L? Bj ;~ Aj O@ M} $N 7h Dj <j B3 $- $N Hf 3S Comparison of Prop ositional T emporal Logic decidion pro cedure Hf 2E 70 y Kaoru Higa 2O Ln ?? <# yy Sinji Kono y N0 5e Bg 3X M} 9) 3X 8& 5f 2J >p Js 9) 3X @l 96 F aclut y of Information Engneering, Universit y of the Ryukyus yy N0 5e Bg 3X >p Js 9) 3X 2J Sp ecialt y of Information Engineering, Universit y of the Ryukyus 35 MW L? Bj ;~ Aj O@ M} $O %O !< %I %& %’ %" , %= %U %H %& %’ %" $K $* $$ $F $N 8! >Z K! $K M- 8z $G $" $k $3 $H $, CN $i $l $F $$ $k . 8! >Z $N 7W ;; NL $O P-Space $G $" $k $3 $H $, CN $i $l $F $$ $k $, , $= $N >\ :Y $O BP >] $H $J $k Ld Bj $d ;~ Aj O@ M} $N <o N‘ , 8! >Z K! $K $h $C $F 0[ $J $k . $3 $3 $G $O T ableau K! $H Resultion $r <h $j >e $2 , <B :] $K $+ $+ $k ;~ 4V $K $D $$ $F <B B, $7 Hf 3S $H 9M ;! $r 9T $& . 1 $O $8 $a $K 6a G/ , 2J 3X 5; =Q $N H/ C# $K $h $j %O !< %I %& %’ %" !& %= %U %H %& %’ %" $O J# ;( $+ $D Bg 5, LO $J $b $N $H $J $C $F $$ $k . $= $N $? $a @_ 7W CJ 3, $K $* $$ $F 8m $j $, @8 $8 $k 2D G= @- $, 9b $/ $J $C $F $- $F $$ $k . $= $N 7k 2L , @_ 7W $5 $l $? %7 %9 %F %‘ $K 8m $j $, L5 $$ ;v $r J] >Z $9 $k $? $a $N O@ M} @_ 7W $d 8! >Z <j K! $N 3N N) $, =E MW $J 2] Bj $H $J $C $F $* $j , ?t 3X E* $K @_ 7W $N @5 $7 $5 $r J] >Z $9 $k $3 $H $, $G $- $k 8! >Z <j K! $, =E MW ;k $5 $l $F $- $F $$ $k . ;~ Aj O@ M} $O $= $N 8! >Z <j K! $G $b M- 8z $J <j CJ $N 0l $D $G $" $k . $7 $+ $7 8! >Z $K $* $1 $k 7W ;; NL $O P-Space $G $" $k $3 $H $b CN $i $l $F $$ $k . $7 $+ $7 , $= $N >\ :Y $O BP >] $H $J $k Ld Bj $d ;~ Aj O@ M} $N <o N‘ , 8! >Z K! $K $h $C $F 0[ $J $k . K\ 8& 5f $G $O L TTL(Linear Time T emporal Logic),ITL(In terv al T emporal Logic) $N #2 $D $N O@ M} $K BP $7 $F , Semantic T ableaux,Resolution $H $$ $& #2 $D $N 7h Dj <j B3 $- $r <B Au $7 , =< B- @- $N %A %’ %C %/ $K $+ $+ $k 7W ;; ;~ 4V $r <B B, , Hf 3S $7 $= $N 0c $$ $K $D $$ $F 9M ;! $9 $k . K\ 8& 5f $G MQ $$ $k T emporal op erator $O #5 <o N‘ $" $j L TTL $G $O 2 (allwa ys), 3 (sometime) ITL $G $O &(c hop), j (bar) $r MQ $$ $k . $^ $? $= $l $> $l $N O@ M} $G MQ $$ $k op erator $N (Next) $, $" $k . 2 L TTL L TTL $G $O ;~ 4V $r D> @~ E* $G ,1 %/ %m %C %/ $E $D $K J, $1 $k N% ;6 E* $J ;~ 4V $r 9M $( $k . $3 $N O@ M} $O =* N; ;~ 4V $, B8 :_ $7 $J $$ L5 8B $N ;~ 4V $G 9M $( $k O@ M} $G $" $k . 2.1 Semantic T ableaux Dj 5A 1 s $r >u BV $H $7 $F , v s ( A ) $O L? Bj O@ M} <0 A $K BP 1~ $9 $k >u BV s $G $N ?? M} CM $r I= $9 $H $9 $k .L TTL $G $O , >u BV $O ;~ 9o $K BP 1~ $9 $k . ;~ 9o i $N >u BV $r s i $H $9 $k . 2 A : :G =i $N >u BV s 0 $+ $i 0z $- B3 $/ , G$ 0U $N >u BV s i $K $* $$ $F v s 0 ( A ) = T $+ $D v s i ( A ) = T $, @. $j N) $D $H $- $G $" $k . 3 A : s 0 $+ $i 0z $- B3 $/ $" $k >u BV s i (0 � i ) $K $* $$ $F v s i ( A ) = T $, @. $j N) $D $H $- $G $" $k . A : s i $N <! $N >u BV s i +1 $G v s i +1 ( A ) = T $, $J $j $? $D $H $- $G $" $k . $3 $l $K => Mh ;H $o $l $F $$ $k O@ M} 5- 9f , _ ; ^ ; : ; ) $r MQ $$ $k . |1|

$^ $: Semantic T ableaux $H 8F $P $l $k 7h Dj <j B3 $- $K $D $$ $F @b L@ $9 $k . $^ $? , $3 $N <j B3 $- $G MQ $$ $k temp oral op erator $N E8 3+ 5, B’ $r I= 1 $K <( $9 . � %k !< %k $K $* $1 $k E8 3+ $G F3 =P $5 $l $? <0 $O AND, � %k !< %k $O OR $G 7k 9g $7 $F $$ $k $b $N $H $9 $k . 8E E5 O@ M} $K 4X $9 $k E8 3+ $K $D $$ $F $O >J N, $9 $k . $3 $N %k !< %k $K $h $j , O@ M} <0 $r %D %j !< >u $K E8 3+ $9 $k $3 $H $G =< B- @- $N %A %’ %C %/ $r 9T $& . Semantic T ableaux $G $O E8 3+ $7 $? %D %j !< $N A4 $F $N MU $K 0J 2< $N %^ !< %/ $r <( $; $P =* N; $G $" $k . MU $O <! $N $h $& $K J, $1 $i $l $k . � %b %G %k $, B8 :_ $9 $k $3 $H $r <( $9 op en � %b %G %k $, B8 :_ $7 $J $$ $3 $H $r <( $9 close � $" $k It J, %D %j !< $^ $G $N %k !< %W $r <( $9 � $^ $? , $3 $N O@ M} $G $O 9M $( $k ;~ 4V $, L5 8B $J $N $G , L5 8B $K %$ %Y %s %H $, 1d 4| $5 $l $k >l 9g $r 8! =P $9 $k even tual- it y $N %A %’ %C %/ $r 9T $o $J $1 $l $P $J $i $J $$ .even tualit y $N %A %’ %C %/ $H $O , G$ 0U $N %k !< %W $G , 5/ $3 $k $Y $- ;v >] $, :# $^ $G $K H/ @8 $7 $F $$ $k $+ $I $& $+ $r D4 $Y $k ;v $G $" $k . $3 $l $O E8 3+ $r 9T $C $F $G $- $? MU $N ?F $r $? $I $C $F $$ $- , 5/ $3 $k $Y $- ;v >] $, 2a 5n $K H/ @8 $7 $F $$ $? $+ $I $& $+ $r D4 $Y $k $3 $H $G == J, $G $" $k [1] . 2.2 Resolution $3 $N 8! >Z J} K! $O M? $( $i $l $? <0 $r Conjuctiv e Normal F orm(CNF) $H 8F $P $l $k 7A <0 $K JQ 49 $7 ,resolution $K $h $C $F CNF $r 8: $i $7 $F $$ $/ $3 $H $K $h $j , =< B- @- $N %A %’ %C %/ $r 9T $& [1] . Dj 5A 2 L? Bj JQ ?t $H , $= $N H] Dj p; : p $r %j %F %i %k $H $$ $& . next op er ator $N $D $$ $? <0 $d %j %F %i %k $r 9‘ $H $$ $& . always op er ator $H next op er ator $H %j %F %i %k $@ $1 $G $G $- $? $b $N $r 85 AG 9‘ $H $$ $$ , $5 $i $K sometime op er ator $, $D $$ $? $b $N $r >r 7o 9‘ $H $$ $& . 85 AG 9‘ $N =8 9g $G $G $- $? $b $N $r @a $H $$ $$ , 9‘ $N =8 9g $G $G $- $? $b $N $r N‘ ;w @a $H $$ $& . � %k !< %k � 1 � 2 2 A A 2 A : 3 A : A : 3 A � %k !< %k � 1 � 2 3 B B 3 B : 2 B : B : 2 B I= 1 L TTL $N E8 3+ 5, B’ $b $H $N O@ M} <0 $r @a $G I= $7 $? $b $N $r CNF $H $$ $& . Resolution $N E8 3+ 5, B’ $O , <! $N $h $& $K $J $k . A4 $F $N O@ M} <0 $O P i ^ 2 Q $H $$ $& 7A $N CNF $K JQ 49 $9 $k $3 $H $, $G $- $k . $3 $N CNF $r ;H $C $F Resolution $r 9M $( $k (P $H Q $O @a ) [4] . CNF $K JQ 49 $9 $k 2a Dx $G P ,Q $, %j %F %i %k $G $J $$ >l 9g $N 2 ( P _ Q ) $H $$ $& 7A $N $H $- $O ( 2 P _ 2 Q ) ) 2 ( P _ Q ) $H 1& 8~ $- $K $7 $+ O@ M} $, @. $j N) $? $J $$ $N $G , P _ Q $r ?7 $7 $$ JQ ?t R $K CV $- 49 $( $k . $h $C $F <0 $O 2 ( P _ Q ) = 2 R ^ ( : R _ P ) ^ ( : R _ Q ) $H $$ $& CNF $K JQ 49 $5 $l $k . $" $k @a C 0 ; C 00 $K $* $$ $F G$ 0U $N %j %F %i %k l $, C 0 3 l $+ $D C 00 3 l c $J $i Resolution $7 $F F@ $i $l $k @a C $O C = f C 0 � l g [ f C 00 � l c g $H $J $k . @a $, 2 ; 3 $N >l 9g $O , @a $r 8= :_ ;~ 9o $H <! $N ;~ 9o $K E8 3+ $9 $k . Resolution $G $N =* N; >r 7o $O ,CNF S i $r reso- lution $7 $F F@ $i $l $k S i +1 $, S i = S i +1 $H $J $k $+ , S 3 []( nil ) $H $J $C $? >l 9g $G $" $k . $b $7 8e <T $N >l 9g $J $i $3 $N O@ M} <0 $O =< B- 2D G= (unsatis�able) $G $J $$ . 3 ITL ITL $G $O ?? M} CM $O ;~ 4V 6h 4V $K BP 1~ $7 $F 7h $^ $k . Dj 5A 3 & $r G$ 0U $J #2 $D $N ;~ 6h 4V $N 7k 9g $H $7 , ;~ 6h 4V t $G $N A $N I> 2A $r v t ( A ) $H $9 $k . O@ M} <0 $G $N ;~ 6h 4V $N 7k 9g (chop) $b F1 $8 5- 9f & $G I= $9 . v t ( P & Q ) = v t 0 ( P ) ^ v t 00 $H $J $j , t = t 0 & t 00 $^ $? ,chop $N AP BP $G $" $k b ar j $r <! $N $h $& $K Dj 5A $9 $k . P j Q = : ( : P & : Q ) $5 $i $K $K $D $$ $F $O A $h $j 1 ;~ 6h 4V C; $$ <0 $G 9M $( $k . ITL $G $O tableau metho d $N E8 3+ $r ;~ 4V $, 0 $G $" $k emp $H 0 0J 30 $N ;~ 4V $G $" $k more $K J, $1 $F 9M $( $k [2] [3] . ITL $G $O =* N; ;~ 4V $, B8 :_ $9 $k $? $a ,even tualit y $K 4X $7 $F $O , E8 3+ =* N; ;~ 9o $K $= $N ;v >] $, 5/ $3 $C $F $$ $k $J $i , $= $N O@ M} <0 $G $N even tualit y $O K~ $? $5 $l $F $$ $k $H 9M $( $k $3 $H $, $G $- $k $N $G %A %’ %C %/ $r 9T $& I, MW $, $J $$ . |2|

3.1 Seman tic T ableaux <! $K 2 p; 3 p ITL $X $N JQ 49 $r <( $9 . 3 p = tr ue & p 2 p = ( f alse j p ) $3 $N JQ 49 $r MQ $$ $F ITL $N E8 3+ $r 9T $& . � %k !< %k $K $* $1 $k E8 3+ $G F3 =P $5 $l $? <0 $O P & Q $G 9M $( $k $H ;v >] P $, H/ @8 $7 $? 8e $K ;v >] Q $, H/ @8 $7 $J $1 $i $P $J $i $J $$ $N $G AND O" 7k , %k !< %k $O $= $N AP BP $J $N $G OR O" 7k $H $J $k . ITL $b $^ $? L TTL $H F1 MM $K %D %j !< $r 9= C[ $7 , =* N; >r 7o $b L TTL $H F1 $8 $b $N $K $J $k . 3.2 Resolution ITL $G $N resolution $r 9M $( $k . $3 $l $b CNF $X $N JQ 49 $r 9M $( $k . $^ $: , $3 $3 $G $O 2 ; 3 $r chop,bar $X JQ 49 $9 $k . c hop P & Q $N >l 9g $r 9M $( $k . $3 $N <0 $r emp,more $K J, $1 $F 9M $( $k $H emp $N >l 9g , ;~ 9o $, 0 $J $N $G P ^ Q $H $J $j ,more $N >l 9g P $, H/ @8 $7 $F $$ $k $H 9M $( $k $N $G , mor e ( P )& Q = mor e ( P & Q ) $H $J $j ,Q $, 5/ $3 $k $N $, L$ Mh $K 1d D9 $5 $l $F $$ $k $H 9M $( $k $3 $H $, $G $- $k . <! $K bar P j Q $N >l 9g $O emp(P) $N $H $- , ;v >] P $^ $? $O Q $, H/ @8 $7 $F $$ $l $P $$ $$ $N $G P _ Q $H $J $j ,more(P) $N $H $- $O ;v >] P $, H/ @8 $7 $F $$ $k $+ ,Q $, H/ @8 $7 $F $$ $k $+ $r 9M $( $l $P $h $$ $N $G mor e ( P ) j Q = mor e ( P j Q ) $H JQ 49 $9 $k $3 $H $, $G $- $k . $h $C $F <0 $O <! $N $h $& $K JQ 49 $7 $F resolutoin $r 9T $& . P & Q = ( emp ( P ) ^ Q ) _ ( mor e ( P & Q )) P j Q = ( emp ( P ) _ Q ) ^ ( mor e ( P j Q )) $3 $l $r allw a ys,sometime op erator $K E, MQ $7 JQ 49 $9 $k $H <! $N $h $& $K $J $k . � %k !< %k � 1 � 2 P & Q emp ( P )& Q mor e ( P )& Q : ( P j Q ) emp ( : P )& : Q mor e ( : P )& : Q %k !< %k 1 2 P j Q emp ( P ) j Q mor e ( P ) j Q : ( P & Q ) emp ( : P ) j: Q mor e ( : P ) j: Q I= 2 ITL $N E8 3+ 5, B’ ?^ 1 Allwa ys op erator $N 8D ?t ?^ 2 Sometime op erator $N 8D ?t 3 P = (( tr ue _ mor e ( tr ue & P ) ^ P ) 2 P = (( f alse _ P ) ^ ( mor e ( f al se j P ))) $H $J $k . Resolution <j B3 $- $d =* N; >r 7o $O ,L TTL $N >l 9g $H F1 MM $G $" $k . 4 <B Au I> 2A $3 $l $i $N O@ M} $r <B Au $7 , =< B- @- $N %A %’ %C %/ $K $+ $+ $k ;~ 4V $r 7W $j $= $N 7k 2L $r %0 %i %U $K <( $7 $? . ?^ 1 , ?^ 2 $O C1 =c $J allwa ys op erator,Sometime op erator $N %M %9 %H $K $+ $+ $C $? ;~ 4V $r $= $l $> $l $K <( $9 . $^ $? $$ $m $$ $m $J O@ M} <0 $r <B :] $K E8 3+ $7 , $= $l $K $+ $+ $C $? J? 6Q ;~ 4V $r I= 3 $K <( $9 . $+ $+ $C $? ;~ 4V $K $" $k **** $O 7W B, $7 $? CPU $N %a %b %j IT B- $N $? $a 7W B, $G $- $J $+ $C $? $3 $H $r <( $7 $F $$ $k . L TTL $N resolution $K 4X $7 $F $O ,ev en tualit y $N %A %’ %C %/ $, 40 A4 $G $J $$ $? $a , sometime op erator $N F~ $C $? O@ M} <0 $O E8 3+ $G $- $J $$ $b $N $, ?t B? $/ $" $C $? . ?^ 1, ?^ 2 $+ $i $o $+ $k $3 $H $O ,L TTL $H ITL $G $O allwa ys ,sometime op erator $N %M %9 %H $K 4X $7 $F $O BP >N E* $J 7k 2L $H $J $C $? . $= $l $K BP $7 ,resolution $G $N E8 3+ $O temp oral op erator $N %M %9 %H $O CNF $K JQ |3|

L TTL ITL L TTL $N Resolution ( p ) ( : p )) ^ 2 ( : p ) ( p ^ 2 q )) ^ 2 ( p ) ( : p )) 0.01 0.12 0.05 ( p ) ( : p )) ^ 2 ( : p ) 3 ( p ^ 2 q )) ^ 2 ( p ) 3 ( : p )) 0.065 0.92 2.67 2 ( a , 3 a ) , 3 ( 2 ( a ^ 3 ( : a ))) 3.83 0.67 0.07 : ( 2 ( a , 3 a ) , 3 ( 2 ( a ^ 3 ( : a )))) 1.57 0.77 0.31 2 ( : 2 a , 3 a ) , 3 ( 3 ( b ^ 3 ( : b )) ) 2 ( 3 ( 3 c _ 2 ( : c )))) 0.48 0.06 **** I= 3 $$ $m $$ $m $J O@ M} <0 $N E8 3+ $K $+ $+ $C $? ;~ 4V [s] 49 $9 $k ;~ $K %M %9 %H $N >J N, $r 9T $C $F $$ $k . $= $N $? $a seman tic tableaux $h $j $O 9b B. $K E8 3+ $, 9T $( $? $H 9M $( $i $l $k . $7 $+ $7 , $$ $m $$ $m $J O@ M} <0 $N E8 3+ $r 9T $C $? I= 3 $G J, $+ $k $h $& $K op erator $N AH $_ 9g $o $; $, A} 2C $9 $k $H ,resolution $G $O E8 3+ $r 9T $& $3 $H $, $G $- $J $/ $J $C $? . $= $l $K BP $7 ,L TTL,ITL $G $O ;~ 4V $O A} 2C $7 $F $$ $k $, E8 3+ $O $[ $H $s $I 2D G= $G $" $C $? . L TTL,ITL $O JQ ?t $d op erator $N ?t $, A} 2C $9 $l $P $+ $+ $k ;~ 4V $b ;X ?t %* !< %@ !< $G $[ $H $s $I A} 2C $7 $F $$ $k . $7 $+ $7 , 0l It $N <0 $G $O 9b B. $K 9T $( $k $b $N $b $" $C $? . Resolution $K $D $$ $F $O 8= :_ ,CNF $O @~ 7A %j %9 %H $G I= $7 $F $$ $k . $= $N $? $a resolution $G $- $J $$ $b $N $b %j %9 %H $K F~ $C $F $$ $k $N $G resolution $N BP >] $r C5 $9 $N $K , ;~ 4V $, $+ $+ $C $F $$ $k . $^ $? , <! $N ;~ 9o $K BP $7 $F E8 3+ $r 9T $& $? $S $K , %j %9 %H $, Bg $- $/ $J $k 2D G= @- $, $" $j J# ;( $J <0 $G $O %a %b %j IT B- $N 0Y $K E8 3+ $r 9T $& $3 $H $, $G $- $J $/ $J $C $? $H 9M $( $i $l $k . $= $N 2r 7h :v $H $7 $F %j %9 %H $r %O %C %7 %e 2= $9 $k $3 $H $G ,clashed literal $r 8z N( E* $K C5 :w $7 ,resolution $r 9T $& 2s ?t $r 8: $i $9 ;v $, $G $- $l $P $h $j 9b B. $K <B 9T $G $- $k $H 9M $( $i $l $k . 5 7k O@ K\ 8& 5f $G $O , 3F <o $N ;~ Aj O@ M} $N <+ F0 8! >Z $r 9T $C $? . $^ $@ $I $N O@ M} $G $N =< B- @- $N %A %’ %C %/ $K temp oral op erator $, A} 2C $9 $k $H , ;~ 4V $, $+ $+ $C $F $7 $^ $& . $= $N $J $+ $G resolution $O $^ $@ 8z N( $, 0- $/ E8 3+ $r 9T $( $J $$ <0 $, $? $/ $5 $s $" $k . $7 $+ $7 , M? $( $k <0 $K $h $C $F $O semantic tableaux $h $j $b 9b B. $K 9T $( $k $b $N $b $" $C $? . $3 $l $+ $i $N 2] Bj $H $7 $F , $^ $: 8! >Z 7O $N <B Au <+ BN $N 8z N( $, 0- $$ $N $G 9b B. $K 9T $( $k $h $& $K $9 $k . $5 $i $K %O %C %7 %e 2= , JB Ns 2= ,BDD 2= $J $I 9M N8 $7 9b B. 2= $r ?^ $k . ;2 9M J8 8% [ 1 ] M.Ben-Ari \Mathematical Logic for Computer Sci- ence" pp11-91, pp.64-77, pp200-243, 1992. [ 2 ] Sinji Kono, \A Com bination of Clasual and Non Clausal T emporal Logic Program," July 12 1993. [ 3 ] Sinji Kono, \Automatic V eri�cation on Interv al T emporal Logic," Apr 24 1994. [ 4 ] G.V enk atesh SSE Group \A Decision Metho d for T emporal Logic Base on Resolution" |4|