MIPS R3000 Instruction Set Architecture (ISA)

= Instruction Categories Registers
= = EVS ;
ﬁ+§%7_f\'779’_¥¢%ﬁm = Computational RO - R31
. = Load/Store
(Advanced Computer Architectures)
= Jump and Branch
= Floating Point
' - _coprocessor
= Memory Management
2. ZAhS5TOtkyY, R—I\—ZAAhSTOtyH = Special
3 Instruction Formats: all 32 bits wide
~ _ oP rs rt rd sa funct R format
HH D HEIYER | | | | | H |
kise _at_ cs.titech.ac.jp www.arch.cs.titech.ac.jp \ OP | rs | rt | immediate \ | format
w83l #BEE AR 9:00 - 10:30 -
‘ OoP | jump target ‘ J format
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MIPS Arithmetic Instructions MIPS I1SA So Far
) ) Category Instr Op Code Example Meaning
= MIPS assembly language-arithmetic statement Arithmetic | add Oand32_| add SsL, $s2, 53 Ss1= 552 + 553
add $t0, $si1, $s2 g:;;() subtract 0and34 | sub $s1,$s2, $s3 $s1 = 852 - $53
4 \ add immediate 8 addi $s1, $s2, 6 $s1=$s2 + 6
sub $t0, $s1, $s2 or immediate 13 ori $s1, $s2, 6 $51=$52v6
Data Transfer | load word 35 Iw  $s1, 24($s2) $s1 = Memory($s2+24)
= Each arithmetic instruction performs only one (tHorma | sore word @ [ st 24(652) Mermory(8s2+24) = $s1
. load byte 32 Ib  $s1, 25($s2) $s1 = Memory($s2+25)
operatlon store byte 40 sb $s1, 25($s2) Memory($s2+25) = $s1
= Each arithmetic instruction fits in 32 bits and specifies load upper imm 15 | ssie 51— 672
exactly three operands Cond. Branch | br on equal 4 beq $sl, $s2, L if ($51==$52) go to L
destinati 1 2 é')r‘fn:l) br on not equal 5 bne Ss1, $52, L if (Ss1 1=$52) go to L
estination < source source set on less than 0 and 42 slt  $s1, $s2, $s3 if ($s2<$s3) $§%f=lnelse
= Operand order is fixed (destination first) seton less than 0[S ssLss26 i (852<6) Ss1g, else
. . immediate
" Thqse oplerands are all contamgd in the datapath’s p— Jomp T s
register file ($t0,%$s1,%$s2) — indicated by $ J;;gfmm@& jump register Oands |jr su goto St
jump and link 3 jal 2500 go to 10000; $ra=PC+4 4
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MIPS Register Convention, .
ABI (Application Binary Interface) Exercise 1
Name Register Usage Preserve . )
Number on call? swap (int v[], int k)
$zero 0 constant O (hardware) n.a. {
$at 1 reserved for assembler n.a. int temp;
$v0 - $v1 2-3 returned values no temp = v k1
$a0 - $a3 4-7 arguments yes K kil
= +1],
$t0 - $t7 8-15 temporaries no v k] v I
$50 - $s7 16-23 saved values yes v[k+1] = temp;
$t8 - $t9 24-25 | temporaries no }
$gp 28 global pointer yes
$sp 29 stack pointer yes
$fp 30 frame pointer yes
$ra 31 return addr (hardware) yes
6
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Exercise 1

swap:
add $t1, $al, $al #
add $t1, $t1, $t1 # $t1 =k * 4;
add $t1, $a0, $t1 # $t1 = &v[kl;
lw §$t0, 0($t1) # $t0 = v[kl:
lw #
swW #
SW #
jr $ra # return

sll $t1, $al, 2 ,

Exercise 2

swap(int v[], int j, int k) g%%iﬁgiiiﬁ(ﬁﬁf)
{ T ES 1

int temp;

temp = v[j]l;

v[jl = v[kI:

v[k] = temp;
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Exercise 2 Sample program
swap: #include <stdio.h>
add $t1, $al, $al #
add $t1, $t1, $t1 # $t1 = k * 4; int main(){
add $t1, $a0, $t1 # $t1 = &v[kl: int i;
int sum = 0;
lw $t0, 0($t1) # $t0 = vkl;
lw # for(i=1; i<=100; i++)
sum +=i;
SW #
sw # return sum;
jr $ra # return ) ) ) )
irs mipsel-linux-gcc -O0 -S main.c -0 main_opt0.s
sll $t1, $al, 2 ©
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naint
frane  $fg, 24,831
Jmask  0x40000000, -8
wask. 0x00000000, 0
Sample program D edeoer Sample program
et nomacro
addiu $sp,$sp,-24 mipsel-linux-objdump -d ./a.out
. . T Bfp, 16(3sp) . .
#include <stdio.h> nove 0, 350 #include <stdio.h> -
b ggﬁ(a‘m) ot fad addiu  sp,sp, 24
su 32, 12(3p) Resecrt e 3 ;g(sn)
; f b 32 ; f -
int main(){ Pop int main(){ gheon00s o eI
ot P, afc2000c su w0, 12(s8
int I Ll int 15 1000000a b 400604 < H0xdd>
) Iu $3,8(3fn) . 00000000 nop
int sum = 0; i 32,12(3fp) int sum = 0; 8fc30008 i v1,8(s8)
nop &FCI000C in w0, 12(<8)
acdu $2,93,92 00000000 nog
=1 2, 8(3n) 00621021 addu vl),v%,é)O
H i B L 12, 12 (3 + . . 4005F0 ¢ fC20008 0,8
for(i=1; i<=100; i++) = 82, 12(37r) for(i=1; i<=100; i++) | aoosra: Gca000: i 0,138
iy 12421 GOEC Dago B w0t
=i =i < addiu v0,v0,
sum +=1; o §2,12(3f0) sum +=1; 400800 Fc20000 o w0 12(sE
L 2, 123 400804 FFC2000C Tu w0, 13 (80
o * 400608 00000000 nop
l?. 32,82, 101 40060c 2RAZ0065 slti w0, w0, 101
return sum; = 232 return sum; 400610+ 1440FFF3 brez w0, 400520 <QEEIRHOR20>
bre $2, 30, 8L3 400614 ¢ 00000000 nop
} nop } 400618+ Bfc20008 Lu w0, 8 (s8)
40061c: 03c0eB21 nove =p, =8
Ly $2,8(3fp) 400620+ Bfben010 Lu =8, 16 (s}
nove sp, $fp 400624 2Thd0018 addiu sp,sp, 24
b LBt m=oms L "
mipsel-linux-gcc -00 -S main.c -0 main_opt0.s i e s, il oo
rap 11 12
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Sample program

maint
Jframe  3sp, 0,331
Jnask ORO0000000, 0
Lfmask  0=00000000, 0

Lzet noreorcers
Lset nomacro
J 331
li 3%, 5050
# Makefile
all:

mipsel-linux-gcc -00 -S main.c -0 main_opt0.s
mipsel-linux-gcc -O1 -S main.c -0 main_optl.s
mipsel-linux-gcc -02 -S main.c -0 main_opt2.s
mipsel-linux-gcc -O3 -S main.c -0 main_opt3.s

AR —FTOF R
* (Advanced Computer Architectures)

2-1. RAhZTatvy

13 14
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R — . .
JotyY DB ER TatvHDT—RIRR (VT I -HAI)L)
[ op [ rs [t |  16bitimmediate | format
addi $t0, $t1, -1 [ addi $8, $9, -1 ]
) ° [ sign | Ny
Instruction extend h
memory 4 g
1
e (35 71] | et
pe b -
1 o [70:18] A
rogister 1 foad | .
Road dela1 | Zero L1
registar [ ALU - :
- Write Poad |, result
rogmer 04182 PC = 0x40 L UL R \._J
Wrile $9=7 A l\ /"I
st Mnm! ]
15 16
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. — . .
Exercise TOtvHDTF—HIRR (T IL-HA5)L)
op s rt rd ‘ shamt ‘ funct
t 16 bit i diat | format
[ oo [ s [ o | Himmeciate add $t0, $s1, $s2 [ add $8, $17, $18 ]
addi $t0, $t1, -1 [ addi $8, $9, -1]
K&, $HEES, - o
PEREI—IMERET) ’
- s 21
- e [30-18]
17 18
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TatyHDT—ENRR (T I AIIL)
[ oo [ rs [ n [  16bitimmediate | format

Iw $t0, 24($s2) [ Iw $8, 24($18) ]

TOtEyYDT—=RIRR (T IL- A7)
16 bitimmediate ] | format

‘ op ‘ s ‘ rt ‘

sw $t0, 24($s2) [ sw $8, 24($18) ]
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— ° . o — o s ~
Ty OT—RIRR (VT IL-HAI)L) TOEyDT—RINR (VT IL-HAI)L)
op rs rt 16 bit immediate | format | |
beq $s0, $s1, Label [beq $16, $17, Label ]
le— one clock period —|
Progeam 200 400 60O 800 1200 1400
e 20 S0 S8 B VO MR TP we wm
[ instructions)
to 1, 100080} " pag | a | DR e
Wo§2, 20080) T Boops || A [ =
b $3, 300($0) BOO ps
21 22
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= Publisher: Morgan
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* TFrFovA

n EBERATAR, BERT V-
= www.arch.cs.titech.ac.jp

» BERAOHER
= 131.112.16.56 (FHRIFHDBEEDLEIANFEEA)
= ssh advance@131.112.16.56
= Username advance
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