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Computer Embedded Systems

PIC32 Pipeline
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Computer Pipelining

= Pipelining is an implementation technique that exploits
parallelism among instructions in a sequential instruction
stream.

= A major advantage of pipelining over “parallel
processing” is that it is not visible to the programmer.

= In a computer system, each pipeline stage completes a
part of the instruction being executed.

= The time required between moving an instruction one
step down the pipeline is a machine cycle (clock cycle).

= The length of a machine cycle is determined by the time
required for the slowest stage to proceed.
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Pipelining in real life

Laundry Example

e Ann, Brian, Cathy, Dave 6666

each have one load of clothes

to wash, dry, and fold
¢ Washer takes 30 minutes '
* Dryer takes 30 minutes g"
¢ “Folder” takes 30 minutes o
¢ “Stasher” takes 30 minutes

to put clothes into drawers k
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Sequential processing
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i Sequential laundry takes 8 hours for 4 loads

If they learned pipelining, how long would laundry take?
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Pipelined processing
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* Pipelined laundry takes 3.5 hours for 4 loads!
T oy NjJ9N ¢ 5
Unbalanced Pipeline
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5.5 Hours. What is going on here?
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Pipelining Principles

= Pipelining does not help the /atency of a single task, it
helps the throughput of the entire workload.

= The pipeline rate is limited by the slowest pipeline
stage.

= Multiple tasks operating simultaneously.
= Potential speedup = number of pipe stages
= Unbalanced lengths of pipe stages reduces speedup.

= Time to “fill” pipeline and time to “drain” it reduces
speedup.
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Unpipelined Computer

30ns 3ns
Comb R Delay = 33
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* One operation must complete before next can begin
* Operations spaced 33ns apart
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3 Stage Pipelined Computer
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3 Stage Unbalanced Pipelined

Computer
Bns  3ns 15ns 3ns 10ns 3ns
o R Comb R Comb R
—p(Com|p ||y omb. |yl | Comb. ||
Log. G Logic G Logic 6

Delay = 18 * 3 =54 ne

Clock Throughput = 556MHz

¢ Throughput limited by slowest stage
Delay determined by clock period * number of stages

* Must attempt to balance stages
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Deep Pipelined Computer

Bns 3ns Bns 3ns  Bns 3ns Bhs 3ns  Bns  3ns Bns 3ns
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» Diminishing returns as we add more pipeline stages
 Register delays become limiting factor

* Increased latency

* Small throughput gains
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PIC32 Pipeline

NIIONKI ,NNAN NTIPON '1N1 NXan — Instruction Fetch =
Cache Module-n qna

DTIZN 27w ANaINY NTIpon vixa — Execution =

n>wnn [N>'tn oMok — Memory Fetch =
Cache Module 2 nnonixni o'xam SRAM,FLASH

D'TN9INN 7¥ 0'77a0 RN nyxann — Alignment =
Memory Align-n nT'n' 1IN
nxximn na'nd — Write Back =
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PIC32 Pipeline
c1 2 3 cd 5
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(Inst Fetch)  (Execution)  (Mem Fetch) (Align) (Writeback)

M Pipeline-n jjwxan plywn ithna =
nionixn nTIPoONI Instruction Fetch nyxann pwuxin itnna =

Instruction 1 Execution nimipo 7\apna niyxann A irnna. =
YT DX D'INN DT TN IXQIN WX DRI WX [ Fetch
Execution n1aya

v pomy 11]TIN @ 1

PIC32 Pipeline

Mem Fetch, Execution, Inst Fetch Fetch niyxann 3 nitnna =
Ny¥ann 4 thna =
Align, Mem Fetch, Execution, Inst Fetch =

niyx¥ann 5urnna -
Writeback, Align, Mem Fetch, Execution,Inst Fetch

no>wnn FTv'? namd 'R 1+4 onirtnna. =
IV MIThN S 12'D NDWNA NNX NTIRO 7w yIXA7 “Ixnam nar =

7091 ,nrwann X77 Pipeline-n iy 75 nxX'sni 5 withn nm- =
0N W7D TV N2 MY [IYY ITNN
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