1996 G/ 2F$N%W%m%0%i%_%s%0%7%s%]%8%&%‘ 1996-07-23 %3%s%T%e!<%F%#%s%0$NNr;K @ H":, @E1@Aq %Q%i%a%H%m%s7W;;5! PC-1 { 2sO)@_7W$HJ}<0@_7W { IY;NDL8&5f=j OBED1Q0l (wada@u-tokyo.ac.jp) $O$8$a$K ElBgJ* M} 3X 65<< $N 9b66 8& $G <+:n $7 $?%Q %i %a %H%m %s 7W;; 5! PC-1 $N %W%m %0 %i%‘ $^ $o $j$K $D $$$F $O $$ $m$$ $m $J 5! 2q $K =q $$ $? $j [1][2] OC $7 $? $j $7 $? $N $G , :# 2s $O PC-1 $N %O!< %I $^ $o $j $N OC $7 $, $7 $? $$ . PC-1 $O 1958 G/ 3 7n 26 F| $K40@. , 9b66 8&$@$1$G $J$/ , B>$N8& 5f<<$K$b 8x3+$7 $F;H$C$FLc$C $F$$$? [3]. 1964 G/$N 5 7n :W$G , 3X @8$, PC-1 $NEE 8;$r <Z$j $K$- $?$N$G , EE8; $r$O $:$7 $?5!2q $K , J] <i , 1? E>$r Cf ;_ $7 $? . 9b 66 @h @8 $N $4 Cx =q $J $I [4][5] $K $b =q $$ $F $" $k $3 $H $@ $, , El Bg $G :n $m $& $H $7 $F $$ $? T A C(T o dai Automatic Computer) $N7W 2h $,?J $s $G$$ $?$3 $m , 9b66 8& $G$b <+J, $N 7W;; 5! $,$[ $7$$ $H$$$&$3$H$G , $5$^$6$^$J 8!F$$r$7 $F$$$? . ;d$, 9b668&$KF~$C $?;~J, , <B83<<$K$^ $@E>$,$C$F $$$? $N$,5! 3# EE ;R <0$H $$ $& ;n:n 5! $N 0lIt $G , $= $& $$$& $b $N $b9M $( $F $$$? $i $7 $$$, , 1954 G/$K Ev ;~ Bg3X 1!@8$N8eF#1Q0l$5$s$, , %Q%i%a!<%?Ne?6$rMxMQ$7$?7W;;AG;R$r9M$($@$7 , $=$l$,%Q%i%a%H%m%s $NH/ L@$K$J$C$? [6]. PC-1 $N35MW$r0J2<$K<($9 . %Q%i%a%H%m%s7W;;5! PC-1 35MW O@M}AG;R : %Q%i%a%H%m%s 4200 8D Ne?6<~GH?t 2.3MHz, H/?6 ( 6&?6 ) <~GH?t 1.15MHz, %/%m%C%/<~GH?t 15KHz 5-21AuCV : 18 %S%C%HC;8l 512 8l 2 <~GH<’5$%3%" 1i;;AuCV : 36 %S%C%H%l%8%9%? 3 8D ( %"%-%e%‘%l!<%? , R %l%8%9%? , %a%b%j!<%l%8%9%? ) L?Na8lD9 : 18 %S%C%H L?Na<oN‘ 27 1i;;;~4V : 2C8:;; 4 &S , >h;; 26 &S ( C;8l ) 44 &S ( D98l ), =|;; 161 &S , =q$-9~$_ 8 &S , L5>r7o%8%c%s%W 4 &S , >r7o%8%c%s%W 8 &S (1 &S$O%/%m%C%/<~GH?t$N5U?t = 67 &LIC ) F~NOAuCV : 8wEE;f%F!<%W%j!<%@ =PNOAuCV : %F%l%?%$%W 1?E>3+;O : 1958 G/ 3 7n 26 F| 1?E>=*N; : 1964 G/ 5 7n 1

2sO)AG;R%Q%i%a%H%m%s %Q%i%a!< %? Ne?6 $H $$ $&$N $O , <~ 4| T ( <~ GH ?t f = 1 =T ) $N 6&?6 2s O)$, $"$C $?$H $- , $3$N <~ 4|$r T = 2 ( <~GH?t 2 f ) $G JQ2= $5$; $k $H6& ?6 2sO) $N H/?6 $,Bg $- $/$J $k 8=>] $G$" $k . <~ 4| $rJQ 2=$5 $; $k$H $O , C $H L $G$G$-$?6& ?62sO)$G$O , <~ 4| T $O T = 2 &P p LC $@$+$i , L $+ C $NCM$r<~ 4| T = 2 $G JQ2=$5$; $l$P$h$$ . %Q%i %a!<%? Ne ?6 $G$h $/ CN $i$l $F $$ $k $N$O $V $i $s$3 $G $" $k . ;YE@ $+ $i =E ?4$^ $G $N D9$5 l $N ?6 $j ;R $N ?6F0<~4|$O T = 2 &P q l =g $G$" $k . <~4|$r 7h$a$kMW AG$O$3$3 $G$O l $@$+ $i , l $N D9$5$r , ?6$j ;R$, 1 1}I|$9$k$"$$$@$K 2 2s?-=L $5$;$l$P$h$$ . $V$i$s$3$rAf$0;R$I $b$O , 2 2sN)$C $?$j$7$c$,$s$@$j$9 $k$N$G$"$k . %m%s %I %s $N %5 %$ %( %s %9%_%e!< %8 %" %‘ $K 9T $/ $H , >e Ln$N 2J 3X Gn J* 4[ $H $* $J $8 $G , F oucault ?6 ;R $, F0 $$$F$$$k$, , $3$l$, Peppart ?6;R$K$J$C$F$$$k . ?6$j;R $N;YE@$K;E3]$1$,$"$j , ?6$j;R$, 1 1}I|$9 $k4V$K;e$r 2 2s>e$22<$2$9$k . $3$l$G?6$j;R$O$$$D$^$G$bMI$l$F$$$k . $5$F , ;R$I $b$, 2 2sN)$C $?$j$7$c $,$s$@ $j$7 $?$H$- , $V$i $s$3$O A0$K 9T$C$F$+ $i8e$m $XLa $k$+ , 8e $m$X9T$C $F$+ $i A0$X La$k $+ , MI $l J}$K N>J} $N 2DG= @-$, $" $k . $$ $:$l $+$N %U%’!< %:$G MI$l $F $$$k $H , ;R$I $b $, Af$$ $G $$ $k 8B $j , $$ $D $^ $G$b $= $N %U%’!< %: $G MI $l B3 $1$k . $3 $N %U%’!< %:$O ;R $I $b $, Af $. =P$7$? ;~$N >.$5 $JMI $l$N %U%’!<%: $G7h $^$C$F $7$^ $& . Figure 1 $K$3 $NJU $N;v >p$r <($9 . 3%?’ $NAa $$?6F0$,Ne?6$G$" $k . $*$J $8Ne?6$KBP $7 , GK@~$^$? $O 1 E@:? @~$N$h$&$J 6&?6$,2DG= $G$"$j , $I$A $i $+$N%U%’!<%:$, 0, $b$&0lJ}$N%U%’!<%:$, 1 $rI=$9$H9M$($k . Figure 1 %Q%i %a %H %m %s 1 8D $O Figure 2 $N $h $& $J $b $N $G $" $k . Cf1{$N 2 8D$N %H%i%s%9 $N$h$&$K =q$$$F$" $k$N$O%U%’ %i%$ %H $N %3 %" $G , 1& B& $N 4, @~ $H %3 %s %G %s %5 $H $G 6& ?6 2sO)$K $J$C$F $$$k . :8B& $N4, @~ $K$O D>N. $G%P %$%" %9 $7$? 9b <~ GH $, N. $l , %U%’ %i %$ %H $N F) <’ N( $, <~ 4| E* $K JQ2= $7 , $7 $? $,$C $F %$ %s %@ %/ %? %s %9 , 6& ?6 <~ GH ?t $b <~4|E*$KJQ2=$7 , %Q%i%a!<%?Ne?6$,5/$-$k . %U%’%i Figure 2 %$%H%3%"$, 2 8D$"$C$F , Ne?6@~$,8_$$$K5U$K4,$$$F$"$k$N$O , Ne?6$,6&?6$K1F6A$rM?$($J$$$h$&$K $9$k$?$a$G$"$k . 2

?^$N:8 C<$K $"$k %H%i %s %9$O >pJs $rEA C# $9$k $?$a $N$b $N $G$" $k . A0=R $N$h $& $KNe ?6$N B3$/ 8B$j 6& ?6 $N%U%’!<%:$OJQ$o$i$: , $=$l$G$OLLGr$$$3$H$O=PMh$J$$$N$G , 3 8D$N%Q%i%a%H%m%s$r I Aj , I I Aj , I I I Aj$KJ, $1 , $^$: I Aj $@$1 Ne ?6$9 $k . $7 $P $i$/ $7$F $+ $i , I Aj $N6& ?6%U%’!< %: $N>p Js $r%H %i %s%9 $G I I Aj$KEA $( , I I Aj$N %Q%i %a%H %m%s $N 6&?6 $N%U%’!< %:$r @)8f $9$k . I I Aj$N Ne?6 $G I I Aj $,6& ?6 $r;O $a$? $i , I Aj$N Ne ?6 $O ;_$a $k . $^ $? $7$P $i $/ $7 $F $+$i , I I Aj $N6& ?6 %U%’!< %: $N>p Js $r %H %i%s %9 $G I I I Aj $KEA$( , I I I Aj$N%Q%i %a%H%m %s$N6& ?6$N%U%’!<%: $r@)8f $9$k . I I I Aj$NNe?6 $G I I I Aj$, 6&?6$r;O $a$? $i , I I Aj$N Ne?6$O ;_$a$k . I I I Aj$N<! $O I Aj $XEA$( $k . $=$N MM;R$r Figure 3 $K <($9 . $3 $l$r 3 GoNe ?6$H$$$$ , Ne?6$r$+$1$?$j;_$a$?$j$N2s?t$rJQD4<~GH?t$H$+%/%m%C%/<~GH?t$H$$$& . Figure 3 $"$k %Q %i%a %H %m %s $N F~NO %H %i %s %9 $K A0Aj $N 3 8D $N %Q%i %a %H %m %s $N =PNO $r F~ $l $k $H , $3 $N %Q %i %a%H %m%s$N6&?6%U%’!<%:$OF~NO%Q %i%a%H%m%s$N%U%’!< %:$NB??t7h$G 7h$^$k . $D$^$jF~NO$, 0, 0, 0 $^$? $O 0, 0, 1 $J$i6&?6$O 0 $H$J$j , 0, 1, 1 $^$?$O 1, 1, 1 $J$i6&?6$O 1 $H$J$k . A0Aj$N=PNO$rH]Dj$7$F F~NO$7 $? $1$l $P , %H %i %s %9$N DL $7J} $r H?BP $K $9$l $P $h $$ . Figure 4 $K$O 3 8D $N%Q %i %a%H %m %s$+ $i F~NO$rLc$&%Q%i%a%H%m%s$,IA$$$F$"$k$, , 0lHV2<$+$i$OH]Dj$GLc$&?^$K$J$C$F$$$k . Figure 4 T able 1 x y z [ x , y , z ] 0 0 0 0 0 0 1 0 0 1 0 0 0 1 1 1 1 0 0 0 1 0 1 1 1 1 0 1 1 1 1 1 B??t7h$HH]Dj$,$"$l$P O@M}4X?t$r<B8= $9$k$N$O4JC1 $G$"$k . 3 JQ?t x; y ; z $NB??t7h4X?t$O [ x; y ; z ] $N$h$&$K=q$/$3$H$,$"$k . (T able 1 ;2>H ) DL>o$NO@M}<0$G=q$/$H [ x; y ; z ] = ( y ^ z ) _ ( z ^ x ) _ ( x ^ y ) $H$J$k . 3 F~NO $N $& $A 1 F~ NO $, >o$K 0 $J $i , ;D$j $N 2 F~ NO$, 6& $K 1 $N ;~ $N $_=P NO $O 1 $H$J $k $N $G , O@M}@Q $H$J $j , 1 F~ NO$, >o$K 1 $J $i , ;D$j $N 2 F~NO $N$$ $:$l $+$, 1 $N ;~$K =PNO $O 1 $H$J $k$N $G , O@ M}OB$K$J$k . 3 x ^ y = [ x; y ; 0] x � y = : x _ y = [ x; y ; 1] x _ y = [ x; y ; 1] x � y = x _ : y = [ x; y ; 1] 2sO)?^$O Figure 5 $N$h$&$K=q$/ . >o$K 0, 1 $N$h$&$JDj?t%Q%i%a%H%m%s$OF~NO$H$7$FI=<($9$k$HHQ $o$7$/ , Figure 5 $N $h$&$K %Q%i%a %H%m %s$r<( $91_ Fb$K , 0 $J $i!] , 1 $J $i!\$r =q$/ $3$H$K $7$F$$ $k . F1?^:82<$O : x _ y $N2sO)$G$"$k . 7k@~>e$N2#K@$OH]Dj$r<($9 . 2 F~NO$NGSB>E*O@M}OB$d 3 F~NO$NA42C;;4o$N$h$&$K , C1D4$G$J$$4X?t$OB??t7h 1 CJ$G$O$G$-$9 , Fig- ure 5 1& $N$h$& $K 2 CJ $G9=@. $9$k . A4 2C;;4o $K$D$$ $F , ESCf $NCJ$N %Q%i%a %H%m%s a; b; c $H :G=*=P NO s $N??56CM$O T able 2 $NDL$j$G$"$k . >\$7$/$OJ88% [7][8] $r;2>H$7$F$[$7$$ . Figure 5 T able 2 y x z y c a b c s 0 0 0 1 0 0 0 1 0 0 0 1 1 0 1 0 1 1 1 0 0 0 0 0 1 1 1 1 0 1 0 1 0 1 0 0 0 1 0 1 0 1 0 1 1 0 1 1 1 1 1 0 0 0 1 1 0 0 1 0 1 0 0 1 1 1 0 1 1 1 0 1 A42C ;; 4o $K $O Dj ?t F~ NO $, $J $$ . $3 $l $r <+ 8J AP BP 4X ?t $H $$ $& . $D $^ $j >e $N I= $G 0 $H 1 $r 8r 49 $9 $k $HI= $r 2< $+ $i FI $‘ $N $H F1 $8 $K $J $k . $b $& 0l $D $N M- MQ $J <+ 8J AP BP $J $b $N $O 9b B. 7e >e $2 2s O) $G $" $j , Figure 6 $K<($9 . Figure 6 $3 $N ?^ $G 1& $K =D $K $J $i $s $G $$ $k 5 3Q 7A $O A4 2C ;;4o $G $" $k . ?^$O 8 %S%C%H$N 2 ?J?t x; y $N3F%S%C%H$r2<$N7e$+$i x 0 ; x 1 ; : : : ; x 7 ; y 0 ; y 1 ; : : : ; y 7 $H $7$F B-$9 $b$N $G , $^$? end around carry c 0 $N F~NO$b$"$k . IaDL$K$O x 0 ; y 0 ; c 0 $rA42C;;$7 , It J,OB s 0 $H<!CJ$X$N7+$j>e$,$j c 1 $,F@$i$l , <!$K$=$N c 1 $H x 1 ; y 1 $rA42C;;$7 , ItJ,OB s 1 $H c 2 $,F@$i$l , : : : $HB3$/ . $3 $l $G $O n 7e $N 2C ;; $K n %9 %F%C %W $+ $+ $k . $= $l $K BP $7 , 9b B.7e >e$22sO) $G$O , $^$: l og 2 n %9%F%C%W$G $9$Y$F$N 7e$X$N 7+ $j >e $2 $r 5a $a , $7 $+ $k 8e $K 0l @F $K A4 2C ;; $9 $k $N $G $" $k . c 1 ; c 2 $O $= $l $>$l [ c 0 ; x 0 ; y 0 ], [ c 1 ; x 1 ; y 1 ] $G 2 %9 %F%C %W$+ $+ $k . <! $N c 3 $@ $, , x 2 ; y 2 $, 6& $K 0, $^ $? $O6& $K 1 $J $i 0 $^ $? $O 1 $K$J $k . x 2 ; y 2 $, 0, 1 $^ $? $O 1, 0 $N $H $- $O , x 1 ; y 1 $, 6& $K 0, $^ $? $O 6& $K 1 $J $i 0 $^ $? $O 1 $K $J $k . x 1 ; y 1 $, 0, 1 $^ $?$O 1, 0 $J$i c 1 $N 0 $^$?$O 1 $K$h $k . >e $NJ}$N 7e $bF1MM$K9M$($k$3$H$,$G$-$k . 4

5-21AuCV %Q%i %a %H %m %s $K Hf $Y , $" $^ $j OC Bj $K >e $i $J $$ $, PC-1 $N %a %b %j!< 2s O) $d %" %I %l %9 A* Br 2s O) $b Hs >o $KFHFC$J$b$N$G$"$C$? . Figure 7 $K%3%"%a%b%j!<$r9=@.$9 $k 1 8D$N%3%" $r<($9 . 36 %S%C%H$N%a%b%j!<%l %8%9%?$,:8J}$K$" $j , 8l Cf$N3F%S%C %H$N6&?6%U%’!< %:$NEEN. $,2#@~$rN. $l$k . $^$? , >eJ}$K $O%"%I%l%9 A*Br2sO) $,$" $j , A*Br$5$l$? 8l$KAjEv$9$k=D @~$K6&?6<~GH ?t f $NH> J, , f = 2 $NA*BrEE N.$,N.$l$k . A*BrEEN. $N$J $$%3 %" $O BP >N $J <’ >l $r $+ $1 $k $N $G , %3 %" $N <’ 2= $K $O JQ 2= $, $J $$ $, , A* Br EE N. $N $" $k 8l $O Figure 7 $N2<$N?^$K$"$k$h$&$KHsBP>N$J<’>l$r@8$8$k$?$a , %3%"$O$I$A$i$+$K<’2=$5$l$k . Figure 7 FI$_ =P $7 $N 86 M} $O Figure 8 $N DL $j . FI $_ =P $7 $? $$ 8l $N %3 %" $K , A* Br EE N. $r N. $9 . %R %9 %F %j %7 %9 %+!<%V $G , <’ 2= $, 5U E> $7 $J $$ Dx EY $N EE N. $H $9 $k . $9 $k $H 0 $r 5- 21 $7 $F $$ $k %3 %" $H , 1 $r 5- 21 $7 $F $$$k %3 %" $H $G , ?^ $K <( $9 $h $& $J %R %9 %F %j %7 %9 %+!< %V $r IA $- , $7 $+ $b <’ 2= $O IT JQ $N $? $a , Hs GK 2u FI $_=P$7 $,$G $-$k . %R%9 %F%j %7%9 %+!< %V$r 2s$k $? $a$K FI$_ =P$7 @~ $KM6 5/$5 $l$k EE 05$O 5-21 FbMF $K $h $j , %U%’!< %: $, 0 $+ &P $N 2 <! 9b D4 GH ( <~ GH ?t f ) $r ;} $D $N $G , $3 $l $r %Q %i %a %H %m %s 6& ?6 $N <o $K $9 $l $P , FI$_=P$;$k$N$G$"$k . $3$N$h$&$K f $H f = 2 $r;H$&$N$G 2 <~GH%a%b%j!<$H$$$& . %"%I%l %9 A*Br $N f = 2 EEN. $O B?>/ Bg $-$a $J f = 2 %Q%i %a %H%m %s $NH/ ?6 $rMx MQ $7$? . PC-1 $N %a %b%j!< $O 36 %S%C%HD98l!_ 256 8l$G9=@.$7$F$"$j , f = 2 %Q%i%a%H%m%s$b 256 8DMQ0U$7$? . 256 8D$N$&$A$+ 5

Figure 8 $i 1 8D$rA*$V$K$ODL>o$O 8 %S%C%H$NA*Br2sO)$r;HMQ$9$k$N$@$, , PC-1 $N8lA*Br$N35N,$O<!$N$h$& $K$J$C$F$$$? . Figure 9 T able 3 6nF0EEN. =PNOEEN. I(y 0 ) I(y 1 ) I 0 I 1 I 2 I 3 � I � I � 2I 0 0 +2I +I � I 0 � 2I +2I 0 � I +I 0 +2I � 2I 0 +I +I +2I 0 0 � 2I T able 4 Figure 9 $N $h $& $J %H %i%s %9 $G , I ( y 0 ) $H I ( y 1 ) $K %Q %i %a %H %m %s $N 6& ?6 $N$h $& $K , ?6 I} , <~GH ?t $O F1 $8$@$, , %U%’!<%:$, 0 Aj$+ &PAj $NEEN. $,N. $l$?$H $9$k . $=$l $r +I, � I $GI=$9 . $=$l $KBP $7=PNO EE N.$O T able 3 $N$h$&$K$J$k$G$"$m$& . %Q%i%a%H%m%s$K$O , L\$$$C$Q$$Ne?6$r$+$1$i$l$?;~$K$OH/?6 6

$7 , Ne?6$,$"$kDxEY0J2<$@$HH/?6$7$J$$$H$$$&@-<A$,$"$j , A*Br2sO)MQ$N%Q%i%a%H%m%s$r=PNO B&$G Ne?6$9$k$H , � 2I $N$b$N$@$1H/?6$9$k . $$$^$O 2I $H 0 $@$, , F~NOK\?t$,A}$($F J K\$K$J$k$H , :GBg Ne?6$O J I $J$N$KBP$7 , <!$O ( J � 2)I $G , <1JL$,6l$7$/$J$k . F~NO $, 4 %S%C %H $N>l 9g , T ab el 4 $N$h $& $J Hamming %3!<%I $r ;H$C $?$H $9 $k $H , :G Bg$, 7I $K BP $7 , <!E@$O � I $H$J $k$N $G , <1 JL$O MF 0W$G $"$k . PC-1 $G $O $3$N $h$& $K8m $jD{ @5 Id9f $rMx MQ$9 $k $3$H $K $7 , %" %I%l %9A* Br?. 9f$+ $iId 9f JQ49 $r7P $F 18 2s @~$G A}I} $5 $l , %H%i %s%9 2sO) $G<1 JL2D G= $J%l %Y%k $NNe?6EEN.$r:n$C$FA*BrMQ%Q%i%a%H%m%s$NFCDj$N 1 8D$r6&?6$5$;$F$$$k . PC-1 $K 8+ 3X <T $, Mh $k $H , 9b 66 @h @8 $O 18 K\ $N ?? 6u 4I $N 1, 2 K\ $r H4 $$ $F8+ $; , $=$l $G $b PC-1 $, 8m F0:n$7$J$$$3$H$G , $3$N%"%I%l%9A*BrJ}<0$NMxE@$r@bL@$5$l$F$$$? . PC-1 $NJ}<0@_7W PC-1 $NJ}<0@_7W$O86B’E*$K$O Cam bridge Bg3X , Compter Lab oratory $N EDSA C $N$=$l$r8+=,$C $? [9]. $7 $+ $7 , FH <+$N E/ 3X $G @_7W $7 $? ItJ, $b $" $k . :G =i$K %" %I %l %9J} <0 , %l %8 %9%? 9= @. $r @bL@ $9 $k . Figure 10 Figure 10 $N :8$, 5- 21 AuCV $G , ?^ $K<( $9 $h $&$K 18 %S%C %H$N C; 8l $G 512 8l $" $k . EDSAC $H F1MM $K 2 n $H 2 n + 1 HV CO $N C; 8l $O 2 8l9g $o $5$C $F D9 8l $H $7 $F $b;H $( $k . L? Na 8l$O C; 8l $@ $, , ?t CM 8l $O C; 8l , D9 8l$N$$$:$l $G$b$h$$ . D9 8l$r;XDj$9 $k;~$OL? Na8l$N%"%I %l%9$O6v?t HVCO$K$9 $kB> , L?Na 8l$N $J$+$N l/s %S%C%H$r 1 $K$7$F$*$/ . L?Na$K$h$C$F$O l/s %S%C%H$OD98l / C;8l$N6hJL0J30$NL\E*$K;H $&$3$H$b$"$k . 7

Figure 10 $N1&$O=h M}AuCVFb$N %l%8%9%? $r<($9 . PC-1 $G07 $&?tCM$O 2 $NJd?t I=<($N 2 ?J8GDj >.?t $G , :8 C< $K Id 9f %S%C %H $, $" $j , $= $N $9 $0 2< $K >. ?t E@ $, $" $k $H 9M $( $k . 1i ;; %l %8 %9 %? $K $O %" %-%e %‘ %l!<%?$H R %l%8%9%?$,$"$j , 2C8:;; , %S%C%H1i;;$K$O%"%-%e%‘%l!<%?$r;H$& . R %l%8%9%?$O>.?tE@ $N$H$3 $m$K %"%-%e %‘ %l!<%? $N:G 8e$+ $i $D$J $2 , >. ?tIt 70 %S%C%H $N %l%8 %9%? $H$7 $F %7%U %H , >h =|;; $K;H $& $3$H $, $G $- $k . ?^ $K $O <( $7 $F $J$$ $, , 5- 21 AuCV $+ $i FI $_ $@ $7$? ?t CM $O %a %b %j!<%l %8 %9 %? $K F~$j , %" %-%e %‘ %l!< %? $H %a %b %j!< %l %8 %9 %? $N 1i ;; $N7k 2L $, %" %-%e %‘ %l!< %? $K ;D $k $H $$ $& $N $, 4p K\ 7A$G$"$k . C;8l$rFI$_=P$9$H%a%b%j%l%8%9%?$N>e 18 %S%C%H$KF~$j , 2< 18 %S%C%H$O%/%j%"$5$l$k . L?Na$OL?Na%l%8 %9%?$KFI $_=P$5$l , @hF,$+ $i 6 %S%C %H$,%U%!%s%/ %7%g%sIt , 1 %S%C%H $, l/s %S%C %H , 11 %S%C%H$,%"%I%l%9It$G$"$k . 5-21AuCV$, 512 8l$J$N$G , %"%I%l%9$K$O 2 %S%C%HM>M5$,$"$C$? . PC-1 $G $OF~=PNO $K;f%F!<%W $H%F%l%? %$%W$rMx MQ$7$F$$ $? . %F%l%?%$ %W$N%3!<%I $O 6 C1 0L$G , 2$J8 5 C1 0L %F %l %? %$ %W $N letter $K $O :G >e 0L %S%C %H $K 0, �gure $K$O 1 $r $D $1 $? $b $N $G $"$k . letter B& $N 2< 5 C10L$O IT A no.2 $HF1$8$@$, , �gure B&$OB?>/0c$C$F$$$k . 000000 Blank 010000 e 100000 Signal 110000 2 000001 t 010001 z 100001 4 110001 000010 C.R. 010010 d 100010 - 110010 000011 o 010011 b 100011 8 110011 000100 Space 010100 s 100100 110100 000101 h 010101 y 100101 110101 5 000110 n 010110 f 100110 , 110110 000111 m 010111 x 100111 . 110111 = 001000 L.F. 011000 a 101000 + 111000 0 001001 l 011001 w 101001 111001 1 001010 r 011010 j 101010 3 111010 001011 g 011011 F.S. 101011 111011 001100 i 011100 u 101100 7 111100 6 001101 p 011101 q 101101 9 111101 001110 c 011110 k 101110 111110 001111 v 011111 L.S. 101111 : 111111 Erase <BJ*Bg$N;f%F!<%W$O ( K\9F$r A4 HG$G=PNO;~ ) <!$NDL$j$G$"$k . Figure 11 PC-1 $G $O;THN$N %F%l%?%$%W $r$=$N$^ $^MxMQ$7 $? . $= $NE@$G$O EDSA C $, 10 ?J 2 ?J JQ49$,3Z $J$h $&$K%3!<%I%P!< $r@Z$j D>$7$? $j , ILLIAC $G 16 ?J?t$H $7$F 4 C10L$7 $+;HMQ $7$J$+$C $?$N$H $O0c$C $F$G$-$k$@$12?$b$7$J$$$H$$$&H/A[$K4p$E$$$F$$$? . 8

PC-1 $NL?Na$N0lMwI=$O<!$NDL$j$G$"$k . >\:Y$OJ88% [7] $NIUO? L?Na0lMwI=$r;2>H$7$F$[$7$$ . a n al n n , n L $NFbMF$r%"%-%e%‘%l!<%?$K$?$9 . b n bl n n , n L $NFbMF$H%"%-%e%‘%l!<%?$NGSB>E*O@M}OB$r%"%-%e%‘%l!<%?$K$*$/ . c n cl n n , n L $NFbMF$H%"%-%e%‘%l!<%?$NO@M}@Q$r%"%-%e%‘%l!<%?$K$*$/ . d n dl n n , n L $NFbMF$G%"%-%e%‘%l!<%?$H R %l%8%9%?$r$o$j , >&$r%"%-%e%‘%l!<%?$K , >jM>$r R %l%8%9%?$K$*$/ . i n F~ NOAu CV $,Dd ;_Cf $J $i%F!< %W $+$i 1 ;z FI $s$G a 0 !A a 5 $K $$$l a 6 !A a 35 $r 0 $K $9$k . F0 :nCf $J$i n $X%8%c %s%W$9$k . jl n n $X%8%c%s%W$9$k . k n %"%-%e%‘%l!<%?$NFbMF < 0 $J$i n $X%8%c%s%W$9$k . kl n %"%-%e%‘%l!<%?$NFbMF > =0 $J$i n $X%8%c%s%W$9$k . l n n < 1024 $J$i%"%-%e%‘%l!<%?$r n %1%?:8$X%7%U%H , n > = 1024 $J$i 2048 � n %1%?1&$XO@M}%7%U%H . ll n %"%-%e%‘%l!<%?$H R %l%8%9%?$r%7%U%H$9$k$[$+ l n $KF1$8 . n n nl n %"%-%e%‘%l!<%?$r%/%j%"$7$F n , n L $NFbMF$r$R$/ . o n =PNOAuCV$,Dd;_Cf$J$i a 0 !A a 5 $r%F%l%?%$%W$K=PNO$9$k . F0:nCf$J$i n $X%8%c%s%W$9$k . p n pl n %"%-%e%‘%l!<%?$r%/%j%"$7$F n , n L $NFbMF$r$?$9 . q n ql n R %l%8%9%?$NFbMF$r%"%-%e%‘%l!<%?$K$*$- , n , n L $NFbMF$r R %l%8%9%?$K$*$/ . r n n < 1024 $J$i%"%-%e%‘%l!<%?$r n %1%?1&$X%7%U%H , n > = 1024 $J$i 2048 � n %1%?:8$X%7%U%H . rl n %"%-%e%‘%l!<%?$H R %l%8%9%?$r%7%U%H$9$k$[$+ r n $KF1$8 . s n sl n n , n L $NFbMF$r%"%-%e%‘%l!<%?$+$i$R$/ . t n tl n %"%-%e%‘%l!<%?$r n , n L $K=q$-9~$‘ . v n vl n %"%-%e%‘%l!<%?$K n , n L $NFbMF$r$+$1 , 7k2L$r%"%-%e%‘%l!<%?$H R %l%8%9%?$K$*$/ . w n wl n v n vl n $N$[$+$K , $O$8$a$N R %l%8%9%?$NFbMF$r w n $J$i 2 � 17 G\ , wl n $J$i 2 � 35 G\$7$?$b$N$r@Q$K$?$9 . x n %"%-%e%‘%l!<%?$N a 7 !A a 17 $r n $N%"%I%l%9It$K=q$-9~$‘ . z n %"%-%e%‘%l!<%?$N a 7 !A a 17 $, 0 $J$i n $X%8%c%s%W$9$k . zl n %"%-%e%‘%l!<%?$NFbMF =0 $J$i n $X%8%c%s%W$9$k . EDSA C $H 0c$& E@$r >/$7 5s$2$F $*$/ . EDSA C $G $O$? $9L? Na , $R$/ L?Na $NB> , %" %-%e%‘ %l!<%? $NFb MF$r%a%b %j!<$K 3JG< $7$F $+$i %"%-%e %‘%l!< %?$r %/%j %"$9 $kL? Na$H 3JG< $7$F $b%/ %j%" $7$J $$L? Na$, $"$C$? . $D $^ $j $3 $l$G 0l O" $N 1i ;; $N :G8e $H $$ $& ;~ $O , 7k 2L $r$7 $^ $& $H $H $b $K %"%-%e %‘ %l!< %? $r <! $N1i;; $N$? $a $K%/ %j %"$9 $k$N $G $"$k . 0l J} PC-1 $O , $? $9 , $R$/ $N$[ $+ , %"%-%e %‘ %l!<%? $r%/ %j %" $7$F$+$i$?$79~$‘ ( %]%8%F%#%V%m!<%I ) L?Na$H , %/%j%"$7$F$+$i$R$-5n$k ( %M%,%F%#%V%m!<%I ) L?Na $r;}$C$F$$$? . $=$N B>$K ( %/%j %"$7$J$$ ) 3J G<L?Na$,$"$C $?$+$i , PC-1 $G $O$3$N<o$N L?Na$OET9g 5 <oN‘$"$C$?$3$H$K$J$j , EDSA C $G$O$=$l$r 4 <oN‘$G$9$^$;$F$$$? . $+$1;;$b $^$C$? $/0c $&J} <0$G , PC-1 $O %"%-%e %‘%l!< %?$N FbMF $K$" $kHV CO$N FbMF $r$+ $1 , $=$l $r%" %-%e%‘%l!<%? ( $H R %l%8%9 %? ) $K$*$/ J}<0$G$" $j , EDSA C $OJL $K$"$k>h ;;%l%8 %9%?$NFb MF$H$"$k HVCO$NFbMF$r$+$1 , $=$l$r%"%-%e%‘%l!<%?$K$?$7$?$j$R$$$?$j$9$k$h$&$K$J$C$F$$$? . EDSA C $O @QOB $r$H $k $N $K JX Mx $G$" $l $H $$ $& @_7W $G $" $k . PC-1 $G $O@Q OB $O 6l <j $G$b , Horner $N J} K! $K $h $k 9

B?9‘<0$NCM$N7W;;$K$O8~$$$F$$$? . PC-1 $K$O w L?Na$,$"$C$?$, , $3$l$O$+$1;;$G$^$:ItJ,@Q$r$* $/$H $3$m $r %/ %j %" $7 $F;O $a $k $N $K BP$7 , $= $N %/%j %" $r $5 $\ $k$b $N $G $" $k . $7 $? $,$C $F1i ;; A0 $K R %l%8%9%?$K$"$C$?FbMF$, , %"%-%e%‘%l!<%?$H%a%b%j!<$NFbMF$N@Q$K$?$5$l$k$H$$$& ( 7e?t$K$O@)8B $,$"$k$, ) 0l1~$N@QOB$O2DG=$G$"$C$? . $o$j ;; $O EDSA C $G $O %5 %V %k!< %A %s $r ;H$C $F $$ $? . PC-1 $G $b 1958 G/ 3 7n $K 2T F/ $7 ;O $a $? ;~ $O , $+$1;; , $o $j;; $O$J $/ , %5 %V%k!< %A%s $,B8 :_$7 $? . ;H$$ $J$, $i$+ $1;; $H$o $j;; $N2s O)$r @_7W $7 , G[ @~$r9T$J$C$? . 2C8:;;$,2DG=$J%l%8%9%?$,%"%-%e%‘%l!<%?$@$1$H$$$&1i;;2sO)$G$O , $o$j ;;$N8e$G , >jM>$O %"%-%e %‘%l!<%?$K ;D$j , %" %-%e%‘ %l!<%? $N2< $K%7 %U%H $G$D $J$, $k%l %8%9 %?$K >&$, F~$k $H$$ $& $N$, I8=‘ $G , ILLIA C $G $O$=$N %l%8%9%? $K>&$,$G $-$k$H $$$&0UL# $G Q %l %8%9%?$H 8F$s$G$$ $?$, , PC-1 $G$O , $o $j;;$N7k2L$G$O>&$NJ}$,=EMW$G$"$j , =EMW$JJ}$,%"%-%e%‘%l!<%?$K;D$k$Y$- $@$H$$$&$3$H$G , 1i;; 8e$K>&$H>jM>$NF~$l49$($r9T$J$C$F$$$k . $o$j;; $G$O >jM> $NId 9f $N$H $j$+ $?$K =t J}<0 $,$" $k . 0lHL E* $J$N $O>j M>$N Id 9f$r Ho=| ?t$N Id9f $K $" $o$;$k$H$$$&$d$D $G , B?$/ $N%W%m%0%i %‘8@8l$G$b $=$&5,Dj $7$F$$$k$h $&$G$"$k . $7 $+$7 , B?G\ D9$N Ho=|?t$r$o$k;~$O , 2 $NJd?t$N7W;;5!$G$O 2 2sL\0J9_$K>jM>$r$o$k;~$+$i$O@5$N>&$,=P$F$[$7$$ . T able 5 10

$=$l$K$O>jM>$NId9f$O=|?t$NId9f$H9g$o$;$k$N$,NI$$ . $7$+$7 PC-1 $G$O , Ii$N=|?t$GB?G\D9$r$o $k$3 $H$O $= $s $J $K $J $$$@ $m $& $H , >j M> $N Id 9f $,>o $K @5 $H $J $k $h$& $K 7h $a $? . $3 $3 $O $b $&$R $H F’ $s D%$j$7 , >jM>$H=|?t$N Id9f$r$"$o $;$k$Y$-$G$"$C $?$H$NH?>J $,$"$k . T able 5 $K>j M>$H=|?t$N Id9f $r9g$o$;$k$H , >&$H>jM>$,$I$&$J$k$+$N35N,$r<($7$? . ( n $OHo=|?t , d $O=|?t ) %7%U%H$O EDSA C $NL?Na$G$OH=$8$b$N$@$, , %"%I%l%92rFI$N2sO)$O4JC1$K$G$-$k$N$@$+$i , %"%I%l %9$, n $J $i n %S%C%H %7 %U%H $H $$$& $o $+$j $d $9$$ J} <0$K $7 $? . %7%U %H L? Na$N <B 9T;~ 4V $O8G Dj CM + n %/%m%C%/$J$N$G , $3$l$rMxMQ$7$F;~4V$r7W$k$3$H$,$G$-$? . %7%U%H$NCg4V$G$O$J$$$, q L?Na$H$$$&$N$,$"$C $? . $J $< q $+$H$$ $&<ALd$K$@$l$+$, quic k shift $@ $H$$$C $? $N $G , %7 %U %H $G ;W $$ =P $7 $? . $3 $l $O $=$b $= $b $O e $@ $N &P$@ $N $N 7W ;; $G B? G\ D9 $o$j ;; $r $d $k>l9g$KJXMx$@$H$$$&$N$G$D$1$?$N$@$, , R %l%8%9%?$N3hMQ$K$O=EMW$G$"$C$? . %S%C%H1i;; $O%S%C %HKh$N O@M} @Q (c L? Na ) $H %S%C%H Kh$NGS B>E* O@M} OB (b L? Na ) $r$b$C $F$$ $? . O@ M} OB$O $3 $N Fs $D $N L? Na $, $" $l $P , a _ b = a ^ b � a � b $G $G $- $k $+ $i $$ $i $J $$ $H $$ $& M} M3 $G $" $k . PDP-8 $H $$ $& L?Na ?t $N >/ $J$$ 7W ;; 5! $,$"$C $F , $= $l $K $O%S%C %H Kh 1i ;;$O O@ M} @Q$7 $+ $J $/ , GS B> E* O@M} OB $O 2 ?t $N OB $+ $i O@M} @Q $G MQ 0U $7 $?7+ $j >e $, $j $r 0z $$$F F@ $k $H $$ $& $N$G $"$C $? $, , $= $3 $^$G $O$7$J$/$F$9$s$G$$$k . %8%c%s%WL?Na $OL5>r 7o%8%c%s %W , @5Ii , Nm$N>r 7o%8%c%s %W$,$" $k . EDSA C $G$O@5 Ii$N>r 7o%8%c%s %W$@$1$@$+$i , %O%C%+!<8~$-$@$, , PC-1 $G$O$=$&$$$&L5M}$O$7$J$$ . $^$? , %"%I%l%9It$NNm%8%c%s %W$O%"%I%l%9It$N=q$-9~$_L?Na (x L?Na ) $H$H$b$K%k!<%W@)8f$K0RNO$,$"$C$? . F~=P NO $O EDSA C $, %a %b %j!< $N 8l $H $N =P $7 F~ $l $J $N $K BP $7 , PC-1 $O %" %-%e %‘ %l!< %? $H =P $7 F~ $l $9$k . $5$i$K i, o L?Na$O%"%I%l%9It$,ITMW$K$J$C$?$?$a , F~=PNO5!4o$N=‘Hw$,$G$-$F$$$J$$$H$-$K $O , %"%I %l%9 $N<($9 HVCO $X%8%c %s%W $9$k , $$$o $f$k @;FA B@;R $N5! G=$, $D$$ $F$$ $? . $b$C$H $b , $3$N 5!G=$O3d$j9~$_$,$D$$$F$+$i , 3d$j9~$_=hM}%k!<%A%s$NCf$G=i$a$F<BMQ$K$J$C$? . A0$K $" $2 $? L? Na 0l Mw I= $K $O $J $$ $, , PC-1 $K $O %U %j%C %W %U %m%C %W $, $" $j , y L? Na $G %;%C %H , %j %;%C %H , e L? Na$G%U%j%C%W %U%m%C%W$N>r7o %8%c%s%W$,$G $-$? . $3$N %U%j%C%W%U%m%C %W$O3d$j9~$_ 6X;_MQ $K;H$C$?$, , 3d$j 9~$_ $,@8$8 $k$H <+F0E* $K%;%C%H $5$l , 3d$j 9~$_ =hM}%k!< %A%s $N=P8} $G , %W%m%0 %i %‘$G %j %;%C %H$7 $? . $3 $N %U%j%C %W %U %m%C %W $K %9 %T!< %+ $r@\ B3 $7 , 2; 3Z $r $J $i $7 $?$N $b 3Z $7 $$ ;W $$ =P$G$"$k . :G8e$K3d $j9~ $_$N $3$H $r=R $Y$h $& . PC- $, 40@. $7$F $[$\ 1 G/;H $$ , %i%$ %V%i %j$bA} $($F $-$? $3$m , 9b66 @h@8 $, Av 9T Cf $N %W%m %0 %i %‘ $K 30$+ $i @) 8f $, =PMh $J $$ $N $O LL Gr$/ $J $$ , $H$$ $$ =P $5 $l $? . @h =R $N%U %j%C %W %U%m%C %W $O <j F0 $G $b %;%C %H $G $-$? $, , F~ =P NO 5! 4o $= $N B> $G @) 8f$G $- $l $P JX Mx $@ $H $$ $& $3$H$G $"$C $? . $= $3$G Aa B. 3d$j 9~ $_ 2s O)$r @_ 7W $7$? . Ev LL %F%l %? %$ %W $,<u ?. OK $K$J $k $H , 3d $j 9~$_$,H/@8$7 , $5$i$J$k3d$j9~$_$r%U%j%C%W%U%m%C%W$G6X;_$7 , <!$K<B9T$9$k$O$:$NL?Na$NHV CO$r 510 HV CO$X3J G<$7 , 511 HVCO$X <B9T $r0\$9 . 511 HV CO$K $O3d$j 9~$_ =hM}%k!< %A%s $X$N%8%c %s%WL? Na $,$*$$$F$"$k , $H$$$&$b $N$G$"$C$? . $5$C$=$/ %5%$%/%j%C%/ %P%C%U%!$r6& MQ$9$k$+ $?$A$G , <g%k!< %A%s $H 3d$j 9~ $_ =h M} %k!< %A %s$N 6/ D4 %W %m %0 %i%‘ $r =q $- , %^ %k %A%W %m %0 %i %_ %s %0 $N@$ 3& =i $H $b ;W $o 11

$l$k<B83$r9T$J$C$? . 3d$j9~$_ $,=P Mh$l $P%H %i%C%W ( 3d$@ $7$H $b8F $s$@ ) $X9M $($O 5Z$S , %a%b %j!<%W %m%F %/%7%g %s$N %"%$ %G%#%"$b$G$?$, , $3$l$O%"%$%G%#%"$@$1$G , PC-1 $X$NAH$_9~$_$O9T$J$o$J$+$C$? [10]. $*$o$j$K 4dGH >pJs 2J 3X <- E5$r D/ $a $F$$ $? $i !V PC-1 !W $N9‘ L\ $, $" $j , $= $N:G 8e $N J}$K !V$7 $+ $7 , =i 4| $N$o $, 9q$N7W;;5!5; =Q$NH/E8 $K$3$N 7W;;5!$, 2L$7$?Lr 3d$OBg$- $$ . !W$H=q $$$F$"$C$? . 7k2LE*$K $O$=$& $+ $b$7$l$J $$$, , PC-1 $N 4X78 <T$O ?7$7 $$$3 $H$r <!!9$H ;n$_ , 3Z$7 $/$F ;EJ} $,$J $$$H $$$& >uBV $G$"$C $? . $b $& 38 G/ $bA0$N $3$H$G $"$k$+ $i2sO) @_7W$+ $i%W%m %0%i%‘ %i%$%V %i%j$N @0Hw$^$G , $9$Y $F<+J, $?$A$N<j$G$d$i$J$1$l$P$J$i$: , $^$?$d$l$?;~Be$G$"$C$? . PC-1 $N2TF/$r$d$a$? 1964 G/$O IBM $, System 360 $rH/I=$7$F$$$k . $=$l$+$i$7$P$i$/$OBg7?7W ;;5!$N;~ Be$, B3$- , $^$? DEC $N>. 7?5! $bEP>l $O$7 $F$$ $-$? $, , $^$@ PC-1 ;~ Be$N $h$&$K <+M3 $K3Z $7$/;H $($k Dx $G$O $J $+$C$? . $d$C $H :G6a , %o!< %/%9 %F!<%7%g %s $d%Q %= %3%s $,=P 2s $k$h $& $K$J$C $F , PC-1 ;~ Be$N :FMh $N$h $&$J 5$$, $9$k$, , ?J Jb$NEY 9g$O $b$N $9$4 $/ , $d $O$j ?@Be $H$$ $&$Y $-;~ Be$@$C $?$+$b$7$l$J$$ . PC-1 $,855$$@$C$? $3$m , 3 7n 26 F|$K$O PC-1 $NCB @8%Q!<%F%#!<$r$d$C$F$$$? . :G6a$G$O 5 $NG\?t G/L\$N 3 7n 26 F|$K$[$=$\$=$H=8$^$C$F@NOC$r$7$?$j$7$F$$$k . ;29MJ88% [1] OBED1Q0l : !V PC-1 $N%$%K%7%!%k!&%*!<%@!< R0 !W , bit V ol.4, No.12, pp.57{69 [2] >pJs=hM}3X2qNr;KFCJL0Q0w2qJT : !VF|K\$N%3%s%T%e!<%?$NNr;K!W , %*!<%‘<R 1985 G/ [3] F|K\J*M}3X2q : !VEE;R7W;;5! { ;H$$J}$H1~MQ { EE;R7W;;5!9V=,2q%F%-%9%H!W 1959 G/ [4] 9b66=(=S : !VEE;R7W;;5!$NCB@8!WCf8x?7=q 273 Cf1{8xO@<R 1972 G/ [5] 9b66=(=S : !V%3%s%T%e!<%?$X$NF;!WJ87]=U=) 1979 G/ [6] !V8eF#1Q0l %Q%i%a%H%m%s$+$iNL;R%3%s%T%e!<%?$^$G!W7n4)%"%9%-!<%9%Z%7%c%k%$%s%?%S%e!< 2, Ascii, V ol.17, No.6(1993 G/ 6 7n9f ) [7] 9b66=(=S JT : !V%Q%i%a%H%m%s7W;;5!!W4dGH=qE9 1968 G/ [8] 9b66=(=S : 7W;;5!3# I I, 4dGH9V:B 8=Be1~MQ?t3X B.14-a.I I 1958 G/ 4dGH=qE9 [9] Wik es, M.V. etal:\The Preparation of Programs for an Electronic Digital Computer", Addison-W esley 1951 G/ [10] OBED1Q0l : !V%b%K%?%7%9%F%‘!W , >pJs=hM} , V ol 3, No. 9, pp 267{277, 1962 G/ 12