns, rae 3amichb

B suerike (1, j) - 5T0 KOppesss Mexmy crojbnavm 1 u j naHHeX"""
_, num columns = shape (data)

# Bamice B MaTpuie
def matrix entry(i, J):
return correlation(get column(data, i), get column(data, j))

return make_matrix(num_columns, num;columns, matrix_entry)

Eme 66nbias HarasimHOCTh TocTHraeTcs (ecim y JaHHBIX He CIMIIKOM MHOTO pa3MepHO-
CTeit) mpu momouIy moueurou mampuyst (puc. 10.4), koTopas rMmokasbiBaeT Bce MornapHble
To4YeuHble auarpammel. s storo Bocmosbzyemcs (pyHKIHMEH plt.subplots(), KOTOpas
MO3BOJIET CO3JaBaTh BCTPOEHHBbIE AvarpamMMbl. Ha BXon ¢yHKUMM mepenaeTcss 4uclio
CTPOK M CTOJIOLOB, a Ta B CBOIO O4Yepe/lb BO3BpALIAaeT OOBEKT figure (KOTOPBIN 37€Ch HE
UCTIONIB3YETCS) M IBYMEPHBI MacCHB OOBEKTOB axes (KaXKIbIH U3 KOTOPBIX MCTIONb3YeTCS
JUTs IOCTPOEHUS IUarpamm):

import matplotlib.pyplot as plt

_, num _columns = shape (data)
fig, ax = plt.subplots(num columns, num columns)

for i in range(num columns):
for j in range (num columns):

# pasbpocaTe crosber; j mo ocu X HampoTmB cTojsbra 1 Ha ocu Y

if 1 != j: ax[i][j].scatter(get column(data, j), get column(data, 1))
# ecom He 1 == j, IokasaTb MM CEPUM
else: ax[i][j].annotate("cepum " + str(i), (0.5, 0.5),

xycoords="axes fraction',
ha="center", va="center")
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# BaTeM CHpsSTaTE OCEBEIE METKM 3a MCKJIOYEHWEM JIEBOV ¥ HIDKHEN OyaIpaMM
if i < num columns - 1: ax[i][j].xaxis.set visible(False)
if j > 0: ax[i][j].yaxis.set visible(False)

# HacTpoMTEH MPAaBYW HIDKHIW ¥ JIEBYI BEPXHIW OCEBEE METKM,

# KOTOPEIE HEKOPPEKTHEI, IIOTOMY UYTO Ha MX AMarpaMMaxX BEBOAUTCHA TOJIBKO TEKCT
ax[-1][-1].set xlim(ax[0][-1].get x1lim())

ax[0][0].set ylim(ax[0][1].get ylim())

plt.show()

PaccmarpuBas TodeUyHbIe JUAarpaMMbl, MO>KHO YBHIETh, UTO cepusi | O4eHb OTpULaTelb-
HO KoppenupyeT ¢ cepreii 0, cepusi 2 MOJIOKUTENBHO KOppeupyeT ¢ cepueit 1, a cepus 3
NpUHUMaeT Tojbko 3HaueHus 0 u 6, mpuyeM 0 COOTBETCTBYET MaibiM 3HAUYEHHUSIM
cepu 2, a 6 COOTBETCTBYET OOJBIIMM 3HAYCHUSIM.

ToueuHass MaTpula MO3BOJISET OBICTPO MOJYYUTH OOllee MpeICTaBIeHHE O TOM, KaKue
nepeMeHHbIe KOPPEeIUpPYIOT (€Ccii, KOHEYHO, He CHIETh YacaMu, MbITasiCh TOYHO HACTPO-
UTb matplotlib, 4TOOBI M300pa3UTh JUarpaMMy UMEHHO TaK, Kak XO4YeTcs, U TOra 3TO He
OBICTPBIH crOc00).
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OuuncTtka n dopmaTupoBaHue

B peanbsHOM MUpe NpUXOAWTCS UMETh AEN0 C epasHbimu AaHHbIMU. [Ipexae yeM naHHbIe
MOYKHO Oy/eT MCMOJIb30BaTh, HEPEIKO MX HEOOXOOUMO MOABEPTHYTH MpPEABApUTEIBHOM
obpabotke. [lomobHbIe mprMepsl ObLTH TTOKa3aHbI B eiase 9. pexme yem HavaTh MOJTb-
30BaThCs YMCIIaMM, CHadaia HaJao MpeoOpa3oBaTh CTPOKM B BellecTBeHHbIe uucia float
WM Lienble uKcna inf. Panee 5To nenanock HEMOCPEACTBEHHO Mepel MCIOJIb30BaHHEM
JaHHBIX:

# LleHa Ha MOMEHT 3aKpEITHUS OUpXu
closing price = float (row[2])

OnHako, BepOsSTHO, MeHee MOJBePKEHHBIN olmMbkaM crnocob — npeodpa3oBbIBAThL 1aH-
Hble Ha BXOJE. JTO MOXKHO pealn30BaTh, CO3JaB (DYHKLHIO-O0CPTKY I YHMTAFOLIETO
o0beKTa csv.reader. B Hee OyneT mepeaBaThecsi CIIMCOK aHAINU3ATOPOB, KX U3 KOTO-
PBIX 3a/1aeT crnocod npeodpa3oBaHKs OJHOTO U3 CTOJIOLIOB, T None 03HAYAET, YTO C ITHM
CTOJIOLIOM HHUYEro JeJIaTh He HaJl0:

# pazobpaTe CTPOKY TaOJMYHEIX AAHHBIX IPY IOMOLUY aHajm3aTopa parsers (value)
def parse row(input row, parsers):
""" IOYMEeHNTE COOTBETCTBYIII aHaM3aTOp M3 B3aJaHHOI'O CIMCKa (HEKOTOPHE
MOTYT OBITE IycTEMyM (None)) k KaxmoMy sjeMmeHTy input row"""

return [parser(value) if parser is not None else value
for value, parser in zip(input row, parsers)]

# pazsofpaTe CTPOKM TabGUIMYHEIX J@HHEBIX
def parse rows with(reader, parsers):
""M"obeprrBaeT OOBEKT reader, MNPVIMEHSS aHAJM3aTOPE K KaXnov crpoke""
for row in reader:
yield parse row(row, parsers)

Kak ObITb B Tex ciydvasx, Koraa aaHHble ruioxue? WMnu korga BCTpeTHIoch "BellecTBEH-
Hoe" 3HauUeHHe, KOTOPOEe Ha caMOM Jielie He sBJsieTcsl YucioM? B Takux cimydasx oObIMHO
Jydlle MOMyYUTh CHielMalbHOe 3HaUeHHe None, YUeM CTOJIKHYTbCs co cboeM B paboTe mpo-
rpaMmbl. C 5TUM MOXKET CIIPABUTHCS BCIIOMOTaTeIbHas GYHKIIUS:

# mommrraThCs paszobpaTes MM BEPHYTH None
def try or none(f):
"""obeprrBaer QyHkiyio £, Bo3Bpamas None, ecim f BEIBRBaET MCKJIOYEHNUE,
nonpasyMmeBaercsa, uro f - QYHKIMI OOHOI'O BXoAAmMero aprymeHTa'""
def f or none(x):
try: return f(x)
except: return None
return f or none

3areM MOXHO TiepenucaTh (GYHKIUIO aHATTU3a CTPOKH JJAHHBIX parse row, YTOOBI UCIOIb-
30BaTh €€ B JaJIbHEUIIIEM:
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# pazofpaTe CTPOKY TaGUIMUHEIX JAHHEIX (C QYHKIMEN-06EpTKOM)
def parse row(input row, parsers):
return [try or none(parser) (value) if parser is not None else value
for value, parser in zip(input row, parsers)]

Hanpumep, ecny cnivcok KypcoB akUMi ¢ pa3aeuTesIMU-3alsThIMA COOCPKUT TUIOXHE
JTaHHbIE:

6/20/2014,ARPL, 90.91
6/20/2014,MSFT, 41.68
6/20/3014,FB, 64.5
6/19/2014,ARPL, 91.86
6/19/2014,MSFT,n/a
6/19/2014,FB, 64.34

TO TE€NEPb 3TOT CIIUCOK MOXKHO IMPOYHTaTh U HpCOGp&?»OB&TB BCE€I'o0 3a OJIMH 1Iar:

import dateutil.parser
data = []

with open("comma delimited stock prices.csv", "rb") as f:
reader = csv.reader (f)
for line in parse rows with(reader, [dateutil.parser.parse, None, float]):
data.append(line)

Jlanee ocraercs JIMLIb TPOBEPUTH, UMEIOTCS JIM CTPOKH C None!

for row in data:
if any(x is None for x in row):
print (row)

W peluTh, 4TO ¢ HUMH Jenatb. (Boolie roBops, ecTb Tpu BapHaHTa: yJalHTh, MOIbI-
TaThCSl UCIIPABUTh TIOXHE/OTCYTCTBYIOIINE JaHHbIe, OOPAaTUBIINCH K MCTOYHHKY, JTMOO
He JieJaTh HU4ero, CKpeCTHB MaJlbLibI.)

AHanornuHeie  (pyHKUMU-TIOMOIHUKKA MOXKHO CO37aTh JJIs YWTAIOLIero O0BeKTa
csv.DictReader, TTPeIHA3HAYEHHOTO IJIs1 pabOTHI co cioBapsMu. B aTom ciydae, BeposT-
HO, HYXXHO TiepelaTh CJIOBaphb dict C aHaJM3aTOpaMH, UMEHOBAaHHBIMH TIO Ha3BAHHWIO
nosis. Hanpumep:

# mommraThCs MPeobpaz’oBaTH OJIE B UMCIIO
def try parse field(field name, value, parser dict):
"M pomEITaTECA MPeofpas’0BaThE 3HAUYEHME HPM IIOMOII COOTBETCTBYKMEN
dyuKIMM M3 croBapa parser dict ¢ anamsaTopam"""
parser = parser dict.get (field name) # None, ecyM HET TaKOM BamCHU
if parser is not None:
return try or none (parser) (value)
else:
return value

# mpoaHamM3MpoOBaTE (pPal’0bpaTh) CJIOBAPEL C AaHHEMM (C QyHKIMEN-0BEDTKOM)
def parse dict(input dict, parser dict):
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return { field name : try parse field(field name, value, parser dict)
for field name, value in input dict.iteritems() }

CrenyromumM marom OyJeT NpoBepKa JaHHBIX Ha HaJMuue BHIOPOCOB, MCIONB3Ys NpHe-
Mbl U3 pazo. "Hceneoosanue Oannuix" TeKyled INaBbl, WM PELUEHUIN, UCXOAs U3 KOH-
KpeTHOM cuTyauuu. Hampumep, kak yxe MOXKHO ObLIO 3aMETHTb, OJlHA U3 JaT B (aiine
¢ neHamMu Ha akuuu Oputa 3014 rom. DTo 3HaYeHWE HE BBI30BET (C HEM3OEKHOCTHIO)
owMOKy, HO OHO B KOPHE HEBEPHO, U €CITM €ro He MACHTUPHULMPOBATh, TO B UTOTe MOXKHO
MOJYYHUTh HeNenblid pe3ynpTaT. B peanbHbIX MaccHBaX JaHHBIX MOTYT OTCYTCTBOBaTb
JEeCITUYHbIe pa3fesUTeNd, UMEThCS JIMLIHUE HYJIM, ONeuYaTKu U Apyrue OecuuclieHHbIe
Mpo6JIeMbl, KOTOPbIE MPUAETCS OTIaBINBaTh. (DTa paboTa MOXKET U He ObITh OPUIMATIHLHO
NpoMnucaHa B AOJKHOCTHOM MHCTPYKLMH, HO KTO K€ ellle 3TUM 3aiiMeTcs?)

YnpaBrneHue gaHHbIMU

OfHUM U3 caMbIX Ba)KHBIX NMPOQECCHOHAILHBIX HABBIKOB aHAIMTHKA JaHHBIX SIBJISETCS
YMEHHEe Ynpagisms OaHHbIMU. DTO, CKopee, OOIIUM MOAXOM, YeM KOHKPETHbIH Habop
MPUEMOB, TIO3TOMY MpOMIEMCS MO HEKOTOPhIM MPUMEpaM, 4TOOBI MOYYBCTBOBAThH €ro
0COOEHHOCTH.

Hpe}_'[CTaBI/IM, YTO MBI pa60TaeM CO CJioBapsaMu dict, CoACpiKalllUMHU KypChl aKI_II/Iﬁ B CJIC-
IyroreMm dopmare:
data = [
{'closing price': 102.06,

'date': datetime.datetime (2014, 8, 29, 0, 0),

"symbol': 'AAPL'},

# ...
]

KoHuenTyansHO npeacTaBUM MX B BUJIE CTPOK (Kak B AJIEKTPOHHOI TabmuLe).

Haunem 3agaBath Bompochl 00 3THX JaHHBIX, MOMYTHO MbITasich OOHAPYXKHUTh 3aKOHO-
MEpPHOCTH WU 1AO0IOHBI B TOM, UYTO JeNaeTcs, U omevas Ui ce0si HEeKOTOpble HHCTPY-
MEHTBI, KOTOpbIE 00JIeryatoT yrnpaBieHue JaHHbIMH.

Hanpumep, npennonoxnM, 4To Hy’KHO y3HaTh CaMyIO BBICOKYIO LIEHY HA MOMEHT 3aKphbl-
THst TOproB [uist akuuii AAPL?. Pa3o6bem 3a71a4uy Ha KOHKPETHBIE IHArK:

1. OrpaHuunThCs cTpokamu ¢ cumBosioMm AAPL.
2. HW3pnedb B KOKAOH CTPOKE LIEHY 3aKPBITHS closing price.
3. B3ATb U3 3THX LIEeH MAKCUMYM max.

Bce TpU LIara MO>XHO BBIMOJIHUTL OAHOBPEMEHHO IMPU MOMOIIM I'€HepaTopa rnocjieaoBa-
TCJIIbHOCTH:

# MakcuMaJbHASA IJeHa Ha akimm AAPL
max_aapl price = max(row["closing price"]
for row in data
if row["symbol"] == "RAAPL")

2 Axumn Apple Inc. — Peo.
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B Gonee o01em minaHe, X0Tenock ObI MOMyYaTh CBEICHHUS O CaMbIX BHICOKHX MOKAa3aTeNsaX
LEeHbl HA MOMEHT 3aKpPbITHS JUTS KaXIOW LeHHOW Oymaru n3 Habopa naHHbIX. BoT oquH
U3 CIoco0O0B, KaK 3TO CAEJIATh:

1. CrpynnupoBaTh Bce CTPOKU C OAMHAKOBBIM CUMBOJIOM symbol.

2. B mpenenax Kaxuoii rpyIibl, MpoAesaTh TO K€, YTO ObIJIO OMUCAHO PaHbLIe:

# cIrpynmMpoBaTE BCe CTPOKYM Ha OCHOBE CMMBOJIA
by symbol = defaultdict (list)
for row in data:

by symbol [row["symbol"]].append (row)

# ¥MCHONBE30BaTHE I'€HEPATOP [OCJIENOBATENIBEHOCTV B BHAE CJIOBAPS,
# UTOOBI HaMTV MakKCHMyM IJIS KaXOOI'O CHMBOJIA
max_price by symbol = { symbol : max(row["closing price"]
for row in grouped rows)
for symbol, grouped rows in by symbol.iteritems() }

Vike 3aech UMeroTcs Hekue walnoHbl. B o0oux ciydasx Hy>KHO BBITSHYTb 3Hau€HHUE
LEHbl Ha MOMEHT 3aKpbITUSl closing price W3 Kaxaoro ciosaps. Ilostromy cosmagum
(YHKLMIO 7151 TOJTyYeHMs 3HAUEHUs T0JIs1 U3 CIIoBapsl dict, a IPYTyro — ISl U3BJICUEHUS
3HAYeHMs TOTO JKe TOJIS U3 Habopa cIoBapei:

# BepHyTH Oe3BMAHHYD QYHKLMDO, KOTopas mo mojo field name

# BoOBBpamaeT 3HaUEHME M3 CJIOBAPS IOW

def picker(field name):
"""Bo3BpamaeT QyHKIpO, KOTOpAas M3BJEKaeT noje uz dict"""
return lambda row: row[field name]

# IOJIydnTE CIMCOK 3HaYeHMi! M3 CJoBaps mo mojo field name
def pluck(field name, rows):
"""mpeobpasyeT COMCOK CJoBapert dict B CIMCOK BHAYEHMIA
cormacHo field name"""
return map (picker (field name), rows)

Kpome TOro, Mo>kHo co3maTh (YHKUHMIO, KOTOpas IPYNIUPYeT CTPOKH MO pe3ysbTaTy
rpynnupyroLe GyHKUMH grouper, MPUMEHSS AJS KaKIOW rPyNIbl B Cllyyae HEOOXOIu-
MOCTH OJIMH U3 TIpeo0pa3oBarTesei 3HaYeHHU value transform:

# IpynmMpoBaTH IO
def group by(grouper, rows, value transform=None):
# KIOY - 5TO PEe3yJIBTAT BBEUMCJCHMS Jrouper, BHaUeHue - STO CINCOK CTPOK
grouped = defaultdict (list)
for row in rows:
grouped[grouper (row) ] .append (row)

if value transform is None:
return grouped
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else:
return { key : value transform(rows)
for key, rows in grouped.iteritems() }

DTO MO3BOJIMT IOBOJIBHO JIETKO MepenucaTh npeasiayime npuMepsl. Hanpumep:

max _price by symbol = group by (picker ("symbol"),
data,
lambda rows: max (pluck("closing price", rows)))

Tenepb MOKHO 3aJaBaTb Oosiee CIIO)KHBIE BOMPOCHI, a UMEHHO, KaKOBbl MaKCHUMaJIbHbLIC
W MUHUMAJIbHBIE OJHOAHEBHBIC MPOLICHTHLIC U3MCHECHUS B Ha60pe JaHHBbIX. HpO]_IeHTHOG
M3MCHEHME price today / price yesterday - 1 MOApPa3zyMeEBacT, YTO HEOOXOJUMO KaKHUM-
TO 06p330M YBA3aTh CETrOAHAUIHIONO LICHY CO qupamHeI‘fL OI[I/IH W3 CIIOCOOOB COCTOUT
B TOM, 4TOOBI CrpynnupoBaTh LICHBI IO CUMBOJIY U 3aTEM B MIpeaciiax Ka)K):[Oﬁ rpyImnIbI:

1. YnopsmouuTs 1ieHsl 0 JaTe.

2.ITOquHTL napbl U€H B @OpMaTe (npemeimyupte, Texyupe) MPU MOMOIIM BCTPOECHHOM
(YHKIWH zip.
3. Hpeo6pazoBaTb napbl B HOBBI€ CTPOKH C MPOUCHTHBIMU U3MEHCHUSMU.

Haunem ¢ Hanmcanus QyHKUMH, KOTOpas BBIMOJIHSET BCIO paboTy B Mpeaenax OAHOM
TpYIIBL:

# MPOLIEHTHOE MBMEHEHME L[EHEI
def percent price change(yesterday, today):
return today["closing price"] / yesterday["closing price"] -1

# mBMeHeHysd OeHb OTO IOHI
def day over day changes(grouped rows):
# CopTHMpPOBATE CTPOKM IO JAaTe
ordered = sorted(grouped rows, key=picker ("date"))

# obbenuHMTEL CO CMemeHMeM, YTOOH MNOJYyYMTEH IOCJIENOBATENBHEE I[IAPE
return [{ "symbol" : today["symbol"],
"date" : today["date"],
"change" : percent price change (yesterday, today) }
for yesterday, today in zip(ordered, ordered[l:])]

3aTeM MOCIeHIO (PYHKIMIO MOYKHO MCTIOJIB30BaTh HEMOCPEICTBEHHO B KayecTBe Tpe-
oOpazoBartes value transform B )YHKLUMH group by FPYNMUPOBKHU MO MOJIIO:

# KU - 25TO CHMMBOJI,
# BHaveHme - 5TO CIMCOK M3 cJyoBapey dict c¢ msMmenenmsamy "change"
changes by symbol = group by (picker ("symbol"), data, day over day changes)

# cobpare Bce cuoBapm C maMeHeHmsaMy '"change" B omwH OOJBION CIMCOK
all changes = [change

for changes in changes by symbol.values ()

for change in changes]
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Ha panHOM 3Tarie MO)KHO JIErKO HalTH MaKCUMYM U MUHUMYM:

max (all changes, key=picker ("change"))

# {'change': 0.3283582089552237,

# 'date': datetime.datetime (1997, 8, 6, 0, 0),

# 'symbol': 'AAPL'}

# Hampmmep, cm. http://news.cnet.com/2100-1001-202143.html

min(all changes, key=picker ("change"))

# {'change': -0.5193370165745856,

# 'date': datetime.datetime (2000, 9, 29, 0, 0),

# 'symbol': 'AAPL'}

# Hampmmep, cm. http://money.cnn.com/2000/09/29/markets/techwrap/

Tenepb MOXXHO BOCMOJIB30BATHCS HOBBIM HAOOpOM JaHHBIX 000 BCEX W3MEHEHUSIX
all changes, 4YTOOBI HAWTH MeCsL, B KOTOPOM JIyYIlle BCErO MHBECTUPOBATH B TEXHOJOIH-
yeckue akuuu. CHavana crpynnupyeM M3MEHEHHs Mo MecsilaMm, 3aTeM BBIYMCIUM CyM-
MapHOe U3MEHEHHE B TipefiesiaX KaKAoW IpyIIbI.

Ewe pa3 HanumieM cOOTBETCTBYIOLIMH mpeoOpa3oBaTelib 3HAYEHHUH value transform
Y 3aTeM NPUMEHUM (PYHKLMIO group by FPYHNHUPOBKH MO MOJIO:

# 0OBbenMHNTEH MPOIEHTHEE MU3MEHEHUST
# g sroro mobasmM 1 K KaXOoMy, YMHOXMM ¥ OTHuMEM 1
# Hampmmep, mpu obwvemmHermy +10% u -20% cymMapHOe M3MeHeHme Oyner
# (1 + 10%) * (1 -20%) -1=1.1%*.8-1=-12%
def combine pct changes (pct changel, pct change2):
return (1 + pct changel) * (1 + pct change2) - 1

# cymmvapHOe w3MeHeHye
def overall change (changes):
return reduce (combine pct changes, pluck("change", changes))

# CyMMapHOe MOMECSUHOE M3MEHEHME

overall change by month = group by(lambda row: row['date'].month,
all changes,
overall change)

AHaJioruyHele MNpUEMBI yIpaBJICHUA JaHHbIMU 6YIIYT MNPUMCHSATBHCA Ha MPOTAKECHUN BCeH
KHUT'U, O6LI‘{HO, HE MpUBJICKasA K HUM 0c000ro BHUMAaHHUS.

LLikanupoBaHue

MHorue MeToabl YyBCTBUTENBHBI K uikasle TaHHBIX. Hampumep, MmycTh JaH MaccHB CBe-
JIeHUI 0 pocTe U Bece COTeH aHAJMTHUKOB JaHHBIX, U HY>KHO OTIPENEIUTh KIdcmepbl pas-
MEepoB TeJa.

JlornuHo npeacTaBuUTh KJlacTephl B BUAE TOUEK, PACTIONOXKEHHBIX PSIOM JIPYT C APYIroM,
a 3Ha4YMT, MOTpedyeTcst HEKOTOPOe MpPEeICTaBIeHHE O PACCTOSHUM MEXKIy TOUKaMHu. Y Hac
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yKe ecTh (DYHKIMS distance, BBIYMCISIONIAS €BKJIMAOBO PAacCTOSHUE, MOJTOMY COBEp-
LIEHHO €CTECTBEHHO pacCMaTpHBaTh Mapbl B opMaTe (pocr, sec) KaK TOYKH B JIByMep-
HOM mpocTpaHcTBe. [TOCMOTpPHUM Ha JaHHBbIE HECKOJBKHUX YeJOBEK, MpelCTaBICHHBIE
B Taou. 10.1.

Ta6nuya 10.1. [JaHHble 0 pocme u sece

Jluuo PocT, oonmsl PocT, caHTUMeTpbI Bec, hyHTbI
A 63 160 150
B 67 170.2 160
C 70 177.8 171

Ecnu u3Mepsats poct B moiiMax, To Oivkalimum cocenoM B Oynet A:

a to b = distance([63, 150], [67, 160]) # 10.77
a to c = distance([63, 150], [70, 171]) # 22.14
b to ¢ = distance([67, 160], [70, 171]) # 11.40

OpHako eciiv U3MepsTh B CAHTUMETpaX, TO, HAIPOTUB, OrbKakimuM coceroM B Oyaet C:

a to b = distance([160, 150], [170.2, 160]) # 14.28
a_to c = distance([160, 150], [177.8, 171]) # 27.53
b to ¢ = distance([170.2, 160], [177.8, 171]) # 13.37

OueBuAHO, 3a1a4a TPYJHO pa3pelrMa, €Clii CMeHa eIMHULL U3MEPEeHUs] MPUBOAMT K Ta-
KUM pesynbTaTaMm. [1o 3Tol mpuumHe, B TeX cilydasx, Korja pa3sMepHOCTH APYT ¢ Apyrom
HE COMOCTaBHMBI, JaHHblE MHOTJA wKanupyom, O6aarogaps yeMy Kaxjaas pa3MepHOCTb
UMeeT HyJIeBOe Cpe/lHee 3HauUeHUe U CTaHJapTHoe OTKIOHeHue, paBHoe 1. [Ipeobpasosa-
HUE€ KaKJION pa3MEpHOCTH B "CTaHIAPTHBIE OTKJIOHEHHUSI OT CPEAHEro 3HauyeHus' MOo3BO-
asieT paKTHYECKH N30aBUTHCS OT SMHHL U3MEPEHHS.

B nawame mns xakmoro crondia TpeOyeTcss BBIUMCINUTH CpPelHee mean U CTAHAAPTHOE
OTKJIOHEHHE standard deviation:

# cTaHmaApPTM3MPOBATE aHHEE
def scale(data matrix):
"""BeDHYTE CpEeNHMe M CTaHAapPTHEE OTKJIOHEHMS IJIZ Kaxznoro croJbra'""
num rows, num cols = shape(data matrix)
means = [mean(get column(data matrix,j))
for j in range(num cols)]
stdevs = [standard deviation(get column(data matrix,j))
for j in range (num cols)]
return means, stdevs

3 [LIkanupoBaHyue NaHHBIX — JTO METOJ, MCHOJIb3YEMbIil IS CTAHIAPTU3ALMH PAa HE3ABUCHMBIX IIEPEMEH-
HBIX WM MPU3HAKOB U OOBIYHO BBIMOJHSETCS] HA JTare MPeABapUTENIbHOI 00paboTkn naHHbIX. [lIkammposa-
HHME TaKXkKe I0Jpa3syMeBacT HOPMHMPOBAHHE YHMCICHHOTO 3HAYEHHs KaXI0i pa3MEpHOCTH TakK, 4TOOBI OHO
nonasano B uHrepsan tuna [0, 1]. — Ilpum. nep.
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U 3aTem ucnonb30Bath 3Ty QGYHKIMIO AJI CO31aHUS] HOBOW MaTpPHUIIbI TAHHBIX:

def rescale(data matrix):
"M OOMKAIMPOBATE BXOASINE NAHHEIE TAK, UTOOR KAXOEDI CTOJOEI]
MMeJl HYJIEBOE CpENHEE 3HAUEHME VM CTaHAAPTHOE OTKJOHEHWe, paBHoe 1;
npomyckaeT CcTojbis 6es3 oTkaoHeHus"""
means, stdevs = scale(data matrix)

# MPOKAJIMPOBATE IO YCIJIOBUIO
def rescaled(i, j):
if stdevs[j] > O:
return (data matrix[i] [j] - means[j]) / stdevs[j]
else:
return data matrix([i] []]

num rows, num cols = shape(data matrix)
return make matrix(num rows, num cols, rescaled)

Kak Bcerma, Hy»HO PYKOBOACTBOBATHCS 3[paBbIM CMBICIOM. Ecnu B3sTh TMTaHTCKHH
Ha0oOp NaHHBIX O POCTe W Bece JoJeil U oTPUIBTPOBaTH €ro Mo pocty mexay 69.5 u
70.5 moiiMamMu, TO BMOJHE BEPOSITHO, YTO (B 3aBUCUMOCTU OT IMOCTAaBJIEHHOW 3aJauu)
OCTaBILIAsCS BapvaLus B JaHHBIX OyleT MpeAacTaBlsTh u{yM, Ub€ CTAHAAPTHOE OTKJIOHE-
HHe, CKOpee BCEro, He CTOUT paccMaTpUBaTh HA PABHBIX YCJIOBHUAX C OTKJIIOHEHUSIMU ApY-
FUX Pa3MEpPHOCTEN.

CHMXeHune pa3smMepHOCTU

HHorpa "nelicTButenbHble" (MW MOJIE3HBIE) PAa3MEPHOCTH JAHHBIX MOTYT HE COOTBETCT-
BOBaTh MMeEOLIMMCS pa3MepHocTsM. Hanpumep, paccMoTpuM HaOop IaHHBIX, M300pa-
>KeHHbIH Ha puc. 10.5.

bonbinas vacte Bapuallii B JAaHHBIX, I10 BCeM BUAUMOCTH, MPOXOAUT BOOJIb €AUHCTBCH-
HOM Pa3sMEpPHOCTHU, KOTOpasd HE COOTBETCTBYET HHU OCHU X, HU OCH ).

B Takux ciy4asx mpuMeHseTcsi OMH U3 METOAOB (paKTOPHOTO aHannW3a — METOJ TJIaB-
HBIX KOMIOHeHT (principal component analysis, PCA), koTopblii ucronb3yercs Ais
W3BJIeUeHUs1 OAHOM WM Oosiee pazMepHOCTel, OOBACHSIOWUX OONBLIMHCTBO BapHaLluM
B JaHHBIX".

Ha npakTuke, 3TOT MeToA He UCMNosb3yeTcsl Ha Habope AaHHbIX Takon Manow pasmMepHo-
cTu. MeTon CHUXEHWUS pa3MepHOCTM B OCHOBHOM LIeNecoobpa3Ho MPUMEHSITb K MHOro-
MepHOMY Habopy AaHHbIX, koraa TpebyeTcs HauTU HebonbLLoe NOAMHOXECTBO, KOTOpoe
06bsICHAET BONbLUMHCTBO Bapuaumu. K coxaneHuio, Takue crydan TpyaHO NpOUNocT-
pupoBaTh B ABYMEPHOM chopMaTe KHUIU.

* Cwm. http://www.machinelearning.ru/wiki/index.php?title=MeTo_ri1aBHbIX_KOMNoHeHT. — [Ipun. nep.
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WNcxofHble faHHbIe
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Puc. 10.5. [laHHble ¢ "HenpaBuibHbIMK" OCSIMMN

Ha mepBoM 1mare Hy»KHO mepecuuTaTh AaHHbBIE TaK, YTOOBI KaX1as pa3MEpHOCTb UMea
cpeaHee HyJieBoe (T. €. IEHTPUPOBATh UX):

# LleHTPMpOBATH MaTPHUIYy, T. €. BEUECTH M3 MATOWIE CPEOHEE 3HaUeHue
def de mean matrix(A):
"""BEPHYTE pEe3yJIbTAT BEMUTAHUSI M3 KKOOI'O 3HAYECHMUSI
B A cpenHero 3HaueHMd ee crojbla. Pe3ynbTupyrmas MaTpula
yMeeT HyJeBOoe cCpelHee B kaxnoM cronbre"""
nr, nc = shape (B)
column means, = scale(A)
return make matrix(nr, nc, lambda i, j: A[i][j] - column means[j])

(Ecnu aToro He caenathb, TO MpUMEHsieMasi METOIMKa, CKopee Bcero, OyaeT uaeHTUpULu-
pOBaTh HEMOCPEICTBEHHO Cpe/IHee 3HAUCHHE, a He Bapyalllio B JaHHbIX.)

Ha puc. 10.6 npencrapiieHsl JaHHbIE U3 IPUMEpa MOC/Ie BblUeTa CPeHero 3HAUECHUS.
Terneps, UMes B pacropsDKEHUH LIEHTPUPOBAHHYIO MaTpHILLy X, MOXKHO 3a/1aThCsi BOIPO-
COM: Kakoe HarpasJieHHe OMMChIBAaeT HauOOoJIbllee 3HAUeHUE JUCIIEPCUH B JaHHBIX?

B uyacTtHOcTH, MpH 3aJaHHOM HanpaBjieHUH d (BEKTOp €AMHUYHOW AJTMHBI) Ka)xaas cTpo-
Ka X B MaTpuLe MPOCTHpaeTcs B pa3Mepe dot (x, d) B HANPaBIEHUU d. A KaKablii HeHyITe-

BOI BEKTOpP W 3a/JaeT HampaBlieHHe, €CIM ero MpOLIKAJIMpOBaTh Tak, YTOObI OH UMeJ
JUTMHY, paBHYy!O | (T. €. HOpMHPOBATB):



164 Masa 10

# HampaBieHne

def direction (w):
mag = magnitude (w) # mmHa BekxTopa
return [w i / mag for w i in w] # HOPMMPOBaHME BEKTOPA

JlaHHble NOCAe LeHTPUPOBAHMA
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Puc. 10.6. [laHHble nocne LeHTpupoBaHus

CHGHOB&TCJ’IBHO, Mpy 3aJaHHOM HEHYJIEBOM BEKTOPE W MOXKHO BBIYHCIIUTH OAHUCIIEPCHIO
Ha6opa JaHHBIX B HAIMMpaBJICHUH, 3aJaHHOM W:

# HampaBJleHHas IMCIEPCHUS CTPOKH 1

def directional variance i(x i, w):
"""oucrnepcusa CTPOKM X 1 B HalpaBJeHmn, ompeneagemom w'"'""
return dot(x i, direction(w)) ** 2

# HampaByIeHHad IOUCIEPCUS [aHHBIX
def directional variance (X, w):
""nycnepcus OaHHBIX B HampaBJeHmy, ompenessgemom w'"'""
return sum(directional variance i(x i, w)
for x i in X)

Xotenoch Obl HATH HampaBlieHUE, KOTOPOe MAaKCUMU3UPYET 3Ty AUCIEPCHI0. DTO MOXK-
HO cJieJlaTh METO/IOM IPaIMEHTHOrO CITyCKa NMPH YCIOBHUH, YTO FPaAUEHT ONpeesieH:

# IpanveHT HaIpaBJIEHHOM OMCIEPCHMM CTPOKH
def directional variance gradient i(x i, w):
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"""BEJan CTPOKM X 1 B IPamueHT wW-HalpaBJeHHOV aucnepcum"""
projection length = dot(x i, direction(w))
return [2 * projection length * x ij for x ij in x i]

# IpanveHT HaIpaBJIEHHOM OMCIEPCHMM [aHHEIX
def directional variance gradient (X, w):
return vector sum(directional variance gradient i(x i,w)
for x i in X)

HepBaﬁ rjilaBHagd KOMIIOHEHTAa — 3TO KaK pa3 HallpaBJICHHUE, KOTOPOC MaKCUMH3HUPYET
(YHKIMIO HAMpaBJIEHHOM AUCTIEPCHUH directional variance:

# nepBas IviaBHasg KOMIIOHEHTA
def first principal component (X) :

guess = [1 for _ in X[0]] # mpenmosoxenne

unscaled maximizer = maximize batch ( # HewWKaMPOBAHHBL MaKCUMM3aTOpP
partial (directional variance, X), # Tenmepb 5TO QYHKLMT W
partial (directional variance gradient, X), # Temepp 5TO QyHKIMA W
guess)

return direction(unscaled maximizer)

Wnu To xe caMo¢€, €CJIM UCITOJIb30BaTh CTOXaCTUYECKMI Fpa,Z[I/ICHTHHﬁ CITyCK:

# smecy Her ocm "Y", mosToMy mepemaeM BEKTOp, cocTosmymi n3 None
# U QYHKLWI, KOTOPHE WUIHOPMPYIOT STOT BXOASII APIyMEHT
def first principal component sgd(X):

guess = [1 for in X[0]]
unscaled maximizer = maximize stochastic(
lambda x, , w: directional variance 1i(x, w),
lambda x, , w: directional variance gradient i(x, w),
X,
[None for in X], # ¢uxTmBHaAS "y"
guess)

return direction(unscaled maximizer)

Ot QyHKUMM BO3BpAlLAlOT HaIpaBjeHHe [0.924, 0.383] Ha LIEHTPUPOBAHHOM Habope
JaHHBIX, KOTOpPO€ CO BCEeH OUEBMIHOCTHIO TOKAa3bIBA€T FEOMETPUYECKYIO OCb, BIOJb
KOTOpO#i AaHHbIe BapbupyroT (puc. 10.7).

Haﬁﬂﬂ HarfpaBJICHUE, T. €. MEPBYIO TTaBHYIHO KOMIIOHCHTY, MOXHO CHpOCLUPOBATH Ha
HEro JaHHBIC, YTOOBI HANTHU 3HAYEHHS 3TOM KOMITOHEHTHI:

# cropoernypoBaTe V Ha W

def project (v, w):
"""BEpHYTE HPOEKIM0 V Ha HampaBjeHue w'"""
projection length = dot (v, w)
return scalar multiply(projection length, w)

Ecmm ecthb HeO6XO):[I/IMOCTI> HaWTH AOMOJIHUTEJIbHBIE KOMIIOHEHTLI, TO U3 JaHHBIX CIIEAYCT
CHayvaJjla yJaJIuTb NPOCKIHU:
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# ynmayuTbe OPOEeKLyo M3 BEKTOPa

def remove projection from vector(v, w):
"""rpoenupyeT V B W M BEUMTaET pesynbrarT uz v"""
return vectorisubtract(v, project (v, w))

# ynammTe MPOEKLMI M3 [OaHHEBIX
def remove projection(X, w):

"M KQXKOOM CTPOKM X

IpoeLMPyeT CTPOKY B W M BEMMTAEeT pPe3yJbTaT u3 CTPoku"""

return [remove projection from vector(x i, w) for x i in X]

[lepBas rnaBHas KOMNOHEHTa
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Pwuc. 10.7. lNepBas rnaBHast KOMNOHEHTA

[Tockonbky B 3TOM MpUMepe MCIOJIb30BaH IByMEPHbIH HA0Op JaHHBIX, TO MOCie ynane-
HUSl IEPBOI KOMIOHEHTHI (PaKTHUECKH OCTaHYTCsl OTHOMEpHbIe AaHHble (puc. 10.8).

Ha 3ToM 3Tane MOKHO HalTH CIEAYIOUIYIO TJIABHYIO KOMITOHEHTY, TTOBTOPHO MPUMEHHUB
npouenypy K pe3yiabraTy GYHKLUMH yIaneHus IPOSKUHUH remove projection (puc. 10.9).

Ha nabopax naHHbIX Oosiblued pa3MEpHOCTH MOXHO HMTEPAaTUBHO HAaXOAWUTh CTOJBKO

KOMITIOHEHT, CKOJIBKO HYKHO!

# aHaJM3 TUVIABHEIX KOMIIOHEHT

def principal component analysis (X, num components) :

components = []

for in range(num components) :
component = first principal component (X)
components.append (component)
X = remove projection(X, component)

return components
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[laHHble nocne yaanexus
NepBoil INaBHOM KOMNOHEHTI
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Pwuc. 10.8. laHHble nocne yaaneHus nepsoii rnaBHOW KOMMOHEHTbI
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Puc. 10.9. lNepBble ABe rnaBHbIE KOMMNOHEHTbI

3aTeM MOXKHO npe06pa306amb JaHHBIE B MPOCTPAHCTBO, OXBATHIBAEMOE€ KOMIIOHEHTaMU,

MEHbLLIEH Pa3sMEPHOCTH:

# TpaHCPOPMMPOBATE BEKTOPD
def transform vector (v, components):
return [dot (v, w) for w in components]

# TpaHCQOPMMPOBATE TAOJIMIHEIE aHHEE
def transform(X, components):

return [transform vector (x i, components) for x i in X]
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DTOT METO MPEACTABISET LUEHHOCTh M0 HECKOJbKUM MpUYMHAM. Bo-mepBbiX, OH momMo-
raeT OYUCTUTH JJAHHBIE 33 CUET YCTPAHEHMs LIYMOBBIX Pa3MEPHOCTEN U KOHCOIMIALUU
Pa3MEpHOCTEH € BBICOKOI KOpPEALMEH.

BO-BTOprX, MOoCJI€ MOJYUYCHUS HHU3KOPasMEPHOro MNpeACTaBJICHUSA HJaHHBIX MOXKHO HC-
MNoJIb30BaTh pa3/IMYHbIC METOAbI, KOTOPbLIEC HE pa60Ta}0T Ha BbBICOKOpa3MEpPHLIX NaHHBIX.
\Y b3 YBUAWUM NIPpUMEPDLI TAKUX METOIOB B OCTaBIIEHUCS YaCTH KHUTH.

OTOT METO/ [MOMOTraeT yCOBEPLUIEHCTBOBATL MOJIENH, HO B TO )K€ BPEMsl OH YCIIOKHSIET UX
uHTepnpeTauuio. BoiBoapl Harmogo6ue Toro, 4To "KasKAbli JOMOJHUTENIBHBIA FOJ CTaxa
yBenu4uBaet 3apruiaty B cpeqHem Ha $10 000", aBComOTHO MOHATHBI, YTO HEJNb3s CKa-
3aTh O BbIBOAAx TuMa "modoe yBenuueHue Ha (.1 eAMHUIy B TpeTbed IJIaBHOM KOMIIO-
HeHTe 1o0aBseT K 3apruiate B cpeanem $10 000",

Ana panbHeuwero nsy4yeHus

¢ Kak yxe ymomuHanoch B KOHUe enagul 9, Gubmmoreka pandas (http://pandas.
pydata.org/) sByiseTcsi, BEpOsSTHO, 0a30BbIM MHCTpYMEHTOM Ha Python mis ouncTkwy,
npeoOpa3oBaHus, yNpaBieHUs M JaibHelIeil paboTel ¢ maHHbIMU. Bce mpumepsl,
KOTOpBbI€ OBIIM CO3JaHBI B 3TOH IJIaBe BPYUHYIO, MOKHO pealin30BaTh ropasao Mpoiie
¢ nomoubio pandas. BeposTHo, HaumydmmuM cnocoboM MO3HaKOMUTbCs ¢ pandas
SIBTISIeTCsl POUYTeHUe KHUrM Yaca MakkuHuM "Python u aHanu3 naHHbIX".

¢ bubnuoteka scikit-learn comepkuT wesnblid criekTp GYHKUMHA pa3iokeHHs MaTpuil,
B TOM YHCJIe 1715 POBEIeHHs aHaIn3a riaBHbIX KommioHeHT (PCA).

> http://scikit-learn.org/stable/modules/classes.html#module-sklearn.decomposition.
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Bcerna rotos yuuThes, XOT HE BCET/1a HPABUTCS, KOT1a MEHS
ydar.
Vuncmon Yepuunnw'

MHorue nonararoT, YTO Hayka O JaHHBIX B OCHOBHOM MMEET [IeJI0 ¢ MallMHHBIM 00yue-
HUEM W aHAJUTHUKW JaHHBIX TOJBKO W AEJaloT, YTO LEJbIMU AHAMH CTPOST, 00ydaloT U
HacTpaMBalOT MalIMHHO-o0yuaemble Moaenu. (OnsaTh ke, MHOTHE U3 3THUX JItoJel ¢ Oeii-
cmeumenbHOCMY He TIPE/ICTABISAIOT, YTO Takoe MaummMHHOe oOyuenue.) Ilo cytH, Hayka
0 JaHHBIX — 3TO MPEUMYIIECTBEHHO CBeJeHHe OU3Hec-pobieM K mpobieMam B 00J1acTh
JaHHBIX, 3a7a4aM cOopa, MOHUMaHHs, OYUCTKH U (DOPMATHPOBAHMS NAHHBIX, MOCIIE YEero
MallMHHOe 00y4YeHHe WAET Kak JorojHeHue. Jlaxke B 3TOM BUE OHO SIBISIETCS MHTEpec-
HBIM W Ba)KHBIM JIOMOJTHEHWEM, B KOTOPOM CIlIeyeT OYeHb XOpOLIO pa3OupaTbes Iis
TOTO, YTOOBI pelaTh 3aJa4u B 00JaCTH HAYKH O JaHHBIX.

MoaenupoBaHue

[Ipexxne uem HayaTe 0OCY>KIaTh MalIMHHOE O0yUYEHHE, CIeyeT IOrOBOPUTH O MOOEJIAX.

Uro Takoe mopenb? DTO, B CYIIHOCTH, MOAPOOHOE OMHMCAHWE MaTeMaTU4ecKod (Wiu
BEPOSTHOCTHOM) CBA3M, KOTOPAsl CYIIECTBYET MEXKIY PA3IMYHBIMU BEJIMYMHAMU.

Hanpumep, ecnn Heob6xoauMo coOpaTh A€HBI'M Ha CAaWT COLMAIBLHON CETH, TO CleayeT
MOCTPOUTE OU3Hec-M0O0eab (CKopee Bcero, oHa OyleT B BUJE SJIEKTPOHHON TaOJMIIbI),
KOTOpasi MPUHUMAET BXOJSLIME apryMEHThI, TaKWe JaHHbIe, Kak "dMcio monb3oBareseii”,
"MoxXoA OT peKjiaMbl Ha OJHOTO MoJib3oBaTeNa" U "4KMciao COTPYIHUKOB'", U BO3BpAIAET
ro/IoBYIO MpUOBLTH Ha Ommkaiiine HeckosbKo JieT. [loBapeHHass KHUTra MPUBOIUT K MO-
JleJIM, KOTOpasi COOTHOCHUT BXOASIIME apryMeHThI "uuciio eqokoB" U "anneTut" ¢ pesysib-
TUPYIOIUM KOJIMYECTBOM HEOOXOAUMBIX MHTPEAUEHTOB. A Te, KTO KOrAa-Inbo cMoTped
MO TeJIeBU30PY MOKEP, 3HAIOT, YTO "BEPOSTHOCTH MOOEBI" KAKAOr0 UrPoKa OLIEHUBAETCS
B peXXMMe pealibHOro BpeMEHH Ha OCHOBE MOJEIIH, KOTOpasi YUUTHIBAET KapThl, PACKpPbI-
Thl€ HA KOHKPETHbII1 MOMEHT BPEMEHH U paclpesie/ieHue KapT B KOJOJE.

buzHec-monenb, BeposSTHO, OyZeT OCHOBaHA Ha MPOCTHIX MAaTEeMaTHYECKUX COOTHOUICHH-
SIX: JOXOAbl MUHYC pacxojbl, rJe 10X0Jbl — 3TO KOJIMYECTBO MPOJAHHBIX €AUHUL, MO-
MHO>KEHHO€ Ha CPEJHIOI 1IeHYy, W T. . Mojenb MoBapeHHOW KHUTH, BEpPOSATHO, Oyjaer

' Cop Yuncron Yepumiis (1874—1965) — GpurancKuil rOCY1apCTBEHHbIN 1 TIONUTHYECKHI JEATeb, IPeMbep-
muHKCTp BenukoOpuranuu B 1940—1945 u 1951-1955 rr.; BoeHHbI# (MTOJKOBHUK), )KYPHAITUCT, MHACATETb. —
Ipum. nep.



170 Maea 11

OCHOBaHa Ha MeTojie Mpod M OMMOOK — KTO-TO TOIIEN Ha KyXHIO U OMpoOoBajl pa3Hble
KOMOMHAIIMK MHIPETUEHTOB, 1TOKa He Hallell TO, YTO HpaBUTCI. A Mozenb rmokepa Oyaer
OCHOBaHa Ha TEOPUM BEPOATHOCTEH, MPaBUIIaX UrPbl B MOKEP U HEKOTOPBIX JOCTATOYHO
0e300MIHBIX MPEANOJIOKEHUAX O CIyYaiHbIX MpoLeccax, MpU MOMOIIM KOTOPBIX KapThl
paznatoTes.

UYTto Takoe malwmHHOe o6yyeHue?

VY nmoboro cnieuyanucTa uMeeTcs coOCTBEHHOE TOYHOE OMpeAeieHne dTOro TepMHUHA, HO
Mbl OyJieM MCIOJIb30BaTh TEPMUH "Mauunnoe odyyenue” (machine learning), umes B BU-
Iy CO3ZIaHWe U MPUMEHEHNe MOJIeNeH, U361eyeHHbIX U3 OAHHBIX 8 pe3yibmane 00yUeHUs.
B npyrux KOHTeKcTax 3TO MOXKET Ha3bIBaThCs MPOCHO3ZHBIM Mooenuposanuem (predictive
modeling) u unmennexmyanonviv ananuzom oannsix (data mining), Ho Mbl OyzaeM mMpu-
Jlep’KUBaThCs TepMHHA "MalnHHOe oOyueHue". Kak mpaBuiio, 3a1aua OyJeT 3aKitouaTh-
csl B TOM, YTOOBI MCMONB30BaTh CYLIECTBYIOIIME NaHHbIE Ui pa3paboTKu Mojenei, Ko-
TOpbIE MOXKHO TMPUMEHSTH Ul MpeocKa3anus Pa3HbIX MCXOIOB B OTHOLICHWH HOBBIX
JaHHBIX, KaK HarpuMep, MpecKa3anue:

¢ aBIIIeTCS JIM COOOLIEHHUE CITAMOM HJIH HET;
4 sBIseTCS JIM TPAH3AKIMS MO KPEIUTHOW KapTe MOIIEHHUYECKOiA,

4 Ha KakuX peKIaMHbIX COOOLICHUSX MOKynaTedb ¢ HauboubLIeld BEpOSATHOCTBIO OyaeT
Ha)KUMarTb;

¢ xakas pyTtOosibHas koMaH/a BeiUrpaeT CyrepKyOoK.

Mpl oOpaTUMes K MOAENSIM ¢ yuumenem (T. €. TAKUM, TAe ecThb BBIOOpKa, MapKUPOBaHHAs
NpaBUJIbHBIMU OTBETAMH, Ha KOTOPBHIX MPOXOAUT OOy4eHHEe) M MOAETIM 0Oe3 yuumens
(roe mpaBuibHBIE OTBETHI HE 3afaHbl). KpoMe HUX CylecTBYIOT U ApYTrHe TUIbl MOJEIIEH,
TaKue KaKk MOJAENHM C yacmuunviv 00yyeHHeM (TAe TOJIbKO HEKOTOpble JaHHbIE MapKHUpPO-
BaHbl MPaBUIbHBIMA OTBETAMM) W MOJENHW C OuHamuyeckum oOydeHHeM (rae MoJenb
JOJDKHA TOCTOSIHHO MPUCHOCcadnuBaThcs KO BHOBb MPUOBIBAIOIIMM JaHHBIM), KOTOpPbIE
MBI He OyZieM paccMaTpuBaTh B 3TOM KHUTE.

[Tpn 3TOM, make B camMoOil MPOCTOH CHUTyallMH WHTEPECYIOIIME HAac CBSI3M MOTYT OBITh
OMMCaHbI LIEJIOCTHBIMU COBOKYMHOCTSAMH WIH CEMENCTBaMU napamempuz08aHHbIX MOJE-
Jieid, ¥ B OOJILIIMHCTBE CIIy4aeB Mbl CAMH BHIOMpaeM Takoe ceMeicTBO Mojesield, a 3aTeM
UCTIONb3YeM IaHHbIe, YTOOBI BBIYMCIMTH MapaMeTpbl, KOTOpbIE B OINpeAeseHHON Mepe
SBJISIFOTCS ONTUMAaJIbHBIMU.

Hanpumep, MOXHO TIPeNONIOKHUTh, YTO POCT YeJlOBeKa sBJseTcs (MPUOIU3UTENBHO) JIH-
HeliHOM (hyHKIMeH ero Beca, U 3aTeM UCMOJIb30BaTh JaHHbIE, YTOOBI BRIYUCIIUTE BUJT 3TON
TUHeHHON (QyHKIUK. JIMOO MpennonoXuTh, YTO JEPEBO MPHHSATHUS PEIICHUN SBISETCS
XOPOUIMM MEXaHWU3MOM JIJIsl TUarHOCTHKK 3a00JIeBaHU MAlIMEHTOB, U MOTOM HCHOJB30-
BaTh JaHHbIC, YTOObI BBIYMCIIHMTE MOJI00HOE "onTrManbHoe" AepeBo. B ocTanbHOI yacTH
KHUTU MBI 3aiiMeMcsl U3yUEHHEM pPa3IMUHbIX CEMEHCTB MOJeseil, KOTOpble MOXXHO BbI-
YHUCITUATE.
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Ho mpeskne yem 3TUM 3aHATBCA, cieqyeT Moylydile pa3o0paTbes B OCHOBAX MAIIMHHOTO
o0yuenus. B octaBuielicss 4acTH riaBbl Mbl OOCYAMM HEKOTOpbIE U3 9THX 0Aa30BBIX MOHS-
THUN, IPEKJIE YEM MEpPENIEM K CAMUM MOJEIISAM.

Nepeoby4yeHue n Hegooby4yeHue

OO1men3BecTHOI JIOBYIIKOH B MAIIMHHOM OOYYeHWH SBISeTCS nepeoOyuenue (over-
fitting), npuBosILEee K MPOrHO3HOW MOJENH, KOTOpas XOpollio paboTaeT Ha AaHHBIX W3
oOyuarolieii BBIOOPKH, HO TPH 3TOM TIOX0 00001IaeT Ha JIFOOBIX HOBBIX JIaHHBIX.

OTO sBIEHUE MOXKET ObITb BBI3BAHO TEM, YTO MOAeNb oOyueHa wuiymy B AAHHBIX JHOO
o0yyeHa pasznvuyaTh KOHKpETHblE BXOZsLIME 3HAUYEHHs, a He Te (aKTOpbl, KOTOpbIe Ha
caMoM JieJie HOCAT AJisl TpedyeMoro pesyJipTara npeickazaTe/bHbli XapakTep.

Jpyryto CTOpPOHY 3TOro sBJ€HUs MpeAcTaBisieT neooooOyyenue (underfitting), koTopoe
MPUBOJIUT K TMPOTHO3HOW Mojenu, He pabotarouiell Aaxe Ha oOyuaromied BbIOOpKe.
Bnpouem, korza 3710 cityyaeTcs, OOBIYHO JIeNaloT BBIBOJ, YTO MOJIEJNIb HEIOCTATOYHO XO-
pouia, ¥ MPoA0DKAIOT UcKaTh OoJiee MOAXOIALLYIO.

Ha puc. 11.1 BbImonHeHa mMoNMHOMHANIbHAS anmpoKcUMalus BeIOOpPKM M3 AaHHbIX. (He
CTOMT ceiyac 03aa4rBaThCs TEM, KaK 3TO CIeNIaTh; Mbl BEPHEMCS K 3TOMY B MOCIEAYIO-
IIMX TJIaBax.)

MoAroHKa noAMHOMOB Pa3HbIX cTenexei

20 - = = [ (TeneHkb . - .
m— ] (TENEHb i
=+ = OcTenexs -

Puc. 11.1. NepeobyyeHne n Hepo0byyeHne
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['opuzoHTanbHas npsiMas COOTBETCTBYET HauOosiee MOAXOAAIIEMY 3HAYEHUIO MOJMHOMA
0-# crenenu (T. €. mocTOSIHHOTO). OHa KpaliHe HedoCcmamoyHo nOOOSHAHA TIof 00ydaro-
UIyI0 BBIOOPKY (T. €. Hedoobyuena). Hanbonee moaxossiiee 3HaUeHHEe KPUBOW MOJTMHOMA
9-ii crenenu (T. e. u3 10 mapameTpoB) MPOXOJUT POBHO Yepe3 KAyl TOYKY OOydaro-
1iei BEIOOPKH, HO OHO Ype3mMepHO NOOOZHAHO TION BBIOOPKY (T. €. nepeobyueno) — eciv
Obl NPUIIJIOCH TO0ABUTH €llle HECKOJBKO TOYEK, TO KPUBAas, BIIOJIHE BEPOSTHO, MpOIILIa
Obl MUMO Ha OOJIBIIIOM OT HUX YAaJCeHWH. A BOT JIMHUs NONMHOMA 1-ii crenenu (JuHek-
Has WHTEPHOJNSANHNS) JIOCTUTAeT XOPOIIero PaBHOBECHS — OHAa HAXOAWUTCS TOBOJBHO
OJIN3KO K KaXKIIOM TOUKe, U (€C/H JaHHbIe Perpe3eHTaTUBHBI, TO) MpsiMas, CKopee BCero,
Oy/eT HaxXOAUThLCS OJIM3KO M K HOBBIM TOUYKaM JIAHHBIX.

SICHO, YTO CJIMIIKOM CJIOKHBIE MOJEIH MPHUBOIAT K MEPEOOYUSHHUIO M TI0X0 0000IaroT
3a npeaejiaMu faHHbIX, HA KOTOPbIX OHH O6y‘-leHI>I. Torna KakK cacyiaThb Tak, ‘-IT06bl MOJeC-
7 He ObLIM CIMIIKOM ciioskHbIMU? Hanbosnee dyHIaMeHTaIbHbIN MOIX0/] MPenoiaract
WCIIOJIb30BaHKE Pa3HbIX JaHHBIX JUTs 00yYeHHsI MOJIENTH U TS TIPOBEPKHU €€ KauecTra.

[Ipocrelimmii cnoco6 cocTouT B pa3OueHur Habopa JaHHBIX, Ojarogaps yemy (Harpu-
Mep) JIBe€ TPETH UCTIONB3YIOTCS Ui 00yUeHHs MOJIEIH, TIOC)Ie YEero MPOU3BOIUTEIbHOCTh
MO/JIENIM U3MepsieTcs Ha OCTaBIIelCcs TPeTH:

# cerMeHTMPOBATbH JaHHEE
def split data(data, prob):
"""pasbuenrne AaHHEIX Ha yacTu [prob, 1 - prob]"""
results = [], []
for row in data:
results[0 if random.random() < prob else 1].append (row)
return results

YacTo B HalleM pacnopsyKeHHWH OyAyT MaTpuua x, COCTOAIIAs M3 BXOAALIMX NMEepeMeH-
HBIX, U BEKTOpP y — M3 BBIXOJIIMX MEepeMeHHbIX. B 3ToM ciyuae HeoOXxonmumo paszmec-
TUTb COOTBETCTBYIOLIME 3HAUCHHS IMOO B 0OyuatoLieH, 1100 B KOHTPOJIBLHON BEIOOPKE:

# pasbuenne Ha oObyYammyn ¥ KOHTPOJBHYI BEIOOPKH
def train test split(x, y, test pct):

data = zip(x, y) # OObenMHNTE COOTBETCTBYKIIE 3HAYUCHNS
train, test = split data(data, 1 - test pct) # pasbuTe CIOMCOK map
x train, y train = zip(*train) # TPOK C pasbenuHeHVeM CIVCKOB

X _test, y test = zip(*test)
return x train, x test, y train, y test

Bnaronapﬁ 9TOMY MOXHO cJieJjiaTb YTO-TO Han0)106ne CJICAYIOLICTO!:

model = SomeKindOfModel () # Hekasd Momejb

x train, x test, y train, y test = train test split(xs,ys,0.33) # pas6urs
model.train(x_train, y train) # oByunTh

performance = model.test (x test, y test) # mpoBepuT: MPOM3BOANTENBEHOCTE

Ecnau mopens nepeoGydeHa, TO MOXKHO HafeATbCs, UTO OHA MOKAKeT OUeHb clabble pe-
3y/JbTaThl Ha (COBEPIIEHHO aBTOHOMHBIX) KOHTPOJIBHBIX AAaHHBIX. ['OBOpsl MHaue, eciu
OHa XOpolIo paboTaeT Ha KOHTPOJIbHBIX AAHHBIX, TO YPOBEHb YBEPEHHOCTH B TOM, YTO
MOJEIb 00yUeHa HeXeNU nepeodyyend, ropasio BbILIe.
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Tewm He MEHEE, B HECKOJIBKHUX CJTyHdasaX 9TO MOXKET OKa3aTbCs HEBEPHDBIM.

Bo-mnepBbIX, B KOHTPOJIILHOW M O0y4aroliel BHIOOPKax MOTYT UMETbCS THITMYHBIE CXEMBI
(nmarTepHbl), KOTOpbIe He 00001AOTCs Ha GoJiee KPYMHBIM HAOOp NaHHBIX.

Hanpumep, myctb HabOp AaHHBIX COCTOMT U3 ACHCTBUHN MOJB30BATENIEH, MO OHOW CTpPO-
K€ Ha Ka)XJIOoro MoJib30oBarens B HeAeno. B Takom ciydae GONbIIMHCTBO MOJIb30BaTENEH
OyayT NOABASTBHCA KaK B 00y4Yarollei, Tak U B KOHTPOJIbHOM BbIOOpPKaX, U, KaK pe3yJibTar,
HEKOTOpble MOJIENIN HayvaTcs onpedeisimys MOb30BaTeNled, a He UCKaTh CBSA3H C y4acTH-
eM ampubymog. JlaHHas npoOjeMa He NPUBOAUT K OONBLUIMM HEMPHUATHOCTIM, XOTS
OJIHaKbl MHE MPHLLIIOCH C HEH CTOJKHYThCS.

Bo-BTOophIX, ¥ 3TO mpencTariser Oosiee 3HAYUTEIbHYIO MpoOieMy, Koraa pa3duBka Ha
KOHTPOJIbHYIO U 00Y4Yarollyl0 BHIOOPKH HMCTIOJIB3YEeTCsS HE TOJBKO JJISl TOrO, 4TOOBI CY-
JUTb O MOJIENTH, HO U JUIS TOTO, YTOObI 8b10Upams Cpeid HECKOJIbKUX Mojiesieil. B aTom
cilyuae, HECMOTPS Ha TO, YTO KaXias OTAeNbHas MOJEIb MOXKET OKa3zaThes Herepeooy-
YeHHOH, 00yuarolee MeTarpaBmuio, KOTOpOe 3acTaBiisgeT "BIOUPATh Ty MOJIENb, KOTOpas
Ha KOHTpPOJILHOW BBIOOpKE JEMOHCTPHPYET HAaWIyullde pe3yJbTaThl", MpeBpallaet
(YHKIMIO KOHTPOJIbHOM BBIOOPKH BO BTOpYIO 0Oyuwaroiyto BeiOopky. (M ectecTBeHHO,
MO/IeJib, KOTOpast Ha KOHTPOJIBHOM BBIOOpKE MPOJEMOHCTPUPOBAIa HAWITYUIIUEe Pe3yib-
TaThl, IPOOJIKHUT IEMOHCTPUPOBATH HA KOHTPOJILHOM BBIOOPKE XOPOIIIUE Pe3yJIbTaThl.)

B Takoii cutyaunu HeoOX0OMMO pa3lesiuTh AaHHbIE HA TPU YacTH: 00yyaiouee OAMHO-
JKECTBO Ul TMOCTPOSHMS Mojelel, sanudayuonnoe MOAMHOXKECTBO (TOAMHOMKECTBO
NEePeKPECTHON TPOBEPKH) [T BHIOOpA OMHOW M3 OOYYEHHBIX MOJEJICH U KOHMPOIbHOE
MOJMHOXKECTBO 17151 OLICHUBAHMSI OKOHYATeJIbHOM MOJEIH.

NMpaBunbHOCTL MOoaenu

Korna s He 3aHMMaroch aHalIUTHYECKOW pabOTOM, TO JrOOMIO KOMaThcs B MEIWLIMHE.
B cBoOOgHOE Bpems s puayMai JelieBblii 1 HEMHBA3UBHBII TECT, KOTOPBIM MOKHO MpO-
BOJIUTb Y HOBOPOKAECHHBIX. OH MpeAcKa3biBaeT MPeApacnolioKeHHOCTh HOBOPOXKIEHHO-
ro K Pa3BUTHIO JIEHK03a C TOUHOCTHIO cBhIle 98%. Moii anBokaTt yoeauna MeHs, 4TO TeCT
HE MaTeHTOCHOCOOHBIM, MO3TOMY MOAENIOCH MOAPOOHOCTAMM: MOAEb MpEeAcKa3bIBaeT
JIeliK03, ecJIM ¥ TOJIBKO ecii pebeHKa 30BYT JIFOK (3BYUYHT MOX0KeE).

Kak MbI yBUAMM HWXKe, STOT TecT JIeHUCTBUTENbHO Oojiee ueM Ha 98% Touen. U Tem He
MeHee, OH HEeBepOSATHO AYPALKHiA, SBISSACH XOpOIIeld WILTIOCTpalueid K TOMy, Mo4Yemy
00BIYHO KpHUTepui "mpaBUIbHOCTH" (correctness) HE MCTIONB3YIOT IJI M3MEPEHHS Ka-
YeCTBa MOJIEIH.

[TycTh cTpouTCst MoAeb, KOTOpas A0JKHA (GOPMYIIMPOBATh OuHapHbie CyKaeHus. SIBs-
€TCsl JIM 3TO MUCbMO criaMoM? CrieflyeT JI HaHATh 3TOro MpeTeHaenTa? SBiaseTcs jJu 5ToT
aBHAMacCca>Kup CKPbITHIM TEPPOPUCTOM?

[Tpn Hanmnumm HabGopa MapKHUpPOBAaHHBIX JAHHBIX W TaKOW MPOTHO3HOW MOJENW Kakmas
TOYKA JaHHBIX MPUHAUIEKHUT OJHOIN U3 YeThIpeX KaTeropui:

4 HCTUHHOIOJIOXKHUTEJbHAA: ""9TO COOOIIEHHE CITaMHOE, M €ro CIIaMHOCTh Obljla Mpeacka-
3aHa MPaBUJIBLHO";
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4 noxHomnonokurenbHas (ommbka 1-ro ponma): "3To cooblleHHe He craMHOe, OJJHAKO
OblTa Mpe/cKazaHa ero cnaMHoOCTb'";

4 JoxHOOTpHIATeNbHas (ommbOKa 2-ro poaa): "9To coollIeHre craMHoe, OJJHaKO Oblia
MpeacKazaHa ero HeCnaMHOCTh";

4 HCTMHHOOTpULATENbHAs: "3TO COOOLIEHHME HE CMaMHOe, U €ro HEecnaMHOCTb Oblia
NpeacKazaHa MpaBUJIbHO".

DTH KaTeropuy HepeaKo MPEACTABISIOT B BUAE MOKazaTesel B mabiuye CONpadceHHo-
cmu (confusion matrix) — ta0ma. 11.1.

Tabnuua 11.1. Tabnuua conpsixeHHocmu

MpepnonoxexHue Cnam He cnam
lMpepnckasaHo "cnam"” McTHHononoxutenbHas JloxxHononoxuTtenbHas
MpenckasaHo "He cnam" JloxxHooTpuUaTensHas WcTnHHoOTpMLaTenbHas

[TocmoTpuM, Kak TeCT Ha JIeliKo3 BMMCHIBAETCs B 3TH paMKu. B Hawe Bpemst mpubau3u-
TenbHO 5% wmuanenuam w3 1000 marot mms JIIOK?, a pacnpocTpaHEHHOCTh JIelKo3a Ha
MPOTSHKEHNUH JKM3HH cocTapisieT okouo 1,4%, unu 14 genosek Ha kaxmyro 1000.

Ecnu, Oynyun yBepeHHBIM, UTO 5TH JiBa (GaKTopa SBIAIOTCS HE3aBUCUMBIMH, IPUMEHUTD
MO Tak Ha3eIBaeMbIi TecT "JITOk o3HaudaeT Jielko3" K 1 MITH deloBeK, TO MOXKHO OXKH-
JlaTh, 4TO TaOJIMIIA COMPSHKEHHOCTH OYJET BBITJISAACTh TakK, Kak Tadn. 11.2.

Ta6bnuya 11.2. Tabnuua conpsixxeHHocmu 011 mecma

MpeanonoxeHue Jleniko3 He nenko3 Bcero
"Miok" 70 4930 5000
"He JTiok" 13 930 981 070 995 000
Bcero 14 000 986 000 1000 000

3areM 3THMHU JaHHBIMHU MO>KHO BOCIOJIb30BAThCS IS BBIYMCIIEHUS] pa3HOro poja CTaTH-
CTHK, KacaroUIMXCsl MPOW3BOAMTENBHOCTH Mozenu. Hampumep, BOT mokasarenb mou-
Hocmu (accuracy), KOTOpbIi onpenesieH B BUAe N0 NPaBUIIbHBIX MPeACKa3aHui:

# mouHOCTH

def accuracy(tp, fp, fn, tn):
correct = tp + tn # HPaBMIBHEDI, €CJIM MCTVMHHOIOJIOXAT. W MCTMHHOOTOMIAT.
total = tp + fp + fn + tn
return correct / total

print(accuracy (70, 4930, 13930, 981070)) # 0.98114

? http://www.babycenter.com/babyNameAlIPops.htm?babyNameld=2918.
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I/I, KaK MO>XHO y6eI[I/ITLC$[, OH MOKa3bIBACT BNEYATIIAIONIUE PE3YIbTATHI. OI[HaKO C caMoro
Havaa OblTO COBEPIICHHO OYE€BUIHO, YTO 3TOT TECT HeraBHHBHbIﬁ, a 3Ha4uT, BEPOATHO,
COBCEM HE CTOUT NOBEPATH TAKOMY pr6OMy mokKasaTejiro TOYHOCTH.

B cooTBeTcTBUM cO cTaHIAPTHOMN MPAKTUKON MPUHSITO 00pallaThes K COUSTAHUIO MOYHO-
cmu (AW MIPEIU3UOHHOCTH, precision) u noanomul (recall). [lpu 3ToMm 31ech TOYHOCTD —
3TO JIOJISl UCHUHHONOLOCUMETbHBIX TIPEICKa3aHUI OTHOCUTENIBHO BCEX MOJIOKHUTEITbHBIX
MpeACKa3aHUn:

# TOYHOCTE (KaK CTENeHb MOJIOKUTEJBHEX 3HAUYEeHM) MPOI'HO30B)
def precision(tp, fp, fn, tn):
return tp / (tp + fp)

print (precision (70, 4930, 13930, 981070)) # 0.014

A TIOJTHOTa — 3TO JIOJISI MOJIOKUTEIIBHBIX MPEeICKa3aHuil, KOTOPYIO MOJEb HICHTU(DHIIN-
poBana:

# mostHOTA
def recall (tp, fp, fn, tn):
return tp / (tp + fn)

print(recall (70, 4930, 13930, 981070)) # 0.005

O06a pe3ynpTaTa y>KacHbI M OTPAXKAIOT TOT (haKT, YTO cama MOJIeN b Y KacHa.

B HeKOTOpbIX ciydasX TOYHOCTb M MOJHOTa OOBEAMHSIOTCS B METpUKY [/, KoTOpas
ornpeJesieHa ClIeIyoLM 00pa3oMm:

# meTpyka F1

def fl score(tp, fp, fn, tn):
p = precision(tp, fp, fn, tn)
r = recall (tp, fp, fn, tn)

return 2 * p * r / (p + 1)

Ona NpeaAcTaBIsACT coboi 2apMOHUYeCcKoe cpedyee 3HaueHue’ TOYHOCTH M TIOJMHOTHI M
C HEM30EKHOCTBIO JIEKUT MEXAY HUMHU.

B GonbmMHCTBE e ciiydaeB BHIOOP MOAENM 3aBHCHT OT KOMITPOMHCCA MEXKAY TOY-
HOCTBIO W TIOTHOTOW. Mopens, KoTopas TpeickasbiBaeT "mga" ¢ HeOONbIIMM YPOBHEM
YBEPEHHOCTH, HaBEepHOE, OyIeT MMEeTb BBICOKYIO IMOJIHOTY M HU3KYIO TOYHOCTb, TOTJa Kak
MOJeJb, KOTOpasi 1aeT Takoe ke Mpe/iCcKa3aHue TOJIBKO C KpaiiHe BHICOKUM YPOBHEM YyBe-
PEHHOCTH, BepOsiTHEE BCEro, OyeT UMETb HU3KYIO MOJTHOTY U BBICOKYIO TOYHOCTb.

C npyroii CTOpPOHBI, 3TOT KOMIIPOMHMCC MOKHO NMPEACTaBUTh, KaK HEKHH OalaHC MEeXIy
JIO’KHOTOJIOKUTENBHBIMU U JIO)KHOOTPHULIATENIbHBIMU KaTeropusiMu. OTBeT "ma" ciuikom
4yacTo OyAeT AaBaThb MHOTO JIOXKHOMOJIOKUTEbHBIX pe3yJbTaToB, a OTBET "HET" — MHOTO
JIO’KHOOTPHLIATENIbHBIX.

? https://en.wikipedia.org/wiki/Harmonic_mean, https://ru.wikipedia.org/wiki/Cpeanee_rapmonmueckoe.
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[Mpennonoxum, uro umeercs 10 hakTopoB prcka JieliKeMUu, W YeM OoJblle UX Y Yeno-
BeKa MACHTH(HULMPOBAHO, TeM OOJbLIe IAHCOB, YTO TOJDKEH Pa3BUTHCS Jieiiko3. B Takom
citydae OyeT CyLIecTBOBAaTb HENPEPbIBHOE MPOCTPAHCTBO TECTOB: "MpeAcKa3aTh JeHKo3
npyu He MeHee ogHOM (akTope”, "Mpenckas3arh Jielko3 Mpu He MeHee OBYX (akTopax”
u T. 4. Ecnu yBenuuuBaTe moporoByto BeJIMUYMHY, TO TOUHOCTh TecTa OyneT pactu (rmo-
CKOJIbKY JIFOZIM ¢ 6osiee BRICOKMM (pakTOpoM prcka Ooliee CKIOHHBI K pa3BUTHIO 3aboie-
BaHMs), a TIOJIHOTA TecTa OyleT yMeHbIIaThes (T. K. BCe MEHbIIe MOTeHLMAIBHBIX 00Jb-
HBIX JIOCTHTHYT mopora). B Takux ciydasx BbIOOp MpaBHIbHOM MOPOrOBOW BETMYHMHBI
CTaHOBMTCS BOIIPOCOM HAXOKIECHHMS NIPABUILHOIO KOMIIPOMHKCCA.

Komnpomucc mexay cmelleHmemM v aucnepcuen

Emte onuH cnioco0 B3rissHYyTH Ha MpoOsieMy nepeoOyueHus 3aKIF04YaeTCsl B HAXO0KACHUN
OanaHca MeXIy CMelleHHeM 1 IUCTIePCHEe.

O6a mokazaressi O3BOJISIOT U3MEPUTb Pe3yJIbTaThl MHOTOKPATHOTO MepeyuuBaHHUs MO-
JeNi Ha pa3HbIX oOyuaroluX BbIOOpKax (M3 TOH e camoii Oofiee KPYMHOM WM reHe-
paTbHOM COBOKYITHOCTH).

Hanpumep, mozaens ¢ nosmHomom 0-if creneHu u3 pazo. "llepeobyuenue u nedoobyue-
Hue'" TaHHOW TTaBbI cjejlaeT MHOTO OIIMOOK MPaKTU4eCKH Ha Jro0oi oOydaroniel BbI-
Oopke (B34TOM U3 TOU ke caMOil COBOKYITHOCTH), a 3HAUUT, UMEET BBICOKOE CMelyeHue.
OnHako moOble ABe oOy4arouire BHIOOPKH, B3AThIE CIyYailHO, NayT BIOJIHE MOXOXKHE
MozeH (MOCKOIbKY MMEIOT BIOJTHE MOXOXKHE CpeHue 3HaueHus ). M mosToMy roBopsr,
4TO MOAEJb UMEET HU3KYIO Jucnepcuio. A BbICOKOE CMeLIeHHWe U HU3Kasl TUCTepcHs, Kak
MPaBUJIO, COOTBETCTBYIOT HEJIOO0YUYCHHIO.

C npyroii cTOpoHBI, MOZENIb C MOJMHOMOM 9-H cTeneHu, KOTopas XOpOLIO MOJAOrHaHa
noJ o0yvarolyto BbIOOPKY, UMEET OUeHb HM3KOE CMelleHHe, HO OYeHb BBICOKYIO JHC-
nepcuro (MOCKOJbKY JitoOble JBe o0yuaroliue BBIOOPKH, CKOpee BCEro, MOpOJsT OYEHb
pasHble MOJIeTH). A 3TO COOTBETCTBYET MepeoOyUeHHIO.

O6).'[yMBIBaHI/Ie MOJCJIbHBIX 3aJa4, TaKUM 06pa30M, IIOMOTracT IOHATh, YTO A€JIaTh, KOraa
MOACJIb HE pa60TaeT, KaK Haao.

Ecnu Mozmenb uMeeT BbICOKOE CMeLleHHe (M 3HA4YMT, JaeT IUIOXHE pe3ybTaThl Aake Ha
o0yyarolux BbIOOpKaXx), TO cienyeT nonpodoBate dodagums Gomnblie npusHakos. [lepe-
XO/1 OT MOjiesIi ¢ MonuHOMOM 0-if cTerneHn K MOZENH C MOJMHOMOM |-i cTeneHu B pe-
3yJbTaTe Aan OoblIoe yIyUIIeHue.

Ecnan Monens uMeeT BBICOKYIO JUCTIEPCHIO, TO MOYKHO TOYHO TaKKe yoaniuns MPU3HAKH.
Bripouem, eiie 0JHO pelieHue COCTOUT B TOM, UTOOBI TOOBITH OOJIbIIIE JAHHBIX (€CIIH 3TO
BO3MOXHO).

Ha puc. 11.2 nono6pan nonuHoM 9-i cteneHu K BIOOpKaM pa3iuvHbIx o0beMoB. Ha oc-
HoBe 10 Touek MaHHBIX MOJIENIb TIOJOTHAHA TI0 BCeMY MOJII0, Kak ObUTO MOKa3aHO paHee.
Ecnu, Hanpotus, o6yunts Mmoaens Ha 100 Toukax JaHHBIX, TO TIepeo0ydYeHHOCTh HAMHO-
ro cHu3uTcs. A Mopenb, oOydyeHHas Ha ocHoBe 1000 Toukax, OyneT BBITIAACTh OYEHBb
MOXO0JKel Ha MOJIeJIb Ha OCHOBE JIMHEMHON MHTEPHOJSINY (C MOJIMHOMOM 1-ii cTeneHn).
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MoaroHka nonuMHoma 9-i crenedu ¢ N Toukamu
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Puc. 11.2. YMeHbLUEHWE gucnepcum npy NOMOLLUM JONONHUTENbHBIX JaHHbIX

Ecnu nepxaTh CJI0KHOCTH MOJIENIM MOCTOSIHHOM, TO 4eM OoJiblie AaHHBIX, TeM TpyIHee
ee nepeo0yUuTh.

C apyroii CTOPOHBI, TOTIOJTHUTENbHBIE JaHHBIE HE YIydIlnaT cMmelneHue. Eciv Mmonens He
WCTIOJIB3yeT JOCTATOYHOTO KOJIMYECTBA MPU3HAKOB i OOBACHEHHs 3aKOHOMEpHOCTEeM
B JAHHBIX, TO MOOUJIM3ALIUA JOIMOTHUTENBHBIX JAHHBIX HE TOMOXKET.

N3BneyeHne n otéop nNpusHakoB

Kak yxe ynmomuHanoch, Korjia gaHHbIe He COJepKaT JOCTATOYHOTO KOJIMYECTBa MpHU3HA-
KOB, TO MOJelb, ckopee Bcero, OyneT HenooOyuena. Korga ske MpHU3HAKOB CIUILKOM
MHOT0, TO e JIerko nepeodyunTh. Ho uTo Takoe nmpu3Haku U OTKyaa oHu OepyTcs?

HPUBHGKM — 9T0 JTIOOBIE BXOJAIIUE 3HAUCHHA, KOTOPBIC MEPEaatOTCA B MOALIIb.

B HpOCTeﬁLHeM CJiydyac MpU3HaKH MpOCTO 3aJaHbI. Ecmn HYXXHO MpeacKa3aThb YBKO-JTH00
3aprJjiaTy Ha OCHOBE €ro MHOTOJIETHETO CTaka, TO YHUCJIO0 JIET 6y):(eT C€AUHCTBCHHbIM pac-
rnoJjiara€MbIM IIPU3HAKOM.

(Bnpouem, kak Mbl BUieiu B pazo. "[lepeobyuenue u nedoobyuenue" NaHHOM TIaBbI, MO-
MHUMO 3TOT0 MOXKHO TMOIMpoOoBaTh JO0OABUThH CTaX B KBajpaTe, B KyOe W T. I. B cliyvae,
€CITM ATO MOMOTaeT YIy4IIUTh MOJEIb. )

ITo MEpPE YCIIOKHEHUA HaHHBIX CHUTyalusd CTaHOBUTCA HWHTEPECHEE. HpelICTaBI/IM, 4qTO
CTPOUTCH CHaM-(bI/IJ'[BTp, KOTOpBIﬁ AOJDKEH MpeAcCKa3bIBaTh, SABJIACTCA JIK COO6H.I€HI/I6
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AJIEKTPOHHOMN MOYTHI HEXKENATeIbHBIM WM HEeT. bONbIIMHCTBO MOjiesiel He TOTOBbI pabo-
TaTh ¢ HEOOPaOOTaHHBIM MOYTOBBIM COOOIIEHHEM, KOTOpOEe MpeICTaBiseT co0ol Bcero
T GparMeHT Tekcta. Bam crenyer ussieds npusHakd. Hanpuwmep:

4 IlpucyrcTBYyeT JIn B MOYTOBOM COOOIIEHMH CJIOBO "BHarpa'?
4 Ckoubko pa3 nosiensiercst Oyksa d?
4 KakoB oMeH oTnpaBuTeis?

ITeperiii mpu3Hak OyAeT UMeTh JIMIIG ABa 3HaA4eHHs — "na" Wik "HeT", KOTOpble 0OBIYHO
KoaupyroTes kak 1 uiam 0; BTOpoi — 3TO uMcio, a TPeTHi — ajibTepHaTHBA U3 TUCKPET-
Horo Habopa BapUaHTOB.

H3pnexaeMble 13 JAaHHBIX MPU3HAKHU MOYTHU BCCrja nomnagaroT B OJHY U3 3THUX TPEX KaTe-
FOpHﬁ. bonee TOro, TUIl UMCHOLIUXCA MMPU3HAKOB HAKJIaAbIBA€T OrpaHUYCHUSA HA TUIT MO-
/:[eneﬁ, KOTOPBIE MOKHO MCIIOJIb30BaTh.

HawuBHblii 6aliecoBckuii kilaccupukaTop, KOTOPBI OyneT mocTpoeH B 21ase 13, MOAXOAUT
IUTst OMHAPHBIX IPU3HAKOB (THMA Ja/HET), KaK U MepBbIi B MPEAbIIYIIEM CIHCKE.

Jns perpeccHoHHBIX Mojenel, KoTopble OyayT paccMOTpeHbl B 2rnasax 14 m 16, Tpeby-
IOTCS UMCIIEHHbIE MPU3HAKU (KOTOpBIE MOTYT BKJItOUaTh B ce0s (DUKTUBHbBIE MEepeMEHHbIE,
TMpeICTaBISIONKe COOOH HYJIHM U €IMHULIBI).

Mogenu nepeBbeB MPUHATHA PELICHUH, K KOTOPbIM Mbl obpatumcs B 2raee 17, MOTYT
MMETb /1€J10 KaK C YMCIEHHBIMH, TaK U C KAaTeropuiHBIMU AaHHBIMHU.

B npumepe co cnaM-puibTpoM ObUTH paccMOTPEHBI IPUEMbI CO31aHKs TIPU3HAKOB. BmecTe
C TeM WHOT/a, HAllPOTHB, TpeOyeTcss HAlTH cocOObl NX YAaNIeHHS.

Hanpumep, BXOASIUMH 3HAYEHUSMU MOTYT SBISATHCS BEKTOPBI U3 HECKOJILKMX COTEH
yrcen. B 3aBUCHMMOCTH OT CUTyallud, BO3MOXKHO, OyJeT leliecooOpa3Hell CBeCTH WX
K HECKOJIbKMM BaKHBIM pa3MepHOCTAM (Kak B pa3zo. "Cuuocenue pazmepuocmu” ena-
b1 1()) ¥ UCTIONTL30BATh TOJIBKO ATO HEOOJBINOE YMCIIO TTpr3HaKoB. MiH ke ucmnonb30BaTh
MeToJ1 (HarpuMep, peryssipu3aluio, K KOTOpoi Mbl obpatumcs B pazo. "Pezynsapuzayus’
enaswl 15), koTopbiii mTpadyer MoAead TeM 0oJibliie, yeM 00Jiblile MPHU3HAKOB B HUX HC-
TOJTb3YETCS.

Kak BbinosiHseTcst oTOOp Mpu3HakoB? 3/1eCh B UIPY BCTYMAET COYETAHUE OMbIMA U 3HA-
HUs peIMeTHOM obnactu. Eciiv mony4eHo MHOTO 3JIEKTPOHHBIX MHUCEM, TO BITOJIHE BEPO-
STHO, YTO TOSIBUTCS HEKOE MpEACTaBJIeHHEe O TOM, YTO MPUCYTCTBHE HEKOTOPHIX CIIOB
MOKET OBbITh XOPOILIMM HHIMKATOPOM CIIAMHOCTH, a TaK)Ke YTO YMCJIO BXOXKACHUM OyK-
Bbl d B TEKCT, CKOpee BCEro, He SBJIAETCS ero Xopoluum uHarkaropom. Ho B 1iesiom HeoO-
XOJIMMO OMPOOOBAThH pa3Hble MOIXO/bI, YTO SBJISETCSA YACThIO UTPHI.

Ana panbHeuwWwero nsy4yeHus

¢ llponomxkaiite untats! Criemyromire HECKOIBKO IJ1aB TIOCBAIIEHBI PA3IMYHBIM CEMbSIM
MoJiesieii MallIMHHOTO O0yUeHHS.

4 Kypc no mammHHOMY 0oOy4enuto (https://www.coursera.org/learn/machine-learni)
B pamkax oHnaiH-mardopmel Courser CTIHI(OPACKOTO YHUBEpCUTETA SIBISETCS
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cBOE0OPa3HBIM MaCcCOBBIM OTKPBITHIM OHJalH-kypcoMm (MOOK) u xopoineii miomian-
Kot 1715t 6oJiee TIyOOKOro MOCTHIKEHUsT OCHOB MatiuHHOTO 00yueHus. MOOK no ma-
muHHOMY oOyueHuto (https://work.caltech.edu/telecourse.html) B Kamudopuuii-
CKOM TEXHOJIOrMYECKOM MHCTUTYTE TOXKE MOJOMeT.

4 V4eOHMK "DieMeHTbl CTaTUCTHYECKOro oOyueHHs" sBISETCS HECKOJIBKO KaHOHHWYe-
CKMM mocoOuem, KoTopoe MoxkHO ckavaTh OecruiaTtHO (http:/statweb.stanford.edu/
~tibs/ElemStatLearn/). Ho OyapTe OCTOPOXHBI: TaM MHO20 MaTEMaTHUYECKUX BbI-
KJIaJI0K.
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K bnuxaunwmx coceaeu

Ecnu kenaeinp J0CAaUTh COCEMSIM, PACCKAKH UM TPaBIy
0 HUX.

Ivempo Apemuno’

[IpeacraBum, 4To MocTaBlieHa 3afaya MpeackKasarh, Kak s OyAy rojocoBaTh Ha Cleayio-
KX TPEe3UICHTCKUX BbIOOpax. Ecim 000 MHe (Kpome JaHHBIX O MecTe IMPOKUBAHMSA)
OoJbIlle HUYETO He M3BECTHO, TO LeNeco00pa3HO MOCMOTPETh Ha TO, Kak COOMparoTcs
royiocoBaTh MOU cocedu. JKuBsl, Kak u 51, B eHTpe CHITIIa, OHU HEU3MEHHO IUIaHUPYIOT
roJIOCOBATh 33 JEMOKPATHYECKOro KaHIUIaTa, YTo MO3BOJISET ¢ OONbLION 10J1el yBepeH-
HOCTH MPENIOJI0XKUTh, YTO 1 TOXKE CleJIat0 CBOW BbIOOp B MOJb3y KaHAMJATa OT JEMO-
KpaToB.

Teneps, nMpeanonoxkum, 060 MHe U3BECTHO OOJIbLIE, YeM MPOCTO reorpadus — BO3MOXK-
HO, M3BECTEH MO BO3PACT, J0OXO, CKOJBKO y MeHs JeTel u T. 1. B Toit Mepe, B kakoi
Moe TMoBeJieHHe 00YClIaBIMBaeTCs (MIIM XapaKTePU3yeTCs) STUMH MPU3HAKaMH, pacCMOT-
peHHe TOJIBKO TeX cocelel, KOTOpbie PachoyioKeHbl KO MHE OJIM3KO Cpelld BCeX 3THX
pa3MepHOCTel, CKopee BCero, MO3BOJUT cleliaTh 0oJiee TOYHOe Mpe/iCKa3aHue, YeM pac-
cMaTpuBaTh abCOJIOTHO BCEX cocelei. B 3ToM M 3aKitouyaeTcss OCHOBHAs HIest METOMa
Karaccuguxayuu na ocrnose onudicatimux coceoett (nearest neighbors classification).

Moaenb

[Iporno3nas mozenb Ki1accU(UKALMU HA OCHOBE Onudicaiiuiux coceoeil sIBISIETCS OIHON
W3 npocTelnx. B Heil He nenaeTcs HUKAKMX MaTeMaTHYeCKUX JIOMYyINeHUH U He TpeOy-
eTcsl KaKoro-To TshKeJoro (yHKIMOHAJIBHOTO anmnapara. EnuHcTBeHHOe, 4To TpedyeTc,
9TO:

4 HEKOTOpOe MpeJICTABICHUE O PACCTOSHUMY,
4 npennojoKeHue, YTO TOUKH, PacloIOKEeHHbIE IPYT K APYTY OlM3KO, MOA0OHBI.

BoNbIIMHCTBO METOI0B, KOTOPbIE paccMaTpUBAIOTCs B 9TOH KHHUTe, 00pallatoTest KO Beei
BBIOOpKE B LIEJIOM C T€M, YTOOBI B pe3yibTaTe 00yUYeHHUs! U3BJIeUb U3 JaHHBIX CXEMbl WU
3aKOHOMEpHOCTH. B oTnnume oT HUX MeTox OnMMKaWIIMX cocelel BMOJIHE OCO3HAaHHO
npeHeOperaeT 3HAUMTENIbHON YacThl0 MH(OPMALIMM, TTOCKONBKY MpeacKa3aHue IUIs JIo-
00l HOBOM TOYKM 3aBUCHUT BCETO JIULIb OT HECKOJIbKUX OJIM)KaHIIMX K HEH TOUeK.

'TIserpo Aperuno (1492—1556) — wuranssckmii micarens ITosauero Peneccanca, caTMpuk, MyOIHIHACT 1
JpamMaTypr, CUUTAIONIIMHCS HEKOTOPEIMH MCCIAEIOBATENSIMU NIPEATEdeii 1 OCHOBATEIEM €BPOMEICKOi KypHa-
muctuku (cM. https://ru.wikipedia.org/wiki/IIbeTpo_Aperuno). — Ilpum. nep.
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Bonee Toro, Gnmkaiitme coceau, ckopee BCEro, He MOMOTYT TOHSTH JBIXKYIIUE CHIIbI
nroboro nzyuaemoro sieienus. [lombiTka npeacka3ath Moe rojOCOBaHHE Ha BbIOOpax Ha
OCHOBE r0JI0COBaHUS MOUX COCEAEH Majlo UTO CKaXKET O TOM, YTO 3aCTaBJ/IsAeT MEHS roJjo-
COBaTh UMEHHO TaKUM 00pa30M, TOTJa KaKk HeKas aJbTepHaTUBHAs MOJellb, KOTopas
TMpeICKa3bIBaeT TOJIOCOBAHHE HAa OCHOBE (JIOMYCTHM) 10XO/a M CEMEHHOTO MOJIOKEeHHUS,
OYeHb JakKe MOJKET.

B o0weit cutyaunu, MMeroTCsl HeKMe TOYKM AaHHBIX M COOTBETCTBYIOIIMH HAOOp METOK.
MeTku MOTYT OBITh True M False, 0003Ha4asi, yIOBJIETBOPSET JIM KaKI0e BXOMAIIEe 3HA-
YeHHe HEKOTOPOMY YCJIOBHIO, TaKOMy Kak '"crmam?" wiu "sgoBHUTHIH?" WM "MpUATHBINA
i ipocmotpa?” JInbo oHM MOTYT OBITH KATErOPUSMH, TAKUMH KaK peHTHHIH (PUIbMOB
(G, PG, PG-13, R, NC-17), nub0 nMeHaMH KaHAWJATOB B MPE3UJICHTHI, JINOO HA3BaAHUSI-
MU MPEANOYTUTENbHBIX S3bIKOB POrPaMMHUPOBAHUS.

B HamieMm ciydyae TOUKM JaHHBIX OYAyT MpeACTaBlieHbl BEKTOPAMH, BCJEICTBHE YEro
MO>KHO BOCTIOJIb30BaThCs (DYHKIIMEH pacCTOSHUS distance U3 21asbl 4.

[Mycte uncno k=3 wnm 5. Toraa, eciiv HEOOXOAMMO KJIACCH(PUIIMPOBATH HEKOTOPBIE HO-
Bbl€ TOYKH JIaHHBIX, TO clielyeT HAalUTH k OirKailuMX MapKUPOBAHHBIX TOUEK U JaTh UM
MPOroJIocoBaTh 3a HOBBIN pe3yJsbTarT.

Jlnis aToro nmotpebyeTcst PyHKIMsSA, KOTOpas MOJCUYHUThIBAET rosioca. OHa U3 BO3MOXKHO-
CTeil 3aK/TI04aeTCs B CIAEAYIOLIEM:

# rpy6Eri moncyeT GOJBIMMHCTBA I'OJIOCOB
def raw majority vote(labels):
votes = Counter (labels)
winner, = votes.most common (1) [0]
return winner

OpnHako OHa HUYEro He NpeANpUHUMAET B CUTYal[il paBHOTO YKciia rosiocoB. Hanpumep,
JIOTTYCTUM, (pUIbMaM TMPUCBAMBAIOTCS PEUTHHTH, W TMATH OJvbKaiiiuM QuibMaM Mpu-
cBoennl peitunrd G, G, PG, PG u R, rae ¢punbmer ¢ pefituaramu G u PG umerot o nBa
rosnioca. B Takom ciydae, nMeeTcsi HECKOJIbKO BAPUAHTOB!

4 BBIOpaTh OAHOTO U3 MOOeaUTENeH CITydaifHbIM 00pa3om;
4 B3BECHUTH roJioca Mo yAaieHHOCTH W BbIOpaTh B3BELIEHHOTO MOOeaUTENS;
4 yMeHbLIATh k, MOKa He OyaeT HaliieH e AMHCTBEHHBIN MO0 IUTeNb.

Peanuzyem Tpetuii BapuaHr:

# oT6op Mo GOJBIMHCTBY I'OJIOCOB
def majority vote(labels):
"""onpasyMeBaeT, YTO METKM YIOPSAOYEHE OT Oyrkarmer
no camoyt ynpajeHHon"""
vote counts = Counter (labels)
winner, winner count = vote counts.most common (1) [0]
num winners = len([count
for count in vote counts.values ()

if count == winner count])
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if num winners ==
return winner # enmHCTBEHHED! HOGEAUTENE, [NOSTOMY BEPHYTE €I0
else:
return majority vote(labels[:-1]) # momelraTecsa CHOBa
# 6es camoro majbHEro

Takoit mogxoa 06s13aTeTbHO B KOHIIE KOHIIOB CPadOTaeT, T. K. B Xy/IIEM Cilydae BCe CBe-
JIeTCs TOJIBKO K OJIHOM MeTKe, KoTopas U OylieT moGeinTeneMm.

ITpn momoty 3Tol YHKIMK MOYKHO JIETKO cO3/1aTh KilacCu(uKaTop:

# rmaccuduippoBaTE Ha OCHOBE K OJnpkavix COCenen

def knn classify(k, labeled points, new point):
""raxnasg MapKMPOBaHHAA TOYKA MOJDKHa OBITH MPeNCTaBJIEHA
napoyt (Touka, MeTka)"""

# yHIOpA#ounMTH MAPKMPOBAHHEIE TOUKM OT GUlvpKayimeyt AO CaMOy yAaJleHHOM
by distance = sorted(labeled points,
key=lambda (point, ): distance(point, new point))

# HarTyu MeTkM 419 k GIpkarvmmix
k nearest labels = [label for , label in by distance[:k]]

# m maTe ¥M OPOIOJIOCOBATH
return majority vote(k nearest labels)

[TocMoTpHM, Kak 5T0 paboTaer.

Mpumep: npeanoyYTUTENbHbIE A3bIKU

PesynbTaTer mepBoro ornpoca mnosib3oBarenei conuanbHoi cetr DataSciencester roToBsl.
OHu copeprkaT AaHHBIE O s3bIKaX MPOrpaMMHUpOBaHMs, HauOoJee MPeANnoOYNTaEMbIX Cpe-
JI MOJIb30BaTesiei ceTH B psiie KPYMHBIX FTOPOJOB:

# ropona
# kaxmgas sBamick - 570 ([mojsrora, mMpoTa], MPEANOUTHTEJILHEN S3EIK)
cities = [([-122.3 , 47.53], "Python"), # Cumomn

([ -96.85, 32.85], "Java"), # OcTmH

([ -89.33, 43.13], "R"), # M>sOmcoH

# ... u7T. 1.

]

JMpeKTOp Mo BOBJIEYEHHIO OOIIECTBEHHOCTH XOTeN Obl 3HATh, MOXKHO JIM MPUMEHUTD 3TH
pe3ysbTaThl U1 TOro, YToObl NMpeacKa3aTh Haubosee MpeanoYUTaeMble SI3bIKK Nporpam-
MHPOBaHHUS VIS T€X MECT, KOTOPbIe He OBUTH YaCThIO UCCIIEIOBAHUS.

Kax Bcerna, mepBbIM J1€J10M HaJ0 BHIBECTH JaHHbIE Ha quarpammy (puc. 12.1):

# Koy = g3BK, BHAUEHMWe = mapa (OoJrora, ImMpoTa)
plots = { "Java" : ([1, []), "Python" : ([], [I), "R" : ([I, [I) }
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# KaXmpni SI3BIK [OJDKEH VMMETH pPasHyn METKY ¥ LBeT
nmn

markers = { "Java" : "o", "Python" : "s", "R" : "A" }
COlOIS = { "Java" . "r", "Pythonll . "b", "R" . "g" }

for (longitude, latitude), language in cities:
plots[language] [0] .append (longitude)
plots([language] [1].append(latitude)

# cozmaTb cepmy pazbpoca AL KaXOOI'O SIBEKA

for language, (%, y) in plots.iteritems():
plt.scatter(x, y, color=colors[language], marker=markers[languagel],

label=language, zorder=10)

plot state borders (plt) # OTPMCOBaTH IPAHMIIE IITATOB

# mpeTBopmMMCs, UTO ecTh QYHKIMSI, KOTOpPas STO ANEJaeT
plt.legend(loc=0) # mycTe matplotlib cama BROEPET paCHOJOXEHHUE JICTeHIE!
plt.axis([-130,-60,20,55]) # ycTaHOBUTE ocu

plt.title ("HauBomee mnpemnounTaemMele S3LKU")

plt.show()
5 HBHBOREEHDEAHDQHTEEMbIEﬁ3MKH
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Puc. 12.1. Han6onee npeanoyntaemble A3bikii NPOrpaMMmnpoBaHus

O6paluaeM BHMMaHWE Ha BbI3Z0B (PYHKLMWU plot state borders(), KOTOpasi HAa caMOM
Jerne elle He onpegeneHa. HecMoTpsi Ha To, YTO ee peanusaums UMEETCS Ha CTpaHuue
GitHub? [aHHON KHUTM, BCE e CTOUT B KayecTBe ynpaxHeHusa nonpobosaTtb peanunso-
BaTb €€ CaMOCTOSITEMNLHO.

2 https://github.com/joelgrus/data-science-from-scratch.
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[ns aTtoro Hago:

1. Hantn B MHTEepHeTe cooTBeTCTBYIOLWME AaHHbIE NO 3anpocy wupoma donzoma 2ocy-

0apcmeeHHOU epaHuUbl.

2. KoHBepTupoBaTbk ntobble AaHHble, KOTopble OyayT HangeHbl, B CMMCOK OTPE3KOB

[(monr1, wunp1), (aonr2, wnp2)].

3. Vcnonb3oBaTthk plt.plot () A4S OTPUCOBKM OTPE3KOB.

[TockomnbKy, N0 BCel BUAMMOCTH, B OJIM3ISKAIINX MECTaX, KaK MPaBUIIO, NPEANOYUTAIOT
OJIMH U TOT e SI3bIK, TO MeTO k OkalIiX coceliel mpeacTaBiseTcss pa3yMHBIM BapH-

AHTOM MPOrHO3HOW MOJEJIN.

Jlis Havajma MOCMOTPUM, YTO TPOW30MIET, €ClU MONbITaThCs Mpelicka3aTh Haubosee
MPEMOYNTAEMBII S3BIK IS KaXJI0TO TOpoAa ¢ MOMOIMIBIO ero coceneid, UCKIoUas pac-

CMaTpUBaeMblil FOPOA;

# mormpoB6oBaTH HECKOJBKO PABHEIX BHAYEHMIT Iy kK

for k in [1, 3, 5, 7]:
num correct = 0

for city in cities:

location, actual language = city
other cities

[other city

for other city in cities
if other city != city]

# Ipenckas’aHHENT S3BK
predicted language

if predicted language == actual language: # paBeH (QakKTHIECKOMY

num correct += 1
print(k, "cocem(a,eit):", num correct, "mpaBmibHeX M3", len(cities))

[loxoxe, anroput™m paboTaeT Jydile BCero Mpu k =3, AaBas NpaBWIbHBIA pe3ysbTar

= knn classify(k, other cities, location)

npuMepHo B 59% cityuaes:

KommuecTrO
KommuecTrO
KommuecTrO
KommuecTrO

Tenepb MOKHO B3MVISIHYTh Ha XapaKTep pacnpelesieHHs S3bIKOB [0 PErMOHaM B yCIJIOBHUSX
KaXI0M cxembl Onkalux cocefed. DTo Aenaercs myTeM KiaccMpHULUMPOBaHUS BCEH
CETKH TOYEK, [0C/Ie Yero CTPOUTCS AMarpaMMa, Tak >Ke Kak B cIydae ¢ ropoAaMu:

(n,

plots = {

cocenen
cocenen
cocenen
cocenen

"Java"

1:

3:
5:
7:

40
44
41
35

(1,

[IPaBUJIbHBIX
MMPaBUJIbHBIX
IIpaBUIIbHBIX
IpaBUIIbHBIX

k=1 #wm 3 wmb5wm ...

for longitude in range (-130, -60):

for latitude in range (20, 55):

predicted language

= knn classify(k, cities,

nus
u3
ns3
ns3

"Python"

75
75
75
75

(1,

# a3pKy?

nR"

[longitude, latitude])
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plots[predicted language] [0].append (longitude)
plots([predicted language] [1].append (latitude)

K npumepy, Ha puc. 12.2 nokazaHo, 4TO MPOUCXOJUT, €CIIH OOPATUTHCS JIUIIb K OJTHOMY
onmkaiemy coceny (k=1).

A3bIKM NPOrPaMMMUPOBAHUA
Ha ocHose 1 bamxaiwero coceaa

55
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Puc. 12.2. A3bikyn nporpaMM1MpoBaHMs HA OCHOBE O4HOro Gnwkaiwero cocega

A13bIKM NpOrpaMmMMpoBaHNA
Ha 0CHOBe 3 bMXanwWmnxX coceei
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Puc. 12.3. A3bikn nporpaMmMmnpoBaHmns Ha OCHOBe Tpex Gnvmkaiumx cocepei
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BuaHO MHOTO pe3kuX Mepexof0B OT OJHOTO fA3bIKa K JPYroMy C JIOMaHbIMU PaHHULIAMH.
[Tpu yBennueHnn uucna coceieil 10 3 TpaHUIlbl PETHOHOB CTAHOBATCS Oojiee TIaKUMHU
JUTSL KaXKAoro s3bika (puc. 12.3).

[Mpu yBenmuueHun uwMcna coceledl J0 5 TpaHUIBI CTAHOBATCS elle Ooliee TIaJKUMH
(puc. 12.4).

B paccMmaTpuBaeMoM mpuMepe pasMEepHOCTH MPUMEPHO corocTaBuMbl. OTHAKO €CIIA 3TO
He TaK, TO WX cJielyeT MPONIKAMPOBATh TaK JKe, Kak B pazo. "Muozomepnoe wxanuposa-
Hue" 2naeswl 10.

AI3bIKM NPOrpaMMUPOBAHNA
Ha ocHoBe 5 bamxanLwmMx cocepen
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Puc. 12.4. A3blkn NnporpaMMMpOBaHUSl HA OCHOBE MATK Gnukanmx cocenen

Mpo6nema NpoknNATUA pasmMepHOCTU

B Gosee BbICOKMX pa3sMepHOCTSIX MeToJ k OnikalIIMX coceliel CTalKUBaeTcs ¢ TPYAHO-
CTSIMH U3-3a MPOOJeMbl "MIPOKIIATHS pa3MepHOCTH", KOTOpasi CBOJAUTCS K TOMY, YTO BbI-
COKOpa3MepHbIe MPOCTPaHCTBAa OOMMPHBL. TOYKM B TAKUX MPOCTPAHCTBAX, KaK MPaBHUIIO,
BOOOILIe HE pacroiaratoTcst OJIM3Ko Apyr K Apyry. UTtoObl yOeauThes B 3TOM, HAJI0 CreHe-
pUpOBaTH Mapbl CIy4YalHBIX TOYEK B Pa3HBIX Pa3MEPHOCTAX d-MEPHOTO "eOUHUYHOrO
Ky0a" U BBIYMCIUTH MEXKIY HUIMU PACCTOSHHS.

FeHepHpOBaHHe Cﬂy‘laﬁHBIX TOYECK JOJDKHO YKE BOWTHU B MPUBBIYKY:
# reHepupoBaHME CJIYYaMHEIX TOUEK

def random point (dim):
return [random.random() for in range (dim)]
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TaK ke Kak ¥ HarMcaHue GyHKLUMH, KOTOpasi TeHepUpyeT pacCTOSHHUS:

# reHepMpoOBaHME CIIYYAMHEIX PaCCTOSIHUNI
def random distances(dim, num pairs):
return [distance (random point (dim), random point (dim))
for in range(num pairs)]

Jns xaxnoii pazmeprocTtH ot 1 go 100 Beramcianm 10 000 paccTosHUI 1 BOCTIONB3yeMCs
UMM 715l TOTO, YTOOBI BBIYMCIUTD MEXKIY TOUKAMH CpeiHee U MUHHUMAIIbHOE PACCTOSHUS
B Ka)KAOH pasmepHocTH (puc. 12.5):

dimensions = range(l, 101) # pasmepHOCTHM

avg distances [1 # cpenHme paccrosHus

min distances [] # MMHVMMAJIBEHEIE PACCTOSHHUS

random. seed (0)

for dim in dimensions:
distances = random distances(dim, 10000) # 10 000 mpou3BOJBHEIX Hap
avg distances.append (mean (distances)) # orcaenuTs cpenHue
min_distances.append (min (distances)) # oTCcaenuThs MyIHVMAJIEHEIS

i 10000 cny4aiHbIX PaCCTOAHMIN

= (pejHee PACCTOAHHE

4.0 |=——— muHMManbHoe paccTonHme /"

35 gat?

30 ]

2.5 // -.Av

o // N
i i

I.S / f/
1.0 / A

U‘s f/
0.0

0 20 40 60 80 100
Yncno pazmepHocTed

Puc. 12.5. MNpobnema npoknsitusi pasMmepHoCcTH

HpI/I YBCJIMYCHUN PasMEPHOCTU CPEAHEEC PACCTOAHUC MEKIY TOUKAMU YBEIUYHUBACTCA.
Ho 6onbire HpO6J'IeM BbI3bIBA€T COOTHOUICHHUE MEXKAY MHUHHUMAJIbHBIM W CPE€AHUM pac-
crossHuAMU (puc. 12.6):
min avg ratio = [min dist / avg dist

for min dist, avg dist in zip(min distances, avg distances) ]
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MUHNUMaNbHOE PaCccToAHMeE [ CPeiHee PaccToaHNe
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Puc. 12.6. Mpobnema npoknaTua pasmepHoOCTy (MOBTOPHO)

B HuzkopasMepHbIX HabopaxX JaHHBIX ONMKailliMe TOYKH, KaK MpaBUIIO, PAaCIOOMKEHBI
ropaszzno O6mwke cpenHuX. OHAKO /IB€ TOUKH pacrosiararoresi OJM3KO, TOJIIBKO €ClIM OHU
pacroyioeHsl OMM3KO B KaKIOH pa3sMEpPHOCTH, a Kaxkias OTOJHUTEJbHAs pa3sMep-
HOCTb — JIaK€ €CJIM 3TO BCero JMIIb LUIyM — MPEJOCTaBIsSEeT elle OJHY BO3MOXHOCTD
JUIS TOTO, YTOOBI JIF00ast TouKa crana eile Aalblie oT 100 apyroi Touku. [Tpu 6osb-
IIOM 4YHCle pa3MepHOCTel OKaliine TOYKHM MOTyT ObITh HE HaMHOro Oike, dem
cpeHMe, BCJEACTBHE 4ero OJM3Kas pacloyIOKEHHOCTh JBYX TOYEK TepseT OcoOblii
CMBICI (€cTIM TOJIBKO JaHHbIe HE CTPYKTYPUPOBAHbBI, YTO MOKET 3aCTABUTh UX BECTH cels
TaK, Kak ecjiv Obl OHM 00J1a[jaii 3HAYMTEIBbHO MEHbIIIEH pa3MEPHOCThIO).

Hpyroi#i croco0 B3rsiHyTh Ha 3Ty MpoOjeMy KacaeTcsi CBOMCTBa pa3peKEHHOCTH Mpo-
CTpaHCTB 60Jiee BHICOKOM pa3MepHOCTH.

Eciu Be1Opath 50 cnyuaitapix uncen mexay 0 v 1, To ckopee Bcero noiyuurces JOBOJIBHO
Xopoliasi BBIOOpKa Ha OCHOBE €IMHUYHOI0 MHTepBasia (puc. 12.7).

Ecnu BoiOpate 50 ciiyuaiiHbIX TOYeK B €IUHUYHOM KBaJapare, TO MOKPBITHE BBIOOPKH
Oynet mensbIne (puc. 12.8).

U ewue meHbuIe B Tpex uzMepeHusx (puc. 12.9).

bubnroTteka matplotlib HE OYEHb XOPOIIO CIPABJISETCS C JUarpaMMaMU B YeThIpeX W3-
MEpEHHSIX, TaK YTO OCTAHOBHUMCS Ha TPeX, HO YXe ceivac MOXKHO 3aMEeTHTh, YTO HAauH-
HAIOT MOSBIATHCS OOJIbIINE MyCThie MPOCTPAHCTBA Oe3 Touek Bosjie HUX. [Ipu yBenuue-
HUM Pa3MEPHOCTH — €CJIM TOJIbKO JaHHbIE HE PACTYT B F€OMETPUUECKON MPOrpeccuy —
9T OOJIbLINE MYCTOThI MPEICTABIAIOT COO0H 001acTH, ylaleHHbIe OT BCEX TeX TOYEK,
KOTOpPbI€ HYKHbI JIJIsl IPOTHO3MPOBAHUS.

B wenom, ecnu meron Onmvbkalinmx coceneil mpuMeHsieTcs K JaHHBIM Ooliee BBICOKO
pasMepHOCTH, TO, BEPOSITHO, CIIEpBa CTOUT KAKUM-TO 00pa3oM CHU3UTh UX Pa3MEPHOCTb.



K bnuxatiwux cocedeli

189

EAMHMYHBINA BEKTOD
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Puc. 12.7. MaTbecAT criyyaitHbIX TOYEK B OAHOM U3MEPEHUN
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Puc. 12.8. MaTbaecaT cnyyanHbiX TOYEK B ABYX U3MEPEHUAX
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EAMHUYHBINA KY6

Puc. 12.9. MaTbaecsaT cnyyaiHbIX TOYEK B TPEX U3MEPEHUSIX

Ana panbHeuwWwero nsy4yeHus

bubnuoteka scikit-learn pacronaraeT OONbIIMM KOJMYECTBOM MOjeENeid HA OCHOBE Me-
tona oimkaiiinmx coceneit (http://scikit-learn.org/stable/modules/neighbors.html).
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HaunBHbIn Banec

XO0poIIo HaUBHBIM OBITH JUIS CEPLIA, HO BPEIHO A yMa.
Anamons @panc'

OT coumanbHOW CEeTH Mayo TOJIKa, CNH JIIOAW B Hell He MoryT oOmarbes. [loatomy
DataSciencester npeayiaraet nmomyJisipHyIO CpeJlly MOJIb30BaTeNIel COLICETH BO3MOXKHOCTb,
KOTOpasi TIO3BOJISIET UM OTIPABIATh COOOIIEHUs APYrUM mojib3oBarensMm. M xots Oouib-
IIMHCTBO M3 HUX SBJISFOTCS OTBETCTBEHHBIMH I'PaXKAaHAMH, KOTOpPbIe OTHPABISIOT TOJIBKO
XOpOUIO MPUHUMAaeMble cooOLIeHHs, ThMa "Kak Jiena?", HECKOIbKO 3JI0YMbIIIJICHHUKOB
HACTOWYMBO CHIAMST JIPYTHX YWISHOB, pacchlias He3alpolICHHbIEe aqpecaTaMy COOOIIeHHUs
0 MOBOJy cXeM ObIcTporo oboraineHus, Oe3penentypHoi (apMaieBTHYecKol MpoayK-
LMK U MJIaTHBIX MpOrpaMM akKpeIuTalud B 00JacTH HayKd O JaHHbIX. [lonb3oBaTenu
HAYaJu KaJIOBAThCS, M TIOATOMY JIUPEKTOP IO CBA3SM MOIMPOCHIT Bac MPU MOMOIIU METO-
JIOB HAYKH O JaHHBIX HAlTH crioco0 (pUibTpalyiv CriaMHBIX COOOIIEHUH.

JencTBUTENbLHO rnynbin cnam-punbTp

IlycTe naHo "BEpOSATHOCTHOE MPOCTPAHCTBO'", COCTOSAIIEE U3 MHOXKECTBA BCEX BO3MOXK-
HBIX COOOLIEHH, U MyCTh NPUXOAUT cooOlIeHHe, BLHIOPAaHHOE U3 HETO CilydaiiHbIM 00pa-
30M, IIe S — 5T0 coOBITHE "coobIeHre ABiseTca cnamMoM”, a V' — cobwITHe "coobiIe-
HUE COIEepXKUT cJIoBo guaepa". Torma, cornacHo Teopeme baiieca, BepoSsTHOCTb CTAMHOTO
co0OLIEHUS CO CIIOBOM Uaepd PaBHA:

P(V|S)P(S)
P(S|V)= .
P(V|8)P(S)+P(V|=S)P(=S)
rJie YUCIIUTENIh 0003HaYaeT YCJI0OBHYIO BEPOATHOCTD, UTO COOOIIIEHHE ABIAETCSA CITAMHBIM
u npu smom COACPXKHUT CJIOBO 6uacpa, a 3HaMEHATEJIb — 663yCJ‘[OBHyIO BEPOATHOCTDb
BCTPETUTh CJIOBO Guazpa BO BceM Kopryce coobinennii. ClieoBaTenbHO, 3Ty GopMyny

MO2KHO PacCMaTpUBaTh, Kak CMOco0 MPeICTaBUTh JO0JIIO CIIAMHBIX COOOIIEHUI CO CII0BOM
suazpa.

HpI/I HAJIMYUU OOJIBIIOrO KopIiyca COO6I.I.I€HHI>1, O KOTOPBIX U3BECTHO, UTO OHHU CIIAMHBLIEC,
M TaKOro K€ Kopiyca COO6H.[eHPII>i, O KOTOPbIX HU3BECTHO, YTO OHU HECIIAMHLIC, MOXKHO

nerko ouennte P(V[S) u P(V|—=S). Eciu ganee pomyctuts, uto Mo6oe coobiie-

! Anarons ®panc (1844—1924) — (ypaniysckuii ucaTeNs U IUTEpaTypHbI kputuk. Jlaypear HoGenesckoit
npemun 1o sreparype (1921), neHsrm KOTOpod OH MOXEPTBOBAT B TOJB3Y Trosofaromux Poccum
(cM. https://ru.wikipedia.org/wiki/®panc, AHaToanb). — [Ipum. nep.
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HUE PAaBHOBEPOSTHO SBJIAETCS CHNAMHBIM WM HecnaMHbIM  (Oyiarojaps —demy
P(S) = P(—|S) =0.5), Torma:

P(V|S
P(S|V)= (15) :
P(V|S)+P(V|=S)
Hanpumep, eciu cnoBo guacpa umerot 50% crnamMHbIX cOOOLIEHUH U Tonbko 1% — He-

CIIaMHbIX, TO BEPOATHOCTb, YTO moboe KOHKPETHOC COO6H.ICHI/I€ CO CJIOBOM e&uaepa ABJisd-
€TC4 CllaMHbIM, paBHa:

0.5

——=90%.
0.5+0.01

Bonee npoaymMaHHbIU cnamM-puUnNbLTP

Tenepp mycTb UMeeTcs ClI0Bapb, COCTOALIMN U3 MHOXKECTBA CJIOB W, ..., W,. UTOObI ne-
pelTH Ha sA3bIK TEOPUU BepOSATHOCTEH, 0003HauuM X, Kak coObITHe "coollieHue coaep-
#UT cioBo w,". W mycTs (6narogaps HekoeMy Heomnpe/e/IeHHOMY Ha JaHHbI MOMEHT
npoweccy) noiydeHa ouerka P(X,|S ) BEPOSATHOCTH, YTO CMAMHOE COOOLICHHE COMIep-

JKUT i-€ CJIOBO, a TaK)KE€ aHaJIOTMYHas OLIEHKA P(X] |—\S) BEPOATHOCTHU, UTO HECITAMHOC
COO6H.[€HI/IG COACPIKUT i-€ CJIOBO.

B ocHoBe wmausHnozo 6atiecosckozo xnaccuguxamopa (naive Bayes classifier) nexwur
(cepbe3Hoe) momylleHHe, YTO Hajduuhe (MM OTCYTCTBME) KaKAOr0 KOHKPETHOTO CIIOBa
HE 3aBUCHUT OT JAPYTHX CJIOB B CIAMHOM MJIM HECIIAMHOM COOOLIEHHH. DTO AOMyLUEHHE
WHTYWUTHBHO TMOJPa3yMeBaeT, YTO 3HAHWE O TOM, YTO HEKOe ClTaMHOe COOOIIeHHe coep-
JKUT CJIOBO "Buarpa’, He JaeT HUKakol MH(OpMaLMu O TOM, COAEPXKUT JIM TO JKe camoe
coobieHue cioBo "posekc". MaTeMaTHYecKH 3TO CBOHCTBO BBIpa)kaeTcs CIEIYIOIIUM
oOpa3zom:

P(X,=x,...X,=x,|8)=P(X, =x|5)---P(X, =x,]|9).

DT0 KpaiiHe ynpoinatoinee gomnyieHue. (OHO 0OBICHSET, MOYEeMY 3TOT aJTOPUTM Ha3bl-
BalOT HauBHbIM.) [IpeacTaBuM, 4TO cllOBaph COCTOUT MOAbKO U3 clioB "BUarpa" u "po-
JieKc", ¥ YTO MOJIOBHHA BCEX CMaMHBIX COOOLIEHU COEPIKUT BhIpaskeHHe "NeleBas BUa-
rpa", a gpyras mnoysoBuHa — '"mojymHHBIe Yackl Rolex". B aToM ciy4yae HavBHas Oaife-
COBCKasl OIIEHKAa BEpPOSITHOCTH, YTO CIaMHOEe COOOIIeHHe COAep KT cjoBa "Buarpa" u
"ponekc", Oyaer cienyromeii:

P(X, =1, X,=1|8)=P(X,=1|S)-P(X,=1]8)=0.5-0.5=0.25,

MOCKOJIBKY 3Ta OLEHKa MOCTPOEHa Ha MPEeANoJIOKEHUH, YTO cjoBa "Buarpa" u "posekc"
MpaKTUYECKH HUKOTJa He BCTpevaroTcs BMecTe. HecMoTpst Ha HepeallMCTUYHOCTh TaKoro
JIOMYIIEHHs], 3Ta MOJEJb YacTO AaeT XOPOILIHe Pe3ysIbTaThl U UCIONb3YeTCs B PeasbHbIX
cnam-QpuIbTpax.

Kpome Toro, coriacHo ToMy ke paccy>KA€HHIO Ha OCHOBe TeopeMbl baiieca, kotopoe uc-
MOJTB30BAJIOCH VIS ClaM-(bMITbTpa, MpeAHa3HaYeHHOTO TOJIBKO JJISl 0OHO20 CIIOBA 8uazpd,
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MOJXHO paccHuTaTb BEPOATHOCTHL CIIAMHOCTH BCETO COO6H.[GHI/I$I, HCIIOJIb3YA AJIA 3TOIO
CJICAYHOLICC PABEHCTBO!:

P(X =x|S)
P(X=x|8)+P(X =x|=S)
HauBHoe OaliecoBckoe AOMyIIEHHE MO3BOJSET BBIUMCIUTL KAXAYIO W3 BEPOSTHOCTEH

CIIpaBa, MPOCTO MEPEMHOKHB MeXay cOOO0N MHIMBUIYaIbHbIE BEPOSTHOCTHBIC OLICHKU
JUTSE K&KJIOTO CIIOBA CIIOBapA.

P(S|X=x)=

Ha npaktuke o0bI4HO 00X0asTCs 6€3 MepeMHOKEHHUS! OOJBIIOTO KOJIMYECTBA BEPOSITHO-
cTeil Mexay coboil Bo m3bexaHue MmpoOsieMbl apu(METHUECKOTO NepenoHeHUsl CHU3Y
(MpuBOSLLEr0 K MCUE3HOBEHHUIO pa3psloB), C KOTOPOH KOMIBIOTEPHI HE CIPABIISIOTCA
npy paboTe ¢ YKCIaMu C MJIaBatoLlei TOUKOW, HAXOASIMMHUCS CIMILKOM OJIM3KO K HYJIO.

Cchutaschk Ha cBoiicTBa jjorapudmos u3 anredpsl: logab =loga+logh n exp(log x) =X,
MPOM3BEJCHHUE p, --- p, OOBIYHO MPEJCTABIAIOT B BUE SKBUBAJICHTHOM (1 Oosee apyske-
JOGHOM K YMCIIaM C TUIaBAOIIeH TOUKOM) CYMMBI JIOrapumMoB:

exp(log(p,)+...+log(p,))-
EnvHcTBeHHas 3amavya, KOTOPYKO OCTajoOCh pPELIUTb, — 3TO MOJYYHUTh OLIEHKH AJIs
P(X,. |S) u P(X,|=S), uTo cnamHoe (MM HECMaMHOE) COOOLIEHHE COJEPIKHT CIIOBO
w,. Ilpyn HanuuMu 3HauUMTENBHOTO 4Mcaa "oOydarommx" cOOOLEeHUH, MTOMEUYEHHbIX KaK
craM M HeclaM, OYEBH/IHOE pellleHHe 3akKjrovaercs B OleHke P (X . |S) MPOCTO B BHJE
JI0JIM CIIaMHBIX COOOLLEHUI CO CIIOBOM W,.

OpHako ecTh onHO Oonblioe npenarcTeue. [Ipennonoxkum, uto B oOyyarouield BBIOOpKe
CJIOBO "maHHBIE" MPUCYTCTBYET TOJBKO B HecmaMHbIX coolOueHusax. Toraa oueHka ajs

P("I[aHHLIe"| S ) Oyzner paBHa 0. B pe3ynbraTe HauBHBIN OaliecoBCKuMii Kiaccudukarop
Bceryia OyJeT Ha3HauaTh BEPOSITHOCTh criama, paBHY 0, j17060M)y COOOIIEHUIO CO CJIOBOM
"naHHbIe", naxe COOOIICHUSAM THUIA "JaHHBbIE O JICIICBOW BUArpe W MOJUIMHHBIX Yacax

Rolex". Bo uzbexxanue 3Toii nmpobieMbl 0OBIMHO MCTIONB3YIOT OJUH W3 BUOB CIIIAXH-
BaHUs.

B YaCTHOCTH, BOCIOJIb3yEMCA KOHCTaHTOM CriakvBaHusg k 1 6yneM OLICHUBATb BEPOAT-
HOCTb BCTPETUTDH i-€ CJIOBO B CITAMHOM COO6H_leHI/II/I Tak:

k +4ncno cnamMHbIX cOOOLIEeHuIT ¢ W,

P(X,|8)= =
2k + 4uCII0 CIIAaMHBIX COOOIEHUIT
AHaJIOTUYHBIM 00pa3oM Juis P(X,. |—|S). Hpyrumu cnopamu, npy BBIYMCIEHUH BEPOST-

HOCTel crama ¢ i-M CJIOBOM MpPearojaraeTcsi, UTo TakKe BCTPETHIOCh k TOTMOIHUTENb-
HBIX CTMTaMHBIX COOOLIEHMH C STMM CJIOBOM M A JOTIOJHHUTENBHBIX CTIAMHBIX COOOIIEHHI
0e3 9TOro cinosa.

Hanpumep, ecnu cioBo "nanueie" npucytcTByeT B 0/98 ciaMHbIX JTOKyMeHTax o0yuaro-
ek BbICOpKKM M k =1, To onenka P("naunbie”|S) Gyner 1/100=0.01, uro mosBomut
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KJTacCU(HUKATOPY BCe paBHO Ha3HAYaTh CIIAMHBIM COOOIIEHHSM CO CIIOBOM "MaHHbIe" He-
HyJIEBbI€ BEPOSATHOCTH.

Peanusauus

Terepp ecTb Bce COCTABISAIOLIME, HEOOXOIMMBIE Ul TOCTPOEHHS KilaccHpHKaTopa.
[Ipexxne Bcero co3maguM MpocTyro (GYHKLHMIO, KOTOpas, Mojy4das TEKCT COOOLIeHus,
reHepupyeT CIUCOK clioB 6e3 nmoBTopoB. CHauana npeodpazyeM OyKBbl KaKIOro cood-
UIeHUd B CTpPOYHBIE. 3aTeM BOCIOJB3YeMCSl METOJOM re.findall() AJS W3BJEUEHUS
"cioB", cocTosmux U3 OykB, LMbp U anoctpodor, U, HakoHell, (QYyHKIMEH set () A
TMOJTyYEHUs! CMTUCKA YHUKAJIBHBIX CJIOB:

# creHepmpoBaTE CIVMCOK CJIOB 6€3 IOBTOPOB

def tokenize (message):
message = message. lower () # mpeobpazoBaTh B CTPOYHEE
all words = re.findall ("[a-z0-9']+", message) # m3BJIEYL CJIOBa
return set(all words) # ynamiTe TOBTOPDEI

Bropas ¢pyHKIMS MOICUMTHIBaET YaCTOTHOCTh CIIOB B MapKHpPOBAaHHOM 0o0ydaromieil BbI-
6opke cooOieHuit. OHa BO3BpalLAeT CI0Bapb, KIHOUYAMU KOTOPOrO SBJISIOTCS CIIOBa, a
3HAa4YEeHUs — JBYX3JIEMEHTHBIE CIIUCKU [spam count, non spam count], COOTBETCTBYIOLIHUE
TOMY, CKOJIBKO pa3 KOHKPETHOE CJIOBO BCTPEHAJIOCh B CIIAMHBIX M HECMaMHBIX COoOILe-
HUSX:

# momcumTaThe YaCTOTHOCTE CJIOB
def count words(training set):
"""oByyamnmas BEHOOpPKa COCTOMT M3 map (coobmenme, cnam?)"""
counts = defaultdict (lambda: [0, 0])
for message, is _spam in training set:
for word in tokenize (message):
counts[word] [0 if is spam else 1] += 1
return counts

Ha cnenyrouiem 1are 3TH 4aCTOTHOCTH MPeoOpa3yroTcs B OLIEHKH BEPOSTHOCTEH, Mouty-
YeHHbIE MPU MOMOIIM METOoJla CrilakKMBaHUA, OMKMcaHHOro Bbllle. DYHKIMA BO3BpallaeT
CIMCOK TPHUIUIETOB, COIACPKALIMX KOHKPETHOE CJIOBO M 3HAYEHUsl BEPOSITHOCTEH BCTpe-
THUTB €r0 B CIAMHOM U HECITaMHOM COOOIIEHHUSX:

# BEpOATHOCTM CJIOB
def word probabilities(counts, total spams, total non spams, k=0.5):
""'peobpas3oBaTe YaCTOTHOCTH word counts B CIMCOK TDMILIETOB
cjgoBo w, p(w | spam) u p(w | ~spam)"""
return [ (w,
(spam + k) / (total spams + 2 * k),
(non_spam + k) / (total non spams + 2 * k))
for w, (spam, non spam) in counts.iteritems() ]

B mocnennem ¢parmeHTe BepOSTHOCTH CJIOB (M AOMYLIEHUS HAaUBHOTO OaileCcOBCKOTo
K1accuuKaTopa) UCMONB3YIOTCS /11 HA3HAUEHUs BEPOSITHOCTEH COOOIIEHHSM:
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# BepoATHOCTE crama

def spam probability(word probs, message):
message_words = tokenize (message)
log prob if spam = log prob if not spam = 0.0

# mpocMoTpeTs BCe CJI0Ba B CJOBAape
for word, prob if spam, prob if not spam in word probs:

# ecum CJIOBO B coOBmEHMM MOABJIAETCA, TO
# noBaBUTE JIOI'-BEPOSTHOCTH BCTPETMUTE €I'0 B COOOWEHMN
if word in message words:
log prob if spam += math.log(prob if spam)
log prob if not spam += math.log(prob if not spam)
# ecsm CJIOBO B coOOmEHMM HE MOABJIAETCA, TO
# nobaBuUTE JIOI'-BEPOSTHOCTL HE BCTPETHTH €ro B COOOWEeHWMN,
# BemmcyszeMoe kak 1log(l - BEPOATHOCTH BCTPETUTE €I'0 B COOOCmEHM)
else:
log prob if spam += math.log (1.0 - prob if spam)
log prob if not spam += math.log(1.0 - prob if not spam)

prob if spam = math.exp(log prob if spam)
prob if not spam = math.exp(log prob if not spam)
return prob if spam / (prob if spam + prob if not spam)

Tenepb MOXxHO coOpaTh Bce BMeCTE B MUTOHOBCKOM KJ1acce NaiveBayesClassifier (Haug-
HuLil batlecosckuil kKiaccuguxamop):

class NaiveBayesClassifier:

def init (self, k=0.5):
self.k = k
self.word probs = []

# oOyunTh KJIaccupmraTop mpy mnoMompr obydanmesi BEOOPKH
def train(self, training set):

# momCuYMTaTEH CHAMHEIE ¥ HECHaMHEE COOCMEHNMS

num spams = len([is spam
for message, is spam in training set
if is spam])

num non_spams = len(training set) - num spams

# mponycTuTs obydaillylo BEOOPKY uepes "koHBerep"

word counts = count words (training set)

self.word probs = word probabilities(word counts,
num_spams,
num non_spams,
self.k)
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def classify(self, message):
return spam probability(self.word probs, message)

TecTupoBaHue mogenu

Bo3bmeM xopoiuii (XOTS U HEMHOTO ycTapeBLIHii) Ha0op JaHHBIX MOJ Ha3BaHUEM Iy0-
JTU4HEIN Kopiyc SpamAssassin (https://spamassassin.apache.org/publiccorpus/), B xo-
TopoM BocrosibdyeMcs (aitnamu ¢ npedukcom 20021010. (B Windows nonamobutces
nporpamma 7-zip (http://www.7-zip.org/), 4ToOBI pacrakoBaTh ¥ U3BIIE€Yb HX.)

[Tocne m3BneueHns naHHbIX (CKakeM, B katajgor C:\spam) TOKHO MOMyYUThCS TPHU Mar-
ku: spam, easy ham u hard ham (cnam, serkuii_Hecnam, TpynHblii_Hecnam). Kaxnas
nanka OyJeT coiepkaTb Ha0Op MHUCEM, KaXI0e W3 KOTOPhIX HAXOAWTCS B OTAEIbHOM
¢aiine. YToObl HE YCIOXKHATH 3aJa4y, OOpaTUMCS K CTPOKE ¢ TEMOI Ka)X10ro mucbMa.

Kak onpenenuts, rae Haxonutes Tema? [IpocMaTtpuBas daiisibl, MOXKHO 0OHApPYKUTb, YTO
BCE OHM HauMHAIOTCs ¢ nocienoparensHocTH "Subject:". [loaTomy Oynem uckarts ee:

import glob, re

# HmoMeHsnTe STOT HyTh HAa IyTh (AKTHMUECKOI'O pal3MEmeHus (arlioB
path = r"C:\spam\*\*"

data = []

# glob.glob BosBpamaeT mMmeHa (aiiIoB,
# coorBeTcTByKmYE mWaGIIOHY MNOVMCKa IO YKasBaHHOMY IIYTH
for fn in glob.glob (path):

is spam = "ham" not in fn

with open(fn, 'r' ) as file:
for line in file:
if line. startswith("Subject:"):
# ymasmTes HavaspHOe cJoBO "Subject: " u B3STE BCE OCTAJILHEE
subject = re.sub(r""Subject: ", "", line).strip()
data.append((subject, is spam))

Tenepb MOKHO TIOJPA3/IEUTh JJaHHBIE HA 00YYAIOUIYIO U KOHTPOJIBHYIO BEIOOPKH, MOCIIe
4ero Bce rOTOBO sl MOCTPOCHHUS MOJIENH KilaccuduKaropa:

random. seed (0) # UTOGEI MOJYYNTE MOBTOPVIMEIE OTBETEH!
train data, test data = split data(data, 0.75)

classifier = NaiveBayesClassifier() # mHMIMAIM3MPOBATE SK3EMIUIAD KJIACCA
classifier.train(train data) # oByunTh MOOeJb

U Terepb MOXKHO TIPOBEPUTH paObOTy MOJICIIH:

# TowumneTs! (Tema, 1s spam 1o ¢axTy, NpeACKas’aHHas BEPOATHOCTE CraMa)
classified = [(subject, is_spam, classifier. classify(subject))
for subject, is spam in test data]
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# momycTuTe, uTO Spam probability > 0.5 coorBeTcTByeT mpenckasaHMo CHaMa,
# m momcumTaTh KOMOMHAIDW (cHaM (QaKTMYEeCKMy, CHaM MNPeNCKa3aHHEDL)
counts = Counter((is spam, spam probability > 0.5)

for , is spam, spam probability in classified)

Oto mact 101 MCTHHHOMONOKUTENBHBIN (cram Kiaccuduuupyetcs kak "cram"), 33 nox-
HOIIOJIOKHUTENbHBIX (HecnaM Kiaccupuuupyetes kak "cnam"), 704 uCTUHHOOTpHULIATEb-
HBIX (HecnaM kiaccuduuupyercss kak "He-cmam") W 38 NOKHOOTpHLATENBHBIX (Cram
Kiaccuduupyercs kak "He-cram'") pesynbraroB. ClieqoBaTeIbHO, TOYHOCTh M TMOJHOTA

PaBHBI COOTBETCTBEHHO 101/(101 +33)=75% wu 101/(101 +38) =73%, 4To COBCeM He-
MJI0XO JJ1s1 TAKOW MPOCTON MOJIEIIH.

Kpome sTOro, viHTEpecHO B3TJITHYTh Ha TIpeJesIbHbIC CIy4au OIMMOOYHOMN KilacCU(U-
KaLuun:

# oTCOPTMPOBATE [0 BEPOSITHOCTY CIaMa OT HaMMEHBIIEN N[O HaMGOJIBIIEN
classified.sort (key=lambda row: row[2])

# MakcyMasbHAA MPEeACKa3aHHAs BEPOSTHOCTE CIIaMa
# cpenu HecrnaMHEIX COOOHEHMI
spammiest hams = filter(lambda row: not row[l], classified)[-5:]

# MyHMMATIEHAS TPENCKa3aHHAS BEPOSTHOCTEH ClaMa
# cpemoy darTHMUECKM CHAMHEIX COOOMEHMI
hammiest spams = filter (lambda row: row[l], classified)[:5]

JlBa OTHeCeHHBIX K cramy HecrmaMHbIX coolleHus conepxat cioBa needed (¢ BeposT-
HOCTBIO TOSIBUTBCS B criame B 77 pa3 Oosblie), insurance (¢ BEPOSTHOCTBIO MOSBUTHCS
B criame B 30 pa3 Gosnblie) W important (C BEpOSITHOCTBIO MOSBUThCS B cname B 10 pa3
OoJtpIne).

[lepBoe oTHeceHHOE K HecmaMy criamMHoe coobleHue cnuiikom koporkoe ("Re: girls™),
4TOOBI O YEM-TO CY/AMTh; BTOPOE OTHOCHTCS K BBIMOTaTelbCTBY KPEAWTHOM KapThl,
GosbLiasi 4aCTh CJIOB KOTOPOTO OTCYTCTBYET B 00yuaroLieil BEIOOpKe.

TouHO Tak ke MOXKHO B3TJIIHYTh Ha CaMbI€ CIIaMHBIC Cllo6a:

# BEPOATHOCTH CraMa NPyl HaJMumyl 3a[aHHOI'O CJIOBA

def p spam given word(word prob):
"""ycnonesyeT TeopeMy barvieca i BEMMCIIEHMS BEPOSTHOCTH
p(cnam | coobmenme conepxmr cjoso) """

# word prob — 3TO OmMH M3 TPUILIETOB,

# cosnanHept QyHKIMeN word probabilities

# CJIOBO M ero BEPOATHOCTHM B CJydae ClaMa ¥ HeclaMa
word, prob if spam, prob if not spam = word prob
return prob if spam / (prob if spam + prob if not spam)

words = sorted(classifier.word probs, key=p spam given word)

spammiest words = words[-5:]
hammiest words = words[:5]
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Camble criaMHble clloBa — money, systemworks, rates, sale u year, — mo-BUIHMOMY,
CBSI3aHBI C TIOMBITKAMH 3aCTaBUTH JIFO/IEH MOKYMaTh Belll. bOJIbIIMHCTBO caMbIX HecTIaM-
HBIX CJIOB — spambayes, users, razor, zzzzteana u sadev, — Kak HU CTPaHHO, MOXOXKeE,
CBSI3aHbI C MPEAOTBpaLICHUEM criama.

Kakum o0Opa3zomM MOXXHO YJIy4IIMTh MPOU3BOJUTENIBHOCTH Kiaccudukaropa? OnuH u3
OUYEBUHBIX CIIOCOOOB — MPEAOCTaBUTh OoJiblle oOyuarouux aaHHbiX. Kpome srtoro,
€CTh PSJl APYTrUX CIOCOOOB YJIyYINEHUsS MOJesid. BOT HECKOIBKO BO3MOXKHOCTEM, KOTO-
pble CTOUT MONPOOOBaTh.

4 IlpocmaTpuBaTh He TOJIBKO TE€MbI, HO M cojepxkaHue coobuieHuil. Crnenyer BHUMa-
TEJIbHO OTHECTHUCH K 00paboTKe 3arojI0BKOB COOOILEHUH.

¢ JlaHHbIi KIaccuUKaTOp YUYUTHIBAET BCE CJIOBA, KOTOPBIE TOSBIISAIOTCS B OOy4aroieit
BBIOOpKE, Jlake Te, KOTOPbIe MOSIBISAIOTCS Bcero ouH pa3. ClieyeT MOTUpUIIMPOBATh
KJTacCU(HUKATOP TaK, 4TOOBI OH YYWTHIBAJ AOIOJIHUTEbHOE TOPOroBOe 3HA4YEeHHE
min_count ¥ UTHOPUPOBAJ CJIOBA, YWCIO MOSBJIEHUH KOTOPBIX MEHbIIE MOPOroBOro
3HAYEHMUSI.

4 T'eHeparop JiekceM He MMeeT MOHATHA O MOXOXHX cjioBax (K mpumepy, cheap u
cheapest). MoxkHO MoauHUUMpPOBaTh KiIacCU(UKATOP, BKIIOYMUB JOMOJHUTEIBHYIO
GYHKIMIO MOpP(OTOTHYecKOro aHaiausa, Kotopas OyneT mnpeoOpa3oBbIBaTH CIIOBa
B KIaccyl skeuganenmuocmu. Harnpumep, B KauecTBe O4eHb MPOCTOr0 MOPQOIOrHye-
CKOTO aHAITM3aTopa MOXKET BBICTYNATh CleAyromas QyHKIHS:

# ymasmuTe OKOHYAHME S
def drop final s(word):
return re.sub("s$", "", word)

Co3nmanue Xxoporero MopgoJIOrMYecKOro aHajiu3aTopa — 3afada cioxkHas. Jlms
HAaXOKJCHUS OCHOBBI CJIOBa 4YacTo moub3ytoTces anroputmoM I[loprepa (http://
tartarus.org/martin/PorterStemmer/, https://ru.wikipedia.org/wiki/Ctemmep_
IMoptepa).

4 lcnonb3yemble MpHU3HAKK MMEIOT OAMHAKOBYIO (hopMy "cooOIIeHHe COHEpIKHUT CIlo-
Bo w,". OfHaKo HUYero He MellaeT A00aBUTh B TEKYLIYIO pealU3aLUIO JOMOIHU-

TCJIbHBIC MMPU3HAKHW, TAKHUE KakK "COO6H.[eHI/Ie COACPIKUT ‘II/ICJ'IO", myTeEM CO3aaHuA (I)I/IK-
THUBHBIX CJIOB, TAKUX KaK COOeprCMm."—IuCJZO, U U3MCHHUB I'€HEPATOpP JIEKCEM tokenizer
Tak, 4TOOBI OH nopoXxaaji ux B ciiyvdac HCO6XO,Z[I/IMOCTI/I.

Ana npanbHeuwero usy4yeHus

¢ Crarpu llona I'pama "[lnan qns cnama" (http://www.paulgraham.com/spam.html)
u  "VYnyumiennas OaiiecoBckas  ¢unbTparnma”  (http://www.paulgraham.com/
better.html) moryt (ObITh WHTEpEeCHBIMH W) YIITYOWTH TOHWMaHHWE KOHIETIINH,
Jexalield B OCHOBE MOCTPOEHHs CriaM-(UIIbTPOB.

¢ bubmmoreka scikit-learn (http:/scikit-learn.org/stable/modules/naive_bayes.html)
COJEPIKUT MOJEITb BernoulliNB, KOTOpask peanusyeT TOT e caMblii aNrOPUTM HaMBHOM
GaliecoBcKoi Ki1accuUKalMY, KOTOPbI peaau30BaH 3[eCh, a TAKAKE HEKOTOpbIE ApY-
r'Mié ero BepcrH, OCHOBaHHbBIE Ha ATOW MOJIEeIH.
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[pocTas nuHenHaa perpeccus

B MOpaJid, KaK B >KUBOITUCH, I'ITABHOC COCTOUT B TOM, YTOOBI
B HY’>KHOM MECTEC IMMPOBCCTU JIMHUIO.

I K. Yecmepmon'

B enase 5 nns wamepeHus CUIbl JIMHEHHOM CBSI3U MEXKIY ABYMsl MEPEMEHHBIMU HCIOJb-
30Bajiach (DYHKLMS KOPpPeNSIUU correlation. OJHAaKO B OOJBLIMHCTBE 3a/1a4 HEIOCTaTOU-
HO 3HaTb, YTO Takas JIMHEHHas CBs3b cyllecTByeT. HeoOXoaumMo vMeTh BO3MOYKHOCTD
YCTQHOBHUTH TPUPOAY CBsi3W. MIMEHHO Ut 3THX Iejell MpUMeHseTcs MOAEeNb MPOCTOi
(mapHo¥t v onHO(pAKTOPHON ) TMHEHHON perpeccum.

Moaenb

HamomHuunM, 4TO B TO# ri1aBe viccienoBanach CBI3b MEXIY YMCIOM Apy3ei Moab30BaTeNs
conmanbHOU ceTn DataSciencester 1 KOJTHMUECTBOM BpeMEeHH, KOTOPOe OH MPOBOJUT Ha ee
caiite kaxablii AeHb. [lycTs Mbl yOenunu ceOsi B TOM, YTO yBEJMUYEHHE uYuclia JApy3ei
6edem K TOMY, UTO MPUXOAMTCS MPOBOAWTH Ha caiiTe (oJjbllie BpeMEHH, B OTJIMYHE OT
aNbTePHATUBHBIX OOBSICHEHHI, KOTOpbIe 00CYKIAUCH.

I[I/IpCKTOp MO B3aUMOACHCTBUIO MNpOCHUT BacC IIOCTPOUTH MOZECIJIb, OMUCBLIBAIOLIYIO ITY
CBA3b. HOCKOHLKy Bbl HAIJTU AOBOJIBHO CUJIBHYRO HHHeﬁHYIO 3aBUCUMOCTDB, TO JIOTUYHO
CHavajia IpUMEHUTb J'[PIHeﬁHyIO MOACIb.

B uwacTHOCTH, MOXKHO MPEINOIOKUTh, YTO CYHIECTBYIOT Takue K03 uumeHTs o (anbda)
u P (6era), uTo:
yl :B_x} +a’+81’

rae y, — 3TO pe3yJbTaTMBHBIM MpHU3HAK (WM 3aBUCMMAs MEpPeMEeHHast), MPelCTaBIIso-
LK YUCII0O MMHYT, KOTOpbIE MOJIb30BATeNb | €KEJHEBHO MPOBOAMT Ha caifTe; X, — 3TO
(akTOpHBINM Npu3HaK (WIM HE3aBUCUMAs TMEepeMEHHas, WU MPEeJUKTOp), MPeacTaBsio-
WK YKucnno Apy3el Mosb30Batens i; €, — 3TO ClydaiiHas omnOKa (B Hajexe HeOOb-
1mas) B CUITy ApYrux (aKTOpoB, HEYUTEHHBIX B 3TOW MPOCTOM MOJIEIH.

[Tycte Takme KOI((HUUMEHTHI alpha M beta YCTaHOBJEHBI. Torma MpOTrHO3UPOBAHHE
BBITOJTHSIETCSl OYKBAJIBHO CIIEAYIOLIMM 00pa3oM:

' Tun6epr Kur Yecrepron (1874-1936) — aHrmuickuii XpUCTUAHCKUH MBICIIUTEb, KYPHAIUCT U IIMCATEb
(cm. https://ru.wikipedia.org/wiki/Uectepron,_I'mnéept_Kur). — [Ipum. nep.
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# QYHKLMA MOOTHOBMPOBAHMA
def predict(alpha, beta, x 1i):
return beta * x i + alpha

Kak oueHuTb alpha v beta? HauHeM c Toro, 4ro pe3ysbTaT NPOrHO3MPOBAHHUS AJISI KXKAO-
ro BXOJSILEro 3Ha4eHHs x_i (paKTOPHOro Mpu3Haka OyAeT mojydeH mpH Jro0oM BeIGOpe
alpha U beta. M mockomnbKy (pakTuueckoe 3HaYEHWE y i Pe3yJbTaTMBHOTO MpHU3HAKa M3-
BECTHO, TO JUIsl KaXKIOHM Mapbl MO>KHO PaccuMTaTh OLIMOKY, MM OTKJIOHEHHE, YTO TO XKe
camoe:

# BepHyTE OmMOKY, T. €. OTKJOHEHMe HaOJoAaeMOI'0 3HAYEHMUST

# 3aBMCHMMOM IEPEMEHHO} y 1 OT MOAeNbHEX 3HaueHmyt predict

def error(alpha, beta, x i, y i):
"""ombka B pesysibTaTe NPOTHO3MpoBaHMA beta * x 1 + alpha
npu HabmonaemMoM 3HadeHmy y 1"""
return y i - predict(alpha, beta, x i)

B nepByto ouepenrs MHTEpecyeT cyMMapHas olMOKa o BceMy Habopy aaHHbIX. OnHaKo
OLIMOKM HE MPOCTO CYMMHPYIOTCSl — €CJIM MPOTHO3 Ul x 1 CIMIIKOM BBICOKHH, a JUIs
x_2 — CIIMILIKOM HU3KHH, TO B pe3yJibTaTe OLIMOKH MOTYT B3aUMOTIOraCHUTBCA.

BmecTo 3TOr0 cymMMupyroTest k6adpanisl OMUOOK:

# cymMMa KBaOpaTWUYHEIX OIMOOK
def sum of squared errors(alpha, beta, x, y):
return sum(error (alpha, beta, x i, y i) ** 2

for x i, y i in zip(x, y))

Jlns HaxoxaeHUs: KOOPQUIMEHTOB alpha M beta, TAKUX, KOTOpPbIE JAlOT HAMMEHBIIYIO
CyMMY KBaJpaTOB OLIMOOK sum of squared errors, UCIONB3YETCS MEMOO HAUMEHBULUX
xkeaopamos (MHK, least squares).

Hcnonb3ys ucuncnenne (Mn CKy4HyIo anredpy), KO3 GUUHUEHTBI alpha U beta, MUHUMH-
3MpYIOLIKE BEJTUUMHY OLIMOKH, 3aJat0TCsl TIPH TOMOLLH:

# moATOHKa METONOM HauMEHBINX KBaApaTOOB
def least squares fit(x, y):
"""y 3afaHHEIX OOydalIpX BHAUYEHMAX X U Y
HanTy 3Havenus alpha mn beta Ha ocHoBe MHK"""
beta = correlation(x, y) * standard deviation(y) / standard deviation (x)
alpha = mean(y) - beta * mean(x)
return alpha, beta

He yrmy0nsisick B TOUHYIO MaTeMaTHKy, MOAyMaeM, TIoueMy 3TO MOXKET OBITh pa3yMHBIM
petieHreM. BeiGop koadduirieHTa alpha BCero JHIIb TOBOPUT, YTO MPHU HATMYUU CPe-
HEro 3HAaY€HUsl HE3aBUCHUMOM MEPEMEHHOM x Mbl IIPOTHO3UPYEM CpPEJHEE 3HAYECHUE 3aBU-
CHMOW NEPEMEHHOM y.

BBI60p KOB(b(bI/ILII/IeHTa beta O3HAYaC€T, YTO NPU YBCIMYCHHUU BXOJALICIO 3HAYCHHUA Ha
CTaHJAPTHOEC OTKJIOHCHHE standard deviation(x) NMPOTrHO3HOE 3HAYCHME YBEJIMYHUBACTCS
Ha correlation(x, y)*standard deviation(y). B ciydae, korna x v y ueaqbHO KOppeIupo-
BaHbl, YBCJIMUCHUE Ha €JHWHULY CTAaHJAPTHOIO OTKJIOHEHHA B x MNPUBOAUT K POCTY Ha
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eVHMILY CTaHAAPTHOTO OTKJIOHEHMS y B mporHose. Korma oHu maeanbHO aHTHKOPpEH-
pOBaHbI, YBeJIMUEHHUE B x BEJIET K CHuUdiceHulo B porHose. M korna koppensiius HyJieBas,
TO beta = 0, M, CJIEIOBATEIbHO, N3MEHEHHS B x COBEPIICHHO HE BIIHSIOT HA TIPOTHO3.

OTy QYHKUMIO HECTOXKHO MPUMEHHUTH K TaHHBIM 0e3 BHIOPOCOB U3 21agwl J:

alpha, beta = least squares fit(num friends good, daily minutes good)

OyHKUMS BEPHET 3HAUYEHMs alpha = 22.95 U beta = 0.903. CienoBaTesIbHO, COTIaCHO MO-
JIeTIM, O’KMIAeTCsl, YTO MOJb30BaTeNlb C n APY3bsIMU W3 coucetn DataSciencester Oyner
MPOBOAMWTH Ha caliTe 22.95 + n * 0.903 MUHYT €KeAHEBHO. lpyruMu cjioBamu, Monenb
Npe/icKa3bIBaeT, YTO MOJB30BaTeNb Oe3 Apy3eil Bce paBHO OyneT MPOBOJWTH Ha caiiTe
OKOJIO 23 MHHYT B JIeHb, a K&KAbII JOMOJTHUTENbHBIN APYT, KaKk OxKuaeTcs, OyaeT yBe-
JIMYMBATh NPOBOAMMOE MOJb30BaTENeM BpeMs NOUYTH Ha OJHY MUHYTY B JI€Hb.

Ha puc. 14.1 nokazaHa nmporHo3Has JMHUS, KOTOpas JaeT MpeACTaBlIeHHEe O KauyecTBe
MOJArOHKHM MOJEN K HabJo1aeMbIM TaHHBIM.

Mogenb NpoCTOM NUHEHHOM perpeccuu
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Puc. 14.1. Mogenb npoCcToi NMHERHOW perpeccun

Pazymeertcst, 1uis TOro 4roObl BBISICHUTb KauecTBO MOATOHKM K AaHHBIM, TpeOyeTcs Gosee
MOAXONAIMK CcrMoco0, YeM MpOCTO paccMaTpuBaTh auarpammy. PacnpoctpaHeHHO#
Mepol OLIEHKM KauecTBa MOATOHKH SIBISETCS Kos(puyuenm oemepmunayuu (AIA
R-xeaopam), KOTOPBI U3MEPSET 1010 CyMMapHOH BapHaldy B 3aBUCUMOM MEPEMEHHOM,
00BSICHAEMON MOJIENBIO:

# mosHasg cymMa KBapaTOB

def total sum of squares(y):
"""[ojmHas CyMMa KBapaTOB OTKJOHEHN y 1 oT mx cpenHero"""
return sum(v ** 2 for v in de mean(y))
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# r-xBagpaT — STO OOJS Bapyalyy B3aBVICHMOM IIEPEMEHHOM, OOBICHIEMAas MOLEJIBIO
def r squared(alpha, beta, x, y):

"""rojg Bapmanuu B Y, OOBSACHEHHas MOZEJIbI, paBHA

1 - gojsis Bapwalyy By, He OOBSICHEHHas Mmozeypon"""

return 1.0 - (sum of squared errors(alpha, beta, x, y) /
total sum of squares(y))

r squared(alpha, beta, num friends good, daily minutes good) # 0.329

Htak, BbIOpaHbl KOIPOULUHMEHTHI alpha U beta, KOTOpPble MUHUMHU3UPYIOT CyMMY KBajapa-
THUYHBIX OIMOOK Mpencka3anus. OIHaKO MOKHO ObUTO ObI BBIOpaTh JIMHEHHYIO MOZEIIb,
KoTopasi '"Bceraa MpeAcKasblBaeT CpeHee 3HaueHHWe mean(y)" (YTO COOTBETCTBYET
alpha = mean(y) M beta = 0), Ubsl CyMMa KBaJpaTHUUHbIX OLIMOOK B TOYHOCTH paBHA MOJ-
HOM cymme kBazapartoB. M Torna R-kBagpar Obun ObI paBeH HyJIO, yKas3biBas Ha MOJEINb,
KOTOpast (cO Bcel 0UEeBMAHOCTBIO) paboTaeT He Jy4lle, YeM MPOCTON MPOrHO3 CPEIHETO.

SlcHo, uto Monenb Ha ocHoBe MHK nomkHa kak MUHMMYM TTPOTHO3UPOBATH HE XYXKe, U
MO3TOMY CyMMa KBaJ[paTUYHBIX OITHOOK JIOJKHA OBITh He 60/bite TIOTHOW CyMMBI KBaJI-
paroB, a 3Ha4MT, R-KBajpaT JomKeH ObITh He MeHblIe Hyls. C Ipyroi CTOpOHBI, cymMMa
KBaJJpaTHUHBIX OIIMOOK JOJKHA ObITh He MeHblie 0, BcleIcTBre yero R-kBaapar Moxer
OBITH He OouibLIE 1.

Uem Onroke ymcso K 1, Tem Jydiie MoAroHKa MOJENH K JaHHBIM. 31eck R-kBagpat paBeH
0.329, 4T0 TOBOPUT O TOM, UYTO MOJENIb COOTBETCTBYET JTaHHBIM TOJIBKO YaCTUYHO, U YTO
OYEBUIHO MIPUCYTCTBYIOT OTIONIHUTENbHBIE (PAKTOPBI.

MpuMeHeHMe meToOa rpagUEeHTHOro cnycka

Ecnm 3anmcarh theta = [alpha, beta], TO 3Ty 3agadyy MOXXHO PCIIUTH METOAOM TIpaau-
C€HTHOI'O CITyCKa:

# kBampaTMyHas OmMOKa
def squared error(x i, y i, theta):
alpha, beta = theta
return error(alpha, beta, x i, y i) ** 2

# IpaaMeHT KBaApaTWYHOM OIOKH
def squared error gradient(x i, y i, theta):
alpha, beta = theta
# yacTHRIe mpomsBozpHEEe alpha m beta
return [-2 * error(alpha, beta, x i, y i),
-2 * error(alpha, beta, x i, y 1) * x 1]

# BEHOpaTb CJyyarHoe 3HAUeHyMe IJIS 3aIlyCKa
random. seed (0)
theta = [random.random(), random.random /()]
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alpha, beta = minimize stochastic(squared error,
squared error gradient,
num_friends good,
daily minutes good,
theta,
0.0001)

print(alpha, beta)

HOJ’ILSyS[CI: TEMHU K€ NAHHBIMH, MOJYYAE€M alpha = 22.93 U beta = 0.905, KOTOpPbIC OYCHb
OJU3KU K TOYHEIM OTBETaM.

MeToa MmakcuMansbHOro npaegonogoous

Iouemy HCHONB3YETCS METOI HAUMEHBIINX KBaapaToB? OIHO M3 OOBICHEHHH KacaeTcs
OLICHUBAaHHs HEW3BECTHOIO TapamMeTpa IO METOHY MAKCUMWIbHO20 BPA6OON0O00Us.
(maximum likelihood estimation)?.

ITycts umeeTcs BbIOOpKA NAHHBIX V,...,V,, KOTOpas MOpPOXIAETCS pachpeereHHueM,

no

3aBUCSAIIMM OT HEKOTOPOro HEM3BECTHOIO MapameTpa 0:

pP(vi, ., v, 10).

Ecnu napamerp 0 (rsra) HEM3BECTEH, TO MOXKHO MTOMEHSTh YJICHbI MECTaMU, YTOOBI Tpe/-
CTaBUTh 3Ty BEJIMUUHY, KaK pagoonooooue mapaMmerpa 6 npu HaIuuuu BBIOOPKU:

L(O]V,, .. v,).

CoryiacHO TakoMy MOJAXOQy HauOoJiee MPaBIONOAOOHBIM 3HaUEHHEM 6 sBJISETCS TO, KO-
TOpPOe MaKCUMU3UPYET 3Ty (YHKLHMIO MPaBAONoa00Hs, T. €. 3HaYeHHEe, KOTOpPOe JesiaeT
HaOJroaemMble 1aHHble HanOoliee BEpOSTHBHIMU. B ciydae HempepbIBHOTO pacmpenerne-
HUS, I71e BMeCTO (D)YHKIIMH Macchl BEPOSTHOCTH MCTIOJb3yeTcsl (PyHKLMS pacipeneseHns
BEPOSATHOCTEIT’, MOJKHO CIIeJIaTh TO K€ camoe.

Ho BepHeMcs k perpeccMoHHOMY aHanu3y. OfHO U3 AOMYIIEHHUH, KOTOPOEe HEPEeaKO MpH-
HUMAEeTCsl OTHOCHUTENIbHO MOZEHN MPOCTOI JIMHEHHON perpeccuu, 3aKiIoyvaeTcs B TOM,
YTO CllyyaiiHble OIIMOKM perpecciyd HOPMajbHO pachpesesieHbl ¢ HyJIEBbIM CPeIHUM U
HEKUM (M3BECTHBIM) CTaHAAPTHHIM OTKJIOHEHHeM 6. B aToMm ciyuae mpaBnomnonoOue Ha
OcHOBe HaOII01aeMOM mapbl (x i, y i) paBHO:

_(yl _(X_Bxi)z
26°

L(OL,BIX,,y,,G)= 28Y

1
\/ 2nc

2 O1eHKa MaKCHMAJIBHOTO TIPABIONIOI00HS — 3TO METOJ OLICHUBAHMS HEH3BECTHOrO MApAMETPa MyTeM Mak-
cUMU3aLK (yHKIMH BEPOSITHOCTH, B PE3yNbTaTe KOTOPOI MPHOOPETAIOTCSI 3HAUSHNUS TApaMeTPOB MOJEIH,
KOTOpBIC AEal0T JaHHbIe "Oiske" K pealbHbIM. — [Ipum. nep.

3 B 3aBHCHMOCTH OT KOHTEKCTA TIONl ghyHKyuedi pacnpedenenus seposmuocmeii TOpasyMeBaeTcs 160 aud-
(pepentmansias pyHkums pacrpenenenus (JIOP, mioTHocTs pactipenenenust), 160 UHTErpabHas (YHKIHUS
pacnpenenenus (MOP, xkymynstusHas ¢ynkims). OyHkuumst Maccsl BeposiTHOCTH (probability mass function,
PMF) naer oTHOCHTENBHYIO BEPOSTHOCTH TOTO, UTO CIydaifHas AMCKpETHAs BEIWYMHA B TOYHOCTH paBHA
HEKOTOPOMY 3Ha4eHUI0. — [Ipum. nep.
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[IpaBnonomobue Ha OCHOBE Bcero Habopa JJAHHBIX ABJISIETCS MPOU3BEICHUEM MHIAWBUIY-
allbHBIX MPaBAONONO00MH, KOTOpOEe MAaKCMMAaJIBHO WMEHHO TOIJ/Ia, KOrja MOoJyuYeHHbIe
OIIEHOYHbIe 3HAYEHHUS alpha M beta JAIOT MUHHUMAJBHYIO CyMMY KBaJpaTOB CITy4alHBIX
omunoOokK. Jlpyrumu cioBamu, B JaHHOM ciiy4ae (M ¢ STUMHU JIOMYIIEHUIMH ) MUHUMU3aIUs
CYMMBI KBaJpaTOB OIMMOOK S5KBHBAJICHTHA MaKCHMH3AlMK TpaBaonoaodus Habironae-
MBbIX JJaHHBIX.

Ana npanbHeuwero usy4yeHus

[IponomkaiiTe 3HAKOMUTBbCS C METOJlaMU perpeccuoHHoro ananuza! B enase 15 peub
MOMIET O MHO>KECTBEHHOM PErpeCCUM.



NMABA 15
MHoOXecTBeHHast perpeccus

51 He Oepychb 3a pelleHHe PoOJIEMbl, HE BKJIAbIBas B HEE I1e-
pEMEHHBIE, KOTOPBIC HE CMOTYT Ha HEE TOBIIHSATH.

Bunn Hapyennc'

Xots JAUPEKTOP MOPAAKOM BIICUATIICH Ballei HpOFHOSHOﬁ MOACJBIO, OH BCC K€ CUUTACT,
4YTO €€ MOXKHO YJIy4YlIHWTb. C 5TOH UEebI0 BBI co6pajm JOINOJIHUTCJBHBIC JAaHHBIC: I10
KaXXIAO0OMY MOJIb30BaTE/IIO TEINEPb U3BECTHO, CKOJIBKO YaCOB OH pa60TaeT Kbl JI€Hb
M €CTb JIU Y HEro yueHas CTCIICHb. Brei CO6HpaeTeCB HX HCIIOJIb30BaTh AJIs YCOBEPUICHCT-
BOBaHUA MOJCIIN.

B cooTBeTCTBHM C 3TUM BBI CTPOMTE TUIOTE3Y O JMHEHHOW MO, HO Terephb yxkKe ¢ He-
CKOJIbKMMH HE3aBUCHMBIMH MEPEMEHHBIMU WITH ()aKTOPHBIMH MPHU3HAKAMU:
MHHYTbI = O + 3, ApY3bs + [3,1POL0JKUTENIHOCTD + [3,CTENEHb + €.

OueBUAHO, HATMUYME Y MOJIb30BATENS! YUEHOM CTENEeHH He SIBISETCS YUCIIOM, HO, KaK YyXKe
YHOMUHAJIOCh B 2nage 11, NIisl TIpUAAaHUS KOJWYECTBEHHOW OINpeneIeHHOCTH MOYKHO
BBECTU QUKMUGHYIO nepemenHylo, KoTopast OyneT paBHa 1 11 nmonb3oBatelnieil ¢ yueHoH
crenenbto U 0 — Ui mosb3oBarenell 6e3 Hee, MOC/e YEro OHa CTAHOBMUTCS TAaKOH ke
YHCJICHHOW NEPEMEHHOM, KaK U APYTHeE.

Moaenb

Hanomuunm, uTo B 2nage 14 BBITTONHAICS MOAOOP MOJEINH CIIEAYIOLIeTro BU/IA!
y,=a+px, +¢g,.
Tenepb NpeCcTaBUM, YTO Ka)Ibli BXOJAIININ (DaKTOPHBIH MPU3HAK X, — D3TO HE OJHO
YHCII0, @ BEKTOP M3 Kk Yucen X, ..., X,. Torna ypaBHEeHHE MHOKECTBEHHOW (MJIM MHOIO-
(haKTOpHOI) MOsIeNH perpeccur OyIeT CeYOUM:
y,=o+Bx, +...+B,.x, +€,

rae BEKTOp mapaMeTpoB obo3HavaeTcs Kak . B ypaBHeHHH Tak:ke MMEeTCss KOHCTaHTHBIN
4jieH’, ¥ 4TOObI €ro yuecThb, 100aBUM K MCXOMHON MaTpHIle AaHHBIX SIUHUYHBIA CTOJ-
Oel:

! lysiin Yapnes "Bun" TMapuemtc (1941) — GwIBIMiA rIaBHBI TpPEeHEp AMEPUKAHCKONW HAIMOHATBHO
KOMaHJIbI TI0 aMepukaHckomMy ¢yTtoony (cM. https://ru.wikipedia.org/wiki/Benunnrron, buan). — Ipum.
nep.
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beta = [alpha, beta 1, ..., beta K]
H:
x 1= 1[1, x i1, ..., x ik]

Tornaa nporHo3Has MoJieJib OyAeT ClieTyrolei:

def predict(x i, beta):
"""IpennonaraeTcs, 4YTO INEPBENI BJIEeMEHT KaXnoro X i pasen 1"""
return dot(x i, beta)

B naHHOM KOHKpETHOM cilydae He3aBHUCHMas TNepeMeHHas x OyJeT CIHCKOM BEKTOPOB,
KOKABIA U3 KOTOPBIX BBITJISIIUT CIEAYIOINM 00pa3oMm:

[1, # KOHCTaHTa

49, # umciio apysent

4, # IPOOOXATENIBHOCTE Paboyero BpEeMeHy B [EeHbL, YaCkH
0] # He MMeeT CTeneHM KaHAMAATa HAayK

Adpyrve ponyweHusa

MoAeJsin HAMMEeHbLIUX KBaapaToB

s Toro uToObI paccMaTprBaeMasi MOJEb U pelieHHe UMENTU CMBICI, CleqyeT NPUHSTD
eLIe psAI AOMYLLEHHUM.

[lepBoe 3akarouaercst B TOM, YTO CTOJOUBI X JUHEUHO He3A6UCUMBL, T. €. HEBO3MOXKHO
3anucarh JII000H M3 HUX B BHUIE B3BELIEHHON CyMMBl KaKMX-TO APYrux ctojduos. Eciu
3TO JOIYLIEHUE HE YIOBJIETBOPSETCS, TO OLEHUTb beta HEBO3MOXKHO. UTOOBI yOeauTbes,
BOCTIOJIBb3YEMCS MPEAEIBbHBIM CITy4aeM U MPEACTABUM, YTO B JAHHBIX UMEIOCH OMOIHH-
TeNbHOE TOJIE UTsl KOJIMYECTBA 3HAKOMBIX num_acquaintances, KOTOPOE ISl KQXKIOTO MOJIb-
30BaTesiss B TOYHOCTU PABHO YUCIy IPY3€i num friends.

3areM, Ha4UMHAs C JIIOOOTO beta, €CH J0OABUTH K KOAPPHUIMEHTY num_friends 11060€ YHC-
JI0 ¥ BBIUECTH 3TO K€ YMCII0 M3 KOd(dHUIMEHTa nun acquaintances, TO MPeACKa3aHUs MO-
nenu He u3MeHsTes. Y, cnenoBarenbHo, HalTH 3HaYeHHe KO3 ULMEHTa U1 nun_friends
He TpeAcTaBlisieTcs BO3MOXKHBIM. (OOBIYHO HAPYLIEHHUS STOrO JOMYLIEHHUS! HE CTOJb Oue-
BU/THBI.)

Btopoe BaxkHOe momylieHHe KacaeTcs TOro, YTO BCe CTOJIOLbI X HEKOPPETUPOBAHbI CO
ciydaiiHbiMM omiOkamu €. Ecniu 3To momylieHne He BBIMIONHSAETCS, TO OLGHKH beta Oy-
YT CUCTEMAaTUYE€CKH HEBEPHBIMM.

Hamnpumep, B 2nage 14 Oblna mocTpoeHa MozeNb, KOTOpas MpeackasbiBaia, YTo KaXIblid
JIOTIOJTHUTENBHBIN pyr cBsf3aH ¢ JUIIHUMHU 0.90 MUHyTamMu, MPOBOJMMBIMU Ha caiiTe
€KEJHEBHO.

2 Mmeercst B BUIy nepeceuenue (aHTI. intercept) — CBOGOIHBIA KOIP(PUIMEHT, KOTOPOMY PaBHA 3aBHCHMAS
MepeMeHHas, eCJI MPEIUKTOP, WM HE3aBUCHUMAs TEPEMEHHAs, PaBeH HyIO. | COMETPUYECKH, ITO TOYKA,
B KOTOPO# JIMHUS perpeccur nepecekaer och y. OTCIOa TEPMHUH i 9TOro Kodduienta — mnepeceye-
Hue. — llpum. nep.
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IIpencraBum Takxke, 4rto.
4 mua, KoTopble paboTaroT OoJIbIIe YacoB, MPOBOAT HA cCaliTe MEHbIIE BPEMEHH;
4 7uia, y KoTopeix 0osblie Apy3ei, Kak npaBuiio, paboTaroT OoJbliIe YacoB.

To ectb "akTuueckas" Moaesb cleayromas:

MHHYTbI = O + 3, ApY3bsl + [3,IPOAOJKUTENIBHOCT + €,

M YTO YMCJIO ApY3el M MPOAOKUTEIbHOCTE Padovero BpeMeHH MOJIOKHUTEIbHO KOPpesu-
pytoT. B 3TOM ciyvae npu MUHMMH3aLUK OIIMOOK OAHO(AKTOPHON MOAEIH:

MHHYTBI = o + 3, APY3bs + €
OyneT HeJoOLeHeH f3,.

Teneps mogyMaem, 4To MPOM3OMAET, €ciid Obl MPEJCKA3aHUs BBIMOJHSINCH HA OCHOBE
ogHodaKkTopHOH Mozenu ¢ TakuM "daxtndyeckum" 3HaueHueM B,. (To ecTb 3HaueHueM,

MOJy4aeMOM B pe3yJibTaTe MUHMMHU3ALMH OLIMOOK MOJIENH, KOTOPYIO Mbl Ha3Bau "dak-
trueckoit".) [Iporaossr OyayT, Kak MpaBUIIo, CIMIIKOM MaJIbIMH JUIs TIOJIb30BaTeNeH, Ko-
TOpble paboOTalOT MHOTO YacoB, M CIWIIKOM OONBIIWUMH JUIS TIOJIB30BATeNe, KOTOpbIe
paboTarOT BCEro HECKOJBbKO YacoB, MOTOMY 4TO f3, >0, a 3ToT ¢akTop "3a0bUTH" yUecTs.

[TockonbKy TPOMOILKUTENLHOCTE pabodero BpeMeHH TMOJIOKHUTENLHO KOppeIupyeT
C YHCJIOM Jpy3eH, TO, 3HAYUT, MPOTHO3HbIE 3HAYCHUs, KaK MPABWIO, OyIyT CIUIIKOM
MaJIbIMHU ISl TOJIB30BaTeNIel ¢ OOJIBIIUM YWCIIOM JIpy3ei U CIWIIKOM OOJBIINMU st
TOJTb30BaTEIel JINIIH C HECKOJIBKUMH APY3bsIMHU.

B pe3ynbTare MOKHO YMEHBLIUTH OMIMOKH (OAHO(PAKTOPHONW MOJENN), YMEHBIIHUB OLICH-
Ky mapaMetpa P,, a 3HauuT [,, KOTOpPbIii MUHUMH3UPYET OLIMOKH, OKa)KETCS MEHbIIE

"(pakTrueckoro" 3Hauenus. [[pyrumu cioBaMu, B JaHHOM Ciiydae OTHO(GAKTOPHOE pellre-
Hue Ha ocHoBe MHK cmelnieno B ctopoHy HenooueHku 3,. Y BooOuie, Bcerna, koraa He-

3aBUCHMBIE TTEPEMEHHBIC KOPPEJIUPYIOT C OIMOKAMU OMUCAHHBIM 00pa3oM, pelleHne Ha
ocHoBe MHK naet cMmelnieHHy10 OLIeHKY [3.

NMon6op mooenn

Tak e kak ¥ B MPOCTOH JIMHEHHOW MOJEIH, BBITIOJHUM OLEHKY beta, JAIOLLYyI0 MUHH-
MaJlbHOE 3HaueHHe CyMMbl KBaApaToB owKnOok. HaiiTu TouHoe pelieHue 3Toi 3amayu
BPYUHYIO HEJErko, Mo3TOMY BOCHOJIb3yeMCS METOJIOM IpaJueHTHOro crmycka. Haunem
¢ co3naHus (QyHKUMHM OLIMOOK, KOTOpylo TpeOyeTcss MUHUMU3MpoBaTh. s pacueToB
METO/I0M CTOXAaCTUYECKOro I'PaJIMEHTHOrO CIyCKa HYKHO JIMIUb, YTOOBI KBagpaTH4YHAs
owrOKa COOTBETCTBOBAIa OAMHOYHOMY MPOTHO3Y:

# QyHKIMS omMOOK
def error(x i, y i, beta):
return y i - predict(x i, beta)

# xBampaTyyHas OmMOKa
def squared error(x i, y i, beta):
return error(x i, y i, beta) ** 2
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qI/ITaTeJ'[I/I, pa361/1pafoumecx B UCUUCJICHUAX, MOTYT BbIYUCJIUTD!:

# IpagMeHT KBaapaTMIHON OIMOKH
def squared error gradient(x i, y i, beta):
"""rpagueHT (oTHOCHMTENBHO beta), cooTBeTCTBymmpi 1-My KBaapaTy ommOxu"""
return [-2 * x ij * error(x i, y i, beta)
for x ij in x i]

B npotrBHOM cityuae, IpuAeTCs MOBEPUTDH Ha CIIOBO.

Ha manHbIif MOMEHT BCe roToBO, 4TOOBI HAWTH ONMTHUMAJIBHOE 3HAYEHHE beta C MCITONB30-
BaHHUEM METOJa CTOXaCTHYCCKOro rpaIUCHTHOIO CITyCKa:

# ounemnTs beta
def estimate beta(x, y):
beta initial = [random.random() for x i in x[0]]
return minimize stochastic(squared error,
squared error gradient,
Xy Y
beta initial,
0.001)

random. seed (0)
beta = estimate beta(x, daily minutes good) # [30.63, 0.972, -1.868, 0.911]

B PpeE3YJbTATE NOJYUYUTCA CJICAyrolas MOACJIb:

MuHyTH = 30.63 + 0.972 npy3es — 1.868 npomomkurtensHocTs + 0.911 crenens.

UHTepnpeTaunsa mogenu

Koadduumentsl Monenu cnemyer paccMaTpuBaTh Kak OLEHKHM BIMSHHUS KaKIOro KOH-
KpeTHOro (aktopa B YCJOBHSX, KOrJia ocTajibHble (akTopel mocTosHHbI. [Ipu mpoumnx
PaBHBIX Ka)Abli AOMOJHUTEIbHBIA JPYTr COOTBETCTBYET JIMIIHEH MUHYTE, MPOBOJMMOMN
Ha caiite exxenHeBHO. [Ipy npounx paBHBIX KaXKAbli JOMOJHUTEBHBIN Yac B NPOAOKU-
TETHOCTH paboyero BpPeMEHH COOTBETCTBYET COKpPAIIEHHIO BPEMEHH, MPOBOAMMOrO Ha
caiiTe exxeIHEeBHO, MPUMEPHO Ha 2 MHUHYTHL. [Ipy Mpounx paBHBIX HAJIMYKE YYEHOH CTe-
MIEHH CBSI3aHO C MPOBEICHUEM Ha caiiTe exKeIHEBHO OAHOM JTMLIHEeH MUHYTHI.

OnHako MoJielb (HeTOCPEACTBEHHO) HUUEero He TOBOPHUT O B3aMMOJICHCTBHUH MepeMEeHHbBIX
MexIy coO0oi. BriosiHe BO3MOXKHO, 4TO BIUsIHUE (haKTOpa MPOJIOJKUTENILHOCTH paboyero
BpPEeMEHH HEOJMHAKOBO ISl JIF0/IeH ¢ GONBIIMM YUCIIOM JPYy3ei U C MaJibiM YHCIIOM JIpy-
3eil. /laHHas MoJiesib He OOBSACHSET ATO. YUeCTh ITOT Clly4yaid MOJKHO, €CJIM BBECTH HOBYIO
NepeMeHHY10, KOTopas Mpe/ICTaBIsieT co0oi npoussedenue K0OIPPUIUESHTOB "YUCIIO OpY-
3ei" U "MPOAOIIKUTENLHOCTh padouero BpeMeHH", yTo (PaKTHUECKHU MO3BOJIAET YBEJIUYH-
BaTh (MJIM YMeHbIIATh) KO3 PULMEHT "TIPOOKUTETLHOCTD paboydero BpeMeHu" 1o me-
pe yBeJIMUeHHs Yucia apy3eit.

Eire onHa BO3MOXKHOCTD 3aKJIFOYAETCsl B TOM, YTO 3aBUCUMOCTB KOJIMUYECTBA MPOBOJUMO-
ro Ha caiiTe BpeMeHM OT uuciia Apy3eil pabotaetr do omnpedenenno2o momenma, Tocie
KOTOPOTo JajibHellIee yBeJlndeHne yncia Apy3eil BeleT K YMEHBIICHHIO MPOBOAMMOTO
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Ha caiite BpeMeHH. (MokeT ObITh, MPU CIUIIKOM OOJBIIOM KOJMYECTBE APY3CH OIBIT
B3aMMOJICHCTBHS CTaHeT OOpeMeHUTeNbHBIM?) MoKHO ObITO ObI MOMpoOoBaTh OOBSIC-
HUTb 3TO B MOJIEJIH, 10OABUB ellle OAHY MEPEMEHHYIO B BUAE K6aOpama Yucia Apy3en.

ITpu sTOM, HauMHas NOOaBNIATH MEpeMEHHbIE, CIeAyeT M03a00TUTECS O TOM, YTOOBI OHU
umenu "cmbicn”. Jlo6aBisTh ke Mpou3BeneHus, JorapudMel, KBaapaThl U Oosee BBICOKHE
CTeNeHU MOYKHO 0e3 orpaHuueHHH.

KauyecTBO noa6opa moaenu

CHoBa oOpatuMcs k koadduumenty nerepmuHaumu (R-kBaaparty), KOTOpbIi Tenepb
yBenuumiics A0 0.68:
# MHOTODPAaKTOPHENT R-KBazZpaT
def multiple r squared(x, y, beta):
sum of squared errors = sum(error(x i, y i, beta) ** 2
for x i, y 1 in zip(x, y))
return 1.0 - sum of squared errors / total sum of squares(y)

Cnenyer, oqHako, UMeTh B BHUIY, 4TO N00aBJIE€HHE K PErpeccHy HOBBIX TMEPEeMEHHBIX
Heu3zbedcHo yBenuinuBaeT R-kBaipar. B KoHIle KOHIIOB, OJHO(AKTOpPHAS MOAENb perpec-
CHM SIBJIETCS JIMIIb YaCTHBIM CJy4aeM MHOropakTOpHOW MojenH, rue KodpQuuueHTs
"MPOAOIKUTENILHOCTH pabouero BpeMeHH" u "yueHoit cterneHn" paubl 0. OnTuManbHas
MO/IeJIb MHOTO(aKTOPHOU perpeccuu OyaeT HeM30EeKHO UMETh cllydaiiHble OINMOKM Kak
MHHHUMYM CTOJTb YK€ MaJIble, YTO M 'y OJHO(AKTOPHOM.

[lo aToit MpuuMHE B MOJEIM MHOXKECTBEHHON perpeccuu Clie[lyeT TakkKe OOpaTHThCs
K cmanoapmuuim ouudoxam KodhGUIUEeHTOB, KOTOpbIe M3MEPSIOT YPOBEHb YBEPEHHOCTH
MOJEIM B OLIEHKe Kakaoro P,. JIuHus perpeccruu B LEIOM MOXKET O4YE€Hb XOPOLIO COOT-
BETCTBOBATh HaOIO/IaeMbIM JaHHBIM, OJHAKO €CJIM HEKOTOpbIe HEe3aBHCHMBIE MepeMeH-
HbIE KOPPETUPYIOT (MJIM HepEJIeBAHTHBI), TO UX KO3(PPHUIIMEHTHI MOTYT HE UMETh KaKOTr0-
TO cMBICA.

Tunu4HbI TOAX0A K U3MEPEHHUIO CTaHAAPTHBIX OIMMOOK HAaYMHAETCS C MPUHSTUS elle
OJJHOr0 JOMYILEHHUs — O TOM, YTO CllydaliHble OIIMOKU €, MpPeACTaBIsAIOT coO0il He3aBU-
CHMbIE HOpMaJibHble ClyuyaliHble BEJIMUMHBI C HYJIEBBIM CPEJHUM 3HAYECHUEM U HEKUM
COBMECTHBIM (HEM3BECTHBIM) CTAaHAAPTHBIM OTKJIIOHEHHEeM G. B Takom cityudae s Haxo-
JKIACHHUS CTaHAAPTHOW OIIMOKK KaXAOro Kod(h(UIIMEeHTa MOXKHO BOCIOJIB30BAThCS JIH-
HEHO anreOpoii (XOTs ckopee BCero 3To cAejlaeT CTaTUCTHUYecKoe MporpaMMHoe obec-
nedenue). Yem ommbka Gonbliie, TeM MEHbIIIe Hallla MOJielib YBEpEeHHa B JIAHHOM KO3 (-
¢umenTe. YBBI, MbI HEe TOTOBBI BBITTOJIHATH TIOJOOHOTO pofa JIMHEiHbIe anre0pandeckue
BBIUMCIICHUS C HYJIA.

OTcTynneHue: oyTcTpanupoBaHMe AaHHbIX

H}/CTL HUMECETCA BBIGOpKa U3 n TOYEK JAaHHBIX, MOPOXKAEHHAasd HEKOTOPbLIM (HGI/IBBGCTHLIM)
pacnipeaci€CHUEM:

data = get sample(num points=n) # mOJyunTE BEIOOPKY M3 N TOUEK
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B 2nase 5 Obina peanuzoBaHa GyHKIMS 17151 BEIYKACICHUS MeIUaHbI median HAOIFOIaeMbIX
JaHHBIX. OTY (DYHKIUIO MOXKHO WCIIOJIB30BaTh IS OIICHKH MeJIUaHbl HEMOCPEJACTBEHHO
pacrnpeneneHus.

Ho Hackonbko MOKHO JOBepsATh 3Tol oueHke? Ecnu Bce 3HaueHHs B BBIOOpPKE OUYCHb
6nu3ku k 100, TOo ckopee Bcero dakTuyeckas Meauana Toxke Oynet 6mauska k 100. Ecnu
e MPUMEpHO TOJIOBMHA 3HaYeHWil B BbIOOpKe Osm3ka k 0, a apyras nosioBvHa OnM3ka
k 200, TO Henb3s OBITh HACTOJIBKO YK€ YBEPEHHBIM B OTHOLIEHHUH MEHaHbI.

Ecnu 61 uMenach BO3MOKHOCTh HEOTHOKPATHO MOJTy4YaTh HOBbIE BLIOOPKH, TOTIa MOYKHO
ObUTO Obl BBIYMCITUTH MEIMaHy KaKA0W BHIOOPKU U 0OpaTUThCS K pachpelelieHHUIO 3THX
MenuaH. OOBIYHO Takas BO3MOXHOCTb OTCYTCTBYeT. BmecTo 3TOro momb3yrorcst Oym-
cmpanuposanuem (bootstrapping) WM METOJOM pa3MHOXKEHHs BBIOOPOK, KOrja u3
UMEIOLIMXCS IAHHBIX T€HEPUPYIOT HOBBIE ClTydyaiiHble BBIOOPKHU ¢ 8036pamom pa3MepoM 71
TOYCK, a 3aTEM BBIYUCIIAIOT ME€AHUAHbI 9TUX CUHTCTUYCCKHUX Ha60pOB IlaHHle32

# BRIODOpKA Ha OCHOBE OyTCTpam-MeTona

def bootstrap sample (data) :
""MojyyanHo oTbmpaer len (data) sseMeHTOB ¢ BO3BpaToM (C HoBTopamy) """
return [random.choice (data) for in data]

# craTmcTMka Ha OCHOBE OyTCTpam-MeTOona
def bootstrap statistic(data, stats fn, num samples):
""onennBaer QyHrmyo stats fn Ha OyTCTpan-BhEOOPKAX M3 JaHHEIX
B KoJM4YecTBe num samples"""
return [stats fn(bootstrap sample(data))
for in range(num samples) ]

HaanMep, pacCcMOTpUM CJI€ayrolue 1Ba Ha60pa JAHHBbIX:
# sBHavenns Bcex 101 Toukm oueHb Osmmskm k 100

close to 100 = [99.5 + random.random() for in range(101)]

# sHavemms 50 m3 101 6umskm k 0, 3Hayenns Apyrmx 50 HaxomsarTcs pspom ¢ 200
far from 100 = ([99.5 + random.random()] +

[random.random() for  in range(50)] +

[200 + random.random() for  in range(50)])

Ecau BBIUMCINTE MeIUaHy median Ka)IOW BBIOOPKH, TO 00e OyayT HaXOIUTHCS OYEHb
6mm3ko k 100. OnHako eciiu oOpaTUThCs K:

bootstrap statistic(close to 100, median, 100)

TO B OOJIBIIMHCTBE CITydaeB 3HaYCHHE Ymrcel OyaeT nedcTBuTeNbHOo Onu3ko k 100, a ecnu
oOpaTuTbed K:

bootstrap statistic(far from 100, median, 100)

TO MOTYYUM OOJIBIIOE KOJIMYECTBO YHcell, OM3kKX Kak k 0, Tak u 200.

3 BhIGOpKa C BO3BPATOM (MM BHIGOPKA, TIONyYeHHAS MOBTOPHBIM CIIOCOGO0M) aHAJOTMYHA HEOIHOKPATHOMY
BBITSTUBAHUIO CIy4ailHOW KapThl W3 KOJIOJIbI MIPAIBHBIX KapT, KOrJA IMOCIE KaKIOro BBITATMBAHUS KapTa
BO3BpAIl[aeTCsl Ha3aJ B KOJOAy. B pesynbrare Bpemsi OT BpeMeHM o0si3arenbHO OyleT Ionajgarbesi Kapra,
KOTOpas y>xe BolOupanacs. — [lpum. nep.
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CraHaapTHOe OTKJIOHEHHE standard deviation MEpBOro Habopa MeAMaH UMeeT 3HauYeHHe,
6nm3koe k 0, Toraa Kak 3TOT MOKa3aTesb IJI1 BTOPOro Habopa MelnMaH UMeeT 3HaueHue,
omuskoe k 100. (B aTOM mpeaenbHOM cllyyae JOCTATOYHO JIETKO YOEAHMThCS, MPOBEPUB
JaHHbIe BPYYHYIO, XOTA OOBIYHO TaK HE MOCTYMAtOT. )

CtaHpapTHble OWUOKMK
Ko3addpuLUMeHTOB perpeccum

AHAJIOTUYHBIA TOAXO0J MOXKET OBbITh MPUHAT OTHOCUTENILHO OLIGHKH CTaHAAPTHBIX OLIU-
00k ko3 duuMeHTOB perpeccuu. [Ipn momomu OyTcTpan-QyHKUUH bootstrap sample W3
JaHHBIX HEOJHOKPATHO JeJlaeTcs clydaifHas BBIOOpPKA M Ha €€ OCHOBE OLIGHUBAETCS beta.
Ecnu koadpuLmeHt, cOOTBETCTBYIOIINK OAHOM M3 HE3aBUCUMBIX MEPEMEHHBIX (CKaXKkeM,
num_friends), BapbUpyeT MO BbIOOpKAM HE CHJIBHO, TO MOXHO OBITh YBEPEHHBIMM, UTO
olLleHKa OsnM3ka K onTUMaibHOK. Ecin ke ko duipeHT oT BEIOOPKH K BHIOOPKE CHUITBHO
BapbUpyeT, TO YBEPEHHOCTh B OLIEHKE MUHHUMAJIbHA.

EI[I/IHCTBGHHaSI TOHKOCTb COCTOUT B TOM, YTO IMEPEA BBINIOJIHEHUEM BI:I60pKI/I HeOGXO).'[I/I-
MO, MOJIb3YACh QYHKILHUEH zip, OOBEMHNTH TAHHBIE IBYX CIHCKOB x U y B CIIMCOK KOPTe-
Xker ¢ TEM, yTOOBI 00€CEYNTh COBMECTHBIN OT60p COOTBETCTBYIOLIMUX 3HauYeHUH He3aBU-
CUMOI W 3aBHCHUMOM MepeMeHHbIX. [1oaToMy (QYHKUMS bootstrap sample OyAeT BO3Bpa-
aTh CIUCOK Map (x i, y i), KOTOpbIe MOTOM HYKHO CHOBa COOpaTh B CIHCKH x sample
My sample:

# ouemnTn beta nys BEHOOPKM

def estimate sample beta(sample):
"""BrOOpKa MNpeACTaBJeHa CIMCKOM map (x i, y i)"""
x_sample, y sample = zip(*sample) # Tpox c "paswenuHeHmem" ciCka
return estimate beta(x sample, y sample)

random.seed (0) # 6rarozaps STOMy MOXHO MIOJIyYNTE NOBTOPSEMEIE DE3YJILTATE

bootstrap betas = bootstrap statistic(zip(x, daily minutes good),
estimate sample beta,
100)

3areM MOYKHO OLICHUTh CTaHIAPTHOE OTKJIOHEHHE KaXKI0Tro KoapduiMeHTa:

# craHpmapTHEIE OmMOKY CT'€HEPMPOBAHHEIX BEIOOPOK

bootstrap standard errors = [
standard deviation([beta[i] for beta in bootstrap betas])
for i in range(4)]

# [1.174, # xoHcTaHTa, daxTmueckas ommbra = 1.19
# 0.079, # umcio mpyser, ¢QakTmyeckas ommbra = 0.080
# 0.131, # He 3aHAaT, pakTnueckas ommbra = 0.127
# 0.990] # cremneHs, darxTmueckas ommbra = 0.998
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OTH naHHBIE MOYKHO HMCIONB30BATh IS MPOBEPKH CTATUCTHUECKUX THIOTE3, TAaKUX Kak
runotesa o paseHcTBe [, Hymo. [Ipu Hynesoil runorese 3, =0 (¥ ¢ ApyrumM pomyuie-

HHUAMHU O paclpeAC/ICHUH €, ) CTaTUCTHUKA:

t, =B, / 0>
KOTOpasi MpeAcTaBisieT coOol OueHKYy KoddduimeHTa [, AEMCHHYIO Ha OLEHKY ero

CTaHJAPTHOMN OUIMOKH, MOTUUHSETCS I-pacnpedenenuio Cmviodenma’ ¢ "n — k cTeneHsIMu
cBoOob!".

Ecnu 061 umenace UOP s t-pacnipenenenus CThIOIEHTA students t cdf, TO MOXHO OblI-
710 OBl BBIYHMCIIUTH p-3HauUeHUs s Kaxaoro koadduumenta no MHK, uroObl mokaszatb
YpOBEHb MPaBAONoa00us HaOMOAaTh TaKOe 3HAYCHHUE B Cliydyae, eciu (PaKTHUECKUH KO-
a¢dunmenT paBeH Hymo. K coxkaneHuro, Takas GYHKIUS OTCYTCTBYeT. (XOTs ee MOXKHO
ObLI0 OBI peanun30BaTh, eciii Obl padoTa BeJlach HE C YUCTOTO JIKCTA. )

Tem He MeHee, MO Mepe yBEJIMYEHHs CTeNeHedl CBOOOMIBI /-pacripefesieHre CTPEeMHTCS
K CTaHJapTHOMY HOpMallbHOMY pacrnpejesieHuto. B nompoGHo# cutyauuu, korja n Ha-
MHOro OoJiblue k, MOXKHO BOCIIOJIb30BaThCsl MHTErpaabHON (PyHKLMEH 111 HOPMalIbHOTO
pacnpenesieHns normal cdf ¥ MPU STOM OCTaThCS JOBOJIBHBIM COOOM:

# p-3HauveHne
def p value(beta hat j, sigma hat j):
if beta hat j > 0:
# econ KOSQOMIMEHT yMeeT NOJIOXUTEIBHOE BHAYeHMe,
# HYXHO IBaXZbl BEMMCJNATE BEPOATHOCTE HabioaaThb
# eme Gosee KPYIIHOE 3HauyeHme
return 2 * (1 - normal cdf (beta hat j / sigma hat j))
else:
# B IPOTVMBHOM CJlydae BEPOSTHOCTE Habsozare MEHBIEE 3HaueHme
return 2 * normal cdf (beta hat j / sigma hat j)

p value(30.63, 1.174) # ~0 (IOCTOSHHEDL TEPM)

p value(0.972, 0.079) # ~0 (KOJIMYECTBO OpPYy3€El)

p value(-1.868, 0.131) #
( #

p value(0.911, 0.990)

~0 (4acel paboTE)
0.36 (cTemneHs)

(B npyrux yclioBusX, BEpPOSTHO, ObIJIO Obl HCIOJIb30BAHO CTATUCTUYECKOE MPOrPAMMHOE
obecriedeHre, KOTOpoe CrocoOHO BBIYUCINTh U f-pacripelieiecHre, U TOYHbIe CTaHIapT-
HbIE OLIUOKU.)

[loka GONBIIMHCTBO KOA(PGHULMEHTOB UMEIOT OYeHb Majible p-3HaueHus (B MPEAroio-
JKEHMH, YTO OHM ACHCTBUTENBHO HEHYJEBble), KOA(PHULMEHT i "y4eHol cTerneHu" He

* Pacnipenenenne CThIOIEHTa — 3TO OJHONAPAMETPHUECKOE CEMENCTBO aBCONIOTHO HENPEPBIBHBIX PACIIpe-
JIeJICHUH, KOTOPOE IO CYTH IPEJCTaBIseT co00M CyMMY HECKOJBKHUX HOPMAJIBHO PacIpeie/ieHHbIX Clydai-
HBIX Benu4uH. Yem OoJblie BEIMYHMH, TeM OOJbIIE BEPOSTHOCTD, YTO MX CyMMa OyAeT MMEeTh HOpMalbHOE
pacnpenenenue. Takum o0pa3oM, KOJIMYECTBO CYMMHPYEMBIX BEIMYMH ONpENesseT BaKHEHIIMA mnapa-
MeTp (OpMBI JAHHOTO pacHpeneneHus — 4qucio creneHeit ceoboasl (cm. https:/ru.wikipedia.org/wiki/
Pacnpenenenue_CtbloaeHnta). — [Ipum. nep.
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"3HAUUMO" OTJIMYAETCS OT HYJIA, TEM CaMbIM CKOpEe MOBbILIAs BEPOSITHOCTb €ro ciiyvai-
HOCTH, 4YeM UH(OPMATUBHOCTH.

B Gonee crioKHBIX CLEHapHSIX pPerpeccMy MHOraa TpedyeTcst MpoBepHUTh Ooliee CI0XKHBIE
TMIIOTE3bl O JAHHBIX, KK HATIPUMEP, O HEPABEHCTBE HYJII0 KAK MUHUMYM OJIHOTO U3 f3,

wm o paseHcTBe B, =P, u [;=[p,, KOTOpble MOXHO BBINOJHUTb NPU MOMOILU
F-mecma’, HO 3TOT BOMPOC, YBbI, BLIXOJUT 33 PAMKU JJAHHOIN KHUTH.

Perynapusauusa

Ha npaxTrke yacTo BO3HMKaeT MOTPEOHOCTh B PUMEHEHUH JIMHEHHOM perpeccuy K Ha-
0opaM JaHHBIX ¢ OOJIBIIUM YKCJIOM MEPEeMEHHbIX. DTO CO3[aeT Mapy JHUIIHUX 3aTpyaHe-
HUii. Bo-nepBbix, uem Oonblie NepeMEeHHbIX, TeM OonbliIe AHCOB Mepeo0yunTh MOAEb
oOyuyaromeit BeIOOpKOi. M BO-BTOPBIX, YeM Oosiblile HEHYJEBBIX KO3(PQPHUIMEHTOB, TEM
TpyZAHee B HUX pazoOpatbcs. Ecnu 3agaua 3akntouaercsi B 00vsAcHeHuy HEKOTOPOTo siBJie-
HUs, TO pa3pekeHHas Mojenb ¢ TpeMs GakTopaMu B MPaKTHUUECKOM IJIaHE MOXKET OKa-
3aThCs MOJIE3Hee, YeM MOJIeITb Yy Th MOJTyHIle, HO ¢ COTHAMH (haKTOpOB.

Pezynapusayus — 310 MeTOa, IPU KOTOPOM (C LEJIbIO MPEeJOTBPAILCHHUS MepeodydeHus)
K CJIly4aliHbIM OIIMOKaM perpeccuu qodasnseTcs mrpad, KOTOPbIi yBETMUMBACTCS C yBe-
JMYEHUEM beta. 3aTeM 3TO cOuYeTaHMe OIIMOOK W wWTpada MUHUMHU3HpYyeTcs. Yem
Oonblliee 3Ha4YeHUe mpuaaercs mTpady, TeM OoJibllle HaKa3bIBAKOTCS KpYIMHbIe K0d(hu-
LUEHTHI.

Hamnpumep, B epedresoii pecpeccuu nobasnsercs mrpad, MPONOPLUHOHATIBHBIA CyMMe
KBaJIpaToB beta i. (beta 0, KaK MpaBuUIo, He mrpadyercs.)

# mTpad B TPEOHEBON perpeccun
# alpha - sT0 I'MIIEPIAPAMETP, KOHTPOJMPYIIP, HACKOJBKO XECTKMM Oyner mrpad
# mHOTZAa €ro HasbBalT JIAMOAAa-NapaMeTPOM, HO STOT TEPMUH YXE MMEET CBOE
# sHavemme B sA3bKe Python
def ridge penalty(beta, alpha):
return alpha * dot(beta[l:], beta[l:])

# KBampaTmyHas ommbra IPEOHEeBOM PerpecCui
def squared error ridge(x i, y i, beta, alpha):

""MoneHnTs OIMOKY IIC mTpad s beta
return error(x i, y i, beta) ** 2 + ridge penalty(beta, alpha)

I'peOHeBYIO perpeccuro 3aTeM MOXKHO MOJKIIOYMTh K METOAY T'PaJMEeHTHOrO CITycKa
0OBIYHBIM 00pa3zom:

def ridge penalty gradient (beta, alpha):
"""moaaueHT TOJBKO IPpebHeBoro mrpada""”

5 FerecroM mm kputepreM Ouiiepa Ha3biBAIOT JHOGYIO MPOBEPKY CTATHCTHYECKOH THITOTE3BI, CTATHCTHKA
KOTOPO¥ TpH BBITIOJHEHWH HYJIEBOW THIOTE3bl WMMeeT pacmpeneneHue Pumepa (F-pacnpeneneHue). —
Ipum. nep.
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return [0] + [2 * alpha * beta j for beta j in beta[l:]]

def squared error ridge gradient(x i, y i, beta, alpha):
""NroanMeHT, COOTBETCTBYIIIMI 1-J KBAAPATHUIHON OHIMOKE,
BrUOYas IpebueBoy mrpagd”"""
return vector add(squared error gradient(x i, y i, beta),
ridge penalty gradient (beta, alpha))

# onemnTe beta IpebHEBON perpeccyi
def estimate beta ridge(x, y, alpha):
"M IOVMEeHNTE IDAAVEHTHED CIIYCK IJIZ OAT'OHKM IPeOHEBOJ peIrpecCcuu
co mrpadpom alpha"""
beta initial = [random.random() for x i in x[0]]
return minimize stochastic(partial (squared error ridge, alpha=alpha),
partial (squared error ridge gradient,
alpha=alpha),
Xy Y
beta initial,
0.001)

Ipu alpha = 0 WTpad OTCYTCTBYET COBCEM, M MOJIYYAKOTCS TE JKE CaMble pPe3yJIbTaThl, 4TO
Y paHblIe:

random. seed (0)

beta 0 = estimate beta ridge(x, daily minutes good, alpha=0.0)
# [30.6, 0.97, -1.87, 0.91]

dot (beta 0[1:], beta 0[1:]) #5.26
multiple r squared(x, daily minutes good, beta 0) # 0.680

ITo mMepe yBenmuveHHs alpha KadecTBO moadopa ((YHKIMH Perpeccuu) yxXyZIllaeTcs, HO
pa3Mep beta CTAHOBUTCS MEHbIIIE:

beta 0 01 = estimate beta ridge(x, daily minutes good, alpha=0.01)
# [30.6, 0.97, -1.86, 0.89]

dot (beta 0 01[1:], beta 0 01[1:]) # 5.19

multiple r squared(x, daily minutes good, beta 0 01) # 0.680

beta 0 1 = estimate beta ridge(x, daily minutes good, alpha=0.1)
# [30.8, 0.95, -1.84, 0.54]

dot (beta 0 1[1:], beta 0 1[1:]) # 4.60

multiple r squared(x, daily minutes good, beta 0 1) # 0.680

beta 1 = estimate beta ridge(x, daily minutes good, alpha=1)
# [30.7, 0.90, -1.69, 0.085]

dot (beta 1[1:], beta 1[1:]) # 3.69
multiple r squared(x, daily minutes good, beta 1) # 0.676

beta 10 = estimate beta ridge(x, daily minutes good, alpha=10)
# [28.3, 0.72, -0.91, -0.017]
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dot (beta_10[1:], beta 10[1:]) #1.36
multiple r squared(x, daily minutes good, beta 10) # 0.573

B nanHOM ciydae koa¢dduumeHT "yueHas cTeneHb" ucue3aeT MpH yBeJduueHUH 1uTtpada,
YTO COrJlacyeTcsl C MpeblIyLldM pe3yJbTaTOM, KOTOpPbI 3HAYMMO HE OTJIMYaics OT
HYJIs1.

OB6bluHO Nepepn Tem, Kak NMPUMEHNTb 3TOT NOAXOA, Bbl CHAYana BbIMOIHAETE MHOrOMep-
HOe LUKanuMpoBaHWe AaHHbIX NPy NoMoLm YHKUMK rescale. Beab, ecnv NOMeHaTb ro-
[OBOW CTax Ha BekoBomn, To ero koadduumeHt no MHK ysenununtca B 100 pas n cpasy
xe ByaeT owTpadoBaH ropasfo cunbHee, HECMOTPS Ha TO, YTO MOAErb OA4Ha U Ta Xe.

Eie oquH momxom — 3To Jiacco-perpeccus, B KOTOPOM UCTIONb3yeTces mTpad:

# mrpad Jacco-perpeccun
def lasso penalty(beta, alpha):
return alpha * sum(abs (beta i) for beta i in beta[l:])

B ornuume ot wrpada, npumMeHseMoro B rpeOHEBOM perpeccru, KOTOpbId B LEIOM KO-
3G PHULMEHTH YMEHbIIAEeT, Jacco-mTpad cTpeMUTcss OOHYIUTh HX, YTO JeNaeT 3TOT Me-
TOJl MPUTOAHBIM 1J1s1 00yUeHHs pa3pexkeHHbIX Moaeneil. K coxxaneHuto, oH He nmoaaaercs
00paboTKe METOAOM I'PaIMEHTHOIO CITyCKa, U MOITOMY PELIMTh C YUCTOTO JIMCTA 3afauy
C €ro NMOMOLIBIO HE MOJTyUUTCS.

Ana npanbHeuwero usyyeHus

4 PerpeccroHHbIi aHanu3 Oazupyercs Ha 6oratoil U oOLIMPHOI Teopuu. DTO elle oAHa
TeMa, KOTOpasi Hy)KIaeTcsl B M3y4eHHH Ha OCHOBe yueOHWKa WITH, MO KpaiiHeil mepe,
GonbLIOro ukcna cratei u3 Bukuneauu.

4 butmuorteka scikit-learn Brirowaer monynw linear model (http://scikit-learn.org/
stable/modules/linear_model.html), xoTopsiii mpemmaraer Momens JTUHEHHOH per-
pECCHM LinearRegression, aHAJIOTUYHYIO pacCMaTPUBAEMOM B KHHIE, a TAK)KE METOJIBI
rpeOHeBol perpeccuu (Ridge), Jlacco-perpeccuu (Lasso) U JPYrHe BUIBI peryspu3a-
UH.

4 Statsmodels (http://statsmodels.sourceforge.net/) — st1o ewe oauH moxyaes Python,
KOTOPBIH (Cpein BCEro MpoUero) coAep >KUT MOJIENH JIMHEHHOW perpeccuu.



NMABA 16
JNlornctnyeckas perpeccus

MHorue TOBOPAT, YTO MCKAY I'CHUAJIBHOCTBIO U CyMacClICCT-
BUEM IPOYCPUCHA TOHKAA JINHUA.

He nymato, uto oHa ToHKas. Ha camoM zene oHa npeacTasiis-
€T cO00Hi 3UAIOMIYIO POMACTh.

Bunn Baiinu'

B 2nase 1 Obina kpaTKo paccMOTpeHa 3ajaya ¢ MOMNBITKOW MpelncKa3aTh, Kakue U3 Mojib-
3oBateneii DataSciencester onaurBaoT cBOM NMPUBUIIETMPOBAaHHbIE aKKayHThI. B maHHO
riaBe 3Ta 3a7ada OyneT paccMOTpeHa OBTOPHO.

3agava

[Iycts nmeercss Habop aHOHMMHBIX AaHHBIX NpuMepHoO Ha 200 momb3oBaTenei, coxep-
KalM{ 3apIuiaTy KaKIoro Mojib30BaTels, ero OnbIT padoThl B KAUeCTBE aHAJIMTHKA JaH-
HBIX M COCTOSHME ero TIulaTeXel 3a MpHUBHWJIErHpOBaHHBIM akkayHT (puc. 16.1). Kak
00BIYHO, KOTJla B KauecTBe 3aBUCHMON MEPEMEHHOW MCTIONB3YIOTCS KaTeropviiHble JaH-
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Puc. 16.1. Nonb3oBaTtenu, onnaTusLUMe U He oNnaTuBLUME aKKayHTbl

! Bunn Boiinu (1964) — GpuTaHCKui KOMUK, My3bIKAHT H aKTEP
(cM. https://ru.wikipedia.org/wiki/baiiau,_bunn). — [pum. nep.
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Hble, eii mpucBamBaeTcs Jmbo 0 (MpeMuyM-aKKayHT OTCYTCTBYyeT) Wi | (TpeMuyM-
aKKayHT eCTb).

U kak oObIUHO, AaHHBIE pa3MelIeHbl B MaTpULIEC, 1€ KaXKJasd CTPOKa — 3TO CIHUCOK [orkiT
paboTel, 3aprilaTa, AaKKayHT OrjlaueH?]. Hpe06pa3yeM €Cc B (I)OpMaT, KOTOPBII l'IOTpe6yeTC$I
JJIA pEeIICHUA 3aa4u:

x = [[1] + row[:2] for row in data] # kaxgepi sgemeHT = [1, CcTax, Bapriara]
y = [row[2] for row in data] # KaXOopi SJEMEHT = aKKayHT OIIQUeH?

OueBuaHO, criepBa CiedyeT MOMBITaTbCd NMPUMEHUTb JMHEHHYIO PEerpeccHio W HaWTH
HaWTy YLy MOJEb!

OIUTAUeHHBII akkayHT = [, + [3,cTax + 3,3apmara + €.

EcTtecTBeHHO, HUUTO HE MeIaeT CMOICNIMPOBaTh 3aj1avy TakuMm oOpazom. [loydeHHbIe
pe3ynbTaThl MpUBEAeHbI Ha puc. 16.2:

rescaled x = rescale (x) # OPMMEHUTE MHOI'OMEPHOE MKAJMPOBAaHHUE
beta = estimate beta(rescaled x, y) # [0.26, 0.43, -0.43]
predictions = [predict(x i, beta) for x i in rescaled x]

plt.scatter (predictions, vy)
plt.xlabel ("nporHoz")
plt.ylabel ("daxTrueckn")
plt.show()
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Puc. 16.2. Mogenb nuHeiiHon perpeccumn Ana npejckasaHns onnathl akkayHToB

OJIHaKO ATOT MOJXOJI CO3/1aeT napy COOCTBEHHBIX HpO6J'IeM.

4 HysxHo, uToOBI MONyyaemMble MPOrHO3HbIe 3Ha4YeHus Oblin 0 unu 1, TeM caMbIM yKa-
3bIBasl Ha NPUHAIIEKHOCTh K Kiaccy. byneT 3ameuaTenbHO, €Clld OHU HAXOMASATCS
B uHTepBaje Mexay 0 u 1, mockoabKy MX MOXKHO MHTEPHPETHPOBATh KaK BEPOSTHO-
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cti — 3HaveHue 0.25 morno Obl ¢ BepoATHOCTBIO 25% 0003HauYaTh OTUIATHBILIETO
aKKayHT 4jeHa couceTd. OAHAaKO Mojenb JMHEHHON perpeccuu MOXeT MOpPOXKIAaTh
pe3ynbTaThl B BUIE OTPOMHBIX MOJIOKHUTENbHBIX WU Ja)ke OTPULIATEIbHBIX YUCell, KO-
TOpbIE HETIOHSATHO Kak MHTEepNpeTupoBaTh. M neficTBUTENBHO, paHee ObUIO TOKa3aHO
MHOT'O MPOTHO3HBIX 3HAYEHHUI ¢ OTpULATENbHBIMU 3HAYEHUSAMH.

4 Mogenb TMHEHHON perpeccuM OCHOBaHa Ha AOMYLIEHUM, YTO CilydaiiHble OLUMOKU He
KOppenupytoT co crosiduamu x. OnHako 34ech KOXPQULMEHT perpeccuu Ajis craxa
experience paBeH 0.43, IeMOHCTPHUpPYS, UYTO YBEJIMUYEHHE CTaXKa BEIET K YBEIMUYECHHUIO
MpaBaonoa00Ks MPUBUIETUPOBAHHOTO aKKayHTa. DTO O3Ha4YaeT, YTO MOAEIb 'eHepH-
pyeT o4yeHb OoJbIIMe 3HAYEHHS VIS JIUL C O4YeHb OoJbLIMM cTakeM. Ho, kak MbI 3Ha-
eM, (haKTHUeCKue 3HA4YeHUs! JOKHBI ObITh He BbilIe |, M, 3HAUUT, HEM30EKHO OYEHD
OompIMe pe3ynbTaThl (M, CEeIOBaTeIbHO, OYEHb OOJbIIME 3HAYEHHUS experience)
COOTBETCTBYIOT OU€Hb OONBIIMM OTPULATENILHBIM 3HAYEHHUSIM CIIyYaiHOM OLIMOKH.
IlockonpKy 3TO Kak pa3 TOT cllyyai, TO Hallla OLIEHKA beta SIBJIIETCS CMELLEHHOM.

BmecTo 3TOr0 Hy»HO, 4TOOBI OOJIBIIME MONOKHUTENIBHBIE 3HAUSHHUS dot (x_i, beta) COOT-
BETCTBOBAJIM BEPOSTHOCTH, OJM3KOM K 1, a OombliMe oTpuLaTeIbHbIe 3HAUSHHUS — BEPO-
ATHOCTH, Onn3kod k 0. DTOro MoxHO AOOWUTBCS, MPUMEHUB K PE3yNbTaTy elle OAHY
($yHKIHIO.

Nlornctnyeckas pyHkuuns

B monenu noructuyeckoi perpeccuu MCHONb3YeTCs Jlo2ucmuieckas ¢yynkyus, yei rpa-
¢k mokazan Ha puc. 16.3:

# JrorvicTmueckass QyHKIAS
def logistic(x):
return 1.0 / (1 + math.exp(-x))

JlorucTuyeckan GyHKUKA

10 K ] B 10

Puc. 16.3. Jloructuyeckas dyHKums
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Ecnu Bxopsiee 3HaueHWE YBEIMUYMBAETCS U SIBJSETCS MOJIOXKMTEIBHBIM, TO PE3yJbTaT
¢yHkumu crpemutes k 1. Ecnm ke Bxoasiee 3HaueHHE YBEIUYMBAETCS U SBIAETCS OT-
pULaTeNbHBIM, TO pe3ysbTaT cTpemMuTcs K 0 (Tak Ha3bIBaeMoOe€ Cy>Karollee CBOMCTBO).
JIonoNMHUTENBHO K 3TOMY Yy Hee eCThb ellle OJHO yI00HOe CBOWMCTBO — €€ MPOM3BOAHAs
3ajaercs B BUJE:

# mepBas MpPOM3BOAHASA JIOTMICTHMUYECKOM QYHKIMM (IITOMX)
def logistic prime(x):
return logistic(x) * (1 - logistic(x))

KOTOpOP'I " BOCMOJIB3YyEMCA IJIs n0ﬂ60pa MOJECIN:

yl :f(xiB)+817
rae f — noructryeckas GyHKIUS logistic.
HanomuumMm, 4uto B ciiydae c¢ JiMHeWHOUW perpeccueldl moabop MOJENU OCYIIECTBIISIICS

MMyTeEM MUHHUMHU3ALUHU CYMMbBbI KBaJApaToOB cnyqaﬁHbe OH.II/I6OK, rocJjie 4ero ObLI BBI6paH
napameTp B 5 KOTOpBIP'I MaKCUMHU3UPOBAJI HpaB):[OHO):[O6I/Ie JaHHBIX.

3nech 3TH omnepaury He SKBUBAJICHTHBI, I0O3TOMY BOCHOJIb3YEMCS METOJOM I'PaAMEeHTHO-
ro cIycka, 4ToObl HEeMOCPEJCTBEHHO MaKCHUMU3MpOBaTh Mpasaonogobue. CienoBaTesb-
HO, NOTpedyeTcsl BBIYMCIUTL (PYHKLMIO MPAaBAONOA00MS U €€ IpajueHT.

CornacHo Mozenu, NMpH HAaJIUYUM HEKOTOporo koddduumeHta 3 Kakablidi y, HOIKEH

OBITH PaBHBIM | C BEpOATHOCTBIO f (x,B) u 0 ¢ BeposiTHOCTBIO 1 — f (x,B) .

B wactHocTH, JI®P s y, MokeT ObITh 3amrcaHa cieayonmM 00pa3om:

p(31%.B)=£(xB)" (1- £ (xB)) ",

MOCKOJIBKY IpH ¥, =0 OHa paBHa:

1_f(xiB)
ampu y, =1:

f(xB)
OkasbIBaeTCsl, YTO Ha CaMOM JieJie MPOIle MaKCUMHU3HUPOBATH JI02APUDPMUUECKYIO (DYHK-
Yuro npasoonooodUs:

lnL(B|x,, y,):y, lnf(x,B)+(1—y,)ln(1—f(x,B)).

[Tockoneky Joraprdm — MOHOTOHHO BoO3pacTaromias (pyHKIHs, TO Jito0ast OLleHKa beta,
KOTOpasi MAaKCUMM3HUPYET JlorapupMuyeckyto GyHKLUHMIO MPaBaONOA00Hs, TaKkke MaKCH-
MU3UPYET caMy (YHKIIUIO MPaBA0NoI00us, 1 HA00OPOT.

# Jorapupmpryeckas QyHKLMSI MPABAONOANOOMS IJIST AAHHHX C MHAEKCOM 1
def logistic log likelihood i(x i, y i, beta):
if y 1 ==
return math.log(logistic(dot(x i, beta)))
else:
return math.log(l - logistic(dot(x i, beta)))
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Ecau momycTTh, YTO pasHblie TOYKHM JAHHBIX APYr OT JIpyra HE3aBUCHMbI, TO TMOJIHOE
npaBaono0oue — 3TO MPOCTO MPOW3BEICHHE YACTHBIX MMPABIONOI00MH, BCIIEICTBHE
4yero MoJjiHoe JorapudmMuueckoe MpaBaonoaodue — 3TO CyMMa YaCTHBIX MPaBIOMNo-
Jo0uii:

# Jorapupmryeckoe mpasaomnonobyue
def logistic log likelihood(x, y, beta):
return sum(logistic log likelihood i(x i, y i, beta)
for x i, y i in zip(x, y))

Heckounbko npaBui nuddepeHIMpoBaHrs AalyT FPaqUEHT:

# vacrHasg no 1j
def logistic log partial ij(x i, y i, beta, J):

"""3peck 1 - MHOEKC TOYKM NAHHBIX, ] - MHAOEKC npomsBozHou"""
return (y i - logistic(dot(x i, beta))) * x i[]]

# rpaameHnT mo 1
def logistic log gradient i(x i, y i, beta):
"N oA MeHT JIOrapuGMIMUIECKO QYHKIMM MPaBAONonoous,

COOTBETCTBYIIIIT 1-J1 TOUKE OaHHEIX"""

return [logistic log partial ij(x i, y i, beta, 3J)
for j,  in enumerate (beta)]

# rpanveHT
def logistic log gradient(x, y, beta):
return reduce (vector add,
[logistic log gradient i(x i, y i, beta)
for x i, y i in zip(x,y)])

Ha JaHHBIA MOMEHT UMEIOTCS BCE HeO6XOI[I/IMI>Ie COCTaBJIAIOLIHE.

NMpumeHeHue mogenu

CHavana HeoOXOMMO pa3JeIUTh JaHHbIC Ha 00YUAIOLLy0 U KOHTPOJIbHYIO BHIOOPKH:

random. seed (0)
x_train, x test, y train, y test = train test split(rescaled x, y, 0.33)

# TpebyeTcs MakCHMMM3MPOBATE QYHKINIO JIOTapUOMIYeCKOIO [PaBAONONnOOHUs
# Ha obydalomyx JaHHBIX

fn = partial(logistic log likelihood, x train, y train)
gradient fn = partial(logistic log gradient, x train, y train)

# BRIOpPATE MPOMBBOJIBHYI OTHPABHYI TOUKY
beta 0 = [random.random() for in range(3)]
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# ¥ MaxCHMMMBMPOBaTE METOLOM IPaAMEHTHOI'O CIyCKa
beta hat = maximize batch(fn, gradient fn, beta 0)

C J:[pyroﬁ CTOPOHBbI, MOXXHO MPUMEHUTDH CTOXACTHUYECKUI Fpal[HeHTHBIﬁ CITYCK:

# 6era "c kpemKOM" O3HaAUAEeT OLEHKY HNapaMmerpa bera
beta hat = maximize stochastic(logistic log likelihood i,
logistic log gradient i,

X train, y train, beta 0)

B o6onx cimyyasix npuOIMKEHHO HAXOIUM:

beta hat = [-1.90, 4.05, -3.87]

OHu mpencTaBnsioT coboit KoAPULUMEHTDI sl IIKATMPOBAHHBIX JAaHHBIX rescaled, KO-
TOpbIE, TEM He MeHee, MO)KHO TIPUBECTH 00paTHO K MCXOTHOMY BUJLY:

beta hat unscaled = [7.61, 1.42, -0.000249]

K coxkanenuto, 3TH JaHHbIE CIOKHEE MHTEPIPETUPOBATD MO CPABHEHUIO ¢ KOAPPHULIMEH-
TaMu JIMHeHHO# perpeccuu. IIpy Mpoumx paBHBIX JOMOJHUTEIBHBIA TOX CTaka paboThI
nobasnsier 1.42 k BXoAsIeMY apryMeHTY B JIOTUCTHUYECKYIO (QYHKUMIO logistic, a JO-
nonHuTesbHbie $10 000 B 3apriate mpu MpovMX paBHBIX OTHUMaeT 2.49 W3 BXOJSLIEro
aprymeHra.

OpnHako Ha pe3ysbTaT BIMSIOT U ApYyrue BXopsiue 3HaueHus. Eciu 3HaueHue dot (beta,
x_1) yxe 0oJbIIoe (COOTBETCTBYSI BEPOSITHOCTH, OJIM3KOM K 1), TO ake ero 3Ha4YMTesb-
HOE YBEJIMYCHHE HE CMOXKeT CHJIbHO TOBJIMATH HAa BEPOSTHOCTb. Eciu ke 3TO 4ucio
6mm3ko K 0, TO Aake HE3HAUMTENILHOE ero YBeJIMYeHHE MOXKET CYLIECTBEHHO YBEJIHMUYHMTh
BEPOSTHOCTB’.

MOHO TOJIBKO CKa3aTh, YTO — TPU MPOUYKMX PABHBIX YCIOBHUSIX — 4YeM OOJIbIlle CTax
paboThl, TeM OOJbllle BEPOSITHOCTh, YTO aKKAYHTBl OYJIyT OIUIAYUBATHCS, U YTO — TIPH
MPOYMX PABHBIX YCIOBHUSAX — UM BBIIIE 3apIUIaThl, TEM MEHbIIEC BEPOSTHOCTh, UTO OHH
OyayT omnauuBatbes. (JTo Takke ObLIO OUEBHUITHO MOCIIE MOCTPOSHHUS rpaduika.)

KauyectBO nogb6opa monenu

Tenepb Bocmosb3yeMcsi KOHTpOJbHOW BbIOOpKO#. IlocMoTpum, uTOo mosyuurtes, eciu
MpeAcKa3bIBaTh ONIAMY AKKAYHMA BCAKWAN pa3, Koraa BeposiTHOCTb npeseitiaet 0.5:

# mepeMeHHEle [UIS [IOACYETa COOTBETCTBEHHO MCTUHHOIOJOXATEIEHEIX ,

# JIOKHOIOJIOKATENBHEIX , VICTVHHOOTOMLIA TEJTEHEIX

# ¥ JIOXHOOTPMII@TEBHEX DPE3YJILTATOR

true positives = false positives = true negatives = false negatives = 0

for x i, y 1 in zip(x test, y test):
predict = logistic(dot (beta hat, x 1))

2 JInst MaIThIX 3HAYCHMI JIOTMCTHUECKAS KPUBAS MMEET CHITBHBINA HAKJIOH, JAIONmii Gosbioe yennenue. Korna
3HAYEHHNE CTAaHOBUTCS OOJIbIIIE, YCUICHUE nanaet. — [Ipum. nep.
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if y 1 == 1 and predict >= 0.5: # TP: omnayeHO M IPOTHO3 TOT Xe
true positives += 1

elif y i == 1: # FN: omrayeHO, HO HPOT'HO3 00paTHBHL
false negatives += 1

elif predict >= 0.5: # FP: HeomnayeHO, HO MPOI'HO3 00paTHLDL
false positives += 1

else: # TN: HeoIIauyeHO ¥ IPOI'HO3 TOT X
true negatives += 1

# TOYHOCTB ¥ IOJIHOTA
precision = true positives / (true positives + false positives)
recall = true positives / (true positives + false negatives)

B pesynbrate Oyaer mojgydeH JOCTATOUHO COJMIHBIN pe3yibTaT: TouHocTh 93% ("mpo-
THO3 00 omname axkaywma nipaBauB B 93% ciyuaes") u nonnora 8§2% ("mporHos3 o0
oniame akkayHma nenaeTcs B oTHoImeHU 82% monp30BaTeneid, OmaTUBIINX aKKayHT"),
YTO B 000MX CiTyyasix sBJs€TCS 3aCTy KMBAIOIIMM YBa)K€HHS Pe3yJIbTaTOM.

Kpome Toro, MOXKHO cOMOCTaBUTH MPOTHO3bI M (DaKTHUECKHE NaHHble Ha Trpaduke
(puc. 16.4), KOTOpBIH TaKkke WILTIOCTPUPYET XOPOIIYIO TPOU3BOAUTEIEHOCT MOJIEIH:

# mpenckazaHng

predictions = [logistic(dot(beta hat, x i)) for x i in x test]
plt.scatter (predictions, y test)

plt.xlabel ("llporHO3Has BEpPOATHOCTL")

plt.ylabel ("0akTnueckmit pesyabTaT")

plt.title("IlporHO3 M bakTuyeckye HaHHbE'")

plt.show()

MporHo3 u GakTUyeckne AaHHbIE

0.8

0.6

0.4

DaKTHYCKMIt pe3ynbTaT

0.2

0.0 S PR S | o

-0.2
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

NporHo3Han BepoATHOCTL

Puc. 16.4. [porHo3 Ha OCHOBE NOMMCTUYECKON PErpeccun B CpaBHEHUN C haKTUYECKUMMN SaHHBIMM
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MeTon ONOpPHLIX BEKTOPOB

HaGop Touek, rae dot(beta hat, x i) = 0, NPEACTABISET TPaHULy MEXKIY KlaccamH.
MOXHO TOCTPOUTH JAMArpaMMmy, 4TOOBl YBHIETh, 4YTO KOHKPETHO MOJENb JesaeT
(puc. 16.5).

Dta rpaHUlla ABISETCS 2UNEPHIOCKOCIIbIO, KOTOpas paszielisieT MPOCTPaHCTBO MapaMeT-
POB Ha JIBa MOJYNPOCTPAHCTBA, COOTBETCTBYIOIUE HPOSHO3Y ONJAMbL U HPOSHO3Y HEON-
Jamel. ITO0 OBUIO OOHapy)KeHO B BHje MoOouyHOro 3(ddekra oOHapyxkeHHs Hauboliee
MPaBI0NOO00HOM JIOTHCTUYECKOM MOJICIIH.

ANbTEepHATUBHBIM MOAXOA K KiaccU(UKALMM 3aKIIOYAEeTCsl B MOUCKE TMIEPIIOCKOCTH,
KoTOpas "HaunmydiiuMm oOpa3oMm" pazzenseT kjiacchl B 0Oy4arollMX AaHHBIX. JTa uzes
JIEKHUT B OCHOBE Memooa OnopHuix eekmopog (support vector machine), KOTopblii Haxo-
JIUT TaKylO TUMEPIUIOCKOCTh, KOTOpas MaKCUMU3UPYET PacCTOsIHUE A0 OnvKaiiiued Tod-
KM B KaXJ0M KJiacce (puc. 16.6).

120000 lMnaTexHas AMCUMNAMHA CPeau NoNb30BaTENEN

100000

80000

60000

3apaboTHan nnata B rog

40000

20000

[ ] MNaTAT
He NNaTaT

0 2 4 6 8 10
Onwit pabotel, net

Puc. 16.5. OnnaTtuBLUME 1 HEONNATUBLUME NOMb30BATENM C PELLAIOLEN FpaHuLeil

HaxosxaeHue Takoil rUneprjiocKocTH SIBJIsSeTCs 3aJaveidl ONTUMHU3alUK, KOTopas moapa-
3yMeBaeT MCIOJb30BaHHUE MPUEMOB, HAXOMAUIMXCS Ha Oosiee MPOABHUHYTOM YPOBHE.
Hpyras mpoGieMa 3akitoyaeTcss B TOM, YTO pa3fessiollias FMIepIuiIoCKOCTb MOXKET He
cyllecTBOBaTh BooOuie. B Habope naHHBIX 00 omaTe akkayHTOB MPOCTO OTCYTCTBYET
JIMHUS, KOTOpast WAEANbHO OTAESET OMJIaTUBLIMX MOJIb30BaTENIeH OT HEOTUIaTUBILMX.

Oty npobiemMy MOXKHO (MHOTa) 000MTH MyTeM MepeBoAa NaHHbIX B MPOCTPAHCTBO ¢ 00-
Jlee BBICOKOM pa3MepHOCTbiOo. Hampumep, paccMOTpUM MpocTol OJHOMEpHBIH Habop
JIAHHBIX, TTOKa3aHHBINA Ha pHc. 16.7.

SIcHO, YTO TUMEPIUIOCKOCTb, KOTOpasi Moriia Obl OTACNATH MOJIOKUTENIbHbIE 00pa3Lbl OT
OTpULIATENbHBIX, OTCYTCTBYET. OHAKO MOCMOTPUM, YTO MPOU3OHAET, €CIM OTOOpa3UTh
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3 Pasgenstowasn rMnepnnockocTb
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Puc. 16.6. PasgensioLas runepnnockocTb

®  NONOXMTENbHbIe 06pa3Lbl
OTPHUATENbHBIE 06pa3Lbl

Puc. 16.7. Hepasaenumblii ogHOMEpPHbI HAabop JaHHbIX

9TOT Ha0Op AAaHHBIX B ABE Pa3MEpHOCTH, HANpaBUB TOUKY x B (x, x**2). HeoxupganHo
00OHapYKHUTCS, UTO MOXKHO HANTH TMIIEPIUIOCKOCTD, pa3Aessiollyto qaHHsie (puc. 16.8).

OOBIYHO 3TOT MpUEM Ha3bIBatOT f0eprbvim mprokom (kernel trick), T. k. BMecTo dakThUde-
CKOT0 OTOOpaKeHHSI TOUYEK B MPOCTPAHCTBO 0OJiee BHICOKOH pasMEpPHOCTH (UTO MOXKET
OBITh 3aTPATHBIM, €CJIM TOUSK MHOT0, U OTOOpayKeHHE OCIIOKHEHO) HCToJb3yeTes "saep-
Has" (QYHKLMS, KOTOpask BHIUYUCIISIET CKaJsIpHbIe MPOU3BE/ICHHS B MPOCTPAHCTBE OONbLIeH
Pa3MEepHOCTH W MCTIOJB3YET UX PE3YJIbTAThI IS MOKUCKA TUIIEPINIOCKOCTH.
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Puc. 16.8. Habop gaHHbIX CTAHOBUTCS pasaenumeliM B 605iee BbICOKOW pa3MePHOCTH

Tpyano (¥, BEpOATHO, HEPa3yMHO) MCIOJIb30BATh METON OIMOPHBIX BEKTOPOB Oe3 cre-
UUATU3UPOBAHHOIO ONTHMM3ALMOHHOTO TPOrpaMMHOrO OOecreueHHs, HamuCaHHOTro
CMeLHUATUCTAMH C COOTBETCTBYIOLMM OIBITOM, MO3TOMY 3/1€Ch Ha W3yYE€HWH JaHHOW
TEMbl MIPUETCS MOCTABUTh TOUKY.

Ana npanbHeuwero usy4yeHus

4 buGmuoteka scikit-learn pacroniaraer MomyJisMy IS pellieHUs 33Ja4 Ha OCHOBE JIO-
UCTHYECKON Perpeccuu’ U MeTo/1a OMOPHBIX BEKTOPOB®.

4 buGmuoteka libsvm (http://www.csie.ntu.edu.tw/~cjlin/libsvm/) peanuzyer meton
OTMOPHBIX BEKTOPOB, KOTOPBIN JISKUT B OCHOBE ero peanusaiuu B scikit-learn. Be6-
caiiT OWOJIMOTeKH pacrionaraetT OOJNBIIMM KOJMYECTBOM Pa3HOOOpa3HOW MOJIe3HOM
JOKYMEHTALMH, KacaloLIecsl 3TOro MeToaa.

3 http://scikit-learn.org/stable/modules/linear_model.html#logistic-regression.
4 http://scikit-learn.org/stable/modules/svm.html.



FMABA 17
OepeBbs NPUHATUSA peLLeHNN

JlepeBo — 3TO HEMOCTIKUMAs 3arajika.
Jlocum Byopune'

JlupekTop mojapasiesieHusi 1Mo MOUCKY TaJaHTOB C MEPEeMEHHBIM YCIIEXOM MpPOBEN P
cobece/I0BaHHIt C MPETEHCHTaMH, YbM 3asBJCHUs MOCTYNUIM ¢ caiita DataSciencester,
U B pe3yJibTate coOpan Habop JaHHBIX, COCTOSIINM U3 HECKOJBKUX (KaueCTBEHHBIX) MPH-
3HAKOB, OMHCHIBAIOLIMX KKIOr0 MPETEHIEHTa, a Tak)Ke O TOM, MPOLIES JIH MPETeHICHT
cobeceoBaHKe ycnemHo ik HeT. OH MHTepeCyeTCs, MOXKHO JIK MCIOJIb30BaTh 3TH JIaH-
Hbl€ JUIS TIOCTPOEHHs MOJIEJH, OTNpPEAENSIONIe, KaKhue MPETEHIEHThI MPOXOAIT cobece-
JIOBaHME YCIEIIHO, Oarojaps yeMy €My He NPHIETCS TPAaTHTh BPEMS Ha MPOBEIEHHE
cobeceI0BaHMIA.

Ota 3agaya, OKa3bIBaeTCsl, XOPOLIO MOAXOAMT il MOJIEIM Ha OCHOBE elle OJAHOTO MHCT-
pYMEHTa MPOTHO3HOTO MOJICJIMPOBaHMs B HaOOpe WHCTPYMEHTOB aHAIWTHKA IAaHHBIX,
UMeHyeMoro oOepesvamu npunamus pewenutt (1P, decision tree) wim pewarowumu
oepeguiMil.

YTto Takoe aepeBo NMPUHATUA peLueHUn?

B Mopnenu nepeBbeB NPUHATHS PELIEHUH UCTIONIBb3YETCs IPEBOBUIHAS CTPYKTYpa JaHHBIX,
KOTOpasi MPeAOoCTaBIIseT HECKOIBKO BO3MOXKHBIX Nymetl NpUHAMUA peuteHuss 1 UICX0A Ui
KaX10ro MmyTH.

Tot, ko Koraa-mubo urpan B urpy "20 BonpocoB', yke 3HAKOM C IePEBbIMH MPHHATHS
pelueHuid, Jaxke He mogo3peBas o0 3ToM. BoTt nmpumep.
— A oymaio o sicugommuom.

— V¥ Hero GoJbliIe NATH Jamn?

— Hem.

— OH BKYCHBIN?

— Hem.

— Ero MoxHO yBUETH Ha OOpaTHOI CTOPOHE aBCTPATMHCKOIO 5-LIEHTOBUKA?

— Jla.

! Toxmm Bynpunar (1952) — aMepHKkaHCKHI My TbTHILIAKATOP, XYHIOKHHMK M3SIIHBIX HCKYCCTB, TTHCATENh W
nusaiiHep urpyuek (cM. https://en.wikipedia.org/wiki/Jim_Woodring). — IIpum. nep.

2 https://en.wikipedia.org/wiki/Twenty Questions.
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— D10 exunHa?
— Jla, mut yeaoan!
DTO COOTBETCTBYET MYTH:

"He 6onee 5 nan" — "He BkycHbIii" — "Ha 5-uientoBoii Mmonete" — "Exugna!”

Ha cBoeoOpa3HOM (M He oueHb MOIpPOOHOM) JepeBe MPHUHATHS peleHud "YranaTb
skuBoTHOe" (puc. 17.1).

Puc. 17.1. JlepeBo NpuHATUSA peLLeHmnii "YragaTh XuBoTHoe"

Mopenu Ha OCHOBE JepeBbEB MPHUHITHS pPElIeHUH 00/1alat0T MHOTUMH MPEUMYIIeCTBa-
Mu. OHM MOHSTHBI U JIETKO MHTEPIIPETUPYEMBI, a MPOLIECC, HA OCHOBE KOTOPOr0 OHM JI0C-
TUTAIOT MPOTHO3a, a0CONIOTHO Mpo3paueH. B ormimume oT Apyrux mojeneit, KOTopble
ObUTA PacCMOTPEHBI JIO CUX TMOP, MOJETN Ha OCHOBE JIEPEBbEB MPUHATHS PELICHHI JIETKO
CIIPABIISAIOTCA C COYETaHWEM YHCICHHBIX (KOJIMYECTBO HOT) U KATerOpUHHBIX (BKYC-
HBIii/HEe BKYCHBIN) MPU3HAKOB (MJIM aTpUOYTOB, YTO TO XKe caMoe) U Jjake MOTYT KJlacCH-
¢dbuMpoBaTh NaHHbIE, IS KOTOPBIX aTPUOYThl OTCYTCTBYIOT.

BMmecre ¢ Tem HaxokaeHHe "ONTUMAIBHOTO" JepeBa MPHUHATHS pelleHuil ans Habopa
oOydarolmux JaHHBIX — 3a7aua BBIUYUCIMTENBHO O4YeHb ciokHas. (OTta mpobiema Oyzaer
o0olieHa MyTeM MOCTPOEHUS! MPUEMIIEMOTO JepeBa BMECTO ONTHUMAaJIbHOTO, XOTs TMpH
HaJIM4MK OONbIIMX HAOOPOB JAAaHHBIX €ro CO3JAaHHe BCE PAaBHO MOXKET MOTpedoBaTh 3Ha-
yuTeabHONH 00padoTku.) BaxkHee Bce ke TO, YTO OUYeHb JIETKO (M 3TO O4YeHb IJI0XO) TMO-
CTPOUTH JIePeBbsl MPUHATHS PEIICHHUI, KOTOPBIE U30bLIMOUHO NOOOSHAHBL TIOJ 00yYaro-
LIYIO BBIOOPKY M KOTOpbIE HEAOCTaTOYHO XOpPOUIO 0000IIal0T He BCTpeyaBLUHECs paHee
JaHHble. MbI 0OpaTuMes K crioco0aM pelieHus 3THX podIieM.

OObIUHO epeBbs MPUHATHUS PELISHUH MOAPa3AeIOTCs Ha KIACCUPUKAYUOHHBIE 0epPesbs
(KOoTOpBIE TEHEPHUPYIOT KaTeropHiHbIE 3HAYEHUS) U pezpeccuonnvlie Oepegvs (KOTopble
TeHepUpPYIOT YMCIIEHHbIe WM HemlpepbiBHbIe 3Ha4YeHHs). B 3Toil rmaBe Mbl cocpenoTo-
YUMCS Ha KJIaCCH(PHUKALMOHHBIX JIePEBbIX U KOocHeMcsl anroputMa [D3 nnst BeruucieHus
JiepeBa MPUHATHS PeLIeHUi B pe3ylibTare 00y4eHUs HAOOPOM MapKUPOBaHHBIX JTAHHBIX,
KOTOPBI MOMOKET MOHATh Ha MpakTuke NpuHUMn padotsl JIIP. YUtobsl yrnpocTuTh pa-
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00Ty, orpaHuuMMcs 3a1adaMu ¢ OMHApHBIMU pe3yibraTamu Tuna "CremyeTr JM HaHATh
atoro nipereHaenTa?" win "Kakyro U3 IByX pekiiaM cliefyeT MoKa3aTbh 3TOMY MOCETHTe-
nto caiita: A win B?", unu "Byaet au MeHs TOLUHUTB, €CJH CheCTh 3Ty NMUILLY U3 O(UCHO-
ro XonoauapHuKa?"

AHTpoNuUA

Jns Toro 4roObl MOCTPOUTH ACPEBO MPHUHATHS PElUeHHH, HEOOXOOUMO PELUTb, Kakue
BOMPOCHI 33J1aBaTh U B KakoM mnopsake. Ha kaxxaom ypoBHe nepeBa HMEIOTCS HEKOTOpbIe
BO3MOXKHOCTH, KOTOpbIe ObUIM MCKIIOYEHBI M KOTOpbIe elie ocTaiuck. [lomyuus ungop-
MalMIO O TOM, YTO Y XKMBOTHOTO He OoJiee MATH HOT, UCKIFOYAIOT BO3MOXKHOCTh, YTO 3TO
Ky3HEUMK, HO OCTaBJIeH BapuaHT ¢ yTkod. Kakaplii BO3MOXKHBIH BOMpOC pasfenseT oc-
TaBLIMECS BO3MOXKHbIE BAPHAHTHI B COOTBETCTBUU C MOyUYEHHBIM OTBETOM.

B uneane xorenock Obl MOAOOpPaTh BOMPOCHI, OTBETHI HA KOTOPBIE JTalOT MAaKCUMYM HH-
dopmanmu o npenmeTe npeackasanusa. Ecnu ecth obmmii Bonpoc ("aa/HeT"), Ans KOTO-
poro oTBeThl "ga" Bceria COOTBETCTBYIOT HCTHUHHBIM pe3yjibTaTaM (True), a OTBETHI
"HeT" — JOXHBIM (False), WIK HA0OOpPOT, TO 3TO moTpscatomuii Bompoc s JITP.
U ¢ npyroii cTopoHbl, OOIIHIA BOIIPOC, AJII KOTOPOTO HU OJIMH W3 OTBETOB HE MPEeOCTaB-
JISeT TOCTAaTOYHOTO KOJIMYeCTBAa HOBOW MH(OPMAIIUH O TpeIMeTe TIpefcKa3aHus, BeposT-
HO, ObLT MO100paH He OUYEHBb XOPOIIIO.

Unes o "konuuectBe nHGopMaumn" oObICHIETCS TEPMUHOM 9HmMPOnUs. ITO CJIOBO YacToO
NPUBOAAT T 0003HaUeHHs Oecriopsika, Xaoca. 37ech OHO MCONb3yeTCsl Ul 0003Haue-
HUS HEOTIPeIeJIeHHOCTH WM HeTpe/ICKa3yeMOCTH, CBSI3aHHOM ¢ TaHHBIMHU.

[lycte umeeTcs MHOXeCTBO S AaHHBIX, KaXIblii MapKUPOBaHHBIA 3JE€MEHT KOTOPOro
MPUHAIIEXKUT OJHOMY M3 KJIAaCCOB KOHEUHOro MHoxecTBa kiaccoB C, ..., C,. Ecnu Bce
TOYKHU JAaHHBIX MPUHAUIEKAT TOJIBKO OAHOMY KJIACCy, TO HEONPEAeIeHHOCTb (PaKTUUECKH
OTCYTCTBYET, BCIEICTBHE uero TpeOyercs HU3Kas dHTponus. Eciu e TOYKM JaHHBIX
pacrpeaeneHsl Mo KjaccaM paBHOMEPHO, TO CYLLECTBYET OOJIblasi HEONPEAEIeHHOCTh, 1
3HAYUT, TPeOyeTCs BbICOKasi SHTPOITHSL.

Ha s13pIke MaTeMaTHKH, €Cld p, — 3TO MPONOpLMs JaHHBIX, TOMEYEHHas Kak Kjacc c,,
TO SHTPOITHS OTpeAesIeTCs caeayroleit GopMyaoi’:

H(S)=-p/log, p,—...— p,log, p,
co (cTaHAapTHbIM) coryaieHueM, uto 0-log, 0 =0.

Oco00 He BAaBasCh B IKYTKHE MOJIPOOHOCTH, JIMIIb OTMETHM, YTO KaXK/IbId YJIEeH
—p,log, p, NpuHUMaeT HeoTpULIATEIbHOE 3HAYEHUE, OJIM3KOE K HYJI0, UMEHHO TOrja,

Korja napamerp p, OJIM30K K Hy/Ir0 Wiy eauHuLe (puc. 17.2).

3 Peub MIET 0 BEPOATHOCTHOM Mepe HeonpeeneHHocTy LlleHHoHa (i MH(OPMALMOHHOMN dHTponuy). JlaH-
Hast popMmyIna 03Ha4aeT, 4TO MPUPOCT UHPOPMALMK PAaBEH YTPAUEHHOI HEONPENENEHHOCTH. — [Ipum. nep.
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OYHKUMSA IHTPONKMK
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Pwuc. 17.2. I'pacuk kpnBoil —p logzp

CnepnoBarenbHO, SHTponus OyAeT HU3KOM, Korjga Kaxablii p, 6ausok k 0 wim k 1 (T. e.
KOT'J1a TIOJIaBJISFOIAs YacTh JaHHBIX HAXOJUTCS B OJIHOM KJjlacce), M HAallpoOTHB, OHa OyeT
BBIILE MPH HATWYUHM HECKOJIIBKUX p,, YbM 3HadeHHs He Omm3ku k 0 (T. e. Korjga JaHHbIE

pacrpezesneHbl MeXIy HECKOJIbKUMHU KJaccaMH). DTO MMEHHO TO IMOBEAEHHE, KOTOpoe
TpeOyeTcs.

Bce 310 noctatouHo nerko peannzoBarb B OAHOM QyHKUMK:

def entropy(class probabilities):
"""oy 3aaHHOM CIVICKE BEPOATHOCTEN KJIACCOB BEMMCJUTE SHTpomm"""
return sum(-p * math.log(p, 2)
for p in class probabilities
if p) # WTHOPMPOBATEH HYJIEBEE BEPOSATHOCTH

I[aHHI)Ie COCTOAT U3 Map (Bxom, merka), & 3HAYMT, NPUACTCI BBIYHUCIHUTHL BEPOATHOCTH
KJIaCCOB HEMOCPEACTBEHHO. BaMeTI/IM, YTO Ha caMOM J€JI€ MHTEPEC BLIZLIBAET HE TO,
KakKasd METKa CBsd3aHa C KOHerTHOf/'I BEPOATHOCTBIO, a TOJILKO TO, KAKOBbI BEPOATHOCTU:

# BEPOATHOCTVM KJIACCOB
def class probabilities(labels):
total count = len(labels) # CyMMapHOe uycJio
return [count / total count
for count in Counter (labels) .values()]

# SHTPOmMSI MaPKMPOBAHHEIX [1a@HHEIX

def data entropy(labeled data):
labels = [label for , label in labeled data]
probabilities = class probabilities (labels)
return entropy (probabilities)
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AHTponuAa pasdueHus

Panee B 5TOl Ty1aBe ObLTa BBIYKCIICHA SHTPOMHS (YUTAl "HEOIPEeICeHHOCTh') OMHOY-
Horo Habopa MapKHpOBaHHBIX JaHHBIX. [lanee, Ka)aplil Iar qepeBa MPUHITHS pelIeHUH
npeanojaraeT MOCTaHOBKY BOIPOCa, OTBET HAa KOTOPBIM paclleruisieT JaHHble Ha OJWH
wnn (Hazmo monarath) 6onee momMHoxkecTB. Hampumep, Bompoc "y Hero Oosnblie msTv
nan?" pazzesser )KUBOTHBIX Ha TeX, Y KOTOPBIX UX OOJiblIe MATH (MayKH) U OCTATbHBIX
(exumHa).

CrnenoBatenbHO, TpeOyeTcs HeKoe MpeAcTaBiIeHre 00 SHTPOMUH, TOTy4yaeMOol B pe3ylib-
TaTe pa3OueHus Habopa JaHHKIX OMpeeeHHBIM 00pa3oM. DHTPOMHS pa30UeHUS TOJIKHA
ObITh HU3KOM, ecliM JaHHbIC PACIIEIUIAIOTCS Ha MOJArPYIIbI, KOTOPbIE caMu 00JanatoT
HU3KOU 3HTpOMNUEi (T. €. OUeHb OIpe/ieJIeHHbIE), U BHICOKOH, €clii BHYTPU UMEIOTCS MOA-
rpynnsl (KOTOpbIe SBISIOTCS OOJBIIMMHU M) C BBICOKOM SHTpOIMeH (T. e. KpaiiHe Heorpe-
JIeJICHHBIC).

Hanpumep, riynblif, HO AOBOJBHO YAauyHbIi Bompoc 00 aBCTPAIMHCKOH S-LIEHTOBOWA
MOHETe pas/ieNiul OCTABLIMXCS HAa TOT MOMEHT ’KMBOTHBIX Ha TOArPYNIbl S, = {exuna}

u S, ={Bce OCTaanbIe}, rae S, — Oonblias MOArpyHna ¢ BBICOKOH 3HTpOMUEH.

(Y S, sHTponus OTCYTCTBYET, BIIPOYEM OHO IMPEJCTABJAET JIUIIb MAIy 4acThb OCTaB-
muxcs "kiraccos."

C MareMaTu4ecKoi TOUKH 3pE€HUA, €CJIIN PACLICTIIATE JaHHbIC S Ha NoArpymnrIibl Sl 5 eey S 5

m
COACprKalre rnponopudd ¢, ..., 4, JAaHHbIX, TO SHTPOIHA paB6I/IeHI/I$I BBIYHUCITACTCA
B BUJIE B3BCIICHHOM CYMMBI:

H=qH(S)+..+q,H(S,),
YTO MOXKHO p€ajin30BaThb CJICAYIOLIHUM O6pa30M2

# sHTPOmMST pPaz’bueHnd IJIS NOAMHOXECTB

def partition entropy(subsets):
""MHAITY SHTPONMIO JICXOAS M3 BTOI0 pas3bueHus AaHHBIX Ha IOAIPYIIIE
NOATPYHIIE NPEACTaBIAOT COO0M CIMCOK CIMCKOB MapKMPOBAHHEIX AaHHEX"""

total count = sum(len(subset) for subset in subsets)

return sum( data entropy (subset) * len(subset) / total count
for subset in subsets )

Mpobnema c 3TUM NOAXOAOM 3aKn4aeTcsi B TOM, YTO pacliennieHve no atpubyty
C HECKONbKUMW Pa3HbIMU 3HAYEHUSIMU NMPUBEAET K OYEHb HU3KOW 3HTPONUW K3-3a nepe-
obyyeHus. Hanpumep, npeactaBum, 4To Bbl paboTaeTe B GaHKe M NbiTaeTeCh NOCTPOUTL
= JEepEeBO NPUHATUS peLleHnid, 4Tobbl npeackasaTtb, KakMe U3 KNUMeHToB OaHka, ckopee
BCEro, NepecTaHyT NnatuTb Mo MNOTEKe, UCMOMb3Ys ANs 3TOro B KayecTse oby4yaioLlen
BbIOOPKM HEKME UCTOpUYeckme AaHHble. JonycTum aanee, Yto Habop AaHHbIX COAEPXKUT
Homep coumanbHoro crtpaxoBanus (HCC) kaxgoro knueHTta. Pacwennenne no HCC
OyaeT reHepupoBaTb NOAMHOXECTBA, COCTOSILLME U3 OAHOTO YENOBEKa, U KaXaoe HEns-
6exHo byaeT umeTb HyneByio aHTponuio. OgHako moaenb, koTopas onupaeTtcsa Ha HCC,
onpedesieHHO He cMoXeT 0600waTth 3a npedenamu obyyatowen Beibopku. Mo aTon npu-
YnHe npu cosgaHum AP, ouyeBnaHo, cneayet nbitatbcs M3beratb (MnK, Korga HyXHO,
pas3buBaTb Ha UHTEpBanbl) atpubyTbl C 6ONbLLUMM YNCNIOM BO3MOXKHbIX 3HAUYEHUIA.
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Co3paHue gepeBa MPUHATUA pPeLleHUN

JIupekTop MpeaocTaBuil JaHHbIe O MPOIIEIIINX coOeceIoBaHie MPETeHACHTaX, KOTOpbIe
cocTosT (CoryiacHO Bamiel cnenrdukanyuy) U3 map (input, label), TZI€ input — 3TO CJIO-
Baphb dict C aTpuOyTaMH MPETEHJEHTA U label — MeTKa CO 3HAUYSHHEM True (NIPETEHACHT
npoies cobeceJOBaHUE YCIEUIHO) MO0 False (MPETEHICHT cobece]0BaHHE HEe TPOIIe).
B kauectBe aTpuOyTOB MNpe/acTaBIeHbl ypOBeHb MpeTeHIeHTa, Haubosee MpearnoynrTae-
MBIl 3bIK IPOrpaMMHUPOBaHMs1, oOIaeTcs ju oH B Twitter 1 MMeeT JIK OH YYeHYIO CTe-
TMIeHb.

inputs = [
({'level':'Senior', 'lang':'Java', 'tweets':'no', 'phd':'no'}, False),
({'level':'Senior', 'lang':'Java', 'tweets':'no', 'phd':'yes'}, False),
({'level':'Mid', 'lang':'Python', 'tweets':'no', 'phd':'no'}, True),
({'level':'"Junior', 'lang':'Python', 'tweets':'no', 'phd':'no'},True),
({'level':'Junior', 'lang':'R', 'tweets':'yes', 'phd':'no'}, True),
({'level':'Junior', 'lang':'R', 'tweets':'yes', 'phd':'yes'}, False),
({'level':'Mid', 'lang':'R', 'tweets':'yes', 'phd':'yes'}, True),
({'level':'Senior', 'lang':'Python', 'tweets':'no', 'phd':'no'},False),
({'level':'Senior', 'lang':'R', 'tweets':'yes', 'phd':'no'}, True),
({'level':'Junior', 'lang':'Python', 'tweets':'yes', 'phd':'no'},True),
({'level':'Senior', 'lang':'Python', 'tweets':'yes', 'phd':'yes'}, True),
({'level':'Mid', 'lang':'Python', 'tweets':'no', 'phd':'yes'}, True),
({'level':'Mid', 'lang':'Java', 'tweets':'yes', 'phd':'no'}, True),
({'level':'Junior', 'lang':'Python', 'tweets':'no', 'phd':'yes'}, False)

]

JlepeBo OymeT COCTOATh U3 peuiaiowux y3106 (KOTOpbIe COJAEPIKAT BOMPOC M HAMPABJISIOT
B pa3Hble CTOPOHBI B 3aBUCUMOCTH OT OTBETA) U JUCHIOBbIX 37106 (KOTOPbIE JIENaloT Mpo-
rHo3). [lepeBo OyaeT MOCTpOCHO MpH MOMOIIW CPABHUTENBHO MPOCTOro aieopumma ID3,
KOTOpBIN paboTaeT ciieqyromum obopazoM. J[omycTum, 3aiaHbl HEKOTOPbIE MapKUPOBaH-
HbIe JJaHHbIE M CIHUCOK aTpUOYTOB, KOTOpble HEOOXOAMMO YYHTBLIBATH MPU MPHHATHH
peui€Huda O BETBJICHHUU.

1. Ecnu Bce maHHbIe MMEIOT OJIMHAKOBYIO METKY, TO CO3JaTh JINCTOBOH y3ell, KOTOPbIi
MPEICKa3bIBAIOT 3Ty METKY, U OCTAHOBUTHCH.

2. Ecnm crincok atpuOyToB mycT (T.e. Oonblie BOMPOCOB HE OCTANOCh), TO CO3AATh
JIMCTOBOM y3eJl, KOTOpBIH MpelcKasbiBaeT Hanbosiee oOLIyl0 METKY, U 3aTEM OCTaHO-
BUTHCH.

B npoTrBHOM ciiyyae nmomneiTaTbes pa3oUTh AaHHbBIE MO KayKAOMY aTpHOyTY.
BriOpate pazbueHne ¢ HaMMEHbLIeH SHTPONHEH.

Jo6aBuTh peluaroluii y3esn Ha OCHOBE BEIOPAHHOTO aTpulyTa.

A e

PexypcuBHO MOBTOPUTH AJsl KQXKIOW MOATPYMIbl, MOJYYUBLICHCS B pe3ysibTaTe pas-
OUeHusl, UCTIONB3YS OCTABLIMECS aTPUOYTHI.

Takoli anropuT™ HasbiBaeTCs "KaaHBIM", TIOCKOJIbKY Ha Ka)KIOM IIare OH HEMmocpeAcT-
BEHHO BbIOMpaeT HauboJiee oNTUMAasbHbIA BapuaHT. OHAKO OH HE YUYHTHIBAET CiIydai,
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Korja /Ui 3aaHHoro Habopa HaHHBIX ecTh Oojiee ONTHMaJbHOE AEepeBO, HO C MEeHee
ONTUMaJbHBIM MEPBBIM Warom. B aToM ciyuae anroputm ero He Hailner. Tem He MeHee,
aJIrOPUTM CPABHUTENBHO TOHATEH M JIETKO OCYLIECTBUM, YTO JeJaeT €ro Xoporluen
OTHPaBHOM TOUKOM U1l HCCAEAOBAHUS I€PEBbEB MPUHATHUS PELLIECHUM.

[Ipoiinem >Tu waryu "B pyyHOM pekume", UCMOJb3ysi HAOOp JaHHBIX O MPETEHIEHTaXx,
KOTOpbIE MpoIun codbecenoBaHre. Habop maHHBIX COAEPIKUT METKH CO 3HAUSHHUSMH True
U False W YeTbIpe aTpHOyTa, M0 KOTOPHIM MOXKET BBIMIOJIHATECS paciueryienue. Mrak, nep-
BbIM Iar OyJeT 3akjrouaThes B MOUCKE pa3OHeHusl ¢ HauMeHblueil sHTponueit. Haunem
C HamucaHusl PyHKLMH, KOTOpast BHIMOJHAET pa3OueHue:

# paz3buTh BXoAAIpe AAHHEE IO aTPUOYTY
def partition by(inputs, attribute):
"M RQKIEDT BJIEMEHT B 1inputs mpeacTaryser coboi mapy
(cooBapp attribute dict, merka label).
Bosspamaer cjoBape dict,
e KoY = 3HauyeHne atpmubyTa attribute value, sHaueHme = inputs"""
groups = defaultdict (list)
for input in inputs:
key = input[0] [attribute] # B3sgTE 3HaveHme aTpmubyTa U HOOABUTH
groups [key] .append (input) # Bxoagdmyn mapy kK COOTBETCTBYKIEMY CIIUCKY
return groups

u (I)yHKL[I/II/I, KOTOpasd UCTIOJIL3YET €€ IJId BLIYUCIICHHUA SHTPOIIHNHU:

# sHTPOmMT pPaz3bueHns 1o aTpubyTy

def partition entropy by(inputs, attribute):
""" BEMIMCIIZET SHTPOINMI, COOTBETCTBYKIY 3aAaHHOMYy pas3bmenmo"""
partitions = partition by (inputs, attribute)
return partition entropy (partitions.values())

3arem Hy>KHO HalTH pa3bueHre C MUHUMaJIbHOM SHTpONMel OTHOCUTEIBHO Bcero Habopa
JaHHBIX!
for key in ['level', 'lang', 'tweets','phd']:

print(key, partition entropy by (inputs, key))

# level 0.693536138896
# lang 0.860131712855
# tweets 0.788450457308
# phd 0.892158928262

MuHUManbHasE SHTPOMHUS TOTy4aeTcss M3 PacIIeIUIeHUs 1Mo aTpuOyTy level (YPOBEHB),
MoCyIe Yero IJisl KayKA0ro BO3MOXKHOTO 3HAUSHHs aTprOyTa level HY>KHO CO3JaTh MOAJE-
peBo. Kaxxaplii mpeTeHAEHT co 3HaueHHeM Mid (CpelHMi) 3TOro arpudyTa MmomMeyeH Kak
True, W, CJI€I0BATENIbHO, MOJAEPEBO Mid — 3TO BCEro JIMIUb JIMCTOBOM y3es, KOTOpPbIi
MpeAcKa3biBaeT True. Y MPETEHICHTOB CO 3HAYEHUEM Senior (BBICOKHMIT) 3TOro aTtpubyTa
MMEeTCsl CMeCh 3HAYEHMH True M False, IOSTOMY CJIEAYET CHOBA BBINOJHUThH paciler-
JIeHUe:
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senior inputs = [(input, label)
for input, label in inputs if input["level”] == "Senior"]

for key in ['lang', 'tweets', 'phd']:
print (key, partition entropy by(senior inputs, key))

# lang 0.4
# tweets 0.0
# phd 0.950977500433

Pe3ynbTaT mokasbiBaeT, UTO clieAyiollee pacllerieHHe NOJDKHO MPOHTH MO aTpudyTy
tweets, KOTOpPOE JaeT pa3dueHue ¢ HyJeBOd SHTponuel. /[ mpeTeHaeHTOB ¢ ypOBHEM
Senior aTpHOYT tweets CO 3HaUeHWeM "1a" Bcerga JaeT True, a CO 3HA4YE€HUEM "HeT" —
BCErja False.

HaxkoHen, ecnu mponenaTts TO K€ caMO€ Ul NPETEeHIEHTOB C YPOBHEM Junior (Hadasb-
HBIH), TO B KOHEUHOM MTOTe pazfefieHHe MPOHAeT Mo aTpulyTy phd (ydeHas CTemeHsb),
rocje 4ero oOHapy>KUTCs, YTO OTCYTCTBHE CTENIEHW BCerna JaeT True W HaIM4Me CTere-
HU — BCerja False.

Ha puc. 17.3 nokazaHo nosHoe a1epeBO MPUHATHS peLIeHUH.

Puc. 17.3. [lepeBo NpuHATUSA peLLUeHnin ANS HaliMa COTPYAHUKOB

CobGupaem Bce BMecTe

ITocne Toro kak paboTa anropuT™Ma TNpOIEMOHCTPUPOBAHA, CIIEYET Pealln30BaTh €ro
B Oosiee obuiem ruaHe. MIHBIMU crioBamMHM, ClielyeT peluTh, KakuM oOpa3oM IpeacTaB-
naTh AepeBbs. Bocmonb3dyemcsi Haubonee JerkMM TMpPEACTAaBICHHEM W3 BO3MOXKHBIX.
OnpenenuM Oepeso Kak OJHY U3 CIEeIYIOUIMX aJbTePHATHB:

¢ True,
¢ False;
4 xoprex (attribute, subtree_dict),

rZie True — JINCTOBOM y3ell, KOTOPBIW I JIIOOOTO BXOASIIETr0 3HAYeHHs BO3BpAIaeT Hc-
THHY; False — JIUCTOBOW y3eJl, KOTOPBIH AJIs JIIOOOTO BXOSIIEro 3HAYeHHsI BO3BpallaeT
JI0XKb; KOPTEXK — PEIIArOLIHi y3eI, KOTOPBIN AJis JTF000Tr0 BXOASINEro 3HAYeHUS HAaXOqUT
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€ro 3Ha4€Hue anI/I6YTa attribute H maccmbnunpyeT BXO4ICC 3HAUCHUE, UCIOIb3YH
COOTBETCTBYIOLIEEC MOAAEPEBO.

B Takom npeacTaBJICHUU JEPEBO Halima COTPYAHUKOB MMPUMET CJ'ICI(}/IOH_[I/Iﬁ BUA:

("level',

{'Junior': ('phd', {'no': True, 'yes': False}),
'Mid': True,
'Senior': ('tweets', {'no': False, 'yes': True})})

Ocrasics BOmpoC: UTO [ieNiaTh TIPU BCTpeUe HEOKHIAHHOTO (MM OTCYTCTBYIOIIETO) 3Ha-
yeHus atpuOyrta? YTto nmepeBo HaliMa COTPYIHHMKOB IOJDKHO J€JaTh, €CIM BCTPETUTCS
MPETeH ISHT, Yel aTpudyT level paBeH "Intern" (ctaxkep)? IToT ciyuaii o6pabaTbiBaeTcs
no0GaBieHNeM KITIoua None, KOTOPBIH BCETO JIMIIB MpeAcKa3biBaeT Hanbosee o0IILyo MeT-
Ky. (ITpaBaa, Tak He cTOWT nenaTh B Cay4dasx, KOrjaa None — 3TO 3Ha4e€HHE, KOTOpPOe NMe-
eTcs B CaMUX JaHHBIX.)

IIpu TakoM npeCcTaBIeHNH BXOIINE 3HAUCHUS KJIACCU(HULIMPYIOTCS CIIeAyIOIM 00pa-
30M:

def classify(tree, input):
" gI1a CCUQUIIMPOBATE BXOAAIME BHAYEHMS, MCIOJB3YS 3alaHHoe nepeBo JIP"""

# ecam BTO JIMCTOBOM y3€Jl, BEPHYTH €I'0 3HAYEHUE
if tree in [True, False]:
return tree

# nHauye ngepeBo COCTOMT U3 aTpubyTa, MO KOTOPOMY MPOJMAET pacHernieHue,

# u croBaps, rze KUY - STO 3HAYEHUS ITOrO aTpubyTa, a

# BHAYeHMs - STO NOANEPEBLA, NOANEXAIie PacCCMOTPEHMO B CJEAYWIYD OYepensb
attribute, subtree dict = tree

subtree key = input.get(attribute) # None, ecsm Ha BXoze
# orcyTcTByNIIIL aTOUGYT

if subtree key not in subtree dict: # ecim mng kmoYa HeT HOZAEpEeBa,
subtree key = None # mcrnospsoBaTh nonzepeBo None

subtree = subtree dict[subtree key] # BrfpaTe cooTBETCTBYyKIEE MIONNEPEBO
return classify(subtree, input) # ¥ MCIOONB30BATEH IJIS KJIACCHUGUKALIAA

OcTasioch TOJBKO MNOCTPOUTL U3 O6yanOHleﬁ BLI60pKI/I APECBOBUIHOEC MPEACTABJICHUEC!

# mocTponTe HEPEBO Ha OCHOBE ajropmrMa I1D3
def build tree id3(inputs, split candidates=None):

# ecuom 5TO NEPBEII NPOXOH, TO
# Bce KJIOUM [IEPBOHAYAJBHEIX BXOOAIMX HAHHEX — STO BEOEJCHHEE [PETEHIEHTEH
if split candidates is None:

split candidates = inputs[0][0].keys ()
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# momcumrars umcgo True m False BO BXOAAIMX BHAUECHMSIX
num inputs = len(inputs)
num trues = len([label for item, label in inputs if label])

num falses = num inputs - num trues

if num trues == 0: return False # ecir True OTCYyTCTBYDT,
# BEpHyTEH JmcT False
if num falses == 0: return True # ecin False OTCyTCTBYKT,
# BEPHYTEL JmcT True
if not split candidates: # ecs Bosbme HET KaHOWMZAATOB

return num trues >= num falses # BEPHyTH JMCT GOJBIMHCTBA

# B IPOTMBHOM CJIyyae BEIIOJIHUTE PAaCHEIIEHME IO JydlleMy aTpuoOyTy
best attribute = min(split candidates,
key=partial (partition entropy by, inputs))

partitions = partition by (inputs, best attribute)
new candidates = [a for a in split candidates
if a != best attribute]

# PeKypCHMBHO CO3/aTh MONAEPEBbA
subtrees = { attribute value : build tree id3(subset, new candidates)
for attribute value, subset in partitions.iteritems() }

subtrees[None] = num trues > num falses # ciyvay Mo yMosdaHuo
return (best attribute, subtrees)

Kaxplii JIMCT B MOCTPOSHHOM JIepeBe COCTOMT LIEJIMKOM W3 BXOJSAUIMX 3HAYEHHWH True
W False. CleI0BaTeNIbHO, IEPEBO NMPEKPACHO CTIIPABNISETCS C MpeCcKa3aHHeM Ha OCHOBE
oOyuatoineit BeIOopku. Kpome Toro, ero Mo>xHO MPUMEHUTh K HOBBIM JTAHHBIM, KOTOPbIE
W3HAYalIbHO B 00y4arolleil BHIOOPKe OTCYTCTBOBAJIH:

tree = build tree id3(inputs)

classify(tree, { "level" : "Junior",

"lang" : "Java",

"tweets" : "yes",

"phd" : "no"} ) # True
classify(tree, { "level" : "Junior",

"lang" : "Java",

"tweets" : "yes",

"phd" : "yes"} ) # False

A Taxoke K AaHHBIM C MPOMYIEHHBIMU UJIU HEOKNUTAHHBIMH 3HAYCHUAMU

classify(tree, { "level" : "Intern" } ) # True
classify(tree, { "level" : "Senior" } ) # False
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MockonbKy 3agaYa B OCHOBHOM, 3akfio4aeTcsl B TOM, YTOObI NPOAEMOHCTPUPOBATL MpPOo-
Lecc co3gaHusi gepesa, TO Npy ero NoCTPOEHUU UCTONb3oBarcs Becb Habop AaHHbIX
uenukom. Kak n npexae, ecnu 6bl cTosina 3agava co3gaTb peanbHyto Mogernb, To (Obino
Obl cobpaHo Bornblue AaHHbIX M) AaHHble Obinu Bbl pasgeneHsl Ha obyvarollee, Npose-
POYHOE U KOHTPONbHOE NOAMHOXECTBA.

CnyyauHble neca

[TockonbKy aepeBbs MPUHATHS PEIICHUH MOTYT NMpUcnocadIuBaThCs K 00YyYarOIUM J1aH-
HBIM, HEYJMBUTEJBHO, YTO OHM MMEIOT TEHIEHIMIO K repeodydennto. OMH U3 CIOCO-
00B, KOTOPBI TIOMOraeT U30ekaTh 3TOr0, — CTATUCTUYCCKUU METOJ| CIVUALHBIX 1eCO8
(random forests). JlanHs1it MeTon TIogpazymeBaeT cozganue Heckonbkux JIIP, koTopsie
3aTeM MPUHUMAIOT KOJIUIGKTMBHOE pellieHHe Ha OCHOBE T'OJIOCOBAaHHUS O TOM, KakuM oOpa-
30M KJIacCU(PUIIUPOBATL BXOASIINE 3HAYCHUS:

# kJIaccupuIMpoOBaTE Ha OCHOBE Jieca

def forest classify(trees, input):
votes = [classify(tree, input) for tree in trees]
vote counts = Counter (votes)
return vote counts.most common (1) [0] [0]

[Ipouecc moctpoeHus aepeBa MMeeT AeTePMUHUPOBAHHBIN XapakTep. Toraa kakum obpa-
30M MOJKHO TMOJIYYUTh ClTyyaliHble AepeBbs?

[lpeskne Bcero mas 3THUX wLefMed K JAHHBIM TPUMEHSIOTCS OyTCTparn-MeTonbl (CM.
pazo. "Omcmynnenue: Oymcmpanupoganue Oannwvix" enaevi 15). Bmecto TOro 4toObI
o0yuath JilepeBbsl Ha BCeX JIEMEHTaxX inputs 0Oyvaroleil BBIOOPKH, Kaxaoe AepeBo 00y-
YaloT Ha pe3ynbTaTe, MoJyyaeMOM TOCJe BbI30Ba bootstrap sample (inputs). [TockombKy
Tenepb KaXJ0e AEPEeBO CTPOMTCS Ha Pa3HbIX AAaHHBIX, JepeBbs OyayT ApYyr OT Apyra
otaunuarbes. (JlonomHuTensHOE MPEUMYIIECTBO 3aKIIIO4aeTcsi B TOM, YTO JAJIsl MPOBEPKH
Ka)XJOro JIepeBa COBEPIICHHO CIPABEeUIMBO MOKHO MCIIOJIBb30BaTh HEBBHIOOPOUHBIE JTaH-
HbIe, a 3HAYMUT, B KauecTBe 00yyaroleil BHIOOPKM MOKHO CMEJIO BOCTIONB30BaThCsl BCEMHU
JaHHBIMH LIEJIMKOM, €CJIM PasyMHO TOJOMTH K U3MEPEHHIO MPOU3BOIUTEIIEHOCTH.) DTOT
METOJ] U3BECTEH KaK Oymcmpan-azpe2uposanie uinn 6s22une’.

[Tomumo 3TOrO, €uie OIHUM HMCTOYHHMKOM CIY4alHOCTH SIBJISIETCS M3MEHEHHe crocoba
BBIOOpA HaWIy4dlIero atpulyTa best attribute, IO KOTOPOMY BBITIOJIHSETCSl paciuerie-
H1e. BMecTo ncuepmbIBaroiero mpocMoTpa BCeX OCTABIIMXCS aTPHOYTOB cHavajia oTOM-
paeTcst MX CllyyaiiHOe MOAMHOXECTBO, a 3aTeM paclleryIeHue WAET MO HaWilyyllemy u3
HUX:

# ecuam yxe oCTaJIOCh MaJlO NPETEHAEHTOB, O0PaTUTELCS KO BCEM
if len(split candidates) <= self.num split candidates:
sampled split candidates = split candidates

4 ByTcTpan-arperupoBasue MM 63ITHHI — MeTo. (JOPMUPOBAHUS aHCAMOIeH KIacCU(UKATOPOB C HCIIOTIb-
30BaHMEM CIIyqaifHO} BBIOOpKM ¢ Bo3BpaToM. [Ipu opmupoBannn BEIGOPOK M3 MCXOMHOTO HabOpa JaHHBIX
cltyqaifHbIM 00pa3oM 0TOMpaeTcs HECKOJILKO TOJIMHOMKECTB TAKOTO JKe pa3Mepa, YTO U UCXOAHbIN. 3areM Ha
OCHOBE K10/ CTPOMTCS KJIacCU(UKATOP U UX BBIXObI KOMOMHHUPYIOTCS ITyTEM I'OJIOCOBAHUS WM TIPOCTOTO
ycpenHenusi. — lpum. nep.
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# B OPOTMBHOM CJIyyae CHOEJIATE CJIyYauHYIl BEOOPKY
else:
sampled split candidates = random.sample (split candidates,
self.num split candidates)

# Tenepr BRIOPATH HAMIYdIDni aTpuOyT TOJBKO M3 BTHX NPETEHIEHTOB
best attribute = min(sampled split candidates,

key=partial (partition entropy by, inputs))

partitions = partition by (inputs, best attribute)

Ot0 mpuMep Oosiee MMPOKOH METOAMKH, HAa3bIBAGMOW aHcamOnedbiM 00yyenuem, Kormua
B LEJISX TONyYeHHUs €AMHOW YCUJICHHON MoJeNn O0OBeNUHSIIOTCS HECKOJIBKO CAA0bIX MO-
Jenel, NalomuX HU3KUE pe3ysibTaThl 00y4eHHs (Kak MpaBWiIo, 3TO MOJENH C BBHICOKHUM

CMEIIeHNeM W HU3KOW AucIiepcreii).

MOI[GJ'II/I Ha OCHOBC CﬂyqaﬁHBIX JIECOB ABJIAKOTCA OAHUMHU U3 CAMbIX MOMYJISAPHBIX U YHU-

BepcasbHBIX.

Ana npanbHeuwero usy4yeHus

4 buGmuoteka scikit-learn pacnonaraeT MHOXkecTBOM Mojleliell Ha OCHOBE jepeBa MpH-
Hatus pemenuit (http://scikit-learn.org/stable/modules/tree.html). ITomumo sToro,
B Oubnuoreke ectb Momyiab ensemble (http://scikit-learn.org/stable/modules/
classes.html#module-sklearn.ensemble), B koTopbiii BKIIOUEH KilaccupuKaTop Ha
OCHOBE pelIaIOIINX JIEPEBbEB RandomForestClassifier M Ipyrue aHCAaMOJICBbIE METOIbI.

4 B nanHO# rnaBe Tema JepeBbeB MPHUHITHS PEIleHUi M CBA3aHHBIX C HUMHU alrOpHUT-
MOB Obljla 3aTPOHYyTa JIMIIb BCKOJIb3b. BukuIienus sBIseTcs XOpolled OTnpaBHON
TOYKOM AJis OoJiee MMPOKOro ucciienoBanus aanHoi teMbl (https://en.wikipedia.org/

wiki/Decision_tree_learning).
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HenpoHHble ceTn

JIro0mo GeccMbICULIBI, OHU TPOOYMKIAIOT MO3TOBbIE KIIETKH.
Jlokmop Cuio3"

Hckyccmeennas netiponnas cemy (artificial neural network) vinu npocro HelipoceTh —
3TO MPOTHO3HAsi MOJEJb, OCHOBAaHHEM I Pa3pabOTKH KOTOPOH MOCITY KU crocod opra-
HU3alMM WM TPUHUMIN (YHKUMOHUPOBAaHHMSI TOJIoBHOTO Mo3ra. [IpeacraBum ero B Buae
COBOKYITHOCTH HEHPOHOB, KOTOpbIE COeAMHEHBI Mexay coboii. Kaxknplii HepoH mpo-
CMaTpUBAeT CUTHAJIBI, BHIXOJSIIME U3 JIPYTUX COSIMHEHHBIX ¢ HUM HEHpPOHOB, B3BEILH-
BaeT UX M 3aTeM JM00 pearupyer (eciu pe3y/ibTaT B3BELIMBAHUS MPEBbILLIACT HEKOTOPOE
MOPOroBO€ 3HaUCHHUE), THUO0 HEeT (eciM He MPEBbILIALT).

HckyccTBeHHbIE HEMPOHHBIE CETH COOTBETCTBEHHO COCTOST M3 MCKYCCTBEHHBIX HEMpo-
HOB, KOTOpbIE MPOU3BOJAT aHAJOrMYHOE B3BELIMBAHWE CBOMX BXOAALIMX 3HAYCHHUH.
HelipoHHble ceTr MOTYT peluaTh IWPOKUI CIEKTpP 3a/lay, CpeId KOTOPhIX TAKME KaK pac-
MO3HaBaHME PYKOMMCHOTO TEKCTa U pacrno3HaBaHue Jul. [loMrMMo 3TOro, OHM MHTEHCUB-
HO NPUMEHSIOTCS B OIHON M3 CaMbIX CBEPXCOBPEMEHHBIX OTpacjeil HayKH O JaHHBIX —
riybokoM oOydyeHnu. OnHaKo OGOJBIIMHCTBO HEWPOHHBIX ceTel MpeicTaBisioT coboit
"qepHble AMIMKKU" — HM3Yy4eHHe NMoapoOHOCTEH MX YCTpolcTBa He 0co00 MPUOABUT K TMO-
HUMAaHUIO TOTO, KAKUM 00pazom OHU pelaioT 3aaady. K Tomy ke Gonblive HeHWpOHHbIE
CeTH MOTYT ObITh TpyAHOOOY4aeMbIMu. /{111 OonbIIMHCTBA 3334, ¢ KOTOPBIMU BbI OyaeTe
CTaJIKWBAThCs B KAUYeCTBE HAYMHAIOUICTO aHAJIUTHKA JAHHBIX, OHH, BEPOSTHO, €/IBa IO0-
nokayT. OQHaKo B OAMH MPEKPacHbIi 1eHb, KOTJa Bbl MOMbITAETECh MOCTPOUTb UCKYCCT-
BEHHBIH MHTEIUIEKT, YTOOBI OCYLIECTBUTh KOMITBIOTEPHYIO CHHTYJIIPHOCTB?, OHU OKaXyT-
s KaK HeJb3s1 KCTaTH.

MepuenTPOHLI

IIpocTeifinas Monmenb HEHMpPOHHON ceTHM — 3TO OAHOCIONHBIA nepyenmpoH, KOTOPBIH
NpesICTaBIsgeT co00i MPUOMMKEHHYI0 MaTeMaTH4ecKyl0 MOZIeIb OAMHOYHOIO HEeMpoHa,
COCTOSILIETO M3 # OMHAPHBIX BXOMSIIMX CHUTHAJIOB WM 3HaueHWH. OH BBIYMCIISET B3Be-
LIEHHYIO CyMMY BXOJSILIIMX CUTHAJIOB U "aKTHBU3UpYeETCs'", eClii 3Ta cyMMa OoJibLie UiH
paBHa HYJIO:

' Teonop Coio3 Ieitzens (1904-1991) — amepuKaHCKMA NeTCKMIA MUCATENb ¥ MYJIbTUILIMKATOP. ABTOp Ta-
KHX 3a0aBHbIX nepcoHaxel, kak I'pund, Jlopakc u XoptoH (cM. https://ru.wikipedia.org/wiki/loxkTop_
Cb1o3). — Ipum. nep.

? KOMIBIOTEPHAs CHHTYJISPHOCTH — TOYKA BO BPEMEHH, ¢ KOTOPOI MAIMHBI HAYMHAIOT COBEPIIEHCTBOBATH
camu ce0s1, 6e3 moMoIM Koro-moo. — [pum. nep.
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# XecTkas HoporoBas QYHKIMSI B KaYECTBE aKTMBALAOHHON (YHKIMA
def step function(x):
return 1 if x >= 0 else 0

# pesyspTaT Ha BEIXOAE MNEPLENTPOHA

def perceptron output(weights, bias, x):
"""posBpamaer 1, ecsyu nepruenTpoH 'akTmBusmpyercs', mn 0, ecom Her"""
calculation = dot (weights, x) + bias
return step function(calculation)

[epuenTpoH MoNpocTy pasinyaeT MOJTYNPOCTPAHCTBA, pa3/ielieHHbIe TMIEPIIOCKOCTHIO
TOYEK x, JUT KOTOPBIX:

# ckajApHOE MPOM3BENEHVe BEKTOPa BECOB M TOYEK IUIOC CMEMEHME
dot (weights,x) + bias ==

[Ipu npaBunbHO MONOOPaHHBIX Becax MEpUENTPOHbI MOTYT pelaTh psa MPOCTHIX 3aaad
(puc. 18.1). Hampumep, MOxHO co3aaTh Jo2uueckyio cxemy H (koTopast Bo3Bpaiuaet 1,
ecnu 00a BXOASIIMX CUrHaja paBHHI 1, 1 0, eciii OOUH U3 BXOSIIMX CUTHAJIOB paBeH 0):
weights = [2, 2] # BexTOp BecoB

bias = -3 # cmemenne

Ecnu o6a Bxoasmux curHama paBHbI 1, TO B3BeIIMBaHUE calculation=2+2—3 paBHo 1,
u ¢ynkumsa Bozppawaer 1. Ecium Tonbko OoOvH M3 BXOASIIMX CHUTHANOB paBeH 1, TO
calculation=2+0-3=—1, u ¢pynkuusa Bo3spamiaer 0. M ecnu oba BXoasmmx cuUTrHama
paBHbI 0, TO calculation=—3, u pyHKIMS Bo3BpaiaeT 0.

AHanoruuHeIM 00pa3oM cozfaercs tocuueckas cxema HITH:

weights = [2, 2]

bias = -1
Pewatwowee NPOCTPAHCTBO ANA NEpUenTpoHa C ABYMA BXOAdMKU
m— W-TpaHMLA
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Puc. 18.1. PelatoLLiee npocTpaHCTBO ANA NEpLENTPOHa C ABYMS BXO4aMM
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MokHO Tarke co3aaTh Jocuyeckyio cxemy HE (KoTopas UMeeT BCero OAMH BXOSLLIMM
curHan u npeobpasyet 1 B 0 1 Ha0O0pOT):

weights = [-2]

bias =1

OpHako HEKOTOpbIe 3afayd OJHOCIOWHBIN MEPLENTPOH PELIUTh MPOCTO HE CMOCOOEH.
Hanpumep, kak HM MBITaThCS, HO TMPH MOMOIINU TMEPLENTPOHA HE TMOJYyYUTCS CO3/aTh
Joeuyeckyio cxemy "uckmouaroujee HJ/IH" (cTporas KOHBIOHKIMS), KOTOpasi BO3BpALLaeT
1, ecy TOJILKO OJIMH W3 €ro BXOJSIIUX CUTHAJIOB paBeH |, u 0 — B MPOTHBHOM cliyvae.
OTcro/1a BOZHUKAET MOTPEOHOCTh B OoJiee CIIOKHBIX MOJIENIAX HEHPOCETH.

EctecTBeHHO, A1 TOro 4ToOBI CO3AaTh JOTMYECKYIO (DYHKLHIO, BOBCE HE HYKHO CTPOUTD
NpUOIMIKEHHYIO MaTeMaTHYECKYO MOJIeNIb HEHpOHa:

and gate = min # Gymeso U
or gate = max # Gymneso W
xor gate = lambda x, y: 0 if x == y else 1 # GymeBo uckiovarmee W

Kak u HacTosiye HeHpOHbI, UX MCKYCCTBEHHbBIE aHAJIOTM BbI3BIBAIOT WHTEPEC, TOJLKO
KOT/1a OHH COeTUHEHBI MKy COOOiA.

HelipoHHbLIe ceTu NpsAMOro pacnpocTpaHeHus

YenoBeueckuii MO3r UMEET Ype3BbIUAWHO CJIOKHYIO TOMOJIOTHIO, U MO3TOMY MPHUHSITO
CTPOUTh €ro MPHUOIMKEHHYIO MOJIeSh Ha OCHOBE WJICaTM3UPOBAHHON HEHpPOHHOUN ceTh
NpAMO20 pacnpoCmpaneHus, COCTOAINEeH U3 TUCKPETHBIX C/l0e6 HEHPOHOB, I/ie KaXKIbIi
CJIOH TPUCOEIMHEH K cienyromeMy. Takoe cTpoeHHWe, Kak MPaBWio, TpeOyeT HaIuuus
CJIOSI BXOJIOB B C€Th (KOTOPBIi MOTy4aeT BXOMASIINE CUTHAIIBI U TIepeiaeT uX Jaiblie 0e3
M3MEHEHU), OJIUH UM HECKOJBKO "CKPBITHIX clIOeB" (KaXKIbIii U3 HUX COCTOUT U3 HEW-
POHOB, KOTOpbI€ MPUHUMAIOT BBIXOJSLIUE CUTHAJIBI MPEABIAYIIErO CJI0s, BBIMOJHSIOT He-
KWe BBIYUCIICHUS W TIepefaloT pe3yJbTaT B CIeAYIOMINI CIIOi) U CJIOS BBIXOJOB M3 CETH
(KOTOpBIH reHeprupyeT OKOHYATEbHBIE Pe3yIbTaThI).

Tak ke kak B ciIy4ae ¢ NepLUenTPOHOM, KaX/blil HEHpOH (He BXOJHOTO CJIOS) COCTOUT U3
BECOB, KOTOpbIE MOCTaBJICHbI B COOTBETCTBHE BXOAIIUM CUTHaaM, U cMelleHus. UToOsl
YHOPOCTUTH MPEACTaBIEHUE CETH, 100aBUM CMEIlleHHE B KOHELl BEKTOpa BECOB M yCTaHO-
BUM JUIs K&XXIOTO HEMpOHa eeiuuuny cmeweHus Ha BXoJe, BCeraa paBHyto 1.

Kak u y nepuentpona, OyaeM CyMMHpPOBATh MPOM3BENEHHE €r0 BXOASILIMX CUTHAJIOB U
BecoB. OIHAKO 37ilecb BMECTO MOPOTOBOI aKTHBALMOHHOW (PYHKLMHU step function, MPH-
MEHseMOH K MpoM3BeAeHHIO, OyeM BO3BpallaTh €€ IaJKylo anmpokcuManuo. B vact-
HOCTH, BOCITIOJIb3YEMCSI CHTMOUIAJIEHOM aKTUBALIMOHHOMN QyHKIMeEH sigmoid (puc. 18.2):

# curmomna B KayeCTBe QyHKLMM AKTHUBALA
def sigmoid(t):
return 1 / (1 + math.exp(-t))

3aueM MPUMEHSITb CUTMOUAATILHYIO (PYHKLHMIO sigmoid BMECTO Oosiee MpOCTOoi MOporoBoi
step function? J[ng oOy4deHHs HEWPOHHON CeTHM MCHONB3YIOTCS OUdQepeHLraTbHbIE
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YpaBHEHMs B YaCTHBIX MPOM3BOAHBIX, a I HUX TpeOyroTcs eraokue auddepeHuupye-
mble pyHkumn. [Toporoas GyHKIMs naxke He SBIsETCS HETIPEPBIBHOM, a CUTMOMIA TPe-
cTaBJIgeT co00il ee XOpoLIyto [NIaJKyH0 anfnpoKCUMALUIO.

Bbl, HaBepHoe, 06paTUNM BHUMaHWE Ha curMouay sigmoid B 2/1aee 16, roe oHa HOCUT
Ha3BaHWEe NOTNCTUYECKON logistic. TEXHUYECKU TEPMUH "curmomnaa” OTHOCUTCS K ¢hop-
Me PyHKLUUN, a TEPMUH "NMOTMCTUYECKUI" — K JAHHOW KOHKPETHON (DYHKLMW, XOTH YacTo
3TU TEPMUHbI UCNOMb3YIOT Kak B3aUMO3aMEHSIEMbIE.

CMrmouaa v noporosas GpyHKUNA B CPAaBHEHNM

= = n0porosan dyHkyuA
—_— CHrMoMga

0.8

0.6

0.4

0.2

0.0

-10 -5 0 5 10

Puc. 18.2. CurmonaansHas u noporosas hyHKLMN B CPaBHEHUN

3areM BBIYMCIIMM BBIXOAIINI CUTHATT HEMpOHa:

# BEIXOASmMYI CUIHAJ HEMpOHa
def neuron output (weights, inputs):
return sigmoid (dot (weights, inputs))

[Ipu Hanmuumum 5TOM (QyHKUMHM HEHPOH MOXeT ObITb MpeACTaBlieH MPOCTHIM CIIUCKOM
BECOB, Ubsl JUIMHA Ha eUHULly OOoJIblle YMCiIa BXOAOB B 3TOT HEHPOH (U3-3a Beca cMelle-
Hust). Toraa HEMPOHHYIO CeTh MOXKHO MPEACTABUTh CIIMCKOM C/10€6 (He BXOOHOTO ypOB-
H$1), A€ KaXAbli CJIOH — 3TO MPOCTO CIMCOK HEHPOHOB B 3TOM CJIO€.

HHbIME crioBamu, HEHpOHHAS CeTh — 3TO CITUCOK (CJI0EB) CMMCKOB (HEHPOHOB) CIIMCKOB
(Becon).
B Takom BHUAC UCITIOJIb30BaTh HeﬁpOHHYIO CETb JOCTATOYHO MPOCTO:
# MexaHW3sM MNPSIMOTO pPaCHPOCTPAHEHNS
def feed forward(neural network, input vector):
"N IOMHYMAET HEMPOHHYI CEeTh (KaK COMCOK CIMCKOB CIMCKOB BECOB) M

BEKTOP BXOAAIMX CUI'HAJIOB,
BO3BpamaeT Pes3yJbTaT MHPAMOIO paCHPOCTOaHEHMA BXOAAIMX curHajoB"""

outputs = [] # Bexomel m3 ceTn
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# obpabaTEHBaTL OCJOMHO
for layer in neural network:
input with bias = input vector + [1] # #o6aBuTE BeJMUMHY CMEHCHUST
output = [neuron output (neuron, input with bias) # BeumcIMTE pesymeTaT
for neuron in layer] # g 5TOrO HeypoHa
outputs.append (output) # M BamOMHUTE €ro

# BxXOZOM OJIA CJIEOYWUEIr'O CJOA CTaHOBUTCSA
# BekTOp pe3yJbETaTOB TEKYMeI'o CJIOS
input vector = output

return outputs

Tenepb MOXHO JIETKO CO37aTh JIOTHUECKYIO cXemy s uckirouaromiero MJIN, kortopyro
HE yIaJIOCh Peaii30BaTh HA OCHOBE OJHOCIOMHOTO nepuenTtpoHa. st aToro morpedyer-
Cs1 BCEro JIMIIbL CKOPPEKTUPOBATh Beca Tak, YTOOBI BHIXOMSIIME CUTHAIbI HEpOHA HaXo-
IWIKCH oueHb Oyin3ko K 0 oo k 1:

Xor network = [# CKpHEITEDI CJ0M

[[20, 20, -30], # Hevpon 'U'

[20, 20, -1011, # Herpon 'WIL'

# BEIXOZHOJ CJIOH

[[-60, 60, -3011] # Herpon '2-j1, HO He 1-n'

for x in [0, 1]:
for y in [0, 1]:
# Qymxuma feed forward BosBpamaeT BEIXOASAIIE CUTHAJE KaXZOI'O HEVPOHa
# feed forward[-1] - 2TO BEIXOAAUPIE CUTHAJEI HEVPOHOB CJIOS
# BEIXONOB M3 CETH
print (x, y, feed forward(xor network, [x, y])[-1])

# 0 0 [9.38314668300676e-14]
# 0 1 [0.9999999999999059]
# 1 0 [0.9999999999999059]
# 1 1 [9.383146683006828e-14]

Puc. 18.3. HellpoHHas ceTb noruyeckon cxemsl "uckniovaiowee UJN"
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IIpy noMouIM CKpBITOro €ja0si MOKHO NMepenaTh BbIXOAAIMHA curHan HedpoHa "U" u BbI-
xonswuid curHan Heiipona "MJIN" Ha Bxoa HeitpoHa "2-#1, HO He 1-i". B utore nmomnyuut-
Csl CeTb, KOTOpAs BBIMOJHSAET ONEPALMIO CTPOroi NU3bOHKLUMU ("WiK, HO He U'"), COOT-
BETCTBYIOIILYIO JIorndyeckoi cxeme "uckirovaromee MJIN" (puc. 18.3).

MeTon o6paTHOro pacnpocTpaHeHUst OLNGKU

Kak mpaBuio, HelpoHHbIE CeTM HE CO3JAlOT BPYYHYIO, MOTOMY YTO C MX MOMOLIBIO
peraroT 3agauu ropasao 6onee MacmTaOHble — K MPUMEpY, 3a7ada pacro3HaBaHHUs H30-
OpakeHHi MOXKeT OBITh CBS3aHA C MPUMEHEHHWEM COTeH WJIM Jake ThicSd HeHpPOHOB, a
TaKXKe MOTOMY, YTO OOBIYHO HEBO3MOXKHO "Mpoaymarh A0 KOHUA", Kakue 3HaueHHs
JOJKHBI TEHEPUPOBATh HEUPOHBDI.

BwMmecTo 3Toro HelipoHHsle ceTH oOyuaiom (Kak BCeraa) npy NoMouy JaHHbIX. OOHUM U3
MOMYJISIPHBIX PeLleHUid 3TOW 3ajauu sBAsSETCS NPUMEHEHHE alropuTMa, WUMEHYeMOro
Memooom 06pamHo20 pacnpocmpaneHus OuuoKuy, KOTOPbId UMeeT OIpe/iesIeHHYIO aHa-
JIOTHIO C aJITOPUTMOM I'PaJIMEHTHOTrO CITYCKa, PACCMOTPEHHbBIM paHee.

HonycTtuMm, naHa oOyuaromasi BHIOOpKa, KOTOpas COCTOUT M3 BXOJSIIMX BEKTOPOB U CO-
OTBETCTBYIOIIMX IIeJIEeBbIX BEKTOPOB, 3aJaloluX TpeOyemble pesynbTaTel. Hampumep,
B MpeAbIAyLIeM TpUMepe HEHpOCeTH xor network BXOJSIIEMY BEKTOPY [1, 0] COOTBETCT-
BOBaJI LieJIeBO BekTOp [1]. JIOMyCcTUM Takke, YTO HEMpOCeTh pacrionaraeT HEKUM Ha-
O6opoM BecoB. DTH Beca B AajbHEHIIEM KOPPEKTUPYIOTCS HA OCHOBE CJIEQYIOLIEro aro-
puT™Ma:

1. BBIMOTHUTH MPSAMOIT POXO MO CeTH, TPUMEHHUB (PYHKLMIO feed forward K BXOZSILE-
MY BEKTOPY, YTOObI BBIUMCIIUTb BBIXOJSIIME CUTHANIBI BCEX HEHPOHOB CETH.

2. B pe3ynbrare B Ka)XIOM BBIXOJHOM HEHpPOHE reHepupyeTcsl olnOKa — pa3HULa Me-
JKIY €ro BBIXOJSIIMM U LeJIEBbIM 3HAYEHHUSIMHU.

3. BbIYMCAUTH TPaAMEHT 3TOM OIMOKK Kak (DYHKLHMIO BECOB HEMpOHA U 3aTeM CKOpPpeK-
TUPOBATh €ro Beca B HanpaBleHUH, KOTOPO€ MUHUMH3HUPYET OLIMOKY.

4. PacnpoCTpaHUTh OUIMOKM BBIXOASLIMX CHUIHAJOB Ha HEHPOHBI CKPBITOrO CIIOS, BbI-
MOJIHUB OOpAaTHBIN MPOXOJ MO CETH C BEIYMCIIEHHEM OIIMOOK /Uil HeHPOHOB CKPHITOTO
cIiosl.

5. BbIYHMCINUTH TPaJUEHTHI ATUX OIIMOOK U CKOPPEKTHPOBATh Beca HEMPOHOB CKPBITOrO
CJI0S TaK ke, KaK B MyHKTe 3.

Kak npaBuiio, anroput™ BBITIOIHSETCS OONBLIOE YMCIIO UTEpALid IJ1sl BCeit o0ydvaroieit
BBIOOPKM [0 CXOXKAEHHUS ceTH (T.e. 10 TeX Mop, MoKa olMOKa Ha BCEM MHOXKECTBE He
JOCTUTHET MPUEMIIEMOr0 YPOBHS):

# anropuTM 06pPaTHOI'O pPAaCIPOCTPAHEHMS OUMOKNI
# Ha Bxome: ceThb, BEKTOP BXOAOB, BEKTOP LEJen
def backpropagate (network, input vector, targets):

# BEIXOOEI M3 CKPBITBIX CJIOEB M BEIXOZEBEI M3 CeTU

hidden outputs, outputs = feed forward(network, input vector)
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# M3 MPOM3BOAHON CHUIMOMAAJBHOM QYHKIpW B3sSTO output * (1 - output)
output deltas = [output * (1 - output) * (output - target)
for output, target in zip (outputs, targets)]

# MDOHENMPOHHO CKOPPEKTMPOBATEH Beca IJISA CJIOS BEHXOZOB (network[-1])
for i, output neuron in enumerate (network[-1]):
# B3ATH 1-J1 HEMPOH CJIOS BEIXOZOB
for j, hidden output in enumerate(hidden outputs + [1]):
# CKOPPEKTMPOBATHL j-} BEC Ha OCHOBE
# menbpTE 1-T'0 HEVPOHa M er0 j-I'0 BXOAAmMEI'0 BHAYEHUS

output neuron([j] -= output deltas[i] * hidden output

# pacmpocTpaHuTE OIMOKM HA CKORITEDL CJIOVM, OBUTASCE B OODATHYKH CTOPOHY
hidden deltas = [hidden output * (1 - hidden output) *
dot (output deltas, [n[i] for n in output layer])
for i, hidden output in enumerate(hidden outputs) ]

# IOHEVPOHHO CKOPPEKTMPOBATEH Beca IJIZ CKPHTOIrO cJjos (network[0])
for i, hidden neuron in enumerate (network([0]):
for j, input in enumerate (input vector + [1]):
hidden neuron[j] -= hidden deltas[i] * input

OTO MpaKTUYECKH TO K€ camoe, ecli 3aJaTh KBaJpaT OMMOKM B KauecTBe (YHKLIHH
BECOB M MCMOJIb30BaTh (PYHKLMIO ninimize stochastic, peali30BaHHYIO B 2iase §.

B nanHOoM cnyuae, pacrivcaTh rpaJUeHT B IBHOM BHJI€ HECKOJILKO mpoOsiieMaTu4Ho. Jljis
TeX, KTO 3HAKOM C MaTeMaTHYECKUM aHAJIW30M U [IETHBbIM MPAaBHIOM AvQQepeHIrpoBa-
HUSl CIOXKHOM (DYHKIMH, BBIKIAAKKH OYIYT OTHOCHTENIBHO MPOCTHIMU. EMHCTBEHHO
03a/1aunBaeT COOJIOJCHUE NPAaBUJIBLHOCTH MaTeMaTHYeCcKUx o0o3HaueHwii (''yacTHas
MPOW3BOAHAs (D)YHKIIMM OUIMOKH OTHOCHTENIBHO Beca, KOTOPBIM HEMPOH i Ha3HAYAeT BXO-
JSIIeMy 3HAYEeHHIO, TIPUXOASIIEMY U3 HEHpOHa j).

NMpumep: npeogoneHne Kanyum

UrtoObl MLa, KOTOPBIE PErHCTPUPYIOTCS Ha caiiTe COLManbHOW CeTH, rapaHTHPOBAHHO
OBUTH JTIOBbMH, 2 He KOMIBIOTEPHBIMA O0OTaMM, TUPEKTOP IO YIPABIECHHUIO MPOAYKTaMHU
XOUeT BHEAPHUTh B MPOLECC PErMCTPALMU MOCeTUTENei kanuy’. B 4acTHOCTH, OH XOTen
Obl MOKa3bIBaTh MOJIb30BATENO W300pakeHUsl LUdp U mpeayiarate €My BBOAUTb LUQPHI
JUTSl TIOATBEPKAEHUS, YTO OH WJIM OHAa — YEJIOBEK.

OH He BEPUT, YTO KOMIIbKOTEPLI CIOCOOHEI JIETKO CIIpaBUTBHCA C 3TOH 332[3‘16171, " MMO3TOMY
BEbI c061/1paeTec5 nepey6em/m> €ro, co3aaB MporpamMmy, KOTopas 3Ty 3aJavyy peLIacT.

3 Kanua (or CAPTCHA, Completely Automated Public Turing test to tell Computers and Humans Apart —
TMOJIHOCTBIO aBTOMATHU3MPOBAHHbIN MyOIM4HBIM TecT ThIOPUHTa IS Pa3IMueHHUs: KOMITBIOTEPOB U JIHOJeH) —
KOMITBIOTEPHBII TECT, MCIOJIb3YEMBbIH /IS TOT0, YTOOBI ONPEIEIUTh, KEM SBISETCS MOJIb30BATEb CHCTEMBI:
YenoBEKOM UM KommbioTepoM (cM. https://ru.wikipedia.org/wiki/Kanua). — IIpum. nep.
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[MpencraBum kaxayro udpy B BUe U300paskeHHs 5X5 MAKCENOB:

@REEE ..C.. (@CQRRER (@REEE @...Q (EEERR QRREE eEreeEe eeeee eeeee

@...e @ R e O P I N
@...@ ..Q@.. @EQERE (ECRERE (@QEEE@ (eeEee eeeee ....@ @Eeeee eeeee
@...e. ..e.. @.... ....@ ....@ ....@ @..¢ ....@ @...@ ....c
geeee @ @REEE @eeee ....@ Qeeee eeeee ....@ Qeeeec eeece

HetiponHast ceTh TpeOyeT, UTOOBI Ha BXO/] MOCTYIAJI BEKTOP YUCEJI, IO3TOMY pa3BepHEM
KaXka0e n300pakeHUe B BEKTOP JJTUHOMN 25 3JIEMEHTOB, Tie KaK/bli JIEMEHT paBeH JIM00
1 ("nukcen ycranoeneH"), mubo 0 ("mukcen oOHyeH").

Hanpumep, uudpa 0 Oynet npeacraieHa Tak:

zero digit = [1,1,1,1,1,
1,0,0,0,1,
1,0,0,0,1,
1,0,0,0,1,
1,1,1,1,1]

Ha BoIXosie HelipoceTh JOMmKHA yKa3biBaTh Ha MpeAnoaaraeMyto uudpy. s storo noHa-
noburcsa 10 BeIXOAHBIX 3HaueHui. K mpumepy, npaBuiibHBIM pe3ynbTraToMm i uudpsl 4
Oyner:

t, 6, 0, 0, 1, 0, 0, 0, O, 0]

Torma, py yCIOBWH, YTO BXOABI inputs MPaBWIIBHO yrmopsaodeHsl oT 0 mo 9, mensmu
OoynyT:
targets = [[1 if i == j else 0 for i in range(10)] # mmaron. maTpmra 10x10

for j in range(10)]

Omarogaps uemy (K puMepy) 3HA4YEeHHe targets[4] COOTBETCTBYET MPABUIBHOMY BBIXOJI-
HOMY 3HaueHHto A uudpsl 4. Ha naHHBI MOMEHT Bce TOTOBO, YTOOBI MOCTPOUTH HEil-
POHHYIO CETb!

random. seed (0) # 57O HeobxomMMO OJIS IOJYYEHVS IOBTOPSIOIMXCA Pe3yJbTaTOB
input size = 25 # Kaxmoe Bxondmee BHaYEHME - 5TO BEKTOPD

# mmHOM 25 SJ1€MEeHTOB
num hidden = 5 # 5 HEMpPOHOB B CKPEITOM CJIOE

output size = 10 # 10 3HaYeHws! Ha BEIXOAE IJIA KaXAOI'O BXOLAMEIO

# KaXIOpDI CKOBITEDI HEVDOH WMMEET OOVIH BeC IJIS BXONHOI'O HEMPOHA

# mmoc Bec cMemeHus

hidden layer = [[random.random() for  in range (input size + 1)]
for  in range (num hidden)]

# KaxOoDi BHIXOLHOM HEHMPOH MMEET OOMH BEeC IJIS CKPHTOI'O0 HEMPOHA

# mmoc Bec cMemeHws

output layer = [[random.random() for  in range(num hidden + 1)]
for  in range (output size)]
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# ceTb HaumHaeT pPaboTy CO CJyYayHEMM BECaMi
network = [hidden layer, output layer]

O6y‘{I/IM €€ Mpu NMOMoO1IH ajiropurMa O6paTHOFO pacrnpoCcTpaHCHUA OILIINOKH:

# nona cxoxgenms cetu 10 000 mrepaipwi, HO-BUOMMOMY, OyAeT HOCTATOYHO
for  in range(10000):
for input vector, target vector in zip(inputs, targets):
backpropagate (network, input vector, target vector)

CeTL XOpPOLIO CHPAaBJIACTCA C O6y‘laIOHlI/IMPI npumMepamu, 4YTO OYEBUAHO U3 PE3YJILTATOB:
# OYHKIST HPOTHOBMPOBAHMUSI
def predict (input):

return feed forward(network, input) [-1]

predict (inputs[7])
# [0.026, 0.0, 0.0, 0.018, 0.001, 0.0, 0.0, .967, 0.0, 0.0]

Pe3ynbTar nmokasbiBaeT, 4TO HeMpoOH BbIXoaa ais uupsl 7 reHepupyet 0.97, Torna kak
Jpyrue HeHpOHbI MOKa3bIBAIOT OUYEHb Maslble 3HAUEHHUSI.

[lomumo sTOrO, HelipoceTh crpapisercs ¢ UU(PaMH, HAPUCOBAHHBIMU MO-APYrOMY,
TAKMMH KaK 3Ta CTUIM30BaHHas nudpa 3:

predict ([0,1,1,1,0, # .@@e.
0,0,0,1,1, # ...@@
0,0,1,1,0, # ..@e.
0,0,0,1,1, # ...6@
0,1,1,1,0]1) # .@e@e.

# (0.0, 0.0, 0.0, 0.92, 0.0, 0.0, 0.0, 0.01, 0.0, 0.12]

HelipoceTh nmpoaoskaeT cuuTaTh, 4To 3Ta HHdpa moxoxa Ha TPOHMKY, a BOT B OTHOIICHUH
CTUJIM30BaHHOW LUDPBI 8 MHEHHE pa3aenuioch Mexay S5, 8 u 9:

predict ([0,1,1,1,0, # .@ae.
1,0,0,1,1, # @..@@
0,1,1,1,0, # .eee.
1,0,0,1,1, # @..@@
0,1,1,1,0]) # .@@e.

# (0.0, 0.0, 0.0, 0.0, 0.0, 0.55, 0.0, 0.0, 0.93, 1.0]

[Mpu Hanvuum Oonee oObeMHON oOyuarolleil BEIOOPKM ¢ MOAOOHOM cuTyallueid, HaBep-
HO€, yJIaI0Ch OBl CIIPaBUTHCA.

HecMoTps Ha To, uTo HelipoceTh BBITIONHSAET paboTy HE COBCEM MPO3pavHO, TeM He Me-
Hee, eCTh BO3MOXKHOCTh HCCIIEJOBaTh Beca CKPBITOrO CIIOS M B pe3ysbTaTe MOJyYUTh
Mpe/ICTaBIeHUE O TOM, UTO B JICHCTBUTEIILHOCTH OHU PACIO3HAIOT. B yacTHOCTH, MOXKHO
HapHUCOBaTh Beca KaKAOro HeWpoHa B BUJIE MATPHIIBI pazMepa 5X5, COOTBETCTBYHOIIEH
BXodaM 5x5.
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B peanbHoi#t cutyanmu, BeposTHO, ObIIO OBl JTydine n300pa3uTh HyJIeBOW Bec OeIlbIM IIBe-
TOM, GoJiee KpyIMHBIE MOJOKUTEIbHBIE Beca Pa3IMYHBIMU OTTEHKaMHM (K pUMepy) 3elie-
Horo, a 6osiee KpymnHble OTpULIATeNIbHbIE Beca OTTEHKaMHU (J1ommycTuM) kpacHoro. K coxa-
JIEHUIO, 3TO TPYAHO cAesaTh B popmaTe YepHO-0e10il KHUTH.

BmecTo sToro 1/13o6pa314M HYJICBBIC BECa 6€J'H>IM, BECa, 6onee YAaJ€HHBIE OT HETO, cAcjia-
eM Oornee TEMHBIMHU, a IJId 0003HaueHHUS OTpULATC/IbHBIX BECOB NPUMEHUM HITPUXOBKY.

s aTux ueneii Bocrionb3yeMest pyHKIMEH pyplot.imshow, KOTOpasi paHee ellle He BCTpe-
yanack. C ee MOMOLIBIO MOXHO CO3/1aBaTh M300paKEHUsl, pUCYS MUKCEN 32 MHUKCEIOM.
B 0OBIYHBIX YCITOBUSIX MPH PEIICHWH aHAJMTHUYECKHX 3a/1a4 OHa He 0C000 MpaKTHYeCKH
TNOJIe3Ha, OJJHAKO TYT HY)KeH UMEHHO Takod QyHKIMOHA':

import matplotlib

# Beca

weights = network([0] [0] # IEPBEDI HEVPOH B CKPEITOM CJIOE
abs weights = map(abs, weights) # TemMHED! LBET 3aBMCHUT

# oT abCOJOTHOI'O BHAYEHMST

grid = [abs weights[row: (rowt5) ] # mpeobpazoBaTs Beca B MATPHUIy 5 x 5
for row in range(0,25,5)] # [weights[0:5], ..., weights[20:25]]

ax = plt.gca() # IS mITPMXOBKM HYXeH OOBEeKT axis (oChb)

ax.imshow(grid, # 3Bmecp Tak xe, kak B plt.imshow
cmap=matplotlib.cm.binary, # mconosmesoBaTe mrasy u/6 HBeTa
interpolation="'none') # prucoBaTh GyOoKaMM

def patch(x, y, hatch, color):
"""BepHYyTE 00BeKT 'patch' Gubmmorexw matplotlib ¢ yxas3aHHEMA
KoopAMHATaMy, mMabGJIOHOM IITOMXOBKM M HBeToM"""
return matplotlib.patches.Rectangle((x - 0.5, y - 0.5), 1, 1,
hatch=hatch, fill=False, color=color)

# BamTPUXOBATHE OTPHULATEJBLHEE BECA
for i in range(5): # cTpoka
for j in range(5): # cTonber
if weights[5*1 + j] < 0: # cmpoka i, crosnber j = weights[5*1 + J]
# noBaBuTh u/6 WTPUXOBKY, UTOGH OBUIO BMAHO HA TEMHOM WM CBETJIOM
ax.add patch(patch(j, i, '/', "white"))
ax.add patch(patch(j, 1, '"\\', "black"))

plt.show()

* ITpu paGote ¢ HibKe IPUBEIEHHBIM KOJOM B Python 3 sl II0JlyueHHs BEKTOPa aBCOMOTHBIX BECOB CIENYET
CKOPPEKTHUPOBATh BBIPAXKEHHUE TaK: abs weights = list(map(abs, weights)). Kpome Toro, okoHuareiabHbIe
3HAUEHUS CMEIICHUH MOTYT HE3HAYUTENBHO OTJIMYATHCS OT 3HAUCHWI, IPUBECHHBIX B KHUTE. — [Ipum. nep.
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Ha puc. 18.4 BuaHO, 4TO MEpBBIli CKPBITHI HEHPOH MMeEeT OOJIbINKE TOJOKUTEITHHBIS
Beca B JIEBOM CTOJIOLe U B LIEHTpe cpefHell CTpoku, U OojbliMe OTpULATellbHble Beca
B nipaBoM ctoJjbue. (K Tomy ke MOKHO yOeAnuThbCs, YTO Y Hero JOBOJBHO OO0JIbLIOE OTPH-
LaTeJIbHOe CMEIIeHHe, a 3HAYMT, OH cpabOTaeT TOJIBKO, €CITM WM KOT/ia Ha BXOJE TOJTy-
YUT UMEHHO Te MOJIOKHUTEIIbHbIE 3HAYeHHs1, KOTOpbIe "oxumaeT".)

Puc. 18.4. Beca ans ckpbITOro crnos

I[eﬁCTBHTeHBHO, IMpH TaKUX BXOAAINX 3HAYCHUAX CEThb ACJIA€T TO, UTO OT HEC OXKUOACTCA:

# ToJIBKO JIEBEDI CTOJIOEL]
left column only = [1, 0, 0, 0, 0] * 5
print(feed forward(network, left column only) [0][0]) # I.0

# LleHTp, CpenHsas CTPOKa
center middle row = [0, O, O, O, O] *2 + [0, 1, 1, 1, O] + [0, O, O, O, O] * 2
print(feed forward(network, center middle row) [0] [0]) # 0.95

# ToNBKO MPAaBEDI CTOJOEL]
right column only = [0, 0, 0, 0O, 1] * 5
print(feed forward(network, right column only) [0] [0]) # 0.0

AHaNOrM4HBIM 00pa3oM, cpeHEMY CKPBITOMY HEMpOHY, MOXOxe, "HpaBsTcs" TOpU30H-
TaJlbHbIe JIMHUM, B OTJIMYHME OT OOKOBBIX BEPTHKAIbHBIX JIMHUNA. A MOCIEIHEMY CKpbI-
TOMY HEMpOHY — LIeHTpajibHas CTPOKa, B OTJIMYME OT mpaBoro cronbua. (IBa npyrux
HEepoHa MHTEPNPeTUPOBATh TPYAHEE.)

Uro mpousoiiet, eciu NpoIyCcTHTh Yepe3 HelpoceTh CTUITM30BaHHYI0 Py 37

my three = [0,1,1,1,0, # .@@@.
0,0,0,1,1, # ...@@€
0,0,1,1,0, # ..@a@.
0,0,0,1,1, # ...@@E
0,1,1,1,0] # .@ee.

hidden, output = feed forward(network, my three)

BrixoaHble 3HaUeHUs hidden OyAyT CIACAYIOIIVMHU:

0.121080 # m3 network[0][0], BeposTHO, HaBesHO (1, 4)
0.999979 # m3 network[0][1], 6oapmost Bkaan or (0, 2) m (2, 2)
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0.999999 # m3 network[0][2], momoxuTencHO Besne, kpome (3, 4)
0.999992 # m3 network[0][3], cHoBa Gospmort Bkaanz or (0, 2) m (2, 2)
0.000000 # m3 network([0][4], oTpmuarencHo mwm 0 Besze,

# KpoMe IHEeHTPaJbHOM CTPOKU

KOTOpBIE BXOAT B HEHPOH BbIXOJa "TpH" ¢ BecaMM network [-1] [3]:

-11.61 # Bec mug hidden[0]
-2.17 # Bec mug hidden[1]
9.31 # Bec mng hidden[2]
-1.38 Bec ang hidden[3]
-11.47 # Bec misg hidden[4]
-1.92 # Bec mid cMelmeHMS Ha BXOZde

e

OJyiarogaps YeMy HEMpPOH BBIUWCIIHT:

sigmoid(.121 * -11.61 + 1 * -2.17 + 1 * 9.31 - 1.38 * 1 - 0 * 11.47 - 1.92)

Oto B pesynbrate AacT 0.92, kak v Obu10. B CyIHOCTH, CKPBITBIN CIOW BBIYMCISAET MSATh
Pa3HBIX CErMEHTOB 25-MEepPHOro NPOCTPaHCTBA, OTOOpaXas Kakaoe BXoAsdLlee 25-MepHoe
3HaueHHUE B MATH YKcell. M 3aTeM Kakaplii HEMpOH BBIXOAAa CMOTPHT TOJIBKO Ha pe3yJibTa-
TBI 3THX TSTH CETMEHTOB.

Kak MoxxHO ObIJI0 yOeanuThbes, my three cierka "ckionsercs”" B cropoHy cermenTa 0 (T. e.
HE3HAYMTEIbHO aKTUBUPYET CKPBIThII HeHWpoH (), cHibHO "CKJIOHSEeTcd" B CTOPOHY cer-
MeHTOB 1, 2 1 3 (T. e. CWIIbHO aKTHBHUPYET 3TH CKpPBITbIe HEMPOHBI) U MOUTH "paBHOIY-
ureH" K cermMeHTy 4 (T. €. He aKTUBUPYET TOT HelpoH BooOLIe).

3arem kaxapiid u3 10 HEHPOHOB BBIXOAA M3 CETHU MCIOIB3YeT TOJIBKO ATH IMATh aKTHBa-
LU, YTOOBI PELINTh, SBJSETCS JIU my three UX UM(POH UM HET.

Ana npanbHeuwero usy4yeHus

4 OOpasoBarenbHast oHnaiH-mnatgopma Coursera mpejuiaraer OecIUIaTHbI Kypc MO
Teme "HckyccTBeHHBbIe HEHpOHHBIE ceTH B MamMHHOM oOyueHuu" (https://www.
coursera.org/course/neuralnets). B mocnegnwuii pa3 on nposoguics B 2012 r., onHa-
KO MaTepualibl Kypca Mo-npexkKHeMY AOCTYIHBI.

¢ Maiikn Hunecen (Michael Nielsen) mumer GecruiaTHylO OHJIaWH-KHUTY Ha TeMy
"Hetiponnsie cetu u rityookoe o0yuenue" (http://neuralnetworksanddeeplearning.com/).
K Tomy BpemeHu, koraa Bel OyeTe YMTaTh 3TO, OH JOJKEH YKe €€ 3aBEPLIMTh.

4 PyBrain (http://pybrain.org/) — nocrarouHo mnpocTtas HelpocereBas OUONHMOTEKa,
HanMcaHHas Ha s3bike Python.

4 Pylearn2 (http://deeplearning.net/software/pylearn2/) — namHoro 6osee nponaBu-
HyTas (HO U Gosiee ClI0XKHask B UCMOJIb30BaHUU) HelipoceTeBast Oubnuoreka.
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Knactepusauus

I"ie cnaHbIii Haw coOrO3
MsITexHO H30aBIISIT OT 3.
Pobepm I'eppux’

BoNbIIMHCTBO aNropuTMOB B 9TOM KHHI€ OTHOCATCA K KJIaccy KOHTPOIMpyeMoro o0yue-
HUSI UK OOyuUeHHs ¢ yuuTesieM, T. €. OHH HauMHaloT padoTy ¢ Habopa MapKuposaHHbIX
JaHHBIX M UCIMOJIB3YIOT UX B KA4e€CTBE OCHOBBI JUIS BBIMOJHEHUS MPEACKa3aHUil B OTHO-
LIEHWW HOBBIX, HEMapKUPOBaHHBIX AaHHbIX. Knactepuzauus (clustering) — a3to mpumep
HEKOHTPOJIMpYeMOro o0yueHust Wik oOyueHus 6e3 yuurens, Koraa paboTa BeaeTcs ¢ co-
BEpIIEHHO HEMapKHWPOBAaHHBIMU JaHHBIMU (WM e €ClM JaHHbIe MPOMapKUpPOBaHbI, TO
METKH UTHOPUPYIOTCH).

Upes

OOpaTtuBUIMCh K HEKOEMY MCTOYHHMKY JaHHBIX, MOJKHO 3aMETHTb, YTO JaHHbIE, CKOpee
BCET0, KAaKMM-TO 00pa3oM coOpaHbl B TPYNIIbI WK Kiacmepsl (TEPMUHBI CHHOHUMHUYHBI).
HaGop nmaHHBIX, JEMOHCTPUPYIOLIHH, T1e KHUBYT MUJUTMOHEPHI, BEPOSTHO, c(HOPMHUPYET
rpymmnsl B TakMX MecTax, kak beBepnu Xwumn3 m Manxarren. HaGop naHHbIX, mokasbl-
BaIOIIMM, CKOJIBKO YacoB B HEJEIIO JIF0IM MPOBOAST Ha paboTe, BEPOSITHO, CO3AACT rpyI-
my Bokpyr 40 4acoB (a eciiv AaHHBIE B3SThI M3 LUTATa C 3aKOHAMM, KOTOpbIE MpeaycMaT-
PUBAIOT ClieLMAJIbHBIC JIbTOThI 7151 JIto/iel, padoTatoiux He Oosiee 20 4acoB B HEJIEIO, TO
OH, CKOpee BCero, Co3AacT elle OIHY Tpyniy HernocpeacTseHHo okoso 19). HaGop nan-
HBIX O AeMorpaduu 3aperucTpupoBaHHBIX H30MpaTeneil, ckopee Bcero, chopMupyer
HEeCcKOJbKO Tpymnn (Hampumep, "¢gyrOonbHble MaMouku", "cKydarollue MeHCHOHepbI'",
"Ge3paboTHBIE TPEICTaBUTENHN TOKOJIeHHS Y'), KOTOpbIE COLMOJIOTH M TIOJUTHYECKHE
KOHCYJIbTaHThI, MO-BUANMOMY, TTOCUUTAIOT aKTyaJIbHbIMH.

B otnnune ot GonmbpIIMHCTBA 3a7a4, KOTOPbIe OBLTH pacCMOTPEHBI paHee, "TpaBUIBHON"
KJlacTepu3alUM He CyllecTByeT. AJbTepHAaTHUBHAs cXeMa KJIacTepu3alllid MOXKET CrpyTi-
MUPOBaTh HEKOTOphIX "Oe3paboTHBIX mokosneHus Y" c¢ "acnupaHtamu", apyras —
¢ "obuTarensMu poauTeNbCKUX mozieanoB'. Hu oaHa cxema He sBisieTcsi HeW3OEKHO

'Pobepr Teppuk (1591-1674) — anramifcKuii MOST, NPEACTABUTENs TPYIIIBI TAK HA3BIBAEMBIX '"TOITOB-
KaBajepoB", cropoHHUKOB kopoJis Kapma [. 3neck oObIrpeIBaetes cioBo "coro3" (cluster). — Ilpum. nep.

2 Oburarenn poautensekux noasanos (https:/resurgencemedia.net/2015/10/19/millennial-basement-dwellers-
and-their-pathetic-parents/) — TepMuH, Jare BCETo0 OTHOCSIIUICS K WKIUBEHLAM y poAuTeneil. DTo mo-
JI¥I, KOTOPBIE TTPOBOST BCIO MM OOJBIIYIO YacTh BPEMEHH B MozBae noma. [IpoxuBanne B mojpsaie — 3T0
(dopma yxoa oT AeHCTBUTENBHOCTH U coBpeMeHHbIH TpeH B CILIA, cBS3aHHBIM ¢ MCMONB30BAaHAEM MOCIET-
HUX JOCTKEHHH B 00JaCTH SNEKTPOHUKM U BBIYUCIUTEIHHOW TEXHUKH, HO KOTOPBIA CPOJHM TEHACHIUH
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TNpaBUJIbHEE I[perﬁ — HaIlIpOTUB, KaxKaas, CKOpPEE€ BCEIro, ABJIACTCA ONTHMAJIbHEE OTHO-
CUTEJIbHO CBOCH MCETpPUKH, HSMGPH}OH.[eﬁ KaueCTBO KJIaCTEpHU3alluu.

Kpome Toro, rpynmsl caMu cebst He MapKUpyloT. Bam mpuaercst nenate 3T0 caMocCToOsI-
TeJbHO, MPOBEPss JaHHBIE, PACIIONOKEHHbIE BHYTPH KaKIOW U3 HUX.

Moaenb

B 1aHHOM KOHKpETHOM cllyyae KayKAoe BXOJsllee 3HaueHHe input — 3TO BEKTOP
B d-MepHOM MpoCcTpaHCTBe (KOTOPHIH, Kak OOBIYHO, Oy/AeT TMpelCcCTaBlIeH B BHIE CITMCKa
gyucen). 3agaya OyneT 3aKilouaTbes B TOM, YTOOBI OMpeneNnsTh IPYMIbl OAHOTHUITHBIX
BXOASILIMX 3HAYEHUI M (MHOr[da) HAXOAWUThH PENpe3eHTaTUBHOE 3HAueHWe Uil KaKaoi
TPYINIIBL.

Hanpumep, kaxnoe Bxonsiiee 3HaueHHE MOXKET OBITh 3arojlOBKOM I0CTa B CETEBOM
XKypHase (B BUAE YMCIOBOrO BEKTOpa, KOTOPBIH KaKUM-TO 00pa3oM 3TOT MOCT MpeAcTaB-
J5I€T), U B 9TOM Clly4ae 3ajada MOXKET COCTOSITh B TOM, YTOOBI HAaWTH I'PYIIBI MOX0KHX
MOCTOB, BO3MOXKHO, ISl TOTO, YTOOBI IOHATH, O YEM TOJIb30BATENHN CaiiTa MUILIYT B CBOMX
KypHanax. Mnu, npeanonoxum, Hekas dotorpadus cOOep>KUT THICSYM LBETOB (B BHUIE
TPUIUIETOB, COCTOSALIMX U3 KPACHOIO, 3€JIEHOr0, CUHEr0), U HYXHO C/Ie/IaTh €€ 3KPaHHYIO
konuto B 10-uBeTHOM ¢opmaTe. 31ech KiacTepusalus crnocoOHa MOMOYbL BbIOpaTh
10 BETOB W MPH 3TOM CBECTH K MUHUMYMY CyMMapHyto "omunOKy yMeHbLIeHHs [BeTa'™.

OfHUM W3 MPOCTEHWIIMX METOAOB KJIACTepU3alMM WK KJIACTEPHOTO aHaIn3a SBJIIETCS
Memoo k cpeonux, B KOTOPOM 4HMCIIO KJacTepoB k BeiOMpaeTcs 3apaHee. [lanee 3anmaua
COCTOUT B TOM, YTOOBI CErMEHTHPOBATh BXOJIIUE 3HAYCHHS HA TOJMHOXKECTBA
S, ..., S, TakuM 00pa3om, YTOObI MUHUMHU3UPOBATH TIOJHYIO CYyMMY KBaJpaToOB PaccTos-

HUH OT KaXXKI0M TOUYKM O Cp€AHECTO 3HAUCHW A HA3HAYCHHOI'O eu KJj1acTepa.

HasHaunTh # Touek AaHHBIX k rpyImaM MOXKHO CaMbIMHM Pa3HBIMH CIIOcOOaMu, BCIIENCT-
BHE YEero HalTH ONTUMAIIbHYIO KOH(UTYpaLMIO TPYIN OYeHb TPYIHO. Mbl OCTaHOBUMCS
Ha UTEPATUBHOM alITrOPUTME, KOTOPbIH OOBIYHO HAXOIUT XOPOLIYIO KOH(PUTYPaLHIO.

1. Havate ¢ MHOXecCTBa k cpeonux, T. €. TOUEK B d-MEPHOM MPOCTPaHCTBE.
2. Ha3HauMTh KaXIyto TOUKY OrKalieMy cpeHeMy 3HaYeHHIO.

3. Ecnv HU y OIHOH TOYKM ee Ha3HaueHWe HEe W3MEHUJIOCh, TO OCTAaHOBUTHCA U COXpa-
HUTb IPYIIIbI.

4. Ecnu Ha3HauYeHWE OJHOM M3 TOUEK W3MEHMJIOCh, TO MEPECUUTaTh CpelHUE 3HAUYCHHUs
Y BEPHYTHCS K mary 2.

IIpy momoiwm (GyHKUMHM vector mean M3 21agvl 4 (KOTOpas BO3BPALIAET BEKTOP CPEAHUX
3HAYEHMWI CITUCKA BEKTOPOB) JOCTATOYHO MPOCTO CO3AAaTh MUTOHOBCKHI Kilacc, KOTOPBIH
3TO BBIMOJIHSET:

NPEIbIIYIMX TTOKOJIEHMH, Korla Takoi BBIOOp aenaicsi OoublIeil 4acThlo M3 JKelaHMsl M30exkaTh OYHOTO
KOHTaKTa ¢ APYrUMHU JII0IbMU. — [Ipum. nep.

3 http://www.imagemagick.org/script/quantize.php#measure.
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class KMeans:
"""gjacc BBEIIOJIHAET KJacTepu3alpmo 00 MmeTony k cpenumx"""

def init (self, k):
self.k = k # umciio KJacTEPOB

self.means = None # cpenHme KJaCTEPOB

def classify(self, input):
""MBEepHYTE MHAEKC KJacTepa, Oinpkarimero K BXOASmEMy 3HaveHmo input"""

return min (range (self.k),
key=lambda i: squared distance (input, self.means[i]))

def train(self, inputs):
# BEIOpaTe k CJy4yarHEIX TOYEK B KQYECTBE MCXONHBEIX CPENHVX
self.means = random.sample (inputs, self.k)
assignments = None
while True:
# HasiTy HOBEIE Ha3HAYEHMT
new assignments = map(self.classify, inputs)

# ecam HM OOQHO Ha3HAYEHMe HE MBMEHMIOCH, TO 3aBEPIUMTH
if assignments == new assignments:

return

# B NPOTVMBHOM CJIydae COXPaHUTH HOBEE Ha3HAaYeHVS

assignments = new assignments

# ¥ BEUMCJIATH HOBEIE CPENHME Ha OCHOBE HOBHIX HA3HAYEHMI
for i in range(self.k):
# HaVTY BCe TOUKM, Ha3HAYEHHEE KJIacTepy 1

i points = [p for p, a in zip(inputs, assignments) if a == i]

# ymocToBepuTECH, YTO 1 points He mycT, YTOOH He AeanTb Ha 0
if i points:
self.means[i] = vector mean (i points)

[TocMoTpuM, Kak 3T0 paboTaer.

Mpumep: BCTpeun ons cneunanucToB

UrtoObl OTMETUTH POCT MOJB30BATENIbCKOM 0a3bl couceTn DataSciencester, AMPEKTOp MO
MPEMUPOBAHUIO KIMEHTYPbl XOYET OpraHW30BaTh Ui MOJb30BaTeNnel, MpOsKUBAIOLIMX
B OJIHOM ropojie, Heckosibko BeTped UT-cnenumanuctoB (meetups) ¢ muBoM, MULLEH U
¢dbupmennbiMu pyTOonkamu DataSciencester. Bbl 3HaeTe MecTa NMpoKHUBaHUS BCEX MECT-
HBIX Tonb3oBareneid (puc. 19.1), u nupekTop xoten Obl, YTOObI BBl CaMH OMPEACITHIN
MecTa BCTped, KOTOpble ObUTH Obl yTOOHBIMU JUTSl BCEX JKEJIAIOIINX MpHUeXaTh.
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Puc. 19.1. MecTta npoxuBaHus nonb3oBaTeneil B ropoae

B 3aBucumocTu OoT TOrO, Kak CMOTPETh, MO’KHO YBH/IETh ABa WM TpH Kiactepa. (B atom
JIETKO YOeIUThCS BH3YaIbHO, MOCKOJIBKY JaHHbIE MPEICTABIEHbI BCErO JIMIIL B JIBYX
nu3MepeHusx. B cnyyae Gonbluero uvcia u3MepeHUWH OblI0 Obl HAMHOTO TpYyIHEe 3TO
3aMETUTh.)

Jlng Havyana mpencTaBuM, 4TO BbIZIeeH OIO/KeT, TOCTATOYHBIN [T TpeX BCTped. B ca-
JIUTECh 3a KOMTIBIOTEp U MpobyeTe creayroiiee’:

random. seed (0) # yuTOOEl OBUIM ITOBTOPVIMEIE DE3YJIETATEl
clusterer = KMeans (3)

clusterer.train(inputs)

print (clusterer.means)

Br1 HaxoauTe Tpu rpynmnel ¢ eHTpamMu B paiioHax [—44, 5], [-16, —10] u [18, 20], moaou-
paeTe MecTa BCTped psIoM € 3TUMHU pailoHamu (puc. 19.2) u nokassiBaeTe UX JUPEKTOPY.
Tot coobiaet, uTo OrOKETA, K COXKAJICHUIO, XBaTUT BCEro Ha 0ge BcTpeuu. "Het mpo-
65emM", — rOBOpHTE BbI:

random. seed (0)
clusterer = KMeans (2)
clusterer.train (inputs)
print(clusterer.means)

Kaxk nokazano Ha puc. 19.3, ogHy BCTpeuy clieqyeT NpoBecTy psaaoM ¢ paiioHom [18, 20],
a ApYryro Teneps psjioM ¢ paiioHoM [—26, —5].

* B Python 3.5.2 pe3ybTaThl, IOBTOPUMbIE C PUBEIEHHBIMY B KHUTE, JOCTHIAIOTCA TP yIAIEHUH OLIEPATO-
pa random. seed (0) . — Ilpum. nep.
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Puc. 19.2. Mecta npoxuBaHusi nonb3oBaTenen, CrpynnmpoBaHHbIe B TpU knacrepa
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Puc. 19.3. Mecta npoxuBaHusi nonb3oBaTeneil, CrpynnupoBaHHbIE B ABa Knacrepa

Bbi6op uucna k

B npenpinyimem npumepe, BeIOOp urcia k Obl1 00ycioBieH (GakropamMu, HAXOIAIUMHUCS
BHe Bauiero KOHTposis. OOGbIYHO Tak He ObiBaeT. CyliecTBYeT Lelbli psif croco0OB BbI-
6opa uncna k. OOUH U3 caMbIX JIETKMX J1s1 TOHMMAaHUS MpearnosnaraeT MocTpoeHue aua-
rpaMMbl CYMMAapHOTO KBaJpaTUYHOIO OTKJIOHEHHs (MEXIY KaXIOH TOUKOM M CpelHUM
CBOel rpynmbl), Kak GYHKUMH OT k, U HAXOXKAEHUE MecTa "u3ioMa" KpUBOM:
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# cymMMapHOe KBaZpaTHMYHOE OTKJIOHEHME KJIACTEPWM3ALA

def squared clustering errors (inputs, k):
""M"HaXOOUT CyMMApHOE KBaZpaTHYHOE OTKJIOHEeHME (OIDIOKY)
oT k cpenHux Hmpy KjIacTepu3alpmd BXOAAUpX AaHHEX"""
clusterer = KMeans (k)
clusterer.train(inputs)
means = clusterer.means
assignments = map(clusterer.classify, inputs)

return sum(squared distance(input, means[cluster])
for input, cluster in zip(inputs, assignments))

# memepr HapmcoBaThk oT 1 mo len (inputs) KJacCTEPOB

ks = range(l, len(inputs) + 1)
errors = [squared clustering errors(inputs, k) for k in ks]

plt.plot(ks, errors)

plt.xticks (ks)

plt.xlabel ("k")

plt.ylabel ("CymmMapHOe KBaIpaTUUHOE OTKJIOHeHMe'")
plt.title("CymmapHas oumbka M UMCJO KjacTepos")
plt.show()

I'paduk Ha puc. 19.4 HarasIHO AEMOHCTPUPYET, YTO STOT METOJ| COrjlacyeTcs C MepBo-
HavyaJlbHOW BU3YaJIbHOM OLIEHKOM O "MpaBUILHOCTU" YKcia rpymn, paBHOTO 3.

- CyMMapHas own6Ka v YHCNO KNACTepoB
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Mpumep: kKNnacTepusaumsa LBeTa

JlupekTop Mo mpoMOyTepcKHM MaTepuajiaM pa3paloTall MpuBieKaTenbHble (GUPMEHHbIE
Haknelikn DataSciencester, koTopbie OH XOTen Obl pa3iaThb Ha APYXKECKHX BCTpedax.
K coxanenuro, opHCHBIH CTUKeP-TIPUHTEP MOKET MeYaTaTh TOJBKO B IMATH LBETaX, a IMo-
CKOJIBKY OUPEKTOp MO MCKYCCTBY HaXOIMTCS B TBOPUECKOM OTITyCKE, OH MHTEpecyeTcs,
HEJb3sl JIW Kak-HUOYIb M3MEHWTh AW3aiiH HaKJIeeK TaK, YTOOBI OHM COMAEPXAIHM TOJIBKO
MSTh LBETOB.

KomnbroTepHble n300paXkeHHss MOXKHO MPEJICTABUTh B BUJE IBYMEPHOTO MacCHUBa MUKCe-
JIOB, T7i€ KQX/IbIM MTUKCEIT caM SBJIETCS TPEXMEPHBIM BEKTOPOM (KpaCHbI, 3eJIeHblt, CHHMIA),
0003HAYarOIINM €T0 LBET.

Torma co3ganue NATHIIBETHOW BEpCUH N300pakKeHHS MOIpa3yMeBaeT:
4 BBLIOOp NATH LIBETOB;
4 Ha3HaveHHWe OJHOTO M3 3TUX IBETOB KAKIOMY HKCEIY.

OkasbIBaeTcs, 4TO 3Ta 3a7aya JIerKo pelaeTcs Ha OCHOBE KJacTepH3aluM METOI0M
k cpenHUX, KOTOPBIH CIIOCOOEH CerMEeHTUPOBaTh MUKCEJbl Ha 5 TpyNM B KpacHO-3eJIeHO-
cuHeM mpocTpaHcTBe. Eciin 3aTeM nepekpacuTh MHUKCeNbl B KKIOW Ipyrine B cpelHuil
L[BET, TO 3a/1a4a Oy/IeT pelieHa.

Jlnis Havyana Hazo 3arpy3uTth n3obpaxenue B Python. Kak okazanochk, 3T0 MOKHO c/ieliaTh
H3 OMOJMOTEKH matplotlib:

path to png file = r"C:\images\image.png" # yxasaTe myTh K M300paXEHMO
import matplotlib.image as mpimg
img = mpimg.imread(path to png file) # cumraTe n300paXeHNe

B ocHoBe n300paxeHus img JIGKUT MaccuB OMOIMoTekr NumPy, HO B LIesiIX W3JI0KEHUS
OyzaeM paccMaTpHBaTh €ro KakK CIHUCOK CIIMCKOB CIHCKOB.

img[i] [j] — 9TO MHUKCEN B i-i CTPOKE M j-M CTOJIOLE, MPHUYEM KaXKIbIi MUKCET — 3TO
CIHMCOK [red, green, blue] YMCeN B auanaszone oT 0 10 1, KoTopele 0603HAYAIOT LBET 3TO-
ro nukcesna’:

top row = img[0]
top left pixel = top row[0]
red, green, blue = top left pixel

B YHYaCTHOCTH, pa3BepHYTLII>'I CITUCOK BCEX IMUKCEIIOB MOXKHO IMOJYYUTDb TaK:
pixels = [pixel for row in img for pixel in row]
Y 3aTeM MepeaaTh ero B KnacTepusarop:

clusterer = KMeans (5)
clusterer.train(pixels) # 570 MOXeT HoTPebOBaTE HEKOTOPOI'O BPEMEHH

5 https://en.wikipedia.org/wiki’/RGB_color_model.
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Korna knacrepusarop 3aBepmut paboTy, cO31aiuM HOBOE H300pakeHHe B TOM ke dop-
mare:

def recolor (pixel):
cluster = clusterer.classify(pixel) # mHEEKC Gumrkaimero KjiacTepa
return clusterer.means[cluster] # cpenHee OGinrkaymero KjacTepa

new img = [[recolor(pixel) for pixel in row] # mepexpacuTs 3Ty CTPOKY
# mircesnoB
for row in img] # mug KaXmoyu CTPOKM B M300PKESHMN

M BBIBEIEM €I'0 Ha 5KpaH MPH MOMOIIM plt.imshow ():

plt.imshow (new img)
plt.axis('off"')
plt.show()

TpynHo u300pa3uTh LBETHBIE PE3YJIbTaThl B UepHO-0enoil kHure, BripoueM, ¢oTorpaduu
Ha puc. 19.5 Mokas3pIBalOT MOJYTOHOBYIO BEPCHIO TOJHOLBETHOM (oTorpaduu u pesyib-
TaT MOcse MOHKEHUS IIKaJIbl 0 MSATH LIBETOB.

Puc. 19.5. OpurnHanbHas cdoTorpacdus n obecuBedeHHas no METoAy 5 cpeaHuX

Bocxoasawumn metopn
nepapxuyecKom Knacrepusauum

AnbTepHaTUBHBIN MOAXOA K KJacTepu3alluy 3aKoyaeTcs B "BbIpalllUBaHUU'" KJIACTEPOB
CHH3Y BBepX. JTO JiejaeTcsl Cle YoM 00pa3oMm:

1. Cpenatb Kaxpmoe BXojsllee 3HaUCHHE OJHOTOYEUHBIM KJlacTepoM (M3 OTHOTO die-
MEHTA).

2. Tloka ocTaetcs GoJblle OAHOTO KiacTepa, HAalTH ABa ONMMKaNIIMX 1 O0BEIUHHUTS.
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B wrore momydnTcs OJWH TMTAaHTCKHUIA KIJIacTep, COAep KAl Bce BXOJSIINE 3HAYSHHS.
Ecnu otcnexuBath NOpSIOK 00ObEAMHEHUS, TO MOXKHO BOCCO3/1aTh JIFO0OE YUCIIO KilacTe-
POB IMyTeM MX pa3benuHeHus. Hanpumep, ecnu TpeOyetcs Tpu Kiactepa, TO HaJIo BCETo
JIMIIL OTMEHUTD MOCJIEAHUE JIBa O0bEAUHEH M.

[IprMeHUM 111 KacTepoB OYEHb MPOCTOM BUA MpeacTaBieHUs. 3HaYeHus OyayT pa3me-
HIAThCS B IUCHOBbIX KIIACTEPAX B BUJE OJHOIIEMEHTHBIX KOPTEXKEH.

# UTOOBI IMOJIyUMTH OLHOBJIEMEHTHBI! KOPTEX, HYXHO IIOCTaBUTH B KOHILIE 3alATYIO;
# mHave Python mpmmMer CKOOKY 3a CKOOKY

leafl = ([10, 201,)

leaf2 = ([30, -15],)

Onu HCIOJIB3YIOTCA IJId CO3JaHus obveounenuil KJIaCTEPOB, KOTOPLIC B CBOKO OUEPEIb
npeacTaBJI€Hbl IBYX3JIEMEHTHBIMU KOPTEIKaAaMH B (bopMaTe (NOpAIOK OOBEIVHEHMS, HOodep-—

HUE BJIEMEHTHI) .

merged = (1, [leafl, leaf2])

OOcynuM TOpsIoK OObEAMHEHHS YyTh MO3KE, a TOKa CO3/IaJIMM HECKOJIBbKO BCIIOMOTa-
TeNbHBIX (DYHKIHUIL:

# JmicTOBON KJIACTED?

def is leaf(cluster):
"""gracTep ABJIAETCA JIMCTOM, €CJM ero AimHa = 1"""
return len(cluster) ==

# NOJyunTE HOYEPHME SJIEMEHTE
def get children(cluster):
"""BEpHYTEL ZBa JOYEPHMX BJIEMEHTa NaHHOI'O KJjacTepa,
ecst OH OOBEeOVMHEHHED! KJIaCTEP,; BEBRBAET MCKIIOYEHNE,
ecay B5TO JMUCTOBOM KjacTep"""
if is leaf(cluster):
raise TypeError ("JmMCTOBOM KJIACTEp He MMeeT OOUEPHMX BJIEMEHTOB")
else:
return cluster[1]

# [OJIyYNTE BHAYEHMA
def get values(cluster):
""NBEpHYTE BHAYEHME B KJIACTEPE (€CJM STO JIMCTOBOJ KJACTEP)
MM BCE BHAUEHMS B JMCTOBEIX KJIQCTepax ron HuM (ecom Her) """
if is leaf(cluster):
return cluster # B5TO yXe OOHOBJIIEMEHTHEN! KOPTEX,
# conmepxampmi 3HaUYEHME
else:
return [value
for child in get children(cluster)
for value in get values(child)]

YTtoObI BBIMOIHUTE 00beAMHEHHE OMMHKANIINX KIacTepoB, TpeOyeTcss HEKOTopoe IMpea-
CTaBJIEHHE O PACCTOSHUM MEXIy KiacTepaMu. Bocrosb3yemcs mMunumaibHbiM paccTos-
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HHEM MEXIY JIEMEHTaMH JBYX KJIacTepOB, P KOTOPOM OOBEIMHSIOTCS J1Ba KilacTepa,
PAcCTOIOKEHHBIX MaKCHMMaJIbHO OJIM3KO (YTO MHOTJA MPHBOIWT K OONBIINM Ki1acTepam
C He OuYeHb TUIOTHOMU LieneoOpa3Hoi CTPYKTypoii). Eciau HyKHO MonyuuTh MaoTHBIE cde-
pUYecKUe KJIacTepbl, TO BMECTO 3TOM0 MOXHO BOCIHOJIb30BaTbCS MAKCUMANbHBIM Pac-
CTOSIHMEM, TIOCKOJIbKY OHO OOBeAMHSET /iBa KjacTepa, KOTOpbIe MOMEIIAIOTCs B CaMBbIi
MasieHbkuil Ki1yOok. Oba BapuaHTa OIMHAKOBO PacIpOCTpaHEHbI HapaBHE CO CPEeOHUM
paccTosiHieM (LIEeHTPOUIHBIA METO/):

# paccrosHMe MeXmy OBYMS KJIaCTEpaMA
def cluster distance(clusterl, cluster2, distance agg=min):
"M UBEIMCIIATE BCE IONapHBIE pacCTosHms Mexny clusterl m cluster2
u OpUMEeHNMTE QyHKIOMo oObenmHeHus _distance agg
K pesyunbTypybmeMy crmucky"""
return distance agg([distance(inputl, input2)
for inputl in get values(clusterl)
for input2 in get values(cluster2)])

DneMeHT KopTeka ¢ MOPSAKOBBIM HOMEPOM OObeTWHEHHS HeOOXOMUM IJis OTCIIeKHBa-
HUSI TTOPAZIKA, B KOTOPOM BBITIONHSIOTCS O0beIMHEHHS KlacTepoB. MeHblliee Yucio Oy-
JIeT 0003HauYaTh Hojee no3onee odObequHeHUe. BeneacTBre 3TOro, pa3beIMHeHNe KilacTe-
POB BBITOJIHAETCS OT HAUMEHBIIEro 3HAYeHHs TMOpsJIKa O0bEIUHEHUs] K HauOOJbIIeMY.
[TockonbKy JUCTOBBIE KiIaCTEePbl He OOBEAUHSIOTCS (M, 3HAYNT, HE MOJJIekKAT pazbeJuHe-
HUIO), TO TIPUCBOMM MM JIUTEpaI MOJIOKUTEIbHON OECKOHEUHOCTH:

# moTyunTH NOPSAKOBEDI HOMEP OOBEAMHEHNST
def get merge order (cluster):
if is leaf(cluster):
return float('inf')
else: # HOpPANKOBENT HOMEP merge order - 5TO
return cluster[0] # 1-11 sgeMeHT 2-3JIeMeHTHOI'O KOopTeXa

Tenepb BC€ I'OTOBO AJIA CO3AaHUA aJITOpUTMa KilaCTepU3alluu:

# BoCcxonaumpwi (CHM3Y BBEPX) aJIOPUTM KJACTEDMU3ALMA
def bottom up cluster (inputs, distance agg=min):
# HayaTh C TOI'O, YTO BCE BXOHE — JCTOBHE KJACTEPH / 1-SJIEMEHTHED! KOPTEX

clusters = [(input,) for input in inputs]

# moka ocraercs Gojiee OOHOT'O KJIACTEPA. . .
while len(clusters) > 1:
# HavTy nBa OUmoKayImX KJlacTepa
cl, c2 = min([(clusterl, cluster2)
for i, clusterl in enumerate (clusters)
for cluster2 in clusters([:1]],
key=lambda (x, y): cluster distance(x, y, distance agg))

# MCKIIOUMTE MX M3 CIOMCKA KJIACTEPOB
clusters = [c for c in clusters if ¢ != cl and c != c2]
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# obbenmHMTE MX, MCIOJNB3YS NEPEMEHHYH IOPSAKOBOI'O HOMEPA
# obrennHeHms merge order = UMCJIO OCTaBIMXCSH KJaCTEPOB
merged cluster = (len(clusters), [cl, c2])

# u nobaBuTh MX OOBEAMHEHME K CIVICKY KJIACTEPOB
clusters.append (merged cluster)

# Korzma oCTaHeTCs BCEIr'0 OOVH KJACTED, TO BEPHYTH €I'0
return clusters[0]

On HCIIOJIB3YETCA OUCHb MPOCTO:

# 6as0BEBI KJIaCTED

base cluster = bottom up cluster (inputs)

DTO0 BIpayKEHUE CrEHEPUPYET KJIacTep, UMEIOLINI cleAyOUNi ypoaIUBbIA BUA:

[(1, [(3, [(14, [(18, [([19, 28],),
([21, 271, 1),
(020, 231,)1),
([26, 131,)1),
(le, [([11, 151,),
(113, 131,011,
(2, [(4, [(5, [(9, [(11, [([-49, 01,),
([-46, 5],)1),
([-41, 8]1,)1),
([-49, 15],)1),
([-34, -11,)1),
(6, [(7, [(8, [(10, [([-22, -16],),
([-19, -111,)1),
([-25, -91,)1),
(13, [(15, [(17, [([-11, -6]1,),
(=12, -81,)1),
([-14, -51,)1),
([-18, =31,)1) 1),
(12, [([-13, -191,),
(-9, -16e]1,) 1D 1)

JouepHue sneMeHTbl KaXIoro OObeAMHEHHS KIacTepOB BBIPOBHEHBI BEPTHUKAIBHO.
HyneBoii knactep, T. €. Kjactep ¢ MOPSAKOBBIM HOMEpPOM 00beAMHEHUs, paBHbIM 0, UH-
TEPIIPETUPYETCS CIAESLYIOLMM 00pa3oMm:

¢
¢
¢

knactep 0 — 9To pe3ynbTat 00beJUHEHUS KiacTepoB | u 2;

kjactep | — 3T0 pe3ysibTaT 00beIUHEHHS KJIacTepoB 3 U 16;

Kiactep 16 — 310 pe3ynbraT 00beAMHEHUs JINCTOBBIX KJIACTEpOB [11, 15] M [13, 13]

AT ...

[Mockonbky BXOAsIIMX 3HaUeHui Beero 20, TO A MOJyYeHUs] €IMHCTBEHHOTO KilacTepa
notpeboBanock 19 o0beanHeHmid. B pesynbTraTe nepBoro oObeIuHEHHs CO3/1aH Kiactep
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18 Ha ocHOBe coueTaHus JIMCThEB [19, 28] W [21, 27]. B pesynbrare mocnenHero o0b-
eMHEeHHs nogyyeH kiactep 0.

TeMm He MeHee, 00bIYHO cTapatoTcs M30eraTb MOJOOHOrO Poja 3aCTABIAIOLINX LIYPUTHCS
TEKCTOBBIX MpeAcTaBieHui. (Brnpouem, cozgaHue ynoOHON B MCHONBb30BAaHUM BU3yallu-
3alM KJIaCTepPHOW MepapXvu MOTJo Obl CTaTh yBJIEKaTeJIbHBIM ynpakHeHneM.) Bmecto
9TOro HamuieM (pyHKLUIO, KOTOpasi FeHepupyeT J1000e KOJIMUYECTBO KJIACTepOB, BBIMOJ-
HUB MOJIOKEHHOE KOJIMYECTBO pa3beIMHEHUH:

# creHepMpoBaTH KJaCTEPH!

def generate clusters(base cluster, num clusters):
# HauyaTh CO CIHCKa, COCTOAMEI'O TOJBKO M3 6as30BOI0 KIacTepa
clusters = [base cluster]

# mpomomxaTh, MOKa KJIACTEPOB HE NOCTATOYHO. . .
while len(clusters) < num clusters:
# BEHIOpaTbH M3 KJIACTEPOB TOT, KOTOPEH OBUT OOBLEAMHEH MNOCJIEHHVIM
next cluster = min(clusters, key=get merge order)
# MCKIIOUMTE ero M3 CHOUCKa
clusters = [c for c in clusters if c != next cluster]
# m [OGaBUTEH €ro [OYEPHME SJIEMEHTH K CIVICKY
# (7. e. pas’venuMHUTE €ro)
clusters.extend(get children(next cluster))

# xorma yXe HOCTaTOYHO KJACTEPOB. . .
return clusters

HaanMep, €CJIM HY?KHO CT€HEPUPOBATh TPU KJIaCTEpa, TO MOKHO MMOCTYNUTH TaK:

three clusters = [get values(cluster)
for cluster in generate clusters(base cluster, 3)]

H 3aTEM BBIBECTU UX Ha AUArpaMmy:

for i, cluster, marker, color in zip([l, 2, 3],
three clusters,
['D', o', '*'],
['r','g"','b']):
xs, ys = zip(*cluster) # TpK C pasbenVMHEHWEM CIVICKA
plt.scatter(xs, ys, color=color, marker=marker)

# YCTaHOBUTEL UMCJIIO B Cpe[Hee BHaueHWe KJIacTepa
X, Y = vector_mean(cluster)
plt.plot(x, y, marker='$' + str(i) + '$', color='black')

plt.title("MecTa mpoxvBanus - 3 kJjacTepa CHM3Yy BBepx, min")
plt.xlabel ("KBapTajel K BOCTOKY OT LieHTpa Iopoza')
plt.ylabel ("KBaprajel K CeBepy OT LeHTpa Topoma")

plt.show()
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KBapTanbi K cesepy 0T UeHTpa ropoga
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MecTa NpoXMBaHHA - 3 KNACTepa CHU3Y BBEPX, Min
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KeapTane! K BOCTOKY OT UEHTpA ropoga
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Puc. 19.6. Tpu knactepa no BOCXOASILLEMY METOAY KNnacTepn3auun Ha OCHOBe PyHKLUMM min

DTO JacT pe3ynbTaThl, CUIILHO OTJHYAIOIIMECS OT TeX, KOTOpble ObUIM MOMy4YeHbI Ha
OCHOBE MeTola k CpeTHUX, KaK Moka3aHo Ha puc. 19.6.

Kak yxe ynoMuHanoch paHee, 5TO MPOUCXOAUT MOTOMY, YTO MpPUMEHEHHUE LIeNeBOi
(YHKUIWH min 711 BBIYUCIICHUS] PACCTOSIHUS MEXJY KJIacTepaMH B cluster distance UMEET
CBOWCTBO MOPOXKAAThH LieneoOpa3Hble kinacTepbl. Eciu BMecTo Hee HMCIOJb30BaTh Lelie-
BYIO (DYHKIHIO max (KOTOpas MOPOXIACT MIOTHBIE KJIACTEephl), TO pe3yJbTaT OyAeT BbI-
[JISIIeTh TOYHO TaK ke, KaK U B ciiyvae ¢ 3 cpeaHumu (puc. 19.7).

KBsapranb! K ceBepy OT LUEHTPa ropoga

MecTa npoxuBaHus - 3 KnacTepa CHU3Y BBEPX, Max
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KBapTanbi K BOCTOKY OT LieHTpa ropoaa
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Puc. 19.7.

Tpw knacTepa no BOCXOASLLUEMY METOAY KnacTepn3auum Ha OCHOBE PYHKLNM max
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MNokasaHHaa Bbllle peanu3auns BOCXOAALLEro MeToja KnacTepusaumn bottom up
clustering OTHOCUTENBLHO NPOCTa U OAHOBPEMEHHO KpaiHe HeaddekTnBHa. B yacTHo-
CTW, 30eCb Ha KaXOM Luare 3aHOBO BbIYUCISIETCH PacCTOSHNE MeXAy Kaxaow napoun
BXOASLLMX 3Ha4YeHnn. B 6onee achdekTBHON peanusaumm nonapHble paccTtosiHus 6yayT
BbIMUCMATLCA 3apaHee n 3aTem ByaeT BbIMOMHATLCA MOUCK BHYTPWU CNNCKa PacCTOSAHWI
cluster distance. B geictsutensHo adheKTUBHON peanusaumm, ckopee BCero, Takxke
ByayT yuMTbiBaTLCA PACCTOAHUA cluster distance NpeAblayLLero wara.

Ana panbHeuwero nsy4yeHus

4 bubmuorteka scikit-learn comepxut Moaysb sklearn.cluster (http://scikit-learn.org/
stable/modules/clustering.html), koTOpsIii pacnionaraeT HECKOJIBKIUMHU aJITOPUTMaMHU
KJlacTepu3alliy, BKJIIOUas ajlrOPUTM Kk CPEJIHUX KMeans M aJITOPUTM HepapXU4ecKOu
Knactepusaiuu Bopaa ward (B KOTOPOM HCIONB3YeTCsl KPpUTepUil 0ObeIMHEHHS Kila-
CTEpOB, OTJIMYAIOLIMICS OT PACCMOTPEHHOTO B 3TOH IiaBe).

¢ buGnuoreka SciPy (http://www.scipy.org/) pacnionaraer 1ByMst MOAESIMH KJlacTepH-
3alliu scipy.cluster.vq (KOTOpas paboTaeT Mo MeTony k CpeaHWX) M scipy.cluster.
hierarchy (KOTOpas COINEP)KHUT HECKOJBbKO Pa3HOBHUIAHOCTEH ajropurMa Hepapxuue-
CKOH KJIacTepH3aLMH).



FMABA 20

O6paboTka
€CTeCTBEHHOro fi3blKa

OHu 00a MOOBIBAIM HA KAKOM-TO CJIOBECHOM IUPY U HABOPO-
BaJId TaM O0BE/IKOB.

Vunosm Hlexcnup'

Obpabomxa ecmecmeennozo sazvika (natural language processing) MMeeT OTHOIIEHHE
K BBIUYUCIIUTENILHBIM TEXHOJOTHSM € ydacTheM si3blka. OHM NpeAcTaBisioT coOO0H 00-
MIMPHEeHIIyIo 00J1acTh, OJJHAKO MBI 0OpAaTHMCS JIMIIb K HECKOJIBKUM TIpHeMaM, MPOCTHIM
Y HE OYCHb.

Obnaka cnosB

B 2nase 1 6Gbu11 BBIYKMCIIEHBI YACTOTHOCTHU CJIOB, BCTpEHUAIOLIUXCA B TEMAX, KOTOPbIEC WH-
TEPECYIOT nojip3oBatenei. OguH u3 NMPpUEMOB BU3yaJIM3allMU CJIOB U HUX YaCTOTHOCTEH
npeacTaBJICH obJlakaMH CJIOB (O6J'IaKaMI/I TEroB WiK BU3yaJIU3allUIMHU YaCTOTHOCTU CJIOB
B BUJC B3BCUHICHHOI'O CHI/ICKa), KOTOpbIC 3(b(beKTHO pacCTaBJIAOT CJioOBa B COOTBETCTBHUU
C pazMe€paMu, NMpornopuruoHaJIbHBIMU UX YAaCTOTHOCTSAM.

Hano oTMeTuTh, 4TO aHAIMTHKK JaHHBIX OOBIYHO HE BBICOKOTO MHEHHS 00 00Jakax cjioB
BO MHOTOM TOTOMY, YTO pa3MeIIeHHe CIIOB He O3Ha4YaeT HUYero, KpomMe Toro, uro "BOT
TYT €CTh MECTO, KyJla MO>)KHO BCTaBHUTb CJIOBO".

Tem He MeHee, eclii KOTJa-HUOYb MOSBUTCS MOTPEOHOCTh B CO3AaHUM 00Jiaka CJIOB, TO
CTOMT MPUIIISAETbCS K OCEBBIM JIMHUSIM M BO3MOKHOCTH MPH MOMOLIM HUX YTO-TO BbIpa-
3uTh. Hanpumep, nmpeacraBum, 4To AJsl K&KIOTO CJIOBAa U3 HEKOTOPOH COBOKYMHOCTH MO-
MYJISIPHBIX TEPMUHOB HaYKW O AaHHBIX UMeeTcs ABa uucia mexxay 0 u 100: mepBoe o6o-
3Ha4yaeT YaCTOTHOCThb €ro MOSABJICHUH B OOBABICHUSAX O BaKaHCHAX, BTOPOE — YacTOT-
HOCTb €ro MOSBJIEHUN B pe3tOMe:

data = [("big data",100,15), ("Hadoop",95,25), ("Python",75,50),
("R",50,40), ("machine learning",80,20), ("statistics",20,60),
("data science",60,70), ("analytics",90,3),
("team player",85,85), ("dynamic",2,90), ("synergies",70,0),
("actionable insights",40,30), ("think out of the box",45,10),
("self-starter",30,50), ("customer focus",65,15),
(

"thought leadership",35,35)]

Merton Bu3yanusaluM Ha OCHOBE 00Jlaka CJIOB CBOJUTCS K Pa3MELIEHUIO HAa CTPaHHLE
cJIOB, HaOpaHHBIX OpockuM tpudTom (puc. 20.1).

! Pennnka w3 xomemmu "Becrionnbie yeumms mo6sn” (cepermua 1590-x rr.) Vumssma Illexcrapa (1564—
1616) — 3HaMEHUTOr0 AHITIMICKOro MO3Ta U Apamarypra. — [pum. nep.
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Puc. 20.1. O6nako MogHbIX TEPMUHOB

Puc. 20.2. Bonee ocmbICNeHHOE (M MeHee NpuBnekaTensHoe) o6nako crnos

CMOTpUTCS CKJIQJIHO, HO HE TOBOPUT HU O 4YeM. bosiee MHTEepecHbIil MoIXo1 MOXKET 3a-
KJIFOYaThCs B TOM, YTOOBI pa3dpocaTh CIIOBA TaK, YTO TOPU3OHTAIBLHOE TIOJNIOKEHHE OyeT
yKa3bIBaTh Ha MOMYJSPHOCTb CpeAn OOBSABICHUH, a BEPTUKAILHOE — Ha TOMYJISPHOCTh
Cpelr pe3toMe, YTO MO3BOJIMT MOJYYMTh BHU3yalHM3alMio, KOTopas OyaeT HecTH B cebe
yke Oonbliie cmbicna (puc. 20.2):

# pasmep TercTa
def text size(total):
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"""oaBuo 8, ecsm total = 0, m 28, ecom total = 200"""
return 8 + total / 200 * 20

for word, job popularity, resume popularity in data:
plt.text (job popularity, resume popularity, word,
ha='center', va='center',
size=text size(job popularity + resume popularity))
plt.xlabel ("llonysgpHOCTE Cpely OOBABJIEHMI O BaKaHCUAX")
plt.ylabel ("llonysgapHOCTs Cpen pesioMe')
plt.axis ([0, 100, 0, 100]
plt.xticks([])
plt.yticks([])
plt.show()

N-I'paMMHbIe MoAelsin A3blkKa

JlpekTop 1Mo MOMCKOBOMY MapKETHUHTY XOYeT CO3/aTh THICSIYU BeO-CTPaHMIIL, TOCBSIICH-
HBIX HayKe O JaHHBIX, Onarojaps uemy cait DataSciencester craHeT paHXHpPOBAThCS
BBIIIE CPEJId PEe3yJIbTATOB TOWCKAa TEPMHUHOB, CBS3aHHBIX C HAayKOW O JaHHBIX. (Bbl
MBITAETECh OOBSICHUTD, YTO AJITOPUTMbI IIOUCKOBBIX CHCTEM JIOCTATOYHO YMHBI, U YTO 3TO
Ha caMoM JieJie He CpaboTaeT, HO OH OTKa3bIBAeTCs CIIyIIATh. )

EctecTBeHHO, caM nucaTh ThICAYM BeO-CcTpaHUL OH He OyleT, HO M IIaTUThb opAe "KOH-
TEHT-cTpaTeroB”, 4Tobbl Te cAenany 3To, ToXKe He XoueT. HampoTus, oH wHTepecyeTcs
y Bac, MOXKHO JIM CO3JaTh 3TH BeO-CTpaHHLBI MporpamMmHo. s 3Toro moHagoouTes
KaKMM-TO 00pa3oM CMOJIEMpPOBaTh S3bIK.

O/MH U3 MPUEMOB 3aKJIFOYAeTCs B TOM, YTOOBI BBIYMCIIUTH CTATUCTUYECKYIO MOJIENb S3bI-
Ka, HauaB ¢ KOpIyca JIOKyMeHTOB. B Hallem citydae Mbl Ha4HeM ¢ ouepka Maiika Jlyku-
neca "Uro Takoe Hayka O TaHHbBIX?"

Kak u B 2nase 9, Bocnionib3yemcs: OMOJIMOTEKAMM requests M BeautifulSoup IUIsS U3BJIEYe-
HUs JaHHbIX. EcTb, mpaBaa, mapa BONpocoB, Ha KOTOpPbIE CTOUT OOpaTUTh BHUMAaHHUE.

Bo-niepBbIX, anocTpodbl B TEKCTe Ha caMOM jelie MpeAcTaBieHbl cuMBoioM HOHKKona
um\u2019". Co3naauM BCroMorateNibHylo (QYHKIHIO, KoTopas OyJeT MEeHSATh MX Ha HOp-
MaJlbHbIe anocTPOQBbI:

def fix unicode (text):
return text.replace(u"\u2019", "'")

Bo-BTOpBIX, MOMYyYHB TEKCT BEO-CTpaHUIIBI, HEOOXOAMMO pa3OWThL €ro Ha TOcCleaoBa-
TEJILHOCTh CJIOB W Touek (Onarogaps ueMy MOXKHO pacrio3HaTh KOHEL MPejioKEHHIA).
DTO MOKHO cliesaTh MpH MOMOIIM METO/a re.findall ():

from bs4 import BeautifulSoup
import requests

? https://www.oreilly.com/ideas/what-is-data-science.
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url = "http://radar.oreilly.com/2010/06/what-is-data-science.html"
html = requests.get(url).text
soup = BeautifulSoup (html, 'html5lib'")

content = soup.find("div", "entry-content") # mHarrtu div c kymaccom entry-content
regex = r"[\w']+[[\.]" # coBmazmaeT CoO CJIOBOM WM TOYKOM
document = []

for paragraph in content ("p"):
words = re.findall (regex, fix unicode (paragraph.text))
document .extend (words)

PazymeeTtcs, MO>KHO (U, BEPOSITHO, cilelyeT) NPOJOKUTh OYUCTKY JaHHbIX. B mokymeH-
T€ elle OCTaJoCh HEKOTOpOoe KOJMYECTBO TIOCTOPOHHEro TeKcTa (MepBOe CIIOBO
"Section"), HeCKOJIBKO pa30pOCAHHBIX TIOBCIOIY 3aroJIOBKOB M CITMCKOB U HEKOPPEKTHOE
pa3bueHue Tekcra o Touke B cepenuHe ¢paszbl ("Web 2.0"). Ckazar 3710, BCe e Mpo-
JOJDKKUM paboTaTh ¢ JOKYMEHTOM B TOM BHJIE, B KOTOPOM OH Ham JOCTAJICs.

Teneps, Mpu HAJIMUWU TEKCTA B BUJIE MOCJICJOBATEIHHOCTH CJIOB, MOXKHO CMO/JISIUPOBAThH
S3BIK CJEIYIOIUM 00pa3oM: UMesl HeKoe MCXOAHOe coBo (ckaxeM, "book"), obpaTumes
KO BCEM CJIOBaM, KOTOpbI€ B MCXOJHBIX JTOKyMEHTaX CIeQyIoT 3a HUM (3aech "isn't", "a",
"shows", "demonstrates" u "teaches"). [IlponsBonbHO BbIOEpeM OJHO M3 HHUX B KayecTBe
CJIeIIyIOIIIero cJIOBa M MOBTOPUM MTEPAIIMOHHBIN MPOLIECC IO TeX TMOp, MOKa He MOIyYuM
TOYKY, KOTOpasi O3HauaeT KOHell npeajioxeHus. Takas npoiieypa Ha3blBaeTCs Ouespamm-
HOIl A3bIK0BOLI MOO€Jblo, TIOCKOIBKY OHAa TOJHOCTBHIO 00YyCIIaBIMBAETCS YACTOTHOCTAMH
ourpamm (Tiap cJioB) B UCXOAHBIX JaHHBIX.

Kak 6bITh ¢ HCXOIHBIM cJIOBOM? Ero MokHO BI:I6paTI> MMPOU3BOJIBHO U3 TEX CJIOB, KOTO-
pbie credyiom 3a Toukoil. CHauana npeaBapUTEeIbHO PACCUMTAEM BO3MOXKHBIE MEPEXOb
OT cJI0Ba K cioBy. HanmoMHuM, uTo yHKLMS zip OCTaHABIMBAETCS, KaK TOJbKO 000 13
€€ BXOOAIIMX CITMCKOB 3aKaH4YMBACTCA, 6.]'[3.1"0,[[21})5{ 4YeMy BBIPAXEHUC zip (document,
document[1:]) JacCT Mapbl 3JIEMEHTOB, KOTOPBIC B TOKYMEHTE document CIEIYKOT CTPOTO
OJWH 34 IPyTUM:

bigrams = zip(document, document([l:]) # Gurpamver
transitions = defaultdict(list) # mepexonsl
for prev, current in bigrams:

transitions[prev].append (current)

Tenepb Bce roTOBO 715 FTEHEPUPOBAHUS MPEAJIOKEHUH:

# crenepmpoBaTe Hpy noMomyr GurpamMv
def generate using bigrams():

current = "." # ozHavaer, UTO CJEAYKIEE CJIOBO HAUMHAET MPEIJIOXESHHUE
result = []
while True:

next word candidates = transitions[current]  # Gmrpamver (current, )

current = random.choice (next word candidates) # BrGpaTe MPOM3BOJBEHO
result.append (current) # nobaBuTh K pe3yJsbTaTaM

if current == ".": return " ".Jjoin(result) # ecomm ".", TO BaKOHUMTEH
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CreHeprpoBaHHBIE MPEIUIOKEHUS BBITIISAIAT MOJTHONW TapabapIiMHOM, HO TaKoi, YTO ecin
pa3sMecTuTh MX Ha caiiTe, TO OHM BIOJIHE MOTYT COMTH 3a TITyOOKOMBICJIEHHbIE BbICKA3bl-
BaHUS Ha TeMy HayKH o JaHHbIX. Harpumep:

If you may know which are you want to data sort the data feeds web friend
someone on trending topics as the data in Hadoop is the data science requires a
book demonstrates why visualizations are but we do massive correlations across
many commercial disk drives in Python language and creates more tractable form
making connections then use and uses it to solve a data.

BI/IFpaMMHaH A3bIKOBas MOACJIb.

[IpennoskeHuss MOXKHO clellaTb MeHee OpelOBbIMHU, €CIM OOpaTUTLCS K mpucpamma,
T. €. TpohKaMm mociefoBaTeNbHbIX clioB. (B Oonee o6lieM IiaHe MOXKHO OOpaTHUThCS
K n-2pammam, COCTOSLIMM W3 # MOC/IeA0BATENbHbIX CJIOB, OJHAKO TpeX Ui MpuMepa
Oynet gocratouHo.) Tenepb nepexoabl OyayT 3aBUCETb OT 08YX MPEAbIIYIIUX CJIOB!

trigrams = zip(document, document[l:], document[2:])
trigram transitions = defaultdict (list) # Tpurpamuusle mepexons
starts = []

for prev, current, next in trigrams:

if prev == ".": # ecom npepsimymee "caoBo" - Touka,
starts.append(current) # TO 5TO CJIOBO MCXOZHOE

trigram transitions|[(prev, current)].append (next)

Crnenyer yuecTb, 4YTO Temepb TpeOyeTcs OTCIEKMBATh HMCXOAHBIE CJIOBA pa3lieNbHO.
I'enepupoBaHue MpeaoKEeHUH BBIMOIHAETCS MPAKTUYECKH B TOM K€ BUJIE:

# creHepmMpoBaTEH MNPV HOMOLY TPUIPAMM
def generate using trigrams():
current = random.choice (starts) # BEHOpaTbH NPOM3BOJBHOE MCXOLHOE CJIOBO
prev = "." # u mocraBmwre nepen HuM '.'
result = [current]
while True:
next word candidates = trigram transitions[(prev, current)]

next word = random.choice (next word candidates)

prev, current = current, next word result.append (current)

"o,

if current ==
return " ".join(result)

B pesynbrare nonyunm Oojiee ocMbICTICHHBIC TIPEATIOKEHUS, HAaNpUMep:

In hindsight MapReduce seems like an epidemic and if so does that give us new
insights into how economies work That’s not a question we could even have asked
a few years there has been instrumented.

TpI/IFpaMMHaH A3BIKOBas MOJECIIb.
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EcrecTBeHHO, OHM BHIIAAAT Oo0jiee OCMBICICHHBIMH, TMOTOMY YTO Ha KaKIOM Iare
y Tiporiecca reHepaly OCTaeTcsi MeHbIe BbIOOpa CJIOB, a Ui MHOTHX ILIaroB — BCETO
onuH. CriegoBatesbHO, MOZIENb YAaCTO OYAYT reHepupoBaTh MpeiiosKeHHs (WK Mo Kpaid-
Heil Mepe AJMHHBIE CJIOBOCOUYETAaHMS), KOTOPbIE CYLIECTBYIOT B MCXOAHBIX AaHHBIX JO-
ci10BHO. CHUTyalLMIO MOKHO MCIIPAaBUTh, €CJIM MPEJOCTaBUTh OOJIblle JaHHBIX; MOMHMO
3TOro0, MOzIeNb OyaeT paboTaTh JTydlle, eclii coOpaTh #-TPaMMBbl N3 HECKOJIBKHX OUepPKOB,
MOCBSLIEHHBIX HAyKe O JaHHbBIX.

FpammMmaTuKkun

Hpyroii crnoco6 MoaesMpoBaHus A3bIKa OCHOBAH HA epAMMAmMuKax, T. €. paBuilaX reHe-
paLuu IOMyCTUMBIX MpeasokeHuil. M3 HayanbHOH IIKOJIBI MBI 3HAEM O HacTIX pPeud U
0 TOM, KaKk OHHU coveTtatoTcs. Hanpumep, eciau y Bac ObUT OTBpaTUTENIbHBINA YUUTENb POJ-
HOTO 513bIKa, TO BBl MOTJIM Obl YTBEPXKAATh, YTO MpPeIOKEHHE 00s13aTeNbHO JOKHO CO-
CTOSITb U3 CYujecmeumenbHo20, 3a KOTOpbIM clefyeT 2nazo. Torga npy Halu4uy CIMcKa
CYLIECTBUTEIIbHBIX M [TIarojIoB JaHHOE MPABUIIO MO3BOJIUT M€HEPUPOBATH MPEITIOKEHHS.

OHpeI[eJ'II/IM rpaMMaTuKy 4yTb MOCJIOKHEE:

grammar = {
"s" : [" NP VP"],
" NP" : [" N",
"A NP P A N"],
"VP" oz ["_V",
"V _NP"],
"N ["data science", "Python", "regression"],
" A" ["big", "linear", "logistic"],
"Pp" ["about", "near"],
A ["learns", "trains", "tests", "is"]

}

YcnoBuMmces, 4TO Kaknmas 3amvich B MPUBEISHHON IpaMMaTHKE Ha3bIBAETCS MPAaBHUIIOM
MOJICTAHOBKH, TJle MMEHA, HaYMHAIOLIWecs C CHUMBOJIA TOAYEePKUBAHUS, 0003HAYAIOT
HemepMuHaivbHble jekcemsl (WK MPaBUiia), KOTOPbIe HYKAAIOTCs B AaJIbHEHILIEM paciiu-
peHHH, a OCTalbHbIe KMEHA — 3TO MepPMUHAIbL, KOTOPhIe B JalibHelIiel o0paboTke He
HY)KIArOTCS.

Tak, HarpuMmep, " _S" — 3TO HETEpMHUHAJIbHAs JIEKCeMa, OMUChIBAIOLLAs PABUIIO MOACTA-
HOBKH ISl "TpesioskeHus", KoTopoe mopoxkaaeT " Np" ("Tpymiy CyIecTBHUTETbHOro"),
3a KoTopoii cinexyer " ve" ("rpynmna riarosa").

HerepmuHanbHas jekcemMa TPyMIbl IJlarojia " ve" MOXKET MOpPOXKIaTh HETEPMHUHAIBHYIO
nekceMy riarona " v" ("raaron") 11M00 HEeTEPMUHAIBHYIO JIEKCEMY TJ1aroina, 3a KOTOpoi
UJIeT HeTepMHUHAJIbHAS JIEKCeMa IPYTITIbI CYHIeCTBUTEIHHOTO.

OO6paruTe BHUMaHUE, YTO HETEPMHUHAJIbHAsA JIEKCEMa TPYIMMNbl CYLIECTBUTEIBLHOTO " NP"
COIepKUT caMy cebs B MpaBOH YacTH OJHOTO M3 CBOMX IMPaBMJ MOACTAHOBKH. I'paMma-
TUKW MOTYT OBbITb PEKYPCHBHBIMH, YTO TMO3BOJISIET AK€ TAKUM I'paMMaTHKaM ¢ KOHeu-
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HBIM YHCJIOM COCTOSIHMH, KaK 3Ta, TeHEpUpPOBaTh OECKOHEYHOE YHCJIO Pa3HbIX MPeasio-
JKeHUH.

Kakum 0o0Opa3oM Ha OCHOBE TaKOi IpaMMaTHKH TeHepHPYIOT npeaiokeHus? Haunem co
CMHUCKA, COAEpPIKAILEro JIEKCeMy MPeIOKEeHHs " S", ¥ 3aTeM OyJeM HeOJHOKPaTHO pac-
LIUPSTh KOKIYIO JIEKCeMY, TMOJCTaBIsis BMECTO Hee MPaByl0 YacTh OJHOTO M3 MpPaBHII
MOJICTAHOBKH, BbIOMpaeMoro ciy4aiiHo. O6paboTka npekpalaeTcs nNpyu HaJTUUUH CITUCKA,
COCTOSIIIIEr0 UCKITOUUTENTLHO M3 TEPMUHAIIOB.

Hanpumep, onHa M3 Takux MOCJIeIOBATETbHOCTEH MOXKET BBITJIAACTH CIEAYIOMIMM 00-
pazom:

’_S’]

I_NPI , I_VPI]
I_N’ , I_VPI]
'Python', "' VP']

[
[
[
[
[
['Python', 'trains',' NP']

['Python', 'trains',' A',' NP',"'" P',' A',"' N']
['Python', 'trains', 'logistic',' NP',"' P',' A',"' N']
['Python', 'trains', 'logistic',' N',' P',' A',' N']
[
[
[
[

'Python', 'trains', 'logistic', 'data science',' P',' A',' N']
'"Python', 'trains', 'logistic', 'data science','about',' A', ' N']
'"Python', 'trains', 'logistic', 'data science', 'about', 'logistic',' N']

'Python', 'trains', 'logistic’', 'data science', 'about', 'logistic', 'Python']

Kak 1o peannzoBats? s Havana co3aiuM MPOCTYIO BCTIOMOTaTeNIbHYIO (pyHKLHMIO [UTs
WACHTU(PUKALMN TEPMUHAIIOB!

# TepmmHa?
def is terminal (token):
return token[0] !=

non

Janee Hy>KHO HanMcaTb PYHKLMIO 15 MpeoOpa3oBaHus CIIMCKA JIEKCEM B MPeAsIoKeHHe.
Bynem uckatb nepByro HeTepMUHANIBHYIO JlekceMy. Eciu Takas oTcyTCTBYeT, TO 3TO 3Ha-
YUT, YTO UMEEM 3aKOHUYEHHOE MpeaiokeHue, 1 00padoTka npeKpariaercs.

Ecnu >xe HeTepMUHambHas JieKceMa UMeeTesl, TO clydaliHbiM 00pa3oM BbIOMpaeM [is Hee
OJTHO W3 TIpaBMJI MOJACTAHOBKH. Eciii B pe3ysbTaTe MOACTAHOBKH TMOTYYUTCS TEPMHMHAI
(T. €. cIIOBO), TO MPOCTO MOZICTABUM €r0 BMECTO JIeKceMbl. B mpoTHBHOM cityuae, nmeem
JIeTI0 C TI0CTIeI0BATeIbHOCTBIO Pa3ZielieHHbIX MpoOeTaMi HeTepMUHAIBHBIX JIEKCeM, KO-
TOpbIe HaJ0 MpeoOpa3oBaTh (METOIOM split ()) B CIIMCOK M 3aTeM MPUCOEIUHUTE K Cyllle-
CTBYIOLIIMM JiekceMaM. B ro0oM cityyae, MOBTOPUM HMTEpallMOHHBIN MPOLECC ¢ HOBBIM
HabOpOM JIeKceM.

CobpaB Bce BMecCTe, MOTYUYHM:

# pacmpnuTe JIeKCEeMEl (IPVIMeHUTE MpaBmila HOACTAHOBKM) MPHM 3aLaHHON
# rpamvaTyke
def expand (grammar, tokens):

for i, token in enumerate (tokens):
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# MPOMyCTUTH TEPMUHAJIE!
if is terminal (token): continue

# ecyom MBI TYT, BHAUMT, HAIUIYM HETEPMUHAJIBHY JIEKCEMY,
# MPOMBBOJIEHO BREOPATE AJS HEE [OACTAHOBKY
replacement = random.choice (grammar [token])

if is terminal (replacement):
tokens[i] = replacement
else:
tokens = tokens[:i] + replacement.split() + tokens[(i+1):]

# memepr BRBBATE QyHKINMO expand C HOBEM CIICKOM JIEKCEM
return expand(grammar, tokens)

# ecyom MBI TYT, BHAUMT, MMEEM ONHV TEPMMHAJIEI; B3aKOHUMTE 006paboTKy
return tokens

n TENEPb MOXXHO HAYUHATL TCHEPHUPOBATL MPEATO0KEHUA:

# creHepmMpoOBaTE MNpEmIOXeHMe C 3aAaHHOV IPaMMaTHKO
def generate sentence (grammar) :
return expand(grammar, [" S"])

[NonpoOy#iTe MI3MEHUTH TrPaMMAaTHKY — J100aBUTh OOJIbLIE CIIOB, OOJBbIIE MPABHII, APYTHe
YacTU peyud — MoKa He OyzAeTe roTOBbl CO3AaTh MUl Balled KOMIAHUM CTOJBKO CTPaHHL]
TEKCTAa, CKOJIBKO HY>KHO.

rpaMMaTHKH, KaK HU CTpaHHO, JaloT 6onee HWHTEPECHBIE PEZYJIbTATDBI, €CJIU UX HUCIIOJIB30-
BaTb B MPOTHUBOIIOJIO’KHOM HaIllpaBJICHUH. K npuMeEpPy, MOKHO NPUMEHUTb I'paMMAaTUKy
K 3aJaHHOMY MNPE€AJIOKCHUIO C LEJIbIO BBIMMOJIHUTL €ro CUHTaKCUYECKHM pa360p, YTOOBI
TMOTOM OMNPEACTIUTD NMOAJICKAUIUE U CKa3yEMbI€ U YCTAHOBHUTDH €I0 CMbICJI.

YMeTb NPUMEHSTh HayKy O JAaHHBIX [T MOPOKAEHHUS TeKCTa — 3TO, KOHEUHO, KilaccHast
Belllb; O/IHAKO €€ MPUMEHEHHUE JIJIsl TOTO, YTOObI #OHAMb CMBICT TEKCTa, CPOAHM BOJIIEO-
ctBY. (Cm. pazo. "[ns oanvuetiwezo uzyyenus” enagel 16, e ykaszaHbl OMOIHOTEKH, KO-
TOPBIMH MOKHO BOCTIOJIb30BAaThCS VIS STHX LISJIeH. )

Pemapka: metoq camnnupoBaHusa no Fr'mooey

I'eneprpoBaTh BBIOOPKM M3 HEKOTOPBIX pacripesielieHHi JocTaToyHo mpocto. Cremyro-
LIMe BBIPAKEHUS JaAyT PpABHOMEPHO pacrpeliesieHHbIe CilydaiiHble BEJTMUMHBI:

random. random ()

1 HOPMAJIBHO pacrpesesieHHble CllydaliHble BETUUNHbI:

inverse normal cdf (random.random())

OpnHako M3BJeYeHHEe BBIOOPOK M3 HEKOTOPBIX pacrpereieHHH BbI3bIBACT 3aTpyAHEHHE.
Comnauposanue no T'uoocy (Gibbs sampling) — 3To MeTon H3BIeUEHHs BBHIOOPOK U3
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MHOTOMEPHBIX PacnpeAesieHUi, KOraa U3BECTHBI JIMIIb HEKOTOPbIE YCIOBHBIE pacrpere-
JICHHUSI.

Hamnpumep, npeacraBum Opocanue AByX UrpanbHbIX KyOnkoB. [TycTs x OyzmeT 3HaueHHEeM
nepBoro kKyOuka, a y — cymma KyOukoB. JlomycTuM, Hy>KHO CreHepHUpoBaTh OOJIbIIOE
yucno nap (x, y). B aTom citydae nerko n3Bneds BHIOOPKH HETOCPEICTBEHHO:

# BpocuTe KyOUK
def roll a die():
return random.choice([1,2,3,4,5,6])

# mpsmas BEIOOPKa

def direct sample():
dl = roll a die()
d2 = roll a die()
return dl, dl + d2

Ho, nmpenrosnoxxuM, 4To M3BECTHBI TOJIBKO YCIIOBHBIE pacripeesieHus. Pacnipenenenve y
B 3aBUCUMOCTH OT X MOJYUYUTh JIETKO — €CITH U3BECTHO 3HAYCHHUE X, TO ) PABHOBEPOSTHO
Oyner paeHo x + 1, x+2, x + 3, x +4,x + Sumu x + 6:

# cuayuarHOe y B 3aBUCHMOCTY OT X

def random y given x(x):
"""HaBHOBEPOATHOE 3Havemme Oymer x + 1, x + 2, ..., x + 6"""
return x + roll a die()

B obparnyto cropoHy yxe cnoxHee. Hanpumep, eciiv n3BecTHO, 4TO y =2, TOraa Heus3-

0eskHO x =1 (MOCKONbKY €OWHCTBEHHBIN Cilyuyail, Koraa cymMma rpaHeid JBYyX KyOMKOB
paBHa 2, Tonbko ecnu obe paBHbl 1). Ecnn m3BecTHO, UTO y =3, TO X paBHOBEpPOSITHO

pasHo 1 unu 2. AHanoruyHbIM 00paszom, ecii y =11, To x AOMKHO paBHATHCS 5 UK 6:

# cuyyariHoe X B BaBUCHMMOCTV OT Yy
def random x given y(y):
if y <= 7:
# ecom cymmva <= 7, HDEPBEII KyOMK PaBHOBEPOSTHO OyAeT pPaBEH
#1, 2, ..., (cymma - 1)
return random.randrange(l, vy)
else:
# ecom cymma > 7, HDEPBEMI KyOMK PABHOBEPOSTHO OyAeT paBeH
# (cymma - 6), (cymma - 5), ..., 6
return random.randrange(y - 6, 7)

Merton cammnrpoBanus no ['n60cy paboTaeT Tak: HaYMHAEM C JIOOOTo (IOMyCTUMOrO)
3HAueHMS X ¥ } ¥ 3aTeéM MHOTOKpPATHO YepeayeM, TOJCTaBIIAs BMECTO X CIydaiHOoe 3Ha-
YyeHue, BLIOpaHHOE B 3aBUCUMOCTH OT y, U BMECTO )y — CllyyaiiHoe 3HaueHHe, BbIOpaHHOe
B 3aBUCUMOCTH OT x. [locne psina urepauuii nonyueHHble 3HaYeHUs: X U y OyayT npea-
CTaBIATH OO0 BBIOOPKY M3 6€3yCIOBHOIO COBMECTHOTO pacripeiesIeHHs:

# BElOOpKa 1o I'nbbcy
def gibbs sample (num iters=100):
X, vy =1, 2 # Ha caMmoM Zeje He MMEeT 3HAYEHNd, KaKue uicia
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for in range(num iters):

x = random x given y(y) # ciydarHoe X B 3aBUCHMOCTM OT y
y = random y given x(x) # ciydayHOe y B 3aBUCHMOCTM OT X

return x, y

MOXHO MpPOBEPUTH, YTO 3TOT AJTOPHTM JACT PE3yJIbTaThl, AHAIIOTHYHbIE HEMOCPEACT-
BEHHOW BBIOOpKeE:

# CcpaBHMTH pacrpeneyeHns
def compare distributions (num samples=1000):
counts = defaultdict (lambda: [0, 0])
for in range(num samples):
counts[gibbs sample()][0] += 1
counts[direct sample()][1] += 1
return counts

JlanHbli MeTo Oy/IeT UCTIONb30BaH B CICAYIOIIEM pa3/ere.

TemaTnyeckoe mogenumpoBaHue

IIpu cozpanny pekoMeHAaTeNbHON cucTeMbl "AHAIUTHKH, KOTOPBIX BBl TOJIKHBI 3HATH"
B 27age 1 OTHICKMBAJIMCh TOUHbIE COBMAACHUS C TEMaMH, KOTOPbIMH MOJIb30BaTEIN UHTE-
pecyroTcs.

Boniee npoaBUHYTHIM MOAX0A K OHUMAaHUIO cdep MHTEPECOB MOJb30BaTENICH 3aKiIioua-
eTcsl B MOMBITKE YCTAHOBUTH OoJiee 00LIHe memMamuki, KOTOpbIe JeXkKaT B OCHOBE HHTepe-
CYIOIIMX MoJib3oBaTesiell TeM. J{iist onpenenenus: oOIKMX TeMaTHK B HAOOpe JTOKYMEHTOB
OOBIYHO HCMONB3YETCS Memoo aamenmuozo pasmewenuss Jupuxne (latent Dirichlet
allocation). /TaBaiiTe npUMeHHM €ro K JOKYMEHTaM, COCTOSIIUM M3 TEM, HHTEPECYFOIIUX
Ka)KJI0r0 MOJIb30BaTells.

JlaHHBIN METO MMeeT HEeKOTOPYHO aHaJlOTMI0 ¢ HAUBHBIM 0aileCOBCKMM KiaccHU(HUKATO-
poMm, pa3paboTaHHBIM B 2iase 13, B TOM, UTO B HEM MPUHUMAETCs BEPOSITHOCTHAS MOJIENb
nokyMeHToB. Omyckas 0ojiee TpyIHbIE MaTeMaTHYECKHUE MOAPOOHOCTH, OTMETHM, YTO
JUTS eJieil HaCTOSIIIEr0 U3I0KEHHUS 3Ta MOJIENb NPEANoJiaraeT CieAyolIne aceKThbl.

4 lMmeeTcs HeKOTOpOE MOCTOSTHHOE YKcio K 00IIMX TeMaTHK.

4 Hwmeercs cnyqaﬁHaﬂ BEJIMYMHA, KOTOpas KaXXJI0M TEMAaTHKE CTaBUT B COOTBETCTBHE
pacnpeaejicHue BepOHTHOCTeﬁ Ha MHOXECTBE CJIOB. JTO pacrnpeaeyiceHue CJlIeayeT
npeacTaBUTh, KaK BEPOATHOCTDL Ha6J'[IOI[aTB CJIOBO W B 3aJJaHHOM TeMaTHKe k.

¢ Hwmeercs €lIcC oaHa CHy‘iaﬁHaH BCJIMYMHA, KOTOpasd KaXXJAO0OMy AOKYMCHTY Ha3zHauacT
pacnpeaejicHue BepOHTHOCTeﬁ Ha MHOJ>KECTBE TEMATHK. JTO pacnpeacsicHue ClIeaAyeT
NMpeaAcTaBUTh, KaK CMECh TEMATHUK B TIOKYMEHTE d.

4 Kaxnoe ci0BO B IOKyMEHTe TeHepHpyeTcsl CHauasla IMyTeM CIIy4aliHOro BbIOOpa TeMa-
THKH (M3 pacrpeaeseHust TeMaTHK Ul JaHHOTO TOKyMEHTa) U 3aTeM CIIy4aliHOTO BbI-
Oopa cioBa (M3 pacrpeesieHus clioB sl JTaHHOW TeMaTHKH).

B uwactHOCTH, MycTh MMeeTcss HA0Op TOKYMEHTOB documents, I/I€ KaXKIbIH JOKyMEHT —
9TO CMHCOK CJIOB, a TAaK)K€ COOTBETCTBYIOIIMK HAOOp TeMaTHWK JOKYMEHTOB document
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topics, U3 KOTOPOTO KaX/IOMYy CJIOBY B KaXKJIOM JIOKyMEHTE Ha3HA4YaeTCsl HeKas TeMaThKa
(3mech uncno mexay 0 u K —1).

brnaronapst aToMy msiToe CJI0BO B YETBEPTOM JOKYMEHTE PaBHO:
documents [3] [4]

a TeMaTHuKa, U3 KOTOpOI71 9TO CJIOBO BLI6paHO, paBHa:

document topics[3] [4]

D10 BecbMa SBHbIM 00pa3oM OMpezAessieT pacnpeieseHne KaKIoro A0KyMEHTa Ha MHO-
JKECTBE TEMaTHK M HEsIBHBIM 00pa3oM — pacrpefesieHue KakI0old TeMaTUKK Ha MHOXe-
CTBE CJIOB.

MO>KHO OLIEHWTh MPaBAONOA00HE TOTO, YTO TeMaTUKa | CITY)KUT MPUYMHOW JIJIs TTOSIBJIE-
HUS ONPEJIeNIEHHOTO CJIOBA, CPAaBHUBAs YaCTOTHOCTh, C KOTOPOW TeMaThKa | MpOu3BOAUT
9TO CJIOBO, C YaCTOTHOCTBIO, C KOTOPOil OHa Mpou3BoauT iodoe cioo. (ITpu paspaboTke
cnam-punbTpa B 21a6e 13 aHaIOTUYHBIM 00pa30M CpaBHUBAJIACH YaCTOTHOCTD MOSIBJICHUS
KaXXIOrO CJIOBAa B CIIAMHOM COOOIIEHHH C CYMMapHOM YaCTOTHOCTBIO CJIOB B 3TOM COO00-
IIEHUH.)

XOTsl 3TH TEeMaTUKH SBISIOTCA BCEro JIMLIb YHCJIaMH, UM MOXKHO JaTh OMMCATENIbHbIE
WMeHa, OOpaTHBIIMCH K CJIOBaM, KOTOPBHIM TPUCBOEH caMblii Tsokenblii Bec. Ocranoch
JIMILIB PElINTh, KaK CTEeHEPHPOBATh CMUCOK TEMATHK JOKYMEHTOB document topics. MeH-
HO TYT BCTYMNAET B UTPY METOJ CIMIUTMPOBaHHUs o ['uboey.

Haunem ¢ abGconmtoTHO ciyuaifHOro Ha3Ha4YeHHs TeMaTHK BCEM CJ0BaM BO BCEX JOKYMEH-
tax. [Ipoiinem no kaxxaoMy JOKyMEHTY CJIOBO 3a cj0BOM. [1o c/ioBy M TOKyMEHTY CKOH-
CTpPyMpYyeM Beca I KayKAOH TEMAaTHKH, KOTOPbIE 3aBUCST OT (TEKYILEro) pacrpeaeseHus
TEMaTHK B 3TOM JIOKyMEHTE U (TeKYILEero) pacrpeaeseHus cioB s 3Toi TeMaTuku. [lo-
clie 3TOro MPUMEHHUM 3TH Beca sl BHIOOPKM HOBOM TeMaTHKH, COOTBETCTBYIOLLEH 3TOMY
cioBy. Ecau moBTOpUTH 3TOT MTEpPaLIMOHHBIA MPOLIECC MHOTOKPAaTHO, TO B MUTOre MOJY-
YUM COBMECTHYIO BBIOOPKY M3 pacmpeleneHusl 'TemaTHka-cjoBO" M pacrpenesieHus
"MOKyMeHT-TeMaTHKa".

Jns Hauana notpedyercs GyHKUMS, KOTOpas OyJeT B ClIy4aiiHOM MOpsaKe BIOMpaTh WH-
JEKC U3 MPOU3BOJIBHOTO MHOXECTBA BECOB!

# cuyuariHas BEIOOPKA MHIOEKCA M3 MHOXECTBA (B IAHHOM CJIyyae - BECOB)
def sample from(weights):
""BosBpamaeT 1 C BEPOSTHOCTRIL 10 ¢opMyse weights[i] / sum(weights)"""
total = sum(weights)
rnd = total * random.random() # paBHOMEpPHO MeXmy 0 u CyMMON
for i, w in enumerate (weights):
rnd -= w # BEDHYTEH HamMMEHBIDO! 1, TaKOM UTO
if rnd <= 0: return i # weights([0] + ... + weights[i] >= rnd

Hanpumep, ecnu nepenath e Beca [1, 1, 3], TO OJHY MATYIO cliyyaeB oHa OydeT BO3-
BpallaTh HyJIEBOU WHIEKC, OJIHY NATYIO — | W TpH MATHIX — 2.

I[OKyMeHTBI npeacTaBJICHbl CIUCKaAaMH TEM, KOTOPbLIMHU IMOJIB30BATC/IM HUHTCPECYIOTCA,
B CJIEAYIOLIEM BHUIEC!
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"

pandas", "R", "Python"],
"databases", "HBase", "Postgres", "MySQL", "MongoDB"],
"libsvm", "regression", "support vector machines"]

documents = [
["Hadoop", "Big Data", "HBase", "Java", "Spark", "Storm", "Cassandra"],
["NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"],
["Python", "scikit-learn", "scipy", "numpy", "statsmodels", "pandas"],
["R", "Python", "statistics", "regression", "probability"],
["machine learning", "regression", "decision trees", "libsvm"],
["Python", "R", "Java", "C++", "Haskell", "programming languages"],
["statistics", "probability", "mathematics", "theory"],
["machine learning"”, "scikit-learn", "Mahout", "neural networks"],
["neural networks", "deep learning", "Big Data", "artificial intelligence"],
["Hadoop", "Java", "MapReduce", "Big Data"],
["statistics", "R", "statsmodels"],
["C++", "deep learning", "artificial intelligence", "probability"],
[
[
[

]

ITonpoOyem HalWTH TEMaTHKH MPU K = 4.

s pacuera BecOB BBIOOPKM HEOOXOAMMO OTCIEKMBATh HECKOJIBKO Mokazaresneil. CHa-
Yaja CO3aiM Ul HUX CTPYKTYpPbI JaHHBIX.

CKOJIBKO pa3 KaxJaas TeMaTuKa Ha3HA4YacTCA KaKAOMY JOKYMEHTY:

# cmucok obwexToB Counter, OOMH OJIA KaXOOT'O NOKYMEHTA
document topic counts = [Counter() for in documents]

Ckonbko pa3 Kaxxao€ CJIOBO Ha3HAvYacTCA KaXJ0l TeMaTHKe:

# cmmcok obwrexToB Counter, OmMH IJS KaXOOM TeMaTHK
topic word counts = [Counter() for in range(K)]

CYMMapHOG YKCJIO CJIOB, HA3HAYEHHOE Ka)KI0M TeMaTHKe:

# coMcok umMces, OAOMH IJIA KaXIO¥ TeMaTUKA
topic counts = [0 for in range(K)]

CYMMapHOG YHCJIO CJIOB, COACPIKAILIIUXCA B KAXKAOM NJOKYMCHTE:

# crmcok umces, ooMH IJIS KXOOT'O HOKYMEHTA
document lengths = map(len, documents)

Yucno Pa3JINYHBIX CJIOB!:

distinct words = set (word for document in documents for word in document)
W = len(distinct words)

U yucno 1oKkyMeHTOB:
D = len (documents)

HaanMep, MOCJIE TOI'O KaKk OHH 6}/HYT 3ar0JIHCHbI, MOXXHO HaﬁTH, CKa>XeM, YHCJIO CJIOB
B IOKYMEHTEC documents 3], CBA3aHHBIX C TEMATUKOM 1:

document topic counts[3][1]
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Kpome sT0oro, MoyxHO HalTH, CKOJIBKO pa3 CJIOBO #/p acCOLMUPYETCS ¢ TEMaTHKON 2:
topic word counts[2]["nlp"]

Teneps Bce ToTOBO A onpeneneHus (GyHKUMI ycrmoBHOH BeposTHocTu. Kak u B ena-
6e 13, Kakaas U3 HUX UMEET CIVIXKMBAIOLIMKA YJIeH, KOTOPbII rapaHTUPYyeT, YTO KaKaas
TeMaTrka OyJeT UMETh HEeHYJIEBYIO BEPOSTHOCTh ObITh BHIOPaHHOMN B JIFOOOM JOKYMEHTE
W UYTO KayKAoe CJIOBO OyJdeT UMETh HEHYJIEBYIO BEPOSITHOCTb ObITh BHIOpAaHHBIM B JO0O
TeMaTHKe:

# BEPOATHOCTE TEMATMKM B 3aBUCHMOCTM OT HOKYMEHTa
def p topic given document (topic, d, alpha=0.1):
"""nojsg CJOB B AOKyMeHTe d , KOTOPEE

Ha3HavabTCA TeMaTuke _toplic (Ioc HeKoTopoe cIviaxwmBamme) """

return ((document topic counts[d] [topic] + alpha) /
(document lengths[d] + K * alpha))

# BEPOATHOCTHL CJIOBA B 3aBUCHMOCTV OT TEMaTUKH

def p word given topic(word, topic, beta=0.1):
"""nojs CJIOB, HasHadaeMElX TeMaTuke topic , KOTOPEE
paBHEl _word  (IJoC HEKOTopoe cCrulaxvBaHue) """

return ((topic word counts[topic][word] + beta) /
(topic _counts[topic] + W * beta))

OTtn (byHKL[I/II/I HCMNOJIB3YKOTCA [Jid CO3JaHHus BECOB, HeO6XOI[I/IMI>IX JUTsL OOHOBJIEHUS
TEMAaTHUK:

# Bec TemaTmry
def topic weight(d, word, k):
""Nroy Haomuyy JOKYMEHTa ¥ CJIOBa B STOM [OKYMEHTe,
BepHyTH Bec k-1 Tempr"""
return p word given topic(word, k) * p topic given document (k, d)

# BRIOpPATE HOBYI TEMATHUKY
def choose new topic(d, word):
return sample from([topic weight(d, word, k)
for k in range(K)])

Hmerotes Beckre MaTeMaTHYECKHE TIPUUMHBI, TOUeMy QYHKLMS topic weight ompezeieHa
WMEHHO TaKUM 00pa3oM, OJIHAKO MX JIeTallu3alys yBelsia Obl J1ajleKo BrilyOb crielMaiu3u-
poBaHHO#1 obsacTu. Hanetoch, o kpaiiHeit Mepe, HHTYUTHBHO TOHSATHO, YTO — TPH 3a-
JTAaHHOM CJIOBE M €ro JJOKYMeHTe — MpaBiorooore BbiOopa 000N TeMaTUKK 3aBUCHUT
OJTHOBPEMEHHO OT TOr0, HACKOJIbKO MpPAaBAOMNOJO00HA STa TeMaTWKa JJs JOKYMEHTa U
HACKOJIBKO TIPaBIOMOA00HO 3TO CJIOBO JIJIsl 3TOM TEMaTHKH.

Bot u Bech HeoOXonuMbIi QyHKIIMOHAIBHBIN anmnapar. HauneM ¢ HazHaueHMs Ka)Ioro
CJIOBa CIIyYailHOM TeMAaTHKEe W 3alOoJHEHUsl TOoKa3zaTejed COOTBETCTBYIOLUMMU 3HaYe-
HUSIMU:
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random. seed (0)
document topics = [[random.randrange (K) for word in document]
for document in documents]

for d in range(D):
for word, topic in zip(documents[d], document topics[d]):
document topic counts[d] [topic] += 1
topic word counts([topic] [word] += 1
topic counts[topic] += 1

3agaya COCTOMT B TOM, YTOOBI MOJYUYUTh COBMECTHBIE BBIOOPKHM M3 pacipeneseHus "te-
MaTHKa-cJI0BO" W pacnpeneieHns "JOKyMeHT-TeMaThka". OTO JOCTUraeTcsl Mpu MOMOIIH
BapUaHTa METOAa COMILTMPOBaHUs Mo ['MOOCY ¢ MCMoNb30BaHUEM YCIIOBHBIX BEPOSITHO-
CTei, KOTopble ObIIM ONpeeieHbl paHee:

for iter in range (1000):
for d in range(D):
for i, (word, topic) in enumerate (zip (documents[d],
document_topics([d])):
# ymaiuTb 9TO CJIOBO/TeMaTHKYy M3 [IOKa3aTeJeHn,
# uTOGEI OHO HE BJIMSJIO Ha Beca
document topic counts[d] [topic] —-=1
topic _word counts[topic] [word] -= 1
topic counts[topic] -= 1
document lengths[d] -= 1

# BRIOpATE HOBYKH TEMaTHKY Ha OCHOBE BECOB
new_topic = choose new topic(d, word)
document topics[d][i] = new topic

# a Temepb CHOBa YBEJMYUTE [IOKa3aTENN
document topic_counts[d] [new topic] += 1
topic _word counts[new topic][word] += 1
topic_counts[new topic] += 1

document lengths([d] += 1

Uro coboli mpeactapisiior TeMaTrku? 310 mpocto undpsl 0, 1, 2 u 3. Ecnu ans Hux
HY>KHbl UMEHa, TO 3TO cJedyeT caenaTb camMuM. OOpaTumes K MATH Haubolee TSHKeNo-
BECHBIM CJIOBaM 10 Kaxkioi Tematuke (Tadu. 20.1):

for k, word counts in enumerate (topic word counts):
for word, count in word counts.most common () :
if count > 0: print(k, word, count)

Ha ux ocHOBe TeMaTHKaM MOKHO MPUCBOUTHL UMEHA:

topic names = ["Big Data and programming languages",
"Python and statistics",
"databases",
"machine learning"]
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Tabnuua 20.1. Haubonee pacripocmpaHeHHble cfioea rno memamuke
Tema 0 Tema 1 Tema 2 Tema 3
Java R HBase regression
Big Data statistics Postgres libsvm
Hadoop Python MongoDB scikit-learn
deep learning probability Cassandra machine learning
artificial intelligence pandas NoSQL neural networks

3aTeM MOXKHO TMPOBEPUTH, KAKUM o6pa30M MoJeJb MPUCBanBa€T TEMAaTUKU TEMaM, KOTO-

PbI€ UHTEPECYIOT KaKAOTO MOJIb30BATECIIA:

for document, topic counts in zip(documents, document topic counts):

print (document)

for topic, count in topic_counts.most_common():

if count > 0:

print(topic names[topic], count)

print()

B pesynbrare nonyuuTcs:

['Hadoop', 'Big Data', 'HBase',

'Java', 'Spark',

Big Data and programming languages 4 databases 3

['NoSQL', 'MongoDB', 'Cassandra',

databases 5
['Python', 'scikit-learn',

Python and statistics 5 machine learning 1

'scipy', 'numpy',

'HBase',

'Storm', 'Cassandra']
'Postgres']
'statsmodels', 'pandas']

U Tak nanee. YuuthiBas corosbl "and", koTopbie OBUTH HY>KHBI B HEKOTOPBIX Ha3BaHUAX
TEMATHK, BO3MOXKHO, CJIENYET UCIMOL30BATh JPYrUe TEMATHKH, XOTHA, BECbMa BEPOATHO,

MPOCTO HE XBAaTa€T JaHHbIX, YTOOBI YCHCUIHO UX U3BJICYb.

Ana panbHeuwWwero nsy4yeHus

4 EcrectBenHo-s13b1k0BOM  MHCTpyMeHTapuii  (Natural

Language Toolkit,

NLTK;

http://www.nltk.org/) — 3710 nonyssipHas (M IOCTaTOYHO MCUepIIbIBaroOIias) OuoIo-
TeKa cpelICTB 00pabOTKM ecTecTBEHHOTo s3bika Ha Python. bubnuoreka pacrnonaraer
cobcrBenHoi kuuroi (http://www.nltk.org/book/), koTopas AOCTynHa Jis YTCHHS

B CCTH.

¢ gensim (http://radimrehurek.com/gensim/) — 510 muTOoHOBCKas OuOMMOTEKa IS
TEMaTH4eCKOro MOJEJIMPOBaHMs, KOTopas Mpeaiaraer 0oJjblie BO3MOXHOCTEH, ueM
MOKa3aHHas 3/1eCb MOJIeJb, HAMMCAHHAs C YUCTOrO JIUCTA.
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AHanu3 couunanbHbIX ceTen

Bamu cBsizu co BCEM, 4YTO BaC OKpYKacT, B 6yKBaJ'[I>HOM
CMBICJIE OIIPEICIIAOT Bac.

Aapon O Kounenn'

MHorue YBJIEKATCJIbHbIC 3a/lavy, CBA3aHHLIC C aHAJIM30M JaHHBbIX, MOI'YT ObITh 1010~
TBOPHO OCMBICJIEHBI B TEPMHUHAX cemeﬁ, COCTOAIIHNX U3 37106 ONPEACIICHHOI'O TUIIA U 0)/2,
KOTOPbIC UX COCAUHAIOT.

Hamnpumep, npy3ps B Facebook npencrasnstor coboii y3ibl ceTH, B KOTOPOH Iyrd — 3TO
Jpy’Keckue OTHouleHHs. MeHee OueBUAHBIM NPUMEPOM SIBJISETCS HEMOCPEICTBEHHO cama
BcemupHas mayTuHa, riae y3JaamM SBISIFOTCS BeO-CTpaHHLbI, a TyraMu — THIEepPCChUIKU
C OJIHOM CTPaHHULIbI Ha IPYTYIO.

Hpyx6a B Facebook B3aumHa: eciii s IpyKy C BaMU, TO Bbl HEM3DEIKHO JPYKHUTE CO
MHOM. B 3TOM ciiyyae roBOpST, 4TO AYTH HeHANnpasienHvle. A BOT TUMEPCCHIIKA — HET:
MO#1 BeO-caliT cchllaeTes Ha BeO-caiiT benoro noma whitehouse.gov, onHako (1o HeoOb-
SICHUMBIM N1 MeHsl ipuurHaM) whitehouse.gov oTka3piBaeTcsi cchljlaThbes Ha MOH BeO-
caiit. Takue THUTIBI IyT HA3BIBAKOT HanpasiennviMu. Mbl paccMOTpUM 00a BUa ceTel.

ueHTpaﬂbHOCTb no nocpeaHn4ecTBy

B 2nase 1 Gbinu BeIMMCIICHBI KITIOUEBbIE 3BeHbs B ceTH DataSciencester myTem mnojicueTa
yucna Apy3eidl KakIoro mosb3oBareis. Tenepb, UMEIOIIerocs B pacropsbkeHUH (yHK-
[IMOHAJILHOTO ammapara JAOCTaTOYHO, YTOOBI 0OpaTUThCA K APYruM moaxonam. Hamom-
HUM, 4TO ceTh (puc. 21.1) cocTaBnsIOT NOJIb30BATENH:

users = [
{ "id": 0, "name": "Hero" },
{ "id": 1, "name": "Dunn" },
{ "id": 2, "name": "Sue" },
{ "id": 3, "name": "Chi" },
{ "id": 4, "name": "Thor" },
{ "id": 5, "name": "Clive" },
{ "id": 6, "name": "Hicks" },
{ "id": 7, "name": "Devin" },
{ "id": 8, "name": "Kate" },
{ "id": 9, "name": "Klein" }

! Aapon JI. O’Konnernt (1981) — aMepuKaHCKMI yUEHEIH B 06ACTH SKCIEPHUMEHTANBHOIN KBAHTOBOM (hH3H-
KH, CO3J1aTelb epBOi B MUPE KBAaHTOBOM MallMHbL. — [Ipum. nep.
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Puc. 21.1. CoumnancHasn cetb DataSciencester

" APYKECKUE OTHOLICHUS:

friendships = [(0, 1), (0, 2), (1, 2), (1, 3), (2, 3), (3, 4),
(4, 5), (5, 6), (5, 7), (6, 8), (7, 8), (8, 9)]

B nuroHOBCKMI CJIOBApPhb dict KaXKAOro IMOJIb30BaTEI TAKXKE J00aBJIeH CITUCOK z[pysel‘/i:

for user in users:
user["friends"] = []

for i, j in friendships:
# sTO paboraer, moToMy 4TO users[i] - 5TO mosp30BaTeNb, Yey 1d paBeH 1
users([i] ["friends"].append(users[j]) # zgobaeuTe j kak Apyra ansg 1
users[j] ["friends"].append(users([i]) # mobaBmTe 1 Kak apyra Ais j

PaCCMOTpeHI/Ie JTAHHOM TeMBbI OBbLIO OTIIOXKEHO C YYBCTBOM COMHEHHUA OTHOCHTEJIBHO I10-
HATUA YeHnmpalbHOCmu no cmenenu Y3106, KOTOpPOC MPaKTUYCCKU LIJIO Bpa3pe3 C UHTYU-
THUBHBIM ITIOHUMAHUEM O TOM, KTO ABJIACTCA KJIKOYCBLIM 3B€HOM CCTH.

AJIbTEepHaTUBHOW METPUKOHN SBISIETCS YeHmpaibHocms no nocpeoHuuecmey (between-
ness centrality), BBISBISIOLIAs JIOAEH, KOTOpbIE YacTO pacrojoKeHbl Ha KpaTdaiiinem
MyTH MEXIY MapaMy APYTUX JroAeld. B yacTHOCTH, LHEHTPaNbHOCTh MO NMOCPEAHUYECTBY
IUTS y371a i BBIYMCTISIETCS MyTeM CIIOKEHMs J0Jiell KpaTHalux MyTed MexXIy JIIOObIMH
JpYTMMHU MapamMH BEPLUHH j U k, KOTOPbIE MIPOXOJAT Uepes i.

Jpyrumu ciioBamu, 4TOOBI BBIAICHUTH LIEHTPAJIbHOCTH MO mocpenHuuectBy ais Thor,
HY>KHO BBIYHCJIUTH BCE KpaTualliyie MyTH MEKy BCEMU MapaMHu JIFOJIel 3a UCKITIOUeHHEM
Thor. M 3aTtem mojacyuTaTh KOJMYECTBO KpaTyYaMIIMX MyTei, KOTOpbIE MPOXOAIT depe3
none3oBatens Thor. Hanpumep, yepe3 Thor mpoxoauT enuHCTBeHHBIN KpaTyaliuii myTh
mexay Chi (id3) u Clive (id 5), 1 HM OMH W3 ABYX KpaTdaliimx myted Mmexay Hero
(id 0) u Chi (id 3).

Hrak, B kauecTBe MepBoro mara HeoOXOAMMO BBISICHUTh KpaTyaiiiiie MyTH MeXITy BCEMH
napamu Jtoaei. ITy 3aaaqy 3G heKTHBHO pelaroT HECKOJIBKO JOBOJIBHO CJIOXKHBIX ajro-
PUTMOB, OJHAaKO (KaKk W TMOYTH Be3/le) BOCMONB3yeMCs allfOPUTMOM, KOTOPBI MeHee
3¢ deKTHBEH, HO Jierde 1 MOHUMaHHS.

OTOT anropuT™m (peanu3alms NMOUCKa B MIMPHUHY B rpade) sBseTcs OAHMM M3 HauboJee
CJIO’KHBIX B KHUT€, TaK YTO OCTAHOBHUMCSI HA HEM MopoOHee:

1. Hareii 3agaueii sinsietcs QpyHKIMs, KOTOpas MOJIy4aeT MOIb30BaTeNsl from user U Ha-
XOIUT @ce KpaTyaiiiye MyTH OT HEero 10 OCTaIbHBIX M0JIb30BaTENEH.
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2.

[IpencraBum myTh B BHIE CNHCKa HAEHTU(UKATOpOB monb3oBaTeneil. [lockompky
Ka)KIbIi MyTh HAUMHACTCS C from user, €0 UIASHTU(PHUKATOP BKIIFOYATHCS B CITUCOK HE
Oyner. Beneacreue sToro AnvHa cnMcka, MpecTaBIIsSIOLLEro MyThb, OyleT paBHa JUIU-
HE CaMoro IyTH.

. Co3pmaguM cnoBapb KpaTHaWLIMX IMyTed A0 MyHKTa Ha3HA4YeHUs shortest paths to,

B KOTOPOM KItOYaMu OyAyT HMIEHTH(UKATOpbl MOJb3oBaTeNiel, a 3HAYEeHUSIMU —
CIMCKH MyTel, KOTOpble 3aKaHUMBAIOTCS Ha MOJIb30BaTelle ¢ JaHHBIM MASHTU(HUKATO-
pom ID. Ecnu kpaTyaiitmii myTh BCEro OJWH, TO CITMCOK OyAeT copepKaTh JIUIIb ero.
Ecnu ke ux HecKoJbKO, TO CITUCOK OyIeT coepxarhb X Bce.

. KpOMe 3TOro, Co3maauM O4Yepenb frontier, COACPIKALLYIO MOJIb30BaTEJICH, KOTOPbIX

TpeOyeTcst uccienoBaTh B Mopsiake MX moctyruieHus. OHu OyIqyT XpaHWTBCS B BHZE
nap, COCTOAIMX M3 NPEeAbIAYLIETO W TEKYLIETo MOJIb30BaTeEJIEN (prev_user, user),
Onaronaps KOTOPbIM Mbl y3HaeM, KaKuM 00pa3oM Mbl 100pajkch JO Ka)KAOTO U3 HUX.
Odepenp OyIeT WHUIMATU3UPOBAHA BCEMU COCEASIMH TOJb30BaTeNs from user. (He-
CKOJIbKO CJIOB 00 ouepensx, KOTOpble YINOMHHAIOTCS TYT BIEpBbIe. DTO CTPYKTYPHI
JAaHHBIX, ONTUMU3UPOBAHHbIE ISl onepauuid 100aB/IeHHUs 3J€MEHTOB B KOHel] rocie-
JIOBaTEeNILHOCTH M yJalleHus U3 ee Hayana. B sa3eike Python oHu peanuzoBanbl B BUe
JIBYCBSI3HOM OUepe.in collections.deque.)

. Bo Bpems nccrnenosanus rpada, koraa oOHapy>KMBarOTCA HOBbIE COCEIH, KpaTyailine

MYTH 10 KOTOPBIX €llle HEM3BECTHBI, OHW OYyAyT N0OABNATHCS B KOHELl OUepedu C TeM,
4yTOOBI HCCIeoBaTh MX TMo3ke. [Ipy 3TOM mepeMeHHOH prev user, 0OO3HAYAKOIIEH
npeblIyILero noib3osares, Oy1eT NPUCBOCHO 3HAYEHUE TEKYLLEro MoJIb30BaTelIsl.

. Korga u3 oyepean MU3bIMACTCA MOJIL30BaTEJIb, KOTOpLIﬁ HUKOrJa paHblI€ HE BCTpE-

yajics, 3TO 03HAYaeT, UTo, Oe3yCIOBHO, K HEMY HaiiieH OJMH WM HECKOJbKO KpaT-
YalMx myTeld — KaKAbli U3 KpaTyalluX MyTei K prev user ¢ J00aBIEHUEM OJHOTO
JIMILHETO IIara.

Korpa w3 ouepeau usbiMaeTcs MOJb30BaTellb, KOTOPBINA )oice BCTpevasncs, TO JIMOO
Hal/IeH ele OJWH KpaTdaliuvid MmyTh (B 3TOM Cllydae ero cjemyer 100aBHUTh), MO0
HaiineH Oonee AMHHBINA MyTh (M B 3TOM Cilydae OH He 1o0aBnseTcs).

Korna B ouepenu Gonblie HET MOJIb30BaTENeH, TO Bech rpad (MM, Mo KpaliHel mepe,
Ta €ro 4acTb, KOTOpas JOCTHKMMa M3 MCXOAHOTO MOJb30BaTeNs) ObUT UcCieqoBaH, U
pabota 3aBepluaeTcs.

Bce 310 MOKHO coOpath B ofiHY (00bIIYH0) QYHKIHIO:

from collections import deque

#

KpaTyaymme IyTy OT IoJb30BaTessa from user

def shortest paths from(from user):

# cnoBape u3 "user id" mo BCEX kKpaTdarmx IyTe) K 3TOMy IOJb30BaTeJo
shortest paths to = { from user["id"] : [[]] }

# IOByCBsSI3Has ouyepenb (Hpedbylpsi NOJIB30BaTeNhb, CJASAYIINA NOJB30BaTENE) ,

#c KOTOpOﬁ[ HYXHO CBEPATBECA, VHULNAJNSHPYETCA BCEeMM IapaMi1,
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# cocrosmymMt M3 MCXOOHOI'O IOJIB30BaTENSd
# n ero mpyseamu (from user, friend of from user)
frontier = deque((from user, friend)

for friend in from user(["friends"])

# mpomosrkaTe, IOKa OYyepenb He IyCTa

while frontier:
prev _user, user = frontier.popleft() # ymamTe nomezoBaTend,
user id = user["id"] # KOTOPEDI CTOMT B OYEpEnV MEPBEM

# B cmmy ocobeHHOCTV [OOABJIIEHMS SJIEMEHTOB K OYEPEny C HeM3OEXHOCTBI
# HeKOTOpBle M3 KpaTdyalMx [IyTel K prev _user yXe M3BEeCTHB
paths to prev user = shortest paths to[prev user["id"]]

new paths to user = [path + [user id] for path in paths to prev user]

# BOBMOXHO, KpaTyaymmii IyTh YXE& M3BECTEH
old paths to user = shortest paths to.get(user id, [])

# KakOB KpaTyayumi IIyTH OO STOI'O0 MeCTa, KOTOPOe yxXe BCTPeYasloCh paHee?
if old paths to user:

min path length = len(old paths to user[0])
else:

min path length = float('inf'")

# XpaHWTH TOJIBEKO IyTV, KOTOPEE HE CJIMIIKOM IJIVHHEIC

# u NeViCTBUTENILHO HOBEIE

new paths to user = [path
for path in new paths to user
if len(path) <= min path length
and path not in old paths to user]

shortest paths to[user id] = old paths to user + new paths to user

# mobaBmTh K ouepeny frontier He BCTPEYaBIMXCS PAHEE COCenen
frontier.extend( (user, friend)

for friend in user["friends"]

if friend["id"] not in shortest paths to)

return shortest paths to

Tenepb B kKaXXI0M y3JI€ CETH MOXKHO pa3MECTUTh CIOBApH dict ¢ KpaTYAHIINMHU Iy TIMH:

# cBoiicTBO shortest paths conepxmT KpaTdaime OyTM OJA HOJBb30BaTeNd USEr
for user in users:
user["shortest paths"] = shortest paths from(user)

HakoHen Bce roToBO A1 BBIYMCIEHUS LIEHTPAJIBHOCTH MO MocpeaHudecTBy. [lockombKy
JUTSL KaKJIOM Mapbl Y3J10B i M j U3BECTHBI 77 KpaTyaillvX MyTel u3 i B j, TO U1 KayKAOTro U3
9THX TyTel 100aBUM 1/n K LEHTPaNbHOCTH KayKA0TO y371a Ha 3TOM ITyTH:



AHanu3 coyuarnbHbIx cemell 283

# cBoricrBo betweenness centrality conepXuT 3HaUeHME
# LIEeHTPaJbHOCTM [O MOCPEOHMYECTBY IJIA NOJH30BATENSI USEr
for user in users:

user ["betweenness centrality"] = 0.0

for source in users:
source_id = source["id"]
for target id, paths in source["shortest paths"].iteritems():
if source id < target id: # uTOCH M36ekaTh OyOIMOOBAHNUI
num paths = len(paths) # CKOJIBKO KpaTdaymmx IIyTen?
contrib = 1 / num paths # Bruaz B HEHTPaJBHOCTE
for path in paths:
for id in path:
if id not in [source id, target id]:
users[id] ["betweenness centrality"] += contrib

Kax nokazano Ha puc. 21.2, nonb3oBarenu 0 1 9 UMEIOT HyJNEBYIO HEHTPAIBHOCTH (T. K.
HH OZIMH HEe HAXOIWTCS Ha KpaTyailneM IyTH MeXIy APYTMMHM TOJIb30BaTesIMU), TOTIa
Kak MoJIb30BaTeNH 3, 4 U 5 UIMEIOT BBICOKHE LIEHTPAIBHOCTH (T. K. BCe TPOe HAXOAATCS Ha
HECKOJIbKMX KpaT4yahIuX MyTsX).

Puc. 21.2. CeTb nocne n3mepeHnss METPUKOW LLIEHTPanbHOCTM MO NOCPEeAHNYECTBY

B uenom nokasatenu UeHTpanbHOCTU camu no cebe He MMEKT GONbLIOro 3HaYEHUS.
lMpakTuyeckyo 3HaYMMOCTb UMEET TO, KaK rMokasaTenu Ans Kaxaoro yarna CoOOTHOCHTCS
C nokasaTensmu Ans gpyrvx y3rnos.

Ewe onHa Mepa, K KOTOPOil MOYKHO OOpaTHUTBCS, HAa3bIBACTCS YEHMPATLHOCHIbIO O OlU-
3ocmu (closeness centrality). CHauana assi KaKAOTo MOJIb30BATENsl BEIUMCIISETCS ero yoa-
JIEHHOCMb, T. €. CyMMa JUTUH €ro KpaTyaliuX MyTei K JIoOoMy Ipyromy MoJIb30BaTelTto.
Tak kak kpaTyaiiliie MyTH MEXIy KaXI0W Napol y3JI0B yXe BbIUMCICHBI, TO CIIOKUTb UX
JUTMHBI He TipeacTasnseT Tpyaa. (Ecnm kpaTyailmx myTei HeCKoIbKO, TO BCe OHM OyIyT
WUMETb OJUHAKOBBIE IJIMHBI, TO3TOMY MOKHO MPOCTO B3STh MEPBbIHA U3 HUX.)

# yaaJeHHOCTh
def farness(user):
""MoyMMa UMH KpaTyarmmxX MOyTer K JIOoMy apyToMy mosb3oBaTeso”""
return sum(len(paths[0])
for paths in user["shortest paths"].values())
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U Teneps serko BeIYHCIAETCS HEHTPATBHOCTH 10 Onm3ocTH (puc. 21.3):

# cBorcrBO closeness centrality conepXuT 3HaUeHME
# LeHTpaNbHOCTM 1O GUIM30CTHM AJIS MOJB30BATENS USEr
for user in users:

user["closeness centrality"] =1 / farness (user)

Puc. 21.3. CeTb nocne namepeHns METPUKOI LieHTparibHOCTM No 6nmsocTu

3nech ropa3ao MeHbLIE U3MEHEHUH — OMbKaiiiiie K LeHTPY y3Jibl MO-TPEXKHEMY JiexkKaT
JIOBOJILHO JAJIEKO OT Y3/10B Ha nepudepuu.

Kak MoxHO ObITO yOequThes, BEIYHUCIICHHE KpaTUaivX MyTei co31aeT HeKOTopbIe Mpo-
6nembl. [1o 3Toi MpUUMHE METPUKKM LEHTPAIbHOCTH MO MOCPEAHUYECTBY M LEHTPAJIbLHO-
CTU MO OJM30CTH UCMOJB3YIOTCA B OONBIIMX CETSX HE Tak 4acTo. Yalle MCHONB3YIOT
MEHee MHTYMTHBHO MOHATHYIO (HO, KaK MPaBMJIO, NPOCTYIO Ul BBIYUCIIEHUS) METPUKY
YEHMPANbHOCU COOCMBEHHO20 6EKMOPA.

LleHTpanbHOCTL COGCTBEHHOro BeKTopa

Urobbl HauaTh OOCYXNATh YeHMPATbHOCHbL COOCMBeHH020 eexmopa (eigenvector
centrality), cHavyana cieayeT MOoroBOPUTh O CaMUX COOCTBEHHBIX BEKTOpaX, a UTOOBI TO-
BOPUTb O HUX, CJIelyeT OCTAHOBUTHLCS HA YMHOXKEHHUH MaTpHLI.

YMHOXeHue matpuu

Ecan A — sto MaTtpuua pasmepa n, xk,, a B— maTtpuua pasmepa n,xk, H, eciu
k, =n,, Toraa ux npousseneHue AB ecTb mMaTpuua pasmepa n, x k,, ubs (i, j)-s1 3amuck
UMeeT BUJI:

a,b, +a,b,, +...+a,b,,

YTO B TOUHOCTH COOTBETCTBYET CKaAJIAPHOMY MNPOU3BEIACHHIO dot i-u CTPOKU MaTpHLbI A
(npencrapieHHON Kak BEKTOp) Ha j-i crosber] MaTpuilpl B (Toxke IMpelcTaBIeHHON Kak
BEKTOD):
# BamiCce B YMHOXEHHOM MaTpyIie
def matrix product entry(A, B, i, J):

return dot(get row(A, i), get column(B, j))
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ITocne yero nonyuum:

# yMHOXeHMEe MaTpuI]
def matrix multiply (A, B):
nl, k1l = shape(A)
n2, k2 = shape (B)
if k1 !'= n2:
raise ArithmeticError ("HecoBmecTmmele dopmer MaTpwmi!")

return make matrix(nl, k2, partial (matrix product entry, A, B))

Crnenyer oOpaTUTh BHUMaHHE, YTO €cliM A — 3TO MaTpuua pasmepa nxk, a B— mat-
puua pasmepa kx1, torna AB— »T0o mMaTpuia pazmepom nx1. Eciu paccmaTtpuBathb
BEKTOp KaK MATpHUIly M3 OJHOTO CTOJIOIA, TO MOXKHO TMPEACTaBUTh A Kak (yHKIIHIO,
KOTOpasi oToOpaskaeT k-MepHble BEKTOPbl B K-MEpPHbIE BEKTOPbI, TAe (YHKLUSI — 3TO
WMEHHO YMHOKEHHE MaTpHLL.

Panee BEKTOPbI NPEACTABJIAINCH CITUCKAMHU, YTO HE COBCEM TO K€ CaMO€:

v=[1, 2, 3] # v B Buge cmucka
v_as matrix = [[1], # vV B BHMZe MaTDWIE
(21,
[31]

[TosToMy MMOHaTOOUTCS HECKOJILKO BCIIOMOTATEIbHBIX (DYHKLMN IS MPSAMOro U o0Opat-
HOT'0 TIpeoOpa3oBaHUs MEXITY JBYMS MPEJICTABICHUAMU:

# mpeofpazoBaTe BEKTOP B MaTPUIY

def vector as matrix(v):
"""BozBpamaeT n X 1 MaTpWyHOE NpEenCTaBJIeHME
I8 BEKTopa V (mpeicTaBjieHHOro crmckom) """
return [[v_i] for v i in V]

# mpeofpazoBaTh MATPHUIY B BEKTOD

def vector from matrix(v_as matrix):
"""Bo3BpamaeT BEKTOPHOE MPE[CTaBJIeHNE B BHUAE CIOMCKA 3HAYEHMI
ong n x 1 maTpure"""
return [row[0] for row in v as matrix]

Tel‘[epb Ipy nomMouu (byHKHI/H/I YMHOXKXE€HHUSA MAaTPUL matrix multiply MOXKHO ONpPEIAC/IUTH
MAaTPHUYHBINA ONEPATOP matrix operate:

# MaTOMUHEDT omepaTop (4yIA MPeobpas30BaHMI ¥ YMHOXEHNS)
def matrix operate (A, v):

v_as matrix = vector as matrix(v)

product = matrix multiply(A, v_as matrix)

return vector from matrix(product)

Ecin A — 310 K8a0pamuas mMaTpulia, TO JaHHAs Oomepalys 0ToOpakaeT #-MepHbIe BeK-
TOPBI B pyTrHe n-MepHble BEKTOpbl. MOXKET 0Ka3aTbesl, UTO U1 HEKOTOPOH MaTpHLbl A
Y BEKTOpa Vv, Koraa A neicTByeT Ha v, Moy4aercs CKajJsipHoe KpaTHoe s v. MHbeIMU
CJIOBaMH, B pe3yJibTaTe MOJIyueH BEKTOp, KOTOPbIM yKa3bIBaeT B TOM )K€ CAMOM HarpaB-
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nenun, uro u v. Korma 3to npoucxoaut (v korja BIoOaBOK v — 3TO HE BEKTOpP HyJieit),
TO V Ha3bIBACTCS COOCMBEHHBIM GEKMOPOM A, & MHOXKHUTEIIb — COOCMBEHHBIM YUCTIOM.

OnuH U3 BO3MOXKHBIX CITOCOOOB HaWTH COOCTBEHHBIH BEKTOp VIS MAaTpUIBI A COCTOUT
B BbIOOpE HAuyaJbHOTO BEKTOpa V, MPUMEHEHUH MaTPUUHOIO OMeparopa matrix operate,
HOPMHMPOBAaHUM pe3yJibTaTa U MOBTOPEHUHU 10 TeX MOp, MOKAa UTEPALMOHHbIN NMpoLecc He
JOCTUTHET CXOKACHUS:

# HavTy COOCTBEHHEDI BEKTOP
def find eigenvector (A, tolerance=0.00001):
guess = [random.random() for  in A] # HavanmbpHOe HpMOIITXEHNME

while True:

result = matrix operate (A, guess)
length = magnitude (result)
next guess = scalar multiply(l/length, result) # HopmMpoBaTE BEKTOP

# paccrosHme MeXny TEKympM ¥ HOBBM HNPMOJIIDKEHVSIMIA
# MeHbBIle KDWTEDVA BaBEPMEHNMS UTEPaLyil?
if distance(guess, next guess) < tolerance:
return next guess, length # cobcTBeHHED! BEKTOP, COBCTBEHHOE UMCJIO

guess = next guess # coenywmee HpMGIDKEHUE

[lo cTpykType BO3BpalaeMas nepeMeHHas guess — 3TO BEKTOP, TaKOW, YTO eci MpH-
MEHHUTh K HEMY OIepaTOp matrix operate M HOPMHUPOBATH (T. €. YTOOBI OH MMeN JUJIMHY
paBHyto 1), To OyJeT moyyueH caM BeKTOp (TOYHEE BEKTOp, O4eHb OJIM3KHI caMOoMy ce-
0e). Y, cienoBaTensHO, OH SBISIETCS COOCTBEHHBIM BEKTOPOM.

He Bce mMaTpuiibl BELIECTBEHHBIX YMCENT UMEIOT COOCTBEHHBIE BEKTOPHI U COOCTBEHHBIE
yucna. Hanpumep, matpuia nosopora:

rotate = [[ 0, 1],
[-1, 01]

MOBOpaurBaeT BeKTOphl Ha 90 rpaIycoB MO YacoOBOW CTpeJKe, M 3HAYHT, BEKTOp HyJiei
OyzneT eqUHCTBEHHBIM BEKTOPOM, KOTOpPBI OHa OTOOpa)kaeT B COOCTBEHHOE CKAJISpHOE
KpatHoe. EcnM mombiTaTbesi BBI3BAaTh find eigenvector (rotate), TO (DyHKUMS BOWOeT
B OeckoHeuHbId 1MKI. Bonee Toro, MHOrAa MOTYT 3allMKJIMBATBhCS JaKe T€ MaTpHIIb,
Yy KOTOPBIX COOCTBEHHBIE BEKTOPHI CYLIECTBYIOT. PaccMOTprM MaTpHily OTpaskeHus:

flip = [[0, 1],
(1, 011

JaHHas MaTpuna otoOpaxaer 000N BEKTOp [x, yl B [y, x]. ClleqoBaTtenbHO, HampH-
Mep, [1, 1] — 9TO COOCTBEHHBI BEKTOP ¢ COOCTBEHHBIM YMCIIOM, paBHbIM 1. OnHaKoO
€C/IM Ha4yaTh CO CIy4alHOro BEKTOpa, Y KOTOPOro HepaBHbIE KOOPIMHATHI, TO (YHKIHMS
find eigenvector Oyner OeckoHeuHO oOMeHMBaThcsi koopauHaTamu. (B Gubnuorekax,
HAaIMCaHHBIX HE ¢ YUCTOrO JINCTA, TakMX kak NumPy, MCTONB3yIOTCS Ipyrue MeTonsl,
KOTOpBbIE B 3TOM ciyuyae OyayT padorartb.) Tem He MeHee, TOrJa, KOraa find eigenvector
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BO3BpAIlaeT pe3yJbTaT, 3TOT Pe3yJIbTaT IEHCTBUTEIBHO SBISETCS COOCTBEHHBIM BEK-
TOPOM.

LleHTpanbHOCTb

Kak Bce 310 momoskeT pazobparbes B coupanbHoi cet DataSciencester?

Jns Hauana HeoOXOOWUMO TPEACTaBUTb CBS3M B CETH B BUAE MaTPHULbl CMEKHOCTH
adjacency matrix, uei (i, j)-i aieMeHT paBeH Jmbo 1 (eciy monabp30BaTenu i U j — JIpy3bi),
au6o 0 (ecau Her):

# Bamice B MaTpuMIle CMEXHOCTH
def entry fn(i, j):
return 1 if (i, j) in friendships or (j, i) in friendships else 0

n = len(users)
adjacency matrix = make matrix(n, n, entry fn) # maTpuna cmexHOCTM

Torz[a LHEHTPAIbHOCTDb COOCTBEHHOIO BEKTOpa JId Ka)KAO0T O MOJIb30BaTE/Isl — 3TO 3aIlUCh,
COOTBETCTBYHIOLIAd 3TOMY MOJIL30BATEJIIO B COOCTBEHHOM BEKTOpPE, BO3BpaliacMomM CI)YHK-
nuen fhm{gigenvector(pﬂc.21.4)

# mosmyuenne HeHTPaJbHOCTEN COGCTBEHHOI'O BEKTOpa
# Ha OCHOBE MAaTOWIEI CMEXHOCTH
elgenvector centralities, = find eigenvector (adjacency matrix)

Mo TexHu4eckum npnynHaMm, KOTOpbl€ BbIXOAAT 3a paMKU 3TOWN KHUIK, porosopumca, 4To
nobas HeHyneesad MaTpuua CMEXHOCTU 06s3aTeNbHO UMEET COOCTBEHHbIN BEKTOp
BCEX HeoTpuuaTenbHbIX 3HavyeHun. U k cyactbio, (bYHKLWIFl find_eigenvector Haxogut
€ro Ang MmaTpuLbl CMEXHOCTU adj acency_matrix.

Puc. 21.4. CeTb nocne n3amepeHns MeTpUkoii LLeHTpanbHOCTN COBCTBEHHOrO BEKTOPa

[lonp3oBaTeIMU C BBICOKOM LHEHTPaJIbHOCTBIO COOCTBEHHOrO BEKTOpa JOJIKHbI ObITh TC,
Y KOI'o MHOI'o CBs3ell ¢ JIIOAbMHU, KOTOPbIC CaMU UMEIOT BBICOKYIO HEHTPAJIbHOCTD.

3nech monp3oBaresi 1 U 2 HaXoAATCS ONMKeE BCEro K LIEHTPY, T. K. Y HUX 000MX UMEIOTCS
TPH CBSI3M C JIFOABMH, KOTOPBIE CaMW HaxozAsTcst OJM3Ko K LeHTpy. [Ipu yaaneHuu ot HuX
LEHTPAILHOCTH JIFOJIeH HEYKIIOHHO CHMKAIOTCSI.

B Takoii HebonbLION ceTH, Kak 3Ta, LEHTPalbHOCTh COOCTBEHHOrO BEKTOpa BedeT cebs
HECKOJIbKO XaoTHuHO. Ecni morpoGoBaTh 00aBIATh WK YAAIATE CBS3H, TO OOHAPYKUT-
csl, YTO HeOOJbLIME U3MEHEHHS] B CeTH MOTYT KapAWHAIbHO M3MEHUTh MOKAa3aTesu LieH-
TpajbHOCTH. [y Gonee KpyMHBIX ceTel 3TO HeXapaKTePHO.
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Jlo cux mop He ObIIO 1aHO OOBICHEHWH, MOUYeMy COOCTBEHHBIH BEKTOp MPHUBOIMT K pa-
3yMHOMY TOHMMaHHUIO LEHTpasbHOCTH. COOCTBEHHBI BEKTOp 03HAYaeT, 4YTO €CIH
BBIYHCIIUTD:

matrix operate (adjacency matrix, eigenvector centralities)

TO pe3ynbTaToM OyIeT CKalspHOe KpaTHOE Ul LIeHTPaIbHOCTEeH COOCTBEHHOTO BEKTOPA

elgenvector centralities.

Ecnu obpatuThbest kK TOMy, Kak paboTaeT yMHOXKEHHE MaTpUL, TO ONEpaTop matrix operate
BO3BpAllAeT BEKTOP, Ueil i-i 371eMEeHT paBeH:

dot (get row(adjacency matrix, i), eigenvector centralities)

KOTOpBII\/'I SABJIACTCA B TOYHOCTHU CYMMOﬁ L[eHTpaJ'[BHOCTeﬁ COOCTBEHHBIX BEKTOPOB IMOJIb-
30BaTeJ'IeI71, CBSI3aHHBIX C TMOJIL30BATEJIEM .

Jpyrumu cioBaMu, HEHTPAIBHOCTH COOCTBEHHOTO BEKTOpA SIBIISIOTCS YMCIaMH, OJHO Ha
Ka)KIOTO TOJIB30BATENs, TAKUMH, YTO 3HAYEHHE 10 KaKJOMY TOJIb30BATEINI0 €CTh MOCTO-
SIHHBIA MHOXKUTEJIb CYMMbI 3HAa4eHUi ero coceleil. B maHHOM ciiydae LeHTpajibHOCTb
O3HAYaeT HaJM4Yhe CBSA3M C JIFOJBMH, KOTOpPbIe CaMU LIEHTpajdbHBL. YUeM Oouiblie IeH-
TPaJIBHOCTb, C KOTOPOM Bbl HEMOCPEJCTBEHHO CBS3aHbI, TEM BbIIIE Bamla COOCTBEHHAs
LeHTpanbHOCTh. Takoe ormpeneneHre, pasyMeeTcsi, WUMeeT LMKINYECKHH XapakTep —
COOCTBEHHBIE BEKTOPBI MPEAOCTABISIOT CMIOCO0 BBHIPBATHCS U3 3TOM UKJIMYHOCTH.

Ewe onuH cnocob MoHATh UX — pa3o0paThes B TOM, UTO JenaeT (DyHKUMS HaXOKASHHs
COOCTBEHHOTO BEKTOpa find eigenvector. Ee paboTa HauMHaeTcsl ¢ Ha3HAUEHHS KaXKIOMY
y3Jly CllydyailHOM LIEHTPajbHOCTH, MOCJIE YEro Cleaylollue ABa JIeHCTBUS MOBTOPSIOTCS
JI0 TeX MOp, MOKa UTEPALMOHHBIM MpoLiecc He COMIeTCs:

1. JlaTe kaknoMmy y3iy 3Ha4eHHe HOBOM LIEHTPaJbHOCTH, KOTOPOE paBHO CyMMe (cTa-
PBIX) 3HAYEHUH LEHTPAIBHOCTH CBOMX COCEeH.

2. HopmupoBaTb BEKTOp LIEHTpajibHOCTEH (MMPUBECTH K JJTMHE, paBHOM 1).

Xots JICKallass B OCHOBE MaTEMATHKAa MOXET CHadajla IoKa3aTbCAd HECKOJIBKO HEIIOHAT-
HOﬁ, CaMHU pacyeTbl JOBOJIBHO IMPOCThI (B OTJIMYHE, CKAKEM, OT HEHTPAJIbHOCTHU IO IIO-
CpGI[HI/ILIGCTBy) W JOBOJIBHO JICTKO BBITIOJIHAKOTCA JaXX€ Ha OUYCHb OoNBIINX rpaq)ax.

HanpaBneHHble rpadbl n pentuHr PageRank

DataSciencester He mosTy4aeT HOCTATOYHOM MOANEPIKKH, TOITOMY AUPEKTOP MO A0XOJaM
TUTAaHUPYET MEepelTH OT MOAENU APY’KECKUX OTHOLIEHWH K MOJENH J1U0epcmea MHEHUs.
OkazbiBaeTcsi, HUKOro 0co00 He MHTepecyeT, Kakue aHaJUTUKW AaHHBIX Opycam IpyT
C APYroM, OJHAKO areHThl M0 HaliMy Hay4HO-TEXHHYECKOro MepcoHajia OYeHb HHTepecy-
FOTCSl TEM, KaKHe aHAJIMTHKH MOJIb3YIOTCS B CBOCH cpelie 3aCily’>KEHHbIM YBaKEHHEM.

B HOBOIi Monmenn OTCHeXHMBAIOTCS OLEHKHM B ¢opmare "HCTOUHMK — ILenb" (source,
target), TJIe IPE/ICTAaBIEHBI HE B3aUMHBIE CBSI3H, a CBSI3H, B KOTOPBIX MOJIB30BATENb source
MOATBEPIKOAET, YTO MOJb30BaTeNb target SBISETCS MOTPACAIOIIMM CIIEUUAIUCTOM B 00-
JIACTH HAYKH O JAaHHBIX (pHc. 21.5). DTy aciMMeTpHio He0OOXOIUMO yUeCTh:
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# oLeHKu
endorsements = [(0, 1), (1, 0), (0, 2), (2, 0), (1, 2),

# cBoricTBO endorses cOOEPXUT CIVCOK JI], KOTOPEIX IIOJIbBOBATEJIE USEr OLEHMI;
# cporcreo endorsed by Comep¥mT CIOMCOK JiML, KOTOPEE OLEHMIA
# mosbzoOBaTENA USEr
for user in users:
user["endorses"] = [] # B5TOT CIMCOK OTCJIEXMBAET VCXONAIYIE OLEHKM
user["endorsed by"] = [l # sTOoT cmmMcok OTCNEXMBaeT NOCTyHaKIpe OHEHKM

for source id, target id in endorsements:
users [source id] ["endorses"].append (users[target id])
users[target id] ["endorsed by"].append (users[source id])

Puc. 21.5. OTHoweHust aBTopuTeTHOCTM B ceTu DataSciencester

Tenepb Jerko MOKHO HaTH HanboJsiee aBTOPUTETHBIX most endorsed AaHATUTUKOB IaHHBIX
W MpoaaTh 3Ty MHPOPMALIMIO areHTaM 1o HalMy:

endorsements by id = [(user["id"], len(user["endorsed by"]))
for user in users]

sorted (endorsements by id,
key=lambda (user id, num endorsements): num endorsements,
reverse=True)

Tem He MeHee, "KOJIWYECTBO OLIEHOK" JIETKO MOXKHO mojjenaTh. J[isg 3Toro Hago Bcero
TG 3aBecTH (anblIMBbIe aKKAYHTBI, YTOOBI T€ MOJAJEPHKAIN BacC, WIH JTOTOBOPUTHCS
C IPY3BSIMH MOAIEPKATh IpYT Apyra (uro monb3oBarenu 0, 1 1 2, kaxeTcs, caenanm).

YcoBepleHCTBOBaHHAsI METPUKa Morjla Obl YUUTHIBATb AGMOPUMEMHOCH OUEHHUBAIO-
mero. OueHKH, TOTydeHHbIe OT JIF0/IeH, KOTOpbIe CaMH MMEIOT MHOTO OLEHOK, TOJKHBI
KaKMM-TO 00pa3oM 3HaYUTh OOJblIe, YeM OLEHKH OT JII0/IeH JIMIIb ¢ HECKOIbKHMH OLIeH-
kamu. B atom cyTth anropurma PageRank, ucnonws3zyemoro B Google ans cceiiouHoro
paHKMpPOBaHUS BEO-CAMTOB: B OCHOBE JIE)KHUT "BaYKHOCTB' CAHTOB, KOTOPBIE HA HUX CCHI-
JaroTcs, a y TeX — "BaKHOCTB'" IPYTHX CATOB, KOTOPBIE CChIJIAIOTCS HA HUX, H T. [I.

(Ecnu 5T0 HECKOJIbKO HAMOMHMHAET WK O LIEHTPATLHOCTH COOCTBEHHOTO BEKTOPA, TO
TaK M TOJDKHO OBITh.)
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VYnpolueHHas BepcHst anropurMa BbIMISIUT Tak:

1.
2.

. Ha xaxxnom mare 3HauMTeNbHas 4acTh PEUTHHIra KaKIOrO y3/1a paBHOMEPHO pacrpe-

B cetu umeetcs cymmaphsiii peiitunr PageRank, pasusiii 1.0 (unu 100%).

[TepBoHaUYaIbHO PEHTHHT pacrpeesieH MeXIy y3JIaMH PaBHOMEPHO.

ACJIACTCA CPEAN UCXOOAIIUX CBsI3EH.

. Ha kaxknom miare octaBuiasicst 4acTh pedTHHTA KaXKIOro y3jia paBHOMEPHO pacrpese-

JsieTCsl Cpelin BCeX Y3JI0B.

def page rank(users, damping = 0.85, num iters = 100):

# mepBoHaYaJIBHO pacnpenesmTs PageRank paBHOMEPHO
num users = len (users)
pr = { user["id"] : 1 / num users for user in users }

# sTO Masas mosis mHOEekca PageRank,
# KOTOPYIO KXOED! y3eJ MOJIydaeT Ha KaXOOM MTeparyi

base pr = (1 - damping) / num users
for  in range(num iters):
next pr = { user["id"] : base pr for user in users }

for user in users:
# pacmpenemmrs PageRank cpenn MCXOOSIMX CBSI3EM
links pr = prluser["id"]] * damping
for endorsee in user["endorses"]:
next pr[endorsee["id"]] += links pr / len(user["endorses"])
pr = next pr

return pr

Anroputm PageRank (puc. 21.6) oroxnectnser nons3osarens id 4 (Thor) kak ananu-
THKA JaHHBIX C HAMBBICIIMM PEUTHHTOM.

Puc. 21.6. CeTb nocne namepeHus metpukoin PageRank

Hecmotps Ha TO, 4TO y Hero mMeHblne OIeHoK (2), yem y monb3oBateneid 0, 1 u 2, ero
OIIGHKH HECYT B ceOe pedTHHT OT APYrux OleHOK. Bao6aBok, 00a ero cTopoHHUKA MO/I-
JIepKaJIA TOJIBKO €T0, BCJICACTBHME YETro eMy He HYXKHO JISIUThCS UX PEUTHHIOM C KeM Obl
TO HHU OBUIO ele.
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Ana panbHeuwero nsy4yeHus

4 llomMuMoO paccMOTpeHHBIX (HaJO MPHU3HATH, YTO PACCMOTPEHHBIE METPUYECKHe IMOKa-
3aTeny IEeHTPAIbHOCTH TIOJIb3YIOTCS HAMOOJbIIEH MOMYJIIPHOCTHIO) CYIECTBYET PSII
JIpyrux npejacrasieHuii o ueHtpaibHocTH (https://en.wikipedia.org/wiki/Centrality).

4 NetworkX (http://networkx.github.io/) — 510 muTroHOBCcKas GuOIMOTEKAa IS BBI-
MOJIHEHHSI CETeBOr0 aHallu3a, KOTOpas pacrojiaraeT (QYHKUMSIMH IJIsl BBIYHCIICHHS
LEHTPaIbHOCTEH M BU3yaln3aluu rpaos.

4 Gephi — 3TO UHCTPYMEHT JJIS BU3yallM3alliu ceTel u3 paspsja "ot JioOBU JI0 HEeHa-
BUCTH" Ha OCHOBe rpaduyueckoro nHTepdeiica moap3oBaTesis.
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PekomMeHpaTenbHble CUCTEMbI

O, npupoja, NpUpPoAa, U 3a4eM K€ Thl TaK HEUECTHO MOCTY-
Maemb, KOrjaa MochUlaells JIIOJAEH B 3TOT MUP C JIOXKHBIMU
pexoMeHaAauuAMu!

Tenpu dunouna'

Eie ogHa pacnpoctpaHeHHas 3a/1aya, CBsI3aHHAs C aHATMTUYECKOW 00paboTKOM JaHHBIX,
3aKJIFOYAeTCs B TEHEPUPOBAHUM pa3HOro poaa pexomenoayuti. Kommnanus Netflix pexo-
MeHJTyeT (UIbMBI, KOTOPbIE Bbl, BO3MOXKHO, 3aXOTHUTE MOCMOTPETh, Amazon — TOBaphl,
KOTOpbIE BBl MOXKETE 3aX0TeTh pruobpecTH, Twitter — mosib3oBaTesei, 3a KOTOPbIMU BbI
MOTJIM Obl MoclieioBaTh. B 3Toii riiaBe Mbl 0OpaTHUMCS K HECKOJIBKUM CIOCOOaM HCTIOJNb-
30BaHUs JAHHBIX U151 MIPEIOCTABJICHUS] pEKOMEH IAIVH.

B uactHOCTH, OOpaTHMCs K HAOOPY AAHHBIX users interests O cpepax MUHTEPECOB MOJb-
30BaTesIeH, KOTOPBIN UCIOb30BAICS PaHEe:

# TeMmpl, MHTEpecywupe NOJH30BaTENEN

users interests = [
["Hadoop", "Big Data", "HBase", "Java", "Spark", "Storm", "Cassandra"],
"NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"],
"Python", "scikit-learn", "scipy", "numpy", "statsmodels", "pandas"],
"R", "Python", "statistics", "regression", "probability"],
"machine learning", "regression", "decision trees", "libsvm"],
"Python", "R", "Java", "C++", "Haskell", "programming languages"],

"statistics", "probability", "mathematics", "theory"],

"machine learning", "scikit-learn", "Mahout", "neural networks"],
["Hadoop", "Java", "MapReduce", "Big Data"],

"statistics", "R", "statsmodels"],

"C++", "deep learning", "artificial intelligence", "probability"],

[
[
[
[
[
[
[
["neural networks", "deep learning", "Big Data", "artificial intelligence"],
H
[
[
["pandas", "R", "Python"],

["databases", "HBase", "Postgres", "MySQL", "MongoDB"],

["libsvm", "regression", "support vector machines"]

]

[Ipu 3TOM mogymaeM Hal BONPOCOM TI'€HEPHUpPOBaHMA sl MOJIb30BATENS MPEIOKEHHUH
OTHOCHUTEJIbHO HOBBIX TEM Ha OCHOBE TEM, MHTEPECYIOLMX €ro B JaHHOE BpeMs.

'"Tenpn ®ummmnar (1707—1754) — 3nameHuTHIl aHrmiickuii mucatens n apamarypr XVII B., m3BecteH
CBOUM YKUTEHCKUM FOMOPOM ¥ CAaTHPUUYECKUM MacTepcTBOM. OJIMH U3 OCHOBOMOJI0KHUKOB PEATUCTHYECKOTO
pomana (cM. https://ru.wikipedia.org/wiki/®@uagunr,_I'enpu). — IIpum. nep.
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HeaBTOMaTUyecKoe KypaTopCcTBO

o nosisnenuss MHTepHeTa 3a COBETOM M0 MOBOAY KHUTI OOBIYHO XOIWIM B OMOIHOTEKY.
Tam O6ubnnorexaps ObIT FOTOB MPEIIOKHUTH KHUTH, KOTOPBbIe MIMEIOT OTHOIIEHHE K cepe
WHTEPECOB YUTaTENsl, TMOO aHATIOTHUHBIE KHUTH M0 JKeJIaHHIO.

YuurtbeiBas orpaHUYEHHOE YMCIIO MoJib3oBatenel DataSciencester U MHTEpeCYIOIIUX TEM,
HETPYJHO TPOBECTH MOJJIHA, BPYYHYIO pa3jaBas PeKOMEHIAIMU KaKJOMY TOJIb30BaTe-
JIF0 TI0 TIOBOJIy HOBBIX TeM. Ho 3TOoT MeTos He oueHb XOpOoIlIo MoAJaeTcsl MaclTabupoBa-
HUIO, U OFPaHWYEH JTUYHBIMU MMO3HAHUSAMM M BoOoOpaskeHHeM. (31eCh HET HM Karljiu HaMme-
Ka Ha OTPaHUYCHHOCTh YBUX-TO JIMYHBIX TO3HAHWN W BooOpaxeHwus.) [locmoTpum, dto
MOJKHO CJIeJIaTh TIPY TIOMOIIU OdHHbIX.

PekomeHagauumsa nonynAaApHbIX TeEM

[Tpocrefitmii moaXoa 3aKiIFOYaeTcsi B peKOMEHIAIMHA Ha OCHOBE MOMYJIIPHOCTH TEM:

# [OMyJISPHEIE TEMEI, MHTEPECYKIME IOJB30BaTENEH
popular interests = Counter (interest
for user interests in users interests
for interest in user_interests).most_common()

KOTOPBIC BBITJIAAAT TaK:

[ ('Python', 4),
'R', 4),
'Java' 3),

'regression', ,

(

(

(

( )
('"statistics', 3),
('probability', 3),
# .

]

[locnie ux BBIYKCIIEHUS MOXKET OKasaTbCi, YTO MPEAIO0KEHHBIC MOJIL30BATE/IO HauOoee
NOMmyJIAPHBIC TEMbI €TI0 YK€ HE UHTECPECYIOT:

# Hambosiee MOMYJISPHEIE HOBEIE TEMEI
def most popular new interests(user interests, max results=5):
suggestions = [ (interest, frequency)
for interest, frequency in popular interests
if interest not in user interests]
return suggestions[:max results]

TaK, JJIs ITOJIb30BaTEIs1 1, Ybs cq)epa HUHTCPECOB JICKUT B:
["NoSQL", "MongoDB", "Cassandra", "HBase", "Postgres"]
pPEKOMEHAALUA MATH HOBBIX TEM 6y):[eT BbITJIAACTD CJICAYOIIUM o6pa30M:

most popular new interests(users interests[l], 5)

# [('Python',4), ('R',4), ('Java',3), ('regression',3), ('statistics',3)]
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Jns nmonb3oBartesst 3, KOTOPBIM y>ke MHTEpecyeTcss MHOTMMHU U3 HIKE CIEYIOIIHX TeM,
OyzaeT nosyyeHo:

[('"Java', 3),

('HBase', 3),

('Big Data', 3),
('neural networks', 2),
('Hadoop', 2)]

EcTecTBeHHO, MapKETHHIOBBIN XOJ1 B CTHJIe "MHOTHE HHTepecyroTes A3bikoM Python, Tak,
MOXET, U BaM TOXKE€ CTOMT" He camblii yOoenurenbHelid. Eciin Ha caiit 3aiues1 HOBMUOK,
0 KOTOPOM HHYEro HEeM3BECTHO, TO, BO3MOXKHO, 3TO OBbUTO OBl JIydilee, YTO MOXKHO clie-
natb. [locMoTpuMm, kKakum 00pa3oM MOKHO YCOBEPLIEHCTBOBATH PEKOMEHIALMH KaXKIAOMY
0J1b30BATEJII0, €CJIM OCHOBBIBATHCS HA UHTEPECYIOUIMX €r0 TeMaXx.

KonnabopaTtusHasa counbTtpaumsa
Ha OCHOBe Nosib3oBaTens

OnuH U3 crnocoOoB yuecTh chepy MHTEPECOB MOJIb30BATENIs 3aK/IFOYACTCS B TOM, YTOOBI
OTBICKATh TIOJIb30BATENCH, KOTOPBIE HA HETO KaK-TO HOXOJICU, U 3aTeM TIPE/ITIONKHUTH TEMBI,
B KOTOPBIX 3TH MOJI30BATENTH 3aMHTEPECOBAHBI.

Jlns sToro moTpeOyercs METOA W3MEpeHHsl CTENEeHH CXOJACTBa JBYX IMOJIb30BATeeH.
31ech OyaeT MCMOJIb30BaHa METPHKA, Ha3bIBAEMasi KOCUHYCHBIM KO3hduyuenmom nooo-
ous (cosine similarity). [Tyctb nansl qBa BekTopa, v M w. Torga kocuHycHbli K03 duLm-
SHT OMpeeIISeTCs CISAYIOLMM 00pa3oM:

# KOCHHYCHEDI KOSQQUIIMEHT momobms
def cosine similarity(v, w):
return dot (v, w) / math.sqrt(dot(v, v) * dot(w, w))

OH u3mepser "yron" Mexy BEKTOpaMH v U w. ECITH BEKTOpBI v M w — paBHOHAIpPaBJIEHBI,
TO YMCJIMTENb U 3HaMEHaTellb PaBHbI, U UX KOCHMHYCHBbIH koddduuueHt pasen 1. Ecnu
OHHU TIPOTHMBOIIOJIOKHO HArpaBJIeHHbIe, TO MX KOCHHYCHBIH KOS(QHULUMEHT paBeH —I.
U ecnu BeKTOp v HY/1€BOM, a BEKTOp w — HET (M HA000pOT), TO pe3yJIbTaT dot (v, w) paBeH
0, ¥ COOTBETCTBEHHO MX KOCHMHYCHBIN K03(duieHT paseH 0.

[Tpumenum ero k BekTopam, coctosmuM 13 0 1 1, rae kakaplid BEeKTOp v 0003HavYaeT Te-
MBI, MUHTEPECYIOLIME OHOrO MOJb30BAaTENs, T. €. €ro cepy HHTepecoB. DIEMEHT v[i]
paBeH 1, ecii nosb3oBaTenb ykaszan i-to TeMy, 1 0 — B mpoTHUBHOM ciryyae. CoOTBETCT-
BEHHO, MO ""CXO/ACTBOM MOJb30BaTesiel" OyayT MOHUMATHLCS "'MOB30BaTeNU, YbHU BEKTO-
Pl MHTEpECYIOUIMX WX TeM Haubojiee OMM3KO YKa3blBAIOT B TOM K€ HampaBieHUH".
VY nrogeit ¢ oaMHaKOBBIMM MHTepecamu Ko duumeHT nonodus Oyner paseH 1, mpu ot-
CYTCTBMH OJIMHAKOBBIX MHTepecoB K03 duumreHT nogodbus Oyaer pasex 0. B mporuBHOM
ciyyae k03(hduureHT nogobus nomnageT B MHTEPBAJI MEXIY 3TUMU YUCIaMH, TAe YUCIIO,
Osin3koe K 1, OyJeT ykas3piBaTh Ha OoJbIoe "cXOACTBO", a yKcio, 6yin3koe k (0, — Ha He-
Oosnblioe.

Hemnnoxo HauaTh C cO3[aHUS CMKMCKA M3BECTHBIX TeM W (HESBHOTO) MPUCBAWBAHUS UM
WH/IEKCOB. DTO MOXKHO CJIeNaTh, BOCIIOJIb30BaBIINCH TEHEPATOPOM TOCIIeI0OBATETEHOCTH
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B BHJI€ MHOXKECTBa, KOTOPOE€ MO3BOJISIET MOIYYHTh TMepedeHb TeM 0e3 TIOBTOPOB, 3aTeM
npeoOpa3oBaB MOMYUYEHHBIH pe3yJIbTaT B CIIMCOK U ynopsaouus ero. [lepsas Tema B mo-
Jy4eHHOM cnucke OyneT ¢ ungekcom 0 U T. A.:

# comcok mHTEpecynmyx TeM 6e3 MOBTOPOB

unique interests = sorted(list({ interest
for user interests in users interests
for interest in user interests }))

B utore nonyuuTcs cnMcok, KOTOPbI HAUMHAETCS CO CIEAYIOLIMX 3aMrcei:

['Big Data',

'C++',

'Cassandra', 'HBase',
'Hadoop', 'Haskell',
# ...

]

Jarnee ns KaXmIoro Moabp30BaTess clieAyeT CO3/IaTh BEKTOp MHTEepeCYIoX ero Tem u3 0
u 1. JInsg 3TOro Hajfo JMIb MPOCMOTPETh CIIUCOK YHUKAIBHBIX TE€M unique interests, Ha-
3Hayas 1, ecyiv moyib30BaTeNlb 3aMHTEPECOBaH B TeMe, U ) — ecliu HeT:

# cozpaTe BEKTOP MHTEPECYOUMX [IOJB30BATENA TEM
def make user interest vector(user interests):
"""y 3a[aHHOM CIICKE MHTEPECYIMX IIOJIb30BaTENA TEeM CO34aTh BEKTOD,
yel 1-1 sneMeHT paBeH 1, ecqm unique interests([i] ecTs B cmmucke,
u 0 B mpormBHOM ciydae"""
return [1 if interest in user interests else 0
for interest in unique interests]

3aTreM MOXKHO CO3JaTh MaTpHlly cep UHTEpecoB Mojb3oBaTelneil, 0ToOpa3uB 3Ty (hyHK-
U0 Ha KaXJbIA SJIEMEHT CIHCKA CIHCKOB HMHTEpecymoINMX TeM (T.e. MPUMEHHUB e
K KQXJIOMY 2JIEMEHTY CITUCKA MPH MOMOLIH (DYHKIIUH map):

# mMaTpura cpep mMHTEpecoB B QopmaTe (MONB30BaTENb, MHTEPECYKUpe TeME)
# rme cmMcok TeMm ANA Kax[oI'O MONb30BaTess mpeobpasoBaH B 0 u 1
user interest matrix = map(make user interest vector, users interests)

Tenepb 3n€MEHT MAaTpULbl user interest matrix([i][j] paBeH 1, eciu mosap3oBaresb i
yKa3aJl 3auHTEPECOBAHHOCTb B TeME j, U ) — B IPOTUBHOM CIIy4ae.

[Tockonbky HaOOp AaHHBIX HEOOJBILOW, BEIYUCIUTD MONapHble KOIQOULIMEHTH MOJ00US
MEJK/Ty BCEMH TTOJIb30BATENISIMA HE COCTABIISET TPy/aa:

# MaTpuIa CXOACTB MEXOY MOJIb30BaTEJSIMIA

user similarities = [[cosine similarity(interest vector i, interest vector 7j)
for interest vector j in user interest matrix]
for interest vector i in user interest matrix]

Tenepb 2MeMEHT MaTpPUIIBI user similarities[i] [j] OyAeT Moka3bIBaTh KO3(pPHUIMEHT TO-
JOOUSI MEXKTY TIOJTb30BATEIISIMU i U J.

Hanpumep, aneMeHT MaTpUIIBI user similarities[0][9] paBeH 0.57, mOCKONBKY 00a MoJb-
30BaTelisl pa3iessioT 3auHTepecoBaHHOCTh B Hadoop, Java u Big Data. C npyroii cropo-
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HBI, JIEMEHT MaTPHLbI user similarities[0] [8] paBeH Bcero 0.19, mockosibKy Monb30Ba-
tenu 0 u § MMeroT Bcero oHy OOIIyIO 3aMHTepecOBAaHHOCTh, 2 UMEHHO B Big Data.

B nanHOM cnydae user similarities[i] — 3TO BeKTOp KO3(PHUIIMEHTOB MOAOOHS MOIB30-
BaTessl i ¢ OCTALHBIMU TOJIb30BATENIMU. DTUM BEKTOPOM MOKHO BOCIOJB30BaTbCs IS
HanucaHus QYHKUMM, KOTOpas Ui 3aJaHHOTO TOJb30oBaTessl HaXoOuT Hauboliee MoXo-
XHX monb3oBareneid. [Ipu sToM, pasymeercs, HM caM MOJIb30BaTeNlb, HU TOJB30BATENN
C HyJIEBBIM KOA((PHUIIMEHTOM He paccMaTPHBAIOTCS, a Pe3yJIbTaThl COPTUPYIOTCS 10 YOBI-
BaHUIO OT Hanbosee 10 HauMeHee TIOXOKHX:

# mosp30BaTENM HamboJlee NOXOXMe Ha NOJb30BaTesd user id
def most similar users to(user id):
pairs = [(other user id, similarity) # HauTM OPYTMX
for other user id, similarity in # mosbzoBaTesen c

enumerate (user similarities[user id]) # HeHymeBeM KO3(0).

if user id != other user id and similarity > 0] # momobusa
return sorted(pairs, # orcoprmpoBaTs X
key=lambda ( , similarity): similarity, # cmepsa HamGosee
reverse=True) # moxoxwe

K nmpumepy, eciu BbI30BeM most_similar users to(0), TO IMOIyYHM:

[(9, 0.5669467095138409),
1, 0.3380617018914066)

8, 0.1889822365046136),
13, 0.1690308509457033),
5, 0.1543033499620919) ]

7

(
(
(
(
(

Kakum oOpaszom cienyeT UCob30BaTh 3TOT pe3yibTaT Uil PEKOMEH/IAlMKU M0JIb30BaTe-
nto HOBbIX TeMm? [lo kakmolh TemMe MOXXKHO MOMpPOCTY MPOCYMMHPOBATh KOI(PPHULIMEHTHI
noio0us APYryX MoJib30BaTeNlel, KOTOpble MHTepecyloTcs JaHHON TeMOi:

# pexoMeHzaIy Ha OCHOBE IIOJIb30BATEJIS
def user based suggestions(user id, include current interests=False):
# cymvpoBaTe BCce KOSQOMIMEHTs monobus
suggestions = defaultdict(float) # pexomeHzparpmt
for other user id, similarity in most similar users to(user id):
for interest in users interests[other user id]:
suggestions[interest] += similarity

# mpeofpazoBaTh MX B COPTMPOBAHHENI CIMCOK
suggestions = sorted(suggestions.items (),
key=lambda ( , weight): weight,

reverse=True)

# u (Moxer OBITh) MUCKJIOUATE YXE MMEKIMECSI TEMEBI
if include current interests:

return suggestions
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else:
return [ (suggestion, weight)
for suggestion, weight in suggestions
if suggestion not in users interests[user id]]

Ecnu BbI3BaTh user based suggestions(0), TO HECKOJIBKO MEPBBIX PEKOMEHAYEMBIX TEM U3
BCETO CITUCKA OYAyT CleqyOUUMU:

[ ('MapReduce', 0.5669467095138409),

('MongoDB', 0.50709255283711),

('Postgres', 0.50709255283711),

('"NoSQL', 0.3380617018914066),

('neural networks', 0.1889822365046136),

('deep learning', 0.1889822365046136),

('artificial intelligence', 0.1889822365046136),
# .

]

BhIraauT 10BOJBHO MPUIMYHON peKoMeHIalei Ui TOro, YbU UHTEpPeChl JIeKaT B 00-
nactu Big Data u cBsi3aHbl ¢ 6a3amu 1aHHBIX. (Beca He UMEIOT KaKOro-To 0CO0Oro CMBIC-
J1a; OHU MCTIONIB3YIOTCS BCETO JIUIIB [Tl YIOPSI0YUBaHKS. )

OTOT NOAXO MEPECTaeT CHPABJIATHCS CO CBOEH 3ajaueii, Korga 4uciio 3J€MEHTOB CTaHO-
BUTCS O4YeHb 0OJbIIMM. HamoMHKUM, 4TO B CBSA3M ¢ MPOoOaeMOil MPOKIISATHS Pa3MEPHOCTH,
paccMOTpeHHOU B 2nage 12, B MHOTOMEPHBIX BEKTOPHBIX MPOCTPAaHCTBaX OOJBIIMHCTBO
BEKTOPOB PACMOJIOKEHBI APYT OT Apyra Ha OOJIBLIOM pacCTOSIHUM (M MO3TOMY YKa3bIBatOT
B COBEPLIEHHO pPa3HBIX HampaBlieHWsX). Jpyrumu croBaMu, MpH HaJIWYUU OOJBIIOTO
KOJIMYEeCTBA MHTEPECYIOMNX TeM "HanboJsiee MOXO)KHe IMOJIb30BaTeNn" MOTYT OKa3aThCs
COBCEM HEIMOX0XMMHU Ha KOHKPETHOrO MOJIb30BaTelsl.

Bo3bMem caiit Hanogobre Amazon.com, TJie 3a MOC/eAHUE Napy JAECATUICTUHN s caenal
TBICAYH MOKYNMOK. MOXHO MOMNBITATHLCS YCTAHOBUTDH MOX0XKKMX HAa MEHSI MOJib30BaTenell Ha
OCHOBE TpUCYIIlel MHEe MOJeJIH MOKYIATeJIbCKOTro TIOBEIEHUS, HO, CKOpee BCero, BO BCEM
MUpPE HET HUKOTO, Ubsl IOKYNATEbCKask UCTOPHS BBIMIAIUT JlaXke OTAAJICHHO NOX0Xel Ha
Moto. Kto Okl HU ObUT 3TOT "Haubomnee MOXOKUI" HA MEHs MOKyMNarTelb, OH, BEPOSTHO,
COBCEM He MOX0XK Ha MEHs, M, KaK pe3yJibTaT, ero MOKYINKH MMOYTH HaBepHsKa OymyT
COJICHCTBOBATH OTBPATUTENBHBIM PEKOMEHIALIUSM.

KonnabopaTtuBHasa hunbTtpauus
MO CXOXeCTu NpegmMeToB

AJIbTepHATHBHBIA TMOAXOJ 3aKII0YaeTCs B BBIYMCIICHHH CXOJCTBA HEMOCPEACTBEHHO
MEX/Iy MHTepecyoLUMMU TeMaMu. [lociie 3TOoro MOXKHO CreHepHpoBaTh PEKOMEHIALMH
MO K&KIOMY TTOJIb30BATEINIO IyTeM arperupoBaHus TeM, MOXOXKHX Ha Te, KOTOpbIe MHTe-
PECYIOT ero B IaHHOE BpeMs.

Jlns Havana crienyeT mpancnoHupogams MaTpyily cdep UHTEpecoB Moib3oBatesiei, Oia-
roapsi 4emy CTPOKH COOTBETCTBYIOT TEMaM, a CTOJIOLIbI — MOJIb30BATENSIM:
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# MaTpuIa TPYON MOJIBE30OBATEJIEH IO MHTEpecaM B ¢opMaTe (TeMa, IOJb30BaTeJ)
interest user matrix = [[user interest vector([j]
for user interest vector in user interest matrix]
for j,  in enumerate(unique interests)]

Kax BwIrnsour Marpuia rpynn MOJIb30BaTeNIEH IO WHTepecaM intaﬁst}merjmmrix?
Ctpoka j MaTpuubl — 3TO cTonOel j MaTpullbl cdep HHTEpPecoB MoJb30oBaTeNei
user interest matrix. IHBIMM clloBaMu, OHa comepKUT 1 171 Mojb30BaTeNs, y KOTOpOro
€CTb MHTEPEC K JJAHHOU TeMe, U 0 ns MOJIB30BaTEJIA, Y KOTOPOI'o €ro HET.

Hanpumep, unique_interests (0] paBeH Big Data, 3Ha4WT, interest user matrix[0] paBeH:
( o, 0, 0,0, 0,0 0,1, 1, 0,0, 0, 0, 0]
noromMy 4to noss3oBarenu 0, 8 1 9 ykazanu cBoro 3anHTepecoBaHHOCTD B Big Data.

Tenepb MOXHO CHOBa BOCIIOJIb30BAaThCS KOCHHYCHBIM KO3(hUIMEeHTOM Toio0us. Eciun
POBHO T€ e caMble MOJIb30BaTe)IM 3aMHTEPECOBaHbI B JIBYX TeMaX, TO UX CXOACTBO OyjeT
paHO 1. Eciiv Het nByX mosb3oBarteseil, KOTOPBIX UHTEPECYIOT 00€ TeMbI, TO UX KO3(-
¢dbunmeHT nonodus 6yaet paseH 0.

# CcxomcTBO MHTEPECOB
interest similarities = [[cosine similarity(user vector i, user vector j)
for user vector j in interest user matrix]

for user vector i in interest user matrix]

Hanpumep, npu nomotu cieayroiieii GyHKIMKA MOXKHO HAWTH TEMbI, MAKCUMAJILHO TMO-
xoxkue Ha Temy Big Data (Ttema 0):

# TeMpl, MaKCHMMAJIBHO NOXOXMe Ha TeMy interest id
def most similar interests to(interest id):
similarities = interest similarities[interest id]
pairs = [(unique interests[other interest id], similarity)
for other interest id, similarity in enumerate(similarities)
if interest id != other interest id and similarity > 0]
return sorted(pairs,
key=lambda ( , similarity): similarity,

reverse=True)

(1)}/HKI_II/IH CreHEpUPYET CJIICAYIOLIHUE TTOXOKHUE TEMBI:

[ ('Hadoop', 0.8164965809277261),

'Java', 0.6666666666666666),

'MapReduce', 0.5773502691896258),

'Spark', 0.5773502691896258),

'Storm', 0.5773502691896258),

'Cassandra’', 0.4082482904638631),

'artificial intelligence', 0.4082482904638631),
'deep learning', 0.4082482904638631),

'neural networks', 0.4082482904638631),

(
(
(
(
(
(
(
(
(
('HBase', 0.3333333333333333)]
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Terepp MOXKHO CreHepHpoOBaTh MJIs TOJb30BaTeNs PEKOMEHIALMH, TMPOCYMMHPOBAB
K03 PUIIMEHTHI TIOA00HS TeM, KOTOPBIE TTOXO0KH Ha MHTEPECYIOIINE eT0 TEMBI:

# pexoMeHnamy Ha OCHOBE IPEeIMETOB
def item based suggestions(user id, include current interests=False):
# crcox pekoMeHmammi, TAe CYMMMPYIOTCS IMOXOXMe TeMbl
suggestions = defaultdict (float)
# BEeKTOD TeM, MHTEpeCylmpxX HOJb30BaTesd user id
user interest vector = user interest matrix[user id]
for interest id, is interested in enumerate(user interest vector):
if is interested ==
# Templ, moxoxme Ha TeMy interest id
similar interests = most similar interests to(interest id)
for interest, similarity in similar interests:
suggestions[interest] += similarity

# ymopsangounTh MO BECy

suggestions = sorted(suggestions.items(),
key=lambda ( , similarity): similarity,
reverse=True)

if include current interests:
return suggestions
else:
return [ (suggestion, weight)
for suggestion, weight in suggestions
if suggestion not in users interests[user id]]

Jnsa mone3zoBatens 0 3ta GpyHKIMS creHepupyeT cieayromye (Ha BUI pa3yMHbIE) peKo-
MEHIALMH:

[ ('MapReduce', 1.861807319565799),

'Postgres', 1.3164965809277263),

'MongoDB', 1.3164965809277263),

'NoSQL', 1.2844570503761732),

'programming languages', 0.5773502691896258),
'MySQL', 0.5773502691896258),

'Haskell', 0.5773502691896258),

'databases', 0.5773502691896258),

'neural networks', 0.4082482904638631),

'deep learning', 0.4082482904638631),

"C++', 0.4082482904638631),

'artificial intelligence', 0.4082482904638631),
'Python', 0.2886751345948129),

(
(
(
(
(
(
(
(
(
(
(
(
(
('R', 0.2886751345948129) ]
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Ana npanbHeuwero usy4yeHus

4 Crab (http://muricoca.github.io/crab) — sto mnpukiagHas cpema AJis coO3qaHUS
peKOMeHIaTeNTbHBIX crcTeM (recommender systems) Ha si3bike Python.

¢ bubGmoreka Graphlab Taioke pacronaraeT WHCTpYMEHTapHeM IJisl CO3aHHMs PEKo-
MeHaarenbHbIX cucteMm (https:/turi.com/products/create/docs/graphlab.toolkits.
recommender.html).

¢ Ilpemus Netflix (http://www.netflixprize.com) — 3T0 10CTaTOYHO M3BECTHBIA KOH-
Kypc 1O CO3/IaHHMIO YCOBEPLIEHCTBOBAHHOM CHUCTEMbI MPEUIONKEHUs pPeKOMEHAaLHi
0 (MITbMax MOJIB30BATENSIM CETH MOTOKOBOTO MynbTHMena Netflix.
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Ba3bl gaHHbIX 1 SQL

[TamsTe — Ty4muil ApyT U Xy QUM Bpar yeaoBeKa.
Tunbepm Haprep'

Heobxonumble naHHbIe 4acTO pa3MelleHbl B CUCTeMaX YIpaBieHdss 0a3aMu JaHHBIX
(CYBJl), npenHazHaueHHbIX Jis 3((GEKTUBHOTO XpaHEHWs W W3BJIICUCHUS JAaHHBIX.
OcHoBHas WX Macca SBJSIeTCs peliiuuoHHbIMH, TakumMu kak Oracle, MySQL u SQL
Server, B KOTOpbIX JaHHbIE XpaHATCs B BUIE TabJjMl, a 3alpochl K KOTOPBIM, KaK MpaBHU-
710, BBIMOJHSIOTCS MPH MOMOLIM ASKJIAPaTUBHOTO S3bIKA YIPaBJICHUs JaHHBIMU — sI3bIKa
CTPYKTYpUpOBaHHBIX 3anpocos (Structured Query Language, SQL).

SAzpik SQL siBnsieTcs CyLIeCTBEHHOH YacTblO WMHCTPYMEHTapusi aHaIMTHKA JaHHbIX.
B oroit rnaBe Oynmer pa3paboTaHa NMUTOHOBCKas peaiu3aius "He coBceM 0a3bl JaH-
HeIX" — mipuniokeHue NotQuiteABase. BymyT paccMOTpeHBI OCHOBBI 3ampocoB kK 0azam
JaHHBIX Ha s3bike SQL Ha mpuMepe 3TOro MpUIIOKEHHUs, KOTOpoe MpeAcTaBiiseT coboit
JEMOHCTPAIIMIO C CAMOTO YTO HHM Ha €CTh abCOJIIOTHO YHCTOTO JIUCTA, KOTOPYIO MOXKHO
ObUIO TMpHUAyMaTh, MNPUHLIMNA paboThl s3blka 3ampocoB. Hanetoch, uTo pabota
¢ NotQuiteABase nmact xopoiuee NMpeacTaBieHHe O TOM, KaK pellatoTcsi aHaJOrMyHbIe
3aaaud npu nomouu SQL.

OnepaTtopbl CREATE TABLE v INSERT

Pensiionnas 0aza naHHBIX — 3TO HaOop Tabnui (M cBsized Mexay HumH). Tabmuna —
3TO TMPOCTO HAOOp CTPOK, MOXOXKHI Ha MaTPHIly, C KOTOPHIMH MbI padoTajii paHee.
OnHako TabnuIia UMeeT CBA3aHHYIO C Hell (DUKCUPOBAHHYIO cxeMy, COCTOSIIYIO U3 UMEH
Y TUIOB CTOJIOLIOB.

Hanpumep, mycTb AaH HabOp AaHHBIX users, COAEPKAILUI UASHTU(PUKATOP user id, UMs
name U YHACJIO APY3€il num friends AT KayKAOTO MOJB30BATENS:

users = [[0, "Hero", 0],
[1, "Dunn", 2],
[2, "Sue", 31,
[3, "Chi", 3]]

Ha s3bike SQL Takyro Tabiuily MOXKHO cO3aTh NPHU MOMOLIH CIIEAYIOLIEro oneparopa:

CREATE TABLE users (
user id INT NOT NULL,

! TunGepr Iapkep (1862-1932) — kaHaCKUil HOBEJUIUCT ¥ AHTTHIACKUHA TIOMMTUK. — [Ipum. nep.
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name VARCHAR (200),
num friends INT);

Crnenyer oOpaTWTh BHUMaHHWeE, B OMEpaToOpe YKa3aHO, YTO MOJS user id M num friends
JIOJKHBI OBITH IEJIBIMA YHCIaMH (M YTO user id HE MOXKET OBITh NULL, 0003Ha4as OTCyT-
CTBYIOIIIEE 3HAYECHUE HAIMO00He None B s3bike Python) u 4To MMs NOKHO OBITH CTPOKOWA
oM He Oosee 200 cumBosioB. [Ipunoxxenne NotQuiteABase He y4uThIBaeT THITBI, HO
MBI TIPE/ICTAaBHUM, YTO OHO 9TO JIeNIaeT.

Asbik SQL npakTnyeckn NONHOCTbIO HEe3aBUCKMM OT peructpa Byks n otctynos. [ponuc-
Hble OyKBbI M OTCTYNbl B J@HHOM Criy4yae SiBNSITCHS MOUM NPeAnoYTUTENBHBIM CTUMEM.
Ecnun Bbl HauMHaeTe n3yyeHne SQL, To HaBepHsika BCTpeTUTE MPUMEPhI, KOTOpble CTU-
Nn3oBaHbl NO-Apyromy.

BcTaButh CTPOKM MOXKHO NMPH MOMOLLM ONepaTopa INSERT:

INSERT INTO users (user id, name, num friends) VALUES (0, 'Hero', 0);

Kpowme Toro, ciemxyer oOpatuth BHUMaHKe, 4TO onepaTopbl SQL H0MmKHBI 3aKaHYMBATHCS
TOUKOM ¢ 3anaroit, 1 SQL TpeOyeT onuHapHbIe KaBbIUKHU 7Sl CTPOK.

B npunoxxennn NotQuiteABase sk3eMIutsp kiiacca Table, KOTOPBIi NpeACTaBIsAeT TaOIM-
Iy JIaHHBIX, CO3/IaeTCs MyTeM yKa3aHWs UMeH ee cToOIoB. M 4ToObl BCTaBUTH CTPOKY,
UCTIONIB3YETCA METOJ insert () Kjacca Table, MPUHUMAIOLIVIA CITUCOK 3HAYCHUH OTHEIb-
HOU CTPOKH TaOJHIIbI, KOTOPBIE JIOJKHBLI OBITH B TOM K€ TIOPSJIKE, YTO U UMEeHa CTOJIO-
LIOB.

CTpyKTypHO Kakiasi CTpoka OyJeT XpaHUTbCs Kak ClIOBaph W3 UMEH CTOJIOLOB M MX 3Ha-
yenuil. B Hactoseit CYB/] Takoe HeaddekTHBHOE MO 3aHMMAeMOil MaMsITH MpeAcTaB-
JIeHHe He HCMOJb3yeTcs, OJHAKO OHO HAMHOTO ynpouaer paboTy ¢ NpUIIOKEHHUEM
NotQuiteABase:

class Table:
def init (self, columns):
self.columns = columns
self.rows = []

def repr (self):
"""royeMmieMoe npelcTaByieHne Tabumilpl: CTONONE, 3aTeM CTpoku"""
return str(self.columns) + "\n" + "\n".join (map(str, self.rows))

def insert(self, row values):
if len(row values) != len(self.columns):
raise TypeError ("HenpaBUIbHOE UMCJIO 3JIEMEHTOB")
row dict = dict(zip(self.columns, row values))
self.rows.append(row dict)

Hanpumep, MokHO 3a1aTh:

users = Table(["user id", "name", "num friends"])
users.insert ([0, "Hero", 0])
users.insert ([1, "Dunn", 21)
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users.insert ([2, "Sue", 3])

users.insert ([3, "Chi", 3])

users.insert ([4, "Thor", 31)
users.insert ([5, "Clive", 21)
users.insert ([6, "chks" 31)
users.insert ([7, "Devin", 21)
users.insert ([8, "Kate", 2])
users.insert ([9, "Klein", 31)
users.insert ([10, "Jen", 1])

Ecin TETIEPh Harne4YaTaTb print (users), TO TMOJIYYHUM:

['user id', 'name', 'num friends']

{'user id': 0, 'name': 'Hero', 'num friends': 0}
{'user id': 1, 'name': 'Dunn', 'num friends': 2}
{'user id': 2, 'name': 'Sue', 'num friends': 3}

OnepaTtop UPDATE

Huoraa HeoOXoarMO OOHOBUTH JJaHHBIE, KOTOPBIE YXKe eCcTh B Oa3e maHHbIX. Hampumep,
ecir Dunn nproOpetaer elie 0HOro Apyra, TO, YTOObl OTPA3UTh ITOT (aKT, HOHATOOUT-
¢ TAKOM KOX:

UPDATE users
SET num friends = 3
WHERE user id = 1;

KitoueBbie cBoiicTBa OOHOBIICHHS ClIeIYIOIINE:
4 Kakyio TabnuIy OOHOBJSTS;

4 Kakue CTPOKU OOHOBJISTH;

4 Kakue 1ojst OOHOBIIATD;

4 KaKMMM JI0JDKHBI OBITh X HOBBIE 3HAUSHHSI.

Jlo6arum B NotQuiteABase aHaoru4HbIi METON update (). Ero mepBbiM aprymeHTOM Oy-
JET cJI0Bapb dict, KJIFOYaMH KOTOPOTO SIBJISIIOTCS CTONOLBI AJ11 OOHOBJICHHS, a 3HAYCHHS-
MU — HOBbIE€ 3HAUCHWS JJIs STHX molieii. BTopeiM aprymeHTOM OyneT npeauKaTHBHAs
(GYHKUUS predicate, KOTOpas BO3BpallaeT True JUIS CTPOK, KOTOPbIE IOJKHBI OBITh
OOHOBJICHBI, U B IPOTMBHOM Cllyyae — False:

def update (self, updates, predicate):
for row in self.rows:
if predicate (row):
for column, new value in updates.iteritems():
row[column] = new value

Tenepr MOXKHO clienaTh Tak:

users.update ({'num friends' : 3}, # ycranoBuTs num friends=3
lambda row: row['user id'] == 1) # B cTpokax, rge user id==
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OnepaTtop DELETE

Ecth nBa criocoba ynaneHus ctpok u3 tabmunpl B SQL. OnacHblil ciocod ynanser Bce
CTPOKH TaOJHIIBL:

DELETE FROM users;

IIpn menee omacHOM crocobe n00aBisSeTCS YCIOBHBIN OMEepaTop WHERE W yJASIOTCS
TOJIbKO T€ CTPOKH, KOTOPbIE YIOBJIETBOPSIOT HEKOTOPOMY YCJIOBHIO:

DELETE FROM users WHERE user id = 1;

JloGaBHTE 3TOT (DYHKIIMOHAN K KJIaccy Table OYEHb JIETKO:

def delete(self, predicate=lambda row: True):
"I aNIMTE BCe CTPOKM, YZAOBJIETBOPAKIME NPEAMUKATY,
MM BCe CTPOKM, €CJ NpenVKaTuBHas QyHKIpMA He mpenocraBieHa""
self.rows = [row for row in self.rows if not(predicate (row))]

Ecam npepoctaBuTh NpeIMKaTUBHYIO (QYHKLHMIO (T. €. YCIOBHBIN OMepaTop WHERE), TO Oy-
YT yOajieHbl TOJIBKO T€ CTPOKH, KOTOPbIE YAOBJIETBOPSIOT ycaoButo. [Ipu ee orcyTecTBUM
M0 YMOJTYaHHIO MpeAUKaTHBHAs (DYHKLMS BCeraa BO3BPALIALT True, M OYIyT ylaleHbI BCe
CTPOKH.

Hanpumep:

users.delete (lambda row: row(["user id"] == 1) # yzgamder CTpokm
# c user id == 1

users.delete() # ymanger Bce CTPOKHU

OnepaTtop SELECT

OO6bryHO Tabnuubl SQL He mpocMmaTpuBarOTCs HemocpeACcTBeHHO. BmecTo sToro oHu
OTpAIIMBAIOTCS MTPH MOMOIIIM OTlepaTopa SELECT:

SELECT * FROM users; - MNOJIyYMTH BCE COAEDXMMOE

SELECT * FROM users LIMIT 2; -- [HOJYYMTEL IIEPBEE ZABE CTPOOKH
SELECT user id FROM users; —-— B3ATE TOJBKO OTAEJBHEE CTOJIOLE
SELECT user id FROM users WHERE name = 'Dunn'; -- B34Tb TOJBKO

—— OTAEJIBHEIE CTPOKM

OnepaTop SELECT TaKXX€ MOXXHO HMCITOJIB30BaTh JJII BBIYUCIICHUA MoJIeH:

SELECT LENGTH (name) AS name length FROM users;

IlpenocraBum Kjaccy Table METOA select(), KOTOPBIA BO3BPAlIacT HOBYIO TaOJMILY.
MeToa npuHUMAaET JiBa HeoOs3aTeIbHBIX apryMEHTa:

4 keep columns 3a/1a€T Ha3BaHMs CTOJOLIOB, KOTOpPBIE TpeOyeTcs COXPAHUTh B Pe3yJbTH-
pytouieii Tabnuue. Eciu oH He ykaszaH, TO pe3ysbTat OyaeT colepkarb BCe CTONOLbI;

4 additional columns — 3TO CJIOBaph, KIOYaMH KOTOPOTO SIBJISIOTCS HOBBIE WMeEHa
CTONOIOB, a 3HAUYCHHUs — (QYHKIMIMH, ONPEACIISIOIUMH MOPAJAOK BbIYUCIICHUS 3HA-
YeHHWI HOBBIX CTOJIOLIOB.
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Ecmm He NnpeaoCcTaBuUTb HAU OJHOTO U3 HUX, TO 6yz[eT TMOoJTy4Y€Ha KOIusA Ta6J'II/II_ILII

def

select (self, keep columns=None, additional columns=None) :

if keep columns is None: # ecs cTONOLEl HE YKas3aHH,
keep columns = self.columns # BepHYTE BCe CTOJOLE

if additional columns is None:
additional columns = {}

# HoBas Tabumra N1 Pe3yJbTaToB
result table = Table(keep columns + additional columns.keys())

for row in self.rows:
new row = [row[column] for column in keep columns]
for column name, calculation in additional columns.iteritems():
new_row.append (calculation (row))
result table.insert (new row)

return result table

Meton select () BO3BpalllacT HOBYIO TaOJIMIly, B TO BpeMs Kak oOblyHas omepaiwms SQL
SELECT BCETO JIMILIb FEHEPUPYET HEKHI MPOMEXYTOUHBIH pe3yJIbTUpYIOLHii Habop (eciu
SIBHO HE BCTaBJIATH PE3yJIbTaThl B TAONHILY).

[TomMumo 3TOrO, MOTPEOYIOTCSI METOMBI where () M limit (). Peanmuzaums obenx QyHKUMHA
JOCTaTOYHO NpOCTa:

def

where (self, predicate=lambda row: True):
"""BEPHYTE TOJBKO TE CTPOKM, KOTOPEE YIAOBJIETBOPSIOT
YKasaHHOMY mpeankaTy"""

where table = Table(self.columns)

where table.rows = filter (predicate, self.rows)
return where table

limit (self, num rows):

"""BEpHYTE TOJBKO IIEPBEIE num rows cTpox"""
limit table = Table(self.columns)

limit table.rows = self.rows[:num rows]
return limit table

Tenepb MOXKHO JieTKO CKOHCTpYHpoBaTh (pyHKIMU NotQuiteABase, skBUBalIeHTHBIE OrIe-
paropam SQL, yka3zaHHBIM B KOMMEHTApHIX TIepe] HUMU:

# SELECT * FROM users;
users.select ()

# SELECT * FROM users LIMIT 2;
users.limit (2)
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# SELECT user id FROM users;
users.select (keep columns=["user id"])

# SELECT user id FROM users WHERE name = 'Dunn';
users.where (lambda row: row["name"] == "Dunn") \
.select (keep columns=["user id"])

# SELECT LENGTH (name) AS name length FROM users;
def name length(row): return len(row["name"])

users.select (keep columns=[],
additional columns = { "name length" : name length })

OO6paTiM BHUMaHHWe — B OTJIMYME OT OCTAIBHON YacTH KHUTM — 371eCh MCIOJIb30BaHa
oOparHast kocas uepta "\" A TPOJOKEHHS OMNEpPaTOpOB Ha HECKONBbKHX CTPOKaX.
[lo mMoemMy MHEHHIO, Takoe HamnMcaHHWe [eJlaeT CBs3aHHble B LEMOYKY 3arnpochl
NotQuiteABase unTaemee m000ro 1pyroro crnoco6a ux HalMCcaHusl.

OnepaTtop GROUP BY

Hpyrum pacnpocTpaHeHHbIM onepatopoM SQL siByisieTcst GROUP BY, KOTOPBIH rpynnupyeT
CTPOKHM C OJMHAKOBBIMHU 3HAYEHHSIMH B YKa3aHHBIX MOJIIX U TeHEPUPYET arperaTHble 3Ha-
YeHUs], TAKMe KaK MIN, MAX, COUNT U SUM. (HarmoMuHaioT ¢pyHKLMIO FPYNITMPOBKH MO MO0
group by U3 pazo. "Vnpasnenue oannvivu" enaser 10.)

Hanpumep, MoxeT MOHAJOOUTBCS HAWTH YKMCIIO MOJIb30BaTeNeld U HAMMEHBIIMH WICHTH-
(uKaTOp MoNb30BaTENS user id IS KaXKI0H BO3MOXKHOW AJTMHBI UMEHH:

SELECT LENGTH (name) AS name length,
MIN (user id) AS min user id,
COUNT (*) AS num users

FROM users

GROUP BY LENGTH (name) ;

Kaxxnoe BriOMpaeMoe onepaTopoM SELECT IMOJie JIOJDKHO OBITh CrpYNITUPOBAHO JIMOO Ha
OCHOBE YCIIOBHOTO Ofeparopa GROUP BY (KaKUM SIBIII€TCS name length), JMOO Ha OCHOBE
arperaTHoi ()yHKUMH (KOTOPBIMU SIBJISIFOTCS min user id M num users).

Kpome toro, a3k SQL moaaep:kMBaeT ycJIOBHBIN OMepaTop HAVING, KOTOPbIi BeaeT ceds
aHaJIOTUYHO YCJIOBHOMY OIEpaTOpy WHERE, 32 UCKJIFOYEHHEM TOTO, UYTO ero (UIIbTp MpH-
MeHsieTcsl K arperaTHeIM (DyHKIHMSM (B OTJIIMYME OT HEro BBIPaKEHHE WHERE (PUIIBTpYyeT
CTPOKH JI0 TOT'0, KaK COCTOSIIOCh arperupoBaHue).

MoskeT MOHaAOOWTbCA y3HATH CpellHee YWCIIO Jpy3ed OJs MOb30BaTesieid, Ybh UMeHa
HAYMHAIOTCS C ONpEJENICHHBIX OYKB, HO YBUIETh TOJLKO Pe3yJIbTaThl AJis TeX OYyKB, 4be
cooTBeTcTBYyIOIee cpenHee Oonbmie 1. (Hamo mpu3HaTh, YTO HEKOTOpBIE MPUBOIUMbBIE
MpUMepbl HaTyMaHHBI. )

SELECT SUBSTR (name, 1, 1) AS first letter,
AVG (num_friends) AS avg num friends
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FROM users
GROUP BY SUBSTR (name, 1, 1)
HAVING AVG(num friends) > 1;

(Oynkumu 171 paboThI CO CTPOKAMU pasHATCS OT peanu3auuu k peanusauuu SQL; B Me-
cto 3Toro B HekoTopeix CYBJl MoxeT ncrons3oBaThes (pyHKIMS SUBSTRING JIMOO YTO-TO
B 3TOM poOjie.)

ITomumo 9TOro, MOXXHO BBIYHCJIATL CyYMMapHbIC KOJIMYECTBA. B stom CJly4ya€ BbIpaK€HUE
GROUP BY OITyCKa€TCA:

SELECT SUM(user id) AS user id sum
FROM users
WHERE user id > 1;

UroObl peanu3oBaTh Takod (YHKLMOHAJ B Kjacc Table mpuioxkeHus NotQuiteABase,
n06aBUM MeTOJ group by (). OH IPUHUMAaeT UMEHa CTOJOLOB, KOTOpbIe TpedyeTcs crpyn-
MMPOBaTh, CIIOBApPh arperupyomux GyHKIHH, KOTOpble TpeOyeTcs MPUMEHHUTh K KaXI0H
rpynre, U HeoOs3aTeNIbHbIM NPeIMKAT having, KOTOPBIA 00pabaThIBaeT HECKOIBKO CTPOK.

3aTeM OH BbINOJIHSAET CJICAYIOLIHE HIaru:

1. Co3maer crnoBapb defaultdict AJISi OTOOpaKEHHs] KOpTexeHl tuple (CO 3HAUEHHSIMH
group-by) B CTPOKH (Cojaep:Kalllle 3HaueHHusl group-by). HamoMHuM, 4TO MCMOIB30BATh
CITUCKH B Ka4eCTBE KJIFOUE cIoBaps dict HEJb3s; CJICAYET MCIIOJIb30BaTh KOPTEXKH.

2. BoimonHseT 06X0/ CTPOK TaOJIMIBI, 3AMOHSIS defaultdict.
3. Co3naet HOBYIO TaOJIMILy C MPAaBUIBHBIMU CTOJIOIIAMU Ha BBIXOJIE.

4. BpimonmHseT 00X0n coBaps defaultdict M 3aroJHAET Pe3yJbTHUPYIOUIYIO TaOIUILy,
npuMeHsist GUIBTP having, €CJIM OH 3a/1aH.

(Hacrosmias CYB /]I noutu HaBepHska fenaet 31o 6onee 3G hekTHBHBIM crtocoOoM.)

# OyHKLMS TDYHIIMPOBKA
def group by (self, group by columns, aggregates, having=None) :

grouped rows = defaultdict (list)

# BamoJIHNTE IPYIIE

for row in self.rows:
key = tuple(row[column] for column in group by columns)
grouped rows [key] .append (row)

# pesyneTHpyKmas Tabmuia COCTOMT M3 CTOJOLIOB group by M arperaTos
result table = Table(group by columns + aggregates.keys())

for key, rows in grouped rows.iteritems():
if having is None or having(rows) :
new row = list(key)
for aggregate name, aggregate fn in aggregates.iteritems():
new row.append (aggregate fn(rows))
result table.insert (new row)

return result table
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CHoBa MOCMOTpUM, KaK CO3/1aTh 3KBHUBAJIEHT Mpeaplaylux onepatopoB SQL. Metpu-
YeCKHe T0Ka3aTeld name length CIELYIOLIME:

min user id(rows): return min(row["user i or row in rows
def 5 -~ id( ) t ( " ~id"] £ )

stats by length = users \

.select (additional columns={"name length" : name length}) \
.group by (group by columns=["name length"],
aggregates={ "min user id" : min user id,
"num users" : len })

Mertpuueckue rnokasarenu ajst nepBoit OyKBbI first letter:

def first letter of name(row):

return row["name"] [0] if row["name"] else

def average num friends (rows):
return sum(row["num friends"] for row in rows) / len(rows)

def enough friends (rows):
return average num friends(rows) > 1

avg_friends by letter = users \
.select (additional columns={'first letter' : first letter of name}) \
.group by (group by columns=['first letter'],
aggregates={ "avg num friends" : average num friends },
having=enough friends)

U CyMMa MO MISHTHU(UKATOPY MOJIb30BATeNs user id sum:

def sum user ids(rows): return sum(row["user id"] for row in rows)

user id sum = users \
.where (lambda row: row["user id"] > 1) \
.group by (group by columns=[],
aggregates={ "user id sum" : sum user ids })

OnepaTtop ORDER BY

UYacTto TpeOyeTcs OTCOpTUpOBaTh pe3yibTaThl. Hampumep, MOkeT MOHagoOUThCS MOJTy-
4uTh (B a1(paBUTHOM MOPS/IKE) TIepBbIe 1BA UIMEHH MOJIb30BaTeNeH:
SELECT * FROM users

ORDER BY name
LIMIT 2;

DTO JIerko peanu3oBaTh, €CJIM B KJlacce Table I TaOJULL €CTh METOJ order by (), KOTO-
pbIii MpUHUMAET PYHKLMIO order:

def order by(self, order):
new table = self.select() # caemaTe komimo
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new table.rows.sort (key=order)
return new table

KOTOPYIO 3aT€M MOXKHO MPUMEHHUTh CIIEAYIOLIUM 00pa3oM:

friendliest letters = avg friends by letter \
.order by (lambda row: -row["avg num friends"]) \
limit (4)

Bripaxkenne SQL ORDER BY TO3BOJISIET yKa3bIBaTh MOPSJOK COPTUPOBKH ASC (B BO3pac-
TarolIeM MOPsIKe) WK DESC (B yOBbIBaIOLLEM MOPSIKE) sl KayKAOTO COPTUPYEMOro OIS,
BCE 3TO JAOJDKHO pa3MecTUTbCS B (DYHKLIMH order.

OnepaTtop JOIN

TaOnuiel pensUMOHHBIX 0a3 JaHHBIX YACTO HOPMANU3YIOM, T. €. UX OPraHU30BBIBAIOT TaK,
4T00Bl YMEHBIINTb W30bITOUHOCTE. Hanpumep, pabotas Ha si3bike Python ¢ nHTepecyto-
LIMMH TOJIb30BaTeNIell TEeMaMH, MOXKHO MPEAOCTaBUTh KaXKIOMY MOJb30BATEO CIUCOK
TOJIbKO C €ro TEMaMH.

Tabmuupl SQL, kak nmpaBUiIo, HE MOTYT COAEPXKATh CIUCKHU, MOITOMY THUIUYHBIM pelie-
HUEM SIBJISIETCSl CO3JaHHWe BTOPOM TaOJMLBI user interests, COAEprKalled OTHOLIEHHWE
"OIMH-KO-MHOTMM" MEKAy HMIeHTU(UKATOPaMH MOJb30BaTeNeil user id M MHTEpeCylo-
ummu Temamu. Ha SQL 310 Oyzer Tak:

CREATE TABLE user interests (

user id INT NOT NULL,

interest VARCHAR (100) NOT NULL
)i

Torna kak B mpunoxkennu NotQuiteABase Hamo co3aate Tabnuiry:

user interests = Table(["user id", "interest"])
user interests.insert ([0, "SQL"])

user interests.insert ([0, "NoSQL"])

user interests.insert([2, "SQL"])

user interests.insert([2, "MySQL"])

[o cnx nop octaeTcs eLe MHOro n3bbITOYHOCTU — UHTepecyowas Tema "SQL" xpaHuT-
csl B ABYX pasHbIX MecTax. B peanbHoi 6ase faHHbIX MOXHO XpaHUTb MAEHTUdUKATOPSI
user id W interest id B Tabnuue user interests, a 3aTéM co3faTtb TPETbio Tabnmuy
interests, CBfI3aB Nons interest id C interest, YTOObI Kaxxaoe Ha3BaHWE WHTEpe-
CylOLLEN TEMbl XpaHMUIOCh BCEro oAuH pas. 34ecb, 3TO HeonpaBAaHHO YCMOXHMIO Obl
npumepbl.

Kax aHanu3upoBaTh AaHHBIE, €clTi OHHM pa30pocaHbl MO pa3HbIM Tabmuuam? OTo JenaeT-
csl myTeM o0beJUHEHUs! TabJIULL Ha OCHOBE orepaTopa JOIN. OH coueTaeT CTPOKHU B JIeBOM
TabNuIe ¢ COOTBETCTBYIOLIMMH CTPOKaMH B TipaBoit Tabnuie, Te 3HaueHue ciaoBa ""cooT-
BETCTBYIOIIUI" 3aBUCHUT OT TOTO, KakK 3a/1aeTcs 00beJMHEHHE.

Hanpumep, uToObl OThICKATh MOJIb30BaTelel, 3auHTepecoBaHHbIX B SQL, nenaercs cie-
JIyHOLME 3ampoc:



310 nasa 23

SELECT users.name
FROM users
JOIN user interests
ON users.user id = user interests.user id
WHERE user interests.interest = 'SQL'

Oneparop JOIN O3HA4aeT, 4TO ISl KAKIOW CTPOKH B TaONHUIE users HY)KHO OOPaTHUTHCS
K MICHTU(PUKATOPY user id W aCCOLMUPOBATH 3Ty CTPOKY C KaXIOW CTPOKOil B Tabiuie
user interests, COJiepKalIeH TOT JKe caMblii HICHTU(DHUKATOP user id.

Crnenyer oOpaTuTh BHUMaHHUE, UTO MPU 3TOM YKa3blBaeTcs, Kakue TaOJMIbl OObeUHATD
(J0IN) ¥ Mo KakuM ctonduam (oN). DTo Tak Ha3bIBaEMBIA onepamop 6HympeHHe2o 00b-
eourenus (INNER JOIN), KOTOPBI BO3BpaIllaeT coueTaHus (M TOJBKO T€ COYETaHHs) CTPOK,
KOTOpPbIE COOTBETCTBYIOT 33JJaHHBIM KPUTEPUAM OObeTMHEHHSI.

Kpome Toro, ectb omeparop neBoro o0ObeAMHEHHS LEFT JOIN, KOTOPBIH B JIOTIOJHEHHE
K COUETAaHHIO COBMAJAIOLIMX CTPOK BO3BpALLAeT CTPOKY A KaXKJOH CTPOKHU JIeBOH Tab-
JIMLBI ¢ HECOBMAJAIOIIMMH CTPOKaMHM (B 3TOM Cilyuyae, BCe MOJis, KOTOpble MPUXOIAT U3
MpaBoi TaOIMIIBI, pAaBHBI NULL).

HCHOJ’ILSyS[ orneparop LEFT JOIN, JIErKO MOACYHUTATh KOJIMYECTBO MHTEPECYIOLINX TEM IJIA
KaXXJ10T10 IOoJIb30BaTECJIA:

SELECT users.id, COUNT (user interests.interest) AS num interests
FROM users
LEFT JOIN user interests

ON users.user id = user interests.user id

Onepauus 1eBoro oObeAUHEHHUs] LEFT JOIN TapaHTHPYET, UTO MOJIb30BATENH, HE UMEIO-
IIMe HMHTEPeCyIOIMX WX TeM, MO-TIpekHeMy OyayT MMeTb CTPOKHM B OOBEAMHEHHOM
Habope AaHHBIX (C IMyCTHIMH 3HAYEHWSIMH TIOJeH NULL Uil TIOJiel W3 user interests),
¥ (PyHKLIMS COUNT COCUMTAET TOJIbKO 3HAYECHUsI, KOTOPbIe HE PaBHBI NULL.

Peanuzaims ¢ynkimu join() B NotQuiteABase Oynet Goniee orpaHMYeHHONH — OHa Mpo-
CTO OOBEIUHUT ABE TAOJHMLLI MO JIFOOBIM OOIMM cToOaM. Hamucars ee maxke B TakoM
BHUJIe — 3a/la4a He U3 TPUBHAIIbHBIX:

# oyHKIMS OOBEnVHEHUS TaOJIII]
def join(self, other table, left join=False):

join on columns = [c for c in self.columns # cToJBIE
if c in other table.columns] # B ofemx rabmmax

additional columns = [c for c in other table.columns # crTonbrE TOJBKO
if c not in join on columns] # B mpaBoi Tabimie

# BCce cronbLE u3 JEBOM Tabsmmsl + AONOJHMTENbHEE additional columns
# mn3 mpaBon
join table = Table(self.columns + additional columns)
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for row in self.rows:
def is join(other row):
return all (other row[c] == row[c] for ¢ in join on columns)

other rows = other table.where(is join).rows

# Kaxmas CcTpoOka, KOTOpas yAOBJIETBOPSET NPEAUKATY,

# reHepMpyeT pes3yJbTHPYIIYD CTPOKY
for other row in other rows:

join table.insert ([row[c] for c in self.columns] +
[other row[c] for c in additional columns])

# ecu HM OHA CTPOKA HE YAOBJIETBOPSET YCJOBMIO M 5TO
# geBoe obrvemmHenme left join, TO CreHepMpPOBaTE CTPOKY w3 None
if left join and not other rows:
join table.insert ([row[c] for c in self.columns] +
[None for c in additional columns])

return join table

Teneps MOXKHO HAMTH MOJIB30BATENEH, KOTOpPBIE 3auHTepecoBaHbl B SQL:

sql users = users \
.join(user_ interests) \
.where (lambda row: row["interest"] == "SQL") \
.select (keep columns=["name"])

N moxHO NMOACYNUTATb UHTECPECYIOLIUC TEMBI:

def count interests(rows):
""" IonCuUnMTEBaET, CKOJBKO CTPOK MMEIT HEHYJIEBEE MHTepecylmye Teme"""
return len([row for row in rows if row["interest"] is not None])

user interest counts = users \
.join(user interests, left join=True) \
.group by (group by columns=["user id"],
aggregates={"num interests" : count interests })

B SQL ecTh eime psii aHATOTHUHBIX OTNEpaLHid: Omnepalys #pagoco 0ObeOuHeHUs: RIGHT
JOIN XPaHUT CTPOKH M3 MpaBoi TabJMLbI, 171 KOTOPBIX HET COBMAACHUIl; onepauus noJ-
HO20 GHeuHe20 00beOuHeHuUs FULL OUTER JOIN XPaHUT CTPOKM M3 o0eux Tabmuu, 1is
KOTOPBIX HET coBnaaeHui. OHU ocTaHyTCs 63 peasln3aLyH.

NMoasanpocobl

B SQL pe3ynbraThl 3aripocoB MOKHO 00pabaThiBaTh MPH MOMOIIM ONepaTOPOB SELECT U
JOIN TOYHO TaK JKe, KaK eclid Obl OHW ObUTK Tabnuuamu. Tak, eciu Obl HY>KHO OBbLTO Haii-
TH HaUMEHbBIIWH HICHTU(PUKATOP TOJb30BATENsl user id W3 TeX, KTO 3aWHTEpPECOBaH



312 nasa 23

B SQL, To MOXHO MCTIONB30BaTh no03anpoc. (EcTecTBeHHO, MOKHO cieaTh TO Jke camoe
BBIYKCJICHHUE C MOMOIIBIO OMepalui JOIN, HO TOr/ia He OyIyT MPOWUTFOCTPUPOBAHBI MOJI-
3arpockl.)

SELECT MIN (user id) AS min user id FROM
(SELECT user id FROM user interests WHERE interest = 'SQL') sqgl interests;

YuuteiBas To, Kak paspabotaHo mpunoxkeHue NotQuiteABase, mMbl momyuyaem 3To Oec-
riatHo. (Pe3ynbTaTel 3anpocoB GakTHuecky npencTaBieHbl TabauLamMu.)
likes sql user ids = user interests \

.where (lambda row: row["interest"] == "SQL") \

.select (keep columns=['user id'])

likes sql user ids.group by (group by columns=[],
aggregates={ "min user id" : min user id })

UHpekcbl

UroObl HAlTU CTPOKHU, COjeprKalllie OINpeNiejieHHOe 3Ha4YeHUe (IOMYyCTHM, ¢ UMEHEeM
"Hero"), npunoxkenne NotQuiteABase M0/mKHO NpOBEpsATh KAyl CTPOKY B TabJuIe.
Eciu Tabnuiia vMeeT MHOTO CTPOK, TO TIOUCK MOKET 3aHATh OYEHb MHOTO BPEMEHH.

To e kacaeTcs W anropuT™Ma 00beIUHEHUS join — OH KpaliHe HeadekTrBeH. Jnsa kax-
JIO¥ CTPOKM B JIEBOi TabJnIIe B MOMCKAX COBMAACHUI OH MPOCMATPUBAET KaXKIYIO CTPOKY
B npaBoii Tabmuue. [ qByx OonbIIMX TabIHI] TO MOXKET 3aHATh BEYHOCTb.

UYacto TpebyeTcsi MPUMEHSATh OFpaHUYEHHs] K HEKOTOpbIM cTonbuaM. Hampumep, B Tad-
JIMLIE users MOXET MOTPEeOOBATHCS, YTOOBI y IBYX Pa3iMUHBIX MOJIb30BaTeIed He ObUIO
OJIMHAKOBBIX MAEHTU(PHUKATOPOB user id.

Bce aTu 3anaun pematot unoexcel. Eciv Obl B TAONHUIE user interests UMeJICS UHACKC IO
TMOJIIO user_id, TO YMHBIH aJrOpUTM O0BEIMHEHUS join HalleN Obl COBMAAEHUs HEMOCPEea-
CTBEHHO, a He B pe3yJibTaTe MpocMoTpa Bcel Tabmuupl. Eciin Ob1 B Tabnuie users ObLT
"YHUKaNIbHBIH" WHAEKC MO MO0 user id, TO MPH MOMNBITKE BCTABUTH AyONHUKaT ObLIO Obl

BBIBEIEHO COO0IIEHNE 00 OLINOKE.

Kamaﬂ Ta6J'II/IL[a B Oase AAaHHBIX MOKET UMETb OAWH HUJIM HECKOJIbKO MHACKCOB, KOTOPLIC
MO3BOJIAKOT 6BICTpO BBITIOJIHATH MIPOCMOTP Ta6J'II/II_[ MO KJIIFOYEBBIM CTOJ'[6LIaM, B(I)(I)GKTI/IBHO
O6T>CI[I/IHHTL TaGJ’[I/IHbI W HaKJIaAbIBaTb YHUKAJIbHBIE OrpaHUYCHUSA Ha CTOJ'[6]_II>I UK UX
coucTaHus.

KoHcTpynpoBaHue u npumMeHeHHe HHIEKCOB YacTO OTHOCAT CKOpee K MpueMaM (Kosnde-
CTBO KOTOPBIX Pa3HUTCS B 3aBUCUMOCTH OT KOHKpeTHO CYB/]) kBanudukaiyu BbICOKO-
ro ypoBHs, U ecinu paboTa OyaeT cBsi3aHa C BBIMOJHEHHWEM OOJIBLIOrO YHCia 3ampocoB
K 0a3e IaHHBIX, TO C STUMH MTPUEMaMH ClIeAyeT MO3HAKOMUTHCS.
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OnTnMusaumsa 3anpocos

HanomHuM 3ampoc a1 moucka Bcex nosib3oBaTesiel, KoTopele uHTepecyrores SQL:

SELECT users.name
FROM users
JOIN user interests
ON users.user id = user interests.user id
WHERE user interests.interest = 'SQL'

B npunoxenun NotQuiteABase MokHO HamucaTh Takoi 3ampoc (kak MUHUMYM) IBYMs
pasIMYHBIMU criocobaMu. MOKHO OT(UIBTPOBATh TAONMILY user interests TEPed TEM,
KaK BBIMOJIHUTD 00bEeJMHEHHE:

user interests \
.where (lambda row: row["interest"] == "SQL") \
.join(users) \
.select (["name"])

JIn6o orunbTpoBaTh pe3yNbTaThl 00BEIMHEHHUS:

user interests \
.join(users) \
.where (lambda row: row["interest"] == "SQL") \
.select (["name"])

B 06oux ciiydasx B KOHEYHOM CueTe pe3yJibTaThl OyayT OJAMHAKOBBIMH, HO (DUIbTpaLMs
1o oobeuHeHus Oonee 2 GeKTHBHA, TTOCKOIBKY B 3TOM cily4ae sl o0paboTku (hyHKIIHU-
eif join OCTaeTCss HAMHOTO MEHBILE CTPOK.

B SQL moxxHO BoOOIIE HE GecriokouThest 00 3ToM. HykHO TONbKO "0OBSBUTE" pe3yibTa-
Thl, KOTOpble TpedyeTcs MOMy4YuTh, W MepeaTb MX sSApy BBIMOJHEHUS 3alpocOB JUIs
00paboTku (1 3pPEeKTUBHOTO NCTIONB30BAaHMS HHIEKCOB).

Ba3bl gaHHbLIX NoSQL

B nocneanue roapl HamMeTHUNAaCh TEHACHUMS MPUMEHEHHs HEPEALMOHHBIX (cIa00CTpyK-
typupoBanHbix) CYBJ] "NoSQL", B KOTOpBIX HaHHBIE TpeAcTaBiIeHbl He TaOIWIaMH.
Hanpumep, MongoDB — sto nonynsipaas CYB/I, B KOTOpoii cXeMbl JaHHBIX He WCIIOJb-
3yIOTCS, a €€ IEMEHThI He CTPOKH, a JOKyMeHThl B hopmate JSON npon3BOIbHON CIIOXK-
HOCTH.

CyliecTBYIOT caMble pa3HooOpa3Hble BUIbI HEPENSIMOHHBIX 6a3 JaHHBIX: 0a3bl JaHHBIX,
B KOTOPBIX JaHHBIE XPAHATCS HE B CTPOKAX, a B CTONONAX (OHM MOIXOIAT JIJIs TeX CiTyda-
€B, KOrJla €CTh MHOTO CTOJIOLIOB, a 3alpOChl BBIMOJHSIOTCS TOJIBKO K HECKOJIBKUM W3
HUX); XpaHWIUIIA JaHHBIX B (popmare "KitOY-3HaUeHHUE", KOTOPhIE ONTUMAJIBHBI B TeX
CITy4asix, KOTAa Hy>KHO TOJTyYHTh eInHOe (KOMIUIEKCHOE) 3HaYeHHe TI0 KITIo4y; rpadoBbie
0a3bl JaHHBIX [T XpaHeHHs U TIOUCKa B rpadax; 0a3bl JaHHBIX, ONTUMHU3UPOBAHHBIE JUIs
paboThl MEXTy HECKOIBKHUMH IIEHTpaMK 00pabOTKH JaHHBIX, 0a3bl JAHHBIX, NIpeIHA3HA-
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YCHHBIC JId paGOTBI B OHGpaTHBHOﬁ naMsATH, 0azbl JaHHBIX [JI9 XpaHEHHWs JaHHBbIX Bpe-
MEHHBIX pAAOB, U COTHU APYTHUX.

XapakTepHbli TpeH]| Ha OJvkaliliee Oyyiiee, BO3MOXKHO, elle He 0(hopMUIICS, TTIO3TOMY
MoKa OrpaHuYrMcs Juib coobmenrem o cymectBoBannu CYBJ[ NoSQL, 4ToOsl OBITH
B Kypce O TaKOM CIOcO0e XpaHEHUs IaHHbBIX.

Ana panbHeuwero nsy4yeHus

¢

Tewm, komy HyxHa pensunonHas CYB/I, coobmaro HeCKOJIbKO BapHaHTOB, KOTOPbIE
JOCTYMHBI 7Sl ckauuBaHus: Obictpas ¥ MmuHuaTiopHas CYBJ[ SQLite (http://
www.sqlite.org/), Gonee kpymHbie u ¢ OoyibliuM HaGopoM xapaktepuctuk CYB]]
MySQL (http://www.mysql.com/) u PostgreSQL (https://www.postgresql.org/). Bce
OHU OecrIaTHbIC W pacroiaratoT OOIUPHON TOKYMEHTAIEH.

Tewm, kto >xemaer 3aHsAThcs uccnenoBanneM CYBJ[ NoSQL, mydme Bcero HavaTth
¢ mpoctoit MongoDB (https://www.mongodb.com/), koTopast MOXeT cTaTh Kak 0Jia-
rOCJIOBEHUEM, TaK U CBOEro poja npokistueM. Kpome Toro, oHa pacrnojaraet q0cta-
TOYHO XOpOLUEH TOKYMEHTalKEeH.

Crarbs B Bukunenuu, nocesiennas CYBJ] NoSQL (https://en.wikipedia.org/wiki/
NoSQL), nouty HaBepHsKa ceiuac COJEPKHUT CChUIKM Ha CHCTEMBI yIpaBiieHus 0aza-
MU JTaHHBIX, KOTOpPBIE JJa’ke He CYIIeCTBOBAJIM HA MOMEHT HalMCaHWs 3TOH KHUTH.



NMABA 24

PacnpepneneHHble BbIYUCNEHUA
MapReduce

Bynyiuee yxe Hactynuio. [Ipocto OHO ele He pacrpeiesieHo
PaBHOMEPHO.

Vunesam Tubcon’

MapReduce — 3T0 Mozenb mporpaMMHpoOBaHMs IJisl BBIOJHEHMs NapaijiebHoi obpa-
00TKM OonbLIMX HAOOpOB JaHHBIX. HecMoTps Ha To, YTO OHa MpeAcTaBiseT coOOH MoL-
HYIO TeXHOJIOTHIO, €& OCHOBAHMS JOCTaTOYHO TPOCTHI.

[IpeacraBum, 4TO UMeETCs COBOKYMHOCTb 3JIEMEHTOB, KOTOpbIE Kak-TO TpeOyercs: obpa-
6otatb. Hanpumep, snemMeHTaMH MOTYT OBITh XKypHAJIbl CaiTa, TEKCThl pa3IMYHbIX KHUT,
Gaiinbl n3o0pakeHuid UK 4To-HUOYAB eie. bazoBas Bepcus anropurma MapReduce co-
CTOMT U3 CJIEAYIOLIMX IaroB:

1. IlpumeHuTh QYyHKUMIO TpaHchOpMaLMU mapper AJS MpeoOpa3oBaHUs KaXIOro die-
MeHTa B HOJIb WK Oosee map B Gpopmate "kimrou-3HaueHue". (Ecnu ObITh TOUHBIM, dTa
(GyHKIMS Ha3bIBaeTcs map, OAHAKO B Python yke ecTb QyHKUHMS ¢ TaKUM Ha3BaHHEM,
Y 4TOOBI HE CMELMBATH J1BA MIOHSTHS, BO3bMEM 32 OCHOBY IEPBOE. )

2. CoOpatb BMecTe Bce Mapbl ¢ OMMHAKOBBIMHU KITFOUYaMH.

3. Hcnonp3oBaTh (yHKLUMIO CBEPTKU reducer K KaKIOW COBOKYMHOCTH CrpyNIMpPOBaH-
HBIX 3HAYEHWH UIs CO3JaHMs pe3yJbTUPYIOUIMX 3HAYeHHWH IS COOTBETCTBYIOLLErO
KJIIoYa.

Bce 9T0 BBITISAMT abCTpakTHO, MOATOMY 0OpaTUMCs K KOHKpETHOMY Mpumepy. B Hayke
0 JaHHBIX CYLIECTBYET HECKOJbKO aOCOSIOTHBIX MPaBHUJ, U OAHO M3 HMUX 3aKJIHOYAETCs
B TOM, 4TO MEpBbIi mpuMep padboTsl anropurmMa MapReduce nomkeH ObITh CBS3aH ¢ MOJ-
CYETOM YaCTOTHOCTH CJIOB.

MpuMep: noacYeT YaCTOTHOCTYU CIIOB

ConmanbHas cets DataSciencester BeIpociia 10 MUJIJTHOHOB ToJIb30Bareneii! Benmkonen-
Has rapaHTHsi 00ecrieueHHOCTH PabOTOM, Mpap/ia, STO HECKOJIBKO OCJIOKHSET BBITIOIHE-
HUE PYTUHHBIX 0053aHHOCTEH MO aHAU3y JaHHbBIX.

K nmpumepy, TUpeKTOp MO KOHTEHTY XOTell Obl 3HaTh, O YeM JIFOJU MUINYT B CBOUX IO-
CTax, pa3MellaeMbIX B JIeHTe HOBocTeil (status update). B kauecTBe mepBoii MOMBITKK BbI

" Vunpam ®opx I'mbcon (1948) — amepuxanckuii nucarenb-pantact. CUMTAeTCs OCHOBAaTENEM CTHILS
KuOEpTaHK, OMpE/IEUBIIEro kaHpoBoe Juilo juteparypbl 1980-x rr. (cM. https://ru.wikipedia.org/wiki/
I'ubcon, Yuawbsim). — [lpum. nep.
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pemaeTe noacuYruTaThb CJI0Ba, KOTOPLIE BCTPEYAIOTCA B MOCTAX, YTOOBI NoATOTOBHUTL OTYET
0 HauboJIee JacTo ynOTpe6ﬂHeMBIX CJIOBax.

HpI/I HaJIM4YMHU HECKOJIBKMX COTEH IMOJb30BaTeNEN 3TO CAeIaTh HECIOKHO:

# momcuer yacTOTHOCTHM CJIOB (CTapas BEPCHUAI)
def word count old(documents) :
""'noncyeT YaCTOTHOCTHM CJIOB 6e3 MCIOJIB30BaHMA TexHoJiormy MapReduce""
return Counter (word
for document in documents
for word in tokenize (document))

Ho korma nonb3oBaTeneidl — MUWIIMOHBL, COBOKYIHOCTb JOKYMEHTOB documents (IIOCTBI
B JICHTE HOBOCTEH) HEOXKHMIAHHO CTAHOBUTCS CIIMIIKOM OOJIBIIOHN, YTOOBI TOMECTUTHCS Ha
oJIHOM KomrbtoTepe. Eciiu Obl yaanock Kak-To pa3MecTuTh ux B Mojenu MapReduce, To
MOYKHO ObUIO OBl BOCTIOJIB30BATHCS DJIEMEHTAaMH MH(PACTPYKTYphl "OOJBIIMX JAaHHBIX",
KOTOPYIO peaan30Baiy Ballld MHXESHEPBbI.

Bo-nepBbix, notpedyercss GyHKUHMS, KOTOpas NMpeBpaliaeT AOKYMEHT B MOCJeAO0BaTelNb-
HOCTh map "Kioy-3HaueHue" (Ha3oBeM 3Ty (yHKUHMIO npoekTtopoM). [Ipu 3ToM BeIXOAS-
IIMe 3HAYeHMS JOJDKHBI OBITH CrpYNIMPOBAaHBI MO CIOBY, M, CIEIOBaTEJIbHO, KIFOUU
OyayT cioBamu. U mpu mosiBieHUH Ka)KaA0ro ciioBa OyaeT reHepupoBatbes 1, o6o3Hauas,
YTO 3Ta Mapa COOTBETCTBYET OJHOMY BXO>KIEHHMIO CJIOBA B TEKCT:

# mpoexkTop wm QyHKIMS TpaHCpopMmaly Ha sTane Map
def wc mapper (document) :
"""nag KaXgoro CJoOBa B AOOKYMEHTe, I'eHepmpoBaTh (cjoBo,1)"""
for word in tokenize (document) :
yield (word, 1)

Ha Bpems mpomyckas "MexaHUKY" peaivzalyu 2-ro 3Tamna, npeAcTaBUM, YTO IS HEKO-
TOpOro cjioBa coOpaH CIMCOK U3 eAUHUL. Toraa Ass NnoylyueHus CyMMBbl YMCe ISl 3TOro
CJIOBA BCETO JIMIIb HY>)KHO UX MPOCYMMHPOBATh B (DYHKILIMH CBEPTKH (Ha30BeM 3Ty (DyHK-
LU0 PEIYKTOPOM):

# penyxTop wm QyHKLMS CBEPTKM Ha sTane Reduce
def wc reducer (word, counts):

"oy MMBpOBaTE unciia Ajs caosa """

yield (word, sum(counts))

Bepnemcs ko 2-My sramy. Tenepb Heo0XoInMmMo C06paTB pe3ynbTaThl paGOTBI TMPOEKTOpa
wc_mapper M MI€peaaTb UX B PEAYKTOP wc reducer. HonyMaeM, KaK 3TO MOXXHO CH€/aTh,
HCIMOJIb3Y4 JIMIIb OJUH KOMIIBIOTEP:

# noncuer yacToT CJIOB
def word count (documents) :
"""rogcunTaTh CJIOBa BO BXOOAIMX OOKYMeHTax Hpy nomomy MapReduce'""

# MecTo IS XpaHEHMS CIPYNIMPOBAHHEX SHAYEHMI
collector = defaultdict (list)
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for document in documents:
for word, count in wc mapper (document) :
collector[word] .append (count)

return [output
for word, counts in collector.iteritems()

for output in wc reducer (word, counts)]

[TycTh uMeeTcs TpU JOKYMEHTA ["data science”, "big data", "science fiction"].

Torma mpoekTop wc mapper, MPUMEHEHHBIH K MEPBOMY HOKYMEHTY, BEPHET IBE Maphbl
("data", 1) M ("science", 1). Ilocnme mpoBepkH BceX TpeX IOKYMEHTOB, MepeMeHHas
collector OyaeT coepkKarh Cleayrolee:

{ "data" : [1, 1],
"science" : [1, 1],
"pbig" : [1],
"fiction" : [1] }

3areM penyKTop we_reducer CTEHEPUPYET UTOTOBYIO YAaCTOTY KaXKIOTO CJIOBA:

[("data", 2), ("science", 2), ("big", 1), ("fiction", 1)]

Noyemy MapReduce?

Kak yxe ynoMmuHamoch paHee, OCHOBHOE NpeuMmyllecTBo TexHojorun MapReduce 3a-
KJIIO4aeTcs B TOM, YTO OHA MO3BOJIAET pacrpeneiiTh BbIUMCIEHUS MyTeM MepeMelleH s
00paboTKku B cTopoHy AaHHbIX. [IpeactaBum, uro npunoxenue wordcount MoaCUMTHIBAET
YaCTOTHOCTH CJIOB B MUJIJIMAPJaX 1OKYMEHTOB.

[lepBoHauaneHbIi oAXxo. (Oe3 mpuMeHeHus: TexHosiorud MapReduce) Tpebyet, 4ToObI
KOMITBIOTEP BBITIOIHAT 00paboTKy, MMes AOCTYII K JIIoOoMy ToKyMeHTy. CiienoBaTesbHo,
BCE JIOKYMEHTBI JOJDKHBI JTMOO pacrosiaraTteCsi Ha TOM kK€ KOMITbIoTepe, b0 mepena-
BaTbcsd eMy BO Bpemsi obpabotku. M mpu stom, uto mpencrasisiercss Oojiee BaXKHbBIM,
KOMIBIOTEP CrocoOeH o0pabaThiBaTh TOJBKO MO OAHOMY JOKYMEHTY 3a OJUH MOMEHT
BpEMEHH.

Bo3moxHO Jaxe, UTo OH cMoxeT obpabaTbiBaTh A0 HECKOMbKMX JOKYMEHTOB OLHOBpE-
MEHHO, ECIn Y Hero HEeCKOIbKO siiep M ecrnv nepenucaTb Kof, YTo6bl BOCMONb30BaTLCS
umu. Ho faxke B 3TOM crnyyYae BCE [OKYMEHTbl BCE PaBHO JOMKHbI GOblTb 0OCMaesnieHb!
K 9TOMY KOMMbIOTEPY.

Teneprs npeactaBuM, 4TO 3TU MUUIMAPAbl JOKYMEHTOB pacnpenenensl mexay 100 kom-
nbetoTepoB. [Ipy HamMuuKM npaBuiIbHONW MHAPACTPYKTYPHI (M YMOJIUaB O HEKOTOPBIX MOJ-
POOHOCTAX) MOXKHO caenaTh Clleaytollee:

4 Ha K&KIOM KOMIIbIOTEpE MPOrHaTh AOKYMEHTBI Yepe3 MPOEKTOp ¢ LEJbI0 MOTyUYEeHHUs
MHOJKECTBa Map B opmare "Kintod-3HaueHue'";

4 pacnpenesuTh 3TH NMapbl CPEAM OMPEAETICHHOrO Yucia PeayKTOPOB UM "'CBEPThIBaIO-
mMx" KOMIMBIOTEPOB, Clels 3a TeM, YTOObl BCe Mapbl, COOTBETCTBYIOLLUE JIIOOOMY
KOHKPETHOMY KJIIOUY, OCTaBaJIUCh Ha OTHOM KOMITBIOTEPE;
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4 Ha KOKIOM peIyKTOpe BbIMOJHWTH IPYIIMPOBKY Map MO KJIOYY M 3aTeM MPOrHaTh
4epe3 peayKTOp Kak10e NOAMHOKECTBO 3HaAUSHUH;

4 BepHyTb napel B popmare "KIF04 — BBIXOJIHbIE JaHHbIE" .

Camoe ynuBUTEIbHOE 3aKIIOYaeTcs B TOM, YTO 3TOT METOJ MaclTabupyeTcs Mo ropu-
30HTa/M. ECITM yABOMTH KOJIMYECTBO KOMITBIOTEPOB, TO (UTHOPUPYS ONpeaeseHHbIe (HK-
CHpOBaHHBIE 3aTpaThl Ha paboTy cuctembl MapReduce) BBIYMCIICHUS TOJDKHBI BBITON-
HSTbCS MPUMEPHO B /iBa pa3a ObicTpee. Kaxablii KOMIIBIOTEpP ¢ MPOEKTOPOM JOJKeH Oy-
JET BBINOJIHUTH TOJNBKO MOJIOBUHY padoThl, U (Mpeanoaras, YTo YHUKAJIbHBIX KIIOUeH
JUId JalibHeHIuero pacnpeneieHus paboTbl CpeAd peayKTOpPOB UMEEeTCs B JA0CTaTOYHOM
KOJIMYECTBE) TO 5K€ CaMOe OTHOCHUTCS K KOMITIBIOTEpaM ¢ peAyKTOPOM.

MapReduce B 6onee ob6wen peanmsauum

Ecnu noaymaTtb, TO BECb 3aBUCUMBIM KO JUISl BBITIOJIHEHHS MOACYETA KOJIMYECTBA BXOK-
JIEHUI YHUKaJIbHBIX CJIOB (YaCTOTHOCTEH CIIOB) B MpeAbLAYIIEeM IMPUMepe COIAepHKUTCS
B beHKI_II/IHX wC_mapper M wc_reducer. H03TOMy rapa U3MEHEHHUH JaCT HAMHOI'O Oonee 00-
IO peaiu3alyio (KoTopas mo-npexHeMy OyIeT BBIMOJHATHCSA Ha OJJHOM KOMITBIOTEpPE):

def map reduce (inputs, mapper, reducer):
"""momveHger MapReduce KO BXOAAIMM IAaHHEM, MCIOJIB3YS
poeKTop mapper u penykrop reducer"""
collector = defaultdict (list)

for input in inputs:
for key, value in mapper (input) :
collector[key] .append (value)

return [output
for key, values in collector.iteritems()
for output in reducer (key,values) ]

M 3aTeM MOKHO TTOACYNTATH YaCTOTHI CJIOB TaK:

word counts = map reduce (documents, wc mapper, wc_reducer)
Takas peanusarysi mpenoCcTapisieT TMOKOCTh NIPU PELIeHNH MIMPOKOTO CIIEKTpa 3aad.

[Ipexxne yeM NMpPOAOIKUTD, 3aMETUM, YTO (DYHKLIMS CBEPTKH wc_reducer BCErO JIMIIbL CyM-
MUpYeT 3HaueHHs, COOTBETCTBYIOUIME KaKAOMY Kiouy. OT 3TOro pacnpocTpaHEeHHOTO
BUJIa arperalyyd MO>KHO abCcTparupoBaThCs:

# CBEpHYTH BHaYeHWs, VCIOJB3YS QYHKIMO arperanym

def reduce values using(aggregation fn, key, values):
"""cpopaunuBaeT napy 'kimoy-3HaveHme', HpuMeHSS
arpervpyomylo QyHKIMO aggregation fn x sHaueHmam"""
yield (key, aggregation fn(values))

# OyHKIMST CBEPTKM BHAYECHWUI
def values reducer (aggregation fn):
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"""peBpamaeT QYHKLMIO (3HaYeHMs -> BEIXOA) B QyHKOMIO CBEPTKyM reducer,
KoTOpas mpeobpasyer (kJod, BHauveHue) -> (kjoy, Bexoz) """
return partial (reduce values using, aggregation fn)

Ternepp 1erK0 MOKHO CO3/1aTh PEAYKTOP C arperupyrommmMu GyHKIUSIMU:

sum reducer = values reducer (sum)
max reducer = values reducer (max)
min reducer = values reducer (min)
count distinct reducer = values reducer (lambda values: len(set(values)))

AT. O

NMpumep: aHann3 o6HOBJIEHUWN NIEHTbI HOBOCTEUN

JlMpexTopa Mo KOHTEHTY BMEYaTIWJ OTYET O YaCTOTHOCTHU YMOTpeOsleHuil cJIOB, U OH
MHTEPECYeTCsl, UTO elle MOXKHO Y3HaTb U3 OOHOBJIEHHH JIEHThl HOBOCTeH? Bam ynanochb
u3BJIeub HA0OP OOHOBJICHHH, KOTOPBIH BRIIAASAT MPUMEPHO TaK:

{"id": 1,

"username" : "joelgrus",

"text" : "Is anyone interested in a data science book?",
"created at" : datetime.datetime (2013, 12, 21, 11, 47, 0),
"liked by" : ["data guy", "data gal", "mike"] }

HonyctuM, He0OXOAMMO BBISCHUTb, B KaKOW AEHb HEIeNd MOJb30BaTeNd TOBOPST O Ha-
YK€ O AaHHBIX Yaie Bcero. s Toro 4toObl y3HaTh 3TO, MPOCTO MOACUMTAEM, CKOJIBKO
B K&K/bIi 1eHb HeJeNn Aenajock OOHOBJIEHHWH, MOCBSILIEHHBIX HAyKe O AaHHbIX. MHBIMU
CJIOBaMH, MOTpedyeTcs CrpyniupoBaTh JaHHbIE 110 AHIO HEJEH, KOTOpbId U OyaeT Kiito-
yom. U ecnm a7t Kaskaoro 0OHOBJIEHUs, B KOTOPOM COACPIKUTCS MOHATHE "Hayka O JlaH-
HBIX", TeHepHUpOBaTh |, TO PH NMOMOIIN (PYHKLIMM CYMMHPOBAHHS sum MOXKHO TIOJyYHTh
WUTOrOBOE YHCIJIO YIIOMUHAHUH 3TOTO MOHATHSL:

# mpoexTop Asd uMcja YTIOMMHAHMY TEPMMHA HAyKV O Ja@HHEBIX
def data science day mapper (status update) :
"""nua [gHA Henmes BosBpamaer (day of week, 1), ecim
obHoBJIeHMe JIeHTE status update conepsmr "data science" """
if "data science" in status update["text"].lower():
day of week = status update["created at"].weekday ()
yield (day of week, 1)

# Omi, Korma yHOMMHAJIACh HAayKa O IAHHEIX

data science days = map reduce (status updates,
data science day mapper,
sum reducer)

Bo3bmem Gosiee CIIOKHBIN MPUMEP U IOMYCTHUM, YTO MO KaXKAOMY IMOJIb30BATEINO HY>KHO
BBISICHUTH CJIOBO, KOTOPOE OH MCIOJB3yeT Haubojiee 4acTo B CBOMX OOHOBJICHHUSIX JICHTHI
HoBocTel. Ha yM npuxoasT Tpu BO3MOKHBIX MOAX0/1a K pean3alyy MPoeKTopa mapper:
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¢ pasMECTUTL UMs TTOJIB30BAaTENIA B KIIHOUE; Pa3MECTUTD CJIOBA U CHETYUKHU B 3HAUCHUAX

4 pa3MecTUTh CJIOBO B KITIOYE; pa3MEeCTUTh UMEHa TOJIhb30BaTesIeii U CUSTUMKH B 3Haue-
HHUSIX;

¢ pasMECTUTL UMs TTOJIL30BATENIA U CJIOBO B KJIIHOYE; pa3MECTUTH CUHETUYUKHU B 3HAUCHUAX.

Ecnu mopa3MblciuTb, TO OMpeAeseHHO JIydlle FpyNnupoBaTh MO WMEHH MOJIb30BaTeNs
username, MIOTOMY YTO HY>KHO paccMaTpuBaThb OTIEJIBHO Kaxkaoe cioBo. M mpu sTom He
CTOWT TPYNITUPOBATH MO CIIOBY word, MOCKOJBKY, YTOOBI BBISCHUTh, KaKHE CIIOBAa CaMble
NomnyJsipHble, QYHKIMA-PEAYKTOP reducer JOJKEH BUAETH BCE CIIOBA MO KAKAOMY Yeso-
Beky. Crie0BaTesIbHO, MEpBbIil BAPUAHT B CIIMCKE SIBIISETCS MPaBUIIbHbBIM:

# MPOEKTOP CJIOB OJHOT'O MOJIB30BaTENA
def words per user mapper (status update):
user = status update["username"]
for word in tokenize(status update["text"]):
yield (user, (word, 1))

# penykTop I4id ompeneyieHvs HamboJiee NONYJISPHEIX CJIOB
def most popular word reducer (user, words and counts):
"""y 3a[aHHOM NOCJENOBaTeNbLHOCTH Hap (CJOBO, YacToTa)

BEPHYTH CJIOBO C HAVBEICIIEN MTOI'OBOM yacToron"""

word_counts = Counter ()
for word, count in words and counts:
word counts[word] += count

word, count = word counts.most common (1) [0]
yield (user, (word, count))

user words = map reduce (status updates,
words_per user mapper,
most popular word reducer)

Kak BapuaHT, Mo Kax1oMy MOJb30BaTENI0 MOXKHO BBIICHUTH YMCIO APYIMX MOJIb30Ba-
TeJsIel, KOTOPbIM HPABATCs €ro OOHOBJIEHUSI HOBOCTHOM JIEHTBI:

# mpoexTOop 4 mopcyYeTa I'OJIOCOB B IOJB3Y HOBOCTHOI'O OOHOBJIEHVS
def liker mapper (status update) :
user = status update["username"]
for liker in status update["liked by"]:
yield (user, liker)

distinct likers per user = map reduce (status updates,
liker mapper,
count distinct reducer)
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Mpumep: yMHOXeHMe MaTpuL

BenomuuM w3 pazo. "Vmmoowcenue mampuy" enaser 21, 4T0 Npu HaAJIMYUM MaTpULbl A
pa3Mepa mxn W MaTpulpl B pasmepa nxk MOMXKHO UX YMHOXHTb W MOJYUYUTh MaTpH-
uny C pazmepa m x k, rae sanemeHT MaTpuubl C B CTpoKe i ¥ cTONOLE j 3a1aeTcs Tak:

¢, =ayb, +a,b,, +..+a,b

n~nj*

Kak Obuto MoOka3zaHo paHee, "ecTeCTBEHHBIM" CHOCOOOM MpPEJCTABICHUS MATPUIIBI pa3-
Mepa mXn S[BISAETCA CIIUCOK CITUCKOB, TJ€ 3JIEMEHT 4 SABJIAETCA j-M DJIEMEHTOM i-Io
CIIMCKA.

O,I[HaKO OoubLINE MaTpulbl HHOrAa OBIBArOT pa3speKEHHbIMU, W BCJIEACTBUE 3TOTO,
OOJIBIIMHCTBO WX DIIEMEHTOB paBHBI HyIO. [ OoMbIIMX pa3pexeHHBIX MAaTpHIL Mpej-
CTaBJICHUE B BUJEC CIIMCKOB CIIMCKOB MOKET CTaThb OYC€Hb PACTOYHUTEC/IbHLIM. bonee xoMm-
MAaKTHBIM MPEACTABIEHUEM SIBJIAETCS CIMCOK KOPTEXKEN (name, i, j, value), A€ UM name
WICHTUQHLIMPYET MaTpPUILy, a i, j, YKa3plBaeT HA MECTOIOJIOKEHUE ¢ HEHYJIEBBIM 3Haue-
HUEM value.

Hanpumep, matpuua pasmepa MuWuIMapd Ha MUIMAPA UMEET KGUHMUIIUOH 3alrcei,
KOTOpBbIe ObLTO OBl HEMPOCTO XPaHWTh Ha KoMmmbioTepe. Ho ecnu B Kakao# cTpoke nme-
€TCsl JINLIb HECKOJIBKO HEHYJIEBBIX 3JIEMEHTOB, TO JJaHHOE aJIbTEPHATHBHOE TMpe/CTaBIIe-
HUe 3aiiMeT HaMHOTO MOPSAAKOB MEHbLIE MecTa.

[Tpn TakoM mpeacTaBIeHUH MOXKHO BOCTIONB30BaThesl TexHosorneir MapReduce muist BbI-
TMOJTHEHUS] YMHOXEHHSI MaTpHLL B pacripesielIeHHOi cperie.

B o6ocHoBaHue anroputMa cieayeT oOpaTUTh BHUIMaHUE Ha TO, YTO KaX/blil SIEMEHT a;
UCTIONIb3YETCS TONBKO ISl BBIYMCIICHUS 3JIeMeHTOB MaTpuipl C B CTpoKe 7, a KakIblit
3JIeMEHT b; — a7 BbIUMCIIEHUs 37eMeHToB MaTpHlbl C B cronbue j. 3agaya cocTOUT
B TOM, YTOOBI K&KABII pe3ylbTaT peAyKTOpa reducer SBJISUICS €JUHCTBEHHOM 3amMChbIO
B Matpuue C, M, cieqoBaTesbHO, MOHATOOMTCS, YTOOBI MPOEKTOP mapper T'€HEPHPOBAI
KJIIOUM, COBMAJAoLIMe C eUHCTBEHHOH 3amuchio B C. DTo mpeamnosaraer cieayoLyro
peanm3auuio:

# MPOEKTOp IJIA YMHOXEHVS MaTDWL]
def matrix multiply mapper (m, element):
""m — 5T0 Oofmas pa’3MEPHOCTH (CTONOLE A, CTPOkM B)
BJIEMEHT - B5TO KOpPTeX (MMA MaTpwisl matrix name, i, 7,
3HaueHne value) """
name, i, j, value = element

if name == "A":
# A ij - sr0 j-7 Bamuce B cymme ang kaxmoro C ik, k=I1..m
for k in range(m):
# rpynmpoBka C mpyTvi 3amicamy oig C ik
yield((i, k), (j, value))
else:
# B 1j — 270 i-4 3amuck B cymme And kaxgoro C kj
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for k in range (m):
# rpynmMpoBka c ApyTviMy 3amicam g C kj
yield((k, 3), (i, value))

# penykTop IS YMHOXEHMS MaTOWI]
def matrix multiply reducer(m, key, indexed values):
results by index = defaultdict (list)
for index, value in indexed values:
results by index[index].append (value)

# CyMMMpOBATH BCE MNPOM3BENEHMS NO3UIMN C ABYMS PE3YJIbTaTaMA
sum product = sum(results[0] * results[1]
for results in results by index.values()
if len(results) == 2)

if sum product != 0.0:
yield (key, sum product)

HaanMep, €CJIM UMCHOTCA ABE MaTpULIbIL:

A= [[3, 2, 0],
(0, 0, 0]]
B = [[4, _17 O]r
(10, 0, 01,
(0, 0, 0]

TO UX MOKHO NE€penurcaTb B BUAC KOpTe)Keﬁ:
entries = [("A", 0, 0, 3), ("A", 0, 1, 2),
("8", 0, 0, 4), ("B", 0, 1, -1), ("B", 1, 0, 10)]
mapper = partial (matrix multiply mapper, 3)
reducer = partial (matrix multiply reducer, 3)

map reduce (entries, mapper, reducer) # [((0, 1), -3), ((0, 0), 32)]

Takast peanusais He BbI3bIBa€T 0COOOr0 MHTEpeca Ha HEOOJBIINX MaTpHIAX, HO MpPH
HAJIMYUW MUJUTUOHOB CTPOK M CTOJIOIIOB OHA OYJeT Lieiecoo0pa3HoM.

Pemapka: cymmaTopbl

BaymuuBebIii unTaTenb, HaBepHOE, Y>ke 0OpaTHiI BHUMaHHWE Ha TO, YTO MHOTHE (YHKLIHH
MPOEKLMH mapper, MO-BUAMMOMY, COAEPKaT M3JUILIHION MHpopMaumo. Hanpumep, npu
MoJicyeTe YacTOTHOCTEH CJIOB BMECTO F€HEPUPOBAHUA Map (word, 1) M CyMMHPOBaHMS MX
3HaYeHU MOXKHO T€HEpUPOBATh Maphbl (word, None) W MPOCTO OpaTh MX THHY.

[TprunHa, moyeMy 3TOro He OBIIO CAENaHO, 3aKII0YaeTCs B TOM, YTO B paclpeesleHHOM
cpelle MHOTJa WCIIONB3YIOTCS cymmamopsl (combiners), KOTOpble yMEHBLIAIOT 00BbeM
JaHHBIX, NepeaBaeMbIX OT KOMIMbIOTEpa K KoMmMbloTepy. Eciau oguH U3 KOMMBIOTEPOB
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¢ NpOoeKTOpoM BUAMT cjioBo "manHble" 500 pa3, To mepen nepenauvei pesyiabTaTa KOMIb-
I0TEpY C PEAYKTOPOM OH MOXKeT 00benuHUTh 500 map ("data", 1) B OJIHY Mapy ("data",
500). DTO MPUBOAMT K ropaz[i0 MEHbLIeMY 00beMy MepeMelIaeMbIX AaHHBIX, YTO MOXKET
cZesaTh aJiTOPUTM CYLIECTBEHHO ObICTpee.

Peanu3zoBaHHBIi BbILIE PeayKTOp MO3BOJISET 00padbaThIBaTh 3TH OOBEIMHEHHBIE TaHHBIS
npaBwibHO. (Ecin Hanucate ee npu nomomy ¢GyHKLMH len, TO 3TOTO HE MOSYUYUTCS.)

Ana npanbHeuwero usy4yeHus

¢

HaubGonee mmpoko ucnosnb3yeMoil cuctemoil Ha ocHoBe TexHosnorun MapReduce
sensiercss Hadoop (http://hadoop.apache.org/), kotopas cama mno cebe moctoiiHa
mHorux kaur. C Hadoop cBsi3aHbl camble pa3Hble KOMMEpYECKHe 1 HEKOMMepUecKHe
JUCTPUOYTUBBI M OTPOMHAst IKOCUCTEMA MHCTPYMEHTOB.

Jl1st Toro uToOBI €10 BOCIIONB30BATHCS, HEOOXOAMMO CO31aTh COOCTBEHHBIH Kiacmep
(MM HaWTH MOCTaBIIMKA, YTOOBI MCMONB30BaTh MpeaaraeMble UM KilacTepbl), YTO He
o0s3aTeNIbHO sABJsieTCsl 3afaueil A HecnaOoHepBHBIX. [IpoekTopel M pemyKTOphI
Hadoop uaie Bcero Hammcanbl Ha Java, XOTs CyIIeCTBYeT MEXaHHW3M, U3BECTHBIN Kak
"morokoBas nepenada Hadoop", KOTOpbIii MO3BOJIIET MUCATh WX HA JPYTHUX S3bIKAX
(B TOM uncie Ha Python).

Amazon.com nipearaeT BeO-cepeuc Elastic MapReduce (https://aws.amazon.com/
ru/emr/), KOTOpBI MO3BOJISET MPOrPaMMHO CO3/1aBaTh W YHUUTOXATh KJACTEPHI,
B3UMasl TUIATy TOJBKO 3a KOJIMYECTBO BPEMEHH, B T€YEHHE KOTOPOrO OHU HCIONb3Y-
FOTCA.

mrjob (https://github.com/Yelp/mrjob) — 510 naker na Python ans B3aumoneiict-
Bus ¢ Hadoop (unu ¢ Elastic MapReduce oT Amazon.com).

INaketnsie 3ananns Hadoop, kak mpaBuiio, MMEIOT BBICOKYIO JIATEHTHOCTh M TIOATOMY
TUI0XO MOAXOJAT IS aHalIK3a JaHHbIX B pealbHOM BpeMeHH. Bripouem, ecTb paznuu-
Hble MHCTPYMEHTHI 17151 paboThl B "peallbHOM BpeMeHH', KOTOpbie pa3paboTaHbl Mo-
Bepx Hadoop. Kpome Toro, mosiBHUiIOCh HECKOJIBKO albTEPHATHBHBIX Cpell, KOTOpbIe
CTaHOBATCA Bce Oosiee momysipHeIMU. JIBymMsi Hanbosiee Moy IsipHbIMU W3 HUX SIBJIS-
totcs Spark (http://spark.apache.org/) u Storm (http://storm.apache.org/).

C ydeToM CKa3aHHOTO CTaHOBHTCS TMOHATHO, YTO B OjipkaiineM Oymyliem, BITOJTHE
BO3MOXKHO, TIPUOOPETYT 371000IHEBHOCTh HEKOTOphIE CBEXKHE PacIpe/esIeHHbIe CHC-
TeMbl 00pabOTKM JaHHBIX, KOTOphIE ellle He CYIECTBOBAJIM Ha MOMEHT HalHCaHUs
5T0# KHUTH. UX MOKHO OTBICKATh CAaMOCTOSATEITHLHO.
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Uoute
M 3aMMUTEeCb aHaAlIMTUKOU

U ceifuac, B o4yepe[HOI pa3, sl MPUITIAAID MOE YXKACHOE
MOTOMCTBO M/TH BIIEPE/l U MPOLBETATb.

Mopu Hlennu'

Kyna npuratbes manpine? Ecnu mpeanonoxknTh, YTO 3Ta KHATA He OTITYyrHyJa YATaTelIs
OT HayKH O JAHHBIX, TO XOUETCS OTMETUTh P/l TeM, C KOTOPbIMHU CJICAYEeT O3HAKOMUTHCS
B CIIEAYIOLLYIO Ouepeab.

UHTepakTuBHaa obonoyka IPython

WnurepaktiBHas obosnouka [Python (http://ipython.org/) yxe paHee ymnoMHHallach
B kHMre. OHa obecrieurBaeT ropasfo OONBIINKA (YHKIMOHAN, YeM CTaHIapTHas cpena
Python, a takxe nobasnser "BonmeOHble" (hyHKUMH, KOTOPBIE MO3BONAIOT (TOMUMO BCe-
ro MPOYero) Jerko KOMWpoBaTh U BCTaBIIATH KOJ (UYTO B OOBIYHBIX YCIIOBHSX OCIOXKHSET-
Csl COUeTaHMEM ITyCTBIX CTPOK U MPOOETBbHBIX CUMBOJIOB ()OPMATHPOBAHUS) M BBITTOJTHATH
CKPMIITBI U3 000JIOUKH.

Ocgoenne [Python HamHoOro ympoctut padoty. (DTOro MOXKHO JOOWThCS, 3HAsT BCErO
JIMLIB HECKOJILKO 3JIEMEHTOB MHTepdeiica odbonouku [Python.)

Kpome Ttoro, sra cpena mo3BoJisieT co3/aBaTh '3alHMCHbIE KHWKKH', O00BEIUHSIONINE
TEKCT, KUBOW NMUTOHOBCKHI KOJ M BH3YaIM3allMH, KOTOPBIMH MOXXHO NEJUTHCS C ApY-
TUMU JIFOJIbMU WJIW MIPOCTO AEp>KaTh MO PYKOW B BUJE JHEBHHUKA C 3aMUCIMHU O TOM, YTO
6bL10 caenaHo (puc. 25.1)%

! Mapn Ilenm (1797-1851) — aHrnmiickas MMcaTeNbHAIA, aBTOP poMaHa "MpaHKEHIITEH, UK COBPEMEH-
Hblit [Ipomereit” (cm. https://ru.wikipedia.org/wiki/llleaau, Mapu). — lpum. nep.

? 3anucHas kHmKKa IPython — 910 BeG-TpUIIOKEHME, IPEIHAZHAYEHHOE [l MHTEPAKTHBHOIO BBIIOIHEHUS
IPaMOTHBIX BBIYHCICHU, B KOTOPBIX COBMEIIEHBI MOSCHATEIBHBIN TEKCT, MAaTEMAaTUIECKHUE BBIKJIAIKH, BBI-
YHCIICHUS! U MyJIBTUMEINIHHOE CONPOBOX/ICHNE. BXOISIINE U BEIXOASIINE NAHHBIE XPAHSITCS B MOCTOSHHBIX
srgeifkax, KOTOPBIE MOTYT PEJakTUPOBATHECS Ha MecTe. [IpocThie TeKCTOBBIE TOKYMEHTHI, HA3bIBAEMBIE 3aITHC-
HBIMU KHIDKKaMH, CIyXKaT IJIsl 3allUCH W PAcIpOCTPaHEHHs pe3ylbTaToB OOraTelX BEMHCICHHUiL. Tenepn
[Python Bxoxut B coctaB npunoxenus Jupyter Notebook App (http://jupyter.org/), o0beannsomero 6oee
40 s3bIkOB TporpaMMupoBanus. [IpuMepbl UCIIONB30BaHUS TIPUIIOKEHHUSI: OYUCTKA U TIpeoOpa3oBaHue JlaH-
HBIX, YUCJICHHOE U CTATUCTUYECKOE MOJICIMPOBAHUE, MAIIMHHOE 00y4YeHUE U MHOT0€ Apyroe. — [Ipum. nep.
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In [1]: |import csv

Here's where we read from the file:

In [2]: |with open(r"c:\src\data-science-from-scratch\code\stocks.txt", "rb") as f:
reader = csv.DictReader(f, delimiter="%t')
data = [row for row in reader

What does this data look like?

In [3]: print data[®]

{'date’: '2015-81-23', 'symbol': 'AAPL', 'closing price’': '112.98'}

Now we can Tind the maximum price for AAPL stock using a list comprehension:

In [4]: |print max(row["closing price”] for row in data if row["symbol™] == "AAPL")

99.68

Puc. 25.1. 3anucHas kHuxkka IPython

MaTtemaTunyeckum annapar

Ha mporsskeHMu Bceli KHUTMM Mbl TIOBEPXHOCTHO 3aHUMAJIUCh JIMHEWHON anreOpoii
(cm. enasy 4), MareMaTHUeCKOW CTaTHCTUKOH (cm. enagy 5), Teopwei BeposTHOCTeH
(cm. enagy 6) Vi pa3IMUHBIMU acleKTaMU MAllIMHHOTO O0y4YeHUsl.

YT0OBI CTaTh XOPOIIMM CMELMAIMCTOM B 00JIACTH aHajiM3a JaHHbBIX, TpeOyeTcs ropasao
nydine pa3duparhcsl B 3TUX OOJIACTIX 3HAHWM, W S TPU3BIBAIO Bac 3aHAThCA UX Oolee
yrIIyOJIeHHBIM W3y4YeHHeM, WCIOJb3Ys s 3THX Lesel yuyeOHHKH, PeKOMEHIOBaHHbIC
B KOHIIE TJ1aB, y4eOHHMKH, KOTOpPbIC BbI MpEANOYHUTAETe CaMH, KypChl AMCTAHIIMOHHOTO
00y4eHHs M Ja)ke MOCEeLICHHs PeallbHbIX KYPCOB.

He ¢ yncToro nucrta

Peanumzarmst MeTooB "¢ uncToro nrcta’ Mo3BOJAET JIydllle MOHSTh, Kak OHU paboTaroT.
Ho Takoii monxoa, kKak npaBujio, CUJIbHO CKa3blBa€TCsl HA UX MPOU3BOIMTEIBHOCTH (€CH
TOJIBKO METOABI HE Peau3yloTcsd CHEeLMaJbHO AJIS MOBBIIIEHUS MPOU3BOIUTEEHOCTH),
MPOCTOTE UCTOIL30BAHMS, OBICTPOTE MPOTOTUITMPOBAHKS U 00pabOTKe OLIMOOK.

Ha npakTuke mydine MCoNb30BaTh XOPOLIO MPOAyMaHHble OMOIMOTEKH, MPOUYHO peasu-
3yIOlIMe TeopeTHdecKkue ocHOBBL. (Moe nepBoHayallbHOE MPEJIOKEHHE I U31aTesIbCT-
Ba, Kacarolleecs 3TOl KHUTH, MOApa3yMeBajio BTOpyto yacth "H3yuenune 6ubnuorek", Ha
koTopyto uznatenbctBo O'Reilly, k cuacTbio, HAJIOXKUIIO BETO.)
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Bubnuoreka NumPy

bubnuoreka NumPy (mis '"uucneHHbIX BbluMciieHHE Ha Python", http://www.
numpy.org/) obecrnevynBaeT ycaoBus 1js "pealbHbIX" HayuHBIX BbluMcieHuid. OHa pac-
roJlaraeT MaccHBaMM, KOTOpble paboTaroT Jydlle, YeM MaTpHULbl B BHIE CIHUCKOB CIH-
CKOB, Y OOJIbIIMM KOJIMYECTBOM YMCIIOBBIX (QYHKLUMH U1 paboOThl C HUMH.

JanHast 6ubnmoTeKa MOXKET CTaTh CTPYKTYPHBIM JIEMEHTOM MPH CO3JaHUU APYTHX OHM6-
JMOTEK, UTO JesaeT ee 0COOEHHO LIEHHOIA.

Bubnuoteka pandas

bubnuoreka pandas (http:/pandas.pydata.org/) mnpenocrtapnser JOMOJHUTEIbHbBIC
CTPYKTYpBI JAHHBIX IJis pabOThl ¢ MaccMBaMM aHHbIX Ha si3bike Python. Ee ocHoBHas
abcTpakuus — 3TO MPOUHAECKCHPOBAHHBIM MHOTOMEPHBII MaccHB 3HAYEHWl DataFrame,
KOTOpPBIN MO CYTH TOXO0X Ha Kjlacc Table mpuioxkeHus NotQuiteABase, paspaboTanHoro
B 21aee 23, HO ¢ ropa3fo O00abIKUM (PYHKLIMOHAIOM H JTy4lUeid MPOU3BOAUTENIbHOCTBIO.

Ecnu BB coOupaereck ucnonb3oBath Python ans npeoOpazoBanus, pa3OueHus], Tpyu-
poOBaHMS U yrpaBlieHUs HA0OpPaMU JIaHHBIX, TO pandas sBsieTcss OEClieHHBIM HHCTPYMEH-
TOM I DTUX LIEJIEH.

Buobnuoteka scikit-learn

bubnuoteka scikit-learn (http://scikit-learn.org/) — 370, HaBepHOe, camas MOMyJsIpHas
oubnuoteka Juis paboThl B 00JacTH MAlIMHHOTO 00y4eHus Ha s3bike Python. Ona co-
JePIKUT BCe MOJISNTH, KOTOpble ObUIM TYT pealn30BaHbl, © MHOTHE Ipyrue. B peanbHoi
CUTyallid HE CJIelyeT CTPOUTh NEepPeBO MPUHATHS pEIleHWil "¢ 4HuCTOro Jimcra'; BCHO
TSOKETYI0 paboTy, CBSI3aHHYIO C pelIeHMeM STOW 3a/avd, JIOJDKHA Jernarth OMOIMoTeKa
scikit-learn. Ilpu peleHuM peanbHBIX 3a7a4 B 00JACTH ONTHMH3ALMM BMECTO peain3a-
UM KaKOro-11b0 aJrOpuT™Ma ONTUMU3ALNK BPYUYHYIO CIIEyeT MOJOKUThCS Ha GUOIHO-
teky scikit-learn, rae oH yxe 3dekTuBHO peannzoBaH.

JlokyMeHTaluss 1o OWOJIMOTEKE CONEPXKHT OrPOMHOE  KOJMYECTBO  MPUMEPOB
(http://scikit-learn.org/stable/auto_examples/) Toro, 4ro MOXHO cJenaTh C €€ Io-
MOIIIBIO (M TOT0, Kakue BOOOIIe 3a/1a4uM pelaeT MalllMHHOe 00yYeHue).

Busyanusauusa

JlnarpamMMebl, TOCTPOSHHBIE MPU MIOMOIIHM OrbsmoTekn matplotlib, momyuunucs sicHBIMHA 1
(DYHKUMOHAJIIBHBIMH, HO HE 0CO00 CTHJIM30BaHHBIMHM (M COBCEM HE HMHTEPAKTHBHBIMH).
Ecnu BBl X0THTE yriyOuThest B 001aCTh BU3YaJIM3alMK JAHHBIX, TO BOT HECKOJIBKO BapH-
aHTOB.

B nepByto ouepenp crout riybxe uccienoBats 6ubnmorexy matplotlib. To, uro Obu10
MOKa3aHo, SBJISIETCS JIMIIb HE3HAYMTENIbHOM 4YacThlo ee (PyHKLMOHAJIbHBIX BO3MOXHO-
creii. Ha calite OubGnuoreku comepxkurcs mHoro mnpumepor (http://matplotlib.org/
examples/), KoTopble WX AEMOHCTPUPYIOT, a Takke raiepes (http:/matplotlib.org/
gallery.html) u3 HekoTOpbIX Hambojee WHTepecHbIX. Eciu mepen BamMu CTOUT 3a/ava
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CO3JIaHMs CTATHMUYECKUX BU3yalnu3aluil (CKaXkeM, /Ui KHWKHBIX WILTFOCTpAlnii), TO, Bepo-
STHO, Ha CJICAYIOIIEM IIare JIy4llle BCEro 3aHAThCS YIriTyOJIeHHBIM U3ydeHUueM OuOiIroTe-
ku matplotlib.

[lomumo sToro, crout momnpoboBath Oubnmoreky seaborn (http://web.stanford.edu/
~mwaskom/software/seaborn/), kortopas (cpegu mpodero) mdenaeT AWArpaMMBI,
matplotlib Gosiee mpuBekaTeILHBIMU.

Ecnu e cTout 3azava co3aaHusl HHTEPaKTUBHBIX BU3yaJbHBIX MPE3CHTALMMI, KOTOPBIMU
MOYKHO JeNTUTHCS B CETH, TO OYEBMIHO JIy4lle BCEero Ui 3TOro monoiaer Oubnuoreka
D3.js, HanucanHas Ha JavaScript W mpenHa3HaueHHas IJid CO3/aHUS "IJOKYMEHTOB,
yrpapisieMblx HaHHBIMA" (Tpu OykBel D oT aHrmumiickoro Belpaxenus Data Driven
Documents). J{axxe eciiv Bbl He 3HaKOMbI ¢ JavaScript, Bceraa MO>KHO B3SITh MPUMEpPbI U3
ranepen D3 (https://github.com/d3/d3/wiki/Gallery) u HacTpouth ux s paboTbl coO
CBOMMM JaHHBIMU. (XOpOILIMEe aHAJUTHKHM JTAaHHBIX KOMUPYIOT MpUMepbl U3 rajgepeu D3;
BEJIMKWE aHAIMTHUKH UX 3AUMCIEYION.)

Haxe ecnu Bbl He 3auHTepecoBaHbl B D3, TO ajeMeHTapHbI MPOCMOTp rajeped cam
o cebe yxKe SABISIeTCS HEBEPOSATHO MOYUYUTETIbHBIM 3aHATHEM B 00JacTH BHU3yallM3allud
JIaHHBIX.

ITpoext Bokeh (http://bokeh.pydata.org/) ciocoben npuBHecty B Python ¢yHkumonan
B cTwile nakera D3.

A3bIKk nporpammupoBaHua R

XOTsl MOXKHO COBEpLIEHHO Oe3HaKa3aHHO 00OHTHCH 0e3 OBNaleHHs I3bIKOM MPOrpaMMHU-
poBanus R (https://www.r-project.org/), pazpaboTaHHOTO AJisi CTaTUCTUYECKOH 00pa-
OOTKM AaHHBIX U PabOTHI ¢ rpaduKOl, BO MHOXKECTBE MPOEKTOB B 001aCTH aHaIM3a J1aH-
HBIX ¥ MHOTHMH aHAJMTUKaMW OH BCE K€ HCIIONIb3YeTCs, MOATOMY CTOMT IO KpaiHei
Mepe C HUM 03HaKOMHUTbCA.

OTuacTH 3TO HY>KHO, YTOOBI MOSIBUJIACH BO3MOXXHOCTH MMOHUMATh CTaThH, MPUMEPHI M KOJI
B 3JICKTPOHHBIX JKypHaJiaX, OpPHEHTUPOBAHHBIX Ha MOJIb30BaTelel a3bika R; oryactu, mo-
TOMY YTO 3HAHHWE S3bIKa MOMOXeET JIy4lle OICHUTh (CPABHUTEIHHO) YMCTYIO JJIeraHT-
HOCTh fi3bIka Python; a oT4acTu, moMoxeT ObITh Ooniee MHOOPMUPOBAHHBIM YUYACTHUKOM
HECKOHUYaeMbIX JUCKyccuii o Teme "R no cpaBHeHuto ¢ Python".

B Mupe HeT HegocTaTka B yueOHMKAax, Kypcax M KHHUrax, MocCBsIIEHHBIX s3bIKy R. Ha-
MpUMep, MHOTO U XOpoLIO 0T3bIBaroTcs 0 KHUre "[Ipaktuueckoe nporpaMmMmupoBanye Ha R"
("Hands-On Programming with R", http://shop.oreilly.com/product/0636920028574.do),
W HE TOJIbKO MOTOMY, YTO 3TO KHHWra Bbinuia B uznatesnberBe O'Reilly. (Hy, xopomio,
B OCHOBHOM ITOTOMY, 4TO 3TO KHHTa BbIIa B u3aarenbpcTBe O'Reilly.)

Fae HauTU gaHHbIE?

Ecnu petieHvie 3aia4 B 06J1IaCTH HayKH O JAHHBIX SIBJISETCS YaCThIO Ballleil paboThI, TO,
CKOpee Bcero, Bbl MoJIy4daeTe JaHHbIe IPSAMO Ha paboTe (BrpodeM, U He o0si3aresbHO). Ho
KaK ObITh, €CITM BBl 3aHUMAETECh HAYKON O JIAHHBIX PaJi UHTEIJIEKTYAIIbHOTO YAOBOJb-
cTBUa? XOTh HAC M OKPYIKAIOT JaHHBIE, BOT HECKOJIBKO OTMPABHBIX TOYEK.
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4 Data.gov (https://www.data.gov/) — 5T0 nopTan OTKpPBITbIX JaHHbIX MPABUTEIbCTBA
CLIA. Ecnu TpeOytoTcsi AaHHBIE TIO BCEMY, YTO CBS3aHO C TOCYAapcTBOM (KOTOpbIE
B HAlllM AHU MPUOOPETaIOT 0CO0YI0 3HAYMMOCTh), TO ATOT MopTasl OyAeT Xopoluei oT-
MpPaBHOW TOYKOM’.

¢ Ha conmansHoM HOBOCTHOM caiite reddit ecth mapa dopymoB: r/datasets* u r/data’, rue
MOKHO 3alIPOCHTh M HAWTH JIaHHBIE.

4 Amazon.com TNONACPKUBAET KOJUICKLMIO OOLICAOCTYMHBIX HAOOpPOB JTaHHBIX
(https://aws.amazon.com/ru/public-data-sets/), koTopbie OHM XOTequ Obl, YTOOBI
MOJTB30BATENT MIPUMEHSUTH /TSl aHaln3a TMPU MTOMOLIM TPOAYKTOB WX TPOM3BOJICTBA
(HO, KOTOpbIe HUKTO HE MellaeT aHaJM3MPOBATh MPHU MOMOILM JIFOOBIX APYTHUX IMpo-
JTyKTOB TIO YKETaHHIO ).

4 V Po66a Curona B ero 6nore (http://rs.io/100-interesting-data-sets-for-statistics/)
€CTh MPHUYY/ITUBBIN CITUCOK KyPUPYEMbIX HAOOPOB JTaHHBIX.

¢ Kaggle (https://www.kaggle.com/) — 5T0 caliT, KOTOpBIi TPOBOJUT COCTS3aHHUS
B 00JIaCTH HAYKH O JJaHHBIX. MHE HU pa3y He yJaBajoCch B HUX MOY4YacTBOBaTh (B BU-
Jly HEXBaTKH COPEBHOBATEJILHOIO JAyXa, KOr/Ia Ae0 JOXOAUT JIO HAYKH O IaHHbBIX), HO
BBl MOTJTH ObI TONPOOOBATh.

3aHATUA aHANIM30M AaHHbIX

KoneuHo, 3aMedartesibHO, €ciiv yMeelllb MPOCMaTPUBATh KaTalord ¢ JaHHBIMH, U TEM He
MEHee JIy4llne MPOeKThI (M pe3yJsibTaThl) — 3TO, HABEPHOE, T, KOTOPbIE ObIIM BbI3BAHBI
HEKHM HEMNpPeoJ0JIMMBIM CTPEMIIEHHUEM UX peasn3oBaTh. BOT HECKOIBKO U3 TeX, KOTOpbIe
s BBITTOJTHUJL.

HoBocTu xakepa

HoBoctu xakepa (https://news.ycombinator.com/news) — »3To arperaTop HOBOCTEW U
JIUCKYCCUOHHAs TUIOIIA/IKA JJIi HOBOCTEH, CBA3aHHBIX ¢ TexHosorusamu. CalT cobupaer
OTPOMHOE KOJIMYECTBO CTATEH, MHOTHE M3 KOTOPBIX JIJISl MEHSI HE MIHTEPECHBI.

[TosToMy HeckoJbKO JIET Ha3zaj 5 3ajajics LENbI0 cOo3/1aTh KIacCU(UKATOP CTaTel 3TOro
caiita (https://github.com/joelgrus/hackernews), koTopsiii 61 Mpencka3biBai, OyAeT 1
MHE MHTEPEeCHO TO WM MHOE moBecTBoBaHMe. C 3THM CcalWTOM MOJYYMIOCH HE BCE TaK
npocto. BnanenbLpl caiita OTBEpriau caMmy UIEK0 O TOM, YTO KTO-TO MOXKET He ObITb 3auH-
TepecoBaH B JTIOOOM M3 PacCcKa3oB, BHUIOKEHHBIX HA UX caiiTe.

PaGora Bkirouana B ce0si pa3MeTKy B PyYHOM pexXHMe OOJIBIIOrO KOJIMYeCTBa craTei
(c uenpro mosrydeHus: oOy4aromiel BBHIOOPKH), BBHIOOP XapaKTepHBIX MPHU3HAKOB CTaTei

3 B Poccuiickoii deiepalini TOKeE CYLIECTBYET CAliT NPABUTENLCTBA PD ¢ OTKPHITHIMU JAHHBIME —
http://government.ru. — Peo.

* https://www.reddit.com/r/datasets.
> https://www.reddit.com/r/data.
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(Hampumep, CJIOB B 3aroJIOBKE W TOMEHHBIX UMEH B CChIJIKax), 00ydeHne HauBHOTO Oaiie-
COBCKOTO KJIacCU(HUKATOpa, aHAJIOTUYHOTO PACCMOTPEHHOMY B KHHUTe criaM-(puibTpy.

ITo MpUYUHaM, HbIHE 3aTCpPsABLIMMCA B MPOLIJIOM, 4 HaMuUcall €ro Ha A3bIKE Rllby Vuu-
TE€Ch HA MOUX OILIMOKAaX.

MoxapHble MalIUHbI

A xuBy Ha riaBHOM ynuie B ueHTpe CUITIA, HAa TOJMYTH MEXIY MOXKAPHON 4acThio U
OOJIBIIMHCTBOM TOPOJCKHX TMOXKapoB (MJIM MHe Tak Kakercs). COOTBETCTBEHHO, 3a TH
roJibl Y MEHS pa3BUJIOCh Npa3iHOe JFOOOMBITCTBO K MOXKAPHON YacTH MOETo ropojia.

K cuacteio (c Touku 3peHUs JaHHBIX), cyniecTByer calT Realtime 911 (http://www2.
seattle.gov/fire/realtime911/getDatePubTab.asp), Ha KOTOpPOM BBLIOKEHBI BCE BHI3OBBI
MO MOXKAPHOH TPeBOre BMECTE ¢ HOMEpaMH y4acTBOBABIIUX MOXKAPHBIX MAIIVH.

U BoT, uToOBI M0OAIOBaTH CBOE JIFOOOIMBITCTBO, 51 coOpall ¢ UX calfiTa MHOrOJIETHUE J1aH-
Hble O BBbI30BAX U BBHINOJHWI aHanu3 couuanbHbix ceteil (https://github.com/
joelgrus/fire) Ha npumMepe noxapHbix MaiiuH. Cpeu Mpoyero, NOTpedOBaIOCh Crelu-
aNbHO /IS TIOXKAPHBIX MAIIMH M300pecTH MOHSATHE LEHTPATbHOCTH, KOTOpOe s Ha3Bajl
PEUTUHIOM MOYKapHOM MaLUMHBI.

PyTOONKM

Y MeHs ecTb MajloJIeTHssl 10Yb, U Ha MPOTSHKEHUH BCEX €€ AOLIKOJIBHBIX JIET MOCTOSH-
HBIM UCTOYHUKOM PacCTpOMCTBa AJ1sl MEHs1 ObUIO TO, UTO OOJBIIMHCTBO "AeBYaunx" QyT-
000K OB JOBOJILHO CKYYHBIMM B TO BpeMsl, Kak OOJIbLIMHCTBO '"MallbYMLIeybuX"
BBITJIA A€M 32a0aBHBIMHU.

B wactHoCTH, OBITIO SICHO, YTO Mexny ¢yTOomkamu A neBodek M (yrOoskamu Iuis
MaJIbYMKOB JOLIKOJIBHOIO BO3pPAacTa CyLIeCTByeT YeTkoe pasziauuue. M nosromy s 3agancs
BOIIPOCOM, MOKHO JIM 00Y4UTb MOZI€/b, KOTOpas pacro3HaBaja Obl 3TU pa3inuus?

ITonckaska: orBet 6611 mosioxkutenbHBIM (https://github.com/joelgrus/shirts).

Jnst aToro morpeboBanock ckavath GoTtorpaduu coteH (GyTOONIOK, CKaTh UX BCE K €H-
HOMY pa3zMepy, NpeoOpa3oBaTh B BEKTOPHI LIBETA MUKCEJIOB U HA OCHOBE JIOTUCTUYECKOM
perpeccuu NOCTPOUTh KJIacCU(HUKATOP.

Puc. 25.2. CobctBeHHbIe hyTOOKM B COOTBETCTBUM C NEPBOIA FMaBHON KOMMNOHEHTON
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Ha mepBoM sTame ucciienoBanvch LBeTa, MPUCYTCTBYIOIIME B Kaxaol ¢yrdomke. Ha
BTOpPOM ObLTM OOHapy>keHbl mnepBble 10 rIaBHBIX KOMIOHEHT BEKTOPOB (ororpaduit
¢dyTOonoK, 1 Kaxkaas GyTOonka Obuia KIaccHULMPOBaHA MPH MOMOIIM WX MPOEKUHI Ha
10-MepHOE TMPOCTPAHCTBO, B KOTOPOM pacMoONIOXKHIMCH "coOcTBeHHbIE (GyTOOIKH"
(puc. 25.2).

A BbI?

A uro mHTepecyer Bac? Kakue Bompochl He naioT Bam craTh 1o Houdam? [lompoOyiite
OTBICKaTh HAOOP JaHHBIX (MJIM U3BJIeYb MX Ha BeO-CaliTax) M 3aHATHCS HAYKOW O TaHHBIX.

Coobmute MHe o cBoux Haxozakax! Illnute cooOlieHHs MO 37IEKTPOHHOMY ajpecy
joelgrus@gmail.com vnu Haiinute B Twitter mo xemrery @joelgrus.
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