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An Aggressively Field-Sensitive Unification-Based Pointer Analysis

YU Hong-Tao ZHANG Zhao-Qing
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Abstract  Pointer analysis is the basis of most other static program analyses for C programming
language. The precision of pointer analysis is crucial to optimizing compilers and software pro-
ductivity tools. Field-sensitivity is used to describe whether a pointer analysis needs to distinguish
different field members. Field-insensitive pointer analysis considers all fields of one structural ob-
ject as the same object. On the contrary, field-sensitive pointer analysis considers different fields
as different objects. This paper proposes an aggressively field-sensitive unification-based pointer
analysis. Different from existed methods, the method takes target machine architecture into con-
sider in the phase of high-level analysis in order to precisely distinguish fields of structure objects.
In the method, a field of a structural object is aggressively represented by a pair of offset from its
base structure and size of its own data type. The original inference system is improved to avoid
the loss of precision due to joining type variables. All structural memory operations are flattened
to a series of scalar memory operations based on the target machine information to guarantee the
correctness of type inference system. Lots of experiments indicate that the new method is more
precise than the existed method while maintaining almost the same efficiency. Furthermore, the
method is portable since the aggressive field representation have been implemented on the inter-

mediate representation of the authors’ compiler.
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struct {int d, “e; float f, “g} s3, *s4;

s2=&s1;
4\‘4:&.\‘3;
f2=8&sd—>g;
f2=& f1;
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AFMEM,: t
A Fwelltyped (MEM, = & MEM,)

A H—MEM, . struct(m)
First(m) =simple((zX _) Xsize) /object((tX_)
AFH—MEM, : t
A Fwelltyped (MEM, = &MEM,)
X P 2% TR 2 [ 2 A MR OG 2R L SRR 4 T BRI 2.
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A MEM: t
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FUNER e 2 Wil 2 J5 B MEM (145 19 &%
A A ).
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A MEM ;simple((_XA) X size) /object((_XA))

Al fun;: A
A Fwelltyped (MEM= fun(f,* f,)—>r)

A H—MEM, .
First(m) =simple((_XA)) X size/object((_XA))

A }—fun; /1
A Fwelltyped (MEM= fun( fy+ f,)—>r)
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P4 WAH G ) Z IG5 MEM 1448 17 F R X func Jjl)
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TR 26 12 0 K B 19 45 1] FHBR VL fune 3 45
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struct(m)

A-MEM; ¢
A—MEM,, <,
A f: lam(z eo7,) (7,4,)
Vi€ [1.n+1]7,<x,

/
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A welltyped (MEM = f(MEM, --MEM,))
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(R TR IS AR 0K A 28 ey AT S AR S, gy
B A% DR UIE R 24 o ST s DL S A Al 58 8 % 1R 78 20 7
KA QWAL
Steensgaard XUt (14 15 £ 43 #r o2& — B 2k T 45
i) Cequivalance-based) 73 #f7 » 28 B #fE 5 B B iz 47 12
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IE XTI AN KR T BREL cjoin 58 8 A~ 2 7Y
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cjoin Ml cjoin_ref A LAFRIE B 23 Fp ¢ & E A <UL
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5.1 S
ES M 1.
MEM, =MEM,
let 1, = GetECR(MEM, )
t; =GetECR(MEM;) in
if 1,41,
cjoin_ref (z;, ty)
BRI Get ECR AR A — S A7-Aiff X 52 5 ek BonS 42 1 28 7Y
A RS FROR.
ESHM 2.
MEM, = &MEM,
let 1, =GetECR(MEM,)
t, = GetECR(MEM,) in
if type(s;) =simple((7; XA,) X size) or
object(z; XA;)

join(ﬁ s 1y )

else if type(#; ) =struct(m)
let z; =First(type(m)) in
if type(z;) =simple( (73 XA3) X size)
join(ty s ;)
else
promote_to_object(z;)
let object(z; X A;) =type(t;) in
join (3, t5)
First ARG WG m 59 55 — A BUR 51, 40 2R i
J IR S struct ZERYL TR 206 HA2 T1 object 287,
ESHM 3.
MEM=allocate(c)
let #, = GetECR(MEM) in
if type(z;,)=_1
settype(e; » blank)
MEM J2&— > F7fit X5 R T A 2 R 2R
HES B 4.
MEM=op(MEM, ---MEM,)
let t, = GetECR(MEM) in
for i=1 to n do
let t, = GetECR(MEM,;) in
if 1,71,
cjoin_ref (41 2)
ik AU A A BOE B A A MEM 25 70 [ 19
f6 1w
HES A S,
MEM= fun(f,++ f,)—>r
let 1y = GetECR(MEM, )
t, =GetECR(MEM,) in
if type(s;) =simple((7; XA;) X size) or
object(z; XA;)
then cjoin(A,, #;)
else if type(,)=struct(m)
then
let z; =First(type(m)) in
if type(z3) =simple((7; XA;) X size)
join(4; 5 £5)
else
promote_to_object(¢; )
let object(zy X A;) =type(t;) in
join (Ass 1)
SR 4 S54SR 2 28l pR BHE IR AH 2
TR R B L L SR 5 W25 oR B BT A8
WS 6.
MEM= f(fi+f.)
let t=GetECR(MEM)
lam(e, *=+e,) (e, ) =type(GetECR(f)) in
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for i€[1++n] do
cjoin_ref(er s 1)
cjoin_ref (¢, ,e,.,)
BRI RSO AR 24 T — S8 4 B T ) i S I T R A
S MRAR 25 R L 19 T 2 3 SR 05 4 o 50 1 {8 TR A 45
MEM.
5.2 join EFE]
B I BRE join 1M HIIF & 4 By G IR R AR
W RR WA KRB AL S B IR —
AR5 FHE AT unify sRBGHR G 15 128 8.
5.2.1 ZERIK &R
AT de s L— L ABK R (type hierarchy) R
WAV EA I I AR JE R A, &l 5(a).

object
| object
struct /\
simple simple  struct
|
blank blank

Ca) Wk 1 K 201k & (b) SCHRL 7] (I K7 pk R
B 5 KMKR

P 5(b) & SCHRL7 Jrb M€ 19 B ALK & Steens-
gaard HLE IS5 M B 28 BUAZ PG 0F 2 a2 B
TERBIRR FBSE TEE TR KAL K
AU simple Fl struct {28 84S 5 4% & IF S Wl —
TN object [ 2R RUAR & ]

int i1,%2;

struct {int a, b, “c; } sl;

i2=&il;

i2=Cint") &sl;
HEAE BRI 2, FATTEEORUE 22 (98 ) A1 a1 DA 51
B4 X REL S i M ST Y 28 A B A T
object (AL &, HE M T B s1 14 Fr A7 UL 51 4R 2L
WA It

R Y 28 AR ZR AT DL SR X — L RO AT R
B a1 A9 2R R B S T O AHE AT — A ine TSR 5 A
struct 28 8Y, i 5t Y A7 A5 SR 5 H AR AL g A 8L b Y
BAEAT R A K. RIE B IS struct ZEBL ) R A AR
iy?ﬁ%i{\% struct %LFE
5.2.2  TEPEBU G S A

B Get_ECR HI R A5 2| — 77 il X 52 85 o £k
XF G RUAR B XTI 5L . Get _ECR i FiI 1 1%
% B3 W 55 A= i (Lazy Field Map Generation) 4 A
R ARAT I 51 2 B AR B A P S D3 B IR AR A
C5 @ N ERIDG B W AR DR LSS LN el e W D) 1PN

S5 R R S0 B e S v SR P P BB O3 R B A A
R BEE REAR 23 A7 I 1) I 25 TR 4. & e dn S — A 4
A A A i ) 5 S Bl 5% AR A A R R R L 3R
AT AN 5 2 Sy 3 3l o, D A 7 B S DA % 43 P S A 26
P YUY A G5 A8 1A 0 G 4 I I Cunion bR
O B LW R U AR B S 55 IF,
A4 IS E] TF 5. T2 22 05 A0 2R H 300 3 A 38R B el
F s BTG I 1 25 A0 (A0 e vb e S S T LA RE
G AE TR T 4> 45 g A X G v 43 31 ke ST S5
5.2.3 BUAMZMFR
UNER 4 755 R S 7E SCRRL7 v B2 X 42 ol %)
AT X IF BR 5 BT object 2884, FRATTX £k
TG R W3R J7 vk S 2 0 FL R AR, 4 4n
int p, q, 7y is 3
struct {int a, ‘b, “c;} arr[10];
arr[i]b=&p;
arrli].c=&q;
arr[j].CZ&r;
FESCERL7 ]9 arr[1].byarr[1].c Mlarr[2].c 3%
IR A [ — AR Ko B3 5 AR BAE 9 arr. FATTHY
R W AT DL IX 23 25 4 AR 0 2H o0 R 9 A () 38U O L 3]
K oarr.bsarr.c. X B EEE R TE B AT L O AS B0
3T BYAS R R B PR LR E L X A B4 T &R B A
BOEAS BB T RAT B X SR R A
12 R Get _ECR R 58 L.
5.2.4 WA
FEA I WA struct 28 B XF L0, union #& ¥
B I BATT AT BE H A Y U 5L, A5 B T R 80 A
WS 3 BLFRATTR T H AR B AR rh ) B8k A R 5
SAT LAAS BRS04 77 it A =y o S AT RE 8D AN A
LG I SR A 2 A 1 (h) i . SCHR L7 ]
HH R 7 V5 58 4 ) A 1 28040 218 TR A6 P f ) W Je g
BRI B 1 0. X R AR — A 558 R X R DA B T
B i DLFI BT ASKE . 55— A58 5 W6 20— R O
A struct ZERIXS G N7 R 5E 4 1 S 5L A X 2
PRl Ay 5 19 O i 2 DB — A BRSO3 T i I 4 0B
I8 B P B0 2 B AN [R) B ORI 2 B AL
AR ZWOA N R EE S /. B 1 sl F
s3.f WEUHE 2R ABUA A 2Ok 53,2 HIWT N 5 s1.e FI
s3.f A AR 1M $3 A J5LE U AL IF 4B
I1HRS s1.c Rl s3. f B4, PR SCHR L7 )00 32 4 4
PSS B3 WSS AR B AR
5.3 cjoin_ref BB

cjoin_ref pR KU S FRAIE B 20 7 56 R <Az . B
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ZRAEA TS SR AR B (1948 ). cjoin_rel B SEHE—
FEZELLEL 5 Ca) 9 28 B4R R A K6 cjoin_rel P A
simple 28 M A¢ 5 W55 215 IF & i1 /9 48 10 BRI AT
cjoin_ref i/~ object I AR [ AE L H T2 A I E
AITEFE ). 0 25 R A SRS B & struct 28 AL 1 I fi
WOLE b LA SR EWNZEA A2 R R 2
FHE S AL 2 43 A7 B9 BB A o Hy v ] R s b 9 L
AR IR TE N 8 SR 28 B 22 ) R A T L3 A
BEAE AR G2 1) B AR R A 1 Sy Xof A oy Sl % ) 45
fE. B — A48 5F B A struct 258 HURE SR [ T W f
155 L -

(1) K 25 1A 11 1 bk A Ry L 58— A Sl 3 11
Hudik L AR 5 o H g 5 | A

(2) 7£ join & I Bf f 45 it simple 4& 71 k. £
T B T3 2RI W S A Sy 4 A e — A R 5

Teie BRI B0, B struct 2K T (4 45 ) 52 BR bk
S BCHC B — S SO D3 B 4 1. B 2R B — A B 5 IR
J& struct 8 RY, GOK AR TR object 28 AL,

TESCHRL7 Jrp  ARIEZY R a<tb BST 1) — A b 2
FA AR SO REBARR B0 EAEFT
BAE T o IR o B92RAYE simple, b By A2
struct, B4 & W R TUFRZEPLIE T+ object, X 25 F
BUFR b By BUR 5 G T BRI Z A IR o 1Y
KRR struct, b (YFERYE object IB¥ S E o W

— AR 155 b R H 1 A
6 LWHR

FATHE S s Open64 v S2L T P A AU Y
8550 HT 5 Bl Steensgaard Y 7 3k (FSH DL J A 3¢
M 735 (AFS). &7 3 Open64 H 5 A SO B
AR AT AT (FD L FRATTHEAT T 5 HeS2 56 52 56 1 )
mL 1 prs.

£ 1 P& & L

| GUUNEWAEECTID PRI R= W 35 2

| €40 PRFE W N5 @

i85 Y s AR e op U5 A A 5

O35 A7 85 Y. Vs Il 45 44 0K B 53 /9 U A7

Ll B 30 A7 50X - [1 42 17 ) 465 4 AR S5 53 1) U
AR

FIFAG () S2 56 FH ) #5k  SPEC2000 1 SPEC2006
DR 7 46 . SR U A7 B D36 7 7 0] 235 4 14 0 5
VA B AR, B A0 s.a s p—>a. T 51 L] 432 38 35 7%

B R v aa 2ok A5 S 5 B0 18] Y 25 48 4 R
TBRAER PT LA R 43 3B D 45 A #1354
5152 B . MR 48 SPEC2000 F1 SPEC2006 H ]
PLE S FE C B 5 il 4 0 ok 42 02 AR % 3 A9
XF A A L O3 B U A R AE AR DT AR R B T
Wb 1 2% e 23k 29. 2060 1 2 13, 7 %%,

®1 ZBRAG
3 A (R VifE SR MBS
164. gzip 3604 6472 265 244
175. vpr 8694 18641 1820 1649
176. gee 83475 231765 41166 39809
177. mesa 28863 91881 13471 12755
179. art 809 1900 124 124
181. mef 900 1996 567 562
183. equake 953 2925 120 20
188. ammp 9681 24422 4272 4272
197. parser 8915 15357 2407 2375
253. perlpmk 7409 104074 18673 17940
254. gap 36631 101273 11485 11480
255. vortex 28634 69600 9423 8062
256. bzip2 25519 4007 87 87
300. twolf 2427 38249 6457 6457
400. perlbench 14617 197962 37804 36912
401. bzip2 67022 12926 2683 2666
403. gee 8644 522023 90900 89154
429. mcf 193032 2029 594 588
433. milc 931 16118 1613 1432
445, gobmk 7575 102208 5511 5216
456. hmmer 333448 47184 5797 5370
458. sjeng 16506 15836 1473 1411
462. libquantum 7072 4509 748 543
464. h264ref 1776 88695 12878 11583
470. Ibm 28887 2518 30 26
482. sphinx3 456 23212 4068 4037

K2JERT 3 RHRE TR SLIR SR, K 2
I SO

CRAURY - SR BURIE T4 IR B4R £ 07

OB SRR T 5 0F B 8 1 234

O SRR T A SO e U T 5 R 1Y
SRR I

| CUIE=WAERI7) PRUIRE W5 A

OS50 A B 42 5 [ 25 ) 1A B 5% 1) )7 A7 45
YRR B9 3 24 26 A0 A — A B 24 2K b i D5 A7 4
PRI 50 48 149 - & ATTA7 O[] 9 A7 4 07

K KX 5 K00 51 44 2 H ) 4 38Ok 5% 7 77 45

Q) B RS I SL i Vi RAR eSS (B8

Kot E) Y. 45 20 A ad 72 i Al ik [

FICEEIHE 3 1 HI L 8 U5 A7 BB Ge i 1
VIAFARAE 70 o 00 40 28 B4 Sl 44 28 v I o g
A B 24 1. K AR B AT AR B R B AR AT Z
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Hl

¥ 1 2009 4f

e LA 36 4% 9 i) 42 35875 7 0 DA g A X G AS 3 %
7l] €= WUIEER 19 PryiS SRR = R 20 Wi AR R e Y (P ih
0 24 SR AR T 19 T L ORS00 % 48 A R i 1 i
TR S8 Y. 510 KD A B E B A 2 B A 2% 1 A7 ¢
BRI 45 L3R ).

7l @22 Pryitklll €539 BNl (EIE I RvRaE 9|
A B AR 3 1A I3l 24 2 v S0 5% D A7 R S
FATLABNLF- 35 T I/ R 7 1 45 5 20 M 9 4G 2. 51
K- 24 D08 B3 R A 0 A 45 1R R T A7 45 A 51 44

4 AT RE PR FAT TR 4 5] KF 2 T i) B () A 17—
AN ARy B DA U B F- 25 1571
BAE RS % 1. 0. 6. 1] LLE H B 4 7
F K JBE G 3 5 T AN SRR Y 2 A L BRI RE B8 IX 0 FY
I 15 B 4 VA B AR B R 2 T SO U Y 0
PO SRR 20 M 7E R 2 L AR L TSR i o i A
AN TR 2 A B e G v R e O 81 A R R R
- S R BE— 1 LA E

®2 3IMETAINEHINILE

0 B A U I VI R

FHC Wk TR wE E% kK TH MW KK Wk T W
164. gzip 4 222 61. 00 0.03 37 72 6. 59 0. 04 43 72 5.67 0. 04
175. vpr 23 1408 71.69 0.11 222 183 7.42 0.12 258 183 6. 39 0.12
176. gcc 89 38388 447.29 1.22 278 37516 143.19 1. 65 1502 31759 26.50 1. 64
177. mesa 18 12593 708. 61 0. 46 87 12219 146. 60 2.83 1162 471 10. 97 2.11
179. art 97 62.00 0.01 10 26 12. 40 0.01 10 26 12. 40 0.01
181. mef 7 527 80. 28 0.01 57 40 9. 85 0.02 76 33 7.39 0.02
183. equake 2 12 10. 00 0.01 3 12 6.67 0.02 8 5 2.50 0.02
188. ammp 2 4262 2136. 00 0.10 91 3330 46. 94 0.16 231 1048 18. 40 0.13
197. parser 18 2115 131. 94 0.08 69 2003 34. 42 0.10 225 1489 10. 55 0.10
253. perlpmk 14 17821 1281.42 0.47 172 17212 104. 30 0.57 971 13971 18. 47 0.59
254. gap 9 11459 1275.55 0. 50 560 9603 20. 50 0.56 1723 6451 6. 66 0. 56
255. vortex 90 7631 89.57 0.45 326 7506 24.73 0.56 432 4759 18. 65 0.53
256. bZipZ 2 69 43.50 0.02 2 69 43. 50 0.02 7 26 12. 42 0.02
300. twolf 1 6457 6457. 00 0.19 80 4495 80. 71 0. 20 162 4065 39. 85 0. 20
400, perlbench 25 35366 1476. 48 0.92 297 33947 124. 28 1.15 1697 25410 21.75 1.12
401. bzip2 2 2665 1333. 00 0. 06 8 2505 333. 25 0.09 18 1857 148. 11 0.09
403. gcc 308 86495 289. 46 2. 89 1267 82626 70. 36 4.41 4799 60981 18. 57 4.19
429, mcf 7 533 84. 00 0.01 59 41 9. 96 0.02 78 34 7.53 0.01
433, mile 32 1320 44.75 0.09 85 1096 16. 84 0.12 141 539 10. 15 0.12
445, gobmk 58 4014 89.93 0.78 208 1642 25.07 0.98 499 348 10. 45 1. 10
456. hmmer 103 4336 55.63 0. 26 659 791 8. 69 0. 34 812 454 7.05 0.31
458. sjeng 27 740 52.25 0.08 160 302 8. 81 0.10 197 301 .16 0.11
462. 1ibquamum 51 393 10. 64 0.03 107 139 5.07 0.03 113 139 4. 80 0.03
464, h264ref 6 11434 1930. 50 0. 45 306 9452 37. 85 0. 66 722 2816 16. 04 0.62
470. Ibm 1 26 26.00 0.01 5 10 5.2 0.01 5 10 5. 20 0.01
482, sphinx3 60 3856 67.28 0. 14 265 3005 15. 23 0.19 555 849 7.27 0.18

16 3
14 — — —
s i
i it

6 MR 2 FI0T 195 20609 00— 9 B 05 B L SR U 2 A P S I 2 5 E D

S W AR ATIE A 27 A4 C REFe L o
A 8 BT 23 A7 B T I 1) T 6 2N T SR 2
A PRI SRR 20 BT B I ] O B B AS A 2. AFS T

F'S A1 SEGHE 64 23 A 100 S 8] 5T i O A 1 i —
AEPE AFS fE 6 R o b il 5% 22 18] 19 45 O 4
YE D& I8 5 — AR AFS MR A T
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PP S O3 W S5 B AR AR 23 BT B4 I 23 T4

FATIE K IX 3 Tl 120 B 45 R0 ] 4 4t 5
0 2ok A 9 T 1 7 56 B 1 o R O P BT ) ek i
F8) I8 T 8 S A0 A 0 2% e CHR B 1Y I A 4 T X 42
AR T o PR 0k 2 o A 0 T T b A 1 8 P .
BRIEICHE BE I A A 6 T A ] 177, mesa 3 Fhdg £
MR A ZAR B . 177, mesa 1 IEAH 671 4b R
Boaa st A R FT 30 45 2 25 1) o 78 8 & 1 3
I 297253 %V T - 24 4 A oR BCER B R T8 1
443 2530 M FS o3 el R 2 1) i3 R 96 18 3%
295240 Z& 18 i, F 34 B 4 bR BCHE BRI m T
440 530 BORAR T FT L P 3 A £ . i A HT 34T
() AFS 43 Hr &6 e 25 o) i A8 98 18 B 3G 1537 2%
P T3 L P X A A oR B BT R R T 2. 29 &%
MRS R 2y 8 200 5 ORI B E.
177. mesa i 57 5 AE 3R AT A& B BE A2 )5 #0827 I 48
& St AR B

GLcontext *CC

Xof S AR AR TR AT U A AR 48 R 22 B8 R B B 2 CC
i 1] ) S5 RG PR X B i SO A 2 L i T FT A0 A2 3
ANHURRY A5 CC 45 0] 1 25 K9 1R X 510 i A 38k 51
BN G PR A A SR B R KA B AR 23 4 )
BT AT 3R B3 45 1) B BR K. FS 43 M B AR R R Y
fESEXF 177, mesa 3% A 5 RORIE A B 2. 9 —20
A IR R AR . CC 45 1] i X 52 02 38 3 94 1T ok 5k
gl_get_thread_context 3815 1. iZ R E M & LW

GLcontext *gl_get_thread_context(void)

{
pid_t id ;
int 73
id=getpid () ;
for (i=0;i<MAX_THREADS;i++) {
if (ThreadID|[i]==1id) {
return ThreadContext[i];
}
}
return NULL;
}
ATLUE i R BOR MR & — it R, BT FS
53 B R B2 20 1) — AN AN AT X A3 R T 4L 1y
frigk s B CC 48 m] (9 J& — 1> object X} 4. 2 it
FS 7B o i X 43 CC 45 il i 45 49 1A B 53 . AFS 43 #r
DUPAT DA 1) 5K — A

7 MEXIE

R T 4 7 5 X Cunification-based) #4158 4 4>

Mt s Bk Steensgaad KUK (148 £ 43 A7 hz Ak
]z, Steensgaard XA (1945 £ 43 A7 A — Pl A B
B TE BT 73 M D0 R BAT I S M A I 8] A2 24
Das %t SCHRL3 JHEAT T il ™™, o4 +H 1 A8 1Y)
AR EF IS — AR ) A BG I TN ER g e T
bty It DRI 23 AT A0 B T (R B s AR
Hi G P AR, Fahndrich™ $2 45 7 — Bl 1 F 3C 80U /Y
Steensgaad XUA% (45 £ 73 #r.

Steensgaard A A% H TAEY #:47 7 Bk . T i
SRR RR A . SCERL7 I R BT 5 A JE 7 i 46 11
Fi AR e 37 45 # PR 28 A0 2 JE) B 4 N 56 &R Yongt
#4 Steensgaard 1Y BAHE— LY & 45 H T 3 B[]
Kt EE 1) T3 =X A BT 285 g AR 218 B 22 ] 6 %o I O R O A
X ey HE)T B 45 AR £ 3 B H o oK A ) O X
53CHR D70 A0 24, A8 02 o5 R 2 3 7 i 48R AL
Yong " "R 45 T — B R B bR HLEE B 2EAT 0
T3 BT I ASE 2 LS At A O 33K R AR — > B B ot
BE o T H B AN AT B4 L T HL A BR8] F1)
HAr L a5 5 ik Bk 15 91 07 X 6 5140 Fr. X Fh
ORI A — P LAY BICE. Pearce™ F B K4 3
B8 B 0 T Andersen KU 1Y J7 15, JF B
AT 5 3CERC10 A R i 22 7R T 2ok R S5 14 7R xf 42
(R 388 s DR B AR AR T

8 & it

AR SR — B (0 3 A O 1 SRR £ 4y
Br. 5 DA ST A 5 09 UBUBHR BT A L Ay
RAEANTR T TR T ik

(D F A H bR bLEs 58 b i 50008 A = 15 2 E AT
15 V2 3 T G 220 i 5 A A SR B AR AT R 32 28
T4 ks Open6d 715 B HE SR . Stk i [ B L B A
Al RS AR .

(2) U 2 AR 3R R Lk S AE & JF S R AR o
R 325 R BE A 2K

(3) R FH s M 3588 % W 33 A S AR R AT R it 4
IR T IR O3 BRI 14 43 B I R A

(4) X S5 A A E AN G2 1 B it R

RSB R AT LA ERES T
Steensgaard [ J5 3£, i a8 15 85 JLFAHY, B A

& % x M
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cjoin(e; ,e;)

if type(e;)=_|

pending(e; )<{e, } Upending(e,)

else

join(e; ,e;)

join(e; ye;)

if e, e,

let 1, <—type(e;)

t,<type(e;) in
e<—ecr-union(e; se;)
ife,=1
type(e)<—t,
if t,= |
pending(e)<—pending (e;) U pending(e,)
else
for € pending (e;) do
join(e,x)
else
type(e)<t,
ife,= |
for € pending(e;) do
join(e,x)
else

unify(e; se;)

cjoin_ref (e ,e;)
if type(e;) =blank
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settype(e; , type(es;))

else if type(e;) =blank

settype(e; , type(e;))

else case type(e,) of

[simple( (7, XA;) X size;) ]:
case type(e;) of
[simple ((7y XA;) X size;)) ]:
cjoin(zy , Ty)
cjoin(A; s Ay)
[struct(my) J:
let <o, 45, )—>7, =First(m,) in
if type(z,) = struct(m)
promote_to_object(z;)
if type(z,) =simple ((zXA) X size)) or
object (zXA)
cjoin(zy , 7)
cjoin(4; , A)
[object(z, XA;) |:
cjoin(t; , 75)
cjoin(A; , A,)
[struct(m;)]:
case type(e,) of
[simple ((7, X2,) X size;)) |:
let <oy »s51)—>7; =First(m;) in
if type(r,)=struct(m)
promote_to_object(z;)
if type(z,)=simple ((zXA) Xsize)) or
object (zXA)
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cjoin(t, 75)
cjoin(A, A;)
[struct(ms)]:
let oy ss5,)—>7, =First(m,)
0y 58, )T, = First(m,) in
if type(z,) =struct(m;)
promote_to_object(z;)
if type(z,) =struct(m,)
promote_to_object(z,)

if type(r,)=simple ((73 X4;) Xsize;)) or

object (73 XA;) and
type(t,) =simple ((z; XA,) Xsize)) or
object (7, XA;)
cjoin(zy, 7,)
cjoin(A;, A,)
[object(z, XA;) ]:
let <oy »51)—>7; =First(m;) in
if type(z;) =struct(m)
promote_to_object(z;)
if type(z,)=simple ((zXA) Xsize)) or
object (zXA)
cjoin(z, 7,)
cjoin(A. A;)
[object(z; XA;)]:
case type(ey) of
[simple ((z7, X2A,) X size;)) |:
cjoin(zy s 75)
cjoin(A; 5 4;)
[struct(m,)]:
let <0, 45, )—>7, =First(m,) in
if type(z;) = struct(m)
promote_to_object(z,)

if type(z,) =simple ((zXA) Xsize)) or

object (zXA)
cjoin(zy , 7)
cjoin(A; , A)
[object(z, X2A,)]:
cjoin(z, , 7,)

cjoin(d; , 4;)

unify (e; »e;)
case type(e;) of
[simple( (7 XA;) X size;) ]:
case type(e;) of
[simple ((7y XA;) X size;)) ]:
join(z, » 7,)
join(A; , A;)
if (size, (size;)
then size; <size,
else size,<size
[struct(my) J:
promote_to_struct(e;)
let struct (m; ) =type(e;) in
union (m; ym,)
[object(z, X2A,) ]:
join(zy 5, 75)
join(A, s A)
promote_to_object(e; )
[struct(m, ) ]:

case type(e;) of
[simple ((7, X A;) X size;)) ]:
promote_to_struct(e,)
let struct(m,) =type(e,) in
union (m; ,my)
[struct(m,) J:
union (1 ,my)
[object(z, X2A,)]:
promote_to_object(e; )
let object(z; X A;) =type(e;) in
join(zy 5, 75)
join(Ay s A)
[object(z; XA;)]:
case type(ey) of
[simple ((7, XA;) X size;)) ]:
join(zy 5 75)
join(A; , A;)
promote_to_object(e;)
[struct(m,) J:
promote_to_object(e; )
let object(z, X2,) =type(e;) in
join(zy 5 75)
join(A; 5 A;)
[object(z, X2A,)]:
join(zy 5 75)
join(4;, A;)
[lam(e; *++e,) (e,oi) ]
let lam (el +==e,) (e, 1) =type(e,) in
fori €[1--n] do

.. ’
cjoin_ref(e; , ¢;)

union (m; smy, )
let map, =type(m,)
ma p, = type(m,)
map=NewMAP(Q) in
while map, not empty or
map, not empty
let <oy ,s51)—>1, =FirstGnap,)
{0y +59)—>1, = First(map,)
(o,s)—>t=Last(map) in
if overlap({o; +s1)+¢0s +52))
let {03,535 =merge({o; ,51) {02 +52))
73 = MakeECR(1) in
join (73, 7,)
join (T3, 7p)
remove(map; , (01 +81)—>71)
remove(map,, {0z 45,)—>Tz)
if not overlap(<o3 537 +{045))
insert(map, €03 ,53)—>73)
else
let <o, ,s,) =merge({os ,535),{0,5))
7, = MakeECR(1) in
join (7, , 73)
join (7, , )
remove(map, {o,s)—>1)
insert(map, (o4 ,5.)—>7y)
else
if in_front_of({o; +51)+€02 +52))

remove(map; s (o1 51)—>71)
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if not overlap(<o; +5,),{0,5))
insert(map, oy s5,)—>7)
else
let (03,55 =merge({o; ,5,),{0,5))
73 = MakeECR(1) in
join (73, 71)
join (73, ©)
remove(map, {o,s)—>17)
insert(map, (o3 ,53)—>73)
else
remove(map, s {0y +5,)—>Ty)
if not overlap(<o; +5,7 . {045))
insert(map, {0y +5,)—>7y)
else
let <05 ,55)> =merge({o; s5,):{0,5))
7, = MakeECR(1) in
join (75, 7,)
join (73, ©)
remove(map, o,s)—>1)
insert(map, o3 ,53)—>73)
type(my ) <—map
type(my ) <—map

GetECR (MEM)
case form(MEM) of
[x]:
return ecr(x)
[*MEM, ] :
case type(GetECR(MEM,)) of
[simple ((7; XA,) Xsize;))]:
return 7,
[struct(m;) ]:
let {0,sizeof(*"MEM,))—>e=First(type(m)) in
if type(e) =simple ((zXA) Xsize)) or
object (zXA)
return ©
else if type(e) =struct(m)
promote_to_object(e)
let object (zXA) =type(e) in
return ©
[object(z; XA;)]:
return 7;
[MEM,[ MEM, 7.
case type(GetECR(MEM,)) of

YU Hong-Tao, born in 1981, Ph. D.
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tion.

[simple ((7; XA;) Xsize;)) ]:
return 7
[struct(m;) J:
let (0.sizeof("MEM,))—>e=TFirst(type(m)) in
if type(e) =simple ((7XA) Xsize)) or
object (zXXA)
return ©
else if type(e) =struct(m)
promote_to_object(e)
let object (zXA) =type(e) in
return ©
[object(z; XA;)]:

return 7|

[MEM, {of fset,size)]:
let e=GetECR(MEM,) in
case type(e) of
[simple ((z; XA;) X size;)) ]:
promote_to_struct(e)
let struct(m, ) =type(e) in
let z=Find_or_enter(type (m;), (0,s)) in
return ©
[struct(m;) J:
let z=Find_or_enter(type (m,), (0,5)) in
return T
[object(z; XA;) ]:

return 7,

promote_to_struct (e)
if type(e) =simple (tXAX size)
let map=NewMAPQO
t=MakeECR(1) in
insert(map, <0,size)—>e)
cjoin_ref(¢, e)

settype(e, struct(map))

promote_to_object (e)
case type(e) of
[simple ((zXA) X size))]:
type(e)<—object(zXA)
[struct(m)];
let 7= | and A= in
type(e)<—object(zXA)
for each (o, ,5,)—>7, of m do

join(e, 7,)
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Backgroud

Pointer analysis is a kind of program analysis technique
that determines which memory locations a pointer may point
to during the execution of a given program. Field-sensitivity
is used to describe whether a pointer analysis needs to distin-
guish different field members. Field-insensitive pointer analy-
sis considers all fields of one structural object as the same ob-
ject. On the contrary, field-sensitive pointer analysis consid-
ers different fields as different objects. Based on the authors’
investigation to famous benchmarks, field-sensitivity is sig-
nificant to pointer analysis for C, especially for C+-+. Most
of existed work of improving field-sensitivity does not make
use of target machine architecture thus they must loss some
precision. Only a few work takes target machine architecture
into consider, however, their work cannot be applied directly
to the unification-based pointer analysis which is widely used
in product compliers .

This paper proposes an aggressive field-sensitive unifica-
tion-based pointer analysis. Different from existed methods,
the method takes target machine architecture into consider in
the phase of high-level analysis in order to precisely distin-
guish fields of structure objects. In the method, a field of a
structural object is aggressively represented by a pair of off-

set from its base structure and size of its own data type. This

paper also improves the original type system to obtain further
precision. All structural memory operations are flattened to a
series of scalar memory operations based on the target ma-
chine information to guarantee the correctness of type infer-
ence system. Lots of experiments indicate that the proposed
method is more precise than the existed method while main-
taining almost the same efficiency. Furthermore, the method
is portable since the authors have implemented the aggressive
field representation on the intermediate representation of the
compiler.

This research is attached to the project “The Compiler-
Based Framework for the Development of High-Reliable Soft-
ware”. The whole project is supported by a grant from the
National High Technology Research and Development Pro-
gram of China (863 Program) (No.2008AA01Z115). The
project aims at improving software reliability, including the
detection of software defects, program verification and de-
bugging based on compiling technology. The work of this pa-
per is to improve the precision of the pointer analysis of our
baseline compiler Open64 in order to construct precise SSA
form for the consequently analysis, e. g. program slicing,

uninitialized reference checking and so on.



