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A design of the PSDG based semantic slicing model for software
maintenance

Ho-Young Yeo' - Kee-O Lee'" - Sung-Yul Rhew'’

ABSTRACT

This paper suggests u technigue for program scgmentation and maintenance using PSDE(Post-State Dependency
Graph) that improves the quality of a softwarc by identifying and detecting defects in already fixed source code. A
brogram segmentation is performed by utilizing source code analysis which combines the measures of static, dynamic
and scmantic slicing when we need understandability of defect in programs for corrective maintanence. It provides users
with a segmental principle to split a program by tracing state dependency of a source code with the graph, and
clustering and highlighting. Through a modeling of the PSDG, elimination of ineffective program deadcode and
generalization of related program segments arc possible. Additonally, it can he correlated with other design models as
STD(State Transition Diagram), also be used as design documents,

1- A.i % OAJ}%V\E :f*‘, i rlﬁd»%l )JJ‘I_O”OIQI ?ﬁON _QTTK
e, 9 el wigd 2 He 9 shgsg 4

aZBde) o] FRNass g Ao A vhEoll A el 2eos AT FARSE 9 Ay
ZEYOE ARERel A Q1 rpgo o) Fofr)= %% e wSrEEe, NEng osla] 44 At
Au, gAEEE ol gate] A A9 FAuE A

tEaa) g ) 4Al A A RE o4} of g% % HFS EME A A5k A ¥ Reen-
thd 8 ARt dabAgsa 49t gineering) el low(1], A% 2 FHupo] #
ta 8o kst Fuses o C e e e sl de
ERHA 19070 129 319, AAFR 19990 6% 19 Hel BE EME delemelagael gel duE &



Sl molEey e PR WG s

3-&&}&4 91;?]6}2% = 8171% 4 (Malfunction) #
o)) B (Misunderstanding) % B &7} A E5H
stoglen] olEgt FAl9 sduetow EEMY I
ol AGslr) fARF e Fag At

2 Ay 71E 2o §

2
e
Iy
x
o
1o
fiitns
=)
|
A
= TR
R
ol
ox
do
i
o
lo
i
L
i

i
APUE S HHRY, NS Al Bt Aol 9
2gERe g gotdos wgel dawy 7
ASs we ARHe YySel B3 1S Fusy
olFohd EaviMel Bary BEe 9 4EH
Beye wHoE o PEWES warAd ¥
ol2ie Lad 54 T E(PSDG)E viEoE 3

%
2oy 2e219e A4, ol¢ Hg 3 49 7|
g ] P mag o Bdojgie A
o] aEeh AW LE} AEe] FAME AA
de QNaT, oZHH ol boly
AR ¥Ne 2 PYUE 2NTOR FARS
o gyt S\zmee] A FHI A7 T
NzATIA felsE, olF Bl Auulel 0%
& AHan gl $Ausel ofeled aiee o
I -a— % olth webd o] AFE
gotel Gz B duFe Hdd AT 2
& CASEAQ H2o| Bastele) By,

2. ol I FXIET

21 2X |2 ARZsH A

AZEYole] AL drlzmee] wZigyelt EF

o)
o
—

@ 2 TRENEL

T#E4 (Parsing) 871} 3@4 el ub} o]
PAE fARSAe 843 EAo whet o|sfaliz ol
R Eo|ith o3 olsfel AnH: Hl&F wHE
A EE FH oot AFsle] 2% elafrt A

@
o
o

bulel 448 ZUE AE F UST 4 4 AT
A, Stanleyel @E®, fAndel 4 AYF 274
g el olsjail 50-90%7h AdlEw, g
o BYS Z2agsh Z2ags ATATE s
s, AEEd waRs 3 24 9 47 4
vl BT TAE olheE P, dNmsL Pl

A4 9 $4 BN 29se] 27557 gAY AY
A7 @e wrE A s AEH R FH2 F
& oj3le] whgel AT 12)

v AdA 4oE fea i Agos, BEe A
o} wHA W ARe Argoeze) Ageht #

Aol digh AHE shds F0, A 71 2AET

k)

B FARFE A% A€ y2He=Ee d
AFed g AERY AAF} M) it o]sE 1}
T o UtH). dAZE=e oF 1AE dAZEaY
9] 292 (Line by Line)%i4® FAEE F8 24

ags, A5 ouleFey, HYA#ZTEHe
T AFAN 22 4AHY o] ol8E + Sirt
(12). =% EAMel 23 ojsie YAz dig ¥4

24 F7E F odv AdagEy AREEE Ex A
Hdol2y #AEAE T3] §58 + Yot sk
ks o];‘ﬂ'o“]- qae %H% ol 3l Algel AHAEL}

By T7l o Eofl olale] Au

gl 71%e &Y 2L 3FELR W GW BA fg,



DEEMO A E 2T PSLGTY USRS YA s

Y1 7“"4“1.'!:’ o ,33‘.;
B HES

oo, Al B ddlel shedol ey Es Dependency Uraphi=f sied &

w £ ! s
del el gk . dgHel el M) o) 8 EAE AwekAl etk ol#fd XY LaidEEe
F Hvtol dAEAE 2dlR QA3R: Aelhd, = 53 (s, VI8 don A4 g, dzeM st B
EEEHE ofd HEE 2dst, olERE =¥l dolm Vi= ¥age] ffolvt whde] PDGel wig
A50h wAde] oiE A ¥ SAAE BHIRE Y & % BRUMe BAS (s Vars(s)Wol 240
02 Aeg 4 Uk e A% olef@ welHd £ YAPTRE AQA, H71A s $Fola Varss)
Fe REHQ AT oFT (). = 24 5ol AHgEAY Yol RE WEEY Yol

oh gy, PDGHMEe] 2 wEslt W (V)

2.2.3 AE3 Hord et 71ES A BEE 9T 5 gldl, o714
S HoUHE CASES 22 A5HETE E44 o Bggolgh %”fc’i Hrdalete Eguld &8
ARAD BAolt =M BHE sbsA g B4 T A By adZg gEYedezgsd ol
dFolzt T 4 vk whebA oleldt H2& njg Aol Z oA e Aot} k£ ol RETe
TaE AETFRYG 2 A REy gL ol AbgEA] e =e)0] BEo} S AE &
Aol ohd {FAREZ 9%t 2pFd3HolW 2F &) AeA Foad fARFA AR AHE ofdA
Fetk olEHIW, g FAlgle] ol E AT AHFH gt
& #5td PSL/PSAS] ool A¥ ol (Formal
anguage jo] AtgellARE, T2y R ge 1 D = dataflow equations.
w8 FARS oFBEFOl o] Tl ojFelA F = functional/denotational semantics,
sk FAorggel g el Ry Bae) oo I = information-flow relations,

g B} G = reachability in a dependence graph.
b3S = structured, bA = arbitrary.

23 Z2OY g0y ¢S = scalar variables, ¢A = arrays/records.

2.3.1 348 % cP = pointers.

A E g (Static slicingelgh Z2ade Fzg
dajol A o &2 %3 s Rl vyos 34 i Lol Weiser(17]12] 45 Hapd =23 (Ipss) o
$ol 203 dE HES Y WA BluEA NHEFL A3 EA 9GA4Er BE ¥ dein)E 3
& 29 083 2u(3). Weisers?] ¢neglEe 44 Gk BE 2 geele] Y@ Aloly ZEalFel 35
Fool 7 #RIE she d9lE nlEich oA Bpol ofFsbe viyolng Ausg T o]
¥ ogelo] dhtelite] ¥4g E¥elm slow 2AY 358 A9 o ZhHeth Bergerettist Carred
g $8e AAg JESA F0 Ay Y5 ENA drAFL AT VEEANPHEYES £y R
4 EAeltt mEad FEYIYE(PDG: Program o e oA FE2ad ge] #¥d + 9] o4&

(B D AXEY s
Hlal g5 | Computation! Interprocedural | Control Data Interprocess

R A ] Method Solution Flow Types Communication
Weiser D Yes b5 c3 Nao

Lyle D No bA eS, cA No
Hausler F No bS ci3 No
l—;{orwitz ’— G Yes bS ¢S No
Agrawal G No b3 c3, cA, ¢P No
Cheng G No bS cS Yes




sih b A Recursived CER S Aldleh)
Feli s gl gkch Bergeretti-Carre shces®
I I R - R A S e R R
oot A A Bete) sl
Eigrvde] HEghwgel uolHvh ARSSE S w9
galo Ay ylest Agrawald wigle] vprhipis
Qg Wislel grldolglon) Algrslidoe] 2|
gl iR el g R skel gt gt Cheng

n{] ol C’H ]0}3] L8] L}

(Dynarnic Slicing)® Reoedie] HeagH

Lf‘:’—! A ﬂ' i
Rt &us_u_ MacrEdel il Bakuhe e o
MRS ulwahn Uheat )

aly = dynamic flew concepts.
al = dynamie dependence relations,
a4t

bs

i

reachability in a dependence graph.

scalar variable.
aA — arrays/records,

aP = pointers.

korel® Laski®l @arg]dol ofdf 5%1 %%%
Agrawal®t Horgan, Gopaldl ¢l&] ¢3s 4o

o MlES N eR o)y Koreldt Laski® 3?“%_‘“ 9

2o gl 71°33¥L‘" R S -l Sl i
gjek Fheb- otk Agrawal® Horgan. Gopal®)
Aol SIS, LRIRE FUAAE LS e
#g BUAE aaEl AR, deAaAEel
FARS duelHd e F 44 adEs

Agrawal., DeMille,

AL
Sghu e

2.3.5 gl

o ] -2
s "‘*EI.
ZEojul vge

A oAl Hgs

7b Adgye) 4o .L-},

o s
SR Hx?

&,
12
PN
ot
)
1
o,

[y
RIS

L

N

=

3

ta

I

i\d 40

of

0

el,  Laski,

Plel £ S0, ol =

°_xl
TL“
Hos. 3
2=

= W
A ol AaEF ool 43

B+ 95

. Dgmo
o L E T

e
D
s41]
%
N
S
1o
ul_g‘
r-r!

TES Woats]

oz A vt F£1
SEECEENES
7S A S A g B
eI A
2£2.97H2).

Spafford -zelal Kamkars o
ZOIE7E 9= gl FHES o
el Kov
Spalforde] o8 Alghssich

- e

Agrawal.  DeMillo.

_410
O)\
_L}_
Hr
1
o
it
0]

2

2%
g Sk gy

7 Roll tier Qo omp

! EASE

f‘ ¥
2
b/
5‘
A8,
_)»'J_’
Do
e
P
ok
s
l,ndy
SN

i‘%rr 2, rri
o Mg
HE 2

X

‘-@0 =2gel YA ol

4 WA,

Ma\% 1

R =
i

e
i

=
h \-l

i

it r.?L' r

Computation Interprecedural Data Interprocess
Executable ‘ C
- * Method Solution Types Communication
| Korel, Laski aD Yes No bS. bA. bP No
Korel. Ferguson | al Yes No h3, bA Yes
Gopal al No No bS- No
Agrawal, Horgan aG No No bS No
Kamkar aG No Yes bS No L
Deusterwald et al aG Yes No bS. bA. bP Yes
Cheng aG | No | Ne bS Yes




A

iz Apole] e el et B epy
speledvl REEmgdd o ®4% gart ¢ e
of il g A A e},

shaluk, Dijkstra o Heppr® Mxd gl
WwEiE|7h Unityetn sbe b3s
gafop ghv= A 2RI WESA veinE,
29 015]- 711:”(‘: 19(. o)
A Aol A Olﬁﬂ%o
wol AA9) =2 ok ﬁ}i}'\% ou)# &3 Dijkstra
of YnEs B T FTE5Y i ol &%

g wAelsirt

r&:
¥
off
@
L
]
o

3. PSDG #E=Ey

3.1 AT
S FEA

Graph) & 08¢ S4udg: ouli
WogH HzpAd it FrAeE HAZ K
At Tz xe) HAge} Fzrsles Wi Q"%‘K&“’]
t} olep #AHsl 17l Petius softwarel15

=8
3

T#3E(Post-State  Dependency

T 5T 7]

O‘

e
{

b

5
oy
I P
o

o:i
rlo

Program Sticing Preject(9)E 2]
ojo] ofgolL} PDG #& ']ﬁ’j%
dojuf, afebd, ofef fhal %X[J;L$ Ea% EEE

of olsfgoldst BAde Bt

A FH5d SR R AL vE
) PDC7E =R a¥ye) B¢ FELFEH &% 24E
248 FAFoRH, L&Ho|A B LR 7
% PDG z} A7t B2 worola} o]E vrdl AlF]-
CLHE EA471M(Graph reduction)71'8el ol nf
L ojr Yyl ol EAHEL iMEla, Zzoad A

U /}JL

SEHH s UESE I8 el 5l

ste{iusterizigl IR RSN B R B
2 ) - i 2.5 e = A = = O )» [y
o Az o #59 BES FANYT F it oA

W
L.
o] Hor 03&]47:0 ola-go| ) A g =

=
FEAS R o <A 7!*:“0 Wit £7hE AR AEEolv

ez welg 7hAHel dwsh o
el el Jhpdlths 5A& A vk
. dEjel “9¥ e waz 7ol dAs Fas
a2 g)oewe mzodol 2Es sheA U T (Re-

achability}3} i’r}t RHEHAY vl ST ¢ 9l

=S Bl 3}251 Zgrdfiol AALEE T (Non
reusableY, AL fAFE(Serially reus- able}d} #

& w2y *H*}%%% R R L L

o}.

3.2.2 283} ‘?Jfalﬂ%
Algorithm PSD
4 1. Parse the program source
WA 2. from the initial statement or state, find
the root.

vkl 3. decide the condition of a next

(%)

statement whether it has horizontal or

vertical path {horizontal : has not
correspondency. vertical © has
dependency}, until it meets the end.

@Al 4. If it finds a set of nodes which do not
affect to any other nodes, clustering
just be happened and hightlighting also.

g4 5 'IF. 'CASE’. and iteration statements



are treated as a4 newly gencralized node.
VS vreates o PSDG and generates a report
of  the  program(module  reusability.

errors. and others)

chae] el EA | Ealule) QIAEAR R
RIS A L R U R

Ials Adstel aled wHE el e A

Zirdel 2548 2

el B i T A K
el AT AR des gel oldls) i
i ok s fabste] glom o4

T

o ereet **loﬂ 5E AsE vlaste] Yol ¢l
& kA f d T A Aol Al
i 9A7 L} | £lF =do
2| ol ol :4&1-- elgh B b o] 9l
Aol Haf|nti Fvg, aefal npAT

O A fe AR Tou
Hojut g (Deadeode)ol Weh HiE st §7)
nazae) gAab-gol] g X]:J«LS’- Ao},

§1e GalelFoll gl T e AR Aol #
Nkl Ef‘%l%"é(Standﬂlone) 2o wep w3y
& oueE ool EAR Ol JAVAE deldky

ol 3+ Visual Basic o8 243}

. ' b Partial Ordersing :
7. | tlustering

(22 1) PSDG =R
{Fig. 1)

3.2.3 PSDGH 8

PSDGY: “1ejmie Hzel Aol Euete] v
&9 TRy E4e FrAcE: AHE FoolvA
=28 Aol 345402 B gloy g
A fo pHAd oo fAAZIch FHA
Tk ooleldt v g 2 HolglA] YA R
agel S E7E i S vEEAY A FH7(Fan-out)
b dE ARk ey, ojest Ade zARE B
Aok G 2R wnBg e Sy o
A7 AR1S BElA PSDGR! wede 7hedi
ofd, ¥ flv =TE& BAste] Zaadde Y
@%%rMWI%é%%sozﬂ4ﬂwmaﬁoiﬂ
2] Bl 4% =g & 5 9l olefdt
254 Sel m2ade] =gixrs E&ﬁfﬁkﬁ%ﬂ%. 4
A adEe deadA sade agzas gkl
A QE%oR SofM ofRe) FataE HejlE
248 (Partial Ordering) 2827 A4 s)o] 7k

s
[=1]
o
o
[#]

' double km_per, o = 254 ~ 12 ™ 5280 ~ 00001
+ double mi_per ke = Lk per g
Peout w6 Y e ker per i

<< * ¢ kilometers pes mile y\n %
cout <& * <<pu_per_km

<< " i miles per kidometersionin®
double kwm, mi;

/7 To contral number of columns

R R R N

ik 4 w0 :
couuetﬂm*sl—mw 13) .
for (ke = O; km (= ke + 01} .
mi = ke ~ mx_,mr ooy !
s '

1 == 1Y :
cout <€ " of setpracision(l}ec setod)c< kg |
i)

e " 1]

-

cout €< * * <« setprecision{2 << setvdicT oy
if (i mw 5}

[
e W - O

im0
cout €« andl

}
cout f{ endg
retutn

(32 2) kmE Mile® HESH= o+ + =278
(Fig. 2)

-
“d

1
)
i
1
)
1
1
1
1
]
t
(
]
[}
'
r
[}
1
t
1
i
1
]
]
1
1
)
1
]
1
r

2 A whrdte PSDGE Graphel2¢f 28
& sbeet deel agze ¥y siss
2 uHE o, ZzaPs] FAEFA
32 B2 XEO¥Y E&AS WA 5
e s W 4 gl
= KmE rlez2 Ak 454 C++
7154 E‘:(Functiaaal module)l| thd T
xseg gzte] B gols FAUTI Folx ol
ATt oy £HES PSDGoﬂ “4%6} e T4y
5 e Uty



LR STy Gy I e NI LIS

afsiol, eyl deb e i el winh bsbt
of Mge el cdele]l fbg gt Akl ‘-*ﬂ"fv
e

o T

i, e
we km

wx ¥ i3 Wiloseters per mile
cout <2t " gemi per ki

< * a8 mides per kilometes ]
} double km, mu;
K ! /7 Te vontrol pumber of co
f38 L imt = O;
o )
:-PEDE graph gewwm vmdow

sbark b (Highlighting) 9 f‘*“-'
wacrate] ol g} awtalvh shssht

bttt |

. ;
i i
PR CRERTT - Independent | ‘ :
nodes ! |
. !
: ': (Fig. 4)
e ' PS8 nlwis ¢la ol8uly: HA(Propert-
(12 3) PSDC HE Jef= o1 & AEa st 2ok Seelatreel siupe A
(Fig. 3) 48 oy zuiEslo] YHEFY] E/lwA AR oF
dacreh slolil WEA Eyl oy R ols]
S 39 PERDGE AEd Fel el vharie] srolid offL aimipgiel Wiy ol ZEILF
o gl Fdsa glvh ofw wHEEr £5ANA e oluksl fol4 oft, AEE oA o AT §
na-ee)el f{llorest) & ZEZ4shalo] rd.tl- deet A olid o4t gl 1 oligf mlmakth of 7P Vit
v g vy, dAnbdelAel Fskst olef o oS onska, N gl&& ofulsheh el N/A
gol e AustAl Wy g7 maadh 4o dd
S 4 PSDGE vEstr) flg shiaA Ra e o 4hel min el Hghito] PSDGI V&9 44
7 Visual Basico.w Hej#igleh T Rel el vjsl AzEesiole] of oH g} et
vl Eol A ojshgel g AlFe, ofF st
of el shigalely AEst 3 = FAY He

4. PSDG H| sh eiAek Agtvh Ths skl

(E 3) PSDG ok ¥abvste] vl

\ TR R l Static Shicing i Pyvnamic Jlicing PEDG
Qoftware Lifecvele's Each Phase N N Y/A
Program Synthesls N Y Y
Proofs of correctness N/A N/A Y L
Program Understanding ~N/A N/A Y
Program Completeness N N Y/A
Gieneralization N N Y
Automation N/A N/A Y/A
Maintenance Y Y Y
Tools Assistance N N Y/N B




5. Z8 ¥ ¥F ATy

PEIW- sygwle

= 1o )& X
ofsigoly Mo

P Ayl o A5
SE ekl oA el REg AEEel el

g ps]o]ok et}

1) Coleman, D.: Ash. D.; Loather. B.; Om
an. P.0 Using Metrics to Evaluate Software
System Maintainability, pp. 44-49. IEEFR
Computer August 1594

(2] Joseph J. Comuzzi, "Program slicing using
weakest precondition”. Peritus Software
services Technical Report. Software Practice
& Experience. to appear. 1995,

[3) Centrum voor Wiskunde en Informatica. Re

“port: A survey of program slicing techniq-

ues. computer science/department of software

technology. CS-R9438. 1994,

Daniel Jackson and Eugene .J. Rollins. “Ch

[}

(4
-0pping: a generalization of slicing’. OCMU-
C8-94-169, 1994,

[5] Domenico Natale. “On the Impact of Metrics’
Application in a Large Scale Software Mai-
ntenance Environment”. IEEE 1991,

[6] Foster, J.: Program Lifetime: A Vital Stati
~stic for Maintenance, pp. 98-103. Proceed-
ings of the Conference on Software Mainte-
nance 1991, Sorrento. Italien. October 15-17,

171 Gallagher. K.B.and Lyle. J.R., "Using P'ro-
gram Slicing in Soltware Maintenance.”
pp. ¥51-761. [EEE Transactions on Software
Engineering.

[8] Harrison. W.; Cook. C.: Insights on Impr
“oving the Maintenance Process Through
Software Measurement. pp. 37-44. Proveed
-ings of the International Conference on
Software Maintenance. San Diego. November
26-29. 1990.

(9] Hart, J.M.. "Experience with Logical Code
Analysis in Software Maintenance.” Peritus
Software Services Technical Report, Software
Practice & Experience, to appear, 1995

[10] Jean-Pierre Queille. “The impact analysis
task in software maintenance: a model and
a case study”, IEEE 1994.

(1) Kafura, D.; Reddy. G.R.: The Use of Soft
-ware Complexity Metrics in Software Mai-
ntenance, pp. 335-343, TEEE Transactions
on Software Engineering. 13(1987)3.

{12

_—

Kari Juul Wedde. “A case study of a maint

-enance support system”, IEEE 1995,

[13] Oman, P.; Hagemeister, J.: Metrics for
Assessing a Software System's Maintainabi
~lity, pp. 337-344. Proceedings of the Conf
—erence on Seftware Maintenance, Qrlando,
Nev. 9-12 1992.

[14] A. Pizzarello, “"A New Method for Loeation
of Software Defects”. 1AQuIS 1993, Venice
Italy 1993.

[15] A. Pizzarello. “Formal Techniques For Und
-erstanding Programs”, Peritus Softwaroe
Services Technical Report, Software Practice
& Experience. to appear, 1995,

(16] Harry M. Sneed. “Planning the reenginec
—ring of regacy systems”, IEREE 1994,

(171 Weiser, "Program Slicing”, IEEE Trans. on

Software Engineering, VOL. SE-10 No 4

1984.



i = P 5
= = A o
o 5 3 7Y
19TT 2% e eha 10oTy 28 ol iEly ATl
S (Eekal TR (g EHEAY)

o) H
199051 24 SHauEte guagst PanTel 391998y 298 Ceq
% (
4

o TR [EN S S e rge Mason Uni-versi
‘ ; &l 43 A} ty gl
199341 290 Ay uska 1081 3 ~ el pAu g
abA| A eha BPARGE T AT L
199193 59~ 8« deiviel (FICIS tlaol At 199841 38~ Al JuaehErel A
el ¢ AEEY AAE CASE vhal ol ulalivjofs b A AGE | AL Ego]

19979 89 g Hislw &
R TR E R S
195651 39 A iR Rst dapAiata} Ag)
P ROF AN R, DA ol




