000 Processing Example (Single-Issue)
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* |nstructions fetched, renamed, and
inserted into IW in one cycle

* Consumer instructions wake up the same
cycle producer completes

* Selection logic favors older instructions

* Instructions leave IW when they issue
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1d r2, 0(rl) ;ilwr
®» 1d r4, 0(r3) ;i2
il add r2, r2, r5 ;i3
add r4, r4, r6 ;14
st r2, 0(rb) ;15
st rd4, 0(ré6) ;16
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srcl P9V p3v
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1d r2, 0(rl)
1d x4, 0(xr3)
B add r2, r2, r5 ;i3
add rd4, r4, r6 ;14

st r2, 0(rb) ;15
st rd4, 0(ré6) ;16
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ros NN ENEEERERES
srcl p6 p9v p3v
src2 pav

dst p2 p5 pb6
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1d r4, 0(r3) ;i2v
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st rd4, 0(ré6) ;16
r5 pa r5 pa
i w R
ol | | 4B v i
srcl p5v p6 p9v p3v
src2 p4v pav

dst pb p2 p5Y pé



000 Processing Example (Single-Issue)

1d r2, 0(rl) ;il
1d r4, 0(r3) ;i2
il add r2, r2, r5 ;i3
add r4, r4, r6 ;14w
» st r2, 0(r5) ;i5
st rd4, 0(ré6) ;16
w N
ros [HENEEEIEREEES
srcl pav’ p5v p6 p9v p3Vv
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1d r2, 0(rl) ;il
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Precise Exceptions

e Wait until instruction w/ raised
exception reaches ROB head;
continue updating retirement

o IR EIEIENEY
* |If it reaches ROB head, save
retirement RAT’s context and

| X[ > [ost]aX ] > service exception
e Stores hold values in in-order

] | ] [ax]| > | ost]ox] write buffer until commit (but

can forward)

Retirement



Speculative Execution

N - . spy ° Take Rename RAT snapshot into
§ A |5 the ROB of the predicted
o ! ! >N instruction (e.g., branch)

L bl b

* On a misprediction
* Free diffRAT(Rename,Branch)
* Copy Branch RAT to Rename RAT
e Squash all instructions that follow

--- mispredicted branch

e Clear write buffer entries that
follow mispredicted branch

Rename
A
Retirement



Store-Load Reordering

st to x x known?
ld from y (known)

st to x (learned)
ld from y (issued speculatively)

yes:

no:

X=y?

st r2, 0(rl) ;il
1d x4, 0(xr3) ;12
yes: forward value
yes: st issued?
X=y? no: stall Id
no: issue Id

issue Id speculatively”

yes: st-Id replay trap

no:

*Could stall instead, or use st-Id predictor



Store-Load Redefinitions

* Resolution of “?” irrelevant to Id
* If not x, definitely irrelevant
* |If x, newer st x shields |d

* Recall: store values preserved in
order in write buffer until

Ros [T N ENENENESNN nmit



