,,,,,,,,,,,,,,,, &Lj_'@)ﬂ < . DR

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

Janddlh 5 juzalaal

)).n.l‘ B s
Cymii> ﬁLwJ .
2025 2026
[s]3c[m]
MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy s



MU-EPP-FM-005

Issue date 17November2025

MANARA UINIVERSITY

issue no:1

MIPS Pipelining  ®
Hazards ®
Data Hazards ®

Control Hazards ®

https://manara.edu.sy

™




% Data Hazards

oylioJl

nnnnnnnnnnnnnnnn

data access by a previous instruction

add $s0, $t0, $tl
sub $t2, $s0, $t3

. 200 400 600 800 1000 1200 1400 1600
Time T T T T T T T >

bubble bubble bubble bubble bubble
<© O © O ©
bubble bubble bubble bubble bubble
© @ © O ®

sub $t2, $s0, $t3 El—f |l:’— MEM —le
o
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: ; Jad % Data Hazards
Forwarding (Bypassing) gﬁﬁ

Use result when it iIs computed
Don’t walit for it to be stored in a register
Requires extra connections in the datapath

Program
execution ' 200 400 600 800 1000
order Time T T T T | >

(in instructions)
add $s0, $t0, $t1 IF

MEM WB |

sub $t2, $s0, $t3

™

EI .E
e
-
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: Jadl
Forwarding (Bypassing) %V Data Hazards

ojlioJl
Where does Forwarding (Bypassing) help?
St e Clock Clock Cl ’k Clock Clock Clock
. ocC ocC ocC ocC ocC ocC
Execution Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5 | Cycle 6

I ‘ I I I ' I

‘ | . I | & I

| I I I

I I I I I

and R12, R2, RS | | | | |

I I I I I

I I I I I

I I I I I

or R13, R6, R2 | | | | |

I I I I I

I I I I I

add R14, R2, R2 | | | | |

I I I I I

I I I I I

I I I | I

Oh0)
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. Jall P Data Hazards
Forwarding (Bypassing) AV Where does Forwarding (Bypassing) help?

deol A
6)liadl
Program Time >
Execution Clock Clock Clock Clock Clock Clock
Cycle 1 Cycle 2 Cycle 3 | Cycle 4 Cycle 5 Cycle 6

add R14, R2, R2

[s]3c[m]
.
:

™
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. Jall l> Data Hazards
Forwarding (Bypassing) AV Where does Forwarding (Bypassing) help?

deol A
oyliaJl
Program Time >
Execution Clock Clock Clock Clock Clock Clock Clock
Cycle 1 Cycle 2 Cycle 3 | Cycle 4 | Cycle 5 Cycle 6 Cycle 7

Forward R2 from
the EX stage for
sub to the EX
stage for and

add R14, R2, R2 |
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. Jall l> Data Hazards
Forwarding (Bypassing) AV Where does Forwarding (Bypassing) help?

deol A
&yLigl
yrogram TS Clock Clock Clock Clock Clock Clock
. ocC (o] oC ocC ocC ocC
Execution Cyce2 | Cycle3 | Cyclea | Cycles Cycle6 | Cycle7

Forward R2 from

e ———

the EX stage for
sub to the EX |
stage for and |
add R14, R2, R2 | | | | |
O
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. Jall P Data Hazards
Forwarding (Bypassing) AV Where does Forwarding (Bypassing) help?

doola
Program L Clock Clock  Clock Clock al K

: oc oc 0 oc ek Clock _____ Cloc
Execution Cycle2 | Cycle3 | Cycle4 | Cyces | ¢y I8

Clock
Cycle1 |
o el T s T HORT GEES
: I . ;T__,_',V_._\:
| ' ¥
|

Forward R2 from

or the EX stage for
4 subtothe EX
stage for and

add R14, R2, R2 |
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Load-Use Data Hazard %V Data Hazards

nnnnnnnnnnnnnnnn

Can't always avoid stalls by forwarding
If value not computed when needed
Can'’t forward backward in time!

. 200 400 600 800 1000
Tlme || ; ]' ]. l ‘I

lw $s0, 20(St1) F - 1D %—;B WB
sub $t2, Ss0, St3 IF —’: ID %—MEM WB
S

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




L oad-Use Data Hazard %\7 Data Hazards
6)liadl

Can't always avoid stalls by forwarding
If value not computed when needed

Can’t forward backward in time!

. 200 400 600 800 1000
Tlme l‘ l~ l- l 'l

lw Ss0, 20(St1) IF 51D SEX MEMj WB
/ .....
sub $t2, $s0, 5t3 IF _: D %*MEM wa%
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% Data Hazards

Load-Use Data Hazard —

Can't always avoid stalls by forwarding
If value not computed when needed
Can’t forward backward in time!

Program
execution _ 200 400 600 800 1000 1200 1400
order Time : . . —

(in instructions) R
w $s0, 20($t1) IF —E ID SEX|—MEM WB |
O ) 9.

—E ID >EX—MEM|—{ WB |

sub $t2, $s0, $t3 IF
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Load-Use Data Hazard %
. Jall o Data Hazards
Code Scheduling to Avoid Stalls ;g gy putis 31a 5080 s 5aleY (SOMWArE) aasdl Jall Alaiud

Load dadaill aladiul i e
Reorder code to avoid use of load result
In the next instruction

CcodeforA =B + E; C =B + F;
Tw  $tl, 0($t0) Tw  $tl, 0($t0)

1w w (52

stal | — add $t3, $t1, Tw ,
sw $t3, 12(%$t0) add $t3

Tw ($t4)-8($t0) .
S@i|— add $t5, $t1,(5td) add $t5 $tl,
sw $t5, 16(%$t0) sw $t5, 16(%$t0)

MU-EPP-FM-005 Iss 13 cycles 11 cycles




Load-Use Data Hazard %

R o Data Hazards
: 6yliadl
Code Scheduling to Avoid Stalls Aanlll s gl (galis A slaal 50000 as i sale (software) sl dadl alassud

Load dadaall aladiid i e
Reorder code to avoid use of load result
INn the next instruction

CcodeforA = B + E; C = B + F;

Tw  $tl, 0($t0) Tw  $tl, 0($t0)
Tw  $t2, 4($t0) Tw
sta | — add $t3, $t1, $t2 Tw _
sw $t3, 12($t0) add $t3,¢
w (§t4)-8($t0) sw  $t3, 12¢$t0
stall | — add $t5, $t1, add $t5, $tl,
sw $t5, 16($t0) sw $t5, 16($t0)
- ® 13 cycles 11 cycles

1=l



%V Data Hazards

deola
Code Scheduling to Avoid Stalls // example
b fime Clock Clock Clock Clock Clock Clock
. ocC ocC ocC ocC [s]m ocC
Execution Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5 Cycle 6 |

I
I
o

g | =
1 o(R4) +i: o ff |
" (2 I : o]
add R12 @ R11
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MANARS UNIVERS!

Program Time >
Clock | Clockl Clock | Clock l Clock | Clock

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6

ALU needs R2 at the
beginning of the clock
cycle, but it isn’t available
from the data memory
until the end
- Can not forward!

Data Hazards
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IZV Data Hazards

MANARA UINIVERS|

Firodeam e Clock Clock Cl ’k Clock Clock
Execution ocC ' ocC l ocC ' oC ' ocC 8 4
Cycle 1 | Cycle 2 Cycle 3 | Cycle 4 Cycle 5 Even with forwarding we
[ | e w need a 1 cycle delay to
1w @ O(R4) = |+ —t get through the memory
B | e : because it is in the next
| pipeline stage.
I

add R12, @ R11

A

v

I
I
l
l
|
|
e
' tees
|

[Ohy=i0)
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IZV Data Hazards

deola
Code Scheduling to Avoid Stalls // example
FTograTI s Clock Clock Cloc’k Clock Clock Clock
Execution Cycle 1 : Cycggz: Cycle3: Cycle 4 : odet | Delee EVe T ToT T e

—_— : need a 1 cycle delay to
WwB | | get through the memory

because it is in the next
pipeline stage.

-----

\
add RO, R0, Re (nop) ; D |, EE— — W
o 4. - }o o . add RO, RO, RO does
S | N T} nothing because we
can’t write to RO. It's a

No-Operation, or NOP.

-----

If the compiler can find
other work to put here
then we can use this
slot for something

useful.



IZV Data Hazards

MANARS UNIVERS!

Program Time >
Execution Clock | Clock | Clock | Clock I Clock
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5

Even with forwarding we
e need a 1 cycle delay to
1w @ o(R4) " get through the memory
: because it is in the next
pipeline stage.

\
add Re, g0, RO (nop) N i = w1 1V
\'\\\r | - | S T add RO, RO, RO does
ALY | 1 | nothing because we

- ‘ il cen't write to RO. It's a
add R12, @ R11 = 3 No-Operation, or NOP.

.....

If the compiler can find
other work to put here
then we can use this
slot for something
useful.

Q: What forwarding is needed from a
store instruction? Store instructions do not write back to the
O Same as for a load instruction register file, so no subsequent instructions can

O None be waiting for their results. They may need
O An extra path in the MEM stage forwarding to the store instruction to get the
address or data from a previous instruction.

nara.edu.sy
[=]
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Control Hazards

Vi

deol a
:{Control Hazards or Branch hazards) asail) JUadj

Lgalind 0 e sl dadadl) O Aagaall deladl 5y50 8 343 Y dadedl) Lorie
e L dalall (e el pipeline ) Lgadsyy ) 5ot oS cilaglatl) cpglie 385l
Y pipeline su¥) bl il 65aY) clegeil) 385 Laty Gaglad 3t o atias )8

SSIAN e N Aaded iy s Mt 0 A0 dadanl Jlaia) A e 43

taSail) el Jola

pipeline . 40l dls yadl DA PC JJ dad Ghass ¢ jadll lgic dadd
tialiy las 5,0 LAl 13 A6l
adyshall lbabaall 3 Al s L) A0l Al 3 el Js ks Y Ladie —
.(longer pipelines

Bl dabe b a5 Caagll 5l Cluas 581 )8 Jygha Jalade ellas Lavie —
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Control Hazards
Stall on Branch

Walit until branch outcome determined before
fetching next instruction

[

ojl_aJl

Program
execution . 200 400 600 800 1000 1200 1400
order Time | | | | | g
(in instructions)
a0d$4,55,86 || reo| au | oo e
: »| Instruction Data
beq $1,$2, 40 200 ps fetch Reg| ALU access Reg
bubbley( bubble/ bubble/( bubble/( bubble
@ CA_ @ 9
or $7, $8, $9 - »lInstruction Data
v 400 ps fetch Reg| ALU access | €9
Issue date 17November2025 issue no:1 https://manara.edu.sy 5 =
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Control Hazards D

Stall on Branch “ﬂj
Branch Prediction - Jall

138 (e JaSsy 80 das Lidaef Wil apiss ol 380 jlad Jaldiyla oo il o853
aledll Al Wl e el UV e Jaadl gzl YY)

:(Static branch) SLul 3asll 185

Sl dalan laely sy V/dasy a8l Gaasy ¥l Giasy el s el las) EDG Gl
(olasyl ysal)

Sl Juang 32} a8 sl of ellyy 4y dalad A ) sase dl Ly sdalad) Jaud 8 cladl)
(b (SY) Base
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Control Hazards
Branch Prediction

Prediction
correct

Prediction
incorrect

Program
execution Time 200 400 600 800 1000 1200 1400
_Drder L] T 1 n I ] L
(in instructions)
Instruction Data
add $4, $5, $6 jetch Reg | ALU access |°9
Instruction Data
Instruction Data
lw $3, 300($0) 200 ps| fetch Reg| ALU access | °9
Program
execution o 200 400 600 800 1000 1200 1400
-Dr{jgr T T T T T T T
(in instructions)
add $4, $5, $6 |"™jmcton| | Reg| Al | D2 | Reg
Instruction Data
beq %1, %2, 4(}' 200 ps fetch Reg| ALU access | P9
ubble ubbl ubble ubble/ b =
i
—or $7, $8, $9 - =lInstruction Data
400 ps fetch Reg ALU access | o9

Vi

nnnnnnnnnnn

MIPS with Predict Not Taken

nnnnn

ju.sy

™




Control Hazards D

Branch Prediction deola
ojtioll

More-Realistic Branch Prediction

Static branch prediction
Based on typical branch behavior

Example: loop and if-statement branches
Predict backward branches taken
Predict forward branches not taken

Dynamic branch prediction
Hardware measures actual branch behavior
e.g., record recent history of each branch

Assume future behavior will continue the trend
When wrong, stall while re-fetching, and update history

MU-EPP-FM-005 Issue date 17November2025 issue no:1
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Example:1

The 5 stages of the processor have the following latencies:

[

Fetch | Decode | Execute | Memory | Writeback
a. | 300ps | 400ps 300ps no0ps 100ps
b. | 200ps 150ps 100ps 190ps 110ps

Assume that when pipelining, each pipeline stage costs 20ps extra for the registers between

pipeline stages.

. Non-pipelined processor: what is the cycle time? What is the latency of an instruction?

What is the throughput?

1. Pipelined processor: What is the cycle time? What is the latency of an instruction? What

is the throughput?

I. Nownpipelining

a. Cycle time CT=300+400+350+550+100=1F00PS

Latevey =CT=1700 ps
Throughput=1/CT=1/1700 inst/ps

b) CT= 200+150+100+140+140= 70 pS

latency=CT=720 ps
Throughput=1/720 inst/ps.

-

-

CTsn o ieal sl oy 1) Abiadla
Gslie o alae ) Jaall oo yi ;¥ ABiadla
& sl gl
F=1/T=1/1700=...............Ghz.

~

J




Example:1 l?\

Fetch | Decode | Execute | Memory | Writeback
a. | 300ps | 400ps 350ps 2500ps 100ps
b. | 200ps | 150ps 100ps 190ps 140ps

. TT. pipelining processor g
. 2)CT=max(300,400,350,550,100)+20 pS
. CT=550+20=570 Ps
. latency=CTxvo. of stages=570x5=2550 ps _
. Throughput=1/570 inst/ps ’
b) CT=200+20=220p5

. Latency=220x5=1100 ps N

. Throughput=1/220 nst/p9

.........................................................................................
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