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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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& e A% 2 =Z(CHG : Class Hierarchy Graph)
g A% £, Class Dictionary Graph®t £ =29
2L AF 282 Aol AME =ola) B},

2.1 Class Dictionary Graphel 274 [12]

£ =EdA =931 e Edx AE aYgzZe
Class Dictionary GraphZ EthZ ¥ 7}3 A§AIgS
Fu 42 A% T2E F¥stn gt o] HoME
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(29 2)9 ddAs,

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

VA={Window, Size, Pannelltem}

EA={(Window, Size, 0), (Size, Integer, vertical), (Size,
Integer, horzontal), (TextWindow, String, element),
(Pannel, Pannelltem, element), (DrawWindow,
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EI={(Window, TextWindow), (Window, Pannel),
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(Pannelltem, Selectiveltem)}

A=9 U Q= {0}U{ horzontal, vertical, element} =
{o, horzontal, vertical, element}
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3, vl BE FFe U GoE 2 olgg 2
€ ve 3o EAEY, G oA 1 £Fo] A¥ &
qe (EY2)0] GoAME EAFE ouid. oy
A =g HEE EdZ st A §F #AE A
9@

Ao 6 (AN )
VCe<SVCo,
G1= G0 vpeVC [V, B)EWP ¢ (1)
[3 (e, B)WP ¢ (v): B,S 8501
G < G A%, G Gy= A ZRABAN gt}
g ot

402 %% A7rd =1

A3GAN g AA &3 BAE vFae 29
& AF 2L =& s A4 wA old A
&3 2oz, A FHY 8 &% A7 =
e Aot

41 M™e| &3} (ADV)
Ao} 7 (ADV)

e &4 ATH 2% ADVE Fold 242 A3
gz H2e AW vE sk zatoln.

ADV(v, Gp)
/¥ :CHG G, G\l 718 AH v
/EY: G22REH ATF4E CHG G,
if veVC then
VCg—VC Uk VA <VA ¢
EA<FEA¢c; EI;<EIlg;

end_if
else
ve 52*—VC G.;VA Gz‘—VA GIU{U};

EA Gf—EA (;l;EI Gz*—EI G,

end_else
End_of ADV

42 Me| ZIHADE)

Fol ZU2 AF aHZe F A} M2
W Frlate zFolt), orldle £FFY FF]
Ark MZE Moz A FHPAL Frste 2z A
THE F7hstE 3ol -rﬂ% W 4% e @
Zof 7&.4 o] EA8A ¢+ A ADVE HLE %
o] ADEE &3t}

A9 8 (ADE)

718 &% AT4 23 ADEE Fol7 S~ A2
2z WE Friste zoln, oY T FH7}
Ak
F7tste z3: ADE,

F7bste 22 ADE:
ADE((y, v, D), G))
/94 :CHG Gy, G 72 A (v, D
HEE GoE2RY ATAHE CHG G,
VeV,
EA g <EA ¢ U{(u,v, 0}
El ¢« EI ¢;
End_of ADE,

ADE:((u, v), G))
/98 :CHG G, Gl #7t9 A%9 (y v)
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/&8 G 225H AT4E CHG G
Ve~V
EA ¢ —EA ¢,
E ¢, —EI ¢ U{(% )}
End_of_ADE;

3 R EYUSHPTG)

A9 9 (PTQ)

712 &4 A7 27 PTGE, CS(B)SCS(A)E
wnEsE £ FHA, Bl disl, AW, B, DE (v,
A, DE #iAste 2ol

ZY92 BEYH As &Y 7ted L& S

2 AZRHE A4 =¥ 7H53es, Eds v

7b 7k e lolgke o|E¢ dolg x| o

Zol=e ZA$E gd EF PTG 2% wt=4A
A=t BYg 8784 gty 3 #2)

(3% 3) PTG of
(Fig. 3) An Example of PTG
PTG ((z, 0,0, (u, v, D), G))
/98 :CHG G, AAE ASYH (v, ), 3714 3
o (u,v', )
/%9 G225H ATAHE CHG G,
Ve —Ve;
Eq;—FEg;
if (CSg, ()< CSe(v)) then
EAg<—EAqg,—{ (u,v, )}V {(u, v, D)}

end_if
end_of_PTG

44 Xp&Yuts (DCG)
A9 10 (DCG

(=1

g 213 ZaHa AE PO T St YUY 597

718 #3 Y7 23 DCGE, CS(B)S CS(A)E
nEge £ AE A Bl tislA, Asdlv, B1E (v,
A)E WA3ses 2 o|t}

Ze~ v2EEH 22 BE AREd A 29 71
5% 2E FAZUAE, DCGAYE AN 282
AS JPZANE U2 vERE Fo& AR AR
3o As &9 sMssteg, CSv)d E£3d RE F
AEY27t Asss FY2vt Fol=EE BT YUt
E o] 23 wiEA] AL B 98 a78A @:
Hady 4 &%)

(2% 4) DCG| off
(Fig. 4) An Example of DCG

DCG ((u, v),(u,v), Gy)
/8 :CHG G,, AAE A%y, 371 A )
H/EF . G 22%H A+FAHE CHG G,
VeV
E¢—Eg,;
if (CSq (v)=CSg(v')) then
FEAg—EAg— (u,0)U (u,v);
end_if
end_of_DCG

5 %% HT749 o

(2¥ 59 Gi#H G AARF BAY4 A% G,
of W ¥ =RdAM R A JIPE(ADV,
ADE,, ADE,, PTG ,DCG Y& 3{3td, G,& =%
# de 33 2o

(2% Bl e Zd2 A% JdZ G V& &
g AT z23E Aestd AH &F dAd e
G & 9 7 AHE el Ao F, FoA G,
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o thate] s e &AMol o Zzte N %3
A 23 HE9d

HA Foiz s AF 2HE Gl dAA ADV
2 ol i Heste 7 ZAE ALY ToggleButton,
Polygon, Mouselnterface®t 5 3 < Button, Figure
7t F7te 2 GIE JEHStep 1~5. Giel
ADE, & Hgdd 4 FH Windowst 74 AA
Mouselnterfacertolol FepRe 718 Gig ded
(Step 6). THAl A EZ Giol ADE,& 43t Button
# ToggleButton, Button® CheckButton, Figures}
Line, Figurest PolygonAtelol Asdg %718 G
2 dE&thStep 7~10). E, G914 CS(Line)={Line}
o] 11, CS(Figure)= {Line, Polygon}°ol2& PTGE A&

st ek (DrawWindow, Line, element)% (Draw -

Window, Figure, element)2 ¥#3sld Gl'g 9¢ +
lthStep 11). o, DrawWindow E#27} 71Ax
e diolt A4 elemente Fd2E PTG ¥4 Fo
% Zolsx gttt zalx, GlelA CS(Button)=
{CheckButton, ToggleButton}e]i, CS(Pannelltem)=
{Check Button, Selectiveltem}e]22 DCGE AH£3
o % A3 CheckButton® Button®l di&iA #As¥
(Pannelltem, CheckButton)$ (Pannelltem, Button)2.

2 fAsesq G2 AAYH(Step 12). o, W
A%el adZ Gj*H CS(Pannelltem)={CheckButton,
ToggleButton, Selectiveltem}o]l22 DCGE H&4d ¥
ol £ CS(Pannelltem)ol]l ¥£3¢ T4 Fdat £9E5
A gtk &, CS ;y(Pannelltem) C CS ; x(Pannel-
Item)o]t}, ols} Z& Wgoz Goll £ =R =gt
712 B4 YA Z2ATL JE3d G(=G})
£ 98 4 gloh(ag 5 #=x)

6.8 ¥

E2d2 AF 2UE Guol o8 Z1EZ2AE &3
of &% A7 dold Fdx AF 2L}
Gp @ 9, Ga<Gpo BA Arhd, oju A gH
Z1gzAE AP @k BF, G,<Gp BA
Ae 49 F Fd2 AF 2T di&f, Guol of

W A R 2RV AEYoRA B AFYH
o Gp& ¥& 4 AT, o AEH TERTe @
AT @ vl s, AdBA Bolw R &
A AT 2% BF FYsm, SFde A4S
F99,

61712 %% MPY ool HYY

6.1.1 ADV

g2 A2 2YZ Gl ADVE HEde] G, 8
ARG s ol @, Fe 7 A48 G arE
Zolgx gonz,

VeC Vo,

VeV C g [V(e, B)eWP (V)
I(a, B)WP 02(0)3 B.S B8]

7 AR, oA Gi< Gpol Al HFEd

6.1.2 ADE

24~ A% 29= G,ol ADEE H&sld G, 8
AL ul, ADES A8l o8&, G,9 84+¥ F9
A ¢goernzg

V G|= V G,

VeV C 6, [V(a, B)EWP 6, (1)
I(a, B)WP ¢, (v): B,S B,]

7t AR, olRE G < 69 Aol At

6.1.3 PTG

2 AF 28Z G AGH(y, v, Dol BHA
PTGE A& G, & Az #a o] o, AP
(mvhel v, hE BRHAAJDT sd, Fo 9o 9
#, CS ¢ lv)s CSg o)1z AHF ud lolet
= RE9 ¥ Yehlle 27t o84 ¥=h
kA,

VG|= VGz

VYveVC ¢ [V(a, B1)EWP 5 (V)
(e, BIWP ¢, (v): B,= 8.l

7b 4-Etn, oA G < G Ao e



@@

T

Integer Pannel

Window

element

slement \ y
element

Pannei
Line
1

(322 5) Window SystemOil CHEF &HEH x{Ad9| of
(Fig. 5) An Example of step for extension of the Window System
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6.1.4 DCG

Zax A% 242 G 9 A vl W DCG
& HE39 GE 49 #A o w, A5,
viol (u, v)2 RAHUGn &dE, B 100 €3
(1) CS c(oholm2 HY vel A&d2E 2
g7 Wit B@, 34 4% CS o(0)4 TP
AHL EF uERH Asfdegs 428 REsn
Sleh. webA,

Ve= Vg,

YoeVC g [Via, BIEWP ¢ (V)
(e, BIWP ;,(v): B,€ B.]

7t A”E . oA Gi< Gpol Aol AFE

62 718 wF NP x| MY

6.2.1 B3¢ 549 X gd

A¥ A 228 F7H3AY AAste 238 @
5 A4 A B FolAS W, Aol U@ &
29 +8 AY(A,B)Z, AZRH AAY 249 F
& A7 (A,B) 2 247 Vet

a *(A,B)=|B—(AMB)

5 (A, B =lA—-(ANB)

olgl, ¥ wRdAMe A& Ndd EEEHY] HHA
obzfgh 22 47| EE Ag37IZ Pt

A+(Vc,., VG,.,) -2V
& (Vg, Ve.,) - a7 (VY
s "(EA g, EAg,,) — & " (EA)
s " (EA . EAc,.)) — a " (EA)
& *(Elg, EI ) — a *(ED
o " (Elg, Elg,,") - & " (ED

Ai’( VGAv VGB)+
a"(EA ¢, EA )+ a*( Elg,, EI ¢)
_)A+( GAv GB)

6.2.2 ¢4

ANZAA Gy < GpE WEE= ou@ F /MY 2
B AF 2@z dfME 712 235 k7t EAG
2, e (1<i<k—1D R a Y (G, Gia)=l

A G 7t Gin®l F-ES7HAR o fojt o
ot 2 BA AT Gy Gl B, S o] 4¥
ey

G’ = G,0(ADV| ADE | ADE,|PTG| DCG)

<F4>
g gol Al 72 F42 ol Az
e AT (N=12 B%
o AT(EA=1% A%
o A (ED=19 3%

1L a2 (V=19 3%

ol A (G, G )=1ERE A *(EA)= & " (ED=
0ol metH MA) 124 A “(EA)=a (ED=0°|
o B G<GmERH Vi S Ve o222 (0)=
0otk &, G G W9 Aol ¥, G AH
Aol P4 @ A FhE G 3AYE @
£ % Ao }EA, G = G,0ADVOIT.

2. AY(EA)=19 3%

oltl, & (G, G’ )F1RRE AT ()= & T(ED=0
ot} whetA,

a7 (v)=2a"(ED=0°]th

(@ 2~ (EA)=09 A%

olf, GO AAIE % Ay AFH ¢ A
AEYE 9 Asve d¥e 474 2od, Go HHd
o gl AgHg & A Frlst] G FJpEe
A%E 4& 7 9o
ne&td, G = G;0 ADE °lth.

b) & (EA)=12 3%

oju, (il X@=el govt G, ol TS I ¥
Hepdol (y, v, Dolzta &, C S, (1) EC S¢,., (¥)
QA vl dg APy, v, Dol Giol EFEC
weA, G = G;0PTGolt.

3. A" (ED=19 A%
old), a™(G, G'i)=1ZHH a*()=2s"(EA)
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=0olth. wtetr, A “(v)=2a (EA) =00t}

(@ o (ED=0% 3%

olgf, Gl APAY L A A Gl A
AR ¢ Agay gL 774 2o, G AW
o gl AsEe @ AN F7ee Gl AsAd
A%E 4€ = Aok B2, ¢ = G,0 ADE,

b) 2 (ED=12 A%

oldl, Gl EEE Sloy G;de EFHo]
AA g Asde]l (u weletn ™, CSg
(DECSq, (Y AF vl s AsA, v)
o] G'mol e w&tA, G = G,0DCGoITh

ojdezHH k7t 71BEAFA 7
Hach

%, obel o] 4

Vllslsk_l[ Gi+1:
G 0(ADV | ADE || ADE,|PTG|DCG)]

g Zdil<i<k—1) ddl, G, 1% G AA
RESIBA deng G 718 7 ATFA
228 HJ4dd G, 8 98 F Ak [9-1119 7
257k ATy 2Re 4% gt #4EEY AR
(DUA) 2 F7HAUA), $E589 F43HACP) 2
2ul(DCP), &3 REIRIPRP), ¥=9 F7}
(AOW) 2 AADOW)Z A= it oz @ 27
E¢ ol g3t YEhH,

Vi:l<i<k—1[(G ;4=

G0 (ADWV ADE,| ADE,|PTG\DCG|DUA|
AUA|ACPIDCPIPRPIAOWIDOW)]

ojth. % A3t tiEo] HA FFAAY Folddl o,
A #gaAd sle A9 F A 22 AF 2
Z Ga< Gpol Ad, 712 &Y A7 223 7|2
7 AT 2L HEFoEN GpE 4E F A

:\1

GB = GAO(ADV‘ ADE]I ADEzlPTGDCG
DUAIAUAIACADCAPRAAOWDOW) °]

olct.

7.9 &

£ =fdMe, A4 AF AFgsolde] FHTx
o FEsta Zux AF 2YZHRY SHBAZA A
A SFTHAE At =3 AA FAAE B
&8 AT 2oz [9-1119 71& F7b AT
z4g £308 %, old flEo 71& &3 A7FY =%
S Aol n, olo) uldt A3 A sl F
93t

AA FAAAd e F oA Ed& AF 2=
ANE, &% Lo AP AAE & F oYz
7b AE Tgdvhe AMS BEY & Atk mEkA
1@l Rod) & Zalsel Faate] BAE HAE
AN, N2g Fdao FH2te] #AAS Frlsid
g2 AFTZE - A4S W B =89 23
E o232l BEUZHN o]&¥ & Utk oz A7
#A2e, 718 2 £8 HA4xYgs] fd FA= A
% 72 AT #H3 BA Fo] Utk

A, £ =89 Aig ol&3d 71E A
ojEe Aol del Fax AZ Fxo T FAY A
REF/HAR, 2eln & AF4E A AFE £
2 AEstn glon], SGML £49 33 2 o] &
A% A7 $4% Aol
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