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A Formal Approach for the Reorganization of Class Hierarchies

for the Extension of Object Oriented Applications
Suk-Hyung Hwang' - Dae-Won Kim'" - Hae-Sool Yang '

ABSTRACT

There are some advantages of developing applications based on the object oriented concepts. One of them is that it
is possible to reuse the existing designs and products.

This paper provides a formal method for the reorganization of class hierarchies for the object extension in the object
oriented design phase. In this paper, we introduce a class hierarchy model called class hierarchy graph to describe class
hierarchy structures using vertices to represent classes, and edges to represent the inheritance and aggregation
relationship between classes. Based on the graph, we define an order relation(called the object extension) between class
hierarchy graphs. And also we present a set of five basic transformations preserving the object extension relation. The
set is proven to be correct and complete. The results of this paper help form a theoretical basis for the extension and
reorganization of object-oriented application systems.
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4 A5 7HObject-equivalent),  2F23H(Weakly-extend),
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(g 29 dddA s,

VC={TextWindow, Pannel, DrawWindow, Integer,
String, Line, CheckButton, Selectiveltem}

VA={Window, Size, Pannelltem}

EA={(Window, Size, v), (Size, Integer, vertical), (Size,
Integer, horzontal), (TextWindow, String, element),
(Pannel, Pannelltem, element), (DrawWindow,
Line, element)}

El={(Window, TextWindow), (Window, Pannel),
(Window, DrawWindow), (Pannelltern, CheckButton),
(Pannelltem, Selectiveltem)}

A =9 U Q = {0}U{ horzontal, vertical, element} =

{w, horzontal, vertical, element}
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718 &% A4

2z M2 AH vE Frlete

2% ADVE F0]7)
Ao},

ADV(v, Gy)
/98 CHG Gy, Gol #7148 A v
HEE: GLERY AT4E CHG G,
if v €VC then
VC gV CgUlth VA g« VA g,
EA ;<EA i EIg<EIg;
end_if
else
VC e VCsiVA ¢, <VA ULk
EA ¢ <EA c;EI¢,<EI;
-end_else
End_of ADV

292 A%

e Fheke & :

Atk MZE WozA FPHE Frhshe 2243 A
sElg Zrlss zAolr 2718 Mo 4F LR &
Zo) o] QA @& B9= ADVE A4 F
o] ADEE #&%th

A <] 8 (ADE)

712 &F A7 ZZF ADEE Fo|A FHh2 AF
adRTe] Wg Fohshe 2Aeln, okdel F FR/
itk
o Fok e Zrlate 23 ADE;

o ALWE F73l= 27 : ADE;

ADE((y, v, D, GY)

/98 1 CHG Gy, Goll 3718 Rk (u, v, D
/&Y GLEREH ATA4E CHG G,
Ve—Ves
EA ;«EA ¢ U{(w,v D}
EI ¢, EI ¢;
End_of_ADE,
ADE((y, v), G})

/98 :CHG G, G ol 712 As8 (y v)
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H/EE: GoEREH AFAHD CHG G,
Ve Vs
EA ¢,<FEA ¢,
EI ¢ <EI ¢U{(u, 0}
End_of ADE;

ELUIHPTG)
A9 9 (PTG
718 & AT4 2% PTGE, CS(B)SCS(A)E
nE3E F AHA, Bol disl, JW(v, B, D (v,
D& WA} 2Fo|t)

Zd2 BERY A =¥ /M58 BE FEEYA
= F2 ARREHE A$ =2 Jbeslng, Sda v
€ lojEhe o] E9] dHolg w9 FHo
FolExE A$E v X PTG 2L =4
A=t BAg atax geriay 3 #x),

(32 3) PTGY o
(Fig. 3) An Example of PTG

PTG ((w, 0, D, (2, v, D, G,)
#/U9E :CHG G, AAE #HE (u, 0,0, 3712 A

R (u, 0, )
/EE GLEREH ATFAE CHG G,
Ve, =Vas
Eq—Eg;
if (CS¢, () =CS¢,(v)) then
EAc—FEAq,— {1 (u,v, )} U{ (u,v", )}
end_if
end_of PTG

44 At&tst (DCG)
A9 10 (DCR)

d& ?et 2L ABs P HTYE0 CHst HR7H 597

71 3‘%} A4 237 DCGE, CS(B)SCS(A)&
T AR A Bl UsA, Asdly, BE (v,
AR dAHsE o))

olZ&sl=
w e

= &
T8 BE TAFY2E, DCG°1]913H @73}\17& =
A% 1Y ZAME 282 vEXRY F 7%
e Ag =2 Jhestna, CS(V)
dEHart Asdte 27 EdEe
£ o] 2L wEA A-D B Je a7EA g=
2 4 Fx).

A B\

v ] [x]|Iw]
57

O o

(a2 4) DCGel o
(Fig. 4) An Example of DCG

DCG ((u, v),(u,v), G1)
/98 1 CHG G, AAE A+ (), F7HE AsH ()
/EY: GoEREH ATAHE CHG G,

Ve =Ve;
E¢—Eg;
if (CSq (v)< CSGZ( v')) then
EAg—EAq,— (u,0) U (u,v');
endif
end_of DCG

5 && xFHo o

B 99 G Gt AAE A A G,
o el B wEAN AA% $F JWE(ADV,
ADE,, ADE,, PTG, DCG )& #4839, G, & =&
s we BRe mach

(29 lAE 22 A% dE G AR F
B AT 234 Agsel 44 &3 BAY s
G AE 7 e Uvhla gtk & FoiA G
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of st g3 e EAd o Zze A8 33
A-rd Z22E H e

HA Fold s AF TIZ GOl dhsiM ADV
g oA W HE5e 1+ AA(FA2)A ToggleButton,
Polygon, Mouselnterface®t 4 A< Button, Figure
7t &b adZ GiE QEthStep 1~5). Gl
ADE & AE&stoq F4 AH Windowst T4 A
MouselnterfaceAtololl F4H e F718 Gig I=v}
(Step 6). T4 2 Gio) ADE,% #4354 Button
7} ToggleButton, Button® CheckButton, Figuret
Line, Figure®} PolygonAtold] Alswg 718 GI°
& dErHStep 7~10). &, GPA CS(Line)={Line}
0|31, CS(Figure)= {Line, Polygon}o| 22 PTGE 2 &
ate] Ao (DrawWindow, Line, element)2 (Draw
Window, Figure, element)® #®7Ad s GllE 9& 4
ATHStep 11). oju, DrawWindow F &=/} 713
A wold 28 element] FeiAE PTG 3§ Fo
= ZolEx geth aga, Gi'dA CS(Button)=
{CheckButton, ToggleButton}®]i, CS(Pannelltem)=
{Check Button, Selectiveltem}o]= 8 DCGE H£&3t
o % A4 CheckButton® Buttond] Walx A4w
(Pannelltem, CheckButton)€ (Pannelltem, Button)<
2 W3sEed GIPE JAAYHStep 12). olwj, ¥
AFe adZ GPelA CS(Pannelltem)={CheckButton,
ToggleButton, Selectiveltem}¢]2.2 DCGE A &3 ¥
% CS(Pannelltem)d] TEH 74 FId2E Z29E
A ¥ew &, CS g yp(Pannelltem) C CS g p(Pannel-

Item)olt}. o]t e Wy G ¥ =RA AL

Fe2 AF 242 Guol oW AR2AE 8l
of B3 ATYA din T AR Tz}
Go @ W, Ga=Gpel BAS ATy, ols) Apgd
NREAe AP BEh EW, G4<Gp BA)
Qe goel F gAs AS Az Be), Guol of

W A A2 240e A§ged Y AT
o GyE 2g + UTHY, olm) A AEzAe &

A7l M, AdRAN B 7w &
e, gAsHE ALS

6172 &8 7y =ae HEY

6.1.1 ADV

22 A 2HZ G ol ADVE A3 GE
TR b o] W, Ao 79 A3 Go) 2axE
Folgx wer®,

Ve C Vg,

VoeV C g [V(a, B1)EWP ¢ (v)
3(a, B)WP cz(v) 8BS Bl

T,

7} AEeaL, ojAL G < Gy Aol dEE

6.1.2 ADE
2 AF 2= G0l ADEE FH&3519 G &
AAE W, ADEY Ao 3, G,9 84E Zo

7 gonz

VGI= ]/(;2

VveV C c,[v(a, B)ewpP ¢, (v)
A(a, BI)WP ¢,(v): B1S Bsl

7 A™etE, ol AL G2 G

29 A9l gt

6.1.3 PTG

A2 AF 3YZ G Aok, v, Dol A
PTGE A&t GF 2%t s of W, Fehy
@vDel (uv'DE MRAAGR s, B 99 o

&, CS Gl(l))g cS GZ(U')O]EE AH ud 1o}
£ RE ¥ UEle FYsst FoisA wen,
whebA,

Ve = VG2

VeV C ¢ [V(e, B))EWP ¢ (v)
d(a, BIWP ;,(v): B1= B,]

7F BRE, olA2 GI1< G Al sFeh
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ot
o

vertical

horizontal

Integer

Window

Pannel

Draw
Window

String

Gy

veni; ! horizontal

Integer

element
element \

Pannei

J

element

Line

Check
Button

Selective
Item

Button

)

. -m

Text

P,
Window annel

elemen

(& 5) Window Systemoil CHSt &H&H R4l o
(Fig. 5) An Example of step for extension of the Window System

verticy

horizontat

PTG
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6.1.4 DCG

U2 AF 2= G 9 A vol Wal DOG
E A8t GE UG Ak o] ), AFH(y,
viol (u, vIZ BAHAG DT stH, A 100 s

(0)E CS g (v)0l22 AY vo A&ZYays =
ogA ok X3 AR AF CS 4 (o) xFe

ox

e % u2REH Asddes 448 2&39

5. wEA,
14

K

G, = ch
VoeV C G, [V(a, 31)E wp G, (v)
3(6‘! Bz)WP GZ(U) B < Bz]

7b ARsta o AR G <

Gy9 Aol gerh

A Ao 848 F518) Hl
5 A A B7} dAHE ), Ad) 13 2
&9 £2 AT(A,BE, AZRH AAZ 929 £
£ A7 (A, B 2 47 Yed.

A (A, B=|B—{(ANB)
A T (A,B)=|A~-(ANB)

olel, ¥ =EAAME AL 2wE T sl
ob g e} ¥=_‘° 78S AR B

AT Vg, Vi) — A (V)
A (V. Veo) - A (V)
& *(EA g, EAg,,) — & T(EA)
AT(EAg, EAg,) - A " (EA)
~T(Elg, Elg,,) — & Y (ED

“( Elg, Elg,") — AT (ED

A

F¢ Ve Vet

AT(EA ¢, EAg)+ 0" (Elg,, EIG,)
—>AT(Ga, Gy

6.2.2 9H4

AFAA Ga < GpE DEe= odd £ A9 Z
2 AF 2z dfME 78 x5 kit A3
3, 499 (1<i<k-1Do dF A (G, ()=l

& G 7 Gm®) REEIRB o8 Qo o]
S 2& BAYN QL G, Gl Ba), B o) 4
@,

G'm = G;0(ADV| ADE,| ADE,|PTG| DCG)

<F9>
Ggs Zo| Al AN AR el Aztad,
e AT (=12 A%
o AT (EA)=12 A%
* 27 (ED=1% B%-

L A" (V=12 3%

olul, & (G, G )=12%H A *(EA)= o *(ED=
Oclch. mabx BA| 1246 a7 (EA)= A~ (ED =00
B8 G <GmERH Vi S Ve LOIBZ2 AT ()=
0°lth. &, Gt Gt el Aol 27, Gol AH
] A FhE e 3EATE @

e}
%] =
& % ok WA, G = G,0ADVolt}

Z

2. 6 T(EA=19 A%

old, & (G, G )=12%H a T ()= a T (ED=0
oltt. mrepA,

& (v)=2a7(ED=00°|t}.

(@ & (EA)=0d 3%

o, Gel BEAT % ASW AU Gl A
AHE 2 A% Q¥ 42 2ow, Gol Ao
of Aol PePae & A Fokskel (o PP

(b) 2 (EA=19 4%

o, Gl EgE] 9ot G, XEHol A g
Fepdol (u, v, Dolekat 3k, C Se, () SC S, (v)
QAR vol diE FFA( v, Dol Gl TFHA
e, Gu = G ;0 PTGtk

3. A T(ED=19 A%
oldl, AT(G, G'm)=1ZRE aT(v)=2r(EA)
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=005} wetd, A ()= a (EA) =0o]th

@@ 27 (ED=09 A%

oid, Gl BHAT % ASAY IA¥H G A
AR 9 Aoy »ge zhzt Zon G Asw
of Aol AsHE & A Frste] Gha9 Ase
g 4% & Yo 93, G = G,0 ADE,

b) 2 (ED=13 A%
ofm, Giol EFHl glon G,edE FgHol
X we Aswol (@ velga s, CSe
(DECSe,, () AR voll dal Aed, v)
o] (ol EHEAT. B2A, Ghy = G,0DCGOI T

ooz R k7l 7E
Hal}

2549 3%, ok Ao 4

VZlSZSk_l[ G +1=
G;0(ADV | ADE || ADE,IPTG |DCG)]

t

?_]_', Z}'Z(lglgk‘—l)oﬂ EHSH, G;‘+19‘]’ G,M‘\% 7-11‘i'ﬂ

FESHRAN devs el 712 Fh ATA
22 He3d G ' 2 F Yk [9-11]9 7]
5t AT 2% L8 PE F4HY AA

&
(DUA) & F7HAUA), 8789 Z43HACP) ¥
=H(DCP), §&3d REXHPRP), #AHe] F7}
(AOW) 3 AADOW)Z FA =] o). o2 2z}
% ol8dt] Yehiy,

Vz lglgk_l[ G 1=
G,0 (ADW ADE,| ADE ,|PTG|DCGIDUA]
AUA|ACPIDCP|PRP|AOW|DOW)]

oltt. 1 A o] AR SFwA Folo] 23,
73 %”‘Wrﬂlﬂl Qe Yol T ) Fex AZ 19
Z Ga< Gpdl Wi, 718 &3 A7 227 /)R

57 ATY 24e 48802A G, 2L F 9

£
)

1,

DUAIAUAIACADCAPRAAOWDOW) "]

Sk

£ 218t ZcHA AB

T TG0 CHEE FR 71 601

g ol E Aol AH Tz
o % :RHE Ho] A AAZA 7—‘1
A AA S4aAE
3t AT =ZogA [9—1 19 718 57b ZH?*J
Z2%e ?Joh oldl Q&N 7|& FF AT =3
=3 ool it AFAHR dAM & =

™

AA SFEA e F A Fohx Az 2=
A=, & aze] Fojd AAE O % Y=z
7 &3 238 4 sloh webA
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