Pip elining

Basic concept: Assem bly line

� Split a job A in to n sequen tial sub jobs (A

1

; A

2

; :::; A

n

) with eac h

A

i taking appro ximately the same time

� Eac h sub job is pro cessed b y a di�eren t substation (resource) or,

equiv alen tly passes through a series of stages

� Ov erlap of sub jobs of di�eren t jobs, i.e.: when sub job A

1 of job

A is �nished on stage 1, sub job A

2 of job A starts on stage 2

while sub job B

1 of job B starts on stage 1.

Pip elining { P erformance

Execution time of a single job:

� can b e longer since eac h stage tak es the same time and that time

is the longest time for an y of the substages

But throughput is enhanced since:

� A new job can start at ev ery stage time, and it follo ws that one

job is completed at ev ery stage time

In the b est case, throughput is n times more if there are n stages.

But, this is a little to o optimistic b ecause

� Execution time of a job b y itself could b e less than n stage times

� W e ha v e assumed that the pip eline could b e k ept full all of the

time

Nonetheless, sho ws great promise!

Pip elining applied to instruction execution

Recall the 5 steps of instruction execution (m ultiple cycle implemen-

tation)

Ifetch Dec ALU D. fetch Wb

Ifetch Dec ALU D. fetch Wb

Instruction i

Instruction i+1

In pip elined mo de

Ifetch Dec

Ifetch

Ifetch Dec Dec

Instr. i

Instr i+1

Instr i+2

ALU D.fetch Wb ALU ALU D.fetch

D.fetch Wb Wb

"Idle time"

Pip eline parallelism

Note that a en time, 5 instructions are in progress.

Note also that an individual instruction es longer

Ifetch Dec

Ifetch

Ifetch Dec Dec

Instr. i

Instr i+1

Instr i+2

ALU D.fetch Wb ALU ALU D.fetch

D.fetch Wb Wb Ifetch

Ifetch Dec Dec ALU ALU D.fetch

D.fetch Wb Wb Instr i+4 Instr i+3

5 instructions in progress

t t+1 t + 2 t + 3 t + 4 t + 5 t + 6

4

Pip eline implemen tation requiremen ts

t a en time, all 5 stages are e (on t instructions)

us e need all the resources that ere used in a single cycle im-

tation

All stages are indep ende t and isolated from h other. All infor-

mation gathered or ept at stage i that will b e needed at stage i + 1

and after ust b e passed on in \pip eline registers" that separate h

stage. F or example:

� The register b er where the result of the ALU will b e stored

� The register b er where data will come from in a store in-

struction

� The 16 bit o�set or immediate v alue

� The up dated PC

� The ts of the register that will b e written to memory in a

store instruction

� etc.

5

Pip eline datapath (highly abstracted)

IF ID EX MEM WB

IF/ID ID/EX MEM/WB

EX/MEM

No reg.

needed since state change

Resources: Inst. memory Registers 2 ALU’s Data memory ALU

6

What could go wrong? Hazards.

Structur al hazar ds. o instructions t to use the same resource

(at t stages). This ould happ en if e had a single memory

for data and instructions. (In real systems, this is en care of y

separate instruction and data hes { see later).

Contr ol hazar ds. This happ ens when a h is en. Since the

decision cannot o ccur b efore the next instruction in sequence has

already b een hed, e need to e some remedial action to b e de-

scrib ed so on. W e will talk brie y also ab out sp e culative exe cution.

Data hazar ds. This happ ens when instructions that are in the

pip eline at the same time are dep endent, i.e., the result of an in-

struction is needed for the next instruction. W e’ll see that in some

cases e can still pro ceed using byp assing while in others the pip eline

will e to b e stal le d.

7

Pip eline datapath (a little less abstracted)

Let’s lo ok k at Figure 5.17 (single cycle execution) with delimiters

b een the resources used at h instruction step

8