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A Metrics-Based Approach to the Reorganization
of Class Hierarchy Structures

Sun Hyung Hwang'- Hea Sool Yang''- Young Sub Hwang'

ABSTRACT

Class hierarchies often constitute the backbone of object-oriented software. Their quality is therefore quite crucial. Building class hierarchies
with good quality is a very important and common tasks on the object oriented software development, but such hierarchies are not so easy
to build. Moreover, the class hierarchy structure under construction is frequently restructured and refined until it becomes suitable for the
requirement on the iterative and incremental development lifecycle. Therefore, there has been renewal of interest in all methodologies and tools
to assist the object oriented developers in this task. In this paper, we define a set of quantitative metrics which provide a way of capturing
features of a rough estimation of complexity of class hierarchy structure. In addition to, we suggest a set of algorithms that transform a original
class hierarchy structure into reorganized one based on the proposed metrics for class hierarchy structure. Furthermore, we also prove that each
algorithm is “object-preserving”. That is, we prove that the set of objects are never changed before and after applying the algorithm on a class
hierarchy. The technique presented in this paper can be used as a guidelines of the construction, restructuring and refinement of class hierarchies.
Moreover, the proposed set of algorithms based on metrics can be helpful for developers as an useful instrument for the object-oriented software
development.

719 E : YA K|E(Object-Oriented), 2HANSTE(Class Hierarchy Structure), HHS7IBH (Object-Equivalence Relation), E7}
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5.1.1 oj® F&29 gF4&S AAlsks duEE(CMI :
Cancel Multiple Inheritance)
dole) e 2AZaYE T, T3 FAFHAAA
al

ed24dd vt bdsd45E &

d
iy 2 o
>
[
o
o

Algorithm CMI(v, I
48 FA2AZS2YZ T, Tuie] doj9] FAEqH2AA v
&9 FAFUAEAE v OFFESE s A vy OFEdS
S 4£8A7 FH2AZaRZ tue #FE FHD OF
Ardol old Afole dFHE FHAASZIUE I false
#*E HERE
]"im =T y
ParentSet «— {ve] REZHLHGH};
loop while | ParentSet! > 1 do
p = (ParentSet?] 4L FTolA, Aol dol7t H49l
g ~48H);
Target < {p7HA] 4&EE 7t Fdg9 A%}
N {p o199 v} R IR2AHAnA A&
7Hedtx] && HJHdEe )
if 3¢ € Target[3u € VA U V(C,
1€ A:[u ¢ 1l € EA] then
[':=PRP(c, c’, ) ;
else
ParentSet < ParentSet - {p};
continue ; // while%Z9 &0z Eol7
end_if ;
if 3x € VA U VC, | € Al(v, x, 1) € EA] then
foreachl:(v, x, 1) € EAdo T := DCP(, v, T);
end_if ;
if 3m € VM (v, m) € EM] then
foreachm: (v, m) € EM do T := DCM(m, v, ) ;
end_if ;
El < EI - {(p, v)} ;
ParentSet < ParentSet - {p)} ;
end_loop ;
if [{vel 22Z#~7438}| > 1 then
return (T, false)
else
return (T, true) ;
end_if ;
end_of CMI

5.1.2 old FAZYP2AAE AAste dndE(DAC:
Decrease Abstract Class)

ct
o 2AZaR= e ou 3 FHFdAHE AATF

7Y2AAE FHEEA A estE s B A7)
o0, d FYFHAAHEE HAse dngEoly

Algorithm DAC(v, T)
A ZH2AZIYT T Mg dsle) F3EH2AA v
£9 2329 23A vt A4 stesttd vE AAT FHAA
FaH=e} true #hS HEH oL 2HAE JhEd AL
= 9849 I'9) false & £33}
Tiie =T
if Hplp € VA, (p, v) € EI}| > 1 then
(T, result) := CMI(v, T);
if 3w € VA UVC e Allw, v, ) € EA] then
if 3v' € VA[CS(v) = CS(v")] then T := PRP(v, v/, [);
else return (T , false) ;
end_if ;
end_if ;
if 3m € VM[(v, m) € EM] then
for each m: (v, m) € EM do T := DCM(m, v, I');
end_if ;
if 3x € VA U VC, |1 € Ally, x, 1) € EA] then
foreach 1:(v, x,1) € EA do T := DCP(, v, T} ;
end_if ;
if dp € VAl(p, v) € EI] then
for each p: (p, v) € ElI do
for each ¢ € VA U VC: (v, ¢) € El do
El < EL U {(p, )} ;
end_for ;
El < EI - {(p, V)};
end_for ;
end_if ;
[ = DUA, T);
return(T, true) ;
end_of_DAC

5.1.3 FdFR23HE Frehe ¢18F(AAC: Add
Abstract Class)

FY2AZ A o), Tlel Q= ol Feh2s el
t ARSY AY, 29n F4FY24HE vE 99,
QP Mol F4FH2AH vE F745, veh [l A=
FYAYAEL A4UoE AN AN2e FALA3D
gzg 2dst enZoln

Algorithm AAC(v, {c1, - e}, )
A8 FHEFR2AA v, v HEHOE 94
{c1, = co}, EN2AZOHZT
2% 984 I 42244 v 71 2434
[t =T
T = AUAW, {cy, = cal, T}
if Ip € VA[Vc € {ci, = ¢a} : (p, ¢) € EIl then
for each ¢ € {c1, - ca} do
EI < EI - {(p, o)} ;
end_for ;
El < EI U {(p, ¢)};
end_if ;
I = ACP(v, I ;
I' = ACM(y, {c1, "~ ca}, T);
end_of _AAC
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5.4.1 Foi3 FHd i Ao ol Folve dxd
(DDI : Decrease Depth of Inheritance)

DDl E#l2AFa2=Z I'e T F4F9244, &

= TAEH2AA v FE8NElg xvb Folxw, Y

HN

2) otell A Fo] A Me, F7HEEY ghol B A b2jo] vl A
AsHA AolEef glov}, 7)&alr)d of¢ HFsA HEZ, ‘e AN
ef= @4 CALCE AMHE@Th CALC(D:, FaixAZ e To st
of, 4%olA Agke BE FAZIEENRE) diF f& AN, W
(Vector) BEl2 wralgic)

o

0z
~
It
@©
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)

SHAABSTEL SEHIIETE J|Eez = T

o A 7 FA7ES Ashgol x& 2H5A
WYl AT DACE dgalol, vel 44

Zolt gaFPFo|dh olu, DACE Agshe i
o = BEE FAN EAE ) Lol AF4AR

al
s BUAAA AL 9E AE Hea

Algorithm DDI(v, x, T')
4 Y 2AZIYET, THY FAEH24H (s 7424
24A) v, s4¥EE x
%9 :DDIF 343ty ATFAHE Fe2AFag=
initMetrics := CALC(T) ;
Metrics ‘= initMetrics ;
Current < {Root 22 2E viA J&AZE
AR},
for each w € Current do
color[w] := WHITE ;
loop while 3w € Currentlcolor[w] = WHITE]A
initMetrics — Metrics
initMetrics *100] < x do
¢ = (c= Currentd] &4 A FA43HA & A AUYEY
2373 AF7E Ax A BE H “1]’\‘:4 Hekd g
33574 A4 A colorlc] = WHITE) ;
(T, result) = DAC(c, I');
if result = true then
Current <~ Current - {c};
else
colorlcl = BLACK ;
end_if
for each w € Current do color[w] := WHITE ;
Metrics := CALC(I) ;
end_of_loop ;
end_of_DDI

FoA A7

5.4.2 Foi AR dF F&9| Zolg He Yuw
&(IDI : Increase Depth of Inherltance)

DIE EH2AFHE T, T SR 2AN(EE
TAEREEA) vk 8RS E ot FAAY, YA
I ZA A 4 FriE sy tﬂi}%ol xg 2#sHA ¥e
HAWAN AACE HE35td, vl &9 Helg sde
dug]Felt}, olu), AACE Root eﬂ]ﬁi—rlﬂ v7kA] ¢

E737 o A 44 wE Ao, - ol T 24
Al L3R A we geld Ags vl Zo) wo
FRIYAFEE prb 2 AUEHLgEY BEAQS
A, wE X3l 2457F NOClp) - 10] He Age 7
3*501 _'EE.EE ?‘%5}7 ReE FE 9 vi=9 A

—

Algorithm IDI(v, x, T)
VY FA2AS N T, T FHHP B2 PR v,
s gwalg x
£4 ' IDIE 439 AT FAd2ASag=
initMetrics := CALC(T) ;
Metrics = initMetrics ,
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Current < {Root SW2ZRE vIR o HE&AHZE Zo|4
AR =

initMetrics — Metrics
mitMetrics

w = (c& Currentd 842X, we] ErEHARA p/} 2=

FUEHEAHAE FoM wE THate FEE9 1

{c, = adk = NOC(p) - o] #EHez stz )

T RE 2 dasg ASTt Ha;

loop while | X100} < x do

T = AACWy, {oy, = al, T);
Metrics := CALC(T) ;
end_of_loop ;
end_of_IDI

5.4.3 AUZH2AH-e $71 F AP G 7V Eole
212]F(DNC : Decrease Number of Children)
d1eF DNCE FH2AZaY= I9 s4sks xot
H, FH2AZFIHZA g 7k FriHee waEg
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Algorithm DNC(x, T')
48 FH2AZIYET, HEuskg x
%% :DNCE H&3to AF4 FA2AFaHg=
initMetrics = CALC(T) ;
Metrics = initMetrics ;
initMetrics — Metrics
initMetrics X100] < x do
maxNOC < {v| Yu € VA :NOC(u) < NOC(v)};
Clv) = {v € maxNOCe] AUEW2HHE FolA 270 R4},
Clw) = (Cv)9) & AYS2RE J&5dried 449
7b aoldA, Cv)8 847 FEH o2 Jgstn
Ae BF 2 dir £ i),
[ := AAC(v, C(w), I ;
Metrics ‘= CALC(T) ;
end_of_loop ;
end_of DNC

loop while |

5.4.4 AIZHR2AR v & BEE M ERle
32 &(INC : Increase Number of Children)

INC 2d2AFad=Z It 3Lwag x7b FolAg,
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Algorithm INC(x, T)
9 FY2AFIHEZT, HEWsHE x
28 | INCE H43ld AT FdaAzadg=
initMetrics = CALC(T) ;
Metrics = initMetrics ;
for each v € VA do color [v] = WHITE ;
loop while 3w € Current [color[w] = WHITE]
initMetﬁcs—Metrics X100/ < x do
initMetrics
for each v € VA do
if 3w € ACS(v) [NMI(W > 1] then

A

u:={u € VA A Point(w?} #4 A colorfu] = WHITE) ;
(T, result) = DAC(u, '} ;
if result = true then
for each v € VA do color[v] = WHITE ;
else
color[u] = BLACK ;
end_if ;
Metrics = CALC() ;
end_of_loop ;
end_of INC

Point(v) := DIT(v) + | {v&%H A&5drtss A}
- (Wi-rﬁ AEEg7bEd A
else
Point(v) = DIT(v) + | {vEFE 4&=a7153 FHH;
end_if ;
end_for ;

5.4.5 vgdEeta e 2L &

2 F15d B0l

212} F(DMI : Decrease Multiple Inheritance)

DMIE= Zgx
FWaAZaYE U 2 HriHze Wilgo] xE
Fat2] g HYU A, CMIE HL3sle] tEd&En

AF2Z T 3-g0sls x7} FoA|H,

P

3

& ARE F5E B Folk YTYFoIY. olwl, CMIZ A
$3he Oge] Bt 3R v, FolA AYE uig 2o v

2 ek 5ue) AUt own ARt 9
£ RE 9 qacs 434S dde

Algorithm DMI(x, T)

48 2 2AFIHET, 388 E x

2% DMIE H§3td A7 Fe2AE2
initMetrics = CALC(I) ;
Metrics = initMetrics ;
MiSet < {cINMI(c) > 1};

15}



loop while (MISet = @) A (| —nietrics — Metrics )
initMetrics
< x) do
vi= (AE5HY 4857 AieldA A% Qe 2
I 92 yaee 7t i),
(T, result) := CMI(v, T);
MISet « MlSet - {v};
MiSet « MiSet - {v};

Metrics = CALCT) ;

end_of _loop ;

end_of _DMI
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