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Coordinated Control of Shared Resources
for Energy Efficient Chip Multiprocessors

HirosHI SASAKI, T Noriko Takacr,*1
Masaakl KoNpot2 and HIROsSHI NAKAMURA !

In a chip multiprocessor (CMP) architecture, multiple cores usually share
resources in the memory hierarchy including the last-level cache, the memory
bus, and the DRAM memory banks. When applications running on different
cores have their own performance constraint and is applying DVFS control to
meet their constraints, conflicts in shared resources lead to a waste of power

consumption. In this paper, we derive the condition where the total CPU power
consumption becomes minimum by constructing a power consumption model
under resource conflicts, and propose a novel method to minimize the power
consumption by a cooperative access control to multiple shared resource with
DVFS. The experimental results reveals that our technique can reduce 10% of
power consumption on average in dual-core CMP, and 8.5% in quad-core CMP,
compared with the case where only DVFS is applied.
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Fig.1 Relationship between power consumption and usage of shared resources of each core.
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Table 1 Parameters used for constructing the model.
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Fig.2 Relationship between effective working time, number of instructions, and clock frequency.
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Fig.3 Block diagram of the proposed method.
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Fig.6 Block diagram of the DVFS controller.
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Table 2 Algorithm of DVFS control.

Initialize (At the start of phase P of Core;)
set Trotail: total number of instructions in P
set tdead”ngf: deadline of the phase P
e? =0

P P
Ttotalri = tdeadlinei — tnow

DVFS Routine (At the end of k-th interval period)
For each Core i:
/* Step 1: Remaining time estimation */
leefti = tagcadliner - tnow, Ileftf -= Leommit¥

k _ k x k
Testimatei = TDVFS,interval / Icomvniti Ileft'

i
/* Step 2: PI Controller */

Restirnatei‘c = Testi'mate?/Ttotalf

Ricgt? = Tieps¥ /Teotar!

e? = Restirnatei‘c - Rleft/];

fF= PLcontrol(ei.cfl7 er, fikfl)

/* Step 3: Frequency select */
fF = schmitt_trigger_func(fF)

/* Step 4: Recalculate frequency */
if (ff 1= £ A

T‘leftiC -= Llpenalty

goto Step 2 and Step 3

}
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Fig.7 Schmitt trigger function.
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Table 3 Hardware configurations.

Env: IDEAL [ Env: REAL
Cores 2
Clock frequency 800-2,400 MHz (200 MHz step)
Supply voltage 0.988-1.441V

L1-Inst (private)
L1-Data (private)

32 KB, 2-way, 32 B line, 1-cycle
32 KB, 2-way, 32 B line, 2-cycle

L2 (unified) 1 MB, 16-way, 64 B line, 10-cycle
Memory bank 4 bank 4 bank
10-bus cycle Row hit: 4-bus cycle
Row closed:  8-bus cycle
Row conflict: 16-bus cycle
Memory bus 8B, 400 MHz
DVFS penalty 10 us
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Table 4 Algorithm parameters. Phase Bl aes —— Phase By
Phase Cjj agq —+— 100 ——

Partitioning {as 22.5ns

lp 11.25ns 60
Priority feedback interval 400 us
DVFS interval 200 us
PI control gain Kp: 0.1, Ty: 0.102 cored 20 S
Kp: 0.3, Tr: 0.204 coreld 0 0
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Table 5 Performance constraints of the evaluated applications.

Application IPS

H.264 Phase AH.264 1,589 M
Phase By 264 199 M

Phase CH.254 1,681 M

art Phase Ayt 840 M
Phase Byt 412 M

mcf Phase Ay 59 M
Phase Bycr 271 M

Phase Ccp 575 M

twolf Phase Atworf 1,504 M
vpr Phase Aypr 1,631 M
mesa Phase Anesa 792 M
Phase Besa 2,144 M

bzip2 Phase Apzip2 2,363 M
Phase By.ip2 1,701 M

e priority+partitiond D0 O000DVFSOOOOOO0OOO0OO0OO0O0OO0O0O0O0O0OOO
oooooogoooono

2000CMPOOOOOOODO H.2640 SPEC CPU2000000000000000

6000000000000000600000D04000 CMPOOOOODOOO H.2640

artOtwolf0 000 mesa DO OO0 H.2640 twolf0bzip20 000 mesa OO DODODO 2

oooooog

4.2 0000

4.2.1 2000000
0900001002000 CMPO IDEFALO REALODOOOOOOOOOOOOO

o00oo0oo0oo0o0o0oO0o0oO00o0oO040000000000000000000 CMP

00000000 only DVFSOOODDOOOOOOOOOOOODOOOOO

0ooo0oo0oO0 [IDEAL 0000000000000 0000O00D0OOOOdprior-

ity+partition00 00000000000 DVFSOOOO0OOO0OO0OODVES onlyO 00O

000000000000000000000000 H.264-art 00000000 28%0

000 12%00000000000000000000000000O000000O0O0OO0

oooooo0oo0oo0o0oo0o0ob0o0odooboO0o000R.264-art U H.264-mcf 00O OO

oooooooobooooooooooooooobOOO0o0ob0ooooooooobO0o000on

000000000 00oDOoooDOoooOooog Vol 4 No.2 40-58 (Mar. 2011)

H.264 - art H.264 - twolf
1 1
%’ 0.8 % 0.8
(=% Q
° 0.6 ® 0.6
T 04 f E 04l
[} [}
T o2t T ool
0 0
DVFS only priority partition priority DVFS only priority partition priority
+partition +partition
H.264 =3 art m— total m— H.264 = twolf  E— total m—
H.264 - mesa H.264 - mcf
1 1
% 0.8 % 0.8
o 06 o 06
N I
T 04y T 04 f
[} [}
T o2t T ozt
0 0
DVFS only priority partition priority DVFS only priority partition priority
+partition +partition
H.264 == mesa Em— total m— H.264 == mcf m— total m—
H.264 - vpr H.264 - bzip2
1 1
2 o8 208
g 8
g 08 208
T o4y T 04 f
[} [}
T o2t T ozt
0
DVFS only priority partition priority DVFS only priority partition priority
+partition +partition

H.264 === vpr — H.264 ===

total m— bzip2 — total m—

09 UDOOUOOIDEALO2000
Fig.9 Relative power consumption (IDEAL, dual core).
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Fig.10 Relative power consumption (REAL, dual core).
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Fig. 12 Relative power consumption (REAL, quad core).
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Table 6 Analysis of the stall time. 2400 Nﬁ m T H /\ f/\ T ﬂ H.264 —e—
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Fig.13 Transition of the clock frequency when executing H.264-art (IDEAL, dual core).
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Fig. 14 Transition of the clock frequency when executing H.264-mesa (IDEAL, dual core).
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