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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.

: A X% (Object-Oriented), B AHETZE(Class Hierarchy Structure), HHS7I2H (Object-Equivalence Relation), ®7}
A= (Metics), MPAtD2|E(Reorganization)
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loop while | ParentSet | >
p = (ParentSetﬂ Q4% B, A Zort A

YrAA)

Target — {p7H*] ¥&kd tedt 459 1)

N {p o9l vel ERFWAFHAA A&
kA g AREEe e

if Jc € Target[Jdu € VA U VC,
: 1 € A:[u ¢ ] € EA] then
! [ :=PRP(c, ¢/, };

else

ParentSet < ParentSet - {p} ;
continue ;  // whileFZ9] A&
end_if ;
if 9x € VA U VC, 1 € Ally, x, 1) € EA] then
for each 1 : (v, x, 1) € EA do T:=DCPU, v, T);
end_if ;
if 9m € VM[{v, m) € EM] then
for each m: (v, m) € EM do I' := DCM(m, v, T) ;
end if ;
El < EI - {(p, v)) ;
ParentSet < ParentSet - {p} :
end_loop ;
if [{ve] g4 > 1 then
return (T, false) ;
else
return (I, true) ;
‘ end if ;
. end_of CMI

02 ol

5.1.2 oj@d FAFHAAYE AAste dagF(DAC:
Decrease Abstract Class)
FxAZaYZ R ofu g FgEFY2HHE AAT

FA 3 H A *Lxﬂﬂk@ﬂ%— s w3, b7t
1S abA| ke daelFelvh

Algorithm DAC(v, T)
AY : FeaASF YL T T HojrAA v
9 2AFYAAY v7b A bssikm vib A S
U=t true e HEY Ed AR best F 9
= 9l gl To false &% &9
T = T
if liplp € VA p, v} € FIH > 1 then
(T, result) := CMI(y, 1"
if Jwt\/AUVCl [w v, 1) € EA] then
if 3v' e VA{CS(v) = CStv)] then [ = PRP(v, v'. [
else retum (T | false) ;
end_if ;
end_if ;
if 4m € VMI[(v, m) &€ EM] then
for each m: (v, m) € EM do I' := DCM(m, v, T} ;
end_if ;
fidxe VAU VC I =
for each 1: (v, x, 1) &€
end_if ;
if 4p € VAllp, v) & EI] then
for cach p: (p, v = El do
for cach ¢ & VA U VC: (v, ¢) & El do
El <« EI U {(p, v)};
end_for ;
El « EI - {(p, v)}:
end_for ;
end_if ;
[ = DUA(v, T
return(l’, true) ;
end_of_DAC

DERIESY

\[(v x, ) € EA] then
= EAdo T := DCPU. v, 1) ;

5.1.3 #AFd248 e Frleks 4agF(AAC T Add
Abstract Class)
ZefaAZFE Tek, Tell iz oWl e i vheh]

= oAgEe A% 29w AgBdsgE v dueh,
AR [ HRALYH vE Bt vef P 3
2 24UES AEN0E QAN Ang FAsAZL
gug sess agEold.

Algorithm AAC(v, {1, = ¢}, )

A FAFY~YY v, vob ASHon Ay gEe] ¥
fon, = oo, FAaAEZIRET
29 g o 242d24d vE S S addoigr
T =T
I''= AUACG, {c, = cl, D
if 3p & VAIVc € {c, e} i (p, ¢) € El] then

]

B

for each ¢ € {c), = ¢l do
ElI « EI - {(p, o)},
end_for ;
EI < EI U {(p, &)};
end_if ;
I':= ACP(v, T} ;
I':= ACM(y, {ci, ~ ), 1)
end_of_AAC
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o7 A vz, el A 37HA VR daelsE Fda



Zagze] HEHEW, A 4FNM HYe 4 FrHHE
oW FFE 7A=7teE duEn

5.2.1 ¢41n8]& CMI
dudgFE CMIE SHaAZad =) 13 HEAHS o),
7} WAYEEE e o] W

(2) NOC

vol s 4&He AT B (AT £ e A
&8l g < (vo] REEFH2AHFES M- Dol 4H
ot FH2AZFIHE ol EAEE ZE EY2ES A
vgds A diEd 32 Bl Zong, FasHs 7
vgg2d Ase HAdvel FRIH29 A -DA7E |
th webA, NOCol mlAle 43S Hasslr] feide, o

FA%aT e AAE FoA pRINLYRY A5
&

CMIE of® @709 el Wste] T34 st
FuelFolne, dFHEel AR A4S, dEYE

FINMDE 1 243, 2 9ol Msteix] g

(4) NACS} NOM

vl = FERE st B4, AAHE g4
o g Y&HE FE L MAEE BF vl Jofhe =
Ag PR, v 2 FE R AaEe e S
371y wskatAl o=tk whebd, NACSH NOMe mlA=
dgE Hagstyl M E Root FAXEFE v7HA| ]
ARE A, 22 FEF =g ok Aol F
29 428 B3 ¥&ae e ddshd doh

5.2.2 &x1glE DAC
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244 vol AEAe AH, 4 BHHEES geF 2ol
w3}
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O vERE FEEWAsE Wl GFYEAA g
3%

vel AEaAsge e 59 Yol vE AAtRE
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F715 E(NAC, NOM)S) VA& B¢ #23457] 9AsiA
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5.2.3 %ﬂal—’i AAC

AuYF AACE FAzAFIRZA H 3t 42
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(1) DIT

AACE Agsd, JiMey, -~ o} & RAEZHY A
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A, AACY H&A), DT e 93¢ Hag387] A
AE oy, - ctd 4 LATREE AEEY 7hsd AE

of 47} Hask HE AHE AR,

{2) NOC
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(3) NMI
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&5 AT A REE g
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dA EHjE2E2, NAC % NOM HEge 24 F7t5A g,
ojgpto] FeEAZFTEE ATHHLEN THEHLA
Mo2HeE AYHE AASo] AYgstn e FF 4 ¥
2E5¢ geobaty] FddAn £33, A9 ATAAME
Haeg FAFAAANA Eoller] st DCME
Hgsta, Lo £uE 93t DCPE HEsgen
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tools 1 1 0
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tools 4 3 |
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5.4.1 Folzl B thet F&9 Zolg Folve dudF
(DDI : Decrease Depth of Inheritance)

E FelaAZHE Te), T =428, &

FA2HH vob F8usE xb FAAY, Ed2

2) otz due)Ee FAddMe, A AL gof diF Asbdo] HlwA
AstAl Aol o, 71&sr|o] e BastA sHog ‘gs Ade
gt 34 CALCE A3l CALCDE, E2AZadgE I st
of, 4ollM At BE Hrb|EEH/MAR)Y g ghe Adste, W
(Vector) ¥ElE wrggic)

SHAASTTY EZEIIHTE 7IBCR st P71 869

ALl e 24 WolEe Waol xF xFeA
= Wl AWPEE DACE M3, ve) Hre)
Zolg Zolt YuFelT. olw, DACE #H&a: ty
of Bt AHE, YA Eo@ ule} ol TEAAEA
x, AUERAGAY A Ha BE W Wase) 3
el $4A 447 HE A Hedpe

Algorithm DDI(v, x, ')
A4 FY2AZ AL, T FAEFH2FA (s FAE
2AA) v, 3EHIE x
29 :DDIE AH43 AFA4E FH2AFIN=
initMetrics = CALC() ;
Metrics = initMetrics ;
Current < {Root S22 RE v 4&4H2E Foq FF
AR},
for each w & Current do
color{w] := WHITE ;
loop while 3w € Current[color[w]} = WHITE]A
initMetrics — Metrics
T itMetrics x100] < x do
¢ = (ce Currentd] 82 A TEAEsER 44 A 21FH
27349 MF7t Ha A BE E dizg FHopwe
28257 A4 A colorlc] = WHITE) ;
(T, result) := DAC(c, I) ;
if result = true then
Current < Current - {c} ;
else
colorfc] = BLACK ;
end_if
for each w € Current do color[w] := WHITE ;
Metrics = CALC(I) ;
end_of_loop ;
end_of_DDI

5.4.2 Tl A i 4&9 Zolg wEv dud
% (IDI : Increase Depth of Inheritance)

DDIE 292AZFTHE T THY FASHR2HH(EE
TSR d) vob HEWEE 7t FoAW, EHAAS
g xe] i ZF HrhE ke WEge] xE Ziéfjr%}x] g
WA A AACE &3, vel 59 ZHolg =
gdaglFel), olwl, AACE Root F#2z2 ¥ VVFZH
AEAR Holl e AH wE e, - cld 3} 24
A A3, AH we elA AFF dket Zol, we
2REY~4H prt Ze AUEH2AH Y FE2ZEF
M, w& EF8T 84F7 NOCp) -10°] =& A 7+

fA4F0 FEALR Yol Ye FF F vi=9 I
+7F A He AWE Adgsd,

Algorithm IDI(v, x, T)
9 FH2AF AL T, T F23PH £ 7444 v,
§93tE x
29 IDIE sl AT FH2AF I
initMetrics := CALC(I) ;
Metrics = initMetrics ;
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Current < {Root e ~Z2E v7Ale} HE&H2E FoA
M ARY

initMetrics — Metrics

1 X
loop while | it lotrics 100] < x do
w = (¢ Currentd] 8484, wel BRFd244 p7} 2=
AUEH2gAE oA wi Egake FHES IP
{c, - ad(k = NOC(p) - o] %4 or Foksta ¢

v RE 2 A st Ha
I = AAC(y, fci, ok, T
Metrics = CALCT) ;
end_of_loop ;
end_of_IDI

5.4.3 AAJEe A2 A 7 Z AAL 7 ol
%3128]Z(DNC : Decrease Number of Children)
d1elE DNCE Zd2AZz1d = e 8Hse x7}
FolzW FaAEadEd g 7+ HrlHwe W
o] x& z#HsA ¥v HAUA 7Hedt & AACE X &
st} AUEYAE Bol e A AYEY2E Folv
v Folvh. FHMaAFIYE THe F4EYg2E Fo
A NOC7F Al A woll #ste, wel AUEH LA
o AACE H&3lm2ZM, NOCE &9t} olu, AACE ¢
How FoxE Ao, - ol @ 222M HH wE
Agshd, AH wi dolA A vpe} o) we BEEF

A=A 2 AUBALIEE T4 wE Ty

Algorithm DNC(x, T)
i g aAFIRE T, S x
% DNCE A&t AtAds Fa=A5d
initMetrics == CALC() ;
Metrics = initMetrics ;
loop while \%Z"’W?WS*M elrics X100 < x do
initMetrics
maxNOC « {v] Yu € VA : NOC(u) < NOC(v)};
Clv) = {v € maxNOCe} Adgell=dg FoA 24 A4},
Clw) = (Cv)el 7 ARERYE dEEDrtesd 4489 +
7b HrolWA, Clviel 847 38Hog Foksn
A FE Y Wi 40 FHa),
= AAC(v, Clw), T) ;
Metrics = CALC(T) ;

I end_of_loop ;
@of,DNC
5.4.4 g2 vt 2 BEE e d s
2412 F(INC : Increase Number of Children)
INCE E2d2ASadE T 8¥she x7b FolAH,
AT INZ e 4 HrHHE B ol x§ &
WA e WA sbed & DACE AEdkd, AhdF

Aol #7h A YRl AUFAAT 2= dae)

™

Folth. olwl, DACE #§shz dael 9 Aavi, ol
P
LT QA FE Al DITO + Jva®e 444
e AENS gol A AL, i vRYH 451w

7Hedt Aol e dEata U Aol Root Sz
.

Algorithm INC(x, T)
A FUAAFINE T, H8¥sE x
EH INCE A&t Y748 Fasdgad=
initMetrics = CALC(T) ;
Metrics = initMetrics
for each v € VA do color [v] = WHITE ;
loop while Jw € Current {colofw] = WHITE]
initMetrics — Metrics
itMetrics — 1000 < x do
for each v & VA do
if 3w & ACS(v) [NMIKw) > 1} then
Point(v) = DIT(v) + [{vE2¥¥ d&£5ebee 4H)
- AwREE AEEgvbed A,

A

else
Point(v) = DIT(v) + [ {viZ{¥
end_if ;
end_for ;
u = (u e VA A Pointtu)7t A A colorlu] = WHITE) ;
(T, result) == DAC(u, D ;
if result = true then
for each v & VA do color{v] = WHITE ;
else
colorlu] = BLACK ;
end_if ;
Metrics == CALC() ;
end_of_loop ;
end_of_INC

e EevRss B4

5.4.5 thE&sta ol Eee FF rMEe Folis

&8 F(DMI : Decrease Multiple Inheritance)
DMI= e 2A S Toh &8ss x7b Fol 2w,

U aAFaRE gid 4 HriEEY wsige] xi %

FHatA gE ‘%i%’%LH"ﬂ’\i MIE Hgate] vha44skal

T AHE Med & Foli: duE]Felh olw, CMIH *

£33k iAol E]r AA vam, Sholl A MwE whel glo] v

[e =
b A4we) JeAETE HonA ekt gl
i S

;8

Algorithm DMI(x, T)

A FRaAE YR T, S EuEe x

9 DMIS A3k A4 x“‘ e aAEaE
initMetrics := CALCT) ;
Metrics = initMetrics
MISet < {cINMIc) > 1} ;



. initMetrics — Metrics
loop while (MISet = @) A (IW
< x) do
vi= (FE5HY YIS HiolHA A& gD e F
% 9 iz £ Ha);

(T, result) := CMl(v, I ;

MiSet «— MlSet - {v};

MISet < MlSet - {v};

Metrics = CALC(T) ;
end_of_loop ;

end_of_DMI
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