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TeX yeY
o] & thAl RHstH Y HEY wo e F A

H(X,Y) = —E logp(X,Y) (3.6)

7 "o 2 E QERYE 2HE g XYL A= AA A Qn R

EZAF ERI = ofH o] Foifls we] JERT S| 7|Hfgioz o

HY|X) = Y p@)HY|X =) (3.7)
zeX
= =) p@) ) plyle) logp(ylz) (38)
zeX yey
= =2 > wlzy) logp(yle) (3.9)
reX yey
= —Epyy logp(Y|X). (3.10)

AR JEZ T 9} £ E JE 2| Abolof & thg 3} 2 WA 7} A 7 Fo}[13].

= H(Y)+ H(X|Y) (3.11)

o] 71 & chain-ruleo] g} s}w] A o] ou|sl= vl X9 Y AA| 7} 7}A]

rr
2
|m
b

59 § e X7h bt AEZS} X7k R RS ) Vol o} 9l A=

5)e] go] "k Aolch.

17



A 3% 5 Aus} oA

237t 7HAl = 2 7HA 87 A ol

°
dlo
flo
2
ul

- JERI | AA

=
ks’
V
o

2. H(X|Y) < H(X)

S5E XotYoh 599 A9 4gact

4. H(X) < log|X|
535 X7} 755 (uniformly) £ 23k wwt A 33k}

(A714 |- | - 9 cardinalityE }e}ic.)

ot

. H(p)= peoll W8l & =3 (concative) o]t}

]
g
e
=3
fo
[
)
1o
P
o
r [
Q
1o
ox
=2
=
ul
fru
ﬂ
)
=
S
rr
=3
ml
Q
AL
=2
N
N
ol
%
[o

24 A7)e 2AE BASE Ast "ok F BE p(z), q(z) Abo] 2] At dlE

23e o3 o] Yo ).

Dplla) = 3 pla) log 22
reX qx)
= plog% (3.12)

i

o] A& B o & Q= Ay ol EZ = po} g7} Fol} Wol L FEE A

v po} g7 & o} 0o .

18



A 3% 5 Aus} oA

j

)

(3.13)

(3.14)

(3.15)

S Xsh Y7h A= S¢oleta 7h

B

ok

9 Aol A o] F

To¥

Fab Aol 1% 3.20]c} [13).

(3.16)

I(X;Y) = H(X) — H(X|Y)

(3.17)

I(X;Y) = H(Y) - HY|X)

(3.18)

H(X)+H(Y) - H(X,Y)

I(X:Y)

(3.19)

= 1(V; X)

I(X;Y)
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I(X;X) = H(X)
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¥ 3.3 L4(2%) A g ¥ 34: L93Y) Aw 9
Run 1 2 3 Run 1 2 3 4
1 1 1 1 1 1 ) . .
2 1 2 2 9 1 5 ) )
3 2 1 9 3 1 5 5 ,
4 2 2 1 4 9 . ) ,
5 2 2 3 1

6 2 3 1 2

7 3 1 3 )

8 3 2 1 3

9 3 3 2 1

Run 1 2 3 4 5 6 7 8 9 10 11

1 Tt 1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 2 2 9 9 5 5
3 11 2 2 2 1 1 1 2 5 5
4 1 2 1 2 2 1 2 9 1 1 5
5 1 2 2 1 2 2 1 2 1 5 .
6 1 2 2 2 1 2 2 1 2 1 .
7 2 1 2 2 1 1 2 9 1 5 )
8 2 1 2 1 2 2 2 1 1 1 5
9 2 1 1 2 2 2 1 2 2 1 )
10 2 2 2 1 1 1 1 2 2 1 5
11 2 2 1 2 1 2 1 1 1 9 5
12 2 2 1 1 2 1 2 1 2 5 .
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Y2

0.061037

0.616807

0.562441

0.616807

0.562441

0.061037

Y2

0.262094 0.01704

0.845882

X-Y

Y2

(c) MIFS Av&A] I(fi;2) — I(fi; £5))

I(X-Y;2)-I(X -Y;X)=—0.353713

X-Y

—0.043997

I(Y*%2Z) - I(Y?% X)

Y2
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I(fs: fi: C) = 1(fs; C) + I(f5: C|fs) (4.1)

A714 I(X;Y|2)E 27} FoARE ) XL spolol] ool RPN 5 £

A% ARl webA o] Aol M I(f; C)= F& 29 45 I(fi; Clfs)= F

A I(fs:C)e AAY FEACR T2 o= B I F, I(f;Cf)S
I

(fi; Clfs)= AlAtste

Sobet % meb & el wlad Felo) S 1(f fi) o 1/ O)F ol
sl I(fi; C|fs)E S2ksbat At gbeh. AAA 02 I(fy fi) ok I(fi; C)ab& o] &35
Aaa I(f;; Clfs) S Fote A Brlsabant I(fi; C|fs) & theat 2ro] £

2 % sk

it

I(f:Clfs) = 1(fi; C) = {I(fs; fi) = I(fs; £il O)} (4.2)

A I(ff) #2159 48 1 £I0)E #3212 77 dehl=z
I(fi £) = T3 FIC)E 34 4% vhebileh o] Aol A 1(f; HIC)A F5 1

A} o] 7o) olulais whi B2 C7F FolA S uf ofn] Aulg Q2 fo9) E hE

2I(fi;01f)& 7% wl vrojof sl 229
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= 117:0) - (- T 1)
= 110) - () (1.5
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X 4.2: A A 4.1 i3k (4.3)9] ElA

(a) H(fs; C)ok H(fs)2l

H(X) 3.31814

H(X|Z) 2.47226

H(X|Z)/H(X)  0.745

(b) I(fs; filC)=F I(fs; fi)2] ml

I(X-Y;X) 0.616807 I(Y% X) 0.061037

I(X-Y;X|2) 0.437918 I(Y* X|Z) 0.049123

I(X-Y;X|2)/I(X-Y;X)  0.709 IY%X)/I(Y% X|Z)  0.805

=~
—~

1=3
=%

2

@)

P

I

Aok o 4YS AarIAA g B

-

(a) (439 3+ FHE A

Vf, f € Fell tisted I(f;C) A4

(b) (olm] delgl 542 lERT] B FFAR A4
Vs, s € Sell thsted H(s),I(s;C) A4k

38



£y

: | A5 MIFS

he S

°

o =2

bod I(f;s) A4k

°

I(f;s) &

F«—F\{f}, S« {f} 2& F&r}.

I(s;C)

s€$ TH(s)

Y(f,s), f € F, s € Sel o

Vf, f€F o s
I(f;C) =B

M e % o o oﬂm M T m“ R - - =~ S
T TR N _ el — -
ﬁ i 1 S S O ° X e x oo M K
e o T MoE ®owon o o
ofu % ,I.AH Mu J_/;A Muﬂ x ol M £ N B | T
N N T o F o o o A R OT o
. R B TR O N~ ﬁ >89 M
Tk w R oo BT & K om w7
T . - S o L B o %
‘_.ro ) O - —~ “ o HL ]__/I AN H N o3 e _I_
T K o T K M B
o NS U ok R < oy T pn — N I o
I T O A S S L N
Y - —_ T & ks I N P e o o
ﬁa W o = W Mo T g R = G T =
s B w e T oo wow g 2w 5o
w Xowp v ¢ v - w 7 — S o] X
v N ™ = B "X il -
T v E oz Rt e ®Rere oo T
— . o _ =
T A e S L U = )
o | W | o ] N5 ol o
i < #o o] = 9 R
oF =< 1;‘_ . ‘B —_ ﬂl ~ L v Ln,m <
= Xz T Bowow 5T b -
i M = of o oo — T T Qe
@ Eop W ﬂrw N - SRR S - S
° —~
S EEc T wEEopd T gow g
=) - dooqgn T H Mo o K . S
ﬁE :.L i) 0 TAO - .._t iy <0 i) o _— Q. U_W
@o_zgl%ﬂ%&W&VH}%
‘m.ﬂ._ N o ME ‘.lwwﬂ ,:1_ HAFL . = —_ T ™ H N e
o I o 1L I By ) Y (S ]
T oo T R i
TR L - T T
x Q. = = o =n = o oy N o) =
5 T oo™y XN M oo X AR T W
0 m T B N o | o W AF W oX W om =
T I W B N S
N 3 NS
N OﬁE X | " HL O_H 10 e U.__l __IME — s fo
B W ok b B s H B o W b of T A

39



A" MIFS

7] W&ol sto 2 drd Ay o]

(redun-

W
o
Ho

ql of 27 ]
8 & AAskE 4R 7tAH A = MIFSS}

47

e

Al A A

Lt}
T =

M

il

wjr

ﬂMO

2| oA 4.1}

—_—
o

MIFS¢} Aot odue]F o7 o8 g

=
=

o A 4.19] A

100074 2] sjelo 7

g delH =

o)
H

4.3 it

e

1
A =2

=
)

%)
wjp
I*MO

Ho
K
)

F 7052 MIFSef f7tS 0.5 ~

2 Battit7} =) q}3}

=
=

23}

oy

o|
<P

]

BIh VR wo] wh

0

o
Ho

o)

Z

4.1(c) ol LrERd AR X}

iz
A

SEEEE

40



A 4% A2 9d 54 Ae uy T: a5 MIFS

3 4.3: oA 4.10) gk MIFSe} Al ¢ksl dae]Ee vjm (F1=X,F2=X-Y,
F3 =Y?)
(a) MIFSE 2183 7 ¢
B 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 14 1.5

AW A= |F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1

=wn Ael|F2 F2 F2 F2 F2 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3

AHx) A= F3 F3 F3 F3 F3 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2

)
o

Aga g

(b) M= A<k=l e

B 0.0 0.1 02 03 04 05 06 07 08 09 1.0 1.1 1.2 1.3 1.4 1.5

AWx A= |F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1
FHx A (F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2

A Adel |F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3
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A 4% A2e U8 =4 49wy I: A4 MIFS

¥ 4.4: IBM "lo|E ¢ ¢l8 EX

Attribute Description Value
salary salary uniformly distributed from 20,000 to 150,000.
commission commission if salary >75,000 — commission = 0

else uniformly distributed from 10,000 to 75,000.

age age uniformly distributed from 20 to 80.

elevel education level unoformly distributed from [0,1, ... /4].

car make of the car unoformly distributed from [1,2, ... ,20].

zipcode zipcode of the town uniformly chosen from 9 available zipcodes.

hlevel value of the house unoformly distributed from 0.5k10000 to 1.5k£1000000

where k € {0,...,9} depends on zipcode.
hyears years house owned  unoformly distributed from [1,2, ... ,30].

loan total amount of lown unoformly distributed from 1 to 500000.

IBM1, IBM2, IBM3 &} 5l3 % 4.49] 97 oJ& EX =2 747+ F1, F2,... , F9

2} sl 7 eh.

IBM1 d o] E

IBM1 dlo|El& & 4.40)| 4 H % age2} salary &, F13} F37}F £898 ZH A3}

2 dugch of dleleto] el 8 54 A dmelFol B AgHty &
%+ glet



A 4% A2 9d 54 Ae uy T: a5 MIFS

¥ 4.5: IBM d] o] 2] &5 3t (classification functions)

Function 1
Group A: ((age < 40) A (50000 < salary < 100000)) V
((40 < age < 60) A (75000 < salary < 125000)) V
((age > 60) A (25000 < salary < 75000)).

Group B: Otherwise.

Function 2
Group A: ((age < 40) A
(((elevel € [0 ... 2] 7 (25000 < salary < 75000)) : (50000 < salary < 100000))))V
((40 < age < 60) A
(((elevel € [1 ... 3] 7 (50000 < salary < 100000)) : (75000 < salary < 125000))))V
((age > 60) A
(((elevel € [2 ... 4] 7 (50000 < salary < 100000)) : (25000 < salary < 75000)))) .

Group B: Otherwise.

Function 3
Group A: disposable > 0, where
disposable = (0.67 x (salary + commission) — 5000 x elevel — 0.2 x loan— 10000).

Group B: Otherwise.
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A4 A Y SA A= W I: Ajdd MIFS

£ 4.9: Glass dlo]Eo] vak )2 54 Ael d3elEe] BHE (%)

MIFS Aok wy
9] 4] A 46.72 64.02
A9l 671 A 65.42 63.62
~+9] 87 A=l 77.01 78.97
A (971) 82.18

o7k ALl itk ol= F Uy 7t HE 6719 870 S A IS

rr
2
Is
o2

it

T 593 EAL BE 2359 7] djEY AHolt).

Card &4

Aol Ao ek €82 AS7t=2] i AR ZH7} 307, 3837 4 2
W= FA = et

o wloleol wiaA 7]E2] MIFSHH 2 Alkd WS ol &3l &9l 4~10

% 4.10: Card do]go] th3t sl EA Aw due]Fo E7FE (%)

MIFS Ak
9] 4] A 78.84 84.20
A9l 671 A 81.74 84.35
A+9] 87 A= 83.48 87.97
219] 107 A= 90.14 90.72
A (157)) 99.13
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Abstract

Feature Selection in neural networks is very important part, regardless of the
learning algorithm which is used to train the network. Due to the existence of
irrelevant and redundant attributes, by selecting only the relevant attributes
of the data, higher predictive accuracy can be acquired. In this paper, the
problem of feature selection, which is to select only the important features in
classification procedure is dealt with.

For this purpose, I propose two algorithms. First is an algorithm which
is the improved version of the MIFS which is proposed by Battiti based on
the mutual information, and the second one is an algorithm using Taguchi
method.

Improved MIFS algorithm is designed in order both to utilize the advan-
tage of the MIFS which can exclude the redundant features and to suppress
the undesirable side effects in feature selection procedure. The algorithm is
applied to some of the problems widely tested by many researchers, and the
performance of the proposed algorithm is better than that of MIFS in general.

The Taguchi feature selection algorithm is proposed as an answer to the
question of how to find the good features with as small number of learning as
possible apart from the algorithms using mutual information. Taguchi method
performed well with the features filtered with mutual informative methods,

especially when large number of features are available.

Keywords : neural network, feature selection, mutual information, Taguchi
method, orthogonal array.
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