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1Tui $s0, 61|

10000'0000 01111101 0000 0000 0000 0000

Sl C@mizyne Cyl ol Code b o CSlp

ori $s0, $s0, 2304|

0000 0000 0111 1101/0000 10010000 0000 |

The machine language version of Tui $t0, 255 # $t0 is register 8:
001111 00000 01000 0000 000011111111

Contents of register $t0 after executing Tui $t0, 255: /

000000001111 1111 0000 00000000 0000
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op rs rt constant or address
6 bits 5 bits 5 bits 16 bits

PC = a register + branch address cr
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PC-relative addressing .
PC cslimo p cotd estoemwp) =—

» Target address = PC + offset x 4

op rs rt constant or address
6 bits 5 bits 5 bits 16 bits

Jeo G 193¢0 asby Job (353038
A0 gwsljel AblBaS

o)lid) 532y wys1 @ PC gty jo (shal olBis
30,6 03(BTw] gy Ol)gTws )s a5 (,m).\.j o o
A0 gw)s] @ Sl aals guysl 165K

L) -

Y
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Beg

300 J €03 MIPS ys o)gtws g3 oyal

op address
6 bits 26 bits

Target address = PC31..28 : (address x 4)
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lwhile (save[i] == k) i += 1;|

Loop: s11 $t1, $s3, 2 80000| 0 | 0 | 19| 9 | 4 | O
add $t1, $tl, $s6 80002"%.000 9 | 22| 9 | 0 | 32
Tw  $t0, 0($tl) 80008 35 9 | 8 0
bne $t0, $s5, Exit  80012| 5 | 8 | 21 2
addi $s3, $s3, 1 80016 | 8 19"”"..,1% """""""" BE
] Loop 80020 | 2 | . = 20000

Eit: ... 80024 [
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) oy @ Glas gupsl b o) s saols
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‘beq $s0,$s1, L1 P L1 Q./)fa:o
1 <
bne $s0,%$s1, L2

j L1
L2:

FounlS csjloso




Category

O-address
1-address

2-address

3-address

FeunlS csjloxn

i Ciliis cela S

Format
12
Address
rs| rt 24
rs| rt| rd] |32

Opcode

syscall

mult

add

..............




Nelac 90 < Jjgwdy ¢ Jln=—

e gyl (o

(a+b)x (c—d)

Pusha Pushb Add Pushd Pushc Subtrac Multiply
t
b a a+b d c c—-d Result
b a+b d a+b
a+b

postfix notation




e gyl (o

(@ +b) x (c — d)

i 395 )3 |y losiglac jl (3 a5 cwl (T 0)li]
Sy o opss ol ) Awl aLas 9 3)lse0

Load a
add b
Store t
load C
subtract d
multiply t
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Mgae 9o L clowd)jgwo csjlomn ¢ JUn=—o

e gyl (o
(a+b)x (c—d)

load S1,a
add S1,b
load S2,C

subtract $2,d
multiply $1,$2
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8155 S0 o jgms cslac JB=—

op rs rt rd sh fn
31 25 20 15 10
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
Opcode Source Source Destination Shift Opcode
register 1 register 2 register amount extension
op rs rt operand / offset
31 25 20 15
6 bits 5 bits 5 bits 16 bits
Opcode Source Destination Immediate operand
or base or data or address offset
, OP . jump target address
6 bits 26 bits
Opcode Memory word address (byte address divided by 4)
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$0 0 |$zero A4-byte word 3

$1 sat  Reserved for assembler use sits in consecutive -

$2 $v0 } = q | memoryaddresses /|2 e

$3 $vi opRlE rEsuls according to the P

54 $20 ) big-endian order // S0

$5 $al Procedure (MestSnincantaray g

$6 saz ( arguments Saved byiehas the /7 [}

lowestaddress), )/ ,/

$7 $a3 _J A / :

$8 $t0 \ . // , { / - !

5 il Byte numbering: | * 3 ¥ ¥ 1%,0
$10 St2 T When loading i
$11 $t3 > emporary a byte into a !
$12 $ta values register, itgoes 1
513 Sts in the low end
$14 $t6
$15 st7 J | Word |
516 $s0 ) h | ~. Doublew ord ! |
$17 $s1 < ;
418 - Saved N E
$19 $g3 across L .
420 - > Operands procedure S
- san calls A
$22 $s6 M :T'-.jﬁ?:_

y Ny

$23 §s7 / y Adoubleword , *_,a:'\".-'nr’.}‘ﬁ
$24 sts } ore sits in consecutive A
$25 $t9 temporaries registers or Eﬁﬁﬁ?
526 k0 memory locations b
27 skl Reserved for OS (kernel) according to the
$28 sgp  Global pointer Bllg-ENEET SrLEn
$29 $sp  Stack pointer Saved \(Nn;cr)jtcs;r%r;;i?;:)
$30 $fp  Frame pointer ave
$31 $ra Return address
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Instruction prefixes (zero to four, 1 B each)

O
7
o)
ﬁ
o
-
Q.
@
j=A
)
Q
®
3
@
>
~

s il o) ¢ Jio=—

Operand/address
size overwrites and
other modifiers

Mod Reg/Op R/M Scale Index Base

FTA-rTA~rTS
1 1 1
oLl

ModR/M

FTA-rrA~rTs
1 1 1 I
LRI O P B T

SIB

——————————————————————————————

Immediate (0, 1, 2, or 4

|A-32 (80x86)

Most memory
operands need
these 2 bytes

b oy




Jiom—

Type Format (field widths shown) Opcode Description of operand(s)

1-byte | 53 PUSH 3-bit register specification
2-byte | 4]14] 8 JE 4-bit condition, 8-bit jump offset
3-byte [ 6 8 | 8 MOV 8-bit register/mode, 8-bit offset
4-byte 8 8 8 8 XOR 8-bit register/mode, 8-bit base/index,
8-bit offset
o-byte [4]3 32 ADD 3-bit register spec, 32-bitimmediate .ﬁﬂ,
SNGE
6-byte | 71| 8 32 TEST 8-bit register/mode, 32-bitimmediate 7 &5

FounlS csjloso



implied addressing

sl (EJQJ'J-—

2, 3000 (03,3003 °

Oy @ hal oSin ‘sgﬁ)(,,_o& @345 b1 siglac —
S8 JoAS 833)1s) (S1N (Soud

Addressing

Instruction

Implied

Other elements involved

Operand

Some place e
inthe machine

:abunlge,d (03,3003 °

8 oslatw) 3)g.8 eadims C3)g0 @ Cu0 (sosls —

Immediate addressing

op | rs

rt

Immediate

Nl /mmediate/(iteral/constant addressing

S (0

Operand=A




(man)s)) cstoe Ui £)g)m—

003 (osgm)s]
oibgs 03)91 JA5 3)9.6 O3 d)latd (wsT alyd )s —

Register addressing

op|rs |t |rd|...]|funct Registers
I

Register

Register addressing

FounlS csjloso



Absolute/Direct addressing

(man)s)) cstoe Ui £)g)m—

J SCV\W. A SRS L
S, 0 03)9) Abdla (SAlA (o)) onysT slud j3— ‘

, ] Igtzo F S 4o
Instruction o ) Cmpl Cs

Memory
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(man)s)) cstoe Ui £)g)m—

;0BT aud (osgw)sl

S, aiblap PC il guysl slaciuy j1 ik —
Pseudo-direct addressing
op Address Memory

|
PC @— Word
|

Pseudodirect addressing
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(Memory) Indirect addressin L
- FHD)) ol o)

J STV ST
Q0,0 8301 BB §1 (SIABLA (0)3) (0)s ] b )3—
Ll siglac un)sT Sola a5

Instruction

oreos]

‘ Memory

> —
P
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02193 :003 Goyb jl @eaEimepc (osgu)sl *
)13 )8 O03 Ay )y ahdls sAld w)s) dun

Pointer to Operand
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Base or Displacement Addressing L
OB s £g)=—

S uwopiils b al ou)st ool p asguysl

;) aaid Juh3 Giay 93 §) ooyt —
Instruction “—2‘-‘ ”"'“ Ay ®

Opcode Address A (,._)I(A.)(A )\)..5..6 o

Pointer to Operand

v

A 4

o ’/ PCN/C:L/Iéa:) C)—/)réy O._/’/’OW&C}J : (Re/latlve> O.L_Joa) Q—/)Ir - W e
M0 )@ vt v Ol PO




PC-relative addressing

(man)s)) cstoe Ui £)g)m—

((PC ) Cumi) amd oy gupst
033K (532 )oTws ()3T @ Sl a5 oyb by Slagw)] siils —
Nigi

PC-relative addressing

Memory

op|rs | rt Address
|
PC
l
Base addressing
op|rs | r Address
|
Register

FounlS csjloso
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(man))) cstoeSUis £lg)=—

Indexed Addressing :00AlD (os0w)T *

031 b ) b gysT gvls) p osow)sTab —
bl 1 iady goys] SIsD) w1 ghiy a5 Oglas
) BUIAl 0aAlD Ay a5 JIB )y spsgs HU )
Ao ol 1y givdy o1

Addressing Instruction Other elements involved Operand
Indexed | Req file M [——— |
e A addr Mermn
Index reg MEMOrY | gata
o
Base reg

FounlS csjloso




Auto-increment Auto-decrement

d0)D)) sl €J95J-—

530381 (,53 )b )& OIS (SlgTns (S0l B3 )
SQU(,0

Instruction

Re,

Pointer to Operand

>

>
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Addressing

Implied
Immediate
Register

Base

PC-relative

Pseudodirect

FounlS csjloso

MIPS 15 coanemp

Instruction Other elements inwvolved
Some place ¢ g
in the machine
Extend, >
Reg spec Reg file Reg data
g @
= Constant offset Mem
, Reg Mem
Reg base | Reg file Memory | gata
.—
Constant offset
o nstant offse Mem
A add Mem
Memory | gata
PCe—
d PC Mem o I >
dd il
2% Memory | gatq

Operand

] -—




BT O 0)) £)9) plw=—

Addressing Instruction Other elements involved Operand
Indexed T ¥ Reg file |
' > w
Index reg
L

Base reg

Unclsiie Increment amourt := Mem [P]
with base
( ) Base reg
»
Update
(with index ed) >
Basereg
Index reg
Inc rerment
amount
Indirect E— 0 rc ] Mem dats
“ Merm addr
This part maybe replacedwith any Memaddr, *____ | Memdata
otherfarm of address specfication e T
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