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P 4388) gal) AIY) claglad ) MIPS 43 cilaglad )y ga
deoln
Dt

= All MIPS instructions are 32 bits long

s Basic Instruction Formats
= R-Type (Registers)

=« [-Type (Immediate and data transfer instructions)
= J-Type

= Each format is assigned a distinct set of values in the first
field (op or opcode)

= The hardware knows how to treat the last half of the instruction

m Machine language: binary representation of instructions

e All instructions are encoded 1n 4 bytes --- 32 bits

[Oh0)
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R-Type

P

op

'S

rt

rd

shamt

funct

6 bits

m Register-type, 3 register operands:

" rs, rt:

" rd:

2 bits 5 bits

source regi sters

destination register

m Other fields:

= op: the operation code or opcode (0 for R-type instructions)

2 bits

9 bits

6 bits

* funct: the function together, the opcode and function tell the

computer what operation to perform

" shamt: the shift amount for shift instructions, otherwise it's 0

MU-EPP-FM-005
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R-Type-Example 1 %

deola AW dad ) add $s0,953,5t0 Al gy gali oy

e A Jglaad) ) pliaie
PRESERVED ACROSS
NAME NUMBER USE A CALLY
Szero 0 The Constant Value 0 N.A.
m $at 1 Assembler Temporary No
_ Values for Function Results
3y0-5¥1 23 and Expression Evaluation iy
$a0-%a3 4-7 Arguments No
m St0-$t7 8-15  Temporaries No
$s0-$s7 16-23  Saved Temporaries Yes
St8-$t9 24-25  Temporaries No
Sk0-$k1 26-27  Reserved for OS Kernel No
Sgp 28 Global Pointer Yes
CORE INSTRUCTION SET OPCODE $3p 29 Stack Pointer Yes
_ NAMEMNEMONC_MAT___OPERATION(nYerlon) _____ (le)._ || 5P 40 Lmme Comiet Yes
Al aad R RWA=RISARE] () 0/ f || ST 3l RetuinAddress Yes
Add Immediate addi I R[rt] =R[rs] + SignExtImm (1,2)  8pex
Add Imm. Unsigned addiv 1 R[rt] =R[rs] + SignExtImm 2)  Ihex
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R-Type-Example 1 % A%8) gal) ATY) Clagled ) MIPS 43 cilaglad gl

add Ss0, Ss3, St0 Lashell s ya3 43 5
AW 4 ) add $s0,5s3,5t0

Opcode=0 | rs=19 rt=8 rd=16 | shamt=0  funct=0x20

6 bit 5 bit 5 bit : 5 bit 5 bit 6 bit

0Ox0 Ox13 Ox8 0x10 Ox0 0x20

6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

000000 10011 | 01000 @ 10000 00000 | 100000

(0000 0010 OliO 100_0 1000 0000 0010 0000)2:0)(02688020@
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy e EI



R-Type-Example 2 P A58 gal) ATY) clalal ) MIPS A4 cilalalt g
ool s
L

or Ss6, St3, Ss0

X

Opcode=0 | rs=11 | rt=16 | rd=22 | shamt=0 | funct=0x20

6 bit 5 bit 5 bit 5 bit 5 bit  6bit
0x0 0x0b | Ox10 | O0x16 0X0 | O0x25 |
6 bit 5 bit 5 bit 5 bit 5 bit 6 bit

. 000000 | 01011 | 10000 | 10110 | 00000 100101

<

0000 0001 0111 0000 1011 0000 0010 O101

Ox0170b025
B
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R-Type-Example 3 D 438) gal) AIY) Cilagla ) MIPS Add Cilaad 3 923
ool a
Lirpmi

sll $s3,8s3,3 ( sllrd, rt, shamt )

o\

 Opcode=0 | rs=0 | rt=19 | rd=19 | shamt=3 | funct=0x00

e

r

6 bit 5 bit 5 bit 5 bit 5 bit 6 bit
. 0x0 0x00 | O0x13 | O0x13 | O0x03 0x00
6 bit 5 bit 5bit ~ 5bit 5 bit 6 bit

000000 00000 | 10011 | 10011 00011 000000 ‘

&

0000 0000 0001 0011 1001 1000 1100 0000

0x001398cO
B
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I-Type D 438 gal) AIY) laplad ) MIPS Aad Claglad J; g
deola
ojli_oJl
op rs rt Imm

6 bits 2 bits 5 bits 16 bits

= The meaning of each name of I-Type fields
= Op: Basic operation of the instruction

= 1s: Role depends on the instruction
=« Example: in a load word instructions, rs holds the base address
« rt: Role depends on the instruction

« Example: in a load word instruction: rt specifies the destination
register, which receives the result of the load

» Constant/Address (Immediate!)
= Limited to £21>
= There is a special interpretation for conditional jump instructions

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



[-Type-Example-1 > 3b) gall 1Y) Cilaglas Y MIPS A&l cilaga’ () g

ojl_aJl

andi $s6, Ss7, 15 (andi rt, rs,imm)

Opcode=0xc |rs=23=0x17 | rt=22=0x16 | Immediate=15=0xf \

6 bit 5 bit 5 bit 16 bit
001100 10111 10110 0000000000001111 ‘

<

0011 0010 1111 0110 0000 0000 0000 1112
0x32f6000f

[Oh0)
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I-Type-ExampIe—Z D 438) gall ) cilaglai ) MIPS dad cilaglas )y g

Lw $t0, 0 (St1)

Opcode=0x23 | rs=9 | rt=8 Immediate=0 |

6 bit 5bit 5bit 16 bit

sw St1, 4(Ss1
100011 ' 01001 | 01000 0000000000000000 ‘ (5s1) (sw rt, address)

Lw $t0,0($t1) = (1000 1101 0010 1000 0000 0000 0000 0000), =0x8d280000] | Opcode=0x2b | rs=17=0x11| rt=9=0x9 | Immediate=4=0x4 |

J

6 bit 5 bit 7 sbit 16 bit
| 101011 | 10001 | 01001 | 0000000000000100

<

| 1010 1110 0010 1001 0000 0000 0000 0100

Oxae290004

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




[-Type-Example-3 [P0 a8 31 s L1 MIPS 3 s s
deola
ori $56,5s6,4 o A Al ) beq Aadadl) dygat y
ori $s3,5s3,3
beq $s3,5s6, hh
andi Ss6,5s7,15
sw St1,4(Ss1)
hh: add $50,5s6,5 beq $s3, $s6, hh

ori $s1,5s1,5 / l \

Opcode=0x4 | rs=19=0x13 | rt=22=0x16 Immediate=2=0x2

6 bit 5 bit LJ 5 bit 16 bit

000100 10011 10110 0000000000000010

<

0001 0010 0111 0110 0000 0000 0000 OO10

} 2 = Loyl 33 Jla W slad a3l Cilagladll

MU-EPP-FM-005 O0x12760002 y
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I-Type-Example-4 [Z 438) gal) ATY) el ) MIPS 43 cilaglad s gas

ojli_oJl )
(Alad) Adlall e (34N BaY) AV A ) beq Aedail) Jagad
ori $56,5s6,4
hh:
ori $53,5s3,3
andi $s6,5s7,15
andi $s6,5s6,1 _ |
andi $s0,5s6,2 4 = Lo il @5 Jla A b el s Al Slaladll
lui $Ss2,0%2222
beq $s3,5s6, hh
andi Sv0,50,5 e ol

(Slasdas 4 Ua o 5) Jo 3l (38a3 Jla 8L jglad o Al Glagladll 23 -
(4+2=6 l) Slaeil) 230 1 2 Chnzas -
(el mll 1 aand o Colaal gy Jlacal) Jag) alil) saall U aadall 2L -
4+2 =6 = 0000 0000 0000 0000 0110
D sh (AU aaldl)
Immediate =11111111111111111001+1=111111111111 1111 1010 = Oxfffa

MU-EPP-FM-005 Ox1276fffa :  4lY¥l4xl ﬁ
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I-Type-Example-5 [P0 iy i ciais L mips i ciais dysas

deol A

nnnnnnnnnnnnnnnn

MIPS instruction

addi $21, $22, -50

Field representation in decimal: |
> 4
| s 22 21 -50 | M

Field representation in binary:

| 001000)10110(10101} 1111111111001110 |

Hexadecimal representation of instruction:
2 2 D5 FF C E

[Oh0)
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J_Type % 483 gal) AIY) claglad ) MIPS 4ad cilagdad J ga

6)Lia
op addr
6 bits 26 bits

= J-Type is used only for
= Jump instruction j (opcode = 2)
= Jump and Link instruction jal (opcode = 3)
= Address field is 26 bit wide
= Address space = 2%°
= MIPS interprets this space as word address
= i.e. the address space is 228 byte address

= The upper 4 bits of the program counter are not

affected by the JumpI e

MU-EPF-rm=uus  Issue udle L/NUVENDEIZUZ> ISSUE (U 2. nups.//imdnara.edu.sy p g
[=]



J-Type-Example(1/2) [Z 438) gal) AY) Loyl ) MIPS A3 cilaglas (3 g
or $s6,5t3,$50 et A A3l ) ko Aadatl gyt g i
sll Ss3,5s3,3
j kk op addr
andi $56,5s57,15 6 bits 26 bits
sw St1,4(Ss1)

kk: add Ss0,Ss6,5t0
ori Ss1,5s1,! opcode=2 hex 4«d -

dad Jysaty o i o) axy lldg) Al Gl K A Ol siell Jicid 26bit (e i34l address ded Ll -
(28] (e Lse.l! A8 as (Al Aalaill Gt 5 il 3a3as Aad () () s3]
leaas dalad S (58) 4 o Lol gie anadl PR 10 3 S an daladl) (s 5 e Jpaall 24 -

(4byte
s g (0x0040003¢ DMie ) 4y pdie s dad 53 ()5S Gl el 8 Akl Glgie Sl -
09 apuili dlany 2 gl

Cpaall 2 laiay o) giall da) 5 dilee o) ) POA e elld S -
AUl 1) il J g o 2l Copeal) (M) A 3) e (5 o SN aal) ol ) ol ial) Jmi 6 -

(s odiall aall aldad 844 Ao anndill ( 8IS5 D latay cpad) ) ds) jY) dolae ) doa (e (5 pbie )
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy %ﬁ



J-Type-ExampIe(Z/Z) % 438) gal) 1Y) clashad ) MIPS 4 cllaglas 3 523

(sbis daad o dools .
5813 b ladatl } et [ BaY }
Claaleill
j 2a3) 2bit Jhay Gaeddl sad O siadl 13 Aal 3 dlec ¢ alis 000400014 52 kk 481 )l s ¢
| 0x00100005 zeoay (AUl A} 4ly gas
0x00400000 or $s6,5t3,5s0
0x00400004 sll $53,%53,3 J kk
0x00400008 i kk / \
0x0040000c andi $56,5s7,15
0x00400010 sw St1,4($s1) | Opcode=0x2 Address = 0x100005
0x00400014  kk: add Ss0,Ss6,St0
0x00400018 ori $s1,5s1,5
6 bit \/ 26 bit
0000 10 00 0001 0000 0000 0000 0000 0101
\/
0000 1000 0001 0000 0000 0000 0000 O101
O0x08100005
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MIPS (& 4 giad) Jala]
/| .
ool a MIPS Addressing Modes(1/8)

MANARA UINIVERSITY

= Addressing Mode: how operands are
identified

= MIPS supports 5 addressing modes
« Immediate addressing

« Register addressing

« Base or displacement addressing (Data in
Memory)

« PC-relative addressing (Instructions in Memory)
» Pseudodirect addressing (Instructions in

Memory)

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy pyn
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P1 MIPS (s 4 giall Jalai
= Immediate addressing - .
=« The operand is a constant (16 bit) within the éylioll MIPS Addressmg I\/Iodes(2/8)
instruction itself
op ‘ rs ‘ rt | immediate
op rs rt Immediate value
: MIPS:
16 bits addi, andi, ori, xori, slti

Sign-extended

---------------- 29000000 1066906604

registers

Example is addi or similar
MU-EPP-FM-005

Issue date 17November2025

memory

16 bit two's-complement number:
-215-1=-32,769 < value < +215=+32,768
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= Register addressing: operand is a register

MIPS:

MIPS (.2 4 gind) Jalal]
2 Alis

e ﬂj MIPS Addressing Modes(3/8)
Register - Example: add $3,$4,$5
add, sub, and, or, xor, nor, s1t, s11,srl - Takes n bits to address 2" registers
op rs rt rd shamt funct

registers

memory

EizE
https://manara.edu.sy ; z
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= Base addressing (displacement addressing):
operand is at the memory location whose
address is sum of a register and a constant in

the instruction (1w,

SW)

op ‘ rs ‘rt Address

Memory

!

Register

()

word

MU-EPP-FM-005

» The address of the operand is the sum of
the immediate and the value in a register

+ 16-bit immediate is a two's complement
number

. Ex: lw $15.16($12)

Issue date 17No

(rs).

MIPS:

1w, sw

MIPS (b 4 giad) Jalas]
MIPS Addressing Modes(4/8)

op

rs

Immediate value
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%V MIPS . & gial) Jalai
i2os  MIPS Addressing Modes(5/8)

Base addressing

op rs rt Immediate value
16 bits

Sign-e x te nd e|d

= =XXXXXXXX

memory

registers

Tw $8,128($5) Effective address
O

MU-EPP-FM-00! a.edu.sy ;
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constant in the instruction (beqg, bne)

op | rs |rt

Address

PC

()

Memory

% MIPS (& 4 siad) Jalai
izola  MIPS Addressing Modes(6/8)

ojliall
PC-relative addressing: address is sum of PC and

MIPS:
beq, bne

word

PC-relative addressing: the value in the immediate
field is interpreted as an offset of the next

instruction (PC+4 of current instruction)

Example: beq $0,$3,Label

MU-EPP-FM-005

op

rs rt Immediate value

Issue date 17November20
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% MIPS (b 4 giad) Jalas]
MIPS Addressing Modes(7/8)

oili_all

PC-relative addressing

op rs rt Immediate value
16 bits

Shifted by 2 and Sign-extended

---------------- XXXXXXXXXXXXXx00

Program Counter

beq $0, %5, Label T T

MU-EI'. ... ___ e cieep--....anara.edu.sy s
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Pseudo-direct addressing: 26-bit of instruction
concatenated with upper 4-bits of PC (5)

op

Address

PC

Ox

MU-EPP-FM-005

Memory

word

MIPS & 4 gial) bala]
‘ MIPS Addressing Modes(8/8)

MIPS:
Jj

Example: j Label

31

op

offset

26 25

PC: 0111
offs:
shift:

0001 ...

Issue date ., isuven

ADDR: 0111

(L R I W S ]

[P I LW | Sy I | W

0101 0001 0100 0010 1111 0101 10

TILLpr el 11

00

00

0101 0001 0100 0010 1111 0101 1 00

(RSN NIST] u.\.u\.l...‘ly
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