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Restructuring Method for Object-Oriented Class Hierarchy
Kye Dong Jung' - Young Keun Choi'!

ABSTRACT

When the class is added or deleted in object-oriented system, restructuring of class hierarchy is needed which
enables new relationship with classes. But existing system requires much additional analysis costs because it is
difficult to know the meaning between parent class and child class.

This paper presents the updated method based on semantic modification through new relationship classification
method. This method measures the similarity of classes and based on it's relationship, this method restructures class
hierarchy by classifying not-equality, part-of, equality, inclusion, subset relation. This method can minimize the
probability of meaning error for classes when the class hierarchy is changed. Also this enhances the reusability and
understandability through various graphic and text processing.
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GRIN gxEE)

Procedure restruct_Class ( )

Create Temp NewClass Table(Class name, member Function, member Variable)

T2 4k}l Flart ERROR Q1 Afoleh (¥ / N2$ 29248 44 //
Abol gy .‘E TEHH go Create LinkClass_Table(Temp NewClass Table, ClassTable, Inherant Table)
6) & FA27 ERRORS BERE Hel /] 457} 2l #9242 9 2s 22 //

Create Temp_MaxClass Table{ LinkClass Table,ClassTable)
/1A A g2 4/
f ( Maxdmf N Newdmf = @ and Maxdm N Newdm = @)
VELERERS v M LR ol e
then LoopError // a4 //
Relation(Temp_MaxClass_Table, Temp NewClass_Table)
if (Maxdm=Newdm OR Maxdm > Newdm)
/[ vlolel A 7 FdRAOIAY, wolel ezt RAYRA U o //
then if (Maxdmf 1 Newdmf = )
then RelationCode=211  // Wi} % Sk //
else if (Maxdmf D Newdmf)
then RelationCode=212 // "84} ¥+ 524894 //
else if (Maxdmf C Newdmf)
then RelationCode=213  // 9% &4 X8aA //
else if (Maxdmf N Newdnof =)
then RelationCode=214 /] 8 R/
else if (Maxdrf = Newdrf)
then Relation Code=215  // ¥ ¥ §0aA //
else if (Maxdm N Newdm = &) //elole! iy} Sdaid o/
(22 ) MNE S~ Hax then if (Maxdmf > Newdm)

(Fig. 6)Class hierarchy diagram before insert then RelationCode=022 // slE} W4 TRk, 9} B PeAERA )/




else if (Maxdmf C Newdmf)

then RelationCode=223 // dlel] o) Sk, | ¥~ X8/

else if (Maxdnd 1 Newdmf) #&
then RelationCode=224 //dlelel s} #3424
o B e //
else if (Maxdmf = Newdme)
then RelationCode=225 //dlole] e Figa,
o} g SRl //
else if (Maxdm C Newdm) // chole} s} 84 2ed //
then if (Maxdmf N Newdmf = @)
then RelationCode=241 // vole] o} T8,
o) < A //
else if {Maxdmf > Newdmd)
then RelationCode=242 // tholil il 2],
o S LETIA )/
else if (Maxduf C Newdmd)
then RelationCode=243 // toTe] Wil X3,
o 5 T/
else if (Maxdmf N Newdmf) =2
then RelationCode=241 // efele] e} E g
o 3 SR/
else if (Maxdmf = Newdmf)

then RelationCode=245 //sole] o ¥aiahA,

e SuA //

else if (Maxdm N Newdm) = // doje] e 1A o //
then if (Maxdmf N Newdmf = @}
then RelationCode=251 // tole} W] ¥,
o 844 Fad //
else if (Maxdmf > Newdmf)
then RelationCode=252 // dlolel "t -84,
o 3 TR/
else if (Maxdmf C Newdmf)

then RelationCode=253 // telel ] 2,

ol 5 X //
else if (Maxdmf N Newdmf =2}
then RelationCode=254 // Hlele]
o G g/
else if (Maxdmf = Newdm)
then RelationCode=255

//FlE] B, ) 3 gasA/
witch (RelationCode}
case 211 © RestructureClass(Temp MaxClass_Table, Temp_NewClass Table) :

e,

breake

11 7P A Feieol, eleol 5Y chofe] o el 75 & That ofgo] 22

o 42 7V R gEn Pk B/

case 212 * SubClass(Temp MaxClass Table, Temp NewClass Table) © breake

/1 ole) EAeke TFsoluz HdlalAl ok et/

case 213 : SubClass(Temp MaxClass Table, Temp NewClass_Table) : breake

/1 3% $24 Saichund Null 2ot A7) ol A vl Zekenie 79

ol el ol EodAln $iaef nieh o ko] XS 7/

case 214  RestructureClass(Temp MaxClass Table, Temp New(lass Table) ©

case 215 :SubClass(Temp_MaxClass Table, Temp NewClass Table) : break
/1 ol Ekehe Feoln2 4RIaR) g Rt //

case 221 :SubClass(Temp MaxClass_Table, Temp_NewClass Table) : break
1/ Sdest . //

case 222 © Error © break // 258 229 Aol gtk //

case 223 ¢ Error : break

case 224 © Error  break

case 225 * Brror © break

case 241 * RestructureClass{Temp_MaxClass Table, Temp_New(lass_Table) :

J/ens gy /f

case 242 © Error : break

case 243 * SubClass(Temp MaxClass_ Table, Temp_NewClass Table) © break
/033 54 //

case 244 : RestructureClass(Temp MeaxClass Table, Temp NewClass Table) :

/] a4 84 /)
case 245 © Error  break

case 251 * RestructureClass(Temp MaxClass Table, Temp NewClass_Table) *

/s gd/f
case 252 © Error : break

case 253  RestructureClass(Temp MaxClass Table, Temp_NewClass Table) ©

/1 2148+ 59 //

case 254 * RestructureClass(Temp MaxClass Table, Temp NewClass Table) :

break

break

=4

reak

break

25 Ng SN AE 7T T &Y 1%

{7 048k 4 /7
case 255 © Error © break

RestructureClass(Temp_MaxClass Table, Temp NewClass Table) // 2k A4 //
Kdmf= New(lassdmfVal - {(MaxClassdmfVal 1 NewClassdmfVal)
Kdm= NewClassdmVal ~ (MaxClassdmVal N New(lassdmVal)
/] 948 FARUAY wlugt //
il {(MaxclassDmfName "New(lassDmiName) * 2) // 7V5& chivt go] 22
A5/
then Create Temp VirtualFunction( ) // 7P elolg 24 9. //
Creat Newclass_Table(Temp MaxClass Table, Terp New(lass_Table, Temp VirtualFunction )
/7 38 Wl Bret dele] el sl 2 //
Newclass Table=(Temp Max(lass Table N Temp NewClass Table) +Temp_ VirtualFunction
/
Creat RemainClass Table(Terp MaxClass Table, Temp NewClass_Table)
// %9 W) Bk dole] Mz i el Fehs
RemainClass Table =Termp NewClass Table
~(Ternp Max(lass Table N Temp NewClass Table)//
Update Link Class Table(Temp NewClass Table, Temp MaxClass Table)
/R0 Feks Al 4/

if (Kmdmi{=K and Kdm(=K) and Link claass(LinkClass_Table) =LeafNode)
/1 B B THRHK) olstolx Qi Skl elx Fejeoluy/
then Link(RemainClass Table, LinkClass Table)
/208 Y/
Fxit

else Link(RemainClass Table, LinkClass Table. Newclass Table)
Delete from Temp_NewClass Table, Temp_VirtualFunction
Drop Temp_MaxClass Table // g 94 Sk A4/
Temp_NewClass Table = Newclass Table //7V ARl 2847/
Create Temp_ MaxClass Table( LinkClass Table ClassTable)//A13% $414 A S @4/
Relation(Temp MaxClass Table, Temp NewClass Table) // A28 ¥4l el 53)

Sub(lass(Temp_MaxClass Table, Temp_New(lass Table) // T2828 A £t/
Kdmf= NewClassdmfVal ~ (MaxClassdmfVai N NewClassdm{Val)
Kdm= NewClassdmVal - {(MaxClassdmVal N NewClassdmVal)
if (Kmdmi(=K and Kdm(~K) and Link claass(LinkClass Table] =LeafNode)

// vlizgho] 7IEGHK) oldoln Qb Feevt B s/

then Link(RemainClass Table, Link Class Table)

f2eeg T
Exit

else
Link Class_Table = Newclass_Table
Link(RemainClass_Table, Link Class Table)
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CgE Ede A B d)

Search(DeletedClass)
if DeletedClass=RootNode // RootNode 214 //
then if ModulePartition // Module £84 9 //
then for i=1 to n // n® Root Noded) SubNoded] 74 //
SubClass(i) =SubClass(i) + DeletedClass:
DelClass() // 82 A4//

else DelModule() // & Module®] A& E] 44 //
1143ElEd 2ol FE FHPAE M de 7
7k ez g Sl A WA AeE FE EY
2z ot MB EE MR T2 MH REZ 288 o
FE 229 dolg W WH grE A A F
2o AEsleta FE FY2E A M2 BE
A, olEd AfE Fuze AL Yo
AF A2 FdL9 o] HolE ndd ZES
3 et Agoltt ol HeE
(sub-object)® F+A3h= o] wigAsith, F W
AST ¥ EE A4 e M EE EF A
szt 3t A9 FE 29 dolg dAwe}
g 4 AH Edzd Aigen
2 g
(O™ 9 AA7IA 292 AFe ol (29 10)
£

& RE 27 ofy A EdE Nn mEE

HEoHU Ao

-

(08 9) MMl SI7IE Bala AE=
(Fig. 9) Class hierarchy diagram before Delete

AaBb @

(38 10) &AH%E B4 AE:
(Fig. 10) Class hierarchy diagram after Delete

dojtt. FEFHA Aak HAHs "o MEH Eg
Bbo} Ceold] WA AEstEofof g} FE Fexe
e gof dloje] AWE 47 x4y FP2dA AR
g8 T ZE Y2 S Aok

(#2 92 gd2 A daeZ )
if DeletedClass=LeafNode

then DelClass()  // 884~ 44/

#2 QIYFE AAGEE FYart g Fy=ad
Ae Fzae 2 ZFgart gorE Ay 2
o (29 112 = 22 DIE 2HEvHe 24
2 A%E vea Q3 (29 12)+ DAE 2 &
A2 A bz .

(38 1) AH sPId B2 AESx
(Fig. 11) Class hierarchy diagram before Delete

(38 12) MAS F S~ A&
(Fig. 12) Class hierarchy diagram after Delete

(#3 32 Sa2 A el )
if Alldmf and Alldm /33t 2k AN, 21 Fe2olA AAE gUas
Azske 2E 9 35 dole) WHE Adshady/
then Search_and Delete(AllSubClass, DeletedClass) // R Z#24

4 2YAE B2 W s dole WS 2o} At //
for i=1ton
{
Link(ParentClass, SubClass(i)): /A4 @8} #2 22428 dgad//
DelClass(} // 282 44 //
}



else Search_SharedClass(AllSubClass, DeletedClass} // 2 Zejzel4
g0 dashe W g dolel WME 2 //
Create(Search SharedClass) // A 28204 3802 42
3 wHe A 2d2E At/
DeletedClass=DeletedClass-Search_SharedClass
for i=i ton
{
Search(DeletedClass, TravieSubClass(i), Referencedmf, Referencedm)
(/8RR AE 2ol Rzels i 350 dole} Mg e //
SubClass(i)=SubClass(i) + Referencedmf+Referencedm
J/Asks e geot violel WuE Mp e Asialed uiiEdy/
}

if Search_SharedClass ¢ ) Null

then | Link (ParentClass,Search ShardClass)
ParentClass=Search ShardClass }

// 42 A48 3582 29} Nullolerd W 35 3= 2322

By ZYrc ddehn THAZ2 2YAE ParentFH2E b/

fori=lton

{

Link(ParentClass, SubClass(i)): // $:2:3kxol 21 28 92 //

DelClass() /28 A//

)
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(Fig. 13) Class hierarchy diagram before Delete
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(Fig. 14) Class hierarchy diagram after Delete
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¢ Collection

member variable

Example =*xlist;
int size;
int filled;

static_int Growlncrement

member function

name

used value and function

void add_alike(String &);

filled ,
list{0]- >alike(name),

add(element);
. list, Growlncrement, size,
Collection()
filled:
int_get_size() filled;

void add(Example *):

searchielement),filled size,
list.GrowIncrement

Example* search(String &);

filled, listli]->identify(key)

Example* search(Example *); {filled, list{i]

void remove(Example *); list, filled;

void print(); filled: list{i]->print():
print(); search(selection}

void maintain();

sel_example->print();
remove(sel_example);
sel_example->maintain();
add_alike(selection);

Examplex select();

print();search(String
selection);

Class Name :

Course: public Example

member variable

String number;
String name;

int capacity:

static Collection *All;

grobal: Collection* Course::All = new Collection;

name

used value and function

Course(String nu, String na):

number(nu),name(na) capacit
y{(25) All->add(this);

void print{)

number , name

bool identify(String &);

member function

Example* alike(String &)

All->search(name),
new Course(name.””)

void maintain();

capacity, name; print();

bool add(Example *)

none

Example* select()

none

(22 16) &S =23 A Holg
(Fig. 16) Program analysis Relationship table of module

superClass | subClass relation approach
Example Course IS_A pub
Example Person IS A pub
Person Employee IS_.A pub
Person Student IS_A pub
Employee Clerk IS A pub
Employee Professor IS_A pub

(O3 17) Sl &% 3 Hojg
(Fig. 17) Class inheritance Relationship table
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olc}, & W Collection Fe&f9] add(Example®)
iy S AP)EE29  search(element) 9Example
o AAA 8 AHEE AE ¢ gk gtk 2
22 Employ & Z&%29 Person Fdllae 44
AR Person Z#2~ 9 PrintE AR 3k Ahg
o AL & 5 ok 2Rt ohel FE Ao WM
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o WH e QAES FRIEZ & U Aok 2
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Classl |  Methodl | class2 Method2 | Used Type dav, Wiy wele $F H2 4, w9 49,
Collection | add(Example*) Collection | search{element) @.\1}- X]-E'x_zg ) QZ[: C"_]Z}'%% 'TL’E" Xg.ﬂ]é}'&i Eﬂ 0“ E“ Zé
flecti (. ) ;. P instanc = =
Collection | add¢(Example* Example Examplel) instance i‘ﬁ Z‘] %}o}ﬁit}
Collection | add_alike(String&) { Example | alike(name) instance
Collection | add_alike(String&) | Collecton | add(element)
Collection | get_size() 2 RR = H 73 2 WY Az &5
Cl _
Collection | maintain() Collection | search(sclection) i s 3 e i 2 ey A
N ) " Student |taking data private | Collection *
Collection | maintain() Example print() instance Static
Body data private .,
Collection | maintain() Collection n;move(seLexamp] Collection =
€ signup function |public void
Collection | maintain{) Example maintain() instance Student function | public String
Collection | maintain(} Collection | add_alike{selection) alike iunctjon nu::\c Exzmple » [String &
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Example | maintain(}
Example | print(}
o -
Bxampt_[ st e (¥ 21)€ YlA el A% HolE,
Course add(Example*) - - _ -
g Az ElolE, AW g4 WY dojE Fx glo]
Course alike(String &) Collection | search(name) instance
2o zo; 9. 7] L 2xlAlL = S 2= 0]:=
Course alike(String&) Cource Cource{name,””} 2= - o}- Ijr =] 'L} Q‘ TT)\]' 3 o= = Zé = T /\l -
Course | identify(String&) HEY2~ golES 2E 4 o), o3 geEgds 2
Course maintain() Course print() ;\6] % EEE%% ?Li“ﬁr % 2 319“1] Xﬁl‘ 7‘(1;51 ?_]_ ZH ?_}5]
Course print(} oy - -
of bssich. shpstel Zals AF 44 weA ofr]
l:i 5 2=
498 $E A $HE AT 5 AT

(38 18) Y &=rof @iy Bol X A EHOIE
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Classl Methodl Class2 MemberData
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(Fig. 19) Reference Relationship table of member func
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(Fig. 21) Class matrix table
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