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ObLWME CBEAEHNA N BbIBOP BAPUAHTA

KontponbsHas paboTa cCOCTOUT M3 TpeX Tpynn 3aJaHui: mepBas Tpymmna -
HaMcaTh OTBET HA TEOPETUYECKHUM BOIMPOC, BTOpAs Irpynna — MNPAKTUYECKUE
3a/1aHusl HA OCBOCHUE METO/I0B MAIIMHHOTO OOYYEHUSI C YUUTENIEM U TPEThs TpyIIIa
— MPaKTHUYECKUE 3aJaHMsl Ha OCBOCHHE METOJOB MAIIMHHOrO oOy4yeHus 0e3
YUUTEIIA.

BapuanTs! 1515 3aaHus IepBO rpynibl npuBeAeHbl B Tabmuie Ne 1.

3AOAHMA NEPBOW rPYNMbl

Ta6muma Ne 1. Pactipenenenue BOpocoB MEPBOTo paszsena
KOHTPOJIbHOM pabOTHI MO BapHaHTaM

TOCJIEJHSIS LINDPA 3AYETHON KHIKKI

o [ 1 [ 2345 ][6]7]8]09

0 | 1 [ 11 [ 21 |31 [ 1020 |3 [ 9 [19]29

S| 1 | 2 | 12 | 22 | 1 | 11 | 21 | 31 | 10 | 20 | 30
== 2 | 3 |13 [ 23| 2 [12 2| 1 [ 11|21 31
@2 3 [ 4 [14 24 3 | 1323 2 [12]2 |1
O | 4 | 5 |15 25 | 4 | 14| 24| 3 | 13]23] 2
S 5 | 6 |16 26| 5 | 15 25| 4 | 14| 24 | 3
=2 6 | 7 [17 1276 [ 1626 [ 5 [15][25] 4
&5 7 | 8 [18 |28 7 [ 17 [27] 6 | 162 | 5
8 | 9 [ 1929 8 [ 1828 7 [17[27]°

9 [ 10 20 [30 ] 9 [ 192 | 8 [18]28] 7

Bomnpock! nepBoro pasnena KOHTPOIbLHON pabOTHI:

1) ®opmanpHbIi  aaTOpUTM  OOYy4YeHHsS  MEPIENTPOHAa KakK JIMHEHHOTO
KJ1accugukaTopa.

2) Heuwncrora pasneneHuss oOydaroUMX MOPUMEPOB M KaK OHA MOXKET ObITh
BBIYHUCJICHA.

3) @®opmanbHBIl alIropuT™M OOy4YeHUs JepeBa pEIIeHUH C alropurMamMu
MOAIPOTPaAMM.

4) dopManbHbIi anropuT™m kiaactepusanuu K cpennux.

5) ®opmanbHBIN aNrOpUTM 00YUEHHUS SIAEPHOTO NEPUEITPOHA.

6) DneMeHTapHOE MPEACTaBICHUE O PEMIAIOIIEM JEPEBE U TEPMUHOJIOTHS IEPEBHEB.
7) O600I11IeHHOE OITHCaHKe aNTropuTMa Kiaccudukamuu mo K 6aumKkalimmmm coceasim.
8) OO06o006meHHoe paccTossHHe MMHKOBCKOTO, THIIOBBIE HOPMBI, CBOMCTBA
pacCTOSIHUSL.



9) OnHoMepHBI METOJ HAUMEHBIIMX KBAJpPaTOB M €ro HUHTEpIpeTanus Ha
MHOTOMEpPHBIN cliyyaill (oOuiee BbIpaxkeHue Oe3 BbIBojAa). HemocTaTku Takoro
MOAXO0/a.

10) O6o61menHoe onrcanue MeTojia kiacrepuzanuu K cpeaHux.

11) [Ipu3Haku, K1acchl U X KOJAUPOBAHUE B MOJENSAX PEIIAIOIINX JIEPEBHEB.

12) SnepHblil TPIOK, YTO TAKOE PO U OCHOBHBIX BUJBI SIAEP, KIacCUPUKATOp NS
SJIEPHBIX METOJIOB.

13) IlepuenTpoH B KadecTBe JUHEWHOTo kiaccudukaropa (oOllee omnucaHue) u
(dhopmyIia KOppeKIMU BEKTOpa BECOB MEPIIENTPOHA.

14) O61mme moa0XKeHUsI MEeTO/Ia OTIOPHBIX BEKTOPOB.

15) O6mas MetoiMka oOy4YeHus IepeBa pelIeHn.

16) JIuneiiHble MOAENN AJI MYJIbTHUKIACCOBOM KIACCU(PUKALIMH.

17) B uém cyTh METO/1a OTTIOPHBIX BEKTOPOB C MSITKHM 3a30pPOM U €0 CBOMCTBA.

18) OcHOBHBIE MOJOXKEHUS AJIEPHBIX METOIOB OMOPHBIX BEKTOPOB.

19) Onpenenenre cuCTeMbl MOIIEPKKU MPUHITUS PEIICHUH.

20) Obmas crpykrypa CIIIIP.

21) Knaccudukamuss CIIIIP nmo creneHW WHTEUIEKTYalbHOCTH U OIpEETeHUE
kaxzgoro suna CIIIIP.

22) KonuuecTBeHHas OLIEHKA MPABUJIBHOCTH MOJIENIA MAIIMHHOTO 00YyYEHUSI.

23) OO1ee u popManbHOE OMpeeIeHUE MAIIMHHOTO O0YYEHUSI.

24) KoMnoHEHThI MAallTUHHOTO 00y4YEHHUS.

25) Knaccudukanusa Mojeneil MallMHHOTO OOy4YeHHS U OCOOCHHOCTH THUIIOB
MAaIlMHHOTO O0Yy4YEeHUSI.

26) YkpynHéHHas kinaccuukanus METOJ0B MAITMHHOTO 00yUYeHHS.

27) Ob61iee npeacTaBaeHUE O IMHEHHBIX MOJIEIX KiIacCU(HUKAIINH.

28) [IpeumyiiiecTBa U HEJOCTATKU JIEPEBHEB PEIICHUMN.

29) O6miee npencTaBieHUE 0 METPUUECKOM MPOCTPAHCTBE.

30) Ilouarue oOobOmiaroel CcmnocoOHOCTH, NepeoOydeHUsT U HeJOoOOydeHUs
MOJIEJH.

31) [lonsaTue HEeHTPOUIbI U MEOUIbI, KAK OHU PACCUUTHIBAIOTCS.

BapuanTel nns 3amaHuii BTOpOW U TPEThEW TPYIIbl BHITIOTHSIIOTCS B BUJIE
MporpaMM, pPEATU3YIOMIMX aJIrOPUTMbl MAIIMHHOTO OOy4YeHUs, Ha S3bIKE
nporpammupoBanus Python. /lanHbie 3aanust ABJISIIOTCS OOMKUMU (T. €. OJTHU U T€
e JUIsl BCEX CTYJACHTOB TPYIIIIbI).



3A0AHUA BTOPOMU U TPETbEW IPYMMbI

3AJIAHME Ne 1.
AJITOPUTM KJIacTepu3anus MeToaoM K cpeaHux
¢ IPpUMeHEeHNeM eBKJINA0BA PACCTOSIHUA

[{ens — peanm3aius anropuTMa KIACTEPU3alUH JAaHHBIX MeToaoM K cpeaHux, a
TaKXke ucciaegoBaHrue 00001areil CnocOOHOCTH U TOYHOCTH JAHHOTO aIrOpUTMa
MaITUHHOTO OOYYCHHsI Ha PAa3IMIHBIX TPUMEPAxX JaHHBIX.

3aganue

NmeeTcss anropuTM MaIlIMHHOTO OOyYE€HUs, TMO3BOJSIOMINI  BBIMOIHATH
KJacTepu3alnio JaHHbIX MeToaoM K cpenHux. JIaHHBIM aJIrOpUTM CTPOUTCS Ha
OCHOBE METPUYECKUX MoJiefied MalluHHOTO oOy4eHus. B nuctunre 1.1 npusenex

MICEBOKO/I AJITOPUTMA KJIACTEPU3ALMU JaHHBIX MeTOA0M K cpeaHux.
Jluctunr 1.1 Anroputm Kinactepusauu JaHHBIX MeToAoM K cpeaHux

Bxoa;: AaHHble X € D, yucno knacrepos K.
Bbixoa;: LLeHTPOMAbI KNACTePoB U4, Uy, ..., g W Knactepbl D4, Dy, ..., Dg.

/*CnyyaiiHaa HUUManusauma Uy, Uy, .., hg*/
forj « 1to K do

pj < random();
end

/*nepecuér uy, Uy, ..., Ug W pasgenerHne X € DHa Knactepol Dy, D,, ..., Dx */
while 4, u,, ..., Ug He NnepecTaHyT n3meHATbLCA do
forxin D do
D; « {x € D|x oTHeceHa K KyiacTepy j < argmin;Dis, (X, ,uj)};
end
1 .
Hj < |D_j|ZxEDj X;

end

return U1, U, ..., Uk, Dl' D2, . DKI



(OcHOBHOE 3a1aHue: 65 0aJ1J10B)

1) HeobxomuMo peanu3oBaTh alroOpuTM KIAcTepu3allMyd JaHHBIX MeTojoM K
CpeHUX Ha f3BIKE MporpamMMmupoBaHus Python, HCHONb3ys TOJBKO THUIIOBBIC
Ooubnoreku: numpy numatplotlib.

2) IlpoBeputh paboTy MaIMHHOTO KJacTepu3aropa Ha (aitnax ¢ naHHbIMHU ((paitibl
C JTaHHBIMU B35ITh y IIpENoaaBaTes):

lab_metric_data_K_2.npy — nBa knactepa K = 2;

lab_metric_data_K_3.npy — Tpu xitactepa K = 3, pekomeHayeTCSI
OTJIAXKHBATH AJITOPUTM HA JAHHOM Ha6ope JAHHBIX.

lab_metric_data_K_5.npy — msath kimactepoB K = 5.

®aiinel lab_metric_data_K_l.npy (I = 2, 3, 5) aBusttoTcss MaccuBaMu OUOJIMOTEKH
numpy Ui WX CUUTBIBAHUS  PEKOMEHAYETCS  MPUMEHSATh  (YHKIUIO
numpy . load().

CuuTaHHbBIE TAHHBIE JOJLKHBI BBITVISIAETh KaK MOKa3aHo Ha pucyHke 1.1.
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Puc. 1.1 — UcxoaHble TaHHBIE:



(a) — lab_metric_data_K_2.npy; (0) — lab_metric_data_K_3.npy; (B) —
lab_metric_data_K_5.npy
3) Ilo kaxxpomy HaOOpPy TaHHBIX HEOOXOIUMO MOKA3ATh:

a) MepBOHAYAIbHOE PACIOJIOKEHUE LIECHTPOU KIACTEPOB U1, Up, -, UK,
KOTOpBIE 3aJJaHbl CTy4aiiHbIM 00pa3oM. [IpumMep nokazan Ha pucyHke 1.2

[Mpon3BoJsibHbIE 3Ha4YeHNA LEeHTPONO0B
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Puc. 1.2 — [lepBoHavyasibHOE PACIONOKEHUE HEHTPOM KIIACTEPOB, 3aJAHHOE
CIIy4aiiHO

0) HaliIecHHBIC aITOPUTMOM PACIIONIOKEHHS IIEHTPOU KJIACTEPOB U1, Uy, ...

Uk . [Ipumep nokasan Ha pucyHke 1.3

HaligeHble 3Ha4YyeHUs LueHTpongos KJ'IaCCI/I(bI/IKaTOpOM

. . . '. .:. ..'-
10 k: . p?
’# ‘ . ‘ o. °
) S
> >
~ 8
X 6 Q%-"" y?’ . L
" ° .: .“o
Q P .:\. ;’o
4 ° See &
° ." .:0;’
27 e : .f..'!'% ~,
—2I.5 010 215 5.I0 7:5 10I.0 12I.5 15I.0

Puc. 1.3 — Haitnennsie anroputMom Metozia K cpeTHUX pacioyiOKeHUe
LIEHTPOM T KJIaCTEPOB
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B) 00BEKTHI, pacipeieICHHbIE aITOPUTMOM MeToAa K cpeiHuX 1o
HaiieHHbIM Knactepam Dy, D,, ..., Dg. Ilpumep noka3an Ha pucyHke 1.4

Pacno3HaHHbIe Mo KNnacTepaMm 06BbEeKThI

A A
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10 A )
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2 AA A
A A At
8 Q‘ A A A,
¢
X 6 N .
Q%% o. :".‘o.o
@ .'.05.‘0‘;°o ¢
4 4 0 °Seee &
% o°® o
21 o g .w
s °

-2.5 0.0 2.5 5.0 7.5 10.0 12.5 15.0
x1

Puc. 1.4 — O0bexTHI, pacnpe/ieIeHHbIE aITOPUTMOM MAIIIMHHOTO 00Yy4YEeHUS
0 KJIaCTEpaM

(omoaauteanHoe 3aganue Ne 01: +15 6aaya0B => 65 + 15 = 80 62aJ1;10B)

PeanuzyiiTe koJ mporpaMMbl KiacTEpU3alMKU TAKUM 00pPa30M, YTOOBI
anroput™ Metojia K cpenHux paboTan Ha JIFOOBIX JBYMEPHBIX TaHHBIX C JOOBIM

3aJaHHBbIM KOJIHUYCCTBOM KJIACTCPOB.

(domoauurteanHoe 3aganue Ne 02: +20 6ay10B => 65 + 15+ 20 = 100 6a1710B)

Peanu3syiiTe koa nmporpaMmsl Kjiactepusanuu Metoaa K cpeiHux B BUAE
KJIaCCa, KOHCTPYKTOP KOTOPOTrO AOJKEH NPUHUMATh MHOXKECTBO BXOJAHBIX JTAHHBIX

D u xonuuecTBO KiacTepoB K, KOTOpble HEOOXOIUMO HAUTH:

kMeans = KMeans (D, K)

nMen MeTo] clasterisation (), KoTophlii ObI BO3BpaIal KOOPAUHATHI BCEX
LIEHTPOUIOB U1, Uy, ..., Ug U UCXOJIHBIE JAHHBIE Pa3CICHHBIC MO KJIACTEpam
D4, D, ..., Dg.



Taxxxe HEoOXxonuMo mneperpy3uth dunder-meron str () wxiacca KMeans,
KOTOpOM OBl BO3BpAIlai B KOHCOJIb HalICHHBIE KOOPAWHATHI LIEHTPOI0B (pHcC. 1.5)

Ui, Uy -y Uk

print (kMeans)

Puc. 1.5 — TabGnuna HaliIeHHBIX KOOPAUHAT UEHTPOUIOB Uy, Uy, ..., Uk

Otuet o 3aganuro Ne O1:

1) MUCTUHT 3aKOHUYEHHOU MPOrpaMMBbI I TOTO YPOBHS, HA KOTOPOM BbI
pELININ OCTaHOBUTHCS;

2) rpaduku KIacTEpU3ANU JAHHBIX JIJIsi BCEX TPEX UCXOJIHBIX JaHHBIX
(mepBOHaAYAIBLHOE PACIIONIOKEHHE IIEHTPOUIOB (CM. puc. 1.2), HaliileHHOe
pacIoioKeHUE IEHTPOUIO0B (cM. puc. 1.3), pa3MedeHHbIe JaHHBIE 110
kimactepaM (cm. puc. 1.4)). MoxxHo 106aBuTh rpaduku ¢ BapruaHTaMHu
HEMPaBWIHHOMN KJIacTepu3alluu, €Ciu Takue OyayT;

3) nnsa nonosHUTENBHOTO 3aaaHus Ne 02 HE0OX0IUMO 10OABUTh CKPUHIIIOT
KOHCOJIU ¢ Ta0nuIel HailIeHHbIe KOOPJIUHATHI IEHTPOUIOB U1, Uz, ..., Uk
(cMm. puc. 1.5).
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3AJJAHME Ne 2

AJITOPUTM 00Y4YeHUS JTMHEHHOI0 NMePUEeNnTPOHA

[enp — peanuzanus U uccie0BaHUe padOThl AITOpUTMa 00YUEHUS MEepLEenTPOHA
TSl TUHEMHOM Kiaccu(puKau 0ObEKTOB.

3aganue

NmeeTcss anropuTM MalIMHHOTO OOYYE€HUs, TMO3BOJSIONINI  BBIMOJHATH
JUHEWHYI0 Kiaccu(pUKalui 0O0BEKTOB. J[aHHBIM alrOpUTM CTPOUTCS HA OCHOBE
oOyueHus meprenTpoHa (MpocTeiiliel HEHPOHHOM CETH) BBIMOJHATH JUHEUHOE
pasnenieHne AByX kiaccoB 00beKkTOB. [lepuentpon nepedupaer o0yuaromnuii Habop
JaHHBIX (3TO METOJ MAIIMHHOTO OOYYEHHS C YUUTENIEeM), OOHOBIISAI BEKTOP BECOB
BCSIKMM pa3, Kak BCTpPEYAaeT HEMPaBUIBHO KiacCU(UIIMPOBaHHBIN mnpumep. B
nuctuHre 2.1 TpuUBENEH TICEBIOKOJ alropuTMa OOy4YeHHUs MeplenTpoHa Kak

JUHENHOTO0 KiIaccupuKaTopa.

(OcHOBHOE 3a1aHue: 65 0aJ1J10B)

1) HeoOxomumo peanu3oBaTh ajiropuTM oOOy4Y€HHUsI TMEpLENTPOHA Ha S3BIKE
nmporpaMmMupoBanus Python, ncrnonp3ys TOJBKO TUIIOBBIE OMOINOTEKN: numpy 1
matplotlib.

2) Jns oOyyeHus MAIIMHHOTO KJIACCU(PUKATOP UCIONB3YIOTCS JaHHBbIE U3 (ailyioB
(daiinel ¢ maHHBIMU B3ITh y mnpenonaBatens): lab_perceptron_data_01.npy ...
lab_perceptron_data_05.npy.

3ameuanus. Daiifbl lab_perceptron_data_01.npy,
lab_perceptron_data_02.npy,
lab_perceptron_data_05.npy

COJIEpKaT XOpOIIO pa3lesiieMble KJIacChl JaHHBIX, MEPLENTPOH MOXKHO OyJer
00y4YuTh Ha OJTHOM U TOM K€ 3HAUYCHUH 7).

11



JIuctunr 2.1 Anroput™m oOy4eHUs JIMHEWHOTO MepUENTPOHA

Bxopa;: nomeyeHHble BXoAHble AaHHble X € D,

CKOpOCTb 0byueHus 1,

genu4yuHa cmeweHua 9 .
Bbixoa: BEKTOp BeCOB W Ana Knaccupukatopa j = sign(w - x).
t « 0; /*cyetumk anox*/

/*UNHnumanmsauma BeKTopa BECOB HYAAMM, B 0BLLLEM MOMKHO MHULMANU3MPOBATb
N APYrMmun 3HayeHnamm*/
w « 0;

/*dnar cxoAMMoCTM anroputTMa 1 3aBepLUeHUs MaBHOTO LmKna*/
converged « false;

while converged = false do

(" /*ecnn KonnuecTso 3Mox 60/IblLE KaKOTo-TO YMC/IA, TO AZITOPUTM He
COLWENcA — peLleHne He HaliaeHo*/

t <t + 1;

ift =100

then

\

error;
\end J

/*KoppeKLuma BEKTOpa BECOB W nepuenTpoHa*/
converged « true;
fori « 1in|D|do
ify,-w-x; <0 [*1.6.y = y*/
then
W < W+7nyi X
9 <« 9+ y;”
/*MeHANN W, 3HaUUT aNTOPUTM eLLle He colénca™*/
converged « false;

end
end
end
return w,|9 ;

") laHHble Yacmu anzopumma HeobxoduMbl MosbKo 0718 N0cAedyouse2o 2pagpu4eckozo npubnuieHHo2o0 omobpaxceHus pewaroweli 2paHuybl, 017
8U3Yas1bHO20 KOHMPOAA KAaccupuKkayuu 08ymepHbIx OaHHbIX. Knaccuyeckuli anzopumm oby4eHUsA nepyenmpoHa Ucnonb3yemca mossbKo 014
OMBbICKAHUA BEKMOPA 8eCO8 W K/dccugukamopa.

12



@aitn lab_perceptron_data_03.npy, COIEpKXHUT IIIOXO pa3ACiIuMbIE€ KJIACCHI
JAHHBIX, II03TOMY, BO3MOKHO, aJITOPUTM HE COUAETCH.

®aiin lab_perceptron_data_04.npy, conep>KuT OIU3KO PaCIOJIOKEHHBIE IPYT K
JPYTy KJIaCChl JaHHBIX, MO3TOMY CKOpPEHl BCETO NJisi UX pa3jeieHus noTpedyercs
OTZIEJIbHBIA 0A00P 3HAYEHUSI CKOpOCTH 00ydeHus u3 nuanazona 0 < n < 1 u nus
0oJiee TPAaBUILHOTO OTOOpaXKEHUsI pPEIIAOIIel TPaHHUIbI BO3MOXKHO MPHUACTCS
no100paTh BEJIMYUHY CMEIIEeHHs U.

dDopmar AaHHBIX. JlanHsble, coJiepKaluecs B Gaitnax
lab_perceptron_data_XX.npy mpeactaBistoT co0Oli MacCMB numpy.array
MacCHBOB numpy . array:

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

array([0.8, 1.3, -11),
array([3.5, 2.3, -1])

1)

X1 X2 y

X1, X3 — KOOPJAMHATHI TOYEK MO OCH a0CLUUCC U OPAMHAT COOTBETCTBEHHO, TO €CTh
3HAYEHHU JIBYX NIPU3HAKOB 00BEKTa. Tak Kak paccMaTpUBAaeTCs] METOJI MAIIMHHOTO
oOy4eHMsI C yUUTEJIEM, a JaHHbIE B (paiiiax ABISIIOTCA 00y4YarolMMU HA0OpaMH, TO
KKl O0BEKT COAEPKUT METKY Kilaccay, KOTOpas MNPUHUMAET OJHO M3 JABYX
snauenwuii y € {+1, —1}. To ecTb 00BEKT OTHOCUTCS K Kiaccy +1 mim kimaccy -1.

¢ O "

OO6bekThl Ki1acca +1 MOXKHO MOKa3aTh Ha Tpaduke Kak , @ 00BeKTHI Kiacca -1
MOXHO TTOKa3aTh Ha rpaduke Kak “ X “, Kak moka3aHo Ha puUcyHke 2.1.
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Puc. 2.1 — [Ipumep cunTaHHBIX TaHHBIX U3 (¢aiina lab_perceptron_data_01.npy

3) [IpoBeputsh paboTy ki1accudukaropa, Ajist STOro HEOOXOAUMO:

a) Ha KaXJoM Trpaduke, KpOME€ TOTO Ha KOTOPOM ajrOpPUTM HE COIIENCS,
MoKas3aTh rpaduyuecku pemiamnlyi rpaHuny. Eciau anroputm MammHHOTO
oOyueHus paccuuTad BekTop BecoB W = {Wo W1} u ckoppextupopan
cMeleHue ¥, To NpUOIU3UTEIBHYIO PEMIAIONIYI0 TPAHUILY MOXKHO HAWTH 1O
BBIpakeHu1o (2.1):

—(wg " x; +9)

line(x,) = " (2.1)
1

Ha pucynke 2.2 nokazaHna npuOiau3uTeNbHas periaroiias rpaHuia Jis
naHHBIX u3 (paiina lab_perceptron_data_01.npy.
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Puc. 2.2 — [IpubnusutenbHas peniaroiasi rpaHuiia IJis JaHHBIX U3 (aitna
lab_perceptron_data_01.npy

0) 3a7aThCA Pa3HBIMU TOUKAMHU «CBEPXY» U «CHU3Y» MPHUOIUKEHHOM
pelIaroIieil rpaHullbl U MO BRIPAXKEHUIO JIMHEIHOTO KilaccudukaTopa (2.2)
HaWTH KJ1acc, K KOTOPOMY OTHOCUTBCS TOUKA

y = sign(w - x) (2.2)

rie w={Wo Wi}l —BekTop BecoB, HaliIeHHbII MEPIIEITPOHOM:;

x = {Xo X1} — KoOpAMHATHI TECTHPYEMOTO 00BEKTA (TOUKH).

Ha pucynke 2.3 moxkaszansl mpumepbl TecTupoBanms. Jlns ymobcTBa
KIaccu(UKATOp BO3BpAIAaeT 3HAYEHUs KIIaCcCOB HE Kak y € {+1, —1}, a kak
ye{° X}

Ha pucynke 2.3, a) nokazaHo coBmajieHue HaWJEHHOIO KJIacCU(UKATOPOM
KJ1acca v TpaaecKuM pacronoKeHneM o0beKTa Ha IITOCKOCTH. Ha pucyHke
2.3, 6) nokazana ¢puUKTUBHAs omKOKa Kiaccu(puKaTopa, B IEUCTBUTEILHOCTH
KJ1Iaccu(UKaTOP OMPEIeNUI KIacc BEPHO (00BEKT OIMkKE HAXOUTCA K KI1accy
«X»). Omuobka 3aKiaoyaeTcss B MPUOIMHKEHHOM OTOOpa)XKEHUH pellaroniei
TpaHuIle, KOTOpas CABUHYTA B CTOPOHY OOBEKTOB KJIacca «X».
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Puc. 2.3 — [Ipumepsl TeECTUpOBAHUS:
a) 0e3 omuobOku kiaccudukanuu; 0) ¢ GUKTUBHON OMIMOKON KIaccuukau
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(donmoaauteanHoe 3aganue Ne 01: +15 6aag0B => 65 + 15 = 80 62aJ1;10B)

PeanusyiiTe ko1 mporpaMMbl TMHEMHOTO KilaccupukaTopa ¢ 00yueHHeEM
MepUENnTPOHa, YTOOBI IporpaMmMa padoTaia ¢ JIFOOBIMHU ABYMEPHBIX JTaHHBIX JJIS
JIBYX KJIACCOB (aBTOMAaTHUYECKH CTPOMJIA BCE HEOOXOANMBIE TpaduKku, peraroiime
IpaHUIlbI, OTMEUalia TECTUPYEMbIH 00BEKT Ha rpaduKe, OTHOCHUIIA TECTUPYEMbIH

00BEKT K COOTBETCTBYIOILIEMY KJIACCY).

(donmoauuteanHoe 3aganue Ne 02: +20 6ay10B => 65+ 15+ 20 =100 6a1710B)

Peanusyiite coOCTBEHHBIN Ki1acC OOy4YEHUs MEPLUENTPOHA, KOHCTPYKTOP

KOTOPOIro AOJIZKCH ITPUHUMATb MAaCCHUB 06yqa}onmx JaHHBIX D:

perceptron = Perceptron (D)

Knacc nommkeH peann3oBbIBATh METOMBI:
training(eta, theta) — ang oOydeHus nepuenTpoHa;

classification (x) — s BBINONHEHUS KiIacCU(DUKALIMY O HAMJICHHOMY W.

Taxke HeoOxomuMo  meperpy3uTh  dunder-meton str () «kiacca

Perceptron, KOTOpoi Obl BO3Bpalllajl B KOHCOJb BbIpaKEHUE MPUOTUKEHHOU
pemarorei rpanuilsl (puc. 2.4):

print (perceptron)

MpubnuxeHHoe ypaBHEHUE JIMHEWHOW pefiaiwent. FPaHuLb:

y(x) = -0.9981 x x — 1.0232

Puc. 2.4 — [IpubnuxeHHOe ypaBHEHHE JIUHEHHON peliaroniell rpaHuIlbl
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Otuet o 3aganuro Ne 02:

1) nUCTUHT 3aKOHUYEHHOU MPOTrPAMMBI 111 TOTO YPOBHS, HA KOTOPOM BbI
pEININ OCTAaHOBUTHCS;

2) rpaduku JIUHEHNHOTO pa3/ieNIeHUs IBYX KJIACCOB JTAHHBIX C
MPUOIU3UTEIBHBIMY PEIIAIOIIUMU FPAaHUIIAMH, TECTOBBIMU OOBEKTAMU U
pe3yibTatamu paboThl KiaccudukaTopa (CM. puc. 2.3, TOMETKHU CTPEIKAMHU
YTO €CTh UTO Ha rpaduKkax MOKHO HE JIeNIaTh);

3) nns nonosHUTENbHOTO 3aaanus Ne 02 HE0OX0IUMO T0OABUTh CKPUHIIIOT
KOHCOJIY C HalJICHHBIM BBIPAXKEHUEM MPUOIU3UTEIIBHON pelaronieit
TPaHUIBI [JIs Mapbl BAPUAHTOB (CM. puc. 2.4).
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3AJIAHUE Ne 3

AJaroputm o0y4eHUs SAACPHOrO MepuUenTPOHA

[enp — peanuzanusi U UccleqOBaHHE PAaOOTHI aIrOpuTMa OOYUYEHHUS SJIEPHOTO
MepILenTPOHa ¢ MOJUMHOMHATIBHBIM SPOM.

3aganue

NmeeTcss anropuTM MalIMHHOTO OOYYE€HUs, TMO3BOJSIONINI  BBIMOJHATH
OMHapHYIO KJacCU(pUKAIMIO OOBEKTOB C HEIMHEHHOM peliaroimed rpaHuleH.
JIaHHBI QJITOPUTM CTPOUTCS HA OCHOBE OOY4YEeHHS SACPHOrO MeplenTpoHa
BBITIOJHATh pa3ieieHue JBYX KIAacCOB OOBEKTOB, HMEKOIINX HEIMHEHHYIO
pemaroimyto rpanuity. [lepuentpon nepedupaer oOyuaromuil Habop MaHHBIX (3TO
METOJI MAIIMHHOTO OOYYeHHsS] C YYUTEIeM), OOHOBJISII BEKTOP MHOXUTENEH
Jlarpanxka. B nuctunre 3.1 npuBeaeH MceBAOKOA alroputMa oOy4eHus s1epHOTO

NeplUenTpoHa Kak OMHAPHOTO Ki1accupukaTopa.

(OcHOBHOE 3a1aHue: 65 0aJ1J10B)

1) HeobGxonumo peann3oBarh alropuTM OOYUEHHS SIAEPHOrO MEpLENnTpOHa
(cm. muctuHr 3.1) Ha sA3bIKEe MporpammupoBaHus Python, ucnonb3ys TOJIBKO
TUTIOBBIE OMOINOTEKU: numpy, matplotlib u csv i CUUTHIBAaHUS JAHHBIX U3
(aitna B popmate *.csv.

2) Jlnst o0ydeHHsl MAlIMHHOTO KJaccu(uKkaTopa MCHOJIb3YIOTCS JaHHbIE U3
(aiina (daiin C JAHHBIMU B3STh y npenojaaBaTens):
lab_kernel_perceptron_data.csv.

OO0BbekThl K1acca +1 MOXHO MoKa3aTh Ha rpaduke kak “ B, a 0OBbeKThI Kiacca -1
MOXHO TTOKa3aTh Ha rpaduke Kak “ ° *“, KaK Mmoka3zaHo Ha pucyHke 3.1.

B xadecTBe sAapa nepuciuTpoHa UCII0JIb30BATh ITOJIMHOMHAJIBHOC AOPO:

K(Xl‘,Xj) = (Xi ' Xj + 1)13
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Jluctunr 3.1 Anroputm oOydyeHUs SIAEPHOTO NEPIENTPOHA

Bxoga;: NomeueHHble BXOAHbIE AaHHble X € D, apepHas dyHKuma K(X;, X;).
BbIXOA:  MHOMMUTENN (;, ONPEAENAIOWMX HEJIMHEHHYIO peLlatoLLyio rpaHuLLy
Ana knacecudukatopa Y(x;) = sign(w(x;)).

a; « 00aa1 <i < |D|;/*uHuyuanuzayus eekmopa mHoxcumenel Hynamu*/
converged « false; /*¢pnaz cxooumocmu anzopumma u 3a8epweHusn yukna*/

t « 0; /*cyetumk anox*/

while converged = false do
/*KoppeKuna BekTopa MHOXUTenen a;*/
converged « true;

//*ECJ'IM KO/INYecTBO 3Nox 60ablue KaKoro-To Yncna, TO aJiIrOPUTM He )

cowénca — npepsaTb UNKA*/
t<t+ 1;
ift > 30
then
break;
\end Y,

fori « 1in|D|do
if Yi: ( ]lgll a]y] . K(Xi, X])) <0

then
a; < a; + 1;
/*MeHANM a;, 3HAYUT aNrOPUTM elLLe He cowénca™*/
converged « false;
end
end
end
return a;;
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X1

Puc. 3.1 — Otobpaxxenue nanubix ux ¢aiina lab_kernel_perceptron_data.csv

dopmar JaHHBIX. JlaHnHbIe, coJepKalumecs B (aite
lab_kernel_perceptron_data.csv mpeactaBiasioT co0o0il CTONOIBI ¢ MpU3HAKaAMU
oovexkta X = {X1 X2} m wmerkoi kmacca y € {—1 +1} (cm. puc. 3.2)
(pa3aenuTenhb JTaHHBIX — CUMBOII ‘\t').

lab_kernel_perceptron_data.csv

Puc. 3.2 — ®opmar ¢aitna nanHbIx
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3) OTnaaky u NpoBEpKY airopuTMa 00yUEHHUs IEPCENTPOHA MOMKHO BBITIOIHSTH CO
CTEIMEHbIO MOJIMHOMUAIILHOTO sSiApa p = 2:

K(Xi,Xj) = (Xi . Xj + 1)2

[Ipu 3TOM, mapameTpsl KIacCUPUIUPYEMOTO 00BEKTa (KOOPAUHATHI) MOKHO B3SITh
B INIyOMHE 00y4YaroIMX KJIACCOB:

X ={0,95 0,80} — xmacc «-1» (KI1acc «KpyKKn»)
X ={430 —2,64}—kinacc «+1» (Ki1acc «KBagpaTUKU»)

JloOuBasich OT meplenTPOHA MPABWIHHON KiacCU(UKALNKN TECTUPYEMOTO0 00bEKTA
(cM. pucyHok 3.3).

Puc. 3.3 — [Ipumep knaccudukainuu TECTUPYEMOro 0ObeKTa SIEPHBIM
MepLUENTPOHOM
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(donmoaauteanHoe 3aganue Ne 01: +15 6aag0B => 65 + 15 = 80 62aJ1;10B)

Brimonuute ucciaegoBaHue BEPHOCTH SIEPHOTO KiaccudukaTopa BOIU3U
pelIaroel TpaHuLIbl TPU CTENEHAX P = 1, p = 2 u p = 3 NOJMHOMHUAIIBHOTO SIpa.

Pe3synbraTel nccnenoBanus 3anecure B Ta0auiy Ne 3.1.
1) 3anaiite creneHs NOJIMHOMUAILHOTO spa p = 1.
2) 3anaiite npu3HaKy (KOOPJIUHATHI) JJIsSl IEPBOTO TECTUPYEMOTO 0OBEKTA
X;=(236 -0,16)

4) BeinmonHute kiaccu(pUKaIUIO JUIsl OLEHKU KJlacca TECTUPYEMOro 00beKTa

U BBIBEJIUTE TECTUPYEMBIM 00BEKT Ha rpaduk (cM. pucyHok 3.4).

] -
Tectupyembin
41 ° OB? P‘)’E ; X 06beKT
\}. s . Py pacnonoxeH
()B\) P\ E ’. .. ‘. 6nmnxe K
2 ° . obyuarowmm
e o .. o o q o6beKTam
04 ® .‘? ° Knacca
o 0.6, P;f’ o CKPYXKMN».

|
P .‘
.l fAlpepHblii

- Knaccudpukartop

—4 -4 Ob6nactb 613K u OTHEC

peluatoLLeit m = !‘PB 1 TeCTUpYeMblii
rpaHuLLbl ob T 06BEKT K Knaccy

—6 A Pg@“" - . = KKPYXKN»

€>$Q:

Knacc: "Kpyxku"
et

Puc. 3.4 — UccnenoBanue BEpHOCTH SIEPHOTO Ki1accupukaTopa BOIU3U
pelarnen rpaHuLlbl
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5) Pe3ynbrar, nmokasaHHblii Ha rpauKe, COOTBETCTBYET PEaIbHOMY Kilaccy
TecTHpyeMoro oobekTa y(X|), 3aHECHTE €r0 B COOTBETCTBYIOIIYIO SIUCHKY TaOIHIIbI
No 3.1. Pesynbrar, KOTOpBIM BbIIAN SIACPHBIA KiIacCU(UKATOP, COOTBETCTBYET
oneHenHomy kiaccy J(X;) TectupyemMoro oOBeKTa, 3aHECHTE €ro B
COOTBETCTBYIOIYIO AueiKy TaOmuibl Ne 3.1.

6) [IpoxaenaiiTe TOXKe caMO CO BTOPBIM U TPETHEM TECTUPYEMbBIM 00BEKTAMU

Xp=0211 -1,04)
Xm = (2,57 —-0,74)

7) Korma 3amosHute BClO CTpouky Tabmumbsl Ne 3.1 s creneHu
MOJMHOMMAJIBHOTO si/ipa p = 1, MIOMEHsUTE CTENEHb sApa HA P = 2 U BBITIOJHUTE
MIPOBEPKY SAAEPHOrO Kjaccu(UKaTopa CHOBA I TPEX TECTUPYEMBIX 00BEKTOB X|,
X1 ¥ Xyyy. 3anonaute cTpoky p = 2 tabauisl Ne 3.1,

8) 3anaiiTe CTENEeHb MOJIMHOMHUAIBLHOIO si/[pa P = 3 U BBINOJHUTE TO XK€

camoe JiJIsl TPEX TECTUPYEMBIX 0OBEKTOB.

B HekoTOphIX ciyuyasx peadbHBIA KJIacC TECTHPYEMOro oOObEeKTa H

OI_IeHeHHBII\/,I AACPHBIM KJ'IaCCI/I(l)I/IKaTOpOM MOT'YT HC COBIIa1aTh.

Ta6numa Ne 3.1. Pe3ynbratsl vcclieIoBaHUS BEPHOCTH sAJIEPHOTO Kiaccudukaropa

Crenens | Knace qst rectupyemoro | Knace ans trectupyemoro | Kiacc ans tectupyemoro
sapa oOnekra X o0nekTa Xy obowekTa Xy
peanbHBI | OLCHEHHBIM | PEAIBHBIA | OLCHEHHBIM | PEANbHBIA | OLCHEHHBIN
y(Xp) y(Xp) y(Xyp) Xy y Xy 9 Xy
p=1 | «KPYXKKHU» | «KPYXKKN»
p=2
p=3
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(donmoauuteanHoe 3aganue Ne 02: +20 6ay10B => 65 + 15+ 20 =100 6a,1710B)

Peanuzyiite coOCTBEHHBI KjiacC OOy4YeHHUS SIAEPHOrO MEPIENTPOHA,
KOHCTPYKTOpP KOTOPOTO JOJKEH MPUHUMATh MAacCUB OOYy4YaroIIUX NaHHBIX D, uX

MCTKH U CTCIICHDb ITIOJITMHOMHMAJIBHOI'O AApa:

kernel perceptron = KernelPerceptron(X, y,

kernel power)

Knacc nomkeH peann3oBbIBaTh METO/BI M CBOMCTBA:
training () — ang oOydeHus SAEPHOTO MEPUENTPOHA;

classification (x) — Jj1s BRIIOJHEHUS KiacCcuUKAIUN
TECTUPYEMOI0 0OBEKTA;

count of eras — KOINYECTBO 3p, 32 KOTOPOE OBLT O0yYEH ANEPHBIN
MEePUENTPOH.

PeanusyiiTe BbIBOJ pabOTHI KJlacca B KOHCOJb, B KOTOPOM THM Kjacca OyaeT
00pHCOBBIBAaTHCA KaK MOKA3aHO HAa pUCYHKeE 3.5.

2 .::v ..
° o. 30. S
o e %0 8§ iy
®e f. °, I.
o] () [ ) onm
-2 ° =
—44 .-
= = 0
_6_
_8_

KonuyecTtBo 3nox obydeHus: 30

Knacc:
C——

Puc. 3.5 — IIpumep BriBoAa pabOTHI KJacca B KOHCOJIb C OTPUCOBKOM Kilacca
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)

2)

3)

Otuet o 3aganuro Ne 03:

JUCTUHT 3aKOHYEHHOU MPOTrpaMMBbI JIJIsl TOTO YPOBHS, HA KOTOPOM BBI
PEIIUIA OCTAaHOBUTHCS,

rpaduKy Kiaccu(puKaIuu TeCTUPYEMOT0 00BbEKTA JIJIs1 KaXKA0T0 dTamna
BBITTOJIHEHUS JTabopaTopHOU padoThI (cM. puc. 3.3 u puc. 3.4, ecnu Aenaere
nonoiHUTenbHOE 3aaanue Ne 01);

TUIs1 TOTOTHUTENNbHOTO 3a1anus Ne 02 HeoOXoauMOo J00aBUTh CKPUHIIIOT
rpaduka 1 KOHCOJIM AEMOHCTPUPYIOMIHNX paboTy kiacca (cM. puc. 3.5).
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3AJTAHUE Ne 4

AJITOPUTM 00Y4YEeHHUS pellarllero aepesa

[lens — peanuzanusa U UcclieIoBaHUE PabOTHI AIrOpUTMa OOYUEHHS PEIIAIOIIEro
JiepeBa.

3aganue

Tpebyetcst peann3oBaTh alrOPUTM MAIIMHHOTO O0YUYEHHS PELIAIOIIEro JIepeBa,
KOTOPO€ JOJKHO BBIMOJIHATh OMHApHYIO Kiaccuukanuio 0O0beKTOB. JlaHHBIN
QJITOPUTM CTPOMUTCS Ha OCHOBE IIOCJIEAOBATEIBHOIO pa3JeiieHUs MHOXKECTBA
pa3MEUEeHHBIX OOBEKTOB Ha MOAMHOXKECTBA IS (POPMUPOBAHHS JIOTHYECKUX
BBIPAKEHUU OTHECEHHUS TECTOBOIO0 OOBEKTa K COOTBETCTBYIOIIEMY KJACCy IO
COBOKYITHOCTU BXOJIHBIX JAHHBIX. JTU JIOTUYECKHE (KOHBIOHKTUBHBIEC) BBIPAXKECHUS

MPEJICTaBJICHBI B BUJE JIepeBa — PEIIArOIIeTo JepeBa.

BrinmonuuTh MalivmHHOE OOYUYEHHME pPENIAIoIIero JiepeBa O3HA4aeT MOJYyYUTh
JIPEBOBUJIHYIO CTPYKTYpYy MPHU3HAKOB U (DaKTOB M3 PA3MEUEHHOT0 O0Yy4Yarolero
Ha0opa, KOTOPBIM MpeacTaBiieH B Bujae TaOmuipl. {1 MammHHOTO OOy4eHUus

pelIaroIero Aepena TpedyeTcs peain30BaTh COOTBETCTBYIOIIUM alITOPUTM.

(OcHOBHOE 3a1aHMe: 65 0aJ1J10B)

1) HeoGxonumo peann3oBath aqropuTM 0O0yUEHHs PElIaoNIero AepeBa (CM.
nuctuHr 4.1) Ha s3bIke TporpaMMmupoBaHusi Python. U3 OubOIMOTEK MOXET
noTpedoBaThca OUOIMOTEKA I BU3yaIu3alluu MOTYyUYEHHOTO PEIIatoIero JIepena,
HarpuMmep, bigtree, koTopas Mo3BOISET BHIBOJUTH JAPEBOBUIHBIE CTPYKTYPHI B
KOHCOJIb. Tak e JJisi CYUUTHIBAHUSI UCXOJIHBIX JTaHHBIX U3 (aitna B popmate *.csv
noTpedyercst OMbIMOTEKa CSV. CUNTHIBaHUS JaHHBIX U3 ¢aiisia B popmate *.csv.
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Jluctunr 4.1 Anroput™M o0y4eHHs peLIaoIEro JepeBa

CurHatypa ¢pyHkumumn: GrowTree(D, F)
Bxog: nomeuveHHble BXOAHbIE AaHHble D, MHOXeCTBO NPU3HaKoB F.

Bbixopa;: AepeBo Npu3HakKoB (y3n108) T ¢ nOMeYeHHbIMU NUCTbAMM L.

T « linkedlist(i.}); /*ceasaHHbIl crnucok cmpykmyp*/

L « Label(D); /*8038pawaem knacc 06vekmos 019 MHoxecmea*/
If L = None then /*Knacc gns MHoXecTBa He onpeaenén*/

S « BestSplit(D, F); /*so3Bpauiaer Hanbosee YUCTbI NPU3HAK A1A pa3aeneHns
MHOXecTBa D*/

If S = None then return;  /*Bce npu3HaKu yXKe pacCMOTpeHbl => owwmnbKa 1 Bbixog, */
T « linkedlist(S); /*nobaBunu y3en B Aepeso K poguTenbckomy ysny*/

pasoensem mHodcecmgo D na noommnooicecmasa D; 6 /*mpebyemca peanuzoeame*/
coomeemcmeuu ¢ aumepaiamu 8 S;

for D; in D do
GrowTree(D;, F); /*peKypcusHbIii Bbi30B pyHKUUN*/
end
else
T « linkedlist(L); /*n06aBuAM NUCT K poauTenbckomy ysny*/
end

return T; /* nepeso noctpoeHo*/

Curnatypa ¢yHkuum: BestSplit(D, F)
Bxog: nomeuveHHble BXOAHbIE AaHHble D, MHOXXeCTBO NPU3HaKoB F.
BbixoA: NpU3HaK f, N0 KOTOPOMY BbINONHATb PasaeneHue.
Lpin < 1;
frest < None;
for f in F do
/*Tpebyetca peannsosatb*/
pasoerums D na noomnoscecmea Dy, ..., Dy, co2nacno snauenusm vj npusnaxa f;
/*T. e. HeOBXOAMMO ONA KaXKAOro 3HAYEeHUs NPMU3HAKA HAWTKU pasgeneHmn
f = [vy,vp,05] => [n1+' nl'] [nz*’, nz'] [n3+, ng—]
(OnvHa ={1, 2, 3} =>[3+, 1-] [1+, 0] [1+, 4-])
I mp((Dy, Dy, ., Do) < B then et Sort s o

Lnin < Imp({Dy, D, ..., D }); n(+) =0, n(-) =0 => n(+) + n(-) = 0 => geneHue Ha Hy/b
frest < [ B TaKMX C/lyyasnx TpebyeTca NponycK utepaumm

end ~
end

return fbest;



CurHatypa ¢dyHkuum: Label(D)
Bxog: nmomeueHHble BXOAHbIe AaHHble D.
Bbixopa: BO3BpaLyaeT ogMH U3 Knaccos unm None.
for D;in D do
/*npoBepsaem Knacc Kaxaoro D; o6beKTa ¢ Knaccos nepsoro obbvekta Dy */
If¢(D;)! =¢(Dy) then
return None; /*ectb xoTs 66l 04HM D; C KNAacCOM OTIMYHBIM OT APYrnx 06bekToB U3 D*/
end
end

return ¢(D4); /*Kknacc ansa 06bEKTOB BCErO MHOXKECTBa onpenenén™/

2) dns oOyyeHus pelIaroliero jAepeBa HCIOJb3YIOTCS JaHHbIe U3 (aiina
(daiin c ganHBIMU B3ATh y TipenogaBarens): lab_decision_tree.csv.

Jlerenna nMaHHBIX, CIEOYIOIIAs: Yy CTPaXxOBOI'O areHTa, 3aHMMAIOLIEToCs
CTPaxOBKOM TPAHCIIOPTHBIX CPEACTB €CTh HEKOTOPask CTaTUCTUUYECKasi UHpopMaIus,
KOTOPYI0O OH HAaKONUJ B pe3yJbTaTe CBOEH JeATEeNbHOCTH. JTa HHGOpMAaIUs
MpEACTaBIAeT CcOOO0W HAO0Op MaHHBIX MO CTPAXOBKE TPAHCHOPTHHIX CPEICTB
KIIMEHTOB WJIM OTKa3ax B cTpaxoBke. B Ttabmume 4.1 mnpeactaBieHbl 3TU
CTaTHCTUYECKHUE JIAHHBIE.

Ta6muma Ne 4.1. CtaTucTudeckue JaHHBIE CTPAXOBOTO areHTa

Bo3zpacr Mecto Crax Pemenue o
Csenenus o JITTI
BOJUTENS, | SKCIUTyaTalluu L BOXKJICHHS, Tumn aBTO BbIJIaUe
3a TIOCJIETHUM TOx
JeT TC JeT CTPaXOBKH
6ousbuie 40 ropoJ €CTh 6ospre 10 00BIYHOE | CTpaxoBaTh
6ombire 40 ropoj €CTh Menble 10 00BIYHOE OTKa3aTh
6ounbuie 40 ropoj HET MeHbuie 10 00OBIYHOE | CTpaxoBaTh
MmeHb1e 40 ropoa HET MeHbuie 10 00BIYHOE CTpPaxoBaTh
menble 40 | ¢/X MECTHOCTh HET MmeHbuie 10 00BIYHOE 0TKa3aTh
MmeHb1e 40 ropoa HET 6onbuie 10 | cnopTHBHOE | CTpaxoBaTh
6onbie 40 | c/X MECTHOCTb eCTh 6onpre 10 00BIYHOE | CTpaxoBaTh
menble 40 | ¢/X MECTHOCTh eCThb MeHplie 10 | cnopTUBHOE |  OTKa3aTh
6onbuie 40 ropoJ HET 6onbuie 10 | cnopTUBHOE | CTpaxoBaTh
menble 40 | ¢/X MECTHOCTh €CTh MmeHbuie 10 00BIYHOE 0TKa3aTh

Jns oOydeHus pemiaromero Jepena,

HazBanus npusHakos:

C TOCJIEAYIOUIEH MPOrPAMMHON
peanuzaleit anropurMa MalluHHOTO 00y4YeHusl, JaHHbIe U3 Ta0uuilsl Ne 4.1 Obuin
3aKOJUPOBAHBI CIEAYIOIINM 00pa3oMm:

Bospact Bogurens = age
Mecro skcruryarauuu TC = location
Csencunus o JITII 3a mocieqauii roj = accident
Crax BOXKICHHS = experience




Tun aBTO
Perenue o BeI1aue CTpaxoBKU

typecar
y

438

Koppl 3HaueHn Npu3HAKOB:

Bospacr Bogures, jer
0ombie 40
oombire 40

43
O =

Mecto 3xcnnyaranuu TC
ropoa
C/X MECTHOCTh

43
O =

Cgenenus o JITII 3a nocaeanuii roa
€CTh
HCT

43
O =

Crak BOKIeHHSs, JeT
ooibmre 10
Meubie 10

43
[eR

Tun aBTO
CIIOPTUBHOE
00BIYHOE

43
[eR

Pemienue o Bbliaye CTPaAXOBKHU
CTPaxoBaThb

=
OTKa3aTh =

O =

[Tocne 3ameHbI IPU3HAKOB U U3 3HAUeHUN koaamu, Tabiauna Ne 4.1 npeobpazyercs
K BUJly, TOKa3aHHOMY B Ta0uLbI Ne 4.2.

Ta6muma Ne 4.2. CtaTucTH4ecKue JaHHBIE CTPAXOBOTO areHTa
B 3aKOJIMPOBAHHOM BH/IE

age location accident experience typecar y
1 1 1 1 0 1
1 1 1 0 0 0
1 1 0 0 0 1
0 1 0 0 0 1
0 0 0 0 0 0
0 1 0 1 1 1
1 0 1 1 0 1
0 0 1 0 1 0
1 1 0 1 1 1
0 0 1 0 0 0

Jlannasie u3 Tabmuiel Ne 4.2 npuBeneHsl B ¢aite lab_decision_tree.csv.
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B pesynbrate oOydeHUs JOKHO OBITh MOCTPOEHO pEIAroNie JAEPEeBO Ha
OCHOBE MCXOIHBIX JaHHBIX. OIMH U3 MPUMEPOB PEIIAIONIEr0 JePEeBO MOKa3aH Ha
pucynke 4.1. JIns oToOpa)xeHUsl CTPYKTYphl MOJYYEHHOTO DEIIAIOLIEro JIepeBa
ucnons3oBanbl QyHknun dict to tree() m print tree () Oubmmorexn

bigtree.

typecar [pathz]
experience” [path=0]
age "[path=0]
D= location [path=0]
accident [path=0]
Het [path=0]
na [path=1]
pna [path=1]
accident [path=1]
na [path=0]
HeT [pathel]
pa [path=1]
age [path=1]
location [paBh=0]
Het [path=0]
pa fpath=1]
HeT [path=1]

Puc. 4.1 — [Ipumep NOCTPOEHHOTO PEMIAIONIIETO IEPEBA B KOHCOJIH, KOTOPOE
MOJIYY€HO B PE3YJIbTATE BBHIMOJHEHUS aIrOPUTMa MAIIMHHOTO 00YyYEHUS

(donmoaauteanHoe 3aganue Ne 01: +15 6aaya0B => 65 + 15 = 80 62a1;10B)

1) Ha ocHOBaHUY MOJyYEHHOTO PEIIAIOIIETO JAePEBa peaqu3yuTe mporpaMmmy,
KoTopasi OyJleT KiacCu(pUIUPOBATh BXOJHBIE IaHHbIE. M BBIOJIHUTE MPOBEPKY Ha
ONIHOW WJIM JIBYX 3amuCAX U3 (aiia pa3MEUYeHHBIX JAHHBIX, KaK IMOKa3aHO Ha

pucyHke 4.2.
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age location accident experience typecar y

Menbuie 40 net ropon ATII ve 6pm0  Menbiie 10 ter  oObIuHOE CTpPaxoBaTh
0 1 0 0 0 1

experience [path=]
typecar [path=0]
l——age [path=0]
location [path=0]
accident [path=0]
HeT [path=0]
na [path=1]

@ [path=1]
accident [path=1]

na [path=0]
HeT [path=1]
HeT [path=1]
na [path=1]

BoigaTb CTpPaxoBKY:

Puc. 4.2 — IIpoBepka paboThl klaccupukaTopa Ha 00yUYarOIIUX TaHHBIX

2) VI3MeHuTE TOJBKO OJTHO 3HAUYCHHUE B UCXOJHOM (paiiie, TO eCTh MOMEHSUTE
1 va 0 win 0 Ha 1 Ha mepeceyeHuu JIF0OOM CTPOKU M CTOJIOIA, 3aHOBO OOy4HTE
pelamee JepeBO M CPaBHUTE €ro CTPYKTypy C mnpeasiaymiei. OTBeTbTe Ha
Borpoc: «M3meHunack nu cTpykTypa aepeBa?». W ecnu crpykrypa aepesa
M3MEHUJIACh, TO Kak Bbl gymaere noyemy? Hanumure 310 B 0TUETE 1aOOpATOPHOIA
paboTHI.
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(donmoauuteanHoe 3aganue Ne 02: +20 6ay10B => 65 + 15+ 20 =100 6a,1710B)

Peanuzyiite  coOCTBEHHBIM Kjlacc OOy4YEeHHUs peIIAIIero  Jiepena,
KOHCTPYKTOpP KOTOPOTO JOJKEH NPUHUMATh MAacCHB OOy4YarmuX AaHHBIX D,

MHOKECTBO IMPU3HAKOB F.

Knacc pomxkeHn peann3oBbiBaTh MeToJ training () — nans oOydeHus

pEIIaloNIEro JAepeBa, KOTOPBIH OyAeT BO3BpaIlaTh CTPYKTYPy 00yUEHHOTO JIepeBa.

Otuet o 3aganuro Ne 04:

1) nUCTUHT 3aKOHUYEHHOU MPOrpaMMBbI JJIsl TOTO YPOBHS, HA KOTOPOM BbI
eI OCTaHOBUTHCS;

2) BBIBOJ CTPYKTYpPBHI J€peBa B KOHCOJIb WIIK B BUJIE TpaduKa, B 3aBUCUMOCTHU
OT TOT'0, KaK BbI PEIIUTE BU3YyaJIU3UPOBATh 00YUEHHOE pelIaroiee 1epeBo
(mampumep, cm. puc. 4.1);

3) nnsa nononHUTENBHOTO 3aaHus Ne 01 HeoOxoaMMO 100aBUTH CKPUHIIIOT,
MOKA3bIBAIOIINHN paboTy KilaccupuKaTopa U MPOBEPKY €ro paboThI MO
pematoiieMy JiepeBy (cM. puc. 4.2). A Takke HanmucaTh OTBETHI HA BOIIPOCHI
B JITAaHHOM 3aJ[aHUHU.

4) s qonoaHUTENbHOTO 3a7aHusa Ne 02 HE0OX0IMMO peaTn30BaTh AITOPUTM
o0yueHUs pelaroiero AepeBa B BUE kKiiacca (B MPUHITUIE ATO MYHKT
nepekpoiBaeTcs 1. 1 TpeboBaHMil K OTUETY).
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