%Q%k%F%N%s8&5f2q Bh 3 2s ASIC %G%6%$%s%3%s%F%9%H 5,Dj2]Bj!V 8 %S%C%H%^%$%/%m%W%m%;%C%5 KUE-CHIP2 !W K\5,Dj2]Bj$G$O!" 8 %S%C%H%^%$%/%m%W%m%;%C%5 KUE-CHIP2 1 2 $r<B8=$9$k!#0J2<$G$O<B8=$9$Y$- KUE-CHIP2 $N L?Na%;%C%H%"!<%-%F%/%A%c$K$D$$$F5,Dj$9$k!#$J$*!"5,Dj$G$O%Q%k%F%N%sMQ$K0lItDI2C=$@5 3 $r$7$?!# 1 FbIt%l%8%9%?9=B$$H%a%b%j6u4V 1.1 FbIt%l%8%9%?9=B$ (1) %"%-%e%‘%l!<%? A CC: 1i;;$K;HMQ$9$k 8 %S%C%H$N%l%8%9%?!#1i;;$N%*%Z%i%s%I$d1i;;7k2L$rJ];}$9$k!# (2) %$%s%G%C%/%9%l%8%9%? IX: 1i ;; $K ;H MQ $9 $k 8 %S%C %H $N %l %8 %9 %?!# 1i ;; $N %* %Z %i %s %I $d 1i ;; 7k 2L $r J] ;} $9 $k!# $^ $?!" =$ >~ %" %I %l %9 ;X Dj $N $H $-$N%"%I%l%9=$>~$K$bMxMQ$5$l$k!# (3) %U%i%0 FLA G: 7e >e $2 %U %i %0 CF !" %M %, %F%# %V %U %i %0 NF !" 7e $" $U $l %U %i %0 VF !" Nm %U %i %0 ZF $N 4 %S%C %H $+ $i $J $k %l %8 %9 %?!# L?Na$N<B9T7k2L$K=>$C$F%;%C%H / %j%;%C%H$5$l$k!# (4) %W%m%0%i%‘%+%&%s%? PC: 8 %S%C%H $N%l %8%9 %?!#<! $K<B9T $9$Y $-L? Na$N %"%I%l %9$r J];} $9$k!# %Q%o!<%* %s%j %;%C%H $K$h$j %/%j %" ( A4%S%C %H 0 $H ) $5$l$k!# 0J>e $N %l%8 %9 %?$O 4J C1 $N$? $a SFL $G $O $9$Y $F reg wr !J%Q %o!<%* %s %j %;%C%H $G %/%j %" $5 $l$k %l %8 %9%? $N @k8@!K $G @k 8@$9$k$3$H!# 1.2 %a%b%j6u4V %a%b%j6u4V$O 512 %P %$%H$G%P %$%HC10L$K ;XDj$5$l$k!# 0 %P %$%HL\$+ $i 255 %P%$%HL\$O %W%m%0%i%‘ NN0h$H$h$P $l!"%W %m%0%i%‘ $^$?$O%G!< %?$r3J G<$9$k NN0h$H$7 $FMxMQ $9$k!# 256 %P%$%H L\$+$i 511 %P %$%HL\ $^$G$O%G!< %?NN0h $H8F$P$l!" %G!<%?$r3JG<$9$kNN0h$H$7$F$N$_MxMQ$9$k!# %W%m%0%i%‘NN0h$^$?$O%G!<%?NN0h$r ;XDj$9$k%"%I%l%9$N:G>e0L%S%C %H ( Bh 8 %S%C%HL\ ) $OL?Na%3!<%IFb$N%S%C%H$+$i @8@. $5 $l$k!# $3 $N %S%C%H $G!" %W %m%0 %i %‘NN 0h $^ $?$O %G!< %? NN0h $N $$ $:$l $K %"%/ %; %9 $9$k $+ $, 7h$a $i $l $k!#$J $*!" $9 $Y $F$N%a%b%j6u4V$O KUE-CHIP2 $N30It$K$"$k!# 1.3 %G!<%?8l$N9=@. KUE-CHIP2 $N%G!<%?8l$O:G>e0L%S%C%H ( Bh 7 %S%C%H ) $,Id9f$KBP1~$7!" 2 $NJd?tI=<($GIi$N?t$rI=$9!# 2 L?Na%;%C%H 2.1 L?Na7A<0 KUE-CHIP2 $NL?Na%5%$%:$O 1 %P%$%H$^$?$O 2 %P%$%H$G$"$j!"0J2<$N 4 <oN‘$N7A<0$G9=@.$5$l$k!# (1) %?%$%W 1(1 %P%$%H7A<0 ) (NOP ,HL T,OUT,IN,R CF,SCF) L?Na%3!<%I (5 %S%C%H ) + %I%s%H%1%" (3 %S%C%H ) (2) %?%$%W 2(2 %P%$%H7A<0 ) (Bcc) L?Na%3!<%I (4 %S%C%H ) + >r7o%3!<%I (4 %S%C%H ) + J,4t%"%I%l%9 (8 %S%C%H ) (3) %?%$%W 3(1 %P%$%H7A<0 ) (Ssm,Rsm) L?Na%3!<%I (4 %S%C%H ) + Bh 1 %*%Z%i%s%I (1 %S%C%H ) + =d2s%b!<%I (1 %S%C%H ) + %7%U%H%b!<%I (2 %S%C%H ) (4) %?%$%W 4(1 %P%$%H$^$?$O 2 %P%$%H7A<0 ) ( ;D$j$NL?Na ) L?Na%3!<%I (4 %S%C%H ) + Bh 1 %*%Z%i%s%I (1 %S%C%H ) + Bh 2 %*%Z%i%s%I$N%"%I%l%9%b!<%I (3 %S%C%H ) f + Bh 2 %*%Z%i%s%I (8 %S%C%H ) g ( Cm ) Bh 2 %*%Z%i%s%I$N%"%I%l%9%b!<%I$N;XDj$K$h$j 1 %P%$%H$^$?$O 2 %P%$%H$H$J$k!# 1 KUE-CHIP2 $O6e=#Bg3XBg3X1!Am9gM}9)3X8&5f2J0B1:42?M65<x$i$K$h$j>pJs9)3X650iMQ$K3+H/$5$l$? 8 %S%C%H%^%$%/%m%W%m%;%C%5$G$"$k!# 2 kue-design@astem.or.jp !"!VKM$i$N%^%$%/%m%W%m%;%C%53+H/5- (1 !A 5) !W!"!X bit !Y!" 1993 G/ 10 7n9f!A 1994 G/ 2 7n9f 3 IBUF FLG CLR C<;R$r:o=|$7$? (3) !#$=$NB>5-=R$r$h$jL@3N$JI=8=$K$7$?!# 1

2.2 %"%I%l%9%b!<%I KUE-CHIP2 $N%*%Z%i%s%I$N%"%I%l%9%b!<%I$r0J2<$K<($9!# %l%8%9%?;XDj ( Bh 1 %*%Z%i%s%I5Z$SBh 2 %*%Z%i%s%I ) A CC : %"%-%e%‘%l!<%? IX : %$%s%G%C%/%9%l%8%9%? %"%I%l%9;XDj ( Bh 2 %*%Z%i%s%I ) d : B(CM%"%I%l%9 [d] : @dBP%"%I%l%9 ( %W%m%0%i%‘NN0h$r;XDj ) (d) : @dBP%"%I%l%9 ( %G!<%?NN0h$r;XDj ) [IX+d] : %$%s%G%C%/%9=$>~%"%I%l%9 ( %W%m%0%i%‘NN0h$r;XDj ) (IX+d) : %$%s%G%C%/%9=$>~%"%I%l%9 ( %G!<%?NN0h$r;XDj ) %" %-%e %‘ %l!< %? A CC $H %$ %s %G%C %/ %9 %l %8 %9 %? IX $N 2 $D $N %l %8 %9 %? ;X Dj $H!" %a %b %j %" %/ %; %9 ;~ $N %" %I %l %9 ;X Dj $, $G $- $k!# %a %b %j %" %/ %; %9 ;~ $N %" %I %l %9 ;X Dj $K $O 5 $D $N %b!< %I $, $" $j!" B( CM %" %I %l %9!" @d BP %" %I %l %9 ( %W %m %0 %i %‘ NN 0h ;XDj$H%G!<%?NN0h;XDj ) !"%$%s%G%C%/%9%l%8%9%?$K$h$k=$>~%"%I%l%9 ( %W%m%0%i%‘NN0h;XDj$H%G!<%?NN0h;XDj ) $,$"$k!# B(CM %" %I%l %9 $G$O %* %Z%i %s %I $NFb MF $,$= $N $^$^ %G!< %? $H$J $k!# @dBP %" %I %l%9 $G $O%* %Z %i%s %I $N FbMF $, %G!<%? $N 3J G< $5 $l $F $$ $k %" %I %l %9 $r <( $9!# %$ %s %G%C %/ %9 =$ >~ %" %I %l %9 $G $O %* %Z %i %s %I $N Fb MF $H %$ %s %G%C %/ %9 %l %8 %9 %? IX $N Fb MF $r 2C;; $7 $F7h $^ $kCM $, %*%Z %i %s %I$N %" %I%l %9 $H $J$k!# %$ %s%G%C %/ %9=$ >~ %" %I%l %9 $r7W ;; $9$k :] $N %*!<%P %U %m!<$O L5 ;k $5 $l$k!# 2.3 L?Na%;%C%H L?Na8l $O 1 %P%$ %H$" $k$$ $O 2 %P%$ %H$G 9=@. $5$l!" L?Na$O %W%m %0%i %‘NN 0h$N 0 %P %$%H L\$+ $i3J G<$5 $l$k!# L?Na$N 2 %P %$%H L\$O 1 %P %$ %HL\ $N<! $N %"%I %l%9 $K CV$+ $l!" J,4t L?Na $, @.8y $9$k >l 9g$r =| $$$F <!$N %" %I%l %9$N L? Na$, <! $K<B 9T$5 $l $k!# L? Na $O 19 <o $G!" F~ =P NO L? Na 2 !" %7 %U %H L? Na 2 !" ;; =Q O@ M} 1i ;; L? Na 8 !" %U %i %0 %;%C %H L? Na 2 !" %m!< %I L? Na!" %9 %H %" L? Na!"%V%i%s%AL?Na!" NOP L?Na!"Dd;_L?Na$+$i$J$k!# 3FL?Na$N4JC1$JF0:n$O0J2<$N$H$*$j$G$"$k!# [ %?%$%W 1] NOP (No OP eration) 2?$b$7$J$$!# HL T (HaL T) Dd;_L?Na!# OUT (OUTput) =PNOL?Na!# A CC $NFbMF$r OBUF $X0\$9!# IN (INput) F~NOL?Na!# IBUF $NFbMF$r A CC $X0\$9!# RCF (Reset CF) 7e>e$2%U%i%0 CF $r%j%;%C%H$9$k!# SCF (Set CF) 7e>e$2%U%i%0 CF $r%;%C%H$9$k!# [ %?%$%W 2] Bcc (Branc h cc) J,4tL?Na!#J,4t>r7o cc $OJ,4t$9$k>r7o$r;XDj!# [ %?%$%W 3] Ssm (Shift sm) %7%U%HL?Na!# sm $O%7%U%H%b!<%I$r;XDj!# Rsm (Rotate sm) =d2s%7%U%HL?Na!# sm $O%7%U%H%b!<%I$r;XDj!# [ %?%$%W 4] LD (LoaD) %m!<%IL?Na!#%a%b%j$NFbMF$r%l%8%9%?$X0\$9!# ST (ST ore) %9%H%"L?Na!#%l%8%9%?$NFbMF$r%a%b%j$X0\$9!# SBC (SuBtract with Carry) 8:;;L?Na!#7e>e$2%U%i%0 CF $r9MN8$9$k!# ADC (ADd with Carry) 2C;;L?Na!#7e>e$2%U%i%0 CF $r9MN8$9$k!# SUB (SUBtract) 8:;;L?Na!#7e>e$2%U%i%0 CF $r9MN8$7$J$$!# ADD (ADD) 2C;;L?Na!#7e>e$2%U%i%0 CF $r9MN8$7$J$$!# EOR (Exclusiv e OR) %S%C%HKh$NGSB>E*O@M}OB1i;;L?Na!# OR (OR) %S%C%HKh$NO@M}OB1i;;L?Na!# AND (AND) %S%C%HKh$NO@M}@Q1i;;L?Na!# CMP (CoMP are) Hf3SL?Na!# L?Na %3!< %I$H F0 :n$N >\ :Y $r0J 2< $K<( $9!# 2< 5-$N L? Na %3!<%I $K 0cH? $7 $? L?Na $K BP$9 $k @_ 7W$O IT MW$G $" $k!# 0J2< $N @b L@ $G {ACC} $J$I$O A CC $NFbMF$rI=$9 4 !# L?Na7A<0 N,5-9f L?Na%3!<%I L?Na$NF0:n %?%$%W 1 NOP 0 0 0 0 0 - - - 2?$b$7$J$$ HL T 0 0 0 0 1 - - - Dd;_ OUT 0 0 0 1 0 - - - {ACC}->DBo,1->OBUF_WE IN 0 0 0 1 1 - - - {DBi}->ACC,1->IBUF_RE RCF 0 0 1 0 0 - - - 0->CF 4 op2 $,!"B(CM%"%I%l%9$N>l9g$O$=$NCM 2

SCF 0 0 1 0 1 - - - 1->CF %?%$%W 2 Bcc 0 0 1 1 cc >r7o$,@.N)$9$l$P!"J,4t%"%I%l%9 ->PC %?%$%W 3 Ssm 0 1 0 0 A 0 sm {op1}->{shift}->op1, $O$_=P$7$?%S%C%H ->CF Rsm 0 1 0 0 A 1 sm {op1}->{rotate}->op1, $O$_=P$7$?%S%C%H ->CF %?%$%W 4 LD 0 1 1 0 A B {op2}->op1 ST 0 1 1 1 A B {op1}->op2 ( Cm )ST L?Na$N>l9g!" B=100,101,110,111 $N$_2DG=!# SBC 1 0 0 0 A B {op1}-{op2}-{CF}->op1 ADC 1 0 0 1 A B {op1}+{op2}+{CF}->op1 SUB 1 0 1 0 A B {op1}-{op2}->op1 ADD 1 0 1 1 A B {op1}+{op2}->op1 EOR 1 1 0 0 A B {op1}eor{op2}->op1 OR 1 1 0 1 A B {op1}and{op2}->op1 AND 1 1 1 0 A B {op1}or{op2}->op1 CMP 1 1 1 1 A B {op1}-{op2} $3$3$G!" op1 !" op2 $O3F!9 Bh 1 !"Bh 2 %*%Z%i%s%I$G$"$k!#$^$? A !" B $O3F!9Bh 1 %*%Z%i%s%I$HBh 2 %*%Z%i%s%I$N%" %I%l%9%b!<%I$r;XDj$7$F$$$k!#Bh 1 %*%Z%i%s%I$O A=0 A CC A=1 IX $G;XDj$5$l$k>l=j$G$"$j!"Bh 2 %*%Z%i%s%I$O0J2<$N%"%I%l%9%b!<%I$K$h$j;XDj$5$l$k>l=j$G$"$k 5 !# B=000 A CC B=001 IX B=01- d B=100 [d] B=101 (d) B=110 [IX+d] B=111 (IX+d) %7%U%H%b!<%I sm $r0J2<$K<($9!# RA 0 0 Righ t Arithmetically LA 0 1 Left Arithmetically RL 1 0 Righ t Logically LL 1 1 Left Logically J,4t>r7o cc $r0J2<$K<($9!# A 0 0 0 0 Alw a ys VF 1 0 0 0 on oV erFlo w VF=1 NZ 0 0 0 1 on Not Zero ZF=0 Z 1 0 0 1 on Zero ZF=1 ZP 0 0 1 0 on Zero or P ositiv e NF=0 N 1 0 1 0 on Negativ e NF=1 P 0 0 1 1 on P ositiv e (NF or ZF)=0 ZN 1 0 1 1 on Zero or Negativ e (NF or ZF)=1 NI 0 1 0 0 on No Input IBUF_FLG_IN=0 NO 1 1 0 0 on No Output OBUF_FLG_IN=1 NC 0 1 0 1 on Not Carry CF=0 C 1 1 0 1 on Carry CF=1 GE 0 1 1 0 on Greater than or Equal (VF eor NF)=0 L T 1 1 1 0 on Less Than (VF eor NF)=1 GT 0 1 1 1 on Greater Than ((VF eor NF) or ZF)=0 LE 1 1 1 1 on Less than or Equal ((VF eor NF) or ZF)=1 %7%U %HL? Na Ssm $H=d 2s%7 %U %HL? Na Rsm $NF0 :n $r0J 2<$K <($9!# SLA $H SLL $G $O!" <B9T 8e$N 3F %U%i %0$N >uBV $N $_$, 0[$J$k!# SRA L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e :d7 d7 d6 d5 d4 d3 d2 d1 d0 5 $3$N$h$&$KJQ?t$,I=$9>l=j$HFbMF$r6hJL$9$kI=5-K!$H$=$&$7$J$$I=5-K!$,$"$k$,!"$3$3$G$OA0<T$NI=5-K!$r$H$C$?!# 3

SLA L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e :d6 d5 d4 d3 d2 d1 d0 0 d7 SRL L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e : 0 d7 d6 d5 d4 d3 d2 d1 d0 SLL L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e :d6 d5 d4 d3 d2 d1 d0 0 d7 RRA L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 cf <B9T8e :cf d7 d6 d5 d4 d3 d2 d1 d0 RLA L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 cf <B9T8e :d6 d5 d4 d3 d2 d1 d0 cf d7 RRL L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e :d0 d7 d6 d5 d4 d3 d2 d1 d0 RLL L?Na %l%8%9%? ( %S%C%H ) :b7 b6 b5 b4 b3 b2 b1 b0 CF %U%i%0 <B9TA0 :d7 d6 d5 d4 d3 d2 d1 d0 %I%s%H%1%" <B9T8e :d6 d5 d4 d3 d2 d1 d0 d7 d7 <!$K!"3FL?Na$N<B9T$K1F6A$9$k%U%i%05Z$SL?Na<B9T8e$N%U%i%0$N@_Dj>r7o ( <B9T8e$N>uBV ) $r0J2<$K<($9!# L?Na <B9T$X$N1F6A <B9T8e$N>uBV CF VF NF ZF CF VF NF ZF NOP No OP eration - - - - - - - - HL T HaL T - - - - - - - - OUT OUTput - - - - - - - - IN INput - - - - - - - - RCF Reset Carry Flug - - - - 0 - - - SCF Set Carry Flug - - - - 1 - - - SRA Shift Righ t Arithmetically - - - - b0 0 N Z SLA Shift Left Arithmetically - - - - b7 V N Z SRL Shift Righ t Logically - - - - b0 0 N Z SLL Shift Left Logically - - - - b7 0 N Z RRA Rotate Righ t Arithmetically o - - - b0 0 N Z RLA Rotate Left Arithmetically o - - - b7 V N Z RRL Rotate Righ t Logically - - - - b0 0 N Z RLL Rotate Left Logically - - - - b7 0 N Z LD LoaD - - - - - - - - ST ST ore - - - - - - - - SBC SuBtract with Carry o - - - C V N Z ADC ADd with Carry o - - - C V N Z SUB SUBtract - - - - - V N Z ADD ADD - - - - - V N Z EOR Exclusiv e OR - - - - - 0 N Z OR OR - - - - - 0 N Z AND AND - - - - - 0 N Z CMP CoMP are - - - - - V N Z BA Branc h Alw a ys - - - - - - - - BVF Branc h on oV erFlo w - o - - - - - - BNZ Branc h on Not Zero - - - o - - - - BZ Branc h on Zero - - - o - - - - BZP Branc h on Zero or P ositiv e - - o - - - - - 4

BN Branc h on Negativ e - - o - - - - - BP Branc h on P ositiv e - - o o - - - - BZN Branc h on Zero or Negativ e - - o o - - - - BNI Branc h on No Input - - - - - - - - BNO Branc h on No Output - - - - - - - - BNC Branc h on No Carry o - - - - - - - BC Branc h on Carry o - - - - - - - BGE Branc h on Greater than or Equal - o o - - - - - BL T Branc h on Less Than - o o - - - - - BGT Branc h on Greater Than - o o o - - - - BLE Branc h on Less Than or Equal - o o o - - - - $3$3$G5-9f$N0UL#$O0J2<$NDL$j$G$"$k!# <B9T$X$N1F6A o : 1F6A$9$k!# - : 1F6A$7$J$$!# <B9T8e$N>uBV C : 7e>e$2$^$?$O7eMn$A$,H/@8$7$?>l9g$K 1 $,@_Dj$5$l$k!# V : %*!<%P%U%m!<$,H/@8$7$?>l9g$K 1 $,@_Dj$5$l$k!# N : 1i;;7k2L$NBh 7 %S%C%H$NCM$,@_Dj$5$l$k!# Z : 1i;;7k2L$, 0 $N>l9g$K 1 $,@_Dj$5$l$k b7: Bh#1%*%Z%i%s%I$NBh 7 %S%C%H$NCM$,@_Dj$5$l$k!# b0: Bh#1%*%Z%i%s%I$NBh 0 %S%C%H$NCM$,@_Dj$5$l$k!# 0 : 0 $,@_Dj$5$l$k!# 1 : 1 $,@_Dj$5$l$k!# - : JQ2=$7$J$$!# 3 30ItC<;R KUE-CHIP2 $O0J2<$N30ItF~=PNOC<;R$r;}$D!#$3$l$i$NM?$($i$l$?30It%$%s%?!<%U%’!<%9$OJQ99$7$F$O$J$i$J$$!# !& VDD EE8;$N +5.0V $r@\B3$9$k!# !& VSS EE8;$N%0%i%&%s%I (0V) $r@\B3$9$k!# !& m clo c k %^%9%?!<%/%m%C%/ !& p reset %A%C%WFb$N$9$Y$F$N5-21AG;R$rHsF14|E*$K%j%;%C%H ( O@M}CM 0 $K ) $9$k!# >e5- 4 $D$N30ItC<;R$K$D$$$F$O!" P AR THENON $G<+F0@8@.$5$l$kC<;R$G$"$j!" SFL $G$O5-=R$7$J$$!# !& DBi(0:7) (Data Bus for input) IBUF $^$?$O%a%b%j$+$i$N%G!<%? ( L?Na$r4^$‘ ) $,F~NO$5$l$k!# !& DBo(0:7) (Data Bus for output) OBUF $^$?$O%a%b%j$X=q$-9~$‘%G!<%?$,=PNO$5$l$k!# !& AB(0:8) (Address Bus) %"%/%;%9$9$Y$-%a%b%j$N%"%I%l%9$r=PNO$9$k!# !& MEM WE (MEMory W rite Enable) %a %b %j $X =q $- 9~ $‘ 7@ 5! $r =P NO $9 $k!# $3 $N $H $-!" AB $K $O %" %I %l %9 $,!" DBo $K $O =q $- 9~ $‘ $Y $- %G!< %? $, =P NO $5 $l$k!# !& MEM RE (MEMory Read Enable) %a%b%j$+$iFI$_9~$‘7@5!$r=PNO$9$k!#$3$N$H$-!" AB $K$O%"%I%l%9$,=PNO$5$l!" DBi $NCM$,F~NO$5$l$k!# !& IBUF FLG IN (IBUF FLaG IN) IBUF $N%U%i%0 IBUF FLA G $NCM$,F~NO$5$l!"J,4tL?Na$G;2>H$5$l$k!# IBUF FLA G $N%;%C%H$O IBUF $K%G!< %?$,B8:_$9$k$3$H$r<($7$F$$$k!# !& IBUF RE (IBUF Read Enable) IN L? Na $K $h $j %" %5!< %H $5 $l $k!# $3 $N 7@ 5! $K $h $j IBUF $N Fb MF $, DBi $X =P NO $5 $l $k $b $N $H $9 $k!# $^ $?!" $3 $N 7@ 5! $K $h $j IBUF $N %U %i %0 IBUF FLA G $, %j %;%C %H $5 $l $k $b $N $H $9 $k!# $J $*!" IBUF FLA G $N %;%C %H$O IBUF $X%G!<%?$,MQ0U$5$l$?;~$K9T$o$l$k$b$N$H$9$k!# 5

!& OBUF FLG IN (OBUF FLaG IN) OBUF $N %U %i %0 OBUF FLA G $N CM $, F~ NO $5 $l!" J, 4t L? Na $G ;2 >H $5 $l $k!# OBUF FLA G $N %;%C %H $O OBUF $K%G!<%?$,B8:_$9$k$3$H$r<($7$F$$$k!# !& OBUF WE (OBUF W rite Enable) OUT L? Na $K $h $j %" %5!< %H $5 $l $k!# $3 $N 7@ 5! $K $h $j DBo $N Fb MF $, OBUF $K =q $- 9~ $^ $l $k $b $N $H $9 $k!# $^ $?!" $3$N7@5!$K$h$j OBUF $N%U%i%0 OBUF FLA G $,%;%C%H$5$l$k$b$N$H$9$k!#$J$*!" OBUF FLA G $N%j%;%C%H $O OBUF $N%G!<%?$,;H$o$l$?;~$K9T$o$l$k$b$N$H$9$k!# !& start KUE CHIP2 $NF0:n$r3+;O$9$k7@5!$rM?$($kC<;R!# MEM RE $H MEM WE !" IBUF RE $H MEM RE !" OBUF WE $H MEM WE $O3F!9F1;~$K%"%/%F%#%V$H$J$C$F $O$J$i$J$$!# M? $( $i $l $? 30 It %$ %s %?!< %U%’!< %9 $N SFL 5- =R $r 0J 2< $K <( $9!# $J $*!" KUE-CHIP2 $N SFL 5- =R $G $N %b %8%e!< %k L> $O KUE CHIP2 $H$9$k!# declare KUE_CHIP2 { input DBi<8> ; output DBo<8> ; output AB<9> ; instrout MEM_WE; instrout MEM_RE; instrin IBUF_FLG_IN; instrout IBUF_RE; instrin OBUF_FLG_IN; instrout OBUF_WE; instrin start; } 4 %Y%s%A%^!<%/%W%m%0%i%‘ @- G= $N 5R 4Q E* $J I> 2A $r 9T $& 4p =‘ $H $7 $F!" 4.1 $* $h $S 4.2 $K <( $9 2 $D $N %Y %s %A %^!< %/ %W %m %0 %i %‘ $N <B 9T ;~ 4V ( %^ %7 %s %5 %$ %/ %k ?t ) $r %7 %_%e %l!< %? $G B, Dj $7 $F!" @_ 7W %G!< %? $K E: IU $9 $k $3 $H $, K> $^ $7 $$!# $? $@ $7!" <B 9T ;~ 4V $N $_ $, @_ 7W $N NI $5$rH=Dj$9$k4p=‘$G$O$J$$!# 4.1 2]Bj 1. %P%V%k%=!<%H$K$h$k@0Ns 256 8D$N5U=g$KJB$s$@%G!<%? 127(7FH),126(7EH),...,0(00H),-1(FFH),-2(FEH),...,-128(80H) $r2<5-$N%W%m%0%i%‘ $G%=!<%H$9$k!# [ %W%m%0%i%‘$N@bL@ ] %P %V %k %=!< %H $K $h$C $F!" %G!< %? NN 0h $N D A T A(00H HV CO ) $+ $i ;O $^ $k!" N(80H HV CO ) %P %$ %H $N %G!< %? $r >: =g $K @0 Ns $9 $k!# $3 $3 $G!" %G!< %? $O!" 2 8D $+ $i 256 8D $N HO 0O $H $9 $k!# $? $@ $7!" %G!< %? $, 256 8D $N >l 9g $O N $r 0 $H $9 $k!# $J $*!" %Y%s%A%^!<%/%W%m%0%i%‘$G$O!"%=!<%H$N40N;H=Dj$K7e>e$2%U%i%0 cf $rMxMQ$7$F$$$k!# [ %W%m%0%i%‘$NF~=PNONc ] F~NO : 80 : 08 ( %=!<%H$9$k%G!<%?$ND9$5 ) 100 : 10 FF 40 80 C0 D8 7F CD ( %=!<%H$9$k%G!<%? ) =PNO : 100 : 80 C0 CD D8 FF 10 40 7F ( %=!<%H7k2L ) [ %W%m%0%i%‘$N%3!<%I ] *** KUE-CHIP2 Assembler ver.1.0 by H.Ochi *** * Bubble Sorting * Programmed by Akira Uejima, May. 3, 1992 * Data(singned) on data page 00 : DATA: EQU 00H * Data Length(byte) on program page 80 : N: EQU 80H * Work Area(loop counter) on program page 90 : WORK1: EQU 90H * Work Area(swap area) on program page 6

91 : WORK2: EQU 91H 00 : 6C 80 LD IX, [N] 02 : AA 01 SUB IX, 1 04 : 7C 90 ST IX, [WORK1] 06 : C9 LP1: EOR IX, IX 07 : 20 RCF 08 : 67 00 LP2: LD ACC, (IX+DATA) 0A : F7 01 CMP ACC, (IX+DATA+1) 0C : 3F 19 BLE SKIP 0E : 74 91 ST ACC, [WORK2] 10 : 67 01 LD ACC, (IX+DATA+1) 12 : 77 00 ST ACC, (IX+DATA) 14 : 64 91 LD ACC, [WORK2] 16 : 77 01 ST ACC, (IX+DATA+1) 18 : 2F SCF 19 : BA 01 SKIP: ADD IX, 1 1B : FC 90 CMP IX, [WORK1] 1D : 31 08 BNZ LP2 1F : 35 29 BNC FIN 21 : 6C 90 LD IX, [WORK1] 23 : AA 01 SUB IX, 1 25 : 7C 90 ST IX, [WORK1] 27 : 31 06 BNZ LP1 29 : 0F FIN: HLT END 4.2 2]Bj 2. CR C %3!<%I$N7W;; 2] Bj 1 $N F~ NO %G!< %? $J $i $S $K =P NO %G!< %? ( $H $b $K 256 %P %$ %H ) $K BP $7 $F CR C(Cyclic Redundancy Chec k) %3!< %I $r2<5-$N%W%m%0%i%‘$K$h$C$F@8@.$9$k!# [ %W%m%0%i%‘$N@bL@ ] %7 %U %H / %m!< %F!< %H L? Na $d O@ M} 1i ;; L? Na $r ;H MQ $7 $F!" %G!< %? NN 0h $N D A T A(00H HV CO ) $+ $i ;O $^ $k N(80H HV CO ) %P %$%H $N%G!< %? $N CR C %3!<%I $r 7W;; $9 $k!#%G!< %? $N:G Bg D9$O 256 %P %$ %H $G$" $k!# $?$@ $7!" %G!<%? D9 $, 256 %P%$ %H $N>l 9g$O!" %P%$ %H ?t N $r 0 $H$9 $k!# >0!" CR C %3!<%I $N @8@. B? 9‘<0 $H $7$F!" CCITT X.25 5, 3J $N X 16 + X 12 + X 5 + 1 $rMQ$$$F$$$k!# [ %W%m%0%i%‘$NF~=PNONc ] F~NO : 80 : 08 ( %G!<%?$N%P%$%H?t ) 100 : 62 FF 75 CO 75 C1 C9 7D ( %G!<%? ) =PNO : C0 : B0 8A (CRC) [ %W%m%0%i%‘$N%3!<%I ] *** KUE-CHIP2 Assembler ver.1.0 by H.Ochi *** * Calculate CRC(Cyclic Redundancy Check) Code * Programmed by Akira Uejima, May. 3, 1992 * Data on date page 00 : DATA: EQU 00H * Data Length(byte) on program page 80 : N: EQU 80H * Resultant CRC on program page C0 : C1: EQU 0C0H C1 : C2: EQU 0C1H * Work Area on program page F0 : WORK: EQU 0F0H 00 : 62 FF LD ACC, 0FFH 02 : 74 C0 ST ACC, [C1] 7

04 : 74 C1 ST ACC, [C2] 06 : C9 EOR IX, IX 07 : 7C F0 ST IX, [WORK] 09 : 64 C0 LP1: LD ACC, [C1] 0B : C7 00 EOR ACC, (IX+DATA) 0D : 74 C0 ST ACC, [C1] 0F : 6A 08 LD IX, 8 11 : 64 C1 LP2: LD ACC, [C2] 13 : 43 SLL ACC 14 : 74 C1 ST ACC, [C2] 16 : 64 C0 LD ACC, [C1] 18 : 45 RLA ACC 19 : 74 C0 ST ACC, [C1] 1B : 35 27 BNC SKIP 1D : C4 42 EOR ACC, [P1] 1F : 74 C0 ST ACC, [C1] 21 : 64 C1 LD ACC, [C2] 23 : C4 43 EOR ACC, [P2] 25 : 74 C1 ST ACC, [C2] 27 : AA 01 SKIP: SUB IX, 1 29 : 33 11 BP LP2 2B : 6C F0 LD IX, [WORK] 2D : BA 01 ADD IX, 1 2F : FC 80 CMP IX, [N] 31 : 7C F0 ST IX, [WORK] 33 : 31 09 BNZ LP1 35 : 64 C1 LD ACC, [C2] 37 : C2 FF EOR ACC, 0FFH 39 : 74 C1 ST ACC, [C2] 3B : 64 C0 LD ACC, [C1] 3D : C2 FF EOR ACC, 0FFH 3F : 74 C0 ST ACC, [C1] 41 : 0F HLT * CRC Generator Polynomial on program page * CCITT(X^16 + X^12 + X^5 + 1) -> 1 0001 0000 0010 0001 * 1 0 2 1 42 : 10 P1: PROG 10H 43 : 21 P2: PROG 21H END 8