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Program Slicing in the Presence of Complicated Data Structure
Ho-Yeon Ryu'- Joong-Yang Park''- Jae-Heung Park''"

ABSTRACT

Program slicing is a method to extract the statements from the program which have an influence on the value of a variable at a particular
point of the program. Program slicing is applied for many applications, such as program debugging, program testing, program integration, parallel
program execution, software metrics, reverse engineering, and software maintenance, etc. This paper is the study to create the exact slice in
the presence of the complicated data structure including pointer variable, dereferenenced object by pointer variable, array and structure. We
propose the Object Reference State Graph to generate more exactly static analysis information of objects in the program of the presence of
complicated data structure.

FI9= : =28 wel0|Al(Program Slicing), 2AZEH 0 FXIE+(Software Maintenance), 2ZEH 0 HAE (Software Testing), Cl
t2(Debugging)
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Pyn,v)={x1xEP (n, ) N y& Py (n,v)}
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Statement Propagation Rule

a = &x Pi(n, a) = {x}

a=b Pi(n, a) = Pin, b)

a=*h Piln, a) = UPi(n, ), Vx € Pi(n, b)

a = *xb Pi(n, a) = UPi(n, x), VX € Pin, b)
a= b Pi(n, a) = UP(n, x), ¥X € Pi(n, b)

*a = &x Pin, y) = Pi(n, y) U {x}, ¥y € Pi(n, a)
g = &x Pi(n, y) = Py(n, y) U{x}, Yy € Pi(n, a)
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/*call : func (&a, &b, &c) return the square
of the minimum of a, b, and c*/
int func (int *x, int *y, int *z) {
@ int *min, square, W ;
@ min = X ;
©)] W = *X
@ if (ky < w)
® W=y
® min = &w ;
@ if (#z < *min)
min = z;
© W = *min ;
(D) square = wxw ;
@ return square ;
®@ }

@ Entry

[Pi@, min) = Pi@, %) = fa |

Pi@, min) = {w}
Pl(@, 2) = {c}

P®, min) = {w, ¢}
P®, 2) = {c}
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E, d(Heap) =&, 7} §(Virtual Heap) LT & olFoja
% H REE olF AE MEY 99 vEhiin ddd
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Q) wRE d9g Yetd. A& &

2 A 3RO =S A, oge
=
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int *a,;

a = (long *)(malloc(sizeof(2 * char))) ;

9 #% AHHAE g wE9 } de @ 9 992
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MY i de 4 84y FRA A
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F4(base address)ZH-E 2 A (offset) Fto. 2 A 2] of
ohowaAM g A aAe FRA d= }
Rz F@FoIh A 7HA] V8 xr gL 7hg A%
Y, F2A FREER YA F T <F 2>
ORSGOIA 9744 =& 2/E Uehd)

ORSGx F £F9 A& AYx v AA, == nl
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A& Eﬁ_w Byl derd $9 Aol T4
We 27 9ad AHMETY YEe vehle 3 AEE
dol #AE tehan,

RE EUH xSEE A4S B Y R due
Zeth ol EAH W4 HARNN 4 2HED A
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Node Name Examples
Scalar Variables int x;
Point variable float *x ;
Structure Variable | struct nodel x ;
Scalar Heap x = (float *)(malloc(sizeof(float))) ;
Point Heap x = (float **)(malloc(sizeof(float *))) ;
Structure Heap x = (struct nodel)malloc(sizeof(struct nodel))) ;
struct fiodel x ;
Scalar (field X.i is Virtual node)
Virtual heap int x[107 ;
(body array x is Virtual Node)
struct node2 X ;
Point (field X.i is Virtual node)
Virtual heap int *x[10] ;
(body array x is Virtual Node)
struct node3 x ;
Structure (field X.i is Virtual node)
Virtual heap struct node3 x[10] ;
(body array x is Virtual Node)
struct nodel { struct node2 { struct node3 {
int1;} int *i;} struct nodel 1;}

3.2.2 ORSG =& ~7[v}
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St

P =Pointer, Sc = Scalar, St= Structure
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e w==29 otk §d wd AL JAs g
2E TR AAHY o559 R H FEE wjdHo] 4
ol&9 He H=o A HA i xE29 IAHE
A, (29 4 334 WaEe Hf:;}s}vt ZzadY3

§ ORSGolt}

F RS WiE A ald a27F A3 dAEAY X @
7FeAel A Ae, st vl A2 gu=HAd + 9
oogee T oud ALY F33 AR (exact match)}
A U X (potential match)E A @3tE Whyeld)

F g AA aif g ey 24L& W& S
% 3] (exact match)3cl o).
@ oj" AL F4& TFHA = ok Ak
@ N,py=N;,, for 1 <k <lenla), N, &= M8 AA a
o kA w29 #olBolth len(ade WlE A<
A WA =2E A A5 =9 7a‘°]°]‘4.

7 g AA aid} ajv oLy 2HE wEsdE AA4H
© 2 99X (potential match)dciz 3o},
for 1 < k < len(ai),

D Nt Ny E F s S0,
@ N;y=Nj,
intxyz,
int A[10]{10]{10] ;
mt 1§,k
sub() {
o) Al4)6)3] = x5
@ ABIGIG] = x;
) b = A{461(3] ;
@ c = Al3)[6ll4] ; }

~—— Member edge
""""" * Potential-match edge

(38 4) CHRH3 BiEt ORSG

HE AA x==go] F&d dA #AE AY Yy,
T eEE A & An AA4H 43 dA4E AYx
Athd, ORSG 49 wWiE AAzr FAH ol A (potential
edge)& A% (28 4blo] tiste] A9t Az Wid A
N AE ARG, A% A FAHeR AT 2

=L 2 78 U= ZZ208 Sclold 1005

2 A AT YA BAVE fioh uhEbAd A9 A BiE
AA = Azl olgoR FHHAARH, A% A FAH
oz #AZ AYA Do (1 4)b)ol tdte] Fuisoin
Hlg AF e ORSGE (28 ()9 2t

TFzA A=5d g JoL g AA H2HF &
Abstth, FRAE FHY FERE UG F 9len, 747
FEAC e HZ A2EES F2A AA(Structure Ob-
ject)Bhal 3hm, F2A AAY Z xE = AUAR o
olE3y Hoh

T 72 AA 4t g gy 208 wES B A
3 dA st

for 1 < k< minlen(ai.aj), ( minlen 5 :ai%} aj% o

HE w= MFE W,

O od AAx £2& 2¥stA] gerh

@ Niw= N Nipes T2A BAA aid] kA =29 4
2 gg 4= k=9 A¥At 2R FYE A9
T A E A& gxh

FAEA AA a g g2 208 HEY 3¢ F

AR AA gt

@ N,Y N, & 5 shds o074,

@ Nix= N4

”\

(g 5 F2AE Ad Zzad3 HE ORSGolth

U Use AE3 43 U9 Us 43 FA gt
inta b;
typedef struct {
int d, e;
} stypel ;
struct {
stype s, s2; }
1 U;
stypel V;
sub2(} {
®© Usld = 10;
@ Us2 =
® a = Usle;
@ b=Us2d;}
(a)

L—a Member edge—l

(28 5) FZAHI EXYshs x| =223t ORSG
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sdtol4 )zel e AR g Adst dA4d of
A BAE A vk, 3 AR e Eeel % A
Tgslopith ¥ wRolA s ol Wid Y
A7 ¥R ARAROE 03 2k

3.3 7Hab #1(Dummy Variable)

EQEe} TAH Wpo) o HE b W=y J9
S gF7) 98 7F A W|p diF s WEE ALE
FoH2). ANSI-Coll A sxp 534’ ElE WS poll dE
7 BaE (Ups @pelth EAE W o 22 A
Zhe TAE S5 po) g B2 WE £F v oy
p = (Opelch XEIE W) ghg gets p = &x £
AL, Fa 9*;/&1}7} B x w9 dig 7P B dum-

my literah)v= (-1)xZ F @3}

0 Z2ad dFES 1Hs Ba

1.p=&a; Def(1) = {p}, Ref(l) = {}

2.%p = 3, Def(2) = {(1)p}, Ref(2) = {p}

3. *%p =5, Def(3) = {(Up}, Ref(3) = {p}

4. print(a) ; Def(4) = {3, Ref(4) = {(a}

E2old 71FE ¢ = <4, a>E FoHE W, 9 23,
Jingyue®) W20z Aatd setolae 1 2 3 48 E3E
EgaA dvh a8y ZEads A AWEYE, 29
E3oA gEd #e 3w EF o3 kill Hezivh wet
A &dbol 2z ¥3tE = B4 1 3, 48 EFolt

(B 3 Jngyue HHES ARBE GiA|

Statcment | Def Ref RIN
1 *p+k) =cl | (Dp D, k, cl bk
2 *p+i) =c2; | (Up p i, c2 D
5 [ *p -3 | Wp | pic3 | pid Mo
4 if (e} e p i j, Up
5 k=1; k i p, i, (p
B 6 else
7 k=13, k j pJ, Up
8 x = *(p+k) X p k (Ip p, k (Up
9 printf(x) X }

Aol Has B4 4 =
ol HE o), Weiser[l]9] dxe]z
ol£~E {3, 4,5, 7,8 9tk 2
HEH, 3 F3e e 2UH 3 A
Al B3] prb ZEse AAC Hg JRE 9% 77 ¢
t} Jingyue[2]9] W2Alol 9Ed EQlE W4 po WiE o
Aol vehde 13 28 BEAE &efolsad Egdich o

d

g ZaoAde o A Ay 1w S gy By
ol A b EQ1E A4k (p+ k)i 5W } 6”‘ k]
A kY ol ARges s A4 vY AAE F=x
A @itk wEkd 1w e S8l if&% g7
Aok
ey} wijg, FEAVE EAs A A H wfd
AAgrez FAo ey 44, 71EY d3Ee 238
3 sdtolaEs AAEA "ok AA, AR HFd o
Ao ZAE WSt g e e o vebhdd £ A
WE Ak wid 27y 8 Al BElA FdEA
7] o] TAH Ak el Zamd YA
daA Y A9t grdolnt maM B m=EdA
oyt 24 PAE 22E An 728 He
oE o gt dAatae shvbe] =2 HedA F
toha ZhdsEta, 7 WeE Aotk
B =8dAME JingyuedliA e #@E x5 O
B e ide 7 B EEYE ARSI k-8
A Azse TUAH WS pdl distd, kiplilzg vebdok
0,i% 0 F& 4y AW, kebs At o}ﬂ, 1{&
| ki = 2 #z ddes Jehrl ¢
o] obd AFgholr}. i\b olEi B4 Ak of 45}
= Fol A, dakalo] LEREA]
01 XY @

@

r
«
O

¢

ol
—

FJ

K
" )

¢

g A

el rlr do 2 2
e olo
[N

F_.

kA
o

= m
= ol

i
o

o}
2
=2 mlo r& oo o

= Ay

rﬁ m]m

L

Rufy

X+

rir

oN
-10 P g &
i

o W3 s WsE (bl L}E}‘;ﬁ\:}, s 7
[plolel . # - S A7} 0(zero)d! B 4E A 75 O}L}
Z ap = [1p= ZEI (2 6 7H ¥5E ek

[1]plOi(1]p{1]

(38 6) M22 Jhe W o



ufy

ol 71E ¢ =
Holr},

<E £€ AA3 AHEE RN £38 7H d
(plkl7} RIN@®IA & (lplil2 sHA%. &, 69 23
A k9 el j9 el AHAY AT W) Wi A
Ao ¢34 gaEd YEuE k ol§k j2 bt o
24 [Uplkle [1pljl2 A9 soixich

<B x>Z FolHS u A4E RIN

o rlo

(B O ME2 JHHHSE MNES ofX

Statement Def Ref RIN

1 {*(p+k) =cl |[plk] |p k cl p i j

2 | *p+id=c2; {plil  {p i <2 P i, i

3 | *p+p =3, [lpli] P j, c3 p, i, j, [11pli]

4 |if (e) e D, 1, 3, Qlplil. (11p(G!

5 1 k=1i; k i p, i, ipli)

6 | else

70 k=i, k i p, §, [1plj]

8 |x=#p+k | x p, k, (Iplkl | p, k, {1lplk]

9 | printf(x) X

HA 2248 448 AUe AF SodA 49 94 ag
44 b2 WA A2 AT S'& AASE Rep A4S

Ggat go] E79
a8, S = Rep(S) .

o 7132A sMd W49 A
W oh2a 2
ZelolA] 71F c7t FOJAHE w), m € IMP(n)ol sk,

g hE FHE Hoa

[El1p[S] € RIN(#) A 3a<S, a< Def(m) =
(£l p[S’) € RIN(m), S =Rep(S) o= Retim

== nol| YEhd 7 85 [lpE Pln, pd #&& A
v} ok RING el 7R waerh Jelhgw EPSS Aol
A AAE ZE AE 4 gtez 3§ sojAn,

4 Z23%Y =20l

Z20 pol A, &4 &ele]a viEe YA F

" &tolao] X¥E Eo] EAEA o3t 1 #F=Z
Y oeidd, pRA g ddE £FdE, T W
I ¥ Hgd o FzE £ e RE WEE WG,
F2A AA o hF FelolaE Altsorgitl

WA, ¥Ae WEvh ¥ 3 FR(ndirect referen-
o) BEE FHua

o

oot Xtg =

K= Z2233 Setoid 1007

]

lo

A%, B4 nol Fefolad] THHE B9, EAEH @
¢ pol EAE Fe) FF gl de BE W
SetolAw sasolof @t} mebd Ba g sejojre o
23 P

f

of

Sn monmy Y (Scn pinny where (x,1) € irefs(n)).

& Fof, thd Qe WF poll W 1-yE ¥JAH A
B &4=3to] Piln, p) = {E, FI&t9, #p9 Feol 93 #xH
o= RE HEE neste et He MEE st
25 Sen g, San Fr, 2L S 7t B

k-#Ek 2 1) 4 ZFRA AFE g FeE
o3 2k

. k

W, ) oo Fetol

S in Bin 1y Wheve (x, k) € drefs(n) and 0 <7 < k.

T3, solad THHA 4L Bl
S TAE AE B4 gol £y 71
S7b ERRTE T 0 2dY dd g seheldw
Faslol ) o) oF Hue By #xg ANEz B
Feltt Bee 498 nae B,

H
o
ofl
b
1o,
B

X

Y R
T
Rul
et
K

n : *p = e ;
ZglolA 71F ¢ = <suceln), o g &dolAE T
&zt & d, Pi(n, p)7t c& E£3EH Silo] 2z FA

& EgUT. B4 nolA po} gol B WAL %%Eoﬂ
J8H sepolzt AHEL 98 o, TY B p = &
7 pel B M AHGT GO, S22 Sep 2 pel
gol MARS ¢ 4 Uk ¥Y p} E GE W5 B2
ST ) S0l L So ok col BE ol FFTold
gob=dl AHgHL k-AMk=1) B2 Bgel FS
= M),

e o

n:*p= -,

”ZJ noll A v7b #p7t FzeH= ofw e §ud, n
£2olA Scqemd) EFET 8 Sof, v € Puln, p)

o] (p, k) € idefs(m)oletd &Fefoj~o] &3 no] X3¢
ot aabA, k-HAdk = 1) #FRee £9Y Hge B
ORSG el A AFHoR gooe TUY 44 BAE A
W F0 2E #gd o sgtold s Fysfolsitt. &
AdE F7HEQ &l AEL o4 AP A= FU oA
o ZUE HF:o) g Fetolazty T okt . o
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& & (relevant intermediate in-
direct references function) Rix(n, v, x)7} H a3t} o] &
F RE W5 x4 ¥4 va k dde 3y 325 A8
o2 4 nollA ¥9S g8 dd iy e AMe"
T e T EJHY YL wasd, anor A
ool NEFH *’Jr““)] ‘ii’é E?l‘ﬂ AxE AAY 7 A
A gt Pln, v 5h 4

g AAZE k-puHd A2 —? x& #7233 Pin, V)-J 3
Fo] &etolafol #aol i,

Riy(n,v,x) = {rlr& Pi(n,x) and v € P,_;(n,7)}

(2" & EAE7} yEid T2y AR R 1o o

g ORSGE #3& Aojth. A7]dME EQAE WHF ad
Al Hol AR o Fast wad.

{

int w, X, v, z, e, *f, *g, *h, *i, *j #xb, x#c, *xd, #ixg ;
a=cond()? (cond()? &b : &) : &d;

b = cond ()? &e : &f;
¢ =cond()? &g : &h;
d = cond{)? &i : &;j

> = cond ()? &w : &x ;
f=&,g =& ;h=& ;1= &wW;
j =cond()? &w: &z ;

o -

T okkkg = e

— Point~to edge

(38 7) ZRlE| Wt EXllshs =232 ORSG

Eetold 7180l Scsucem, wo @ Fo1d wf, 2% no| &}
olzo] RFHW 3-#d FEE AU TAH WS a9
Fl FEFE WA= 2% DAY FAOH ¥ b d e i
of e &etolan Egsejoprt 3t} % Ry, w, a5 ¥
AT,

[q'a}‘ki UPO} S Tsuee(nd \>7}' XP n’“’ %{?}@L}Yi "7;;7}:!"—!”
Gg Gefol~GE ok Hri.

Scnk nan where 0< i<k and (a, k) ¢ idefs(n)

Ee wd A FRA A EAste L2ag9
A Z2od Fade J Z2E ORSGAIAMY A4
g AH clgoR %%6% HAES 7Y T 3, Fhold
gl AAQH oA BAF A

o174 EJEHOF gt

X8 Hert EA45He (1Y 8)olA EdolA 71 ¢ =
<O, square>Z FTAHE W ol BA AL 4B
A o33 2o 94 AANE EPSSEFE ORSGE A4
ofgth EPSSS 7z w2 RE Al4dd A AH ges
<E 5> ok @A £F o|FEE E"'Ei AEE u e
A2 EAA Gornz @i 2% o|FHH Exit =t
728 ORSGE (2¥ 8)7% 2z} 1?43 7zt &gl g
Y HARE <E 6>3 @

(E 5 EPSSOIM2| PSS

Pi('Entry’, x) = {a}, Pi(Entry’, y) = {b},
Pi(Entry’, 2) = {c}

P{®@, min) = P®, x) = {a}

P(®), min) = {w}

P®@, min) = {w}, P®, 2) = {c}
P®, min) = {w, c}, Pi(®, z) = {c}

min

IE

I
n
I

(13 8) ORSG

71EY Wy oR AE Sdolay & HA T

a8y Z2adg AAE AnEd @ A

HEE square B49) @& HAAIA gev)

Ref 389 A4E RIN ARE o] &8y A7

ol g3l AA4E 2= 3 @, 6, ® @ 6,
sl

e
b
I
o

, M oty weby B ATe shy
%‘h Ae 72 Al Zeadd i Sl 7]
o wWurt o 4G & g

e @ mlo



(E 6) 2MEHE

Ref RIN

[-1]a, [-1]b,| PU(@), 2) = Pi(@), min) = {c}
[-1lc Pu®@, y) = {b}, Pi@, x) = {a}

z, X, y, Pi(@, 2) = P®, min) = {c},

X P(®, v) = (b), PA®@, %) = {a}
@ 2, %9, P1(® z) = Pi(@, min) = {c},
@ w0k PA@, y) = {b), P@, %) = {a)
@ [1ly 2, y, PU@, ) = {c}
i w Pi@, min) = {w, c}, PU@, v) = (b}
z, y, Pu ® z) = {c}, Pi(®), min) = {c},
® |w bl PG, y) = (b)
-~ . _ Z, P] U, = (t}
® Jmin - [Hlw Pi(®), mm) = {wc)
@ 1]z min, z, PU®@, z) = {c}
: {t}min PU®, min) = {w, ¢
® |min |z z, PU®, 2) = {c}, P®, min) = {w, ¢}
© |w |[lmin min, Pi(®, min) = {w, ¢}
@® | square|w w
) | square square
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