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N N 2 0 o
Age Salary Class @ &‘éw@ == ye JL@L‘@
30 65 G (Age'<=.35) :Jlo®
23 15 B
(Salary <= 40) (Salary <= 50)
40 75 G
S35 40 B
B G B G
53 100 G
45 60 G

TGy diwd (ls8®

Class B: (Age <= 35 AND Salary <= 40) OR (Age > 35 AND Salary <= 50)
Class G: (Age <= 35 AND Salary > 40) OR (Age > 35 AND Salary > 50)
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Age Salary Class @
30 65 G
23 15 B
(Salary <= 40)
40 75 G
33 40 B
B
S35 100 G
45 60 G

(ST VEY 90 sl
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(Age <= 35) JL‘“
(Salary <= 50)
G B G
:M.

Test data: Age = 25 AND Salary = 50

Class = G
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Age Car Type Risk
17 Sports High
- Family High g @ ® 2
23 Family High @fg W wjé é%@%ﬂ
32 Truck Low
43 Sports High
68 Family Low Age<=17 -
H: High
H L
1 0 L: Low
5 R: Right Child
R - L: Left Child

I(S1):1-(/D* = /1) =1-1-0=0
I(S2): 1-(3/5)* —(2/5)* =1-9/25-4/25=0.48
Is1}=1, |s2]=5.|s|=6 = I(S): |1)/|6]*0+ |5//|6|*0.48 = 0+ 5/6*0.48=0.4



Age Car Type Risk

17 Sports High

- Family High g @ ® 2

23 Family High @fg W wjé é%@%ﬂ

32 Truck Low

. ::ﬂrty = Age<=20 -
H L H: High

L | 2 0 L: Low

R 2 2 R: Right Child

L: Left Child

I(S1):1-@2/2)" —-©/2)* =1-1-0=0
I(S2): 1-(2/49)° - (2/4)* = 1-4/16 -4/16=0.5
Is1]=2, [s2|=4.|s|=6= I(S): |2//|6/*0+ |4]/|6]*0.5= 4/6%0.5=0.33



Age Car Type Risk
17 Sports High
- Family High g @ ® 2
23 Family High @fg W wjé é%@%ﬂ
32 Truck Low
43 Sports High
| Age<=23 -
H L H: High
L| 3 0 L: Low
R 1 2 R: Right Child
L: Left Child

I(S1):1-(3/3)* —0/3)* =1-1-0=0
I(S2): 1-/3)* —(2/3)* = 1-1/9-4/9=0.444
s1]=3, |s2=3.|s|=6= I(S): |3//|6/*0+ |3|/|6/*0.444= 3/6%0.444=0.222



Age Car Type Risk
17 Sports High
- Family High g @ ® 2
23 Family High @fg W wjé é%@%ﬂ
32 Truck Low
43 Sports High
68 Family Low Age<=32 .
H L H: High
L| 3 - L: Low
R| ! 1 R: Right Child
L: Left Child

I(S1):1-3/4) —@/4)’ = 1-9/16-1/16=0.375

I(S2): 1-(/2)* - (/2)* = 1-1/4-1/4=0.5

Isl|=4, Is2|=2,|s|=6=> I(S): |4//16/*0.375 + 12//16/*0.5 =
4/6%0.375+2/6%0.5=0.4166



= Car Type Rk
17 Sports High 3
20 Famil Hi -
e G35 paaed Sy olswl
32 Truck Low
= Sports High
68 Family Low Age<=43 .

H L H: High
L| 4 1 L: Low
R| © 1 R: Right Child
L: Left Child

I(S1):1—-@&/5)° —(1/5) = 1-16/25-1/25=0.32
I(S2): 1-o/1)* - /)* = 1-0-1=0
Is1|=5, |s2|=1,|s|=6= I(S): |5//|6/%0.32 + |1//|6/*0 = 5/6%0.32 +0=0.266



e | Caoe |
17 Sports High = b
S R B 835 paned Sy ol
32 Truck Low
43 Sports High
68 Family Low Age<=68 °

H L H: High
L| 4 2 L: Low
R 0 0 R: Right Child
L: Left Child

I(S1):1-@a/6)’ —(2/6)° = 1-16/36-4/36=0.444
I(S2): 1- /0 - ©/0) = 1-0-0=1
Is1|=6, [s2]=0,|s|=6= I(S): |6//|6/*0.32 + |0}/|6|*1 = 6/6%0.444 +0=0.444
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Car Type High Low
sports 2 0 & % % 2
L8 Slewl
— : 1 o paeal Sy dlewy
Truck 0 1 Car type={sports}
+ 3 H: High
5 5 L: Low
Car type = sports R: Right Child
Cartype#sports | 2 | 2 L: Left Child

I(S1):1-(2/2)° - 0/2)* = 1-1-0=0
1(S2): 1-(2/4) - (2/4)* = 1-4/16-4/16=0.5
512, [s2]=4,s|=6= I(S): [2//|6]*0 + |4)/|6]*0.5 = 4/6*0.5 +0=0.333



Car Type High Low
sports 2 0 g 3 e
Paeed S0 Slsu|
— > 5 @é % j *
Truck 0 1 Car type={family}
- ’ H: High
| > 1 L: Low

Car type = fmnle - 1 R: Right Child
Car type # family L: Left Child

I(S1):1-2/3)" —(1/3)" = 1-4/9-1/9=0.444
I(S2): 1-2/3)* - (1/3)* = 1-4/9-1/9=0.444
s1|=3. s2|=3.|s|=6= I(S): |3/|6/*0.444 + |3//|6/*0.444 = 0.444



Car Type High Low
sports 2 0 g 3 XL
Cr 99 dleuwl
o : | G Paeed S0 oy
Truck 0 1
Car type={truck}
, : H: High
- : L: Low
Car type = truck - : R: Right Child
Car type # truck L: Left Child

I(S1):1- /1’ - /1 = 1-0-1=0
I(S2): 1—(a/5) —(@/5)" = 1-16/25-1/25=0.32
s1|=1, |s2[=5.]sF6 = I(S): [1//]6/*0 + |51/16]*0.32 = 5/6%0.32 +0=0.266
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10l Cewds 1(S) Hlude JBlus oS ot oo OV adS sy 3 p®

Min{0.4,0.33,0.222,0.4166,0.266,0.444,0.303,
0.266,0.444}=0.222

W O] Olsdd] dhady Glgie @ |y AGE<=23 ;lxe L)’“-.’..

Age<=23 = {17,20,23}
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Age<=23={17,20.23}
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Age Car Type Risk
17 Sports High ) Ol WYL=
20 Family High

23 Family High
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Age Car Type Risk
32 Truck Low
43 Sports High
68 Family Low




Age Car Type Risk
32 Truck Low - -
43 Sports High @fg %w wjé é%@%i}
68 Family Low Car type ={SPUITS}
—— H: High
Car type = sports 1 0 L: Low
C # anorts 0 2 R: Right Child
il L: Left Child

I[(S1):1-@a/n* —@/1 = 1-0-1=0
I(S2): 1-(0/2)* - (2/2)* = 1-0-1=0
s1|=1, |s2]=2.|s|=3 = I(S): |1/]3/*0 + |2|/|3]*0 =0

S




Age Car Type Risk
32 Truck Low - -
43 Sports High @jg w@ wjé é%@%ﬂ
68 Family Low Car type = {truck}
S H: High
Car type = truck 0 11 L: Low
Car type # truck 1 1 R: Right Child
L: Left Child

I(S1):1- /1" —(1/1)* = 1-0-1=0
I(S2): 1-1/2 - (1/2)* = 1-1/4-1/4=0.5
s1]=1, |s2]=2,[s=3 = I(S): [1)/|3/*0 + |2//|3/*0.5 = 0.333



Age Car Type Risk
32 Truck Low = e 15 .
e Sports High @};‘5 @%&@ o 9@@@
68 Family Low Car o {fanlily}
H L H: High
Car type = family 0 1 L: Low
Car type # family 1 1 R: Right Child

L: Left Child

I(S1):1— /1)’ —/1)* = 1-0-1=0
I(S2): 1-(1/2)° —/2)* = 1-1/4-1/4=0.5
s1]=1, |s2[=2.s[=3 = I(S): |1)/]3/*0 + |2//]3]*%0.5 = 0.333
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g alses o ol 00l o5l aex MP3 Player o525 5 SO 51 ol gle eols ains S 2 Jsd 0 308 909
'yes' awo so o "Customer Satisfaction” oe olé el o comdil Jes sl e ool ules Fhs ae
Information .l o5 oo & g0 albosl latus plail cys |, 6.5 sl S0 0.5 o 50 NO'

il a2 2 o Slose = 0 oS ol Gain Ratio o Gain

Batte . Customer

Memory life V| Price satisfaction
<=4 long <=150 VEeS
=4 long =150 VES
=4 long <=150 VES
<=4 long =150 VES
>4 long =150 VES
>4 lowy =150 VES
<= lowy =150 no
<= lowy =150 no
=4 lowy <=150 ves
<= lowy <=150 no
<=4 | medium | <=150 no
=4 mediurm | <=150 no
<=4 |[medium | =150 VES
=4 medium | =150 VES
>4 medium | <=150 no




: Information Gain gulwl B @rand Caays slas) :(call

Dl o ol Aly ) 24
IMEMOTY 5 dvlone

s =[+9,—6]
value(memory) ={<4,> 4}, s., = [3,—4] , s.,=1[6—-2]
Entropy(s) = —(+)Plog, +p — (—)Plog, —p

9, 9 6. 6
15 98275~ 1598275

Entropy(S) = —

Entropy(S) = 0.442 + 0.528 = 0.97
Entropy(S) = 0.97




Gain(S,Memory) = Entropy(S) — Z %Entropy(.ﬁv)
r={=4,>4}
3 3 4 4
Entropy(Memory.,) = _?lﬂgz?_?ngZE = 0.985
Entropy(Memory.,) = — Elﬂrgz 5. Elu::ugz z = 0.811
38 8 8 8

7 8
Gain(S,Memory) = 097 — 1= 0.985 —50.811 = 0.0.87

Gain(S, Memory) = 0.087




: battery life .5 o lo.

value(battery life) = {long, low, medium} , Siong = [5,0] ,Siow = [2,—3] , Smedium = [2, 3]
3

S
Gain(S, Batterylife) = Entropy(S) — Z %Entropy(.sv)

v={long medium,low}

_ 5 5 0 0
Entropy(Batteryhfemng) = —glugzg — glogz T = 0

2 2 3 3
—gl(}gzg —glﬂggg = 0.97
2 2 3
510825 5

Entropy(Batterylif emedium) =
3
Entropy(Batterylife;,,) = — logzg = 0.97

5 5
Gain(S, Batterylife) = 0.97 — 0 —EO.‘}? —EU.‘}J? = 0.323

Gain(S, Batterylife) = 0.323




F PIICE S anlme
value(price) = {< 150,> 150} ,s<150 = [3,—4] 52150 = [6, —2]
2

Gain(S, Price) = Entropy(S) — Z %Entrﬂp}r(b})
v={=150,>150}
3 3 4 4
Entropy(Price<1s9) = _EIDgZF_ §10g25 = 0.985
6 6 2 2
Entropy(Price-so) = _ﬁlﬂgzﬁ — Elﬂgz 3= 0.811

7 8
Gain(S, Price) = 0.97 — 0 — EU.Q? —ED.QT = 0.087

Gain(S, Price) = 0.087

b S ads; ol a Dattery life (lsi s Ggd a4 azgi L




l Battery life |

L] i L}
low l medium | l long

yes

Gain(Low, Memory) = Entropy(Low) — Zﬁz{ﬂ_}q,}%Entrﬂpy(Sv)
3 3 0 0

Entropy(Memory<,) = — 3 log, 3 §lngz 3 = 0
2 2 0 0
Entropy(Memorys,) = — Elngz 5 Elngz 5 = 0

Gain(Low, Memory) =097 — 0—0
Gain(Low, Memory) = 0.97




Gain(Low, Price) = Entropy(Low) — )_'jﬁ:{ﬂm J}lsn}%Entmpy(Sv)

1 1 1 1
Entropy(Price<;5) = —5 log, 5~ Elngz > = 1
| 1 1 2 1
Entropy(Pricesi50) = — 3 log, 3" glngz 3= 0.922

2 3
Gain(Low, Price) = 097 — 0 — El — 50.922

gain(low, price) = 0.017

oS e sl Low w8 - leee a1, Memo
r— | Jr sl 1y




Battery life

low l medium | l long |

I
l memory yes

il




Gain(Medium, Price) = Entropy(Medium) — EL{HSQ“HED}%Entmpy(sv)

| 0 0 3 3
Entropy(Price<sp) = —glﬂgzg-glﬂgzg =0

| 2 2 0 0
Entropy(Prices,s) = — > log, >~ Elﬂg2 ke 0

Gain(Medium, Price) = 0.97 — 0
gain(Medium,price) = 0.97

Gain(Medium, Memory) = Entropy(Medium) — §={54J}4}%Entmpy(.§v)
1 1 1 1
Entropy(Memory.,) = _Elngzi_ilnng =1

1 1 2 2
Entropy(Memorys,) = — §lug2 3 §lng?_ 3 = 0.922

2 3
Gain(Medium, Memory) = 0.97 — El — 50.922

gain(Medium, Memory) = 0.017

o S oo A2 o Medium ;8 lse 0 |, Price




l Battery life \

l low
I

l memory

<4

EE

E

lmedium ' long
I

I
|
l price yes

l <150 ~150
l no l yes

C‘L&); J *’*Q



Gain(S, A)
Spilit information(S, A)

Gain(S, Memory) = 0.087

Gain Ratio(S,A) =

2
Spilit information(S, Memory) = — %
i=1
7 7 8 8
S_I(S,Memory) = — Elngzﬁ—ﬁlngz
0.087

Gain Ratio(S, Memory) = — = 0.087

log

E:

GainRatio gulnl p ersins Ciay sl (o

Isi

25|

1




Gain(S, Price) = 0.087

2

o . , 1S;1, 1Sl
Spilit information(S, Price) = — mlngzm
S I(S, Price) = log, —= — —log, — 1

s (15 08275 T 15108275) =
0.087

Gain Ratio(S, Price) = — = 0.087
Gain(S, BatteryLife) = 0.323

. . , |5 | |S; ]
Spilit information(S, Price) = |5| —log ﬁ

5 5
S_I(S, Price) = —3(E1082E = 1.58

0.087
Gain Ratio(S, BatteryLife) = Teg = 0.204
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Gain(Low, Memory) = 0.97

2

S. Si

Spilit information(Low, Memory) = — %1032 %
i=1

S_I(LOW,Memory) = 0.97

0.097

Gain Ratio(l =—-=1
ain Ratio(low, memory) 097

Gain(Low, Price) = 0.017

2
[ ] L) L] » L |Si| |Si|
Spilit information(Low, Price) = — S log TSI

i=1
S I(LOW, Price) = 0.97
0.017

Gain Ratio(low, pri = ——=(.0175
ain Ratio(low, price) 097

Lol e i memory Jdow asls oy ol




l Battery life \
low l medium \ l tong
lmemnry l yes

Gain(Medium, Memory) = 0.017

2
S. S;
Spilit information(Medium, Memory) = — %1032 %
o




2 2 3
SI(Medium,Pricej = = (glﬂgs, g + glﬂg5 g) = 0.97

017
Gain Ratio(Medium, Memory) = 097 - 0.0175
Gain(Medium, Price) = 0.97

_ . . . > 1Si|
Spilit information(Medium, Price) = |5| —log
SI(MediumJFricej = 0.97
0.97

Gain Ratio(Medium,price) = ——==1
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®* WEKA, a free and open-source data mining suite, contains many
decision tree algorithms

® Orange, a free data mining software suite, module orngTree

* KNIME

® Microsoft SQL Server
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Home Insert Page Layout Formulas L
B ¥ - m ] ax v | = . S © - .
_j By - Calibri 11 A A == d:’ “J% d_?ls LSLm 0\)‘0 U-Q_)S.
Paste B 7 U~ SH-A- EEZ i
- ¥ = Gl ==t
Clipboard 1% Font 5 A
Al v ( £ | outlook CSve
A | B | ¢ | o | € | r:_i C:\Users\Vahid\Documents\weather.csv - Notepad++
1 outlook temperatihumidity windy play File Edit Search View Format Language Settings Macro R
2 sunny 8 8 FASE no DB E B sRD| e Mgl 2
3 sunny 80 90 TRUE no e
4 overcast 83 86 FALSE yes 5 weathercov |t |
5 rainy 70 96 FALSE yes 1 outlook,temperature, humidity,windy,play
6 'rainy 68 80 FALSE yes 2 sunny,85,85,FALSE,no
7 rainy 65 70 TRUE no i o0y 50,90, TROE, no
8 overcast 64 65 TRUE yes ! | pemaoad Unaag
1 i 5 rainy,70,96,FALSE,yes
o sunay 2 95 "EALSE: R § rainy,68,80,FALSE,yes
10 sunny 69 70 FALSE yes ! 7 rainy, 65,70, TRUE,no
11 rainy 75 80 FALSE yes ' 2 overcast,&4,65,TRUE,yes
12 sunny 75 70 TRUE yes | % sunny,72,95,FALSE,no
13 overcast 72 90 TRUE vyes ! i0 sunny,$69,70,FALSE,yes
14 overcast 81 75 FALSE yes | i1 rainy,75,80,FALSE, yes
15 rainy 71 91 TRUE no ! Se e sunny, 75,70, IRUE,yes
16 | | 13 overcast,72,90,TRUE,yes
2 i£ overcast,81,75,FALSE,yes
' 15 rainy,71,91,TRUE,no
15




