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Effects of Relaxing Constraints due to Control and Data Dependences
- Updating the Result of Lam and Wilson’s -
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Department of Computer Science and Communication Engineering, Kyushu University,
6-1 Kasuga-koen, Kasuga, Fukuoka 816-8580 Japan.
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Abstract Two fundamental restrictions that limit the amount of instruction level parallelism extracted
from sequential programs are control flow and data flow. In the past processors mainly use parallelism
obtained by analyzing data flow dependences. But the increased density of transistor and the enlargement of
LSI enable us to execute more instructions simultaneously and claim us to analyze larger area of instcutions
for more parallelism. This paper describes the techniques to relax the constraints imposed by data dependence
and define the abstract machine models using these techniques. Final destination of this work is to evaluate
the effect of these models.
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[ [ awk | ccom | compress | eqntott | espresso | gcc | go | idct | irsim | latex | li | vortex | 0000 |

Lam and BASE 2.85 2.13 1.98 1.51 2.10 2.31 2.71 2.14
Wilson[1] CcD 3.24 2.51 2.05 1.54 2.55 2.66 3.17 2.39
<000 > 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
Multiscalar 1PE 0.74 0.85 0.93 0.86
[2] 2PEs 1.52 1.32 1.44 1.25
<UICR> 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 1PE 1.00 1.00 1.00
[8] 2PEs 1.15 1.18 1.98
<00000> | 4PEs 1.48 1.60 2.90
8PEs 1.80 2.18 3.00
Hydra[3] 41PEs 1.00 0.58 1.04 0.62
<0000o>
SKY[9] 2PEs
<IPC> 4PEs
8PEs
UICR: Usetul Instruction Completion Rate
IPC: Instruction Per Clock cycle
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| I dBASE [ RN [ RN+dSP [ MD
cBASE (cBASE) x (dBASE) (cBASE) x (BRN) (cBASE) x (RN+dSDP) (cBASE) x (MD)
CD (CD) x (dBASE) (CD) x (RN) (CD) x (RN+dSP) (CD) x (MD)
CD+MF (CD+MTF) x (dBASE) (CD+MF) x_(RN) (CD+MF) x (RN+dSP) (CD+MF) x (MD)
cSP (cSP) x (dBASE) (cSP) x (RN) {cSP) x (RN+dSP) (cSP) x (MD)
cSP+CD (cSP+CD) x (dBASE) (cSP+CD) x (RN) (cSP+CD) x (RN+dSP) (cSPFCD) x (MD)
cSP+CD+MF || (cSP+CD+MF) x (dBASE) | (cSP+CDFMF)x (RN) | (cSP+CD+MF) x (RN+dSP) | (cSP+CD+MF) x (MD)
cORACLE (cORACLE) x (dBASE) (cORACLE) x (RN) (cORACLE) X (RN+dSP) (cORACLE) x (MD)

| I MD+RN [ MD+RN+dSP [ dORACLE |

cBASE (cBASE) x (MDtRN) (cBASE) x (MDFRN+dSP) (cBASE) x (dORACLE)
214

CD (CD) x (MD+RN) (CD) x (MD+RN+dSP) {CD) x (dORACLE)
2.39

CD+MF (CD+MF) x (MD+RN) (CD+MF) x (MD+RN+dSP) (CDFMTF) x (dORACLE)
6.6

cSP (cSP) x (MDIRN) (cSP) x (MD+RN+dSP) (cSP) x (dORACLE)
ILSD ILDSP
6.80

cSP+CD (cSP+CD) x (MD+RN) (cSP+CD) x (MD+RN+dSP) (cSP+CD) x (dORACLE)
13.27

cSP+CD+MF || (cSP+CD+MF) x (MDF+RN) | (cSP+CD+MF) x (MD+RN+dSP) | (cSP+CD+MF) x (dORACLE)
TLSP TLDSP
39.62

cORACLE (cORACLE) x (MD+RN) (cORACLE) x (MD+RN+dSP) (cORACLE) x (dORACLE)
158.26

ILSP: Instruction-Level Speculative Parallel processor

ILDSP: Instruction-Level Data-Speculative Parallel processor

TLSP: Thread-Level Speculative Parallel processor
TLDSP: Thread-Level Data-Speculative Parallel processor
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