%P %0 :. F~ ;~ $N %W %m %0 %i %_ %s %0 9T F0 $N FC D’ $r 8! =P $9 $k %D !< %k $N ;n :n Lx @5 =c y yyy , Lg ED 6G ?M y , 9b ED 5A 9- y , D; 5o 9( <! y yy y F‘ NI @h C< 2J 3X 5; =Q Bg 3X 1! Bg 3X >p Js 2J 3X 8& 5f 2J yy Bg :e Bg 3X 4p AC 9) 3X It >p Js 9) 3X 2J yyy ;0 I) EE 5! 4X @> %3 %s %T %e !< %? %7 %9 %F %‘ ( 3t ) ") 630-01 F‘ NI 8) @8 6p ;T 9b ;3 D. 8916 HV CO $N 5 F‘ NI @h C< 2J 3X 5; =Q Bg 3X 1! Bg 3X >p Js 2J 3X 8& 5f 2J ( 9b ED 5A 9- tak ada@is.aist-nara.ac.jp) $" $i $^ $7 2f !9 $O , %W %m %0 %i %^ $N %- !< %9 %H %m !< %/ $r 4F ;k !& J, @O $9 $k %7 %9 %F %‘ $K $h $j , ?M <j $r 2p $5 $: $K , %P %0 $N :. F~ $r 7Y 9p $9 $k J} <0 $K $D $$ $F 8! F$ $7 $F $$ $k . $H $3 $m $, , %- !< %9 %H %m !< %/ $h $j F@ $i $l $k %G !< %? $N >e $K , %P %0 $N :. F~ $K 4X O" $9 $k 9T F0 $N FC D’ $, 8= $l $k $+ $I $& $+ $O , => Mh , $[ $H $s $I D4 :: $5 $l $F $$ $J $$ . $= $3 $G , $= $N $h $& $J %- !< %9 %H %m !< %/ %G !< %? $r <} =8 $7 , %W %m %0 %i %^ $N 9T F0 $N FC D’ $r 8! =P $9 $k $? $a $N %7 %9 %F %‘ $r @_ 7W $7 ;n :n $7 $? . ;n :n $7 $? %7 %9 %F %‘ $r E, MQ $7 $? Nc $+ $i , K\ %7 %9 %F %‘ $, %G !< %? $N <} =8 $K M- 8z $K F/ $/ $3 $H $, $o $+ $C $? . $^ $? , %P %0 :. F~ ;~ $N FC D’ $r $$ $/ $D $+ H/ 8+ $7 , >e =R $N $h $& $J 7Y 9p J} <0 $, <B 8= 2D G= $G $" $k $3 $H $r <( :6 $9 $k %G !< %? $, F@ $i $l $? . OB J8 %- !< %o !< %I %P %0 , %W %m %0 %i %_ %s %0 9T F0 , J, @O %7 %9 %F %‘ , %= %U %H %& %’ %" IJ <A A T o ol Detecting P atterns of Programmers’ Beha vior When They Lik ely Inject Bugs Masazumi Y ANA GI y yyy , Akito MONDEN y , Y oshihiro T AKAD A y , Ko ji TORI I y yy y Graduate Sc ho ol of Information Science, Nara Institute of Science and T ec hnology yy F acult y of Engineering Science, Osak a Univ ersit y yyy Mitsubishi Electric Computer Systems (Kansai), Co. Ltd. Graduate Sc ho ol of Information Science, Nara Institute of Science and T ec hnology 8916-5 T ak a y ama, Ikoma-Shi, Nara 630-01 (c/o T ak ada, tak ada@is.aist-nara.ac.jp) Abstract W e are studying on a system that automatically monitors and analyzes key strokes of programmers and then w arns them of injecting bugs. So far, there ha v e b een almost no research reports on features of programmers’ b eha vior when they inject bugs. T o collect data of key strok es and analyze programmers’ b ehaviour, we ha v e designed and partially implemented an analysis system. Through exp eriments of applying the system, we hav e found that the system e�ectiv ely works and that it is p ossible to realize the warning system. 1Q J8 k ey words bug, programming b ehavior, analysis system, soft w are quality

1 $O $8 $a $K %= %U %H %& %’ %" $N 3+ H/ %3 %9 %H $N :o 8: , $* $h $S , IJ <A $N 8~ >e $N $? $a $K $O , %P %0 $N Aa 4| H/ 8+ $, =E MW $G $" $k $3 $H $, ;X E& $5 $l $F $$ $k [1]. => $C $F , %F %9 %H $h $j $b %l %S %e !< , %l %S %e !< $h $j $b $= $l 0J A0 $N 9) Dx $G %P %0 $r H/ 8+ $9 $k $3 $H $, M- 8z $G $" $k $H 8@ $( $k . => $C $F , $b $7 , %3 !< %G %# %s %0 Cf $N %W %m %0 %i %^ $N 9T F0 $r 4Q ;! $9 $k $3 $H $K $h $j , %P %0 $r :. F~ $5 $; $= $& $J ;~ E@ $G D> $A $K %W %m %0 %i %^ $K 7Y 9p $9 $k $3 $H $, 2D G= $G $" $l $P , Hs >o $K M- 8z $G $" $k $H 9M $( $i $l $k . C" $7 , Bh 3 <T $, %W %m %0 %i %^ $N 9T F0 $r 4Q ;! $9 $k $3 $H $O , 8= <B E* $G $J $$ . B? $/ $N O+ NO $r MW $9 $k $7 , %W %m %0 %i %^ $K ?4 M} E* $J Ii C4 $r $+ $1 $k $? $a $G $" $k . $= $3 $G , 2f !9 $O , %3 !< %G %# %s %0 ;~ $N %W %m %0 %i %^ $N %- !< %9 %H %m !< %/ $r <+ F0 E* $K 4F ;k !& J, @O $9 $k %7 %9 %F %‘ $K $h $j , ?M <j $r 2p $5 $: $K , %P %0 $N :. F~ $r 7Y 9p $9 $k J} <0 $K $D $$ $F 8! F$ $7 $F $$ $k . $3 $N $h $& $J %7 %9 %F %‘ $r <B 8= $9 $k $? $a $K $O , %- !< %9 %H %m !< %/ $N 4F ;k !& J, @O $K $h $C $F F@ $i $l $k 9T F0 %G !< %? $N >e $G , %P %0 $N :. F~ $K 6/ $/ 4X O" $9 $k FC D’ $r H/ 8+ $9 $k I, MW $, $" $k . $H $3 $m $, , $= $N $h $& $J %P %0 :. F~ ;~ $N FC D’ $K $D $$ $F $O , => Mh , $[ $H $s $I Js 9p $, $J $$ . %P %0 $N 86 0x $r J, @O $9 $k 8& 5f $O , ?t B? $/ Js 9p $5 $l $F $$ $k [2, 3, 6]. C" $7 , $= $l $i $N 8& 5f $N $[ $H $s $I $G $O , %W %m %0 %i %^ $N =q $$ $? Js 9p =q $d , %W %m %0 %i %^ $X $N %$ %s %? %S %e !< $J $I $K 0M B8 $7 $F %G !< %? $r <} =8 $7 $F $$ $? . $^ $? , %P %0 $N <o N‘ $H 86 0x $H $N 4X 78 $r J, @O $7 $F $$ $k $, , %P %0 :. F~ ;~ $N %W %m %0 %i %^ $N 9T F0 $K $D $$ $F $O Js 9p $7 $F $$ $J $+ $C $? . $^ $? , %- !< %9 %H %m !< %/ $K Ce L\ $7 $F , %P %0 $r H/ 8+ $7 =$ @5 $9 $k ;~ $N 9T F0 $r J, @O $9 $k 8& 5f $b Js 9p $5 $l $F $$ $k [4]. C" $7 , $3 $N 8& 5f $G $O , %P %0 $, :. F~ $9 $k ;~ $N 9T F0 $r BP >] $H $7 $F $$ $J $+ $C $? . $= $3 $G , 2f !9 $O , <! $N J} ?K $K => $C $F , %7 %9 %F %‘ $r CJ 3, E* $K 3+ H/ $9 $k $3 $H $r 7W 2h $7 $? . Bh 1 $K , %7 %9 %F %‘ $N 0l It $H $7 $F , %W %m %0 %i %^ $N %- !< %9 %H %m !< %/ $r 5- O? $9 $k It J, $r ;n :n $9 $k . Bh 2 $K , ;n :n $7 $? %- !< %9 %H %m !< %/ 5- O? It $r MQ $$ $F <B :] $K %G !< %? $r <} =8 $7 , ?M <j $G J, @O $9 $k $3 $H $K $h $C $F , %- !< %9 %H %m !< %/ $@ $1 $+ $i 8! =P $G $- $k $h $& $J %P %0 :. F~ ;~ $N 9T F0 $N FC D’ ( $^ $? $O , $= $N $h $& $J FC D’ $N 8u Jd ) $r 8+ $D $1 $k . $3 $N CJ 3, $G $O , J, @O $r ?M <j $K Mj $k $? $a , Bg NL $N %G !< %? $r J, @O $9 $k $3 $H $O $G $- $J $$ . Bh 3 $K , Bh 2 CJ 3, $G 8+ $D $1 $? 9T F0 $N FC D’ $r <+ F0 E* $K 8! =P $9 $k It J, $r ;n :n $9 $k . $D $^ $j , %- !< %9 %H %m !< %/ 5- O? It $+ $i Aw $i $l $F $/ $k %G !< %? $+ $i , %P %0 :. F~ ;~ $N FC D’ ( $^ $? $O , $= $N 8u Jd ) $r 8! =P $9 $k It J, $r ;n :n $9 $k . $3 $N CJ 3, $G , %7 %9 %F %‘ $N 86 7A $, :n @. $5 $l $k $3 $H $K $J $k . Bh 4 $K , %7 %9 %F %‘ $r Mx MQ $7 $F , FC D’ $N =P 8= $K 4X $9 $k %G !< %? $r $G $- $k $@ $1 B? $/ <} =8 $9 $k . $= $7 $F , FC D’ $N =P 8= $H %P %0 $N :. F~ $H $N 4V $N 4X 78 $r Dj NL E* $K I> 2A $9 $k . $^ $? , Bh 2 CJ 3, $G 8+ Mn $H $7 $F $$ $? $h $& $J %P %0 :. F~ ;~ $N FC D’ $r C5 5f $9 $k . $3 $N CJ 3, $G , >e =R $N 7Y 9p J} <0 $N <B 8= 2D G= @- $, L@ $i $+ $K $J $k $H ;W $o $l $k . Bh 5 CJ 3, 0J 9_ $G $O , %W %m %0 %i %^ $K 7Y 9p $r H/ $9 $k It J, $J $I $r 2C $( $F , 7Y 9p %7 %9 %F %‘ $r 40 @. $5 $; $k . $= $7 $F , E, MQ <B 83 $r 7+ $j JV $9 $3 $H $K $h $C $F , 7Y 9p %7 %9 %F %‘ $N M- 8z @- $r I> 2A $9 $k . 8= :_ , 2f !9 $O , >e =R $N J} ?K $K => $C $F , Bh 4 CJ 3, $r ;O $a $? 0L CV $K $" $k $H 9M $( $F $$ $k . $D $^ $j , %7 %9 %F %‘ $N 86 7? $r :n @. $7 , FC D’ $N =P 8= $K 4X $9 $k %G !< %? $r <} =8 $7 $F $$ $k . K\ Js 9p $G $O , $3 $N %7 %9 %F %‘ $N @_ 7W !& <B Au $K $D $$ $F =R $Y , $= $7 $F , E, MQ Nc $r DL $7 $F , %7 %9 %F %‘ $, %G !< %? $N <} =8 $K M- 8z $K F/ $$ $F $$ $k $3 $H $r <( $9 . 0J 9_ , 2 >O $G $O , %7 %9 %F %‘ A4 BN $N @_ 7W $N 35 MW $r @b L@ $9 $k . 3 >O $G $O , %- !< %9 %H %m !< %/ 5- O? It $N 5! 9= $r <( $9 . 4 >O $G $O , %- !< %9 %H %m !< %/ 5- O? It $r Mx MQ $7 $F H/ 8+ $7 $? , %P %0 :. F~ ;~ $N 9T F0 $N FC D’ $K $D $$ $F =R $Y $k . 5 >O ,6 >O $G $O , 4 >O $G =R $Y $k $h $& $J 9T F0 $N FC D’ $r %- !< %9 %H %m !< %/ $+ $i <+ F0 E* $K 8! =P $9 $k It J, $K $D $$ $F @b L@ $9 $k . 7 >O $G $O , <B :] $K %7 %9 %F %‘ $r E, MQ $7 $? Nc $r <( $9 . 8 >O $O , $^ $H $a $H :# 8e $N 2] Bj $H $G $" $k . $J $* , 2f !9 $O , J8 8% [5] $K $* $$ $F , Bh 2 CJ 3, $^ $G $N Cf 4V @. 2L $r 4{ $K Js 9p $7 $F $$ $k . K\ Js 9p $O , $= $N 3H D% HG $K Aj Ev $9 $k . 2 @_ 7W $N 35 MW %7 %9 %F %‘ $O , ?^ 1 $K <( $9 $h $& $K , %- !< %9 %H %m !< %/ 5- O? It , 9T F0 J, @O It , FC D’ 8! =P It , 7Y 9p It $+ $i 9= @. $5 $l $k . %- !< %9 %H %m !< %/ 5- O? It $H $O , %W %m %0 %i %^ $, %- !< $r BG $D 9T F0 $r A4 $F 5- O? $9 $k It J, $G $" $k (3 >O ). 3F %- !< %9 %H %m !< %/ $K $D $$ $F , %- !< $N %3 !< %I $H IC C1 0L $N ;~ 9o $, 5- O? $5 $l $k . $3 $N It J, $O , 8e =R $9 $k $h $& $K , %^ %k %A %& %# %s %I %& 4D 6- $K BP 1~ $7 $F $* $j , %^ %& %9 $K $h $k F~ NO $b , %- !< %9 %H %m !< %/ $H F1 MM $K 5- O? $9 $k .

?^ 1: %7 %9 %F %‘ $N 9= @. 9T F0 J, @O It $H $O , %- !< %9 %H %m !< %/ %G !< %? $r J, @O $7 $F , %3 !< %G %# %s %0 ;~ $N %W %m %0 %i %^ $N 9T F0 $r <B ;~ 4V $G 5- O? $9 $k It J, $G $" $k (5 >O ). %= !< %9 %W %m %0 %i %‘ Cf $N J8 ;z Ns $N A^ F~ , JQ 99 , :o =| , %+ !< %= %k $N 0\ F0 $J $I $N $= $l $> $l $N 9T F0 $K $D $$ $F , $= $N 3+ ;O ;~ 9o , =* N; ;~ 9o , 0L CV $J $I $N %G !< %? $, 5- O? $5 $l $k . 5- O? $5 $l $k $3 $N $h $& $J %G !< %? $r 9T F0 7O Ns $H 8@ $& . %W %m %0 %i %^ $, ;H MQ $9 $k %F %- %9 %H %( %G %# %? $O , $= $N <o N‘ $K %3 %^ %s %I $N 7A <0 $, 0[ $J $k . $= $3 $G , 9T F0 J, @O It $O , 3F %( %G %# %? $K $D $$ $F 8D JL $K BP 1~ $9 $k It J, $r 4^ $s $G $$ $k . 8= :_ $O , vi $d emacs $J $I $N %( %G %# %? $K BP 1~ $7 $F $$ $k . $J $* , %- !< %9 %H %m !< %/ %G !< %? $O , %- !< %9 %H %m !< %/ 5- O? It $+ $i , %* %s %i %$ %s !& %* %U %i %$ %s $N $I $A $i $G $b F~ NO $9 $k $3 $H $, 2D G= $G $" $k . FC D’ 8! =P It $H $O , 9T F0 7O Ns $N >e $K 8= $l $k FC D’ $r <B ;~ 4V $G 8! =P $9 $k It J, $G $" $k (6 >O ). $3 $N It J, $N F~ NO $O , 9T F0 7O Ns $H , 8! =P $9 $k $Y $- 9T F0 $N FC D’ $N 7A <0 E* $J 5- =R $H $G $" $k . =P NO $O , 8! =P $7 $? FC D’ $N <o N‘ $H ;~ 9o $H $G $" $k . 8! =P $9 $k $Y $- FC D’ $r 30 It $+ $i F~ NO $9 $k J} <0 $r :N $C $F $$ $k $N $G , 8! =P $9 $k $Y $- FC D’ $, JQ $o $C $F $b =@ Fp $K BP 1~ $G $- $k . $J $* , 9T F0 7O Ns $O , 9T F0 J, @O It $+ $i , %* %s %i %$ %s !& %* %U %i %$ %s $N $I $A $i $G $b F~ NO $9 $k $3 $H $, 2D G= $G $" $k . 7Y 9p It $H $O , FC D’ 8! =P It $N =P NO $r F~ NO $H $7 $F , %W %m %0 %i %^ $K <B ;~ 4V $G 7Y 9p $r H/ $9 $k It J, $G $" $k . 0J >e $N @_ 7W $K 4p $E $/ <B Au $N >u 67 $O , <! $N DL $j $G $" $k . $^ $: , %P %0 :. F~ ;~ $N 9T F0 $N FC D’ $r D4 $Y $k $? $a $K , %- !< %9 %H %m !< %/ 5- O? It $@ $1 $r ;n :n $7 $? . $= $7 $F , ;n :n $7 $? It J, $r Mx MQ $7 $F %G !< %? $r <} =8 $7 , ?M <j $G J, @O $9 $k $3 $H $K $h $C $F , 4 >O $G =R $Y $k $h $& $J %P %0 :. F~ ;~ $N FC D’ $r H/ 8+ $7 $? . <! $K , H/ 8+ $7 $? FC D’ $K 4p $E $$ $F , 9T F0 7O Ns $N 7A <0 $H FC D’ $N 5- =R $N 7A <0 $H $r 7h Dj $7 , 9T F0 J, @O It $H FC D’ 8! =P It $H $r @_ 7W $7 $? . $= $7 $F , 9T F0 J, @O It $r ;n :n $7 , FC D’ 8! =P It $r It J, E* $K ;n :n $7 $? . 7Y 9p It $O , <B Au $7 $F $$ $J $$ . 3 %- !< %9 %H %m !< %/ 5- O? It %- !< %9 %H %m !< %/ 5- O? It $H $O , 2 >O $G =R $Y $? $h $& $K , %W %m %0 %i %^ $, %- !< $r BG $D 9T F0 $r 5- O? $9 $k It J, $G $" $k . 5- O? $7 $? %- !< %9 %H %m !< %/ %G !< %? $O , 9T F0 J, @O It $K $* $$ $F %W %m %0 %i %^ $N 9T F0 $r FC Dj $9 $k $? $a $K ;H MQ $5 $l $k . $^ $? , $3 $N 5- O? It $O %^ %k %A %& %# %s %I %& 4D 6- $K BP 1~ $7 $F $* $j , J# ?t $N %& %# %s %I %& $K BP $9 $k %- !< F~ NO $r F1 ;~ $K 5- O? $9 $k . $= $N $h $& $J 4D 6- $K $* $$ $F $O , %^ %& %9 A‘ :n $K $h $k J8 ;z Ns $N E= $j 9~ $_ $b 0l HL E* $K 9T $J $o $l $k . $= $N $h $& $J J8 ;z Ns $N E= $j 9~ $_ $b , F1 MM $K 5- O? $9 $k . 6q BN E* $J 5- O? $N J} <0 $O <! $N DL $j $G $" $k . %^ %k %A %& %# %s %I %& 4D 6- $G $O , C< Kv %( %_ %e %l !< %? (xterm, kterm) $H 8F $P $l $k %& %# %s %I %& $, 3+ $+ $l $k . $= $7 $F , $= $N Cf $G %F %- %9 %H %( %G %# %? $, 5/ F0 $5 $l , %= !< %9 %W %m %0 %i %‘ $, JT =8 $5 $l $k . $= $3 $G , $= $l $i $N C< Kv %( %_ %e %l !< %? $N %W %m %0 %i %‘ $r 2~ B$ $7 $F , %- !< %9 %H %m !< %/ $N 5- O? $K I, MW $J 5! 9= $r Kd $a 9~ $s $G $* $/ . 6q BN E* $K $O , %- !< $, BG $? $l $k EY $K %- !< %9 %H %m !< %/ 5- O? It $X %G !< %? $r Aw ?. $9 $k It J, $r Kd $a 9~ $‘ . $3 $N Aw ?. It $O , %^ %& %9 $K $h $k E= $j 9~ $_ $N :] $K $b F1 MM $K %G !< %? $r Aw ?. $9 $k . $3 $N 5- O? It $O , $= $N $h $& $J %G !< %? $r 3F %& %# %s %I %& $+ $i <u ?. $7 5- O? $9 $k . Kd $a 9~ $^ $l $k It J, $O , Hs >o $K >. $5 $J %W %m %0 %i %‘ $G $" $k $N $G , C< Kv %( %_ %e %l !< %? $N @- G= $K $O 1F 6A $7 $J $$ . C< Kv %( %_ %e %l !< %? $K %G !< %? Aw ?. It $r Kd $a 9~ $‘ Be $o $j $K , %F %- %9 %H %( %G %# %? $K %G !< %? Aw ?. It $r Kd $a 9~ $‘ J} <0 $b 9M $( $i $l $k . $= $N $h $& $J J} <0 $G $O ,

I= 1: %P %0 :. F~ ;~ $N FC D’ 2h LL $d %+ !< %= %k %P %0 %W %m %0 %i %^ a 1 !A 20 9T Dx EY $N It J, $, %W %m %0 %i %‘ Cf $N JL $N >l =j $+ $i %3 %T !< $5 $l $F $- $? 8e , $= $N Cf $N ?t 2U =j $K JQ 99 $, 2C $o $k . %3 %T !< $5 $l $? It J, $N $I $3 $+ $K 8m $j $, ;D $k . $" $k It J, $r =q $3 $& $H $7 $? ;~ , $= $N It J, $H ;w $? It J, $, %W %m %0 %i %‘ Cf $K $" $C $? $N $G , %3 %T !< $7 $F It J, E* $K JQ 99 $7 $h $& $H $7 $? . $H $3 $m $, , JQ 99 $7 K: $l $? $j , JQ 99 $7 4V 0c $( $? . b 1 9T $, F~ NO $5 $l $F $$ $k ES Cf $G , F~ NO $, Cf CG $5 $l , JL $N >l =j $X %+ !< %= %k $, 0\ F0 $9 $k . $= $7 $F , JL $N It J, $, JQ 99 $5 $l $? 8e , %+ !< %= %k $, 85 $N 0L CV $K La $j , F~ NO $, :F 3+ $5 $l $k . :F 3+ 8e $K F~ NO $5 $l $? It J, $K 8m $j $, F~ $k . ;W 9M :x 8m $7 $J $, $i F~ NO $7 $F $$ $? ES Cf , F~ NO $7 $F $$ $? It J, $K 4X 78 $9 $k 2? $i $+ $N :n 6H $K 5$ IU $- , $= $l $r 3d $j 9~ $^ $; $? . $= $N $? $a $K , 85 $N :n 6H $K BP $9 $k Cm 0U $, ;6 K} $K $J $C $? . c F1 $8 9T $N F1 $8 2U =j $, 2? EY $b JQ 99 $5 $l $k . :G 8e $N JQ 99 $, 8m $j $K $J $k . D9 ;~ 4V , ;W 9M :x 8m $7 $F $$ $? $, , 9M $( $, @0 M} $G $- $J $+ $C $? . d 1 9T $, F~ NO $5 $l $? 8e $K , $= $N 9T $N 1 2U =j $, JQ 99 $5 $l $k . $= $N D> 8e $K , %+ !< %= %k $, Bg $- $/ 0\ F0 $7 , JL $N :n 6H $, ;O $^ $k . =i $a $K F~ NO $5 $l $? 9T $N Cf $G JQ 99 2U =j $h $j 8e $m $N It J, $K 8m $j $, ;D $k . 9T $N F~ NO $N D> 8e $K , $= $N 9T $K 8m $j $r F~ $l $? $3 $H $K 5$ IU $- =$ @5 $7 $? . $H $3 $m $, , 5$ IU $$ $? 0J 30 $K $b 8m $j $, F~ $C $F $$ $? . e 1 9T $N F~ NO $K 1 J, 0J >e $+ $+ $k . $= $N 9T $N $I $3 $+ $K 8m $j $, F~ $k . $" $k It J, $K $D $$ $F , ;W 9M :x 8m $7 $J $, $i F~ NO $7 $F $$ $? $, , 9M $( $, @0 M} $G $- $J $+ $C $? . f 85 !9 , 8m $j $N F~ $C $F $$ $? 9T $, , JL $N >l =j $K %3 %T !< $5 $l $k . %3 %T !< $5 $l $? It J, $K 8m $j $b <L $5 $l $k . %3 %T !< $9 $k 85 $N It J, $K $" $C $? 8m $j $r 8+ 2a $4 $7 $? . %( %G %# %? $K F~ NO $5 $l $k %3 %^ %s %I $r D> @\ E* $K 5- O? $9 $k $3 $H $, $G $- $k $N $G , %- !< %9 %H %m !< %/ %G !< %? $h $j $b =8 Ls $5 $l $? %G !< %? $r <} =8 $9 $k $3 $H $, 2D G= $K $J $k . C" $7 , %W %m %0 %i %^ $, ;H MQ $9 $k %( %G %# %? $N <o N‘ $O B? $$ $N $G , $3 $N $h $& $J J} <0 $r :N $k $H , B? $/ $N %( %G %# %? $N %W %m %0 %i %‘ $r JQ 99 $9 $k I, MW $, $" $j , %7 %9 %F %‘ $N J] <i $K $* $$ $F Ld Bj $, @8 $: $k . $= $3 $G , $h $j <o N‘ $N >/ $J $$ C< Kv %( %_ %e %l !< %? $K %G !< %? Aw ?. It $r Kd $a 9~ $‘ J} <0 $r :N $C $F $$ $k . 4 %P %0 :. F~ ;~ $N FC D’ A0 >O $N %- !< %9 %H %m !< %/ 5- O? It $r ;H MQ $7 $F %G !< %? $r <} =8 $7 , J, @O $9 $k $3 $H $K $h $C $F , %P %0 :. F~ ;~ $N 9T F0 $N FC D’ $r 8+ $D $1 $k <B 83 $r 9T $J $C $? [5]. 7k 2L $H $7 $F 6 8D $N FC D’ $r H/ 8+ $9 $k $3 $H $, $G $- $? . 4.1 <B 83 <j =g %9 %F %C %W 1 ( %G !< %? <} =8 ). Ho 83 <T $K >. 5, LO $J %W %m %0 %i %‘ $r 3+ H/ ( @_ 7W $+ $i %F %9 %H $^ $G ) $7 $F $b $i $$ , $= $N 4V $N %- !< %9 %H %m !< %/ $r A4 $F 5- O? $9 $k . $= $7 $F , $= $N %G !< %? $+ $i , F~ NO $5 $l $? %( %G %# %? %3 %^ %s %I $r A4 $F 8! =P $9 $k . %9 %F %C %W 2 ( %P %0 $N 0L CV $N FC Dj ). %F %9 %H Cf $K 9T $J $o $l $? %= !< %9 %W %m %0 %i %‘ $N JQ 99 $O , A4 $F %P %0 $N =$ @5 $G $" $k $H 2> Dj $9 $k . $= $7 $F , <} =8 $7 $? %G !< %? $r J, @O $7 $F , %F %9 %H Cf $K JQ 99 $5 $l $? 2U =j $r A4 $F FC Dj $9 $k . $= $l $i $N =$ @5 2U =j $r , %P %0 $N 0L CV $H 8+ $J $9 . %9 %F %C %W 3 ( %P %0 $N :. F~ ;~ 9o $N FC Dj ). 3F %P %0 $K $D $$ $F , $= $N %P %0 $r 4^ $‘ It J, $, :n @. $5 $l $? ;~ 9o $r FC Dj $9 $k . $= $N ;~ 9o $r , %P %0 $N :. F~ ;~ 9o $H 8+ $J $9 . %9 %F %C %W 4 ( FC D’ $N Cj =P ). 3F %P %0 $K $D $$ $F , :. F~ ;~ 9o $N A0 8e $N 2h LL $N JQ 2= $d %+ !< %= %k $N F0 $- $r , <} =8 $7 $? %G !< %? $h $j :F 8= $9 $k . $= $l $r 4Q ;! $9 $k $3 $H $K $h $j , FC D’ E* $J 9T F0 $r H/ 8+ $9 $k . 4.2 <B 83 >r 7o Ho 83 <T $O , X, Y, Z $N 3 L> $G $" $k . 3 L> $H $b 8 G/ 0J >e $N %W %m %0 %i %_ %s %0 $N 7P 83 $, $" $C $? . M? $( $? %W %m %0 %i %‘ ;E MM $O , Ho 83 <T $K $h $C $F 0[ $J $k . %W %m %0 %i %‘ $O C 8@ 8l $G =q $+ $l $? . %( %G %# %? $O vi $, ;H MQ $5 $l $? . :n @. $5 $l $? %W %m %0 %i %‘ $N 5, LO $O , 200 !A 300 9T $G $" $C $? . @_ 7W $+ $i %F %9 %H $^ $G $N ;~ 4V $O , 2 !A 4 ;~ 4V $G $" $C $? .

I= 2: FC D’ $N =P 8= IQ EY FC D’ X Y Z 7W a 1 9 1 11 b 2 0 1 3 c 0 2 1 3 d 0 2 0 2 e 2 0 0 2 f 1 3 1 5 FC D’ $r G’ $a $: 6 6 4 16 9g 7W 12 22 8 42 4.3 <B 83 7k 2L @_ 7W $+ $i %F %9 %H $^ $G $N 4V $N %- !< %9 %H %m !< %/ $N Am ?t $O , X $, 11,497 2s , Y $, 18,986 2s , Z $, 20,638 2s $G $" $C $? . %F %9 %H Cf $K =$ @5 $5 $l $? %P %0 $N ?t $O , X $, 12 8D , Y $, 21 8D , Z $, 8 8D $G $" $C $? . 4Q ;! $N 7k 2L , %P %0 :. F~ ;~ $K FC D’ E* $J 9T F0 $r 6 8D H/ 8+ $9 $k $3 $H $, $G $- $? . H/ 8+ $7 $? FC D’ a !A f $r , I= 1 $K Ns 5s $9 $k . :8 Ns $K $O , %+ !< %= %k $N F0 $- $d 2h LL $N JQ 2= $K $* $1 $k FC D’ $r <( $7 $F $$ $k . Cf Ns $K $O , %P %0 $N :. F~ $7 $? %? %$ %_ %s %0 $d 0L CV $r <( $7 $F $$ $k . 1& Ns $K $O , $= $l $i $N >u 67 $+ $i 2f !9 $, ?d Dj $7 $? , Ho 83 <T $N 9T F0 $r <( $7 $F $$ $k . I= $+ $i $o $+ $k $h $& $K , a !A e $N 5 8D $N FC D’ $O , %- !< %9 %H %m !< %/ %G !< %? $@ $1 $N >p Js $+ $i <+ F0 E* $K 8! =P $G $- $k $H ;W $o $l $k . FC D’ f $K $D $$ $F $O , %3 %T !< 85 $N 8m $j $N M- L5 $, 4X 78 $9 $k $N $G , <+ F0 E* $K 8! =P $9 $k $3 $H $, Fq $7 $$ . 3F FC D’ $, 8= $l $? IQ EY $r I= 2 $K <( $9 . 1 8D $N %P %0 $N :. F~ ;~ $K J# ?t $N FC D’ $, 8= $l $k $3 $H $b $" $k $N $G , FC D’ $N =P 8= 2s ?t $H %P %0 $N Am ?t $H $O , I, $: $7 $b 0l CW $7 $J $$ . ‘ FC D’ $r G’ $a $: ’ $H 5- $7 $? 9‘ L\ $O , a !A f $N $I $N FC D’ $b 8= $l $J $+ $C $? >l 9g $r I= $9 . $J $* , $3 $N <B 83 $G $O 6 8D $N FC D’ $r H/ 8+ $G $- $? $, , <} =8 $7 $? %G !< %? $N NL $d <B 83 >r 7o $, 8B $i $l $F $$ $? $3 $H $K Cm 0U $9 $k I, MW $, $" $k . => $C $F , $3 $l $i $N FC D’ $, B> $N >r 7o $N 2< $G $b 8= $l $k $+ $I $& $+ $d , $= $N B> $N FC D’ $, B8 :_ $9 $k $+ $I $& $+ $K $D $$ $F $O , 99 $K D4 :: $r MW $9 $k . 5 9T F0 J, @O It 9T F0 J, @O It $H $O , 2 >O $G =R $Y $? $h $& $K , %- !< %9 %H %m !< %/ %G !< %? $r J, @O $7 $F , %W %m %0 %i %^ $N 9T F0 7O Ns $r 5- O? $9 $k It J, $G $" $k . FC D’ 8! =P It $K $* $$ $F $O , $3 $N 9T F0 7O Ns $N Cf $G , M? $( $i $l $k FC D’ $, 8= $l $F $$ $k 0L CV $, FC Dj $5 $l $k . $= $3 $G , 9T F0 7O Ns $N 7A <0 $O , >/ $J $/ $H $b 4 >O $G =R $Y $? %P %0 :. F~ ;~ $N 9T F0 $N FC D’ $r D4 $Y $k >e $G , == J, $J >p Js $r 4^ $‘ $h $& $K 7h Dj $5 $l $k I, MW $, $" $k . $^ $? , 4 >O $G =R $Y $? FC D’ $N B> $K $b , %P %0 :. F~ ;~ $N FC D’ $, B8 :_ $9 $k 2D G= @- $, $" $k $N $G , $= $l $i $N L$ CN $N FC D’ $K BP $9 $k G[ N8 $b I, MW $G $" $k . $= $3 $G , 9T F0 7O Ns $N 7A <0 $r 7h Dj $9 $k $? $a $K , 2f !9 $O , @h $: , 4 >O $G =R $Y $? FC D’ $r ;2 9M $K $7 $J $, $i , 9T F0 7O Ns $K 4^ $a $k $Y $- >p Js $r Ns 5s $7 $? . <! $K , $= $N 7k 2L $K 4p $E $$ $F , 9T F0 7O Ns $N 7A <0 $r 7h Dj $7 $? . 5.1 I, MW $J >p Js 4 >O $G Ns 5s $7 $? $h $& $J FC D’ $r 8! =P $9 $k $? $a $K $O , %= !< %9 %W %m %0 %i %‘ Cf $G $N J8 ;z Ns $N A^ F~ , JQ 99 , :o =| , E= $j 9~ $_ , %+ !< %= %k $N 0\ F0 $J $I $N 9T F0 $N =g =x $r CN $k I, MW $, $" $k . FC D’ e $N $h $& $J FC D’ $r 8! =P $9 $k $? $a $K $O , 99 $K , ;~ 4V $K 4X $9 $k >p Js $b I, MW $G $" $k . 1 8D $N 9T F0 $, 3+ ;O $5 $l $F $+ $i =* N; $9 $k $^ $G $N ;~ 4V $d , 2 8D $N 9T F0 $N 4V $N ;~ 4V $G $" $k . 99 $K , FC D’ e $r 8! =P $9 $k $? $a $K $O , %= !< %9 %W %m %0 %i %‘ Cf $N 3F 9T $K $D $$ $F , $= $N F~ NO $K MW $7 $? ;~ 4V $r CN $k I, MW $, $" $k . => $C $F , J# ?t $N 9T $, B3 $1 $F F~ NO $5 $l $? >l 9g , 2> $K $= $l $r 1 8D $N 9T F0 $H 9M $( $k $H , 9T F0 $N 3+ ;O $H =* N; $H $N ;~ 4V $@ $1 $G $O , >p Js $, IT B- $9 $k $3 $H $K $J $k . $= $3 $G , $= $N $h $& $J >l 9g $K $O , J# ?t $N A^ F~ 9T F0 $, B3 $1 $F 9T $J $o $l $? $H 9M $( $k $3 $H $K $9 $k . FC D’ d $N $h $& $J FC D’ $r 8! =P $9 $k $? $a $K $O , %+ !< %= %k $N 0\ F0 $N NL $r CN $k I, MW $, $" $k . C" $7 , %+ !< %= %k $r 0\ F0 $9 $k %( %G %# %? %3 %^ %s %I $, B3 $1 $F F~ NO $5 $l $k >l 9g , 3F %3 %^ %s %I $r F~ NO $9 $k :Y $+ $$ 9T F0 $K $D $$ $F $O , CN $k I, MW $, $J $$ . 0l O" $N %3 %^ %s %I $N F~ NO $r 1 8D $N 9T F0 $H $_ $J $7 $F , $= $N ;~ $K %+ !< %= %k $N 0\ F0 $7 $? 9T $N ?t $5 $( $o $+ $l $P $h $$ . FC D’ a $N $h $& $J FC D’ $r 8! =P $9 $k $? $a $K $O , %= !< %9 %W %m %0 %i %‘ Cf $N 3F 9T $, $I $N 9T F0 $K $h $C $F @8 @. $5 $l $? $+ $r CN $k I, MW $, $" $k . Nc $( $P , JQ 99 $5 $l $? 9T $, , E= $j 9~ $_ $K $h $C $F @8 @. $5 $l $? 9T $+ $I $& $+ $G $" $k . 5.2 9T F0 7O Ns $N 7A <0 9T F0 7O Ns $O , <! $N 7 9‘ AH $N 7O Ns $G $" $k .

( A; T b ; T e ; L; N b ; N e ; S ) 3F 5- 9f $O , <! $N %G !< %? $r I= $9 . A . 9T F0 $N <o N‘ $G $" $k . f insert, c hange, delete, cop y , paste, mov e g $N Cf $N CM $r $H $k . $= $l $> $l , %W %m %0 %i %‘ $N It J, $N A^ F~ , JQ 99 , :o =| , <L $7 <h $j , E= $j 9~ $_ , %+ !< %= %k $N 0\ F0 $r 0U L# $9 $k . T b , T e . 9T F0 $N 3+ ;O ;~ 9o $H =* N; ;~ 9o $G $" $k . IC C1 0L $N %G !< %? $G $" $k . L . 9T F0 $r 3+ ;O $7 $? ;~ $N %+ !< %= %k $N 0L CV $r I= $9 9T <1 JL ;R $G $" $k . N b , N e . 9T F0 $r 3+ ;O $7 $? ;~ $H =* N; $7 $? ;~ $H $N %+ !< %= %k $N 0L CV $r I= $9 9T HV 9f $G $" $k . S . A^ F~ , $^ $? $O , E= $j 9~ $_ $K $h $C $F ?7 $? $K 9T $, :n $i $l $? >l 9g $N , 9T $N =8 9g $G $" $k . 9T $, :n $i $l $J $$ >l 9g $O , ‘ ; ’ $H =q $/ . :n $i $l $? >l 9g $O , ‘ L b . . . L e ’ $H =q $/ . $3 $3 $G , ‘ L b ’ $H ‘ L e ’ $H $O , $= $l $> $l , @h F, $N 9T $H 8e Hx $N 9T $H $N 9T <1 JL ;R $r I= $9 . 9T $N <1 JL ;R $H HV 9f $H $O 0[ $J $k %G !< %? $G $" $k . 9T HV 9f $H $O , %W %m %0 %i %‘ $N @h F, $+ $i =g $K ?t $( $k ;~ $N 9T $N HV 9f $G $" $k . F1 0l $N 9T $G $b , $= $N 9T $N >e $K JL $N 9T $, :n @. $5 $l $l $P , 9T HV 9f $, JQ $o $k . 9T <1 JL ;R $H $O , :n @. $5 $l $? =g $K ?t $( $? 9T $N HV 9f $G $" $k . 9T $N A^ F~ $d :o =| $, 5/ $3 $C $F $b , 3F 9T $N 9T <1 JL ;R $O JQ $o $i $J $$ . A0 @a $G =R $Y $? $h $& $K , $I $A $i $b I, MW $J %G !< %? $G $" $k . 9T $N A^ F~ $K $D $$ $F $O , 1 8D $N %( %G %# %? %3 %^ %s %I $G 1 9T $h $j $b B? $/ $N 9T $, A^ F~ $5 $l $k $3 $H $, $" $k . C" $7 , A0 @a $G $b =R $Y $? $h $& $K , 1 9T $h $j B? $$ A^ F~ $O , O" B3 $7 $? J# ?t $N A^ F~ $H $7 $F I= $5 $l $k . 6 FC D’ 8! =P It FC D’ 8! =P It $O , 2 >O $G =R $Y $? $h $& $K , 8! =P $9 $k $Y $- 9T F0 $N FC D’ $, JQ $o $C $F $b =@ Fp $K BP 1~ $G $- $k $h $& $K @_ 7W $5 $l $F $$ $k . $D $^ $j , 8! =P $9 $k $Y $- FC D’ $N 7A <0 E* $J 5- =R $r , 30 It $+ $i F~ NO $9 $k J} <0 $r :N $C $F $$ $k . $3 $N 5- =R $N 7A <0 $O , <! $N $$ $/ $D $+ $N >r 7o $r K~ $? $9 $h $& 7h Dj $5 $l $k I, MW $, $" $k . Bh 1 $K , %P %0 :. F~ ;~ $N FC D’ $r 5- =R $9 $k >e $G == J, $J I= 8= G= NO $r ;} $? I= 3: FC D’ $N 7A <0 E* 5- =R a (paste ; � ; � ; � ; � ; � ; L b 1 . . . L e 1 ) (mov e ; � ; � ; � ; � ; � ; � )* f (change ; � ; � ; L 2 ; � ; � ; � )+ (delete ; � ; � ; L 2 ; � ; � ; � )+ (insert ; � ; � ; L 2 ; � ; � ; ; ) g f (mov e ; � ; � ; � ; � ; � ; � )+ (change ; � ; � ; L 3 [ i ] ; � ; � ; � )+ (delete ; � ; � ; L 3 [ i ] ; � ; � ; � )+ (insert ; � ; � ; L 3 [ i ] ; � ; � ; ; ) g * where L b 1 � L 2 � L e 1 and L b 1 � L 3 [ i ] � L e 1 b (insert ; � ; T e 1 ; L 1 ; � ; � ; ; ) (mov e ; � ; � ; � ; N b 2 ; N e 2 ; � ) f (change ; � ; � ; � ; � ; � ; � )+ (delete ; � ; � ; � ; � ; � ; � )+ (insert ; � ; � ; � ; � ; � ; � )+ (paste ; � ; � ; � ; � ; � ; � ) g ( � ; � ; � ; � ; � ; � )* f (change ; T b 3 ; � ; L 1 ; � ; � ; � )+ (insert ; T b 3 ; � ; L 1 ; � ; � ; ; ) g where j N b 2 � N e 2 j � 20 and T b 3 � T e 1 � 60 c f (change ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g (mov e ; � ; � ; � ; � ; � ; � )* f (change ; � ; � ; L 1 ; � ; � ; � )+ (delete ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g (mov e ; � ; � ; � ; � ; � ; � )* f (change ; � ; � ; L 1 ; � ; � ; � )+ (delete ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g f (mov e ; � ; � ; � ; � ; � ; � )+ (change ; � ; � ; L 1 ; � ; � ; � )+ (delete ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g * d f (change ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g (mov e ; � ; � ; � ; � ; � ; � )* f (change ; � ; � ; L 1 ; � ; � ; � )+ (delete ; � ; � ; L 1 ; � ; � ; � )+ (insert ; � ; � ; L 1 ; � ; � ; ; ) g (mov e ; � ; � ; � ; N b 2 ; N e 2 ; � ) where j N b 2 � N e 2 j � 20 e (insert ; T b 1 ; T e 1 ; � ; � ; � ; � ) where T e 1 � T b 1 � 60

$J $1 $l $P $J $i $J $$ . Bh 2 $K , %7 %9 %F %‘ $r Mx MQ $9 $k <T $K $H $C $F , MF 0W $K 5- =R $G $- $k 7A <0 $G $J $1 $l $P $J $i $J $$ . Bh 3 $K , %7 %9 %F %‘ $, <+ F0 E* $K =h M} $G $- $k $h $& $K , 87 L) $K , $+ $D , 6q BN E* $K Dj 5A $5 $l $F $$ $J $1 $l $P $J $i $J $$ . 0J 2< $G $O , 7h Dj $7 $? 5- =R $N 7A <0 $H 5- =R $N Nc $H $K $D $$ $F =R $Y $k . $J $* , FC D’ 8! =P It $N =P NO $O , FC D’ $N <o N‘ $H , $= $l $r 8! =P $7 $? ;~ 9o $H $N AH $G $" $k . 6.1 FC D’ $N 5- =R $N 7A <0 1 8D $N FC D’ $O , <! $N $h $& $K 5- =R $9 $k . 7O Ns It where >r 7o It 7O Ns It $H $O , 9T F0 $N 7O Ns $N @5 5, I= 8= $G $" $k . Nc $( $P , $" $k It J, $, E= $j 9~ $^ $l $? D> 8e $K , $= $N It J, $N =$ @5 $, 7+ $j JV $5 $l $k $H 8@ $& 7O Ns $O , <! $N $h $& $K 5- =R $9 $k . (paste ; T bp ; T ep ; L p ; N bp ; N ep ; L bp . . . L ep ) (mo v e ; T b 0 ; T e 0 ; L 0 ; N b 0 ; N e 0 ; ; ) � f (change ; T b 1 ; T e 1 ; L 1 ; N b 1 ; N e 1 ; ; ) + (delete ; T b 1 ; T e 1 ; L 1 ; N b 1 ; N e 1 ; ; ) g f (mov e ; T b [ i ] ; T e [ i ] ; L [ i ] ; N b [ i ] ; N e [ i ] ; ; ) + (change ; T b [ i ] ; T e [ i ] ; L [ i ] ; N b [ i ] ; N e [ i ] ; ; ) + (delete ; T b [ i ] ; T e [ i ] ; L [ i ] ; N b [ i ] ; N e [ i ] ; ; ) g * $3 $N 5- =R $G $O , :G =i $K E= $j 9~ $_ $, 9T $J $o $l , <! $K 0 2s 0J >e $N %+ !< %= %k 0\ F0 $, 9T $J $o $l , <! $K JQ 99 $^ $? $O :o =| $, 1 2s 9T $J $o $l , $= $N 8e $K %+ !< %= %k $N 0\ F0 $d JQ 99 $d :o =| $, 7+ $j JV $5 $l $k $3 $H $, I= $5 $l $F $$ $k . @5 5, I= 8= $K MQ $$ $i $l $k 0l HL E* $J 5- K! $H F1 MM $K , ‘X+Y’ $O ‘X’ $^ $? $O ‘Y’ $r , ‘X*’ $O ‘X’ $N 0 8D 0J >e $N 7+ $j JV $7 $r 0U L# $9 $k . $^ $? , 9T F0 $N <o N‘ $N 8e $m $K B3 $/ 5- 9f $O , 9T F0 7O Ns $N 7A <0 $N Cf $N 9‘ L\ $H BP 1~ $7 $F $* $j , $= $l $> $l , 9T F0 $N 3+ ;O ;~ 9o , =* N; ;~ 9o , %+ !< %= %k $N 0L CV $J $I $r I= $7 $F $$ $k . 80 3g 8L $K 0O $^ $l $? E: ;z $O , 9T F0 $, 7+ $j JV $5 $l $k >l 9g $K IU $1 $i $l , 3F 9T F0 $N HV 9f $r I= $7 $F $$ $k . >r 7o It $H $O , 3F 9T F0 $N B0 @- $K $D $$ $F $N >r 7o $N Ns 5s $G $" $k . 3F >r 7o $O , Ey <0 , $^ $? $O , IT Ey <0 $G 5- =R $9 $k . >e $N 7O Ns It $N Nc $G $O , JQ 99 $d :o =| $N BP >] $H $J $k 9T $, , E= $j 9~ $_ $K $h $C $F :n @. $5 $l $? 9T $G $" $k $H 8@ $& >r 7o $, I= $5 $l $F $$ $J $+ $C $? . $= $N $h $& $J >r 7o $r I= $9 $? $a $K $O , <! $N $h $& $J IT Ey <0 $r >r 7o It $K 5- =R $9 $k . L bp � L 1 � L ep and L bp � L [ i ] � L ep E= $j 9~ $_ $K $h $C $F :n $i $l $? 9T $N <1 JL ;R $O , L bp , . . . , L ep $G $" $k . => $C $F , A0 $N IT Ey <0 $O , 1 2s L\ $N =$ @5 $N BP >] $, $= $l $i $N Cf $N 1 9T $G $" $k $3 $H $r I= $7 $F $$ $k . 8e $N IT Ey <0 $O , 2 2s L\ 0J 9_ $N =$ @5 $N BP >] $r I= $7 $F $$ $k . 6.2 FC D’ $N 5- =R $N Nc 4 >O $N I= 1 $K <( $7 $? %P %0 :. F~ ;~ $N FC D’ a !A e $r , A0 @a $N 7A <0 $G 5- =R $7 D> $7 $? . C" $7 , FC D’ f $@ $1 $O , <+ F0 E* $K 8! =P $G $- $J $$ $N $G 5- =R $7 $F $$ $J $$ . 7k 2L $r I= 3 $K $^ $H $a $k . I= $G $O , >r 7o It $K 8= $l $J $$ 5- 9f $r ‘|’ $H N, $7 $F $$ $k . $^ $? , ‘ j X j ’ $O , X $N @d BP CM $r I= $7 $F $$ $k . 7 E, MQ Nc ;n :n $7 $? %7 %9 %F %‘ $r ;H MQ $7 $F , FC D’ $N =P 8= $H %P %0 $N :. F~ $H $N 4X O" $r I> 2A $9 $k $? $a $N %G !< %? $r <} =8 $7 $? . 6q BN E* $K $O , I= 1, $* $h $S , I= 3 $N Cf $G <( $7 $? FC D’ a $H e $H $N $= $l $> $l $K $D $$ $F , <! $N %G !< %? $r <} =8 $7 $? . @h $: , FC Dj $N <o N‘ $N 9T F0 $K $D $$ $F , FC D’ $, =P 8= $7 $? 2s ?t $H =P 8= $7 $J $+ $C $? 2s ?t $H $r , %7 %9 %F %‘ $r ;H MQ $7 $F B, Dj $7 $? . <! $K , $= $l $> $l $N >l 9g $K $D $$ $F , $= $N 9T F0 $K $h $C $F %P %0 $, :. F~ $7 $? 2s ?t $H $7 $J $+ $C $? 2s ?t $H $r , ?M <j $G B, Dj $7 $? . :G 8e $K , B, Dj $7 $? 4 8D $N ?t $N Hf N( $r 5a $a $? . 2> $K , FC D’ $N =P 8= $H %P %0 $N :. F~ $H $, FH N) $N ;v >] $G $" $k $H $9 $l $P , FC D’ $, =P 8= $9 $k ;~ $K %P %0 $, :. F~ $9 $k N( $O , FC D’ $, =P 8= $7 $J $$ ;~ $K %P %0 $, :. F~ $9 $k N( $K 6a $/ $J $k $O $: $G $" $k . 5U $K , FC D’ $N =P 8= $H %P %0 $N :. F~ $H $N 4V $K 6/ $$ 4X O" $, $" $l $P , FC D’ $, =P 8= $9 $k ;~ $K %P %0 $N :. F~ $9 $k N( $O , =P 8= $7 $J $$ ;~ $K Hf $Y $F Bg $- $/ $J $k $O $: $G $" $k . 7.1 <j =g BP >] $H $7 $? 9T F0 7O Ns $O , 4 >O $G =R $Y $? 3 L> $N %G !< %? $G $" $k . FC D’ a $K $D $$ $F $O , A^ F~ , JQ 99 , :o =| , E= $j 9~ $_ $N 9T F0 $N Cf $G , FC D’ $, 8= $l $? >l 9g $H 8= $l $J $+ $C $? >l 9g $H $r B, Dj $7 $? . FC D’ e $K $D $$ $F $O , A^ F~ $N 9T F0 $N Cf $G , FC D’ $, 8= $l $? >l 9g $H 8= $l $J $+ $C $? >l 9g $H $r B, Dj $7 $? . FC D’ a $H e $H $N 7A <0 E* $J 5- =R $O , I= 3 Cf $K <( $7 $F $$ $k . 7.2 7k 2L

I= 4: FC D’ =P 8= $H %P %0 :. F~ $H $N 4X 78 FC D’ a %P %0 :. F~ :. F~ $; $: :. F~ N( FC D’ =P 8= 11 136 0.075 =P 8= $; $: 25 1992 0.012 FC D’ e %P %0 :. F~ :. F~ $; $: :. F~ N( FC D’ =P 8= 2 17 0.105 =P 8= $; $: 4 1198 0.003 <} =8 $7 $? %G !< %? $r I= 4 $K <( $9 . FC D’ a $H e $N $I $A $i $K $D $$ $F $b , FC D’ $, =P 8= $9 $k ;~ $K %P %0 $N :. F~ $9 $k N( $O , =P 8= $7 $J $$ ;~ $K Hf $Y $F Hs >o $K Bg $- $$ $3 $H $, $o $+ $k . => $C $F , FC D’ a $d e $, =P 8= $9 $k ;~ $K $O , %P %0 $, :. F~ $9 $k 4m 81 @- $, 9b $$ $H 8@ $( $k . $J $* , FC D’ $, =P 8= $7 $J $$ ;~ $K Hf $Y $l $P 4m 81 @- $O 9b $$ $, , $= $N 3N N( $, 1 3d Dx EY $G $" $k $3 $H $K Cm 0U $9 $k I, MW $, $" $k . $b $7 , FC D’ a $, =P 8= $9 $k EY $K 7Y 9p $, =P $9 J} <0 $r :N $j , $7 $+ $b , FC D’ a $N =P 8= $9 $k IQ EY $, 9b $1 $l $P , %W %m %0 %i %^ $r 2W N) $? $; $k $+ $b $7 $l $J $$ . 2> $K , FC D’ a $, 1 J, $K 1 2s $N IQ EY $G 8= $l $k $H $9 $k $H , L5 BL $J 7Y 9p $, 10 J, 4V $K 9 2s $N N( $G 8= $l $k $3 $H $K $J $k . C" $7 , %7 %9 %F %‘ $r ;H MQ $7 $F <} =8 $7 $? %G !< %? $K $h $l $P , FC D’ a $N 8= $l $k IQ EY $O Ls 3 J, , FC D’ e $N 8= $l $k IQ EY $O Ls 20 J, $G $" $k . => $C $F , L5 BL $J 7Y 9p $, =P $5 $l $k IQ EY $O , $= $l Dx , 9b $/ $J $$ . M- 8z $J 7Y 9p $, =P $5 $l $k IQ EY $K BP $7 $F , L5 BL $J 7Y 9p $, $I $N Dx EY $N IQ EY $G =P $5 $l $l $P , %W %m %0 %i %^ $K $H $C $F M- 32 $G $" $k $+ , 8= >u $G $O , $o $+ $C $F $$ $J $$ . 7.3 %7 %9 %F %‘ $N 8z 2L A0 @a $G =R $Y $? $h $& $K , ;n :n $7 $? %7 %9 %F %‘ $O , %- !< %9 %H %m !< %/ $+ $i %P %0 $N :. F~ $r 7Y 9p $9 $k $3 $H $, 2D G= $G $" $k $+ $I $& $+ $r 8! F$ $9 $k >e $G , M- MQ $J %G !< %? $r <} =8 $G $- $? . $= $7 $F , $3 $N $h $& $J %7 %9 %F %‘ $r ;H MQ $7 $J $$ >l 9g $K Hf $Y $F , 9b B. $K %G !< %? $r <} =8 $9 $k $3 $H $, $G $- $? . 2f !9 $O , I= 1 Cf $N FC D’ $N =P 8= 2s ?t $r , ?M <j $G B, Dj $9 $k $3 $H $b ;n $_ $F $$ $k . Nc $( $P , FC D’ a $N =P 8= 2s ?t $N B, Dj $K $O , 1 ?M $, Ls 12 ;~ 4V $N O+ NO $r Hq $d $7 $? . %7 %9 %F %‘ $r ;H MQ $9 $k $3 $H $K $h $j , $3 $N B, Dj $r ?t J, $G =* $i $; $k $3 $H $, $G $- $k $h $& $K $J $C $? . 8 $* $o $j $K %- !< %9 %H %m !< %/ $+ $i %P %0 :. F~ ;~ $N FC D’ $r 8! =P $9 $k %7 %9 %F %‘ $N @_ 7W $H It J, E* $J <B Au $K $D $$ $F =R $Y $? . $^ $? , %7 %9 %F %‘ $r ;H MQ $7 $F %G !< %? $r <} =8 $7 $? Nc $r DL $7 $F , $3 $N %7 %9 %F %‘ $, M- 8z $K F/ $$ $F $$ $k $3 $H $r <( $7 $? . $3 $l $^ $G $K , 4 >O $* $h $S 7 >O $G =R $Y $? <B 83 $G $O , %- !< %9 %H %m !< %/ %G !< %? $+ $i %P %0 $N :. F~ $r 7Y 9p $9 $k J} <0 $, , <B 8= 2D G= $G $" $k $3 $H $r <( :6 $9 $k %G !< %? $, F@ $i $l $F $$ $k . :# 8e $O , ;n :n $7 $? %7 %9 %F %‘ $r ;H MQ $7 $F , $h $j B? $/ $N %G !< %? $N <} =8 $H J, @O $r 7+ $j JV $7 , J} <0 $N <B 8= 2D G= @- $r D4 :: $7 $F $$ $/ M= Dj $G $" $k . ;2 9M J8 8% [1] Bo ehm B. W.: \Softw are engineering", IEEE T rans. Computers, pp. 1226{1241 (1976). [2] Nak a jo T. and Kume H.: \A case history analysis of softw are error cause-e�ect rela- tionships", IEEE T rans. Soft. Eng., 17 , 8, pp. 830{837 (1991). [3] 2< B< N4 IW : \CASE %D !< %k $N 3+ H/ $K $* $1 $k %= %U %H %& %’ %" %P %0 $N J, @O ", >p =h O@ , 35 , 7, pp. 1380{1389 (1994). [4] T ak ada Y., Matsumoto K. and T orii K.: \A programmer p erformance measure based on programmer state transitions in test- ing and debugging pro cess", Pro c. 16th In t. Conf. Soft. Eng., pp. 123{134 (Ma y 1994). [5] Lx , 9b ED , D; 5o : \ %- !< %9 %H %m !< %/ $K Ce L\ $7 $? %P %0 :. F~ ;~ $N %W %m %0 %i %_ %s %0 9T F0 $N FC D’ $N J, @O ", >p =h A4 Bg , pp. 5-511{5-512 (1994 =) ). [6] Y oungs E. A.: \Human error in pro- gramming", In ternational Journal of Man- Mac hine Studies,, 6 , pp. 361{374 (1974).