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Abstract: Software pipelining tries to improve the performance of aloop by overlapping the execution of several
successive iterations. As processor gets much higher speed, the memory access latency becomes a bottleneck that
restricts higher performance. Software pipelining has been combined with severa memory optimization
technologies for higher performance by hiding memory access latency. This paper presents a foresighted latency
modulo scheduling (FLMS) algorithm which determines the latency of load instructions according to the feature of
the loop. Experimental results show that FLM S decreases the stall time and improves the performance of programs.
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Fig.1 The modulo scheduling of aloop
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2( ). (regular memory instruction).
) , op1, uv 8.
opl: Id r2=[r1]
op2: r1=r1+8
, uv uv ,
( 8),
3( (irregular memory instruction).
, op2, opl ,
opl , op2

opl: Id r2=[r1]

© PEEREBEAD

http:/ www. jos. org. cn



1836

Journal of Software

2005,16(10)

op2: 1d r3=[r2]
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op2: r3=8+rl
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Fig.2 FLMS can hide load latency
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1 according to cache-hit-latency of loads, construct DDG;
2 compute basic l1;
3 For every load in loop body, compute its Tec ;
4 compute Py ss
5 set priorities for the loads whose T is not +w;
6 for every load in loop body, computeits T ;
7 for every load in loop body, modify its latency by its T, on the DDG;
8 modulo scheduling;
}
load cache DDG, I, load Tsoc Pwmiss,
Teee +wo load , load TL, DDG, DDG
3
(base), NAS kernel benchmarks , CSMS
FLMS 4 ) FLMS SPECfp2000 .
ORCl2.1 ,ORC , Huff 81,
ORC , ORC FLMS ,
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Itanium2 2 1A-64(EPIC) .
2 JFLMS Tuiss cache ,
Tviss: tanium2  cache 3 :L1L2 L3L3 , Tviss:
, L3 ,cache L2 L1 , L3
) s Tmiss L2 L3
31
1 I S, ) 1
,FLMS I , SL, FLMS load .
I s, .CSMS
FLMS SL, I, FLMS , load
, CsSMS , I
3.2
3~ 6 NASkernel benchmarks .ORC2.1 IS
- Ne3~- ' ® IS.
3 4 '
. 4 . )
, I , 31 . CsMSs ,FLMS
, load T., SL  CSMS
SL
4 4 , ,
, , FLMS
, CsSMS T , , T
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, load load
Table1l Resultsof modulo scheduling
1
Benchmark Kind 1 SL Benchmark Kind 11 SL
Base 11 38.84 Base 6.81 16.22
FLMS 11 48.32 FLMS 6.81 26.72
BT Prefetch 11.14 39.16 CG Prefetch 6.88 16.28
CSMS 10.98 48.56 CSMS 7 28.78
Speculation 11 38.84 Speculation 6.81 16.22
Base 11 57 Base 8.88 22,53
FLMS 11 69.67 FLMS 8.88 35.18
EP Prefetch 11.33 57.33 FT Prefetch 9.06 21.88
CSMS 14 70.5 CSMS 9.94 36.53
Speculation 11 57 Speculation 8.88 22.53
Base 7.4 11.6 Base 11.29 44.85
FLMS 7.4 16.2 FLMS 11.29 54.54
IS Prefetch 7.4 11.6 LU Prefetch 11.35 45.04
CSMS 7.4 18.2 CSMS 11.55 56.45
Speculation 74 11.6 Speculation 11.29 44.85
Base 9.65 24.77 Base 12.30 35.29
FLMS 9.65 35.86 FLMS 12.30 47.03
MG Prefetch 9.86 24.77 SP Prefetch 12.40 35.33
CSMS 10.53 36.25 CSMS 13.86 49.49
Speculation 9.65 24.77 Speculation 13.12 37.54
O Prefetch OQFLMS @ CSMS @ Speculation Oprefetch OFLMS Ecsms B speculation
12 15 x
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= o
g2 11 I
g E n
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B 105 £
5 =
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o 4 s 0
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BT CG EP FT LU MG SP AV BT CG EP FT LU MG SP AV
Fig.3 Increasein compute time dueto 4 schemes Fig.4 Stall timeimprovement due to 4 schemes
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Fig.5 Speedup due to 4 schemes Fig.6 Increasein register tall time dueto FLMS
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5 4 . ,FLMS , )
3~ 5 2
6 FLMS , . ,FLMS
, 3 , FLMS
4 FLMS , ,
15.6%. ,FLMS , , .
5 SPECfp2000 FLMS . ORC wupwise  apsi
, 5 .FLMS SPECfp2000 4.3%.

Table2 Average various performance data of NAS kernel benchmarks due to 4 schemes

2 4 ,NAS 3
Original compute time Stall time improvement Speedup
Prefetch 1.007 0.169 1.071
FLMS 1.042 0.128 1.061
CSMS 1.075 0.088 1.022
Speculation 1.002 —0.007 0.994

Table3 Theratio of register stall time in execution time

3

BT CcG EP FT LU MG SP AV
1.95x107° 1.79x10°7 7.25x10°° 6.62x10™° 3.30x10™° 4.63x10”7 2.71x107° 2.94x10°*

Table4 Speedup dueto FLMS combined with prefetch

4 FLMS

Benchmark BT LU CG MG EP SP FT AV
Speedup 1.012 1.047 1.036 1.734 0.889 1.157 1.215 1.156

Table5 Speedup of SPECfp2000 dueto FLMS
5 FLMS SPECfp2000

Benchmark Speedup Benchmark Speedup Benchmark Speedup Benchmark Speedup
swim 1.069 mgrid 1.096 applu 1.053 mesa 1.010
galgel 1.104 art 1.104 equake 1.046 facerec 1.000
ammp 1.005 lucas 1.022 fma3d 1.016 sixtrack 1.000
AV 1.043
4
3 . (FLMS).
, load , )
.FLMS . ,JFLMS
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