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We present a CPU load analysis method on Android platform by using
hardware-independent trace information of Dalvik bytecodes. For the purpose
of analysis, methods for generating and executing micro-benchmarks which is-
sue the sequence of each Dalvik bytecode are introduced. The experimental
results showed that the CPU load of micro-benchmarks was largely affected by
the types arguments of bytecodes. Specifically, the variation of CPU load was
up to 67 times over the types and 10 times over the arguments of given byte-
codes. Therefore, not only the number of issued bytecode but also the types of
bytecode and given arguments should be considered to construct an accurate
CPU load model. Through a case study, the effectiveness of our approach for
reducing CPU load has been validated.
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Fig.1 CPU load for a single bytecode on Android Dev Phone 1.
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Table 1 Dalvik bytecode families

Opcode Mnemonic Purpose

00 nop Waste cycles

01-0c move* Move between registers
0d,27 throw, ... Exception handling

Oe-11 return® Return from a method
12-1c const* Constants to registers
1d-1e monitor-* Synchronization

1£-20 chech-cast, instance-of  Type checking

21,23-26 *array* Array manipulation

22 new-instance Instance creation
28-2¢,32-3d goto* if-* ... Execution control

2d-31 cmp* Comparations

44-51 aget*,aput*® Read/write array elements
52-5f iget*,iput* Read/write member fields
60-6d sget* sput* Read/write static fields
6e-72,74-78 invoke* Method invocation
7b-80,90-e2 add-* mul-*,... Operations

81-8f *-to-* Type conversion
73,79-7a,e3-ff (unused)
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Fig.2 Issued Dalvik bytecode percentages.
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Table 2 Processor specification of each platform
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ENRTERVWZ LRENTZ. JVM 2R $_XTD T T v b7 4 — LD SciMark D 31T
LirL, YO OXFv—7 TEREETEO0 .

Target Android Dev Phone 1 Armadillo-500 FX N810
Processor Qualcomm MSM7201A Freescale 1. MX31 TI OMAP 2420
CPU ARM1136EJ-S ARM1136JF-S ARM1136
Clock 528 MHz 532 MHz 400 MHz
D /I cache 32 KB/32 KB 16 KB/16 KB 32 KB/32 KB

L2 cache - 128 KB -
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Fig.3 CPU load of each benchmark in each hardware platform.
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Table 3 Bytecode linearity against CPU load

Bytecode CPU load
Single Alternate | 5000/5000

div-int 22541 — -
cmpl-double 29084 25866 25887
const 11471 16787 16927
div-double 260063 141689 141605
double-to-long 43137 32343 32231
goto 7402 14329 14384
if-eq 12499 17579 17535
move 5787 13523 13531
neg-int 6582 13933 13908
not-int 6582 13948 13908
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Fig.4 CPU load of each bytecode in each hardware device.
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b5, LrL, CPUAREMNMIIERILTHH A ba—FRUTE L HTEXTHIEMESIX
T EEDNRNEEZBND. ik TK /A h2— R CPU Afmmldth@d 58
MEA L TWeDT, HHHATIER LIMITET VORREE ERET2 2 & T, ok
DFERAHLBETHT L ENARETHS. LvL, LY IEMEC CPU AMEEMIFAT S
720X, MR EIE /31 ha— Ko CPU Af&EERD D Z & T ET VAR TS
MEND 5.

5.5 BIHDE -{EICkd CPU BHENEIL

BHEXROMED, £/51 Fa2— RO CPU AR ERIZ EIUZEDRERS 500 ERET S
Zl, BIUOZRoBMERE X, L0 IEHRITET MMeE FEBT 5 FEEH LT DT
OIZEBRZIT->7=. BlzIE, /31 h 22— K div-double rl, r2, r3!%, double ! TH 2
2 BLURr3 DY —AL VAKX DOMEERE LTERE r1 ITEHL TS, 202250/ —
ALV AL OMEIC CPUAREN ENZERESL, EOX IET HbEINDNEND T
Lk, REITCHI L.

A b= F~O5 %% [0,64] OHEPHOELIETELSE- L&D CPU AffEEL, 2K
DT FTT—va TRUERER, N ba— FOREIZL - T/ 7 7ORKEIIRE R
olz. RELHETLHE, () IZIF—ED CPU ATENBIH Sz, HEATHD S
7 7 (cmp-*,add/sub/mul-int /long), (b) HHIRIICZE(T 2 CPU Afm23 Bl S viz7z
W, MR REED 7= 7T 7 (*-float/double), (c) BIEkD K/ L - THEARSH CPU
AR EDBI SR, XHARO LT TERRLD 7T 7 (cmp?-*,div/rem-int /long) ¢ 3
R ThH-o7-. FNENOHEHOEAR 5 1R L. T _XTOFIE Armadillo-500 (2351
DEBERTHD. O (a) TE, add-int DEBRFEREZ /R LTZ. 2200 —ALTVRAZD
AL LWEAIL, CPU AMEMIWMEZ /R LTz, RIZ, 5% (b) TIE, BIBEMNELT

(© 2010 Information Processing Society of Japan



T AL 2 TR
IPSJ SIG Technical Report

8.0e-09

L NS "ELETE. LR
75009 [y iyl g Ok o gl e 1.46-07

Vo0l.2010-SLDM-144 No.18
Vol.2010-EMB-16 No.18
Vol.2010-MBL-53 No.18

Vol.2010-UBI-25 No.18
2010/3/26

1.8e-07

B
- 7.0e-09 £
5 3
@ 3]
7y °
g 6.50-09 3
5 3
g s
© [s)
= 6.0e-09 2
o
>

5.5¢-09

5.06-09

0 10 20 30 40 50 60 o 10 20

Value of register 2

(a) add-int

Value of register 2 (dividend)

(b) div-double

0.0e+00
50 60 0 10 20 30
Value of register 2 (dividend)

6.5¢-08
. 1.66-07 6.0e-08
5.5e-08
g
1.2e-07 = 5.0e-08
s
1.06-07 2 4.56-08
@
8.0e-08 54 4.0e-08
5
6.0e-08 E] 3.5¢-08
g
4.0e-08 3.0e-08
2.0e-08 2.5¢-08
2.0e-08
40 50 60

(c) rem-double

B 5 NAhra—Fo5¥ickd CPU AfEOLT)
Fig.5 CPU load variance caused by bytecode arguments.

& CPU Am&EMAHRIMICZEL Lz, ZIUIKOGEOH RN ZRZELD DFAID Z ENTE
% . div-double D FEBFE R TIE, MBI 2 DBEFD & X I L ONTKRE & BERE R CEO
FRZEPA L 0 B/ SV CPU ARETH D Z & DROOFERE L ORHABRN S 2N NEi A
Bird. 53% (c) TlE, rem-double DERFERZR L. 2 00 Y —A LI A X DOREFT
HEDKRNZ L > T CPU BARENRR DD, AR LT TaANRR-> TS, %R
BRI E D bREVEXICCPUARMBEDKEL 2ot FEL, BREN2DRFEDO L X
ALY B CPU Afm&EE /R L7z,

LU RALEOEAIZ LD CPU AR OB b EIE, A ba— ROfFEE B bEd- L& L
T LREIBRIC, FELLKRERMENPBRISND Z ENRb o7z, Hlzxix, Eito div-double D
BRI T, RARB I UR/IND CPU AREOHIE 104 fZI2 b5 7-.

Bl DL P22 DEICHKk > T 10 5 L b D CPU AMEOENSBRISNIZZ Lnb, N
A h=a— Ko CPU AfWE% LV IEMICHIIT 5720121, 5IBOL YA ZOfEEBET D
ZENRMETHDLESDOEDEER. L2L, SIEOMARLET R TEERIZE > TR
FTEFHEEMIRARETH S, oD, HlEEFE, BRBED 2 HoMAEIX
264 x 264(> 10°%) Y L VWO RARRICR LI NETH D, LEER-T, BFED CPU Afif
w% F R RATIRERET MVERLETH D,

BREBRET I, 77 7ORMEREZ, &5 ha— FO5IE0ONEHEEEROE

FN5EE LTHASDE LN EED CPU AWM EEZRD T ZETHRITE5. filx
1%, RO div-double D FEFTHERIIL, BRI 2 DfEKD L &, Bk - #iREOWFN3 0
DX, BIUBIENELWEEERE, —ELARLELEAE, CPUAMNSE Ldiv—double
FULTFDOLIIZRTZENTES.

16 if r3 is a multiple of 2
19 ifro=0o0rr3=0
30 if ro =13
160 otherwise

Lgiv-double (Tz, 7‘3) =

72721, 72,73 I% div-double (25 X HNZBIED Y — A L U A Z @& RT.

div EHE AT 5 FEOFERIC L 5 CPU A EOEENZ DWW THEHI L7 (K16). double,
long, float, int DJAIZ CPU AffiIZKEZVMEZ /KL, int, double TN ENDOEKEDMH
WX 5 HEEDENR D 572, long MAMH LA DA, FE7e CPU AW &OL & O
RABH SNz, CPU ARENEAD T 553 OB PO OGS L0 4072 <, T/
ETH->TH 10000 Z#B 3 CPU ARFEMNBIR S, RKMEICHT D EBOLEN NS o
fe. TOXDITHEERIZ L - T CPU AMENPKE S BRDEMIL, 77V r—va &k
T ABRICY, EFTDHEEANC Lo TEMEICHEE KIFT 2 L 2R
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Fig.6 CPU load variance caused by numeric types.

5.6 1—X4H5—X

Hiffi E COMITRERZ VT, 770 7 —va VBIREIL, LVRENa— REHrT
LHEB%E 2 DR

£7, FEBELS CPUARMED L— RAT7%2FE L, T 7 — 4 MARET D &
D I RIBWPHIBNICIE A C& 2 Z L &/ 9. #il& LT, SciMark H double T % float (2
52 L THI SN D CPU AR ZEIHT 2 2 &L 2525, SciMark 710 double 4| [
FTHERIIN 25% Th o7 (B 2(a)) . HEA double BA5 float B L7z & & @ CPU
ARTHIEERIEA 30-00% TH D (K 4(a) . ZhboHEFEMH WD L, SciMark H10 double
B4 float BUTEHT 5 Z L1285 CPU AMHIREITN 8-25%Th 2 LA T& 5. Hill
T CPU A ORI RIIK 15% TH o720 T, 77V r—va VBFEE W2 T4
BT 2BREDEMREIEFTLTINDLEXLND.

e NT, I— FO—HBN52 b0 L SICSHEEZERT D7D OF/FTHHENIEH TE %
L ERT. long MOEH x 12k L, WOBEEOKBLZRTIEFA—OFHFEZITY 2K
(1) 2 THE#, double (2% ¥ A b : (double)(x / 2)

(2) doubleiZ3% ¥ & %, 2 THRH : (double)x / 2

DOREELTHLTDH. EHELORNTLF v R MIXLER CPUAMBIIFRLCTHD. L
22L, double XV long WD 2 BRAEDHNHNEHTH D Z LA 6 1 HRiAlinsd. Liz
BoT, (2) ROGBWFRHTHD EEZALND. 5000 FOHEFHGHETEZ 1 HEA—FSH
7ZHEMTIE, CPU AMEDIZ2.85 [FThHho7DT, LLEDEXFDOIEL & 44 5k
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ENEohizE25.

EBIL, ZOXIRFEFEICHTIVE TV r—2 3 VBIREICK LT, BRIEERE I
WK ECFIT LI L EOWEEZRNLXF—DEEZIRTHZ L, HDHWIE, CPU ARED
WY =2 a— RFOEFREZ2HRHL, BTN X—a—TF 4 VT EHRT 5 2 LNk
5.

6. EhHh VI

AFETIE, N— Y =7 MR TH D Dalvik N ha— R L —2%&EHAL, An-
droid 77 v b 7 #—21ZBIT 5 CPU AWM EDOHNT 21T o 72, FHARIZIL, Android Dev
Phone 1, Armadillo-500 FX, N810 #fiH L7=. 7, "— U= Tk»N G2 7K
2, &AL ha—R12&72Y® CPU AR % EMIEER T 272D~ A R
Ry F~—7 O FEE FERGTEEZRR LEZ. RIS, TO~A7uaxXrFv—r2ko
T CPU AME~OHEBRERZFFE Lz, EBRTIE, BM A1 Fa— o CPU Aff&EICE
FREIC L VIR 67 1%, BIED LU AXEIZ L VIRK 10 fEOENPHER SN, L7z - T,
7Y r—3 gD CPUAHRHEDEMHARET MMEEZITH 72DI11E, FL—A2AFDA |
= FEOHTIIARTDTHY, A ha— ROFEESCSBREESETILERNSHDH 2 LK
LNIR o, SR ZISHT 28T, 77— a o OREFHEIC CPU AR REL %
LB EZIRETEZ D Z LM/ IN5.
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Fig.3 CPU load of each benchmark in each hardware platform.





