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Reducing Energy Consumption in Virtual Machine
for Mobile Devices by Lowering CPU Frequency
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Abstract: For mobile devices with batteries such as smartphones or tablets, reducing energy consumption
by executions of applications is important. Most of CPUs on mobile devices are able to change the CPU
frequency. The lower the CPU frequency is, the less the energy consumption. However, application’s running
speed also slows down. Thus, there is a trade-off between energy consumption and running speed. Memory
bound tasks runs with less speed down by making CPU frequency low than CPU bound tasks. On the basis
of this observation, this paper presents a method for reducing energy consumed by executions of applications
with a small speed reduction. In mobile devices, applications are running on a virtual machine, such as
a Java virtual machine (JVM). JVM has the garbage collection (GC) mechanism, which reclaims memory
areas that is no longer used. GC is not a CPU bound tasks but a memory bound tasks. Thus, our method
forces the CPU frequency to be low during GC is running. We used Android 4.2.2 on Pandaboard, a one-
board computer with on ARM processor, as implementation target. We ran six benchmark programs in the
DaCapo Benchmark Suite, which is a benchmark suite for Java memory management. As a result of our
measurement, two benchmark programs that uses a lot of memory, showed good effects of proposed method.

Keywords: DVFS, Energy Consumption, Mobile Devices, Garbage Collection, Android

The University of Electro-Communications

1

BLIBERFREBE R T2 ERNE W - 85 LEHK ) ykitta@ipl.cs.uec.ac.jp
Department of Communication Engineering and Informat-
ics, Graduate School of Informatics and Engineering, ) iwasaki@cs.uec.ac.jp

b)  ugawa@cs.uec.ac.jp

75



55

1. EL®IC

WA, AR—=F 74U RT Ly bW R RD
TERLUTETWS., INSEINYy T —EEITHE77-0
TV = avEFIIBVWTHERNZHIBT 2 Z & ik
HETHD. F7z, EHWATEMERUEE2TS>223%
K-> TETEY, HEBHOHIBE T SV r— 3
VETEELERINS.

HEE T OHIETIED—>2 & LT DVFS (Dynamic Volt-
age and Frequency Scaling) »°% %. DVFS X, CPU ®
BIE & R BRI IS 2 5T, SEEQERAIZ
B#IN5 CPUDZIZEEINTWS., ZThEHANT,
BIECFWEEE T CEGTTAI LD, HEBHZH
BWTBZenTEs. ZOKHE, 77V Tr—3 a3 vOFET
HWEAMBETLTLES. /o T, HESBNLETHEIL
V— KA T7OBERIZH B

CPU MEHET 2 ENZ WAHEIZDWTIE, FEE%E E
FTHEITTEZENRZTEGHEDR ET 5, LirL, A
AVAEYVANDT 7 ARL VU OGEIX. ATV T
T AW D B 728, R B TIITLTEFELT
HEIXZNIFE M ELRWY., ZD2H, ALV AEYAD
7 7% AN NUEIZ DO W T IR RS E TP TEIT LR
2, CPUDHETI2ENLVUHE L Y $FEITHEDKT
A D OWEEH OWII 2B (1], [2], (3], [4] .

AL VARV ADT IV ABL VLD —D2 LTI A
£H (AT GC) #H5. ZHNIEFAREIZR -7 AT Y FHE
EEBUCHAMHEZ L T2 THE. —KicT 7Y
T—=avDZEEAT)FEHENIALRT S L GC 2T, @
HWOME (UFRIa—F—%) 2L, e—TO2KIZ
TORALUTARELAE Y HEERKT 5. GCDOAEY
7 72 AFIEEFICAHANC TS, 2D, Fry
VaRABYDOREEZIFIZKL, AMVAEIANDT I &
AN 8B, HE- THEBEE FIFTHETLTHETHE
WZ5Z B8 I 5.

ZNIZHDERMEE, TSV a vy OEFHIZ,
FITHEDK R E2MZOOWEEE N2 NIF5FIEE LT,
GCHRHZEWE A T TETTH I L 2ET 5.

Z DFETEE Android @ Dalvik VM _EIZFEZE %247 -
7. Android IFERHHAEICEZ S HWONDE T T Y M7 4 —
LTHY, 77TV —a vt Dalvik VM & W S { AR
W ETETE 5. GCIEZD Dalvik VM 237 5.

REFIEE2EEL - Dalvik VM O ET, AEVEHD
RYFI—IETH S DaCapo XV FI—7D>5E 6 DD
RVFI—=2707 7 LE2FETL, FMliziiho7z. ZD
MR, By 7V r—2a v offifid s A ) HEkoOAE
WTBR T T LMIDWT, REFIEORIMERTE L

PR, AROEERIZIXDOEY THD. 2ETIE, CPUIK

BIBHEHEBENIIOVWTRAR, 3ETIE, AEYTZ7LA

76

2014.1

% 1 Pandaboard DR
Table 1 Characteristics of Pandaboard

CPU OMAP 4430 (ARM 7—F 727 F v)
CPU ME#  300MHz, 600MHz, 800MHz, 1008MHz
AEY 1GB
1RFryva F—X&: 32KB, 4 32KB
2WFryva 1MB
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Fig. 1 Energy consumption and running time according to range of memory access and

frequency.
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