7.7.2000 6L0fE/M: Z $r$I$&65$($?$i$h$$$+!) 1 Z $K$h$k<r20LdBj$N5-=R Z $O$=$N4pAC$r=89gO@$K$*$-!$$9$Y$F$N%G !<%?$O=89gO@$K4p$E$/7?$E$1$,$J$5$l$k!%$=$N$h$& $J%G!< %?$N=8$^$j$G 9=@.$5$l$k>pJsC10L$H$=$N @-<A!$$*$h$S$=$l $KBP$9$kA‘:n$r5-=R$9$kOH AH$H$7$F%9%-!<%^ $,$"$j !$ Z $N8@8l$NCf$GCf?4E*$JLr3d$r2L$?$9 !% 0J2<$G!$ Z $N>R2p$r7s$M$J$,$i<r20LdBj$N;EMM$r Z $G5-=R$9$k!%5-=R$N=g=x$O$3$NLdBj$N;EMM2=$N2a Dx$K1h$C$F$$$k$,!$@a$N8+=P$7$O Z $NF3F~$H$$$&0UL#9g$$$G$D$1$F$$$k!% 2 Z $K$*$1$k7? Z $GI=8=$5$l$k$9$Y$F$NBP>] ( <0 ) $O!$7?$r ;}$D!% 7?$O=89g$H $_$J$7$F$h$$ $,!$ 4pK\E*$J=89g $H$7$F$" $i$+$8$aM?$($i $l$?$b$N$+!$$=$l$i $+$i9=@.$5$l$?9=B$$r;}$C $?$b$N$+$N$$$:$l$+$G$"$k!% 4pK\E*$J=8 9g$NBeI= E*$J$b$N$O@0?t=89g $G$"$k$, (Z $G$O Z $H=q$+$l$k ) !$8D!9 $NLdBjNN0h$K1~$8 $FDj$a$i$l$k$b$N $bB?$$!% $o $l$o$l$N LdBj$G $O!$ \ %3 %s%F%J HV9f " $H \ IJL> " $r4pK\E*$J%G !<%?$N=8 9g$H$7 $F=jM?$H $9$k!% $^$?!$ \ ?tNL " $H$$$&L>>N$r 0 $r4^$^$J$$ (1 0J>e$N ) <+A3?t$H$7$FMQ$$$k!%$3$N$3$H$r!$<!$N$h$&$K=q$/ !% [ %3%s%F%JHV9f ; IJL> ] ?tNL == N 1 0lHL$K!$ [ <1JL;R ; : : : ; <1JL;R ] $K$h $j !$ 4pK\ $H$J$k 7? ( =89g ) $NL>A0$,F3F~ $5$l$k!% 0J9_$N Z $N5-=R$G$O!$ $3 $3$GF3F~ $5$l$? 7?$r!$ $= $N FbIt9=B$$K$ON)$AF~$i$:=jM?$N$b$N$H$7$FMQ$$$k!% $^$?!$ JQ?tL> == <0 $K$h$C$F!$1&JU$N<0$r:8JU$NL>A0$G;X$9$h$&$K$G$-$k!% 4pK\7? $+$i9=@.$5$l$k9=B$E*$J7?$K$O!$ 6R=89g7?!$D>@Q =89g7?!$$*$h$S%9%-!<%^ 7?$,$"$k$,!$$=$l$i $N6qBNNc$O0J9_$N@a$KEP>l$9$k!% 3 %9%-!<%^ $5$F!$AR8K$K$O%3%s%F%J$,@Q$^$l$F$$$k!%$3$l$rAR8K$H$$$&L>A0$N%9%-!<%^$H$7$FI=$=$& !% AR8K %3%s%F%J : %3%s%F%JHV9f 7 ! ( IJL> 7 ! ?tNL ) %9 %- !<%^ $O 0l HL$K !$ %9 %-!< %^ L> !$ @k 8@ It$H 8x M} It$H $+ $i $J$j !$ A4 BN $r 1&$, 3+ $$ $?6k 7A $N OH$G 3g $k !% %9 %- !< %^L>$OOH$N>eIt$N2#@~$NCf$K =q$/ !%@k8@It$H8xM}It$O6k7A$NCf$K=q$-!$ N><T$N4V$K2#@~$rF~$l$F6h@Z$k $,!$$3$NNc$O@k8@ It$N$_$+ $i$J$j !$8xM}It$,$J$$!%$3$N @k8@It$G $O!$AR8K$N >uBV$rI= $9 1 $D$NJQ?t \ %3 1

%s%F%J " $r!$$=$N7?$H$H$b $K<($7$F$$$k !%0lHL $K!$ %9%-!<%^$N@k8@ It$K$OJ#?t$N JQ?t@k8@$,JB $s$G$h$$!% $=$l $K$h $C $F!$ $3$N $h$&$J %9%-!< %^$O$$ $o$f $k%l%3 !<%I7? $N%G!< %?@k8@ $H$_$J $9$3 $H$,$G $-$k!% $7$+ $7!$ JQ?t$N7?$K$O0lHL$K4X?t$J$I$b4^$^$l$k$+$i!$$‘$7$m%*%V%8%’%/%H;X8~$G$$$&%*%V%8%’%/%H$K6a$$!% $3 $N%3 %s%F %J$N7? $,$^ $5$K 4X?t $H$J $C $F $$$k !% 5-9f 7 ! $OItJ, 4X?t$r I=$9 $N$G !$ %3%s %F%J $O%3 %s%F %JHV 9f$r Dj5A0h !$ ( IJ L> 7 ! ?tNL ) $rCM0h$H $9$kIt J,4X?t $G$"$k $HFI$a $k ( ItJ,4X?t$H $O!$ I,$:$7 $b$9$Y $F$NDj 5A0h$G4X?tCM$,Dj$a$i$l$F$$ $J$$4X?t$r$$$& !%$3$l$KBP$7!$$9$Y $F$NDj5A0h$GDj5A$5$l$?4X?t$rA44X?t $H$$ $& ) !% $^$?!$ CM0h$N ( IJL> 7 ! ?tNL ) <+?H$,ItJ,4X?t $G!$ IJL> $rDj5A0h $K!$ ?t NL$rCM0h $K$7$F$$ $k!% $9 $J$o$A!$%3%s%F%J$O?tNL$,Dj$a$i$l$?IJL>$N=8$^$j$G$"$k!% $3 $N$h $&$J 4X?t$b !$ =89g O@E* $K2r <a$9 $k$N$, Z $NN.57 $G$"$k !% $9$J $o$A %3%s %F%J $N=89g $H$7 $F$N 7?$O!$ %3%s%F%J 2 P ( %3%s%F%JHV9f � P ( IJL> � ?tNL )) $H$J$k!%$3$3$G !$ P $O 6R=89g $r:n$k 1i;;$G $"$k!%$9$J $o$A!$ P X $O X $N ItJ,=8 9g$N=8 9g$G$"$k !%$^$?!$ X � Y $O X $H Y $ND>@Q=89g$r:n $k1i;;$G$" $k!% $9$J$o $A!$ X � Y $NMWAG$O!$ X $NMWAG x $H Y $NMWAG y $N=g=xBP ( x ; y ) $G$"$k!% Z $G$O $3$N$h$&$K !$4X?t$d4X78 $r=89g$H$7 $F$H$i$($k $H$3$m$KFC D’$,$"$k!%NN 0h X $+$i Y $X$N4X?t $d!$ NN0h X $H Y $H$N4V$N 4X78$O !$ $$ $:$l $bD>@Q =89g X � Y $NItJ,=89g$H $7$F$H $i$(!$ $=$N 4pK\7? $OF1 $8$G$"$k$H$9$k !%4X?t$O4X78$N0l<o$G $"$k$,!$$=$N$&$ADj5A 0h$NG$0U$NMWAG$KBP$7$F$O!$ $=$l$r4^$‘BP $,$?$+$@$+ 1 $D$7$+4X78$H$7$F4^$^$l$J$$$b$N!$$H$$$&@)Ls$rK~$?$9$b$N$G$"$k!% =89g X $H=89g Y $N4V$N4X78$H$$$&7?$O!$ X $ Y $H=q$+$l$k!% Z $G$O!$$3$l$r X $ Y == P ( X � Y ) $HDj 5A$7 $F $$ $k !%$3 $l$O !$$" $k 4X 78 R $, X $ Y $N 7? $r ;} $D !$$9$J $o $A R : X $ Y $H $$ $& $3 $H $O!$ R 2 P ( X � Y ) $G$" $k $3 $H !$ $D $^ $j R $O=8 9g $H $7 $F f ( x 1 ; y 1 ) ; ( x 2 ; y 2 ) ; : : : ; ( x m ; y m ) g !$ $? $@ $7 x i 2 X ; y i 2 Y ( i = 1 ; : : : ; m ) !$$H$$$&7A$r$7$F$$$k$3$H$r0UL#$7$F$$$k!% 4X 78 X $ Y $KBP$7 $F!$ dom $H ran $H$$$& !$ $= $l $>$l ( X $ Y ) ! P X 7?$H ( X $ Y ) ! P Y 7?$N4X ?t$, I8=‘E*$K Dj5A$5 $l$F$$$k !% 4X78 R $KBP$7!$ dom R $O$=$NDj5A 0h (domain) $r!$ ran R $OCM0h (range) $rI=$9 !% Z $G4X78 $d 4X ?t $r=8 9g $H $7$F 07 $& $N$O $= $s $J $KJ, $+ $j $K$/ $$ $3 $H $G$O $J $$ $,!$ 7? $H CM !$ $" $k $$ $O 7?$N 3, AX $r:. F1$7 $,$A $G$" $k!% $? $H$( $P R == P P S $H$$$& 7? R $r9M$( $?>l 9g!$ R $r7? $H$9 $kJQ ?t$N @k8@ x : R $d!$ x $, R $NMWAG$G$" $k$H$$ $&=R8l x 2 R $K$h$C$F !$ x $NCM$O S $NItJ,=89g$N=8 9g$N0l$D $H$J$k !% $5$i $K!$ y 2 x $H$9$l$P!$ y $NCM$O S $NItJ,=89g$N0l$D $K$J$k!% $^$?$5$i $K!$ z 2 y $H$9$l$P!$ z $NCM$O S $N MWAG$K $J$k!% $3$N$h $&$K!$ 7?@k8@ : $d=R 8l 2 $N:8JU$O!$ =89g $N=89g$H$$ $&4X78$,:n $k3,AX$G!$ 1&JU $h$j 1 %l%Y%k2<$K$J$k!% 0lJ}!$=89g$N3,AX%l%Y%k$,>e $,$k$N$O!$ P $rD>@\E,MQ$7$?>l9g$NB>$K!$4X78$NDj5A$r 8+$l$PJ,$+$k$h$&$K!$4X78$d4X?t$r$H$k$3$H$K$h$C$F$b@8$8$k$N$G!$47$l$J$$Fb$O$=$3$KCm0U$,$$$k!% %9%-!< %^$N8xM}It$H$O!$@k 8@It$GDj5A$5$l$?JQ?t$,K~$? $9$Y$-@)Ls>r7o$r!$ 8xM}$H$7$FM?$($k$?$a$N $b$N $G$"$k!% $3 $NNc$G!$ Ld BjJ8$K$" $k !V 1 $D$N%3%s%F%J $K$O 10 LCJA$^$G:.:\$G $-$k!W $H$$ $&I=8=$r @)Ls >r7o$H$7$FM?$($k$H$9$k$H!$%9%-!<%^$r<!$N$h$&$K5-=R$9$l$P$h$$!% AR8K %3%s%F%J : %3%s%F%JHV9f 7 ! ( IJL> 7 ! ?tNL ) 8 c : dom %3%s%F%J � #( %3%s%F%J c ) � 10 $3$3$G!$ dom $O$9$G$K=R$Y$? $h$&$K!$4X?t ( 0l HL$K$O4X78 ) $r 0z?t$H$7$=$NDj5A 0h$rM?$($k4X?t$G $"$j !$ # $OM-8B=89g$r0z?t$H $7$F$=$N MWAG?t$r M?$($k4X?t $G$"$k!% $$$:$l$b Z $G$OI8=‘E*$J 4X?t$H$7 $FDj5A$5 $l$F$$$k!%8xM}It$K$O=R8lO@M}<0$,=q$+$l$k!%O@M}1i;;;R$H$7$F$O!$0J2<$,MQ$$$i$l$k!% 2

: H]Dj ^ O"8@ _ A*8@ ) 4^0U 8 A4>N 9 B8:_ A4>NB+G{$NO@M}<0$O!$0lHL$K<!$N$h$&$K=q$+$l$k!% 8 @k8@ [; @k8@ ; : : : ] � O@M}<0 $3$3$G!$@k8@$H$O @k8@ ::= JQ?tL> [ ; JQ?tL> ; : : : ] : 7? $?$@$7!$7?$H$O=89g$rI=$9<0$G$"$k!%B8:_B+G{$NO@M}<0$bF1MM$G$"$k!% $J$*!$ %9%-!<%^$N8xM}It$K$O!$ J#?t$NO@M}<0$r2~9T$K$h $C$FJB$Y$F5-=R$7$F$b$h$$!% $=$N>l9g$O!$A4 BN$O3F9T$NO@ M}<0$NO"8@$+$i$J$k$b$N$H$_$J $5$l$k!%$9$J$o$A!$ 2~9T$rO"8@5-9f$NBe $o$j$KMQ$$$k$3$H $,$G$-$k!% Z $G$O!$ =R 8l$b =89g O@E*$K 2r<a $5$l $k!% $9 $J$o $A!$ =R 8l P ( x ) $H=q$$ $?>l 9g!$ P $O=89g$rI= $7!$ $= $N0U L#$O x 2 P $HEy2A$G$"$k!%$7$?$,$C$F!$?7$?$J=R8l$NDj5A$b!$=89g$r9=@.E*$KM?$($k$3$H$G$J$5$l$k!% %3 %s %F%J $r AR8K $K F~$l $k F~8K =h M}$O !$ %G !< %?%Y !< %9$X $N %G!< %? $NDI 2C $H$$ $& E57? E* $J=h M} $G!$ Z $N<o !9 $N652J=q$K$bI,$::G=i$K=P$F$/$kNc$J$N$G!$$3$3$G$O8e2s$7$K$9$k!% 4 HFMQ9=@.;R 4.1 9b3,4X?t LdBj$O !$8\5R$NCmJ8$K1~$8$? =P8K$N=hM}$G$"$k!%5R $O!$$"$kIJL>$N<r$r2? K\$H$$$&$h$&$KCmJ8$7$F$/ $k!%$3$l $K1~$8$k$K$O!$AR8K$KF~ $C$F$$$k%3%s%F%JC10L$N<r$r !$IJL>C10L$K8!:w$9$kI,MW $,@8$8$k!%$= $N$?$a$K!$<r:_8K$H$$$&35G0$r9M$($h$& !% <r:_8K : IJL> 7 ! ( %3%s%F%JHV9f 7 ! ?tNL ) $3$l$r!$AR8K$N@k8@It$K2C$($k!%<r:_8K$N7?$r=89g$N7?$H$7$F<($9$H!$ <r:_8K 2 P ( IJL> � P ( %3%s%F%JHV9f � ?tNL )) $G$"$k!% $3 $N %3 %s %F %J$H <r :_ 8K $, <B<A E* $K F1 $8 $b$N $G $" $k $H $$$& $N $, !$ $3 $N Ld Bj$N $_ $= $G $" $k!% $= $N$? $a $K !$ >/ $7 0lHL 2= $7 $F9M $( $F$_ $h $& !% %3 %s %F %J$d <r :_8K $N 7? $O!$ ( X 7 ! ( Y 7 ! Z )) $H$$$& 7A $r $7$F $$ $k$, !$ $3$l $O (( X � Y ) 7 ! Z ) $K 1 BP 1 $N4X 78 $G JQ 49 $9 $k $3 $H $, $G $- $k !% $3$N JQ 49 $O !$ 4X ?t 7? %W %m %0 %i %_ %s %0 $G !$ B? JQ ?t 4X ?t$r 1 JQ?t4X ?t $NNs $K JQ$( $k %+%j !< 2=$N A‘ :n$N $A $g $& $I 5U$K $J $C $F $$$k !% $= $3 $G!$ 7? ( X 7 ! ( Y 7 ! Z )) $N4X?t$r7? (( X � Y ) 7 ! Z ) $N4X?t$KJQ49$9$kA4C1<M$N ( 9b3,$J ) 4X?t uncurry $rDj5A$7$F$_$h$& !%$3$N 4X?t$r Dj5A $9$k :]!$BP >]$H $J$k 7? X ; Y ; Z $O !$FC Dj$N $b$N $G$" $kI, MW$O $J $/ !$0lHL$K G$ 0U$N 7?$G $h$$ !% $3$N$h$&$K7?$r%Q%i%a!<%?$H$7$FHFMQE*$J4X?t$rDj5A$9$k$N$KJXMx$J5-=R7A<0$H$7 $F!$ Z $G$OHFMQDj5A $H$$$&$b$N$,MQ0U$5$l$F$$$k!%$3$l$O!$<!$N$h$&$K=q$/ !% [ X ; Y ; Z ] uncurry : ( X 7 ! ( Y 7 ! Z )) � ! (( X � Y ) 7 ! Z ) 8 f : ( X 7 ! ( Y 7 ! Z )) � uncurry f = f x : X ; y : Y ; z : Z j x 2 dom f ^ y 2 ( f x ) ^ z = f x y � ( x ; y ) 7! z g 3

$3$l $O!$ G$0U$N7?!$ X,Y,Z $r%Q%i%a!<%?$H $9$kBg0hE*$J4X ?t uncurry $rDj5A$7$?$b$N$G $"$k!% ??Cf$N @~$h$j2<$N 8xM}It$G!$4X ?t$N@-<A$rDj$a$F$$$k!% $3$3$G!$ � ! $OA4C1<M$rI=$9 1 !%$^$?!$ x 7! y $O!$4X?t $NMWAG$H$7$FCM x $rCM y $K<LA|$9$kBP$rI=$7$F$$$k!%$9$J$o$A!$ x 7! y 2 f $G$"$l$P f ( x ) = y $G$"$k!% =89g$H$7$F$NI=8=$HBP1~$5$;$k$H!$ x 7! y $O<B$O ( x ; y ) $HF1$8$b$N$G$"$k!%$J$*!$ Z $G$O4X?t7?%W%m %0 %i %_%s %0$N =, 47$K =>$$ !$ 4X ?tE, MQ$r I= $9$N $KI, MW$J $$ 8B$j 3g8L $O DL>o MQ$$ $J $$!% $7 $?$, $C $F !$ f ( x ) $O f x $H=q$/$N$,IaDL$G$"$k!% $3$N4X?tDj5A$K$O!$=89g$NFbJq5-K!$rMQ$$$F$$$k!%=89g$NFbJq5-K!$O0lHL$K<!$N7A$r$7$F$$$k!% f D j P � E g $3$3 $G!$ D $OJQ?t@k8@!$ P $O@)Ls>r7o $rI=$9O@ M}<0!$ E $O<0$G$"$k!% D $G@k8@$5$l$? JQ?t$,$H $k$=$N7? $N HO0O Fb$N $9$Y $FCM $N$& $A!$ O@ M}<0 P $rK~$?$9 $b$N $N$_ $rA* $S!$ $=$l $r E $KBeF~ $7$F F@$i $l$k CM$r =8$a $?=89g$,$3$l$K$h$C$FI=$5$l$k!%$?$H$( $P f x : N 1 j x � 5 � x 2 g $O f 1 ; 4 ; 9 ; 16 ; 25 g $HEy2A$G$"$k !%A4>N $"$k$$$OB8:_B+G{ $NO@M}<0$G$b � $r6h@Z$j5-9f$H$7$FMQ$$$F$$$k$,!$=89g$NFbJq 5-K!$H:.Mp$7$J$$$h$& $KE,@Z$J3g8L$rF~$l$kI,MW$,$"$k>l9g$,$"$k$N$G!$Cm0U$,$$$k!% $J$* !$ E $O>JN,2DG=$G!$$=$N>l9g$O P $rK~$?$9 D $NCM$=$N$b$N$r=8$a$?=89g $,I=$5$l$k$3$H$K$J$k!% $?$H$($P f x : N 1 j x � 5 g $O f 1 ; 2 ; 3 ; 4 ; 5 g $HEy2A$G $"$k!%<B:] >e$O!$$3$N7A <0$NJ}$, ;H$o$l$k$3 $H$,B? $$$+$b$7$l$J$$!% $3$l$G !$=R8lO@M}<0$N=q$-J} $H=89g$NFbJq5-K!$N=q$-J}$r 8+$?$3$H$K$J$k$N$G!$ N><T$r;H$C$?4X?t$N Dj5A $r8+$F $*$/$3 $H$K $9$k!% $9$G $K=R$Y $?$h$& $K!$ 4X?t$O 4X78 $N0l<o $G!$ Dj5A0h $NG$0U $NMWAG $KBP$7 $F!$ $=$l$r4^$‘BP$,$?$+$@$+ 1 $D$7$+4^$^$l$J$$$b$N!$$G$"$C$?!%$3$l$O!$ Z $G<!$N$h$&$KDj5A$5$l$k!% X 7 ! Y == f f : X $ Y j ( 8 x : X ; y 1 ; y 2 : Y � ( x 7! y 1 ) 2 f ^ ( x 7! y 2 ) 2 f ) y 1 = y 2 ) g ( $3$N<0$K8=$l$k � $O!$=89g$NFbJq5-K!$K=P$F$/$k � $G$O$J$/ !$A4>NB+G{$N � $G$"$k$3$H$KCm0U!% ) $5$F!$ Uncurry $K$h$C$F%3%s%F%J$r 2 0z?t$N4X?t$H$_$J$9JQ49$,$G$-$?$N$G!$<!$KBh 1 0z?t$HBh 2 0z ?t$rF~$l49$($kJQ49$r9M$($k!% [ X ; Y ; Z ] swap : (( X � Y ) 7 ! Z ) � ! (( Y � X ) 7 ! Z ) 8 f : ( X � Y ) 7 ! Z � swap f = f x : X ; y : Y ; z : Z j ( x ; y ) 2 dom f ^ z = f ( x ; y ) � ( y ; x ) 7! z g 7k6I !$0l O" $N JQ 49 $O uncurry � � swap � unurry $H I= $9 $3 $H $, $G $- $k !%$3 $3 $G !$ � $O 4X ?t $N 9g @. $r !$ uncurry � $O uncurry $N5U 4X?t$rI= $9 ( C1<M $N4X?t$K $O5U4X?t $,Dj5A$G $-$k ) !%$3$N5U 4X?t$O curry $HL> IU$1$k$N$,<+A3$@$+$i!$ curry == uncurry � $H$7$F$*$/ !% $3$l$i$rMQ$$$F!$AR8K$N%9%-!<%^$r2~$a$F<!$N$h$&$K=q$/$3$H$,$G$-$k!% AR8K %3%s%F%J : %3%s%F%JHV9f 7 ! ( IJL> 7 ! ?tNL ) <r:_8K : IJL> 7 ! ( %3%s%F%JHV9f 7 ! ?tNL ) <r:_8K = curry � swap � uncurry %3%s%F%J 1 A4 C1 <M $O !$A4 <M $G $+ $D C1 <M $H $$ $& 0U L# $G $" $k !% f : X 7 ! Y $, A4 <M $H $O !$$= $N CM 0h $, Y A4 BN $r J$ $& >l 9g !$$9 $J $o $A dom f = Y $N>l9g $G!$ X $+ $i Y $N>e $X$N<LA| $H$b8F$P $l$k!%C1<M $O!$$$$o$f $k 1 BP 1 $N <LA|$G!$ f : X 7 ! Y $, C1<M$H$O !$ 8 x 1 ; x 2 : dom f � f x 1 = f x 2 ) x 1 = x 2 $r0UL#$9$k!% 4

4.2 B?=E=89g =P8K0M Mj$,$"$C$?>l9g!$ ;XDj$5$l$?LCJA$N<r$N:_8K NL$,!$CmJ8$K1~$8$i$l $k$@$1$"$k$+$H$$$&H=CG$, I,MW$H$J$k!% $^$?!$%3%s%F%J $,6u$N>l9g$K$O%3%s%F%J$rHB=P $9$k$H$$$&MW5a$,$"$k$N$G!$ %3%s%F%J$K8= :_F~$C$F$$$k<r$NAmNL$bI,MW$+$bCN$l$J$$!%$3$l$i$rM?$($k4X?t$O!$ LCJA:_8KNL : IJL> 7 ! ?tNL %3%s%F%J:_8KNL : %3%s%F%JHV9f 7 ! ?tNL $H$$$&7A<0$H$J$m$& !%$3$N 2 $D$N4X?t$N;EMM$r=q$$$F$_$h$& !% $3$l$i $N4X?t$H!$<r:_8K$*$h $S%3%s%F%J$NDj5A$rHf$Y$l$P!$ $=$l$>$l$N4X78$OL@$i $+$G$"$k!%LCJA:_ 8KNL$O <r:_ 8K $HF1 $8 $/IJ L>$r Dj 5A0h $H $7!$$= $N<L A| @h$N %3 %s%F %JHV 9f 7 ! ?tNL $K 4X$7 $F ?tNL $NAm OB $r $H$C$?$b $N$G$"$k!%F1MM$K!$ %3%s%F%J:_8KNL$O!$ %3%s%F%J$NCM0h$NMWAG$KBP$7$F$d $O$j$=$N?tNL$NAmOB $r$H$C$?$b$N$H$_$J$;$k!%$3$N$3$H$r7A<0E*$K5-=R$9$l$P$h$$!% $=$3$G!$$?$H$($P IJ L> 7 ! ?tNL!$$"$k $$$OF1$8$3$H$@$,!$ P ( IJL> � ?tNL ) $N MWAG$KBP$7$F!$$=$l$>$l $NBh 2 @.J,$G$"$k?tNL$r=8$a$k$H$$$&A‘:n$r$^$:9M$(!$ <!$K$=$NAmOB$r$H$k$3$H$K$9$l $P$h$$!%$=$l$K $O0lHL$K4X78$KBP$7$FDj5A$5$l$F$$$k4X?t ran $r;H$($P$h$$$h$&$@$,!$LdBj$OBh 2 @.J,$r=8$a$?$b$N$r =89g$H$9$k$H ET9g$,0-$$$3$H$G$"$k!% =89g$OF1$8MWAG$r=EJ#$7$F 9M$($J$$$,!$$3$N>l 9g$OF1$8?tNL$NCM $, J#?t2s 8=$l $F$b !$ $= $l$>$l JL$N $b$N $H$7 $F07 $&I, MW$,$" $k!% $=$N $h$& $J=8$^ $j$r B?=E =89g (bag $^$?$O m ultiset) $H$$$& !% MWAG a 1 ; : : : ; a n $+$i$J$kB?=E=89g$r!$ Z $G$O [ [ a 1 ; : : : ; a n ] ] $H=q$/ !%$?$H$($P!$ [ [1 ; 2 ; 2 ; 3] ] $H [ [1 ; 2 ; 3] ] $H $O0[$J$k ( $7 $+$7=g=x$O4X 78$J$$$+$i!$ [ [1 ; 2 ; 2 ; 3] ] $H !$$?$H$($P [ [1 ; 2 ; 3 ; 2] ] $O F1$8$G$"$k ) !% Z $G$OB?=E=89g$r!$ MWAG$+$i 1 0J>e$N<+A3?t$X$N4X?t$H$7$FDj5A$7$F$$$k!%<LA| @h$N<+A3?t$,B?=E=89gFb $N=P8=2s?t$rI=$7$F$$$k!%$9$J$o$A!$0lHL$K7? X $NB?=E=89g bag X $O!$ bag X == X 7 ! N 1 $HDj 5A$5$l $k!% $?$H$( $P [ [1 ; 2 ; 2 ; 3] ] $O bag N $NMWAG$G$"$k $,!$ Dj5A$K $h$l$P f 1 7! 1 ; 2 7! 2 ; 3 7! 1 g $HI= $5$l$k!% $o$l$o$l$O ran $NB?=E=89gHG$,M_$7$$$N$G!$;29M$N$?$a$K dom $H ran $NDj5A$r8+$F$_$h$& !% [ X ; Y ] dom : ( X $ Y ) ! P X ran : ( X $ Y ) ! P Y 8 R : X $ Y � dom R = f x : X ; y : Y j x R y � x g ^ ran R = f x : X ; y : Y j x R y � y g $3$3$G R $O4X78 R $rCfCV5-9f$N1i;;;R$H$7$F;H$&>l9g$N5-K!$G!$ x R y $O ( x ; y ) 2 R $HEy2A$G$"$k!% $3 $l $r $^ $M $F !$ B? =E =8 9g MQ $N dom $H ran $KAj Ev $9 $k 4X ?t b dom $H br an $NDj 5A $r <! $N $h $& $K =q $$ $F $_ $k !% [ X ; Y ] b dom : ( X $ Y ) ! bag X br an : ( X $ Y ) ! bag Y 8 R : X $ Y � b dom R = [ [ x : X ; y : Y j x R y � x ] ] ^ br an R = [ [ x : X ; y : Y j x R y � y ] ] 5

;DG0$J$,$i !$8=:_$N Z $K$3$N$h$&$J=q$-J}$O$J$$!%B?=E=89g$r 5-=R$9$k [ [ � � � ] ] $K$O!$301dE*$J5-=R$O$G $-$F$bFbJqE*$J5-=R$ODj$a$i$l$F$$$J$$!% $=$3$G!$ [ X ; Y ] b dom : ( X $ Y ) ! bag X br an : ( X $ Y ) ! bag Y 8 R : X $ Y � b dom R = f x : dom R � x 7! # f y : Y j x R y g g ^ br an R = f y : ran R � y 7! # f x : X j x R y g g $H$9$l$P$h$$$@$m$& !% <!$K!$<+A3?t Z $NB?=E=89g$K$D$$$F!$$=$NMWAG$NAmOB$r$H$k4X?t � $rDj5A$7$h$& !% � : bag Z ! Z �[ [] ] = 0 8 x : Z � �[ [ x ] ] = x 8 B ; C : bag Z � �( B ] C ) = � B + � C $3$3$GMQ$$$?5- K!$O!$%9%-!<%^$N30OH $,$J$$7A$r$7$F$$$k$,!$ 8xM}5-=R$H8F$P$l!$ Bg0hJQ?t$r@k8@$7$= $N@-<A$r8xM} $H$7$FM?$($k$b$N$G$"$k!% %9%-!<%^$G@k8@$5 $l$?JQ?t$O$=$N%9%-!<%^L> $r0zMQ$7$J$$$H;2 >H$G$-$J$$$, !$8xM}5-=R$G@k8@$5$l $?JQ?t$OBg0hE*$J$N$G$$$D$G $b;2>H$G$-$k!%$=$N E@$G$OHFMQDj5A$G @k 8@$5 $l $kJQ ?t$H ;w $F$$ $k $,!$ HF MQDj 5A $O%Q %i %a!< %?2= $5 $l$? Bg 0hJQ ?t ( DL>o$O 4X ?t ) $rDj$a $k$N $K BP$7 !$ 8xM}5-=R$O%3%s%9%?%s%H$H$7$F$NJQ?t ( 4X?t ) $rDj$a$F$$$k$H$3$m$,0[$J$k!% $J$*!$ [ [] ] $O6u$NB?=E=89g$rI=$7!$5-9f ] $O 2 $D$NB?=E=89g$N9gJ;$r$H$k1i;;$rI=$9 !% $3$N � $N $h$&$J4X ?t$O!$C1 0L85$r;} $A2D49 $G7k9gE* $J 2 9‘1i ;;$NDj 5A$5$l$? =89g X $N>e$NB? =E=89g bag X $KBP$7$F!$0lHL2=$7$FDj5A$9$k$3$H$b2DG=$@$,!$$3$3$G$O$=$3$^$G0lHL2=$;$: !$<+A3?t$N>e$N2C ;;$KBP$7$FDj5A$7$?!% 0J>e$N =‘Hw$N85$K!$<r:_ 8K$*$h$S%3%s%F%J$+$i$= $l$>$lLCJA:_8KNL$*$h$S%3 %s%F%J:_8KNL$r$($kJQ49 $r subtotal $H$$$& ( 9b3, ) 4X?t$H$7$FDj5A$9$k$H!$ [ X ; Y ] subtotal : ( X 7 ! ( Y 7 ! Z )) ! ( X ! Z ) 8 f : X 7 ! ( Y 7 ! Z ) � subtotal f = f x : dom f � x 7! � � br an � f x g $3$l$rMQ$$$F!$ LCJA:_8KNL == subtotal <r:_8K %3%s%F%J:_8KNL == subtotal %3%s%F%J $H$J$k!% AR8K$N%9%-!<%^$r!$$3$N 2 $D$N4X?t$r4^$a$?7A$K3HD%$7$FDj5A$7D>$7$F$*$/ !% 6

AR8K %3%s%F%J : %3%s%F%JHV9f 7 ! ( IJL> 7 ! ?tNL ) <r:_8K : IJL> 7 ! ( %3%s%F%JHV9f 7 ! ?tNL ) LCJA:_8KNL : IJL> 7 ! ?tNL %3%s%F%J:_8KNL : %3%s%F%JHV9f 7 ! ?tNL <r:_8K = curry � swap � uncurry %3%s%F%J LCJA:_8KNL == subtotal <r:_8K %3%s%F%J:_8KNL == subtotal %3%s%F%J 5 Cj>]5!3# $3$l $^$G$N Z $K$h$k5-=R$O!$ BP>]$H$9 $kLdBjNN0h$N!$ <g$H$7$F @EE*$JB&LL$r$H $i$($F$$$?!% $=$NJ}K! $H$7$F$OCj>] 2=$5$l$?4X?t$rMxMQ$7!$ BP>]$N$b$DO@M}E*$J 9=B$$r$J$k$Y$/4J7i$K$H$i $($k$H$$$&$b$N$G $"$C$?!%$7$+$7!$ Z $NBg$-$JFCD’ $N0l$D$O!$BP>]$r>uBV$r;}$DCj>]5!3#$H$7$F$H$i $(!$$=$NF0E*$JF0:n $r5-=R$9$k$H$3$m$K$"$k!%%9%-!<%^$O!$$=$N$?$a$KMQ$$$i$l$k$3$H$,B?$$!% A‘:n$N;E MM $?$H$($P!$AR8K$H$$ $&%9%-!<%^$O!$ $3$l$^$G$N$H$3 $m$O%3%s%F%J$H<r:_ 8K$H$$$&9=@.MWAG $r;}$D%G!<%?7? $NCM$,$H$jF@$kCM$N6u4V$r5, Dj$7$?$b$N!$$H$$$&07 $$$G$"$C$?!%$3 $l$rCj>]5!3#$H$7$F 9M$($k>l9g$O !$G$0U$N;~ E@$G$= $N$h$&$J CM$N 1 $D $r>uBV $H$7$F;} $D5!3# ( $^$?$O %W%m%; %9!$$^$?$O %7%9 %F%‘ ) $rA[ Dj$9$k$3 $H$K$J $k!%5!3# $O!$30$+$i <u$1$k A‘:n$K $h$C$F>uBV$r JQ2=$5 $;$k!%$=$N >uBVJQ 2=$r I=$9$K$O!$A‘:nA0$HA‘:n8e$N>uBV4V$N4X78$r5-=R$9$k;EAH$_$,I,MW$G$"$k!% $?$H$($P!$%3%s%F%J$NF~8K=hM}$r9M$($F$_$h$& !% F~8K AR8K AR8K 0 cn ? : %3%s%F%JHV9f ; s ? : IJL> 7 ! ?tNL cn ? = 2 dom %3%s%F%J %3%s%F%J 0 = %3%s%F%J [ f cn ? 7! s ? g $3$N%9 %-!<%^Dj5A$G$O!$B> $N%9%-!<%^$N0zMQ$H=$>~$H$$ $&=EMW$J5-K!$,;H$o$l$F$$$k !%$^$:%9%-!<%^ $N0z MQ$H $7$F !$ $3$3 $G$O \ AR8K " %9%-!<%^$, 0zMQ $5$l$F $$$k !% $3$N >l9g !$ 0zMQ $5$l $?%9 %-!< %^$N@k 8@It $O $=$N$^$^$3$3 $GDj5A$7$F$$$k%9%-!<%^ \ F~8K " $N@k8@It$K2C$($i$l!$$^$?$=$N8xM}It$O$=$N $^$^ \ F~8K " $N8xM}It$K2C$($i$l$k!%0lJ}!$ \ AR8K 0 " $H$$$&5-K!$O%9%-!<%^$N=$>~$D$-0zMQ$G!$$=$N0UL#$OAR8K$N@k 8@It $G@k8@ $5$l$?$9 $Y$F$N JQ?t ( \ %3%s%F%J " !$ \ <r:_8K " !$ \ %3%s%F%J :_8KNL " !$ \ LCJA:_8K NL " ) $K ’ $rIU $1 !$$^$?$=$N 8xM}It $K8= $l$k $=$l $i$NJQ ?t$b $9$Y $F ’ IU$- $KCV$- 49$( $F$( $i$l $k%9%- !<%^ $r0z MQ$9 $k$H $$$&$3 $H$G$"$k!% $3$N ’ IU$-$NJQ?t$O!$ DL>o$O$3$3 $GDj5A$7$h $&$H$7$F$$$k \ F~8K " $H$$$&A‘:n$rI= $9%9 %-!<%^$N!$A‘:n=*N;8e$N>uBV$r;X$7<($9$H2r<a$5$l$k!% >u BV5! 3#$N A‘:n $rDj 5A$9 $k%9 %-!< %^$G $O!$ $3$N $h$& $K>u BV$r I=$9 %9%- !<%^ $H!$ $=$l $K ’ $rIU$1$? %9%- !< %^ $NN><T $r0z MQ$9 $k$3 $H$, IaDL $J$N$G !$ $= $l$r $$ $C $Z$s $KI= $95- K!$b Dj$a$i $l$F $$$k !% $= $l$K$O �( %.%j %7%cJ8;z%G%k%?$NBgJ8;z ) $r0zMQ$9$k%9%-!<%^L>$NF,$K$D$1$k!%$D$^$j !$>e$NNc$G$O 7

F~8K � AR8K cn ? : %3%s%F%JHV9f ; s ? : IJL> 7 ! ?tNL cn ? = 2 dom %3%s%F%J %3%s%F%J 0 = %3%s%F%J [ f cn ? 7! s ? g $H=q$/$3$H$,$G$-$k!% F~NO / =PNO>r7o $3$N%9%-!<%^$G$OJL$K!$ cn ? $H s ? $H$$$& 2 $D$NJQ?t$rF3F~$7$F$$$k!%$3$N$h$&$K8e$m $K ? $r IU$1$? JQ?t $O!$ $3$NA‘ :n$K BP$9 $kF~ NO%G !<%?$r I=$9 JQ?t $H2r <a$5 $l$k!% $^$? !$ $3$N Nc$G $O8= $l$J $$ $,!$ =PNO$r I=$9JQ ?t$O8e $m$K ! $rIU$1 $k7h$^ $j$G$"$k !% $3 $l$i$O$7 $+$7!$ $"$/$^ $G$b>u BV5!3# $NA‘:n$r I= $7$F$$$k$H$$ $&2r<a$N$?$a$NJX59>e$NLsB+ $G!$O@M}<0$H$7$F$O DL>o$NJQ?t$H$^$C$?$/ F1MM$NJQ?t$K$9$. $J$$!% $3$N$h$&$JA‘:n$N%9%-!<%^$N8xM}It$O!$A‘:n$NF~NO>r7o$H=PNO>r7o$rI=$7$F$$$k!% Z 0J30$N7A <0E*;E MM5-=R8@8l$G $O!$F~NO>r 7o$H=PNO >r7o$r 9=J8E*$K 6hJL$7$F 5-=R$9 $k$h$&$K $7$F$$$k $b$N$, B?$$$, ( $?$H $($P VDM) !$ Z $G $O$=$N $h$&$J6h J,$r$7$J $$!%$7$+$7 !$8xM}It$r 9=@.$9$k O@M}<0 ( A4BN$O $=$l$i$r O"8@ $G 7k9g$7 $?$b $N$H 2r<a $5$l $k ) $N$&$A!$ ’ $"$k$$ $O ! $r@\ Hx<-$H $7$F $b$D JQ?t $r0l $D$b 4^$^$J $$$b $N$O F~NO >r 7o$G$" $j !$ $=$l $i$r 0l$D$G $b4^ $‘$b $N$O =PNO >r7o $G$" $k2r <a$G $-$k $N$G !$ $"$( $FF~ NO / =PNO >r7o $r6h J, $9$k9=J8MWAG$rF3F~$7$J$$J}?K$r$H$C$F$$$k$o$1$G$"$k!% $3 $N ’ 5-K!$O6/NO $G!$ $H$/ $K0z MQ$5$l $?%9 %-!<%^ $N8x M}It$b <+F0 E*$K<h $j9~ $^$l$k $3$H $G!$ A‘:n $K$h $C $FIT JQ$J >r7o$r L@<( E*$K=q $/I, MW$, $J$$!% >e $NNc $G!$ \ %3%s%F%J " $K4X$9$k=P NO>r 7o$N $_$r5- =R$7 $F!$ \ <r:_8K " $K$D$$$F5-=R$7$F$$$J$$$N$O!$=$>~$D$-$N%9%-!<%^$N0zMQ$K$h$j !$0E$K <r:_8K 0 = curry � swap � uncurry %3%s%F%J 0 $,@. N)$7 $F$$$k ( F~8K$N%9 %-!<%^ $N8xM} It$K 2C$($i $l$F $$$k ) $+$i$G$"$k !% $3 $N$d $jJ}$O Z FHFC$GJXMx $G $O$"$k$,!$;~$H$7$FA‘:n$N;EMM$rJ,$+$j$K$/$/$9$k$3$H$b$"$k!% ;2>H7?$N A‘:n A‘:n$NCf$K$O>uBV$rJQ2=$5 $;$J$$$G!$ >uBV$r;2>H$9$k$?$a $N$b$N$b$"$j$&$k!% $=$N>l9g $O!$0zMQ$9 $k%9 %-!< %^$N F,$K �( %.%j %7%cJ8;z %/%7 !<$NBg J8;z ) $rIU $1$k $H!$ � $r IU$1 $?>l 9g$H F1MM $K!$ $= $N%9 %-!< %^$H ’ IU$-$N %9%- !<%^ $H$r F1;~ $K0z MQ$9 $k$@ $1$G $J$/ !$ 8xM} It$K $O0E $K%9 %-!< %^$G @k8@ $5$l $F $$$k$9$Y$F$NJQ ?t x $K BP$7!$ x = x 0 $H$$ $&Ey<0$, DI2C$5$l $k!% ( $7$+$7 !$<B:]$K8x M}It$K5- =R$9$kO@ M} <0$K$O!$ ’ IU$-$NJQ?t$O8=$l$J$$$O$:$G$"$k!% ) $?$H$($P$9$G$K Dj5A$7 $?4X?t \ LCJA:_ 8KNL " $r;H$C$F!$LCJA $r;XDj $7:_8KNL $rD4$Y $k;2>H A‘:n$rDj 5A $7$F$_$h$& !% LCJA:_8K3NG’ � AR8K b ? : IJL> ; v ! : ?tNL v ! = LCJA:_8KNL b ? =i4|2= >uBV5!3#$J$i$P!$$=$N=i 4|>uBV$r$J$s$i$+$N J}K!$GDj$a$kI,MW$, $"$k!%$=$l $b0l$D$N%9%-!<%^ $H$7$FDj5A$9$l$P$h$$!%AR8K$KBP$7$F$O!$$?$H$($P =i4|AR8K AR8K %3%s%F%J = ; 8

$3$l$r=i4|2=$NA‘:n$H$7$FDj5A $9$k$J$i!$ � AR 8K$rMQ$$$F %3%s%F%J 0 = ; $H $9$k$3$H$K$J$k $,!$>e$N Dj5A$OAR8K$N=i4|>uBV$r@k8@E*$K5-=R$7$?$b$N$G$"$k!% %(%i !<=hM} \ F~8K " A‘:n$G$O!$ F~8K $5$l$k %3%s%F %J$N %3%s%F %JHV9f $,!$ $9$G$K AR8K$K $"$k%3 %s%F%J $N%3 %s%F%J HV9f$H0lCW$7 $J$$$H$$$&F~ NO>r7o$r$*$$ $F$$$k ( cn ? = 2 dom %3%s%F%J ) !%$3$N>r 7o$rK~$?$5$J $$$h $&$J Nc30;v>] $r!$ ;EMM $H$7$F$I $N$h$&$K 5-=R$7$? $i$h$$ $@$m$&$+ !% Z $G$O$=$N$h $&$JNc30 =hM}$N;E MM$O!$ JL$N%9%-!<%^$H$7$FJ,$1$F5-=R$9$k$N$,!$DL>o$N%9%?%$%k$G$"$k!% $^$: !$%(%i!<$r<1JL$9$k$?$a$N5-9f$+$i$J$k7?!$ \ %(%i!<>r7o " $rDj5A$9$k!% %(%i!<>r7o ::= @5>o j %3%s%F%JHV9f=EJ# $3$3$G ::= $O<+M37?$N@k8@;R$G!$1&JU$G j $G6h@Z$i$l$FNs5s$5$l$?MWAG$G9=@.$5$l$k7?$r@k8@$7$F$$$k!% $3$NNc$G$OC1 =c$JNs5s7?$@$,!$:F5" E*$JDj5A$,2DG=$G!$ $=$l$K$h$jLZ$N$h$&$J:F5"E* $KDj5A$5$l$k7?$r F3F~$G$-$k!% <!$K!$@5>o$J>l9g$rI=$9%9%-!<%^$r!$ \ @5>o=*N; " $H$7$FDj5A$9$k!% @5>o=*N; 7k2L ! : %(%i!<>r7o 7k2L ! = @5>o $3$l$O$D$^$i $J$$%9%-!<%^$K8+$($k$,!$ %9%-!<%^<0$H$$$&;EAH$_ $r;H$&$3$H$GLr$KN)$D$h$&$K $J$k!%%9 %-!<%^<0$H$O %9%-!<%^F1;N$r1i;;$G7k$s$@$b $N$G!$$=$N1i;;;R$K $O$$$/$D$+$N<oN‘$,$"$k$,!$ $3$3$G$O O@M}7? %9%-!<%^1i ;;;R$N ^ $H _ $N$_$r$"$2$F$*$/ !% $I $A$i$b 2 $D$N%9%-!<%^$r$H $j !$ ?7$?$J%9 %-!<%^$r 9=@.$9$k!% 2 $D$N%9%- !<%^$N@k8@It $O!$$I$A$i$N>l 9g$b9gJ;$,$H $i$l$k!%$=$N:] !$F1$8L>A0$NJQ ?t$,N> <T$K $"$k>l9g $O!$ $= $l$>$l$N %9%-!< %^$K$*$1 $k$=$NJQ ?t$N7? ( =89g ) $N6&DLItJ,$r$H $C $F!$ 9= @.$5$l$k %9 %-!<%^ $G$O!$ $=$l$r7?$H$9 $k0l$D$NJQ?t$, @k8@$5$l$k!% $^$? !$8xM} It$O ^ $N>l9g$O 2 $D$N%9%-!<%^$N8x M}It$NO"8@$,!$ _ $N>l9g$O 2 $D$N%9%-!<%^$N8xM}It$NA*8@$,$H$i$l$k!% $=$3$G!$ \ F~8K ^ @5>o=*N; " $H$9 $l$P!$$5$-$[$IDj5A $7$?F~8K$K@5>o$H $$$&7k2L$rJV$9$H $$$&5!G=$, IU2C$5$l$k$3$H$K$J$k!% <!$K%3%s%F%JHV9f$N=EJ#$,5/$3$k%1!<%9$O!$<!$N$h$&$J%9%-!<%^$G5-=R$9$l$P$h$$!% HV9f=EJ# � AR8K cn ? : %3%s%F%JHV9f 7k2L ! : %(%i!<>r7o cn ? 2 dom %3%s%F%J 7k2L ! = %3%s%F%JHV9f=EJ# $3$l$rMQ$$$F!$Nc30>r7o$r4^$a$?F~8KA‘:n$O!$ 0lHL2=F~8K b = ( F~8K ^ @5>o=*N; ) _ HV9f=EJ# $H=q$1$k!%$3$3$G b = $O!$:8JU$N%9%-!<%^$r1&JU$N%9%-!<%^<0$GDj5A$9$k$b$N$G$"$k!% 6 ;EMM$N40@. ;EMM$N;D$j$N ItJ,$r40@.$5$;$h$& !%6qBNE*$K$O!$ <r$N=P8K$NA‘:n$H:_8KITB-=hM}$K$D$$$F$N;EMM$r5- =R$9$kI,MW$,$"$k!% 9

6.1 =P8K =P8K=hM}$O!$ <uIU78$,=P8K0MMj$r<u$1$F=P8K;X<(=q$r:n$j !$ $=$l$K4p$E$$$FAR8K78$,=P8K$9$k!$$H$$ $&0lO"$N=hM}$H$J$k!%:_8KITB-$N>l9g$O!$:_8K$J$7O"Mm$r$7$F!$:_8KITB-%j%9%H$r:n@.$9$k!% $3$N=P 8K=hM}A4BN$N;EMM$r0l$D$N %9%-!<%^$H$9$l$P!$ :_8K$,$"$k>l9g$N=P8K $H$$$&%9%-!<%^$H:_8KIT B-$N>l9g$N=hM}$r5-=R$9$k%9%-!<%^$KJ,$1 !$ =P8K=hM} b = =P8K _ :_8KITB-=hM} $N$h$&$J9=B$$H$9$l$P$h$$$G$"$m$& !%$^$?!$=P8K$O<uIU78$N;E;v$HAR8K78$N;E;v$KJ,$1 !$$=$N=g$K=hM} $9$k$h$&$K5-=R$9$k$N$,<+A3$@$m$& !%$=$l$K$O!$ =P8K b = =P8K;X<(=q:n@. >> =P8K<B;\ $H=q$1 $P$h$$!% $3$3$G!$ >> $O%Q%$%W7k9g$rI= $9%9%-!<%^1i ;;;R$G!$ A >> B $OD>4QE*$K$O A $N<B9T$N 8e!$$=$N=PNO$r B $NF~NO$H$7$F B $r<B9T$9$k$3$H$r0UL#$9$k!%$h$j@53N$J0UL#$O8e$G<($9 !% 0J2<$G!$$3$l$i$N%9%-!<%^$r5-=R$7$F$$$3$& !%$^$: !$4pK\E*$J%G!<%?$H$7$F!$=P8K0MMj$H=P8K;X<(=q $rDj5A$9$k!%$=$N$?$a$K!$4pK\7?$H$7$F!$ \ Aw$j@hL> " $rDI2C$7$F$*$/ !% [ Aw$j@hL> ] $3$l$rMQ$$$F!$=P8K0MMj$H=P8K;X<(=q$r<!$N$h$&$KDj5A$9$k!% =P8K0MMj b = [ b : IJL> ; a : ?tNL ; to : Aw$j@hL> ] =P8K;X<(=q b = [ to : Aw$j@hL> ; b : IJL> ; f : %3%s%F%JHV9f 7 ! ?tNL ] :# $^ $G $O !$ %9 %- !< %^ $r Dj 5A $9 $k $N $K $O >o $K H" $r MQ $$ $F $- $? !% $7 $+ $7 !$ $3 $N >l 9g $N $h $& $K !$ C1 $K AH (tuple) $N%G!<%?9=B$ $rDj5A$9$k$?$a$KF3F~$9$k$h$& $JC;$$%9%-!<%^Dj5A$K$O!$ H"$NI=5-$OBg$2$52a$. $k!%$=$3 $G$3$N$h$&$J!V2#=q$-!W$NI=5-K!$,$"$k!%0lHL$K!$H"$rMQ$$$?=D=q$-I=5-!$ S D 1 ; � � � ; D m P 1 ; � � � ; P n $H!$2#=q$-I=5- S b = [ D 1 ; � � � ; D m j P 1 ; � � � ; P n ] ; $H$OEy2A$G$"$k!%$?$@$7!$=D=q$-I=5-$G$O!$%;%_%3%m%s$NBe$o$j$K2~9T$rMQ$$$F$b$h$$!% >e$NDj5A $G!$LdBjJ8$K$"$k=P8K;X<(=q$N9=B$Dj 5A$+$i!VCmJ8HV9f!W$r>J$-!$ $^$?IJL>$O 1 $D$NAw$j@h $K$D$$$F6&DL$J $N$G!$%3%s%F%J$K4X$9 $k%G!<%?$N7+$jJV$7$N30B&$K3g $j=P$7$?!%$5$i$K!$ $3$3$G$O$H$j $"$($:6u%3%s%F%J$K4X$9$k;EMM$O8e2s$7$K$9$k$3$H$K$7!$>J$$$F$$$k!% =P8K;X<(=q:n@.$N@k8@It$O!$<!$N$h$&$J7A<0$K$J$m$& !% =P8K;X<(=q:n@. AR8K r ? : =P8K0MMj s ! : =P8K;X<(=q $3$3$G%9%-!<%^$r7?$H$7$FMQ$$ $F$$$k!%%9%-!<%^$N@k8@It$O!$JQ?tL>$H7?$NBP$N JB$S$G$"$j !$8xM}It$O @k8@It$G@k8@$5 $l$?JQ?t$N4V$K@.$jN)$D$Y$-@) Ls>r7o$rM?$($k$b$N$G$"$C $?!%$7$?$,$C$F!$ %9%-!<%^$O $$$o$f$k%l%3!<%I7?$r!$$=$l$,J]$D$Y$-ITJQ>r7o$H$H$b$KDj5A$7$F$$$k$b$N$H$_$J$9$3$H$,$G$-$k!% 10

8xM}It $K$O!$=P8K0MMj$K$" $kIJL>$N?tNL$,8=:_$N:_8K$G =<B-$5$l$k$H$$$&F~NO>r7o$H !$=P8K;X<(=q$K $"$k?tNL$N9g 7W$,$=$N0MMj?tNL$H0lCW$9$k$H $$$&=PNO>r7o$H$r5,Dj$9$kI, MW$,$"$k!%$=$N$?$a $K$O!$$9 $G$K=‘Hw$7$?LCJA:_8KNL$H$$$&JXMx$J4X?t$,$"$k$N$G!$$=$l$r;H$($P$h$$!%$9$J$o$A!$ =P8K;X<(=q:n@. AR8K r ? : =P8K0MMj s ! : =P8K;X<(=q r ? : b 2 dom LCJA:_8KNL ^ r ? : a � LCJA:_8KNL r ? : b s ! : to = r ? : to ^ s ! : b = r ? : b ^ � � br an s ! : f = r ? : a ^ 8 cn : dom s ! : f � cn 2 dom %3%s%F%J ^ f cn � <r:_8K r ? : b cn $3$3$G$9$G$KDj5A$7$? � $H br an $rMQ$$$?!% $3 $N;EMM$O !$ Hs7hDj E*$G$"$k!% $9$J$o$A !$ $3$N;E MM$rK~$? $9=PNO s ! $O0lHL$K0l 0U$K$ODj $^$i$J$$ !% $7 $+$7!$ ;EMM$O7hDjE*$G$"$kI,MW$O$^ $C$?$/$J$$!%$‘$7 $mK\<AE*$G$J$$@-<A$K$D$$$F $O$"$($F<+M3EY$r;D $7$FHs7hDjE*$K 5-=R$7$?J}$,!$;EMM$H $7$F4JL@$GJ,$+$j$d$9$$$3$H$, B?$$!%$?$@$7!$ $"$^$j$K<+M3EY$, Bg$-$J;EMM$O!$@_7W<T$NIiC4$,Bg$-$/$J$k$H$$$&LL$b$"$j !$$=$N7s$M9g$$$KG[N8$,$$$k!% =P8K<B;\$N%9%-!<%^$r5-=R$9$k$K$O!$>/$7=‘Hw$,$$$k!%<!$N$h$&$JAm>N4X?t r ansum $rMQ0U$9$k!%$3 $l$OF1$8Dj5A0h$r;} $A!$CM0h$,@0?t$G$"$k 2 $D$N4X?t$+$i!$F1$8Dj5A0h$NMWAG $KBP$7$F$=$l$>$l$N4X?t $NE,MQ7k2L$NOB$rM?$($k$h$&$J4X?t$r:n$k9b3,4X?t$G$"$k!% [ X ] r ansum : ( X 7 ! Z ) ! ( X 7 ! Z ) ! ( X 7 ! Z ) 8 f ; g : X 7 ! Z � r ansum f g = f x : (dom f ) \ (dom g ) � x 7! (( f x ) + ( g x )) g[ (dom g ) � C f [ (dom f ) � C g $3$3 $G!$ (dom g ) � C f $O!$ f $NFbDj5A0h$, g $H=E$J$k$b$N$r =|$/$3$H $rI=$9 !% $3 $l$rMQ$$ $F!$ =P8K <B;\$O <!$N$h$&$K=q$1$k!% =P8K<B;\ � AR8K s ? : =P8K;X<(=q s ? : b 2 dom <r:_8K ^ 8 cn : dom s ? : f � cn 2 dom %3%s%F%J ^ f cn � <r:_8K s ? : b cn (( s ? : b 2 dom <r:_8K 0 ^ <r:_8K s ? : b = r ansum ( <r:_8K 0 s ? : b ) s ? : f ) _ ( s ? : b = 2 dom <r:_8K 0 ^ <r:_8K s ? : b = s ? : f )) f s ? : b g � C <r:_8K = f s ? : b g � C <r:_8K 0 $3$N5-=R $bHs 7hDj E* $G$" $k!%$H $/$K r ansum $H $$$& 2 $D$N 9‘$N \ OB " $r <h$k 4X?t $r!$A‘ :n8e $N>u BV CM $G$"$k<r:_8K ’ $HF~NOJQ?t$H$KBP$7$FMQ$$$F $$$kE@$KCm0U$7$h$& !%0lHL$K!$>uBVJQ?t S $H 2 9‘1i;; � $, $"$C$F!$ S 0 = S � A $N$h$&$K=q$1$k;~$O7hDjE*$G$"$k$,!$ S = S 0 � A 11

$N$h$& $K=q$1$k>l9g$O !$ � $,5U1i;;$r$b$?$J$$8B$j7h DjE*$G$O$J$$!% $3$l $O!$ S $r S 0 $H A $K \ J,3d " $9 $k$,!$ J,3d$NJ}K!$,0lDL$j$H$O8B$i$J $$>l9g$H2r<a$9$k$3$H$,$G$-$k !%$7$+$7!$$" $($F>r7o$rIU2C$7$F 7hDjE*$J7A$K=q$-49$($k$h$j$b!$$3$N7A<0$NJ}$,;EMM$i$7$$5-=R$H$J$k>l9g$,$"$k!% =P8K;X<(=q:n@.$H=P8K<B;\$r%Q%$%W7k9g$G$D$J$2$k!% =P8K 0 b = =P8K;X<(=q:n@. >> =P8K<B;\ $3$N7k9g$O!$=P8K;X<( =q:n@.$N=PNO s ! $H=P8K <B;\$NF~NO s ? $r7k9g$7 $FF10l$NJQ?t $H$7!$$5$i$K $=$NJQ ?t$rB8:_8BNL;R$GB+G{$7$F30It$+$i1#$9$H$$$&$b$N$G$"$k!% 6.2 :_8KITB-=hM} :_8KIT B-$G=P8K$G$-$J$$0MMj$K$D$$ $F$O!$$=$l$r:_8KIT B-%j%9%H$H$7$FEPO?$9$k!% $=$N$?$a$K:_8KIT B-4IM}$H$$$&%9%-!<%^$rDj5A$9$k!% :_8KITB-4IM} b = [ :_8KITB-%j%9%H : seq =P8K0MMj ] $3$3$G seq X $O X $NMWAG $+$i$J$kNs (sequence) $rI=$9 !% Z $G$ONs$O<+A3 ?t$+$i X $X$N4X?t$H$7$FDj 5A $5$l$k!%$9$J$o$A!$ seq X == f f : N 7 ! X j dom f = 1 :: # f g :_8KITB-=hM} 0 AR8K � :_8KITB-4IM} r ? : =P8K0MMj r ? : b 62 dom <r:_8K _ ( r ? : b 2 dom <r:_8K ^ r ? : a > LCJA:_8KNL r ? : b ) :_8KITB-%j%9%H 0 = :_8KITB-%j%9%H a < r ? > $3$3$G a $O 2 $D$NNs$NO"@\1i;;;R$G$"$k!% :_8KITB-$N>l9g$O!$0MMj85$KJs9p$9$k$3$H$K$J$C$F$$$k$N$G!$$=$NJ,$r>oEeE*$JJ}K!$GIU$12C$($k!% Js9p ::= =<B- j ITB- ITB-Js9p b = [ r : Js9p j r = ITB- ] =<B-Js9p b = [ r : Js9p j r = =<B- ] 7k6I!$ =P8K b = =P8K 0 ^ =<B-Js9p :_8KITB-=hM} b = :_8KITB-=hM} 0 ^ ITB-Js9p $H$J$k!% $3$l$G;EMM$,$h$&$d$/40@.$7 $?!%$?$@$7!$$3$N;EMM$O<r20LdBj$NBh 1 HG$KBP1~$9$k$b$N$G$"$j !$:_8K ITB-$G1~$8$i$l $J$+$C$?=P8K0MMj$KBP $7$F!$8e$KF~2Y$5$l$? %3%s%F%J$K$h$j=P8K$,2DG=$H $J$C$?>l9g$N =P8K=hM}$K$D$$$F$O5-=R$7$F$$$J$$!% 12