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Abstract  An object is immutable if its state cannot be changed during its life cycle. This charac-
teristic of object is called immutability. The immutability information can be applied to conduct
program analysis, testing, verification, and so on. The analysis techniques of object immutability
can be classified into two categories: One is static analysis, the other is dynamic analysis. Con-
sider both the advantages and disadvantages of static analysis and dynamic analysis, this paper
presents a hybrid analysis technique, which combines the static and dynamic technique to analyze
the immutability of Java program: first analyzes a program statically, and then dynamically
checks the undecided parts in the result of static analysis. Also dynamic analysis can be used to
verify the results of static analysis. This hybrid analysis technique not only increases the precision

to static analysis but also reduces the cost to dynamic analysis.
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public class Student {
private String name;
private int age;
private Teacher teacher;
public void setAge(int newAge) {
//E WS int BBV age MIH
this.age=newAge;
}

public void setTeacher(Teacher newTeacher) |
/BB B teacher W4 W] G £

this.teacher=newTeacher;

}
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public class Student {
public void 10 {
Utils. f(this.teacher) 5 / /5| R EAE R 77 S kiR
}
public Teacher f2() {
return this.teacher; //¥45| S HEAE A & [ {4 3 %
}
}
public class Uzils {
public static void f(Teacher teacher) {

teacher=newTeacher() ;
}
}
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public class IntVector {
private int[ | v=1{0,1,2,3,4,5};
private int count;
public intSum) {
int sum=0;
for(int i=0; i<<v.length; i+-+) {
oli]"=2; //o A TTERMNERL T 2
sum+=vlil;
}

return sums;

}
}
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public class Student {

private String name;

private int age;

private Teacher reacher;

public void changeTeacher Name(String newName)

{

teacher.setName(newName) ;
}
y
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java.lang.String. java.lang. Object, java. lang. Integer
SR AR EANAE 1Y L 1 java. util, Stack, java. util. Array-
List, java.util. HashMap 45 2% % J& o] 48 9@, %
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JavaClass X4 ; (2) i ;7 JavaClass 3 &2 & —1
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Algorithm: Scanning
Input: the jar package to be scanned
Output: the basic information of classes, fields and methods
for every classfile in the package {
/3 7 jar fL A T class SCHE
JavaClass javaClass= parse(classfile) ;
for every field in the javaClass
record the type of the field; //iC %1% )& Tk 25 /Y
for every method in the class { //ii Jjiz 2 H 45 7 ik
if (method is constructor) continue;
J /AR IR 3 7 i Bk
for all bytecode instruction in the method {
/ /38 5% 05k R s 4
if the instruction assigned newValue to a field
record the field is assigned new value;
/RS A 4 FEAS TR P AR IC SR 8 P R
if the instruction invoke a method of a field
add the invoked method to the invoke list of the field;
/AR TR AR T B A IR P Y R 51 5 R K R T
J7 A B3 A i 1 5 ik IR 5 3R
if the instruction passes a field to a method as a parameter
record this field as escape;
J/ IR SR AP A B S SR A T A — AT
2 K% 8 M AR I S Pk i
if the instruction is a return instruction and returned a field
record this field as escape;
/IR ST A — AN R B A 3 B %R M AR R [E
B3R [ K5 32 Jm P AR 0 A ik i
}
}
}
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Algorithm: Immutability Analysis
Input: the basic information of classes, fields and methods
scanned
Output: the immutability labels of all the classes, fields and
methods

Initial all the classes, fields and methods as undecided;
//WIER I BT 2 R PRy R R AN T E
While (has new result generated) { //iE{C2#r
foreach class in the package { //i Jj £ 7 i) fir &5 2%
foreach field in the class { //#& JiZK A 00 )@ vk
if the field is assigned new value
label the field as mutable;
if the field invokes a method which is mutable
label the field as mutable;
if the field is not assigned new value &. its type is immuta-
ble or its type is raw type
label the field as immutable;
/WA A BRI BB R R R AR 1 B
S SEAR R AL I A% B RN AR
if the field is escape & its type is mutable
label the field as reference escape;
/BRI AN P Wk R T HLE MR R R T AR Y LR A%
JE T A ki
}
foreach method in the class { //i& Bii% 28 Br G 1 ik
get all the fields refered in the method;
//ARAFIX A T vk vl R BT A JE
if the method changed any field to mutable or escape
label the method as mutable;
if the method doesnot changed any field to mutable or ref-
erence escape
label the method as immutable;

}

if all the fields in the class is immutable

label then the class as immutable;
[/ AR A P T B R R AN AR LB A R AR
galEp]

if there exist any field in the class is mutable
label the class as mutable;
/IR AS 2 G AT AT — AN JE R T AR L 4
A h

K3 SR

S I MT R0 6 I BN 2 T PR 3 #  AS f
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W2 P 9 AN PV B s 2 4 3 D i 28 P B 1
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ARVENE A AT AZ B L5 | R IR A0 05 3 A
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G635 o R 2077 5 W AT A2 1 5 de e s IR 95 2K
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AW R R AR IR A Z R A ALY AR A
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XL AR T LRSS T — s A e s 8.
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FESN A T it B, T B AL R P IS AT R
R BB 5 AR B A5 R, B G s ) AR
TTHEAE. EER FZE H R ERFE R EN T ENA
R T s B T B DGV Y M AL SRR A B
ATJT RIS 0N 8 M W) B A 7R IR 5 Bl %
A% JE A 0 S F A BE AT DL T O T i AT S A
SRR P 1A

B A IR B, BRI AR TSR Java
FRIF DA B — 2 5 7 1 J M R0 Jy v 91 28 A o 2 4
JEWIFET. B AR 1 e E R
AT AR B T kSR SR APy
BHNRA AT BN — A7 09 05 B0 B 7 ik 5 3% OF
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Algorithm: Instrumentation
Input: the code to be instrumented, a list of methods, a list of
fields
Output: the instrumented code
List methodList=new List();
// T8 5 5 R A b A 56 10 O vk
foreach instruction in the code) { //i& HjfCH5 o & — 515 4]
if the instruction uses a field in the fields {
add the method defines the instruction to the methodList;
add the field to the refered-field list of the method;
/AR X ST T G T Y Tk 5 2 b i R A R R R X
SR T AE Y 7 TR I B 5 R B R R AR O Y 7 1 5
2, I FURR X AN JE P % 07 2 0 Bk R 81 3%
}
}
merge methodList and methods to newMethodList;
/4% 5 TR R B M AR O 19 O T B R A TR D IR B R
IR — A B 1 15 A T v 91 5k
foreach method in the newMethodList {
/ /3 J73 1 0 R A AE 7 1 80 R b i T O i
insert print statements to record the refered fields of the
method in the entry and detry of the method;
//AEITEE R RN LR AT BN IR ) Tl SR XA O 2
AH R 1 Ja 1 1

B4 bR
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L
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N TARSERE P as A7 1 B e P A (EDR 75 A AR B
AR R T E s AT A S R R O T RS A i
ZHRF R AT HAFRNSRH R TRFZ
U B AT 45 A U S AT RE £ 4t B o R R Y 2 B
Yyt HUR R] 68 20 40 o B ik 19 U 0%

TERE Y 1 B UGB AT 1 ) 3 A B ACRS #8 2 fan H
—fE B XL B R T BB 1 R R AE T ik
AT B AIRAT IS (R AT DL B BOX PRAL(E R 2 R
AR QR A T AR A IR A i P S AT AR Y
I HAIAT A9 T5 i 2 T A2 1.

45 73 A B 4 H A MDA JEE AT 32 28 1 e
AR ST R Ja P A 7 3 50 2 58 B 9N G SRR A B
S NS 23 B 9 2 2R BE AT 8 A L UDRE 5 28 A 1Y
JEVE TPEIN RN A S Ml B iR A B8 AT B A
oy Hrad B WLEEK 88 g 1k A8 12 A7 AR P EDR T AR
S DL BGK BT IR R TR U T OB T SRR Y I 1
AR 25 0 AN 1 o 1 J 1k M 5 0k R AT i — 2D
AR, T ORI 2 5 A A 1 J8 M RN 3k ) R A
NN AT R A R R s AT s A e A ad A2 L 2
WL B B A P (B T I8 4 /T LA N %R
PR AT AR AR A A D7 5 B T SR I Y 8 R Y
1B 8 232 07 YA AT AR Ay AT A2 ).

4 FERTEMXE

4.1 FEETH

AT B T R T H IA4]9 (Immutability
Analysis for Java) i TS A28, TA4] 19 5y
ASERE S M B 1Y jar (80 Java )7 % 15 )5 1Y
class SCHF A th 2 R v T A IS8 VR M A T 1
RASPEAF B, TA4] H BCEL® XK fif A7 jar 2 (1
class U SR IG T 1Y class SCOFHAF 28 i 1
M A B e RAER T HE AR A W jar
F P T A R B 2 BT 45 SR TAA SEE T B LA I
25RO WA & BE AT DAAE S — A~k Sy 1) nig 7
FFAAPES BT AW DAE R S S TR J5 & 53 5
Gl AEA SO T H =00 FOE, 45 T R4
Wi .
4.2 EWigit

AT T 3 4L5L. 55 1 ALRESE T 10 4
jar W F#ES M E A K 7 A~ # JDKLL 5
AL E B jar B, 53 4 3 A4 5k tomeat-6. 0. 20 H

fY catalina.jar, junit-4. 5.jar Fl antlr-2. 7. 7.jar, &

et THRIFG I 745 056 2 AL 1
BT A X java.lang F java. util AN 47 T AL
PURIZEAT 7 WAL B or A A 2R OF B il T kAT T
OUAL PR AN G R L 5B 3 H LR AR T —
AW BRI ATM A TR s 5456004,
B TAL] X E AT T #0007 L AR5 X i 2 20 A
SR PO E AR T HEAT T AT IR A T B
LR oy BT 2 2R He A1 3 0k i 285 20 A 4 2R v AR 23 1
45 R 3l 285 00 B BORZEAT T IR B 1 3 k.
4.3 ZWHER
4.3.1 WA R

A 2B BN 2 Intel (R) Core (TM) 2
Duo CPU P8600 @ 2. 40GHz, RAM 2048MB, SUN
JVML. 5. L8 B R R is 1T A i TR (B & T
java.lang I java.util i FAL D , 5L 1Y jar FLIE H
JDKI1.5 8y lib H# F &Y 7 4 jar A2, tomcat-
6.0.20 H By catalina. jar, junit-4. 5.jar L M antlr-
2. 7. Tjar, LM EE R WK 1~3, Hh R 1 HER
Mo T4 R . 3% 2 R T 45 L 38 3 S ik
& e

x1 EEHIWMER
oy e
Bt Az I ENis
charsets.jar 691 297 394 0
deploy.jar 404 326 78
javaws.jar 361 266 95 0
jee.jar 62 43 19
jsse.jar 198 147 51 0
plugin.jar 402 319 83 0
tools.jar 1913 1312 601 0
catalina.jar 524 321 203
junit-4. 5.jar 188 167 21 0
antlr2. 7. 7.jar 224 125 99 0
*2 BEZIWER
% J& A G5y By 46 R
P 7 Y 1 1 D3 7] 5 N

charsets.jar 1690 1034 591 63 2
deploy.jar 1332 883 167 282 0
javaws.jar 1130 638 234 258 0
jce.jar 216 125 51 40 0
jsse.jar 658 317 205 132 4
plugin.jar 1357 964 228 165 0
tools.jar 8151 5173 2142 836 0
catalina.jar 2380 1405 729 246 0
junit-4. 5.jar 246 139 31 76 0
antlr2. 7. 7.jar 130 803 282 45 0

@ fE http://seg. nju. edu. en/IA4] $2E T Java I 2 RR A
I BRNTE£R 3 T 1 3 25 ) T

@ ) L H A, P8 W http.//jakarta. apache. org/
beel/
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R3 FERIHER

oy YR SR

Bt Az QS AHyE
charsets.jar 2171 1474 667 30
deploy.jar 1953 1374 351 228
javaws.jar 1964 1310 386 268
jece.jar 384 240 101 43
jsse.jar 1385 912 290 183
plugin.jar 2636 2079 405 152
tools.jar 13487 9067 3285 1135
catalina.jar 5094 3039 1684 371
junit-4. 5.jar 859 684 16 129
antlr2. 7. 7.jar 2427 1762 528 137

4.3.2 A ICHAL ) S5 45 R

T E—/N LB T X java.lang il java. util
PSS AT 1 A B w285 O3 A i 2R FRAT T Stk AT
T O S A s AT S o B T R A AT
java.lang il java. util £ i) 151 4b 3. %G JC T 4k B i
PIZH ST 1 R I B T o b4 R TE A IR
SEE R B AN E IS BRI AN R 4 R R LS
TR AR A USRS A B TR i B H L F
HZ T AT T WL S5 ASH £ B s 1 L ).

R4 BERAVLEHBRESIWERILR
AHERBIETE R ATE R TR Hras R

4 b7/v% B < S T Am
AbEE AbER @/ AbER AbE Hpl/ %

charsets.jar 98 65 33.7 36 30 16.7
deploy.jar 405 282 30.4 313 228 27.2
javaws.jar 400 258 35.5 395 268 32.2
jce.jar 65 40 38.5 60 43 28.3
jsse.jar 168 136 19 227 183 19.4
plugin.jar 280 165 41.2 200 152 24
tools.jar 1175 836 28.9 1463 1135 22.4
catalina.jar 611 246 59.7 769 371 51.8
junit-4. 5.jar 114 76 33.3 175 129 26.3
antlr2. 7. 7.jar 84 45 46. 4 169 137 18.9

4.3.3 WEELARLR

A SR Ve B OO T — M REALL B B AR AT A T
TP ATMY ARy # sh 25 45 6 10 40 BT B 5 . %R )7
AT 4700 7 IANRD. H BN XY TS
ST AEFR S AT LR A 31 AR AR 34 STk
CHeH 8 AT 6 & AR J7 1200 BobR 10 o8 A 2 1. 4%
XTI e B E 1Y i MR RO Ik AT T B A . B
Jext 26 AIFIEHEAT THEAE O 8 A AR T ik gt &
TE T3 26 U7k ip 26 057 i ) 0D L SR 5 4% I
ATM P 4 Bl BGR A7 3K e K 4 30 2% 7
X R T 3 A A [E S BE T XA
ATM By feJm X aa 1715 1 log SCHF#EAT 20 B &
BTG T 21 DYUEE MR TT L IR BA 9 AR
8 ATT LW E N ]S L SR 2 R LR 5.

RS BESTHEARRATHUBSIFER

RS L e SRR
Bt A A OREE B AR AT R E

% 65 49 16 0 65 49 16 0
B 202 140 31 31 202 140 40 22
Jr¥: 173 103 34 36 173 103 42 28

FA ik AT 285 50 BT 45 2R 0 8 AR o e BT —
BE R PR RN i ST A D5 L SR 1 X L4
A HERA P b T3l A B T BB A T R
S M AR BT A BB E R 2 AR E AT SR E . FRATT
TS5 ARCALR TARAZMR .4 AT .33
ANEPE LR 18 MAZERY .9 D RAER) .6 A 5] Tk
O 36 ATJ7 ik e 21 AL 9 A Al AR L 6
AN AE (9D . PR A B R T LA B A A i
WO A A S Y S8 R T kA s AT AR R Rk AR
A28 N IAE B 2 M ad B P XX 5 2 18 AR
()8 1k A 21 A A AR 1 T 3 SR AT A bR 555 1% R
ATM I 4 F Y5, B — R is s 3 AR S
Basfy 7 ATM )y xhisfrd B = A r H &
SCPFREAT 53 Mt » e BBCAT 1 25 i P B E AN
A28 Jm AR T I5 » 20 3 25 0 A B Al g L S
B4 R I 6.

K6 HFESTWEARTRIEHRSHFTER

[ RS IR TN TS

AR AJ ARy ANAE aJ AR [y
% 1 4 1 4
B 18 9 18 9
I 21 9 21 9

4.4 HERoyWMITIE

At RE bR 3 2H S5 0 B AT A0 A AR

(D ERF W ITas R, R KAH 704
RN Al AR T 30%,
AN RE B2 4 3K SR TR O 7 28 1 AN 78 M B 24 o R E
RAPAT — @M P A% S AT AR 1.
FEJE PG o3 B4 b KA 502 247 1 @ o &
ALY AIAS B R 205 2590 A2 A i AN B 2 B9 )R
PEL) by 2500 A A FEAS B E I B 1 2 b, B D 51
M6 3% 1 B AN E T A R A T R RO
W Hob AR — &R0 AR DT R i a5 R R
AT 65276 AT I D5 WS AN AR 1) A AR 1 i R 2
T 25N A S AREN TG T 106 4 X

@ % ATM JEFEF AT L M http: //www. math-cs. gordon. edu/
courses/cs211/ATMExample/ F #, A& X T. B 0 £ 7
http://seg. nju. edu. cn/IA4] | it 4248 T o 4 )5 F2 5 10
Tk
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AL, AT LA HS A T ) G AT RE SR A 5
RERAEBUEMIERMN R ST 1/4 24, X4
FRAEE A AT LU T 2 AR 09 43 A i
FEGE.

(2) NF 4 m LA S £8 1 25 50 Z A e Xt
java.lang FI java.util P§ >4 rp % 28 3547 4L B, W]
DA 25 b 9 /0 i 2 03 B 5 R b S I E BB A i EH
XK N java.lang Ml java.util 7E Java £2 )5 H {8
A, T A BRAE AT LA GE A5 DA A P A 2 Ol 26
RYRY Ja Vo3 A 28 A3 50 U0 /b T AN S R B A

(3) Bh 7S5 M7 AT LAHR UI b 6038 W6 26 i M e a2 4T
AR L T MRy AR AT R A e T
JE PR BRI R BN A A AT B PR TE SR R B
A AR T 5 1 R P E AR 2 IR Wi AT i B AR A K
AR BRAR  [R)REAS 2 07 T 7E 22 AT I W B A U I
PERE AH 2 B o S 200 B 9 AR 58 &, JC ik R 4618
TA Ry 32 26 Jag M gl 2 AN A8 1YL TR T 3l 25 40 A BOR X
O BT a5 B R BB 4 102 L8 VAN O s R AT B UE A L
AR A S I3 4l 2R R R NS 1 2 R R B T
2 AR B A0 i B e R S T AR Y X R R AR
SCHY RS M 05 R T R ST B 20 A O R AR AN
FR) 0 AT A% ) 3 T 2 22 [ BB A AN W E R X — 2R I
AT BEAFTE A8 9 B 1R 0B AS B A 1 L AT AR Y AR 4
JSAN T 2 B 3K T R0 A9 00 o (EL 2 T 728 A R TR LA 7
8 A 722 1) A 158 Al S P A8 118 3 T e 15 0 I IR D

FRATR 28 3 3 285 53 e Bl Al I\ Ry 7T A8 1 S e Ry
AT TAFAOESE . WA 13X 88 Ja 4 7 125 1 AR
B, e B 3 S Rt R A T 1 B EA T R S Al R
e M 49 48 7 5 i e 9 0F B 25 08 T 4 I R TR )
R ILAHR A TR R I B ST A 55 Ah
WSS T 23 B 25 03 BT TS 9K 0 A T g 1 Jes 1tk 0 7
s R B R TE 30k 4 J PR B g | T 3% % 0 ik
T 0 TE IR B R A ax 26 kit i) 51 PR T R A
HRIAGI I #E iR —3%.

5 MExXI*E

Porat &F AAESCHRL L] b U4 i T AN 22 P 0
KB A e R T T #2520 M 19 7 k% A 3l R I
PERZE A ASE AE U BEA 45 105 35 19 AN A2V 0 A
ME A 2707 J7 1 BoA AR B 0 R B DY LT 2%
TIEW I & R I SR A A28 Ja Pk 9 A AL PE R
JRTCIE B E . BT RSO B A ALY 2 A 7 1k - BT
T RS SO XA Jar WHEAT T AT, —
A~ JDKL. 2 g rt jar, 55— IBM Y ES i ™

mt s AT TCVE AR 19 0% 7 Ry jar A3, PRI HRE X
JDK1. 2 i) rt. jar #E4T LA A M. SO AT T
rt.jar HA RS Cstatic) J& P 19 A A2 P e 45 R AF
H IR BB 245 1 8722 1 R0 AT A2 1) 3 7 A
PG WA S A e E. AT T1A4)
Xf rt.jar B SR PEEAT TR Ar B, 5 AT T
Wi S8, —H A X java.lang F1 java. util (3 F7
FAL L, ) — HHEAT T WAL B 3R 7y LR S (4G
R G Porat 255 5048 H #Y 1400 F1 1200 4 #EAR
B v ML AR RS W (ED . AR 7 W] LUE L TA4]
FHEE T Porat W J5 vk  AE A #EAT BUAL B TS D0 T
AW JE R H B T 5. 8 Y0 Al AR Y Je 4k B H R
T 120, 4347 T B LG . AW R HEE
Porat (428 T 23. 5%, 1M o 28 /Y & 14 %k H 42
BT 1600, % TA4) AL AT T WAL RS . 51 FH
RN 2 0 & PEECH A #E AT AL B REAR T
53. 8%, FH L AT UL T Ak B A S AT DA RIS B a2 Y
Lo A5 5 5 43 A RS . 59 A, o W58 30 7 W] AR S P
% H b, TA4] 5 Porat [ J7 ¥ AH 22 AR /N, i J& A
WAE Porat 1775, IR 51 FH & 14 6 % M # r Ar
AR PP 0 B 24 B 1 AT AR T LR AR SR 5 R X
TolREME, Xansr i 75l ki — 28, an R4k IR
Porat {343 . K 51 13k 3% — 28 5 2y AT 28 1) JIf 4 7]
5 Ja PEACH ¥ L Porat 1 J7 142 = 20 20 DA 43 AT B
6] F & k&, Porat /| 7 20min, IA4] H FH T 10s
Z AT CPU BRE & W 1 5 A%, 10 N A7 25 1 2 it
() 16 A% » FIBRAE {4 3 BE S0 TA4] A3 H Porat 11
T .

%7 5 Poratl ' LLBRLBINER
R WS e = 9l -
i il B A A k% AN 2
Porat Jy gl 20min 3189 1400 1200 N/A N/A
TA4JCIEWALFE)  10.899s 3189 1481 1188 260 260
TAAJCH WAL FE)  10.675s 3189 1729 1220 226 14

125 20 AT BOR X RUFE T 51 B 4 BRI A7
1E » Salcianu 5 ANFESCHRL4 TP 48 1 38 5 51 44 70 A
1 AR B 15 A A8 1R 20 BT B RS BE. Ernst 28 AAE SC
Mk [5-6 ] rbfis 418 1 20 Bt (19 £0R 51 BE 2 A A2 PR 1 73 Hr
R AR B4R T A YRR 2 ks R L H

O EASCHER G B AR T CHC1IEH S. Porat, fiy
PAF M FRE S TEAFX LR, R g% T HEE &
W AE e IBM [ 22 477 i SWORD4 ] (Security Workbench
Development Environment for Java) , fils 3 75t JG A 4 3 il
B TR PR HRe R FR AT S5 30 45 R 5 Porat 3L 142 5
PRS2 36 BN R AT L. SCRRC L o ARDIR B B X8 s T %
rt.jar oS JE PR O 2R AT A5 R M i SRR R B I T
Pentium 3500MHz, 128MB RAM, JVMI. 3.
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SEATI IR AH 25— FB 23 1Y @ M T v AR 1 H A R R
FT R RRERT F 0 19 jar 100970 B FR Hl 45 SR A
2B BT B A B AN PE R HOR , AR
PR TR I S 2 T RO Bl 2 00 B R Y
NLT AR W s & AR A2,
R 2R 5 25 23 B &8 2R o AS Al 2 38 23 1 N 1
N ARSCRE L T RS A S5 A IR A 0 B O R 20 A
Java FEJY B AN AE PR FE# S 0 A iy B 6l B 03 28
T3 5 33— 2L R TR 53 25 07 1 BE A SE B9 L) s A
7 52 5 1 #0243 BT BOR BRE BE L i e T o8 KSR
N EH A i A4S

ANAEVEAE B AT TR oA VF £ 0, Pechtchanski
i Sarkar 58 NTESCHRL7 ] 45 t 1 A2 E Ak
AT HAR T A ZYAE RN — N %G 7Eh
N7l L S 3 O N ¢ N oD =N A S BP0 I AV = Y
Haack % A7ESCHRL8 ] o 45 1 Bl 28 AN 28 o 1) — s
ARETEIE IR R I T ZER P I A immutable X #
%) notation [ F £ P W 1E 8 V. 75 — S8 m) %) %
MR Y BT S A — 28 Bt T DL Ok 5 i s 1
ETEX R Is AT i B AN 2 R A s e inC 4+
H1 i) const JCHEF A Java HH Y final CHEF  H &0
FE const Fil final JCHE TR 8 A5 1Y, 2 )& 1k 2 51
I (CH+ 1 354 I, const 1 final HAERUESS 5
KEANZRAWE I ABEIRUETR 51 X GOREA
o3 R T Ernst 28 AAESCHR[3.5-6,9 1 42
BT T4 Java 15 = 9] A reference immutable )
KRBTk AR UE AR P R P B A AR PE BT AR T —
T 18 5 javari-Java with reference immutability.
FESCHRL2, 1010, Artzi 88 NEFRE 5 8 S 800 A A2 7
BT IRAR BT 50 T S8BT A
ST HAE SRR ok ] T W Sh A 4B R AT
T B T AT RS B BTN R 2 Artzi BN
RVEXS I ¥E S B AN SV B, T AR SC G T Y g2 R
A Java &7 H T AT 125 @ 1 R0 O 325 A AR o
I3

6 SBERKFIE

T PP 08 A 28 P A L R AR A AR 22 07 T il 4
R BT I | 56k DL R AR 1 O A R A
TEAAEVE R 73 B TAE L # S  rEoR B4 n] A 3)
B I R AER B B 23 MRS BE AR 3l 25 20 i
TR BA 3B e w0 19 00 5 AHSAS 7 RCR AR AR 3
FES AT TR B AT EOR 45 A R PE B UG S 4R T

— MRS B S IR A T HOR X Java )3
KB VERITT L HEAT T AT B 204 A8 S AR E
Je Xt java.lang I java.util 40 2 A7 F 4k BE, 45 2 H
JiE A 5 ik AN A P B A O R B T IR
X A S PR BEAT #3220 BT 5 3l g X Java B8 75
TR PR S A AR IORE R A S A B L 4 AL B
B A AR B R 3% ACE AR HEAT i 245 A A 1k
Iy AT AR E Java B ¥ T AT 28 T7 1 0 T Y A
PEAE B 5 A0 2R f 25 0 A 4 R TR oA A E TR 3 0
Ao M ad B B0 ST 1Y A AT 3k i AU
325 VIR B R P s AT M B A A I3 REAE H
i %€ T AZ KR 00 K Bl 2S00 B 1 45 R 5 i A o B Y
ZERBEG UM A W 4 R BA TR T 3
Fr LRITER TR I8l 2 H LR ER TA
SO T B AT 3P A mT A

Aok W) TAE B ALHE 3 JTE : (1) 8 A48 M i
SO R X RE R Y ETR SOOI 23 B
B RE PRI A 5 (2) FEA R PR B A o A i A oL R
JELT A% 194 B2 S 1 DA DA 2l 285 23 B v R I3 AT 28 LR 1Y
A5 (3) A PEAF B AT LA T A4 SR AR 2, A SC -
S AT B T — 2 R B s 6 AN AR A Y R
ISR A AR 22 (9 0] U A 25 0F 90 o 2R R HLAE B
R A RS A AR

& % x Mt
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Immutability is one of the important properties of object-
oriented programs which is useful in program design, debug-
ging, testing, and so on. Immutability can be detected either
by static analysis or dynamic analysis. The static analysis is
highly automated, and very efficient. Since it takes conserva-
tive conditions, it produces lots of undecided results. The
dynamic analysis is determinative but costly for running the
program many times. Most of existing work focus on static
analysis, and some of them focus on dynamic analysis, only a
few combine static and dynamic approaches.

This work proposes a hybrid immutability analysis ap-
proach for detecting the immutability of fields, methods, and
classes of Java programs in a systematic way. considering the
advantages of static and dynamic analysis. In the approach,
the authors first use static technique to analyze the program
and report a static result, then use dynamic technique to re-
fine the undecided parts of the static result. Dynamic analysis
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use dynamic technique to verify the static result. Based on
the above method, they have implemented a prototype tool to
aid static immutability analysis. As is known, java.lang and
java.util are two popular packages in Java programming. The
authors found that if first the immutability analysis of these
two jar packages is preprocessed, the undecided parts of the
static result can be reduced. With several case studies, the
authors found that this hybrid approach improves the accura-
cy of immutability analysis with acceptable costs.
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