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HBEL

Tl TNy TEPREILAIFED—DL, RATAABDHD. ATA R, Iur 7 XK EHEKFE
BB LT~ EKEFEBREBEFT T L THLR, ThZhIXMEZX b TR ABBEDECGRNMET L, BE
HEVWRERZ X MR ET ZBMITICHETE 5.

AIFRTIE, DC AT A A% Java ~HEATHFEERET . Java IETRREZERZZEE LD, BHHIHE
R BBGRMENT L BT — 2 IR R 2 G bE7, DC X I ANENTHS.

BRFETIE, Java OEITHRREERZ IVM 2AVTEEL, N Fa—FEHLTDC AT A AEFHETS.
ZLT, HEINERATA R E Y —Ra— RIZRETIT 5.

F—J—R FulITLRTAR, BEEN, BRI, Java Virtual Machine

Dynamic Dependence Analysis Method
using Java Virtual Machine
Kenji Konda, Fumiaki Umemori, Fumiaki Ohata and Katsuro Inoue

Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan
Phone: 06-6850-6571 Fax: 06-6850-6574
E-mail: {konda, umemori, oohata, inoue}@ics.es.osaka-u.ac.jp

Abstract

Program slicing has been used for efficient program debugging activities. Program slice is computed by
analyzing data dependency and control dependency relations between program statements. We would cate-
gorize dependency analyses in two, static and dynamic; the former requires less analysis cost, but it produces
weaker result. The latter has opposite characteristics.

In this paper, we propose a method for applying DC Slice to Java programs. Since Java has many dynami-
cally determined elements, DC Slice, which is based on static control dependence analysis and dynamic data
dependence analysis, would be more practical than other slicing methods. v
Our method computes DC Slice for programs in Java bytecode using JVM, on which dynamically deter-
mined elements are considered, and then, translates the resulting slice on Java bytecode into the slice on

Java sourecode.
Key words Program Slice, Static Analysis, Dynamic Analysis, Java Virtual Machine
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1 FANE

Tu s T AEECT Ny T (RS BRERLLTD
FHEO—DIZ, FOTTLRXTA X (Program Slice,
BT, RIAR) Bdbd. TQTILATALVYT
(Program Slicing) &%, 7077 5HDHDHI 51T
BIBHBEH v (RT 4 REHE (Slicing Criterion)
<s, v> LIES) KR LT o DEICEEEEZ DT~
TOXETa T 7 LT SEIET, TORRER
DHENEZXDEERATA RLIRD. — R, AT
A RE7Fa VT AXBOKERZRE (Dependence Re-
lation) OFFTIZEVFELND. SETEIDATA
AFBEESRRINTE 2. ERHOITE, BHR
F 4 X (Static Slice) [10], BIIX 54 X (Dynamic
Slice) [4], DC XA 74 & (DC Slice) [12][7] B35 5.

WEDOY 7 b = 7TREREIZBNT, A7V
7 MEBMEEORANEESTEY, 77 AMAR
¥, 7 V= MEMMBOMEEZER LI-HHR T
A A [9], BIWRT AR [6], DCRTA R [3] BIRR
ENTERE F7Vx7 MERASHBICITIETRRE
EENZLEGENTEY, BZ VBT TOARE
M EZETIHHATA RTEECSCTHERD 5.
—J, BIRR T A RAIRITRREBEREZEHITHD
ZEWTE, BEOBWATIARAEHETES. L
L, BRI A XL, ECOEFTRY] (Erecution
Trace) BARGETALERH B, BRZZMEHE, 2=
Blax FEETSH. DC AT A RX, —ERORITRIR
FEXEEZEO-DENATARALVBEORNAS
ARABRHETES. &b, 2FETRIEZHRGETS
DERRNZD, TR MIBHATA ALY K
BI/hEL B, Z00, A7 V=7 MRS o
TIRIRITBATARAHACEDTHELEZT
W5,

AWETIZ, 7= RIBMERE Java Titid
Ehiz7urZ Azt 5, JavaX—F v LT
(Java Virtual Machine, LEAF, JVM) i2&-3< DC
254 AFHEFELRRET D, BREFETIE, N1
Fa— R LT DCATIAREFHEL, a2 g
SIkoTERENTAS ba—FE&Y—RXa—F
ERIGEEFIAL, AT AMHBERE Y —RXa—
RIZHsf T 5. IVMIZ X B3, ha— RBEALTO
KEBROBITICE SN TWAZ &b, MRED
DC AT A AFtEMNAREL 72 5.

DI, 2. TFR Y5 ARTA RIZONWTHATS.
3. TDC RS A RIZDOWVWTIHRR, 4. Tlava loxhd s
IVM 2Bz DC X 5 A ADFFEFEC OV THER
%, EbIT5. TREFIEOAMME L BEEDR L LK
LA LR, BEIZ6 TELDHLABOBRBEICO
WIS,

2 FOFSLRSAR

2.1 TOYTSLRSA RFTEFIE

AT A RFHEIIZI S ESERFTENFET DD, K
TR I MMRES T 7TICEDATA AFETF
HEEHAVS [B. BRUDicre s AXHCEET S
2 DOEFERICONTHALEDD, FE B ITX
BATAAFHBEFIEICOWTHBIZR RS,

il g e SLER
IurZ AP0 2XLs, tICEALT, UTFDE
BrE=d e, s bt OFICHEKFRER
(Control Dependence, CD) MEFEETDH L),

(1) s BEELTHS
(2) t DEITIE s DHERRIIKIET D

F—A2 KFEFR
ZaZIah02Xs, tICBELT, LTFO&EE
BT LE, sbt ORICES v BT
F— 2 KEBEEZE (Data Dependence, DD) M7F
ETDH LS.

(1) siZdvEZERTD
2) tixv2BBT3
(3) s KB BES v DEENL L IBET D

AT A REHEE

Phase 1: &RFEFREN
Krad T AITHL,
(a) BIEMRTEBAGRARYT
(b) T—Z R F AR
179,

Phase 2: TRV T LIEKET T THBE
Phase 1 TROEFEEEZFIAL, 70J 3
LARTEYT T T (Program Dependence Graph, LA
T, PDG) ##%ET 5. PDG OFimix& 7 ns
T A, FBITXEOKFREFR (FIEEFREE,
F—HIEEER) 2R Rl rIra
77 LB IUE® PDG 277

Phase 3: X514 X&E
ATA AEHE <5, v> WHTDIATAREHE
F 3. s L PDG OFRV, b, #F5
BHZHIBEME I B L O F — # IRIF 0 & & CHER
BB RAERIIN T OXDES R
HETH. M1IKBNT, 2T REHE < X5,
b> T ARATA AT { X1, X2, X3, X5}
LB

5 Phase 1 DKTFREGRITOFEHIZ LY, #
BASARELBHRATAAD 2D KBITHZ L
TX 5. L&, FRFNIZHOWVTERRS.
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1:b=5;
2:a=b+b
3:if(a>0){
4: c=a -
5: d=b;

}

----» MR

— FHiEAr

M1y Frarsss BEOY £0PDG

2.2 BHAXTAX.

BHYR T A A%, Phase 1 1TV T (a) Hl#EMKTFEE
FRIEAT, (b) 7 — FRTFRERMIT L & b IZ#HITIT S
AT RAFEFETHD. BExohly—RA7uar
SADEXEHHREL, BIVEBLITXATOETRE
BT U CTIRERRAEIT 21TV, M1 D& 572 PDG
EHEL, ATAREFHETS.

BRI R, BECREVCEETHEINRS.
BMATA R, 7ul 6B E53T_TO
FEITREEZEEB L TPDG 2HETLD, Fuls
LZHFETIHEOBBE LM LIaWEEILITAED
TH5B. L, 7uld s rETTBNTTITO
EITRENFBE INA Z L3, EITRZF—
DOEREZETIHIOD T+ — IV MIBREICR L
THBIERN & TR0,

2.3 BHNASAX

BHX 5 A A%, Phase 1 123V T (a) MRS
BRAEHT, (b) 7 — ZAFBRMRIT & & b ITBIIZIT 5
AT AHEFETH D, T, BEOAAEEXT
Tus 7 aERETTE. FLT, BONETRS
DEEITHA (Erecution Point) #HEiA L L, BE
DEITRBEIKRT 2 RFEERITIC L 5 PDG 2HE
L, AL REFHETS.

BR T A AT, FENTRIR LR E D EITREIC
REL, TOETOBRICEET ZEFEMKICES
HDOTHHD, —RICFHEIND R T A RTHHR
TARZHART/NEL 2B, 2, EBRICETENT
HOOFNEDHBATA ARFHEEIND D, 74—
NVIMIBREEZHRIIITO> ZENTES. Lire,
BHR T A AOFEICIX, EFTRIIB IV, ETH
WCRAET LT XTORBEERFRE L 7 — FKEFBR
FERELRTRERLRVWED, ERRZERaX
LR X R R ET S, LU, ETRVIOKE X
370 7T AETXOECHFTEZ b, AN
T—HIL Lo TUIFERICKRER LD LR Y, FhITHE
WR T A RAFBICET SRR G ERTS.

Institute of Electronics, Infornmation, and Conmunication Engi neers

3 DC (Dependence-Cache) X741 X

BlIZIX, B EELT 0l I AMI LU THIR S
A AEFHETHEE, BEFORTOMEEHOICRE
THZLITELL, FIMOLLIIRFELTTE
BLARTNERLRVWEDARBEICEL 0T —F KK
BREERLTCLEI Z BB D. E, XA 4%
ML A YT R (Alias) 72 ETEBBITHE AR
TFFERFERREBRLRTNERL WY,
BY72 7 — 2 R AF B GRARAT CIIRR A B 5.

DC 254 A%, Phase 112BIF 5 (b) F—F KT
BT BIICIT S . ThiC kY, BEFIOERFERR
A v EDBBER EDEITRIRETER Y EMRICEE
THZELNTED. —7F, (a) KIEKFBEGATICO
WCIEEHICAT O 2%, EITRIIERIEFT D HLEN
2, BRI A AT A 2B &
BTEB.

3.1 DCXRXSAREEFIE
DC R A4 ADOFHEFIEIX, UTD 3 >OEE
HHERENS.

Phase 1: {REBZRERT
Ba T AiTH L,
(a) RO BALRARAT
(b) BT — & (R FFBECRARAT
2175, (b)) RBHARATA RO DE IRV,
EITRIIDFEAFIA TRV, 3L 3.2. ThR3.
Phase 2: PDG &
Phase 1 TROEFEFRZFIML, PDG &%
KD I THEEIND PDG OEHiIAEL, B
R ZA R LZRRY, Far T cmnd 5.
Phase 3: X771 X§HHE
HMEINTZRATA ZAEEIZHIST DE AN T
T ITBRREITY, RS REFRETS.

3.2 EINT— 2 KEREERER

a7 AOFRTRICERER TR T — ZKEE
REMETAZILEZZ2D. PulS5oPh0hHsX
SIZBWTHAER v BISREINDEE, v 2EHRL
730t Boymiud, s h ot ORI, v IKBET AT —
FIRTFRENTEETIZ EBMBIBTE 5. 2%, £
B v iZOWT, TOEENREZTERIN 1S
BELRBL vl T AEETTNE, BNRT—
S IRTFERAIT A BB T LN TE 3.

£IT, a7 A5PTHONONEZTRTOEK
vIZH LF vy a (Cache) Clv) EHETS. C(v)
WIEER v PRBECEZESI N XEFEPHBMIN T
BY, Xt OFETRHRICEE v IZHTET7T 78 2ABH -
7% A, RO XD RAER{Thb .
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Institute of Electronics,

I nf ormati on,

G o
o
—
[

b = alc] + 5;
X 2: BESEzETR ST A

F 1 H2EBTB Xy aDiER
[ZaX [afo] [alt] a2l [ ] c]
1 1 - - -

2 1 2 -

3 1 2 3 -
4 1 2 3 - 4
5 1 2 3 5| 4

Xt TCoBAEBBINEEE
Cv) D%k t DXEBEHTD.

Xt TuvdsRen54
vICET B, C(v) KRIRTBEAD D ¢ ITXR
TAHMRCRET T —FIRFRFREHET 5.

Bl LT, M2k RESIEFL S 0SS A
* UCBINT — ¥ REBRT 21T 588252 5.
ABELTER IO EEXTET SRR E DK
EITRRCBIHEEH v DX ¥y ¥ 2C(v) OHEB
2R 1IRT

1A 4TI, FRENER 0], ofl], a[2],
cHEBENTVDYD, 4 DOETHET LIzRER
TC@0]) =1, Ca[l]) =2, C(a[2]) =3, C(c) =
4 L7725, X5 TEK O BBRSNDID, X5D
FATRFIZIC C(af0]), 2FE YD X 1A H 35T af0] (2B
THEF—FRFEBEARAET D LTS,

3.3 HORTA AFEEDOHRE

B SA R, BIIR T A X, DCRATA ADE
BFEOEVWEER 2 IR

(72, HEFEOBRNCLY, ABE (R74
YA R), TR b (RGFEAERAZATEERD) CBIL
AT D &5 22 R0 [12][11].

=5/ VN BEIR T A A
1: afll =1 1:
2: af2] = 2 2
3 a3 =3 3:
4: a[d] = 4 4:
5: read(c); 5:
6: while (¢ > 0) { 6:
T: b =a[c] + 1; 7:
8: c=c-1; 8:
9 write(b); 9:

and Conmuni cati on Engi neers

K 2 BATA AFEDEN
1 [ #0254 2 [ DCAFA R [ BRSAR |

CD f#4r i) Gl e
DD f#tr L] L] EAE]
PDG iR | 7ol 74X | 7ulJ4X EITRER

BIREE (X974 AYA4X)

BHIRXTA A >DCATAA > BHRTA X
BT R b (KFERERITEEED

BRI A A >DCATAR > FHATA R

BERMRERATA ABEROBIZ, M3ITFT. Zh
X, SITRR T a5 ADORT A RELE <9 | > 1T
HTBATARATHD. 28, DCATA ABILUVE
AT RAZBNTIE, ARWLLTEH c2%5
ZTEITEREL TN D,

“honZeanh, DCAIA R, BRI A
ALV /ISR RT, BOXATA XX DED
BEDODATAREHETESLFIELVLS.

4 JVMIZETDICDCRXTA4 XD Java™~

D EA

FTVxl MEHMESETH S Java BT, F—
FBMOEKRBEMN THEAFT V= b (EiX, 7
SADA VAR LR i, T—FBLUOENERD
AV ROMBEDLETHD. FOD, Javasu
IR U TCATA RAFEETTIBRE, BITAY Y
FEEBT DDA VAZ LV ADREZEBLTE
PRIER LRV,

UL, BHRIARITu s T 2ETEHDR
Wim, A VAZ L ADBRBHINCHERT 2 LER
b5, BEOFE[2 ZAVEZ LTV OnDRIT
METAZLIITEAIR—BIIRETHZ LITEL
<, ETAY v FOBEIIRETHS. 201D, &
BIR T A A TIIBEOE CTRARD S.

—J5, AT A RZT 0l T LhF TR/
BRI, VARAE L ADRERBITIEBRTHZ N

DCRFA A BRT A A
1: 1:
2: 2:
3: 3:
4: 4:
5: 5:
6: 6:
T T:
8: 8:

@ ..

X 3: XRT A RAFIEOLLE

— 50 —
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TED., FORD, EFAV Y FL/ETEDZ L
no, BEOBWRTA AFENTETHD.

TDEIIT, Java KT BRATA RFBEEZRD
B, BEDORTEHA S A ATHFHRATA AL
VENTWS. LnL, BIR T A RIETRIIOMK
FELELL, MFaA MIBRRbDOERS. %
TR TCIE, JavallH L DC ATA AEHAT
5. DCARAFA AT, AV AZ L ADHE EDEST
BFREERLERICIBETE, BVWBEDR T A A
HENRTFREL 2B, &b, ETRIIOREFLELE
LHP, BIRS A RITHABHT 2R &2 KIBICH
RBIENTES.

4.1 H&t
Java ICB T A EITHREER L LTE, UToX
5RbDONH 5.

o BHIDERF

o« TV FOBREK
o AV v ROBIIRE

o S ALER

o WHIALER

DC AS5A ADHECHBEL 2 HBNT —F KT
BARMRAT DEIITIE, Th b P ERICIEET 2D
DOEERRDLNDS., FIT, Java7lu s 50z
URANKERE LTHERSND NS b a— 2R,
ETTEEETHD IVM 2RI L8 T — Z & FfF
BGMRT DEREE 2D, JVM ETHAA Fa— R
EIFENBBICIE, FRORTHEEERIITAT
HBAEET, A ba— R 2807 —FKF
BRI 21T D T &R TE B,

F—RIC, Java TEHRENEZ Y —Ra—FD%
X, AL FTICEVERDOASAL ba— RafRic
BHEING. FOYD, V—R3— FOXEMTHE
BRI 21T 5 O Tide <, A ba— Fome
BT TR RBRMRNT 21T 5 T & T, MRLEE DT O
EBEPH/FTE .

AR TIE, ARy —Aa— Rt LTEREINT
X7 DCASA A& ba—RNZ#ERT. E&
Bicix, N ba—RFo{aeS:EHiRET5PDG %
BEL, N ha—FETODCRAIALADFHESL
75. #FL T, BoNEDCARAFA AR Y —Ra—
FARBEHES.

V—Ra— RENA ba— RORSEHTIX, 2
A S OBEREIRIZ XLV EBRT S, BE, Javaz N
A FiX Java CRBENFY—RAa— R&EAA ba—
RICE# B2 ENELRBEITH DD, KFETIR
Epiz, R4WRT, A ha—Fogmass Y —
Ra— KD h—7 VEA L ORIGRDOEMRE Java =
VARLSIIZEVITY. ZORIEREEBWE I LT,

Institute of Electronics, Infornmation, and Conmunication Engi neers

V= ARTT TG A
[i=a+b+3]
V=A@ ha— R RR
—p [k (TN
iload _1 a
vl iload_2 b
/S Aba—R iadd +
iload_1 bipush 3 3
iload_2 iadd +
iadd N -
bipush 3 istore_3 i=
iadd
istore_3

B 4: A k23— F~DEHH

e —HIZEVEEINELY—Ra—RETDR
SAREREYL, FRICHIET AL ba—FRE&
DREIAT T

e A +a—FRETHEINEZDCAIARE, £
izt s Y —Ra— R & oxtsfhir
BEITHZENTE B,

P, DC A5 A RADAA ka— K~D@EAIZD

WTHRREH &, BEFIEORBUTOWVTHRS.

4.2 DCRASAADNA kaA— RO
T, N ha—RExdADCATAAD
FEFIEICOVWTRARS.

Phase 1: KEBERENT
£ ba— FaFiL,
(a) FEAOHIBE AT
(b) BIYT — & (R TFARAT
179, () IC2WVW T 4.2.1. T, (b) 2\ T
12422 THELIBRS.
Phase 2: PDG #&E
Phase 1 TROKFEFZEZFIHL, /1 b=—
RoZamarHiRe Lz PDG 2853 5.
Phase 3: X T4 A#H ‘
BESNTEAT A AERECIHET 2H AN T
I I7RBEIT, N ha—FTORTA A%
FHET5.

LA, £ Phase TOMABIZOWTEFHME RS .

4.2.1 FOTEMKERIR AT

Phase 1(a) TiE, B2 bAoA ba—FZxL,
IR B AR R B AOIAT O . Z O, Y —Ra—
RIZB T 5 L & 2 0lRE & v 5 a5 <
WETEBROEREZDEENA ha— FICERT
B LIERBECH DD, AFETE, A ha—
RTCORBHEFRRERDO XS ICERTD.

NA ha—Fo 25 s, (ICBELT, UTORN
BT EE, s Dt ORICHIEHKERRSFET
HEVI.

NI | -El ectronic Library Service
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AR AL ha—F
1 SIS TEE T 5 HEMKTERISR
ME AA b m— NI D HBRHEMKERR LML T 5
(1) A baI—FOGFIEERT 0y 7 IZHETD
WV BERTm s OHEE)
(2) foreach n in A begin
(3) if n PEBEOMFNSEMTLD then
(4) n P ORIEIBET 2 EAT vy JES N 2EH
(5) foreach n/ in N’
(6) n DEZLDMT L n' OEMETOXE
HEMEERfR L LTHtHI 5
(7) end

5. BRI FREGRMT T L T Y XA
(1) s IZDEAMTTHD
(2) t X s PO EEBFETDHIEKRTOYY (Basic
Block) [1] RHDOMSTHD
o XS icERE LURERERRIE, B5IRY
Ty Xnckoiticy s BB oA
UXAEAY v FEAMAICERTS.

4.2.2 B T— 2 IREBERRIT

Phase 1(b) Ti%, JVM ET/SA ha— REFEST
L, Zh& T U CBINT — 2 IRFBEMRAT 21T 5.
Y—Za— RT3 DC 254 ZADHEIZRNT
i, BEZICH L THRyy a2 AELE. S ha—
FizBW T ZEh LRI, A Yy FROT—HVE
BRA VABVAD A ANERIR Y OT — ZERE
NERIZRH L THxF vy =2 BETS. 2720, JVM
WA F v 72N LREHENGFET 120, XF v/
EF-FEEEABRL, FRCHTAF Yy Va2 b
BT5.

FLT, £7F—FIEALT, ERSREINEHEE
EF vy Va2 llBESR T A9 L EfThoMm
SERE LT — X IRFBREZHME L, ENES
ENEBAEF Yy V2 ORNERERTS. B,
HHEF—HZDEREREINTLE, FRICHETS
F vy VaMFEE LRV REFH I yviak
LTS,

UEoFeHzESEEEINT, BT —XKF
BRMT 7T AT Y X AR 6 IZRT. ZOT7AY
AL, IVM ETA ba—Fo—aERETEN
AENCEBEND. AFETIE, F—27 72004
RENTEREDOA LV AZ L AT ENENMSLITF vy
TakFELTEY, B VARZ U RAMINITT—F K
TEREMRMAT TN A Z & IR 5.

4.2.3 PDG DO#EE

BRI FRRRARAT, BT — Z (KTFBALRARAT
WX vHHShZEKERFREZ VT PDG 285
A, BEEN5 PDG OFIER 7 IZRT. PDG O
BiEARA Fa—RFoERSTHEHD, EITRIN%E

AF N ha— KOG s
HA s OFRTICL YV RET D7 — X ETFRRK
B AL b3 NI 28T - 2 KRR E TS
(1) foreach nin s TBRINIEXK
(2) nOFYYIXRBEINTHIHFEL s ORE
F-ZEERRE LTHIETS
(3) foreach n in s TEHINDEKEK begin
(4)  if n OF vy = BR2FNIE then
(5) n D¥ vy a2 EETS
(6) noOXyviak s CEH
(7) end

X 6: BIRYT — 2 KFBERMET 7 L S U X 4

BIFETHAHETRL, BHR T A AT o R
MEHiz/h &,

4.2.4 RATAREHE

PDG #RWTCAZA REEETS. XA ba—F
WX 2R TA AFEBRERFELFECT, XA R
HEEIZXIET 5 PDG Hiam b PDG @A F#IZHll Y,
BIEFREREREAERD DT LT L B.

4.3 =%
BEFIEOER R T LOFBRER 8 ITRT
V=R a— RO MFZNSA pa—RE Y —

A a— ROXMEREERTS. LT, FHEIHIEER

FEMRT 21T o7 Db, JVM LTS ha— Ko

FEAT 2TV S B T — Z KRR 217 5.

it L VI SN T KFBREETIC AN, ha—

FOZMENEH L L7725 PDG 2HET 5. 2—FI2

VY —Ra—REZBIFBERTA RAEERBESN

5L, REREANTENREAS ba—REBIT

AT A AEHECER L, PDCERLIDATA AFHE

179, BBIZ, MIEREBBLEBDLR T A AR

Y —Ra— RT3,

BE, Y—Ra—FE&Af ba— FoxdicREH

HTBIdDar LRIV, BT —¥IKFEHE

BRIBWT 21T D JVM OEEZRITo TN 5.

Caload_D

local_1 # null THETT
aload_1
ifnult L10 P
iload_2 H
iconst_1 - i 5
iadd
goto L20
L10: iconst_1
L20: ireturn

weee KA
— PRI

B 7. A ha—RToOFar I MMRESFT
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V—Ra—REN [ ha—F

PDG (/A ha—F)

K 8: VAT AHERE

4.3.1 3aAVNRAZ

21 1%, JIDK (Java Development Kit) 4t
JBD Java 2231 T javac it B HEEEILER O T
EEEZITHoTWVS,

VA= PR AA b a— F~OEBEEZITNR
B, Zoa— FEBBRANICESINS ba—F—
MLy —Ra—FE b7 v L ORIEREERT
5., M4eBEFEOHAFTHS.

4.3.2 JVM

IVMIZ, =31 5 LR, IDK RO Java /S—
Fx VvV java iR BHHEREILROE CERELTT-
TW5.

RAE T, B—RANEERE, T—FEEWNTS
BRI T DXy a BHRT 5. £, 41~
RAEVARF UL AEREND LEIZ, AV RF YV
AKEIZTTRL, FOA VRF U ABREETB%
AUNBERICRET DX Yy Va2 bERTD. 20X
N, A VARE VARKIZF vy v aMFRET 2K
TOREZITIZET, A VARFZ UV ABMILICF vy
VaERETEDLLD, £ VAF VRAMILIT—&
RFBHRATBIToNDZ &ITk 5.

5 EXR

5.1 BESEBR

Java 7’1 7T MRS 2 EIIMENTICBE LT, AHF
FLSMZ B WL OPFER R I NTWDS. T2 T,
EDHRD 2 OOEEMREEZET 5.

Institute of Electronics, Infornmation, and Conmunication Engi neers
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