Lecture 13: Pipeline Hazards

(CPEG323: Intra. to Computer System Engineering)
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The pipelined datapath
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Review
= Pipelining is a BIG idea
= Optimal Pipeline
— Each instruction requires five stages, and five cycles, to
complete.
— Each stage uses different funchional units of the

datapath.

— 50 we can exeoute up to five instructions in any dodk
cycle, with each instruction im a different stage and
using different hardware.

= What makes this work well?

— Similsrities bebaeen imstructhons allosw us b use same
stages For all instructions [generally).

— Ench stage takes about the same amount of ime a5 all
athers: little wasted time.

Problems for Pipelining CPUs

= Limits to pipelining: Hazards prevent next
instruction from executing during its designated
clock cycle

— Dats hazards: Instruction depends on result of prior
instruction siill in the pipeline

— Structursl hazards: HW cannot support some
combination of instructons

— Control hazards: Fipelining of branches causes later
instruction fetches to wait for the result of the branch

« These might result in pipeline stalls or “bubbles”
im the pipeline.

Data Hazards

Pipeline diagram review
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* This diagram shows the execution of an ideal code fragment.

— Each imstruction needs a total of fve cycles for execubion.

— One instruction begins on =very dock cycle far the first five

cycles.
— One instruckion completes on each cycle from that ime on.




Our examples are too simple

= Here is the example instruction seguence used to illustrate
pipelining on the previous page.

Tw 58, £{32%)
sub 52, 54, §E
amd 5%, 510, E11
or 515, §1¥, 518
add §1%, 514, SO

= The instructions in this example are independent.
— Each instrection reads and writes completedy different
regsters.
— Dur datapath handles this s=quence easily, as we saw last
time.

= But maost sequences of instructions are not indep=ndent’
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Data hazards in the pipeline diagram
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* The S8 instruction does not write to register 52 until dock
cycle 5. This cAuses bwo data hazards in our current
pip=lined datapath.

— Tha &KD et regndar 52 = opche 3. Siccw SUE hoon' & modified the
ragrabar yui, thiz well be the ol wvelue of $I, ot e ners cne

— Smilary, tha I imabruchion soms regider 52 = cycle &, again bafore
it s mctunlly updated by SUe.

An example with dependencies

sub 52, 31, 53

and ¥i1zx, 5z, 55
or §13, 36, 32
audd 14, 52, %2
=W 15, 100(%2)

Things that are okay
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The ADD instruction is oiay, because of the register file
design.

— Amgnéery ww wrsien ot the bagmning of o dodk opda.

= Tem e valum well Em wemilabia by thm w=d of Homt opdla.
The 5W is no problem at all, since it reads 52 after the SUB
finishas,

Dependency arrows
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» Arrows mdicete the fiow of date beba=en imstruchons.

= Tha tsils of tha arroes shew whe= regofer 5T oosrism.

— Tha Emsds of the srroen show whe= 52 i resd.

= Any arrow thet poants backwards in time represemnts a datza
nezard in our basic pipelined datapath.

Bypassing the register file

The actual result 51 - 53 i computed in clock cyde 3, before

it' s needed in cycles 4 and 5.

If we could somehow bypass the writeback and register resd

stages when needed, then we can eliminate these data

hazards.

Essentially, we need to pass the AL putput from SUE

directly to the AND and OR instructions, without going

through the register fie.
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Pipeline Registers to the rescue!

*  HMpaling stages commnunicate through pipsiine: registers:
IFFIT IO ECWEM  WERWH

W “Torward” data from plpsSrs reglsters to Later instructions
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Forwarding

= The actual result 51 - 53 is computed im clock cycle 3, before
it is nesded in Ccycles 4 and 5

= We forsard that value to later instructions, to prevent data
hazsrds.
— incdlock opcle 3, AN pata the seluw 51 = 53 from eha 2551878

= Incych 3, 0N gess thef am=a roaul fromthe reew i we
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Outline of forwarding hardware

= A forwarding wnit selects the camrect ALU inpuis for the EX stage.
— PFio hacardt &S00 3 opmrands oomies from tae register 5 e, s noermal

— Cwim heawrd: cparandh coma frem arther tha 25/ MERS o 120 e
pizabine ragisiery rmof e

* The ALU sources will be selected by two new multiplexers, with
comtral signals named Forwards and Forwarda.
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Simplified datapath with forwarding muxes
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Detecting EX/MEM Hazards

* |n which stage cpcle can we detect an impending hazard?

S

* Amswer cycle 3, when sub is in EC orisin D
- Hazard because: IVEX.rd == IFSfI0rs

« Am ESMEM Razard occwrs between the instrsction
currently in its EX stage and the previous instrection -
1.The previous instruction will write to the register file,
aad
2 The destination is ane of the AL sowurce registers in
the EX stage

or %12, 52, 55

EX/MEM data hazard equations

« The first &L sowrce comes from the pipeline register
when necessary.

if (B MEMEegiVrite = 1
and EXSMEM Begisterfd = IDFEL EegisterBs]
then Forwardf = 2

« The second AL sourcs is similar.

if (B MEMEegiVrite = 1
and EXSMEM BegisterRd = IDFEX FEegisterPt)
then ForwardE = 2
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