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ABSTRACT

In this paper, we have shown Dalvik virtual machine implementation to reduce the profiling overhead from
the trace of the JIT compiler for the specific method. By running the same Java method on the original Dalvik
VM and the modified Dalvik VM, we have achieved around 30% performance improvement with this algorithm.
In this paper, to increase the reader’s understanding of Android Dalvik virtual machine, we will explain the
architecture of Dalvik JIT compiler and we will provide the detailed explanation with source codes for modified
parts of Dalvik virtual machine. From the industry perspective, we can expect competitive benefits over the
competitors with performance improvement in Android core.

I.M B Azt &£2H o2 QlAlE g g}
AndroidE i AAZ AHEE AEEL 5w &9

o}Z-2] iPhone o2 A1AHEl AFIEE o Fo| A A
ARez =zt 71E Foiaste) @) vt
739 " $dARNE AHtEA S99 A A
| 7]%&o] Hax glrk. 58], 7o) LE a2 WE
& Android®] 7% #A) iPhoneol] HIHE 4 Q& H

22 M2 E Ae|Ho] glo] Al ApEsrt o§
t}. Android®] 4] 7]€<] Dalvik 7Hd=Ale] A%
< HA3F 4 glokd As 2 7les A
gl AAFE A 4 9 Aelrh

Android®] Dalvik Virtual Machine<> DEX#h= 12

* geFigba F15FE] Tt o] Bl E A Tl (iwjoe @hanyang.ac.kr), (°: STAIAAD

** Nokia Siemens Networks 227}E](wonil.kim @gmail.com)

W D KICS2011-04-187, A5k 120114 49 149, HE=A4dat:2011d 119 99

1323



F=-FA183])=FA] °11-11 Vol36 No.1l

ol vlee] s A8 ARl DEX 349
Z203E 54 HWelA AYsr] $ai4 Dalvik
7P4mAlE DEX oS A7kl cPus) Q1A)E
T A= 71AIe w2 A (Qle Zale) e} dulk
Al Z2a9E JejzalE] 7Rk FPgeiAlela A
o= A% vle] Aol © T2 aa9e Asske A
Heh o= 108 A= Adsol e,

olgj gt 7MIHAle] AT FAIE s sisl o
oFgt Q771 #1882} DIR(Directly Interpretable
Representation) [3]< 24 sl4d3slo] A2led 4 9=
SHT HWE A3l Mg skdsls a2
B He|2dog 8411 e zey A% 3P 5o
ofg] A+ Ay} R

7PeAle] QlElZely Aee AT 43
ofe] A7t APEAUAT H AR Aol S AR
s A9 Aeoll 2R 8 A 3RS o)
2 ZsAal®. olejdt EAIE sidsly] Y8 A8
AZE Ao g o] 83 A A Ao} o] oA
7] A1=kslelem "A)= JVM(Java Virtual Machine),
CLR(Common Language Runtime)3} 7+& ARg- 714}
HAlolA 5A AAZE AHAudelg stz gk
Android 2.2 }#1]] Froyo %+ A7t Avde| S
#8314 Android T2 ale] 43 A58 A7
1:]_[1]_

(718 Q75 29l SE=E o) 3 AF
of QAL PixE FEL U¥e] uiEEE I 9
g o] difelch ol AMde) A3}
Dalvik 71412 for, while ¥3} 7o) wh& ylE-E]
= F=xt Al Auilg i)

AT Aodeirl Zeg Aoz Avldsly)
AeiM= ke olefe} 22 371%) HAIE dg
2 3,

1. #A3pL Gad F=% 2] 93 za2gklsy
2. 2= F AA HHIE A4 FEe A
3. 3% AdE = 23S Eho2 v

3 IS
431A ok

£ =80] Atk As B EL Java vAs
2] o] 5-2 vlE] Aot Hel2 gt Aol A
3 33 3 AF 24 A AE Qs vz A
AZE RS AR Fje] |, 2 TAlY) 2=
E Fole uhielrt

27 oA Dalvik T #stdz]e] FA14ed 3l

& 7PdAle] Al efsl=g A

1324

Alg B} 33l Dalvike] ele]=ele], ZHulels
Y ZeFE sl A ITIe el |
& Aok 43l e MR Dalvik 7HdwA1e] A
5 Hl2E Z2 oS o]83le] ZF3LT Dalvik®]
T3 o] AMAEATS gl

I.

=
m
re

?

NT Agdzle] 2922 Android Hele] A%
o] o] dkAlElglon} oo} e TRl o
= FAl-e] gict

Dalvik2 ¥hEEE FTE 27 93] 39 #7)7)
WAk ZE A geie) oo} 2 ey I
AL et

—

. JIT Profiling Table®] EJEE d&=rl.

2. PC #toll &k hash & Alikgch

3. hash ZF& ©]-4-8lo] JIT Profiling Table®] 84 3t
< et

4. °] 3r& 1 WF A2AR F 00] EHeA] gk

5. 0.2 zH4&k 794 Compile Selection Mode 2
Z14§ghct.

6. 1%%] $to™ DEX Bpo|E F=E olejza]E gkl

3} FAE Agsl7) 88 Dalvik 7H4HAl QE) =]
Bl 7% Z2slels) 3 Avad oldle)} ik

St Profiling Table

anh

200

e €34 2o

s
bistkonart Branch %5 haad of Whito wmwmmend3) 200 512
¥

32| 1. NT Profiling Table &9 7=



=/ Method Signature’S ©|-8-3 Qt=2ol= Zejgl A5 ¥4

#lot & sy FEr) whEEe) 39 27
Al mit 371402 S35

. Aigksts s M ot

3.1 Method Signature Z|gte] JIT HmY
Stoll A A E Dalvike] 28s =g 73l $s)
Abshs WL o3} 2 2L S} gl

L A5 Agse 3= 258 2] 913 2= o)
=5 AAsloF et

2. i) 2y I=E Adshe AHdl g &
=S AlA e}k gt

3. vla= 4]e) Auielo] shssiof gt

919} 2He 2AL =3y 98 B =EoA] gt
e HBAL vlase] o]FE 043t clorjeir
Dalvik 7HeiAlel] & W7 glol= 4A 7de) 715
sicke o] slvh 2¥ 2% oleldelE Ty
A HFAQ A2 M8 RGFT Qi)

L $-8=27) /Pizr} 23t Zeg oY zeql
AY =7-F A3l 7P Aol d3ke vxE
v AhEg e

2. G vlase) o]E-L vlz] Ao e viac
olE-S WAl Aeg IPAA wi=d B
FAHE signatureS £<¢1 Fel7} ot

3. Android SDK7} A|F3h= DEX #H# T4
—ctE olF F8lell 7Rl vasS wAs S
4ol ACC_COMPILE _TARGET olel=
access flags A&}

4. Dalvik 7P3AlellA wlA=E 3% A ACC_
COMPILE_TARGET access fla Zte] AdA=of 9}
= Afelle 228 xS AFsla vl T

At g}
5. 75 ¥ A4

&

g At

o] W& ufE X2 3 Al F8% &
A WAsES 7]& Dalvik] AA7F Asld 2o
A Pegh zesagls) 9 A gial 2 Alg o
= glo] nT #HAd-E 738 4 3)e] Dalvik®] &
3 A5s A  olclh B =5 g 2 A

e e 2o

Android H3: Android 2.2 Froyo

32E $° 44 Ubuntu Linux 10.10

Astele): GCC v4.4.5, IDK v5.0

Android Al8] #7: Android SDK QEMU
ARMvS5 CPU of|E<o]H]

tj¥#: ADB, GDB, DDMS

3.2 #HE sl Dalvik &4 IE £H

3.2.1 DEX ®i& =7 X

Dalvik 7[Pde{Alo} A7 el __ct #AFEE ol &
FHell 7Pl wla=g 2] 98 DEX ¥# =78
A3} Dalvik 7HIHAlE A4 $351e] wlas
o]5-& vlasA THE X AT o] WS BE
Wasst 3% 2 dric} sl o)F #x19E ]
F3fjolsh= ems=r} WA 4 gle] DEX ¥W3E
T& FAE e ekl

Android £E4> #4 % CfTranslator java T
< 29 Java WAE BP|E F=E DEX EYSR
w7 #2)sh= processMethods WlA=7} Fa=le] ¢l
t}. processMethods PlAE5 A3l ot 39 ¥
219-g- 714l Java WlAEE Zo} FHude] B3} A
el ACC_COMPILE _TARGET
access flagS- XA}

olo
ES TS

T2 2. MAT o]EE 043 A e

Androidi= Axsk= DEX dlde] e FA7}

1325



54183 =FA °11-11 Vol.36 No.1l

U=A ASE sked V1B 99 AcC
COMPILE_TARGET access flag 3+& 712l wl4c
7} 7] Wl 2% A ellA Asfeln dx7) o)
o}A)A] et DEXY wlhe Arr} 2nlEs] gal
b= -2 DexSwapVerify.c 329 verifyMethods
§rgella] o] Foixirl.

ol #AE 3] 84 ACC_METHOD_
MASK?®| A4 3tell Aj2e] A 2ldt ACC_COMPILE_
TARGETS #7}5Fct

3.2.2 Dalvik QIE{=Z2|E| vid

Dalvik 7M™ 4le] DEX F=& A3& o] ACC_
COMPILE_TARGET®] A|A¥ vlixe] 9ol
AAZE AFdE vl eHEEE sl gsiMe
AMRv58- Q| ZefE] 4 F=E $RIsFolo} gi)

9 a2 T By 13 HR|2E ) 3EsE s
o A=2] access flag 3t A% ¥ ACC_COMPILE_
TARGET %3 u|x3tl, =+ ACC_COMPILE_
TARGET 3te] access flagoll AA=e gl 7%=}
7 LinvokeCompileTarget 2P8 2 |5t oj Al Ba]z
sdkicd

LinvokeCompileTarget =hd2] o4&y 3=
common_methodprofile 2 £713}¢] &l &sled=
4% Dalvik H¥}de] 2e=dd Aok sl
e g}

FF3ee viasr) olv nT AHLUR A}

1326

Translation Cacheoll A1A=]e] 9)=x] el & 787
arkd das =9 A9dE [AsP] 98
kJitTMethodRequest & UAZ 3l common_
selectTrace 2 ¥-7]3}¢] Dalvik 7P3e{Ale] 52 v e
E Ao & vAE Add mo2 WA

Jite ol 8= dvmChecklit F-5 25}
common_selectTraceol] ]3] XA trace A& 2=
E A F vl Zud gAolgl dvmCompile
WorkEnqueue &8 &3l A wA=E A
A Fol| E23}o] Dalvike] HAzids] 2H =7} 3
F vl4se] DEX =g 7|A R ol 3ok

Dalvik®| JIT ¥z} AL Fdvfde] 24 =0
23| Aejsict. o] Adme AMle] Feldh= ol A
sedo] a3k F= E-2e] gloH Aot = 3= &
25 Aodsta o] Foll Al 23] So1& o
< 7okt

A 272 A A Dalvike] AE]Zeje]9] o
ALE], C 22 F=F A3 _otE FHEAIER
7 HlAase AHue] 2der) A=lshs o 5
E3lo] 2 =r} Aol of wise digh o]
o] FAR B E. A3 theo 2 FRdor & An
Fr HRL fAcE NIT A9 k= FAolrt

3.2.3 Method Zuielz] giA

Gollx] AF38 21313 Android 2.2 WA Dalvik
e WA D] HAotUS XYsHA] ook

AL, o] =R ole|tiel s AR HalMe
I vas 9 goide] slsalol sh] el
dvmCompileMethod FF& 33} iz 2] 2
Helo] 7bssteE 3t

dvmCompileMethod &4=9] A3 =14 2 tjw7]
F TAEE AT R disiA Asaz)

1. vlizo ti¥k DEX =7oie) Aztie 7% ¢
AR oz APatuia shie 7| BEo) mE =
7hi). BAl 71 B2 AAE Ferh

2. 19 #AellA 2olal B8] AA we} o)
7)1 BEL oa JlY 7|8 BE2og W)
oAl 7R ERE2 Al #Msb] A
4L 7 G915 ouidi) Anides) BAe
A 3] S8 7 71 B3] shie) Aljlew
e vk S FIA e whErk &, shie] zig)
Holl djdshs T FE-2 Aoslue e =
FE2 27 el diae] HA) o)l

3. 29 FAel & oAl 712 £5 AAE ¢4




=/ Method Signature s ©]-4-8F = 2o gel] A% At

Z3|5le] JAE 9w 718 BEES M2 97
ok £2 I Y Fo F9 )= 3}
€795 A F 2719 tiabe] s HHoE
Ao 7R 718 E20] QlEA sl
A EFe] glopd sl Foh

4. A9 718 &5 HRE dvmCompilerMIR2LIR
FrE 23] MIRS LIRE ujEc)

5. LIR< dvmCompilerAssembleLIR 3 5&3}
o} CPUAIA A 7Fsdt 7)Aol 2 o4l e et

1,2, 3 ¥ Ao -ﬂz‘sﬂ oA S 98 2 R
=5 g Aurt w5 Aelsg)ond of F=9}
Zo] (4, 59 A Dalv1k°1 A3l 0T A #
H FrEE F80 Pl 2= AT 5 Ytk
dvmCompilerAssembleLIR w4t g JAE 7)Ao
F = Dalvik®] Translation Cache vl 52]e) A}
o Mas 3 A dd 7Ale] Z=ot A

V. & 29

Dalvik VMg o313 A3} Also] AAR 3RkE
=2 A e 8 olelig e AR AL A
g3lgdch

1. ARMv52] Trace JIT B2 whE-Fo) 200 o)A}
T3E A9 J%W NT 9l 517] of&ell
WhEF-2] 348 200ME AR wlwskd Ay
el AHE ﬁﬂl & 4 gl& Aok

2. B3 ¥5425d] Qabs sl asE A
g ¥ o 4003 A= HRE-Follxd $30el) A7 A)7b

A%k 747 WiAe] 9l Dalvik 7 A1

AT o] 5 o] 43 NIT AHvpd H&h‘éé g3}

<A Da1v1k 7WU1*1°1W *l{ka— % M LB

358 A

.—‘L flfo

T A AEgct

A A7 24E 98] P40 A4S 4003)
WS LR slgioh HIAE Fog vin o] E ukAl

o F¥E& A43l Dalvik VM3 WAsR| ke
Dalvik VM.i 15314 Ad3sle] g 53 AZkS
_é_;(-]-s—]_o:h;],
a3 394 E 4 0] vas o5 o83t
Dalvik %2 283+ Modified JIT 75kdg] vhalo]
B 30% A 73 Adso] R AHE £ 4
ek
HhE-7o] vt o AASE 7] 2000 FL T
A= e8| =2 Hlgo] AelA]7] wEel Modified
T 93k A% A Za) Addes “—M’é T+
ek o]F Elsirz] ff&l whEFS] 3E 8003
2 Zrlsled 5U HaER —’FBBSHE'_‘B}E}
a% 49 A% EAAE ¥3 Original JIT9}
Modified JITS] -rﬁﬂ 0] ¥ 10% AE zelE
o] 2 glet. 71& 4004 4 ‘Hﬂ 7392k 800w *433
g At *é%f%“&—% o7t AA] W& o = 3k

B Original T
5 Modified T

i2ms
10 ms
4 ms
63
4ms

Tms

Ome : .
12 13 14 15

B Dnginat JT
% Modied JT

H 2 ¥ L3 & ) 7 3 g W o1t R B 3¢ s

O% 4. A Ax 2
V.4 B

Dalvik®] Trace 7|4} JIT Aldzle A5 Asls
= FE 8L 2] 38 FHEIPL s 3
wit} Z2aels ewsort S

B =Follde vl gk el vtz o]2E
o]-83lo] Dalvik2] JIT ZH=tdz{7} 71Al =2s)9l=]
2= AANEE 7MHALS A8 S8

1321



FLEAIS} 3] = 5] *11-11 Vol.36 No.ll

209 T58 S8 %S B A 4 3led )
setek

ik

HO
re

i

(1) A JIT Compiler for Android’s Dalvik VM -
Google 10 2010

(2] A code compression system based on pipelined
interpreters - Software Practice and Experience
Sept. 1999

(3) Levels of representation of programs and the
architectur of universal host machines - Proc.
11th Annu. Workshop Microprogramming,
1978

(4] Design of a LISP-based microprocessor -
Communication of ACM vol. 23

(5) Threaded code - Communication of ACM, vol.
16

(6) A Survey of Adaptive Optimization in Virtual
Machines - Proceedings of the IEEE, vol. 93

(7)  An empirical study of FORTRAN programs -
Softw.Pract. Exper., 1971, vol. 1, pp. 105-133.

(8] GNU Compiler Collection Internals - 15.1
Basic Block

X 2l # (Inwhee Joe) ]
. 19833 24 TSt A
T3t
1994 1244 ¥|3- University
of Arizona, Electrical and
Computer Engineering, M.S.
1998 d 9% v|F  Georgia
Tech, Electrical and Computer

Engineering, Ph.D.
1992 129 () dlolF FR/ATAE AYATH
20001 6% |3 Oak Ridge FHATA 7Y
2002 89 W] Bellcore Lab (Telcordia) %17~
2002 9Y~AA ekt HFeFeH 2
<34 Hok> Mobile Internet, Cellular System and
PCS, Sensor Networks, $J¥|t]= A]AE]

1328

2 @ & (Wonil Kim) 239

19961 249 AN AR
&3} At

2011 249 Pk A5
F3- MAt

19993 84 Microsoft, PSS

20059 1¥ Sun Microsystems,
Java 944

2011 449 Nokia Siemens Networks, FFE)

<Al  Virtual Machine, LTE, Mobile
Software Platform, QJ¥t]= A28



