AP1000 >e$N UtiLisp/C OBED1Q0l � EDCfE/O/ y 35MW Implementation of UtiLisp/C, which is a newly co ded v ersion of UtiLisp for Sparc workstations, on AP1000 has b een attempted. The goal is to reform UtiLisp for AP1000 with a very few C co ded lines and a small n um ber of sp ecial functions for distributed memory machines so that the basic feeling of parallel programming will b e obtained in a relativ ely short time. No new fashionable functions often inplemen ted in parallel Lisps, e.g., future and so forth are not y et included; only a set of in ter cell streams w as added to execute top level ev al lo ops in parallel. The set of the original UtiLisp functions prov ed w ell suited for use on MIMD mac hine. 1 35MW Lisp $N Multipro cessor $G$N<B8=$O$3$l$^$G$b9T$J$o$l$F$-$?$, , $=$l$i$OBgBN$,6&M-%a%b%j!<$N7W;;5!$KBP$9$k$b$N $G$"$C$? [1][2]. :G 6a , =hM} AuCV $N?t $,A} Bg$9 $k$K $D$l , 6&M- %a%b %j!<$+ $iCJ!9 $HJ, ;6%a %b%j!< $,Ia DL$K $J$j $D$D $"$k $h$&$K;W $o$l $k . AP1000 $O$= $N$h$& $JJ, ;6%a %b%j!< $N multiprocessor $G$" $j , $$$m $$$m $J%W %m%0%i %‘8@ 8l=h M}7O $, $=$N>e$K3+H/$5$l$F$$$k [3][4]. $o$l$o$l $O , $?$^ $?$^ AP1000 $N cell $G ;H$C$F$$ $k=h M}7O $N sparc $GF0 $/ lisp $N in terpreter[5] $G C 8@ 8l$G 5-=R $7$F $"$k ( =>$C$F UtiLisp/C $H $$$& ) $N $r=jM-$7$F $$$?$N$G , AP1000 $N$h$& $JJ,;6%a%b %j!<$N MIMD 7?7W ;;5!$K lisp $r $J$k$Y$/4JC1$J<jK!$G:\$;$F$_ $F , UtiLisp $NJ,;64D6-$H$N ?FOB@- , $^$?J, ;64D6-$G$N lisp $N%W %m%0%i%_%s%0$NI8 =‘<j K!$rMQ0U$7$?$$$H;W$$ , 0\?":n6H$r;O$a$? . BgBN$NJ} ?K$O UtiLisp $O$9$Y $F$* $J$8 $G , cell $GF0 $+$9 . $O$8 $a$O host $K $b UtiLisp $r $N$; $k0F $b$"$C$? $, , host $O Bg@*$G;H$C$F$$$k$?$a , load $,Bg $-$+$C$?$j$9$k$H , <B9T;~4V $NB,Dj$,IT@53N$K $J$k$3$H$b$"$j $=$&$@$H$+ , $=$NB>$N M}M3$G$d$a$K$7$? . host $N;E;v$O7k6I 1. ob ject �le $r cell $K load $9$k . 2. lispsys.l $r �le system $+$iFI$_9~$_ , 3F cell $K broad $9$k . 3. user $H$N I/O $rC4Ev$9$k . 4. �le system $N �le $NFI$_=q$-$r$9$k . DxEY$N$3$H$7$+$7$J$$ . cell $NJ}$O host 5Z$SB>$N cell $+$i S <0$rFI$_9~$_ , $=$l$rI>2A$7$F7k2L$NCM$r , S <0$rAw$C$F $-$? host $+ cell $K JV$9 , $$$o $f$k ev al serv er $H$7 $FF/ $/ . host{cell 4V , cell{cell 4V$O AP1000 $N DL?. %i%$ %V %i%j $K lisp $NHi$r$+$V$;$?F~=PNO4X?t read , print $G9T$J$& . 3F cell $N5- 21AuCV$,FH N)$7$F$$$k $?$a , garbage collection $K$D$$ $F$O , $J$K$b9M$( $kI,MW$O$J $$$N$,J,;6%a %b%j!<$N %a%j%C%H$G$"$k . 3F cell $G heap $N free cell $,ITB-$7$F$/$k$H , >!<j$K gc $,Av$k$@$1$G$"$k . � El5~Bg3XL>M@65<x , e-mail: wada@u-tokyo.ac.jp y El5~Bg3X , e-mail: tanaka@ipl.t.u-tokyo.ac.jp 1

2 <BAu <g$H$7 $FJQ 99 $7$? $N$O read/write (lisp $N 4X?t $H $7$F $O read/prin t) $G$" $k . J,;6 %a%b %j!< $N cell $O , $*8_ $$$* $h $S , host $H$N4V$O cell 4VDL?. (T-net $^$?$O B-net) $K$h$i$J$1$l$P$J$i$J$$ . UtiLisp $K$O stream $r0z?t$K$H$k read/prin t $H0z?t$N$J$$ (stream $r standard-input, standard-output $NJQ?t$K bind $5$l$F$$$k$b$N$H$7 , DL>o$O terminal-input, terminal-output $, bind $7$F$"$k .) stream $ODL>o$O �lename $KBP$7$F , ( stream �lename ) $G$=$N �lename $r$b$D stream $r:n$j , inopen , outopen $7 $?$H$-$K �le descriptor $r3d$jEv$F$k . UtiLisp/C $K$O$3$NB> , �xn um $r0z?t$H$9$k stream $b8F$Y$F , $=$N$H$-$O$= $N �xn um $, �le descriptor $K$J$k . unix $N �le descriptor $O , 0 $, read, 1 $, write, 2 $, error write $K 3d $j Ev $F $F $" $k . $3 $N $[ $+ AP1000 $N os $G $O $=$N B> $N �le $K $O 63 HV $^ $G $N �le descriptor $r 3d $j Ev $F $k $_ $? $$ $J $N$G , cell 4V DL ?. $K $O 256 $+$i 1279 $^ $G $N �le descriptor $r;H $$ , �le descriptor - 256 $r DL?. Aj<j $N cell HV 9f$K BP 1~$5 $;$? . $D $^$j , �le 256 $O cell0 $H $NDL ?.$K , �le 257 $O cell1 $H$NDL?.$K , �le 1279 $O cell1023 $H$NDL?.$K;H$& . $=$NB> �le 4096 $r host $K3d$jEv$F , $^$? �le 4095 $OG$0U$N cell $+$i$N read $H , 0l@FJ|Aw$N write $NBP1~$5$;$? . cell 0 $N top lo op $O host $+ $i $N F~ NO$r BT $A , $= $l 0J 30 $N 3F cell $N top lo op $O G$0U $N cell $^ $?$O host $+ $i $N F~NO $r BT$C$F$$ $k . DL >o$N top lo op $O S <0 $r FI$_ 9~$‘ $H$= $l$r I>2A $7 , F~ NO$7 $? stream $K 7k2L $rJV $9 . $3$N B>0l @FJ| Aw$K $h$k S <0 $rFI $_9~ $s $@;~ $OI> 2A $O$9 $k$, , 7k2L $O JV$5 $J$$ . $3 $N;~ $O7k 2L $NCM $h$j I{ :nMQ $N8z 2L $NJ} $r4| BT $7$F $$ $k $N$G$"$k . 3 <BNc 4JC1$JJBNs=hM}$NNc$r �b onacci ?t$N4X?t$G@bL@$9$k . cell0 $, (fib n ) $r7W;;$7$h$&$H$7$F$$$k$H$9$k . � $=$l$K$O (fib n � 1) $H (fib n � 2) $,I,MW$K$J$k$, , � (fib n � 1) $O<+J,$G7W;;$7 , (fib n � 2) $N7W;;$O cell 1 $K0MMj$9$k . � cell 0 $O (fib n � 1) $r7W ;;$9$k$N $K (fib n � 2) $O<+ J,$G7W ;;$7 , (fib n � 3) $N 7W;;$O cell 2 $K0MMj $9$k . � 0lJ} cell 1 $O (fib n � 2) $N7W ;;$r$9$k $N$K (fib n � 3) $O <+J,$G7W ;;$7 , (fib n � 4) $N7W;;$O cell 3 $K0MMj$9$k . � $D$^$j0MMj$9$kAj<j$H<+J,$H$N:9$O , 1 CJL\$O 1, 2 CJL\$O 2, 3 CJL\$O 4 : : : $N$h$&$KA}$($F$$$/ , Figure 1 2

A4BN$N cell ?t$r c $H$9$l$P , log 2 c CJ$^$G?J$a$k$3$H$,$G$-$k (Figure 1). CJ?t$N@)8f$N$?$a , �b $K$b$&0l$D$N0z?t d $r$D$1$k . (defun fib (n (d 0)) (cond ((lessp n 2) 1) ((lessp d (getlcel)) (lets ((mycid (getcid)) (child (plus mycid (expt 2 d))) (myret) (childret) (cstream0 (outopen (stream (plus child 256)))) (cstream1 (inopen (stream (plus child 256))))) (print (list ’fib (/- n 2) (/1+ d)) cstream0) (setq myret (fib (/1- n) (/1+ d))) (setq childret (read cstream1)) (plus myret childret))) (t (plus (fib (/1- n) (/1+ d)) (fib (/- n 2) (/1+ d)))))) �b $NBh 2 0z?t (d 0) $O default $NCM$, 0 $G$"$k$3$H$r<($9 . (getlcel) $O cell $NA4?t$N 2 $rDl$H$7$?BP?t$rJV$9 . (getcid) $O<+J,$N cell HV9f$rJV$9 . child $O2<@A$1$N cell HV9f . cstream0 , cstream1 $O2<@A$1 cell $KBP$9$kF~=PNO$N stream $G$"$k . (print (list ’fib (/- n 2) (/1+ d)) cstream0) $G2<@A$1$K (fib n � 2) $N7W;;$r0MMj$7 , (read cstream1) $G2<@A$1$N7W;;7k2L$rFI$_9~$‘ . CJ?t$,$@$s$@$sA}$( , (getlcel) $KEy$7$$$+$=$l0J>e$K$J$k$H , 7W;;$O<+J,$G9T$J$& . quic ksort $b$[$\F1MM$K=q$/$3$H$,$G$-$k . (defun qsort (l d) (cond ((not (greaterp (length l) 1)) l) ((lessp d (getlcel)) (lets ((mycid (peek)) (myret) (childret) (child (plus mycid (expt 2 d))) (cstream0 (outopen (stream (plus child 256)))) (cstream1 (inopen (stream (plus child 256))))) (setq l (part l)) (print (list ’qsort (list ’quote (caddr l)) (/1+ d)) cstream1) (setq myret (qsort (car l) (/1+ d))) (setq childret (read cstream0)) (append myret (cadr l) childret))) (t (setq l (part l)) (append (qsort (car l) (/1+ d)) (cadr l) (qsort (caddr l) (/1+ d)))))) (defun part (l) (lets ((sm nil) (gr nil) (cr (car l))) (setq l (cdr l)) (loop (cond ((null l) (exit))) (setq hd (car l) l (cdr l)) (cond ((> hd cr) (setq gr (cons hd gr))) 3

(t (setq sm (cons hd sm))))) (list sm (cons cr nil) gr))) quic ksort $N%F%9%H$K;H$&Mp?t$N?tNs$r:n$j , Nc$($PJQ?t foo $K7k9g$9$l$P , (qsort foo 0) $N$h$&$K$7$F quic ksort $r<B9T$9$k . 4 7WB, utilisp $K$O I>2A $N ;~4V $r $O$+ $k4X ?t (time S <0 ) $, $"$C$? . $= $l$H F1MM $K AP1000 $N utilisp $K$b time 4X?t $rMQ 0U $7$? . AP1000 MQ $N time $K$O default CM$, 1000 $NBh 2 0z?t scale $, $"$j , 1/ scale IC$rC1 0L$H$7$F 7W;~$7$? 7k2L$r JV$9 . $7$?$,$C$F , cell Bf?t$r 64, 32, 16, 8, 4, 2, 1 $H$7$?;~$N (fib 20) $N7W;;;~4V$rF@$k$K$O : (defun foo () (lets ((i 0)) (loop (prin1 (expt 2 (- (getlcel) i))) (print (time ’(fib 20 i)) 60) (cond ((= i 6) (exit))) (setq i (1+ i))))) $HDj5A$7 , (foo) $r<B9T$9$l$P$h$$ . 7WB,$N<B9T7k2L$O<!$NDL$j . % host -n 64 [0]cell_main=0x62028 [0]> (exfile ’fib.l t) [0]fib [0]nil [0]> (exfile ’time.l t) [0]foo [0]nil [0]> (foo) [0]64[0]27 [0]32[0]42 [0]16[0]67 [0]8[0]107 [0]4[0]173 [0]2[0]279 [0]1[0]450 [0]nil [0]> (quit) $3$l$O �le %7%9%F%‘$+$i �b.l, time.l $N �le $rFI$_9~$_ ( exfile $K$h$k ), A0=R$N (foo) $G<B9T;~4V$r7WB,$7$?$H$-$N script $G$"$k . [0] $NI=<($O$=$N<!$N=PNO$, cell 0 $N$b$N$G$"$k$3$H$r<($9 . @hF, $N 9T $N host -n 64 $O , cell 64 Bf $G host $r 5/ F0 $9 $k . (exfile ’fib.l t) $O , fib.l $r FI $_ 9~ $‘ . F1 MM $K time.l $bFI$_9~$‘ . (foo) $N9T$N2<$, , cell $NBf?t$H 1/60 ICC10L$N<B9T;~4V$G$"$k . 4 cell Bf?tBP<B9T;~4V$r Figure 2 $K<($9 . Figure 2 5 3d9~ $"$k cell $,0l ?4$K 7W ;;Cf $K , $[$+ $N cell $+$i S <0$, Aw$j IU $1$i $l$k $3$H $,$" $k$N $O=< J, M=A[ $5$l $k . 0l HLE* $K$O $$$^ 7W;; Cf $N toplev el lo op $N ev al $N <B 9T $, :Q $s $G $+ $i , FI$_ 9~ $a $P NI $$ $, , Cf $K $O JL $N cell $+ $i $N 6[ 5^ $J MW 5a $, Mh $F $$ $k$+$b $7$l $J $$ . $? $H $($P , MUtiLIsp[1] $G $O , JQ?t $N bind $7 $F$$ $k CM$O ?F$N %W %m%; %9 $+$i 7Q>5 $9 $k$, , $H$j $" $($: $O un b ound $N >u BV $G $" $j , JQ ?t $r;2 >H $K $$$C $F , unbound $@ $H $=$N ;~ E@ $G ?F $N %W %m %; %9$K J9 $- $K 9T $/ . AP1000 $N utilisp $K$b , $3 $N $h$& $J 5!9= $r $D$1 $h $&$H $k $k$H , ?F $N cell $O <+J, $N 7W;; Cf $K;R $N cell $+ $i $NJQ ?t $NCM FI $_$@ $7 MW5a $,$-$?$i , B(9oBP=h$7$J$1$l$P$J$i$: , $=$?$a$K$O , 3d$j9~$_$N5!G=$,I,MW$K$J$k . $H$3 $m $, , AP1000 $N cell $K $O 3d $j 9~ $_ $N 5! G= $O $D $$ $F $$ $J $$ . $7 $? $,$C $F , Ev LL $O ev al $N =h M} $N $? $S $K cprob $K $h$C$F , <u ?.BT$A >uBV $+$I$& $+$r CN$j , <u?. $^$A$N >pJs $,N/$C$F $$$l$P , ev al $N<B 9T$NA0 $K break $r funcall $9$k$3 $H$K$7$? . MxMQ<T$O<u?.BT$A$N>p Js$N=hM}$N;EJ} $r break $N4X?t$K Dj5A$7$F$*$1$P $h$$ . 8= :_ lispsys.l $KAH$_9~ $s$@ break 4X?t $O , <u ?. BT $A >p Js $r FI $_ 9~ $_ , 0l 1~ stream $N L> A0 $N BT $A 9T Ns $K $D $J $2 $k $h $& $K $J$C $F $$ $k . $3 $l $K BP 1~ $7 $F , read 4X?t$b$^ $:BT $A9T Ns$r 8+$K 9T$- , BT$C $F$$ $k>p Js$, $"$k$H $=$l $r9T Ns$+ $i$O $:$7 $F , read $N7k 2L$H$7 $F$+ $($9 $h$& $K $J$C$F$$$k . $=$N$[$+6[5^$rMW$9$k;E;v$O , break $KDI2C$9$l$PNI$$ . 6 F14| JBNs7W;; $r@5 $7$/ <B9T $9$k $K$O %W%m %;%9 $N?J 9T$r @)8f $7$J $1$l $P$J $i$J $$;~ $,$" $k . BeI= E*$J @)8f $OF1 4|$G $"$k . A0 =R$N$h$&$K:#2s$N 0\?"$O in terpreter $K$J$k$Y$/ <j$r2C$($J $$$H$$$&J} ?K$G$"$C$?$? $a , :G=i$KF0$$ $?%7%9%F%‘$K $OF1 4|$r@) 8f $9$k 4X ?t$, $J$+$C $? . F14| @) 8f$, I, MW$J ;~ $O cell F1;N $G >pJs $r 8r49 $7 $J$, $i $d$C$? $N $@$, , $3 $l$G $O 0l@F <M 7b$NLdBj$rKh2s2r$$$F$$$k$h$&$J$b$N$G , G=N($,0-$/ , Lisp 4D6-$+$i AP1000 $N cell %i%$%V%i%j$r8F$Y$k$h$&$K$7$? . (sync no stat ) , (cstat) , (pstat stat ) , (gstat) $rMQ0U$7 , BP1~$9$kF14|MQ$N<jB3$-$,;H$($k$h$&$K$J$C$? . 7 :n6H :n6HNL$K$D$$$F$O , :G=i$K=R$Y$?$h$&$K UtiLisp/C $N%=!<%9%W%m%0%i%‘$K$O$J$k$Y$/<j$r2C$($J$$J}?K$@$C$?$N$G , C 8@8l$K$h$k%W%m%0%i%‘$N9T?t$O<!$NDxEY$K<}$^$C$F$$$k . 5

%U%!%$%kL> :n6H9T?t host.c (hostmain) 134 9T ( ?7@_ ) machdep.c (cell %W%m%0%i%‘ F~=PNO ) 259 9T ( ?7@_ ) main.c (cellmain) 39 9TDI2C eval.c ( 3d$j9~$_=hM} ) 6 9TDI2C sysfnmis.c ( ;(=hM}4X?t72 ) 94 9TDI2C lisp $G=q$$$?ItJ,$O UtiLisp 5/F0;~$KFI$_9~ $^$l$k lispsys.l $K=8Ls$7$F$"$k . lispsys.l $ND9$5$O :#$N$H$3$m 247 9T$@ $, , $3$l$O$I$s$I$sD9$/$J$C$F$$$k . $A$J$_$KDL>o$N UtiLisp $N lispsys.l $O 630 9TDx$"$k . 8 7kO@ $3$N UtiLisp/C $N AP1000 $X$N0\?"$G$O , C 8@8l$N%W%m%0%i%‘$O$J$k$Y$/$7$J$$$H$$$&$N$r<gL\E*$K$7$? . Lisp $G=q $1$k$b $N$O =PMh $k $@$1 Lisp $G=q $- , lispsys.l $N%U%! %$%k $K F~$l $F;H $& . $= $NJ} $,BP OC E*$K <B83 $, =PMh $k$7 , $b$H $b$H UtiLisp $N%7%9%F%‘$b5-=R$G$-$kG=NO$N>ZL@$K$b$J$k . <B:]%G%P%C%0$d@-G=%b%K%?!<$,MF0W$G$"$C$? . $3$3$K$O$o$:$+$J %W%m%0%i%‘ Nc$7$+<($5$J $+$C$?$, , JL$N Nc$b$d$C$F$_ $F$$$k . $? $H$($P , 3d$j9~ $_$d0l@FJ| Aw$N5!G= $r3N$+ $a$k $N$K J,;6 Eratosthens $N$U $k$$ $b=q $$$F 8+$? $j$7 $? . $=$N 7k 2L , $" $k cell $N 7W;; Cf$K JL$N cell $,=| ;;$N 0M Mj$r=P$9$N$,4|BTDL$j$K<B9T$5$l$k$N$,3NG’$G$-$? . $b$C$H$b$U$k$$$H$7$F$O>/$7$bAa$/$OAv$i$J$: , $^$@$^$@9)IW$N M>CO$,$"$k$3$H$bH=L@$7$? . $o$:$+$J$,$i;n$_$?%W%m%0%i%‘$O , Bf?t8z2L$r$H$j$@$9$N$,$J$_BgDq$G$O$J$$$3$H$r<($7$F$$$k . $=$l$KJBNs%"%k%4%j %:%‘$K$9 $k$H C‘<!<B 9T$N ;~$K $O$" $?$j$^ $($G $"$C$? @)8f $NN.$l $N=g $KF1 4|$r L@<($7 $J$1 $l$P $J$i$J $$;v BV$, $"$k $3$H $b$o$+$C$F$-$? . %W%m%0%i%‘$N =hM};~4V 2r@O$K$O , 3FIt$N >\:Y$J ;~4V%G!<%? $,I,MW$G $"$j , $= $N$?$a$K $O time 4X?t $r=$@5$9 $kI,MW$b $" $k . :G8e$K%7%9%F%‘$N%5%$%:$K$D$$$F?($l$F$*$/ . in terp erter $N binary text $O 225KB. :n6HNN0h$N$&$A:GBg$J$N$O heap $G , default $G$O 512KB $,$H $i$l$k . AP1000 $N3F cell $K $O 16MB $N %a%b %j!<$, $"$k$N $G , $^ $@$+$J $jBg $-$J %W%m %0 %i%‘$rAv$i$;$k$3$H$,2DG=$G$"$k . ;29MJ88% [1] Halstead,R.H.: Multilisp: A Language for Concurren t Symbolic Computation, A CM T rans. Program. Lang. Syst., V ol.7, No.4 501-538(1985) [2] 4d:j1Q:H : Lisp $K$*$1$kJBNsF0:n$N5-=R$H<B8= >pJs=hM}3X2qO@J8;o V ol.28, No.5,465-470(1987) [3] Baily ,B., Newey ,M.: Implementing ML on Distributed Memory Multipro cessors, Sigplan Notices, V ol.28, No.1,56-59(1993) [4] T aura,K., Matsuok a,S., Y oneza w a,A.: An E�cien t Implementation of Concurrent Ob ject-Orien ted Lan- guages on Sto ck Multipro cessors, Sigplan Notices, V ol.28, No.7 218-228(1993) [5] EDCfE/O/ : SP AR C $NFCD’$r@8$+$7$? UtiLisp/C $N<B8=K! >pJs=hM}3X2qO@J8;o V ol.32,No.5,684-690(1991) 6