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Computer System Design

Lecture 9: Pipeline Hazards
Prof. R. Iris Bahar
EN164
February 14, 2007

Reading: Appendix A, section A.2, A.3
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MUX Based Latches
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Data passes to output
when clock is high

Latch is either in transparent or hold phase
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Master Slave Edge-Triggered Flip-flop
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No race problem but half the clock cycle is wasted
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Designing the Pipeline Register

t

«—— ‘plogic

Inputs —| I Outputs

Combinational
Logic

g
2
o
ol
o

Pipeline

© %
c@
=5
o g
oo

clock clock

When is input data latched by the pipeline register?

When are outputs of the pipeline register made
visible to the next stage?
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Latch Race Problem
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What we really want is to allow output of latch to
change only on a clock edge (e.g., only when clk
switching from0 > 1)
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Latches in a Pipeline
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Pipelined Datapath

Avoiding Data Hazard Stalls
through Forwarding

* The result of the ADD is not needed until the SUB is in the EX stage

S ¢ By then the result has already been produced
Forward data dlrectly to the pipeline stage that requires it to avoid stalls

add 1, 12, 13 _
._ 1 1h — |n|§! &
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Another Example of Forwarding Forwarding Paths in the Pipeline

Time (in IVEX EXAMEM MEMWE
oc1 cca acs ace il —_— e
addr1, 12,13 [ ] I ﬂllra I (o] I (s “T\’ 1
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load 4, 0(r1) [wH 4 ;_l L T

store r4, 12(r1)

Data can be forwarded to more than one pipeline stage EN164 EN164
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One More Forwarding Example
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What does the hardware need to do in case of an unavoidable stall?  gyjeq ENi6a
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Slowdown from Stalls

* Perfect pipelining with no hazards

) an instruction completes every cycle (total cycles ~ num
instructions)

mmm) speedup = increase in clock speed = num pipeline stages

* With hazards and stalls, some cycles (= stall time) go by during
which no instruction completes, and then the stalled instruction
completes

===) Total cycles = number of instructions + stall cycles

* Slowdown because of stalls = 1/ (1 + stall cycles per instruction)
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Detecting Data Dependencies

Situation Example code Action

No dependence LD R1,45(R2) No hazards
DADD RS, R6, R7
DSUB R8, R6, R7
OR R9,R6,R7

Dependence requiring stall LD R1,45(R2) Detect use of R1 during ID of DADD and stall
DADD RS, R1, R7 Insert NOP in ID/EX pipeline register
DSUB R8, R6, R7 Recirculate contents of IF/ID register

OR R9,R6,R7

Dependence overcome by LD R1,45(R2) Detect use of R1 during ID of DSUB and set mux

forwarding DADD RS, R6, R7 control signal that accepts result from bypass path
DSUB R8, R1, R7
OR R9,R6,R7

Dependence with accesses LD  R1,45(R2) No action required

in order DADD RS, R6, R7
DSUB R8, R6, R7
OR R9,R1,R7

(dependencies are far enough apart)
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