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OBLWNE CBEAEHWA N BbIBOP BAPUAHTA

KoHnTtposnbHast paboTa COCTOMT W3 TpeX TpYII 3aJaHUil: mepBas rpymnma -
HalycaTb OTBET HAa TEOPETHYECKHM BONPOC, BTOpas Ipynna — IPAKTHYECKUE
3aJJaHUs] HA OCBOEHUE METOI0B MAIIMHHOTO O0YYECHHSI C YIUTENIEM U TPEThs TpyIINa
— TMPaKTHUYECKHE 3a/laHhsl Ha OCBOEHHME METOJIOB MAaIIMHHOro oOy4eHus 0e3
YUUTENS.

BapuaHTs! a5 3a1aHus nepBoy Tpynibl puBeaeHbl B Ta0auie Ne 1.

3AZAHWUA NEPBOV rPYNMbI

Ta6nuna Ne 1. Pacnipenenenrie BOmpocoB MEpBOro paszzeia
KOHTPOJILHOM paOOThI IO BapUAHTAM

IOCJIEJHSS LIUPPA 3AUETHOM KHXKKN

0 1 2 | 3] 4|56 |7 ]181]09

0 | 1 |11 |21 |1 |11 ]21 |1 11 ]21]1

g = | 1 | 2 |12 |22 | 2 |12 |22 | 2 |12 |22 | 2
=>=| 2 | 3 |13 |1 |3 13| 1|3 [13] 1] 3
22 3 | 4 [14] 2 4 | 14 | 2 4 | 14| 2 | 4
oo | 4 | 5 |15 ] 3 5 |15 ] 3 | 5 [15] 3 | 5
S5 5 |6 16| 4 |6 |16 4| 6 |16] 4|6
= g 6 | 7 |17 | 5 7 |17 | 5 7 |17 |5 | 7
== 7 | 8 | 18] 6 8 | 18| 6 | 8 [ 18| 6 | 8
8 | 9 |19 | 7 9 |19 | 7 9 |19 7 |09

9 |10 | 20| 8 |10 | 20| 8 |10 | 20| 8 | 10

Bompocs! iepBoro pasnena KOHTPOJIbLHOM pabOTHI:

1) ®opmanbHbIi aIropuT™M OOY4YEHHUs TNEpUENTpPOHA KAaK JIMHEHHOIO
KJ1accudukaTopa.

2) Heuucrora pazneneHus oOydaromux NPUMEPOB U KaK OHA MOXKET ObITh
BBIYKCIICHA.

3) dopmanbHBIA anropuT™M OOYYCHHS JepeBa PEIICHU C alropuTMaMu
MOAIPOTPaMM.

4) ®opMalbHbIN anropuT™M Kiactepusauu K cpennux.

5) ®opManbHBII ANITOPUTM 00YUIEHUS SASPHOTO MEPIENTPOHA.

6) DneMeHTapHOEe MPECTABICHUE O PEIIAIOLIEM JIEPEBE U TEPMUHOJIOTHS
JI€PEBBEB.

7) O606menHOe onmucanne anroputMa kinaccudukanum no K ommxaimmmm
COCEJIIM.

8) O06o001eHHoe paccTosiHue MUHKOBCKOIO, THUIIOBBIE HOPMBI, CBONCTBA
paccTostHusl.
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9) OnHOMEpHBIN METO/ HAaMMEHBUIUX KBAJAPATOB U €ro MHTEpIpeTanus Ha
MHOTOMEPHBIN ciydait (oOiee BbIpakeHHWe Oe3 BbIBOJA). HemocTaTku Takoro
MOJIX0/1a.

10) OGo61eHHOE onMcanre MeTo1a Kitactepu3anun K cpeaHux.

11) ITpu3naku, KJ1acchl ¥ UX KOJMPOBAHUE B MOJIETISIX PELIAIONINX JIEPEBHEB.

12) SAnepHblit TPIOK, YTO TAKOE PO M OCHOBHBIX BUBI sIACP, KIacCUPUKATOP
JUTSL SIIEPHBIX METOOB.

13) IlepuenTpoH B KaueCcTBE TUHEHHOTO KiIaccudukaropa (001ee Onmrcanme)
1 (hopMyJa KOPPEKIIMH BEKTOPA BECOB MEPLENTPOHA.

14) OOuue monoKeHusi METoa OTIOPHBIX BEKTOPOB.

15) Obmast MmeToauka 00y4YeHus: JepeBa peICHU.

16) Jluneitable MosienH sl MyJIbTHKJIACCOBOM Ki1acCH(DUKAIINU.

17) B uém cyTh MeTOAa ONOPHBIX BEKTOPOB C MSTKAM 3a30PpOM U €rO
CBOMCTBA.

18) OcHOBHBIE MMOJOKEHUS SJIEPHBIX METO/I0B OMOPHBIX BEKTOPOB.

19) Onpenenenne cUuCTEMbI MOIACPKKHU MPUHATHS PEIICHUH.

20) KonndecTBeHHas OIICHKA MIPABUILHOCTH MOJIEIM MAIIMHHOTO 00y4YeHHUSI.

21) O6uiee u popmanbHOE ONpeeieHne MAITMHHOTO O0yYeHHUS.

22) KoMITOHEHTHI MAIIMHHOTO 00YyYEeHHUSI.

23) Knaccudukanus Mozenei MalmMHHOTO OOy4YeHHs] 1 OCOOEHHOCTU THIIOB
MaIlMHHOTO O0Yy4YEeHUSI.

24) YxpynHEHHas Kiaccu(UKaus METO0B MAIIMHHOTO O0yYEeHHUS.

25) OO11ee npeacTaBiIeHUe O JUHEUHBIX MOACISIX KiIacCU(DUKaIiu.

26) [IpeumyiiiecTBa U HEJJOCTATKH JIEPEBHEB PEIICHUM.

27) OO11iee npeacTaBlIeHUE O METPUUECKOM ITPOCTPAHCTRE.

28) IlonsTe 0606mIatONIel CIOCOOHOCTH, MEPEe0OyUEHUsI U HENOOO0YyUECHHUS
MOJIEIIN.

29) IloHsTHE IEHTPOUIBI U MEAOU I, KAaK OHU PACCUUTHIBAIOTCS.

BapuanTel s 3a1aHUil BTOPOW M TPETHEW TPYIIIBI BBIOJIHSAIOTCSA B BHUJE
OporpaMM, pEaJu3yoIIMX aJrOpPUTMbl MAIIMHHOTO OOy4YeHus, Ha S3bIKe
POrpaMMUPOBaHMs CUCTEMBbI MatTiad. /laHHble 3agaHus SBISIOTCA OOIIKUMH (T. €.
OJIHU U T€ 7K€ JUISl BCEX CTYICHTOB I'PYMIIbI).



3AJAHMA BTOPOW U TPETBEM IPYNMb

3AJIAHUE Ne 1.
AJITOPUTM KJiacTepu3anus MetooM K cpeagnux
C NPpMMEHEHUEM €BKJIN0BA PACCTOSIHUS

[lenp — peanusanys aJropuTMa KiacTepu3aluu JaHHBIX MeTonoM K cpenHux, a
TaKXe HCcilejoBaHue 00001atomel ClloCOOHOCTH U TOYHOCTH JAHHOTO ajIroOpuTMa
MAIIMHHOTO O0y4YeHUs Ha pa3IUYHbIX IPUMEpax JaHHBIX.

3aganue

HmeeTcss airopuT™ MaIIMHHOTO OOy4Y€HUs, MO3BOJIIOIIMN  BBINOJIHSITD
KJIACTEPU3ALMI0 JTaHHBIX MeTojoM K cpennux. J[aHHBIM anroputMm CTpouTCs Ha
OCHOBE METPUYECKUX MOJe]ell MallMHHOTO 00y4yeHus. B nuctunre 1.1 npusenen

TICEBJIOKO/I AJITOPUTMA KJIaCTEpPHU3allMU JaHHBIX MeTo1oM K cpeHux.
Jluctunr 1.1 Anroput™m Kiactepu3aluu JaHHBIX MeToaoM K cperHux

Bxoga: OaHHble X € D, uncno Knacrepos K.
Bbixoa: LLeHTpOoMAbI KNacTepos [, U, ..., Ux U Knactepbl Dy, Dy, ..., Dg.

/*Cny4anHaa uHUUMaNu3aumsa Uy, Uy, ..., g™/
forj « 1toK do

j < random();
end

/*nepecuér uy, Uy, ..., Ug Vi pasgeneHune X € DHa knactepbl Dy, D,, ..., D */
while uy, H,, ..., Ux HE NEPECTAHYT N3MEHATbCA do
forxin D do
D; « {x € D|x oTHeceHa K Kj1acTepy j < argmin;Dis, (X, ,uj)};
end
Hj < iZXED-X;
D} J

end

return uy, Uy, ..., Ug, D1, D5, ..., Dg;



1) HeoOxomumo peanu3oBaTh aNrOpUTM KIACTEpHU3allMM JaHHBIX MeTogoM K
CPEIHMX Ha SI3bIKE MPOTPaMMHUPOBAHUS CUCTEMBI MATJIA0.

2) [IpoBepuTh pabOTy MAITMHHOTO KJIacTepU3aTopa Ha (aiaax ¢ JaHHBIMHE ((haiisl

C IaHHBIMHU B34Thb Y Hpeﬂo,HaBaTCJISI):

lab_metric_data_K_2.dat — n1Ba xnactepa K = 2;

lab_metric_data_K_3.dat — tpu kimacrepa K = 3, pekomenayercs
OTJIa)KUBAThH AJATOPUTM Ha JJAHHOM HA0Ope JaHHBIX.

lab_metric_data_K_5.dat — nsite knactepoB K = 5.

CunTaHHbIC JAaHHBIC JOJIDKHBI BBITTIAACTD KaK IIOKa3aHO Ha PUCYHKE 1.1.
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Puc. 1.1 — Ucxoanbie JaHHBIC:

(a) — lab_metric_data_K_2.dat; (0) — lab_metric_data_K_3.dat; (8B) —
lab_metric_data_K_5.dat

3) o xax oMy HaOOPY TAHHBIX HEOOXOIUMO MOKA3aTh:

12 14

a) IEpBOHAYAIBHOE PACTIOJIOKEHUE LICHTPOUT KIIACTEPOB [y, Uz, ..., Uk,

KOTOpBIE 3aJJaHbl ciTydyailHbIM o0Opa3zoM. [Ipumep nokazan Ha pucyHke 1.2



[Mpon3BosbHbIE 3Ha4YeHNA LEHTPOUAOB
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Puc. 1.2 — [lepBoHavyasibHOE PACIIONOKEHUE UEHTPOM KIIACTEPOB, 3aJAHHOE
CIIy4aiiHO

0) HalilecHHbIC AITOPUTMOM PACTIOJIOKEHHUS LIEHTPOII KIaCTEPOB [y, Uz, --.
Uk . [Ipumep nokasaHn Ha pucyHke 1.3

HangeHble 3Ha4yeHns LeHTPONO0B KNacCuUKaTopoM
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Puc. 1.3 — Haitnennsie aniroputMom MetoAa K cpeTHUX pacroyioxkKeHne
LHEHTPOW]T KJJACTEPOB

B) 00BEKTHI, pacipeielICHHbIE alropuTMoM MeToaa K cpeaHux mo
HalJIeHHbIM KJactepam Dy, D,, ..., Dg. IlpuMep noka3an Ha pucyHke 1.4



Pacno3HaHHbIe No KnacTepam 06BbEKTHI
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Puc. 1.4 — OObeKTHI, pacnpeeNeHHbIe aITOPUTMOM MAIIMHHOTO O0Y4YEeHUS
10 KJ1actepam



3AJAHME Ne 2

AJroput™m 00y4eHu sl JIMHEHHOT 0 NepUEeNnTPOHA

Llesnp — peanuzanus U UcciaenoBaHue paboThl aIropuTMa 00y4eHUs epLenTpoHa
JUTS TUHEWHOM Kiaccuukaiimy 0ObeKTOB.

3aganue

NMeercs airopuT™M MAIIMHHOTO OOYYEHHUS, TO3BOJISIONIMA  BBITIOIHSATH
JUHENHYI0 Kiaccu@uKkaiuio oOBEKTOB. J[aHHBIN alropuTM CTPOUTCS HA OCHOBE
oOyueHus mnepuenTpoHa (MpocTelield HEMPOHHOW CETH) BBIMOJHATH JIMHEHHOE
paszeneHue AByX KiiaccoB 00bekToB. [lepuentpon nepedupaet oOydaromuii Habop
JAHHBIX (3TO METOJ MAIIMHHOTO OOYYEHHs C YUUTeJeM), OOHOBJISISI BEKTOP BECOB
BCSIKMM pa3, Kak BCTpPEYAaeT HENPaBWIHHO KiacCU(UIIMPOBAHHBIN mpumep. B
guctuHre 2.1 TpHUBEACH ICEBAOKO]] alrOpUTMa OOYYEHHS TMEpIENTPOHA Kak
JMHEWHOTO KiaccudukaTopa.

1) HeoOxomumMo peaau3oBaTh aIrOPUTM OOYYEHHS IEPICNTPOHA Ha SA3BIKE
MPOTrPaAaMMUPOBAHUS CUCTEMBI MATIa0.

2) s 00yyeHus: MallIMHHOTO KJIACCU(PUKATOP MCIONb3YIOTCA AaHHbIE U3 (aiyIoB
(daiinel ¢ maHHBIMU B3ATh y TipenojaBatensi): lab_perceptron_data_01.dat
lab_perceptron_data_05.dat.

3ameuanus. Daiiabl lab_perceptron_data_01.dat,
lab_perceptron_data_02.dat,
lab_perceptron_data_05.dat

COJIEpKaT XOpOIIO pasJesiseMble KJIacChl JaHHBIX, MEPIENTPOH MOXKHO OyJer
OOy4HTh Ha OJJHOM U TOM K€ 3HAUCHUH 7).
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Jluctunr 2.1 Anroputm oOydeHUs JTUHEHHOTO MEPIENTPOHA

Bxoa;: nomeyeHHble BXOogHble AaHHble X € D,
CKOpPOCTb 06yueHus 1,

genuyuHa cmeweHua 9 .
Bbixopa: BEKTOP BECOB W ANA Knaccupukatopa y = sign(w - x).
t « 0; /*cueTumk anox*/

/*WNHnumanusayma BeKTopa BECOB HYNSAMU, B 06LLLEM MOMKHO UHULMANU3NPOBATb
N ApYyrumn 3HadyeHnammn*/
w « 0;

/*dnar cxogMmocTu anropuTmMa 1 3aBepLleHma rMaBHoro uukna*/
converged « false;

while converged = false do
(" /*ecnn KonMuecTBo 3Mox 60/ble KAKOTO-TO YUCAA, TO ATOPUTM He

COLLENCA — peleHne He HangeHo™*/
t <t + 1;

ift > 100

then

\

error;
\end )

/*KoppeKuma BeKTopa BeCoB W nepuenTpoHa*/
converged « true;
fori « 1in|D|do
ify;-w-x; <0 [*1.e.9 *+ y*/
then
W WYX
0« 940y,
/*MeHANM W, 3HaUUT aITOPUTM eLLle He cowénca*/
converged « false;

end
end
end
return w,|9 7;

*) laHHble Yacmu anzopumma HeobxoduMbl MosbKO 375 MocAedyrue2o 2pagu4eckozo npubauxeHHo20 omobpaxceHus pewarouel 2paHuybl, 05
8U3YaNLHO20 KOHMPOAA KAACCUGUKAYUU O8YMepPHbIX OaHHbIX. Knaccuveckuli anzopumm oby4eHus nepyenmpoHa Ucrnosnb3yemcs mosbKo 05
OMBICKAHUA 8EKMOpPa 8eco8 W Kaaccugpukamopa.
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@aiin lab_perceptron_data_03.dat, comepxuT ™I0X0 pa3aeauMbIe KIIACChl
JAHHBIX, TTIO3TOMY, BO3MOKHO, QJITOPUTM HE COMAETCS.

@aiin lab_perceptron_data_04.dat, cogepxutr OIM3KO PaCHOJIOXKEHHBIE IPYT K
JIPYTy KJIACChl JIaHHBIX, TTOITOMY CKOPEH BCero AJisi MX pasleleHus nmorpedyercs
OTZIEJIbHBIA TTOI00P 3HAUYEHUSI CKOpOCTH 00yueHus u3 auanazona 0 < n < 1 u nns
0oJyee TPAaBUWIBHOTO OTOOpAXKEHUSI PEIIAIONIe TpaHUIbl BO3MOXKHO MPHUAETCS
no100paTh BEIMYMHY CMEIICHUS ¥.

dopmat AAHHBIX. JlaHHble, coaepKamuecs B daiinax
lab_perceptron_data_XX.dat mnpeacTtaBiasoT co0OH  MacCHB  CIEAYIOIIETO
dbopmara:

array ([
array([1.23, 0.2, 1]),
array([2.0, 1.5, 1]),

array([0.8, 1.3, -1]),
array([3.5, 2.3, -1])

1)

X1 X2 y

X1, X3 — KOOPJIMHATHI TOYEK MO OCH a0CUUCC U OPIUHAT COOTBETCTBEHHO, TO €CTh
3HA4YEeHUS JIBYX MPU3HAKOB 00BbeKTa. Tak Kak pacCMaTpUBAaETCsl METO]I MAIIIMHHOTO
oOy4eHHs C yuuTesieM, a IaHHbIe B (hailyiax sBISIOTCS 00y4yaromMu Habopamu, TO
KK O0OBEKT COAEPKUT METKY Kilacca y, KOTOpas MPUHHUMAET OJHO U3 JBYX
snavenuii y € {+1, —1}. To ecTb 00BEKT OTHOCUTCS K Kiaaccy +1 mmm kimaccy -1.

¢ 0%

OOBexTHI Ki1acca +1 MOXKHO MoKa3aTh Ha rpaduke Kak , @ O0BEKTHI Kjacca -1
MO>KHO TIOKa3aTh Ha rpaduke Kak “ X “, Kak Mmoka3zaHo Ha pucyHke 2.1.
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Puc. 2.1 — [Ipumep cuntanHbIX AaHHBIX U3 (haiina lab_perceptron_data_01.npy

3) [IpoBeputsh padboTy KiaccudukaTopa, s 3TOro He0OX0AUMO:

a) Ha KaXIOM rpaduke, KpoMe TOr0 Ha KOTOPOM aJFOPUTM HE COMIENCH,
NoKa3aTh rpaUyecku pelarollyo rpaHuily. Eciu anroputM MammHHOTO
oOydeHus paccuuTan BekTop BecoB W = {Wo W1} u ckoppextupopan
cMmenieHue ¥, To NpUONU3UTENBHYIO PEIIAIOU[y 0 TPaHUILy MOKHO HAWTH 1O
BbIpaKkeHUIo (2.1):

—(wp " x; +9)

line(x,) = ” (2.1)
1

Ha pucysnke 2.2 noka3aHna npuoOJIU3UTeNbHAS pearolas rpaHuiia s
naHHbBIX U3 (paitna lab_perceptron_data_01.npy.
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Puc. 2.2 — [Ipubnu3utenpHas penaroiasi rpaHuiia 1Jisd TaHHbIX U3 (aiiia
lab_perceptron_data_01.dat

0) 3a1aTbCsl pa3HBIMH TOUKAMU «CBEPXY» H «CHU3Y» NPUOIMKEHHON
peraronieil rpaHuLbl U 10 BBIPAKEHUIO JIMHEWHOTO Kiaccudukaropa (2.2)
HalTHU KJIACC, K KOTOPOMY OTHOCUTBCS TOUKa

y = sign(w - x) (2.2)

rie w={Wo W1} _pexrop BecoB, HaiileHHBIIf HEPLENTPOHOM;

x = {Xo Xx1}T — KoOpAMHATHI TECTUPYEMOTO 0OBEKTA (TOUKH).

Ha pucynke 2.3 mnoka3zanbl mnpumepsl TecTUpoBanus. s ynoOctBa
KJIacCU(pHUKATOp BO3BpAIaeT 3HAUCHHS KJIacCOB He Kak y € {+1,—1}, a kak
ye{° X}

Ha pucynke 2.3, a) moka3aHoO COBNajJeHHE HAWACHHOTO KiIacCu(UKaTOpOM
KJ1acca ¥ rpaiuecKuM pacloioKeHHEeM 00BheKTa Ha TIockocTr. Ha pucyHke
2.3, 6) mokazaHa pUKTUBHAS OIMMOKA KiIaccuuKaTopa, B JeHCTBUTEILHOCTH
KJIacCU(PUKATOP OMpPEAEIII KiIacc BEpHO (00BEKT OJIMKE HAXOAUTCS K KIIAcCy
«X»). Ommobka 3aKiro4aeTcsi B MPUOTMKEHHOM OTOOpaXEHUU pEIIA0IIeH
rpaHuIle, KOTOpas CABUHYTA B CTOPOHY OOBEKTOB KiIacca «X».
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3noxa M 2

Knacc obbekta c koopouHatamn [0.6, 0.9]1: "X
SY¥5S
a) SEES
S XLy
5 Ko
8
S

X2

A€>PQ=0B

Knacc obbekTa c koopawHaTamu [0.6, ©0.25]: "x

6)
Puc. 2.3 — [Ipumepsl TECTUPOBAHUS:
a) 0e3 omuOKu kinaccudukanuu; 6) ¢ PUKTUBHON OMMOKON Kilaccuukanum
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3AJJAHUE Ne 3

AJIropuT™M 00y4YeHHS SIIEPHOTO MepUenTPOHAa

Ilenp — peanu3anus U HCCIeIOBaHUE PAOOTHI AITOPUTMA OOYYEHUS SJEPHOTO
NEePLENTPOHA C TOJUHOMHUAIBHBIM SIIPOM.

3aganue

HmeeTcss anropuTM MAIIMHHOTO OOYy4Y€HUS, TO3BOJISAIOIIUN  BBIMOIHSITH
OuHapHy0 KiaccupUKAIMIO OOBEKTOB C HEJIMHEHHON pelarnieli TpaHHIICeH.
JIaHHBI aJrOPUTM CTPOUTCS HAa OCHOBE OOYYEeHHUsS SACPHOrO IMepLenTpoHa
BBITIOJIHATh pa3liefiecHue JBYX KIJIIAaCCOB OOBEKTOB, MMEIONIMX HEIUHEHHYIO
pemaromtyto rpanuny. Ilepuentpon nepebupaer oOydaromuii Habop JaHHBIX (3TO
METOJI MAIIMHHOTO OOY4Y€HHS C YYUTENIEeM), OOHOBIIAS BEKTOP MHOXKUTEIEH
Jlarpanxa. B nmuctunre 3.1 npuBeneH MceBIOKO] allropuTMa oOy4eHHS SIIEPHOTO
neprenTpoHa Kak OMHAPHOTO KiaccudukaTopa.

1) Heob6xonumo peain3oBaTh ajJropuT™M OOYUEHHUS SIEPHOTO MEpUENTPOHa
(cm. muctunr 3.1) Ha sA3bIKE MPOTPAMMUPOBAHHUS CUCTEMbI MaTIIa0.

2) Jlna oOy4eHHs] MaIMHHOTO KJIACCHU(PUKATOpa MCIOJIb3YIOTCS JIAaHHBIE U3
daiina (daiin c JTAHHBIMH B3SITh y pernoaBaTes):
lab_kernel_perceptron_data.csv.

OO0BekThI K1acca +1 MOXKHO TOKa3aTh Ha rpaduke Kak “ W, a 00beKTHI Kiacca -1
, KaKk ToKa3aHo Ha pucyHke 3.1.

¢¢ O ¢¢

MOXHO TMOKa3aTh Ha rpaduKe KaK

B xauecTBe sapa nepucrTpoHa UCIOJIb30BaATh IMMOJIMHOMHWAJIBHOC SAAPO0:

K(Xi,Xj) = (Xi ' Xj + 1)27
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JIuctunr 3.1 AnroputM oOy4eHHS SACPHOTO MEPICNTPOHA

Bxoga;: NoMeueHHble BXOAHbIE AaHHble X € D, apepHan dyHKuma k(X;,X;).
BbIXOA:  MHOMUTENM (;, ONPEeAENAIOMX HENIMHEHHYIO PeLLatoLLyIo rPpaHULLY
AnA knaccudmkaropa Y(x;) = sign(w(x,)).

a; « 00aa1 <i < |D|;/*uHuyuanuzayus eekmopa mHoxcumenet Hynamu*/
converged « false; /*¢pnaz cxooumocmu aneopumma u 3asepuieHusa yukna*/

t « 0; /*cuetumk anox*/

while converged = false do
/*KoppeKuma BeKTopa MHoXutenen a;*/
converged « true;

//*eCJ'IVI KO/ZIMYecTBO 3nox 6o/ble KaKoro-To Yynucina, TO aJiIFOPUTM HeE )

COLlEénca — npepsaTtb Unkn*/
t<t+ 1;
ift > 30
then
break;
\end Y,

fori « 1in|D|do

then
a; —a; + 1;
/*MeHANn a;, 3HAYUT aNrOPUTM elLle He colwénca*/
converged « false;
end
end
end
return a;;
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Puc. 3.1 — Orobpaxenue naHHpIx ux ¢aiina lab_kernel_perceptron_data.csv

dopmart JAHHBIX. JlanHbie, coaeprkaiuecs B daiine
lab_kernel_perceptron_data.csv npeacraBisitor coO00i CTONOIBI ¢ MPHU3HAKAMHU
oobekta X = {X1 X2} u wmerkoii kmacca y € {—1 +1} (cm. puc. 3.2)
(pa3nenurens TaHHBIX — CUMBOJ ‘\t’).

lab_kernel_perceptron_data.csv

Puc. 3.2 — ®opmart daitna naHHBIX
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3) Otnaaxky ¥ IpoOBEpPKY alropuTMa o0ydeHHs MePCenTPOHa MOXKHO BBIIIOJIHSITh CO
CTENEHBIO MOTMHOMUAIILHOTO sifpa p = 2!

k(x;,x;) = (x; - x; + 1)2

[Tpu 3TOM, TapaMeTpbl KIACCUPUITUPYEMOTO 00BEKTa (KOOPAMHATHI) MOXKHO B35Th
B ITyOHMHE 00y4Jaronux KJIacCoB:

X ={0,95 0,80} — kmacc «-1» (Kaacc «KpYyKKK»)
X ={4,30 —2,64}—Kkmacc «+1» (Kacc «KBagpaTHKN»)

JloGuBasich OT MepIenTpoHa MPABMIBHON KIACCU(PHUKAIIMN TECTUPYEMOT0 00BhEKTa
(cM. pucyHok 3.3).

Puc. 3.3 — Ilpumep knaccudukanuu TeCTUPyEMOTo 00BbEKTa sIEPHBIM
NEPLENTPOHOM
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3AJJAHME Ne 4

AJIropuT™M 00y4eHHs pelalouiero jepesa

[lenp — peanuzanus U KCClIeAOBaHUE padOTHI anropuT™Ma 00yUeHHUs PEIIAOLIETOo
JiepeBa.

3aganue

Tpebyetcs peann3oBaTh AITOPUTM MAIIMHHOTO OOYYEHHsI PEIIAIOIero AepeBa,
KOTOpO€ JOJHKHO BBIMIOJNIHATH OWHApHYIO Kiaccuukanuio o0beKTOB. JaHHBIN
QITOPUTM CTPOUTCSI HAa OCHOBE IOCIIEOBATEIBHOIO pA3[EeICHUs] MHOKECTBa
pa3MEUEHHbIX OOBEKTOB Ha IOJMHOXKECTBAa s (OPMUPOBAHUS JIOTHUYECKUX
BBIPQKEHUI OTHECEHMsI TECTOBOIO OOBEKTAa K COOTBETCTBYIOIEMY KJaccy IO
COBOKYMHOCTU BXOAHBIX JAHHBIX. DTU JIOTUYECKHE (KOHBIOHKTUBHBIE) BBIPAKEHUS

MMpCaACTAaBJICHBI B BUAC ACPCBA — PCIIAIOIICTO ACPCBA.

BreIMmonHuTh MalMHHOE OOy4YeHHE pEIIaroliero JepeBa O3HayvaeT IOJIY4YUTh
JIPEBOBUAHYIO CTPYKTYpPy MPHU3HAKOB W (PAKTOB M3 Pa3sMEUCHHOTO OOYJaroIiero
Habopa, KOTOPBIM TPEJACTaBIICH B BUJE TaOMHILL. [ MammMHHOTO OOyYeHUSs

pEIIaroIIero aepena TpedyeTcs peain30BaTh COOTBETCTBYIONINN aJTOPUTM.

1) HeoO6xomumo peain3oBaTh aJropuT™M 0OYUSHHS PEIIaloIIero aepena (CM.

JUCTHUHT 4.1) Ha s3bIKE MPOTPAMMUPOBAHUS CUCTEMBI MaTIa0.
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Jluctunr 4.1 Anroputm o0yueHHUs pelIaroIIero AepeBa

CurHatypa ¢yHkuun: GrowTree(D, F)
BxoA: nmomeyeHHble BXOAHbIe AaHHble D, MHOXeCTBO NPU3HAKOB F.

Bbixoa;: AepeBo npusHakos (y3n108) T ¢ noMmeYyeHHbIMU INCTbAMM L.

T « linkedlist( ); /*cea3aHHbIl criucok cmpykmyp*/

L « Label(D); /*s038pawaem knacc o6vekmos 019 MHoxcecmsa*/
If L = None then /*Knacc ana MHoKecTBa He onpeaenén*/

S « BestSplit(D, F); /*Bo3BpaliaeT Hanbonee YUCTbI NPU3HAK 1A pas3aeneHus
MHoOecTBa D*/

If S = None thenreturn; /*Bce npu3Haku y»Ke paccmoTpeHbl => ownbKa u sbixog, */
T « linkedlist(S); /*no6aBunu y3en B AepeBo K poguTenbckomy ysny*/

pasoensem mHodcecmgo D na noomnoocecmesa D; 6 /*mpebyemcsa peanuzosame*/
coomeemcmeuu ¢ aumepaiamu 8 S;

for D; in D do
GrowTree(D;, F); /*peKypcuBHbIi Bbi30B GyHKUUN*/
end
else
T « linkedlist(L); /*no6aBnan nncT K poautensckomy ysny*/
end

return T; /* nepeBo noctpoeHo™/

Curnatypa ¢dyHkuum: BestSplit(D, F)
Bxog: nomeueHHble BXOAHbIE AaHHble D, MHOXXeCTBO NPU3HAKOB F.
BbixoA: NPpU3HAK f, N0 KOTOPOMY BbINOAHATb pasgeneHune.
Lpin < 1;
frest < None;
for f in F do
/*Tpebyetca peannsosatb*/
pasoenums D na noomnoocecmea Dy, ..., Dy, co2nacno snauenusm vj npusnaxa f;
/*T. e. He06X04MMO AN1A KaXKA0ro 3HaYeHMA NPM3HaKa HalTU pasaeneHun
f = [vy vz, 03] => [n1+, nl'] [n2+, nz'] [n3+, n3—]
(Onnna ={1, 2, 3} =>[3+, 1-] [1+, 0] [1+, 4-])
*/ /*

T.K. He0BXOAMMO COXPaHATb MPU3HAKM MO KOTOPbIM paHee
If Imp({D4, D5, ..., D < I,in then
p({D1, Dz, ..., D} min 6b110 BbINOAHEHO pa3feneHune, To MoryT BbITb 3HaYeHUA TUNa

Lyin < Imp({Dy, Dy, ..., D }); n(+) =0, n(-) =0 => n(+) + n(-) = 0 => geneHue Ha Hyb
fbest — f; B TaKMX Cay4anx TpebyeTca nponyck utepaumm

end
end

return fpoq3



CurHatypa ¢pyHKuuu: Label(D)
Bxoa: momeuyeHHble BXOAHbIEe AaHHble D.
Bbixoa;:
for D;in D do
/*npoBepsaem Knacc Kaxkgoro D; o6beKTa ¢ Knaccos nepsoro obvekta D, */
If ¢(D;) ! = ¢(D4) then
return None; /*ectb xoTsa 6bl 04HU D; C KNACCOM OT/IMYHBIM OT APYrnX 06bekToB U3 D*/

BO3BpaLLaeT oguH U3 Knaccos unm None.

end
end

return ¢(D4); /*knacc pns 06bEKTOB BCEFO MHOXKeCTBa onpenenéx™*/

2) Jlns oOyueHHWs pelIarolero JepeBa HCIONB3YIOTCS TaHHBIC U3 (Qaiiia
(daiin ¢ naHHBIMU B35Th y TIpenogaBareris): lab_decision_tree.csv.

Jlerenna OaHHBIX, CIEAyIOLIas: y CTPaxOBOIO areHTa, 3aHUMAaOLIErocs
CTPaxOBKOW TPAHCIIOPTHBIX CPEACTB €CTh HEKOTOPAst CTATUCTUYECKasi MH(pOpMaLus,
KOTOPYIO OH HakKONWJI B pe3yJbTaTe CBOEH AESITENbHOCTH. JTa HHpOpManus
IpeACTaBIAeT cO00Ml HAOOp JaHHBIX IO CTPaxOBKE TPAHCIOPTHBIX CPEACTB
KJIMEHTOB WJIM OTKa3ax B cTpaxoBke. B tabmuue 4.1 mnpencraBieHbl 3TH
CTaTUCTUYECKHUE JIaHHBIC.

Tabnuua Ne 4.1. CtaTucTudeckre JaHHbIE CTPAXOBOIO areHTa

Bo3zpacr Mecro Crax Pemenue o
Crenenus o JITII
BOJUTENS, | IKCILTyaTaliuu ~ BOXKJICHHS, Tun aBTO BbIJIaUE
3a MOCJIEHUHI 1ot
neT TC JeT CTPaxOBKH
6onbire 40 ropoj €CTb 6ospmre 10 O0OBIYHOE | CTpaxoBaTh
6ompire 40 Topo €CTh MeHbie 10 00BIYHOE 0TKa3aTh
6onbire 40 ropoj HET MeHbie 10 Oo0OBIYHOE | CTpaxoBaTh
MeHb1e 40 ropox HET Menb1ie 10 0OBIYHOE CTPaxoBaTh
MmeHbIne 40 | ¢/X MeCTHOCTh HET MeHble 10 OOBIYHOE OTKa3aTh
Menble 40 ropoJ HET 6ospiie 10 | CHIOPTUBHOE | CTpPaxoBaTh
Oombmie 40 | c¢/X MECTHOCTB €CTb 6ombie 10 OOBIYHOE | CTpaxoBaTh
MmeHbIne 40 | ¢/X MeCTHOCTh €CTh MeHblie 10 | cnopTUBHOE |  OTKa3aTh
6ompmie 40 ropoJ HET Oonbiie 10 | cmopTUBHOE | cTpaxoBaTh
MmeHbIne 40 | ¢/X MeCTHOCTh €CTh MeHble 10 OOBIYHOE OTKAa3aTh

Jlns  oOydeHus pemiaromero JepeBa, ¢ TMOCIEAYIONIeH MNporpaMMHON
peanuzaiuen airopuTMa MalllMHHOTO 00y4YeHus, JaHHbIe U3 Tabauilsl Ne 4.1 Obutn
3aKOJIMPOBAHBI CIEAYIOIINM 00pa3oMm:

Ha3zBanus npu3HaKkos:

Bospacrt Bogurens = age
Mecrto skcruryataruu TC = location
Ceenenus o JITII 3a mociequuii rox = accident

Crax BOXKIECHUS

= experience
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Tum aBTO = typecar

Pewrenue o Bel1aue CTpaxoBKU 2y
Konpl 3HaUeHUI TPU3HAKOB:

Bo3pacr BoguTes, Jjer

6ounbire 40 2 1

oombie 40 = 0

Mecto 3xkcnnyaranuu TC

ropoj = 1

¢/X MECTHOCTD = 0

Caenenus o JITII 3a nociieqnuii roa

€CTb = 1

HET = 0

Craxx BOXKIEeHHU, JIET

6oupire 10 2 1

menblie 10 = 0

Tun aBTO

CIIOPTUBHOE = 1

00BIYHOE = 0

Pemenne o BbI1avye CTPAXOBKH

CTPaxoBaTh = 1

0TKa3aTh = 0

[Tocne 3aMeHbI MPU3HAKOB U U3 3HaYeHUM Kojgamu, Tabnuia Ne 4.1 nmpeoOpa3zyercs
K BUJy, TOKa3aHHOMY B TaOJuLbl Ne 4.2.

Tabmuua Ne 4.2. CtaTucTudeckue JaHHbIE CTPAXOBOIO areHTa
B 3aKOJIMPOBAHHOM BUJIE

age location accident experience typecar

=
[ERY
=
o

olr|o|r|o|lolor|k|F
olr|o|lo|lr|lolr|k|k
N = == ==
olr|o|r|r|lo|lojlo|o
ol |k |o|r|lolojlo|o
olr|okr|r|lokr|r|lo|r| <

Jlanubie u3 Tabauibl Ne 4.2 ipuBeneHsl B (aiiie lab_decision_tree.csv
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