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Ob6wme cBegeHUA O peLlatoWwmx AepeBbaxX

Pewarwwme gepeBbs (gepeBbs peweHui, decision trees) ABNAAKOTCA MOAENAMM MALUMHHOIO 0byyeHus, KoTopble
OYeHb YaCcTO UCMONb3YIOTCA C CUCTEMAX NOAAEPHKKN NPpUHATMA peluenmin (CMTMP).

Pewatowue aepeBbss MOryT ObiTb AepeBbAMM KnaccUdUKaLMM, TO eCTb UCNONb3YIOTCA AN OTHECEeHUsA obbeKTa K
OAHOMY M3 M3BECTHbIX K/1aCcCOB, AEPEBbAMU PErpeccumn, To eCTb UCMNONb3YITCA AN MPOrHO3MPOBAHMA 3HAYeHUA
Kakon-1mbo BennumHbl. Ho TaK e AepeBbA NMO3BONAIOT pelwatb U Apyrve 3a4adyv MallMHHOro obyyeHus, B TOM
yucae 1 3a,a4m paHXMPOBaHUSA, KnacTepmnsaumm, oueHMBaHUA BEPOATHOCTEMN.

[lepeBbsA peLleHn 4acTo UCMO/b3YIOT B C/IeAyoWnX chepax AeAaTeNbHOCTH:

* MPOU3BOACTBO — OLLEHKA MPOAYKTa COOTBETCTBYIOLMM KPUTEPUA KAa4eCcTBa;
* HGaHKOBCKOE Aeno — OLeHKa 3aéMLLMKa JEeHEKHbIX CPeacTs;

*  MeAMuUMHA — NOCTaHOBKA ANArHO3a;

* TOProsAaA — KnaccnduKaLma TOBapOB U NOKynaTenen.



3ﬂ€M€HTapHOe npeacrasjeHune o pewarowem gepese

Pewatoulee aepeBo npeacTtaBiaeT cobon CTPYKTYPUPOBAHHbIM Habop BONPOCOB, OTBETbI HA KOTOPbIE NPUBOAAT K TOMY
WAV UHOMY BbIBOAY.

EcTb nepbAa?

HET

LA

MokeT EcTb
nertaTtb? NMNABHUK?

HET

MCTOUHUKM POTO KMBOTHBIX:

cosa - https://akspic.ru/image/140291-ptica-snezhnaya_sova-nazemnye_zhivotnye-sova-zivotnoe

NMUHIBUH - https://akspic.ru/image/125711-neletayushhaya_ptica-ptica-zhivaya_priroda-zoopark-pingvin 3
aenbduH - https://akspic.ru/image/138898-podzemnye_vody-delfin-zhivaya_priroda-afalina-kitoobraznyh

meabseap - https://akspic.ru/image/98237-nazemnye_zhivotnye-zhivaya_priroda-grizli-morda-medved



TepmunHOIOTUA AepeBbeB

KopeHb,
KOpPHEBOM

EcTb nepbsa?

y3en
Moxet Ectb ( rOOt)

nerarb? NNABHUK?

Pebpo

g

Y3en,
BHYTPEHHUM
y3en
(node)

Y3en,
BHYTPEHHUM
y3en
(node)

Nucr, Nucr, Nucr, Nucr,
JINCTOBOIA y3en, JINCTOBOIA y3en, JICTOBOW y3er, JICTOBOW y3erl,
TEPMMUHANbHbIN TePMUHA/IbHbIN TEePMWUHAbHbIN TEPMWUHANbHbIN

y3en y3en y3en y3en
(leaf) (leaf) (leaf) (leaf)



[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

[Ina 0b606LWEHHbIX MaTEMATUYECKUX PAaCCy>KAEHUA U NPOrpamMmmMHON peanusaumm mogeneit MalMHHOro obydyeHusn
TePMUHbI «EcTb nepba?» n «enbduH» He nogonayt. NoTpebyetcs onpeaennTb YTO eCcTb NPU3HAK, YTO eCTb Knacc B
TepMUHAX MalLMHHOIo 0by4yeHusa N AaTb Kakne-to popmasibHble 0603HaYEHUA STUM TEPMUHAM.

[1ns Ha4yana cCOBCEM HEMHOIO BCMOMHUM HEKOTOpble 0603Ha4YeHua n onepaumnmn ns bynesom
anrebpbi:

Jlornyeckune BbipaxkeHnA BUAa: NMPU3HAK = SHA4YEHUE Ha3blBaeTCcA siUmMepasnom.

CocTaBHble 6yneBbl BbipasKeHMs CTPOATCA MPU NOMOLLM IOTUYECKUX onepaLmii:

0 KOHDBIOHKLUMN (NornMyeckoe yMHOXKeHUe, onepauma «MN») N\;
0 AU3BIOHKLUKUK (normyeckoe cnoxeHue, onepaums «UJIN»)  V;
. oTpuuaHua (onepaumsa «HE») —;

. nMmnanMKauum (= onepauua «EC/IN ... TO ...») —;




|_|pll13HaKI/1, KZ1aCCbl 1 UX KOANPOBaHME B MOAEeNAX pellalollnX AepeBbeB

Kasablh U3 BOMPOCOB AiepeBa KAacCUPUKALIMU 3KUBOTHbIX MO CYTU ABAATLCA NPU3HAKOM, KOTOPbIN MOXET NPUHUMATb
3HayeHuAa n3 mHoxectea: {JIA, HET} nan {1, 0}, rae 1 = AA, a 0 = HET.

O603Ha4YMMm BONPOChI U3 AepeBa KNacCUPMKaLMU dKUBOTHbBIX KaK NPU3HAKW:

«EcTb nepba?» =T (ot aHr. «FeaTher» - nepo) =T ={1,0}
«MoxeT netatb?» =L (OT aHr. «FLy» - netaTb) = L ={1,0}
«Ectb MnaBHmK?» = N (oT aHr. «FiN» - nnaBHUK) = N ={1,0}

O603HauYMM }KMBOTHbIX KaK KNaccChbl:

Penguin Dolphin Bear

[ns NnporpamMMHONM peanunsaumm Kaxabli KNacc TOXKe MOXKHO 3aKoAaMpoBaTh:

0=1 P =2 D=3 B=4 6



[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

[lepeBo peweHun B onucatenbHom popme [lepeBo peweHnn B 3aKoaMpPoBaHHON dopme

EcTb nepba?

Moxxet Ectb
netarb? NNABHUK?

(2) (3) (4)

L B BblpaxeHuax knaccupukatopa snga ¢(L) = P o03HavaeT normyeckoe BblpaxkeHue. Torga NPpUMeHAsN 3TO JIornyeckoe
Bblpa*KeHMEe MOKHO MONYYNTb COOTBETCTBYIOLLMX KNACC, TO €CTb OTHECTU OOBEKT K OAHOMY M3 YrKe M3BECTHbIX KN1acCoB.

L=(T=1AL=1)—0
L=(T=1AL=0)—P
L=(T=0AL=1)—D
L=(T=0AL=0)—B 7



[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

Y A
O o O - HenpepblBHble 3Ha4YeHUA NPU3HAKOB:
o moE D om X ER Y eR
®e =m '. 0
.0 ° @ .0 .0 ¢ B m
o ® o - ° = ‘ [Ba Knacca:
@ .0 m O =
® o O m 0 mm ‘ => @P=+1 (KKpYXKKMN», KNONOKUTENbHbINY, +1)
@

. = ©O=—1 («KBagpaTUKu», «OTpULATENbHbINY, -1)



[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

X<03=X[0]=0=¢L) =& X[0]

X=203=X[0]=1=¢(L) =7

h m _ X<05=X[1]=0= é&(L) =2
®e im o
..5‘.0.;I.I X=>05=X[1]=1=¢(L) =6
e ® By im,
‘E-I..Ell

>
X

0.3 0.5



[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

Y A , .
‘m m O
: m
® m @ o
® ¢ m B g
© o %0 0% g
e 00 o oi
U L
... E = :.- e
e o° im B pm
: _ B >
03 0,5 X
Y A , .
‘m m O
® {== B g
2l le im Sm
| o %0 0"m m
e, 0@ o o D
01 ~f---gr o L i S
... ! @ Oy
o . Bpg gy O
@ : | . >
03 0:5 X

Y<01=Y[0]=0=¢é() =6

Y>01=Y[0]=1=¢(L) =7

Y <02=Y[1]=0= &) =P

Y>02=Y[1]=1=¢(L) =6

X[0]
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[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

(X=048)=> (X =0,3) = (X[0] =1)

02 |- g O g g @

e _ _® e 'm m
01 - ‘.9.:.’l ------- (X=0,48)=> (X <0,5) = (X[1] =0) /
o,os------..‘l__i._I_QI 0O
e Hpaipgp

e o
i B > (Y:0,06)=>(Y<0,1)=>(Y[0]=0)f

0.3 lo5 X S Y[1]

0,I48 1 0 1
D S,
ﬁ => ¢(L) =©

X =048 («KBaAPATUKUY, KOTPULATENBHbINY, -1)
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[TPU3HAKMK, KNaccbl N UX KOAUPOBAHME B MOAENAX PeLlaloWmX AePEBLEB

(X =0,48) = (X = 0,3) = (X[0] = 1)

(Y = 0,06) = (Y < 0,1) = (Y[0] = 0) ﬁ

!

ﬁ => ¢(L) =6

Toraa anA ﬁ MOXHO 3anmncaTb JIOTMYECKOEe BbIPaXKeHMe:

L=(X[0]=1AX[1]=0AY[0] =0) -6

X[0]

S/

Torgaa MOXKHO COCTaBMUTb MOJIHbIE N0rnyYeckue

BblparkeHue ans kKnaccos © n P obonas aepeso
peweHun:

Lo =X[0]=1AX[1]=1)V
VX[0]=1AX[1]=0AY[0]=0)V
VX[0O]=1AX[1]=0AY[0]=1AY[1]=1)
Ly = (X[0] JVX[0]=1AX[1]=1)V

=0
VX[0]=1AX[1]=0AY[0]=1AY][1] =0)

[laHHble IorMYeckue BblpaXKeHUsa NPOrpaMmmHO
MOTYT ObITb peasin3oBaHbl Yepes Iornyeckue
onepaumu c npumeHeHnem (nnm 6e3) onepartopa
BeTBneHus (If).



dopmasibHble onpeaeneHus

TaK KaK fiepeBbs pelleHn CTPoATCA Ha OCHOBE MPU3HAKOB, TO UX elLLé Ha3bIBaloT AepeBbsA NPU3HAKOoB. Torga MOXKHO AaTb
dopmanbHoOe onpeaeneHne aepeBbeB NPU3HAKOB.

OnpepeneHne

Jepesom npusHakoe Ha3biBaeTCA Takoe [AepeBO, B KOTOPOM KaXKJbli y3e/n nomedvyeH MPu3HaKom, a
Kaxkgoe pebpo, ncxoaaliee ns ysna, NOMe4eHo 1NTepasiom.

OnpepeneHune

MHOeCcTBO INTEPasioB B y3/1e Ha3blBaeTcA pa3desieHuem.

OnpepeneHune

Kaxkablh NUCT aepeBa NpeacTaBAsAET s02UYeCcKoe ebipaxceHue, ABNAoLLeeca KOHbIOHKYueli aumeparnos,
BCTPEYaloLLNXCA Ha MYTU OT KOPHA AepeBa K 3TOMY JIUCTY.

13



Oby4yeHune aepesa pelleHUm

Mpumep obyyatowmx AaHHbIX

MockBa BbiCLLEe BbICOKMM ... 2
44 M Mepmb cpegHee cpegHun L. 1
54 M C. Netepbypr cpeaHee cpegHun ... 1
19 K PoctoB H/[, BbiCLIEE HU3KMA ... 2
86 M BopoHex BbiCLLEE cpegHun L. 1
55 M BnagmBocToK BbiCLLEE cpegHun L. 0
35 M [OepbeHT BbiCLLEE cpegHun ... 0
34 K C. Metepbypr BbiCLLEE BbICOKMM ... 1
27 K PoctoB H/[, cpeaHee cpegHun ... 2
32 M MockBa oTCyTCTBYET cpegHun L. 1
53 M AcTpaxaHb BbiCLLEE HU3KMK ... 2
89 MypMmaHCK cpegHee cpegHun L. 3

14



ObyyeHune gepesa peLleHnn

O6yunTb AepeBo peLleHni i 03HaYaeT aBTOMATUYECKM NOCTPOUTb €ro MepapxmUeckyto CTPYKTYpY.

Mpobnema cyuiecTsytowme npu obyyeHnn gepeBa peLleHnin: HYXKHO NPaBu/IbHO BbiIbBMpaTb NOCAeA0BaTENbHOCTb Y3/10B, KAKOM
y3en byaet KopHeBbIM, Kakon byaeT BTOpbIM U Tak Aanee. MNpu pas3inyHbIX NOpsAKax y310B MOAy4YatoTcA AepeBbA Pa3HOU
CTPYKTYpPbI, pa3HOW rnybuHbl. B Hayane Hy*KHO BbIOUpPaTb TakMe NPU3HAKKU, KOTOPblE MAaKCMMaAbHO NO3BOJIAIOT OTAENUTD
Knaccbl 06bekToB, 3aTem bonee cneunduyHbie. M3-3a 60abLLIOTO KOIMYECTBA MHPOPMALIUN KB PYYHYHO» ONpeaenTb

NpaBunabHYIO NocaieaoBsaTe/ibHOCTb NPMN3HAKOB bbiBaeT NPaKTN4eCKn HEBO3MOXKHO.



ObyyeHune gepesa peLleHnn

PaccmoTpum eLe ogmH npumep.

[ycTb Mbl cObupaemca pa3paboTaTb KnaccUPUKaTop *KUBOTHbIX U COBDUpPaem pe3ynbTaTbl USMEPEHUN BCEX
nmeroLmxcsa ocoben no cneayrowmm NpU3HaKam:

OnnHa = {1, 2, 3} =>{1, 2, 3}
Kortn = {aAnHHbIE, KOPOTKME} => {1, 0}
3y6bl = {mano, mHoro} => {0, 1}

Jonyctm y Hac ecTb 10 ocoben }KMBOTHbLIX M OHU YHKe pa3smeyeHbl Ha ABa Kaacca:
«MONOXKUTENbHbIN» — ED;
«OTpULATENbHBLIN» — O.



ObyyeHune gepesa peLleHnn

Pe3ynbTaTbl U3AMEPEHMN NPU3HAKOB ABYX KNacCoB Y 10-TU }KUBOTHbIX.

OnnHa ={1, 2, 3} [3+, 1-] [1+, O] [1+, 4-]
Kortn = {aAnHHbIE, KOPOTKME} [0+, 2-] [3+, 5-]
3y6bl = {mano, mHoro} [2+, 3-] [1+, 4-]

3anucb [3+, 1-] o3Ha4aeT, uTo 13 Bcex 10-TM U3MEPEHHDIX }KUBOTHbIX 4-pe }KUBOTHbIX MMENUN AJINHY TeNa PAaBHYIO 1-my meTpy,
NPY 3TOM 3-0€ XMBOTHbIX OTHOCUAMUCH K Knaccy @, a 1-HO }KMBOTHOE OTHOCMIOCH K Knaccy ©.

3 13 4 oTHOCUAMUCD K Knaccy D
1 u3 4 oTHOCUAUCD K Knaccy©O

4 n3 10 }XUBOTHbIX



ObyyeHune gepesa peLleHnn

HeuucroTa pasgeneHuns obyualowmx npumepos
[3+, 1—] - 370 pasgenenne
dopmanbHO pasaenere moxHo sanucats kak: [P, NO]

roe n® - KonnuecTBo NONOKUTENBHBIX MPUMEPOB, NPUMEPOB OTHOCALLMXCA K Knaccy @;
n®© - KOAMYECTBO OTPULATENBHBIX MPUMEPOB, MPUMEPOB OTHOCALLMXCA K Knaccy O.

Ecnu pasgeneHne CoOCTOUT U3 NPUMEPOB, TO/IbKO OAHOMO K/acca, TO Takoe pa3ae/ieHne HasbiBaeTCa yucmeoim,
UHa4e - HeYyucmaoiM.

[n®, 0] u [0, n®] — uncTble paspenexus.

yucroe
OnnHa ={1, 2, 3} [3+, 1-] [1+, O] [1+, 4-]
Kortn = {aAnHHbIE, KOPOTKME} [0+, 2-] [3+, 5-] Heyucroe

YNUCTOE




ObyyeHune gepesa peLleHnn

HeuucroTa pasgeneHus obyyalowmx npumepos

Yem uuiLe pa3geneHne ansa COOTBETCTBYHOLLEro NpM3HaKa, TeM y4lle AaHHbIN NPU3HAK NO3BOASAET Pa3aeIMTb KNacchbl.
B naeane, nepeBo pelleHnin A0IKHO OAHO3HAYHO OTAENATb OZHM KNacchbl OT APYrUX, NPaBAa 3TO MOXET YBEMUYUTb
rnybuHy Aepesa, YTo He OYeHb XOPOoLO.

Mpu 0byyeHUn aepesBa NepBbIMU y31aMKU BbIOUPALOT NPU3HAKK Aatolme Hambonee Ynuctble pasaeneHus.

anBHaK C CaMblMUN YNCTbIMU pa3geneHnamm ABNAeTca KOpHEBbIM.

B pa3geneHnn MoXeT bbiTb pa3HOe KONMYECTBO MOMOKUTE/NIbHbBIX M OTPULLATE/IbHbIX MPUMEPOB, bosee TOro ogMH U ToXe
NPU3HAK AN1A Pa3INYHbIX 3HAYEeHUN UMeeT HeCKONbKo pasaeneHunn (Oavna = {1, 2, 3} [3+, 1-] [1+, O] [1+, 4-]).

KaK uMcneHHO oueHUTb HeUUCTOTY BCEX pa3aeneHuit AnA NpuUsHakKa
WU KaK eLLEé roBOPAT — KaK OLL,eHUTb HEUUCTOTY y3na?

|



ObyyeHune gepesa peLleHnn

OueHKa HeuYucToTbl pasgeneHua (unm nucra)

UHpeKe JXXuHu Gi =2p(1—p)
MaTemaTunyeckoe oxKugaHue oWwmnbKu npu pasgeneHnn Npumepos. Yem yniie y3en, Tem meHblle NHAEKC JXKUHN,
ANA unctoro ysna Gj = 0.

JHTpONMA H; = —p -log,(p) — (1 — p) - log, (1 — p)
Oxunpgaemoin 06BEM MHPOPMaLMKM B BUTax. Yem umnule y3en, Tem MeHblle MHGOoPMaLUMKM oXnaaetca oo atom y3ne,
ana uucroro ysna H; = 07).

MuHopUTapHbIii Knacc M; = min(p, (1- ;b))
YacToTa owWmMbOoK Npu HenpaBuAbHOM pasaeneHnn NPUMepPOoB. Yem uullie y3en, Tem MeHblle oWwnbokK byaer.

®
. n
i€ P = —5 —= - SMNUPUYECKARA BEPORTHOCTb.
1—7 no
P=0® 1o

*) Cumntaetcs, uto 0 - log, (0) = 0 (https://bigenc.ru/c/entropiia-v-teorii-informatsii-8e42df)



ObyyeHune gepesa peLleHnn

OueHKa HeYUCToTbl y3/1a (COBOKYNMHOCTM INCTOB OAHOTO Y3/1a)

rae |Dj| - KOINYECTBO NPMMEPOB B j-OM pasgeneHumn (nucre);
|D |- KonnuectBo npumepoBs Bo BCEm obyyatolem Habope;

Imp(D;) — oueHKa HeYUCToTbI j-ro pasaenexus (aucra);



ObyyeHune gepesa peLleHnn

OueHKa HeYncToTbl y3na

BblyMCAMM YMCTOTY Y3108 (NPU3HAKOB) AN NPUMEpPA, Ha OCHOBE UHAEKca [KUHN:

OnnHa ={1, 2,3} [3+, 1-] [1+, O] [1+, 4-]

!

[3+,1-]=>n® =3un® =1

IDj| = ID1| = n®+n® =4

ID| = 10 N
Imp(D;) = Imp(Dy) = G; = 2p(1—p) =222 = L
. n® B 3 _3
P=l®n® " 3+1 4
. n® 1
1_p_n@+n@ "4



Oby4yeHune aepesa pelleHUi

OueHKa HeYncToTbl y3na

BblyMCAMM YMCTOTY Y3108 (NPU3HAKOB) AN NPUMEpPA, Ha OCHOBE UHAEKca [KUHN:

OnnHa ={1, 2,3} [3+, 1-] [1+, O] [1+, 4-]

4 31

31w im0 = g5 (2 7-)
D 1 10

101 -y %Imp(DZ):l_O 2 73)
D 5 1 4

4] > im0 = - (2 ¢ )



Oby4yeHune aepeBa peleHui

OueHKa HeYncToTbl y3na

BblyMCAMM YMCTOTY Y3108 (NPU3HAKOB) AN NPUMEpPA, Ha OCHOBE UHAEKca [KUHN:

Onvna ={1, 2,3} [3+ 1-] [1+, 0] [1+, 4-] » Imp({D,,D,, D3}) = 110- (2 . %-i) + %- (2 . %%) + 15—0- (2 Lot

orm ={an, xop) [0+ 2 (3+51 M Imp((Dy, D) =%+ (2+ 2:2)+ 2. (2- 2.5) =038
3y6bl = {mn., mH.} [2+, 3-] [1+, 4-] > Imp({Dy, D,}) = 1_50. (2 : 22) +1_50 : (2 %g) = 0,40

eVoi N —— Haumbonbwas Heunctota y3na (Imp = 0,40)



Anropntm obyyeHuns (mocTpoeHus) Aepesa peleHui

CurHartypa ¢yHKumu: GrowTree(D, F)
Bxog:  nomeuyeHHble BXOAHble AaHHble D, MHOXeCTBO NPU3HaKoB F.
Bbixoa: AepeBo npu3HakoB (y3n108B) T ¢ nomevyeHHbIMU INCTbAMM L.

T « linkedlist( ); /*cBA3aHHbIN CNNCOK CTPYKTYpP*/
L « Label(D); /*BO3Bpallaem Knacc 06beKToB Ana MHoXecTBa*/
If L = None then /*Knacc ans mHoxecTBa He onpeaenén*/
S « BestSplit(D, F); /*so3BpaluaeT Hanbosee YNCTbI NPU3HAK ANA pasaeneHua mHoxectsa D*/
If S = None then return; /*Bce NPU3HAKM yXKe pacCMOTPEHbI => olnbKa 1 Bbixoa, */
T « linkedlist(S); /*pno6aBunn y3en B 4epeBo K poauTenbckomy ysny*/
pa3zoensem MHoxcecmeo D na noomuoorcecmea D; 6 /*TpebyeTtca peannsosatb*/

coomeemcecmeuu Cc aumepailamu 6 S;

for D; in D do
GrowTree(D;, F); /*PeKypcuBHbIN BbI30B PYHKLNN*/
end
else
T « linkedlist(L); /*no6aBnuan NUCT K poauTenbckomy ysny*/
end

25
return T; /*nepeso noctpoeHo™/



AnropunTm BblbOpa HanayyLero npu3HakKa

CurHatypa ¢yHKuuu: BestSplit(D, F)
Bxoa:  nomeuyeHHble BXOAHble gaHHble D, MHOXecTBO NPU3HaKoB F.
BbixoAa: npuU3HaK f, N0 KOTOPOMY BbINOAHATb pasaeneHue.

Ipin < 1;
foest < None;
for f in F do
pasoenumv D na noomnoscecmea Dy, ..., Dy, coanacno snavenusm vj npusnaxa f;
/*T. e. He0bX04MMO ANA KaXKA0ro 3Ha4YeHUA Npmu3HaKa HalTu pasgeneHums
f = [v1,U2,u3] => [N+, ny-] [N+, ny-] [n3+, n3-]
(OnunHa = {1, 2, 3} => [3+, 1-] [1+, O] [1+, 4-])
*/
If Imp({D4, Dy, ..., Dy }) < L then /*
Imin < Imp({D1, Dy, ..., Din}); 7.k, HEOBXOAMMO COXPaHATL MPU3HAKM MO KOTOPbIM paHee
frest < [ 6b1/10 BbINO/NHEHO pa3AesieHne, To MOryT ObITb 3HaYEeHMA TUNa
end n(+) =0, n(-) =0 =>n(+) + n(-) = 0 => penexHne Ha Hy/b
end B TAKMUX CNyYyasax TpebyeTcs nponyck utepauum

return fyoqt; */

26



AI'II'OleTM onpeageneHnd KnaCCa MHOXeCTBa

CurHatypa ¢yHKuum: Label(D)
Bxoa:  MOMeuyeHHble BXoAaHble AaHHble D.
Bbixo4: BO3BpaliaeT oaguH U3 Knaccos unm None.

for D; in D do

/*n D; 06 6 D;*

poBepAaem Kiacc Kaxkaoro D; o6beKTa ¢ K/iaccos nepsoro obvekra Dy */
If ¢(D;) ! = ¢(D,) then
return None; /*ecTtb xoTa 6bl 04HM D; C KNAaCCOM OTIMYHbIM OT APYrnx obbekToB s D*/

end
end
return ¢(D;); /*Knacc ansa 06bEeKTOB BCEro MHOXKeCTBa onpeaenén™/

MpuBeAEHHbIN aNATOPUTM AOCTAaTOYHO «XECTKO» ONnpeaensieT K/1acC MHOMKeCTBa — BCe 06beKTbl MHOXeCTBa A0/ Hbl

MMETb OAUH N TOXeE K/1aCC.

B obuwem cnyyae, anroputm MOXKET BO3BPALLATb MAXKOPUTAPHbIN Knacc 06BbEKTOB, TO eCTb K/JacC TeX 0ObEKTOB,

KOTOpbIX 60/blLIE BCEro BO MHOXecTBe. Ecnmn markoputapHbIX KnaccoB bonee oaHOro, To Bo3Bpallaerca ntobomn ms
HUX (cAy4YarHbIM BbIOOP N3 MaXKOPUTAPHbIX KNAaccoB).
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Y10 ewe cneayet 3Hatb O pellalowmnx AepeBbAax

B cywiecTByeT pa4, LUMPOKO PACNPOCTPAHEHHbIX a/ITOPUTMOB NOCTPOEHNA AEPEBLEB PELUEHNI, 3TU a/ITOPUTMbI
06bIYHO NCNONb3YIOTCA B PAa3/IMYHbIX MPOrpaMmHbIX bnubnmotekax mawmnmHHoro obyyeHusa: CART, ID3, C4.5.

Bbllwe npuBeaeHHbIN anropuTMm NOCTPOEHUSA peLlatoLLero gepesa NpmMBeaeT K TOMyY, YTO B KOHEYHOM utore byaer
NOCTPOEHO AEePEBO CO BCEMU YNCTbIMU INCTbAMMU. B 3TO c/lyyae roBOpAT, YTO AEPEBO AOCTUIAET HY/IEBOMN OLUMOKMK

Ha oby4atowem Habope AaHHbIX.

HyneBasa owmnbKa Ha obyuatlowem Habope AaHHbIX

/ N

MawunHHaa moaenb

fny6okoe aepeso nepeobyyeHa

YT06bI NPEAOTBPATUTL NEepeobyyeHne pellatoLLLero Aepesa UCMO/b3YIOT iBa NOAX0AaA:

PaHHAA OCTAaHOBKA NOCTPOEHMA AepeBa (AepeBy He AatoT AOCTPOUTLCA A0 KOHLA), Ha3biBaeTcA
npeasapuTenbHon obpeskon (pre-pruning);

AEepPEeBY AaOT AOCTUYb HYNEBOM OWNOKM, @ NOTOM BbINONHAOT YA3eHMe Ma/IOMHPOPMATUBHDIX Y3/10B U
obbeanHeHne NoNYYMBLUMXCA NOAAEPEBLEB, TAKOM MEeTO/, Ha3biBaeTcA NOCT-06pe3Kon (post-pruning).



MHOro npeMmyLLecTs U ABa HeJ0CTaTKa peLlatoLwmx
1epeBbLEB

Npeumyuiecrea:

* JIerko noaaatoTca MHTepnpeTaumu;

* no3BONAKT 06pabaTbiBaTb CMECb AUCKPETHbLIX M HEMPEPbIBHbIX NPU3HAKOB;
* HeT HeobXxoAMMOCTM B CTaHAAPTM3AUNM AAHHbIX;

* aBTOMATUYECKU NPOM3BOAAT 060p NPU3HAKOB;

* OTHOCUTENbHO PODBACTHbI K Bbibpocam;

* bHbicTpo 0byyatoTca n macwTabupyrotca Ha bonbline 06 bEMbl JaHHbIX.

HepocraTtku:

* MPOrHO3bl AEPEBLEB HE OYEHb TOYHbI MO CPABHEHUIO C APYTMMU BUAAMU MOAENEN MALLMHHOIO 0byvyeHus;

* HEeyCcTOMYMBOCTb AepeBbeEB: HEOOMbLUME U3MEHEHMA BXOAHbIX JaHHbIX OKa3bIBAlOT CYLLLECTBEHHOE BAUSAHME HA
CTPYKTYPY BCEro AepeBa, YTO CBA3AHO C €ro MepapXmMYHOW CYLLHOCTbIO, TO €CTb OLUMOKN BEPXHUX YPOBHEMN
PACNpPOCTPAHAIOTCA U HA BCE HUXHUNE YPOBHMN.



[TpMmep HeyCTOMYMBOCTHU pe

3ameyaHue.
NS noBblWEHWE YCTOMYUBOCTU AEPEBLEB U NX TOYHOCTM NPUMEHAIOT aHCaMb/In AepeBbEB PeLleHn — CTPoAT

HECKONbKO (MHOro) AepeBbeB, KOTOPbIE XOTA Hbl HEMHOTO OT/IMYAOTCA APYr OT APyra, NoAy4yatoT pesynbTaTbl OT
Ka*KAoro Aepesa M 3aTem BCe pe3ynbTaTbl yepeaHAT (aHcambab «CayyanHbIn nec»).

]

|

]

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

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

LIaloWnX aepesbes

typecar [path=]
experience [path=0]
age [path=0]
location [path=0]
accident [path=0]
I: HeT [path=0]
fna [path=1]
na [path=1]
accident [path=1]
na.. [path=0]
HeT [path=1]
pa [path=1]
age [path=1]
location [path=0]
Her [path=0]
ga [path=1]
HeT [path=1]
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