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ID3 (Iterative Dichotomiser 3)

C4.5 (successor of ID3)

CART (Classification And Regression Tree)

CHAID (CHi-squared Automatic Interaction Detector)
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MARS (extends decision trees to handle numerical data better)
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RID
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age

youth
youth
youth
youth
middle-aged
senior
senior

student

yes
yes
yes
no

no

yes
yes

credit-rating

fair
fair
fair
fair
excellent
fair
excellent

Class: buys_computer

yes
yes
no
no
yes
no
yes

youth

RID

BN~

Class

yes
yes
no
no

Middle-aged

senior

RID Class

5

yes

RID

6
7

Class

no
yes
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RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

4 youth no fair no

5 middle-aged no excellent yes

6 senior yes fair no

7 senior yes excellent yes

youth
no yes
RID Class RID
4 no |
2
3

senior

Middle-aged
,L RID Class

// \
'\ yes 1) no
N 7 yes

Class

yes

yes

no
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RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

4 youth no fair no

5 middle-aged no excellent yes

) senior yes fair no

7 senior yes excellent yes

senior

Class

no
yes

RID Class
1 yes
2 yes
3 no
Majority
voting

12




c}&’siﬂ
o boww 881>

Semnan University

O3 o

RID age student credit-rating Class: buys_computer
1 youth yes fair yes

2 youth yes fair yes

3 youth yes fair no

) youth no fair no

5 middle-aged  no excellent yes

6 senior yes fair no

7 senior yes excellent yes

senior
RID Class
b no
7 yes
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age

youth
youth
youth
youth
middle-aged
senior
senior

student

yes
yes
yes
no

no

yes
yes

credit-rating

fair
fair
fair
fair
excellent
fair
excellent

Class: buys_computer

yes
yes
no
no
yes
no
yes

senior

[ credit rating?

chelleni

youth
Middle-aged
student? l
,‘// \\
no yes [ yes )
\ /
( no 3 l'/ yes \\ o
- 7 '\\ /,/
- - I3

Class

no

RID Class

7 yes
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RD  age student  credit-rating  Class: buys_computer youth senior
1 youth yes fair yes Middle-aged
2 youth yes fair yes /J\ [ credit -rating? ]
3 youth yes fair no / ~
4 youth no fair no no [ yes ) fair Excellent
5 middle-aged no excellent yes e
) senior yes fair no / : ' P e
7 senior yes excellent yes \ ( j
no no ‘ es
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Entropy: 0 Entropy: 0.81125 Entropy: 1 '
0.2
0'8.0 0'.2 01.4 Ol.6 0‘.8 1.0
p(+)
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Entire population (30 instances)

pl @ )=16/30=053
ply ) =14/30=047

Balance < 50K Balance = 50K

pl@)=1213=092 pl@)=417=024
pl¥r)=113=0.08 pls)=1317=0.76

Source: Data Science for Business
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RID

O NOCOBWN -

age

youth
youth
middle-aged
senior
senior
senior
middle-aged
youth
youth
senior
youth
middle-aged
middle-aged
senior

income

high
high
high
medium
low

low

low
medium
low
medium
medium
medium
high
medium

student

no
no
no
no
yes
yes
yes
no
yes
yes
yes
no
yes
no

credit-rating

fair
excellent
fair
fair
fair
excellent
excellent
fair
fair
fair
excellent
excellent
fair
excellent

class:buy_computer

no
no

yes
yes
yes
no

yes
no

yes
yes
yes
yes
yes
no

9 tuplesinclass yes pm
5 tuplesinclass no

vklnfo(D) ——l 0g, (

—1

14)— 14

5
—) =0.940 bits
g2(14)
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RID age income student credit-rating class:buy_computer
1 youth high no fair no
2 youth high no excellent no
3 middle-aged high no fair yes
4 senior medium no fair yes
§  senior low yes fair yes
[ senior low yes excellent no
7  middle-aged low yes excellent yes
8  youth medium no fair no
9 youth low yes fair yes
10 senior medium yes fair yes
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes
13 middle-aged high yes fair yes
14  senior medium no excellent no

2 3 4 4 ) 3 3 2 2 ;
(D)= —=x|—=zlogy=—=log; = | + — x [ —=log, - |+ — x [ —=log, = — = log, = | = 0.694 bits.
14 S S 14 -+ 4 14 5 2 D 5
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Gain(A) = Info(D)— Info (D)

YW ol (oo ‘_;3.19 Oleie & Information Gain -y yis b L;’},{g

O3 s ¢‘-°Le‘.3‘ Olime oy piion s Lo o,lo bools gilwlas jo 1y &jad - 5L L;).ag o2
WS e el y8 ]y Oledll

Gain(age) = Info(D) - Info,,, (D) = 0.246
Gain(income) = 0.029

Gain(student) =0.151

Gain(credit _rating) = 0.048
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slojl (so3ls S I sliges V=Y g

ID Age Income Job Computer
i Old  Medium Student No
2 Middle High  Teacher No
3 Old Low  Teacher No
4 Young Medium Teacher Yes
5 Young  Low  Teacher Yes
6 Old  Medium Student Yes
7 Middle Medium Student Yes
8 Young  High  Teacher No
9 Old High  Student No
10 Middle High  Student No

4
Entropy(D) = ——
BB~

Loga(- - )——Logz( ) 0.970

10

Domain(Age)={0Old, Middle, Young}
Domain(Income)={High, Medium,Low)}
Domain(Job)={Teacher,Student}

e
Entropyage(D) = % x (— % Logz(%) = iLOg 2(%)) +
%x(—%Logz(iﬂ—%Logz(;))ﬂk
% X (—Eﬁogz(%) — %Logz(%)) =0.875
Entropymecomd D) = i X (—iLOg Z(i) - ELog 2(9)) *
4 4 4
4 1 1 3 3
——Log:(—)——=Log:(—))+
Ta x ( 1 g(4) 1 gZ( )
] (——Lo (1)——L0 (l)) 0.524
10 &2 3 i 2
Entropyses(D) S>-<( 3LO (‘) 2L0 ( ))+
- - 2 Jobl = —_— — H—)—— i
= 0 5 SNy g g
5 3 3. 2 2
—x(——Log2(—=)——Log2(—=))=0970
10><( . Og(s) : Og(s))
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4 4 4] 6
Entropv(D)=——Log2(—)——Log2(—)=0.970
py(D) % gz(m) i gz(m)

InformationGain(A4ge)=0.970-0.875=0.095

InformationGain(Income)=0.970-0.524=0.446

InformationGain(Job)=0.970-0.970=0
s gadsy sl ol Jlade ot ) Lol caolchs oSGl b &
ol el 8l plaie jlade ¥V lgf oo dolbCidio ol (caioly o e Ded o Sl
dolbCd o oyl (asl dw polie L SO 2 a5 dgid oo cumidiin 0,5 ol 5l asld 4w

lo3 )98- iz 2

o 3 S o el g oo 3 dsgazme i ¥ bjgel lmesls w3l
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@ Gain Ratio
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0 p0 S lwJlo ) WS Byl 1) IS (ol B 0iS’ o oolaiw] Gain Ratio oy Cowd 51 C4.5 i ,65]
(Sl
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| D, | | D, |
Splitlnfo (D) = -y —xlog,(—2-)
4 ;|D| “|D]

Gain (4)
Splitinfo(A)

GainRatio(A) =
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Gain Ratio Jtw

RID age income student credit-rating class:buy_computer
1 youth high no fair no
2 youth high no excellent no
3 middle-aged high no fair yes
4 senior medium no fair yes
5 senior low yes fair yes
[ senior low yes excellent no
7 middle-aged low yes excellent yes
8 youth medium no fair no
9 youth low yes fair yes
10  senior medium yes fair yes
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes
13 middle-aged high yes fair yes
14 senior medium no excellent no
Splitinf (D) 4 1 : 6 1 6 ! 1 !
1injo; = ——X10 — | — — X 10g — | — — X 10 —
PAE Cincome 14 02\1a) "1 %%\ T e T %2\ 1

Gain(income) = 0.029

ﬁ GainRatio(income) = 0.029/1.557 = 0.019.

) = 1557
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Gini(D) =1-) "p?,
i=1
395 o0 S ) O yp0 & Dgd peendi D2 9 D1 dcgazmoni g0 0 A (Shg ooll D osls acgozs S
D, | |D;|

w D1l .. . "
G D) = — Gini(D — Gini(D
inia (D) D ini(Dy) + DI (D)

AGini(A) = Gini(D) — Ginipa(D)
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RID age income student  credit-rating  class:buy_computer
1 youth high no tair no iMi: S
2 youth high no excellent no Gitiincome < ”;;’medmml D) "
3 middle-aged high no fair yes .. ..
4  senior medium no fair yes = —Gini(D;) + — Gini(Dy)
5  senior low yes fair yes 14 14
6  senior low yes excellent no 10 7 2 3 2 4 2 2 ) 2
7  middle-aged low yes excellent yes =— 1= —=) =1 — b [ l=[=] =] =
8 youth medium no tair no 14 (10) (10) 14 (4) (4)
?  youth low yes fair yes
10 senior mediuvm yes fair yes = 0.443
11 youth medium yes excellent yes
12 middle-aged medium no excellent yes = Gitliincome e {high}(D)'
13 middle-aged high yes fair yes
14  senior medium no excellent no

GiNigow, high 1S 0.458; GiNigmedium, highy 1S 0.450. Thus, spliton the {low, medium}(and {high}) since it has the
lowest Giniindex
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A2 o Sl |y wdly ply canlgs jd a8” b piie cleMbl V=Y Jou>
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| 553 olyde el s ; o Jad atls ply slasl (gl (6 35 0 > Sledbl Y=Y Jos
dlﬁé)fefmwﬁuhw)mluﬂ_agm5@9$«mgjﬁa Is . L) b ool S 3

Awd Sige ply (slacl ID Age Job House Credit Class

) 1 Old  False True Excellent Yes
005 22595 ¥ 95 Camnd & wuiys 4 INO g Yes (oS g5 4 03y diges Vo &5 L] G s Tas Gl T
a2yl el 3 Middle False False Fair No

6., 4, 4 Middle True True Good Yes

Gini(D) =1- (E) B (1_0) =0.48 5 Young False Fualse Fair No
o o o ) 6 Old  False False Fair No
aolboliv oS ¢l Gini Index |Las aolbcio (pyan 8L ca 7 Middle False True Excellent Yes
. & L, s i . 5 8 Youn True  False Good Yes

P ol e s Jid gasts L R 9 Young True  True Fair Yes
o Cew s jlee (gduuloes LD Cped 4y g bl False s True s 10 Middle False False Good No

3

o= iy 3y
Gmr_ro&(D)—mx(l (_7) (7) _)+10

e . A
1-(=)*—(5)’)=0.343
-6 -6

o T I . < T P s U B i N
Gmeouse(D)—lox(l (5) (5) )—i—lOX(l (5) (5)) 0.160
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Gini  jlao a5 1l 5l g aiud lade dw gLy S o sl g o saoBOlin Ll
saalS 0L @jlu e asbolio ol 51 Ky lp 1) 29393 wlaiil K Index
Lgd oty p dolBSlan pl gy polie s Y
Ginipg(D)=0.476 3y {0ld} , {Middle, Young}
Ginisg.(D)=0.467 3 {Middle} , {Old, Young}
Ginigg.(D)=0.476 3 {Young} , {Middle, Old}
Ginlcreqin(D)=0.400 b {Excellent! , {Good, Fair}
Ginicgeqir(D)=0.450 35 {Good} , {Excellent, Fair}
GiNlcreqi(D)=0.317 <3y {Fair} , {Excellent,Good]

4 S Conl ABid o sdolBiidn gy Oladdl s 0S| e dlas e S jglailen
Gini)lade g 25,5 e 58 1503 09)5 35 Sl 5 09,5 S 33 Lloz 5 5y peolie
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k-fold Cross Validation
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Fold 1 {
Fold 2 {
Fold 3 {

Data split into 3 partitions

A
Validation Training Training
Training Validation Training
Training Training Validation

Validation )
score #1

Validation
score #2

Validation
score #3

-
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Final score:
average
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Confusion matrix : o ;o jw s ylo

D 001 i Hlews w4 ylewn ez True Positive s et

Db eals asis Hlew oLl 4 (ol el False Positive 03l cose )f"’r@%f
Dl 0ol Lasiad wlle w4 ol e True Negative (o it f/@%' Cé&s Positive Negative
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TP + TN

1P FP 3TN + Bl

Predicted Class

Error rate: 7 —accuracy, or
Error rate = (FP + FN)/AII

1
& —mm
% Class=1 f;,
‘E Class =0 fﬂ"i fm
<
# correct predictions Ju+ Joo

cdsy  Accuracy =

total # of predictions - Jut fiot S+ S

# wrong predictions Jio + for
total # of predictions 7, + fi, + fo1 + Joo

ls =5 Errvorrate=
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 Sensitivity = TP/P A\P ) -C
» Specificity: 7rue Negative recognition rate
» Specificity = TN/N
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IP
TP+ FP

precision =

Actual Class\Predicted class cancer =yes | cancer = no Total
cancer = yes 90 210 300

cancer = no 140 9560 9700

Total 230 9770 10000

F ~
1

Precision = 90/230 =39.13%

)
- -
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Actual Class\Predicted class cancer =yes | cancer =no | Total
cancer =yes 90 210 300

cancer = no 140 9560 9700

Total 230 9770 10000

Recall =90/300 = 30%

- o
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F-measures

Recall 4 Precision ;yo Ssge,la 55Lw (F1, F score) :F-measures

2 X precision X recall 2TP

precision + recall ~ 2TP + FP + FN

Recallg Precision g ,lxs

..

g0 olaisl p3g Cewys |y 039 51 L B

(1 + %) x precision x recall
3% x precision + recall

Fg
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