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RECAP

INSTETN o5y

. ARM Features
. ARM Architecture

- ARM Registers
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PIPELINING
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WHY PIPELINING?

- Improves the efficiency

. Pipelining in ARM boosts execution speed.
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HOW PIPELINING WORKS?

INSHTEN o5y

LD R1 <-A

ADD RS, R3, R4 5 stage pipeline:

LD R2<-B Fetch — Decode — Read — Execute - Write
SUB RS, R6, R7

STC<-R5

Non-pipelined processor: 25 cycles = number of instrs (5) * number of stages (5)

F |ID|R|E |W

F |ID|IR|E |W

F |ID|R|E |W

Pipelined processor: 9 cycles = start-up latency (4) + number of instrs (5)

F
F DI|RI[E[W Draining the
F D R E W pipeline
F IDIR|E |W
Filling the FIDIR|E |W
pipeline
»  F |[D|R|E |W
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PIPELINE STAGES >

FIrorionis
* ARM implements different pipeline stages in its architectures.
= ARM 7- 3 stage Pipeline
Fetch Decode Excculc)
= ARM 9- 5 stage Pipeline
Fetch Decode Exccuch Memory Write )
= ARM 10- 6 stage Pipeliné
0 Fetch Issue Decode Execute Memory Write )
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Time| Cycle2
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PIPELINING IN ARM 7
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HAZARDS

. Data Hazards

. Instruction Hazards
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Clock cycle
Instruction

[, (Mul)

I, (Add)

DATA HAZARDS

Fa D» Doa | B W
F, D, E,
F. | Dy
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INSTRUCTION HAZARD

e Time IITY IO
Clock cycle | 2 3 | 5 6 7 "’
I, F, D, E, W,
I+ (Branch) Fa 3 Ea
Iy Iy (L E; W
Lk &

Frer | Dewn | E

K+ 1

{a) Branch address computed in Execure stage

Clock ovele 1

I
b
ia

—_— Time

] [& r
[ Fy Iy Ey W
Is (Branch) Fa D=
Iy Fy [ =y Wk
P Frin | Deer | Exsen

(k) Branch address computed in Decode stage
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IMPROVING EFFICIENCY

LOOP Shift_left R1
Decrement R2
Branch=0 LOOP

NEXT Add R1,R3

(a) Original program loop

LOOP Decrement R2
Branch=0 LOOP
Shift_left R1

NEXT Add R1,R3

(b) Reordered instructions
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ASSESSMENT

INSTETN o5y

1.How many stages of pipelining was there in ARM 9?
a) 3 b)5 c)7 d)None

2. List the types of Hazards in pipelining.

Assesdl’
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