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Abstract  Program slicing is a family of program decomposition techniques. By introducing
point-to analysis to the previous monadic slicing, the authors present and implement an approach
of monadic slicing for a program with pointers. This approach obtains the point-to information
through the data-flow iteration. Being different from the traditional methods, the point-to infor-
mation and slicing are computed in the same phase in the method, by combining the forward mo-
nad slicing with data-flow iteration. Instead of recording point-to information for every state-
ment, it is only needed to record the information for current analysis statements. So the method
saves space without losing the precision. In addition, the approach also reserve the excellent

properties of compositionality and language-flexibility from the original monadic slicing method.
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G A U)ol SR A A5 4 1 /) R0 R 15 4] 348
SRR AR AR ) S L AR i s U0 R
RIS A E B N L(s)=1{1,2,3,4}; P(s) =
{a b} 5. &3 5 SRBXG . L& c WU T
R L(o)={5}.

B 6~9 SIEAAHN T — DRG] AR 4T
Pl R i R FE T SR E B A 2T &
& IR BN R E . 1R — KI5 LR/ flag.t,a,
b WAH AR B kA T 284k

L(flag)={1,6,9};
L(t)={1,6,7};
L(a)=1{1,2,3,4,5,6,7,8};
Lb)=1{1,2,3,4,5,6,7,8};
P)={c}.

AT 2 WG G . B a.0.t Y5 B2 R
L(a)={1,2,3,4,5,6,7,8,9};
Lb)={1,2,3,4,5,6,7,8,9};
L()={1,6,7,9}.

) R AFE AR E 7 HEASH 3 AR 1K

PEIR oM I 438 3] T RS B R 2R 15 ).

210 S a2 REEA R AT AZ, H
AR 45 R AT8 mHEAF O 2L 1.8 L (Var)
P (Var) 43 | 278 & Var BY] 5 FI5 0145

{
{
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®1 REMUMAMERASER

Var L(Var) P(Var)
flag {1.6.9} %]
s {1,2,3,4} {a,b}
¢ {5} %)
t {1,6,7.9} {c}
a {1,2,3.4,5,6,7.8,9} %)
b {1,2,3,4,5,6,7,8,9} %]

AR AT H L B R E B Syn(s, L)Y k45
A ) I A U) A5 S BRIV IT 40 BT RE 4 AH L DB 6]
w1 RT 0,0 MRAFHSY A Z{1,2,3,
4,5,6,7,9,10}, HihiE Ay 10 M Y8 Syn(s, L)
write L0 A Y.

1. flag i=1;
2. if flag<<5 then
3 s1=8&aq
4 else s := &b
endif ;
c:=1;
while flag<<5 do
ti=8&¢;
*§ 1= %(;
flag = flag+1

endwhile;

o~ o G

©

10. write a

L —EAR R SR

6 BEXIRERESTH

AT TR B RERNZ AT
AL FE P B 7 U] 8 S RE b ST B AR I AR 4
)R 1 SCHRE A IR 2 i kL8 43 55125, T 5 {5 b
AR E Y R BB W T B e .

BLAh L B R T RELI noK, U) R R
KR T BARY) i 3% bR 5 4R 5 B A 1 B [ A 2 )
AR AR ICRH Haskell 547 19 o640 ZE IntSet. 5
B IntSet H1 R TL 3L T Patricia B 45 #4 (15,
FLRFR Ay A CUndli AW B3R S Y915 0 T s ) 52 2%
JE R OCmin(s, O Hp s BEAGTLEM.CHYE
BLESAE OG0 8 4 32 51 645 B2 A M 28 IF L 2 1 B IR
BRI 24 Bl OCs).

t FRAT B T & Ok BT 5 ARt IR 1R
PR b e UL 2. 25 B & 7 i 42 bl
Fe AR LT Q0. B 45 5 LR B & T RE
(1) CPU I} [i] , 35 47 ML A% FE A L 2 4 : Intel Pentium
IV 2. 93GHz 4b ¥ g8 .512MB N £#.

PIRARET G 1 20 V) R S R A S R P BT
WA YR SR SR BB TS A AT S AL L
SBT3 18 3 A 1 A B N 18] A2 4% B BN T ) A3

Analyzing traces:
1,2,3,4,5.6,7.8.9.6.7.8.9.6.7.8.9,.101
tatic slice tahle:
Variahl Lahl
a €1.2,3,4.5.6.7,.8.9%
h €1.2,3,4.5.6.7,8.9%
<5
£1. €1.6,97
N €1.2,3.4>
t €1.6,7.9>
[Point—to Set tahle:
Variahle  Point-to Set
o
» o
c o
flag o
<a.h>
t <>
tatic slice 1t
flag i= 1 1
if (flag < 5> 2
then s := Ba 3
else s := &h 1
ndif
ci=1 -5
vhile <flag < 5> do 6
t = Be -7
s i= Wt -8
flag := (flag + 1> 9
duhil
The CPU Time f licing 0.016 secs.
81 >>

Kl 2 Jb) i asxr i 1R R HEATU) A4S

AR Je R TR) A2 A% B i DL R 25 ) it B Y s [)
SLORPE. I TR 7 g VR AR /R AR 1T A 3h 24
A FRATT A0 U0 R BT B i i R R A o 230 ) o SORRE R
e B DL ) Rk vl ) B U0 i TR] A2 AR BE
BT B R AT BRI S 0 L AR SO E i L
I 5] /4 6 32 200 45 A $ V) 3% (Hash 320 A5 JF A1
Nobr 5 % A (Patricia #) , H i [\ & 2% & 5 51 A
OC) Al OCoxXm) , o o R Fp i S AZ B3 H m
R OmARF A A ECE LB L IR R ) 2
JE O CoxXom) . TR FE N B 7~ w25 U0 B0 125 ) e
IR 2 OCoXom X n) s Ho n 78 5 v 52
B o3 A 1 s 2238 =X CEr B 2D BOH L 20 . 1 ST
BRLO I AEE Mo n B om — R ZAME R R IR
AT n=00n*).

X TR A R SE U] it 5 AT R 2 (R )
Broo MR R — Tl FE I OCod s e 1
DUR B A B RERT OCoxXm) X 5 Bk L
8 B IS () 2 2% B — 50, 0 e 48 B S S0 OF R 0
T A v B ) 2

1 SCHBRL9 5 2% B 3 A A, i B N B i 5 00
BHERIERE N OCoXm+oXo)., 5 TP s
G BT U0 3 SR Y s E) A AR R O B N 1)
R OL. 38 M R A FE TN OCo X o) et R 5
J A B A () S R

7 MHXIE

FIRIT O T8 £ 20 2k M ) SCE A SCHERE 34 1A
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L
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SCHRE35 5. SCBRL34 T T 5 C i F 48510 #r
J5 V5 WS FE ARG DT T e AR ) 2253 (9 5 1
SCHRL3S IS4 T H R4 B 43 B 09 A0 0 58 AR &
I A Mg TR Y (1] R

T8 T 53 BT — A BT ) 2 ) 0 A 56 A S L)
TRV I TE 0 RO B2 DA AR A BURR RN B R S
BRURR ) F5 B 23 BT 031 B ORS JE A  (H R B, ik
Hind &8 A5 g8, FATT AR 985 5 B 4% 0 1) 75 22
e PEAR ET 40 B 581, I TR R BN [ 43 i O v 1] 1Y)
SO AT TR BT SCHUR Y AR BT 40 A T
SO AT AENG BE 0 3 T 2R AU N U BT AR AN
K U, Ruf 48 1 SCRIUB S B I A RE 4 5
T BB BT AR T

NSRRI % el ae a4,
Horwitz 8 NP7 48 55— Fp iz 10 508 40 8 HE 2 1
B 0T R R T R N AE R R 1Y AT RE s ORI ]
H Iz AR 5 iz AR, Agrawal 5 A
g5 T —Fpa] [ B Ak 2R 4H s B R 2T PDG
SO R B B AR G B T2z 08k
P A 18 e SCALEEAE AR B Y 2028 DA BE 25
FEAB A 2. Tip™ A4 20 (8 22 35 2B Xt B 1 14 77 b
HEAG R g TR ] Ak e X

Jiang 5 NM A T SR EF IR C B )
FORE AR BT B A | TR AR AR M Bk 3 n e ST AR B
AR TRAT B8 B 51 F AR (B B B 0 A B W G A8
I RE . Tip 78 3CHRL2 T rb 7R i 48 iz 5 ik
A HBA. Lyle 88 N5 45 48 A8 1 W Hb otk I T 5 )
HREEAN 4R BT I T A BT RE H Rk A R R Ernstt 44
T —DIRE U R A KA i B R R R R
(aggregate value) K SCRRIREHRAE. O T AL B2 995
B0 (e 422 5 | R (L ) AL, Lyle 45 AM A0 #1484
P& & (Pointer State Graph,PSS). Ross 28 A2
T — R 2R PDG Sk 4b B AT 68 51 44 [0 A8

AR TR A 191 23 A S U0 R R T B O) R
SR R SCBR R A 1) B U0 SRR O T kAR
Sr TR G s AT R I AT U0 R SRR 3 T, BT
Vb — 8 A4 08k vt 2k ARV T A s () T L G A Ak
SR ORIE T — & REFE. ILAh iR gk T A 1
Yl 7 2 T A W s i e Ve RN R 7 38 5 Ak A A
SR SCYT AR B S SRR YT R AT U0 R Sk )
2 AR AT B, B 2 — U Rl AR 2 iy
ARV . A8 A ST F AT Haskell 523000 7
B vk, Haskell #9185 1115 (lazy computing) £, ffi
P9 A SO R VR AR T ey B LR A Y IR A

SRR L B U0 R R A ) 4 A

FFH BB Y A )5 i, Ouvarbya 55 A RUTE
T4 A A Hausler ™ $2 H M 78 FR V) - OOk F 2 77 48
FRIE LR Y R J7 ) Mo B2 N9 e 2] i /18] L 5 H Al
KIS RNy A& 84 5. X E B RN
e A GadE FR i Sl Z At R M SR AR T
R P R O N MR 2 L B T L — 2R

AT SCERL 7, 9-10 TP R4 45 1 T A RS
R #8 F 52 BT 75 R AE SCHRL10, 46 1 85 91 25 1%
WA RERE R R U 5 k. thigm & A
SCitE— 25 56 38 SCHRE10, 46 ] H 4 1] 43 BT AH DG HE A& (F2
FE 5 /55 T BT A5) (i ] R AT 2 A TR ARk 1) R 4R BEE 4y
Mrs g R FA G FHEMIE M LN T (B E D;
FOR B AR B U0 B 6 (B ) AT S —
A B ASFE A3 A8 I 0 43 i A B A R R
e R T U R Tk 58 etk (&I &), Bl
A B 0 BE B AT — AP Cln el b PR AN e -3
FEH B A MR E D AR AL T F IR AT
P R 45 R .
8 B £

feEF Sl AR RRT A BTl ok T 3 A E R L
XoF T AN if 2 38 UH B A 25 4 1), A SCR AT T — R
T BALTAT S — i W B Y O 1 B BT A AR W — R )
AL T M A TR R — A B IR A Bl Y
FSE R A 3 0T o] o 5 AR R L B i) 44 Y )
FOU, B AT 3 48 1) 40 A D R A T A A T vk S
S S | AR Sz AL B MO 1. e A FRATT IR
BT AR 1 ) rp A2 {2 3k 20Ok AR 0 1 T BE 51
. XF T 48 1) 3 A 18] S0, A SCOR T 88008 i ik AR
e S M AR ). X BRI R U, B — o
B LR ) 4 B R D) R AR [ B R AT RO
15— JE 110 % B8RO BT 5 TR IR RE D SR — AR T A
i 15 2o T SR 10 S5 2 1 BT 43 A 0 R A A 4 1)
F R T4 T A7 4 1] .

ARICKFE TS CA S Y R ik 4
B LB TP U] kxR A R ik
i 01 2 Bl AV TS AT AR o A A &
RIS . bR S R U R Bk AT DUAR
G G RO R ik BY R G R
TR T R A R BRI AL A R T E
o Pk

B F 518 SO ] PTG IE T RATTY) R O ik
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(9 AT AT k. DT B U A B R RE 7 — i P B L i B
FURTE S 2S00 R i X R A YO0 R K A AR )
Fi 457 AT AE Y 1) 8L X 2 AT T — 2B 5T AR
T TR X A BAR S PR R (0 Java) #EAT
PO I D i TR 4.

[1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

2 % x W

Weiser M. Program slicing. IEEE Transactions on Software
Engineering, 1984, 16(5): 498-509

Tip F. A survey of program slicing techniques. Journal of
Programming Languages, 1995, 3(3): 121-189

Binkley D, Gallagher K B. Program slicing. Advances in
Computers, 1996, 43 1-50

Li Bi-Xing. Program Slicing Technique and Its Applications.
Beijing: Science Press, 2006 (in Chinese)

(B fE. BIF VR SR R IER . dbar. Bl W A,
2006)

Xu Bao-Wen, Qian Ju, Zhang Xiao-Fang, Wu Zhong-Qiang.,
Chen Lin. A brief survey of ACM
SIGSOFT Software Engineering Notes, 2005, 30(2): 1-36

program = slicing.
Chen Zhen-Qiang. Technical research on program slicing
based on dependence analysis [ Ph. D. dissertation]. South-
east University, Nanjing, 2002(in Chinese)

(BRPRR. B T 23 BT B 27 VIR BORBR 5 L+ 2 18
ST ZRBR . BAT. 2002)

Zhang Ying-Zhou, Xu Bao-Wen, Shi Liang, Li Bi-Xin, Yang
Hong-ji. Modular monadic program slicing//Proceedings of
the 28th Annual International Computer Software and Appli-
cations Conference, COMPSAC 2004. Hong Kong, China,
2004 66-71

Zhang Ying-Zhou., Xu Bao-Wen. An approach to dynamic
program slicing based on modular monadic semantics. Chi-
nese Journal of Computers, 2006, 29(4); 526-534 (in Chi-
nese)

RN, REIC — A TR T1F L sh S =70 A
Fd. LR, 2006, 29(4) . 526-534)

Zhang Ying-Zhou, Xu Bao-Wen. A novel formal approach to
program slicing. Science in China, Series F: Information Sci-
ences, 2007, 50(5): 657-670

Zhang Ying-Zhou. Research on program slicing techniques
based on modular monadic semantics [ Ph. D. dissertation ].
Southeast University, Nanjing, 2006 (in Chinese)

CoRIM AL B TR o 38 U R T VIR SR B 5T L 2
W] KRB, BA. 2006)

Liang S, Hudak P, Jones M. Monad transformers and modu-
lar interpreters//Proceedings of the 22nd ACM SIGPLAN-
SIGACT Symposium on Principles of Programming Langua-
ges (POPL’95), 1995. 333-343

Liang S. Modular
[Ph. D. dissertation]. University of Yale, Yale, 1998

monadic semantics and compilation

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

Wansbrough K. A modular monadic action semantics [ M. S.
dissertation|. University of Auckland, Auckland, 1997
Hind M, Burke M, Carini P et al. Interprocedural pointer
alias analysis. ACM Transactions on Programming Langua-
ges and Systems, 1999, 21(4) . 848-894

Landi W, Ryder B G. A safe approximate algorithm for in-
terprocedural aliasing//Proceedings of the ACM SIGPLAN
Conference on Programming Language Design and Implemen-
tation. San Francisco, CA, 1992; 235-248

Emami M, Ghiya R, Hendren L. Context-sensitive interpro-
cedural analysis in the presence of function pointers//Pro-
ceedings of the ACM SIGPLAN Conference on Programming
Language Design and Implementation. Washington, DC,
1994 . 242-256

Song Y, Huynh D. Forward dynamic object-oriented program
slicing//Proceedings of the Application-Specific Systems and
Software Engineering and Technology (ASSET”99), 1999.
230-237

Wadler P. Comprehending monads//Proceedings of the ACM
Conference on Lisp and Functional Programming. Nice,
France, 1990: 61-78

Zhang Y Z, Labra J, del Rio A. A monadic program slicer.
ACM SIGPLAN Notices, 2006, 41(5): 30-38

Haskell Website 2009. http://www. haskell. org/, 2009
Zhang Ying-Zhou, Zhang Wei-Feng. Haskell: A modern
purely functional programming language. Journal of Nanjing
University of Posts and Telecommunications ( Natural Sci-
ence), 2007, 27(4) . 13-18(in Chinese)

CGiR A, 3k D=, Haskell: —Fh B 40 8 $IEF . B At HB
LR 2R 2R 4R, 2007, 27(4): 13-18)

Jones N D, Muchnick S'S. Flow analysis and optimization of
LISP-like structures//Muchnick S S, Jones N D eds. Pro-
gram Flow Analysis, Chapter 4, Prentice-Hall, 1981. 102-
131

Horwitz S, Pfeiffer P, Reps T. Dependence analysis for
pointer variables//Proceedings of the SIGPLAN Conference
on Programming Language Design and Implementation. Port-
land, Oregon, 1989. 28-40

Chase D R, Wegman M, Zadek F. Analysis of pointers and
structures//Proceedings of the SIGPLAN’90 Conference on
Program Language Design and Implementation. White
Plains, NY, 1990: 296-310

Choi J D, Burke M, Carini P. Efficient flow-sensitive inter-
procedural computation of pointer-induced aliases and side-
effects//Conference Record of the 20th Annual ACM Sympo-
sium on Principles of Programming Languages. Charleston,
South Carolina, 1993: 232-245

Ghiya R, Hendren L J. Is it a tree, a DAG, or a cyclic
graph? A shape analysis for heap-directed pointers in C//
Proceedings of the 23th Annual ACM Symposium on Princi-
Petersburg, Florida,

ples of Programming Language. St.

1996 1-15



482 i "

Hl

2010 4F

E

M

[27] Horwitz S, Prins J, Reps T. Integrating non-interfering ver-
sions of programs. ACM Transactions on Programming Lan-
guage System, 1989, 11(3) . 345-387
[28] Burke M, Carini P, Choi J D, Hind M. Flow-insensitive in-
terprocedural alias analysis in the presence of pointers//Pro-
ceedings of the 7th International Workshop on Languages and
Compilers for Parallel Computing. Ithaca, NY, 1994, 235-
250
[29] Steensgard B. Points-to analysis in almost linear time//Pro-
ceedings of the 23rd Annual ACM SIGACT-SIGPLAN Sym-
posium on the Principles of Programming Languages. St.
Petersburg, Florida, 1996. 32-41
[30] Shapiro M, Horwitz S. Fast and accurate flow-insensitive
points-to analysis//Proceedings of the 24th ACM SIGPLAN-
SIGACT Symposium on Principles of Programming Langua-
ges. Paris, France, 1997; 1-14
[31] Huang Bo, Zang Bin-Yu, Wei Jun-Yin, Zhu Chuan-Qi. Con-
text-sensitive interprocedural pointer analysis. Chinese Jour-
nal of Computers, 2000, 23(5); 477-485(in Chinese)
CHEIE, POk R4, RAFEL. R STHUR Y 1 72 i) 45 41
Ay M. B ML, 2000, 23(5) . 477-485)
[32] Lyle ] R, Binkley D. Program slicing in the presence of
pointers//Proceedings of the 3rd Annual Software Engineer-
ing Research Forum. Orlando, 1993; 255-260
Morrison D R. PATRICIA — Practical algorithm to retrieve

Journal of the ACM,

[33]
information coded in alphanumeric.
1968, 15(4) . 514-534

Hind M, Pioli A. Which pointer analysis should I use?//Pro-
ceedings of the ACM SIGSOFT International Symposium on
Software Testing and Analysis (ISSTA). Portland, Oregon,
2000 113-123

[34]

[35] Hind M. Pointer analysis; Haven’t we solved this problem
vet 7//Proceedings of the Program Analysis for Software
Tools and Engineering (PASTE01). Snowbird, Utah, 2001

54-61

[36]

Ramalingam G. The undecidability of aliasing. ACM Trans-

ZHANG Ying-Zhou, born in 1978,
Ph.D. . His

search interests include software formal

associate professor. re-

methods, program slicing.

WU Zhong-Qiang. born in 1983, M. S. candidate. His

research interests include program analysis and software for-

Background
This work is supported in part by the Young Scientist’s
Foundation of NSFC. It aims to provide some useful formal

approaches for program analysis. This paper will contribute

actions on Programming lLanguages and Systems, 1994, 16
(5): 1467-1471
[37] Hind M, Pioli A. Evaluating the effectiveness of pointer alias
analyses. Science of Computer Programming, 2001, 39(1):
31-55
[38] Ruf E. Context-insensitive alias analysis reconsidered//Pro-
ceedings of the ACM SIGPLAN 1995 Conference on Pro-
gramming lLanguage Design and Implementation. 1995:
13-22
[39] Agrawal H, DeMillo R A, Spafford E H. Dynamic slicing in
the presence of unconstrained pointers//Proceedings of the
ACM 4th Symposium on Testing, Analysis and Verification
(TAV). British Columbia, Canada., 1991 60-73
[40] Jiang J, Zhou X, Robson D J. Program slicing for C: The
problems in implementation//Proceedings of the Conference
on Software Maintenance. Sorrento, Italy, 1991: 182-190
[41] Ernst M D. Slicing pointers and procedures. Microsoft Re-
search: Technical Report MSR-TR-95-23, 1995
[42] Lyle]J R, Wallace D R, Graham J R et al. A CASE tool to
evaluate functional diversity in high integrity software. Na-
tional Institute of Standards and Technology, Computer Sys-
tems Laboratory, Gaithersburg, MD. Technical Report IR-
5691, 1995
[43] Ross ], Sagiv M. Building a bridge between pointer aliases
and program dependences. Nordic Journal of Computing,
1998, (8): 361-386
[44] Ouarbya L, Danicic S, Daoudi M et al. A denotational inter-
procedural program slicer//Proceedings of the 9th TEEE
Working Conference on Reverse Engineering. 2002. 181-189
[45] Hausler P A. Denotational program slicing//Proceedings of
the 22th Annual Hawaii International Conference on System
Sciencess 1989 486-495
[46] WuZ Q. Zhang Y Z, Xu B W. Modular monadic slicing in
the presence of pointers//Proceedings of the 6th Internation-
al Conference on Computational Science (ICCS 2006). Uni-

versity of Reading, UK, 2006. 748-756

mal methods.

QIAN Ju, born in 1981, Ph. D.. His research interests
include program analysis and software testing.

ZHANG Wei-Feng. born in 1975, Ph. D.. His research
interests include software testing and information retrieval.

XU Bao-Wen, born in 1961, Ph. D. , professor. His re-
search interests include programming languages, software

formal technologies, and program analysis.

to the theory and applications of monadic program slicing for
a program with pointers. The research team has published

many papers in journals and international conferences.



