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An Algorithm for Integrating Versions of
Programs using Dynamic Slicing

Soon-Hyung Park' - Eun-YI Jung® - Man-Gon Park ™1

ABSTRACT

Tor the operation of the practcal sofiware systems, the development, extension and modificalion phases are successi-
vely needed through the new requuemenls added and ther emvors deouggmg delecied  Therelote, i 1t 15 possible 1o
inlegrate the reusable software components and to reorgamze them mio Lhe new soifware systems, we can improve the
productivity, quality, and cost-elfectiveness for the development of software systems VFor hese reasons, it will be
required Lo research and develop methodology and tools for programs milegralion wluch male some programs merged
effectively. In (he process of merging two versions of a program mto one. we can consider thet some parts ol the two
versions are equivalent under the non-interference belween them, According lo the previeus studies the program selecred
lo determme the criterion of non-interference was very large, so we have difficulty i inlegiatmg many programs
prachcallv. In dus paper, we propose a new improved algonthm which can reduce the telated program size of
non-witerference cnterion by use of dynamic slicing techmques for legiation of two versions of 2 program, and prove
the elliciency of the proposed alponthm by showing some examples,
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begin
51 SUM = &
SZ: I:=23
53 while T < 11

do

54 SUM = SUM + I
S5, I =1-3
568 whrle_end
S7: write(SUM)

end.

(32! 2) Base =21

begin
Al PROD :=1;
AZ SUM := (;
Al IL:i=3
A4 whife 1 < 11
do
AS PROD := PROD = [;
AB. SUM = SUM + T,
AT [=1~13
while_end
AR, write(SUM);
A write(PROD)
end,

(02 3) WEy =238 g

begin
Bl1: S5UM :=
Bz No=D,
B3 T1:=3
B4: while 1 < 11
do
Ba: SUM = SUM + [,
B& N:=N+1
BY: I:=1-3
while_end
Ba write(SUM);
Bo: wrire(MN)
end

(2) 2 g7
D DN gose
PROD = 1;
PROD = PROD - 1
write(PROD)
@' DN, U, Base
M o=0,
Nii=N+I
write(N}
(3) 3 &7
PaSt PpE AHEsle] wEeld B Z=a

Pyl (2 8)¢) et gl

hegin
M1 FROD =1
M2 SUM = 0,
M3 N = 0,
M4: 1=3
Ma- whle T < 11
o
MG: PROD = PROD = [;
M7. SUM = SUM + T;
MS. N=N-1,
MY: I:=1+3
while_end
M10: writet SUM);
M11- write(PROD);
M12: write(iN)
end.
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D Pa'DNA Base

begn
M1: PROD =1,
M P.=3
Mz whife T < 11
do
M PROD =PROD = L
M9 I =113
winle_end
M11 write(PROD)
end

@ Pa/DNapgse

begin
Alr PROD =1;



A3 [:=3
Ad: while T < 11
do
AL PROD =FROD * I;
AT [=I1+3
while_end
AS write(PRODY)
end.

o = @el=a 8 7148 ASE 4

@ P .U/DJ\FB,BGGE

begin
No=
[:=23
while T < 11
do

M8, N =N-+I1

MO I=1+3
while_end
write(N)

end

M3
M4
Mo

MIZ.

@ Pg/DNp tase
begin
N =0
I:=3
whife T < 11
do
N=N-+1
I=1+3
while_end
write(N)
end
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procediure FindCreterion
LastVar(a, lat_b, last_a, cre b
LastVrar(h, last b
Creteron(last_a, lasl_b, cre_a)
Creterton{last_b, last_a, cre_h)
end.

procedure IniegrateFrog
Dynamichlarila, in_data, cre_a, mark_a)
DyvnamicMark(b, m_data. cre b, mark_h)
MatchThl(mark_a, mark_b, match_prog)
MergeProgimateh_prog, depend_dala,
WATgE: prog)
erel.

procedure Checkinterfere
DvnamicShicela, n_data, cre_a, slice_a)
LiynamicShce(merge_prog, m_data, cre_a.
slice_merge)
if (slice_a = shee_merge) then
DynamicSiice(b, 1_dala, cre_b, shee_h}
DvramicSlicel{merge_prog, m_data,
cre_b, slice merge)
if {slice_b = slice_merge) then
returpimerge._prog)
else
return(”false™
end_if
else
return("false”)
end_if
end.
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(1) 2233 49 B [gsf\ard 30,
¢ LastVarlAY = {ALQ, ALl}
« LastTar{B) = (B9, BIO}

(2) different nodes 2
s DNap = (AL
» DA,'J,M = {BIO]

aR A B Ade|F (e FiY,
= 3013, N = {-2, 4 -3}e]=9H
Hi=11,2 3.4, 8,8, 8, ¢ 10 3 £ 5
g g 10 3 L8 8 @10 3
Hp=1{1,23 4.8, 6 7.8 ¢ 4 5 &
CR N W o L S 111}

r beoin
Al: read (V)
A2 1:=1,
A3 No=1
A while (I <= V)
da
Al read(N)
AB. N <)
then
AT T = [1(N}
else
AB T = f2(N)
end_if,
AG Y o= 3T
Al0. write(Y ).
All I=1-1
end _while:
end. ]
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(4 Ast Bel &5 &efo]Xd

begin
Bl: read(V)
B2 1:=1
B3 Q=20
B4: whife (I <= V)
do
B5. read(N}
Bf: T = M.
BT: Y o= 3Ty
B&: Q@ =Q+Y,
B9: 1 =1+1
end_ichile
B13; write(
end.
(T3 T oF =22 5

s,
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= {Al, AZ, A4, A5, A7, AL ALD, AlL}

» Pp/DINpga
= (B1, Bz, B3, B4, B5, BB, B7, B3, BI, B10;
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e B3 e FTEE e | D0 e
1Al | v — Wl v D1
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4 A‘_l V e v | B 4
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7| a7 BG | 6
g | A0 7 | 7
9 | a0 THEE
0 | all| v | v [ B | 9
| ad] v |—m| v [ B4 ] 10
12 | A5 Bs | 1
13 | A6 g5 | 12
14 | A8 B7 | 13
15 | A9 B | 1
16_| Al0 | v B
17 | an| v

18 | Ad Bl | 16
19 A5 v L TRV B5 17
0 | A8 v | B6 | 18
o | A7 | v v | BT | 1In
22 | A9 | v " T o
23 | AlD] v B | 21
21 | Al B4 | 22
%5 | A4 v | BlIO| 23
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= Node W&
1 Al 1
2 A2, B2
3 133
4 Ad, Bl
5 All, B9
5] AD, BS
7 AT
8 Jaid]

9 AlY, BT
10 AlD
11 B3
12 BIO
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begin
ML read(V)
M2 I=1
M3 Q:=0
M4 while (I <= V)
do
Mz read(N}
ME: T = FL(NK
M7 Y = [3(Th
MS. w ite(Yh
M2 Q=0Q- T
MI10: L=T+1
end_while
M11; writelQ)
end
(72l 8) E3 =20 M
() ol mEage v g els 23
D Ask Mzk2] v] b e Bl

8 Pay DNas

begin

M1

readi V).
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M2 [=1
M4: while (1 <= V)
do
My read(MN);
ME6: T = fI(NY;
MT: 7= [3(Th
Mg writetT )
MIO I=7+1
end_while
end.

© PaTINza

begin
Al read(V);
AZ: I:=1
Ad: while (I <= V)
do
A5, read(N),
AT = [1(N);
A fa(Ty
All: wrzte(Y)
All: I:=1+1
end_while
end.
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@ B} AM7he]) v 3k o8 3]

© Pp/DNga

begin
M1: read(V);
Mz: I1=1
M3 R:=0
Ma: while (I <= V)
do
M5 read(IN);
ME: T = [1(N)
M7: Y = fATY%
MS: Q=Q+Y:
M T=1+1
enc_while,
MI11: write(Q)
end,
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(28 9 (29 6 (28 T e 52 o =

2399 Base ZEao|),

begin
Sl: read(V),
S I:=1
53 while (I <= V)
do
54. read(IN);
5. Tw=1+1
end_while
end.

(2 9) Basg ZEI1H

(2) 2 kA
F\ DI\A Hase
No=1,
i N <0
T '= fUN)E
T .= £2(N)
Y .= (T
witelY)
& DNp g
Q=0
T = fI{N)
Y = [3(Th
Q=0+
write(Q)
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begin
M1t read(V)
M2: I:=1
M3: N-=1
M Q=20
MG: while (1 <= V)
do
MG read(N)
M7 FiN <O
ther
M&" T = fI(N)
else
M9 T = f2(N)
end_if,
MI10: T = {1(N):
M11: Y = f3(T)
MI2: write(Y);
M13: Q=0+7%Y;
M14: I:=1+1
end while
Mik write{Q)
end
(O 10) S8 =228 ¢
) 4 234
A$t Bt Based @dshe] 7HHE SEAZE W 2L

| 715E B #2Hdct

@ P 11!/ Di\frfl,Bﬂag

MI:
Mz
Mb.

Mg
MIG:
MI11:
MI12:

M14

begn
read(V}
1:=1
while (1 <= V)
do
read(l)
T .= f1(N);
Y = 3(T),
wrire(Y);
I=1+1
end_hile
end.

& Py DN pose

Al
A
AZ:
Ad

hegin
read(V)
=1

N:=1

while 1 <= V)

do
read(N}
f (N <)
then

T = f1{N}

else

T = f2(N)
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end_if,
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Al wrielY)
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end_ohile
end,
oD = @ojrn v 8 FEE Hepsch o
g, 9 2H] %8 and &AL gdE o
HRE ZZaP A9 Bols 5% Zeod A

A Watel Mz el gk ez §Y 9

F gl

2}, 4389 A 2
Bl A ANE §H sl
= B¢ Jbsge ¥ 4 94t
ANE NS e 4 Be @
oV AANA A F Ak

AAE ) Bo] Asel APYEY BEAoln.

7.8 E

2 =EAE Adejel g Bo Fu Filold uhy
2 Arge ZEade F&A 5 19 E LAE9
od, o4 ZRadg 8 1F Y HY 584
42 FHEeck o4 ZEoge TR FE T
Aatel 4E9E, #4948 9EE, £7E 2@a, €9
Tog TAgolct & =gda AAlg ygE 7E
¢ Susan Horwitz 718 wlsh v} 717 2ella] Z&
Zalc},

2, 7122 3
zgagle] o7 yEeigart
2ade] 23 gl7] i Base TEIHE UDE
9AE Y 7 Utk

A, A2 £584F

Aoz 58 F def-orders nEl® a7} got
gJeER, 2o B dAlda HHl e s
ZE HAE AXeldte 71EY 78 A dHE £
o g sle] A8 A&E =Y 5
A, 71E8] FIEe 223P I AT FFET
e B date] sle Zaade F717) ¢ g
o}, B =EAAE By HoelAE FH OB O



840 stEEENEEE =R M7 MEzed

™ RG]
seay PREY Pielet 47 BHANE o 0

= = s T =
Ed HE B = e gAd g e fe =
fr.—!'-"“ == aAde ZEd A unedifcaton)
R e et A Ry

2oh (28 10 L]-EPLHM: e, (29 109 F
?ﬂL x=a 'él-]t PM/DNII. .’:'a';r’g‘]‘ PJV"’DL?"\{‘LBCJN!;’]- E}—F'T"?]

Wl u] 4 ABES $HAFA Fol Fhe B

el
ol

=
)

= o ZEHA AA HFEE PRo] BF
z2a MM BEHA 29k dEe] il w4

5 28 Be oA Zzawd A% (2
4 BE B =FdM AN 7ue

=]
Aol FEE B9 Z20d (38 82 v
]

o}

B2 3% TS @ 5 gtk olg ge] B R
oA AN BY FIES AsEY 4y med £
2

= I |

[1] David Binkley, Susan Horwilz, and Thomas Reps,
“Program Inlegration for Languages wilh Procedure
Calls,” ACM Tran, on Software Engineenng and
Methodelogy 4, 1, pp3-35, Jan. 1955,

[2]1 5. H, Park and Park, M. G., “An efficient dynamic
program slicing algorithm and its Applicabon,”
Proc. of the IASTED Intemational Conlerence,
Pitlsburgh, Pennsylvama, pp.d29-465, May 1958,

BA A A58 298, pp2323-233, 1996,

14] Susan Horwilz, Jun Prins. and Thomas Reps. “In—
tegraling nomnlerfering version s of programs,”
ACM Trans on Progra mming Languages and
Systems, pp.345-387, July 1980

I5] Karl J. Ottentein and Linda M. Ottentein. "The
program dependence graph in a soltware develop—
ment environmenl.” Proc of the ACM SIG SOFT/
SIGPLAN Symposium on Fractical Soflware De-
velopment Enviromments, Pilaburgh, Pennsvlvania,
Apnl 1934

[6] Marle Weiser. “Programmers use slices when
debugging,” Communicalions of the ACM, pp 446-
452, July 1982

[7] V. Berzins, “Soltware merge: Models and methods
for combining changes Lo programs,” Journal of
Systems Integrauon, Voll, No 2, pp121-141, August
1990.

[8] V. Berzns, Lugl. and A. Yehuday, “Using rans-
[ormations in speciication - hased prototyping,”
[FEE Transaclns on Soltware Engineering. Vol
Tec 436-452, May 1993

Bl T. Rep and W. Yang, "The scmantics ol program
slicing and program mtegration,” Proceedings ot the
Colioqmum ¢n Current  Issues i Programming
lLanguages, Barcelona, Spam, pp.380-374, March
1989

[10] T Rep, "Algebraic properlies of program integration,”
Proceedmgs of the Collogquitim on Curvent Issues
in Programming Languages, Copenhagen, Denmarl,
DD 326-340, May 1990.

[11] Badan Korel, “Computation on Dynamic Program
Shees [or Unstructured Programs,” IEEE Trans. on
Soltware Engineering, Vol.23, No.1, pp.17-34, January
1897



P
H_1|“Io=i E:1||-E|I_|-—AZ—

a-mal 5]3 yatlc@dil ac la e-mal mpark@dolpln pin.ae ke

198131 g EEgE HA ) Aeddi oo
st (e 3hA))
A AR 5L o] x] =
19859 43w w) g gl HA 1987 AR gE R e Al
AT (4 4]
b 5 AT o] AL
1997 ~ oA A& djghg
SR EREREE 9R0I 1B AR A
JOBIM - 1983 elr] £ () And TR Agmat g
1957 ~ A Tl e Az e 1905~ 1990 5= el Edlste 2T as A
Ao Aazmede|F W AFEl, AZE e
24 L HAY S ZRas AlRE, BRI 19920d - 1803 risr AlAbeaniotm HEE e @l

Ao % A, NFY 220 oy

deiolclol FALY ATEEE

=)=
2T

19068 & ARgA g AEddeoldEn #15E @
o

M 2 g ARIAER NHup
= 199541 §2 FFEE Atz AR =1
e-mal  Jey@choonhae ac kr QT ZE ATl A S e
1995 WA d e A dna e T AER AT gRAsuTs Advhe o
(Bl Fol els)a) a3
1997 Rdojsln o gy =) 199751~ &4 ZEREY 7AW Colmbo Plan
A 2F a2 o) FHA AN Stafl Coliege, 22]7 nldale] B3 27
000 HAgEE fEd A7 = ¥ SRR R

7| 418 )i o) Erakal)

1981 A BAdSE HFE wyvc)e] Zgy
1997 19800 SR e dalAiaby Adms, 94

24
s Ee el o
B A BARoL AZEAAER QB Az 4
20009~ @7 FEE FE AR 25 4T oolm AE s v =
ARGl Anml T D A, AZZdlel 9 BB EAEE. e S o
Ao ek el g 7]l wWen)]e] &) 9, 2EFHY YuAay, AmEdeEd

1
& AR A A EERE Rt - 3]

3] E]
wEu X ArEde]l MEZA AZIg o)A
Elvjrfo] sEEde{pE = gl 7k Ay L 2xEo] Alsy



