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Pointer Analysis for C Programs Using a Deductive System

EnicHIRO CHISHIRO!

We present a new formalization and implementation of flow/context-insensitive, inclusion-
based, field-sensitive pointer analysis for C programs. Although inclusion-based, field-sensitive
pointer analysis has high analysis precision which enables many compiler optimizations,
whether its practically-efficient implementation is possible or not is still an open question.
There exist many optimizations of pointer analysis for C, but most of them are designed for
field-independent analysis on a simple language, namely, without struct member expression.
It is not trivial to apply these optimizations to field-sensitive analysis on a complex language
like full C. Typical implementations become complicated to get high efficiency and this makes
it difficult to confirm their correctness. In this paper, we show a formalization of analysis
using a deductive system based on a structure of expressions, and its implementation which
is simple and highly efficient, both are desirable property for a practical analyzer. The point
of our implementation method is the step of rewriting analysis rules to relational algebraic
operations, which enables us to use basic optimizations in a relational database.
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( select  ExpID, ALocID
from AExp, ALoc
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AExp.Base = ALoc.Base and ExpKind = "top” and ALoc.Offset = 0 );
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Fig.8 SQL for rule (top).

4.2.1 OOOO0OCOO

000 330000000000000 tableD O
000000L, 000000000 schemaOOO
0000 domain0O0OO0O 70000

00 schema AFPxp 000000000 OOOO
AFEzxp 000000000000 0OO0OO EzplID O
J00d00dooooooooooooooooooo
00 FxpKind 000000000 OOtep0 OO
O0000Oindirect UO00OO00O0O0OfieldO OO0
goboooooooobooooo

00000oouooooono Lo 00 AExp OO
O000O0OOo0O0OOoODDOOoOOO tableooonDO
000000 schema AExzp O 3.300000000
0000d0Perent0000D00OO0OCOOCODOOO
Parent 00000000000 0ODOODOODODOO
0000000obO0o0omobOoobg ExplID OO
0000 Base UDOODOO teopOO0OOOOODO
O0@O000ooooooooooooog Offset
O00000 fieldaODOOOOOODODOO offset O
ooood

00 schema Assign 0000000000 O00OO
AssignID 000000000 O0OOOOOCOOOO
AssignKind 00000000000 0O0O0O simple
Oe1=e 000000000Oaddress O e; = &es
0000ooooo0oooooooooooooDooo
LEDOOO REOODOOODOODOODOODO

000 Exp/DDOOOO

O0O0O0O0OO schema ALocO AEnvO AStore 00O
oobooooooo

4.2.2 OO0O0O0O0OO

000000 0d0O deductive system O bottom up
gooobooboooboobooboooobooboog
0000 fact 00000000000 ODOOO fact
OsystemOO0000000O00OOOOOOOOO
00000000000 O00O0o0DOoODD table
gooobooooooobooboobooobooboo
gbobooo

oooboo0O0o 6 D0OOO0O0OODOtepOOOQonQ
0008000 SQLOOOODODOOODORPOO 80O
SQL 000 table AEzp O table ALoc 00 0O Base
OO0000O000 table 000 EzpKind = top O
O ALoc.Offset = 0000 record D000 DOODO
ExpID 000 LocID ODOOODOOOOOOO table
AEnv 0000000 60000tepO0O0OOOCODO
gobooboobooboedbOoboboOoOoDbDOO
00000o0ooooooooooo Alood™

5. 0 O

goboobooooooooooooooooooon

% SQLOD0O00DDDO0NNDDON0ONDDDONO MySQL
4129 0ODDOO0DODO0ODO0OO0O0OC ignore 0000
0 record 00000000 keyword 0000



10 goooooooooooooooo Feb. 2006

01 0000oOoooogoooogo
Table 1 Benchmark characteristics.

name lines Funcs AExp  Assign  CallSite ALoc
dhry2 755 170 769 331 75 844
a2time 11996 327 3507 1587 518 2732
130.1i 7597 515 7328 4792 1245 6153
124.m88ksim 19916 416 9011 4421 1514 7089
126.gcc 205601 2165 95540 60145 19873 68743

02 0000
Table 2 Analysis result.
name AEnv  AStore iterations time-base(s) time-tuned(s) memory(MB)
dhry?2 709 265 9 0.06 0.05 0.2
a2time 2811 3053 9 0.59 0.31 0.8
130.1i 8587 18926 19 5.47 2.19 2.3
124.m88ksim 9992 14501 11 4.08 1.41 2.4
126.gcc 93777 89869 15 379.85 23.33 25.9
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Table 3 Efficiency comparison with graph-based
implementation.

name graph-based(s)  table-based(s)
dhry?2 0.02 0.05
a2time 0.22 0.31
130.1i 1.10 2.19
124.m88ksim 0.61 1.41
126.gcc 611.10 23.33
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struct S { int *f1, *£f2; } s, *p;

int x, y, *q, *r;

p = &s;
q = &p—>f2;
*q = &x;

s.fl1 = s.£2;
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0 4 Table AExp
Table 4 Table AExp.

ExpID ExpKind Base Parent Offset | O
1 top P - - P
2 indirect - 1 - *p
3 field - 2 4 (*p).4
4 top q - - q
5 indirect - 4 - *q
6 top s - - s
7 field - 6 0 s.0
8 field - 6 4 s.4
9 top X - - X
10 top r - r
11 top y - y
O 5 Table Assign
Table 5 Table Assign.
AssignID  AssignKind LE RE O
1 address 1 6 p = &s
2 address 4 3 q = &(*p).4
3 address 5 *q = &x
4 simple 7 8 s.0 =s4
5 address 10 11 r= &y
r = &y;

oopoboo Lo, 0oboooooooa
P= { p=&s, ¢=&((xp)4), xq¢= &,
s.0=s4,r=&y }
ooooo
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RuleInd = insert ignore into AEnv
( select AFExp.ExplID, AStore.Content
from AFExp, AEnv, AStore
where  ExpKind = ”indirect” and Parent = AEnv.ExpID and AEnv.LocID = AStore.LocID );
RuleField = insert ignore into AEnv
( select  t.e, LocID
from ALoc,
( select AExp.ExplD as e, ALoc.Base as b, ALoc.Offset + AExp.Offset as o
from AExp, AEnv, ALoc
where ExpKind = "field” and Parent = AEnv.ExpID
and AEnv.LocID = ALoc.LocID ) as t
where t.b = Base and t.o = Offset );
RuleAssignAddress = insert ignore into AStore
( select  t1.LocID, t2.LocID
from Assign, AEnv as t1, AEnv as t2
where  AssignKind = "address” and LE = t1.ExpID and RE = t2.ExpID );
RuleAssignSimple = insert ignore into AStore
( select  tl.LocID, AStore.Content
from Assign, AEnv as t1, AEnv as t2, AStore
where  AssignKind = ”simple” and LE = t1.ExpID and RE = t2.ExpID
and t2.LocID = AStore.LocID );

012 000000 SQL
Fig.12 SQL for rules.

0 6 Table ALoc 0 9 Table AStore00000D0
Table 6 Table ALoc. Table 9 Table AStore (final).
LocID  Base  Offset O LocID  Content 0
1 p 0 (p,0) 1 3 (p,0) = (s,0)
2 q 0 (a,0) ‘
2 4 0 4
X ) 0 (5.0) (4,0) - (5,4)
4 s 4 (s,4) 3 5 (5,0) — (x,0)
5 x 0 (x,0) 4 5 (s,4) = (x,0)
6 r 0 (r,0) 6 7 (r,0) — (v,0)
7 y 0 (,0) =

0 10 Table AEnvO0 OO OO0

0 7 Table AEnv0O (top) 0000
Table 10 Table AEnv (final).

Table 7 Table AEnv ((top) applied).

ExplD LocID | O ExpID  LocID | O 5
1 1 p _L_> (p,0) 1 1 p AL_’ (p,0)
4 9 a4 (2,0) 2 3 » — (s,0)
6 3 s — (s,0) 3 4 (*p).4 7 (5,4)
9 5 X — (x,0) 4 2 a4 (a,0)
10 6 r— (1,0) > 4 *a o (5:4)
11 7 v — (3,0) 6 3 s 0 (s,0)
L 7 3 5.0 — (s,0)
0 8 Table AStorel (assign address) 0000 8 4 s.4 i (s,4)
Table 8 Table AStore ((assign address) applied). 9 5 x - (x,0)
LocID  Content | O 10 6 r— (r,0)
1 3 (p,0) = (s,0) 11 7 y — (0
6 7 (10) = (v.0)




Vol. 47 No. SIG 2(PRO 28) Deductive System D00 COOO0O0D00O0OO0O0OOO

p=&s p;f(nﬂ)(um) s — (s,0)

#.0) — (5,0)

(top)

(assign address)

(1)
(p,0) — (5,0)

»— (5,0)

(xp).4 7 (s,4)

(top)

pj@@

(ind)
(field)

(assign address)

e O
qj@m@m (0,0) — (s,4)
*q = &LE *q ? (574) (Z’I’Ld) m (tOp)
(s,4) — (z,0) (assign address)
e s
5.0 =1s.4 m (field) m (field) m | |
(s,0) = (z,0) (assign simple)
(top) (top)

r=&y r?(r,O)

(r,0) — (4,0)

ijm

(assign address)

013 0000000 A210000

Fig. 13 Derivation tree of example program A.2.1.

oooooooooo

199 000000000000
gooooooooooobooobooo
gobooooboooooooooon
gooooooocoooooooon
goood

17



