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250 2 0

125 2 1

62 2 0

31 2 1

15 2 1
7 2 1 A

3 2 1

1 2 1

0 2 0

250 16 |10
15 16 |15
0

(250)10 = (1111 1010),

N
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s and) Aalail Jugal
P ) (ol 0 dogatll
i AU ) 10(250) 2aall Jagasl 1 Jlie
0 Wy 125=2+250

1 AWy 62=2+125

0 Wy 31=2+62

1 gy 15=2+31

L AW, 7=2+15

1 auy 3=2+7

I AWy 1=2+3

L auy 0=2+1
tle Y ) el e AU s
2(11111010) = 10(250)

tgpde cadl ) (gpdall e Jagaill .2

116 aaall e asniils 0 Lgnis Ayl alasinly Jasadl i
10 AWy 15 =16 + 250

A S 10 2adlg F <15 aaal)

(FA)16 = 10(250) =l

p@pde i ) die @l I aaall dasats Jall (Sa LS

(15 10)16 = (F A)g

t ol srde ) e daganll L3
gl s ol ) IS dugais o
(DE5)16 = (1101 1110 0101),

0101 =5 E=1110 D=1101 :&w
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topdall ) S (e Jagatl) 4
GV AEY) S aens 52 ) Al s (63 ) 8 B B s lacliad saall e bl el (e BLAY G853
tdbe ¢l B Leblay

= ,(11111010)

= 20x0 + 2'x1 + 22x( + 23x] + 2*x] + 2°x1 + 26x1 + 27x1

250 =0+2+0+8+16+32+64+ 128 =

10(250) = »(11111010) :13f

dopdall ) (sydie cudd) e igaill L5
(FA)16 = (15x16") + (10x16°) = 240 + 10 = 250

sduilin) Al

(2A)16 = (101010), = 10(42) -
(12C)16 = (100101100); = 10(300) —
(6F)16 = (1101111)5 = 1o(111) -
2(10001) = 16(11) = 10(17) -

padl Augadl Al agh gl (e oSl (Dlgaill o3 ipel Aeanadiall ghaadl f unlall A1 pladind (S Adaadke
cgmlall Jaly clild) Jie 1S

:MIPS gleal Al 4

tband) dily dpuldl) clabeil) (any o Cijal)

Glalled) a5 MIPS clalleall agé o cilallaaly canlald) Gy 3 Liahay Jelein dibise Talaily sase sl cilalleall
aalgll Anll & cladaill (dle 20y 095 Al

S G e ggiasd) Adle il maliyal) LS a0 Lo Loy A Ay ogiSall el i ) ) iladailly aais
s Aalll oda Jisat lile Comy aild 1) (laslslly Hlaa) ae Lo (alaty ellaalld) mllaall Lgaghs Y dalll 228 ()5SsJAVA
Ll ag) el AR ) (sivall ddle dal iSall i) Jagad o Compiler asjiall aladiuly cpilage Ao Jagal
S ISl el lgae dalaiy claalgy laal () las) 231 Jigail Assembler paadl arsins & ey (lgalstiv Al
2R3 &8 L prag
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High-level swapl{int v[], int k)
language {int temp;
program temp = wvlkl]:
(inC) vlk] = v[Ek+l]:

vlk+l] = temp:

Assembly swap:

language muli $2. $5.4
program add %2, $4,%2
(for MIPS) Tw $£15, 0(%2)

w  $16, 4($2)
sw  $16, 0($2)
sw o 315, 4($2)
jr 831

Binary machine 00000000101000010000000000011000

language 00000000000110000001100000100001
program 10001100011000100000000000000000
(for MIPS) 10001100111100100000000000000100

10101100111100100000000000000000
10101100011000100000000000000100
000000111110000000000000000010:00

p A Jpanll 3 Aaimge oy 32 (aye Leie IS «(Registers) Mo 32 e 4l (g5
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Register
$0
$1
$2
$3
$4
$5
$6
$7
$8
$9

$10
$11
$12
$13
$14
$15

Alias
$zero
$at
$vo
$vi
$a0
$al
$a2
$a3
$t0
$t1
$t2
$t3
$td
$t5
$t6
$t7

[
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MAMARA UNIVERSITY

Usage

constant 0

used by assembler
function result
function result
argument 1
argument 2
argument 3
argument 4
unsaved temporary
unsaved temporary
unsaved temporary
unsaved temporary
unsaved temporary
unsaved temporary
unsaved temporary
unsaved temporary

Register Alias

$16
$17
$18
$19
$20
$21
$22
$23
$24
$25
$26
$27
$28
$29
$30
$31

$=0
$s1
$s2
$s3
$s4
$s5
$s6
$s7
$t8
$t9
$k0
$k1
$gp
$sp
$fp
$ra

Usage
saved temporary
saved temporary
saved temporary
saved temporary
saved temporary
saved temporary
saved temporary
saved temporary
unsaved temporary
unsaved temporary
reserved for OS kernel
reserved for OS kernel
pointer to global data
stack pointer
frame pointer
return address

IMIPS & e lansd) aal

calines (S Vs <0 diad Wil Gald Jase 108 ) zero$ -
LA gall sl (pianl em «(Temporary registers) 45 cMawa :t0 — $19 -
A (e elgmY) an lgad oo o () ((Saved registers) Jlsall diacaia cOlas 150 — $57$ -
Jisall I (Arguments) cleleall el axdind claise a0 — $a3$ -

Dl gn galindl (355 ol Lgiialis Cann Dl alasid o Bliall Ciny cquentl) il ciladarl) A€ vie 1 akaLe

LAY

) A 8 Ll Lgalasinl (e ) cladatl) diyes Lide 13 Dl 52l g gall il aladinly a8 Aadaillé

MU-EPP-FM-010

Issue date: 01November2025

Issue no.1

Page 5|8



2 B I N

v

6)liaJl

MAMARA UNIVERSITY

MIPS ‘,9 Al uLula.d\ P\y\

add  $s1,352,853 [$s1 =952 + 853 Three register operands
Arithmetic | Subtract sub $s1,3s52,853 | 451 =1$s2-48s3 Three register operands
add immediate addi $s1,3s2,20 |4s1=1%52+20 Used to add constants
load word Tw $51,200852) | 451 =Memony[$sZ +20] Word from memory to register
store word s §51,200852) | Memon{$s? + 20] = $s1 Word from register to memory
load half Th $s1,200852) [45] =Memony$52 +20] Halfword memory to register
load half unsigned | Thu $51,200$52) |$51 = Memon{$s? + 20] Halfword memory to register
store half sh $51,200852) | Memonf$s? +20] = §s1 Halfword register to memory
Pr:;asfer load byte 1b $s1,200852) |81 = Memony[$s2 + 20] Byte from memory to register
load byte unsigned | Tbu  $s1,20(852) |$51 = Memony[$52 + 20] Byte from memory to register
store byte sb $51,200852)  [Memonf$s2 +20] = $51 Byte from register to memory
load linkedword |11 $51,200852) | 451 =Memory($52 +20) Load word as 1st half of atomic swap
store condition. word | sc $51,20($52) | Memony$s2420]=$51;$51=0 or 1 | Store word as 2nd half of atomic swap
load upper immed. | Tui  $s1,20 $51=20%2" Loads constant in upper 16 bits
and and  $s1,$52,953 | $51 =452 & 453 Three reg. operands; bithy-bit AND
or or  $51,$s52,953 351 =452 |4s3 Three reg. operands; bit-bybit OR
nor nor  §s1,8s2,453| 3851 =~ (352 §53) Three reg. operands; bit-by-bit NOR
Logical and immediate andi $s1,$s2,20 |3s1=1$s2&20 Bit-by-bit AND reg with constant
or immediate ori  $s51,$52,20 |3s1=4$52|20 Bit-by-bit OR reg with constant
shift left logical 51T 851,852, 10 | %51 =452 << 10 Shift left by constant
shift right logical srl 4s1,852,10 [$sl=4852>>10 Shift right by constant
branchonequal  |beq $s51,$52,25 [if{$s]==852)goto Equal test; PC-relative branch
PC+4+100
branch on notequal |bne $51,$52,25 |[if($sll= $s52)goto Not equal test; PC-relative
PC+4+100
setonlessthan  |s1t $s1,$52,8s3 |if($s2 <$s53) $s1=1; Compare less than; for beg, bne
Conditional else 351 =0
branch setonlessthan |51ty $s1,8s2,853 |if(§52 < $s3) $s1=1; Compare less than unsigned
unsigned else $51=0
set less than s1ti $s1,$52,20 |if (852 <20)$51=1; Compare less than constant
immediate else $51=0
set less than sltiu $51,852,20 |if(§52 <20)$s51=1; Compare less than constant
immediate unsigned else $51=0 unsigned
| jump j 2500 go to 10000 Jump to target address
Unconditional - - - -
, jump register jr dra goto$ra For switch, procedure return
He jump and link jal 2500 $ra =PC + 4; go to 10000 For procedure call
Ll dde xae aaally 2ohllg aeall o (Arithmetic) dulual) Sladadl) .
-Auahid) 4a)2U ddls) and, or, nor cibilke :(Logical) dsihial culadedl) .
.(Load/Store) ¢piailly Jaal) Gladdas .
g il jae g dagpdiall el chlaalas .
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o9 Cilaglail) aladind (Say i
BRI pilga o Al adl) of CDlawsall e Lghulat 2 Aleal) s3ag 5aals Aina dolens a8 Aaddaillé lales Uy<3 LS
Jasse (6f pan o (F AR Ol (e Jansa (51 B bt 32 e ST (he Al5e dad aag (K Y 4l ala o an
.32bit sa MIPS cilallas (paia
add $s1, $52, $3; 1) Gy sl mead) Aualad aladil e e planss Aed pead 1
$51=$52+853 (J (sl 51 Uaasdll 8 ilill gy $52, $3 plaasall iad pen e a9

sub $s1, $s2, $s3; ok LS (iles S 05 kel dlee .2
$51-852-$53  (f ol $S1 Jnsdll 5 il gy $52, $83 cpbasall ol ol ind 4y

addi $s2, $s1, 22 : L WS addi i Lo Jaasal A58 dipee dad ead W .3
$52=851+22 duluall ddeal) (8 a

:JGa
A Al )l Aslaally Sl Gl 13
$s5=($s2+8s4)—($s1+7)
4 ladaill DA (e Slld
add $t0, $s2, $s4;
addi $t1, $s1, 7;
sub $s5, $t0, $t1;
A gal) i) Jadad $10, $t1 a85all Casal) aladiad 5 e LAY —

Y1 AglsY Ty lilaall elpa) 8 € laaY
add, addi, sub :lgd] Aalal) die duliall Gladedl) aladsn) Jaay  —
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:0verflow (jladkll
:die sy Y (Overflow) ladlal)

OBl UL (e aes e

@u}]\ u.m (e (e C)La °

raadl b Oladll G ¥l

Al e Je Joaally fpage (e pas e

denge e Ao Joanlly gl paxe pen e

Sl & Oladh Gigaa il

Al e e Joaally e 230 o b dae )l e

doage e o Joaally Gl e (0 aange 23e mila e

:dalay clBiada

G55 gl saall Wl ] diad (Sl dga o Jo) dedl ASY) ) dad 0S5 S Ul 8 L) daadl

0 Logloe doaal <Y) ) 2as

ol )5S0l Al iy Lgazmny 8 laihs Gigan Vs oYy 400 ABGY) LaaY o

*.39+92=53

[

|

10 0 T AV
01011100
U S O O B

Carryout without overflow. Sum is comect.

Y104+ 45=149:

+

ol

FTo1000
0101101
0010101

el B

l
I
0

0W, 110 CAITYOUL. Sum s not correct,

[N

Overf

JEXE
[

T

1111
00001010
t11 Lol
00000111

Carryout without overflow. Sum is comect.

MU-EPP-FM-010

194.7=.0:

Dot !
Lr1rotrol
+LLP 100l
Lrrootrto

Carryout without overflow. Sum s comect,

754 59=16:

1

01
I 1
00

== —

111
L0110
F001 11
1o

No overflow sor careyout,
Y+

2

+

1=
! 1

0 1
0 01
l 00

= e —

128:
1111
1111
0000
0000
I

(verflow, no caryout. Sum 15 not cogrect.
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Vi 45=09:

11
Lol
o110l
0110
No overtlow nor carryout,

Y103 +-69=-17:

!

01
I
00

-+
= — —

currect.

= —

00000000

Carryout without overflow. Sum s correct.
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