6&M- %a %b %j%^%k%A %W %m%;%C%5 %7 %9%F%‘$K$* $1 $k F14|;~4V:GE, $J L5BT5!;~7W9g $o$; %W %m %H %3%k <i20 @k 0f>eH~CR;R A}_7Mx8w F#86=(M: F‘NI@hC<2J3X5;=QBg3X1!Bg3X >pJs2J3X8&5f2J ") 630-0101 F‘NI8)@86p;T9b;3D. 8916-5 e-mail: f sen-m, k ouno e, masuza w a, fujiw ara g @is.aist-nara.ac.jp $" $i$^ $7 6&M- %a %b%j%^ %k%A %W %m%; %C %5 %7 %9 %F%‘ , FC $K , %7 %9 %F%‘Fb $N$9 $Y $F$N %W %m%; %C %5 $, Bg0h%Q %k %9 $r 6& M-$9$k%U%’!<%: Fb %7 %9%F%‘ $K $* $1 $k 8N>cBQ @- $r ;}$D ;~7W9g$o$; %W %m %H %3%k$r 9M;!$9$k . %U%’!< %: Fb %7 %9 %F %‘ $G $O , @5>o $J %W %m%;%C %5 $O%Q %k %9H/@8;~ $K F14| $7 $F F0:n $r 9T $& . %U%’!< %: Fb %7 %9 %F%‘ $K $*$$ $F , %Q %k %9H/@8;~ $K %W %m%;%C %5 $, F0:n $7 $J $$$h $& $J8N>c $r 5oL2 $j8N>c $H$h$V . 5oL2$j8N>c $N$* $3 $k %U%’ !< %: Fb %7 %9 %F%‘ $K $*$$ $F , F14|;~ 4V $H $h $P $l $k$" $kFC Dj%Q %k %90J>e@5 >o $K F0 :n $7 B3 $1$F $$ $k$9$Y$F$N %W %m%; %C%5 F1;N$N 6I =j;~7W$N ;~9o $r 0l CW$5 $; $k %W %m %H %3%k$r L5 BT5!;~7W9g $o$; %W %m %H %3%k$H $h$V . $3 $l $^ $G , %U%’ !< %: Fb %7 %9 %F%‘ $K $* $1 $kL5BT5!;~ 7W9g $o$; %W %m %H %3%k$H $7 $F , F14|;~ 4V 4 n 2 � 3 n � 1 $N %W %m %H %3%k $, Ds0F$5 $l$F$$$? ( n : %W %m%;%C %5?t ). K\O@J8 $G$O , F14|;~4V 12 n $N L5BT5!;~ 7W9g $o$; %W %m %H %3%k$r Ds0F$9$k . $^$? , L5BT5!;~7W9g $o$; %W %m %H %3%k$N F14|;~4V $N2<3& $, n � 1 $G $" $k$3 $H$r >ZL@ $7 , K\O@J8 $G Ds0F$9$k %W %m %H %3%k $, F14|;~4V $K 4X $7 $F %*!< %@ !<E* $K :GE, $G$" $k $3$H$r <($9 . %-!<%o!< %I 6&M- %a %b%j%^ %k%A %W %m%;%C%5 %7 %9 %F%‘ , ;~7W9g $o$; %W %m %H %3%k , 8N>cBQ@- , L5BT5!@- , F14|;~4V 1

1 $^$( $, $- %^ %k%A %W %m%;%C%5%7 %9 %F %‘ $K $* $1 $k=EMW$JLdBj$N #1$D $K , %W %m%;%C%5 4V$NF14|$r<B 8=$9$k $3$H $, $" $k . %W %m%; %C%5 4V$N F1 4|$r$H $k$?$a $N <j CJ$H $7 $F , Bg 0h ;~ 7W $, $h $/ MQ$$$i$l $k . $7 $+$7 , A4 %W %m %;%C%5$, 6& DL$N#1 $D$N ;~7W$r ;2 >H$9 $k J}K!$G$O , $= $N ;~7W $, 8N >c$9 $l $P $I $N %W %m%;%C%5$bBg0h;~7W$rMxMQ $G$-$J $/ $J $k$H$$ $&7gE@ $, $" $j , %7 %9%F %‘ A4BN$N ?. Mj@-$O Dc $$ . $=$3 $G , 3F %W %m%;%C%5 $, 8DJL $K ;~7W $r<B8= $7 , $3 $l$i $N ;~7W $r F14|$5 $;$k$H$$ $& J}K! $, Ds0F$5 $l$F $$ $k [1, 2, 3, 4]. $3$NJ}K! $G $O , 3F %W %m%;%C %5 $, 8DJL $K ;~ 7W$r <B 8=$9 $k$?$a , 0l It$N %W %m %;%C%5$, 8N >c $7 $F $b@5>o $J %W %m%;%C%5 4V $G ;~7W$rF14|$9$k$h $& $K <B8= $9 $k$H$$ $C$? 8N >c BQ @-$r ;}$?$; , ?. Mj @-$r >e $2 $k$H $$ $& $3$H$, 9M$($i$l $k . $3 $N $h $&$J >u 67$G , 3F %W %m %;%C%5 $, 4IM}$9$k6I=j;~7W $rF14|$5$;$k %W %m %H %3%k $r ;~7W9g $o$; %W %m %H %3%k$H $h$V . 8N>c %W %m%;%C%5 $, B8:_$9$k %7 %9 %F%‘ $K $* $1 $k;~7W 9g $o$; LdBj $O B?$/$N %" %W %j%1!< %7 %g %s$K$H $C $F =EMW $G $" $j , $^$? $= $l <+ BN$b 6= L# ?<$$ LdBj$G $" $k . ;~ 7W 9g $o$;LdBj $O , $3 $l $^ $GMM !9 $J%b %G%k$N 2< $G , MM!9 $J 7k2L $, <($5 $l $F$$ $k ([1, 2] $J $I ). K\O@J8 $G$O , 3F %W %m%;%C%5 $, 6&DL $N Bg0h%Q %k %9 $r6&M-$9$k%U%’!< %: Fb %7 %9 %F%‘ (in-phase system)( ?^ 1) $K $* $1 $k;~7W9g $o $; %W %m %H %3%k $r 9M;!$9 $k . 8N>c %W %m%; %C%5 $, B8:_$9 $k%U%’!< %: Fb %7 %9 %F%‘$N2< $G$N ;~7W9g $o$; %W %m %H %3 %k$O , Dolev $i$K $h $C $F Ds0F$5 $l $? [3]. Dolev $i$O , %W %m%;%C%5$N 8N>c $H $7 $F G$0U;~4VF0:n $r Dd;_ $7 $? 8e $K F0:nDd;_ $K 5$ $E$+$:$K F0:n$r:F3+$9$k $H$$ $&5oL2 $j8N>c (napping fault) $r BP>] $H $7 $F$$$k . H‘ $i$N %W %m %H %3%k$O , $"$kDj?t k $K BP $7 , 0J2< $N#2$D$N>r7o $r J]>Z$9 $k . (1) k %Q%k %9$N4V , @5 >o $K F0:n $7 B3 $1 $? %W %m %; %C %5 $O , $= $l 0J9_@5 >o $K F0:n $7 B3 $1 $k8B $j , 6I=j ;~7W$NCM $O 3F%Q %k %9 $G#1 $: $DA} $( $k . (2) k %Q%k %9$N 4V , @5>o$K F0 :n $7 B3$1 $? #2 $D$N %W %m%; %C%5$N 6I =j ;~ 7W $NCM $O0lCW $9 $k . $3$N %W %m %H%3%k $O , 3F %W %m%; %C %5 $O >/$J $/$H$b k %Q%k %9F0 :n $7 B3$1$l $P B>$N %W %m%; %C %5$NF0:n $K 4X $o $i$: 6I=j;~7W $NCM$r0lCW$5$;$k $3$H $, $G $- $k$H $$ $&0UL#$G , L5 BT5! ;~ 7W9g$o $; %W %m %H %3 %k (w ait-free clo ck sync hronization proto col) $H $h $P$l $k . $3$3$G , Dj?t k $r F14|;~4V (sync hronization time) $H $h$V . L5BT5!;~7W9g $o$; %W %m %H %3%k$G$O , 5o L2$j 8N>c$r $*$3$9 %W %m%;%C%5$b k %Q%k %9@5>o $K F0:n $7 B3 $1$l $P 6I=j;~7W$rF14|$5$; $k $3$H $,$G $- , $^$? , G$0U8D$N %W %m%;%C%5 $, 5oL2$j8N>c $r$*$3$9>l9g $G$b 8N>c %W %m%;%C%5$N F0:n $K 1F6A$5 $l $k$3$H$J$/6I=j;~ 7W $r F14|$5$;$k$3 $H $,$G $- $k . 2a5n $K Ds0F$5 $l $?%U%’!<%: Fb %7 %9 %F %‘ $K $* $1 $kL5 BT 5! ;~ 7W 9g$o$; %W %m %H %3%k $r I= 1 $K <($9 . Dolev $i $O , F1 4|;~ 4V 16 n 2 + n � 1( n : %W %m%; %C%5?t ) $N L5BT 5! ;~7W9g$o$; %W %m %H %3%k$r Ds 0F $7 $? [3]. $^$? , G$ 0U $N =i4| %7 %9 %F%‘>u67 $+$i 3+;O$9$k<B9T $K $*$$$F$bBg 0h;~7W $r <B8=$9$k<+8J0BDjL5BT5!;~7W9g $o$; %W %m %H %3%k $H $7 $F , Dolev $i $O F1 4| ;~ 4V 8 n 3 + n � 1 $N <+ 8J 0B Dj L5BT 5! ;~ 7W9g$o $; %W %m %H %3 %k $r Ds 0F $7 $? [3]. $^$? , Papatrian ta�lou $i$O , F14|;~4V 4 n 2 � 3 n � 1 $N <+8J0BDjL5BT5!;~7W9g $o$; %W %m %H %3%k$r Ds0F $7 $? [4]. K\ O@J8$G$O , F14| ;~4V 12 n $N L5BT5! ;~7W 9g$o$; %W %m %H%3 %k W C S $NDs 0F $r $7 , %W %m %H%3 %k W C S $NF1 4|;~4V $, %* !< %@ !<E* $K :GE, $G$" $k$3 $H$r <($9 . 2 =tDj5A K\ O@ J8$G$O , n 8D$N %W %m %; %C%5$+$i @. $k 6& M- %a %b %j%^ %k%A %W %m %;%C%5%7 %9%F%‘$r 9M$( $k . %W %m%;%C%5 $O J#?t$N6&M-JQ?t $r 2p $7 $F$N $_ DL?. $r9T $& $3 $H $,$G $- $k . 6& M- %a%b %j %^%k %A%W %m %;%C%5 %7 %9%F %‘ S $r S = ( P ; V ) $G Dj5A $9 $k . $3 $3 $G , P $O%W %m %;%C%5$N =89g , V $O 6&M-JQ?t $N=89g $G$"$k . %W %m%;%C%5 $O 0 $+ $i n � 1 $^ $G$N Aj0[ $J$k<1JL;R $r ;}$D $H $7 , <1JL;R i $N %W %m%; %C %5 $r P i $H I= $9 . $^ $? , 3F6&M- JQ?t $O , =jM- <T $H$h $P$l $k$"$k#1 %W %m%;%C%5$N$_ $, =q$-9~$_ $r$G $- , $9$Y$F$N %W %m%; %C%5 $, FI$_ =P $7 $r$G $- $k$H$9$k . 3F %W %m%; %C%5$O >u BV5!3#$H $7 $F %b %G %k 2=$5 $l $k . >u BV s $N %W %m %;%C%5 P i $O , 0J2<$N (1) $+$i (2) $N F0 :n $r #1 %9%F%C %W $N A‘:n$H $7 $F 9T$$ , <!$N >u BV s 0 $K A+0\ $9$k . (1) >u BV s $K $h$j 7hDj$9 $k %W %m%;%C%5 P j $, =j M-$9 $k$9$Y$F $N 6& M- JQ ?t$r FI$_ =P$9 . (2) >u BV s $H P j $, =jM-$9 $k 6&M- JQ?t$N CM$r 4p$K , P i $, =j M-$9 $k6& M-JQ?t $r 99?7 $7 , >uBV s 0 $K A+0\$9$k . K\ O@ J8$G$O , %U %’!<%: Fb%7 %9%F %‘$H 8F $P $l $k F1 4| <0 %^ %k%A %W %m %;%C%5%7 %9%F%‘$r 07 $& . %U %’!<%: Fb %7 %9%F %‘$H$O , A4 %W %m%; %C%5 $, 6& DL$N Bg 0h%Q%k %9$r 6& M- $9 $k %7%9 %F%‘ $G$" $j , A4 %W %m %; %C %5 $OBg 0h %Q %k %9 $r <u $1 $?$H $-$K#1 %9 %F%C %W $N F0 :n $r F1 4| $7 $F 9T $& . $? $@ $7 , K\O@ J8 $G $O8e $G=R $Y$k5o L2 $j8N >c $r9MN8 $7 , 3F 2

?^ 1: %U%’ !< %: Fb %7 %9 %F%‘ I= 1: %U %’!<%: Fb %7 %9 %F%‘ $K $* $1 $k L5BT5!;~7W9g $o$; %W %m %H %3%k F14|;~4V >e3& 2<3& Dolev $i [3] 16 n 2 + n � 1 P apatrian ta�lou $i [4] ? 4 n 2 � 3 n � 1 K\O@J8 12 n n � 1 ? <+8J0BDjL5BT5!;~7W9g$o$; %W %m %H %3%k %Q %k %9 $G A4 %W %m%;%C%5 $, F0:n$9$k$H $O 8B $i$J$$$H$9 $k . %7 %9 %F%‘ S $N Bg0h >u 67 $r , A4 %W %m%; %C %5 $HA46& M- JQ?t $N>u BV $NAH $GI= $9 . 0J9_ , $3$N %7 %9 %F%‘ $NBg 0h >u 67$N $3$H$r , C1 $K >u67 $H$$ $& . %7 %9 %F%‘$N<B9T $O , >u 67$H , 3F%Q%k %9 $G F0 :n $7 $? %W %m %; %C%5$N =89g$N L5 8B $^$?$O M- 8B8rBe Ns E = c 0 � 1 c 1 � � � $G I=$9$3$H$,$G $- $k . $3$3$G , 3F c t $O >u67 $r I= $7 , FC $K c 0 $O 3F %W %m%;%C %5 , 6& M- JQ?t$N FC Dj$N =i 4| >uBV$+$i $J $k =i 4|>u 67$r I=$9 . $^$? , � t $O t HVL\ $N%Q %k %9H/@8 ;~ $K#1 %9 %F %C %W $N F0 :n $7 $? %W %m%; %C%5$N =8 9g$r I= $9 . <B9T E $O , M- 8B $G$"$k $H$- $O$"$k>u67 c end $G =*$k . $3$N<B9T E $O , 3F t $K BP $7 , � t $K B0$9 $k 3F %W %m %; %C%5 $, c t � 1 $r 4p$K F1 4| $7 $F #1 %9%F%C %W $N F0 :n$r 9T$$ , >u67 $, c t $K $J $C $? $3$H$r 0UL#$9$k . $^$? , t HVL\$N%Q %k %9 $, H/@8 $7 $? ( Bg 0h ) ;~9o$r ;~9o t $H $h $V . $^$? , >u 67 c t $G $N JQ ?t P i :x $N CM$r P i :x ( t ) $G I=$9 . %W %m %;%C%5 P i $K $D $$ $F , P i 62 � t $N $H $- , P i $O ;~ 9o t $G 5o L2$j 8N >c $7 $? , $^$?$O C1 $K 5o L2$j $7 $? $H $$ $& . P i $, ;~9o t $G 5o L2$j $7 $? $J$i$P , P i $O ;~ 9o t $G $O A4 $/ F0 :n$r $7 $J $$ . $9$J $o $A , c t � 1 $H c t $K $*$1 $k P i $N >u BV$H P i $, =j M- $9 $k 6& M- JQ ?t$N CM$O JQ$o $i $J $$ . %7 %9%F %‘ S $N <B 9T E = c 0 � 1 c 1 � � � $K BP $7 $F , %W %m %;%C%5 P i $, ;~ 9o t $^$G O" B3 $7 $F F0 :n $7 $? %Q %k %9 ?t$r w or k ( P i ; t ) $H I= $9 . $9$J $o $A , w or k ( P i ; t ) = max f l j P i 2 T t � ( l � 1) � t 0 � t � t 0 g $G $" $j , w or k ( P i ; t ) = u $N$H$- P i $, 6h4V [ t � u + 1 ; t ] $G 5oL2$j$9$k $3$H$J $/ F0:n $7 B3 $1$?$3 $H$r 0U L#$9$k . $?$@ $7 , P i 62 � t $N $H $-$O , w or k ( P i ; t ) = 0 $H Dj5A$9$k . <! $K , %U %’ !< %:Fb %7%9 %F%‘ $K$* $1$kL5 BT 5! ;~ 7W 9g $o $; LdBj$r Dj 5A$9$k . 3F %W %m %;%C%5 P i $O , P i $N 6I=j ;~ 7W$r I=$9 6& M-JQ ?t C l ock $r ;}$D$H $9 $k . G$ 0U$N ;~9o t $K BP $7 , t $^$G O"B3 $7 $F F0:n $7 $?%Q%k %9?t $, $" $kDj ?t0J>e $G$" $k$h $& $J G$0U $N %W %m%;%C%5 P i , P j $N 6I=j ;~7W$N CM $, 0lCW $7 , 0J9_ P i $, F0:n $7 B3 $1 $k 8B$j6I=j ;~7W$NCM $, #1%Q%k %9Kh $K#1$: $D A} $($k$3$H$rJ]>Z$9 $k %W %m %H %3 %k$rL5BT 5!;~ 7W 9g $o $; %W %m %H%3%k$H$$$& . Dj5A 1 $" $k@5@0?t k $K BP $7 , G$0U $N<B9T $, <! $N#2$D $N >r7o$r K~$?$9$h $& $J %W %m %H %3%k $r F14| ;~4V k $N L5 BT5!;~7W9g $o$; %W %m %H %3%k$H$$ $& . (i) D4 @0 40 N;@- (A djustment) !’ G$ 0U$N t � 1 , G$ 0U $N %W %m%; %C %5 P i $K BP $7 , w or k ( P i ; t ) � k + 1 $J$i $P , P i :C l ock ( t ) = P i :C l ock ( t � 1) + 1 $, @.$jN)$D . 3

(ii) 0lCW@- (A gr e ement) !’ G$0U $N t � 1 , G$0U$N %W %m%; %C%5 P i ; P j $K BP $7 , w or k ( P i ; t ) � k ; w or k ( P j ; t ) � k $J$i $P , P i :C l ock ( t ) = P j :C l ock ( t ) $, @.$jN)$D . 3 %W %m %H %3%k K\@a $G , %U %’ !< %:Fb %7%9 %F%‘ $K$* $1$kF1 4| ;~ 4V 12 n $NL5 BT 5! ;~ 7W 9g $o $; %W %m %H%3 %k WCS $rDs0F $9 $k . %W %m %; %C %5 P i $N %W %m %0 %i%‘ $r?^ 3 $K <( $9 . ?^ 3 $G $O , 6& M-JQ ?t$r Clo ck $N $h $& $K BgJ8 ;z $G ;O$^$k JQ?t L> $G I= $9 . $^ $? , 3F %W %m%; %C %5 $N>uBV $r6I=j JQ ?t $N=8 9g $GI= $7 , 6I=j JQ ?t $r cur $N$h$& $K>. J8 ;z $G;O $^ $k JQ ?t L> $G I=$9 . FC $K JQ?t cur $O , 6&M-JQ?t $rFI$_=P$9 %W %m%;%C %5$N<1JL;R $r I=$9JQ?t $G$" $k . 3.1 %W %m %H %3%k WCS 3.1.1 35N, K\ %W %m %H %3%k$G$O , 3F %W %m%; %C%5 P i $O #2$D$N%b !< %I , D4 @0 Cf%b !< %I ( adjusting mo de), D4 @0 :Q%b !< %I ( adjuste d mo de) $r ;}$D . =i4| >u67 $G$O , A4 %W %m%; %C %5$, D4 @0 Cf %b !< %I $G ;~ 7W D4 @0$r 3+ ;O $9 $k . D4 @0 Cf %b!< %I $K $" $k %W %m%; %C%5 P i $O , <jB3$- adjust $K =>$C $F ;~ 7W D4 @0 $r 9T $& . D4 @0 Cf %b !< %I $K $* $$ $F <j B3 $- che ck adjuste d $K $h $j ;~ 7W D4 @0 $, =* N; $7 $?$H H= Dj $7 $? $J $i $P , D4@0 :Q %b !< %I $X 0\9T $9 $k . D4@0 :Q %b!< %I $K $" $k %W %m%; %C%5$O , %9%F%C %W Kh$K 6I =j ;~7W$N CM$r #1 $: $D A}$d $9 . $^$? , %W %m %;%C%5 P i $O $9$Y$F $N %9 %F%C %W $K $*$$ $F P i <+?H $* $h $S B> $N %W %m%; %C %5 $N5oL2 $j $N %A %’ %C %/ $r9T$& ( <jB3 $- che ck nap ). B> $N %W %m %; %C %5 P j $N 5oL2 $j $r8!CN $7 $?$J$i $P , 6&M-JQ?t $rDL $7 $F P j $KCN $i$;$k . <+J, $N5oL2 $j $r8!CN $7 $? >l9g , %W %m%; %C %5 P i $O <jB3$- p artial r eset $r 9T$$ , ;~7W D4@0$r ;O$a $+$i$d$j D>$9 . K\ %W %m %H%3 %k $K$* $1$k ;~ 7W D4 @0 $N %" %$ %G%" $r?^ 2 $K <($9 . %W %m%; %C%5 P i $, D4@0Cf%b!< %I $G ;~7WD4@0 $r3+ ;O $7 $F$+$i <! $K 8N >c $r 8!CN $7 $F p artial r eset $r 9T $& $^ $G$N6h 4V $r @$Be $H$h $V . 3F %W %m%; %C %5 $O , 8=:_ $N@$ Be $G$N %9 %F%C %W ?t $rI=$96&M-JQ ?t Work c ount $r ;H $& . ;~7W D4 @0 $r3+ ;O $7 $? %W %m%; %C %5 $O$^ $: , 8=:_ $N@$ Be$r <+ J,$h $j Aa $/;O$a$? %W %m%; %C%5$r Work c ount $K $h$jD4 $Y$k . ?^ 2 $K <($9$h$& $K , 8=:_ $N@$Be $r 8e $+ $i ;O $a $? %W %m %; %C %5 $O , <+J, $h $jAa $/ ;O $a $? %W %m%; %C %5$N 6I=j;~7W $@$1$r 4p $K $7 $F ;~7WD4@0 $r 9T $& . 0J2< , <jB3 $- che ck nap $K $h$k5o L2 $j $N %A %’ %C%/ $K $D $$$F @b L@ $7 , <! $K <j B3$- adjust $K $h $k ;~ 7W$N D4 @0 $N >\:Y $K$D$$$F @bL@$9$k . 3.1.2 5oL2$j$N %A%’ %C %/ ( <jB3$- che ck nap ) 3F %W %m %; %C%5$O , =i 4| >u BV$+$i $N %9%F%C %W ?t$r I= $9 6&M-JQ ?t Count ( =i4|CM 0) $r ;H $& . $^$? , ?7 $7 $$ @$Be$N;~7WD4@0 $r 3+;O$9$k $? $S $K 99?7$9$k6&M-JQ?t Gen ( =i 4|CM 1) $r ;}$D . Gen = g $N 4V$N ;~7W D4@0$r , @$Be g $N ;~7WD4@0$H$h$V . %W %m%; %C %5 P i $, P j $N6& M- JQ ?t $rFI $_=P $9%9 %F %C %W $K $*$$$F , A0 2s$N P j $N 6&M-JQ ?t $r FI$_ =P $7 $? %9 %F%C %W$+$i $N P i : Count , P j : Count $NA} J, $N :9 ( ?^ 3, Bh 38 9T , dif f $G I=$9 ) $K $h$j , P i $O <+?H$^ $? $O P j $, 5oL2 $j $7 $F$$ $? $3 $H $rH=Dj $9 $k . P i $, P j $N5oL2 $j $r8! CN $7 $?$J $i $P ( Bh 40 9T$N >r 7o <0 $, @. N) ), P j : Gen $N CM$r P i $N JQ?t Invalid j $K BeF~$9$k$3$H $K $h$j , P i $O P j $N 5oL2$j $r P j $K CN $i$;$k . P i $O <+?H $N5oL2 $j $r8!CN $7 $?$H $-$K P i : Work c ount � n $J$i $P ( Bh 42 9T$^$? $O Bh 43 9T$N>r 7o<0 $, @.N) ), p artial r eset $r 9T $& . %W %m%; %C%5 P i $, 5oL2$j$r $7 $?$J$i $P , J# ?t$N %W %m%; %C %5$H $N Count $N A} J,:9$N Hf 3S $K $*$$$F P i $, P i <+?H $N 5oL2$j$r 8!CN $7 $&$k . $3 $N $h $& $J 5oL2$j 8!CN$N =E J#$r Hr $1 $k$?$a , P i : Work c ount � n $r >r 7o $H $7 $F $$ $k . $3 $3 $G=R $Y $? 0J 30 $KD4 @0 Cf %b !< %I Cf $K p artial r eset $r 9T$& >l 9g $,$"$k . $= $l$i $K$D $$ $F $O , <jB3 $- adjust $N Cf $G @bL@$9$k . 3.1.3 ;~7W$ND4@0 ( <jB3$- adjust ) D4 @0 Cf%b !< %I $K $*$1 $k ;~ 7W D4@0$O , #3 $D$N %T %j%* %I $+$i 9=@. $5 $l $k . ;~9o t � 1 $K $* $1 $k Work c ount $NCM $K=> $C $F , ;~9o t $K $= $l $> $l 0J2< $N %T %j %* %I $N %9 %F %C %W $r 9T $& . � =‘Hw %T %j %* %I (0 � W or k count ( t � 1) � 4 n � 1) � D4 :: %T %j %* %I (4 n � W or k count ( t � 1) � 5 n � 1) 4

?^ 2: %W %m %H %3%k WCS $N%" %$ %G %" � D4@0 %T %j%* %I (5 n � W or k count ( t � 1)) %W %m%;%C %5 $O , =‘Hw %T %j %* %I , D4:: %T %j %* %I $G$O 6&M- JQ?t$NFI$_=P $7 $, $=$N =jM- %W %m%;%C%5$N<1JL;R $, =d 2s$9 $k=g =x $N7+$jJV $7 $K$J $k $h $& $K %9 %F%C %W $r B3 $1 , D4:: %T %j%* %I $G$O %W %m %H %3%k$K =>$C$FFI$_=P $7 $N =g =x$r JQ 99$9 $k . D4 :: %T %j%* %I $G$O , B>$N %W %m %;%C%5 $, $= $N$H $-$N @$ Be $r ;O$a$? ;~9o$r D4$Y$k . D4@0 %T %j %* %I $G $O , <+ J,$h $j Aa $/ @$ Be$r ;O$a$? B>$N %W %m %;%C %5$N6I=j;~7W $H <+J, $N6I=j;~7W $r 0lCW$5 $;$k . $^$? , 4 n %9 %F%C %W $N =‘Hw %T %j %* %I $O , D4:: %T %j%* %I $G B>$N %W %m%;%C%5 $, ;~7WD4@0 $r;O$a$?;~9o$r@5 $7 $/D4$Y $i $l $k$3$H $r J]>Z $9$k$?$a$K I, MW $H $9 $k ( JdBj 1). =‘ Hw %T %j %* %I $G$O , 5oL2$j$N%A%’ %C%/ $N$_$r 9T $& . D4:: %T %j %* %I $G , %W %m%;%C %5 P i $O P j :W or k count $K$h $j , P i $, @$Be $r;O $a $?;~ 9o $KBP $9$k , P j $, $=$N $H $-$N @$ Be$r ;O$a $? Aj BP ;~ 9o$r D4$Y $k . $?$@ $7 , P i $, P j $N 5oL2 $j $r8!CN $7 $?$J $i $P , P j $O CY$/ $H$b<! $K P i $N6& M-JQ ?t $r FI$_ =P$9 %9 %F%C %W $G p artial r eset $r 9T $& $N $G , P i $O P j $r ;~7W D4@0 $r CY $/3+;O $7 $? %W %m%;%C %5 $H $7 $F 07$& . D4@0 %T %j %* %I $G$O , $=$N=j M- <T $, ;~7W D4@0$r ;O$a$? ;~ 9o$N=g$K 6& M-JQ?t$r FI$_ =P$9 . $= $N =g=x $rCN $k $? $a , D4 :: %T %j %* %I $N:G8e $N%9 %F %C %W$G <j B3 $- sort list $K $h$j P i $h$jAa$/ ;~7W D4 @0 $r;O $a$? %W %m %; %C %5 $r;~7WD4 @0 $r3+;O $7 $? ;~9o $N=g $K%=!< %H $7 , $=$N7k2L $r G[Ns list $K 3JG<$9$k . $?$@ $7 , F1;~9o $K ;~ 7WD4@0 $r3+;O $7 $? %W %m%; %C %5 $, J#?tB8 :_ $9 $k $J $i $P , <1JL ;R $K $h$j =g =x $r IU $1 $k . P i $h$j Aa $/;~7W D4@0$r ;O$a $? %W %m %; %C%5 $, $J$1$l$P , <j B3$- che ck adjust $K$h $j , $3 $N %9 %F%C %W $G P i $O D4 @0 %T %j %* %I $K F~$k $3 $H$J $/D4@0:Q%b!< %I $X 0\9T$9$k . D4@0 %T %j %* %I $G $O , P i $O$^ $::G $b Aa $/ ;~ 7W D4 @0 $r;O $a $? %W %m%; %C %5 , $9 $J $o$A list $N @hF, $K$"$k %W %m%; %C %5 $N6I =j ;~ 7W $K<+J, $N;~ 7W $r9g $o$;$k . $=$N8e , 86B’ $H $7 $F list $N=g $K , P i $h$jAa $/ ;~ 7W D4 @0 $r;O $a $?B> $N %W %m%;%C%5$N 6I=j;~7W $H <+J, $N6I=j;~7W $, 0lCW $7 $F $$ $k$3$H$r 3N G’ $7 $F $$ $/ . D4@0 %T %j %* %I $N %9%F%C %W $O 0J2< $N$h$& $K 9T$& . 0J2< $G $O , $=$N%9 %F %C %W$G FI $_ =P$96&M-JQ?t$N=jM-<T $r P j $H $9$k . � P i $, P j $N 5oL2$j$r8!CN $7 $?$H $- , $^$? $O P j $, <+?H $N5o L2 $j $r8! CN $7 $?$H $- $O , P j $N6I=j ;~ 7W $K 9g $o $; $J$$ , $^ $? $O 0lCW 3N G’ $r $7 $J$$ . <! $N %9 %F %C %W $G$O list $N <! $N %W %m%; %C %5 $N6& M-JQ ?t $rFI $_=P $9 . $3$N $H $- , P i $O P j $N;~7W $r L5 ;k $9 $k$H$h$V ( Bh 68 9T ). � P j $, $^ $@D4@0Cf %b!< %I $N$H$- $O , :#2s $N%9 %F %C %W $G$O P j $N 6I=j;~7W $K 9g $o$;$J$$ , $^$? $O 0l CW3N G’ $r $7 $J $$ . <!$N %9%F%C %W $G $b :F $S P j $N FI$_=P $7 $r $9$k . � P i $, $3 $l $^ $G 6I=j ;~ 7W $r9g $o$; $? , $^ $? $O 0lCW 3N G’ $7 $? %W %m %; %C %5 $,?.Mj $G$- $J $$ $HH= CG $7 $? $i , 8=:_$N 6I=j ;~ 7W$r 4~ 5Q $7 ( Bh 81 9T ), P j $N 6I=j;~7W $K 9g$o$;$k . $3 $N$?$a$K , 6I=j;~7W$r 9g $o$; $? , $^ $? $O0lCW3N G’ $7 $? %W %m%;%C %5=89g $r I=$9 S y nc , L5 ;k$^$?$O 4~ 5Q$r $7 $? %W %m %;%C %5$N =89g Asy nc $r ;H $& . � P i $H P j $, , 8= :_$N @$ Be$G , 6& DL$N %W %m %; %C%5 P m $N 6I =j;~ 7W$K 9g$o $;$? , $^$?$O 0l CW 3NG’ $7 $F$$$k $K$b $+ $+$o $i $: , N><T $N6I=j ;~7W $, 0lCW $7 $J $$ $J $i $P , P i $O p artial r eset $r 9T$$;~7W D4 @0 $r$d$j D>$9 . %W %m%;%C%5 P i $O , P i $h$j Aa$/;~ 7WD4@0 $r ;O$a$?$9 $Y $F $N %W %m %; %C %5 , $9 $J $o$A G[ Ns list $K $* $$ $F P i $h$j A0$K $" $k $9$Y$F $N %W %m %; %C%5$N 6I=j ;~ 7W$K BP $7 , 9g $o $; $k , 0lCW3NG’ $r $9$k , $^$? $O L5;k $7 $?$H$- , <j B3 $- che ck adjust $K$h$j P i $O D4@0Cf %b!< %I $+$iD4@0:Q %b!< %I $K 0\9T $9$k . %W %m %H %3%k WCS $O , 8=:_ $N@$Be 5

1 shared v ariables 2 Clo ck , =i4|CM 0 3 Count , =i4|CM 0 4 Work c ount , =i4|CM 0 5 Gen , =i4|CM 1 /* @$BeHV9f */ 6 Invalid j ( j = 0 :::n � 1), =i4|CM 0 7 Mo de , " adjusting " or " adjuste d ", =i4|CM " adjusting " 8 Sync , P $N ItJ,=89g , =i4|CM ; 9 /* 6I=j;~7W $, 0lCW$9$k %W %m%;%C%5$N=89g */ 10 Async , P $N ItJ,=89g , =i4|CM ; 11 /* 6I=j;~7W$rL5;k , 4~5Q $7 $? %W %m%;%C%5$N=89g */ 12 lo cal v ariables 13 cur , =i4|CM 0 14 last c ount j ( j = 0 :::n � 1), =i4|CM 0 15 last gen j ( j = 0 :::n � 1), =i4|CM 0 16 last my c ount j ( j = 0 :::n � 1), =i4|CM 0 17 key j ( j = 0 :::n � 1) 18 /* @$Be$r;O$a$?AjBP;~9o */ 19 list [0 :::n � 1] 20 /* @$Be$r;O$a$?=gHV */ 21 next, sync, p os 22 rep eat forev er do on receipt of a pulse 23 read P cur ’s v ariables; 24 if ( check nap ) then 25 p artial r eset ; /* 5oL2$j%j%;%C %H */ 26 elseif M ode = " ad j usting " then ad j ust ; 27 else /* M ode = " ad j usted " */ 28 Clo ck := Clo ck + 1; 29 next := cur + 1 ( mo d n ); 30 last count cur := P cur :C ount ; 31 last g en cur := P cur :Gen; ; 32 last my count cur := C ount ; 33 cur := next ; 34 C ount := C ount + 1; 35 W or k count := W or k count + 1; 36 end 37 pro cedure check nap ; 38 dif f := ( C ount � last my count cur ) 39 � ( P cur :C ount � l ast count cur ); 40 if dif f > 0 and P cur :Gen = last g en cur 41 then I nv alid cur := P cur :Gen ; 42 if ( W or k count � n and dif f < 0) 43 or ( Work c ount � n and P cur : Invalid i = Gen ) 44 then return tr ue ; 45 else return f alse ; 46 end pro cedure; 47 pro cedure par tial r eset ; 48 next := 0; M ode := " ad j usting "; 49 Gen := Gen + 1; 50 W or k count := � 1; /* b ecomes 0 at line 35*/ 51 end pro cedure; 52 pro cedure adjust ; 53 if 0 � W or k count � 4 n � 1 54 then next := cur + 1( mo d n ); 55 elseif 4 n � W or k count � 5 n � 1 then 56 b egin 57 if I nv al id cur < P cur :Gen then 58 k ey cur := P cur : Work c ount � Work c ount 59 else k ey cur := � 1; 60 next := cur + 1( mo d n ); 61 if W or k count = 5 n � 1 then sort list 62 end 63 else /* W or k count � 5 n */ 64 b egin 65 if I nv al id cur = P cur :Gen 66 or P cur :W or k count < W or k count then 67 b egin 68 Asy nc := Asy nc [ f P cur g ; /* L5;k */ 69 pos := pos + 1; check ad j usted ; 70 Clo ck := Clo ck + 1; 71 end 72 elseif P cur :M ode = " ad j usted " then 73 b egin 74 if ( S y nc 6� P cur :Asy nc and 75 P cur :S y nc 6 = ; and Clo ck 6 = P cur : Clo ck ) 76 then p artial r eset ; /* 5oL2$j %j %;%C %H */ 77 else 78 b egin 79 Clo ck := P cur : Clo ck + 1; 80 if S y nc � P cur :Asy nc 81 then Asy nc := Asy nc [ S y nc ; /* 4~5Q */ 82 S y nc := ; ; 83 S y nc := S y nc [ f P cur g ; 84 pos := pos + 1; che ck adjuste d ; 85 end 86 end 87 if Work c ount = 6 n � 1 88 and M ode = " ad j usting " 89 then p artial r eset ; /* ;~4VD62a%j%;%C %H */ 90 end 91 end pro cedure; 92 pro cedure sort list ; 93 list [0 ::n � 1] := sort id s in the descending 94 lexicographic order of ( k ey id ; id ); 95 S y nc := ; ; Asy nc := ; ; 96 pos := 0; che ck adjuste d ; 97 end pro cedure; 98 pro cedure che ck adjuste d ; 99 if list [ pos ] = i 100 then Mo de := " adjuste d "; next := 0; 101 else next := list [ pos ]; 102 end pro cedure; ?^ 3: %W %m %H %3%k WCS 6

$N;~7W D4 @0 $r;O $a $F $+ $i P i $, 5oL2 $j$9 $k $3 $H$J$/F0 :n $7 B3$1 $F $$ $k >l 9g$O , P i : Work c ount = 6 n $K C# $9$kA0 $K D4@0Cf%b!< %I $+$i D4@0:Q%b!< %I $X 0\9T$9$k $3$H $r J] >Z $9 $k ( Jd Bj 4 $G >Z L@ ). $=$3 $G , P i $, 5o L2 $j $7 $?$3$H $K $h$j D4@0:Q %b!< %I $X 0\9T$9$k $3$H$J $/ P i : Work c ount = 6 n $K C#$9 $k$J $i $P , p artial r eset $r9T $$ ;~ 7W D4 @0 $r $d $j D> $9 . $3 $N>l 9g $N p artial r eset $r ;~ 4V D6 2a %j %; %C %H , B> $N>l 9g $N p artial r eset $r 5oL2 $j %j%;%C %H $H 8F $s$G 6hJL$9$k . 3.2 WCS $N @5Ev@- %W %m %H %3%k WCS $, F14|;~4V 12 n $N L5BT5! ;~7W9g $o$; %W %m %H %3%k$G $" $k $3$H$r <($9 . F14| ;~ 4V $r , %W %m %; %C %5 $,5oL2 $j $r $7 $F $+ $i<j B3 $- p artial r eset $r9T$& $^ $G $N%9 %F %C %W ?t $H , ;~7W D4 @0 $r ;O $a $F $+ $i ( =i4| >u BV $^ $? $O p artial r eset $r9T $C $F $+ $i ) D4 @0 :Q %b !< %I $X0\ 9T $9 $k $^ $G$N%9 %F %C %W ?t $KJ, $1 $F 9M $( $k . %W %m %H %3%k WCS $G$O , D4@0 %T %j %* %I $G$N n 2s$N %9%F%C %W 8e$b D4@0Cf%b!< %I $+$i D4@0:Q%b!< %I $X 0\ 9T $7$J$$ $J $i $P , P i : Work c ount ( t 0 � 1) = 6 n � 1 $J $k ;~9o t 0 $G ;~4V D62a %j%;%C %H $r 9T $& . JdBj 4 $G$O , D4@0Cf%b!< %I $N %W %m%;%C%5 $, ;~7WD4@0 $r ;O$a $F$+$i 5o L2$j$r $7 $F $$$J $$ , $+ $D 5o L2$j %j%;%C %H $r 9T$o$J $$ $J $i $P , P i : Work c ount ( t 0 � 1) = 6 n � 1 $J $k;~9o t 0 $^$G$K D4 @0 :Q%b !< %I $X 0\ 9T$9 $k$3$H $r <($9 . Jd Bj 7 $G $O , D4@0:Q %b!< %I $N#2$D$N %W %m%;%C %5 $, ==J,D9$/ 5o L2$j $9 $k$3$H $J $/ F0:n $7 B3 $1 $F $$ $k$J$i$P , N> <T $N6I =j;~7W$N CM $, 0lCW$9 $k$3$H$r <($9 . JdBj 8 $G$O , %W %m %;%C%5 $, 5oL2$j$r $7 $F$+$i p artial r eset $r 9T $& $^ $G$N %9 %F%C %W ?t $, 9b !9 6 n $G $" $k $3 $H$r <($9 . JdBj 9,10 $G , G$0U $N<B 9T $KBP $7 D4@0 40 N; @- $H0l CW @- $, @. $j N)$D $3$H$r <($9 . Bh 93 9T$N %= !< %H $N =g =x 4X 78$r I= $9 $? $a , G$ 0U$N 2 $D$N 2 9‘ AH ( k i ; i ) ; ( k j ; j ) $K BP $7 , k i < k j $^$?$O k i = k j ^ i < j $J$i $P , ( k i ; i ) < ( k j ; j ) $H Dj 5A$9$k . $^$? , ;~7WD4 @0 $r ;O$a$?;~9o$N A08e4X78 $r I=$9$?$a , t i < t j $^ $? $O t i = t j ^ i > j $J $i $P , ( t i ; i ) � ( t j ; j ) $H Dj 5A $9 $k . $^ $? , ( t i ; i ) � ( t j ; j ) $^ $? $O ( t i ; i ) = ( t j ; j ) $J $i $P , ( t i ; i ) � ( t j ; j ) $H$9$k . %W %m%; %C %5 P i $N ;~9o t i $N<jB3 $- sort list $K $* $$ $F , l ist [ p ] = j , l ist [ p 0 ] = j 0 $J $k %W %m%;%C%5 P j , P j 0 $K BP $7 p < p 0 $, @.$jN)$D$J $i $P , P j � ! i t i P j 0 $H 5-$9 . <jB3$- sort list $N%= !< %H $N 7k2L $K 4X $7 $F 0J2<$NJd Bj $, @.$jN)$D . JdBj 1 G$ 0U $N ;~ 9o $r t $H $9 $k . 6h 4V [ t + 2 n + 1 ; t + 5 n ] $K $*$$ $F , 3 $D$N %W %m%;%C%5 P j 1 ; P j 2 ; P j 3 $O @5>o $K F0 :n $7 B3 $1 , $+$D p artial r eset $r9T $o $J $$ $H $9 $k . $^ $? , ( t 1 ; j 1 ) � ( t 2 ; j 2 ) � ( t 3 ; j 3 ) , t + 4 n + 1 � t 1 ; t 3 � t + 5 n $G$"$k ;~ 9o t 1 ; t 2 ; t 3 $G , $= $l $>$l P j 1 ; P j 2 ; P j 3 $, <j B3 $- sort list $r 9T $C $? $H $9 $k . $3 $N $H $- , P j 2 � ! j 3 t 3 P j 3 $J $i$P , P j 0 � ! j 1 t 1 P j 1 $J $k $9 $Y $F $N j 0 $K BP $7 , P j 0 � ! j 3 t 3 P j 2 $^$? $O P j 3 � ! j 3 t 3 P j 0 $, @.$jN)$D . ( >Z L@ ) P j 1 $O , ;~ 9o t 1 � n + j 0 $N%9 %F %C %W$G P j 0 $N6& M- JQ ?t $rFI $_ =P $7 , P j 1 $, @$ Be $r;O $a $? ;~ 9o $KBP $9 $k P j 0 $, @$Be$r;O$a$?AjBP;~9o P j 1 :k ey j 0 $N CM $r 7hDj $7 , ;~ 9o t 1 $G sort list $r 9T $& . $3 $3$G , P j 1 :k ey j 0 = x $H $9 $k $H , P j 0 � ! j 1 t 1 P j 1 $h $j ( x; j 0 ) > (0 ; j 1 ) $G $" $k . 0l J} P j 3 $O , ;~ 9o t 3 � n + j 0 $N%9 %F %C %W$G P j 0 $N6& M- JQ ?t $r FI $_ =P $7 $F P j 3 :k ey j 0 $N CM $r 7hDj $7 , ;~9o t 3 $G sort list $r 9T $& . $3 $N$H$- , t + 4 n + 1 � t 1 � t 3 � t + 5 n $h $j t 3 � 2 n + j 0 < t 1 � n + j 0 � t 3 � n + j 0 $, @.$jN) $D . P j 3 $O 6h4V [ t 3 � 2 n + j 0 ; t 3 � n + j 0 ] $G$O @5>o $K F0:n $7 B3 $1 $k$N $G , P j 0 $, $3 $N 6h4V $G 5oL2$j $r $7 $F $$ $k $J $i $P , ;~9o t 3 � n + j 0 $N %9 %F %C %W $G P j 3 $O$= $l$r 8!CN$9$k . ;~9o t 3 � n + j 0 $K P j 3 $, P j 0 $N5oL2$j $r8! CN $7 $J $$$J$i 0J2<$N (a) $, @.$jN)$A , P j 0 $N 5oL2$j$r 8!CN$9$k$J $i 0J2<$N (b) $, @.$jN)$D . (a) ( P j 3 :k ey j 0 ; j 0 ) = ( x + t 3 � t 1 ; j 0 ) > ( t 3 � t 1 ; j 1 ) � ( t 3 � t 2 ; j 2 ) = ( P j 3 :k ey j 2 ; j 2 ) ( "h P j 2 � ! j 3 t 3 P j 3 $h$j ) (b) ( P j 3 :k ey j 0 ; j 0 ) = ( � 1 ; j 0 ) < (0 ; j 3 ) = ( P j 3 : k ey j 3 ; j 3 ) (a),(b) $O $= $l$>$l P j 0 � ! j 3 t 3 P j 2 , P j 3 � ! j 3 t 3 P j 0 $r 0U L#$9$k . steps ( P i ; t 0 ; t ) $r 0J 2<$N $h $&$K Dj 5A $9 $k . t 0 < t $N$H$- , 6h4V [ t 0 ; t � 1] $G$N %9 %F%C %W ?t $H$9$k . $^ $? , t 0 = t $N $H $- $O steps ( P i ; t 0 ; t ) = 0 $H $7 , t 0 > t $N $H $- $O � steps ( P i ; t; t 0 ) $HDj 5A $9 $k . $3 $N Dj 5A $h $j , G$ 0U $N t 1 ; t 2 ; t 3 $KBP $7$F steps ( P i ; t 1 ; t 2 ) + steps ( P i ; t 2 ; t 3 ) = steps ( P i ; t 1 ; t 3 ) $, @.$j N)$D . %W %m %H %3%k $h$j , steps ( P i ; t 0 ; t ) $K BP $7 , 0J2<$N;v<B $, @.$jN)$D . ;v<B 2 G$ 0U $N %W%m %; %C %5 P i ; P j $H;~ 9o t $KBP $7 , steps ( P i ; t 0 ; t ) $, 0J2< $rK~$?$9$h$& $J ;~9o t 0 $, B8:_$9$k $J 7

$i $P , P i $O 6h4V [ t 0 ; t � 1] $N$"$k;~ 9o $G P j $, =jM- $9 $k 6&M-JQ?t $r FI$_=P$9 %9 %F%C %W $r 9T$C $F$$ $k . (a) n � P i :W or k count ( t � 1) � 5 n $^$? $O 7 n � P i :W or k count ( t � 1) $J $i $P , steps ( P i ; t 0 ; t ) = n (b) 5 n < P i :W or k count ( t � 1) < 7 n $J $i$P , steps ( P i ; t 0 ; t ) = 2 n (c) P i :W or k count ( t � 1) < n $J $i $P , steps ( P i ; t 0 ; t ) = 3 n � 1 P i $, @$ Be g $N D4 @0 %T %j%* %I $G $N %9%F%C %W ?t , $9 $J $o $A , ;~ 9o t $G sort list $r 9T$C$? 8e , p artial r eset $r <B9T$9$k $+ D4@0:Q%b!< %I $X 0\9T$9$k;~9o t 0 $^ $G $N %9 %F%C %W ?t steps ( P i ; t + 1 ; t 0 + 1) $r � ( P i ; g ) $H 5-$9 . JdBj 3,4 $G $O , 0J2< $K<($9 >r 7o A $r K~ $? $9 %W %m%; %C %5 P i $r 9M $($k . >r7o A !’ P i $, ;~9o t $G p artial r eset $r <B9T $7 , w or k ( P i ; t + 6 n ) � 6 n $+ $D [ t; t + 6 n ] $G 5o L2$j %j %; %C %H $r 9T$o$J$$ . >r7o A $r K~$?$9 P i $K BP $7 , � � = � ( P i ; P i :Gen ( t )) $H $9 $k . $3 $N $H $- , @$ Be P i :Gen ( t ) $N ;~ 7W D4 @0$G P i $, ;~ 4V D6 2a %j%;%C %H $r 9T $&$J $i$P , ;~ 9o t + 6 n $G p artial r eset $r 9T $& $N $G � � = n $, @.$j N)$D . $h$C$F , � � < n $, @.$j N)$D$J$i $P , P i $, ;~ 9o t $^$G$K D4 @0 :Q %b!< %I $X 0\9T$9$k . >r 7o A $r K~$? $9 %W %m %; %C%5 P i $, D4 @0 %T %j%* %I $K $$ $k 6h 4V [ t + 5 n + 1 ; t + 5 n + � � ] $K B0 $9 $k 3F ;~ 9o s $K BP $7 , 2 <o N‘ $N%W %m %;%C%5 r eader s ; dest s $r 0J 2< $N $h $& $K ;~ 9o t + 5 n + � � $+ $i :F 5" E*$K Dj 5A $9 $k ( ?^ 4). $^$: , r eader t +5 n + � � = P i $H $9 $k . ;~ 9o s $G r eader s $, FI$_ =P $9 6& M- JQ ?t$N =j M- <T$r dest s $H Dj 5A$9$k . r eader s ; dest s ( t + 5 n + 2 � s � t + 5 n + � � ) $K BP $7 , r eader s $, ;~ 9o s $H s � 1 $G F1 $8 %W %m %; %C %5$N6&M- JQ?t$NFI$_=P $7 $r $9 $k $J$i $P r eader s � 1 = r eader s $H Dj 5A $7 , 0[ $J $k 6& M- JQ ?t $N FI $_ =P $7 $r $9 $k$J$i$P r eader s � 1 = dest s $H Dj 5A $9 $k . $3 $3 $G , dest s ( t !\ 5 n + 1 � s < t + 5 n + � � ) $N %j %9 %H dl ist = dest t +5 n +1 ; dest t +5 n +2 ; � � � ; dest t +5 n + � � $r , r eader s $, F1 0l $G $" $j $+$DO" B3 $9 $k $h$& $KJ, 3d $7 $?6K Bg It J, %j %9 %H dl ist 1 ; dl ist 2 ; � � � ; dl ist h $r 9M$( $k . 3F x (1 � x � h ) $K BP $7 , dl ist x $G 6&DL $N r eader s $r P i x , dl ist x = dest s x ; dest s x +1 ; � � � ; dest s 0 x $H $7 , P i x $, @$ Be P i x :Gen ( s 0 x � 1) $K $*$$$F sort list $r 9T $& $J $i $P , $= $N ;~9o$r sor t time x $H $9 $k . $3 $3$G , 0J2<$N JdBj $, @.$jN)$D . JdBj 3 $9$Y$F$N x (1 � x � h ) $K BP $7 , 0J2< $, @.$j N)$D . (a) dl ist x $N MWAG $O$9$Y$F 0[ $J $k . (b) P i x $O 6h 4V [ t + 2 n + 1 ; s 0 x � 1] $G 5o L2$j$r$7 $J $$ . (c) x < h $J $i $P , ( t + 4 n + 1 ; 0) � ( sor t time x ; i x ) � ( sor t time x +1 ; i x +1 ) ( >ZL@ ) $9$Y$F$N x (1 � x � h ) $K BP $7 $F >r7o $, @.$j N)$D$3 $H$r x = h $N >l9g $+$i 5"G<E* $K <($9 . $^$: , x = h $N >l 9g$K >r 7o (a), (b) $, @. $j N) $D $3 $H $r <( $9 . Dj 5A $h $j , P i x = P i $G $" $k . $^ $? , w or k ( P i ; t +6 n ) � 6 n $h $j 6h 4V [ t + 2 n + 1 ; s 0 h � 1] $G5o L2 $j $7 $F$$ $J$$ . P i $O [ s h ; s 0 h ] $G D4@0 %T %j %* %I $K$"$k $N $G , $3 $N6h 4V $G $O l ist $N=g $K6& M- JQ ?t $rFI $_ =P $7$F $$$k . => $C $F , dl ist h $O dest s h $H dest s h � ! i h sor t time h P m � ! i h sor t time h P i $J$k $9 $Y $F $N P m $+ $i@. $j , dl ist h $N MWAG $O $9$Y$F0[$J$k . <!$K , x + 1 ; � � � ; h $K BP $7 $F >r 7o (a), (b), (c) $, @. $j N) $D $J $i $P , x $K BP $7 $F >r 7o (a), (b), (c) $, @. $j N) $D$3 $H $r <( $9 . $^$: , (b) $, @. $j N) $D$3 $H $r <( $9 . Dj 5A $h $j , P i x = dest s x +1 $G $" $k . P i x +1 $O ;~ 9o s 0 x , s x +1 $G O" B3 $7 $F P i x $N 6& M- JQ ?t $r FI $_ =P $9 . $3 $3 $G , P i x +1 $O ;~ 9o s 0 x $G D4 @0 %T %j%* %I $K $$ $k $N$G P i x +1 :W or k count ( s 0 x � 1) � 5 n $, @.$j N) $A , ( sor t time x +1 ; i x +1 ) � ( sor t time h ; i h ) $, @.$j N)$D $N$G , 2 n + 1 � P i x +1 :W or k count ( t + 3 n ) � 3 n $, @. $jN) $D . $h$C $F , ;v<B 2 $h $j6h 4V [ t + 2 n + 1 ; t + 3 n ] $K P i x +1 $, P i x $N 6& M- JQ ?t$r FI $_ =P $9 %9%F %C %W $, B8 :_$9 $k . [ t + 3 n; s 0 x � 1] $G P i x $, 5o L2$j$r $7 $F $$ $k $J$i$P , CY $/$H $b ;~ 9o s 0 x $^$G $K P i x +1 $, P i x $N 5o L2 $j $r 8! CN $9 $k$+ , ;~ 9o s 0 x � 1 $^ $G $K P i x $, <+ ?H $N 5o L2 $j$K 5$ IU $$ $F <! @$ Be$N ;~ 7W D4 @0 $r ;O$a $F $$ $k . $^ $? , P i :W or k count ( t + 2 n ) = 2 n $, @. $j N) $D $N $G , ;v <B 2 $h $j 6h 4V [ t + n + 1 ; t + 2 n ] $K P i $, P i x $N 6&M-JQ?t $rFI$_=P$9 %9 %F%C %W$, B8:_$9$k . $h $C $F , [ t + 2 n + 1 ; t + 3 n � 1] $G P i x $, 5oL2$j $r $7 $F$$$k$J $i $P , P i $K I, $: 8!CN $5 $l $k . ;~9o s 0 x � 1 $G P i x $O D4@0 %T %j%* %I $K $" $k$N$G , P i x :W or k count ( t + 5 n ) � n 8

?^ 4: %W %m%;%C%5 , ;~9o$NDj5A $, @. $j N) $A , ;v <B 2 $h $j [ t + 3 n + 1 ; t + 5 n ] $G P i $N6&M-JQ?t $rDL $7 $F P i x $, <+?H$N5oL2$j $r 8!CN$9$k . $h$C $F , ;~ 9o s x +1 $G $O P i x 0J 30$N %W %m %;%C%5$N 6& M- JQ ?t$r FI$_ =P$9$N$G , L7 =b$9 $k . $h$C$F , P i x $O 6h 4V [ t + 2 n + 1 ; s 0 x � 1] $G 5o L2$j$r $7 $F $$$J $$ . $9$J$o $A , (b) $, @.$jN)$D . $^$? , ;~9o s 0 x � 1 $G P i x $O D4 @0Cf%b !< %I $K $$ $k$3 $H $h $j P i x :W or k count ( s 0 x � 1) < 6 n $, @.$j N) $D $N$G sor t time x � t + 4 n + 1 $, @. $j N) $D . 6h 4V [ t + 4 n + 1 ; sor t time x +1 ] $G P i x , P i x +1 $O $H $b$K 5o L2$j $7 $F$$$J$$ $N $G , P i x � ! i x +1 sor t time x +1 P i x +1 $h$j , ( sor t time x ; i x ) � ( sor t time x +1 ; i x +1 ) $, @.$j N) $D . $9 $J$o $A , (c) $, @.$jN)$D . :G 8e $K (a) $, @. $j N) $D $3 $H $r<( $9 . ( sor t time x ; i x ) � ( sor t time h ; i h ) $, @.$j N)$D$N$G , 6h 4V [ s x ; s 0 x ] $G P i x $O D4 @0 %T %j%* %I $K $" $k . $h$C$F , dl ist x $O dest s x $H dest s x � ! i x sor t time x P m � ! i x sor t time x dest s 0 x $J$k %W %m%; %C%5 P m $+$i @.$j , dl ist x $N MWAG $O $9$Y$F0[$J $k . =>$C $F , (a) $, @.$jN)$D . JdBj 4 >r7o A $r K~$?$9 %W %m%;%C%5 P i $O ;~9o t + 6 n $^ $G$K D4@0:Q%b!< %I $X 0\9T$9$k . ( >Z L@ ) $9$Y$F $N s ( t + 5 n + 1 � s � t + 5 n + � � ) $N4V $G dest s $, 0[ $J$j , $+ $D dest s $H $7 $F P i $, 8= $l$J $$$3$H$r <($9$3$H$K $h $j , � � < n $, @.$j N)$D$3$H $r <($9 . h = 1 $N >l 9g , $9$J$o $A dl ist = dl ist 1 $N >l9g , Jd Bj 3(a) $h$j dl ist $N MWAG $O $9$Y$F 0[ $J$j , $^$? dl ist $K P i $, I= $l$J $$ . =>$C$F , � � < n $, @.$jN)$D . <!$K h > 1 $N >l 9g$r 9M$( $k . Jd Bj 3(a) $h $j , G$ 0U$N x (1 � x � h ) $K BP $7 dl ist x $N MW AG $, $9$Y $F 0[ $J $k . 0J 2<$G$O , G$ 0U$N 0[$J $k x; y (1 � x � h; 1 � y � h ) $K BP $7 , P i $, dl ist x $K 8= $l$: , dl ist x $H dl ist y $K 6& DL MWAG $, 8= $l $J $$ $3$H $r <($9 . Jd Bj 3(b) $h $j , G$ 0U $N x; y (1 � x < y � h ) $K BP $7 , P i x $O 6h 4V [ t + 2 n + 1 ; t + 5 n ] $r 4^ $‘6h 4V [ t + 2 n + 1 ; s 0 x � 1] $G @5 >o$K F0 :n $7 B3$1 $F $$ $k . $^ $? , Jd Bj 3(c) $h $j , ( t + 4 n + 1 ; 0) � ( sor t time x ; i x ) � ( sor t time y ; i y ) $, @.$j N)$D . =>$C$F , P j 1 = P i x , P j 2 = P i y � 1 , P j 3 = P i y , t 1 = sor t time x , t 2 = sor t time y � 1 , t 3 = sor t time y $HDj $a $? $H$- $KJdBj 1 $,@. $jN) $D . $9 $J $o $A , P j 0 � ! j 1 sor t time x P j 1 $J $k %W %m %; %C%5 P j 0 $K BP $7 $F , P j 0 � ! j 3 sor t time y P j 2 $^ $? $O P j 3 � ! j 3 sor t time y P j 0 $, @. $jN) $D . =>$C $F , dl ist x $H dl ist y $K 6&DLMW AG $, 8= $l $k$3$H$O$J $$ . $^$? , P i = P i h $J $N$G , JdBj 1 $h$j P i $O dl ist x $K 8= $l$J $$ . %W %m %H%3%k WCS $G$O , %W %m %; %C %5 $O$9 $Y $F$N5o L2 $j$r8!CN $9$k $o $1$G $O$J$$ . $h$C $F , #2$D $N %W %m%; %C %5 P i , P j $, 5oL2 $j $9 $k %?%$ %_ %s %0$K$h$j , P i $O !V P j $O P i $h $j 8e$G ;~ 7W D4 @0 $r ;O $a $? !W $H H= Dj $9 $k $H $- $K , P j $, !V P i $O P j $h$j 8e $G;~7W D4 @0 $r;O $a $? !W $HL7=b $7 $? H=Dj $r$9$k>l9g $,$" $k . $3$N>l9g , P i , P j $O 8_ $$ $K 6I=j;~7W $r ;2>H$9$k $3$H$J $/D4@0:Q %b!< %I $X 0\9T$9 $k $H9M $( $i $l $k . $7 $+ $7 , <jB3 $- sort list $N %=!< %H $N 7k2L $K4X $7 $F0J2< $NJd Bj $, @. $jN) $A , P i , P j $, ==J, D9 $/F0:n $7 $F $$ $k $J$i $P N><T $, L7=b $7 $? H=Dj$r$9$k$3 $H$O $J$$ . 9

JdBj 5 G$0U$N ;~9o$r t , G$0U$N 0[$J$k %W %m%; %C%5$r P i ; P j $H$9$k . %W %m %; %C %5 P i ; P j $O$= $l $>$l;~9o t i ; t j $G sort list $r 9T $$ , $+ $D , $=$l$> $l 6h 4V [ t i ; t ] ; [ t j ; t ] $G p artial r eset $r 9T$o $J $+ $C$? $H $9 $k . $3 $N $H $- , w or k ( P i ; t ) > 4 n $+ $D w or k ( P j ; t ) > 4 n $J $i$P , P j � ! i t i P i $^$? $O P i � ! j t j P j $, @.$jN)$D . ( >ZL@ ) ;~9o t i ; t j $K 4X $7 $F >l9gJ, $1 $9$k . (1) max( t i ; t j ) � t � 2 n $N$H$- 0lHL@- $r <: $& $3$H$J$/ ( t i ; i ) � ( t j ; j ) $H 2>Dj $9$k . $3 $N$H $- , t � 3 n � t j � n + 1 < t j � t $, @.$j N) $D . P i ; P j $O$H $b $K 6h4V [ t j � n + 1 ; t j ] $G @5>o $K F0:n $7 B3 $1 , $3 $N 6h4V$N$"$k;~9o t 0 $G P j $O k ey [ i ] $r @_Dj $9$k%9 %F %C %W $r 9T $& . $3$N$H$- , @$BeHV 9f P j :Gen ( t ) $N ;~ 7W D4 @0$G ;~ 9o t 0J A0$K %W %m %;%C%5 P j $, P i $N 5o L2$j $r 8!CN $7 $F$$$J$$ $J $i $P ( Bh 57 9T$N>r7o<0 $, @. N) ), ( t i ; i ) � ( t j ; j ) $h$j (( P i : Work c ount ( t 0 � 1) � P j : Work c ount ( t 0 � 1)) ; i ) > (0 ; j ) $J $N $G , P j � ! i t i P i $, @.$j N)$D . 0J 2< $G$O , @$ Be HV 9f P j :Gen ( t ) $N ;~ 7W D4@0 $G;~9o t 0JA0 $K %W %m%; %C %5 P j $, P i $N 5o L2 $j $r8! CN $7 $F $$$J$$$3$H$r , GXM}K! $K $h$j<($9 . w or k ( P i ; t ) > 4 n $h $j , P i $O6h4V [ t � 4 n + 1 ; t ] $G 5o L2$j$r $7 $F $$$J$$ . $^$? , 2 n � P j :W or k count ( t � 3 n ) � 4 n $+ $D steps ( P j ; t � 4 n + 1 ; t � 3 n + 1) = n $J $N$G , ;v <B 2 $h$j 6h 4V [ t � 4 n + 1 ; t � 3 n ] $N $" $k ;~9o t 00 $G P j $O P i $N 6&M- JQ?t $rFI$_=P $9 . $h$C $F , P j $, @$ Be HV 9f P j :Gen ( t ) $N ;~ 7W D4 @0$r ;O$a $F $+ $i P j $, t 00 $h $j 8e$G ;O$a $F P i $N 5o L2$j$K 8! CN$9 $k$3 $H $O $J $$ . $9 $J $o $A , ;~ 9o t 0J A0$K P i $N 5o L2 $j $r 8! CN $9 $k$J $i$P , CY $/$H $b 6h 4V [ t � 4 n + 1 ; t � 3 n ] $G I,$: 8! CN$9 $k . $^$? , P i :W or k count ( t ) � 5 n $+ $D steps ( P i ; t � 2 n + 1 ; t + 1) = 2 n $J$N$G , ;v<B 2 $h$j 6h4V [ t � 2 n + 1 ; t ] $K P i $, P j $N 6&M-JQ?t $r FI$_=P$9 %9 %F%C %W $, I,$: B8:_ $9 $k . =>$C$F , 6h4V [ t 00 ; t ] $G P i $, <+?H $N5oL2 $j $r8!CN $9$k . $h$C $F , 6h4V [ t 00 ; t ] $N$" $k;~ 9o $G P i $O p artial r eset $r 9T $& . 6h4V [ t 00 ; t ] $N D9 $5 $O 4 n � 1 0J2< $J$N$G , P i :W or k count ( t ) < 4 n $H $J$j L7=b$9$k . (2) max( t i ; t j ) < t � 2 n $N$H$- 0l HL @-$r <: $& $3$H $J $/ i > j $H 2> Dj$9 $k . 0J 2<$G $O , P j � ! i t i P i , P i � ! j t j P j $, $H $b$K @. N) $7 $J $$ $H 2>Dj $7 $F L7=b $r F3$/ . %W %m%;%C%5 P i $, t i 0JA0 $K :G8e $K P j $N6&M-JQ ?t $rFI $_=P $9%9 %F %C %W $r 9T $C $?;~ 9o $r t 0 i $H $7 , P j $, t j 0J A0 $K :G8e $K P i $N 6&M- JQ?t$r FI$_ =P $9 %9%F%C %W $r 9T$C$? ;~9o$r t 0 j $H $9 $k . P i � ! i t i P j $+ $D P j � ! j t j P i $, @. $jN) $D $N $G , P i :W or k count ( t 0 i � 1) � P j :W or k count ( t 0 i � 1) $+ $D P j :W or k count ( t 0 j � 1) > P i :W or k count ( t 0 j � 1) $G $"$j , steps ( P i ; t 0 i ; t 0 j ) < steps ( P j ; t 0 i ; t 0 j ) (5 : 1) $, @.$jN)$D . $3 $3 $G , steps ( P i ; t i ; t + 1) > 2 n $H P i :W or k count ( t i ) = 5 n $, @. $j N) $D $3 $H$h $j , P i :W or k count ( t ) > 7 n $G$"$k . $h$C $F , ;v<B 2 $h $j6h4V [ t � n + 1 ; t ] $N$" $k ;~ 9o t 00 i $G P i $O P j $N 6&M- JQ ?t$r FI$_ =P $9 . F1 MM $K $7 $F , 6h4V [ t � n + 1 ; t ] $N$"$k;~9o t 00 j $G P j $O P i $N6& M-JQ ?t $rFI $_ =P $9 . P i ; P j $O$= $l $>$l6h4V [ t i ; t ] ; [ t j ; t ] $G p artial r eset $r 9T $o$J$$$N$G , steps ( P i ; t 0 i ; t 00 i ) � steps ( P j ; t 0 i ; t 00 i ) steps ( P j ; t 0 j ; t 00 j ) � steps ( P i ; t 0 j ; t 00 j ) $,@. $j N) $D . $3 $3 $G , w or k ( P i ; t ) � 4 n; w or k ( P j ; t ) � 4 n $J $N $G steps ( P i ; t 00 i ; t 00 j ) = steps ( P j ; t 00 i ; t 00 j ) $G $" $k . $h $C $F , steps ( P i ; t 0 i ; t 0 j ) = steps ( P i ; t 0 i ; t 00 i ) + steps ( P i ; t 00 i ; t 00 j ) � steps ( P i ; t 0 j ; t 00 j ) � steps ( P j ; t 0 i ; t 00 i ) + steps ( P j ; t 00 i ; t 00 j ) � steps ( P j ; t 0 j ; t 00 j ) = steps ( P j ; t 0 i ; t 0 j ) $H $J$j , <0 (5.1) $K L7=b$9$k . <j B3$- adjust $N @bL@$G =R$Y$? $h $& $K , %W %m %;%C%5 P i $, <+J,$N6I=j;~7W$r$"$k;~9o t i;j $G %W %m%; %C%5 P j $N 6I=j;~7W $K 9g $o$;$? , $^$? $O P j $N 6I=j;~7W $H 0lCW $9$k $3$H$r 3NG’ $7 $?$"$H , P i $, P j $N 6I=j;~7W $r 4~5Q $9 $k$3$H$, $" $k . $7 $+ $7 , t i;j 0J 9_ $K P i ; P j $, $H $b$K p artial r eset $r $9 $k$3 $H $J $/ F0 :n $7 B3$1 $k$h $&$J >l 9g $K$O 0J2<$NJdBj $, @.$jN)$D . JdBj 6 G$0U$N0[ $J$k %W %m%;%C%5 P i ; P j $K BP $7 , $" $k ;~9o t $G P i , P j $,$H $b $KD4@0:Q %b!< %I $G$"$C $? $H $7 , w or k ( P i ; t ) > 4 n; w or k ( P j ; t ) > 4 n $, @. $j N) $D $H $9$k . $^$? , ;~ 9o t i;j $G P i $O <+ J,$N6I =j;~ 7W $r P j $N 10

6I=j;~7W $K 9g $o$;$? , $^$? $O P j $N 6I=j;~7W $H 0lCW$9 $k$3$H$r 3N G’ $7 $?$H $7 , 6h4V [ t i;j ; t ] $G P i ; P j $O $H $b $K p artial r eset $r 9T$o $J $$ $H $9 $k . $3 $N$H $- , 6h 4V [ t i;j ; t ] $G P i $O P j $N 6I=j;~7W $r 4~5Q $7 $J $$ . ( >Z L@ ) 6h 4V [ t i;j ; t ] $G P i $, P j $N ;~ 7W$r 4~ 5Q$9 $k$H 2> Dj $7 , L7 =b$r F3 $/ . $9$J $o $A , 6h 4V [ t i;j + 1 ; t ] $N $" $k ;~9o t i;m $G , D4 @0 %T %j%* %I $N P i $, P m $N 6& M- JQ ?t$r FI $_ =P $7 $? %9%F %C %W $G , P i :C l ock ( t i;m � 1) 6 = P m :C l ock ( t i;m � 1), f P j g 2 P i :S y nc ( t i;m � 1) � P m :Asy nc ( t i;m � 1) $, @. $j N) $A , P i $O P m $H 6I =j ;~ 7W$r 9g$o $;$? , $^$?$O 6I =j ;~7W$N 0lCW 3N G’$r $7 $?$H 2>Dj$9 $k . P m $, P j $r P m :Asy nc $K A^F~ $7 $? ;~9o$r t m;j $H $7 , t m;j $h $j A0$G :G8e$K P m $, P j $N 6&M- JQ ?t $r FI$_ =P $7 $? ;~ 9o$r t 0 m;j $H $9 $k . $3 $N$H $- , ;v <B 2 $h$j steps ( P j ; t 0 m;j ; t m;j ) < steps ( P m ; t 0 m;j ; t m;j ) � 2 n $, @. $j N) $D . $3 $3 $G , t m;j � t � 2 n $J $i$P , steps ( P j ; t 0 m;j ; t ) = steps ( P j ; t 0 m;j ; t m;j ) + steps ( P j ; t m;j ; t ) < 4 n $+ $D P j $O ;~ 9o t 0 m;j 0J 9_$K 5o L2 $j$r $7 $F $$ $k . $3$l $O w or k ( P j ; t ) > 4 n $K H?$9 $k . $^$? , t m;j < t � 2 n $J$i $P , ;v<B 2 $h$j6h4V [ t m;j ; t � 1] $K P j $, P m $N 6&M-JQ?t $r FI $_=P$9%9 %F%C %W $, B8:_$9$k . $h$C $F , t 0 m;j 0J 9_$K P j $O I,$: p artial r eset $r 9T $&$N $G , 2>Dj $K H?$9$k . JdBj 7 G$0U$N ;~9o$r t , G$0U$N 0[$J$k %W %m%; %C%5$r P i , P j $H $9 $k . ;~ 9o t $G P i , P j $, $H $b $K D4 @0 :Q %b !< %I $G $" $C$?$H $9 $k . $3 $N $H $- , w or k ( P i ; t ) > 4 n; w or k ( P j ; t ) > 4 n $, @. $j N) $D $J $i $P , P i :C l ock ( t ) = P j :C l ock ( t ) $, @.$jN)$D . ( >Z L@ ) P i ; P j $O , $= $l $> $l@$ Be P i :Gen ( t ), P j :Gen ( t ) $N ;~ 7W D4 @0 $K$* $$ $F , sort list $r9T $C $F $$ $k . P i ; P j $, sort list $r 9T$C$?;~9o$r$= $l $>$l t i ; t j $H $9 $k $H JdBj 5 $h$j P j � ! i t i P i $^$?$O P i � ! j t j P j $, @. $j N) $D . 0l HL @- $r<: $& $3 $H $J$/ , P j � ! i t i P i $H2>Dj $9 $k . $3$N $H $- , P i $O @$Be P i :Gen ( t ) $N$" $k ;~ 9o t 0 $G <+ J, $N6I =j ;~ 7W $r P j $N 6I=j;~7W $NCM$H9g$o$;$k $+ , 0lCW $7 $F $$$k $3 $H $r3N G’ $7 , 6h4V [ t 0 ; t ] $G P j $O p artial r eset $r9T $o $J$$ . $h $C $F , P i :C l ock ( t 0 ) = P j :C l ock ( t 0 � 1) + 1 $, @.$jN)$D . $3$3$G , JdBj 6 $h$j , 6h4V [ t 0 ; t ] $G P i $, P j $N6I =j;~ 7W $r 4~ 5Q$9$k$3$H$O$J $$ . $^$? , 6h 4V [ t 0 ; t ] $G P i ; P j $O $H $b$K p artial r eset $r $9 $k$3$H $O $J $$$N $G , $= $l$> $l %9%F%C %W Kh$K 6I =j;~ 7W$N CM$r#1$: $D A} $d $9 . =>$C $F , steps ( P i ; t 0 ; t ) = steps ( P j ; t 0 ; t ) (7 : 1) $G $" $k$3$H $r <($; $P $h $$ . $3 $3 $G , t 0 � t � 4 n + 1 $J$i $P , 6h4V [ t 0 ; t ] $G$O P i ; P j $O$H $b $K @5>o $K F0:n $7 B3 $1 $k$N$G L@$i$+$K <0 (7.1) $O @.$j N)$D . 0J 2< $G$O , t 0 < t � 4 n + 1 $N >l9g $r 9M $( $k . ;v<B 2 $h$j , 6h4V [ t � 4 n + 1 ; t � n ] $N$" $k;~9o t 00 $G P i $O P j $N 6I =j JQ ?t$r FI$_ =P $7 $r $9 $k %9%F%C %W $r 9T $C $F$* $j , $^ $? t 00 ( � t � n ) $h $j 8e $G P j $O P i $N6I =j JQ ?t $r FI$_ =P $7 $r $9 $k %9%F%C %W $r 9T$C $F$$ $k . 6h4V [ t 0 ; t ] $G P i ; P j $O$H $b $K p artial r eset $r 9T $o $J $$ $N $G , 6h4V [ t 0 ; t 00 ] $N 3F%9%F%C %W $G P i $, P i $^$? $O P j $N 5oL2 $j$r8!CN $9$k $3$H $O$J$$ . => $C $F , steps ( P i ; t 0 ; t 00 ) = steps ( P j ; t 0 ; t 00 ) $G $" $k . $5$i$K , 6h4V [ t 00 ; t ] $G$O P i , P j $O $H $b $K@5 >o $KF0 :n $7 B3 $1$k $N $G steps ( P i ; t 00 ; t ) = steps ( P j ; t 00 ; t ) $, @.$j N)$D . =>$C$F , <0 (7.1) $O @.$j N)$D . <! $N Jd Bj$G , 5o L2$j$r$7 $F $+ $i p artial r eset $r 9T $&$^ $G$N %9 %F%C %W ?t $r 9M;!$9$k . JdBj 8 %W %m %; %C %5 P i $, ;~9o t $G p artial r eset $r<B 9T $7 $?$J$i $P , w or k ( P i ; t ) < 6 n $, @.$jN)$D . ( >Z L@ ) P i $, ;~ 9o t $G P m $N6& M- JQ ?t $rFI $_ =P $9 $H $7 , t $h$jA0 $G:G8e $K P i $, P j $N6& M- JQ ?t $rFI $_=P $9%9 %F %C %W $r 9T $C $?;~ 9o $r t 0 $H$9$k . ;~ 9o t $N p artial r eset $, ;~ 4VD62a %j%;%C %H $J$i $P , JdBj 4 $h$j w or k ( P i ; t ) < 6 n $, @. $j N) $D . 0J2< $G $O , ;~ 9o t $N p artial r eset $, 5o L2$j %j %;%C %H$G $" $k>l9g , $9$J$o$A (a) Bh 42 9T , (b) Bh 43 9T , (c) Bh 74{75 9T$N>r 7o<0$N $&$A $$ $:$l$+$, @.$jN)$D>l9g $r 9M $( $k . (a) Bh 42 9T!’ P i :W or k count ( t � 1) � n $+ $D P i :dif f ( t ) < 0 %W %m %; %C %5 P i $O6h 4V [ t 0 + 1 ; t � 1] $G5o L2 $j $r $7$F$$ $k . P i : Work c ount � n , ;v<B 2 $h $j steps ( P i ; t 0 ; t ) � 2 n $G $"$j , work ( P i ; t ) < 2 n $, @.$jN)$D . (b) Bh 43 9T !’ P i :W or k count ( t � 1) � n $+ $D P j :I nv al id i � Gen P j $, P i $N 5oL2$j $r8!CN $7 P j : Invalid i = P i : Gen ( t � 1) $K %;%C %H $7 $? ;~9o$r t j $H $9 $k . t j $h$j A0 $G :G8e $K P i $, P j $N 6& M- JQ?t$r FI$_ =P $7 $? ;~ 9o$r t 0 j $H $9 $k$H , 11

6h 4V [ t 0 j ; t j � 1] $N $" $k ;~ 9o $G P i $O5o L2 $j $r $7$F$$ $k $N $G , ;v<B 2 $h$j steps ( P i ; t 0 j ; t j ) < steps ( P j ; t 0 j ; t j ) � 3 n � 1 $, @. $j N) $D . $5 $i $K , 6h 4V [ t j + 1 ; t � 1] $K $O P i $, P j $N6&M- JQ ?t $rFI $_=P $9%9 %F %C %W$, B8:_ $7 $J$$$N $G , P i :W or k count ( t � 1) � n , ;v<B 2 $h $j steps ( P i ; t j + 1 ; t ) � 2 n $, @.$jN)$D . =>$C$F , steps ( P i ; t 0 j ; t ) < 5 n $G$" $j , 6h4V [ t 0 j ; t j � 1] $N$" $k ;~9o $G P i $O 5oL2$j$r $7 $F $$ $k$N $G w or k ( P i ; t ) < 5 n $, @.$jN)$D . (c) Bh 74{75 9T !’ P i :S y nc ( t � 1) 6� P j :Asy nc ( t � 1), P j :S y nc 6 = ; $+$D P i :C l ock ( t � 1) 6 = P j :C l ock ( t � 1) ;~9o t $G Bh 76 9T $r9T$& $3 $H$h $j P i :W or k count ( t � 1) < 6 n $G $" $j , P i :S y nc ( t � 1) 6 = ; $h $j P i $O 5 n � P i :W or k count ( t m � 1) < P i :W or k count ( t � 1) $G $"$k ;~9o t m $G , D4 @0:Q%b !< %I $N %W %m%; %C%5 P m $N 6I =j ;~7W$H <+ J,$N 6I =j ;~7W$r 9g$o$; $k $+ , 0l CW $7 $F $$ $k$3$H $r 3N G’ $7 $F $$ $k . $3 $N $H $- , P i :C l ock ( t m ) = P m :C l ock ( t m � 1)+1 $,@. $j N) $D . 0J 2< , w or k ( P i ; t ) � 6 n $r 2>Dj $7 $F L7=b$rF3 $/ . P i ; P j $, t 0J A0$G :G 8e$K sort list $r 9T$C $? ;~ 9o$r $=$l$> $l t i ; t j $H $9 $k . $^ $? , t 0J A0$G P i $, :G 8e$K p artial r eset $r 9T$C$? ;~ 9o $r t 0 $H $9 $k . $9 $J $o $A , W or k count ( t 0 ) = 0 $H $9 $k . t 0JA0 $K par tial r eset $r9T $C $F$$ $J$$ $J $i $P , t 0 = 0 $H$9 $k . w or k ( P i ; t ) � 6 n $+$D P i :W or k count ( t � 1) < 6 n $h$j , P i $O [ t 0 ; t ] $G$O 5oL2$j$9 $k$3$H$J $/@5 >o $K F0 :n $7 B3 $1 $k . ;v <B 2 $h$j , [ t 0 + 1 ; t 0 + n ] $K P i $, P j ; P m $= $l $>$l$N 6I=j JQ?t $rFI$_=P $9%9 %F %C %W$, B8:_ $9$k . $^$? , P i $O , t m $h$j A0$G P m $N , t $h $j A0$G P j $N 5o L2$j$r 8! CN $7 $J $$ . =>$C $F , w or k ( P m ; t m � 1) � t m � t 0 � n > 4 n , w or k ( P j ; t � 1) > w or k ( P j ; t m � 1) > 4 n $, @.$j N) $D . 0J2< , ;~9o t m � 1 $G$N P j $N%b!< %I $K $h$j>l9gJ, $1 $7 $F 9M $( $k . (c1) ;~9o t m � 1 $G P j $, D4@0:Q%b!< %I $N >l9g Jd Bj 7 $h$j P m :C l ock ( t m � 1) = P j :C l ock ( t m � 1) $, @.$j N)$D . 6h4V [ t m ; t � 1] $G P i ; P j $, 5o L2$j $9 $k $3$H$O$J$$$N$G , P i :C l ock ( t � 1) = P j :C l ock ( t � 1) $, @.$jN)$A , (c) $K L7=b$9$k . (c2) ;~9o t m � 1 $G P j $, D4@0Cf%b!< %I $N >l9g P i ; P j $O $H $b $K t m � 3 n ( > t � 4 n ) 0J 9_ $N 3F %W %m %;%C%5 $N Work c ount $N CM$r 4p$K sort list $r 9T $& . P i ; P j ; P m $O [ t m � 3 n; t m � 1] $G @5>o $KF0:n $7 B3 $1$k $N $G , P m � ! i t i P j $h$j P m � ! j t j P j $, @.$jN) $D . =>$C $F , P j $O @$Be P j :Gen ( t � 1) Cf $N $" $k ;~ 9o t 0 m $G P m $N 6I=j;~7W $K <+J, $N6I=j;~7W $r9g $o$;$k $+ , P m $H <+J, $N 6I=j;~ 7W $, 0l CW$9$k$3$H$r 3NG’ $7 $F $$ $k . $9$J$o $A , P j :C l ock ( t 0 m ) = P m :C l ock ( t 0 m � 1) + 1 $, @. $jN) $D . P m $O 6h4V [ t 0 m ; t m � 1] $^ $? $O [ t m ; t 0 m � 1] $G @5>o $K F0:n $7 B3 $1 , P j $O 6h4V [ t 0 m ; t � 1] $G @5 >o $KF0:n $7 B3 $1$k . => $C $F , steps ( P j ; t 0 m ; t ) = steps ( P m ; t 0 m ; t m ) + steps ( P i ; t m ; t ) $h $j P i :C l ock ( t � 1) = P j :C l ock ( t � 1) $, @.$jN)$A , (c) $K L7=b$9$k . JdBj 9 ( D4@040N;@- ) G$0U$N t � 1 , G$0U$N %W %m%;%C %5 P i $K BP $7 , w or k ( P i ; t � 1) � 12 n $J$i $P P i :M ode ( t � 1) = " ad j usted " $, @.$jN) $A , w or k ( P i ; t ) > 12 n $J $i$P P i :C l ock ( t ) = P i :C l ock ( t � 1) + 1 $, @. $j N)$D . ( >Z L@ ) %W %m %; %C %5 P i $, t � 12 n 0J A0 $G:G 8e $K5o L2 $j $7 $?;~ 9o $r t n $H$9$k $H , t n 0J 9_ $N;~ 9o t 0 $G p artial r eset $r <B 9T $7 $? >l 9g , Jd Bj 8 $h $j , w or k ( P i ; t 0 ) < 6 n $, @. $j N) $D . $h$C$F , w or k ( P i ; t ) � 12 n $J $i$P , P i $O ;~ 9o t � 6 n 0J 9_$K p artial r eset $r 9T $&$3 $H $O $J $$ . $h $C $F , P i :W or k count ( t � 1) � 6 n $, @. $j N) $A , JdBj 4 $h$j P i :M ode ( t � 1) = " ad j usted " $, @.$j N)$D . $^ $? , w or k ( P i ; t ) > 12 n $J$i $P , P i $O ;~9o t $G D4 @0 :Q%b !< %I $N %9%F%C %W $r 9T $&$N$G P i :C l ock ( t ) = P i :C l ock ( t � 1) + 1 $, @.$jN)$D . JdBj 10 ( 0lCW@- ) G$ 0U$N t � 1 , G$ 0U$N %W %m%; %C%5 P i ; P j $K BP $7 , w or k ( P i ; t ) � 12 n; w or k ( P j ; t ) � 12 n $J$i $P P i :C l ock ( t ) = P j :C l ock ( t ) $, @.$jN)$D . ( >ZL@ ) Jd Bj 9 $h $j , P i :M ode ( t � 1) = " ad j usted " $+ $D P j :M ode ( t � 1) = " ad j usted " $G$"$k . $h $C $F , Jd Bj 7 $h$j P i :C l ock ( t ) = P j :C l ock ( t ) $, @.$jN)$D . DjM} 11 %W %m %H %3%k W C S $O , F1 4|;~4V 12 n $N L5BT 5!;~7W9g $o$; %W %m %H %3%k$G$" $k . 4 F14|;~4V $N 2<3& K\ @a$G$O , %U %’!<%: Fb%7 %9%F %‘ $K $*$1 $k L5 BT5! ;~ 7W9g $o $; %W %m %H %3 %k$NF1 4| ;~ 4V $N2< 3& $, ( n ) $G$"$k $3$H$r <($9 . 12

DjM} 12 F14|;~4V $, n � 2 0J2< $NL5BT5!;~7W9g $o$; %W %m %H %3%k$O B8:_ $7 $J $$ . ( >ZL@ ) F14|;~ 4V k � n � 2 $N ;~7W 9g $o$; %W %m %H %3%k A $, B8:_ $9 $k $H2>Dj $7 , L7=b $rF3$/ . <! $N#3 $D $N>r 7o $rK~ $?$9 #2 $D $N<B9T E = c 0 � 1 c 1 � � � ; E 0 = c 0 0 � 0 1 c 0 1 � � � $r 9M$( $k . 0J 2< , C l ock E , C l ock E 0 $H 5- $9$H $-$O , $= $l $>$l <B9T E , E 0 $K $* $1 $k C l ock $N CM $r I=$9 . ( >r7o #1 ) $" $k ;~ 9o t $K BP $7 , c 0 � 1 c 1 � � � c t = c 0 0 � 0 1 c 0 1 � � � c 0 t $, @. $j N) $A , $9 $Y $F $N %W %m%; %C %5 P $K BP $7 $F w or k ( P ; t ) � k $, @.$jN)$D . $3 $N $H$- , N><B 9T E ; E 0 $K $* $$ $F , 0l CW @- $h $j , $9 $Y $F $N %W %m%; %C%5 P i $K BP $7 P i :C l ock ( t ) $, 0l CW$9 $k . $3 $NCM $r cl ock ( t ) $H $9$k . ( >r7o#2 ) <B 9T E $KBP $7 , � t +1 = � t +2 = � � � = � t + n � 1 = f P 0 g $, @.$jN)$D . $3 $N$H $- , D4 @0 40 N; @-$h $j , <B 9T E $G $O P 0 :C l ock E ( t + n � 2) = cl ock ( t ) + n � 2 $, @.$j N)$D . $3$3$G , P 0 $O 6h4V [ t + 1 ; t + n � 2] $G n � 2 %9 %F%C %W $N F0:n $r $9 $k$N$G , $= $N 4V $K FI$_ =P $7 $r $7 $F $$$J $$ 6& M- JQ ?t=89g V i ( i 6 = 0) $, B8:_$9$k . ( >r7o#3 ) <B9T E 0 $K BP $7 , � 0 t +1 = f P i g ; � 0 t +2 = � � � = � 0 t + n � 1 = f P 0 ; P i g $, @.$jN)$D . $3 $N$H $- , D4@0 40 N; @-$h$j , <B9T E 0 $K $* $$$F (12,1) P i :C l ock E 0 ( t + n � 1) = cl ock ( t ) + n � 1 $, @.$j N) $D . $^ $? , N> <B 9T E ; E 0 $K$* $$ $F P 0 ; P i 0J 30 $N %W%m %; %C %5 $O6h 4V [ t + 1 ; t + n � 1] $G$O%9 %F %C %W $7$J$$ $N $G , <B 9T E 0 $K $* $1$k6h 4V [ t + 2 ; t + n � 1] $G$N P 0 $NF0:n $O , <B9T E $K $* $1 $k6h4V [ t + 1 ; t + n � 2] $G$N P 0 $NF0:n $K0lCW$9$k . $h$C $F , (12,2) P 0 :C l ock E 0 ( t + n � 1) = P 0 :C l ock E ( t + n � 2) = cl ock ( t ) + n � 2 $, @.$j N) $D . $7 $+$7 , 0l CW @- $h $j P i :C l ock E 0 ( t + n � 1) = P 0 :C l ock E 0 ( t + n � 1) $,@. $j N) $D $O $: $G $" $j , <0 (12, 1), (12,2) $K L7=b$9$k . 0J>e $h $j , L5 BT 5! ;~ 7W 9g $o $; %W %m %H%3 %k $NF1 4| ;~ 4V $N2< 3& $O ( n ) $G $" $k . =>$C$F , A0@a $G Ds0F $7 $? %W %m %H %3%k W C S $N F14| ;~4V $O%*!< %@ !<E* $K :GE, $G$"$k . 5 $‘ $9 $S K\ O@ J8$G$O , 6& M- %a %b %j%^%k %A %W %m%; %C%5%7 %9%F %‘ $K$* $1 $k;~7W 9g $o$; %W %m %H %3 %k$K$D $$ $F9M;! $7 $? . %U%’!< %: Fb %7 %9 %F%‘ $K$* $1$kF14|;~4V 12 n $N L5BT5! ;~ 7W 9g$o $; %W %m %H %3 %k W C S $r Ds 0F $7 , $3 $N %W %m %H %3%k $, F14|;~4V $K 4X $7 $F %*!< %@ !<E* $K :GE, $G$" $k$3 $H$r <( $7 $? . F1 4| ;~ 4V O ( n 2 ) $N Dolev $i , Papatrian ta�lou $i $N %W %m %H %3%k $G $O#1 %9 %F %C %W $N7W;;NL $, Dj?t $G$"$k . $3 $l$KBP $7 , %W %m %H %3 %k WCS $O <jB3 $- sort list $r 9T $&%9 %F%C %W $G %W %m%;%C %5 $, MWAG?t n $N%=!< %H $r 9T $& $?$a , #1 %9 %F%C %W $G 7W;; NL O ( n log n ) $N Fb It 7W;; $, 2D G=$J%7 %9%F %‘$K $7 $+ E, MQ$G $-$J $$ . $7 $+ $7 , %W %m %H %3%k W C S $r%R!< %W $r ;HMQ $9$k $h$& $K =$@5 $9 $l $P , #1 %9 %F %C %W $r 7W;; NL O (log n ) $G 9T$& F1 4| ;~ 4V 12 n $N %W %m %H %3%k$r 9=@. $G$- $k . :#8e $N2] Bj $H $7 $F $O , F14| ;~ 4V $, O ( n ) $N<+8J 0B Dj @-$N$"$kL5BT5!;~7W9g $o$; %W %m %H %3%k$N 9M;!$J $I $, 5s $2 $i$l $k . <U<- K\ 8& 5f $K4X $7 $FB?$/ $N M- 1W $J=u 8@ $r $7 $FD: $$ $?0f >e CR @8 =u <j ;O $a $H $9 $k K\ 3X >p Js O@ M} 3X 9V :B $N 3’ MM J} $K ?<$/46<U $$ $? $7 $^$9 !% $J$* , K\8&5f $N0lIt $O , J8 It>J 2J3X 8& 5f Hq Jd =u6b ( FCJLNN 0h 8& 5f B-2 10205218, >)Ne8&5f A 09780279,09780281) $K $h $k . ;29MJ88% [1] D. Dolev, J. Halp ern and H. Strong: \On the p ossibilit y and imp ossibility of achieving clo c k synchronization," Journal of Computer System Scienc e , V ol. 32, No. 2, pp. 230{250, 1986. [2] J. Halp ern, B. Simons, R. Strong and D. Dolev: \F ault-toleran t clo c k sync hronization," Pr o- c e e dings of the 3r d A CM Symp osium on Prin- ciples of Distribute d Computing , pp. 89{102, 1984. [3] S. Dolev and J. W elc h: \W ait-free clo c k syn- chronization," Pr o c e e dings of the 12th ACM Symp osium on Principles of Distribute d Com- puting , pp. 97{108, 1993. [4] M. Papatrian ta�lou and P . Tsigas: \On self- stabilizing w ait-free clo c k sync hronization," Pr o c e e dings of the 4th Sc andinavian Workshop on A lgorithm The ory(LNCS 824) , pp. 267{277, 1994. 13