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Interstatement Must Alias and Its Application in
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Abstract  Data dependence is widely used in software engineering activities. Due to the massive
use of heap objects, it is still difficult to extract them from Java programs precisely. Several
methods have been proposed to address this problem. One simple but scalable method is perform-
ing dependence analysis based on heap object naming. However, such a method, although effec-
tive, is not precise enough. This paper firstly introduces a notion of interstatement must alias,
and then refines dependence analysis by generating strong updates and relative updates with these
aliases. Empirical results show that the proposed algorithm can effectively improve the precision

of dependence analysis for heap locations with very limited analysis time increment.
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class Node{int x;+*}

void foo(Node [ ] v, Node e){

Node s=new Node();

s.x=0;

s.x++;

for (int i=0; i<v.length; i+ +){
s.xt+=1i;
vlil=s;

s=new Node () ;

F1
F2
F3

F4

F5
F6 sse=v[i].x;
}
F7 q=s;
F8

F9

s=null;
q.x=e.x;

}

void bar(O) {
Node p=create() ;
Node g=create() ;
p.ax=1;
q.x=2;
}
Node creare () {
return new Node () ;
}
void reset(Iterator it, int d) {
while(iz.hasNext()) {
Node p=(Node)it.next() ;
p.ax=d;
Node g=p;
System.out. print(q.x) ;
}
}
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class Node{int x; Node next;} v

1 Node hd, p,q;

2 hd = new Node();

3 hd.next = null;

4 if(flag)

5 p=hd, q=hd; n
6 ) _

7 else{ @ @
8  p=new Node( ) (3: hd.nealt, p.next)

9  p.next = hd; @
10 hd=p,q=p; (9: p.hext, g.next)
11} <—

12 hd.x = ...
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JP AT HUE I E AP OC R R AT LIER] L 7ERR 7 AT
TE—1B R HT IS 20 BT B A5 09 53] 44 46 5 7 e AT B0
M IEAAMESC 2R R ARRETS 206 A2 » R AT 1) 40 22 01l 44
A3 AT R 1 SCIE B Y. AR B 2 DL SR HERE.

TESE A 2 Ve Jr 0 W — DT A n SRR )L L
MR R BN RREZA AR SR
Ui AR K BB kLI HAEAE — T AL
— A5 8] B AR B 22 M o S5 8] B8 A5 T B TR B A )
Z =N R 2R B DXL BARIZTTIE N
ZA LAV Eg AR B U 18] A% B 22 ) BE T [R)
B AN G A3 TH). h T A SCHY 3 44 43 Bir 2 OG0 4% 18 )
e SCRY U IR) B AR A R B D R AR ) B O
F oA — DR A RN A R E U5 ) AR T

XRMMNAL B EZH OCad) M HN N B R EZH
OCalf >4, Mg % i 2 A OCan+alf*) 4.

TE R B 53 48 i AR B B B e SR30
PRI T & S L4 sk
BRI/ B B WAL IR OCan+alf*) . A0 FE— 4%
W E BT Z I B S A B B A% th T H
A TSR S B2 4R R R AR merge
R E 2L R O Can+alf*) T8 A 3 B bR
SN0 24 B2 0 R (R & 2 BE R OCeCant-alf*)?).
X PR A R 24 T — SRR AT A 4
E w2 Olan+alf R ERZHEITH Olan+
alf* )Y N IX B A FAE It 22k AR A A U 0]
1% Loc 81 Dec £ LA ]2 %18 1) Gen £ 1) LI [1]
M O Lf*) . FETHE — Z%i8 ) 1 51 24 4 i ik
R, A B i 24 AR J2 B0 B R0 44 I AR
H OB Cantalf*)) 5| 2 4% 1% RN OCalf* Can+
alf*)) o PR S T 8 AR 3 A5 Hh 1 0 4% 4R 1 B ) AR
W%l OnCalf* +B°) (antalf*)*). i T — 2
JP 1 1T A5 R B BR AT RLIA Sk R R B GE D
while {BA]1 4 BIA 1 BE . switch 15 /4] (9 B8 0 £, (A
B w A B o 45 6 3 B 5 e 1] DUACH S OGo). i)
b AN 31 44 0 BT 1 e R R TR] 52 2% B R DLGA O 2
On(alf* 4B (an+-alf*)?).

T 25 8] J7 T8 o A5 6] 72 531 4% 40 B 00 52 A 1k R B
VB T A7 A 2 IR ) 46 i AR B T T R T R b
S 4 (0 BB OGnCan+alf™)) A % 50 b7
B KRR E 20 N Onk(an+alf*)).

LM R R E L2 SR NV X
TR IFE T - 46K 2 B HR BT AUHE 10— B Al 4
23] AR Java AR UEFE B 2 F 1000 2148
TR — 2O B 5 AN JE# A 8 R 8 (8
F5 A AR AR BTk A 5 H L
T8 /N T B AR . T B 0 0 44 53 BT SR — AN 5l 44 TE
FIEA AT HR ST A R PE P T o AN A BE KK
ZRARE L RUR A ) 44 43 BTS2 B Y B JR) RN A3 R A2
Fe B AS SR R AT N R SO L
W AT AR RS T BB A MR 43 BT 2 PT DAE 3Z 1.

5 (B RE Bl A AR ¥ 5 A R Y b A

M 16 5 3 44 AT LA A R R AR X B
BT DT A 2803t 41 i 5l 0 2 A PR RS . O % HE A
O TR AR AL L i 25 3 1) il 44 7 2O il G o =5 1]
FEFRL p LY BCRIXT R0 — ] o, R RN, MR
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AN Z5 A 22— 15 B0 I AT LA 5 TR

(a) n B9 A E A I 1] B 5 9l 24 Cmzaps sapr ) H
TE S Cmsap, s DIFA AL m AT

Wm W OB G ENZ ap, snap)).

oAt Ca) AT ] 58 50T A2 R R S 7E 1Y) A BE L 2
B ERY apy B AL — K m $ATIE I ap. 2w
MRS . —H om A DA E X nap, D B
AL F i B — > m € LREAL R n i T8 4
n B8 AT A S B (myap. D Fom B E L. IR
m A TVEAE ] 3K E X maaps IR A B FWH m
MEARIE—RET & L% T &R, T
A RER R Z AW L s ) R AR — A X Cmsapy s D
X I AT BE 7R X 22 A AN [ ) B2 0] 1) E S, AT I
ABERE n 1Y€ ST — E B 7 T A7 X S5 L.

A5 A Cb) AT DA T ok 32 A7 548 5 2 R S 78 o
AR T — W on B E Y ap, B A R E )
FU ap, Fn AR 1 25 8] D ARATT 8 a po 7 A 1R 5E
SCERBE R n R SR A

BT R f] 5, F2 /& SCnl R R o (F2,
s.2s0p .20 F3S AOWIFT R NG (F2.s.x,s.a0) R T
F3 MMt iy F2 & SCH ) Y 25 6], i 3 f F2
ARk SCHAE F2 A H 3R HA il — Ik F2
A8 SCRE RS ] T A% 15 o AR 9 593 S8 25 1 a0 F3 18
Y EREW IR ATk E L (F2,s.xs0m .20, 5B, 7] DL
R FA R F9 1€ LREAE TR IR F6 7 AL 1 E L. BR

T RSB, T F3 O A S 6 4 s
Foso) R F3 MG A0 F4 i BE LT
[] 1 2 ], AR T LR B F4 158 SCRXF F3 58
F1%y 568 SERI. I 6] 531 44 1S 18] 53] 44 T E TR 3 A i BT
FAAE ABTFEAR SE A [F]. F3 5 X F2 58 SO 3 i
F4 g XX F6 & a8 i /iy 1) F1J 16) 8 52 1)
2R AH F9 E SO F6 5 AT s H AR i i
HIJ 1) B 7 ) 44 P B4 g OxE B3 8 R B g
H e 1) A ) 44 R0, IR SR B T, F3 X F2
SCHYEEH AT LAg AL J5 g U] i B iR TR R
AT J7 45 i A RE U B9
5.2 WRESEEH

T i) X G AT o) A5 45 2 ) BB TR o o 7
(i) Py 58 B A5G o EL L. H LT B OB 43 A T
12 SRR O T ME A () Ay ok A% ) 5 BRI, by A R ) L
TATHEBAAKEAELT 2 IES ER 5] B8 AR A
FHIEAD S A L Centryap 1) VAR Tk
A H A E L V5 AR ap fe AT XIS A 0] 1A
SC. ORI G i 224> Uy 8] B AR DT 1) Bl R A5 1)
AT B 38 A= B AT 3K 5E L entry s T s LARR L 1Y
SE AT RE B AN E B U IR) B AR AL L XL 3 Ry 7
% clearO) BEH A DAL n $818] 0, 0.next {548 1] 0. 24
PL k=1 s ) PR AR A A BE B BRI B A A B
MRk E EE (Kentry,nan) . (entrysn.x,0.2)
{entry,n.next,o.next) ,{entry, T so.x),{entry, T ,

o.next) . ﬁ%ﬁi)‘(%%‘—ﬁﬁ/iﬁw’ﬁfﬁ%lﬁﬁ
Cl  n.next=null;

[ n ]—7[ o0
C2 nax=0;
}

Kl 3 clearOJ5 i e A AHE 0] R R

238 2 7 2 A, FATT SR el i Uy vk o
BB SC PR R O 2 N 7 AR R A ER AT AL
SCHAR D 2 i 5 vk N R E S BT O vk BE B S Y E
SCOR AR AR LA AN H B AR L E A E S
Feanxf & 3 By clear O J5 i A H E X Centry,
n.x,o0.x) M {entry,n.next,o.next) 5t ¥ J5 P K 5
T BB EIRS clear O 8 FI N X 26 974 15 € X
B n.x Fl n.neat W] LLE BRSO S22 B (1) 15 1] 42
SR D7 T T AT R S8 X X WA 5 2 b ] B8 A Y
RE S Ao ] Y 5 SR A A0 R 1 Ao R DA Y R BT

TERBR TR AT IR E LG FATH B I 12
7 HE Y AP AT UL B g S A i 1 O 1 9 B E S

static void clear ( Node n ){

o.next
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gui — /N java.awt.Frame {78 B H B9 F2 % 5247 3240
graph — i graphviz® FEfi AT dot 4% A R P 3866 1562

Sey L, AT EZ SIS T Java 140 1 bR ifE
PErp AR, g LI 45 R TE — A 3 A Windows
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A RGN T AT R AT S X 4. KAk
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@ http://www. sable. megill. ca/soot/
@ http://www. graphviz. org/
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I — B A WRT A B ARG NE A o, AN
H Alias_[n]; f0 Alias . [n]; R 8 ¢ £ 3R H A O H
R 51 44 4.

(D B, B R ENRET, Ve N, Alias- [n],
Alias. [n]o 011G 0 A FRAE.

() AEEE R B h, VnE NLZEVYmE pred(n) {Alias .,
[m]i S Alias: [m 11} WAR 4l merge 3 72 49 31 55 HL 00,
Alias [n], SAlias [n] o BI n g A E 9 5] 24 52 80 DR 35
ANAE B H P T3 JT R B AR H 1 50 45 A v ke O
2 B R R AS B T
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(a1 T KillLn]H Gen[n JAN B 32 A28 46 MR 48 3] 44 1t
BRI s cransic BAESG PRS0 n 11 DAY I 424 B A 1K,
Bl Alias, [n ], & Alias. [n]i.

(1) (2) (3) S5 I8 - 3 i B A ARk ol A E AT — 22 3%
Ak

Vn€E N{Alias_[n ], ZAlias_[n],_1 N\
Alias, [n], & Alias, [n], 1 }.
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have got many achievements. However, yet rarely any of
them is practical enough. A more practical solution to high
precision data dependence analysis of heap locations could be
taking focus off the heap memory abstractions and seeking
more strong updates or other kinds of updates that are power-
ful in discarding superfluous data dependences. This paper just
focuses on the strong (or relative) update problem. It uses in-
terstatement must aliases to resolve strong updates. The inter-

statement must aliases can be used to find more strong (or rel-

ative) updates in an acceptable time.



