HYLO %7%9%F%‘$K$h$k%W%m%0%i%‘M;9gJQ49$N<B8= Implemen tation of Program F usion b y HYLO System Hx>e G=G7 y Y oshiyuki ONOUE 8U ?69> y y Zhenjiang HU Ip;T @5?M y Masato T AKEICHI y El5~Bg3XBg3X1!9)3X7O8&5f2J7W?t9)3X@l96 Departmen t of Mathematical Engineering and Information Ph ysics, Graduate Sc ho ol of Engineering, Univ ersit y of T oky o y y El5~Bg3XBg3X1!9)3X7O8&5f2J>pJs9)3X@l96 Departmen t of Information Engineering, Graduate Sc ho ol of Engineering, Univ ersit y of T oky o 35 MW 4X ?t %W %m %0 %i %_ %s %0 $G $O!$ C1 =c $J 5! G= $r ;} $D 4X ?t $r AH $_ 9g $o $; $F %W %m %0 %i %‘ $r 5- =R $9 $k $3 $H $K $h $j!$ %b %8%e %i %j %F%# $N M% $l $? 4J 7i $J %W %m %0 %i %‘ $r =q $/ $3 $H $, $G $- $k!% $7 $+ $7 $3 $N $h $& $K B? ?t $N 4X ?t $r AH $_ 9g $o $; $k $H!$ 4X ?t 4V $G <u $1 EO $7 $5 $l $k IT MW $J Cf 4V %G!< %? 9= B$ $, 8z N( $N J@ 32 $H $J $k!% $3 $N Ld Bj $r 2r 7h $9 $k $? $a $K $$ $/ $D $+ $N %W %m %0 %i %‘ M; 9g JQ 49 (fusion) $, Ds 0F $5 $l $F $- $? $,!$ 2f!9 $O h ylomor- phism $H $$ $& :F 5" 7A $K Cm L\ $7 $? HYLO %7 %9 %F %‘ $r <B 8= $7!$ %7 %9 %F %‘ $, JQ 49 $7 $? %W %m %0 %i %‘ $N %R!< %W;HMQNL$r2r@O$9$k$3$H$K$h$C$F%7%9%F%‘$NM-MQ@-$r<($7$?!% 1 $O $8 $a $K 4X ?t %W %m %0 %i %_ %s %0 $G $O!$ >. $5 $/ $F 4p K\ E* $J 4X ?t $r AH $_ 9g $o $; $F %W %m %0 %i %‘ $r 5- =R $9 $k $3 $H $, 9- $/ 9T $J $o $l $F $$ $k!% $3 $l $O 2D FI @- $d %b %8%e %i %j %F%# $N LL $G M% $l $F $$ $k H? LL!$ B? ?t $N AH $_ 9g $o $5 $l $? 4X ?t $r <B 9T $9 $k $3 $H $K $h $j!$ 4X ?t 4V $N >p Js $N <u $1 EO $7 $K ;H $o $l $k Cf 4V %G!< %? 9= B$ $, <B 9T ;~ $K :n $i $l!$ 8z N( $N Dc 2< $N860x$H$J$k!% $3 $N Ld Bj $N 2r 7h :v $H $7 $F!$ => Mh $+ $i MM!9 $J J} K! $, Ds 0F $5 $l $F $- $?!% $3 $l $i $N <j K! $O!$ JL 8D $K Dj 5A $5 $l $? 2 4X ?t f ; g $N9g @. $GI= $o $5$l $? <0 f � g $r 1 $D $N?7 $? $K Dj 5A $5 $l $? 4X ?t h $K M; 9g (fusion) $7 L5 BL $J Cf 4V %G!< %? 9= B$ $r :n $i $J $$ $h $& $K $9 $k!$ $H $$ $& 0U L#$GM;9gJQ49 (program fusion) $H8F$P$l$k!% =i 4| $N <j K! [W ad88] [Chi92] $O!$ 4p K\ E* $K $9 $Y $F $N 4X ?t 8F $S =P $7 $r E8 3+ $7 <!!9 $K 4X ?t $N M; 9g $r ;n $_ $k!% $7 $+ $7 $3 $N $^ $^ $G $O :F 5" 4X ?t $r L5 8B $K E8 3+ $7 $F $7 $^ $& $? $a!$ E8 3+ $7 $? 4X ?t 8F $S =P $7 $N 7A $r %a %b $7 $F $* $-!$ F1 $8 7A $, :F 8= $7 $? $i $= $3 $G M; 9g $5 $l $? ?7 $7 $$ :F 5" 4X ?t $r Dj 5A $9 $k $h $& $J 5! 9= $, I, MW $G $" $k!% $3 $N %a %b 2= $, J# ;( $J =h M} $G $"$C $? $? $a!$ $3 $N <j K! $O <B MQ 2= $5$l$k$K$O;j$i$J$+$C$?!% $=$N8e!$%j%9%H$r07$&4pK\E*$J4X?t foldr $G4X?t $N :F 5" 9= B$ $r Cj >] 2= $7!$ Cj >] 2= $5 $l $? 4X ?t $@ $1 $r M; 9g $N BP >] $H $9 $k <j K! [Gil93] [She93] $, Ds 0F $5 $l $?!% $3 $N <j K! $G $O %a %b 2= $O IT MW $H $J $j!$ C1 =c $J JQ 49 5, B’ $r 6I =j E* $K 7+ $j JV $7 E, MQ $9 $k $3 $H $K $h $j 4X ?t 4V $N M; 9g $, ?J $s $G $$ $/!% :G 6a $O 9= @. E* %" %k %4 %j %: %‘ O@ $r MQ $$ $k $3 $H $K $h$C $F!$ =| 5n $5 $l $k Cf 4V %G!< %? 9= B$ $N <o N‘ $, %j %9 %H $+ $i 0l HL $N %G!< %? 9= B$ $X $H 3H D% $5 $l $? <j K! [Hu95] [T ak95] $bDs0F$5$l$F$-$F$$$k!% K\ 8& 5f $G $O!$ $3 $l $i $N <j K! $r 4p $K $7 $F 3+ H/ $5 $l $? HYLO %7 %9 %F %‘ [Ono97] $r >R 2p $7!$ 4X ?t 7? 8@ 8l $N =h M} 7O $K AH $_ 9~ $^ $l $F $$ $k %R!< %W %W %m %U%! %$ %j %s %0 $N 5! G= $H AH $_ 9g $o $; $k $3 $H $K $h$C $F!$ %W %m %0 %i %‘ $N <B 9T8zN($NCJ3,E*$J2~A1$r;n$_$k$3$H$K$9$k!% |1|

2 HYLO %7%9%F%‘ M; 9g JQ 49 $r 9T $J $& $? $a $K $O!$ :F 5" 4X ?t $N 0l HL E* $J I= 8= <j K! $G $" $k h ylomorphism( 0J 2< h ylo $H N, ) $H Acid Rain DjM}$rMQ$$$k!% f ; g $r G$0U$N:F5"4X?t$H $7$= $N 9g@. f � g $K BP $7 $F M; 9g JQ49 $r 9T $J $& $K $O!$ f ; g $r h ylo $r MQ $$$? <0 $K =q $-49 $( $F!$ 2 $D $N h ylo $r Acid Rain DjM}$G 1 $D$K$^$H$a$"$2$l$P$h$$!% h ylo $O0J2<$N$h$&$K4X?t$N 3 $DAH$GI=$o$5$l$k!% $3 $N h ylo $N 5- =R NO $O 6/ NO $G!$ $" $k J8 K! >e $N 4K $$ @) Ls $r K~ $? $9 G$ 0U $N :F 5" 4X ?t $, h ylo I= 8= $G I= $o $9 $3 $H$,2DG=$G$"$k$3$H$,CN$i$l$F$$$k [Hu95] !% Dj5A 1 (h ylo $N 3 $DAHI=8= ) F ; G $r4X <j$H$7!$4X?t � : G A ! A; : B ! F B $H <+ A3 JQ 49 � : F _ ! G , $, M? $( $i $l $? $H $-!$ h ylo [ [ �; � ; ] ] G;F : B ! A $O 0J 2< $N Ey <0 $K $* $1 $k f $N :G>.ITF0E@$H$7$FDj5A$5$l$k!% f = � � ( � � F f ) � 2 4X ?t ; � ; � $O $= $l $> $l!$ 0z ?t $N :F 5" %G!< %? $N J, 2r!$ J, 2r $5 $l $? 3F MW AG $K BP $9 $k =h M}!$ J, 2r $5 $l $? :F 5"%G!<%?$NAHN)!$$NLr3d$r2L$?$9!%<0 [ [ � 1 ; � 1 ; 1 ] ] � [ [ � 2 ; � 2 ; 2 ] ] $r M; 9g $9 $k $? $a $K $O!$ :F 5" %G!< %? $N AH N) =h M} $G $" $k � 2 $H J,2r=hM}$G$"$k 1 $,8_$$$KBG$A>C$7$"$($P!$ Cf 4V %G!< %? 9= B$ $r @8 @. $7 $J $/ $F $9 $‘!% $3 $l $r Dj <0 2= $7$?$N$,0J2<$N Acid Rain DjM} [T ak95] $G$"$k!% DjM} 1 (Acid Rain) ( a ) � : 8 A: ( F A ! A ) ! F 0 A ! A [ [ � 1 ; � 1 ; out F ] ] G;F � [ [ � in F ; � 2 ; 2 ] ] F 0 ;L = [ [ � ( � 1 � � 1 ) ; � 2 ; 2 ] ] F 0 ;L ( b ) � : 8 A: ( A ! F A ) ! A ! F 0 A [ [ � 1 ; � 1 ; � out F ] ] G;F 0 � [ [ in F ; � 2 ; 2 ] ] F ;L = [ [ � 1 ; � 1 ; � ( � 2 � 2 )] ] G;F 0 2 $3$NDjM}$rE,MQ$9$k$?$a$K$O!$9g@.$9$k 2 $D$N h ylo $K$*$1 $k 1 ; � 2 $, � out F ; � in F $N$h $& $J FCJL $J 7A $K F3 =P 2D G= $G $J $1 $l $P $J $i $J $$ $H $$ $& >r 7o $, $" $k!% $3 $N F3 =P $N %" %k %4 %j %: %‘ $d B> $N >r 7o $J $I $K $D $$ $F $O [Ono97] $r ;2 >H $5 $l $? $$!% G$ 0U $N h ylo $+ $i $3 $N $h $& $J 7A $, F3 =P $G $- $k $o $1 $G $O $J $/!$ F3 =P $K <: GT $7 $? >l 9g Acid Rain DjM}$K$h $kM;9g$O9T$J$o$l $::G=*E*$K $O85$N 2 4X?t$N9g@. f � g $K=q$-La$5$l$k!% HYLO %7 %9 %F %‘ $O!$ F~ NO $H $7 $F 4X ?t 7? 8@ 8l Gofer $G =q $+ $l $? %W %m %0 %i %‘ $r <u $1 <h $j!$ IT MW $J Cf 4V %G!< %? 9= B$ $r @8 @. $7 $J $$ $h $j 8z N( $N NI $$ %W %m %0 %i %‘ $K JQ 49 $7 $F =P NO $9 $k!% %7 %9 %F %‘ $K $h $k JQ 49 $N 2a Dx $O 0J 2< $N$h$&$JN.$l$K$h$C$F9=@.$5$l$F$$$k!% 1. %Q!<%9!$JQ?tL>$NIUBX!$7?8!::$J$I$NA0=hM} 2. :F5"4X?t$+$i h ylo $NF3=P 3. DjM}$rE,MQ$7$d$9$$$h$&$K h ylo $rJQ7A 4. 2 4X?t$KBP$7DjM}$rE,MQ$7 1 4X?t$KM;9g 5. $^$@DjM}$rE,MQ2DG=$J<0$,;D$C$F$$$k ) 3. $X 6. :G=*E*$K h ylo I=8=$r85$N:F5"E*Dj5A$KLa$9 3 :GE,2=$NN.$l 3.1 Step 0: n-queens %W%m%0%i%‘ $3 $3 $G $O JQ 49 $N BP >] $H $7 $F 0J 2< $N n-queens $N %W %m%0%i%‘$r07$&$3$H$K$9$k!% main = (print . sum . concat . queens) 10 queens 0 = [[]] queens (m+1) = [ p++[n] | p<-queens m, n<-[1..10], safe p n ] safe p n = all not [ check (i,j) (m,n) | (i,j) <- zip [1..] p ] where m = 1 + length p check (i,j) (m,n) = j==n || (i+j==m+n) || (i-j==m-n) <B 83 $K MQ $$ $? %^ %7 %s $O Sun Ultra2 $G!$ %3 %s %Q %$ %i $K $O Glasgo w Hask ell Compiler (v er.0.29) $H E: IU $5 $l $k %R!< %W %W %m %U%! %$ %j %s %0 %D!< %k $r MQ $$ $?!% %3 %s %Q %$ %k ;~ $N %* %W %7%g %s $O ’-O’ $H %W %m %U%! %$ %j %s %0MQ$K ’-prof -auto-all’ $r;XDj$7$?!%$3 $l$K $h $j %H%C %W %l %Y %k $G Dj 5A $5 $l $? $9 $Y $F $N 4X ?t $K $D $$ $F$N%R!<%W;HMQ$K4X$9$k>pJs$,=PNO$5$l$k!% ?^ 1 JQ49A0$N%W%m%0%i%‘ |2|

I= 1 =jMW;~4V$H%R!<%W;HMQNL (total) Step 0 Step 1 Step 2 Step 3 Step 4 =jMW;~4V [sec] 5.86 2.62 2.60 1.86 1.52 %R!<%W;HMQNL [MB] 112.22 28.26 32.64 13.98 9.38 I= 1 $O!$CJ 3,E* $K JQ49 $5$l $? %W%m %0%i %‘ $r<B 9T$7 $? :] $N =j MW ;~ 4V $H ;H $o $l $? %R!< %W $N Am NL $r <( $7 $F $$ $k!% $^ $? ?^ 1 $O!$ <B 9T ;~ $K 3F ;~ E@ $G @8 $- $F $$ $k %/ %m!< %8%c (liv e closure) $, %R!< %W Cf $G @j $a $k NL $r ;~ 4V 7P 2a $H 6& $K <( $7 $F $" $k!% $J $* %0 %i %U $N =D 2# $N <\ EY $O!$ $3 $N 8e 3F <o JQ 49 $r ;\ $7 $? 8e $N <B 9T 7k 2L $H Hf 3S $9 $k$?$a$K$9$Y$FF1$8$K$7$F$"$k!% Step 0 $G $N %R!< %W ;H MQ Am NL $, 112.22MB $H B? $$ $N$K$b $+$+ $o$i $:?^ 1 $,GX $N Dc$$ %0%i %U$K $J$C $F$$ $k $N $O!$ @8 $- $F $$ $k %/ %m!< %8%c $N $_ $r BP >] $K $7 $F $$ $F :n 6H NN 0h $J $I $N ;H $o $l $? $9 $0 8e $K IT MW $K $J $k NN 0h $O ?t $( $J $$ $? $a $G $" $k!% =>$C $F Step 0 $G $O <B 9T ;~ $K Bg NL $N %R!< %W $r 3d $j Ev $F $F $O ;H $$ <N $F $k =h M}!$ $9 $J $o $A IT MW $J Cf 4V %G!< %? 9= B$ $r Bg NL $K @8 @. $7 $F $$ $k $b$N$H$_$J$9$3$H$,$G$-$k!% 3.2 Step 1: Jd=u4X?t$NDj5A$r%m!<%+%k$KJQ99 A0 @a $N %W %m %0 %i %‘ $G $O 4X ?t queens,safe,check $,Bg0h E*$K Dj5A $5$l $F $$$? $,!$<! $O $3$N 3 4X ?t $NDj 5A$r main $N where @a$X0\F0$9$k$3$H$K$h$C$F6I=j Dj5A$K$7$?%W%m%0%i%‘$r<B9T$7$?!% 7k 2L $O Step 0 $H Hf 3S $7 $F <B 9T ;~ 4V $, H> J, 0J 2<!$ %R!< %W ;H MQ NL $b 74% 8: >/ $7 $?!% $3 $l $O 6I =j E* $K Dj 5A$5 $l $? 4X ?t $, main Fb $G $N Mx MQ $K @) 8B $5 $l $k $3 $H $K $h $j!$ $5 $i $K :G E, 2= $r ?J $a $k $3 $H $, 2D G= $K $J$C $? $? $a $G $" $k!% 2f!9 $N HYLO %7 %9 %F %‘ $G @8 @. $5 $l $k %W %m %0 %i %‘ $b $3 $N $h $& $K $9 $Y $F $N Jd =u 4X ?t $r 6I =j E* $K $b $D 7A $r $7 $F $* $j!$ $3 $3 $G 8+ $i $l $? $h $& $J %m!< %+ %kDj5A$K$h$k%a%j%C%H$r<u$1$k$3$H$K$J$k!% 3.3 Step 2: %7%9%F%‘$K$h$k0lIt$N<0$NM;9g HYLO %7 %9 %F %‘ $O!$ f ( g x ) $N $h $& $J <0 $K BP $7 $3 $l$r ( f � g ) x $G$"$k$H$_$J$7$F<+F0E*$K f � g $NM; 9g JQ 49 $r 9T $J $* $& $H $9 $k $,!$ %* %W %7%g %s $K $h$C $F $3 $N5! G=$r L5 8z $K $7 L@ <( E* $K f � g $H 4X ?t 9g @. $G;X Dj $5 $l $? >l 9g $K $_ M; 9g JQ 49 $r 5v $9 $3 $H $b 2D G= $G $" $k!% K\@a $G $O $3 $N 5! G= $r MQ $$ $F!$ 4X ?t safe $N Fb It $^ $G $OM;9gJQ49$5$;$J$$$H$$$&>r7o$G<B83$r9T$J$C$?!% 7k 2L $O I= 1 $h $j Step 1 $H $[ $\ F1 Ey $G %R!< %W NL ?^ 2 4X?t$r6I=jDj5A$K$9$k $K $D $$ $F $O 15% $[ $I A} 2C $7 $F $7 $^$C $?!% $3 $l $O 4X ?t safe $r =| $$ $? >l 9g!$ M; 9g JQ 49 $N 2D G= $J >l =j $, $[ $H $s $IB8 :_$7 $J $+$C$? $3$H $, 860x $N 1 $D $G $"$k!% $^ $??^ 2 $H?^ 3 $rHf3S$9$k$H@8$-$F$$$k%/%m!<%8%c$N %R!< %W >e $K @j $a $k NL $O Bg I} $K A} 2C $7 $F $$ $k $,!$ %R!< %W $N Am ;H MQ NL $N A} 2C $, 15% $G $"$C $? $3 $H $+ $i 9M $( $k $H!$ IT MW $J Cf 4V %G!< %? 9= B$ $K MW $7 $? ;H $$ <N $F %R!< %W$N;HMQNL$O5U$K8:>/$7$F$$$k$b$N$H;W$o$l$k!% ?^ 3 <0 (safe p n) $r=|$/M;9gJQ49 3.4 Step 3: %7%9%F%‘$K$h$kM;9gJQ49 Step 2 $N $h $& $J @) 8B $r 2C $( $: HYLO %7 %9 %F %‘ $G $9 $Y $F $N 2D G= $J M; 9g JQ 49 $r 9T $J$C $? %W %m %0 %i %‘ $r <B |3|

9T$7$?!%$=$N7k2L$O Step 2 $H Hf3S$7$F;~4V$G 28%, %R!< %W NL $G 57% $N 2~ A1 $H $J$C $F $$ $k!% $3 $l $@ $1 Bg I}$K2~A1$5$l$?M}M3$O!$4X?t queen $NCf$G7+$jJV$7 MQ$$ $i $l $F $$ $k 4X ?t safe $K $D $$ $F!$ Dj 5A $N 1& JU $K $" $k all not $H %j %9 %H $N Fb Jq I= 5- $, M; 9g $5 $l $? 8z 2L $, 7+ $j JV $7 $K $h$C $F A} I} $5 $l $? $3 $H $K $" $k!% $^ $? %R!< %W %W %m %U%! %$ %j %s %0 $N 7k 2L $O ;f LL $N ET 9g >e >J N, $9$k$,!$ <!@a $N?^ 4 $r0l 2s$j Bg $-$/ $7$? $b$N $K 6a$$ 7A>u$r$7$F$$$k!% 3.5 Step 4: :F5"4X?t$N9=@.;R<0$X$NE,MQ $3$l $^ $G $O 2 $D $N h ylo 4X ?t $N M; 9g $N $_ $r 9M $( $F $-$?$,!$%W%m%0%i%‘$rJQ49$7$?7k2L [ [ �; � ; ] ] ( C i t i 1 : : : t i n i ) $N $h $& $K 9= @. ;R <0 $K h ylo $r E, MQ $7 $? 7A $N <0 $, 8= $o $l $k $3 $H $, $" $k!% $3 $N >l 9g!$ 0z ?t $N 9= @. ;R $, H= L@ $7 $F $$ $k $3 $H $K $h $j <B :] $N 4X ?t E, MQ $, 2D G= $J $N $G $3 $l $r 9T $J $& $3 $H $K $9 $k!% 9= @. ;R $N 0z ?t t i 1 ; : : : ; t i n i $N Cf$G :F5" E* $J It J, $K BP $7 $F$O h ylo 4X ?t [ [ �; � ; ] ] $, E, MQ $5 $l $k $N $G!$ $= $N It J, $K $D $$ $F $O $5 $i $K M; 9g JQ 49$r?J$a$k$3$H$b2DG=$K$J$k!% 8= :_ %7 %9 %F %‘ $G @8 @. $9 $k %W %m %0 %i %‘ $O!$ $3 $N 9= @. ;R<0$KBP$9$k=hM}$bI8=‘$G9T$J$C$F$$$k!%$3$N Step 4 $G F@ $i $l $? :G =* E* $J %W %m %0 %i %‘ $O O@ J8 [Ono97] Fig.10 $N4X ?t queens_transformed $KAjEv $9$k!% $3$N%W%m%0%i%‘$N<B9T7k2L$OI= 1 $h$j Step 1 $HHf3S $7$F;~4V$G 42% %R!<%WNL$G 67% $b8:>/$7$F$$$k!% $3 $l $h $j HYLO %7 %9 %F %‘ $K $h $k %W %m %0 %i %‘ M; 9g JQ 49$NM-MQ@-$,<($5$l$?!% ?^ 4 :F5"4X?t$N9=@.;R<0$X$NE,MQ 4 9M ;! K\ 8& 5f $G $O n-queens Ld Bj $N %W %m %0 %i %‘ $K BP $7 HYLO %7%9 %F %‘$G M; 9g JQ49 $r 9T $J$& $3 $H$K $h$C $F!$ <B 9T ;~ 4V $H %R!< %W ;H MQ NL $, 8: >/ $9 $k $3 $H $r 3N G’ $7 $?!% $3 $N n-queens Ld Bj $N %W %m %0 %i %‘ $O %A%’ %9 HW $N MM ;R $r @0 ?t $N %j %9 %H $N %j %9 %H $G I= $o $9 $N $@ $,!$ $3 $N %j %9 %H =h M} $r 9T $J $& 4X ?t 4V $G <u $1 EO $7 $5 $l $k IT MW $J Cf 4V %G!< %? 9= B$ $, =| 5n $5 $l $? $3 $H $K $J $k!% $^ $? F~ $l ;R $K $J$C $? %j %9 %H $N 3F CJ $K $* $$ $F M; 9g JQ 49 $, 9T $J $o $l $? $3 $H $b Bg I} $J 8z N( $N 2~ A1 $K $D $J $,$C $? 86 0x $N 1 $D$H$$$($h$&!% :# 8e $N 2] Bj $H $7 $F $O!$ $^ $: HYLO %7 %9 %F %‘ $, 8z 2L E* $J JQ 49 $r 9T $J $( $k $h $& $J %W %m %0 %i %‘ $N FC D’ $K $D $$ $F D4 $Y $k $3 $H $, 5s $2 $i $l $k!% n-queens $N $h $& $K F~ $l ;R $K $J$C $? %G!< %? 9= B$ $N 3F CJ $G M; 9g JQ 49 $, 2D G= $J $b $N $O!$ Bg I} $K 8z N( $, 2~ A1 $G $- $k $b $N $H 4| BT $5 $l $k!% 99 $K!$ 8= :_ $3 $N %7 %9 %F %‘ $O %Q!< %9 $+ $i :G =* E* $K %=!< %9 %3!< %I $r =P NO $9 $k $^ $G C1 BN $N %7 %9 %F %‘ $H $7 $F F0 $$ $F $$ $k $,!$ <B MQ 2= $K 8~ $1 $F 4{ B8 $N %3 %s %Q %$ %i $N 1 %Q%9$H$7$FAH$_9~$‘$3$H$bM=Dj$7$F$$$k!% ;2 9M J8 8% [Chi92] Chin, W.: Safe F usion of F unctional Expressions, in Pr o c. Confer enc e on Lisp and F unctional Pr o gr am- ming , San F rancisco, California, 1992. [Gil93] Gill, A., J. Launc h bury , and S. Jones: A Short Cut to Deforestation, in Pr o c. Confer enc e on F unc- tional Pr o gr amming L anguages and Computer A r chite c- tur e , pp. 223{232, Cop enhagen, 1993. [Hu95] Hu, Z., H. Iw asaki, and M. T ak eic hi: Deriving Structural Hylomorphisms from Recursiv e De�nitions, T ec hnical Rep ort METR 95{11, F acult y of Engineering, Univ ersit y of T oky o, 1995. [Ono97] Onoue, Y., Z. Hu, H. Iw asaki, and M. T ak eic hi: A Calculational F usion System HYLO, in IFIP TC 2 Working Confer enc e of A lgorithmic L anguages and Cal- culi , 1997. [She93] Sheard, T. and L. F egaras: A F old for all Sea- sons, in Pr o c. Confer enc e on F unctional Pr o gr amming L anguages and Computer A r chite ctur e , pp. 233{242, Cop enhagen, 1993. [T ak95] T ak ano, A. and E. Meijer: Shortcut Deforestation in Calculational F orm, in Pr o c. Confer enc e on F unc- tional Pr o gr amming L anguages and Computer A r chite c- tur e , pp. 306{313, La Jolla, California, 1995. [W ad88] W adler, P .: Deforestation: T ransforming Pro- grams to Eliminate T rees, in Ganzinger, H. ed., ESOP ’88 2nd Eur op e an Symp osium on Pr o gr amming , LNCS 300, pp. 344{358, Nancy , F rance, 1988, Springer-V erlag. |4|