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Abstract: This paper presents a novel approach of DVFS adaptation based on memory power. Low power
system that set a lower frequency to CPU when a Memory-bound application is running is studied. The
judgment of application type whether an application running is Memory-bound or not is done based on
Performance Monitoring Counter (PMC). PMC, however, is used for various usages such as NMI watchdog
and Profiler. So, if PMC is used for the judgment of application type, the other usage of PMC is restricted.
And, the usage of PMC is dependent of software environments. Also, there is software overhead of PMC
reading. In this paper, we use memory power for the judgment of application type. We found out that when
a Memory-bound application is running, high memory power is consumed, and when a CPU-bound applica-
tion is running, low memory power is consumed. So, our method uses memory power for the judgment of
application type. Our method uses only memory power and could be implemented in baseboard management
controller, for memory power is captured by a sensor. In this case, no software overhead is needed in target
host for the judgment. Experiment results using the 8 benchmarks from NPB benchmark set show that 5%
(average) CPU energy reduction under 3% (average) performance degradation is achieved. Especially for
is.C benchmark, 15% CPU energy reduction is achieved under 5% performance degradation. Our method
has almost the same effect as the method using the count of Last Level Cache Miss event of PMC. So the
validity of our method is proved.

Keywords: Dynamic Voltage and Frequency Scaling (DVFS), energy saving, memory power, Performance
Monitoring Counter (PMC)
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Table 1 Evaluation environment.

CPU Intel Xeon X5570 @2.93 GHz
Memory | DDR3 1333 MHz 12GB (4 GBx3)
oS CentOS 5.7

2 FEATHH

Table 2 Execution time.

sy 7 (ns) CPU-bound (sec)

Memory-bound (sec)

2.93 GHz 0.3417 33.36 85.67
1.60 GHz 0.6265 61.19 94.98
FATRF SN (%) | 83.35 83.42 10.87
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Table 3 CPU frequency dependency.
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Fig. 6 CPU frequency control based on memory power (1 sec).
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Fig. 7 CPU frequency control based on memory power
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Fig. 8 CPU frequency control based on PMC (1 sec).
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R4 HEOHERETRE EREOMRE TR (X £V HEHE))

Table 4 Performance degradation (target and real) (memory power).

memory 1 sec memory 100 msec

HE (%)  EE (%) (BE-ZEE) | BE (%) EB (%) (EE—EE)

bt.C 3.8 3.5 0.3 4.4 5.1 —0.6
cg.C 3.3 1.6 1.7 3.3 1.4 1.9
ep.C 4.8 4.9 —0.1 4.7 4.9 —0.2
is.C 2.0 4.9 —2.9 1.9 4.8 —-2.9
lu-hp.C 4.3 1.6 2.7 3.8 3.0 0.7
lu.C 3.9 1.4 2.5 4.0 2.4 1.6
sp.C 4.1 3.1 0.9 3.9 5.4 —-1.5
ua.C 2.7 2.5 0.2 3.7 3.1 0.6

F 5 HIEOMWRK TR L EBEOBEEELTE (PMCO)
Table 5 Performance degradation (target and real) (PMC).
pmc 1sec pmc 100 msec

HE (%) FEE (%) (BB | BE (%) FEB (%) (BE-9E%)

bt.C 3.8 3.5 0.3 4.3 4.2 0.1
cg.C 4.8 1.4 3.4 4.9 1.2 3.7
ep.C 4.7 4.9 —0.2 4.5 6.7 —2.2
is.C 4.7 1.6 3.2 4.6 1.6 3.0
lu-hp.C 2.5 1.8 0.8 4.1 2.8 1.3
lu.C 4.1 1.7 2.4 4.3 1.5 2.8
sp.C 3.7 2.7 1.0 4.0 3.3 0.6
ua.C 2.8 2.7 0.0 4.1 4.1 0.0

PERRIC T AV S v, CPU W B &HIBAIAR b /NS, b7, KMHIETET, EBRICRET S CPU %

D EoihRnr s, X ®VHEBENIZEDS T 7)) FEHE
FHOEMEZ R L 72,

4.5 E=E
4.5.1 MEEETZHRDIES> DX

SR CIE R T RO LR % 5% 125k L7228, FEED
PERER TR, HIH TRy Fr =212k >TIELD &
WHbH., THELTO2O00ERNIEZHND.

(1) BXERIRER CPU BN HIRR

CPU B¥Hid, N— A (133MHz) ##EfE LD
DTHAH. L7zis>T, X (8) L VHEM L7 CPU EM%K
519 LI, CPU BB ERECE WG ENSH 5. Z
OHty, N (8) LV HE SN CPU BN LY muikE
WHE7% CPU BEEDH B, & OV CPU BME % itE
LTWwWh, ZOXHI2T5E, BRL7 CPU B X
LUBERTOEAR, FHELZ DL DKL 25,

(2) CPU BlEBIKTFEDHE I X

X 3 HOXRPH 4 FOXDET V2 L/ND 2D,
B T2SRE L EFRINELLoTLEY) DDA, T2
& 213 CPU BB EAAFEED =\ (CPU-bound) &HI%E L,
PEREAR T 2 HIBRPAICHN 2 2 72012 CPU B H £ 1 1%
Lo 7225, FEBEIE Memory-bound T 0, 1EREDS T
EAERT Laholz, BEDr—ANEZONS, LT
TlE, BED CPU BWEHRFEOHE I AL 2T
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