IIpakTuyeckasi pa6ora Ne 4
Hactpoiika napamerpoB SVM u ero ucnojib30Banue
JJISL pellieHus 32/1a4 OUHAPHOH Kjaccupuramumn

B xode BbINONHEHMA MPUMEPOB MNPOrPaMMHOrO Koga Bam noTpebyetca 6ubanoteka mglearn.
YcTaHOBWTE ee C NOMOLLbIO KOMaHAbl pip install mglearn.

B ato0ii pabote Bbl y3Haere, kak ucronb3oBaTh GyHKIMU sklearn, peanu3yroniue JTUHEHHBIN 1
HenuHeHbpli SVM u mocMoTpuTe, Kak paboTa 3TOro KiIacCH(HKaTropa 3aBHCUT OT €ro
napaMeTpoB U HACKOJIBKO Ba)KHA MPeoOpaboTKa TaHHBIX.

Hanee, Bo BTopoii yactu paboTsl, Bel mocTpounTe kitaccudukarop crmama Ha ocHoBe SVM.

1. ITapamerpsl SVM 1 nipeaBapuTeIbHAasi HOPMATU3ANUS TAHHBIX.

B sT0ii yactu paboTsl BaM mpencTout pemuTs 4eThipe NPOCThIX 331a4H.

1) JIuneiinpiii SVM 10151 IMHEHHO pa3ieJJMMBIX KJIACCOB.

Wcxonubie nanubie - B ¢aitne ex4datal.mat

Jlnst 3arpy3ku (ailiioB ¢ pacuimpeHreM mat Bocroibdyemces ¢ynkiuei loadmat us nakera Scipy.

import matplotlib.pyplot as plt
from scipy.io import loadmat
from sklearn import svm
import mglearn

# 1. JIuneiineiii SVM

data = loadmat(‘ex4datal.mat’)
X = data["X"]

y = data["y"].ravel()

Nmeem cnenyroiye TaHHBIE.
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OauHOKMI  TpeyroJbHUK  cjeBa IMpeJAcTaBisieT co0oil, MO-BHAMMOMY, BBIOpOC U
JIOMIOJIHUTEIBHYIO CIIOKHOCTD JUISl 3a/1a41 KIacCU(UKALIH.



[TocMOTpUM, KaK C 3TUM CIIPABUTCS JUHEUHBIT SVM.

svclassifier = svm.LinearSVC(C=1, loss='hinge', max_iter=10000)
OO0yunM Ki1accupuKaToOp C TAKUMHU MTapaMeTPaMH.
svclassifier.fit(X,y)

MO0’KHO TOCMOTPETh Ha TOYHOCTHh PA0OTHI JAHHOTO KJIACCU(UKATOPA.
svclassifier.score(X,y)

[ToctpouM rpaHuUIly pEIIEHUH U MOCMOTPUM, KaK MPOXOIHUT 3Ta MpsMas MO OTHOUICHHUIO K
JTAHHBIM.

# CTpouM JIMHUIO, pa3/IelIAIoNIyI0 J1Ba Kiacca
mglearn.plots.plot_2d_separator(svclassifier, X, eps=.5)
# CTpouM UCXOIHBINA HAOOP TaHHBIX

mglearn.discrete_scatter(X[:, 0], X[:, 1], y)

IHocmoTpuTte Ha kayecTBO pemiennss Bameit 3agauu. Ilomensiite 3Hauenune napamerpa C ¢
1 na, nanpumep, 2000. I[TocmoTpuTE, YTO MOMEHATOCH U TOYeMy? OObsICHUTE pe3yJIbTAaT.

2) Heamueiinplii SVM 1151 TUHEHHO Hepa31eJuMbIX KJIaCCOB
Hcxonubie naHHbIe - B (aiine ex4data2.mat

B sTOM ciiyyae HabGOp JaHHBIX BBINIAIUT CIEAYIOUMM 00pa3oM U TpedyeT HenuHeHoro SVM.
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Bocnonb3yemcs cooTBeTcTBYIOIMMHU (yHKIMAME sklearn.
svmclassifier = svm.SVC(kernel="rbf', C=100, gamma=10)

svmclassifier.fit(X,y)




3nech Ml 6epem C=100 u RBF siapo ¢ mapamerpom y = 10: e Via-l®,
[TocMoTpuM Ha pe3ynbTaT KiIacCU(pHUKALUH.

# CTpouM KpHBYIO, Pa3/IeIIIONIYIO JBa Kacca
mglearn.plots.plot_2d_separator(svmclassifier, X, eps=.05)

# CTpouM UCXOJHBIA HAOOP TaHHBIX

mglearn.discrete_scatter(X[:, 0], X[:, 1], )

Ouennrte TOYHOCTH padoThl KIaccupukaropa. [lonmpodyiiTe ee yBesuuuTh. 3a cUeT 4Yero
7TO MOKHO C1eJIaTh?

3) llon6op mapamerpoB SVM /i1 pelieHusi 3a1a4M HeJIMHEHHOM pa31eIMMOCTH
Hcxonnble nanubie - B (haiine ex4data3.mat

Ota 3aia4a IMOX0Ka Ha MPEAbIAYIIYIO, Y HAC CHOBA JIMHENHO HCPa3aCIMMBIC JIBa KJIaccCa,
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HO TOMHMO oOyuaroriero Habopa TaHHBIX, y HAC elle eCTh U Ha0Op JAHHBIX JUIS TPOBEPKH.
3arpy3uM JaHHBIE!

data = loadmat(‘ex4data3.mat’)
X = data["X"]

y = data["y"].ravel()

Xval = data["Xval"]

yval = data["yval"].ravel()

Jlnst paznieneHus KinaccoB OyZeM UCIOIb30BaTh HeMMHEeWHbI SVM 1 sapom RBF.

IMoa6epure onTuMaibHbIe MapaMeTpbl C U Y HeJIMHEHHOro KjaaccupukaTopa Tak, YTo0bI
TOYHOCTH ero padoTbl HA HPOEepoOUHOM HAOOPE TAHHBIX ObLIa KaK MOKHO 0oJible.




Ms1 cobupaemcst Opats pasHble 3HayeHus C W y, o0y4aTh KakIblii pa3 kiaccudukarop Ha
TPEHUPOBOYHBIX JTAHHBIX W CIEAWTH 33 TOYHOCTHIO €ro pabOThl HAa MPOBEPOUYHBIX JAaHHBIX,
KOTOpBIC He YJacTBYIOT B IpoIiecce 00yueHHUS.

Haubonee wacto mcmoip3yemMblii MeTOJ — 3TO pemerdyarbiii mouck (grid search), xotopsrii
[0 CYTH SBJISIETCS TIOMBITKOW mepedparh BCE BO3MOXKHbIE KOMOMHAIIMM HHTEPECYIOIIUX
napameTpoB. JlaBaiiTe BO3bMeM, HaIIpUMep, 3HAYCHUS

C_values =[0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30, 100]
gamma_values =[0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30, 100]

BEI MOkeTe B3SITh M CBOH MOXO0KHE 3HAUYCHUS WIIN paCclIupuTh 3THU Ha60pbl.

Peann3yiiTe mpocToii pemer4yarbiii MOUCK ¢ MOMOIIBIO BJIOKEHHBIX HHKJIOB for mo aBym
napaMerpam, o0yuasi U OlleHUBasi KJIacCH(PUKATOP Il KAXKA0N UX KOMOMHAIUMH.

J1s1 HanJ1y4yluei napel 3Ha4YeHUi MOCTPOiiTe rPAHUIY PeLIeHU.

[Toctpoiite ee TakKe U Ui HEKOTOPHIX IPYIMX 3HAUEHUH MapaMeTpoB C T€M, YTOOBI OLICHUTH
BiusHue C ¥ Y Ha Ka4eCTBO KiIacCU(pUKAIIH.

C »TOil TOYKHM 3PEHHS IOJE3HO MOCTPOUTHh HECKOJIBKO PUCYHKOB C IOCTOSHHBIM 3HAYCHHEM
OJIHOTO M3 MapaMeTPOB U MEPEMEHHBIM 3HAUCHUEM Apyroro. CruenaiTe BbIBOM, KaK KaKIbI U3
rapamMeTpOB BIIUSIET HA KAYECTBO KJIACCHU(UKAIIUY.

4) Bausinne npeaBapuTeJbHOM HOPMATU3AIUM JAHHBIX Ha padory SVM

3arpy3uMm TOTOBBI Habop mganHbix Breast Cancer, conepxammii 569 ngaHHBIX O
3JIOKAYE€CTBEHHBIX M JIOOPOKAUYECTBEHHBIX OMyXoJisax. Kaxkmas Touka HaOopa xXapakTepU3yeTcs
30 mpu3HaKamu.

from sklearn.datasets import load_breast_cancer
cancer = load_breast_cancer()

Ms1 cobupaeMcs pemuTh 3ajadyy OMHApHOM KilaccH(UKAIMM U MOCMOTPETh, KaK CUJIBHO
TOYHOCTb PEIICHHs] 3aBUCUT OT MPEIBAPUTEIBLHOM HOpMallM3aluu JaHHbIX. [IpeaBaputenbHO
JaBaiiTe YacTh JAHHBIX OCTaBMM Ul MpoBepku. Mcmombsyem ¢ynkimro train_test split mms
pa3znenenus HaOopa MaHHBIX Ha OOydJaromuii ¥ mpoBepodHblid. [lo ymondaHuto maHHble OyAyT
paznenensl B cooTHomeHuu 80%+20%.

from sklearn.model_selection import train_test_split
X _train, X _test, y_train, y_test = train_test_split(cancer.data, cancer.target)

O6yunte SVM knaccuukaTtop Ha TPEHUPOBOYHOM Habope AaHHBIX. MOXXHO BBI3BATh
CTaHJapTHBIN BapuaHT SVM, noka HUKaK He MoaAOupast mapameTpbl MeTo/1a

svc = svm.SVC()

svc.fit(X_train, y_train)




OueHurTe TOYHOCTH PA0OTHI KJIACCH(PUKATOPA HA TPEHHMPOBOYHOM M MPOBEPOYHOM HaOoOpe
AaHHbIX. ByayT Jiu oHu 0JM3KM?

print("[IpaBunpHOCTS Ha 0Oy4aromem Haoope: {:.2f}".format(svc.score(X train, y train)))
print("[IpaBunbpHOCTH Ha TecToBOM Hadope: {:.2f}".format(svc.score(X test, y test)))

Kax BUIUTEC, TOYHOCTh Ha IIPOBECPOYHOM Ha6ope CCPBE3HO HHUIKE. 9TO BO MHOTOM O6YCJ'IOBJ'ICHO
CUJIBHO pa3jin4aromruMHUCd 1o BEJINYHUHC IIPU3HAKaAMHU 00BEKTOB.

JlaBaiiTe MOCTPOMM MHHHUMAJIbHOE H MAKCMMAJIbHOE 3HAYEHHsI KAXKIA0I0 MPU3HAKA C TeM,
4T00BI OLIEHUTH, HACKOJILKO 0JJUHAKOB JHANA30H X H3MEHEHHUI.

plt.plot(X_train.min(axis=0), ‘o', label="min")
plt.plot(X_train.max(axis=0), V', label="max"")
plt.legend(loc=4)

plt.xlabel("Muaekc npusnaka")
plt.ylabel("Benmnuuna npusnaka')
plt.yscale("log")

Kax BUHO, IPU3HAKHU OTINYAIOTCA OYCHBb CUJIBHO.

IIpuBegeM uX K ogHOMY MacumTady, HAMpUMep, TaK, YTOObI 3HAYEHHS BceX NMPU3HAKOB
NPUHALJIeKaIN Auana3ony [0,1].

D10 MOKHO ceaTh ¢ momonibio Gyrkiuun MinMaxScaler, Ho nydiie peanusyiite 3T0 camu.

OOpatuTe BHHMMAaHHME, UYTO MPOBEPOUYHBIX JAaHHBIX y HAac Kak Obl HET, MaKCUMallbHOE U
MHHUMAJIBHOC 3HAUCHUA KaXJI0ro IIpu3HaKa MbI BBIYHCIISAEM, OCHOBBIBAACH TOJIBKO Ha
TpenupoBouHoM Habope nanubix. Janee TO XKE CAMOE npeobpazoBanue Mbl TpOJIEIbIBAEM C
TOYKaMH NPOBEPOYHOI'O Ha6opa - T.C. BBIYMTACM MAaKCUMaAJIbHOC 3HAUYCHUC ITPHU3HAKa U JCJIUM Ha
PA3HOCTE MECKAY MAaKCUMaJIbHBIM U MUHUMAJIbHBIM 3HAYCHUCM, KOTOPLIC ObLIH MOJIY4YCHBI JJIA
TPEHUPOBOYHOTO Habopa!

BHoBb 00yunte SVM H ouleHHTe TOYHOCTH ero padorbl Ha 000MX Ha0Opax JaHHBIX.
CraeaaiiTe BBIBOJ 0 TOM, KaK Ha Hee MOBJIMSJIA NPeIBAPUTEILHAS HOPMAJIM3ALUS JAHHbIX.

ITonpoOyiiTe Tenmepb AONMOJHUTENbHON HACTPOHKOil mnapamerpoB SVM eme O0oJibuie
YJAYYIIUTh TOYHOCTb, OJYYE€HHYIO /ISl IPOBEPOYHOr0 HA0OPA TaHHBIX.




2. Pemnre 3a1auy KiIaccu(puKanmu cam/He cram

MHorue nouyToBble CIyXObl CErOAHs NMPEIOCTABISAIOT ClaM-(QHIBTPHI, KOTOPbIE IO3BOJISIIOT C
BBICOKOW TOYHOCTBIO KJIAcCU(UIMPOBATH JIEKTPOHHbIE IMHCbMa KakK cllaM U He craM. B srtoi
yacTi paboTel Brl Oyznere ucnonszoBats SVM 1711 co3aanHus ciaM-QuiibTpa.

Bam knaccudpukarop SVM Oyzaer onpenensTh, SABISETCS JIM JaHHOE MHCHbMO X cramMoM y = 1
wi He cnaMmoM Yy = 0. SIcHO, 4TO Kaxa0e MUCHbMO JOJDKHO OBITH MpeoOpa3oBaHO B BEKTOP
npu3HakoB X € R™. JlaBaiiTe pa3bepem, Kak 3TO JeIaeTcs.

HOCMOTpI/IM Ha OJHO U3 ITHCEM.

f = open(‘'emailSamplel.txt', 'r').read()
f

> Anyone knows how much it costs to host a web portal 2\n>\nWell, it depends on how many
visitors you're expecting.\nThis can be anywhere from less than 10 bucks a month to a couple of
$100. \nYou should checkout http://www.rackspace.com/ or perhaps Amazon EC2 \nif youre
running something big..\n\nTo unsubscribe yourself from this mailing list, send an email
to:\ngroupname-unsubscribe@egroups.com

Oobpaser snekTpoHHOTO nckMa coaepxkut URL, agpec 31eKTpOHHOM NOYTHI (B KOHIIE), U PHI
U CyMMBI B Jlojutapax. MHOIue 3JIeKTpOHHbIE TMCbMa OYIyT coJepkKaTh 0ObEKThl aHAJIOTHYHOTO
tuna (uudpsl, npyrue URL-agpeca wiu apyrue ajgpeca 3J€KTPOHHOH MOYTHI), KOTOpble OyayT
OTJIMYAThCS TOYTH B KaXJIOM 3JEKTPOHHOM nuchMe. [lo3ToMy OOMH M3 METOAOB, 4acTo
UCTIOJIb3YeMBbIX IpU 00pabOTKE 3JEKTPOHHBIX IMHUCEM, 3aKJIIOYAETCS B «HOPMAIU3ALUM» ITHUX
3HaueHu#, u4todbl Bce URL o00pabaThiBamuch OJMHAKOBO, Bce uHciaa oOpaldaThIBaUCh
OJIMHAKOBO U T. A. Hampumep, Mbl Moriu Obl 3amMeHnTh Kakabii URL B mucbme yHUKambHOU
ctpokoii «httpaddr», ytoOsI ykazate, uro URL npucyrcroBa.

DTO TO3BOJSET KiIacCHU(PUKATOPY CllaMa MPUHUMATh pPEIIeHHe O KiIacCU(UKAIMU Ha OCHOBE
Hamnuus kakoro-mu6o URL-anpeca, a ne Hanmmuus onpenenennoro URL-anpeca. Kak mpasuio,
9TO TIOBBIMIAET TPOU3BOAUTEIBHOCTh KiacCH(UKATOpa crama, IMOCKOJIbKY CHamMepbl 4YacTo
mensioT URL-agpeca, u, Takum o0Opa3oM, BEpOSITHOCTh IOBTOPHOTO MPOCMOTpa Jt000T0
koHkpeTHoro URL-anpeca B HOBOM ciaM-ITMCbME OYE€Hb MaJa.

B ¢yakuum processEmail Obuim  peann3oBaHbl  CIEAYIOIIME dTambl MPEABAPUTEILHON
00pabOTKM U HOpMaIM3aLUU 3JIEKTPOHHOM MMOYTHI:

Crpounblii peructp (Lower-casing): Bcs 37aeKTpOHHas MoyTa MpeoOpasyeTcs B HIDKHUH
pErucTp, UCIOJIb30BaHKE 3aryIaBHBIX OyKB UTHOpHUpyeTcs (Hanpumep, IndlcaTE ob6pabaTsiBaercs
TakK ke, kak u Indicate).

Ynanenne HTML (Stripping HTML): Bce HTML ymaistroTcst U3 3JI€KTPOHHBIX ITHCEM.
Hopmamuzanust URL (Normalizing URLS): Bce URL 3amensirorest Tekctom «httpaddry.

Hopmanusanus aapecos 3jexkTponHoii mourbl (Normalizing Email Addresses): Bce aapeca
AIIEKTPOHHOM MOYTHI 3aMEHSFOTCSI TeKCTOM «emailaddr..

Hopmanuzanus uncen (Normalizing Numbers): Bce uncna 3aMeHSIOTCS TEKCTOM «UHCIIO.




Hopmaauzauus gosutapa (Normalizing Dollars): Bce 3uaku momtapa ($) 3aMeHSIFOTCSI TEKCTOM
«IoIIapy.

Cremmuur ciaos (Word Stemming): cioBa cBoasTcs K UX OCHOBHOH ¢opme. Hampumep,
“discount”, “discounts”, “discounted” wu“discounting” 3amensitorcss Ha ‘“‘discount”. Huorma
CTEMMUHT (haKTHYECKU YAAIseT CUMBOJIBI C KOHIIA, Tak uTo “include”, “includes”, “included” u
“including” Bce 3amenstores Ha “includ”.

VY nanenue He-ciioB (Removal of non-words): He-cnoBa u 3HaKu npenuHaHus yaaistorcs. Bee
npoOenbl (TaOdysUU, HOBbIE CTPOKHU, TPOOEsIbl) 00pe3aroTcs 0 OJJHOTO poodena.

Pesynbrar 00paboTku nuchbma BeIMIAAUT Tak. C HUM Jierye aajiblie padoTarh.

anyon know how much it cost to host a web portal well it depend on how mani visitor your
expect this can be anywher from less than number buck a month to a coupl of dollar numb you
should checkout httpaddr or perhap amazon ecnumb if your run someth big to unsubscrib
yourself from this mail list send an email to emailaddr

Cuosaps cioB (Memok cioB, Vocabulary List, Bag of Words)

[Tocne mpenBapuTebHOM 00pabOTKHM MUCEM, Y HAC €CTh CHHCOK CJIOB JUIsl KaXIOTO MUChMA.
Crnenyronuii mar - BeIOpaTh, KaKMe CJIOBa OyAyT MCIIONIB30BaThCA B Kiaccu(UKaTOpe, a Kakue
HE OyIyT BKITFOUYEHBI.

Jnst mpocToThl OBUTM BBIOpAHBI TOJIBKO HamOOJIEE YacTO BCTPEYAIOIIMECS CIOBAa B KadecTBE
Habopa paccMarpuBaeMblX CJOB (ciioBaph ciioB). lMcmosib30BaHUE CIIOB, KOTOPBIE PEIKO
BCTpEYaroTCss B oOydaromeM Habope (TOIBKO B HECKOIBKHUX JJIEKTPOHHBIX MHUCHbMAax) MOXKET
MPUBECTH K MEPEOOYUEHHIO Halllel MOJICIH.

Cnucok cinoB HaxoauTcs B (paiine vocab.txt. DTOT cioBapb ObUT CO3/1aH MyTEM BbIOOpa BCEX
CJI0B, KOTOpble BcTpeuatorcst He MmeHee 100 pa3 cpemm Bcex crnam-nuceM. OObEM Halero
cioBapst 1899 cioB. OgHaKo Ha MPAKTHUKE YacTO UCMONb3YIOTCS cioBapH, cojepxkamue 10000 u
nmaxe 50000 cioB.

Kaxnomy crnoBy mucbMma (mpeaBapuTeabHO 00pabOTaHHOTO) MBI MOKEM TENeph MOCTABUTH B
COOTBETCTBUE HHJIEKC JTOr0 CJOBa U3 Hamiero cioBaps. Hampumep, cioBy «anyoney
peoOpa3oBaHHOMY 0 «anyon» COOTBETCTBYET YUCIIO 86 B CIHCKE CIOBApS.

Yacte koma B processEmail BemonHser 3T0 OTOOpakeHme. B kome 3amaHHas CTpoKa,
npejcTaBisiomas co0oil OIHO CIIOBO M3 00pabOTAaHHOTO AJIEKTPOHHOTO MHChMa, HIIETCS B
cniucke cioBapst vocabList. Ecnm ciioBo ecth B cioBape, MHICKC CJIOBa J00aBISETCS B
nepemenHyto word_indices. Eciu jxe cT0BO OTCYTCTBYET B CJI0Bape, TO €r0 MOKHO MPOITYCTUTD.

Hamre nucemo TCIICPb BLITJIAANUT TaK:

[86, 916, 794, 1077, 883, 370, 1699, 790, 1822, 1831, 883, 431, 1171, 794, 1002, 1895, 592,
238, 162, 89, 688, 945, 1663, 1120, 1062, 1699, 375, 1162, 479, 1893, 1510, 799, 1182, 1237,
810, 1895, 1440, 1547, 181, 1699, 1758, 1896, 688, 992, 961, 1477, 71, 530, 1699, 531]




BekTop NpU3HAKOB VIS KAXKI0r0 MHCHMa

Ternepb MBI MOXKEM MOCTABUTh KKIOMY O0BEKTY (IHMChbMY) X €ro BEKTOp IPU3HAKOB X € R™.
3nech n = 1899 - o6weMm Hamiero cioBaps. Koopaunara x; = 1, eciau { - oe clioBO (cioBaps)
€CTb B IUCbME (BO3MOKHO, OHO BCTPETUTCS B MHCbME HECKOJBKO pa3) U X; = 0 B MpOTUBHOM
ciIydae.

SlcHo, uTo Takoit 1899-MepHBIi BEKTOp Oy/IeT B OCHOBHOM 3aIlOJIHEH HYJISIMH.

Oyukius emailFeatures reHepupyeT BEKTOp MPH3HAKOB IS KaXI0ro muchbma. JlJisi Halero
npumepa 3710 OyaeT BeKTop ¢ 43 HEeHYIeBbIMU IEMEHTaMHU.

O0y4yenue SVM kiaccudukaropa

Teneps nmaBaiiTe 3arpy3uM IpeIBAPUTEILEHO 00pabOTaHHBIA HAOOp TPEHUPOBOUYHBIX JAHHBIX,
KOTOPBIA OyJET HCIIOJIB30BaThCs IS 00y4deHHs Kitaccupukaropa SVM.

spamTrain.mat cogepxut 4000 mpumepoB criama u He cnama, a spamTest.mat cogepxut 1000
TECTOBBIX NpuMepoB. Kakmoe mcxomHoe muchMo ObLIO 00pabOTaHO Kak OINMMCAHO BHIINIE H
peoOpa3oBaHO B BEKTOP IPU3HAKOB.

3arpy3ute naHHble W oOyunte SVM kinaccupukaTtop Ha TPEHUPOBOYHOM HAOOpe MaHHBIX.
[TomyuuTe TOUHOCTH OKOJI0 99,8% Ha TpeHUpOBOUHOM U 98,9% Ha TecTOBOM HabOpax JaHHBIX.

Tenepsr xorma y Bac ecth oOyueHHBIN Kiaccupukatop, Bel MoxeTe €ro HCIOJIb30BaTh IS
knaccupukanun Bammx mucem. IIpoBeppre pabory Bamero knmaccudukaropa Ha muchbMmax
emailSamplel.txt, emailSample2.txt, spamSamplel.txt, spamSample2.txt.



