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Sajganue 3. MeTo/1 ONOPHBIX BEKTOPOB

Kypc: IIpaktTukym Ha 9BM, ocennb 2014

HauaJio Beinosinenust 3a1auusi: 5 HOSIOPsI.
Cpoxk cmaum: 22 HOsIOps1, 23:59.
Cpena 115 BbIIOIHEHUS 3agaHus: Python 3.4.

1 JIuk6e3s

Sadurcupyem 0003HATEHUSI:
e N — uncyio 00beKTOB B 00yUaloNieil BLIOOPKE.

e ) — pa3sMepHOCTb IPU3HAKOBOTO ITpoCcTpaHcTBa. [t ymobcTBa mpepiaraercs Jo00aBUTh B IPU3HAKOBOE OITICAHNE
00bEKTOB KOHCTAHTHBIN IIPU3HAK PABHBIN 1, 9TOOBI peIIaolee IPABUIO MIPUHSIO BUI WTX, U He TpebOBaJIOChH
OTJIeJIbHO pacCMaTpUBaTh lapaMeTp C/IBUTA.

e x, € RP — Bekrop npusnakos oobexTa n.

e y, € {—1,1} — upaBuibHbIi oTBeT st OObBEKTA N.

IIpsamas 3agaga SVM
mln f||w||2 +C Z &ns
st.y,wix, 21—-6,, n=1,...,N.

Ilpsimast 3agaga SVM 6e3 orpanuydenuii B npeabiaymeil 3a1a1e MOXKHO n36aBUTHCA OT MMEPEMEHHBIX &, eciu
yaectb, uto &, 2 0u &, > 1 — Yy, WTx,:

N
1
min §||w||2 +C z:l max{0,1 — y,wTx,}.
n=
BoiictrBennas 3agada SVM
N 1 XX
m:‘XZ ap — 5 Z Z anamynymk(xnaxm)
n=1 n=1m=1

st.0<a, <C, n=1,...,N,
N
Zanynzoa
n=1

rie k(Xn,Xm) — aapoBas OYHKIM, B JIMHEHHOM CJIydae ee 3HAYCHUE PABHO X[ X,y,.

Cyorpamuent Bekrtop g € R" sapisiercss cybrpajumerToM Bbinykjon dyakmuu f: R®™ — R B Touke x € R", eciin
Vz € R™ BBINOJHEHO HEPABEHCTBO

f(z) 2 f(x) +87(z — x).

Ecmu dyuknus f nuddepennupyema B TOUKe X, ee CyOIpaJIieHT B 9TOM TOUKE COBIaaeT ¢ rpaguenToM. Cybdudpe-
peryuasom OYHKIME [ B TOUKe X HA3BIBAIOT MHOXKECTBO CyOIDaJMeHTOB B 910l TouKe, 0603Hadaor Jf(X).

Pacemorpum npumep Buruncierns cybmudddepennmarna qst dyukiyn f(z) = |z|. Ipu ¢ < 0 cyGrpajauenT exuH-
creren: Of(xz) = —1; anasnoruuso npu x > 0: df(z) = 1. Ilpu & = 0 cy6uuddepennua onpeensercs: HEPABEHCTBOM
|z| = gz s moGoro z € R, 910 HEpaBEHCTBO BBIOJIHEHO TOJBKO pH ¢ € [—1, 1], Takum obpasom Of(0) = [—1,1].

CyOrpagueHTHBINl CIIyCK — METOJ aHAJOTWYHBIM METOIy T'DAJUEHTHOTO CIIyCKa, B KOTOPOM BMECTO I'DAJIMEHTa
HCIIOJIB3YEeTCS CyOrpainent.
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DopmyMpoBKa 3aJaHUA

Tpebyercst pean30BaTh CIAEAYIONIME METOIbI I perterns 3agaau SVM:

1.

Metosx BHyTpeHHEH TOYKHU I PEIIeHUs MPAMOM 3a7aqu. PeKoMeHIyeTcs MCIOJb30BaTh OMOJINOTEKY CVXOpt,
MeToJ, cvxopt.solvers.qgp.

Metos BHyTpeHHEH TOYKHW I PeIleHus JIBONCTBEHHON 3ajadn. PekomenayeTcs HCIOIb30BaTh OUOIMOTEKY
cvxopt, meroJ; cvxopt.solvers.qp.

Meros, cybrpaJJMeHTHOrO CIIyCKa JJjIs PelleHusl IPsSIMON 3a/1a4M, a TaKyKe ero CTOXacTUdYecKuil BapuaHT. Pac-
CMOTPETH KPUTEPHUil OCTAHOBA KaK II0 3HAYEHUIO IejieBOil (DYHKIMM, TAK U 10 HOpMe apryMmeHTa. Peajim3oBaTh
ITOJTHOCTBIO CaMOCTOoATebHO. Jljist 9Toro morpedbyercss BhiBecTru hOpMyJy jisi cyOrpammenTa (pyHKIIMOHAIA B
npsamoit 3amade SVM 6e3 orpanuveHuil, BEIBOJI BCTABUTH B OTYET.

Merox, ucrionp3yembiii B 6ubimoreke liblinear. Pekomenmyercs ucnionp3oBars 6ungmaru u3 dubsimorekn scikit-
learn, kracc sklearn.svm.LinearSVC.

Meroxa, ncrnonb3yembrit B 6ubamoreke libsvim. Pekomernmayercs ncnosb3oBaTh OnuaanHru 3 Oubamorekn scikit-
learn, kiracc sklearn.svm.SVC.

UccnenoBarenbckasa 9yacTb. /JIasg mpoBejeHust UCCAEIOBAHUN HEOOXOIMMO T€HEPUPOBATH MOJIE/IbHbBIE JAaHHbBIE, KO-
TOPBIE HE SIBJISIFOTCsI JIMHEIHO Pas3 e/ IMMbIMU, JJIsl 3TOrO yJI00HO UCIOJIB30BaTh MHOIOMEDHbBIE HOPMAaJIbHBIE paclIpejie-
sternsi. MuanMasbHbI pasmep BeIOOPKH — 1m0 100 0O0BEKTOB B KaXKIOM KJIacce.

Tpebyercst TpoBeCTH CIIEAYIONINE UCCIIEIOBAHS:

1.

WccremoBars 3aBHCHMOCTD BpEeMEHH PAOOTHI PeaIn30BaAHHBIX METOJIOB I pelreHns 3aaaqn jJuHeitaroro SVM ot
Pa3MEpHOCTH TPU3HAKOBOTO MPOCTPAHCTBA W UHCIa 00HEKTOB B oOywvarorieil Boibopke. lccmemoBaTh CKOPOCTH
cxouMoCcTu MeTOo10B. CPaBHUTH METOJIBI 110 MTOJIYIEeHHBIM 3HAYEHUSAM IeJIeBOH (OyHKITIN.

IIpoBectu 31 ucciienoBanus st ciaydas SVM ¢ RBF siapom 11 TeX MeTOJIOB, Tie BO3MOXKEH sJIPOBOii IIepexol.

PeanuzoBaTh mporeypy IMOUCKa ONTHMaJbHOrO 3Hadenusi napamerpa C u mupunbl RBF siapa ¢ momombio
KPOCC-BaJIauu (MOXKHO BOCIIOJIB30BaThCst Oubimorekoii scikit-learn). VccieoBaTh 3aBUCHMOCTD OMINOKK HA
BaJINJAIMOHHON BBIOOPKE OT 3HAYEHUI ITUX MApaMEeTPOB. PaccMOTpeTh Ciiydand XOPOIIo U TPYIHO Pa3IeIuMbIX
BBIOOPOK.

CpaBaurh (110 CKOPOCTU CXOIMMOCTU U TOYHOCTU PEIIeHWs) HECKOJIBKO CTPaTeruili BbIOOpa Imara «y B METOe
cyOTpajIIenToro CIiycka: o, ¥, 15, I/le «, 3 — HEKOTOpble KOHCTAHTDI, ¢ — HOMEp UTEepaIiu.

UccemoBars, Kak pa3mep MOABBIOOPKH, IO KOTOPOW CUUTAETCS CyOrPaJMeHT, B METOJe CTOXAaCTHIECKOro CyO-
I'PAJIUEHTHOrO CIIyCKA BJIUSET Ha CKOPOCTH CXOJMMOCTH METO/Ia W Ha TOYHOCTH PEIleHus. B 9ToM u mpebiynem
IIYHKTaX 3a TOYHOE peIlleHrue MOXKHO B34ATb DElIeHue, IoJIyIeHHOe C IIOMOIIbIO OJJHOTO U3 METO/I0B BHyTpeHHeﬂ
TOYKHU.

PeanuzoBaTh MeTOIBI [IJIsT pElIeHUsT MHOTOKJIACCOBOM 3a1a9u KJacCUpUKAIUN 10 cTpaTrerusM one-vs-all u one-
vs-one. CpaBHUATH 3TU MOAXOIBI, paccMoTpeTh ciaydan juHeitroro SVM u SVM ¢ RBF sapowm.

. s 1ByMepHOTO citydasi:

e [IpoBecTu Bu3yam3aiuio BEIOOPKU.

o [l muueitnoro SVM u st SVM ¢ RBF siipom poBecTn BU3yan3anuio pa3aesisiionieil MOBEpXHOCTH JIJIst
JIBYXKJIACCOBOT'O M MHOT'OKJIACCOBOT'O CJIYIaeB.

e OT06pa3uTh OOBEKTHI, COOTBETCTBYIOIINE OITOPHBIM BEKTOPAM.

[IporecTupoBarh MHOTOKJIaCCOBBIe MeTo/ bl Ha Habope manubix MNIST. cnonb3oBarh crangapraoe pasbuenue
Ha OOYJAIONIyI0 W TECTOBYIO BBIOOpKHU. I3 obydarorieit BHIOOpKH OTOOpATh OOBEKTHI JIsT BaJIUIAIIMOHHON BBI-
6OpKH, KOTOPYIO UCHOJIB30BaTh JiiIsl noabopa runeprapamerpos (C, mupuaa RBF sapa). MakcumanbHoe Bpemst
paboTsl mporneaypbl o0yderuss — 1 gac. Tpebyercs onpee/inTh MaKCUMAJIbHBIA pazMep 00ydarolieil BHIOOPKHU
JUIsT pa3JIMIHBIX MeToJ0B. Kakoil u3 MeToioB MOKa3bIBAeT JIydIIyio TOYHOCTh! llosiyueHHBbIE pe3yIbTaThl BCTa-
BUThb B OTYET C YKA3aHWEM BCEX MAapaMETPOB [JIsi BOCIPOU3BeIeHUs dKcrepuMmeHTa. CIearh BBIBOIALI O TOM,
KAaKOi aJI'OPUTM JIydIlle BCEI'O MCIIOJIb30BATH HA STOM HAOODE JAHHBIX.



3 TpeboBannsa K opopMJIIEHUIO

st coasin 3a1aHnsa HeoOXOAUMO TPEI0CTABUTD:

1. Oruer B hopmare pdf (obopmiennsiii B cucreme WTEX) ¢ onncanneM Beex IPOBEIEHHBIX UCCIIEI0OBAHNII CO BCeMU
rpaduKaMi U BBIBOJAMM.

2. IPython notebook ¢ komom 11t Bocnpou3BeieHnsT BCEX PE3YAbTATOB U3 OTYeTa: Tad/mil, rpadUKOB U MPOU.

3. Python momyss co Bcemu TpedyeMbivMu DYHKIUAME, B COOTBETCTBUU CO CIEIMMDUKAIUSIMUI, IPUBEIEHHBIMU HUKE.

4 Croemudukays
B npemocTaBienHOM MOy 1€ JOJI2KHBI OBITH PEATM30BAHBI (DYHKITAN:

1. ®yukuuu nojcyera nesteBoit pyukuu SVM, jyist IpsMOil 1 [IBORCTBEHHBIX 3aIa4:

compute_primal_objective(X, y, w, C)
compute_dual_objective(X, y, w, C, gamma=0)

Ornmcanne mapaMerposB:
e X — mepeMeHHas THUIIA NUmMpy .array, mMarpuia pa3mepa N X D, npu3HakoBbe OMUCAHUsST O0BEKTOB U3 00y-
qaforeit BRIOOPKM,
e y — IepeMeHHas TUIIA Numpy . array, Marpuiia pasmepa N X 1, mpaBUIbHbIE OTBETHI Ha 00y JIaloleiil BLIOOpKe,
e W — IIepeMeHHasl THIIa numpy .array, Marpuna pasmepa D X 1, BekTop BecoB SVM,
e C — mapaMeTp peryJsipu3aliuf,

e gamma — mupuna RBF anpa. Eciin gamma=0, paccmarpuBaercs JIMHEHHBIN ciIydail.
QYHKIMH JIOJ?KHBI BO3BPAIATh OJHO YKCJIO — 3HAYEHUE 1eJIeBOi (PyHKIUN.

2. Oyarnum jisi perrenus 3agaqdun SVM:

svm_subgradient_solver (X, y, C, tol=le-6, max_iter=100, verbose=False)
svm_qp_primal_solver(X, y, C, tol=le-6, max_iter=100, verbose=False)
svm_qgp_dual_solver(X, y, C, tol=le-6, max_iter=100, verbose=False, gamma=0)
svm_liblinear_solver(X, y, C, tol=le-6, max_iter=100, verbose=False)
svm_libsvm_solver(X, y, C, tol=le-6, max_iter=100, verbose=False, gamma=0)

Onumcanme mapaMeTrposB:
e X — mepeMeHHAs THUIIA NUmMpPY .array, Marpuia pazmepa N X D, npu3HakoBble OMUCAHUsT 00BHEKTOB U3 00y-
qaforeit BEIOOPKH,
e y — IepeMeHHasl TUIIA Numpy . array, Marpuiia pazmepa N X 1, mpaBUIbHbIE OTBETHI HA 00y JIaloleii BHIOOpKe,
e C — mapamerp peryJisipu3alliu,
e tol — Tpebyemasi TOYHOCTD,
e max_iter — MakKCHMaJbHOE YUCJIO UTEPAIHii,

e verbose — B ciyuae True, TpeGyeTcsi BBIBOAUTD OTJIAJ0YHYI0 MHMOPMAINIO HA IKpaH (HOMED HTeparum,
3HAYEHUe TesIeBol hyHKIUNM),

e gamma — mupuna RBF anpa. Eciin gamma=0, paccmarpuBaercs JTHHEHHBINR CIydail.
QYHKIMY JI0J?KHBI BO3BPAIATh CJIOBAPH C IOJISIMHU:

e ’w’ — numpy.array, MaTpuna pasmepa K X 1,

e ’A’ — TOJBKO B CJIy4ae pelIeHus JBOICTBEHHOI 3a/1a4y, numpy . array, Marpura pa3mepa N X 1, 3HadeHHA
JBOMCTBEHHBIX II€PEMEHHBIX,

e ’status’ — 0 wm 1, 0 — ecim MeTO/, BBIIIE IO KPUTEPUIO OCTAHOBA, 1 — €CJIN 110 YHUCJIy UTepaIuii,
e ’objective_curve’ — CHUCOK 3HAYEHUII 11€JI€BOI (DYHKIMH 10 UTEPAIUAM METO/IA,
e ’time’ — BpeMst pabOTHI METOA.

3. OyHKIWS OlIpesiesIeHNsI OIIOPHBIX BEKTOPOB!
compute_support_vectors(X, y, A)

Onucanme mapaMeTrposB:



e X — mepeMeHHAs THUIIA NUmMPY .array, Marpuia pa3mepa N X D, npu3HakoBble OMuCanusi 00BHEKTOB U3 00y-
qaforeit BhIOOPKM,

e y — IlepeMeHHasl TUIIA Numpy . array, Marpur@a pa3mepa N X 1, IpaBuibHble OTBETHI Ha 00y JaIoleil BLIOOPKe,
e A — rlepeMeHHAas THUIIA nUmMpY.array, Marpuiia pasmepa N X 1, 3HauUeHUs JIBONCTBEHHBIX IEPEMEHHBIX.
OyHKIWS T0/PKHA BO3BpAIATh numpy .array, Marpuily pasmepa K x D, rame K — 4ncio HaiiJeHHBIX OIIOPHBIX
BEKTOPOB.
4. OyHKIWS [TOJIyYeHUs IIPSIMbIX [IEPEMEHHBIX W 110 JIBOUCTBEHHBIM oy :
compute_w(X, y, A)
Onumcanme mapaMeTrposB:
e X — IlepeMeHHasl TUIIA numpy .array, Marpuria pasmepa N x D, IpuU3HAKOBBbIE OIUCAHUS 0OBHEKTOB U3 00Y-
qajoreit BEIOOPKH,
e y — IIepeMeHHasl TUIIAa Numpy . array, Marpuria pasmepa N X 1, IpaBuiIbHbIe OTBETHI HA 00YIAIONIeil BLIOOPKE,

e A — mepeMeHHAs TWIIA NUmMpY .array, Marpuia padmepa N X 1, 3HaUeHus ABOWCTBEHHBIX IEPEMEHHBIX.

OyHKIWMSA TO/2KHA BO3BPAIATH NUMPY . array, MaTpuity pasmepa D X 1.

Bce onucannbie Boilte (OYyHKIMY JOJKHBL pabOTATh /i ONHAPHOIO CJIyYasi, B 9TOM CJIyIae METKHU KJIACCOB ITPUHU-
maroT 3uadenud 1 u —1. B ciaywae K > 2 ximaccos onn nymepyioresa oT 0 1o K — 1.

Tpebyercst Takke peaan30BaTh PYHKIINIO BU3YAJTUIAIINH, COOTBETCTBYIONIYIO0 TPEOOBAHUSM IIYHKTA ¢ MCCACIOBA~
TeJIbCKOIT JYacTu 3a aHusd:

visualize(X, y, w, A=None)

Onuncanune mapaMerpoB:

e X — mepeMeHHas TUIA numpy .array, Marpura pasmepa N X D, npu3HaKOBbIe OIICAHNs 00BEKTOB U3 00y JatoIeit
BBIOODKH,

e y — IlepeMeHHasl THUIIA numpy.array, Marpur@a pasmepa N X 1, npaBusbHble OTBETHI Ha 00ydaloIieil BLIOOPKeE,

e W — IepeMeHHas THIIa numpy.array, MaTpuna pasMepa D x K mwmm D X 1 B ciry4dae ABYX KJIaCCOB, BEKTOD BECOB
SVM,

e A — mepeMeHHas THUIa numpy.array, MaTpura padMmepa N X K mmm N X 1 B ciydae AByX KJIaCCOB, 3HAUEHUST
JIBOMICTBEHHBIX IIEPEMEHHBIX. Fc/Ii 9TOT mapameTp He 33/1aH, PYHKIINS He JOJZKHA 0TOOPAXKATH OIMIOPHBIE BEKTOPA.



