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[IpumeHetie MauIHHIIOrO OOYYeHHUs! JIst Jy4IIero NOHUMaHusl NpH-
POADI JANHBIX — yMeHHC, HeobXoanMoe JI0HOMY COBPEMEHHOMY pa3pa-
60TuKKy nporpamM uiH aHanuTuky. Python — 3aMeuaresnbHblii A3bIK /151
Co3/aHKsl MPHJIOXKEHHIT MalHMHHOro obyyeHnus. Biaroaapsi cBoeii anHa-
MHYHOCTH OH M03BOJIsieT OBICTPO NPOH3BOJMTDL Pa3BEAOYHbIi aHAMIH3 AaH-
HBIX U 3KCIepUMeHTHpoBaTh ¢ HUMH. O6anast NepBOKAACCHBIM HabOPOM
6ubIMOTEeK MAUIMHHOTO 00y4eHUsl C OTKPBITHIM HCXOAHBIM KoaoM, Python
ZIaeT BO3MOXXHOCTDb COCPEOTOYHTHCS Ha PELLIACMOIi 3a/1a4€ U B TO XKe BPeMst
onpoboBaTh pa3jUYHbIE HAEH.

Knura HauMHaeTcsl ¢ KpaTKOro BBeleHHsl B PEAMET MaLIMHHOTO 00y-
yeHUs U 3HaKoMcTBa ¢ Gubauorekamu NumPy, SciPy, scikit-learn. Ho ao-
BOJILHO OBICTPO aBTOPLI MEPEXOAAT K 60J1ce CEPhe3HbIM NMPOEKTaM C peasib-
HBIMH 11aGOPaMH IAHHDIX, B YACTHOCTH, TEMATHYCCKOMY MOJCTHPOBAIIHIO,
AHAJIM3Y KOP3HHbI MOKYNOK, 001a4HbIM BLIYHCJIEHSM H AP.

HM3janue paccynTallo Iia NporpaMMIICTOB, NUuIyumx Ha Python u xe-
JIAI0LIHX Y3HATB O MOCTPOCHHH CHCTEM MaLIHIIHOro 00yueH sl M HayYUThCs
13BJ€KaTh U3 JaHIIbIX LeHHYI0 nHdopMaluio, HeOOXOANMYIO ANl pellle-
HHUS! Pa3/IMYHbIX 32/1a4.
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OB ABTOPAX

JIyuc Ieapo Koaabo (Luis Pedro Coelho) — cnenuanucr 1mo koMmbio-
TEPHON GUOJIOTHH, TO €CTh YeJOBEK, TIPUMEHSIONIUN KOMIIBIOTEPBI JIJIs
usydenust Guosormdeckux cucrem. Konkperno Jlyuc ananusupyer JJTHK
MUKPOOHBIX COOBIIECTB, YTOOBI OXapaKTepU30BaTh UX TOBeAeHue. JIync
TaK;Ke MHOTO paboTtas B 061acT 00paboTKU OUOJOTMYECKIX M300pasKe-
HUIT — TIPUJIOKEHUsST METOI0B MAIIMHHOTO OOyYeHUsT K aHaIn3y n3o6pa-
sxeHnit 6uorndeckux o6pasnos. Chepa ero HayuyHBIX HWHTEPECOB — 06-
paboTka 1 arperupoBaHuie GOMBIINX HAGOPOB TAHHBIX.

Jlync 3ammTni foKTOpCKyIo auccepraiuio B Yuusepcurtere Kapueru-
MeJiioH, OfIHOM 13 Be[yIUX YIeOHbIX 3aBe/ICHUN B 061aCTH MAIIMHHOTO
o6yuenust. OH aBTOP HECKOJIBKUX HAYUHBIX TTyOIMKAIHIA.

Pa3paboTKkoil porpaMMHOTO 06ECTIEYEHNUST C OTKPBITHIM HCXOHBIM KO-
oM Jlyuc nauan 3anumarbed B 1998 rony, moctaBuB 11es1bio TPUMEHUTD
Ha MPAKTHKE METOJbl KOJIMPOBAHUS, KOTOPbIE OH M3y4as HA Kypcax WH-
dopmaruku B Juccabonckom TexuuueckoMm yausepcutere. B 2004 roxy
OH HauaJl porpaMMupoBath Ha Python u BHEC CBOIl BKJIAJ| B HECKOJIBKO
OTKPBITBIX GUOIMOTEK Ha 9TOM si3bike. OH Byl pa3paboTUnK TOMy-
JISIPHOTO TMAKeTa TPOrpaMM MalimHHOro 3peHust st Python mahotas, a
TaKKe COABTOP Psi/ia POTPAMM MATITHHHOTO 00YUYEHUS.

B nacroguiee pems Jlyuc sxuser to B JliokcemOypre, To B leiigenn-
Gepre.

Baazodapio ceoro sceny Pumy 3a 1106066 u nodoepicky u 00us
Anny 3a mo, umo ona iyuuLe 6cex.

Bwm Puuapt (Willi Richert) uMeer crernenb g0KTOpa HayK MO MallMH-
HOMY 0OydeHuIo u pobororextHuke., OH MPUMEHST METOIbI 00yUYEHUS C
[OIKPEIJIEHUEM, CKPBIThIe MAPKOBCKIE MOJEIU U OaileCOBCKUE CeTH st
00yueHHsI TeTepOreHHbIX POOOTOB IyTeM HoApakaHusl. B HacTosIee Bpe-
Ms1 paboTaer B Kopropaiu Microsoft B rpyIiiie 0CHOB PeIeBAHTHOCTH B
Bing, rae saHnMaeTcs pasJMYHbIMU IPUJIOKEHUSIMIA MALIMHHOTO 00yye-
HUSI, B TOM YHCJIE aKTUBHBIM OOYYEHIEM, CTATHCTHYECKUM MalluHHBIM
MEPEBOJIOM U PENIAIONTUMU JIEPEBbSIMH.
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Ima knuza ne 6viia 6L nanucana 6e3 noddepIcKU Moetl Heervl
Hamanu u moux conoeeit, Junyca u Mopuya. A 6aazodapio 3a
nojesnvle OUCKYCCUU MOUX NPedvldyuux pyxosodumeneil Amn-
dpeaca Bode (Andreas Bode), Knemenca Mapwmnepa (Clemens
Marschner), Xon SAnv Yy (Hongyan Zhou) u Spuxa Kpecmana
(Eric Crestan), a maxce xonnez u opysei Tomawa Mapuunsxa
(Tomasz Marciniak), Kpucmuana Siizensn (Cristian Eigel), Onuse-
pa Huxépcmepa (Oliver Niehoerster) u @uaunna 3denma (Philipp
Adelt). Humepecnvie udeu, ckopee 6cezo, ucxoosam om Hux, ouudxu
aHCe UETUKOM HA MOETL COBECTNUL.



O PELLEH3EHTAX

Mbteio Bpyiie mosyuns AUmjioM WHKeHepa Bo (panitysckoii Beictieit
mikoste aektpukn (Ecole Supérieure d'Electricité) (daxyssrer urbop-
Maruu, 06pabOTKU 1 U3MEPEHUs CUTHAJIOB), & CTENEHb JIOKTOPA HAYK 110
obyueHmto 6e3 yunresisi Ha MHOT00Opasusx — B CTpacOypreckoM yHUBEp-
curere, Opannumsa. B macrosniee BpeMsi OH 3aHUMAETCSI BBICOKOIIPOU3-
BOJIUTCJIbHBIMU BBIYUCJICHUAMU B He(bTHHOfI KOMIIaHUU U pa6OTaeT Haa
MPOrPaMMON MOJIETMPOBAHUS PE3EPBYAPOB CIIELYIONIETO TOKOJCHUS.

Mopuc HT Jluus nporpammupyet #a Python ¢ 2003 roga. Ou mosryunia
CTeMeHb OKTOPa HAYK 10 OMOMH(MOPMATHAKE U TUIJIOM ¢ OTJIHYHeM OaKa-
JIaBpa MO MOJIEKYJISIPHOU U KJIeTOUHOI GuoJiornu B Yausepcurere Mesib-
GypHa. B HacTosiiee BpeMst paboTaeT HayYHbIM COTPYAHUKOM B HaHbsiH-
CKOM TEXHOJIOTUYECKOM YHUBEPCUTETE, CI/IHI'aHyp, Y TTOYETHBIM HAYIHDBIM
COTPYIHUKOM B YHuBepcurere MebOypHa, ABctpanus. Mopuc — rias-
HBII pemakTop kypHasa «Computational and Mathematical Biology» u
copeznakrop kypHasia «The Python Papers»>. Hemasro Mopuc ocHoBas
MEPBBI cTapTar 1o cuHTeTnueckoii Ounonornu B Cunramype, AdvanceSyn
Pte. Ltd., u 3aHUMaeT B HeM JIOJGKHOCTD JUPEKTOPA U TEXHUYECKOTO PY-
koBozauTesist. O6JACTh €r0 HayYHBIX HHTEPECOB — U3yUYeHUE PasTUUHBIX
ACTIEKTOB JKU3HU — OUOJIOTHYECKOH, MCKYCCTBEHHOM M MCKYCCTBEHHOTO
WHTEJIJIEKTA — IIYTEM IIPUMEHEHUA METO0B I/IHq)OpMaTI/IKI/I U CTAaTUCTUKU.
B cBoGoiHOE Bpemst Mopuc JI0GUT YMTaTh, CMAKOBATH Yallieuky Kode, -
caTh B CBOI MEPCOHAIBHBIN JKYPHAJ WJIN Pa3MbIIILISITh O MHOTOOOPa3HBIX
[POSIBJIEHUSX KU3HU. Ero cailT HaXomuTcs Mo ajpecy http://maurice.
vodien.com, a crpanuia B LinkedIn — no aapecy http://www.linkedin.

com/in/mauriceling.

Paskum P:ke30piKeK — TeXHUUECKUIT cIiel] ¥ pazpaboTIuK 10 TIPU3BAHIIO
mymu. OH OCHOBAJI W BO3TJIABJISII UCCITEI0OBATEIBCKUAN OT/IET B KOMIIA-
HUM Seznam.cz, BeAyIleil mouckoBoii cucteme B llentpanbruoit EBpore.
3alUTUB JIOKTOPCKYIO JUCCEPTAINIO, OH PEITUJT He OCTAHABJIUBATHCS HA
JNIOCTUTHYTOM, a CO3/IaTh JIJISl YAOBJIETBOPEHUS CBOEH CTPACTH K MAITIH-



(14 ] [ |} O peushsentax

HOMY OOyYeHHI0 COOCTBEHHYIO WCJIEN0BATEJIbCKYI0 KoMmanuio RaRe
Consulting Ltd. Komnanus criennanspyeTcst Ha 3aKasHbIX PEIIEHUSX B
obmactu 10OBIYY JAHHBIX U pas3paboTKe IePELOBBIX CHCTEM A/ KIMEHTOB
CaMOro PasHOTO PaHTa: OT MHOTOHAIIMOHAJIBHBIX KOPIIOPAIUIL [0 TOJIBKO
4TO OCHOBAHHBIX CTAPTATIOB.

Pasnm — Taxske aBTOpP psfia MOMYJISIPHBIX MTPOEKTOB € OTKPBITHIM HC-
XOJTHBIM KOJIOM, B TOM YHCJIe gensim 1 smart_open.

BosbIoii io6uTe b HCCICIOBAHNS PA3HBIX KYJIBTYD, PaginM B TIOCIE-
HIE TO/IBI JKIJI CO CBOEH JKeHOW B PasHBIX CTPaHAX U HAMEPEBAETCS repe-
6parbes k [Oxmyio Kopero. Ho rie 6b1 PajguM Hy HaXouiicst, OH BMeCTe
CO CBOEH KOMAHION CTPEMUTCS BCSYECKU TIOMYJISIPU3UPOBATH METO/IBI
O6pa6OTKI/I JAaHHBIX W ITIOMOTAaThb KOMIIAaHUAM IIO BCEMY MUDPY MN3BJIEKATH
MaKCHUMYM I10JIb3bI U3 MallIMHHOTO 06y‘{eHI/IH.



NPEAUCIIOBME

Kro-To craxeT, 4TO Bbl IEPsKUTE 9TY KHUTY B pyKax (MJIU B CBOE UUTAI-
Ke) Jiniib GJIaroapst CYaCTAMBOMY COBITQJIEHIIO. B KOHIE KOHIIOB, Kaxk-
JIBIi TOZl BBIXOAAT MUJIJIMOHDBI KHUT, U UX YATAIOT MUJUIMOHBI Jojeil. A
3Ty KHUTY YuTaere Bbl. A KTO-TO BO3Pa3uT, 4TO B Balllell BCTpeye ¢ aTOH
KHUTOHM — MJIM KHUTH ¢ BAMU — CBIFPAJIN POJIb KOe-KaKue aJifOPUTMbI Ma-
MUHHOTO 00yueHus1. VI Mbl, aBTOPBI, O4eHb Pajibl, YTO BBl 3aXOTUTE MOJI-
pobHee y3HaTh, KaK U OYeMYy.

B ocHoBHOM, 5Ta KHUTA OTBEYaeT Ha BONMPOC «Kak». Kak ciexyer 06-
pabaTbiBaTh JaHHbIE, YTOOBI AJITOPUTMBI MAIIUHHOTO OOYYEHUsT MOTJIN
U3BJIEYb M3 HUX MAaKCUMYyM M0Jie3H0# nndopmaiuu? Kak BoIOpaTh moj-
XOJSAUIMH aJITOPUTM JIJI5 PelleHnd 3a/1a4n?

Ho unorza Mbl 3ajiaeMcs Takxke BOIPocoM «modemy». [louemy BaskHO
[IPaBUJILHO MTPOU3BOAUTD n3Mepenusa? [louemy B KOHKpPeTHOH cUTyanun
OJIMH QJITOPUTM OKa3bIBAECTCH JIydllle [Pyroro?

Mbi 3HAEM, UTO JIIs1 TPEBPAIIEHUS B CTIEIIUATUCTA B HTON 06JIaCTH HY K-
HO 3HATh TOPaszio GoJbiie. Beb MbI CMOTJIN 3aTPOHYTH JIUIIb HECKOJIBKO
«KaK» M y’K COBCEM HEMHOTro «ioyeMmys». Ho MbI HazeeMmcs, 4yTo aTa Ma-
JIOCTD TIOMOXKET BaM OBICTPO BCTATh HA HOTM U JIBUTATHCS JAJBIIE CAMO-
CTOATEJBHO.

O coaepXaHUn KHUun

B znase 1 «Bsedenue ¢ mawunnoe obyuenue na ssvike Pythons dnrareinb
3HAKOMMTCSI C OCHOBHO# Mjleeil MAITMHHOTO 00YYEeHHUs HA OUeHb TPOCTOM
npumepe. Ho, HeCMOTPsT Ha TPOCTOTY, B 9TOM IIPUMEPE UMEET MECTO OTIac-
HOCTb T1epeobydeHust.

B 2nase 2 «Knaccuguxayus 8 peanvroil Jcusti» Mbl NCIIOJTIb3YEM Peaib-
Hble JIAHHBIE, YTOObI TIPOAEMOHCTPUPOBATH KIACCU(DUKAIUIO U HAYUUTh
KOMITBIOTED PA3JINYaTh PA3JIHUHbBIE KIACCHI I[BETOB.

B 2nase 3 «Knacmepusayus — nouck 63aumoces3antbix co0OUeuti» Mbl
yaHaeM 00 apheKTUBHOCTH MOJIeu HAboPa CJIOB, € TIOMOIIBIO KOTOPOI
cyMeeM HalTH OXO0XKIe COOOIIEHNUSsT, He «ITOHUMAsT» UX CMBICJIA.
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B znase 4 «Temamuueckoe modeauposanues Mbl He CTAaHEM OTPAHUYH-
BAThCS OTHECEHUEM COOOTIEHUS TOJIBKO K OJIHOMY KJIACTEPY, & CBAKEM C
HUM HECKOJIBKO TEM, TIOCKOJIBKY MOJTUTEMATUIHOCTD XapaKTepHa IS pe-
AJIbHBIX TEKCTOB.

B enase 5 «Knaccuuxauus — visasnenue nioxux 0meemos» Mbl y3HaeM,
KaK TPUMEHUTD IUJIEMMY CMEIeHUS-IUCIIEPCUN K OTJIAIKE MOJIeJiei Ma-
[IMHHOTO 00YYEHMsI, XOTSI 3TA TJIaBa TIOCBSIIIIeHA B OCHOBHOM UCTIOJIb30Ba-
HUIO JIOTUCTUYECKOH PErpeccru i OIeHKH TOTO, XOPOII WJIH TIJIOX OTBET
MIOJIb30BATEJIS HA 3a/[aHHBII BOTIPOC.

B 2nase 6 «Knaccuguxayus Il — anaius amoyuonaivioil okpacku» o0mb-
SICHSAETCS TPUHITAI PabOThl HANBHOTO 6allecOBCKOTO KaaccudukaTopa u
OTIMCBIBAETCS, KaK € €r0 MOMOIIbIO Y3HATh, HECET JIM TBUT TTOJIOKUTEb-
HBI UJIN OTPUIIATETBHBIN 9MOITMOHAIBLHBIN 3apsiI.

B znase 7 «Pezpeccusi» 00bsicHSIETCS, KaK UCIIOJIb30BATh KJIACCUYECKUI,
HO HE YTPATUBIIUN aKTyaJIbHOCTH METOJl — PETPECCHIo — TIpH 00paboTKe
nMaHHbIX. Bbl y3HaeTe U 0 6oJiee CJAOKHBIX METOAX PETPECCHM, B YACTHO-
cti Lasso 1 aJIaCTUYHBIX CETSIX.

B z1ase 8 «Pexomendosarue» Mbl TOCTPOUM CUCTEMY PEKOMEHIOBA-
HUS Ha OCHOBE BBICTABJIEHHBIX MOTPEOUTENIAME OIEHOK. MBI Takke y3-
HaeM, Kak (hOpMUPOBATh PEKOMEH/IAINY, UMes TOJBKO TaHHBIE O TIOKYTI-
Kax, 630 BCAKHUX OIEHOK (KOTOPbIE T0JIb30BATENU BHICTABIISIOT TAJIEKO
He BCeT/a).

B 2nase 9 «Knaccupurauus no My3olkaivHolm Jdcanpam» Mbl TPEATIONO-
JKUM, YTO KTO-TO CO3HATEJLHO BHEC XA0C B HAITY OTPOMHYIO KOJIJIEKIIAIO
MY3bIKaJIbHBIX TPOU3BENCHUN, 1 eIMHCTBEHHAS HAJIC:K/a HABECTH TIOPSi-
JIOK — MOPYYUTDH MalinHe ux kiraccudukanmio. Kak BbIssICHUTCS, HHOT/IA
JIydIiie IOBEPUTHCS UyKOMY OIIBITY, YeM CO3/IaBaTh TPU3HAKKM CAMOCTOSI-
TEJTHHO.

B 2nase 10 «Mawunnoe 3penue» Mbl TPUMEHUM METOIBI Kiraccudu-
Karu K 06paboTke M306pakeHn, BbIeIsds TPU3HAKY U3 JJAHHBIX. MBI
TaKsKe YBUIMM, KaK € TOMOTIBIO 3TUX METOJI0B MOKHO HAXOAUTD MTOXOKUE
usobpaxkenust B Habope.

N3 2nasvr 11 «llonuwicenue pasmeprnocmus Mbl y3HaeM O METOJAX, T10-
3BOJISAIONIUX YMEHBIUTH 0OBEM JaHHBIX, YTOOBI aJTOPUTMbI MATITHHHOTO
00yU€eHUsI MOTJIH C HUMU CIIPABUTHCSL.

B 2nase 12 «Kozda dannvix 60avuie> Mbl PACCMOTPUM HEKOTOPBIE TIO]I-
XOJIbI, O3BOJIAIONINE YCTIENTHO 06pabaThiBaTh OOJbIIIE HAOOPBI TAHHBIX,
3a/1eMICTBYS HECKOJIBKO Si7Iep WU BBIYNCIUTENbHbIE KaacTepbl. Mbl Takske
MO3HAKOMUMCST ¢ OCHOBAMU OOJTAUHBIX BEIYUCICHNUH (Ha TPUMEpe CITysKO
Amazon Web Services).
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B NpUiIoNCeHUU «I0e noay4umv donosnumenvivie céeoenis 0 MAUUHHOM
o6yueHuu>> InepedncyeHbl MHOTOYMCJ/ICHHDBIE TI0JIE3HbIE PECYPChI, ITOCBSI-
IIeHHbIE JTOI TeMe.

Y10 Heo6XxoaAMMO OJI9 UTEeHUA 3TOM
KHUMM

[Ipennomnaraercst, yto Bbl 3HaeTe si3bik Python u ymeere ycraHaBimuBath
O6UGIMOTEKH ¢ TTOMOIIBIO TPOTpaMMbI easy _install wiu pip. Mbl He mipu-
GeraeM K CJIOKHOI MaTeMaTHKe TUTIA MATEMATHYEeCKOTO aHAIN3a UJIH Ma-
TPUYHON areOphl.

B 97T0i1 KHIUTe UCIIONB3YIOTCST CIIEAYIONIIE BEPCUH IPOTPAMM, XOTst (0-
Jiee TO3/THIE TOKe JOJIKHbI TTOAONTH:

» Python 2.7 (Bech kox coBMecTHM Tak:ke ¢ Bepcusimu 3.3 u 3.4);
* NumPy 1.8.1;

* SciPy 0.13;

o scikit-learn 0.14.0.

Ha koro paccuutaHa 3Ta KHUra

Kuura paccunrana Ha nNporpaMMUCTOB, HIIYIMX Ha Python u skemaro-
IMX Y3HATh O TOCTPOEHUH CHCTEM MAITMHHOTO 00YYeHUs ¢ OMOIIBIO G-
GJIMOTEK ¢ OTKPBITHIM MCXOAHBIM KOJIOM. MbI paccMaTpuBaeM OCHOBHbIE
MO/IEJT MAIIUHHOTO 00y YeHUs Ha TPUMePaX, B3ATHIX U3 PeabHON KU3HHU.

dTta KHuUra Oy/IeT ToJe3Ha TakKe CHeUanncTaM 110 MalluHHOMY 00-
YUEHUIO, JKeJTAIoIMM UCII0b30BaTh Python ayist coznanus cBoux cucreM.
Python — ruGxuii 361K 1151 OBICTPON Pa3pabOTKK IPOTOTUIIOB, CAMU JKe
Gazosble aaroputmbl Hamrcanbl Ha C unn C++ 1 XOPOIIo ONTUMHU3HPO-
Banbl. [ToaToMy 110/ydaeTcst GbICTPBII 1 HaZeKHBIH KOJI, TIPUTOAHBIN 1151
[POM3BOICTBEHHBIX CUCTEM.

Npadunyeckue BbloeNI€eHNNA

B aroii kuure tun uahopmaiuu obozuadaercs mpudrom. Hiske npuse-
JIEHO HECKOJTBKO MTPUMEPOB C MOSICHEHUSIMIL.

OparmenTtsl Koja BHyTpu abzana, uMena Tab/ui 6asbl JaHHBIX, Ia-
ok u ¢aisioB, URL-azipeca, rannbie, KOTOpbie BBOAUT MOJIb30BATENb, 1
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azipeca B TBUTTEPE BBIAECILIOTCS Cleayionmm obpasom: «/laiee Mbl ¢ 110-
MOIIIBIO METO/IA polyld () CTPOUM MOJIEJIbHYIO (DYHKITUIO IO TTapaMeTpam
MOJIEJI».

Kycok kojia BBITJISIIUT TaxK:

[aws info]

AWS_ACCESS_KEY_ ID = AAKIIT7HHF6IUSN30OCAA
AWS SECRET ACCESS KEY = <Ball CeKpeTHB KJInu>

BXOﬂHaHIIBHXOHHaHIHﬂbOpNHHHHIKOMaHﬂHbD(yTHHHTBbHﬂHHHTTaKI

>>> import numpy
>>> numpy.version.full version
1.8.1

Hogble TepMuHBI 11 BaskHbIE (DPArMeHTBI BbIJIEJISAIOTCS TTOJIYKUPHBIM
mpudrom. Hampumep, amemeHTh Tpaduueckoro nntepdelica B MEHIO UJTH
JIMAJIOTOBBIX OKHAX BBITJISAT B KHUTE Tak: «[locjie 0CTaHOBKU MaITHbBI
cTaHOBUTCS JocTyIHON KHomKa Change instance type».

% MpenynpexaneHns 1 BaxkHble NpUMeYaHns BoIrsSasaT Tak.

Q CoBeTbl 1 pekoMeHAaLMn BuIrSaaT Tak.

OT13bIBbI

M1 Bceria pajibl 0T3bIBaM unTaTesieil. Pacckakure Ham, 9TO BBI [ymMaeTe
00 9TOI KHMIre — 4TO BaM IIOHPABUJIOCH WJIM, ObITh MOJKET, HE [OHPABU-
J0ch. UnTaTembcKre OT3bIBBI BAXKHBI JIJIST HAC, TaK KAk TIOMOTAIOT BBITTY-
CKaTh KHUTH, U3 KOTOPBIX BbI YePIIaeTe MAKCHUMYM I0JIE3HOTO J1JisT CeOsl.

YT06bI OTIIPABUTH OOBIYHBINA OT3BIB, IIPOCTO HOLLINTE IIMCHMO Ha a/[Pec
feedback@packtpub.com, YKa3aB Ha3BaHUE KHUTU B KauecTBe TeMbl. Ecin
BbI SIBJISIETECH CIELUAIMCTOM B HEKOTOPOI 00JacTH U XoTeau Obl ¢TaTh
ABTOPOM MJIM COABTOPOM KHUTH, TO3HAKOMBTECh C MHCTPYKIUSAMM JIJ15I aB-
TOPOB 110 aIPeCy www.packtpub.com/authors.

NMoppepXxka KNIMEHTOB

CyacT/IMBBIM O6JIaZIaT6JIHM kaur Packt Mbr MoskeM TIPE/JIOKUTD DA YC-
JIYT, KOTOPBIE TIO3BOJIAT H3BJIEYb N3 CBOETO HpHO6p€TEHHH MaKCHUMyM
ITOJIb3bI.
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3arpy3ka koga npuMeposB

Bbl MosKeTe cKayaTh KOl IPUMEPOB KO BceM KHUTaM m3ziatebeTa Packt,
KYIUIEHHBIM Ha CaiiTe http://www.packtpub.com. Eciy KHUra ObLIa Ky-
TJIeHa B IPYTOM MecTe, 3al/IuTe Ha CTPAHUILY http://www.packtpub.com/
support, 3aPErUCTPUPYUTECH, U MbI OTHPaBUM (hAMJIbI 110 AJTEKTPOHHON
roure.

Koz k 9101 KHUTE MMeeTcs TaksKke Ha ctpanulie caiira GitHub mo agpecy
https://github.com/luispedro/BuildingMachinelLearningSystemsWith-

Python. TOT PEIMO3UTOPUIT MOIEPKUBACTCA B aKTYATHHOM COCTOSIHUH,
TO €CTh BKJIIOUEHDI UCTIPABJIECHUSI 3AMEUEHHBIX OMIMOOK U OOHOBJIEHUSI JIJIST
HOBBIX Bepcuil Python u ncmosib30BaHHBIX B KHUTE TTAKETOB.

Oneyatkn

Mpbl 1poBepsIM COMEP)KUMOE KHUTU CO BCEM TIIAHWEM, HO KaKUe-TO
OMmMOKY BCe JKe MOTJIN TIPOCKOJIB3HYTh, Ec/i BbI Halijiere B Halleil KHU-
re omnOKy, B TEKCTE WU B KOJIe, IOKaIyiicTa, coobiuTe HaMm o Hel. Tak
BbI U30aBUTE APYTUX YUTATEICH OT Pa30YapOBAHK U IIOMOKETE HAM CJIe-
JIaTh CJIEAYIONIe U3aHusd KHUrK Jjydiie. IIpu oOHapyKeHUU OleyaTku
HpOCb6a 3aliTU Ha CTpaHMIY http://www.packtpub.com/support, Bbl6paTb
KHUTY, MEJTKHYTH 110 ccbiike Errata Submission Form u BBectn undop-
Maiuio 06 onedarke. IIposepus Baiie cooOLIeHNe, MbI TOMECTUM UH(POP-
Maruio 06 orevyaTKe Ha HAIIEM caiiTe Win J0OABUM €€ B CIIUCOK 3aMeUeH-
HBIX OTleYaToOK B paszesie Errata /7151 maHHOM KHUTH.

Crucok paHee OTIPaBIEHHBIX OIIEYaTOK MOXKHO [IPOCMOTPETD, BLIOPaB
Ha3BaHME KHUTU Ha CTPAHUIIEC http://www.packtpub.com/books/content/
support. Jarpoiiennas uadopmaius nosisutcs B paszee Errata.

Ectb ente oquH OTJAMYHBIA C110C00 — 3alTH HA CAIUT www. TwoToReal . com,
IJle aBTOPBI CTAPAIOTCS IPEIOCTABJISTH TEXHUYECKYIO TIO/JIEPAKKY YnTaTe-
JIAAM 1 OTBE€YaTh Ha NX BOIIPOCHI.

HapyweHune aBTopCcKkunx npas

HesakonHoe pasmerienne 3aliieHHOTO aBTOPCKUM ITPAaBOM MaTepuasa
B MHurtepHere — mpobieMa st Beex Hocurenell madopmanuu. B usma-
TesbeTBe Packt MBI OTHOCHMCS K 3all[UTe MIPaB WHTEJIEKTYaTbHON CO6-
CTBEHHOCTH U JIMIIEH3MPOBAHWIO OYeHb cepbesHo. Ecim Bbl 0OHAPYKUTE
HEe3aKOHHbIE KOIIUMY HALMX U3JaHuii B 1i060ii popme B IHTepHeTe, noxKa-
JiyiicTa, HesaMe[JINTEeIbHO COODIIUTE HaM aJ[pec NI Ha3BaHKe BeO-caiita,
4TOOBI MBI MOTJIU TIPEIIPUHSITH COOTBETCTBYIOIINE MEPHL
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IIpocum oTIIpaBUTH CCHIJIKY HA BBI3BIBAIOIINH 1T0/I03PEHNE B ITUPATCTBE
MaTepuaJ o a/IPpeCy copyright@packtpub.com.

Ml 6y11eM MIpU3HATE/bHBI 3a ITOMOIIb B 3alllTE IIpaB HAIlINX aBTOPOB
n CO}Z[efICTBI/Ie B HallIUX CTapaHUAX ITPEOCTaBJIATD YUTATEJAM ITOJIE3HbIE
CBE/ICHUI.

Bonpochl

Ecau Bac CMYHIAa€T 4YTO-TO B 9TON KHUTE, BBI MOKETE CBSI3aThCST C HAMU
II0 a/IpeCy questions@packtpub.com, U MbI CAEJTAEM BCE BO3SMOKHOE JJId
pereH st TPOOIEMBL.



TJNIABA 1.
BeepgeHue B MOLWMHHOE
o6yueHue Ha a3bike Python

Mamaaoe oOyJderie — 9To HayKa O TOM, KaK Hay4YUTh MAIIMHY CaMOCTO-
SITEJIBHO pemrarh 3azauu. Bot tak Bce mpocto. Ho nbsiBos kpoeTces B nera-
JISTX, 1 UIMEHHO TI03TOMY BBI YUTAETE ATy KHUTY.

BbITh MOKET, JaHHBIX CJAUIIKOM MHOTO, a allpUOPHBIX 3HAHWIT O HUX
CMTIKOM Masio. V1 BbI HaJleeTech, YTO AJITOPUTMBI MAIIHHHOTO OOyYeHUsT
[IOMOTYT CIPABUTBLCS € 9TOI MPOBJIEMOIA, a IIOTOMY HaYMHAeTe B HUX Pas-
6uparbcst. Ho uepes HEKOTOpPOe BpeMsl BIIAJaeTe B CTYIIOP: KaKOil jke u3
MUPHAJIa AITOPUTMOB BbIOpATH?

W, 6bITH MOKET, BAC 3aMHTEPECOBAIU 00IIIE BOTIPOCHI MAIIMHHOTO
00yueHus, 1 BbI HauaJIi YMTaTh OJIOTH ¥ CTaThu Ha 3Ty Temy. Bee aT0 110-
Ka3aJI0Ch BaM TaKMM KPYThIM U BOJIIEOHBIM, YTO BbI IPUCTYIIUINA K COO-
CTBEHHBIM MCCJIEJOBAHUSIM W 3arPY3WJIN MPOCTEHbKUE JaHHBIE B Pelia-
I0Illee IEPEBO UJIM B MAIIUHY OMOPHBIX BEKTOPOB. Ho BOT axcmepumMenT
3aBEPIIUJICS, U BO3HUKAET BOTIPOC: a TIPABUJILHO JI OH OBLIT ITOCTABJIEH ?
Hackonbko ontumaibHbl mosrydeHnble pe3yasraTsi? 1 kax y3uars, He cy-
HIECTBYET JIM ajroputma mnoJyyiie? /la 1 BoobIie — MpaBUIbHO Ji ObLIK
1oj006paHbl JaHHbIe?

Bor ve omuroku! Mbr 062 (aBTOPBI) MPOXOIUIN YePE3 BTO — UCKAJIU
CBEJIEHMS O TOM, KaK Ha IIPAKTHUKE BBITJISIAUT TO, O YeM ITUIIYT B yueOHUKAX
o MarmuHHOMY 00ydeHut0. OKa3aaoch, 4TO OYeHb MHOTOE — «4ePHAst Ma-
I'HsI», 0 KOTOPOI aBTOPBI CTaHAAPTHHIX YUCOHUKOB 3a0bIBAIOT YIIOMSAHYTh.
Tak 4TO B HEKOTOPOM POJIE 3Ta KHUTA HATIMCAHA HAMU [IJIsT HAC JK€, TOJIbKO
Ha HECKOJIBKO JIET MOJIOXKe. 3/1eCh BbI HAlijleTe He TOJbKO KPATKOe BBeJe-
HUe B METO/Ibl MAITMHHOTO 00y4YeHUs, HO U YPOKH, KOTOPbIE Mbl U3BJIEKJIH,
uzist o aTomMy mytu. Mbl HajeeMcst, 9To GJarojapst 9Toi KHUTE J0POTa,
Bejlylilast B caMble 3axBarbiBaiolie obmact HOOPMATHKH, CTAHET 4y Th
6oJtee TITAJIKOIL.
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MawuHHoe o0y4yeHue u Python —
KOMaHAa MeuTbl

[lesb MamMHHOrO 00y4YeHUs — HaydyUuTh MalIMHYy (TOYHEe, IPOrpaMMy)
pernaTh 3a7auy, TpPebsIBUB il HECKOJIbKO TPUMEPOB (€ TPABUIBHBIMU U
HEMPABUJIHHBIMU penteHusMn ). [IpenonoknM, 4To Kaxkaoe yTpo, BKI0-
YUB KOMITBIOTED, BBI JleJlaeTe OJTHO W TO JKe: COPTUPYeTe TPUIIE/IIYIO
MOUTY, PACcKJIa/bIBas MUChMa B MANKN 10 TeMaM. depe3 Kakoe-TO BpeMs
9Ta paboTa BaM HALOECT, U BBl 3aXOTUTE €€ aBTOMaTU3upoBath. OnuH U3
BO3MOJKHBIX IOAXO0L0B — IIPOAHAJIN3MPOBATh COOCTBEHHOE IOBEIEHUE U
BBITINCATH TIPABWUJIA, KOTOPBIMU BBl PYKOBOJICTBYETECH TIPU COPTUPOBKE
nuceM. OJHAKO 3TO I'POMO3JKOE U OTHIOJAb HE COBEPIIEHHOE pEIIeHHeE.
HexoTopsie ipaBusia BBl yIycTuTe U3 BULY, ApyTrre chopMyaupyeTe m3-
JIMIIHE AeTajibHo. Topasio myuiie BHIOpaTh KaKOH-TO HAOOP MeTaJaHHbIX
0 TMChbMaX, 33/IaTh Tapbl (TEJI0 TTUCbMA, UM MANKW) U TIOPYYUTh aJIrO-
PUTMY BbIBECTH Hawjydiinii Habop npasuil. Takue mapbl Ha3bIBAIOTCS
00yYaIONIMMU JTaHHBIMU, & TIOJYYUBIIICS HAOOP MPABUI MOKHO OyIeT
[IPUMEHUTD K OYAyIIMM MUChMaM, KOTOPBIX aJITOPUTM €llle He BUAET. ITO
1 eCTh MalllMHHOE 00yYeHME B IIPOCTEIiIeM BUJIE.

Pasymeercst, MaimuuHoe o0ydeHue (€ro ele 4acTo HasblBaioT A00bI-
Yell JaHHbIX WJIU TPOTHOCTUYECKUM aHAJIM30M ) — He HOBasl IUCIIUTLIINHA.
Haobopot, cBouMH ycliexaMu B IIOCJIeHUE IO/bl OHA OOsI3aHa IPaKTHYe-
CKOMY TTPIMEHEHUIO IPOBEPEHHBIX BpEMEHEM METO/IOB U U1 U3 IPYTHX
obJlacTell 3HaHMA, B YaCTHOCTU MaTeMaTU4ecKol cratuctuku. lesnp ge-
JIOBEKa — M3BJIeYb TMOJIE3HYI0 MH(POPMAIUIO U3 JIAHHBIX, HATIPUMED, BbI-
SIBUTh CKPBIThIE 3aKOHOMEPHOCTU U B3aMMOCBs3U. duTass 00 yCIemHbIX
[pUMEHEHUsIX MalnHHoro obydyenust (Bbl Belb yske OTKpPbLIN st cebst
CalT www.kaggle.com, IpaBaa?), Bbl yOEUTECh, UTO IIPUKJIAJHASA CTATH-
CTUKA BOBCIO UCTIOJB3YETCS CIIEIUATTICTAMU.

Hwke BBl yBUIUTE, UTO TIPOTIECC TIOUCKA MOAXOSIIET0 TIOAX01A K Ma-
[IMHHOMY O0YY€eHMIO BOBCE He JimHeeH. HarpoTus, IPUXOAUTCS MHOIO-
KPaTHO BO3BpAlIaThCs Hasajl, IPoOyst APyrie coueTaHus MCXOAHbIX JaH-
HBIX U aaTOpUTMOB. VIMEHHO U3bICKATEIbCKAs TIPUPOJIA ITOTO TIPOIlecca
nenaer npumenenue Python upessbruaitno ymectabiM. Bexs Python,
OyLydr HHTEPIIPETUPYEMbBIM BBICOKOYPOBHEBBIM SI3BIKOM ITPOTPAMMUPO-
BaHU, KaKk OYATO CIEIHAJbHO TIPUILYMAH Jis OIIPOOOBAHUS Pa3HbIX Ba-
puanToB. K Tomy e, on paboraer 6bicTpo. KoHneurno, oH memienHee C u
OZ00OHBIX €My CTATHYECKU TUIIM3UPOBAHHBIX A3bIKOB. Ho mpu Hammauu
OIPOMHOTO YKCJIa IIPOCTBIX B UCIIOAb30BaHIK OGUOIMOTEK, 3a4acTyIO Ha-
nucanHpix Ha C, BaM He IPUAETCS JKePTBOBATh CKOPOCTHIO Paii FTHOKOCTH.
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Y10 Bbl Y3HaeTe
(nyero He y3HaeTe N3 3TON KHUIN)

B 910ii kHUTE BBI Haiijere 0011l 0030p 00YYAIOIUX AJITOPUTMOB, KOTO-
pble yaile BCEero MPUMEHSIIOTCS B Pa3IMYHbIX OTPAC/SIX MAIIMHHOIO 00-
yueHusl, ¥ y3HaeTe, Ha 4To oOpallaTh BHUMAHME HIPU MX HPUMEHEHUU.
Ho 110 cBoeMy OIIbITY MbI 3Ha€M, YTO TaKKe «HHTEPECHBIE» BEIlH, KaK 1C-
[0JIb30BaHKUE U HACTPOIKA OTAEIbHBIX aJrOPUTMOB, HAIPUMEP METOJa
OIIOPHBIX BEKTOPOB, KJIacCU(pUKALNU 10 OIMKANRIIUM COCEISAM, WM UX
aHcam0Jieil, — 3aHUMAIOT JIMIIb MaJIyIO 4acTh Pabouero BpeMeHU CIIely-
aJIMCTa 110 MAIMHHOMY 00Y4eHHUIO. A OCHOBHOE BPEMsI TPaTUTCS Ha J0-
BOJILHO CKYYHYI0 padoTy:

* YTeHUE U OYMCTKA JJAHHBIX;

*  u3y4yeHUe UCXO/[HBIX JIAHHBIE W MTOMBITKU TTOHSTD UX;

* Pa3MBINLIEHNUST O TOM, KaK JIydllle 1Mo/IaTh JJAHHbIE HA BXOJ[ aJiro-
puTMa 00ydYeHusT;

*  BBIOOD MOAXOASIIEN MOJEH 1 aITOPUTMA;

* IpaBUJIbHOE U3MePeHNe KauecTBa PabOThl AJITOPUTMA.

B niportiecce nsydenus u ocCMbICIEHNS UCXOIHBIX JIaHHBIX HAM ITOHAI0-
OGUTCST CTaTUCTHKA U HE OYEHBb CJIOXKHAA MareMaruka. M, Kak Bbl ybesu-
TeCh, METO/IbI, Ka3aBIIINECS TAKUMU CKYYHBIMU Ha 3aHATUAX 110 MATEMATH-
Ke, MOTYT CTaTh [I0-HACTOAIIEMY YBJIEKATEJIbHBIMHU, KOT/IA TPUMEHSIOTCS
JUUISL aHAJIN3a MHTEPECHBIX JaHHbIX.

Harre nyrenrectBe HauMHaeTCs ¢ YTEHUS JAHHBIX. BBl moiimere, 4To
MOKCK OTBETA Ha BOTIPOC, KaK OBITh ¢ HEKOPPEKTHBIMU UJIM OTCYTCTBYIO-
HMIMMHU JAHHBIMH, — CKOpee UCKYCCTBO, YeM TouHas Hayka. [IpaBuibHoe pe-
HIeHNe BO3/IACTCS CTOPUIIEH, TIOTOMY UTO TO3BOJIUT IPUMEHUTD K TAHHBIM
GoJIbITIE 0OYYATONIIX AJITOPUTMOB, a, SHAYUT, TTOBBICUT TMAHCHI HA YCIIEX.

Korzia manmbie OyayT mpecTaBjienbl B BUE CTPYKTYP JMaHHBIX B TIPO-
rpamMMe, BbI 3aXOTUTE TIOHSTE, C YeM 3Ke Bee-Takn paboraere. J[octatouHo
JIN TAHHBIX /711 OTBETA Ha MHTepecylolle Bac BOpockl? Ecn Het, To Kak
NOOBITH IOTIOMHUTETbHbIE TaHHBIE? A, GBITH MOKET, TAHHBIX CJMIITKOM MHO-
ro? Tora HYKHO MOZYMAaTh, KaK JIyUIie BCErO MPOM3BECTH BHIGOPKY U3 HHUX.

Yacro 6GbiBaeT, 4TO JaHHBIC HE CTOWT TOAAaBaTh Cpa3y Ha BXOJ
AJITOPUTMA MAIIUHHOTO OGYYEHUs, a HAJ0 MPEABAPUTENHHO YIIyUIIHUT
uX. AJITOPUTM € 6JIATOIAPHOCTHIO OTBETUT Ha 9TO HoJiee KaueCTBEHHBIMU
pesyasratamMu. VHoTA@ Aaske OKasbpIBaeTCs, YTO MPOCTON aJTOPUTM Ha
npeBapuTeIbio 06paboOTaHHbIX MaHHBIX PaboTaeT JIydIle, YeM O4YeHb
M30IPEHHDBIN aJTOPUTM HA JIAHHBIX B IIEPBO3JIAHHOM BHJE. JTa YaCTb
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paboThl, Ha3biBaeMasi MOJArOTOBKOI mpuaHakoB (feature engineering),
YaIe BCero OKas3hbIBaeTCsl 0E3yMHO YBJIEKaTeIbHON 3amaueil, IpuHoCsIel
HeMeJJICHHbIe TIIO/bL. Bbl cpady ke BUIWTE pPe3yJbTaTbhl TBOPYECKOTO
HECTaHJAPTHOTO TTOX0/IA.

Taxum 06pazoM, 9T0OBI BBIOPATH IIOAXOAIIII 00y IaIONIIii aJITOPUTM,
HEIOCTATOYHO IIPOCTO TKHYTh HAYTA/l B O/IUH U3 TPEX-UETHIPEX UMEIOTINXCS
B BarlieM apceHasie (Kak Bbl CKOPO YBUNTE, UX BOOOIIE-TO GoJbIie). ITO
B/IyMYMBBIH TIPOTIECC B3BEIIMBAHMS PA3JINIHBIX KPUTEPUEB — OT KaueCTBa
paboThl 10 (DYHKIMOHAIBHBIX TpeOOBaHUU. Bbl XOTHTE MOJIYyIUTH
pesyssrar ObICTpPO, Aaske B yiepd kadectBy? Wi mpeamodynTtaere
MOTPATUTL OOJbIIIE BPEMEHU, HO MOJYYUTh HAMJIYUIIUI BO3MOKHBII
pesysbraT? Y Bac ecTb OTUETJIMBOE TIPeICTaBIeHre 0 OYIyIUX TaHHBIX
uyn Jiydiie Obl He JIeJIaTh CAUIIKOM OTPAHUYHUTENBHBIX TPEIIOTOKEHUI
Ha 3TOT cYeT?

Haxomer, nsmMepenne KadecTBa paboThl — TO MECTO, TJe HAYMHAIOIINIT
U3ydaTh MAITUHHOE 0OyUYeHne MOKET HajieJiaTh Gouibiiie Beero ommbok. EcTb
OIIMOKHU MPOCThIE, HATIPUMED, KOHTPOJIb PE3YJIBTATOB Ha TEX JKe JAHHbIX, Ha
KOTOPBIX TIPOU3BOIUIIOCH OOyUIeHHe. A eCTh 1 TTOCJ0KHEe, HAPUMED, TTofIada
Ha BXO/[ HecOaJIaHCUPOBAHHOTO 00y 4atorero Habopa. Kak u paHbiie, iMEHHO
JIAHHBIE OTPE/IEJITIOT YCIIeX TN HeyIady BCeTO MPEATPUITHS.

Kak MbI BUZIIM, JIUIITB YETBEPTHIN IMyHKT B HAIEM CITMCKE OTHOCUTCS
cOOCTBEHHO K BO3HE ¢ ajroput™Mamu. V1 TeM He MeHee, Mbl HaJeeMCst
y6eIUTh BAC B TOM, U4TO ¥ OCTAJIbHBIE YETHIPE 33/[a4K MOTYT OBITh HE MEHee
yBJIeKareabHbIMU. Ham XoTesoch 661, 4TO6BI, TTIPOYNTAB KHUTY /10 KOHIA, BB
BJTIOOUJIMCDH HE CTOJBKO B &JITOPUTMBI 00YUIEHUS, CKOJILKO B CAMH JIaHHBIE.

[ToaTomy MBI He cTaHEM HArpy:KaTh Bac TEOPETUYECCKUMHU BOIIPOCAMU
Pa3HOOOPa3HBIX AJITOPUTMOB MANIMHHOTO 00yUYEHUs, TIOCKOJAbKY Ha 3Ty
TeMy CYyIIECTBYeT HEMaJIO OTJIMYHBIX KHUT (WX TepedeHb BbI Halijere
B TIPUJIOKEHUHM), @ BMECTO 3TOTO IOMBITAEMCS PAa3BUTh WHTYHUIUIO
HACTOJIBKO, YTOOBI BBl MOHSUIN UEI0 W CMOTJIHM CJeJaTh MepBbIe TIATH.
Tak 4TO 3Ty KHUTY HU B KOEM CJIy4yae HeJIb3d CUUTATD AGMOPUMEnHbIM
PYKOBOOCMEOM TIO MANIMHHOMY OOYUeHUI0. ITO CKOpee yYeOHUK I
HaunHAONMX. MBI HajleeMcst BO3OYUTH B BAC JIOOOTBITCTBO HACTOJIBKO,
4yTOOBI BaM 3aXOTEJOCh MPOAOJIKUTH U3YydeHHe 9TOI MHTepecHeiieit
006JIaCTH 3HAHW.

Jlasiee B 9TO# Iy1aBe Mbl TO3HAKOMUMCST ¢ ocHOBaMu 61banorexk Num Py
u SciPy mist Python m obGyuwm Hain mepBBIi aJTOPUTM € TTIOMOIIBIO
6ubmnorexu scikit-learn. ITo xomy mea MBI BBEeM OCHOBHBIE OHATH
MAIIMHHOTO 00YUYeHNUsT, KOTOPbIe Oy T UCIIOIB30BATHCST HA IPOTSKEHUN
Bcell KHUTH. B TMOCJHEAYIONMX TJIaBaX MbI MOAPOOHO PACCMOTPUM BCE
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[ATb BBINIEIIEPEYMCIECHHBIX 1IAr0B, JEeMOHCTPUPYS Pa3JinyHble acleKTbl
MaIllHHHOTO OOYYEHUs HA TIPUMEPAx M3 PAsHbIX 00JIacTell.

Y10 penaTtb, €Csnv Bbl 3acTpda,an

Mur CTapa/JinChb KaK MOJKHO ITIOHATHEE U3JIOKUTDH BCE NIEH, HeO6XO].II/IMb16,
4TOOBI BOCITPOM3BECTU OINMMCAHHBIC B KHUI'C€ ITPUMEPDI. Tem ne MeHee, He
NCKJIIOYE€HO, YTO BbI 3aﬁneTe B TYHIHK. HpI/ILII/IHbI MOTYT OBITH Pa3IMIHbI-
MMU: OIleYaTKH, HETIPEABUACHHDBIC KOM6I/IHa]_[I/II/I BepCI/Iﬁ ITaKE€TOB MUJIN HE/10~
ITOHUMaHHe.

B Takom cJydae O6paTI/ITbCH 3a ITIOMOMIbIO MOYXHO B pa3HbI€ MECTa. Cko-
pee BCETO, KTO-TO YK€ CTAJTKNUBAJICA C Balei HpO6JIeMOﬁ, " perieHnue nMe-
€TCA Ha O/THOM M3 CJIECAYIONINX CcanToB BOITPOCOB U OTBETOB.

° http://metaoptimize.com/ga: TOT CAUT IIOCBSIIEH UCKJIIOUM-
TEJBHO MAlIMHHOMY 00yueHuio. TToutn Ha Kak/Iblii BOIPOC UMe-
I0TCST KBAIN(UITMPOBAHHBIE OTBETHI OT CIEIUATICTOB. Jlaxke ecm
Y Bac HET HUKaKUX BOITPOCOB, TTOJIE3HO B3SITh 32 TIPABUJIIO BPEMST OT
BPEMEHU 3aXO/IUTh CIO/IA M YNTATh OTBETHI.

° http://stats.stackexchange.com: 3TOT CAWT HOCUT Ha3BaHUE
Cross Validated, on nmoxosx ra MetaOptimize, Ho ocssiieH 60Jb-
Ie BOIIPOCaM U3 00JIaCTH CTATUCTUKU.

* http://stackoverflow.com:3TOT CAUT BO MHOTOM HATTOMITHAET Tipe-
JIBITYTIIWAH, HO TMAITa30H PpacCMaTPUBAEMBIX BOITPOCOB ITPOTPaMMU-
poBaHust TOpas/o mmupe. Tak, Ha HeM 3aaeTcst GOJIbINE BOTPOCOB
0 HEKOTOPBIX MCIOJIb3yEMbIX B 9TOW KHUTE TTaKeTax, B YaCTHOCTH,
SciPy u matplotlib.

e Kanas #machinelearning Ha CalTe https://freenode.net/: 3TO
IRC-kanas, IOCBAIIEHHBIH MpobiIeMaM MAIIMHHOIO OOydYeHusI.
3mech cobupaercs HeGOJIbIIOE, HO 04eHb aKTUBHOE 1 BCErja ToTo-
BO€ 0Ka3aTh IMOMOIIb COOOIIECTBO CIEUATICTOB [0 MAIIUHHOMY
00yUYeHuIO.

*  http://www.TwoToReal.com: 3TO CAaliT MTHOBEHHBIX BOIIPOCOB U
OTBETOB, CO3/TaHHBIN ABTOPAMU KHUTH JIJIsST OKA3aHWST TIOMOIIH TI0
BOITPOCAM, He TTOTAAIONUM HU B OJTHY U3 OTTMCAHHBIX BBITIE KaTe-
ropuii. Ecm BbI 3a/1a/1uTe 3/1€Ch BOIIPOC, TO OJIMH U3 aBTOPOB He-
MeJIJIEHHO MOJIYYUT COOOIIEHNe, eCI HAXOAUTCI B CETH, 1 OyaeT
rOTOB BCTYIIUTD C BaMU B Oece/ry.

Kak yske ObLIO CKa3aHO B HavaJie KHUTH, HAIlIA 11eJIb — TIOMOYb BaM Obl-

CTPO OCBOMTbD a3bl MalllMHHOT'O O6y‘-IeHI/IH " JaJIblll€ IBUTaTbCA YK€ CaMO-
CTOATE/IbHO. HOSTOMy MbI TOPAY0 PEKOMEH/YEM COCTaBUTDH CBO¥ CITMCOK
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6JIOTOB, OTHOCSTIIUXCS K MAITMHHOMY OOYUEHUIO, U PETYJISIPHO 3arJisiibl-
BaTh B HUX. ITO JYUHINH C1TOCOO y3HATH, UTO pabOTAET, a UTO — HET.

EmuncrBenHbIil 67101, 0 KOTOPOM MbI XOTEJN Obl YIOMSHYTH TIPSIMO
celfuac (1 mogpodHee paccKasaTh B IPUIOKEHNN) — http://blog.kaggle.
com, 6stor kommanuu Kaggle, kotopast mpoBOMT KOHKYPCHI T10 MATTHHHO-
My 00yuernio. OGBIYHO TOOEANUTEISAM TIPEJIATAETCS PACCKA3ATh O CBOUX
MO/IX0/1aX K KOHKYPCHBIM 3aj1auaM, O TOM, KaKhe CTPATeruu He cpaboTaii,
U KaK OHU MPUIILIIU K TT0OeHOT cTpaTeruu. ToT 60T 00sA3aTEIEH K MTPO-
YTEHUIO, TTYCTh JIa’Ke OH OKAXKETCS €JINHCTBEHHDBIM.,

NMpucTtynasga Kk paborte

B upeanosnoxkennn, uto Python y:xe ycranosien (rogures nobast Bepeus,
HaunHas ¢ 2.7), HaM HY’KHO ellle yCTaHOBUTH akeTbl NumPy u SciPy s
yrcaeHHbIX pacyeToB 1 matplotlib g Busyanusammm.

BeegeHune B NumPy, SciPy n matplotlib

ITpeskie YeM TOBOPUTH O KOHKPETHBIX aJITOPUTMAX MAIIMHHOTO 00yue-
HUSI, CJICYET OTPEAETUTHCS C TeM, KaK Jiydllle XPaHUTh JaHHbIe, KOTOPbIe
MBI OyzieM 0OpabaTbiBaTh. ITO BasKHO, TIOTOMY UTO JIasKe CaMbIil H30IIPEH-
HBII 00YUAOIIHiT AJITOPUTM HIYEM He TIOMOJKET, €CJIM OH HE 3aBEPITaeTCsl.
A Tak MOXKET CIIyYUTHCST IPOCTO MOTOMY, UTO JOCTYIT K JAHHBIM CJIUIITKOM
MeIeHHbI. Vi motoMy, uTO BBIOPAHHOE MPEICTAaBJICHUE JAHHBIX 3a-
CTaBJISIET OIEPAIIMOHHYIO CHCTEMY TTOCTOSTHHO ITPOOYKCOBBIBaTh. J[06aBETE
crofia ToT (hakt, uto Python Bce-Taku nHTEpHIpPETHPYEMBIl SI3BIK (XOTS U
XOPOIIO ONTUMU3UPOBAHHBIN ), CJIUIITKOM MEITIEHHBIH JIJIsI MCTIEHHBIX Pac-
yetoB 110 cpaBHeHnio ¢ C mim FORTRAN. Ho Toria BogHUKaeT BOpoc —
MOYeMy JK€ TaK MHOTO YUEHBIX 1 KOMITAHUH CTaBSAT CBOE GJIarornojyuue Ha
Python, naske B 3aauax, TpeOyONMX OUeHb MHTCHCUBHBIX BBIYUCJICHUIT?

IleJio B ToM, uT0, paboTast Ha Python, oueHb mpocTo repenopydnTs dric-
JIEHHBIE PAacYeThl HU3KOYPOBHEBBIM PACITUPEHUSIM, pean30BaHHbIM Ha C
nmn FORTRAN. Mmenno Tak yerpoenst 6ubanorekn NumPy u SciPy
(http://scipy.org/Download). B aTom Tanmeme NumPy oTBeuaer 3a BbI-
COKO ONTUMHU3UPOBAHHBIE MHOTOMEDPHBIE MACCHBBI — OCHOBHYIO CTPYK-
TYPY JQHHBIX JJist GOJIBITMHCTBA COBPEMEHHBIX alrOpuT™MOB. A SciPy Ha
Hase aTUX MACCUBOB peaiiayeT ObICTPhIE YHCJACHHBIE aaropuTMbl. Hako-
sert, matplotlib (http://matplotlib.org/) — TMOKaNyii, camast yaoOHast
1 (DYHKIIMOHAIBHO pasBuTast GUOIMOTEKA JIJIsT TOCTPOEHUST BBICOKOKaUe-
cTBeHHbBIX rpadukoB Ha Python.
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YcraHoska Python

[To cuacTpio, AJisT BCeX TOMYJISIPHBIX OMEPAIHOHHBIX CUCTEM, TO €CTh
Windows, Mac u Linux, cyIiecTByOT TOTOBbIe HHCTA/LISITOPHI NumPy,
SciPy u matplotlib. Eciiu Bb He yBepeHbI, CMOKETE JIM CIIPABUTHCS € MX
YCTaHOBKOM, TO ycraHoBuTe AuctpubytuB Anaconda Python (ero mox-
HO cKayaTh C caiTa https://store.continuum.io/cshop/anaconda/)
cosmanubiii Tpasucom Osmudantom (Travis Oliphant), ocHoBarenrem u
AKTUBHBIM aBTOPOM mpoekTa SciPy. Ot apyrux aucTpubyTuBOB, HAIPU-
mep Enthought Canopy (https://www.enthought.com/downloads/) WU
PythOH(XQO (http://code.google.com/p/pythonxy/wiki/Downloads)
Anaconda otsmuaercst mostHOM coBMecTuMocThio ¢ Python 3 — Bepcueit
Python, koTopoit MbI Gy/1eM MOJIH30BATHCS B 9TOW KHHTE.

NumPy kak cpencTBo agppeKkTuBHOM
n SciPy kak cpeaCcTBO UHTEI/1IeKTYyasibHON
06paboTku gaHHbIX

JlaBaiite pasbepeM HECKOJBKO IPOCTHIX IIPUMEPOB IMPUMEHEHHS
NumPy, a 3atem mocmotpum, uto SciPy maet cepx toro. IlomyTHO MBI
cjieslaeM TIepPBYIO TOMBITKY MOCTPOUTDH IPaUKU € TTOMOIIBIO YyZ€CHOTO
nakera Matplotlib.

JKenatornue yriyOUThCs B TEMY MOTYT O3HAKOMHUTBCS ¢ HHTEPECHBIMIU
npuMepaMu puMeHerns NumPy, npuBesieHHBIMU B TIOCOOMH 110 aipecy
http://www.scipy.org/Tentative NumPy Tutorial

Becbma nosiesna Takske kHura Ivan Idris «NumPy Beginner's Guide»
(BTOpOE M3xaHue), BhieAIas B usgareabcTse Packt Publishing. Jomos-
HUTEJIbHBIE YueOHbIe MaTepraibl MOKHO HAITH Ha cailTe http://scipy-
lectures.github.com, a TAKXKE B OPUITNATBHOM PYKOBO/ICTBe 110 SciPy mo
aJIpecy http://docs.scipy.org/doc/scipy/reference/tutorial.

% B aTol1 kHure Mol nonb3yemcs Bepcusimn NumPy 1.8.1 n SciPy 0.14.0.

N3yyaem NumPy

Wrak, nmnoptupyem NumPy u HemHoro noskcrnepumentupyem. s
HTOTO HYKHO 3allyCTUTH HHTEPAKTUBHY0 06004Ky Python:
>>> import numpy

>>> numpy.version.full version
1.8.1
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ITockosbKy MBI He XOTHUM 3arps3HsATH IIPOCTPAHCTBO UMEH, TO, KOHEYHO
JKe, He CTaHeM IMcaTh Takoi Ko

>>> from numpy import *

Tak kak, K IIpuUMepy, HaKeT numpy.array MOT Obl 3aMaCKuUpOBaTh IIaKeT
array U3 cTaHgapTHOil 6ubsuoreku Python. Bmecto sToro Mbr Gynem
ITOJIb30BATHCA CIECAYIONINM YIIO6HI>IM COKpallleHHuEM:

>>> import numpy as np

>>> a = np.array([0,1,2,3,4,5])

>>> a

array ([0, 1, 2, 3, 4, 5])

>>> a.ndim

1

>>> a.shape

(6,)

TobKO YTO MBI CO3/IAJTI MACCHB — TOYHO TaK ke, Kak crmucok B Python.
Opmnako B MaccuBax NumPy XpaHuTCst I0MOJHUTETbHAS WH(DOPMATIHS O
(opme. B 1anHOM cTydae Mbl IMeeM OTHOMEPHBIN MACCUB C TIECTHIO HJIe-
MeHTamu. [Toka HUKaKUX CIOPIIPU30B.

Tenepb MOKHO TIPEOOPA30BATH ATOT MACCUB B IBYMEPHYIO MATPHUILY:

>>> b = a.reshape((3,2))

>>> b
array([[0, 17,

>>> b.ndim
2

>>> b.shape
(3, 2)

WNutepecuble Belll HAYMHAIOTCS ¢ OCO3HAHUEM TOT'0, KaK CUJIBHO OITH-
Musuposat nnaker NumPy. Hanpumep, B ciieyionux oneparuax Komupo-
BaHMe 110 BO3MOXKHOCTH He TIPOU3BOIUTCS:

>>> b[1][0] = 77

>>> b

array([[ 0, 17,
[77, 31,
[ 4, 511)

>>> a

array([ 0, 1, 77, 3, 4, 51)

B nannom cjiydyae Mbl U3SMEHWJIX OJNH 9JIEMEHT b C 2 Ha 77 U, KaK BH-
JINM, 9TO U3MEHEHNE OTPa3njioCh 1 Ha MaCCUBE a. Ho ecan KOIMMpoBaHne
TaKN1 H806XOJII/IMO, TO 9TO MOKHO OPraHn30BaTh!
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>>> c = a.reshape((3,2)) .copy()
>>> ¢
array ([[ O, 17,
[77, 31,
[ 4, 511)
>>> c[0][0] = =99
>>> a
array([ O, 1, 77, 3, 4, 51)
>>> ¢
array ([[-99, 11,
7, 31,
4, 511)

Teriepb c U a — COBEPIIIEHHO HE3aBUCUMbIE KOIIUM.

Eme omno mpemmymectBo MaccmBoB NumPy — pacmpocTtpanenue
omepanuii Ha OTAeJbHBbIe ameMeHThl. Hampumep, yMHOXeHWE MaccuBa
NumPy Ha 4rcsi0 MOpoKIAET MACCUB TAKOTO Ke pa3Mepa, B KOTOPOM Bce
3JIEMEHTBI YMHOKEHbI HA 9TO YUCJIO:

>>> d = np.array([1,2,3,4,5])

>>> d*2
array([ 2, 4, 6, 8, 101])

To ke cripaBeITNBO U JJIST IPYTUX OTIePaITHil:

>>> dr*2
array ([ 1, 4, 9, 16, 251])

Cpasuute ¢ 06b4HBIM crinckoM Python:

>>> [1,2,3,4,51*2

[, 2, 3, 4, 5, 1, 2, 3, 4, 5]

>>> [1,2,3,4,51*%*2

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

TypeError: unsupported operand type (s) for ** or pow(): 'list' and 'int'

Pasymeercst, npuberas k MmaccuBaM NumPy, Mbl IPHHOCHM B 5KEPTBY
rubkocth crnuckos Python. Takue mpoctbie onepaiuy, Kak gobaBieHme
WJIN yIaJIeHKe BJIEMEHTOB, i MaccuBoB NumPy peanusytores ciioskmee.
Ho, k cuacTpbio, B HAIIIEM PACTIOPSAKEHUN €CTh U TO, U IPYTOE, TAK 4TO MOK-
HO BBIOUPATH MOAXOAIMI MHCTPYMEHT TI0 CUTYAIIUH.

NMHpekcupoBaHue

Csoeil apdexruBHOCTRIO OUbOIMOTeKa NumPy oTuactu obsi3aHa pas-
HOOOpasueM croco00B 0CTyIa K MaccuBaM. [TOMIMO 3HAKOMOTO 110 CITH-
CKaM MH/IEKCHPOBAHMST, MOKHO MCITOJIb30BATh B KAUECTBE MHIEKCOB CAMU
MaCCUBDI:
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>>> a[np.array([2,3,41)]
array ([77, 3, 4])

YQHTMBaH,HTO JIOTUYECKHUE YCJOBUA TaKKe PACIIPOCTPAHAIOTCA Ha
OTAEJIbHbIE 3JIEMEHTDI, Mbl IIOJIy4YaeM O4Y€Hb yHO6HbﬂiCHOCO6 AOCTyIIa K
JaHHDBIM:

>>> a>4

array([False, False, True, False, False, True], dtype=bool)

>>> ala>4]

array ([77, 51)

Cuepyioriast KOMaH/ia II03BOJIIET OIPAHUYKTh BIOPOCHI:

>>> ala>4] = 4
>>> a
array ([0, 1, 4, 3, 4, 4])

IMockombKy 9Ta GBIBAET HEOOXOMUMO OUEHB YaCTO, CYIIECTBYET CIETH-
asbHast GYHKIMS clip, KOTOPAs TTO3BOJISIET 33/1aTh 00€ TPAHMUIIBI C TOMO-
II[HIO O/IHOTO BHI30Ba:

>>> a.clip(0,4)
array ([0, 1, 4, 3, 4, 4])

OO6paboTKa OTCYTCTBYIOLLMUX 3HAYEHUN

Cpencrsa nnekcupoBanust NumPy oka3biBaloTCst 0COOEHHO TIOJIE3HBI,
KOT/Ia HY’KHO TIPOU3BECTH MIPEIBAPUTEIBHY 0 00paGOTKY JaHHBIX, TPOUH-
TAHHBIX U3 TEKCTOBOTO (haiisia. Halile BCero JaHHbie COEPKAT HEKOPPEKT-
HbIE 3HAUYEHVSI, KOTOPbIE MBI MOKEM MOMETUTH KaK HE-UHCIa ¢ TOMOIIBIO
KOHCTAaHTBI numpy . NAN:

>>> ¢ = np.array([l, 2, np.NAN, 3, 4]) # momycTwuM, UTO M [IPOUIIN
# »TO M3 TekcTOBOTO danna

>>> ¢

array([ 1., 2., nan, 3., 4.1])

>>> np.isnan(c)

array([False, False, True, False, False], dtype=bool)
>>> c[~np.isnan(c)]

array([ 1., 2., 3., 4.1)

>>> np.mean (c[~np.isnan(c)])

2.5

CpaBHeHue BpeMeHu pabdboTbl

JlaBaiite cpaBHUM IIPOU3BOAUTEIHHOCTE NUmMPY 1 0OBIYHBIX CIIMCKOB
Python. Ciienyroriiast mporpaMma BBIYUCIISIET CYyMMY KBAJ[PATOB YHCE OT
1 1o 1000 u 3amepsiet BpeMsi paboThL. J{jist GOJIbIIEll TOUHOCTH MBI IIPO-
rorum ee 10 000 pas u HaneuaTaeM odIIee BPEMSL.
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import timeit
normal py sec = timeit.timeit ('sum(x*x for x in range(1000))"',
number=10000)

naive np_sec = timeit.timeit(
'sum (na*na) ',
setup="import numpy as np; na=np.arange (1000)",
number=10000)

good np sec = timeit.timeit (
'na.dot (na) ',
setup="import numpy as np; na=np.arange (1000)",
number=10000)

o

print ("Normal Python: %f sec" % normal py sec)

o

print ("Naive NumPy: %f sec" % naive np sec)

o

print ("Good NumPy: %f sec" % good np sec)

Normal Python: 1.050749 sec
Naive NumPy: 3.962259 sec
Good NumPy: 0.040481 sec

CnenaeM jsiBa JOGOMBITHBIX HabJofieHust. Bo-miepBBIX, ecau wuc-
nosb3oBaTh NumPy Tosibko st Xpanenus ganubix (Naive NumPy), To
nporpamma paboraer B 3,5 pasa joJbiie. ITO CTPAHHO, MTOTOMY YTO MbI
oxuzanu, uto Hanucanuoe va C pacimpenue 6yjaer paboTaTh ropaszo
6eicTpee. OfiHa U3 MPUYNH 3aKTIOYACTCS B TOM, UTO JIOCTYIT K OT/CJTBHBIM
asieMeHTaM MaccuBa u3 Python o6xomurest 10BosIbHO J0poro. Yekopenue
MBI TIOJIYUMM JIMIIb B TOM CJIydae, ecjii CyMeeM NPUMEHUTb aJITOPUTM,
He BBIXO/IS 32 MPejiesibl OIITUMU3NPOBAHHOTO KO/la paciupenus. JIpyroe
HabJoIeHNe opaskaeT: UCTIoab3oBanne Bxogsaiieii B8 NumPy dyukinu
dot (), KOTOPAsI IEJIAET B TOYHOCTH TO K€ CAMOE, TIPUBOJUT K 25-KPATHOMY
yCKopeHuio. Beioj — peanusyst 060l aaropuT™, Hy)KHO CTPEMUTHCS K
TOMY, 4TOOBI BMECTO I[UKJIA TI0 OT/IEJIBHBIM 3JIeMEeHTaM MaccuBa Ha Python
BOCTIOJIb30BATHCS KAKOH-HUOYIb ONTUMU3UPOBAHHON (DYyHKIIHEH, BXO/s-
mieit B cocraB NumPy uiu SciPy.

OpHako 3a GBICTPOEHCTBIE TIPUXOAUTHCS paciiauynBaThest. Paborast
¢ MaccuBamu NumPy, Mbl yTpaunBaeM HEBEPOSITHYIO THOKOCTh CIIUCKOB
Python, B KOTOPBIX MOXKHO XPaHUTh MpaKTUYeCKU BCE. Bee aseMeHThI
MaccuBa NumPy 10/KHBI UMETh OJTMHAKOBBIHM TUTIL.

>>> a = np.array([1,2,3])

>>> a.dtype

dtype ("int64")

Ecismt MbI ombITaeMcst UCIOJIB30BATDh 9JIEMEHTDI Pa3HbIX TUIIOB, KaK B
caemytorieM puMepe, To NumPy moctapaercs: IpuBecTH WX K OTHOMY U
TOMY 3Ke, HanboJiee PasyMHOMY B IAHHBIX OOCTOSITEICTBAX, TUILY:
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>>> np.array([1l, "stringy"])

array(['l', 'stringy'], dtype='<U7'")

>>> np.array([1l, "stringy", set([1,2,3]1)])
array([l, stringy, {1, 2, 3}], dtype=object)

U3yyaem SciPy

IMoBepx ahhekTUBHBIX CTPYKTYP AaHHbix NumPy 6ubamnorexka SciPy
HAJICTPaNBAET MHOTOUNCIEHHDIE ATTOPUTMBI, PAOOTATONIIE C MACCHBAMYL.
Kaxoit 651 4ncIeHHbII aTOPUTM U3 OTTHCHIBAEMBIX B COBPEMEHHBIX yUeh-
HUKAX HU B3SITh, ¢ OOMBINON BEPOATHOCTHIO OH GYIET TaK UIN WHaYe MOJi-
nepskat B SciPy. 9To oTHOCUTCS K oniepanusiM Ha/l MaTPUTIAMU, THHEHHON
anrebpe, ONTUMU3AIIN, KITACTEPU3AIIH, TIPOCTPAHCTBEHHBIM OTIEPATIHSIM
u maxke 6uicTpomy mpeobpazosanuio Dypoe. [ToaToMy mpeskie deM mpu-
CTYTATh K CAMOCTOSITETHHON PeaTn3arini YNCIEHHOTO aITOpuT™a, 06s13a-
TEJIbHO TIOCMOTPUTE, HET JIN €TO B MOAYJIE scipy.

[l ymobeTBa mosrHoe mpocTpancTBo nMed NumPy mocTymo Takike
gepes SciPy. [ToaTomy, HaunHast ¢ ITOTO MeCTa, MBI Gy/IeM 06PaTIaThCst KO
BceM cpezictBaM NumPy ¢ momotsio mpoctpancTBa nMmen SciPy. B kop-
PEKTHOCTH 9TOTO TOAXO/IA JIETKO YOEANTHCS, CPABHUB CCHLIKU Ha JTOOYIO
yHKIIIO:

>>> import scipy, numpy

>>> scipy.version.full version

0.14.0

>>> scipy.dot is numpy.dot
True

AnropuTMBI Pa3GUTHI Ha CIIEYIONINE TPYIIITHL.

SciPy packages |Functionalities

cluster + WMepapxuyeckas knactepusaums (cluster.hierarchy)
+ BekTopHOe KBaHTOBaHWe / METOA K-CpefHuX (cluster.vq)

constants - duaunyeckre n maTeMaTU4eckne KOHCTaHThbI
+ MeTtogabl npeobpasoBaHus

fftpack AnropuTm AMCKpPETHOro npeobpasoBaHns Dypbe
integrate Mpouenypbl MHTErpUPOBaHUA

interpolate MHTeprnonauus (n1MHeriHas, kyéuyeckas u T. n.)
io BBOA-BbIBOA, A@HHBIX

linalg Mpouenypbl NMHENHOW anrebpbl Ha OCHOBE

onNTUMN3NPOBaHHbIX GnbnmnoTek BLAS n LAPACK

ndimage O6paboTka MHOroOMepHbIX N3006paxXeHn’




Hawe nepsoe (npocteHbkoe) npunoxetue... I.--

SciPy packages |Functionalities

odr OpToroHanbHasi perpeccus

optimize OnTuMn3aums (HaxoxXaeHMe MUHUMYMOB U KOPHER)

signal O6paboTka curHanos

sparse PaszpexeHHble MaTpuLbl

spatial MpoCTpaHCTBEHHbIE CTPYKTYPbI AaHHBIX U aNropUTMbl

special CneumanbHble MaTemaTuieckme GyHKUMn, Hanpumep,
dyHkums Beccens n skobuaH

stats MaTtemartunyeckasa ctatmctTmka

Jlist nac HanOOJIBIINET MHTEPeC MPeNCTABIAIOT aKEeThl scipy.stats,
scipy.interpolate, scipy.cluster U scipy.signal. Ceituac MbI BKparT1e
paccMOTPUM BO3MOXKHOCTHU TIaKeTa Stats, a m3ydeHue OCTaJIbHBIX OTJIO-
SKUM IO TeX IJIaB, TIe OHU IOHAL00ATCA.

Hawe nepBoe (NpoCcTeHbKoE)
NnPUIOXXeHe MaLLMHHOro ooy4yeHunsa

XBaTUT CJIOB, BO3bMEM /ISl IPUMeEPA MMIIOTETHYECKYIO HelaBHO 00paso-
BaHHYyI0 Komrmanuio MLaaS, koTopas mpeocTaBisieT TJaTHbIE YCJIyTH
MalMHHOrO 00yueHus uepes VMHrepHer. Haila KoMmaHus pacrer, U ei
[OHAZOOMIOCH YIIYUIINTh WH(PPACTPYKTYPY AV OOCHYKUBAHUST TOCTY-
MAIOIIKUX 3aPOCOB. MBI HE XOTUM BBIIEJISIT CIUNIKOM MHOTO PECYPCOB,
[IOTOMY 4TO 9TO OyneT Z0poro ctoutb. C APYroil CTOPOHBI, eCJIu He 3ape-
3epBHUPOBATH IOCTATOYHO PECYPCOB, TO MBI TIOTEPSIEM JIEHBTU U3-32 HEBO3-
MOKHOCTH OOCJIYKUTh BCe 3alIPpOChl. Bolpoc 3akioyaercst B TOM, KOrza
MBI IOCTUIHEM [TPEIETbHOM IPOILYCKHOMN CIIOCOOHOCTH HHGPACTPYKTYPbI,
koTopyto oriennsn B 100 000 3anpocos B yac. XoTeJaoch Obl 3apaHee 3HATh,
KOT/Ia 3alIPOCUTh JONOJIHUTEIbHbIE cepBEPBI B 06J1aKe, UTOObI 0OCTYKUTh
BCe BXOJISIIINE 3AITPOCHI, HO HE TIJIATUTD 32 HEUCITOJIb30BAHHbIE PECYPCHI.

YreHune gaHHbIX

Mbi cobpasi U arperupoBajii CTaTUCTHKY Beb 3a TOCTEHII MECSIL,
9T JIaHHble HaXo[ATcd B daiijie ch0l/data/web traffic.tsv (pacumpe-
HUE tsv O3HAYACT, YTO 3HAYCHUS Pa3jlesIeHbl 3HaKaMu Tabyisium). Jlan-
HBIE TIPEICTABIISIOT cO60iT KOJIMYECTBO 3aIIPOCOB B Yac. B kaxk10ii cTpoke
yKazaH 4ac (10 MOPsIIKY ) U KOJUYECTBO 3aIIPOCOB 32 ATOT Yac.
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Hwuxe nmokaszanbl IIepBbI€ HECKOJIBKO CTPOK:

Mertoz genfromtxt () U3 6ubaMOTEKH SCiPy MO3BOJISIET JIETKO MPOYH-

B ™9S¢

1
2
3
4
3
G
7
B
=]

TaTb 9TU JIaHHbIC:

Mmaea 1. Beepenue B MawmnHHoe 06yyeHne Ha Python

>>> import scipy as sp

>>>

qTO6bICTOH6HH IIpaBUJIBHO paCHOSHaB&HHCb,HeO6XOﬂHMO YKa3aThb,
YUTO pa3ZleJIUTEeIEM CIYKUT 3HAK Ta6yJI§IHI/II/I.
HpOCTa}I IIPpOBEPKa IMOKA3bIBACT, YTO /ITaHHbIC TIPOYUTAHBI BEPHO!:

data =

sp.genfromtxt ("web traffic.tsv", delimiter="\t")

>>> print (data[:10])

[

H O o0 Jo Ul dbd W

[

>>>

(743,

Kax Bumnm, cozan IByMepHbIN MaccuB, cojiepskaniuii 743 pesyJbrata

.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+00
.00000000e+01

1.00000000e+00 2.27200000e+03]
.00000000e+00

nan]

1
1
1
1
1
2
1

.38600000e+03
.36500000e+03
.48800000e+03
.33700000e+03
.88300000e+03
.28300000e+03
.33500000e+03
1.

1
1
1
1
1
1
1
1

02500000e+0317]

print (data.shape)

2)

U3MepeHu.
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MpeaBapurenbHas ob6paboTka n oyncrka
AaHHbIX

s SciPy yno6Hee npeacTaBuTh AaHHbIE B BUJE ABYX BEKTOPOB I
Hoil 743 xaxabtit. IlepBblil BekTOp, %, 6ya€T CO/ICPKaTh Yachl, BTOPOIi,
y, — KOJIIIYeCTBO 3aNpocoB B TeyeHHe COOTBeTCTBYylouero yaca. [lis ta-
KOro paszesieHus Maccua B SciPy npexycMmoTpeHa cneumaibHas dopma
HH/IEKCOB, 103BOJISII01Asl BLIOHPATb OT/AENbHbIE CTOJIOLBI:

x = datal[:,0]
y = datal[:,1)

B SciPy ectb 1 MHOro Apyrix cnoco60B BbIOPATh JaHHbIE U3 MACCHBA.
JlononHuTenbHble CBeACHHsI 06 HHAEKCHPOBAaHWH, BbIpe3aliiii U HTEPHPO-
BaHUH CM. B PYKOBOACTBE IO aAPECY http://www.scipy.org/Tentative_
NumPy Tutorial.

[po6.ieMa B TOM, UTO B BEKTOPE y BCTPEYAIOTCH HEAOMYCTHMbIE 3Haue-
HHs1 — nan. W uTo ¢ HUMH nenath? [locMOTpUM, CKOJILKO pa3 BCTpevaeTcsi
TaKoe 3HaUeHHe:

>>> sp.sum(sp.isnan(y))
8

Kak BuauM, otcyTcTByIOT Beero 8 113 743 3HaueHHMil, TaK YTO MOXHO CIO-
KOIHO yaanuTh ux. HanoMHuMm, uto MaccuB SciPy MoxHO HHAEKCHpOBaTh
APYrHM MaccMBOM. MeTof sp. isnan (y) BO3BpalllaeT MacCHB OyJIeBbIX Be-
JIMYHH, NOKa3bIBAIOLIMX, SIBJISIETCS 3JIEMEHT YHCJIOM itn HeT. OnepaTop ~
BbIYHCJISIET JIOTMYECKOE OTPHLIAHHE 3TOr0 MacCCHBa, TO €CTD [103BOJISIET Bbl-
OpaTb U3 BEKTOPOB x H y TOJIbKO 3JIEMEHTBI, COJAEPIKALIHE YHCJIO:

>>> x = x[~sp.isnan(y)]
>>> y = y[~sp.isnan(y)]

Yrobbl COCTaBITb MepBOe MPEACTABJEHHE O AAHHbIX, HaHeCceM Ha
rpadMK aMarpaMMy paccesiHusl, BOCHOJIb30BaBLINCb OHOIMOTEKON
matplotlib. B atoii 6n6anoTeke ectb naker pyplot, IMHTHPYIOIIHI HH-
tepdeiic MATLAB - oueHb yoOHbII M NPOCTOil B HCNOJNb30BAHHU:

>>> import matplotlib.pyplot as plt
>>> # npencraBnseM TOYKM (X,y) Kpyxoukamu auamertrpa 10
>>> plt.scatter(x, y, s=10)
>>> plt.title("Web traffic over the last month")
>>> plt.xlabel ("Time")
>>> plt.ylabel ("Hits/hour")
>>> plt.xtiéks([w*7*24 for w in range(10)],
['week %i' $ w for w in range(10)])
>>> plt.autoscale(tight=True)
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>>> § pucyeM noJlynpospayHyl CeTKy MyHKTUPHEMU JIMHUAMMK
>>> plt.grid(True, linestyle='-', color='0.75")
>>> plt.show()

) [OononHutenbHble CBEAEHUA O NOCTPOEHUU rPaUKOB MOXHO HANTU Ha
@ cTpaHuue http://matplotlib.org/users/pyplot_tutorial.
html.

W3 rpacduka BUAHO, YTO B 1ICPBbIE HECKOJILKO Heesb Tpaduk 6oL 6o-
Jiee-MeHee CTabHJIbHBIM, HO B MOCJIEAHION Hexeli0 HabJIofaNCs pe3KHil
poCT.

Web traffic over the last month
%C00

5000

2600

Hits!haur

zCCo

1060

week 0 week 1 vieek 2 week 3 week 4
Time

Bbi6op nogxogauien mogenn
n obyyaroujero anropuTma

CocTaBHB NpeACTaBJIEHHE O JaHHBIX, BEPHEMCS K HCXOJHOMY BOMPOCY:
KaK JI0JITO Halll cepBep cMoXxeT obcyxuBaTh Bxoaswuii Tpaduk? [ns
OTBETa Ha HEr0 HY>KHO C/ieNIaTh CJIeAyiolee:

1. IlocTpouTb MOAEJb, OTPAXKAIOLLYIO 3allIyMJIEHHbIE JAHHbIE.

2. C noMourbio 3TOM MOJIE/IN SKCTPANOIHPOBATh JaHHbIE Ha Oy ayLiee
¥ OTpeiesINTh, B KaKOil MOMEHT clieflyeT paciuHpHTbh HH(pacTpyk-
TYPY.
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I'Ipe)K.qe 4YemM CTponTb Mmogenb...

MoxHo CYUTATD, YTO MOJEJb — ITO YNPOLIEHHOE TEOPETHYECKOE MpH-
GJIMXKEHHeE K CI0XKHOI PcaJIbHOCTH. HOE)TOMy B MOACJIM BCerja CyuecTBy-
€T HETOYHOCTb, KOTOPYIO Ha3biBAlOT MNOrpPEIIHOCTbIO allpOKCHMALHUH.
ViMeHHO BelMuHHa NOrpeuwHOCTH H MNMO3BOJIAET Bbl6paTb noaxoasayio
MoeJib U3 MHO>KeCTBa BO3MOXHbIX. HOFpelﬂHOCTb BbIYHC.14€TCA KaK KBa-
ApaT paCCTOAHHA MEXAY pe€aJibHbIMH H NMPpEeACKa3aHHbIMH MOZEJIbIO Aatl-
HBIMH; €CJIH £ — O6y‘{CHHaﬂ MOZEJIbHAs beHKLIHH, TO NOrPCIIHOCTDb paBHa:

def error(f, x, y):
return sp.sum((f(x)-y)**2)

BekTopbl x H y COIep>XaT NOJArOTOBJIEHHbIE pAHEE CTATHCTUYECKIIE JaH-
HbIX 0 3anpocax. TyT Mbl HArAAAHO BUAHM yA00CTBO BEKTOPHDBIX (PYHKLH i1
B SciPy. IIpeanonaraercsi, uto 06yyeHias MOZEIDb 11PUHIMAET BEKTOD U
BO3BpaLIAeT pe3y/bTaTbl B BHAE BEKTOpA TOTO XK€ pa3Mepa, TaK uTO pa3-
HOCTb MEX/y pe3yJIbTaTOM U BEKTOPOM y KOPPEKTHO OMNpe/iesieHa.

HauyHem c npamoit nMHnn

[IpeanonoxuM HEHAZOJIro, YTO AaHHbIE MOXKHO CMOJEJHPOBAThb Npsi-
Moit nunueit. Toraa Hawa 3ajaya — HaAMTH Takylo NpsIMYIo, AJ1s1 KOTO-
pOif MOrpelIHOCTb anMnpoKCHMalMK MUHMMasbHa. VIMeHHO 3TO M nenaeTt
dbyHKuus polyfit () u3 SciPy. [Tonyuus Ha Bxoze BEKTOpDI x, y H Tpedye-
MYIO CTeneHb MNojsiMHoMa (/151 MpsIMOit IMHUU cTeneHb paBHa 1), oHa Ha-
XOAUT MOJeJbHYI0 QYHKLHIO, KOTOpasi MUHUMU3IIPYET OnpeaesieHHYIO
BbILle HYHKLHIO MOTPELIHOCTH:

fpl, residuals, rank, sv, rcond = sp.polyfit(x, y, 1, full=True)

DyHKUMSA polyfit () BO3BpAILAET l1apaMeTpbl N0A0O6paHHON MOAEIbHOI
¢yHkuuu fp1. Ecai3anaTh full=True, TO Mbl NOJYYHM JOMOJHHTENIbHYIO
uHgopmanuio. Hac 113 Hee HHTEpPECYIOT TOJIbKO HEBSI3KH, KOTOPbIE U ONU-
CbIBAIOT MOrpellHOCTb aMMPOKCHMALIH I

>>> print ("lapamerpu Mmomemm: %s" % fpl)

MapameTpul Momenu: [ 2.59619213 989.02487106]

>>> print (residuals)
[ 3.17389767e+08]

ITO O3HAYaeT, YTO HAMJIYYLIYIO JIHHEeHHYI0 annpoKCUMALHIO AAeT cJie-
ayouas GyHKUHS:
f(x) = 2.59619213 * x + 989.02487106.

3aTeM Mbl BocnoJib3yeMcsi GbyHKLHEH polyld() AJsi MOCTPOEHHsT MO-
JeJIbHOIT (PYHKUMH 110 NapaMeTpaM MOZEJH:
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1
>>> fl = sp.polyld(fpl)
>>> print(error(fl, x, y))
317389767.34

Mbul 3aZajy full=True, 4YTOOBI MOJIYYUTD A€TaJH IMpoLecCa MOUCKa alr-
IMPpOKCHUMALlUHU. OO6BIYHO 3TOTO He AEJIal0T, U TOrAa BO3BpallaloTCsA TOJIbKO
napaMeTpbl Mozienu. Tenepb Mbl MOXKeM HaHeCTH Ha rpadpuk yHKIMIO
f1() 1 IIOCMOTPETb Ha CBOIO INEPBYIO o6yquHy10 MOJ€EJIb. K NpUBEOEH-
HbIM paHee KOMaH/IaM Hy)KHO BCETO JIMIIb J0OABUTD CIIEAYIOLIMH KO

fx = sp.linspace(0,x[-1], 1000) # creHepupoBaTb 3HaueHusa X OnA rpa¢uka

plt.plot (fx, f1l(fx), linewidth=4)
plt.legend(["d=%i" % fl.order], loc="upper left")

B pesysbrarte nmosyunrtcs takoit rpaduk:
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Cpasy BHIHO, YTO Halle MCXOJHOe MpeIIoJIoXKeHHe O JMHEHHOCTH
MOJIeJIM TIJIOXO BSDKETCSI C peasibHOH KapTHHOH. M moToM: nmorpemHocTsb
317 389 767.34 — 310 XOPOIIO UJIH MJIOXO?

AGCOJTIOTHASI BEJIMYMHA TIOTPELIHOCTH PEAKO OBIBAET MOJIE3Ha caMa 110
cebe. Ho ecsivt cpaBHUTH [IBe KOHKYPHPYIOLIME MOJIETH, TO Ha OCHOBAaHHUH
MOrPEUIHOCTH MOXHO CYAUTh, Kakasi U3 HuX Jyyure. V1 xorsi MbI 6e3ycJioB-
HO He CTaHeM MO0JIb30BaThCsl CBOEH NMEPBOI MOJIEJIbIO, B 00IIEN TOCJIen0-
BaTeJIbHOCTH JIEHCTBUI OHA UrPaeT BaXKHYIO posib. OHa CTaHeT 3TAaJIOHOM,
C KOTOPBIM OYAYT CPaBHUBAThCS APYTHE MOZEJIH.
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B nouckax ny4wero peweHus

l'Ionp06yeM Tenepb yCJOXXHUTb MOAe€Jib, B3sAB IMOJHHOM CTEIE€HH 2.
BbiTh MOXeET, OHAa CMOXET JIyyll€ OTPa3uThb Halllk JaHHbIE.

>>> f2p = sp.polyfit(x, y, 2)

>>> print (f£2p)

array ([ 1.05322215e-02, -5.26545650e+00, 1.97476082e+03]))
>>> f2 = sp.polyld(f2p)

>>> print (error(f2, x, y))

179983507.878

[Tonyyaercs takoii rpaduk.
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[TorpewHocts coctasasier 179 983 507.878, noutn BABOE MeHblle TO-
TPELLHOCTH JIMHEeHHON MoJe/IH. DTO XOpOLIOo, HO AaeTcst He JapoM: DyHK-
LIMs1 CTas1a CJIOXKHee, a 3HAYUT, polyfit () JOJDKHA BHIYMCIISATH OOUH AOMOJ-
HUTeJIbHbII NapaMeTp. ANNPOKCUMHPYIOLIMIi TOJIMHOM TeNepb BbITJIAUT
Tak:

f(x) = 0.0105322215 * x**2 - 5.26545650 * x + 1974.76082

Ho ecau ycnoxHenue GyHKLUMH yily4yuiaeT pe3y/ibTaThl, TO MOYEMY He
noiiTi no atomy nytH aaibiie? [Tonpobyem crenenu 3, 10 u 100.

WHrepecHo, yTo BMecTo nojuHoMa cteneHit 100 Mbl BUAHM Ha KOHCOJIH
MHOIOYHCJIEHHbIE CO0OLIEHUS
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RankWarning: Polyfit may be poorly conditioned

ITO 03HaAyaeT, YTO M3-3a MOTPELIHOCTEN MPU BBIYMCJIEHUSIX polyfit He
cMorJIa HalfTH annpokcuMupyiowii noauHoM crenend 100 u couna, yto
cTeneHH 53 BIIOJIHE JOCTAaTOYHO.
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HOXO)KC, YTO 4Y€M Jiyullle KpHBas allpOKCHMHUPYET AaHHbIE, TEM OHa
caoxHee. O TOYHOCTH alMpOKCHMALUHU rOBOPST BbIYMCJIEHHBbIE NMOrpeu-
HOCTH!

Error d=1: 317,389,767.339778
Error d=2: 179,983,507.878179
Error d=3: 139,350,144.031725
Error d=10: 121,942,326.363461
Error d=53: 109,318,004.475556

Ho BHHMMaTe/bHO NPHUI/SAEBUIMCH K aNlPOKCMMHPYIOLIMM KPHBbIM,
MBI HAYMHAaeM COMHEBATbCSI B TOM, YTO OHH JeHCTBUTEIBHO ONMUCHIBAIOT
npoiecc, NopoXxaaouHii 1aHHble. VIHaye roBops, MPaBUJIbHO JIM Halla
Moze/b MPeACTaBJIsIET TPYIMOBOe MOBeAeH e MMOJIb30BaTe e, Mocelan-
mux Haw caitt? [ns monnHomoB ctenenu 10 u 53 xapakTepHbl pe3kHe
koniebGanust. CkiaibiBaeTCs BlieYaTI€HHE, YTO MOJEb CJIMUIKOM yX 61n3-
KO MOBTOpsieT HabuonaeMble qaHHble, HacTosbko 6J1M3K0, 4TO yJ1aBIHBa-
€T He TOJIbKO HCTHHHBII Mpolecc, HO U WyM. ITOT (heHOMEH Ha3bIBaeTCs
nepeoGy4yeHHeM.
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[Ipiast K TaKOMy BBIBOZY, Mbl MOXCM BbIOpaTb OAMH M3 CJIELYIOLINX
nyTeii:
* BbIOPaTb KaKyl0-TO aNMpPOKCHMHPYIOIULYIO MOJHHOMUANBHYIO MO-
neJib;
* mepeiTH Ha GoJiee CJ0XHDBIC MOZIE/H, HANPIIMEP CNJIaHOBBIE;
* [CpPeoCMbICIUTD AaHHbBIE H HauaTh BCe CHayaja.

U3 nsaTH uccneloBaHHBIX Mozeseii THHENHast CJINIIKOM MPOCTa, @ MO-
neau ctenedu 10 u 53 nepeoGyuensl. JIuiiL MOJUHOMDI BTOPOIl M TPETbCIH
ctenexn Gosiee-MeHee COOTBETCTBYIOT AaHHbIM. Ho ecan sxctpanoamnpo-
BaTb 11X B 00€ CTOPOHbl, TO MOBEAEHHC CTAHOBUTCS HII C YeM He coobpas-
HbIM.

[Tepexon Ha apyroii kaacc Moaeseii — 6osiee CI0XKHBIX — TOXKE He Ka-
)KETCs 11aroM B MPaBUJIbHOM HampasieHUH. Kakimu aprymeHtaMu Mol
MOTJIH Obl HoaKpenuTh BbIOOP Kaacca? [loxoxe, Mbl He 10 KOHLIA TOHUMa-
€M MPHPOAY HALIMX AAHHbIX.

OTCcTynUTh, 4TOOLI ABUHYTLCS BNepea — Apyrou
B3rnsa Ha AaHHble

Wrak, oTcTynuM Ha 1uar Ha3az It B3IJIsIHEM Ha AaHHble elle pa3. Mexny
TpeTbeil M YeTBEPTOIi Heneseil HabaioaaeTcs siBHbIiT M3rnb. Tak naaiite
pasfesinM JaHHble U 00YYlM [Be MpsiMble TMHUM, B35IB B KAUECTBE TOUKH
pasaesia Heaesio 3,5:

inflection = 3.5*7*24 # BBIUMCIIMTBL MOJIOKEHME TOUkM M3rMba B 4Yacax

Xa = x[:inflection] # IDaHHble IO TOukM M3ruba
ya = yl[:inflection]
xb = x[inflection:] # naHHble nocne Hee

yb = ylinflection:]

fa = sp.polyld(sp.polyfit(xa, ya, 1))
fb = sp.polyld(sp.polyfit (xb, yb, 1))

fa_error = error(fa, xa, ya)

fb_error = error(fb, xb, yb)

print ("Error inflection=%f" % (fa_error + fb_error))
Error inflection=132950348.197616

[TepBy1o npsiMyio Mbl 0Oyyaem Ha AaHHBIX 10 TOYKH H3riba, a BTOPYIO —
Ha OCTaBLIMXCS.

OueBHIHO, YTO TaKass KOMOMHALS ABYX MPSIMBIX anNpOKCHMHUPYET
JaHHble ropa3zio Jyvylle, yeM J1106as 113 pACCMOTPEHHBIX Bblllle MoAeeil.
TeM He MeHee, NOTPCIIHOCTb GOJIblIE, YeM B CIy4ae NMoJTMHOMOB BbICOKOIT
ctenenu. Tak MOXHO JiM BOOOl1le JOBEPSTH NOTPELIHOCTH ?



-- .l fnaea 1. Beegexue B mawmHHoe 06yuenune Ha Python

Web traffic over the last month
d=1
6000 7 U471

5000

4000

Hits/hour
B
o
=]

2000

1000

week 0 week 1 werk 2 weel 3 week 4
Tine

WHaye roBopsi, moyeMy NnpsiMoii, aNIPOKCUMHUPYIOLIEH TOJIBKO JaHHBIE
3a I0CJIeIHHUE TIOJITOPHI HellesIH, Mbl IoBepsieM 6oiblile, yeM GoJiee CII0XK-
HbIM MoziensiM? [IoToMy YTO moJslaraeM, YTO OHa JIyyllle almpPOKCUMHUPYeET
6ynyuve ganusie. Ecin npomosmkuts rpaduk B 6yayiuee, To GyaeT BUIHO,
npasbl i1 Mbl (d=1 coOTBeTCTBYET caMoil epBOI MPSAMOIL).
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Mogaenu ctenenu 10 u 53, noxoxe, He 06elalOT HallleMy CTapTamy pa-
ay>xxHoe 6yayuiee. OHM TaK CTPEMUJIHCh KaK MOXKHO JIy4llle COOTBETCTBO-
BATh YK€ UMEIOLMMCS JAHHBIM, YTO 0Ka3a11Ch COBEPIIEHHO HEMPUTOAHbI
IJ1s1 9KCTpanosisiudi. to nepeobyuenure. C 1pyroi CTOPOHbI, MOZENH He-
GoJbLIMX €TENMeHeil HeJOCTaTOYHO XOPOLIO YJaBJMBAIOT XapakKTep AaH-
HbIX. DTO Ha3bIBAETCS HEAOOOYUEHHEM.

Ho nasaiite 6yneM cripaBe/IMBbl K MOJEJISIM CTENEHH 2 U BbILIE U M0-
CMOTPHM, KaK OHH MoBeAyT cebsi, ecii 00y4YUThb UX TOJIbKO Ha aHHbIX 3a
riocJieJHKE MOJITOPbI Heflen. Beab Mbl KCXOAMM M3 TOTO, UTO JIaHHbIE 3a
nocsieAHuil nepuos 6oJblie rOBOPAT 0 OyaylieM, YeM NpPeALIECTBYIOLIHE
naHHble, Pe3ybTaT Noka3aH Ha ciieytouieM 6penoBoM rpaduke, KOTOpBbIii
elue pa3 MOATBEPXK/IAET, HACKOJIbKO CePbe3HON MOXET OKa3aTbCs Mpobiie-
Ma nepeoOyyeHHsl.

10000 Web traffic over the last month
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U Bce K€, OIMUpasiCb Ha IIOIrpe€UIHOCTH MO}.leJlelu{ 06y‘{eHHbIX TOJIbBKO Ha
AOaHHBIX 3a MOCJEAHUE NMOJTOPLI HEAEIH, MbI JOJIXKHbI 6bIJlV[ 6bl BbI6paTb
CaMYI0 CJI0XHY10 (OTMCTHM, YTO U MOrpelIHOCTb BIYUCJISAETCA TOJNBKO 3a
NepuoJ BpeMEHH MoCJIe TOYKH H3ruba):

Error d=1: 22,143,941.107618

Error d=2: 19,768,846.989176

Error d=3: 19,766,452.361027

Error d=10: 18,949,339.348539
Error d=53: 18,300,702.038119
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O6y4yeHue u TecTUpoBaHue

Ecau 651 y Hac Gb11H kakue-To Oyayline JaHHbIE, HA KOTOPbIX MOXHO
6le10 6bl NpOBEPUTDb MOAEJDb, TO Mbl CMOIJIH 6b1 OLHEHUTDb Bb160p MOJEJH,
On~upasCb Ha O/IHY JIHUIb PE€3YJbTHPYIOLLYIO NMOrpe€IHOCTDb ANIMPOKCHUMaA-
LUH.

Ho xots Ham He JAAaHO 3arJiiHyTb B 6y,uyu1ee, MbI MOX>KEM H JaXKe JOJIXK-
Hbl UMHUTHPOBATb €ro, 3ape€3€pBUPOBAB 4YaCTb HMEIOLUIUXCA AAHHBIX. K
NpHMepY, yAaJTHM KaKOH-TO NPOLEHT AaHHbIX U 06y4YHUM MOJIe/Ib Ha OCTaB-
wuxca. A 3ateMm BOCIOJIb3YEMCA OTJIOXKEHHBIMH B CTOPOHKY AaHHBIMH
IJ1s1 BhIUKCAeHHs1 norpewHocTH. TTockoibky obyyeHHast Mofiesib HU4ero
HE 3HaeT O 3ape3€pBHPOBAHHBIX JAHHBIX, TO Mbl CMOXKEM COCTaBHUTb 60][66
P€aUCTUYHYIO KapTUHY €€ MMOBEAEHHUA B 6yny1ueM.

Horpeun-locm i) B Moneneﬁ, O6y‘-[eHHle TOJIbKO Ha 1aHHBbIX IMOCJI€ TOY-
KH u3r146a, AalOT COBEPIIEHHO HHYIO KapTIHY:

Error d=1: 6397694.386394

Error d=2: 6010775.401243

Error d=3: 6047678.658525

Error d=10: 7037551.009519
Error d=53: 7052400.001761

BarnsiHuTe Ha rpaduk Huxe:
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Bor Tenepsob, Noxoxe, IIO6EZIP[TCJH> OKOHYATEJIbHO ONpeAETINICA: y MOae-
JIY CTEeNeHU 2 HaMMeHbllas MOrpeNniHoCTb Ha TECTOBLIX JAHHDIX, TO €CTb Ha
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TE€X JaHHbIX, KOTOPbLIE 1€ NMPEADLABIISIJINCD BO BpEMSI o6yqemm. U ato naet
Haaexay, 4To ee noBeJeHue Ha 6y11yu1ux AAHHbIX HC CTAHET CIOPIIPHU30M.

OTBeT Ha NepBOHa4YasibHbI BONPOC

HakoHnen Mbl HauwM Moze/1b, KOTOpast, KaK HaM KaXkeTcsl, HaMJIy4LHM
00pa3oM OMUCbIBaeT MCTHHHDLIN MPOLICCC; TEMEPb HETPYAHO ONMpPeAeanTb,
Korzaa Mbl BeliiieM Ha ypoBenb 100 000 3anpocos B yac. Hy>xHo snuib Bbl-
UHCJIMTD, KOrla MoeabHast GyHKUMs npuHuMaeT 3Hayenue 100 000.

J11s1 NoIMHOMa CTENeHH 2 Mbl MOXKEM TPOCTO HaiiTH 06paTHYI0 BYyHK-
IO M BLIYUC.IUTD ee 3HayeHHe B Touke 100 000. Ho, xoHeuno, xoTesoch
Obl yMeTDb pelath 3Ty 3aaauy Ajsi j1060it Moaesb1ioii hyHKUNH.

Jns atoro aoctaToyHO BoiyecTb M3 noauuoMa 100 000 u HaliTH KOpHH
HoBoro noJnoMa. B moayse SciPy optimize HMeeTcst GyHKINSA fsolve,
peluaroLias 3Ty 3ajayy, eii Hy’HO TOJIbKO yKa3aTh HayaJbHYIO MO3ULHIO
¢ nomouibio napametpa x0. [Tockosbky m06as Touka B HalweM daiie gau-
HbIX COOTBETCTBYET OZHOM 4acy, a BCero uMeeTtcst 743 TOYKH, B KaUeCTBC
HayaJbHOIT MO3ULMH 32aAMM KaKoe-TO 3HayeHNe, GoJibliee MAKCHMYMa.
IIycTh fbt2 — NOJMHOM-NOOEAHTENDL CTENEHH 2.

>>> fbt2 = sp.polyld(sp.polyfit (xb(train], yk(train], 2))

>>> print ("fbt2(x)= \n%s" % fbt2)

fbt2 (x) =

2

0.086 x - 94.02 x + 2.744e+04

>>> print ("fbt2(x)-100,000= \n$s" % (fbt2-100000))

£bt2 (x)-100,000=

2

0.086 x - 94.02 x - 7.256e+04

>>> from scipy.optimize import fsolve

>>> reached_max = fsolve(fbt2-100000, x0=800)/(7*24)

>>> print ("100,000 hits/hour expected at week %f" % reached_max(0])

Takum 06pa3om, Mbl 0kMAACM Bbixoza Ha yposerb 100 000 3anpocos/
yac B 1iegeso 9.616071, To ecTb Hala MoseIb NPEACKA3bIBACT, YTO €C
HbIHEllIHee NoBeeHHe MO0JIb30BaTe eil COXPAaHUTCSl I KOMNaHHsI He yTpa-
THT NPHBJIEKATCILHOCTH, TO /10 HACBIILEHHUsT TeKylleil MpomyckHoil crmo-
coGHOCTH OCTaeTCsl elle Mecsl,.

KoHeuHo, 3TOT NporHo3 He BroJjiHe A0cToBepeH. st noayyeHus 6oJiee
PETHCTHYHOI KapTHHbBI MOXKHO 6OblJI0 6b1 COOPATh AOMOMHUTENbHBIE CTa-
THCTHYECKHE JAHHbIE, KOTOPbIE MO3BOJNIN Obl BLIYMCIANUTD OXKHIAEMYIO
[MCIEPCHIO NPH 3aIJIsAbIBAHUH BO BCe GoJiee oTaaeHHOoe Oyayuuee.

Hy u xpome TOro, Mbl He MOXKeM NMOCTPOUTD TOUIIYIO MOZE/bL AMHAMM-
Kl noBeieHHst nosb3oBareseil. OHAKO Ha AaHHBIIT MOMEHT MPOTrHO3 HAcC
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ya0BJIeTBOpsieT. B KOHlle KOHLOB, OH AaeT BO3MOXHOCTb 3apaHee Npea-
npuHATH Tpebyiolie BpemeHil aeficTisi. Ecav elue 11 mpHcTannHo ce-
JANTb 32 TPA(hHKOM, TO MBI CMOXKEM BOBPeMsI MOHSITb, KOT/Ia 3aKa3bIBaTh
JIONOJTHHTeIbHble PecypChbl.

Pe3iome

[TpuuuMaitte nosapassenust! Bel ToJbKO 4TO y3HaMH Be BaXkHble BeLlH,
M3 KOTOPbIX TJ1aBHast — YTO MPI pelleHHIl THIHUYHBIX 33/lay MallMHHOTO
06y4eHHsi OCHOBHOE BPEMsl YXOAUT Ha TO, YUTOOBI MOHSITb U YJYYLINTh
JAaHHbIC, HMEHHO 3THM MBI H 3aHHMAJIICh B NICPBOM HallleM NPOCTeHbKOM
npumepe. Hageemcst, 4To OH MOMOT BaM MBICJIEHIIO NEPEHECTH AKLEHT C
aJrOpUTMOB Ha faHHble. Ellle Bbl MOHSIIM, KaK BaXKHO NpaBMJILHO NOCTa-
BIITb 3KCTIEPHMEHT 11 He CMELIIBAaTh 06OyualolLiie 11 TECTOBbIE AaHHBIE.

KoneuHo, nonHOMHANbHAS aNMPOKCIIMALMS — He caMasl HHTepecHast
Belllb B MIPe MALIITHHOTO 00y4eHusi. Mbl BbIOpasi ee NpocTo st TOro,
4TOOBI 10BECTH [0 BAC BE BaXKHble MbICJIH, HE OTBJIEKAsICh HA KPacoTy
KaKoro-HHOY/Ib U3BICKAHHOTO aJIFCOPUTMA.

A B caienyoueii r1aBe Mbl € roJ0Boit norpy3umcst B scikit-learn, 3ame-
yaTeJbHbIi MaKeT NPorpaMM MalllMHHOTO 00y4eHHUs1, ONHIIIEM Pa3THYHble
THIbI 00YYeHIIst i TPOAEMOHCTPIIPYEM, KAKIIM IIHTEPECHBIM [1€JI0M MOXET
OLITb MOJATOTOBKA MPII3HAKOB.



IJ1ABA 2.
Knacendukaumna
B PeasnbHOM XXM3HMN

Tema 90l ryaBbl — kaaccugukauus. BeposiTHO, Bbl yxke BCTpeyaauch ¢
3THM BHJOM MAUIMHHOIO 00y4Y€HUsl KAK M0JIb30BATE/lD, 1AXKe HE N0A03pe-
Bast 06 atoM. JIto6asi cOBpCMEHIIast ClICTeMa 2JIEKTPOHHOIT MOYTLI yMeeT
aBTOMaTHYCCKH PAaCMO3HABATD CM1aM. DTO 03HAYaeT, YTO CUCTEMA AaHAJIU3H -
pyeT BCe BXoAsiluite COOOIeH Hsl M MOMEYACT 11X KakK cl1aM 1M Hecnam. Ya-
CTO KOHEYHOMY M0JIb30BATEJI0 MPEAOCTABJISIETCS] BO3MOXXHOCTb BPYUHYIO
noMevaTb COOOLIEHIIsI M TEM CaMbIM YJIYYIIATh CIOCOOHOCTb CUCTEMBI K
pacrnosHaBaHMIO criama. B aTomM BapHaHTe MalIMHHOrO 00y4eH st cCHCTeMe
NpeabsABASIOTCS NPHMePbI CO00IeH T IBYX TUIOB: CIIAaM M HECTaM, 11 Ha
3THX NPUMepax OHa YYHMTCsl aBTOMaTiYecku KJjaccuduumupoBaTh BX0/15-
11He COOOIEHH ST,

O6uas Metoanka kaaccuduKalii 3akao4aeTcsi B TOM, 4ToObI € Mo-
MOIIIbI0 Habopa NPUMEPOB M3 KaX/I0ro KJIacca OTICKATh NPaBUJIa, KOTO-
pble MOryT ObITh MPHMEHCHDI K HOBBIM NMPHMepPaM. DTOT — OINH U3 CAMbIX
BROXHBIX PEXXMMOB MAllMHHOTO OOYYEHHSI — W SB.SICTCS TeMOW AaHHOM
IJ1aBbl.

Jnst paboTbl ¢ TEKCTAMH, B YACTHOCTH MOYTOBbLIMH COOOLIEHHSAMIL, TPE-
Oy10TCs1 0COObIE MPHEMDI 1f HABBIKH, KOTOPbie Mbl 0OCYIMM B cCJleayouleil
rnase. A noka 6yaemM UMeTDb AeJio ¢ HebobInM HabopOM AaHHBbIX, y1006-
HbIM /151 06paboTkH. B 3T0ii r1aBe Mbl mocTaBUM Takoi Bonpoc: « MoxeT
JIM MalMHA PA3/IMYUTh BIAbl LIBETOB, OMUPASICh HA UX N300paXKEHUs?».
Mb1 6ynem Hcnosb3oBaTh ABa HabOpa NAaHHBIX, B KOTOPbIX CBeIEeHUsS O
MOpGhOIOriH UBETOB CONPOBOXKAAIOTCSI 00pa3LamMn HECKOJIbKHX BUIOB.

st vccnenoBaHiist 3TUX HeGonbLIIX HAOOPOB AAHHLIX Mbl TPHMEHHM
HECKOJIbKO NpocTbiX anroputmoB. CHayana HanuieM koj kaaccduka-
LIMK CAMOCTOSITENIBHO, YTOOBI TOHSITh OCHOBHbIE H/IEH, A 3aTEM MEPENIeM K
ucnosb3osanuio scikit-learn. Hawa ueab — ysscHuTb 6a3oBble NPHHUMIbI
KJaccudUKaLu, 110c/1e Yero NO3HAKOMHUTBCS ¢ COBPEMEHHbIMU peanu3a-
LMSMM.
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HaOGop paHHbIX Iris

Iris — knaccuueckuii Habop JaHHBIX, co3aaHHbIil emte B 1930-x rogax; ato
OJIMH U3 MepPBbIX COBPEMEHHBIX NMPHMEPOB CTATHCTHYECKOI1 kiaccudika-
LM M.

OH npeacrtaBsieT co6oii cobparue MOpP(ONIOrHIeCKHX 113MEPCHHH He-
CKOJIbKHX COPTOB HPIICOB. ITH U3MEPEHHSI MO3BOJISIIOT Pa3JIIuyUTh pa3Hble
copTa uBeToB. B Hatun gHu 06pasipl 11aeHTHhHUHPYIOTCS TeHETHYeCKH-
mu otreyatkaMi JJHK, Ho B 1930-e roawut poab JIHK B reHetuke ewue 1ie
Obl1a OTKpbITA.

151 KaX10ro pacTeHHust UBMEPSIIMCh YeThIpe XapaKTePHCTHKH:

¢ JUJIHHA YallCJIHCTHKa,

* UOIHpHHaA YallueJICTHKA;
¢ JJIHHa JienecTKa,

* UIHPpHHa JenecTKa.

B o6uweM ciyyae 4MCIOBblE XapaKTEPHCTHKH, HCHOJbL3yeMble st
OMHCAHMsI JAaHHDIX, HAa3bIBAlOTCsS MpH3HaKaMH. IIpH3HAKM MOXHO M3-
MepsTb HEMOCPEACTBEHHO HJIN BBLIYMCISITL HA OCIIOBE MPOMEXYTOYHBIX
JNaHIBIX.

B atom unc:1oBoM Habope YeTbipe npi3iaka. JonoJHHTENbHO IS KaX-
JIOTO PacTeHHsl 3aMHCbIBaJICS ero B, 3afava ctaBltes Tak: «Vmes Takue
NpHMePbI, CMOXEM JIH Mbl YBEPEHIO ONpeaesiTDh BIIJ HOBOrO LIBETKA MO
H3MepeHHSIM ero MpIr3HAKOB?».

ITo Tak Ha3biBaeMasi NpobJyeMa 00YUYEHHs C yUUTeNIeM, HJIH KJIACCH-
bukaumi: pacnoJarasi noMeYyeHHLIMH TMPIMEPAMH, BLIBECTH MPaBMJIO,
KOTOpO€e MOXHO ObL10 661 NPUMEHHTD K ApYriM npumepaM. CoBpeMeH-
HBIM YUTATEJISIM, AaJleKUM OT 6oTaHukH, OoJsiee 31aKOM Ipyroii npumep:
¢unbTpauis cnama, Koraa NoJib30BaTesb MOXCT MOMCTHTDL [IOYTOBbLIE
cool1eHns Kak cram, a CUCTeMa MCMOJIb3yeT 9TH 1 ApPYyrHe — Hecnam-
Hble — co0011IeH 151, YTOOBI ONpeaeIITh, ABJISIETCS HOBOC cooDl1Ieli1e cra-
MOM HJIH HeT.

Hanee B 3Toii kHIrc (MpsiMO €O cJiefyiolleil r1aBbl) Mbl paCCMOTPHM
3anauu 06paboTKII TekcTa. A moka Habop maHHBIX Iris Hac BnosiHe ycTpa-
nBaet. OH Heboboil (150 npuMepoB, No UeThIpe NPH3HAKA B KAX/IOM),
JIETKO MOAAETCST BI3YATH3AUMH H MAHHMTYJIHPOBAHHIO.

Busyanusayuuns — nepBbli WIar K Lesau

B Ha60pax AaHHBIX, KOTOPbI€ BCTPETATCSA HaM AaJiee, KOJTHYeCTBO Ipi-
3HAKOB U3MEPSETCS TbhICsAYaMH. A Bce ABYMEPHDIC MPOEKUHH ua60pa C
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YeTbIPbMsI TPU3HAKAMU JIETKO YMELIAIOTCsl Ha ofHOil cTpaHuue. Ha atom
HeOOJIbIIOM NPUMEPE Mpl PA30BbEM HHTYHMIHIO, KOTOPYIO IOTOM MOXKHO
OyIeT pacnpocTpaHUTb M Ha TaKkMe HABOPbI JaHHBIX, [/l€ IPU3HAKOB Ky/a
6osbiue. B nmpenbiayieil raBe Mbl BUAEH, YTO BU3Yaau3alus — OTJINY-
HbIHf MHCTPYMEHT HayaJbHOTO MCCJIEL0BATENbCKOrO 3Tana aHalu3a, Mo-
CKOJIbKY aeT BO3MOXKHOCTDb YSICHUTD OOLIMiT XapaKTep 3a4a4yn 1 Ha paH-
HHX CTa1sIX BbISIBUTb BO3MOXHbIE NPo6eMbl O C60POM JaHHBIX.

Ha kaxxnoM noarpacuke Hyxe Moka3aHbl Bce TOYKH B MPOEKIMU Ha
ABYMepHYyIo njaockocTb. CTosiias 0co6HsIKOM rpynmna (TpeyrolbHUKH) —
pacteHus Buza Iris Setosa, a B ueHTpe Haxomstcs Iris Versicolor plants
(xpyxouku) u Iris Virginica (kpectuku). Kak BUAHM, BbIAENSIOTCS JBE
kpynHble rpynnst: Iris Setosa u Iris Versicolor coBmectho ¢ Iris Virginica.

sepal width (cm)
petal length (cm)
petal width (cm)

sepal length (cm) sepal length (cm) sepal length (cm)

petal length (cm)
petal width (cm)
petal width (cm)

sepal width (cm) sepal width (cm) petal length (cm)

Hike nokasaH Kof 3arpy3Kky JaHHBIX U NOCTpoeHus: rpaduka;

>>> from matplotlib import pyplot as plt
>>> import numpy as np

>>> # 3arpyxaem naHHele ¢yHkumeit load_iris ma sklearn
>>> from sklearn.datasets import load_iris
>>> data = load_iris()

>>> # load_iris Bo3BpamaeT OGBEKT C HECKOJbKMMM MNOJIAMMU
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>>>
>>>
>>>
>>>

>>>

features = data.data

feature_names = data.feature_names
target = data.target

target_names = data.target_names

for t in range(3):

if == 0:
c="r'
marker = '>!'
elif t == 1:
c='g'
marker = 'o'
elif == 2:
c ="'b'
marker = 'x'
plt.scatter (features[target == t,0],
features[target == t,1],

marker=marker,
c=c)

MocrpoeHune nepsonn mogenun
knaccuunkaunmn

Ecan nenp — pa3snuuTth TpU BUIA LIBETOB, TO MOXKHO Cpa3y Xe Mnpen-
JIOXUTb HECKOJIBKO MOAXO0J0B, CTOMT TOJIbKO B3IJISIHYTh Ha AaHHble. Ha-
npuMep, oTIH4UTD Iris Setosa oT ABYyX ApPYyrux BHAOB MOXHO MO AJHHE
Jenectka. Ceayiommii Ko onpesessier, rie MPOXOAIT rpaHULa:

>>>

>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>

# Mcnonb3yeM NMPUXOTIMBOE MHAOEKCUpOBaHue NumPy, 4YTOOH MNOJyYMTb
# MaccuMB CTpOkK

labels = target_names[target]

# IOnuHa nenecTka - Npu3Hak B no3uumm 2

plength = features([:, 2]

# CtpomM maccuB OyJsieBhIX 3HaYeHMUi

is_setosa = (labels == 'setosa')

# OTO BaxHbA war

max_setosa = plength[is_setosa].max()
min_non_setosa = plength[~is_setosa].min()

print ('Maximum of setosa: {0}.'.format (max_setosa))

Maximum of setosa: 1.9.

>>>

print ('Minimum of others: {0}.'.format (min_non_setosa))

Minimum of others: 3.0.

WTtak, Mbl MOXeM MOCTPOMTb MPOCTYIO MOJEJIb: eCIM AJIITHA JIenecT-
Ka MeHblue 2, To 3to Iris Setosa, uiaue 1160 Iris Virginica, au6o Iris
Versicolor. Hama neppast Mozieb OTJIMYHO CIpaBJISieTCsl ¢ OTAeJIeHHEM



Habop aaxHbix Iris l.--

Iris Setosa oT AByX ApyrMX BHIOB, He esiasi HY OfHOM omnbku. B naHHoM
csiyyae Mbl BooOlie He npHberaiy K MauinHHOMY 00y4eHHIo, a POCTO U3-
YYMJIM JaHHblEe CAMOCTOSITEIbHO M HAILLJIM, KaK pa3eJuTb Kjaaccbl. Ma-
uHHHOe obyyeHile HaYMHAETCs!, KOraa Mbl MUIIEM KOJ, CNOCOOHbIN Mpo-
M3BECTH TaKOe pa3/ie/ieHHe aBTOMAaTHYECKH.

3agava pacno3HaBaHus Iris Setosa okasanach oueHb Jerkoii. Ho Bot
KaK BbIOpaTh HAMJIy4YUIMHi IOPOT, NO3BOSIOWMIA OTaHYUTh Iris Virginica
or Iris Versicolor, cpasy He sicHo. Bosiee Toro, Mbl BHAMM, 4TO HAeajbHOe
pa3ziesieHHe 10 3TUM Npu3HakaM Boobie HeBo3MoxHO. Ho MoxxHO nornbi-
TaTLCS HAIITH Jyyllice U3 BO3MOXKHOTO: TAaKOe pa3ziesieHle, IPH KOTOPOM
KOJIMYECTBO OIIMO0K MUHHUMaJbHO. 1151 3TOro Hano OyaeT Koe-4To NocyH-
TaTh.

CHauana BbiGepeM TOJIBKO NPM3HAKM M METKH, HE OTHOCSIILIHECS K
Setosa:

>>> § ~ - onepaTop JIO'MYEeCKOI'O OTpuuUaHuA

>>> features = features[~is_setosa]

>>> labels = labels;~is_setosa]

>>> § Co3naeM HOBYKW LeJIeBYyl NepeMeHHyl is_virginica
>>> is_virginica = (labels == 'virginica')

3aech Mbl BOBCIO MCMOJIb3YeM omnepauuu Haa macciuBamu NumPy.
MaccHB is_setosa — 3TO MacCHB OyJieBbIX BEJHYHH, C €FO MIOMOLULLIO Mbl
BbIOMpaeM MOAMHOXKECTBA ABYX APYTHX MAacCHBOB, features M labels.
Hakoweu, Mbl co3aaem HOBBIH OysieB MaccuB, CpaBHUBAsi METKH Ha pa-
BEHCTBO.

Hanee B unkJe nepebupaem Bce BOZMOXKHbIE IPU3HAKH U OPOTH, YTO-
6bl y3HaTb, MPH KaKOM JOCTHraeTCsl Hauayullasi BepHOCTb. BepHocTb —
3TO NMPOCTO A0JIs1 NPAaBUJIbHO KJIacCU(HLHPOBAHHBIX NPUMEDPOB.

>>> # Mwamamsupyem best_acc 3HaueHmeM, MEHbUMM MMHMMATIbHO BO3MOXHOT'O
>>> best_acc = -1.0
>>> for fi in range(features.shape(l]):
# M OyneM NpoBepATb BCE BO3MOXHBIE MOPOTOBHIE 3HAYEHUA
thresh = features|:,fi]
for t in thresh:
# MonyumTe BekTOp OnA npm3Haka 'fi'
feature_i = features[:, fi]
# npuMmeHuTb nopor 't'

pred = (feature_i > t)
acc = (pred == is_virginica).mean()
rev_acc = (pred == ~is_virginica).mean()

if rev_acc > acc:
reverse = True
acc = rev_acc
else:
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reverse = False

if acc > best_acc:
best_acc = acc
best_fi = fi
best t =t
best_reverse = reverse

Heobxoanmo npoBepuTh fABa mopora AJjisi KaXIOro IMpl3HaKa H
3HAYEeHHUs: MbIIpOBEpPsIEM YC/IOBHE «0oJb1IE rnopora» 1 NpOTHBOINOJIOXKHOE
EMY. Nmenno MO3TOMY B MOKA3aHHOM BbIllIe KOJAe HYXHa NepeMeHHas
rev_acc, B Hell XpaHHTCSI BEPHOCTb OOPAILIEHHOTO CPABHEHUSI,

B nociennux CTpOKax Bb16l1paeTCﬂ Hauay4uasi MOJeJb. CHayasia Mbl
CpaBHHUBaeM NNpeACKa3aHHbI€ METKH pred C q)aKTH‘{CCKHMH, is_virginica.
BoruucneHnue cpeniicro 3HaueHusi pe3yJibTaToOB CPAaBHEHIS JaeT A0JIIO npa-
BIJIBHBIX P€3YJ/bLTATOB, TO €ECTb BEPHOCTbD. B KOHIle LIMKJIa BC€ BO3MOXXHbIE
MOPOTH AJ1s1 BCeX MPU3HAKOB MPOBEPEHDI, U NTEPEMEHHBIE best_fi, best_t U
best_reverse ONMUCHLIBAIOT MOAEJb. Itoi nH(l)opMauuu JA0CTATOYHO AJiA
KJIaCCH(‘])llKaLlMI/I HEU3BECTHOIro0 paHee 0o6heKTa, TO eCTb OTHECEHHS €ro K
onpeaesieHHOMY KJaccy. Yro u fenaetcs B cieayrouieM MeTozae:

def is_virginica_test(fi, t, reverse, example):

"Apply threshold model to a new example"
test = example[fi] > t
if reverse:

test = not test
return test

Kak yctpoeHa ata mogens? Eciit nporHath 3TOT Koa AJ1s1 Bcero HaGopa
JAHHBIX, TO MOJeJb, MPU3HAHHASA JIyullei, MPUHUMAET pelleHUs MyTeM
pa3ziesieHus 1o 1HpHHe Jenectka. YTo6bl MHTYHTHBHO NPEACTaBUTb, KaK
3To paboTaeT, MoJ1e3110 MOCTPOUTh PelalouLyIo rpasuiy. To ecTb Mbl Bii-
JUM, IPH KaKUX 3HaUeHHUsIX TPU3HAKa MPHHHMAETCs OIHO pelleHue, a npH
KakUX — ApYroe, U rie Npoxoaut rpanuna. Ha pucyHke HHxe nokasaHbl
nBe obnacti: Genast 11 cepasi. Touku, nonazgaougue B 6e1yio 061acTb, KJac-
cuuumpyores kak Iris Virginica, a nonagaoune B cepyio o6acTb — Kak
Iris Versicolor.

B noporosoii Moaesu pelaiowas rpaHiia Bcerga 6yaet npsiMoit, na-
paJnenbHOI oxHoi M3 oceit. Ha rpaduke Bolue noka3aHa peliaiomast rpa-
HULA 1 06s1acTH 10 00€e CTOPOHBI OT Hee. 31eCh JKe MOKA3aH albTePHATHB-
Hbli mopor (MyHKTIIPHAst IMHKSL), TPH KOTOPOM JOCTHTAEeTCs TOUHO TaKast
e BepHocTb. Haur MeToz BbiOpas nepBblii nopor, Ho 3To 6b1J10 aGCOMIOTHO
NIPOM3BOJIbHOE pellCHIe.
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OueHka kayecTBa — pe3epBupoBaHue
AaHHbIX N NepeKpecTHas NPoBepKa

B npenbiayiieM pasaee 6b11a pacCCMOTPEHa NPOCTast MOJeJb, OHa 10-
3BOJIsIET 100U THCA BePHOCTH 94 % Ha BceM Habope faHHbIX. OHAKO TaKas
OlleHKa MOXKET OKa3aTbCsl M3JIMIIHE ONTUMHCTHYHOI. MBI CHayala BoC-
MOJIb30BAJIUCh JaHHBIMH [JIs1 OTNpe/ie/ieH!sl TOPOroBOro 3HaY€eHMs, a 3a-
TeM TeMH JKe JaHHBIMU 1JIs1 OLIeHKH kKauecTBa Moaesu. PasymeeTcs, Takas
Mozeb Gyaet BecTu cebst Jiyyiue, yeM Jirobast apyras. Mpl nonaju B 1no-
POYHBIN KpYT.

A B [€fCTBHTEJbHOCTH HaM HY>KHO OLICHMTb CMOCOGHOCTb MOAENH K
006006111eHHI0 Ha HOBbIE TIpUMePbl. M bl JOJKHBI H3MEPUTD €€ Ka4eCTBO Ha
npUMepax, KOTOpble He NPeAbABIAIMCh ATTOPHTMY BO BpeMst 06yyeHusl.
CJienoBatesbHO, HYXHO 60Jiee CTpOroe oleHUBaHHe H HCII0Jb30BaHHE 3a-
pe3epBUPOBaHHbBIX AaHHbIX. [IJ1s 3TOro pa3o6beM AaHHbIC Ha [BE TPYIIIbL
Ha ofiHo# 6yzneM 06y4aTh MOJIeJIDb, a Ha APYToii TecTHpoBaTh. [To/HbII KOZ,
OCHOBaHHbIIf Ha NMPHUBEJEHHOM Bblllie, HMEETCSI B CETEBOM PENO3UTOPHH.
OH BBIBOJUT TaKHe Pe3yJIbTaThl:

Training accuracy was 96.0%.
Testing accuracy was 90.0% (N = 50).
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Pe3yJibTaT, moka3aHHbIi1 Ha 06y4aloUIMX AaHHbIX (TTOAMHOXXECTBE BCETO
Habopa JaHHbIX) OKa3aJcs Aaxke Jyyile, yeM paHbuie. Ho BaxHO oTMme-
THTb, YTO Pe3yJLTAT HA TECTOBBIX AaHHBIX Xyxe. Haunnalomemy ato Mo-
KeT MOKa3aThCsl CTPAHHBIM, HO BOOO11Ie HET HHYEro HEOXKHAIHOTO B TOM,
4TO BEPHOCTb Ha TECTOBbIX JaHHBIX HUXKE, UeM Ha oOyyatoutnx. Uto6bl no-
HSITh, IOYEMY 3TO TaK, B3TJISTHUTE Ha rpacik, rie MokKa3aHa pellaoas
rpainua. [Togymaiite, yTo npousouwno 6bl, ecu Obl MPIIMEPOB, PACHoJIO-
JKeHHbIX 6JIM3KO K rPaHUIE, TaM He ObLIO 1T ecsii Obl KAKOIi-TO MpHMeD,
OKa3aBIIHUiiCsA MeXAY ABYMs JTMHUAMH, OTCYTCTBOBaJ Obl. Jlerko noHsTh,
YTO rpaHHUA CABHHYJIACh Obl HEMHOrO BIIPABO MJIM BJIEBO, TaK YTO OHH
OKa3aJiuch Obl He no my CTOPOHY OT Hee.

HO ONTUMUCTUYHYIO OLEHKY KayecTsa anroputma. MamepsaTb cneayet
BEPHOCTb Ha TECTOBbIX AaHHbIX, TO €CTb Ha NPUMepPax, KoTopbie He
nNpeabLABNANUCHL Ha 3Tane 06y4eHus.

-..“@ BepHoCTb Ha 06yvaloWwmMx AaHHLIX NOYTU BCeraa AaeT Ypeamep-

Ba)xHOCTb 3TIIX MOHATHIT BO3pacCTaeT C yBEJIH'E€HHEM CJOXHOCTH MO-
neau. B raHHOM npiMepe passinumne MeX1y BEPHOCTbIO HA 06y4alouIHX 1
Ha TECTOBbIX 1aHHbIX HEBEJIUKO. Ho ecnn MOJeJib CJIOXKHA, TO BITOJIHE BO3-
MO>XHO Ha 06y‘{alOI_lllIX AAHHBIX MOJIYYHUTb CTONNPOUEHTHYO BEPHOCTD, a Ha
TECTOBBIX — HE 60.!1b[l.[y10, YEM IpH CJIy‘iaﬁHOM yrazlbmamm!

Bbllﬂe, p€3€pBHUPYA AaHHbIE, Mbl PELLIHJIH UCITOJIb30BATDb AJ1A 06yquuﬂ
TOJIbKO NMOJIOBUHY MMECIOLIIUXCA AaHHBIX. BoiTh MOXeT, 6b1J10 6bI Jiyyiue
YBEJIUYUTD 3TY AOJIO. C npyroﬁ CTOPOHBI, €CJIH OCTaBUTb AJISA TECTHPO-
BaHHs CJIUIIKOM MaJiO JaHHBIX, TO MOXKET HE XBAaTUTb MPHUMEPOB AJ14 OLe-
HUBaHHUSA NMOrpeIIHOCTH. B naeaue 611710 Obl XOpoIIO MCMOJIb30BaThb BCE
JAaHHbIe KaK 1151 06y‘lEHI/Iﬂ, TaK 1 AJ11 TECTHPOBAHH S, HO 3TO HEBO3MOXHO.

HpHeMJIE‘MOC HpII6JllI>K€‘HMC K HEeAOCTHXHUMOMY Hjaeany Aa€T METOA
nepekpectHoit npoBepku. OxHa 113 ero hopM Ha3bIBAETCSl nepexpecmioll
npoeepKoli ¢ uckAioueHuem no 00HoMy. Ml BbIOHpaeM Kakoii-HuOyab npu-
M€p M3 MMEIOLHXCA AaHHBIX, 06yqaeM MOJeJib Ha BCEX AAaHHBIX, KpOME
3TOro NMpPHUMeEpa, a 3aTeM MpoBepsieM, MPaBUJIBHO JIM MOJIEJb KJacCH(H-
HHPYET ITOT NMpPHMeED. JTOT npouecc nNOBTOPAETCA AJIA BCEX IJIEMEHTOB
Habopa JaHHBbIX.

B nokasaHHoM HHXe Koae peaJsin3oBaHa 3Ta HACA:

>>> correct = 0.0

>>> for ei in range(len(features)):

# ocTaBMTbL BCe 3JNIEMEHTH, KpoMe Haxomsawerocs B no3uumum 'ei':

training = np.ones(len(features), bool)
training[ei] = False
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testing = ~training
model = fit_model (features[training], is_virginica(training])
predictions = predict (model, features[testing])

correct += np.sum(predictions == is_virginica[testing])
>>> acc = correct/float (len(features))
>>> print ('BepHocTb: {0:.1%}'.format (acc))

BepHocTb: 87.0%

B aTom uMkiie Mbl TeCTHpyeM MOCJe0BaTEIbHOCTb MO/eJIel Ha BCeX
npuUMepax, a 1o ero 3aBeplIeHUH NeYaTaeM ycpeaHeliHbli pe3ybTart. [Ipu
MCNOJIb30BAaHHH MEePeKPECTHOM NPOBEPKH MOPOYHDLIIT KPYr He BO3HUKAET,
MOTOMY YTO Kaxcasi MOJeJib TECTUPYETCsl Ha MpUMepe, KOTOPbIif OHA He
Buaeaa npu obyyeruu. [loaTomy nosyyeHHyio TakumM 06pa3oM OLEHKY
MOXKHO CYHTATh HaZEeXHDLIM MOKa3aTesieM 06006111aeMOCTH MOJEIH Ha HO-
Bble JaHHbIE.

OcHoBHast mpobJiemMa nepeKpecTHOl MPOBEPKH C HCKJIOYCHHEM MO Of-
HOMY COCTOMT B TOM, YTO HaM MPHUXOMIITCSI MPOJAE/bIBATh ropasao 6oblie
pa6orbl. ITo cyuiecTBy, Mbl JOKHBI 00y4aTh HOBYIO MOZEJb AJS1 KAXKAOr0
NpHMepa, M C POCTOM Habopa AaHHLIX 3aTPaThl OKA3bIBAIOTCS O4E€HD BETHKH.

[onyuuth npeMMyIeCTBa UCKJIIOUCIIHS 110 OAHOMY C ropa3fo MeHb-
MM H3AEP>KKaMH MO3BOJISICT X-MPOXOJHAs MepeKpecTHasi MPOBEPKA,
rae x — Hebosblloe Lesoe yucso. HanpuMep, B cayyae nsaTHnpoxoqHoii
NPOBEPKH Mbl pa3buBaeM JaHHble Ha 5 CPYIIIL.

3aTteM Mbl 06yyaeM MsTb MoAesell, KaXablii pa3 1ckaiouass u3 obyua-
1outero Habopa oany rpynmy. [loayuaromuiics Koa NMOX0X Ha NpHBeIEH-
HbIii Bblllle, HO pe3epBUpYyeM Mbl ¢pa3y 20 NPOLEHTOB JaHHbIX, 3 HE OAMH
aneMeHT. Bce 06yyeHHble MOZeN TECTHPYIOTCS Ha JAHHBIX, BXOAALIUX B
MCKJIIOYEHHYIO [PYMNMY, U Pe3YJIbTAThI YCPEAHSIOTCS.

Habo
Aauuupx Fpynnal pynna2 [pynna3  Tpynnad4  T[pynna5
SR | O6yvalo- O6yuato- O6yualo- O6yuaio-
1 '-"&’L-‘E‘TE?I?‘;?& e wue wu1e wue
Obyuato- Obyuato- O6yuaro- Q6yuato-
2 wue ! i wue wue wue
O6yuaro- Obyuaio- | | .'{fe cs Bb: r O6yuato- O6yuato-
3 e e oI T w1e e
O6yuato- O6yuato- O6yuato- 4 ' Obyuato-
4 wue wue wue i Tesjr_gsme i wue
5 O6yuato- O6yuato- 06yuato- Obyuato-
wue wue wue wue
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Ha atom pucyHke nmoka3zaHa NsiTHIPOXOAHAst MPOBepKa: HAGOP JaHHbIX
pa3but Ha nsaTh rpynmn. Ha kaxaoM npoxoze Mbl pe3epBHpPYeM OfIHY IpyTi-
My s TECTUPOBAHIIsl U 00yvyaeM MOJeNb Ha OCTalbHbIX YeThipex. Kon-
4eCTBO MPOXO/J0B MOXET ObITh MPOM3BOJbHBIM. UeM GoJiblle MPOXOOB,
TeM Bblllle BEPHOCTb (MOCKOJIbKY Mbl MpUOIDKaeMcst K uieany — obyuye-
HMIO Ha BCEX MMEIOUIXCS AaHHBIX), HO I TeM 6OJIbllie BBIYMCIUTENbHBIE
3atparhl. [IaTb NpOX0K0B — pasyMHblil KoMnpomucc. B aToM ciyuae Mbl
ucrnosb3yeM 715 06vueHisi 80 MpoIEHTOB JaAHHBIX, PE3YJIbTAT J0JKEH MO-
JIYYUTBCSI IOBOJIBHO GJIM3KMM K TOMY, YTO TOJY4Iicst Obl Ipy 06ydeHHH
Ha Bcex AaHHbIX. EciiM JaHHBIX MaJio, TO MOXI10 OCTaHOBUTbCsI Ha 10 wit
20 npoxozax. B npeaesnbHoM ciyyae, Korza NpOXoA0B CTOMLKO JKe, CKOJIb-
KO 3/IEMEHTOB JIAaHHBIX, Mbl MOJIyYaeM MPOCTO MEPEKPECTIYIO MPOBEPKY
¢ uckaoueHneM no ogHoMmy. C Apyroii CTOpPOHBI, ecyiii BpeMsi BbluHCJIe-
HHH OKa3bIBACTCsl HEAOMYCTUMO OOJBIIMM, a JAHHDBIX JOCTATOYHO, MOXKHO
OrPaHIYUTBCS 2 WK 3 TPOX0JaMiL.

[Tpu oT6ope rpynm HYXHO CJACANTD 3a 11X cOaNaHCIIPOBaHHOCTBIO. Tak,
€cJIM B KaKoii-To rpynmne Bce MpHMePbl MPHIIAIeRKAT OJHOMY KJaccy, TO
Pe3yJILTAT OKAXKCTCS 1lepenpe3eHTaTHBHbIM. Mbl 1ie 6yaeM BIaBaThCs B
JeTaJIH 3TOTO MPOLECCa, MOTOMY YTO MAKET MPOrPaMM MalliHHOTo 00yye-
Hus scikit-learn Bce aTo ymeer.

Utak, Mbl creHepiIpoBasil He OJJHY, @ HECKOJILKO Mozeseli. Bo3Hiikaer
BOMNPOC — KAKYI0 U3 HUX WUCIOJIb30BATD [JIs1 KAacCi(HUKALHIT HOBbIX JaH-
ubix? IIpocTeiiuee peleHne — 06yuHTh OAHY MOZE/Ib Ha BceX 00yvaronx
nauHbix. [IpoBencHHast paHee nepekpecTHasi MPOBEPKa yske MOKa3asa, Ha-
CKOJIBKO XOPOLIO 3Ta Mofiesib 6yaet 06006maThesl.

Hble ANA OueHKN kavecTsa paboTel BbibpaHHOro anroputma. Mo 3aeep-
LWEeHUN LUMKNa MOXHO 06Y4nMTb OKOHYaTENbHYIO MOAENb Ha BCEX AaH-
HbIX.

-."Q MepekpecTHan Nnposepka NO3BONAET MCNONL30BATb UMEIOLNECH AaH-

XoTst He BNOJIHE TMOHATHO, KOrZa MaUIMHHOE O0Oy4eHIie BepBble Bbl-
JIeJIUJIOCh B OTAENbHYIO AMCUMIUIMHY, CETOAHS CYMTAETCST OUCHD AYPHDIM
TOHOM 00CyXIaTh AaXe caMy BO3MOXHOCTh TECTHPOBaHHs BEPHOCTH
ka1accudukaunn Ha obyyaloumx AaHHbIX. [leJIo B TOM, YTO pe3yJIbTaTbl
MOTYT 0Ka3aThCsl COBEPLIEHHO HEBEPHBIMHU 1 OJTHO JIMLIb HX YIOMITHaHIHE
BbIJAET B Bac HOBIUKa. VI3MepeHile M cpaBHeHHe MOTPeIlliocTH clelyeT
NpoBOAMTD 1160 Ha 3ape3epBHPOBaHHOM Habope AaHIBIX, JHOO0 ¢ MTOMO-
1L[bI0 METO/IA EPEKPECTHOI1 MPOBEPKIL.
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NMocTpoeHune 6onee CNOXHbIX
KnaccudpukaTopos

B npeabiayuem pasacsie Mbl HCONL30BAIM OYEHD [IPOCTYIO0 MOAEJb: MO-
por no ogHomy npiisnaky. CyuiecTByIoT 1 Apyrite cuctembl? A Kak el
U B n1306umun. B aT0ii KHItre Mbl YBUAUIIM MHOTO Pa3libIX MOZeJIeit, HO MpH
3TOM JaXe He MbITaeMCsi OXBaTHTL BCe pasHoobpasiie.

3ananumcst 6oJiee abcTpakTHbIM BonpocoM: «Kak Boobuie MoXxHO oxa-
pakTepu30BaTh Moaesb kaacciidukauiii?». MoxkKHO BbIACIUTb TPH YaCTH.

Crpykrypa mozenn. Kak 11MeitHO MoJiesh NPIHIIMAET pelueHus ?
B naHHoM ciiyuae pelueHiic 3aBIICEI0 TOJAbKO OT TOro, OyaeT 3Ha-
yeHHe KOHKPCTHOrO MpH3iiaka GoJiblle Ul MEHbIIC IIOPOrOBOro.
ITO roAHTCs TONLKO /15l CAMBIX MPOCTBIX 3a/au.

ITIpouenypa noucka. Kak Mu1 Haxoaum noixoasiyio Mmoaein? B
HalleM cJiyyae Mbl Onpo6boBasii Bce KOMOIIIALMH NPU3HAKA U 110-
porosoro 3Hauennsa. HeTpyaHo cooOpa3utn, YTO € yBeJHYCHHEM
CJIOXKHOCTH MOZEJIH 1 pazMepa Hadopa AallliblX MOJHbI nepebop
BCEX KOMOMHALMI CTAHOBHTCS HEBO3MOXHBIM 1l TPUXOAUTCS MC-
M0J1b30BaTh NpHOJIMXKEHHbIe pelieHHst. [10aToOMy /IS ToMCKa XO0-
pOLLEro peuieHusi YacTo MUCMOJIbL3YIOTCs HM30LIPEHHbIE METO/bI Ol1-
THMi3auHn (K cuactbio, B scikit-learn oHn yske peannsobaHbl, Tak
4TO MOJIL30BATHLCS UMH 11POCTO, AXE CCJIM BHYTPEHHUIT KO OUeHb
CJIOXKCH).

MyHkKums BhiMrpbiia WiH QYHKUHA notepb. Kak Mbi pelaeM,
KaKyl0 U3 pacCCMOTPEHHbIX Mojleieli Bo3BpalaTh? Peako ynaetcs
HalTH HaeasbHyl0 MoJesb, KOTopasi BooOuIC He AejaeT ouHOOoK,
M03TOMY HY>KHO PeLINTb, KAKYI0 HCII0J1b30BaTh. Mbl 6pasiu B Kaue-
CTBE KPUTEPHs BEPHOCTDb, HO HHOT/A MoJie31ice BLIOMPATh MOAED,
KOTOpasi AeJiaeT HalMeHbIlee KOJIYECTBO ONOOK onpeaesieHHO-
ro Buaa. Hanpumep, npu pusbrpalnm cnaMa yaaauThb Xopollee co-
ob1ieHue XyxKe, 4eM 1o onbKe OcTaBUTh MJI0X0e. B TakoM ciyuae
HY>KHO BbIGHUPATH MOJIEJb, KOTOPasi C OCTOPOXHOCThIO OTOpachiBa-
€T MOoYTOBbIe COOOIIEHHS, @ HE TaKYl0, KOTOPAsi POCTO MUHUMMU-
3upyert obiee yuc10 ouHO0K. ITH NpobJieMbl MOXKHO 06CyKaaTDb
B TEDMMHAX BbIMIPbIIIA (KOTOPBIi1 Mbl XOTHM MaKCHMHU3HUPOBATh)
WJIH T10Tepb (KOTOPbIE Mbl XOTHM BECTH K MHHHMYMY). O6a B3ras-
13 SKBHBAJEHTHbI, HO ITHOTAa yA06Hee OaMI, a MIIOTAA APYTOil.

Bilpbl/[])yﬂ ITH TPH aCMEKTa, Mbl MOJY4Ya€M pa3HbI€ CHCTEMbI KJaCCH-
(I)HKEILU‘IH. HOPOFOBblC MOJeJIU — OAHII H3 CaMbIX MPOCTbIX B MAIHHHOM
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06y4eHHI1, OHH TOAATCS TOJNBKO /JIsi COBCEM TPHUBHAJbHbBIX 3aay THIA
kaaccudukaLii uBeToB B Habope nanHbix Iris. B cienyiomem pasaene
MBI paccMOTpIM Oosiee TPyAHYIO 3ajayy KJaaccHgIKauHi, 1Jsi KOTOpoii
NoHa106KTCsl CTPYKTYpa NMOCJI0XKHee.

B Haluem npumepe nopor BbeiGnpasics, Tak 4YTOObl MHHHMII311POBATh
uncio own6ok. Ho Moxii0 6b110 Obl B35ATH 1 JAPYryIi0 HGYHKUIIO NOTEPD.
He uckiioyeHo, 4to oaHH OHOKH 0OXOASITCS FOPa3io AOPOXKE APYTHX.
B MeauuHCKHX NMPIJIOXKEHUSIX JIOXKHOMOI0XKIITeIbHbIE 11 IOXKHOOTPHLA-
TeJbHble pe3yJIbTaThl HC 3KBHBAJEHTHbI. JIOKHOOTpHLATEIbHbI pe3yJib-
TaT (KorJa Mo/ieJlb BO3BpalllaeT OTPHLATC/1bHOC 3aKJIIOUCHIIe, XOTS 3TO He-
BCPHO) MO’eET O3HAUATb, YTO MALMEHT He MOYUHT JieyeHHd OT cephe3Hoil
6oJ1e3H1. JIOXKHOMOI0KUTENbHDII pe3y5TaT (KOrAa MO/Iesb BO3BPALIAET
MOJIOKHUTEJbHOE 3aKJIIOYEHHE, XOTS Y MauMeHTa HeT Takoil 60J1e3H1) MO-
XeT 03HauaTb, YTO HYKHbI JOMOJHHTCIbHBIC AHATH3bI HJIH YTO NalMeHTa
OyayT neunth Ge3 HeoGXOAMMOCTH, YTOObI MOATBEPANTb WJIH OMPOBEP-
THYTb AMarHo3 (TYT TOXe eCTb CBOM HEMpPHSTHOCTH, B TOM yHcJje noboy-
Hble a(pcheKThbl OT JledeHHs!, HO OHH Bce XKe MeHee Cepbe3Hbl, UeM Hero-
cTaBsieHHbli1 Anarno3). Takium o6pa3oM, MOAX0OA 3aBHCHT OT KOHKPETHOI
curyaunu. B oaHoM npenesibiioM ciyuae, korga 6oJie3Hh CMepTesiba, a
JieueHHe JIelleBo M NMOUTH He iMeeT noGouiibix addekTos, cacayer ctpe-
MHTBCS K MUHHUMII3A1UTH JIOKHOOTPHIIATCIbHBIX PE3YJITATOB.

HoM 3aaayun. Mpeacrasnas yHMBepCanbHbI anropuTM, Mbl 4acTo CcTpe-
MUMCS K MUHUMU3aLMK Yrcna owmnboK, TO eCTb K AOCTMXEHUIO MaKCu-
ManbHoOM BEPHOCTU. Ho ecnun oaHW owmnbku 06X0AATCA AOPOXE APYrUX,
T0, 6bITb MOXET, CTOUT CMUPUTLCA C YMEHbLUEHUEM 0BLLen BEPHOCTH B
NoNb3y MUHUMU3AUMKN 0BLMX N3AEPXEK.

...\'Q Bbi60p PyHKLMM NOTEPb (MNW BbIMIPbILLA) BCErAa 3aBUCUT OT KOHKPET-

Bosiee CNOXHbIA HA0OOP AaHHbIX
n Gonee CNoXHbiK KnaccudpukaTop

PaccMorpiM Tenepn HeckosbKo Goee clioxiblii Habop jlantbix. Ha ero
npHMepe Mbl TO3HAKOMHMCS €elle C OJJHHM aJrOPHTMOM KjaccHiikalim
H KOe-KaKIIMI1 HOBLINMIH HAESMH.

Ha6op gaHHbIX Seeds

BosnMeM elie ofiH HaGop AaHHBIX 113 06J1acTH GOTAaHHKH, TOXC He-
GOJIbLIOI, HO Yy Ke He TAKOI MaJeHbKHI, UTOObI ero MOXKIO ObLIO0 11ETHKOM
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1300pa3nThb Ha MevaTHOI CTpaHIILbl, KaK B ciayyae nabopa Iris. B atot Ha-
6op BXOAAT AaHHble 00 M3MCPEHHsIX CeMsiH MiueHbl. Beero ectb cemb
NPHU3IIAKOB:

* miowanab A;

* nepuMetp P;

e kommnakTtHocTb C = 4ntA/P?
* JJIMHA 3epHa;

* LIMPHHA 3epHa;

*  K03pPHLUHEHT aCHMMETPHH;
* JJMHa XeJjio0Ka 3epHa.

CyuiecTByeT TpH KJ1acca, COOTBETCTBYIOLIIIE TPCM COPTaM MUIEHHLBI:
Canadian, Koma n Rosa. Kak u paHblue, Haiia ue/ib — Hay4yuTbCS KJac-
cudHruMpoBaTh 06pa3iibl M0 3TUM MOPdoOJIOTITYecKHM H3MepeHHsaM. B ot-
Juume ot Habopa gaHHbIX Iris, koTopbiit 6611 co3pan B 1930-x roaax, ato
COBCEM HeflaBHHii HaGop, [/ KOTOPOro MPU3HAKH aBTOMAaTHYECKH BbI-
YHCJIAIUCD MyTeM 00paboTKH 1IH(POBLIX H300PaXKeH .

BoT kak MOXHO peajin30BaTh aBTOMAaTHYECKOE pacro3HaBaHHe obOpa-
30B: GepeM H300paXkeH s, MpeACTaBeHHble B HM(PPOBOM BH/I€E, BLIYNCIISA-
€M 10 HUM MHTEpeCcyIoLIHe HAC MPH3HAKU U MPUMeHsieM 00IIyIO cucTe-
My kaaccudukauuu. B rnase 10 Mbl paccMOTpHUM Ty YacTb 9TOH 3ajauM,
KOTOpast OTHOCUTCS K MAUIHHHOMY 3PEHMIO U BbIYMCJIEHHIO MPU3HAKOB
no u3obpaxenuio. A noka 6yaem pabotaTb ¢ NPU3HAKAMH, KOTOPBIE yXKe
MMEIOTCS.

@ Peno3utopmit HabopoB AaHHbIX ANA MaWKUHHOro o6y4yenns UCI

B Kanudophuiickom yHusepcuteTte B UpsaitHe (UCI) BeaeTtca ceTesoit
penoauTopuii HabopoB AaHHLIX ANA MALUMHHOIO 06Yy4YeHUs (Ha MOMEHT
HanNUcaHWA 3To kHUrKM Tam 6bino 223 Habopa). Habopel Iris u Seeds
B3ATbl UMEHHO OTTyaa. Agpec peno3vTopus http://archive.ics.
uci.edu/ml/.

an3HaKM n nogrortoBkKka npun3HakoB

Y 3Tux MpHU3HAKOB €CTb HHTepecHasi 0COOEHHOCTL: KOMMIAKTHOCTb —
He pe3yJIbTaT He3aBHCIIMOTO H3MEpPeHIsl, @ GYHKUMS ABYX MpPeAbILYLIIX
NPH3HAKOB, MJIOLWAAX 1 nepiMeTpa. Takoe BbIBeCHIIE HOBBIX PH3HAKOB
M3 CYLIECTBYIOUIHMX YacTo ObIBAET OYeHD M0J1e3HO. [esiTeNbHOCTb MO CO3-
JaHITI0 HOBBIX NMPH3HAKOB Ha3LIBAIOT MOATOTOBKOI mpu3HakoB (featurc
engineering). OHa He Takasl a(pdekTHasi, Kak MpUMelieHHe aJITOPUTMOB,
HO HepeAKO OKa3bIBAeT Ha KayecTBO paboTbl naxe Gosbliee BIMsSHHE
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(MpocCTOoit a1rOPUTM Ha XOPOLLO NOA0GPAHHBIX MPH3HAaKaX paboTaeT ayuy-
1le, YeM M30LIPeHHBIIT ATTOPHTM Ha MJIOXIIX MPH3HAKaX).

B naHHOM cJiyuyae aBTOpbl HAGOPa BHIYNCJISLII KOMIAKTHOCTb — THITHY-
HbIIT NpH3HaK reoMeTpuyeckix ¢uryp. Mioraa ero etie Ha3biBalOT OKPYT-
JIEHHOCTBI0. DTOT NPH3HAK Gy/leT ONMHAKOB /ISl IBYX 3ePeH OJMHAKOBOIi
(hopmbl, 13 KOTOPLIX O;1HO BAiBOE OoJiblue Apyroro. Ho anst kpyriasix 1t npo-
JIOJITOBATbIX 3ePeH OT pa3JinueH (B MEPBOM CJyyae KOMMAKTHOCTb Oyn3ka
K eIMHHLe, BO BTOPOM — K HYJIIO).

Xopotuii NpU3HaK A0JXKeH U3MEHSITLCST IPH U3MEHEHUH TOTO, UTO CY-
1IeCTBEHHO (KeJIaTeJabHbIil Pe3y.IbTaT), H ObITh HHBAPHAHTHLIM OTHOCH-
TeJILHO TOTO, YTO HecyulecTBeHHO. HampiiMep, KOMIaKTHOCTD He 3aBHCHT
OT pa3mepa, HO M3MeHsieTcst npu u3meHenun (opmel. Ha npakruke no-
CTHYb 00eHnx 1ieJieli OTHOBPEMEHHO TPY/HO, HO CTPEMHTLCS K 3TOMY HAJIO.

Jnsi npoeKTHPOBaHHST XOPOLIMX MPIH3HAKOB HYXHbI 3HAHHS B Mpea-
meTHOiT obGnact. K cuacteio, A1 MHOTIIX mpeaMeTHbIX obsacTeil yxe
MMeeTcst OOLIMPHAsS IMTePaTypa Mo MPU3HAKaM If HX THIAM, TaK YTO eCTb,
YTO B35Th 32 OCHOBY. Ec11 roBopitTh 06 1306paxkeHHsIX, TO BCe BbILIEYNO-
MSTHYTbIe MTPH3HAKH THIUYHBI, 1 OHOINOTEKH MALIMHHOTO 3pEeHHs BbIYIIC-
JSIIOT 11X aBToMaTityecku. [lnst 3agau o6paboTKIl TEKCTA TAKXKe HMEIOTCS
CTAHAAPTHbIE peLIeHIisl, KOTOPble MOXHO KOMOMHHpPOBaTh (Mbl MO3HA-
KOMHMCsI ¢ HUMH B crleayiolteii rnase). Koraa mpoekTHpyeTe npH3Hakil
(nm GepeTe Te, YTO YITIOMHUHAIOTCS B JIMTEPATYPE), CTAPAiTECT MTPHMEHSITh
CBOM 3HaHIsI O 3ajaye; BallA 1(e/1b — BbIOPATh MPH3HAKH, MAKCIIMAJIbHO
COOTBETCTBYIOLIHE JaHHBIM.

Eute 110 Toro kak Bbl IpUCTynuTe K cOOpPY AaHHDIX, PEILIITE, KAKHe AaH-
Hble CTOMT coOupaTh. 3aTeM MoAaiiTe MPHM3HAKM MallMHe, U MYCTb OHA
Haiizer Hanay4mnii kjaaccugukarop.

BosHukaeT ecTecTBeHHbIH BOMPOC — HEJb3sl JIH OTOMPATh MPH3HAKH
aBTOMATIIYeCKH. JTa 33ajauya Ha3bIBaeTcsl 0TO0poM mpuaHakos. I1pensio-
’KE€HO MHOTO METOJIOB €€ pellieHHsl, HO Ha MPaKTIiKe Jiyylue Bcero pabora-
10T camble npocTble 11ed. J[ast HeGobUIMX 3a/1a4, KOTOPBIMH MbI ceifuac
3aHUMAaeMCs1, PUMEHSITb 0TOOP NPH3HAKOB BOOOLIE HE HMEET CMbICJIA, HO
€CJIM MPU3HAKOB THICSIYH, TO, OTOPOCHB GOJBLIIMHCTBO H3 HHX, MbI CyLIe-
CTBEHHO YCKOPHM NOCJIe1yIoLI1e 3Tarnbl npolecca.

Knaccugukayma no 6nmnxaiiuemy cocegy

Ilnst paboThl ¢ 3THM HaBGOPOM JaHHBIX Mbl PACCMOTPHM HOBDIN KJIac-
cudukarop — no GumkaiimeMy coceay. Ito oueHb NpocToit kaaccndi-
karop. Korna tpebyercst kiaccudiumposath HOBblt 0b6pasell, OH mpo-
cMaTpHBaeT obyuatoue JaHHbIe 11 HaxoAnT Giinkaliiii K HeMy OOBEKT.
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B kauecTBe 0TBeTa BO3BpallaeTcsi MeTKa 310ro oobekta. OTMETHM, YTO
Ha caMHx 00yyallMX JaHHbIX 3Ta Moeb paboTaet uaeaabHo! Js jio-
6oit Toukn OanKaiiledt siBsieTCsi OHa caMa, 03TOMY MeTKa Bceraa byaer
MpaBHUIbHOIA (eCJIH TOJILKO HE CYUIECTBYeT ABYX MpPIMEPOB C OAMHAKO-
BbIMH Habopamil MPU3HAKOB M Pa3HBIMH METKaMH, HO 3TO 03Hayaso Obl,
YTO OMIfCaTeNbHAs CIOCOOHOCT MPH3HAKOB OCTABJISIET JKeJIaTh JIyYLIEro).
[Toatomy asis1 TeCTHPOBaHMsI ITOrO ANIrOPUTMa KJaaccubuKauuu npume-
HSATb NePEKPECTHYIO MPOBEPKY NPOCTO HEOHXOAMMO.

Metoa 6aixaiiuero coceaa MOXHO 0006LIMTL — 11CKATL HE OAIIOTO, a
HECKOJIbKO B1MXKaiilInX cocesieil M MPOBOAUTb MEX1Y HUMH FOJIOCOBAHHE.,
TO NOBLILIAET YCTOIHUMBOCTL K BHIOPOCAM M HEMpPasiILHO NOMeYeHHDIM
npuMepam.

Knaccudpukauma c nomoubio
scikit-learn:

Bbiiie Mbl NHcanM Ko KJaaccMdHKaLMK BpyuHylo, Ho Python — ouenb
1OAXOAAHIT A3bIK /151 MALUHHHOTO 00yueHHsi, MOTOMY YTO pacnoJiaraer
OT/NHYHBIMH OuGaHOTeKamMHu. B wacTHocTH, scikit-learn crana cranaapr-
HOI1 6GMOJIHOTEKOI /11 MIIOTHMX 3a7a4y MallIIHHOro obyueHusl, BKJIIOYast
kaaccudukaumio. B aToMm pasiesnie Mbl Bocnosib3yeMcsi HMelolLeiicsi B Hei
peanu3aiiiteii KaaccuprKaluH no 6J1MxKaiilluM CocesiM.

API knaccudpnkauun B scikit-learn nmoctpoen Ha ocnoBe 06bEKTOB-
kJaaccudukaTopoB. Y Takoro o6beKTa eCTb 1Ba OCHOBHbIX METO/A:

* fit (features, labels):3TO 3TaNn O6y'~leHl/lﬂ H NMNOATrOHKH NMapaMeT-
POB MOA€JIH;

®* predict(features): BbI3bIBAETCA TOJIbKO MOCJIE fit M BO3BpalllaeT
npeackKadaHne a4y 0OAHOTro HJIH HECKOJIbKHX BXOAHbIX 06])331.108.

Bot kak MoxHO 6bl10 ObI NMPUMEHHUTb 3Ty peaM3alHio METoaa k
Gmkailluux cocefeit K HawmM AaHHbIM. Haunem c HMIIOpPTa KJjaccCa
KneighborsClassifier H3 NOAMOAYJISA sklearn.neighbors:

>>> from sklearn.neighbors import KNeighborsClassifier

Monyb scikit-learn nmnoptupyercs kak sklearn (nxoraa ans ceblaku
Ha scikit-learn ynotpe6.siercs uMeHHO 9T0 cokpatuenue). Bes dyHkimo-
nanbHocTb sklearn pacnpenenena no noAMoOAyIsAM — TaKHM, KaK sklearn.
neighbors.

Tenepb MoXxHO co3aaTh 06beKT KiaaccugukaTopa. KoHCTpykTOpy Mbl
nepeiaeM KOJIMYECTBO coceeii:
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>>> classifier = KNeighborsClassifier (n_neighbors=1)

Ecau konmyecTBo cocezieil He 3a1aHO, TO 110 YMOJYaHUIO NOpa3yMeBa-
€TCs1 5, YTO OOBIYHO SABJISIETCS HEMJIOXHM BbIOOPOM.

MBI XOTHM BOCIO;1b30BaThCS NIEPEKPECTHOI MPOBEPKOIi (a Kak >ke HHa-
ye?). Moays scikit-learn sierko nossoJisiet a3To caenath:

>>> from sklearn.cross_validation import KFold
>>> kf = KFold(len(features), n_folds=5, shuffle=True)
>>> # 'means' - CIMCOK yCpPeIHEeHHbIX BEPHOCTEM (MO OOHOM WA KAKIOOM I'PyTIhl)
>>> means = []
>>> for training,testing in kf:
# ObyuaeM monmesb Ha 3TOM rpynne, 3aTeM NPUMEHSAEM ee K
# TecToOBEIM OaHHEIM C noMouebl Meroma 'predict':
classifier.fit (features(training], labels[training])
prediction = classifier.predict (features[testing])

# MeTon np.mean, MPUMEHEHHLI1 K MAacCCUBY OYJIEBHIX BeJIUUMH,
# BO3BpawaeT HOJIO NPABUJIbHLIX PEWeHUNA OJIS 3TONA IpynMsl

curmean = np.mean(prediction == labels[testing])
means.append (curmean)
>>> print ("CpenHsasa BepHocTb: {:.1%}".format (np.mean (means)))

CpenHsaa BepHocTb: 90.5%

Hcnosnb3oBaHue MATHIIPOXOAHOI MePEKPECTHOI MPOBEPKH ISt 3TOrO
Habopa JaHHBIX 1 3TOrO aNropUTMa aaeT BepHocTb 90.5 %. Bbiie Mbl yixe
TOBOPHJIH, YTO BEPHOCTb NEPEKPECTHOIT POBEPKH MEHBIIIE, YeM BEPHOCTD
Ha 00yyalolMX JaHHBIX, HO MPH 3TOM 3aCJIyXHBaeT ropaszo Gosblie 10-
BepHsl B KayecTBe 10Ka3aTesisi KauecTBa MOZeJIH.

Pewarowimne rpaHnubi

PaccMoTpum Tenepsb pelnaouiie rpaHiibl. YToObl HapHCOBaTh UX Ha
GyMare, Mbl YIIPOCTHM 3a/]a4y, OCTaBHB TOJIbKO /Ba 113MepeHust. BarisiHu-
Te Ha CJIefyI0IYyI0 JHArpaMMy:

O6pa3ubl copra Canadian mpeacrtasieHsl pombamii, copra Koma —
KpyXoukaMH, a copta Rosa — tpeyrosnbinkami. CoOoTBETCTBEHHbIE UM
ob6JiacTi okpaleHbl 6eJ1bIM, YUePHBIM U cepbIM LiBeTOM. Bo3HuKaeT Bonpoc,
noyeMy 06JIaCTH 10 CTPAHHOCTH BEPTHKANbHBL. Jl€JI0 B TOM, YTO M0 OCH X
(nyowaak) oTnoxeH AuanasoHa ot 10 10 22, a mo ocu ¥ (KOMNAKTHOCTD) —
ot 0,75 10 1,0. 3To 03HayaeT, YTO MaIoe H3MeHeHHe X Ha rpaduke OKa3bl-
BaeTCsl ropas3jo 3HaviMee Majoro usmeHenus y. [loatomy B pacctosiHue
MeX/y TOYKaMi HaiboJIbIIHii BKJIaJ BHOCUT X. BoT Bam HemJoxast iuio-
CTpalusl TOro, IOYyeMy BCeraa HMeeT CMbICJ BU3YaJHU3UPOBATh JaHHbIE H
CMOTpETb, He OyaeT J1il KaKoro-HIOY /b CIOpIpH3a.
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Ecau Bbl u3yyanu ¢usnky (u eue He Bce 3a0bLii), TO, HABEPHOE, 06-
paTUIM BHHMaHHe, YTO Mbl CYMMHpYeM IJIMHBI, TJiowain u Ge3pasmep-
Hble BeJIMYMHBI, He oOpallasi BHUMaHHUs Ha eJUHUIIbl U3MepeHUsl (Yero B
peayibHOM (PU3NYECKOI CHCTEME HU B KOEM CJIyYae Hesb3s fenathb). Heob-
XOZMMO IPMBECTH BCE MPU3HAKH K eIMHOM 1uKaste. Pewatb 3Ty npobsiemy
MOXKHO I0-pa3HOMY; MpOILEe BCEro BOCMOJIb30BATbCS HOPMUPOBAHHBIMU
2-oyenKkamu. Z-oueHka HEKOTOPOro 3HayeHMsl MOKa3blBAaeT, HACKOJIbKO
JaJ1eKO OHO OTCTOMT OT CPeJHErO B eJMHUIIAX, PABHLIX CTAHAAPTHOMY OT-
KJIOHeHUI0. Boruncasiercs ona cienyiouum o6pa3om:

f'= f:‘ﬂ

o

3nech f — McxomHoe 3HaYeHHe NpHU3HaKa, /' — HOPMHUPOBaHHOE 3Ha-
yeHMe, 4 — CpeliHee 3HaYeHHE TNPU3HAKAa, a ¢ — CTAHJAPTHOE OTKJIOHEe-
Hue. Bennuunel g M o BoluMCAAIOTCS O 06yyaoUMM AaHHbIM. KakoBbl
Obl HY ObLIM MCXO/HBIE JAaHHbIE, M0CJIE HOPMHUPOBKH HyJIEBOE 3HayeHHe
Z-OLIEHKH COOTBETCTBYET CpeAHEMY 3HauyeHUIO 00yyaloluX AaHHbIX, MO-
JIOXKHTEJIbHBIE 3HAYEHUs] — 3HAYEHUsIM OOJIbLIE CPEHETO, a OTPHUIIATE b
Hble — 3HAYEHUSIM MEHbLIIE CPEIHETO.
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C nomounsio Moays scikit-learn HUYero He CTOMT MPOU3BECTH TAKYIO
HOPMHPOBKY Ha 3Tane npeno6paboTku. Ml MpUMEHHUM KOHBeiiep orepa-
LMii: IePBBIN €ro 3JIeMEHT BBIMOJIHSET Npeobpa3oBaHue, BTOPOii — KJiac-
cudukauuio. CHayasa MMIOPTHPYEM KJacchl KOHBelepa M IUKaJIMpPOBa-
HHsI TPU3HAKOB:

>>> from sklearn.pipeline import Pipeline
>>> from sklearn.preprocessing import StandardScaler

Tenepb MOXXHO MOCTPOUTH KOHBeliep:

>>> classifier = KNeighborsClassifier (n_neighbors=1)
>>> classifier = Pipeline([('norm', StandardScaler()),
('knn', classifier)])

KoHcrpykrop knacca Pipeline npunumaer crnucok map (str, clf).
Kaxpoii mape cooTBeTCTBYeT OAMH 3TaN KOHBeiiepa; NepBblii 3J1eMeHT —
CTPOKA, UMEHYIOIIasl 3Tall, BTOPOil — 06BEKT, BBIMOJIHSIOWHI OepaLHIo.
B 60:1ee c10)KHBIX TPHIIOXEHUSIX 110 MMEHAM MOXHO CChIJIAThCSI HA 3TaTbl
KOHBeliepa.

I[Tocsie HOpMHMPOBKH BCe MPU3HAKH U3MEPSIIOTCS B OMHUX U TEX XKe elH-
HH12aX (CTPOro roBOpsi, OHM Tenepb Ge3pa3MepHbI, TO €CTh FOBOPHUTD O €11~
HULAX U3MepeHHst 6ECCMBICJIEHHO), U HaJl HIMH MOXHO GeCnpensiTCTBeH-
HO NpPOM3BOAMTb MaTeMaTHyeckue onepauuu. Ecau tenepp nporHatb
KJIacCU(HUKATOP MO GJIMXKANIIMM COCEsIM, TO MOJYYUTCST BepHOCTh 93%
TIpH TOH Ke caMOii MATHIPOXOAHOI MepeKpecTHOI npoBepke!

KOMNAKTHOCTb
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BuHapHas 1 MHoroknaccosas knaccuprkauma I.--

Tenepb rpaHHLbl BBITJISIAST COBCEM HO-APYIOMY, Il Mbl BHIIIM, 4TO Ha
pesysbTaT BAHAIOT 06a uameperusi. [TosHoMy HaGOpY AaHHBIX COOTBET-
CTBYET CCMHMCPHOE MPOCTPAHCTBO, 1300pa3uTb KOTOPOC 3aTPYAHUTEb-
HO, HO NPHIILKI TOT Ke: CJIH B MCXOAHDIX JAHHBIX HCKOTOPbIE 1I3MepeHUsl
JOMITHUPYIOT, TO MOCJIe HOPMUPOBKH BCE CTAHOBSTCS! PABHOMPABHbI.

BuHapHasi » MHOroknaccoBas
Knaccudbukauumsa

Haw nepsblii moporosblii kjaaccHguKaTtop 6bl1 NMPOCTbIM OGHHAPHBIM
knaccudukatopoM. Ha Bbixoie OH 1aeT 011 H U3 ABYX KJIaCCOB, MOCKOJILKY
Jioboe 3HaueHHe M60 Goblie nopora, 1160 MeHbuie. Bropoii Haw kaac-
cudukatop — no 6aMKaiLINM cCoceasiM — eCTECTBEHHO OKa3aJiCsi MHOTO-
KJIACCOBbIM, €r0 PE3YJILTATOM MOXET ObITh O/IIIH H3 HECKOJIbKUX KJIACCOB.

Yacro ObiBaet Jierye onpeaeauTb NpocToit OGMHAPHDBIIH MeTOA, YeM Me-
TOZ, MPHMEHSEMbIIl K MHOrOKJ1accoBbiM 3aaauaM. OIHAKO J1100yI0 MHO-
FOKJ1acCOBYIO 33Ja4y MOXHO CBECTH K MOCJeA0BaTeblIOCTH OMHAPHBIX
pewiennii. IMEHHO Tak Mbl OCTYNUIM ¢ HAGOpPOM AaHHbIX Iris, X0Tst 3TO
MOMYYHJIOCH CJIyHaiHO: Mbl 3aMETHJII1, YTO OAMH KJIacc JICTKO OTAeJIsieTcs],
¥ COCPeIOTOUMJIH BHIIMaH e Ha ABYX APYTHX, CBeJlsl 3aauy K ABYM OlHap-
HbIM peLeHHsIM:

1. 9to Iris Setosa (aa nan Het)?
2. Ecau Het, npoBepuTb, 4To 3710 Iris Virginica (aa i Her).

Pasymeetcst, Mbl XOTest11 Obl TOPYUITDL TAKOTO POAA PACCYKIACHHSA KOM-
nbiotepy. Kak 06b14110, €CTh HECKOJIbKO MOAXOAOB K PCHICHHIO 33/1auH O
MHOTOKJ1acCOBOIi peayKUIIH.

[Ipoiue Bcero BOCMoJb30BaThCsl MOCJCAOBATENBLHOCTLIO KaaccH(Hka-
TOpPOB 0dun npomug ocmaavrvix. s Kaxaoi Bo3amMoXxHoil MeTku [ cTpo-
UM KjaccuguKkaTop Biaa amo € uiu ymo-mo dpyzoe? Ecnn B xone npu-
MEHEHHsI 3TOr0 MpaBMJa POBHO OAMH KJaccM(MKaTOp oTBeuaeT da, TO
pewenne nonyyeHo. K coxanennio, Tak 6biBaeT He BCerna, M MPUXOANTCA
pewarb, KaKk ObITb, KOra CCTh HECKOJBLKO 110JI0XKIITE/NbIibIX OTBETOB Il
HCT HY OZIHOTO.

MOXHO BMECTO 3TOro 1oCTPONTD AepeBo Kjaaccipukaiuit. Pazobbem
MHOXECTBO BCEX METOK Ha /1Ba NOJMHOXECTBAa U IOCTPOUM KJ1accuuka-
TOp, KOTOPbIit cnipaunBaeT: « Kyaa oTnpaBuTb 3TOT npiiMep — HajieBO MK
HanpaBo?». Takoe pa3biieH1e MOXHO MPOAOJKATh PEKYPCHBHO, MOKa HE
ocTaHeTcs oqHa MeTka. Ha picyHke Bbliue H300paxxeHO 1epeBo paccyxie-
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Huii 11s Habopa aannbix Iris. Kaxaplit pom6 — ato omis 61HapHbIii kaac-
cuukarop. IToHATHO, uTO AEPEBO MOTJIO 6bI OLITH GOJIBILE 1f OXBATLIBATD
muoro petenuii. Takiim o6pasom, 060l knaccudukarop, KOTOpblil ro-
AMTCS 1151 GUHAPHOIT KaccuduKaLi, MOXKHO Jierko 060611 TL Ha J1i060e
UHCJIO KJIACCOB.

Ecte MHOro apyriix crnoco6oB mpeBpaTHTh OMHAPHBIIH aJrOpUTM B
MHOrokJiaccoBblii. Hit o11H 3 HUX He sIBJIsieTCs1 OJHO3HAYHO MPEeANOUTH-
TeJIbHBIM BO BCeX ciyyasix. B moayne scikit-learn peanuszosanio Heckonbko
TaKHX aJIFOPUTMOB C [IOJMOJYJIe sklearnmulticlass.

A\ HekoTtopble knaccudukatopbl ABNKIOTCA GUHAPHBLIMK, TOrAA KAk MHOrMe
peanbHble 3a0a4M eCTECTBEHHO OKa3blBAlOTCA MHOroknaccosbiMu. Cy-
WecTByeT HECKONbKO NPOCTbLIX NPOTOKONOB CBEAEHWUA MHOrOKNAcCOBOM
3apayun K nNocnenosBaTenbHOCTU GUHAPHLIX PeLeHuit, Y4To no3sonseT
NPUMEHNTb 6UHAPHbIE MOAENN K MHOIOKNACCOBbLIM 3aaa4Yam. ITO O3Ha-
YaerT, 4TO MeToabl, KOTOpble, HAa NepBbI B3rnaa, paboTaloT ToNbLKO AnA
6UHapHbIX AaHHbIX, MOXHO 6e3 0cobbix ycunuit 0606WnTL HA MHOro-
KNaccoBble AaHHblE.

Pe3iome

[Toa knaccudukaueii monnmaercst 060611eHIe IPUMEPOB /sl TOCTPOe-
HUs1 Moes (TO ecTb HabOp MPaBUJI, KOTOPbIE MOTYT ObITb MPHMEHEHDI K
HOBbIM, paHee He KJIACCU(PHLUHPOBAHHLIM 00BbEKTaM). ITO O/IH H3 BaX-
HeliluHX MHCTPYMCHTOB MAILIIHHOTO 00yUeHiisl, H MBI €1lle HCOJIHOKPATHO
C HUM BCTPETHMCSI HAa CTPAHHULAX 3TOH K1,



Pesiome I. - -

ITa rnaBa Obl1a B KAKOM-TO CMBICJIC TEOPCTHYECKOL, 110CKOIbKY Mbl
BBeJH 001L{I€e MOHATHS Ha TPOCTBIX NpHMepax. M bl npoje/iaii HECKOJIBbKO
onepauuii ¢ Habopom aaHubix Iris. ITo Hebonbwoil HabOP, HO OH obaaa-
CT TeM MPEHMYILECTBOM, UTO €r0 MOXKHO H300pa3iTh H BO BCeX AeTalsiX
TOHSITb, YTO MbI Jes1aeM. DTO LIPEHMYIIECTBO TEPSETCS 11PH NEPeXosie K
MHOTOMEDHBIM 33/124aM C TbicsiyaMu npuMepoB. OHaKO 1IpHOOpeTEHHAs
MHTYHLHSI OCTAHETCS C HAMH.

MblI TaKXXe y3Hau, YTO MOTPELIHOCTh Ha 00YUAIOIMX JaHHBIX — Belllb
006MaHuHBast, NOCKOJIbKY €T H3JTHIUIHE ONTHMUCTIYECKYIO OLEHKY TI0Be-
nenusi Mosienu. Mojienb CielyeT OLeHUBaTh Ha TECTOBBIX AAHHbBIX, KOTO-
]ble He HCI0JIb30BANUCH 7151 06yueHist. UToObI He PACX0A0BATH CIMLIKOM
MHOTO NPUMEPOB Ha TECTUPOBAHHWE, PHMEHSIETCSI METO/ NIEPEKPECTHOIT
npoBepKH, 6Jiarojapst KOTOPOMY Mbl MOJIy4YaeM Jiyuliee 13 060MX MUPOB
(ueHo# yBenuenusi o6beMa BbIMHCAEHHIT).

Mbi Takxe paccMoTpenu npoGaeMy MOATOTOBKN Npi3HakoB. [Ipu3Ha-
KH BOBCe He SIBJISIIOTCS NPeAonpeaeNeHHbIMH, HX BLIGOP H MPOCKTHPOBA-
HHUE — HEOTbeMJIEMast YaCTb KOHCTPYHPOBAHHsl KOHBCHepa MALIMHHOTO 06-
yuennsi. Ha caMoM zesie, HMEHHO B 3T0ii 06.1aCTH YaCcTO MOXHO JOOUTHCS
1auGoJIbIIEro yBeHYeHHs] BEPHOCTH, TOTOMY YTO Ka4eCTBEHHbIE laliHble
Jlyylie H30UPEHHBIX a1TOPUTMOB. B r1aBax, nocesiieHHbIxX Kaaccuduka-
LIMH TEKCTOB, PACMIO3HABAHMIO MY3bIKAJIbHBIX )KAHPOB U MALIHHHOMY 3pe-
HHIO, MBI TIPHBE/IEM I0TIOJHUTEbHbIE PHMEPBI MOATOTOBKH MPU3IIAKOB.

B caienyolueii r1aBe Mbl TOTOBOPHM O TOM, YTO 1€/1aTh, KOTAA B JaHHBIX
HeT OPOCAIOIMXCS B 71432 KJIACCOB.



FJ1ABA 3.
Knacrepusauua — nomck
B3UMMOCBSA3UHHbIX
coooLEeHNMH

B npeabiay1ieii riaBe Mbl Y3HaJIH, KAK HAXOAUTD KJIACCDI, HJIH KATETOPHH
OTAeNbHBIX 06pa3ioB. ViMest abop obyuaoumx o6pa3LoB, KOTOPbIM yxke
COIOCTABJIEHBI KJIACCHI, MBI 00YUILJIH MOJEJb H 3aTEM MOXKEM BOCIO0JIb30-
BaTbCA €ii AJ1s1 K1accudHKalH HOBbIX 06pa3uoB. M bl HazBasil 3TOT Npo-
uecc 06yueH1eM ¢ yUuTesIeM, B HALLIEM CJIYYac POJib YUHTEJsl CBOANIACD K
MpaBUJILHOI KJjacciduKalHi MPHMEPOB.

Tenepb AOMyCTHM, YTO MBI HE pacroJiaraeM MeTKaMH, C TIOMOLIbIO KO-
TOPBIX MOXHO 6b1JI0 6bI 06YYHTH MOAEIb KaaccHHKALMH, HANpHMEP,
MOTOMY YTO pa3meTka obouuiach Obl canikom goporo. Uro, ecin eamH-
CTBEHHBIH CMOCO6 MOJYYHTb MHJUIHOHBI METOK — MOMPOCHTD, YTOOBI HX
BPYYHYIO npocTasiui yesnoBek? Kak 6bITb B TAKOM ci1yuae?

Koneuno, ob6yunrts Mozesnb kiaccudpukamiy Mol He cMoxxeM. Ho tem
He MeHee MOXKHO IMOMBITAThCsl HAHTH KaKiHe-TO 3aKOHOMEPHOCTH B CaMHX
naHHbIX. To cCTh BO3JIOXKHTD HA JIAHHbIE 3aiauy camoomnucanus. ViMeHHO
3THM MBI U 3aiiMeMCsl B 3TOil [JlaBe, a B KAYeCTBe MpIiIMepa PaCCMOTPHM
BOINPOCHO-0TBeTHBIN caiit. Koraa nosb3oBatenb Gy/ieT HCKaTh Ha Halem
caiiTe KaKkyi0-T0 HHGOPMALIHIO, MOMCKOBAs CHCTEMA, CKOPee BCEro, cpa3y
MOKAXeT HY KHBIH eMy oTBeT. Ec/in MMeIoIL1ecst OTBETbI 10J1b30BaTe sl He
YCTPaMBAIOT, TO CAiiT JOJKEH XOTsl Obl TOKA3aTh OJ1H3KI1e OTBETbI, YTOOBI
110J1b30BaTeNb ObICTPO IMOHSLI, KAKHE OTBETDLI CYLIECTBYIOT, H He YIIEeJ C
caiira.

HausHblit Noaxoa — NpocTo B3ATb COObIEHHE, BHIYHCINTL €r0 CXO-
KECTb CO BCEMII OCTAJbHBIMH COOOLICHHSIMH 11 TIOKA3aTh IIEPBbIE 72 CAMBIX
MOXOXHX coobuienuii B Buae cchuiok. Ho oueHb ckopo Takoe pelieHiie
CTaHeT CJMIIKOM HakjagHbiM. HyeH MeTos1, KOTOpbIit GBICTPO HAXOAHT
BCE B3aHMOCBSI3aHHDIE COOOLIEHHSI.



Mamepenne cxopctea coobuieHmni I.--m

A5t ROCTHIeHst ITOIT e MbI BOCHIOJIb3yeMCs KJ1acTepH3auneit. 3To
MeTO/1 TaKoii opraﬂuaaulm JAQHHDIX, KOTJa [0X0XKHe 9JICMCHTBI OKa3blBa-
I0TCS1 B OJJHOM KJIacTepe, a 1ICMOXOXie — B pa3HblX. [lepBast npobicma,
KOTOPYIO HaM NpPeJCTOUT PeLlITh, — KaK NpeBpaTUTb TEKCT B HEYTO TaKOe,
JUUIs YEr0 MOXHO BLIYHMCJINTD CX0ACTBO. Pacnosarast cnoco6oM u3MepeHiist
TMOX0XKECTH, Mbl 1AJIE€ MOXEM HOAYMAaTh, KAK C €r0 MOMOUbIO ObICTPO N0-
CTPOMTb KJ1acTep, cofiepxaiinii noxoxite coobuenist. Hy a notom ocra-
HCTCSA TOJIbKO MPOBEPHTb, KaKHe elle JOKYMEHTbl IPHHAANexXaT 9TOMY
kaacrepy. Bcio aty nporpaMmmy peanusyer 3amevarciibHas 6u6aHoTEKA
SciKit, B koTOpO# 11peacTaBIeHbI Pa3/IHYHbIE AJITOPIITMbI MALIHHHOTO 00-
yY€HHs1, C KOTOPbIMI MbI OyzieM paboTaTh B MOC/1EAYIOLIMX [1aBaX.

N3mepeHune cxoacTea coooLeHunit

C TOUYKH 3peHHsi MAIIMHHOTO 06YYeHIIsl «TOJbIi» TEKCT abcooTHO bec-
none3eH. JInub npeo6pa3oBaB ero B OCMLIC/EHHDIE 41IC/Ia, Mbl CMOXEM
nojath MX Ha BXOJ aJrOPHTMaM MalllliHHOro obyyelius, HanpuMep Kja-
cTepu3auiii. ITo OTHOCUTCS 11 K 60siee NPU3CMIEHHDIM ONepaLHsIM C TeK-
CTOM, B YaCTHOCTH, H3MEPEHH IO CXO/ICTBA.

Kak He Hago aenarb

OnHoil 13 Mep CX0[CTBa ABJIsIETCs paccTosiHue JleBeniuTeiita, 1M pe-
nakuuoHHoe paccrosiiite. [TycTb ecTb ABa coBa: «machine» n «mchiene».
N X cX0ACTBO MOXKHO OIpeC/IHTb KAK MHHHMAJIbHOE YHCJI0 Onepaluii pe-
NaKTHPOBaHHSA, HEOOXOAHMbIX /15 NEPEX0a OT OAHOIO CJ10Ba K APYTOMY.
B 1aHHOM c/1yyac Hy>»XHO BCEro ABE OllepaLiiu: 100aBHTD «d» MOC/e «IN»
M yaanuTb nepeoe «e». OIHAKO 9TO BECbMA JOPOroii aJIrOPUTM, NOTOMY
YTO BpeMsi ero paboThbl OMpe/e/isieTcss NPOU3BeeHeM AMHH 060HX CJI0B.

Bosspauasch K coob1eHHsM, Mbl MOTJIH Obl CXHTPHTD: pacCMaTpHBaTh
CJIOBA LIEJIMKOM KaK CMMBOJIbl M BBITIOJHATD ONepalliti PelaKTHPOBaHHS
Ha ypoBHe ¢J10B. I1ycTb ecTb ABa cO06LICHIIsI (A1 NPOCTOTLI OTPAHHYHUMCS
ToJbKO 3arosioBkaMu ): «How to format my hard disk» («Kak mue otdop-
MaTHpoBaTb xecTkui auck») U «Hard disk format problems» («ITpo6.e-
Mbl ¢ (hOpMaTHPOBAHHEM XKECTKOTO AHCKa» ). PeaakiioHHOe paccTosiHue
MEXIy HHUMH PaBHO 5, MTOTOMY YTO HYXHO yaaJHTb cJoBa <how», «to»,
«format», «<my», a 3aTeM 106aBUTb B Kollell coBa «format» u «problems».
CnenosaTebHO, MOXHO Obl10 Obl OMPEAENHTDb Pa3/iHuHe MEKAY ABYMsI
COOBIIEHHAMH, KaK KOJMYECTBO CJIOB, KOTOPbIE CJeAyeT 106aBUTb HIH
yAQIHTb, 4TOOLI Npeobpa3oBaTh OAIH TEKCT B APYroil. Ty HAEI MOX-
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HO ObL10 ObI HEMHOTO YCOBEPLIEHCTBOBATD, HO 10 CYIIECTBY BpeMeHHast
CJIOXKHOCTb OCTAeTCsl TOI e caMoil.

Ho nasxe ecsin 61 Mbl MOTJIH 10OHTLCS OCTATOYHOTO ObICTPOIEICTBHS,
cyliecTByerT elie ogHa npobema. B namem npimepe oo «format» gaer
BKJIaA 2 B pPacCTOsiHIe, MOTOMY YTO Mbl CHayaja yAaaliii ero, a MoToM
cxoBa aob6asmnn. Clie0BaTe/bHO, TAKOE PacCTOSIHHE HEYCTOIYMBO OTHO-
CHTeJbHO U3MEHEeHHs! TIOPsIAKA CJIOB.

Kak Hago genartb

Bonee HajexHOC pefakUHOHHOE pacCTOsIHHE AAeT TaK Ha3blBaeMblii
Habop cinoB. [Ipu TakoMm nmoaxoze MOPSIIOK CJOB MOJHOCTBIO HTHOPHPY-
€TCs1, a B OCHOBY KJIAAYTCS MMPOCTO CYETUMKH BXOXJAeHHI1 cyoB. Kaxaomy
BCTpEYalou(eMycst B COOOILEHNH CJIOBY COMOCTABJSIETCS! KOJHYECTBO €ro
BXOXEHMI1, 1 3TI Mapbl coXpaHsiioTcst B Bektope. HeyausuresnbHo, yto
3Ta onepauusi Ha3biBaeTcst BekTopu3auueil. O6bIYHO BEKTOpP MoJyyaer-
cs1 0ueHb GOJIbILINM, TOTOMY YTO COAEPXKHT CTONLKO 3JIEMEHTOB, CKOJIBKO
€ecTb CJIOB BO BceM Habope aaHHbIX. Bo3bMeM, k npuMepy, ABa coolLLeH s
C TAKHMH CYETYHKAMI CJIOB:

Cnoso : on?xaeuuﬁ B coobwenue 1 onme_uuﬁ B coobuenne 2
disk 1 1

format 1 1

how 1 0

hard 1 1

my 1 0

problems 0 1

to 1 0

Cronbupl «Bxoxaenunii B coobuenne 1» 1 «Bxoxaenuit B coobue-
HHe 2» MOXKHO pacCcMaTpHBATh KaK MPOCTbie BEKTOPbI. MOXHO BbIUMCIHTD
€BKJIMI0BO PACCTOsliIMe MeX/Y BEKTOPOM BOIMPOCA H BEKTOPaMH BCeEX CO-
ob6uieHuil 1 B3ATh 6.11Kaliiee cooOuieHue (MpaBa, KaK Mbl yKe BbIsICHH-
JIH, 3TO CJIHMIUKOM MEIJIEHHO). A, KpOMe TOro, Mbl MOXEM HCIOJIb30BaThb
MX KaK BEKTODbI 1IPH3HAKOB Ha 3Talle KJacTepH3alMH, NpUMeHss cleny-
0110 TpoUenypy:

1. Bobigemnth xapakTepHble MPIH3HAKIL 113 KAXKAOTO COOBIIEH S H CO-
XPaHITbh HX B BIE aCCOLMIPOBAHHOIO ¢ COOONICHIIEM BEKTOPA.
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2. Ilpom3BecTit KJaCTEPH3ALIIO HTHX BEKTOPOB.

3. OupeneanTts KJaacTep, B KOTOPbIil BXOAUT co0061eH11e-BONpoc.

4. BbibpaTb M3 9TOro KJacTepa CKOJbKO-TO COOOLIEHI, UMEIoLNX
pas/iiyHOe CXOACTBO C COOOLIEHIIEM-BOMPOCOM. DTO MOBbILIAET
pastoobpasite.

Ho ans peannsauuit 3Toii nporpaMMbl HYXKHO NPOAENATDH €llie Koe-Ka-
Ky10 paboTy. A st 9TOro 1aM NoHaaobsATCs AaHHbIC.

NpepBapuTenbHas oopadoTka —
KOJIN4eCTBO O0LMNX CNOB KaK Mepa
cxoacTBa

Kak Mbl yxe Buaeau, noaxoa Ha ocHoBe Habopa cJ0B siBjisieTcsi H Obl-
CTPbIM, ¥ HafeXHbIM. O/111aKO 1t OH He 6e3 Mutycos. [laBaiite pazbepem-
csl.

Mpeobpa3oBaHue NPOCTOro Tekcra
B Habop cnoB

Ham Het Hy»xabl micarbh cBOIl KOJ MOACYETa CJIOB 1 NPEACTABJIEHHS
Habopa cJIoB B Buzle BeKkTOpa. MeToa Countvectorizer W3 6GuOIHOTEKM
SciKit He ToabKO yMeeT fenaTh 3TO 3(PeKTHBHO, HO 11 061aaaeT oYeHb
ynob6ubiM niitepdeiicom. Mynkunu u knacest 13 ScikKit nmioptupytores
MOCPEeACTBOM NAKETA sklearn:

>>> from sklearn.feature_extraction.text import CountVectorizer
>>> vectorizer = CountVectorizer (min_df=1)

[TapameTp min_df (MHHHMaJbHAsA YacTOTa B JOKYMEHTE) ONpenessieT,
KaK CountVectorizer JOJXKEH 0OXOAHTbLCSA C peaAKo BCTpeyaloMMHUC C0-
Bamu. Ecait ero 3HaueHiieM siBasieTcst 1esoe 41cJjo, To CJ10Ba C MCHbIIHM
YHCJIOM BXO)KIICHHﬁ. OT6paCblB'dIOTCH. Ecau 3naucnne — 11[)06}{0(3 YyHCJO0,
TO OT6paCblBalOTCﬂ CJIOBQ, A0Ji1 KOTOPbIX BO BCCM AOKYMEHTE MEHbILE
atoro uuciaa. [lapameTp max_df MHTepnpeTHpyeTcs aHanoriyHo. Pacne-
uataB 0OBEKT, Mbl YBHAHM BCE OCTasbHble napameTpsl, koTopbiM SciKit
MPpHCBOHJIA 3HAYEHIIS MO YMOJYaHHIO:

>>> print (vectorizer)

CountVectorizer (analyzer='word', binary=False, charset=None,

charset_error=None, decode_error='strict',
dtype=<class 'numpy.int64'>, encoding='utf-8',
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input='content',

lowercase=True, max_df=1.0, max_features=None, min_df=1,
ngram_range=(1, 1), preprocessor=None, stop_words=None,
strip_accents=None, token_pattern='(?u)\\b\\w\\w+\\b',
tokenizer=None, vocabulary=None)

Kak u crmemoBano oxuaaTh, MNOACYMTBIBAIOTCS WMEHHO CJIOBa
(analyzer=word), @ YTO CYUTATb CJIOBOM, ONPEAEJISAETCS PETYNSAPHBIM Bbl-
pakeHHWeM token_pattern. Hanpumep, ctpoka «cross-validated» 6yner
pa3buTa Ha [pa cioBa: «cross» M «validated». IToka He 6yaem obpalathb
BHMMaHHMs Ha MPOYHe MapaMeTpbl U PaCCMOTPHM JIB€ CTPOKH M3 HalIEro
NpUMepa, CoAepXallHe TeMbI COOOLIEH I

>>> content = ["How to format my hard disk", " Hard disk format
problems "]

ITOT CIMUCOK CTPOK MOXHO M0AATh Ha BXOJ METO/Ia BEKTOPH3aTOpa
fit_transform(), KOTOPBII U Mpo/eJaeT BCio paboTy:

>>> X = vectorizer.fit_transform(content)
>>> vectorizer.get_feature_names ()
[u'disk', u'format', u'hard', u'how', u'my', u'problems', u'to']

BEKTOPHSHTOP pacrno3Haja ceMb CJIOB, AJiA KaXXA0ro KOTOPbIX Mbl MO-
KEM IMOJYUYHUTb CHETYHKH!

>>> print(X.toarray().transpose())
((1 1)
(1 1]
(1 1]
[1 0]
(1 0]
(0 1]
(1 0]]

ITO 03HAyaeT, YTO NMepBOC NMPeAIOKCHIE COAEPXKHT BCe CJIOBA, KPOMe
«problems», a BTopoe — Bce c10Ba, kpome «how», «my» 1t «to». Ha camom
IeJie, 3TO KaK pa3 Te CTOJ61bI, KOTOPble MPHCYTCTBOBAH B MpeablayLIeii
tabauue. 113 x Mbl MOXXEM BbIIEJIUTb BEKTOP MPU3HAKOB, KOTOPBIM BOC-
TNIOJIb3YeMCs /1Sl CPAaBHEHHUs1 JOKYMEHTOB.

CHavasa npHMeHHM HaHBHbIIT MOAX0M, YTOOBI NOKA3aTh NPOBJIEMBI, C
KOTOPbIMU NPUAETCSI CTOJKHYTbCSI Ha 3Tane npeaBapHTeabHOI 06paboT-
ku. CiyuaiiHo BbibepeM Kakoe-TO COOOLIEeH e U CO3AaHM /ISl HETO Bek-
TOP CYETYHKOB. 3aTeM BbIYHCIIMM PACCTOSIHUS OT HEro 10 BCeX BEKTOPOB
CYETYHKOB U BbibepeM cooblLeH}te, 1151 KOTOPOrO PacCTOsIHHE MHHHMaJIb-
HO.
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Moacuer cnos

Jlns 3KCIepMMEHTOB BO3bMEM MIPYLIEYHbIH HabOp AaHHbIX, COAEepXKa-
LM TaKHe COOOLIEeHHS.

WUma panna TekcT coobuieHns

01l.txt This is a toy post about machine learning. Actually, it contains not
much interesting stuff.

02.txt Imaging databases can get huge.

03.txt Mostimaging databases save images permanently.

04.txt Imaging databases store images.

05.txt Imaging databases store images. Imaging databases store images.

Imaging databases store images.

B aTom Habope Mbl XOTHM HaiiTH cooblieHKe, KoTopoe OoJIblie APYTHX
noxoxe Ha coobuierne «imaging databases».

B npeanosioxeHnH, 4TO COOOLIEHMSI HAXOAATCS B KaTajore DIR, Mbl MO-
’KeM 3a1eiiCTBOBaTD 151 3TOM LIEJIHM CountVectorizer:

>>> posts = [open(os.path.join(DIR, f)).read() for f in
os.listdir (DIR)]

>>> from sklearn.feature_extraction.text import CountVectorizer
>>> vectorizer = CountVectorizer (min_df=1)

Ham Hy>HO yBe1OMHUTb BEKTOPH3aTOP O MOJHOM Habope JaHHbIX, YTO-
Obl OH 3apaHee 3HaJI, KAKMX CJIOB 0XKU/IATb:

>>> X train = vectorizer.fit_transform(posts)

>>> num_samples, num_features = X_train.shape

>>> print («#samples: %d, #features: %d» % (num_samples,
num_features))

#samples: 5, #features: 25

[Mosyymnnoch 5 coobuieHHii H 25 PasJIMYHbIX CJIOB — BCE MPaBMJIBHO.
[ToacuMTaHbl creytoLIMe BblIeJICHHbIC U3 TEKCTA CJI0BA:

>>> print (vectorizer.get_ feature_names())

[u'about', u'actually', u'capabilities', u'contains', u'data',
u'databases', u'images', u'imaging', u'interesting', u'is', u'it’,
u'learning', u'machine', u'most', u'much', u'not', u'permanently’,
u'post', u'provide', u'save', u'storage', u'store', u'stuff',
u'this', u'toy']

Tenepb BekTOpH3yeM HOBOe COOOLIEHHE:

>>> new_post = «imaging databases»
>>> new_post_vec = vectorizer.transform([new_post])
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OTMeTHM, YTO MeTOJ transform BO3BpAILAET pa3peXXeHHbIE BEKTOPbI
CYETYHUKOB, TO €ECTb B BEKTOPE€ HE XPAHATCS CYHETYHKH AJIs1 KaXKJ0ro CJI0Ba,
MOTOMY YTO GOJIbIIAST HIX YACTh paBHA HYJIO (B COOOIIEHUH TaKOe CJI0BO
He BcTpeyaercsi). BMecto atoro mcrnonb3yercs HOTpe6J1$IlOIua$I MeHblle
MaMATH CTPYKTYpa JaHHbBIX coo_matrix (OT coBa «COOrdinate»). Tak,
7151 HAIlIero coobuieHust BEKTOP COAEPXUT BCEro ABa 3JIEMEHTA:

>>> print (new_post_vec)

(0, 7)1
(0, 5) 1

Bocnosab3oBaBinch MeTOAOM toarray(), Mbl MOX€M BOCCTAHOBHTH
BeCb MAaCCHB ndarray:.

>>> print (new_post_vec.toarray())
[([0000010100000000000000000]]

Becb MaccuB HaM NOHAKOOUTCS, €CJIM Mbl 3aXOTHM HCIIOJIb30BATh BEK-
TOp [J1s1 BBIYHCJEHHST cx0AcTBa. YTOObI H3MEPHTb CXOACTBO (MPH Hau-
BHOM IIOJXOJie), Mbl BbIYHCJIsiEM €BKJINAOBO PAacCTOsIHIE MeXAy BeKTopa-
MH CYETYHKOB HOBOTO M BCEX CTapbiX COOBIIEHHIT:

>>> import scipy as sp
>>> def dist_raw(vl, v2):
delta = vl-v2
return sp.linalg.norm(delta.toarray())

MeTon norm() BBIUHMCJISIET €BKJINAOBY HOPMY (KpaTyaiilee paccTosi-
HHe). ITO camasi O4eBlJHAsI METPHKA, HO €CTb U MHOTO JPYTHX Onpefe-
Jenuit paccrosiuis. Iountaiite cratbio «Distance Coefficients between
Two Lists or Sets» Ha caiite The Python Papers Source Codes, rne Mopuc
JIunp (Maurice Ling) onuceiBaeT 35 pa3HbIX pacCTOSTHUIA.

Vmest GyHKIMIO dist_raw, Mbl TETIepb JOJKHbI epebpaTh Bee coobue-
HHSI U 3aTIOMHUTD camoe 6JTH3Koe:

>>> import sys
>>> best_doc = None
>>> best_dist = sys.maxint
>>> best_i = None
>>> for i, post in enumerate (num_samples) :
if post == new_post: '
continue
post_vec = X_train.getrow (i)
d = dist_raw(post_vec, new_post_vec)
print ("=== Post %i with dist=%.2f: %s"%(i, d, post))
if d<best_dist:
best dist = d
best i =1
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>>> print ("Best post is %i with dist=%.2f"%(best_i, best_dist))

=== Post 0 with dist=4.00: This is a toy post about machine learning.
Actually, it contains not much interesting stuff.

=== Post 1 with dist=1.73: Imaging databases provide storage
capabilities.

=== Post 2 with dist=2.00: Most imaging databases save images
permanently.

Post 3 with dist=1.41: Imaging databases store data.

=== Post 4 with dist=5.10: Imaging databases store data. Imaging
databases store data. Imaging databases store data.
Best post is 3 with dist=1.41

Bot MbI M npou3Besy nepBoe H3MepeHHe CXOACTBA, TPUMHTE MO3APaB-
neHust. Coobuenue 0 cubHee Bcero oT/MyaeTcsi ot HoBoro. Yrto u mo-
HSITHO, Belb B HMX HET HH OAHOTO o6uiero csioBa. [TOHATHO TakXke, YTO
coobuierre 1 OYeHb NOX0XKE Ha HOBOE, HO HE SIBJSICTCSL JIYYILHM, T. K. CO-
AEPXKHUT Ha OJIHO OTCYTCTBYIOLLEC B HOBOM COOOLIEHHE CJI0BO GObLIE, YEM
coobuietue 3.

Ho npu cpaBHeHun coobuuennii 3 u 4 Bce yxe He tak ouyeBiaHo. Co-
obweHue 4 — 3To npocto coobieHue 3, nopropeHHoe TPIKALL. [ToaTomy
€ro CXO/JCTBO C HOBBIM COOOLICHHEM J0JKHO ObITh TOYHO TAKHM XK€, KaK
y coobiueHus 3.

Pacneyarka cOOTBETCTBYIOLIMX BEKTOPOB MPHU3HAKOB OODACHSET, MO-
yeMy 3TO He TakK:

>>> print (X_train.getrow(3).toarray())

((000011010000000000000100 0]]

>>> print (X_train.getrow(4).toarray())
[([0D0O00D33030000000000O0OO0O03000))

Kak BHUAHUM, OJHHUX JIMIIDb CYCTYHKOB CJIOB HEAOCTATOYHO. HeOﬁXOZIIlMO
HOPMHPOBATb BEKTOPbI Ha CAITHHYHYIO AJIHHY.

HopMupoBka BEKTOPOB CHETYMKOB CJ/I0B

B ¢yHKLuH dist_raw Mbl Oy/ZieM BBIUMC/ISTD PACCTOSIHHE HE MEXAY MC-
XOJHBIMM, @ MEXY HOPMHPOBAHHBIMH BEKTOPaMH:

>>> def dist_norm(vl, v2):
vl_normalized = vl/sp.linalg.norm(vl.toarray())
v2_normalized = v2/sp.linalg.norm(v2.toarray())
delta = vl_normalized - v2_normalized
return sp.linalg.norm(delta.toarray())
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Toraa pe3ysibTaTbl M3MEPEHHsT CXOJACTBA M3MEHSTCS CJeAyIoLHM 06-
pasoM:

=== Post 0 with dist=1.41: This is a toy post about machine learning.
Actually, it contains not much interesting stuff.

=== Post 1 with dist=0.86: Imaging databases provide storage
capabilities.

Post 2 with dist=0.92: Most imaging databases save images
permanently.

Post 3 with dist=0.77: Imaging databases store data.

=== Post 4 with dist=0.77: Imaging databases store data. Imaging
databases store data. Imaging databases store data.
Best post is 3 with dist=0.77

Tak yxe nyuuie. Teneps cxoacTso coobiuennii 3 v 4 B TOYHOCTH OAMHA-
k0B0. KT0-T0, BO3MOXHO, COYTET, UTO MHOTOKPATHOE MOBTOPEHHE BbI3OBET
BOCTODT Y YMTATeJIsl, HO C TOYKH 3PEHHsl MOJCYEeTa CJIOB B COOOIIEHNAX
3TOT pe3yJIbTaT MPeACTABJISETCS PABUIIbHBIM.

YpnaneHue Mmano3Ha4yuMbixX C/IOB

BaraisineM ewte pa3 Ha coobieHune 2. B Hem BcTpeualoTcs caeayioume
CJIOBa, OTCYTCTBYIOIUIHE B HOBOM COOOLIEHIH: «most> (6OMBLUIMCTBO),
«save» (COXpaHsTb), «images» (1306paxxeHus) u «permanently» (mocro-
sinHo0). Ho 11x 3HaunmocTh B coobueHi cosepuieniio paznanyna. Ciosa
THMNA «MOSt», BCTPeyalolHecs B CaMbIX Pa3HbIX KOHTEKCTAX, Ha3bIBAIOTCS
cron-cinoBamMu. OHM HecyT Masio MHGOPMALMK Y TOTOMY JOJDKHbBI BECHTD
MeHbllle CJIOB THMa «images», KOTOpble BCTPEYAIOTCSl OTHIOAb He BO BCeX
KoHTekcTax. Jlyuie Bcero BooGlue yAaauTh CJ10Ba, KOTOpble yrnoTpebJsi-
I0TCS1 HACTOJIbKO LIMPOKO, YTO HE MOMOTAIOT BbISIBUTb PaslHuUs MEXIY
TeKCTaMH.

ITOT Wwar BechbMa THNHYeH 1151 06pabOTKH TEKCTa, MO3ITOMY B Count-
Vectorizer J/Is1 HETO NpeyCMOTPeH crelHaabHbli mapamMeTp:

>>> vectorizer = CountVectorizer (min_df=1, stop_words='english')

Ecant BbI TOUHO 3HaeTe, KaKHe CTOMN-CJIOBA XOTeH Obl YAAIHTh, TO MO-
XeTe nepeiarh MX MOJHBIIA cnucoK. Ecan napameTp stop words paBeH
english, TO cnucok Oyaet coctoaTh u3 318 anramiickux cnoB. Kakux
HMEHHO, MTOKAXET MeTO/l get_stop_words ():

>>> sorted(vectorizer.get_stop_words()) [0:20]
['a', 'about', 'above', 'across', 'after', 'afterwards', 'again',
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'against', 'all', 'almost', 'alone', 'along', 'already', 'also',
'although', 'always', 'am', 'among', 'amongst', 'amoungst']

Hosblii cnincok COIEPXHUT HA CCMb CJIOB MEHbLIIE:

[u'actually', u'capabilities', u'contains', u'data', u'databases',

u'images', u'imaging', u'interesting', u'learning', u'machine’',

u'permanently', u'post', u'provide', u'save', u'storage', u'store',

u'stuff', u'toy']

[Tocsie uckaOYEeHUs CTOM-CJIOB noJjiyyaeM TaKue pe3yJbTaTbl H3Mepe-
HHSI CXOACTBA:

=== Post 0 with dist=1.41: This is a toy post about machine learning.
Actually, it contains not much interesting stuff.

=== Post 1 with dist=0.86: Imaging databases provide storage
capabilities.

=== Post 2 with dist=0.86: Most imaging databases save images
permanently.

=== Post 3 with dist=0.77: Imaging databases store data.

=== Post 4 with dist=0.77: Imaging databases store data. Imaging
databases store data. Imaging databases store data.
Best post is 3 with dist=0.77

Tenepb coobuenns 1 1 2 cpaBHsianch. Ho paccTosiHust ©3BMEHUTHCD He-
CYLIECTBEHHO, IOTOMY YTO HallW J€MOHCTPALHOHHbIE COOOLIEHHS OYEHb
kopoTkue. Kaptuna 6yner coBeplueHHO APYroii, eCM B3sITb PeasibHble
TEeKCTBI.

CteMMuUHr

Ho oay Bets Mbl ynyctinn. OnHO U TO e CIOBO B Pa3HbIX rpaMMa-
THYeCcKHX hopMax Mbl CYMTaeM pa3HbiMK cioBaMu. Hanpumep, B coobiwe-
HMU 2 ecTb cJIoBa «imaging» u «images». FIMeeT cMbIc/ CUMTaTh UX, Kak
OJIHO CJI0BO, Beib OHM 0603HAYAI0T OHO U TO XK€ MOHSTHE.

Ham HyxHa ¢byHKuus1, KOTOpasi NPOU3BOAUT CTEMMHUHI, TO €CTb Bblfie-
JisieT U3 cJioBa ero ocHoBy. B 6ubanoteke SciKit cremmepa Het. Ho MoxHO
ckayaTb 6ecnaaTHy10 OUOJIHOTEKY Natural Language Toolkit (NLTK), A€
MMEETCsl CTEMMeP, KOTOPBIII JIETKO MOAKIIOYMTb K CountVectorizer.

Ycranoska n ncnonssosavne NLTK

[Topsinok ycranoBku NLTK B koHkpeTiyio onepauMoHHYIO CHUCTEMY
MoAPOOHO OMMCAH HA CTPAHHLE http://nltk.org/install.html. K coxa-
neuuio, aast Python 3 ata 6ubnmnortexa noka oduuHaIbHO He OALEPIKH-
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BAETCs, 4, 3HAYMT, U Pip AJs Hee paboTaTh He OyzeT. Ho MOXHO ckayathb
NMaKeT CO CTPAaHHULbI http://www.nltk.org/nltk3-alpha/, paClakoBaTb U
YCTaHOBUTDb BPYYHYIO C MTOMOIIbIO CKPHIITA setup.py.

[lnsa npoBepkH yCNeWHOCTH YCTAaHOBKM 3alyCTHTE HHTepNpeTaTop
Python u BBenitTe komaHny:

>>> import nltk

«Python 3 Text Processing with NLTK 3 Cookbook», napaHHoit Packt
Publishing. Ecnu xoTute noakcnepuMeHTMpoBaTb CO CTEeMMEPOM, 3a-

AuTe Ha CTpaHuuy http://text-processing.com/demo/stem/.

% O4yeHb Hennoxoe nocobue no NLTK nmeetcs B kHure Jacob Perkins

B NLTK ectb Heckonbko cTeMmepoB. M 3To Heo6X0aHMO, TOTOMY 4YTO B
Ka)KZIOM sI3blKe CBOM NpaBHJIa cTeMMHUHTa. [/ aHTTiiCKOro s13bIKa BO3b-
MEM KJIaCC SnowballStemmer.

>>> import nltk.stem

>>> s = nltk.stem.SnowballStemmer ('english')
>>> s.stem("graphics")
u'graphic'

>>> s.stem("imaging")
u'imag’

>>> s.stem("image")
u'imag'

>>> s.stem("imagination")
u'imagin'

>>> s.stem("imagine")
u'imagin'

OTtmMeTum, 4yTo pe3ynbTaTtoM CTEMMUHra soece Heoba3aTenbHO ABNAIOT-
Cfl AONYCTUMbIE aHrNUACKNe Cnoea.

Cremmep paboTaeT M 1151 T1aroJioB;

>>> s.stem("buys")

u'buy'

>>> s.stem("buying")

u'buy’

B 60J'lbll.lllHCTB€‘ C’ly4daen, HO He BCCI‘Z[ZIII

>>> s.stem("bought")
u'bought'

bought - opma npomenurero spenmenn nenpasitbiioro raarosna buy (nokynars). Kax
BHANM, BB 3TOM cJtyuac cremmep omubactest. = [Tpus. nepeg.
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CoBMecTHOE UCnonb3oBaHne BeKkTopu3aropa n ctremmepa
n3 6ubnunorexku NLTK

Ham nyxHo npousBecTit cTeMMHUHT coobuieHuii mepea Mx moaaveit
KJ1acCy CountVectorizer. B 3TOM KJlacce ecTh HECKOJIBKO TOYEK MOAKJIO-
YeHHsl, MO3BOJISIOIIMX HACTPOUTD ITAMbI NPEABAPUTENBHOI 06pabOTKIL I
Jlekcuyeckoro aHaiau3a. I1penpoueccop 1 sekcuyeckuii anannu3aTop Mo-
YT ObITh NepeJaHbl KOHCTPYKTOPY B KauecTBe MapamMeTpos. Mbl He XOTHM
nomelatb CTCMMeEP HU Ty/a, HY CI0/a, NOTOMY YTO TOr/a HaM MNPHILIOCh
6bl 3aHMMATBCS JIEKCHYECKHUM aHAJIM30M U HOPMHMPOBKOII CAMOCTOSTEJb-
Ho. BmMecTo aToro Mbl nepeonpeaesitM MeTO build_analyzer:

>>> import nltk.stem
>>> english_stemmer = nltk.stem.SnowballStemmer ('english'))
>>> class StemmedCountVectorizer (CountVectorizer):
def build_analyzer (self) :

analyzer = super (StemmedCountVectorizer, self).build analyzer ()

return lambda doc: (english stemmer.stem(w) for w in analyzer (doc))
>>> vectorizer = StemmedCountVectorizer (min_df=1, stop words='english')
IIpu atom kaxaoe coobliueHne GyaeT MOABEPrHYTO cic/iyiouleit obpa-

6oTKe.

1. Cuavasa Ha wiare npeasapMTeJbHON 06paGoTKH (B POAHTENILCKOM
KJacce) Bce 6yKBbl co0bIEeHHs: OyAyT nepeBefeHbl B HUXKHUI pe-
THCTP.

2. Ha ware JieKCH4€CKOr0 aHaJiM3a BbIAEJSIOTCA OTAEJbHbIE CJI0Ba
(B pOOMTENBCKOM KJacce).

3. U B 3aBepuieHne U3 KaXXA0ro c;10Ba Oya€eT BblAeJICHA OCHOBA.

B pe3yJibTaTe y HaC MOJIyYUTCA Ha OAMH IMPpH3HAK MeHbllIe, IOTOMY 4YTO
cnoBa «images» U «imaging» cosbloTcsi. OCTaHeTcsl TakoM CIMCOK MpH-
3HAKOB:

[u'actual', u'capabl', u'contain', u'data', u'databas', u'imag',

u'interest', u'learn', u'machin', u'perman', u'post', u'provid',

u'save', u'storag', u'store', u'stuff', u'toy']

Ecau nocyie o6beaMHEHHS CJIOB «images» U «imaging» npor{atb HO-
Bblil BEKTOPH3ATOP CO CTEMMHHIOM JJ1s1 BCEX COOOLLEHUiT, TO BbIICHUTCS,
YTO Tenepb Ha HOBOe CooblLeH e obLIe BCero noxoxe coobueHiie 2, no-
CKOJIbKY OHO IBaX/1bl COZIEPXKHT MOHATHE «imag»:

=== Post 0 with dist=1.41: This is a toy post about machine learning.
Actually, it contains not much interesting stuff.

=== Post 1 with dist=0.86: Imaging databases provide storage
capabilities.

=== Post 2 with dist=0.63: Most imaging databases save images
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permanently.
=== Post 3 with dist=0.77: Imaging databases store data.

=== Post 4 with dist=0.77: Imaging databases store data. Imaging
databases store data. Imaging databases store data.
Best post is 2 with dist=0.63

Pa3Burune koHuenuyuu cron-cnos

Teneps, Koraa y Hac ecTb pasyMHbIil cnocob MocTpOUTb KOMMAKTHbII
BEKTOP M0 3alllyMJIEHHOMY TEKCTOBOMY COOOLIEHHIO, BEPHEMCS Ha3aj Il
NOiyMaeM, B YeM Ha CAMOM JleJie CMbICJI 3HAaYeHH I TPH3HAKOB.

3HayeHHsI IPU3HAKOB — 3TO MPOCTO CYETYMKH BXOXK/IEHHSI TEDMOB B CO-
obuienne. Mbl MOJIYAIHBO MPEANOJiaraiu, 4To YeM GoJiblie 3TO 3HaUeHHe,
TeM BaXkHee TepM [UIst JaHHOro coobienus. Ho kak ObiTh, HaNpuMep, o
cJI0BOM «subject» (Tema), KOTOPOE €CTECTBEHHO BCTPEYAETCS B KaXIOM
coobuieHnit? MoOXHO, KOHEYHO, MOMPOCHTb CountVectorizer YNAJUTb
€ero, BOCIOJIb30BaBLIMCh NapaMeTpoM max_df. HanpuMep, ecin 3apats aist
HEero 3HaueHue 0.9, TO €J10Ba, Bcrpevaiouniecs: B 90 u GoJsiee npoueHTax
coobuieHiti, 6y 1y T HTHOPUPOBATBLCS. A ecJiH CJIOBO BcTpeyaeTcs B 89 npo-
uenTtax coobiieHuit? Kak BbibpaTh npaBuibHYIO BeHUNHY max_df? [Ipo-
6JsieMa B TOM, YTO KaKoe Obl 3HaueHIle HH BLIOPATh, BCEr/ia KaKHe-TO TEPMbl
OyayT BakHee /IS pa3;IHYEHHsl JOKYMEHTOB, YeM JPYTILe.

Pewntb 3Ty npobsieMy MOXHO TOJIbKO O/IHUM CIIOCOO0M — MOACYHTAB
YaCTOTHI TEPMOB /IJIs1 KAXKAOTr0 coobiieHns 1 «owrpacoBaB» Te, KOTOPbIE
BCTPEYAIOTCHA BO MHOTHMX COOOIIEHHSAX. IHBIMH CJI0BaMH, Mbl XOTHM, 4YTO-
Obl JAHHOMY TEPMY B JaHHOM COOOILEHUH GbLIO CONMOCTaB/leHo GoblIoe
3HaueHHe, eCJIH OH BCTPEYaeTCsl B 3TOM COOOLIEHUH U MAJIO Te ellle.

VIMEeHHO B 3TOM COCTOMT CMBICJI XapaKTEPHUCTHKH «4acTOTa TepMa —
obpaTHas yacTtoTa JoKyMeHTa» (term frequency — inverse document
frequency, win TF-IDF). 3necy TF otHocutcsa k noacuety, a IDF - k
«urtpagdy». HanBHas peanusauus Mora Obl BLITJISIAETD TakK:

>>> import scipy as sp

>>> def tfidf (term, doc, corpus):

tf = doc.count (term) / len(doc)
num_docs_with_term = len([d for d in corpus if term in d])

idf = sp.log(len(corpus) / num_docs_with_term)
return tf * idf

Kak BuanTe, Mbl He NMpoCTO MOACYHUTAJM TEPMbLI, HO H HOPMHPOBAJIH
CYETYHUKH Ha JUIHHY JOKYMEHTaA. HOE)TOMy AJHHHbBbIEC IOKYMEHTbI HE MOy~
YaT HeCITpaBE€A - TIBOro NMpenMy1IecTBa nepej KOpoTKIiMH.
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Ecsn B3siTb MOKa3aHHBIH HIKE CIIICOK D yXe pa3OMTLIX Ha JIEKCEMBbI
JNOKYMENTOB, TO Mbl YBHAHM, YTO TepMbl 06pabaThiBAIOTCSI MO-Pa3HOMY,
XOTS B K&X/IOM JOKYMEHTe BCTPCYAIOTCSI C OAMHAKOBOMH 4aCTOTOH:

>>> a, abb, abc = ("a"], ["a", "b", "b"], ["a", "b", "c"]
>>> D = [a, abb, abc]

>>> print (tfidf ("a", a, D))

0.0

>>> print (tfidf ("a", abb, D))

0.0

>>> print (tfidf ("a", abc, D))

0.0

>>> print (tfidf ("b", abb, D))
0.270310072072

>>> print (tfidf ("a", abc, D))
0.0

>>> print (tfidf ("b", abc, D))
0.135155036036 .

>>> print (tfidf ("c", 'abc, D))
0.366204096223

BMI[HO, YTO TEPM a HE€ 3HAYHUM HH AJ11 OAHOIO JOKYMEHTAQ, IOTOMY 4YTO
BCTpeyaeTcsi BO BceX. TepM b BaxkHee I IOKYMEHTa abb, YeM JUIA abc,
NMOTOMY YTO BCTPCYAETCS TaM ABaXKAbI.

Ha MPaKTHKE rPAaHHYHBIX CJ1y4acB 60]IbU.Ie, Y€M II0Ka3aHO B 3TOM IIDH-
Mmepe. Ho 6aaroaaps SciKit Mbl MoXeM 0 HHX He 1yMaTb, IOTOMY YTO BCe
OHH YUYTEHbl B KJlIaCCe TfidfVectorizer, HaCJIeAYIOLlEM CountVectorizer.
Pagymeertcs, He HY>HO 3a0bIBaTDL Ipo Haul CTeMMep:

>>> from sklearn.feature_extraction.text import TfidfVectorizer

>>> class StemmedTfidfVectorizer (TfidfVectorizer):

def build_analyzer (self):
analyzer = super (TfidfVectorizer, self).build_analyzer()
return lambda doc: (
english_stemmer.stem(w) for w in analyzer (doc))

>>> vectorizer = StemmedTfidfVectorizer (min_df=1,

stop_words='english', decode_error='ignore')

Tenepb BEKTOPbI 1OKYMEHTOB BOOO1IE HE COAEPKAT CYETYHKOB. A co-
nepxar ouy 3Hayenust TF-IDF ans xaxknoro tepma.

Yero MbI [OCTUIIN U K YEeMY CTPEMUMCS

[Moka yTo 3Tan npexBapHTeNbHONH 0OPAabOTKH BKJIOYAET CEAyIOle
Luaru:

1. JlexcuueckHii aHann3 TeKcTa 1 pa3breHHe ero 1Ha JeKCeMbI.
2. Otb6pacbiBaHKE CJ10B, KOTOPbIE BCTPEYAIOTCS CIMIIKOM YacTO H IO-
TOMY He MIOMOTAlOT HAXOAUTDb PeJieBaHTHbIE COOOLIEHHU L.
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3. OrGpacbiBaHHe CJI0B, KOTOPble BCTPEYAIOTCS TAK PEAKO, YTO BPsid
JIN BCTPETATCS B Oyayunx cooOueHsX.

4. Tloncuer octaBUIMXCSI CJIOB.

5. Boiuuciaenne TF-IDF no cuerunkaMm ¢ yueToM Bcero kopmyca
TEKCTOB.

MoxeM cHoBa Mo3aApaBUTb cebsi. ITOT Ipolecc No3BosIeT npeobpa-
30BaTh MCXO/IHbII 3aLIyMJIEHHBIIT TEKCT B KOMIAKTHOE Mpe/CTaBJIeHIie B
BH/Ie 3HaueHIlii MpI311aKoB.

Ho npu Bceit npoctoTe 1 3p(hpeKTHBHOCTH MOIX0/Ia HAa OCHOBE HaGopa
CJIOB C IONOJIHUTENbHBIMH PaCUIHPEHHUSIMH Y HETO HMEETCsl Psijl HeI0CTaT-
KOB, O KOTODBIX CJIeJIyeT 3HATh.

* He yunrsiBalorcsi cBsiau Mexay ciosamu. Ecsin npunsaTh onu-
CaHHBIH NMOJX0A K BeKTopli3awii, To y ¢pa3d «Car hits wall» (Ma-
MHa Bpe3aiach B cTeHy) u «Wall hits car» (Ctena spesanach B
MalInHYy) 6YAeT OfMH U TOT Xe Habop NMPH3HAKOB.

* He yaasmuBaercs orpuuanue. Hanpumep, dpasbr «I will eat ice
cream» (51 ctany ectb mopoxeHoe) 1t «I will not eat ice cream»
(51 He cTaHy eCTb MOPOXKEHOE) ¢ TOUKH 3peHiisi BEKTOPOB MPH3Ha-
KOB OYeHb MOX0XH, HO UMEIOT NMPOTHBOMNOIOXKHBII cMbic1. Bnipo-
yeM, 3Ty NpolieMy JIerko PeluTb, €C/H MOACYHTHIBATD HE TOJIBKO
oTaeJbHbIE ¢/J10Ba (YHHIPAMMDbI), HO TaKXXe napbl coB (Girpam-
Mbl) H TPOIiKII CJIOB (TPUTPAMMBI).

* Hukax He 06pa6aTbIBalOTCS OIUMOKH B NPaBONKCAHHU. XOTs ye-
JIOBEKY COBEpILEHHO MOHSITHO, 4To cyoBa «database» u «databas»
03HAYAIOT OJLHO U TO XKe, B IPUHSATOM MOJIXO/IEe OHU CYUTAIOTCS Pas-
JIYHBIMH.

Ho, uTo6b! He 0TB/IEKaTbCs, MbI BCE XK€ OCTAHEMCS BEPHbBI OMHCAaHHOMY
MOAXOAY M BOCNOJb3yeMcs UM Aas 3hdeKTHBHOro MOCTpoeHHs KJacTe-
pOB.

Knactepusauus

WTak, y Hac MMeIOTCSl BEKTOPbI, KOTOpbIe, KAK HaM KaXKeTcs, JIOCTaTou-
HO a/leKBaTHO OTPaXAIOT cozepxaHue coobuleHuil. He m10/KHO BbI3bI-
BAThb YAWBJIEHHS], YTO €CTb MHOTO CMIOCOBOB CrPYNNMUPOBATD 3T1I BEKTOPBI.
BosbLIMHCTBO aropiTMOB KJIacTepH3allii OTHOCATCS K O/110i1 U3 ABYX
KaTeropHii: 1jockile i uepapxuieckiie.

AJIrOpIHTMBI MJIOCKOI1 KJIacTepii3aliih pas36iiBaloT MHOXeCTBO coobuie-
HITI HAa HECKOJILKO KJIACTEPOB, HIIKAK 1iC CBA3AIIILIX MeXay cob6oit. Llean



Knacrepuaauus I . - - m

npocTa — HaiiTh Takoc pasOueHite, yToObl Bce COOOIEHMS], MONABIIHE B
OAMI KaacTep, ObLIM MOX0XH APYT HA APYra U B TO )K€ BPCMsl OTJIMYAJIHCD
OT coo0lIeHHI] U3 APYyrUX KaacTepoB. Bo MHOTMX aaropMTMax mJjockoi
KJIacTepu3auiu TpebyeTcs 3a1aBaTh YMCJIO KJIACTEPOB 3apaHee.

B anroputMax nepapxuueckoii KJacTepu3alii 4iiCJ0 KJacTepoB 3a/a-
BaTh He HY)KHO — aJITOPIITM caM CTPONT MepapxHio kaactepos. [loxoxue
coobuICHUS COOMPAIOTCSL B OAHOM KJIacTepe, a 3aTeM MOXO0XHe KjaacTe-
pbl OOBEAMHSIIOTCS B Cynepkaacmep. ITO AeNaeTCsl peKypCUBHO, MOKa He
OCTAHETCsl OIMH KJacTep, coaepxaliuil Bce coobuienust. [To 3aBepienuin
Npollecca MOXHO BbIOPaTh HY>XHOE YHCJIO KJIACTEPOB H3 MOCTPOEHHOI1 He-
papxuit. OnHako 3p¢eKTHBHOCTD TAKOTO MpoLecca HeBbICOKa.

B nakere sklearn.cluster H3 6ubanotekn SciKit peasinzosaHbl pas-
JIMYHbIE MOAXOAbI K KacTepu3auni. [Ipounrtatbh 0 AOCTOMHCTBAxX U HeNO-
CTaTKaX KaXkK0ro U3 HHX MOXKHO Ha CTPAHHULE http://scikit-learn.org/
dev/modules/clustering.html.

B cienyommx pasaenax Mbl OyaeM nosb3oBathes Metogom K cpen-
HIIX — OZIHUM 13 &JITOPHTMOB IMJIOCKOM KJ1aCTepPH3aLlii1 — U MO3KCNePUMEH -
THPYEM C YUHCJIOM KJIaCTePOB.

Metoa K cpegHnx

Metoa K cpeaHux — camMblif pacmpoCTpaHeHHbI aJlrOpPHUTM MJIOCKOH
knactepusauu. Ilonyuus TpebyeMoe YMCIO KJ1acTepoB, num_clusters,
OH CO3[1aeT HMEHHO CTOJIbKO TaK Ha3blBaeMbIX LCHTPOMAOB KJACTEpPOB.
CHayana ajaroput™ MpoM3BOJbHO BbIOMPAET num_clusters COOOIIEHHI
1 B KaueCTBe LEHTPOMI0B OepeT UX BEKTOPbI MPU3HAKOB. 3aTeM Kaxa0e
M3 OCTaBLINXCs COOOIIEHHIT COOTHOCHTCS € GMXaIT MM K HEMY LIEHTPO-
Ma0M, H Tak o6pa3yioTcst kaactepsl. [locsie 3TOoro BBIYHCASIOTCS HOBbIE
MOJIOXEHHs! LEHTPOUAOB — MyTeM YCPeHEeHHs MO BCeM BeKTOpaM KaX-
noro kaactepa. PazymeeTcs, p1 3TOM H3MEHSIETCsl pacrnpeesieHne co-
obutenuii no knacrepam. Hekotopsie coobueHus okasbiBaloTcs OJimxe K
apyroMy kaactepy. [ToaToMy npoHcXoaMT nepeMeliieHde TakHxX coobuue-
HHMH M3 OJHOrO KJ1acTepa B Apyroil. To AesaeTcs 10 TeX Mnop, noka noJio-
XKCHIle UeHTPOoHOB He cTabuanaipyercs. [Tocie HeckoabkUX HTepaunii
PacCTOSIHUSI MeXAY CTapbiM Il HOBLIM MOJIOXEHHEM KaXKAOro LeHTponja
0Ka3bIBaeTCsl MeHbllle TOPOroBOro 3HAYEHHSI, U Mbl CYMTACM, YTO MPOLECC
MOCTPOCHUSI KJIACTEPOB COLLEJICS.

PaccMOTpUM MpoCTeHbKHUI NpPUMeEP, KOrAa COODILEHHS! COCTOSAT BCEro
u3 1Byx cjioB. Kaxxnas Touka Ha cienyioleM pucyHke npeactaBiasieT O4HH
JOKYMCHT.
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IMocne omHoit utepaunu Metona K cpeanux, To ectb BbiboOpa ABYX
NPOU3BOJIbHBIX BEKTOPOB B KaueCTBe HayaJbHbIX TOYeEK, pacrpeneseHHs
OCTAJIbHBIX MO KJIaCTepaM U U3MeHeHHsI MOJIOXKeHHsT LIEHTPOUIOB KJlacTe-
POB MOJIy4aeTCsl Takasl KapTHHAa:
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ITockosnbKy LEHTPOUABI KJIACTEPOB CMECTHJIMCD, MBI IOJDKHBI TTepeMe-
CTUTb HEKOTOPbIE TOYKU B JPYTHe KJIacTepbl U NMEPECYUTATh MOJIOXKEHUS
ueHTpouzoB. ITocse BTOpO#i MTEpaLMy MOJY4aIOTCsI TakKUe KJlacTepsl:
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CrpesnkaMu noka3aHo nepeMellieHue neHTpouaos. [locse nsatu urepa-
LMi LIEHTPOUABI MPAaKTHUYECKU MepecTaloT cMewathest (B SciKit moporo-
BO€ OTKJIOHeHHe 1o yMosyanuio paBHo 0.0001).

[Tocsie cTabun3anny K1acTepoB HaM OCTAETCS TOJIbKO 3alIOMHHUTD 110~
JIOXKEHUsT LIEHTPOUIOB U TO, K KaKMM KJlacTepaM OHU oTHocsATcsl. Koraa
NOCTYNaeT HOBBIH JOKYMEHT, Mbl BEKTOPU3Y€EM €r0, BLIYHCJISIEM PacCTosI-
HHE JI0 KaXX/I0TO LIEHTPOUA H OTHOCHM JIOKYMEHT K TOMY KJIaCTepy, lieH-
TPOM/ KOTOPOTO OKAXeTCs GJIMKe BCEro.

TecToBbIe gaHHbIe AN15 NPOBEPKN HaLUNX
ngeu

Yr10o6bl NPOTECTHPOBATH AJITOPUTM KJIACTEPH3ALHMH, Mbl PACCTAHEMCS
C UrPYLIEYHbIMU NIPUMEPAMH U MOAbILIEM [aHHbIE, HATIOMHUHAIOLHME T, C
KOTODBIMH 0XKHM/Ia€M CTOJIKHYThCSI B peaibHOCTH. HaM Hy>XHbI yxe crpyn-
NUPOBaHHbIE TOKYMEHTbl Ha TEXHUYECKHE TE€MbI, YTOObI Mbl MOTLJIU TPO-
BEPUTb, OYZIET JIN aITOPUTM paboTaTh, KaK Mbl MIPE/TIOJIAraeM, KOraa emMy
NpeabsIBAT HOBbIE IOKYMEHTBI.



m--.l Mnaea 3. KJ‘IOCTSPHMJL{KS — NOMUCK B3AMMOCBA3AHHDIX...

O/HHUM U3 CTAaHAAPTHBIX A1 MAUIMHHOTO 00yuYeHHUs ABJsieTCs HaGop
JaHHBIX 20newsgroup, cofepxauuil 18 826 coobuienmit u3 20 HOBOCTHBIX
TpyIM MO Pa3HbIM TEMAaTHKAM — KaK TEXHUUYECKHM, HalPUMED comp.sys.
mac. hardware WJIH sci.crypt, TaK H OTHOCAUIMUMCA K MOJIMTHKE U PEJIH-
FMH, HAIIPUMEP talk.politics.guns HJIM soc.religion. Mbl OrpaHHYHM-
Csl TOJIbKO TEXHHYCCKHMH rpynnaMu. Eciim cuutath KaXayio HOBOCTHYIO
rpYMNIy KJAcTepoM, TO HaM Oy/JIeT OYeHb JIETKO IPOBEPHTD, KAKOH MOAXO
K TIOMCKY B3a1IMOCBSI3aHHBIX COOOLIEHHET OKAXKETCs HAMJTYYLIIIM.

Ckauatbh Habop JAHHBIX MOXHO CO CTPAaHMLBI http://people.csail.
mit.edu/jrennie/20Newsgroups. Ho ropasao yz(06Hee CcKauarh ero c caii-
ta MLComp 1o azipecy http://mlcomp.org/datasets/379 (00Osi3aTesbHa
GecriiaTHas peructpaius). B 6ubnmoreke SciKit yxe ectb cnienuabHbIi
3arpy3uMK JJIst 3TOro Habopa ¢ 0YeHb YAOOHBIMU lTapaMeTPaMH.

Jtor Habop mnocrasnsiercs B ¢Gopmate ZIP-daiina dataset-379-
20news-18828_WJQIG.zip, KOTOPBIH MbI pacrakyeMm B katasor 379. HyxHo
6yner ewe coobunts SciKit nmyTh k katanory aaHHbix. Tam HaxoauTcs
(hait MeTaJaHHBIX ¥ TPH MOAKATAJIOTA: test, train M raw. B kaTasore train
HaxoauTtcst 60 % panHbIX, NpeaHa3HayeHHbIX [J1s1 00y4eHHsl, a B KaTajore
test — 40 %, npeaHa3HayeHHbIX 415 TecTiipoBaHus. IIyTes k karanory
yKa3biBaeTcst JIMOO B MepeMEeHHON OKPYXEHHSI MLCOMP_DATASETS_HOME,
J1160 HEMmoCpeICTBEHHO B NAPAMETPE mlcomp_rbot KOMaH/Ibl 3arpy3KH Ha-
6opa.

MawuHHOro obyyeHns Ha pasHoobpa3Hbix Habopax AaHHbIX. Y Hero
ABe uenn: NOMoYb B NOMCKe noaxoaswero Habopa ans HaCTPONKKU NPO-
rpamMmbl ¥ y3HaTb, Kak Apyrue UCnonb3aoBanu Hekuii Habop. Hanpumep,
MOXHO NOCMOTPETb, HACKONBLKO XOpOoLWo paboTany NpuaymaHHble apy-
rMMK anropuTMbl Ha TOM UKW MHOM Habope, U CPaBHUTL C HUMW CBOW
CO6CTBEHHbIN.

@ Cait http://mlcomp.org OpPraHU30BaH ANA CPaBHEHWA NPOrpamm

Inst ynobctBa MoOAyJb sklearn.datasets BKJIOYAaeT (pyHkuMIO
fetch_20newsgroups, KOTOPasgd aBTOMaTHYE€CKH CKaUYMBaeT JaHHbBIE:
>>> import sklearn.datasets

>>> all data = sklearn.datasets.fetch_20newsgroups (subset='all")
>>> print(len(all_data.filenames))

18846

>>> print(all_data.target_names)

['alt.atheism', 'comp.graphics', 'comp.os.ms-windows.misc',
'comp.sys.ibm.pc.hardware', 'comp.sys.mac.hardware',
'comp.windows.x', 'misc.forsale', 'rec.autos', 'rec.motorcycles',
'rec.sport.baseball', 'rec.sport.hockey', 'sci.crypt',

'sci.electronics', 'sci.med', 'sci.space', 'soc.religion.christian',
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'talk.politics.guns', 'talk.politics.mideast', 'talk.politics.misc',
'talk.religion.misc']

MbI MOXXeM BbIOpaTb 06yYalOUWIMi UK TECTOBbIIT Habop:

>>> train_data = sklearn.datasets.fetch_20newsgroups (subset='train',
categories=groups)

>>> print(len(train_data.filenames))

11314

>>> test_data = sklearn.datasets.fetch_20newsgroups (subset='test"')
>>> print(len(test_data.filenames))

7532

Ilnst npocTOTH BO3bMEM He BCe TPYMMbI, YTOObI LIMKJ IKCNIEPUMEHTA
6b11 KOpoye. [1/1s1 3TOro CYXKHUT NapaMeTp categories:

>>> groups = ['comp.graphics', 'comp.os.ms-windows.misc',
'comp.sys.ibm.pc.hardware', 'comp.sys.mac.hardware',
'comp.windows.x', 'sci.space')

>>> train_data = sklearn.datasets.fetch_20newsgroups(subset='train’,
categories=groups)

>>> print(len(train_data.filenames))

3529

>>> test_data = sklearn.datasets.fetch_20newsgroups (subset="test',
categories=groups)

>>> print(len(test_data.filenames))

2349

Knacrepun3saunsa coobwieHnii

Bbl, HaBepHoe, yke 06paTHIN BHUMaHKE, YTO peajibHble JaHHbIE 00bIY-
HoaamyMﬂeHbL11HaﬁopﬂaﬂﬂmxusHOBOCTHMXprHH-HeHCKﬂquHM&
OH naxce coOmepXXHUT HEAOMYCTHMble CHMBOJIbI, NPHBOASLINE K olmnbke
UnicodeDecodeError.

Mb! nosmxkHBI cKa3aTh BEKTOPH3aTOPpY, YTO TAKIIE ournoku cJaeayer ur-
HOpPHPOBAaTb:

>>> vectorizer = StemmedTfidfVectorizer (min_df=10, max_df=0.5,

. stop_words='english', decode_error='ignore')

>>> vectorized = vectorizer.fit_transform(train_data.data)

>>> num_samples, num_features = vectorized.shape

>>> print («#samples: %d, #features: %d» % (num_samples, num_features))
#samples: 3529, #features: 4712

Tenepb y Hac ecTb nys u3 3529 coobLieHHI M NOCTPOEHHBII MO HUM
4172-MepHbI BEKTOP MPU3HAKOB. ATO U OYy/ET MoJaHO Ha BXO/ aITOPUTMa
K cpennnx. B aToit rnase Mbl 6yaeM ucnosnn3osath 50 KIacTepoB, HO Ha-
JeeMcsl, YTo JiIoOo3HaTe /IbHbIE YHTATENH MONPOOYIOT H APYTrHe 3HAYEeHHS.
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>>> num_clusters = 50

>>> from sklearn.cluster import KMeans

>>> km = KMeans (n_clusters=num_clusters, init='random', n_init=1,
verbose=1, random_state=3)

>>> km.fit (vectorized)

Bot 11 Bce. Ml 3achukcHpoBaiu mapameTp random_state, YTOOBI Bbl
MOIJIM TIOJIyYHTb TOYHO TaKHe Xe pe3yJibTaTbl. B peanbHbix nmpuioxe-
HMsSIX 3TOTO AesaTh He HyxHo. [Tocse o0yuenust Moaenu nHdopmaLiio o
KJIacTepax MOXHO MOJYYHTD 13 rnosieil obbekta km. Kaxnomy sextopn-
30BaHHOMY COOOIIEHHIO, YYacTBOBaBlleMYy B 0Oy4eHIiH, COOTBETCTBYET
11eJI0YMCJIeHHAst METKA B MACCHBE km. labels_:

>>> print (km.labels_)

(48 23 31 ..., 6 2 22]
>>> print (km.labels_.shape)
3529

ueHTpOH}lbl KJIaCTEPOB MOXHO TMNOJIYYHUTb C MOMOIUBIO km.cluster_
centers_. B cJeaymlueM pasaese Mbl yBHAHM, KAK COOTHECTI C KJIaCTEPOM
HOBOC COO6H1€HI/[C C IIOMOLbIO METOZA km.predict.

PeweHue ncxoaHoun sapnauu

A Tenepb (‘O6epeM BCE€ BMECTE M NMPOAEMOHCTPHPYCM pa60Ty CIICTEMDBI Ha
npuMepe cjaeaymoucro coobuieHs, KOTOpPO€ Mbl 3anHIileM B NEPEMEHHYIO
new_post:

Disk drive problems. Hi, I have a problem with my hard disk.
After 1 year it is working only sporadically novw.

I tried to format it, but notw it doesn 't boot any more.

Any ideas? Thanks.

Mui YK€ 3HaeM, UTO nepej TeM KaK BLIYHCASATh KJacTep COOG[IICHH?I,
€ro Hy>XHO BEKTOPH30BaTh:

>>> new_post_vec = vectorizer.transform([new_post])
>>> new_post_label = km.predict (new_post_vec) [0]

Tenepb, KOrAa y Hac HMEIOTCS KJACTepPbl, yKe HET HeoOXOAMMOCTH
CPaBHMBATb new_post_vec C BEKTOPaMIl Bcex coobueHHit. MoxHo orpa-
HUYMTHCS JUILIL COOOIIEHUSIMU B OJIHOM C HUM KiacTepamit. JaBaiite Bbl-
6epeM MHIEKCH! 3TIX COOOIEHHI B MCXOAHOM Habope aHHBIX:

>>> similar_indices = (km.labels_==new_post_label) .nonzero() [0])

Pe3yJIbTaTOM CPaBHEHHS B KPYTJIbIX ckobKax sIBJISICTCSI 6yJ]CB MacclHIB,
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a METOJA nonzero BO3BpallacT MelbUIif MacCcCl1iB, couepmaumf{ HHAEKCbl
JJIEMEHTOB, PABHDLIX True.
C nomolipio MeTozia similar_indices Mbl 3aT€M CTPOIIM CIIHCOK CO-
06u1emn"1 BMeCTe C OleHKaMH CXO0ACTBa:
>>> similar = []
>>> for i in similar_indices:
dist = sp.linalg.norm((new_post_vec - vectorized[i]).toarray())
similar.append((dist, dataset.datal[i]))
>>> similar = sorted(similar)

>>> print(len(similar))
131

B ToMm KJIaCTCpPe, Kyaa Nomnajo Halue COO6U1€H1IC. HaXoAHUTCA 131 co-
o6u1euue. YT100b!I N0JIb30BaTE]b MOT COCTABITD npeacTaBJ€HHeE O TOM, Ka-
KHe eCTb MOX0XXHe COO6[I1€HH§1, MDbI MOKaXeM OAHO caMOe 1T0X0xKee (show_
at_l) U Ba HE TaK MOXO0XHX, HO BC€-TaKH HE COBCEM NMOCTOPOHHHUX — BCE
6CPYTCH M3 OAHOTIO M TOI'O XK€ KJjlacTepa.

>>> show_at_1 = similar(0]

>>> show_at_2 = similar[int(len(similar)/10)]
>>> show_at_3 = similar[int(len(similar)/2)]

B CJ]CZIleUIeI"I Ta6m|ue NnoKa3aHbl 3TH coo6u1emm H UX OLI€EHKH CXO0A-
CTBa.

Mo3uuua | CxoacTteo | Bbiaepxka na coobuweHus

1 1.038 BOOT PROBLEM with IDE controller

Hi,

I've got a Multi I/O card (IDE controller + serial/parallel
interface) and two floppy drives (5 1/4, 3 1/2) and a Quantum
ProDrive B0AT connected to it. | was able to format the hard
disk, but | could not boot from it. | can boot from drive A:
(which disk drive does not matter) but if | remove the disk
from drive A and press the reset switch, the LED of drive A:
continues to glow, and the hard disk is not accessed at all.
| guess this must be a problem of either the Multi I/o card
or floppy disk drive settings (jumper configuration?) Does
someone have any hintwhat could be the reason forit. [...]

2 1.150 Booting from B drive

| have a 5 1/4" drive as drive A. How can | make the system
boot from my 3 1/2" B drive? (Optimally, the computerwould
be able to boot: from either A or B, checking them in order
for a bootable disk. But: if | have to switch cables around and
simply switch the drives so that: it can't boot 5 1/4" disks,
that's OK. Also, boot_b won't do the trick for me. [...]

[...]
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Noauuus | Cxoacrteo Bb’m'ep)xxai'ua coobGueHus

3 1.280 IBM PS/1vs TEAC FD

Hello, | already tried our national news group without
success. | tried to replace a friend s original IBM floppy disk
in his PS/1-PC with a normal TEAC drive. | already identified
the power supply on pins 3 (5V) and 6 (12V), shorted pin 6
(5.25"/3.5" switch) and inserted pullup resistors (2K2) on
pins 8, 26, 28, 30, and 34. The computer doesn't complain
about a missing FD, but the FD s light stays on all the time.
The drive spins up o0.k. when | insert a disk, but | can't access
it. The TEAC works fine in a normal PC. Are there any points
| missed? [...]

[...]

M HTepecHo, KaK OLleHKa CX0XeCTH 3aBUCHT OT coobienust. Ilepsoe co-
obleHe coAepXKUT BCe XapaKTepHble CJI0Ba, BCTPEYAlOLIHeCs] B HOBOM
coobuiennu. Bropoe otHocutest k npobaemam 3arpysku (booting), Ho ¢
rubKux, a He ¢ )xecTkHX AuckoB. HakoHel, TpeThe BOOOILE HE PO XKeCTKHE
JMCKH U He npo 3arpy3ky. VI Tem He MeHee, Bce oHM €3 COMHEHHS HarHca-
HBI Ha Ty XK€ TeMY, YTO U HOBOe coOob1ieHHe.

Apyroii B3arnsag Ha wym

He caeayer oxuaath, 4TO KJIaCTEPH3aLUHUSA OKAXETCS WIEANbHOI, TO
€CTb YTO BCE COOOIIEHHs U3 OHON HOBOCTHOM Ipymnmnbl (HalpHUMep, comp.
graphics) MOMaAyT B OAMH KJactep. Huxe npuBeseH npumep, Nokasbiba-
10K, KaKo# GbiBaeT wyM. s MPOCTOTHI OrpaHUYMMCS OHUM KOPOT-
KHM COOOILEHHEM.

>>> post_group = zip(train_data.data, train_data.target)

>>> all = [(len(post([0]), post[0], train_data.target names[post(1]])
for post in post_group]

>>> graphics = sorted([(post for post in all if
post[2]=='comp.graphics'])

>>> print (graphics([5])

(245, 'From: SITUNAYAQ@IBM3090.BHAM.AC.UK\nSubject:
test....(sorry)\nOrganization: The University of Birmingham, United
Kingdom\nLines: 1\nNNTP-Posting-Host: ibm3090.bham.ac.uk<..snip..>',
'comp.graphics')

3aech HeT HMKAKIIX YKa3aHHII HAa MPHHALJIEXHOCTb K TPYNIe comp.
graphics, €CJIII PACCMATPHUBATb TOJIBKO CJIOBA, OCTAaBIUIECS NOCJE 3Tara
npe;1BapHTeIbHOI 00PabOTKH:

>>> noise_post = graphics[5][1]
>>> analyzer = vectorizer.build analyzer()
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>>> print(list(analyzer (noise_post)))

['situnaya', 'ibm3090', 'bham', 'ac', 'uk', 'subject',K 'test',
'sorri', 'organ', 'univers', 'birmingham', 'unit', 'kingdom', 'line',
'nntp', 'post', ‘'host', 'ibm3090', 'bham', 'ac', 'uk')]

N 3To Mbl NpoM3BeNH TONLKO pa3bueHue Ha JIEKCEMbI, MPUBEAEHUE
K HIDKHEMY DETMCTPY M yJajieHHe CTON-CJOB. A eclM K TOMY Xe HC-
KJIIOMMTh CJIOBA, KOTOpPbIE HA CJeAYIOllleM 3Tane — MpH BbI30BE METOAA
fit_transform — OyayT OT(hHJIbTPOBAHbI 32 CYET MAPAMETPOB min_df U
max_df, TO CHTYallUsl CTAHET elle Xyxe:

>>> useful = set(analyzer(noise_post)) .intersection
(vectorizer.get_feature_names())

>>> print (sorted(useful))

['ac', 'birmingham', 'host', 'kingdom', 'nntp', 'sorri', 'test',
'uk', 'unit', 'univers')

Ho 1 aToro Mano. BosibILIMHCTBO 3THX C/10B YaCTO BCTPEUAIOTCS U B APY-
rux coobuieHusix, 0 yeM cBuzetesbcTByoT oueHkd IDF. Hanomuum, yto
yeM Bblie nokasarenb TF-IDF, TeM nyuiie naHHbIi TepM XapakTepu3yeT

HMeHHO 3T0 coobmeHue. IDF saBisieTcs MyBbTHILIMKATHBHBIM (PAKTOPOM:
€CJIM €ro 3HaYeHHe MaJlo, 3HAYMT, LIEeHHOCTb TePMa HeBeJIHKa.

>>> for term in sorted(useful):
print ('IDF (%s)=%.2f'%(term,

vectorizer._ tfidf.idf [vectorizer.vocabulary_ [term]]))

IDF (ac)=3.51

IDF (birmingham)=6.77

IDF (host)=1.74

IDF (kingdom)=6.68

IDF (nntp)=1.77

IDF (sorri)=4.14

IDF (test)=3.83

IDF (uk)=3.70

IDF (unit)=4.42

IDF (univers)=1.91

Takum 06pa3oM, TepMbI C HauBbICLIEH pa3Jjinyalollel CrocoOHOCTBIO,
birmingham M kingdom, OYEBUHO, HE OTHOCSITCS K KOMIIbIOTEPHOIi rpa-
¢uke, kak 1 TepMbl ¢ HU3KUMHU oleHkamu IDF. [Toatomy noHsTHO, no-
yeMy COOOLIEHHS U3 pa3HbIX HOBOCTHBIX IPYIIN MOTYT MONAacTh B OAHH
KJIacTep.

Hawm, BripoueM, 3TO He Tak y>X BaXKHO, IOTOMY YTO Halla LieJb — CO-
KPaTUTb KOJIMYECTBO COOBILEHHH, C KOTOPBIMH HY>KHO CPaBHHBAaTb HOBOE.
A TO, M3 KaKoi HOBOCTHOI1 rpyMNbl B3ATbI 00yyaolie AaHHbIe, 60JIbIIOro
MHTepeca He NMpeACTaBsieT.



m--.l Tnasa 3. Knactepuaaums — nouck B3aMMOCBA3AHHBIX...

Hacrtpoiika napameTpos

Hy a kak Ha cueT octasibHbix napametpoB? Hesb3s a1t ux noakoppek-
THPOBATb, YTOOBI YIYYLINTD PE3YJIbTATHI?

A kak xe! KoHeuno, Mbl MOXKeM 110o106paTh KOJHYECTBO KJIACTEPOB IJIH
nonpo6oBaTh pa3Hble 3HAYEHHSI TAPAMETPA max_features BEKTOPH3aTOPa
(obsizatenbHo nomnpobyiite!). Kpome Toro, MoxxHo MoUrpaTh ¢ pa3HbIMH
HAYaJIbHBIMH TIOJIOXKCHUSIMU LeHTpouaoB. Hy 1, HakoHel, Ha camMoM aJ-
roput™Me K cpenHix cBeT kinHOM He coutesics. Hanpumep, MoXxHO uc-
NoJb30BaTh A5 KJacTepu3alui Jpyrue Mepbl CXOACTBA: KO3 HULHEHT
Oruan, koagpuumnent koppensitmu [Tnpcona, Mepy Kakkapa. Ectb npo-
CTOP AJ1s1 3KCMEPHMEHTOB.

Ho npexuae yem aBUraThCst B 3TOM HanpaBjeHHH, HY>KHO PELHTDb, YTO
3HauuT «wiyduie». B SciKit ecTb uenslii naker, mocBsiLeHHbI 3TOMY BO-
npocy. OH Ha3LIBACTCS sklearn.metrics W COACPXKMT MOJIHBIH CrEKTp
METPHK [/Is1 13MEPEHUs KauecTBa KjacTepu3alnu. beiTh MOXeT, cHavasia
CTOMT 3arJISIHYTh TyJa — NPSIMO B 1ICXOHBII KOJ1 3TOrO MakeTa.

Pe3iome

310 6bLIO HEMPOCTOE NMyTelIeCTBHE, HAYABLIEECH C NMpeaBapUTEbHOIl 06-
paboTKH, MPOAOJIKIBIIEECS OOCYXAEHIIEM KJIACTCPH3AlHH 1 3aBEpLIHB-
Ieecss pelleHHeN, KOTOpOoe MO3BOJIseT Mpeobpa3oBaTh 3alllyMJIEHHbIIT
TEKCT B KOMIMAKTHOE BEKTOPHOE IpeACTaBjIeHHe, JONYyCKAIoLIee KaacTe-
puzaunio. CobcTBeIHO HA KJaacTepH3alino G0 noTpaueHo 6osiblie mno-
JoBHHBI ycuanii. Ho nomyTHo Mbl Koe-uTo y3Haau 06 06paboTke TeKCTOB
1 O TOM, KaK JaJIeKO MOXKET 3aBECTH MPOCTOIl MOJCYET B MHPE PeasbHbIX
JaHHDIX.

Hauue nyTtewectsite oka3anoch 6u1 Ky/1a Tpyaiiee, He 6yib 6ubanorexit
SciKit 1 Bxoasuux B Hee 3aMevartesbHbIx naketoB. Ho ob6nacty asis ne-
C/Ie[IOBAaHUA OCTAJNCh. B 9T0i1 raBe Mbl JINILb CKOJIB3HYJIH MO MOBEPXHO-
CTH, BO3MOXHOCTH G16IHOTEKH ropa3ao wupe. B nocieayiomumx riaasax
MbI O3HAKOMHMMCS ¢ HUMHM TIOJTyYLIC.
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Temarnueckoe
MmopenMpoBaHue

B npeabiayuieit riase Mbl 3aHIIMaIMCh TPYNMHPOBKOIT TEKCTOBbIX JOKY-
MEHTOB C MPUMEHEeHHEM METO/J0B KJIAaCTepPU3alliH. ITO CPeACTBO BeCbMa
noJieaHoe, HO He Bcerza Haiyyitee. OHO MPHBOAHT K TOMY, YTO KaXKblii
TEKCT TonajaeT B OAHMH H TOJbLKO OAlH Ka1acTep. Ho BoT 3Ta kHura no-
cBsilelia MaliHHHOMY 00yueHiio U s3biky Python. Kyaa ec othectit — «
pa6ortam no reme «Python» 111t no reme «MawnnHoe obyyenue»? B pe-
aJIbHOM KHIDKHOM Mara3iiic KHHTY HY>KI110 TOMECTHTb Ha KaKy10-TO OJIHY
nosiky. Ho B lHTepHeT-Marasiile oHa 10J>KHA NPICYTCTBOBATH B 00eHX
py6pHKax. ITo, KOIICYHO, HE 3HAYHT, UTO e€ CIeAyeT BKJII0UaTh BO BCE BO-
ob1we py6p11KH, CKaKEM, B Pa3/ied, NOCBSILEHHbIIT Ky IHHapHH.

B aTo0it ryiaBe Mbl 1103HAKOMIIMCS C METOAAMH, KOTOPbIE MO3BOJISIIOT OT-
HOCHTb KaXXblii JOKYMEHT K HECKOJIbKMM TeMaM, a He MoMellaTh B OAHH-
enuicTBeHblil Kiaactep. Tembl OyayT ONpeacasiTbesl aBBTOMATHUCCKH O
1MetoleMycsi Habopy 1oKyMelToB. JJlokyMeHTaMIl MOTYT ObITh Kak KHi-
r1, TaK 1 6oJice KOPOTKHE TEKCTbl, Halpimep, cooluicHe B 6aore, HO-
BOCTb I1JIM 3JIeKTPOHII0€ NIICBbMO.

Xorenoch 6bl yMeTb OlPEACAssTh LUEHTPaIbHYIO H BTOPOCTEMNCIiHbIe
TeMbl JOKYMeHTa. B aToii kHHIe yacTo yiioMiHaeTcst noctpoenue rpadu-
KOB, HO LENTPaJbHOH TeMOii sIBIsIeTCsT BCe XKe He 0110, a MallMHHOe 00-
yuetite. OTpacsib MalnHHOro obyueltsi, B KOTOPOii paccMaTpHBAIOTCsI
noao6Hble NpobIeMbl U KOTOPOIT MOCBsILIEHA 9Ta [J1aB4, HA3bIBAETCSI Te-
MaTH4Y€CKHM MO eJHPOBaHHEM.

JlateHTHOe pa3melueHue Aupuxne

Tak 1101y4nI0Ch, YTO B MalIHIIHOM 0OyYeHHH ecTb ABa McToza ¢ abope-
Buatypoil LDA: natentHoe pa3meuwenue [dupuxac (latent Dirichlet
allocation), oniH M3 aIrOPUTMOB TEMATHYECKOTO MOETHPOBAHHSI, H JIH-
HeliHbil AnckpumMuHanTHbiii ananna (linear discriminant analysis) — an-
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ropuT™ Kaaccidpukanuu. Kpome abopeBnaTypbl, y HUX HET HHYEro obuue-
ro, ¥ HHOTJAA 3TO NMPHBOAMT K HexopasyMeHusiM. B monyae scikit-learn
€CTb MOJIMO/LYJIb sklearn.lda, B KOTOPOM PeajN30BaH JHHEIHbII JUCKPH-
MHMHaHTHBII1 ananu3. B HacTosilee BpeMst METO/1 JIATEHTHOTO Pa3MeLLCHHS
Nupuxie B scikit-learn He peannzoBaH.

Maremartiyeckue HzeM, JexaliHe B OCHOBE MeETOAA JIATEHTHOTO
pa3meltetust Jupiixie, JOBOJBHO CJIOXHBI, U Mbl He OyzeM BAaBaTbCs B
netanu. MIHTepecylomecst YUTaTe M C aBAHTIOPHBIM CKJIAJIOM yMa Haii-
AT BCe OTHOCSILUMECS K /Ie1y YPaBHCHHS B BUKHIIEAMH M0 aJipecy http://
en.wikipedia.org/wiki/Latent_Dirichlet_allocation.

OaHako MOXHO cocTaBHTb ofluee npexacrasienne o LDA Ha uHTY-
UTHBHOM ypoBHe. LDA npHHamnexuT K KjacCcy TaK Ha3blBaeMbIX IO-
POXAAIOLIMX MOJeJsieH, MOCKOJbKY OHHM COMPOBOXAQIOTCS MOSICHEHHEM,
OMUCHIBAIOLIMM, KaK ObUIH creHepHpoBaHbl faHHble. Pazymeercst, 3To mo-
sICHEHWe — BCCTO JIHIb MPUOJIHKEHEe K PeasbHOCTH, MPU3BAHHOE YNpo-
CTUTb MalnHHoe oOyyeHue. B LDA Mbl cHayasia co3naem TeMbl, HazHayast
cnoBaM Beca B opMe BeposiTHOCTel. B kaxxa0it TeMe ofiHOMY U TOMY e
CJIOBY HasdHauelibl pa3Hble Beca. Tak, B Teme «Python» y ciioBa «variable»
(nepeMeHHas) 6yzeT BbICOKast BEPOSTHOCTD, a y cj1oBa «inebriated» (noa-
BBINMUBIUNI) — HU3Kas. XKesast creHepupoBaTh HOBBII JOKYMEHT, MBI CHa-
yaJsia BbIOMpPaeM COOTBETCTBYIOLIME MY TEMBI, a 3aTeEM KOMOMHUPYEM CJIO-
BA, OTHOCSILLIHECS K 3TUM TeMaM.

[TycTb, HanpuMep, B KHUTaX 06CYKAAIOTCS BCETO TPH TEMBL:

* MauHHHOC 06yYeHHe;
* a3bik Python;
* KyJHHapusl.

C kaxnaoii TeMoil acCOlHHUPOBaH CHHCOK cJoB. B Toii kHHre, YTO BbI
ceiiyac yutaere, OyayT BCTPeYaThCsl CJI0BAa N3 MEPBBbIX ABYX TeM, M0JIO-
xumM, B nponopuint 50/50. Joau Heobs3aTebHO A0/DKHBI ObITh OANHA-
KOBBIMI, BO3MOXHO 1 cooTHoweHue 70/30. [Topoxaast HOBbBII TEKCT, Mbl
BbIOMpaeM cJioBo 3a cioBoM. CHauasia pelliaeM, 113 Kakoi TeMbl 6paThb €J10-
BO; pellieHHe MPUHHMAETCsl C1y4yaiiio, HO B COOTBETCTBII C BECAMH TeM.
OnpeaeauBILICh C TEMOM, Mbl BBIGHPAEM CJIOBO H3 CIIICKA aHTIHACKHX
CJIOB, 2CCOLIMHPOBAHHBIX C 3TOIT TEMOIA.

B 3T0ii Moaean NopsioK cJIoB He urpaeT poJi. To ecTb 3TO MozeNb Ha-
6opa cno6, ¢ KOTOPOIi Mbl y>Ke BCTPEYaIHCh B IIPCAbIAYLIEN TaaBe. ITO
oyeHb rpyboe npubIIDKEHHE K peajibHOMY SI3bIKY, HO YACTO OHO OKa3blBa-
CTCSI JOCTATOUHBIM, TTOTOMY YTO OZHO JIIIIb 3HAaHIle YacTOT CJIOB, BCTpe-
YAPLIUXCS B JIOKYMCHTE, TI03BOJISIET IIPIIHUMATL PELIEH s B aJITOPUTMAX
MaIMHHOTO 00yYeHIIsl.
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Ha npakrtuke TeMbl Ham 3apaHee nHeu3BecTHbl. Haiua 3agaua — noay-
YHTL HAOOP TEKCTOB M BOCCTAHOBMTbD 110 HEMY MOsICHEHHE, TO €CTb BbIsIC-
HUTb, KaK1e TeMbl BOOOLUE MPeCTaBleHbl U K KAKHM M3 HUX OTHOCHUTCS
KOKAbIIT JOKYMEHT.

NMocTpoeHne TemaTnyeckomn
Moaenm

K coxanenmio, scikit-learn He nmoaaep>x1BaeT METOA JIATEHTHOrO pa3mMe-
wexust [upuxae. [Toatomy Mbl Bocnosib3yencs HanitcanHbiM Ha Python
naxketoM gensim. JtoT naker pazpaborad Pagumom Pxexopixexom — uc-
ciefoBaTesieM B 006J1aCTH MalIMHHOTO 00y4eHusl U KOHCY/IbTaHTOM U3 Be-
Jko6purtanuy. CHayana yCTaHOBMM NaKeT KOMaHAOMH

pip install gensim

B kauecTBe aaHHBIX Mbl BO3bMeEM cOOpaHHe HOBOCTEHl areHTCTBa
Associated Press (AP). 9to cTanaapriiblii Habop AaHHbBIX 1J1s1 HCC1en0-
BaHHI{ 10 MALIHHHOMY 00Y4€H11I0, KOTOPbIIl MCI0Jb30BAJICS B HEKOTOPBIX
paHHHX paboTax Mo TemMaTHyeckoMmy MoaemipoBaHitio. CkayaB JaHHble,
3arpys3iM HX B MaMSITD:

>>> from gensim import corpora, models
>>> corpus = corpora.BleiCorpus ('./data/ap/ap.dat', './data/ap/vocab.txt')

B nepeMeHHOI1 corpus XpaHSTCs BCe TEKCTOBbIE JOKYMEHTBI B (popMa-
Te, yno6HoM s ob6paboTku. Terepb Mbl MOXEM IOCTPOUTb Ha OCHOBE
JITOro O6'beKTa TEMATHYECKYIO MOJEJIb:

>>> model = models.ldamodel.LdaModel (

corpus,
num_topics=100,
id2word=corpus.id2word)

B pe3yJibTaTe 3TOr0 BbI30BA KOHCTPYKTOPA MPOU3BOAUTCA CTATUCTHYE-
CKas O6pa6OTKa KOpITyCa TEKCTOB H BbIsABJISAETCA, KAKHE TEMbI B HEM ITpeA-
CTaBJIEHDLI. HOJIyl{MBLLlyIOCH MO/1€J1b MO>XKHO UCCJIEA0BATb C pa3HbIX TOYEK
3pE€HHUA. MoxHo ¢ MOMOIIbIO KOHCTPYKLUHH model [doc] BBIBECTH CITHUCOK
TEM, aCCOUUHPOBAHHbIX C JOKYMEHTOM:

>>> doc = corpus.docbyoffset (0)

>>> topics = model [doc]

>>> print (topics)

[(3, 0.023607255776894751),

(13, 0.11679936618551275),
(19, 0.075935855202707139),
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(92, 0.10781541687001292) ]

Ha Bauiem koMmbioTepe pe3y/bTaT MOYTH HaBepHsika OyneT apyrum!
B o6yuaioniem anroputMe MCNoAb3YIOTCS CyvaiiHble BETMYHHDI, O3TO-
MY NPH MHOTOKPAaTHOM 00yuYeHHH TeMaTHYecKOil MOe I Ha OTHHUX U TeX
e TaHHBIX BCSIKHMIT Pa3 noJsyyaetcst HOBbIi pe3ysbTat. Ho ecnin naHHbie
BeayT cebsi XOpoLIo, TO HEKOTOPbIE KayeCTBEHHbIE CBOICTBA Mozenu by-
AyT HeusMeHHbl. Hanpumep, ecin Mcnosb3oBaTh TeMbl /11 CPaBHEHHS
JOKYMEHTOB, UTO Mbl U [IeJlaeM, TO CXOACTBO OyneT ycTOiuMBbIM, c1abo
M3MeHsIoIMMcst cBoiicTBoM. C Apyroii CTOPOHBI, MOPSIAOK TeM OyzeT co-
BepILIEHHO Pa3/IMYHbIM.

PesyanaT BbIIAETCA B BUJ1€ CITUCKA NMADP (topic_index, topic_weight).
Mb1 BUAKM, 4TO € KaX/bIM JOKYMEHTOM aCCOLLMMPOBaHA JIMLIb YACTh BCEX
TeM (B mpuMepe Bbilie 1151 TeM 0, 1 1 2 Bec He Yka3aH, TO eCTb PaBeH HYJIIO).
TemaTnueckast Mozies1b pa3pexeHa, TO eCTb BCETO TeM MHOTO, HO KaXKIblil
OTZENbHBII AOKYMEHT NPHHALJIEXIIT JHUb HeMHOrMM. CTporo roBops,
3TO He COBCEM TaK, MOCKOJIbKY B Moaesn LDA y mo6oil TeMbl HeHyieBast
BEPOSITHOCTb, HO AJI1 HEKOTOPBbIX OHA HAaCTOJNBKO MaJla, YTO MOXKHO CYH-
TaTb ee paBHOIl HYJIIO, He XXepTBYsl KaueCTBOM aNnMpOKCUMaLH.

Mo2HO NpOAOMKUTL HCCIEOBAHHE U NMOCTPOMTb THCTOTPAMMY TEM,
aCCOLIMMPOBAHHBIX C JIOKYMEHTOM:

>>> num_topics_used = [len(model([doc]) for doc in corpus]

>>> plt.hist (num_topics_used) .
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M BexTop unu MaTpuua Ha3biBaloT pa3pexeHHbIMK, ecnv 60nbwasn 4acTb

3NEMEHTOB paBHa HYNIO (MNN HACTONLKO Mana, 4To MoxXHO 6e3 ywep6ba

Q ANA TOYHOCTW PELEeHU CYMTaTb UX HynesbiMMK). MO3TOMY peneBaHTHbI
NULWb HEMHOTME 3HAYEHUA.

YacTo 3apauyy, Kaxyllylca HenoabemMHo GoNbloi, yaaeTcs pewuTsb,
NOTOMY 4TO AaHHble pa3pexeHbl. Hanpumep, niobas Be6-cTpaHuua Teo-
peTuYecKkn MOXET CcbinaTbCs Ha Nobylo Apyrylo, HO Ha nNpakTuke rpad
CCbINIOK O4€Hb CUNIbHO Pa3pexeH, NOTOMY YTO UMEIOTCS CCbINKW NNLWb Ha
HebonbLwoe Yncno cTpaHuu.

Ha pucyHke Bblille BUAHO, YTO npuMepHO 150 10KyMEHTOB OTHOCSITCS
K 5 TcMaM, a ¢ GoJbIIMHCTBOM accoununpoBaHo ot 10 o 12 tem. Her
HM OJIHOTO JIOKYMEHTa, B KOTOPOM Obl Lisia peub 6osiee yem o 20 pa3HbIX
TeMmax.

ITO B 3HAYHTEJbHOH CTEMEHH CBSI3AHO C BbIGOPOM MapaMeTpa alpha.
Ero TouHbIii CMBICJ BBIP2XKa€TCs B OUeHb abCTPAKTHDLIX TEPMMHAX, HO YCM
6oJiblie 3HaUeHHe alpha, TeM GoJIblIEe TeM OYAET Y KaXKI0ro J0KyMeHTa.

[TapameTp alpha f0JKeH ObITL GOJIbILE HYJIs1, M 0OLIYHO GepeTcst 3Haue-
Hie MeHblie 1. YeM MeHbllle alpha, TEM MEHDbLIE OXHAaeMOe KOJHYECTBO
TeM nokymeHTa. [lo yMonyaHuio B gensim alpha MPUHUMAETCsl paBHbIM
1/num_topics, HO MOXXHO 3aaTh 3HaYeHHe sIBHO, NepeaB KOHCTPYKTOPY
LdaModel OTHOMMEHHBII1 MapaMeTp:

>>> model = models.ldamodel.LdaModel (

corpus,

num_topics=100,
id2word=corpus.id2word,
alpha=1)

IT0 3HayeHHe alpha 6OJblLE MOAPA3yMEBAEMOrO 10 YMOJYAHHUIO, MO-
3TOMY Y KaX/IOTO IOKYMEHTa A0JKHO 6b1Th Gosblie TeM. Ha koMOHHUpO-
BAHHOI1 THCTOrpaMMe HHXKe Mbl BUAMM, YTO gensim BeeT cebsi B COOTBET-
CTBUM C OXKMJIAHHMSIMU — C KaX/bIM JJOKYMEHTOM TeNepb aCCOLIMMPOBAHO
6ouiblie TEM.

Ceityac 1J1s1 MHOTMX JOKYMEHTOB KOJIITYECTBO TeM BapbHupyeTcs oT 20
1o 25. Ecau yMeHbIuHTDL 3HaucHUe, TO OymeT HabJIOAaThCs MPOTHBOIO-
JIOXKHasi TeHAEeHU s (CKayaB KO U3 CETEBOTO PENO3UTOPHS], Bbl CMOXeETE
CaMM MO3KCMePUMEHTUPOBATD C 3alaHUEM N1aPaMETPOB).

YTo 3to 3a TeMbl? TeXHUYECKH 3TO MYJbTHHOMHAJIbHOE pacrpeeJe-
HUeE MO CJI0BaM, TO eCTh KaXX/IOMY CJIOBY M3 CJIOBapsi Ha3HayaeTcsl Bepo-
SITHOCTb OTHOCHTEJIbHO HEKOTOPOil TeMbl. UeM Bblille BEPOSTHOCTb, TEM
60JIblLIE LIAHCOB, YTO CJI0BO CBSI3aHO C JaHHOI1 TEMOIT.
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Hau Mo3r ntoxo HPHCHOCO6JIEH ana paccyxczleﬂui'l O pacnpeaejeHnax
BEPOATHOCTIH, HO CITIICOK CJIOB Mbl BOCITIPUHHMaeEM JIETKO. HOBTOMy 006bIy-

HO T€MBbI OITH

CBIBAIOTCSI CIIUCKOM CJIOBA C HAUGOJIBIINMH BEPOATHOCTAMHU.

B tabnune Huxe NMEepEeYUCJIEHDbI ITEPBbIE AECATb TEM:

Homep TeMbi
1

2

10

Tema
dress military soviet president new state capt carlucci states leader
stance government

koch zambia lusaka oneparty orange kochs party i government
mayor new political

human turkey rights abuses royal thompson threats new state wrote
garden president

bill employees experiments levin taxation federal measure
legislation senate president whistleblowers sponsor

ohio july drought jesus disaster percent hartford mississippi crops
northern valley virginia

united percent billion year president world years states people i
bush news =
b hughes affidavit states united ounces squarefoot care delaying
charged unrealistic bush

yeutter dukakis bush convention farm subsidies uruguay percent
secretary general i told

kashmir government people srinagar india dumps city two
jammukashmir group moslem pakistan

workers vietnamese irish wage immigrants percent bargaining last
island police hutton |
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Ha nepsblil B3risiA, nojHas Hepa3bepuxa, HO, BUMTABLIUCH B CIMCOK
CJIOB, Mbl HaultHaeM NMOHUMATD, YTO TEMBI — He MPOCTO NPOU3BOJIbHO BBI-
"XBayeHHbIE CJIOBa, @ 00pa3yIoT JorMyeck1e rpynmsl. Mbl TaKkxe BUAMM,
YTO TEMbl OTHOCSITCS K CTapblM HOBOCTSIM — K TOMY BpeMeHM, KOr/a elie
cyuwectBoBan Coerckuii Coto3, a [opbayes 6b11 [eHepasbHBIM ceKpeTa-
peM. TeMbl MOXXHO MpeACTaBUTb TaKXke B BUAe 00J1aka CJIOB, B KOTODOM
cnoBa ¢ Gosblneil BepOATHOCTbIO HaGpaHbl (ojiee KPyMHbIM WIPUGTOM.
Bor, HanpuMep, kak BBIMJISIAUT TEMA, OTHOCSLLASCS K NOJUTHKe Ha Bonk-
HeM BocTtoke:
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BuaHo Takxe, YTO HEKOTOpbIE CJ0BA UMeJIO Obl CMBIC yAanuTh (Ha-
npumep, coBo «I»), noTomMy YyTo OHU MasIOMH(POPMAaTHBHBI — SABJIAIOTCS
cron-cjaoBaMu. IIpu noctpoeHnm TemaTHueckoil MoaenaM MOJIE3HO OT-
¢$UAbTPOBBIBATb CTOM-CJOBA, MHAYE MOIYT MOSBHTHLCS TEMBbI, LEJIHKOM
COCTaBJIeHHble M3 TakuxX cJoB. KpoMme Toro, >xejiareJbHO NMPOU3BECTH
npeABapuTeIbHYI0 06pabOTKy — CTEMMHHT [Jsi HOpMaiu3auud ¢opM
MHOXECTBEHHOTO YMCJIa U [JIAroJbHbIX (GOpM. ITOT MpoLecc NoapoGHO
OCBelllaJicsl B npeabiaylleil riaase. MIHTepecylomuMiicss YuTaTeNb MOXKET
CKayaTh KOJ C CaiiTa KHUTU M MO3KCIIEPUMEHTUPOBATH C Pa3/IMYHbIMH Ba-
pUaLMsMH Ha 3Ty TeMY.

. Ans nocTpoeHus obnaka CNOB UMEIOTCA Pa3NnUYHbLIE UHCTPYMEHTLI. Pu-
Q CyHKu B 37O rnase 6binv co3aaHbl C NOMOLLbIO NakeTa pytagcloud. OH
3aBUCUT OT HECKONbKUX APYrMX NAKeTOB U He CBA3aH C MalWMWHHBLIM 00Y-
YEeHWEeM KaK TakoBbIM, NO3TOMY B OCHOBHOM TEKCTE HE paccMaTpuBaeT-
cs. OoHaKo B CETEBOM PENO3NTOPUN UMEETCA BECH KOA, HEO6XOAUMBI

AN NOCTPOEHUA PUCYHKOB.
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CpaBHeHue AOKYMEHTOB NO TeMaM

TeMmbl MoryT GbITh MOJIE3HBI CaMK 110 cebe /sl TOCTPOEHHsI CBOEro poja
BUHBETOK U3 CJIOB, KAK Ha pUCYHKe Bbille. Takue HarisiaHble NpeACTaB-
JIEHHsI MOXHO HCIIOJIb30BaTh s HaBUralHu no 6osbiuM HaGopaM f10-
kymenToB. Hanpuep, Ha calite pasHble TeMbl MOXHO MOKa3aTb B BHJE
pa3Hbix 00JIAKOB CJIOB, MO3BOJISIIOLIMX [0JIb30BATCIO C TMOMOIIBIO He-
CKOJIKHX IeJYKOB MbIIIbIo A06paThest 10 sokymenToB. Ha caMoMm zere,
MMEHHO TaKasi METO/IMKA Peaybio MPHUMEHSIACh /ISl aHaiHn3a OoJbLIX
11a60POB /IOKYMEHTOB.

OxHako ualle TCMbl CJIYXKAT MPOMEXYTOUHBIM CPEACTBOM JUIsl AOCTII-
XeHUst apyroit ueit. Tenepb, Koraa y Hac ISl KaXA0TO JJOKYMEHTa HMe-
€TCs1 OlleHKa COOTHECEHHOCTH €ro ¢ pa3HbIMII TeMaMIl, Mbl MOJKECM CPaBHH-
BATb JIOKYMCHTBI B IIPOCTPAHCTBE TeM. ITO 03HAYAET, YTO Mbl CPaBHHBACM
JIOKYMEHTDI He MO OT/AEJIbHBIM CJIOBaM, a MO TOMY, 11IACKOJIbKO OJIM3KH 3a-
TparuBaeMble B HUX TEMBIL.

U 310 ouenb achhekTHBHBIIT MOAXOA, MOTOMY YTO BA TEKCTOBBIX JJOKY-
MEHTa, MI0YTH He UMeIOlI1eE OOLIHX CJI0B MOTYT, TEM HE MEHee, OTHOCHThCS
K ofHoIi 11 Toit xe TeMe! Bo3MOJXHO, B HIIX MPOCTO MCMOJIb3YIOTCS pa3-
Hble CJIOBECHDbIE KOHCTPYKLMH (CKaXKeM, B OAHOM JJOKyMEHTC FOBOPUTCS O
«npe3nziente CIIA», a B 1pyrom — o «Bapake Obame» ).

cnepoBaHus AaHHbIX. HO OHU NONE3HbI U B Ka4ecTse NPOMEXYTOYHOIro

@ TemaTuyeckue mogenu xopowu camu no cebe ans sBusyannsaunm u uc-
wara npuv peweHnn MHOrnx Apyrux 3anay.

Ceityac Mbl MOXKeM TO-APYroMy MOOITH K YNIPaXKHCHHIO U3 Npeablay-
el rJ1aBbl M NOICKATh cooblieHHe, GoJiblLIe BCEro MoxXoxee Ha 3aJaHHOE
B BOMpOCe, HCXOAS 113 CXOACTBA Mo TeMaM. Eciin panblie npu cpaBHeHHH
ABYX JOKYMCHTOB MBI HCTIOJIb30BAJIH HX BEKTOPBI CJIOB, TO TeNepb CpaB-
HUM BEKTODbI TEM.

ns atoro cnpoeunpyeM A0OKYMeHTbI B NpocTpaHcTBO TeM. MHaue ro-
BODSI, Mbl XOTHM TMOCTPOMTb BEKTOP TeM, OIlIIChIBAIOLLII JIokyMeHT. Kak
pelaeTcs Takasi 3a1a4a MOHHIKEHHA Pa3MEPHOCTH B 0011ieM cJyyae — BO-
npoc caM no ceGe BaXKHbIil U MHTEPECHBIH, KOTOPOMY Mbl MOCBSITHM Le-
JIyl0 rJ1aBy. A Moka NpOCTO MOKaXXeM, Kak HCMOJIb30BaTh AJIs aTOl e
TeMaTHyeckie MOJE/H; BBIYUCIHB AJISI KaX0ro AOKYMEHTA BEKTOD TeM,
Mbl CMOXKEM MPOM3BOAMTL HAJZ ATHMII BEKTOpPaMIl pa3JiMyHble OnepaLiii,
3a6bIB 06 HCXOAHBIX ¢:10Bax. EcJii TeMbI 3HAUIIMBI, TO OHH NOTEHLHANBHO
MOTYT OKa3aThcs 6os1ce HHMOPMaTHBIIBIMIL, YeM caMil ciosa. Kpome Toro,
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TaK MOXCHO M COKOHOMHUTb Ha BbIYUCJIEHUSIX, TOTOMY YTO CPAaBHUTb BEKTO-
Dbl C BEPOSITHOCTSIMU COTHHU TeM ropaso ObicTpee, YeM BEKTOPbI, pa3Mep
KOTOPBIX CPaBHUM C pa3MepoM CJI0Bapsi (ThICSIYM TEPMOB).

MblI Bi1aeny, Kak ¢ MOMOILbIO NAaKeTa gensim BbIYHCJIUTh TEMbI BCEX [10-
KyMeHTOB U3 kopnyca. CaesaeM 3To, COXpaHUM pe3yJIbTaThl B MacCHBaX
NumPy 1 BbIYMCIHUM MONAapHbie PaCCTOSHHUS:

>>> from gensim import matutils

>>> topics = matutils.corpus2dense (model [corpus],
num_terms=model.num_topics)

HEDEMEHIIHH topics | COOEPXXUT MaATPULY TeM. [[JIH BbIYHUCJIEHUA
MOMapHbIX PACCTOSIHMIT MOXHO BOCIMOJIb30BATLCS (PYHKUHEH pdist
H3 6]/[6JIHOTEKII SciPy. OIIMH €€ BbI3OB BbBIYHUC.IAET BCE€ 3HAYEHUA
sum((topics[ti] - topics[tj])**2):

>>> from scipy.spatial import distance
>>> pairwise = distance.squareform(distance.pdist (topics))

Hanee NPpUMEHHUM ellle OAHUH TPIOK; NPUCBOUM AHArOHA/TbHbIM 3JIEMCH-
TaM MaATpHLbI distance HEKOE 6osibLIIOE 3HaYeHIle (OHO /A0JDKHO ObITb
60J1blile BCEX OCTAIbHbIX 3/IEMEHTOB Manl/ILIbI):

>>> largest = pairwise.max()
>>> for ti in range(len(topics)):
pairwise[ti,ti] = largest+l

Bot u Bcé! [lna Kaxaoro JOKyMeHTa MOXHO JIErko Hailitu Guxaii-
mwuit K HeMy (MOJy4uJicsi BapMaHT KaaccudpukaTopa no Oauvxaiilemy
coceny):

>>> def closest_to(doc_id):
return pairwise[doc_id].argmin()

: OTMeTUM, 4TO 3TO pewweHue He cpaboTano 6bl, ecnu Hbl Mbl HE NPUCBO-
@ “nU amMaroHanbHbIM aneMeHTaM 6onblioe 3HaYeHue: PyHKUMA Bceraa

~ Bo3Bpatyana 6bl caM AOKYMEHT, NOTOMY 4TO OH 6oNnblue BCero NOXox Ha
cebs camoro (3a UCK/IIOYEHNEM MaNOBEPOSTHOrO CnyYas, koraa y AByx
3NEeMEHTOB B TOYHOCTM OAMHAKOBOE pacnpeaeneHne BeposATHOCTeMn
TeM, YTO NPAKTUYECKN HEBO3MOXHO, €CNK TONLKO OHWM He coBnaaaloT
6ykBanbHO).

[IpuBenem ais mpuMepa Takoil 1OKyMeHT-3ampoc (3TO BTOPOM AOKY-
MEHT B HaieM Habope):

From: geb@cs.pitt.edu (Gordon Banks)
Subject: Re: request for information on "essential tremor" and
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Indrol?

In article <1qltbnINNnfn@life.ai.mit.edu> sundar@ai.mit.edu
writes:

Essential tremor is a progressive hereditary tremor that gets
worse

when the patient tries to use the effected member. All limbs,
vocal

cords, and head can be involved. Inderal is a beta-blocker and
is usually effective in diminishing the tremor. Alcohol and
mysoline

are also effective, but alcohol is too toxic to use as a
treatment.

Gordon Banks N3JXP | "Skepticism is the chastity of the
intellect, and

geb@cadre.dsl.pitt.edu | it is shameful to surrender it too
soon."

Ecsn MbI nonpocuM Haiiti Hanbosiee MOXOXHUH JOKYMEHT — closest_
to (1) — TO MOJYYHM TaKOii pe3yJIkTaT:

From: geb@cs.pitt.edu (Gordon Banks)

Subject: Re: High Prolactin

In article <93088.112203JER4@psuvm.psu.edu> JER4@psuvm.psu.edu
(John E. Rodway) writes:

>Any comments on the use of the drug Parlodel for high prolactin
in the blood?

>

It can suppress secretion of prolactin. Is useful in cases of
galactorrhea.
Some adenomas of the pituitary secret too much.

Gordon Banks N3JXP | "Skepticism is the chastity of the
intellect, and

geb@cadre.dsl.pitt.edu | it is shameful to surrender it too
soon."

CucreMa Bo3BpallaeT Coo01EeHHE TOrO Xe aBTOPa, B KOTOPOM 06Cyxkaa-
I0TCs1 NOGOYHbBIe AefCTBUS JIeKapCTBa.
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MoaenmpoBaHue Bcew BUKNUneammn

[lepsbie peannzaunu LDA 6bliu MeaJeHHbIMH, MO3TOMY MX MpUMe-
HEHHe OrpaHMYMBAJIOCh JMLIb HeGOJAbLUINMM KOPIYyCaMHM JOKYMEHTOB,
HO COBPEMCIHbIE AITOPHTMbI OTJHYHO PAbOTAIOT H C OYeHb GOJbLIHMIL
Habopamu aanHbix. Caenyst JOKyMeHTaIHi 1o gensim, Mbl MOCTPOUM Te-
MaTHYeCKYI0 MOZeJsIb BCCI'O aHIJIOSI3bIYHOTO cerMeHTa BUKItneauu. Ha ato
yHIeT HeCKOJIbKO YacoB, HO 3aj1aya peluaema faxke Ha HoyTOyke! Vmest
KJ1aCTep KOMIbIOTEPOB, 3TO MOXKHO 6b1110 6bI cae1aTh ropa3zio ObicTpee, HO
paccMoTpeHUe TaKOi KOHGUrypaLuy Mbl OTJI0XKHM Ha IIOTOM.

CHayana ckayaeM Bce AaHHble BHKUICAMM C CaiiTa http://dumps.
wikimedia.org. ITO 60sbw0i (aita (6osbuie 10 I'B), Tak uto Ha ero cka-
YHBaHUeE YiiZIeT HEKOTOPOE BPeMsl, €CJIH TOJIbKO Bbl He SIBJISIETECH CYACTIIM-
BbIM 110J1b30BaTe/IeM O4eHb ObICTPOro noakJoueHiist k ViutepHery. 3atem
NPOUHIEKCUPYEM JaHHbIE:

python -m gensim.scripts.make_wiki \
enwiki-latest-pages-articles.xml.bz2 wiki_en_output

ITy KoMaHay cJjenyer 3amnyckatbh u3 obosouku OC, a He u3 060s104-
ku Python. CnycTst Hecko/bKO YacOB B TOM e KaTajlore, YTO HCXOAHbII
aiis, nosiButcst uuaekc. Tenepb MOXKHO MPHCTYNATh K 110CTPOEHHIO COO-
CTBEHHO TeMaTHyeckoi MozeJ/iu. IIpouecc BBIMISIAMT TOYHO Tak XKe, Kak
111 HeGosbloro Habopa naHHbix AP. CHayasa MMIIOPTHPYEM HECKOJIbKO
NaKeToB:

>>> import logging, gensim

Tenepb HAaCTPOUM deTOKOJmpOBaHI/Ie, BOCII0JIb30BaBIIMCb CTaHAAPT-
HbIM MOAyJIEM Python (C TMOMOLLbIO KOTOPOIr'o gensim BBIBOAMT COO00lie-
HHS O COCTOﬂHPlId). ITOT war Heo6${3aTeJIEH, HO XOopo1io 6bl Bce-TakH BH-
AE€Tb, YTO MPOHUCXOAUT:

>>> logging.basicConfig (

format='% (asctime)s : %$(levelname)s : % (message)s',
level=logging.INFO)

[lasiee 3arpy3um npeaBapHTenbHO 06paboTaHHble JaHHBIE:

>>> id2word = gensim.corpora.Dictionary.load_from_text (
'wiki_en_output_wordids.txt')
>>> mm = gensim.corpora.MmCorpus('wiki_en_output_tfidf.mm')

Hakoneu, nocrpoum LDA-Mozenb, Kak H paHblie:

>>> model = gensim.models.ldamodel.LdaModel (
corpus=mm,
id2word=id2word,
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num_topics=100,
update_every=1,
chunksize=10000,
passes=1)

310 TOXe 3aiiMeT napy yacoB. CoobuieHus 0 xole paboTbl BbIBOASTCS
Ha KOHCOJIb, TaK YTO Bbl Gy/IeTe 3HATh, CKOJILKO €lile JKAATb.

Co31aHHYI0 TEMATIYECKYIO MOZIEJIb MOXKHO COXPaHUTh B daiine, 4ToObI
He MPULLJIOCh CTPOUTH €€ 3aHOBO:

>>> model.save('wiki_lda.pkl')

Ecnu BbI 3aBepiumTe cealc M BO306GHOBUTe paboTy Mo3xke, TO CMOXeTe
3arpy3uTh MojieJib TakoH KOMaHIO# (MpeaBapUTeJbHO HYXKHO, KOHEYHO,
MMIOPTHPOBATh HEOOXOAUMBIE MAKeTDl):

>>> model = gensim.models.ldamodel.LdaModel.load('wiki_lda.pkl")

OGBEKT model MO3BOJISIET UCCJIEN0BATh HAOOP IOKYMEHTOB U MOCTPO-
UTbh MaTPHILY topics, KAK Mbl YK€ JieJlaJIi paHblle,

Buaxo, uto u 3Tta Mozesb SIBJIsSIETCS pa3peXeHHOH, XOTs A0KYMEHTOB
ropaszao GoJjblie, YeM paHbllle (Ha MOMEHT HamHCaHHs KHHTH CBbIlle
4 MUJIJTHOHOB):

>>> lens = (topics > 0).sum(axis=0)
>>> print (np.mean(lens))

6.41

>>> print (np.mean(lens <= 10))
0.941

Takum 06pa3oM, B CpeIHEM B IOKYMEHTe yroMitHaetcs 6.4 Tem u B 94%
JOKYMEHTOB yrnioMuHaetcsi He 6oJiee 10 Tem.

MoXHO NoMHTepecoBaThCs, Kakast caMasi 06cyxaaemMasi TeMa B BUKH-
neauu. CHavasma BbIYIICIHUM CYMMapHbI BeC KaxA0H TeMbl (MPOCYMMH-
POBaB Beca 10 BCeM JOKYMEHTaM), a 3aTeM BbliOCpeM €J10Ba, OTHOCSLIU-
ecst K TeMe ¢ HaubosIbIKMM BeCOoM. J[Jish 9TOr0 HYXKHO BBIMOJHUTD TaKOil
KO

>>> weights = topics.sum(axis=0)
>>> words = model.show_topic (weights.argmax(), 64)

C nomouibio TeX >ke MHCTPYMEHTOB BH3YasIM3al[MM, YTO M BDILIE, Mbl
BH/HM, 4TO 60J1bLIE BCETO cTaTeli MOCBALIEHO MY3bIKe, MPIHYEM ATO OYeHb
KoMnakTHas Tema. Lenbix 18% cTpaHiii B BUKHNEAHH TaK HJIM HHAYe CBsi-
3aHbl ¢ MY3bIKOIi (€ 3TOiT TEMOIT accolpoBalo 5,9% BCceX CJIOB B BHKHIe-
). BarasiHiTe Ha picyHOK:
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[TonsiTb, 4TO 3TO 32 TEMA, TPY/AHEE, HO MHOTHE HanboJiee ynorpebuTeb-
HbIC CJIOBA KAacaloTCsl a9PONOPTOB B BOCTOUHBIX cTpaHax. Tema 3aTpariBa-
etcsi anwb B 1,6 % nokymeHTOB, 11 K Heii otiiocuTes 0,1 % ciioB.

BbiOOp ynucna rem

Jlo cux mop B 3Tl ri1aBe Mbl 3aaasaiu ukcruponalHoe yicyao Tem — 100.
370 Y10 BHIOPAHO COBEPILIEHHO MPOH3BOJILHO, € TEM XKC YCIIEXOM MOXKHO
6b110 B3siTh 10 11111 200. ITo cyacThIo, A1 MHOTTIX MPUMeHeH il YHCJI0 TeM
He CJIMIIKOM cyiuectBeHHo. Eciin Bbl cobrpaeTech HCNO/b30BaTh TEMATH-
YeCKYI0 MOJIeJIb TOJILKO B KQ4eCTBE MPOMEXKYTOUII0TO 11ara, KaKk Mbl ieJ1a-
JIM [IPH TIOMCKE MOX0XKHX COOOLIeN i, TO NoBeeliiie KOHEUHOH CHCTEMBI
PEAKO OKa3bIBAETCS CHUJILHO 3aBHCSILUHM OT TOYHOTO YHCJIa TEM B MOZEJH.
ITO 03HAYaeT, YTO NPH HATHYNI JOCTATOYHO 6OJILLIOrO YHCJIA TCM, He-
Ba)kHo Oy et ux 100 man 200, pekoMeHAAUMIT He CHIIKOM Pa3IHyaloTCs;
06b1yHO 100 — Bnosie npuemaeMas BeanynHa (a 20 a1 Habopa TekcTo-
BBIX JOKYMCHTOB 0011Cro B1/Ja CANILKOM Mano). To xe caMoe oTHOCHTCS
K BbIOOPY napaMeTpa alpha. KoHeuHo, pacnpesesicHKe M0 TeMaM 3aBUCHT
OT HEero, Ho OKOHYaTeJIbHbIE Pe3YJIbTATbl YCTOHYIIBbI K €r0 113MEHEHHIO.

Ha NYTWU K KOHEYHON Lenu. B Takom cnydae He CNULWKOM BaxXHO, Kakue
KOHKPETHO NapameTpbl UCNONL3YITCA. BHE 3aBUCMMOCTH OT Ynucna Tem
VN 3HaYeHus napamMeTpa alpha koHe4YHas cucTema BbiaaeT npakTuye-
CKW UAEHTUYHbIE Pe3ynbTaTbl.

-"'Q TemaTuyeckoe MOAENMPOBAHUE HACTO ABNNETCA NULWL OAHWUM U3 3TaNOB

C npyroii CTOpOHbI, eCJI1 BbI MJIAaHIPYeTe HCCICA0BATh CAMH TEeMbI HJIH
MOCTPOMTDb CHCTEMY X BU3YaJIM3aL1H, TO CJIeLyeT NOnpoGoBaTh HECKOJIb-
KO 3HaY€eHHIT 1 MOCMOTPETb, MPH KAKOM MOJYYaIOTCsl HanGoJiee noJie3Hble
HJIH NpHBJIeKaloli{ie BHUMaHHe pe3yJIbTaThl.

CylecTBYIOT TakXe MeTO/bl, KOTOpble aBTOMATHYECKH ONpeaessioT
UHCJIO TeM B 3aBUCUMOCTH OT Habopa aaHHbix. OaHa u3 HauGoJsee no-
NyJISIPHBIX MOJieJieil TaKOro poja Ha3bIBaeTCsl HepapXHUeCKHii npouece
Hupuxie. Ee nonHoe MaTeMaTHyeckoe OMHCaHIe CJAHIIKOM CJIOXHO s
3TOi1 KHHIH, HO B TMOSICHEHMH Mbl MOXXEM CKa3aTb, YTO BMECTO BbiGOpa
(uxcupoBaHHoro uncaa teM, kak B cayuae LDA, Hy)XHO reHepHpoBath
TeMbl BMCCTe C JaHHBIMH — nooyepenHo. Koraa reHeparop npiictynaer x
HOBOMY JIOKYMEHTY, OH MOXeT JIN60 BbIOpATh yXKe CYUIECTBYIONIYIO TEMY,
Jibo cosnatbh HOBYIO. UeM 6oJiblile CO3/1aHO TCM, TCM MEHbBILC BEpPOSIT-
HOCTb CO3/1aHHsI 110BOI{, XOTSI OHA BCET/Ia HeHYJIeBasl.
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ITO 03HayaeT, YTo yeM GoJiblie HMeeT sl JOKYMEHTOB, TeM 6oJiblie Oy-
AeT TeM. ITO YTBEPXKIUEHHE, Ha MEePBbIii B3IJIs1L, MPOTIIBOPEYHT HHTYHLIMH,
HO, HEMHOTO 110pa3MbLICJHB, Mbl MPUJIEM K BbIBO/Y, YTO OHO COBEPLIEHHO
npaBuIbHO. Mbl IPYNIMPYEM AOKYMCHTBI M YeM 6oJibllle y HAC mpuMe-
pOB, TeM K 6oJ1bLIEMY YHCaY PYOPHK Mbl CMOXeM KX oTHecTH. Ecain y Hac
€CTb BCEr0 HECKOJIbKO HOBOCTEH, TO BCE HX MOXHO OTHECTH K pyOpHKe
«Cnopt». Ho 1o Mepe yBesinueHus yuciia IpuMepoB BbiaessiioTcst boiee
TouHble pyOpuku: «Xokkeil», «Pyt6on» u T. 1. Mmes ewe 6osblue gan-
HBIX, Mbl MOXKEM Pa3/JIMYUTh TAKHE HIOAHCDI, KAK OT/€/IbHbIE KOMaHbI UJIH
JlaXke OTAeJbHble HIPOKH. To e OTHOCHTCST H K J110,151M. B rpynne noaeit
C pa3HbIM 06pa30BaHHEM, [/I€ MAJIO «KOMIBLIOTEPLLIIKOB», MOKHO HX BCEX
MOMECTUTb B OJHY KaTeropitio. VI3 rpynmnui 60J1bliero pasmepa MOKHO Bbl-
JIeIUTh MPOrPaMMHCTOB H CHCTEMHbIX aIMHHUCTPATOPOB, a B PEaJibHOM
MHpE €CTb JIa)ke pa3Hble KaTeropuu AJisi mporpammiictoB Ha Python u na
Ruby.

B nakete gensim peann3oBall Mepapxuueckuil mpouecc upuxie
(HDP). Bocnonb3oBatbcst UM 0YeHb MpocTo. B HamiicaHHOM paHee koje
s LDA pgoctaToyHo simuib 3aMeHMTb ofpalieHie K gensim.models.
ldamodel . LdaModel Ha 06pau1e}me K KOHCTPYKTOpPY HdpModel:

>>> hdp = gensim.models.hdpmodel.HdpModel (mm, id2word)

U ato BCé (npaBaa, BbiuMC/ICHIE 3aiiMeT GoJiblie BpeseHH — Gecrniar-
HbIX 3aBTPaKoB He ObiBaeT). c110/1630BaTh MOJIYUHBLIYIOCS MOAEb MOX-
HO TOYHO Tak xe, kak LDA-Mozesb, To1bKO 3ajaBaTh KOJMYeCTBO TeM 3a-
paHee yiKe He HY>KHO.

Pe3iome

B aroit raBe Mbl 06Cy AT TEMATHYECKOE MOJIEIHPOBaHHE, ITO METOAH-
Ka, 6oJiee rubKast, YeM KJ1aCTepH3aLHsl, TOTOMY YTO [103BOJISIET OTHOCHTD
JOKYMEHT Cpa3y K HeCKOJbKHM rpynnam. [Lis uccaeaoBaHusi aTHX MeTo-
JI0B Mbl BOCIOJIb30BaJIMCh HOBbIM NTAKETOM, gensim.

[TepBoHayanbHO TEMaTHYECKOE MojeupoBaHie Obl10 paspabora-
HO JUIs1 aHAJIM32 TEKCTOB, H B 3TOM KOHTEKCTE MOHSTH ero Mnpotlie BCero,
HO B IV1IaB€ O MAUIMHHOM 3PEHHH Mbl YBHIHM, YTO HEKOTOpbIE MCTOAbI
MOXHO NPHUMEHHTb U K M300paxeHusM. TeMaTHuecke MOENH UrPAIOT
BaXKHYIO POJIb B COBPEMEHHBIX MCCJIEJOBAaHHUSX MO0 MALIHMHHOMY 3PEHHIO.
Boo0uite, 3Ta riaBa, B OT/JIMYMe OT NMpeAbIAYLIHX, OueHb OJH3Ka K mepe-
I0BbIM pyGexaM ucciefoBaHKil B 061aCTH aaropiTMOB MaLIHHHOTO 06-
yueHust. [TeppoHauanbHbiii BapuanT anroputma LDA 61 ony6ankoBan
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B Hay4yHOM xypHasie 3a 2003 roa, MeToJ, UCTIOIbL3YEMBIii B MTaKeTe gensim
anst 06paboTKK AaHHBIX BUKHIEANH, padpabortaH Tosbko B 2010 roay, a
anroput™ HDP - B 2011. MccnenoBanus Ha 3Ty TeMy NPOJOJKAIOTCS,
TaK YTO Bbl MOKeTe HaliTH MHOTO pasHbIX BapHauMil H MoaeJeil ¢ TakH-
MM NIPUYYAIMBBIMHM HA3BAHHAMH, KaK uHouiickuti 6ygem (He myTaThb C
KUmaticKum pecmopaiom, 3To Ipyrast MOZeJb) UJIH paiMmeujerue namuHko
(MaTHHKO — AMOHCKast UTPa, HEYTO CpPeiHee MeX/Iy HFOPHBIM aBTOMAaTOM
1 MHHOO/IIOM).

MbI paccMOTpeJIH HECKOJIbKO OCHOBHBIX MOJIeJieit MalllMHHOro obyye-
HUS: Kaaccugkaiis, KJacTepu3anHs 1 TeMaTHECKOe MO/IeJINPOBaHHe.

B cnenyiouieii rnaBe Mbl BepHEMCsl K KJ1accHbHKALMH, HO Ha 3TOT pa3
GyneM U3yyathb repeioBble aJITOPHTMbI H TOAXO/bL,



IFJNIABA 5.
Knacendbukauna — sbiasnenmne
NJIOXMX OTBETOB

HayunBuncs BbIACSITb 110JIE3HBIC TPH3HAKH W3 TEKCTA, Mbl MOXEM
B35ITLCSI 33 MOCTPOCHHE KJACCH(HUKATOPA HA OCHOBE PeaJIbHbIX AAHHBIX.
BepheMcst k BBezieliHOMy B IJlaBe 3 BooOpa)kaeMOMY caiiTy, Ha KOTOPOM
M0JIb30BATC/Ib MOXKET 3a/laBaTh BOMPOCHI M MOJYYaTh Ha HHX OTBETDI.

[lepen BnagenbuaMu TAKHX BONPOCHO-OTBETHBIX CAliTOB CTOHT BEYHast
npobiema: kak 06ecneyuThb JOCTOIHOE KAYeCTBO M10JY4aeMOro OT M0J1b30-
Bateseil MaTepHasa. Takue caiiTbl, kak StackOvertlow, npunaraiot 3Hauu-
TeJbHble YCHJIMs1, YTOOBI HOOYAMTh MOJIb30BATENElH C MOMOILbIO Pa3iny-
HbIX CPEACTB OLIEHUBaThb coaepxkumoe. OHU NpeasaraloT 3HaKH OTJIHYHSI
H 6OHYCHbIE OYKH 32 MIIM(OBKY TEKCTa BOIPOCA H 3a MPEAIOKEHHDIE OT-
BCTHI.

OcobeHno yaayHoil MIHUHATHBOIT CICAYCT NPH3IATh HMEIOUIYIOCs Y
aBToOpa BOMpOCa BO3MOXXHOCTb MOMETHTbL OJHH OTBCT KaK 1PHHATLII (3a
3TO TaKXe M0JIaraloTCsl MOoUIpeHiist). ABTOpP MOMeYCHHOro OTBETa MoJy-
YaeT A0MNOJHUTE/IbHbIC OUKH.

A He npaszia i, 6110 ObI 310pOBO, €cJii 6bl 10J1L30BATEIb, CLIE TOJLKO
Habupast TEKCT OTBETa, BU/EJI, HACKOJIbKO 3TOT OTBET XOpoIu? JTO 03Haya-
€T, YTO CaliT HOCTOSIHHO OLIEHIIBAET OTBET [0 MEPE Cro BBO/A U COOOIIAET O
HaJIHYHH MPU3HAKOB 1JI0X0 ro oTBeTa. Toraa y nosan3osatesst OyaeT cTu-
MyJ1 ycepaee nopaboTaTh Haa 0TBETOM (ObITb MOXET, 106aBUTb NPUMEP
KOJa MJIM KaPTHHKY) U TeM CaMbIM YJYYIIHTb CHCTEMY B LIEJIOM.

B aToii rnaBe Mbl cO31aAMM TAKOIT MEXAHH3M.

Mnan pencreunm

[MockonbKy Mbl CTPOMM CUCTCMY HAa OCHOBE CHJIbHO 3alIYMJICHHBIX peaJib-
HDIX 1aHHDBIX, 9Ta IJIaBa He /st ¢1abbIX 1yXoM. M bl He HailieM HieanbHblil
KJaccupukaTop, Aaouiii CTONPOLUEHTHYIO BEPHOCTD, MOCKOJIbKY 4acTo
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Jlaxke JIIOAH He MOTYT NMPHUITH K COrJIacHI0 OTHOCHTEJbIIO KayecTBa OTBe-
Ta (10CTaTOYHO MOCMOTpPETh Ha KoMMeHTapiiu Ha caiite StackOverflow).
HanpoTus, Mbl OGHAPYXHM, YTO HEKOTOpbIE 33jlauM H, B YACTHOCTH, 3T
HaCTOJILKO TPYZAHBI, YTO MO XOAY JeJa MPIXOAHTCS KOPPEKTHPOBATh HC-
XofiHble uesi. Mbl HauHeM ¢ kacciiukaiim no 6akaiiwM cocensm,
BBISICHHUM, YTO 3TOT IOAXOJ He CJHMLIKOM NPUrojeH /151 AaHHOIT 3azauH,
nepeiileM Ha JIOTHCTIIYECKYIO PErpeccHIo It B KOHLE KOHLIOB OTBILIEM pe-
1IeHHe, KOTOPOoe JacT MPOrHO3 A0CTATOUHO BhICOKOTO KAucecTBa, HO He 11a
Bcex orpetax. Hanocsieok Mbl MOCMOTPHM, KaK BbISIBUTDH MobeaiTess 1
pa3BepHYTb €ro Ha LeJ1eBoil clicTeme.

YuyunmMmcsa knaccudpuuymnpoBaTtb
KNnaccHble OTBeTbl

3amaua knaccudUKaUMH — MOCTABUThH B COOTBETCTRIIE 0Opa3LaM AaHHbIX
NnoAXxoAsUIMe KJAacchl, M MeTKH. [[s1s1 aToro 1y»XHO OTBETHTb Ha /Ba
BOIpOCa:

* Kak NpeACTaBAsTb 00pa3ibl JaHHbIX?
* Kakasi MOJIe;1b WJIH CTPYKTYpa JIeXIIT B OCHOBe KJ1accHiikaTopa?

MogroroBka obpa3sua

B npocreiimwem BapuanTe obpasel; — 3TO TEKCT OTBETa, a MeTKa — OH-
HapHOe 3HayeHlI1e, OKa3bIBaloIIee MPIHHST ABTOP BOMPOCA 3TOT OTBET WJIH
uet. Ho npocroit Tekct — kpaiite Heyq00HOe NpeACTaBIeHHE BXOMAHBIX
JAHHBIX /151 GOJIBIIIHCTBA A/ITOPUTMOB MAIIMHHOTO 06y4eHUs. AJITOPUT-
MaM Hy>xHbI uncia. [ToaTomMy Halua 3azaya — U3BJI€Yh U3 TEKCTA M0JIe3HblE
NPHU3HAKH, KOTOPbIC aJTOPUTM CMOXET HCMOJIb30BaTh AJSl BbIPAOOTKI
METKH.

Hacrtpoiika knaccugpukaropa

[Tono6pas 10cTaTOUHOE KOMYECTBO Nap (TEKCT, MCTKA ), Mbl MOXEM 00-
yuuTh kaaccudukaTop. BapnaHToB cylecTByeT MHOXCCTBO, Y KaXA0ro
CBOM MUIIOCHI 11 MUHYCbl. HazoBeMm Jiiuib cambie ynorpeOuTe/bibie aaro-
PHTMDL: JIOTIICTIIYECKAsl perpeccisi, peluaoliiie JepeBbsi, METOA OMOPHBIX
BekTopoB (SVM), HaiBHbliil GaiiecoBckitii knaccugiikatop. B aToii riase
MBI CPABHMM PacCMOTPeHHbIIT paHee MeTo/l, OCHOBalIHbIiT Ha oOpa3uax, —
KJ1accHdIKaLIo 1o GIMXKAIIILIIM coce/isIM — It METOJ JIOTHCTIMeCKOii pe-
rpeccHH, OCHOBAaHHMLIIT Ha MOZeIL.



MNonyueHnne paHHbIX . . --m
MonydyeHune gaHHbIX

K cuactbio a1s Hac, paspabortunku caiita StackOverflow npeaocrapis-
10T GOJIbLIYIO YACTh AAHHbIX, O6HTaOLIX BO BeesncHHOI StackExchange,
yacTblo KOTOpoii siBasicrcss 11 StackOverflow, Ha yc/IOBHSIX JIMLIEH3HIT
cc-wiki. Ha MOMeHT HammcaHHsi 3TOil KHHIH T10CCAHIO0 BbITPY3KY JaH-
HbIX MOXHO ObLIO CKauaTh MO aAPecy https://archive.org/details/
stackexchange. B 1lee BXOAST JalHbIC CO BCeX BOIPOCHO-OTBETHBIX CATOB
13 cemeiictBa StackExchange. l1s StackOverflow 1iMeeTcst Heckosibko
(aiizoB, HaM M3 HIX NOHAAOGUTCH TOJBKO stackoverflow.com-Posts.7z
pasmepom 5,2 I'G.

[Tocne pacnakosky Mbl noayuum npumepHo 26 I'D aanHbix B hopmate
XML, comepxauiinx Bce BONPOCHI 1 OTBETbI B BH/E 2JIEMEHTOB row, Pac-
TMOJIOXKEHHBIX BHYTPH KOPHEBOTO 9JICMEHTA posts:

<?xml version='l.0' encoding='utf-8'?>
<posts>

<row Id="4572748" PostTypeld="2" ParentId="4568987"
CreationDate="2011-01-01T00:01:03.387" Score="4" ViewCount=""
Body="&lt;p&gt;IANAL, but &lt;a
href=&quot;http://support.apple.com/kb/HT2931&quot;
rel=&quot;nofollowsquot; &gt ;thisslt;/a&gt; indicates to me that you
cannot use the loops in your
application:&lt;/p&gt;&#xA; &#xA; &lt;blockquotes&gt; &#xA;
&lt;p&gt;.. .however, individual audio loops may&#xA; not be
commercially or otherwise&#xA; distributed on a standalone basis,
noré&#xA; may they be repackaged in whole or iné&#xA; part as audio
samples, sound effects&#xA; or music beds.&quot;&lt;/p&gt;&#xA;
&#xA; &lt;p&gt;So don't worry, you can make&#xA; commercial music
with GarageBand, you&#xA; just can't distribute the loops asé&#xA;
loops.&lt;/p&gt; &#xA; &1t ; /blockquotesgt; &#xA; " OwnerUserId="203568"
LastActivityDate="2011-01-01T00:01:03.387" CommentCount="1" />

</posts>
Uma Tvn Onucanne
1d Integer YHukanbHblh uaeHTudukaTop
PostTypeld Integer Tun coobuwenns. HaM uHTepecHbl
TONLKO 3HAYEHURA:
+ BONpOC;
+ OTBET.

OcTanbHble 3Ha4eHUS UTHOPUPYIOTCA.
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Umsa Tun OnucaxHue

ParentlId Integer NpeHTudukaTop sonpoca, K KOTO-
POMyY OTHOCUTCA OTBET (AnA BONPO-
COB OTCYTCTBYET)

CreationDate DateTime Data otnpasku

Score Integer OueHka coobuienuna

ViewCount Integer wiu Empty | Konuyectso NpocMoTpos coobule-
HYA

Body String MonHbln TekcT coobwenns 8 HTML-

KOAMpPOBAHHOM BUAE

OwnerUserId 1d YHUKanbHbIN naeHTuduKaTop asTo-
pa coobuienusa. Ecnu 1, To 310 BO-
NpOC 13 BUKM

Title String 3aronosok Bonpoca (Ans OTBETOB
oTCyTCTBYET)
AcceptedAnswerId | Id MpeHTudukaTtop NpUHATOro oTseTta

(ana oTBeToB OTCYTCTBYET)

CommentCount Integer KonuyecTeo KOMMeHTapues K AaH-
HOMY COO6LLEeHUI0

CokpaujeHne ob6bemMma gaHHbIX

st yckopeHist aKcnepIMeHTOB He CTOUT NPOBEPSITh HAEH Ha BCEM TH-
rautckoM XML-caiine. Hy>xHo nogymarts, kak M3BJcUb U3 HEro pernpe-
3eHTaTHBHYIO BbIOODKY, TO3BOJISIOLLYIO BCE XK€ PCIIMTDb, XOPOLLA HAest K
HeT. Ec/1i oCTaBHTb TOJIbKO 3JIEMEHTDI row C AaToii cozaanus B 2012 roay,
TO nosyuyurcst 6oabuie 6 MuLTIHOHOB coobuienii (2 323 184 Bonpocos it
4 055 999 oTBeTOB), 3TOTO AOCTATOYHO AJs1 BBIOOPKII 0OyUAIOINX AaH-
nvix. Kpome toro, Mol He xoTHM paboTarh ¢ popmatom XML, nockosbky
OH ToXe 3aMejuisieT o6pabotky. Uem (opmat npouie, Tem ayuuie. Iloarto-
My Mbl paz6epeM ocrtaBiyiocs yacte XML-daiina ¢ moMoursio kaacca
Python cElementTree u co3mamim aii ¢ NoNsAMH, pa3jicJI€HHBIMH 3Ha-
KaMH TabyJIsiuy.

MpeaBaputenbHas BbiI6bopka n o6pabotka
aTtpnbyros

Yro6bl eure 60b1I€ COKPATIITH 00BEM AaHHBIX, Mbl MOXKeM POCTO OMy-
CTHTDL aTPHOYTDI, KOTOPbIE, KAK HaM KaXKeTcsl, [IOMOTYT KJaacch(pHKaTopy
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OTJIMYUTh XOPOIIHe OTBEThI OT MJIoxux. Ho TyT BaxHo He nepeycepacTBo-
BaTb. HekoTopble aTpnOyThI HANPsIMYIO He BJIMSIOT Ha KJaccHUKaLHIO,
HO COXPAHHTb UX TEM He MeHee He0OX0AHUMO.

Tak, aTpubyT PostTypeId HYXeH, YTOObI OTJIMUYHTL BOMPOC OT OTBCTA.
Kak npusHak oH He MPCACTAaBJISICT LEHHOCTH, HO He0OX0AHM st (hiIb-
TPaLMH JAHHBIX.

ATpUOYT CreationDate MOXET MPEACTABJISATh HUTEPCC [JIs1 ONpeaesie-
HUSI IPOMEXYTKA BPEMCHH MeX.Jy BOINPOCOM M OTBETOM, IO3TOMY OCTa-
BUM ero. ATpHOYT score, 6€3yCIOBHO, BaXK€H — 3TO HHAMKATOP MHEHMs
coob1uecTsa.

A BOT aTpuOyT viewCount JJIsI Hac, CKopee Bcero, oecnoJiedeH. Jaxe
ecsiu Obl €ro U MOXHO ObLIO UCMOJL30BATD AJISI PA3IMYEHUS] XOPOLIUX
IUIOXHUX OTBETOB, 3Ta HHGOPMALMSL HELOCTYMHA B MOMEHT OTIPAaBKH OT-
Beta. B Tonky ero!

[ToHsiTHO, 4TO aTpUOYT Body COAEPXKUT CaMyIo LileHHYI0 HHDOpMaLHIO.
ITockonbky oH npeactabned B HTML-koanpoBaHHOM Bue, HAM HY>XHO
GyZIeT 1eKOANPOBATD €r0 U MOJYYUTb MPOCTOIl TEKCT.

ATpUOYT OwnerUserId Gbl1 Obl MOJIE3EH, TOMBKO ecau 6b1 MbI cobHpa-
JIMCh MPUHUMATD B pacyeT NPU3HAKH, 3aBUCSIILUC OT MOJIb30BATEs], Yero
Mbl aesaTh He cTaHeM. Ceituac Mbl ero 0TOpOCHM, HO PEKOMEHIYeM Mo-
MCKaTb Crnocobbl ero MCMoJib30BaHNs [Jisl CO3iaHusi Oosiee KayeCcTBEH-
Horo ksaccugukaropa (6bITh MOXET, COBMECTHO C JaHHBIMHM U3 (ailiia
stackoverflow.com-Users. 7z).

ATpHOYT Title TaKXK@ HTHOPHPYETCS, XOTS OH MOT 6bl COOOLIUTD 10~
MOJIHUTEJIbHBIE CBEIEHHSI O BOTPOCe.

Urnopupyetcsi u aTpHOYT CommentCount. Kak H viewCount, OH MOT 6bl
MOMOYb MPH KJIacCH(UKALUMK COOOIIEHHH, CYLIECTBYIOIUMX YXKe JoCTa-
TOYHO 10,110 (60JIblle KOMMEHTapHeB = MeHee NMOHATHbIN oTBeT?). Ho B
MOMEHT OTIPABKH OTBETA OH HUYEM He MIOMOXET.

ATpM6yT AcceptedAnswerId aHAJIOTHYE€H Score B TOM CMbICJIE, UTO AB-
JISIeTCs1 NoKa3aTtesieM KayecTBa coobuienust. [lockoibKy oH OyaeT HyxeH
HaM B KaXX[I0M OTBETE, TO BMECTO COXPaHEHHs1 3TOr0 aTpubyTa Mbl 3aBejieM
HOBBIH — IsAccepted, paBHblii 0 Wil 1 /11 OTBETOB 1 UTHOPUPYEMBIH AJISA
BOMNPOCOB (€C/IM ParentId=-1).

B utore nonyuyaertcs takoii ropmart:

Id <TAB> ParentId <TAB> IsAccepted <TAB> TimeToAnswer <TAB> Score
<TAB> Text

KOHerTHbIe AeTajH pa360pa CMOTpPUTE B (bai'max so_xml_to_tsv.py
U choose_instance.py. CkaxeM JIMb, YTO AJiA YCKOPEHHA 06pa6OTKM
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Mbl pacnpeziesisieM faHHble 1o ABYM (aiinam. B daiine meta.json xpa-
HuTCs cnoBapb B ¢dopmate JSON, oTobpaxaiouuii naeHTHUKaTOp CO-
obuieHHs Ha mpoyliie JaHHbIe, kpoMe Text. Hanpimep, ouenky coobuie-
HIISl MOXXHO MOJIYYIITh B BHIE meta[Id]['Score']. B dailne data.tsv
XPaHATCS 311aueHHst aTPHOYTOB Id H Text, KOTOPBIil JIETKO MPOYMTATD
TaKUM MeTO/0M:

def fetch_posts():
for line in open("data.tsv", "r"):
post_id, text = line.split("\t")
yield int(post_id), text.strip()

Y710 cynTaTh XOpOLLUUM OTBETOM?

Ipexae yem 06yYynTh KAaCCU(HKATOP OTIMYATL XOPOIIHE OTBETHI OT
IJIOXHX, HY>KHO co31aTh oOyuatouire aanHbie. [loka 4To y Hac ecTb TOJILKO
caMH JaHHble, a NPeICTOUT ellie CHaOANTD 11X METKaMH.

Mo>HO, KOHEeUYHO, NPOCTO MCMOJIb30BATh B KAYCCTBE METKH aTpHOYT
IsAccepted. Beab HMCHHO Tak nomMe4aeTcsl NPaBUJIbHbII OTBET HAa BOIMPOC.
OnHako 3TO Bcero JiiIb MHEeHHe aBTopa Bonpoca. EcrecTBenHo, cnpatui-
BaloLIeMY HY>XK€eH OTBET KaK MOXHO ObICTpee, 1 OH NPHHKUMAET NepBbIii Mo-
HpaBuBUIMiics eMy oTBeT. Ho co BpeMeHeM MOryT ObITb MOJAAaHbI U ApYTHE
OTBETHI, MPUYEM HEKOTOPbIE U3 HMUX MOTYT OBbITb Jiy4llle yike MPUHSATOrO.
Ho aBTop Bonpoca peako Bo3BpaliaeTcst K CBOEMY BOMPOCY, YTOObI H3Me-
HUTb cBoe MHeHHe. [ToaToMy 06pa3yeTcst MHOTrO BONPOCOB, /ISl KOTOPbIX
NPUHSATBHIM SIBJISIETCS] BOBCE He OTBET C HauBbICLUEl OLLeHKOH.

Jpyras kpaiiHOCTb — B3Tb OTBEThI C CaMOii BLICOKOIi I caMOi HU3KOM
OLIEHKOH KaK MOJIOKHUTEJbHBIH M OTPHLATEJIbHbI NPHUMEPbl COOTBET-
crBeHHo. Ho uTo nenathb ¢ BonpocaMy, Ha KOTOpBIE €CTb TOJBKO XOpoLiMe
OTBEThHI, CKa)KeM O/IHH, 3aCJY)XHBIIMIA ABa 6asia, U APYroi C YeTbipbMsi
6anamMu? JleficTBHTEIbHO JIM CJIeyeT CYMTATh OTBET C ABYMs OasjiamMu
OTpHULATENbLHBIM MPIIMEPOM TOJIBKO MTOTOMY, YTO y HETO OKa3ajach caMast
HM3Kast oLleHKa?

HyxHo HaliTit uTo-TO cpeqHee. Ecaiu cunTaTh BCe OTBETHI C OLlEHKaMII,
GOJIBIUMMH HYJISI, TIOJIOXKUTEJIbHBIMIL IIPHMEPAMH, & OTBETBI C OLIEHKAMH,
MEHBIUHMH HJIH PaBHbIMH HYJIIO, — OTPHIIATEIbHbIMII, TO MOJYYalOTCs
BIIOJIHE Pa3yMHbIE METKH:

>>> all_answers = [q for q,v in meta.items() if v['ParentId']!=-1]
>>> Y = np.asarray([meta[answerId] ['Score']>0 for answerld in
all_answers])
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Co3naHune nepBoro
knaccudukartopa

HauneM c npocToro 1 ajieraiTHOro Metoza 6J1Mxaiiuix cocezeit, paccMo-
TPCHHOTO B npeabiayiieii raasc. XoTs U He TaKOii IIPOABMHYTHII, KaK ApY-
rye MeTo/Ibl, OH BCe e BecbMa 3(hpeKTHBEH: MOCKOJIbKY O1l He OCHOBAH Ha
Moze/H, 06YYHTDb ero MOXHO NPaKTHYECKH Mo J10ObIM fanHbiM. Ho y aToil
3JIEraHTHOCTH €CTb 1 000POTHAs CTOPOHA, C KOTOPOIT Mbl O4€Hb CKOPO MO-
3HAKOMHUMCHL.

MeToa k 6nmxariLunx cocegen

Ha artot pa3 Mbl HE CTaHEM p€aJIN30BbIBATh €ro CaMH, a BO3bMEM H3
61161MoTeKH sklearn. KiaccudmkaTop HaXoAMTCs B MakeTe sklearn.
neighbors. HauHeM c npocToro knaccudiikatopa no aBya Gmkaiimin
coceasam:

>>> from sklearn import neighbors

>>> knn = neighbors.KNeighborsClassifier (n_neighbors=2)

>>> print (knn)

KNeighborsClassifier (algorithm='auto', leaf_size=30,
metric='minkowski', n_neighbors=2, p=2, weights='uniform')

WHurepdeiic atoro knaccndiikatopa Takoii xe, Kak y BCeX Jpyrux npo-
FHOCTHYECKHX MojeJieil B sklearn: o6y4aeM € MOMOILIbIO METOAA fit (),
NoCJIe YEro MOXEM [MpelCKas3blBaTh KJAaCC HOBBbIX 0OPa3LOB METOAOM
predict():

>>> knn.fit (( (1), (2], (3], (4], (5),[6]], (0,0,0,1,1,1])

>>> knn.predict(1.5)

array ([0])

>>> knn.predict (37)

array([1])

>>> knn.predict (3)

array ((0])

st nonyyeHust BepOSITHOCTEIl KJAacCOB CJYXHMT METOA predict_
proba (). B ciyyae aByx knaccos, 0 11 1, oH BepHeT MaccuB U3 ABYX 3Jie-
MEHTOB:

>>> knn.predict_proba(1l.5)

array(([ 1., 0.]])
>>> knn.predict_proba(37)
array([[ 0., 1.]])

>>> knn.predict_proba(3.5)
array([([ 0.5, 0.5]])
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MNMoagroroBka npu3HaKkoB

Tak KakUMII IPH3HAKAMH Mbl MOXKEM CHaOAMTb Hall KJ1acCHdUKATOP?
Y Kakux NpeanosoKuTeabHO 6yAeT MAaKCHMaslbHAs pasJjiyaloliast cro-
cobHOCTD?

ATpPHOYT TimeToAnswer YK€ HMCETCS B HAllleM CJIOBape meta, HO MaJIoO-
BEPOATHO, YTO caM Mo cebe OH TpeacTaBJsieT GobILYIO0 LEHHOCTb. EcTb
elie aTpUOYT Text, HO MPOCTO TaK MBI HE MOXEM MepeaThb ero kaaccudu-
KaTopy, MIOTOMY YTO NMPU3HAKH AOJ/DKHBI ObITh YyMCI0BbIMU. Heobxomanmo
npozesaTth rpsi3Hyio (U yBiekarteabHyio!) paboTy Mo BblAEJIEHHIO PH3HA-
KOB M3 TEKCTa.

B kauecTBe 0/1HOIi U3 XapaKTEPUCTHK Ka4eCTBa MOXHO ObLI0 Obl B3ATD
YHCJIO THIIEPCCBLIOK B OTBETE. B OCHOBE 3TOTO pelleH st JIEXHT NPeanosio-
XEeHHe 0 TOM, UTO 4eM GoJibliie THIIEPCCHIJIOK, TEM TIATEJbHEe MPOLYMaH
OTBET M TeM BBIILIE IIAHCHI, YTO 3a Hero nporosocyioT. KoHeuro, yuutoi-
BaTb HYXHO TOJIBKO CCBLJIKH B OObIYHOM TEKCTE, a 1€ B IIpHMeEpax Koaa:

import re

code_match = re.compile('<pre>(.*?)</pre>',
re.MULTILINE | re.DOTALL)

link_match = re.compile('<a href="http://.*2".*?>(.*?)</a>",
re .MULTILINE | re.DOTALL)

tag_match = re.compile('<[">]*>',
re.MULTILINE | re.DOTALL)

def extract_features_from_body (s) :
link_count_in_code = 0
# NONCUMTHIBAEM UMCIIO CCHUIOK B KOOE, YTOGH MOTOM BHUECTbL €rO
for match_str in code_match.findall (s):
link_count_in_code += len (link_match.findall (match_str))

return len(link_match.findall(s)) - link_count_in_code

M B npousBoacTeeHHOM cucteme He cneayet pa3bupats HTML-kop ¢ no-

MOLLbIO PErynsipHbIX BblpaxeHuid. ECTb oTnnyHble 6ubnuoteku, Hanpm-

Q mep BeautifulSoup, koTopble NpekpacHO CNPaBNKIOTCA C Pa3NUYHBIMK
CTPaHHOCTAMU, KOTOPbIMK n3obunyeTt TunuyHan HTML-pa3meTka.

ITO N03BOJISIET CreHepPHPOBAaTb O/IHH MPH3HAK IS Kaxkaoro otBeTa. Ho
npex/e yeM MpHCTynath K oOyveHitio kaaccupukatopa, pasbepeMcsi, Ha
KaKMX JaHHbIX Mbl OyzeM ero oOyuaTs. IlepBoe mpeacTasieHie MOXHO
COCTaBHTb Ha OCHOBAaHMM pacnpesieIeHHst YacToT Haiero npusHaka. s
3TOTO HYXXHO MOCTPOHTb Ipacpiik MPOLIEHTHOIT BCTPEYAEMOCTH KaXKAOTo
3HayeHHs B AaHHbIX. Bor oH:
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OxasbiBaeTcst, YTO B GOJIBIIMHCTBE COOOLIEHUH HET HU OJIHOM CCBLIKH,
TaK YTO, UMesl TOJIBKO 9TOT NPU3HAK, XOpoLuit kiaccudukatop He 00y-
unTh. TeM He MeHee, MONPoOyeM — 1 TOCMOTPUM, UTO MOJSYYUTCSI.

O6y4yeHune knaccunukaropa

Yrto6bl NOTYYUTD KJIacCU(PHUKATODP, Mbl AOJKHBI NepeaaTh oby4daroLie-
my anroputmy KNN (k Gamxaiiimx coceneif) MaccuBbl MPU3HAKOB X U
COIIOCTaBJIEHHbIX UM METOK Y.

X = np.asarray ([extract_features_from body (text) for post_id, text in

fetch_posts() if post_id in all_answers])

knn = neighbors.KNeighborsClassifier ()
knn.fit (X, Y)

[Tocko/IbKY HCNOJIb30BAIUCH TAPAMETPBI 110 YMOJTYAHHIO, TO MOJIYYHJI-
cs1 06yuenHbiit knaccudukarop SNN (To ecTb o 5 61K LINM COCeasiM).
[Touemy umerHo SNN? [loToMy 4TO MpH HbIHELIHEM COCTOSTHMM 3HAHUH
0 JIaHHBIX Mbl IOHATHS HE UMEEM, KaKiM A0JKHO ObiTh k. Korma y3Haem
11060JIbllle, TOTA U PELINM, KaKoe B3SITb 3HaueHHe k.

NamepeHune kayecrBsa knaccuukaropa

Hy>XHO TOYHO peLInTh, YTO KUMEHHO Mbl cOOUpaeMcsi uamepsith. Haus-
Hblii, HO CaMblil MPOCTOI cnocob — M3MEPUTb CpeAHee KauyecTBO Mpen-
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CKa3aHHsi no BceMy TectoBoMy Habopy. [Toayuiites uncao mexay 0 (sce
npejickas3aHus HeBepHbl) 1 1 (Bce npeacka3aHns npaBUJIbHbI). BepHocTb
MOXHO MOJIYYHTb C MOMOLIbIO METOAA knn.score () .

Ho, kak Obi10 ckasaHO paHee, HEOCTATOYHO CAeJaTh 3TO OAWH pas,
HYXHO TNPIMEHHUTb NEPEKPECTHYIO MPOBEPKY, BOCMO/b30BABLIMCH [OTO-
BbIM KJIaCCOM KFold M3 MOAYJIA sklearn.cross_validation. 3areM Mbl
CMOTPHM, HaCKOJIbKO PacXOASATCS CPeAHIHE OLEHKH, MOJyYeHHbIE Ha KaX-
JIOM NPOXOJie, B TEPMHHAX CTAHAAPTHOTO OTKJIOHEHHUSI.

from sklearn.cross_validation import KFold
scores = []

cv = KFold(n=len(X), k=10, indices=True)

for train, test in cv:
X_train, y_train = X([train], Y([train]
X_test, y_test = X[test], Y([test]
clf = neighbors.KNeighborsClassifier ()
clf.fit (X, Y)
scores.append (clf.score(X_test, y_test))

print ("Mean (scores)=%.5f\tStddev (scores)=%.5f"\
% (np.mean (scores), np.std(scores)))

[Tonyuyaercs Takoit pesyJibTart:

Mean (scores)=0.50250 Stddev(scores)=0.055591

Huxyna He roanTes. Beproctb 55% HeMHOTrHM Jiyyiie noabpachiBatms
MoHeTKH. OQueBHIHO, KOJIMYECTBO CCHLJIOK B COOOLUEHHH — He Jyyuliii
MHAMKATOp KayecTBa OTBeTa. To ecTh passiyaiouiasi CrocoGHOCTb 3TOrO
npH3HaKa MaJja — 1o kpaiiHeit Mepe, s ka1accHgkaTopa kNN ¢ k=5.

MpoekTupoBaHne 4ONOSIHNTENIbHbIX
npu3HaKkoB

B nononnenue k YHUCJY THNEPCCLIJIOK HEMJIOXHM IMOKa3aTe/JIEM MOXET
0OKa3aTbCsA YHUCJIO CTPOK KOJa B OTBETE. Mo KpaﬁHefl Mepe, A/ aBTOpa BO-
npoca 3To, ckopee Bcero, BaxkHo. DparMeHTbl KO/la HAXOAATCS MEexXAy Te-
raMH <pre> H </pre>. A nocie BbIieJIEH1ISI KOJIA ITOACYHTAEM YHUCJIO CJIOB B
coobueHnu 6e3 yueTa CJIOB B KOJ€E.

def extract_features_from_body(s) :

num_code_lines = 0
link_count_in_code = 0
code_free_s = s

# u3BNEeYbL MCXOOHHI KOO M MOACYMTATbL UYUCIO CTPOK
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for match_str in code_match.findall (s) :
num_code_lines += match_str.count('\n')
code_free_s = code_match.sub("", code_free_s)

# VMHOTma B MCXOOHOM KOIe BCTPEYalTCs CChUIKM, KOTOPHE
# MbH HE XOTMM YUMTHBATb
link_count_in_code += len(link_match.findall (match_str))

links = link_match.findall (s)
link_count = len(links)
link_count -= link_count_in_code
html_free_s = re.sub(" +", " ",
tag_match.sub('', code_free_s)).replace("\n", "")
link_free_s = html_free_s

# nepen noACYeTOM CJIOB yINAaNUTb CCHUIKM U3 TEKCTa
for link in links:
if link.lower().startswith("http://"):
link_free_s = link_free_s.replace(link,'")

num_text_tokens = html_free_s.count (" ")

return num_text_tokens, num_code_lines, link_count

W3 rpacuka BUAHO, YTO, 1O KpaiiHeil Mepe, YKCJIO CJIOB B COOBIEHUH
BapbUpyeTcs B Oosiee LIMPOKUX MpeJeiax:
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O6yuenue Ha 60Jib1IEM TPOCTPAHCTBE MPU3HAKOB HECKOJILKO MOBBILIA-
€T BEpPHOCTb:

Mean (scores)=0.59800 Stddev (scores)=0.02600

KoneuHo, 310 03Hayaer, uto 4 u3 10 npeackasanuii 6ynyTt HeBepHbl. Ho
MbI XOTs1 Obl IBUXKEMCsI B TPaBUJIbHOM HampasyieHld. YeM Gouiblie npu-
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3HAKOB, TEM BbIllI€ BCPHOCTD, 4, 3HAYHUT, HAA0 1106&BHTb HOBbI€ ITPH3HAKH.

Bo3bMeM Takue NPpH3HaKH.

* AvgSentLen! Cp€AHE€€ YHUCJIO CJIOB B NMPEAJTOXKEHHHA. BriTh MOXET,
0CO6EeHHO XOpOWIHMH CYUTAIOTCA OTBETBI, KOTOPbIE€ HE MEpErpyxa-
0T MO3Ir HuTaTeJia CJIMIIKOM AJIMHHBIMH HpeZ[JIO)KeHl’IﬂMH?

Tnaea 5. Knaccudmkauus — sbiseneHme nnoxmx oteetos

®* AvgWordLen: CpeJHee YHCJIO CHMBOJIOB B CJIOBaX, COCTaBJAAIOLINX

coobleHue.

® NumAllCaps: YHCJIO CJIOB, 3alTMCAHHbIX TOJIbKO 3arjiaBHbIMH 6y1(BB'

MH; 3TO CHUTAETCA AYPHBIM TOHOM.

* NumExclams: YHCJIO BOCKJIMLIATE€JbHbIX 3HAKOB.

Ha rpadmrcax HIDKE MOKa3aHbl pacnpeaejieHus CpeaAHuX AJIMH NnpeaJso-
XXE€HHA U CJIOBA, KOJIHYECTBA CJIOB, 3allMCAHHBIX 3arjaBHbIMU 6yKBaMH, H

KOJIM4eCTBa BOCKJIHIIATEJIbHBIX 3HAKOB.
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Teneps kaxaoe coobliieHe XapaKTepu3yeTcs ceMblo npu3Hakamu. [To-

CMOTPHM, Yero Mbl JOOUJIHCD:

Mean (scores)=0.61400 Stddev(scores)= 0.02154
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Jlo6onbiTHO. Mbl 106aBU/IM Y€TbIpe MPU3HAKA 1 HHYETO He MOJIyYHJIH
B3ameH. C yero Obl 3T0?

YTo6bl MOHATb, B YEM [€JI0, HY)KHO BCIIOMHHThL, KaK paboTaeT KJjac-
cudpukatop kKNN. Haw knaccudpuxatop SNN onpeznesnsier kjaacc HOBO-
ro COoOOlEeHHUs, BLIYUCIAS CEMb MPU3HAKOB: LinkCount, NumTextTokens,
NumCodeLines, AvgSentLen, AvgWordLen, NumAllCaps M NumExclams, MOCJI€
Yero HaxoAMT NsAThb Gnxaiiunx coobuennii. B kauecTse knacca HOBOro
cooblieHus: Gepercst Kacc, K KOTOPOMY OTHOCHTCSI 6OJIbLIMHCTBO 6.1M-
xaltiux coceseil. A 6aM30CTb ONpeaesseTcs MyTeM BbIYHCAEHNS eBKIU-
JI0Ba pacCTOsiHUs (MOCKOJIbKY Mbl He CKa3ajlM HUUCro APYroro, NpUHATO
3HauYeHHe MO YMOJIYaHHIO p=2, TA€ p — l1apaMCTpP MCTPILKIT MHHKOBCKO-
ro). ITO 03HAYAET, YTO BCE CEMb PU3HAKOB CYUTAIOTCS PABHONPABHBIMH.
B yactHocTH, kNN He NOHsiA, YTO NPU3HAK NumTextTokens XOPOILl, HO IO~
Pa31o MeHee BaXKeH, YeM NumLinks. PaccMoTpuM jaBa coobuienusi A u B,
OTJIMYAIOLIHECS TOJbKO MOKa3aHIILIMM HUXKE NPU3HAKAMH, U CPaBHUM HX
C HOBBIM COO0LIEHHEM:

Coo6uwenne | NumLinks NumTextTokens
N ) ) S

B 0 25

HoBoe 1 23

MBI cumTaeM, 4TO CChUIKI LleHHee 0ObIYHOTO TCKCTA, OAHAKO KJIACCH-
¢ukarop nymaer, uto coobuieHue B 6oJblie MOX0XkKe HA HOBOE, YeM A.

OueBuaHo, y kaaccudukaropa kNN UMEIOTCS TPYAHOCTH B YaCTH Mpa-
BUJIbHOTO UCMOJ1b30BAHUSI AOCTYMHBIX AAHIIbIX.

Kak nonpasutb peno?

st yayyuieHus pe3y/1bTaToB Y HAC ecTb CJeAyIoLie MyTH.

* Io6aBuTh ewe gaHHble. BbITh MOXET, AaHHBIX [IPOCTO HEAOCTA-
TOYHO AJ151 00y4€eHUs1 AITOPUTMA M HYXKHO 106aBUTD clie?

* [ToakcnepuMeHTHPOBATH CO CJIOXKHOCTbIO MoA€eaH. BbiTb MOXeT,
Moaesb HeIOCTAaTOYHO CJI0XKHa? Vlni Hao60pOT CAMIIKOM CJI0XK-
Ha? B TakoMm ciyyae cieyet yMeHbIIUTb k, 4TOObI MO/IEJIb IPHHU-
MaTb B pacyeT MeHbLIc cocesieii 1, C1e0BaTe 1bHO, AaBaa JyqllHe
npeacKa3aHusl HAa HePaBHOMEPHO pacnpeseneHHbIX AaHHbIX. Van
YBEJUYHUTD k 7151 AOCTHIXKEHHsI MPOTHBOMOJIOXKHOIO Pe3yJibTaTa.

* H3meHutb NpocTpaHCTBO NPU3HAKOB. BbITb MOXeET, Mbl BbIOpau
He Te mpu3Haku? MoXHO 6bla10 Obl, K MpiMeEPY, U3MEHUTD LIKA-
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Jy yke OTOOPaHHBIX MPH3HAKOB HJIH MPHAYMATh KAKHE-TO HOBbIE,
A, BO3MOXHO, C/leflyeT HCKJIIOUNTD YaCTh TEKYLIHX IPH3HAKOB, M0~
TOMY YTO OliH, MO CYLECTBY, XapaKTePH3YIOT OTHO H TO XKe.

»  H3menutp Mozeab. buiTh MOXeT, Mmozaeab kNN He roantcsa ans
HaLIero cay'asi, U ¢ ee MOMOUIbIO HIIKOTA He YAACTCs JOCTHYb XO-
polilero Kayectsa rnpeacka3aHHii, BHe 3aBIICHMOCTH OT CJIOXKHOCTH
M U30IPEHHOCTH MPOCTPAHCTBA NMPH3HAKOB?

Ha npakriike, noiias 10 3Toil pa3aBHIIKH, 11CC/1€A0BATE b 334ACTYIO Mbl-
TaeTcsl YJy4UIHTb KauecTBO Hayraf, 6e3 Kakoii-To cHcTeMbl BoiOHpast TOT
MJIM MHOIT BapHaHT B HafieX /1€ CJ1y4aiiHO HATKHYTHCS HA M/IEAJIbHYIO KOH-
¢urypaumio. Mbl Toxxe MOTJIH Obl MOCTYMUTH TAKMM 00OPa3oM, HO 3T0, 6e3
COMHeHHs1, 315710 6b1 Goibllle BpeMeliil, YcM B3BellleHHble AefiCTBHS Ha
ocHoBe 3HaHuii. [ToaToMy noiiicM Mo BTOpoMy myTH, A5l Yero npiaercs
cl1ayana no3HaKOMHTLCS C AMJICMMOIT CMELLeHHSI-IUCTIEPCHH.

Annemma cmeLweHns-gucnepcun

B raase 1 MblI nbITaauch NoA06PATh MOJITHOMBI Pa3IMYHOI CI0XKHOCTH,
onpe/eNisieMOil CTEMNCIIBIO d, VIS alNPOKCIMALN AaHHBIX. M bl OHSIL, YTO
JiHeitHast PYHKIIMS He TOANTCS, MOTOMY YTO caMa MpHPOJA JaHHbIX HeJlH-
HeiiHa. W kak 6b1 Mbl HM M3OLIPSIINCH, AByMepHash MOZiesIb Hell3MeHHO Oy-
JIeT BUETD TPSMYIO JIMHUIO. Mbl TOBOPHM, YTO Y MOJIEJIH CJIHIIIKOM BBICO-
KOe CMelleHIie B IIPIMEHEHHIT K 1IMeIoumMcest JaHHbIM. OHa Hesioo6yyeHa.

M bl 1POAOJIKMJIH 3KCTIEPHMEHTHPOBATD C PA3MEPHOCTBIO 1 0GHApYKII-
a1, uto 100-MepHbIiT MOMMHOM CITHIIKOM GIH3KO MO/ATONSIETCs] K JAHHBIM,
Ha KOTOPbIX Gbit 06yteH (TOra Mbl ele He 3HAJI O Pa3feCHHI JAHHBIX
Ha obyuaroliite 1 TecToBble). Mbl MOHsI, YTO MO/IE/b TakK CIJILHO Me-
peobyueHa, 4To, BLIOHPAsA pa3Hble TOAMHOXECTBA HMEIOUIHXCS JAHHBIX,
Mbl GyZIeM MOJIyyaTh COBEPILEHHO Pa3Hble HOMIHOMBI. MbI FOBODHM, 4TO
y MOZJENH CJIMLIKOM BBICOKAsl AMCTEPCHSI B MIPUMEHEHHH K HMEIOWHMCS
nanubiM. OHa nepeobyueHa.

ITO /ABe KPAtHOCTH, MeX/y KOTOPbIMH pacroJaraercsi GOJbIIMHCTBO
3aj1ay MalIMHHOTO 0b6yueHus. B naease xoresaocs Gbl UMETb OIHOBPEMEH-
HO HH3KOe cMelleHHe U HH3KYIo ancnepchio. Ho Mup nanek ot cosep-
LLIEHCTBA, MI03TOMY MPHXOAUTCS 1ICKATh KOMIIPOMICC. Y/1y41iasi OfIHO, Mbl
OGBIYHO YXY/IIIAeM JPYTOe.

YcTpaHeHune BbICOKOro cmeLleHuns

HPE‘ZIHOJIO)KI/IM, 4YTO MOAEIDL CTPAJIa€T OT BLICOKOro CMellenis. B Ta-
KOM CJjiy4yae ]IO6HBJI(‘IH/[E HOBDIX o6yl{axonu|x JaHHDLIX 11e oMoxeT. U YK



Kak nonpasute aeno? l.--

TOYHO He NMOMOXET MCKJIIOYEeHHe NMPU3HAKOB, MOTOMY 4YTO MOJeJb U TaK
Yype3MepHO NpoCTa.

OcTaeTcs ToJbKO TPH BO3MOXHOCTH: YBEIMYUTb 4HCJI0 NPU3HAKOB, yC-
JIOXXHHTb MOZIe/Ib UJIH U3MEIIUTD ee.

YcrpaHeHune BbICOKOM gncnepcun

HanpOTMB, €CJIN AJ1s1 MOJI€JIM XapaKTe€pHa BbICOKaAsl AUCNIEPCHSA, 3HAYHUT,
OHa CJIMIIKOM CJI0XHa /11 MMEIOLIMXCsl AaHHbIX. B TakoMm CJydyae HYXKHO
1160 1.'[O6bITb AOMNOJIHUTEJIbHBIE JAaHHBIE, 6o YMEHbIIHTDb CJIO)KHOCTb.
MHbiMH CJIOBaMH, YBEJIMYHUTDH k, NpHHAB BO BHHMaHHE 6osblie coceneit,
WJIX UCKJIIOYHTDb YaCTb [IPHU3HAKOB.

Hun3koe nnaun BbicOKOE cmewjeHne?

YToObl NOHSTD, B YEM Ha CAMOM JieJie 3aKJoyaercs npobJema, 10CTa-
TOYHO NMOCTPOUTH rpadpuKK 3aBUCUMOCTH MOTPELIHOCTel Ha 06yyalomux
M TECTOBBIX [IaHHBIX OT pa3mepa Habopa.

Jln1st BbICOKOTO CMelLeHHs1 XapaKTepHO HeboJIbloe yObIBaHKHE NMOrpeL-
HOCTH Ha TECTOBBIX AAHHBIX B HayaJje C AaJbHEHIIIIM BbIXOAOM Ha OYeHb
BBICOKOE IJIaTO, MPUOJIMIKAIOLIEeCs K MOrPEIIHOCTH Ha 00yYaoUMX AaH-
HBIX 110 Mepe pocTa pazmepa Habopa. /151 BBICOKOI1 ANCTIEPCUH XapaKTe-
peH 60JIbLLIO# Pa3pbiB MEXAY ABYMsI KDUBBIMH.

IToctpous rpaduku norpemHocreil aas kaaccugukaropa SNN, Mbl
YBHIMM 3HAYHTEJIbHBII Pa3pbiB MeXy MOTPELIHOCTAMU Ha 06yyatouHx
M TECTOBBIX JAHHBIX, YKa3bIBAIOLIMIT HA HAIMYHE BbICOKOI AUCTIEPCHH:

Lo Bias-Variance for 'SNN'
NorpewHoCTb Ha TeCTOBbIX AAHHbIX
—— norpewHocTb Ha 0BYYAIOLIMX faHHbIX
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BarnsinyB Ha rpaduk, Mbl cpa3y noHHMaeM, yTo nobaBieHHe 0Oyyalo-
IMX JaHHBIX HE TIOMOXET, MOCKOJIbKY MYHKTHPHAs! JIUHUSI, COOTBETCTBY-
I011[as MOTPELIHOCTH Ha TECTOBBIX JAHHBIX, TOX0XKe, YCTOHYHMBO NPOXOAUT
Bbite 0,4. ExMHCTBEHHDI 1AHC — YMEHDBLINTD CJI0XHOCTb — JIMOO0 yBeH-
4uB k, 1160 COKPATHB NPOCTPAHCTBO MPH3HAKOB.

Ho 3znechb coxpallieHne nmpocTpaHCcTBa NPU3HAKOB He noMoraeT. B atom
nerko y6enuThest, NOCTPOMB rpacdMKH s MPOCTPAHCTBA NPHU3HAKOB, CO-
CTOSIILIETO TOJIBKO H3 MPU3HAKOB LinkCount U NumTextTokens:

Lo Bias-Variance for '5NN'

NOrpewHoCTb Ha TeCTOBbIX AaHHbIX
== NOrpewHoCTb Ha oGyHalou.th AaHHbIX
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Pa3mep Habopa aaHHbIx

IToxoxue rpaduky nosyyaoTcst ¥ NpU UCKJIIOYEHUH APYTUX NPH3HA-
xoB. Kakoe GbI MOAMHOXECTBO NMPU3HAKOB HU B3sTh, XapakTep rpacdmka
He MeHseTcs.

Ho xoTst 651 yMeHblIeHHE CI0XKHOCTH MOJEJH 33 CYET yBeaHueHus k
JlaeT KaKOH-TO MOJIOKUTeNbHBIH addexT:

k mean(scores) stddev(scores)
40 0.62800 0.03750
10 0.62000 0.04111
5 0.61400 0.02154

OnaHako OH HEZIOCTAaTOYEH U 332 HErO MPUXOAUTCS PacIIauyMBaThCs yBe-
JuyeHreM BpeMeHH kaaccuduxauuu. BoabMmeM, k npuMepy, 3HaueHHe
k=40, TIPM KOTOPOM IOTPEIIHOCTb HA TECTOBBIX NAHHLIX OYEHb HU3Kasl.



JNorncrnyeckas perpeccmsa l.--

[ns knaccuduKauMyd HOBOro COOOILEHMST HAM 1IPHLLIOCH Obl HaiTH 40
6MxaiLMX COOOLIEeHHH:

Lo Errors for for different values of
NOrpewHOCTb Ha TeCTOBbIX AAHHbIX
—  norpewHocTb Ha 0ByualoWNX AanHbIX
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OueBH/IHO, B HallleM Cilyyae KaaccupHuKaums no 6anxKaliiiM coceasim
okasbiBaeTcs npobaemaruyHoit. U y Hee ectb ewe oaud Hegoctatok. Co
BpEMEHeM KOJMYEeCTBO cooOLIeHHil B cucteMe OyaeT TOIbKO BO3pacTaTh.
A nockoJibky MeTtoa Gnxaiilnx coceqei OCHOBaH Ha obpa3suax, To Bce
COOOLLIEHHS MPHAETCA XPaHUTh B cUcTeMe. UeM nx GoJiblie, TEM MeJjIeH-
Hee Oyzer paboratb cucTeMa. B aToM oT/1MYHE OT CHCTEM Ha OCHOBE MO-
aeJieii, B KOTOPbIX MbI IILITAEMCsI IOCTPOHTh MOJIEJIb, UCXO/S1 U3 AAHHBIX.

Urak, y Hac Habpajoch AOCTaTOYHO MPHUYMH OTKA3aThCsl OT METOJA
OamxaiilnX coceiel M IOMCKaTb KaKoi-HuOyab Apyroi KaaccudpukaTop.
KoHeuHo, He NCKJI04EHO, YTO CYLIEeCTBYET KAKOii-TO Yy0-NPU3HAK, O KO-
TOPOM Mbl He foraganucs. Ho 3HaTh 3TOro HaM He JaHO, NO3TOMY Nepe-
fineM K Apyromy ajiropuTMy, KOTOPbIi 3aBeIOMO XOPOLIO CNpPaBJIsIeTCs C
KJaccudHUKaLueil TeKCTOB.

Jloructuyeckas perpeccus

HECMOTpH Ha Ha3BaHHE, JIOTUCTHYECKAA PErpeccisa — 3TO METOA KJIACCH-
dukawpu. Ouenb acdexTHBHBINA MeToz, koraa Tpebyercs: KJaaccubHLu-
POBATh TEKCTI; a JOCTUTAETCSl ITO MOCPEACTBOM BbINOJIHEHHsI PETPECCHH
ZJ1S1 TOTHCTHYECKO# (YHKLMHU — OTCIOJ1a U Ha3BaHHe.
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HemMHOro MmaremMaTuky Ha NnPOCTOM
npumepe

Yto6bl MOHATH, KAaK paboTaeT JIOrHCTHYECKAs! PErPeCCHsI, PACCMOTPUM
cenyiouuii npuMep, B KOTOPOM Ha rpadMK HaHeCEeHbl 3HAYEHHsT THIIOTe-
THYeckoro npi3Haka X u coorBerctByomue kaaccol, 0 u 1. Kak Buanm,
JAHHbIE 3alIyMJIEHbI, TAK YTO KJIaCChl EPEKPHIBAIOTCA B IHaNa30He 3Haye-
HHit npu3Haka ot 1 10 6. [ToaToMy nyuiiie MoieIHPOBaTh He CAMU AMCKPET-
Hble KJIaCChl, @ BEPOSITHOCTb TOTO, YTO 3HAYeHHe NMPH3HAKA MPHUHAAJIEXXHUT
kaaccy 1, — P(X). Vimest Takyio MozieJib, Mbl CMOXeM CKa3aTb, YTO oOpasel
npuHagaexut kiaccy 1, ecniun P(X) > 0.5, u knaccy 0 B npoTHBHOM CJiyyae.

1.2
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3HavyeHHe NprU3HaKka

C ToYKM 3peHHs1 MaTeMaTHKH, BCET/a TPY/THO MOJIEIHPOBATH BEIHYHHY,
MMeIOILYI0 KOHeYHYI0 006J1acTb 3HaUeHH, HapHuMep, AHCKPETHble METKH
0 1. Ho MoXHO BBecTH B pacCMOTPeHHe BepOsSITHOCTH, KOTOPbIe BCeraa
HaxozsTtcs mexay 0 11 1. [lnist aToro Ham noTpedyeTcst OTHOLEHHE LIAHCOB
U ero siorapucdm.

JonyctuM, BeposITHOCTb TOTO, UTO MPH3HAK NMPHHAMJIEXUT Kjaaccy 1,
paBHa 0.9 — P(y=1) = 0.9. Toraa oTHoOLIEHIIe LIAHCOB ONpeAessieTcsl KakK
P(y=1)/P(y=0) = 0.9/0.1 =9. Mo>xHO cka3aTb, UTO LIAHCHI TPU3HAKA MO-
nactb B knacc 1 pasubl 9:1. Ecaint P(y=0.5), To waHce! nonacts B kiace 1
paBubl 1:1. OTHoLIeH e WIaHCOB cHIZY orpaHuyeHo 0, a cBepxy 6eckoHeu-
HoCTbIO (JIeBblit U3 /IByX rpadukoB Huxe). Ecan B3siTh ero norapudm, To
MOXHO Oyzser 0TOOpa3HTh MHOXECTBO BEPOSITHOCTEN B AuanasoHe oT 0
1o 1 Ha BCIO BeLIeCTBEHHYIO OCb OT MHHYC /0 MUTIoc GeckoHeuHOCTH (Tpa-
BbIH U3 IBYX rpacikoB). BaxxHo, uTo 3TO 0TOOpaXkeHHe MOHOTOHHO — YeM
GoJbllIe BEPOSATHOCTD, TeM Gosiblie JiorapudM OTHOLIEHHS! LAHCOB, — Ofi-
HaKO MBI yKe He OTPAHHYeHbl TOJIbKO 3HayeHussMu 0 wiu 1.



Joructuyeckas perpeccus l . - -

o
) = log{(P/{1-P}
o

odds = P [ {1-P}

ITO 03HAyaeT, YTO Telepb Mbl MOXEM IMOJOTHATh JIMHEHHbIE KOMOU-
HallMM HalMX MPU3HAKOB (A3, cefyac MPU3HAK TOJbKO OIMH, K TOMY
JKe KOHCTaHTHbIH, HO 3TO CKOPO HM3MEHHTCs1) 1o 3HaueHus: log(odds).
To ecTb Mbl 3aMeHsieM JMHeiiHYI0 QYHKUMIO ¥y, = ¢, + c X, pyHKuMeit

Pi |- ¢y, +cx (noacrasnsis log(odds) Bmecto y). Pewas aro
I-p 1
ypaBHeHMe OTHOCHTEJIbHO p, IoJlyyaeM P; = W .

Ham Hy>HO Tos1bKO NOA06paTh K03hdULHEHTDI, TaK YTOOBI 3Ta Gop-
MyJIa laBajla HaMMeHbILKe NOTPeLIHOCTH /s BeeX nap (X, p,) U3 Hallero
Habopa. Ho kak pa3 ato ymeer aenatb 6ubauoreka scikit-learn. ITocae
TOrO Kak K03¢ULIHEHTDI HaliIeHbI, Mbl MOXKEM 10 3TOI HOpMYJie BbIYHKC-
JIMTb BEPOSITHOCTb MPHHA/JIEXKHOCTH J11060ro HOBOro obpasua kiaccy 1.

log

>>> from sklearn.linear_model import LogisticRegression
>>> clf = LogisticRegression ()
>>> print(clf)
LogisticRegression(C=1.0, class_weight=None, dual=False,
fit_intercept=True, intercept_scaling=1, penalty=12, tol=0.0001)
>>> clf.fit (X, y)
>>> print (np.exp(clf.intercept_), np.exp(clf.coef .ravel()))
[ 0.09437188] [ 1.80094112)
>>> def lr_model (clf, X):

return 1 / (1 + np.exp(-(clf.intercept_ + clf.coef_ *X)))
>>> print ("P(x=-1)=%.2f\tP(x=7)=%.2f"% (lr_model (clf, -1),
lr_model (clf, 7)))
P(x=-1)=0.05 P(x=7)=0.85

BeposiTHO, Bbl 06paTHIM BHUMaHue, 4TO scikit-learn Bo3Bpawaer nep-
Bblii K03 bULHEHT — CBOOOAHDII YIeH — B CMIELIMATLHOM MOJIE intercept .
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N306pa3uB HaiineHHy0 Moaesb Ha rpacuKe, Mbl YBUANM, YTO OHA OT-
JINYHO COIJIACYeTCsl C JAaHHBIMM.
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lpumeHeHne norucTN4ecKou perpeccmnu
K 3agade knaccugpukaynm

[Tpu3Haemcst, yTO MpUMep U3 NPeAbIAYILETO pa3/ieia ClelHaNbHO Bbl-
6paH [J1s1 IEMOHCTPALMH KPACOTHI JIOTMCTHYECKOil perpeccuu. Ho kak oHa
nioBezieT cebsl Ha peasibHbIX 3alIyMJIEHHBIX JAHHBIX?

B cpaBHeHHH ¢ k1accUBUKAaTOPOM Mo OmkaiimnuM coceasam (k=40) He-
MHOTO JIyyllle, HO KApDAWHAJIbHO CUTyalUsl He U3MEHUJIACh.

MeTon mean(scores) stddev(scores)
LogReg C=0.1 0.64650 0.03139
LogReg C=1.00 0.64650 0.03155
LogReg C=10.00 0.64550 0.03102
LogReg C=0.01 0.63850 0.01950
40NN 0.62800 0.03750

3xecp Moka3aHa BEPHOCTD ISl Pa3JIMYHBIX 3HAUEHMIT mapameTpa pe-
ryasipudanyu c. OH MO3BOJISIET YNPABJISITh CJIOKHOCTBIO MOZIENH, KaK Ma-
pameTp k 1Jis1 MeToa Gumkaitiux cocezieil. YeM MeHblle C, TEM Bbllle
mtpad 3a CJI0XKHOCTb MOJEJH.

Bernblit B3rasa Ha AMarpaMMy CMelleHHs - AMCIIEPCHH TSI BADHAHTA C
C=0.1 MOKa3bIBAET, YTO Y Halleil MOJEeNU BbICOKOE CMEllleHHe — KpUBble



He 86pHOCTH0 SHHOR — ToMHOGTS M NOTHOTa T | |12

NOrpenIHocTeii Ha 00yYaloIMX I TECTOBbIX AaHHBIX OJHM3KH, HO OCTAIOTCS
Ha HeIONMYCTHMO BHICOKOM yPOBHE. TO 0311a4a€eT, YTO aITOPHUTM JIOTHCTH-
YECKOM perpeccuu MpH TeKYLIeM IPOCTPAHCTBE MPH3HAKOB HEA00OYyYeEH,
M103TOMY MOJI€JIb He MIOJHOCThIO OTPa)KaeT 0COOEHHOCTH JAHHbIX.

" Bias-Variance for 'LogReg C=0.10'
NOrpewHoCTb Ha TeCTOBbIX AaHHbIX
T NOrpewHocCTb Ha o6yqa»ou.mx AaHHbIX
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U yto Tenepb? Mbl CMEHWIN MOJEb, CAENAIH JJIsl €€ HACTPOIKH BCe,
YTO MOIJIM NMPH HbIHEUIHEM YpOBHE 3HaHWM, HO Y/IOBJETBOPHTEIbHOIO
KJaccudUKaTOpa TaK M He MOTyYHIIH.

Bce cunbHee nogo3penue, UToO JaHHbIE CIMILIKOM 3alllyMJIEHBI AJ1s1 3TON
3ajlayv WM YTO Halll HabOp NPU3HAKOB HE M03BOJISAET Pa3/iM4aTh KJIACChI
C IOCTaTOYHOMH YBEPEHHOCTBIO.

He BepHOCTbIO eAUHOWN — TOYHOCTb
M NOJIHOTA

OTcTynuM Hasai ¥ NoAyMaeM, Yero Mbl XOTMM AocTHYb. Ha caMmom aeie,
HaM He HyXeH KJ1acCU(UKATOP, KOTOPbLii TOYHO OMPCAEJsIET XOPOUIKE U
IJIOXHE OTBETbl B TEDMUHAX BEPHOCTHU. Ecain Obl Mbl CMOTJIM HACTPOUTD
KJ1acCU(pUKATOP, TaK YTOOBI OH 0COOEHHO XOPOLIO MPEACKA3bIBAT KaKOM-
TO OMH KJIacC, TO CyMesiu Obl COOTBETCTBEHHO OpPraHU30BaTh 00PaTHYIO
CBsI3b C moJib3oBaresieM. Ecau Obl, Hanpumep, kaaccugpukKaTop Bcerga
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PaBUJIbHO ONIPEeAeIsiI, YTO OTBET NJIOXOil, TO MBI HHYETO He co0bwasH Obl
TN0J1b30BaTeI0, MOKA KJacCU(PHUKATOP He CKaXKeT: «ITO IJIOXOI OTBET».
Haobopor, ecnu 651 k1accubUKaTop reHHalbHO NMPEACKa3blBaJ XOpOLIHe
OTBETBI, TO MbI MOTJIH OBl MOKa3bIBATh MOJIE3HbIE MOACKA3KH B Havajle U
y61paTb HX, Koraa knaccugHuKaTop NPHU3HAET OTBET XOPOLIHM.

Yro6bl y3HATh, B KAKOH CHTyal[HH Mbl HAXOAMMCS, OHAA00HTCS yMe-
HH{e M3MepPSTb TOYHOCTb M TMOJHOTY. A NMOHSATH, YTO 3TO TaKOe, HAM Mo-
MOXeT cslefyiouasi Tabanua, B KOTOPOil 1MplBeAeHbl YeTbIpe Pesy ibTaTa
KJaccudukaumm.

KnaccuduuuposaH kak
MonoxutenbHbin OTpuuaTenbHbin
§ MonoxuTensHblt | UICTUHHO JloxHooTpuuaTenbHbl
Ha camom nonoxurensHolt (TP) (FN)
fAene OTpuuatensHblii | JToxHononoxutensHbit | UICTUHHO
(FP) oTpuuartensHbiv (TN)

HanpuMep, ecnn knaccudUKaTop ONpesesserT, 4To obpasel MoJI0XH-
TeJIbHBIMH, U OH AEeHCTBUTENbHO MOJOXHUTEIbHBIH, TO UMEET MECTO MCTHH-
HO MOJIOXKHUTENbHbI pe3ynbTat. C Apyroit CTOPOHBDI, eC/IH KJIaccH(UKATOP
onpefieifieT, YTo 06 pa3ell OTpULIATENbHBIIH, XOTSA Ha CAMOM JIeJIe OH MOJI0-
XHTEJNbHBII, TO IMEET MECTO JIOXKHOOTPULATENIbHBII Pe3yJIbTaT.

Hawm Hy>HO, 4T0ObI 6b171a BBICOKA 4acTOTa MPaBUIbHOTO NpeACKa3aHUs
X0Ts1 6bl 0IHOTO KJ1acca, Heobsi3aTesibHO 060omX. To ecTb TpebyeTcst, YTOObI
KOJIMYECTBO HCTHHHO TMOJIOXKUTENbHBIX PE3YJIbTATOB ObLJI0 MAKCHMAJIBHO.
ITO CBOMCTBO XapaKTePU3YeTCs] TOUHOCTBIO:

TP

Tounocmp = ————
TP + FP

Ecnu 6bI, HalmpoTHB, Mbl XOTE€JI1 NMPABHJIbHO ONPEAEJATb KaK MOXHO
60J1blLIE MJIOXUX WIH XOpOoUHX OTBETOB, TO HAC HHTEPECOBAJIa OblI MOJIHO-
Ta:

TP

Hoanoma = ——
TP + FN

Ha PHUCYHKE HHXX€ TOYHOCTb — 3TO OTHOLIE€HHE IJIOUaAH NepeceYeHusa
K Ijiomiaiy nmpaBoro 3JIMIICa, a NMOJIHOTA — 3TO OTHOILUEHHE IJIOLIA/IA Te-
pPecedyeHHs K MJaoiaaH JeBoro aJjajaHIica.
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Ortserbl,
KnaccugHuUpoBaHHble
KaK XOpPOLWHE 1 Ha caMOM
Aene aAsnsowmecs
TaKOBbIMH

(TP)

Bce otBertbl,
KnaccuuumpoBaHHble
KaK xopolwwue
(TP + FP)

Bce xopowwne
oTBeTHI

(TP +FN)

Hy u Kak e HaM MaKCHMHM3MPOBATb TOYHOCTb? [0 CHX MOP B KayecTBe
10pora, OTJIMYAIOILEro XOPOLIHI OTBET OT MJ10X0ro, Mbl Opasu 0.5. A Te-
nepb Mbl MoXxeM BbiuMCauTb TP, FP u FN, Meusist mopor B inana3oxe ot 0
10 1. 3Hast 3TH BEIMYMHBI, MbI 3aTEM CMOKEM TMOCTPOUTb rpapuK 3aBHCH-
MOCTH TOYHOCTH OT MOJIHOTBI.

Bce BbluMcieHust 3a Hac npoaenaeT (DYHKIIIS precision_recall
curve() U3 MOAYJs metrics:

>>> from sklearn.metrics import precision_recall_curve
>>> precision, recall, thresholds = precision_recall_curve(y_test,
clf.predict (X_test))

IIpuemnemoe kayecTBO NpeACKa3aHHUsi ONHOTO KJjacca He O3HAyYaer,
4TO U APYTOii KJacc npeacKa3blBaeTCsl CTOJb Xe XOpOollo. ITO BUAHO U3
cleayoUUX ABYX rpadpuKoB, rae H306pakeHbl KPUBbIE 3ABUCUMOCTH TOY-
HOCTH OT MOJIHOTBI 151 KJ1accubuKaLuu MI10XuX (JeBblit rpaduk) 1 Xopo-
wux (npa.blii rpadMk) OTBETOB.
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HO MHTEPNPETUPOBAaTb Kak CPEAHIOI TOYHOCTb knaccudukaropa. Ans

-,
Q KayecTBa knaccudukaropa — nnowaas nog kpusoi (AUC). Ee mox-
CpaBHEHWA pa3Hbix KnaccudukaTopos OHa O4eHb yA00Ha.

Kaxk BuaHO, Mbl MOXeM 3a0bITb O NPEeACKA3aHUH MJIOXMX OTBETOB (JIe-
BbliT rpaduk). TOYHOCTH BBICOKA TOJIBKO NMPII OYEHb HU3KOH MOJIHOTE, a
3aTeM OCTaeTCst Ha HelpHeMyeMO HU3KOM ypoBHe 60 mpoLeHTOoB.

YTo 5xe KacaeTcsi XOPOIINX OTBETOB, TO Mbl MOXEM MOJYYHTb TOYHOCTh
Boiite 80% npu moaHote moutn 40%. HaiineM, kakoe 4jist 3TOro HY>XHO
noporosoe 3HaueHue. Bo BpeMsi 06yyeHHst HECKOIbKUX KJaccudukaTo-
POB Ha pa3HbIX rpynnax (BCHOMHHTE O (DYHKUHHU KFold()) HaM HYXXHO
otobpaTh kiaccHdUKATOp He CIUIIKOM XOPOILIHIi M He CJIMILKOM ILJIOXOH,
JAIOLIMiT peaIMCTUYHBIN B3rIsi Ha Belu. HasoBeM ero cpeiHNM KJIOHOM:

>>> medium = np.argsort (scores) [int (len(scores) / 2)]

>>> thresholds = np.hstack(([0],thresholds[medium]))

>>> idx80 = precisions>=0.8

>>> print ("P=%.2f R=%.2f thresh=%.2f" % (precision([idx80][0],
recall [idx80]) [0), threshold[idx80]([0]))

P=0.80 R=0.37 thresh=0.59

3aziaB Mopor 0.59, Mbl CMOXEM JIOCTHYb TOYHOCTH ONpeseseH sl XO-
pourx orBetoB 80% npu HU3KOM nosHoTe 37%. JTO O3HAYAET, YTO MBI
Gynem pacno3HaBaTh TOJbKO OAMH M3 Tpex xopouux oTeToB. Ho yx arta
TpeTb GyzeT AeiicTBUTENBHO Xopolueii. YTo 0 0CTaNbHBIX, TO MBI MOXEM
BEXUIMBO MPEIOKHTH 00lMe COBETLI O TOM, KaK yJIYyUIINTh KauyecTBO OT-
BETa.
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LITO6bI NPHUMEHUTDb ITOT 11OPOr K NIpoueccy IipeacKa3aHus, HYXHO
BOCMO0J1b30BaThCsl PyHKUMCII predict _proba(), KOTOpasi BO3BpaLlaeT Be-
POSITHOCTH KJIACCOB, a Iie ¢yHKLIIeil predict (), Bo3BpallaoLieii caMu
KJ1aCChbl.

>>> thresh80 = threshold[idx80] (0]

>>> probs_for_good = clf.predict_proba(answer_features) [:,1]
>>> answer_class = probs_for_good>thresh80

Y6emnbcn B TOM, YTO MbI 10MN4/1a€M B )KeJlaeMblii AHana3oH TOYHOCTH
PlHOHHOTH,nOBBOHHT(byHKuMHclassiﬁcation_reporu

>>> from sklearn.metrics import classification_report

>>> print (classification_report (y_test, clf.predict_proba [:,1]>0.63,
target_names=['not accepted', 'accepted']))
precision recall fl-score support
not accepted 0.59 0.85 0.70 101
accepted 0.73 0.40 0.52 99
avg / total 0.66 0.63 0.61 200

HEe ONYCTUMCSA HUXE TON TOYHOCTU U NONHOTLI, ANA KOTOPbIX 6bin onpe-

M OTMeTUM, 4TO UICNONb30BAHWE NOPOra He rapaHTUPYET, YTO Mbl HUKOrAa
Q AeneH Nopor.

YnpoweHue knaccudukaropa

Bceraa mnMeer cMbics TocMOTpeTh Ha (pakTHyYecKilii BKJIaj OTAEJbHbIX
npu3HakoB. B ciyuae sorictuyeckoii perpeccus Mbl MOXeM MOJYYHUTb
npeacTaBjeHHe O BAUSIHUU MPH3HAKOB NMPSIMO MO HalileHHbIM B NpoLec-
ce obyuyenust KoapbuunenTam (clf.coef ). UeM Bbille KO3hGHUUEHT
NpH NpU3HaKe, TeM GOJIbLIYIO POJIb 3TOT NPU3HAK HITPAET B ONpeaeeHHH
KayecTBa cooOLIeHHsl. A OTpHLATe/IbHbIC KO3(QIUIIEHTbl 03HAYAIOT, YTO
BbICOKOE 3HaYeHHe COOTBETCTBYIOLIEro NPH3HAKA CBUETENbCTBYET O TOM,
4TO OTBET IJIOXOH.

Kak BuaHO Ha puCyHKe HH)Ke, HanOoJibllee BJMsIHHE Ha PellieHHe Kaac-
CHdndKaTopa()KHSbHHHOT NMPpH3HAKH LinkCount, AvgWordLen, NumAllCaps H
NumExclams, TOIA KaK NumImages (MPI3HAK, KOTOPbIiT Mbl BBEJIH B IOCJI€/-
HIOIO CEKYH/Y NMPOCTO AJis1 ACMOHCTPALMU) U AvgSentLen MIPAIOT KyAa
MEHbILY10 poJib. B 11e710M Ba)KHOCTb 11PU3HAKOB COTJIACYETCSI C UHTYHLIH-
eii, HO TOT ¢aKT, YTO NumImages MPAKTHUYECKU UTHOPHPYETCsl, BbI3bIBAET
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yausjeHue. O6GbIMHO OTBETHI, COAEPXKalliie KAPTUHKH, KOTHPYIOTCSI Bbl-
coko. Ho Ha npakTHKe OTBETOB, COAepKalllMX KApTHHKH, oYeHb MaJio. To
€CTb B IPUHLIKIE NMPII3HAK OYeHb MOJIe3HbIi, HO HACTOJIBKO PeAKUi, 4TO
peaybHOMN LEHHOCTBIO He obanaet. Ero MoXHO CMOKOIHO ONMyCTUTDb — Ha
KayecTBe KJ1accHUKALMH 3TO He OTPa3UTCS.

BaxxHocTtb npu3Hakos gna LogReg C=0.10
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K noctaBke rotos!

JonycTuM, Mbl XOTMM WHTErPUPOBATb 3TOT KJIACCU(MUKATOP C CAIHTOM.
Yero HaM TOYHO He HaJl0, TaK 3TO MOBTOPHOrO 00YyYeHUs BCAKUI pa3, Kak
3anyckaetcs c1yx6a kJaaccudukaunu. A HaZlo cepHanan3oBaTh KIacCHOH-
KaTop nocJie 06y4yeHHs U 3aTeM JleCepHai30BaTh B MIPOLIECCE Pa3BEPThI-
BaHHUs1 Ha caiiTe:

>>> import pickle

>>> pickle.dump(clf, open("logreg.dat", "w"))
>>> clf = pickle.load(open("logreg.dat", "r"))



Pestome Ll [13s]

Hy Bor, Teneps knaccudiikatop rotos k paboTe, kKak GyATO €ro TOJIbKO
06yunu. [puHiiMaiiTe no3apasJeHisi!

Pe3iome

Mbr caenanu ato! [Iisi oyeHb 3allyMJICHHOTO Habopa JaHHBIX MbI I10-
CTPOMJIH K1accUUKATOP, KOTOPBIi pelllaeT MOCTaBJeHHYIO 3aa4y XOTsI
6b1 yacTuuHo. [IpaBaa, HaM MPHLLJIOCH MOMTH HA MIOBOAY y NMParMaTHKU U
HEMHOT0 U3MEHUTDb NePBOHAYAJIbHYIO LieJIb, HHAY€ OHA OCTasach Obl HeLo-
cTHKHUMOit. Ho nomnyTHO MbI y3Ha/IM 0 CHJIbHBIX U C/IAObIX CTOPOHAX AJIr0-
puT™Ma 6aMKaiMX cocene H JIOTHCTHYECKO# perpeccu. Mbl HayYHIUCh
BbI/1€JIATb TaKHE NMPU3HAKH, KAK LinkCount, NumTextTokens, NumCodeLines,
AvgSentLen, AvgWordLen, NumAllCaps, NumExclams U NumImages, H aHAJIU3H-
POBaTb UX BJIMSIHHE HA KAYECTBO KJIACCU(UKALMH.

Ho ewie ueHHee ToT ¢akT, YTO Mbl MOHSIH, KaK 1|eJIEHANPABJE€HHO OT-
JIAXUBATh MJ10X0 paboTtamoiine kaaccudukaropsl. B 6yayiiem atoMm mno-
3BOJIMT [OBOAMTb CHCTEMBI 10 PabOTOCMOCOOHOIO COCTOSIHUS TOpasio
ObicTpee.

[To3HaKOMHUBILKCH C MeTOAOM OIKAUIINX coceneil U JIOTHCTHYECKON
perpeccueil, B cieayiollieil rjiaBe Mbl pacCCMOTPMM ellle OAWH MPOCTOI,
HO 3(p(PeKTHBHBII ANTOPUTM KJacCH(PUKALMK: HauBHBbIii GaiiecoBCKUA.
M no xomy mena u3yuyuMm OOMOJHHTEbHbIE CPEACTBa U3 OMOIMOTEKH
scikit-learn.



FJ1ABA 6.
Knacendukauusa Il — ananus
SMOLMOHAJNIbHOM OKPUCKM

Jlns koMNaHMIl XXH3HEHHO BaXXHO BHUMATEJIbHO CIeHTh 3a TeM, Kak 00-
LIECTBO pearnpyeT Ha TakHe 3HaYMMble COOBITHS, KaK BbIBOJ Ha PhIHOK HO-
BOTO MPOIYKTa IJIH BBIMYCK Tpecc-peJii3a. B Haiuu 1HH, Koraa Tak JIerko B
PCAJIBHOM BPEMEHH UHTaTh CO001IeHHsI N0/1b30BaTesteit B TBHTTepe, CTaIo
BO3MOXKHO KJacCH(INMPOBATH TBITHI MO 3MOIHOHAJIBLHOI OKpacke. JTa
TCXHOJIOTHS, KOTOPYIO HHOT/Ia Ha3blBAIOT TaKXe «100blueii MHeHHIT», Ha-
XOUTCS Ha MepeaHeM Kpae MCCJIef0oBaHuil, Il HECKOJIbKO KOMIMaHHil yxke
npozaaiot noaobusle yeayri. Hy a pas cyuiectByeT crnpoc, To y Hac ecTb Bce
OCHOBAHHS MOTPEHIIPOBATh MOAPOCUIME B NPE/LIAYLICIT rJ1aBe MYCKY.JIbI,
paspaboTtaB cOOCTBEHHBIIT Kaacci(uKaTop aMoLutil.

NMnaH aeincreuin

AHanu3MpoBaTh AMOIIIOHANLHYIO OKPACKY TBIITOB OCOOCHHO CJIOXHO H3-
3a orpaHilyeHiist Ha paamep TBuTta — Bcero 140:cumBosio. OTcioaa u cne-
LHAMBHBIT CHIITAKCIIC, H HeCTalLAAPTHBIC aGOpPCeBIATYPBI 11 HEMPABILIBIIO
nocTpoeHHble mnpeanoxerist. TuunmaHblii NOAXOM — TIpaMMaTHYecKIli
aHaJIN3 NPCUIOAKCHNIL, arpernpoBatie aMoIHoNaAbLHOIT HilopMaLHi Mo
ab3auam M, HaKOHell, BbIYHCIEHHE OOIICiT IMOIIIONAJILHOI OKPACKH 110~
KYMEHTa — 3/1eCb He IOANTCSI.

IToHATHO, YTO MBI He CTaBHM LICJIbIO CO3/laliHe BLICOKOKAUeCTBEHHOTO
kJaccudikaropa amounit. Hawa 3agaya ckpomee:

* BOCMOJIb30BATBCSI 3THM MPIMEPOM JUIsT 3HAKOMCTBA €ellle C OfHHM
QJITOPIITMOM KJ1acciibHKaIliii, HAUBHBIM GaileCcOBCKHM;

*  06DBACHUTD, KAK pabOTaeT yacTepeyHasi pa3MeTKa 11 YeM OHa 11aM
TOMOJET;

* TPOJICMOHCTPHPOBATL HOBbIE NpieMbl paborbl ¢ GibAHOTEKOI
scikit-learn, KoToOpbIC H110I71A OKABLIBAIOTCS 110JIE3HBIMIL.



BeepneHue B HausHbIi Banecosckmi knaccudukatop !.--
YTeHue paaHHbIX U3 TBUTTEpa

EcTecTBeHHO, HaM MOHAA00STCS TBUTBI H aCCOLLMHMPOBaHHbIE C HUMH MeET-
KH, ONHCBIBAIOLIHE IMOLIMOHANIBHYI0 OKPACKY: MOJIOKUTENbHYIO, OTPHULIA-
TeJbHYI0 HIH HellTpasibHyto. B 9Toil riase mbl 6yaem paboTath ¢ Kopny-
com u3 6osiee 5000 TBHTOB, KOTOPLILT BpyuHyio pazmetua Huek Canaepc
(Niek Sanders); Goabuioe emy crnacubo 3a Jo6e3noc paspeleHue BoC-
NOJ1b30BaThCsl MJIOJAMH 3TOI'0 TMFAHTCKOro TPYAA.

Yrobbl He HapylaTh yCJOBUS 00CaY)KMBaHMs], Mbl HE CTAHEM B KHH-
re MPUBOAMUTb HH CAMH TBHTDI, HH KakHe-JHOO AaHHble, oNyYeHHbIe U3
TsuTTepa, a 6yaem noJib3oBaTbes pazmeueHHbIMH CaHAepcoM JaHHDIMI,
B KOTOPbIX YKa3aHbl HAeHTH(UKATOP TBHTA H MPOCTaBJElHHAsk BPYYHYIO
IMOLHOHAIbHAsI OKPACKa, a TAK)Ke MOKA3aHHbIM HMXKE CKPUIITOM install.
py, KOTOpbI 3arpy>acT COOTBETCTBYOIUME TBUTLL. [TOCKO/bKY cKpinT
CTPEMHTCs1 He MeperpyxaTb cepBepbl TBUTTepa, 475 ckauliBaHHs Gosee
5000 TBuTOB NoTpebyeTcs iiekoTopoe BpeMsi. Tak yTo 3anyckaiite ero
npsiMo ceifvac.

JaHHble cOMpOBOXAAIOTCS OAHOII H3 YEeTbIPpeX METOK IMOLHOHANbHOI
OKpPacKH:

>>> X, Y = load_sanders_data()

>>> classes = np.unique(Y)

>>> for ¢ in classes: print("#%s: 2i" % (c, sum(Y¥Y==c)))

#irrelevant: 490

#negative: 487

#neutral: 1952
#positive: 433

B ¢yHKuNM load_sanders_data () Mbl O0beMHsIEM HEpPeeBaHTHbIE 11
HeHTpaJibHble METKH B OAHY — HeliTpanbHYI0 — U 0TOpacbiBaeM TBUTDI Ha
Mo6bIX SI3bIKAX, KpOME aHIJIMHCKOro, TAK YTO B MTOre moayu4aercs 3362
tBUTa. EC/11 y Bac mostyumsinch Apyrie cueTYMKH, To, ObITH MOXKET, 32 NPo-
wie/ilee BpeMsi HEKOTOpble TBUTLI ObLH YAAIEeHbI HJTH CAe/IaHbl 3AKPbITbI-
miu. B TakoM cayyae ymcsa u rpaduki B nocjeayomux pasaenax 6yayt
BBITJISIAETH HEMHOTO HHAye.

BeBepeHue B HAaUBHbLIN
6anecoBckuit knaccudukaTop

HauBHas 6aiiecoBckas knaccudukalmsi — noxxanyii, OiMH U3 CaMbIX dJie-
FAHTHBIX IPAKTHYECKH HCMOJIb3YeMbIX aIrOPUTMOB MAlUIIHHOTO 00yue-
Hus. Bonpeku cBoeMy Ha3dBaHHIO, OH OTHIOAD He TakK HalBCH, €CJIM CYAHTb
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no kavectBy pe3yJjbTata. OH YCTOHYNB K HepeJeBAHTHBIM NPH3HAKaM,
KOTOpbIe nonpocty uriopupyet. OH 6bicTpo 06yyaeTcst 1 GbICTPO BO3BPa-
uaet npeackasanue. OH norpebsisieT He oueHb MHOTO naMsTH. Tak nove-
My K€ ero Ha3bIBaIOT 1IANBHBIM?

CJ/10BO «HaHBHBI{I» OTHOCIITCS K MPEANOJIOXEN 0, HE0OXOAUMOMY st
onTHMasibHON paboTsl GaitecoBckoro kaacciipukaropa. COCTOUT OHO B
TOM, UTO MPHU3HAKH HE OKA3bIBAIOT BJIMsIHIISA APYT Ha Apyra. B peanbHbix
MPHJIOXKEHHSIX TaK ObIBaeT pefiko. I, TeM He MeHee, Ha NPAKTHKe BEPHOCTh
3TOTO AJITOPHTAIA IOCTATOYHO BBICOKA, aXKe eCJIH MPeANoJIoXKeHHe O He3a-
BHCHMOCTIH MPH3HAKOB He ONMpPaB/bIBAETCSI.

O Treopeme barieca

ITo cyTu cBoeil, HanBHas 6aitecoBckast kaccHdHKallst — He YTO HHOe,
KaK OTCJIeXKHBAHHE TOT0, KaKOH MPH3HAK 0 KAKOM KJl1acce CBH/ETe/IbCTBYeT.
Croco6 npoeKTIPOBaHIisl TPU3HAKOB OMpPeJiesieT MOJieJlb, HCIOIb3YeMYIO
ansi obyucHus. B mopenn Bepuymnm gomyckaioTcsi Toabko OysieBbl
NPH3HAKH; BCTPEYAeTCsl CJOBO B TBHTE OAWH Pa3 MJM HECKOJbKO, He
1MeeT 3HaueHHs. HanpoTus, B MyJIbTHHOMHABHOIT MOZIe/TH NMPH3HAKAMH
SIBJISTIOTCSl CYETYMKH CJIOB. [IJ1s1 MPOCTOTBI MBI BOCMOJIb3YeMCSI MOJZIeJTbIo
BepHyn, 4TGB! 06BACHHTD, KAK HAaHBHBII GaiiecoBCKHIl KaccubHKaTop
NpHMeHseTCsl IS QaHAIM3a 3MOLMOHAJIBHOII OKpPacku. A 3ateM — sl
obyyeHHst U HACTPOITKM peasbHBIX KJaccHbHKATOPOB — repeiineM Ha
MYJIbTHHOMHAJILHYIO MOJIEJb.

BBenem caeayouine nepeMeHHble:

NepemenHan | HasHaueHue

C Knacc T1BuTa (NONOXUTENBHLIN MAN OTPULATENbHBIN)
F B TB8UTE XOTA 6bl 0AMH Pa3 BCTPEYaEeTCH CNOBO

4 «awesome» (BOCXNTUTENbHbIN)
F B TBUTE XOTA 6bI OANH Pa3 BCTPEYaETCH CNOBO

2 «Crazy» (4yMOBOM unn aypaukuia)

B xozie 06yueHHsi Mbl TOCTPOMJIM HAHBHYIO OaiiecOBCKYIO MOJIeJb, KO-
TOpasl BO3BpallaeT BePOSATHOCTh kJacca C, ec/in H3BECTHbI MpH3HaKK F, 1
F,. 9Ta BeposiITHOCTDb 3anucbiBaetcs B Buae P(C |F,, F).

IMockosnbky Mbl He MoxeM ouennts P(C|F,, F,) HenocpeacTseHHo, TO
npumMetsieM dopmy.ty, n3obperernyio Baiiecom:

P(A) - P(B|A) = P(B) - P(A|B)
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Ecsn cunrath, 4To A — coObITHE, COCTOSLILEE BO BXOXKAEHHH 06OHX CJIOB
<«awesome» U «crazy», a B — npuHaanexHocts TBiTa kaaccy C, To nosy-
uiTCst opMyJia, KOTOPast BIOCJeACTBHIT OMOXeET HaM BbIYHCINTb BEPO-
SITHOCTb MPHHAAIEXKHOCTH 00pa3lia yKasaHHOMY KJ1accy:

P(F, F))- P(C|F, F,) = P(C) - P(F, F|C)
310 nossossiet Buipasutb P(C|F,, F,) uepes apyriie BeposiTHOCTH:
P(C)-P(F,F,|C)
P(F, F)

P(C|F, F,) =

Mo>kHO 3anHcaTbh 3TO M B TAKOM BHJE:

posterior - likelihood

prior = :
evidence

prior u evidence HaiiTH JIeTKO:

* P(C) - anpuopiiasi BeposiTHOCTb KJ1acca 6e3 KakuX-a160 3HaHUH 0
nanHbix. OLeHHTDb ee MOXKIO, HAaNPsMYI0 MOACYHTAB 10J110 00yya-
IOLUX MPUMEPOB, NPHHAaLJIeXKaHX JaHHOMY KJ1accy.

* P(F, F,) - cB1A€TENbCTBO, NI BEPOSTHOCTb OAHOBPEMEHHOTO Ha-
JMyus npu3HakoB F u F,

HetpusuanbHas vacte — Bbluucaenne npaspononobus (likelihood)
P(F,, F,|C). 9ta Be/iuiHa roBOPUT O TOM, HACKOJILKO BEPOSITHO YBHAETD
npusHaku F, u F,, ecnn Mol 3HaeM, 4To obpasen npuHamnexut knaccy C.
Ilns1 ee OUEHKH HY)KHO HEMHOTO MOAYMATh.

Y10 3HaYNT 6bITH HANBHBIM
U3 Teopuu BeposITHOCTH M3BECTHA cJieaylolas hopMyJia:
P(F, F,|C)=P(F,|C)- P(F,|C, F)

Ho cama no cebe oHa MaJio YTO AaeT, MOTOMY YTO Mbl 3aMEHSIEM OJIHY
TpyaHy1o 3ana4y (ouenka P(F,, le C)) npyroii, He MeHee TPYAHOIi (OlLIEHKA
P(F,|C, F)).

Onuako ecnu HaMBHO MPEANONOXHThb, uTo F, 1 F, HesaBucumbl, TO
P(F2| C, F,) ceonutcst k P( F,| C), u Mbl MOXeM 3anicaTb:

P(F, F,|C) = P(F,|C) - P(F,|C)

Cob6upasi Bce BMeCTe, 0J1yuaeM BITOJIHE yA060BapUMY IO (hopMyJTy:
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P(C)- P(F||C) - P(F,|C)
P(F, F)

P(C|F,F,) =

JIio6onbiTHas BEIIlb: XOTSI TEOPETHYECKH HCMPAaBHJIbHO BLIABHUTATb MPO-
H3BOJILHbIE MPEATNOJOXKEHHSI NMOA HaCTpoCHMHe, B JaHHOM cJy4ae Takoii
noaxoaA Ha yAHBJIEHHE XOpOLO paéo‘rae‘r B p€aJjblibIX 3a/layax.

Ucnonb3oBaHne HanBHoro 6ariecoBcKoro
anroputTmMa A4nsa knaccugpukaymmn
HOJIy‘IHB HOBbIl"l TBHT, MbI JOJIXKIIbI TOJILKO BLIYHCIHTD Bepomuocm:

P(C = "pos”) - P(F,|C = "pos’) - P(F,| C = "pos’)
P(F, F,)

P(C="pos"|F,F,) =

P(C ="neg") - P(F,|C = "neg") - P(F,|C = "neg")
P(F, F,)

P(C="neg"|F,F,) =

A 3aTem BbIGpaTh K1ace C,, ¢ HauboblIeil BEPOSTHOCTLIO.

IMockonbky ans obomx knaccos 3HameHatesib P(F,, F,) onn it TOT xe,
MBI MOKeM ero NMOMpPOCTy HTHOPHPOBATh — MPEACKA3aHHblil KJIacC OT 3TOro
He U3MEHHTCS.

OTMeTIIM, 0IHAKO, YTO PeasbHble BEPOATHOCTH 60/IbLIE He BHIYHCIS-
1oTcs1. BMecTo aToro Mbl oueHHBaeM, kakoii kace 6osee npapaonoaobe,
10 HMEIOLIMMCS CBHAETENbCTBAM. ITO ellle OJHA MPHYIIHA YCTOINYHBOCTH
HaMBHOTO 6aiiecOBCKOro KaacciHUKaTopa: ero HHTEPeCyIOT He CTOJIbKO
HCTHHHbIE BEPOSITHOCTH, CKOJIbKO HIihopMallis 0 TOM, Kakoli KJ1acc npas-
nonoao6uee. Kopoue ropopsi, MOXXHO HamucaTh:

C

e ar;(;l;lgx P(C=c)-P(F,|C=c)-P(F,|C=¢)

3/ech rOBOPHUTCS], YTO Mbl BLIYMCJASIEM UacTh MOCJE argmax Ans BCex
KJIacCOB (B HAILIEM CTyyae pos 1 neg) M BO3BpallaeM TOT KJacc, J1s1 KOTO-
POro MOJYYHI0Ch HalboNblIee 3HAYEHIE,

Ho B cnenyiomem npumepe fapaiiTe BepHeMCs K HCTITHHBIM BEPOSITHO-
CTSIM H IpoJie/IaeM Koe-KaKHe BhiYIICeHus, 4To6bl nonabioaatb 3a pa6o-
Toit HanBHoro GaiiecoBckoro anropitMa. s npoctoTnl OyacMm npeanona-
ratb, uto TBHTTep paspeluaeT ynoTpebasTL TOAbKO ABa CJI0Ba; «awesome»
H «Crazy» H 4TO Mbl YK€ KJacCIhHLIIPOBAIH BPYUIYIO HCCKONBLKO TBITOB:



BeeneHue B HaneHbI Ganecosckui knaccugukatop l.--m

Taur Knacc

awesome NonoxutenbHbIn TBUT
awesome MonoxutenbHbIN TBUT
awesome crazy MonoxutenbHbIN TBUT
crazy NonoxutenbHel TBUT
crazy OTpuuaTtenbHbIv TBUT
crazy OTpuuartensHbii TBUT

B aTOM npriMepe TBHT «crazy» MOJYUMJ KaK 110JIOXKHTEJIbHYIO, TaK 11
OTPHLATEJBHYIO OLUEHKY C LeJbl0 [IPOMOAENHPOBaTh HEOAHO3HAUYHOCTh
peanbHOi peun (Hanpumep, «b6anaetb oT pyTOOIAa» M «AypalKUN HAHU-
oT»). Bcero y Hac ecTb 1ecTb TBHTOB — YeThbIpe NOJI0XKUTENbHBIX U ABa
OTPULATEJIbHBIX, NO3TOMY MOJIYYAIOTCs TaKHe anpilOPHLIC BEPOSITHOCTH:

P(C="pos") = % =0.67
W2
P(C="neg’) = *= =033

ITO 03HAYaeT, YTO, HUYEro He 3Hasi O CaMOM TBHTE, pasyMHO Oyzer
NPpeanoJI0XHTb, YTO OH MOJIOXKHTENbHBII.

Ioxka uto otcyterByer Bhruncietiie P(F,|C) u P(F,| C) — BeposiTHoCTeli
npusHakos F, u F, npu ycnosuu knacca C.

OHM BBIYMCJAIOTCS KaK KOJHYECTBO TBUTOB, B KOTOPLIX BCTPEYAJICsi
KOHKDETHbII PU3HAK, M0/eJICHHOE HA KOJIMYEeCTBO TBMUTOB, MOMEYEHHBIX
kaaccom C. BeposATHOCTb BCTPETHTb B TBUTE CJI0OBO «awesome», eCJId 13-
BECTHO, UTO KJIACC MMOJIOKHUTENbHbIIT, BBIYUCSIETCS 10 PopMY.JIe:

v s HUGIO NOJOKHCUMENLILLE MBUIMOB, COOePICaUY «awesome» 3
P(F|=1|C=pos)— = -

YUCA0 8CCX NONOMNUMENLILIX MBUMO08 4

HOCKOJley H3 YEeTbIPEX MOJIOXKHUTEJIbHBIX TBUTOB TPH COAEPXKAJH CJIO-
BO «awesome».

OlleBl/[LlHO, 4YTO BEPOATHOCTb HE BCTPETHTDL CJIOBO «awesome» B I10J10-
JKMTEJIbHOM TBUTE paBHa:

P(F,=0|C="pos") =1 - P(F, = 1|C="pos") = 0.25

ToyHO Tak ke MPOM3BOASITCS OCTAJIbHbIC BblulcJeHHs1 (OMYyILEH CJy-
yaii, KOraa B TBHTE He BCTPCYAETCSI CJIOBO):
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2
P(F,=1|C ="pos") = —=0.5

4
R 0
P(F, =1|C=" neg)=§ 0
" 2
P(F,=1|C= neg")=?=1

JIJIH MOJTHOTBI KaPTHUHBI BLIYUCIHUM TaKXe CBHAETEJbCTBO, 4TOOBI y3-
HaTb MCTUHHbIE BEPOATHOCTH. ﬂ]lil ABYX KOHKPETHbIX 3HAuYeHUIt Fl H F2
CBH/JIETCJIbCTBO BLIUYHCJIAETCA TaK:

P(F, F)) = P(F, E|C="pos") - ((C ="pos") + K(F, F,|C = "neg") - (C = "neg)

ITo JaeT cJeayloime 3Ha4YeH st

P(F|=1,F2=1)=3-3-4—+0-1-2—‘=l
4 4 6 6 4
P(F,=1,F,=0) = 33.4_+0.0.1.=1_
4 4 6 6 4
p(1:1=0,F2=1)=1_.2_ 4_+2_2_£=i
4 46 2 2 6 15

Tenepb Yy Hac ecTh BCe JaHHbIE, HeO6XO£ll/lelC 1A KJIZICCI'!CI)HK?IU,MM HO-
BbIX TBUTOB. OCTas0Ch JHILb pa306paTb TBHT H MOPOANTDL Ha €ro OCHOBE
MPpU3HaKH:

Teut F, |F, | BepoaTHoCTM Knaccos Knaccuduka-
uus
«awesome» |1 |0 324 Monoxutens-

HbllA

P(C =" pos"| F, =1.F, :()):#:l

4
022
P(C="neg"|F,=1,F, =0)=220 —
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Teut F, | F, | BeposatHocTun knaccos Knaccuduxa-
uwns
«crazy» 0|1 124 Otpuuarens-
—_——— | HbIN
P(C:”[JO.VHIIEI :07F’7 =])—,4_4 L ==
4 5 5
12
2% 2, 2
P(C="neg"|F,=0,F,=1)=226 _%
- 5 5
12
«awesome |1 |1 3.9 4 Monoxutens-
crazy» P HbIN
P(C="pos"| F, =1,F, =1) =446
4
022
P(C="neg"|F=1,F,=)=236 =0
. 4

Iloka Bcé xopouwo. [Tpyu knaccudukauum TpUBHATbHBIX TBUTOB METKH,
noxoxe, Ha3HavyaloTcs npasuabHO. Ho ocTaetcs Bonpoc, kak 6bITh CO cJ10-
BaMH, KOTOPBIE li¢ BCTpeyasiich B obyyaloleM kopnyce. Beab no popmyne
BbILIE BCEM HOBBIM CJ10BaM OyeT IPHCBOEHa HyJieBasi BePOSITHOCTb.

YuyeT paHee He BCTpeyYyaBLUNXCS C/10B
M Apyrve TOHKOCTH

Bblulic/isisi BEPOSATHOCTH B NpeAbIAYILCM pa3zeiie, Mbl cebst obMaHbiBa-
JiM. BbluHC/Is1IHCD HE MCTHHHBIE BEPOSITHOCTH, a JiMLIb rpy6ble npubIiu-
XKeHUs1 K HUM. Mbl mpeanosiaraiu, 4to obyyaoluil KOpnyc paccKaet
HaM npasay 06 ucTHHHbIX BeposiTHOCTAX. Ho 3T0 He Tak. OyeBHAHO, YTO
KOpPIYC M3 LIECTH TBUTOB HE MOJXET JaTh BCIO HH(POPMALHIO O KaXAOM
Koraa-anbo HanucanHoM TBUTe. Hampumep, 63 COMHEHHS CYLIECTBYIOT
TBMUTBI, coJepaliue coBo «text». [IpocTo Mbl MX HU pa3y He BHAEJH.
CieoBaTebHO, Halle NpubJIHKeHIe OueHb rpy6oc, H 3TO HYXKHO YYHTbI-
BaTb. Ha npakTuke /st 3TOr0 YacTO MPHMEHSIETCS CIJla’KUBaHUE C TIPH-
6aBnenreM eauHuupl (add-one smoothing).
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HbIM CrnaxwsaHueMm unu crnaxusaHuem Jlannaca. OtTMeTuMm, 4TO
crnaxuvsaHue Jlannaca He uMmeeT Hu4ero obLiero ¢ nannacosckvUM crna-
XWBaHWEM, KOTOPOE OTHOCUTCSA K CrNaxXuBaHUIO NONUIrOHaNbHbIX CETOK.
Ecnu npubasnaetca He 1, a HacTpauBaemblii napameTp alpha<0, TO
roBOPAT O CcrnaxueaHuu Jlnacrona.

_.Q CrnaxwusaHue c anGasneumeM eanHuubl UHoraa Ha3biBaloT apAUTUB-

ITO OueHb MPOCTOIl MpHeM, 3aKJIIO4AIOHIiCsT B NpibaBieHH eau-
HHLBI KO BCEM BXOXXAEHHSM TNpH3Haka. B ero ocHoBe jexuT npen-
NOJIOXKeHHe, YTO JAaxke eCJM Mbl He BH/EIH JIAHHOTO CJIOBa BO BCEM
KOpIyce, BCe paBHO €CTb LIAHC, YTO 3TO TOJIBKO MOTOMY, YTO B Haulefi
BbIOOpDKE TBHMTOB TaKOro CJIOBa He oka3asoch. IloaToMmy, npumeHsis
CryIaKHBaHue ¢ NpuOaBJIeHNEM eIHHIILbI, Mbl JCJAEM BHJ, YTO BHIEH
Ka’k/i0e CJIOBO Ha OAilH pa3 GoJbiue, yeM B AeiicTBitenbHocTH. To ecTh

3
pmecto Bbluncnenus P(F, =1|C ="pos")=—==0.75 Mbl BbluncasiemM

4
P(F,=1|C="pos") =-FL _ 0,67
4+2

[Touemy B 3HameHatesie npubaB1eHo 2? [ToToMy YTO BCEro y Hac ecTb
[1Ba MPH3HAKA: BXOXICHHS CJIOB «awesome» H «crazy». [lockonbky Mbl
npuGasnsieM 1 1151 KAXXKA0r0 NMPH3HAKA, HAZ0 M03a00THTLCS O TOM, YTO-
6bl B pe3yJibTaTe MOJYYHINCh BCe-TaKH BePOSITHOCTH. Y felicTBUTENBHO,
CyMMa OKa3bIBaeTcsi paBHOM 1:

3+l 1+1
P(F =1|C=" "+ P(F, =0|C=" i -
(K | pos") (F, | pos") = 4+ 2 4+2

Bopbb6a c noTteperi TOY4HOCTHN
npu BbIYUCIIEHNSIX

Ectb elle oauH ﬂOZ[BOZ[HbII‘/J[ kameHb. Ha NMpaKTHKe Mbl HMeeM J€JI0 C
BEPOSATHOCTAMH, ropa3io MCHbLIUIMH T€X, YTO BCTPETIHJICH B ITOM HUIPYy-
IHEeYHOM NpHMCPE. Kak npaBuJo, U YHCJIO MPHU3HAKOB HAMHOTIO 60ab1IE
JBYX, H X BEPOSITHOCTII MPIIXOAUTCSI NepeMiloxaTb. B pesysnbrate oueHs
6bICTp0 BO3HHKAET CHTYyalHs, KOraa TOUHOCTH Num Py NMCpeCTaeT XBaTaThb:

>>> import numpy as np

>>> np.set_printoptions (precision=20) # npocuM numpy BelBOIMTbL Gonble

# umdp (no ymonuaumo 8)

>>> np.array([2.48E-324))

array ([ 4.94065645841246544177e-324])

>>> np.array([2.47E-324])

array([ 0.])
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HacxkoJ1bko BeposITHO, YTO HaM NPHAETCS CTONKHYTLCS C YMCJIOM BpoJe
2.47E-324? UTOOBI OTBETHTH Ha TOT BOIPOC, AaBaiiTe NPEACTaBUM, YTO
ycaoBHble BeposiTHOcTH paBHbI 0.0001, M HY>KHO BBIYHC/IMTB NPOU3BeJe-
Hite 65 TakuX BepOSITHOCTEH (TO eCTb Y Hac ecTb 65 MaJOBePOSTHBIX NPU-
31akoB). Bot Bam 1 notepst TouHocTH:

>>> x = 0.00001

>>> x**64 # BCe ele HOpMaJIbHO

le-320

>>> x**65 # om!
0.0

Yucaa ¢ naasatoweil Toukoli B Python o6biuHo peaniayioTcs Ha oc-
Hose tuna double B C. ¥3Hatb, Tak /i1t 3T0 Ha Balleii njaT¢opme, IpoCTo:

>>> import sys

>>> sys.float_info

sys.float_info(max=1.7976931348623157e+308, max_exp=1024,

max_10_exp=308, min=2.2250738585072014e-308, min_exp=-1021,

min 10_exp=-307, dig=15, mant_dig=53, epsilon=2.220446049250313e-16,

radix=2, rounds=1)

Yrto6bl peuiuTb 3Ty npobJjeMy, MOXKHO MEePEeHTH Ha MaTeMaTHYeCKHe
6HOIMOTEKH THIIa mpmath (http://code.google.com/p/mpmath/), 0Gecme-
YMBAIOLLIE POU3BOJIbHYIO TOYHOCTb. OHAKO OHI HEAOCTATOYHO ObICT-
pbie, YTOOBI CJIYyXKUTD B KayecTBe 3aMeHbl NumPy.

ITo cyacTbio, cyuecTByet Hosiee pa3dyMHbIi C110CO6, OCHOBaHHLIN Ha U3-
BECTHOI U3 LIKOJIbHON NporpaMMbl GOpMyie;

log(x - y) = log(x) + log(y)
B npuMeHeHHH K HallleMy CIyYalo MojyvyaeM:
log P(C) - P(F,|C) - P(F,| C) = log P(C) + log P(F,|C) + log P(F,|C)

ITockosbky BeposiTHOCTD JieXKHUT B HHTepBaJie oT 0 10 1, To ee torapudm
HaxoAMTCs B MHTepBase oT —o 10 0. Ho nycTb Bac aTo He Gecnokout. Io-
npexxHeMy, yeM 6oJibliie YMCJIO, TeM TOYHEE ONpenesieH KJacc, TONbKO
CaMH 4KCJIa Tenepb OTPULATEbHBI.

Ho oauH noxasox Bce Xe OCTaeTcs: B YMCJAUTENE APOOM HET HHKa-
Koro Jiorapudma, ecTb TOJIbKO Npou3BeneHUe BeposiTHocTeil. Ho, k
cyacTbio, ¢paKTHYECKHEe 3HAyeHHsl BepOsSITHOCTeil HaM He HMHTepec-
Hbl, @ HYXHO JIMUIb 3HATh, Y KAKOTO KJacca HanOoblIasi anocTepu-
opHas BeposiTHOCTb. M TyT HaM mnoBe3so, MOTOMY YTO €CJIU Bep-
Ho, uto P(C="pos"|F,, F,) > P(C="neg"|F,, F,), To BepHO H TO, YTO
log P(C="pos"|F,, F,) > log P(C="neg"|F,, F,)
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I o 3aBUCHMOCTb MEXAY BEPOSTHOCTHIO M ee NorapicMom
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log(P)
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-7
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U3 rpaduka Ha pHCyHKe Bbillle BUAHO, YTO KPHBasi MOHOTOHHO BO3pac-
TaeT, NO3TOMY MOXKHO BOCIOJIb30BaThCsl NPHBeeHHOH paHee popMyJIOit

Cbest=al;gencl.axp(c=c)'P(F||C=C)'P(lec=0)

U Bor, HakoHel, MBI nos1yyaeM ¢hOpMyJTy IJIst IBYX NPU3HAKOB, KOTO-
pasi AaeT HauAYYIIHil KJ1acc fAaxe 4151 06pa3LoB, KOTOPbIe Mbl paHblie He
BUIENU:

Coos = agérgax (log P(C = ¢) + log P(F,|C = ¢) + log P(F,|C = ¢)

Pasymeetcst, 1ByX NPU3HAKOB MaJIOBATO, MO3TOMY 06061IMM ee Ha Npo-
M3BOJIbHOE YMCJIO NPH3HAKOB:

Cpey =argmax| log P(C=c)+ Y log P(F,|C=c)
ceN k
Tenepb Mbl TOTOBBI MPUMEHUTb MOCTPOUTb HaMBHbI GailecoBCKHit
KJaccugukarop, nosbaysach 6ubauorekoit scikit-learn.
Kak yxxe oTMeuanoch, Mbl pacCMaTpHBajH JIMILb MoAeib BepHyman
IU1si HauBHoro GaiiecoBckoro knaccugukaropa. Ho BMecto GysieBbix npH-
3HAKOB Mbl MOXEM HCIOJIb30BaTh CYETYHKM BXOXJEHHS CJIOB, TO €CTb C
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MYJbTHHOMHAJIbHYIO MOJ€EJIb. Ona naet 60Jib1Ie MHQ)O[)MBIIHH H 4aCTo
nokasbiBacT Jiydlire pe3yJibraThl, 1109TOMY K peajbHbIM {aHHBIM IIpHMe-
HHM HMCHHO ce. OTMeTHM, O1HaKoO, YTO NMpHUBEAECHIbIE BbILIE (bOpMlebl
HEMHOI'0O MEHSIOTCA. Bl'[l)O‘l(:‘;\[, HHY€ro CTpaurHoro, O()U.ll[fl NpUHHUHIT pa-
60Tbl HaltBHOTO 6aiecCOBCKOTO Knaccmbmca'ropa OCTAETCs TEeM XK€ CaMbIM.

Co3paHue n HacTpoMka
knaccudukartopa

Bce HauBHble GaiiecoBckie KJIaCCll(i)llKaTO[)bl — a 11X HECKOJIbKO — HaxXo-
ASATCS B MAKETE sklearn.naive_bayes.

*  GaussianNB: MPEAIOJATAETCs], YTO MPU3HAKH HMEIOT HOPMaJIbHOE
(rayccoBo) pacnpenesneHie. BoaMoxxHoe mpliMeHeHHe — onpene-
JIeHMe 10J1a 110 POCTY U LiHpHHe ey yeaoseka. Ho y Hac umeloTcst
TEKCTbl TBHTOB, U3 KOTOPbIX Mbl M3BJIEKaCM CYeTUHKH c10B. Oue-
BIIHO, YTO 3TO HE rayCCOBO pacnpee/ieHHe.

*  MultinomialNB: MPEAINOJIAr4€TCsl, YTO INPH3HAKAMH SBJASAIOTCS
CYETYHKH BXOXAEHHH, TO eCTb KaK pa3 Haul c1yyait. Ha nmpakTtike
3TOT KJ1accuduKaTop Xopoiuo pabortaet 1 ¢ sekropamu TF-IDF,

*  BernoulliNB: KJIaCCH(HKATOP MOXO0X Ha MultinomialNB, HO 60JIb-
1Ie MOAXOAMT AJIsl CJyyasi, KOrAa MPH3HAKaMH SIBJISIIOTCS JIOTHye-
ckiie ¢p1ari «BXOJAMT—He BXOAHT», a He CYETUMKH CJIOB.

HOCKOJIbe HAC MHTEPECYIOT, NPEeX A€ BCEro, BXOXXAEHIIsA CJA0B, TO JIyu-
1Ie B3SITb MultinomialNB.

CHayana pewunm npocTyio 3agadvy

Kak Mbl y>ke BHaen1, IMOLUHOHAJIbHASI OKPACKa TBHTOB MOXET ObITb He
TOJIKO MOJIOXKHTENbHOI WK oTpuLiaTenbHOITl. Ha camoMm aese, 60JbILNH-
CTBO TBHTOB BOOOLle HUKAK He OKpalleHbl, OHU HeliTpajibHbl UJIM Hepe-
JIeBaHTHbI M IPOCTO coziep>kat HHGopMaunio (Hanpimep, «Bblna HoBast
kHura: [TocTpoeHue cucteM MawnHoro obyyenusi... http://link»). [Tosny-
4aeTcs1, CTano ObITh, yeTbipe Kiaacca. YToObI He YCJA0XKHATD 3a1auy, cocpe-
JNOTOYHMCSI [TOKA TOJIbKO Ha MOJMIOXKHUTENbHBIX M OTPHLATEIbHbIX TBUTAX.

>>> # cHawana co3maeMm CIMUCOK, B KOTOPOM 3JIEMEHT paBeH true, ecay TBUT

>>> # MMeeT MONOXMUTEJNIbHYI MM OTPMLATEJNIbHYIO 3MOLUMOHAJIbBHYI0 OKpPackKy
>>> pos_neg_idx = np.logical_or(Y=="positive", Y=="negative")

>>> # Tenepb C NOMOWbLI0 ITOTO MHOEKCA (WIbTpyeM HOaHHHEe U MEeTKU
>>> X = X[pos_neg_1dx]
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>>> Y = Y[pos_neg_idx]

>>> # u HakoHel, mnpeobpa3syeM CaMu METKM B OyJneBH BEJIMYMHE
>>> Y = Y=="positive"

Tenepb B MaccHBe X HaXOAATCS! UCXOZAHbIE TEKCThI TBHTOB, a B Y — UX
6uHapHble MeTku: 0 4J151 OTpPHLUATENbHBIX TBUTOB M 1 1JIs1 MOJIOXKHTED-
HBIX.

Boiute Mbl ckasaiu, 4To GyJeM HUCNO/b30BaTh B Ka4ecTBe MPHU3HAKOB
cueTYMKH BXoxAeHHit. [la, HO TOJIbKO He HamMpsIMyiO, @ BOCIOJIb3yeMCsl
y>Ke 3HAKOMbIM KJIAaCCOM TfidfVectorizer /IS IPe0OPA30BaHUSI UCXOMHO-
ro texcta TBuTa B 3HaueHust TF-1DF, kotopbie Hapsiny ¢ MeTKaMu npuMe-
HUM 17151 06yuenns knaccudukaropa. st ynobersa 6yaemM HCMOIb30BATH
KJIacC Pipeline, KOTOPbIii MO3BOMSIET CBA3aTh REKTOPH3aTOP H KJ1acCHII-
KaTop, NMpeJoCTaBJIsisl TOT Xe HHTepdeiic:

from sklearn.feature_extraction.text import TfidfVectorizer

from sklearn.naive_bayes import MultinomialNB
from sklearn.pipeline import Pipeline

def create_ngram_model () :
tfidf_ngrams = TfidfVectorizer (ngram_range=(1l, 3),
analyzer="word", binary=False)
clf = MultinomialNB()
return Pipeline([('vect', tfidf _ngrams), ('clf', clf)])

OGbeKT Pipeline, BO3BpalleHHbIH (YHKUHEH create_ngram model (),
MOXHO HCIOJIb30BaTh AJs1 0OyvyeHHss M NPeACKa3aHHsl, KaK OObIYHbIH
kJaccudukarop.

ITockonbKy faHHBIX Y HAC He TaK YXK MHOTO, PUAETCS NMPUOETHYTDH K
nepekpecTHoIi mpoBepke. Ho Ha 3TOT pa3 Mbl BOCIOJIb3yeMCsl 1ie KJIaCCOM
KFold, KOTOPbIi OCJ1e10BaTeIbHO Bbl/IeJIsIeT H3 AaHHBIX OJHY TPYNIY AJIs
TeCTHPOBAHHS, a KJACCOM shufflesplit. OH CJy4yaiiHO NepeTacoBbIBaeT
JaHHble, HO He TPEINSITCTBYET MOSIBJIEHNIO OJHOTO M TOTO Xe obpasua B
HECKOJIbKNX rpynmnax. J{71st Kaxao#i rpynibl Mbl GyieM BbIYHCISATD U 3a110-
MMHATb MJIOWA/Db N0 KPHBOII TOYHOCTb-MOJHOTA U BEPHOCT.

Jlnst noBbiiicHUst rHOKOCTH 3KCIEPUMEHTa Mbl 06epHEM BCIO MpoLeay-
py dyHkumeii train_model(), koTopast ipuHHMaeT B KauecTBe MapaMerpa
(dbyHKUHMIO co3aaHIs kaaccudukaTopa.

from sklearn.metrics import precision_recall_curve, auc
from sklearn.cross_validation import ShuffleSplit

def train_model (clf_factory, X, Y):
# 3anaem random_state, 4YTOOE MONYYUTH NEeTEPMMHUPOBAHHOE MNoBeneHue
cv = ShuffleSplit (n=len(X), n_iter=10, test_size=0.3,
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random_state=0)

scores = []
pr_scores = []

for train, test in cv:
X_train, y_train = X[train], Y([train]
X_test, y test = X[test], Y([test]

clf = clf_factory()
clf.fit(X_train, y_train)

train_score = clf.score(X_train, y_train)
test_score = clf.score(X_test, y test)

scores.append (test_score)
proba = clf.predict_proba(X_test)

precision, recall, pr_thresholds =
precision_recall_curve(y_test, proba(:,1])

pr_scores.append (auc(recall, precision))

summary = (np.mean(scores), np.std(scores),
np.mean (pr_scores), np.std(pr_scores))
print ("$.3f\t%.3f\t%.3f\t%.3f" % summary)

CobpaB Bce BMeCTe, Mbl MOXKEM 00y4YHTb CBOIO MEPBYIO MOJIEJb:

>>> X, Y = load_sanders_data()

>>> pos_neg_idx = np.logical_or(Y=="positive", Y=="negative")
>>> X = X[pos_neg_idx]

>>> Y = Y[pos_neg_idx]

>>> Y = Y=="positive"

>>> train_model (create_ngram_model, X, Y)

0.788 0.024 0.882 0.036

[IepBas nonbiTKa NOCTPOUTH HallBHbII1 GailecoBckitii knaccudukarop ¢
BEKTOPHbIMM TpHrpaMMHbIMHU npu3HakaMu TF-IDF nana Beprocts 78.8%
¥ cpeaHioio nuowaas noa kpusoit T/I1 88.2%. Ha rpaduke T/II meaua-
Hbl (TO pa3bueHHe JaHHbIX Ha 00ydYaioulde U TECTOBbIE, IPH KOTOPOM Ha-
6J1101aeTcsi noBeAeHEe, MAKCUMaIbHO GJIM3KOE K CpefHeMY) BHAHO, YTO
nosezieHHe KiaccubuKaTopa BHyLIaeT Kyaa 6oiblie ONTHMU3MA, YeM B
npeabiAylilei raase.

Jln1st nepBO# MONBITKY Pe3yJIbTaThl BOJIHe 0OHaaexuBawouue, TeM 60-
Jiee yto BepHocTb 100 % B 3amaye kiaccuUKalMK 3MOLIMOHANBHOI OKpa-
cKkH BooOue HepocTxkKKUMa. OTHOCHTENBHO OKPAaCKH HEKOTOPBIX TBUTOB
Jaxe JIIOAN He MOTyT MPUHTH K eIHHOMY MHEHHUIO.
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Ucnonb3oBaHne Bcex knaccos

Mbi1 cHoBa YHNPOCTHJIN 3aJiavdy, OCTaBHB TOJIbKO IMTOJIOXKUTEJIbHbIE H OT-
puuaTeJbHbl€ TBUTBI. To ecTb MBI MPEAINOJIOXHIIH, YTO CYILLIECTBYET HeKHH
ueanbHbI Kaaccu@uKaTop, KOTOPbIil Mpe/BapHTeIbHO pellaeT, eCThb JIH
y TBUTA 3MOLHMOHa/IbHAA OKpacCKa, H, €CJIH [a, TO MEPEAAET €ro Haluemy
HauBHOMY 6aiiecOBCKOMY KjiacCH(HKATODY.

A yto MOJIYYHUTCS, €CJIH MbI MTOMNbITAEMCA TAaKXe OMNpeaeisaTb, COUEPXHUT
JIM TBUT BOO6U1€‘ KakK1ie-To 3MOLIP[H? YT10ObI OTBETUTD HA STOT BOIIPOC, Ha-
nuueM CHa4yajia BCIIOMOraTeJIbHY10 (lJyHKIlMIO, KOTOpas BO3Bpallla€T MoO-
le/[(bﬂuldeBaHHbIﬁ MaCCHB KJIaCCOB, cozlepxcaumi'l CITUCOK 3MOLIUHi, KOTO-
Pbl€ MbI XOTEJIN Obl HHTEPNPETHPOBATb KaK IMMOJIOXXHUTEJIbHbIE!

def tweak_labels(Y, pos_sent_list):

pos = Y==pos_sent_list[0]

for sent_label in pos_sent_list[1l:]:
pos |= Y==sent_label

Y = np.zeros(Y.shape(0])
Y(pos] =1
Y = Y.astype (int)

return Y

OO6paTHTe BHUMAaHIIe, YTO TETEPb Y HAC Ba MOHATHS «TI0JI0XHTENbHOC-
TH». DMOLMOHAIbHAS OKPACKa TBUTA MOXET ObITh MOJIOXKHTEIbHOH, HO
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€€ HaJlO0 OTJIMYaThb OT KJiaCcCa 06yqa10umx nanHeix. Eciu, HallpuMeEp, MbI
XOTHM Y3HaTb, HACKOJIBKO XOpOUK)CHOC06HbIOTHanTb 9MOLHOHAJIbHO
OKpallleHHbI€ TBUTbI OT HeﬁTpaﬂbeIX, TO MOXEM HallHMCaThb:

>>> Y = tweak_labels(Y, (["positive", "negative"])
Tenepb B MaCCHB€ Y 3Hay€HHeE 1 (l’IOJIO)KMTeJIbeIﬁ KJIaCC) NpoCTaB-

JIEHO JI/ISl BCEX TBMTOB, MMEIOLIMX MOJOXUTENbHYIO WM OTPHLATENbHYIO
okpacky, 1 0 17151 HeHTpaJbHBIX U HepeJleBaHTHBIX TBUTOB.

>>> train_model (create_ngram_model, X, Y, plot=True)
0.750 0.012 0.659 0.023

BarasiHute Ha cienyioumit rpaduk.

Kpusan T/ (AUC = 0.66) / sent nrest
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Kak u cnegoBano oxuaats, nuowans nog kpusoit T/I1 3ameTHo ynana
Y Tenepb COCTaBJIsIET TOJIbKO 66%. BepHOCTb NO-npexHeMy BbICOKast, HO
JIMIIb MOTOMY, YTO Hall Habop AAHHBIX JajieK OT cOalaHCHPOBAHHOCTH.
N3 3362 TBuTOB TOIbKO 920, TO €CTh BCEro 0OKOJIO 27 MPOLIEHTOB, UMEIOT
TMOJIOXKUTEJIbHYIO UM OTPHLATEIbHYIO 3MOLIMOHAIbHYIO OKPAcKy. ITO 03-
Hayaer, YTo AaXke KJIacCU(UKATOD, KOTOPBIM AJis1 11060ro TBUTa TOBOPHT,
4TO TOT He MM€ET 3MOLIMOHAIbHOI OKpacKu, OyaeT MMeTb BEPHOCTb 73%.
CiieoBaTesbHO, CUTYallMsl, B KOTOPOii 06yyarouui 1 TeCTOBbI HabopbI
He c6alaHCHPOBaHBI, — elle OAMH NPHMep, KOT/a aHaJIU3 TOYHOCTH U MOJI-
HOTbI 00s13aTeJEeH.

Tak kak >xe HauBHbI} 62alleCOBCKH I K1acCU(DUKATOP OTIMYAET NMOJIOKHU-
TeJIbHble (OTpHLATEIbHbIE) TBUTHI OT npounx? I110x0 oTanyaer.
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== Pos vs. rest ==
0.873 0.009 0.305 0.026

== Neg vs. rest ==
0.861 0.006 0.497 0.026

Ha moit B3rsz, ato Hukyzna He roautcsl. Kpusbie T/I1 Ha rpadukax
HIDKe TOXeE He NMOKA3bIBAIOT CKOJIbKO-HHOYAb IPHEMIEMOTO KOMIIPOMHCCA
MeXy TOYHOCTBIO H MOJHOTON — B OTJIMYHeE OT KJ1accudukaropa U3 npe-
JbIAylLeit riaBbl.

Kpusan T/N (AUC = 0.31) / pos u npouune
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Hacrtpoviika napameTpoB knaccugukaropa

KoHeuHo, Mbl HeOCTaTOYHO NMOAPOOHO UCCJIEA0BAIN BO3MOXKHOCTH Te-
KyLIEro pelleHHsl, 1 3THM HYXHO 3aHsTbcs. EcTb ABe yacTH, rae MoxHO
«TIOKPYTHTb PYYKH»: TfidfVectorizer M MultinomialnB. [lockosibKy HU-
KaKMX HHTYHTHBHbIX NPeJANOJIOXKEeHHIi, B KaKyl0 CTOPOHY CMOTPETb, HeT,
nonpoGyeM pa3JioKUTb 3HaUEHHSI TAPAMETPOB 110 110JI0YKaM.

CHayasa pacCMOTPHM I1apaMeTPbl TfidfVectorizer:

* pa3JIMyYHble HACTPOIiKKU n-rpamm:
°o yuurpammsi (1,1);
© yHurpammbl 1 Gurpammsl (1,2);
© yHUrpamMMbl, 6UrpaMMbl it Tpurpammsl (1,3).

* BapblpoBaHHe min_df: 1 1au 2;

* wusyuenne Baussus IDF B nape TF-IDF ¢ nomouisio napameTpos
use_idf W smooth_idf! False WJIH True;

* ynansaThb WM HeT CTOM-CJI0Ba — MapaMeTp stop words PaBeH
english IHJIH None;

* HCMOJIb30BaTh JiH Jorapu(Mbl CYETYUKOB CJIOB (sublinear tf);

* HCMOJIb30BAaThb CYETYMKHU CJIOBA MJM MPOCTO OTCJIEKHBATD,
BCTPEYaeTCs CJA0OBO MJM HET — MapaMeTp binary paBeH True
HJIH False.

Tenepb 06paTHMCS K napaMeTpam KiaaccuduKaTopa MultinomialNB:

* mapaMeTp alpha, OllpeAesIIONIMIT KaKoOii 11CTIOJb30BaTh METO[
CrIaXXUBaHUS:
° cnpubasaennem 1, uan criaaxusanue Jlamaaca: 1;
o craaxusanue Jluacrtona: 0.01, 0.05, 0.1 uau 0.5;
° 6e3 craaxuBanus: 0.

MoxHo noaoitTn npocto: 06yyuTh KiacCUbUKATOPBI IS BCEX Pa3yM-
HbIX 3HaYeHHI OMHOro mapaMeTpa, 3apMKCUPOBAB OCTAJIbHbIE, H MOCMO-
TpeTb Ha pe3yJbTaTbl. [I0CKO/NIbKY MbI He 3HaeM, BJIHMSIOT JIM MapaMeTphbl
ApYT Ha [Apyra, TO MpuaeTcs obyyaTb KjaacCHUKATOPbI AJsi BCEX BO3-
MOXHbIX KOMOHHalMii 3HaueHuid mapaMeTpoB. OYeBHAHO, 3TO CJAMIIKOM
TPYAOEMKO.

[TockoJibKy TaKOro poja HCCIe0BAaHHC [TapaMETPOB BCTPeYaeTCsl B Ma-
ILMHHOM 00y4Y€eHHH A0BOJIbHO 4acTo, B scikit-learn 1imMeeTcst cneumanbHbli
KJ1acC /ISl 3TOM LeJM: GridSearchcv. OH MPUHUMAaeT 00DLEKT-OLEHIIHK
(peanusyouiuii Takoil xke utepdeiic, kak y kaaccidukatopa), KOTOpbIM
B HaleMm ciyyae O6yneT 00beKT Pipeline M C/I0Bapb MapaMETPOB C MOTEH-
LMaJbHBIMU 3HAYEHHUSIMH,
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GridSearchCV 0XIIaeT, YTO KJIIOUHU CJIOBapsi NpeACTaBJleHbl B onpee-
JieHHOM dopnare, 4TOObI MOXKHO ObIJIO 3aaTh NMapaMeTPbl MOAXO/SILIETO
oueHutiika. MopmaTt TakoB.:

<estimator>_ <subestimator>__ ..._ <param_name>

HanpuMep, €CJIH Mbl XOTHM 3aJaTb 3HAYE€HUA IJIs1 UCCJIeOBaHHA MNa-
paMe€Tpa ngram_range 00beKTa TfidfVectorizer (KOTOpbll"l B OMHCaHHUH
Pipeline Ha3bIBaeTCs vect), TO ZOJDKHBI HAMHCATD:

param_grid={"vect__ngram_range"=[(1, 1), (1, 2), (1, 3)]}

Torza Gridsearchcv Gyner npo6oBaTh YHUrpaMMbl, 6UrpaMMbl U TPH-
rpaMMbl B KaueCcTBe 3HaYeHUil MapaMeTpa ngram_range OODBEKTA vect.

3areM 3ta hyHKUMS 00yYaeT OLEHIINK Ha BCEX BO3MOXKHbBIX KOMOHHA-
uMsAX 3HaveHuii mapamerpos. [Ipuuem obyueHne MPOM3BOANTCS HA CIy-
yaiiHbIX BBIOOPKAX 13 OOYYalOWMX AAHHBIX, AJIsl YEro Mbl HCIOJIb3yeM
00BeKT ShuffleSplit, KOTOPBIil MOPOX/JAET HTEPATOP CAYyailHbIX pa3bu-
eHMil Ha obydyarouit 1 TecToBblil Habopbl. Y Hanocaenok ¢byHkuis BO3-
BpAlLaeT Jy4lU il OLEeHIIHK B IEPEMEHHOI1-UJIeHe best_estimator_.

[TockosnbKy MbI XOTHM CPaBHHUBATh BO3BPALUEHHBIN Jy4LIHH KJIAcCH-
¢bukaTOp ¢ TEKYLNM JyYIIMM, HEOGXOAHMO KAKHM-TO 06Pa3oM OLEHUTh
ero KauecTBo. [lJ1s1 5TOro MOXXHO nepeaartb 0OBEKT ShuffleSplit B MapaMe-
Tpe cv (OTCI0Aa M OYKBBI CV B HMEHH GridSearchCV).

[TocnenHee, 4TO OCTaNOCh, — PEIINTD, KAK GridSearchCV JAOJDKEH BbI-
Gupath Jyuiuit oueHmuk. s aToro Moxiio nepeaatb GpyHKIO peii-
THHIOBAHUA score B NIAapaMETPeE score_func. Ee MoxHO HanucaTb camo-
CTOSITEJIbHO MJIH B35ITh FOTOBYIO U3 MaKeTa sklearn.metrics. TOJbKO He
Hao 6path PYHKLUMIO metric.accuracy H3-3a AucbanaHca Kaaccos (3Mo-
LIOHAJIbHO OKpAIEHHbIX TBUTOB rOpPa3/i0 MEHbLUE, YEM HEHTPaJbHbIX).
Ham xe HyxHa xopouiasi TOYHOCTb M MOJIHOTA Ha 060MX KJIaccax — IMO-
LIMOHAILHO OKPALICHIIBIX H JIMLIEHHDbIX OKpacku. [IpiMepom MeTpukH, co-
yeTarolleil TOYHOCTDb U MOJHOTY, MOXeT cayxuTh F-Mepa, peannsoBaHHas
B Cl.)yHKU,MH metrics.fl_score!

2 - mourocmo - norHoma

F=
mowxocmbv + noaroma

CobpaB Bce BMeCTe, [0J1y4aeM TaKoil KOA:

from sklearn.grid_search import GridSearchCV
from sklearn.metrics import fl_score

def grid_search_model (clf_factory, X, Y):
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cv = ShuffleSplit (
n=len(X), n_iter=10, test_size=0.3,random_state=0)

param_grid = dict(vect__ngram_range=[(1, 1), (1, 2), (1, 3)],
vect min_df=[1, 2],
vect__ stop_words=[None, "english"],
vect__smooth_idf=[False, True],
vect__use_idf=[False, True],
vect__sublinear_tf=[False, Truel,
vect__binary=[(False, True],
clf__alpha=(0, 0.01, 0.05, 0.1, 0.5, 1],

grid_search = GridSearchCV(clf_factory(),
param_grid=param_grid,
cv=cv,
score_func=fl_score,
verbose=10)
grid_search.fit (X, Y)

return grid_search.best_estimator_

ITocie 3anycka 3Toi pyHKUHH HYXKHO 3aNacTHCh TEPNEHHEM:

clf = grid_search_model (create_ngram_model, X, Y)
print (clf)

IMepeGop Bcex3:2-2-2-2-2-2-6= 1152 komOuHauuii, Aa eLue ¢ aecsi-
THNPOXOAHBIM 00yY€eHHEM KaXA0ro Kiaccugukaropa TpebyeT BpeMeHH.

CMyCTsl HECKOJIbKO 4acoB

Pipeline (clf=MultinomialNB (

alpha=0.01, class_weight=None, fit_prior=True),
clf__alpha=0.01,

clf class_weight=None,

clf fit prior=True,

vect=TfidfVectorizer (

analyzer=word, binary=False,

charset=utf-8, charset_error=strict,
dtype=<type 'long'>, input=content,
lowercase=True, max_df=1.0,

max_features=None, max_n=None,

min_df=1, min_n=None, ngram_range=(1l, 2),
norm=12, preprocessor=None, smooth_idf=False,
stop_words=None,strip_accents=None,
sublinear_tf=True, token_pattern=(?u) \b\w\w+\b,
token_processor=None, tokenizer=None,
use_idf=False, vocabulary=None),
vect__analyzer=word, vect__ binary=False,
vect__ charset=utf-8,
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vect_ charset_error=strict,

vect__dtype=<type 'long'>,

vect__input=content, vect__lowercase=True,

vect_ _max_df=1.0,vect__max_features=None,
vect__max_n=None, vect__min_df=1,

vect_ min_n=None, vect__ngram_range=(1l, 2),
vect__norm=12, vect__preprocessor=None,

vect__ smooth_idf=False, vect__stop_words=None,
vect__ strip_accents=None, vect_ sublinear_tf=True,
vect__token_pattern=(?u) \b\w\w+\b,
vect__token_processor=None, vect__tokenizer=None,
vect_ use_idf=False, vect__ vocabulary=None)

0.795 0.007 0.702 0.028

Hawnnyyimmii oueHmyK KedCTBUTENBHO YBEJHUYMBAET IUIOWAIb MOA
kpuBoit T/II noutu Ha 3.3%, noBexs ee 1o ypoBHs 70.2. 3HaueHus napa-
MEeTpOB, IPH KOTOPBIX 3TO IOCTUIAETCs, TOKA3aHbI BhILLE,

VYayyiaoTes ¥ KOIIMapHble pe3YJIbTaThl Pa3/IH4eH s TOJIOKUTEIbHbIX
(oTpHLATENBHBIX) U TPOYUX TBUTOB, ECJIM MPHCBOUTH MTapaMeTpaM BeKTO-
pu3aropa ¥ kJaccuduKaTopa HalileHHble 3HaueHHst:

== Pos vs. rest ==

0.889 0.010 0.509 0.041

== Neg vs. rest ==
0.886 0.007 0.615 0.035

BarnsiHute Ha rpaduky Hike.

Kpusan T/MN (AUC = 0.52) / pos u npouue
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Lo Kpusan T/M (AUC =0.61) / neg u npoune
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[HeiictButenbho, kpusble T/I1 BpirnsasaT ropasno jyuite (OTMETHM,
4TO rpaMKH MOCTPOEHBI /11 MEAAHAHHOTO KjaccudUKaTopa, npolesaLe-
ro MHOTOMpPOX0oiHoe o0yuyeHue, noatomy 3HaueHusi AUC HEMHOro OT/H-
yaiotcs). U Bce e Mbl bl He CTa/IM UCMOJIb30BATh TAKHE KJ1acCH(UKATO-
pbl Ha npakTuke. [lopa nogoiiTi k 3anaye ¢ Apyroro KOHuA...

Ouucrtka TBUTOB

Hosble orpannyenus poxaaiot HoBble dopMbl. M TBUTTED — He HckiIO-
yenue. Ilockonbky HyxHO ynoxutbcss B 140 cumBOJIOB, MO/Ib30BaTENH
NpPUAYMaay HOBble COKpALEeHHs!, MO3BOJSIONINE BBIPA3UTL MbICJIb MEHb-
ILIMM YUCJIOM CUMBOJIOB. [0 CHMX MOp Mbl UTHOPUPOBAJIH BCSIYECKHE CMaii-
JuKHY U ab6peBuatypsl. [locMOTpUM, YTO yAacTCs caesaTh, IPUHSIB UX BO
BHMMaHHe. [lJIs1 3TOro MOHaA06MTCS HAMMCATb COOCTBEHHYIO (YHKUUH
preprocessor () HWIOACYHYTb €€ 06be1<'ry TfidfVectorizer.

[Ipexcae Bcero, onmpeneauM CJ0OBapb, B KOTOPOM KaXOMY CMaiauKy
COMOCTaBJISIETCS] TEKCTOBast 3aMeHa. MoxHo 6bL10 6b1 GpaTh pa3Hble 3aMe-
HSIIOLLME CJI0Ba, HO Mbl OTPAaHHYMMCSI OYEBHUIHBIMU CIOBaMH, HECYLIMMH
MOJIOXKUTEJIbHYIO U OTPHLATEIbHYIO OKPACKY:

emo_repl = {

# nonoxuTesibHble CMANIUKN
"&lt;3": " good ",
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":d": " good ", # :D B HUXHEM perucrpe
":dd": " good ", # :DD B HMXHEM perucrpe
“8) L H " good ll’

" :_) n. n gOOd " ,

":)": " good ",

I". ) L : " good " b

" (_:u: " gOOd n’

" ( . " H " good " )

# oTpuuaTeNbHHE CMaNIMKMU:
":/": " bad ",

":ggt;": " sad ",

Il:l)ll: " sad ",

. (II: " bad ",

ll: (": " bad II,

Il: Il: " bad ll,

":-5": " bad ",

}

# HyxHO, uToOh :dd 3amMeHanoce paHbwe :d (x npumepy)

emo_repl_order = [k for (k_len,k) in reversed(sorted([ (len(k), k)
for k in

emo_repl.keys()]1))]

3aTem onpenesisieM peryJisipHble BbIPaXKeHIisl Uil BbiaeseHus: abbpe-
BHATYp U COOTBETCTBYIOLIME UM pacuupenusi (\b 00603HauyaeT rpaHuILly
cJioBa):

re_repl = {
rll\br\b": llarell,
r"\bu\b": "you",
r"\bhaha\b": "ha",
r"\bhahaha\b": "ha",
r"\bdon't\b": "do not",

r"\bdoesn't\b": "does not",
r"\bdidn't\b": "did not",
r"\bhasn't\b": "has not",
r"\bhaven't\b": "have not",
r"\bhadn't\b": "had not",
r"\bwon't\b": "will not",
r"\bwouldn't\b": "would not",
r"\bcan't\b": "can not",
r"\bcannot\b": "can not",

}

def create_ngram_model (params=None) :
def preprocessor (tweet):
tweet = tweet.lower ()
for k in emo_repl_order:
tweet = tweet.replace(k, emo_repl[k])



for r, repl in re_repl.items(): l.--
. tweet = re.sub(r, repl, tweet)
return tweet

tfidf_ngrams = TfidfVectorizer (preprocessor=preprocessor,
analyzer="word")
#

Koneuno, ab6peBuatyp ropasno 6osblue, yeM 3aech nepeuncaeto. Ho
JaXxe C TAKHM OrpaHMYEHHbIM HAOOPOM KA4eCTBO Pa3JH4YEHHs] IMOLMO-
HaJIbHO OKpAIEHHbIX U HEHTPaJbHbIX TBUTOB MOBBICHJIOCH HA MOJIIPO-
1eHTa, 10 70.7%:

== Pos vs. neg ==

0.808 0.024 0.885 0.029

== Pos/neg vs. irrelevant/neutral ==

0.793 0.010 0.685 0.024

== Pos vs. rest ==

0.890 0.011 0.517 0.041

== Neg vs. rest ==
0.886 0.006 0.624 0.033

YyeT TMNOB CNOB

ﬂO CHUX NMOp Mbl HaA€sAJHCb, YTO 6y11eT JAOCTAaTO4YHO NnoAaxoaa Ha OCHOBE
Ha60pa CJIOB, B KOTOPOM IMpeanoJiara€Tcsa, 4YTo BCe CJ10Ba HE3aBHCHMBIL.
OnHako HHTYHLHA NOACKA3bIBAET, YTO HeﬁTpaJlebIC TBHTDLI, CKOPpEE BCE-
ro, coaepxat 6oJbLIe CYHIECTBUTEJbHBIX, TOrAa KaK AJisi KpaCOYHOI'O Bbl-
PaXX€HHA 3MOLHIT norpe6ylo1'c;1 NnpuJjaraTeJbHbI€ 11 [J1aro.Tbl. A 4yToO, €CJIHU
UCMOJIb30BaTb U TAaKYIO JIMIITBUCTHYECKYIO rmcbopmaumo? Ecau 6b1 Mbl
MOTIJIHX onpeae/iuTb, CKOJIbKO B TEKCTE€ TBUTA CYIECTBHTCJ/IbHLIX, IJ1aro-
JIOB, MNIpHUJjlaraTeJibHbIX U T. A., TO, BO3MOXHO, KJIaCCH(b][KaTOp cMor 6bl
9THUM BOCITI0JIb30BATbCA.

Onpeagenexnne TMnos c/oB

B 3ToM M coctouT 3amaya yactepeuHoit pasmetku (POS). Pasmetunk
AHAJIM3MPYeET NpeiJIoKEeHHe LeJHKOM, MbITasiCh MOCTPOUTD €PEBO 3aBH-
cUMocTeli, B KOTOPOM KaXZblif y3eJ1 COOTBETCTBYET CJIOBY, a CBSI3U THNA
POOUTEb-TIOTOMOK OMNpPENEsIIOT, OT KAKOro CJ10Ba OHO 3aBUCHT. MMes Ta-
KO€ JIEPEBO, Mbl CMOXEM TNPIIHIIMATL 06OCHOBaHHbIC PEILCHHS], HATPHMED
0 TOM, KaKOil 4acTbl0 peuH sABJIsIeTCs cJI0BO «book» — 1MeHeM cyuiecTBu-
tesbtibIM («This is a good book» — «3T0 xopoluasi KHHra») HIH [JaroJoM



(«Could you please book the flight?» — «He morsin 6b1 Bbl 3a6poHIpoBaTh
6uJIeT Ha caMoJeT?» ).

Bubl, HaBepHOe, yxe noragannck, yto NLTK npnuacten 1 k 3roii 3a-
nave. J[eficTBUTENIBHO, B €r0 AUCTPHOYTHB BXOAAT pa3dHOOOpa3Hble aHa-
JI13aTOpbl M pa3MeTyHkH. YacTepeuHblil pasMETYMK nltk.pos_tag() Ha
CaMOM /[IeJie SIBJISIETCS MTOJIHOLIEHHBIM KJacCii(PHKaTOpOM, OOyUCHHBIM Ha
BPYYHYIO aHHOTHPOBAIIHBIX TPeAJOXKeHNAX 13 npoekta Penn Treebank
(http://www.cis.upenn.edu/~treebank). OH MPUHUMaeT Ha BXoJe CIH-
COK JIEKCEM 1 BO3BpALIaeT CIMCOK KOPTEXKEi, B KOTOPOM KaXKblil 91EMEHT
COJIEPXKHT YaCTh HCXOAHOTO MPEJIOXKEHIIS 11 METKY YacTH peyit.
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>>> import nltk

>>> nltk.pos_tag(nltk.word_tokenize («This is a good book.»))
[('This', 'DT'), ('is', 'vBZ'), ('a', 'DT'), ('good', 'JJ'), ('book',
'NN'), (., o))

>>> nltk.pos_tag(nltk.word tokenize("Could you please book the flight?"))
[('Could', 'MD'), ('you', 'PRP'), ('please', 'VB'), ('book', 'NN'),
('the', 'DT'), ('flight', 'NN"), ('2', '.")])

CoxkpaliieHHbIe Ha3BaHUsI METOK B3sTbI M3 npoekta Penn Treebank (cm.

http://www.anc.org/OANC/penn. html):

MeTtka yactu OnucaHue Mpumep

peyn

CcC COEAUHUTENbHBIN CO03 or

CcD KONNYECTBEHHOE YUCNUTENbHOE 2, second

DT onpeaenutTenbHoe CNoBO the

EX there B NpeanoxeHun CyulecTBoBaHuS there are

FW MHOCTPaHHOE CNOBO kindergarten

IN npeanor, NoA4YNHNTENbHbIN COI03 on, of, like

JJ MMS NnpunaraTensHoe cool

JJR MMS NnpunaratenbHoe B CPaBHUTENLHOW | cooler
cTenexu

JJS MM$A NpunararenbHoe B NPEBOCXOAHON coolest
cTeneHu

LS Mapkep cnucka 1)

MD MoZAanbHbIv rnaron could, will

NN MMS CyLLLECTBUTENbHOE B €AMHCTBEHHOM | book
Yucne nnu Hemcyncnaemoe




Yuer TMnos cnos

MeTka yactu
peun

NNS

NNP

NNPS

PDT
POS
PRP
PRP$
RB

RBR
RBS
RP
TO
UH
vB
vBD
VBG

VBN

vVBP

vBZ

WDT
WP

WP$
WRB

Onucanue

M8 CYLWLECTBUTENBHOE BO
MHOXECTBEHHOM Yu1cne

MMA COBCTBEHHOE B €ANHCTBEHHOM
4yucne

UMA COBCTBEHHOE BO MHOXECTBEHHOM
yucne

npeaeTepmMuHaTmB
npuTAXaTeNbHbIN Nanex
NNYHOE MECTOUMEHWNE
npuTaXaTenbHoe MeCToMMeHNe

Hapeuve

Hapeune B CpaBHUTENbHOW CTENEHU
Hapeyne B NPEBOCXOAHOW CTENEHWN
yacTuua

to

MexaomeTtuve

rnaron B OCHoBHOW hopme

rnaron 8 GopmMe npoweawero BpeMeHu

rnaron 8 GopmMe repyHans nnu
npuyYacTvsa HaCTOALLEro BpeMeHun

rnaron B popme npuyactms
npoweawero BpeMeHn

rnaron 8 GopmMe eIMHCTBEHHOro Y1cna
HACTOALWEro BPEMEHMU, He B TPeTbeM
nue

rnaron 8 GopMe eMHCTBEHHOro Ynucna
HaCTOALWEro BpEeMeHHU, B TpeTbeM Nuue

onpeaenuTenbHoe CNoBo Ha wh
MecTouMeHue Ha wh
npuTaxatenbHoe MecTouMeHne Ha wh

Hapeuue Ha wh

Npumep

books

Sean

Vikings

both the boys
friend's
I, he, it
my, his

however, usually,
naturally, here, good

better

best

give up

to go, to him
uhhuhhuhh
take

took

taking

taken

take

takes

which
who, what
whose

where, when

Tenepb HECJIOXKHO 0TOOPATH HYXKHbIE METKH U3 PE3YJIbTaTa, BO3BPALIEH-
HOTO (YHKIMEH pos_tag (). YTOObI y3HATh YHCIIO CYLIECTBHTENbHBIX, HYXK-
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HO NMPOCTO MOACYHUTATDb CJIOBA, METKH KOTOPBIX HAYITHAIOTCS C NN, /UIA Ia-
ros1ioB COOTBCTCTBCHIIO VB, AJIs1 MpHJIaraTeJbHbIX — JJ, a A1 Ha[)e‘{llﬁ — RB.

YnayHbeii ooMmeH c nomouwybro SentiWordNet

Kak orMeuasnoch B mpeabiaylliemM paszesie, JHHIBHCTHYeCKass HHGOP-
Mallisi, CKOpee BCEro, HaM MOMOXET, HO /sl ee cOopa ecTb HHCTPYMEHT
nosnyyme: SentiWordNet (http://sentiwordnet.isti.cnr.it). [lonpo-
cTy roBopsi, aTo ¢aiin paamepom 13 MDB, koTopslit mpuniicsiBaeT 60J1b-
IIWHCTBY aHMIMHCKUX CJIOB MOJIOXKHUTENbHYIO HJIH OTPULATEIbHYIO KOH-
Hotauuio. Bosee TouHo, kaxa0oMy HabOpy CHHOHHMOB COMOCTABJISIETCSI
TNOJIOKHUTeJIbHASI HJIM OTpULATesIbHasl IMOLHOHANbHAsK oKpacka. Bot He-
CKOJIBKO MPIHMEepOB.

YacTtb
peun

a 00311354 |0.25 0.125 studious#1 Tpebyowmin cTa-
PaHna N yCunuia;
«yCepAaHo nbiTanca
NOYUHUTL TENEBU30P»

Un PosScore | NegScore | SynsetTerms | OnucaHue

a 00311663 |0 0.5 careless#1 OTnnyalowmncs He-
NOCTaTKOM BHUMa-
Hus, 06ayMbIBaHNS,
TWATEeNbHOCTH;
NPOTUBONONOXHOCTb
careful

n 03563710 |0 0 implant#1 MpoTes, NOCTOAHHO
pa3mellaemsblin B
TKaHAX Tena

v 00362128 |0 0 kink#2 O6pasyowuii 3a-
curve#5 BUTOK, KONEYKO unun
curl#1 NeTNio; «CUrapHbIn
AbIM KONbUaMK NOA-
HUManCcsa K NOTONKY»

Bnaronaps undgopmaimir B ctosdue «dacTb peuit> Mbl MOXEM OTJIM-
YUTb CcylnecTBuTeNbHOEe «book» (kHura) ot riarosa «book» (6ponupo-
Batb). CTos1611bl PosScore M NegScore B COBOKYMHOCTH T0O3BOJISIIOT OIpe-
JeJIUTh CTeNceHb HeiiTpajJbHOCTH csioBa, paBHyio 1-PosScore-NegScore.
B cTronble synsetTerms nepevHcaeHbl BCe CJ10BA, COCTABJSIOLIIE /IAHHDIE
Ha6op ciuHonnmoB. Cton6ust Ua u OnucaHue HaM He HHTCPECHDI.

K csnoBam 113 HaGopa CHIIOHUMOB 106aBJICHO YHCJIO, TOCKOJIbKY HEKO-
TOpble H3 HIIX BCTPEYAIOTCsI B pa3dHbIX HaGopax cnHoHMMOB. Hampiimep, y
cnoBa «fantasize» /1a 3HaYeHMs1, a, 3HAUMT, 11 /IBE OLIEHKIL:



Yuet TMnos cnos I.--

:ZE:’ Un PosScore | NegScore | SynsetTerms | OnucaHue
v 01636859 |0.375 0 fantasize#2 MeicneHHo npen-
fantasize#2 CTaBNATb; «OH Ha-
pUCOBanN MbICNEHHBIN
nopTpeT npeanbHomn
XeHbl»
v 01637368 |0 0.125 fantasy#1 ®daHTa3npoBsaTb; «OH
| fantasize# 1 ¢daHTa3npyer, roso-
fantasize# 1 pA 0 NhaHax co3naTtb
CBOIO KOMMNaHWIo»

YTo6b! peLnTh, Kakoii HAboOp CHHOHUMOB OTHOCHTCS K /1]y, MbI 10JIK-
Hbl TOHMMATh CMBICJI TBHTOB, HO 3Ta TeMa BBIXOAMT 33 PaMKH AaHHOII
rnasbl. O6JaCcTh HCCIE0BAHMUI, B LIEHTPE BHUMaHIIs KOTOPOI HAXOAUTCS
3Ta 3a/aua, Ha3bIBAETCs <«pajpelleHHe JeKCHYeCKOil MHOIO3HAYHOCTH».
MbI noiineM no JierkoMy nmyTH M MPOCTO YCPEAHUM OLIEHKH MO BCEM Ha-
6opaM CHHOHHMOB, B KOTOPBIX BCTpeuaetcs TepM. st cioBa «fantasize»
posScore Oyner paBHo 0.1875, a NegScore — 0.0625.

ITpuBeneHHast HMKe QYHKLHUS load_sent_word net () AeJIaeT BCE BbI-
1IEONHCaHHOE M BO3BPALLAET CJOBapb, KJIOYaMH KOTOPOIO SIBJSIOTCSA
CTPOKH BU/1a Mun c106a,/c1060, HanpuMep n/implant, a 3HaueHHsIMH — 11O~
JIOXKUTENbHASL M OTPULIATEbHAS OLEEHKH.

import csv, collections

def load_sent_word net():
# ynpoctum cebe %M3Hb, BOCMONb30BABWMChL CJIOBApeM, KOTOPbIA
# aBTOMaTMUeCKM CO3HAET MyCTOM CNMCOK MPU MOMHTKe OGPaTUTLCH
# K ewe He cCywecTByoWeMYy KJOYYy
sent_scores = collections.defaultdict (list)

with open(os.path.join(DATA_DIR, SentiWordNet 3.0.0_20130122.txt"),
"r") as csvfile:
reader = csv.reader (csvfile, delimiter='\t', quotechar='""')
for line in reader:
if line[0] .startswith ("#"):
continue
if len(line)==1:
continue

POS, ID, PosScore, NegScore, SynsetTerms, Gloss = line
if len(POS)==0 or len(ID)==0:

continue
for term in SynsetTerms.split (" "):

# oTOpoCUTb YMCJIO B KOHLe TepMa
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term term.split ("#") (0]

term = term.replace("-", " ").replace("_", " ")

key = "%s/%s"%(POS, term.split ("#")[(0])
sent_scores[key].append ((float (PosScore), float (NegScore) ) )

for key, value in sent_scores.items():
sent_scores[key] = np.mean(value, axis=0)

return sent_scores

Haw nepBbi oyeHLNK

Teneps y Hac ecTb Bce HEOOXOAMMOE /17151 CO3/IaHHUs1 CBOETO NEPBOro Bek-
topusatopa. CaMbiii y106HbIH c1ocob yHAC/IE0BATh KJ1AacCy BaseEst ima-
tor, 1151 4ero TpebyeTcst pean30BaTh CleAyIOLINe TPH METOA:

* get_feature_names (): BO3BpalllaCT CMUCOK UMEH NMPHU3HAKOB, KO-
TOPbIE€ MbI 6}’ZICT BO3BpalllaTb U3 transform();

* f{it (document, y=None): [IOCKOJILKY MbI He CO6MpaeMCﬂ 06yanb
Knaccndn1KaTop,nu»KeM 37eCb HU4Yero He aejathb, a MPOCTO BEp-
HYTDb self;

* transform(documents): BO3BpalllaeT MaCCUB numpy.array (), UMEIO-
LM CbOpMy (len (documents), len(get_feature_names)). Jto03-
HavaeT, YTO AJIA KaXK10ro 10KyYMeEHTa H3 CIMTHUCKa documents BO3Bpa-
IIAI0TCA 3HAYEHHUA BCEX MPII3HAKOB, UME€HA KOTOPLIX MOJY4Y€HbI OT
beHKuHH get_feature_names ().

Peanusanms nokazaHa Huxe.

sent_word_net = load_sent_word_net ()

class LinguisticVectorizer (BaseEstimator):
def get feature_names (self):
return np.array(['sent_neut', 'sent_pos', 'sent_neg',
‘nouns', 'adjectives', 'verbs', 'adverbs',
'allcaps', 'exclamation', 'question', 'hashtag',
'mentioning'])

# MB He 3aHMMaeMcsa oOydYeHMeM, HO IOJIKHE BEPHYTb CChUJIKY, YTOOH
# MoxHO ObuIO BHI3BAThb MeTon Tak: fit (d).transform(d)
def fit (self, documents, y=None):

return self

def _get_sentiments(self, d):
sent = tuple(d.split())
tagged = nltk.pos_tag(sent)

pos_vals = []



neg_vals = []

nouns = 0.
adjectives = 0.
verbs = 0.

adverbs = 0.

for w,t in tagged:

p, n =20,0

sent_pos_type = None

if t.startswith("NN"):
sent_pos_type = "n"
nouns += 1

elif t.startswith("JJg"):
sent_pos_type = "a"
adjectives += 1

elif t.startswith("VB"):
sent_pos_type = "v"
verbs += 1

elif t.startswith("RB"):
sent_pos_type = "r"
adverbs += 1

if sent_pos_type is not None:
sent_word = "%s/%s" % (sent_pos_type, W)

if sent_word in sent_word net:
p,n = sent_word_net[sent_word]

pos_vals.append (p)
neg_vals.append(n)

1 = len(sent)

avg_pos_val = np.mean (pos_vals)

avg_neg_val = np.mean(neg_vals)

return [l-avg_pos_val-avg_neg_val, avg_pos_val, avg_neg_val,
nouns/1l, adjectives/l, verbs/l, adverbs/1]

def transform(self, documents):
obj_val, pos_val, neg_val, nouns, adjectives, \
verbs, adverbs = np.array([self._ get_sentiments(d) \
for d in documents]).T

|
i

allcaps = []
exclamation = []
question = []
hashtag = []
mentioning = []

for d in documents:
allcaps.append(np.sum([t.isupper() \
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for t in d.split() if len(t)>2]))

exclamation.append(d.count ("!"))
question.append(d.count ("?"))
hashtag.append(d.count ("#"))
mentioning.append(d.count ("@"))

result = np.array([obj_val, pos_val, neg_val, nouns, adjectives,

return result

verbs, adverbs, allcaps, exclamation, question,
hashtag, mentioning]).T

CobepemM Bce BMecTe

OnHako OQHO JIMILL HCIMOJIb30BAaHHE JIMHTBUCTHYECKUX MPH3HAKOB
6e3 caMHX CJI0B MaJio YTO AaeT. [I03TOMy HYXHO 00BbEeAHHUTDL NapaMeTp
TfidfVectorizer € JIMHTBUCTHYECKUMH mpu3Hakamu. s aToro ciyxut
KJIaCcC FeatureUnion U3 Gubsmnoreku scikit-learn. Muuumanusupyercs
OH TaK Xe, KaK Pipeline, HO BMECTO TOCJIEJIOBATEJLHOTO BLI30BA OLEH-
IMKOB, KXIBITI M3 KOTOPBIX MOAAET CBOiH BLIXOA HA BXO[ CJIEAYIOLIETO,
FeatureUnion BbI3bIBAET UX MAPAJUIEJbHO U MOTOM OObEAHHSIET PE3YJib-

THPYIOLLHE BEKTOPBIL.

def create_union_model (params=None) :
def preprocessor (tweet):
tweet = tweet.lower ()
for k in emo_repl_order:
tweet = tweet.replace(k, emo_repl[k])
for r, repl in re_repl.items():
tweet = re.sub(r, repl, tweet)

return tweet.replace("-", " ").replace("_ ", " ")

tfidf _ngrams = TfidfVectorizer (preprocessor=preprocessor,

analyzer="word")

ling_stats = LinguisticVectorizer()

all_features = FeatureUnion([('ling', ling_stats),

('tfidf', tfidf ngrams)])

clf = MultinomialNB()
pipeline = Pipeline([('all', all features), ('clf', clf)])

if params:

pipeline.set_params (**params)

return pipeline



Fesome T T Do)

[Tocsie 0OGyyeHus: M TeCTUPOBaHHS KOMOWHMPOBAHHBIX BblAeIUTENEH
NPU3HAKOB Mbl yJyuluaeM nuouaab non kpusoii T/I1 ans pasnuyenus
NOJIOXXHUTENBHO H OTPHLIATENbHO OKPALICHHBIX TBIITOB ewue Ha 0.4%.

== Pos vs. ne ==
0.810 0.023 0.890 0.025

== Pos/neqg vs. irrelevant/neutral ==
0.791 0.007 0.691 0.022

== Pos vs. rest ==
0.890 0.011 0.529 0.035

== Neg vs. rest ==
0.883 0.007 0.617 0.033

time spent: 214.12578797340393

C TakMMH pe3yJbTaTaMH Mbl BPSIL JiII 3aXOTHM HCMNOJb30BaTh KJac-
crdUKaTOPBl IJ1s1 pa3/inyeHiisl MOJ0XHTENbHBIX (1LJ1H OTPULATEILHBIX)
I IPOYMX TBIITOB, HO CHauaja BOCNOJb3yeMcst KJacciglKaTopoM, KOTO-
pblii onpenesieT, HeceT JIM TBUT XOTb KaKYI0-TO 3MOLIHOHAJIbHYIO OKPacKy
(pos/neg versus irrelevant/neutral), 1, ecaiu HeceT, TO NpUMEHUM KJac-
cuduKaTop, pa3NyaloUIii NON0XKHTeNbHbIe U OTPHLATENbHbIE IMOLIMH.

Pe3iome

[lo3npaBasieM TeX, KTO AoLIe] C HAMU [0 caMoro KoHua! Mbl usyuuiu,
Kak paboTaeT HauBHbIN GaiiecOBCKHIi KiaccugpHKaTop,  0ObACHUIIH, 110-
yeMy OH BOBCE HE SABJISIETCSI TAKMM YK HauBHbIM. OCOOEHHO XOPOLLO 3TOT
KJ1accu(UKaTOp CrpaBJsieTcs ¢ 3aaaveli 0600IeH s, KOraa 00yyatouii
Habop CONEPXKUT HEMOCTATOUHO AAHHBIX, YTOObI MOKPHITH BCE 3aKOYJIKH
NPOCTPaHCTBa BeposiTHOCTei. Mbl BUAEIH, KAK IPUMEHUTD €ro K KJ1acCH-
(bukauMK TBUTOB U MOHSIIIIL, YTO OYHMCTKA TEKCTA TBIITOB OY€Hb NIOMOTaeT.
HakoHel, Mbl YSICHHIIH, YTO HeBOIbILOIT «0OMaH» (HO MOCJIE TOrO, KaK oC-
HOBHast YacTb paboTbl yxe mpojiesnaHa) He nospeaut. Tem GoJee, Koraa
OH yJly4yuiaeT KauyecTBO paboThbl KiaccM(PUKATOPa, KAK TO MPOH3OLLIO B
pe3yJibTaTe UCMOJIb30BAHUSA SentiWordNet.
B cienyioueii riiaBe Mbl TO3HAKOMHMCS C perpecciei.



FAABA7.
Perpeccus

Bbl, HaBepHOe, H3yuasl perpeccHio B By30BCKOM Kypce Bbiclieil MaTe-
MaTHKH. A KOHKPETHO — Perpecciio 06bIYHBIM METOAOM HAaUMEHbUIUX
kBaaparoB (OLS). 3tomy ouenb GbicTpomy Metody yxe 200 jer, Ho
OH TMO-TIpeXxKHeMy NMPHMEHsSIETCST AJsl pellleHHsT MHOTHX NPaKTHYecKIX
3aaa4. Mbl HAUHEM C ero omHcaHIisl 1 MOKaXKeM, KaK OH pean30BaH B
scikit-learn.

Ho ectb 3asauit, A1t KoTOpbIX 9TOr0 MeToAa HefoctatouHo. Ocoberiio
3TO OTHOCHTCSI K C.1v4alo, KOTAA NMPH3IIAKOB MHOTO, a ecJn 11X GoJblue,
ycem 06pa3LoB, TO METOA H BOBCE HEMPHTOA€eH. B Takix cHTyausax HyKiibl
Gosiee CNOXKHBIE MCTO/LbI — TOSIBUBLIICCSI COBCEM 1ICAABHO, B NOCIEAIe
aecsiTb JjeT. ITo MeToabl Lasso, rpeGHeBoil perpeccitil 11 3nacTHUHDIX
ceteii. Bce on ecto B scikit-learn, 1 Mot mogpo6HO paccMOTPIIM TiX.

NMporHo3aposaHue CTOMMOCTHU
AOMOB C NOMOLLbIO perpeccum

Haunewm ¢ npocToit 3agaui — mpor103npoBaHiist CToHMOocTH 1oMoB B Bo-
ctoHe. [171s1 Hee Mbl CMOXCM BOCMOJIL30BAThCST 00LLEA0CTY MHBLIM HAGOPOM
nanHbix. Ham n3sectHo Heckonbko gemorpagiueckix u reorpadHueckux
XapaKTepHCTHK, IAMPIMe]: YPOBellh MPeCTYMHOCTH B OKPYTe IJIH cpe/iiice
UHCJIO YYAIIHXCsl Ha ojiHoro npenojasarenst. Lleab — npeackasats Meau-
AHHYIO CTOIIMOCTD JlOMa B onpeaencHuoM paiionie. Kak oGbiuto, HmeloTes
oGyuarolie JaHnble, B KOTOPIX OTBET YKe 13BECTEH.

IT0 oaMH U3 HABOPOB, BXoAsILNIX B JuicTprOyTiB scikit-learn, moatomy
3arpy3HTb ero B MaMsTh COBCEM MPOCTO:

>>> from sklearn.datasets import load boston
>>> boston = load_boston ()

OO6beKT boston IIMECET HCCKOJALKO aTpiOyTOB; B 4aCTHOCTH, boston.
data COAEPXKHT HCXOAHDIC JlaHHbIE, & boston. target — I{CHDI JOMOB.
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HayHeM c npocToii ofHOMEepHOI perpeccuil, TO eCTh MONbLITAeMCS Mpej-
CKa3aThb LieHY BCETO 110 OAHOMY aTPUOYTY, CPEMHEMY UIIC/y KOMHAT B XH-
JIOM MOMEILIEHHH B laHHOM paﬁOHe. 10T anM6yT XPaHHUTCA B NISATOM 3J1€-
MEHTe 3al1cH (l’IOleO6Hy10 MHGOPMaLHIO O JAHHBIX MOXHO MOYEPNnHYTb
M3anM6yTOBboston.DESCR liboston.feature_names)

>>> from matplotlib import pyplot as plt
>>> plt.scatter (boston.data[:,5], boston.target, color='r')

ATpHOYT boston.target COAEPKUT CPEHIONO LleHY AoMa (Halia LeJie-
Basi nepeMeHHast). M0o>xHO NIDUMEHUTD CTaHAAPTHYIO PerpeccHIO METOOM
HaMMeHbIIUX KBaJpaToB, C KOTOPOH Bbl, CKOpee Bcero, 3HakoMbl. [lepBast
MONbITKA BBIMISIANT Tak:

>>> from sklearn.linear model import LinearRegression
>>> 1lr = LinearRegression{()

Ml UMIIOPTUPYEM KJIACC LinearRegression 113 MOAYJIA sklearn.
linear_model M KOHCTPyHpyeM 0ObeKT 3TOro Kjaacca. OH Benet cebst Tak
)K€, KaK paCCMOTPEHHbIE BbIlIE 06bEKTDI KJIaCCH(l)MKuTOpOB u3 6ubaunore-
ki scikit-learn.

>>> x = boston.data[:,5]

>>> y = boston.target

>>> x = np.transpose(np.atleast_2d(x))
>>> 1lr.fit (x, y)

>>> y predicted = lr.predict(x)

EnunHcTBeHHast HeoueBHAHAsI CTPOKA B 3TOM Koze — obpalileHHe K MeTo-
Ly np.atleast_2d, KOTODBIil Mpeo6pa3yeT OAHOMEPHbI MACCHB x B JABY-
MepHbIi. ITO npeobpa3oBaHie HEOOXOAMMO, NOTOMY YTO METOL fit OXKH-
[aeT, YTO B EPBOM aprymeHTe Oy€eT nepefiaH AByMepHbIH MacCHB. 3aTeM,
4TOObI PACMOI0KUTb HIMEPCHHST B HY>KHOM NOPSIZIKE, Mbl TPAHCTIOHHPYEM
3TOT MacCHB.

OTMeTHM, YTO METOABI fit U predict BbI3bLIBAIOTCS OT MMEHHM 0OBEKTA
LinearRegression — TaK e, KaK B CJly4yae 00beKTOB KJaacCH(HKATOPOB, —
XOTs1 ceifyac Mbl TPOU3BOAMM perpeccHio. ITo exuHoobpasue API — oano
u3 nocTouHCTB scikit-learn.

Ha rpacuke Huxe nokasanbl Bce 06pa3iibl (B BUZE TOYEK) M HALIA an-
NpOKCUMAaLUs (CIJIOLIHAS NpsiMast IMHHS). BeIirnsiaut Hensoxo, eciu He
CYMTATb HECKOJIbKUX BbIOPOCOB.

Ho B uaeane xorenoch 6b! KOIMYECTBEHHO H3MEPUTb KaueCTBO aNMpoK-
cUMauuy, Haye OyAeT TPYAHO CPaBHUBATb Pa3iMuHble MeToAbl. [[J1s1 aTO-
'O MOXXHO M3MepHUTb GJIM30CTb MPOrHO3a K UCTUHHBIM 3HAYEHHUSIM, BOC-
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NoJb30BaBUINCh (GYHKUMEH mean squared error U3 MOAYJS sklearn.
metrics:

>>> from sklearn.metrics import mean_squared_error
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Ita hyHKUMS MPHHKMAET [Ba apryMeHTa: HCTUHHbIE U NPeCKa3aHHble
3HaYeHHs:

>>> mse = mean_squared_error(y, lr.predict(x))

>>> print ("KBanpaT cpenHekBampaTMYHON MOTPEWHOCTMH (Ha obyualowmx
OaHHHX) : {:.3}".format (mse))

KBampaT cpenHekBaapaTU4YHOM NMOTPEWHOCTH (Ha obyuaowmMx OaHHBIX) : 58.4

ITO 3HayeHHe TPYAHO HHTEPNpPETHPOBAThb, Jydlle H3BJIEYb H3 HEro
KBallpaTHbIﬁ KOpE€Hb, MOJIYYUB CPEAHECKBAJAPAaTHYHYI0 MNOrpemHoOCTb
(RMSE):

>>> rmse = np.sqrt (mse)

>>> print ("RMSE (Ha oOyualuwmx naHHux): {:.3}".format (rmse))
RMSE (Ha oOyuaumMx OAaHHHX): 6.6

Ipenmyumectso RMSE cocTout B TOM, 4TO MOXHO GBICTPO MOJYYHUTD
rpy6yIo OLEeHKY MOrpeuIHOCTH, YMHOXHB 3Ty BeJIMYHMHY Ha Ba. B HauleM
CJlyyae MOXKHO OXHAATb, YTO OLIEHOYHASI CTOUMOCTb OyIeT OTJIMYAThCS OT
peasnbHOii He 6oJiee, yeM Ha 13 ThiCSY 10J1apOB.
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M CpeaHekBaapaTUYHaN NOrpPeLIHOCTb U NPOrHO3
Q CpeaHeksaapaTU4Has NOrpPewWwHOCTb NPUGNN3NTENBHO COOTBETCTBYET
oueHKe CTaHAapTHOro OTKNOHeHUs. MocKoNbKy B 6ONbLIMHCTBE Cnyya-

€B AaHHble OTNINYAIOTCA OT cpeaHero He 6onee, Y4eM Ha ABa CTaHAApT-
HbIX OTK/IOHEHUS, Mbl MOXEM YMHOXUTb RMSE Ha asa ana nonyyenus
rpy6oi oueHkn AOBEPUTENBHOrO HTEPBana. 3Ta OUEeHKa TEOPeTUYECKM
npasunbHa, TONbKO eCnu ownbKn UMEIOT HOPMaNbHOE pacnpeaenexne,
HO 3a4acCTylO OHa FOAMTCSA U B APYrUX CNy4yasx.

JIio6oe koHKpeTHOE yKc0, HanpuMep 6.6, Haleil HHTYMUUH HUYEro
He roBOPUT. ITOT MPOTHO3 XOPOL MK HeT? [[Jis1 oTBeTa Ha 3TOT BOMPOC
MO>KHO NPOBECTH CPaBHEHHE C 3TAIOHOM — MOCTOSIHHOIT Moaenbio. Ecan
Mbl HHYETO He 3HAaeM O XapaKTepe BXOAHbIX JAaHHbIX, TO U CIIPOrHO3HPO-
BaTb HEJIb3si HMYETO Jiyyllle CPEeHEro 3HayeHUs y. 3aTeM MOXXHO CpaB-
HHUTb CPeHEeKBAPAaTHYHYIO OTPELIHOCTb Hallel 11 HyJ1eBoii Moaeau. Ty
naeio popmanusyet K03(p(PpUUHEHT AETEPMUHALIMH:

PO A MSE
1- —-=1-
>.0-7 VAR(y)

3aech y, — 3HauyeHHe i-OTO 2/1eMEHTa, a J, — OlleHKa 3TOro 3/1eMeHTa,
noJlyyeHHasi C MOMOLLBIO perpeccHoHHoIt Mogenu. HakoHel, j — cpeaHee
3HaueHue Y, NPeCTaBISIIOIEe HYAeGY0 MOOenb, KOTOpas BCEeraa BO3Bpa-
1[aeT OHO U TO ke 3iayeHHe. [IpHOIH3NTENILHO TO XKe CaMOe Mbl MOJTY-
4YMM, BBIYMCJIMB Pa3HOCTb MeXAy eAuHHleil M oTHOICHIleM KBaapaTa
CpeAHeKBaAPaTUYHOIf ounbKU K Aucnepcuu pedysrata. CieaoBaTesbHO,
[J1s1 HeasIbHO MOoZie/ T TIOTyYUTCs olieHKa 1, a 1151 HyieBoit — ouenka 0.
OTMeTHM, YTO OLIEHKa MOXeET MMOJyYUTbCs U OTPULIATEJILHOIL; 3TO 03HaYa-
€T, YTO MO/IeJIb HACTOJIbKO I1JIOX4, YTO Jiyulle yx OpaTb B KauecTBe Mpo-
rHO32a cpe/lHee 3HaueHHe.

KoadduuueHT nerepmitHaii BoranciasieT QyHKUHSA r2_score H3 MO-
AYyJisA sklearn.metrics

>>> from sklearn.metrics import r2_score

>>> r2 = r2_score(y, lr.predict(x))

>>> print ("R2 (Ha obydalowmx OaHHeIX): {:.2}".format(r2))
R2 (Ha o6yuamumx mpaHHbeix): 0.31

ITy MeTpHKY ellle Ha3bIBAIOT olleHkoil R%. Ecau ucnonn3yercst aunHeii-
Hasi PErpeccHsi, a MOrpeLHOCTb BBIYHCISETCS HA 00YYaIOUMX JAHHBIX, TO
OHa COOTBETCTBYeET kBaapaty koadduunenrta koppensiuuu R. OqHako ara
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METpHKa 60]16‘6 06].[12151 H, KaK yxe 6leIO CKa3aHO, MOXET NPHHHIMATb OT-
pHUATE/IbHbIE 3HAUEHH .

I'[o-npyromy KOS(b(leIHeHT AeTepMHUHAIIMH MOXHO BbIYHUCJIUTB, BbI-
3BaB METO/ score oObexTa LinearRegression:

>>> r2 = lr.score(x,y)

MuoromepHas perpeccus

Jlo cux mop Mbl MCMOJIb30BAIM IJis1 IIPOTHO3HPOBAHUS TOJBKO OLHY
nepeMeHHYI0 — CpejlHee YHCJIO KOMHAT B ZioMe. Tenepb Bocnosib3yeMcst
1151 00y4eHMst MOZleJTIT BCeMH MMEIOLIMMINCS JTAHHBIMH, TPUMEHHB MHOTO-
MepHy!lo perpeccuio. [TonpobyeM npeackasath oJ1H pe3yabTat (CpeAHIO
1LleHy I0Ma), IIPUHUMasi BO BHUMaHHe HECKOJIbKO XapaKTepUCTHK.

Koz Buirasiant noutu tak xe, kak panbiie. OH aaxce npotiie, NOTOMY
4TO aTPUOYT boston.data MOXHO MepeaaTb METOMY fit HEMOCPeACTBEH-
HO:

>>> x = boston.data
>>> y = boston.target
>>> 1lrfit (x, y)

[Ipu cnob30BaHITK BCeX BXOJAHBIX JAHHBIX CpeIHEKBaApaTHYHas No-
TPELIHOCTb COCTaBJsIET BCero 4.7, YTo cooTBeTCTBYeT KoapdUIIHEHTY Je-
tepmuHanuu 0.74. ITo snyuyrue, UeM paHbllc, a, 3HAYHT, AONOHHTEIbHbIE
nepeMeHHble 11omMoriu. Ilpasaa, Tenepb pe3yJbTaT He YAAcTCsl MOKa3aTh
HarJsAHO, MOTOMY YTO 3TO 14-MepHast rNepnaoCcKoCTb Pperpeccii, a He
npsiMasi JMHHS HA MJIOCKOCTH.

Ho moxHo noctpoutb rpaduk 3aBHCHMOCTH NpPeACKAa3aHIIOro 3Have-
Hus oT dakTiyeckoro. Huxe npusenex xox:

>>> p = lr.predict (x)

>>> plt.scatter(p, y)

>>> plt.xlabel ('llpencka3aHHas ueHa')

>>> plt.ylabel ('®akTnueckas ueHa')

>>> plt.plot([ymin(), ymax()), [([ymin()], [ymax()]])

B nocnenneit ctpoxe npoBOAMTCS AMaroHajibHasi MpsiMasi, COOTBET-
CTBYyIOLAsl UleaJibHOMY COrJIacHi0. DTO NOMOraeT HArJISIAHO NPeCTaBUTh
KapTHHY. Pe3ysibTaThl NOKa3aHbl Ha rpaduke HiKe, rae CNJIOLIHOM JHHH-
eil mokasaHa JuiaroHasb (Ha KOTOPOH Jiexastit 6bl Bce TOYKH, eCsiu Obl Cy-
1LIeCTBOBAJIO 11/IeaJIbHOE COTJIacHe MeX Y HCTHHHBIMM H NPeJICKa3aHHBIMH
3HaAYEHUSIMI).
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MepexpecTHas npoBepka Ans perpeccumn

3HakoMsCh ¢ KkiaccuduKalyeil, Mbl MOAYEPKUBAIN BaXKHOCTb Iepe-
KPeCTHOI1 IPOBEPKH /17151 IPOBEPKH KayecTBa NPorHo3os. [yist perpeccuu
aTO AenaeTcs He Bceraa. Ha camom aeste, 10 cux mop mMbl 06CYKAaIH TOJIb-
KO MOTPELIHOCTh Ha 0OYYAIoLUIMX JaHHBIX. DTO HEeNpaBUJIbHbBIA MOAXOZ,
€C/IM Mbl XOTHM CZleJIaThb JOCTOiHble A0BEpHsl BBIBOAbI O CIIOCOOHOCTH
K 06061enn10. [TockosbKy OOBIYHBIH METOA HAUMEHbIINX KBAAPATOB —
OYeHb MPOCTast MOJEJb, OLIMOKA OOBIYHO He CIMUIKOM cepbe3Ha. HbIMU
CJIOBaMH, CTerneHb nepeobyyeHus Hu3kas. Ho Bce paBHO HY»HO mpoTe-
CTHPOBATb €€ XOTs1 Obl IMITUPHUYECKH, YTO JIETKO 03BOJISIET caeaTh scikit-
learn.

Bocrnonb3dyeMcsi kjaccoM Kfold AJISL peaiu3aluy MSATHIPOXOAHON
NPOBEPKH CIOCOGHOCTH JIMHEHHOIA perpeccuu K 06001eHH IO

>>> from sklearn.cross_validation import Kfold

>>> kf = KFold(len(x), n_folds=5)

>>> p = np.zeros_like(y)

>>> for train,test in kf:

lr.fit (x(train]), yl[train])
pltest] = lr.predict(x[test])



--.l Masa 7. Perpeccus

>>> rmse_cv = np.sqrt(mean_squared_error (p, y))
>>> print ('RMSE Ha 5-npoxonHoit [M: {:.2}'.format (rmse_cv))
'RMSE Ha 5-npoxonHou [M: 5.6

C npyuMeHenneM MepeKpecTHOIl MpoBepki nosyyaetcst 6oJiee KOH-
cepBaTHBHast olleHKa (To ecTb ¢ Gosibleli norpeuwrHocTbio): 5. 6. Kak 11 B
cayyae kaaccHHKaINH, OLlEHKa, MOJTy4YeHHas ¢ TOMOLIBIO MepPeKPecTHON
NPOBEPKH, TOUHEe MOKa3bIBAET, YETr0 MOXHO 0XKHAATh OT 0606LeHNst MO-
[IeJIN Ha paHee He MPeIbsBASABUIMECS IAHHBIC,

OO6b1yHBIT METOA HaHMEHbUIMX KBaApaTOB GLICTPO 0OyuyaeTcst U BO3-
BpalllaeT MPOCTYIO MOfeJib, KOTopasi GLICTPO JiaeT mporHos. [Toatomy
MMEHHO ero PeKOMEHYeTCsl HCTIOb30BaTh B KAYCCTBE MEPBOil MOMBITKH
pewnTh J06yio 3a1auy perpeccin. Ho nanee Mbl mo3HakoMuMcst ¢ Gosee
CJIOKITBIMH MCTOAAMH M OOBSICHHM, MOYEMY OHIf HHOT/AA SIBJISIIOTCS MpeJi-
MOYTHTETBHBIMH.

Perpeccusa co wrtpadpom,
UNn perynapmusoBaHHas perpeccus

B aToM pasaesie onicbiBacTCs BaXKHDIIT KJ1aCC perpecCHOHHLIX Mozeeii —
perpeccusi co wtpadoM, KOTOPYIO TaKXKe Ha3bIBAIOT pPeryJsipu3oBaHHOMN
perpeccHei.

[Tpu 06bIYHOI perpeccHil BO3BpAlaeTCsl HaHIyyas alnpoKcHMalsl
obyyaiounx AaHHbIX. ITO MOXET NMpHBecTH! K nepeobyyeHino. lItpado-
BaHHe 03HaYaeT, YTO Mbl BKJIIO4YaeM wTpad 3a ype3aMepHOC JOBEPUC K Na-
paMeTpHYecKIIM aHHbIM. VHaue roBopsi, Mbl COrJIalliaeMcst Ha HECKOJILKO
XyAWYIO annpokcHMaluio paau 6oJiee npocToit Moaesu.

Mo>HO B3rJISIHYTh Ha 3TO MHAYe — CYITATh, YTO MO YMOJTYAHHUIO HCT
HUKAKOI1 CBSI3M MeX Ay BXOAHBIMHM NMepPeMeHHBIMH M BBIXOANBIM MPOTHO-
3oMm. [Tonyyas naHHbIe, MbI H3MEHSIEM 3TO MHCHHC, a 10OaBJIeHHe wWTpada
O3HayaeT, yTo TpedyeTcs 6oJiblie AaHHbIX, YTOOB! yOeAUTh HAC B HAJTHYMH
CHJILHOI1 CBSI3H.

al Perpeccus co wTpadom KaK KOMNPOMUCC

L)

Q Perpeccus co wrtpadpom - ewe oanH NpUMep KOMNpoOMUCCa Mexay
cMmeuwleHneM n aucnepcueint. Hanaras wrpad, Mbl nonyyaem xyalwyto
annNpoKCUMaLMIO AaHHBIX, NOTOMY 4TO yBenMumMeaem cmeulexue. C apy-
ro CTOPOHbI, AUCNEPCUA YMEHBLIAETCA, @ BMECTE C HEW U WaHCbl NO-
nyuynTb nepeobyyeHHyio Moaenb. Mo3ToMy NonyymBlWMIACA pe3ynbrar,
ckopee Bcero, 6yneT nyywe 0606wWaTbLCA Ha HOBbIE (TECTOBLIE) AAHHBIE.
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Wrpagpbi LT nlL2

Tenepb nepeiinem k aetansim. Te, KoMy MaTeMaTHyecKne COOOpaKeHUsI
HEUHTEPECHbBI, MOTYT MepeiiTH cpa3y K caeayloleMy pas3ziey, rae OnUchl-
BaeTCs MCIO0JIb30BaHKe PeryJisipu3oBaHHON perpeccuy B scikit-learn.

B o6uieM cayyae Mbl iMeeM MaTpHlly X 0Oy4aroiX AaHHbIX (KaXaas
CTPOKa B Heil — pe3yJibTaT HabJIloAeH I, a Kaskablil cTo10€el — OMH MpH-
3HAK) U BEKTOP Y BbIXOHbIX 3HaUeHHil. 3a1a4a COCTOHT B TOM, YTOObI Haii-
TH BeKTOD BecoB b*. B ci1yuae perpeccun MeTo10M 0ObIYHBIX HAUMEHDbLINX
KBaJIpaTOB OH BbIpakaeTcsi ciaeaylouleii ¢popmMyoii:

b’ = argmin; | )")—Xl;l2

To ectb TpebyeTcst HaiiT BekTOp b, KOTOpBIit OOpaliaeT B MUHUMYM
KBaJpaT PacCTOsSIHMS 110 BeKTopa y. B atnx dopmysax cBoGoaHblil YieH
MTHOPUPYETCsl, IOTOMY YTO Mbl MpeNoJiaraeM, YTo obyyaiol1e AaHHbIe
ObL1M MpefBapHTEIbHO 06pabOTaHbI, TAK YTO CPe/ice 3HAYEHUE i PABHO
HyJIIO.

Hob6asnenne wrpada, Wik peryasipu3aiisi 03HauacT, YTO Mbl XOTHM He
TOJIbKO HailTH HaWJIyYllYyI0 arnnpoOKCHMaLHIO, HO M IIPHHUMAaeM BO BHUMa-
Hile cTpoeHHe BekTopa. CyluecTBYIOT 1Ba OCHOBHBIX WTpada, npuMeHsie-
MbIX B caydae perpeccun: L1 u L2. [IItpad L1 o3HauaerT, uTo Kk perpeccuu
npubasJisieTcsi CyMMa aGCoMIOTHBIX 3HaYeHUi ko3 duumeHTos, a wtpad
L2 - yro npubaBsieTcsi CyMMa MX KBajpaToB.

Ecau Hanaraercst wrtpad L1, To BMeCTO npeabiayiiero BbipaskeHusi Mbl
ONTHUMU3UPYEM TAKOE:

b" =argmin, | j-Xb|* +a) |b;]|

31ecb Mbl OAIOBPEMCHHO MbITAEMCSl YMEHbIUITL KaK caMy [orpeiu-
HOCTb, TaK M 3HaueHUs: K0a(pduuueHToB (Mo abCOMOTHOI BeNUUYHHE).
B cnyyae wirpada L2 onTuMi3upyetcs cienyioliee BblpaxkeHHe:

i . = yE2 2
b =argmin; | y— Xb| +azib,-
Pa3]ll/l‘lMC, Ha HepBbliri B3y, HeCy LleCTBEHHOC: mTpa(’p COCTaBJISIET HE

CYyMMY a0CO/IOTHBIX BeIHYitH K03(pHLHEHTOB, a CyMMY MX KBaJpaTOB.
OnHako pe3ybTaTbl MOTYT OTJIHYATHCSI OYEHb CHIIBHO.
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sl I‘pe6ueaaﬂ perpeccusn, Lasso u anacTu4Hble ceTu

L)
Q Y Mopenei perynsapvaaummn 40BonbHO Nio6onbITHbIE Ha3BaHus. L1-perynapu-
30BaHHYIO PErpeccuio 4acTo HasbiBaloT Lasso’, a L2-perynapu3oBaH-
Hylo — rpe6GHeBoi perpeccuein. Mpu MCNONBL30BAHUM TOrO U APYroro
nony4aeTcs MoaeNb 3NaCTUYHON ceTu.

Kax Lasso, Tak u rpebHeBasi perpecciist 4aloT MeHbuine (Mo abcosoT-
HOI1 BesinumHe, 6e3 yyeta 3HaKa) 3Hayelust KoadiienTos, yeM perpec-
cusi 6e3 wrpaca. OxHako y Metoaa Lasso ecth 1onosiHUTEIbHOE CBOIICT-
BO — MHOTHe K03 d1tIHeHTbl 0Ka3bIBAIOTCS B TOMIIOCTH PaBlibl HYJT0! ITO
03HAYaeT, YTO B OKOHYATEJBbHOI MOJENH HEKOTOpble MpH3HAKH Boobiie
He HCMNOoJIb3YIOTCs, TO €CTh MOJeNb MoJyyaeTcsl pa3pexeHHoil. Yacrto
3TO CBOMCTBO BeChbMa KeJaTeJbHO, MOCKOJIbKY MOJEJb OCYIIeCTBJISIET He
TOJIBKO perpeccHio, HO 1 CeJeKLHIO PH3HAKOB.

OO6patHiTe BHHMaHHeE, YTO IITPag) CONPOBOXKAAETCS BECOBBIM MHOXH-
TeJIeM @, KOTOPbIil KOHTpoJupyeT BesnuuHy wrpaca. Eciit 3Hauenne a
GJI3KO K HYJIIO, TO MOJIYYaeTCsl MO/Ie/Ib, MAJIO OTJIHYAIOIIAsCs OT Hepe-
ryJisipu3oBaHHON perpecciu (npu a = 0 3TO He YTO MHOE, KaK OOBIYHBIIi
MeTO/1 HaHMeHbIIIX KBaJpaToB), a Mp11 OOJbIIOM a Pe3yJbTHPYIOIIas MO-
JieJ1b O4eHb CHJIBHO OTJIHYAETCs OT HeperyJisipH30BaliHoil.

I'pebueBast Moziesib MOSIBUJIACH PaHbIUE, TOTOMY 4TO Lasso oueHb TPyaAHO
paccuuTaTh ¢ MOMOIIbIO KapaHaaia u 6ymaru. Ho Ha coBpeMeHHbBIX KOM-
nbiotepax Lasso o6culThIBAETCS TAK K€ NMPOCTO, KaK rpebHeBast perpecciis,
a MpPH JKEJAHUH MX MOXHO Aake 0ObeAHHUTb B AJITOPHTME 3JaCTHYHOM
CeTH, B KOTOPOM TPHMEHSIIOTCS ABa WITpada: CyMMa abCOIOTHBIX BEJTHYHH
H CyMMa KBa/IPaTOB, TO €CTb TPeOYeTCs! peIHTh TAKOE YPaBHEHIIE;

b’ =argmin; | )‘/—Xb-|2 +a, Z;lbi |+ a, Zib,.z

ITO BbIpaXXCHHE — KOMOMHAIHS ABYX NMPCADIAYILHX, C JIByMsl mapame-
TpaMH a, u a,,. Huoxe Mbl 06cy i, kak cieftyeT BbIOHpaTh 31aueH s 9THX
napaMeTpoB.

Lasso u anacTtuyHas cetb B 6ubnimoreke
scikit-learn

Moauduunpyes npeabiayunii npimep Ajst 11CMOAb30BAIMS 31ACTHY-
Hoii cerit. ITpu pabote ¢ 6ubanorexoit scikit-learn goctarouiio npocro 3a-
MEHHTD KJIACC PErpeccii Ha ElasticNet:

! CaioBo Lasso 11e nyeet HIKakoro oTHotieH1s K APKAHY 11 HOTOMY HC TPANCJNTCPHPYCETCsl,

ato ab6pesnatypa least absolute shrinkage and selection operator. - [pum. nepes.
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>>> from sklearn.linear_model import ElasticNet, Lasso
>>> en = ElasticNet (alpha=0.5)

EnuHcTBeHHOE H3MEHEHHe 3aKJII0YaeTCsl B HasBallMI NICPEMCHHOIA: en
BMeCTO 1r. Pe3ysbTaThl BnosHe corsacylotcs ¢ oxxuzaHusimu. Ilorperu-
HOCTb Ha obyyalouux JaHHbIX Bo3pocaa a0 5.0 (a 6b1a 4.6), Ho norpeww-
HOCTb T10CJIE TEPEKPECTIIOiT IIPOBEPKHU CHU3MIACD 10 5.4 (a Oblia 5.6). Mbl
COrJIACHJIMCD Ha 6OJIbLIYIO NOrPELIHOCTb HA 00YYaIOLIX JAHHBIX B 0OMEH
Ha J1y4ury1o 0606uaeMocTb. [TouTH He MeHsist KOt MOXXHO 6b110 nonpo6o-
Bath Takoke wrpad L1, B3siB knacc Lasso, M witpad L2, B3sB kaacc Ridge.

Busyanusaums nytmn B Lasso

Bubauoreka scikit-learn no3BossicT HarJAAHO NPEACTABUTD, YTO MPO-
MCXOIMT NPH U3MEHEHUHU NapaMeTpa peryJispusauuu (anbga). CHoBa 06-
paTHMCs K IaHHBIM O ioMax B bocToHe, HO Tenepsb /151 perpccCHM BO3b-
MeM KJIacC Lasso:

>>> las = Lasso(normalize=1)
>>> alphas = np.logspace (-5, 2, 1000)
>>> alphas, coefs, _= las.path(x, y, alphas=alphas)

Jlnst KaXKa0ro 3Ha4eHMsi U3 MacCUBa alphas METOJ path 0ObEKTa Lasso
Bo3BpaulaeT K03(pPUIHEHTDbI, COCTAB/ISAIONIME pellIeHe 3a1a4YH NPU JaH-
HoM napametpe. [TockosbKy 3aBUCMMOCTD pe3yJbTaTa OT ajbdbl rJ1aaKasi,
BbluMCJIEHHS BeCbMa 3D GEKTHBHBI.

Yto6bl BU3yasH3UPOBATh 3TOT MYTh, 0OBIYHO CTPOST rpapuK 3aBHUCH-
MOCTH K03(P(HULIMEHTOB OT aibdbl;

>>> fig,ax = plt.subplots()

>>> ax.plot (alphas, coefs.T)

>>> # 3amaem norapupMmMueckyio WKajy

>>> ax.set_xscale('log"')

>>> # YmeHbwaem alpha npum nBuXeHMUM creBa Hanpaso
>>> ax.set_xlim(alphas.max (), alphas.min())

[Monyuaercst rpaduk, KOTOPbIiT MOKa3aH HUXKe (Mbl OMYCTHUJIN TPUBH-
aJIbHBII KO PMCOBaHIsl Ha3BaHHI Oceil U METOK Ha HHX):

34ech MO OCH X OTJI0XKEHb! YMEHbLIAIOUMECS CJIeBa HANPaBO 3HAYEHMs]
ko3a(pduumeHTa peryasipusauuu a. Kaxaas kpuBasi onucbiBaeT U3MeHe-
HHUe oxHoro koadgnuuenTta. U3 rpadmka BHAHO, YTO KOraa peryJisipusa-
M5l O4eHb CHJIbHasl (JIeBasi YaCTb PUCYHKA, OOJibliKe 3HAYEHUs &), Hau-
Jlyyliee pelieHHe — MOJIOXUTb Bce K03(pduliMeHTbl paBHbIMU HyJI0. [1o
Mepe ocs1abJieHHs perysipu3aliy TO OAHH, TO APYTroi KO3 HULHMEHT CHa-
Yajla HAYMHAET PE3KO U3MEHSITHCS, a NOTOM cTabuiusupyercs. B kakoii-
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TO MOMEHT BCE OHHM BBIXOJIAT Ha IUIATO, MOTOMY YTO Mbl, BEPOATHO, YiKe
6.IM3KH K Hepery/IipH30BaHHOMY peLueHHo.

Koappuumenn

107 10} 10 10" 107 10! 10%  10°

Anbcpa

Cuyenapun P-6onbe-N

HasBanne atoro pasaena — cneunanbHbiii XKaproiuaMm, ¢ KOTOPbIM Mbl
ceityac nmosHakomumcsi. Hauunas ¢ 1990-x ronos, cHavasa B MeaHuKo-6Ho-
JIOTHYECKHX HCCJIeIOBAHUSX, & 3aTeM H B Be CTaJIU MOABJIATHCS 3a4auH, B
KkoTopbix P Gosbuie N, TO eCTb KOJMYECTBO MPH3HAKOB P 6oJiblie Kosiye-
cTBa nNpuMepoB N (3THMH GykBaMu NPUHATO 0603HAYATh COOTBETCTBYIO-
lQKe MOHATHA B CTaTHCTHKe). Takue 3amauyn Mojy4ynau HasBaHue 3afay
tuna P-6oavue-N.

Hanpuwmep, ecin nia Bxone umeercs Habop nucbMeHHbIX JOKYMEHTOB,
TO MPOLLE BCEr0 CYUTATh MPU3HAKOM KaX/0€ CJIOBO U3 CJIOBAPS M BBINOJI-
HHUTb [U1s1 HHX perpeccHio (HHxe Mbl 3aiiMeMcst Takoit 3ajaueit). [Ins an-
TJIMICKOrO A3bIKa CJI0B Mosyuntest Gonbie 20 000 (ecm nmpeaBapUTeNbLHO
BBIMOJIHUTD CTEMMMHT If YYHTBIBaTh TOJIBKO YNOTPe6UTEIbHBIE CI0BA; B
NMPOTHBHOM ciyyae c/ioB Oynet B 10 pa3 Gonvwe). Ecan gokymeHToB-
TPHMEPOB BCEr0 HECKOJIKO COTEH MJIM ThICAY, TO BO3HHKAET CUTYyaLusl,
Korja npu3HakoB 6osble, YeM NPHMEpOB.

Pa3 Tak, To MOXXHO TOYHO MOZOrHATH MOZIEND MO obyuarouire gaHHble.
IT0 MaTeMaTHyecKHii (akT, KOTOPbIiT OT AalNBIX He 3aBHcHT. TTo cyue-
CTBY, MBI DELLIA€M CUCTEMY JIMHEIHbIX ypaBHEeHMil, B KOTOPOii ypaBHeHHi
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6oJiblie, YeM MepeMeHHbIX, 11 MOXKHO 10/06paTh KoadduieHTbl perpec-
CHMH, TaK YTO IIOTPELLHOCTD 11a 00YYaIoIUiX AaHHbIX OyAeT Hy/1eBoi (TaKIX
HcaIbHbIX PEIleHHIT JaXc 1ie 0HO, a GECKOHEYHO MIIOrO).

OnHako — M 9TO cepbe3Has npobyeMa — HyJieBast NOTPELIHOCTb Ha 06-
YYaIoLIMX IaHHBIX HEe 03HAYAET, YTO peLieH e Xopowo obobuaercs. boJee
TOr0, €ro cnocoGHOCTb K 0606LIEHHI0 MOAKET ObITb OUeHb HU3KOMH. U x0T
pery/isipu3alusi MOXKeT HECKOJIbKO 3aMe[IHTb CKOPOCTb 00ydeHHsl, OHa
CTaHOBUTCA abCOJIIOTHO HeOOXOAMMOM [Jisl MOJIyYeHHs1 OCMbICJIEHHOIO
pe3yJibTaTa.

lNpumep, OCHOBaHHbIN HA TEKCTOBbIX
AOKyMeHTax

O6paTHMcst K TpUMepY, KOTOpbIi u3yyascs rpynnoii npogeccopa Hos
Cwmuta B yHuBepcutete Kapnern-Mesnon. Hccacaosannio 6buiu noa-
BepPrHyThl Tak Ha3biBaeMble ¢opMbl 10-K, koTopbie koMIaHUU eXXeroaHo
ornpasssioT B KoMuccuto no uenHsim 6ymaram u 6upskam CIIA (SEC).
10 0bs13aTenbHOE TpeGoBaHMe /ISl BCEX KOMMaH1ii, 3aperHcTpHpPOBaH-
HbIx Ha 6upixe. Llesnp uccaenosanus GhopayaupoBaiach Tak: Ha OCHOBE
MMeIoLIENHCsT OTKPbITOM MH(pOPMaIMH CPOrHO3UPOBaTh OYyAYLIYyI0 BOJa-
TUJILHOCTb aKMil KoMNaHuu. B kauecTBe 0Oy4arouX JaHHBIX UCMOJb3Y-
I0TCS1 HICTOPHYECKHE JaHHbI€, 151 KOTOPbIX OTBET YK€ H3BECTEH.

Bcero umeetcs 16 087 npumepos. Ilpu3Haku, yxxe npeaBapHTebHO 06-
paboTaHHbI€, — 3TO pa3/MuHbIe c10Ba, Bcero HX 150 360. Takum o6pa3oM,
NPHU3HAKOB ropasfio 60Jblie, Y4eM NPUMEPOB, OYTH B ecsATh pa3. Bo BBe-
JE€HHH Mbl TOBOPHUJIK, YTO B TAKHX CJYYasix 0ObIYHBI{1 METO HAMMEHbUINX
KBaJpaToOB He FOAMTCS, a TCIIePb MOKaXXeM, BO UTO BbLIIBAETCs MOMbITKA
CJ/Ieno MpUMEHHTb €ro.

Ha6op nauibix B ¢popmate SVMLight MoxI1i0 ckauaTh M3 pa3HbIX
MCTOYHHMKOB, B TOM YHCJIe C COMPOBOJAMTENbHOrO caiiTa 3TOi KHMIH.
Bu6aunorexka scikit-learn nonimaer atot popmat. Kak cieayer u3 Ha-
3BaHust, SVMLight — peannsauusi MeTosa onopHbIx BEKTOPOB, TAKXKe
noazepxubaemoro scikit-learn; Ho ceifuac Hac unTepecyeT ToabKO (op-
Mmart daitna:

>>> from sklearn.datasets import load_svmlight_file
>>> data, target = load_svmlight_file('E2006.train")

3nech data — paspexerHass MaTpuua (6oJbLuast YacTb ee 3JEMEHTOB
paBHa HYyJI0, a B MaMSATH XPAHSTCS TOJBKO HEHyJleBble 3J€MEHTBI), a
target — NPOCTOI OfIHOMEPHDIH BeKTOp. HauHeM ¢ 113y4eHust HEKOTOPBIX
aTpiOYTOB target:
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>>> print ('MmH 3HaueHue target: {}'.format(target.min()))

MuH 3HaueHme target: -7.89957807347

>>> print ('Makc 3Hauenue target: {}'.format (target.max())

Makc 3HaueHue target: -0.51940952694

>>> print ('CpenHee 3HaueHue target: {}'.format (target.mean()))
CpenHee 3HaueHue target: -3.51405313669

>>> print ('CraHnapTHoe oTkiloHeHue target: {}'.format (target.std()))

CraHOoapTHoe OTKJIOHeHue target: 0.632278353911

Kak Buanm, naHuble gexat B guana3oHe ot —7.9 1o —0.5. MUmes Heko-
TOpOe ITpe/CTaBjIeHIle O AaHHBIX, TOCMOTPHM, UYTO NMPOH3O0IAET MPH MO-
TNbITKE UCIO./1b30BaTh OOBIYHBINH METOA HAMMEHDBIINX KBAAPaTOB IS MPO-
rHo3upoBaHust. [IpH 3TOM HCIIOIb3YIOTCS Te XKe KJIACChl M METO/Ib, YTO U
paHbLIe.

>>> from sklearn.linear_model import LinearRegression

>>> 1lr = LinearRegression()

>>> 1r.fit (data, target)

>>> pred = lr.predict (data)

>>> rmse_train = np.sqrt(mean_squared_error (target, pred))

>>> print ('RMSE Ha oByualoumx naHHeix: {:.2}'.format(rmse_train))
RMSE Ha obydawnuux naHHux: 0.0025

>>> print ('R2 Ha ofyualapx maHHex: {:.2}'.format (r2_score (target, pred)))
R2 Ha obyuamumx OaHHeX: 1.0

CpeznHekBapaTiiuHasi MOrPELIHOCTb He TOYHO PaBHA HYJIIO 13-32 OLII-
60K OKpYyTJIeHHs], HO 04YeHb 6sn3ka k Hemy. Koadbdunuenr nerepmunanmi
paBeH 1.0. To ecTb MbI OJIyYaeM JIMHENHHYIO MOJEJb, KOTOpast JaeT TOY-
HBIN MPOTHO3 Ha 06YYAIOLLNX JaHHBIX.

Ho npu ucnosnb3oBanuy nepekpectHoit NnpoBepkH (KO OYeHb MOX0X
Ha TOT, 4TO ObLJT HAMIICaH paHee 415 TpUMepa ¢ foMamu B BocTowe) nosy-
yaeTcst HeyTo coBeplieHHO HHoe: RMSE paBHo 0.75, uTo cooTBeTCTBYET
oTpHuaTesbHOMY Koadduumnenty nerepmiHauun —0.42. To ectb paxe
ecJi1 Mbl Bcerza 6yaeM «npelcKa3biBaTh» cpeanee 3naucHHe —3.5, To Bce
paBHO 3T0 Oy/ET Jiyyllle MPOrHO3a perpeccHOHHOIt Moaeu!

Ry MorpewHocTb Ha 06y4aloWKUX AaHHbLIX U cnNoco6HOCTb k 0606w e-
( \ l HUIO

Ecnu konuuecTso npu3aHakos 6onblue KoNu4ecTea NPUMEpPOB, TO MeToA,
HaMMEeHbLWMWX KBAAPATOB BCEraa AaeT HyNeBylo NOrpeLwHoCTb Ha obyya-
IOWNX AaHHLIX, ecnn npeHebpedb ownbkammn okpyrneHus. Ho 3To peako
0O3HavaerT, 4To Moaenb cnocobHa k 0606weHunio. Ha camom aene, MOXHO
NONYYUTb HYNEBYIO NOMPELIHOCTb Ha 00y4aloWWX AaHHLIX U aOCONITHO
6ecnonesHyio Moaens.



Perpeccus co wrpadom, nn perynipm3oBaHHaA. .. l. --m

EcrecTBeHHOe pelueHue — BOCMOJb30BATbCSl peryssipusauuen aus
npotuBozeicTBHs nepegbyyeHnio. Mbl MOXKCM BOCMOJIb30BAThCSL TEM XKE
CaMbIM LIMKJIOM MIEPEKPECTHOIT POBCPKH, B3AB OGLEKT KJIACCa Elast icNet
1 ycTaHoBUB KoadduumeHT perysipusauuu 0.1:

>>> from sklearn.linear_model import ElasticNet
>>> met = ElasticNet (alpha=0.1)

>>> kf = KFold(len(target), n_folds=5)
>>> pred = np.zeros_like (target)
>>> for train, test in kf:
met.fit (data(train], target([train])
pred[test] = met.predict(data(test]

>>> § Buumcantb RMSE

>>> rmse = np.sqrt(mean_squared_error (target, pred))

>>> print (' [EN 0.1) RMSE Ha ofydalwnx nanHkX (5 mpoxomoB): {:.2}'.format (mmse))
[EN 0.1) RMSE Ha oOydanowmMx OaHHeX (5 npoxomoB): 0.4

>>> # BHYMCAUMTb KO3POMUMEHT neTepMmHauUUMU

>>> r2 = r2_score(target, pred)

>>> print('[EN 0.1]) R2 Ha ofydalawx maHHex (5 mpoxomos): {:.2}'.format (r2))
[EN 0.1] R2 Ha oOydaioumx OaHHeX (5 npoxomoB): 0.61

Tenepb RMSE paBH0 0.4,a R2 0. 61 — ropa3sao nyuiie, uem BbibOp cpe-
Hero 3HauyeHHus B KauecTBe nporHo3a. Ho B 3TOM pelueHuy ectb 0qHa npo-
6iemMa — BbIOOD 3HaueHus anbda. Ecau B3ATh 3HaUEHHE MO YMOTYAHHIO
(1.0), To pe3ysbTat OymeT APYruM (XyxKe).

B nanHoM ciyyae Mbl HEMHOTO CMYXJIEBAJIHM, TOTOMY YTO aBTOP MOMNPO-
60BaJ1 HECKOJIbKO 3HaY€HU i1, YTOOBI BLIOPATS Jiyuliee. ITO Hea(h(HEKTHBHO
M MOXET CTaThb MPUYMHOI HM HA YeM He OCHOBaHHOIi yBepeHHOCTH (1o-
CKOJIBKY Mbl aHAJIM3UPYEM TECTOBbIE JAHHbIE, YUTOOBI MOHATD, KAKHE 3Ha-
YyeHMsl MapaMeTPOB XOPOLIH, a KaKue HUKY/Ja He rofHbl). B caenyrouiem
paszesie 0ObsICHSIETCS, KAK CAENATh 3TO MPAaBUJIbHO W KaK 3TOT MOAXO[
noaaepxat B scikit-learn.

O6beKTUBHbIN NoAXoA4 K 3agaHuio
runepnapameTpoB

B npeapiayieM npumepe mapameTp peryJsipii3aaldi Obll B3SIT paB-
HbiM 0.1. A MOxxHO ObL10 Ob1 B3aTh 0.7 uaun 23.9. KoHeuno, pe3ynbraTbl
OynyT MeHsTbCsl. B3siB uepecuyp Gosibliioe 3HayeHue, Mbl MOJYYHM He-
n000yyeHHyI0 Moziesib. B caMoM kpaiiHeM ciyyae nocsje oOyyeHHs: nosy-
YHUTCSI MOZIENIb, B KOTOPOI Bce KoachdHLMeHTh Hy1eBbie. HanpoTus, eciu
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BBIOpATh CMUIKOM Majioe 3HaueHHe, TO Mojesb OymerT ouyeHb 6M3Ka K
TOJIyYeHHON METO[OM HAaUMEHbIUMX KBAJPaToB, TO eCTh NMepeobyyeHa u
HecrnocoOHa kK 060011eHNI0 (YTO MBI M BUZIEJIH BBILLIE).

Kak e BbiGpaTh xopouiee 3HayeHne? ITo obwas npobiemMa MaluH-
HOTO 00YyYeHHsI: 3a/1aH1e NapaMeTPOB aJIrOPHTMOB 00yueHusi. Pelenne —
MPUMEHHUTD NePeKPeCTHYIO MpoBepky. Brib1paem HeCKOIbKO BO3MOXKHBIX
3HaYeHH M C NOMOLIbIO EPEKPECTHOI NPOBEPKH OCTaBJisieM Jyuliee. Ko-
HeYHo, TPebYIOTCsl JI0MOIHUTENbHBIE BBIYMCIEHUs (B MATb pa3 GoJblue,
€CJI1 PUMEHSIETCS] MSITUIPOXOHAs NPOBEPKaA), HO METOJ Bceraa paboTta-
€T U 1aeT 00HEKTHBHBIE PE3YJIbTATHI.

OnHako HyXHa TNpPeLyCMOTPHTENbHOCTb. UTOOBI MOMYYUTb OLEHKY
0606111a6MOCTH, HAM OHa06MTCS ABa YPOBHS NEPEKPECTHOI NPOBEPKH:
Ha [IepBOM YPOBHE OlleHHBaeTcs 060611aeMOCTh, Ha BTOPOM BbIOMpaloTcs
xopouiue napametpsl. JlonyctiM, faHHbie pa3buTel Ha nsath rpyni. CHa-
yaja pe3epBHpYeM IePBYIO rpyniy U o6yyaeM Ha YeTbIPeX OCTABLINXCS.
3aTeMm ente pa3 pa3buBaeM OCTaBIUMECS AAHHbIE Ha MSATh IPYII, YTOObI
BbIOpaTh napameTpbl. [logo6pas mapameTpbl, MPOBOAMM TECTHPOBaHUE HA
nepBoii rpynne. Y nosTopsiem 3Ty npoueaypy elie YeThipe pasa.

Ha6op
AaHHBIX lpynna 1 Pa3busaem Ha NATL NoArpynn
1 g /—-—/\—\
O6yuato- O6yuato- O6yuaio- Obyato-
2 Oéuyz:ilo- Tectosble u)ln S u{«e ume ia
O6yuato- J Obyuaro- Obyualo- Obyuaro-
3 Obyaro- e Tecroesie qu‘: v u{: A HR
wue
O6yyaio- Obyuaro- Obyualo- OByuaro-
4 Qbyuato- oﬁume wne Tectoebie lime 06ume
wue yualo- Obyuaro- Qbyuaio- y4alo-
hie u)lue u);:e Tectosbie e
5 06&:::’0- O6yqaio- O6yqaro- Ob6yuaio- O6yuaro- TR &
wue une wue wre

Ha pucyHke Bblllie 10Ka3aHo, Kak oHa o6y4arouas rpymnna pa3GHpaer-
cs1 Ha noArpymninsl. To e camoe Hy>KHO MOBTOPHUTb [JIs1 OCTAJIbHBIX TPYIIIL.
B nraHHOM ciiyyae MOJY4YHTCS! NMATb BHELIHUX TPYMN H MSTh BHYTPEHHHX,
HO HEeT HUKAKHX NPIYHH, T0YeMY BHYTPEHHUX M BHEIIHUX TPYI A0JKHO
6bITb MOPOBHY; MOXHO pa3bMBaTh KaK yroAHO, JiIb Obl IPYIIIbI HE Nepe-
CEKaINCh.

KoneuHo, 06beM BbIYHCIEHHIT pe3KO BO3PACTaeT, HO ATO MJIaTa 3a Kop-
pexTHoe pelienue. [Ipo6ieMa B TOM, YTO €CJIM HCIOJIB30BATh YACTb [aH-
HBIX JIJIs1 IPHUHATHS JTIOOBIX PelIeHHit 0 MoiesH (B TOM YHCJIE O 3HAYEHIISIX
NapaMeTpoB), TO IAHHBIE CTAHOBATCA <«3aMayKaHHBIMH» U YK€ He MOTyT
MCIIOJIb30BAThCS JIS TPOBEPKH CMOCOOHOCTH MojiesH K 060611eH 0. ITO
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TOHKHi1 MOMEHT, KOTOpbIii cpa3y He oueBHaeH. U /10 cux nop MHOrue uc-
C/e[IoBaTeNH, MPAKTHKYIOUME MallMHHOe o0yyeline, COBEPLIAIOT 3TY
owubKy, 8, 3HAYMT, EPEOLIEHUBAIOT KAYECTBO CBOIIX CUCTEM — BCE M3-32
HenpaBHJIbHOIO MPUMEHEHHs epeKPeCTHOI NPOBEPKH.

[To cuyacTsbio, Gubanorexa scikit-learn no3sossiet caenatb BCE npaBHIIb-
HO; B Heil eCTb KJIacChl LassoCV, RidgeCV H ElasticNetCV, B KOTOPBIX HH-
KancyJHpOBaH BHYTPEHHIII LMK/ NepeKpecTHOH NpoBepKH 1Sl ONTHMH-
3aUMH HyxHoro napamerpa. Koz 1outH He oT/iMYaeTcs OT npeablayLero,
TOJIbKO [/151 a/ibha He HYXKHO 3a/]aBaThb HUKAKOIO 311a4CHHS:

>>> from sklearn.linear model import ElasticNetCV

>>> met = ElasticNetCV()

>>> kf = KFold(len(target), n_folds=5)

>>> p = np.zeros_like(target)

>>> for train,test in kf:

met.fit (data[train], target([train])

pltest] = met.predict(data(test])
>>> r2 _cv = r2_score(target, p)
>>> print («R2 ElasticNetCV: {:.2}».format(r2_cv))

R2 ElasticNetCV: 0.65

Cuutatbcst GyneT 100, TaK YTO BbI BIIOJHE YCMEETE BBIMUTD Yallley-
Ky Kode (KoHeuHO, Bce 3aBHCHT OT OBICTPOAEHCTBHSI Balllero KOMIbIOTe-
pa). YayuliuTh NpOHU3BOAMTENBHOCTb MOXKHO, 3a[CHCTBOBAB HECKOJIbKO
npoLeccopoB. JTa BO3MOXKHOCTb BcTpoeHa B scikit-learn; utobnr Boc-
110J1b30BaTbCsl €if, JOCTATOUHO 3a4aTh NapaMeTp n_jobs KOHCTPYKTOpA
ElasticNetcv. Hanpumep, utobbl 3azeiicTBoBaTh 4 11potieccopa, HamMUIKTE:

>>> met = ElasticNetCV(n_jobs=4)

Ec/v non10KHTb n_jobs paBHbIM —1, To OyayT 3a/1elicTBOBaHbI Bce HMe-
IOLMECS TPOLIECCOPBI:

>>> met = ElasticNetCV(n_jobs=-1)

BoaMoxHo, Bbl HejloyMeBaeTe, oueMy Mbl 331aéM TOJIbKO OIHO 3Haye-
HHe anbda, ec/iv B aITOPUTMeE ElasticNet ABa litpada, L1 u L2. Ha camom
neJie, 06a 3HaueHHsI CTAHOBSITCSI U3BECTHBI B pe3yJibTaTe 3a/laH s anbdha u
nepeMeHHOM 11_ratio. 3HaYEHHs @, U &, BHIYUCIAIOTCA CIeaylomuM 06-
pasoM (31ecb 6ykBoii p 0603Ha4€HO 11_ratio):

& =pa
4=(1-p)a

W HTYUTHBHO NOHSITHO, YTO ajiba 3a4aeT OOIYI0 BEJMUIHY PEryJasipH-
3alMK, a 11_ratio — COOTHOLIEHHE MEXAY Pa3JMYHbIMU TUIIAMU PeryJs-
pusauuu, L1 u L2.
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MoxHo HOTp86OBaTb, 4yTOOBI OOBEKT ElasticNetCV TMPpOBEPAJ Pa3jny-
HbI€ 3HAY€HHUA 11_ratio, KaK MMOKa3aHO B KOA€ HUXeE:

>>> 11_ratio=[.01, .05, .25, .5, .75, .95, .99]
>>> met = ElasticNetCV(ll ratio=11_ratio, n_jobs=-1)

Takoit Habop 3HaYeHHi1 11_ratio PeKOMEHI0BaH B fokymeHTauuu. [Ipu
3TOM TECTHUPYIOTCS Kak Mojesd, 6u3kue K rpeGHeBoit perpeccu (Koraa
11 _ratio pasHo 0.01 uau 0.05), Tak u Mozenu, 6au3kue k Lasso (koraa
11 _ratio paBHO 0.95 uau 0.99). CienoBatenbHO, 6yneT pacCMOTPEH BeCh
IUana3oH BapUaHTOB.

Bnaronaps cBoeit rHOKOCTH M YMEHHIO 331€ICTBOBATh HECKOJILKO NPO-
LIECCOPOB ElasticNetCV — OTJIMYHOE pelleHHe 110 YMOJTYaHUIO AJIs 3aay
perpeccuu B cJiyyae, KOrjja HeT IPUYHH MPeANOoYecTb KaKyio-TO OQHY MO-
nenb, CobpaB Bce BMeCTe, Mbl MOXEM HArJISIIHO NPEACTaBUTh COOTHOLIE-
HHe€ MPOTrHO3a U peasibHbIX JAHHBIX 15t 3TOro 60JbLIOro Habopa:

>>> 11 ratio = [.01, .05, .25, .5, .75, .95, .99)

>>> met = ElasticNetCV(ll_ratio=11_ratio, n_jobs=-1)

>>> p = np.zeros_like(target)

>>> for train,test in kf:

met.fit (data[train], target[train])

- pltest]) = met.predict(dataltest])

>>> plt.scatter(p, y)

>>> # JoGaBUThL OMaroHasb AN CPaBHEHUA)

>>> # (onuCHBaeT TOYHOE corjacue)

>>> plt.plot([pmin(), pmax()]), [pmin(), p.max()])

[Tonyuyaetcs Takoii rpacduk:

MNpeacka3zanHoe 3HayeHne

-9 -8 -7 -6 -5 -4 -3 =2 -1 0
UctnuHHoe 3HaueHne




T [es

Kak BUaMM, TpOrHo3 He 0ueHb XOPOLL B HUXKHEM JICBOM yTJ1y. BbITh MOXeT,
3TO CBA3AHO C TEM, YTO B 3TOH 06JIACTH IPMMEPOB rOPa3/io MeHblLe (@, 3HAUMT,
3TOT HEeIOCTATOK HEFATHBHO OTPA3UTCS JIHLIb Ha HeBOIbILOH 110/1€ JaHHbIX).

U nocnenHee 3aMevaHue: UCMIOJIb30BaHHE BHYTPEHHETO LIMKJIA TEPEKPeCT-
HOI1 [POBEPKH IS 3alaHHs1 [TapaMeTPOB noaepxuaetcs B scikit-learn u ¢
NpUMEHEeHHCM MOUCKa Ha ceTke. Mbl yake BUZIEJIH 3TO B NpeblaylLeli [1aBe.

Pe3iome

MBI Hayasu 3Ty IJ1aBYy C CaMOTO CTAPOro U3 BCEX PACCMOTPEHIIBIX B 3TOI
KHHTE aJITOPUTMOB — PErpecCHH OObIYHBIM METOAOM HAaMMEHBIUMX KBa/-
paTtoB. EMy y>xe nBe COTHH JIeT, HO MO-NPeXHEMY OH 3aYacTylo sIBJISIETCS
HaMJIyYLIMM [UIsl pelleHust 3aaaun perpeccun. Ho Biiaestit Mbl u 6ostee co-
BPEMEHHbIE MOAXOAbI, KOTOPbIE MO3BOJSIOT U36exaTh nepeobydyeHust U
nalot 6oJiee TOUHbIE PE3YJILTAThI, 0COOEHHO €C/IH KOMHYECTBO MPH3HAKOB
OuY€eHb BeJIMKO. B KauecTBe mpuMEpPOB Mbl IPUBEJIN METO/IbI TpebHEBOI pe-
rpeccuu, Lasso 1 anacTUYHbIX ceTell.

M5l ewlte pa3 mpoAeMOHCTPUPOBAH, KaK OMACHO MOJAraThCsi Ha Io-
IPELIHOCTh HA 06YYAOIIMX AAHHBIX [JIsl OLLEHKU CMIOCOOHOCTH MOJENH K
0060061LIEHHIO: MOXKET 0Ka3aThCs, YTO MOTPELIHOCTD HYJIEBAsI, a MOJEJIb, TEM
He MeHee, abcoIoTHO Gecnoie3Ha. Pa3MbliieHust Haja 3TMMH npobiema-
MM MpHBEJH Hac K JBYXypPOBHEBOM NePeKPecTHOil MpoBepke — BaXKHOIi
MEeTO/IKeE, KOTOPYIO ellle He Bce paboTatolie B 06/1aCTH MalIMHHOTO 006-
y4YeHUsI HCCIeI0BaTe/IH OCO3HAIN U MPHHSIJIN Ha BOOPYXKEHME.

B aToii rnaBe Mbl cMOI/IM Bocrnosib3oBaThes scikit-learn ansa peanu-
3aUMM BCero 3aJyMaHHOro, B TOM YHCJe M TNpaBlIJIbHON MepeKpecTHOH
npoBepku. Mbl pekoMeH/lyeM 1O YMOJYaHHUIO UCIMOJIb30BaTh ISl perpec-
CHM 3JIACTUYHbIE CETH C LIMKJIOM BHYTPEHHeil MepeKkpecTHOil MpoBepKil
(B scikit-learn 370 K/1acc ElasticNetcv).

YTo-TO APYroe UMeeT CMBICJ MCMOJIb30BATh, B YACTHOCTH, TOTAA, KOraa
BaM MHTEPECHO pa3peikeHHoe pelieHue. B TakoM cayyaem yucTbiii anro-
putM Lasso moaxoaur siyuyilie, TOTOMY YTO B pe3yJiLbTaTe ero NPUMeHEeHHs
MHOrHe K03(pHLHeHTbI 0Ka3bIBalOTCst paBHbI HYJ110. OH TakKe M03BOJsI-
€T OMNpeleUTh MO AaHHBIM HeGOJIbIIOE YHCIO NEPEMEHHBIX, OKa3bIBalo-
X HauboJIbuiee BIHSIHUE Ha pe3yJibrat. ITO 3HAIIIE MHTEPECHO M CaMo
o cebe, MOMUMO MOTYy4YeHHsi XOpOllleil perpecCUOHHON MOAEH.

B cnenyioiueii rnase Mbl 3aiiMeMcsi peKOMeHI0BaHHEM, ellle OAHOM 3a-
nayeit MamnHHOro obyuyenunsi. CHayasa Mbl BOCIIOJIb3YEMCSI perpeccieil
IJIS1 IPOrHO3MPOBAHHSI PENITUHIOB MOTPEOUTEIbCKOTO MPOAYKTa. A 3aTeM
PacCMOTPUM aJIbTEPHATHBHbBIE MOJIEJIN BbIPAaGOTKH pEKOMEHAALINHA.
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Pexomenpauum

PexoMeHoBaHe CTaJ10 O11HM 113 CTOJINOB YCJIYT H TOPros/iu B IHTepHe-
Te. Takasi aBTOMaTH311POBAHHAST CHCTEMA MOXKET MPEIJIOXIITh MOJb30Ba-
TeJII0 MepCOHATH3IIPOBAHHbBII CMHCOK peKoMeHaalnii (HanpuMep, nepe-
YeHb TOBApOB, BO3MOXKHBIX MPU3HAKOB MJIM HOBBIX COLMAJIbHBIX CBsI3ell).
B 3T0ii r;1aBe Mbl paCCMOTPHM MPHHUIINBI pAabOTBHI ABTOMAaTH3HPOBAHHBIX
cHcTeM reHepaluil pckoMenaauuii. Ta yacTb 3TOI AMCUMIIMHDI, KOTOPast
H3yuyaeT peKOMeH/J0oBaHIe HAa OCHOBE JaHHbIX, BBEJEHHBIX MOJIb30BaTe-
JISIMH, Ha3blBAeTCsl KoslJ1abopaTHBHOMN (hHLTpaliHell, MOTOMY YTO MOJIb-
30BaTeJIi MPH MOCPE/ICTBE CHCTEMbI COBMECTHO (KOIIa00OPATHBHO) MILYT
HHTepecyIole APYT Apyra 06beKTDI.

B nepBoii 4acTu riaBbl Mbl YBHJIIM, KAaK BOCMOJIb30BAThCS OLlEHKAMH,
KOTOpbIe GBI MOCTaBJIEHBI T0Jb30BATENSIMH paHee, IJIsl NpeaCcKa3aHHs]
HOBBIX OlleHOK. HauHeM ¢ HeCKOJIbKIIX MOJIC3HBIX I1feill, a 3aTeM obbeail-
HUM uX BMecTe. [Ipu 3ToM MBI OyzeM MCNOJb30BATh PerpeccHio, YToObl
HalTH HauayyInii cnoco6 o6heautenus. Y 3aoaHo 113yunm eie oaHy 06-
IL(YIO KOHLEMIIO MAIIMHHOTO 0byucHIIst: obyyeHHe aHcaMbJ1st MozeJieli.

Bo BTOpOIt 4acTiI rJ1aBbl MbI MO3HAKOMHUMCSI C IPYTHM MOAXOIOM K 06-
YUEHHIO CHCTEeMbl pEKOMEHIOBaHUSL: allalii30M Kop3nHbl. B aToM ciyyae
y Hac 1ic 6yeT YMCI0BbIX OIEHOK, a BCE, YCM MBI pacroJiaraeM, — uHbop-
MalHsi 0 COeP>KUMOM KOP3HH MoKy iaTesieii, To ecTh MPeJIMeTOB, KOTOpble
MOKYMaJu BMecTe. A 11e1b, KiK 1 palibllle, — BLIBECTH OTCI0/la pEKOMEH/1a-
1uu. B, HaBepHoe, BcTpeuanu B pa3ubix MirepHerax-Mara3unax ¢ppasy
THNA «Kynusuine X nokynaan takxe Y». Mol paspaboraeM anajoruiHyio
(PYHKLHOHATBHOCTh.

MporHo3s n pekomeHpgoBaHune
OLLeHOK

Ecan B mocaiestue 10 JieT Bl XOTb pa3 MoKy najau uto-H1byas B MirepHe-
Te, TO HaBepHsiKa BIlieaH nozo6Hbie pekomenaaiii. B onix marasnnax,



I'Ipornoa U peKkoMeHaoBaHMEe OLEeHOK ..--

HanpuMep B Amazon, MHIIYT «MOKynaTesi, kynisuite X, Kyniiu Takxe
Y». Takne pekoMeHzaLIIH MBI PACCMOTPHM HIDKE B pa3/iesie «AHaIu3 Kop-
31iHbl». [Ipyrue peKoMeHali OCHOBAHb! 114 MPOIHO31POBANH OLEHKH
o0beKTa, HanpHMep KitHOMIbMA.

3agaya obyuensi CHCTEMbl PEKOMEHIOBAHUS N0 OLEHKAM OODbEKTOB
MOJIyYHJIa U3BECTHOCTb ONAroaapst 1PU3y B MIULTHOH [J0JJIapOB, YYpex-
nedHomy kommnatueii Netflix. Komnanus Netflix (xopouwo ussectHas B
CIIA u BeaukoOGputauu U 0CyLIECTBJAIOIAs IKCTAHCHIO HAa MEX/yHa-
POIHBIiT PHIHOK) 3aHUMAeTCsi NPOKaTOM KMHO(MIbMOB. PaHblile 3aka3ynk
noJyyas no nouyte DVD-uiick, Ho B nocienHee Bpemsi Netflix koHueHTpH-
pyeTcsi Ha NOTOKOBOM noka3e ¢uIbMOB yepe3 VIHTepHeT 1 no TesieBU30pY.
C camoro Havasa cayx6a OT/IMYaJIaCh TEM, YTO MO3BOJISLIA MOJIb30BATE-
JIsIM oueHuBaTh npocMoTpeHHble ¢uabMbl. 3ateM Netflix ucnosnp3osana
3TH OLIEHKH, YTOObI PEKOMEHI0BATb KAHeHTaM Apyrie dbuabMbl. B aroii
3ajia4ye MallMHHOTrO 0OyUYeHHsl B HallleM PAcTopsKEHHH 1IMEETCS He TOJIb-
KO MH(popMaLMsl 0 TOM, Kakhe PHIbMbI CMOTPEJIH 1101b30BaTENH, HO U O
TOM, KaK OHHM X OLeHHJIH.

B 2006 roay Netflix cobpana B cBoeil 6ase gaHHbIX 60IBILOE YUCIO OLle-
HOK (DUJIBMOB, MOCTaBJIEHHBIX MOJIb30BATENSAMH, H, CAEIaB UX 00uien0-
CTYMHbIMI, 00bsIBHIIA KOHKYPC. Bblia nocras/ieHa 3afaya yayyluTh Npu-
MeHsieMbli KOMMaHHel aJIrTOPUTM MPOTrHO31POBaHIs OLEHOK. YYaCTHHK,
KOTOPOMY YZAa/0Ch Obl MOBBICUTD €ro KayecTBO He MeHee YeM Ha 10 npo-
LIeHTOB, MoJ1yyYaJs Npu3 B O4MH MHJLIHOH AosapoB. B 2009 roay mexay-
HapoaHbIil KosIeKTHB noa Ha3BaHueM BellKor's Pragmatic Chaos cymen
npes3oiitTu anroputm Netflix u nmosyunn npus. Oun Bcero Ha 20 MUHYT
onepenuau apyryto komanay, The Ensemble, kotopas takxe npeogonena
10-npoueHTHbIiT pyOex, — noTpsicalomii pHHAT COPEeBHOBAHHS, AJIHBLIE-
rocst HECKOJIBKO JIeT.

\l MawwuHHoe oGyueHue B peansHOM Mupe

-

Q O npuse Netflix Hemano nucanu, 1M, Ynutas 3TM Matepuanbl, MOXHO
MHOroMy HayunTtbes. MobeautenaMm oka3annucb METOAUKWN, B KOTOPbIX
NPUMEHANUCH KaK CNOXHble anropuTMbl MalWWUHHOIO oby4eHus, Tak u
pa3Hoobpa3Hbie AencTeMA NO NpeasapuTensHon o6paboTke AaHHLIX.
Hanpumep, oaHu nonb3oBaTeny CTaBAT BCEM O4€Hb BbICOKWE OLEHKU,
TOorga Kak Apyrne NoCTOAHHO UX 3aHuXalT. Ecnn He npuHATL Takue
BELWM BO BHUMAHMWe Ha 3Tane npeasaputensHoi o6paboTtku, To nocTpa-
naet kavecTBo Moaenu. [ina AOCTUXEHUs Xopolero pe3ynbtata Heo6-
XOANMO 6bINO0 yunThiBaThL U Apyrue GakTopbl: Kak AABHO CHAT GUNbM 1
CKONbKO BCEro OLEHOK eMy NocTaBneHo. Xopowne anroputMmel — Belb
BaXxHas, HO Henb3n npeHebperaTb «rpA3HOM paboTon»: HyxHO oba3a-
TeNbHO HacTpaMBaTb anropuTMbl NOA CBOMCTBA UMEIOLWMXCHA OAAHHbIX.
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Mpepo6paboTka U HOPMMPOBKA AAHHLIX YAaCTO 3aHUMAIOT NIbBUHYIO
AO0NI0 BpeMEeHU B Npouecce MawmnHHOro obyveHns. OaHako UMEHHO 3Tn
onepauun okasbiealoT Hanbonblmnin 3PEPEKT Ha KAHECTBO KOHEYHOW CHU-
CTeMbI.

Tosopst o mpuse Netflix Prize, Hy>xHo, npexe Bcero, OTMETHTDb CJIOX-
HocTb 3anaui. Ipy6o rosopsi, BuyTpetnsisi cuctema Netflix 6bi1a Bcero Ha
10% syuiie OTCYTCTBIISI BCSIKMX PEKOMEHAALi (Koraa kaxaoMy (iisibM
NPHCBAaNBAETCsl OLEHKA, PaBHasA CPeliHeMY 3HAYEHIIIO MO BCEeM MOJ1b30Ba-
tesisim). Lless cocTosinia B TOM, YTOOBI YIyYLIHTD 3TY PEKOMEHAALIHIO elile
Ha 10%. TToGeauBuiast cucrema okasanach npumepHo Ha 20% Jsyuiie oT-
CYTCTBHSI pEKOMEHALIMIT. A CKOJIbKO BPEMEHH M CHJI ObLIO MOJMIOXEHO Ha
noctuxenue atoit nean! M xors 20 npoueHToB Bpoze Gbl He TaK MHOTO,
MOJIyYHBLIASICS CHICTeMa MPaKTHYeCKH noJie3na.

K coxasneHuio, no npuYMHaM IOPUAHYECKOTO XapakTepa 3TOT HaGop
JaHHBIX yKe HegocTyneH. HecMoTpst Ha aHOHIMHOCTB JAHHBIX, BOSHUKJIH
OMaceHNs, YTO Ha UX OCHOBE MOXHO ONpPEeAeJHTb JHYHOCTH KJIMEHTOB H
y3HaTb KolduAeHLabHble cBeieHUs 00 apeHae (hiibMoB. OHAKO MBI
MO>€EM BOCIO.Th30BAThCs AKaJleMHUYECKIIM HAO0POM JAHHBIX C AHAJIOTHY-
HBIMH XapaKTepHCTHKaMH. TOT Habop MOATOTOBJIEH HCCJIE0BATEbCKOI
rpynnoit GroupLens 113 MuHHecOTCKOro yH1BepCHTETA.

Kax orBetutb Ha nocrassnennslii Netflix Bonpoc o nportosuposatiiu
olleHOK? M bl pacCMOTPIIM /1Ba MOAX0/1a: Ha OCHOBe OJIHKaitnIx coce/er i
perpeccHoHHbIiT. MbI Takxe nokaxeM, kak o6beHITh 06a MoaxXoaa A5t
NnoJiyuyeHHst eAHHOTrO NPOrHo3a.

PaspgeneHne gaHHbIx Ha obyqaiowjme
M TecToBbie

[puHUMNHAIbHO pasbueHue Habopa JJAHHBIX Ha 00y4aloUe U TeCTO-
BbIE [JIsI [10J1ydeHHs] OOBEKTHBHON OLIEHKH KauyecTBa CHCTEMbI MPOI3BO-
NUTCS TaK Ke, KaK B MpeAblAyLHX IJIaBaX: pe3epBHpYeM KaKyIo-TO YacTb
naHHbIX (ckaxeM, 10 MpOlLIEHTOB) A TECTHPOBAHIS, a OCTajbHble HC-
nosib3yeM s obydeniisi. Ho MOCKOMbKY B 9TOM KOHTCKCTE CTPYKTYypa
JAHHBIX OTJIMYaeTcs, Koa Toxe Oyzaer apyrum. [TepsuiM ae10M 3arpy3um
JIaHHbIE C TMCKA, BOCIMOJIb30BABIINUCH ceayiouleii hyHkIei:

def load():

import numpy as np
from scipy import sparse

data = np.loadtxt ('data/ml-100k/u.data"')
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ij = datal:, :2]

ij == 1 # MHOekcaumMsa MCXOOHBIX NAHHBIX HauuHaercsa c 1
values = datal[:, 2]

reviews = sparse.csc_matrix((values, ij.T)).astype (float)
return reviews.toarray ()

OTMeTHM, YTO HyJIeBble 3JIEMEHTBI 3TOH MAaTPHILI COOTBETCTBYIOT OT-
CYTCTBYIOLLMM OLICHKAM.

>>> reviews = load()
>>> U,M = np.where(reviews)

Jlasiee ¢ MOMOLbIO CTAHAAPTHOIO MOAYJISl random BbIGEPEM UHIEKCHI,
pe3epBHpYyeMble 111 TECTUPOBAHMUSI:

>>> import random
>>> test_idxs = np.array(random.sample (range(len(U)), len(U)//10))

TbneprOCTpOMNIManHuytrain,KOTOpHﬂOTﬂHHaCTCﬂOTreviewsTEM,
4YTO 3JIEMEHTDI, COOTBETCTBYIOLIIIE€ TECTOBbIM JAHHDbLIM, PaBHbI HYJIIO:

>>> train = reviews.copy()
>>> train[p[test_idxs], M[test_idxs]] =0

u MaTpHIy test, COACPKaALLYIO TOJIBKO TECTOBbIC AaHHbIE!

>>> test = hp.zeros_like(reviews)
>>> test([U[test_idxs], M[test_idxs]] = reviews[U[test_idxs],
M[test_idxs]]

HauuHasi ¢ 3Toro MoMeHTa, Mbl 6y1eM paboTaTb TOJILKO C 00yyYaloUMH
JNAHHBIMH U MIONbITAEMCs] IPEACKA3aTh 3HAUEHHs, OTCYTCTBYIOLHE B Ha6o-
pe aaHHbIX. To ecTh HanMIEM KO/, KOTOPbIH COMOCTAaBJIsIET KaX10ii nape
(nosnb3oBateb, (pHIbM) peKOMEHAALHIO.

HopmupoBka oby4yarowmx gaHHbIX

Kak Mbl yxe roBopuiu, Jyyille HOpPMHPOBAThb JaHHble, YTOOBI yCTpa-
HHTb OYeBH/Hble 0COOEHHOCTH, XapaKTepHble 451 (hHIbMOB UJIH MOJb30-
Baresieil. Mbl TpMMEHUM TOJIBKO OYeHb NPOCTOI1 B HOPMUPOBKH, KOTO-
PbIM [10J1b30BAJIMCh M PaHblile: Mpeobpa3oBaline K Z-OleHKaM.

K coxasneHuto, Mbl He MOXeM IPOCTO BOCNOJIb30BaTbCsl HOPMUPOBOY-
HbIMH o6bekTamu scikit-learn, Tak Kak KOJKHBI YUHTbIBATb BO3BMOXKHOCTb
OTCYTCTBHSI HEKOTODBIX 3HaueHMil (M3-32 TOro, YTO He KaXKAbIH MOJIb30-
BaTesib oueHuBaeT Bce dhuabMbl). [Toatomy TpeGyercss HOpMUPOBATH C
y4eTOM CpefHero M CTaHAApPTHOIO OTKJIOHEHHsl TeX 3HaueHUH, KOoTopble
NPHCYTCTBYIOT.



m--.l [naea 8. Pexomenpaumn

Hanunwem cobcTBeHHbII K1ace, KOTOPBIH 6y1eT MTHOPUPOBATh OTCYT-
CTBYIOLLIME 3HAYEHHS, cenys onpesejeHHomy B scikit-learn API npensa-
piTeabHON 06paboTKH:

class NormalizePositive (object):

HyxHo BbiOpaTb 0cb HOpMHPOBKH. 1o yMo.14aI1110 HOPMHPOBKA MPOH3-
BOJIMTCS 11O NEPBOIi 0OCH, HO HHOT/IA MoJIe3Hee HOPMHPOBATD MO BTOPOit. 3TO
corJiauele, MpPUHATOE BO MHOTUX (DYHKIUMSX, oTHOocsHXcs K NumPy:

def _ init__ (self, axis=0):
self.axis = axis

Camblit BaxHbII1 MeTOA — fit. Mbl 6y/ieM BBIUMC/IATH CPEHEE U CTaH-
JlapTHOe OTKJIOHEHHe MO 3HaYeHHSIM, OTJIMYHBIM OT HyJs1. HanmoMuuM, uto
HYJISIMH [IPe/ICTaB/IeHbl «OTCYTCTBYIOLIHE 3HAUEHUS»:

def fit (self, features, y=None):

Ecau napametp axis paBeH 1, To Mbl OyeM paGoTaTh ¢ TPaHCIOHHPO-
BaHHbIM MacCIIBOM:

if self.axis ==
features = features.T
# nomcumraTb, CKOJNILKO Npu3HakoB Gonbwe 0 Ha ocu 0
binary (features > 0)
count0 binary.sum(axis=0)

# BOo nsbexaHue meneHus Ha 0 YCTAHOBUTb HyJIEBHIE CYETUMKU B €OAUHULY
countO[count0 == 0] = 1.

# BHUMCIUTBL CpenHee HeTPYOHO
self.mean = features.sum(axis=0)/count0

# paccMaTpuBaeM TONBKO Pa3sHOCTM, NOJA KOTOPHX binary paBHo True
diff = (features - self.mean) * binary
diff **= 2

# perynapmsaupoBaThb OLUEHKY CTAaHOAPTHOI'O OTKJIOHeHus, npubaeus 0.1
self.std = np.sqrt (0.1 + diff.sum(axis=0)/count0)
return self

Mbi npu6asuin 0.1 K BbIYMC/IEHHOI OLEHKE CTAHAPTHOTO OTKJIOHE-
HHs1, YTOOBI MPENOTBPATHTH HEJIOOLEHKY €ro 3HaueHHs B CJyvae, KOT/A
€CTb BCEro HecKoJabko 00pa3ioB 1 Bce OHM paBHbL. TouHoe 3HaueHue He
HIPAET CYLECTBEHHOI POJIH /11 KOHEYHOTO PEe3yJibTaTa, HO HeoBX0AUMO
n30exaTh JeJIeHIIs Ha HYJIb,

Merton transform JOJIXKeH M03a6OTITLCS O KOPPEKTHOCTH CTPYKTYPbl
binary:



def transform(self, features):
if self.axis ==
features = features.T
binary = (features > 0)
features = features - self.mean
features /= self.std
features *= binary
if self.axis ==
features = features.T
return features

OG6paTuTe BHMUMaHHe, YTO B C/Iyuae, KOrjaa axis paBHO 1, Mbl TpaHc-
MOHMPYEM BXOAHYIO MaTpIIiily, @ 3aTEM TPAHCIIOHUPYEM ee ellle pa3, YTo-
6bl BO3BpalllaeMoe 3HaYeHHe UMEJIO Ty #Ke (opMy, uTo BXxogHoe. Meton
inverse_transform BbINOJIHsIET OOPATHOE TPAHCIIOHH POBAHHE:

def inverse_transform(self, features, copy=True):

if copy:

features = features.copy()
if self.axis == 1:

features = features.T

features *= self.std
features += self.mean
if self.axis ==

features = features.T
return features

HakoHnew, MeTon fit_transform obbennHsier onepauMH fit M transform:

def fit_transform(self, features):
return self.fit (features).transform(features)

()npeueneHHbue HaMH MeTOoAbl (ﬁt, transform, transform_inverse
H ﬁt_transform) — Teé )Xe CaMbIe, YTO B KJjlacCcaX H3 MOAYJIA sklearn.
preprocessing. B cJeAylonuX pa3daesax Mbl CHa4daJsla HOpMHPYEM BXOA-
Hble IaHHble, 3aTeM CreHEPHPYyeM HOPMHPOBAHHbIE NMpeACKa3aHus U, Ha-
KOHeLl, MIpUMEHHUM 06paTHO€ npe06pa30}3amle, 4YTOODI MOJIYYUTb OKOHYa-
TE€JIbHbIE NTpeJCKa3aHUs.

PexomeHgoBaHue Ha OCHoBe bivxaniunx
cocenen

[ToHsaTHe coceacTBa MOXKHO TPAaKTOBATh ABYMsl C110COOaMM: COCEHHE
noJsib30BaTe N U coceiine GuabMbl. [1J1s1 nosib3oBaTesieit MOHsITHE COCell-
CTBa peaiM3yeTcs OYeHb MPOCTO: YTOObI y3HATh, KaK [EKHIT 110J1b30BATEIb
OLIEHUT (PUJIbM, HYXCHO HAlTH CaMBIX MIOXOXHX Ha HErOo MoJib30BaTeseil u
NOCMOTPETb, KaKH1e OLUEHKH MOCTaBIuIM OHU. MBI ceifyac 3aiiMeMcsi 3Toit
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lmeeﬁ, a B KOHIIE 9TOT'O pa3/Jcja 06Cy[ll/lM, KakK MOIlllq)l’llIllpOBaTb KOAa, uTO-
Obl BBIYUCATD coceHHe (PHIBMDL.

V[HTepeCHaﬂ MbICJIb — MOCMOTPECTD, KaKlie C])HJIbeI oleHHBaJ Ka)l(}lb]lul
MMOJIb30BATEJIb, MPHUCM CaMa OLICHKa HaC MaJiIO HHTePECYeET. IIZ\)KC 1nMes
JIITIIb IBOMYHYIO MaTpUlly, B KOTOpOlUl JJIEMEHT paB€H 1, €CJIN MOoJIb30Ba-
TEJIb OL€EHHBaJI ¢H.‘le, " 0, €CJIIN He OUEeHHBaJI, Mbl MOXEM CleJ1IaTb IO-
JIE3HbIE MpeACKa3aHIIs. U ecnn noaymaTp, TO 9TO BIOJIHE JIOTHYHO: MbI
XKe pellaeM, KaKoit d)l’[ﬂbM IMMOCMOTPETD, HE COBCEM C]Iy‘lalu[HO, a CTapaeM-
(&7 Bbl6MpaTb T€, YTO MOT'yT HaM INOHPABHTbLCA. 141 peueHie o TOM, Kakue
Cl)l’l]lebI OoueHHBaTb, HE MPOH3BOJILHO — 0OBIYHO MbI Ol eHHBaeM Te Cl)ll]lb-
MbI, KOTOPbIC BBLI3BA.TIT Y HAC CIIJILHBIE IMOILITH (KOHC“IHO, 6bIBAIOT HCKJTIO-
yeliist, Ho B Cpe/iliecM ATO, NoXaJyii, Tak).

Mbl MoXKeM BH3YaJH31POBATh MaTPHLY, H300pa3HB KaX/AYIO OLCHKY
B BU€ KBaJApaTHKa. qeprIM IBCTOM 0603HaY M OTCYTCTBHE OLIEHKIH, a
rpagalisMIl CEPOro — 3HaveHIHe OlIEHKH.

KOII Takoil BH3Ya/IH3alHH JJaHHBIX OY€Hb MPOCT (Mo>|<e're MOlIl’ld)llU,lI-
poBaTb €ro, 4yTOOBI MOKa3aTh 60]11)[].1_\'10 4YacTb MATPHILbI, HeM [TOMECTHUJIOCh
Ha MeYyaTHoI1 cTpaHiile).

>>> from matplotlib import pyplot as plt

>>> # CTpouM OGBEKT, OMNpeneseHHb! Bole

>>> norm = NormalizePositive (axis=1)

>>> binary = (train > 0)

>>> train = norm.fit_transform(train)

>>> # M3-3a OI'PAHMUYEHHOCTM MEeCTa PUCYEM TOJIbKO oBrnacTb pa3mepom 200x200
>>> plt.imshow(binary[:200, :200], interpolation='nearest')

B pesyabrate nonyyaercs Takasi KapTHHA:

]

110

WUa dunema

a 50 100 150
Wa nonbaosarens




I'Iporuoa U pexoMeH[oBaHHMe OUEeHOK l. --

Kak BuanMm, MaTpuua pa3pexxeHHasi — 60JIbIIMHCTBO KBaJPATUKOB Yep-
Hble. BuaHo Taioke, YTo HekoTOpble MOJIb30BaTENM OLIEHHBAIOT ropa3no
6oJbiue GuUIbMOB, YEM OCTATbHbIE, U YTO HEKOTOPbIE (DUIbMBI MOJIYYAIOT
60J1b11IE OLIEHOK.

Tenepb Mbl BOCMOJIb3YeMCsl 9TOl IBOMYHON Matpuiieil, yTobbI cnpor-
HO3MPOBAaTb OLIEHKH (DUJIbMA. AJICOPUTM BBITJISIAUT CJIEAYIOIUM 06pa3oM.

1. [lna kaxzaoro mosbhb30BaTessi paHXXUPOBAThb BCEX OCTAaJbHBIX MO
6J130cTH K HeMy. Ha 3TOM 1are Mbl BOCNOJIb3yeMCsl IBOMYHON
MaTpuleil 1 B KauecTBe Mepbl 6JIM30CTH BO3bMEM KOPPEJSILMIO
(MHTepIIpeTHPYsl MAaTPULY KaK COCTOSILIYIO U3 HyJieil U equHML,
MbI CMOXK€EM BBIMIOJIHUTD 3TO BBIYMCJIEHHE).

2. Yrto6bl npeackasaTh OLEHKY AJis1 napbl (10J1b30BaTelb, PUIbM),
MbI BO3bMEM BCeX N0J1b30BaTeJieil, OLeHUBLIMX AaHHBIN (HUIbM, U
pa3zesuM HUX Ha ABe paBHble IPYMNIIbI: CaMble MOXOXHE W CaMble
Hernoxoxue. IlpenckasaHueM OyneT cpedHsisi OLlEHKa 10 MepBOii
rpynrme.

ZIJ'IH INOCTPOEHH ST MAaTPUILLbI paccm;mnﬁ MEXAY M0oJib30BaTeJIsIMH BOC-
HOHbSyeMCﬂ(byHKUMeﬁ scipy.spatial.distance.pdist.()Ha BO3Bpalla-
€T KOpPEJSIHIMOHHOE pacCTOsIHUME, MHBEPTHPYsSI BECJIWYHUHY KOppEIsALNnH
TaKUM 06p330M, 4YTO 4YeM MeHee IIOXO0XKH 4YHCJa, TEM 60]11)1].[6 paccTos-
HHUE MEeXAYy HUMMH. MareMaTnuyecku KOppeasaAllTHOHHOE paCCTOsAHHE paB-
HO 1 - r,TZe r — BeJHW4MHa Koppessiuuy. Koa npuBenex Hike.

>>> from scipy.spatial import distance

>>> # BHIYMCAMTBL MOMNApHHE PACCTOAHUA

>>> dists = distance.pdist(binary, 'correlation')

>>> # IlpeoBpa3oBaTh B KBaApaTHyl MaTpuuy, B koropoit dists[i,j] -

>>> # paccTosHuMe Mexny binary([i] u binary[j]

>>> dists = distance.squareform(dists)

Tenepb C NMOMOLIbIO 3TOH MaTpHulbl MOXHO BbI6paTb 6]1PI)!(aﬁ]llldX Co-
cenei’l KaX>X0ro 1noJib30BaTeJis:

>>> neighbors = dists.argsort (axis=1)
3aTeM nepebupaeM BceX MOJib30BaTesel, YTOObI MpeAcKa3aTh OLUEHKH
KaXX10ro CIJMJIbMaI

>>> # 3anosiHAeM MaTpuuy pe3yJibTaTOB
>>> filled = train.copy ()
>>> for u in range(filled.shape[0]):

# n_u - cocemu nonesoBarens
n_u = neighbors(u, 1:]
# t_u - obyuaiume IOaHHe

for m in range(filled.shape([1l]):
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# NonyuuMTb peneBaHTHHE OLEHKM MO nopAnky!
revs = [train[neigh, m]
for neigh in n_u
if binary [neigh, m]]
»d if len(revs):
# n - KONMYECTBO OLEHOK AJNA AaHHOTroO ¢uabMma

n = len(revs)

# paccMaTpuMBaeM NOJIOBMHY OLEHOK nioc 1
n //= 2

n +=1

revs = revs(:n)

filled[u,m] = np.mean(revs }

HeTpuBuanbHasi 4acTh 3TOro Koia — HHAEKCHPOBaHHEe MOAXOASILIMMH
3HAYeHHsIMH, YTOObI BbIOPATh TOJBKO TEX cocefied, KOTOpble OLEHHJIH
naHHbIN (pubM. 3aTeM Mbl BBIOHPAEM MOJOBHHY, OV IITYIO K MOIb30-
BaTeJIo (CTPOKA rev [ :n]) H MO Hell NPONM3BOAUM ycpenHeHue. ITockosbky
I1s1 OZHUX (HIIBMOB OLIEHOK MHOTO, a ISl APYTHX MaJlo, He BCeraa Bo3-
MOXHO OTOOpaTh OAMHAKOBOE YHCJIO MOJIb30BaTeNeH /sl BCEX CJIyyaeB.
BbI60D M0I0BUHBI MMEIOLIMXCS AaHHBIX — 6oJ1ee 001 Mt TOAXO.

st mosyueHHst KOHEYHOTO pe3yJbTaTa HY)XHO JeHOPMHPOBaTb Npea-
CKa3aHUst:

>>> predicted = norm.inverse_transform(filled)

MOo’XHO MCNOJIb30BaTh TE e METPHKH, YTO B NMpeAbIAYLIHX IJIaBaX:

>>> from sklearn import metrics

>>> r2 = metrics.r2_score(test[test > 0], predicted[test > 0])
>>> print ('OueHka R2 (mBouuHele cocemm): {:.1%)'.format(r2))
OueHka R2 (mBouuHme cocemm): 29.5%

Bbiite Mb1 BbIYIICISIIN P€3yJbTaT Ha OCHOBE HAE€H O COCEAHHX IMOJIb30-
BaTeJisIX, HO MOXXHO pacCMaTpuBaTb U coceAHHE (bHJIbel, JUIs1 3TOro A0-
CTAaTOYHO NPOCTO TPAHCIIOHHUPOBATb BXOAHYIO MaTpHILLY. Ha camom aeJne,
nporpaMMa BbIYHCJIAET coceneﬁ A O6’b€KTOB, PacnoJIO)KEHHbIX B CTPO-
Kax BXOlIHOﬁ MaTpIilbl, YEM 6bl OHUM HU 6bIJIH.

[TepesanycTim 3Ty nporpammy, 106aBUB B HAYaJI0 CJIEAY IOLLLYIO CTPOKY:

>>> reviews = reviews.T

>>> # TOT %e kOO, YTO M paHbue

>>> r2 = metrics.r2_score(test[test > 0], predicted[test > 0])

>>> print ('OueHka R2 (mBoumuHele cocenu-¢punbmml) : {:.1%)'.format (r2))
OueHka R2 (mBonuHble cocenu-o¢unbmel) : 29.8%

Kak BuauM, pesysbraThl MAJIO OT/MYaloTcst. B penosntopun koxa 13
KHHUTH BbIYHCJIEHIe coceeli 06epHyTo npocToii (yHKieii, 4ToObl ero
6bIJIO TIPOLLE HCTO.1b30BATh MOBTOPHO.
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PerpeccunoHHbIN NoAX0o4 K PEKOMEeHA0BaHUNIO

MoxHo chopmyipoBaTh 33124y pCKOMEHAOBAHHS W Kak 3ajavy pe-
rpeccull U MPHMeHITb METObI 113 MPC/AbIAYILeli TN1aBbI.
3aoaHo obcyauM, 1104eMy 3Ty 3aady He CJeAyCT PacCMaTPHBATh KaK
3azauy knaccudukanmnn. KoHeuHo, MoxHO 6b110 Obl MONBITATHCS 00YYUTD
MozeJib C MSThIO KJIaccaMH, 10 OAHOMY [J1s1 KaX 10l BO3MOXKHOI1 OLlEHKH.
Ho BosHukaloT 18e npobJiembl.
* Boamoxiibie on6Ki 1aneko He paBHoueHHbl. Hanpunep, ecaiu no
ounbke oueHHTb 5-3Be3104HbII HHIbM Ha 4 3Be3/1bl, TO 3TO He TaK
CTPALIHO, KaK MPUCBOMTb €MY OfIHY 3BE3Y.

» HpOME)KyTO‘-lele 3HAYE€HHs TAaKX€ OCMbICJ/IEHDI. Haxce €CJIH Ha
BX04€ A0NYyCTHMbI TOJIbKO Li€Jible YHCJIA, TO NpeACKa3aHHe 4.3 nme-
€T CMbICJ. Mbl MOHIIMaeM, YTO OHO OTJIMYHO OT 35, XOTA OKpyIrJje-
HHe B 060HX CJay4yasixX AaeT 4.

B cOBOKYNMHOCTH 3TH ABa COOOpaXkeHHsl 110Ka3bIBAIOT, YTO KJAACCH(PH-
Kalusi — He JIyYLIHii NOAXO K PelleHHI0 3TOH 3aauu. A BOT perpeccisi
NOAXO/IMT.

Kak u paHblie, y Hac ecTb BbIOOP: MOCTPOHTb MO1€/1b, OPUCHTHPOBAH-
Hyl0 Ha (puabMbI MM HA mosb3oBarteseil. CHauana MocTpoHM MOZEb,
OPHEHTHPOBAHHYIO Ha MOJIb30BaTeJieil. ITO O3HAYAET, UTO AJIsSI KAXKAO0TO
N0J1b30BaTessl B KAYeCTBe LCJ1eBOH nepeMeHHOIi Mbl BO3bMeM OLleHEHHDbIe
uM ¢uabMbl. Bxogamu 6yayT oleHKH, MOCTaBJeHHbIE APYTHMH M0Jb30-
BaressiMi. Hawa runore3a cocTout B TOM, YTO TakMM 06pa3oM Mbl IO-
JIYYHM BbICOKHE 3HaYeHHs! JUIsI M0JIb30BaTeJ1el, MOX0XKHX Ha BLIOpaHHOTO
(4 oTpULATeNbHOE 3HaYeHHe AJIs1 TeX MoJIb30BaTeieii, KOTOPbIM HPaBsITCS
MMEHHO Te (HIIbMbI, KOTOPble BbIOPAHHOMY He HPABATCS ).

Marpiua train M test CO3AAIOTCS, KaK I paHblie (BKJIOYas HOPMH-
poBky). [ToaTomy cpa3y nepeiigem k atany o6yyetus. CHayasa cozgaaim
00BeKT a151 BBINOJIHEHHS PErpeccHit:

>>> reg = ElasticNetCV(alphas=[
0.0125, 0.025, 0.05, .125, .25, .5, 1., 2., 4.])

Mbl XOTHM MOCTPOMTL MATPIILY, COAEPXKALLYIO OLEHKI A/ Kaxaoii
napsl (MoJ1b30BaTeib, hibM). MHHuMann3ipyeM ee konueii o6yyarouix
JAHHBIX:

>>> filled = train.copy()
Tenepb nepe6upaeM BCeX I10Jib30oBaTeicH M A1 KaxKA0ro o6yqaeM

PErpeCCHOHHY0 MOZEJIb Ha T€X AAaHHbIX, KOTOPbIEC MOJYU€Hbl OT APYIrHX
NnoJib30BaTeieii:
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>>> for u in range(train.shape(0]):
curtrain = np.delete(train, u, axis=0)
# B binary xpaHurcsa mHoopmaums O MNPUCYTCTBUM OLEHKM
bu = binary(u]
# O6yunM Texywero Nojb30BaTesig Ha OaHHEX 060 BCEX OCTAaJbHBIX
reg.fit(curtrain[:,bu) .T, train[u, bu])
# Io6aBuMM OTCYTCTByKWME OLEHKU
filled[u, ~bu] = reg.predict(curtrain(:,~bu].T)

OueHnBaHHe KaYyecTBa METOAUKH NMPOHU3BOAMTCA, KAK U paHbllIe:

>>> predicted = norm.inverse_transform(filled)
>>> r2 = metrics.r2_score(test[test > 0], predicted[test > 0])
>>> print('OueHka R2 (perpeccus no nonb3oarensaM): {:.1%)'.format(r2))
OueHka R2 (perpeccmsa no nonb3oBaTenaMm) : 32.3%

ITOT KOJ TaKKe MOXHO MOAH(HUMPOBATD, YTOOBI PErpecciisi NpoOH3BO-
AMIach No QuIbLMam, A1 3TOro J0CTaTOYHO TPAaHCIIOHHPOBATh MaTPHLLY.

KOM6MHMpOBaHMe HeCKOJIbKnux Mmerogqos

Tenepb 06beaAMHNM 06a ONMHCAHHBIX Bblille MeTO/a B OMH, UHTYUTHB-
HO HJiest NpeJCTaBJIsIeTCsl 3aMaH4HBOH, HO KaK 3TO Ce/IaTh MPaKTHYeCKH?
[TepBoe, YTO MPUXOAMT HA YM, — YCPEAHUTb 00a mporHo3a. Bo3amoxkHo, 1
MOJTYYHUTCS MPUIHYHBII Pe3yJIbTaT, HO HET HHKAKHX OCHOBaHMUIi 1MoJarats,
4TO BCE MMPOTHO3bI I0JIXKHBI CYUTATHCA paBHOLEHHBIMH. OIMH MOXeT ObITh
Jyy1ie, APYyroii — xyxe.

MosxxHo nonpo6oBaTh B3BelleHHOe cpe/liee, KOrAa Kax/blili NpOrHo3
YMHOXKaeTCsl Ha KaKOii-To BCc, a MOTOM pe3yJibTaThl CyMMHUpYIOTCs. Ho kak
Haiitn Haunyvwmce Beca? Hy, pasymeercs, nytem oOy4cHis Ha JaHHbIX!

N O6y4yeHue aHcambnsa

L)

Peub 3aeck naet 06 obuiein TexHUKe MalWNHHOrO 06y4YeHns, NPUMEHN-
MOW He TONbKO K perpeccuun: obydeHnn aHcambna mopeneit. Mol 06y-
YaeM aHcambnb (To ecTb Habop) NPOrHOCTMYECKMX Moaenein — Nnpeau-
KTOPOB, @ 3aTeM KOMOUHUPYEM MX ANa NONYY4EeHUA OAHOro pesynbrara.
MHTEpeCcHO, 4TO KaxAablit NPOrHO3 MOXHO pacCcMaTpuBaTb Kak HOBbIV
NpW3HaK, a 3aaaya 3aKNi4aeTCcs B TOM, YTOObI Kak-TO CkoMGUMHUPOBaTL
NPW3HaKN Ha OCHOBE 06Yy4aloLWMX AAHHbIX, HO UMEHHO 3TUM Mbl BCIO AO-
pory u 3aHMmaemca. U xoTa ceitvac Mbl BEINONHAEM perpeccuio, Te xe
pacCyXaeHuUa NPUMEHUMbl U K knaccudukaumm: obyyaeM HecKonbko
knaccudukaTopos, a 3aTeM rnasHbln knaccudukaTop, KOTOpLIA nony-
4YaeT YaCTUYHble pe3ynbTaThl U BO3BPALLAET OKOHYaTEeNbHbIA NPOrHO3.
CyuwiectByloT pasHble dopMbl 06y4eHua aHcambnsa, onpepensiemble
cnoco6om koM6UHNPOBAHWA NPEANKTOPOB.
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Ilnsi koMOMHMPOBaHUsI METOLOB Mbl BOCIOJIb3YEMCS TEXHUKOM MO-
croitnoro o6yyenns (stacked learning). Vines 3akitoyaercst B TOM, YTOOBI
06yuuTh HabOp NPEAUKTOPOB, a 3aTEM UCIOJIb30BaTh UX PE3YJILTAThl KAK
NPU3HAKH 1151 ellle OAHOTO npeauKkTopa. MOXKHO aXke 3aBECTH HECKOJIBKO
cJ10eB ¥ 00y4aTh KaXKAbIH CJeAYIOLMI C10i1 Ha pe3yJibTaTax NnpeablayLie-
ro. BarnsiHuTe Ha pUCYHOK HUXe:

—
/ Desrh o »

| 3

MporHos 2 . OxoHuaTenbHbIH

DaHHbie

[ nporHo3
w Npornos 3 - :
; .

Y0661 06YYNTh 3TY KOMOHHHPOBAaHHYIO MOJIENb, MbI Pa3ze MM 00y4a-
1oumii Habop Ha fBa. M0oxHO 61110 GbI BMECTO 3TOTO HCIOIB30BATh MEpPE-
KPECTHYI0 POBepKyY (MepBOHAYANBHO MOJIEJb MOCAOHHOr0 00yYeH sl TaK
1 paborana). Ho B 1aHHOM ciiyyae aHHBIX AOCTATOMHO AJISI [IOJIyYEHHUS
XODOILIMX OLEHOK, 1aXKe MPH YCJIOBHH, YTO YaCTh JAHHBIX 3ape3epBUPOBa-
Ha /IS TECTUPOBAHMUSI.

Ho, xak u npu nog6ope runepnapaMeTpos, HaM MOHaA06UTCS Ba YPOB-
Hsl pa3fieJieHus1 Ha 06yyarolye U TECTOBbIE aHHbIE: BEPXHUN U HUIKHMIA,
Ha KOTOpOM Mbl pa3buBaeM obyyaroliye AaHHbIE Ha ABE YacTH, YTOObI 06-
YUUTb BJIIOXKEHHBIN MPEUKTOP:

>>> train,test = load_mll00k.get_train_test (random_state=12)

>>> # Now split the training again into two subgroups

>>> tr_train,tr_test = load_mll00k.get_train_test (train,
random_state=34)

>>> # Bul3biBaeM BCe paHee onpeneJjleHHbhe MEeTOIH :

>>> # OHM peanu30OBaHE B Bune OQyHKUMIA

>>> tr_predicted0 = regression.predict(tr_train)

>>> tr_predictedl = regression.predict(tr_train.T).T

>>> tr_predicted2 = corrneighbours.predict(tr_train)

>>> tr_predicted3 = corrneighbours.predict (tr_train.T).T

>>> tr_predicted4 = norm.predict(tr_train)

>>> tr_predicted5 = norm.predict(tr_train.T).T

>>> # Tenepe cobMpaeM MX NPOTHO3H B OAMH MAaCCUB
>>> stack_tr = np.array ([

tr_predictedO[tr_test > 0],

tr predictedl[tr_test > 0],



m--.l Tnasa 8. Pexomenpaumnm

tr_predicted2[tr_test > 0],
tr_predicted3([tr_test > 0],
tr_predictedd[tr_test > 0],
tr_predictedS[tr_test > 0],
1).T
>>> # ObByuyaeM MNpoCTyl MOHOeJNlb JIMHENHON perpeccum
>>> 1r = linear_model.LinearRegression ()
>>> lr.fit (stack_tr, tr_test(tr_test > 0])

Tenepb NMPpUMEHUM MOJZ€JIb K TECTOBbIM JaHHBIM U OLICHUM Ka4€CTBO:

>>> stack_te = np.array ([
tr_predicted0O.ravel(),
tr_predictedl.ravel(),
tr_predicted2.ravel(),
tr_predicted3.ravel(),
tr_predictedd4.ravel(),
tr_predictedS.ravel(),
e 1).T
>>> predicted = lr.predict(stack_te).reshape(train.shape)

Kauectso OLl€HHBaeM, KaK 1 paHbLIE!

>>> r2 = metrics.r2_score(test[test > 0], predicted[test > 0])
>>> print ('R2 nocnomnHoit momeymm: {:.2%}'.format(r2))
R2 nocnomnHoi momenun: 33.15%

Pe3ysibTaT nocJioiiHoro oby4yeHus Jydiie, yeM y Jt0oOOro OTAENIbHOTO
MeToaa. TO THIHYHOE sIBJIeHHe; KOMOMHHPOBAHHE METO/O0B AaeT HehOJIb-
1I0€ TOBBIIIEHHE KAYeCTBA, HO KAKUX-TO MOTPSICAIOLINX MPOPBIBOB XAATh
He CTOMT.

Wmest rnbxnii cnocob o6benHeH s HECKOJIbKUX METOOB, Mbl MOXeEM
anpo61poBath J1106y10 NPUILIEALIYIO B FOJIOBY HAEIO, 106aB1B HOBBIIT Mpe-
AMKTOP M TIOPYYMB CHCTEME HCIOJb30BaTh €ro AJsi MPOrHO3HPOBAHIis.
MosxHo, HarpHuMep, 3aMeHUTb KpUTEPHIi 6JIM30CTH B airopuTMe OJimkaii-
ILIKX coceniei.

OnHako HYXHO CIeUTb 3a TeM, YTOObl He MONY4YHUTDb NepeodyYeHHYI0
mozenb. Ecau ciyvaiinbiv o6pasoM npo6oBaTh CIMUIKOM MHOIO Pa3HbIX
MO/IXO/IOB, TO HeKOTOpble 6yAyT XOpowwo paboTaTh Ha HMEIOLIEMCST Ha-
6ope naHHbIX, HO He GyayT 06o6waTbesi. XOTs1 Mbl M pa3/iesisieM JaHHbIe
HA YaCTH, CTPOroil MepeKpPecTHON NpoBepKe MPHHATbIE PEIEHHS! He M-
Bepraiotcsi. Ec/in Bbl XOTHTe MOMYYHTh XOPOLIYI0 MOZIENIb U pacrioJiarae-
Te JJIOCTAaTOYHBIM KOJIHYECTBOM IPHMEPOB, TO OTJIOXKHTE YaCTb JAHHBIX B
CTOPOHKY, YTOGBI MPOTECTUPOBATH HA HHX OKOHYATEIbHYIO MOJIENb Mepes
BHEJIpEHHEM €e B 3KCIIyatauuio. TecTHpoBailie Ha 3ape3epBHPOBAHHbIX
JAIHBIX AaCT 06LEKTIIBHYIO OLEHKY 0XXHIAeMOTro KavyecTsa paboTbl Moze-
JIM Ha PEAIbHBIX AAHHDIX.
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AHann3 KOp3uHbI

Boiie Mbl 06CyK /a1 METOABI, KOTOPbIE XOPOLLIO PaboTaloT, ECTH UMEIOT-
Cs1 YMCJIOBbIE OLIEHKH 0ObekTa noJsib3oBateissMu. Ho Takas uHbopmanms
He BCera AOCTYIHA, OCKOJIbKY ee cbop TpebyeT OT mosb3oBatereil ak-
THUBHBIX A€UCTBHIL.

AHanu3 KOp3#Hbl — abTEPHATHBHbI crocob 06yyeHHs] CUCTEMBI pe-
KOMeHJI0BaHUs. B 3TOM pexc1iMe HaM M3BECTHO JIMLIb, KAaKHe TOBaphbl MO-
KyTnajayd BMeCTe, HO Mbl HUYero He 3HaeM O TOM, [IOHPABHJIHCh OHH MOKY-
naresio iy Het. [laxke ecyiM NOKynartesab MHOTZAA COXaJIeeT O NMOKYIIKe, B
CpenHeM, 3Hasi, YTO JIIOAH MOKYNAIOT, Mbl y)Ke UMeeM AO0CTaTOYHO MHGOP-
Maluu AJs1 BbIpaboTKM Xopowux pexomeHaauuil. Yacto cobpathb Takue
JaHHble Jierye, yeM OLeHKH, IOCKOJbKY MHOTHE I0J1b30BaTe/l OLIEHOK He
CTaBsIT, TOTZA KAK CO3aHHe KOP3UHBI — HETPpeMeHHLLIT MoG0YHbIi addekT
akta nokynku. Ha pucyHke Hyke nokasaHa Be6-cTpaHuua caiita Amazon.
com p1s1 poMaHa Tosictoro «BoiiHa 1 Mup», 13 KOTOpOIi BUAHO, KaK TaKue
JaHHble 06bIYHO HCTOB3YIOTCSI:

Customers Who Bought This Item Alsc Bougit

[0 n{\'!;!"’ ¥ iHsIDE mspL
1 BEROTERS "
KARATAZE

\ ‘ Anna Karenina The Brothers Karamazov The Idiot (Vintage Classics}
. Leo Tolstoy Fyodor Dastoevsky Fyodor Dostoevsky
Foyevosied (289) Sedleresiod (248) Sodevevieye (57)
Paperback Paperback Paperback
$10.35 $11.25 $10.88

EcTecTBeHHO, 3TOT cnoco6 o6yyeHHs MPUMEHHM He K OJHHUM JIMLIb
KOp3HHaM IOKYTIOK, a B JII0GON CUTyaluH, KOrAa HMEeeTCs TpyIna obbek-
TOB U TpebyeTcst pekoMeH0BaTh ele oauH. Hanpumep, Gmail pexomeH-
AyeT JONOJHUTENbHBIX afipecaToB M0J1b30BATENI0, KOTOPbIi MULIET MUCh-
MO, H 3TO MOXHO ObLIO Obl pEaIM30BaTh MOX0XKUM 00pa3omM (MbI He 3HaeM,
Kak 370 aesnaetr Gmail; BO3MOXHO, KOMOUHUDPYIOTCS! HECKOJILKO METOJOB,
KaK B npe/iblayuieM paszede). Vian MoxHO 6b110 6bl HANMCATh NMPHJIOXKE-
HHe, KOTOPOe PEKOMEHAYeT, KaK1ie CTPaHHLbI IOCETUTDb, MICXOAs1 U3 Ballei
MCTOPMM TPOCMOTPA. A ec/ peub UAET O NOKYTKaX, TO, BO3MOXHO, UMEET
CMBICJI 00BbEMHUTD BCE NPUOOpPETEHHbIE MOKYNATeJeM TOBAapbl B OAHOI
KOp3HHe BHE 3aBUCUMOCTH OT TOrO, IOKYTNAJIUCh JIH OHH 32 OJUH WUJIH He-
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CKOJIbKO paa. Bce 3aBucur ot CHTyaluH, INlaBHO€ — MOMHHKTE, YTO 3TO ruo-
Kasi MeToAHKa, KOTOPYIO MOXHO C NMoJIb30ii MPHMEHHTDL B Pa3HbIX 3ajayax.

* Mueo n noarysHukun
% foBOps 06 aHanM3e KOP3WHBI, YacTO BCNOMWUHAIOT UCTOPUIO O NUBE U

noarysHukax. M3BecTHO, 4TO KOraa cynepmapkeTbl TONbKO HauyuHanu
aHanuManposaTb cobpaHHbIE UMW AaHHbIE, 0Ka3anocCb, YTO NOANY3HWUKW
4acTo NokynaloT BMecTe ¢ NuBoM. MpeanonoxuTenbHo Tak NocTynanu
nanawwu, KOTopble 3axoAuny 3a NoAry3Hukamu, a 3a0AHO NPUXBaTbIBa-
nu ByTbiNOYKY-APYryl0 NueBa. MHoOro cnopunu, npasaa 3To UAW NPOCTO
ropoackon ¢onbknop. B aaHHOM cnyqae noxoxe Ha npasay. B Havyane
1990-x ronos Ocko [par o6Hapyxwun, 4TO paHHUM BEYEPOM NNBO M NOA-
ry3HUKU OEeNCTBUTENbHO NOKYNaloT BMECTE, YeM CUNbHO yAUBUN Me-
HeaXepoB, A0 TEX NOP HE BUAEBLUMX MeXAy 3TUMU TOBapaMu HUKAKOro
cxoacTtea. A Henpasga, 4TO 3TO OTKpbITUE No6yanno Bnaaensues mara-
3UHOB NPUBAN3NUTL NUBO K CEKLMM NOAMY3HUKOB. U, KpOME TOro, Mbl Tak
1 He 3HaeM, TONbKO NN OTUBLI NOKYNAIOT NMBO U NOAMY3HUKWU BMECTE, Unn
3TO XapaKkTepHO 1 Ans MaTtepeii (a paBHo aeaywek n 6abywek).

lMonyyeHune none3HbIX NPOrHo308

Peub et He 0 TOM, YTO «KyNHUBIIKe X YAaCTO MOKYMNAIOT TaKkXe Y», X0Ts
MMEeHHO 3Ty (ppa3y 4acTo MOXCHO BCTPETHTbH Ha caiitax HHTepHeT-Mmara-
3MHOB (CM. mpHMep caiiTa Amazon.com Bblllie); peajnbHas ClicTeMa Tak
pa6otarb He moxeT. [Touemy? IToTomy yTO Takyio ciicTeMy BBOAILII Obl
B 3a0s1yX/acHie J00ble YaCTO MOKyMaeMble TOBAphl, H OHA MPOCTO PEKO-
MeHi0Basa 6bl onyJsipHble ToBapbl 6e3 Kakoil 6bl TO HH 6bLIO MEepcoHa-
JIH3aLHH.

Hanprmep, MHOTIe MOKYNAIOT B cynepMapkeTe xJiel Besikuii pas, Kor-
[1a 0Ka3bIBAIOTCsl NOGIM30CTH (AJ1s1 ONpeaesIeIHOCTH MPE/NOJI0XKHM, YTO
xs1e6 BxoauT B 50% nokynox). Iloatomy ecsin B3siTb J11060M Apyroii ToBap,
CKaXKeM CpeJICTBO /IJ1s1 MbITbsI TOCY/DI, H TOCMOTPETb, UTO YacTO MOKyMna-
10T BMECTE C HIIM, TO OKaXeTcsl, YTO 3To XJieh. [leiicTBHTENbHO, B CpefiHeM
B MOJIOBHHY CJIyUaeB YeJoBeK, KYMHBIUHH CPEACTBO /ISt MbITbsl MOCYABI,
nokynaet 1 xJe6. Ho xJ1e6 Tak xke 4yacTo MOKynaioT ¢ JoObIM APYTHM TO-
BApOM, MPOCTO MOTOMY YTO €r0 BOOOILC IOKYNAIOT YaCTO.

B neiicTBHTeILHOCTH e Hac MHTCPecyeT TaKoc YTBEepXKAeHHe: «Mo-
Kynarejau, kynusuie X, ctaTictiyecki ¢ 6oJbuieil BEPOSTHOCTBIO Ky-
nsT Y, uem cpeaHuil nokynaresb, He kynuswnii X». Ecan Bbl mokynaerte
CPEACTBO [JIsl MbITbsl TIOCYAbl, TO Bbl, BEPOSITHO, KYMUTE It XJI1€0, HO He ¢
GoJibLieil BePOSITHOCTHI0, YyeM Jio6oit aApyroii nokynaresb. TouHo Tak xe,
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KHIDKIbII MarasiH, KOTOPbLi MPOCTO peKoMeHAyeT GecTcesiepsl BHe 3a-
BHCHMOCTH OT TOTO, YTO BbI MOKYMNaJIIl paHblie, BPsiA JIM MOXHO Ha3BaTh
XOPOLUMM MEePCOHANLHBIM PEKOMEHaTeIeM.

AHann3 Kop3uH NOKyrok B cynepmapkere

B kauecTBe npuMepa pacCMOTPHUM HabOp AAHHBIX, COCTOAIMI M3 aHO-
HHUMHBIX MOKYTIOK B OHOM OeJIbIHIICKOM cynepMapkeTe. ITOT Habop noa-
rotoBi1 Tom Bpuiic (Tomn Brijs) ua Xaccensrckoro yuusepcurerta. s co-
XpaHeHHs1 KOH(I1AeHIIHAbHOCTH BCe NePCOHAJIbHbIC AaHHDbIe UCKITIOYEHDI,
TO €CTh UMEETCSI TOIbKO KYIJIEHHOE KOJIHYCCTBO KQK/I0TO TOBApPa, a KOP3H-
Ha npeacTasseT coboil Habop uuces1. ITOT (aila AaHHBIX MOXHO CKayaTh
13 PAa3HBIX HCTOYHHKOB, B TOM YHCJIE C CONPOBOAUTEILHOTO CaiiTa KHUTH.

st Hayasa 3arpy3iM Habop AaHHbIX H HEMHOTO NMO3HAKOMHMCH C €ro
CTaTUCTHYECKMMH XapaKTePUCTHKaMU (3TO BCerza MoJie3Ho).

>>> from collections import defaultdict
>>> from itertools import chain

>>> # CkauaHHHM ¢ann cxar
>>> import gzip
>>> # Kaxmoil nokynke oTBeneHa B ¢daije omHa CTpPoOKa
>>> # Buna '12 34 342 5...°
>>> dataset = [[int(tok) for tok in line.strip().split()]
A for line in gzip.open('retail.dat.gz')]
>>> # YnobHee paboTaTb C MHOXeCTBaMu
>>> dataset = [set(d) for d in dataset]
>>> # [lomcumTaeMm, CKOJIbKO pa3 MNOKynaJiMu Kaxieil ToBap
>>> counts = defaultdict (int)
>>> for elem in chain(*dataset):
counts[elem] += 1

Pe3yJibTaThl CBE/ICIIBI B CIEAYIONIYIO TAOIHUILY:

_~Cxon'|_;xo_pa3 Kynnexo Konuuyecteo ToBapos

1 pa3 2224
2-3 2438
4-7 2508
8-15 2251
16 - 31 2182
32-63 1940
64 - 127 1523
128 - 511 1225
512 n 6onee 179
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MHorue ToBapsb! nokynasnu Bcero HeckoJibko pa3. Hanpumep, 33% To-
BAapoB MOKymnanu He 6osiee yeTbipex pa3. OfHAKO OHH COCTaBJSIIOT BCETO
1 mpoueHT nokynok. SIBneHye, 3akioyaloleecs: B TOM, YTO MHOTHe TOBa-
PbI MOKYMAIOT MAJIOe YHCJIO Pa3, HA3bIBAIOT OAUHHBIM XGOCTMOM, OHO CTAJIO
BCTpeYaTLCs yallle, mocJje Toro kak Murepier yaeuiesi ckaaaiipoBaHiie
M MPOJAXy HHILEBbIX TOBapoB. YTOOb! AaTh peKOMEHAALHH 110 TAKHM TO-
BapaM, HaM HY>XHO ropa3szio 6osibliie AaHHBIX.

CyliecTByeT HECKOJIBKO OTKPBITBIX peasH3aliiii aIropuTMOB alamH3a
KOP3HHBI, HO HU O/IITH He MHTerpHpoBaH B 6ubanoreky scikit-learn 1 apy-
rve Hcrnosb3yeMble HaMy nakeTbl. [10aToMy Mbl caMi peanudyeM KJaccu-
ueckuii anroput™ Apriori, HeMHoro yctapesuuitii (OH ObL1 ONy6IMKOBaH B
1994 roay B paGote Pakema Arpasana (Rakesh Agrawal) u Pamakpuiuna-
na Cpukanta (Ramakrishnan Srikant)), Ho Bce euie paGoraownuii (pa3y-
MeeTCs1, aJITOPHTMbI HUKOTAA He nepectaloT paboTaTh, MPOCTO CO Bpeme-
HEM UM 112 CMeHY NPUX0AAT bosiee yaauHbIe).

DopMaJibiio roBopsi, aaropiT™M Apriori npHHHMaeT HabOp MHOXECTB
(KOp311H MOKYMOK) H BO3BPALLacT MHOXKECTBa, KOTOPble YaCTO BCTPEYaloT-
Cs1 B KauecTBe MOJMHOXECTB (TO eCTb NpeAMeThbl, KOTOpPble BXOAST BMeCTe
BO MHOT'11€ KOP3HHBI).

Anroputm paboTaeT CHH3Y BBEPX: HAYaB C HAIIMEHDBLINX KaHIW/IATOB
(COCTOSILLMX N3 OIHOTO 3/1EMEHTA), OH A00ABJISIET 10 OAHOMY 3JIEMEHTY 32
pa3. MopMasibHO aMrOpUTM MPHHHMAET HAO0p KOP3UH M MHHHUMAJILHBII
JIOMyCTIIMbIiT pa3mep (nmapaMeTp, KOTOPbIii Mbl HAa30BEM MUHUMATLHOU
onopoii — minsupport). Ha nepBoM wware paccmMaTpHBaloTCsl Bce KOp3H-
HbI, COZiep>Kallllle BCEro OJMH 3JIeMeHT ¢ MHHUMAJILHOIT onopoii. 3aTeM
OHM KOMOHHIIPYIOTCSI BCEMH BO3MOXHBIMI CIIOCOGAMH AJIsl TIOCTPOEHHS]
JBYX3JIeMCHTHBIX KOP3UH. VI3 3THX KOP3HH Mbl OCTaBJIsIEM TOJBKO T€, YTO
HMeIoT MUHMMaJbHYI10 onopy. Jlanee paccMaTpHBAIOTCSt BCEBO3MOXHbIE
TpexaJieMeHTHble KOP3UHBI H OCTABJSIOTCS TOJbKO HMelolHe MUHHMaJlb-
Hyio onopy. M Tak nanee. Minest Apriori 3akjloyaeTcsi B TOM, 4TO MPH MO-
cTpoeHnH GOJIbLIeli KOP3UHBI HYXCHO PACCMAMPUGAMd MOALKO me, Umo
nocmpoeHvl U3 MEHLUIUX MHOHCECTNG.

Ha pucynke Huxke cxematiueckn n3obpaxeHa paboTta ajaropHrma.

Tenepn HanuuieM KoA, peanusyouytii aToT asropit™. Onpenesnm mit-
HHMAaJIbHYIO OTopYy:

>>> minsupport = 80
OﬂOpOl"l Haéopa NMpeAMETOB Ha3bIBa€TCs KOJIMUYECTBO pa3, KOorjaa 3ToT

Habop yuyacTBoBasl B 0aHOil nokynke. Lleab anropitma Apriori — naiitn
Habopbl ¢ BbICOKOIT omopoii. TIpi 3TOM cO6./MI0AACTCS TAKOE JIOTHUECKOE
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Ha kaxxaom yposHe rpynnbi, He WMeloUIHe ONOPbI MiNsupport, oT6pacbiBaloTCA

|HOBNeKaHAMAaTM
reHepupyloTCa Ha
ocHoBe npeAblAay-

wero ypoBHs

CBOICTBO: J11060i1 HabOp NpPeAMETOB C OMOPOii 60JIblIIe MUHUMAIBHON MO-

XeT ObITb COCTABJIEH TOJIbKO M3 MPEAMETOB, ONOpa KOTOPbIX HE MEHbIIE
MUHHUMaJIbHOIT:

>>> valid = set(k for k,v in counts.items()
if (v >= minsupport))

l'IepBOHaqaano BCeE Ha60pbl NpeaMeTOB OAHO3JIEMEHTHBIE. A onHoane-

MEHTHbIe HaGoPbI C OMOPOii He HHXKe MUHUMAJIbHOII — 3TO YacThle Npes-
MeTHbIe HabOopbI:

>>> itemsets = [frozenset([v]) for v in valid]
OnucaHHbIH BbIllIE [UKJ MOXKHO 3aKOAHUpOBaTh CJHEAYIOLIUM O6p830M:
>>> fregsets = []
>>> for i in range(16):
nextsets = []
tested = set()
for it in itemsets:
for v in valid:
if v not in it:
# CosnmaeM HOBOT'O kaHAumara,
c = (it | frozenset([v]))
# CMOTpMM, NpPOBEpAJICA JIM OH paHblie
if ¢ in tested:
continue
tested.add (c)

nobaBnsaAa B HeEro v

# BrlumcnsaeM onopy, o6xons Habop NaHHHBIX B LMKJIE
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# OToT war paboTaeT MenJIeHHO.
# B ¢ane 'aprioripy' npueenena Ganee GeicTpas peaym3aipn.
support_c = sum(l for d in dataset if d.issuperset(c))
if support_c > minsupport:
nextsets.append(c)
fregsets.extend (nextsets)
itemsets = nextsets
if not len(itemsets):
break
>>> print("T'oToBoO!")
Tororo!

10T KOZ paboTaeT, HO MeIeHHO. Ero MoXHO yayuiunTs, nabexas ne-
pebopa B LM KJIe BceX HaGOPOB aHHBIX /1151 BHIYHCJIEHHUS OTOPbI support_c.
B yacTHOCTH, MOXHO 3aMOMHHATb KOP3UHBI C YACTHIMI MTPEAMETHBIMU Ha-
6opaMu. ITO YCKOPHUT LIMKJI, HO KOJ CTAHET MeHee MOHATHbIM. [ToaTtomy
31eCh MBI €T0 HE IPHBOJIMM, HO Ha CaliTe KHUT'H UMEIOTCs1 00e pean3aliH,
MbI Takxke obepHyn kox dyHKuHeil, 4TOObI €ro MOXKHO ObIIO NPUMEHHTD
K ApYriM HabopaM [aHHBIX.

AsropiTt™ Apriori Bo3BpalLaeT yacTble NpeaMeTHble HAbOpbl, TO €CTh
KOP3WHBI, BCTPeYaIoLHecs yallie 3a]aHHOro MOpPOroBoOro 3HaueHus (nepe-
MEHHas minsupport onae)

lMNouck accoyunaTtnBHbIX npasun

Camu no ceGe uyacTtble npeaMeTHble HABOPbI He OCOGEHHO MOJIE3HbI.
Caenytouutii war — nocTpoHTh acCoUMaTHBHbIE npaBuia. lmes B BuLy
3Ty LeJIb, BCIO 32ja4y AaHAJIM32 KOP3UHBI YAaCTO HAa3bIBAIOT 8bIA6NEHUEM AC-
COUYUAMUBHBIX NPAGUA.

AccounaTHBHLIM NPAaBUJIOM Ha3bIBACTCS YTBEpXKAeHHe BHaa «ecl X,
TO Y», Hanpumep: «eci nokynaresb Kymui "BoiiHy u MUp", TO OH KynuT
u "Anny Kapennny"». OTMeTHM, 4YTO NPABHUJIO He SIBJISIETCS JeTEPMHUHU-
POBaHHBIM (He Bce MOKYyMaTe/, Kynusiie X, NOKynaiot 1 Y), Ho Kaxablit
pa3 rOBOPUTh «€CJIH MOKYyNaTeJdb Kynui X, TO ¢ BepOSTHOCTHIO, MPeBbl-
waioueit 6a3oByio, OH KynuT U Y» 10410, moaTOMY MBI FOBOPHM MPOCTO
«ecnu X, To Y», noapasymeBasi BepOSITHOCTHYIO MHTEPIPETAIUIO.

Kcrartu, nocblika W 3aKjii04eHHe MOTYT COAEPKATb H HECKOJILKO 00b-
€KTOB: Mmokynarte/u, kynusiue X, Y it Z, nokynaiot takxe A, B u C. MHo-
)KeCTBEHHasl M0CBIJIKA IHOT/1a 03BOJISIET /1aBaTh 60Jice TOUIIbIE TPOTHO3bI,
yeM eIMHUYHASL.

TTosy4nTh NpaBK.IO 113 YacTOro Habopa MOXKHO, NepenpoboBaB BCe BO3-
MoxxHbie komOnHaw X 1 Y, ans kotopsix 13 X cieayet Y. Herpyaiio cre-
HepHpOBaTh MHOTO TaKHUX NMpasi. Ho Hac HHTeEpecyIoT TOJILbKO NoJie3Hble,



AHanm3 Kop3unHbl l.--

a, 3HAYMT, HY>)KHO HayYUThCS] H3MEPUTD LIEHHOCTb NpaBuia. YacTo B kaye-
CTBe Mepbl UCNONL3YIOT MOABEM. Tak Ha3bIBAaeTCsl OTHOLIEHHE BEPOSITHO-
CTH MPH YCIOBUH PUMEHEHHUs AAHHOTO NpaBuia K 6a30Boit BEPOSITHOCTH:

2D

lift(X > Y)= )

B atoii ¢popmyne P(Y) — noas nokynok, BKJIOUAOLKX npeaMet Y, a
P(Y|X) - nons nokynoxk, Bk1oyaomux Y npH ycJaoBHH, 4TO OHU BKJIIOYa-
10T Takxe u X. IIpuMeHeHIte noxbeMa nomoraet 1136exartb npobembl pe-
KomeHaoBanus 6ectcennepos. s 6ectcennepa u P(Y), u P(Y|X) 6ynyt
BEJIMKH, CJIe0BATEJIbHO, NOAbEM OJIM30K K eAMHIILIE, U TPABUJIO CIefyeT
CyYMTaTh HepesieBaHTHbIM, Ha npakTHKe skeJlaTebHO, YTO MOoABbEM ObL He
metbie 10, a nyuute 6amxe k 100.

Barnsuure Ha cnenyioumuii koa:

>>> minlift = 5.0
>>> nr_transactions = float (len(dataset))
>>> for itemset in fregsets:
for item in itemset:
consequent = frozenset([item])
antecedent = itemset-consequent
base = 0.0
# acount: cueTuMkK NOCHUJIOK
acount = 0.0

# ccount : cueTuMk ciencTBuit
ccount = 0.0
for d in dataset:
if item in d: base += 1
if d.issuperset (itemset): ccount += 1
if d.issuperset (antecedent): acount +=1
base /= nr_transactions
p_y _given_x = ccount/acount
lift = p_y given_x / base
if lift > minlift:
print ('Y npaBuna {0} -> {1} noowveM paBeH {2}’
.format (antecedent, consequent,lift))

B CJIeZllel.LleI Ta6JI]d].l(.‘ IpHBeAe€Hbl HEKOTOPDLIC PC3YJIbTATbI. Cuetun-
KH — 3TO KOJIHYECTBO IOKYIOK, KOTOPbI€ BKJIIOYalOT TOJIbKO NMPEAMETDI,
nepeyncieHHbie B CJIE€ACTBHH, TO €CTb B npaBoﬁ yacTi MMNJIMKAIUH
(633088ﬂ 4YaCTOTa NMOKYNKH AAHHOro npeameTa),Bce npeamMeThbl, nepe-
YHUCJICHHbIE B NOCBLIKE (JIGBOlui 4acTH MMHJIHK&LU/IH), H BCE€ NpPEaAMETDI,
BCTpeYalolulHECs B NIOCbUIKE H CJIEACTBHH.
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CueTyunk
CueTtunk CueTunk
Mocbinka Cnepcrsue L nocbinok u | NMoawvem
CneacTBUA | NOCLINOK f
cneacTeuin
1378, 1379, 1380 | 1269 279(0.3%) |80 o7 225
48, 41,976 117 1026 (1.1%) | 122 51 35
48,41,1,6011 16010 1316 (1.5%) | 165 159 64

Hanpumep, Mbl BiiauM, yto B 80 ciyyasix npeametst 1378, 1379 u 1380
GbuTH KynieHsl BMecTe. VI3 HUX, B 57 MOKYyNKaX MPUCYTCTBOBAJ elLe Mpejl-
meT 1269, noatoMy ycioBHasi BeposTHOCTb paBHa 57/80 = 71%. Yuntsl-
Basi, uto Tosbko 0.3% Bcex mokynok cozepxkanu npeamet 1269, nonyya-
ercsi noabeM 255.

CkoJibko-H1OY b 060CHOBAHHbBIE BBIBOJbI MOXHO CHEJaTb, TOJbKO
€CJIM 3TH CYETYMKII JOCTATOYHO BEJHKH, MO3ITOMY Mbl CHA4asa J0JXKHbI
orobpaTth yacTble npeaMeTHble Habopsbl. Eciiin 6b1 Mbl HaYasIH reHepHpO-
BaTh NpaBHJia MO HeyacToMy HaOOpy, TO CYETUHKH OKa3asuch Obl Majbl,
M03TOMY OTHOCHTEJIbHbIE 3HaUYeHI1s1 GbLIH Obl GECCMbICIEHHBI MITH HEJI0C-
TOBEPHBI.

OTMeTHM, YTO 110 3TOMY HabOPY MOXHO HaliTH MHOrO APYTHX acCOlH-
aTUBHBIX npasiut; agroput™ HaxoauT 1030 npaBua (npH MHHUMAIBHOMH
onope 80 1 noabeMe, He MeHbIEM 5). ITO HEOOIBILOI HABOP JaHHBIX O
CPaBHEHHIO C TEMH, YTO HblHe BcTpeyatotes B Be6. Korna nabop cosepxiit
MIJUTHOHBI TMOKYMOK, KOJITYeCTBO NPAaBHJ BIOJHE MOXET HCUHCIIATBHCS
TBICSTYAMM, & TO U MILITHOHAMH.

OnHaKo AJIs1 KaK:0ro NMoJb30BaTessi M TOBapa PesieBaHTHbI OyayT
JIMLIb HECKOJIbKO NMPaBMJI, MO3TOMY MOJB30BATENbh MOJYYHT HA TaK YX
MHOTr0 peKoMeHartii.

Bosnee CNnoXHbIA aHaIN3 KOP3UHbI

Ceroatisi CyuecTBYIOT W JpyTHe aITCOPHTMbI aHAJIH3a KOP3iiHbl, paboTa-
ioie 6oicTpee Apriori. I[TokaszaHHbIit Bbilie KO/ IIPOCT, H HaM €ro BIOJHE
XBATaJIo, MOTOMY YTO B HallleM pacrnopsiKeHHH ObLII CBe€HHsI TOJIBKO O
100 Thicsiyax mokynok. Ecoii Obl mokynok Gblai MHJUTHOHBI, TO CTOMJIO
Obl B3sTb anropuT™ nobpictpee. OTMETHM, BIIPOYEM, YTO HCKATDb acCoOL-
aTHBHbIE MPaBILJIa MOXXHO U aBTOHOMHO, TOrZa 3())eKTHBHOCTD HE CTOJIb
KPHTHYHA. !

CyuiecTBYIOT TaK)Ke MeTO/ibl paboThl ¢ XPOIIOJOrHUYeCKoii Hudopma-
uueil, BbIpabaThIBaIOLLIHE MPABILIA, B KOTOPBIX YUHTBLIBACTCS MOPSAOK CO-
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BeplleHHs1 NoKyloK. lonycTHM, K MPUMepY, YTO YCeJIOBeK, 3aKyNHUBILHI
NPOAYKTHI [Js1 OOMBIIOrO MPHEMa, 3aTeM BO3BPALIAETCs, YTOOBI KyNUTb
MelikH Aas Mycopa. Toraa MMeeT CMbLIC/ MPeLI0KHTb eMy MELIKH [JIsi
Mycopa npH nepBoM xe nocelteHnd. OQHako npeasarath NpHIAchl AJs
BeYepHHKH BCSIKOMY, KTO MMOKYMaeT MEIKH /151 MyCOpa, BPsiZ JIM pa3yMHO.

Pe3iome

Mbl Hayau 3Ty 171aBYy € UCMO/1b30BaHMsl Perpeccui AJist IPOrHO31POBa-
HUSI OLleHOK. Mbl BHAEH, YTO ITO MOXHO cAe]aTh AByMsl cocobamH, a
3aTeM 0ObeAMHUIIH MX, IIPUMEHHB MaLIHHHOE 00y4YeHHe A5 HaX0XKAEeHH S
BECOB. JTa TeXHHKa 06yueHHst aHCaMOJis1, M B 0COOEHHOCTH MOCJI0MHOE 06~
y4yeHHe, IPUMeHsIeTCs1 B Pa3HbIX CUTYaLHsIX H He TOJIbKO /1Sl perpeccu.
Ona no3BoJisieT KOMOMHIPOBATb PA3/IHYHbIE UAEH, JAXKC CCJAH BHYTPEH-
HHe MEXaHU3MbI X peau3alui COBEPLIEHHO Pa3JiHyHbl; KOMOMHHUPYIOT-
Cs1 KOHEeYHbl€e Pe3yJbTaThbl.

Bo BTOpOIi 4acTH IJ1aBbl Mbl MEPEKIIOYMIIN Tepeaauy M pacCMOTPCIH
Apyroit cnocob BbIpaboTKH peKoMeHAAUMiH: aHATI3 KOP3HHDLI MOKYMNOK H
MOMCK acCcOLMAaTHBHBIX NMpaBuJ/l. B 3TOM ciyyae Mbl MbITaeMcsi BbISIBUTb
(BEpOSITHOCTHbIE) ACCOLMATHBHBIC MpPaBWJIa BUAA «KyMUBIIHX X, Bepo-
ATHO, 3aMHTepecyeT Takxe Y». Takas MeToaMKa 00;1afaeT TeM INpeuMy-
IIECTBOM, YTO HY>KHbI TOJIbKO JAaHlble O CAMUX MOKYMKaXx, a He MPOCTaB-
JIeHHbI€e MOJIb30BaTeNsIMU oLieHKH. B HacTosee Bpems B scikit-learn ewe
HET peajn3aluii COOTBETCTBYIOLIMX aJrOPHTMOB, MI03TOMY Mbl HAMHCAH
CBOIO COOCTBEHHY10.

HMckarb accouuaTHBHbIE MPABHIIA CJEAYET OCTOPOXIIO, UTOObI €J10 He
CBEJIOCh K PEKOMEH/I0BAHHIO 6eCTCe11epoB KaKA0MY 110J1b30BaTeio (rae
e TYT nepcoHanmn3auus?). Mbl uabexasnn 3Toi OMacHOCTH, HAYYMBILHMCh
M3MepATb OTHOCHTEJIbHYIO LIEHHOCTDb MpaBHJia C HOMOLIbIO TaK Ha3blBae-
MOTO NMoADbEMA.

Ha nanHblif MOMEHT Mbl paCCMOTpEJIM OCHOBHYIO OTPacJlb MallMHHOTO
06yueHust: kiaccudukanuio. B ciaeayouix AByX riaBax Mbl T03HAKOMHM-
Cs1 C IBYMS YaCTHBIMH CJIy4YasiMH JAaHHbIX: MY3bIKOH M H300pakeHHsIMH.
Haiua nepBast esib — NOCTPOHTH KJacCH(MHKATOP MYy3bIKH 10 XKaHPaM.



TJNIABA 9.
Knacenduxkauus
Nno MY3bIKAMIbHbIM XXGHPAM

[lo cux mop Mbl CyLIECTBOBAIH B BeChMa KOM(OPTHDBIX YCIOBHSIX: JII060M
obGyuatouuii Habop JIecrko ObII0 ONKMcaTh BEKTOPOM 3HAU€HH T TPU3HAKOB,
Hanpumep, B HaGope aaHHbIX ITis BETHI NpeACTaBASIIICH BEKTOPAMH, CO-
Jep KaliiMH IJIMHY 11 WIHPHHY HEKOTOPBIX uacTeil uBeTka. B npumepax,
OTHOCSIIHIXCSl K TEKCTaM, HaM YaBasloch NpeoOpa3oBaTh TEKCT B HAGOP
NpeAcTaBAeHHIT CJI0B 11 BPYYHYIO N0A06OpaTh NpPI3HAKH, YJIaBIHBAOLIIIC
OTpe/ICTIEHHbIC XapAKTEPIICTHKII TCKCTA.

B atoit rnase Bce 6yaet no-apyromy. Mol nocrapaemcst kaacciii-
pOBaTh My3bIKaJblible MPON3BE/IEHIs MO KAHPaM. A Kak OMHCATb Tpex-
MIIHYTHYI0 neciiio? Gpath otaensiibie Gutolt MP3-npeactabaena? Ha-
BEPHOE, HET, MOTOMY UTO NMOMbITKAa 00PALIATLCST ¢ MY3BIKOI, KAK € TEKCTOM
1 CO3/1aBaTh YTO-TO BPOJie «11abopa 3BYKOBLIX (DparMerToB» oka3anach Ol
CJIILIKOM CJIOXKHbIM /eiom. Ho Tem 1ie metice, Mbl 10JKIBI KAK-TO Npeol-
pa3oBaTh My3LIKasblIoe MPOH3BC/ACHIIE B MOCAE0BATEILHOCTD 3HAUEH I,
a/1eKBaTHO OMIICBIBAIOLLYIO €TO.

MnaH pencreun

B aT0ii rnaBe Mbl MokaxkeM, Kak NOCTPOHTh NPMIHUHLIT KJaccHpHKaTop
Asst npeaMeTtHoil obaacTy, He ctoJib koMBopTHOITL, kak paubiue, s na-
yajia HaM NPIHACTCS IMETh JIeJI0 CO 3BYKOBLIMIT MPH3HAKaMH, KOTOpPbIE ro-
Pa3/o CJOXKHEE TEKCTOBBIX. A 3aTeM 1yx110 OyACT HAY4YHTbCS paboTaTh C
HECKOJIbKHMII KJIaccaMit, TOMAa KakK 0 CHX MOpP Mbl BCTPEYAIHCh JIHILD €
6uHapuoii knaccugkauueii. Hy 11 nonyTHo Mbl NO3HAKOMHMCS ¢ HOBDI-
MH criocobamMil H3MEPEHMsT KauecTBa Kaaccii(pukauin.

HonyctiiM, Mbl obtapyxi iia aicke kyuy MP3-aiisios co cayuaii-
HBIMM HMEHAMII, KOTOPbIe MPCAMNONIOXKHTENBLIO cojlepxkaTt My3biky. Haia
3aaya — pasyoXKNTh 11X MO Pa3HbIM NMANKaAM B COOTBETCTBIIH C XKAHPOM:
JDKa3, KJI1accliueckast My3blKa, KalTpH, Mo, PoK, MCTaw! I T. A



Mnanx pencremin ..--

nonyqune MY3bIKaJ/ibHbIX AAaHHbIX

Mb1 6ynem paborats ¢ Habopom aanHbix GTZAN, KoTOpBbIii YacTo Hc-
NOJb3YIOT AJis1 OUEHKH aJrOPUTMOB KJacCUUKALIM M0 MY3bIKaJbHbIM
xaHpaM. B Hem BbizesneHbl 10 )xaHPOB, H3 KOTOPBIX MbI 151 TPOCTOTHI
BO3bMEM TOJIBKO LIECTb: KJIACCHKA, J)Ka3, KaHTPIl, MOM, POK U MeTasll.
B HaGop nanHbix BrjoyeHbl nepsbie 30 cekynna 3syyanis 100 npousse-
AeHuii kaxaoro xkaipa. Ckauath HAOOP MOXHO MO a/IPeCy http://opihi.
cs.uvic.ca/sound/genres.tar.gz.

22 050 Ny (22 050 oTcyeToB B CEKYHAY) B MOHO(OHNYECKOM 3BY4aHUMU n

M MyasbikanbHble NPpou3BeAeHUA 3anucaHbl C 4acTOTOW AUCKpeTU3auvun
‘& npeacTasneHbl B popmate WAV.

MNpeobpasoBaHune B popmar WAV

KoneuHo, ecain 6b1 HaM MPeACTOSIO MPOTECTIPOBATb CBOI KJaaccH-
¢dukaTtop Ha cobcTBeHHON Kostekuuu MP3-¢aiisios, To notepnean 6bl
¢uacko. leno B ToM, yto MP3 — dopmar cxatiist ¢ notepeil nugop-
MalHil, B KOTOPOM 00pe3aioTcst YacTOThbl, He BOCIPHHHMAEMble YesioBe-
YeCKHM yXOM. JTO XOPOUIO C TOYKH 3PEHHUs] XpPaHEHHs], TIOTOMY YTO MbI
CMO>€M COXPaHHTb Ha YCTPoiicTBe mpuMepHO B 10 pa3 6osible My3bIKH.
Ho Bor ans Hawero npeanpusitus 3To nevaiabHo. Kiaccngukauuio npo-
e npou3BoAnTb Ha WAV-haiinax, NOTOMy 4YTO MX MOXHO CUMTBIBaTh
HernocpeJCTBEHHO C MOMOILBIO NaKeTa scipy.io.wavfile. [loaTOMY Ham
npuaeTcst KoHpepTHpoBath MP3-aiisbl, yTOOBI MOAATH HA BXOA Halle-
My KJaccudukaTopy.

B3ATb SOX C caiTa http://sox.sourceforge.net. OH peknamupy-
eTCA Kak LBeuapCcKnuin apMenckuii HoOX B 4acTu 06paboTku 3Byka, v Mbl
COrNacHbl C 3TUM CMeNbIM 3aABNEHNEM.

..,,\‘Q Ecnn y Bac HeT noa pykoh noaxopswero KoHeepTepa, nonpobyite

OaHo u3 foctonHcTB opmata WAV — BO3MOXXHOCTb HEMOCPEACTBCH-
Horo uteHHst paiisia ¢ MOMOLIIbIO KOMILJIEKTa HHCTPYMEHTOB SciPy:

>>> sample_rate, X = scipy.io.wavfile.read(wave_filename)
Tenepb x COAEPXKHT OTCUETHI, @ sample_rate — YaCTOTA, C KOTOPOi OHH

6epyTcs. Bocniosnbayemcst 3Toit nHopMaliiieii, 4ToObI 3arIsIHYTh BHYTPb
My3bIKasbHOro ¢aiisa u 110Jy4HTb MPeACTaBleHHe O XapaKTepe JaHHbIX.
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B3rnaa Ha My3bIKy

OueHb yn06HbIi c110co6 COCTaBUTb NEPBOE BIEYATJIEHHE O TOM, KAK «Bbl-
[JIAAAT> My3blKaJbHble TIPOH3BEEHHS Pa3HbIX XKAaHPOB, — HApHCOBATh
criekTporpamMmy npoussefensi. CriektporpaMMa — 3TO HarJsiAHOE Mpes-
CTaBJIeHWe BCTpeyalmunxcs yactoT. [1o ocH iy OTKIaabIBAETCSA MHTEHCHB-
HOCTBb YacCTOT, a 110 OCH X — BpeMeHHble UHTepBabl. UeM TeMHee BT, TeM
MHTEHCHBHEE YacToTa B IJAaHHOM HHTEpBaJie 3By4aHHS.

B 6ubaunoreke matplotlib ectb pyHKUMS speegram(), KOTOpas Mpou3-
BOJAMT BHIYHUCJIEHUS U CTPOUT CNIEKTPOTPaMMY:

>>>
>>>
>>>
>>>

import scipy

from matplotlib.pyplot import specgram
sample_rate, X = scipy.io.wavfile.read(wave_filename)
print sample_rate, X.shape

22050, (661794,)

>>>

specgram (X, Fs=sample_rate, xextent=(0,30))

Ipounrtanubiit WAV-¢aiin 6bl1  AMCKPETH3MPOBAH C YacCTOTOM
22 050 T'u u conepxan 661 794 otcuera.

IMoctpous cnextporpaMmsl nepBbix 30 cekyHA 3ByYaHHs AJIs1 pa3HbIX
WAV-aitnos, Mbl YBHAMM, YTO Yy POU3BE€HHIi OJHOTO XaHpa eCTb 00-
11{He YepPTHI.

classical song 1

e classical song 2 classical song 3 |
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Barnaa Ha my3siky l. - -!EII

HocTatouno 6pocuTh 6eriblii B3rJsl Ha PUCYHOK, Kak Mbl Cpady 3a-
MeTHM pa3HHULly MEXIY CNeKTPOM, CKa)keM, MeTaJl1a U Kjaaccuku. Ecau B
«METJITHYECKHX» TIECHSIX Ha6J1101a€TCsl BbICOKAsl HHTEHCHBHOCTD 4aCTOT
B 60JIb1LIEl YACTH CMEKTPA HA NPOTSDKEHIH BCero BpeMenn (euue Obl, Beab
OHH 3HepruyHble!), TO [Jisl KIACCHYECKUX MPOH3BEAEHHIT XapaKTepHO
6oJbliee pazHoobpasue.

BeposiTHo, He cocTaBuio 6b1 60/b1IOr0 TPYAa 00y4YUTh KaaccupuKa-
TOP, KOTOPbIil J0BOJILHO TOUHO pasJiuyas 6bl MeTasll 1 K1accuky. Ho apy-
rye napbl )KaHPOB, HANpUMeD KAHTPH U POK, AAJIEKO He TaK OYEBHAHDIL.
10 npobsiemMa, MOTOMY YTO HaM HY>KHO pa3JjiMyaTh Ha /Ba, a BCe 11eCTb
KjaccoB. M npuTOoM ¢ 10CTaTOYHOM HaleXKHOCTDIO.

PasnoxeHne Ha cuHycouagasbHble BOJIHbI

Haw nsan coctout B TOM, 4TOGbI M3BJI€Yb HHTEIICMBHOCTH OT/AE/IbIbIX
YacTOT U3 MacCHBA OTCYETOB (paHee COXPAHEHHOTrO B NMEepeMeHHOit X) |
noAath MX Ha BXoa kjaccudukaTtopa. st 3TOH Lesn CayXUT ObicTpoe
npeo6pa3sosanune @yppe (BIIM). Teopus, nexautas B ociose BITD, Bor-
XOAHT 32 paMKH 3TOM KHHUTH, MbI IPOCTO Ha NMpHUMepe NMOKaXkeM, YTo I0-
Jyyaetcs B pe3yanTare. A 3atem Gyaem ucnosb3oBath BIIM kak uepHblil
SILMK, BHIPAabaTbIBAIOMIMI NPHU3HAKH.

CreHepupyeM, k npumepy, 1Ba WAV-paiina, sine_a.wav U sine b.wav,
colepikaliiie CHHYCOMAablble 3BykoBble BoJHbI yacToToit 400 1 3000 I,
CaenaTb 3TO NMO3BOJISIET BbILIEYNOMSIHYTbII «luBelilapckuit apMencKuii
HOX» SoX:

$ sox --null -r 22050 sine_a.wav synth 0.2 sine 400
$ sox --null -r 22050 sine_b.wav syrth 0.2 sine 3000

Ha pucynkax Hiuxe nokasannl nepsble 0.008 cekyun ssyyanusi. A noa
numu — BIID cunyconpanbibix Bosd. Kak u cienosaso oxuaarn, Ha ya-
crotax 400 1 3000 ['u HabnopaoTCs MHKK.

Tenepsb cMmewraem oba (aiina, HazHauuB 3ByKy vactoto 400 'y noso-
BUHHYIO FPOMKOCTD, a 3ByKY 3000 I'ti — eanHmyHylo:

$ sox --combine mix --volume 1 sine_b.wav --volume 0.5 sine_a.wav
sine mix.wav

Ha rpacduke koMOMHHPOBAHHOTIO 3BYYalliis Mbl yBHIHM [Ba MHKa, MPH-
yeM TOT, yTO cooTBeTcTBYeT yactote 3000 Iy, B ABa pa3a Bblile cOOTBeT-
ctByloutero yactote 400 Iu.
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400Hz sine wave

0.002 0.004 0.006 0.008
time (s])

FFT of 400hz sine wave

1000 2000 3000 4000
frequency [Hz)

3,000Hz sine wave

0.002 0.003 0.006 G 008
time [s]

FFT of 3,000hz sine wave

1000 2000 3000 4000
frequency (Hz]

Mixed sine wave

0.002 coea 0.006 0.008
time (s]

FFT of mixed sine wave

1c00 20C¢ 3600 4000
frequency [Hz)
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KOHC'-IHO, s pea.anoi’l MY3bIKH BIT® BbITJIAANT HE TaK KPaCHBO, KaK
AJIs1 HCKYCCTBEHHOI'O NpHUMeEpa.

some sample song
6000
4000
2000
0
-2000
—4000
—6000
0.000 0.002 0.004 0.0U6 0.008
time {s]
Lo le7 FFT of some sample song
25
2.0
L5
Lo
0.5
0.0
0 1000 2000 3000 4000
| frequency [Hz]

NpumeneHue BNoO
ANK NoCTpoeHus nepesoro
Knaccudpukartopa

U teM He MeHee, ¢ nomotibio BITM MbI MoXeM co3aaTb cBoero poaa iud-
POBOI1 OTMEYAaTOK MY3bIKaJbHOro npousseneHus. Ecau caenats ato ass
HECKOJIbKMX MPOU3BeIEHUI K BPYYHYI0 CONOCTABUTh UM METKH — XKaHPBI,
TO MoJiyyatcsi ofyyalouye AaHHbIE, KOTOPblE MOXXHO MOAATH Kjaaccuu-
KaTopy.

MosbiweHne rubkocTn akcnepumeHTa

[Tpex /e yeM c ros10Boit MOrpy3nuThcs B 00yyeHHe KiaccuduKaTopa, no-
JlyMaeM O TOM, KaK MOBbICUTb THOKOCTb 3KCNepuMeHTa. XOTs IepBoe C10-
Bo B a66peBuatype BIID — «GbicTpoe», Ha cCaMOM JieJie 3TO MIPOUCXOAUT
KyZa MeJlJIeHHee, YeM BbljieIeHHe IIPU3HAKOB U3 TEKCTa. A MOCKOJIBKY Mbl
M0Ka 3KCMEPUMEHTHPYEM, TO MOXKEM 33 yMaThCsi 06 yCKOPEHU U IpoLiecca
BbIPAOOTKM MPU3HAKOB.

Pasymeercsi, BII® mas xaxaporo ¢aiina cosmaercsi OAMHAKOBO MpPU
KaXKI0M 3anycke kjaccudukatopa. IToaToMmy MoxkHO Obl1o Obl K3IIH-
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poBath pe3yastaT BIIM u yntath M3 K3l TOJLKO €ro, a He Becb WAV-
aitn. Mbl Tak 1 moctynaeM B QYHKUHUH create_fft (), KOTOpas BbI3bIBaeT
scipy.fft () ans co3aanus BIID. s npoctoTtsl (1 ckopoctu!) orpa-
HuunMmcst nepsbiMi 1000 komnonentoB BITM. Ipu Tom, uto HaM ceituac
H3BECTHO, Mbl HE MOX€EM PELIHTD, OYAYT JI MMEHHO 3TH KOMIIOHEHTbI Ca-
MBIMHM BOXXHBIMH 1151 KJ1acCH(HKALMK 110 XKAHPaM; Mbl JIHLIb BUINM, YTO
B noka3aHHOM Bbile npuMepe BIIM y HuX camble HHTEHCHBHBIE YaCTO-
Tbl. Ec/in BrocjieACTBUN MBI 3aXOTHM YBEJMYHMTDb HJIH YMEHBIIHTb YHCI0
KOMITOHEHT, TO 10JDKHbI 6yneM nepeco3aats BITD s kaxaoro daiina.

import os
import scipy

def create_fft(fn):
sample_rate, X = scipy.io.wavfile.read(fn)
fft_features = abs(scipy.fft(X)[:1000])
base_fn, ext = os.path.splitext (fn)
data_fn = base_fn + ".fft"
scipy.save (data_fn, fft_features)

Ml coxpaHsieM faHHble ¢ nomollbio GyHKkLHH NumPy save (), koTopas
Bceraa cosziaet ¢aiin ¢ pacuiHpeHHeM .npy. TO HYXHO ceJaTb TOJbKO
OMH pa3 ais Kaxaoro WAV-daiina, HeobxoauMoro st 00y4eHHs: Win
NPOTrHO3HPOBaHMSL.

Hnst utennst BIID cnyxnT GyHKUNA read_fft():

import glob
def read_fft(genre_list, base_dir=GENRE_DIR) :

X =1
y =[]

for label, genre in enumerate(genre_list):
genre_dir = os.path.join(base_dir, genre, "*.fft.npy")
file_list = glob.glob(genre_dir)

for fn in file_list:
fft_features = scipy.load(fn)

X.append (fft_features([:1000])
y.append (label)

return np.array(X), np.array(y)

HpeanonaraeTCﬂ. 4YTO B HallleM INnepenyTaHHOM KaTaJlore €CTb NpoH3-
BEAEHHUS TAKHUX XXaHPOB:

genre_list = ["classical", "jazz", "country", "pop", "rock", "metal"]
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O6y4yeHune knaccungpukaropa

Bocnosnb3yeMcsi kjiaccupukaTopoM Ha OCi10Be JIOTUCTH4ECKOIi perpec-
CHH, KOTOPbIi COCJIYXXHJI HaM Xopoiuylo cayx6y B riase 6. [Ipasaa, Bo3-
HHUKaEeT AOMNOJIHHITEeJIbHAsI TPYHOCTb — Telnepb Mbl HMeeM JeJI0 ¢ 3ajayeii
MHOTOKJIACCOBOI KsaccHIIKallifil, TOraa Kak paHblie Hy’KHO Obl10 pa3-
JIHYaTb BCEro /1Ba KJacca.

OTMeTHM, YTO NpH Nepexojie OT GHHAPHOI K MHOTOKJIACCOBOM KJaccH-
(ukaunm oleHKH BEPHOCTH NPETEPIEBAIOT yAUBUTCJIbHYIO MeTaMOPGO3y.
[Ipu 6uHapHoii KaaccudUKaUMi Mbl CYUTAIH, YTO BepHOCTb 50% — Xya-
it cayyaii, MOTOMY YTO TAKOIO pe3yJibTaTa MOXHO JOCTHYDL U CJIy4aii-
HbIM yraabiBanneM. Ho B ciyyae MHoroksaccoBoii kaaccuukauun 50%
MoXeT ObITb OueHb Xopolueit BepHocTbio. Ecau 1meeTcst 6 xaHpoB, TO
ciyvaiiHoe yraabiBaHHe 4ano 6bl ToJbKo 16.7% (B npeaionoxeHnu, uto
pa3Mepbl KJ1acCOB OIMHAKOBBI ).

lNpumeHeHne maTpulybl HETOYHOCTEN
AN N3MePEeHNs1 BEePHOCTH
B MHOroKJ/1accoBbIX 3aga4ax

B MHOroksnaccosbix 3ajayax Hac HHTepeCyeT He TO/IbKO TO, HACKOJIbKO
MMPpaBHJIbHO MbI Oonpee/isaeM >Xallp nponu3BeaeHHsI. BaxkHo Takke 3Hartb,
KaKHe XKaHPbl Mbl MyTaeM. TO MO>XKHO CA€J1aTh C NOMOLIbIO MAaTPHLIBI He-
TOYHOCTEI, KaK MOKa3aHO HUXe:

>>> from sklearnmetrics import confusion_matrix

>>> cm = confusion_matrix(y_test, y_pred)
>>> print (cm)

[[26 1 2 0 0 2]
[4 7 5 0 5 3]
[1 214 2 8 3]
[5 4 7 3 7 5)
[0 010 2 10 12]
[1 0 4 013 12]]

[Teuataetcs paclpeneseHue METOK, NMpeAcKa3aHHbIX KJaccHdukaro-
POM Ha TeCcTOBOM Habope 151 KaXKA0ro skaHpa. Ha auaroHanu HaxoasiTcst
npaBuJibHble pe3ysbTaThl. [ockoNbKY BCero »kaHpOB LIECTb, TO MaTpHLA
nmeet pa3mep 6 x 6. [lepsasi ctpoka o3navaer, yto u3 31 Kraccuyeckoro
npousBeaeHHs: (CyMMa BCEX YHCCI B MepBoii cTpoke) 26 Oblin KiaccH-
¢duuHpoBaHbl KakK KJaccuka, 1 — kak Axa3, 2 — Kak KaHTpH M 2 — Kak
metasa. [IpaBusibHblil pe3yabTat kaaccupHUKALH JeXHT Ha AMaroHa-
an. CrnenoBaresibHo, 26 npou3BeneHuit kaaccHdHUHPOBAaHbI PaBUIbHO,
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a 5 — HenpasuabHo. He Tak yx nyoxo. Bropasi ctpoka oTpessisier: u3
24 n>xa30BbIX KOMMO3MUMIT JUIIb 7 KJAacCCH(PUUMPOBAHBI MPABHJIBHO —
Bcero 29%.

Pasymeetcs, Mbl pa3buBaeM Bech HAOOp JaHHBIX Ha 0OyYarolHe U Te-
CTOBbIE, KaK GbIJIO OMIICAHO B MPEABIAYUMX JIABaX, 1 AOJKHBI COCTABIIATh
MaTpHIbl HETOUHOCTE!! J1s1 KaX10ro 1Mpoxo/a NMepeKkpecTHOi NMPOBEPKH.
3aTeM HyXHO OyaeT NpOU3BECTH YCpe/lHEHHE M HOPMHPOBKY, YTOObI Be-
JINYHMHBI HAXOAMIKCH B 1nana3oHe oT 0 (mosHoe ¢uacko) ao 1 (Bce o6pa3-
1[I KJIaCCH(HLIIPOBAHBI TPABUIIBHO).

HarnsinHoe npexcraBjieHHe 4acTO BOCTIPMHUMAETCS ropasjo Jieruye,
yeM MaccuBbl NumPy. Ha nomouibs npuxoaut (pyHKUMS matshow() U3
6ubmmorexu matplotlib:

from matplotlib import pylab

def plot_confusion_matrix(cm, genre_list, name, title):
pylab.clf ()
pylab.matshow(cm, fignum=False, cmap='Blues',
vmin=0, vmax=1.0)

ax = pylab.axes()
ax.set_xticks(range(len(genre_list)))
ax.set_xticklabels(genre_list)
ax.xaxis.set_ticks_position("bottom")
ax.set_yticks(range(len(genre_list)))
ax.set_yticklabels(genre_list)

pylab.title(title)
pylab.colorbar ()
pylab.grid(False)

pylab.xlabel ('Predicted class')
pylab.ylabel ('True class')
pylab.grid(False)

pylab.show ()

cxeMy (napameTp cmap yHKUMM matshow () ), yka3as NoaxoAnLLMi
nopaAoK LBeToB, 4To6kI C NepBoro B3rnsaa 661N0 NOHATHO, 4TO O3Ha4a-
eT 6onee ceeTnblit NN 6onee TEMHLIN UBeT. [lna Takoro poaa avarpam-
Mbl NPOTMBONOKA3aHO packpawwuBaHve B UBeTa paayrv, kak B nogpas-
yMeBaeMOI N0 yMONYaHUIO CxeMe jet wunun aaxe Paired.

.}Q Mpw co3paHum MaTpuubl HETOYHOCTEN He 3abyabTe BbIGpaTh LBETOBYIO

[oToBast AnarpamMma BbITJIAAHUT TAK:
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Marpuua HeTouHOCTeM AnA Knaccudukaropa Ha ocHose BN

m '
.

class.cal A

jazz

country

pco

UcTuHHbIA Knacc

rack

metal o

ciassical jazz country  FOP rock  metal
MpeackasaxHbIf Knacc

Ot upeanbHoro kjaaccudukaTtopa Mbl 0XHJAeM NOSIBJEHHUS TEMHBIX
KBaJIpaTMKOB Ha IMaroHaJy, uayliel U3 J1eBOro BEpXHero B IpaBblii HUX-
HMI1 YTOJ1, U CBETJIBIX — BO BCEX OCTAJIbHBIX MecTax. [13 aMarpamMMsl Bbliie
cpasy BMIHO, YTO knaccudukarop Ha ocHoBe BIIM nanek ot coBepiueH-
ctBa. OH npaBW/IBHO omNpejensieT JMIIb KJIacCHYeCKHe MY3blKajbHble
npou3BefieHUs1 (TEMHbIH KBaJApaTHK). A, CKaXkeM, POKY OH, KaK MpaBHJIO,
NpeANoYNTaEeT METAILI.

OueBuaHO, YTO Ucnionb3oBaHue BIIM — miar B mpaBU/IbHOM Hampas-
JieHnH (Ha KJIaCCHKe-TO BCE BHIIJISIAMT HEMJIOX0), HO 3TOT0 HeJ0OCTaTOYHO
IUTs1 TOJTyueHHUs1 JocToiHoro kiaccudukaropa. KoHeuno, MOXXHO moak-
CNepUMeHTHPOBaTh C KosinyecTBoM koMnoHeHT BITM (ceituac oHo paBHO
1000). Ho nepen Tem kak MpMHUMATbCS 32 HACTPOIKY NapaMeTpoOB, HAZl0
npozaenarb uabickauusi. [loka uto Mbi 3HaeM, uto BITD paer npuemiembie
NPHU3HAKK 151 K1acCHUKALMHU 110 )KaHPaM, HO HY>/AeTCsl B YTOYHEHHH.
Bckope Mbl yBUAMM, KaK MOXKHO NMOBBICHTb Kau€CTBO KaccHUKaLMK 32
CYeT NPMMEHEeHHsl BADMAHTA C MpeABapUTeIbHON 06paboTKOM.

Ho mnpexzae paccMoTpuM ellle OOMH MeTOZ H3MepPeHHs KayecTBa
KJaccudUKalLmH.
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AnbTepHaTUBHbIN crnocob namepeHns
KadyecTBa knaccngukaropa c nomMoLbio
paboyeii xapakTepucTNKn npueMHuKa

Mb1 yxe 3HaeM, 4TO U3MepeHIIsi BEDHOCTH HEAOCTaTOYHO JJ1s1 OLEHKH
kiaccudukaropa. Utobsl 1yyliie noHsTh, Kak pabotaet kaaccidbHkaTop,
MBI HCNOJIb30BaNH KpHuBble TouHOCTH-IosHoThI (T/IT).

CyuectByioT Takxe noxoxiue Ha T/I1 kpusble paboueii xapakTepu-
cruku npuemunka (PXII), koTopble H3MepsIIOT CXO/IHbIE acMEeKTbI paboThl
KJaccudukaropa, Ho B PyroM Biijie NPeJCTaBAsIOT ero kayectso. Kio-
yeBOe pa3JMuHe 3aKJioyaeTcs B TOM, uto kpyble T/I1 6osbiure moaxoast
A1 33/1a4, B KOTOPBIX MOJIOXHTEJIbHBII KJIacC ropasjio HHTepecHee OTpH-
11aTeJIbHOTO, a TaKJXKe TeX, [7le MOJ0KHTeJbHbIX TPUMEPOB HAMHOTO MeHb-
1le, YeM OTpHUATEIbHbIX. THmiyHble 061acTH pUMeHeHHs — UHbOpMa-
LIMOHHBII NOMCK 11 o6HapyxeHHe MoweHHuYecTBa, C Apyroi CTOpOHBI,
kpussie PXII gatot 60J1ee nosiHy10 KapTHHY NOBEAEHHs KJIaccuduKaTopa
B LIEJIOM.

Yrobb! syyiiie pa3o6paThCcs B pa3IHYMsIX, PACCMOTPHM Ka4yecTBO paHee
o6yyeHHOro KJaccHdHUKaTopa B YaCTH MPAaBHJIbHOCTH ONpe/ieseH s MeceH
B CTHJIE KQHTPH (CM. PUCYHOK HHXe).

Kpusaa T/M (AUC=0.30) / kaHTpu W npouue Kpysaa PXIM (AUC=0.68) / xaHTpu n npoune

TouHoCTb

Yactota UCTUHHO NOIOXXUTENbHBIX
pesynbTatos

NonHota YactoTta NOXKHONONOXKHUTENbHBIX
pe3ynbratos

Ha neBoM pucynke nokasana xpusast T/II. [lns upeasbHoro kJac-
cudukaropa 3To O6bl1M ObI Ba OTpPe3Ka: U3 JIEBOTO BEPXHEro B MpaBblii
BEPXHHH, a 3aTeM B NpaBblit HYKHHIT yroJl, Tak YTo MJouaab Noj KpiBoii
(AUC) okasanacb 6b1 paBHa 1.0.

Ha npaBomM piicyHke nokasana coorBetrctBylouasi kpusass PXII. Ona
OTpaxkaeT 3aBHCHMOCTb YACTOTDLI IICTHHHO MOJIOKUTEJIbHBIX OT YacTOThI
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JIOXCHOTOJIOXKUTEJIbHBIX pe3ysbTaTos. s uaeanbHoro kiaaccudpukaropa
MbI MoJTyumsIH Obl 1Ba OTpPe3Ka: U3 JIEBOTO HHXKHETO B JIEBblil BEpXHUH, a
3aTeM B mpaBblil BepxHuit yroJa. Kinaccudukarop, onpeaessiiouuii kaacc
Hayrag, Obl1 Obl TpeACTaBjieH NPSMOM, MAYLEH M3 JIEBOTO HUXHETO B
npasblil BepxHUi yroa (11306paXkeHa Ha PUCYHKe LITPUXOBOM JIMHHEN),
ans kotopoit AUC paBHa 0.5. IToatomy Hanmpsimyio cpaBHuBath AUC
kpuBbix T/I1 u PXII Henb3s1.

Ho B s11060M ciiyyae rapaHTHPYETCsi, YTO NPH CPaBHEHHM IBYX KJjac-
cu(UKATOPOB Ha OAHOM Habope AaHHBIX 60JIblIAS MJIOLIAAb MOA KPUBON
T/I1 o3Hauaer, 4yTO W mJowaab noa Kkpuso PXII Gyzer Goablue, u Ha-
o6opor. IToaTomy reHepupoBaTb 06e KpuBble Heobsi3atesnbHo. [Toapo6-
Hee 06 3TOM MOXXHO NPOYMTATh B BeCbMa COAEPXKATEIbHOM cTaThe Davis,
Goadrich «The Relationship Between Precision-Recall and ROC Curves»
(ICML, 2006).

B tabnuie Huxe cBeneHbl pasanyunsa mexay kpusbivu T/IT u PXIIL.

Ocb x Ocby
T/n lonHora = —TP ToyHOCTb =L
TP +FN TP +FP
PXN FRR=—tlL TPR=—1F
FP+TN TP+TN

U3 onpenenenuii oceit x U y A5 00eMX KPUBBIX BUIHO, YTO 4aCTOTA
UCTHHHO nosioxuTteabHbix pe3yabratoB (TPR) no ocu y kpusoit PXII B
TOYHOCTH COBMNAjaeT C MOJHOTOM no ocu x kpusoii T/I1.

YacToTa JI0XXKHOMOJ0XKHUTEeNbHBIX pe3yastaToB (FPR) usmepsier goaio
MCTHHHbBIX OTPULIATEbHBIX IPUMEPOB, OLIMOOYHO IPU3HAHHBIX OJIOXKH-
TEeJIbHBIX, U B UJI€aJIbHOM caiy4yae paBHa O (HET HY OJJHOTO JIOXKHOIOJIOXHU-
TeJIbHOTO pe3yJIbTaTa), a B cCaMoOM Xy/ieM — efuHuue. CpaBHUTE C TOYHO-
CTbIO, KOTOpasi U3MePsIeT MPSIMO MPOTHBOMOJIOXKHYIO BETMYMHY, 3 UMEHHO
[OJII0 HCTUHHBIX MOJIOXKUTENbHBIX MPUMEPOB, OIIHOOYHO MPU3HAHHBIX
OTPHLATEJbHbIMH.

Iloiinem nanbuie u npumenuM kpusble PXII a1 u3amMepeHus kauectTsa
KJIacCU(UKATOPOB, 3TO MO3BOJIUT JIyyllle MPOYYyBCTBOBATb OCOOEHHOCTH
MHCTpyMeHTa. EAMHCTBEHHAsi TPYAHOCTb COCTOMT B TOM, YTO 00e KpH-
Bole — PXII u T/Il — oTHocsiTcs K 3amaye OMHap1Oil KaaccHbUKaLIKH,
TOrZa Kak Nnepei HaMH CTOMT MHOrokJlaccoBasi 3azaya. [loatomy gaBaiite
CO3JalUM IO OAHOI1 KPMBOIi HA KaX/bIN XKaHD, KOTOpasi OYACT MOKa3bl-
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BaTb, HACKO./IbKO XOpOLIO K,'IaCCll(bllKaTOp OTJINYAET NPOH3BEJ/IEHIIS ITOTO
JKaHpa OT BCEX MPOYIX.

from sklearn.metrics import roc_curve
y_pred = clf.predict(X_test)

for label in labels:
y_label test = scipy.asarray(y_test==label, dtype=int)
proba = clf.predict_proba(X_test)
proba_label = proba(:,label]

# BBIUMCNIUTbL YACTOTH JIOKHO M UCTMHHO MONMOXMUTENbHLEX Pe3yJibTaToB,
# a rakxe noporu PXII
fpr, tpr, roc_thres = roc_curve(y_label_ test, proba_label)

# nocTpouTh rpa¢uk 3aBUCMMOCTM tpr oT fpr

Ha Brixone nonyuatorcs rpacukin PXII, nokazannplie Ha cnenyiouleii
crpanuie. Kak Mbl yke BLISICHWJII, TIepBast BepCHsl Hallero kaaccugmka-
TOpa Xopouio paboTaeT TOJIbLKO 151 KJacCHuecKux npoussesenuit. Kpu-
Bble PXII nokasbiBaioT, 4TO Ha caMOM Jiejie KauecTBO OCTAaBJISIET JKeaaThb
Jlyduiero Ha OOJILIUITHCTBE OCTasblibiX kaHpoB. Jliuib ka3 it KaHTpH
BCEJISIIOT KAKYIO-TO HaIeXKAY, KJaaccnduKalis npounx Booblie HuKyaa e
TOMUTCSL.

MoBbilLeHNe KayecTBa
Knaccudunkauymm ¢ noOMoLbio
MEeN-4aCTOTHbIX KencTpasibHbIX
koadduumneHToB

Mot yxe nousiin, uro BITM — war B npaBiibHOM HanpasJeliil, HO ero
OJIHOTO HEAOCTATOUHO AJ1s1 MOCTpocHHsT KaaccuduKaTopa, KOTOPbIii pac-
COPTHPOBAJ ObI HALI KATAJIOT C MY3bIKAJIbHBIMH MPON3BCAEH HSIMI PA3HBIX
kaHpoB. Hy>xHo uto-To 601€e TouHoe.

Ceituac Gyaer npaBUJIBHO TPI3HATb, YTO HYXKHDbI JOMOJHHTEJIbHbIE
nceaenosanus. BoaMoXxHO, KTO-TO yxe cTalKHBacs ¢ moaobHoi mpo-
6JieMoil B MPOLIOM H Hawles pellieHite, KOTopoe Ham nomosxeT. W neii-
CTBHTEJIbHO, aXKe CYILEeCTBYeT CXKCrofHasl KOH(epPeHILisl, MOCBsIIeHas!
KJacCHBHKALMH MO MY3bIKaJbHBIM XKalpaM, KOTOpYIo npoBonT Mexay-
HapoaHoe 001EeCTBO MO My3bIKaJbHOMY HH(OPMALHOHHOMY MOHMCKY
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Kpusas PXM (nnowagb=0.93) /knaccuka n npoune Kpusas PXN (nnowagb=0.73) /axa3 u npoune
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Kpueas PXN (nnowaab=0.57) /pok n npoune Kpusas PXN (nnowans=0.61) /meTtann u npoune

-
s

YacToTa HCTUHHO NONOXKHTENbHbIX
pesynbTatos
\
YacToTa HCTHHHO NONOXKHTENbHBIX
pe3ynbratos

Yactota NOXKHONONOXKNTENbHBIX pe3ynbratos YacTtoTa NOXXHONONOXKHTENbHBIX pe3ynbratos

(International Society for Music Information Retrieval, ISMIR). ITo-
XOXe, aBTOMaTHYEeCKas KJacCU(UKAUUA MO MY3bIKAJbHbIM JKaHpaM
(Automatic Music Genre Classification, AMGC) — yxe cnoxusiiascs
noa061acTh My3bIKaJbHOrO MH(GOPMaIlMOHHOTO NoHCKa. M3yyas CIMCoK
autepaTypbl 10 AMGC, Mbl HaiizeM 11emasio paboT, KOTOpble MOTYT HaM
IOMOYb.
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B uactHoCcTH, BO MHOrMX paboTax Ha 3Ty TeMy YCMEIIHO MPHMEHS-
€TCsl MeTOJ MeJ-YaCTOTHBIX KencTpanbHbix ko3adduuienros. Men-
yactoTHblii kenctp (Mel Frequency Cepstrum, MFC) - ato cnoco6
KOZAMPOBAHHsI IHEPreTHYECKOro CMEKTPa 3BYKA, TO €CThb pacrpeneneH sl
3Hepruu, coaepxaiteiics B kaxaoii uacrore. OH BbIYMC/IsIETCS KaK Mpe-
obpasoBanye Dypwe norapudma cnekrpa ciirHana. Ecan ato kaxercs
CJIMIIKOM CJIOXHBIM, HMEITE B BI/ly, YTO HA3BAHHE «KEMCTP» — NMPOCTO
aHarpamma cJioBa «cnektp». Meton MFC ycneurto ncnoas3yercst npu
pacrno3HaBaHMH pevll u roBopsiuiero. [TocMOTPHM, TOMOXKET JIM OH B Ha-
1eM ciyyvae.

HaM noBe310 B TOM CMbICJIE, YTO KTO-TO YK€ 3aHIIMAJICS HMEHHO 3TOI
3afaveil 1 ony6aukoBas peanusauiiio B Buae 6ubanoreku Talkbox SciKit.
Mbl MOXeEM CKayaThb ee CO CTPaHMIbl https://pypi.python.org/pypi/
scikits.talkbox. 3aTeM BbI30BEM (DYHKLHIO mfcc (), KOTOPask BBIYHCINT
koacbdimenta MFC:

>>> from scikits.talkbox.features import mfcc
>>> sample_rate, X = scipy.io.wavfile.read(fn)
>>> ceps, mspec, spec = mfcc(X)

>>> print (ceps.shape)

(4135, 13)

[TomaTh Ha BXOA KJAacCU(PHKATOPY Mbl XOTeJH Obl MACCHB ceps, COZIEP-
xauunit 13 koapdbuueHToB (3TO NOAPa3yMeBaeMoe N0 YMOTYAHHIO 3HA-
YyeHHe NmapameTpa nceps (PYHKLUHUH mfcc () ) 4151 Kaxaoro u3 4135 kaapos
My3bIKaJIbHOIO Mpol3BefeHus: B dailse ¢ umeneM tn. Ho Takoit 06bem
JaHHBIX Hall ka1accud tKaTop He nepeBapiT. BMecTo aToro MoxxHo ycpen-
HUTb K03 dHIMEHTBI MO BCceM kaapaM. B npexnosioxeHun, 4To Hayano u
KOHeL| KaXk[Ioro MpOoM3BeleHHsI B MeHbLIel CTeNeHU OnpelessioT XKaHp,
yeM cepeilHa, Mbl TaKXKe MPOUTHOPIPYeM nepBble 1 nocyaenHite 10 npo-
LIeHTOB 3BYYaHHSI.

X = np.mean(ceps[int (num_ceps*0.1) :int (num_ceps*0.9)], axis=0)

IpaBna, Habop AaHHBIX, HA KOTOPOM MbI CTABUM 3KCIIEPHMEHTBI, CO-
AEPXHT ToJIbKO nepsble 30 CEKYHA 3BYYaHHsI KaX0ro NPOU3BeaeHHs], N0~
3TOMY MOXHO 66110 ObI M He oTcekaTb nocaeanue 10 npoueHtos. Ho Mbl
BCe-TAKH 3TO c/lelaeM, YTOObI Halll KOA KOPPEKTHO paboTasl ¢ peasbHbIMH
JAHHBIMH.

Tax xe, kak u B ciydae BIID, Mui 6yneM Ka1HpoBaTh OHAXKAbI CreHe-
pupoBanHble npu3Hakn MFC, a He co3faBaTh MX MPH KaXA0M 00y4eHHH
kaaccudukaropa.

[MonyuuBuiiicst Koa NPHBEIEH HHXKe:
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def write_ceps(ceps, fn):
base_fn, ext = os.path.splitext (fn)
data_fn = base_fn + «.ceps»
np.save (data_fn, ceps)
print («Written to %s» % data_fn)

def create_ceps(fn):
sample_rate, X = scipy.io.wavfile.read(fn)
ceps, mspec, spec = mfcc(X)
write_ceps(ceps, fn)

def read_ceps(genrellist, base_dir=GENRE_DIR) :
X,y =1[1, []
for label, genre in enumerate(genre_list):
for fn in glob.glob(os.path.join(
base_dir, genre, «*.ceps.npy»)):
ceps = np.load(fn)
num_ceps = len(ceps)
X.append (np.mean (
ceps[int (num_ceps*0.1) :int (num_ceps*0.9)], axis=0))
y.append (label)

return np.array(X), np.array(y)

ITosnyuaeM creayoume MHOrooGelaIol1e pe3yIbTaThl AJ1s1 Kaaccupu-
KaTopa, B KOTOPOM HCIOJb3yeTCst Bcero 13 npH3HaKoB Ha KaXka0e My3bl-
KaJbHOe pou3BeieHue (cM. rpaduKy Ha cienyloleil CTpaHuLe).

KauectBo kiaccudukaiym yryqunaoch aJs Bcex xaHpoB. Bosee Toro,
I KIACCUKU M MeTal1a MJIOLaAb MO KPUBOU JIMIIbL YyThb-4yTh HENO-
taruBaet 10 1.0. [la u MaTpuLa HETOYHOCTEH Ha AMarpaMMe HMJKE BbI-
CJISAUT Topasfio Jjyyuie. OTYeTIMBO BbIAENSIETCs A11arOHab, a 3TO CBU-
JIETEIbCTBYET O TOM, YTO KJI1acCU(PUKATOP MPABUIBHO ONPEAESIET KAHPbI
B GOJIBIIMHCTBE C1y4aeB. Takoil kiaccupUKaTOp BIIONHE MPUTOAEH s
peLIeHHs ToCTaBJeHHOM 3a1aun (cM. rpadUKH Ha Cleayollel CTpaHu1e).

Ecuin 6b1 MBI 3aX0TeNH U JaJiblie YIy4laTh K1acCUpHUKaToOp, TO MaTpH-
11a HETOYHOCTeE} cpa3y nokasasa Obl, Ha YTO 06PaTUTL BHUMaHMeE: Hebelbie
MecTa BHe auaroHaau. HampuMep, HMeeTcsi TEMHOE MECTO TaM, Ile MbI C
ZIOBOJIbHO 6OJIbLIOH BEPOSITHOCTBIO ONPENENNUIN POKOBbIE KOMIIO3ULIUH
Kak kasoBbie. YTOObI yCTpaHUTh MpobieMy, HYXHO OblI0 Obl riyOixe
NpOAHAIM3UPOBATh NMPOM3BeJeHHe M BBIJEJUTh B KaueCTBe NPU3HAKOB
TaKue Belly, Kak GapabaHHasi ApoOb U MPOYKeE KaHPOBbIE XaPaKTEPUCTH-
kd. A kpoMe Toro — nmpocMaTpuBasi ctatbi ISMIR - MbI mpounTanu npo
NpU3HAKM Ha OCHOBE TEMIOPATbHOM orubaiouleil akycTuueckoro 6aHka
¢unbrpos (Auditory Filterbank Temporal Envelope, AFTE), kotopsie,
noxoxe, npeBocxonat npusHaku MFC B HekoTopbIX cuTyauusix. Moxer
ObITb, CTOUT MPUCMOTPETHCST K HUM?



Kpusas PXN (nnowaab=0.99) /knaccuka u npoune
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Hac'rom HUCTHUHHO NONOXHUTENbHbIX
pe3ynbratos
.

YacTtoTa N0XKHONONOXKHUTENbHBIX pe3ynbrartos

Kpueas PXM (nnowaab=0.87) /kaHTpu 1 npoune

pe3ynbraTos

YHactoTa HCTMHHO NONOXHTENbHBIX

YacTtoTa N0XKHONONOXKUTENbHBIX pe3ynbrartos

Kpusas PXM (nnowaab=0.86) /pok u npoune

YacToTa MCTMHHO NONOXHTENbHbIX
pe3ynbratos

YacToTa NOMHONONOKHTENBHBIX pe3ynbraros
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Kpusas PXN (nnowaab=0.83) /axa3 u npoune
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3

YacToTa UCTUHHO NONOXKUTENbHbBIX
pesynbrartos
\

YacrtoTa N0XKHONONOXKUTENbHBIX pe3ynbraros

Kpusan PXMN (nnowaab=0.97) /non u npoune

YacroTa HCTMHHO NONOXHTENbHBIX
pe3yneratos

Yacrora NOXHONONOXKMTENbHBIX pe3ynbraTtos

Kpusas PXN (nnowapas=0.99) /merann u npouune

.
.
.
-

YacToTa UCTUHHO NONOXKHTENbHBIX
pe3ynbratos
\

YacTtora NOXXHONONOXKHTENBHBIX pe3ynbratos
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Marpuua HeTouHOCTEH ANA KnaccuguKkaTopa
Ha ocHoBe CEPS

classeal | Vel

jazz

cauntry i

WUcTuHHBIN Knacc

roek

metal )

clagsical  jazz  courtry  POP rock  melal

MNpeacka3saHHbIN kKnacc

BaxcHo, uto, umest B apcenasne kpusble PXII 1 MaTpuibl HeTouHOCTEIH,
Mbl MOXXEM 3KCIEePUMEHTHPOBATh C 3KCTPAKTOPaMil NMPU3HAKOB, NMPHAY-
MaHHBIMU APYTHMH JKCNEPTAMH, AaXe He NMOHMUMasl, KaK OHM paboTaIoT.
Hamy uHCTpyMeHThbI M3MepeHUst CKaXyT, B IPaBUJILHOM JIM HallpaBJIeHUH
MBI IBUXKEMCS1, MJIM HaZI0 CMEHUTD Kypc. Pa3ymeercss, y yesnoBeka, nocro-
SIHHO CTPeMSILIerocsi K HOBbIM 3HaHMSIM, OCTAHETCsl CMYTHOe OLILyIleHHe,
YTO rZe-TO B r1yOMHAX YEPHOTO SALIMKA CKPbIT MHTEPECHEH LINIT aJITOPUTM
BblZieJIEHHsI IPU3HAKOB, KOTOPBIHA TOMBKO U XKAeT, 4ToObl B HeM pa3obpa-
JIMCB.

Pe3iome

B aroii rinaBe Mbl MOKHHYJIM KOMGMOPTHYIO 30HY H NMOCTPOMJIU KJIacCU-
¢bukaTop My3biku 110 xaHpaMm. I110x0 pa3bupasch B TEOPUM MY3bIKH, Mbl
CHayaja MoTepneiyd Heyaady, MOMbITABWHKCL 00y4yuTh Kiaaccudukatop
pacro3HaBaTh XKaHpsI, ucxoxs u3 pesysasratoB BIIM. Ho 3atem Mbl Boc-
noss3oBanuchk npusHakaMi MFC u cMoriu noctpouts kjaaccubukarop
BITOJIHE TPUJIMYHOTO KayecTBa.

B 060ux ciiyyasix Mbl IPUMEHSLIH TIPU3HAKHM, KOTOPBIX HE NOHUMAJIH,
HO 3HAJIM, KaK UX BBIAEJIHUTD U NepeaaThb knaccudukatopy. OnHu npusenu
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K Heyzaue, Ipyrie — K ycnexy. Pa3HIia B TOM, 4YTO BO BTOPOM CJIy4yae Mbl
Opanyn MpHU3HaKI, NPeT0XKCHHbBIE CTIeIHATHCTaMI B Npe/IMETHO obJiac-
TH.

U ato cosepiuerHo HopManbHO. Ecaiit Hac MHTepecyeT B OCHOBHOM pe-
3yJILTAT, TO HHOTAA MPHXOAHTCS CPe3aTh YIJIbl — HYXHO TOJIbKO, YTOOBI
KOPOTKasi JOpOsKa Obljia MpoJsiokeHa CrielHaaucTaMi. A MOCKOJIbKY Mbl
HayYWJIHCh MPABUJIbHO U3MEPSITh KauCCTBO PEILCHHSI 3TOIl MHOTOKJIACcCo-
BOM 3a7a4d KJacCU(pHKALMH, TO MOXEM CPe3aTh YIJbl JOCTATOYHO YBe-
PEHHO.

B cienyroueil riaBe Mbl MOCMOTPIIM, KaK H3y4YeHHble HAMH METObI
MPUMEHSIOTCST K HOBOMY BMAY JaHHBIX. MbI HAyYyMMCST MOJIb30BaThCsI
MaKeTOM MaIllMHHOrO 3peHust mahotas st npeaBapuTeNLHON 06pabOTKH
M300paXeHUH TPaaHLHOHHBIMH CTIOCO6aMH.



FJ1ABA 10.
MawunHoOe 3peHne

AHann3 H300paXKeHHIT 1 MallllIHHOC 3PeHHe BCEraa Hrpasii BaXXHYIO poJib
B [POMbILIJIEHHBIX H Hayunblx npivioxkenusix. I[locne Toro kak Mo6uIb-
Hble TesiePOHbI CTaH OCHAIIATHCS MOIHBIMU KaMepaMH 11 110KJII0YeH -
eM k VHTephety, noTpeGuTesiin HaYaaH reHepHpoOBaTh H30OPaXKEHUS! BO
BCe BO3pacTalolMX KoJnuyecTBax. [105ToMy OTKpLIBAIOTCS BO3MOKHOCTH
HCMOJIb30BATb MallIIHHOE 3peHHe, uToObI NM0.1b30BaTeMI0 OblJIO yao0Hee
paboTarhb.

B aroii rnmaBe Mbl MOroBOpHM O TOM, KaK NMPHMEHSTb M3y4YeHHbIE B
NPOLECcCe YTCHUSI ITOM KITMI'M MEeTO/bl K JAHHBIM TaKOro CMeLnabHOro
Biaa. B yactinoctu, Mbl HayuHMCsi TPHUMEHSATD MAKCT MALIMHHOIO 3peHHs
mahotas a5 Bblaeses MPH3HAKOB M3 M300paskclinii. ITH MPH3HAKI
MOXXHO MOJaTh Ha BXOJ PAaCCMOTPEHHDLIX Bbillle aJrOPUTMOB KjaaccHdI-
Kauny. PaspaboTaHHyl0 METOAMKY Mbl NpHMeHHM K oOpaboTke obuie-
AocTynHbix HabopoB (otorpaduii. Jasee Mbl yBH/IIM, KaK Te )XXe camble
NPHU3HAKK MOXHO MPIMEHHTH K APYroil 3aaye — MolcKy NMOX0OXHX H30-
OpaxkeHH.

HakoHel, B KoH11€e r1aBbl 00CYAMM 11CMOJIb30BaHIC JIOKAJIbHbIX MPHU3Ha-
KOB. JTO CPaBHHTEJNbHO HOBbIE aJTOPHTMDI; MEPBbIii U3 HUX, JOCTHIILMII
npombiieHHoro kauectsa, SIFT (scale-invariant feature transform —
MacwTabHo-HIIBapHaHTHOC MpeoOpa3oBaHie MPH3HAKOB), ObL1 Mpeaso-
xcH B 1999 roay. Ceituac oHM NMOKa3bIBAIOT XOpOllie pe3y/bTaTbl B pa3-
HDBIX 3a/1a4ax.

BBeneHue B 00pabdoTKy
n3o0paxeHun

C ToukM 3peHHsi KOMIbIOTEpa, u300paxeHne — 3TO GOJIbLIOH MPAMOY-
roJibHbIN MaccuB 3HaveHuii nikceneii. Hawa nenn — o6paborarb u3obpa-
)KEHHEe U MPUHATD PeLIeHite, MPeACTaBIsIolIee HHTepeC ISl pa3pabatbl-
BAeMOro NMPHI0KEHHS.
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[TepBblii Wwar — 3arpy3uTb H306paXkeHHe ¢ AIICKa, rie OHO 0ObIYHO Xpa-
HUTCS B OHOM U3 rpacuueckux (popMatos, Hanpumep PNG wmu JPEG.
OTtmeTuM, uto B popmaTe PNG nsobpaxenue cxxiiMaercst 6e3 notepu HH-
dopmauny, a B popmare JPEG — ¢ norepeii, 1o OH ONTIHMH3HPOBaH 15
BU3yaJIbHOTO BocnpusATHsl ¢ororpacduit. 3aTeM Mbl MOXXEM BbINOJHHUTD
npeBapUTebHYI0 00paboTKy H306paskeHHs (HampUMep, HOPMIIPOBATh C
YUETOM pa3HbIX YCJIOBHH OCBEILEHHST).

Bcs aTa rnaBa noctpoena Bokpyr 3asaun kjaaccHdukaunu. Mel xo-
THM 00YYHTb KJaccupHKATOD HA OCHOBE METO/A OMOPHBIX BEKTOPOB
(nu kakoro-HuOyAb APYroro anroputMa) Ha usobpaxenusx. Ho ne-
peX TeM Kak MPUCTYMATh K MalUNiHOMY 00y4CHHIO, HY)KHO NMPHAYMATh
MPOMeXYTO'HOe NpeJcTaBJeHne H BbIAEIIITh H3 h300paXkeHH I Yic10-
BbIC MPU3HAKH.

3arpy3ka n nokas naobpaxeHus

Jlnsi MaHUMysIipoBaHus 1M300paXkeHIIsIMH Mbl OyJeM MCMOJIL30BATh
naket mahotas. CkauaTh €ero MOKHO CO CTpaHHLBI https://pypi.python.
org/pypi/, @ MPOYHTaTh PYKOBOJCTBO — HA CTPaHMLE — http://mahotas.
readthedocs.org. Mahotas — MaKeT C OTKPbITbIM UCXOAHBIM KOAOM (pac-
npoctpaHsieMblit o auuen3un MIT, To ecTb ero MoOXHO MCMOJIL30BATD
B J1000M mpoekTe), pa3paboTaHHblii 0AHIM 13 aBTOPOB 310N KHurH. [To
cyacTblo, oH ocHoBaH Ha NumPy. 3HaHus o NumPy, nonyueHHble k aToMy
MOMEHTY, MO>KHO PIIMEHUTb K 00paboTke nzobpaxetnuii. CylecTByoT 1
ApYTHe MakeThl Ha aTy TeMmy, HanpiiMep scikit-image (skimage), moayab
ndimage (n-mMepHble nzobpaxenist) B SciPy u nnrepdeiic ua Python k
6ubauoreke OpenCV. Bce onu pabotator ¢ Maccisamu NumPy, noatomy
MOXHO 6e3 onackit KOMOHMHUPOBATh (DYHKIHIT, PeATII30BAHHDIC B PA3HBIX
nakeTax, U151 NOCTPOeHHs KOHBeiicpa.

Inst Hayana umnoptupyeM mahotas, Ha3HAYNB €MY COKpPallCHHOE HMs1
mh, KOTOPBIM H Oy/1cM MOJIL30BATLCS1 B 3TOIT I71aBe:

>>> import mahotas as mh
Tenepb MOXHO 3arpy3uThb (haii.n 11306pakelniisi METOOM imread:
>>> image = mh.imread('scene00.jpg')

a1 scene00. jpg (MMeeTCs B cocTaBe HAGOPA Al HbIX B PENO3UTOPHH
Ha COMPOBO/IITENLHOM CalTe KHIIIH) COAEPXXHT UBCTHOE H3006pakeHHe
BBICOTOIT h Il LIMPUHOIT w; 3TO H306paxkeHHe Oy/1eT XPAHHTHLCSI B MACCHBE
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dopmsl (h, w, 3).IlepBoe u3MepeHiIe — BbICOTA, BTOPOE — LUMPHHA, a Tpe-
The — LIBET B BUJE TPeX KOMIOHEHT: KPacHoil, 3esieHoit 1 cuHeil. B apyrux
cHcTeMax nepBoe H3MepeHHe COOTBETCTBYeT IIHPHHE, HO BO BCeX NakeTax
Ha ocHoBe NumPy npHHSITO MMEHHO Takoe corsauleHue. Tun AaHHBIX B
maccuBe 0ObIYHO np.uint8 (8-pa3psiaHoe uesioe 6e3 3Haka). ViMeHHo Tak
npeacTaB/ieHbl H306paXeHHs], KOTOPbIC Bbl CHHMAaeTe KaMepoil UM OTo-
GpaxkaeTe Ha IKpaHe MOHHTOPA.

CneuuanbHoe 060pya0oBaHKe, MPHMEHICMOE B HAyYHO-TEXHHYECKHX
NPUJIOKEHUSX, yMeeT paboTaTh ¢ H300pakeHUsIMU 6osiee BHICOKOW pa3-
PAAHOCTH (TO €CTb C 6OJIblIEH YYBCTBUTENBHOCTBIO K MajIbIM H3MEHEHH -
SIM SIPKOCTH ), 06bIYHO 12- nu 16-paspsianbivu. Mahotas ymeer paborathb
¥ C TAKMMHU THIaMH, B TOM YHCJIe C YUCJAMH C TJaBatolleit Toykoit. Bo
MHOTHMX pacyeTax yA06HO nepeiTH OT Liesibix yuces 6e3 3HaKa K yMcaaM
C NUIaBaloLIed TOYKOM, YTOObI yNPOCTUTb 06PabOTKY OKpPYTJIEHHS U Tiepe-
TNOJIHEHHSI.

Mahotas Moxet pabotaTb C pa3nuyHLIMKM CUCTeMamMu BBOAA-BbIBO-

% na. K coxaneHuio, H4 ofiHa U3 HUX He NOHUMAaeT BCe CyllecTByloLme
dopmarTbl (MX COTHU, U Yy MHOTUX NO HECKONbKO BapuaHToBs). OaHako
3arpy3ky n3obpaxenuii B popmatax PNG n JPEG noanepxusaioT Bce.
Mb! OrpaHM4nMCS TONbKO UMW, @ 32 CBEAEHUSIMU O TOM, kak paboTtaTtb
C MeHee pacnpocTpaHeHHbIMW dopmaTamn, OTCbinaem yutaTens K Ao-
KymeHTauun no mahotas.

Yrobbl noka3aTh M306paXkeHHe Ha IKpaHe, BOCMOIb3yeMcsi GubimoTe-
koii matplotlib, k koTopoii yxe HeogHOKpaTHO npiberanu:

>>> from matplotlib import pyplot as plt
>>> plt.imshow (image)
>>> plt.show()

Kak noka3saHo Ha pUCYHKe HHKe, 3TOT KO TpPEeANoJaraer, YTo nepBoe
M3MepeHHe — BbICOTa, a BTOpoe — WKMpHHA. [[BeTHble H306paXkeHUs1 OH
TaKxe obpabaTbisaet npasiubHo. IIpi cnoab3oBauuyn Python ans umc-
JIOBBIX PaCU€TOB HaM MOMOTAET TILATe1bHO CNPOEKTH POBaHHAS IKOCHCTe-
ma: mahotas pa6oraer ¢ maccuBaMmu NumPy, koTopbie yMeeT oTobpaxaTb
matplotlib; BnocieacTBim Mbl u3BJIeYEM M3 N300PKEHH T MPU3HAKH, KO-
Topble o6paboTaem nocpeactsom scikit-learn.
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buHapun3ayuns

Bnnapuaaunﬂ — O4Y€Hb IpOCTas onepalHsa: BCe INMUKCEJH, GosbLIne
HEKOTOPOro nMOoporoBoro 3Ha4€Hisa, 3aMEHAIOTCA eAMHMLEH, a MeHbLIHe
3TOro 3HA4Y€HHUA — HYJIEM (HJIPI, €CJIM UCMOJIb30BaTh 6leEBbl BEJIMYUHBI,
npeoOpa3yioTcs B True M False). BaXXHO pelinTb, Kak MMEHHO BbIOpAThH
Xopoulee IMoporoBoe 3Ha4eHHUe. B mahotas p€aIn30BaHO HECKOJIbKO CIIO-
co6oB BrIGOpa mopora 1o uzobpaxenuto. OauH U3 HUX HasbiBaeTcs Otsu,
Mo UMEHH CBOEro M306peTaTeJIﬂ Ouy I'lpex(zle BCero, Hy>XHO nepeﬁ'm K
TMOJIyTOHOBOMY HM300paXKeHUIO C MOMOLIbIO (DYHKIHH rgb2gray M3 MOJA-
MOAYJA mahotas.colors.

BMecTo ucnosb30BaHus rgb2gray MOXHO 6b110 6bI BBIYUCIUTD cpea-
Hee 3Ha4Y€HHEe KpaCHOro, 3€JIEHOro MU CHHEro KaHaJioB, BbI3BaB image.
mean (2). Ho pe3ysasraT nosnyuuics 6bl ZIPYroii, HOTOMY YTO rgb2gray Ha-
3Ha4a€eT LiB€TaM pa3Hbl€ BecCa AJ14 MOJYyYEHHA 6osee NPUATHOrO AJ14 I1a3a
n3o6paxenus. UyBCTBUTENBHOCTD HALUIIX [J1a3 K TPEM OCHOBHBIM LIBETaM
HEOAHMHaKOBa.

>>> image = mh.colors.rgb2grey(image, dtype=np.uint8)
>>> plt.imshow(image) # BuBecTu ms3obpaxeHue Ha IKpaHa

ITo ymomyanuio matplotlib oro6paxaer takoe ogHOKaHanbHOE H306pa-
JKeHUe KaK MCeBOLBeTHoe: A/is1 GOJbIUMX 3HauYeHHiT GepeTcst KpacHbIii
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LBET, a OJIs1 MaJIbIX — cuHuit. Ho anst ectecTBeHHBIX uaoépa)xeﬂuﬁ npen-
MOYTHUTEJIbHEE NT0JIYyTOHOBAasA raMMa. 10T PE€>XHUM 3a4a€TCs TaK:

>>> plt.gray ()

Terlepb MOJIy4a€TCs NMOJIYTOHOBOE 1:1306pa>l<eﬂue. OTMCTMM, 4YTO U3Me-
HHUJIMCD TOJIbKO HHTEPIIpETALUA H CHOC06 IOKa3a l'll/lKCCJICﬁ, CaMHU JaHHbIE
14306pa>1<enus| OCTaJIMCbh B HEMPHUKOCHOBEHHOCTH. HpOD,OJDKHM 06pa60n<y
H BbIYMCJIUM NTOPOrOBOE 3HAYEHHE:

>>> thresh = mh.thresholding.otsu(image)

>>> print ('Mlopor Ouy paBeH {}.'.format (thresh))

opor Ouy paBeH 138.
>>> plt.imshow(image > thresh)

[l/1s1 noKa3aHHOTO BbILE M306pa)l(eHHﬂ 9TOT ME€TOA BbIYHCJIAET IOPOro-
Boe 3HaueHue 138, IIpHU 3TOM pa3aeA0TCSA 3€EMJIA H Hebo:

e T ,

rayccoBo pa3msbiBaHne

Ha nepBblit B3rJ1s121, HEMOHSATHO, 3a4€M Pa3MbIBaTh M300paxkeH e, HO Ya-
CTO 3TO M03BOJISIET YMEHBIIUTD LIYM 11 TEM CAMBIM YIPOCTUTDb NOCJIELYIO-
wyio obpaborky. B mahotas 1151 aTOr0 Hy>(€H BCero of1H BbI30B:

>>> iml6 = mh.gaussian_filter(image, 16)

OTMeTHM, YTO Mbl He NMpPeoOpa3oBbIBalIM 3HAYEHHs MUKCeJed mouy-
TOHOBOTO U300paXkeHUs B Lesble yKucaa 6e3 3Haka, a BOCNONb30BANIHUCh
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TOJIy4eHHBIM Pe3yJIbTaToOM, I/ie IIIKCeH NpeACTaBAeHbl YHCIaMH C T1a-
Baloleit Toukoit. Bropoit apryMeHT PyHKUUH gaussian_filter — pa3Mep
¢dunsrpa (ero craHaapTHoe oTkJIOHeHHe). UeM OH 6osiblie, TeM CHIIBHEE
pa3MbIBaHKe (CM. PUCYHOK HHXC):

Ecnu npumenuts 6uHapusaunio Oy K paaMbITOMY H306pakeHHIO, TO
rpaHuLbl 6yayT Gosiee MIaBHBIMI:
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MNMomewenne yueHTpa B Ppokyc

B cnenyiouem npumepe nokasaHo, Kak, 06beAnHuB onepatopbl NumPy
¢ ¢unbrpaumet, MOXHO 106MTHCS MHTEpPECHOro pe3yJbrata. Haunem c
¢ororpacuu JleHbl ¥ BbIIEIMM U3 11ETO LIBETOBbIE KAHAJbIL:

>>> im = mh.demos.load('lena')

Ita doTorpadus AEBYLUIKH YaCTO MCIOJb3YETCsl AJsl 1EMOHCTPAlUH
06paboTKH U306 paskeHH

[lns1 BbIEIEHNST KPACHOTO, 3€JIEHOTO M CHUHETO KaHa/IOB HaNUIIeM Ta-
KOi1 Kox:

>>> r,g,b = im.transpose(2,0,1)

Tenepsb npodunsTpyeM Bce TpU KaHaja MOPO3Hb U MOCTPOUM U3 HUX
HOBOE U300paKeHHE C MOMOLIbI0 (QYHKUHH mh.as_rgb. OHa MpUHHUMaET
TPH ABYMEPHbBIX MacCHBa, TPOU3BOAMT PacTsKeHHe KOHTPACTHOCTH, Npe-
06pa3yst Kbl B MacCUB 8-pa3psAHbIX LIEJIbIX, 2 3aTEM HAKJIAbIBAET UX
ApYT Ha Apyra u Bo3BpallaeT upetHoe RGB-usobpaxenue:

>>> rl2 = mh.gaussian_filter(r, 12.)

>>> gl2 = mh.gaussian_filter(g, 12.)

>>> bl2 = mh.gaussian_filter(b, 12.)
>>> iml2 = mh.as_rgb(rl2, gl2, bl2)

Tenepsb combeM 06a n3obpaxkeHus1 ot LeHTpa kK kpassM. CHavana no-
CTPOMM MacCHB BECOB W, KOTOPbIN OYZET COAEPXkKAaTh B MO3ULIMH KAXKIOr0
MHMKCeJIs1 HOPMUPOBAHHOE 3HAUEHUE — PACCTOSIHME MHKCeEJIs] OT LEEHTpa:
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>>> h, w = r.shape # BhCOTa M wWMpHHA
>>> Y, X = np.mgrid[:h, :w]

MbI BOCNO/IB30BaIMCh OOBEKTOM np.mgrid, KOTOPbIi BO3BpalLaeT Mac-
CHB pa3mepa (h, w), 3HAYE€HHSI B KOTOPOM COOTBETCTBYIO KOOPAMHATAM ¥
u x. [lanee npozaesaeM cleayol1e Onepamuu:

>>> Y =Y - h/2. # ueHrpupoBaTb Ha h/2
>>> Y =Y / Ymax() # npuBecTu k mmanasoHy -1 .. +1

>>> X =X - w/2.
>>> X = X / Xmax ()

Tenepb BOCTOJIL3yeMCsl rayccoBoii hyHKIUHENH, YTOObI yBEJIMUUTD 3Ha-
YyeHHs1 MUKceell B IeHTpalbHOIl 0b6macTu:

>>> C = np.exp(-2.* (X**2+ Y**2))

>>> # CHoOBa HOpMMpYyeM: NpMBOOMM Kk OmanasoHy 0..1

>>> C = C - C.min()

>>> C =C / C.ptp()

>>> C = C[:,:,None] # JoGaenseM B MaccuB C TpeTbe uU3MepeHue

OTMeTHM, YTO BCE 3TO — omepauuu ¢ MaccuBamMu NumPy, Hukakoi
cneuncdukn mahotas 3gecs Het. HakoHel, o6beinHuM 06a MaccBa, Tak
yTo6bl LIEHTpaJIbHAS YacTh H306paXkeHUs! OKasanach B ¢oKyce, a Kpas
6bL11 60J1€E PACTLIIBIBYATHIMU:

>>> ringed = mh.stretch(im*C + (1-C)*iml2)
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Mpocras knaccugukaymna n3obpakxeHni

HauHeMm c He6o1b110r0 HAGOPa AAHHBIX, IOATOTOBJIEHHOTO CIIELHATBHO
AJ1s1 9TOit KHUTH. B HeM ecTb TpU Kjacca: 3AaHusl, TPUPOAHbBIE JaHAmad-
Tbl M doTorpacum Tekcra. B kaxpoit kareropuu npeacraeaeso 30 uso-
GpaxkeHHil, Bce OHM ObLIN ClIeJIaHbI KAMEPON COTOBOI'O TeJepoHa C MUHHU-
MasibHOIt koMnoauuueit. @otorpacdui MOX0XKHU Ha Te, YTO 3aKAUMBAIOT Ha
COBpPEMEHHbIE CAlThl M0JIb30BATENH, HE yuuBLIKHECs (HoTorpadupoBath.
Ha6op naHHbIX MOXHO CKauaThb C CaiiTa KHUTH MJIH 113 PENO3UTOPHUSA KOaa
Ha GitHub. IToaxe MbI paccMoTpuM GoJiee TPYAHbIA HAOOP aHHBIX, B KO-
TOPOM ¥ H300paXKeHUH, U KaTeropuii 6osblie.

st knaccudukauunit usobpaskeHuii y Hac uMeercs 60ObIION NPsIMO-
YTOJIbHBII MaccuB yKces (3HaueHUit nukceseit). B Ham AHM TUNWYHBIA
pa3Mep MacCUB — MOPsKa HECKOJIbKUX MHJUIMOHOB NUKceseld. MoxHo,
KOHEYHO, Nonpo6oBaTh 3arpy3UTh BCE 3TH YMCJIA B AJITOPUTM 00yYeHHUsI B
KayecTBe NMPU3HAKOB, HO 3TO HE OYEHDb XOpouIasi MbICb. [lesio B TOM, YTO
CBsI3b KQX/I0r0 OTAENbHOrO MUKcesst (M Aaxke HeGOIbLION IPYMIbl MHKCe-
Jeit) ¢ u3obpaxkeHreM oueHb oTaaneHHas. Kpome Toro, Hanuuue MULIK-
OHOB MUKCEJIEl MPU 0YeHb HeOOJIBLIOM KOJMYECTBE M300paKeHUil npu-
BOJMT K Upe3BblYaiiHO TPYAHOM 3a7aue CTaTUCTHYECKOro 00yueHus. ITo
KpaiiHee nposiJjeHue 3aaay Thna «P 6osbiue N>, KOTOpble Mbl 06CYXAaIH
B r71aBe 7 «Perpeccusi». Topasao pa3ymHee BIYMCIIHTD TPU3HAKU 110 U30-
GpakeHU IO U MCTOB30BATD UX U151 KJaCCUbHUKALMH.

U TeM He MeHee, XOUy OTMETHUTb, YTO CYLIECTBYIOT METO/bI, paboTalo-
1[1€ HEMOCPEACTBEHHO CO 3HAYEHUIMU NUKceseil. B HUX BCTpoeHsl noj-
MpOrpaMmbl BbIYMCJIEHUS] NMpu3HakoB. OHM [aXxe MOTYT MOMbITATHCS
BBIBECTH XODOILIME NPH3HAKK aBTOMaTH4ecku. B aroit obnactu ceituac
BE/YTCs1 aKTUBHbIE Hccaen0BaHis. Kak npaBuio, Takue METO/bI XOPOLIO
paboTaioT ¢ 0ueHb 60IbIIMMY HabOpaMH JaHHBIX (COAEPXKAMMHU MUJLIH-
OHbI U306paXKEHUH ).

Bbiwie Mbl yKe Buzies 11 npumep u3o0paxkeHus Janamwadra. A BOT HHxe
T0Ka3aHbl IPUMEPHI U300paskeHH TEKCTa U 3MAHHS.

i wna e wll

FAS Ly
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BbiyncneHue npu3HaKkoB rno n3oopaxeHuio

Mahotas no3BoJisieT J€rko BBIYHC/ATH MPHU3HAKH MO H306pPaXEHHIO.
CootBetcTByiouiie (pYHKI[MH HAXOASATCS B MOAMO/YJIE mahotas . features.

Xopouro usBecte Habop TekcTypHbix mpusHakos Haralick. Kak u Muo-
rHe aJropuTMbl 06paboTKH NM300paXkeHHi, OH Ha3BaH MO HMEHH CBOETO
u3obpertartens. [IpH3HaKH OCHOBaHbl Ha TEKCTypaX, TO €CTb Pa3jHyaioT
CTPYKTYPHDOBAHHbIE M HECTPYKTYPHpPOBaHHble H300paXKeHHsl, a TaKKe
pasJiMyHble TOBTOpsouIHecs cTpykTypbl. C noMorpio mahotas ath npu-
3HAKH BBIYMCJISIIOTCST O4Y€Hb MPOCTO:

>>> haralick_features = mh.features.haralick(image)

>>> haralick_features_mean = np.mean(haralick_features, axis=0)
>>> haralick_features_all = np.ravel (haralick_features)

DyHKIHSA mh. features.haralick Bo3BpauiaeT MaccuB 4 x 13. Ilepsoe
HU3MEPEHHE — YE€TbIPEC BO3MOXHbIX HalpaBJIEHHs, MO KOTOPbIM BbIYUCJIA-
I0TCs1 MpU3HaKH (BEePTHKaJb, TOPH3OHTAJb 11 1Be AHaroHa). Ecau Huka-
KOC€ KOHKPETHO€ HaIllpaBJIEHII€ HAaC HE HHTEpeCyeT, TO MOXKHO YCPEAHHTDb
MMPU3HAKH MO BCEM HallpaBJIEHHSIM (B KOJZ€ BblIllI€ 3Ta NEPpEMEHHas Ha3BaHa
haralick_features_mean). W sxe MOXKHO MCMOJIb30BaTh BCE MpH3HAKH
MO OTJeJbHOCTH (MepeMeHHas haralick_features_all). PeueHnue 3aBii-
CHT OT CBOIICTB KOHKpeTHOro Habopa JaHHBIX. Mbl COUJIIL, YTO B HalleM
cJly4yae NPHU3HAKW MO BEPTHKAJM 11 O TOPU3OHTAIM HYXKHO XPaHHTb IO-
PO3Hb, MTO3TOMY HCIMOJIb3YEM haralick_features_all

B mahotas peannzosaHo elie Heckosbko HaGOpOB MpH3HakoB. B yacT-
HOCTH,HOK&HbHME6HHaprWlﬂa6HOHbIBECbMayCTOﬁqHBbIKH3MeHeHHm
OCBELIEHHOCTH. Ectbu APYyrue THIbI IPU3HAKOB, B TOM YHCJIE JIOKAJIbHbIX,
KOTOpble Mbl 06CYIIIM HHXKe B 3TOH IJiaBe.

Nwmes MPpHU3HAKH, Mbl MOX€EM BOCIOJIb30BATbCA KaKHM-HH6y}1b CTaH-
JApTHBIM METOJIOM KJaccH(UKaLUH, HalpuMep JIOTMCTHYEeCKOli perpec-
CcHelii:

>>> from glob import glob

>>> images = glob('SimpleImageDataset/*.jpg"')

>>> features = []

>>> labels = []

>>> for im in images:

labels.append(im[:-1len('00.jpg"')])

im = mh.imread (im)

im = mh.colors.rgb2gray(im, dtype=np.uint8)
features.append (mh.features.haralick(im) .ravel())

>>> features = np.array(features)
>>> labels = np.array(labels)
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y TPEX HalIMX KJIACCOB TEKCTYDbI CHJIbHO pa3/IT4aloTCs. ﬂ]lﬂ 3lIaHHﬁ
XapaKTEpPHbI PE3KHE KpasA U KPYITHbIC 0611acm, B KOTOPbLIX LIBETA O4YE€Hb
6113KH (3HAYEHUS TMKCeeil peKo ObIBAIOT OAMHAKOBbIMHU, HO BapUaLlUH
HEBCJIHKH). I[JIH TEKCTA XapPpaKTEPHO MHOTO PE3KHUX IIEPEXOAO0B OT TEMHOI'O
K CBETJIOMY M MaJleHbKHE OCTPOBKH YepHoro B Mope 6esioro. IIpupoaHbie
naHawadThl XapakTepu3yioTcsi 6osiee MIaBHbBIMU epexofamMu ppakTaib-
HOrO THIA. HOSTOMy MO>XXHO 0XXHAaTb, YTO KJIaCCPI(l)HKaTOp, OCHOBaAHHbIH
HaTeKCTypax,6yﬂ8Tpa60TaTbx0p0HHl

Mbi noctpoum kiaccudukatop Ha 6asze JIOTHCTHYECKOM PErPeCCHH C
npeiBapUTeIbHOIT 06pabOTKON NPU3HAKOB:

>>> from sklearn.pipeline import Pipeline

>>> from sklearn.preprocessing import StandardScaler

>>> from sklearn.linear_model import LogisticRegression

>>> clf = Pipeline ([ ('preproc', StandardScaler()),
('classifier', LogisticRegression())])

HOCKOJley Hall Ha60p AaHHBIX MdJl, MOXKHO BOCIIOJIb30BaTbCs perpec-
cHeil C HCKJIIOYEHUEM 10 OAHOMY:

>>> from sklearn import cross_validation

>>> cv = cross_validation.LeaveOneOut (len(images))

>>> scores = cross_validation.cross_val score(

. clf, features, labels, cv=cv)

>>> print ('BepHocTb: {:.1%}'.format (scores.mean()))

BepHocTb: 81.1%

BepHoctb 81% — Hemsoxo anst Tpex kjaaccoB (cayyailHoe yrajbiBa-
Hue aano 6b1 ToabKOo 33%). Ho MOXKHO yJIy4ILINTh 3TOT pe3yJ/ibTaT, CO3/1aB
coOCTBEHHbIE NPU3HAKH.

Co3paHne cobCTBEeHHbIX NPN3HaKOB

B npu3Hakax HeT HUYEro cBEPXbECTECTBEHHOr0. JTO MPOCTO YHUCJA,
BbIYMCIsiEMble MO u300paXkeHH0. B suTepaType OMUCaHO HECKONBKO
HabopOB NMPU3HAKOB. Y HUX 3aYaCTYIO €CTh TO MPEHMYIIECTBO, YTO OHU
CrenUasbHO NPOEKTHPOBAIKCH, YTOOBI HE 3aBUCETb OT MaJIOCYIECTBEH-
Hbix (pakTopoB. Hanpumep, okanbHbie GUHapHbIe aba0Hbl HHBAPUAHT-
Hbl OTHOCHTEJIbHO YMHOXKEHUSI 3HaYeH Uil Bcex MUKcesieit Ha OJHO YUCIIO0
WM npubaBieHust K HHM KOHCTaHTbl. I103TOMy Takoi HaGop MpU3HAKOB
YCTOHYMB K H3MEHEHHIO OCBELIEHHOCTH.

Ho He HckJ1104€eHO, YTO B KOHKPETHO# CHTYyauuH Jyuylie Oynet pabotaTsb
KaKOM-TO CIeuuabHblii Habop NPU3HAKOB.

IIpocToit mpu3Hak, He BK/IIOYEHHbIIT B AucTpubyTHB mahotas, — rucrto-
rpamMMa 1BeTtoB. K cuacTblo, pean3oBaTh ero coBceM HeTpyaHo. Mnes
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TUCTOrPAaMMbI L{BETOB COCTOUT B TOM, YTOOBI pa3bUTh MPOCTPAHCTBO LiBE-
TOB Ha HECKOJIbKO MHTEPBAJIOB, a 3aTeM MOACYMTATh, CKOJIBKO NMUKCeel
0Ka3aJI0Ch B KAXK/IOM HHTepBaJe.

N3obpaxenus xpansrcs B dopmate RGB, 10 ecTb Kaxablii mukceb
npezacTtasjieH TpeMs 3HayeHusiMH: R (kpacHwiit), G (3enensbiii) u B (cu-
Huit). Kaxnoe 3Hauenue — 3To 8-pa3psiiHOe 4MCJIO, YTO B CyMMe JaeT
17 MUNTMOHOB 1BETOB. MBI COKpaTHM KOJIMYECTBO LBETOB 10 64, pa3necs
ux no uHtepBasam. HanuueM ¢yHKIHIO, HHKANCYJIHPYIOLLYIO 3TOT aJIro-
PUTM:

def chist (im):

YrtoO6b! BHIYMCIHTD HHTEPBAJ L{BCTA, CHAuaIa pa3/ieIMM BeCh MAacCHB Ha
64 c okpyrieHneM 3HaYeHMI:

im = im // 64

Tenepb 3HaueHHs1 KaXA0ro MMMKCEs JiexaT B AuanasoHe ot 0 1o 3, To
ecThb Bcero nosayydaercsi 64 uera.
BrigenuM kpacHbiii, 3es1eHblit 1 CHHHIH KaHAT:
r,g,b = im.transpose((2,0,1))
pixels =1 * r + 4 * b + 16 * g
hist = np.bincount (pixels.ravel(), minlength=64)
hist = hist.astype (float)

[TpuBenem k sorapudmuyeckoii Likase, Kak MOKa3aHO B CJeAyOLIEM
(parmenTe. CTporo roBopsi, 3T0 HEOOA3aTEIBHO, HO MPH3HAKH MOJYYaIOT-
cs1 6onee kauecTBeHHBIMU, M bl OMTb3yeMcst (hyHKIMEH np . 1oglp, KOTOpast
Bbiyncasier log(h+1). IIpu 3TOM HyJieBble 3HaUEHHUS OCTAIOTCS HYJIEBBIMU
(norapudmM Hyss He onpezienieH, 1 NumPy HaneuartaeT npexynpexiaeHue
TPH TMOMbITKE BHIYHCIUTD €T0).

hist = np.loglp(hist)
return hist

ATy QYHKIHIO HECTIOXXHO BKJIIOYHTb B HAMMCAHHBIH paHee KOJI:

>>> features = []

>>> for im in images:
image = mh.imread(im)
features.append(chist (im))

[IpuMeHsisi TOT e KOA NepeKpecTHOI1 MPOBEPKH, YTO H PaHbllie, MbI 110-
nydaeM BepHocTb 90%. Ho caMble siyuiiivie pe3yisTaThl NOMY4alOTCs, eCJIi
00BEANHHTD BCE NPII3HAKH:

>>> features = [])
>>> for im in images:
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imcolor = mh.imread (im)
im = mh.colors.rgb2gray(imcolor, dtype=np.uint8)
features.append (np.concatenate ([
mh.features.haralick(im) .ravel(),
chist (imcolor),
1))

l'Ipu HCMOJIb30BaHUH BCEX 3TUX MPI3HAKOB BEDHOCTb COCTABHUT 95.6%:

>>> scores = cross_validation.cross_val_score(

clf, features, labels, cv=cv)
>>> print ('BepHocTb: {:.1%}'.format (scores.mean()))
BepHocTb: 95.6%

IJ710 ellle 0HO NOATBEPXKAEHHE TOro, YTO XOPOLIIIC AITOPUTMbI — NPOC-
Tasi yacTh paboTbl. Mbl Bceraa MoKeM BOCIOJIb30BATbCS peasn3aliisi-
MM CaMbIX NepeloBbIX AJrOPUTMOB KJaccHHUKauuM, UMEIUMUCS B
oubauoteke scikit-learn. A camas-T0 coJib U TPYAHOCTb — MPOEKTUPOBA-
Hiie 1 MOArOTOBKA NPH3HAaKOB. VIMEHHO TYT OKa3bIBacTCs! MO/IE3HO 3HAaHNe
0 xapakTepe Habopa JaHHBIX.

Ucnonb3oBaHne npu3HaKoB A4Ns1 NOUCKaA
NoXoXnNx n3obpaxxeHni

[IpHHUMNIHANBHYIO UIEI0 O TOM, YTOOBI NpeacTaBUTb H300pakeHue
CPaBHUTEJbHO HEOOJIbIINM YMCJIOM MPH3HAKOB, MOXXHO NMPUMEHHUTb HE
ToJbKO K kjaaccudukauun. Hampumep, ¢ ee momouibio MOXHO HCKaTb
n300paXkeHHst, MOXOXKHe Ha MpeabsBIeHHbIH B 3anpoce obpasel (Kak ¢
TEKCTOBbIMH JI0OKYMEHTaMH ).

Mbl Gynem BbIYHCIAATH TE XKe IMPU3HAKM, YTO W PaHblie, HO C OAHIIM
Ba)XHbIM OTJIMUMEM: TNPHIPAaHUYHBIE YYACTKH M300paXkeHHsl UTHOPUPY-
10tcst. [IpuuiiHa B TOM, YTO 13-3a JIOOITC/ILCKON KOMMO3UUMH Ha Kpasix
(oTorpacdum 4acTo oka3bIBalOTCs HeCyllecTBeHHble AeTanu. Ecau Bbruuc-
JISTh NPU3HAKU N0 BCEMY H300paXKEHUIO, TO ITH AETAJH BHOCAT BKJIA.
A MrHOpHMpYS UX, yAaeTCs MOJyYUTDb YyThb GoJiee KauecTBEHHbIE PHU3Ha-
Ku. B ciiyyae 06yyeHust ¢ yunTesieM 3TO He BaXXHO, IOTOMY YTO aJITOPUTM
00yyYeHHs1 CMOXET OMpeeNUTDb, KaKue Nnpu3Haku 6osiee HHPOPMATHBHDI,
M Ha3HAYMTb UM COOTBETCTBEHHbIH Bec. B pexuMe 06yueHust 6e3 yuuresi
HY>HO 60Jiee BHUMATEJbHO CJIEUTD 3a TeM, YTOObI IPU3HAKH YJ1aBJIMBa-
JIM BaKHble 0COOEHHOCTH JaHHBIX. DTa Hies peasH3oBaHa B CeAyIOLEeM
LHKJIE;

>>> features = []

>>> for im in images:
imcolor = mh.imread (im)
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# urHopmpoBaTh BCe, YTO HAxXOOUTCHA He mnanbuwe uem B 200
v # nukxcensx oT rpaHMUUE
fia imcolor = imcolor[(200:-200, 200:-200]
«es im = mh.colors.rgb2gray(imcolor, dtype=np.uint8)
features.append (np.concatenate ([
mh. features.haralick(im) .ravel (),
chist (imcolor),
1))

Tenepb HOpMHpPYeM MPU3HAKH 1 BBIYUCIUM MATPHULY PaCCTOSTHUIA:

>>> sc = StandardScaler()

>>> features = sc.fit_transform(features)

>>> from scipy.spatial import distance

>>> dists = distance.squareform(distance.pdist (features))

BbiBeieM TOJIBKO TMOAMHOXECTBO AAHHBIX (KaXAbIA AECSTHIA 3ie-
MEHT), PacIoIOXH1B 06pa3ell CBepXy, a BO3BpallleHHbIH «Gnxailuii co-
cell» CHU3Y:

>>> fig, axes = plt.subplots(2, 9)
>>> for ci,i in enumerate(range(0,90,10)):
left = images|[i]
dists_left = dists[i]
right = dists_left.argsort()
# right(0] - To xe, uro left[i], moaToMy EabBepeMm Cleqyiwst GruoraiuLss
right = right([1]
right = images([right]
left = mh.imread(left)
right = mh.imread(right)
axes [0, ci).imshow(left)
axes[1l, ci).imshow(right)

PeaynbTaT noka3zaH Ha pUCYHKe HUXKe:

Sl g \ N pr——
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BuzHo, 4TO cHcTeMa He COBEpIUIEHHA, HO BCe e CrocobHa HAXOAUTh
n306paxkeHus1, KOTOPHIE, MO KpaiiHeil Mepe, 3pUTEIbHO MMOXO0XH Ha MPelb-
siBJIeHHBIi o6pa3el. Bo Bcex ciyvasix, KpoMe 0OHOTO, HalAeHbI U306 paXxe-
HMsI U3 TOTO Xe KJIacca, 4To obpasell.
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Knaccnpukauns na 6onee TpygaHoM
Habope gaHHbIX

IIpensbiayumii HabOp 0Ka3anock Jerko KaaccudiupoBaTh C TOMOLIbIO
TEKCTYpHbIX 1IpU3HaKoB. Ha camoM zesie, MHOTHE 3a/auH, NPEACTABJISIO-
11Me UHTepec AJst Gu3Heca, CpaBHUTEJIbHO npocThl. Ho nHoraa nonazgaior-
cst 1po6JieMbl IOTPY/AHeEe, U TOTAA [AJIs1 IOJTy4Y€eHHs! IPUEMIIEMOTO Pe3yJib-
TaTa NPUXOAUTCS IPUMEHSATH 60Jlee Pa3BUTbIE COBPEMEHHbIE METO/bI.

[ToakcrepMMEHTHPYEM C OOIIEAOCTYIHBIM HAbOPOM [AHHDBIX, UMEIO-
MM TaKYIO JXe CTPYKTYpY: HeCKoJbko oTorpacdiuii, OTHECEHHbIX K He-
60JIb1IOMY YUCITY KIACCOB: )KUBOTHbIE, aBBTOMOOMIIM, TPAHCIIOPTHBIE CPEl-
CTBa U NPUPOAHbIE JaHAWAdTHI.

ITH KJacchl TPyAHee Pa3JM4YMTb, YeM Te TPH, UTO Mbl pacCMaTpHBa-
Ju Bbiute. [Ipupoansbie nanAwadThl, 31aHNUS M TEKCTbI XapaKTePU3YIOTCS
COBEpPLIEHHO Pa3HbIMU TEKCTypaMH. A Temepb TEKCTYpbl U LIBET HE MO-
TYT CJYXHTb CTOJIb XK€ OYeBMAHBIMM MapKepaMH Kjacca. Bor nmpumep
U300paXkeHHs1 d)KHBOTHOTO:
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O6a o6beKTa CHATBI Ha (DOHE MPUPOJDI, a CAMH He UMEIOT YETKO Bbl-
paXkeHHOI1 MOBTOPsIIOUIENCS CTPYKTYPbL. JTO 3ajaya NOTPy/Hee, T03TOMY
]'IOHalIO6F[TCFl 60]168 CJIOXKHbIE METOAbI. BO-ﬂepBle, Mbl BOCITOJIb3YyE€MCs
6oJiee MouHbIM Ki1accudukatopoM. B Gubimorexke scikit-learn peannso-
BaHa peryJjisipH3oBaHHast GopMa JIOrHCTI{YeCKOIi perpeccH ¢ HacTpaHnBa-
€MbIM ITapaMe€TpOM c.Ilo yMoJs4aimio ¢ = 1.0, HO 3TO 3HaYE€HHE HE BCeraa
OINTHMAJIbHO. IIJUI HaXO0XAEHHUsT XOpOUWEro 3Ha4e€HHs rnapaMeTrpa MOXXHO
HCNO0JIb30BaTh CETOYHBIH MOHCK:

>>> from sklearn.grid_search import GridSearchCv

>>> C_range = 10.0 ** np.arange(-4, 3)

>>> grid = GridSearchCV(LogisticRegression(), param grid={'C' : C range})

>>> clf = Pipeline([('preproc', StandardScaler()),

('classifier', grid)])

Jlamible B Ha60pe JAAQHHBIX PACMOJIOXKCHBI e B c.rlyqal“mom nopsake:
MOoXoXxue l;l306pﬂ)i(eHH$l HaXoAsITCsT PSIIOM. HOSTOMy NpH NEpCKpPeCT-
HOI1 MpoBepPKCe 6y11C.\I NMEepETacoBLIBATb JaHHbIC, lIT06bl JJAaHHbIE B Ka)KlIOﬁ
rpynie GbLiit 6osiee penpe3eHTaTIBHBL:

>>> cv = cross_validation.KFold(len(features), 5,

2N shuffle=True, random_state=123)

>>> scores = cross_validation.cross_val_score(

clf, features, labels, cv=cv)

>>> print ('BepHocTb: {:.1%}'.format (scores.mean()))
BepHocTb: 72.1%

[lns1 yeTbIpex KJIAaCCOB COBCEM HEIIOXO, HO HHXe Mbl NOKaXeM, Kak
YJYUIIMTh Pe3yJIbTaT, B3sB ApYroii Habop npu3nakos. Ha camom aese, Mbl
YBHNM, YTO /ISl TOJIyY€HHs ONTIMAJIBHOTO Pe3yJibTaTa He06X0IMMO CO-
yeTaTh ATH NMPH3HAKII C IPYTHMII MCTOJIAMH.

JlokanbHble npeacTaBneHus
NnPU3HaKoB

CpaBHHUTEIbHO HeaBHO B 06JIaCTH MALIMHHOIO 3peHust OblaM pa3pabo-
TaHbl METOJbI HA OCHOBE JIOKAJIbIIBIX NPU3HAKOB. JIOKaIbHbIE TPH3HAKH
BBIYHCJISIIOTCS 1O HEGONBILIOMY YYacTKy H300paXkeHHs] — B OTJIHYHE OT
PACCMOTPEHHBIX paHee NMPH3HAKOB, BBIYIICJSIEMBIX M0 BCEMY H300paxe-
uiio. B mahotas nomnepxusaercst Bruncaenite npusHakos tina SURF
(Speeded Up Robust Features — yckOpeHHO BbIUHMCJIsIEMbIE YCTOHUMBbIE
npusHakn). ECTb M HECKOJIbKO APYrHX, CaMblii M3BECTHbIl — MEPBOHA-
yasibHO npeiokeHHblit SIFT. DT npH3HAKH CMPOCKTIPOBAHBI C YUETOM
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YCTOHYHUBOCTH OTHOCHTCJILHO BPALLCHIIS H OCBELEHHOCTH (TO eCThb OlM
MaJlo U3MEHSIOTCSI TPU U3MEHEHUU OCBeLeHHsT).

HaM Hy>HO pewuTs, rae BbIYUCIATD 9TH npusHakil. O6bp1yHO BbiOMpa-
10T OHY 13 TPEX BO3MOXHOCTEN:

* B cayyaiinbix 061acTsX;

* Ha CETKE;

* BbISIBUTb MHTEPECHBbIE YYACTKH H300paxeHHs (9Ta TEXHHKA M3-
BECTHA MO/ Ha3BallleM «OMNpeAeseHHE KII0UCBBIX TOYCK» ).

Ka)KIlbIﬁ H3 3THUX NMOAXO0A0B ITPH OlIPEACTEHHBIX obcTosATENbCTBAX AacT
xopoiuue pe3yabTaThl. B mahotas nomaepxusaiorcsa sce Tpu. Onpenene-
HHE KJIIOYEBBIX TOYEK JIydlll€ BCErO pa60TaeT, €CJIM €CTb OCHOBAHHA IO-
JlaraTb, YTO KJIlOY€BbI€ TOYKH IleﬁCTnnTeJ'leO COOTBETCTBYIOT HaM6OJIee
Ba>XHbIM y4aCTKaM uaoépaxcemm.

Mbl NPpUMEHHUM METOJ KJIIOYEBLIX TOYCK. Boiuncaurb NpU3HAKH B
mahotas JIETKO: HY’>)KHO UMIIOPTHPOBATDL ﬂOllXOZ[H].Ill/lﬁ noaMoAayJb U BbI-
3BaTh GYHKLHIO surf.surf:

>>> from mahotas.features import surf

>>> image = mh.demos.load('lena')

>>> image = mh.colors.rgb2gray(im, dtype=np.uint8)
>>> descriptors = surf.surf(image, descriptor_only=True)

®nar descriptors_only=True O3HA4aeT, YTO HAC UHTEPECYIOT TOJIbKO
CaMH JECKPUIITOPBI, a HE MTOJIOXKEHHE NnuKcenei, pa3mMep UM OpUEHTalUA.
MoxHo 6b110 ObI BMECTO 3TOTO BOCMOJ1b30BATLCA METOJIOM 4acTOMH BbI-
OOpKH, BbI3BaB (PYHKLMIO surf .dense:

>>> fi:om mahotas.features import surf
>>> descriptors = surf.dense(image, spacing=16)

[Ipu 3TOM BO3BpaLIAIOTCSl 3HaYeHHsl JECKPUIITOPOB, BbIUHCJIEHHbIE B
TOYKaX, HaXoAsuxcs Ha pacctosiiui 16 mikceneii apyr ot apyra. Ilo-
CKOJIbKY TMOJIOXeHUsI Toyek (UKCHPOBaHbI, MeTaHH(OpMauus o Kiio-
4yeBbIX TOYKAX HE OMEHb MHTEPECHA M MO YMOJIYaHUIO HE BO3BPALIAETCS.
B n1060M ciyuae pe3ysbTat (1€CKPUIITOPbI) — 3TO MacCuB 1 X 64, rae n —
KOJIMYECTBO ToYeK B BbiOOpke. OHO 3aBUCHT OT pa3dMepa M300paXKeHHusl,
€ro cojiep>xaHusi U nmapametrpoB yHkuui. B maioM cayyae Mbl B3siIu
3HAaueHHs! 110 YMOJIYAHHIO, 3TO AAeT HEeCKOJIbKO COTCH AEeCKPHINTOPOB Ha
0/1HO H306paXkeHHe.

Mbl He MOXKEM HEMOCPEACTBEHHO 3arpy3HTb 3TH JECKPHIITOPbI B aJIr0-
PHUTM OTNOPHBIX BEKTOPOB, IOTHCTUYECKOI1 PEerpecciiil Uiii elle Kakoii-Hu-
Oyab anroput™ kaaccuguxauud. CyuiecTByeT HECKOJIbKO Coco6oB HC-
10J1b30BaTh AECKPUNITOPBI 11300paxkeHiiss. MOXHO HX NPOCTO yCPEAHUTD,
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HO pe3yJIbTaThl MOJYYaTCs MJIOXOHbKHE, MOTOMY YTO MPH TAaKOM MOAXOAE
otOpacbkiBaeTcsi BakHass uHbopMauMss o MecTonosioxeHnn. B Hauiem
npHMepe Mbl MPOCTO MOJAYYM.TIl Obl ellle OAHH rJobanbHbli Habop
MPU3HAKOB, OCHOBAIIIIBIX HA H3MEPCHUSIX Y TPaHULL.

PewieHne — BOCMOJIb30BAaTHCSI MOZIENIBI0O HAGOpa CJAOB — NOSIBUJIOCH
coBceM HexaBHO. Briepsbie B Takoii ¢opme OHO ObLIO OMYOJHKOBAHO B
2004 rony. Ero MOXHO OTHECTH K MIESIM THMA <«KaK e Mbl paHbllie-TO
NporJsifie/i»>: peaai3oBaTh OyYellb Jerko, a pe3yJabTaThl NOJyyaloTcs 3a-
MeuaTeJIbHBIE.

Ha nepsblit B3rasi, CTpaHHO rOBOPUTH O C106aX NMPUMEHMTENBHO K
nzobpaxxenusiM. [ToHsTh 3Ty Maeio GyneT npolie, ey NPeAcTaBsTh cebe
He HaNKCaHHbIE CJI0BA, KOTOPbIE JIETKO Pa3euTh, a npou3HocuMsle. [1po-
M3HECEHHOE CJIOBO KaXK/blii pa3 3ByYMT HEMHOrO MHaye, a pa3Hble JIIOAH
MPOM3HOCST OJTHO U TO e CJI0BO No-pa3Homy. [loatomy BosHoBbIE HOpMBI
cyioBa He 6ynyT noBTOpsiThCs. TeM He Meliee, MPUMEHHB K BOJIHOBBIM (hop-
MaM KJIaCTePH3aLHIO, Mbl HaJIeeMCsl BOCCTAHOBHUTb OOJIBILYIO YacTh CTPYK-
TYPBI, TAK YTO BCE BapUAHTLI MPOIIBHOLICHIIST JAHHOTO CJI0BA OKAXYyTCs
B OHOM KJacTepe. [laxxe ecn 9TOT npoliecc He coBepllieHeH (2 OH TakH
He COBepLIEHEH), Bce paBHO MOXHO TOBOPIITh O TPYMMIPOBKE BOJHOBBIX
¢opm B cioBa.

Ty ke camyIo onepaunio MOXHO NMpoJesiaTh U ¢ JaHHLIMH H300paXKeHHs:
KJIACTePU30BaTh MOX0XHE YYaCTKH BCeX H300paXkeH il 1 HAa3BaTh KJIacTe-
Pbl BU3YaJIbHBIMH CJIOBaMH.

HWA Ha KAYeCTBO anropuTma. EcTecTBeHHO, eCnm Ux KONMYECTBO COBCEM
yx Mano (10-20 npu HECKONbKMX ThICAYax n3o6paxeHuii), To xopoLuen
paboTbl OT CUCTEMbl 0XMAATb He NpPuxoauTca. Ho n npu Ype3amepHo
60nbWOM KONUYECTBE CNOB (HaNPUMEP, eCNN UX HAMHOro 6onbLue, Yem
n3obpaxeHnin) cuctema Toxe 6yaner paboratb He onTuManbHO. Mexay
3TMMU KPaHOCTAMU HacTO NEeXWUT NPOTAXEHHOE NNaTo, Ha KOTOPOM Ka-
4ecTBO pe3ynbrara cnabo 3aBMCUT OT KoNuyecTea cnos. 3HaueHus 256,
512 nnun, - npn o4eHb 6onbWoM Ynucne naobpaxeruin, - 1024 nONXKHbLI
AaTb NpUeMnemsblii pe3ynbrar.

@' KonuyecTtso ncnonb3ayembix CNOB HE OKa3biBaeT CyWweCTBEHHOrO BAUA-

HauHeM ¢ BbiyHcIeHUS ITPHU3HAKOB:

>>> alldescriptors = []

>>> for im in images:
im = mh.imread(im, as_grey=True)
im = im.astype(np.uint8)
alldescriptors.append(surf.dense (image, spacing=16))
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>>> # nonyuuMTb BCe NECKPUNTOPH B OOHOM MaccCuBe

>>> concatenated = np.concatenate(alldescriptors)

>>> print ('KonnuectBo meckpunropoB: {}'.format (len(concatenated)))
KonnuecTBo meckpuntopos: 2489031

Mmb1 MOJIy4YHJIU CBbILLIE 2 MUJIJIMOHOB JIOKaJIbHBIX AECKPHUIITOPOB. Te-
nepb C NOMOLIbIO K1acTepusauuu MetoaoM K cpeaniix Haitnem ueHTpou-
11, M0oxHO 6b1J10 Obl KCIOJIB30BATDb BCE ECKPUIITOPDI, HO AJ151 ObICTPOTBI
Mbl OrpaHH4YHUMCsI TOJIbKO MaJsioil yacTblo:

>>> # Mcnonb30BaThL Kaxmelt 64-ulf BEKTOpP

>>> concatenated = concatenated([::64]

>>> from sklearn.cluster import KMeans

>>> k = 256

>>> km = KMeans (k)
>>> km.fit (concatenated)

T0 3ai{MET HEKOTOPOE BPEMSI, HO IO 3aBepliieHHH 00beKT km OyzeT co-
AepXKaTb CBEAEHHUs O LIEHTpOUAaX. Tenepb BEpHEMCs K IeCKpUnTopaM U
NMOCTPOUM BEKTODBI NPH3HAKOB:

>>> sfeatures = []

>>> for d in alldescriptors:

c = km.predict (d)
sfeatures.append (
np.array([np.sum(c == ci) for ci in range(k)])

T

>>> # crpouM ommMH MaccuB M npeobpasoseiBaeM B Tun float

>>> sfeatures = np.array(sfeatures, dtype=float)

ITo BbIXOAE U3 LMKJIA IEMEHT sfeatures [fi, f£j] MacCCHUBa IOKa3bIBa-
€T, CKOJIbKO pa3 3JIEMEHT fj BCTPEYAETCS B n306pa>l<e}mn fi. ITOT MaccHUB
MO>KHO 6bL10 Obl BBIYUCAUTD U ObICTPEE, BOCMOAb30BaABIIMCH PyHKIHEL
np.histogram, HO NOArOTOBKAa apryMEHTOB AJis1 HEE — HE BIIOJIHE TPUBU-
aznbHoe 3aHsTHe. Mbl npeo6pa3yeM pe3y/bTaT K TUILY C MJ1aBAIOIEH TOY-
KOH, INMOCKOJIbKY HE XOTHM BO3UTLCS C 1[eJI0YMCIeHHOH apndgmemxo'y'l H
CEeMaHTHKOI OKpYTIJIEHHA.

Tenepb Kaxxaoe 1/1306]33)!(6}{1/[6 npeacTtaBj€HO OAHUM MaCCHBOM IpU-
3HAaKOB, 1 pa3M€pbl BCEX MAaCCHBOB OANHAKOBbI (paBHbl KOJIMYECTBY KJia-
CTepoB, B HauieM cayyae 256). Takum 06pa3om, MOXKHO TPUMEHHUTb CTaH-
AapTHbI€ METOADbI Knaccncl)m(auun:

>>> scores = cross_validation.cross_val_score(

clf, sfeatures, labels, cv=cv)

>>> print ('BepHocTb: {:.1%}'.format (scores.mean()))
BepHocTb: 62.6%

Xy>xe, ueM paHnblie! Mbl YTO ke, HHYEro He BbIMTpaIn?
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Ha camom AeJie, BbINrpajan, NoToMy 4TO MOXEM 061)611HHHTI> BCe NnpH-
3HaKMlanquHTbBepHOCTb7619Q
>>> combined = np.hstack([features, features]))
>>> scores = cross_validation.cross_val_score(
clf, combined, labels, cv=cv)

>>> print('BepHocTb: {:.1%}'.format (scores.mean()))
BepHocTb: 76.1%

ITo JyyHii U3 JOCTUTHYTHIX Pe3yJILTATOB — JIyyllle, YeM MpH JoO0oM
Habope NMPH3HAKOB MO oTAeabHOCTH. OOBbsCHSETCS 3TO TEM, YTO JIOKaJIb-
Hble npu3Haki SURF cyuiecTBEHHO OTIHYAIOTCS OT IJI06aIbHBIX PHU3HA-
KOB M300paXceHUs H NIOTOMY MPHUBHOCAT HOBYIO HH(OPMALIMIO B OKOHYa-
TeJIbHBIHA pe3yJIbTarT.

Pe3iome

MbI NO3HAKOMMJIMCH ¢ KJIACCHMYECKIIM OCHOBAaHHBIM Ha TPU3HAKaX MOJ-
X0/10M K 06paboTke 11306paXkeH il B KOHTCKCTe MallIIHHOTO 00yyYeHHUs:
riepeiiisi OT MHJIJIMOHOB MHKceJeli K HEMIIOTIIM YNCJIOBbIM MPH3HAKAM,
Mbl CMOTJIM BOCIOJIb30BaThCsl KaaccupHKaTopoM Ha 6a3e Jiorucriuve-
ckoil perpeccun. Bce TexHosoruu, 113yyeHHble B NpeAblAyIHX J1aBax,
BoJle6HBIM 06pa3oM OKa3aJuch MPUMEHHMBI K 3a/a4aM MallHHHOIo
3pennsi. OmiH 13 MPUMeEPOB — MOIICK MOXO0XIX H306paxceHuii B Habope
JIAHHbIX.

MBI Tak>ke Hay4YHJINCh HCIOJIB30BATh IS K1acCH(HKALMH JIOKATbHbIE
MpU3HAaKH B BiAe Mojiesin Habopa C€;10B. ITO OY€HL COBPEMEHHBII MOA-
XOJl K MalIMHHOMY 3PEHHIO, KOTOPLIii, C OAHOIl CTOPOHBI, a€T OTJIHYHbIE
pe3yJIbTaThl, &, C APYroii, HeYYBCTBHTEJEH K HECYLeCTBEHHbIM JeTasM
M300paXKeHns], HAMpPIIMEpP OCBELIEHHIO W JaXke HEPaBHOMEPHOMY OCBe-
LIEHHIO OJIHOTO M TOTO e M300paXkcHHs. Mbl Tak)e BOCIOJIb30BATHChH
KJ1acTepH3alHeil He pagl Hee CaMoil, a KaK MOJIEe3HbIM MPOMEXYTOYHbIM
1aroM KJaccubHKanuu.

Mui pabotanu ¢ mahotas, 0o1HOiT U3 OCHOBHBIX GHOIHOTEK MALIMHHOTO
3penust Ha Python. Ho ecTb u apyriie, noaaepxuBaeMbie HHYYTb He XyXKe.
Skimage (scikit-image) 6;113Kka 110 1yXy, HO CTPOHT APYroit Habop npH3Ha-
koB. OpenCV - otnnunas 6ubanoreka, HariicanHast Ha C++ 1 uMmerowas
untepdeiic k Python. Bce onn MoryT pabotats ¢ macciBamu NumPy, no-
3TOMY MOXHO CBOOOAHO MOJIb30BaTHCs (hYHKUHAMII H3 pasHbix 6116/110-
TeK /17151 MOCTPOEHHSI CJIOXKHBIX KOHBEHepOB MalIMHIOTO 3PEHMSL.

B crenyioueit riaBe Mbl 3aiimMencs ApYriM BHIOM MAlIMHHOTO 00y-
yeHHsI: MOHIDKEHHEM Pa3MepHOCTIL. B mpeablayuiiix riaBax Mbl BHeI,
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YTO C BbIYHUC/IMTE/IbHOI TOUKH 3PEHHs CreHepHpoBaTh MHOTO MPHU3HAKOB
coBceM HeTpyaHo. Ho yacTo »kesaTeNILHO YMEHbIIHTb YHUCAO MPHU3HA-
KOB paJy MoBbllLelist ObICTPOAEHCTBHSA, HATJISIAHOCTH WM YJIyYlIEeHHs
KauecTBa pe3y/bTaToB. [lasee Mbl y31iaeM, KaK 3TO /ieJaeTcsl.
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Mounxenne pasmepHocTH

Mycop Ha Bxojie, MycOp Ha BBIXOJe — Ha CTPAHHULAX 3TOIi KHUTH MbI He
pa3 BU/eJH, KaK CNPaBeAJIMBOCTb 3TOTO BLICKA3bIBAHUS MOATBEPXKIAET-
Cs1, KOT/ZIa Mbl IPUMEHSIEM METO/Ibl MALIMHHOTO 00yYeHHS] K MMEIOLHMCSI
naHHbIM. OrsiAbIBasiCh Ha3az, Mbl TOHUMAeEM, YTO caMble HHTepeCHble BO-
NPOCHI BO3HUKAIOT 1ia 3Tare MOArOTOBKH MPH3HAKOB, KOT/IA MBI CTapeeMcs]
MCIOJIb30BaTh 3HaHlisl O CylecTBe MpobieMsl s TIIATeJbHOro oTbopa
NPHU3HAKOB, KOTOPbIE, XOUETCST HAZIESIThCSI, AJITOPUTM CYyMeeT NepeBapUTh.

B aroit raBe Mbl 1BMHEMCST B 00paTHOM HAMpaBJeHHH: CMBICJ 324241
MOHMXKEHHST pA3MEPHOCTH COCTOUT B TOM, YTOOBI OTOPOCHTDb HEpesieBaHT-
Hble M n30bITOYHbIE pH3Haky. Ha nepsbiit B3rsisia, n3basyieHne OT MpHu-
3HAKOB IIPOTMBOPEYHT MHTYUIMH, Belb YyeM 6oJibluie HHGPOPMALMH, TEM
Jiydine, pa3Be He Tak? Jla v OTOM, Jake ec/iv B HaleM Habope JaHHbBIX U
MMEIOTCSI U3OBITOUHBIE TPU3HAKH, Pa3Be aJITOPHUTM OOYYEHHsI He CMOXKET
OBICTPO BBISIBUTb UX H HA3HAYMTH 11M HyJsieBoii Bec? [IpuBeneHHble HUXe
apryMeHTbI OKa3bIBAIOT, TOYeMY Ha MPAKTHUKE 10 CUX MOP CJIeyeT BCeMU
CHJIAMH CTPEMHTHCSI K TOHMXKEHHIO pa3MEPHOCTH 3a1auH.

¢ JInuHie NPU3HAKH MOTYT BBECTH AJTOPUTM 00yHueHHs B 3a01yxK-
AieHHe. ITO OTHOCHUTCS He KO BCEM aJropuT™MaM (HarlpuMep, MeTo/l
OTMOPHBIX BEKTOPOB pabOTaeT TeM JIyUllle, YeM Bbillle Pa3MEPHOCTb ),
HO HEKOTOPbIe MOJIEJIH MPEANOUIITAIOT IOMEHbILE U3MEPEHHUIL.

» UYewm Gosiblile MPU3HAKOB, TeM GOJIbIIE MAPAMETPOB HY>KHO HACTpa-
MBaTh M TEM BbILIE PUCK MEPEOOYUEHHSI,

* B03MOXHO, UTO Y JaHHDIX, COGPAHHBIX /JIs1 pellieH sl 3a1a4H, pa3-
MEPHOCTb 3aBblllIeHa HCKYCCTBEHHO, & HICTHHHASI pa3MEPHOCTb He-
BeJIHKA.

» MeHnble pa3mepHocTh = Gosee GuicTpoe obyueHne = 6oJiblie Ba-
PHAHTOB MAPAMETPOB MOXKHO PacCMOTPETb 32 (DHKCHPOBAHHOE
BpEMsI = Jiyullle KOHeYHbIii pe3yJibrar.

» Ec/ii MBI XOTHM BU3YaJU311POBATh IAHHbIE, TO OTPAaHNUYEHBI ABYMSI
WY TPEMSI HI3MEPEHHSIMH.
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I/ITaK, B 3TOH IJIaBC Mbl MOKAXEM, KaK H36aBUTLCS OT MYCOpa B I1aHHDLIX,
COXpaHHB B TO XK€ BPCMsI BCE LIECHHOC.

NMnaH pencreun

MeToabl MOHWXKEHUS] Pa3MEPHOCTH MOXHO pa3buThb Ha aBe GoJibliue
TPyl OTOOP NPU3HAKOB M BblAeJCHIE IPH3HAKoB. B npeabiaymux ria-
BaX Mbl YK€ CTAJIKUBAJINCH C OTOOPOM NMPU3HAKOB, KOr/Ja MPUAYyMbIBAJIH,
aHaM3HPOBAIH, 2 MHOTAA M 0TOPAChIBAJIM HEKOTOPbIE NpU3HaKku. B aToi
rJ1aBe Mbl IPOJIEMOHCTPHPYEM, KaK 11CM0Jb30BaHHE CTATIICTHYECKUX Me-
TO/IOB, @ KIMEHHO BBIYMCJIEHHE KOPPCJSILIHI U B3alIMHOM MH(bOpMaLUH,
MOMOTaeT peliaTh 3Ty 3aJauy B MIOIOMEPHbIX IPOCTPAHCTBaX MpHU3HA-
KOB. BbinesieHre NpU3HAKOB — 3TO MONbITKAa NMpeoOpa3oBaTh HCXOAHOE
MPOCTPAHCTBO NPU3HAKOB B MPOCTPaICTBO (0Jiee HU3KOiT Pa3MEPHOCTH.
IT0 0cOOEHHO MOJIE3HO, KOTAA Mbl HE B COCTOSIHMH M36aBUTbCS OT NpPH-
3HAKOB, TPUMEHSIsI METO/IbI 0TOOPA, HO 11 pabOTaTh C TAKHM GOJIBILINM YHC-
JIOM MPU3HAKOB HEBO3MOXKHO. Mbl MPOAEMOHCTPHPYEM aHAJIH3 IIaBHBIX
komnoneHt (principal component analysis, PCA), iuHelinblii AuCKPUMH-
HauTHbli aHanua (linear discriminant analysis, LDA) u MHoromepoe
mkanuposanue (multidimensional scaling, MDS).

OT160p Nnpu3HakoB

AJTOpUTM MaLIMHHOTO 06yueHust pabOTaeT ONTHMAJILHO, CCIIV OJAHHbIE
€My Ha BXOJ MPH3HAKU He 3aBUCSAT APYT OT APYra, HO CUJILHO 3aBUCST OT
NPOTrHO3MPYEMOro 3HaueHHsl. ITO 03HAYAEeT, YTO KaXKAbIi1 HOBDIT MPU3HAK
nob6aBJisieT cylecTBCHHYI0 HHbOpMalto. A yaanenue J1060ro npuaHaka
MPUBOAUT K CHUXKEHHIO KauecTBa.

Ecau npusHakoB pa3-aBa u 06yesicsi, TO MOXKHO HapHCOBAaTh MaTPUILY
auvarpamM pasbpoca (110 0fHON 451 Kaxxaou napsl npusHakos). C ee mo-
MOLIBIO JIETKO BBISIBUTD CBSI3M MeXAY NMpu3Hakamu. Eciu ans kakoit-to
napbl MMEeTCsl OYEeBH/HAsT 3aBUCUMOCTDb, TO MOXKHO 1160 OTKa3aTbCsl OT
KaKOro-To MpM3Haka, b0 noaymarnb Hajl BipaboTkoii HOBoOro, GoJee Ka-
YeCcTBEHHOTO NPH3HAKA M3 3THX ABYX.

Ho o6b1yH0 npu3HakoB ropaszo 6osibie. BciomuuTe Kiaccubukauuio
KayecTBa OTBETA Ha OCHOBE MOZeJH Habopa CJI0B — TYT HaM NPUILIOCH
6b1 HapucosaTb 1000 x 1000 guarpamm pasbpoca. Huxe Mbl onuiiem asa
06uux crocoba petieHHs 3agauu: GHALTPHI M 0GEPTKH.
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BbisiBneHne n36bITOYHbIX NPU3HAKOB
C noMoLbio punbTPOB

3anaya GuIETpa — PaCYUCTUTD «JIeC» NMPH3HAKOB HE3aBUCHUMO OT TOTO,
KaKye MeTO/bl MAIIMHHOTrO 06yyeHHst O6yayT NpUMeHeHbI BIIOCIEACTBHH.
st HaxoXxIeHNsT H3OBITOYHBIX MJIH HepeJIeBaHTHBIX MPU3HAKOB UCIOJIb-
3YI0TCS CTATHCTHYECK1e MeToAbl. Ecaiu HaiineHbl H30BITOYHBIE TPU3HAKH,
TO M3 KaX0il IPyNnbl Mbl OCTABJISIEM TOJIBKO OJHH, a HepeJeBaHTHbIE
NpU3HaKu npocto yaansiorcs. O6mas cxema pabots! pussrpa usobpaxe-
Ha HHXe.

Y
‘-H___/‘r’-__h
Bce npuaHaku Orobpatb r}fg: e Orobparb Oﬁ;igf:ff“
x1, x2,..., xN HenabbITouHbIe|— xl... x * penesaHTHble 2. x10. x14
NPU3HaKN A = NPU3HaKKU ’ //:,uﬂ
x,__,-/ e e
Koppenauua

Koppensuus BbIsiBJsIeT JIMHelHblE CBSA3M MeXAy NapaMu NMPHU3HAKOB.
Ha pucyHkax Huke Mbl BUAMM pa3Hble CTeNeHM KOpPeJsLHM, a Tak-
e TOTeHUHATBHYIO JHHEHYI0 3aBUCHMMOCTh, H306paXeHHYI0 KpacHOM
NMYHKTHPHOI1 JMHUell (annpoKCHMHPOBAHHON JIMHEITHBIM MOJMHOMOM).
Koapdpuument koppensiunu Iipcona (r) Cor(X,, X,) Haa kaxabim rpa-
¢uxom BbIuKCIEH ¢ MOMOIIBLIO QYHKUHUH pearsonr () W3 MOAYJIS scipy.
stat.

[Monyuus nBa psifa JaHHBIX OJMHAKOBOrO pa3mepa, aTa GYHKLMs BO3-
BpallaeT KOpTexX, coepxaniuii KoadHuLUHeHT KOppessiiy 1 p-3HaueHHe.
P-3HaueHne OMKMCHIBAET BEPOSTHOCTH TOTO, YTO 3TH Psifibl AHHBIX ObLIH
CreHepHpOBaHbl HEKOPEeJJIMPOBAaHHOI cuctemoil. HbIMU cioBamu, yeM
Bblllle p-3HaYeHHe, TeM MeHbliIe 10BepHsT KOI(POHULHEHTY KOPPeJsILHH.

>>> from scipy.stats import pearsonr

>>> pearsonr([1,2,3]), [1,2,3.1])
>>> (0.99962228516121843, 0.017498096813278487)
>>> pearsonr([1,2,3], [1,20,6])

>>> (0.25383654128340477, 0.83661493668227405)

B nepBoM ciiyuae ecTb YETKOE YKa3aHie Ha TO, yTO 06a psiia KoppeJiu-
pyioT. Bo BTOpoM 3HaueHue r TakxKe OTHIOAb HE HYJIEBOE, HO MOCKOJBKY
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p-3HayeHne paBHo 0.84, To MbI fenaeM BbIBOA, UTO K03(DGULMEHT KOppe-
JSILMM He 06J1aflaeT CTAaTUCTUYECKOI 3HAYMMOCTBIO U 00pallaTh Ha HEro

BHHUMAHHSA HE CTOMUT.

BarsisiHuTe Ha caenyioiune rpadukii.

Cor(X,, X,) = 1.000

10

Cor(X,. X,) = 0.999

Cor(X,, X,) = 0.070

B nepBbix Tpex cayyasax k03uLHeHTbl KOPPeJIsiLUY BBICOKHE, T03TO-
My, HaBepHOe, CTOMT O0TOpPOCHTh X, U X, TOTOMY YTO OHH HECYT OYeHb
MIOX0XYI0, 3, MOXET ObITh, U BOBCE OJHY U TY e UH(bOPMaLHIO.

Ho B nociienHem ciyyae o6a MpU3HAaKH HYXHO OCTaBMTh. PelieHue,
pa3yMeeTcsi, ONpesiesIsieTCsl p-3HaYeHHEM.

B npumepe Bce 6bIO 3aMeyaTeNbHO, HO PEAILHOCTb PEAKO OblBaeT
crosb GaarockjaoHHa K Ham. KpynHblii Hemoctatok ot6opa NpH3HAKOB
Ha OCHOBE KOPPEJISILMU 3aKJIOYAETCsI B TOM, YTO TAKUM 00pPa3oM MOXHO
BBISIBUTD JIMILb JIMHEITHbIE 3aBUCUMOCTH (TaKHe, KOTOPble MOXHO OMUCATh
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npsiMoit nHueit). ITonbiTaBUIMCh NPUMEHHTD KOPPEJSILMIO K HeJHHeil-
HbIM JaHHBIM, MBI YBUANM, B yeM npobseMa. B cnenyiouem npumepe 3a-
BHCHMOCTb KBaJpaTHYHasl.

Cor(X,, X,) =-0.078 % Cor(X,, X,) =-0.071
; 14 14
‘ 12 12
‘ 10 v : 10
S8 : -
|
! 6 6
| o
-6 =4 =2 0 -4 22 0
\ A\l
» Cor(Y,, X,) = -0.064 Cor(X,, X,) = 0.079
14
12
10 3
4
T o-a - 0 -4 2 0
\d 3

Yenosek cpasy BUAMT, 4TO MeXAy X, 1 X, CylIeCTBYeT 3aBUCMMOCTb Ha
Bcex rpadukax, KpoMe MocjeqHero, oqHako K03GhGhUILMEHT KOppeasLiu
ee He orpaxaeT. OueBHHO, YTO KODpeJISILUS MOJIe3Ha JIs1 HAXOXAEeHHsI
JIMHEHHDbIX 3aBMCHMOCTell, HO mepecTaeT paboTaTh AJs JIOObIX APYTHX.
VHorzaa ynaetcst nosy4uTh JTHHEHHYIO 3aBHCHMOCTb, IPUMEHHB NPOCTOe
npeobpa3osanye. Hanpumep, Ha npezbiayiueM rpacyke Mbl NOay4HIH Obl
BbICOKHI K03(hpuLIMEHT KOppesiLiH, ecii 6bl NOCTPONIIN 3aBUCHMOCTb
X, ot kBagpara X,. Ho Ha npakTiike Takasi BOBMOXHOCTb NPeNOCTaBIseT-
s HeyacTo.



Or60p npuanakos l.--

ITo CYacCTblO, B Cay4ae HeJIMHEHHDLIX 3aBHCUMOCTEN Ha MOMOIIb npH-
XOOHUT B3aUMHas HH(bO])MaLIV[ﬂ.

B3anmHas nidpopmauus

ToBopst 06 oT6OpPe NMPU3HAKOB, Mbl HE MOJ/DKHbI COCPENOTAYHBATHCS
Ha THUIEe 3aBUCHMOCTH, KaK B NpeablaylieM pa3zese (JUHeHHast 3aBUCH-
MocTb). BMecTo 3TOro Hy)HO yMaTb O TOM, CKOJ1LKO HH(OPMalMHU MPH-
BHOCHT NPU3HAK (NP YCNOBUH, YTO YXKe €CThb APYTOii MPU3HAK).

Yrobbl pazobpatbesi B ITOH H/ee, aBaiiTe MPEANON0XHM, YTO Mbl XO-
THUM UCNOJIb30BaTh MPU3HAKHU house_size (pa3Mep A0MA), number of lev-
els (KOMIMYECTBO 3Taxeil) M avg_rent_price (CPeLHsisl CTOUMOCTb apeH-
Ibl), 4To6b1 06YYUTD KAacCU(PUKATOP, KOTOPbIii ONpeIesIsieT, ECTh B JOME
audt nnn Her. UHTYUTHBHO OYEBMAHO, YTO €CJIH Mbl 3HAEM house_size,
TO 3HATh number_of levels HeoOs3aTesbHO, MOCKOJbKY 3TO B HEKOTOPOM
poze u3bbiTouHast uHbopmauus. Ho avg_rent_price — apyroe aeso, no-
TOMY 4YTO BbIBECTH CTOMMOCTD apeH/Ibl U3 OJHOTO JIMLIDL pa3Mepa A0Ma HJIH
KOJIMYECTBA 3TaXKeil HeBO3MOXHO. [10aTOMy 6b110 6bI pa3syMHO OCTaBUTh
CPeIHIO CTOMMOCTD apEHbI M OAMH U3 IBYX APYrHX NPH3HAKOB.

[ToHsiTue B3auMHoO# MHbOPMaL Uy ¢dopMaIU3yeT 3TO pacCyXJeHHe Iy-
TEM BbIYHCJIEHUSI KOJIMYecTBa MH(opMaLuH, o01ueil 4151 ABYX NPU3HAKOB.
Ho B oT/inune oT KoppessiLyy, B OCHOBY KJIA[IETCs He NOCJIeL0BaTeb-
HOCTb IaHHBIX, a pacrnpeseserue. YToObI MOHATD, KAK 3TO YCTPOEHO, MPHU-
JeTCs1 MTO3HAKOMUTbCSI C MOHSITHEM 3HTPONUH HHOpMaLH.

I[lycTb uMeeTCst npaBu/ibHast MOHeTa. Jl0 TOTO KaK Mbl ee moabpoCcHM,
HeomnpeeJeHHOCTb UCXO/la — BbIMAZET OPeJl MU PEIlKa — MaKCUMaJIbHasl,
T. K. BEPOSTHOCTb 060MX MCXOHOB paBHa 50%. DTy HeompeneNeHHOCTb
MO>XHO U3MEPHTD C MOMOLIbIO 3HTpoNnuU WHbopMauuy, BBeaeHHoi Kio-
nom lllenHoHom:

H(X)=7 p(X,)log, p(X,)

i=1

B ciryyae npaBuIbHOIT MOHETBI eCTb [1Ba MCXOA: X, — BbINafieHHe opya
1 X, - Bbimazenue peiky, mpuyeM p(X,) = p(X,) = 0.5.
Ortciona

H(X)=-p(X;)log, p(X,) - p(X))log, p(X,) =
=-0.5log, (0.5)—0.5log, (0.5)=1.0
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Y

Ona ynobcTBa MOXHO BOCNONL30BAaTbCA Takxe (yHKUWEWH scipy.
@ stats.entropy([0.5,0.5], base=2).Mbl 3apanvu napameTp base

(ocHoBaHue norapugpma) pasHbIM 2, 4TO6bI NONYYUTL TOT Xe pe3ynbTa-
Ta, 4To U Bbiwe. Mo yMon4aHuio B 3TOM OYHKUMU UCNONL3YETCA HaTy-
panbHbIi norapudm, np. 1log () . Boobuue rosops, ocHoBaHue Hecylle-
CTBEHHO (€CNY TONbKO BO BCEX pacyeTax OHO OAHO U TO Xe).

Tenepb mpeacraBuM, YTO HaM 3apaHee M3BECTHO, YTO MOHeTa Helpa-
BWJIBHAS: OpeJl BBIMAaeT C BeposiTHOCTHIO 60%:

H(X)=~0.6log,0.6 - 0.4 - log, 0.4 = 0.97

Kak BuanM, HeonpeJeJIeHHOCTh YMEHbIINIACh. YMeHblIeHHe TPOR0JI-
XKUTCSI O Mepe yAaneHust oT 3HaueHust 0.5 1 ZOCTUTHET MUHUMYMa, KOTZla
BEPOSITHOCTD BblnmageHue opya coctaBuT 0 min 100%. ITo mokasaHo Ha
PHCYHKe HixKe.

Jurponusa H(X)

HiX

P(X = sbinapaet open)

Moaupuuupyem dopmyay aurponuu H(X), npuMeHUB ee K IBYM MpH-
3HaKaM BMECTO OJHOrO, TaK YTOOLI OHA W3Mepsiia, HACKOJIbKO YMeHbLIa-
eTcsl HeonpezeJeHHOCTb X, koraa Mbl y3HaeM o Y. Takum o6pa3oM, Mbl
CMOJKeM y3HaTh, KaK OMH MPU3HAK CHUXKAET HeoNpeleIeHHOCTb APYTOro.

Hanpumep, B oTcyTcTBHe KaKoii-1160 nHpOpManuu O 1oroae, Mbl
He MOXeM CKa3aTh, HJET Ha yJHle A0X/Ib WK HeT — MOJIHasi Heompe/e-
JeHHocTb. Ho ecain Mbl 3HaeM, 4To TpaBa MOKpasi, TO HEONpPeeNeHHOCTh
yMeHblaeTcsl (MpaB/ia, HY>KHO elle MPOBepHTh, He BKJIIOYEHA JIN TMOJIH-
BaJIbHasi CHCTEMA).

DopmanbHO B3alMHasi HHGOPMALMS OnpeaesieTcs: CeAyoLuM 06-
pasoM:



Ort6op npnsnakos I.--

LI P(X.Y,
I(X;Y)=ZZP(X,-,Y,~)1OSzﬁ
I

i=l j=I

BhIrsaauT ycTpaiiaiolile, HO Ha CaMOM Jiejie TYT HUYero HeT, KpoMe
cymM U npousseneHuit. Hanpumep, uTo6bl BeIYMCINTD P(), HyXHO pac-
npeAeauTb 3HaYeHUs] NPU3HAKOB 10 MHTEpBaJaM, a 3aTeM IOACYUTATh,
CKOJIbKO 3HaY€eHH 1 0Ka3ayoch B KaXkJ0M uHTepBaste. Ha rpadukax Huxe
Mbl B3siii 10 MHTEpBaJIOB.

Yrobbl NpuBECTH B3aMMHYI0 MH(MOpMaLuio K aanas3ony [0,1], HykHO
pa3lesINTh ee Ha CyMMY SHTPOINHMiT OTAeNbHbIX MPU3HAKOB. B pe3ybraTe
110J1y4aeM HOpMHPOBaHHYIO B3aUMHYI0 HH(GOPMALIHIO;

I(X;Y)
H(X)+H(Y)

Bsaumuas uHbopMauus, B OTIHYKE OT KOPPEISALMH, HAXOAUT He TOJIb-
KO JIMHEHbIE 3aBUCUMOCTH, KaK BUHO U3 CJIeAYIOUNX rpauKoB.

NI(X;Y)=

NI(X,, X,) = 0.290 s NI(X,, X.,) = 0.252
] B
5 5
4 3 2
= - g
3 3
2 2
1 1
0 )
-2 0 2 4 6 B 10 I -2 0 2 3 6 B 10 12
X X
NI(X,, X,) = 0.137 NI(X,, X,) = 0.079
& R y
i 16 e
g ot o I I o e 7y
2 __' -3 -i0
[} o ~20 i
-2 ¢ 2 & & 8 10 12 0 2 i [ B 10
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M1 BuaKM, yTO B3auMHasi HHOPMaLHs MOXeT NMoKa3aTb CHJTY JIMHel -
HOI1 CBsA3M. A Ha CJIeflyIoLIeM PUCYHKe NI0Ka3aHO, YTO OHa paboTaeT U s
KBaZIpaTHYHbIX 3aBUCHMOCTEH.

" NI(X,, X,) = 0.287 . NI(X,, X,) = 0.287
14 14
12 12
10 10
=8 2
6 (2
4 4
2 2
[ )
-6 -4 =2 0 2 4 -6 -4 =2 ] 2 4 (]
\ X
e NI(X,, X.) = 0.223 NI(X,, X,) = 0.107
14 .
20 b
12 3
. ! .' 1c
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. G ]
4
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o] .
-20
-2
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TaxuM 06pa3oM, Mbl J0JKHbI BBIYHCIHTL HOPMHPOBAHHYIO B3aUMHYIO
nHdopMaLHIo A Bcex nap npu3HakoB. Ecau 1151 kakoii-To napsl 3Haye-
HHe 0Ka3aJIoCh CIMLIKOM GoJbiiM (ellle HaZo ONpeesuTh, YTO ITO 3Ha-
YUT), TO OAMH MX IPU3HAKOB CJieayeT oTOpocUTb. B ciyyae perpeccuu Mol
morsii 6b1 OTOPOCUTDH NMPHU3HAK, 1JIS1 KOTOPOrO CJAMIIKOM Majia B3aHMHast
nHdOpMaLHs C JkelaeMbIM pe3yJIbTHPYIOUIMM 3HaUeHHEM.

ITOT MoAX0A roAUTCS, KOraa Habop NPU3HAKOB He CJIMILKOM BeJIMK.
Ho, HaunHast ¢ KaKoro-To MOMeHTa, poLlefypa CTAHOBUTCS CIMIIKOM J0-
poroii, nockobky 06’beM BbIYMCIEHHIT BO3pacTaeT KBAaAPaTHYHO (T. K. BbI-
yucsseTcs B3auMHasi HHopMaLUs 1/ KaXKA0H napbl MPU3HAKOB).

Eite oavH cyiiecTBeHHbIH HeOCTAaTOK MHJILTPALIMU 3aKII0YAETCS B OT-
6pachIBaHNM NPU3HAKOB, KOTOPbIE KAXKYTCst GeCMONe3HBIMHU 110 OTHEJIbHO-
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cti. OgHaKo yacTo CyuleCTBYeT rpyiina npr3HakoB, KaXKablil U3 KOTOPbIX
Bpoae 6b1 aOCOJIIOTHO HE 3aBUCHUT OT LesieBoOi nepe.\leHHoﬁ, HO BMECTE OHH
«UTPpaloT». Yrto6bl OCTABUTb TaKHe NMPHU3HAKH, HYXKHbI 06€pTKM.

Ort6op npu3nakos

NMpumeneHne obeprok ansg 3agaHna
monenn BonpocoBs O nNnpu3HaKax

DuUAbTPbI, KOHEYHO, MOTYT OKa3aTh OrPOMHYIO 11OMOLLb B U36aBJIeHUH
ot 6ecrnosie3HbIX IPU3HAKOB, HO Y HUX ecTb npeaesl. [Tocie duabrpaunu
MOTYT OCTaThCsl IPU3HAKH, KOTOPbIE HE 3aBUCST APYT OT APYyra M, IOX0Xe,
KaK-TO CBsI3aHbl C LieJIEBOIi MEepeMeHHOIl, HO C TOYKH 3PEHHs MOJeu
abcosoTHo Gecrniosie3Hbl. PaccMOTpuM ciiedylolide JaHHble, KOTOpble
onuceiBaioT ¢pyHkuuio XOR. [To oTaenbHOCTH HU A, HU B HE OKa3bIBAIOT
HHKaKOii 3aBUCHMOCTH OT Y, HO, €CJIH B3SITh HX B COBOKYIMHOCTH, TO TaKas
3aBHCMMOCTb, HECOMHEHHO, IPUCYTCTBYET:

A B Y
0

0 1 1
1 0 1
1 1 0

Taxk noyemy 6bl He NMOMNMPOCHUTDb CaMy MOZEJIb BbICKA3aTbCA MO MOBOAY
OTAEJ/IbHbIX HpV[SHaKOB? VIMeHHO B 3TOM 1 COCTOUT CMBICJI 06ep‘r0K, no-
Ka3aHHbIH Ha CJIe,lIlelllefl 6710K-cxXeMe.

Texywne
NPU3HAKH,

8 HAUANbHBIA
MOMEHT MHULMa-
NM3MPOB3HBI
8CE NPH3IHAKK
xl,.., N

<

BaxHocTb
OTAENbHbIX

npU3Hakos

S

7 B Habope
(14 CNMWKOM

. MHOro
 NPU3HaKoB

la
¥

Or6pocnTs
HECylecTBeHHbIe
| NpuaHaku

|

Ocraswuecs
NPHU3HAKH
x2, x10, x14
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311er Mbl NEPEHECTH BbIYHUCJIEHHE Ba>XHOCTH NMPH3HAKOB B IpoLecc
o6yuenuns mozenu. K coxasneHuio (XOTs 3TO M MOHATHO), BaXKHOCTb MPH-
3HaKa Tenepb ONMUCbIBAETCSA HE 6HHaprlM 3HAQY€HHUEM Ja-HET, @ paHI'OM.
[ToaToMy HaM Bce paBHO NPHUIETCS CAMOCTOSITEIbHO BbIOPATh TOPOroBOE
3Ha4Y€HHe, TO €CTb PEINTDb, KaKHE NMPpU3HAKH OCTaBHTb, a KaKHe 0T6p0-
CHUTbD.

B Gu6auoreke scikit-learn, a ToyHee B nakeTe sklearn.feature_
selection, HUMEETCs LIeJIbI Psi/T OTJIMYHBIX KJlaccoB-06epTok. Paboueit j1o-
manxoi’x SABJIAETCA KJIaCC RFE, €ro UM pacmu(bpoabmaeTc;[ KaK «recursive
feature elimination» (pekypcuBHOe HCKITIOY€eH e MPU3HAKOB). OH NPHHU-
MaeT oé%ex‘r-ouenmnx H KOJIMYECTBO NMPHU3HAKOB, KOTOPbI€ HY>XHO OCTa-
BHUTD, a 3aTeEM o6yqae'r OLEHIIMK Ha pa3JIMYHbIX Ha6opax INMPU3HAKOB, ITOKa
He HaIeT JOCTaTOYHO MaJlblii nonHa6op. CaM 06BEKT RFE npeaocTaBJsAeT
nHTepdeiic OLEHIHKA, TO eCTh 00epThIBaeT HACTOSIINIT OLEHIINK, Iepe-
JTaHHBIIi B KayecTBe NMapaMeTpa.

B nmpumepe Huke MBI cO371aeM UCKYCCTBEHHYIO 3ajauy KjaaccugpUka-
uun ¢ 100 o6pasuamu, NMPUMEHSST BCIIOMOTATEIbHYI0 (YHKUHIO make
classification (). Ona no3sossieT CKa3aTb, UTO Mbl XOTHM CO3/1aTb 10 npu-
3HAKOB, U3 KOTOPbLIX TOJIbKO TPH MPCACTABJIAIOT peaJibHYI0 HEHHOCTb AJ1s
Pe€WCHNUA 3aaayl KJ]HCCHCI)HKRIIHHI

>>> from sklearn.feature_selection import RFE

>>> from sklearn.linear_model import LogisticRegression

>>> from sklearn.datasets import make_classification

>>> X,y = make_classification(n_samples=100, n_features=10,

n_informative=3, random_state=0)

>>> clf = LogisticRegression()

>>> clf.fit (X, y)

>>> selector = RFE(clf, n_features_to_select=3)

>>> selector = selector.fit(X, y)

>>> print (selector.support_)

[False True False True False False False False True False]

>>> print(selector.ranking_)
(413185761 2]

Ha NpakKTiKe npo611ema, KOHEYHO, COCTOHT L;.TOM, KaK Y3HaTb I[IPAaBHJIb-
HO€ 3Ha4y€HHe MapaMeTpa n_features_to_select. ITo mpassne roBopsi, HU-
kak. Ho 06b1uHO MBI MOXEM B3STb BbI60pKy JNIAQHHBIX H, MO3KCIEPHUMEH-
THPOBaB C pa3HbIMII 3HAYEHHAMII TapaMe€TPOB, NPUKHHYTb, KaK obcToaT
aeJja.

Bnpoqu. NMpH UCITOJIb3OBAHH1T O6epTOK ocobast TOUHOCTDb U He HYXHa.
Hagaiite nonpo6yeM Pa3HbLI€ 3HAUC€HHUA n_features_to_select Il MOCMO-
TPHM, KaK UBMEHAIOTCA support_ H ranking_.



Ot60p npuaHakos I.--

n_features_to_select | support_ ranking_

1 [False False False True False False [6351107924]
False False False False]

2 [False False False True False False [5241968713]
False False True False]

3 [False True False True False False [4131857612]
False False True False]

4 [False True False True False False [83121746511]
False False True True]

5 [False True True True False False [2111635411]
False False True True]

6 [ True True True True False False [1111524311]
False False True True]

7 [ True True True True False True False |[[1111413211]
False True True]

8 [ True True True True False True False [[1111312111]
True True True]

9 [ True True True True False True True |[[1111211111]
True True True]

10 [ True True True True True True True 1T111111111]
True True True]

Kak Buaum, peaybTat oueHb ycToiiuns. [I[pu3HakH, UCNOIb30BaHHbIE,
KOr/1a Mbl 3anpauinBagy HeGoJ b0t Habop, BBIGHPAIOTCS M NIPH yBeJIHYe-
HiK pa3Mepa Habopa. M, kpome TOro, Mbl MOXKEM MOJIOKHTbCS Ha TO, YTO
pasznesieHue Habopa JaHHBIX HA 00y4alolUMe U TCCTOBbIE BOBPEMSI MPE/-
YIPEIUT Hac, eCJIM Mbl IBUHEMCSI B HCBEPHOM HalNpaBJIeHIIH.

Apyrne meroasl otéopa npn3HaKos

B siTepatype no MaluimHHOMY 06YY€HHIO OMMCAHO €llle HECKOJIbKO Me-
TOZ0B OTGOpa Npu3HakoB. HekoTopble Aaxke He BLILJISAAAT KaK TAKOBbIE,
MI0TOMY YTO BCTPOEHDI B Npolecc obyueHns (He nyTaiiTe C OMHCAHHBIMU
Bblule obeprkamu). Hanpumep, B pelnaiomnx AepeBbsX MEXaHH3M OT-
60pa NpU3HAKOB HEOT/AEJUM OT CaMoii Heu anaroputMa. B apyrux mero-
Jlax NpUMeHsIeTCcsl TOT MJIM MHOW BIA peryasipusauu, wrpadylomuii 3a
CJIO)KHOCTb MOJIEJIH, TaK YTO MPOLCCC 00y4YeHHsl HaMpaBJieH Ha mojyye-
HMsI XOPOLLUMX U B TO XK€ BpeMsl «[1POCTbIX» Mozeseli. [[/151 9Toro BaXXxHOCTh
NPH3HAKOB, HE BHOCSILIMX CYLIECTBEHHOrO BKJa/la, MOHWXKAETCS 0 HYJIS,
noc.ie yero ouu orépacsiBaiotcst (L1-peryssipusanis).
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Tak uro Gyabre Haueky! 3auactyio 3¢hheKTHBHOCTh ANITOPUTMA Ma-
IIMHHOrO 06yyeHHs! B HeMaJ1oil cTeneHH 06yCJI0BIeHA BCTPOEHHBIM B HETO
MeTO/Z0M OTOOpa MPH3HAKOB.

BbliapeneHmne npu3Hakos

BriBaet Tak, uTo Aaxe noc.e HCKAOUYEHHs H3OBITOUHDIX MPH3HAKOB M OT-
OpacbiBaHHsI HEPEJICBAHTHBIX KOIITYECTBO OCTABUINXCS NPH3HAKOB CJIMLI-
koM Besnko. U toraa so6oii Metoa obyuennst paboTaeT mjoxo, a, yuu-
ThIBasl pa3Mep NMPOCTPAHCTBA MNPI3HAKOB, Mbl MOHHMMAaeM, YTO NojenaTb
HHYero 1eJb3s1. Torj1a MBI MPHXOANM K BBIBOAY, YTO NPHAETCS «pe3aTh Mo
KHBOMY» — U30aBJISTbCS OT HEKOTOPBIX MPH3HAKOB, XOTs1 3/IPaBblii CMbICII
FOBOPHT, YTO OHM moe3Hbl. [[pyrasi cutyaiiisi, B KOTopoil He06X0aUMO
MOHU3UTb Pa3MEPHOCTDb, a OTOOP NMPHU3HAKOB HE MOMOraeT, — XKeJaaHle Bi-
3yaJu3MpoBaTh AaHHble. B aTOM ciiyuae Mbl He MOXeM OCTaBUTDb Oosiblie
Tpex MPHU3HAKOB.

Ha nomouwp npuxoasit Metoan! BeifeieH s npu3nakoB. OHI U3MeHsI-
IOT CTPYKTYpY NMPOCTPAHCTBA MPH3HAKOB, NpHcnocabiiiBas ero K MoaeJH,
HJIH MPOCTO YMEHbLILAIOT Pa3MepPHOCTb 10 JBYX 1M TPeX, YTOObl MOXKHO
ObLIO HATJISAHO MPEACTABHTh 3aBHCHMOCTH.

Kak u panbiue, MeToabl BbiaeseHHsl NPII3HAKOB ObIBAIOT JIMHCIIHbI-
MU M HeJuHeiiHbIMIl, Mbl npeAcTaBUM 110 OAHOMY MCTOAY M3 KaxJ0ii
KaTeropHu: aHajJN3 IJIaBHbIX KOMMOHEHT (JitHeiinbliT) 11 MHOTOMepPHOe
wkaaupoBanue (neauHelinpiii). OHH XOpOWO 13BECTHBI 1l YacToO
MPUMEHSIIOTCS], HO €CTb M MHOTO IPYTHX HHTEPECHBIX Il MOLLHDIX METO/0B
BbIJIeJICHUS! MPH3HAKOB.

O6 aHann3ze rnaBHbIX KOMMNOHEHT

K aHanuay rnasneix komnoneHt (principal component analysis, PCA)
00bIYHO MEPBLIM Ae0M NPHOCIAIOT, KOrla HYXHO COKPAaTHTh KoJsiye-
CTBO NPHM3HAKOB, HO HEH3BECTHO, KaKOH MCTOA BblACJIEHHS NMPH3HAKOB
nopoiiaet nyyuwe. Orpannuenies PCA sBisieTcs J1HeiiHOCTb, HO BNOJI-
He BO3MOXCHO, €ro OKaXKeTcsl JOCTATOYHO AJs1 obyuels xopolueii Mo-
nenu. [lobaBbTe ciofla MoJie3Hble MaTEMaTHYCCKHE CBOHCTBA, KOTOPBIMIL
obsagaeT 3TOT aJrOPHTM, 1l CKOPOCTh, C KOTOPOIi OH HAaXOAUT npcobpa-
30BaHHOE MPOCTPAHCTBO MPH3HAKOB U 3aTCM OCYLIECTBJsIET Npeodpa3o-
BaHHe MeX/Y HCXOAHBIM 1f HOBBIM MMPOCTPAHCTBOM, — 11 MOXCTe ObITh
yBEpeElIbl, YTO OH CTAHET OAHIM 113 BaIIIX JIOOHMBIX HHCTPYMEHTOB Ma-
IIMHHOTrO obyueHiisl.



Buinenenune npusnakos ..--

HTak, MMest HCXOAHOE NPOCTPAHCTBO NpH3HAKOB, anroput™ PCA Haxo-
AUT €ro JMHEeMHY10 MPOeKUMIO Ha MPOCTPAHCTBO MeHbLIEN pa3MepHOCTH
CO CJIeAYIOLIMMH CBOHCTBaMHU:

* JIOCTHTaeTcst MaKCMMYM OCTaTOYHOI1 JUCIIepCHH;
* [OCTHUraeTcss MMHMMYM OLINOKH DEKOHCTPYKUMH (MPH MOMbITKE
BO3Bpara OT Npeo6pa30BaHHbIX MPU3HAKOB K MCXOAHBIM).

[Tockonbky PCA npocto npeobpa3syer UCXOAHbIE JAHHDIE, €10 MOXHO
NPUMEHSITh K 3a4a4YaM Kaaccudukaiii u perpecciin. B aToM pasaesne mMbl
00CyIHM 3TOT METO/ Ha MPUMepe 3alayy KJacCu(uKaLliiu.

MpuHumn pa6otbl PCA

Anroputm PCA ocHoBaH Ha JiMHeilHOit aireGpe, B KOTOPYIO Mbl Ba-
BaTbcsi He cTaHeM. OIHAKO NPUHUMN ero pabOThI ONKUCATb HECIOXKHO.

1. LleHTpHpoBaTh JaHHbIE, BBIYTS U3 KAXKIOTO 3JIEMEHT CPEHEe.,
2. BblYMCAMTH KOBapUALIMOHHYIO MATPHILY.
3. BbIUHCAUTDb COOCTBEHHBIE BEKTOPbI KOBAPHALIMOHHO MAaTPHIIBL.

Ecnn Hayats ¢ N npu3HaKoB, TO aJIOPHTM BepHET Npeobpa3oBaHHOe
NPOCTPaHCTBO, ToXe N-MepHoe (MoKa YTO Mbl HHYETO He BHIMTpasn). Bax-
HO, OJJHAKO, TO, YTO COOCTBEHHblE 3HAYEHMS MOKa3bIBAIOT, KaKasl 4acTb
JMCIIEPCHHU TIPUXOAMTCA Ha COOTBETCTBEHHBIN COOCTBEHHDII BEKTOP.

[Tyctb B Hayane 6b10 N = 1000 npH3HAKOB, U Mbl 3Ha€M, YTO MOZIEJDb
X0pOoLLO paboTaeT, TOJIbKO eCJM Npu3iiakoB He 6osblie 20. Toraa Mbl po-
cto BoiGupaeM 20 cOOCTBEHHBIX BEKTOPOB C HAMOOJILIIUMU COOCTBEHHbI-
MH 3HAYEHHUSIMHU.

NMpumenenune PCA

PaCCMOTpHM cnenyxnunﬂ MCKyCCTBCHHHﬁ Ha60p JaHHBIX, ITOKa3aH-
HbIi1 HIDKE Ha JIEBOM PIICYHKE:

>>> x1 = np.arange(0, 10, .2)

>>> x2 = xl+np.random.normal (loc=0, scale=1, size=len(xl))

>>> X = np.c_|[(x1, x2)]

>>> good = (x1>5) | (x2>5) # KakMe-TO NMPOM3BOJIbHBIE KJIACCHI

>>> bad = ~good # 4YTOOGH MpPMMEpP XOPOWO BHITJIALEN

B 6ubanotexke scikit-learn ectpb knacc pca, BXoAsLMiT B MAKeT decompo-
sition. B npuMepe Bblllle OTYETINBO BUIHO, YTO JIsi ONMMCAHUS JAHHBIX
BIIOJIHE XBaTHJI0 Obl OTHOTO U3MepeH11si. ITO MOXKHO YKa3aTb, 33/1aB Mapa-
METP n_components:

>>> from sklearn import linear_model, decomposition, datasets
>>> pca = decomposition.PCA(n_components=1)
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UcxopHoe npocTpaHcTBO MNpep6pa3osaHHOe NPOCTPAHCTBO |
npu3Hakos ' NpU3HaKoB

Kpome Toro, MoXxHO BOCTIO/IB30BAThCsl METOAAMM fit () M transform ()
06bekTa pca (MM MX KOMOMHALMEN fit_transform() ), YTOOBI MPOAHATH-
3MpOBATh [aHHbIE U CIPOELMPOBATh MX Ha Npeo6pPa30BaHHOE MPOCTPAH-
CTBO MPH3HAKOB:

>>> Xtrans = pca.fit_transform(X)

Kax Mbl 1 mpocuii, pasMepHOCTb Xtrans paBHa 1. Pesyabrar nokasan
Ha NMpaBOM pHCYHKe Bbllle. B 1aHHOM ciryuae pe3ysbTaT Aaxe siBJsieTCs
JITHEIHO pa3fie/IMMbIM, TaK 4YTO /JIsi pa3IMU€HHs KIACCOB CJIOXKHBIH KJ1ac-
cudu1KaTop He NOHAAOOUTCS.

YToObI MOHSTD, YTO TAKOE OLIMOKA PEKOHCTPYKLIHH, B3TJISTHEM Ha UC-
TMepCHIO IaHHBIX, COXPAHEHHYIO B pe3yJbTaTe Npeobpa3oBaHusi:

>>> print (pca.explained_variance_ratio_)
>>> [ 0.96393127])

ITO 03HAYaeT, YTO MOCJIe MePeXosia OT ABYX U3MepPeHH I K OTHOMY JHC-
niepcHsi Mo-npexxHeMy paBHa 96%.

Pa3ymeertcsi, He Bceraa Bce Tak nMpocTto. acTo jxesaTesIbHOe YHCIIO U3-
MepeHUIf 3apaHee HeH3BeCTHO. B TakoM ciiyyae Mbl He 3aaeM MapaMeTp
n_components, NpeJJarasi 00beKTy PCA BBIYHCIUTD MOJHOE NPeobpa3oBa-
Hue. [locse annpokcuMaUMM JAHHBIX TNMOJIE explained_variance_ratio_
COZIEPXKHT MAaCCHB OTHOLIEHHIT B nopsifike yObiBaHus. ITepBbiit uneH — ato
OTHOLIeHHe (a3MCHOrO BEKTOPa, OMMCHIBAIOLIETO HANpaBJeHHe C Hau-
GosiblLeit Aucniepcieil, BTOPOil — OTHOIIEHHe B HAMpaBJeHHH BTOPOIi Mo
BesmumHe aucnepcun v T. A. [loctpous rpacduk, Mbl cpa3y BUAHM, CKOJIBKO
KOMIIOHEHT noTpebyeTcsi: xopotlieii rUnoTe3oii 6yaeT YHCI0 KOMIOHEHT
HEeMOoCPeACTBEHHO 110 U3rnba KpHBOil.



Boinenexue npM3Hakoe U.--

M Ipaduk, Ha KOTOPOM Noka3aHa 3aBUCUMOCTb OO BLACHEHHOW aucnepcun

OT KONNYECTBa KOMNOHEHT, Ha3blBaeTCA «rpadPukoM KAMEHUCTON OChbI-

Q nu», unun rpadpmkom Ketrena. NHTepecHblit npumep KOoMBUHMpoBaHWUA

rpaduka KaMEHNUCTOW OCbINU C CETOYHBIM NOMCKOM C UENblo HaxoxAae-

HWA ONTUManNbHLIX NApaMeTPoB ANA 3aaayn knaccudukaumm npuseneH

Ha CcTpaHuue http://scikit-learn.sourceforge.net/stable/
auto_examples/plot_digits_pipe.html.

Orpannyenns PCA n yem moxxket
nomoys LDA

Y PCA, kak y BCSIKOro JIMHEHOr0 aJIrOPUTMA, MIMEIOTCS1 OTPaHUYEHHUst
npu pabore ¢ HenuHeiHbIMH 3aBUCHMOCTsIMU. He BraBasicb B getanu,
cKaxeM, 4To cyuiectByloT 0606weH1st PCA, nanpimep Kernel PCA, B
KOTOpbIx GJarofapsi HeJMHEHHOMY npeoOpa30BaHMIO BCE-TAKH YAAETCs
npuMeHuTb Metog PCA.

Eue onHo so6onbiTHOE cnaboe Mecto PCA, KoTOpOe Mbl 31€Ch paccMo-
TPHUM, 0OHAPYKHUBAETCS MDY MOMbITKE TPUMEHHUTD €r0 K 3aa4aM KJIacCH-
¢dbukanuu ocoboro Buaa. 3aMeHUB BbIPAXKEHHE good = (x1 > 5) | (x2 > 5)
BbIDXKEHHEM good = x1 > x2, Mbl CPa3y Xe YBUAUM, B UeM npobiiema.

UcxopHoe npocTpaHcTBO Mpeo6pa3zosaHHoe NpocTpaHCTBO
NpU3HaKoB NpU3HaKoB

3xech knacchl pacnpe/esieHbl BAOJIb OCH He € Ha11bobllei, a Co BTOPOii
no BesMyuHe aucnepcueii. OueBnaHo, ¢ Takol 3agaueil PCA He cnipaBisi-
etcs. [Tockonbky Mbl He coobuuan PCA Hukakoi HH(pOPMALMHK O METKax
KJIACCOB, XKAaTh OT HErO YEro-To JIyullero He MPUXOAHTCSI.



- - . l fnasa 11. Moxuxexne pasmepHocTH

B Takux cyuasix Ha NTOMOLIb IPHXOANT JMHEHHBII JUCKPHMHUHAHTHBII
aHamu3 (LDA). Vnes aToro Metoia 3akJI04aeTcsi B TOM, YTOObI MaKCH-
MH3HPOBaTh PACCTOSIHUS MEXIY TOYKaMH, MPUHAJIeXAUMH Pa3HbIM
KJIaCCaM, HO MHUHHMHW3HMPOBATh PACCTOSIHUSI MeXIY TOYKAMH U3 OJHOrO
kaacca. He yrany6asisicb B TeopeTHY€eCKIle OCHOBBI, TIPOCTO TMOKaXeM, KaK
3TOT METOA UCIMOJb3YeTCS:

>>> from sklearn import lda

>>> lda_inst = lda.LDA(n_components=1)
>>> Xtrans = lda_inst.fit_transform(X, good)

Bot u Bce. O6paTtuTe BHHMMaHHe, 4yTO B OTJMyue OT mpumepa PCA
Mbl Mepeflaii METOMY fit_transform() METKH KjaccoB. Takum oGpasom,
PCA - anroput™ BbiaesieHdst npu3HakoB 6e3 yuuress, a LDA — ¢ yuuTe-
JieM. Pe3ysibTaThl BBIJISIANT, KaK M CJIeJJOBAJIO OKHIATD:

UcxopHoe npocTpaHcTBO MNpeobpasoBaHHOe NPOCTPAHCTBO
NpU3HaKoB NpU3HaKoB

Ho Toraa 3auem BoobGuie npuMensitb PCA, moueMy 6bl NpocTo He MoJib-
3oBatbcst LDA Bcerna? [la notomy yTo He Bce Tak mpocto. Koraa umnciio
KJIACCOB PacTeT, a KOJHYEeCTBO MPIIMEPOB KaxuJOro Kjacca yMeHbllaeT-
cs1, LDA nepectaer 6bITh Takoil y 3aMaHunBoil ansrepHaTBoil. Kpome
toro, PCA MeHee uyBCTBHTEJIEH K Pa3/ITYUsAM B 00y4aIOLIHX JAHHBIX, YeM
LDA. IloaToMy, Koraa Hac CnpauIMBaloOT, KAKOI METOI Mbl PEKOMEH/IYeM,
MBI MOXKEM OTBETHTb JIMIIb «3aBUCHT OT CUTYaLHH».

MHoromepHoe wkKanmposaHue

B To BpeMst kak PCA nbITaercst BbINOJHHTD ONTHUMH3ALMIO C COXPAHEHH -
eM JiHcrnepcHi, MeToll MHoroMepHoro tikanaupoBaniist (MDS) ctpemut-
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Cs1 10 BO3MOXXHOCTH COXPaHUTb OTHOCHTEJIbHbIE PACCTOSIHHS, YMEHBILUB
YHCJIO U3MEPEHUH. DTO 10JIE3HO, KOTAa TPeOyeTCs HArJISIAHO NPeACTaBUTD
MHOTOMEPHbIif HaGOp JaHHbIX.

[ns anroputma MDS caMu Toukn He MpeaCTaBJSIIOT MHTepeca, IJIs1
HEro Ba)KHbl PACXOXKJEIUsl MEXAY NapamMH TOYEK, MHTEPIpETHUpPyeMble
kak pacctosiiusi. [loatomy nepsbiM aesiom MDS o N Toukam B k-MepHOM
NPOCTPAHCTBE BBIYMCISIET MAaTPHILy PAaCCTOSIHMIA, MOJb3ysch PYyHKUMe
METPHKH d, KOTOpas H3MEPSIETCs PacCTOAHHE B MCXOLHOM NPOCTPAHCTBE
MPU3HAKOB (KaK NMpaBHJIO, OObIYHOE EBKJIM/I0BO PaCCTOSIHHE):

Xu XNl do(Xl’X]) do(XN’Xl)

- : :
Xk Xy d (X, Xy) = d(Xy,Xy)

3atem MDS nbiTaeTcs pacnosioXHTh TOYKM B IPOCTPAHCTBE MeHblLeill
pa3MepHOCTH, TaK YTOObI HOBbIE PACCTOSIHHS MEXKIY HUMM KaK MOXHO 60-
Jiee NOXoAMIM Ha ucxoaHsle. [Tockonbky M DS yatue Bcero npuMensieTcst
AJ1s1 BU3yaJIM3allMH, HOBast pa3MePHOCTb 0ObIYHO paBHa 2 uiu 3.

PaccMoTpuM ciienyowmuii npocToit Habop AaHHBIX U3 TPEX TOYEK B Iisi-
THMEPHOM MPOCTPAHCTBE. [IBE TOUKH PACMON0XKEHDI GIM3KO APYT K APYTY,
a TPeTbsl OTAAJIEHA OT HUX, U Mbl XOTHM NPOMJLIIOCTPUPOBATh 3TO B ABY-
MEPHOM ¥ TPEXMEPHOM NPOCTPAHCTBE.

>>> X = np.c_[np.ones(5), 2 * np.ones(5), 10 * np.ones(5)].T
>>> print (X)

(c 1. 1. 1. 1.

[ 2. 2. 2. 2. 5

[ 10. 10. 10. 10. 10.]]

C noMoupbio KJacca MDS M3 MakeTa manifold B 6ubanoreke scikit-learn
MbI CHayaJia FOBOPHM, YTO XOTeJIH 6ol Npeobpa3oBaTh X B TPEXMEPHOE €B-
KJIMZOBO MPOCTPAHCTBO:

>>> from sklearn import manifold
>>> mds = manifold.MDS (n_components=3)
>>> Xtrans = mds.fit_transform(X)

]_IJIH BHU3yaJIM3allMH B ABYMEPHOM IPOCTPAHCTBE HYXXHO COOTBETCTBEH-
HO 3a/1aTb NIapaME€TP n_components.

Pe3ysibTaThl MOKa3aHbl Ha PUCYHKAX HIKe. TpeyrosbHUK U KpYyXKOueK
HaXxoasITCS psAAOM, a 3B€304YKa — AaJIEKO OT HHUX.
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[leMOHCTpaUHOHHbIH HAaBOoP AaHHbIX
B AByMEPHOM NPOCTPAHCTBE nocne
[leMoHCTpaLMOHHbIM Habop AaHHbIX npuMeHenus MDS
B TPEXMEPHOM NPOCTPaHCTBE nocne f
npumeHenus MDS

-1Q |

PaccmotpuM uyTh GoJiee coxHbIH Habop naHubix Iris. TTodxe Mbl
BOCrosib3yeMcs UM 1 cpaBHeHuss LDA ¢ PCA. B Habope maHHbIX Iris
KaXKIbIi LBETOK NpPCACTaBJieH YeThipbMs aTpubyTtamu. Ilosnb3ysco npu-
BeJIEHHbIM BbILIIE KOJOM, Mbl MOTJIH Obl CIIPOELIHPOBATb €r0 Ha TPEXMep-
HOe TPOCTPaHCTBO C COXpaHeHHeM (MO BO3MOXHOCTH) OTHOCHTEJIbHBIX
PaCCTOSTHMIT MeXy OT/AeIbHBIMII BiJaMU 1IBeTOB. Bbiliie Mbl He 3a1aBanu
MeTPHKY, MO3TOMY N0 YMOJIYAHHIO NOAPa3yMeBaloCh eBKJIHAOBO PacCTo-
stHUe. JTO 03HAYAET, YTO L[BETHI, KOTOPbIE B JIOCTATOYHONH Mepe «pasJjiu-
YAIOTCSA» 110 YeThIpeM aTpHOyTaM, JOJKHbI HaXOAUThCS JAJIEKO APYT OT
apyra U B TpexMepHoM M DS-uika1MpoBaHHOM NPOCTPAHCTBE, TOTAA Kak
«bJIM3KHe» LUBETHI IOJKHBI PACMOJIAraThCsl PAAOM, KaK Ha PUCYHKE HHXKe:

Habop aaHHbix IRIS B AByMepHOM
npocTpaHcTBe nocne

Habop aanHbix IRIS npumerienmns MDS

B TPEXMEPHOM NPOCTPaHCTBE
nocne npuMeHeHus MDS




Pesous T T 2o

Ecau e nmoHHXKaTh pa3MEPHOCTDb [0 TPEX WM ABYX U3MepPeHUH C Mo-
moubio aroputMa PCA, To Mbl, KaK H CJIeJOBaJIO 0HIATh, YBUAUM 60JIb-
10#1 pa3bpoc LBETOB, IPHHALIEXKALIHX OAHOMY KJ1accy.

Habop panHbix IRIS B8 asymepHOM

Habop sannbix RIS B TpaxMepHoM npoctpaHctee nocne npumererna PCA

npoctpaHcTee nocne npumereHus PCA

-4 -2 1 2 3 .4

Pasymeercs, ans npumerennss MDS Hy><HO NOHHMATh, B KAKUX €AMHU-
LIax U3MEPSIIOTCS OT/AebHble MPU3HAKIL; He MCKJIIOYEHO, YTO NPU3HAKH BO-
o011e Heslb3s1 CPABHUBATD C OMOLLbIO eBKIMA0BOI MeTpuku. Hanpumep,
KaTeropyajibHble epeMeHHble, JaXKe 3aKOUPOBaHHbIE LeJbIMU YHUCIaMH
(0 = kpyr, 1 = 3Be3104YKa, 2 = TPEYroJbHHUK U T. I.), HECPABHUMBI (KpYT
6J11>Ke K 3B€3/104Ke, YeM TPEYTOJbHUK?).

OnHako KoJb CKOPO Mbl MOMHUM 00 3Toi npobseme, MDS siBasieTcs
NOJIE3HBIM HHCTPYMEHTOM, KOTODbIil BbISIBJISET TakWe BUAbl CXOACTBA
BHYTPH JaHHDIX, KOTOPble Obl10 Obl TPYAHO PACNO3HATh B HCXOAHOM NPO-
CTPaHCTBE NPU3HAKOB.

KonHyB uyTb ray6sxe, Mbl noitMeM, yto MDS — He eqMHCTBEHHBIN aj-
FOPUTM, a CEMEIICTBO AJIFOPUTMOB, U3 KOTOPOTO Mbl HCHOJIb30BaIH JIHILIb
oauH. To xe cnpaBeanuso u ans PCA. Kpome Toro, ecii Bbl NPULLIHN K
BbiBonty, yTo HU PCA, Hu MDS He roautcs a5 pelenus Balueil 3aayu,
TO B MOAYJIE manifold €CTb M MHOTO APYTHX aJITOPHTMOB 00yYeHHUs1.

Ho npexne yem o4yepTs rooBy KMAATbCSl B MOPE aJIfOPMTMOB, BCEraa
JIyyllle HayaTb C MPOCTEHLIEro ¥ NOCMOTPETDb, KaK AaJeKo YAACTCs Mpo-
OBUHYTbCS. A 3aTeM NMpPOJOJ/DKUTbL C 3TOM TOYKI, B3SIB CJIEAYIOLIMIT MO
CJIOXCHOCTH JITOPUTM.

Pe3iome

Mbi Y3HaJiy, YTO HHOrAa MOXXHO OTKA34aTbCsl OT UCITOJIb30BAHHUA BCEX IMPU-
3HAaKOB, BOCMOJIb30BABUINCb METOAAaMII 0'r6opa NpH3HAKOB. Mb1 Takxe
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BUZIeJIH, YTO B HEKOTOPBIX CJyyYasiX 3TOrO HEAOCTATOYHO M MPUXOAUTCS
npuberatb K METOAM BbieJIeHHsI NMPU3HAKOB, KOTOPbIE BCKPbIBAIOT HC-
THHHYIO CTPYKTYPY AaHHBIX, HMeIolyl0 6ojiee HU3KYIO Pa3MEPHOCTDb, B
Hajiexxie, YTO C TAaKHMH JaHHBIMH MOjIe/IM OY/IET MpOLIE CPABUTHCS.

KoHeuHo, MbI cMort faTh Juuib Gersblit 0630p OrpOMHOr0O MaccHBa
MeTO/I0B MOHMXKeHHs1 paamepHocTH. Ml HajieeMcs, 4To 3Ta TeMa Bac yBJleK-
JIa, TOCKOJIbKY APYTHe MEeTO/bI TOJILKO W X/IyT, KOTa Bbl yJeJIUTe UM BHH-
manue. Hanocsienok XoOTHM OTMETIITh, YTO OTOOP M BblACJIE€HHE MPH3HA-
KOB — 3TO UCKYCCTBO, TOYHO TaK Xe, KaK BbIGOp MPaBHJIBHOTO aJITOPHTMA
00yueHHsT MJIH MOZEH.

B caenyiomeii riase Mbl MO3HAKOMHUMCS € Jug, HEOOIBILMM HAaMHCaH-
HbiM Ha Python kapkace, koTopblii 103BoJIsIET 3a/1€i1CTBOBATD /ISt BbIYMC-
JleHHit HECKOJIBKO NPOLIECCOPHBIX Siiep MJIM MallKH. Takxke Mbl y3HaeM 0
cucreMe AWS, ob1ake koMnmaHi Amazon.



rJ1ABA 12.
Korpga pannbix 6onbwie

TpyaHo oaHO3HAYHO CKa3aTb, YTO Takoe GoJibLine AaHHble, Mbl IpUMeM
pabouee onpe/c/icHUE: €CIH JAHHBIX TAK MHOTO, YTO C HUMH CTAHOBUTCS
Heyno6Ho paboTaTb, To 6yacM roBopIITh 0 60JAbLIMX AaHHBIX. VIHOrAa 3TO
O3HayaeT netabaiThl JaHHBIX WJIH TPIJIJIMOHBI TPAH3AKIIII, TAK YTO AAH-
HbI€ He TIOMEIAIOTCS HA OIMH XKECTKIil ANCK. A MHOTIa JAHHDbIX B COTHH
pa3 MeHblue, HO paboTaTb C HUMH BCE PABHO TPYAHO.

[Mouemy o6beM maHHbIX NpeBpartiuicst B npobsemy? ITo Mepe Toro kak
KOMIIBIOTEPbI CTAHOBUJIMCH OBICTpee, a pa3Mep naMsiTd GoJiblie, poc U
o6beM naHHbIx. Ha caMoM zieie, pOCT JIaHHBIX aXe ornepexan pocT Obl-
CTPOAEHCTBHSI KOMIIBIOTEPOB, a JIMIlL HEMHOTHE AJITOPHTMbI JIMHEHHO
MaclTabUpyIOTCs C POCTOM BXOAHBIX AaHHbIX. Kopoue rosopsi, raHHble
pacTyT GbICTpee, YeM Hallla ciocoGHOCTb HX 06pabaThIBATD.

Jlist Hayana Mbl, ONUPasich Ha QyHAAMEHT, 3a/10)KEHHBIH B TPEbILY-
IMX IJ1aBax, nonpobyem nopaboTarh CO «CPCAHUMH» JaHHBIMU (HE OYEHD
GOJIBLINMH, HO YoKe M He MaJIeHbKUMI1). JJIs1 3TOro HaMm NoHafoOuTCs na-
KeT jug, yMeIoIUi feJaTh CJAeayoLee:

* CTPOMTb U3 33/1a4 KOHBeliep;

*  KIWMPOBaThb (COXPAHATL B NaMsITH) [IPOMEKYTOUHLIE PE3YJILTATHI;

* 3aIeCTBOBaTh HECKOJIbKO TPOLECCOPHbIX siep, B TOM YHCJIe Ma-
wKH B grid-ceTw.

Creayomuil war — nepexo K no-HacTOsIIIEMY GORbWUM OAHHbIM; Mbl
YBUANM, KaK MOXXHO HCIOJIb30BaTb JUIsi Bbhiuncaennii obaako. Konkper-
HO, Mbl N03HaKoMuMcsi ¢ uHdpacTpykrypoit Amazon Web Services u ¢
Python-nakerom StarCluster a/1st ynpasieHust K1acTepoM.

Y10 Takoe 6onbLIMe pfaHHble

BoipaxkeHue «6oJibline 1aHHbIe» He 03HAYaeT KaKOii-TO KOHKPETHbIN 06b-
€M JJaHHBIX. JTO MOHSITHE He BbIPAXKAETCSI HH B KOJIMYECTBE IPUMEPOB, HU
B KOJIMYeCTBe rurabaiiToB, TepabaiTos 11K 11etabaiiTos, 3aHATHIX JaHHbI-
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MH. A 03HayaeT OHO, YTO 00'bEM JAHHBIX pacTeT ObicTpee, yeM obpabaTbi-
Batole MowHocTH. OTcioa BbITEKAeT Psif CeACTBHIL.

* HexkoTopsle MeTOAbl 11 MpIIEMbl, XOPOIIO 3apeKOMEHA0BaBIIE
cebs1 B IpoOLILJIOM, TeNepb 1yXAAIOTCS B MEPECMOTPE HJIH 3aMe-
He, MOTOMY YTO He MaclITaOHPYIOTCS Ha COBPEMEHHbIH 00beM
JAHHBIX.

* AJrOpHTMBI He MOTYT NpeAnoJaraTb, YTO BC€ UCXOJHbIE AAHHbIE
YMELIAIOTCs1 B ONepaTHBHOII NaMsITH.

* YnpasjieHHe IaHHLIMHU caMo 110 cebe CTAHOBUTCSI HETPUBHAJILHOI
3ajayveit.

* IIpuMeHeHHEe KJIACTEPOB HJIH MHOTOSIZIEPHBIX MPOLIECCOPOB CTAHO-
BMTCSl HEOOXOMMOCTDIO, 2 HE POCKOUIbBIO.

B aT0ii rnase Mbl 3aiiMeMcst nocsieiHel YaCTbIO FOJIOBOJIOMKH: KakK 3a-
JIeficTBOBATh HCCKOJIbKO MPOLECCOPHLIX siiep (Ha OHOH MJIM HA HECKOJIb-
KHX MalllMHAX) BO HMSI YCKOPEHHSI It OpraHH3aluH BblYHCIeHH . ITo bOy-
JleT NOJIE3HO 1 [J151 IPYTHUX 3a/1a4 YMEPEHHOTO pa3Mepa.

Ucnonb3oBaHune jug ans nocrpoeHns
KOHBelepa 3anay

Yacro y Hac HMeeTcs TTPOCTOil KOHBeliep: npeaBapHTe/ibHas 06paboTka
MCXO/IHBIX AaHHBIX, BbIYMCIEHHE MPII3HAKOB i1 MoJaya MpH3HAaKOB Ha BXOJ
AJITOPHTMA MAalIMHHOTO 0OYYeHHsI.

Taker jug paspaboran Jlyuc Ileapo Koanbo, oais 13 aBTopoB aToii
kHUrH. I10 I1O € OTKPBITBIM HCXO/IHBIM KOAOM (PaCMpPOCTPAHSICTCS MO
aubepanbHoit auuensun MIT), koTopoe MOXET HaiiTH NpHMeHeHHe BO
MHOTHX 06JaCTsIX, HO pa3paboTaHO CrMeLanibHO /ISl aHAJIM3A JAHHbIX.
[TaxeT pelaet cpa3y HeCKOJIbKO 3a/lay.

OH ymMeeT 3anomunams (memoize) pe3y ibTaThbl BLIYMCIEHHI Ha JHCKe
(nsn B 6a3e JaHHBIX), TO €CTb €CJII BbI OMNPOCHTE MOBTOPHO NPOU3BECTH
BBIUMCJIEHHs, KOTODPbIE YK€ BbIMOJIHSIINCh paliblie, TO pe3yJabTaT 6yaer
NPOYMTAH C AHMCKA, a He BbIYHCJIEH 3aHOBO.

OH MoXeT 3a/1eiiCTBOBATb HECKO.ILKO MPOIECCOPHBIX siep HIIH Aaxe
KOMIILIOTEPOB, 06be/IHHEHHDbIX B Kaactep. [Ipi npoekTHpoBaHKH jug 3a-
KJIa/lbIBA/Iach TAKXKe BO3MOXHOCTb PabOTbI B NAKETHOH CPefie, e UCMoJIb-
3yioTcst cuctembl ouepeneii, Hanpiisep PBS (Portable Batch System),
LSF (Load Sharing Facility) u Grid Engine. 3T0ii BO3MOXHOCTBIO MbI
BOCMO/Ib3yeMCsl BO BTOPOIT YacTil 9TOH I/1aBbl, IJC MOCTPOHM ONepaTHB-
Hble KJIacTepbl I MOPYYHM HM BBINO/IEHHE 3aaHil.
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BBepneHue B 3agauun jug

3amauu — 3To mpocTeiiluuii CTPYKTYpHDIIf a1eMenT B jug. 3agaya co-
cTouT 143 YHKUMH U 3HAyYeHUil ee apryMmeHToB. PaccMoTpuM npocroii
npumep:

def double (x):
return 2*x

B aroii rnase npumeps! koaa cneayeT pa3Mellats B ¢aiinax CKpUNTOB,
No3TOMy Mapkepa >>> He Oyact. Komanaam o6oJioukn mpeiuectByer
3HAaK $.

3anaueii Mor 661 6biTh «BbI30B double ¢ aprymentom 3». [Ipyras 3ana-
ya — «BbI30B double ¢ aprymenTom 642.34». C noMolwblo jug 3TH 3a1auu
CO31aI0TCsl C1efyIoLNM 06pa3oM:

from jug import Task

tl = Task(double, 3)
t2 = Task(double, 642.34)

CoxpaHuTe 3TOT Ko B (haiine jugfile.py (06bluHbIii Python-daiisn).
[Tocsie 3TOrO A5 3aMyCKa 3a4a4 HY>KHO BLINOJHUTh KOMaHIY jug execute,
KOTOpast BBOAMTCS B 060J104KE OMNepaliioHHOii cicTeMsl, a He Python, no-
3TOMY eil peILIeCTBYET 3HAK $:

$ jug execute

Bbi yBuaiiTe coobuieHns 0 TOM, YTO NPOICXOANT (jug CKaXeT, 4To 3a-
nyLieHbl ABe 33Ja4l C UMeHeM double). Ecau elue pa3 BBIMOJHUTDL jug
execute, TO jug COOOLIMT, 4TO He ce1au Hituero! [la eMy M He HyXKHO HUYC-
ro Aenathb. B 1aHHOM cJjlyyae Mbl IIOM'TIT ITHYETO He BLIHIPAJIH, HO €CJIU Obl
BBIYMCJIEHHMS] 3aHMMaJIM MHOTO BpeMellll, TO TaKoe 110BeJleHHe 0Ka3aloch
6bl BECbMa KCTaTH.

Bo3MoxHO, Bbl 3aMeTH/IM, YTO Ha AMCKC MOSIBILJICS HOBBIH KaTajor
jugfile.jugdata, B KOTOPOM HaxoasiTcsl ¢aiiibl CO CTPAHHBIMH UMEHAMM.
10 K3 3anoMuHanus. Ecin ero ynanuth, 4to jug execute Oyner 3amy-
CKaTb 3a/la4H 3aHOBO.

YacTo nosne3aHo oTaHyaTh YUCTble QYHKIHH, KOTOPbIE TOJbKO NPHHU-
MaIOT BXOAHbIE JIaHHbIE M BO3BPAILAIOT PE3YJIbTAT, OT 00X DYHKIMI,
KOTOpbIE MOTYT BBIIO/HSTH IPOM3BOJIbHBIE AeiiCTBUs (YMTATD (haiibl, 3a-
NUCHIBATh B (ailsibl, 06palaThest K r106aabHbIM nepeMeHHbIM, MOAH(U-
LMPOBaTh CBOM apryMeHTbl U BOOOILE fe1aTh BCE, YTO MO3BOJSIET SI3bIK).
B HekoTopbIX s3bIKax nporpamMMmupoBanus, Hanpumep B Haskell, naxe
€CTb CHMHTaKCHYECKHE CPEACTBA, YTOOBI OTJIIMYATH YHCTbie (DYHKUHUH OT
HEYHCThHIX.
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B jug 3anaun Heo6s3aTeNbHO 10K HDBI ObITh YUCTHIMU B CTPOTOM CMBbIC-
ne cnopa. Jlaxe peKOMEHAyeTCsi CO3[aBaTh 3a4a4M, KOTOPblE YMTAIOT
JIaHHble WJIM 3aMUChIBAIOT pe3ysstaTbl. OMHAKO JOCTYN K IJI0OAJbHBIM
nepeMeHHBIM M UX MOAMGUKALIHSA He NPUBETCTBYIOTCS: 3a1a4i MOTYT HC-
TMOJIHATBCS HAa Pa3HbIX Mpolleccopax B pa3HOM nopsiake. MckioueHue co-
CTaBJISIIOT [J106ajIbHble KOHCTAHTbI, HO 1a)Ke OHH CIIOCOOHDBI CONTD C TOJIKY
clicTeMy 3aNOMHHaHI1s1 (eC/IM 3HaUeHHe KOHCTAHTbI MeHsIeTCsl OT 3amycka
Kk 3anycky). ITo TeM e npuunHam He cenyeT MOAHDHULMPOBATH BXOHbIE
naHHble. B jug ecTb oT1an04yHbIN pexuM (jug execute --debug), B KOTO-
POM BBIYHCJIEHHSI TIPOM3BOMSTCS ME/UIEHHEE, HO 3aTO BbIAAIOTCS MOJIe3-
Hble cOOOLIEHHS 0 TAKOTO poja OOKax.

[TokazaHHbIil Bblllle KOA paboTaeT, HO Ol HECKOJbKO TPOMO3AKUIA.
[Ipuxoautcst kaxxaplit pa3 MOBTOPSATb KOHCTPYKUMIO Task(function,
argument). C nomoursio Maruu Python moxno 3anucats Tot e ko 6o-
Jiee eCTeCTBEHHO:

from jug import TaskGenerator
from time import sleep

@TaskGenerator

def double(x):
sleep(4)
return 2*x

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

@TaskGenerator
def print_final_result (oname, value):
with open(oname, 'w') as output:
output.write('Final result: {}\n'.format (value))

= double (2)
z = double (y)

<
I

y2 = double(7)
z2 = double(y2)
print_final result ('output.txt', add(z,z2))

Eciv He cunTaTh HCMOIBb30BAHHS TaskGenerator, TO 3TOT KO HUYEM He
OTJIMYaeTCs OT ctaHaapTHoro Python-caiinal A 6narogaps mekoparopy
TaskGenerator OH CO3JaeT PsJ 3a/1au, KOTOPble Ternepb MOXHO 3aMyCTHThb
TakuM 06pa3oM, 4To OyAyT 3a/eiiCcTBOBAHbI BCe MMEIOILUHECs TPOLIECCOPbI.
3a KyJaHcaMH 3TOT AcKOpaTop npeobpa3yeT (YHKIUHMH TaK, YTO B MOMEHT
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o6palieHUsi OHU He BBIMOJIHSIOTCS, & CO3AAI0T 00BEKT Task. Kpome Toro,
Mbl MOJIb3yeMcsl TeM (PaKTOM, YTO O/IHH 3aflauH MOXKHO MepeaaBaThb ApY-
THM, CO3/1aBasi TEM CaMbIM 3aBIICHMOCTH.

BeposiTHo, Bbl 06paTH/IH BHIIMaHIe HA BbI30B sleep (4). OH Moaeu-
PYyeT IIMTeNbHOE BblulcaeHie. MHaue atoT npumep paboran Gbl Tak Gbi-
CTPO, YTO HUKAKOT'O CMbICJIa B HCIO/Ib30BaHHH HCCKOJNBKUX MPOLIECCOPOB
He ObLJIO Obl.

CHayana BbITNIOJHHM KOMaHIy jug status, €€ Pe3yJIbTaT 110Ka3aH Ha
CHMMKeE 9KpaHa HHXe:

Waiting Ready Finished Running Task name
3 0 0 jugfile.print_final_result
1 0 0 0 jugfile.add
0 0 jugfile.double

3aTeM 3amycTMM JABa MNpoliecca OAHOBPEMEHHO (3HAK & O3HAvyaeT
BbINOJIHEHHE B POHOBOM peXHUME):

$ jug execute &
$ jug execute &

CHoBa BbINOJHUM jug status:

Waiting Ready Finished Running Task name
0 0 jugfile.print_final_result
2 0 0 2 jugfile.double
0 0 jugfile.add

Kak Buanm, ob6e GyHKUMM double paboTaloT mapasienabHo. Crnycts
8 cexyHI BeCb NPOLIECC 3aBePILIAETCSI ¥ CO3AaeTcsl (hail output . txt.

Kcrary, ecin Ha3Bathb (aiia He jugfile.py, a KAK-TO HHAYe, TO €r0 UM
TIIPUAETCS SIBHO YKa3aTh B KOMaHAHOIT ctpoke. Hanpumep, eciin 6b1 haiin
Ha3bIBaJICA analysis.py, TO Hal0 OGbLJIO ObI BBIOJIHHTD TaKyl0 KOMaHLY:

$ jug execute analysis.py

STOBHHHCTBCHHOBHeyﬂO6CTBO,CBﬂBaHHOC(JBM60POM]1M€HM,OTHMQ'
HOrO OT jugfile.py, TAK YTO MOXK€T€ HA3bIBATb CBOI1 Cl)aﬁ]lbl 60J1ce OCMbIC-
JIECHHbIMH HME€HaMH.

3arnaHem nog kanor

Kak pa6otaer jug? C npuHUMNHANBHOI TOUKH 3PCHHSI, O4€HD IIPOCTO.
O61eKT Task COCTOMT U3 QYHKLMHU H €€ apryMeHTOB, ApryMeHTaMu Mo-
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ryT OBITb KaK 3HaueHusi, Tak M Apyrie 3aaa4yd. Ecau 3agaya npuHuMaer
ApYrylo 3a1auy B KaueCTBE apryMeHTa, TO MeX /1y HUMH oOpa3yeTcs 3aBH-
cuMocTb (M BTOpasi 331auya He MOXKET HayaThCsl, MOKA He CTAHYT JOCTYIHBI
pe3yJIsTaThl NepBOit).

Ucxons u3 atoro, jug pekypcHBHO BBIYUCISIET CBEPTKY ISl KaX 0¥ 3a-
nauu. B 3HaueHMM cBePTKH 3aKOAHPOBAHO BCe BbIYHCIIEHHE, HEOOXOAMMOe
J1s1 nonyyeHus pesdyssrata. [Ipy BbINosTHEHMH KOMaHAbI jug execute 15
Ka>XK0H 3a/lauM 3amyCcKaeTcs IMKJI, B KOTOPOM HCIIOJIHSIETCS JIOTHKA, TO0-
Ka3aHHas Ha criefyoleil 6I0K-cxeMe.

Ha cepBepe xpaHuTCA uHOpMayua
0 3anyujeHHbIX 3ala4ax W WX pe3ynsrarax

e ——

o \‘_ _

PesyanaT 3afaun nocrynen'{ e
Lia \ it —
Het

I \———/
‘,.»/“ s o —
<————<"_ MoxHo 3anyckaTb 3agauy? /><——)\_-/

3axBaTuTb HN1OKUPOBKY /
| 1 3anycTuTb 3aaady

= 7
-~ MNepenatb pe3ynbratbi
7 cepBepy ANS XpaHeHUs

Huyero He penatb

e

[TogpazyMeBaeMblil MO yMOJIYaHHIO cepBep 3aMUCHIBAET AaHHble Ha
AMCK (B KaTasor jugfile. jugdata/). CyliecTByeT Takxe cepBep, COXpaHs-
1ouire pe3ysbsrathl B 6ase ganHbix Redis. [Ipu HaasexaieM ynpasjieHuu
6J10KMPOBKaMH, 0 KOTOPOM M03a60THTCS jug, 3TO MO3BOJISIET BHIMOJIHATD
3aJjayy Ha HECKOJIbKUX Mpolieccopax; KaXkablil npolecc He3aBUCHMO Mpo-
CMaTpHBaeT CMHCOK 3a/ia4, BbIOUpAET ellle He 3aMyLIEHHbIE, a 3aTeM Mepe-
JaeT MX pe3yJIbTaThbl 00leMYy cepBepy. DTOT MeXaHH3M MOXeT paboTarhb
KaK Ha OHOH MaruMHe (C HeCKOJbKMMM MpOlieccopamMM), TaKk U Ha He-
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CKOJIbKMX MPH YCJOBHH, YTO BCE OHII HMEIOT AOCTYIT K 0611emMy cepBepy
(Hanpumep, yepe3 ceTeBol AUCK WM 6a3y naHHbix Redis). Bo BTopoii ya-
CTH 3TOil IJ1aBbl Mbl 00CYINM KJIACTEPbI KOMIIbIOTEPOB, a NI0OKa COCPEA0TO-
YIIMCS1 Ha OTHOM KOMIIBIOTCPE C HECKOJbKHMU SIAPaMH.

[ToHsATEH TaKXKe MeXaHH3M 3aMOMHHAHIISI MPOMCXKYTOYHBIX Pe3yJbTa-
ToB. Ec/in cepBep yke MMeeT pe3yJsbTaT BLIMOJHEHHs 3aauM, TO OH He
3anyckaet ee moBTopHO. C Apyroii CTOPOHLI, €C/IH 3alaya XOTb KaK-TO U3-
MeHHuJach (MyCTb JaXke OTJMYAETCsl TOJbKO 3HaYeHHEM OJHOro mapame-
Tpa), TO U3MEHHUTCSI ee CBEPTKA, N03TOMY OHa Oyaet nepesanyiieHa. Kpo-
Me TOT0, UI3MEHSITCSI CBEPTKH BCeX 3aBUCSLIIIX OT Hee 3a/1ay, T03TOMY OHH
TaKXe OyayT nepe3amnyuieHbl.

lpumeHeHue jug ansa aHann3a gaHHbIX

Jug — kapkac obiero HazHayeHHsl, HO OH UAEAILHO MOAXOAUT AJIS aHa-
JIM3a JaHHbIX cpeaHero oobema. [Ipn pazpaboTke KotiBeliepa aHaINM3a xKe-
JIaTeJIbHO, YTOOBI MPOMEXYTOUHbIE JAHHblE ABTOMATIYECKH COXPAHSIHCh.
Ecnu atan npeaBapuTesibHOIT 060pabOTKH OMHAXbI yrKe ObLT BHITIOJHEH U C
TeX NMOP H3MEHHJICS TOJILKO CNOCO0 BHIYMC/IEHUS TIPISHAKOB, TO HE XOTEJI0Ch
6bl NOBTOPSATH Bce CHavau1a. EcJui npu3naku yxe BuluHcIeHbl, HO TpebyeTcst
106aBUTb HOBbIE, TO 3aYeM 3a110BO BHIYMCJISITh CTAPLIC IPU3HAKU?

Kpome Toro, jug onTimMu3upoBad aas paborul ¢ MaccuBamu NumPy.
Ecau 3agaun npunuMaet uiu Bo3BpauiaeT MaccuB NumPy, To aToit ontu-
Mu3aLMeil MOXKCHO BOCIOJIL30BaThCs. Jug — elle 0HAa YacTb IKOCHCTEMBI
COBMECTHO paboTaoHX KOMIIOHEHTOB.

Bepuemcst k rnaBe 10 «Maunnnoe 3penues. Tanm Mbl 06cyxaanu Bbl-
YuCJeHNe NPU3HAKOB MJ1s1 11300paxkeH1il. HanoMH1M, yTO KOHBeiiep co-
CTOSL1 M3 CJIeAYIOLIMX 11IAroB:

* 3arpy3ka ¢ailsioB u3obpaxetii;
* BbIYHCJIEHHE PH3HAKOB;

*  KOMOHHHPOBAHHE MPH3HAKOB;

* HOPMHPOBKA NPU3HAKOB;

* co3faHue k1accubukaTopa.

HOBTOpMM 3TO yNnpa>KHeHHe, HO Ha 3TOT pa3 BOCMOJIb3yeMCs jug. IT1a
BepCHsl Jydllle TeM, YTO MO3BOJIsIET J100aB/IATb HOBDII{ NPHU3HAK UJIH KJac-
CM(DHKEITOP, He€ BbIYHCJIASA 3aHOBO BECb KOHBeﬁep.

151 Hayasa UMNIOPTHPYEM HECKOJIbKO Moay.J1eil:

from jug import TaskGenerator

import mahotas as mh
from glob import glob



- - . l Masa 12. Koraa aaHHbix 6onsbe

Tenepb onpeznesnumM reHeparopbl 3aay U (pYHKLHH BbIYHCIIEHHS TIPH-
3HAKOB:

@TaskGenerator
def compute_texture(im):
from features import texture
imc = mh.imread(im)
return texture(mh.colors.rgb2gray(imc))

@TaskGenerator

def chist_file (fname) :
from features import chist
im = mh.imread(fname)
return chist (im)

VIMnopTtupyeMblii MOfIyJib features paspaboTaH B riase 10.

.

Hawwu ¢dyHkuMM npuHumaloT umsa ¢anna, a He Maccus M3obpaxeHui.

@ KoHewHo, nepenaBatb n3obpaxeHns ToXe MOXHO, HO 3TO Hebonblian
onTtuMusauma. NMa daina — KopoTkas CTpoka, NO3TOMYy ee npolue
nepeaaTb cepsepy, Aa U CBEPTKA BbIYNCNAETCA O4eHb ObICTpO. Kpome
TOro, n3obpaxeHun 3arpyxatoTca TONbKO TOraa, koraa 3to Heobxoanmo
npoueccy.

JlekopaTop TaskGenerator MOXHO NMPUMEHUTb K J000i yHKIMH,
JaxKe K TOﬁ, YTO HallMCaHa HEe HAMH, HalIDHMEP np.array, np.hstack HIIH K
cnenylomef/’l KOMaH/e.

import numpy as np

to_array = TaskGenerator (np.array)

hstack = TaskGenerator (np.hstack)

haralicks = []
chists = []
labels = []

# V3MeHUTe 3Ty NepeMeHHyl, TakK UYTOOH OHa ykKas3hBajla Ha
# HabGop maHHHIX Ha OuUCKe

basedir = '../SimpleImageDataset/'
# Ucnonbs3yeM glob nnsa nonyueHua BCex M306paxeHUn
images = glob('{}/*.jpg"'.format (basedir))

for fname in sorted(images):
haralicks.append (compute_texture (fname))
chists.append(chist_file (fname))
# Knacc sakomuMpoBaH B uMeHu ¢daitna, Hanpumep xxxx00.jpg
labels.append(fname[:-len('00.jpg')])

haralicks = to_array(haralicks)
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chists = to_array(chists)
labels = to_array(labels)

MeJixoe Hey106CTBO jug COCTOMT B TOM, YTO Mbl BCETZa JOJIXKHBI THCATh
¢dyHkuuu a1 BbiBoga pe3dysbraToB B (aiia, kak B npuMepax Bbiwe. Ho
3TO HeBoJbllIast N1aTa 3a Te MPeUMy1LeCcTBa, KOTOpbIE JAeT jug.

@TaskGenerator

def accuracy(features, labels):
from sklearn.linear_model import LogisticRegression
from sklearn.pipeline import Pipeline
from sklearn.preprocessing import StandardScaler
from sklearn import cross_validation

clf = Pipeline([('preproc', StandardScaler()),
('classifier', LogisticRegression())])
cv = cross_validation.LeaveOneOut (len(features))
scores = cross_validation.cross_val_score(
clf, features, labels, cv=cv)
return scores.mean ()

OTMeTHM, UTO sklearn UMIOPTHPYETCS TOJbKO BHYTPH 3TOH DYHKIMH.
910 HebosblLAs ONTUMHU3ALMSL, TO3BOJSIONIAs HMIIOPTHPOBATh MOLYJIH
TOJIBKO TaM U TOTAQ, [/1€ U KOTZa 3TO ACHCTBUTENbHO HEOOX0AHMO.

scores_base = accuracy(haralicks, labels)
scores_chist = accuracy(chists, labels)

combined = hstack([chists, haralicks])
scores_combined = accuracy(combined, labels)

OcrTaznoch JM1b HAMKUCATE U BBI3BATh (PYHKLMIO /1Sl BLIBO/IA pe3yJibTa-
ToB. OHa OXXHAAeT MOJYyYUThb CNUCOK Map, CoAepXKalluX Ha3BaHHe aJro-
PHTMa U pe3yJIbTaThbl:

@TaskGenerator
def print_results(scores):
with open('results.image.txt', 'w') as output:
for k,v in scores:
output.write('Accuracy [{}]: {:.1%}\n'.format (
k, v.mean()))

print_results ([

('base', scores_base),
('chists', scores_chist),
('combined' , scores_combined),

1

Bort u Bcé. Tenepb BbinoJHUTE B 000/104Ke CIeAYIOLLYI0 KOMaHY, KOTO-
pasi 3amyCTHT KOHBeliep jug:

$ jug execute image-classification.py
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MoBTOpHOE UCcnonbL30BaHUe 4YaCTUYHBIX
pe3ynbTaToB

HomnycTtuM, Mbl XOTHM 100aBHTb HOBBIH NPU3HAK (M JaXe LeJblil Ha-
6op npusHakoB). B riaBe 10 «MauHHOe 3peHHe» Mbl BH/EJIH, YTO 3TO
JIETKO c/le1aTh, H3MEHHUB KO/ BblYHCIeHHs npu3HakoB. Ho toraa Ham npu-
110CH GBI 32aHOBO BBIYHC/ISATH BCe BOOOLIE TPH3HAKH, & 3TO PACTOYHTEb-
HO, 0cobeHHO eci TpebyeTcst GbICTPO MPOTECTHPOBATH HOBbIE MPU3HAKH
M METOJIBI.

Ho6aBuM HaGop NPH3HAKOB, a TOYHEE cClile OAMH BMJ TEKCTYPHbIX
NPU3HAKOB — JiMHeliHble GuHapHble wabmoubl. OHU yKe peasu30BaHbl B
mahotas, Tak 4TO HaM HY>KHO TOJIbKO BbI3BaTh (DYHKIHIO, IPeBAPHTEJb-
HO 00€epHYB ee 1eKOPaTOPOM TaskGenerator:

@TaskGenerator
def compute_lbp (fname) :
from mahotas.features import lbp
imc = mh.imread (fname)
im = mh.c¢olors.rgb2grey(imc)
# Mapamerpam “"radius' u 'points' nNpMCBaMBAKWTCA TUMNMYHEIE 3HAYEHUS .
# Y4TO OHUM O3HAwawT, CMOTPYMTE B OOKYMEHTAaLMM.
return lbp(im, radius=8, points=6)

3aMeHUM HaMUCaHHBIN paHee IHKJI JOMOJIHHTEJIbHbIM BbI3OBOM'CI)y.‘HK'
HH:

lbps = []
for fname in sorted(images):
# Bce ocTanbHOe, Kak M paHblie
lbps.append (compute_lbp (fname) )
lbps = to_array(lbps)

Bri3oBeM dyHKILIIO accuracy, NepesaB eil HOBble IPH3HAKH:

scores_lbps = accuracy(lbps, labels)
combined_all = hstack([chists, haralicks, lbps])
scores_combined_all = accuracy(combined_all, labels)
print_results ([
('base', scores_base),
('chists', scores_chist),
('lbps', scores_lbps),
('combined' , scores_combined),
('combined_all' , scores_combined_all),
1)

Eciau Tenepb CHOBa BBIMOMHHTD jug execute, TO HOBble MPH3HAKH Oy-
AYT BbIYHCJIEHDI, & CTApble 3aTPYXeHbl 113 Kauia, BoT B TakHuX cHTyaunsx
acdexTHBHOCTD jug nmposipasieTcst ocobeHno narasano. lapanTtupyercs,
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YTO Bbl BCEIA MOJIYYMUTE HYXXHbIC Pe3y/bTaThl, HE BLIYMCJISASE 3aHOBO TO,
YTO yKe XpaHHUTcs B Kawe. Kerath, 1o6aBieHite HOBbIX MPU3HAKOB yJIyy-
1IaeT KayecTBO paboTbl PACCMOTPEHHbIX Bbillie METO/LOB.

B 3T0ii rraBe HEBO3MOXHO PACCKA3aTh 060 BCEX BO3MOXHOCTSX jug, HO
BCe Xe NepeyrucJuM Haubosiee HHTEpPeCHbIe U3 TeX, YTO lie BOILIN B OC-
HOBHOM TEKCT.

*  Jjug invalidate306bHBJIHeT, 4YTO BCe peay.rleaTblyKaaaHHoﬁ Cl)yHl(-
WU CJeayeT CYUTATb HeJeiCTBHUTEJbHBIMU U BBIYUCIUTH 3aHOBO.
HpM 9TOM TaKXe NNPOU3BOAATCA BCE BbIYMCJIEHU A, TPAMO UJIU KOC-
BE€HHO 3aBHUCsALLHE OT 6oJiee He AeiiCTBUTEIbHbIX pe3yabTaToB.

* jug status --cache! €CJIM KOMaHJa jug status 3aHHUMaeT CJIHLI-
KOM MHOro BpeMeHH, MOXXHO 3al1aTb (bJIaI‘ --cache, 4TOObI K3IIH-
poBaThb COCTOsAHUE U YCKOPUTDL pa6ory. OTr™MCeTHM, YTO IpHU 3TOM He
o6uapy>xusato‘rc;1 HU3MEHEeHHUsI B Q)al”me jugfile, HO BCeraa MOX>XHO
3alaTb KOM6I/IHauI/IlO (bJIaI‘OB --cache --clear, 4TOObI YAaJnTb
K3l U HaYaTb BCe 3aHOBO.

®* jug cleanup: YAaJid€eT JIMLIHIIE Q)aﬁﬂbl H3 K3lla 3allOMHUHaHHA.
‘910 ornepauus C60pKM Mycopa.

. CyuwecTtsyloT Takkxe 6onee npoasuHyTbie GyHKUMK, NO3BONSIOWNE UC-

% cneposaTtb 3Ha4YEHUN, BblYMCNEHHBbIE B XOA€e BbinonHeHus jugdfile. B po-

KyMeHTauuu no agpecy http://jug.rtfd.org onucaHbl u apyrve
BO3MOXHOCTH, Hanpumep 6apbepsl.

Pab6ota c Amazon Web Services

Ecan 1aHHBIX OYeHb MHOTO M ¢ HUHMH HEOOXOAMMO MPOU3BECTH CJIOXKHbIE
BBIYMCJIEHHs], TO MOXET BO3HUKHYTh HENpPEOOJIIMOe XeaHue 003aBe-
CTHCb JOMOJHUTENbHBIMU BBIYHCIMTENbHBIMH MOIIHOCTAMH. KoMnanus
Amazon (http://aws.amazon.com) I103BOJISIET apCHAOBATb MaLIMHHOE
BpeMsl C M104acoBOM oniaToil. TakuM 06pa3oM, Bbl MOXKETE MONYYHTD TH-
FAHTCKHE BbIYMCIIMTE/IbHBIE MOILHOCTH, He MpiloOpeTas Kyuy MauiuH (1
He Hecsl pacXo/10B 1O ynpasJjieHHi0 MHdpacTpykTypoii). Ha aToM pbinke
€CTb U IpYTrHe KOHKYPEHTbI, HO Amazon — CaMblii KPYMHbIH UTPOK, MO3TO-
My KOPOTKO PacCKa)XeM O HEM.

Amazon Web Services (AWS) — 2710 Goabiioit Habop ciyx6. Mbl
octaHoBMMcst ToJ1bKO Ha ciiyx0e Elastic Compute Cloud (EC2), nosso-
Jist1o1ei ObICTPO BIAESATH H 0CBOOOXKAATh BIIPTYaJIbHbIE MALIMHBI U [11C-
KOBOE MPOCTPaHCTBO.
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CyuiectByet Tpu pexxuma paGoTbl. Bo-nepBbix, pexxiM ¢ pe3epBHpO-
BaHMeM, KOTZa Bbl IJIATHTE aBaHCOM, 3aTO JlelieBJle, I0YacoBOit Tapud U
nepemMeHHbIi1 Tapiid, KOTOPBIN 3aBIHCHUT OT CKJIa/bIBaoLIeiicsi 06CTaHOBKH
(xornaa crnpoc MeHblIe, LieHa HUXKC, a Koraa 6oJiblie — Bbile).

Ha stom o0uieM pyHnameHTe HaJACTPOEHO HECKOJIBKO THIIOB MallliH,
npejJaraeMbIxX MO Pa3;JIMYHOI1 LIeHe: OT OJHOS/IEPHBIX 10 MHOTOSIIEPHBIX C
6osbIMM 06BEMOM ONEPATHBHOIT NAMSITH U JaXxe ¢ rpaduYecKUMH 1po-
neccopamu (GPU). Huxe MBI yBI1ZIHM, 4TO MOXKHO apeH/I0BaTb HECKOJIb-
K0 GoJiee /eeBbIX MALIHH I CAMOCTOSITEIBIIO MOCTPOHTD H3 HHX KJIACTep.
MoskHo Takxe BoiGpaTh THI cepsepa: Linux man Windows (Linux o6xo-
AUTCS HeMHoro Jeuiesjie). B aToii riase Bce npuMepnl paccuMTaHbl Ha
Linux, Ho nouTH Bce, 0 YeM MOIAET peyb, crpaBefinBo U 1t Windows.

JIst TeCTUPOBaHIISi MOXHO BOCTOJIb30BAaThCsI OAHOM MauIMHOI U3 Gec-
naatHoro sipyca (free tier). 9To Mo3BoJsieT MO3KCIIEPUMEHTHPOBATH C
CHUCTEMOH, NMPHBBIKHYTD K NOJIb30BaTebckoMy uHTepdeiicy u T. a. OT1-
MCTHM, OJJHAKO, YTO TaKas MallllHa OCHalleHa MeJIeHHbIM NPOLIeCCOPOM.

Pecypcamu MOXHO ynpasJsTh ¢ nomouisio Be6-untepdeiica. Ho Mox-
HO fenaTh 3TO M MPOrpPaMMHO, MHCaThb CKPHMTHI, KOTOPble BbIAEJSIOT
BHPTYaJIbHble MILIMHBI, Pa3MeyaloT XecTKIe ANCKH M BoobLle BbINOJ-
HSIIOT BCe OMepauiiy, KOTopble LOCTYNHBI B THTepdeiice. Ha camoM nesne,
BeG-uHTepdeiic N3MeHsIeTCsl OueHb 4acTo (11 HEKOTOPble CHUMKH 3KPaHa,
NpUBeJIeHHble B KHITe, K MOMEHTY €€ BLIXO/A M3 IeyaTH, BO3MOXHO, yxKe
YCTapeloT), TOrJa Kak MporpaMMHblil nHtepeiic Gonee ctabuieH, a 06-
11asi aPXUTEKTYPa He MEHSJ1aCh C MOMEHTA MOSIBIEHHUS CYXKOBI.

Hoctyn k cayx6am AWS npois3BoanTcss TpagHuHOHHO: N0 UMEHH H
napoJio nosn3osartens. I1paBaa, Amazon Ha3biBaeT HMs MOJIb30BaTes
Kka0uoM docmyna, a Maposb — cexkpemubim kaouom. HasepHoe, 3to cae-
JIAHO IS TOTO, YTOOBI OTJIMYMTH HX OT MMEHH M MapoJis AJs AOCTyNa K
Be6-uHTepdeiicy. MoXHO co3aaTh CKOJBKO YIrofHO nmap (KJI0Y JOCTYIa,
CEeKPETHBII KJII0Y) 1 Ha3HAYMTb MM pa3Hbie NpaBa. ITO MOJIE3HO B 6OJIb-
IIOM KOMaHJe, rie cTapuuii mosb3oBaTtesb, UMEIOUHIT JOCTYN KO Bceil
BcO-naHe M, MOXET CO3/aBaTh KJIOYH [ pa3pabOTYNKOB C MEHBLIHMH
NPUBUJIETHSIMH.

reorpaduyeckum obnactam: 3anapgHoe nobepexbe CLUA, BocTtouHOoe
no6epexbe CLLUA, Heckonbko pernoHos B A3uun, oauH B IOxHON Ame-
puke u asa B Espone. Ecnu Bbl cobupaetech nepemewiatb AaHHbIE, TO
nyywe BbIbMpaTh pernoH, 6anxanwnim K UICTOYHKKY U Nnonyyarenio. Kpo-
Me TOro, UMenTe B BUuay, YTO MOryT AeNCTBOBaTb 3akOHbl, Tpebyowume
XpaHUTb MHMOPMALMIO O NONb3OBaTENAX B ONPEeAeNeHHON PUCAnK-

@ Amazon.com chnyanaeT HECKONbKO pernoHos, COOTBETCTBYIOWMUX
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umn. B TakoM cny4ae NPOKOHCYNLTUPYINTECH CO 3HAIOWMM I0OPUCTOM O
nocneacTBUsAX NepeHoca AaHHbIX 0 eBponenckux nonb3osarensax 8 CLUA
TN

Amazon Web Services — oueHb 061INMpHAsE TeMa, €ii MOCBSAILEHDI LIEJIbIE
kHuru. Llesb 3T0it r1aBbl — gaTh 0bliee MpeACTaBIeHHEe O BO3MOXKHOCTSIX
AWS. OcrtaBasicb BepHbl IPAaKTHYECKOH HAMPABJEHHOCTH 3TOH KHMIH,
MBI PaCCMOTPHUM psi[i MPUMEPOB, KOTOPbIe, KOHEYHO, HE TIOKPHIBAIOT BCE
MHOroo6pasue GyHKIHOHAIbHOCTH.

Co3pnaHne BMpTyasibHON MaLUNHBbI

[Ipexxne Bcero, HYXKHO 3aliTH Ha CaiiT http://aws.amazon.com/ U CO3-
JaTh YYETHYIO 3anmuch. [leficTBUsI TaKue Xe, Kak IJIsl J1I060# Apyroii oH-
JIaiiHOBOIA cyk6b1. O1HA MalMHA PENOCTABISIETCS OECIIATHO, HO, YTO-
Obl MOJTy4uTDb GOJIBIIE, TOHANOOMTCSI KPEAUTHAS KapTa. B npuMepe Huxe
MblI OyzieM paboTaTh C HECKOJIbKMMH MAIIMHAMH, TaK YTO €CJIM Bbl XOTHUTE
npopaboTaTb KX BMECTE C HAMH, MPUAETCSI PACKOIIEINTbCS HAa HECKOJIBKO
nosiapoB. Eciu Bbl MOKa He rOTOBbI 0CTaBaTh U3 GyMaskHUKa KPEAUT-
HYIO KapTy, TO IPOCTO IPOYUTANTE 3Ty IJIaBy, YTOOBI MO3HAKOMHUTDHCS C
AWS, He BbinonHss npumepos. Torzaa y Bac 6yaeT 6oublie HHGOpMaLHH,
4TOObI PELINTD, CTOUT JIK PETUCTPUPOBATHCSL.

INocne peructpauuu Ha AW S U BXoJia B CUCTEMY Bbl YBUJUTE KOHCOJb.
Ha Heil nepeunciieHsl pa3anyHbie c1yx06bl, npegocrabisieMbie AW'S:

Amazon Web Services Additional Resources

b Wb

Mp1 Boi6epeM ciysx6y EC2 (BepxHuii IyHKT B JIEBOW KOJIOHKE — TaK Ma-
HeJIb BBITJIsI[ieJIa HA MOMEHT HallMCaHHsI 3TOH KHIIH. AMazon peryJssipHo
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BHOCHUT MeJIKHe U3MEHEHHs1, T03TOMY, KOrZa Bbl 3aii/ieTe, aHe b, BO3MOX-
Ho, GyeT BhILIsiAeTh No-Apyromy). [losiBuTCst KOHCOb yripaBieHust EC2:

Lo P Couna ¥ Fravatat *

L}_2-]

B npaBoM BepxHeM yri1y MOXHO BbIOPaTh PErHOH (CM. BPE3KY O peruo-
Hax Amazon). OTMETHM, YTO NOKA3bIBAEMCS MONLKO UHDOPMAYUS O peau-
oHe, komopbii 8bibpan 6 dannwili momenm. I10aToMy, ecin Bbl 10 ounbke
BbibepeTe He TOT perHoH (MJIH CO3AaANTe MALINHBI B PAa3HbIX PETMOHAX),
TO MOXeTe He YBH/IETb CBOM MAUIMHBI (3TO THIIHYHASH JIOBYLIKA, B KOTO-
pYIO MOMaJAaIoT NM0J1b30BaTe M Be6-KOHCOMIH yNpaBaeHHs]).

B tepmuHosnoruin EC2 pa6otaiouriii cepBep Ha3biBaeTCsi IK3eMILISA-
pom. Haxas xnonky Launch Instance (3amyctuth 3k3eMIisip), Mbl
nepeiiieM Ha CJeAYIOLHI 3KPaH, Ie MpeAJaraeTcst BbIOPaTh OnepaunoH-
HYIO CHCTEMY:

Laa P Coo | Fraoiigt v | 8
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BoibepeM BapyauT Amazon Linux (eciu Bbl 3HAKOMbI C APYTHMH AMC-
TpubyTHBamu, Hanpumep Red Hat, SUSE uau Ubuntu, To MoxeTe BbiGpaTh
1060ii M3 HUX, HO KOHUrypauud 6yayT HEMHOro pasanyartbes). UTak,
nporpaMmHoe obecrieueHre BbIOpaHO, Tenepb HAaNO ONMpeAeNUThCs ¢ 060-
pyaosanueM. Ha cienyroiem akpaHe npeasiaraeTcsi ykazaTb THIT MaLNHbL:

Low o Nodersie

HauneM c oaHoro ak3emmnuisipa THna t2.micro (paHblile CyIIeCTBOBAJ
Tun t1.micro — euie MeHee MOLIHbIIT ). DTOMHUHHMaJILHAsA KOHPUTYpauus, U
npexnocTasJsieTcs oHa Gecrniatio. Haxumaiite kuonky Next, cornaiuasice
€O BCEMH yMOJIYaHHSIMH, NOKa He [0iifieTe 10 3KpaHa, Irae yNnoMHHaeTcs
napa kioueii:

e

"
|

» public key vate hey e
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MbI Ha3oBeM 3Ty mapy KJIo4eil awskeys. 3aTeM BbiOepuTe U3 CIIUCKA
nyHkT Create a new key pair (Cosaatb HoByIo napy kiioyeii). Hasosure
(aiin, conepxautiiii KJIOUH, awskeys.pem. Ckauaiite aToT aiin u coxpa-
HUTe ero B 6e3onacHoM MecTe. DTo daiin ¢ kmoyamu SSH (Secure Shell),
KOTOPbIi1 MO3BOJIUT 3aX0AUTh Ha 06J1auHyio MaluHy. [Tocsie Toro kKax Bbl
COTJIACHTECDH C OCTAJIbHBIMH YMOJIYAHUSIMH, 3K3EMILISIP 3aMyCTUTCS.

Tenepb Ha0 HECKOJIBKO MMHYT MO/0X/AATh 3aBepLUeHNS HHULNAIN3a-
MM 3K3eMIUIsipa. B KOHeYHOM uTOre MOSIBUTCS 3€JIeHblii KpYXKOYeK, 1 CO-
CTOsIHMEe CMeHMTCS Ha running (paGoTaer):

L5 Posro Cosina ¥ | Frankiut ¥ | Suppont ¥

Feedback

Ha pucynxe sbiute BugeH otkpbitoiit IP-agpec (Public IP), no kotopo-
MY MOJKHO 3aiiTH Ha 3K3eMILISIP, BHINOJHUB CJIeAYIOIYI0 KOMAHAY:

$ ssh -i awskeys.pem ec2-user@54.93.165.5

TakuM o6pa3oM, KOMaH/ie ssh ¢ moMmoLlbio dara -i nepexaercs daiin
KJIIOYel, KOTOPBIi Mbl paHee CKauaJi M KOTOPBIH UrpaeT posib yAOCTO-
BepeHHst. Mbl BXOZHM OT UMEHH MOJIb30BATeNsl ec2-user Ha MALIMHY C
[P-anpecom 54.93.165.5. Pasymeercs, y Bac aapec 6yaer apyroit. Eciu
BbIOpaTh Apyroit AMCTPUOYTHB OINEPAIHOHHON CHCTEMbI, TO MMS MOJIb-
30BaTeJisi MOXET H3MEHUTbCS. B Takom ciyvae nonpobyiite root, ubuntu
(ans mucerpubytuBa Ubuntu) uimi fedora (ansa auctpubyrtusa Fedora).

Haxowern, B Unix-nogo6ueix OC (Bkatouast Mac OS) Heo6x0anuMo 113-
MEHHUTb paBa JocTyna k ¢aiiny cienyiolieit koMaHaOl:

$ chmod 600 awskeys.pem
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TeM cambIM Mbl pa3pellaem yTeliic M 3amich B aiiya ToabKO ero Bia-
nenby. Ecau atoro He caenats, SSH BbigacT yrpoxaioliiee npenynpex-
JeHHe.

Tenepb MoxeTe 3aX0ANTb Ha cBOIO MalinHy. Ecan Bce npoiiger ycneiu-
HO, Bbl YBHJIHTE H3BEILEHHE, TOKa3aHHOE HA PUCYHKE HHXKE.

$ ssh -1 awskeys.pem ec2-user+ec2-54-93-.65-5.eu-central-1.compute.amazonaws.com
Last login: Thu Nov 13 07:43:33 2014 fron embln.embl.de

o)
( /  Amazon Linux AMI
|

https://aws.amazon.com/anazon-linux-ami/2014.09-release-rotes/
7 package(s) needed for security, out of 18 available

Run "sudo yum update" to apply all updates.
lec2-useraip-172-31-26-129 ~J$

9710 06bIyHas Linux-MaiumnHa, rae sol HMeeTe Mpasa sudo, TO €CTb MOXe-
Te 3aMyCcKaTh J00YI0 KOMaH1y OT UMEHH CYNepPIOJb30BaTesl, IPEABAPHB
ee KOMaH0# sudo. MIMeeT cmbIC/1 MOc/IeA0BaTh pEKOMEHAALMH H BbINOJ-
HHTb KOMaHY update, YTOObI yCKOPHTb paboTy KOMIbIOTEpA.

YcranoBka Python-nakeros
Ha Amazon Linux

Ecau Bbl J1yyiiie 3HaKOMbI C APYIIIM AUCTPUOYTHBOM, TO MOXKETE UC-
110J1b30BaTh CBOM 3HAHMS 0 HeM s yctaHoBku Python, NumPy u apyrux
naketoB. Hike nokasaHo, Kak 3To AC/IAeTCsl B CTAHAAPTHOM AUCTPUOYTH-
Be Amazon. /{15 Hayana ycTaHOBUM HecKoJbKo 6asosbix Python-nakeTos:

$ sudo yum -y install python-devel \
python-pip numpy scipy python-matplotlib

Ilns komnunsaumu mahotas nonago6utcs koMnuasTop C++:
$ sudo yum -y install gcc-c++

HaKOHeu, YCTAaHOBMM git, ‘lT06bI [IOJIYYHTDb NMOCJIEAHIOI0 BEPCHIO KOA4
H3 KHHUTIH!

$ sudo yum -y install git

B 3Toi1 cucTeMe NakeT pip yCTallOBJEH MOA UMEIIEM pip-python. [as

leO6CTBa NONpoCcHUM ]_)l]_) 06HOBUTD Ccebsi CaMOro, a 3aTeM C €ro noMouibio
YCTaHOBHUM H606X01114Mble MaKeTbI:

$ sudo pip-python install -U pip
$ sudo pip install scikit-learn jug mahotas

Tenepb Bbl MOXKETE C IOMOLLbBIO Pip YCTAHOBUTb J1I0OOH APYroii MakeT.
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3anyck jug Ha 061a4HOV MaLLunHe

Yr1obbl cKayaThb JlaHHbIE U KO/, CONMPOBOXAAlOUIHE 3Ty KHHIY, HY>XHO
BbINMMOJIHUTb TaKHE€ KOMAH/bI:

$ git clone \

https://github.ccm/luispedro/BuildingMachinelearningSystemsWithPython

$ cd BuildingMachineLearningSystemsWithPython
$ cd chl2

H notom:

$ jug execute

Bce nomxHo otpaboTath Ha ypa, HO pe3y/IbTaTOB NPUAETCS KAATh 101~
ro. Haiua MamvHa u3 6ecniiaTHOro sipyca (THINA t2.micro) He OTJIMYaeTcst
BBICOKHM OBICTpO/ICIICTBIEM W MMeeT Bcero oAiH mpoueccop. [loatomy
Modeprusupyem ee!

[Tepeiinem Ha kotcosb EC2 1 1mes1kHeM npaBoit KHOMKOIT MbILLH 1O pa-
6oTaloleMy 3K3EMIISIPY — MOSABHTCS KOHTEKCTHOE Melilo. CHavama Hyx-
HO OCTaHOBHTb 9k3eMIISAD. [[JIs1 BUPTYanbHOIT MAlLMHbI 3TO 9KBHBAJIEHT-
HO BBIKJIIOYeHHIO MiiTaHsl. CBOI MaUIMHBI Bl MOXETE OCTAHABJIWBATH B
Jo6oe Bpemsi. 3a OCTAHOBJIEHHYIO MalIMHY IJaTa He Hauucasetcsi. Ho
Bbl NO-NpeXHeMY HCMOJb3yeTe MeCTO Ha AHCKe, 3a YTO MJIAaTUTe OTAe/b-
HO. MOXHO YHHUYTOKIITh 3K3EMILIAD, TOr1a OCBOOOAUTCS M 3aHSATOE BAMH
MeCTO Ha JIMCKe, HO Oy/leT moTepsiHa BCS XPaHSILAsACS Ha 3TOH MallnHe
HHbOpMaLHsL.

[Tocsie OCTaHOBKH MallIMHbl CTAHOBUTCA J0CTynHa koManaa Change
instance type (M3ameHuTs THI 3k3eMIuisipa). Tenepb Mbl MOXeM BbiOpaTh
Goee MolHbIii 3k3eMsp, Hanpiimep cl.xlarge ¢ BocbMblo siapamu. Ma-
ILIMHA BCe ellle OCTallOBJIEHA, NO3TOMY €€ 11a/10 3aNyCTUTDb (3KBUBAJIEHT 3a-
TPY3KH IJ1s BUPTYA/IbHOI MaLIIHLI).

a\ AWS npeanaraeT HeCKONbKO TUNOB 3K3eMNNAPOoB, OTanYaloWmxca ue-

-~
HOW. MockonbKy yCNoBMA NOCTOAHHO NepecMaTpuBaloTCA N0 Mepe No-
aBneHna 6onee MOLWHbIX KOHGUIypaumin n U3MEHEHNA LUeH (Kak Nnpasu-

N0, B CTOPOHY NOHNUXEHWR), Mbl HE MOXEM 3A4eCb NPUBOANTL AeTann, HO
aKTyanbHylo nHGOpMaUMIO BCeraa MOXHO HanTU Ha cainTte Amazon.

Hy>Ho nopoxaaTth, noka ak3eMIsip NOAHIMETCS, a 3aTeM y3HaTb ero
IP-anpec, xak u paubiue. I[Ipy cmelie THNa 3K3eMIJISIP MOJTyYaeT HOBBIN
IP-anpec.
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sl Noacuctema Elastic IP (cnesa Ha koHconu EC2) no3sonsieT Ha3HauyuTb

L)
3Kk3eMnnApy NOCTOAHHLIA IP-agpec. 3TO NONe3HO, ecnu Bbl 4acTo CO3-
naete n moaubuumupyeTte 3k3emnnsapbl. Ycnyra nnatHas, XoTa U Hefo-
poras.

HmMes BoceMb AAcp, Mbl MOXKEM OJHOBPCMEHHO 3alMyCTHTb BOCEMb ITPO-
11eCCOB jug, KaK B C/Ie1yIOILEM KOZE:

$ # B cnenypouweMm umkie 8 mTepaumit

$ for counter in $(seq 8); do

> jug execute &
> done

C noMo1Lb10 KOMaHAbI jug status IIPOBEPLTE, YTO AeHCTBUTEJBLHO 3a-
nyuieHo BoceMb 3aaay. Ilocsie Toro kak Bce oHM 3aBepluartcs (3TO Npo-
M30IIET OYCHb CKOPO), MOXKETE OCTAHOBUTH MALUIMHY W MOHU3UTDb THI A0
t2.micro, ytoObl He MJIATHTb ACHBrH. JKIEMILIAPOM THNA MIiCrO MOXHO
M0JIb30BaThCsl 6eCriaTHO (B ONMpeAENEHHDbIX Mpefesax), a IK3eMIIsp
ci.xlarge crout 0,064 nonnapa B yac (no pacuenkaM Ha ¢ebpaib 2015,
aKTyaJbHYy10 HHbOpMaLlio CMOTpUTE Ha calite AWS).

ABTOMaTnN3mnpoBaHHas reHepauuns
Kknacrepos c nomouybio StarCluster

MbI y>xe 3HaeM, KaKk CO3aBaTh MalLKMHbI C TOMOLL(bI0 BeG-HHTepdeiica,
HO 3TO YTOMHTEJbHO U YpesaTo ownbkamu. [To cuacTbio, Amazon npeao-
craBasieT APL. 310 03HayaeT, 4TO MDLI MOXEM ITHCATh CKPUNTHI, KOTOPbIE
GyayT aBTOMaTHYeCKH BBIMOJIHAThH BCE OMMCAHIIbIC Bbillle onepauuu. bo-
Jiee TOro, ApyTrHe JIOAH yxke pa3paboTaiu HHCTPYMEHTBI /151 aBTOMaTH3a-
LLHH MHOTHX NPOLIECCOB, 0ObIYHO BbIMOJIHsIEMbIX B AW'S.

B yactHocTH, rpynna paspaboruiikoB u3 MIT Hanucana MHCTpyMeHT
StarCluster. [Tockosbky 310 Python-naker, ero Mo>xHo ycTaHOBUTb, BOC-
10/1b30BaBILHCD cpeacTBamu Python:

$ sudo pip install starcluster

ITy KOMaHy MOXHO 3allyCTHTb Ha BHPTYaJbHOI Maluiiie Amazon Hian
Ha cBoeii JJoKaJbHOIf MallHe.

Hy>Ho yka3aTb, kKak A0JKeH ObITh ycTpoeH KiaacTtep. [isi aTOro otpe-
JaKTHpyeM KOH(HUrypaunoHHbIi daiin. UToObl y3HaTh, Kak reHepUPYeTCst
11abIOHHBIN KOHGUTYpaLMOHHBIH (haiis, BbINOJHHTE TaKy10 KOMaHAY:

$ starcluster help
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3ateM BblbepuTe pEXHM reHepaunu KoHbUrypauHoHHoro daiina
~/ .starcluster/config. CreHepiipoBaHHblit ¢aiin HyxxHO OyaeT oTpenax-
THDPOBAaTh BPYYHYIO.

sl Kniouu, knioum u ewe pas Knouu

-y

Q MNpu pabote ¢ AWS ucnonb3yloTca KNio4M Tpex pasHbix Buaos. Bo-
nepsbIX, €CTb CTaHAAPTHasA Napa MMA NONbL30BaTENs/Naponb ANA BXO-
na Ha caiT. Bo-BTOpPbLIX, OTKPLITLIA U 3aKPbITbIA KNoY ana paboTbl C cu-
ctemoint SSH, oHu xpaHsTca B paine n NnpeaHasHavyeHbl ANA 3axoaa Ha
yAaneHHylo MalwunHy. B-TpeTbux, Knio4 A0CTyNa n cekpeTHbIn kntoy AWS,
npeacTasnsiiowme cobot pa3HOBUAHOCTb UMEHN U NAPONA NONb30BA-
Tens AN BxoAa pa3Hblx NONb3oBaTenemn B 0QHY U Ty Xe y4eTHYI0 3anncb
(kaxaoMy nonb3oBaTeNio MOXHO Ha3Ha4YaTb OTAENbHbIE NPaBsa, HO 3TH
neTaAn Mbl paccMaTpuBaTh He 6yaem).

Y106bl y3HaTH CBOM KNIOY AOCTYNA, 3ainanTte Ha koHconb AWS, wenkHute
no CBOEMY UMEHW B NPaBOM BEPXHEM yrny n BbibepuTe komaHay Security
Credentials. B HUXHei 4acTn 3kpaHa AONXEH NOABUTLCA KNIOY AOCTY-
na supa AAKIIT7HHFEIUSN3OCAA. Mol Bocnonb3yemcs UM B Npumepe
HUxe.

Tenepb oTpenakTupyeM KoHdurypaunonHsiit daiis. 3To 06bIYHBIIT
ini-¢aitn: TekcroBblii daiin ¢ pasgenaMy, HaUMHAOIHMHCS Ha3BaHHEM
B KBaJIpaTHbIX CKOOKaX, 32 KOTOPbIM CJICAYIOT mapaMeTpsl B ¢opmare
uma=3nauenue. [lepBolii pa3/ies1 HA3LIBAaeTCsl aws info, B HETO HYXXHO CKO-
MHPOBATh KJIIOYH:

[aws info]

AWS_ACCESS_KEY_ID = AAKIIT7HHF6IUSN30CAA
AWS_SECRET_ACCESS_KEY = <Baw CeKpeTHI1 KJiou>

Hanee coaepxatenbHash yacTb paboThl — onpe/esieHHe KjacTepa.
StarCluster no3sosisieT onpeesiiTh CKOJIbKO YroHO kaactepos. [Tepso-
HayasnbHO B KOHGUIYpauoHHOM (hailie onpesesieH eAMHCTBEHHbIIT KJa-
crep c uMeHeM smallcluster — B paszaene cluster smallcluster. iamenute
€ro caeayoIHM 00pa3oM:

[cluster smallcluster]

KEYNAME = mykey
CLUSTER_STZE = 16

Mbi 3aaaiit 16 y3/10B BMeCTO ABYX MO yMosi4atHio. Mo)KHO Takxe yKa-
3aTb THI KaXK0T0 H HAYa bHbIH 00pa3 ya/a kjaactepa (HamoMHIIM, YTO 06-
Pa3 HCMOb3YeTCst /I MHHIHAMII3ALHII BHPTYaJLHOrO XeCTKOro JHCKa
1 onpe/esisieT ONepaliHOHHYIO CIICTCMY Il YCTAHOBJIEHHOE MPOrpaMMHOe
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obecneyete). B StarCluster BkoueHo HECKOIbKO roToBbLIX 06pa3oB, HO
MO>XHO CO3/1aTh U CBOM COOCTBEHHDIII.
Mbl noKHbI co34aTh HOBLIM K04 SSH Takoit koMaHO#:

$ starcluster createkey mykey -o ~/.ssh/mykey.rsa

Teneps, ckoHdHryprpoBaB kjaactep ¢ 16 y3iaMi 11 TIOATOTOBUB KJIIOYH,
nonpo6yeM 3amyCTHTb €ro:

$ starcluster start smallcluster

Ha Bbinenenne ceMHaauaTi MalllH yiiieT HecKosabko MUHYT. [Touemy
CEMHA/ILATH, eCJIM B KJ1acTepe TosbKo 16 y3nos? [Totomy uto StarCluster
BCerJa COo3/aeT IJaBHblii y3es. Bce yanbl paszaensior obuyio daitnosyio
CHCTeMY, 03TOMY Jiiobble (ailibl, CO3aHHbIE Ha [JIABHOM Y3Jie, BUAHbI
BceM paboyMM y3/1aM. ITO 03HAYACT TaKXKe, YTO Mbl MOXKEM HCIOJIb30BATh
jug B TaKMX KJIacTepax.

Bbl MO>XxeTe HCMO/IB30BATh KJIACTEPbl NO COOCTBEHHOMY YCMOTPEHHIO,
HO OHH YK€ OCHALIEHbl MEXaHM3MOM ouepear paboT, HAeATbHbBIM AJIs1 Na-
keTHO# 06paboTku. [Ipouenypa npocra:

1. 3aiiTi Ha raBHbII y3eJ1.

2. ToaroToBUTb CKPUNTHI HA [JIABHOM Y3Jie (Jy4iue Obl caesaTh 3TO
3apaHee).

3. IlomectuTb paboThl B ouepeas. PaboToit MoxeT ObITh J106ast KO-

manzaa Unix. [TnaHMpoBuMk HaiiaeT cBoGOAHbIE Y3JIbl U 3aMyCTHT

BallK pabOTBHI.

JloxpaTbes 3aBepiueHus pabor.

5. IlpounTaTth pe3yabTaThl Ha I7IaBHOM yase. [/ 9KOHOMHM J€Her
MOXHO TaK)Xe YHMYTOXHTb pabouue y3sbl. B smobom ciyuyae He
OCTaBJIsIUTE CUCTEMY B pabOTaIOIEM COCTOSIHHHU, CCJIM HE MOJb3Y-
eTech eii! B npoTMBHOM c/yyae BaM MpUAETCs 3a Hee IIaTUTb.

Lo

Hepezl TeM Kak 3aiiTH Ha KJlacTep, CKOMIIpDYeM Ha Hero Hallv JaHHbIe
(HaﬂOMHMM, YTO paHblU€ Mbl KJOHHUPOBAJIH penoau‘ropm"l B KaTaJjior
BuildionachineLearninqSystemswithPython)

$ dir=BuildingMachineLearningSystemsWithPython
$ starcluster put smallcluster $dir $dir

Mbi 3aBesn NEepPEMEHHYIO Sdir, 4TO6BI KOMaH/ia NOMeCTHJIaCh Ha OTHOM
CTPOKE. J1si 3axona Ha rjiaBHbIN Yy3€J1 HY>KHO BLINMOJIHUTD TaKy0 KOMAaHAY:

$ starcluster sshmaster smallcluster

MoxHo 6b110 6b1 BMeCTO 3TOro y3Hatbh IP-ajpec creHepupoBaHHOIl
MaLIMHBI K BOCMOJIb30BAaTLCSI KOMAH/OI ssh, KaK paHbllic, HO AJIS MOKa-
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3aHHOI Bbile koMaHabl IP-aapec HeBaxeH, nockonbky StarCluster cam
n03a60THTCS O TAKHX AETANSX.

Kak yxe 6bu10 ckasaHo, StarCluster npeaocTasisieT sl KJacTepoB
ouYepesib MAKETHBIX PaboT; BbI MilIIETE CKPIINT, BbIMOJHSIOWMUIT KaKHe-TO
IeiiCTBUSI, CTAaBUTE CTO B OYCPEb, 11 B CBOE BPeMsl OH OyZleT 3amylueH Ha
JI1060M JIOCTYITHOM Y3JI€.

Ceiiuac HaM cHOBa HeOOXOIIMO YCTAHOBUTL JOMOJHUTENbHbIE MAKe-
thl. K cuactbio, StarCluster nosnosiny pabotst yxe caenan. Eciu 6ol aT0
ObLT peasibHbIil TPOEKT, TO MbI HaMicaM Obl CKPUIIT, BbIMOJHSIOWMI BCIO
unnunanmsauuio. StarCluster ymeer ato aenats. Ho nockosbky 3to Beero
JiMuIb ocobue, MPOCTO BBIMOJHUM €llle pa3 KOMaH/1y YCTAHOBKH:

$ pip install jug mahotas scikit-learn

MoxHo ucnosb3oBath TOT xe jugfile, 4To 1 paHblie, TONbKO 3amycKaTh
€ro Hy>KHO He Ha CAMOM IJIAaBHOM Y3J1€, a B KJIacTepe.
CHauasia HanmuIeM 1pocToit 06epThIBAIOLIMIT CKPHIIT:

#!/usr/bin/env bash
jug execute jugfile.py

Ha3soBuTe ero run-jugfile.sh I C MOMOLbIO KOMAHADLI chmod +x run-
jugfile. sh pa3pelinTe €ro BblMOJHATb. Tenepb MbI MOXeEM 3alnJlaHHPOBaTb
16 pabot Ha KJacTepe cienyoueid KOMaHoil: '

$ for c in $(seq 16); do

> gqsub -cwd run-jugfile.sh
> done

Ona cospaet 16 pabort, kax/aast H3 KOTOPbIX GYET BBIMOJIHATh CKPUIT
run-jugfile.sh, OTKYZa MPOCTO BbI3bIBAETCS jug, [1aBHblil y3ea npu aToMm
cBO0OJIEH, HA HEM MOXHO 3aMycKaTh JiloOble KOMaHbl. B yacTHoCTH, B J10-
60i1 MOMEHT MOXKHO BBINIOJIHUTh KOMaHIY jug status M Y3HATh, B KAKOM
COCTOSTHUM HaxoATcst BoiuuceHnst. Ha camoMm nesne, jug npoextiposaics
a5t paboTel IMEHHO B TaKOil Cpejie, TaK YTO 4yBCTBYeT cebst B Hell, Kak
pbiGa B Bojie.

B koHIie KOH1I0B BbIuKceHne 3asepiuntcest. [Tocsie 3Toro HyXHo cHava-
JIa COXPaHHUTD PE3YJILTATBI, a 3aTeM YHHUTOXKHUTD Y3161, Co31a/111M KaTasior
~/results U CKOMHPYEM B HETO Pe3yJIbTAThI:

# mkdir ~/results
# cp results.image.txt ~/results

Tenepb BbliizieM 113 KJ1acTepa It BEPHEMCsl Ha CBOIO pahouyIo MalnHY:

# exit
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MbI cHOBa HaxoaHMCst Ha MatiiHe AWS (oOpaTHTe BHUMaHHE Ha 3HAK $
B caeaylomux ¢parmenTtax koaa). CkonupyeM pe3ybTaThl Ha 3TOT KOM-
NbIOTEP, BOCMOJIb30BABIIMCh KOMAHOIl starcluster get (3TO 3epKajibHOE
OTpaXkeHHe yxKe BCTpeuaBlIeicss HaM KOMaH/bl put ):

$ starcluster get smallcluster results results

U nanocnenok HY>XHO YHHUUYTOXHTDL BCE€ y3JIbl, 4yTOObI HE TPaTHUTDb 3psA
JAE€HbI'H.

$ starcluster stop smallcluster
$ starcluster terminate smallcluster

. OTMETUM, 4TO YHWYTOXEHWUe knactepa ctupaeT ¢aunosylo cuctemy

% BMeCTe CO BCceMu pe3ynsTaTamMu. Ml npeaBapuTenbHO BPYYHYIO CKO-
nuposanu peaynbTatbl B 6e3onacHoe MecTo. EcTe u apyras Bo3mox-
HOCTb: NOPYYUTb knacTepy nucatb B painosylio CUCTEMY, KOTOPaA He
co3paeTcs u He yHuuToxaetcs StarCluster, a cyuiectsyeT Ha 06bIYHOM
ak3emMnnspe. ATM MHCTPYMEHTbI B AeACTBUTENBHOCTU 06nanaioT konoc-
canbHOW rMbKoCTbIO, HO pa3brpaTbCa BO BCEX TOHKOCTAX Y HAC He XBa-
TUT MecTa.

Ha caiite http://star.mit.edu/cluster/ UMeeTca OTANYHARA OO-
kymeHTauma no StarCluster, B KOTOpO# MOXHO Npo4nTaTh 060 BCEX BO3-
MOXHOCTSIX NPoAyKTa. Mbl NO3HAKOMUAUCH NULWL C MaNOo UX TONUKON 1
NPUTOM NCNONBL3OBANU TONLKO NapaMeTpbl N0 YMONYaHULO.

Pe3iome

Mbi Bugean, kak paboratb c jug, HeGOMbIINM HamucaHHbIM Ha Python
KapKacoM, KOTODblil YMEEeT BbIMOJHATb BbIYMCJIEHHS Ha HECKOJbKHUX
MPOLIECCOPHBIX siApax WM MamuHax. Kapkac yHuBepca/ibHbIH, HO mpo-
€KTHPOBAJICA CelHaJbHO AJs1 YAOBJETBOPEHIs MOTpeGHOCTEH aBTOpa
(OMHOBpPEMEHHO OTHOTO M3 COABTOPOB 3TOM KHMIM) B aHAJW3e AAHHBIX.
[T03TOMY B HEKOTOPBIX OTHOLIEHHSAX OH OTJIMYHO CTBIKYeTCs C 001ei HH-
dbpacTpykTypoii MamnHHOro 06yuenust Ha Python.

Mbl Takxe Mo3HakOMWIHCh ¢ ob6aakoM Amazon — AWS. O6aayHble
BBIYMCJIEHHST 324acTYI0 MO3BoJsOT GoJiee 3¢beKTUBHO HCMOJB30BATh
pecypchbl, YeM BO3MOXKHO B JIOKQJbHOM BbIYMCJIMTEJIbHOM LIEHTPE, B OCO-
GEeHHOCTH eC/IM OTPEOHOCTH NMOCTOsAHHO u3MmeHsoTcs. [Taker StarCluster
Jla)ke MO3BOJIsIET CO3/1aBaTh KJIACTEPDl, KOTOPbIE ABTOMAaTHYECKH PacUIM-
PSLIOTCs1 PH 3a11yCKe J0NOJHUTENbHBIX PabOT H YMEHDLIIAOTCS, KOra pa-
60Tbl 3aBEPLIAIOTCSI.



--.l Tnasa 12. Koraa aaHHbix 6Gonble

Bot Mbl 1 106pastich 40 KOHLIA KHUTH. M bl IPOLUTH UTMHHBI 1y Th, Bbl
Y3HaJH, KaK BBIMOJHATD KIaccH(IKaUMIO, KOr/1a MMEIOTCsl pa3MeyeHHble
NaHHble, U KJIACTEPH3ALII0, KOTa TAKUX JaHHbIX HeT. Bbl Hayumics no-
HHXATb Pa3MEPHOCTb 3aJa4H U MPOM3BOAHTH TEMATHYECKOE MOJIETHPO-
BaHue, 4TOGbl M3BJeYL 3HAHMA 13 Gosbumix Habopos naHHbIX. B koHue
KHHUTH MBI PACCMOTPEJIH KOe-Kakile CreUHaJTH3HPOBAHHbIE MPHIIOKEHHS
(B YaCTHOCTII, KJIacC H(PHUKALHIO MY3bIKJIbHBIX IPOM3BEAEHHH 110 XKaHpaM
M MallHHHOe 3peHue). [l peani3auuu Mbl HCNOJIB30BaIH sI3bIK Python,
IUIS KOTOPOTO CO3J1aHa M MOCTOSIHHO PacUIMPSIETCs] IKOCHCTEMA NAKETOB
JUIST UMCJIEHHBIX PacyeToB, oCHoBaHHast Ha NumPy. Bcioay, rie Bo3MoXxHoO,
MBI TIoJIaraiich Ha 6ubauoreky scikit-learn, Ho npu HeoGxoAHMOCTIH He
yypanuch 1 Apyrux nakeros. [lockosbKy BO BCeX HHX MCIOJIb3YETCS OQHA
1 Ta e GasoBasi CTPYKTypa AaHHbIX (MHOromepHolii Maccus NumPy),
NpeoCTaBJIsieMble HMH CPEICTBA MOXHO CBOGOAHO KOMOHHIPOBaTh. Bee
YNOMHHAeMble B 3TOi KHHTE MAKCTbI MOCTABJISIIOTCS B HCXOAHBIX KOAAX H
MOTYT HCIOJIb30BATHCS B JIIOOBIX MPOEKTAX.

EcTecTBeHHO, MbI He CMOTJIH OXBaTHTb BCE MHOroofHpasue MalllHHHOTO
obyyeHust. B npuiokeHn npiBeseHsl CCbLIKH HA Jpyrie Pecypesl, rie
MHTEpeCyOLIHIICsS YHTATEIb CMOXKET PACUIHPHTD CBOM 3HAHHS O MALIHH-
HOM OOy4YeHHII.



Fae nonyumrtn
AOMNOJIHMTENIbHbIE CBEAECHMS
O MULWIMHHOM 06yuenum

Honucas KHHUTY 10 KOHLa, Mbl €111€ HCMHOTI'0 3a€pPXIIMCsl, 4yTOODBI noacka-
3aTb UYMTATCJISIM, TA€ HaliTH JOMOJIHIITE/IbHbIE MaTepHalbl.

Mammmomy 06y‘leHHIO MOCBSIUICHO HCMA10 3aME€UATEJIbHbIX pecyp-
COB — ropasuao ()OJIbI.UC, 4YeM Mbl B COCTOAHHUA 3/1CCL YINTOMAHYTD. I'lpmae-
JIeHHbIH HIKe NEPCUYCHDb — JIHUDb MaJlasl 1 K TOMY JKC He BIIOJIHE 00DeK-
THBHas BblGOpKZl pCCypCcoB, KOTOPbIE€ aBTOPLI CYHTAJH HAHJIYYLUIHMH Ha
MOMEHT HAMHUCAHHA KITHTH.

OHnaitHOBbIE KYPCbI

[podeccop Crandopackoro yuusepcutera duapio Hr (Andrew Ng) se-
AeT 60J1b1oIT OTKPBITBI1 OHNAITHOBBIIT KYPC 110 MaullTHHOMY 00yUeHIo 11a
caiite Coursera (http://www.coursera.org). Kypc 6ecnnartiblii, Ho Tpeby-
€T MHOTO BPCMEHH.

Kuurn

ITa KHHTA OPUEHTIIPOBAHA HA NMPAKTIUECKHE aClIeKTbl MAUIHHHOTO 00y-
yenusi. Mbl He pacckasbiBaiH HU 00 HIEHHOI OCHOBE aJrOPHTMOB, HH O
crosiuieii 3a HUMHU Teoprit. Ecu Bac 1IHTEpecyeT 3Ta CTOPOHa MALIMHHOTO
o6yuenus, pekomenayem kuury Christopher Bishop «Pattern Recognition
and Machine Learning». 93To KaaccHucckiil y4eOHIIK HAYaIbHOTO yPOB-
Hsl. B HeM ocBellleHbl TCXHHUECKHE [ICTATH GOMbUINHCTBA HCMOJb30BAH-
HBIX B KHHI€ aJIrOPIITMOB,

Jl1st Tex, KOMY BBEI€HHSI HCAOCTATOMHO M KTO XOUEeT H3YUlTh MaTeMa-
THYECKYIO TEOPHIO, COBETYEM 0OPATHTLCS K 3ameuareabHoii kHure Kevin
P. Murphy «Machinc Learning: A Probabilistic Perspective» (www.cs.ubc.
ca/~murphyk/MLbook). OHa Bbil1a cosceM HegasHo (B 2012 roay) u co-
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HEpXHT CBeleHHsI O CaMbIX MePefOBbIX HCCAe10BaHHAX B 06JacTH Ma-
IWHHHOrO 0byueHs. ATOT dyHAaMeHTabHbIT Tpya Ha 1100 cTpaHiuax
MOXET CJYXITb H CPABOYHHKOM, MOCKOJLKY OXBaTbIBACT NMPAKTHYECKH
BCIO Mpo6ieMaTHKy MallllTHHOTO OOVUYEeHHS.

BonpocHO-0TBeTHbIe CainTbl

MetaOptimize (http://metaoptimize.com/ga) — BONPOCHO-OTBETHBIII
CalfT Mo MalIMHHOMY OOYYEeHHIO, HA KOTOPOM OOLIAIOTCS BeCbMa KBaJIM-
(pHUMPOBaHHbBIE HCCIEOBATEH Il TPAKTHKH.

Cross Validated (http://stats.stackexchange.com) — cailT, nocBs-
IeHHbIH 06WKM mpobsieMaM CTaTHCTHKH, HO YacTO B HEM 3a/alOT U BO-
MPOCHI 10 MALIMHHOMY 00YYeHHIO. '

B Hauase KHUTH MbI y>Xe FTOBOPHJIM, YTO BONPOCHI, KACAIOLMECs 3TOM
KHUTH, MOXHO 3afaBaTb Ha caiite TwoToReal (http://www.twotoreal.
com). MBI mocTapaeMcst OTKJIMKHYTHCS KaK MOXHO ObICTpee M TTOMOXKEM
BCEM, YEM CMOXKEM.

Bnorun

Hixe NMpUBEAEH NaJIEKO HE MOJIHBIH CMHCOK 6JIOI‘OB, NpeACTaBIAAUINX
HHTEpeC AJ1d BCeX, KTO 3aHMMaAeTCA MallllTHHbIM O6y‘leHlleM.

* Teopust MaIHHHOTO O6YYEHHS: http: //hunch.net

¢ CraTbH NOABJISAIOTCS NMPpHMEPHO pa3 B MECSLl H HOCAT B OCHOBHOM
TeopeTHyecKIlil xapaktep. B kauectse 60Hyca mpejsaraloTcs ro-
JIOBOJIOMHDbIE 3ala4KH.

. l'IpaKTw{e(‘Kne BOTTPOCHI O6p360TKH TeKCcTa 1 1106[)]‘1" JAHHDbIX:
http://textanddatamining.blogspot.de

* CpenHsisi MepHOAMYHOCTL MOSIBJIEHHS cTaTei — pa3 B Mecsiil. Onu-
CBIBAIOTCA MPAKTHY€CKHE K BCeraa HeOXXHallHbIC MOAXO/1bl.

* Baor Iasuna Yena (Edwin Chen): http://blog.echen.me

* CpenHsist NepHOANYHOCTDL MOSIBJEHIIS cTaTel — pa3 B Mecsill. Tema-
TUKa MPHKJIAAHOr0 XapakKTepa.

* 3ameTkH no MaLIITHHOMY 06yYeHIIo:; http://www.
machinedlearnings.com

. Cpem-m;l NePHMOAMYHOCTD — OlHA CTaTbs B MECALL. Tematuka npi-
KJIAAHOIO XapaKTepa.

* FlowingData: http://flowingdata.com

. Cl)e}lHﬂfl NCPIOAHYHOCTD — O1HA CTaThs B JIEHD. pi’lCCMaT])llBalOT-
CA NPCIHMYIIECTBCHHO BOMPOCDI MaTeMaTII4ueCKOIl CTaTIHCTIKMH.
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U Simply Statistics: http://simplystatistics.org

e HeckoJsbko cTareii B MecCsL, 110CBALLEHHbIX B OCHOBHOM CTAaTHCTH-
Ke H 60JIbLuMM JAAHHDbIM.

e Cratuctuyeckoe Moae/IMpoBaHue, METOAbI NPUYHHHO-CJIEACTBEH-
HOroO BbIBOJA If COIMAJIbHbIE HAYKH! http: //andrewgelman.com

= OlIHa CTaTbs B 1€HD, ObiBaeT CMELIHO, KOrja aBTop, NoJb3yACb CTa-
TUCTHYECKHUMH MCTOAAMH, YKa3blBaeT Ha 0[1]”6!(" B MONYJSAPHbIX
CMU.

NCTOYHUKM O aHHbIX

Kenarouine noskcnepuMeHTIIPOBATh C AJITOPITMaMIL, MOTYT HAHTH MHOTO
HabopOoB aHHBIX B PEMOSUTOPHH MalliiHHOro 06yuenust B KanudopHiii-
ckoMm yHusepcutete B Mpgaitne (UCI). Anpec peno3utopus http://ar-

chive.ics.uci.edu/ml.

YyacTue B KOHKypcax

OTanynblit cnocob GoJiblie y3HaTh O MaLIHITHOM OOy4YeHIH — MOCOPeB-
HoBatbcs ¢ keM-To! Caiit Kaggle (http://www.kaggle.com) — MecTo, rae
NPOBOASITCS TaKHe KOHKYPChI, Mbl yTIOMHUHAJIM O HEM BO BBeJleHUU. 31eChb
BbI HaiifieTe KOHKYPChI C pa3/IMYHOM CTPYKTYPOIi 11 32a4aCTYIO A€HEXKHBIMH
npU3aMH.,

KoHKypchbl 10 MalIMHHOMY 06Y4€EHII0 C yYHTEJICM MOYTH BCeraa ycTpo-
€Hbl OJHOTHUIHO: YYaCTHUKAM NPeJOCTaBJISIETCS AOCTYN K pa3MeyeHHbIM
06y4alouMM JaHHbIM U TECTOBBIM JaHHbIM (6¢3 MeTok). Llesb — Knaccu-
¢buunposatb TecToBble faHHble. [I06eXXaa€T TOT, KTO NPOAEMOHCTPHPOBA
HauIyyllyio BepHOCTb. [Ipu3bl pa3Hbic — OT C/1aBbl 10 HAJIMYHbIX JIEHET.

PasymeeTcsi, YTO-TO BLIMTPATb MPHSITHO, HO I TPOCTOE y4yacTHe AaeT
GecueHHblit onbIT. Tak YTO He yXouiiTe U MOCJe 3aBepllieHHs] KOHKYPCa,
MOTOMY YTO YYAaCTHMKH PacCKas3biBalOT O CBOMX MOAXOAAaX Ha ¢opyMe.
Kak npasusio, nobeay npuHOCHT lie 11306peTeHHe HOBOTrO ajiropuTMa, a
NpoayMaHHasl npeaBapuTe/ibHass 06paboTKa, HOPMHPOBKA M COYETaHHe
Pa3IMyHbIX METOIOB.

YTO He BOLWINO B KHUTY

MblI He CMOTJIIT OXBAaTHTb BCE MaKeTbl MAUIMHHOTO 0Oy4YeHHUs], JOCTYMHbIE
u3 Python. Byayuu orpaHuuesbl 061,eMOM KHHIH, Mbl DEILUJIH COCPEAO-
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TounThcst Ha 6ubauoreke scikit-learn. Ho ectb it apyrie BO3MOXHOCTH,
HEKOTOPbIE U3 HHX MePeYHCIIEHDI HIXKE.

¢ KommnuektuHcTpyMeHTOBMDP (http://mdp-toolkit.sourceforge.
net): MOJIYJIbHBIH MHCTPYMEHTapHIl i1 06PabOTKH JAlHBIX.

* PyBrain (http://pybrain.org): HanucaHHas Ha Python 6u6nore-
Ka 111 00y4eHHs C NOAKPEIIEHHEM, HCKYCCTBEHHOTO HHTEJIEKTa
Il TOCTPOEHST HEIPOHHBIX ceTeil.

* Machine Learning Toolkit (Milk) (http://1luispedro.org/
software/milk): MakeT pa3paboTaH OAHWUM M3 aBTOPOB 3TOii KHHU-
T, BKJIIOYAET HEeKOTOpble aIrOPUTMbI H METO/IbI, He BOLIE/LIHE B
scikit-learn.

* DPattern (http://www.clips.ua.ac.be/pattern): MakeT oObeaUHSIET
n06bIuy NaHHBIX B BeO, 0O6pPabOTKY €CTeCTBEHHDBIX SI3bIKOB M Ma-
wKHHOe oGyuenue, Brioyaet obeproiBatouye API s Google,
Tiwitter 1 BUKMNICAUM.

BoJtee o6unnm siBsieTcsi caliT http: //mloss. org, HA KOTOPOM pa3MelleH
PENO3UTOPHIl MPOrpaMM MAUIMHHOTO OGYYEllHsi ¢ OTKPBITBIM UCXOAHBIM
xozoM. Kak Bcerza GbIBaeT ¢ TakHMII PENO3HTOPHSAMH, KaueCTBO BapbH-
pyeTcsi B IUMPOKHX Mpejesax: OT OTMEHHbIX, XOPOILO COMPOBOXAAEMBIX
MPOEKTOB /10 KOrAa-To HavyaTbiX U 3abpotueHiibix. Cioaa CTOUT 3arJsiHy Th,
€ecJi1 nepe/l BaMM CTOMT OueHb creunduyuHas npobsema, KOTOPYIO He pe-
1IaeT HH OJIMH U3 YHIIBepPCaJIbHbIX N1aKETOB.

Pe3iome

Bor Tenepb TouHo koHew. HaneeMmcsi, 4To kHMra BaM NOHPaBIJIaCh U YTO
Bbl TOTOBbI K COGCTBEHHBIM MPHUKJIIOUEHUSM B MHDE MalIMHHOTO 0byue-
HMSL.

Hapneemcst Taxoke, 4TO BbI B MIOJIHOI Mepe OCO3HAJIM BaXKHOCTb CKPYMy-
JIE3HOTO TECTHPOBaH s NpHUMeHsieMbIX MeToz1oB. Ocoboe BHIMaH1e 0bpa-
aiite Ha NpaBUJIbHOE HCMOIb30BAHHE METO/Ia MePEKPECTHOI MPOBEPKH U
11e panopTyiiTe 0 pe3yJibTaTaX TECTUPOBAHHS 1a 00yyaouliiX AaHHbIX, MO-
TOMY UTO NOJyYyeHHasi TAKUM 00Pa30M OLleHKa H3JIMIIHE ONTHMHCTHYHA.
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