T'nasa 1

JlepeBbs MIPUHATHUS PeEIIeHui

§ 1.1. 3auem BCE 3TO HAIO

Aepesbsi mpuHsiTus pemenuit (decision trees) OBBIYHO MCIIOAB3YIOTCS AASI PEIIEHUS
33729 KAACCU(UKAITIY AAHHBIX UAY, UHAYE TOBOPS, AAS 33AQYUU ANNPOKCUMAUUY 3A0AH-
Hol 6yaesckol gyHryuu. CUTyarusi, B KOTOPOH CTOUT IPUMEHSATH AEPEBbS IPUHSTHUS
pelreHu, OOBIYHO BEITASIAUT TaK: €CTh MHOI'O CAYYaeB, Ka’KABIM U3 KOTOPHIX OIIMCHIBAETCS
HEKOTOPBIM KOHEYHBIM HabOpOM AMCKPETHBIX aTPUOYTOB ( «KOHEYHEBINY M «AUCKPETHBIXY —
pa3yMeeTcsi, KAIOYEBLIE CAOBA), X B KA)XKAOM U3 CAyYaeB AQHO 3HAUEHME HEKOTOPOH (HEms-
BECTHOM) 6yAeBCKO#M (DYHKIINY, 3aBUCSIIER OT ITUX aTpUOYTOB. 3apada — CO3AATH AOCTa-
TOYHO SKOHOMWYHYIO KOHCTPYKIIXIO, KOTOPas ObI OMKCHIBaAd 3Ty MYHKIUIO U IIO3BOASIAA
KAACCUGUIUPOBATL HOBBIE, IIOCTYIIAIONINE U3BHE AAHHBIE.

I[TpuMEP 1.1. lNocTaHoBKa 3agauqu.
[Tpepmono>xuM, 9TO HAC MHTEPECYET, BEIUTPAET AU «3€HUTY CBOM CAEAYIOUIWHE MaTd. MEI 3HaeM,

YTO 3TO 3aBUCKAT OT PSAA IIaPaMETPOB; IEPEUUCASITE WX BCE — 3apada 6e3HaAEKHAST, IOITOMY
OTPaHUYINMCS OCHOBHBIMU:

— BBIIIE AW HAaXOAUTCH COIEPHUK IO TYPHUPHON TabAwnIle;
— AOMa AU UTPAETCS MaTd;
— IPOIIyCKAET AW MAT4 KTO-AMO0 M3 AMAEPOB KOMAHARLL
— UWAET AWM AOKAB.
V Hac ecThb HEKOTOpas CTATUCTHKA Ha 3TOT CYET — cM. Taba. 1.1 (coBHApEHWS CAyUaMHELD).
A Temepb MBI XOTHM IOHSTH, BEIUTPAET AU «3€HUT» (HANpUMep, HaM HA HErO AEHBI'H IIOCTABUTH
XOYETCsI) B CAEAYIOIIEN Urpe.
[IpeAIOAOKMM, UTO CETOAHSIIHUM COMEPHUK CTOMT HUJKE «3EHUTA», UIPA IPOUCXOAWT HA BEHI-
€37€, AUAEPEI HA MECTE, X AOXKAS HET. Tako# cTporu B Tabamie HeT. Kak mpeackazaTs mcxoa? Ha
9TOT BOIIPOC MOI'YyT OTBETUTL ACPEBLS IPUHSITHUS PEIICHUH.

Pazymeercss, ecam MBI cMOXeM OOyYMTH KOMIIBIOTEDP 0OpabaThiBaTh AAHHBIE U IIPEA-
CKa3bIBATh PE3YABTAT B TAKUX CUTYAIXSIX, 3TO OYAET TUIMYHOMN ITOCTAHOBKOM 33aAa4YM Ma-
IMUHHOrO 06y4YeHUsi. [Ipy 3TOM aATOPHTMEL HAIIX AOAJKHBI OBITH TeM AydIle, 4eM 6oabIe
“HGOPMAIAK IIPEAOCTABAEHO. [I0CMOTPHM, KaK AE€PEBbS IPUHSITUS PEIIEHNH CIIPABASIOT-
CsI C TAKMMY 33aAA9aMU.
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TABAULIA 1.1. Kak urpaer «3eHUT.

Comepnuxk | Irpaem | Aupepsl Aoxapb | [Tobepa
Brrrte Aoma Ha mecTe Aa Her
Berrmmre Aoma Ha mecte Her Aa
Brrrre Aoma [Iponyckator | HeT Aa
Huxe Aoma [Ipomyckator | HeT Aa
Huxe B roctsx | IIponyckaror | Het Her
Huxe Aoma [IpomyckatoT | Aa Aa
Brimre B rocrsax | Ha mecTe Aa Her
Huxe B roctsax | Ha mecte Her 2272

§ 1.2. CTpykTypa JepeBa NPUHATUAS PEIIEHU

[Ipopoa>xmM paccMaTpuBaTh OpuMep 1.1 ¥ IONBITAEMCS IIOCTPOUTH HACTOSIIEE AEPEBO
NPUHATHAS pelieHuit. B ero ysaax, He IBASIOMMXCA AUCTHSIMU, HAXOASITCH aTPUOYTHI, IO
KOTOPBIM Pa3AMYAIOTCS CAyYIal. B AUCTbAX HAXOASATCS 3HAYEHUS IIeA€BOM QYyHKIIUU. A 110
pé€bpam MBI 6yAEM CIYCKATBCS, YTOOBI KAACCUMUIIMPOBATH UMEIOIITNECS CAYYAM.

AAsT Hagana IPOCTO MCIOAB3yeM aTpubyThI B HOPSAKE, B KOTOPOM OHM yKa3aHBI B
Tabaurne. Torpa y Hac IOAYYIUTCS CTPYKTYypPa, u30bpa>kénHas Ha puc. 1.1.

Vcnoab3oBanue AepeBa IPUHSATHUS PELIeHNE AAS OTBETA HA MHTEPECYIOIMXH HAaC BOIIPOC
CBOAUTCSI K TOMY, YTOOBI IPOUTUCH II0 AEPEBY CBEPXY BHU3 U OIPEAEAUTH, B KAaKOM U3
AVICTBEB IIOIIAAAET MHTEPECYIOIIAsi HAC CUTYAIUS.

ITpPuMEP 1.2. Wcnonb3oBaHne gepesa NPUHATAS PeLUEHNIA.
BcnomuumM ycaoBus npuMepa 1.1. COIEPHUK CTOUT HUXKE «3€HHTa» — CAEAOBATEABHO, CIIYC-
KaeMcsI HaAE€BO, MaTY IPOXOAUT B TOCTAX — CIIYCKAEMCS HAPaBO M IOAYUAEM, UTO «3E€HUTY, CYAS

II0 HAIleMY AEPEBY, 3TOT MaT4d AOAJKEH IIPOMIPATH.

AAst TOoro 4TobBl pEaAM30BaTh MAIIMHHOE 00ydeHUe, HYKHO IIPOCTO BUAOM3MEHSITDH Ae-
PEBO NIPUHSATUS PEIEHUN B COOTBETCTBUY CO BHOBB IIOCTYIIaIoelt nHpopMarueit. Hampu-
Mep, ECAM B BBIIIEOIXCAHHOM CAyYae «3€HUT» IIPOUTPaA, TO HUYErO0 MEHSTH OBl He IIOHA-
pobmaock. Ho ecau 6Bl BBIMTpaA, TO AEPEBO IPUHSITUS PEITEHNN IPUAMIAOCH OBl AOTIOAHUTD
€Ilé OAHVM Y3AOM, ¥ OHO IPUHSAO OBI BUA, M300pa>kE€HHBIY HA pUC. 1.2.

[TocTpoerHOE HaMU AEPEBO AANEKO He MAEAABHO — HAIIPUMED, ero rAybuHa paBHA de-
ThIPEM. MBI MOTAM OBI B3SITH 3a OCHOBY Apyro# arpubyT. Hanpuwmep, aaBaiiTe mompobyem
IIOMECTUTh B KOPEHb BOIIPOC O TOM, MAET AWM AOKAL BO BpeMs MaTda. B caydae, ecau
AOKASL HET, CAEAVIOIIUM aTpUOyTOM OYAET IIOAOKEHWE COIEPHVKA B TYPHUPHOU Tabam-
Ile, @ B CAydae, ECAU AOXKAD MAET, MBI OYAEM CMOTPETb Ha TO, IPOXOAUT AW MaTd AOMa
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ConepHuK B
TYPHUPHOW
Tabnuue
Hwuxe Bbiwwe
MaTty npoxoauT MaTty npoxoauT
JomMa B roctax [Joma B rocrax
1 Jinpepel
KOMaHAb!
MponyckatoT
; Mecre MaTy
NpéT poxab
[Ja Het

e N

Puc. 1.1. IlepBrIit BApUAHT A€peBa IPUHSTHUS PEUICHUH.

HAZ B rOCTsIX. B TakoM caydae raybummHa Hammero aepeBa OyAeT paBHA BCErO AMIND ABYM
(cm. puc. 1.3). \erko yOeAUTHCS, ITO HU OAMH aTpuOyT caM Io cebe He MOXKET MAEAABHO
Pa3AEANTH 3HAYEHWSI (DYHKLIWY, IO3TOMY W300pa’kEHHOE HA PUC. 1.3 A€PEBO ONTHUMAABHO
(onTMManbHOE AEPEBO, KOHEYHO, He 00sS3aHO OBITH EAMHCTBEHHBIM).

B caepyromeMm paspene MBI YBEAUM, KaK MOKHO aBTOMATHUYECKU IOAYYATh ONTUMAAD-
HBIE A€PEBbS IPUHSATUS PEIIEHUHA.



§ 1.3. SHTpONUSA M IPHPOCT MHGOPMAIIIH

ConiepHuk B
TYPHUPHOW
Tabnuue
/ e Bbuue\
MaTy npoxoaut MaTy npoxoaut
[Joma B roctsix Joma B rocTsix
Jvpepsl Jnpepsl
KOMaHzbl KOMaHAbl
Ha MecTe MNponyckatoT Ha IVIGCTI'IponyCKam
/ MaT4 / MaTty
NoéT noxab
[Ja Het

\

1

Puc. 1.2. Aepeso nmocae p0baBAEHUST €IIE OAHOTO CAYHas.

§ 1.3. DuTponud u IpupPocT nHMOpPMAITUN

I/IHTyI/ITI/IBHO IIOHATHO, YTO AAS TOI'O qTOOBI IIOAYYUTH OIITUMAABHBIE ACPEBBS IIPDUHSA-

TS PEIIeHU, Hy>KHO Ha Ka>XAOM IlIare BHIOMPATh aTPUOyTHI, KOTOPHIE «AYYIIE BCETOY»
XapaKTePU3yIOT IeAeBYI0 DYHKIMIO. DT0 TpeboBanue (popMaAU3yeTCsI IIOCPEACTBOM IIO-

HATUA 3SHMPONUU.
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NpéT noxab
/ﬂ'a HeT\
ConepHuk B
TYPHUPHOM MaTty npoxoauT
Tabnuue
Hwxe Bbiwe [omMma B roctax

X a K

Puc. 1.3. OnTumManbHOE AEPEBO NMIPUHSITUSA PEIICHUH.

ONPEAEAEHUE 1.1. [Tpednoaoscum, “mo UMEemca MHOHCeCE0 A U3 N aeMeH-
moe, M u3 xomopux obaadarom Hexomopuim ceoticmeom S. Toz0a SHTPOIUS MHO-
orcecmea A mo omHoweHU0 K ceolicmey S — amo

m m—m n—m

m
H(A,S):—Flogzz— - log, - A

[Tpoime roBOpsi, SHTPOIHUS 3aBUCUT OT IPOTIOPIIAY, B KOTOPO# Pa3AEASIETCS MHOXKECTBO.
[To Mmepe Bo3pacTanus 3Toi mpomopuuy oT O A0 1/2 3HTPOMUST TOXKE BO3PACTAET, a IOCAE
1/2 — cuMMeTPUYHO yOBIBAET.

Ecam cBoiicTBO S He 6MHapHOE, @ MOXKET IPMHUMATD S PA3AMYHBLIX 3HAYEHUH, KaXKA0€
U3 KOTOPBIX PEAAUIYETCSI B M CAYYasiX, TO SHTPOIUS 060011IaeTCsT €CTECTBEHHBIM 06pa3oM:

S
HIA,S) =~ Y “log T,
o
[IorsATHE SHTPONINY TECHO CBSI3aHO C Teopuey nHdopMaruu. I'pybo roBops, 3HTpOINI —
9TO CpeAHEee KOAMYECTBO OUTOB, KOTOPHIE TPEOYIOTCsI, YTOOBI 3aKOAUPOBATH aTPUOyT S y
9AEMEHTa MHOXeCTBAa A. ECAY BEpPOSITHOCTH NOSBAEHUS S paBHA 1/2, TO SHTpONUS paB-
Ha |, ¥ Hy’>XeH IIOAHOIIEHHBI# OMT; a eCAM S IOSIBASIETCS HE PABHOBEPOSITHO, TO MOXXKHO
3aK0AVPOBATH IIOCAEAOBATEABHOCTD 3AeMeHTOB A 6oaee 3¢pHeKTUBHO.
Bcé 370 mpmBOAMT HAaC K MBICAM O TOM, YTO IIPH BbIOOpe arpubyTa Ans KaaccmdumKa-
Y HY’KHO BBEIOMPATH €ro TaK, YTOOBI MOCAE KAACCHPUKAIIAY SHTPOIKS CTaAd KaK MOXXKHO

!Pasymeercs, 0log0 = 0.
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MeHbIe (CBOMCTBO S B AQHHOM CAydae — 3HA4eHWe IIeAeBOi OyaeBcKod dyHKIuHM). OH-
Tponus Ipu 3TOM OyAeT pa3HO# B Pa3HBIX IIOTOMKAaX, ¥ OOMIIYIO CYMMY HY>XHO CUUTATh C
y49€TOM TOr'0, CKOABKO HCXOAOB OCTAAOCh B PACCMOTPEHMUM B Ka’KAOM M3 ITOTOMKOB. Obmie-
IIPUHSITOE B TEOPUU AE€PEBbEB IIPUHSITUS PELIEHUH OIpepeseHUe OYAET BBITASIAETD TaK.

ONPEAEAEHUE 1.2. ITpednoaoscum, 4mo MHOHCECNEBO A IAEMEHMOSE, HEKOMODDLE
u3 Komopwvixr obaadarom ceoticmeom S, Kaaccupuyuposaro nocpedcmseom ampubyma
Q, umerowezo q 803MOAHCHBT 3HA%eHUl. Toz0a mpupocT mHGOpManuu (information
gain) onpedeasemcs Kax

A
Al

q
Gain(A,Q) = H(A,S) — Y —=H(AS),
i=1

20e Ay — MHOoHCECMBO dAemMeHMO8 A, Ha Komopux ampubym Q umeem 3HaweHue i.

Ha xa>xp0M 1m1are >KapAHBIR aATOPUTM AOAXKEH BbIOMpAThH TOT aTpubyT, AAS KOTOPOTO
IpHPOCT MHAOPMAIIUY MaKCHMaAEH.

IIpumMEP 1.3. Boluucnedue sHtponun u npupocta nHdopmaumn.

[TonprTaeMcs OIPEAEAUTD OITUMAABHEIN aTpubyT Ans mpuMepa 1.1. BeramcanM nCXOAHYIO 3H-
Tpomuio (AAS MaKCUMU3AUWK IPHPOCTA 3TO, KOHEWHO, HE HYKHO, HO BCE JKe):

4 4 3 3
H(A,Ilobepa) = —5 log, 73 log, 5~ 0.9852.

Teneps BEIYUCAUM IPUPOCTHI MHGOPMAIAY AAS PA3AMYIHEIX aTPUOYTOB!

4 3
Gain(A, Conepuur) = H(A, ITobepa) — §H(Awme, TTobepa) — ?H(Aﬂnme, ITobepa) ~

4 1 1 1 1 3 2 2 1 1
Mzl aBHO BbI6paAH Ha pucC. 1.1 He CAMIIIKOM YAa"—IHBIfI anI/I6YT AASL KOPHA A€pPEBa...

5 2
Gain(A, Urpaem) =H(A, ITobepa) — ?H(AAOMa, [Tobepa) — ?H(A13 rocrsix, 1100ep) ~ 0.4696.

3 4
Gain(A, Aupeper) =H(A, ITobepa) — 7H(AHa aecre, 1106€pa) — 7H(Anponymam, ITobepa) ~ 0.1281.

3 4
Gain(A, Aoxxan) =H(A, ITobepa) — ?H(AAa, TTobepa) — ?H(AHeT, TTobepa) ~ 0.1281.

Urak, BEIYMCAEHVE IPUPOCTa MHMOPMAIIUNY ITOACKA3LIBAET HAaM, UTO HYKHO CHAYAAd KAACCU-
punpoBaTh I0 TOMY, AOMAITHUN AV MATYI UAK TOCTEBOH. DTO BRITASAUT AOTHYHO: OAHA U3 BETOK
obopBércs cpa3y («3eHUT» B HalleM IIPUMEPE €Ilé He BHIUTPAA HY OAHOIO [OCTEBOrO MaTda), a BO
BTOPOY TOABLKO B OAHOM CAydae M3 IISTH PE3YABTAT OyAeT OoTAmMUATHCA OT Apyrumx. OAHAKO ecAr
MBI BOCIIOAB3YEMCS HAITUM AATOPHUTMOM AJABINE, TO TAyOMHA 3TOr0 AepeBa OyAeT paBHA TpéM:
OAHOTO aTpubyTa OKAXKETCH HEAOCTATOYHO, UTOOEI BEIAEAUTH ITOT OAVWH CAydUay m3 naTtu. O ToM,
KaK OITHMHU3UPOBATH AEPEBO B TAKWX CHTYAIWSIX, MBI IIOTOBOPKUM UyTh HUKE.
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§ 1.4. /lepeBbsa mpuUHATHA peIlleHUl U OyjleBcKue QPYHKIUN

MEI y>XKe TOBOPHAK O TOM, YTO OCHOBHYIO 33734y, KOTOPYIO PEIIaiOT AEPEBbS IPUHSITHUS
pelIeHn, MOYXHO C(OOPMYAMPOBATh KaK 33Aa4y alllPOKCUMAIIAY HEKOTOPOH He IOAHOCTHIO
3apaHHOM 6yaeBcko# pyHKIME. HO 1 HAa060pOT, A€peBO IPMHATHAS PEIIEHUN MOKHO IIPO-
4ecThb Kak OyaeBcKyio pyrkmuio. OHa 6yaeT ecTeCTBEHHBEIM 00pa30oM BeIpaskaThcsi B KHO.
Hanpuwmep, AepeBo Ha puc. 1.1 COOTBETCTBYET DPYHKIIUA

((Conepruk = Hmke) /A (Mrpaem = Aoma)) V
V ((Conepruk = Bemme) A (Urpaem = Aoma) A (Auaepet = [Ipomyckaror)) V
V((Comnepruxk = Beime) A (Urpaem = Aoma) A (Auaeper = Ha mecre) /A (Aoxxap = Her)) .
A aepeBo Ha puc. 1.3 — QyHKIUIK
((Aoxap = Aa) A (Conepruk = Huxe)) V ((Aoxap = Aa) A (Urpaem = Aowma)) .

U obe 3Ty QpyHKIIUM NOAYUUAUCH BIOAHE €CTECTBEHHBIM IIyTEM U3 OAHOTO M TOTO K€
Habopa AAHHBIX.

§ 1.5. Aaropurm

Cetuac MBI CBEAEM BCE TO, O UEM AO CUX IIOD T'OBOPHAU, B €AMHBIN DPEKYPCUBHBIN
aATOPUTM AASI IIOCTPOEHUSI AePeBa IPUHSATUS PELIeHUH. DTOT aATOPUTM HOCUT Ha3BaHUE
ID3 u 661n mpuayMar AyxoHoM P. KeumraasoMm (John R. Quinlan) [3].

AnropurMm BBIUCaH Ha puc. 1.4. B HEM, II0 CPaBHEHUIO C IIPEABIAYIIUMY IIPIMEPAMU,
BCTPEYAIOTCS ABa TPMBUAABHBIX, HO Ba*KHBIX 00001eHusi. Bo-mepBBIX, aATOpPUTM 0bpaba-
TBHIBAET CUTYAIINIO, KOTAQ OAHOMY ¥ TOMY ’Xe Habopy aTpubyTOB COOTBETCTBYIOT HECKOABKO
CAy4aeB C Pa3HBIMU UCXOAAMU (HALIPUMED, «3€HUT» CHI'PAA B OAHUX U TEX YK€ YCAOBUSIX
ABa MaTd4a, HO OAMH IIPOWUI'PAA, a APYroi# BhIMrpan). Toraa, Koraa MbI AOMAEM AO KOHIIA
AepeBa, aTpubyTOB, KOTOPble MOTAM OBI Pa3AEAUTDH KUCXOABI, YK€ He OCTaHeTCS, a MCXO-
ABI BCE emmé OyAyT pa3HBIMU. AAS 9TOrO CAYXKUT IYHKT 4 aATOPUTMAa — peIneHue 6yaem
IPUHUMATE IPOCTHIM OOABITMHCTBOM.

Apyroe obobirerne — y arpubyTa Tenepb MOKET BCTPETUTHCSI HECKOABKO BO3MOKHBIX
BapmaHToB. Hanpumep, y aTpubyra «AOKAB» MOTYT OBITH BapuaHTHI «HeTy, «CarabbIity
¥ «/\uBeHby. VI, K TOMY K€, MOKeT TaK CAYUUTHCS, YTO KaKOK-TO M3 3TUX BapUAHTOB He
PeaAU3yeTCsI; B TAKOM CAydYae MBI 3aIIOAHSIEM COOTBETCTBYIOIINWM AUCT B 3aBUCUMOCTH OT
TOr'0, KAKUX UCXOAOB ObINO BOABIIE B €ro mpepke (3a 3TO OTBEYAET LMYHKT 7b).

§ 1.6. Peanuzanua ID3 Ha a3bike Python

B aToM maparpade MbI OnUIIeM IPOTPAMMHEYIO peaAm3anuio aaropurMma ID3 Ha s3bike
Python. ITporpaMmma aocTaTouso 60ABIIAST, HO 3HAYUTEADBHYIO €€ YaCTh 3aHUMAET IIapPCUHT



§ 1.6. Peaamsarus ID3 ma s3eike Python

ID3(A, S, Q)
. Co3paTh KOpEeHb AEpeBa.
. BEcam S BBITOAHSIETCS HA BCEX BAEMEHTaX A, IOCTAaBUTH B KOPEHD

MeTKy | u BBIATH.

. EcAu S He BBITOAHSIETCS HU Ha OAHOM 3AEMEHTE A, IIOCTaBUTH B KO-

peHb MeTKY O ¥ BBIATH.

. Ecam Q =0, To:

a) ecAu S BBITOAHSETCS Ha IIOAOBUHE MAM GOAbIIeH wacTu A, IOCTa-
BUTb B KOPEHb METKY | U BBIATH;

6) ecam S He BHIIOAHSIETCS HA OOABINER YacTH A, IOCTAaBUTh B KOPEHb
MeTKy O ¥ BBIATH.

. Beibpats Q € Q, anrst koToporo Gain(A, Q) MakcuMaAeH.
. IlocTaBuTH B KOpeHb MeTKY Q.
. AAsT KaXKAOT0 3HaUeHUsT  arpubyTa Q:

a) A0BaBUTH HOBOTO IIOTOMKA KODHS ¥ IIOMETUTH COOTBETCTBYIOIIEE
HCXOAsIIiee pebpo METKO# (;

6) ecam B A HeT CAydYaeB, AASI KOTOPBIX () IpUHUMAeET 3HAUEHUE (
(re. |Agl = 0), To mOMETHTH 3TOr0 MOTOMKA B 3aBUCUMOCTH OT
TOTO, Ha KaKO# 9acTu A BBIIOAHSIETCS S (QHAAOTHYHO IYHKTY 4);

B) mHade 3amyctutb ID3(A,, S, Q \ {Q}) m pA06aBUTH €ro pe3yAbTaT
KaK IIOAAEPEBO C KOPHEM B 3TOM IIOTOMKE.

MCXOAHOT'O TEKCTOBOTO (haiina M BEIBOA B (paita pe3yAbTaToB. TeM He MeHee, MbI IIPUBOAYIM
€€ IIEAUKOM, AASI TOT'O YTOOBI YUTATEAb OCBOMACS C PaboTo# CO CTPOKAMM ¥ TEKCTOBBI-
M ainamu B Python, a Tak>xe aast Toro, 4ToOBI IPHUBECTH IPUMEP IOAHON, pPeasbHO

Puc. 1.4. Aaropurm ID3.

paboTaromeit TpOrpaMMBL.

[Iporpamma obpabaTbiBaeT TOABKO buHApHBIE aTPUOyTHI. PopMaT BXOAHOrO (aitina Ta-

KOB (IIOCTPOYHO):

9UCAO aTpubyTOB M;
n cTpok ¢opmara «[HasBarnue aTpubyTa] [[IorokuTeabHOe 3HaueHME| [OTpuIla-
TEeABHOE 3HAYUEHUE|»;

Ha3BaHUE I[EAEBOr0 aTpubyTa;

YUCAO TECTOBBIX IIPUMEPOB M,

m cTpok dopmaTa «[aTpubyT;=3HaueHwE | ... [aTpUbyT,=3HaUEHUE,|>.
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WNmsa daiira mopa€Tcst B Ka9ecTBe IepPBOro mapamMerpa MyHKIUE applyID3; BTOpOH e€
ImapaMeTp — uMs Qaiinra, KyAad IporpaMMa 3alluIIeT Pe3yAbTaT cBOed paborwl. Pe3yabTa-
TOB SIBASIETCS AEPEBO, YPOBHU KOTOPOT'O OTAEASIOTCS TabyasnusMu. Hanmpumep, BXOAHOMR
daiin, coorBeTcTByOmUY npuMepy 1.1, 6yAeT BEITASIAETH TaK:

5

Opponent Higher Lower

Match Home Away

Leaders Play Pass

Rain Yes No

Victory Yes No

Victory

7

Opponent=Higher Match=Home Leaders=Play Rain=Yes Victory=No
Opponent=Higher Match=Home Leaders=Play Rain=No Victory=Yes
Opponent=Higher Match=Home Leaders=Pass Rain=No Victory=Yes
Opponent=Lower Match=Home Leaders=Pass Rain=No Victory=Yes
Opponent=Lower Match=Away Leaders=Pass Rain=No Victory=No
Opponent=Lower Match=Home Leaders=Pass Rain=Yes Victory=Yes
Opponent=Higher Match=Away Leaders=Play Rain=Yes Victory=No

A pesyapTaT npuMeHeHUS applyID3 K 3TOMYy aiiay BEITASAUT TaK (KaK MBI U IIPEAY-
IIPE’KAAAY BBIIIE, AEPEBO IIOAYYIUTCS TAYOUHEL 3):
Match=Home

Leaders=Play
Rain=Yes
0
Rain=No
1
Leaders=Pass
1
Match=Away
0

Teneps — COOBCTBEHHO TEKCT IIPOTPAMMEL.

AuvcTturar 1.1. Aaroputu ID3 B 6mHapHOM CAyHae.

1 def ParseAttributes(infname):
f = open(infname,’r’)
attr,attrnames,tests = {},[1,[]
attrnum = int(f.readline())
5 for i in xrange(attrnum):
fWords = f.readline().split()
attrnames.append (fWords [0])
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§ 1.6. Peaamsarus ID3 ma s3eike Python

10

15

20

25

30

35

40

45

def

def

def

attr [fWords[0]]
attr [fWords[1]] 1
attr [fWords[2]] 0
num = attr[f.readline().strip()][0]
testnum = int(f.readline())

[i,fWords([1],fWords[2]]

for i in xrange(testnum):
fWords = f.readline().split()
test = []
for j in xrange(attrnum): test.append(0)
for j in xrange(attrnum):
attrib = fWords[j][:fWords[j].find(’=>)]
value = fWords[j] [fWords[j]l.find(’=’)+1:1len(fWords[j1)]
test[ attrlattrib] [0] ] = attr[valuel
tests.append(test)
f.close()
return [attrnum,attrnames,attr,tests,num]

entropy(tests,num):

import math

def log2(x): return math.log(x)/math.log(2)

neg = float(len(filter(lambda x:(x[num]==0),tests)))

tot = float(len(tests))

if ((neg==tot) or (neg==0)): return O

return -(neg/tot)*log2(neg/tot)-((tot-neg)/tot)*log2(tot-neg)

gain(tests,attrnum,num) :
res = 0
for i in xrange(2):
arr = filter(lambda x:(x[attrnum]==1i),tests)
res += entropy(arr,num)*len(arr)/float(len(tests))
return entropy(tests,num)-res

ID3(tests,num,f,tabnum,usedattr,attrnames,attr):
def findgains(x):

if usedattr[x]: return O

return gain(tests,x,num)
if (len(tests)==0):

f.write(’\t’*tabnum+’1’)

return

if len(filter(lambda x:(x[num]==0),tests))>len(filter(lambda x:(x[num]==1),tests)):

majority = ’0’
else: majority = ’1°
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gains = map(findgains,xrange(len(tests[0])))
maxgain = gains.index(max(gains))
if (gains[maxgain]==0):

f.write(’\t’*tabnum+tmajority+’\n’)

return
arrpos=filter(lambda x:(x[maxgain]==1),tests)
arrneg=filter(lambda x:(x[maxgain]==0),tests)
newusedattr=usedattr
newusedattr [maxgain]=True
f.write(’\t’*tabnumtattrnames[maxgain]+’=’+attr[attrnames[maxgain]][1]+’\n’)
if (len(arrpos)==0):

f.write(’\t’*(tabnum+1)+majority+’\n’)
else:

ID3(arrpos,num,f,tabnum+l,newusedattr,attrnames,attr)
f.write(’\t’*tabnumtattrnames[maxgain]+’=’+attr[attrnames[maxgain]] [2]+’\n’)
if (len(arrneg)==0):

f.write(’\t’*(tabnum+1)+majority+’\n’)
else:

ID3(arrneg,num,f,tabnum+l,newusedattr,attrnames,attr)

def applyID3(infname,outfname):
bigarr = ParseAttributes(infname)
attrnum,attrnames,attr,tests,num = bigarr[0],bigarr[1],bigarr[2],bigarr[3],bigarr[4]
f = open(outfname,’w’)
usedattr=[]
for i in xrange(attrnum): usedattr.append(i==num)
ID3(tests,attrnum-1,f,0,usedattr,attrnames,attr)

§ 1.7. IIpoGaemsl ¢ kpurtepueMm npupocta nHdpopmamuu. Gain Ratio u GINI
Index

VY xpuTepus nprpocTta nHGOPMAIVY eCTh OAHA CYIIeCTBEHHAS Ipobaema. Aeno B TOM,
YTO NIPUPOCT MHAPOPMAIIUM JacTO 6yAeT BBIOMpPATh aTpUOYTHI, ¥ KOTOPHIX OOABIIE BCETO
3HA4YEHU.

IIPUMEP 1.4. lpobnema c kputepuem npupocrta nHdopmaumnu.
IIpepnonoxxuM, 4TO B Hamel Tabawile urp «3emuTa» OLIAM 3aNMCAHEI €€ ¥ AATHI UTI'D, IPH-
4éM Yy Ka’KAOTO MaTda, UTO BIOAHE AOTWYHO, CBOS AaTa. BBIYMCAUM B TaKOM CAyHUae IPUPOCT
nHMOpPMaIIUYN
L,
Gain(A, Aara) = H(A, TIobeaa) — ) —H(Apaza=i, TTobeaa) = H(A, lobeaa),

i=1



12 § 1.8. OBepduTTHHT

IIOTOMY HYTO B Ka>XAOM M3 BETOK TOABKO OAVH CAyUall, M 3HTPONUS B KaXKAO¥ BETKE paBHA HYAIO.
Taxwum 06pazoM, IpUPOCT MHGOPMAIIY B 3TOM CAyHIae HyAeT MaKCUMAABHBIM U3 BO3MOXHEIX. Ho
TIOAYHEeHHOE AEPEBO IIPUHATHUA pelreHui 6yaeT, KOHewHO, abCOAIOTHO 6EeCIIOAE3HBIM — AAYKE ECAU
6Bl AaTa MaTYa MMeAA OTHOUIEHWE K CHAE KOMAHAEI «3EHUT», BCE PAaBHO y’K€ IPOIIEAITNE AATHI
HUKOTAQ HE IIOBTOPSATCS.

Yo xe penraThb? OUeBUAHO, HYKHO MOAUMUIMPOBATL KPUTEPUHN IpUpOCcTa UHGOPMa-
UM TaK, 4TOOBI OH CMOT CIIPABUTHCSA C 3TO¥ mpobaemoit. Hapo Kak-TO yMeHbIIATE KeEAa-
TEABHOCTBH aTpUOyTa C POCTOM KOAMYECTBA €r'0 3HAYECHUH.

B craTpe [3]| 6611 mpeanosxker kpurepuit Gain Ratio. VIA€OAOTMYECKU OH yUUTHIBAET
He TOABKO KOAWYECTBO MHMOpManuu, TpebyeMmoe AASI 3alIUCU Pe3YAbTaTa, HO U KOAUUe-
cTBO mH(poOpMmamnuu, TpebyeMoe AAS pa3spAeAe€HUS II0 TEeKYIIEMY aTpubyTy. DTa mIomIpaBKa
BBITASIAUT KaK

q
. [Aql Al
SplitInfo(A, Q) = § | Aq‘ log, —+ Al

a CaM KPUTEPHHA — KaK MaKCHMU3AIUST BEAUIUHEI
Gain(A, Q)
SplitInfo(A, Q)"

Emé oAMH 9acTO UCIOAB3yeMBI KpuTepuit [?7]| — Tak HaswbiBaeMblt undekc I'unu. Anst
Habopa TecTOB A M CBOMCTBA S, UMEIOIIETO S 3HAUEHUM, ITOT MHAEKC BBEIUMCASIETCS KakK
A
Al

GainRatio(A, Q) =

Gini(A,S)=1— Z
i=1

CooTBeTCcTBEHHO, AAST Habopa TecToB A, aTpubyTa Q, MMEIOIIEro ( 3HAYEHUH, U IIEAE€BOTO
CBOMCTBA S, MMEIOIIET0 S 3HAYEHMUN, NHAEKC BBIYUCASIETCS CAEAYIOIUM obpazoM:

Gini(A, Q,S) = Gini(A, S) Z A ]|G1n1 (A3, S).

Unperc ['mHE 0TYaCTH KOMIIEHCUPYET YKAOH KPUTEPUS IPUPOCTA MHGPOPMAIUY B CTO-
POHY BBIOOpa CaMBIX «Pa3BECUCTBIXY aTpubyToB. OAHAKO B OCTAABHOM OHY OYEHD IIOXOKU;
IIPOBEAEHHOE TEOPETHIECKOE MCCAeAOBaHUe [4] mMOKa3ano, 4TO MHAEKC ['MHEU M KpuTepwmit
IPUPOCTa KHPOPMALIAY HE COTAACYIOTCSI TOABKO Ha NPpUOAM3UTEABHO 2% BO3MOIKHBIX CAY-
JaeB.

§ 1.8. OBepdurTunr

Koraa AepeBO NPHHSITHUSI PEIIEHUN CTPOUTCS IOCPEACTBOM aaropurMma ID3 mam aHa-
AOTHYHOT'O €My, IIOAYUYEeHHOE AEPEBO BCETAA YAOBAETBODPSIET 8CeM WUMEIOIIMMCS AAHHBIM.
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OAHAKO HAa MPAKTUKE B PE3YABTATE YACTO ITOAYYAIOTCS CAUIIKOM AETAAU3MPOBAHHBIE Ae-
DPEBbSI, ¥ KOAMYECTBO OIIMOOK MPYM AAABHEMIIEM HCIOAB30BAHWM IIOCTPOEHHOTO AEPEBA,
Haob0opoT, pacTéT. DTO sSIBAeHUe HasbIBaeTCs ogepdummunzom (overfitting).

IIrpumMeEP 1.5. Koraa BosHukaet osepduUTTUHT.

SdderT 0BEPGPUTTHUHTA AETKO IPOUAAICTPUPOBATL Ha CAEAYIOIIEM IpuMeEpe. [IpeATIoAORKHM,
YTO WI'pa HAIIETO MHOTOCTPAAAABHOTO «3€HHUTay AOMA B ACHYIO IIOTOAY BooOIIe Hu OT dero Hoabie
He 3aBHCUT: «3€HUT» IPOCTO BHIUTPEIBaeT B 90% cayuaeB. Ho cpear MCXOAHEIX AQHHBIX MMEETCS
OAHO AOMaAIIHee IOPAKEHUE «3€HUTAy B SICHYI0 HOroAy. Toraa ID3 crapaTeAbHO yuTET BCe (He UMe-
IOI[e HUKAKOI'O OTHOLIEHUS K CYTH A€AAQ) «IPUYUHEIY ITOrO MOPAKEHUS U OYAET B AaAbHEHIIEM
IPeACKA3LIBATD, UTO «3€HUTy» [IPOMUTPAET B aHANAOIMYHBIX CHTyanusx. Ha camoMm ke pene «3eHHUT»,
KOHEYHO, OyAET BLIUTPEIBATE BCE C TOM ke BeposiTHOCTHI0 90%; TakuMm 06pa3oM, AEPEBO IPUHATHS
pelenwni He 6YAET CIPaBAITHLCS CO CBOMMY 33aAaTaMU.

Mo>xH0, KOHEYHO, IIPOCTO UCKYCCTBEHHO OCTAHABAMBATL POCT AepeBa B raybury. Ho
Korpa, Ha KakoM 3rtamne? O6pruHO, 4T0OBI M36exaTh 0BEPPUTTHUHIA, UCIOAB3YIOT TaK Ha-
3BIBaEMOe obpe3anue (pruning), TO €CTh IO3BOASIIOT AEPEBY BBIPACTH AAABIIE, a 3aTeM
obpesatoT aumHME BeTKU. Obpe3aHue pepeBa B HEKOTOPOM Y3A€ 3aKAIOYAETCS B TOM, UTO
IIOAAEPEBO C KOPHEM B 3TOM y3A€ VAAASETCS U3 A€PeBa, a B y3eA IIOMEIIAeTCs MeTKa C TEM
KCXOAOM, KOTOPBIX B 3TOM y3Ae OOABIMIMHCTBO. OCTAaAOCH TOABKO IIOHSTH, KaKME BETKU
caepyeT obpe3arTs.

Pazobném, Kak B § 1.7, UCXOAHBIE AQHHBIE HA MHO>XECTBO, Ha KOTOPOM AEPEBO OyAeT
CTPOUTHCSI, U MHOYXECTBO, Ha KOTOPOM MbI OyaeM AepeBO TecTUpoBaTh. I[lo mepBoit wacTu
IIOCTPOMM AEPEBO NPUHSTHUS peleHui. Termepb y Hac ecTb AEPeBO U HabBOp 3TaNOHHBIX
TEeCTOB, IIPAaBUABHBLIE OTBETHI Ha KOTOPbIE HaM M3BECTHEL.

V3noxuM OAMH M3 BO3MOXXHBIX METOAOB. ['AaBHOM Mepoil ycmexa aast Hac 6yaer To,
HACKOABKO XOPOITIO AE€PEBO CIPaBAseTCs ¢ TecTaMu. COOTBETCTBEHHO, MOYXHO IIPOCTO pac-
CMOTPETh Ka>KAYI0 BEPIINHY KaK KaHAVAATa Ha obpe3aHue ¥ IPOBEPUTH, CTAHET AU COKPa-
IIIEHHOE AEPEBO AYUINE CIPABASTHCSA C TeCTaMU. Ha KaXxpoM Imare MbI 6yaeM BuIOMpaTh
TaKyIO BepIIVHY, obpe3aHre KOTOPOH MaKCHUMaAbHO YAyYINaeT IIOBEACHUE AEPEBA IIPUHSI-
THUS PelleHui. ITU BEPIIUHBI 6yAeM OCTaBASITH 0OPe3aHHLIMU U IIPOAOAKATH AO TE€X IIOD,
moKa obpe3aHme A000V BepIIMHBI He OyAET IPUBOAUTL K Ooaee cAaboMy pe3yAbTaTy Ha
3TaNOHHBIX TECTaX.

EcTtb u pApyrue mMeToABI 60PBOBI C OBEPPUTTUHIOM. ..

§ 1.9. YnopakHeHusd u 3a7a4u

1. HapucoBaTb AepeBbsi IPUHSATHS PEIIEHUN, COOTBETCTBYIOMNE (PYHKIUSIM:
a) xV (yA\z)
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§ 1.9. Vopa’kxHeHNS U 33pa4n

6) (xAT)V (yAZAL);
B) (xVy)A(GVa).

. ®unocodcruit Bonpoc. ID3 B cpepHeM IPEATIOUNTAET KOPOTKYE TUIOTE3hI, HEOOAD-

i€ AEPEBBbS MPUHSITUS pemreHuit. ViHade roBopsi, ID3 B KAKOM-TO CMBICAE PEAAU-
3yer 6puTBy OrKama. HeMm 310 x0opomro? HacTo roBOpPST, YTO MHOKECTBO AEPEBLEB
73 TPEX Y3A0B rOpPa3A0 MEHBIIE, YeM MHOXECTBO AEPEBLEB U3 AECATU Y3AO0B, IIOITO-
MY HAWTH IIOAXOASIIYIO IIOA MMEIOIIVECS AAHHBIE THIIOTE3Y U3 TPEX y3A0B boaee
VAUBUTEABHO U, CAEAOBATEABHO, DOAE€E TTIONE3HO, YeM U3 AeCATH. Kakue AOTHUIECKUE
U3BbSHBI €CTH B 3TOM PACCYKAEHUU!

. B § 1.8 onmcan >XKapHBIN aATOPUTM, Ha Ka>XAOM Iare BBIOMPAIOMIUY «ONTHMAAb-

HYIO» BEPIINWHY, T.e. BEPIINWHY, OOpe3aHNe KOTOPOM MAaKCMMAAbHO YAYUIIAET IIOBe-
AEHUE AePeBa IPUHSATUS PELTeHNH Ha 3TAAOHHBIX TecTaX. VI3MEHUTCS AM PE3YABTAT,
€CAM IIO3BOAUTH Ha Ka’KAOM ITare BbIOMpPATh AIOOYIO BEPINWHY, XOTh KaK-HUOYAD
YAy UIIaIOmYyto IoBepeHne? HcAn HeT, AOKa>kuTe, ECAU Ad, IPUBEAVTE KOHKDETHBIHN
IIpUMeD.

. MopucduimpoBaTs pearmsanuio ID3 u3 aucTurra 1.1 Tak, ¥Tobsl 0OHa Moraa obpa-

6aThBIBATH a.TpI/I6YTbI C HECKOABKVMH 3HAYEHUSIMHU.

. N0baBUTE B IPEABIAYIIYIO PEAAM3AINIO aBTOMATAIECKOE TECTUPOBAHYE A€PEBA HA

HEKOTODPO# 9aCTW BXOAHBIX AQHHBIX X BBIOOD HaMAYYIIEr0 AepeBa B COOTBETCTBUU
C 9TUM KPUTEPUEM.

. AobaBUTE B IPEABIAYIIYIO PEAAM3AIXI0 3AIMUTY OT OBEP(MUTTHUHTA IIOCPEACTBOM

obpe3anuss BETOK, B KOTOPBIX KOAXYECTBO OMIKUOOK IIPX 3TOM yMEHbIIaeTcs. Bribu-
PaTh HaUAyUIEE AEPEBO CpeAr OOpEe3aHHBIX.
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