2006 F=AFEHEFHEEUS =F3 Vol. 33, No. 1(B)

XEH0I A2l NullE 288 = U= BES
I /et HOIH &8 24

2o2%0/=38 2E2Y
BRI R M AS D

{mkkimo, shlee, kwon}@salmosa.kaist.ac .kr
Data—flow Analysis for Finding Null-assignable Fields in Java

Minkyoon Kim®, Sukhee Lee, Yong-Rae Kwon
Dept. of Electronic Engineering and Computer Science, KAIST

2 o
0l =S0IME Xtk T2 20| A% S0 AHRGHs &(heap)®l 3718 5L 4 U= HOIE 88 24 JiY
S HOIBICH O YD2ASS SUAS BHGH0, AIRE DO M2 D= BE(Held) S R0 0 B
SOl OFXIY AFE B0l null 242 ESO) SISO TSI OI2I3ID U HHE S wal 8148 4+ UN @
D, 012 Q6H LHEO0l XXIGHE 8 B8 B 2 UCH Ol LD2IEL private BEDHS (ISR 248
A#E0. R2J0 22N SHE 0 YDIASS BFOI0 2E BESS FAGID, B ASTE 00 A
o nul® BLEICE HIOIE BEB NS22 55k JIYE WYsts 20ICH
1. NE
08 12 Mo MM2E 2H I Garbage Collector(0I8t 2R Ebed NEE S ER
GC)Oll Sl5H 5148 TMXS CHE 20 ZCH UM HEE . . . .
F HSOZ ABE BMXS AZE 2420 El(lag time)Ol 2t M Heae DIXIALE Sl
ShD, M OHKY AR % GO Atk 3142 BRI A 8¢ XSAS RINE A
£ C2§1 Et(drag time)0l2t D BHCH5). ARt S ALEH I 1. A A (41014 2a)
Ol UOS I BHE SERSH B FHS AXEI G2 2
2 T2 N2 ABZO0 S0UN B [2]0 BEH
SPEC]Vm_QS HiXi 0P Z2 0SS0 o, 2HSS 0t A 2 B SIE NESE ABS ABEIUCH, A% 2D, 2 0
g jf—jof;‘jo%'aﬁ*j@;fg%oi@i“% é?;}”x*{ff; mﬁ%&ﬁ Q2 B2 SUE YD) AMAE BN BT BSSD Y X
SE= S92 + il L. 50 == A= LS E9 ZZAM-ZHinterprocedural) fiveness 40| BQ
M S&ote Kbt Jbet m’.‘J(JVM)ﬂ_%‘-‘?— Ceid EtYL R OF ;u. SIXIOH 22l ME MHX HCY 3 X Lél_:_;g
JIEE Nzl B St SAS EXOLE + AL lveness P& Tots WX E4i(static analysis) NS0
. o i 08t &7 ZDs &S 2 AUCH
SR AEHN US AHSS Bal 35I| HE BOO2 O
S @& YBS0l MasAd. [1UME & B2NEY = c2qdc pivae 82 B58 5 8% 28 22 20| B
(_he?p-grofmng) E?EXPIQEBPNESBHJOMCCLE* iff oS Xote ZESE &= UOIH S8 B4 20215 MASHLH
B ESIU0O ) 328 HEOR =B WAYNE P gnzsg Si we BESH nul 248 B TR0l
BEJISHAL NS 0l BHE L AZMBVE A0S Loz ABSs HR2IE B > ACL BES BN A
E'aaﬁ;;“gé* ;=ﬂ§5§£‘9; ;‘;ﬂ%iﬁ—f;;ﬁég 8 P JIND UTE YD2AES HHEHY, BEO nulS
== = s it = S S = FCt S =2 e SO A K| & A Of
vy = EUSTE UIOIE RES S22 23 & UL
ClE gegEozEsE X HaxS(reference variables)2l ° =
liveness 2 E 0I&38t= X0ICh liveness B2 E 018310 A 2. 2eiS
WSS Of 2| Slag 4 oIl 2E & 25 & NNOICH 2 TOIM JISsts S8 HOIE 58 242 S50 Q2=
UM GO N EBE  wase maax-y NUIS SO0 HR2S FotE & s 38X B private
: = e e OlRE e 0l (NS LEES QOHHDH HID BoHAE PSR 2= 0 20
(intraprocedural) liveness A g OI&0ts 20 Lol &8 . = = =
S oo AE AT (fowel DEme 2 Goot Ne  BS SR ASE B M2 A2 WBAE BES
BMAS9 liveness 24 2B OIBI0E KR2) Algzg ) = FHUASE EU 2I2S IS0 B BOHES & 2
o BY 4 SUCH BIINE XY BE wag 3x ax g o <00 FARL
S, MM AX LY liveness TAS o) 22 & A= N2

406



2006 ¥IAFEFIEUS] =F3 Vol 33, No. 1(B)

def xt BE x0ll 22 Y HOIE BE
use x: & x2| S AMES8t= HI0IE RE
call C: A E CE s&ol= HIOIE 2=
M(A): 22 A ANl HOE RE HAZES F8
NPM(A): B2iA Al HSIE non-private HIASE2| X8
allpath(m): HAE m2 2 A8 Z2=2 g

g 2 L2025 0140 28 220 9

EA 2.1
HAES meNPM(A), Vpeallpath(im), &8 Z2 plll EX
o= 2 & use xE dominatedt= def xJt &I ST,

< B

b

2da A0 HiEot=
Q

9| private ZE0 B35t
stCh 1212} Sea

non-private HAS S8 0| &3H0¢
A°| private 2S xJoF X2 218 o= S Ag
non-private 2SS0l xE & AIB&HK YL xB AIRE
[ Ol 22 222 HOIGI0| AAE8HLH=E XS 2J0I8tC
HC = OIXI% use x FUl= xo 2E A& %Rﬂ 81
X2 use xZ20 x8 nullz2 F2I5t3 xJt Jtel31d 2HHyzZ2
OIEHE ROH, GC= xII JH2I3IE HUHE 3+8 JsdE
H S0 08 328 X2 218 UEst=s 22422 HE LIEH
D AT

2I1EBUHAME 8 HAS LHOIAM 2435

HED 22B0H M HAS2HS SES N26I0 Z2AIM-2¢
(interprocedural) 24 YWY S J|1=8HC

-
T o o

D

N2

2.1. T2 A X-UW{Intraprocedural) 4
2 240 A28 H0IeH 88 A 2(data flow information: 01

5t DFI) R2 TS 2101 HO =Y.

RCP(F x FS)
F= SeiA &0 H2E reference Bt S private Z=E9| 2
80ICt. FS(field status)= 2 RS E0| B2 (define)E D ALS
(use)Tl= A8 UEIWD FS={ddu, udd, none}lZ ZHol&
Ct. FSS AAEES ddumnone wudd 2 & A(ordering)E It
XD 2 AAS0 2= 90l Otk 20

MAE LHe) |el ZOIE ptil A2l DFIE Ryt 6HAL.
® (x, ddu)ERK0IN HAS S AIXZE pthX2 25 B
2It U388 = EY &HLIE =BT
i) usex20| def xQt ETHECH
i) X MR use x® Ol def x2F EX 8L (def dominates
uses)
® (x, udd)ERL0IMH HAZS AIRREH ptHXS BE &
Ot othel ZHE DS QESH= pathdt EXHSICH
i} use xJt EXEICH
i) X S use xT O def x2F EXMGIX ¥=CH (use
dominates defs)
® (x, ddu) & Ry0l1, (x, udd) g R0l (x, none) € R0
Ch.

class A
private Object x; \
public void B() private int C{) int D()
d ™

1 def x l
3

[usex]
o}

. y
08 3. X218 &Eot= KA. SeHA AL

FoE HASESS NN 88 JaiZ, 2 MAS9
OtX12t use x £0ff x=null@ FIH& = UCH

0l 2HE #i8 Lold 88
20| HEC
IN(s) = Upepredis) OUT(P)

OUT(s) = (IN(s) = KILL(s,IN(s)))

UGEN(s,IN(s)),

Fo= INDHOUTE 232 2t HI0IE D&
2ICH Se HIOIE 2= E9 S 0ICH
IN,OUT:§S >R
&4 IN2 Otef et 20l =73 AIZICH
VsES, IN(s) = {(f, none) | fEF}

GEN &2 KILL 8= OS 20 ZEt.
GEN,KILL:SxR - R

0] 240 2&S NI Kbt instructionS2 BEE
& instruction?! putfield, putstatic, getfield, getstaticOICk. 0l
instructionS 0l CHGH C+S 3t 2001 GEN &4+ KILL &+8 &
Q.

Al(data flow equation)2 Of2H 2}

£ OFI RE HE Al

26t

SES OA,
i) sJt putfield x £ &= putstatic x & O:
(x, none}eR & AL,
GENC(s, R) = {{x, ddu)}
KILL(s, R) = {(x, none)}
(x, none)gR & AL,
GENC(s, R) = KILL(s, R) = ¢
ii) sJt getfield x £ &= getstatic x & @:
(x, none)ER & &AL,
GEN(s, R) = {(x, udd)}
KILL(s, R} = {(x, none)}
(x, none)gR & &L,

GEN(s, R) = KILL(s, R) = ¢
iy O we 22
GEN(s, R) = KILL(s, R) = ¢



2006 FFAHFEFTEETEUS] =F4 Vol. 33, No. 1(B)

method B

I8 4. Z2AH-2 242 48 At o A= CY
24 200 O HAS B B4 2D ST

DFI Ri3t ROt Ch3 1 201 ML ACHD SHAL.
Ri = {(fr.is11), (fz.fs12), -, (fo.fsinl},
Rz = {(f1.1s21), (fo.fs22), -, (fn,fS2n)}

RiLiR: = CHS3 20| HASCH
RilLRa= {(f1,1s11), (f2,f812), =+, (fa,f510)}
L1 {(f1,fs21), (fa,fs22), -, (fn,fS20)}
= {(f,fs11ld fsa1), (f2, 18121 f822), -, (fn, fS1nlifson)}
fs1,fs2EFS Ol CHal fsLfspi= 2I0IM SHAISH FSS RIAE 2t9
=AM 28 ChS ot 20
V fsE€FS, fslduu=fs, nonel_none=none, fd_ludd=udd

2.2. B2 Al H-2H{Interprocedural) 24
Ho| 2.2 299 HAS me MO S2 JHZE CFG(m)et
St AL result(m)& OUT(CFG(m)Q exit = S)2 A&t}

8 404 22 result(C)Y L0l T2t result(B)2 2401 2R
SO =, (x, udd)Eresult(C) 01 (x, udd)Eresult(B)01 2, (x,
duu)Eresult(C) 012 (x, duu)Eresult(BYOICt. & (x, none)E
result(C) OI'™ (x, none)&Eresult(B)0ICt. 01 201 2ol B
25 m2 result{m) %2 PEID AMME WAE moiA 55
St S MASSH s 24 IZE U2 8. 0l 32

result(m)2 Aot YE 2= 08 F JHXIDF UCH

e A= mE S46H) HO HASE mUlA &8st U2
HAES2 0i2 246HH, HAE mE B&E8 [ 2
2ot 0lcl ZHIEO AL E 8T

o (AT mE 4% M mUid S5t UE HAZS0
st 24 2t U2 22, Y HAS SES 2AM6
1 2HE HS JEECL HAS mUIM SE8HE ML
SO CHE 24 FE20F o HANEYAS o HAE mS
CHAl 2480

HNE LSS S5 = (call graph)0if AHOIZ(cycle)0l =
H

Mols BRE Mg + bl D222 2 =RHds &
neyE dHAT
T4 Za0 SEE NXs XUt instructionS0 RSE 832

St= instructionOIRA0 T HAES &ZF instruction0l Z&E
OF 8tCH. sJt A E nE &S&0tE statementX [ GEN &9}
KIiLL &= G320 220

worklist < the set of all nodes in the call graph
while worklist is not empty
remove a node n from worklist
compute resuft(n)
if result{n) changed then
worklist < worklist U successor(n)

85, 2HA LY HAEES 246!

worklist iterative 2 10¢|5

fr

i) result(n)Of EXHEICHA:
GEN(s, R) = {(x, fs) | (x,fs)<result(n) A (x, none)ER}
KiLL(s, R} = {(x, none}| (x.fs)Eresult(n) A (x, none)=R}
i) result(n)0t EXHEHXI S=0tH:
GEN(s, R) = KiLL(s, R) = ¢

HAESE 222 &AUZ 248 = UD HH HAZY
A Z0HIAACH O HAEE S55l= U2 HAEESD
CtAl 8M8tT & 8= worklist iterative 2 D2IE[6]S AIESH

DHAIS use S0 null
] FinalResulte CHS 1 21CH.
VYmENPM(A), (x, null) Eresult(m) v

(x, ddu)Eresuit(m) }

Off et 2401 BRCHHA,
prd Sk
=

3.ZE X YR IR
2 S20ME S ME0 Us HHES
UTE nullg BIE 4 As 2

A
S
§ 24 JIgE MoatALt.

z
nulie 2ot 258 IS2Z2 HIOIE 201 &aldh F=
ot Al 2R3 0I1gE &332 S0I0H

4 0 28

[1] R. Shaham, E. K. Kolodner, and M. Sagiv. Heap Profiling for
Space-Efficient Java. In Proc. of Prog. Lang. Design and Impl,
pages 104-113, June 2001.

[2] R. Shaham, E. K. Kolodner, and M. Sagiv. On the Effectiveness
of GC in Java. In Proc. of Intl. Symp. on Memory Management,,
pages 12-17, October 2000.

3] R. Shaham, E. K. Kolodner, and M. Sagiv. Estimating the Impact
of Heap Liveness Information on Space Consumption in Java. In
Proc. of Intl Symp. on Memory Management, pages 64-75,
June 2002.

[4]1 O. Agesen, D. Detletfs. and E. Moss. Garbage Collection and
Local Variable Type-Precision and Liveness in Java Virtual
Machines. In Proc. of Prog. Lang. Design and Impl., pages 269-
279, June 1998.

[53] N. Rojemo and C. Runciman. Lag, drag, void and use - heap
profiling and space-efficient compilation revisited. In Proc. of
Int! Conf. on Functional Frogramming, pages 34-41, 1996.

[6]G. Kildall. A unified approach to global program optimization. In
Conference Record of the ACM Symposium on Principles of
Programming Languages, pages 194-206, October 1973.

408



