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Program Dependence Analysis is useful in software debugging, maintainance and compiler optimiza-
tion. However it is not easy to analyze the dependence of programs including pointers and recursive calls.
In this paper, we propose an efficient program dependence analysis algorithm which would eliminate the
repeated analysis efforts for the procedures called more than once. This is performed by storing the
analysis results for the previous calls and then refering them. Furthermore, we present how to construct
the PDG by using the information obtained with this algorithm, and how to caluculate the Program
Slices on it.

program dependence analysis, pointer, alias, program dependence graph(PDG), program slice



1 0O0O0d

gbooobooobooobobooboobooboon
gboooboobooobooooobooboobooan
gboogobooan

[(|000000000000000000000DO00
OPDGUOOOOOODOOOOOOOODOIBOOOO
gboobobooboboboooooboooobobob
gbooooboobooboboooboobboooboon
gboogoboboooboooobooooobbooboboon
gbooooboooooboobboobboobobooon
gboooobooobooboobooboobobooon
gboooobooboooboooboobboooboon
gboooobooobooboooboobbooon
gbooooboobooboboooboobboooboon
gboooboooboa

O00O000de|oo000o0o0oo0oooooooo
gbooooboobooboboboboobboooboon
gbooooboooboobooobobooobbboon
gbooooboobooobobooobobooboon
gboooobooboooboboboobboooboon
0000000000000 00eoo0oooooon
gboooobooboooobooboobboooboon
gbooooboobooboboobooobboooboon
gboobooboobooban

gboooboooboooboobooobooboon
O0000000000000000O0000oMoooon
gbooooboobooooboooboobboooboon
gboogoood

gbooooobgo 200000000000000
gooobooboooboobbo sbooooboobon
goopDGOOOODOOOOODOOOOOO 400
gogopbGO0O0OO0OO0ODOOODODOOODOOOO
gbOs0000000000000

2 JOobooboboo

gooobooobooobooboboobooboon
gooooo

2.1 00O

gbooobobooobooboobooboobon
UdodoabvdobonoooooboobbOoon
O00(a,p) 000000000000 O0OO0OOOOO
o0o0oo0o0ooo0oooooo(@ooD)oooo
0000000000 0O00o00oooo0og(a,b)d
O00000000DO0o000ooOo0oooooO (v,a)dOd

oooo

000000 SO0000 (Reaching Definition00 O
ORD)DOO0ORD(S)DODUDDOOOOODOOOOOODO
goooooo

<T’ v, (Wl’ ul)’ (W2’ u2)>

O00mMOo0ooo0oooooooooooooooo
(wo,us)00000000O0 SOO0O00O0OO (wy,ug)0DO
00000000 7000000vOOOOSOO0OO
O000000000000DoU00d (wy,ug)0 000
gooosSooo0oo0ooooooooooooooo
RDOO SO0O0O0O0O0DO0OO0ODODODOODODOOOOO
(wo,us)0 ¢ 00000000 DO0OO0O0OOO0OOOODO
000000000000 00000000 RDOO SO
gooooooooo

RDOOOOODODOOOOOODOODDOOOOOODOO
0000000 SO0000000 (Reaching AliasO O
OO0 RA)OOO RA(S)DOODODOOOOOOOOO
goooooo

<T’ (Wl ) ul)’ (W2’ u2)>

000D00000000000000000000
(wy,u5)000000000000 700000000
00000 (wy,uy)00S00000000000000
0000000 (wy,u)0 000000000000
0000000000000000000000000
0000000 (wy,uy)0S00000000000
000000000000000000000000
000000000000000POOOOOOOOO
00000000000000000[60000000
00000000000000000

SDglob(P)

= {000POOOOODOOOO
ooooooo

PDglob(P)

= {000 POOOOODOOOODOOO
ooooooo

ImUSE(P)

{000 POODOODOOOOO

ooooopPOODOOOOOOOO

ooooooo

SDpara(P)

= {000POOOOODOOOO
o00oooooooo )



P Dpara(P)
= {000 PODOOOOODOOO
O000ooooooooog}
gooodooooboooooooooobood
odooooooooooobooo  PpPOO0OOOOOOO
goooooooo
MustALTAS(P)
= {000 PODOOOOODOOOOOOO
RADDO}
MayALIAS(P)
= {000 POOOOOOOOOOOO
000000 RrRADOO }
pre ALTAS(P)
= {000 POOOODOOOODOOOOO
goooooooobooooooobo
oooooooon
gooodooooboooooooooobood
goobooooboooobuoooobbooooobog
gooooooboooobouooobobuoooog
gooooooboooobouooobobuoooog
0000ooooo 2o
gooooooooboobobobooooobood

goooooOoRDORADOODOOOODOODOO
good

22 0000

gboooboooboooboooboobooboon
gbooobooobooan

1. 0ogooooboooooooboopbcOOOOOO
googn

e J00ODOODODODLODLODLDOOOOOO
gbogz210000000000000000
god

e JOODOODODOOODODOODOOODLDODOO
gboobooooooooooobobana
gbooobooobooobn

e JOODOODODOODLODOODODLOOOO
gbogobogoooobooboobooobobo
gboobooobooboobooog

2. 000000000000 (23000)0

3. 0000000000000000RDORADDO
0000 (24000)0

23 0000

gbooboobooboo 220000000000
O00¢@OO0)00D00000

2.4 00000

gboooboooboboobooobooooboon
goooooooooopbcOOooooooooOog
gooboooboooooboosoooboogooooo
gboogobooobooobobod

RD(S) SO000000000
RA(S) SOOO0O0O00O0O0000O0

SuDEF(S) SOU000000000000O0O0O0O000
gbooobooobooobooboobooboon
good

PoDEF(S) SO0UOO000O00OO0DOOOOOOOOOOO
gbooobooobooobooboobooboon
gbooobooan

MayALIAS(S) SUO00000OO0OOOOOOOOO
gboooobooobooobooboobooboon
gbooobooobooobobooobooboo

MustALTIAS(S) SO O0O00O0O0O000O0OO0OOOOO
gbooobooobooobooboobooboon
gboooboooboooboboooog

ooooooooooobo soogoooooooobooo

24.1 0ODO0O0O0OOOODOODOOOOOOOO
Sa«—---0000
e RD(S)D0OD0ODOD000ODOOOOOOOO
e (Sa,¢,¢)0 RD(S)DDOODO

e RAS)DDDOOODUDa0O0OO0OOOOOOODO
a00000000000000RDOOOODOO(
2.4.2000)0

00000 SuDEF,PoDEFOO0SOOOOOOOODO
RDOOOOOOCOOOOOOOOOOOODOOOO
0000000 MayALIAS,MustALIASO O ¢ 0000

24.2 0O0000OO0OO0OOOOOOOOOOOODOOO0
good

S:+p—---000000000RAS)DDODODOO
00000000000 (Sea, (+p,b), (c,d))0000
0ooooooooo



e RD(S)DDUOOODOxpOODODOOOOODOOO
g

OO00oo0oO0oooooooOoobooebOboOoOon
(xp,q)000000000DO0O0O0OODOOqDOOO
gbooobooobooobooboobooboon
0000M4000000000000000000
good

e RD(S)0000D000bLO00000 (+p,b)000
000 (¢,d)00000000000000000RA
00000¢00000RDOOOOOOOOOOO
0DOoooooo

(S,*p,¢,0)0 RD(S)D OO OO
e (S,b,(*p,b),(c,d))0 RD(S)0DOOODO

00000 SuDEF,PoDEFO00SOOOO0O0O0O00 RD
0000000000000000000000000
00 MayALIAS,MustALIASO O ¢ 000 O

24.3 0O0OOOOOOOOOODOOOOO
Sp—q00O0O0O0

e RA(S)DO pOOO0OO0OO (xp000)ODODOOODOO
gooobooan

o RA(S)D (S, (+p,+q),¢)0000000000000
RA(S)DDDO +q0 00000 ( (Soa, (*q,1), (%, 7))
000)0000000RA(S)D (S, (+p, 1), (x,7))
oooooo

O0000 SuDEF,PoDEFO0OSODODOOOOODOO
RDOODOOOO0ODOOOOOODOOO0ODOOO0OO0DO
000 MayALTAS Must ALIASO O SO 0000000
ORAODODOOOOOOODOODOOOODODOO

244 000

S:51; 8. 00000

do0ooo00oooooooooo RDORAOOO
00000000000 o000ooooooooon
doodooooooooooooooooon

SuDEF(S)

= SuDEF(S;)USuDEF(S,)
PoDEF(S)

= PoDEF(S,)UPoDEF(S,)
MayALIAS(S)

= MayALIAS(S,)U MayALIAS(S,)

MustALIAS(S)
= MustALIAS(S))U MustALIAS(S,)

24.5 000

S:if expr then Sy else S, 0O DO OO

SuDEF(S)
= SuDEF (expr)
U(SuDEF(S1) N SuDEF(Ss))
PoDEF(S)
= PoDEF(expr)
UPoDEF(S;) U PoDEF(S,)
MayALIAS(S)
= MayALIAS(expr)
UMayALIAS(S;) U MayALIAS(Ss)
MustALTAS(S)
= MustALIAS(expr)
U(MustALTAS(Sy) N MustALIAS(S))

24.6 00000

Swhile exprdo SO0 0O0O0O0O

SuDEF(S)

= SuDEF (expr)
PoDEF(S)

—  PoDEF(expr)U PoDEF(S))
MayALIAS(S)

—  MayALIAS(expr) U MayALIAS(S)
MustALTAS(S)

= MustALIAS(expr)

247 DOOOODOO

S : Plexpy,exps,--) 0000

1. 000pPOOODOOOODOOOOOODODOO
gooooooboobooobopPObbOOOO
gbooobooobooobooboobooboon
00000000 preALTAS(P)DOOODOOODO
goooboobboobooboos.oogon

2. 000000000DO0ODOOPOOOOODDOOO
gbooobooobooobooboobooboon
gboboboboboboobobobooogod



3.000000000000000000000 PO
00000000000000000000000
00000000000000000000000
0000 POOOOOOOODOOOOOOOO5.0
00000000 POODOOOOOOODOOOOO
00000000PO0D0DO0OOOOOOOO(25
000)0

4. (a) 00000000000 OO0SORD(S)ORA(S)
00000000 0preALIAS(P)0 RA(S)O
000D0000000D00000

(b) RDOOORAODOUDDOOOODOOOODO
RD(Pentry) =
RA(Pentry) =

RD(G;,) U RD(Para;,)
<Pentry E(*Va Ventity)’ ¢>

U{<Pentry E(Pvi ) PV2)a ¢>|
(pvy,pvy € preALIAS(P)}

000 OP,w0 00 000 OO
D000 (+v,ventity) 1000000000
vO00DODO0OD000000000000000
D000 vengigy 10000000000

(¢ 0DO PODDOOOO

(d) 0 O O 0O SuDEFOPoDEFO MayALIASO
MustALTAS O O O SDglob(P)O PDglob(P)O
SDpara(P)0 PDpara(P)0 MayALIAS(P)O
MustALIAS(P) O O O 0
O00SDglob(P)OPDyglob(PYOODOD OO PO
O0oo0O0o0O SuDEFOPoDEFOOOOOOO
oo oooooood
00000SDpara(P)0PDpara(P)0 SuDE-
F, poDEFOOOOOOOOOOOODOOO
(vent”y)DDDDDDDDDDDDDDDDD
0 O MayALIAS(P)O MustALIAS(P)0 OO
0000000000 MayALTASO MustAL-
IASOOO0O0O0o00o0ooooooooooa
goooboooooooood

() D0DODODODO SORD(S)D RA(S)O pop0 00

5. (a) D00O0OD0OOO0ODOOOOOO

SuDEF(S) = SDglob(P)U SDpara(P)

PoDEF(S) = PDglob(P)U PDpara(P)
MayALIAS(S) = MayALIAS(P)
MustALIAS(S) = MustALIAS(P)

gbooboooobooooobobobaoba
O000000000RA(S)DODOOODOD
gbooboobooboobooboobo

(b) RDOOUSDglob(P)OSDpare(PYODODOOO
gobobooboobobouoooooooono
PDglob(P)O PDpare(P)DOOODOOOO
gooooooooboobboooooobod
000000000000 0000e¢0dpre-
ALIASODODO0OO0OO0OOOODOOoOooooOooa
goooboboooooooooooooo
gooodooboooooobooooboooo
goodoooooooboooooobouobog
dooooooooooooRrRbOOOoOoOO
dooooRrRbOOOOOOooOoOooOoOOsSoO
oopDGOOOOOOOOOOgoutOOOO
pare—out 00000 (3000) 000000
000oooooooooo RDOOOOOOOO
goooobboobooooooooooooo

(¢) RA(S)D D0 OMustALIAS(P)D 00000
000000000000000000000
000 MayALIAS(P)ODDODOO0OO0O0O0O0O
ORADDDOODSOOO0OOODOOOOO
OD00OO0O0RADDOOOOODOOOODOO
0000000000000000

25 OUgooooogd

gboboooboooobbooooboobooobobon
gboooobooboobobobobooboobboon
gbooobooobooooa

gooobooobooobooooobobooboon
O00000[6)00000 2100000000000
gbooooboobooboboboboobboooboon
googn

3 PDGUOO

2000000000000D00O0DOO0DOOO
gooooOooOooooobobooooooooogooboo
000000000000 0000 Program Dependence
Graph,000 PDGOOOOOCOOO

pbGOO0OOOODOOO0OOOOOO0OOO0O0O00OO
cooo0oooodoooooooooooooboooDo
cooooOooooOoooooooooooooooDo
oo0oo00ooooooooooooooooooooo
000000000000 00000oooooon
ooooo0 oO1000pooooog

pbGOO0OOOOOOOO0OOOOO0O0OO0O0O00OO
gooooOoodooooooooooooooo-oo
co0oo0oOoooooooooooooooooooDo
cooooOooooOoooooooooooooooo



U 1agooood

exit 00 gboooboooboooboobobobobbobbobobobboboobobbon

g—n OO goobooobooboboboboboooobooboboobooboboobobobobon
gbooobooobooobooboooboobg

g—out OO goooooboboboboboobooboboboboboobobobobbbobobobn
gboooboooboooboboobooboobooobon

para—in 00O gbooboooboboboboboboboooooooooboboboboboboon
gbooobooan

para—out OO | 000000000000 DOO0DOODOOO00OO00O00O00O0O0O0OOODOOOOOODODO
gboooboooobooad

gooooooooooboooooRrRDOOO RAOO
gboooobooooo
gbobooboobooboooboobboobboobo
gbooboboooobobobobooooooobon
gboooboooboobooooboobooboon

4 0OJ0OO0O0OO

000000 B|00o00000o00o0ooooooo
gboooobooboobobooboboobboooboon
gbooooboooboooobooboobbooon
good

gooooooopbcOOO0OO0OOOOOOODOOO
000000 [eUoo00000onooooooooon
gbooobobooboobooboobooboooboon
gbooobooan

pDGOO0OOOODODOOOOODOODOOOOODO
gbooooboobooboboobobbobooooobo
gboooobooboooboooobobooboon
OO0O0O0¢DO0D0DODOOOODODOODODDOOODODOO ¢
gbooooboobooboooobooboooboon
gboooboooboooboooobooba

gboooboooooobooboobobooboon
gboobooooobobobobooboooooobon
gboooboooboooboooobooboon

goooooopbGOOO0O0O0OOOOOODOOO
gbooobooobooan

5 GUgn

000000000000000010000000
00000000000

00000000 020000000

D00 Dcentity dentity 100000000 procO

S1: int b;

$2: void proc(int *c,*d)
$3: {

sS4 int *t = c;

§5:  if(*d == 1){

S6: c =d;

ST7: d=t;

S8: *c = b;

S9: }else{
S10: *d = 3;

s11: }
s12: }

$13: void main()

s14: {
S15: int a = 2;
S16: b =1;

S17:  proc(&a,&b);

S18:  proc(&a,&b);

$19:  printf("%d %d",a,b);
$20: }

Ug1.000b0o00ob00ad

gboooddec, a0 00000000O00DOOODOO
gboooboooobooboooobooboooboon
0000 2081700000000 proc0OOOODO
gb210000000000000000000DOO0OO0

SDglob(proc) = {(b,(d entity b))}
PDglob(proc) = {(b,(d entity b))}
ImUSE(proc) = {(b,¢), (b, (dentity b))}
SDpara(proc) = {(dentity> )}
PDpara(proc) = {(d entltya¢>}

MustALIAS(proc) = ¢

MayALIAS(proc) = ¢

preALIAS(proc) = {(b,dentity)}

SROO0D00OO0precOOODOOOOOOOODOOOODO
U000000000000000 procl preALIASO
O000000O00prec0OODODOOOUOO RD(S18)



000 RA(SI)D0D0ODOO0OD
oboboooooooooboooopbGcO 20000
gboobooboooobobobobooooooobon
gbooobobooboobooooboobboooboon
gboooboooboooboooan

4 N

b
printf(“%d %d",a,b)

0 2: PDG

oooooooopbcOOO0OD0OOOOOOOOOO0O
10000s1v900b0oobo0bob0bbU00000
(00)OODODDOOOOUOOO 03000000 a000
gboobobbob0dprecOOO0OODOODOOOODOONO
gbooobooobooboooon

S1: int b;

$13: void main()
s14: {
S15: int a = 2;

$19:  printf("%d %d",a,b);
$20: }

g3 0000

6 OO0

goooobobbbotoooooooooboboboboga
goooobbobooooobbbtoooooooboo
[3] 0 O O Conditional May Alias information 00 O O
gocioooooobooboboooobbooooooo
godoooobbobbobbotboooooooooo
gooobbobbbbbodoooooooobooooboo

00000000000000000
[4000@E0000000000000000CO0
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00[4000000000000000RDOOOO0O
0000000000000000000000000
0000000000000000000000RDO
0000000000000000000000000
000000000000
[2]000[30000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000POO000000000000)0
00000000000000POOOOOOOOOO
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000

T Ooo

gboooooooooobooboboboboboobn
gbooobobooboobobobooboobooobaon
00000 RDORAODOODOOODOOODOODOO
gbooobooobooobooboobooboon

gbooobooobooobooboboobooboon
gbooooboobooboobobooboobboon
gboooboooobooad

ooon

[1] Alfred V. Aho, Ravi Sethi, and Jefferey D. Ullman.
Compilers: Principles, Techniques, and Tools. Addi-
son Wesley, 1986.

[2] Jong-Deok Choi, Michael Burke, and Paul Carini.
Efficient flow—sensitive interprocedural computation
of pointer—induced aliases and side effects. In Con-
ference Record of 20th ACM Symposium on Prin-



g 20000

AEERED | RA
S15 (S15,a, ¢, ¢) o)
S16 (S15,a,¢,¢), (S16,b, ¢, ¢) o
Pentry (Centity — 1n, Centity,¢,¢>, (Pentry, (*c, Centlty) ®), (Pentry, (*d, dentity)a¢’>a
(dentity — in, dentity: 9, 9), (Pentry, (b, dentlty) (d entity> b)),
(b—g—inb, ¢ 9¢) (Pentry, (b, *d), (dentltya b))
S4 RD(Pemry) RA(Peniry), (54, (xt,%c), ¢},
(54, (t, Centity)a 9)
S5 RD(54) RA(S4)
56 RD(S5) (Pentry, (b, dentlty) (d entity> b)),
(Pentry, (+d, dentlty) %),
(Pentry, (xd, b), (d entity b)),
(54, (xt, Centlty) ¢), (56, (xc,+d), ¢),
(56, (xc, dentlty) ¢), (56, (*c,b), (dentitya b))
ST RD(S6) (Pentry, (b, dentlty) (d entity> b)),
(54, (xt, Centlty)a ), (56, (xc, dentity)a ),
(56, (xc,b), (dentity ) (57, (xd, *t), 9),
(57, (d, Centlty) ),
S8 (58, ¢, ¢, ¢), <58adentitya (*C’dentity)a@a RA(ST7)
(58,b, (xc,b), (dentitya b)), RD(Peniry)
510 (510, +d, ¢, ¢), (S10, dentity> (*d, dentity)a ¢), | RA (54)
(510,71, (dentitya b), (dentitya b)),
(510, b, (+d, b), (dentitya b)) RD(Peniry)
Peyit RD(S58)U RD(510) RA(S4)U RA(S8)
S17 (516,a,¢,¢), (S17,b, ¢, ¢), ¢
(b — g —out,b, ¢, ¢), {dentity — out, b, ¢, ¢)
S18,519 || (S16,a,¢,¢), (S18,b, ¢, ¢), 0]
(b — g —out,b, ¢, ¢), {dentity — out, b, ¢, ¢)

ciples of Programming Languages, pages 232-245,
Charleston, South Carolina, January 1993.

William Landi and Barbara G. Ryder. A safe
approximate algorithm for interprocedural pointer
aliasing. In Proceedings of the ACM SIGPLAN ’92
Conference on Programming Languages Design and
Implementation, pages 235-248, San Francisco, Cal-

ifornia, June 1992.

Hemant D. Pande,
bara G. Ryder.
tions for C Systems with Single Level Pointers. I[EEFE
Transanctions on Software Engineering, 20(5):385-
402, May 1994.

William A. Landi,

Interprocedural Def—Use Associa-

and Bar-

[5]

Mark Weiser. Program slicing. In Proceedings of
the Fifth International Conference on Software En-
gineering, pages 439-449, San Diego, CA | September

1981.

00 00,0 0,00 00,and00 00.000
000000000000000.00000000
000, J78-D-1(1):11-22, 1995-1.



