OR JB Ns 2= $H F0 E* Ii 2Y J, ;6 $K $h $k JB Ns 9= J8 2r @O %7 %9 %F %‘ P AX $N 2~ NI DE M8 8x 6G Fb MF 9< 35 <B MQ E* $J <+ A3 8@ 8l =h M} %7 %9 %F %‘ $G $O , %7 %9 %F %‘ $N 1~ Ez ;~ 4V $N C; =L $, =E MW $J 2] Bj $N $R $H $D $G $" $k !# $J $+ $G $b , Hf 3S E* %" %k %4 %j %: %‘ $N 3N N) $7 $F $$ $k 9= J8 2r @O $N JB Ns 2= $, , 6a G/ 3h H/ $K 8& 5f $5 $l $F $- $? !# K\ 8& 5f $N BP >] $G $" $k P AX $O JB Ns 9= J8 2r @O %7 %9 %F %‘ $N 0l $D $G $" $k !# P AX $O , DCG $G 5- =R $5 $l $? J8 K! 5, B’ $r JB Ns O@ M} 7? 8@ 8l KL1 $N %W %m %0 %i %‘ $K JQ 49 $9 $k $3 $H $K $h $C $F 9= J8 2r @O $, <B 8= $5 $l $k !# P AX $G $O , JB Ns 7? %\ %H %‘ %" %C %W 2r @O $K %H %C %W %@ %& %s E* M= B, $r J; MQ $7 $? %" %k %4 %j %: %‘ $, MQ $$ $i $l $F $$ $k !# $3 $N J} K! $O , %P %C %/ %H %i %C %/ $d I{ :n MQ $, @8 $8 $J $$ $? $a , JB Ns =h M} $K 8~ $$ $F $$ $k !# P AX $G $O :G =i %W %m %0 %i %‘ 5/ F0 ;~ $K , 3F C1 8l $K BP 1~ $9 $k %W %m %; %9 $r 1 $D $N %W %m %; %C %5 $K 3d $j Ev $F $k $3 $H $K $h $C $F , AND JB Ns @- $K $h $k JB Ns =h M} $r <B 8= $7 $F $$ $k !# $7 $+ $7 P AX $N 9= J8 2r @O =h M} $G $O Hs >o $K Bg NL $N %W %m %; %C %5 4V DL ?. $, @8 $8 $k $? $a , J# ?t $N %W %m %; %C %5 $r MQ $$ $F $b =h M} B. EY $, $" $^ $j 8~ >e $7 $J $+ $C $? !# $= $3 $G %G !< %? $H %W %m %; %9 $N 3d $j Ev $F $r 5U E> $5 $; $k $3 $H $K $h $C $F , %W %m %; %C %5 4V DL ?. $r 8: >/ $5 $; $k 2~ NI K! $, Ds 0F $5 $l $? $, , $3 $N P AX $b Ii 2Y J, ;6 $O %* %j %8 %J %k $N P AX $H F1 $8 J} K! $r :N MQ $7 $F $$ $k !# $D $^ $j , $3 $l $i 2 $D $N P AX $G MQ $$ $i $l $F $$ $k Ii 2Y J, ;6 J} <0 $O , AND JB Ns @- $K $N $_ 4p $E $/ $b $N $G $" $k !# $h $C $F Mx MQ 2D G= $J %W %m %; %C %5 Bf ?t $K 4X $o $i $: C1 8l ?t J, $N JB Ns @- $7 $+ F@ $i $l $J $$ >e , %W %m %; %C %5 4V $K $^ $? $, $k %G !< %? $N 0M B8 @- $, 9b $$ $3 $H $G , %4 !< %k $N Cf CG 2s ?t $* $h $S %W %m %; %C %5 4V DL ?. ?t $, B? $/ $J $C $F $$ $k !# $= $3 $G :# 2s , $3 $N DL ?. NL $r 8: >/ $5 $; $? 8e <T $N P AX $K BP $7 , OR JB Ns @- $K 4p $E $/ @E E* Ii 2Y J, ;6 $H , F1 $8 $/ OR JB Ns @- $K 4p $E $- , %^ %9 %? %9 %l !< %V J} <0 $r F3 F~ $7 $? F0 E* Ii 2Y J, ;6 $N 2 <o N‘ $N <j K! $r <h $j F~ $l $k $3 $H $K $h $C $F , $h $j 8z N( E* $J JB Ns <B 9T $r L\ ;X $7 $? !# 6q BN E* $K $O >e 5- $N , DL ?. ?t 8: >/ $, ;\ $5 $l $k A0 8e $= $l $> $l $N P AX $r AP1000 HG KLIC $K 0\ ?" $7 $? >e $G , OR JB Ns @- $K $h $k @E E* Ii 2Y J, ;6 $H F0 E* Ii 2Y J, ;6 $N 2 <o N‘ $N J} <0 $r <B Au , I> 2A $7 $? !# P AX %" %k %4 %j %: %‘ $K $O 2 3, AX $N OR JB Ns @- $, B8 :_ $9 $k !# $R $H $D $O =h M} $N A0 CJ 3, $^ $G $K 9= @. $5 $l $? It J, LZ , $9 $J $o $A 2r $N 8u Jd $, J# ?t 8D B8 :_ $9 $k $3 $H $+ $i @8 $8 $k JB Ns @- $G $" $j , $b $& $R $H $D $O $" $k It J, LZ $+ $i ?7 $7 $$ It J, LZ $r 9= @. $9 $k J} K! $K J# ?t $N 2D G= @- $, B8 :_ $9 $k $3 $H $+ $i @8 $8 $k JB Ns @- $G $" $k !# @E E* Ii 2Y J, ;6 $G $O $= $N A0 <T $N JB Ns @- $K $h $k J, 4t ?t $r M= B, $9 $k $3 $H $, :$ Fq $G $" $k $? $a , 8e <T $N JB Ns @- $N $_ $r MQ $$ $? !# $^ $? F0 E* Ii 2Y J, ;6 $G $O , %M %C %/ $K $J $k $H M= A[ $5 $l $k %^ %9 %? $N DL ?. NL $r M^ $( $k $? $a , %^ %9 %? $O D> @\ $O ;E ;v $N <B BN $r 07 $& $3 $H $J $/ , %9 %l !< %V F1 ;N $N 4V $G ;E ;v $r $d $j <h $j $5 $; $k J} <0 $r MQ $$ $? !# $3 $l $i OR JB Ns @- $K 4p $E $/ @E E* / F0 E* Ii 2Y J, ;6 J} <0 $N 8z 2L $r AP1000 HG KLIC >e $G I> 2A $7 $? 7k 2L , %W %m %; %C %5 4V 0M B8 $N Dc 2< $+ $i , $b $H $N AND JB Ns $K $h $k P AX $K 3S $Y $F %4 !< %k $N Cf CG 2s ?t , %a %C %; !< %8 ?t $H $b $K Bg $- $/ 8: >/ $7 $? !# $3 $l $K $h $C $F =h M} BP >] $N J8 $K 4^ $^ $l $k C1 8l ?t $d %W %m %; %C %5 4V $N %G !< %? 0M B8 $K G{ $i $l $k $3 $H $N $J $$ 9b $$ JB Ns @- $r 0z $- =P $9 $3 $H $K @. 8y $7 , =h M} $N 9b B. 2= $r <B 8= $G $- $? !# J8 K! 5, B’ Ls 500, C1 8l ?t Ls 200 $+ $i $J $k 9= J8 $K $* $$ $F , C1 8l ?t 20 $+ $i $J $k J8 $r 20 Bf $N %W %m %; %C %5 $r MQ $$ $F =h M} $5 $; $? 7k 2L , OR JB Ns @E E* Ii 2Y J, ;6 HG P AX $G $O , $b $H $N DL ?. $, Dc 8: $5 $l $? P AX $K BP $7 $F , %4 !< %k Cf CG 2s ?t , %a %C %; !< %8 ?t $H $b $K Ls 1 = 4 $K 8: >/ $7 $? !# $^ $? F1 $8 20 Bf $K $* $$ $F C5 :w ;~ 4V $G $O 1.4 G\ $N B. EY 8~ >e $, F@ $i $l $? !# 1

An Impro v emen t of the P arallel P arsing System: P AX b y OR-parallelizing and Dynamic Load-Balancing T omoaki TSUMURA Abstract One of the most imp ortan t problem in the natural language pro cessing (NLP) to mak e it of practical use is to shorten the resp onse time of system. Lately , parallel pro cessing has b een in tro duced in to parsing system, whic h has rela- tiv ely established algorithm among the researc h �elds of NLP . The P AX p erforms parsing b y translating De�nite Clause Grammar (DCG) in to KL1 program. The basic algorithm used b y the P AX is the left-c orner p arsing , in whic h phrases are con- structed from b ottom to top and from left to righ t. This algorithm is suitable for parallel pro cessing, b ecause it neither use bac ktrac k nor cause side e�ect. On the P AX, the pro cess corre- sp onding to eac h w ord is assigned to one pro ces- sor at the b eginning of analysis, and the pro cesses are conducted in parallel. Ho w ev er, the P AX pro duces so man y comm u- nications among the pro cessors that it cannot use pro cessors e�cien tly . There w as a prop osition of the impro v emen t to decrease the comm unica- tions in the P AX, but this r eforme d P AX adopts the same w a y on the parallelizing as the original P AX. After all, the parallelizing form adopted b y these P AX’s are based only on the AND- parallelism. As a consequence, there is no w a y to use pro cessors that outn um b er w ords in sen- tence e�cien tly . What is w orse, data on eac h pro cessors are tigh tly in terdep enden t. Hence, w e made parallel pro cessing in the P AX algorithm more e�cien t, using static load- balancing and dynamic one b y master-sla v e metho d. After con v erting t w o P AX’s ab o v e- men tioned to KLIC on AP1000, w e implemen ted and ev aluated the t w o ab o v e metho ds, static one and dynamic one based on OR-parallelism. The OR-parallelism of the P AX consists of t w o la y ers, but w e use only one since the other is inap- plicable to static load-balancing. On the master- sla v e, in order to a v oid excess of pro cessing in the master-pro cess, whic h is supp osed to b e b ottle- nec k, it is not directly assigned to manage jobs. This task is assigned to b e done among the sla v e pro cesses. W e ev aluate the p erformance of these meth- o ds with the DCG whic h ha v e ab out 500 syn tax rules and ab out 200 w ords. W e con�rm that the goal susp ensions and the in ter-PE comm unica- tions fall o� when using OR-parallelism. Because our algorithm is free from the n um b er of w ords in sen tence and from the in terdep endence among the pro cessors. Therefore, w e get e�ectiv e use of pro cessors and sp eedup, in the case the sen- tence, the target of parsing, has certain measure of length and up. T o put it concretely , w e obtain the follo wing results. Execution Sp eed: F or the sen tence con tains 20 w ords, w e get ab out 1.4 times sp eed up. The n um b ers of susp ensions and In ter-PE comm unications: Both the n um b er of susp ensions and the n um b er of In ter-PE comm unications b ecome ab out 1 = 4 of the r eforme d P AX . 2

1 $O $8 $a $K <+ A3 8@ 8l =h M} $O B? Bg $J 7W ;; NL $r I, MW $H $7 , =h M} B. EY $N 8~ >e $, K> $^ $l $k J, Ln $N $R $H $D $G $" $k !# Cf $G $b Hf 3S E* %" %k %4 %j %: %‘ $N 3N N) $7 $F $$ $k 9= J8 2r @O $N JB Ns 2= $, , 6a G/ 3h H/ $K 8& 5f $5 $l $F $- $? !# ?7 @$ Be %3 %s %T %e !< %? 3+ H/ 5! 9= (ICOT) $G 8& 5f $5 $l $? JB Ns 9= J8 2r @O %7 %9 %F %‘ P AX(P arallel Analizer for syn taX and seman tiCS) [1] $b $= $N $R $H $D $G , C‘ <! 7? $N 2r @O %7 %9 %F %‘ SAX(Sequen tial Analizer for syn taX and seman tiCS) [2] $N JB Ns HG $G $" $k !# P AX $O JB Ns O@ M} 7? 8@ 8l KL1 [3] $G 5- =R $5 $l $? %W %m %0 %i %‘ $G $" $k !# P AX $N 9= J8 2r @O %" %k %4 %j %: %‘ $O , JB Ns @- $r ;} $C $F $$ $k >e $K %P %C %/ %H %i %C %/ $* $h $S I{ :n MQ $r H< $o $J $$ $H $$ $& FC D9 $r ;} $D $, , $= $N DL ?. NL $, Hs >o $K B? $$ $? $a , AB 7k 9g JB Ns 7W ;; 5! >e $G $O J# ?t $N %W %m %; %C %5 $r MQ $$ $F $b =h M} B. EY $, $" $^ $j 8~ >e $7 $J $$ !# $= $3 $G $3 $N P AX $N %W %m %; %C %5 4V DL ?. $r 8: >/ $5 $; $k 2~ NI $, 9T $o $l $? [4] !# 0J 2< $3 $l $r DL ?. Dc 8: HG P AX $H 8F $S , A0 <T $r %* %j %8 %J %k P AX $H 8F $V !# P AX $N %" %k %4 %j %: %‘ $K $O , 6& DL It J, $r ;} $? $J $$ It J, LZ $r FH N) $K 9= @. $9 $k AND JB Ns @- $H , 2r @O ES Cf $N [# Kf @- $r $9 $Y $F J] ;} $9 $k OR JB Ns @- $, $" $k !# %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $O 6& $K , J8 $N 3F C1 8l $K Aj Ev $9 $k %W %m %; %9 $K BP $7 , 5/ F0 ;~ $K %W %m %; %C %5 $r 3d $j Ev $F $k $3 $H $G JB Ns =h M} $r <B 8= $7 $F $$ $k !# B( $A , AND JB Ns @- $N $_ $r Mx MQ $7 $F $* $j , OR JB Ns @- $K $O It J, 2r $N 8u Jd =8 9g $r %W %m %; %9 4V $G $d $j <h $j $9 $k $3 $H $G BP 1~ $7 $F $$ $k !# $7 $+ $7 $3 $N J} K! $G $O Mx MQ 2D G= $J %W %m %; %C %5 ?t $K 4X $o $i $: , :G Bg $G $b C1 8l ?t J, $N JB Ns @- $7 $+ =P $J $$ !# $^ $? %9 %H %j !< %‘ $+ $i Aw $i $l $F $/ $k %G !< %? $r BT $D I, MW $N $" $k %W %m %; %C %5 $d , =h M} $, Aa $/ =* $o $C $F ;E ;v $N $J $$ %W %m %; %C %5 $, B8 :_ $9 $k $? $a , %W %m %; %C %5 $N Mx MQ 8z N( $, 0- $/ $J $C $F $7 $^ $& !# $= $3 $G :# 2s , >e 5- $N Ld Bj $r 2r 7h $9 $k $? $a , DL ?. NL $N 8: >/ $7 $? DL ?. Dc 8: HG P AX $K BP $7 OR JB Ns @- $K $h $k Ii 2Y J, ;6 $H %^ %9 %? %9 %l !< %V J} <0 $K $h $k F0 E* Ii 2Y J, ;6 $r F3 F~ $7 , AP1000 HG $N KLIC [5, 6] >e $G $= $N I> 2A $r 9T $C $? !# 0J 2< , <! >O $G GX 7J $H $7 $F JB Ns 9= J8 2r @O $H KL1 $K $D $$ $F @b L@ $7 , Bh 3 >O $G %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $K $h $k 2r @O J} K! $r <( $7 $? $N $A , Bh 4 >O $G :# 2s $N 2~ NI J} <0 $r @b L@ $9 $k !# B3 $$ $F Bh 5 >O $G I> 2A 7k 2L $r =R $Y , Bh 6 >O $G 7k O@ $r =R $Y $k !# 2 GX 7J K\ >O $G $O , JB Ns 9= J8 2r @O $H :# 2s $N %? !< %2 %C %H P AX $K $D $$ $F 4J C1 $K ?( $l $? $N $A , P AX $N 5- =R 8@ 8l $G $" $k JB Ns O@ M} 7? 8@ 8l KL1 $N 35 MW $r @b L@ $9 $k !# 2.1 JB Ns 9= J8 2r @O 9= J8 2r @O $K $* $$ $F Hs 7h Dj @- $r 07 $& J} K! $O 2 <o N‘ B8 :_ $9 $k !# 0l J} $O 8e La $j K! $H 8F $P $l $k $b $N $G , E} 8l 9= B$ $K 4X $9 $k 2> @b $r 0l ;~ $K 9b !9 1 $D $7 $+ J] ;} $; $: , $= $l $H N> N) $7 $J $$ 2> @b $r C5 :w $9 $k :] $K $O 0J A0 $N 2> @b $r <N $F $k J} K! $G $" $k !# $3 $l $K BP $7 JB Ns 9= J8 2r @O K! ( JB 9T 7? E} 8l 2r @O ) $O , 8_ $$ $K I, $: $7 $b N> N) $7 $J $$ J# ?t $N 2> @b $r 0l ;~ $K J] ;} $9 $k J} K! $G $" $k !# JB Ns 9= J8 2r @O K! $N Be I= E* $J Nc $H $7 $F $O , CYK K! [7] $d %A %c !< %H K! [8] $J $I $, 5s $2 $i $l $k !# (1) s "* np, vp. (2) vp "* a, n. (3) np "* prp, n. (4) np "* np, conj, np. (5) vp "* v, a. (6) vp "* v, a v. (7) vp "* v, np. (8) np "* [they]. (9) a "* [hard]. (10) a v "* [hard]. (11) v "* [lo ok ed]. ?^ 1: DCG $K $h $k 4J C1 $J 9= J8 5, B’ $N Nc ?^ 1 $N $h $& $J J8 K! 5- =R 7A <0 $r , DCG (De�nite Clause Grammars) [9] $H 8F $V !# DCG $O 3N Dj @a $r $= $N $^ $^ 6g 9= B$ 5, B’ $H $7 $F MQ $$ $k $3 $H $K $h $C $F 5- =R $7 $? J8 K! $G $" $k !# $3 $N DCG $O Horn @a O@ M} $r 4p AC $H $7 $F $* $j , Prolog %W %m %0 %i %‘ $K $h $C $F Jd 6/ $5 $l $k J8 L. <+ M3 J8 K! $H 9M $( $k $3 $H $, $G $- $k !# DCG $O 9= J8 2r @O $N %W %m %0 %i %‘ $H $7 $F $@ $1 $G $J $/ , <+ A3 8@ 8l $N J8 K! 5- =R 8@ 8l $H $7 $F 9b $$ G= NO $r Hw $( $? 5- =R 7A <0 $G $" $k !# DCG $K $h $C $F 5- =R $5 $l $? J8 K! 5, B’ $r , Prolog $N @a $K 0l BP 0l $K JQ 49 $9 $l $P , 2< 9_ 7? $N 9= J8 2r @O %7 %9 %F %‘ $r F@ $k $3 $H $, $G $- $k !# $7 $+ $7 2< 9_ 7? 9= J8 2r @O $G $O , :8 :F 5" 5, B’ $K $h $C $F 2r @O $, L5 8B %k !< %W $K 4Y 3

$k 2D G= @- $, $" $k $3 $H $K 2C $( , 7+ $j JV $7 7W ;; $r 9T $& $? $a 8z N( >e $N Ld Bj $, $" $k !# $3 $N 7g E@ $r 2s Hr $9 $Y $/ , DCG $G 5- =R $5 $l $? J8 K! 5, B’ $r >e >: 7? $N 9= J8 2r @O %W %m %0 %i %‘ $K JQ 49 $9 $k J} K! BUP(a Bottom-Up parser em b edded in Pro- log) [10, 11] $, 9M 0F $5 $l $? !# $3 $l $H F1 MM $K , DCG $G 5- =R $5 $l $? J8 K! 5, B’ $r Prolog %W %m %0 %i %‘ $K JQ 49 $9 $k $3 $H $K $h $C $F >e >: 7? 9= J8 2r @O %7 %9 %F %‘ $r <B 8= $9 $k $N $, C‘ <! 7? 9= J8 2r @O %7 %9 %F %‘ SAX(Sequen tial Analyzer for syn taX and seman tiCS) $G $" $j , $3 $N JB Ns HG $, ICOT $G 8& 5f $5 $l $? P AX(P arallel An- alyzer for syn taX and seman tiCS) $G $" $k !# P AX $O , DCG $K <1 JL ;R $r IU 2C $9 $k $H $$ $& <j CJ $r MQ $$ $F >e >: 7? $N %A %c !< %H K! $r JB Ns O@ M} 7? 8@ 8l $G <B 8= $7 $? $b $N $H $_ $J $9 $3 $H $, $G $- $k !# 2.2 JB Ns O@ M} 7? 8@ 8l KL1 JB Ns O@ M} 7? 8@ 8l KL1 $O , Bh 8^ @$ Be 7W ;; 5! 7W 2h $N 3K 8@ 8l $H $7 $F 3+ H/ $5 $l , %7 %s %? %/ %9 $, C1 =c $G $" $k $3 $H $d JB Ns @- $r <+ A3 $K 5- =R $G $- $k $3 $H $J $I $N FC D’ $r ;} $D !# P AX $O $3 $N KL1 $r 5- =R 8@ 8l $H $7 $F $* $j , 2r @O Cf $K 8= $l $k [# Kf @- $r J] ;} $9 $k $N $K , 8e =R $9 $k %9 %H %j !< %‘ $r AX >u $K $7 $F MQ $$ $F $$ $k !# 2.2.1 %W %m %0 %i %‘ $N 9= B$ $H <B 9T KL1 $O Flat GHC $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 , $= $l $> $l %/ %m !< %: %X %C %I , %, !< %I %4 !< %k , %\ %G %# %4 !< %k $H 8F $P $l $k !# %/ %m !< %: %X %C %I $K $O 0z ?t $r 4^ $‘ =R 8l L> $r 5- $7 , Ev @a $, $= $N =R 8l $K $D $$ $F $N Dj 5A $N 0l It $G $" $k $3 $H $r <( $9 !# B> $N JQ ?t $H F1 MM , 0z ?t $O 3F @a $K $D $$ $F %m !< %+ %k $G $" $k !# %, !< %I %4 !< %k $K $O Ev @a $, E, MQ $5 $l $k $? $a $N >r 7o $r 5- $9 !# MW AG $9 $Y $F $N >r 7o $, @. N) $7 $? $H $- %, !< %I It $O @. 8y $7 $? $H $_ $J $5 $l $k !# %\ %G %# %4 !< %k $K $O Ev @a $, E, MQ $5 $l $? $H $- ( %, !< %I It $, @. 8y $7 $? $H $- ) $K 5/ F0 $9 $Y $- %4 !< %k $r 5- $9 !# F~ NO JQ ?t $K BP $9 $k C1 0l 2= (uni�cation) %, !< %I %4 !< %k $O , %X %C %I It $K AH $_ 9~ $‘ $3 $H $, $G $- $k !# $D $^ $j 0J 2< $N 2 $D $O F1 $8 0U L# $G $" $k !# � p(In, Out) :- In = 0 | Out = 1. � p(0, Out) :- Out = 1. =R 8l $O \ =R 8l L> / 0z ?t $N 8D ?t " $G I= 5- $5 $l , =i 4| %4 !< %k $O main/0 $G M? $( $i $l $k !# <B 9T Cf $N %4 !< %k $N %X %C %I $d %, !< %I $G L$ 6q BN 2= JQ ?t $X $N ;2 >H $, 9T $o $l $k $H , $= $N %4 !< %k $O <B 9T $r Cf CG (susp end) $7 , JL $N %4 !< %k $, A* Br $5 $l $F =h M} $, 7Q B3 $5 $l $k !# Cf CG $5 $l $? %4 !< %k $O , $= $N JQ ?t $, 6q BN 2= $5 $l $k $H <B 9T $r :F 3+ $9 $k !# main :- producer(1, X), consumer(X, 0)@node(1). producer(Num, X) :- Num < 10 | X = [Num|NewX], NewNum := Num + 1, producer(NewNum, NewX). producer(Num, X) :- Num >= 10 | X = []. consumer([X|Rest], Y) :- NewY := Y + X, consumer(Rest, NewY). consumer([], Y) :- print(Y). ?^ 2: KL1 %W %m %0 %i %‘ $N Nc KL1 %W %m %0 %i %‘ $G $O , =R 8l $N %\ %G %# %4 !< %k $H $7 $F <+ ?H $N =R 8l $r =q $/ ( <+ J, <+ ?H $r :F 5" E* $K 8F $S =P $9 ) $3 $H $K $h $C $F , $" $k >r 7o $N K~ $? $5 $l $k 4V B8 :_ $7 B3 $1 $k $h $& $J %W %m %; %9 $r <B 8= $9 $k $3 $H $, $G $- $k !# Nc $( $P ?^ 2 $N %W %m %0 %i %‘ $K $* $$ $F producer/2 $O , %+ %& %s %? $H $J $k Bh 1 0z ?t $, 10 L$ K~ $G $" $k 4V B8 :_ $7 B3 $1 , $= $l $, 10 $K $J $C $? ;~ E@ $G >C LG $9 $k $h $& $J %W %m %; %9 $G $" $k !# KL1 $G Ii 2Y J, ;6 $r 9T $& $K $O , L@ <( E* $K %W %m %0 %i %‘ Cf $K $3 $l $r ;X Dj $7 $J $1 $l $P $J $i $J $$ !# goal( A r gs )@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 >e $K Aw $i $l (thro w goal), $= $3 $G <B 9T $5 $l $k !# 4

?^ 2 $N Nc $G $O main $N %\ %G %# %4 !< %k consumer/2 $, Aw ?. BP >] $H $J $C $F $* $j , $3 $N consumer/2 $O %N !< %I 1 $K Aw $i $l $? $N $A , 0J 2< $= $3 $G <B 9T $5 $l $k !# $9 $Y $F $N %N !< %I $K $D $$ $F <B 9T 2D G= $J %4 !< %k $, $J $/ $J $k $H , %W %m %0 %i %‘ A4 BN $N <B 9T $, =* N; $9 $k !# 2.2.2 %G !< %? 7? KL1 $N %G !< %? 9= B$ $O Bg $- $/ 3 $D $K J, $1 $i $l $k !# O@ M} JQ ?t O@ M} JQ ?t $O ;2 >H %] %$ %s %? $G I= 8= $5 $l , FC Dj $N 7? $r ;} $? $J $$ !# 6q BN 2= $K $h $C $F BP >] $X $N %] %$ %s %? $, 3J G< $5 $l $k !# O@ M} JQ ?t $O 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 $$ !# %" %H %_ %C %/ %G !< %? 7? %" %H %_ %C %/ %G !< %? $O Fb It 9= B$ $r ;} $? $: , CM $= $N $b $N $, 0U L# $r ;} $D !# %" %H %_ %C %/ %G !< %? 7? $K $O %7 %s %\ %j %C %/ %" %H %‘ $d @0 ?t $, $" $k !# 9= B$ %G !< %? 7? 9= B$ %G !< %? $O J# ?t $N %; %k $+ $i $J $j , $3 $l $i $N %; %k $K $O G$ 0U $N 7? $N %G !< %? ( $^ $? $O %G !< %? $X $N %] %$ %s %? ) $r 3J G< $9 $k $3 $H $, $G $- $k !# 9= B$ %G !< %? 7? $K $O %U %! %s %/ %? , %j %9 %H , %Y %/ %? $J $I $, $" $k !# $3 $3 $G , 9= B$ %G !< %? 7? $N $R $H $D $G $" $k %j %9 %H $K $D $$ $F @b L@ $9 $k !# %j %9 %H $O %G !< %? 7? cons $K $h $C $F 9= @. $5 $l $k !# cons $O car, cdr $H $$ $& 2 $D $N MW AG $+ $i $J $j , %W %m %0 %i %‘ $G $O [car|cdr] $H I= 5- $9 $k !# car, cdr $O $= $l $> $l G$ 0U $N 7? $r $H $k $3 $H $, $G $- $k !# cons $, %j %9 %H $r 9= @. $9 $k $N $K ;H $o $l $k >l 9g $O , car $, %j %9 %H $N 1 MW AG $r I= $7 , cdr $O %j %9 %H Fb $N ;D $j $r I= $9 !# 6u $N %j %9 %H $O %" %H %‘ [] $G I= $5 $l $k !# 2.2.3 %9 %H %j !< %‘ KL1 %W %m %0 %i %‘ $G $O %j %9 %H JQ ?t $r MQ $$ $F %W %m %; %9 4V $N DL ?. O) $r <B 8= $7 $F $$ $k !# $3 $l $r %9 %H %j !< %‘ $H 8F $V !# ?^ 2 $O , 10 L$ K~ $N <+ A3 ?t $N Am OB $r 7W ;; $9 $k %W %m %0 %i %‘ $G $" $k !# $3 $N %W %m %0 %i %‘ $O , 1 $+ $i 9 $r MW AG $H $9 $k $h $& $J %j %9 %H $r :n @. $9 $k producer/2 $H , %j %9 %H $N MW AG $r =g <! 2C ;; $7 $F $$ $/ consumer/2 $N 2 $D $N =R 8l $+ $i $J $k !# $3 $N Nc $G $O 6& M- JQ ?t X $, , producer/2 $N =P NO $r consumer/2 $N F~ NO $K $D $J $0 %9 %H %j !< %‘ $H $J $C $F $$ $k !# producer/2 $N <B 9T ES Cf $G $O %j %9 %H JQ ?t $N MW AG $O 0l It $7 $+ 7h Dj $7 $F $$ $J $$ $, , $3 $N %j %9 %H $N Bh 1 MW AG $5 $( 7h Dj :Q $G $" $l $P consumer/2 $N %\ %G %# $O <B 9T 2D G= $G $" $k !# $D $^ $j 2 $D $N %W %m %; %9 producer/2 , consumer/2 $, $= $l $> $l \ %j %9 %H JQ ?t $N car It $K BP $7 $F =h M} $r 9T $$ , $= $N cdr It $r ?7 $7 $$ 6& M- JQ ?t $H $9 $k " $H $$ $& A‘ :n $r 7+ $j JV $9 $3 $H $K $h $C $F , $3 $N 6& M- JQ ?t $, %9 %H %j !< %‘ $H $7 $F F/ $/ !# $3 $N >l 9g %j %9 %H $N 3F MW AG $O %W %m %; %9 4V $G $d $j <h $j $5 $l $k %a %C %; !< %8 $G $" $k !# %9 %H %j !< %‘ $O \ [] "(nil atom) $H F1 0l 2= $5 $l $k $3 $H $K $h $C $F JD $8 $i $l $k !# %9 %H %j !< %‘ $r F~ =P NO $H $9 $k $h $& $J %U %# %k %? , %^ !< %8 %c Ey $r %W %m %0 %i %‘ $G 9= @. $9 $k $3 $H $K $h $j , %9 %H %j !< %‘ $r 2p $7 $? %W %m %; %9 4V DL ?. $r <B 8= $9 $k $3 $H $, $G $- , $h $j J# ;( $J %W %m %0 %i %‘ $r 9= @. $9 $k $3 $H $, 2D G= $G $" $k !# KL1 $K $O AH $_ 9~ $_ =R 8l $H $7 $F , F~ NO %9 %H %j !< %‘ ?t $, F0 E* $K JQ 2= $9 $k >l 9g $K $b BP 1~ $7 $? %^ !< %8 %c merger/2 $, MQ 0U $5 $l $F $$ $k !# $3 $N AH $_ 9~ $_ %^ !< %8 %c $N F~ NO $r A} $d $7 $? $$ >l 9g $O , $= $N F~ NO JQ ?t $r J# ?t MW AG $N %Y %/ %? $G F1 0l 2= $9 $l $P $h $$ !# Nc $( $P merger(In, Out) $H $$ $& %^ !< %8 %c $K BP $7 $F , In = f NewIn1, NewIn2, ..., NewIn n g , $H $9 $k $3 $H $K $h $C $F F~ NO In $N Be $o $j $K F~ NO NewIn1 , NewIn2 , ..., NewIn n $, Mx MQ $G $- $k $h $& $K $J $j , 7k 2L $H $7 $F %^ !< %8 %c $N F~ NO ?t $, n � 1 $@ $1 A} 2C $9 $k !# 3 %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX K\ >O $G $O , %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $N 2r @O K! $H , $= $N Ii 2Y J, ;6 J} <0 $K $D $$ $F =R $Y $k !# 3.1 %* %j %8 %J %k P AX $K $h $k 2r @O K! P AX $O , C‘ <! 7? 9= J8 2r @O %7 %9 %F %‘ SAX $N JB Ns HG $G $" $k !# SAX %" %k %4 %j %: %‘ $O %\ %H %‘ %" %C %W $r 4p K\ $H $7 , $3 $l $K %H %C %W %@ %& %s E* M= B, $r <h $j F~ $l $? :8 6y 2r @O K! [12] $H 8F $P $l $k J} K! $K $h $C $F 2r @O $r 9T $& !# 5

P AX $O $" $k \ $^ $H $^ $C $? Hs =* C< 5- 9f $d =* C< 5- 9f "( 0J 2< , %+ %F %4 %j $H 8F $V ) $, 9= @. $5 $l $k $H , $= $l $r $b $H $K $7 $F $h $j Bg $- $J 9= J8 LZ $r 9= @. $7 $h $& $H $9 $k !# $3 $N :] $K , $= $N %+ %F %4 %j $r :8 6y $N MW AG $H $9 $k $h $& $J ?7 $7 $$ 2r @O LZ $r :n $m $& $H $9 $k !# $D $^ $j , $3 $N %+ %F %4 %j $r 1& JU $N @h F, MW AG $H $7 $F ;} $D $h $& $J J8 K! 5, B’ $r A* $S , $= $N J8 K! 5, B’ $r 40 @. $5 $; $h $& $H $9 $k !# $3 $N $h $& $J J8 K! 5, B’ $N 1& JU $N 2 HV L\ 0J 9_ $N MW AG $O , ?7 $7 $$ %+ %F %4 %j $, F@ $i $l $k EY $K Kd $a 9g $o $5 $l , 40 A4 $J 2r @O LZ $X $H :n $j >e $2 $i $l $F $$ $/ !# $3 $N $h $& $J =h M} $r O@ M} 7? 8@ 8l $G <B 8= $9 $k $? $a $K , J8 K! 5, B’ $N 1& JU $K 0L CV $r <( $9 <1 JL ;R $r @_ $1 $k !# ?^ 1 $N DCG $K $3 $N <1 JL ;R $r F3 F~ $7 $? $b $N $r ?^ 3 $K <( $9 !# $? $@ $7 3F Hs =* C< 5- 9f $K IU 2C $7 $? HV 9f $O @b L@ $N $? $a $N $b $N $G $" $k !# (1) s "* np 1 , id1 , vp 1 . (2) np 2 "* a 1 , id2 , n 1 . (3) np 3 "* prp 1 , id3 , n 2 . (4) np 4 "* np 5 , id4 , conj 1 , id5 , np 6 . (5) vp 3 "* v 1 , id6 , a 2 . (6) vp 4 "* v 2 , id7 , a v 1 . (7) vp 5 "* v 3 , id8 , np 7 . (8) np 6 "* [they]. (9) a 3 "* [hard]. (10) a v 2 "* [hard]. (11) v 4 "* [lo ok ed]. ?^ 3: DCG $K $h $k 4J C1 $J 9= J8 5, B’ $N Nc ( <1 JL ;R A^ F~ :Q $_ ) ?^ 3 $N Nc $G $O id1 $+ $i id8 $, <1 JL ;R $G $" $j , J8 K! 5, B’ Fb $N FC Dj $N 0L CV $H 0l BP 0l $K BP 1~ $9 $k !# B( $A , $3 $l $i $N <1 JL ;R $K $h $C $F , 8= :_ $N 2r @O >u BV $r 0l 0U $K I= $9 $3 $H $, $G $- $k !# $? $H $( $P id1 $O J8 K! 5, B’ (1) $N np 1 $^ $G 2r @O $, =* N; $7 $? >u BV $K BP 1~ $7 $F $$ $k !# P AX $G $O 2r @O $5 $l $? %+ %F %4 %j $K BP 1~ $9 $k KL1 $N %W %m %; %9 $, I, $: B8 :_ $7 , 3d $j Ev $F $i $l $? <1 JL ;R $r $= $l $i %W %m %; %9 $, %9 %H %j !< %‘ $r 2p $7 $F <u $1 EO $7 $9 $k $3 $H $K $h $C $F 2r @O $, ?J $a $i $l $F $f $/ !# 2r @O $, ?J $‘ $H [# Kf @- $K 1~ $8 $F $= $N %9 %H %j !< %‘ $O B? =E 2= $7 $F $f $/ $? $a , $3 $N J} K! $O AX >u %9 %H %j !< %‘ K! $H 8F $P $l $k [13, 14] !# AX >u %9 %H %j !< %‘ $O 0l HL $K Ld Bj $N It J, 2r $N =8 9g $r I= $9 $H 9M $( $i $l $k !# 3F %+ %F %4 %j $O , A0 $+ $i $N >p Js $r <u $1 <h $k F~ NO $H , <! $N %W %m %; %9 $X >p Js $r EO $9 =P NO $N 2 0z ?t $r ;} $D %W %m %; %9 $G I= $5 $l $k !# P AX $G $N %+ %F %4 %j $N 40 @. $O , $= $N %+ %F %4 %j $K BP 1~ $9 $k %W %m %; %9 $N 5/ F0 $K BP 1~ $9 $k !# Nc $( $P ?^ 3 $N 9= J8 5, B’ $K $* $$ $F %+ %F %4 %j np $, 40 @. $7 $? $H $9 $k !# np $r 1& JU $N @h F, $K ;} $D J8 K! $O (1),(4) $G $" $k $+ $i , $3 $l $i $K BP 1~ $9 $k =h M} $r 9T $& $? $a , %W %m %; %9 np1 $O id1, id4 $N 2 $D $N <1 JL ;R $r =P NO $9 $k !# np1(In, Out) :- Out = [id1(In),id4(In)]. $^ $? , 1& JU $N @h F, 0J 30 $K B8 :_ $9 $k np $K BP 1~ $9 $k =h M} $b I, MW $G $" $k !# ?^ 3 $N 5, B’ $K $* $$ $F np $, 1& JU $N @h F, 0J 30 $K 8= $l $k $N $O (4),(7) $G $" $j , $3 $l $i $K BP 1~ $9 $k =h M} $r KL1 $N =R 8l $G I= $9 $H 0J 2< $N $h $& $K $J $k !# (a) np2([id5(In1)|In], Out) :- (b) np(In1, Out1), (c) np2(In, Out2), (d) Out = f Out1,Out2 g . (e) np2([id8(In1)|In], Out) :- (f) vp(In1, Out1), (g) np2(In, Out2), (h) Out = f Out1,Out2 g . (i) np2([], Out) :- Out = []. (j) otherwise. (k) np2([ |In], Out) :- (l) np(In, Out). $3 $3 $G np 6 $K BP 1~ $9 $k $N $, (a) $G $" $k !# np 6 $O <1 JL ;R id5 $r <u $1 <h $k $H J8 K! (4) $, 40 @. $7 $? $H $_ $J $7 , :8 JU $N np 4 $K BP 1~ $9 $k %W %m %; %9 $r (b) $G 5/ F0 $9 $k !# $= $7 $F %9 %H %j !< %‘ $N ;D $j $r (c) $G :F 5" E* $K np2/2 $K EO $9 $3 $H $K $h $C $F , <u $1 <h $k It J, 2r 8u Jd $N $9 $Y $F $K BP $7 $F F1 MM $N =h M} $r 9T $& !# $= $7 $F $= $l $i $N %W %m %; %9 $N =P NO $O (d) $G $R $H $D $N %9 %H %j !< %‘ $K %^ !< %8 $5 $l $k !# F1 MM $K np 7 $O (e) $K BP 1~ $9 $k !# <u $1 <h $k It J, 2r $N $9 $Y $F $K BP $7 $F =h M} $, =* N; $9 $k $H (i) $K %^ %C %A $7 , =P NO $, JD $8 $i $l $k !# <u $1 <h $C $? It J, 2r $, <+ J, $H @0 9g @- $N <h $l $J $$ $b $N $G $" $C $? $H $- $K $O (k) $K $h $C $F $= $N 8u Jd $O <N $F $i $l , ;D $j $N It J, 2r 8u Jd $K $D $$ $F $N =h M} $, (l) $G B3 9T $5 $l $k !# $3 $l $i np1, np2 $N =R 8l $N Dj 5A $r np( L> ;l 6g ) $K BP $9 $k T yp e1 =R 8l , T yp e2 =R 8l $H 8F $V $3 $H $K $9 $k !# 6 np $, 40 @. $9 $k $H %W %m %; %9 np $, 5/ F0 $5 $l $k $, , =R 8l np $O np1 $H np2 $K $h $C $F 0J 2< $N $h $& $K Dj 5A $5 $l $k !# np(In, Out) :- np1(In, Out1), np2(In, Out2), Out = f Out1,Out2 g . 9= J8 5, B’ $O , $9 $Y $F $N %+ %F %4 %j $K $D $$ $F >e 5- $N $h $& $J KL1 %W %m %0 %i %‘ $K JQ 49 $5 $l $k !# T yp e1 $N =R 8l $O <1 JL ;R $N =8 9g $r @8 @. $7 , T yp e2 $N =R 8l $O $3 $N $h $& $J <1 JL ;R $r <h $j 9~ $s $G B> $N ?7 $? $J <1 JL ;R $r =P NO $7 $? $j B> $N %+ %F %4 %j $K BP 1~ $9 $k =R 8l $r 5/ F0 $7 $? $j $9 $k !# $3 $N $h $& $K $7 $F =P NO $5 $l $? <1 JL ;R $N =8 9g $O $9 $Y $F %^ !< %8 $5 $l , 1 $D $N %9 %H %j !< %‘ $K $^ $H $a $i $l $k !# Nc $H $7 $F \They lo ok ed hard." $H $$ $& J8 $r 9= J8 2r @O $9 $k $3 $H $r 9M $( $k !# $3 $N >l 9g =i 4| %4 !< %k $O 0J 2< $N $h $& $K $J $k !# main :- they([begin], X), merge(X, X1), looked(X1, Y), merge(Y, Y1), hard(Y1, Z), merge(Z, Z1), fin1(Z1). $3 $3 $G [begin] $O J8 $N @h F, $r <( $9 <1 JL ;R $G $" $j , :G $b %H %C %W %l %Y %k $N %+ %F %4 %j s $O $3 $l $r <u $1 <h $k $H J8 Kv $r I= $9 <1 JL ;R [end] $r @8 @. $9 $k !# fin1/1 $, $3 $N [end] $r <u $1 <h $k $H J8 A4 BN $, s $H $7 $F G’ <1 $5 $l $? $3 $H $K $J $j , 2r @O $, @. 8y $9 $k !# ?^ 4: P AX $K $h $k 2r @O Nc $^ $? %W %m %; %9 4V $r 7k $V %^ !< %8 %c $O $3 $N ;~ E@ $G $O 1 F~ NO 1 =P NO $G $" $k $, , 2r @O $, ?J $‘ $K $D $l 2.2.3 $G =R $Y $? J} K! $K $h $C $F %^ !< %8 %c $X $N F~ NO ?t $O JQ 2= $9 $k !# 3.2 DL ?. Dc 8: HG P AX $K $h $k 2r @O K! %* %j %8 %J %k P AX $O , $= $N DL ?. NL $N B? $5 $f $( JB Ns 2= $K $h $k 8z 2L $, $" $^ $j 8= $l $J $$ $H $$ $& Ld Bj $, $" $k !# $= $3 $G $3 $N DL ?. NL $r 8: >/ $5 $; $k J} K! $H $7 $F 9M $( $i $l $? $N $, DL ?. Dc 8: HG P AX $G $" $k !# %* %j %8 %J %k P AX $G $O , 8= :_ $^ $G $N 2r @O >u 67 $r %G !< %? !J <1 JL ;R !K $G I= $7 , 3F %+ %F %4 %j $r %W %m %; %9 $H $7 $F I= $7 $F $$ $? !# $3 $l $K BP $7 DL ?. Dc 8: HG P AX $O , 2r @O >u 67 $K %W %m %; %9 $r BP 1~ $5 $; , $= $l $i $N 4V $G %+ %F %4 %j $r %G !< %? $H $7 $F $d $j <h $j $5 $; $k !# $D $^ $j %* %j %8 %J %k P AX $N %G !< %? $H %W %m %; %9 $r 5U E> $5 $; $? J} <0 $G $" $k !# %* %j %8 %J %k P AX $G $O , $" $k %+ %F %4 %j $, 2r @O $5 $l $k $H , $= $l $, J8 K! 5, B’ Cf $K J# ?t 2U =j 8= $l $k >l 9g , $= $l $> $l $K BP 1~ $9 $k <1 JL ;R $r J# ?t 8D %G !< %? $H $7 $F Aw $k I, MW $, $" $k !# $3 $l $K BP $7 DL ?. Dc 8: HG P AX $G $O 1 $D $N %+ %F %4 %j $r %G !< %? $H $7 $F Aw $k $@ $1 $G :Q $_ , DL ?. NL $, 8: >/ $9 $k !# DL ?. Dc 8: HG P AX $O 4p K\ E* $K 1& 6y 2r @O K! $G $" $j , $" $k %+ %F %4 %j $, 2r @O $5 $l $k $H :8 $N %W %m %; %9 $K <+ J, $, $I $& $$ $& %+ %F %4 %j $G $" $k $+ $r CN $i $; $k !# J8 K! 5, B’ $N 1& JU :8 6y $N %+ %F %4 %j $K Aj Ev $9 $k %W %m %; %9 $O , <+ J, $N 1& $K $I $N $h $& $J %+ %F %4 %j $r 5v $9 $+ $r CN $C $F $* $j , $= $N %+ %F %4 %j $, Aw $i $l $F $/ $k $H 99 $K $= $N 1& $, $I $& $$ $& %+ %F %4 %j $G $" $k $+ $r D4 $Y $k $3 $H $K $h $C $F 2r @O $r ?J $a $F $$ $/ !# ?^ 3 $N 9= J8 5, B’ $K $* $$ $F :# %+ %F %4 %j np $, 40 @. $7 $? $H $9 $k !# np $, 1& JU :8 6y $K B8 :_ $9 $k J8 K! $O (1),(4) $G $" $j , $= $l $> $l 1& $K vp, conj $r 5v $9 !# $h $C $F np $K BP 1~ $9 $k =R 8l $O 0J 2< $N $h $& $K $J $k !# (a) np([vp(In1)|In],Out) :- (b) Out = [s(In1)|Out1], (c) np(In, Out1). (d) np([conj(In1)|In], Out) :- (e) np conj(In1, Out1), (f) np(In, Out2), (g) Out = f Out1, Out2 g . (h) np([], Out) :- Out = []. (i) otherwise. (j) np([ |In], Out) :- 7

(k) np(In, Out). (e) $N np conj $O 99 $K $= $N 1& $N %+ %F %4 %j $r D4 $Y $k %W %m %; %9 $G , %* %j %8 %J %k P AX $N <1 JL ;R id5 $K BP 1~ $9 $k !# $3 $N %W %m %; %9 $O 1& $K np 5 $r 5v $7 , np 3 $K 4T 85 $9 $k !# (l) np conj([np(In1)|In], Out) :- (m) np(In1, Out3), (n) Out1 = [np(In1)|Out3], (o) np conj(In, Out2), (p) Out = f Out1, Out2 g . (q) np conj([], Out) :- Out = []. (r) otherwise. (s) np conj([ |In], Out) :- (t) np conj(In, Out). $3 $N :] , 4T 85 8e $N Hs =* C< 5- 9f np $O ?^ 3 $N 9= J8 5, B’ $K $* $$ $F 1& JU $N :8 6y $K $b :8 6y 0J 30 $K $b 8= $l $k $N $G , (m) $G %W %m %; %9 np $r 5/ F0 $9 $k $H $H $b $K , (n) $G $O %9 %H %j !< %‘ $r 2p $7 $F <+ J, $, np $G $" $k $3 $H $r <! $N %W %m %; %9 $K CN $i $; $F $$ $k !# 3.1 $G MQ $$ $? $b $N $H F1 $8 Nc J8 $r 2r @O $9 $k >l 9g , =i 4| %4 !< %k $O 0J 2< $N $h $& $K $J $k !# main :- hard([begin], Z), merge(Z, Z1), looked(Z1, Y), merge(Y, Y1), they(Y1, X), merge(X, X1), fin2(X1). DL ?. Dc 8: HG P AX $O 1& 6y 2r @O K! $G $" $k $+ $i , %* %j %8 %J %k P AX $N >l 9g $H %G !< %? $N N. $l $, 5U $K $J $C $F $$ $k !# $^ $? %9 %H %j !< %‘ $r N. $l $k %G !< %? $O %+ %F %4 %j $G $" $k $? $a , fin2/1 $, s([begin]) $r <u $1 <h $C $? $H $- $K 2r @O $O @. 8y $9 $k !# ?^ 5: DL ?. Dc 8: HG P AX $K $h $k 2r @O Nc 3.3 P AX $N Ii 2Y J, ;6 J} <0 $H $= $N Ld Bj E@ %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $N Ii 2Y J, ;6 J} <0 $O , $^ $: C1 8l 4V $r 7k $V %9 %H %j !< %‘ $K %W %m %; %C %5 $r 3d $j IU $1 , :G =i $K 5/ F0 $9 $k C1 8l $K Aj Ev $9 $k %W %m %; %9 $r , $= $N %W %m %; %9 $X $N F~ NO %9 %H %j !< %‘ $H F1 $8 %W %m %; %C %5 >e $G 5/ F0 $9 $k !# 0J 9_ 3F %W %m %; %9 $O , %9 %H %j !< %‘ $+ $i %G !< %? $r FI $_ 9~ $b $& $H $9 $k :] $K $O , $= $N %9 %H %j !< %‘ $K 0\ F0 $7 $F $+ $i %G !< %? $r FI $_ 9~ $‘ ( ?^ 4) !# $3 $l $O F~ NO %9 %H %j !< %‘ $+ $i %G !< %? $r FI $s $G =P NO %9 %H %j !< %‘ $K %G !< %? $r Aw $k F/ $- $r $9 $k %W %m %; %9 $, B? $$ P AX $K $* $$ $F , B? BP B? $N DL ?. $, 5/ $- $k $N $r 2s Hr $9 $k $? $a $K 9M $( =P $5 $l $? J} K! $G $" $k !# P AX $G $O %9 %H %j !< %‘ $r N. $l $k %G !< %? $, Hs >o $K Bg $- $$ $? $a , %G !< %? $N 0\ F0 $h $j $b %W %m %; %9 $N 0\ F0 $N J} $, %3 %9 %H $, >. $5 $$ >l 9g $, B? $$ !# $3 $N J} K! $r MQ $$ $k $3 $H $K $h $C $F F1 $8 %9 %H %j !< %‘ $r FI $b $& $H $9 $k %W %m %; %9 $O $9 $Y $F 1 $D $N %W %m %; %C %5 $K =8 $^ $k $? $a , DL ?. $O B? BP 1 $H $J $k !# $7 $+ $7 $3 $N J} K! $O $" $/ $^ $G AND JB Ns @- $N $_ $r :N MQ $7 $? Ii 2Y J, ;6 J} <0 $G $" $k $? $a , :G Bg $G $b C1 8l ?t J, $N JB Ns @- $7 $+ $J $/ , Mx MQ 2D G= $J %W %m %; %C %5 ?t $, B? $$ $H $- $K $O %W %m %; %C %5 $N Mx MQ 8z N( $, 0- $/ $J $k !# $^ $? , AND JB Ns @- $r :N MQ $7 $F $$ $k $? $a %4 !< %k 4V $N %G !< %? 0M B8 @- $, 9b $/ $J $j , %4 !< %k $N Cf CG $b IQ HK $K 5/ $3 $k $H 9M $( $i $l $k !# 4 2~ NI J} <0 $N Ds 0F K\ >O $G $O @E E* Ii 2Y J, ;6 $r 9M $( $k $H $- $K Ld Bj $H $J $k , P AX $, ;} $D OR JB Ns $N 2 AX @- $K $D $$ $F ?( $l $? $N $A , @E E* / F0 E* Ii 2Y J, ;6 $N J} K! $K $D $$ $F =R $Y $k !# 4.1 OR JB Ns $N 2 AX @- P AX $* $h $S DL ?. Dc 8: HG P AX $N %" %k %4 %j %: %‘ $K $O 0J 2< $N 2 <o N‘ $N JB Ns @- $, $" $k !# AND JB Ns FH N) $7 $? Hs =* C< 5- 9f $r @8 @. $9 $k 2a Dx $K $* $1 $k JB Ns @- !# OR JB Ns 1 $D $N Hs =* C< 5- 9f $r @8 @. $9 $k :] $K , J# ?t $N 2D G= @- $, B8 :_ $9 $k >l 9g , $= $l $i $N 2D G= @- 4V $K $* $1 $k JB Ns @- !# $3 $N OR JB Ns @- $r 99 $K >\ $7 $/ 8+ $k $H , 0J 2< $N $h $& $J 2 AX @- $, B8 :_ $9 $k !# 8

OR JB Ns @- 1. %9 %H %j !< %‘ $r DL $7 $F <u $1 <h $k It J, 2r @O LZ $N 8u Jd $, , J# ?t B8 :_ $9 $k >l 9g !# OR JB Ns @- 2. $" $k It J, 2r @O LZ $N 8u Jd $r <u $1 <h $C $? $H $- , ?7 $7 $$ It J, 2r @O LZ $N @8 @. $K J# ?t $N 2D G= @- $, B8 :_ $9 $k >l 9g !# $3 $l $r DL ?. Dc 8: HG P AX $N =R 8l $K $D $$ $F <( $7 $? $N $, ?^ 6 $G $" $k !# ?^ 6: P AX %W %m %0 %i %‘ $K $* $1 $k OR JB Ns $N 2 AX @- 4.2 @E E* Ii 2Y J, ;6 P AX %W %m %0 %i %‘ $N OR JB Ns @- $K $h $k @E E* Ii 2Y J, ;6 $r 9M $( $k !# A0 =R $N $h $& $K P AX %" %k %4 %j %: %‘ $N OR JB Ns @- $O 2 AX @- $r ;} $C $F $* $j , $= $N N> J} $N JB Ns @- $r MQ $$ $F Ii 2Y J, ;6 $r 9T $& $N $, M} A[ $G $" $k !# $7 $+ $7 OR JB Ns @- 1 $K 4X $7 $F $O , %9 %H %j !< %‘ $r DL $7 $F <u $1 <h $k It J, 2r $N 8D ?t $, M= B, IT 2D G= $G $" $k >e , $= $l $i It J, 2r $N $& $A $I $l $@ $1 $N $b $N $, $= $l 0J 9_ $N 2r @O $K Mx MQ 2D G= $G $" $k $+ $b , <B 9T $7 $F $_ $J $$ $H J, $+ $i $J $$ !# Nc $( $P ?^ 6 $K $* $1 $k =R 8l a $K BP $7 , F~ NO %9 %H %j !< %‘ $K f1 , f2 $H $$ $& 2 $D $N %G !< %? ( A0 CJ 3, $^ $G $K $* $1 $k It J, 2r $N 8u Jd ) $, Aw $i $l $F $/ $k >l 9g $r 9M $( $k !# 7k 2L E* $K $O %W %m %; %9 a $O 5 $D $N %W %m %; %9 b1 , b2 , c1 , c2 , c3 $r ?7 $? $K 5/ F0 $9 $k $3 $H $K $J $k $, , %9 %H %j !< %‘ $N Bh 1 MW AG $G $" $k f1 $r <u $1 <h $C $? ;~ E@ $G $O , $H $j $" $( $: 2 $D $N ?7 $? $J %W %m %; %9 b1 , b2 $r 5/ F0 $9 $k , $H $$ $& $3 $H $7 $+ J, $+ $i $J $$ ( ?^ 7) !# $3 $N $3 $H $+ $i , OR JB Ns @- 1 $r MQ $$ $F @E E* Ii 2Y J, ;6 $r 9T $& $N $O IT 2D G= $G $" $k $N $G , :# 2s $O OR JB Ns @- 2 $N $_ $K $h $k @E E* Ii 2Y J, ;6 $r 9M $( $? !# ?^ 7: 2r $N C5 :w LZ ?^ 8: @E E* Ii 2Y J, ;6 $N Nc 6q BN E* $K $O , 3F %W %m %; %9 $O 2 $D $N 0z ?t PEf , PEt $K $h $j <+ J, $H $= $N ;R B9 $, Mx MQ 2D G= $J %N !< %I $N HO 0O $, P E f $+ $i P E t � 1 $G $" $k $3 $H $r CN $i $5 $l $k ( $? $@ $7 P E f < P E t ) !# :G $b %H %C %W %l %Y %k $N %4 !< %k $G $O P E f = 0, P E t = N um of N odes $G $" $k !# 3F %4 !< %k $O , P E f $H %N !< %I HV 9f $, 0l CW $9 $k %W %m %; %C %5 >e $G <B 9T $5 $l , ;R $N %W %m %; %9 $r 5/ F0 $9 $k $H $- $K <+ $i $N Mx MQ 2D G= HO 0O ( P E f $+ $i P E t ) $r ;R $K J, G[ $9 $k !# $= $l 0J >e J, G[ $G $- $J $/ $J $k ( P E f + 1 = P E t ) $H , 0J 2< $N ;R B9 %W %m %; %9 $O $9 $Y $F F1 0l %N !< %I >e $G <B 9T $5 $l $k !# Nc $( $P ?^ 6 $N =R 8l a $K BP $7 $F $O , f1 $r <u $1 <h $C $? $H $- 5/ F0 $9 $k ;R %W %m %; %9 $N ?t $O 2 $G $" $k $N $G , a $, P E f $+ $i P E t $^ $G $r Mx MQ 2D G= $@ $H $9 $k $H b1 $N Mx MQ 2D G= HO 0O $r P E f $+ $i P E f + P E t � P E f 2 $H $7 , b2 $N Mx MQ 2D G= HO 0O $r P E f + P E t � P E f 2 $+ $i P E t $H $9 $k !# $3 $N J} K! $r MQ $$ $k $H $- $N Ld Bj E@ $H $7 $F $O , OR JB Ns @- 1. $r Mx MQ $7 $J $$ $? $a , %W %m %; %C %5 $N 3d $j Ev $F $, ?^ 8 1& $N $h $& $K B? =E 2= $7 $F $7 $^ $& $3 $H $, 5s $2 $i $l $k !# $^ $? :F Ii 2Y J, ;6 $r 9T $o $J $$ $? $a , 3d $j Ev $F $i $l $? ;E ;v $, C; ;~ 4V $G =* $o $C $F $7 $^ $C $? %W %m %; %9 $O , $= $N 8e A4 =h M} =* N; $^ $G ;E ;v $r 9T $o $J $$ $3 $H $K $J $C $F $7 $^ $& !# 9

4.3 %^ %9 %? %9 %l !< %V $K $h $k F0 E* Ii 2Y J, ;6 @E E* Ii 2Y J, ;6 $O Ii 2Y J, ;6 $N $? $a $N =h M} $, >/ $J $/ $F :Q $‘ $, , :F Ii 2Y J, ;6 $r 9T $o $J $$ $? $a , ;E ;v $N Aa $/ =* $o $C $? %W %m %; %C %5 $O <B 9T =* N; ;~ $^ $G =h M} $r 9T $o $J $$ $3 $H $K $J $k !# 9= J8 2r @O $K $* $1 $k 2r $N C5 :w Ld Bj $G $O C5 :w LZ $, BP >N @- $N $" $k 7A $K $J $k $3 $H $O 5) $G $" $k $H 9M $( $i $l $k $? $a , $3 $N J} <0 $G $O %W %m %; %C %5 $N Mx MQ 8z N( $, 0- $/ $J $k $3 $H $, M= A[ $5 $l $k !# $3 $l $r 2r >C $9 $k $? $a , %^ %9 %? %9 %l !< %V J} <0 $K $h $k F0 E* Ii 2Y J, ;6 $r 9M $( $k !# 4.3.1 4p K\ ;E MM %^ %9 %? %9 %l !< %V $O , ;E ;v $N J, G[ $r 9T $& master $H 8F $P $l $k %W %m %; %9 $, 1 $D B8 :_ $7 , $= $N %W %m %; %9 $, ;E ;v $N $J $$ 3F sla v e %W %m %; %9 $K E, 59 ;E ;v $r 3d $j Ev $F $F $f $/ J} <0 $G $" $k !# $3 $N J} <0 $r MQ $$ $k $H $- $N Ld Bj E@ $H $7 $F $O , %W %m %; %C %5 ?t $, Hs >o $K Bg $- $/ $J $C $? >l 9g $K master $N ;E ;v $, %M %C %/ $K $J $k $3 $H $, M= A[ $5 $l $k !# $3 $l $r 2s Hr $9 $k $? $a , master $O ;E ;v $N 4I M} $r 9T $& $N $G $O $J $/ I, MW $H $9 $k %N !< %I $K idle $J %N !< %I $r >R 2p $9 $k $N $_ $G , <B :] $N ;E ;v $N $d $j <h $j $O sla v e F1 ;N $N 4V $G 9T $o $l $k $h $& 9) IW $r ;\ $7 $? !# $3 $l $K $h $C $F master-sla v e 4V $N DL ?. $b $= $l $[ $I Bg $- $/ $J $k $3 $H $O $J $/ , :# 2s <B Au $r 9T $C $? 64 %; %k 9= @. $N AP1000 $H $$ $& 4D 6- $G $O , $3 $N E@ $K 4X $7 $F $O Ld Bj $, $J $$ $H ;W $o $l $k !# $^ $? :# 2s MQ $$ $k J} <0 $G $O master $O , %N !< %I $N >R 2p $, =* $o $C $? $" $H $O sla v e 4V DL ?. $N 40 N; $r BT $? $: <! $N %N !< %I >R 2p $r 9T $( $k !# $h $C $F sla v e F1 ;N $N 4V $N DL ?. $O %* !< %P %i %C %W $7 $F 9T $( , DL ?. 2s ?t $, A} $( $F $b A4 BN $N <B 9T ;~ 4V $K M? $( $k 1F 6A $r >. $5 $/ M^ $( $k $3 $H $, $G $- $k !# $3 $N J} K! $r <B 8= $9 $k $? $a $K 9T $C $? 6q BN E* $J <B Au J} K! $K $D $$ $F 0J 2< $K =R $Y $k !# sla v e $K $" $? $k 3F %W %m %; %C %5 $O master $H 6& M- %9 %H %j !< %‘ JQ ?t $r ;} $A , idle >u BV $K $J $k $H $= $N JQ ?t $r 2p $7 $F <+ J, $N %N !< %I HV 9f $r master $K Aw $k !# master $O Aw $i $l $F $- $? %N !< %I HV 9f $r %^ !< %8 $7 , ;E ;v MW 5a %- %e !< (idle PE queue) $K 7R $0 !# 0l J} %W %m %; %C %5 $r MW 5a $9 $k B& $O , %4 !< %k $N Aw ?. @h %W %m %; %C %5 $r ;X Dj $9 $k CM $r L$ 6q BN 2= JQ ?t $K $7 $F $* $- , $= $N L$ 6q BN 2= JQ ?t $r master $K Aw $k !# master $O $3 $l $r F1 MM $K %N !< %I MW 5a %- %e !< (PE request queue) $K 7R $0 !# $3 $N ;~ E@ $G $O Aw ?. @h $, 7h $^ $C $F $$ $J $$ $? $a , $3 $N %4 !< %k $O Cf CG $5 $l $k !# master $, $3 $l $i 2 $D $N %- %e !< $N @h F, MW AG $+ $i =g <! F1 0l 2= $7 $F $$ $/ $3 $H $K $h $j L$ 6q BN 2= JQ ?t $G $" $C $? %4 !< %k $N Aw ?. @h $, $" $k %N !< %I HV 9f $G 6q BN 2= $5 $l , %4 !< %k $, <B :] $K Aw ?. $5 $l $k ( ?^ 9) !# ?^ 9: %^ %9 %? %9 %l !< %V $K $h $k Ii 2Y J, ;6 J} <0 4.3.2 %9 %l !< %V %W %m %; %9 $N <B 8= %W %m %; %C %5 $, idle >u BV $K $J $C $? $H $- $K <+ J, $N %N !< %I HV 9f $r master $K Aw $k %9 %l !< %V B& %W %m %; %9 (idle $G $" $k $3 $H $r master $K CN $i $; $k $? $a $N %W %m %; %9 !# 0J 2< , tellidle $H $9 $k ) $N <B 8= J} K! $K $O 0J 2< $N 2 $D $, 9M $( $i $l $k !# 1. <+ $i $, C4 Ev $9 $k =R 8l $N <B 9T $, =* N; $7 $? ;~ E@ $G tellidle $r 5/ F0 $9 $k !# 2. tellidle $r , %N !< %I Fb $G $" $i $+ $8 $a KL1 $N @priority %W %i %0 %^ $r MQ $$ $F :G Dc M% @h EY $G H/ 10

9T $7 $F $* $/ !# $3 $3 $G , $3 $l $i $N J} K! $N 4V $G $O idle >u BV $N 0U L# $, 0[ $J $C $F $$ $k !# J} K! 1. $G $O <B 9T $9 $Y $- %4 !< %k $, B8 :_ $7 $J $$ >u BV $r idle $H $7 $F $$ $k $N $K BP $7 , J} K! 2. $G $O <B 9T 2D G= $J %4 !< %k $, B8 :_ $7 $J $$ >u BV $r idle $H $7 $F $$ $k !# $h $C $F 1. $N J} K! $r :N MQ $7 $? >l 9g , Cf CG >u BV $N %W %m %; %9 $7 $+ B8 :_ $7 $J $$ $h $& $J %N !< %I $O <B :] $K $O ;E ;v $r 9T $C $F $$ $J $$ $K $b $+ $+ $o $i $: , idle $H $O $_ $J $5 $l $J $$ !# $3 $l $O 8z N( $, 0- $$ >e $K , AND/OR N> JB Ns @- $r MQ $$ $F Ii 2Y J, ;6 $r 9T $* $& $H $7 $? >l 9g $K AND JB Ns @- $N 0M B8 4X 78 $+ $i deadlo c k $K 4Y $k 4m 81 @- $, $" $k !# $3 $l $K BP $7 2. $N J} K! $r :N MQ $7 $? >l 9g $O , Cf CG >u BV $b idle $H $_ $J $5 $l $k $? $a , 1. $N $h $& $J %W %m %; %C %5 Mx MQ 8z N( $N Dc 2< $d deadlo c k $N 4m 81 @- $O 2s Hr $G $- $k !# $7 $+ $7 $= $N H? LL , <B 9T 2D G= %4 !< %k $N <B 9T $N $? $a $N %G !< %? DL ?. Ey $, 9T $o $l $F $$ $k >u BV $b idle $H $_ $J $5 $l , M> J, $K ;E ;v $r 3d $j Ev $F $i $l $F $7 $^ $& 4m 81 @- $, $" $k !# :# 2s $N 8& 5f $G $O , AND/OR JB Ns $H OR $N $_ $N JB Ns $K 6& $K Mx MQ $G $- <B 9T 8z N( $b NI $$ $H ;W $o $l $k 2. $N J} K! $r MQ $$ $? !# 0J 2< $3 $N J} K! $K $h $j %^ %9 %? %9 %l !< %V J} <0 $r <B 8= $9 $k <j K! $K $D $$ $F =R $Y $k !# 4.3.3 idle PE queue A‘ :n $N <B 8= $" $k %N !< %I $K $* $$ $F <B 9T 2D G= $J %4 !< %k $, $J $/ $J $k $H , $" $i $+ $8 $a :G Dc M% @h EY $G 5/ F0 $5 $l $F $$ $? tellidle $, 5/ F0 $5 $l master $K %N !< %I HV 9f $, Aw $i $l $k $, , $= $N $N $A tellidle $O ?7 $7 $$ ;E ;v ( %4 !< %k ) $, $= $N %N !< %I $K 3d $j Ev $F $i $l $k $^ $G w ait >u BV $K F~ $k I, MW $, $" $k !# $3 $l $O , idle ?. 9f $r 2? EY $b Aw $C $F $7 $^ $& $3 $H $G M> J, $J ;E ;v $r 3d $j Ev $F $i $l $k $3 $H $r Hr $1 $k $? $a $G $" $k !# $= $7 $F $= $N w ait $O %N !< %I $K ?7 $? $J ;E ;v $, 3d $j Ev $F $i $l $? 8e $K 2r =| $5 $l $M $P $J $i $J $$ !# $3 $l $r <B 8= $9 $k J} K! $H $7 $F $O 0J 2< $N 2 $D $, 9M $( $i $l $k !# 1. tellidle $O idle ?. 9f $r master $K Aw $C $? $N $A 0l C6 >C LG $9 $k $, , $= $N 8e MW 5a $K BP $7 ?7 $7 $$ %4 !< %k $, E~ Ce $7 $? $H $- $K , $= $N %4 !< %k <+ ?H $, tellidle $r :G Dc M% @h EY $G :F 5/ F0 $9 $k !# 2. tellidle $O Aw ?. 40 N; $N @’ Hs $r <( $9 L$ 6q BN 2= JQ ?t $r ;} $A , $= $N JQ ?t $, 6q BN 2= $5 $l $k $^ $G ( B( $A Aw ?. 40 N; $, CN $i $5 $l $k $^ $G ) w ait >u BV $r J] $D !# $= $N JQ ?t $O MW 5a $K BP $7 %4 !< %k $, E~ Ce $7 $? $H $- $K 6q BN 2= $5 $l $k !# 1. $N J} K! $r MQ $$ $k >l 9g , Aw ?. BP >] $H $J $C $F $$ $k %4 !< %k $O Aw ?. @h $N %N !< %I $G tellidle $r 5/ F0 $9 $k $, , $= $N $? $a $K $O $= $N Ej $2 $i $l $k @h $N %N !< %I $K BP 1~ $9 $k idle %- %e !< $X $N %] %$ %s %? $r CN $C $F $$ $J $1 $l $P $J $i $J $$ !# $3 $N $? $a , idle $G $" $k %N !< %I $, <+ J, $N %N !< %I HV 9f $r master $K Aw $k $H $- , F1 ;~ $K <+ J, $N idle %- %e !< $X $N %] %$ %s %? $b master $K Aw $C $F $* $/ I, MW $, $" $k !# $3 $l $K BP $7 , 2. $N J} K! $r MQ $$ $k >l 9g $O Aw ?. BP >] $N %4 !< %k $, D> @\ tellidle $r 5/ F0 $9 $k $o $1 $G $O $J $$ $N $G idle queue $X $N %] %$ %s %? $r CN $C $F $$ $k I, MW $O $J $$ $, , Aw ?. $, =* N; :Q $+ H] $+ $r 4F ;k $9 $k JQ ?t $, I, MW $G $" $k !# 0J >e 2 $D $N J} K! $K $D $$ $F , %N !< %I >e $G <B :] $K 5/ $3 $k %4 !< %k $N F0 $- $r <( $7 $? $N $, ?^ 10 $G $" $k !# $3 $l $r 8+ $F $b J, $+ $k $h $& $K , $$ $: $l $N J} K! $r MQ $$ $F $b %^ %9 %? , %9 %l !< %V 4V $N DL ?. $, JQ ?t $, 1 $D A} $( $k $@ $1 $G :9 $, $J $$ !# $= $N JQ ?t $, %- %e !< $X $N %] %$ %s %? $G $" $k $+ %U %i %0 $G $" $k $+ $N 0c $$ $@ $1 $G $" $k !# :# 2s $N <B Au $G $O J} K! 2. $r MQ $$ $? !# 4.3.4 Aw ?. BP >] $H $J $k %\ %G %# %4 !< %k %W %m %; %9 $, J# ?t $N ;R %W %m %; %9 $r 5/ F0 $9 $k $H $- , $= $N 0l It $r Aw ?. BP >] $H $7 $F ;D $j $O <+ J, $, <u $1 ;} $D $3 $H $K $J $k !# $3 $N :] $I $N %W %m %; %9 $r Aw ?. BP >] $H $9 $k $+ $, Ld Bj $H $J $k !# P AX $K $* $1 $k %W %m %; %9 $O %9 %H %j !< %‘ F~ NO $N MW AG $* $N $* $N $K $D $$ $F 0[ $J $C $? =h M} $r 9T $& $, , $= $N $H $- JB Ns $K 5/ F0 $5 $l $k ;R %W %m %; %9 4V , B( $A OR JB Ns @- 2. $G $O $= $N ;~ E@ $^ $G $N It J, 2r ( <u $1 <h $C $? %9 %H %j !< %‘ MW AG ) $r Ev A3 6& M- $9 $k $3 $H $K $J $k !# $3 $l $K BP $7 %9 %H %j !< %‘ $r DL $8 $F Aw $i $l $F $/ $k 3F MW AG 4V , B( $A OR JB Ns @- 1. $N J} $, Hf 3S E* FH N) @- $, 9b $$ $H 9M $( $i $l $k !# $7 $? $, $C $F :# 2s $O , <+ 8J :F 5" 8F $S $N %4 !< %k $r Aw ?. BP >] $H $9 $k $3 $H $K $7 $? !# $3 $l $O $9 $J $o $A 4.1 $G =R $Y $? OR JB Ns @- 1. $K $h $k JB Ns 2= $K $[ $+ $J $i $J $$ !# 11

?^ 10: idle queue A‘ :n $N <B 8= 12

$^ $? %4 !< %k $r Aw ?. $9 $k A0 $K $= $N F~ NO %9 %H %j !< %‘ $N <! MW AG $, nil atom $+ H] $+ $r D4 $Y $k $3 $H $K $7 $? ( ?^ 11) !# F~ NO $N <! MW AG $, nil atom $G $" $k $H $- , B( $A F~ NO %9 %H %j !< %‘ $, <! $G JD $8 $i $l $F $$ $k $H $- $O , P AX $N $$ $+ $J $k =R 8l $K $* $$ $F $b =P NO %9 %H %j !< %‘ $r JD $8 $k ;E ;v $7 $+ 9T $o $l $J $$ !# $= $l $@ $1 $N =h M} $r 9T $& $? $a $K %4 !< %k $r Aw ?. $9 $k $H , Aw ?. $5 $l $? %4 !< %k $O B( :B $K =* N; $7 $F $7 $^ $$ 8z N( $, 0- $$ !# p([f1|In], Out, Req) :- Out = {Out1, ...}, Req = {Req1, ...}, q(...), ..., throwchk(p, In, Out1, Req1). %% Aw ?. A0 $K %A %’ %C %/ $r 9T $& throwchk(p, In, Out, Req) :- In = [] | Out = [], Req1 = []. %% In $, nil $J $i Aw ?. $; $: $K =* N; otherwise. %% $= $l 0J 30 $J $i throwchk(p, In, Out, Req) :- Req = [X|NewReq], p(In, Out, NewReq)@node(X). %% Aw ?. @h MW 5a !# 7h Dj <! Bh Aw ?. ?^ 11: %4 !< %k Aw ?. A0 $N %A %’ %C %/ 5 @- G= I> 2A K\ >O $G $O 4 >O $G =R $Y $? @E E* / F0 E* Ii 2Y J, ;6 $r F3 F~ $7 $? P AX %W %m %0 %i %‘ $r , Ev 8& 5f << $G 0\ ?" $r 9T $C $? AP1000 HG KLIC [15] >e $G $N <B 9T $K $h $j I> 2A $9 $k !# KLIC $O , => Mh JB Ns ?d O@ %^ %7 %s PIM >e $G $7 $+ F0 :n $7 $J $+ $C $? KL1 %W %m %0 %i %‘ $r MM !9 $J 7W ;; 5! >e $G F0 :n $5 $; $k $? $a $K , ( :b ) ?7 @$ Be %3 %s %T %e !< %? 3+ H/ 5! 9= (ICOT) $, 3+ H/ $7 $? KL1 =h M} 7O $G $" $k !# KLIC $O , KL1 %W %m %0 %i %‘ $r $$ $C $? $s C %W %m %0 %i %‘ $K JQ 49 $7 , %* %V %8 %’ %/ %H %3 !< %I $N @8 @. $O %? !< %2 %C %H %^ %7 %s $N C %3 %s %Q %$ %i $, 9T $& $H $$ $& J} <0 $r $H $k !# $3 $N $? $a , DL ?. 4X 78 $J $I $N 5! <o 0M B8 It $r =| $- 0\ ?" @- $N 9b $$ =h M} 7O $H $J $C $F $$ $k !# AP1000 HG KLIC $O PVM HG $K 3S $Y $F DL ?. %* !< %P %X %C %I $, >/ $J $$ $H $$ $& FC D9 $r ;} $D !# $^ $? @l MQ %^ %/ %m Cprobe() [15] $K $h $j %] !< %j %s %0 $N 9b B. 2= $, ?^ $i $l $F $$ $k !# :# 2s $N @- G= I> 2A $G MQ $$ $? $N $O , J8 K! ?t Ls 500, C1 8l ( =* C< 5- 9f ) ?t Ls 200 $+ $i $J $k 9= J8 5, B’ $G $" $k !# $^ $? , 2r @O BP >] $H $7 $F MQ $$ $? J8 $O I= 1 $K 5s $2 $? 2 $D $G $" $k !# C5 :w 6u 4V $N 9- $5 $r <( $9 $? $a , Jd 6/ 9‘ $r MQ $$ $J $$ >l 9g $K F@ $i $l $k 2r $N 8D ?t $b <( $9 !# I= 1: @- G= I> 2A $K MQ $$ $? J8 C1 8l ?t 2r $N 8D ?t Jd 6/ 9‘ $J $7 (1) 11 1 36 (2) 20 3 Ls 760 $^ $: 3F P AX %W %m %0 %i %‘ $K J8 (1) $r 2r @O $5 $; , $= $N =j MW ;~ 4V $r B, Dj $7 $? !# I= 2 $K 3F P AX $K $h $k , 2r C5 :w $K MW $7 $? ;~ 4V $r <( $9 !# $^ $? , 2r @O $N :] $K H/ @8 $7 $? %4 !< %k $N Cf CG $H %a %C %; !< %8 $N ?t $r I= 3 $K <( $9 !# $? $@ $7 %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $N JB Ns @- $, :G $b 0z $- =P $5 $l $k 11 Bf ( B( $A C1 8l ?t $K Ey $7 $$ Bf ?t ) $G Hf 3S $r 9T $C $? !# :# 2s ;H MQ $7 $? 4D 6- $O 64 %; %k 9= @. $N AP1000 $G $" $k $, , $& $A 1 Bf $O KLIC $N master $H $7 $F MQ $$ $i $l $k $? $a , <B :] Mx MQ $G $- $k $N $O 63 %; %k $^ $G $G $" $k !# %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $O C1 8l ?t 0J >e $N %W %m %; %C %5 $O Mx MQ $7 $J $$ $N $G , %W %m %; %C %5 Bf ?t $, C1 8l ?t $r 1[ $( $k $H <B 9T ;~ 4V $O $[ $\ 0l Dj $H $J $C $F $$ $k !# 99 $K >\ $7 $/ 8z 2L $r D4 $Y $k $? $a , DL ?. Dc 8: HG P AX $H OR JB Ns $K $h $k @E E* Ii 2Y J, ;6 P AX $K $D $$ $F J8 (2) $r MQ $$ $F C5 :w ;~ 4V $r B, Dj $7 $? !# $= $N 7k 2L $r I= 4, ?^ 12 $K <( $9 !# %* %j %8 %J %k P AX $H DL ?. Dc 8: HG P AX $O , � :F Ii 2Y J, ;6 $r 9T $o $J $$ !# � Mx MQ 2D G= $J %W %m %; %C %5 ?t $, m $G $" $k $H $- , 5/ F0 ;~ $K n HV L\ $N C1 8l $r n mo d m HV L\ $N %W %m %; %C %5 $K 3d $j Ev $F $k $? $a , n > m $G $" $k >l 9g , Ii 2Y $N JP $j $, @8 $8 $k !# 13

?^ 12: J8 (2) $K $h $k I> 2A 7k 2L $H $$ $& $h $& $K Ii 2Y $N JP $j $r H/ @8 $5 $; $k 2D G= @- $r B? $/ 4^ $s $G $$ $k $? $a , <B 9T ;~ 4V $O C1 D4 $K 8: >/ $9 $k $H $O 8B $i $J $$ !# $3 $l $K BP $7 OR JB Ns $K $h $k @E E* Ii 2Y J, ;6 HG P AX $O %W %m %; %5 ?t $K 1~ $8 $F $" $k Dx EY C1 D4 $K <B 9T B. EY $, 8~ >e $7 $F $$ $k $, , 20 Bf IU 6a $G %T !< %/ $H $J $j , $= $N $" $H $O =y !9 $K <B 9T B. EY $, Dc 2< $7 $F $$ $k ( I= 5, ?^ 12) !# 2r @O <B 9T ;~ $G $N %4 !< %k Cf CG 2s ?t $H H/ @8 %a %C %; !< %8 ?t $r B, Dj $7 $? 7k 2L $r $= $l $> $l I= 6, 7 $K <( $9 !# DL ?. Dc 8: HG P AX $N Bf ?t $r 20 $K $7 $F $" $k $N $O , J8 (1) $N ;~ $K =R $Y $? $N $H F1 $8 M} M3 $+ $i $G $" $k !# %* %j %8 %J %k P AX, DL ?. Dc 8: HG P AX $H $b $K AND JB Ns $K 4p $E $/ Ii 2Y J, ;6 $r MQ $$ $F $$ $k $N $K BP $7 , :# 2s <B Au $r 9T $C $? J, ;6 J} <0 $O OR JB Ns @- $K 4p $E $$ $F $$ $k $? $a , 3F %W %m %; %C %5 4V $N %G !< %? 0M B8 @- $, >/ $J $$ !# <B :] $O , Ii 2Y $N JP $j $K $h $j ;E ;v $r $[ $H $s $I 9T $C $F $$ $J $$ $h $& $J %W %m %; %9 $, $" $k Dx EY B8 :_ $7 $F $$ $k $? $a , J? 6Q CM $O $3 $N I= $K <( $7 $? CM $h $j 0- $/ $J $k $H 9M $( $i $l $k !# $7 $+ $7 $= $l $r 9M N8 $K $$ $l $F $b , 0M B8 @- $N Dc 2< $K $h $j %4 !< %k Cf CG 2s ?t $H %a %C %; !< %8 ?t $, Bg $- $/ 8: >/ $7 $F $$ $k $N $O L@ $i $+ $G $" $k !# ?^ 13: %4 !< %k $N Cf CG 2s ?t ?^ 14: %a %C %; !< %8 ?t 14

I= 2: J8 (1) $N 2r C5 :w $K MW $7 $? ;~ 4V (sec) PE Bf ?t 2 4 8 11 16 32 63 %* %j %8 %J %k P AX 48.20 36.34 34.77 26.15 26.17 26.14 26.06 DL ?. Dc 8: HG P AX 7.97 7.15 7.07 6.37 6.21 6.33 6.27 OR JB Ns @E E* Ii 2Y J, ;6 4.46 3.21 5.87 6.14 4.93 6.13 5.20 OR JB Ns %^ %9 %? %9 %l !< %V 15.52 7.36 7.27 7.25 7.18 7.15 7.19 I= 3: %4 !< %k Cf CG 2s ?t $H %a %C %; !< %8 ?t %4 !< %k Cf CG 2s ?t %a %C %; !< %8 ?t Am 7W J? 6Q Am 7W J? 6Q %* %j %8 %J %k P AX (11 Bf ) 88,417 8,038 291,551 26,505 DL ?. Dc 8: HG P AX (11 Bf ) 11,135 1,012 73,146 6,650 OR JB Ns @E E* Ii 2Y J, ;6 (11 Bf ) 9,474 861 41,049 3,732 OR JB Ns %^ %9 %? %9 %l !< %V (11 Bf ) 1,814 165 76,260 6,933 I= 4: J8 (2) $N 2r C5 :w $K MW $7 $? ;~ 4V (sec) PE Bf ?t 2 4 8 12 16 20 32 DL ?. Dc 8: HG P AX 73.50 104.97 71.67 98.67 70.87 75.85 76.02 OR JB Ns @E E* Ii 2Y J, ;6 145.35 136.23 97.52 66.42 54.61 54.91 67.10 I= 5: Bf ?t 8z 2L PE Bf ?t 2 4 8 16 20 32 63 OR @E E* Ii 2Y J, ;6 1.07 1.15 1.61 2.91 2.90 2.39 1.91 I= 6: %4 !< %k $N Cf CG 2s ?t Am ?t %W %m %; %C %5 J? 6Q DL ?. Dc 8: HG P AX (20 Bf ) 231,048 11,552 OR JB Ns @E E* Ii 2Y J, ;6 (20 Bf ) 51,788 2,590 OR JB Ns @E E* Ii 2Y J, ;6 (32 Bf ) 97,907 3,060 15

I= 7: %a %C %; !< %8 %a %C %; !< %8 ?t %5 %$ %: (KByte) Am 7W J? 6Q Am 7W J? 6Q DL ?. Dc 8: HG P AX (20 Bf ) 622,259 31,113 18,787 939 OR JB Ns @E E* Ii 2Y J, ;6 (20 Bf ) 162,181 8,109 5,118 256 OR JB Ns @E E* Ii 2Y J, ;6 (32 Bf ) 314,807 9,838 17,680 281 6 $* $o $j $K K\ O@ $G $O , JB Ns 9= J8 2r @O %7 %9 %F %‘ P AX $N OR JB Ns @- $r Mx MQ $7 $? @E E* / F0 E* Ii 2Y J, ;6 $K $D $$ $F =R $Y , $= $N M- 8z @- $r AP1000 HG KLIC >e $G <B 9T $7 I> 2A $7 $? !# OR JB Ns @- $r MQ $$ $? $3 $H $K $h $C $F %W %m %; %C %5 4V $N %G !< %? 0M B8 4X 78 $r 7Z 8: $9 $k $3 $H $, $G $- , 7k 2L $H $7 $F KL1 %W %m %0 %i %‘ $N %4 !< %k Cf CG 2s ?t $H %a %C %; !< %8 NL $, 8: $k $3 $H $G 9b $$ JB Ns @- $r 0z $- =P $9 $3 $H $, $G $- $? !# 9= J8 2r @O $N 7k 2L $H $7 $F F@ $i $l $k 2r $N 8D ?t $O >/ $J $$ $b $N $G $" $k $, , 3F 2r $O 9= J8 LZ $r I= 8= $7 $F $$ $k $? $a $" $k Dx EY $N Bg $- $5 $r ;} $D !# %* %j %8 %J %k P AX $d DL ?. Dc 8: HG P AX $O 2r $, 2r @O $N 2a Dx $G 1 $D $N %W %m %; %C %5 $K =8 $^ $k $h $& %W %m %; %9 $, %^ %C %T %s %0 $5 $l $F $$ $k $, , OR JB Ns $G JB Ns =h M} $r 9T $C $? >l 9g , 2r @O =* N; ;~ $K 2r $r FC Dj %W %m %; %C %5 >e $K =8 $a $k I, MW $, $" $k !# :# 8e $N 2] Bj $H $7 $F $O , $h $j 8z N( $r >e $2 $k $? $a $K , $3 $N 2r $N <} =8 J} K! $K $b 9) IW $, I, MW $G $" $m $& !# $^ $? , %4 !< %k Cf CG 2s ?t $N 8: >/ $r 8+ $F $b L@ $i $+ $J $h $& $K , OR JB Ns @- $r Mx MQ $7 $F $$ $k $? $a %W %m %; %9 5/ F0 ;~ $K $= $N F~ NO %G !< %? $, $9 $Y $F 7h Dj $7 $F $$ $k !# $h $C $F KLIC $N 0l 3g Aw ?. 5! G= [15] $r Mx MQ $9 $l $P !" :Y N3 EY DL ?. $N H/ @8 $r 2s Hr $G $- $k $H 9M $( $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 $4 ;X F3 $r ;r $C $? Cf Eg 9@ =u 65 <x , ?9 bC 0l O: =u 65 <x $K ?4 $+ $i 46 <U CW $7 $^ $9 !# $^ $? 5. =E $J $4 =u 8@ $r D: $$ $? Bg Ln OB I’ ;a , AP1000 HG KLIC $N 4D 6- $r @0 $( $F D: $$ $? 0K @n 2m I’ ;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 CW $7 $^ $9 !# :G 8e $K , :# $^ $G ;d $K 2? $i $+ $N 7A $G 4X $o $j $N $" $C $? $9 $Y $F $N J} !9 $K 46 <U CW $7 $^ $9 !# ;2 9M J8 8% [1] Matsumoto, Y.: A P arallel P arsing System for Natural Language Analysis, New Gener- ation Computing , %* !< %‘ <R (1987). [2] >> K\ M5 <# , ?y B< NN 0l : O@ M} 7? 8@ 8l $K 4p $E $/ 9= J8 2r @O %7 %9 %F %‘ SAX, %3 %s %T %e !< %? %= %U %H %& %’ %" , V ol. 3, F| K\ %= %U %H %& %’ %" 2J 3X 2q . [3] Chik a y ama, T.: Intr o duction to KL1 (1994). [4] :4 F# M5 9, : JB Ns <+ A3 8@ 8l 9= J8 2r @O %7 %9 %F %‘ P AX $N 2~ NI , Pr o c e e dings of KL1 Pr o gr am- ming Workshop (1990). [5] 6a ;3 N4 : KLIC %f !< %6 !< %: %^ %K %e %" %k (1995). [6] O; Bt 0l >< , Cg @% L@ I’ , 6a ;3 N4 , F# @% E/ O/ : KLIC J, ;6 %a %b %j =h M} 7O $N @_ 7W $H =i 4| I> 2A , JB Ns =h M} %7 %s %] %8 %& %‘ JSPP ’95 O@ J8 =8 (1995). [7] Kasami, T.: An e�cien t recognition and syn tax algorithm for con text-free lan- guages, Scienc e R ep ort , No. AF CRL-65-758, Air F orce Cam bridge Researc h Lab oratory (1965). [8] Ka y , M.: Algorithm Sc hemata and Data Structures in Syn tactic Pro cessing, T ec hni- cal Rep ort CSL-80-12, Xero x P AR C (1980). [9] P ereira, F. and W arren, D.: De�nite clause grammars for language analysis { A surv ey 16 of the formalism and a comparison with aug- men ted transition net w orks, A rti�cial Intel- ligenc e , V ol. 13 (1980). [10] Matsumoto, Y., T anak a, H., Hirak a w a, H., Miy oshi, H. and Y asuk a w a, H.: BUP: A Bottom-Up P arser Em b edded in Prolog, New Gener ation Computing , V ol. 1, No. 2, %* !< %‘ <R (1983). [11] Matsumoto, Y., Kiy ono, M. and T anak a, H.: BUP 9= J8 2r @O %7 %9 %F %‘ $N =t 5! G= , <+ A3 8@ 8l M} 2r $H O@ M} %W %m %0 %i %_ %s %0 , 6a Be 2J 3X <R (1990). [12] Aho, A. and Ullman, J.: The Theory of P arsing, T ranslation, and Compiling, Pars- ing , V ol. 1, Pren tice-Hall (1972). [13] Okum ura, A. and Matsumoto, Y.: P arallel Programming with La y ered Streams, Pr o c. International Symp osium on L o gic Pr o gr am- ming , pp. 224{232 (1987). [14] >> K\ M5 <# , 1| B< 98 : JB Ns O@ M} 7? 8@ 8l $K $h $k C5 :w Ld Bj $N %W %m %0 %i %_ %s %0 | AX >u %9 %H %j !< %‘ K! $N 3H D% |, >p Js =h M} 3X 2q O@ J8 ;o , V ol. 32, No. 7 (1991). [15] 0K @n 2m I’ , Bg Ln OB I’ , ?9 bC 0l O: , 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= (1994). 17