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Overview

¢ Context
— Register file of out-of-order superscalar processors
¢ Trends
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Related work

¢ Register file organization
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Motivation

¢  Conventional release is inefficient

— Many physical registers will NOT be read in the future

. N register file pressure = fl rename stalls

¢ FEarly release of dead physical registers
— Register reuse = 1 IPC
— Reduce RF size

. | energy (linear)

U area (linear)

o U Taccess

if RF in critical path, J Tcycle = 11 IPS




Contributions

¢ Modity conventional release policy Viorl=.

— Shift release from NV to LU
— LU identification: Last-Use Predictor

LU: .. =1l

— Early released values sent to auXiliary Register File | NV:r1 = ..

add rl1,r2 ->r2 X
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SER-LUP

LU pred Speculative Early Release

XRF based on Last-Use Prediction
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Contributions

¢ Analyze viability of mechanism

— Last-Use Predictor

— Auxiliary Register File (XRF)
¢ Analyze potential of SER-LUP policy

— Abstract from concrete implementations
— Oracle Last-Use predictor (SER-OB)

add rl,r2->r2

LU pred |£

RF
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Outline

¢ Conventional release policy vs SER-LUP
¢ Basic structures: Last-Use predictor and XRF
¢ Results

¢ Related work

® (Conclussions
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Conventional release policy

V: r2=..
=12

NV:r2=..
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Conventional release policy

p3 state ( FREE ALLOCATED :\ FREE )
EMPTY USED NON-USED
Vi 12 = Rn Wh
=r2 Rn Rr
NV:r2 = .. C
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SER-LUP policy

Y

~

p3 state ( FREE | ALLOCATED FREE )
EMPTY USED
Vir2=.. Rn Wb XRF
L =012 Rn Rr ‘“'
NV:r2 =.. Rn Rn
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SER-LUP policy

p3 state ( FREE :: ALLOCATED :: FREE
EMPTY USED
]
Vi r2=.. Rn Wb
m..:r2 Rn ﬁ Rr ﬁ
NV: r2 = .. Rn Rn C

No need to wait for NV




SER-LUP policy

¢ Replace conventional releasing policy

_ add r1,12->r2 | | R E_’g
¢ Speculative Early Release I gl

LU predé
XRF

¢ Last-Use Predictor

— Identity Last-Use instructions

XRF

| - Stored eaﬂy released registers

| — Supply prematurely released registers at a higher latency
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Conventional release policy
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Conventional release policy

¢ 256-ROB, 8-way (spec2000)
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Outline

¢ Conventional release policy vs SER-LUP

¢ Basic structures
— Last-Use Predictor
— XRF

¢ Results
® Related work

Conclussions
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Patterns of use

¢ Jast-use information of instruction registers

addq rl, 12 -> 13
stl  r1-> 0(13)
Idl 0(r3) -> 13
bne 12, A

A: Idl 8(rl) -> 13
addq 12, 2 ->rl

last-use

sl

s2

d

n

n

n

B B | B
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Patterns of use

¢ Jast-use information of instruction registers

addq rl, 12 -> 13
stl  r1-> 0(13)
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A: Idl 8(rl) -> 13
addq 12, 2 ->rl
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Characterization of patterns of use

¢ Dynamic frequency (spec2000)
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Characterization of patterns of use

¢ Stability (spec2000)
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Last-Use Predictor

¢ Organization of a simple last-use predictor

— Sticky: records “is a LU register” information of commited instructions

tag

set index

tag2

ind1

—

ind1

tag pattern of use
] al e 2
tag pattern of use
tag pattern of use p 2
dest | source 1 | source 2 yes
tag2 | no no yes
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Last-Use Predictor

¢ Last-use predictor mispredictions
¢ Wrong “LU register” predictions: premature release

* Wrong “not LU register” predictions: lost opportunity

add rl1,r2->r2

v
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Last-Use Predictor
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Last-Use Predictor

¢ Misprediction rate for register references (spec2000)
30 . .
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Outline

¢ Conventional release policy vs SER-LUP

¢ Basic structures
— Last-Use Predictor
— XRF

¢ Results
® Related work

Conclussions
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XRF

¢ Stores early released values

¢ Supplies unexpected uses (UUs)

— wrong “last-use registers” predictions

— out-of-order execution

— mispredicted branches

add r1,r2->r2

LU pred A

RF

XRF

V: r1=

predLU: = rl

uu: = r]
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XRF

¢ Cases of unexpected uses (UU)

— wrong “last-use registers’” prediction

— out-of-order execution UU (oooUU)

— mispredicted path UU (mpUU)

oooUU

V:

U:

LU: ..

r1=..

rl

rl

If LU executes before U

U becomes oooUU
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XRF reads

¢+ SER-OB vs SER-OB+ (spec2000)

3

XRF reads (%)
o

DS

OB’

Bl mpUUs
Il oooUUs

SER-OB+ removes
nearly all oooUU
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Ouline

¢ Conventional release policy vs SER-LUP
¢ Basic structures: Last-Use predictor and XRF
¢ Results

¢ Related work

® (Conclussions
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Simulated processor

¢ Alpha 21264 scaled

— Memory hierarchy Itanium 2 S0int+366p L3 MB
oo I
288int+288fp ‘
64int-32 FP L2 ] 250KB
Fetch % Decode/Rename 4 64KB+32KB

8int-4fp
. N 8
5 —_—r ok
ROB VA Commit Issue Queue @_I 8 +; 2 *int
20 ) 4+ FP
4%/ + TP
SPEC2000
4 penalty cycles
— 100Minstr (Sherwood simpoints) i
& si 32int+32f]
8 simplescalar v3.0c inck32p
288int+288fp
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Results: SER-OB+

¢ IPC vs number of physical registers (specINT2000)
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Results: SER-OB+

¢ IPC vs number of physical registers (specINT2000)
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Results: SER-OB+

¢ IPC vs number of physical registers (specFP2000)

2 47% I I I I I | T
1B e e e ]
T ]
-1‘2 ..... e g ]

1 450 —
08 ]

—o— XRF287
XRF128
061 -»= XRF64 | _
. -o- XRF32
—— conv
0411 1 I | | l | 1 | ! I
364048 64 80 96 128 160 192 224 256 288

number of registers




Results: SER-OB+

¢ IPC vs number of physical registers (specINT2000)
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Results: SER-OB+

¢ BIPS conv. vs SER-OB+ (specINT2000, Rixner 0.18u)
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Outline

¢ Conventional release policy

¢ Idea: SER-LUP

¢ Basic structures: Last-Use predictor and XRF
¢ Results

¢ Related work

Conclussions
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Related work

¢ Conservative early register release
— Wait until NV is nonspeculative

— Early released value will not be read anymore
* Martinez et al. (MICRO-02), Monreal et al. (ICPP-02)

¢ Speculative early register release (SER)
— Do NOT wait until NV is nonspeculative

— Early released values may be read
* Balasubramoniam et al. (MICRO-01), Ergin et al. ICCD-04)

LLU 1dentification does not need NV renaming

Supplies UU from XRF
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Outline

¢ Conventional release policy
¢ Idea: SER-LLUP

¢ Basic structures

¢ Results

¢ Related work

Conclussions
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Conclussions

¢ Analysis potential SER-LUP policy
— LU prediction + XRF

¢ Viability of a simple pattern-of-use predictor
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Conclussions

¢ Analysis potential SER-LUP policy
— LU prediction + XRF
¢ Viability of a simple pattern-of-use predictor
¢ Great potential improvement (IPC)
— int: 23%
— fp: 47%
__* Significant RF reduction

— 36int reach 90% IPC of 224int
— 33% RF reduction with 12% IPS increase

64 register tile
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Future work

¢ Real hardware mechanism
— low-ported XRF

— 1mprove last-use predictor

¢ Goal

— complex—effective mechanism

— speedup near to upper bound
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