CONCUR’98 $H HLCL’98 $NJs9p sumii 1998 G/ 9 7n 24 F| 1 $O$8$a$K :# 7n$N 8 F| $+$i 12 F|$K $+$1$F %U%i %s%9 $N%K!< %9$G3+ $+$l $?!" CONCUR’98 1 $H HLCL’98 2 $K $$$C$F $-$^ $7 $? $N $G!" Js 9p $r $7 $^ $9!# $? $@!" CONCUR $N $[ $& $O H/ I= 7o ?t $, B? $/!" @5 D> $$$C $F $[ $H $s $I M} 2r $G $- $J $+$C $? $b $N $bB?$$$N$G!JFC$K v eri�cation $H$+ logic $H$+$K4X$9$kOCBj!K!"E,Ev$KH4?h$7$F>R2p$7$?$$$H;W$$$^$9!# 2 CONCUR’98 2.1 Con trol Flo w Analysis for the pi-calculus (Bo dei, Degano, Nielson, Nielson) Sc heme $J$I $N 4X?t 7?8@ 8l $G@9 $s $K9T $o $l$F $$$k con trol o w analysis $r!" � -calculus $G $d$m $& $H$$ $& OC!#4p K\E* $J %" %$ %G%# %" $O Hs >o $K 4J C1 $G!" %W %m %0 %i %‘ $N J8 LL $K $* $$ $F!" ?7 $? $J name $, F3 F~ $5 $l $k >l =j !J restriction $H input !K$K mark er $H8F$P$l$k0u$r$D$1$F$*$$$F!" � $"$k name $rDL$7$FAw$i$l$k2DG=@-$N$"$kCM � $"$k name $K bind $5$l$k2DG=@-$N$"$kCM $r!" mark er $+$iCM$N=89g$X$N mapping $H$7$F8+@Q$b$k!# restriction $K$O ( � x � ) P $N $h$& $K!" c hannel $H 8F$P $l$k <oN‘ $N mark er $, $D$1 $i$l!" input $K$O x ( y � ) :P $N $h$&$K!" binder $H8F$P$l$k<oN‘$N mark er $,$D$1$i$l$k!# analysis $N7k2L$O ( �; � ) j = me P $H$$$&7A$N predicate $GI=$5$l$k!# P $OBP>]$H$J$k%W%m%;%9!#$=$NB>$N5-9f$N0U?^$O<!$NDL$j!# me !D P $N free name $+$i!"$=$l$,F3F~$5$l$?>l=j$N mark er $X$N mapping � !D binder $+$i!"$=$l$K bind $5$l$&$k c hannel $N=89g$X$N mapping � !D c hannel $+$i!"$=$l$rDL$7$FAw$i$l$&$k c hannel $N=89g$X$N mapping $3 $l$r formal $K Dj5A $7 $?$N $, ?^ 1 $N %k!< %k!# P $K4X $7$F syn tax-directed $+ $D comp ositional $K$J$C $F $$$k $N$G!"$3$N%k!<%k$KAG D>$K$7$?$,$( $P!"%W%m%;%9 P $rM?$( $i$l$?$H$-!" � $H � $K4X$9 $k set constrain t $r@8@. $G $-$k!#$3$N constrain t $OH?I|%"%k%4%j%:%‘$G4JC1$K2r$1$k!# analysis $N @5$7$5$O!" op erational seman tics (lab eled transition system) $K4X O"$E$1$F <($5$l$F $$$k!#1~MQ$H $7$F$O!" name $r priv ate $J$b$N$H public $J$b$N$K$o$1!" priv ate $J name $, public $J name $K leak $7$J$$$3 $H$r3N$+$a$k!"$H$$$&Nc$,5s$2$i$l$F$$$?!# 1 9th In ternational Conference on Concurrency Theory , http://www.inria.fr/concur98/ 2 3rd In ternational W orkshop on High-Lev el Concurren t Languages, http://www.cs.auc.dk/hlcl98/ 1

2.2 Minimalit y and Separation Results on Async hronous Mobile Pro cesses | Represen tabil- it y Theorems b y Concurren t Com binators | (Y oshida) l ambda -calculus $,5f 6KE* $K $O S $H K $NFs $D $N com binator $@$1 $G <B8= $G$- $k $h$& $K!" pi -calculus $bM- 8B8D $N com binator $G<B8=$7$h$&!"$H$$$&OC!J$NB3$-!K!# parallel comp osition P j Q , restriction ( � a ) P , replication ! P $O$=$N$^$^;D$9$,!" input ax : P $H output av $K4X$7$F$O!"0J2<$N 5 8D$N com binator !J$H$=$l$i$K injectiv e renaming $r9T$C$?$b$N!K$,I,MW==J,$G$"$k!# m ( av ) (message) = av d ( abc ) (duplicator) = ax : ( bx j cx ) b r ( ab ) (righ t binder) = ax : fw ( bx ) b l ( ab ) (left binder) = ax : fw ( xb ) s ( abc ) (sync hronizer) = ax : fw ( bc ) $?$@$7!" fw $O0J2<$NDL$j!# fw ( ab ) (forw arder) = ( � c ) d ( abc ) = ( � c ) ax : ( bx j cx ) � ax : bx !VI, MW!W $H $+ !V==J,!W $H $+ $O!" � -calculus $N Fs $D $N subset $,$"$C $? $H $-!" 0l J} $KB8 :_ $9 $k %W %m %;%9 P $K BP $7 $F!"B>J}$K P � Q $J$k%W%m%;%9 Q $,B8:_$9$k$+$I$&$+!"$H$$$&4QE@$+$i formalize $5$l$F$$$k!# $3 $l $i $N com binator $O 0l $D $G $b 7g $1 $k $H � -calculus $N full set $O F@ $i $l $J $$ $,!" $I $N com binator $r $J $/ $9$H $I $N $h $& $J prop er subset $, F@ $i $l $k $+!" $H $$ $& 9M ;! $, $* $b $7 $m $+$C $?!# $? $H $( $P!" b l $r $J $/ $9 $H!" lo cal � -calculus !J ax : P $N P $K$*$$$F x $rF~NO$K;H$($J$$$b$N!K$,F@$i$l!" d $N$+$o$j$K d 1 ( abc ) = ( � y ) ax : ( bx j cy ) $rMQ$$$k$H!"0l<o$N linear � -calculus $,F@$i$l$k!# 2.3 F rom Higher-Order � -Calculus to � -Calculus in the Presence of Static Op erators (Viv as, Dam) Higher-Order � -Calculus $H$$$&$N$O!" xfer (! am ) j xfer ( P ) : ( P j a ( y ) : Q ) ! ! am j a ( y ) : Q $N$h$&$K!" c hannel $rDL $7$F pro cess $b Aw<u ?.$G$- $k7W ;;!#$3 $l$O 0l8+$9 $k$H IaDL $N � -calculus $h$j6/ NO$= $&$@ $,!" ( � b ) xfer b j b : ! am j xfer ( c ) : ( c j a ( y ) : Q ) ! ( � b ) b : ! am j b j a ( y ) : Q ! ! am j a ( y ) : Q $H$9$l$P!"IaDL$N � -calculus $G$"$i$o$;$k!J Sangiorgi $N D O@!K!# $7$+$7!" Higher-Order � -Calculus $K blo c king $rF3F~$7$?7W;;$O!" Sangiorgi $NJ}K!$@$HIaDL$N � -calculus $G @5$7$/$"$i$o$;$J$$!# blo c king $H$$$&$N$O CCS $N restriction $_$?$$$J op erator $G!" op erational $K$O P � � � � ! P 0 P n z � � � � ! P 0 n z z not free � $H$"$i$o$5$l$k$h$&$J8z2L$r;}$D!J � -calculus $N restriction $H0c$C$F!" z $r bind $7$J$$!K!#$?$H$($P xfer (! am ) j xfer ( P ) : ( P j a ( y ) : Q ) n a ! (! am j a ( y ) : Q ) n a 2

$N$h$& $K ;H$( $P!" a >e $N DL?. $r 30It $+ $i1# $9 $3$H $, $G$- $k!# $3$l $r Sangiorgi $N J}K! $K $h$j Ia DL$N � -calculus $G $"$i$o$=$&$H$9$k$H!" ( � b ) xfer b j b : ! am j xfer ( c ) : ( c j a ( y ) : Q ) n a ! ( � b ) b : ! am j ( b j a ( y ) : Q ) n a ! ! am j ( a ( y ) : Q ) n a $H$J$C$F$7$^$$!"$&$^$/$$$+$J$$!# $3$N H/I=$G$O!" Aw?.B&$G $O%W%m%; %9$r abstract syn tax tree $N7A$K enco de $7!"<u?.B& $G$O$=$l $r in terpret $9 $k$H $$ $& J}K! $r Ds <( $7 $F $$ $?!#$? $@!" $3 $l $O $" $^ $j$K $b naiv e $J J} K! $J $N$G!" � -calculus $K $* $1$k higher-order $J feature $O!"$b$O$dC1$J$k syn tax sugar $H$O9M$($i$l$J$$!"$H$b$$$C$F$$$?!# 2.4 The T au-La ws of F usion (P arro w, Victor) fusion calculus $H$$$& concurren t calculus $K$*$1$k!" w eak bisim ulation $K4p$E$/ congruence $N axiomiza- tion $r9T$C$?!"$H$$$&OC!# fusion calculus $H$$$&$N$O!"DL?.$, global $J1F6A$r5Z$\$9$h$&$J%W%m%;%97W;;!# cx : P j cy : Q j R $H$$$&%W %m%; %9$r<B 9T$9 $k$H!" Q $N Cf$@ $1$G$O $J$/!" $9$Y $F$N%W %m%; %9$K$* $$$F x = y $H $J$k!#$$ $$$+ $($k$H!" >e$N%W%m%;%9$O fresh $J name z $KBP$7$F ( P j Q j R ) f z =x gf z =y g $H$$$&%W%m%;%9$K4JLs$5$l$k!#$3$N4JLs$r fusion $H$$$$!" f x = y g $H$$$& action $H$7$FI=$9!# fusion $rF3F~$9$k%a%j%C%H$H$7$F$O!" � input $H output $,BP>N$K$J$k � concurren t constrain t $r4JC1$K$"$i$o$;$k $H$$$&E@$r5s$2$F$$$k!JA0<T$O$I$&$$$&<B1W$,$"$k$N$+$h$/$o$+$i$J$$$,!K!# congruence $K$D$$$F9M$($k>e$G!" fusion calculus $, � -calculus $H0[$J$kE@$H$7$F$O!"2<$NFs$D$r5s$2$F$$$?!# mismatc h $K$D$$$F!# � -calculus $G$O!" [ x 6 = y ] � : P $H [ x 6 = y ] � : [ x 6 = y ] P $O Ey2A$G$"$k !J x , y $O � $K $"$i$o$l$J $$$b$N$H $9$k!K!#$7$+$7 fusion calculus $G $O!"0l8DL\ $N mismatc h $,@. $j N)$C$F $$$F $b!" $@$l $+$, fusion f x = y g $r9T $($P!" Fs 8DL\ $N mismatc h $O @. $jN)$?$J$/$J$k!# fusion $N9g@.$K$D$$$F!# Fs $D$N fusion f x = y g , f u = v g $,O" B3$7 $F 5/$3 $k$N $O!"$= $l $i$r 9g@. $7 $? 0l $D$N fusion f x = y ; u = v g $,5/ $3 $k$N $H !J w eak bisim ulation $G $O!K6h JL $G$- $J $$!#$7 $? $,$C$F!" f x = y g : f u = v g : P � f x = y g : f u = v g : P + f x = y ; u = v g : P $H$$$&Ey2A@-$,@.$jN)$D$O$:$G$"$k!# 3

$3$l$i$NAj0cE@$KBP=h$9$k$?$a!" � -calculus $K$*$1$k standard $J axiom T1 � : 1 : P = � : P T2 P + 1 : P = 1 : P T3 � : ( P + 1 : Q ) = � : ( P + 1 : Q ) + � : Q $N$&$A!" T3 $r T3a � : ( P + ~ M 1 : Q ) = � : ( P + ~ M 1 : Q ) + ~ M � : Q T3b ’ : ( P + ~ M : Q ) = ’ : ( P + ~ M : Q ) + ~ M ( ’ ^ ) : Q $NFs$D$KCV$-49$($k!#$3$3$G!" 1 $O6uA+0\!" ~ M $O mismatc h $NNs!" ’ ^ $O fusion ’ , $N9g@.$rI=$9!# 2.5 P ossible W orlds for Pro cess Algebras (V eglioni, De Nicola) a $r2?$i$+$N action $H$7$F!" P = 0 aP P + Q $H$$$& 7A $r$7 $? non-deterministic $J%W %m %;%9 $r!" deterministic $J %W%m %;%9 $N =89g $H $_$J $7!" $=$N Jq4^ 4X 78$G %W %m%;%94V$N=g=x$dEy2A@-$r9M$($h$&!"$H$$$&OC!# non-deterministic $J %W %m %; %9 $O!" action $r F~ NO $H $_ $J $; $P!" Hs 7h Dj E* %*!< %H %^ %H %s $N $h $& $K 9M $( $i $l $k!# $= $3 $G!" !V3F >u BV!& 3F F~ NO $K BP $7 $I $N A+ 0\ $r A* $V $+!W $r $" $i $+ $8 $a $9 $Y $F 7h $a $F $7 $^ $( $P!" 0l $D $N 7h Dj E* %*!< %H %^ %H %s $, F@ $i $l $k!# $= $& $7 $F F@ $i $l $k 7h Dj E* %*!< %H %^ %H %s $N =8 9g $r!" 85 $N %W %m %; %9 P $N p ossible w orld $H 8F $S!" PW ( P ) $H=q$/!# PW ( P ) � PW ( Q ) $J $i$P!" P $O Q $N p ossible w orld re�nemen t $G $"$k $H$$ $$!" PW ( P ) = PW ( Q ) $J$i $P!" P $H Q $O p ossible w orld equiv alen t $G $"$k $H$$$&!# $3$N $h$&$K $7$F F@$i$l $k equiv alence $H!"B> $NMM!9 $J equiv alence $H$N4X78$K$D$$$F$O!"?^ 2, 3 $r;2>H!# 2.6 T utorial: T yp e Systems for Concurren t Calculi (Pierce) simple t yp e, I/O t yp e, linear t yp e $J$I$N$*$J$8$_$NOC!#FC$K t yp e $rF3F~$9$k$3$H$K$h$j!" equiv alence $,$h $j coarse $K$J$kE@$r6/D4$7$F$$$?!#$?$H$($P def fact[n,r] = if n=0 then r![1] else new c . (fact![n-1,c] | c?[m] . r![n*m]) $H$$$&%W%m%0%i%‘$r:GE,2=$7$F!" def fact[n,r] = if n=0 then r![1] else if n=1 then r![1] else if n=2 then r![2] else if n=3 then r![6] else new c . (fact![n-1,c] | c?[m] . r![n*m]) $H$9$k $H!" fact $+ $i <u?. $r 9T$& $H $$$C$? 0[ >o$J %W %m%; %9 $K$h $j!" 0c$$ $, 4QB, $G $-$F $7 $^$&!# fact $K output @lMQ $H$$$&7?$r$D$1$l$P!"$=$N$h$&$J %W%m%;%9$O w ell-t yp ed $G$J$$$N$G!">e$NJQ49$r@5Ev2=$9$k$3$H$,$G$-$k!# 4

2.7 Lecture: Sto c hastic Pro cess Algebras: Bene�ts for P erformance Ev aluation and Chal- lenges (Herzog) CCS $J $I $N => Mh $N pro cess algebra $O!" %W %m %; %9 $, $I $N $h $& $J action $r 9T $& $+ $J $I $N!" %7 %9 %F %‘ $N 5! G= E* $J B&LL$r %b%G %k2=$7 $F$$ $?!# Sto c hastic Pro cess Algebras $O!"$= $l$K 2C$( $F@- G=E* $JB& LL$b %b%G %k2=$7 $h$& $H$$ $& OC!# 6qBNE* $K$O!" Mark o vian timed pre�x ( a; � ) $H$$$&$b$N$r F3F~$9$k!#D> 4QE*$J0UL#$O !V%Q%i%a!<%? � $N;X?tJ, I[$K$7 $? $,$& ;~ 4V$r $+ $1$F!" a $H $$ $& action $r <B9T $9$k!W $H $$$& $3 $H!#%W %m %;%9 $N A+0\ $b P a;� � � � � � ! Q $N $h$& $K!";~4V$r4^$a$?7A$GI=$9!# (bi)sim ulation $b;~4V$r9MN8$7$FDj5A$9$k!# P , Q , a $,M?$($i$l$?$H$-!" P a;� � � � � � ! Q $J $k � $, J# ?t B8 :_ $7$& $k $N $, LdBj $@ $,!" $= $& $$$& >l 9g $O ;X?t J, I[ $N @- <A$h $j Am OB $r9M $( $l $P NI $$!#8x M} $H $7 $F $O ( a; � ) : P + ( a; � ) : P � ( a; � + � ) : P $N$h$&$KI=$;$k!# B? ?t$N 8&5f<T $N<j $K$h $jM} O@$O $9$G $K=PMh >e$,$C $F$$ $F!"Bg 5,LO $G<BMQ E*$J %7%9 %F%‘ $K1~ MQ$7 $h$&$H $$$& CJ3, $K Mh$F$$ $k$= $&$@ !JK\Ev $+!)!K!#$? $@!";~ 4V$N 3NN(J, I[$, ;X?t J,I[ 0J30 $N>l 9g$K $D$$ $F$O!" 8=:_ $$$m $$$m $J8& 5f$, ?J 9TCf$i$7$$!#3N$+$K!"$3$N Lecture $N8e$NH/I=$G$b!";~4V$N3NN(J,I[$r0lHL2=$7$h$&$H$$$&OC$,J#?t$"$C$?!# 2.8 T utorial: Chec king V eri�cations of Proto cols and Distributed Systems b y Computer (Gro ote, Monin, v an de P ol) Hs>o$K4JC1$JDL?.%W%m%H%3%k!J SLIP $N0lIt!K$rNc$K!"JB9T%7%9%F%‘$N formal $J8!>Z$r!J concurren t w orkb enc h $N$h$&$J@lMQ%=%U%H%&%’%"$G$O$J$/!K0lHLE*$J pro of c hec k er $K$h$C$F9T$&OC!#FC$KFq$7$$FbMF$G$O$J$+$C$?!# %W%m %;%97W ;;$N op erational seman tics $bIa DL$NDj M}$H$7$F M?$($k $N$G!"Bg 5,LO$G J#;($J%7 %9%F%‘ $KBP$7 $F$OHs >o$K8zN($,0-$=$&$@$,!"O@J8$K$O8zN($rNI$/$9$k$?$a$N9)IW$b=R$Y$i$l$F$$$k$h$&$@!# 2.9 Mo deling IP Mobilit y (Amadio, Prasad) IPv6 $K4^ $^$l$k mobile IP $H$$$&%W%m %H%3%k$r formalize $7$F!"!J?M4V $N<j$G!K@5$7 $5$r8!>Z $7$^$7$?!"$H $$ $&FbMF!#6qBNE*$K $O!" barb ed bisim ulation $K$h$j!" %^%/%m$J %b%G%k!J;EMM!K $H%_%/%m $J%b%G%k !J<BAu!K$NEy2A @- $r>ZL@$7 $F$$$?!# SLIP $J$I$K Hf$Y$k $H!"$5$9 $,$K $+$J$j J#;($J %W%m %H%3%k $N$h$& $@$,!" M}O@E* $K$OFC $KL\ ?7$7$$ E@$O$J$$$h$&$K;W$($?!# 3 HLCL’98 3.1 Wh y net w orks aren’t programmable (or, wh y programs aren’t proto cols) (White) $J $< J, ;6 8@ 8l $O Ia5Z $7 $J $$ $N $+!" $H $$ $& OC!# $$$m $$ $m $H M} M3 $r $" $2 $F $$ $?$,!" SMTP $H $+ HTTP $H $+$$$C $? clien t/serv er mo del $N text based $J%W %m%H%3%k$d!" RPC $d RMI $J$I$N %i%$%V%i%j$r MQ$$$kJ}K! $KHf$Y$k$H!" MW$9$k$K p ortabilit y $d robustness $NE@$GNt$k$H$$$&OC$@$C$?$H;W$&!# 3.2 Resource Access Con trol in Systems of Mobile Agen ts (Hennessy , Riely) 0JA0$K8eF#$5$s$,%5!<%Y%$$7$?%F%/%K%+%k!&%l%]!<%H$H$^$C$?$/F1$8OC!# 3.3 Distribution and Mobilit y with Lexical Scoping in Pro cess Calculi (V asconcelos, Lop es, Silv a) � -calculus $N$h$&$JJB9T%W%m%;%97W;;$K!" site $N35G0$rDI2C$7$FJ,;6%W%m%;%97W;;$K3HD%$9$kJ}K!$NOC!# 5

85$H$J$kJB9T%W%m%;%97W;;$N%W%m%;%9$r P $H$7$F!" N ::= s : P N jj N � eN 0 $H$$$&Iw$K syn tax $r3HD%$9$k!#$?$@$7!" s $O site $r!" e $O lo cated name !J site $H name $NAH!K$r$"$i$o$9!# op erational seman tics $O!" structural congruence $r s : 0 � 0 s : P 1 jj s : P 2 � s : ( P 1 j P 2 ) s : � aP � � ( s � a ) ( s : P ) N 1 jj � eN 2 � � e ( N 1 jj N 2 ) if e 62 fn( N 1 ) $N$h$&$K!" reduction relation $r r : ( s � a ) C ! s : a ( C � r s ) P ! Q s : P ! s : Q $N$h$&$K3H D%$7$F F@$k!#$? $@$7 C � r s $O!"%W%m %;%9 C $K8=$l $k name a $K $D$$$F!" a $O r : a $K!" s : a $O a $K JQ49$7$?%W%m%;%9!# $3 $N 3HD% $N 85 $H$J $k 8@ 8l $K$$ $m $$ $m$J $b $N $,$" $j $& $k $,!" V asconcelos $i $O Nc $H$7 $F!" T yCO $H$$ $& =h M} 7O$r 3HD%$9$k<BAu$K$D$$$F@bL@$7$F$$$?!# 3.4 Compiling Join-P atterns (Le F essan t, Maranget) 0JA0$K1sF#$5$s$,%5!<%Y%$$7$? join calculus $N!" essence $H$J$k join pattern $r<BAu$9$kJ}K!$NOC!# $?$H$($P let A(n) | B() = P(n) and A(n) | C() = Q(n) ;; $H$$$& join de�nition $r 9M$($k!# A, B, C $N 3 $D$N%a%C %;!<%8$NM- L5$r9M $($k$H!"%W %m%0%i%‘ $N>uBV A+0\?^$O ?^ 4 $N$h$&$K$J$k!#$3$3$G fairness $r<N$F5n$C$F!"4JLs$G$-$k>uBV$K$J$C$?$iB(:B$K4JLs$9$k$3$H$K$9$k$H!"?^ 5 $r F@$k!# $3$N%*!<%H%^%H%s$r<BAu$9$kJ}K!$OFsDL$j=R$Y$i$l$F$$$?$,!"$3$3$G$O$=$N$&$A$N0l$D$r>R2p$9$k!# %3%s%Q%$%k;~$K$O!"3F>uBV$+$i2DG=$J3FA+0\$KBP1~$9$k%3!<%I$r@8@.$9$k!#<B9T;~$K$O!" name $r index $H$7!" message queue $H message handler $X $N %] %$ %s %? $r en try $H $9 $k arra y $, B8 :_ $9 $k!# handler $X $N %] %$ %s %? $O!"$=$N$H$-$N>uBV$K1~$8$F0[$J$C$?%3!<%I$r;X$9!#%a%C%;!<%8$rAw?.$9$k$H$-$O!"0z?t$r queue $KF~$l$F$+$i!" handler $r8F $S =P$9!# handler $O!"A+ 0\ @h$N >uBV $K 1~$8 $F handler $X $N%] %$%s %? $r=q $-49 $( $F$+ $i!"!J matc hing $,5/$3$C$F$$$l$P!K queue $+$i0z?t$r<h$j=P$7!"$7$+$k$Y$-%W%m%;%9$r<B9T$9$k!# $3$N J}K!$@ $H>uBV ?t$d%3!< %I%5%$ %:$N GzH/$, ?4G[$@ $,!"%*!<%H %^%H%s $K$*$$ $F$$$/ $D$+$N state $r0l $D$K$^ $H$a $F$7$^$$!"$=$N$+$o$j$K run time $N%A%’%C%/$O9T$&$3$H$K$h$j!"LdBj$r2sHr$7$F$$$k!# 3.5 A Generalized Deadlo c k-F ree Pro cess Calculus (Sumii, Koba y ashi) N,!# 6

3.6 A Concurren t Ob ject Calculus: Reduction and T yping (Gordon, Hankin) 5nG/$N E_3X4|$N1!$N <x6H$G$b$d$C$?!" Abadi $H Cardelli $N ob ject calculus $K!" parallel comp osition $H m u- tual exclusion $r F3F~$7!" $=$&$7 $FF@$i$l $? calculus $N op erational seman tics $d t yp e system $r9= C[$7$?$H $$ $&OC!# tec hnical $K$O$o$j$H straigh tforw ard $G!"FC$KJQ$o$C$?E@$dFq$7$$$H$3$m$O$J$+$C$?$h$&$K;W$&!# 3.7 � S : an implicitly parallel � -calculus with recursiv e bindings, sync hronization and side e�ects (Arvind, Maessen, Nikhil, Sto y) pH $J$$$7$O Id $H$$$&!" Hask ell $r P arallel $K3HD%$7$?8@8l$N4pAC$rF@$k$?$a$K!" � -calculus $r$$$m$$$m$H3H D%$7$? 7W;; $r:n$C $?$H$$ $&OC!# $HO@ J8$K $O=q $$$F $"$k $N$@ $,!"@5 D>$$$C $FA4 BNE* $KFbMF $,J# ;($G $h$/ $o$+ $i$J $+$C $?!#FC$K H/ I=$G $O non-termination $N 0c$$ (?) $K $D$$ $F 1d!9$H =R $Y$F $$ $?$N $@ $,!"2? $, LdBj $J$N $+ :G8e $^ $GM} 2r $G$-$J$+$C$?!# 3 4 $*$o$j$K 7W 5 F|$KEO$kH/I=$r$9$Y$F=8Cf$7$FJ9$/$N$O!"BNNOE*$KL5M}$@$H$$$&$3$H$,$h$/$o$+$j$^$7$?!D!# 3 B>$NH/I=$H0c$C$F<ALd1~Ez$,$[$H$s$I$J$+$C$?$N$G!"$*$=$i$/$_$s$JM}2r$G$-$J$+$C$?$s$@$H;W$&!# 7