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Abstract This paper shows a method to reduce the numbers of input variables to represent incompletely spec-

i�ed index generation functions. A compound variable is generated by EXORing a few original input variables.

Incompletely speci�ed index generation functions can be represented by a combination of original and compound

variables. As a meansto select variables, we proposea heuristic method using information gains. We represented

randomly generatedincompletely speci�ed index generation functions using only original variables, and using both

original and compound variables. Experimental results show that the use of compound variables is e�ectiv e for

reducing the number of input variables.
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1. $O$8 $a $K

FsCM$N%Y%/%H%k$, F~NO$5$l $?$H$- , $=$N%Y%/%H%k$KBP1~$9$k8G

M-$N%$%s%G%C%/%9$r=PNO$9$k2sO)$r%$%s%G%C%/%9@8@.2sO)$H$$

$&. %$%s%G%C%/%9@8@.2sO)$O, IP %"%I%l%9%j%9%HEy$KMxMQ$5$l

$F$$$k [7] $[ $+, %a%b%j$N7g4Y%%̂C%W$X$N1~MQ$b9M$($i $l $k [5].

%$%s%G%C%/%9@8@.2sO)$N9=@.J} K!$H$7$F$O, CAM (Content

Addressable Memory) $d PLA (Programmable Logic Arra y)

$rMQ$$$kJ} K!$, 0l HLE*$G$"$k$, , >CHqEENO$, Bg$-$$$H$$$&LdBj

$, $"$k [6]. $=$N$?$a, %a%b%j$rMQ$$$k9=@.J} K!$, 9M$($i $l $k$, ,

C10l %a%b%j$G$O8zN($, 0-$$$?$a, %O%C%7%e%a%b%j$HJd=u%a%b%j

$rMQ$$$kJ} K!$, Ds0F$5$l $F$$$k [5]. %a%b%j$rMQ$$$k>l 9g, CAM

$HHf$Y$FB?$/ $N%S%C%H?t $r I, MW$H$9$k. %O%C%7%e%a%b%j$HJd=u

%a%b%j$KJ, $1$F9=@.$9$k>l 9g, %O%C%7%e%a%b%j$NF~NO?t :o 8: $K

$h$j , Am%a%b%jNL$N:o 8: $, 2DG=$H$J$k.

K\O@J8$G$O, IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NF~NOJQ?t :o

8: <j K!$K$D$$$F=R$Y$k. $^$: , Bh2 >O$G$O, IT40A4Dj5A%$%s%G%C

%/%9@8@.4X?t $NDj5A$H@-<A$K$D$$$F=R$Y$k. Bh3 >O$G$O, JQ?t

$NB?=E2=$K$h$kIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NF~NOJQ?t :o

8: $K$D$$$F=R$Y$k. Bh4 >O$G$O, IT40A4Dj5A%$%s%G%C%/%9@8@.

4X?t $NB?=E2=JQ?t $rA*Br$9$k$?$a$N%R%e!< %j%9%F%#%C%/K!$G$"

$k>pJsMxF@K!$K$D$$$F=R$Y$k. Bh5 >O$G$O, IT40A4Dj5A%$%s%G%C
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%/%9@8@.4X?t $NJQ?t :o 8: 8z2L$r , B?=E2=JQ?t $NB?=EEY$d, EPO?

%Y%/%H%kJ, I[ $rJQ2=$5$; $?>l 9g$N7k2L$K$D$$$F=R$Y$k. :G8e$K,

Bh6 >O$GK\O@J8$N$^$H$a$H:# 8e$N2] Bj$K$D$$$F=R$Y$k.

2. IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t

!NDj5A2.1!O k 8D$N0[ $J$kEPO?%Y%/%H%k~a1 ;~a2 ; : : : ;~ak $KBP$7

$F, BP1~$9$k%$%s%G%C%/%91; 2; : : : ; k $NCM$r I= $K$7$?$b$N$r%$

%s%G%C%/%9I=$H$$$&.

!NDj5A2.2!O B = f 0; 1g $H$7, B n Cf$Nk 8D$N0[ $J$k%Y%/%H%k

$r ~a1 ;~a2 ; : : : ;~ak $H$9$k.

D = f ~a1 ;~a2 ; : : : ;~ak g, i 2 f 1; 2; : : : ; kg $H$9$k$H$- ,

!! ~ai 2 D $N$H$- f (~ai ) = i ,

!! ~b 2 B n � D $N$H$- f (~b) = 0,

$H$J$k4X?t f : B n ! f 0; 1; 2; : : : ; kg $r=E$_ k $N%$%s%G%C%/%9

@8@.4X?t $H$$$&. $^$?,

!! ~ai 2 D $N$H$- f̂ (~ai ) = i ,

!! ~b 2 B n � D $N$H$- f̂ (~b) = d!J %I%s%H!&%1%"!K,

$H$J$k4X?t f̂ : B n ! f 1; 2; : : : ; k; dg $r=E$_ k $NIT40A4Dj5A%$

%s%G%C%/%9@8@.4X?t $H$$$&.

IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $G$O, 4X?t $r I= 8=$9$k$?$a

$NJQ?t $r :o 8: 2DG=$G$"$k [1].

!NNc2.1!O ?^ 1(a) $K%$%s%G%C%/%9I= $r<($9. $^$?, ?^ 1(b) $K,

BP1~$9$kIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NJ, 2r I= $r<($9. $3

$3$G$N6uGr%;%k$O%I%s%H!&%1%"$r I=$9.

$3$N4X?t $G$O, ~a1 = (0; 0; 0; 1), ~a2 = (1; 0; 1; 1), ~a3 =

(1; 1; 0; 0), ~a4 = (0; 1; 1; 1) $N3FF~NO$KBP$7, f̂ 1(~a1) = 1,

f̂ 1(~a2) = 2, f̂ 1(~a3) = 3, f̂ 1(~a4) = 4 $G$" $k. $=$NB>$NF~NO

$KBP$7$F$O, f̂ 1 $NCM$Od!J %I%s%H!&%1%"!K$G$"$k. J, 2r I= $N3F

Ns$KHsNmMWAG$, 1 8D$: $D$"$k>l 9g, 3FNs$N%I%s%H!&%1%"$NCM$r ,

$=$NNs$K$"$kHsNmMWAG$NCM$KEy$7$/ $9$k$3$H$K$h$j , $3$N4X?t

$r x1 $Hx2 $NCM$N$_$K0MB8$9$k$h$&$KJQ49$G$-$k. ?^ 1(a) $N

%$%s%G%C%/%9I=$G$O, (x1 ; x2) $NCM$, $9$Y$F0[ $J$C$F$*$j , $3$N

2 $D$NJQ?t $N$_$G%$%s%G%C%/%9$rH=JL$G$-$k. $3$N$h$&$K, J, 2r

I=$K$*$$$F, 3FNs$KHsNmMWAG$, 9b!9 1 8D$7$+B8:_ $7$J$$>l 9g, 4X

?t $r I=8=$9$k$?$a$NJQ?t $N8D?t $r :o 8: $G$-$k. !J Nc=*$j !K
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?^ 1 4 F~NOIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 1

!NNc2.2!O ?^ 2 $KIT 40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 2 $N%$%s

%G%C%/%9I= $HJ, 2r I= $r<($9. $3$N4X?t $r I= 8=$9$k$?$a$KI, MW$J

JQ?t $N8D?t $r 9M$( $k. ?^ 2(a) $NJ, 2r I= $G$O, (x1 ; x2) = (1; 1)

$NNs$K2 8D$NHsNmMWAG$r$b$D. =>$C$F, 4X?t f̂ 2 $r f x1 ; x2g $N$_

$GI=8=$9$k$3$H$OIT2DG=$G$"$k. F1MM$K, (x3 ; x4) = (1; 1) $N9T

$K$b 2 8D$NHsNmMWAG$r$b$D$?$a, 4X?t f̂ 2 $r f x3 ; x4g $N$_$GI=

8=$9$k$3$H$OIT2DG=$G$"$k.

<! $K, ?^ 2(b) $K<($9$h$&$K, J, 2r I= $NJQ?t $NJ, 3d$r (x1 ; x4),

(x2 ; x3) $H$9$k$H, 3FNs$KHsNmMWAG$r9b!9 1 8D$7$+$b$?$J$$. ?^

2(b) $N%$%s%G%C%/%9I= $G$O, (x1 ; x4) $NCM$, $9$Y$F0[ $J$C$F$*

$j , $3$N2 $D$NJQ?t $N$_$G%$%s%G%C%/%9$rH=JL$G$-$k. =>$C$F,

4X?t f̂ 2 $O, f x1 ; x4g $N$_$GI=8=$G$-$k. !J Nc=*$j !K
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?^ 2 4 F~NOIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 2

0J>e$N$h$&$K, IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $G$O, JQ?t $N

A*Br$r9) IW$9$k$3$H$K$h$j , 4X?t $r I= 8=$9$k$?$a$NF~NOJQ?t $r

:o 8: $G$-$k. IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $r%a%b%j$G<B8=

$9$k>l 9g, F~NOJQ?t $r 1 8D:o 8: $9$k$H, I, MW$J%a%b%jNL$OH>J,

$H$J$k. $D$^$j , F~NOJQ?t $N:o 8: $K$h$j , %a%b%jNL$rBgI} $K:o 8:

$G$-$k.

C10l =PNOIT40A4Dj5A4X?t $NF~NOJQ?t $N:G>. 2=K!$K4X$7$F$O,

;2 9MJ88%[1], [2] $G9M0F$5$l $F$$$k.

!NJdBj 2.1!O =E$_ k $NIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $r I= 8=

$9$k$?$a$NJQ?t $N8D?t $r p $H$9$k$H$- , 4X78

!! !! dlog2(k + 1)e <= p

$rK~$?$9.

Nc$($P, k + 1 = 2p $N>l 9g, 9b$5 p $N40A4FsJ, LZ$r9M$($k$H,

p 8D$NJQ?t $Gk 8D$NEPO?%Y%/%H%k$r6hJL$G$-$k. IT40A4Dj5A%$

%s%G%C%/%9@8@.4X?t $NJQ?t :o 8: LdBj$O, EPO?%Y%/%H%k$r6hJL$9

$k$?$a$NFsJ, LZ$N9b$5$r :o 8: $9$kLdBj$H9M$($k$3$H$b$G$-$k.

9b$5$r :o 8: $9$k$?$a$K$O, $J$k$Y$/ It J, LZ$N9b$5$, Ey$7$/ $J$k

$h$&$KJQ?t $rA*Br$9$l $P$h$$. $D$^$j , $J$k$Y$/ %P%i%s%9$7$?

It J, LZ$r9=@.$9$k$h$&$KJQ?t $rA*Br$9$l $P$h$$. $3$N9M$(J} $O,

8e=R$9$k>pJsMxF@K!$NJQ?t A*Br$N%"%k%4%j%:%$̀GMQ$$$k.

=E$_ k $NIT 40A4Dj5A%$%s%G%C%/%9@8@.4X?t $O, B?$/ $N>l 9g,

9b!9 2dlog2(k + 1)e� 1 8D$NJQ?t $GI=8=2DG=$G$"$k [5]. $9$J$o

$A, dlog2(k + 1)e <= p <= 2dlog2(k + 1)e � 1 $, @.N)$9$k.
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3. B?=E2=JQ?t $K$h$kF~NOJQ?t :o 8:

$3$3$G$O, F~NOJQ?t $N@~7A4X?t $rMQ$$$k$3$H$K$h$j , IT40A4Dj

5A4X?t $rI=8=$9$k$?$a$NF~NOJQ?t $r$5$i $K:o 8: $9$k<j K!$r<($9.

!NDj5A3.3!O B = f 0; 1g, i 2 f 1; 2; : : : ; ng $H$9$k. IT40A4Dj5A

%$%s%G%C%/%9@8@.4X?t $Nn 8D$NF~NOJQ?t x1 ; x2 ; : : : ; xn $KBP$7

$F, B?=E2=JQ?t y $r<!$N$h$&$KDj5A$9$k.

y = c1x1 � c2x2 � � � � � cn xn !! !! (ci 2 B )

B?=E2=JQ?t y $NDj?t ci $K$*$$$F, ci = 1 $H$J$kDj?t $N8D?t $r y

$NB?=EEY$H$$$&.

B?=EEY1 $NJQ?t $O, $b$H$NF~NOJQ?t !J 86;OJQ?t !K$r I= $9. $^

$?, B?=EEY2 $NB?=E2=JQ?t $r 2 =E2=JQ?t , B?=EEY3 $NB?=E2=JQ

?t $r 3 =E2=JQ?t $H$$$&.

!NNc3.3!O ?^ 3 $KIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 3 $r<($9.

$3$N4X?t $r I= 8=$9$k$?$a$KI, MW$JJQ?t $N8D?t $r9M$($k. ?^ 3(a)

$NJ, 2r I= $G$O, (x1 ; x2) = (1; 1) $NNs$K2 8D$NHsNmMWAG$r$b$D

$?$a, 4X?t f̂ 3 $r f x1 ; x2g $N$_$GI= 8=$9$k$3$H$OIT2DG=$G$"$k.

F1MM$K, (x3 ; x4) = (1; 1) $N9T$K2 8D$NHsNmMWAG$r $b$D$?$a,

f x3 ; x4g $N$_$GI=8=$9$k$3$H$bIT2DG=$G$"$k. $^$?, 4X?t f̂ 3 $O

BP>N4X?t $G$"$k$?$a, B>$NAH9g$; $NJ, 2r I= $G$bF1MM$N7k2L$H$J

$k. 7k6I , f̂ 3 $r I= 8=$9$k$?$a$K$O3 8D$NJQ?t $, I, MW$G$"$k$3$H

$, $o$+$k.

<!$K, 2 =E2=JQ?t y1 = x1 � x2 , y2 = x2 � x3 $rDj5A$9$k$H,

?^ 3(b) $K<($94X?t ĝ3(y1 ; y2 ; x3 ; x4) $, F@$i $l $k. $3$N$H$- , ?^

3(b) $NJ, 2r I=$G$O, 3FNs$KHsNmMWAG$O9b!9 1 8D$7$+B8:_ $7$J$$.

=>$C$F, 4X?t ĝ3 $O, f y1 ; y2g $N$_$GI=8=$G$-$k. !J Nc=*$j !K

$3$N$h$&$K, IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NF~NOJQ?t $N

B?=E2=$r9T$&$3$H$K$h$j , F~NOJQ?t $r :o 8: $G$-$k. 0J8e, J#?t $N

F~NOJQ?t $rB?=E2=$7$FF@$i $l $kB?=E2=JQ?t y $K$D$$$F$b, 1 8D

$NF~NOJQ?t $H$7$F07$&.
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?^ 3 4 F~NOIT 40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 3 $HJQ?t $NB?=E2=$r

9T$C$?4X?t ĝ3

JQ?t $NB?=E2=$rO@M}2sO)$G<B8=$9$k>l 9g, ?^ 4 $N$h$&$JJQ?t

B?=E2=2sO)$rMQ$$$k. ?^ 4 $N%%̂k%A%W%l%/%5$N@)8f F~NO$NCM$O

%l%8%9%?$KC_$($k. $3$l $h$j , n 8D$NF~NOJQ?t $+$i 1 8D$NJQ?t

$rA*Br2DG=$G$"$k. ?^ 4(a) $G$O, 2 =E2=JQ?t $r@8@.$7$F$$$k$, ,

JQ?t y $KBP$9$k 2 8D$N%%̂k%A%W%l%/%5$N$&$A, 2<It $N%%̂k%A%W

%l%/%5$NF~NO$KDj?t 0 $rF~$l $Fy = x i � 0 $H$9$k$3$H$K$h$j ,

y = x i $N<B8=$b2DG=$G$"$k. ?^ 4(a) $G$O, 2 =E2=2sO)$r<($7$?

$, , %%̂k%A%W%l%/%5$N8D?t $rA}$d$9$3$H$K$h$j , B?=EEY$rA}$d

$9$3$H$b2DG=$G$"$k. JQ?t $NB?=E2=$rA4$/ 9T$o$J$$>l 9g$K$O?^

4(b) $N2sO)$rMQ$$$k.
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?^ 4 JQ?t B?=E2=2sO)

4. B?=E2=JQ?t A*Br$N%R%e!<%j%9%F%#%C%/K!

86;OJQ?t $N$_MQ$$$k>l 9g$K$O, 0l <o$N:G>. HoJ$LdBj$r2r$/ $3

$H$K$h$j , IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $r I= 8=$9$k$?$a$N

JQ?t $r :G>.2=$G$-$k [4] [5].

!N%"%k%4%j%:%`4.1!O IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NJQ?t

:G>.2=

!J 1 !K 3FEPO?%Y%/%H%k$r6hJL$9$k$?$a$N>r7o$rO@M}<0$GI=8=

$9$k.

!J 2 !K O@M}<0$NCM$r 1 $H$9$k$h$&$J, =E$_:G>. $N3d$j Ev$F$r

5a$a$k.

$3$l $O, O@M}<0$r BDD (Binary Decision Diagram) $GI= 8=$7,

$=$N=E$_:G>.%Q%9$r5a$a$k$3$H$K$h$j <B9T$G$-$k.

!NNc4.4!O ?^ 2(a) $K<($9IT 40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 2

$NJQ?t :G>.2=$r9T$&.

!J 1 !K 4 $D$NEPO?%Y%/%H%k$r $=$l $>$l ~a1 = (0; 0; 1; 0),

~a2 = (0; 1; 1; 1), ~a3 = (1; 1; 0; 0), ~a4 = (1; 1; 1; 1) $H$*$/ .

!J 2 !K ~a1 $H~a2 $r6hJL$9$k$?$a$K$O, x2 $^$?$Ox4 $, I, MW$G

$"$k. =>$C$F, >r7o<0 x2 _ x4 $, F@$i $l $k. F1MM$K, ~a1 $H~a3 $r

6hJL$9$k$?$a$N>r7o<0$Ox1 _ x2 _ x3 , ~a1 $H~a4 $r6hJL$9$k$?$a

$N>r7o<0$Ox1 _ x2 _ x4 , ~a2 $H~a3 $r6hJL$9$k$?$a$N>r7o<0$O

x1 _ x3 _ x4 , ~a2 $H~a4 $r6hJL$9$k$?$a$N>r7o<0$Ox1 , ~a3 $H~a4

$r6hJL$9$k$?$a$N>r7o<0$Ox3 _ x4 $H$J$k.

| 3 |



!J 3 !K $9$Y$F$NEPO?%Y%/%H%k$r 6hJL$9$k>r 7o$O, $9$Y$F

$N>r 7o<0$, F1;~ $K@.N)$9$k$3$H$G$" $k. =>$C$F, >r 7o<0

R = x1(x2 _ x4)( x3 _ x4)( x1 _ x2 _ x3)( x1 _ x2 _ x4)( x1 _ x3 _ x4)

$rF@$k.

!J 4 !K J, G[N'$*$h$S5[ <}N'$K$h$j , R = x1x2x3 _ x1x4 $H$J

$k. @Q9`$N:G>.%j%F%i%k?t $O2 $G$"$j , @Q9` x1x4 $, :G>.2r$r I=

$9. =>$C$F, 4X?t f̂ 2 $O, 2 8D$NJQ?t x1 , x4 $GI=8=2DG=$G$"$k.

!J Nc=*$j !K

JQ?t $NB?=E2=$r5v$9>l 9g$NF~NOJQ?t :G>. 2=$b, M}O@E*$K$ODL

>o$N>l 9g$HF1MM$K<B9T$G$-$k. $D$^$j , 86;OJQ?t x1 ; x2 ; : : : ; xn

$NB>$K, B?=E2=JQ?t y1 ; y2 ; : : : ; ym $rFHN)$JJQ?t $H9M$( , JQ?t $N

:G>. 2=$r9T$($P$h$$. 2 =E2=JQ?t $^$G$r5v$9>l 9g$K$O, Ey2AF~

NO?t $O, n +
�

n
2

�
=

�
n +1

2

�
$H$J$k. 3 =E2=JQ?t $^$G$r5v$9>l 9g$K

$O, Ey2AF~NO?t $O, n +
�

n
2

�
+

�
n
3

�
= n ( n 2 +5)

6 $H$J$k.

:G>. 2=$KBDD $r MQ$$$k>l 9g, F~NOJQ?t $NA}2C$KH<$$ BDD

$NBg$-$5$O;X?t 4X?t E*$KA}2C$7, $"$kCM$rD6$($k$H%a%b%j%*!<

%P%U%m$r5/ $3$9. =>$C$F, :G>. 2=$, 2DG=$J4X?t $NF~NOJQ?t $N8D

?t $K$O@)8B$, $"$k.

!NDj5A4.4!O IT 40A4Dj 5A%$%s%G%C%/%9@8@.4X?t $K$* $$$F,

jhi 0 � hi 1 j $r JQ?t x i $K$* $1$kJ, 3d:9 $H$$$&. $3$3$G, hi 0

$Ox i = 0 $H$J$kEPO?%Y%/%H%k$N8D?t , hi 1 $Ox i = 1 $H$J$kEPO?

%Y%/%H%k$N8D?t $G$"$k.

J, 3d:9 $N>. $5$$JQ?t $[ $I , %Y%/%H%k$N=89g$r 6QEy$KJ, 3d$G

$-$k.

%Y%/%H%k$N8D?t $r k $H$9$k. M?$($i $l $?JQ?t =89g$, , %Y%/%H

%k$N=89g$r6QEy$KJ, 3d$9$k>l 9g, 4X?t $r I= 8=$9$k$?$a$NJQ?t $N

8D?t $Odlog2(k + 1)e 8D$^$G:o 8: $G$-$k. $3$N$3$H$+$i , <!$N%"

%k%4%j%:%$̀rF@$k.

!N%"%k%4%j%:%`4.2!O 2 =E2=JQ?t $rMQ$$$?JQ?t :o 8:

!J 1 !K F~NOJQ?t $r x1 ; x2 ; : : : ; xn $H$9$k.

!J 2 !K 2 =E2=JQ?t yi = x j 1 � x j 2 $r m 8DA*$V. $3$N:] , J, 3d

:9 $, $J$k$Y$/ >.$5$JJQ?t $rA*$V.

!J 3 !K F~NO?t $, n + m, %Y%/%H%k?t $, k $N%$%s%G%C%/%9@8@.

4X?t $H9M$( , %"%k%4%j%:%`4.1 $rMQ$$$FF~NOJQ?t $r :o 8: $9$k.

m $NCM$rB?$/ $9$k$H, :GE,2r$K6a$$2r$rF@$k$3$H$, $G$-$k$, ,

7W;; $KB?$/ $N;~4V$rMW$9$k.

<!$K, B?=E2=JQ?t $NA*Br$r9bB.$K9T$&%R%e!<%j%9%F%#%C%/K!$G

$"$k>pJsMxF@K!$K$D$$$F<($9.

B?=E2=JQ?t $NA*BrLdBj$O, 7hDjLZ$N:GE,2=LdBj [3] $H$7$F9M$(

$k$3$H$, $G$-$k. B?=E2=JQ?t $rA*$V:] , J, 3d:9 $, >.$5$$$[ $I , $=

$NJQ?t $rA*$V$3$H$K$h$C$FF@$i $l $k>pJsMxF@$, Bg$-$$. =>$C$F,

>pJsMxF@$NBg$-$JJQ?t !J $D$^$j , J, 3d:9 $N>. $5$JJQ?t !K$rA*$V

$3$H$K$h$j , 7hDjLZ$NJQ?t $r :o 8: 2DG=$G$"$k.

!N%"%k%4%j%:%`4.3!O >pJsMxF@K!

!J 1 !K 86;OJQ?t $r4^$`B?=E2=JQ?t $NCf$+$i , J, 3d:9 $, :G>. $H

$J$kJQ?t y1 $rA*$S, EPO?%Y%/%H%k$r y1 = 0 $Hy1 = 1 $N2 $D

$N=89g$KJ, 3d$9$k.

!J 2 !K %Y%/%H%k?t $, 2 0J>e$N=89g$KBP$7$F, J, 3d:9 $N:GBgCM

$, :G>.$H$J$kJQ?t $rA*$S, 3F=89g$rJ, 3d$9$k.

!J 3 !K $9$Y$F$N=89g$N%Y%/%H%k?t $, 1 8D$K$J$k$^$G<j =g (2)

$r7+$j JV$9.

!J 4 !K F@$i $l $?JQ?t $r y1 ; y2 ; : : : ; yp $H$9$k.

!NNc4.5!O ?^ 5 $KIT40A4Dj5A%$%s%G%C%/%9@8@.4X?t f̂ 4 $r<($9.

$3$N4X?t $NB?=E2=JQ?t $r>pJsMxF@K!$K$h$C$FA*Br$9$k. K\Mh, =8

9g$NMWAG$OEPO?%Y%/%H%k$G$"$k$, , I=5-$N4JN,2=$N$?$a, 0J2<$G

$O=89g$NMWAG$r%$%s%G%C%/%9$GI=$9.

$^$: , =89g S11 = f 1; 2; 3; 4; 5; 6; 7g $rJ, 3d$9$k$?$a$NJQ?t y1

$r A*Br$9$k. $3$N>l 9g, y1 = x1 $H$9$k$3$H$K$h$j , =89g S11

$r S21 = f 3; 4; 5; 6g $HS22 = f 1; 2; 7g $N2 $D$N=89g$KJ, 3d$G

$- $k. <! $K, 2 $D$N=89g S21 , S22 $r 1 $D$NJQ?t y2 $K$h$C$FJ,

3d$9$k. $3$N>l 9g, y2 = x2 � x3 $H$9$k$3$H$K$h$j , =89g S21

$r S31 = f 4; 5g $HS32 = f 3; 6g $K, =89g S22 $r S33 = f 7g $H

S34 = f 1; 2g $KJ, 3d$G$-$k. $5$i $K, MWAG?t 2 0J>e$N=89g S31 ,

S32 , S34 $r 1 $D$NJQ?t y3 $K$h$C$FJ, 3d$9$k. $3$N>l 9g, y3 = x4

$H$9$k$3$H$K$h$j , 3F=89g$rJ, 3d$G$-$k. $3$N;~E@$G, $9$Y$F$N

=89g$NMWAG?t $, 1 $H$J$k$?$a, <j B3$-$r=*N;$9$k.

0J>e$N=89gJ, 3d$K$h$j , JQ?t y1 = x1 , y2 = x2 � x3 , y3 = x4

$rF@$k. !J Nc=*$j !K

>pJsMxF@K!$O, F~NOJQ?t $dEPO?%Y%/%H%k?t $, B?$$>l 9g$G$b9b

B.$K=hM}$G$-$k.
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?^ 5 >pJsMxF@K!$K$h$k 4 F~NO4X?t f̂ 4 $NJQ?t A*BrNc

5. <B83 7k 2L

IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NF~NOJQ?t $N:o 8: $r , 1) 86

;OJQ?t $NA*Br$N$_$G9T$&>l 9g, 2) 2 =E2=JQ?t $^$G$r5v$9>l 9g,

$*$h$S, 3) 3 =E2=JQ?t $^$G$r5v$9>l 9g$G9T$C$?. 86;OJQ?t $N$_

5v$9>l 9g$K$O, %"%k%4%j%:%`4.1 $rMQ$$$F:GE,2r$r5a$a$?. B?

=E2=JQ?t $r5v$9>l 9g$K$O, %"%k%4%j%:%`4.3(>pJsMxF@K!) $rMQ

$$$F6a;w2r$r5a$a$?. $?$@$7, >. 5, LOLdBj$KBP$7$F$O, 2 =E2=JQ

?t $r5v$9>l 9g$N:GE,2r$r%"%k%4%j%:%`4.1 $K$h$C$F5a$a, >pJs
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MxF@K!$K$h$k6a;w2r$H$NHf3S$r9T$C$?. IT40A4Dj5A%$%s%G%C%/

%9@8@.4X?t $O, (F~NO?t n, EPO?%Y%/%H%k?t k, %9%-%e!<!&%U%!%/

%?s) $N3FAH$4$H$K10008D$N4X?t $r@8@.$7$F<B83$r9T$C$?. $3

$3$G, s!J 0 <= s <= 15!K$OEPO?%Y%/%H%k$N0 $H1 $NJ, I[ $NJP$j $r

<($9%Q%i%a!<%?$G$"$j , s $NCM$, Bg$-$$$[ $I , EPO?%Y%/%H%kCf$K

0 $, H/@8$9$k3NN($, 9b$$. $^$?, s = 0 $N$H$- , 0 $H1 $NH/@83N

N($OEy$7$$. EPO?%Y%/%H%k@8@.K!$r%"%k%4%j%:%`5.4 $K<($9.

!N%"%k%4%j%:%`5.4!O EPO?%Y%/%H%k$N@8@.K!

!J 1 !K ogCMTh $r<!$N$h$&$KDj5A$9$k.

!! !! Th1 = 230 � 1,

!! !! Th2 = 226 � s,

!! !! Th = Th1 + Th2

!J 2 !K Mp?t R $r<hF@$9$k. R $N2<0L 31 %S%C%H$NCM$, Th 0J

>e$N>l 9g$O1, Th L$K~$N>l 9g$O0 $N%S%C%H$r@8@.$9$k.

!J 3 !K <j =g(2) $r n 2s7+$j JV$7, n %S%C%H%Y%/%H%k$r@8@.$9$k.

!J 4 !K <j =g (3) $r k 2s7+$j JV$7, k 8D$NEPO?%Y%/%H%k$r@8@.

$9$k. $?$@$7, F10l %Y%/%H%k$, @8$8$?>l 9g, $=$l $OL5;k $9$k.

<B834D6-$O, CPU $, Core 2 Duo 2.66GHz, %a%b%j 4GByte,

OS $OWindows XP Professional Service Pack 3 $G$"$k.

JQ?t :o 8: %"%k%4%j%:%$̀NI> 2A$K$O, JQ?t :o 8: N($HB?=E2=:o 8:

N($rMQ$$$k.

!NDj5A5.5!O EPO?%Y%/%H%k?t k, F~NO?t n $NIT40A4Dj5A%$%s%G%C

%/%9@8@.4X?t $r9M$($k. :o 8: 8e$NF~NO?t $r n̂ $H$9$k. JQ?t :o 8:

?t $N>e3&(n � dlog2(k + 1)e) $KBP$9$k, <B:] $N:o 8: ?t (n � n̂)

$N3d9g r $rJQ?t :o 8: N($H$$$&. JQ?t :o 8: N( r $O<! $N$h$&$KDj5A

$G$-$k.

r =
n � n̂

n � dlog2(k + 1)e
(1)

r = 1 $N$H$- , n̂ = dlog2(k + 1)e $G$"$j , :GE,2r$, 5a$^$C$?$3

$H$r<($9. r < 1 $N$H$-$O, :GE,2r$+H]$+$OITL@$G$"$k$, , r $,

1 $K6a$$$H$-$O, :GE,2r$K6a$$2r$, F@$i $l $F$$$k. r = 0 $N$H$-

$O, JQ?t $r :o 8: $G$-$J$+$C$?$3$H$r<($9.

$^$?, <0 (1) Cf$Nn $r , 86;OJQ?t $N$_MQ$$$?>l 9g$N:o 8: 8eF~

NO?t $N:GE,2r n̂1 $KCV$-49$($?$b$N$rB?=E2=:o 8: N($H$$$$, JQ?t

$NB?=E2=$r9T$C$?>l 9g$NJQ?t :o 8: 8z2L$r I=$9. B?=E2=:o 8: N( r c

$O<!$N$h$&$KDj5A$G$-$k.

r c =
n̂1 � n̂

n̂1 � dlog2(k + 1)e
(2)

r c = 1 $N$H$-$O, :GE,2r$, F@$i $l $F$$$k$3$H$r<($9. r c < 1 $N

$H$-$O, :GE,2r$+H]$+$OITL@$G$"$k. r c $NCM$, >.$5$$$H$-$O, 86

;OJQ?t $N$_$rMQ$$$k>l 9g$N:o 8: 8eF~NO?t $N:GE,2r$H, B?=E2=$r

5v$7$?>l 9g$N:o 8: 8eF~NO?t $N:9 $, >. $5$$. $D$^$j , B?=E2=$N8z

2L$, >.$5$$$3$H$r<($9.

B?=E2=:o 8: N($O, JQ?t B?=E2=%"%k%4%j%:%$̀N@-G=I> 2A$KMQ$$

$k$3$H$, $G$-$k.

5. 1 F~NOJQ?t $N:o 8: 7k2L

IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $N3F<oF~NOJQ?t :o 8: J} <0$K

$*$1$k:o 8: 8e$NJ?6QF~NO?t , JQ?t :o 8: N(, B?=E2=:o 8: N($rI= 1 $K

<($9.

5. 1. 1 86;OJQ?t $N$_$r MQ$$$k>l 9g!J %"%k%4%j%:%`4.1 $r

;HMQ!K

s = 0 $N>l 9g, 9b$$JQ?t :o 8: N($r<B8=$G$-$?. $7$+$7, s > 0

$N>l 9g, F1$8EPO?%Y%/%H%k?t $Gs $NCM$, >.$5$$>l 9g$HHf$Y, JQ?t

:o 8: N($, Dc2<$7$F$$$k. s $NCM$, Bg$-$$$[ $I , 3F86;OJQ?t $NJ, 3d

:9 $NCM$, Bg$-$/ $J$j , EPO?%Y%/%H%k$NH=JL$KI, MW$JJQ?t $N8D?t

$, A}2C$9$k$?$a$H9M$($i $l $k. $7$?$, $C$F, 86;OJQ?t $N$_$rMQ

$$$?F~NOJQ?t $N:o 8: $O, EPO?%Y%/%H%k$N0 $H1 $NHfN($, Ey$7$$

>l 9g$K$OB?$/ $NJQ?t $r :o 8: $G$-$k$, , EPO?%Y%/%H%k$N0 $H1 $N

HfN($, Ey$7$/ $J$$>l 9g$K$O, JQ?t $N:o 8: $N3d9g$O8: $k. $D$^$j ,

EPO?%Y%/%H%k$NJ, I[ $N1F6A$r<u$1$d$9$$$H9M$($i $l $k.

Nc$($P, I= 1 $G, B?=EEY1, k = 1023$N>l 9g, s $NCM$r 0 $+$i

10 $KJQ2=$5$; $k$H, JQ?t :o 8: N($O, 0.579$+$i 0 $^$GJQ2=$9$k.

5. 1. 2 B?=E2=JQ?t $r5v$9>l 9g!J %"%k%4%j%:%`4.3 $r ;HMQ!K

s = 0 $N>l 9g, B?=E2=JQ?t $r5v$9>l 9g$NJQ?t :o 8: N($O, 86;OJQ

?t $N$_$rMQ$$$k>l 9g$NJQ?t :o 8: N($HHf$Y$FBg:9 $J$+$C$?. FC$K,

2 =E2=JQ?t $^$G$r5v$9>l 9g$O, k $, >.$5$$>l 9g (k = 15) $r=| $- ,

B?=E2=:o 8: N($, Dc$/ $J$j , B?=E2=$N8z2L$, 3NG'$G$-$J$+$C$?. B?

=E2=JQ?t $r5v$9>l 9g$NJQ?t A*Br$K$O>pJsMxF@K!$rMQ$$$F$$$k$?

$a, EPO?%Y%/%H%k?t $, B?$$>l 9g$K$OJ, 3dBP>] $H$J$k=89g?t $, A}

2C$7, JQ?t :o 8: 8z2L$, Dc2<$9$k$H9M$($i $l $k. $7$+$7, s > 0 $N

>l 9g$K$O, B?=E2=JQ?t $rMQ$$$k$3$H$K$h$j , 86;OJQ?t $N$_$rMQ$$

$k>l 9g$h$j $bB?$/ $NJQ?t $r :o 8: $G$-$?. $3$l $O, JQ?t $NB?=E2=

$K$h$j , J, 3d:9 $N>. $5$$B?=E2=JQ?t $r@8@.$G$-$?$?$a$H9M$($i

$l $k. $D$^$j , B?=E2=JQ?t $rMQ$$$l $P, EPO?%Y%/%H%k$NJ, I[ $K$+

$+$o$i $: , B?$/ $NJQ?t $r :o 8: $G$-$k.

5. 1. 3 7W;; ;~ 4V

s = 0 $N>l 9g$N3F<oF~NOJQ?t :o 8: J} <0$K$*$1$kJ?6Q<B9T;~ 4V

$r?^ 6 $K<($9. %"%k%4%j%:%`4.1 $rMQ$$$?, 86;OJQ?t $N$_$rMQ

$$$k>l 9g$N<B9T;~4V$h$j $b, %"%k%4%j%:%`4.3 $rMQ$$$?, B?=E2=

JQ?t $r5v$9>l 9g$N<B9T;~ 4V$, C;$/ , >pJsMxF@K!$, 9bB.$J%"%k%4

%j%:%$̀G$"$k$3$H$, 3NG'$G$-$k.

5. 2 :GE,2r$H%R%e!<%j%9%F%#%C%/2r$NHf3S

%"%k%4%j%:%`4.3 $GF@$i $l $?2r (%R%e!<%j%9%F%#%C%/2r ) $N:G

E,@-$r3NG'$9$k$?$a, %"%k%4%j%:%`4.1 $GF@$i $l $?:GE,2r$HHf

3S$7, Aj BP8m:9 $r 5a$a$?. $?$@$7, %"%k%4%j%:%`4.3 $K$D$$$F

$O, 2 JQ?t $: $D$NA*Br$G=89gJ, 3d$r :GE,2=$7$?2~NI<j K!$rMQ$$

$?. n = 24, k = 15 $N>l 9g$K4X$7$F, 2 =E2=JQ?t $^$G$r5v$9>l

9g$N:GE,2r$H%R%e!< %j%9%F%#%C%/2r$NJ?6QF~NO?t , :GE,2r$KBP

$9$k%R%e!< %j%9%F%#%C%/2r$NAjBP8m:9 $r I= 2 $K<($9. 2 =E2=JQ

?t $^$G$r5v$9>l 9g$N:GE,2r$HHf3S$9$k$H, %R%e!< %j%9%F%#%C%/

2r$NAjBP8m:9 $O:GBg$G0.118$G$"$C$?. =>$C$F, >pJsMxF@K!$r

2~NI$9$l $P, $5$i $KB?$/ $NJQ?t $r :o 8: $G$-$k2DG=@-$O$"$k.

2 =E2=JQ?t $^$G$r5v$9>l 9g$N7W;; ;~4V$O, s = 10 $N$H$-$G, :G

E,2r$, :GBg575.171[sec],%R%e!<%j%9%F%#%C%/2r$, :GBg0.047[sec]

$G$"$C$?. k $, Bg$-$$>l 9g$K$O, :GE,2r$r5a$a$k$N$K$5$i $KB?$/

$N7W;; ;~ 4V$, I, MW$K$J$k$H9M$($i $l $k. $7$?$, $C$F, <BMQ>e$O

%R%e!<%j%9%F%#%C%/2r$r5a$a$kI, MW$, $"$k.
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I= 1 J?6QF~NO?t , JQ?t :o 8: N(, B?=E2=:o 8: N( (n = 24)
k s B?=EEY J?6QF~NO?t JQ?t :o 8: N( B?=E2=:o 8: N(
15 0 1 4.882 0.956 -

2 0J2< 4.209 0.990 0.763
3 0J2< 4.000 1.000 1.000

5 1 4.997 0.950 -
2 0J2< 4.299 0.985 0.700
3 0J2< 4.000 1.000 1.000

10 1 6.432 0.878 -
2 0J2< 4.905 0.955 0.628
3 0J2< 4.059 0.997 0.976

63 0 1 7.996 0.889 -
2 0J2< 7.968 0.891 0.014
3 0J2< 7.334 0.926 0.332

5 1 8.936 0.837 -
2 0J2< 7.983 0.890 0.325
3 0J2< 7.381 0.923 0.530

10 1 13.480 0.584 -
2 0J2< 9.448 0.808 0.539
3 0J2< 7.965 0.891 0.737

255 0 1 11.852 0.759 -
2 0J2< 11.819 0.761 0.009
3 0J2< 11.000 0.813 0.221

5 1 13.212 0.674 -
2 0J2< 12.001 0.750 0.232
3 0J2< 11.006 0.812 0.423

10 1 21.952 0.128 -
2 0J2< 15.543 0.529 0.459
3 0J2< 12.225 0.736 0.697

1023 0 1 15.889 0.579 -
2 0J2< 15.921 0.577 -0.005
3 0J2< 15.012 0.642 0.149

5 1 18.248 0.411 -
2 0J2< 16.351 0.546 0.230
3 0J2< 15.023 0.641 0.391

10 1 24.000 0.000 -
2 0J2< 20.395 0.258 0.258
3 0J2< 16.024 0.570 0.570

!J B?=EEY1 $N>l 9g!' %"%k%4%j%:%`4.1, B?=EEY2 0J2<!&3 0J2<$N>l 9g!'

%"%k%4%j%:%`4.3!K
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?^ 6 J?6Q<B9T;~4V (s = 0, n = 24)

!J B?=EEY1 $N>l 9g!' %"%k%4%j%:%`4.1, B?=EEY2 0J2<!&3 0J2<$N>l 9g!'

%"%k%4%j%:%`4.3!K

6. $^ $H $a

K\O@J8$G$O, IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $NF~NOJQ?t :o

I= 2 2 =E2=JQ?t $^$G$r5v$9>l 9g$N:GE,2r$H%R%e!<%j%9%F%#%C%/2r$NJ?

6QF~NO?t $NHf3S (n = 24, k = 15)

s A : :GE,2r B : %R%e!<%j%9%F%#%C%/2r (B � A )=A : AjBP8m:9
0 4.000 4.033 0.008
5 4.000 4.088 0.022

10 4.339 4.851 0.118

!J :GE,2r!' %"%k%4%j%:%`4.1, %R%e!<%j%9%F%#%C%/2r!' %"%k%4%j%:%`4.3!K

8: <j K!$K$D$$$F=R$Y$?. IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $G$O,

F~NOJQ?t $NA*Br$r9) IW$9$k$3$H$K$h$j , JQ?t $r :o 8: $G$-$k. $^

$?, JQ?t $NB?=E2=$K$h$j , I, MW$JJQ?t $N8D?t $r$5$i $K:o 8: $G$-

$k. $7$+$7, :GE,$JB?=E2=JQ?t $r5a$a$k$N$O:$ Fq$G$"$k$?$a, K\

O@J8$G$O, %R%e!< %j%9%F%#%C%/K!$H$7$F>pJsMxF@K!$rDs0F$7$?.

>pJsMxF@K!$G$O, EPO?%Y%/%H%k?t $, B?$$>l 9g$K$OJQ?t :o 8: 8z2L

$, Dc2<$9$k$, , EPO?%Y%/%H%k$N0 $H1 $NHfN($NJP$j $N1F6A$O>.

$5$$. $^$?, 9bB.$K<B9T$G$-$k. >pJsMxF@K!$K$h$C$FA*Br$7$?

B?=E2=JQ?t $rMQ$$$?>l 9g, IT40A4Dj5A%$%s%G%C%/%9@8@.4X?t $N

F~NOJQ?t $N:o 8: $K==J, $J8z2L$, $"$k$3$H$, <B83E*$K3NG'$G$-$?.

$?$@$7, :GE,2r$HHf3S$7$?>l 9g, J?6QF~NO?t $NAjBP8m:9 $, 0.1 Dx

EY$K$J$k>l 9g$, $"$k.

B?=E2=JQ?t $N2sO)<B8=$r9T$&>l 9g$K$O, %O!< %I%&%'%"NL$dCY

1d;~4V$NLdBj$, $"$k. =>$C$F, 2 =E2=JQ?t $^$G$, <BMQE*$H9M$($i

$l $k.

:# 8e$N2] Bj$H$7$F$O, >pJsMxF@K!$h$j $bNI$$2r$rF@$k$3$H$,

$G$-$kB?=E2=JQ?t A*Br%"%k%4%j%:%$̀N3+H/$d, %$%s%G%C%/%9@8

@.2sO)$r%O!<%I%&%'%"$K<BAu$7$?>l 9g$N@-G=I>2A$J$I $, $"$k.

7. <U <-

K\8&5f $O0l It , F|K\3X=Q?66=2q2J3X8&5f HqJd=u6b, $*$h$SJ8It

2J3X>J!&CNE*%/%i%9%?AO@.;v 6H!J Bh2 4| !K$NJd=u6b$K$h$k.

J8 8%
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