Decision Trees
* Decision tree representation
* ID3 learning algorithm
* Entropy, Information gain

* Overfitting

CS 5541 Chapter 3 Decision Tree Learning

Another Example Problem

Positive Examples

B o Hen B e

Negative Examples
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Learning

A Decision Tree

CS 5751 Machine Chapter 3 Decision Tree Learning
Learning

Decision Trees

Decision tree representation

» Each internal node tests an attribute

» Each branch corresponds to an attribute value
» Each leaf node assigns a classification

How would you represent:

e A,v,XOR

e (AAB)v(CA-DAE)

e Mof N
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Learning

When to Consider Decision Trees

Instances describable by attribute-value pairs
» Target function is discrete valued

* Disjunctive hypothesis may be required

* Possibly noisy training data

Examples

* Equipment or medical diagnosis

* Credit risk analysis

* Modeling calendar scheduling preferences

CS 5751 Machine Chapter 3 Decision Tree Learning
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Top-Down Induction of Decision Trees

Main loop:
1. A = the “best” decision attribute for next node
2. Assign A as decision attribute for node
3. For each value of A, create descendant of node
4. Divide training examples among child nodes
5. If training examples perfectly classified, STOP
Else iterate over new leaf nodes

[29+,35] [29+,35]
Which attribute
is best?
[21+,5] [8+30-] [18+33- [11+,2]
CS 5751 Machine Chapter 3 Decision Tree Learning 6

Learning




Sururea|
4 Suruaeay 2a1], oIS ¢ Jadey) QUIYIBIN [SLS SO

(00T°0 = uren) adAy :onquye Jsog

8Y0°0 = WSro=
118 (71/8) - 0°'1(#1/9) - 0¥6" = 265°0(r1/L) - $86'0(F1/L) - 0¥6" =
(edA 'S uren (s100(‘g)uren

ES L
[s100(]
0v6'0=d 0v6'0=d
[-6*+¢]:S [-6*+¢]:S

(Juod) MNQLIIY 100y SUNIAS

Sururea|

11 Suruaeay 9a1], uoIsoa( ¢ Jadey) QUIYIRIN [SLS SD
620°0 =
0020 = 816'(#1/9)- 118" (¥ 1/%) - 0'1(¥1/1) - 0¥6" =

- 10[0D)'S)ure
816'0(#1/9)- 0(r1/€) - 1L6'(41/S) - 0¥6™ = Gory's)ued

(adA 1 S)uren

INqQLINY 100y 3uI1309]eS

Surureay Surureay
01 Suruiea 221, uoIsA( ¢ Jardey) QUIYORIA [SLS SO 6 Suruiea 2217, uoIsA( ¢ Jardey) QUIYORIA [SLS SO
1210 =2y ‘s)uwn Fz+11] [Fee+81]
Gml  _ {remeaTym p UBATUTH U919 6190 — (st 1 loaney
Gl - Trem(oeTd 4 ADS  USSIH 1660 = ([-€g+8 (Ddoyug
Rm@ + TTemyORTd Ied pod . 9
Sl . [TemelTUM w ADS  u®aIDH Prom(Focshtiomtye Fog imj-w 1zl
@@ - {remyoeld 4 Ied onTd +:-wi%&i;mWT.&@n:wé:.sw
Sml - [remyoelg 4 ANS Py ) .
L0 = ([-o¢+8])adoyug
Qm2 . TTemelTUM 4 Iep  enid L9 9T ST 0T E
i - ITem¥oeIld 4 ANS sntd 0L0=" o_MAmv Emuwauw Hiehdom s +67]
QmR - TTEMYORTE v AQS - USSID go.oumﬂmo_mkmmmgm\u:\m?&véﬁs
QmQ + TTeMYORTd z 1ep  ussIn
(y)sanpp g4
Q@ - {remyoelg p  URATUTR pay . N e
Q@ - TTeMe3ITUM b 10y  useIn (s)ddo.yu ] K~ (§)doyug =(y*s)uwo
Gmd - TEselTUM p URATUTH  onTd J uo Surnos
+ TTBeMS3TUM 4 ANS [Sisds! o
ﬁmﬂo S537I 53000 53X 70700 0} anp Adonuo ur uononpal pajoadxd = (y )uivn
muﬁgﬁﬁwxm Ie) uren) uonewojuy
Surureay Surureay
8 Suruieo 2211, UoIsA( ¢ Jardey) QUIYORIA [SLS SO L Suruieo 2211, uoIsA( ¢ Jardey) QUIYORIA [SLS SO
_ _ -J - +7C +
d *3o1 “d — *d “3o| *d- = (§)ddo.purg d “3o] "d —"d “3o| "d- (+) Ageqolg
~ LN R WD O
“d o) d - *d | *d- P
S Jo Aunduur
:$' JO TquUISU - z0
WOPUEI JO - 10 4 9POSUD 0] S)Iq JO JqUINT Pa3oadxs ‘0g ot samsesw Adonuy
d Kyniqeqoid Suraey oSessow 03 s31q § ursojdwexs oanedou -vo g
d3o;- sugisse opoo ySus] Jewmdo :A109Y) UOT)RWLIOJU] Jouoniodord="d e 3
LAUM § ursojduwexs aanrsod 902
(9pod P3udr-1sapoys ‘Tewundo ue Jursn) Jouontodord="d e g0
S JO 1oquIoW UmeIp AJWOPUEI JO (- 10 +) SSB[O sojdurexa Sururex
9pooud 0} PAdU S11q JO Joquunu pa3dadxo = (§)Ado.purg Joodwes=g e F

Adonug

Adonuyg




Sururea|
81 Suruaeay 2a1], oIS ¢ Jadey) QUIYIBIN [SLS SO
s1saypodAy
JO 9ZIS U0 Paseq $})as [[ewS JNoqe [eroads oS St ey —

«Z» M Sutuuidoq somnqupe
asn jeyy sopou Jo roquunu owiLid & yam soa1 e <3 —

$9say0dAY JO $19s [[ews duIyop 0} sAem Auew d1e 919y ], —
:pasoddo juomn3ry
90UOPIOUI0D 9q 0} A[oYI] d10wW BIEP S Jey) 'dAy Suo| —
90UIPIOUIND 9q 0} A[oxITun ejep s jey) "dAy oys —
sasaypodAy Suof ueyy sasaylodAy JI0ys oM —
:I0ARJ UI JuoWN3Iy

(sasaypodAy joys 1aya1d Ay
J0ZEY S Wedd()

Sururea|
Ll Surureay 2a1], woIsIoa( ¢ Jadey) QUIYDBIAL [SLS SO

ejep o S1J
e sisayjodAy 1s9110ys oy 19Jo1d 110ZBI S, WEIDD

H 2oeds s1soyqpodAy Jo uororysa. e ueyy
Joyjel ‘sasaylodAy owos 10J 2oua.1afo.4d & ST Serq e

1001 o1} Jeau saynqLiye ured uoneuLIojul
Y31y yam 2sotf} I0J PUB ‘S921) 1IOYS JOJ 0UAIJAI] o
- K[[ea1 10N
(paselqup)
X sooue)sul Jo 39s Jomod ayj SI f7 910N

€] Ul Serg dARONpU]

Surureay
91 Surureo 2211, uoIsa( ¢ 1dey) SUIYIBIN [SLS SO

pehil
1s9110ys 19)21d,, ATojewrxoxdde :seiq oAnonpuy .
BIep ASIOU 0} 1SNQOY —
S90I0UD [OJIeds pIseq-A[[BOIISHEIS
J1qrssod ewurw (800 —
Suroen yoeq oN
suonsanb (g Aed jouue) —
(¢2uo0 yomym) stsagiodAy o[3urs e syjndinQ «
({31 puly om [[14 InQq) 219y} Ul SI uonounj jo3Ie], —
jo1o1dwoo s1 ooeds sisoyjodAH

€I Aq yoreag doedg sisaqiodAy

Surureay
S1 Bururea] a1], uoisioa( ¢ ddey) QUIYIBIN [SLS SO

€I Aq yoreag doedg sisayqiodAy

Surureay
al Sururea] 9211, uoisioa( ¢ 1idey) QUIYIRIA [SLS SO

[omary M [1pvpov]g

931, unnsay

Surureay
€1 Sururea] 9211, uoIsioa( ¢ 1dey) QUIYORIA [SLS SO

816" =00(9/+)-0'0(9/2)-816'

=(sonSg)uren

Pr0" =0"1(9/0)-118'(9/1)-816°
=(s100q“"Sg)ureny

9T1" =816'(9/€)-0'0(9/1)-0"1(9/2)-816'
=100 g)uren

020" =816'($/©)-0'1(5/0)-1L6’
=(san"g)uren

1L6"=0"0(5/2)-0°0($/€)-1L6"
=(s100q "g)uren

1L1=0"1(5/D)-0'1(5/D)-0°0(S/1)-1L6"
= (101007 g)uren

ANQLINY IXIN SUnd[S




Sururea|
T Suruaeay 2a1], oIS ¢ Jadey) QUIYDBIA [SLS SO

(sepou jo saqwinu) 934} Jo azig

© © @ ~ (o2 n S » w N -
(&) © o N & o o o N > (o) o<} o
L L

e — = )
r6so
90
r G9°0

e \;.o

S0
r 8o
| r 680

60

Koeunooy

7 Buiunid Buunp eyep jsa] ejep }s8} uQ — ejep Buluies uQ ——

Surunig JOLH-paonpay Jo 19914

Sururea|
€T Surureay 2a1], woIsIoa( ¢ Jadey) QUIYDBIAL [SLS SO

(PN STEJep JUIBYM o
2311qN$ 9)BINOOE JSOW JO UOISIOA }SO[[BWS SOONPOI] o

KoeINddR 13s UoyDPIIDA
soAo1dwl 3o Jey) SUO I} SAOWAI A[IPOaln) 7
(11 mor2q asoyy snyd) sapou orqrssod
yoea Jurunid Jo j9s uoyvpipa uo 1oedwr ojenjeay |
[nyurey st Surunid 1oyIng [un oq
19s uoppIpA pue Suiup.,; oyul eyep Ndg

urunig I0LIg-paonpay

Surureay
w Surureo 2211, uoIsa( ¢ 1dey) SUIYIBIN [SLS SO

(22.41) SUOLIDILJISSD]ISIUL)IZIS + (92.41)2Z1S
QZTWIUTW [N o

(op1se nd are jerp 39S Sururen oy} woiy sopdwrex?)
19s uoneprea 9eredas I9A0 douBWIOJId QINSBIIN
BIEp SUIUIR]} JOAO 90UBWLIOJIOd QINSBIIA »
19913 159Q,, J99[3S 01 MOH
sunid-isod a3 ‘01 [[NJ M0IT .

juedj1ugis
Aqreonsness jou pds eiep uoym Jurmois dois .

({SUINIJIOAO PIOAB dM UBD MOH

Surureay
1T mz_Emv\.— EEM :me_umﬂ € uquﬂ.SU mzmﬂunz 1SLSE SO
(sapou jo saquwinu) 934} Jo azig
© © © ~ (o2 o B B w N -
(o] © o N » (2] © o N £ (o] © o
S S S By o
rGS0
90 »
A m 690 9
N\ L0 m
§L0 2
r 80
| r G680
60

7 ejep }se} up — ejep Buiuies coli

SUINJIIAQ SUIPIOAY SuruIeaT 991, UOISIOd( Ul SUINIJIIAQ
Surureay Surureay
0z Sururea] 9211, uoisioa( ¢ 1idey) QUIYIRIA [SLS SO 61 Sururea] 9211, uoIsioa( ¢ 1dey) QUIYIRIA TSLS SO

() Yoz < (y) oo
pue
(y) """ a0412 > (y)"“"*10.112
Jey} yons f7 3,y SIsopodAy dAjRUId) R UR
S1o19y) J1 ejep Sururer) Ayl SHFIAO f7 3 y sisoyjodAH
(y)%10.442 : BYEP JO (7 UOTINQLIISIP SINUD
(y)"""10.112 : eyep SutUIRL)

I0A0 y S15o130dAY JO J0119 1OPISU0))

SumIIdAQ

+ - - +

Homany M 11pwyov1g

{M0[2q 2311 UOISIOAP 03 suaddey yeym
+ <[[BAYIR[F TANS UIID>
:9[dwrexs Sururen Asiou e Suippe J9pIsuo))

S93I], UOISIOA(] Ul SUIIJIIAQ




Sururea|
0€ Suruaeay 2a1], oIS ¢ Jadey) QUIYDBIA [SLS SO

uoIysej awes ur sajdwexd mau AJIsse[)

901} UI JUBPUSISIP Yoed 0} ojdwexa jo 'd uonoely ugisse «
¥ Jo ‘a anyea o[qissod yoes 03 ‘d Kjiqeqoid udisse —
an[eA 3o31e) SWes YIm
sojdwrexs 10430 Suowe p JO oNJeA UOWWOD JsouW ugIsse —
u opou 0} payios sojdwrexs 19yjo Fuowe
 JO on[eA UOWIWOD }SOW UJISSE ‘p $1$9) U dpou J| —

991} y3noy 310s ‘AemAue opdwrexs Jururen s

sjos B1ep Gy ul 4,

Sururea|
6T Surureay 2a1], woIsIoa( ¢ Jadey) QUIYDBIAL [SLS SO

1509 JO ooueodWI SOUIULINAP pue [[‘0] 2 M o19yMm
W1+ (7)150D)
1= GrgpumnC
(8861) zounN
(71500

V)42 (0661) JISWWI[YOS pue ue[,
Aq ured ooedax :soyoeoiddy

IS00 ﬁowoogxo MO[ UM 331} JUIISISUOI UIed] 03 MOH

PUO023S €7 1500 SeY Jf] wioaf yjpiy ‘Sonoqol e
0S1$ 1509 Sey 152 7p0oo]g ‘SISOUSeIp [eOIpaW

LV Jo sonyea Surssiw sojdwexe awos J1 JeyA\ IopIsSuo))
Sanje A INQLIy umoudu ) SIS0 PIM SAINqLINY
Surureay Surureay
8T Bururea] a1, uoisod( ¢ 1ddey) QUIYIRIN [SLS SO LT Suruaeay 0211, uoIsIod( ¢ Jadey) QUIYIBIN [SLS SO
‘a ontea sey p yorym I0J § JO 19SqQnS SI ‘g 9107yM o+ o+ - 44 - - SSE]D
Z Nm 5] = ﬂ y 09€Sre 0€s 0D 01D E6T 06D 8T ozisomBug
ol N = (p *s)uoyvutiofupds sou0 sty ALl

c\ @%%séxé.iw
7 S)uwD = (¥ ‘S)ouvyuiny

pedsur oyvyuirs asn :ydeoidde ouQ

JUSISJIIP 2q p[nom [[e
KJo[1] - 1130 270 (Jaspyo4n Pey sIed J1 duiSew]

J1 309198 [[IM UIpL) ‘sanjeA AUBW Sey INqLIE J]
:weqoId

san[e A AUBA Uiim SINQLINY

ured 1599 oy ym jurod rpds oy o1 ¢
SAN[BA 0M] UIMIOQ SIQJJIP SSe[O d1oym sjutod je oo 7
Bjep snonunuod 30§ ‘|
gurod Jrds,; 3159q yord 03 moH
(urod g1yds,, st 0g€) J 101 = (0g€ => ozIgouISug) —
asyey 1o any = (GZ€ = ozISouIduy) —
SNONUIIUOD U0 PIskq sanqrie
03010s1p Surpuodsaliod (210w JI0) U0 eI

SOINQLIY pan[eA SnONuIuo))

Surureay
9z Sururea] 9211, uoisioa( ¢ 1idey) QUIYORIA [SLS SO

+ - - +

1oy M

(¢os1e 1RUyM) -
- NHH.L (uearury=adA1) A1
+ NHHL ([emdaiyp=s3111) ANV (ANS=PdAL) I
+ NHHL (z=s100Q) ANV (18D=2dAL) I

SOy 03 1], B SUNIIAUO))

Surureay
ST Sururea] 9211, uoIsioa( ¢ 1dey) QUIYORIA [SLS SO

(s'¥D “39) poyppowr pasn Appuanbaiy 1sowr sdeyrog

asn 10J 9ouonbas paIIsop 0juI SO[NI [eUlj JIOS °¢
S10YJ0 Jo Apyuspuadopur o[nI Yoes aunid ‘g
SOTNI JO 108 JUS[BAINDI 0] 0013 1I0AUO)) '

Surunig-1sod Ay




(43

Surureay

Buruies| 001, UoISId( ¢ 1ordey) QUIYOBIL [SLS SD

oSI0U SI[PUBY
suorjounj ja81e) panjeA 9)0IdSIP I0J SANIJO

SON[EA UMOUNUN

$)S00 M SANQLNE «
SONJEA JO SJO] YIIM SAINQLIJIE o
SOINQII)E PON[EA SNONUNUOD «

sonsst INqLIE —

:(Juod) sanssr

(Ju0d) Arewrung 931, UOISIIA(]

Surureay

I3 Suruiesa| 001, U0ISId( ¢ 1ordey)

(-9390 ‘sornu ‘0am) aunid 03 yeym ‘o3pn[ o3 moy :Furunid .
Surunud ‘Ajres Surddoss :Surproae «

Sumiproro —

:SanssI

001 Jeau sanquyie ured Y3y ‘sasoyjodAy Ioys s10Ae) —

(Adonyuo
Sursn paunjep) ureS UOEULIOJUT UO PIseq [OIeas —

[enuaisyeid :seiq
(ooeds stsapodAy 9191dwiod) aarssaxdxa A[y3ry
(e1eIn00R) [Ny1oMmod ‘(poojsiopun AJised) ojduwis

Arewrwung 991, UOISId(]

QUIYOBN [SLS SO




