,,,,,,,,,,,,,,,, &Lj_'@)ﬂ < . DR

bg.a.‘g;ﬁ‘ dalg a.»..).:.ga." Sleetlall

Jill 5 pualaall

)).n.l‘ B s
Cymii> ﬁLwJ .
2025 2026
[s]3c[m]
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2ol 8,0 lell e il 4

“_\ MIPS e

@JL:.U a;Ma,am
Memory Operands  ®
MIPS &ledaidd ewlead| Caliad! @
Aol Ao luctl ladazdl @
Lewldl dabhill cilodasll @
Mzl lg 5, ST oy oldaall Ja5 Solagdas @
Loyl jaall olagdas  ©
boyddl e saall wledad ©

| R |
B

[s]3c[m]
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[ MIPS gl

deol a
6jliall

Microprocessor without Interlocked Pipelines Jbaidl MIPS

MIPS64 5 MIPS32 Jis dusal & i) i MIPSV ia MIPS| Jual ye Citial§ 1985 aleMIPS &jtara cildy

e Instructions operate on varying data types

* The MIPS ISA has 32 registers

e 8 bits = 1 byte

» Each register is 32-bit wide
e 16 bits = 2 bytes = 1 half word

32 bits 1 word

* A 32-bit entity (4 bytes) is referred to as a word SRS

488050 Al8)] Lol o Land Ld Lol
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Register Operands: MIPS Registers

32 general-purpose registers

O | $zero | The constant value O 16 $s0© | Saved temporaries

1 $at | Assembler temporary 17 $s1 | (Callee-save registers)
2 $vO | Values for results and 18 $s2

3 $v1 | expression evaluation 19 $s3

4 $a0@ | Arguments 20 $s4

5 $al 21 $s5

6 $a2 22 $s6

7 $a3 23 $s7

8 $tO | Temporaries 24 $t8 More temporaries

9 $t1 | (Caller-save registers) 25 $t9 | (Caller-save registers)
10 $t2 26 $ko Reserved for OS kernel
11 $t3 27 $k1

12 | $t4 28 | $gp | Global pointer

13 $t5 29 $sp | Stack pointer

14 | $t6 30 | $fp | Frame pointer

15 $t7 31 $ra Return address 7
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% Memory Operands

. lA:-
~dl 2N

J8 ilagbay 3,803 aa gellaall Jalaiy 5 i 27% = 2 270 Leana :MIPS32 d 350

Ol Agie Gayha e 3 S Asgie 2T "Cildasal)

0 :lilsie 0 A8, AaKN —
4 :lgilsic 1 8, 4N —
8 :lgilsic 2 A8, ALKl —
m*4 :lelsic M A8, AaIK) —

.Big—Endian faw MIPS32 adixy 5,513 & il aa)) o 24l £555 as
MSB LSB
11110100 10011000 10110111 00001111

32-bit data

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy
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nnnnnn

Arithmetic Instructions 4ulua Glagdas

. Logical Instructionsiakhia <ilades
.Logical Instructions ldaxall Jas hladdas
. Logical Instructionsia yiall 3aall ¢hlaalas

.Unconditional Branch Lg,iall e jael) chladen

g“d»ﬂ‘}!-“ o

5SI 8 adl sa

i dac ] u

[s]3c[m]
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%V ZWO D I DS (A D PS4 |

Add gl =
$s1 =9%s2 + $s3 e m
aaE $sl . 857,553
Sub CJ-H‘ O
$51 =$s2 - $s3 Jis m
sSub %sl,9$sé,%$s3
add Immediate(<ul) 8 2o pw gl
$s1 =9$s2+20 e
dadl $851,%s52 ;20

[Oh0)
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% Jlie 2 L) 2 L) &ilalas]!
)il

m Compile the following C statements to MIPS
Assembly language
f=1(g+h) - (i+ J);
= The variables f, g, h, i, and j are assighed to

the registers $s0, $s1, $s2, $s3, and $s4,
respectively.

s Solution:

add $t0,%$s1,%$s2 # register $t0 contains g + h
add $t1,$s3,%s4 §# register $tl1 contains i + j
sub $s0,$t0,$tl # f gets $t0 - $tl1, which is (g + h)-(i + j)

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy
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Bit-by-Bit 3 Clade’ (uad m
and =
O m
NOI =

andi :and immediate =
ori :or immediate =

Shift Left Logical sl sl ) dglaic 4a) ) m
Shift Right Logical srl ceed! ) 4ghaie 4a) ) u
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doola Aol daba il o laylasd

6)liadl
AND OR
NOTE: NOTE:
1 if BOTH a 0 if BOTH a
and b are 1. and b are 0.
Otherwise 0. Otherwise 1.
| 4 | 4
NOR XOR
NOTE: NOTE:
1 if BOTH a 1 if ais NOT
and b are 1. the same as
Otherwise 0. b.
| 4 | 4
[m]3c[w]
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy s



P~
Jis = or ¢ and dodad

and $t0,$tl1,$t2 # reg $t0 = reg $tl1 & reg $t2

0000 0000 0000 0000 0000 11011100 0000,,,  $t2 4ed IS 1)
0000 0000 0000 0000 0011 1100 0000 0000, $tl iy m

0000 0000 0000 0000 0000 11000000 00004y,

Jls m
or $t0,$t1,$t2 # reg $t0 = reg $tl1 | reg $t2

0000 0000 0000 0000 0000 11011100 00005,  $t2 dad CilS 13} m
0000 0000 0000 0000 0011 1100 0000 00004, $t1 Aads m

Aalaill 285 a2y $E0 And ol w
0000 0000 0000 0000 0011 1101 1100 00004,

EI .E
e
-

™

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy s



IZV Constants

MANARA UINIVERSITY

Often want to be able to specify operand in the instruction: immediate or
literal

Use the addi instruction

addi dst, srcl, immediate

The immediate is a 16 bit signed value between -21° and 215-1
Sign-extended to 32 bits

Consider the following C code
at+;

The addi operator
addi $s0, $s0, 1 f a=a+1

[s]3c[m]
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%V Shift Left Logical : sl
deolA Shift Right Logical : sr

Sl =
s11 $t2,$50,4 # reg $t2 = reg $s0 << 4 bits JGa m
$50 4ad CuilS 13| g
0000 0000 0000 0000 0000 0000 0000 1001 4,,= 9te;
dalaill 28T dey $t2 48 rual m
0000 0000 0000 0000 0000 0000 1001 00004,,= 144+,

[Oh0)
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% Sh?ft L(?,ft Logic%ll sl
deola Shift Right Logical : srl

MANARA UINIVERSITY

sl el 7 4l

) el a2 (5f) Ahaie Aa) ) $83 A B2 gl Al Aa) ) s11 $t1,$53, 2 Aadaill o2 Jin
Aad of )b b Bt Jassall 3 Al g g g (0308 GlA) 2 bits late sludl gai (L
AU Al ) Al Jy sty V) g Al el 345 3y 35 $53 =ababeded Jawdl
$S3=1?1@ 1011 1019 1011 1100 1101 1100 1101

(Oxadl (N Cpoiea Logha Yoy puat g dpaal A1 oy ) Gpttall adas (gl sl ) 0y CUAT 3
P St e muad

$tl1= 1010 1110 1010 1111 0011 0111 0011 0100 = Oxaeaf3734
S 02 & WS $53= ababcded ded A5 Ly

albaill 827 Ly puall ¢ A AL AU B 0la n late jludl s dal Y o) 1 Adls Adiadla
_(__5‘)..11.]\

[Oh0)
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% Sldaall J85 Silaadas

Load word «—— Memory
lw $t0, memory-address -

Store word -_ e
sw $t0, memory-address

» The format of a load instruction:

destination register
/ source address

lw  $t0, 8(3t3)
any register

a constant that is added to the register in brackets

[s]3c[m]
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% Sldasll (&5 Syladas

Load word «—— Memory
lw $t0, memory-address -

Store word -_ e
sw $t0, memory-address

* The format of a store instruction:

source register
] source address

sw $t0, ,8(5t3)
any register

a constant that is added to the register in brackets

—
B
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[;Ef§7 Sldaall J85 & lagdad

nnnnnnnnnnnnnnnn

lslana Gudlas o Jabal i m

Let’s assume that A is an array of 100 words and that the compiler has asso-
ciated the variables g and h with the registers $s1 and $s2 as before. Let’s
also assume that the starting address, or base address, of the array is in $s3.
Compile this C assignment statement:

g =h -+ A[L8];

Jall m
W $t0,32($s3) # Temporary reg $t0 gets A[8]
add  $s1,$s2,$t0 # g = h + A[8]

[Oh0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy pyn
[=]



% ldaal (& el
0 Assuming variable b is stored in $s2 and that
the base address of array Ais in $s3, what is

the MIPS assembly code for the C statement
A[8] = A[2] - b

[ —— Ss3+12

: —— $s3+8

| jo—9s3+4 1w  $t0, 8($s3)

: 4—$S3

> > |>|>|:
cli=ticliccik

sub $t0, S$t0, S$s2
SW $t0, 32($s3)

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy
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Sldasll (&5 Syladas

load word Tw $s1,20(%$s2) $s1 = Memory[$52 + 20]
store word sw $s1,20(%$s2) |Memory[$s2 + 20] = $s1
load half Th $s1,20($s2) |$s1=Memory[$s2 + 20]
load half unsigned | Thu $s1,20($s2) | $s1 = Memory[$s2 + 20]
store half sh $s51,20(%$s2) Memory[$s2 + 20] = $s1
load byte b $s1,20($s2) |$s1 =Memory[$s2 + 20]
load byte unsigned | Tbu $s51,20(%$s2) | $s1 = Memory[$s2 + 20]
store byte sb  $s51,20(%$s2) |Memory[$s2 + 20]= $s1
load linked word 11 $s1;200%$52) $51 = Memory[$s2 + 20]
store condition.word [ sc  $s1,20($s2) | Memory[$s2+20]=$s1;$s1=0 or 1
load upper immed. |1ui $s1,20 $s1 =20 * 216

MU-EPP-FM-005
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%V 3aadl &laglas

*»

z}\ﬂ\&@p@@j Bale  Cladaill i g
bl (8 LS s il Ay (381 90
Program Counter PC Jause pasfing st caay Sl daplail) 48 j2al o
L2 3l yall datd2ill () sie PC (5550 w
PCaad iy AUl dadadll ) JuEiy) 24
PC = PC + size of instruction
Cy 32 = b 45 81 b dadaill a5 MIPS did Wi
PC = PC+ 4 .,
| 38 Joas D) Y] u
a1 5 3 Sl 8 () gie ) JES PC 4 (8 pusi s il m
e ¢ )2l Glaydedl)

[Oh0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy pyn
[=]



MU-_. .

LI R B = (e IWLNRR W SE R W Sy B LW RTR W N L W R W | [PEF= U LU R AV S (SIS LW W W y

PAV 3aall &logdas

*»

o1liall
Conditional Branch sl jall Clalas
Branch on equal beq sl xie (8 o
branch on not equal ___ sstudll pae 2ic 58 o
set on less than glt Jial Alls 4 paii
set on less than unsigned gltu 5 L3 o5, ral Ala 8 Cuuaii
set on less than immediate slti 3 )il 4ad i Jral A S Cuat »

set on less than 3,L3) Oy 3 il dad e sl Ula 8 uall o
immediate unsigned sltui

Unconditional Branch L sl je &l Glaled
jump')éﬁ .
jump register Jr dswe (825 5e Olsie ) 58w
jump and link ja J_Ja\-u)\ ¢-« A .

ESiE



[ Logyadl 3aall olaglas

ojl_aJl

2 Ol sie (A 58 el sal s Cplalaa (5 glud LAl o 58 m
31 ssal) aae /31 shadll 33a3 xie (GO tO)

Branch if equal ¢ssbdll die )48l daidat m
beq registerl, register2, L1 dayall o
Crlaaeall  Aaill (g glod vie L1 AU LY il %

Branch if not equal ¢ sl aae die 386l dala’
bne registerl, register?2, L1 4xnalla
Cnlaedll o (DA wie |1 A ) dE) b
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% if-else Jlia :Jog bl 38871 ilaslad

2yiaJ
C Statement to translate Variables Mapping
if (1 == j) f = $s0
f =g+ h; g > $sl
else h :)) zsg
£ =g - h; * S
t|—‘ 2 j = S$s4
hd bne $s3, $s4, Else true false
add $s0, $sl, $s2
J Exit
Else:
Else: sub $s0, $sl, $s2 ! !
Exit: f = g+h f=g-h
Question: Rewrite with beg? =
Exi.l'.:_l
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy i



%V Loop <slaletl Jlie tlog ydd! 38871 oilaclas

Compiling a while Loop in C
Here is a traditional loop in C:

while (savel[i] == k)
i += 1;

Assume that i and k correspond to registers $s3 and $s5 and the base of the

array save is in $s6. What is the MIPS assembly code corresponding to this
C segment?

Loop: s11 $t1,$s3,2 # Temp reg $tl1 =i * 4
add $t1,$t1,$s6 # $t1 = address of savel[i]

lw $t0,0($t1) # Temp reg $t0 = savel[i]
bne $t0,%$s5, Exit 4 go to Exit if savel[i] # k
addi $s3,%$s3,1 #Fi=1+1
] Loop # go to Loop
MU-EPP-F Exit: Ch
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Exercise : Simple Loop Q\V

B .5

= Given the following MIPS code:

add $t0, Szero, $zero

add $t1i, $to, $to

addi $t2, $t1, 4
Again: add $t1, $t1, $toO

addi $t0, $to, 1

bne §t2, $t0, Again

I.  How many instructions are executed? Answer: (c)
@)6 (b)12 (c)15 (d)18 (e) None of the above

i.  What is the final value in $t1? Answer: (c)
(@)0 ()4 (c)6 (d) 10  (e) None of the above

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy



[ZV 2, LAl & Lolas

set on less than slt el a8 Cuas »
= slt $t0, $s3, $s4 # $t0 = 1 if $s3 < $s4
set on less than unsigned sltu 3L o5y | ol Ua 4 ali w
set on less than immediate slti & )il 4ad ao ol Vs 8 Crpali
= slti $t0,$s2,10 # $t0 = 1 if $s2 < 10
set on less than 3,L3) (s 3 il wgo gl s b cwall u
ia

immediate unS|gned sltui
D w
by pdall jaall YA JS (3a8a%) an yiall o g8y (A laall Claalad ) Ja g pdiall éal) Cilaslal (30w
s AV
s 5 yual Va3 58
STl 8 8,

Gl o ST 4 e
saina 3ol g daglad (pe Yoy Cpiihannsy Griadded aladiuly oa Gl GVl 58 o sl
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[ Logyadl i 3aall clelad

6)lioJl

| jump j & =
(A3 ) Ahady Jana Ol sie (Al dag pie e H88 u
j labell Jbs =
j 10000 i
jump register jr Jdswse (Ao s0 Olgie ) (8w
dawsas 2230 Ol sie (Mg pia ye 58 w
dac Al el pall (4e 33 92ll $ra Jasall ae Bile 22300
jr $ra
jump and link jal L)) ae 98 w
$ra Jdasall 8 Led 40Ul daladll o)) gie aiia g pe aae S ) 588 u
PC + 4 4l $ra b 05 =
“LL VP s L Al Aadeill () e
Laaie Ll )Y e s Procedures de il malydl ) 566l aadtius
Return Address 32 s2ll () six

[Oh0)
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