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Pipeline Blocking: Fine-grain Control of
Instruction Execution for Run-time Power-gating

Masaakl Konpo, ! Noriko Takacit?
and HIROSHI NAKAMURA %13

As semiconductor technology scales down, leakage-power becomes dominant
in the total power consumption of LSI chips. To reduce runtime leakage-power,
we propose a new instruction execution control strategy called Pipeline Blocking
in which a set of processing is put into a temporally and spatially packed region
to maximize leakage-energy saving by a power-gating technique. We propose
an execution control method when L1 data-cache misses occur and also propose
a fine-grain issue-width control technique. We evaluate the proposed strategy
and the result reveals that the proposed method reduces leakage energy by 7.3%
for the integer unit with 1.3% performance degradation on average, compared
with a conventional technique.
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Table 1 Processor configuration.

Fetch & Decode & Commit width

4

Branch prediction

Combined bimodal (4 K-entry), gshare (4 K-entry)
selector (4 K-entry)

BTB

1,024 sets, 4way

Mis-Prediction penalty

7 cycles

Instruction queue size

integer: 32, load/store: 32, floating-point: 32

Issue width

integer: 2, load/store: 2, floating-point: 2

Number of ALU/FPU

ALU:2 FPU:2

L1 I-Cache 32 KB, 32B line, 2way, 1 cycle latency
L1 D-Cache 32 KB, 32B line, 2way, 2 cycle latency
L2 unified Cache 2 MB, 128 B line, 8way, 10 cycle latency
Memory latency 100 cycle

Bus width 8B

Bus clock 1/4 of processor core
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Fig.9 Percentage of leakage saving cycles to the total execution time in Int-domain.
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Fig. 10 Percentage of leakage saving cycles to the total execution time in Frontend-domain.
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Fig.11 Percentage of leakage saving cycles to the total execution time in FP-domain.
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Fig. 12 Percentage of leakage saving cycles varying threshold for issue width scaling in Int-domain.
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Fig. 13 Percentage of leakage saving cycles varying threshold for issue width scaling in FP-domain.
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Fig. 14 Performance degradation varying threshold for issue width scaling.
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Fig. 15 Leakage saving cycles with all the power-gating techniques in Int-domain.
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Fig. 16 Leakage saving cycles with all the power-gating techniques in Frontend-domain.
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Fig. 17 Leakage saving cycles with all the power-gating techniques in FP-domain.

OD00OIPCO0ODOO0OOOOOD*000D00O0DU00DO00000DODOooon

obooooboooooobooooooboo
gbooobooboooboooooooboobobooboboooobOobOboOoOOobOoOooo

oooooooOooOoooobOOo0ooooOO0ooobo L1ooooobOobo0oboooOooobobooO

«1 DSSGUOOO0000O000O00000O00000O000O0000O0 PGOOOODOODOOODOOODOOODO
oooo

000000000 0O00D0O0D0O00oOooOOg Vol 2 No.3 83-95 (Sep. 2009)

o =N WwH

[
13}
£

IPC degradation [%]
gzip
vpr
gce
crafty
parser
eon
perlbmk
gap
vortex
bzip2
twolf
Avg.

018 OD00O0DOoDOooOobooodg
Fig. 18 Performance degradation of pipeline blocking with all the power-gating techniques.
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Fig.19 Leakage saving cycles for different BET in Int-domain.
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Fig. 21 Leakage saving cycles for different BET in FP-domain.
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