IIpakTHyeckasi padora Ne 2. JlorucTuueckasi perpeccust

B sr1oii pabore Bbl ucnomp3yere MeTOJ JOTHCTHUECKOH perpeccud [UIsl pelieHust 3aaady
OMHapHOW W MHOXKECTBeHHOW Kiaccudpukanuu. Crtpoute TpaHuny pemieHuid. HaOmromaere
sIBIICHUE TIepe0OyUCHUS U UCTIONB3YeTe PETYISIPU3ALUIO ISt O0PHOBI ¢ HUM.

1. bunapnas knaccupurkanus. Ciaydai JUHEHO pa3geJMMbIX KJIACCOB

B sto0ii pabote Bl perraere 3amauy onpezaeneHus manca aOUTypUeHTa MOCTYIUTh B UHCTUTYT
10 U3BECTHBIM PE3yJIbTaTaM €ro ABYX 3K3aMEHOB.

B kauectBe oOyuatomero Habopa y Bac ectb aHasoruyHsle JaHHBIE MPOLUIOTOAHHUX
abutrypueHtoB. [lns pemieHuss naHHOM 3amaun OMHApHOM KiaccupuKauuu (HE MOCTYIUT-
noctynut) Bl Oyziere ucnonb30BaTh JOTUCTUYECKYIO PErPECCHIO.

Hcxonnbie nannbie - B (haiine ex2datal.txt

3arpy3uTte Ta0JMIy ¢ JAHHBIMHU, 0TOOpa3uTe Ha rpadguke TOYKH C AByMs KOOPAUHATAMU
(pe3yJabTaThbl ABYX 3K3aMEHOB) M Pa3/IMYHOr0 HBeTA B 3aBUCHMOCTH OT TOr0, MOCTYNHJI
WIN HeT JaHHBbIH aduTypueHT. Y Bac 10/KkHA OJyYMThCS N0100HAsi KAPTHHKA.
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Exam 1 Score

Janee BaM HyHO, Kak ¥ B pouuiol gabopaTopHoit padoTe,

NOATrOTOBUTH JaHHbIE /1M JaJIbHeHIIero Oﬁy‘-leHI/Iﬂ.

Cozmaiite aBe marpuiibl X ¥ Y €O 3HAYCHHUSMH BXOJa M BBIXOJA JJIEMEHTOB OOydwaromien
BbIOOpKHU. He 3a0yapTe B X 100aBUTH MEPBBIN CTONOCI U3 €AUHUIIL.

Co3paiite maccuB 6 (CKOJBKO B HEM D3JIEMEHTOB?), MHUIMAIM3UPYWTE HYJIEBbIE HadyallbHbBIC
3HAUEHUS.

Jns nanpHelel paboTel, HaM HYXHa OyJeT CUTMOM/Ia - (DYHKIIHSI, BO3BpALIAIONIas 3HAUCHHE:
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Hanummre cBow pynkmuro sigmoid(z).

Taxke peanmsyem ¢yHkuuto CostFunction(theta, X, y), Bo3Bpamaromnlyto 3Ha4eHHE IEICBOI
¢ynkunu. Kakas ona B Hameit 3anaue?

costFunction(theta, X, y) Oyzmer wucmonb30BaTh HaNMCaHHYHO Bamu paHee QyHKIHIO
sigmoid(z).

Peamm3yiite ¢ynxkmmio costFunction(theta, X, y). IIpoBepbTe KOPPEeKTHOCTH PadOTHI
Bammx ¢pyHKumii, mocuynTaB 3HaYeHHe 1ejieBOi QYHKIMHU sl JaHHBIX X, Y ¥ HYJIeBbIX 0.
Joaxno moayuutbes 0.693.

Hansmre Mbl Mormum  Obl B3saTh (GyHknmio gradientDescent(X, vy, theta, alpha, iters),
peATM3YIONTYI0 METO/I IPaTUEHTHOTO CITyCcKa U3 MPOILIon 1abopaTtopHoit paboTsl. [Touemy?

Msl He Oynem 3Toro jienarb, T.K. YUCTBII METOJ I'PaJiuEHTHOIO CIyCKa, pealu30BaHHbIN B HEl,
paboTaeT MEUIGHHO W NPAaKTUYECKU YK€ HE HCHojb3yercs. JlaBaliTe BOCHOJIB3yeMCS €ro
MoupuKkanuen - roToBoil peanuzanueil Mmeroga HploToOHAa CONPSKEHHBIX IPAaJUEHTOB U3 IIaKeTa
Scipy. Jlo6aBuM umMmopt

import scipy.optimize as opt

Msl OyneM ucnosib3oBaTh fMIN_tNC QyHKIMIO, KOTOpas JaeT ONTHMAlIbHbIC 3HAYeHHs 6 npu
naHHbiX X W y. [loMMMO 3THUX BXOAHBIX 3HAUCHUH, OHA TaKXe TpeOyeT 3HAuYCHMs IIEeJIEBOU
(YHKIIMM 1 3HAUYEHUS €€ IPOU3BOIHOM.

[Tostomy moGaBum eme ¢yakmuio gradientFunc(theta, X, y): BeUHCHSAIONIyIO 3HAYCHHE
MIPOU3BOIHOM 11€7IeBON (DYHKIIUH.

Peanmsyiite ¢pynxmmio gradientFunc (theta, X, y). IlpoBepbTe KOPpPEKTHOCTH ee PadoThI,
NMOCYHUTAB 3HAYCHHE NMPOU3BOAHOM HeJeBOHM (YHKIMM NJsi JaHHBIX X, Y M HYyJeBbIX 0.
Joaxuo noayuntbes (-0.1, -12, -11).

I[anee 3aIlyCTUM IMIPpOoUeCC MUHUMHU3alluN 11 (S (3:10) CI)YHKI_II/II/I

result = opt.fmin_tnc(func = costFunction,
X0 = theta, fprime = gradientFunc,
args = (X, y))
theta_optimized = result[0]
print(theta_optimized)

U MTOJIYYHUM HOBBIC 3HAYCHU A 6. OI_IeHI/IM TCIICPb KAUCCTBO MMOJTYYCHHOI'O pCHICHUA.

IHocTpoiite rpanuny pemenus. Yro nmosxyumniiocsb?

Jlasi cTyleHTa, cAaBLIero Jk3aMeHbl Ha 45 u 85 0anoB, oleHHTE BepPOATHOCTH
NMOCTYIJICHHS.

Ouenure TOYHOCTH Kiaaccupukaropa. KakoB npoueHT ero npaBuJibHbIX 0TBETOB?




2. bunapuas kiaaccudpukanus. Ciaydaii He pa3ieJUMbIX JIUHEHHO KJIaCCOB

PaCCMOTpI/IM Jajice boiee CJIOKHYKO 3aaady, KoOriaa KJIaCcCbl HE ABJIAIOTCA JIMHEMHO
pa3saciIMMbIMU. HpC,Z[HOJ'IO)KI/IM, y Bac ectp PE3YIBTATHI ABYX TECTOB MHUKPOYHUIIOB, I1I0 KOTOPBIM
Bel  momxHEI PCIINTD, 6paKOBaHHBIe OHUM UKW CTAaHAAPTHBIC, IIPUHUMACTC Bel mx wumm
OTKJIOHACTC.

Vcxonnble nanubie - B (haiine ex2data2.txt

3arpy3ure W BHU3yaJu3upyiite naHHble. Y Bac q0/kHA MOJMYyYMTHCS NPHUMEPHO Takasi
KapTHHA.
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Micrachip Test 1

B nponoit 3axaue BXOAHON BEKTOP JJIs HALLIEH MOJEIN UMEIT BUJL:
X=0 x; x)7.

I'paHuna pemeHuss B 3ToM ciydae umena Buj 607X = 0y + 6,x; + 6,x, = 0 u sBusnach
npssMoi. SICHO, 4TO Temeph, B OTIMYUHM OT MPONUIOW 3amauu, rpaHuiied pemenus (decision
boundary) He MOXeT ABISATHCS TpsIMAast THHHSL.

Bunno, uto MHKpouMIy, IpOUIEALIEMY MPOBEPKY, COOTBETCTBYIOT MaJlble 3HAYEHMsI OLIUOOK
(+), «cunsiue» B paiioHe Hyis. bpakoBaHHOMY MHKpouHIly (0) — Gosibiine omuOKu. ['panuiei
petieHus OyzeT YTO-TO BpOJE OKPYKHOCTH C LIEHTPOM B HyJe. [lepen Hamu ciiydail TUHEIHO He
pa3eIMMBIX KJIACCOB.

B aT1o0ii 3amaye Mb1 100aBUM 00JIbIIIE BXOIHBIX MPU3HAKOB, SBISIONIMXCS MHOTOWICHAMH 10 6
CTETNEHU OT JIBYX JaHHBIX X1, X, T.€. Oy/IeM pacCMaTpUBaTh CISAYIOIINI BEKTOP MPU3HAKOB:

X=0 x; x5 x2 xx, x2 x3 - xx5 x9)T.

Jlo0aBbTe BXOJHBIC IPHU3HAKH.

MoxHO HamucaTb KOJ, KOTOPBIM CO3/aCT TaKOM BEKTOp, CaMOCTOATENbHO. MOXKHO
BOCIIOJIb30BaThcsl ToTOBOM (yHkimern PolynomialFeatures u3 makera sklearn (https://scikit-
learn.org/stable/modules/generated/sklearn.preprocessing.PolynomialFeatures.html).




Teneps, Korja y Hac €cTh TaKOW BXOAHOH BEKTOP U Mbl MOXKEM IOJIYYHUTh JOCTATOUHO CIOKHYIO
rpanuiy pemenuiit 87X = 0, kortopoil "mox cuay" pasgenMTh HAIM Ba KJIacca, Mbl MOXKEM
IPOJOJIKUTD.

B aT0# 3amaue Mbl yaydlImM METOJ JIOTUCTHYECKOW PEerpeccHH T00ABICHUEM peryIsipH3allHH.
Hac cmy1iaer orpoMHOE KOJIMYECTBO BXOJIHBIX IMPU3HAKOB (Tereph UX cTajo 28!) U MbI Bcephe3
omacaeMcsi TiepeoOydeHus Hamed wmonenn. YtoObl M30ekaTh OSTOro SBICHUS, JTO0aBUM
COOTBETCTBYIOLIMI YJIEH, OTBEUAIOUIMI 32 PETYISPU3ALMIO, B HALL aJITOPUTM.

K neneBoii pyHKIMM MBI J0OABISIEM MTOCIIEAHEE ClIaraeMoe:

m

J(6) =~ [ Zy<‘)logh(x<‘))+(1 y©)log (1 - h(x®))|+ z

[IpousBogHas 3TOro ciaraeMoro J00aBUTCS TaKKe K IPOU3BOJAHON HCXOJHOW II€JIEBOM
¢ynkuuu. byabre BHUMaTenbHbl, IPOU3BO/IHAS 110 By He MeHseTcs !

Peanm3yiite pynxuun costFunctionR(theta, X, y, lam) u gradientFuncR (theta, X, y, lam),
BBIYHCJIAOIINE 3HAYCHUS LeJeBOM (QYHKIHMM M ee IPOHM3BOJHOH C Y4YeTOM HOBOIO
ciaaraemoro. IIpoBepbTe KOppeKTHOCTH ee padoOThl, MOCYUTAB 3HAYEHHE IPOM3BOJHOI
ueJieBoil GyHKUMH 1J1s1 JaHHBIX X, Y, HYJIeBbIX @ U A = 1. JI01KHO MOJYYHTHCSH

Cost: 0.693

Gradient: [8.47457627e-03 1.87880932e-02 7.77711864e-05 5.03446395e-02 1.15013308e-02 3.76648474e-02
1.83559872e-02 7.32393391e-03 8.19244468e-03 2.34764889e-02 3.93486234e-02 2.23923907e-03 1.28600503e-
02 3.09593720e-03 3.93028171e-02 1.99707467e-02 4.32983232e-03 3.38643902e-03 5.83822078e-03
4.47629067e-03 3.10079849e-02 3.10312442e-02 1.09740238e-03 6.31570797e-03 4.08503006e-04 7.26504316e-
03 1.37646175e-03 3.87936363e-02]

Janee, kak 1 B IpOILION 3a/1aye, 3allyCKaeM MPOLEeCC MUHUMH3AIUH 11eJIeBOM (PYHKIINH.

I[J'Iﬂ OLCHKH IIOJYYCHHOI'0 PpeIIcHUs HOCTpOﬁTe rpanany pemeﬂm‘fl H TIOCMOTPHUTE,
HACKOJBbKO0 X0pPOII0 OHA pa3acjaujia Bamm aBa kiacca.

I[aBaﬁTe TCIICPb HpOHa6J'IIOI[aeM SABJICHUA He,[[006yquI/I$I u Hepe06yquI/I;1 MOICIIN.

Jis 3TOrOo MBI NMOBTOPUM YK€ HpozenaHHbii manst A =1 mponecce mig 3HayeHuid A =0
(perynsipu3anuy HeT, Mbl YBUIMM siBIIieHHE niepeoOydeHwust) u 1t A = 100 (Bce cuutbl anropurma
OpoleHbl HA MUHMMHU3ALIMIO 3HAaYeHUH 0, 3a/1a4a pa3ieseHns KJIaccoB He PELIaeTcs, Mbl YBUAUM
SIBJICHHE HEI000YUYEHU).

‘HOCTpOﬁTe TPAaHUIY pelleHui M B ITHX cJIy4yasx.

MoskeTe TOIKCIIEpUMEHTUPOBATh ¢ Apyrumu 3HaueHusMu A. Ecnu A = 0 u perynsipusanuu Her,
KaK eIle, KpoMe MOBBINICHUs] 3HAUYeHHS A, MOXXHO OOpOTBHCS C HEXKENATCIbHBIM SBICHUEM
nepeoOyuyeHus?




3. Hcnoab3oBaHHe JOTHCTHYECKOI perpeccuu /UIsl pelieHus 3a1a4i MHOKeCTBeHHOi
KJIaccHPUKAIUH — PACIIO3HABAHUS PYKONMUCHBIX Hu@p ot 0 10 9

B sT0if 3amaye BaM HYXHO PelIUTh 3ajady Kiaccudukamuu pykonucHeix mudp ot 0 g0 9 ¢
HIOMOIIBIO MHO)KECTBEHHOM JIOTHCTHYECKOHN perpeccuu, a TouHee meroa one-vs-all.

Unes storo merona oyeHb mpocta. Ecim y Hac ectb o0bekThl K kiaccoB, Mbl ctpoum K
pa3IMYHBIX OWHAPHBIX KIacCH(UKATOpa, KOTOPhIE OOBEKTHI OMPEICICHHOIO Kiiacca OTACIISIOT
OT BCEX OCTaJbHBIX. T.e. MepBhIid KIaCCUPHUKATOP OTACIAET OOBEKTHI IEPBOrO Kiacca OT BCEX
npounx ("He mepBoro” Kiacca), BTOpoid — BTOporo u T.1. Tenepb, korma y Hac ecth K Takux
KJIacCHU(PUKATOPOB, JJIsl JIIOOOr0 HOBOIO OOBEKTa MBI MOXEM BBIYUCIUTH BEPOSTHOCTH €ro
NPUHAUICKHOCTH K KaXJIOMY M3 STHX KJIAaCcCOB M BBIOpaTh TOT KJAcC, JJIsl KOTOPOrO 3TO
3HAUCHUE 0KA3aJI0Ch HANOOJIBIINM.

B s10i1 pabote HaOOp naHHBIX conepKUT 00BeKTH 10 KIaccoB — 310 pykonucHsle nugpsl ot 0
10 9. IlosTomy Bam npeacront o0y4ars 10 pa3nuuHbix OMHAPHBIX KJIACCH(PHUKATOPOB.

3arpy3urte nannble u3 daiija ex2data3.txt

IlepBbie 400 cToa6mOoB — 3T0 "HMdpbI" X, MocjaeaHuii cTo/I0ell — METKH KJIACCOB Y.
OTtaesanre ux.

Habop nannbix cogepxut 5000 pykonucHbix 1udp. Kakmas iudpa Obuta n3nadanpHo gray scale
kaptuHkoi 20x20 mmkcenel, KOTopyro 3aTeM "pa3zBepHyiau" B cTpoky u3 400 31€MEHTOB O
3HaYEHUSAMH, XapaKTEePU3YIOIUMU HHTEHCUBHOCTb JAHHOTO MMHUKCEJIS.

BoT Tak BRINIISIIAT HEKOTOPBIE U3 (P Halero Habopa.
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Bce mudper Teneps xpansres y Bac B MaccuBe X pazmepom 5000x400, a mpaBUIIbHBIE OTBETHI B
y pazmepom 5000x1.




Jo0aBbTe, KaKk 00BIYHO, K MaccHBY X cToJs10en u3 1.

Jlanee Ham HYXXHBI BCE€ TE€ e camble (DYHKIMHM, YTO W B MPOILIONH JlabopaTOpHOH paboTe:
sigmoid, costFunction, gradientFunc, koTopbie Mbl MOYKEM MPOCTO B3STh OTTY/IA.

MpbI Take OyaeM ucmoiab3oBath fMin_tNc ¢yHkIwio, KoTopas AaeT ONTHMAIbHbIC 3HAYCHUS O
npu AaHHbIX X W y. [loMHMMO 3THUX BXOIHBIX 3Hau€HUHM, OHa TpeOyeT 3HAYCHHS LEIeBOU
(GYHKIIMY 1 3HAUEHUS €€ TPOU3BOIHOM.

IlocTpoiite 10 OuHApHBIX KjIaccupukaTopoB, pemawiux 3agaum "umudpa k' - He
"uuppa k ", naga k=0,..,9. Y Bac no/ekHo moayuutbesi 10 HaGopoB onTHMAJIBHBIX
3HaYeHHH 6, KoTOpble Pa3yMHO XPAaHUTDH B 0IHOM MaccuBe (pa3mepom 10x401.)

Ocragocs HaNTH BBIXOJHBIC 3HAYCHHNA KAXKJI0I'0 U3 10 KJ'IaCCI/I(bI/IKaTOPOB
h=sigmoid(np.dot(X,theta.T)) # size (5000,10)

n BI)I6paTI) KJIaCC ¢ MaAKCUMAJIbHBIM 3HAYCHUCM BCPOATHOCTHU MMPUHAAJICIKHOCTH O6T)€KTa K HCMY
h_argmax = np.argmax(h, axis=1)

TeMm caMbIM, MBI MOXKEM

NnpeacKa3aTb, K KaAaKOMY KJaccy OTHOCHTCS Haml o0bekT. Hailigute 10110 mMpaBWIBLHBIX
orBeTOoB Bameil monesu.

Wtak, Mbl TIPUMEHWIN MPOCTOH AITOPUTM JIOTHCTHYECKOM perpeccud W metoxa one-Vs-all k
JIOCTaTOYHO CJIOXKHOM 3ajjaue paclo3HaBaHUS PYKONHUCHBIX LU(p M MONYyYMIIM, KaK BHUJAWTE,
OYEHb HEIUIOXOW PE3YJIbTAT.




