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% The Processor
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%V MIPS Datapath Elements

nnnnnnnnnnnnnnnn

In the MIPS implementation, the Datapath elements include:
*The ALU (Arithmetic Logic Unit)

*The instruction memory

*The data memory

*The register file

- \l
*Adders .jf‘i
*Sign-Extender gk ‘4

*Single registers

[Oh0)
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% Arithmetic and Logic Unit (ALU)
deola
oili_all

= The ALU | Alcontrollines | Function

= Takes two 32-bit inputs

_ 0000 AND
=« Produces a 32-bit result 0001 OR
= Produces also a 1-bit signal if the result is 0 0010 add
« Has 4-bit control signal ALU operation 0110 subtract
l 0111 set on less than
\ 1100 NOR
a—»
—» Zero
> ALU |— Result
— QOverflow
b —»]
CarryOut
[m]3c[w]
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[:A The Instruction Memory
Sy
6jial

bl Sladdat (A8 3 Slddasg o o l

The instruction memory has a single read port.

It takes a 32-bit instruction address input (A),

Read [Instruction |
address  [31-0] (RD)
and reads the 32-bit data from that address nstruction
onto the read data output (RD). memory
[E]3c=m]
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% The Data Memory

oi1ligJl

= Has read and write control signals

= Has an address input

= Has an input for the data to be written
= Has an output for the read data

/

Blue lines represent control signals. MemRead
and MemWrite should be set to 1 if the data
memory is to be read or written respectively,
and 0 otherwise.

\

\

J

-~

A\

EXAMPLE:

To read from the data memory, set Memory read =1

set Memory write =0

~

)

MU-EPP-FM-005
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MemWrite

Read
——| Address dais
Data TC,‘
Write memory ot 2
data ' .
Store -> MemWrite
MemRead Load -> MemRead
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Our register file stores thirty-two 32-bit values.

— Each register specifier is 5 bits long.

— You can read from two registers at a time.

— RegWrite is 1 if a register should be written.

Jawsall 68

Register Files

RegWrite
Read Read (e
register 1 data 1
Read
register 2 Read |—p

: data 2
write \|

register

, Registers
Write
data

elS el llanally Jassdll 2y ay A SN Ligdly : Jaae AlSH —

el (8 ALY Aleny 2S5 3 Ao Ll e

g Jaa Ladly 1 Jasa 3e A
drianis Jasdl o8 (o 35le
Sldanall g5 35 253 o

el 8 3]l
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PA A single-cycle MIPS processor

7 ;344 Datapath cillass jaa o L3
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S S o maBye (e S0 daling jiate JSg Aadedll 8350 e S| Datapath
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4 —I-/

A single-cycle MIPS processor

® »
PC
Add
Sl Shift -
O ) left2 [
PCSrc
Reg|w”‘e |t i el 2 )
Read Instruction | 1[25-21] T Rens Mem\Write MemToReg
address  [31-0] » Rea Read . |
register 1 data 1 ALU »| Read Read 1
; .l 20 o'° Read Zero i address data
Instruction register 2 Read 0 M
- e i u
memory Wrte data 2 " ReSUlt (i ‘;";Tjt:;ss x
register u Data 0
? Registers x » Write memory
O daladll Qals 1[15 - 11] Write 4 ALUOp data
bl 3 S * ’ data |
e MemRead
ALUSTC emrea
RegDst
1 [15 - 0] Sign
*lextend
dxa ) AU Al e
_ EEE
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Fetching Instructions % dagdeil) s
ezl o

Lgie Aadbeill (il 3yl (g3 Al 38030 Y PC iyl alie (L)

PC bl (B 5 A Aadall (lsie (gn Jaae o (State element) gyl slae
oS85 5L A Adee 6 Y Al 850 JS Buled 3 (S 32 bits 4

tlagletl]l sl Za DU jalial)

.( state element Ala jaic) ciledaall 380511

.(state element) PC il dae .2
>Add Sum
A el siall JPC I 5al50 2 aals .3
lagia JS cplany Ugease ALU 0 o cany aalal
[Oh0)
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Fetching Instructions
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> Add

always adds,

Instruction
memory

Instruction
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[

R-format instructions

siadl  ALU laially Cluall 33n 5 e ) Cala tda DUl jualial
T - - - - e e - -
0/20 .1
Add add R Rlrd]=R[rs] + R[l‘t] 1) U7 20y !
L --------------------------------------------------------------------
op rs rt rd shamt func Slasladl Us‘j O A “B"'US -a
31 26 25 21 20 16 15 11 10 6 5 0) ‘) h & el 8 b
Cwe ertosrs L_ﬂ.,uhul\ ‘;s;.\ om;.d\
1 RegWrite e )s;...m]\ ula
| hiall 5 cluall saa
Read Instruction I [25 - 21] Read Read ALU ALU 2 h'_’.. ’ ,j -C
address [31-0] register 1 data 1 Zero .‘F‘)M\ "\t.‘L/“’d\
[20-16] | Read > Resul Aga sl Ja (B iaii 0345 d
Instruction "| register2 Read cladaall 4 O rd 55 Adaall
memory . data 2 . - )
I[15-11] Write
register
. Registers e
Write
r data
[E]3c=m]
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op rs rt address

6 bits 5 bits 5 bits 16 bits
i MIPS 3 Load and Store cladail dalall dryall

lw $t1,0ffset value($t2)

sw $tl,offset_value($t2)
offset ) Jia (e 35540 16 bits I 3 Wl Jad) dalaly 38130 (glic Glua
Ll Dlansdll (il g Liadf 185 o oy 0585 o oy 20 4l Store dageal Ll
LDl Cale (8 S5 ) oy 5)SIA1 (e B g yiall daiilld Load daglail) sl 13

— opasbiad) Clad 3latally Cluadl as g~ lawed] Cale sAa Pl jealiall

offset I} Jas (30 16bits | apus il (sign extension) 3,L3 sree

Sign-
extend

llaxall 3,813 =32 bits Jshas 5 yise e ) dagdaill

Load and Store Instructions

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy
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Example: Executing LW instruction P Load and Store Instructions

> Add
PC 4 —b/

PCSrc
RegWrite
i MemToRe
Read Instruction | [25 - 21] I MemWirite 9
address [31-0) [P » Read ; Read o | |
rogister dten 1 ALU —p| Read Read Lo 1
Instruction E;Z?;er 5 Read 5 Zer0 sddress  data M
@ u
memory _ dats 2 . Result |—g x
Write
register l;‘l /I/ | vrte Data o
memo
Write  cegisters &= 1) ALUOp data y
data I I
MemRead
RegDst ALUSrc
1[15 - 0] Sign
extend
. [Ohy=i0)
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Example: Executing SW instruction .
sw Sa0, 16(Ssn) Load and Store Instructions

Store Word sw I M[R[rs]+SignExtImm] = R[rt] @) 2bjy

\

P \

“ a .. . .
I & Al Ol sie
s SIAl
|
Instrucsion [20°16] Reag:  dain?
Instructon register 2
5% [{Cn.5a0 ) . Al s,
Instruction data2 |’ . resut
memory =
Wt memory
data
Instrucsion [15:0) 16 [ ggn | R [ value. $Sa0 ]
~ | extend
i [Ohy=i0)
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy T



beq $at, $zero, L Execution of branch instructions
f r

add $v1, $v0, $zero
add $v1, $vi1, $vi

j somewhere
L: add $vi1, $vO, $vO

000100 | 00001 00000 0000 0000 0000 0011
op rs rt address ’f‘

Offset= 3x4=12
The offset must be added to the next PC to

generate the target address for branch.

[Oh0)
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Pﬂ Execution of branch instructions

if(R[rs]==R[1t])

Branch On Equal  begq I PC=PC-+4+ BranchAddr _ 4hex

24l
tofilee gm0 s beq Aaglany (alil) Datapath 1 dually
Layl Liajlyg ¢plasall dad el cdlaeall Cale Liajly @AY cpba il (g gina 45)lia .
Al o)y ALU
oe 3)le offset Il Jia o Lug sign extension Ll caagdl 5all clsie Claa 2
JAa G ShHLEB 4 g i AaliYloda 2 i Hlall ) e b <IN LS
poasall Offset ) Jas e Lol Algill N (00) Cpjtea A8la) e Bl a5z Al
e A4S Ledie ljeatll 8 AgEa sl 2 lias Y ridaad

PC+4 Llee PC I ) susie Offset 3l Jis

Anlaall saais ALU 1) oY Adder pals Liosly
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if(R[rs]==R[rt])

DOaPCr i Bonieh Adds 4.« | Execution of branch instructions

Branch On Equal neq I

We need a second adder, since the ALU
is already doing subtraction for the beq.

= PCSrc=1 branches
to PC+4+(offsetx4).

v]
[ —

Add = PCSrc=0 continues
PC 4 — .
/ Multiply constant to PC+4.
—_—
by 4 to get offset.
‘ RegWrite
Read Instruction | 1[25-21] [ Reng | MemWrite MemToReg
address  [31-0] [ ® " rooistor 1 dﬂf:? |
9 a Read Read > 1
1 [20 - 16]
. L » Read Zero address data M
Instruction ster 2 Read 0
memory L 0 register e Result |—g u
i data 2 M x
M Write u > o
u register Redictore x o Write ng;t:
I115-11]| X »| Write g ] ALUOp data v
1 data ]
MemRead
RegDst ALUSrc
1[15- 0] [ sign
_ @iz
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