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Effects of Relaxing Constraints due to Data Dependences
on Thread-Level Speculative Parallel Processing Architecture

KATSUHIKO METSUGI and KAZUAKI MURAKAMIt

Two fundamental restrictions that limit the amount of instruction-level parallelism ex-
tracted from sequential programs are control flow and data flow. TLSP (Thread-Level Specu-
lative Parallel processing) architecture gains high parallelism using three techniques (specula-
tion with branch prediction, control dependence analysis, executing multiple flows of control)
which relax constraints due to control dependences. In this paper, we evaluate the effects
of three techniques (memory disambiguation, renaming, value prediction) which relax con-
straints due to data dependences on TLSP architecture. We have two major results. First,
memory disambiguation affects renaming. Second, value prediciton has large effects on TLSP

architecture.
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0 1 Lam and Wilson 00000
Table 1 Results of Lam and Wilson’s Evaluation

awk ccom eqntott espresso gee irsim latex gooo
Lam and BASE 2.85 2.13 1.98 1.51 2.10 2.31 2.71 2.14
Wilson!? | CcD 324 251 2.05 1.54 2.55 2.66 3.17 2.39
(0Do) CD-MF 5.32 5.61 5.21 7.49 14.63 11.89 6.18 6.96
SP 9.22 6.92 6.40 4.16 7.76 8.40 7.60 6.80
SP-CD 12.89 9.83 18.09 19.55 13.18 15.82 9.72 13.27
SP-CD-MF 41.88 18.05 225.90 402.85 66.29 45.86 18.65 39.62
ORACLE 242.77 46.80 3282.91 742.30 174.50 265.42 131.69 158.26
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Table 2 Comparison of ILP on TLSP Architectures
compress eqntott espresso gce go idct li vortex
Multiscalar'™® | 1PE 0.74 0.85 0.93  0.86
(UICR) 2PEs 1.52 1.32 1.44 1.25
4PEs 2.15 2.18 1.96 1.56
8PEs 2.44 2.39 2.98 1.70
12PEs 2.52 2.43 3.74 1.73
MUSCAT?Y IPE 1.00 1.00 1.00
(0DDooo ) 2PEs 1.15 1.18 1.98
4PEs 1.48 1.60 2.90
8PEs 1.80 2.18 3.00
Hydra®) 4PEs 1.00 0.58 1.04 0.62
(0oooo )
SKY?) 2PEs 1.2 24 2.7 2.8 3.1
(IPC) 4PEs 1.9 2.4 3.0 2.9 3.2
8PEs 3.3 2.5 3.1 2.9 3.2

UICR: Useful Instruction Completion Rate
IPC: Instruction Per Clock cycle
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Fig.2 Execution on Each Machine Model
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Table 3 Benchmark Programs

Program | Description Input

gzip Compression ref/input.random
mcf Combinatorial Optimization  ref/inp.in

parser Word Processing ref/ref.in

vortex Object-oriented Database ref/bendianl.raw
bzip2 Compression ref/input.graphic
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Table 4 Parallelism for each Machine Model

04 0000

gzip mcf parser vortex bzip2 oooo
dBASE 2.63 6.39 2.06 2.55 2.37 2.72
MD 3.62 6.89 2.52 3.27 3.52 3.55
RN 3.32 9.61 4.99 5.98 2.98 4.51
dSP 3.42 18.40 3.27 3.86 3.27 4.10
MD+dSP 4.28 21.67 6.29 9.00 3.30 5.86
RN-+dSP 4.84  28.99 5.96 8.71 7.37 7.58
MD+RN 60.08 15.91 14653.38 1039.49 59.22 51.33
MD+RN+dSP 60.08 31.82  29090.15 2077.41 118.43 87.67
MD+RN+dSP(perfect) | 60.08 31.82  29449.76  3575.24 118.44 87.98
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MD+RN+dSP O OO0, ODO00OO0OOOODO
MD+RNOOOOOOOO 69%000000000
oooOd. OboOoO0oOoO0, D000oooooooao
O TLSPOOODODOODODODO MD+RNDOOO
poobo,bo0obobooobboobboooobo
oooooo. 00O, vertex OO OOOOOOOO
MD+RN+dSP 00 00O MD+RN+dSP(perfect) O
gooodooboboooooobooooooooo
poobobooboboob,bboobboooobo
pgooooooboboooboobobooobooobog
0. 00, vortexJO MD+RN+dSPOOOOOOO
00000000 MD4RN+dSP(perfect) D 00O
poobobooboboobboboooboboo,oobo
goooobooboboboboobooboobooog.

gooooobbobbooooboobobo sbobb.
gboobobooboboobobobobuoboobo
0oobooooOooobobooOooO,0oo0oooa
doooooooooooobooooooooooo
Joo0oob. 00oboobooobooOo,VHTOO
gobooooooboboobooboboooooo 2
Jdo0o0oO0bOOoDooOoboDoobOoboooboOoooa
ogoooooooo.

goboboooooboboboo 20b0oboooboo
mcf0 vortex 0000000000000 . mefOO
oooooooooooodSpOoO0ooooooOoOg
0oooooooooonD,vortexOOOOOOAd
gooooooOodSspO000O0OOOOOOOOO
goobooobooooboD. oo, vertexOOd



05 0D00O00O0OOOOOOO
Table 5 Result of Value Prediction

D000 O0O0OO00O00 | 00000000 00000000 200000000 | 000000 000000

ooo ooo 0oo ooo
gzip 49,999,227 32,728,953 9,291,929 4,342 23,432,682 28.3% 0.0%
mef 49,661,695 17,504,307 15,327,500 231,939 1,944,868 87.6% 1.3%
parser | 45,264,275 29,988,903 11,088,277 1,875,084 16,135,542 40.0% 6.3%
vortex | 46,710,540 19,235,391 12,658,705 767,207 5,809,479 65.8% 4.0%
bzip2 | 49,273,582 30,297,873 14,801,340 22,040 15,474,493 48.9% 0.1%
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