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m Creates tree using information theory
concepts and tries to reduce expected number
of comparison..

m [D3 chooses split attribute with the highest
information gain:

+ For Attribute A, relative to a collection of data
| Dv|

Gain(D, A) = Entropy(D) — Z

veValues( A) D

Entropy(Dv)
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& \Which Attribute is Best?

s Select the attribute that is most useful for
classifying examples.
s Quantitative Measure
+ [Information Gain
+ For Attribute A, relative to a collection of data
Gain(D, A) = Entropy(D) — Z mEnrropy(Dv)

velalues( A) [ D ‘

+ Expected Reduction of Entropy BOBEEG Companies, nc, 2008
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Outlook | Temperature | Humidity | Wind | PlayTennis
SUnmy Hot High Weak No
SNy Hot High Strong NO

Owvercast Hot High Weak Yes

Rain il High Weak Yes
Rain Cool Maormal Weak Yes
Rain ool Maormal Strong NO

Owvercast ool Maormal Strong Yes
SUnMY il High Weak NO
SUnmy Cool Maormal Weak Yes

Rain Mild Mormal Weak Yes
SLINMY Mild Maormal Strong Yes
Owvercast il High Strong Yes
Owvercast Hot Maormal Weak Yes
Rain Mild High Strong NO
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Entropy of D

Entropy (D) = Entropy ([9+.,5-])

9 9

5

= lo
14 =\ 14

= (.940

14

lo

g

)

14

Outiook | Temperature | Humidity | Wind | PlayTennis
Suniny Hot High Weak No
Suniny Hot High Strong No

Owvercast Hot High Weak Yes

Fain il High Weak Yes
Fain Cool Maormal Weak Yes
Rain Cool Mormal Strong No

Overcast Cool Mormal Strong Yes
sSunmny il High Weak No
Suny Cool Maormal Weak Yes

Rain Mild Mormal Weak Yes
Sunry hlild Mormal Strong Yes
Overcast hild High Strong Yes
Overcast Hot Mormal Weak Yes
Fain Mild High Strong Mo

8-1
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Attribute Humidity
& Attribute Humidity

[9+,5-]: E =0.940

- thgh = [3+,4-] Humidity
- Dnormai'z[e-l- ’ 1 _] H'V wnn al
344-]:E=0985  [6+1-]: E=0.592
Gain(D,Wind) = Entropy( D) — Z | De| —— Entropy(Dv)
vef higgh sormal) I I

= Entropy( D) — 14 LntropW( Dy, ) — 1 Entropn(D, ...

= ﬂ.’%’ﬂﬁ-——?—.{).?SS-—, 110.5-9'2
14 14

The McGraw-Hill Companies -Hill Companies, Inc., 2008



" _— 8-1-
Attribute Wind

& Attribute Wind

[9+.5-] : E = 0.940

s D =[9+ 5] Wind
. Dweak [6+ 2 ] ‘J»eﬂk/ \‘ﬂmuu
y Dstrong_[B 3]
[6+.2-] : E—tml 0

Gain( D, Wind) = Entropy( D) — Z JD—le ntropy( Dv)
Vel weak strong ] |

— Entropy(D) —%Ehmpy( D) - -%E‘mmpy( Die)

—().940 -_E,_Q;gl. | —il.ﬂﬂ.
14 14

=0.048
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A E C D E F & H |
1 |Yes:+; No:-
2 Root D il p+n | piip4n)*log2ipdp4n)) ndpHn)* loe2nfp+n)) sum of Froducts | Probability Product
3 D 9 o) 14 0.410 0.531 (0.940 1 0.540
4
5 | Qutlook I il pH | i) Floel(pdp ) FfpH)Flog2ndip ) sum of Products | Frobability Product
6 | D_Sunny | 2 3 5 (0.529 0442 0971 (.36 0.347
7| D _Overcast| 4 0 4 0000 (0,000 (0.000 (.29 (0.000
g D_Eain 3 2 5 0.442 0.529 0.971 0.36 0.347
9 SUM 0.694
10 CAIN Maz. information gain 0247
11
12 Temp. D n p+n | piip4n)*logZipdp4n)) ndpHn)* loel (nfp+n)) sum of Froducts | Probability Product
13 D_Hot 2 2 4 (0.500 (0.500 1.000 (.29 0.286
14 | D_Mild 4 2 6 (0.390 0.528 0918 0.43 0.394
15| D Cool 3 1 4 0.311 (0.500 0511 (.29 0.232
16 SUM 0.911
17 GAIN (0.029
15
19 | Humidity | p il pH | ) Floel (pdp4n)) FdpHn)Flog2 (ndtp ) sum of Products | Frobability Product
20 | D_High 3 4 I 0.524 0.461 0.9585 .50 0.493
21 | D_Mormal | 6 1 '/ 0.191 0.401 (.59 .50 0.296
27 SUM 0.788
A &N 152
M 4 » M) Sheet] #Sheet? /Sheet3 / <
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Best Attribution Chosen

[ Gam(D, Humrdfty) 0.151
s Gain(D, Wind) = 0.048
s Gain(D, Temperature) = 0.029

[9+,5-] : E = 0.940
Outlook

Sunny .
; Rain

[2+.3-]: (D1, D2, D8, [4+,0-] : ( D3, D7, [3+.2-]: (D4, D5, D6,
D9. DI11) DI12.DI13) D10, D14)
YES
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& Best Attribute?

s Gain(D, Wind) = 0.020
s Gain(D, Temperature) = 0.571

[9+.5-] : E = 0.940

Outlook
Humidity YES [3+.2-] : (D4, D5, D6,
_ D10, D14)
High Normal

NO YES

The McGraw-Hill Companies ompanies, Inc., 2008



"

& Best Attribute?

s Gain(D, Humidity) = 0.020

.IIII.IIIIIIIII LR N} EEEEEEEEEEEEER L III.IIIIIIIIIII.IIIIIII.

:w Gain(D, Wind) = 0.971

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

s Gain(D, Temperature) =

8-1-11

0.020 Outlook
Sunny R
Overcast
Humidity YES Wing
High Normal Strong Weak
NO YES NO YES
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Day { Outiook | Temperature | Humidity | Wind | PlayTennis
D1 SUnmy Hot High Weak No
D2 SLNMy Hot High Strong NO
D3 | Overcast Hot High Weak Yes
D4 | Rain il High Weak Yes
D5 Rain Cool Mormal Weak Yes
D6 | Rain ool Mormail Strong NO
DT { Owvercast ool Maormal Strong Yes
D8 | SUnny il High Weak NO
D9 SUnmy Cool Mormal Weak Yes
D10 Rain flild Mormal Weak Yes
D11 { Sunny hlild Maormal Strong Yes
D12 | Overcast Mild High Strong Yes
D13 Owvercast Hot Mormal Wealk Yes
D14 | Rain flild High Strong NO

8-1-12
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8-1-13

A E C D E F & H |
2 Root p Il pin | pipa)*logZ(p/ip4n)) ndpH)*logZin/(p4n)) sum of Froducts | Frobability | Froduct
3 D 9 5 14 0.410 0.531 (0.940 1 0.540
4
5 Day D il p+n | piip4n)*log2ipdp4n)) ndpHn)* loe2nfp+n)) sum of Froducts | Probability Product
8] D1 0 1 1 0000 (0,000 (0.000 Q.47 (0.000
i D2 0 1 1 0000 (0,000 (0,000 Q.07 (0.000
g D3 1 0 1 0000 (0,000 (0.000 Q.47 (0.000
9 D4 1 0 1 0.000 (0,000 (0,000 007 (0.000
10 D5 1 0 1 0000 (0,000 (0.000 Q.47 (0.000
11
12 D14 0 1 1 0000 (0,000 (0.000 Q.47 (0.000
13 SUM (0.000
14 TAIN Mazx. information gain 0.940
15 | Outlook D n p+n | piip4n)*logZipdp4n)) ndpHn)* loel (nfp+n)) sum of Froducts | Probability Product
16 | D_Sunny | 2 3 5 0.529 0442 0971 (.36 0.347
17 | D _Overcast| 4 0 4 0.000 (0,000 (0,000 0.29 (0.000
15 | D_Rain 3 2 5 0442 0.529 0971 ARt 0.347
19 SUM 9 0.694
20 GAIN - 0.247
21
2 Temp. o il pH | ) Floel (pdp4n)) FdpHn)Flog2 (ndtp ) sum of Products | Frobability Product
23 D Hot 2 2 4 (0.500 (.50 1.000 .29 (0.286
A4 T hdild (1350 0528 D918 43 394

: 4 2
M 4 » »} Sheet] /Sheet? f Sheetd /
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D14

No  No . Yes No
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C4.5

m D3 favors attributes with large number of

divisions
m Improved version of ID3:

[1Missing Data

1 Continuous Data

I Pruning

“Rules GainRatio(S, A) = 5 Z‘HIGQETL(_S}%) A

1GainRatio: plitin formation(s, A)
SplitInformation(S, A) = — él %logz%

where S; is subset of S for which A has value v;
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E]ﬂ.ﬂflﬂl' 0000000 ms
| Choee: [143 ¢
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@Uﬁﬂ tﬁﬁiﬂiﬂgﬁﬂi === Clasgaifier model [(full training sen) === £
() Supplied fest st Sl
i Tda
() Crossvalidetion: 0 | Ji
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_ — day = dl: nn
| Mo opficas... | fi = A5 0
day = d3: yes
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CART

m Create Binary Tree
m Uses entropy

8-1-18

[4S, M, 3T]

Gender

N

[3S, 6M, OT]

O (Gender)=2%* 1£ X 9 (2 + 4 + 2)

=0.224

(1S, 2M, 3T]

X
5 15 (15 15 15

m Formula to choose split point, s, for node t:

7=1

B(s/t) = 2P PR S | P(Cy | 1) = P(Cy | 1r)

= Maximum

m P, P, probability that a tuple in the training set
will be on the left or right side of the tree.
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FHR TN 'E BEE SHXeiE EE EA EHXREXZIER
% f}'J 20 (F#&) 17152 (&) 11,090 20,455 400 = % ZERF
/7 23 (F#E) 25,862 (&) 24,756 30,083 2,300 = % ZERF

28 (F&E) 26,169 (&) 47,355 49,341 3,100 = = B

23 (F&E) 21,117 (1K) 21,242 30,278 300 = #T HER

22 (ZF#§) 7,127 (1K) 23,903 17,231 900 1K = RS

26 (F#E) 42,083 (Fiy) 35,726 41,421 300 = #L EERY

24 (F#&) 55,557 (Ftg) 27,040 48,191 1,500 = #E HERS

27 (FEE) 34,843 (F19) 0 21,031 2,100 = #L ZEERF

29 (&F#) 74,295 (F15) 88,827 100,599 100 = = SRS

23 (=) 38,887 (Fiy) 6,260 33,635 9,400 & & SRS

28 (ZF#&) 31,758 (F15) 58,492 49,268 1,000 1K & SRS

25 (F#E) 80,180 (&) 31,696 69,529 1,000 =3 & B

33 (&) 40,921 (FiH) 91,111 90,076 2,900 iy = Ei

36 (FREE) 63,124 (F19) 164,631 144,697 300 1K #x HERS

39 (FR=E) 59,006 (F13) 195,759 161,750 600 158 % ZERF

39 (FREFE) 125713 () 382,180 315,396 5,200 /58 = HERF

55 (FREE) 80,149 (&) 511,937 21,923 1,000 159 % ZERF

62 (EZ&F) 101,291 (F) 783,164 23,052 1,800 K % ZERF

71 (EHF) 81,723 (&) 776,344 20,277 900 1K #x AERF

63 (EFE) 99522 (&) 783,491 24,643 200 1K #x AERF
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. 8-1- 20
S R R

not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low Late
not-midlle not-high not-low Late
not-midlle not-high low On-time
not-midlle not-high not-low Late
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high low On-time
not-midlle not-high low On-time
not-midlle high not-low Late
midlle not-high not-low Late
midlle not-high low On-time
midlle not-high low On-time
midlle high low On-time
midlle high low On-time
Not-midlle high low On-time
not-midlle high low On-time
not-midlle hioh Jow On-time

The McGraw-Hill Companies

1w-Hill Companies, Inc., 2008



" S

Low

The McGraw-Hill Companies

Not low

-

Middle

Not middle

Y r

High

Not high

Y

Y

8-1-21
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. _ 8-1-22
CART Analysis

m At the start, there are three choices
for split point:
D(Age)=2(5/20)(15/20)(7/20 + 3/20)=0.1875

[15 On-time, 5 Late]

Age

Middle Not-middle

[4 On-time, 1 Late] [11 On-time, 4 Late]

The McGraw-Hill Companies cGraw-Hill Companies, Inc., 2008
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CART Analysis

m At the start, there are three choices
for split point:

®(Income)=2(6,/20)(14/20)(5/20 +
3/20)=0168 [15 On-time, 5 Late]

Income

ngrA,\lomlgh

[5 On-time, 1 Late] [10 On-time, 4 Late]

The McGraw-Hill Companies cGraw-Hill Companies, Inc., 2008
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CART Analysis

m At the start, there are three choices
for split point:
®(Risk)=2(10/20)(10/20)(5/20 + 5/20)=0.25

[15 On-time, 5 Late]

Maximum

Risk

. [100ntime OLat] |  [5On-time, 5 Late]

The McGraw-Hill Companies IcGraw-Hill Companies, Inc., 2008



"

Step 2:

Age Income Risk Result
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low Late
not-midlle not-high not-low Late
not-midlle not-high not-low Late
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle high not-low Late

midlle not-high not-low Late

8-1-25
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. _ 8-1-26
CART Analysis

m At the start, there are three choices
for split point:
D(Age)=2(1/10)(9/10)(5/10 + 3/10)=0.144

[5 On-time, 5 Late]

Identical

Age

Middle Not-middle

[0 On-time, 1 Late] [5 On-time, 4 Late]
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CART Analysis

m At the start, there are three choices
for split point:
®(Income)=2(1/10)(9/10)(5/10 + 3/10)=0.144

[5 On-time, 5 Late]

Income

ngrA,\lomlgh

[0 On-time, 1 Late] [5 On-time, 4 Late]

The McGraw-Hill Companies cGraw-Hill Companies, Inc., 2008
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[15 On-time, 5 Late]

Risk

LOVAWOW

[10 On-time, O Late] [5 On-time, 5 Late]

Age

Middle

[0 On-time, 1 Late]

Not-middie

[5 On-time, 4 Late]

8-1-28
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Step 3.

Age Income Risk Result
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low Late
not-midlle not-high not-low Late
not-midlle not-high not-low Late
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle not-high not-low On-time
not-midlle high not-low Late

8-1-29

The McGraw-Hill Companies I Companies, Inc., 2008



" T
[15 On-time, 5 Late]

Risk

Low Not-low

[10 On-time, O Late] [5 On-time, 5 Late]

Age
Middle Not-middle
[0 On-time, 1 Late] [5 On-time, 4 Late]
Income
High Not-high
[0 On-time, 1 Late] [5 On-time, 3 Late]
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