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% Introduction

1-cycle implementation is not used .Why? 6)Liall
Because the length of the clock cycle will always be determined by the slowest operation (lw,

sw) even if the data memory is not used.
alad IS8 Jshall Gl Led 050 o gy Ao Ll 350 01
e a2t Load et Mie mlladdl 3 Saddl Jsda¥ el 550l oda aaaii L2
il e dddas Clasg
Lladanll 351 @
O aal) il @
cGakially Oluadl sasg @
Olidazall 3510 @
O aall il @
(Clock Per Instruction) CPI=1 < saalsll 3)sad) clinday 4@ jLaialy W3

Jas dlgh osSiu Aol 5550 Y G saagl 550l il aladl 215V o
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IZXV MIPS Pipeline

ojliaJl
RegWrite
Read Instruction | [25 - 21) I MemWrite MemToReg
— » Read Read |
address [31-0] - >
register 1 data 1 ALU Read Read g -1
Instruction Headt § s > Zero address data M
register u
memory | data 2 Resuit u
Write
register 0
Registers
Write g
data
RegDst
| [15 - 0]
_ OO
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d Executing a MIPS instruction can take up to five steps.

Step Name Description MIPS Pipeline
Instruction Fetch |IF Read an instruction from memory.
Instruction ID Read source registers and generate control
Decode signals.
Execute EX | Compute an R-type result or a branch outcome.
Memory MEM (Read or write the data memory.
Writeback WB | Store a result in the destination register.

O However, as we saw, not all instructions need all five steps.

Instruction Steps required

beq IF ID EX

R-type F ID  EX WB

swW IF ID EX MEM

lw IF ID EX MEM WB
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy s



Single Cycle Implementation:

e Cycle 1 > ‘ Cycle 2 ‘“ ) .
cikl | | | MIPS Pipeline
1w I sw : Waste| R-type
: —
Multiple Cycle Implementation: :

Cycle 1 Cycle 2. Cycle 3 Cycle 4 Cycle 5 Cycle 6 Cycle '? Cycle 8 Cycle 9nycle 10

Clk |

-

1w i sw R-t}"pe

IFetchl Dec l Exec I Meml WB I IFetchI Dec I Exec I Mem ! IFetch

o .
- L
-

Pipeline Implementation:

1w

IFetchI Dec | Exec IMemI WB

sSwW lFetchl Dec l Exec I Memi WB

R-type l[-'etchl Dec IExec IMemI WB

L"_!LAM (-.\_)y __;Lu.m d)-‘:u;y Lsﬁj (.Jﬂ_._h.a.l.!j") Da‘[apath A_._mﬂ'l JLAM ﬂf ac 2 )9 () ddad
JJLY'I 5«..'1:-_}.&]'! w}‘;JFY‘ A_.;lS.!ﬂ‘ ngaa.:-mll 5 )9 (e ) aaly
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Pipeline Performance dol
ojl_aJl

Assume time for stages is
100ps for register read or write

200ps for other stages

Compare pipelined datapath with single-cycle

datapath
Instr Instr fetch | Register | ALU op Memory | Register | Total time

read access write

Iw 200ps 100 ps 200ps 200ps 100 ps 800ps
SW 200ps 100 ps 200ps 200ps 700ps
R-format | 200ps 100 ps 200ps 100 ps 600ps
beq 200ps 100 ps 200ps 500ps

MIPS Pipeline
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Pipeline Performance > MIPS Pipeline

Single-cycle (T_.= 800ps)

Program
execution .. 200 400 600 800 1000 1200 1400 1600 1800
Time T T T T T T T T —

order
(in instructions)

lw $1, 100($0) | "SI meg| alu | D32 | geg

Iw $2, 200($0) 800 ps |Insuetonlpeg | ALy | DAt | Reg

Instruction
lw $3, 300($0) 800 ps fetch
- - 800 ps
Pipelined (T_.= 200ps)
Program
execution .. 200 400 600 800 1000 1200 1400
TIITIE T T T T T T T -

order

(in instructions)

w $1,100(80) |"S5e™|  |meo| A | D3 e

lw $2, 200($0) 200 ps |"oen"|  |Res| ALU | o=@ |Reg

w $3, 300($0) 200 ps |"ewen | |Reo| AL | 0% |Reo

200 ps 200 ps 200 ps 200 ps 200 ps [=l: -E_:l



% MIPS Pipeline

Pipeline Performance dooln
ojliall

Speed-up

e Theoretical speed-up: 4 times

e Actual speed-up in example: 1.71 times
— sequential: 800ps + 800ps + 800ps = 2400ps
— pipelined: 1000ps + 200ps + 200ps = 1400ps

e Many tasks — speed-up approaches theoretical limit

EEE
ara.edu.sy s
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% MIPS Pipeline

Pipeline Performance deola

Ailli All

 Example: A program consisting of 500 instructions is executed on a 5-stage
processor. How many cycles would be required to complete the program,
(i) without pipelining, (ii) with pipelining? Assume ideal overlap in case of
pipelining.

e Solution:

Without pipelining: Each instruction will require 5 cycles. There will be no
overlap amongst successive instructions.

Number of cycles = 500 * 5 = 2500

With pipelining: Each pipeline stage will process a different instruction
every cycle. First instruction will complete in 5 cycles, then one instruction
will complete in every cycle, due to ideal overlap.

Number of cycles =5 + ((500-1)*1) = 504
* Speedup for ideal pipelining = 2500/504 = 4.96 (or approx. 5)

EI .E
e
-

™
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Hazards o MIPS Pipeline

6)Lioll

 Data hazards
— Instruction depends on data that is not ready yet
(Data dependencies through the register file)

* Control hazards

— The choice of next instruction depends on results that aren’t ready yet
(We'll see this next)

e Structural hazards
— Hardware cannot support a combination of instructions
(We saw this with reading and writing the register file at the same time)

[Oh0)
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Structure Hazards m% (hiall g qlualdl Baa gy aSail) 3aa g
s

Conflict for use of a resource

In MIPS pipeline with a single memory
Load/store requires data access

Instruction fetch would have to stall for that cycle
Would cause a pipeline “bubble”

Hence, pipelined datapaths require separate
Instruction/data memories

Or separate instruction/data caches

[Oh0)
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Structure Hazards %V Ghaiall g luad) Bas gy aSadl) Bas g

e Single Memory! Reading.fro-m
_.= memory twice in the

Time (clock cycles) Nl same cycle!

: s : o : / ]
(| 1w MemEl] Reg -_% Iﬁem_ Regf ./
5 - : ¥ :
f Inst 1 i IMem} Regg—% {Men'l Regf
: : ] | :
r. : : : 15) o)S\JJP}JM\oJAd;M\xA
I e Fryon N v Slally Silar ) (e IS Al
0| Inst 2 i [Mem

e | Inst3

Inst 4 . }Mem Reg

1 : : : . ! : 3
,l: Solution: Use two memories; Data and Instruction!
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Structure Hazards % Ghaiall g luad) Bas gy aSadl) Bas g

» Single Register File!

Time (clock cycles)

.
-

One instruction is

writing and the
I add $1, |im _[Regg_%f Ibm 3 8k i other is reading

I the register file?

n

Inst i | IM L 3 Regi Solution: Design
: 15) E E : the register file to
i i write in the first

; half of the cycle
O| Inst 2 i |IM E-[Regg

~
™
Qg

Ev
)
=

and read in the
second half!

2 DM E;l_Reg

clock edge that controls

clock edge that controls ____—«— loading of pipeline state

3 A

MU-EPP-FM register writing registers 1.5y s

e| add $2,81, | M 1

= | N/
Neal?
<
=
a0
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