D ASM | DLX Assem bler for SECONDS | 1J8+ 9/0l 1 1996/08/16 (Revision 1.2) 1 e-mail:nagami@isl.n tt.jp, tel:0468-59-3599

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 99?7MzNr Revision 1.2 =iHG Cop yrigh t c 1996 NTT 1

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 L\<! 1 %"%;%s%V%j!&%W%m%0%i%‘$N35MW 3 2 %"%;%s%V%i;XNa (assem bler directiv e) 4 3 %l%8%9%? (register) 5 4 Dj?t<0 (constan t expression) 5 5 L?Na%;%C%H (instruction set) 7 5.1 J,4t (jump and branc h) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 5.2 %"%/%;%9 (load and store) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 5.3 Hf3S (compare op eration) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 5.4 ;;=QO@M} (ALU op eration) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 5.5 %7%U%H (shift op eration) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 A %"%;%s%V%j!&%W%m%0%i%‘Nc 14 A.1 mem.asm : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 2

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 $O$8$a$K K\ =q $O!" DLX %W %m %;%C %5 $N L? Na %;%C %H $K BP 1~ $7 $? %" %; %s %V %i dasm MQ $N!" %" %; %s %V %j 8@ 8l %^ %K%e %" %k $G $9!# dasm $O %" %; %s %V %j 8@ 8l $G 5- =R $5 $l $? %W %m %0 %i %‘!& %U%! %$ %k $r F~ NO $H $7!" %W %m %0 %i %‘ $N %a %b %j!& %$ %a!< %8$r I=8= $9 $k SECONDS %9%/ %j%W %H $r=P NO$7 $^ $9!#$^ $?!" %W%m %0%i %‘ Fb$N %" %I%l %9>p Js ( %i %Y%k $H %"%I %l%9 $H$N BP1~4X 78 ) $r=P NO$9 $k$3 $H$,$G $-$^ $9!#$3 $l$K $h$j!" DLX %W%m %;%C%5 $N SECONDS %7%_%e %l!<%7%g %s 4D6-$rMQ$$$?%W%m%0%i%‘$N<B9T%7%_%e%l!<%7%g%s$rMF0W$K9T$J$&$3$H$,$G$-$^$9!# dasm $N5/F07A<0$O<!$N$h$&$K$J$C$F$$$^$9!# % dasm [options] �lename �lename $K$O!"%W%m%0%i%‘!&%U%!%$%k$r;XDj$7$^$9!# [options] $K$O!"<!$N3F%*%W%7%g%s$r;XDj$G$-$^$9!# %*%W%7%g%s FbMF >JN,CM -a addr ess-�le %"%I%l%9>pJs%U%!%$%k$r;XDj$7$^$9!# I8=‘%(%i!<=PNO -o output-�le =PNO%U%!%$%k$r;XDj$7$^$9!# I8=‘=PNO -h 5/F07A<0$N%X%k%W$rI=<($7$^$9!# 1 %"%;%s%V%j!&%W%m%0%i%‘$N35MW $^$::G=i$K!"4JC1$J%"%;%s%V%j!&%W%m%0%i%‘$r<($7!"3F9=J8MWAG$N35MW$r@bL@$7$^$9!# 9T %=!<%9 1: .data 0xffff00 = "/SYS/M00"[0xffff00] *1 2: darea: *2 .space 0 3: from: .word 0x000000ff *3 4: to: .space 4 5: end: .word 0 6: 7: .text 0 = "/SYS/M00"[0] *4 8: lhi $gp, (darea>>16) *5 # 9: . $gp |= (darea & 0xffff) *6 # $gp = darea *7 10: . $v0 *8 = (%w)$gp[(%o)from] # $v0 = *from 11: . nop # load delay slot 12: . (to - darea) *9 [$gp] = (%b)$v0 # *to = (char)$v0 13: . (to - darea)[$gp] = (%h)$v0 # *to = (short)$v0 14: . (to - darea)[$gp] = (%w)$v0 # *to = (int)$v0 15: 16: . $v0 = 1 # $v0 = 1 17: . $gp[(%o)end] = $v0 # *to = $v0 18: 19: inf: j inf 20: . nop # slot *1 %G!<%?!&%;%0%a%s%H$N3+;O 1 - 5 9T$G0l $D$N%G!<%?%; %0%a%s%H$r Dj5A$7$F$$ $^$9!#%G!<%?!&%; %0%a%s%H$G $O!"%W%m%0%i%‘$G;HMQ$9$k%G!<%?$NDj5A$dNN0h$N3NJ]$r5-=R$7$^$9!# ! 2 @a *2 %i%Y%k %G!< %?!& %; %0 %a %s %H $K $* $1 $k %G!< %? Dj 5A $d NN 0h 3N J] $N %" %; %s %V %i ;X Na!" $" $k $$ $O %F %- %9 %H!& %; %0 %a%s %H$K$* $1$kL? Na%K!<%b%K%C %/$d3H D%I=5- $K$h$kL? Na$N5- =R9T$K$O %i%Y%k $r$D$1 $k$3$H$, $G$-$^ $9!# 3

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 %i %Y %k $K ;H$( $k J8 ;z $O %" %k%U%! %Y%C %H!" ?t ;z!" ‘ ’, ‘’, ‘$’ $G $9!# $? $@ $7 @hF, $N J8 ;z $K ?t ;z$r MQ $$ $k $3 $H $O$G $-$^$; $s!#$=$7 $F!"%i%Y %k$K$O 0l$D$N%" %I%l%9 CM$,BP 1~$7$^ $9!#BP1~ $9$k%"%I %l%9$H $O!"%G!<%? Dj 5A!&NN 0h3NJ] $N%"%; %s%V%i ;XNa$N>l 9g!"$=$N %G!<%?NN 0h$N@hF, %"%I%l %9$G$" $j!"L?Na 5-=R9T$N >l9g$= $N L?Na$,3JG<$5$l$k%"%I%l%9$G$9!#$J$*!"Bg$-$5 0 $NNN0h3NJ]$rMQ$$$k$3$H$K$h$j!"F10l$N%"%I%l%9$KJ# ?t$N %i%Y%k$r $D$1$k$3 $H$b$G$- $^$9 (2 9T L\ ) !#$3$l$O!" Nc$($P%G!< %?%;%0%a %s%H$N 3+;O%"%I %l%9$KFC $K %i%Y%k$rIU$1$?$$>l9g$J$I$KM-8z$G$9!#$^$?!"%i%Y%k$ODj?t<0$NCf$G;H$&$3$H$,$G$-!"$=$NI>2ACM$O %i%Y%k %i%Y%k$r$D$1$?0LCV$N@dBP%"%I%l%9CM!# (%o) %i%Y%k %i%Y%k$r$D$1$?0LCV$N!"%;%0%a%s%HFb%*%U%;%C%H!# (%s) %i%Y%k %i %Y %k $r $D $1 $? %G!< %? NN 0h $N Bg $- $5 ( %P %$ %H C1 0L ) !# %F %- %9 %H!& %; %0 %a %s %H Fb $N %i %Y %k $N >l9g$O>o$K 0 !# $N$h$&$K!"%W%j%U%#%C%/%9 ( (%o), (%s) ) $K$h$C$F$5$^$6$^$KJQ2=$7$^$9!# ! 4 @a *3 %"%;%s%V%i;XNa %G!< %?!& %; %0 %a %s %H Fb $G %G!< %? Dj 5A $d NN 0h 3N J] $r 5- =R $9 $k $? $a $K $O!" %" %; %s %V %i ;X Na $r MQ$$$^$9!# ! 2 @a *4 %F%-%9%H!&%;%0%a%s%H$N3+;O 7 - 20 9T $G 0l$D $N %F %- %9 %H %; %0 %a %s %H $r Dj 5A $7 $F$$ $^ $9!# %F %- %9 %H!& %; %0 %a%s%H$G$O!"%W%m%0%i%‘$N%3!<%IItJ,$rL?Na%K!<%b%K%C%/$d3HD%I=5-$J$I$rMQ$$$F5-=R$7$^$9!# ! 2,5 @a *5 L?Na%K!<%b%K%C%/ DLX $NL?Na$H0lBP0lBP1~$9$kI=5-$G$9!# ! 5 @a *6 3HD%I=5- L?Na%K!<%b%K%C%/$r!"$h$j4J7i$+$DD>4QE*$K5-=R$9$k$?$a$NI=5-$G$9!# ! 5 @a *7 %3%a%s%H ‘#’ $+$i9TKv$^$G$O%3%a%s%H$H$J$j!" dasm $O$3$NItJ,$rL5;k$7$^$9!# *8 %l%8%9%? DLX $,Hw$($k 32 K\$N%l%8%9%?$r;XDj$9$kI=5-$G$9!#%l%8%9%?HV9f$K4p$E$/I=5-$H!" MIPS $N 47=,$K$J$i$C$?%K%C%/%M!<%‘I=5-$,$"$j$^$9!# ! 3 @a *9 Dj?t<0 %"%;%s %V%i;XNa!" L?Na%K!<%b %K%C%/$*$h $S3HD%I= 5-$K$*$$ $F!"Dj?t$r;X Dj$9$kIt J,$K$O C 8@8l$K =‘$8$?;;=Q1i;;<0$,;H$($^$9!# ! 4 @a 2 %"%;%s%V%i;XNa (assem bler directiv e) assem bler directiv e directiv e function .data a d = " mem-name "[ o ] b egin data segmen t from a d .byte b 1 ; b 2 ; � � � ; b n de�ne and allo cate b yte sequence .half h 1 ; h 2 ; � � � ; h n de�ne and allo cate half w ord sequence .word w 1 ; w 2 ; � � � ; w n de�ne and allo cate w ord sequence .space n allo cate n b yte area .align n align deta address with 2 n b yte b oundary .text a t = " mem-name "[ o ] b egin text segmen t from a t .data a d , .text a t ;X Na $K$h $j!" $= $l$> $l %G!< %?!&%; %0 %a %s %H$H %3!< %I ( %F %-%9 %H ) !& %; %0%a %s %H $N3+ ;O $r 5- =R $G $- $^ $9!# 0z ?t $N a d ; a t $O $H $b $K Dj ?t <0 $G!" $3 $l $K $h $j 3F %; %0 %a %s %H $N 3+ ;O %" %I %l %9 $r ;X Dj $7 $^ $9!# a t $O %o!< %I 6- 3&!" $9 $J $o $A 4 $N G\ ?t $G $" $k I, MW $, $" $j $^ $9!# $^ $?!" %G!< %?!& %; %0 %a %s %H!" %3!< %I!& %; %0 %a %s %H $O G$ 0U $N =g =x $G J# ?t 5- =R $9 $k $3 $H $, $G $- $^ $9 $,!" %" %I %l %9 0 $+ $i ;O $^ $k %3!< %I!& %; %0 %a %s %H $, I, ?\ $G $" $j!" %W %m %0 %i %‘ $N <B 9T $O $3 $N %; %0 %a %s %H $r 5/ E@ $H $7 $^ $9!# %; %0 %a %s %H $N Fb MF $O!" mem-name $G I= $5 $l $k SFL $N %a %b %j!& %U%! %7 %j %F%# $N o HV CO $+ $i =g $K 3J G< $5 $l $F $$ $- $^ $9!# $7 $? $,$C $F!" mem-name $O %P %$ %H C10L$N mem %U%!%7%j%F%#$G$"$kI,MW$,$"$j$^$9!# 4

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 .byte b 1 ; b 2 ; � � � ; b n ;XNa$O!"%G!<%?!&%;%0%a%s%H$K$*$$$F n 8D$N%P%$%HNs%G!<%?$rDj5A$7$^$9!#0z?t$,J# ?t$N >l9g ‘,’ $K $h$C $F6h @Z$j $^ $9!#3F Dj ?t$O %P%$ %H CM$H $7 $FI> 2A$5 $l!" 8=:_ $N %G!<%?!& %; %0%a %s%H $K =g<! G[ CV$5 $l$F $$$- $^$9!# .half ;X Na!" . word ;X Na$b F1MM $G!"$= $l $>$l %O!<%U!& %o!<%I Ns%G!< %?!"%o!< %INs %G!< %? $r Dj 5A!& G[ CV $7 $^ $9!# $? $@ $7 $3 $l $i $N >l 9g!" 3F %G!< %? $O!" $= $l $> $l %O!< %U!& %o!< %I 6- 3& $* $h $S %o!< %I 6- 3& $KG[CV$5$l$^$9!#$3$l$r!"%G!<%?$N<+F0@0Ns2=$H8F$S$^$9!# .space n ;X Na $O!" L$ Dj 5A %G!< %?NN 0h $r 3N J] $7 $^ $9!# 0z ?t n $O!" 3N J] $9$k NN 0h $N Bg $- $5 $r %P %$ %H C1 0L $GI= $7$^$9!# .align n ;XNa$O!"%G!<%?$N@0Ns2=$r9T$J$$$^$9!#$9$J$o $A!"8e$KB3$/ .byte, .half, .word, .space $J$I $N NN0h 3N J] ;XNa $N 3+ ;O%" %I %l%9 $r!" 6/ @)E* $K 2 n %P%$ %H 6- 3&$K 0\ F0 $7$^ $9!# Nc30 $H $7 $F n = 0 $N >l 9g!" 0J9_$=$N%G!<%?!&%;%0%a%s%H$,=*$k$^$G!"%G!<%?$N<+F0@0Ns2=5!G=$,M^@)$5$l$^$9!# 3 %l%8%9%? (register) register # alias what for 0 $r0, $0 alw a ys zero 1 $r1, $at reserv ed 2 $r2, $v0 return v alue 3 $r3, $v1 return v alue 4 $r4, $a0 1st argumen t 5 $r5, $a1 2nd argumen t 6 $r6, $a2 3rd argumen t 7 $r7, $a3 4th argumen t 8 $r8, $t0 temp orary (not to b e sa v ed) 9 $r9, $t1 temp orary (not to b e sa v ed) 10 $r10, $t2 temp orary (not to b e sa v ed) 11 $r11, $t3 temp orary (not to b e sa v ed) 12 $r12, $t4 temp orary (not to b e sa v ed) 13 $r13, $t5 temp orary (not to b e sa v ed) 14 $r14, $t6 temp orary (not to b e sa v ed) 15 $r15, $t7 temp orary (not to b e sa v ed) register # alias what for 16 $r16, $s0 temp orary (to b e sa v ed) 17 $r17, $s1 temp orary (to b e sa v ed) 18 $r18, $s2 temp orary (to b e sa v ed) 19 $r19, $s3 temp orary (to b e sa v ed) 20 $r20, $s4 temp orary (to b e sa v ed) 21 $r21, $s5 temp orary (to b e sa v ed) 22 $r22, $s6 temp orary (to b e sa v ed) 23 $r23, $s7 temp orary (to b e sa v ed) 24 $r24, $t8 temp orary (not to b e sa v ed) 25 $r25, $t9 temp orary (not to b e sa v ed) 26 $r26, $k0 reserv ed (for k ernel) 27 $r27, $k1 reserv ed (for k ernel) 28 $r28, $gp global p oin ter 29 $r29, $sp stac k p oin ter 30 $r30, $fp frame p oin ter 31 $r31, $ra return address DLX $K$O 32 K\ $N @0?t %l%8 %9%? $,$" $j!" 0 � 31 $^ $G$N HV9f $,IU $$$F $$$^ $9!# 0 HV %l%8 %9%? $OFC <l$J %l%8 %9%?$G!">o$KCM 0 $H$7$F;2>H$5$l $^$9!#$=$NB>$N 31 K\$N %l%8%9%?$ODL>o$N 32 %S%C%H@0?t%l%8 %9%?$H$7$FMQ $$$k$3$H$,$G$-$^$9!# %"%;%s%V%j!&%W%m%0%i%‘Fb$G$O $r0, $r1, � � � , $r31 $H$7$F5-=R$G$-$^$9$,!" MIPS $K$J$i$C$F3F%l%8 %9 %? $r %K%C %/ %M!< %‘ $G 5- =R $9 $k $3 $H $b $G $- $^ $9!# I= $N alias $N Ms $r ;2 >H $7 $F 2< $5 $$!# $3 $N %K%C %/ %M!< %‘ $O!" MIPS $, 3F%l%8%9%?$K 3d$jEv$F$F $$$kLr3d$K4p $E$/$b$N$G$9!# 3FLr3d$K$D$$ $F$O what for $N Ms$r;2>H$7 $F2< $5$$!# 4 Dj?t<0 (constan t expression) %"%;%s%V%j!&%W%m%0%i%‘Fb$N 1. %"%;%s%V%i;XNa $N0z?t 2. L?Na5-=R$K$*$1$kB(CM%*%Z%i%s%I $N2U=j$K$*$$$F!"Dj?t<0$r5-=R$9$k$3$H$,$G$-$^$9!# 5

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 Dj?t<0$N9=J8$O!"<!$N BNF I=5-$GDj5A$5$l$^$9!#=*C<5-9f$O =*C<5-9f !"Hs=*C<5-9f$O Hs=*C<5-9f $N$h $&$KI= 5-$7$F$* $j!"0lIt @55,I= 8=$rMQ$$ $F$$$k ItJ,$b $"$j$^$9!# $^$?!"<0 $NI>2A $O>o$K 32 %S%C%H$N ?t$H$7 $F 9T$J$o$l$^$9!# Dj?t<0 ::= Dj?t9‘ j ( Dj?t<0 ) j C19‘1i;;;R Dj?t<0 j Dj?t<0 Fs9‘1i;;;R Dj?t<0 Dj?t9‘ ::= %i%Y%k j (%o) %i%Y%k j (%s) %i%Y%k j 16 ?JDj?t j 10 ?JDj?t j 8 ?JDj?t j 2 ?JDj?t %i%Y%k ::= h a - z A - Z $ i h a - z A - Z $ 0 - 9 i � 16 ?JDj?t ::= 0x h 0 - 9 a - f i + 10 ?JDj?t ::= 0 j h 1 - 9 i h 0 - 9 i � 8 ?JDj?t ::= 0o h 0 - 7 i + 2 ?JDj?t ::= 0b h 0 1 i + C19‘1i;;;R ::= - j ~ j ++ j [++] j (++) j -- j [--] j (--) Fs9‘1i;;;R ::= * j (*) j [*] j / j (/) j [/] j % j (%) j [%] j + j (+) j [+] j - j (-) j [-] j << j (>>) j (>>) j == j (!=) j < j (<) j [<] j > j (>) j [>] j <= j (<=) j [<=] j >= j (>=) j [>=] j & j ^ j j 6

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 1i;;;R$NM%@h=g0L 1i;;;R 1i;; M%@hEY 7k9g - IiId9f 0 1& ~ %S%C%HH?E> 0 1& ++ (++) Id9f$D$- +1 0 1& [++] Id9f$J$7 +1 0 1& -- (--) Id9f$D$- -1 0 1& [--] Id9f$J$7 -1 0 1& * (*) Id9f$D$->h;; 1 :8 [*] Id9f$J$7>h;; 1 :8 / (/) Id9f$D$-=|;; 1 :8 [/] Id9f$J$7=|;; 1 :8 % (%) Id9f$D$->jM> 1 :8 [%] Id9f$J$7>jM> 1 :8 + (+) Id9f$D$-2C;; 2 :8 [+] Id9f$J$72C;; 2 :8 - (-) Id9f$D$-8:;; 2 :8 [-] Id9f$J$78:;; 2 :8 1i;;;R$NM%@h=g0L 1i;;;R 1i;; M%@hEY 7k9g << :8%7%U%H 3 :8 >> O@M}1&%7%U%H 3 :8 (>>) ;;=Q1&%7%U%H 3 :8 < (<) Id9f$D$->.$J$j 4 :8 [<] Id9f$J$7>.$J$j 4 :8 > (>) Id9f$D$-Bg$J$j 4 :8 [>] Id9f$J$7Bg$J$j 4 :8 <= (<=) Id9f$D$-0J2< 4 :8 [<=] Id9f$J$70J2< 4 :8 >= (>=) Id9f$D$-0J>e 4 :8 [>=] Id9f$J$70J>e 4 :8 == EyCM 5 :8 != ITEyCM 5 :8 & O@M}@Q 6 :8 ^ GSB>E*O@M}OB 7 :8 j O@M}OB 8 :8 5 L?Na%;%C%H (instruction set) $3$N@a$G$O!" dasm $,%5%]!<%H$9$k DLX $NL?Na%;%C%H$rNs5s$7$^$9!#L?Na%;%C%H$O 1. J,4tL?Na 2. %"%/%;%9L?Na 3. Hf3SL?Na 4. ;;=QO@M}1i;;L?Na 5. %7%U%HL?Na $N3F%0%k!<%W$KJ,N‘$7!"I=$K$^$H$a$^$7$?!#I=$N3FMs$O<!$N$h$&$J0UL#$r;}$A$^$9!# instruction %" %; %s%V %j!& %W %m %0%i %‘ $G 5- =R$9 $k $? $a$N L? Na %K!< %b%K%C %/ $G $9!#%* %Z %i %s %IIt J, $O <! $NI= 5- $rMQ$$$F$$$^$9!# I=5- 0UL# r 1 ; r 2 ; � � � %l%8%9%?$r;XDj$7$^$9 ( ! 3 @a ) !# i Dj?t<0$r5-=R$G$-$^$9!#:G=*E*$J7k2L$O 16 %S%C%H$K%-%c%9%H$5$l$^$9!# i a %"%I%l%9$rI=$9Dj?t<0$r5-=R$7$^$9!# alias 3F L? Na %K!< %b %K%C %/ $r!" $h $j 4J 7i $G D> 4Q E* $J I= 5- $G 5- =R $9 $k $? $a $N 3H D% I= 5- $G $9!# L? Na %K!< %b %K%C %/ $N Be BX I= 5-$H $7 $F!" %" %; %s %V%j!& %W %m %0 %i %‘ Cf$G 5- =R $9 $k $3 $H$, $G $- $^ $9!# 3H D%I= 5- $O $9 $Y $F . $G ;O $^$k$3$H$KCm0U$7$F2<$5$$!# description 3FL?Na$N5!G=$N4J7i$J@bL@$G$9!# b eha vior 3FL?Na$N5!G=$r7A<0E*$KDj5A$7$^$9!#<!$N$h$&$JI=5-$rMQ$$$F$$$^$9!# 7

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 I=5- 0UL# a ( b a $K b $NCM$rE>Aw$9$k � v v $NCM$rId9f$D$-@0?t$H$_$J$7$??t � v v $NCM$rId9f$J$7@0?t$H$_$J$7$??t h v � n i v $NCM$r!" n %S%C%H$KId9f3HD%$7$? n %S%C%H$N?t h v � n i v $NCM$r!" n %S%C%H$K%<%m3HD%$7$? n %S%C%H$N?t M [ a : � n ] %a%b%j%"%I%l%9 a $+$i;O$^$k n %P%$%H$rO"7k$7$?!" 8 � n %S%C%H$N?t v j h::l j v $NCM$NBh h %S%C%H$+$iBh l %S%C%H$^$G$r@Z$j=P$7$??t a # b a $H b $r%S%C%HO"7k$7$??t pc %W%m%0%i%‘%+%&%s%? $J $*!" dasm $, %5 %]!< %H $9 $k L? Na %;%C %H $O!" 86 B’ $H $7 $F DLX $N 86 E5 $G $" $k J8 8% [1] $K 5- $5 $l $F $$ $k L? Na %;%C %H $+ $i!" Ib F0 >. ?t E@ L? Na $r =| $$ $? $b $N $G $9 $,!" <o!9 $N M} M3 $K $h $j 0l It JQ 99 $r 2C $( $? L? Na $d DI 2C $5 $l $? L? Na$,$"$j$^$9!#$3$l$i$NJQ99$K$D$$$F$OJQ99E@$rL@5-$7$^$9!# 5.1 J,4t (jump and branc h) jump and branc h instruction alias description b eha vior j i a .goto i a relativ e jump pc ( i a jr r 1 .goto r 1 absolute jump pc ( r 1 $r31 .return jal i a .call i a relativ e jump and link $ r 31 ( pc + 4; pc ( i a jalr r 1 .call r 1 absolute jump and link $ r 31 ( pc + 4; pc ( r 1 beqz r 1 , i a branc h if equal zero if( r 1 = 0) pc ( i a bnez r 1 , i a branc h if equal zero if( r 1 6 = 0) pc ( i a b f p t (not implemente d) b f p f (not implemente d) r f e return from exception (not implemente d) t r a p (not implemente d) j, jal L?Na$N%K!<%b%K%C%/7A<0$O absolute jump $G$9$,!"L?Na%3!<%I$N7A<0$G$OB(CM$H$7$F i a $H pc + 4 $H$N 5w N%$r ;XDj $9 $k$N $G!" <B:] $O relativ e jump $G $9!# $^$?!" beqz, bnez L? Na$b F1MM $K relativ e jump $G $9!#$=$N$?$a!"%8%c%s%W$NAjBP5wN%$K4X$7$F!" j, jal L?Na ( pc + 4 � 2 25 � i a < pc + 4 + 2 25 ) beqz, bnez L?Na ( pc + 4 � 2 15 � i a < pc + 4 + 2 15 ) $H$$$&@)Ls$,$D$-$^$9!# dasm $O$3$N@)Ls$r8!::$7$^$9!# JQ99;v9‘ $3$N%0%k!<%W$GJQ99!&DI2C$5$l$?L?Na$O$"$j$^$;$s!# 8

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 5.2 %"%/%;%9 (load and store) load and store instruction alias description b eha vior lb r 1 , i ( r 2 ) . r 1 = (%b) i [ r 2 ] load signed b yte r 1 ( D M � i � 32 � + r 2 : � 1 � � 32 E . r 1 = (%b) r 2 [ i ] lbu r 1 , i ( r 2 ) . r 1 = (%bu) i [ r 2 ] load unsigned b yte r 1 ( D M � i � 32 � + r 2 : � 1 � � 32 E . r 1 = (%bu) r 2 [ i ] lh r 1 , i ( r 2 ) . r 1 = (%h) i [ r 2 ] load signed half w ord r 1 ( D M � i � 32 � + r 2 : � 2 � � 32 E . r 1 = (%h) r 2 [ i ] lhu r 1 , i ( r 2 ) . r 1 = (%hu) i [ r 2 ] load unsigned half w ord r 1 ( D M � i � 32 � + r 2 : � 2 � � 32 E . r 1 = (%hu) r 2 [ i ] lw r 1 , i ( r 2 ) . r 1 = (%w) i [ r 2 ] load w ord r 1 ( M � i � 32 � + r 2 : � 4 � . r 1 = (%w) r 2 [ i ] l f load SP oat (not implemente d) l d load DP oat (not implemente d) sb i ( r 1 ), r 2 . i [ r 1 ] = (%b) r 2 store b yte M � i � 32 � + r 1 : � 1 � ( r 2 j 7 :: 0 j . r 1 [ i ] = (%b) r 2 sh i ( r 1 ), r 2 . i [ r 1 ] = (%h) r 2 store half w ord M � i � 32 � + r 1 : � 2 � ( r 2 j 15 :: 0 j . r 1 [ i ] = (%h) r 2 sw i ( r 1 ), r 2 . i [ r 1 ] = (%w) r 2 store w ord M � i � 32 � + r 1 : � 4 � ( r 2 . r 1 [ i ] = (%w) r 2 . i [ r 1 ] = r 2 . r 1 [ i ] = r 2 JQ99;v9‘ $3$N%0%k!<%W$GJQ99!&DI2C$5$l$?L?Na$O$"$j$^$;$s!# 9

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 5.3 Hf3S (compare op eration) compare op erations instruction alias description b eha vior seqi r 1 , r 2 , i . r 1 = r 2 == i if equal r 1 ( r 2 = i snei r 1 , r 2 , i . r 1 = r 2 != i if not equal r 1 ( r 2 6 = i slti r 1 , r 2 , i . r 1 = r 2 (<) i if signed less than r 1 ( � r 2 < � i � 32 � . r 1 = r 2 < i sltui r 1 , r 2 , i . r 1 = r 2 [<] i if unsigned less than r 1 ( � r 2 < � i � 32 � sgti r 1 , r 2 , i . r 1 = r 2 (>) i if signed greater than r 1 ( � r 2 > � i � 32 � . r 1 = r 2 > i sgtui r 1 , r 2 , i . r 1 = r 2 [>] i if unsigned greater than r 1 ( � r 2 > � i � 32 � slei r 1 , r 2 , i . r 1 = r 2 (<=) i if signed less than or equal r 1 ( � r 2 � � i � 32 � . r 1 = r 2 <= i sleui r 1 , r 2 , i . r 1 = r 2 [<=] i if unsigned less than or equal r 1 ( � r 2 � � i � 32 � sgei r 1 , r 2 , i . r 1 = r 2 (>=) i if signed greater than or equal r 1 ( � r 2 � � i � 32 � . r 1 = r 2 >= i sgeui r 1 , r 2 , i . r 1 = r 2 [>=] i if unsigned greater than or equal r 1 ( � r 2 � � i � 32 � seq r 1 , r 2 , r 3 . r 1 = r 2 == r 3 if equal r 1 ( r 2 = r 3 sne r 1 , r 2 , r 3 . r 1 = r 2 != r 3 if not equal r 1 ( r 2 6 = r 3 slt r 1 , r 2 , r 3 . r 1 = r 2 (<) r 3 if signed less than r 1 ( � r 2 < � r 3 . r 1 = r 2 < r 3 sltu r 1 , r 2 , r 3 . r 1 = r 2 [<] r 3 if unsigned less than r 1 ( � r 2 < � r 3 sgt r 1 , r 2 , r 3 . r 1 = r 2 (>) r 3 if signed greater than r 1 ( � r 2 > � r 3 . r 1 = r 2 > r 3 sgtu r 1 , r 2 , r 3 . r 1 = r 2 [>] r 3 if unsigned greater than r 1 ( � r 2 > � r 3 sle r 1 , r 2 , r 3 . r 1 = r 2 (<=) r 3 if signed less than or equal r 1 ( � r 2 � � r 3 . r 1 = r 2 <= r 3 sleu r 1 , r 2 , r 3 . r 1 = r 2 [<=] r 3 if unsigned less than or equal r 1 ( � r 2 � � r 3 sge r 1 , r 2 , r 3 . r 1 = r 2 (>=) r 3 if signed greater than or equal r 1 ( � r 2 � � r 3 . r 1 = r 2 >= r 3 sgeu r 1 , r 2 , r 3 . r 1 = r 2 [>=] r 3 if unsigned greater than or equal r 1 ( � r 2 � � r 3 %l %8 %9 %? - B( CM 7A <0 $N $9 $Y $F $N L? Na $K $* $$ $F!" 16 %S%C %H $N B( CM $, Id 9f 3H D% $5 $l $k $3 $H $K Cm 0U $7 $F 2< $5 $$!# JQ99 ;v 9‘ %* %j %8 %J%k $N DLX $G$O!" Id 9f $D $- @0?t $N Hf 3S L?Na s**, s**i ( ** $O eq, ne, lt, gt, le, ge $N$$$:$l$+ ) $N$_MQ0U$5$l$F$$$^$9$,!"?7$?$KId9f$J$7@0?t$NHf3SL?Na s**u, s**ui $rDI2C$7$^$7$?!# 10

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 5.4 ;;=QO@M} (ALU op eration) arithmetic and logical op erations (register - immediate) instruction alias description b eha vior addi r 1 , r 2 , i . r 1 = r 2 (+) i signed addition r 1 ( � r 2 + � i � 32 � r 1 , r 2 , i . r 1 = r 2 + i r 1 , r 1 , i . r 1 (+)= i r 1 , r 1 , i . r 1 += i r 1 , r 1 , 1 .(++) r 1 r 1 , r 1 , 1 .++ r 1 addui r 1 , r 2 , i . r 1 = r 2 [+] i unsigned addition r 1 ( � r 2 + � i � 32 � r 1 , r 1 , i . r 1 [+]= i r 1 , r 1 , 1 .[++] r 1 subi r 1 , r 2 , i . r 1 = r 2 (-) i signed subtraction r 1 ( � r 2 � � i � 32 � r 1 , r 2 , i . r 1 = r 2 - i r 1 , r 1 , i . r 1 (-)= i r 1 , r 1 , i . r 1 -= i r 1 , r 1 , 1 .(--) r 1 r 1 , r 1 , 1 .-- r 1 subui r 1 , r 2 , i . r 1 = r 2 [-] i unsigned subtruction r 1 ( � r 2 � � i � 32 � r 1 , r 1 , i . r 1 [-]= i r 1 , r 1 , 1 .[--] r 1 andi r 1 , r 2 , i . r 1 = r 2 & i logical AND r 1 ( r 2 & i � 32 � r 1 , r 1 , i . r 1 &= i ori r 1 , r 2 , i . r 1 = r 2 j i logical OR r 1 ( r 2 j i � 32 � r 1 , r 1 , i . r 1 j = i xori r 1 , r 2 , i . r 1 = r 2 ^ i logical X OR r 1 ( r 2 ^ i � 32 � r 1 , r 1 , i . r 1 ^= i lhi r 1 , i load high immediate r 1 ( i j 15 :: 0 j #0 x 0000 JQ99;v 9‘ %*%j%8 %J%k$N DLX $G$O!"%l %8%9%? - B( CM7A <0$NO@ M}1i;; L?Na andi, xori, ori $K $*$$$F!" B( CM$O Id9f3HD% $HDj5A$5$l$F$$$^$9$,!"$3$l$r %<%m3HD% $KJQ99$7$^$7$?!#M}M3$O<!$NDL$j$G$9!# J8 8% [1] $K $O!" lhi, addui $N 2 L? Na $K $h$C $F!" 32 %S%C %H Dj ?t $r %l %8 %9 %? $K 3J G< $G $- $k $3 $H $r <( :6 $9 $k 5-=R$,$"$j$^$9$,!" addui L?Na$NB(CM$OId9f3H D%$HDj5A$5$l$F$$$k$?$a!"<B:]$OIT2DG=$G$9 ( %S%C%H 15 $, 1 $G$"$kDj?t$N>l9g ) !#$=$3$G!"O@M}1i;;L?Na$NB(CM$r%<%m3HD%$HDj5A$9$k$3$H$K$h$j!" lhi, ori $N 2 L?Na$G 32 %S%C%HDj?t$N%l%8 %9%?3JG<$r2DG=$K$7$^$7$?!#$3$NB(CM3HD%7A<0$O!" DLX $N8;@t$G$"$k MIPS $NL?NaDj 5A$K=‘$8$F$$$^$9!# 11

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 arithmetic and logical op erations (register - register) instruction alias description b eha vior add r 1 , r 2 , r 3 . r 1 = r 2 (+) r 3 signed addition r 1 ( � r 2 + � r 3 r 1 , r 2 , r 3 . r 1 = r 2 + r 3 r 1 , r 1 , r 2 . r 1 (+)= r 2 r 1 , r 1 , r 2 . r 1 += r 2 r 1 , r 2 , $r0 . r 1 = r 2 $r0, $r0, $r0 .nop addu r 1 , r 2 , r 3 . r 1 = r 2 [+] r 3 unsigned addition r 1 ( � r 2 + � r 3 r 1 , r 1 , r 2 . r 1 [+]= r 2 sub r 1 , r 2 , r 3 . r 1 = r 2 (-) r 3 signed subtraction r 1 ( � r 2 � � r 3 r 1 , r 2 , r 3 . r 1 = r 2 - r 3 r 1 , r 1 , r 2 . r 1 (-)= r 2 r 1 , r 1 , r 2 . r 1 -= r 2 subu r 1 , r 2 , r 3 . r 1 = r 2 [-] r 3 unsigned subtruction r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 [-]= r 2 mult r 1 , r 2 , r 3 . r 1 = r 2 (*) r 3 signed m ultiplication r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 *= r 2 r 1 , r 1 , r 2 . r 1 (*)= r 2 r 1 , r 1 , r 2 . r 1 *= r 2 multu r 1 , r 2 , r 3 . r 1 = r 2 [*] r 3 unsigned m ultiplication r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 [*]= r 2 d i v signed division (not implemente d) d i v u unsigned division (not implemente d) and r 1 , r 2 , r 3 . r 1 = r 2 & r 3 logical AND r 1 ( r 2 & r 3 r 1 , r 1 , r 2 . r 1 &= r 2 or r 1 , r 2 , r 3 . r 1 = r 2 j r 3 logical OR r 1 ( r 2 j r 3 r 1 , r 1 , r 2 . r 1 j = r 2 xor r 1 , r 2 , r 3 . r 1 = r 2 ^ r 3 logical X OR r 1 ( r 2 ^ r 3 r 1 , r 1 , r 2 . r 1 ^= r 2 JQ 99 ;v 9‘ @0 ?t >h ;; L? Na mult, multu $O!" %* %Z %i %s %I $H $7 $F Ib F0 >. ?t E@ %l %8 %9 %? $r ;X Dj $9 $k $H Dj 5A $5 $l $F $$$^$9$,!"8=;~E@$G$O@0?t%l%8%9%?$r;XDj$9$k$b$N$HDj5A$7$F$$$^$9!#$^$?!"J88% [1] $G$O!"5-=R2U=j$K$h$C $F%l %8 %9 %? - B( CM 7A<0 $N @0 ?t >h;; L? Na multi, multui $, Dj5A $5 $l $F $$$k $h $& $K5- =R $5 $l$F $$ $^ $9$,!" $3 $N L?Na$OMQ0U$5$l$F$$$^$;$s!# 12

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 5.5 %7%U%H (shift op eration) shift op erations instruction alias description b eha vior slli r 1 , r 2 , i . r 1 = r 2 << i shift logical left r 1 ( � r 2 � � i � 32 � r 1 , r 1 , i . r 1 <<= i srli r 1 , r 2 , i . r 1 = r 2 >> i shift logical righ t r 1 ( � r 2 � � i � 32 � r 1 , r 1 , i . r 1 >>= i srai r 1 , r 2 , i . r 1 = r 2 (>>) i shift arithmetic righ t r 1 ( � r 2 � � i � 32 � r 1 , r 1 , i . r 1 (>>)= i sll r 1 , r 2 , r 3 . r 1 = r 2 << r 3 shift logical left r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 <<= r 2 srl r 1 , r 2 , r 3 . r 1 = r 2 >> r 3 shift logical righ t r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 >>= r 2 sra r 1 , r 2 , r 3 . r 1 = r 2 (>>) r 3 shift arithmetic righ t r 1 ( � r 2 � � r 3 r 1 , r 1 , r 2 . r 1 (>>)= r 2 JQ99;v9‘ $3$N%0%k!<%W$GJQ99!&DI2C$5$l$?L?Na$O$"$j$^$;$s!# ;29MJ88% [1] John L.Hennessy and Da vid A.P atterson; IY ED bC<# !& B< >e OB >4 !& ?7 Ui<# CK Lu : \ %3%s %T%e!< %?!& %"!<%-%F%/%A%c : @_7W!&<B8=!&I>2A$NDjNLE*%"%W%m!<%A ", F|7P BP <R , 1992 [2] Da vid A.P atterson and John L.Hennessy and; @. ED 8w >4 Lu : \ %3%s %T%e!< %? $N 9= @.$H @_ 7W [ 2< ]", F| 7P BP <R , 1996 13

N T T O D ASM | DLX Assem bler for SECONDS | Rev. 1.2 A %"%;%s%V%j!&%W%m%0%i%‘Nc A.1 mem.asm %a %b %j $N %m!< %I $H %9 %H %" $r 9T $J $& $@ $1 $N C1 =c $J %W %m %0 %i %‘ $G $9!# NN 0h from $K 3J G< $5 $l $F $$ $k %o!< %I CM $r $v0 $K%m!<%I$7!"NN0h to $K!"=g$K%P%$%H!"%O!<%U!&%o!<%I!"%o!<%I$H$7$F%9%H%"$7$F$$$-$^$9!#%9%H%"$,=* N;$9$k$H!"NN0h end $K3JG<$5$l$F$$$kCM$r 0x00000001 $KJQ$($F!"L58B%k!<%W$KF~$j$^$9!# 1 .data 0x00ffff00 = "/SYS/M00"[0x00ffff00] 2 darea: .space 0 3 from: .word 0x000000ff 4 to: .space 4 5 end: .word 0 6 7 .text 0 = "/SYS/M00"[0] 8 lhi $gp, (darea>>16) # 9 . $gp |= (darea & 0xffff) # $gp = darea 10 . $v0 = (%w)$gp[(%o)from] # $v0 = *from 11 . nop # load delay slot 12 . $gp[(%o)to] = (%b)$v0 # *to = (unsigned char)$v0 13 . $gp[(%o)to] = (%h)$v0 # *to = (unsigned short)$v0 14 . $gp[(%o)to] = (%w)$v0 # *to = (unsigned int)$v0 15 16 . $v0 = 1 # $v0 = 1 17 . $gp[(%o)end] = $v0 # *to = $v0 18 19 inf: . goto inf # infinite loop 20 . nop # slot %"%;%s%V%k7k2L 1 memset /SYS/M00 16776960\ 2 X00 X00 X00 Xff 3 memset /SYS/M00 16776968\ 4 X00 X00 X00 X00 5 memset /SYS/M00 0\ 6 X3f X9c X00 Xff\ 7 X37 X9c Xff X00\ 8 X8f X82 X00 X00\ 9 X00 X00 X00 X20\ 10 Xa3 X82 X00 X04\ 11 Xa7 X82 X00 X04\ 12 Xaf X82 X00 X04\ 13 X34 X02 X00 X01\ 14 Xaf X82 X00 X08\ 15 X0b Xff Xff Xfc\ 16 X00 X00 X00 X20 17 rpt_add from "from [00ffff00]: %2X %2X %2X %2X\n"\ 18 /SYS/M00@Xffff00 /SYS/M00@Xffff01 /SYS/M00@Xffff02 /SYS/M00@Xffff03 19 rpt_add to "to [00ffff04]: %2X %2X %2X %2X\n"\ 20 /SYS/M00@Xffff04 /SYS/M00@Xffff05 /SYS/M00@Xffff06 /SYS/M00@Xffff07 21 rpt_add end "end [00ffff08]: %2X %2X %2X %2X\n"\ 22 /SYS/M00@Xffff08 /SYS/M00@Xffff09 /SYS/M00@Xffff0a /SYS/M00@Xffff0b 14