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Abstract The Java native interface (JNI) mechanism, which is designed to handle the interaction
between native code and Java code, is currently widely utilized to develop mobile applications.
However, JNI is observed hardly from perfection in two points: on one hand, the overhead of
invoking functions of JNI interfaces heavily affects programs’ runtime performance; on the other
hand, the complexity of the JNI's programming specification prevents the integration and reusing of
third party native components in Java code. To solve these problems, a new strategy is advised to
migrate objects between Java components and native components by injecting necessary information of
native objects into high-level objects. Guided by this strategy, a model of compound native objects
(CNO) is proposed to integrate a Java object and a native object into a compound object which share
same metadata maintained by Java class objects. Therefore the CNO model could literally reduce the
overheads for the time saving of data type conversions, and lessen down the programming burden of
the bridging code. A prototype of the CNO model is implemented on the basis of the Dalvik virtual
machine such that Java could reuse third-party components in a dynamical and efficient way.
Experiments show that the CNO model outweighs JNI in better performance of accessing native

methods.
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[
R A R )
(a) Inheritance in Java side
Tt T T T T T 1 | ___________________ I
I Java Heap : : Native Heap :
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| CNOObject | |  CARObject |
: FooBarHello : > CFooBarHello |
I o 1
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) I < I
| CAR_obj_ptr [ | <, Super Class !
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' | CAR obj_ptr [— : |
| i Interfaces |
I : I R :
1 | N
! : ! \Super Class |
! Lo > CFoo \
I [ 1
I : : Interfaces :
!. __________ R L e 4
(b) Inheritance in native side
Fig. 1 Inheritance mechanism of CNO classes.
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FooBar. car
module{
interface 1Foo{
foo([in] Int32 i,
[in] Int32 j,
[out] Int32 * 0);}
interface IBar{
bar([out] String * str);}
class CFooBar{
interface IFoo;

interface IBar; )

(a) CFooBar component class

Mapping
Java Class | ,
| IObject
IFoo. java : T
IFoo
A CFooBar .
—e

IBar

(b) Mapping between CAR class and Java proxy classes

Fig. 2 CFooBar component class and its corresponding

Java proxy classes.
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X 3 4 Java fRBZE#H S5 CFooBar A2 &
B 3 s iy CNO Z & A3, 3 4~ CNO 2K
1) X % 76 F FooBar. java ft B 2% f7 3% 52 f4] b
CFooBar A& #25 , I 1 5t CFooBar A< Hb 2 1 A iy J&

CNO CNO CNO
IFoo. java FooBar. java IBar. java
Java IFoo
Heep IFoo 1Bar 1Bar
CAR_obj_ptr CAR_obj_ptr CAR _obj_ptr
.. L LN
__________ a._____/’___________\}
Native \\I\IObject /’/
Heap S ___IFoo /’/

CFooBar T
——e
IBar

Fig. 3 Coupling between Java object and CAR object.
Kl 3 3 Fp Java fCHIXT 4 5 CAR A M ST 4 (R A 5 X

], CFooBar 7 i 52 {4 Xt 567 € 19 10bject # H Y
5| HE A FooBar. java G HE X} £ ;1 1Foo. java Hl
IBar. java 2511 57 S0 Ak CFooBar s #l S 44 % 42
e 52 ) /b IFoo. java #lI IBar. java 2§ % £ 0,
CFooBar 7 #it SEAK X} 42 ) 22 9% FooBar. java 1t ¥ X
ZLE. A AT B R4S CFooBar 7% 1 S K X
489 TFoo Ml 1Bar #2 1 #4951 A1, 52 3 CFooBar A<l
FEARXT G A

H T A T [ R g AR L SRR A A R 4
P FHAS 1 X 420 4 10 2 5] X 4 e — 7 =X
I FRATTHE CAR A4 X5 G2 9 42 11 o it Jf Sy — A4~ 7
S Java ARBEXT AL B T AR HR R SO B U
S TFoo 1 IBar ¢ 22 4. &4~ CAR #{F X 4 ik
A — B 1 10bject £ 1. A (1 CAR #4425 #5
PR T iz 0, BT COM #2419 TUnknown
0.

FATH FooBar. java B Ay A s 44 £ 28 £ 3 X
2, M IFoo. java Fll 1Bar. java ZSFR s b A4y 14 432
AR XT 4. 3 4~ Java fC 2 FooBar. java, IFoo.
java Al 1Bar. java B9 & XA 4 FiR .

FooBar. java
package com. elastos. cno. foobar;
class FooBar{
private String strField="Elastos";
native int foo(int a,int b) ;
native String bar() ;
}
IFoo. java
package com. elastos. cno. foobar;
class IFoo{
native int foo(int a,int b);
}
1Bar. java
package com. elastos. cno. foobar;
class IBar{

native String bar() ;

}

Fig. 4 Definition of Java proxy classes.

B 4 Java fRIEEIEHE X

2.4 CNO EAAMIKHTHIESEXNTE
CNO & 57 3 4 G408 i) o0 B0 11 & A~ =
UK 1) GBI (0 T B0 5 2) 38 47 I 0 JC B . g R
(1 0 R 2 4 el L P 53 0 25 128 A Py DA SRUR L
—/> CNO 28 J7 75 19 70 B4 2 15 o & 60 45
CNO ZE 192 RIAR AR Hly S 1A T 78 14 4 A B 44
PR FREHE H 44 FR. 2 3 I TR 16 1 100 AL e
PAT R AR R R R A L e, A E— 4> CNO
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i, BT 2 4T Java 22 A9 Annotation 2
FRBUA s CAR X4 5 Java AU BRF 42 00 e 5 6 &
FEARIEAG A He 24 B L 24 PRl 4% O 4 Pk A B &
B A6 PR H SRR R 1 CAR 4 4 1 455 e ST A
P2 T3 AT I A8 T 8Os 2 95 0 ALTE 18 47 I 52
W CNO XF N FAE A BT 57 09 Jo 8l . 12 17 I 1y oo
B AR 375 CNO B B4 X R 7E Dalvik K 1
BLE S8 st i

A H FH Annotation J5 3 4E Java fCHXF 4 h
BN G B ST AN — A CNO 2K, Java #)
L Annotation J& 5 — 2 FF 0 R A KK AR B
SCH TTEUE AR . B AR Java B2 F 19 AT L H
R X {5 G 4 1 48 A O SR A AR A i ) T
PR R O 2 S N @ RS R LUK R Y R
2 7R R MR T RO B R R Ok L IR B T B A
it 76 28 SO v S B S i O AR B

CNO ZEryE R -

1) i i3 Annotation 2§ @ ElastosClass 3£ 5
WA~ Java fRBRSE , IF UL W X 1 9 CAR #4425 fir
TEW) CAR #7185 g 44 Bk DA K 28 09 44 kL W%
Java JJ& — A MUY PERARBEE % CNO X 42
A AR 2N 4. @ ElastosClass 19 45 5 ¥ yu R
@ElastosClass(Module = “Fi3 % FR”, Class = “¥4
ERBTRT).

2) i@ 11 Annotation 28 @ ElastosInterface 3 fp
WA Java ACHLZE, IF UL WX 7 19 CAR #4446 101
FRTERY CAR 4 44 455 P 44 Bk DL R 36 01 44 ik %
Java eIt — A H Al 1 3% DA 2R 3% CNO X 4
EE AR O X4, @ElastosInterface B4 455 K
Ji o @ ElastosInterface ( Module = “1& 3 44 Fr”,
Inter face="$L O Z ).

PL FooBar #g 4B g 4] , 81 4 2 %3 i FooBar
%t i 1y 3 4~ Java fG#E 2E FooBar. java, IFoo.
java 1 1Bar. java )& L. B AEFKR NI AT LA M -
Annotation ZE 7 BE X 3 4> Java fCBRZE, f H Al N
CNO 2%, K 5 Fros.

2.5 CNO 5 NI L AMFRARERZFRBLILE

M INT K CNO SEHL Java B2 7 5 4 AR 6%
HAATE AR B AR E, RATE G T — s B
T RS T WA Java 25 (Foo #il FooJniDemo).
Hri ,Foo 265 X T — native J7 ¥ modifyFoo, %
Tk 3 S 25 Y (1) 2 80T R [l — A Foo 28
fBT % 4. FoolniDemo 28 J& Foo KA HI 7 25, 1A 3%
Sk Foo X4 3F I H] Foo ZEHAH 75 #2: modifyFoo.

FooBar. java
package com. elastos. cno. foobar;
import dalvik. annotation. CAR;
@ ElastosClass(Module="FooBar",Class="CFooBar")
class FooBar{

private String strField="Elastos";

native int foo(int a.int 0);

native String bar() ; }
IFoo. java
package com. elastos. cno. foobar;
import dalvik. annotation. CAR;
(@ElastosInterface(Module="FooBar", Inter face="1Foo")
class IFoo{

native int foo(int a.int 0);}
1Bar. java
package com. elastos. cno. foobar;
import dalvik. annotation. CAR;
(@ElastosInterface(Module="FooBar", Inter face="1Bar")
class IBar{

native String bar() ; }

Fig. 5 Definition of CNO classes.
E 5 CNO ZfhE X

75 4 FooJniDemo 258 € X T — 4~ i@ Java
J7 1 modi fyFooCallback. 1F Foo 251 modi fyFoo
75 B 7 b SE P A i B I modi fyFooCallback
T 1 i ) BRTE A s AR v B ) |1 Java J5 k.
K6 45 7 INT 5 CNO 7£ Java s B UAS SE 8L, K] 7
i T INT 5 CNO FE A Hi i (9 A8 55 52 80, INT
CNO 7E BRI F AR R Z 4 fE 18 6 181 7 i fE T
Fric.

PR 6 20 A 1 S AR AS . 7 2 X 3 22 ik B A
FHEAEPR Y 4 AL M J7 . 1D BT CNO 52 3 A9 A My
PR P 000 38 Elastos i 47 B, I 5] AH &
CNO JLE 4 74 W1 9 Annotaion b5 7 28, ]I} & 200 1£
CNO SEHACHS Y 1 S LAEh A B LL E 2 5518 4]52)
TS T CNO LAY Dalvik g 8001 0] LUAR 5
CNO 25 Annotaion H 3 il 28 A Xt 4, B L)L £
CNO 52 HACHD A 7575 2 I =X b i 2804 Hb P2 5 3) Hy
T Foo & T ARM T ¥k . Jr L Foo 85 EilU'E i
—4~ CNO 2%, Bl 25 Foo ZE3 Il Annotaion ¥p i 15
M) 540 R T RETE CNO A xd g2 8 H Java XF 4219
T FATE T 1 e BN EOR L I CNO 52 8
RS 4 52 HE P i ).

PR 7 M AR 25 5 B i L 7E INT AL R A
by vty 75 v BT L S T ) C IR R AR R IR R AER
ZAR B AR L CNO Jrik Ll s £ H &2 2%,
K7 A0 1~3 S RAES3 B2 Ui ] Java X 42 1 #
BT B AN Java XFZ AR JTava J5 k. Mi7E CNO
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INI Sample
Foo.java
package com elastos.foojni

1
s
FooJniDemo . java
package com .elastos.foojni
public class FooJniDemo{
/*Declarations */
private void modifyl-ooCallback() {

System.out.print/n("Callback from native.!");
1

s
public static void main( Stringarg:
FooJniDemo demo = new FoolniDel

foo=new Foo(18.arrl),
newfoo = foo.modifyFoo(1,"Good-bye!",arr2),

1
S

[static {
)

}

System.loadLibrary("foojni"); 2 ]

public class Foo{
/*Declarations of the fields=/
public native F oo modifyEeotint /,String str,int[] arr);

N
|

}(@ElastosClass(Module="F 00Inidll", Class="CF00") 3)

E
\ [foo, "modifyFooEvent",

CNO Sample

Foo.java

package com .elastos. foojni
ackage com elastos. runtime;,

1

public class Foo {
/*Declarations of the fields s/

public native Foo modifyl'oo(int i,String str,int[] arr),
1

5
FooJniDemo . java
package com .elastos. foojni
public class FooJniDeno {
/*Declarations */
private void modifyFooCallback() {
System.out.println("Callback from native!");

!
s

public static void main(String args[]) {
FoolniDemo demo = new FoolJniDemo();

f(')o =new Foo(18, arrl),
lastosCallbackFunc.addCallbackHandler(

4
"FoolniDemo","modifyFooCallback","()V"); ]
newfoo = foo.modifyFoo(1,"Good-bye!" .arr2),

1
s

1
J

Fig. 6 Sample codes of JNI and CNO in Java side.

& 6

JNI 5 CNO £ Java 3 #9 A% 52 3

INI Sample

foojni.c

Jobject java com_elastos foojni foo modifyl'oo(JNIEnv
* env, object obj, int i,String str,int[] arr)

{

jfieldID  strkieldld
"stringField", "Ljava/lang/String,");
jstring jstr foo=
(jstring) env->GetStaticObjectField(clazz, strFieldld),
const char *str foo= (jstr foo==0)?0:
env->GetStringUTFChars(jstr foo, 0);
str_newfoo = str_foo + str;

1

\_ e;':v->Relea.s'eSIrmgl/’I'l'"(,‘har.s'(/.s'lr foo, str_foo);

¢ Jjclass newcls =(*env)->FindClass(env,
"com/elastos/foojni/foo");
jmethodID  mid init
newcls, "<init=", "()V");
jobject newfoo (*env)->NewObjectA(env, newcls,
(md init, 0);

2
(*env)->GetMethodlD(env,

4 Jélass cls = (Fenv)->GetObjectClass(env, obj),
jmethodID mid callback = (* env)->GetMethodID(env,)

cls, "modifyFooCallback", "()V");

L (*env)->CallVoidMethod(env, obj, mid callback),

t

5

env->GetStaticFieldID( clazz)

J

~N

J

N

J

CNO Sample
CFoo.cpp
String CFoa:s stringField" Hello,world !");

EC(;de CFoo:modifylFoo( /* [in] */ Int32 i, /* [in] */
const String& str, /* [in] */ const ArrayOf <Int32> &
array, /* [out, callee] */ IFoo ** ppNewI00)

f

i

> s stringliield += str,

/

i

ECode ec = CFoo::New(ni, *narray, & Newl00),
if (FAILED (ec)) return ec;
*ppNewl'oo = pNewl00;

d allback : :modifyl-'ooLvent ()
return NOERROR;

ECode CFoo::constructor(
/* [in] */ Int32 intField,
/* [in] */ const ArrayOf<Int32> & arraylield)
It
4
m intlield= intField,
m_intArray = arraylield. Clone(),
return NOERROR;

1
s

Fig. 7 Sample codes of JNI and CNO in native side.
& 7 JNI Y CNO ¥£ native ¥ 0910 RS 52 B0

A HARHD P T ) — A Java X220 % A 7 B S2 bR
HEHEVIRZ Java XT8N A H CAR X411

B A B B AR o X TR — A Java X4 7 CNO A
WAt HRS 1228 B CFoo 2509 New 7. £ CNO

A M AR A [ E Java J7 Wk B — 4%
Callback:: modi fyFooEvent () ; 15 A] fih &% CAR Xt
S0 1 =44, Elastos 8178 2 H 816 CNO 75 £

FEFF 04 Java g AU b g U 59 [l 94 ok 05 B A% 3 25
Dalvik F B I8 i BE AHLIE ) Java J5 k.

3 CNO xf &R B 7E Dalvik & fU#1 & 9L

BH

TR 5 B R R 58 h . CNO X R )
IR F AR 5 Java Fil C++ W5 R if & 0 2 N O X 4
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HEAT 2 . I A A H 0 AR R FRATI R S
ATLASCH XA B TE S R AR RGN E B, @i
REAUHLAE XS G2 2 G40 BT A 0 5 R Gl 53 o
BX G (3 Java X R .CNO X4 %38 CAR X}
SO A A U E I WA TE T XN R AR R R
[ESEYREZS

3.1 CNO X &MWIETTR T IFE

CNO gz 47 i o8O i fil 5 02 52 B Java Xt
REAH CAR X 24 1 5Ll CNO X R mis 17
i T B R AL HE Java AR H X G2 1 o6 B0 A A b SR
X 42 0 JCEHE . Java A4 B 4 (0 0 BOUE 52 bR st 2
Java XF R KX LR ClassObject ; i 4 b 52K X 5 (1
TUEHE AL 455 A b S A X G i Al R AR B T B A L 2R 0T
Kol A D U AT e EE. CNO X Rz 47 i o
BAR R A 7 2R 7E Java AR 4 ClassObject
S48 TP R Ml SE AR X G242 4T i T B

1) A H % 508 47 i oo RS B A Java 26
JOE

JCHCHE Rl G 1 7 R 48 2 S BilE — > CNO Xf
ST K CAR A Hb 28 1 o0 B4 15 B8R J7 25 oo £ s
=B EA Java fREEXT 41 ClassObject FAH ¢ B g
S48, B Y R UL 2 — 5 A @ ElastosXxx JE 20
) Anotation JLEUHE 1Y Java ZEBT, 23 7F Java f{ IR XF
211y ClassObject ) accessFlags 1% & — T HrIR,
I E SR — CNO A 2K 5 4 X Z ik & —4 CNO
A HHE 52 A 0 4. [) i A T CAR 4 44 1 )2 5 AL
X R F) CAR A 1B 2, 115 3] CAR #4441 iy
FA5 BT A5 B BRI i @ElastosClass
JUEHE T Module J& 1115 8 CAR #4415 He iy 24
PR R4l 24 B 48 CAR A9 B e, IF 15 2 & 1 #4 14F
= B IModulelnfo. 4k J5 2 #i# @ ElastosClass JCE
H i Class J& P15 325 19 45 Bk 3 AN IModulelnfo H
4 A B H 2K fF B IClassInfo, ¥ H {f 77 1E
ClassObject 28 (g 25 ko 44 . g2 JLAIL K 3 2o 3 2 3 A
(R4S 1l X G 3a AT B JC AR K Java fRBESE 5 CAR 1
PRSP X R 25 A SRS k. 1 S B CAR A
Ko B A RATE S T ClassObject B
TEE5/ & 8 frR.

55 A 3CHE ClossObject 45 ¥ 3 fin 1 3 4>
accessFlags (K Fnizds & CAR A2 Java
R 25, Y accessFlags B {H i CLASS CAR _
CLASS i £ 78 1% Java fQ B XS B 19 )& — 1> CAR
Y AR #2552 accessFlags W) {E & CLASS CAR
INTERFACE B %75 1% Java 483X 07 (1 & — A~

149
CNO Object
ClassObject < > Object
object clazz
accessFlags CAR obj ref
super
interfaces B 2
methods IObiect | ===~ ’
sfields ’ T IFoo
X | o
ifields CAR Object CAR
d Module
1Bar
pClassinfo ¢
pConstructorInfo
pStaticClassinfo | N CAR Reflection <:> Metadata
pSingletonObject |" Nechanism

Fig. 8 Module and class’s metadata injection.

K8 BB HE A

CAR 4 A 4% O 5 24 accessFlags B{Hf CLASS_
CAR_NEEDCLEAN [N 378 5 235 B Java {CHLX
ZNEH CAR M X4 iZbnic H T 8 CAR 14
A 1l 52 A 0 G 0% b7 3 [l HYRk, A ClassObject
SRR AL E G T 4 A5 E. H T8 CAR
1 B AR DG T B S 9 % R A8 B 2 il kR 2R AR
B g48 51 pClassInfo K it pREUE B S %)
R84 pConstructorInfo i AZKAE B % 4 18
B pStaticClassInfo LA K 28 ) ME — S {51 X 4 4 &1
pCARSingletonObject.

2) CAR XG5 i ou i {5 EA Java 2605 4

CNO %t gy CAR J5 AT T Java S Ut /2
Je HASE IR B 90 E 1. R ALAE Java A b J7 125 85 IR
Bl i AT B B R 05 B CAR A M U7 5.
CNO X R I8 RE A M T5 85 12 B AR N G 5
N I B v, R AS M 7 i ST P TR R A5 R R
CAR A Hly SRR G2 1 7 2 ST B T8 A Java fRHEE
AR 30 77 2 S AR 5 07 k02 1 B AT i) CNO
%t 2 1) ClassObject B Method 45 #4& th nativeFunc
T4t 45 1) BB AL dumResolveNativeMethod () s H: I B AE
JH o 388 o A A A B O 2k oo Rl X CAR #4407 1%
HEAT A AT $R B2 07 B 00 L B A 42 L I ZRAS AR B 1Y
R 7 12 4 S Bt bl o 98 H DR A7 B)3% Method 4%
IR P B nativeFunc i 59 A5 15 B A XX A4S Java
A 5 v 0 R FH A B4 Bk e 2 AR S AR X G R L
BREL. T nativeFunc 48 51 2N 48 1) CAR # fF 4
by 7 1 B S B ik S PR O 22 0 e R AR |l ik
Bk T AT, B IE AT IR AT

7K i 75 1 68 IMethodInfo (1 ) 5 i 7 12
0 S a2 AL G A i 28 2 IR AF 1Y 2 T B
¥ St 2 11 1ClassInfo, I 255 J5 bk 44 FR S5 45 81 5
BEICEE 1 I 5 3 11 IMethodInfo. i 13 IMethodInfo
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AT LAAS 3 05 v 0 2400 3R R 2 AT . o T AE
CNO XF £ #y ClassObject %f 42 ffyE A CAR ¥ £4 %F
G5 JCBUHE T T L — A S5 R CAR-
MethodInfo K17 A CAR #4914 v 1 77 ¥ oo 804
mE 9 fiR

Method Method
clazz j clazz
accessFlags accessFlags
methodIndex methodIndex CARMethodInfo
name name
insns insns
nativeFunc nativeFunc interfacelndex
idxQutParam
pMethodInfo regTypes
regExtraData
needCopy

Fig. 9 Native method’s metadata injection.

B9 A ML) i T RE A

9 1, pMethodInfo #5 [i] CAR Z< Hit 52 {4 Xt
SR AR BB RO O, 7R  CAR 5T AL I
733 IMethodInfo Y £ J& . ff HAR A7 7R X A 45 £F
Fisinter facelndex 878 1T 7 %52 CAR A #2550
PSS LA 1, T LIARYE inter facelndex 5E i 24
BT R e B B2 O 1Y vtable 8%t 3 idxOut Param 18
7R 7R S LA ZEOT U6 X B 2 CAR A #
U7k B 2 G reg Types 48 78 2 80y 26 A
regExtraData 3875 Z 80 BN AY L 58 5 F T 3R
ArrayOf(Type) 8, # BufferOf{ Type) 1 i Type 3
#lsneedCopy Rl 1Y S 8w 48 W |5 . 18
ClassObject f) Method 2 #4 1K d 38 #8461 7 — 48
¥ pCARMethodIn fo 35 [n) CARMethodInfo.

3.2 CNO M &mIEfl

FEASC R Dalvik B HBIHL T BR T e E 40
() Java RSLHIALA ,id 3CHF CNO X R 21 5241 1k
FATHE CNO X RNy — A 58 8 B R R, 0 X A
CNO XG4 Java fCBLFY 4 X G AT CAR 7 s #4 1
XF G R A2 2R FE , AR A A 5 50l Java X4 — M4
3 AN B B R G0 S R G A T LA B X G Y
BB CNO X4 5358 Java X 4214 52 i) 4k i HL3E
AAHA.

TERZERARMEN T .CNO LS 5E 45
i AR L B A X 4 Java AU X R HI CAR A
Hi SR X G2 X BT BEAE Java B X G2 0 524 X 42
JET 253 T — > 4 B R/N X 551 1 B IT Ok A7 i
CAR Xt g 94151 H.

TE% B ARG OL T . 2 5 5 6 19 72 0 3 K

ZAXG G 1A Java fREEXT R M 1 4 5% Java
FRBRXT 52 4 e 1) 24 CAR A H 52 R % 4. i 3 A
Hi RG22k Rl A b b 2 ) 7 B E CNO
XoF 4 1 52 9 Ak i B ol CNO R 42 0 i N 7 25 ).
T SE TR AR M A R S T A AL B H s AR AR
FTHE R 1A 2 B0 B AE Java A8 B XF 42 op 43 0 HH B
X451 BT K 77 % CAR XS24 51 s B s
Xif 4 — AN A0 2 S AL AR B A9 CAR AR M 5244 X 42,
IR ET AR A AE Tava 18 HLXT 52 A H 4 e (1 X 42 5
ATz i M ] Java (RFIXT S P 0 2 11
A CAR XF L 0f . HEHH Java X R 2 J5 5
AX 0 AT EE S 5 A e 7 ) A B AT
3.3 CNOXM&EMEHRSHRKE

CNO XF G 19 A= i J5 ] 5 558 Java XF 42 (149 A 4w
JE ] — B RN TE T Java %52 5% Bz 500 5E AL
SE 4 Bk i 7 s AT B, CAR B 1 4 42k 51 H
TR T3 O X G 0 A i TR I AT A . R R T
PRIFICEENT 2 5 CAR 4 £ X5 G 0 A= i Jl 1 — 350, 36
TR i Java £ 2R X 52 55 X 1V 9 74 HiAS) 4 % 42
Z RG] SO —. BAUALSTE GC HE N 77E A L i
L Mark-Sweep HL# #E47 GC %t 4 [k, it 24 GC
i % G2 B 5 5 6 CRE A CNO R 5. 3 3 33 o
B T AR Java B9 GC AL 4 B AR b 52 14 X6
GAE P AF 0 Az i JR I F R 5 B O S 3 Dl 2
AN 2 TR B T A A Hb 9k R 1 6 G R

Dalvik (#4573 BUSCHL I R H T 2 gk, Hop
— ML R Copy . i Copy B3k Mt dy I i, Java
Xt ] B SR B AL B . CAR X EW) IR AL B 4340
S Y Tava AR BN 40 bk, — HaX 4> Java
XL 5 CAR X 4 0 1% B i 45 ic sk & W
IH B 228 1] B AR Java XF 400 07 125 069K L .
DL 7E Java Xt G 98 88 o)) i 75 2210 i SUUHL 38 00— 1 Bt
J& H E iy CAR %t 4.
3.4 HIEEBFHIR

CNO XF 4206 TNT 3 FE 19 85 1 7 0 FH A2 808k
it 24 U 360 B A 2 R G 0 NS fR R UL AE I8
AT 52 B (i HL X JF & & 3f B DRt 3R AT 20 A
Dalvik 5 ML P 350 A0 2 b 75 3 8 FH A R P s A ot
5355 19 S BRI R (0] {8 500408 2 78 1) 2 Je AL

F 1k Java 5 CAR RYECHE SR §f 3. X T
CAR 4 11 2 A v 43 B A< £ 4 28 50, 40 Boolean,
Byte, Intl16, Int32, Int64, Float, Double, Char %,
Java 15 5 P #0A AH N7 (9 567 28 BT R L 4 boolean,
byte,short,int, long., float, double, char . {H X} T
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CAR M 1 55 — 8 73 B 28 24, 4 Int8, Ulntl6,
Ulnt32, Ulnt64 %, Java if 5 I A 58 4% 1 %3 B 28
TS R TR Al DA PR GIE JCORT BE 458 2% 9 I R SR A
B HE B Java 2RI IR P A S B Sy 1647 A
IO 4 )8 K
Table 1 Data Types of Java and CAR
F 1 Java5 CAR WI#EZ A

Java CAR Description
boolean Boolean 8b Integer
byte Byte 8 b Signed Integer
short Intl6 16 b Signed Short
int Int32 32b Signed Integer
long Int64 64 b Signed Long
char Charl6 16 b Unsigned Integer
float Float 32 b IEEE Float
double Double 64 b IEEE Float
Object Interface Object
String String String
StringBuffer StringBuf String Buffer
array[ | ArrayOf Array
array[ ] BufferOf Array

String, StringBuffer 28B4 Java H1E N 5| FHZE
Y53 F CAR #4 4 rp (1) P9 5 25R String Fl StringBuf
AR L. 5380, Java H B B4 S5 ARUFD CAR A4 £ rh iy
ArrayOf o BufferOf 0%} ;. 76 7% # i #2 v % F 51
FHZEBYER & H A 52 A% 26 AU 1 % 48, o5 28R ] CAR
S S BLTL. LN Java i) —4ERUZH S AU S48 it ],
TERE L CAR XJ I 1) 20 26 A ArrayOf (Int32) I
T2t CAR (4 52 S5 HLHI 3R A3 ArrayOf Xf 4238,
JEE 2T A — A ArrayOf (Int32) Xt 4. %F F
Java iff 7 A X N 28 A By — 3 43 CAR %4l 26
U, 4l DataTime Z5 M RZEH, 0] LIFE Java b & X8
BL ) S5 AR A2 5 1 Java s Xof 3ok 2 B3040 248 A0 1) 3]

4 RBRIFMH

N T RUEAR SCHTHRE Y CNO S G2 A5 i 1 75 %
R ARG A AT . B A 17E Gingerbread( Android2. 3. 7)
RGN Dalvik MEPLEERE F3Ef7 9 R, S0 T — 4
SCHE CNO X AR R UL, A 15 AT X CNO
F PR BE AT 43 BT o SR 5 3 JLAS I3 1) 36 e R
CNO Xif GRS I 5 18 5 A i 0 1 A% 5 (6 AT
HOeR RS E S =I5 i E s G4 B A I

g INT 2 52 Jl i 2.
4.1 CNO Mg

AR CNO BEALE) H &R 18 Java #27
AT LU RO IS8 =05 A Hu kG 14 O 32 1 A 1 i 2
P B 1730, SR CNO Sy 72 738 17 300 R 19 32 F+
fHih T — W5y WA S [ AR . D 2 T 3 HE CAR
Y% B Andriod & 4t N 3% Elastos 8 470,
RSN bR EOIR B N AE 23 )5 2) #E CNO X e
B IRA Hb X G2 1) ST BRI T A I 5 3) Java
XFgerp g ) CAR XF 42 09 45 £t 2 1 5k 19 N 7 JF
B AE R R T 1 g R B RS R CAR X 42 1 4k
ARBEAN 22 KA T LR B o5 R85 -+ o0 A PR

FERCR 1, CNO AR XA i 75 32 98 A A [
A7 B B () AT 2803 10 52 W) AN [] s LK AS [] i 4 25 72
SR [UE ) A b 07 25 1 B AR PAT Ik g 4
2550 % IS EE 5 A B T sk LA X RE 19 5 Hhis 26
RUA Y PAT RO 2 TH BT B p AR 1 3 R L BT
PAAS SCHE J T8I 1 52 56 7 43 93 %) int, String, array F
object 33X 4 Fft LR (1% K 5 S5 A (14 A< b 7 5 1 AT RL
RPEATHE R AL FN 3 AT

CNO F R 8 A~ 1 AL R 48 1 FH #2075 A
[F] 32 47 By B 1 14 RE 52 et 2 O [6] 1. B an7E CNO
AT IERG S S B B B IF WL B B 56 1 Ik
AR b 7 % R A B B 2 7 AR A A I ) O A L (H R X
e — YR TT 55 BT o I ) S AT A2 00 TR A B A AR
(T2 T B o AH BUZE AT S 1l 5 3k B B 80 R 48 T 3
L i [v] 4 — fi T DA 22
4.2 ZIHFAH

LB R G OT R AE ST Intel® Core™ i3-
3110M CPU 2.40 GHz 4b ¥ #3 F1 2 GB N £+ ¥
Ubuntul0. 04 #ER G Z L. R R G LW HE T
Gingerbread #ll Elastos3. 0. SC I 2 P i 17 1E 3 T
Gingerbread Wi 7% ) Android K& 48l % £5 #5 fd 4%
(AVD emulator) Z I, HAx API J& level 10.

4.3 MLRABIELWHTIE

FTATHEA T LT 4 410058 61 .

1) fR] B8R 28 AU Ry 2 B0 Al ) VR T L 3
REZE AT 1 3 n 09 200 A0 BOfE 15 R T EUE 26
U, A H Fy 2 JR AL A public native int Sum (int n) 3

2) String AR Ry 2 K00 A M Oy 3 L T
RE K A 1Y S 24 £ 3% 4 B kL R [ String
/I, A 7 3 JE A SN public native String Streat
(String a,String 0) ;

3) B TN R SR A 1 )5 V5 8 L T e R
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P B AN A 3] — AN B EC R [ E 2 2 AL A
J5 B public native int[ | ArrayAdd (int[ Ja,
int[ ) ;

4) FIFH 8 XN GAE R S HO A 1 7 8 T
1 BE A 7E A b 15 7] F A0 3 45 AN R S 800 1 B
FEM I — D A E SO Z R I A E X
XF G AT A M J7 % R A public native MyObject
GetMyObject (MyObject 0bj) ;

Xof A — 0 3 9] 5 R B 1 S 0 A AL A
2 A B 1) Java g B I ] — >4 M )7 25 5T 46 )
AR b 7 1 45 R AR 1] T T FE A B (R 5 2) DAiE A b
FRAE I s ) 235 R (8167 i 9 6 1 I 8] 2 1 PR AIE 52
50 B5CH 1) A O S AT R A A I 9 i AT 6 2 S
WA R gt X 6 2H 9256 45 R 02 % A I 53 5
iz 471 100,200,400,600,800,1 000 ¥X Ff 15 2] 49 #E Bt
YA 75 INT £AR JEAT Heo &g, F AT R A o 5k 7
Gingerbread I Android NDK R8b FF %& 1 A0 Jij it il
1 ).
4.4 ZRERSHW

1) Java iy 4 FH A< b J7 125

2B T R T INT Ik fiF CNO Jr
LB 4 AR B4 26 P47 100, 200, 400,
600,800 A1 1000 Y Jr f JH f¥) if ] CEAASZ Sy ms). %
A T A BOMEL B/ IN BB o T AT X g LA PR R A

120 YRR WU Y E. NG REE X T Sum
IXRE LA A7 550 28 B AR Sy 2 BRI 1Y A 1l J7
e, HE T INT D7k Y S AR Java S S0 AT BT H B¢ 1 18]
HET CNO J5 ik L BAE Java s P47 BT FH B[] A
Ze AR BT CNO J5 12 19 52 30 B 4 i T 224 1
Z— S H R R 2ZHB WA H] 0.5 ms. X2 R INI
T XL int 3 RE Y fA] B RCHE 28 BN B R 4,
iE BRI AR F & 9 0 CNO BAR R 75 Z X int
XA Y ] BRLRRCHIE 25 B R AT e 4, (H R A R Ml D5 VR
FH IR (1] i 30 B0k 3 40 288 B 3k A7 4 W e DL $RUA T
IR [B) A A7 54 . T %5 T ArrayAdd . Streat 34 DL EL
LRI AT 5 B 28 BUAE Sy 2 BRI 1Y A 1l 7
2, 5T CNO J5 v 19 52 30 H AT I 18] A8 L INT J7
AU R A, I AR R AEPE R 400 WHYTEOL T
HF NI FEW ArrayAdd 1T 30. 50 ms, 1 & F
CNO M ArrayAdd R T 13. 92ms. $047 A ]
el BB B m 2 LAX R S R [l (E 1
GetMyObject PREL. FEAE R 1000 W HHE O T . & F
INI 8 GetMyObject T 1354, 90 ms, Jfij 3 F
CNO 789 GetMyObject AT 423 ms. UL %X
YETT LAE H % F String, array, Object X £ #) &5 4«
B 28 B 2 JOMR [MHE A 7 2% CNO AR B
TR AT M e B T 20 R 320 W W b e o, ik 5 R AT 4
e CNO BERL O A 5w T 11 B2 1) 45 2R 2 — 20y

Table 2 Elapsed Time of Calling Native Method in Java

< 2 Java i il B Native 77 7% BT A Bt iE ms
100 Loops 200 Loops 400 Loops 600 Loops 800 Loops 1000 Loops

Native Method

JNI CNO JNI CNO JNI CNO JNI CNO JNI CNO JNI CNO
Sum 0.20 0.21 0. 38 0.75 1. 00 1.10 1.22 1.24 1.71 1.78 1. 80 1. 85
ArrayAdd 7.85 0.66  17.00 8. 44 30. 50 13.92 46.50 28.77 53.30 41.92 86. 10 78. 60
Strecat 15.12 1.21  23.60 9.06 35.70 28.50 56.43 25.96 95.70 49.12  136.26 85. 00
GetMyObject 148.10  15.70 259.12  36.82 477,37 91.40  873.03 172.02 1139.78  309.60 1354.90  423.00

2) 78 C/CA+ AT 4 Iy %

BATHE— AW T INT 5 A CNO B F Y 4
A H] ) A2 A . C/C -+ 3 76 BF $h 47 100, 200,
400,600,800 il 1000 YK PhAT IS BT B[], 36 3 45 i1
T b AT I TE) A S8 25 L AT LA e & TN
b 72 CNO SN Sum T3 HAEAS b (17 AT I 7] L
ARFFE. £ F CNO F kL) ArrayAdd ., Streat
D7 AEAS H AT 5 (8] HCA AR TNT J7 25 9 A b g AT
AR 1/2 2245 . 36T CNO Jrik 2B i) GetMyObject
JFEAE R AT 1000 I R T 53. 42 ms, qif JNT 5

PRAEFR 1000 W FTFF Y 1129, 14 ms J& B 93E 21 f%.
7 AR O R 25 R A J IR AE T AR T CNO 7 52
WK GetMyObject Jrik i S O % 18 19 X A
B Je —A4> CNO XF 4 7EA H A H X R Y CAR X
ZII. GetMyObject J5 15 AE T )% 5 B G 1, 5
Bris E) AR AR B CAR XL (B EE CH+3X40) ,
KL AE GetMyObject J7 1 AT ZAd A INT £z 1 J5
NS EOF G AT B, 16 1R 1% G2 A)  GetMyObject
J5 IR A& — A CNO W4, AT 51 HE 0
Java XF 42, Bt LA b AT B 1B) A4 1 Ut K B9 i
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Table 3 Elapsed Time of Running Native Method in Native

£ 3 FEARMPIT Native FiE ms
100 Loops 200 Loops 400 Loops 600 Loops 800 Loops 1000 Loops
Native Method
JNI CNO JNI CNO JNI CNO JNI CNO JNI CNO JNI CNO

Sum 0.12 0.13 0. 27 0.28 0.58 0.52 0. 87 0.99 1. 15 1.33 1.56 1.65
ArrayAdd 7.77 0. 36 12.94 4. 20 20. 09 14. 38 33.45 16. 48 40, 82 20,15 70.63 26.45
Streat 6.16 0. 40 17.02 4.82 33. 84 16. 28 54. 84 20. 26 98.93 24,19 127.34 29.77
GetMyObject 145.62 12.11 251.60  18.43 442.18 27.65  787.20 42.89 1054. 20 51.34 1129.14 53.42

3) AN HL Ty VA T 4

e 4 O A M D7 3k ik A 3 AR (0] 5 AR P A
A TT 2l 1 4 A 7 kAR Java i Al C/C i
AT — U T AL 1Y I [8] 244 9 2245 3. X AR o2 —
ARG Y 25 2R H AT LU 2R T CNO B2 i A
7 1 VR AN (] BT 4 1Y) ik (8] 22 e 3 T TNT J7 3% Bir

B[R] B 22— 26, |/ 3 4L A Hb J7 vk 22 L 0. 8~5 ps.,
M GetMyObject J7im 2210 64 ©Ss. PR AT
A IT 8 00 S5 R AR T AT 5 B AEAS Oy 125 48 5 I 38
i R EA CAR M ou 8l IF 98 CAR X411
FARE T3 4. 5 CNO A # 77 2 76 A4S #3047 BT 3145 1)
PERE LA AH LE 3 28 T4 02 58 42 ml DL A2 1.

Table 4 Average Elapsed Time and Invoking Cost of Native Method

% 4 Native 77 3% F ¥ HUIT R 8 & A FF 58 us
From Java In Native Invoking Cost
Native Method
JNI CNO JNI CNO JNI CNO

Sum 2.06 2.45 1. 40 1. 04 0.66 1.41
Array Add 78.33 43.76 61. 66 23.28 16. 67 20. 48
Streat 118. 06 53.06 95.62 27.10 22.45 25.96
GetMyObject 1367.45 277.72 1233.09 79. 40 134. 36 198. 32

4) B AR =05 AR ML PR YRR

—A~ CNO FJF 43 K Java F2 5 Al CAR 4 {2 4
PB4y s CAR M PR B H I B A7 18 INT A2 1 AR
VERRFERE T A0 AE apk W, 1T & AE I8 17 I Sh A5 26 48 . 3
BYE. X CNO P 7E CAR #7:#2: 1 & AR
FEARAS W15 50 F ol DL 3 &5 T+ 9 M B Ak i CAR
PTG AN 5 22 35 HT g % Java i fC RS, X A R T
CNO B 7 4.

LEARAS RS |, 3 F CNO BRI % A 94
FRIF 5561 INT J5 ik I K A Hb o8 1 F2 3 A LG, 1
18 Java v () FCAS BEASE: —RERY. TF & 56 40T LUdR
MOF & INT #2755 CNO B IF Java di g1
W PRI E T FEENETAMBETFNRE .
INT 2 5 B R 1 & 3 (0 A TNT RIS 52 B AS Hi 0y 2% 5
SR A Hb Y B A0S, CNO R 7 2R IF &
H M CAR #4044 H AR B3 IF & A b i 04, TFHAT
ff AfF 2 AR A BT LA ZEARAS RS L, 35 F CNO R
52 (R 7S HiL I R R /N —

FE G B I R P R /NR e #R L 3 T CNO i
YT I 7AS b 8 P A P A A AR - 1) 3 B AR S 56 T

Wit R CNO J7 3k S 3 0 7 B 07 I 9 %% )5 BT 1%
() Java Ui 2 7 K /NA 184 KB, CAR 4 {4 155 B g 1%
JE IR /N A 36. 6 KB, B35 A48 fin 2 220. 6 KB. i k& T
INT J5 9% A 0 A b 8 F AR T 40 196 )5 1 1 FH 72 ) K
/Ny 536 KB, (5 I . CNO F2 )7 48 b INT 2 )5 58 45
B At 25 TR RIAR T 32 7 B 04 P9 A 2 ) % JF & % 3
BB IR N B A ).

5 BERRFKIE

B 6T ] 45 - A Ml R FH R 3B AT R80CR >
A b 98 FH AR e RO A o A 1 o F R Y 19 285 - 15 )
BARSCHE W T S T B R S X R E B R s
CNO X QAR PR T 518 5 M5 4L 1T 75 0K s 1
2 B SEARURN S B % 9 R F e B TR IR E
Dalvik HEHIHLA LI T CNO Xf G #l, AR Sk 1
T T CNO F A7 (1 7 8 B2 3 38 AT 80 1Y
SEHS 5 INT A 8 32 17 OB 04T L3R, 45 SR R
B Y 3T CNO XG5 R K A 1 8 AR 7 T LA
ROHE S BT B AT R0 W/ R RS ] J (i i 25
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T 5. 498, B FTSE A LT Dalvik [ UL AY J5 8
AGExE CNO X RAE I ) 32 HF b A g 58 3% TR A
DR A O TE AT 52 64 1] R, 40 S5 A B 728 4 o 4K
PRI TE A VSEBE CNO X G 8 i 1] 8 BIL il - LA R Sk
T CNO X G088 4 38 157 325 A0 9 1 T 2 458 ) AL
X LEHRSEFRATT — 2L B 587 10
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