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A Low-Power Design of Instruction Pre-Execution Mechanism
with Two-Step Physical Register Deallocation

KazuNaGca Hyopot and HIDEKI ANDOt

Recently the different between the clock speed of a processor and the memory access speed is large, and this
adversely affects the performance seriously. Data prefetching is an effective scheme that alleviates this degrada-
tion. We previously proposed a prefetch scheme through instruction pre-execution with two-step physical register
deallocation, and demonstrated the effectiveness. However, the scheme does not consider power consumption, and
actually the scheme is inefficient in power consumption because instructions that do not contribute to the perfor-
mance improvement are pre-executed. This paper proposes a scheme that reduces the wasted power. Our scheme
dynamically finds a load that often occurs L2 cache misses, and marks the instructions that depend on the load
directly or indirectly. Only marked instructions are then pre-executed. Our evaluation results using SPECf{p2000
benchmark show that our scheme reduces the pre-executed instruction count by 72% with 10% performance degra-
dation, compared with the original scheme. As a result, the speedup of 80% over a processor without pre-execution
is achieved with the dynamic instruction count increase of 11%.
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OB L2Fyyas T ARELCRES, MCT O
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I AOHEERBENDT, MCT 77 AL DHEES
NBENINE N,
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=) ZIRIZE X % RIB(retired instruction buffer) &
R FIFO = AXT 5.
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NizmazEmlL T, LT, E28BED TP &
SR T LS KENT-RICEBTS. 20X
SRHEBEINUTHETHIEICXD RIBIZK 5%
BB AIMBREMAS. MUHIIROLDITUTHT
5., £9, MCT IZ& 5T delinquent @— R E
Nes, 2o@maed b HELTY =295, 2,
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RTHE* INPETHCEEL2F vy Pa- 34
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1. LIV E := sreg of delinquent load;

2: foreach inst € RIB (from tail to head)
3 if (LIVE = ¢) break;

4 if (dreg of inst € LIVE) {

5 mark inst as “TP”;

6: LIVE := LIVE — dreg of inst;

7 LIVE := LIVEU sreg(s) of inst;
& }

9: }
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BRDETUTETS. RALLEMBIDT AT 4
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SimpleScalar Tool Set Version 3.0a ZX—XZ 2
Iab—FBRERL, FELZ. ey ML, MIPS
R10000 Z#L3E L 7= SimpleScalar/PISA TH%. N
CFR—2 - TaFSAELT, F—F kv bOK
Ex /OS5 LEELED SPECH000 O 8 AZ{ME
ALz, #1112, %BBD base EFIVIIBITLEN
DFR— - TUTTADLI T cFrviad
FURL2F vy a®I AFRERY. N T UKL, gee
ver.2.7.2.3 2\, -06 -funroll-loops DA 2 >
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UFOEFIICOWTEMm 2T/ :

e base ! BEDOL PAYBNEITRN, FKITETE

FhiWeET IV

£1 Feylo. 32®

program | L1 miss rate L2 miss rate
ammp 9% 32%
applu 5% 49%
apsi 1% 31%
art 48% 44%
equake 4% 41%
mesa 1% 41%
mgrid 3% 30%
swim 13% 37%

o full : WL DL 2 BEREMHIC L D WRE/RIR D
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£ 2 base TFIIOEH

8-instruction wide for each of
fetch, decode, issue, and commit
ROB 128 entries

LSQ 64 entries

64 entries

8 iALU, 4 iMULT/DIV, 4 Ld/St,
6 fpALU, 4 f{pMULT/DIV/SQRT

Pipeline width

Instruction window
Function unit

L1 I-cache 64KB, 2-way, 32B line

L1 D-cache 64KB, 2-way, 32B line, 4 ports,
2-cycle hit latency, non-blocking

L2 cache 2MB, 4-way, 64B line,

12-cycle hit latency
Main memory 300-cycle min. latency,
8B/cycle bandwidth
Branch prediction
10-cycle misprediction penalty
Physical register
Mem. disambiguation

perfect

total 128 (64 for each of int and fp)
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OUATT v, BROBERENEAL, HiTw
BOBHIREHIFEZNS.
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KENENRTE ZERTETHZY. Zhickh 7
RLZEHEE AT - 77 A OMOBEDKE R R
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KNSR 5E512, CMT OF 7 ZFEE RIB
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RIBOIY MUEBEE(LEVZBED base TTI
Ik S B HERER BB X A BT ETROELE
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5 ¥ & B
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MEND B L TIrbhbn.
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