JB Ns O@ M} 7? 8@ 8l KL1 $K $* $1 $k %4 !< %k !& %9 %1 %8 %e !< %j %s %0 :G E, 2= <j K! An E�cient Goal Sc heduling Metho d of P arallel Logic Programming Language KL1 0K @n 2m I’ (Masahiko Ik a w a) J? @. 9 G/ 2 7n Abstract JB Ns O@ M} 7? 8@ 8l KL1 $G $O !" 0l $D 0l $D $N %4 !< %k $, JB 9T <B 9T $N C1 0L $G $" $k $? $a !" $= $N :Y N3 EY $N JB 9T @- @) 8f $K H< $& %* !< %P %X %C %I $, B. EY Dc 2< $r 0z $- 5/ $3 $7 $F $$ $k !# $7 $? $, $C $F !" %W %m %0 %i %‘ $N ;} $D JB Ns EY $r Dc 2< $5 $; $J $$ Dx EY $K JB 9T <B 9T C1 0L $N N3 EY $r Bg $- $/ $9 $k $3 $H $, $G $- $l $P !" <B 9T ;~ $N %* !< %P %X %C %I $r 7Z 8: $9 $k $3 $H $, $G $- $k !# 0l HL $K KL1 $J $I $N JB 9T !? JB Ns 7? $N %W %m %0 %i %_ %s %0 8@ 8l $N %9 %1 %8 %e !< %j %s %0 $G $O !" $= $N %W %m %0 %i %‘ Cf $K B8 :_ $9 $k IT I, MW $J JB Ns @- $r $$ $+ $K =| 5n $9 $k $+ $, =E MW $G $" $k !# $3 $l $^ $G $N B? $/ $N KL1 =h M} 7O $G $O !" %W %m %0 %i %‘ $r ?< $5 !? :8 M% @h $K <B 9T $9 $k $N $, C‘ <! <B 9T $N :G E, %7 !< %1 %s %9 $H $_ $J $7 $F $$ $k !# $7 $+ $7 $J $, $i !" %W %m %0 %i %‘ $N @- <A $, $3 $N $h $& $J C1 =c $J ?d Dj $K $O E, 9g $7 $J $$ $3 $H $, $7 $P $7 $P $" $j !" MM !9 $J @- G= >e $N Ld Bj E@ $, H/ @8 $9 $k !# $= $3 $G K\ O@ $G $O !" 3F %W %m %0 %i %‘ $K E, 9g $7 $? C‘ <! 2= $r 9T $& $3 $H $K $h $j !" F0 E* $J %9 %1 %8 %e !< %j %s %0 %* !< %P %X %C %I $r 7Z 8: $9 $k :G E, 2= <j K! $N Ds 0F $r 9T $& !# K\ <j K! $G $O !" %3 %s %Q %$ %k ;~ $K %W %m %0 %i %‘ $N %G !< %? 0M B8 2r @O $r 9T $& $3 $H $G !" %G %C %I %m %C %/ $r 5/ $3 $5 $J $$ $h $& $K %W %m %0 %i %‘ $N 0l It $N <B 9T =g =x $r @E E* $K 7h Dj $9 $k !# K\ 9F $G $O $3 $N C‘ <! 2= $5 $l $? %4 !< %k 7O Ns $r %9 %l %C %I $H 8F $V !# $= $7 $F !" $3 $N %9 %l %C %I $r JB 9T <B 9T C1 0L $H $9 $k $3 $H $K $h $C $F !" $= $N F0 E* $J JB 9T @- @) 8f $K H< $& %* !< %P %X %C %I $r 7Z 8: $9 $k !# $^ $? !" %4 !< %k $N <B 9T =g =x $r @E E* $K 8G Dj $7 $? $3 $H $K $h $j !" %9 %l %C %I Fb $N %4 !< %k $K 4X $7 $F $O %9 %? %C %/ $r MQ $$ $? 8z N( E* $J <B Au $r 9T $& $3 $H $, $G $- $k !# $7 $+ $7 $J $, $i !" %9 %l %C %I 2= $K $h $j %9 %1 %8 %e !< %j %s %0 C1 0L $, Bg $- $/ $J $k $3 $H $G F1 ;~ $K %9 %1 %8 %e !< %k 2D G= $J %4 !< %k $N ?t $, 8: >/ $7 $F $7 $^ $$ !" %W %m %0 %i %‘ $N ;} $D JB Ns @- $, Dc 2< $9 $k $H $$ $& Ld Bj $, @8 $8 $k $3 $N F0 E* $J JB Ns @- $N Dc 2< $N 1F 6A $r :G >. 8B $K $H $I $a $k $? $a $K $O !" %N !< %I 4V $N MW 5a $K BP $9 $k JV ?. $O $G $- $k 8B $j Aa $/ 9T $o $J $/ $F $O $J $i $J $$ !# $7 $+ $7 $J $, $i !" => Mh $N %4 !< %k !& %9 %1 %8 %e !< %j %s %0 $G $O !" MW 5a %G !< %? $r @8 @. $9 $k %4 !< %k $, M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k $h $& $J 5! 9= $, B8 :_ $7 $J $$ $? $a !" MW 5a %a %C %; !< %8 $K BP $9 $k 1~ Ez @- $O J] >Z $5 $l $J $$ !# $3 $N Ld Bj $O %9 %1 %8 %e !< %k C1 0L $N Bg $- $$ %9 %l %C %I !& %9 %1 %8 %e !< %j %s %0 $G $O ?< 9o $G $" $j !" MW 5a %G !< %? $N @8 @. $K L5 4X 78 $+ $D <B 9T ;~ 4V $N D9 $$ %9 %l %C %I $, %9 %1 %8 %e !< %k $5 $l $F $7 $^ $& $H !" MW 5a B& $N %" %$ %I %k ;~ 4V $, Hs >o $K D9 $/ $J $C $F $7 $^ $$ !" JB Ns <B 9T $N 8z 2L $, $G $J $/ $J $k 2D G= @- $, $" $k !# $= $3 $G K\ O@ $G $O $3 $N Ld Bj $K BP =h $9 $k $? $a $K !" B> %4 !< %k $K MW 5a $5 $l $? %G !< %? $r JV ?. $9 $k $? $a $K I, MW $J 6q BN 2= $d F1 0l 2= $r 9T $& %4 !< %k $r 4^ $‘ %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k reply �rst sc heduling <j K! $r Ds 0F $9 $k !# reply �rst scheduling $r MQ $$ $k $3 $H $G !" JB 9T <B 9T $K $* $1 $k %G !< %? MW 5a $X $N 1~ Ez @- $r 8~ >e $5 $; !" %9 %l %C %I 2= $5 $l $? %W %m %0 %i %‘ $N ;} $D JB Ns @- $r :G Bg 8B $K 0z $- =P $9 $3 $H $, $G $- $k !# $^ $? !" 1 %N !< %I >e $N <B 9T $K 4X $7 $F $b !" 4X 78 $N $" $k %9 %l %C %I $, %9 %1 %8 %e !< %k $5 $l $k $? $a !" FH N) @- $N 9b $$ =h M} $, J# ?t $" $k >l 9g $O !" %a %b %j $N ;H MQ 8z N( $r 2~ A1 $9 $k $3 $H $, $G $- $k !# K\ 8& 5f $G $O $3 $l $i $N <j K! $r KL1 =h M} 7O KLIC >e $K <B Au $7 !" $= $N 8z 2L $r I> 2A MQ %W %m %0 %i %‘ $r MQ $$ $F D4 :: $7 $? !# C‘ <! 4D 6- 2< $G $O %W %m %0 %i %‘ $r %9 %l %C %I 2= $9 $k $3 $H $K $h $j %Y %s %A %^ !< %/ %W %m %0 %i %‘ $G $O 1.3 !A 2.9 G\ $N @- G= 8~ >e $, C# @. $G $- $? !# 0l J} !" JB Ns 4D 6- $K $* $$ $F $O JB Ns @- $N Dc 2< $K $h $j %9 %l %C %I 2= $N $_ $N E, MQ $G $O => Mh HG $h $j $b <B 9T B. EY $N Mn $A $k Ld Bj $d !" => Mh $N F0 E* %9 %1 %8 %e !< %j %s %0 <j K! $G $O JB Ns @- $r Cj =P $G $- $: $K C‘ <! <B 9T $h $j $b @- G= $, Dc 2< $9 $k Ld Bj $b B8 :_ $7 $? !# $3 $l $i $N %W %m %0 %i %‘ $K BP $7 $F $O %9 %l %C %I $N F0 E* %9 %1 %8 %e !< %j %s %0 <j K! $H $7 $F reply �rst scheduling <j K! $r MQ $$ $k $3 $H $G !" $= $N %W %m %0 %i %‘ $N ;} $D JB Ns @- $r 0z $- =P $9 $3 $H $K @. 8y $7 !" JB Ns <B 9T $K $* $$ $F $b => Mh HG $K Hf $Y $F Ls 1.3 !A 1.6 G\ $N B. EY 8~ >e $, C# @. $G $- $? !# Abstract In the conv en tional run-time system for the parallel logic programming language KL1, its �ne-grained concurrency control frequently causes unnecessary goal switching which degrades its execution p erformance. Generally , in scheduling at concurrent/parallel program- ming language as KL1, reducing redundant parallelism is imp ortant in the goal scheduling for concurrent/parallel pro- gramming language as KL1. Although many KL1 systems uses depth-�rst goal scheduling strategy , it is not optimal for the b ehavior of many programs. If the scheduling strategy is not appropriate for the target program, the scheduling ov erhead may cause signi�cant p erformance degradation. This pap er prop oses an optimization scheme of goal scheduling that sequentializes execution of goals and th us reduces ov erhead of dynamic scheduling. In this scheme, we �rst make analysis of data dep en- dency among goals. Using this information, we derive groups of goals that each goals of a group do not hav e mutual de- p endencies. As these goals are statically ordered without causing deadlo cks, we compile each goal group into a thr e ad , which is a sequence of sequentialized goals. By making this thread as unit of concurrent execution, the ov erhead of dy- namic concurrency control is reduced. The ov erhead of ex- ecuting goals in a thread can b e also reduced, b ecause se- quentialization of goals enables the e�cient implementation of goal environmen t using stack. 1

Ho w ev er, compiling goals into thread may cause degra- dation of parallelism. In our scheme, the num ber of concur- ren t execution unit is reduced and execution time of each unit is increased. This increases the p ossibility of making some no des idle. In order to obtain maximum parallelism, the data request from other no de must b e replied as so on as p ossible. How ev er, in the current KL1 goal sc heduling, producer goals for the requested data do es not hav e priority o v er other goals. This ma y cause signi�cant ine�ciency in our scheme. So we prop osed a dynamic thread sc heduling scheme, named r eply �rst sche duling . This sc heme giv es a priority to eac h thread so that a generator thread of a requested data is sc heduled prior to other threads. Using this scheme, we can impro v e the resp onsibility to the requested data in parallel execution, which extracts maximum parallelism of the pro- gram. It also impro v es e�ciency of sequential execution on 1 no de, b ecause the scheduling of related threads are prior to other threads. W e implement these schemes on KLIC, a p ortable KL1 system, and ev aluated the p erformance using some pro- grams. By thr e ading some b enchmark programs, we achiev ed 1.3 - 2.9 sp eedups in the execution on one no de. How ev er, in the execution on several no des, the p erformance of some programs were less e�cien t. This ine�ciency is due to the decrease of parallelism caused by threading. By applying reply �rst scheduling for such programs, we could extract their parallelism and could obtain the maximum sp eedups of threading. 1 =x O@ 1.1 8& 5f $N GX 7J 6a G/ !" JB Ns 7W ;; 4D 6- $N %O !< %I %& %’ %" E* $J 4p HW $, 5^ B. $K @0 Hw $5 $l $D $D $" $k $N $K BP $7 !" %= %U %H %& %’ %" $K 4X $9 $k 2] Bj $O ;3 @Q $7 $F $* $j !" FC $K 9b $$ @- G= $r H/ 4x $9 $k %W %m %0 %i %‘ $r MF 0W $K 3+ H/ $9 $k 5; =Q $, 6/ $/ 5a $a $i $l $F $$ $k !# => Mh JB Ns %W %m %0 %i %‘ $O !" C‘ <! =h M} 8@ 8l $K JB Ns <B 9T $r ;X Dj $9 $k 5! 9= $H F1 4| $N $? $a $N 5! 9= $r DI 2C $7 !" JB Ns =h M} $K ;H MQ $G $- $k $h $& $K $7 $? 8@ 8l $r MQ $$ $F !" 5- =R $, 9T $o $l $F $- $? !# $3 $l $i $N 8@ 8l $K $O � JB Ns 2= %3 %s %Q %$ %i � C‘ <! 8@ 8l + %a %C %; !< %8 %Q %C %7 %s %0 %i %$ %V %i %j (PVM [2] $J $I ) $J $I $, B8 :_ $7 $F $$ $k $, !" $= $l $> $l 0J 2< $N $h $& $J Ld Bj E@ $, B8 :_ $9 $k !# JB Ns 2= %3 %s %Q %$ %i FOR TRAN $J $I $N C‘ <! 8@ 8l $G =q $+ $l $? %W %m %0 %i %‘ $r BP >] $H $7 !" %3 %s %Q %$ %k ;~ $K %W %m %0 %i %‘ $N ;} $D JB Ns @- $r Cj =P $7 !" JB Ns 2= $5 $l $? %3 !< %I $r @8 @. $9 $k !# %W %m %0 %i %^ $, JB Ns 2= $N $? $a $N >p Js $r %3 %s %Q %$ %i $K EO $9 $b $N $H $= $& $G $J $$ $b $N $H $N 2 <o N‘ $, B8 :_ $9 $k !# $7 $+ $7 !" $b $H $b $H C‘ <! $G =q $+ $l $? %W %m %0 %i %‘ $r JB Ns 2= $9 $k $? $a !" JB Ns 2= 2D G= $J It J, $O %G !< %? JB Ns It J, $K 8B $i $l $k !# $3 $N $? $a !" 5- 9f =h M} $J $I $N 7W ;; Ii 2Y $, @E E* $K M= B, $G $- $J $$ Ld Bj $G $O 8z N( E* $J %3 !< %I $r @8 @. $9 $k $3 $H $O $G $- $J $$ !# %a %C %; !< %8 %Q %C %7 %s %0 %i %$ %V %i %j $3 $l $O !" %W %m %0 %i %^ $, F1 4| $d DL ?. $H $$ $C $? %l %Y %k $N 5- =R $r 9T $& $? $a $N %i %$ %V %i %j $G $" $k !# $[ $H $s $I A4 $F $N 7W ;; 5! >e $G %5 %] !< %H $5 $l $F $* $j !" $- $a $N :Y $+ $$ JB Ns =h M} $N 5- =R $, 2D G= $G $" $k !# $7 $+ $7 F1 4| $d DL ?. $H $$ $C $? %l %Y %k $N 5- =R $b %W %m %0 %i %^ $, 9T $o $J $1 $l $P $J $i $J $$ !# F1 4| $K $h $k %P %0 $O :F 8= @- $, $J $$ $? $a %G %P %C %0 $O Hs >o $K :$ Fq $K $J $k !# $3 $N $? $a !" MM !9 $J JB Ns 2= %" %k %4 %j %: %‘ $r ;n $9 I, MW $, $" $k >l 9g $J $I $O !" %W %m %0 %i %‘ $r =q $- D> $9 EY $K B? Bg $J O+ NO $r I, MW $H $9 $k !# $3 $l $i $N Ld Bj $r 2r 7h $9 $k $? $a $K JB Ns O@ M} 7? 8@ 8l $J $I !" ?7 $7 $$ %? %$ %W $N JB Ns 8@ 8l $, Ds 0F $5 $l $F $$ $k !# KL1 $O JB Ns O@ M} 7? 8@ 8l $N 0l $D $G $" $j !" <! $N $h $& $J FC D’ $r $b $D !# � 8@ 8l $N <B 9T %b %G %k $, JB Ns <B 9T $r 4p K\ $K $7 $F $$ $k $? $a !" JB 9T !? JB Ns %W %m %; %9 $N %M %C %H %o !< %/ $r <+ A3 $K 5- =R $G $- $k !# $3 $N $? $a !" $$ $o $f $k %G !< %? JB Ns $K N1 $^ $i $J $$ B? <o B? MM $J 1~ MQ $H %W %m %0 %i %_ %s %0 !& %Q %i %@ %$ %‘ $K BP $9 $k 9b $$ Jq MF NO $b M- $7 $F $$ $k !# � %G !< %? %U %m !< F1 4| 5! 9= $N F3 F~ $K $h $j !" F1 4| $r <+ F0 2= $9 $k $3 $H $G F1 4| $K $H $b $J $& %P %0 :. F~ $N 2D G= @- $r GS =| $7 $F $$ $k !# � %7 %s %? %C %/ %9 $, 4J 7i $G J, $+ $j $d $9 $$ !# $3 $& $7 $? FC D’ $N $* $+ $2 $G !" KL1 $r MQ $$ $k $3 $H $G !" JB Ns =h M} %= %U %H %& %’ %" $N 3+ H/ O+ NO $r Bg I} $K 7Z 8: $9 $k $3 $H $, $G $- $k !# $7 $+ $7 $J $, $i !" JB Ns =h M} $N =E MW $J B& LL $G $" $k 9b B. @- $N 4Q E@ $+ $i $O !" $3 $l $i $N JB 9T !? JB Ns 7? 8@ 8l $N =h M} %7 %9 %F %‘ $N @- G= $O == J, $H $O 8@ $( $J $$ !# $3 $N @- G= >e $N Ld Bj E@ $N Bg $- $J M} M3 $K !" 8@ 8l $N K\ <A $G $" $k JB 9T @- @) 8f $K $H $b $J $& %* !< %P %X %C %I $, $" $k !# KL1 $O $= $N C< E* $J Nc $N 0l $D $G $" $j !" 3F !9 $N %4 !< %k $, JB 9T <B 9T $N C1 0L $G $" $k $? $a !" %4 !< %k !& %9 %1 %8 %e !< %j %s %0 $N J} <0 $, %W %m %0 %i %‘ $N @- <A $K E, 9g $7 $F $$ $J $$ $H !" K\ Mh C‘ <! E* $K <B 9T $9 $k $N $, :G E, $J It J, $r JB 9T <B 9T $9 $k $J $I !" L5 BL $J =h M} $K $h $k %* !< %P %X %C %I $, Cx $7 $/ Bg $- $/ $J $k >l 9g $, $" $k !# 1.2 8& 5f $N L\ E* => Mh $N C‘ <! 8@ 8l $N JB Ns 2= $G $O !" $= $N %W %m %0 %i %‘ $N ;} $D JB Ns @- $r $$ $+ $K Cj =P $9 $k $3 $H $, $G $- $k $+ $, =E MW $G $" $k !# 0l J} !" JB 9T !? JB Ns 7? $N %W %m %0 %i %_ %s %0 8@ 8l $G $O JB Ns @- $N Cj =P $O MF 0W $G $" $k H? LL !" %W %m %0 %i %‘ Cf $K B8 :_ $9 $k IT I, MW $J JB Ns @- $r $$ $+ $K =| 5n $9 $k $+ $, =E MW $K $J $k !# 8@ $$ 49 $( $k $H JB 9T !? JB Ns 7? $N %W %m %0 %i %‘ $N %9 %1 %8 %e !< %j %s %0 $G $O !" C‘ <! <B 9T $, :G E, $G $" $k $h $& $J %7 !< %1 %s %9 $r H/ 8+ $7 !" $= $l $N C‘ <! <B 9T $, =E MW $G $" $k !# $3 $l $^ $G $N B? $/ $N KL1 =h M} 7O $G $O !" %W %m %0 %i %‘ $r ?< $5 !? :8 M% @h $K <B 9T $9 $k $N $, C‘ <! <B 9T $N :G E, %7 !< %1 %s %9 $H $_ $J $7 $F $$ $k $H 9M $( $k $3 $H $, $G $- $k !# $7 $+ $7 %W %m %0 %i %‘ $N @- <A $, !" $3 $N $h $& $J C1 =c $J ?d Dj $K $O E, 9g $7 $J $$ $3 $H $, $7 $P $7 $P $" $j !" MM !9 $J @- G= >e $N Ld Bj E@ $, H/ @8 $9 $k !# $7 $? $, $C $F !" %3 %s %Q %$ %k ;~ $K $h $j >\ :Y $J 2r @O $r 9T $C $F !" %W %m %0 %i %‘ $N @- <A $K E, 9g $7 $? C‘ <! 2= $r 9T $& $3 $H $, !" $^ $: Bh 0l $N L\ E* $H $J $k !# <! $K !" E, @Z $K C‘ <! 2= $5 $l $? %W %m %0 %i %‘ CG JR $r 8z N( E* $K <B 9T $9 $k $K $O !" K\ <A E* $J JB 9T F0 :n $H $N 4X 78 $J $I $K $h $k C‘ <! <B 9T $N Cf CG $K BP $7 $F !" :G >. $N %* !< %P %X %C %I $G BP =h $G $- $k $h $& $K $9 $k $3 $H $b I, MW $G $" $k !# $3 $N <B 9T %a %+ %K %: %‘ $r 5a $a $k $3 $H $, !" K\ 8& 5f $N Bh Fs $N L\ E* $G $" $k !# 1.3 K\ O@ $N 9= @. K\ 8& 5f $G $O !" KL1 $N %4 !< %k !& %9 %1 %8 %e !< %j %s %0 $r :G E, 2= $9 $k $3 $H $r L\ E* $H $7 !" %W %m %0 %i %‘ $r %9 %l %C %I $H $h $V C‘ <! 2= $5 $l $? %4 !< %k 7O Ns $K J, 3d $9 $k <j K! $G $" $k %9 %l %C %I 2= <j K! $H !" %9 %l %C %I $r JB Ns <B 9T $9 $k :] $K JB Ns @- $r :G Bg 8B $K 3N J] $9 $k $? $a $N %9 %1 %8 %e !< %k J} K! $G $" $k reply �rst scheduling <j K! $N Ds 0F !" <B Au !" I> 2A 2

$r 9T $C $? !# 0J 2< !" K\ O@ J8 $G $O !" $3 $l $i $N :G E, 2= <j K! $r <! $N $h $& $J 9= @. $G =R $Y $k !# Bh 2 >O $G $O K\ 8& 5f $N GX 7J $H $7 $F !" K\ 8& 5f $N BP >] 8@ 8l $* $h $S <B Au BP >] $N =h M} 7O $G $" $k !" JB Ns O@ M} 7? 8@ 8l KL1 $* $h $S KL1 =h M} 7O KLIC $K $D $$ $F @b L@ $7 $? $N $A !" => Mh $N KL1 =h M} 7O $K $* $$ $F :N MQ $5 $l $F $- $? %4 !< %k !& %9 %1 %8 %e !< %j %s %0 <j K! $K $D $$ $F =R $Y $k !# Bh 3 >O $G $O !" K\ :G E, 2= <j K! $K $D $$ $F %W %m %0 %i %‘ $N C‘ <! 2= <j K! $H !" $= $N C‘ <! 2= $5 $l $? %W %m %0 %i %‘ CG JR $N F0 E* $J %9 %1 %8 %e !< %j %s %0 <j K! $G $" $k reply �rst scheduling $K $D $$ $F =R $Y $k !# Bh 4 >O $G $O !" K\ :G E, 2= <j K! $N KLIC $X $N <B Au $K $D $$ $F =R $Y $k !# Bh 5 >O $G $O !" I> 2A $K $D $$ $F =R $Y $k !# Bh 6 >O $G $O !" 4X O" 8& 5f $H $N Hf 3S $H :# 8e $N 2] Bj $K $D $$ $F =R $Y $k !# Bh 7 >O $G $O !" 7k O@ $r =R $Y $k !# 2 GX 7J 2.1 JB Ns O@ M} 7? 8@ 8l KL1 $H $= $N =h M} 7O KLIC 2.1.1 KL1 K\ @a $G $O !" JB Ns O@ M} 7? 8@ 8l KL1 [3] $K $D $$ $F =R $Y $k !# %W %m %0 %i %‘ 9= B$ KL1 $O Flat GHC[4] $K 4p $E $/ 8@ 8l $G !" 0J 2< $N 7A $r $7 $? @a $N =8 9g $G I= $5 $l $k !# H : � G 1 ; � � � ; G m j B 1 � � � ; B n : H, G, B $O =R 8l $G $" $j !" $= $l $> $l %/ %m !< %: %X %C %I !" %, !< %I %4 !< %k !" %\ %G %# %4 !< %k $H 8F $P $l $k !# =R 8l $O ‘ =R 8l L> / 0z ?t $N 8D ?t ’ $G I= 5- $5 $l $k !# ‘ j ’ $O %3 %_ %C %H %a %s %H %P !< $H 8F $P $l !" @a Cf $G $3 $l $N :8 B& $N It J, $r %, !< %I It !" 1& B& $r %\ %G %# It $H 8F $V !# %, !< %I %4 !< %k $H $7 $F 5v $5 $l $k $b $N $O AH 9~ =R 8l $N $_ $G !" %\ %G %# %4 !< %k $H $7 $F $O !" AH 9~ =R 8l $H %f !< %6 Dj 5A =R 8l $r 5- =R $G $- $k !# $^ $? !" %\ %G %# %4 !< %k $O $= $l $> $l $r JB Ns $K <B 9T $G $- $k !# <B 9T 5, B’ K\ @a $G $O !" KL1 %W %m %0 %i %‘ $, $I $N $h $& $K <B 9T $5 $l $k $+ $K $D $$ $F @b L@ $9 $k !# KL1 $G $N <B 9T $N C1 0L $O %4 !< %k $H 8F $P $l $k !# %4 !< %k $N <B 9T $O 0J 2< $N 5, B’ $K $7 $? $, $C $F 9T $o $l $k !# 1. M? $( $i $l $? %4 !< %k G $H %X %C %I $H $N F1 0l 2= $* $h $S %, !< %I %4 !< %k $N <B 9T !# $3 $l $i $N <B 9T $K $h $C $F G $N 0z ?t $r 6q BN 2= $7 $F $O $J $i $J $$ !# 2. 1 $, @. 8y $7 $? @a $N $& $A $N $$ $: $l $+ 0l $D $N @a $N %\ %G %# %4 !< %k $r ?7 $? $J <B 9T 2D G= %4 !< %k $H $9 $k !# $^ $? !" %\ %G %# %4 !< %k $G $N F1 0l 2= %4 !< %k $N <B 9T ( %\ %G %# %f %K %U %# %1 !< %7 %g %s ) $G $O !" JQ ?t $N CM $r 7h $a $k $3 $H ( JQ ?t $N 6q BN 2= ) $, $G $- $k !# JQ ?t $N 6q BN 2= $O %W %m %0 %i %‘ Cf $G $? $@ 0l 2s $7 $+ 9T $& $3 $H $, $G $- $J $$ !# $3 $l $r <B 9T 2D G= $, %4 !< %k $, $J $/ $J $k $^ $G 7+ $j JV $9 !# ?^ 1 $K KL1 $N <B 9T %b %G %k $r <( $9 !# $3 $N %k !< %k $K 4p $E $- !" ?^ 2 $K <( $9 %W %m %0 %i %‘ $r MQ $$ $F !" KL1 $N <B 9T %a %+ %K %: %‘ $r @b L@ $9 $k !# $3 $N %W %m %0 %i %‘ $O Z = j X j � 2 $r <B 9T $9 $k %W %m %0 %i %‘ $G $" $k !# KL1 $G $O =i 4| %4 !< %k $H $7 $F main/0 $, M? $( $i $l $k !# main @a $N <B 9T $K $h $C $F %4 !< %k tmp(-10,Z) $, <B 9T 2D G= %4 !< %k $r 0l ;~ 4I M} $9 $k $? $a $N NN 0h $K 3J G< $5 $l $k ( ?^ 1.(5)) !# $3 $N NN 0h $r $3 $3 $G $O %4 !< %k %W !< %k $H 8F $V !# %4 !< %k ‘ tmp(-10,Z)’ $N <B 9T $K $h $C $F !" %X %C %I $, tmp/2 $G $" $k (1) @a $, A* Br $5 $l !" ‘abs(-10,Y),mul2(Y,Z)’ $H $$ $& 2 ?^ 1: KL1 $N <B 9T %b %G %k main :- tmp(-10,Z). (0) tmp(X,Z) :- abs(X,Y),mul2(Y,Z). (1) abs(X,Y) :- X>=0 | Y := X. (2) abs(X,Y) :- X<0 | Y := -X. (3) mul2(Y,Z) :- integer(Y) | Z := Y * 2. (4) * integer(Y) : Y $, integ er $+ $I $& $+ $r D4 $Y $k AH $_ 9~ $_ =R 8l ?^ 2: Z = j X j � 2 $r 5a $a $k KL1 %W %m %0 %i %‘ $D $N %4 !< %k $, %4 !< %k %W !< %k $K 3J G< $5 $l $k ( ?^ 1.(5)) !# $3 $N $H $- !" $b $H $N %4 !< %k ‘tmp(-10,Z)’ $O %4 !< %k %W !< %k $+ $i $J $/ $J $k !# $3 $N A‘ :n $r 8@ $$ 49 $( $k $H !" %4 !< %k ‘tmp(-10,Z)’ $, %\ %G %# %4 !< %k ‘abs(-10,Y),mul2(Y,Z)’ $K =q $- 49 $( $i $l $? $H $$ $( $k !# $3 $N 0l O" $N %4 !< %k $N =q $- 49 $( $N A‘ :n $r %4 !< %k $N %j %@ %/ %7 %g %s $H $$ $& !# =q $- 49 $( $i $l $? 2 $D $N %4 !< %k $O %4 !< %k %W !< %k $+ $i <h $j =P $5 $l !" <B 9T $5 $l $k ( ?^ 1.(1)) !# $9 $J $o $A !" ‘abs(-10,Y)’ $H (2),(3) @a !" ‘mul2(Y,Z)’ $H (4) @a $H $N F1 0l 2= $, ;n $_ $i $l $k !# $3 $N >l 9g !" ‘abs(-10,Y)’ $N %j %@ %/ %7 %g %s $G $O %, !< %I %4 !< %k $N <B 9T $, @. 8y $9 $k (3) @a $, A* Br $5 $l ( ?^ 1.(3)) !" %\ %G %# %4 !< %k ‘Y:=-(-10)’ $, <B 9T $5 $l $k !# 0l J} ‘mul2(Y,Z)’ $N J} $O Bh 0l 0z ?t $N Y $, 6q BN 2= $5 $l $F $$ $J $$ $? $a ‘mul2(Y,Z)’ $O <B 9T $r Cf CG $7 !" Y $, 6q BN 2= $5 $l $k $N $r BT $D $3 $H $K $J $k ( ?^ 1.(2)) !# $3 $l $r %4 !< %k $N %5 %9 %Z %s %I (susp end) $H 8F $V !# $= $7 $F ‘add1/2’ $N <B 9T $, =* N; $7 !" Z $N CM $, 10 $K 6q BN 2= $5 $l $k $H ( ?^ 1.(4)) !" ‘mul2/2’ $O <B 9T $r :F 3+ $9 $k ( ?^ 1.(6)) !# $3 $l $r %j %8 %e !< %‘ (resume) $H 8F $V !# KL1 $N <B 9T $O $3 $N $h $& $J A‘ :n $r 7+ $j JV $9 $3 $H $K $h $C $F ?J $_ !" %4 !< %k %W !< %k $K %4 !< %k $, $J $/ $J $k $H <B 9T $, =* N; $9 $k !# $3 $N $H $- !" Cf CG Cf $N %4 !< %k $, B8 :_ $9 $k >l 9g $O <B 9T $, %G %C %I %m %C %/ $7 $F $$ $k $H $$ $& !# $^ $? Prolog $H $O 0c $C $F %P %C %/ %H %i %C %/ $O 9T $o $: !" $b $7 Y $, integer 0J 30 $N CM $K 6q BN 2= $5 $l $k >l 9g $d !" %\ %G %# %4 !< %k $G $N F1 0l 2= $K <: GT $7 $? >l 9g $O !" %W %m %0 %i %‘ $O <B 9T $r <: GT $7 =* N; $9 $k ( ?^ 1.(7)) !# %G !< %? 9= B$ KL1 $N %G !< %? 9= B$ $K $O !" <! $N #3 $D $N $b $N $, $" $k !# � O@ M} JQ ?t O@ M} JQ ?t $O ;2 >H %] %$ %s %? $G I= 8= $5 $l !" FC Dj $N 7? $O ;} $? $J $$ !# 6q BN 2= $K $h $C $F BP >] $X $N %] %$ %s %? $, 3J G< $5 $l $k !# $^ $? !" 0l EY 6q BN 2= $5 $l $k $H !" JL $N CM $K :F $S 6q BN 2= $9 $k $3 $H $O $G $- $J $$ ( C1 0l Be F~ 5, B’ ) !# 3

I= 1: KLIC $N %G !< %? 7? %? %0 %G !< %? 7? REF (00) O@ M} JQ ?t CONS (01) %3 %s %9 %; %k ( %j %9 %H ) FUNC (10) %j %9 %H 0J 30 $N 9= B$ %G !< %? 7? A TOMIC (11) %7 %s %\ %j %C %/ %" %H %‘ , @0 ?t � %" %H %_ %C %/ %G !< %? 7? %" %H %_ %C %/ %G !< %? $O Fb It 9= B$ $r ;} $? $J $$ %G !< %? $G $" $j !" CM $= $N $b $N $, 0U L# $r ;} $C $F $$ $k !# Nc $H $7 $F !" %7 %s %\ %j %C %/ %" %H %‘ $d @0 ?t $, $" $k !# � 9= B$ %G !< %? 7? 9= B$ %G !< %? $O J# ?t $N %; %k $+ $i $J $j !" $3 $l $i $N %; %k $K $O G$ 0U $N 7? $N %G !< %? ( $X $N %] %$ %s %? ) $r 3J G< $9 $k $3 $H $, $G $- $k !# 0l HL E* $J $b $N $H $7 $F $O %U %! %s %/ %? $d %j %9 %H $, $" $k !# 2.1.2 KLIC KLIC [5] [6] $O !" ICOT $G 3+ H/ $5 $l $? KL1 $N =h M} 7O $G $" $j !" KL1 %W %m %0 %i %‘ $r $$ $C $? $s C %W %m %0 %i %‘ $K JQ 49 $7 !" %* %V %8 %’ %/ %H %3 !< %I $N @8 @. $O %? !< %2 %C %H %^ %7 %s $N C %3 %s %Q %$ %i $, 9T $& J} <0 $r $H $C $F $$ $k !# $h $C $F !" DL ?. 4X 78 $J $I $N 5! <o 0M B8 It $r =| $- 0\ ?" @- $N 9b $$ =h M} 7O $H $J $C $F $$ $k !# 8= :_ !" HF MQ JB Ns DL ?. %i %$ %V %i %j $G $" $k PVM[2] $r MQ $$ $? %o !< %/ %9 %F !< %7 %g %s HG KLIC $J $I $, 2T F/ Cf $G $" $k !# <B 9T %W %m %0 %i %‘ $O KL1 %W %m %0 %i %‘ $+ $i F@ $i $l $? %* %V %8 %’ %/ %H %3 !< %I $H KLIC $N %i %s %? %$ %‘ %i %$ %V %i %j $r %j %s %/ $9 $k $3 $H $G :n @. $5 $l $k !# <B 9T %4 !< %k $N A* Br $J $I $N %W %m %0 %i %‘ A4 BN $N @) 8f $O !" %i %s %? %$ %‘ %7 %9 %F %‘ Cf $N =h M} 7O 3K $H $h $P $l $k It J, $, 9T $& !# %G !< %? 9= B$ $3 $3 $G $O !" KLIC $G ;H MQ $5 $l $k %G !< %? 9= B$ $K $D $$ $F =R $Y $k !# $J $* KLIC $G $O $9 $Y $F $N %G !< %? 9= B$ $O !" $= $N @8 @. $* $h $S >C Hq %4 !< %k $, <B 9T ;~ $^ $G H= L@ $7 $J $$ $? $a %R !< %W >e $G 4I M} $5 $l $k !# 4p K\ %G !< %? 9= B$ : KLIC $G $O KL1 $N %G !< %? $r %? %0 IU $- %; %k $^ $? $O !" %? %0 IU $- %; %k $K ;X $5 $l $? 9= B$ BN $G I= $7 $F $$ $k !# %? %0 $O 2< 0L 2 %S %C %H $G $" $j !" REF, CONS, FUNC, A TOM $N 4 <o N‘ $, B8 :_ $9 $k !# %4 !< %k %l %3 !< %I : <B 9T $N C1 0L $G $" $k %4 !< %k $O !" %4 !< %k %l %3 !< %I $H $7 $F I= 8= $5 $l !" <! $K <B 9T $5 $l $k %4 !< %k $X $N %] %$ %s %? !" BP 1~ $9 $k %3 !< %I $X $N %] %$ %s %? !" 0z ?t $+ $i $J $k !# Generic ob ject: KLIC $K $O !" KL1 $N 4p K\ %G !< %? $N B> $K generic ob ject $H 8F $P $l $k %G !< %? 9= B$ $, B8 :_ $9 $k !# generic ob ject $O %G !< %? NN 0h $H %G !< %? $r A‘ :n $9 $k %a %= %C %I $H 8F $P $l $k <j B3 $- $+ $i $J $k !# generic ob ject $K $O data, consumer, generator $N #3 $D $N %? %$ %W $, $" $j !" MQ ES $K 1~ $8 $F ;H $$ J, $1 $i $l $k !# consumer ob ject $H generator ob ject $O O@ M} JQ ?t $N I= 8= J} K! $N 0l <o $G $" $k !# $3 $l $i 2 $D $N %* %V %8 %’ %/ %H $K BP $7 !" 6q BN 2= $d ;2 >H $J $I $N 2? $i $+ $N %" %/ %7 %g %s $, $" $C $? >l 9g !" %a %= %C %I $H 8F $P $l $k <j B3 $- $, <+ F0 E* $K 5/ F0 $5 $l $k !# 0l HL $K !" consumer ob ject $O 6q BN 2= $K $h $j !" $= $N 6q BN CM $r >C Hq $9 $k UNIFY %a %= %C %I $, !" generator ob ject $O ;2 >H $K $h $j !" ;2 >H %G !< %? $r @8 @. $5 $; $k GENERA TE %a %= %C %I $, 5/ F0 $9 $k !# $^ $? data ob ject $O 4p K\ %G !< %? 9= B$ 0J 30 $N ?7 $7 $$ %G !< %? 9= B$ $r <B 8= $9 $k <j CJ $H $7 $F MQ $$ $i $l $k !# Nc $H $7 $F !" vector 7? !" oat 7? $d string 7? $J $I $, $" $k !# C‘ <! <B 9T J} <0 %W %m %0 %i %‘ $N <B 9T $O !" =h M} 7O 3K $, A* Br $7 $? %4 !< %k $K BP 1~ $9 $k %3 !< %I $r <B 9T $7 !" $= $N Cf $G F@ $i $l $? %\ %G %# %4 !< %k $r %4 !< %k %- %e !< $N @h F, $K $D $J $0 $3 $H $G 9T $o $l $k !# ?^ 3 $K KLIC $N <B 9T $N MM ;R $r <( $9 !# <B 9T Cf $N %4 !< %k g $G L$ Dj 5A JQ ?t X $r ;2 >H $9 $k $H !" X $O 6q BN 2= BT $A JQ ?t ( %U %C %/ JQ ?t ) $K $J $j !" $3 $N %4 !< %k $r ;X $9 !# $3 $l $, %4 !< %k g $, Cf CG $7 $F $$ $k >u BV $G $" $j !" g $, JQ ?t X $K %U %C %/ $7 $F $$ $k $H $$ $& !# =h M} 7O 3K $O Cf CG =h M} $r 9T $C $? 8e !" ?7 $? $J %4 !< %k $r %4 !< %k %- %e !< $+ $i <h $j =P $7 <B 9T $r B3 $1 $k !# $= $N 8e X $, 6q BN 2= $5 $l $k $H !" X $K $D $J $, $l $F $$ $? %4 !< %k $O <B 9T 2D G= %4 !< %k %- %e !< $N @h F, $K La $5 $l $k !# $3 $N $h $& $K KLIC $G $O %j %8 %e !< %‘ $5 $l $? %4 !< %k $, M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k !# $3 $N A‘ :n $r 7+ $j JV $7 !" <B 9T 2D G= %4 !< %k %- %e !< $+ $i %4 !< %k $, L5 $/ $J $k $H %W %m %0 %i %‘ $O =* N; $9 $k !# KLIC J, ;6 =h M} 7O KLIC J, ;6 =h M} 7O [7] $N 7W ;; %b %G %k $O !" 6I =j %a %b %j $r ;} $A %M %C %H %o !< %/ $G 7k 9g $5 $l $? %N !< %I $, !" 8_ $$ $K %a %C %; !< %8 DL ?. $r $7 $J $, $i =h M} $r 9T $& $H $$ $& $b $N $G $" $k !# <+ F0 Ii 2Y J, ;6 $O 9T $o $l $: !" Ii 2Y J, ;6 $r 9T $& $K $O L@ <( E* $K %W %m %0 %i %‘ Cf $K ;X Dj $7 $J $1 $l $P $J $i $J $$ !# goal ( X 1 ; � � � ; X n ) @node ( N c ) $H $$ $& 7A $N %\ %G %# %4 !< %k $, %N !< %I N p >e $K 8= $l $k $H !" $3 $N %4 !< %k $O %N !< %I N c $K Aw $i $l !" $= $3 $G <B 9T $5 $l $k !# A4 $F $N %N !< %I $G <B 9T 2D G= $J %4 !< %k $, $J $/ $J $k $H !" %W %m %0 %i %‘ $N <B 9T $O =* N; $9 $k !# 30 It ;2 >H %] %$ %s %? JQ ?t $d 9= B$ %G !< %? $N Aw ?. $, 9T $o $l $k $H !" %N !< %I 4V $K EO $k ;2 >H %] %$ %s %? $, @8 $^ $l $k !# $3 $l $r 30 It ;2 >H %] %$ %s %? $H $$ $& !# $3 $N %] %$ %s %? $O <u ?. B& ( ;R %N !< %I ) $+ $i Aw ?. B& ( ?F %N !< %I ) $X $N C1 J} 8~ $N %] %$ %s %? $G $" $k !# $3 $N $? $a !" 6q BN 2= %N !< %I $, <u ?. B& !" Aw ?. B& $N $I $A $i $G $" $k $+ $K $h $C $F !" 6q BN CM $N Aw ?. J} K! $, 0[ $J $k !# ;R %N !< %I $, 6q BN 2= : ?F B& $+ $i $O 6q BN CM $X $N %] %$ %s %? $, B8 :_ $7 $J $$ $? $a !" 6q BN 2= $7 $? ;~ $K !" ;R %N !< %I $, ?F %N !< %I $K BP $7 $F 6q BN CM $r Aw ?. !# ?F %N !< %I $, 6q BN 2= : ;R %N !< %I $+ $i $N MW 5a $K $h $C $F !" ?F %N !< %I $, 6q BN CM $r Aw ?. !# $^ $? $" $k JQ ?t X $K BP $9 $k MW 5a $r <u ?. $7 $? $H $- $K !" X $, L$ 6q BN 2= $G JV ?. $r 9T $( $J $$ >l 9g !" =h M} 7O $O X $K BP $7 !" JV ?. MQ $N consumer ob ject $r %U %C %/ $5 $; $k !# $3 $N 5! 9= $K $h $j !" X $N 6q BN 2= ;~ $K $3 $N %* %V %8 %’ %/ %H $N UNIFY %a %= %C %I $r MQ $$ $F <+ F0 E* $K JV ?. $, 9T $o $l $k $3 $H $K $J $k !# $3 $N $h $& $K 30 It ;2 >H %] %$ %s %? $r 7P M3 $7 $? ;2 >H $d 6q BN 2= $K $O %a %C %; !< %8 DL ?. $H $$ $& 5! <o $K 0M B8 $7 $? =h M} $r H< $& !# $= $3 $G !" 30 It ;2 >H %] %$ %s %? $r generic ob ject $r MQ $$ $F <B Au $7 !" $3 $l $i $N =h M} $r %a %= %C %I $r MQ $$ $F 9T $& $3 $H $G !" %+ !< %M %k $N 0\ ?" @- $r 9b $a $F $$ $k !# 2.2 KL1 $N %4 !< %k %9 %1 %8 %e !< %j %s %0 <j K! K\ @a $G $O => Mh $N KL1 =h M} 7O $G :N MQ $5 $l $F $- $? %4 !< %k !& %9 %1 %8 %e !< %j %s %0 <j K! $K $D $$ $F @b L@ $9 $k !# 8= :_ KL1 =h M} 7O $G Ds 0F $5 $l $F $$ $k %9 %1 %8 %e !< %j %s %0 <j K! $H $7 $F !" %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $H %a %C %; !< %8 ;X 8~ %9 %1 %8 %e !< %j %s %0 [8] $N 2 $D $, $" $k !# $= $l $> $l $K $D $$ $F @b L@ $9 $k A0 $K !" KL1 $G $h $/ ;H $o $l $k %W %m %; %9 $H %9 %H %j !< %‘ $r MQ $$ $? %W %m %0 %i %_ %s %0 %9 %? %$ %k [9] $K $D $$ $F @b L@ $9 $k !# 4

?^ 3: KLIC $N <B 9T $N MM ;R %W %m %; %9 $H %9 %H %j !< %‘ KL1 $N %W %m %0 %i %‘ $O %W %m %; %9 $H 8F $P $l $k <B 9T $N 4p K\ MW AG $r !" %9 %H %j !< %‘ $H 8F $P $l $k %W %m %; %9 4V $G $N >p Js $N $d $j $H $j $r 9T $& $? $a $N ‘ 7P O) ’ $r MQ $$ $F AH $_ 9g $o $; $k $3 $H $G 9= @. $5 $l $k $3 $H $, B? $$ !# 3F %W %m %; %9 $O %9 %H %j !< %‘ $+ $i N. $l $F $/ $k @) 8f >p Js $d %G !< %? $K 4p $E $$ $F <+ %W %m %; %9 $N Fb It >u BV $r JQ $( $? $j !" $" $k <o $N 7W ;; $r 9T $C $? $j $7 $F !" $= $N 7k 2L $r :F $S %9 %H %j !< %‘ $K N. $9 $H $$ $& A‘ :n $r 7+ $j JV $9 !# KL1 $K $* $1 $k %W %m %; %9 $H $O $" $k Dx EY $N Bg $- $5 $r $b $C $? O" B3 @- $N $" $k 7W ;; 2a Dx $G $" $j !" %W %m %; %9 $H $7 $F B8 :_ $9 $k $? $a $K :F 5" 8F =P $7 $r MQ $$ $k !# 0J 2< $G $O %4 !< %k g =n $G ;O $^ $k %W %m %; %9 $r C1 $K %W %m %; %9 g =n $H 8F $V !# %9 %H %j !< %‘ $O KL1 $G $O %j %9 %H $r ;H $C $F <B 8= $5 $l $k !# %j %9 %H $N car It J, $, :G =i $N %a %C %; !< %8 !" cdr It J, $, ;D $j $N %a %C %; !< %8 It J, $r I= $9 !# KL1 %W %m %0 %i %‘ $N Nc $H $7 $F ?^ 4(a) $K %W %m %; %9 4V DL ?. $r 9T $& %W %m %0 %i %‘ $r $" $2 $F $* $/ !# $^ $? ?^ 4(b) $O $3 $N %W %m %0 %i %‘ $N 9= B$ $r LZ 9= B$ $G I= $7 $? $b $N $r <( $9 !# ?^ 4 $N %W %m %0 %i %‘ $N Nc $G $O (1) $N @a $N X $H Y $, %9 %H %j !< %‘ JQ ?t $H $J $C $F $* $j !" q/3, p/2 $N N> %W %m %; %9 4V $N DL ?. O) $N Lr 3d $r 2L $? $7 $F $$ $k !# $3 $N $h $& $J ?^ $O 0J 8e $b MQ $$ $k $N $G !" ?^ $N @b L@ $r 9T $& !# : %X %C %I %f %K %U %# %1 !< %7 %g %s $H %, !< %I %4 !< %k <B 9T $r I= $9 !# : %3 %_ %C %H $7 $? @a ((n) @a ) $N %\ %G %# It $N <B 9T $r <( $7 !" %\ %G %# %f %K %U %! %$ $* $h $S %4 !< %k $N %j %@ %/ %7 %g %s $r 9T $& !# : %j %@ %/ %7 %g %s $K $h $C $F @8 @. $5 $l $? %4 !< %k $r <( $9 !# : AH 9~ =R 8l $N %j %@ %/ %7 %g %s 5Z $S <B 9T $r <( $9 !# : %G !< %? %U %m !< $r I= $9 !# : %3 %s %H %m !< %k %U %m !< $r I= $9 !# $^ $? !" %W %m %0 %i %‘ Cf $N F1 L> %4 !< %k $r 6h JL $9 $k $? $a $K !" I, MW $K 1~ $8 $F p/2 1 $N $h $& $K =R 8l L> $N 1& 8* $K HV 9f $r $D $1 $k !# $5 $i $K !" :F 5" $K $h $j J# ?t 2s 8F $P $l $k %4 !< %k $K $D $$ $F $O !" :F 5" $K $h $k %k !< %W $N 3F %9 %F %C %W $r 9M $( !" %k !< %W $N k 2s L\ $G @8 @. $5 $l $k %4 !< %k goal $r goal k $H I= $9 $3 $H $K $9 $k !# main :- p([ack(0)|X],Y) 1 ,q(Y,X,1) 1 . (1) p([ack(N)|X],Y) :- Y=[read|Y1],p(X,Y1) 2 . (2) q([read|X],Y,N) :- Y=[ack(N)|Y1],N1:=N+1,q(X,Y1,N1) 2 . (3) (a) (b) ?^ 4: %W %m %0 %i %‘ communication 2.2.1 %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $O %4 !< %k $N %9 %$ %C %A %s %0 $r 8: $i $9 $3 $H $r L\ E* $H $7 $? %9 %1 %8 %e !< %j %s %0 J} <0 $G $" $k !# 0l C6 %4 !< %k $, <B 9T $r 3+ ;O $^ $? $O :F 3+ $9 $k $H !" 2D G= $J 8B $j $= $N %4 !< %k $N %5 %V %4 !< %k $r <B 9T $9 $k !# $D $^ $j ?< $5 M% @h $N %4 !< %k !& %9 %1 %8 %e !< %j %s %0 <j K! $G $" $k !# ?^ 4 $N %W %m %0 %i %‘ $r MQ $$ $F <B :] $K $I $N $h $& $K %4 !< %k $, %9 %1 %8 %e !< %k $5 $l $F $$ $/ $+ $r 8+ $F $$ $/ $3 $H $K $9 $k !# $3 $N %W %m %0 %i %‘ $N %G !< %? 0M B8 $O <! $N DL $j $G $" $k !# � q/3 n $, p/2 n $K p/2 n +1 $, q/2 n $K $= $l $> $l %G !< %? 0M B8 $9 $k !# <! $K <B 9T =g =x $O <! $N $h $& $K $J $k !# main/0 ! p/2 1 (2) ! p/2 (susp) ! q/3 1 (3)(rsm p/2) ! N1:=N+1 ! q/3(susp) ! p/2 3 (2) ! p/2(susp) ! � � � goal (n) : goal $, n $N @a $K commit goal (susp) : goal $, Cf CG goal1 (n)(rsm goal2) : n HV $N @a $N goal1 $N <B 9T $, goal2 $r %j %8 %e !< %‘ $3 $N $h $& $K q/3 $H p/2 $, 1 2s %a %C %; !< %8 $r $d $j <h $j $9 $k EY $K !" 3F !9 $, 1 EY $: $D Cf CG $7 $F $7 $^ $& !# $3 $N $h $& $K %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $G $O !" %G !< %? $N @8 @. !& ;2 >H %4 !< %k 4V $N @Z $j BX $( ;~ $K %4 !< %k Cf CG $, @8 $8 $F $7 $^ $& !# %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $G $O %9 %H %j !< %‘ $O !V 2D G= $J $H $- $K Fb MF $r =h M} $9 $k %P %C %U %! !W $H $7 $F ?6 Iq $& !# %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $O %9 %k !< %W %C %H ;X 8~ $N %9 %1 %8 %e !< %j %s %0 $H $$ $( $k !# 2.2.2 %a %C %; !< %8 ;X 8~ %9 %1 %8 %e !< %j %s %0 %a %C %; !< %8 ;X 8~ %9 %1 %8 %e !< %j %s %0 $O %4 !< %k %9 %$ %C %A %s %0 $N %3 %9 %H $H %G !< %? E> Aw $N %3 %9 %H $r 8: $i $9 $3 $H $r L\ E* $H $7 $? %9 %1 %8 %e !< %j %s %0 $G $" $k !# $3 $N <j K! $G $O !" B> %4 !< %k $K BP $9 $k %a %C %; !< %8 $, !V <u ?. B& $K BP $7 @) 8f $r 0\ $9 !W F/ $- $r $9 $k !# $3 $N $? $a !" %a %C %; !< %8 $r <u ?. $7 $? %4 !< %k $, <B 9T $r 3+ ;O $9 $k $3 $H $K $J $k !# ?^ 4 $N %W %m %0 %i %‘ $N <B 9T =g =x $O <! $N $h $& $K $J $k !# 5 main/0 ! p/2 1 (2) ! q/3 1 (3) ! p/2 2 (2) ! p/2(susp) ! N1:=N+1 ! q/3 2 (3) ! p/2 2 (2) ! � � � %a %C %; !< %8 ;X 8~ %9 %1 %8 %e !< %j %s %0 $O 1~ Ez @- ;X 8~ $N %9 %1 %8 %e !< %j %s %0 $H $b $$ $( $k !# 2.2.3 KL1 $N %4 !< %k !& %9 %1 %8 %e !< %j %s %0 $N <B :] 8= :_ !" <B MQ 2= $5 $l $F $$ $k KL1 $N =h M} 7O $K $* $1 $k !" %4 !< %k !& %9 %1 %8 %e !< %j %s %0 <j K! $K $O %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $, :N MQ $5 $l $F $- $? !# Nc $( $P !" Multi-PSI [10] $d PIM [11] $J $I $N =h M} 7O $, $3 $N J} <0 $r :N MQ $7 $F $$ $k !# $7 $+ $7 $J $, $i !" %W %m %; %9 ;X 8~ J} <0 $G $O !" @8 @. !& ;2 >H %W %m %; %9 4V $N %4 !< %k @Z BX $, I, $: Cf CG $G 5/ $C $F $7 $^ $$ !" $= $N %* !< %P %X %C %I $, Bg $- $/ $J $C $F $7 $^ $& $H $$ $& Ld Bj $, $" $k !# $= $3 $G KLIC $G $O !" $3 $N %* !< %P %X %C %I $r 7Z 8: $9 $k $? $a $K !" $" $k %4 !< %k $, %j %8 %e !< %‘ $5 $l $? $H $- !" %W %m %0 %i %‘ $N @) 8f $r $= $N %j %8 %e !< %‘ $5 $l $? %4 !< %k $K 0\ $9 $h $& $J %9 %1 %8 %e !< %j %s %0 <j K! $r <h $C $F $$ $k !# $3 $N J} <0 $O resumption first scheduilng J} <0 $H 8F $P $l $F $$ $k !# $3 $N J} <0 $G $O !" Cf CG %4 !< %k $K BP $9 $k %a %C %; !< %8 $K $h $C $F !" %a %C %; !< %8 ;X 8~ E* $J %4 !< %k $N @Z BX $r 9T $& $? $a !" ;2 >H B& $, Cf CG $7 $F $$ $k $H $- $N !" @8 @. %W %m %; %9 $+ $i ;2 >H %W %m %; %9 $X $N %4 !< %k $N @Z BX $, Dc %* !< %P %X %C %I $G 9T $o $l $k !# 3 :G E, 2= <j K! 3.1 %9 %l %C %I 2= <j K! 3.1.1 => Mh <j K! $N Ld Bj E@ 0l HL $K JB 9T !? JB Ns 7? %W %m %0 %i %‘ $N %9 %1 %8 %e !< %j %s %0 $G $O !" C‘ <! <B 9T $, :G E, $G $" $k $h $& $J %7 !< %1 %s %9 $r H/ 8+ $7 !" $= $l $r C‘ <! <B 9T $9 $k :G E, 2= $, =E MW $G $" $k !# Nc $( $P KLIC $J $I $3 $l $^ $G $N KL1 =h M} 7O $G $O !" %W %m %0 %i %‘ $r :8 !? ?< $5 M% @h $K <B 9T $9 $k $N $, C‘ <! <B 9T $N :G E, %7 !< %1 %s %9 $H 8+ $J $7 $F $$ $k !# $7 $+ $7 !" %W %m %0 %i %‘ $N @- <A $, !" $3 $N $h $& $J C1 =c $J ?d Dj $K $O E, 9g $7 $J $$ $3 $H $, Ia DL $G $" $j !" MM !9 $J Ld Bj $, @8 $8 $k $3 $H $, $" $k !# K\ @a $G $O $^ $: KL1 %W %m %0 %i %‘ $N <B 9T $K $* $$ $F $I $N $h $& $J %* !< %P %X %C %I $, B8 :_ $9 $k $+ $r <( $9 !# $= $N 8e !" <B :] $K %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 J} <0 $d resumption �rst scheduling J} <0 $r MQ $$ $? >l 9g $K @8 $8 $k Ld Bj E@ $K $D $$ $F =R $Y $k !# %4 !< %k <B 9T $N %* !< %P %X %C %I 0l HL $K $" $k %4 !< %k $r @8 @. $7 $F $= $l $r <B 9T $9 $k $^ $G @8 $8 $k %* !< %P %X %C %I $K $O <! $N $h $& $J $b $N $, $" $k !# � %4 !< %k %l %3 !< %I $N %R !< %W >e $X $N 3N J] � %4 !< %k $N <B 9T 2D G= %4 !< %k %- %e !< $+ $i $N %( %s %- %e !< $* $h $S %4 !< %k %- %e !< $X %G %- %e !< ( 0J 2< C1 $K %4 !< %k $N %( %s %- %e !< !? %G %- %e !< $H 8F $V ) � %5 %9 %Z %s %I %A %’ %C %/ $^ $? !" %4 !< %k $, %5 %9 %Z %s %I $7 $F $7 $^ $C $? >l 9g $O !" %j %8 %e !< %‘ $5 $l $k $^ $G !" $= $N %4 !< %k $, %9 %1 %8 %e !< %k $5 $l $J $$ $h $& $K $9 $k $? $a $N =h M} $, 9T $o $l $k !# $^ $? !" JQ ?t $N 6q BN 2= $N :] $K :F $S !" %4 !< %k $N %( %s %- %e !< !? %G %- %e !< $N $? $a $N =h M} $, I, MW $K $J $k !# $3 $l $i $N $& $A !" FC $K %4 !< %k $N %5 %9 %Z %s %I $K BP $9 $k %* !< %P %X %C %I $O Hs >o $K Bg $- $J $b $N $H $J $C $F $$ $k !# main :- q(Y,X) 1 ,p([ack|X],Y) 1 . (1) p(X ,Y) :- p1(X,X1),p2(X1,X2),p3(X2,Y). (2) p1([ack|X],Y) :- Y = [f1|X]. (3) p2( [f1|X], Y) :- Y = [f2|X]. (4) p3( [f2|X], Y) :- Y = [read|Y1],p(X,Y1) 2 . (5) q([read|X],Y) :- Y=[ack|Y1], q(X,Y1) 2 . (6) (a) (b) ?^ 5: %W %m %0 %i %‘ communication2 %W %m %; %9 ;X 8~ J} <0 $K $* $1 $k Ld Bj E@ A0 @a $G =R $Y $? $h $& $K !" %W %m %; %9 ;X 8~ J} <0 $K $O !" ;2 >H !& @8 @. %W %m %; %9 4V $N @Z BX $, I, $: Cf CG $G 9T $o $l $k $H $$ $& Ld Bj $, $" $k !# $3 $N Ld Bj $O !" ;2 >H %4 !< %k $, J# ?t B8 :_ $9 $k >l 9g $d !" ;2 >H %W %m %; %9 $N =P NO $K 0M B8 $9 $k %4 !< %k $, B? ?t B8 :_ $9 $k >l 9g $K FC $K Bg $- $/ $J $k !# Nc $( $P !" ?^ 5 $N MM $J >l 9g $r 9M $( $F $_ $k !# $3 $N Nc $N %G !< %? 0M B8 $O <! $N DL $j $G $" $k !# � q/2 n $, p1/3 n , p1/3 n +1 $, q/2 n , p2/2 n +1 $, p1/3 n , p3/2 n +1 $, p2/2 n $K $= $l $> $l %G !< %? 0M B8 $9 $k !# $3 $N Nc $G $N %9 %1 %8 %e !< %j %s %0 =g =x $O <! $N $h $& $K $J $k !# q/2 1 (susp) ! p/2 1 ! p1/2 ! p2/2 ! p3/2 (rsm q/2 1 ) ! p/2 2 ! p1/2 (susp) ! p2/2 (susp) ! p3/2 (susp) ! q/2 1 (rsm p1/2) ! q/2 2 (susp) ! p1/2 (rsm p2/2) ! p2/2 (rsm p3/2) ! p3/2 (rsm q/2 2 ) ! p/2 2 ! � � � $3 $N $h $& $K !" p1/2 $N Cf CG $, p2/2, p3/2 $K $b EA HB $7 !" p/2 B& $N %W %m %; %9 $H q/2 B& $N %W %m %; %9 $H $, 1 2s %a %C %; !< %8 $r $d $j <h $j $9 $k EY $K !" 7W 3 2s $b $N Cf CG $, 5/ $- $F $7 $^ $C $F $$ $k !# $D $^ $j !" %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $G $O !" $" $k %G !< %? $r I, MW $H $9 $k %4 !< %k $d !" $= $N %4 !< %k $K %G !< %? 0M B8 $9 $k $h $& $J %4 !< %k $r LU L\ E* $K %9 %1 %8 %e !< %k $7 $F $7 $^ $$ !" $= $N 7k 2L B? ?t $N %4 !< %k $, Cf CG $7 $F $7 $^ $& 2D G= @- $, $" $k !# resumption �rst J} <0 $K $* $1 $k Ld Bj E@ %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $G @8 $8 $? !" @8 @. !& ;2 >H %W %m %; %9 4V $N %4 !< %k $N @Z $j BX $( $, %4 !< %k $N Cf CG ;~ $K 9T $o $l $k $H $$ $& Ld Bj $O !" %a %C %; !< %8 ;X 8~ E* $J %4 !< %k $N %9 %1 %8 %e !< %j %s %0 @o N, $r $H $k $3 $H $G 2r 7h $G $- $k !# 6 main :- p0([int(100)|L1],L2) 1 ,p1(L1,L2) 1 . (1) p0(L1,L2) :- L1=[int(N)|NL1],N>0 | send0(NN,L2,NL2),dec0(N,NN),p0(NL1,NL2) 2 . (2) p0(L1,L2) :- L1=[N|L1Left],N=<0 | L2=[]. (3) dec0(NI,NO) :- NO:=NI-1. (4) send0(N,L,NL) :- L=[int(N)|NL]. (5) p1(L1,L2) :- L2=[int(N)|NL2] | send1(NN,L1,NL1),dec1(N,NN),p1(NL1,NL2) 2 . (6) p1(L1,L2) :- L2=[] | L1=[]. (7) dec1(NI,NO) :- int(NI)|NO:=NI-1. (8) send1(N,L,NL) :- L=[int(N)|NL]. (9) (a) (b) ?^ 6: %W %m %0 %i %‘ hand shake $3 $N Ld Bj $K BP $7 !" KLIC $G $O !" %j %8 %e !< %‘ %4 !< %k $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k $3 $H $G BP 1~ $7 $F $$ $k !# $3 $l $K $h $j !" ;2 >H !& @8 @. %W %m %; %9 4V $N %4 !< %k @Z BX $N $& $A !" ;2 >H %4 !< %k $, Cf CG $7 $F $$ $k >l 9g $K !" %4 !< %k $N @Z BX $, DL >o $N %j %@ %/ %7 %g %s $K $h $C $F 9T $o $l $k $3 $H $K $J $k !# Nc $( $P !" ?^ 4 $N Nc $G $O !" main/0 ! p/2 1 (2) ! q/3 1 (3) ! p/2(2) ! p/2(susp) ! N1:=N+1 ! q/3 ! q/3(3) ! p/2(2) ! � � � $N $h $& $J <B 9T =g $K $J $j !" =i 4| $N >u BV $r =| $1 $P !" %a %C %; !< %8 ;X 8~ J} <0 $H F1 Ey $N %9 %1 %8 %e !< %k $, 9T $o $l $F $$ $k !# $? $@ $7 !" $3 $N %j %8 %e !< %‘ $K $h $k @) 8f 0\ 9T $O <u ?. B& $, $= $N %a %C %; !< %8 $G =h M} $, 9T $( $k $+ $I $& $+ $r 9M N8 $9 $k ;v $J $/ !" L5 >r 7o $G 9T $o $l $k !# $3 $N $? $a !" %4 !< %k $N Cf CG $N 86 0x $H $J $C $? L$ 6q BN 2= JQ ?t $, J# ;( $J 9= B$ %G !< %? $K 6q BN 2= $5 $l $k >l 9g $K $O !" %G !< %? $, 40 A4 $J $b $N $H $J $k A0 $K Cf CG %4 !< %k $r :F 3+ $7 $F $7 $^ $& 2D G= @- $, $" $k !# $3 $N >l 9g !" :F 3+ $5 $l $? %4 !< %k $d $= $N %5 %V %4 !< %k $, %G !< %? Cf $N L$ 6q BN 2= It J, $r ;2 >H $7 !" :F $S Cf CG $7 $F $7 $^ $& 62 $l $, $" $k !# Nc $( $P !" ?^ 6 $N $h $& $J Nc $r 9M $( $F $_ $k !# resumption �rst sc heduling $G $N %9 %1 %8 %e !< %j %s %0 =g =x $O <! $N $h $& $K $J $k !# p0/2 1 ! send0/3 ! dec0/2 ! p0/2 2 (susp) ! p1/2 1 ! send1/3 (rsm p0/2 2 ) ! p0/2 2 (susp) ! dec1/2 (rsm p0/2 2 ) ! p0/2 2 ! � � � %4 !< %k p0/2 $O send1/3, dec1/2 $N $9 $Y $F $N =P NO $r ;2 >H $9 $k !# $h $C $F Cf CG $7 $? p0/2 $N <B 9T $r :F 3+ $9 $k $K $O send1/3, dec1/2 $N N> J} $N %4 !< %k $N <B 9T $, I, MW $G $" $k !# $7 $+ $7 $J $, $i resumption �rst scheduling $G $O !" $3 $N 2 $D $N %4 !< %k $N $& $A ‘ send1/3 ’ $, <B 9T $5 $l $? $@ $1 $G @) 8f $, p0/2 $K 0\ $C $F $7 $^ $$ !" $= $N 7k 2L p0/2 $O %a %C %; !< %8 $K IT 40 A4 $J $b $N $r 8+ $D $1 Cf CG $7 $F $7 $^ $& !# $3 $N $h $& $K $3 $N Nc $G $O p0/2 $N 1 %k !< %W $" $? $j 7W 2 2s $N Cf CG $, 5/ $3 $k !# $3 $l $O !" p0/2 $G ;2 >H $9 $k %G !< %? 9= B$ $, J# ;( $G $" $l $P $" $k $[ $I Cf CG 2s ?t $O B? $/ $J $j !" 0l HL $K $O ;2 >H B& $, I, MW $H $9 $k 0l $D $N 9= B$ %G !< %? $r n 8D $N %4 !< %k $, @8 @. $9 $k $h $& $J >l 9g !" :G 0- n 2s $N Cf CG $, 5/ $- $k $3 $H $K $J $k !# 0l J} !" $3 $N Nc $r %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $G %9 %1 %8 %e !< %k $9 $k $H !" p0/2 $G ;2 >H $9 $k %G !< %? $N J# ;( $5 $K 4X $o $i $: !" Cf CG 2s ?t $O 2 2s /1 %k !< %W $H $J $k !# $3 $N $h $& $K !" resumption �rst $G $O 9= B$ 7? %G !< %? $N 6q BN 2= $, IT 40 A4 $G $" $k >l 9g !" IT MW $J @) 8f 0\ 9T $, @8 $8 $k 2D G= @- $, $" $k !# $3 $N 7k 2L !" >l 9g $K $h $C $F $O %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $h $j @- G= $r 0- 2= $5 $; $F $7 $^ $& $3 $H $, $h $/ $" $k !# 3.1.2 %9 %l %C %I 2= <j K! $N 35 MW $^ $: !" A0 @a $G =R $Y $? Ld Bj $O %W %m %; %9 ;X 8~ J} <0 : Cf CG %4 !< %k $K %G !< %? 0M B8 $9 $k %4 !< %k $r !" Cf CG %4 !< %k $, %j %8 %e !< %‘ $5 $l $k $^ $G %9 %1 %8 %e !< %j %s %0 $7 $J $$ !# resumption �rst J} <0 : %W %m %0 %i %‘ $, %G %C %I %m %C %/ $7 $J $$ HO 0O $G !" $G $- $k $@ $1 @8 @. B& %W %m %; %9 $+ $i >C Hq <T B& %W %m %; %9 $X $N @) 8f 0\ 9T $r CY $i $; $k !# $N $h $& $J <j K! $r $H $k $3 $H $G 2r 7h $G $- $k !# $3 $l $i $N 2r 7h J} K! $r <B 8= $9 $k $? $a $K !" K\ 8& 5f $G $O %4 !< %k $N %9 %l %C %I 2= $K $h $k %W %m %0 %i %‘ $N It J, E* $J @E E* %9 %1 %8 %e !< %j %s %0 <j K! $r Ds 0F $9 $k !# KL1 %W %m %0 %i %‘ $G $O !" %3 %s %Q %$ %k ;~ $K 0M B8 2r @O $r 9T $& $3 $H $K $h $C $F !" <B 9T =g =x $r @E E* $K 7h Dj $G $- $k %4 !< %k $b >/ $J $/ $J $$ !# $= $3 $G K\ 8& 5f $G $O !" %3 %s %Q %$ %k ;~ $K 0M B8 2r @O $r 9T $$ !" $" $k @a $N %4 !< %k g i ; g j $K BP $7 $F !" g i $H g j $N 4V $K AP J} 8~ $N %G !< %? 0M B8 4X 78 $, B8 :_ $7 $J $$ >l 9g !" $3 $l $i $N %4 !< %k $N <B 9T =g =x $r @E E* $K 7h Dj $9 $k !# $3 $N $h $& $K $7 $F @E E* $K <B 9T =g =x $, 7h Dj $5 $l $? %4 !< %k $N 7O Ns $r K\ 8& 5f $G $O C‘ <! <B 9T $, :G E, $J %4 !< %k $N 7O Ns $H 9M $( $k !" $3 $N %4 !< %k 7O Ns $r K\ 9F $G $O %9 %l %C %I $H 8F $V !# 3F %9 %l %C %I $O $= $l $> $l ES Cf $G %5 %9 %Z %s %I $9 $k $3 $H $O $" $C $F $b !" Fb It $N %4 !< %k $N <B 9T =g =x $, F~ $l BX $o $k $3 $H $O $J $$ !# $7 $? $, $C $F !" %9 %l %C %I Cf $N $" $k %4 !< %k $G ;2 >H %G !< %? $, L$ 6q BN 2= $@ $C $? >l 9g $K $O !" %9 %l %C %I $4 $H %5 %9 %Z %s %I $7 $F B> $N %9 %l %C %I $K <B 9T $r @Z $j BX $( $F $b !" %G %C %I %m %C %/ $r @8 $8 $k $3 $H $O $J $$ !# $^ $? !" %9 %l %C %I Fb $O :G E, $J C‘ <! <B 9T $r 9T $& $h $& $K @E E* $K %9 %1 %8 %e !< %j %s %0 $r 9T $$ $D $D !" $5 $i $K !" %9 %l %C %I $r F0 E* $K %9 %1 %8 %e !< %j %s %0 $9 $k $3 $H $G !" 85 $N %W %m %0 %i %‘ $, M- $9 $k K\ <A E* $J JB 9T F0 :n $r <B 8= $7 !" %G !< %? $N 0M B8 4X 78 $r J] $D $3 $H $, 2D G= $K $J $k !# K\ <j K! $r MQ $$ $k $3 $H $K $h $j !" %W %m %; %9 ;X 8~ J} <0 $N !" Cf CG %4 !< %k $K 0M B8 $7 $? %4 !< %k $N %9 %1 %8 %e !< %j %s %0 $H Cf CG $, 7+ $j JV $5 $l $k Ld Bj $O !" :G =i $N Cf CG $G %9 %l %C %I $4 $H Cf CG $5 $l $k $? $a 2s Hr $G $- $k !# $^ $? !" resumption �rst J} <0 $N !" IT 40 A4 $J 6q BN 2= $G ;2 >H B& %4 !< %k $K @) 8f $, 0\ 9T $9 $k Ld Bj $O !" 6q BN 2= B& %9 %l %C %I $, Cf CG $9 $k $^ $G ;2 >H B& %9 %l %C %I $K @) 8f $, 0\ $i $J $$ $3 $H $G 2r 7h $5 $l $k !# 3.1.3 @E E* %9 %1 %8 %e !< %j %s %0 K\ <j K! $G $O !" %G !< %? 0M B8 2r @O $r 9T $& $3 $H $K $h $C $F %3 %s %Q %$ %k ;~ $K <B 9T =g =x $, 7h Dj $G $- $k %4 !< %k $K 4X $7 $F $O !" $= $l $i $r 0l $D %9 %l %C %I $K $^ $H $a $F !" @E E* $K <B 9T =g =x $r 8G Dj $9 $k !# $3 $l $K $h $C $F !" F1 0l %9 %l %C %I Fb $N %4 !< %k $r =g $K <B 9T $9 $k 2a Dx $G $O !" F0 E* %9 %1 %8 %e !< %j %s %0 $N %* !< %P %X %C %I $r :o 8: $G $- $k !# $^ $? !" %9 %l %C %I Fb $N %4 !< %k $N <B 9T =g =x $, 7h Dj $5 $l $? $3 $H $K $h $j !" %4 !< %k 4D 6- $r => Mh $N %R !< %W $N Be $j $K %9 %? %C %/ $G J] ;} $9 $k $3 $H $, $G $- $k !# $3 $N $? $a !" D9 4| %G !< %? $O => Mh $I $* $j %R !< %W $G J] ;} $7 !" C; L? $G $" $k $3 $H $, B? $$ %4 !< %k 4D 6- $O %9 %? %C %/ $G 4I M} $9 $k <B Au $r 9T $& $3 $H $K $h $C $F !" GC $N 2s ?t $r 8: $i $9 $3 $H $, $G $- $k !# 7

0J 2< !" %4 !< %k $N @E E* %9 %1 %8 %e !< %j %s %0 $N $? $a $N @E E* 0M B8 2r @O <j K! $K $D $$ $F 4J C1 $K =R $Y $? 8e !" 2r @O $K $h $C $F $( $i $l $k >p Js $r MQ $$ $F !" <B :] $K %W %m %0 %i %‘ $, $I $N $h $& $K %9 %l %C %I $K J, 3d $5 $l $k $+ $K $D $$ $F =R $Y $k !# @E E* 0M B8 2r @O KL1 $N %W %m %0 %i %‘ $G $N %4 !< %k 4V $N 0M B8 $K $O !" <! $N 2 <o N‘ $, B8 :_ $9 $k !# � @) 8f 0M B8 %4 !< %k c $, <B 9T $5 $l $k $K $O !" $= $N A0 $K c $r %\ %G %# %4 !< %k $H $7 $F @8 @. $9 $k ?F %4 !< %k p $, <B 9T $5 $l $F $$ $J $1 $l $P $J $i $J $$ !# � %G !< %? 0M B8 $" $k %4 !< %k r $, <B 9T $5 $l $k $K $O !" $= $N %4 !< %k $G ;2 >H $5 $l $k CM $r 6q BN 2= $9 $k %4 !< %k w 1 ; . . . ; w n $, $9 $Y $F <B 9T $5 $l $F $$ $J $1 $l $P $J $i $J $$ !# KLIC $J $I => Mh $N =h M} 7O $G $O !" %3 %s %Q %$ %k ;~ $K %G !< %? 0M B8 $J $I $N 2r @O $r A4 $/ 9T $o $: !" %G !< %? 0M B8 $r 9M N8 $7 $? %9 %1 %8 %e !< %j %s %0 $r 9T $C $F $$ $J $$ !# $3 $N $? $a !" r $, w i $h $j @h $K %9 %1 %8 %e !< %j %s %0 $5 $l $k $3 $H $O $h $/ $" $k !# $3 $N $H $- r $O !" CM $r ;2 >H $7 $h $& $H $7 $? CJ 3, $G Cf CG $7 !" w i $N <B 9T $K $h $j $= $N CM $, 6q BN 2= $5 $l $k $H r $N <B 9T $r :F 3+ $9 $k !# $3 $l $K BP $7 !" K\ <j K! $G $O !" ;v A0 $K %G !< %? 0M B8 2r @O $r 9T $$ !" w i $N <B 9T 8e $K r $r %9 %1 %8 %e !< %k $9 $k $3 $H $K $h $C $F !" $3 $N Cf CG !& :F 3+ $K H< $& %* !< %P %X %C %I $r Hr $1 $k $3 $H $, $G $- $k !# 0l J} !" @) 8f 0M B8 $K $D $$ $F $O !" K\ <j K! $G $O 7; Do %4 !< %k $N =g =x $N $_ $r 7h Dj $9 $k <j K! $r $H $k $? $a !" ?F %4 !< %k $, ;R %4 !< %k $N 8e $K %9 %1 %8 %e !< %j %s %0 $5 $l $F $7 $^ $& $3 $H $O $J $$ !# $7 $? $, $C $F !" $3 $l $r =g =x 7h Dj $N :] $K 9M N8 $K $$ $l $k I, MW $O $J $$ !# 0J 2< ;2 >H !" 6q BN 2= $5 $l $k JQ ?t $r $= $l $> $l F~ NO !" =P NO $H $_ $J $9 $H !" $" $k %4 !< %k g i $, <B 9T 2D G= $K $J $k $? $a $K $O !" F~ NO JQ ?t $N 3F !9 $K $D $$ $F !" $= $l $i $r =P NO JQ ?t $H $9 $k %4 !< %k $N <B 9T $, $9 $Y $F =* N; $7 $F $$ $l $P $h $$ $3 $H $K $J $k !# $7 $+ $7 !" KL1 $G $N F1 0l 2= $O BP >] $H $J $k JQ ?t $N 6q BN CM $r I, $: $7 $b I, MW $H $7 $J $$ $? $a !" JQ ?t 4V $N O@ M} E* $J %G !< %? $N N. $l $, $9 $Y $F 0M B8 $K $J $k $H $O 8B $i $J $$ !# $7 $? $, $C $F !" <B 9T >e !" ?? $K I, MW $J 0M B8 $r <1 JL $9 $k I, MW $, $" $k !# Nc $( $P !" @0 ?t 2C ;; $r 9T $& AH 9~ =R 8l add/3 $O !" F~ NO 0z ?t $, 6q BN 2= $5 $l $k $^ $G <B 9T $G $- $J $$ !# $7 $+ $7 !" JQ ?t F1 ;N $N F1 0l 2= X=Y $N >l 9g $O !" X $+ $i Y $X $N %G !< %? %U %m !< $, B8 :_ $7 $F $$ $k $H $7 $F $b !" X $N 6q BN CM $r I, MW $H $7 $J $$ $? $a !" X $, 6q BN 2= $5 $l $k A0 $G $b <B 9T $G $- $k !# K\ <j K! $G $O !" 2r @O %W %m %0 %i %‘ $N 1 $D $N =R 8l $K BP 1~ $9 $k %4 !< %k $9 $Y $F $r 1 %N !< %I $G Be I= $5 $; $? !" @E E* $J %0 %i %U 9= B$ $r 9M $( $k !# $3 $N %b %G %k $G $O !" %4 !< %k $N :F 5" 8F =P $K $h $j %0 %i %U Cf $K %k !< %W 9= B$ $, 7A @. $5 $l $k >l 9g !" %k !< %W $N A0 @$ Be $G :n $i $l $k %4 !< %k $X $N 0M B8 $, F1 @$ Be $N F1 L> %4 !< %k $X $N 0M B8 $H 6h JL $, $D $+ $J $$ $? $a !" 8+ 3] $1 >e !" Aj 8_ 0M B8 $H H= CG $5 $l $k 2D G= @- $, $" $k ( ?^ 7) !# $= $3 $G !" g i $N ;R %4 !< %k g j $K $D $$ $F !" g j $, g i $N @h AD %4 !< %k $G $b $" $k >l 9g $K $O !" $3 $N ;R %4 !< %k $H $7 $F $N =P 8= $r :F 5" %4 !< %k $H 8F $V $3 $H $K $7 !" F1 0l 2= $K $h $k %G !< %? %Q %9 $, $3 $N :F 5" %4 !< %k $r 7P M3 $9 $k $+ H] $+ $K $h $C $F !" %k !< %W $N F1 @$ Be $X $N 0M B8 $+ $I $& $+ $r 6h JL $9 $k !# Nc $( $P ?^ 7 $N Nc $G $O !" Z:=Y-2 $O Y:=X+1 $K !" Y:=X+1 $O A0 @$ Be $N Z:=Y-2 $K 0M B8 $7 $F $* $j !" 8+ 3] $1 >e !" Fs $D $N %4 !< %k $O Aj 8_ 0M B8 $7 $F $$ $k $h $& $K 8+ $( $k !# $7 $+ $7 !" $3 $N >l 9g !" 8e <T $N 0M B8 $O <! @$ Be $K $o $? $k 0M B8 $G $" $k $? $a !" 9M N8 $9 $k I, MW $O $J $/ 1 !" Y:=X+1, Z:=Y-2 $N =g $K %9 %1 %8 %e !< %k $5 $l $k !# $^ $? !" %9 %l %C %I 2= $N :] $K 7; Do %4 !< %k $N =g =x 7h Dj $7 $+ 9T $o $J $$ $3 $H $G !" => 7; Do 4X 78 $K $" $k %4 !< %k $r 4^ $a $l $P @E E* $K <B 9T =g =x $, 7h Dj 2D G= $J %W %m %0 %i %‘ $G $b !" 2 K\ $N %9 %l %C %I $K J, 3d $5 $l $F $7 1 n + 1 @$ Be L\ $N Y:=X+1 $, <B 9T $5 $l $k $H $- $K $O !" I, $: n @$ Be L\ $N Z:=Y-1 $N <B 9T $O =* N; $7 $F $$ $k p(X) :- Y:= 1 X+1,Z:= 2 Y-2,p(Z) 1 . ?^ 7: %k !< %W 7P M3 $N 0M B8 ?^ 8: 8+ 3] $1 >e $N JB 9T %W %m %0 %i %‘ 8

$^ $& $3 $H $, $" $k !# Nc $( $P !" ?^ 8 $N Nc $G $O !" => 7; Do 4X 78 $K $" $k %4 !< %k $r 4^ $a $l $P !" p/2 ! p1/1 ! q/2 ! q1/1 ! p2/1 $N =g $G @E E* $K <B 9T =g =x $, 7h Dj $G $- $k $, !" :# 2s $N J} K! $G $O !" p/2 $H q/2 $r JL %9 %l %C %I $K J, $1 $6 $k $r F@ $J $$ !# $7 $+ $7 !" $3 $N 8+ 3] $1 >e $N JB 9T @- $r 2r >C $9 $k $h $& $K %W %m %0 %i %‘ $r =q $- D> $9 $3 $H $O MF 0W $G $" $j !" <B :] $K $3 $& $7 $? 5- =R $, $5 $l $k $3 $H $b >/ $J $$ $H 9M $( $i $l $k !# 5U $K $3 $N @) 8B $r @_ $1 $k $3 $H $K $h $j !" 2r @O $, 4J C1 $K $J $k !" %9 %? %C %/ $r MQ $$ $? 8z N( E* $J <B Au $, $G $- $k !" $J $I $N Mx E@ $, F@ $i $l $k !# 2r @O <j K! K\ <j K! $G $O !" 0J A0 2f !9 $, Ds 0F $7 $? 7? 2r @O <j K! [12] $r 3H D% $7 !" 8D !9 $N JQ ?t $K $D $$ $F 0M B8 %4 !< %k >p Js IU $- $N 7? 2r @O $r 9T $& !# $3 $N >p Js $K $h $j !" 6q BN CM $N $I $N It J, $, $I $N %4 !< %k $K 0M B8 $7 $F $$ $k $+ $, L@ $i $+ $K $J $k $? $a !" $= $N It J, $r ;2 >H $9 $k %4 !< %k $N 0M B8 %4 !< %k $b H= L@ $9 $k !# $3 $l $i $N >p Js $+ $i %4 !< %k $N <B 9T =g =x 7h Dj $N $? $a $N @) Ls >r 7o $r 5a $a $k !# $J $* !" J8 8% [12] $N <j K! $H F1 MM !" K\ <j K! $G 07 $& %W %m %0 %i %‘ $O !" well-moded [13] !" $9 $J $o $A L7 =b $7 $J $$ F~ =P NO BN 7O $r ;} $A !" 8_ $$ $K 6% 9g $9 $k $h $& $J CM $N =P NO ( 6q BN 2= ) $, @8 $8 $J $$ $b $N $H $9 $k !# K\ <j K! $G $O 7; Do %4 !< %k $N =g =x 7h Dj $N $_ $r 9T $& $? $a !" %4 !< %k p i $N <B 9T $K $h $j %4 !< %k q 1 ; . . . ; q m $, @8 @. $5 $l $k $H $- !" F1 MM $K q k $N 4V $G <B 9T =g =x $r 7h Dj $7 !" $^ $@ <B 9T $5 $l $F $$ $J $$ p j ( j 6 = i ) $d $= $N ;R B9 %4 !< %k $O !" q k $* $h $S $= $N ;R B9 $, $9 $Y $F =* $o $k $^ $G <B 9T $5 $l $J $$ !# $7 $? $, $C $F !" @a C $N %\ %G %# It b 1 ; . . . ; b m $K $D $$ $F !" %\ %G %# %4 !< %k b i ; b j ( i 6 = j ) 4V $N 0M B8 4X 78 $K 4p $E $- N> <T $N =g =x IU $1 $r 9T $( $P $h $$ !# b i ; b j $N ;R B9 %4 !< %k $N =8 9g $r S i ; S j $H $9 $k $H !" b i $, @h $K <B 9T $5 $l $? >l 9g !" S i $N <B 9T $, $9 $Y $F =* $o $k $^ $G b j $O <B 9T $5 $l $J $$ $3 $H $K $J $k !# $7 $? $, $C $F !" $" $k s k 2 S i ; s l 2 S j $K $D $$ $F b j $+ $i s k $K BP $9 $k 0M B8 !" $^ $? $O s l $+ $i s k $X $N 0M B8 $N $$ $: $l $+ $, B8 :_ $9 $k >l 9g !" b i $O b j $h $j @h $K <B 9T $7 $J $1 $l $P $J $i $J $$ $H H= Dj $G $- $k !# $3 $N @) Ls $r !" 0J 2< !" pr ec ( b i ; b j ) $H 5- =R $9 $k !# %9 %l %C %I J, 3d %3 !< %I @8 @. ;~ $K $O !" @E E* 2r @O $K $h $k 7; Do %4 !< %k 4V $N <B 9T =g =x @) Ls f pr ec ( b i ; b j ) g $r K~ $? $9 $h $& $K !" 3F @a $N %\ %G %# %4 !< %k $N JB $S BX $( $r 9T $$ !" $= $N =g =x $G %4 !< %k $r C‘ <! <B 9T $9 $k !# $? $@ $7 !" pr ec ( b i ; b j ) $+ $D pr ec ( b j ; b i ) $N >l 9g $K $O !" b i ; b j $* $h $S $= $N ;R B9 $N 4V $K Aj 8_ 0M B8 $, B8 :_ $9 $k $N $G !" @E E* $K <B 9T =g =x $r 7h Dj $G $- $J $$ !# $= $3 $G !" b j $O ?7 %9 %l %C %I $N @h F, %4 !< %k $H $7 $F %9 %1 %8 %e !< %k $5 $l $k !# 3.1.4 %9 %l %C %I $N <B 9T $" $k %9 %l %C %I Fb $G i HV L\ $K <B 9T $5 $l $k %4 !< %k $r g oal i $H I= 5- $9 $k $3 $H $K $9 $k $H !" $" $k %9 %l %C %I Cf $N %4 !< %k g oal i $N <B 9T $K $* $$ $F !" L$ 6q BN 2= $N F~ NO 0z ?t $, 8= $l $? >l 9g $O !" $= $N 0z ?t $r 6q BN 2= $9 $k $N $O B> %9 %l %C %I $N %4 !< %k $G $" $k !# $= $3 $G !" %9 %l %C %I <+ BN $r Cf CG $5 $; $F !" g oal j ( j > i ) $r %9 %1 %8 %e !< %k $7 $J $$ $h $& $K $7 $F $b !" %G %C %I %m %C %/ $r @8 $8 $F $7 $^ $& $3 $H $O $J $$ !# 0l J} !" $3 $N $h $& $K $9 $k $3 $H $G !" g oal i $K %G !< %? 0M B8 $9 $k F1 0l %9 %l %C %I Fb $N 8e B3 %4 !< %k goal j ( j > i ) $O g oal i $, %j %8 %e !< %‘ $5 $l !" <B 9T $5 $l $k $^ $G !" %9 %1 %8 %e !< %k $5 $l $J $/ $J $k !# $= $N 7k 2L $H $7 $F !" %W %m %; %9 ;X 8~ J} <0 $G @8 $8 $? !" Cf CG %4 !< %k $N =P NO $r BT $D %4 !< %k $r L5 >r 7o $K %9 %1 %8 %e !< %k $7 $F $7 $^ $& !" $H $$ $& Ld Bj E@ $r !" B? $/ $N >l 9g $K Hr $1 $k $3 $H $, $G $- $k !# Nc $( $P !" ?^ 5 $N %W %m %0 %i %‘ $G $O !" ?^ 9.(a) $N $h $& $K %9 %l %C %I 2= $5 $l $k !# $3 $N 7k 2L !" %4 !< %k p1/2 $N Cf CG $O thread1 A4 BN $N Cf CG (a) %W %m %0 %i %‘ communication (b) %W %m %0 %i %‘ handshake ?^ 9: %9 %l %C %I 2= $5 $l $? %W %m %0 %i %‘ $H $J $k $? $a !" p2/2, p3/2 $O %9 %1 %8 %e !< %k $5 $l $: $K thread0 $K @) 8f $, 0\ $j !" p2/2, p3/2 $r Cf CG $9 $k $3 $H $J $/ <B 9T $, 9T $o $l $k !# $^ $? !" K\ <j K! $G $O $" $k %9 %l %C %I $, <B 9T $r 3+ ;O $9 $k $H !" F~ NO 0z ?t $, $= $m $C $F $$ $k 8B $j !" %9 %l %C %I Fb $N %4 !< %k $r C‘ <! E* $K <B 9T $7 !" %9 %l %C %I $N @Z $j BX $( $O 9T $o $l $J $$ !# $3 $l $K $h $j !" %W %m %0 %i %‘ $, %G %C %I %m %C %/ $7 $J $$ HO 0O $G @) 8f $, 0\ 9T $9 $k $N $r CY $i $; $k $3 $H $, $G $- !" resumption �rst $G 5/ $- $? Ld Bj E@ $r B? $/ $N >l 9g Hr $1 $k $3 $H $, $G $- $k !# Nc $( $P !" ?^ 6 $N %W %m %0 %i %‘ $O !" ?^ 9.(b) $N $h $& $K %9 %l %C %I 2= $5 $l $k !# $3 $N %9 %l %C %I 2= $K $h $C $F !" p0/2 $N Cf CG 8e !" @) 8f $O thread1 $K 0\ $j !" %4 !< %k p1/2 $+ $i ‘NO:=NI-1’ $^ $G $r %9 %l %C %I $r @Z $j BX $( $k $3 $H $J $/ <B 9T $9 $k !# $3 $N $? $a !" p0/2 $, <! $K %9 %1 %8 %e !< %k $5 $l $? $H $- !" p0/2 $N I, MW $H $9 $k %G !< %? $O $9 $Y $F 6q BN 2= :Q $_ $G $" $k !# $h $C $F !" resumption �rst scheduling $G 5/ $- $? p0/2 $G $N IT 40 A4 $J 6q BN 2= $K $h $k Cf CG $O KI ;_ $G $- $F $$ $k !# %9 %l %C %I @Z BX %9 %l %C %I $N @Z $j BX $( $r %9 %l %C %I $N Cf CG $* $h $S =* N; ;~ $^ $G 9T $o $J $$ $h $& $K $9 $k $H !" %W %m %; %9 ;X 8~ $G @8 $8 $? @8 @. !& ;2 >H %W %m %; %9 4V $N %4 !< %k ( %9 %l %C %I ) $N @Z $j BX $( $, Cf CG $G 9T $o $l $F $7 $^ $& $H $$ $& Ld Bj $O 2r 7h $G $- $J $$ !# Nc $( $P F0 E* $J %9 %l %C %I $N %9 %1 %8 %e !< %j %s %0 <j K! $H $7 $F !" %9 %l %C %I C1 0L $N resumption �rst scheduling J} <0 $r :N MQ $7 $? >l 9g $r 9M $( $F $_ $k !# ?^ 4 $N Nc $G $O !" p/2 $N <B 9T $G q/2 $, %j %8 %e !< %‘ $5 $l $F $b !" @Z $j BX $( $r 9T $o $: !" p/2 $N <B 9T $r B3 9T $9 $k $? $a !" %W %m %; %9 ;X 8~ %9 %1 %8 %e !< %j %s %0 $N %9 %1 %8 %e !< %j %s %0 =g =x $H F1 $8 $K $J $C $F $7 $^ $& !# $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K $O !" %9 %l %C %I $N <B 9T $N ES Cf $G $" $C $F $b !" %9 %l %C %I $r %a %C %; !< %8 ;X 8~ E* $K @Z $j BX $( $k $h $& $J 5! 9= $, I, MW $G $" $k !# $3 $N @8 @. !& ;2 >H %W %m %; %9 4V $N Cf CG $K $h $k @Z $j BX $( $N 1F 6A $, :G $b Bg $- $$ $H 9M $( $i $l $k $N $O !" ?^ 4 $N $h $& $K !" @8 @. !& ;2 >H %9 %l %C %I Fb $K $= $l $> $l %k !< %W 9= B$ $, B8 :_ $7 !" $= $N %k !< %W Fb $N %4 !< %k F1 ;N $, %9 %l %C %I 4V $G DL ?. $r 9T $& >l 9g $G $" $k !# $h $C $F :F 5" 8F =P $7 ;~ $r %a %C %; !< %8 ;X 8~ E* $J %9 %l %C %I $N @Z BX 9

$r 9T $& %? %$ %_ %s %0 $H $9 $l $P !" $3 $N $h $& $J Ld Bj $r Hr $1 $k $3 $H $, $G $- $k !# $7 $+ $7 $J $, $i :F 5" 8F =P $7 ;~ $K >o $K %a %C %; !< %8 ;X 8~ E* $J %9 %l %C %I $N @Z BX $r 5v $7 $F $7 $^ $& $H !" ;2 >H B& $, I, MW $H $9 $k %G !< %? $r %k !< %W $r MQ $$ $F @8 @. $9 $k >l 9g 2 !" 9= B$ %G !< %? $N :G 30 B& $N CM $, 6q BN 2= $5 $l $? CJ 3, $G !" %9 %l %C %I $N @Z BX $, 5/ $- $F $7 $^ $$ !" IT 40 A4 $J %a %C %; !< %8 $K $h $k %9 %l %C %I $N @Z $j BX $( $, IQ H/ $7 $F $7 $^ $& !# $7 $? $, $C $F 8z N( $N $h $$ %9 %l %C %I @Z BX $r 9T $& $? $a $K $O !" $" $k :F 5" 8F =P $7 $G $O @Z BX $r 9T $$ !" JL $N :F 5" 8F =P $7 $G $O @Z BX $r 9T $o $J $$ $h $& $K $7 $J $1 $l $P $J $i $J $$ !# $3 $3 $G !" $" $k %9 %l %C %I Fb $N %k !< %W 9= B$ Cf $N JQ ?t $r !" 1. $= $N %k !< %W Cf $G 6q BN 2= $, 9T $o $l !" $7 $+ $b B> $N %9 %l %C %I $, ;2 >H $9 $k JQ ?t 2. B> $N %9 %l %C %I $G 6q BN 2= $, 9T $o $l !" $= $N %k !< %W Fb $G ;2 >H $9 $k JQ ?t 3. 1, 2 0J 30 $N JQ ?t $N 3 $D $K J, N‘ $9 $k $H !" 1 $N JQ ?t $, B8 :_ $7 $J $$ >l 9g $O !" $= $N %k !< %W $N <B 9T $K $h $C $F %j %8 %e !< %‘ $5 $l $k %9 %l %C %I $O B8 :_ $7 $J $$ $? $a %9 %l %C %I $r @Z BX $k I, MW $O $J $$ !# 0l J} 2 $N JQ ?t $, B8 :_ $9 $k >l 9g $O !" 2 $N JQ ?t $r ;2 >H $7 $F %9 %l %C %I $, Cf CG $7 $F $7 $^ $& 2D G= @- $, $" $k !# 5U $r $$ $( $P 2 $, B8 :_ $7 $J $$ >l 9g $O !" $= $N %k !< %W $N <B 9T Cf $K $= $N %9 %l %C %I $, Cf CG $7 $F $7 $^ $& $3 $H $O $J $$ !# $7 $? $, $C $F !" 3 $N JQ ?t $O %9 %l %C %I $N %5 %9 %Z %s %I !" %j %8 %e !< %‘ $K 4X M? $7 $J $$ $3 $H $r 9M $( $k $H !" 1, 2 $N JQ ?t $, $, $H $b $K B8 :_ $9 $k >l 9g $N $_ !" %a %C %; !< %8 ;X 8~ E* $K %9 %l %C %I $r @Z BX $l $P $h $$ $3 $H $, $o $+ $k !# 3.2 %9 %l %C %I $N F0 E* %9 %1 %8 %e !< %j %s %0 <j K! 3.2.1 reply �rst scheduling <j K! $N 35 MW KL1 $N %4 !< %k %9 %1 %8 %e !< %j %s %0 $H $7 $F %9 %l %C %I 2= <j K! $r MQ $$ $k $3 $H $G !" JB Ns <B 9T C1 0L $N N3 EY $, Bg $- $/ $J $k !# $3 $l $O !" %W %m %0 %i %‘ $N JB 9T @- @) 8f $N %* !< %P %X %C %I $r >. $5 $/ $9 $k H? LL !" %W %m %0 %i %‘ $N ;} $D JB Ns @- $r Dc 2< $5 $; $F $7 $^ $& Ld Bj $, $" $k !# FC $K !" B> %N !< %I $+ $i $N JV Ez $r BT $C $F Cf CG $7 $? %9 %l %C %I $, BT $? $5 $l $k $3 $H $K $h $k F0 E* $J JB Ns @- $N Dc 2< $, @- G= $K M? $( $k 1F 6A $O !" %9 %l %C %I 2= $r 9T $& $3 $H $G !" => Mh $N $b $N $h $j $b Bg $- $J $b $N $K $J $C $F $7 $^ $& !# Nc $( $P !" $" $k %N !< %I N c >e $N %9 %l %C %I T c $, B> $N %N !< %I N p $K BP $7 $F %a %C %; !< %8 $N MW 5a $r =P $7 $? >l 9g $r 9M $( $F $_ $k !# $3 $N >l 9g T c $O MW 5a $7 $? %G !< %? $, E~ Ce $9 $k $^ $G Cf CG $9 $k $, !" $3 $N $H $- N c $K <B 9T 2D G= $J %9 %l %C %I $, B8 :_ $7 $J $$ $H !" %N !< %I N c $O %" %$ %I %k >u BV $K $J $C $F $7 $^ $& !# $3 $l $, !" %W %m %0 %i %‘ $N JB Ns @- $, Dc 2< $7 $? >u BV $G $" $k !# $3 $N 1F 6A $r :G >. 8B $K 2! $5 $( $k $? $a $K $O !" %G !< %? MW 5a %a %C %; !< %8 $K BP $9 $k JV ?. $O 2D G= $J 8B $j Aa $/ 9T $& I, MW $, $" $k !# $7 $+ $7 !" => Mh $N %4 !< %k !& %9 %1 %8 %e !< %j %s %0 J} K! $G $O !" MW 5a %G !< %? $r @8 @. $9 $k %4 !< %k $, M% @h $5 $l $k $h $& $J 5! 9= $, $J $$ $? $a !" MW 5a %a %C %; !< %8 $K BP $9 $k 1~ Ez @- $O J] >Z $5 $l $J $$ !# $3 $N Ld Bj $O %9 %1 %8 %e !< %j %s %0 C1 0L $N Bg $- $$ %9 %l %C %I !& %9 %1 %8 %e !< %j %s %0 $G $O ?< 9o $G $" $j !" MW 5a %G !< %? $N @8 @. $K L5 4X 78 $+ $D <B 9T ;~ 4V $N D9 $$ %9 %l %C %I $, %9 %1 %8 %e !< %j %s %0 $5 $l $F $7 $^ $& $H !" N c $N %" %$ %I %k ;~ 4V $, Hs >o $K D9 $/ $J $k 2D G= @- $, $" $k !# $= $3 $G K\ 8& 5f $G $O !" Cf CG %9 %l %C %I $K MW 5a $5 $l $? %G !< %? $r JV ?. $9 $k $? $a $K I, MW $J 6q BN 2= $d F1 0l 2= $r 9T $& %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %j %s %0 $9 $k reply �rst scheduling J} <0 $r Ds 0F $9 $k !# K\ J} <0 $G $O !" B> %N !< %I $+ $i %G !< %? MW 5a %a %C %; !< %8 $, E~ Ce $7 $? $j !" <+ %N !< %I $G $N <B 9T %9 %l %C %I $, L$ 6q BN 2= JQ ?t $X $N ;2 >H $G Cf CG $7 $? $j $7 $? >l 9g !" 3: Ev %G !< %? $r 6q BN 2= $9 $k %9 %l %C %I $r %9 %1 %8 %e !< %j 2 D9 $5 n $N %j %9 %H $r @8 @. $9 $k >l 9g $J $I $, $3 $N Nc $K $" $? $j !" KL1 $G $O IQ HK $K 8= $l $k %s %0 $9 $k !# $3 $l $K $h $j !" JB Ns <B 9T $K $* $$ $F %G !< %? MW 5a $X $N 1~ Ez @- $, 8~ >e $7 !" JB Ns @- $r 0z $- =P $9 $3 $H $, $G $- $k !# $^ $? !" 1 %N !< %I >e $N <B 9T $K 4X $7 $F $b !" 4X 78 $N $" $k %9 %l %C %I $, %9 %1 %8 %e !< %j %s %0 $5 $l $k $? $a !" FH N) @- $N 9b $$ =h M} $, J# ?t $" $k >l 9g $O !" 8D !9 $r =g HV $K =h M} $9 $k $3 $H $K $h $C $F %a %b %j $N ;H MQ 8z N( $r 2~ A1 $9 $k $3 $H $, $G $- $k !# $3 $N J} <0 $r <B 8= $9 $k $K $O !" %9 %l %C %I 4V $K $^ $? $, $C $F ;2 >H !& 6q BN 2= $5 $l $k JQ ?t $K $D $$ $F !" $I $N %9 %l %C %I $, 6q BN 2= $r 9T $& $N $+ $r CN $k I, MW $, $" $k !# KL1 %W %m %0 %i %‘ $G $O %b !< %I ?d O@ [13] [14] $r 9T $& $3 $H $K $h $C $F !" $" $k JQ ?t X $N 6q BN CM $r @8 @. $9 $k 2D G= @- $N $" $k %4 !< %k $r FC Dj $G $- $k !# $h $C $F %9 %l %C %I T susp $, L$ 6q BN 2= JQ ?t X $K $h $C $F Cf CG $7 $? >l 9g !" $3 $N 2r @O >p Js $K $h $j X $r 6q BN 2= $9 $k 2D G= @- $N $" $k %9 %l %C %I T unif y $r FC Dj $9 $k $3 $H $, 2D G= $G $" $k !# KL1 $G $O X $, 6q BN 2= $5 $l $k $N $O 1 EY $@ $, !" <B 9T %Q %9 $K $h $C $F $O !" X $r 6q BN 2= $9 $k %9 %l %C %I $, 0[ $J $k 2D G= @- $, $" $k !# $3 $N $? $a !" @E E* $K $O T unif y $r 0l 0U $K Dj $a $k $3 $H $O $G $- $J $$ !# $= $3 $G K\ <j K! $G $O !" $3 $N @E E* 2r @O >p Js $r Mx MQ $7 !" <B 9T ;~ $K F0 E* $K 7h Dj $5 $l $k It J, $r DI @W $9 $k 5! 9= $r @8 @. %3 !< %I Cf $K AH $_ 9~ $‘ $3 $H $G !" $3 $N %9 %1 %8 %e !< %j %s %0 J} <0 $r <B 8= $9 $k !# 0J 8e !" K\ @a $G $O reply �rst scheduling $N <B 8= $K I, MW $J 2r @O >p Js $K $D $$ $F =R $Y $? $N $A !" $= $N 2r @O >p Js $r MQ $$ $F <B :] $K %9 %l %C %I $, $I $N $h $& $K %9 %1 %8 %e !< %j %s %0 $5 $l $k $+ $K $D $$ $F =R $Y $k !# 3.2.2 reply �rst sc heduling $N $? $a $N @E E* 2r @O K\ <j K! $G $O !" KL1 $N JQ ?t $r %9 %l %C %I 4V $N 6& M- JQ ?t $H Hs 6& M- JQ ?t $K 6h JL $9 $k !# Hs 6& M- JQ ?t $O ;2 >H %9 %l %C %I Fb $G 6q BN 2= $5 $l $k $+ $i !" ;2 >H ;~ $K $O 6q BN 2= :Q $G $" $k $3 $H $, J] >Z $5 $l $k !# $7 $? $, $C $F !" 6& M- JQ ?t $N $_ $r 9M N8 $9 $l $P $h $$ !# reply �rst scheduling $r 9T $& $K $O !" L$ 6q BN 2= JQ ?t $X $N ;2 >H $, 5/ $- $? :] $K !" $3 $l $r 6q BN 2= $9 $k %9 %l %C %I $N >p Js $, I, MW $K $J $k !# K\ <j K! $G $O 0M B8 2r @O $G F@ $i $l $k >p Js $N $& $A !" %b !< %I 2r @O [13] $K $h $j F@ $i $l $k >p Js $r Mx MQ $9 $k !# %b !< %I 2r @O $K $h $j !" $" $k @a $K $* $1 $k %\ %G %# %4 !< %k g i $N 0z ?t $, =P NO / F~ NO $N $$ $: $l $G $" $k $+ $, 7h Dj $G $- $k !# $3 $3 $G !" g i $N 0z ?t $N $& $A !" g i $^ $? $O g i $N %5 %V %4 !< %k $, 6q BN CM $^ $? $O B> $N F~ NO 0z ?t $H $N F1 0l 2= $r 9T $& $h $& $J 0z ?t $r =P NO 0z ?t $H Dj 5A $9 $k !# 0J 2< $G $O !" reply �rst scheduling $r <B 8= $9 $k $? $a $K !" $I $N $h $& $K %b !< %I ?d O@ $K $h $j F@ $i $l $k >p Js $r Mx MQ $9 $k $+ $K $D $$ $F =R $Y $k !# %b !< %I ?d O@ $^ $: %b !< %I ?d O@ $K $D $$ $F 4J C1 $K =R $Y $k !# %b !< %I ?d O@ $K $D $$ $F $N >\ $7 $$ @b L@ $O ;2 9M J8 8% [13] Ey $r ;2 >H $5 $l $? $$ !# well-moded $J %W %m %0 %i %‘ $K $* $1 $k %b !< %I ?d O@ $N %a %$ %s %" %k %4 %j %: %‘ $O !" 1. 1 $D $N @a Fb $G $" $k JQ ?t $, $" $k %4 !< %k $N =P NO $J $i !" $= $N JQ ?t $r 6& M- $7 $F $$ $k B> $N %4 !< %k $G $O F~ NO $G $" $k !# 2. 1 $D $N @a Fb $G $" $k JQ ?t $, 0l $D $r =| $$ $? A4 $F $N %4 !< %k $G F~ NO $J $i !" ;D $j $N 0l $D $N %4 !< %k $G $O =P NO $G $" $k !# $G $" $k !# Nc $( $P !" p(X,Y):- q(X,Y),r(Y,Z),... $N $h $& $J @a $G !" q/2 $N Bh 0l 0z ?t $N X $, F~ NO $G Bh Fs 0z ?t $N Y $, =P NO $H ?d O@ $5 $l $? >l 9g !" r/1 $N Bh 0l 0z ?t Y $O F~ NO $H ?d O@ $5 $l $k !# %b !< %I ?d O@ $G $O !" %X %C %I $b %\ %G %# %4 !< %k $H Ey 2A $K 07 $& $? $a !" p/2 $N Bh 0l 0z ?t X $O =P NO !" Bh Fs 0z ?t Y $O F~ NO $H ?d O@ $5 $l $k !# $3 $l $O !" p/2 $N 8F =P $7 B& $K $* $1 $k 0z ?t $N %b !< %I $H $O $A $g $& $I H? BP $K $J $C $F $$ $k !# 10

$3 $N $h $& $K w ell-mo ded KL1 %W %m %0 %i %‘ $G $O !" 0l $D $N @a $K $* $$ $F !" $" $k JQ ?t X $N =P NO =P 8= $O 0l $D $7 $+ $J $$ !# $3 $N $? $a !" %4 !< %k g $, X $r =P NO 0z ?t $H $7 $F ;} $D $H $- !" $= $N %W %m %0 %i %‘ $G !" B> $K X $r =P NO 0z ?t $H $7 $F ;} $D %4 !< %k $O g $N D> @\ $N @h AD g p 1 ; � � � ; g pn $^ $? $O !" g $N ;R B9 g c 1 ; � � � ; g cm $K 8B $i $l $k !# g $, @8 @. $5 $l $F $$ $k >l 9g $O !" g pi $N <B 9T $O =* N; $7 $F $* $j !" g ci $O g $, <B 9T $5 $l $k $^ $G @8 @. $5 $l $J $$ !# $3 $N $? $a !" $= $N ;~ E@ $K B8 :_ $9 $k %4 !< %k $N $& $A !" X $r =P NO 0z ?t $K ;} $D %4 !< %k $O g M# 0l $D $7 $+ B8 :_ $7 $J $$ !# 0J >e $N $3 $H $+ $i !" reply �rst scheduling $r <B 8= $9 $k $K $O !" L$ 6q BN 2= $N 6& M- JQ ?t $K BP $9 $k ;2 >H $^ $? $O FI =P MW 5a <u ?. ;~ $K !" $= $N ;~ E@ $G $= $N 6& M- JQ ?t $r =P NO 0z ?t $H $7 $F ;} $D %4 !< %k $r 4^ $‘ %9 %l %C %I $r %9 %1 %8 %e !< %k $7 $F $d $l $P NI $$ $3 $H $, J, $+ $k !# 3.2.3 reply �rst scheduling $K $h $k %9 %l %C %I @Z BX K\ <j K! $G $O !" B> %N !< %I $K BP $9 $k JV ?. $r 2D G= $J 8B $j Aa $/ 9T $& $? $a $K !" MW 5a $5 $l $? %G !< %? $r @8 @. $7 !" $= $l $r JV ?. $9 $k %4 !< %k $r 4^ $‘ %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k !# K\ 9F $G $O $3 $N MW 5a %G !< %? $r JV ?. $9 $k $? $a $K %9 %1 %8 %e !< %k $5 $l $k %9 %l %C %I $r r eply thr e ad $H 8F $V !# $^ $? !" $" $k ;~ E@ $G <B 9T $5 $l $F $$ $k %9 %l %C %I $r $= $N ;~ E@ $N active thr e ad $H 8F $V !# 0l C6 reply thr e ad $H $J $C $? %9 %l %C %I $O MW 5a $K BP $9 $k JV ?. $K I, MW $J %4 !< %k $r <B 9T $9 $k $^ $G !" B> $N <B 9T 2D G= $J %9 %l %C %I $K BP $7 $F M% @h E* $K %9 %1 %8 %e !< %k $5 $l !" JV ?. $K I, MW $J %4 !< %k $N <B 9T $, =* N; $9 $k $H !" 0J 8e $O DL >o $N %9 %1 %8 %e !< %j %s %0 =g =x $K => $& !# 0J 2< $G $O $3 $N $h $& $J !" L$ 6q BN 2= JQ ?t X $K BP $9 $k FI =P MW 5a ( r ead ) <u ?. 8e $K X $N JV ?. $r 9T $& $^ $G $N %9 %l %C %I !& %9 %1 %8 %e !< %j %s %0 $r r ead $K BP $9 $k reply �rst scheduling $^ $? $O X $K BP $9 $k reply �rst scheduling $H 8F $V !# K\ <j K! $G $O !" MW 5a <u ?. ;~ $K r eply thr e ad $r CN $k I, MW $, $" $k $, !" $3 $l $O 6& M- JQ ?t $K BP $7 r eply thr e ad $X $N %] %$ %s %? $r ;} $? $; $F $d $k $3 $H $G <B 8= $9 $k !# $7 $+ $7 $J $, $i KL1 $G $O !" <B 9T ;~ $K F1 L> %4 !< %k $, J# ?t @8 @. $5 $l $? $j !" ;~ 9o $K $h $C $F $= $N JQ ?t $r =P NO $K $b $D %4 !< %k $, JQ 2= $9 $k $? $a !" %3 %s %Q %$ %k ;~ $K 6& M- JQ ?t $K BP $7 $F %9 %l %C %I $X $N %] %$ %s %? $r J] ;} $5 $; $k $3 $H $O $G $- $J $$ !# $= $3 $G r eply thr e ad $N F0 E* $J JQ 2= $K BP 1~ $9 $k $? $a $K !" K\ <j K! $G $O 6& M- JQ ?t @8 @. ;~ $K 6q BN 2= $r 9T $& %4 !< %k $r 4^ $‘ %9 %l %C %I ( 6q BN 2= %9 %l %C %I ) $X $N %] %$ %s %? $r J] ;} $5 $; $F $* $- !" 6q BN 2= %9 %l %C %I $, JQ 2= $9 $k >l 9g $O !" %] %$ %s %? $r F0 E* $K JQ 99 $5 $; $k J} K! $r <h $k !# 0J 2< $G $O reply �rst scheduling $, $I $N $h $& $K 9T $o $l $k $+ $K $D $$ $F =R $Y $k !# C1 =c $J >l 9g ?^ 10 $N $h $& $J >l 9g $r 9M $( $F $_ $k !# ?^ $N (a) $O read(X) <u ?. ;~ $N >u BV $r I= $7 !" (b) $O $= $l 0J 8e $N %9 %1 %8 %e !< %j %s %0 =g =x $r I= $7 $F $$ $k !# read(X) $O X $K BP $9 $k FI =P MW 5a $r <( $9 !# 0J 2< =g $r DI $C $F @b L@ $9 $k !# %N !< %I N p B& $O %N !< %I N c $+ $i $N read(X) $r <u ?. $9 $k ( ?^ 10.(b).(1)) $H !" X $N 6q BN 2= %4 !< %k $r 4^ $‘ %9 %l %C %I T2 $, active thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l !" r e ad(X) $K BP $9 $k reply �rst scheduling $r 9T $& !# $3 $l $K $h $C $F !" read(X) $K BP $9 $k JV ?. $, M% @h E* $K 9T $o $l $k $3 $H $K $J $j !" %N !< %I 4V $N JB Ns @- $N Dc 2< $r :G >. 8B $K 2! $5 $( $k $3 $H $, $G $- $k !# $3 $N Nc $G $O !" r eply thre ad $, F0 E* $K JQ 2= $9 $k $3 $H $, $J $+ $C $? $, !" 1. r eply thre ad $, JV ?. A0 $K Cf CG $9 $k >l 9g !# 2. <B :] $K JV ?. $r 9T $& %9 %l %C %I $, L$ @8 @. $N >l 9g !" 3. 6q BN CM $N JV ?. $N $? $a $K J# ?t $N F1 0l 2= %4 !< %k $N <B 9T $, I, MW $J >l 9g ?^ 10: reply �rst scheduling $N >l 9g $K $O !" F0 E* $K reply thr e ad $, JQ 2= $9 $k !# 0J 2< $G $O $" $k JQ ?t X $K BP $9 $k FI =P MW 5a $r r ead ( X ) !" $3 $l $K $h $C $F r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $k %9 %l %C %I $r T X $H I= $9 $3 $H $K $7 !" >e 5- $N $= $l $> $l >l 9g $K $D $$ $F @b L@ $9 $k !# 1. JV ?. A0 $K Cf CG $9 $k >l 9g $N =h M} FI =P MW 5a r ead ( X ) $K $h $C $F r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $? T X $, !" JV ?. $r 9T $& A0 $K !" L$ 6q BN 2= JQ ?t ( Y ) $K BP $9 $k ;2 >H $K $h $C $F Cf CG $9 $k >l 9g $r 9M $( $F $_ $k !# JV ?. $r 2D G= $J 8B $j Aa $/ 9T $& $? $a $K $O !" T X $r %j %8 %e !< %‘ $9 $k %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %k $7 $F $d $k I, MW $, $" $k !# $3 $N $H $- X $r 6q BN 2= $9 $k %9 %l %C %I T Y $, <+ %N !< %I Fb $K B8 :_ $9 $k >l 9g $O !" $3 $N %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %k $7 $F $d $l $P $h $$ !# $3 $N $h $& $K $9 $k $3 $H $G $= $N 8e !" T X $, %j %8 %e !< %‘ $5 $l $k $H !" :F $S T X $, M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k $3 $H $K $J $k !# $3 $N Y $X $N ;2 >H $r T X $, F1 0l %N !< %I Fb $N %9 %l %C %I $G $" $k T Y $K BP $7 $F %G !< %? $N @8 @. MW 5a $r =P $7 $F $$ $k $H 9M $( !" T Y $K $h $k Y $N 6q BN 2= $r $3 $N MW 5a $K BP $9 $k JV ?. $H 9M $( $k $H !" $3 $l $i $N >l 9g $b Y $K BP $9 $k reply �rst sc heduling $r 9T $C $F $$ $k $H $$ $( $k !# $D $^ $j K\ <j K! $G $O !" B> %N !< %I $+ $i $N FI =P MW 5a <u ?. ;~ $H <+ %N !< %I Fb $K 6q BN 2= %9 %l %C %I $, B8 :_ $9 $k 6& M- JQ ?t $K BP $9 $k ;2 >H ;~ $K reply �rst scheduling $r 9T $& !# 0l J} !" Y $r 6q BN 2= $9 $k %9 %l %C %I $, B> %N !< %I $K B8 :_ $9 $k >l 9g $O !" B> %N !< %I $K BP $7 %G !< %? $N @8 @. MW 5a $r =P $7 !" T X $O <B 9T $r Cf CG $9 $k !# $3 $N ;~ E@ $G !" r ead ( X ) $K BP $9 $k reply �rst scheduling $O 0l C6 Cf CG $5 $l !" DL >o $N %9 %1 %8 %e !< %j %s %0 $K La $k !# $= $N 8e !" JV ?. ( Y $N 6q BN CM ) $r <u ?. $7 !" T X $, %j %8 %e !< %‘ $5 $l $k $H !" r ead ( X ) $K BP $9 $k reply �rst scheduling $r :F 3+ $7 !" 0J 8e T X $O !" M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k $3 $H $K $J $k !# $^ $? !" r ead ( X ) <u ?. ;~ $K T X $, B> %N !< %I $G 6q BN 2= $5 $l $k JQ ?t $K BP $7 $F Cf CG $7 $F $$ $k >l 9g $O !" r ead ( X ) $K BP $9 $k reply �rst scheduling $r 9T $& $3 $H $O $G $- $J $$ !# $3 $N >l 9g $O !" B> %N !< %I $+ $i $N JV ?. $K $h $C $F T X $, %j %8 %e !< %‘ $5 $l $? ;~ $K !" T X $r r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $7 $F $d $k $3 $H $G !" r ead ( X ) $K BP $9 $k reply �rst sc heduling $r 9T $& $3 $H $, $G $- $k !# r eply thr e ad $, ES Cf $G Cf CG $9 $k Nc $H $7 $F ?^ 11 $r $" $2 $k !# ?^ 11 $N Nc $G $O %N !< %I N c $+ $i N p $X $N FI =P MW 5a ( read(X) ) $N <u ?. ( ?^ 11.(b).(1)) $K $h $C $F !" X $N 6q BN 2= %4 !< %k (‘ X=1 ’) $r ;} $D %9 %l %C %I T2 $, active thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $k ( ?^ 11.(b).(2)) !# 11

?^ 11: r eply thr e ad $N Cf CG $= $N 8e %4 !< %k g s $r <B 9T $7 $h $& $H $7 $F !" L$ 6q BN 2= JQ ?t Y $r ;2 >H $7 !" T2 $O <B 9T $r Cf CG $9 $k !# $3 $N $H $- !" Y $N 6q BN 2= %4 !< %k (‘ Y=1 ’) $r ;} $D %9 %l %C %I T3 $, M% @h E* $K active thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $k ( ?^ 11.(b).(3)) !# $= $7 $F !" ‘ Y=1 ’ $N <B 9T $K $h $j !" Y $, 6q BN 2= $5 $l $? 8e $G !" %9 %l %C %I $N @Z $j BX $( %? %$ %_ %s %0 $, Mh $k $H !" %j %8 %e !< %‘ $5 $l $? T2 $, active thre ad $H $7 $F !" %9 %1 %8 %e !< %k $5 $l $k ( ?^ 11.(b).(4)) !# 2. JV ?. $r 9T $& %9 %l %C %I $, L$ @8 @. $N >l 9g $N =h M} MW 5a %G !< %? X $r 6q BN 2= $7 !" MW 5a $K BP $7 $F JV ?. $r 9T $& %4 !< %k g b $r 4^ $‘ %9 %l %C %I T b $, L$ @8 @. $G $" $k >l 9g !" $= $N %N !< %I Fb $K $O T b $N @h AD %9 %l %C %I T ancester b $, I, $: B8 :_ $7 !" $7 $+ $b $= $N %9 %l %C %I $N @h F, %4 !< %k $K $* $1 $k X $N %b !< %I $O =P NO $G $" $k !# $7 $? $, $C $F MW 5a <u ?. ;~ $K $O !" T ancester b $r r eply thr e ad $H $7 $F !" M% @h E* $K %9 %1 %8 %e !< %k $7 !" $= $N 8e !" T ancester b $N <B 9T $K $h $C $F !" %9 %l %C %I T b $, @8 @. $5 $l $? ;~ $K !" r eply thr e ad $r T b $K @Z $j BX $( $F !" T b $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k $h $& $K $9 $l $P $h $$ !# ?^ 12 $N Nc $G $O !" %9 %l %C %I T1 $+ $i $N FI =P MW 5a read(X) $r <u ?. $7 $? ;~ ( ?^ 12.(b).(1)) $K $O !" X $N 6q BN CM $r @8 @. $9 $k %9 %l %C %I T4 $O :n @. $5 $l $F $* $i $: !" %9 %1 %8 %e !< %k $9 $k $3 $H $, $G $- $J $$ !# $h $C $F T4 $N @h AD %9 %l %C %I $G $" $k T2 $r !" active thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k ( ?^ 12.(b).(2)) !# $= $N 8e T2 $N <B 9T $G $^ $: T3 $, @8 @. $5 $l $k $, !" $3 $l $O MW 5a $5 $l $? 6& M- JQ ?t $r =P NO 0z ?t $H $7 $F ;} $? $J $$ $? $a !" active thr e ad $O T2 $N $^ $^ $G $" $k ( ?^ 12.(b).(3)) !# $= $7 $F T4,T5 $, @8 @. $5 $l $k $H !" active thr e ad $r T4 $K @Z $j BX $( $F <B 9T $r 7Q B3 $9 $k ( ?^ 12.(b).(4)) !# 3. J# ?t $N F1 0l 2= %4 !< %k $N <B 9T $, I, MW $J >l 9g $" $k JQ ?t X $K BP $9 $k FI =P MW 5a $X $N JV ?. $r 9T $& $? $a $K !" 0l $D $N 6q BN 2= %4 !< %k g b $H !" n 8D $N JQ ?t F1 ;N $N F1 0l 2= (= = 2 1 ; � � � ; = = 2 n ) $, I, MW $J >l 9g $r 9M $( $F $_ $k !# $^ $? !" $3 $l $i $N %4 !< %k $r 0l $D $G $b 4^ $‘ %9 %l %C %I $r T r 1 ; � � � ; T r m $H $9 $k !# JQ ?t F1 ;N $N F1 0l 2= $O !" N> <T $, $H $b $K L$ 6q BN 2= $G $b <B 9T 2D G= $G ?^ 12: JV ?. $r 9T $& %9 %l %C %I $, L$ @8 @. $N >l 9g $N =h M} $" $k $N $G !" T r 1 ; � � � ; T r n $r G! 2? $J $k =g =x $G <B 9T $7 $F $b $h $$ !# $h $C $F !" $3 $N >l 9g $K 9T $o $l $k =h M} $O <! $N DL $j $G $" $k !# 1. $" $k T r i $K BP $7 !" T r i $K 4^ $^ $l $k g b $b $7 $/ $O = = 2 i $N A4 $F $N <B 9T $, =* N; $9 $k $^ $G !" T r i $r r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k !# 2. r eply thr e ad $r JL $N T r j $K @Z $j BX $( $F F1 MM $N =h M} $r 9T $& !# 3. $9 $Y $F $N T r k $N r eply thr e ad $H $7 $F $N <B 9T $, =* N; $7 $? $H $- $K !" JV ?. $, 9T $o $l $k !# K\ <j K! $G $O X $r =P NO 0z ?t $K ;} $D %9 %l %C %I $r $^ $: !" r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k !# $= $N 8e !" X $H L$ 6q BN 2= $N F~ NO 0z ?t Y $H $N F1 0l 2= $, 9T $o $l $k $H !" r eply thr e ad $r Y $r =P NO 0z ?t $K ;} $D %9 %l %C %I $K $r @Z $j BX $( $k !# 0J 2< $3 $N =h M} $, !" 6q BN 2= %4 !< %k $N <B 9T $^ $? $O 6q BN 2= $5 $l $F $$ $k F~ NO 0z ?t $H $N F1 0l 2= $r 9T $& $^ $G B3 $1 $i $l $k !# Nc $( $P ?^ 13 $N Nc $G $O !" %N !< %I N p B& $, T1 $+ $i $N FI $_ =P $7 MW 5a $r =h M} $9 $k $? $a $K $O !" T2,T3 $N N> %9 %l %C %I $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k I, MW $, $" $k !# $3 $N Nc $G $O T1 $+ $i $N FI =P MW 5a $N E~ Ce ( ?^ 13.(b).(1)) $K $h $C $F !" $= $N ;~ X $H B> $N F~ NO 0z ?t $H $N F1 0l 2= %4 !< %k ( X=Y ) $r 4^ $‘ %9 %l %C %I T2 $r active thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k ( ?^ 13.(b).(2)) !# $= $7 $F !" X $, Y $, F1 0l 2= $5 $l $k $H !" Y $r 6q BN 2= $9 $k %4 !< %k %4 !< %k ( Y=1 ) $r 4^ $‘ %9 %l %C %I $, <! $N reply thread $H $J $j ( ?^ 13.(b).(1)) !" Y $r 1 $K 6q BN 2= $9 $k !# $3 $N 6q BN 2= $K $h $C $F X $, 1 $K 6q BN 2= $5 $l !" T1 $K BP $7 $F X $N 6q BN CM $r JV ?. $9 $k !# 12

?^ 13: JV ?. $K JQ ?t F1 ;N $N F1 0l 2= $, I, MW $J >l 9g J# ?t $N FI =P MW 5a $, B8 :_ $9 $k >l 9g $N =h M} <! $K %N !< %I N p $G !" $" $k FI =P MW 5a r ead 0 $K BP $9 $k reply �rst schedluing $r 9T $C $F $$ $k :G Cf $K !" JL $N FI =P MW 5a r ead 1 ; � � � ; r ead n $, $3 $N =g $G !" %N !< %I N p $K E~ Ce $9 $k >l 9g $r 9M $( $F $_ $k !# $3 $N $H $- K\ <j K! $G $O !" r ead i $K BP $9 $k reply �rst scheduling $N =* N; ( 6q BN CM $N JV ?. ) $b $7 $/ $O Cf CG ( B> %N !< %I $N %9 %l %C %I $K %G !< %? 0M B8 ) $N $N $A $K !" r ead i +1 $K BP $9 $k reply �rst scheduling $r 9T $& !# $3 $N ;~ !" r ead i +1 $K BP $9 $k JV ?. $, 9T $o $l $F $7 $^ $C $F $$ $? >l 9g $O !" r ead i +2 $K BP $9 $k =h M} $r 9T $& !# $^ $? !" r eply thr e ad $G $" $k T r i $N Cf CG $K $h $C $F !" r ead i $K BP $9 $k reply �rst scheduling $, Cf CG $7 !" B> %N !< %I $+ $i $N 6q BN CM $N JV ?. $d !" JL $N %9 %l %C %I $N <B 9T $K $h $C $F T r i $, %j %8 %e !< %‘ $5 $l $? >l 9g !" $3 $N r ead i $K BP $9 $k reply �rst scheduling $N :F 3+ $O !" $= $N $H $- B8 :_ $9 $k A4 $F $N FI =P MW 5a $K BP $9 $k reply �rst scheduling $, =* N; $b $7 $/ $O Cf CG $7 $? 8e $G 9T $o $l $k !# %9 %l %C %I @Z BX $N %? %$ %_ %s %0 reply �rst scheduling $K $* $$ $F M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k $Y $- %9 %l %C %I $, @8 $8 $k %? %$ %_ %s %0 $O 1. MW 5a <u ?. ;~ 2. %9 %l %C %I $N Cf CG ;~ 3. 2 $N %9 %l %C %I $r %j %8 %e !< %‘ $7 $? >l 9g 4. JV ?. <u ?. ;~ $G $" $k !# 4 $d !" 3 $G %j %8 %e !< %‘ $5 $l $k %9 %l %C %I $, B> %N !< %I $K BP $9 $k JV ?. $K 4X M? $7 $J $$ >l 9g $O !" => Mh $N @Z BX %? %$ %_ %s %0 $G %9 %l %C %I $r @Z $j BX $( $F $b JB Ns @- $, Dc 2< $9 $k $3 $H $O $J $$ !# 0l J} 1 $d !" 3 $G %j %8 %e !< %‘ $5 $l $k %9 %l %C %I $, B> %N !< %I $K BP $9 $k JV ?. $K 4X M? $9 $k >l 9g $K !" => Mh $N %? %$ %_ %s %0 $G %9 %l %C %I $N @Z $j BX $( $r 9T $& $H !" JB Ns @- $N Dc 2< $N 1F 6A $, Bg $- $/ $J $k >l 9g $, $" $k !# 1, 3 $N ;~ $K <B 9T Cf $N %9 %l %C %I $, Hs >o $K Bg $- $/ !" $7 $+ $b D9 ;~ 4V Cf CG $J $7 $G <B 9T $G $- $k >l 9g $, $3 $l $K $" $? $j !" $3 $N $H $- M% @h E* $K %9 %1 %8 %e !< %k $9 $k $Y $- %9 %l %C %I $, %9 %1 %8 %e !< %k $5 $l $k $N $, Bg I} $K CY $l $F $7 $^ $$ !" reply �rst scheduling $N 8z 2L $, $G $J $$ !# ?^ 14: =h M} 7O 35 MW $= $3 $G $3 $l $i $N >l 9g $O !" B( :B $K %9 %l %C %I $N @Z $j BX $( $r 9T $& $3 $H $K $9 $k !# $3 $& $9 $k $3 $H $G !" MW 5a <u ?. $+ $i JV ?. $^ $G $K <B 9T $5 $l $k %4 !< %k $N ?t $r :G >. $K $9 $k $3 $H $, $G $- $k !# reply �rst scheduling $N ;H MQ >r 7o $K 4X $9 $k 9M ;! :# 2s $N <B Au $G $O !" 6& M- JQ ?t $N @8 @. ;~ $K !" F1 0l @a Fb $N $= $N JQ ?t $r =P NO 0z ?t $H $7 $F ;} $D %4 !< %k $r 4^ $‘ %9 %l %C %I $X $N %] %$ %s %? $, I, MW $G $" $k !# $3 $3 $G <! $N $h $& $J %W %m %0 %i %‘ $r 9M $( $F $_ $k !# main :- p(X,Y),q(Y)@node(1). (1) p(X,Y):-Y=f(Z),r(Z)@node(1). (2) q(Y):-Y=f(Z)|Z=1. (3) $3 $N Nc $G $O !" Z $, =i $a $F @8 @. $5 $l $k $N $O !" (2) @a $N <B 9T $K $* $$ $F $G $" $k !# 0l J} Z $N @8 @. %4 !< %k $O q/1 $G $" $j !" reply �rst scheduling $r 9T $& $? $a $K $O !" (2) @a $N <B 9T ;~ $K q/1 $X $N %] %$ %s %? $, I, MW $G $" $k !# $7 $+ $7 $J $, $i !" DL >o (2) @a $N <B 9T ;~ $K %] %$ %s %? $, H= L@ $9 $k %9 %l %C %I $O !" <B 9T Cf $N %9 %l %C %I $H (2) @a $G ?7 $? $K @8 @. $5 $l $k %9 %l %C %I $N $_ $G $" $k !# $3 $N $? $a !" @E E* $K q/1 $X $N %] %$ %s %? $r 6& M- JQ ?t $K J] ;} $5 $; $k I, MW $, $" $k $, !" $3 $l $O 0l HL $K $O IT 2D G= 3 $G $" $k !# 0l HL $K $3 $N $h $& $J >u 67 $O !" 9= B$ %G !< %? $N Fb It %G !< %? $, $= $N =P 8= $G =P NO $G $" $k >l 9g $K 5/ $3 $k !# $3 $N $? $a K\ <j K! $G $O !" $3 $N $h $& $J >l 9g $K $O reply �rst scheduling $r 9T $o $J $$ $b $N $H $9 $k !# 4 <B Au K\ 8& 5f $G $O !" $3 $l $^ $G $K =R $Y $F $- $? %4 !< %k !& %9 %1 %8 %e !< %j %s %0 :G E, 2= <j K! $r !" KLIC $K <B Au $7 $? !# K\ >O $G $O $3 $N <B Au $K $D $$ $F =R $Y $k !# 4.1 %7 %9 %F %‘ 9= @. %4 !< %k !& %9 %1 %8 %e !< %j %s %0 :G E, 2= KLIC $O !" A0 =h M} It $H 2r @O It $H %3 !< %I @8 @. It $+ $i $J $k %3 %s %Q %$ %i It !" $J $i $S $K =h M} 7O 3K $d AH 9~ =R 8l $J $I $+ $i $J $k <B 9T 7O $K $h $C $F 9= @. $5 $l $k ( ?^ 14) !# <B Au $O !" 4{ B8 $N KLIC =h M} 7O $K BP $9 $k 3H D% $N 7A $G 9T $& !# %3 %s %Q %$ %i It $O !" 4{ B8 $N KLIC %3 %s %Q %$ %i $N 0l It $N 7A $G AH $_ 9~ $^ $l $k !# 2r @O It $O A0 =h M} 8e $N %W %m %0 %i %‘ $r <u <h $j !" 6q BN 2= %4 !< %k >p Js $r IU 2C $7 $? 7? 2r @O $r 9T $$ !" JQ ?t $N 7? >p Js $* $h $S %4 !< %k 4V $N %G !< %? 0M B8 >p Js $r Cj =P $9 $k !# <B Au >e $O $[ $H $s $I FH N) $7 $? %b %8 %e !< %k 3 40 A4 $J 2r @O $r 9T $& $3 $H $G 2D G= $K $J $k $+ $b $7 $l $J $$ $, !" 2r @O $N %3 %9 %H $H <B 9T ;~ $N %3 %9 %H $r 9M $( $k $H 8= <B E* $G $O $J $$ 13

$H $J $j !" 4{ B8 KLIC $G A0 =h M} $, =* $o $C $? %W %m %0 %i %‘ $r <u $1 <h $j !" 2r @O >p Js $r IU 2C $7 $? %W %m %0 %i %‘ $r =P NO $9 $k !# $3 $l $O :# 8e $N KLIC $N 2~ NI $K BP 1~ $7 $d $9 $/ $9 $k $H F1 ;~ $K !" B> $N :G E, 2= $r J; MQ $9 $k >l 9g $K !" 2r @O It $N 3H D% $r MF 0W $K $9 $k $? $a $G $" $k !# %3 !< %I @8 @. It $O %3 %s %Q %$ %i It $N =P NO $r <u <h $j !" 3F %9 %l %C %I $N :G E, 2= %3 !< %I $r @8 @. $9 $k !# @8 @. $9 $k %3 !< %I $, %9 %l %C %I C1 0L $N C‘ <! %3 !< %I $H $$ $& => Mh $H $O 0[ $J $C $? $b $N $K $J $k $? $a !" $3 $N It J, $O 4{ B8 KLIC $N %3 !< %I @8 @. It $r CV $- 49 $( $k 7A $K $J $k !# $7 $+ $7 !" KL1 @a $+ $i C $X $N JQ 49 It J, $O => Mh $N %3 !< %I $H 4p K\ E* $K F1 $8 $G $" $j !" %9 %l %C %I 2= $K $h $j ?7 $? $K I, MW $J A‘ :n $N @8 @. $r 2C $( $? $j !" IT MW $J A‘ :n $N @8 @. $r <h $j =| $/ $? $a $N JQ 99 $r 2C $( $k $@ $1 $G $" $k $N $G !" <B Au $O => Mh $N $b $N $r %Y !< %9 $H $7 $F 9T $& !# <B 9T 7O $O KLIC %i %s %? %$ %‘ !& %7 %9 %F %‘ $N 0l It $H $7 $F AH $_ 9~ $^ $l !" @8 @. $5 $l $? J# ?t $N %9 %l %C %I $N JB 9T <B 9T $* $h $S 4I M} $r 9T $& !# 3F %9 %l %C %I $O => Mh $N =h M} 7O $K $* $1 $k %4 !< %k $H F1 MM !" %9 %l %C %I $N <B 9T 4D 6- $r 3J G< $7 $? %l %3 !< %I ( %9 %l %C %I %l %3 !< %I ) $r MQ $$ $F !" 4I M} $5 $l $k !# $^ $? !" %9 %l %C %I Fb $N <B 9T 4D 6- $O !" 3F %9 %l %C %I $K $= $l $> $l FH N) $7 $? %9 %? %C %/ $r ;} $? $; $k $3 $H $G !" %4 !< %k $N @Z BX %* !< %P %X %C %I $N 8: >/ $d !" %R !< %W NN 0h $N 8z N( E* $J ;H MQ $r <B 8= $9 $k !# <B Au $O !" $3 $l $i K\ <j K! $G ?7 $? $K I, MW $J $b $N $N $_ $r BP >] $H $7 !" $= $l 0J 30 $N It J, $O 4{ B8 $N $b $N $r $= $N $^ $^ Mx MQ $9 $k 7A $G 9T $& !# $3 $N $? $a !" %8 %’ %M %j %C %/ !& %* %V %8 %’ %/ %H $J $I 4{ $K :n @. $5 $l $? %f !< %6 Dj 5A %b %8 %e !< %k $r JQ 99 $9 $k I, MW $O $[ $H $s $I $J $$ !# 4.2 %3 %s %Q %$ %i It %3 %s %Q %$ %i It $G 9T $o $l $k =h M} $O !" 1. %= !< %9 %3 !< %I $r F~ NO $9 $k !# 2. 2r @O It $K $h $j !" 2r @O >p Js $r IU 2C $7 $? %W %m %0 %i %‘ $K JQ 49 $9 $k !# 3. %3 !< %I @8 @. It $K $h $j !" %9 %l %C %I 2= $5 $l $? C %3 !< %I $r @8 @. $9 $k !# 4. 3 $N C %3 !< %I $r %3 %s %Q %$ %k $7 !" %9 %l %C %I MQ %i %s %? %$ %‘ %i %$ %V %i %j $H %j %s %/ $7 <B 9T %3 !< %I $r F@ $k !# $N 4 $D $G $" $k !# 3 $K $h $C $F F@ $i $l $k C %3 !< %I $O !" %i %s %? %$ %‘ %i %$ %V %i %j $N 0l It $G $" $k =h M} 7O 3K $+ $i $h $P $l !" %f !< %6 Dj 5A =R 8l $N %X %C %I F1 0l 2= !& %, !< %I <B 9T $* $h $S %\ %G %# It $N <B 9T $r 9T $& !# $3 $3 $G $O !" %9 %l %C %I 2= <j K! $K $* $$ $F %3 %s %Q %$ %i It $N 2r @O It $H %3 !< %I @8 @. It $G 9T $& =h M} $K $D $$ $F @b L@ $9 $k !# 4.2.1 2r @O It %9 %l %C %I 2= $N $? $a $N 2r @O %W %m %0 %i %‘ $N %G !< %? 0M B8 2r @O $r 9T $$ !" $= $N 7k 2L F@ $i $l $? >p Js $r MQ $$ !" %W %m %0 %i %‘ $N %9 %l %C %I 2= $r 9T $& !# $" $k @a C $N %\ %G %# %4 !< %k ( B = f b 1 ; � � � ; b n g ) $r AP J} 8~ $N %G !< %? 0M B8 $, B8 :_ $7 $J $$ %4 !< %k $N =8 9g B = f T 1 ; T 2 ; � � � ; T n g ; T i = f b i 1 ; b i 2 ; � � � ; b im g ( pr ec ( b ij ; b ik ) ^ pr ec ( b ik ; b i j )) $K J, 3d $7 !" $= $l $> $l $N Cf $G $N <B 9T =g =x $r @E E* $K 7h Dj $9 $k !# 3F =8 9g $N Cf $G :G $b MW AG $N B? $$ $b $N $, !" 8F =P $7 B& %4 !< %k $H F1 0l %9 %l %C %I $K %9 %1 %8 %e !< %k $5 $l !" pr ec ( b i m ; b i n ) $r K~ $? $9 $h $& $K !" $= $N @a $N @h F, $+ $i =g $K JB $Y BX $( $i $l $k !# B3 $$ $F !" JL =8 9g $, ?7 %9 %l %C %I $H $7 $F %9 %1 %8 %e !< %k $5 $l !" $= $N =8 9g Fb $G <B 9T =g =x @) Ls $r $_ $? $9 $h $& $K JB $Y $+ $( $i $l !" $= $N @h F, $N %4 !< %k $K $O ?7 %9 %l %C %I $N @8 @. $r 0U L# $9 $k %W %i %0 %^ $H $7 $F @thread $r IU 2C $9 $k !# Nc $( $P !" <! $N $h $& $J @a $K BP $7 $F !" m:-p,q,r,s,t. p ! f q,r g , r ! q , p $ f s,t g , t ! s $N $h $& $J %G !< %? %U %m !< $, B8 :_ $9 $k $H $- !" m:- p,r,q,t@thread,s. $N $h $& $J =P NO $, F@ $i $l $k !# $^ $? !" @node IU $- %4 !< %k $O DL >o B> %N !< %I $G <B 9T $9 $k %4 !< %k $G $" $k $N $G !" F1 0l @a Fb $N B> $N %4 !< %k $H $N 0M B8 $H $O L5 4X 78 $K ?7 %9 %l %C %I $N @h F, %4 !< %k $H $7 $F %9 %1 %8 %e !< %k $9 $k !# $= $N B> $N :G E, 2= $N $? $a $N 2r @O $3 $3 $G $O !" @thread 0J 30 $K 2r @O $K $h $C $F ?7 $? $K IU 2C $5 $l $k %W %i %0 %^ $K $D $$ $F =R $Y $k !# @loop <! $N %9 %F %C %W $G Cf CG $9 $k 2D G= @- $N $" $k :F 5" 8F =P $7 ;~ $K $O !" M% @h E* $K %9 %1 %8 %e !< %k $9 $Y $- %9 %l %C %I $, B8 :_ $9 $k $+ $I $& $+ $N %A %’ %C %/ $r 9T $& !# $= $3 $G $3 $l $i %4 !< %k $O B> $N %4 !< %k $H 6h JL $9 $k $? $a $K !" @loop $H $$ $& %W %i %0 %^ $r IU 2C $7 $? =P NO $r 9T $& !# dummy@go %f !< %6 Dj 5A %4 !< %k $r 4^ $^ $J $$ @a $G $b !" <! <B 9T %4 !< %k $N %3 !< %I $X D> @\ %8 %c %s %W $9 $k $? $a $K !" <B 9T $5 $l $k %4 !< %k ( g oal =n ) $, F1 0l %b %8 %e !< %k Fb $K $" $k >l 9g $K !" $= $N @a $K dummy@go(goal,n,F)(F=loop or nonloop) $H $$ $& %W %i %0 %^ IU $- %4 !< %k $r IU 2C $7 $? =P NO $r 9T $$ !" %3 !< %I @8 @. ;~ $K %8 %c %s %W L? Na $r A^ F~ $9 $k !# F=loop $N $H $- $O $= $N 8F =P $7 $, :F 5" 8F =P $7 $G $" $k $3 $H $r <( $7 !" %9 %l %C %I @Z BX $r 9T $& $+ $I $& $+ $N %A %’ %C %/ $r 9T $& !# 6& M- JQ ?t $N $? $a $N 2r @O reply �rst scheduling $G $O !" %9 %l %C %I 4V $K $^ $? $, $k L$ 6q BN 2= $N 6& M- JQ ?t $X $N ;2 >H $, 5/ $- $? :] $K !" $3 $l $r 6q BN 2= $9 $k %9 %l %C %I $N >p Js $, I, MW $H $J $k !# KLIC $K $* $1 $k 6& M- JQ ?t $H $O !" $" $k @a $K $* $$ $F @thread, @node IU $- %4 !< %k $N 0z ?t $N $& $A !" B> $N %4 !< %k $K $b B8 :_ $9 $k JQ ?t $G $" $k !# $^ $? !" 6& M- JQ ?t v i $, L$ 6q BN 2= JQ ?t v j $r 4^ $‘ 9= B$ 7? %G !< %? $G 6q BN 2= $5 $l $? $H $- !" v j $b F1 MM $K 6& M- JQ ?t $G $" $k !# reply �rst scheduilng $r 9T $& $? $a $K $O !" 3.2 @a $G =R $Y $? $h $& $K !" MW 5a <u ?. ;~ $K MW 5a $5 $l $? 6& M- JQ ?t $r =P NO 0z ?t $K $b $D %9 %l %C %I $, H= L@ $9 $l $P NI $/ !" 6& M- JQ ?t $K $= $N %9 %l %C %I $X $N %] %$ %s %? $r J] ;} $5 $; $l $P NI $$ !# $7 $+ $7 !" $3 $N !" $" $k 6& M- JQ ?t $r =P NO 0z ?t $K $b $D %9 %l %C %I $H $$ $& $N $O <B 9T ;~ $K JQ 2= $9 $k $? $a !" %3 %s %Q %$ %k ;~ $K 7h Dj $9 $k $3 $H $O $G $- $J $$ !# $3 $N $? $a !" 2r @O ;~ $K $O !" <B 9T ;~ $K 6& M- JQ ?t $, J] ;} $9 $k %9 %l %C %I $X $N %] %$ %s %? $r @Z BX $k $3 $H $, $G $- $k $@ $1 $N >p Js $r =P NO $9 $k I, MW $, $" $k !# $= $3 $G 2r @O It $G $O !" 6& M- JQ ?t $N 3F =P 8= $K BP $7 !" $= $N =P 8= $G =P NO $G $" $k $+ $I $& $+ $r D4 $Y !" $= $l $> $l $K BP $7 %b !< %I $r IU 2C $7 $? Cf 4V %3 !< %I $r @8 @. $9 $k !# 6q BN E* $K $O Cf 4V %3 !< %I $G JQ ?t $r I= $9 varilable(0) $r variable(0, mo de ) $N $h $& $K JQ 7A $9 $k !# ?^ 6 $N %W %m %0 %i %‘ $N 2r @O It $N =P NO $r ?^ 15 $K <( $9 !# $? $@ $7 6& M- JQ ?t $N %b !< %I >p Js $O >J N, $7 $F $$ $k !# 4.2.2 %3 !< %I @8 @. It %9 %l %C %I 2= MQ =h M} 7O 3K $K $" $o $; $? C %3 !< %I $r @8 @. $9 $k !# 0J 2< $G $O JQ 99 E@ $N $& $A !" 3F %W %i %0 %^ IU $- %4 !< %k $+ $i $I $N $h $& $J %3 !< %I $, @8 @. $5 $l $k $+ $H !" 6& M- JQ ?t $K BP $9 $k =h M} $K $D $$ $F =R $Y $k !# 14 main :- p0([int(100)|L1],L2),p1(L1,L2)@thread. p0(L1,L2) :- L1=[int(N)|NL1],N>0 | send0(NN,L2,NL2),dec0(N,NN),p0(NL1,NL2)@loop. p0(L1,L2) :- L1=[N|L1Left],N=<0 | L2=[]. dec0(NI,NO) :- NO:=NI-1,dummy@go(p0,2,loop). send0(N,L,NL) :- L=[int(N)|NL],dummy@go(dec0,2,nonloop). p1(L1,L2) :- L2=[int(N)|NL2] | send1(NN,L1,NL1),dec1(N,NN),p1(NL1,NL2)@loop. p1(L1,L2) :- L2=[] | L1=[]. dec1(NI,NO) :- int(NI)|NO:=NI-1,dummy@go(p1,2,loop). send1(N,L,NL) :- L=[int(N)|NL],dummy@go(dec1,2,nonloop). ?^ 15: %9 %l %C %I 2= $5 $l $? %W %m %0 %i %‘ %W %i %0 %^ IU $- %4 !< %k $N %3 !< %I @8 @. goal @node ?7 $7 $/ 3N J] $7 $? %9 %? %C %/ NN 0h $K %4 !< %k $N <B 9T 4D 6- $r push $7 !" $= $N %9 %l %C %I %l %3 !< %I $r B> %N !< %I $K Aw ?. $9 $k %3 !< %I $r @8 @. $9 $k !# goal @thread Kv Hx $+ $i D4 $Y $F !" $= $N @a $G i HV L\ $K =P 8= $9 $k @thread $D $- %4 !< %k $r g oal i @thread $H 5- =R $9 $k $H !" g oal i @thread $H goal i � 1 @thread $K 64 $^ $l $k %4 !< %k $O g oal i @thread $r @h F, %4 !< %k $H $9 $k ?7 %9 %l %C %I $K 4^ $^ $l $k %4 !< %k $G $" $k !# $= $3 $G !" ?7 $7 $/ 3N J] $7 $? %9 %l %C %I $K BP $7 $F !" $= $l $i $N %4 !< %k $N <B 9T 4D 6- $r push $9 $k %3 !< %I $r @8 @. $9 $k !# goal @loop %4 !< %k $N >l 9g %9 %l %C %I $N @Z BX $r 9T $& $+ $I $& $+ $N %A %’ %C %/ $r 9T $& %4 !< %k $r %9 %? %C %/ $K push $7 !" $= $N 8e !" g oal $N <B 9T 4D 6- $r %9 %? %C %/ $K push $9 $k %3 !< %I $r @8 @. $9 $k !# dummy@go( goal ; n ,nonloop) %4 !< %k $N >l 9g %9 %? %C %/ $K 3J G< $5 $l $F $$ $k g oal =n $N <B 9T 4D 6- $r p op $7 !" goal =n $N <B 9T %3 !< %I $K %8 %c %s %W $9 $k %3 !< %I $r @8 @. $9 $k !# dummy@go( goal ; n ,loop) %4 !< %k $N >l 9g M% @h E* $K %9 %1 %8 %e !< %k $9 $k $Y $- %9 %l %C %I $, B8 :_ $9 $k $+ $I $& $+ $N %A %’ %C %/ $r 9T $$ !" B8 :_ $9 $l $P %9 %l %C %I $N @Z BX =h M} $r 9T $& !# B8 :_ $7 $J $1 $l $P %9 %? %C %/ $K 3J G< $5 $l $F $$ $k g oal=n $N <B 9T 4D 6- $r p op $7 !" g oal=n $N <B 9T %3 !< %I $K %8 %c %s %W $9 $k %3 !< %I $r @8 @. $9 $k !# 6& M- JQ ?t $K BP $9 $k =h M} 2r @O It $K $h $j F@ $i $l $? %b !< %I >p Js $r MQ $$ $F !" 6& M- JQ ?t $N J] ;} $9 $k %9 %l %C %I $X $N %] %$ %s %? $, !" >o $K !" <+ ?H $r =P NO $K ;} $D %9 %l %C %I $X $N %] %$ %s %? $G $" $k $h $& $K !" F0 E* $K DI @W !& JQ 99 $9 $k %3 !< %I $r @8 @. $9 $k !# 6q BN E* $K $O !" � $" $k @a C $K $* $$ $F !" %\ %G %# It $N $_ $K =P 8= $9 $k 6& M- JQ ?t X $K $O !" @a C $G X $r =P NO 0z ?t $K ;} $D %\ %G %# %4 !< %k $r 4^ $‘ %9 %l %C %I $X $N %] %$ %s %? $r J] ;} $5 $; $k !# � $" $k @a C $K $* $$ $F !" %X %C %I It $K =P 8= $9 $k 6& M- JQ ?t $, !" $= $N @a $G ?7 $? $K @8 @. $5 $l $k %9 %l %C %I ( T new ) $N =i 4| %4 !< %k $K $* $$ $F =P NO 0z ?t $G $" $k >l 9g $K $O !" $= $N 6& M- JQ ?t $N J] ;} $9 $k %9 %l %C %I $X $N %] %$ %s %? $r T new $X $N %] %$ %s %? $K =q $- 49 $( $k !# $N $h $& $J %3 !< %I $r @8 @. $9 $k !# 4.3 <B 9T 7O A0 @a $N $h $& $K $7 $F F@ $i $l $? <B 9T %3 !< %I $O !" <B 9T ;~ $K $O !" ?7 %9 %l %C %I $, @8 @. $5 $l $k $4 $H $K $= $N 4D 6- $r %R !< %W >e $K @8 @. $7 !" $= $N %9 %l %C %I MQ $N %9 %? %C %/ NN 0h $r 3d $j Ev $F $k !# 0J 8e !" $= $N %9 %l %C %I $N <B 9T Cf $O !" %4 !< %k 4D 6- $r %9 %? %C %/ >e $K @8 @. $7 $J $, $i !" %3 !< %I >e $G 8G Dj $5 $l $? =g $K %9 %l %C %I Fb %4 !< %k $r <B 9T $9 $k !# $3 $N <B 9T J} <0 $K $h $j !" => Mh =h M} 7O $G %4 !< %k $N @8 @. $4 $H $K %4 !< %k 4D 6- $r %R !< %W >e $K @8 @. $7 $F $$ $? $N $H Hf 3S $9 $k $H !" %R !< %W $N >C Hq NL $r Bg I} $K :o 8: $G $- $k !# $" $k %4 !< %k $N <B 9T $G F~ NO JQ ?t $, L$ 6q BN 2= $@ $C $? >l 9g !" $= $N JQ ?t $O B> $N %9 %l %C %I $K $h $j 6q BN 2= $5 $l $k $3 $H $, J] >Z $5 $l $F $$ $k !# $7 $? $, $C $F !" <B 9T Cf $N %9 %l %C %I $4 $H Cf CG $7 !" F0 E* %9 %l %C %I !& %9 %1 %8 %e !< %j %s %0 $K $h $j B> $N %9 %l %C %I $r <B 9T $9 $k !# ?^ 16 $K %9 %l %C %I <B 9T $N =h M} $N N. $l $r <( $9 !# 0J 2< !" <B Au $7 $? %9 %l %C %I MQ $N =h M} 7O 3K $N $& $A !" stac k <B Au $K 4X $9 $k It J, $H reply �rst scheduling $r 9T $& $? $a $K 9T $C $? 3H D% $K $D $$ $F =R $Y $k !# 4.3.1 %9 %? %C %/ <B Au K\ %9 %l %C %I 2= <j K! $K $* $1 $k <B 9T ;~ $N %* !< %P %X %C %I $K $O <! $N $h $& $J $b $N $, $" $k !# $^ $: !" ?7 $7 $$ %9 %l %C %I $, @8 @. $5 $l $k $H $- $N %* !< %P %X %C %I $H $7 $F $O !" � %9 %l %C %I %l %3 !< %I $N %R !< %W >e $X $N 3N J] � ;H MQ $9 $k %9 %? %C %/ NN 0h $N 3N J] � %9 %l %C %I $N %( %s %- %e !< !? %G %- %e !< $, $" $k !# $^ $? !" K\ <B Au $G $O %9 %? %C %/ $r MQ $$ $F !" %9 %l %C %I Fb $N %4 !< %k 4D 6- $r J] ;} $9 $k $? $a !" $" $k %9 %l %C %I $G %4 !< %k $r @8 @. $7 $F $= $l $r <B 9T $9 $k $^ $G $K @8 $8 $k %* !< %P %X %C %I $H $7 $F $O !" 1. %4 !< %k 4D 6- $N %9 %? %C %/ $X $N push 2. %4 !< %k 4D 6- $N %9 %? %C %/ $X $N p op 3. %5 %9 %Z %s %I %A %’ %C %/ $, $" $k !# 0l HL $K 1 $N =h M} $O !" ‘ %4 !< %k %l %3 !< %I $N 3N J] $K $+ $+ $k %* !< %P %X %C %I $H $[ $\ F1 Ey $G $" $j !" 2 $N =h M} $O <B 9T $N :] $K %4 !< %k %l %3 !< %I Fb $N 0z ?t $r FI $_ =P $9 $? $a $N %* !< %P %X %C %I $H $[ $\ F1 Ey $G $" $k !# $3 $N $? $a !" %4 !< %k $N %( %s %- %e !< !? %G %- %e !< $, >J N, $5 $l $F $$ $k J, $@ $1 !" <B 9T ;~ $K $* $1 $k %j %@ %/ %7 %g %s $N %* !< %P %X %C %I $, 7Z 8: $5 $l $F $$ $k !# $^ $? !" %4 !< %k $N 4D 6- $r %9 %? %C %/ $r MQ $$ $F <B 8= $9 $k $3 $H $G !" C; L? $G $" $k $3 $H $, B? $$ %4 !< %k 4D 6- $K $h $C $F !" %R !< %W $, L5 BL $K >C Hq $5 $l $k $N $r KI $0 $3 $H $, $G $- $k !# $3 $N $? $a !" <B 9T ;~ $N %R !< %W $N >C Hq NL $r Bg I} $K :o 8: $G $- !" GC $N %* !< %P %X %C %I $, 8: >/ $9 $k !# 4.3.2 reply �rst sc heduling $N $? $a $N 3H D% %G !< %? 9= B$ 6& M- JQ ?t L$ 6q BN 2= $N 6& M- JQ ?t $O !" ;2 >H $5 $l $k A0 $H ;2 >H 8e $H $G $O $= $N >u BV $, 0[ $J $k ( ?^ 17) !# $^ $: ;2 >H A0 $N 6& M- JQ ?t $O !" ;2 >H $K $h $C $F <+ J, $r =P NO 0z ?t $K $b $D %4 !< %k $r 4^ $‘ %9 %l %C %I $r reply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $9 $k I, MW $, $" $k !# $= $3 $G L$ 6q BN 2= $N 6& M- JQ ?t $N <B 8= J} K! $H $7 $F $O !" 1. generator ob ject $N Mx MQ 15

?^ 16: %9 %l %C %I <B 9T 16

?^ 17: 6& M- JQ ?t 2. %? %0 $r A} $d $7 !" @l MQ $N %G !< %? 9= B$ $r :n $k $N 2 $D $, 9M $( $i $l $k !# A0 <T $O F1 0l 2= 5! 9= $J $I $K <j $r 2C $( $k $3 $H $J $/ <B Au 2D G= $G $" $k $H $$ $& Mx E@ $, $" $k $, !" JQ ?t NN 0h 3N J] $N %* !< %P %X %C %I $d %a %b %j 8z N( $N Dc 2< !" <B 9T 8z N( $N Dc 2< $J $I $N 7g E@ $, $" $k !# 0l J} 8e <T $O !" %a %b %j !& <B 9T 8z N( $O => Mh HG $H $[ $\ F1 Ey $G $" $k $, !" F1 0l 2= 5! 9= $J $I =h M} 7O 3K $r JQ 99 $9 $k I, MW $, $" $k !# K\ <B Au $G $O !" <B 9T ;~ $N %* !< %P %X %C %I $r 7Z 8: $9 $k $? $a $K 8e <T $N J} K! $r $H $k !# 2< 0L 2 %S %C %H $, REF %? %0 $G $" $k >l 9g $K 8B $j !" >e 0L 1 %S %C %H $r 6& M- JQ ?t $N $? $a $N %? %0 $H $7 $F MQ $$ $k $3 $H $K $7 $? !# 0J 2< $3 $N JQ ?t $r C1 =c $K 6& M- JQ ?t $H 8F $V !# ;2 >H 8e $N JQ ?t $O => Mh $N KLIC $H F1 MM %U %C %/ JQ ?t $G <B 8= $5 $l $k !# => Mh $N 9= B$ $H 0[ $J $k $N $O %U %C %/ JQ ?t $, !" $= $N JQ ?t $N 6q BN 2= $r 9T $& %9 %l %C %I $N %] %$ %s %? $r J] ;} $7 $F $$ $k E@ $G $" $k !# 0J 2< $3 $N >u BV $N 6& M- JQ ?t $r 6& M- %U %C %/ JQ ?t $H 8F $V !# request record FI =P MW 5a $N <u ?. $d <B 9T Cf %9 %l %C %I $N Cf CG $K $h $C $F !" %7 %9 %F %‘ $O r e quest r e c or d $H 8F $V %l %3 !< %I $r @8 @. $9 $k !# $3 $l $O $= $N MW 5a $K $h $C $F 6q BN 2= $5 $l $k $Y $- 6& M- %U %C %/ JQ ?t $X $N %] %$ %s %? $r J] ;} $9 $k %l %3 !< %I $G $" $k !# $^ $? =h M} 7O 3K $O 8= :_ =h M} $r 9T $C $F $$ $k MW 5a $N r e quest r e c or d $r J] ;} $9 $k !# %9 %l %C %I %l %3 !< %I reply �rst scheduling $G $O %- %e !< $K $D $J $, $l $F $$ $k %9 %l %C %I $r @h F, $K $b $C $F $/ $k I, MW $, $" $k $? $a !" r eply thr e ad $r %- %e !< $+ $i H4 $$ $? >l 9g $K %- %e !< $r :F 9= @. $9 $k I, MW $, $" $k !# $3 $N %* !< %P %X %C %I $r >. $5 $/ 2! $5 $( $k $? $a !" K\ <j K! $G $O %9 %l %C %I %- %e !< $r AP J} 8~ %j %s %/ $r MQ $$ $F <B 8= $9 $k !# $^ $? Cf CG A0 $K =h M} $7 $F $$ $? MW 5a $d !" Cf CG Cf $K E~ Ce $7 $? MW 5a $r %j %8 %e !< %‘ 8e $K =h M} $G $- $k $h $& $K 3F %9 %l %C %I $O $= $N Fb It %G !< %? $H $7 $F !" $= $N %9 %l %C %I $K BP $9 $k MW 5a $N r e quest r e c or d $r FIF O %- %e !< $N 7A $G =j ;} $9 $k !# reply �rst scheduling $N <B :] <! $K !" 3.2.3 $N @a $G =R $Y $? MM !9 $J >l 9g $G $N !" reply �rst scheduling $N <B Au J} K! $K $D $$ $F =R $Y $k !# 0J 2< $G $O MW 5a $5 $l $? 6& M- JQ ?t $, X $G $" $k >l 9g !" $3 $N X $r JV ?. $9 $k $? $a $K %9 %1 %8 %e !< %k $5 $l $k %9 %l %C %I $r T X !" $3 $N MW 5a $K BP $9 $k r e quest r e c or d $r R X $H I= $9 $3 $H $K $9 $k !# C1 =c $J >l 9g ?^ 18 $r MQ $$ $F @b L@ $9 $k !# MW 5a <u ?. ;~ (1) $K X $O 6& M- %U %C %/ JQ ?t $K JQ 2= $7 !" X $N J] ;} $9 $k %9 %l %C %I T X $r r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k !# $^ $? $3 $N $H $- =h M} 7O 3K $O X $X $N %] %$ %s %? $r J] ;} $9 $k R X $r @8 @. $7 !" =h M} 7O 3K $K $3 $N %l %3 !< %I $r J] ;} $5 $; $k (2) !# $3 $N $h $& $K $7 $F %9 %1 %8 %e !< %k $5 $l $? T X $N <B 9T $K $h $C $F X $, 6q BN 2= $5 $l !" JV ?. $, 9T $o ?^ 18: reply �rst scheduling $K $* $1 $k =h M} 7O $N F0 :n ( C1 =c $J >l 9g ) ?^ 19: r eply thr e ad $, Cf CG $9 $k >l 9g $N =h M} 7O $N F0 :n $l $k (3) !# $3 $N $H $- =h M} 7O 3K $O <+ $i $N J] ;} $9 $k R X $r GK 4~ $7 !" $= $N 8e $O DL >o $N %9 %1 %8 %e !< %k $, 9T $o $l $k !# r eply thr e ad $N Cf CG ?^ 19 $r MQ $$ $F @b L@ $9 $k !# X $K BP $9 $k r eply thr e ad T X $, JV ?. A0 $K 6& M- JQ ?t Y $K BP $9 $k ;2 >H $K $h $C $F Cf CG $9 $k >l 9g (1) $r 9M $( $F $_ $k !# 6& M- JQ ?t Y $X $N ;2 >H $K $h $C $F T X $O Y $K BP $7 %U %C %/ $7 !" Y $O $3 $N ;~ E@ $G 6& M- %U %C %/ JQ ?t $K JQ 2= $9 $k !# $^ $? !" ?7 $? $K Y $K BP $9 $k r e quest r e c or d( R Y ) $, @8 @. $5 $l $k !# $= $7 $F @8 @. $9 $Y $- 6& M- JQ ?t $, X $+ $i Y $K JQ $o $C $? $? $a !" =h M} 7O 3K $O R X $r T X $K J] ;} $5 $; !" <+ $i $O R Y $r J] ;} $9 $k (2) !# $= $N 8e !" T Y $N <B 9T $K $h $C $F $" $k 6& M- %U %C %/ JQ ?t $, 6q BN 2= $5 $l $? >l 9g !" =h M} 7O 3K $O $= $N JQ ?t $K %U %C %/ $9 $k %9 %l %C %I $r %j %8 %e !< %‘ $9 $k !# $3 $N $H $- R Y $r MQ $$ $F $= $N 6& M- JQ ?t $, Y $G $" $k $+ $I $& $+ $r H= CG $7 !" $= $N 7k 2L 6q BN 2= $5 $l $? JQ ?t $, Y $G $" $l $P R Y $r MQ $$ $F !" %j %8 %e !< %‘ $5 $l $? %9 %l %C %I $N Cf $+ $i !" T X $r 8+ $D $1 $@ $7 !" $3 $l $r <! $N r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $9 $k (3) !# $^ $? Y $G $J $1 $l $P !" $= $N $^ $^ T Y $, r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k !# 6q BN 2= $r 9T $& %9 %l %C %I $, L$ @8 @. $N >l 9g ?^ 20 $r MQ $$ $F @b L@ $9 $k !# K\ <j K! $G $O X $K BP $9 $k FI =P MW 5a $K $h $C $F !" $= $N ;~ E@ $G X $r =P NO 0z ?t $K $b $D %4 !< %k $r 4^ $‘ %9 %l %C %I T X $r r eply 17

?^ 20: 6q BN 2= %9 %l %C %I $, L$ @8 @. $N >l 9g $N =h M} 7O $N F0 :n thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k (2) !# $= $N 8e !" @thread IU $- %4 !< %k g new @ thread $N <B 9T $K $h $C $F ?7 $? $K %9 %l %C %I T new $, @8 @. $5 $l $k $H $- $K !" g new $N %4 !< %k $N 0z ?t $K X $, =P NO $H $7 $F =P 8= $7 $F $$ $k $+ $I $& $+ $r R X $r MQ $$ $F H= CG $7 !" =P 8= $7 $F $$ $k >l 9g $O %9 %l %C %I T new $r r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $9 $k (3) !# B8 :_ $7 $J $$ >l 9g $O !" T X $r $= $N $^ $^ r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k !# J# ?t $N F1 0l 2= %4 !< %k $N <B 9T $, I, MW $J >l 9g X i $K BP $9 $k r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $? %9 %l %C %I T X i $N <B 9T $G 6& M- JQ ?t F1 ;N ( X j ; X k ) $N F1 0l 2= $, 9T $o $l $k >l 9g $r 9M $( $F $_ $k !# $3 $N ;~ !" X j ; X k $N $$ $: $l $+ 0l J} $, X i $G $" $k >l 9g $O !" $3 $N F1 0l 2= %4 !< %k $N <B 9T $K $h $C $F !" r eply thr e ad $r @Z BX $k I, MW $, $" $k !# i = j $G $" $k >l 9g $r 9M $( $k $H !" %4 !< %k ‘ X i = X k ’ $N 3F JQ ?t $O X i ( =P NO ) !" X k ( F~ NO ) $G $" $k $N $G !" <! $K r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $5 $l $k $Y $- %9 %l %C %I $O T X k $H $$ $& $3 $H $K $J $k !# =h M} 7O 3K $O !" R X i $r MQ $$ $F !" X j ; X k $N $$ $: $l $+ 0l J} $, X i $G $" $k $+ $I $& $+ $r D4 $Y !" Nc $( $P j = i $G $" $k >l 9g $O R X i $N Fb It %G !< %? $r X i $+ $i X k $K JQ 99 $7 X k $N J] ;} $9 $k %9 %l %C %I T X k $r <! $N r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $9 $k !# Nc $( $P !" ?^ 21 $N Nc $G $O !" N c $+ $i $N r ead %a %C %; !< %8 $N <u ?. $K $h $C $F N p B& $G $O X $N 6q BN 2= %9 %l %C %I $G $" $k T X $r r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $7 !" X $O 6& M- %U %C %/ JQ ?t $K $J $k (1) !# $= $N 8e !" T X Cf $N %4 !< %k X = Y $, <B 9T $5 $l !" r eply thr e ad $, T X $+ $i T Y $K @Z $j BX $( $i $l $k (3) !# T Y $N <B 9T $G X ; Y $O 6q BN 2= $5 $l N C $K BP $9 $k JV ?. $, 9T $o $l $k (4) !# 0l J} i 6 = j; i 6 = k $N >l 9g $K $O !" =P NO B& $N JQ ?t $K BP $7 $F !" F~ NO B& $N JQ ?t $X $N %] %$ %s %? $r Be F~ $7 $F $d $l $P $h $/ !" $3 $& $9 $k $3 $H $G !" $3 $l $i $N 6& M- JQ ?t $O !" $3 $N F1 0l 2= %4 !< %k $G $N F~ NO B& 0z ?t $N 6q BN 2= %9 %l %C %I $N %] %$ %s %? $r J] ;} $9 $k $3 $H $, $G $- $k !# $3 $l $K $h $C $F X j ; X k $N $$ $: $l $X $N ;2 >H $K $h $C $F $b !" 0J 8e $O X j ; X k $N 6q BN 2= %9 %l %C %I $r r eply thr e ad $H $7 $F M% @h E* $K %9 %1 %8 %e !< %k $9 $k $3 $H $, $G $- $k !# $3 $3 $G !" X j ; X k $N $& $A 8= :_ <B 9T Cf $N %9 %l %C %I $X $N %] %$ %s %? $r J] ;} $7 $F $$ $k J} $, =P NO B& JQ ?t $G $" $k !# J# ?t $N FI =P MW 5a $, B8 :_ $9 $k >l 9g J# ?t $N FI =P MW 5a $, B8 :_ $9 $k >l 9g $N =h M} $N $? $a $K !" =h M} 7O 3K $O r e quest r e c or d $r FIFO $G ?^ 21: J# ?t $N F1 0l 2= %4 !< %k $N <B 9T $, I, MW $J >l 9g $N =h M} 7O $N F0 :n ?^ 22: J# ?t $N FI =P MW 5a $, B8 :_ $9 $k >l 9g $N =h M} 7O $N F0 :n 18

=h M} $9 $k $? $a $N %- %e !< ( %j %/ %( %9 %H %- %e !< ) $r J] ;} $9 $k !# E~ Ce $7 $? FI =P MW 5a $O $3 $N %- %e !< $N :G 8e Hx $K $D $J $, $l !" <B 9T Cf $N reply �rst scheduling $, =* N; $9 $k $+ Cf CG $7 $? >l 9g $K !" <h $j =P $5 $l $F =h M} $5 $l $k !# $3 $N ;~ !" $= $N MW 5a %G !< %? $, JV ?. :Q $G $" $k $+ $I $& $+ $N %A %’ %C %/ $r 9T $$ !" JV ?. :Q $G $" $l $P <! $N MW 5a $, =h M} $5 $l $k !# $^ $? !" $3 $N ;~ $K r eply thr e ad $H $7 $F %9 %1 %8 %e !< %j %s %0 $5 $l $k $Y $- %9 %l %C %I $, 30 It ;2 >H %] %$ %s %? $X $N ;2 >H $K $h $C $F Cf CG $7 $F $$ $k >l 9g $O !" JV ?. $K $h $C $F %j %8 %e !< %‘ $5 $l $k $^ $G $= $N %9 %l %C %I $r %9 %1 %8 %e !< %k $9 $k $3 $H $O $G $- $J $$ $N $G !" $= $N r e quest r e c or d $r $= $N Cf CG %9 %l %C %I $K J] ;} $5 $; $F $* $/ !# $= $N 8e !" $= $N %9 %l %C %I $, JV ?. $r <u $1 <h $j %j %8 %e !< %‘ $5 $l $k ;~ $K $= $N r e quest r e c or d $r %j %/ %( %9 %H %- %e !< $K La $7 $F $d $k !# ?^ 22 $N Nc $G $O !" N p B& $O X $K BP $9 $k reply �rst scheduling $r 9T $C $F $$ $k :G Cf (1) $K !" Y $K BP $9 $k FI =P MW 5a r ead ( Y ) $r <u ?. $7 !" Y $K BP $9 $k %j %/ %( %9 %H %l %3 !< %I R Y $r @8 @. $9 $k !# $3 $N $H $- $3 $N MW 5a $O %j %/ %( %9 %H %- %e !< $K $D $J $, $l $k (2) !# $= $N 8e X $, 6q BN 2= $5 $l !" X $K BP $9 $k reply �rst scheduling $, =* N; $7 $? $" $H $G !" =h M} 7O 3K $O R Y $r %- %e !< $+ $i <h $j =P $7 !" Y $N 6q BN 2= %9 %l %C %I $G $" $k T Y $r r eply thr e ad $H $7 $F %9 %1 %8 %e !< %k $9 $k (3) !# 5 I> 2A K\ >O $G $O !" A0 >O $^ $G $G =R $Y $? %4 !< %k !& %9 %1 %8 %e !< %j %s %0 :G E, 2= <j K! $N I> 2A $r 9T $& !# 5.1 B, Dj >r 7o 5.1.1 B, Dj 4D 6- B, Dj $O � KLIC version.2.002 � SP AR C Station 20 (1 !A 3 Bf ) � PVM version.3.3.11 $G 9T $C $? !# C %3 %s %Q %$ %i $O gcc $r MQ $$ !" :G E, 2= %* %W %7 %g %s $N ;X Dj $O 9T $o $J $+ $C $? !# $^ $? <B 9T ;~ $K ;H MQ $9 $k %a %b %j NN 0h $H $7 $F !" %R !< %W NN 0h $O 1 %a %, %o !< %I !" %9 %? %C %/ NN 0h $O A4 BN $G 1 %- %m %o !< %I ;H MQ $7 $? !# 5.1.2 BP >] %W %m %0 %i %‘ I> 2A BP >] $N %W %m %0 %i %‘ $H $7 $F � handshake � reverse � circle to square � master slave $N 4 $D $N %W %m %0 %i %‘ $r MQ $$ $? !# handshake $O ?^ 6 $N %W %m %0 %i %‘ $G $" $k !# reverse $O IU O? A $N %W %m %0 %i %‘ $G $" $j !" Dj $a $i $l $? <j =g $K $7 $? $, $C $F %* %; %m %2 !< %‘ $r 9T $& %W %m %0 %i %‘ $G $" $k !# circle to square $O IU O? B $N %W %m %0 %i %‘ $G $" $j !" J# ?t $N %N !< %I $G 0[ $J $k Fs $D $N d $K $D $$ $F D> 7B d $N 1_ $N LL @Q $H 0l JU d $N @5 J} 7A $N LL @Q Hf $r 5a $a $k !# master slave $O IU O? C $N %W %m %0 %i %‘ $G $" $j !" J# ?t $N %W %m %; %9 $, $= $l $> $l @0 ?t %j %9 %H $r @8 @. $7 !" $" $k %W %m %; %9 $, $= $l $i $r =8 7W $9 $k $h $& $J %W %m %0 %i %‘ $G $" $k !# I= 2: handshake $G $N @- G= I> 2A ;~ 4V GC 2s ?t Cf CG 2s ?t (sec) => Mh HG 19.21 24 1000000 %9 %l %C %I 2= 9.42 7 500001 reply �rst 10.77 11 500001 I= 3: reverse $G $N @- G= I> 2A ;~ 4V GC 2s ?t Cf CG 2s ?t (sec) => Mh HG 79.42 119 2964000 %9 %l %C %I 2= 27.37 17 92999 5.2 handshake %9 %l %C %I 2= $* $h $S reply �rst scheduling $K $h $k Cf CG 2s ?t !& GC $N 2s ?t $N JQ 2= !" <B 9T ;~ 4V $r I= 2 $K <( $9 !# $3 $N %W %m %0 %i %‘ $O JB Ns @- $, $[ $H $s $I $J $$ $? $a !" C‘ <! 4D 6- $N $_ $G $N I> 2A $r 9T $& !# => Mh HG $H Hf $Y !" Cf CG 2s ?t $O H> J, $K $J $C $F $$ $k !# $3 $l $O 3.1.1 @a $G =R $Y $? 9= B$ 7? %G !< %? $N 0l It $@ $1 $, 6q BN 2= $5 $l $? CJ 3, $G ;2 >H B& $K @) 8f $, 0\ $k $H $$ $& Ld Bj $, %9 %l %C %I 2= $K $h $j 2r >C $5 $l $? $? $a $G $" $k !# $^ $? !" GC 2s ?t $, Ls 1/3 $K 8: >/ $7 $F $* $j !" %4 !< %k 4D 6- $N %9 %? %C %/ $K $h $k <B Au $G !" %R !< %W $N >C Hq NL $, Bg I} $K :o 8: $5 $l $? $3 $H $r <( $7 $F $$ $k !# $3 $l $i $K 2C $( !" %9 %l %C %I Fb %4 !< %k $K $D $$ $F %9 %1 %8 %e !< %j %s %0 $N %* !< %P %X %C %I $, 8: >/ $7 $? $? $a A4 BN $G $O Ls 2 G\ $N B. EY 8~ >e $, F@ $i $l $? !# reply �rst scheduling $r ;H MQ $7 $? >l 9g $O !" ;H MQ $7 $J $$ $b $N $K BP $7 $F 1 3d $[ $I B. EY $, CY $$ !# $3 $l $O reply �rst scheduling $N $? $a $N =h M} $K !" %* !< %P %X %C %I $, B8 :_ $9 $k $? $a $G $" $k !# $^ $? $3 $N %W %m %0 %i %‘ $G $O !" ;H MQ $7 $J $$ >l 9g $H F1 MM $N %9 %1 %8 %e !< %k $r 9T $& $? $a !" $3 $N %* !< %P %X %C %I $N J, $@ $1 B. EY Dc 2< $r 5/ $3 $7 $F $$ $k $H 9M $( $i $l $k !# 5.3 reverse IU O? A $N %W %m %0 %i %‘ $G $" $k !# $3 $N %W %m %0 %i %‘ $O A0 $b $C $F M? $( $i $l $? <j =g $K $7 $? $, $C $F !" %* %; %m %2 !< %‘ $r 9T $& %W %m %0 %i %‘ $G $" $k !# $3 $N $? $a !" 2 ?M $N %W %l %$ %d !< A( @h <j ),B( 8e <j ) $N $& $A !" A $, @P $r CV $/ 4V $O B $O 2? $b $7 $J $$ !# F1 MM $K B $, @P $r CV $/ 4V $O A $O 2? $b $7 $J $$ !# $h $C $F !" $3 $N %W %m %0 %i %‘ $K $O JB Ns @- $, A4 $/ B8 :_ $7 $J $$ !# 0l J} !" F1 ;~ $K B8 :_ $9 $k %9 %l %C %I $N ?t $O :G Bg $G 2 $D $7 $+ $J $$ $N $G !" reply �rst scheduling $r 9T $& 0U L# $, $J $$ !# $7 $? $, $C $F !" $3 $N %W %m %0 %i %‘ $O %9 %l %C %I 2= <j K! $K $D $$ $F C‘ <! 4D 6- 2< $G $N @- G= I> 2A $N $_ $r 9T $& !# %9 %l %C %I 2= $K $h $k Cf CG 2s ?t !& GC $N 2s ?t $N JQ 2= !" <B 9T ;~ 4V $r I= 3 $K <( $9 !# %9 %l %C %I 2= $K $h $j !" Cf CG 2s ?t $, Ls 1/32 $K 8: >/ $7 $F $$ $k !# $3 $l $O => Mh HG $G $O 8e <j $G $" $k B $N <B 9T ES Cf $G resumption �rst scheduling $K $h $j !" B B& $N 1 <j J, $N =h M} A4 $F $, =* $o $k A0 $K !" A B& $N <! $N 1 <j $X $N =h M} $K @) 8f $, 0\ $C $F $$ $? $N $, !" %9 %l %C %I 2= $K $h $j !" B $N 1 <j J, $N =h M} $, A4 $F =* N; $9 $k $^ $G !" A B& $X $N @) 8f 0\ 9T $r 5/ $3 $5 $J $/ $J $C $? $? $a $G $" $k !# $^ $? !" GC 2s ?t $b 1/7 $K 8: >/ $7 $F $* $j !" $3 $l $i $N 7k 2L $H $7 $F !" Ls 2.9 G\ $N @- G= 8~ >e $, F@ $i $l $F $$ $k !# 19

?^ 23: %W %m %0 %i %‘ circle to square 5.4 circle to square IU O? B $N %W %m %0 %i %‘ $G $" $k !# %9 %l %C %I 2= $* $h $S reply �rst sc heduling $K $h $k Cf CG 2s ?t !& GC $N 2s ?t $N JQ 2= !" <B 9T ;~ 4V $* $h $S 3F %N !< %I $N %" %$ %I %k ;~ 4V $r I= 4 $K <( $9 !# $3 $N %W %m %0 %i %‘ $O D> 7B d $N 1_ $H d $H F1 $8 D9 $5 $N 0l JU $r ;} $D @5 J} 7A $N LL @Q $N Hf $r !" Fs $D $N d ( d 1 ; d 2 ) $K $D $$ $F 5a $a $k %W %m %0 %i %‘ $G $" $j !" 7W ;; $O $D $. $N $h $& $J %" %k %4 %j %: %‘ $G 9T $& !# @5 J} 7A $H $= $l $K Fb @\ $9 $k 1_ $r 9M $( $? >l 9g $K !" $= $N @5 J} 7A $r 3J ;R >u $K J, 3d $7 !" 3F 3J ;R E@ $K $D $$ $F $= $l $, 1_ $N Fb B& !& 30 B& $N $$ $: $l $+ $G $" $k $+ $r H= Dj $7 !" $= $l $> $l $K $D $$ $F Am OB $r 5a $a $? $N $A !" 1_ $H @5 J} 7A $N LL @Q Hf $r 5a $a $k !# d 1 ; d 2 $N $= $l $> $l $K BP $9 $k 7W ;; $O FH N) $K JL %N !< %I $G 9T $o $l $k !# $3 $N $? $a => Mh HG $G $O 2 Bf $G Ls 1.6 G\ $N Bf ?t 8z 2L $, F@ $i $l $F $$ $k !# %9 %l %C %I 2= $r 9T $& $H !" ?^ 23 $N $h $& $J 9= B$ $K $J $j !" %N !< %I 0 B& $G $O T 0 ; T 1 $N Fs $D $N %9 %l %C %I $, %9 %1 %8 %e !< %k $5 $l !" %N !< %I 1 B& $G $O T 2 $, %9 %1 %8 %e !< %k $5 $l $k !# T 0 ; T 2 $O LL @Q Hf $r 5a $a $k %9 %l %C %I $G !" T 1 $O T 0 ; T 2 $, ;H MQ $9 $k d $r @8 @. $9 $k %9 %l %C %I $G $" $k !# %N !< %I 1 $K Ej $2 $i $l $? T 2 $O T 1 $N @8 @. $9 $k %G !< %? $r BT $C $F Cf CG $7 !" %N !< %I 0 $K BP $7 FI =P MW 5a $r 9T $& !# $7 $+ $7 $J $, $i !" %N !< %I 0 $G $O !" T 0 $, %9 %1 %8 %e !< %k $5 $l $F $* $j !" $7 $+ $b $3 $N %9 %l %C %I $O Cf CG $; $: $K <B 9T $r =* N; $9 $k !# T 1 $, %j %8 %e !< %‘ $5 $l $k $N $O !" T 0 $N <B 9T $, =* N; $7 $F $+ $i $G $" $j !" JB Ns 4D 6- $G $O JB Ns @- $, A4 $/ $G $J $$ !# $3 $l $O %9 %l %C %I 2= $K $h $C $F d $r @8 @. $9 $k %4 !< %k $N <B 9T $, 8e 2s $7 $K $5 $l $? $? $a $G $" $k !# $3 $N $? $a C‘ <! 4D 6- $G $O <B 9T 8z N( $N >e >: $+ $i !" Ls 1.3 G\ $N B. EY 8~ >e $, F@ $i $l $F $$ $k $K $b $+ $+ $o $i $: !" JB Ns 4D 6- $G $O => Mh HG $h $j $b CY $/ $J $C $F $7 $^ $C $F $$ $k !# 0l J} reply �rst scheduling $r E, MQ $9 $k $H !" T 2 $+ $i $N FI =P MW 5a $G %9 %l %C %I 2= $K $h $C $F 8e 2s $7 $K $5 $l $F $$ $k T 1 $r M% @h E* $K %9 %1 %8 %e !< %k $9 $k $? $a !" JB Ns @- $r 3N J] $9 $k $3 $H $, $G $- $k !# $3 $N 7k 2L C‘ <! 4D 6- 2< $H F1 MM !" => Mh HG $K Hf $Y Ls 1.3 G\ $N B. EY 8~ >e $, F@ $i $l $F $$ $k !# 5.5 master slave IU O? C $N %W %m %0 %i %‘ $G $" $k !# %9 %l %C %I 2= $* $h $S reply �rst sc heduling $K $h $k Cf CG 2s ?t !& GC $N 2s ?t $N JQ 2= !" <B 9T ;~ 4V $* $h $S 3F %N !< %I $N %" %$ %I %k ;~ 4V $r I= 5 $K <( $9 !# $3 $N %W %m %0 %i %‘ $O !" @0 ?t %j %9 %H $r @8 @. $9 $k J# ?t $N %9 %l %$ %V %W %m %; %9 $H $= $l $i $+ $i $N =P NO $r =8 7W $9 $k %^ %9 %? !< %W %m %; %9 $+ $i $J $j !" JB Ns 4D 6- $K $* $$ $F $O %9 %l %$ %V %W %m %; %9 $, %N !< %I 0 >e $K %^ %9 %? !< %W %m %; %9 $, %N !< %I 1 >e $K B8 :_ $9 $k !# %^ %9 %? !< %W %m %; %9 $O $" $k FC Dj $N =g =x $K => $C $F !" 3F %9 %l %$ %V %W %m %; %9 $N =P NO $r <u $1 <h $k !# 0l J} 3F %9 %l %$ %V %W %m %; %9 $N <B 9T =g =x $O 5, Dj $5 $l $F $$ $J $$ !# $7 $? $, $C $F => Mh <j K! $d %9 %l %C %I 2= <j K! $N $_ $N E, MQ $G $O I, $: $7 $b %^ %9 %? !< %W %m %; %9 $N I, MW $H $9 $k =g $K %9 %l %$ %V %W %m %; %9 $, %9 %1 %8 %e !< %j %s %0 $5 $l $J $$ $? $a !" %^ %9 %? !< %W %m %; %9 $, $= $N ;~ E@ $G I, MW $H $9 $k =P NO $r BT $C $F Cf CG $7 !" %N !< %I 1 $O %" %$ %I %k >u BV $H $J $C $F $7 $^ $& !# $= $N 7k 2L !" %W %m %0 %i %‘ $N JB Ns @- $r 0z $- =P $9 $3 $H $, $G $- $: !" JB Ns <B 9T $K $h $k @- G= 8~ >e $, F@ $i $l $J $$ $P $+ $j $+ !" C‘ <! <B 9T $h $j $b <B 9T B. EY $, Dc 2< $7 $F $7 $^ $C $F $$ $k !# 0l J} !" reply �rst scheduling $r MQ $$ $k $3 $H $G !" %^ %9 %? !< B& $N MW 5a %G !< %? $r @8 @. $9 $k %9 %l %$ %V %W %m %; %9 $, M% @h E* $K %9 %1 %8 %e !< %k $5 $l $k !# $7 $? $, $C $F !" %^ %9 %? !< B& $, %9 %l %$ %V $+ $i $N JV ?. $r BT $C $F Cf CG $9 $k ;~ 4V $O => Mh $N $b $N $K Hf $Y $F $h $j >/ $J $$ $b $N $H $J $k !# $= $N 7k 2L !" SS-20 2 Bf $K $h $k JB Ns <B 9T $G !" C‘ <! <B 9T $K BP $7 $F !" Ls 1.4 G\ $N B. EY 8~ >e $, F@ $i $l $F $$ $k !# 6 9M ;! 6.1 4X O" 8& 5f $H $N Hf 3S $3 $3 $G $O 4X O" 8& 5f $H $7 $F B.C.Massey $H E.Tick $N 8& 5f [15] $H !" 9S LZ $N 8& 5f [16] $r <h $j >e $2 $k !# B.C.Massey $H E.Tick $N 8& 5f B.C.Massey $H E.Tick $O BP >] %W %m %0 %i %‘ $K BP $7 !" 0J 2< $N $h $& $J @) 8B $r @_ $1 $k $3 $H $G !" %W %m %0 %i %‘ $N C‘ <! 2= $r 9T $C $F $$ $k !# fully-mo ded: J8 8% [13] $N <j K! $G %4 !< %k $N 0z ?t $N %b !< %I $, A4 $F 7h Dj $9 $k feedback-free: $" $k @a $N %\ %G %# %4 !< %k $N 0z ?t 4V $K %5 %$ %/ %j %C %/ $J %G !< %? 0M B8 4X 78 $, B8 :_ $7 $J $$ $3 $H $3 $N $h $& $J @) 8B $r @_ $1 $k $3 $H $G !" %0 %m !< %P %k $J 2r @O $r 9T $& $3 $H $J $/ !" @a Fb $N %4 !< %k $N <B 9T =g =x $r %3 %s %Q %$ %k ;~ $K 40 A4 $K 7h Dj $9 $k $3 $H $, $G $- $k !# $3 $N feedback-free $H $$ $& @) 8B $O !" %W %m %0 %i %‘ 8@ 8l $N ;} $D K\ <A E* $J 5- =R G= NO $r 8B Dj $9 $k $b $N $G $O $J $$ !# $7 $+ $7 $J $, $i Ld Bj $K $h $C $F $O !" %W %m %0 %i %^ $, $+ $J $j 0U <1 $7 $F =q $+ $J $$ 8B $j !" feedback- free $J %W %m %0 %i %‘ $r =q $/ $3 $H $O $G $- $J $$ $b $N $b B8 :_ $7 !" $7 $+ $b $= $& $$ $C $? Ld Bj $O >/ $J $/ $O $J $$ !# $^ $? $3 $N $? $a !" 8= :_ =q $+ $l $F $$ $k B? $/ $N %W %m %0 %i %‘ $K !" feedback-free $G $O $J $$ %W %m %0 %i %‘ $O B? ?t B8 :_ $7 !" $3 $N J8 8% $K $* $1 $k C‘ <! 2= $r $3 $l $i $N %W %m %0 %i %‘ $K E, MQ $9 $k $? $a $K $O $= $l $r feedback-free $K =q $- D> $9 I, MW $, $" $k !# $3 $l $i $N $3 $H $+ $i !" H‘ $i $N 2] $7 $? @) 8B $O Hs >o $K 87 $7 $$ $H $$ $( $k !# 0l J} 2f !9 $N <j K! $O well-moded $J %W %m %0 %i %‘ $J $i A4 $F E, MQ 2D G= $G $" $k !# 9S LZ $N 8& 5f Committed-Choice 7? 8@ 8l Fleng $O !" KL1 F1 MM !" <B 9T N3 EY $, >. $5 $$ $? $a %* !< %P %X %C %I $, Bg $- $$ !# $3 $N 8& 5f $G $O Fleng $K $* $$ $F %W %m %0 %i %‘ $N 0U L# $r JQ 2= $5 $; $k $3 $H $J $/ N3 EY $r :G E, 2= $9 $k $3 $H $r L\ I8 $H $7 $F $$ $k !# $= $N <j CJ $H $7 $F !" %4 !< %k $N %U %) !< %/ $r 8F $S =P $5 $l $k %4 !< %k $N Dj 5A $G E8 3+ $9 $k %$ %s %i %$ %s E8 3+ $H $$ $& J} K! $H !" J# ?t $N %4 !< %k $r 0l $D $K $^ $H $a $k %4 !< %k M; 9g $H $$ $& J} K! $r MQ $$ $F $$ $k !# $^ $? !" N3 EY $r Bg $- $/ $7 $9 $. $k $3 $H $K $h $k !" JB Ns EY $N Dc 2< $N Ld Bj $K 4X $7 $F $O !" !V %P %s %P %s N3 EY @) 8f !W [17] $r Mx MQ $7 !" 9b Ii 2Y MQ !" Dc Ii 2Y MQ $N Fs <o N‘ $N %3 !< %I $r @8 @. $9 $k $3 $H $G BP =h $7 $F $$ $k !# 8F =P $7 LZ $K %5 %$ %/ %j %C %/ $J 0M B8 4X 78 $, B8 :_ $7 $J $$ >l 9g $K !" %4 !< %k M; 9g $r 9T $& !# $3 $l $O !" K\ <j K! $K $* $$ $F !" C1 J} 8~ $N %G !< %? 0M B8 $, B8 :_ $9 $k >l 9g $N $_ !" F1 0l %9 %l %C %I $H $7 $F C‘ <! 2= $5 $l $k $N $H F1 MM $G $" $k !# 0l HL $K !" %W %m %0 %i %‘ $N 0U L# $r JQ $( $: $K 0B A4 $K C‘ <! 2= $r 9T $& $K $O !" 2r @O ;~ $K !" 0M B8 $, H= L@ $7 $J $$ >l 9g $K $O !" AP J} 8~ $K 0M B8 $, $" $k $b $N $H $9 $k !# $3 $N $? $a !" 2r @O $N @: EY $, C‘ <! 2= $N 8z 2L $K Bg $- $J 4X $o $j $r ;} $C $F $/ $k !# 20

I= 4: circle to square $G $N @- G= I> 2A ;~ 4V GC 2s ?t Cf CG 2s ?t idle( N 0 ) idle( N 1 ) (sec) ( 9g 7W ) ( 9g 7W ) (sec) (sec) C‘ <! => Mh HG 53.03 84 3 - - %9 %l %C %I 2= 39.61 30 1 - - JB Ns (2+1 Bf ) => Mh HG 33.00 84 9 10.72 0.06 %9 %l %C %I 2= 40.94 30 2 24.40 16.56 reply �rst 25.43 30 2 8.34 0.13 I= 5: master slave $G $N @- G= I> 2A ;~ 4V GC 2s ?t Cf CG 2s ?t idle( N 0 ) idle( N 1 ) (sec) ( 9g 7W ) ( 9g 7W ) (sec) (sec) C‘ <! => Mh HG 60.40 0 0 - - %9 %l %C %I 2= 60.42 0 0 - - reply �rst 60.44 0 0 - - JB Ns (2+1 Bf ) => Mh HG 70.78 0 3108 39.49 31.00 %9 %l %C %I 2= 69.44 0 1019 37.86 34.93 reply �rst 44.07 0 1020 6.59 9.27 $7 $+ $7 !" J8 8% [16] $G $O !" %4 !< %k 4V $N 2r @O $G $O !" =h M} 7O $, J# ;( $K $J $k $N $r $- $i $C $F !" Ho 8F =P $7 B& $+ $i 8F =P $7 B& $X $N 2r @O >p Js $N EA C# $7 $+ 9T $C $F $$ $J $$ !# Ho 8F =P $7 B& $N 2r @O $r 9T $& $N $K !" 8F =P $7 B& $N 2r @O >p Js $, I, MW $J >l 9g $H $$ $& $N $O !" MF 0W $K 9M $( $i $l !" $3 $N @) 8B $K $h $j 2r @O $N @: EY $, Bg I} $K Mn $A $F $$ $k $H $$ $( $k !# $^ $? !" 9= B$ BN $N Cf ?H $^ $G 4^ $a $? 2r @O $r 9T $C $F $$ $J $$ $H $$ $& Ld Bj $b $" $k !# 9= B$ BN $H JQ ?t $H $N F1 0l 2= $N >l 9g $K $O !" <B :] $K $O B8 :_ $7 $J $$ 2> A[ E* $J 0M B8 4X 78 $r IU 2C $7 $F $* $j !" 2r @O $N @: EY $r Mn $7 $F $$ $k !# 0l J} K\ 8& 5f $G $O !" 8F =P $7 B& $+ $i Ho 8F =P $7 B& $X $N 2r @O >p Js $N EA C# !" 9= B$ BN $N Cf ?H $^ $G 4^ $a $? 2r @O $r $H $b $K 9T $C $F $* $j !" $3 $& $$ $C $? Ld Bj $O @8 $8 $J $$ !# 6.2 :# 8e $N 2] Bj reply �rst scheduling $N 5/ F0 $K 4X $9 $k 9M ;! 8= :_ $N reply �rst scheduling $G $O !" FI =P MW 5a (read %a %C %; !< %8 ) $K $h $k 5/ F0 $N $_ $r 9M $( $F $$ $k !# $7 $+ $7 !" 2.1.2 @a $G =R $Y $? $h $& $K !" KLIC $G $N 30 It ;2 >H %] %$ %s %? $O !" C1 J} 8~ $N %j %s %/ $7 $+ D% $i $l $F $$ $J $$ !# 0J 2< !" JQ ?t X $r Aw ?. $7 $? B& $r N p , Aw ?. $5 $l 30 It ;2 >H %] %$ %s %? $, @8 @. $5 $l $? B& $r N c $H $9 $k $H !" N c B& $G $N X $K BP $9 $k ;2 >H $G $O !" read %a %C %; !< %8 $r Aw ?. $7 !" N p B& $G reply �rst sc heduling $, 9T $o $l $k $, !" N p B& $G $N ;2 >H $G $O !" N c $G $N reply �rst scheduling $O 9T $o $l $J $$ !# B> %N !< %I $G @8 @. $5 $l $k 6q BN CM $K BP $7 $F $O !" I, $: reply �rst sc heduling $r 9T $& $3 $H $, K> $^ $7 $$ !" $7 $? $, $C $F !" N p B& $G $N ;2 >H $G $" $C $F $b !" N c B& $G reply �rst scheduling $r 9T $( $k $h $& $J 5! 9= $N F3 F~ $, I, MW $G $" $k !# Nc $( $P !" $" $k JQ ?t X $K BP $7 $F N p B& $G 6q BN 2= $, 9T $o $l $J $$ $3 $H $O !" 2r @O $K $h $C $F J] >Z $G $- $k !# $h $C $F $3 $& $$ $C $? JQ ?t $K 4X $7 $F $O !" %G !< %? $N Aw ?. 8e !" JV ?. @h $r ;} $D ackno wlege $r N c $+ $i <u $1 <h $j !" N p B& $+ $i N c B& $X $N %] %$ %s %? $r D% $k J} K! $, 9M $( $i $l $k !# DL ?. 9b B. 2= <j K! $H $N J; MQ X $K BP $9 $k FI =P MW 5a $K $h $j !" reply �rst scheduling $r 9T $C $? >l 9g !" X $, 9= B$ 7? %G !< %? $K 6q BN 2= $5 $l $k >l 9g !" X $N :G 30 B& $N CM $, 6q BN 2= $5 $l $? $@ $1 $G !" JV ?. $r $* $3 $J $C $F $7 $^ $& !# ;2 >H B& $, 9= B$ %G !< %? $N Fb It $^ $G !" ;2 >H $9 $k >l 9g $K $O !" $b $& 0l EY FI =P MW 5a $r 9T $& I, MW $, $" $k !# $3 $l $r !" %9 %l %C %I $N @Z BX %? %$ %_ %s %0 $^ $G Aw ?. $r CY $i $; !" 0J A0 2f !9 $, Ds 0F $7 $? 0l 3g Aw ?. <j K! [18] $r MQ $$ $k $3 $H $G !" $3 $N $h $& $J :Y N3 EY $N DL ?. $r Hr $1 $k $3 $H $, $G $- $k !# 7 7k O@ K\ O@ $G $O !" @E E* 2r @O $r Mx MQ $7 $? JB Ns O@ M} 7? 8@ 8l KL1 $N %4 !< %k %9 %1 %8 %e !< %j %s %0 :G E, <j K! $H $= $l $N KL1 =h M} 7O KLIC $K BP $9 $k <B Au $K $D $$ $F =R $Y $? !# K\ <j K! $G $O !" @E E* 2r @O $K $h $j %4 !< %k 4V $N 0M B8 >p Js $r Cj =P $7 !" %3 %s %Q %$ %k ;~ $K =g =x 7h Dj 2D G= $J %4 !< %k $N =8 9g $r %9 %l %C %I $H $7 $F !" %9 %l %C %I Fb $N @E E* %9 %1 %8 %e !< %j %s %0 $r 9T $& !# $3 $l $K $h $j !" <B 9T ;~ $N %4 !< %k $N %j %@ %/ %7 %g %s $K 4X $9 $k %* !< %P %X %C %I $r Bg $- $/ 8: $i $9 $3 $H $, $G $- $k !# $^ $? !" %4 !< %k $N <B 9T =g =x $r @E E* $K 8G Dj $7 $? $3 $H $K $h $j !" %9 %? %C %/ $r MQ $$ $? 8z N( E* $J <B Au $r 9T $& $3 $H $, $G $- $? !# $3 $l $K $h $j !" %R !< %W NN 0h $N ;H MQ 8z N( $d <B 9T 8z N( $r $" $2 $k $3 $H $, $G $- $? !# $^ $? !" %9 %l %C %I 2= $K $h $j JB Ns @- $, Dc 2< $9 $k $h $& $J Ld Bj $K 4X $7 $F $O !" MW 5a %G !< %? $r $G $- $k 8B $j Aa $/ @8 @. $9 $k $h $& $K %9 %l %C %I $r %9 %1 %8 %e !< %j %s %0 $9 $k reply-�rst J} <0 $r MQ $$ !" C‘ <! 2= $5 $l $? %W %m %0 %i %‘ $N ;} $D JB Ns @- $r :G Bg 8B $K Cj =P $9 $k $3 $H $G !" 8z N( E* $J %9 %l %C %I !& %9 %1 %8 %e !< %j %s %0 $r 9T $& $3 $H $, $G $- $k !# K\ <j K! $r => Mh $N KL1 =h M} 7O KLIC >e $K <B Au $7 !" @- G= I> 2A $r 9T $C $? 7k 2L !" %9 %l %C %I 2= <j K! $K 4X $7 $F $O !" C‘ <! 4D 6- $K $* $$ $F $O !" 1.3 !A 2.9 G\ $N B. EY 8~ >e $, F@ $i $l $? !# 0l J} JB Ns 4D 6- $G $O !" <B 9T ;~ $N JB Ns @- $N Dc 2< $K $h $j => Mh HG $h $j $b B. EY Dc 2< $r 5/ $3 $9 Ld Bj $d => Mh $N <j K! $G $O $= $N %W %m %0 %i %‘ $N ;} $D JB Ns @- $r Cj =P $G $- $: $K C‘ <! <B 9T $h $j $b @- G= $, Dc 2< $9 $k Ld Bj $b B8 :_ $7 $? !# $= $& $$ $C $? %W %m %0 21

%i %‘ $K 4X $7 $F $O !" reply �rst J} <0 $r E, MQ $9 $k $3 $H $G JB Ns @- $r 3N J] $G $- !" $= $N 7k 2L JB Ns 4D 6- $K $* $$ $F $b => Mh HG $K Hf $Y $F Ls 1.3 !A 1.6 G\ $N B. EY 8~ >e $, F@ $i $l $? !# $^ $? :# 8e $N 2] Bj $H $7 $F !" 6.2 @a $G =R $Y $? <j K! $N E, MQ $d !" $h $j Bg 5, LO $J %W %m %0 %i %‘ $G $N @- G= I> 2A $, $" $2 $i $l $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? IY ED bC <# 65 <x $K ?< ?S $J <U 0U $r I= $7 $^ $9 !# E, @Z $J 8f ;X F3 $r ;r $o $C $? Cf Eg 9@ =u 65 <x $* $h $S ?9 bC 0l O: =u 65 <x !" ?t !9 $N M- MQ $J 8f 0U 8+ $r BW $$ $? 8^ Eg @5 M5 =u <j $K ?4 $+ $i 46 <U CW $7 $^ $9 !# $^ $? !" 3F <o ;q NA $r Ds 6! $7 $F BW $$ $? ( :b ) ?7 @$ Be %3 %s %T %e !< %? 3+ H/ 5! 9= $* $h $S @h C< >p Js 5; =Q 8& 5f =j !" $5 $i $K !" 6& F1 8& 5f <T $G $" $k Bg Ln OB I’ ;a $d KL1 %? %9 %/ %0 %k !< %W $N DE M8 8x 6G ;a !" 9u ED 7= ;a $r $O $8 $a $H $7 $F !" F| :" 8f F$ O@ D: $$ $? 5~ ET Bg 3X 9) 3X It >p Js 9) 3X 2J IY ED 8& 5f << $N =t 7; $K 46 <U $$ $? $7 $^ $9 !# :G 8e $K !" I. <T $H O+ 6l $r 6& $K $7 $? M’ ?M =t ;a !" 5Z $S F| :" @$ OC $r $+ $1 $F $$ $k N> ?F $K 8f Ni CW $7 $^ $9 !# ;2 9M J8 8% [1] 0K @n 2m I’ , Bg Ln OB I’ , 8^ Eg @5 M5 , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# . KLIC $K $* $1 $k %4 !< %k !& %9 %1 %8 %e !< %j %s %0 :G E, 2= . >p =h 8& Js ,96-PRO-10, pp. 43{48, 1996. [2] Al Geist, Adam Beguelin, Jack Dongarra, W eic heng Jiang, Robert Manchek, and V aidy Sunderam. PVM:Par al lel Vir- tual Machine A User’s guide and T utorial for Networke d Par al lel Computing , August 1994. [3] K. Ueda and T. Chik a y ama. Design of the kernel language for the parallel inference machine. The Computer Journal , V ol. 33, No. 6, pp. 494{500, 1990. [4] K. Ueda. Guarded horn clauses:a parallel logic program- ming language with the concept of a guard. T ec hnical rep ort, ICOT, 1986. [5] T. Chik a y ama, T. F ujise, and D. Sekita. A p ortable and e�cien t implementation of KL1. In Pr o c. 6th Intl. Symp. PLILP’94 , pp. 25{39, 1994. [6] Cg @% L@ I’ , F# @% E/ O/ , 6a ;3 N4 . %] !< %? %V %k KL1 =h M} 7O KLIC $N 35 MW . >p Js =h M} 3X 2q Bh 47 2s A4 9q Bg 2q 9V 1i O@ J8 =8 , pp. 5{55{5{56, October 1993. [7] O; Bt 0l >< , Cf @% L@ I’ , 6a ;3 N4 , F# @% E/ O/ . Klic J, ;6 %a %b %j =h M} 7O $N @_ 7W $H =i 4| I> 2A . In JSPP’95 , pp. 153{160, June 1995. [8] K. Ueda and M. Morita. Message-oriented parallel imple- men tation of mo ded at GHC. In Pr o c. Intl. Conf. on F GCS’92 , pp. 799{808, 1992. [9] E.Shapiro and A.T ak euc hi. Ob ject oriented programming in concurren t prolog. In New Gener ation Computing , V ol. 1, 1983. [10] K. Nak a jima, Y. Inamura, N. Ichiy oshi, K. Rokusaw a, and T. Chik a y ama. Distributed implementation of KL1 on the Multi-PSI/V2. In Pr o c. 6th Intl. Conf. and Symp. on L o gic Pr o gr amming , pp. 436{451, 1989. [11] T.Chik a y ama. Op erationg system pimos and kernel language kl1. In FGCS’92 , pp. 73{88, 1992. [12] Bg Ln OB I’ , 0K @n 2m I’ , ?9 bC 0l O: , Cf Eg 9@ , IY ED bC <# . @E E* 2r @O $K $h $k JB Ns O@ M} 7? 8@ 8l KL1 $N DL ?. :G E, 2= . In JSPP’95 , pp. 169{176, 1995. [13] K. Ueda and M. Morita. Mo ded Flat GHC and its message- orien ted implementation technique. New Generation Com- puting , V ol. 13, No. 1, pp. 3{43, Nov em ber 1994. [14] Ev an Tick. Practical static mo de analyses of concurrent logic languages. In CIS-TR-94-2 , F ebruary 1994. [15] B.C.Massey and E.Tick. Sequentialization of parallel logic programs with mo de analysis. In 4th International Con- fer enc e on L o gic Pr o gr amming and Automate d R e ason- ing.LNCS 698 , pp. 205{216, 1992. [16] 9S LZ Bs Li , ED Cf 1Q I’ . Committed-choice 7? 8@ 8l eng $K $* $1 $k @E E* N3 EY :G E, 2= . >p Js =h M} 3X 2q 8& 5f Js 9p 96-PRO-8, pp. 109{114, August 1996. [17] F| 9b 9/ M: , >. CS HF J? , ED Cf 1Q I’ . Pie64 $K $* $1 $k J# 9g N3 EY JB Ns =h M} $r MQ $$ $? :G E, N3 EY @) 8f - :Y N3 EY JB Ns $H AD N3 EY JB Ns ; Fs $D $N 0[ <A $J @$ 3& $N J, N% $H M; 9g -. In JSPP’95 , pp. 115{122, 1995. [18] 0K @n 2m I’ , Bg Ln OB I’ , Cf Eg 9@ , IY ED bC <# . JB Ns O@ M} 7? 8@ 8l =h M} 7O KLIC $K $* $1 $k DL ?. $N 9b B. 2= . >p =h 8& Js 95-PRO-2, pp. 105{112, 1995. 22

A %W %m %0 %i %‘ %j %9 %H ( reverse ) :- module main. main :- playloop(1000, 0, 0). playloop(N, F1, F2) :- N > 0, F1 = 0, F2 = 0 | play(NewF1, NewF2), playloop(~(N-1), NewF1, NewF2). playloop(N, F1, F2) :- N = 0 | true. play(F0, F1) :- init(Board, Moves0, Moves1), player([Board | L1], L2, ’O’, 1, Moves0, F0), player(L2, L1, ’X’, 1, Moves1, F1). init(Board, Moves0, Moves1) :- Board = [row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’), row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’), row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’), row(’.’,’.’,’.’,’O’,’X’,’.’,’.’,’.’), row(’.’,’.’,’.’,’X’,’O’,’.’,’.’,’.’), row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’), row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’), row(’.’,’.’,’.’,’.’,’.’,’.’,’.’,’.’)], Moves0 = [move(3,5),move(4,6),move(6,6),move(3,3),move(6,4),move(5,3), move(3,7),move(1,6),move(4,8),move(3,1),move(4,2),move(7,2), move(1,4),move(2,4),move(6,8),move(6,7),move(6,1),move(8,3), move(5,2),move(4,7),move(4,1),move(2,7),move(2,8),move(8,8), move(1,2),move(7,4),move(2,2),pass, move(8,5),move(7,6), move(8,7)], Moves1 = [move(3,6),move(5,6),move(3,4),move(6,5),move(4,3),move(6,3), move(2,6),move(3,8),move(3,2),move(5,8),move(5,7),move(1,5), move(2,5),move(8,1),move(7,8),move(6,2),move(7,1),move(8,2), move(5,1),move(8,4),move(2,1),move(1,8),move(7,3),move(1,3), move(1,7),move(1,1),move(2,3),move(7,5),move(8,6),move(7,7)]. player([BoardIn | LILeft], LO, Marker, Turn, [Move | MovesLeft],F) :- Move = pass | LO = [BoardIn | LOMid], player(LILeft, LOMid, Marker, ~(Turn+1), MovesLeft,F). player([BoardIn | LILeft], LO, Marker, Turn, [Move | MovesLeft],F) :- Move = move(X,Y) | move(Marker, X, Y, BoardIn, BoardOut), LO = [BoardOut | LOMid], player(LILeft, LOMid, Marker, ~(Turn+1), MovesLeft,F). player(LI, LO, Marker, Turn, [],F) :- LO = [], F = 0. move(Marker, X, Y, BoardIn, BoardOut) :- split(Y, BoardIn, BoardUIn, LineIn, BoardDIn), functor(LineIn, _, Size), reverse(X, Size, Marker, BoardUIn, BoardUMid), reverse_list(BoardUMid, BoardUOut), put_marker(X, Marker, Size, LineIn, LineOut), reverse(X, Size, Marker, BoardDIn, BoardDOut), append(BoardUOut, [LineOut], BoardMid), append(BoardMid, BoardDOut, BoardOut). 23 put_marker(X, Marker, Size, LineIn, LineOut) :- setarg(X, LineIn, Marker, Line0), reverse_line(~(X+1), 1, Size, Marker, Line0, Line1), reverse_line(~(X-1), -1, Size, Marker, Line1, LineOut). reverse_line(X, Offset, Size, Marker, LineIn, LineOut) :- check_marker_line(X, Offset, Size, Marker, LineIn, F), reverse_marker_line(F, X, Offset, Size, Marker, LineIn, LineOut). check_marker_line(X, Offset, Size, Marker, LineIn, F) :- X = 0 | F = no. check_marker_line(X, Offset, Size, Marker, LineIn, F) :- X > Size | F = no. otherwise. check_marker_line(X, Offset, Size, Marker, LineIn, F) :- arg(X, LineIn, Stat), Stat = ’.’ | F = no. check_marker_line(X, Offset, Size, Marker, LineIn, F) :- arg(X, LineIn, Stat), Stat = Marker | F = yes. otherwise. check_marker_line(X, Offset, Size, Marker, LineIn, F) :- check_marker_line(~(X+Offset), Offset, Size, Marker, LineIn, F). reverse_marker_line(no, X, Offset, Size, Marker, LineIn, LineOut) :- LineOut = LineIn. reverse_marker_line(yes, X, Offset, Size, Marker, LineIn, LineOut) :- X = 0 | LineOut = LineIn. reverse_marker_line(yes, X, Offset, Size, Marker, LineIn, LineOut) :- X > Size | LineOut = LineIn. reverse_marker_line(yes, X, Offset, Size, Marker, LineIn, LineOut) :- arg(X, LineIn, Stat), Stat = Marker | LineOut = LineIn. otherwise. reverse_marker_line(yes, X, Offset, Size, Marker, LineIn, LineOut) :- setarg(X, LineIn, Marker, LineMid), reverse_marker_line(yes, ~(X+Offset), Offset, Size, Marker, LineMid, LineOut). reverse(X, Size, Marker, BoardIn, BoardOut) :- check_marker(~(X-1), -1, Size, Marker, BoardIn, FL), reverse_marker(FL, ~(X-1), -1, Size, Marker, BoardIn, Board0), check_marker(X, 0, Size, Marker, BoardIn, FM), reverse_marker(FM, X, 0, Size, Marker, Board0, Board1), check_marker(~(X+1), 1, Size, Marker, BoardIn, FR), reverse_marker(FR, ~(X+1), 1, Size, Marker, Board1, BoardOut). check_marker(X, Offset, Size, Marker, [], F) :- F = no. check_marker(X, Offset, Size, Marker, BoardIn, F) :- X = 0 | F = no. check_marker(X, Offset, Size, Marker, BoardIn, F) :- X > Size | F = no. otherwise. check_marker(X, Offset, Size, Marker, [Line | BoardLeft], F) :- arg(X, Line, Stat), Stat = ’.’ | F = no. 24 check_marker(X, Offset, Size, Marker, [Line | BoardLeft], F) :- arg(X, Line, Stat), Stat = Marker | F = yes. otherwise. check_marker(X, Offset, Size, Marker, [Line | BoardLeft], F) :- check_marker(~(X+Offset), Offset, Size, Marker, BoardLeft, F). reverse_marker(no, X, Offset, Size, Marker, BoardIn, BoardOut) :- BoardOut = BoardIn. reverse_marker(yes, X, Offset, Size, Marker, BoardIn, BoardOut) :- X = 0 | BoardOut = BoardIn. reverse_marker(yes, X, Offset, Size, Marker, BoardIn, BoardOut) :- X > Size | BoardOut = BoardIn. reverse_marker(yes, X, Offset, Size, Marker, [LineIn | BoardLeft], BoardOut) :- arg(X, LineIn, Stat), Stat = Marker | LineOut = LineIn, BoardOut = [LineOut | BoardLeft]. otherwise. reverse_marker(yes, X, Offset, Size, Marker, [LineIn | BoardLeft], BoardOut) :- setarg(X, LineIn, Marker, LineOut), BoardOut = [LineOut | BoardMid], reverse_marker(yes, ~(X+Offset), Offset, Size, Marker, BoardLeft, BoardMid). split(Y, Board, BoardU, Line, BoardD) :- split(~(Y-1), Board, [], BoardU, Line, BoardD). split(Y, [Row | BoardLeft], BoardUIn, BoardUOut, Line, BoardD) :- Y > 0 | BoardUMid = [Row | BoardUIn], split(~(Y-1), BoardLeft, BoardUMid, BoardUOut, Line, BoardD). split(Y, [Row | BoardLeft], BoardUIn, BoardUOut, Line, BoardD) :- Y = 0 | BoardUOut = BoardUIn, Line = Row, BoardD = BoardLeft. reverse_list(LIn, LOut) :- reverse_list1(LIn, [], LOut). reverse_list1([D|LLeft], LMid, LOut) :- reverse_list1(LLeft, [D|LMid], LOut). reverse_list1([], LMid, LOut) :- LOut = LMid. append([D | L1Left], L2, LOut) :- LOut = [D | LMid], append(L1Left, L2, LMid). append([], L2, LOut) :- LOut = L2. B %W %m %0 %i %‘ %j %9 %H ( circle to square ) :- module main. main :- gen(100, N0, N1, NN0), gen(110, N1, N0, NN1), circle(NN0), circle(NN1)@node(1). gen(N, N0, N1, NOut) :- N0 = N, 25 partition(N0, N1, Par), gen_n(Par, 0, NOut). partition(N0, N1, Par) :- Par := N0*150/(N0+N1). gen_n(N, SumIn, SumOut) :- N > 0 | SumMid := SumIn + N, NewN := N-1, gen_n(NewN, SumMid, SumOut). gen_n(N, SumIn, SumOut) :- N = 0 | SumOut = SumIn. circle(NN1) :- yloop(~(-NN1), NN1, 0, 0, ISum, OSum), Prop := ISum*100/(ISum+OSum), io:outstream([print(Prop),nl]), true. yloop(YIn, NN1, ISumIn, OSumIn, ISumOut, OSumOut) :- YIn =< NN1 | xloop(~(-NN1), NN1, YIn, ISumIn, OSumIn, ISumMid, OSumMid), NewYIn := YIn + 1, yloop(NewYIn, NN1, ISumMid, OSumMid, ISumOut, OSumOut). yloop(YIn, NN1, ISumIn, OSumIn, ISumOut, OSumOut) :- YIn > NN1 | ISumOut = ISumIn, OSumOut = OSumIn. xloop(XIn, NN1, Y, ISumIn, OSumIn, ISumOut, OSumOut) :- XIn =< NN1 | sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid), NewXIn := XIn + 1, xloop(NewXIn, Y, NN1, ISumMid, OSumMid, ISumOut, OSumOut). xloop(XIn, NN1, Y, ISumIn, OSumIn, ISumOut, OSumOut) :- XIn > NN1 | ISumOut = ISumIn, OSumOut = OSumIn. sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid) :- XIn*XIn+Y*Y =< NN1*NN1 | ISumMid := ISumIn+1, OSumMid = OSumIn. sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid) :- XIn*XIn+Y*Y > NN1*NN1 | ISumMid = ISumIn, OSumMid := OSumIn+1. C %W %m %0 %i %‘ %j %9 %H ( master slave ) :- module main. main :- gen(100, N0, N1, NN0), gen(110, N1, N0, NN1), circle(NN0), circle(NN1)@node(1). gen(N, N0, N1, NOut) :- N0 = N, partition(N0, N1, Par), gen_n(Par, 0, NOut). partition(N0, N1, Par) 26

:- Par := N0*150/(N0+N1). gen_n(N, SumIn, SumOut) :- N > 0 | SumMid := SumIn + N, NewN := N-1, gen_n(NewN, SumMid, SumOut). gen_n(N, SumIn, SumOut) :- N = 0 | SumOut = SumIn. circle(NN1) :- yloop(~(-NN1), NN1, 0, 0, ISum, OSum), Prop := ISum*100/(ISum+OSum), io:outstream([print(Prop),nl]), true. yloop(YIn, NN1, ISumIn, OSumIn, ISumOut, OSumOut) :- YIn =< NN1 | xloop(~(-NN1), NN1, YIn, ISumIn, OSumIn, ISumMid, OSumMid), NewYIn := YIn + 1, yloop(NewYIn, NN1, ISumMid, OSumMid, ISumOut, OSumOut). yloop(YIn, NN1, ISumIn, OSumIn, ISumOut, OSumOut) :- YIn > NN1 | ISumOut = ISumIn, OSumOut = OSumIn. xloop(XIn, NN1, Y, ISumIn, OSumIn, ISumOut, OSumOut) :- XIn =< NN1 | sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid), NewXIn := XIn + 1, xloop(NewXIn, Y, NN1, ISumMid, OSumMid, ISumOut, OSumOut). xloop(XIn, NN1, Y, ISumIn, OSumIn, ISumOut, OSumOut) :- XIn > NN1 | ISumOut = ISumIn, OSumOut = OSumIn. sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid) :- XIn*XIn+Y*Y =< NN1*NN1 | ISumMid := ISumIn+1, OSumMid = OSumIn. sum(XIn, Y, NN1, ISumIn, ISumMid, OSumIn, OSumMid) :- XIn*XIn+Y*Y > NN1*NN1 | ISumMid = ISumIn, OSumMid := OSumIn+1. 27