103 BIRNDHRES =HEs

Aperel A E Q)
% 2,

718, 1EFF
*

LHS

=EESECERCEES

=2% H10A H1s (2003. 5

A7, 2B, F93]

Qsteista AAA T
e-mail:g2011493@inhavision.inha.ac.kr

Analysis of Dynamic Class Loading and Linking in Java

Ki-Tae Kim®, Hoon-Joon Kouh, Sun-Moon Jo, Hyun-Jin Sim, Sung-Kwan Kang, Weon-Hee Yoo
School of Computer Science, Inha University

S

Aokel §3 22 2Ye U9

Ao AT EY HE

of
YEE $3or 2937 g #Eg dAYFeit e A

AWANE £ 293} 3¢ AFAAT A 29, v @ I, 484 39 FYs 29 A4, 292 9F oF
B S AW U Fa S0l A FAs 2y Sde BY e By et S8 g AL

wdelA Bkl datel g wAY
TSR et gy A

2 =Ee 29e A £

F2 ¢
%‘:Xﬂ/} QOH&L}
258 olgale FH

E@gstan £ A i@ F2ol 3HA

g~ 2o B3e BAEo w2sdn,

ot AF7A e vvt

CREIEL T ]

2tk ool AN Y BUA AT EAE AT,
1LME ES 23, o8 Avt Jby WA AT AdL
Avte) A Sz 2Pe A TN 4 FAWT AP FAL 71EAA FHE 23w
9 Ago] £ZEso] FEUES BHez zga AT b mAY ndd #@d A x2dg
7] 9§ #Ea WA Zo|THT]. B2 A|2dNE Az2A Gae& BAY F UA=EFE SHLE BT
4 293 A< ATaA A 29, 59 o = 9AE #¥%x, 2du AH 2788 £33
4 9=, Aed 4o 2ds 29 AE, oF og  © IASE FEUR
33 5 Az M Fad SHT18] At D
Mg elAe &7 MAds 2ds 2o A9 A
AAe)7) WEo) Fehzol o =) ¥A o Fo
AT ol FelRT, TAE wYehe Fhs = Cop
v ERHA g3tk gy 2R 29 o, 3
ga 2929 gl 2 THUTH5H.
292 29N F2 AL B dHd W@
galolt}, A vt vl R4 wAoA B8 ok

q}a} HAUZSL v] g Bzsla, A e 4
P #8stal Fold AF7A BL vlart WA
& e <kAd FEA7F Ho)goH10,11].
g4 B =RdxE 7129 B9 odd EAS

3 o)g wEow Aute T FYx =2

QA o) B(operational semantics)E &) A

2
}:J__

A4
3

w2 g

ELECIEL

34 &

A B2 29 (loading) T

YA inking) 2. W F AH2349] 29e 2
Wol o]EL ALgEel Tax 3 Felel vholE

1785

%

[29 2-1] =9 =3

[(zR2-11¢ 743 9 528 24 293 47
o8 o] 243 g glelvh [y 2-11eA4 I3
#HL ARFgH FTHHAIYG. 2dE Sd2E
A% A4 #9 GA, 28z Z2A dAE 1B
5 Hrbslo] Ao

3. s8¢ 29 &4

zZupe] Fele 2 AL g§Y A B
FAe F= Aotk AU Fdx 2R 49
EF]l obdel tidh A& Eolv] ¢3 Bdd 3o
& o) 43le FHQU S 2EE EAGA] =43
i P Wge Hadn



M193] BI=RNPHelas] =HES

——

public class Test { public class OtherCheck (
public void otherCall (Check ¢) {
(new TirstCheekt feheckic):

int f = ci;

public static void main{String argsUi

CaliCheck cv = new CallCheck{}
ce.call();

}

public class CallCheckl
public void call(}{

OtherCheck oc = new OtherCheck();
Check ¢ = new Check();

) oc.otherCail(ch;

}
public_class Check {
mt i

H
public class FirstCheck {
public void fcheck(Check ¢) {

) Object o = i

public class Check {

Object i C:/Test/test3 C:/Test/test3/temp
} loaderi sty 33 Ioader2A X 5%
[2¥ 3-1] 33 Ed= 29 )
(29 3-11& FHd Zd42 ZE 5 gad

dAoitt. E#:2 ClassLoaders loader;™ loader, @}
T F 7t 9dE AME 7AW, Test, CallCheck,
FirstCheck, OtherCheck, Check;, 183 Check: 5 6
Ao FH2E Iz MG FHE Test,
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2 7MY, FUW 2 OtherCheck, Checkis loader,Z R
o zoZ AW AN Checkit Checkr= 2&
°ol§S 7MA Z:WZo|th OtherCheckSt Check Z9)
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2> OtherCheck®t Check/& 373383, WAl loader;
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Y2 o3t EaWA FirstCheckS Check: 2
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381 loaderr= 2 FirstCheck 229 29L&
loader; 9 Al $} 4} T},

{719 3-119] public void otherCall (Check c)NA A u}
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NA i Pt wW NoSuchFieldError7t #A %o,
2 O)HT loader:dl 93 ZHR Z ;2 OtherCheck
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[29 3-3]1% o] dejrt $Ag

[Loaded Test}
[Loaded CaliCheck]
[Loaded OtherCheck]
f[Loaded Check]
[Loaded FirstCheck}
{Loaded javalang NoSuchFieldError from (32sdkl.reNibirtjar)
java.lang.NoSuchFieldCrror: i
[Loaded javalang.Stack TraceLClement from C\j2sdkl.4\jre\lib\rt jar]
at OtherCheck.otherCall{QOtherCheck java:12}
at CallCheck.call(CaliCheck java:13)
at Test.main(Test java:l2)
Exception in thread "main” Normal Termination
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cls_nm : ClassFile — Class

sup_nm : ClassFile — Class

cls_mem : ClassFile > Package(Member)

refs : ClassFile > Package(Class)

cls_f : ClassFile

Vm & member(clsf). ClassMeber(m) = cls_nm(cls_f)

l dClass
sys AR w&’x’]’agast rl;j € (lassfile =

(cls_f, cIs_ld) € LoadedClass
¥ — . partial function

[¥ 3-112 cis_nm, sup_nm, cls_mem, refs, cls.f &
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[E 3-2] MR E82 34

S : set S of loaded classes

subll S LoadedClass X LoadedClass

¢ &8

sup_nmicls_f{c)) = cls_nmicls_fic’))
cels_Id = ¢’cls_ld

S < ¢ sublt ¢’ )

S = csubll’ ¢ @)
[ N

S & ¢ subll ¢

S 2 c” subll ¢
S = ¢ subll’ ¢

(3}
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[® 3-3] loading 5%}

W o LoadedClass x Class — LoadedClass
W(cls ld, cls) = ¢ = cls_nm(c, clsf) = dls
W(cccls_ld, javalang. Object) = cls_nm

S = oad(cc, javalang.Object) = S U cls_nm

4)

W(cecls_id, cls) = cls_nm
sup_nmfcis_ficls_nm)) = sup_cls_nm
S = load(cc, sup_cis_nm) = S’

S = load(cc, cls) I 8’ U cls.nm
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S = load(ce, Javalang.Object) > S*
W(cc.cls_id, javalang.Object) = cls_nm
S’ = verify(ce, cs.nm) = S

S = link(ce, javalang Object} = 5”7

(6)
S = load(ce, cls) = §'

¢ = Wleccls_ld, cls)
super(cls_flcls_nm)} = sup_cls_nm
S’ = link(ce, sup_cls_nm) => 5"
S = perif(ce, cls_nm) 2> 8§
S = link(ce, cls) = 577

B3 xR E FWREE loadlce, cds_nm)ol 2 F
2983, verify (cc, cs_nm)d & =7 718
A Feig AYE ZF2 Yd=A, 7HE A9 B
otz AP AY =WS R )y
F ARE 2H2E .

A7k A9 B ol &3t [19 3-218 ¥
AMged oS 2o joaderdl 9 Z=dH FY
2B & Test, CallCheck, FirstCheck, Check; 2 }2:0]
i Joader:d 28iA ZE=® Fd 2= OtherCheckst
Check; Ze 20tk @77 LS OtherCheckZ 3 2
ZAlo g AHRBYH OtherCheck T2 loader:

(7)

lm

L._

=

o & 2o ®HY R, OtherCheck?l @A =0 HA
loader;0)th. B A ZUYE ccloader = loadersZ HEF
= k. OtherCheckel 9 F&& ®BY g7

2ol e 4 Aok



H193| SR BT He(aE FHSEUHS

=* load(cc, OtherCheck) = S’
Wicecls_Id, OtherCheck) = (cls_flOtherCheck), loaders)
sup_nm{cls_f{ OtherCheck)) = javalang. Object
* = link(ce, javalang Object) = S’
= verify(ce, (cs_filOtherCheck), lvaders) = S
S = link(ce, OtherCheck) = S”

o714 S’ §

S’ = S U {(ds_fiOtherCheck), loaderz))
S = 8" U (s f(FirstCheck), lvadery), (cls_f{ Check), lvaders))

2 FEE 4 Y. zElz 84 Y29
OtherCheck 29 Zx2E& B4 g 2t
refs(cis_f{OtherCheck)) = (FirstCheck, Check)
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S = gelfield(cc, (FirstCheck,i)) & S U ((cls_f{ Check), loadert))

adz

S” = load(ce, OtherCheck) = S”

S*'=ink(ce, OtherCheck) > S” UL (cls_f{Check), loaderi))

(Check] = refs(cls_fl FirstCheck))

S"'=oad((cls_AFirstCheck, loader;), Check)=DS" Ul cls_f{ Check), lvaders))

S”'=verify({(cls_f{ FirstCheck,loader:), Check)=2S" U{(cls_fl Chedk),lvader;))

ol W 2=¥ Zd2E9 HHx

S Ul(cls_fl Other Check),lvaderz),(cls_fl FirstCheck),loaders), (cls_flCheck),
loaders),(cls_f{ Check), lvader:)}

o} 31

cls_nm((cls_f{ Check),loaderz)) + cls_nm((cls_fl Check ), loader:))
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