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The objective of this thesis is to propose a methodology for estimating logical
stability of a class using analogy, called Analogy-SE. Analogy method relies on the
similarity between the seurce and the larget class metrics in a case base of classes lo
obtain the solution of problem. The proposed methodology selects a suitable group of
significant metrics using Mantel Randomization Test and Brute-Force Algorithm. In
addition, in order to eliminate abnormal classes of the data set, aumérﬁ are detected by
the sensitivity analysis. Then, class logical stability is estimated from the selected group
of significant metrics and the suitable data set. With this methodology, class logical
stability can be estimated in the early phase of software development.

The methodelogy is evaluated using two groups of programs: image processing
programs and caleulating programs. The results show that the estimated values fall
within 25% of the actual value. For calculating programs, when the size of data set is
increased by adding the case base of classes, the results of evaluation show that the
bigger the size of data sel is, the more accurate result is obtained. Moreover, class
logical stability estimation using Analogy-SE and applied Analogy-X are compared.
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SE waznsilszgnaldis Analogy-X Aunnslszanaiftauiaiesdienssns uni 4 unns
Usziiunadd  Analogy-SE  wiiniflunisnaaasinnisairelumasaanisgluiaesds
Analogy-SE  wazinnnstssidunalatas nastlscunniAidanasinminnguansausson
ANNANAUS LA T umauiun sl ldtaein ninee<i s Analogy-SE WaznITiANAULaL
doyalulAalLA19995 Analogy-SE umil 5 lunisulseninaunisilsvidunaiinimaaas
3191995 Analogy-SE U35 Analogy-X N19MAaednIN1saieiuaasianisailunaedis
Analogy-X kaznn1stsziiupalimg  annduiLaansy Lianieae sl annFauiey
5 FLEL - .. d :
ANYNARYIUNNTUIENIMAY UNT 6 [ TUN1998N LU LILATWAWILATEIHE LIz WA AN
a a ¥ d} = A 1 ] o o [ =
anesEanssneinglinnsgilun TeRANa N0 lUNTRaNNgNERLRAITA N1TRIATUNTT

dla a v % Q‘I dl | t% (=
paENNALNG wazn13839lNwAN2EN1381UNN wazund 7 Balluungavneaziduunad

89911398 Fa/TA TN ALA U UL WA TUAUIAR LAZLNAINAITINTNANNNW
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N RUATINUIAENLNLITRY
Tuumil aznatmaendAny aeldvandszans aduauu uazlddeasluniemin

a a g KX vy A Y o o a o ' dl ‘dl ¥ = 431 o 1 dy
ANLMUNUT TININTRALRSURINNATBINTIUINEFAIN] NNLIVAN Tmﬂmu@mmmiﬂu

aa a v

2.1 NEHNINEIVD

a a rd” dl ¥ o ' = a ¥

ngniinusiingadesiunisdszunnpinaadasimanssnzresnaaing l4n1s

= a P = °o o
gUN TREHUUIAR LAXNHYNNLITeIAE ALINIANLT LNUNTNARIALASLNUATNAAL
nstlsennnAnfaenIgilin A NdNARTLNUINaLAEN AR AN fatlszinniuan Tun
2IANNANTUSUNLLNA N137LATIZ1E AN 0 LaZARABIUIARINNRANA RGN LS UAL
o dl o a = o j

NINIUNENTEALLEA HINEASLAEARITS

2.1.1 ANNLEDES

ANNLADETUBTANFLAS [2] AR ANAINANUNIULBITaNALISARNAN TN
dl dl a d? 1 6 ' al s '8 1 A~
ann17lasuulasnineuunaansus AdNLanasIamansulsanisanLvaan iy 2

o X
LI ANU

1
a g

® ANADNENTEIRIINzAe tanalunisld lisunansenundanalinnsnieu
Aananavza luann1anenuls sanadesiunisaanuuLdelnsaad1saasaansing

® anulaneTlsransninae lanialun s ldldsunansenundanali
dsg@nsnluniaineulaeull sunaadesiuniseenuutidangfinssuaestansfiog

ANHNLATEIFITIFATINZADIAANFAIUNIETG ANANAIUNIUNNTIASUNANTENL
annsilaauiilasaesaaialas buldsunss

TAEANANNHLA DT TIATINADILARLARIARINITDATUINLLARINNI9TN
stuitinanlaswitlasiniuunlduadiaasnisnlasuudasiullsunsding Aitunnsanass
- - = o = Y e
Narantauaznarn1slanuulas aunszivasuynAaaLazynnIsLlauLlas antuin

c o e Y A 2 w2 . 2. ¥ 4

nisifiudayadnuruainiaulasuulasiifluldfianne wiauisaruauaisnaanantla
paan liFuNansznumNteularasgluuunsaaunlas Inadannis [4] 6l

_.1_[ NTE(C)
CLS(C,) =1 (—TNC j (2.1)



Tner CLS(C,) Aa Apnutadeqsnssnzaasaad C, @9 0< CLS(C,) <1

NTE(C,) Aa anuiunpisnaaia C, 1H5unansznuainisilasuidas e
i=12,..,n

TNC A auauaisinniailasuulas

stununisnlasunlasuazaaan lifunansenuainnisulasuulasuansly

dl al o a o 1
F1379% 2.1 Tedinissausanuazliudsslag [5] aneuddesine [4, 14, 15, 16] gtluuy
nailasuutasutheandu 2 syaumenuae naslasusdasluseduszuy (System-level
change) A N3N AL ARNE LATNNSAN AU AATNANRUEH waznsiaauuadly
. 4 9 . < da e .

92AUAANA (Class-level change) Tuisaaniduninlasuulasiifiauiuanvisdos uas

IUNAAUBIAAIEA 1TU NITLAN AL LANYIFH0AUTaLNTAR N1TuA LT ANLanyiatiog Lazn1s

wilaaauim e

A15199 2.1 glununiaiaguuladuaziansznuainnslasuulag

UNELAY sluuumsidasuulas ARNEN@IAlASL

HAangsnNu

nsilasunlasszaussuu

1 AnAN NS ANA e O C,S

2 ALANNANAUTARTALNURS C C,S, R
3 Lﬁummﬁuﬁuﬁﬂmmﬂﬂmm ©

4 AUANFNAUTAAIAQNURS C

5 AN AU NTENATUARAN TS C C,S

6 aupNANAUSIanna At AN gUed C C,S,R
7 inANuduuEAang C WuuennanAtuAana

8 aUpuANTLSAA4 C iflutenminadiaang

9 nANuduuSuealtiadunanges C C,S
10 avuANduAusLealgdiadunaaa89 C C,S,R
11 nANuduuEAang C iuuasladiady

12 auANduNUsAana C ulealadindu

13 ANARNE C

14 auAad C C, SR




A19199 2.1 lununaulasunlasuaznansznuainnisilasuulag (se)

NUELAY sUuuumsilasuulas

ﬂ' Yo
AREVIANA A5

NanTsynu

nsrdagunlasscaunand

WANN3LA A U124 C

15 ALLenyETIas S (Lﬁm@ummﬂuﬁuuaﬂ
wi'wffu)

16 auuanvisLag
Y ULLAEUALLAA C, XS
2L mLdWINTINAS C,S
yayiumdlulngam C

17 wAsuAn a8 sLaNyETas
vaunduALLaA C, X S
2aLL AL WINg AR C, S
yavisdulngam C

18 wAsme AN TR
wuuamlulngam S, X
wuuamulngmast X
WawmasduwALLaA
Insnamdulnanm S
Insunduinsna s

19 waeni sz ey
YauLsmunNunaA C, %S
gavwmduingmas C,S
wavmdulnsom C

20 wlAeudauanyisian
YaumduNLLAA C, XS
gaumduingmas C,S
waamdulngiomn C




A19199 2.1 giluuunaulasunlasuaznansznuainnisilaauulas (se)

UUNELAY stlunumsulasuuilag pATENa1alATY
NANTENL
\Wian M 229 C
21 finTien S (Lﬁ@mﬂummﬂuﬁuuaﬂ
wi”n%u)

22 ALLNTIan
P ULLALNALLAA CY,S
YaupLduingmas C,S
yavndlulngian C

23 ulAsvdaiian
U RALLAA CY,S
vauatulngmas C,S
yavmdulngian C

24 wlAsuEniuaes
aumduANuLAA CY,S
aumduingmas C,S
yaumdulngion C

25 wasuziadayafundy
YRULVALL WAL LA cY,S
ganiduingmast C,S
yauimiulngian C

26 AU Az AN
YU RN LLAA CY,S
gaumduingmas C,S
vaumdulnsion C
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A19199 2.1 giluuunaulasunlasuaznansznuainnisilaauulas (se)

UNELAY sluuunsilasuuilag

ARENANA A5

HAanssynNu

27 Lﬂﬁﬂumummm@ﬁﬁq

wuuaAlulnsag

NuULAAIUINT AR

IWINARMIUANLLAA

wamasilulnaing

Twsimduiuuaa

Twginmdsingimnas

C Aa Aananaula

S Aa AANEaNTaY C

k1l

o o

Y e AananEanlfiuian M 9 C

X A8 ARNANEEN I LaNnyi3hns A 189 C

R A2 Aananiaudniusiu C lugiuzdneziin i uueslsfiedunaiazes C

2.1.2 WHUNNARTFLAZLAUNTNAIAL

WNWAINNARTE [17] W RhRBA N M I UN193 AT 2T R AN UL WAZLTY

WEUNINITITAT94519 e 1A NN eI NedAL 2 Na LN NNATR9T LY Aullssnataas

! i 1
paaNANATYLlsznausog 2 doudagiln 2.1 fall

TAAE Shape
LaNNILAG- -origin
+move()
WTan +resize()
+display()
e falatdu
Rectangle Circle Polygon
-corner : Point -radius : Float -points : List

51091 2.1 FatsununnAaa [17]
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1) PANA Usznaumag

4 4 24
- WaAanad (Class name) haASTaIRIRINLINAUIA MUTTLIL

P

- uanvisiing (Attribute) WAAITNATUANHULIBIAANEA

a A o

@ =
- WN8A (Method) LAANDNNANTINUTENITNNIULDIARNE

©

2) ANNANRUTILNINIAANA Hpail
- ANANAUSBUL LAZ FIT a1 (Association) LRAMNANNLETZINS

AANAABIAANE TINBUALAUY (Instance) 189IAAIAT IANIN178941T (Message) 75139

%

Arydnmnirespnudniusiuuuealadiadu uansnaaidunuliivagnas Auanlunnsed
2.2

- ANANRUTLULLALeSa lamTy (Generalization) 1WA NANRUS

[

. o 4 A
2EUINAA RN R AN DL 11 (Superclass or Parent) bazARIANH

o

NEUs LNy (Subclass

1
aAa o 1%

or Child) tnapananiansuziandzldlpsaiasuaznginssndoniuaaanlansnsialy

A a d

WralTananat1anilednpanudNiusades (Is-a) AouaneninasaNduAUs LUy
\aLuaialaidu LLzﬁmé’fmLfﬁuﬁuﬁq@ﬂmﬂmqm\mmq%ﬂﬁmmmﬁﬁ Snwausialy fauand
TuAN997 2.2

- ANAuRUSuULwannTIngw (Aggregation) wazAaN IWTTY
(Composition) Tlupaudisiusaesnanan uduvieaesdnaaanii wansALduRug
i:udwﬂmmﬁl,mmﬁaﬁimgﬂdﬁ (The “whole”) fatlaznendnenanafianndn (The “parts”)
vidaFenanathamilediuages (Has-a) dauanuduiusunnaentndduasdnisugnininy
Hudnzesgeninanaduiiiuuuenniingu nandaiilenaaiiveinignaunaiaiiin

nanazgnausaiug uifilupnuduiusiuuueanninduiengiadn lugndngnauaaia

1
a @ !

manndnazlignay doydnwniaespruduiusuuunanniindu uazaednddu wanssos

Wunuvinglaunitleniunaniuas nuninasy Auanslupngsi 2.2

o

o/ o 6 al al [~ o/ 6 ¥
- ANNANRUSULLAMWLAWT (Dependency) luaanudniusn uana
Tunsdinmatanilelinnaidasuntlasudafinanssnuiupandausag fryansniaes
o [ '8 al = 2 Y aa [ % -ai
ANNANAUSUULANLLAUT wanasaedutlszutuiRAN1G Aauanalunngnei 2.2
- ANANAUSLLUGaa lamdu (Realization) Hd@eNnszudnediunnse
g9 (Interface) waraaavTadauilszney dydnwnirespnuduiusiuyFaalsedu

LAAIANLILALLITTHIQNATNAWAINAN AuansTuR9199 2.2
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AN 2.2 AUANHNIAR9ANNANNUSIRIUNUNINAAEA [17]

ANNANNUS Aryansnd
A GG
LA LU A e >
LANNFNTLLa AN TN <>
&
= =
ALNLLALT SN
Sealewdw 0 | o >

WAUNINATE [17] e nd lglunisaiasnsilareantuuse Uy hasiil

WHHNINLTINE AN TIN LmmmﬂﬁmuﬁmwdﬁﬁmqmmLﬁfﬂmqﬁm (Scenario) Wilaua9
6 a‘dJ Y @ =3 o o/ dl 1 1 o o o

TaNAWIT TIATUAAS LLAUDIA AL IBIAINAITZNTINIRY AIULTTNALUBIUNUNINAIAL

wansliAsgLn 2.2 Usenausog
./ / = o Y X
- apg (Object) LAANDNINDNYNATINTIUINARE

- @19 LAANTNANINAIIZNINN T

[ %

¥ aa ; - ! aala 1
- LAUTIR (Lifeline) APANTIINGEYCIIANITNTIADLUD FIt)

1% o ©°

- N19N9ENA (Activation) AASEIsEEZIRANTIdRNNNAIATTEUNN9D
- AuA (Return) wanenisgiaunauliinanudaing b

- n19M1a7e (Destruction) wansqndRanaeduTdn Inelfiuaiaiy

v
%

NNTALIFNIU

q

D
E}Q
25D

c : Client @1 p_ ODBCProxy

]

1
A <<create>>
: Transaction

|
|
|
|
I
I
I
|
I
|
|

417
\ i ( setAction(a ,d, o)

1
|
™~
® m setValues(d, 3, 4)
—— o
L H— N1TNTENI
|
|
|
|

setValues(a, "CO")

A U
AUAN
\

|
|
—— futin

n13918"e
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517 2.2 ArgeauEunINAIAY [17]
2.1.3 nMsuszanuAinlanisailan

nsdszannipndnenisgiun (1] ugluuumilssesnisdramsuasae

= d! 1% = 1 o S £ ¥ 1 o = 1

natd Feazuitleymizeansilludlnaendensaineuntn Inaarlinguansoizasansillu

]
A ¥ =

A 9 = o = o o = A ' aa

INBAUNINIUN AR EARIAUNINTNAA TIAALLA UATHNAIABLUBINITUNTONGNUBINTIUN

% = o ai [~ o o o =l 1
pdeAaeiuNINgatluAmeurestioymdmiunsidlug

ANARNARIARIzUINInslugadaya mldainmmsndszazniglu

guzfiluligi n 87 (n-dimensional  space) TeudariAnauauatuiazanwuy Ineld

sragnauLUg AdAuLL laTaenmEn (Unweighted Euclidean distance) Ngmansil

o(c,c) = /Zn:(mi -m')? (2.2)

u?@@:mmmuuamamLLuuﬁfNﬁmiIﬂ (Weighted Euclidean distance)

b
e
=
oD
be
SDe

n
6‘(c,c'):\/Zvvi(mi—mi')2 (2.3)
=L
Tne
0 AR FTHTNNULILELARA

A =

dl % !
C  Af nINARINITLIzINnLAN

R o ~
C AR ﬂ?mwqu’]L"]ﬁJ“ﬂULﬂﬁlU
A o A . Ny ,
m. A8 ANBUSN |°1|'ﬂ\‘]ﬂ§‘m1’][§]'ﬂ\‘]ﬂqﬁ‘ﬂﬁ‘$3~l’]m¢n
, A e PR A o ~
m, A8 ANBTUSN |°1|@Qﬂ?m7]u’]9\l']L']_F§E|UW]E|U

o¥

'
o [ =

W, AR UINUNTDIANEUSH |

)y

ANGAIAULBIIAIZEENNT IFAIN1TAT U AT UARITIIAeY
Ao = o = Y =< o Ly Al il Y =< o
nsfilindniFaneUAulANNAR ARG LATEATNINLAANIIRAINAR ARSI
A1 IeeinnstseunuAdaanisgilunazldnsdivzangunaiinlAnAuAdEAAuggn
udeyasiun1ediniulszanuAiAmnasaensiinsaenistlsyunnen

Y = o ¥ 4 =
FTULNTTUIEHNIUAAENNT9UNIRNAN N1 IANNNNTEN UM NAADIN T

d’ o ¥ % = 4
[6] TIULLANABINTEUIUNITUBIWATNITEUMBNAFEINTE Usznaufiag 4 NzUIUNIg

o

N

&he



v A dd‘ U =3 o dl A 1 dd‘ U =3 o
1) ARAUNIUNARIEARITUNINTGANTANGNNIUNAR1BARITY
(Retrieve)
2) ihansaumAwazaNinauNnldangalduiilownsdilus (Reuse)
3) UsurlpAmauaasiloyminlé3u (Revise)
4) apandiunitaresilszaunisainfidsslanidusunisudiloyunlu
A1AR (Retain)
Ty e ludagldzunasudilym lnan1sAuauniianstisaninnan
dl dd‘ a dd‘d e 1 % o = o/ v o
NiNNIELAAAANNTERRU sz dUN e uuTA nastnnsaindunn ldanaznnlunnelanig
< o ° o o E Py - o ° ol
ik nstlfutlpAmaudaanisianausnldangaensiinauntin uaznisananlszaunisndi

a 5 1 = 1 o [~1
et luslaasannsl lwdannuas lup L1

Ploblem

Retrieved

Learned Case

Case

Previous

Cases

General

\ Knowledge Y

\i_/

REVISE

RETAIN

Tested/

Repaired

Case

Confirmed
Suggested

Solution
Solution

519 2.3 29230198 1UURHAAIEIN T [6]

'
a o o o

angi 2.3 nawsstnaesdguaniladouizaainliaiaainanunsiilud
= . Y BV TR~ = | = 2 sy v Y
natd wdgnldineAuauniienstiaannissounguuenstinauntin natiii ldaannisAupugn
o = o o o P ) = b o
soununsil i umenistinndusnldennanadunsdinudla aantunszuaunisiliulys
ARavastiytargnnageud miuandnia uaziliuldiuinduiman sgnaneng
o o‘d‘d Ly o ] [ o [ 1=
anan Uszaunisainddsylemiazgnanandmiunistinauunldludanlueuian wazina
waargniiudplaeFauinsiinfiatulng viediudgansalnieguiensdl

2.1.4 ANNANNUSUNULA LAazNTNAFALEN (Randomization test)
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ANANNUS NN [18, 19] HuFeniaumnudunusszudnegundnly

WINderezng (Distance matrix) 2 wvisnd uaznisnaaaugy [18, 19] ldlsvilinsyau

'
o o o a/o—drls/a

HedrAnyneatAvesaudniug 3914 duirsesdvenaonumuizanaestadeyalunis

o

= N o dgj
‘ﬂqﬂil’] NINHURZLAEAAIU

8

v
NNTUIANNANNUS LN ULNA TULINAFIUNNINTILeENI9 A d1UFUFILL9

Y o

NN LATINYIINGTzeznIe B audusanilsnasaned a519lasai

0 a, - &, 0 b12 bln
A= S g, Sl Vi 2.4)
ay Qg ot 0 bnl bn2 T 0

LWVIINTILENIAD IHYIINGURd N NI LALILAAZNIIRNNIT AT LT N85S
~a

AN p ANHIUY AAENIEU FANITNTHENINIENINNIUN 1 (x1) WAZNTIIN 2 (x2) AU

Tneldsveznieuuvypdn laaed

a, = Zp:(xli —x2.)? (2.5)
i=1

ANANNIIN (2.5) AzNINIINATUIRIDEUS p TanuAdmFLIWsaz ANl
TnenanBnduunidunuesynainnsaainasaulsinenisulaaien lfiduninsgau
ANNTUNITUA AL AIENNTN TBNNETNGI LN NAHAANIZUINANINNGALATATaE NG A

al

o L4 a a o 1 1 =2 dl ¥ o 4 a | 9; % (e
MlFanTnTuunIndiAseuninge 0 e 1 mmimwﬂmﬁmmﬂnﬂmumuummﬂum:

anunsnFauneunwls

&
o o

ANANLS L ANTANANAUTLNUNG 210170A I IP A9l

Ry = Zaijbij _Zaijzbij /m 06
\/[{Zaﬁ ey /m} X{Zbu? ~(2Lb)* m}}

Wa m A AuIuaNITnsua 1 dunueay N luuyEndsracnig Aruonls

AQ
&he

m= n(n-1)
2
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[ % o 1

duunimmeaauduialneadudusuiuetd1aqduaesaniinluiuning

1
cala o o ]

sraign @ mFuuilauyisndan wyisnd A wWyBndnNaAULLLgN Ay . AIN1TNAFINUY

fugusFLTadunsgueesanidn daetnadu nequnilsaisresanndn A lfwvisnd

o

ARandom AN

i 0 Qgg Qg - ass_
Agg 0 Qe Az

ARandom = a18 aiﬁ O v a31 (28)
Agg Gy Ay 0 -

AuMUS (Entry) TuAaduiin 1 unaf 2 Ae srzneseudnetayai 8 uaz 6

. e o v/’ A e A4
LATATMUAlUARANIIT 2 W0aTl 3 AR F3HTNINTENINTRYAT 6 UAT 1 UATAIUNLNEWT i
NUBLALINY ANUUAIUI A1 IANNE LN UT LN A LA 1T wnInd A

B (2.4)

(2.8) ilaz

Random

N1 dunauinate afenaliinanisuanuaenivainnuugs

(Randomization statistic distribution) ta&1919n9g1 1,000 ATIAMFLNNsTNNUAN NI AL

o o O o

ed1ATy 0.05 uazvinnisgul 5,000 ATSAMTUNITLse N uANsEALITIIENATY 0.01 [20, 21]

nsldnisuanuasuuuguiainisonaaaulaanAesaNdNiusinuman ldangaes

WvIndazaznuAnLaAnaan 0 adslidadiAnyvald daanuduiusuuumauAnsng

o o |

AN 0 ateHpdATY wansdngadayaianlndtaeniunisAiedesoulsnauauasaes

v o o o '

1 v KX KR o ! 4
ﬂﬂﬂuﬂiﬂ@Lﬂﬂﬂﬂuﬂllﬂ’ﬁﬂ’]u\‘m\‘iGIQLL‘]_I?W’]HWE wazaunrauidladInisdssunniAnfaenig

v 1
17

grlinthuiudsnismanzandmiugedeys

a

o & !

$5AUNEANATYIDIANANNUSTENININYTNT I201zN8 2 wnandnagauing

v 1
1 o/ o o

| < o ° o o P LA A
UIATN (p—value) FIANUIDUANNATUIUATINATAINHANN LT Ri NATNIANA UTAWNINLAT R

N b DR 4

BNLINTTA8ANWILNITEeNA UL ALY (Permutation) . I9UNA B1AANRANEaENN  0.05

LAANIT ANNANNUSITUININYIINTTeIzNg 2 1yiand Nevduiadndny 0.05

o

2.1.5 Aatszunasnanlun (Jackknife estimator) ARIANNANNUS LNULNA

a

Aan1suan lun [9] TEnaaaUANNFAFIN LazATUIMEI9ANNIT BT

I [

v v
(Confidence interval) nsnaaauuanluninlnanisingadeyasiuon n A% wiazaain

a

dd‘ - ¥ a o ¥ 1 o 1 o dd‘ -
nItun 1 'E]’ﬂﬂLL@tEL‘Hﬂﬁ‘ZLﬁJuﬂqﬁ‘ﬂﬁ‘zm’]‘ﬂﬂ\ﬁj'ﬂﬂ@H@LLM@Zﬂim mefaumiﬂ%mmmm |
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o o | 2 o <A . o o, X, p = i :
naud N lud antunngin i+1 aan LL@%WWﬂﬂﬁﬁumﬂiﬂLﬁ‘@ﬂj AUDNNTIN n Tnssiay

FAUNNINTGNAZNINNNIATUIIAN AN LT ANE auANRUS LI A

¥

R, ausnAuanlisail

R. = Mantel.Correlation(dist(X ), dist(Y_,)) (2.9)

" ~ o 1y A . & ~ v Y A .
X—i AR NTOUTNUNALNLAUNTN 1 Y. A NTVNUNALNLAUNTIIN | LAY

Warldu dist() An szaIzn19TEnaIenal

nnsanaadtan il ldiniadnndadsean i ld e sad 1 uniunaN N NA LS
1 1 ¥ ~
WHUWA LATT9A NI TadRUedATT Aailszunninan lunaasnuduiusunmna (R)

ANN1TDAUIL AT

R=d1Ll _ (2.10)

¥
o

dl A o al A o/ o I3 =
W8 N AD ANWAUNIWINUNA WAz R A AMNANAUTULNUINAUDINT U
Y do  ad .
TNUNANUINIUN | 28N
Fadszrnnnanluninisnszateind  (Iaeilsvunn) wazAiAanuuilsilsan

(Variance) $? #nun9ndlssanaslenail

(R R’

2= (2.11)

n-1

daeAuTel A U szALEd1ATY 0.05 (Andszanny) anunsndszanos

15a1n
C:I.]ackknife = ﬁinS (2.12)

2.1.6 N19AwAgzIiAdla (Sensitivity analysis)

a

An9AEdAandla [9] hiAgntmnsmiaUnflae lduannisuasiunandg

A
' =

LTDLIVAILNUNG (Matrix leverage) %\1@auuwuﬁmmiémqmmmﬁmﬁuﬁfumumaﬁﬁﬂ

a

1 v 1
NItid i B8N AMNNInTUBNANNANTUSLIWINAd MTUTAteyaNHaENasausazn Il

a
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LM. =R —R (2.13)

LM, Ae Anuuansesendne R uazsndszunauanlu R Faun 39
FUBNHANTINLIINTENANTZ | LuA NGRS A nelAauNRg H, NI |
Lifindnd Taed R fiusadszanailiewdomes R 3 N(0,52) Tnetszanny

msmageu z dunalnmsiuiiensmagaudndizes R aeUni dwsu

uwiaznsidf i LM, anunsaudasilugluuudninidluninsgupe
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2.2.2 Providing Statistical Inference to Case-Based Software Effort
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return al; }

public class B{
public int b1;
public int mB1(){

A b = new A();
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return b1; }

public class C extends A{
public int c1;
private int c2;

public int mC1(){

c1 =mA1();
c2 =10-c1;
return c2; }
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No. Metric Mantel-R p-value
1 NumAttr 0.199274 0.019
2 | NumOps 0.406300 0.000
3 | NumPubOps 0.371884 0.001
4 | Nesting 0.054419 0.355
5 | IFImpl 0.094754 0.100
6 | NOC -0.036783 0.532
7 | NOP 0.059389 0.003
8 | NumDesc -0.034786 0.606
9 | NumAnc 0.037185 0.241
10 | DIT 0.037185 0.189
11 | CLD -0.025343 0.719
12 | Opsinh 0.145084 0.000
13 | Attrinh 0.111777 0.015
14 | NumAss_User -0.028070 0.613
15 | NumAss_Provider 0.006466 0.939
16 | EC_Par -0.045336 0.467
17 | IC_Par 0.238869 0.015
18 | Classiflnst 0.146602 0.051
19 | MsgSent 0.159121 0.042
20 | MsgRecv 0.190788 0.024
21 | MsgSelf 0.433917 0.000
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Metrics no. Mantel-R

R(21) 0.433917

R(12+21) 0.447044
R(3+12+21) 0.451754
R(3+12+13+21) 0.455876
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R(2+3+12+13+17+21) 0.460463
R(1+2+3+12+13+17+21) 0.460740
R(1+2+3+7+12+13+17+21) 0.460672
R(1+2+3+7+12+13+17+20+21) 0.427652
R(14+2+3+7+12+13+17+19+20+21) 0.389337
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daya HA1 R WU 0.506729 uarA1 S Winril 0.017416 9aL7 4 NITUN 65 Uaz 94 1y
paranRAlnAangadays HA1 R WinAu 0.443396 wavAn S WL 0.014845 3817 5
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Round No. Case No. Ri p-value LM |z|
1 76 0.754202 0.000 0.173562 4.226
1 101 0.219130 0.013 -0.361510 8.803
2 61 0.504241 0.000 0.164618 9.372
3 80 0.372912 0.000 -0.133817 7.683
3 99 0.583894 0.000 0.077165 4.431
4 65 0.513215 0.000 0.069819 4.703
4 94 0.341745 0.001 -0.101651 6.848
5 15 0.461223 0.000 0.051653 4.317
5 30 0.464670 0.000 0.055100 4.605
6 92 0.455665 0.000 -0.075507 7.307
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3% Analogy-SE

No. Metric Mantel-R p-value
1| NumAttr 0.049857 0.235
2 | NumOps 0.132002 0.000
3 | NumPubOps 0.138885 0.002
4 | Nesting 0.141228 0.020
5 | IFImpl 0.231687 0.014
6 | NOC -0.016698 0.740
7 | NOP 0.225322 0.000
8 | NumDesc 0.008901 0.872
9 | NumAnc 0.040188 0.192
10 | DIT 0.040188 0.159
11 | CLD 0.007231 0.872
12 | Opsinh 0.353672 0.000
13 | Attrinh 0.204775 0.000
14 | NumAss_User -0.018177 0.735
15 | NumAss_Provider 0.041347 0.338
16 | EC_Par -0.010991 0.808
17 | IC_Par 0.228750 0.000
18 | Classiflnst 0.008041 0.864
19 | MsgSent 0.084748 0.041
20 | MsgRecv 0.068027 0.089
21 | MsgSelf 0.218564 0.000
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Metrics no. Mantel-R

R(12) 0.353672

R(2+12) 0.407237

R(2+4+12) 0.409599
R(2+4+5+12) 0.410341
R(2+4+5+7+12) 0.410152
R(243+4+5+7+12) 0.397639
R(2+3+4+5+7+12+17) 0.385664
R(2+3+4+5+7+12+13+17) 0.364466
R(2+3+4+5+7+12+13+17+21) 0.294517
R(2+3+4+5+7+12+13+17+19+21) 0.237100
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Round No. Case No. Ri p-value LM |z]

1 76 0.762095 0.000 0.160073 5.210
1 101 0.277585 0.007 -0.324437 10.559
2 61 0.570969 0.000 0.164245 11.436
3 80 0.493716 0.000 -0.084350 7.942
3 99 0.637239 0.000 0.059173 5.571

3 115 0.528992 0.000 -0.049074 4.620
4 65 0.525172 0.000 0.055566 5.232
4 94 0.378594 0.000 -0.091012 8.570
5 15 0.478630 0.000 0.046343 5514
5 30 0.472680 0.000 0.040393 4.806
6 92 0.463174 0.000 -0.067741 9.445
7 13 0.484754 0.000 0.021570 4.095
7 58 0.436116 0.000 -0.027068 5.138
7 91 0.438659 0.000 -0.024525 4.655
8 93 0.452585 0.000 0.022558 4.817
9 88 0.419399 0.000 -0.033222 7.490
10 33 0.395546 0.000 -0.025296 6.025
10 134 0.438081 0.000 0.017239 4.106
11 60 0.438448 0.000 0.018434 4.118
11 77 0.398057 0.000 -0.021957 4.905
12 87 0.384180 0.000 -0.030753 6.969
12 131 0.397201 0.000 -0.017732 4.018
13 70 0.316658 0.000 -0.037952 7.773
14 100 0.379488 0.000 0.044633 6.436
15 78 0.410341 0.000 0.030702 4.925
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No. Metric Mantel-R p-value
1 | NumAttr 0.087803 0.228
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6.1.5 gdLAd View Selected Metrics, Mantel Correlation and Outlier Class
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6.1.7 gdLAd Estimate Class Logical Stability Using Analogy
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Estimated True
No. Class name Distance IMRE|
ClassLogicalStability| ClassLogicalStability
1 [Test 0.000 0.983408 0.986130 0.003
2 |GridFrame 0.341 0.939504 0.817002 0.150
3 |GridLines 0.000 0.963247 0.975839 0.013
4 (ImageComponent 0.227 0.966816 0.915884 0.056
5 |ImageComponentFactory 0.000 0.980414 0.983445 0.003
6 |ImageSurface 0.406 0.907351 0.823714 0.102
7 |AbstractComponentlOFactory | 0.000 0.980414 0.981208 0.001
8 |ComponentlO 0.105 0.947054 0.961074 0.015
9 |ComponentlORaster 0.089 0.939504 0.924385 0.016
10 |ComponentlOXML 0.032 0.790354 0.932439 0.152
11 |RasterlOFactory 0.063 0.830709 0.980313 0.153
12 [XMLIOFactory 0.063 0.830709 0.980313 0.153
13 |LineComponent 0.082 0.789370 0.936465 0.157
14 |LineParser 0.098 0.939504 0.962864 0.024
15 |LineSurface 0.076 0.939504 0.930201 0.010
16 |Marquee 0.055 0.945936 0.969128 0.024
17 |[RadComponent 0.188 0.947054 0.955705 0.009
18 |RadContainer 0.126 0.947167 0.956152 0.009
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AN519N A-1 HARNANTUIZHIUAIANNIADEIFITINTINEUAIAANA TLTUNTUAIUNNTIANS
N gadayanagau e 1 aesluinasanisglunna¥eanis Analogy-SE Tilsunsusnu

NIAANIINN Tadeyaasy 1a7 1 (si0)

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability| ClassLogicalStability
19 |BasicFileFilter 0.016 0.849459 0.954362 0.110
20 |FileChooserTest 0.000 0.979120 0.974944 0.004
21 [TestFrame 0.000 0.979120 0.978971 0.000
22 |ColorChooser 0.000 0.927653 0.971812 0.045
23 |FileMenuHelper 0.152 0.954884 0.921253 0.037
24 |Element 0.000 0.983408 0.982550 0.001
25 |ParserBuilder 0.075 0.939504 0.959284 0.021

AN519N A-2 HARNANTUIZHIUAIANNLADEIFTIAIINEURIAANA TLTUNTNAIUNITTANS
n gadayanageu 4an 2 193laA98N199UNNa5199N35 Analogy-SE Tlsunsnsiu

NNIAANIINN TATeyAaBY JAT 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability| ClassLogicalStability
1 |brightnessTable 0.000 0.984100 0.989761 0.006
2 |brightnessThread 0.021 0.979120 0.960324 0.020
3 |helpFrame 0.000 0.984100 1.000000 0.016
4 |helpFrame.linkListener 0.000 0.980414 0.986775 0.006
5 |helpFrame_this_componentAdapter| 0.000 0.980414 0.991468 0.011
6 |imagelLoadWorker 0.021 0.979120 0.962884 0.017
7 |ImagePreview 0.000 0.979120 0.979949 0.001
8 |ipegSaveWorker 0.021 0.979120 0.965017 0.015
9 |licFrame 0.000 0.984100 0.986775 0.003
10 |picPanel 0.000 0.963247 0.979522 0.017
11 |Posteriser 0.000 0.980414 0.985922 0.006
12 |posterOp 0.000 0.963247 0.948805 0.015
13 |postFrame 0.161 0.840790 0.748294 0.124
14 |ipegFilter 0.000 0.984100 0.990614 0.007
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AN519N A-2 HARNANTUIZHIUAIANNIADEIFITINTINEIAIAANA TLTUNTUAIUNNTIANS
N gadayanagau gan 2 aesluinasianisglunna¥eanis Analogy-SE Tilsunsusnu

NIAANINN TadeyanaaaL 1% 1 (sa)

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability| ClassLogicalStability
15 |tiffFilter 0.000 0.984100 0.990614 0.007
16 |postFrame_AboutBox 0.000 0.983408 0.960751 0.024
17 |postThread 0.021 0.979120 0.929181 0.054
18 |previewThread 0.021 0.979120 0.963737 0.016
19 |splashWindow 0.000 0.979120 0.985922 0.007
20 |splashWindow_this_focusAdapter | 0.000 0.993572 0.993601 0.000
21 |SwingWorker 0.203 0.988441 0.976536 0.012
22 |SwingWorker.ThreadVar 0.000 0.984100 1.000000 0.016
23 [tiffSaveWorker 0.021 0.979120 0.965017 0.015
24 \warnFrame 0.000 0.984100 0.986775 0.003

A15199 A-3 NadNENeLsERN A ANIATEIENAsINEIe9Aa 4 TUsunsuANuN19aRNIg
N gadeyanagen e 3 1a9lHnana8N19aLNI 45199035 Analogy-SE Tilsunsudu

NIRANIINN TRTaYAABY TAT 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability| ClassLogicalStability
1 |blackOnWhiteOp 0.000 0.966816 0.968597 0.002
2 |brightnessTable 0.000 0.983408 0.991393 0.008
3 |brightnessThread 0.021 0.979120 0.974180 0.005
4 |colourColourOp 0.000 0.966816 0.967202 0.000
5 |cutOutBlackOp 0.000 0.966816 0.968597 0.002
6 |cutOutColourOp 0.000 0.966816 0.967900 0.001
7 |cutOutWhiteOp 0.000 0.966816 0.968597 0.002
8 |cutToBlackOp 0.000 0.966816 0.968597 0.002
9 |cutToColourOp 0.000 0.966816 0.967900 0.001
10 |cutToColoursOp 0.000 0.966816 0.967202 0.000
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Estimated True
No. Class name Distance |MRE]|
ClassLogicalStability| ClassLogicalStability
11 |cutToOppOp 0.000 0.966816 0.968597 0.002
12 |cutToSameOp 0.000 0.966816 0.968597 0.002
13 |cutToWhiteOp 0.000 0.966816 0.968597 0.002
14 |helpFrame 0.000 0.984100 0.992789 0.009
15 |linkListener 0.000 0.980414 1.000000 0.020
16 |imageLoadWorker 0.021 0.979120 0.974413 0.005
17 |ImagePreview 0.000 0.979120 0.989067 0.010
18 |ipegSaveWorker 0.021 0.979120 0.979065 0.000
19 |licFrame 0.000 0.984100 0.992789 0.009
20 [lithThread 0.021 0.979120 0.925564 0.058
21 |mainframe 0.108 0.840790 0.868109 0.031
22 |mainFrame_AboutBox 0.000 0.983408 0.978600 0.005
23 |PhotoLith 0.000 0.980414 0.992324 0.012
24 |photoLithOp 0.293 0.988441 0.988137 0.000
25 |picPanel 0.000 0.973991 0.989998 0.016
26 |previewThread 0.021 0.979120 0.980228 0.001
27 |simplePosterisationOp 0.000 0.966816 0.966504 0.000
28 |splashWindow 0.000 0.980414 0.994650 0.014
29 |SwingWorker 0.203 0.988441 0.987206 0.001
30 |[ThreadVar 0.000 0.984100 1.000000 0.016
31 [tiffSaveWorker 0.021 0.979120 0.979065 0.000
32 |warnFrame 0.000 0.984100 0.992789 0.009
33 |whiteOnBlackOp 0.000 0.966816 0.968597 0.002
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Frunns gadeyadeu gai 1

No. Class name Distance Estir.nated . T.rue .| IMRE]|

ClassLogicalStability| ClassLogicalStability

1 |CalcMachineNumber 0.182 0.904908 0.909828 0.005
2 |Calculator 0.306 0.904908 0.963526 0.061
3 |CalculatorException 0.026 0.984472 0.964539 0.021
4 |CalculatorTester 0.191 0.904908 0.931104 0.028
5 |CalculatorTester.CalculatorTest 0.005 0.987842 1.000000 0.012
6 |E 0.027 0.920973 0.946302 0.027
7 |Entries 0.064 0.983540 0.942249 0.044
8 |Entries.Entry 0.003 1.000000 1.000000 0.000
9 |GuiCommandLine 0.077 0.875486 0.933131 0.062
10 |icalc 0.040 0.925532 0.953394 0.029
11 |jcalc_applet 0.010 0.990994 0.977710 0.014
12 |jcalc_math 0.105 0.920973 0.928065 0.008
13 |jcalc_trig 0.110 0.890593 0.853090 0.044
14 |operatorChecker 0.244 0.993789 0.943262 0.054
15 |OperatorControlCenter 0.267 0.950621 0.943262 0.008
16 |PI 0.112 0.904908 0.919960 0.016
17 |ResultsList 0.107 0.909574 0.913880 0.005
18 |ResultList_MouseListener 0.057 0.984472 0.953394 0.033
19 |VariableTable 0.037 0.990994 0.948328 0.045
20 |EmptyListException 0:000 0.992490 0.996960 0.004
21 |ListNode 0.042 0.996273 0.991895 0.004
22 |List 0.050 0.909574 0.986069 0.078
23 |ListNode1 0.042 0.996273 0.991895 0.004
24 |List1 0.050 0.909574 0.986069 0.078
25 |Stackinheritance 0.064 0.967391 0.994428 0.027
26 [Stackinheritance1 0.064 0.967391 0.994428 0.027
27 [StringCalculator 0.305 0.904908 0.936170 0.033
28 [StringCalculatorException 0.021 0.987842 0.995694 0.008
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Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability|ClassLogicalStability

1 |AboutForm 0.019 0.987842 0.980750 0.007
2 |Commandinterpreter 0.072 0.987578 0.986829 0.001
3 |ConvertCommand 0.059 0.909574 0.996960 0.088
4 |DerivCommand 0.045 0.983540 0.950355 0.035
5 |FontForm 0.044 0.977688 0.943262 0.036
6 |FuncEvalCommand 0.031 0.982609 0.975684 0.007
7 |FunctionParser 0.075 0.920973 0.955927 0.037
8 |FunctionTokenizer 0.043 0.909574 0.964539 0.057
9 |ParseHelper 0.030 0.996273 0.995441 0.001
10 |SyntaxNode 0.091 0.890593 0.964539 0.077
11 |SyntaxTree 0.058 0.990994 0.958460 0.034
12 |GraphCommand 0.036 0.925532 0.970618 0.046
13 |PlotFrame 0.049 0.944529 1.000000 0.055
14 |GraphPanel 0.054 0.968845 0.945289 0.025
15 [MainClass 0.075 0.990994 1.000000 0.009
16 [MiscCommand 0.033 0.925532 0.964539 0.040
17 |ScriptCommand 0.068 0.904908 0.979230 0.076
18 |SetCommand 0.041 0.909574 0.979230 0.071
19 |SolveCommand 0.030 0.983540 0.938703 0.048
20 |VariableCommand 0.031 0.982609 0.952381 0.032
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A19199 A-6 HARNEN17UTE NN AN ANNLATI R ENATINE1R9AANE TUTUNTNATUNNTATUINS

pdayanngay 4a7 3 1aslunasansgluna¥1eainis Analogy-SE Tilsunsusnunig

T
Frunns gadeyadeu gai 1
Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability

1 |About 0.030 0.996273 0.975644 0.021
2 |CIAC 0.076 0.983540 0.942937 0.043
3 |Constant 0.016 0.983540 0.963118 0.021
4 |ConstantFactory 0.016 0.993478 0.967989 0.026
5 |E 0.055 0.983540 0.977035 0.007
6 |Pi 0.055 0.983540 0.977035 0.007
7 |EvaluablePart 0.002 0.990217 0.981907 0.008
8 [MalformedExpressionException 0.022 0.987842 0.988170 0.000
9 |NoSuchConstantException 0.022 0.987842 0.988170 0.000
10 |[NoSuchFunctionException 0.022 0.987842 0.988170 0.000
11 |NoSuchOperatorException 0.022 0.987842 0.988170 0.000
12 |UndefinedVariable 0.022 0.987842 0.988170 0.000
13 |UnknownExpressionPart 0.022 0.987842 0.988170 0.000
14 |Expression1 0.201 0.904908 0.849687 0.065
15 |[ExpressionPart 0.000 0.970250 0.992345 0.022
16 [Function 0.033 0.982609 0.965205 0.018
17 |FunctionFactory 0.041 0.925532 0.904663 0.023
18 |Acos 0.048 0.983540 0.956855 0.028
19 |Acosec 0.049 0.983540 0.956855 0.028
20 |Acotan 0.048 0.983540 0.956855 0.028
21 |Asec 0.049 0.983540 0.956855 0.028
22 |Asin 0.048 0.983540 0.956855 0.028
23 |Atan 0.048 0.983540 0.956855 0.028
24 |Cos 0.048 0.983540 0.956855 0.028
25 |Cosec 0.049 0.983540 0.956855 0.028
26 |Cotan 0.049 0.983540 0.956855 0.028
27 |Exp 0.048 0.983540 0.956855 0.028
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A19199 A-6 HARNEN17UTE NN AN ANNLATI R ENATINE1R9AANE TUTUNTNATUNNTATUINS

pdayanngay 4a7 3 1aslunasansgluna¥1eainis Analogy-SE Tilsunsusnunig

T
Frunns gadeyasen 107 1 (a)
Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability

28 |Ln 0.048 0.983540 0.956855 0.028
29 |Log10 0.048 0.983540 0.956855 0.028
30 |Sec 0.049 0.983540 0.956855 0.028
31 |Sin 0.048 0.983540 0.956855 0.028
32 |Tan 0.048 0.983540 0.956855 0.028
33 |Number 0.042 0.990994 0.971468 0.020
34 |Operator 0.055 0.990994 0.962422 0.030
35 |OperatorFactory 0.028 0.925532 0.943633 0.019
36 |LeftParenthesis 0.078 0.983540 0.976340 0.007
37 |OperatorDividedBy 0.050 0.983540 0.956159 0.029
38 |OperatorMinus 0.050 0.983540 0.956159 0.029
39 |OperatorPlus 0.050 0.983540 0.956159 0.029
40 |OperatorPower 0.050 0.983540 0.956159 0.029
41 |OperatorTimes 0.050 0.983540 0.956159 0.029
42 |Parenthesis 0.050 0.983540 0.961030 0.023
43 |RightParenthesis 0.074 0.983540 0.972860 0.011
44 |Variable 0.061 0.983540 0.949896 0.035
45 |CIACEdit 0.068 0.922921 0.923452 0.001
46 [Historique 0.049 0.875486 0:959638 0.088
47 [Main 0.034 0.987842 0.963118 0.026
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AN5I9N A-7 HARNANTUIZHIUAIANNIADEIFITINTINEUAIAANA TLTUNTUAIUNNTIANS
NN gadayanaaaL mﬁ 1 m@q‘iuLm@é’qaﬂﬁi@ﬂuﬂﬁ@’éﬁq@Wﬂi:ﬂz‘vmLLuuqﬂammﬂﬂ

v 1
dosuidn TUsunsufunisdnnisnan gadeyaaai 4om 1

Estimated True
No. Class name Distance |MRE|
ClassLogicalStability [ClassLogicalStability|
1 [Test 0.000 0.983408 0.986130 0.003
2 |GridFrame 0.447 0.907351 0.817002 0.111
3 |GridLines 0.000 0.963247 0.975839 0.013
4 (ImageComponent 0.237 0.939504 0.915884 0.026
5 |ImageComponentFactory 0.000 0.980414 0.983445 0.003
6 |ImageSurface 0.460 0.907351 0.823714 0.102
7 |AbstractComponentlOFactory 0.000 0.980414 0.981208 0.001
8 |Component|O 0.132 0.947054 0.961074 0.015
9 |ComponentlORaster 0.096 0.939504 0.924385 0.016
10 |[ComponentlOXML 0.032 0.790354 0.932439 0.152
11 |RasterlOFactory 0.064 0.830709 0.980313 0.153
12 [XMLIOFactory 0.064 0.830709 0.980313 0.153
13 |LineComponent 0.084 0.789370 0.936465 0.157
14 |LineParser 0.109 0.939504 0.962864 0.024
15 |LineSurface 0.080 0.790354 0.930201 0.150
16 [Marquee 0.069 0.945936 0.969128 0.024
17 |RadComponent 0.250 0.988441 0.955705 0.034
18 |RadContainer 0.128 0.947167 0.956152 0.009
19 |BasicFileFilter 0.016 0.849459 0.954362 0.110
20 |FileChooserTest 0.000 0.979120 0.974944 0.004
21 [TestFrame 0.000 0.979120 0.978971 0.000
22 |ColorChooser 0.000 0.927653 0.971812 0.045
23 |FileMenuHelper 0.173 0.954884 0.921253 0.037
24 |Element 0.000 0.983408 0.982550 0.001
25 |ParserBuilder 0.084 0.945936 0.959284 0.014
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AN519N A-8 HARNANTUIZHIUAIANNIADEIFITINTINEUAIAANA TLTUNTUAIUNNTIANS
NN gadayanaaaL mﬁ 2 mmiuLm@r%’qaﬂﬁi@ﬂuﬁﬁ@’éﬁq@ﬂﬂi:ﬂz‘vmLLuuqﬂammﬂﬂ

v 1
dosuidn TUsunsufunisdnnisnan gadeyaaai 4om 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability|ClassLogicalStability
1 |brightnessTable 0.000 0.984100 0.989761 0.006
2 |brightnessThread 0.026 0.979120 0.960324 0.020
3 |helpFrame 0.000 0.984100 1.000000 0.016
4 |helpFrame.linkListener 0.000 0.980414 0.986775 0.006
5 |helpFrame_this_componentAdapter | 0.000 0.980414 0.991468 0.011
6 |imageLoadWorker 0.026 0.979120 0.962884 0.017
7 |ImagePreview 0.000 0.979120 0.979949 0.001
8 |jpegSaveWorker 0.026 0.979120 0.965017 0.015
9 |licFrame 0.000 0.984100 0.986775 0.003
10 |picPanel 0.000 0.963247 0.979522 0.017
11 |Posteriser 0.000 0.980414 0.985922 0.006
12 |posterOp 0.000 0.963247 0.948805 0.015
13 |postFrame 0.163 0.840790 0.748294 0.124
14 |jpegFilter 0.000 0.984100 0.990614 0.007
15 |tiffFilter 0.000 0.984100 0.990614 0.007
16 |postFrame_AboutBox 0.000 0.983408 0.960751 0.024
17 |postThread 0.026 0.979120 0.929181 0.054
18 |previewThread 0.026 0.979120 0.963737 0.016
19 |splashWindow 0.000 0.979120 0.985922 0.007
20 |splashWindow_this_focusAdapter 0.000 0.993572 0.993601 0.000
21 |SwingWorker 0.261 0.954884 0.976536 0.022
22 |SwingWorker.ThreadVar 0.000 0.984100 1.000000 0.016
23 |tiffSaveWorker 0.026 0.979120 0.965017 0.015
24 \warnFrame 0.000 0.984100 0.986775 0.003
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AN519N A-9 HARNANTUIZHIUAIANNIADEIFITINTINEUAIAANA TLTUNTUAIUNNTTANS

N gadeyanadeu gai 3 vadlumasianisgluinaiainszaznisuuLy AR ALUL

v 1
dosuidn TUsunsufunisdnnisnan gadeyaaai 4om 1

Estimated True
No. Class name Distance |MRE]|
ClassLogicalStability| ClassLogicalStability
1 |blackOnWhiteOp 0.000 0.966816 0.968597 0.002
2 |brightnessTable 0.000 0.983408 0.991393 0.008
3 |brightnessThread 0.026 0.979120 0.974180 0.005
4 |colourColourOp 0.000 0.966816 0.967202 0.000
5 |cutOutBlackOp 0.000 0.966816 0.968597 0.002
6 |cutOutColourOp 0.000 0.966816 0.967900 0.001
7 |cutOutWhiteOp 0.000 0.966816 0.968597 0.002
8 |cutToBlackOp 0.000 0.966816 0.968597 0.002
9 |cutToColourOp 0.000 0.966816 0.967900 0.001
10 |cutToColoursOp 0.000 0.966816 0.967202 0.000
11 |cutToOppOp 0.000 0.966816 0.968597 0.002
12 |cutToSameOp 0.000 0.966816 0.968597 0.002
13 |cutToWhiteOp 0.000 0.966816 0.968597 0.002
14 |helpFrame 0.000 0.984100 0.992789 0.009
15 |linkListener 0.000 0.980414 1.000000 0.020
16 |imageLoadWorker 0.026 0.979120 0.974413 0.005
17 |ImagePreview 0.000 0.979120 0.989067 0.010
18 |jpegSaveWorker 0.026 0.979120 0.979065 0.000
19 |licFrame 0.000 0.984100 0.992789 0.009
20 [lithThread 0.026 0.979120 0.925564 0.058
21 |mainframe 0.109 0.840790 0.868109 0.031
22 |mainFrame_AboutBox 0.000 0.983408 0.978600 0.005
23 |PhotoLith 0.000 0.980414 0.992324 0.012
24 |photoLithOp 0.374 0.954884 0.988137 0.034
25 |picPanel 0.000 0.973991 0.989998 0.016
26 |previewThread 0.026 0.979120 0.980228 0.001
27 |simplePosterisationOp 0.000 0.966816 0.966504 0.000
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AN519N A-9 HARNANTUIZHIUAIANNIADEIFITINTINEUAIAANA TLTUNTUAIUNNTTANS

N gadeyanadeu gai 3 vadlumasianisgluinaiainszaznisuuLy AR ALUL

v 1
aasuuidn TUsunsudunisdanisnan gadeyaaai 169 1 (sa)

Estimated True
No. Class name Distance |MRE]|
ClassLogicalStability| ClassLogicalStability
28 |splashWindow 0.000 0.980414 0.994650 0.014
29 |SwingWorker 0.261 0.954884 0.987206 0.033
30 [ThreadVar 0.000 0.984100 1.000000 0.016
31 [tiffSaveWorker 0.026 0.979120 0.979065 0.000
32 |warnFrame 0.000 0.984100 0.992789 0.009
33 |whiteOnBlackOp 0.000 0.966816 0.968597 0.002

A519N 2-10 HARWAENFL 22N UAN AN EIFTIMIINLUDIAANE T1ITUNTHAIUANT

AU Tadiayanaday ga7 1 1eeliinasenIsgLuaisaInssaznauLLg AR AuLL

anauminlilsunsusnunIaA Wl Tadeyaasl 107 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability|ClassLogicalStability
1 |CalcMachineNumber 0.174 0.904908 0.909828 0.005
2 |Calculator 0.326 0.904908 0.963526 0.061
3 |CalculatorException 0.029 0.984472 0.964539 0.021
4 |CalculatorTester 0.216 0.904908 0.931104 0.028
5 |CalculatorTester.CalculatorTest | 0.006 0.987842 1.000000 0.012
6 |E 0.027 0.920973 0.946302 0.027
7 |Entries 0.070 0.983540 0.942249 0.044
8 |Entries:Entry 0.003 1.000000 1.000000 0.000
9 |GuiCommandLine 0.087 0.875486 0.933131 0.062
10 jcalc 0.041 0.925532 0.953394 0.029
11 |jcalc_applet 0.012 0.990994 0.977710 0.014
12|jcalc_math 0.100 0.904908 0.928065 0.025
13 |jcalc_trig 0.120 0.890593 0.853090 0.044
14 |operatorChecker 0.287 0.993789 0.943262 0.054
15 |OperatorControlCenter 0.309 0.950621 0.943262 0.008
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AN519N A-10 HARWANTUIZNIUAIANNIAT LTI TINTINEUDIAANE TUTUNTHAIUANT
AU Fadayanaaas gav 1 aeslunasanisglunna¥eainszaznauiugaaauuy

14 !
aosiuiinlsunsusnunisAuon gadayasau gai 1 (sa)

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability|ClassLogicalStability
16 |PI 0.113 0.904908 0.919960 0.016
17 |ResultsList 0.099 0.909574 0.913880 0.005
18 |ResultList_MouseListener 0.053 0.982609 0.953394 0.031
19 |VariableTable 0.037 0.990994 0.948328 0.045
20 [EmptyListException 0.000 0.992490 0.996960 0.004
21 |ListNode 0.046 0.996273 0.991895 0.004
22 |List 0.053 0.909574 0.986069 0.078
23 |ListNode1 0.046 0.996273 0.991895 0.004
24 |List1 0.053 0.909574 0.986069 0.078
25 |StackInheritance 0.082 0.971429 0.994428 0.023
26 Stackinheritance 0.082 0.971429 0.994428 0.023
27 |StringCalculator 0.339 0.890593 0.936170 0.049
28 |StringCalculatorException 0.023 0.987842 0.995694 0.008

ANS19N A-11 HARNENITUIEHIUAIAINIAD LT TINIINEUEIAANE T1TUNTHAIUNNT
o v dl v ai v a 1
AU TATRYANAREL AT 2 GnmiuLmmami@qﬂmmmwmm:ﬁx'vmLmuqmmmﬂu

gngumnin Tsunsuanunisatuans gadeyaaais 9a9 1

Estimated True
No. Class name Distance IMRE|
ClasslogicalStability| ClassLogicalStability
1 |AboutForm 0.023 0.987842 0.980750 0.007
2 |Commandinterpreter 0.077 0.990994 0.986829 0.004
3 |ConvertCommand 0.068 0.909574 0.996960 0.088
4 |DerivCommand 0.045 0.983540 0.950355 0.035
5 |FontForm 0.049 0.977688 0.943262 0.036
6 |FuncEvalCommand 0.033 0.982609 0.975684 0.007
7 |FunctionParser 0.087 0.920973 0.955927 0.037
8 |FunctionTokenizer 0.050 0.909574 0.964539 0.057
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AN519N A-11 HARWANTUIZNIUAIANNIAT LT TINTINEUDIAANE TTUNTHAUNNT
AU Fadayanaaas gav 2 aeslunasanisglunna¥eainszasnauiugaaauuy

14 !
tosuiln TUsunsusnunisAuan gadeyaseu e 1 (sa)

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability| ClassLogicalStability
9 |ParseHelper 0.031 0.996273 0.995441 0.001
10 |SyntaxNode 0.111 0.890593 0.964539 0.077
11 |SyntaxTree 0.067 0.990994 0.958460 0.034
12 |GraphCommand 0.039 0.925532 0.970618 0.046
13 |PlotFrame 0.062 0.944529 1.000000 0.055
14 |GraphPanel 0.052 0.968845 0.945289 0.025
15 |MainClass 0.093 0.909574 1.000000 0.090
16 [MiscCommand 0.035 0.925532 0.964539 0.040
17 |ScriptCommand 0.080 0.904908 0.979230 0.076
18 |SetCommand 0.046 0.909574 0.979230 0.071
19 |SolveCommand 0.034 0.983540 0.938703 0.048
20 |VariableCommand 0.033 0.982609 0.952381 0.032

a [ 1 a a g
AN519N A-12 HARWENIUIZNIUAIANIANEITIATINSTRIAANE TUTUNTHATRANS
3 [ a 12 P a '
ANUITL ‘TJM‘LI'E]N”@VIQZ\]@‘U han = %ﬂﬂiﬁ\lL@@ﬂ')ﬁlﬂﬂﬁ‘@‘ﬂN‘WV}ﬁﬁ‘%‘]@’]ﬂﬁ‘zﬂﬁ/l’]\‘}LLLIU&QIP]Z\]@LLT_Iﬁ_IllﬂJ

tosiuiin TUsunsudunisAIua gadeyadet 4an 1

Estimated True
No. Class name Distance |MRE|
ClassLogicalStability|ClassLogicalStability
1 |About 0.034 0.996273 0.975644 0.021
2 |CIAC 0.076 0.983540 0.942937 0.043
3 |Constant 0.038 0.983540 0.963118 0.021
4 |ConstantFactory 0.021 0.993478 0.967989 0.026
5 |E 0.113 0.971429 0.977035 0.006
6 |Pi 0.113 0.971429 0.977035 0.006
7 |EvaluablePart 0.003 0.990217 0.981907 0.008
8 |MalformedExpressionException 0.025 0.992490 0.988170 0.004
9 |NoSuchConstantException 0.025 0.992490 0.988170 0.004
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AU Fadayanaaas gav 3 aeslunasanisglunna¥eainszaznauiugaaauuy

14 !
tosuiln TUsunsusnunisAuan gadeyaseu e 1 (sa)

Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability
10 [NoSuchFunctionException 0.025 0.992490 0.988170 0.004
11 |[NoSuchOperatorException 0.025 0.992490 0.988170 0.004
12 |UndefinedVariable 0.025 0.992490 0.988170 0.004
13 |UnknownExpressionPart 0.025 0.992490 0.988170 0.004
14 |Expression1 0.244 0.904908 0.849687 0.065
15 |[ExpressionPart 0.000 0.970250 0.992345 0.022
16 [Function 0.056 0.989752 0.965205 0.025
17 |FunctionFactory 0.046 0.925532 0.904663 0.023
18 |Acos 0.094 0.983540 0.956855 0.028
19 |Acosec 0.094 0.983540 0.956855 0.028
20 |Acotan 0.094 0.983540 0.956855 0.028
21 |Asec 0.094 0.983540 0.956855 0.028
22 |Asin 0.094 0.983540 0.956855 0.028
23 |Atan 0.094 0.983540 0.956855 0.028
24 |Cos 0.094 0.983540 0.956855 0.028
25 |Cosec 0.094 0.983540 0.956855 0.028
26 |Cotan 0.094 0.983540 0.956855 0.028
27 |[Exp 0.094 0.983540 0.956855 0.028
28 |Ln 0.094 0.983540 0:956855 0.028
29 |Log10 0.094 0.983540 0.956855 0.028
30 |Sec 0.094 0.983540 0.956855 0.028
31 |Sin 0.094 0.983540 0.956855 0.028
32 |Tan 0.094 0.983540 0.956855 0.028
33 |Number 0.060 0.989752 0.971468 0.019
34 |Operator 0.074 0.990994 0.962422 0.030
35 |OperatorFactory 0.028 0.925532 0.943633 0.019
36 |LeftParenthesis 0.116 0.967391 0.976340 0.009
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AU Fadayanaaas gav 3 aeslunasanisglunna¥eainszaznauiugaaauuy

14 !
tosuiln TUsunsusnunisAuan gadeyaseu e 1 (sa)

Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability
37 |OperatorDividedBy 0.095 0.983540 0.956159 0.029
38 |OperatorMinus 0.095 0.983540 0.956159 0.029
39 |OperatorPlus 0.095 0.983540 0.956159 0.029
40 |OperatorPower 0.095 0.983540 0.956159 0.029
41 |OperatorTimes 0.095 0.983540 0.956159 0.029
42 |Parenthesis 0.095 0.983540 0.961030 0.023
43 |RightParenthesis 0.094 0.971429 0.972860 0.001
44 Variable 0.099 0.983540 0.949896 0.035
45 |CIACEdit 0.077 0.922921 0.923452 0.001
46 [Historique 0.048 0.875486 0.959638 0.088
47 [Main 0.037 0.987842 0.963118 0.026
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3. HaaNEAINNITUszInA AN NA WIUT YA LULARLLA

AN519N A-13 HARWANTUIZNIUAIANNIAT LT TINTINEUDIAANE TUTUNTHAIUANT
AU FadayanaaaL gav 1 aesluinasianisglunnadeanis Analogy-SE Tilsunsu

Fnun1sAIUIN gadayada 4av 2

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability|ClassLogicalStability
1 |CalcMachineNumber 0.074 0.950621 0.909828 0.045
2 |Calculator 0.060 0.950621 0.963526 0.013
3 |CalculatorException 0.000 0.989130 0.964539 0.025
4 |CalculatorTester 0.000 0.963083 0.931104 0.034
5 |CalculatorTester.CalculatorTest | 0.026 0.995652 1.000000 0.004
6 |E 0.130 0.920973 0.946302 0.027
7 |Entries 0.000 0.963083 0.942249 0.022
8 |Entries.Entry 0.000 0.995652 1.000000 0.004
9 |GuiCommandLine 0.000 0.983540 0.933131 0.054
10|jcalc 0.000 0.967218 0.953394 0.015
11 |jcalc_applet 0.000 0.982635 0.977710 0.005
12|jcalc_math 0.000 0.950621 0.928065 0.024
13|jcalc_trig 0.074 0.950621 0.853090 0.114
14 |operatorChecker 0.000 0.982635 0.943262 0.042
15 |OperatorControlCenter 0.097 0.950621 0.943262 0.008
16 |PI 0.026 0.920973 0.919960 0.001
17 |ResultsList 0.024 0.950621 0.913880 0.040
18 |ResultList_MouseListener 0.000 0.953988 0.953394 0.001
19 |VariableTable 0.000 0.967218 0.948328 0.020
20 [EmptyListException 0.000 0.982635 0.996960 0.014
21 |ListNode 0.000 0.975841 0.991895 0.016
22 |List 0.000 0.963083 0.986069 0.023
23 |ListNode1 0.000 0.975841 0.991895 0.016
24 |List1 0.000 0.963083 0.986069 0.023
25 |Stacklnheritance 0.026 0.972860 0.994428 0.022
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AN519N A-13 HARWANTUIZNIUAIANNIAT LTI TINTINEUDIAANE TUTUNTHAUNNT
AU FadayanaaaL gan 1 aesluinasianisglunnadeanis Analogy-SE Tilsunsu

FunsAUns Tadayasau gail 2 (se)

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability|ClassLogicalStability

26 |StackInheritance 0.026 0.972860 0.994428 0.022
27 |StringCalculator 0.074 0.950621 0.936170 0.015
28 |StringCalculatorException 0.000 0.983248 0.995694 0.013

AN519N A-14 HARWANTUIZNNUAIANIADN LT TIATINEUDIAANE TUTUNTHAIUANT
AU FadayanaaaL gan 2 18dluinasianisalinfaieainds Analogy-SE Tilsuns

funAns Tadayaaau 1n9 2

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability|ClassLogicalStability
1 |AboutForm 0.000 0.983248 0.980750 0.003
2 |Commandinterpreter 0.000 0.963083 0.986829 0.024
3 |ConvertCommand 0.026 0.920973 0.996960 0.076
4 |DerivCommand 0.026 0.920973 0.950355 0.031
5 |FontForm 0.000 0.983248 0.943262 0.042
6 |FuncEvalCommand 0.104 0.920973 0.975684 0.056
7 |FunctionParser 0.024 0.950621 0.955927 0.006
8 |FunctionTokenizer 0.000 0.983540 0.964539 0.020
9 |ParseHelper 0.000 0.989130 0.995441 0.006
10 |SyntaxNode 0.107 0.950621 0.964539 0.014
11 |SyntaxTree 0.000 0.953988 0.958460 0.005
12 |GraphCommand 0.104 0.920973 0.970618 0.051
13 |PlotFrame 0.000 0.983248 1.000000 0.017
14 |GraphPanel 0.000 0.953988 0.945289 0.009
15 [MainClass 0.000 0.975841 1.000000 0.024
16 [MiscCommand 0.104 0.920973 0.964539 0.045
17 |ScriptCommand 0.000 0.920973 0.979230 0.059
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AN519N A-14 HARWANTUIZNIUAIANNIAT T TINTINEUDIAANE TUTUNTHAIUANT

AU FadayanaaaL gav 2 aesluinasianisglunnadeainis Analogy-SE Tilsunsu

FunsAUns Tadayasau gail 2 (se)

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability |ClassLogicalStability
18 |SetCommand 0.026 0.920973 0.979230 0.059
19 [SolveCommand 0.052 0.920973 0.938703 0.019

20 |VariableCommand 0.104 0.920973 0.952381 0.033
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AN519N -1 HAANENITUTENUAIAHNLA DL FTINIINLUDIAANE TTUNTNAIUNNTTANT
N gadayanngeu gai 1 vedlunanianieluanasieainis Analogy-X Ttlsunsusu

NN3RANINN ATy Aaal 17 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability|ClassLogicalStability
1 |Test 0.000 0.975606 0.986130 0.011
2 |GridFrame 0.173 0.939504 0.817002 0.150
3 |GridLines 0.000 0.963247 0.975839 0.013
4 |ImageComponent 0.328 0.947054 0.915884 0.034
5 |{ImageComponentFactory 0.000 0.980414 0.983445 0.003
6 |ImageSurface 0.548 0.832885 0.823714 0.011
7 |AbstractComponentlOFactory | 0.000 0.980414 0.981208 0.001
8 |ComponentlO 0.000 0.751969 0.961074 0.218
9 |ComponentlORaster 0.151 0.939504 0.924385 0.016
10 |ComponentlOXML 0.051 0.790026 0.932439 0.153
11 |RasterlOFactory 0.000 0.980414 0.980313 0.000
12 [XMLIOFactory 0.000 0.980414 0.980313 0.000
13 |LineComponent 0.133 0.790026 0.936465 0.156
14 |LineParser 0.173 0.939504 0.962864 0.024
15 |LineSurface 0.126 0.790026 0.930201 0.151
16 |[Marquee 0.109 0.945936 0.969128 0.024
17 |RadComponent 0.000 0.980052 0.955705 0.025
18 |RadContainer 0.000 0.751969 0.956152 0.214
19 |BasicFileFilter 0.025 0.849459 0.954362 0.110
20 |FileChooserTest 0.000 0.979120 0.974944 0.004
21 |TestFrame 0.000 0.979120 0.978971 0.000
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Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability
22|ColorChooser 0.000 0.927653 0.971812 0.045
23 |FileMenuHelper 0.000 0.898162 0.921253 0.025
24 |Element 0.000 0.975606 0.982550 0.007
25|ParserBuilder 0.132 0.945936 0.959284 0.014

AN519N -2 HAANENIIUIZUAIANHIADETTINTINLUDIAANE T1ITUNTNAIUNNTTANT

N gadayanaaa gan 2 1edlnasiani1salinfnaiieainis Analogy-X Tilsunsusnu

N134ANIININ YAtayaaew TAT 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability|ClassLogicalStability
1 |brightnessTable 0.000 0.984100 0.989761 0.006
2 |brightnessThread 0.042 0.979120 0.960324 0.020
3 |helpFrame 0.000 0.984100 1.000000 0.016
4 |nelpFrame.linkListener 0.000 0.980414 0.986775 0.006
5 |helpFrame_this_componentAdapter | 0.000 0.980414 0.991468 0.011
6 |imageLoadWorker 0.042 0.979120 0.962884 0.017
7 |ImagePreview 0.000 0.979120 0.979949 0.001
8 |jpegSaveWorker 0.042 0.979120 0.965017 0.015
9 |licFrame 0.000 0.984100 0.986775 0.003
10 |picPanel 0.000 0.963247 0.979522 0.017
11 |Posteriser 0.000 0.980414 0.985922 0.006
12 |posterOp 0.000 0.963247 0.948805 0.015
13 |postFrame 0.257 0.832885 0.748294 0.113
14 |ipegFilter 0.000 0.984100 0.990614 0.007
15 |tiffFilter 0.000 0.984100 0.990614 0.007
16 |postFrame_AboutBox 0.000 0.975606 0.960751 0.015
17 |postThread 0.042 0.979120 0.929181 0.054
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Estimated True
No. Class name Distance IMRE|
ClassLogicalStability|ClassLogicalStability
18 |previewThread 0.042 0.979120 0.963737 0.016
19 |splashWindow 0.000 0.979120 0.985922 0.007
20 |splashWindow_this_focusAdapter 0.000 0.993572 0.993601 0.000
21 |SwingWorker 0.000 0.927653 0.976536 0.050
22 |SwingWorker.ThreadVar 0.000 0.984100 1.000000 0.016
23 |tiffSaveWorker 0.042 0.979120 0.965017 0.015
24 \warnFrame 0.000 0.984100 0.986775 0.003

AN9197 -3 HAANENNTUIENIIAIAILADNSITNAITNZARIAANE [UTUNTNAUNNTAANIT

N gadayanaaau a9 3 edlunanianisalininasieainis Analogy-X Tilsunsusnu

n3dnnIInn gadeyaaau gai 1

Estimated True
No. Class name Distance IMRE]|
ClassLogicalStability| ClassLogicalStability
1 |blackOnWhiteOp 0.000 0.966816 0.968597 0.002
2 |brightnessTable 0.000 0.975606 0.991393 0.016
3 |brightnessThread 0.042 0.979120 0.974180 0.005
4 |colourColourOp 0.000 0.966816 0.967202 0.000
5 |cutOutBlackOp 0.000 0.966816 0.968597 0.002
6 |cutOutColourOp 0.000 0.966816 0.967900 0.001
7 |cutOutWhiteOp 0.000 0.966816 0.968597 0.002
8 |cutToBlackOp 0.000 0.966816 0.968597 0.002
9 |cutToColourOp 0.000 0.966816 0.967900 0.001
10 |cutToColoursOp 0.000 0.966816 0.967202 0.000
11 |cutToOppOp 0.000 0.966816 0.968597 0.002
12 |cutToSameOp 0.000 0.966816 0.968597 0.002
13 |cutToWhiteOp 0.000 0.966816 0.968597 0.002
14 |helpFrame 0.000 0.984100 0.992789 0.009
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Estimated True
No. Class name Distance |MRE]|
ClassLogicalStability| ClassLogicalStability
15 |linkListener 0.000 0.980414 1.000000 0.020
16 |imagelLoadWorker 0.042 0.979120 0.974413 0.005
17 |ImagePreview 0.000 0.979120 0.989067 0.010
18 |ipegSaveWorker 0.042 0.979120 0.979065 0.000
19 |licFrame 0.000 0.984100 0.992789 0.009
20 [lithThread 0.042 0.979120 0.925564 0.058
21 |mainframe 0.172 0.832885 0.868109 0.041
22 |mainFrame_AboutBox 0.000 0.975606 0.978600 0.003
23 |PhotoLith 0.000 0.980414 0.992324 0.012
24 |photoLithOp 0.000 0.925206 0.988137 0.064
25 |picPanel 0.000 0.925206 0.989998 0.065
26 |previewThread 0.042 0.979120 0.980228 0.001
27 |simplePosterisationOp 0.000 0.966816 0.966504 0.000
28 |splashWindow 0.000 0.980414 0.994650 0.014
29 |SwingWorker 0.000 0.927653 0.987206 0.060
30 [ThreadVar 0.000 0.984100 1.000000 0.016
31 [tiffSaveWorker 0.042 0.979120 0.979065 0.000
32 |warnFrame 0.000 0.984100 0.992789 0.009
33 |whiteOnBlackOp 0.000 0.966816 0.968597 0.002

AN91990 2-4 NAGWENN9LITHNUAIAINIED BT TR ITNZBIAANE TLTUWNTUAINNTANWITL

godayanangas 4o 1 1aslunasiansgilunna¥eainis Analogy-X llsunsusnunig

Ans gadeyaseu 1a 1

Estimated True
No. Class name Distance IMRE|
ClassLogicalStability | ClassLogicalStability
1 |CalcMachineNumber 0.116 0.909938 0.909828 0.000
2 |Calculator 0.611 0.913354 0.963526 0.052
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Estimated True
No. Class name Distance IMRE|
ClassLogicalStability | ClassLogicalStability

3 |CalculatorException 0.000 0.953934 0.964539 0.011
4 |CalculatorTester 0.328 0.913354 0.931104 0.019
5 |CalculatorTester.CalculatorTest| 0.000 0.956211 1.000000 0.044
6 |E 0.000 0.968845 0.946302 0.024
7 |Entries 0.000 0.977019 0.942249 0.037
8 |Entries.Entry 0.000 0.967857 1.000000 0.032
9 |GuiCommandLine 0.008 0.890593 0.933131 0.046
10 |jcalc 0.016 0.981317 0.953394 0.029
11 |icalc_applet 0.000 0.972205 0.977710 0.006
12 |icalc_math 0.016 0.987578 0.928065 0.064
13 |jcalc_trig 0.039 0.906522 0.853090 0.063
14 |operatorChecker 0.000 0.974691 0.943262 0.033
15 |OperatorControlCenter 0.031 0.906522 0.943262 0.039
16 |PI 0.039 0.906522 0.919960 0.015
17 |ResultsList 0.000 0.890593 0.913880 0.025
18 |ResultList_MouseListener 0.000 0.977797 0.953394 0.026
19 |VariableTable 0.000 0.989573 0.948328 0.043
20 [EmptyListException 0.000 0.991293 0.996960 0.006
21 |ListNode 0.000 0.972205 0.991895 0.020
22 |List 0.023 0.941925 0.986069 0.045
23 |ListNode1 0.000 0.972205 0.991895 0.020
24 |List1 0.023 0.941925 0.986069 0.045
25 |Stackinheritance 0.000 0.967857 0.994428 0.027
26 |Stackinheritance1 0.000 0.967857 0.994428 0.027
27 |StringCalculator 0.434 0.913354 0.936170 0.024
28 |StringCalculatorException 0.000 0.969135 0.995694 0.027
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Estimated True
No. Class name Distance IMRE|
ClassLogicalStability | ClassLogicalStability

1 |AboutForm 0.000 0.977019 0.980750 0.004
2 |Commandinterpreter 0.000 0.990994 0.986829 0.004
3 |ConvertCommand 0.000 0.875486 0.996960 0.122
4 |DerivCommand 0.000 0.977019 0.950355 0.028
5 |FontForm 0.008 0.944529 0.943262 0.001
6 |FuncEvalCommand 0.000 0.956211 0.975684 0.020
7 |FunctionParser 0.023 0.890593 0.955927 0.068
8 |FunctionTokenizer 0.008 0.993789 0.964539 0.030
9 |ParseHelper 0.000 0.949510 0.995441 0.046
10 |SyntaxNode 0.039 0.906522 0.964539 0.060
11 |SyntaxTree 0.000 0.909574 0.958460 0.051
12 |GraphCommand 0.008 0.996273 0.970618 0.026
13 |PlotFrame 0.008 0.950621 1.000000 0.049
14 |GraphPanel 0.008 0.993789 0.945289 0.051
15 [MainClass 0.008 0.941925 1.000000 0.058
16 [MiscCommand 0.000 0.982298 0.964539 0.018
17 |ScriptCommand 0.085 0.906522 0.979230 0.074
18 |SetCommand 0.008 0.890593 0.979230 0.091
19 |SolveCommand 0.000 0.950621 0.938703 0.013
20 |VariableCommand 0.000 0.956211 0.952381 0.004
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Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability

1 |About 0.000 0.950621 0.975644 0.026
2 |CIAC 0.000 0.950621 0.942937 0.008
3 |Constant 0.000 0.991293 0.963118 0.029
4 |ConstantFactory 0.000 0.977797 0.967989 0.010
5 |E 0.000 0.991293 0.977035 0.015
6 |Pi 0.000 0.991293 0.977035 0.015
7 |EvaluablePart 0.000 0.974691 0.981907 0.007
8 [MalformedExpressionException 0.000 0.991293 0.988170 0.003
9 |NoSuchConstantException 0.000 0.991293 0.988170 0.003
10 |[NoSuchFunctionException 0.000 0.991293 0.988170 0.003
11 |NoSuchOperatorException 0.000 0.991293 0.988170 0.003
12 |UndefinedVariable 0.000 0.991293 0.988170 0.003
13 |UnknownExpressionPart 0.000 0.991293 0.988170 0.003
14 |Expression1 0.394 0.913354 0.849687 0.075
15 |[ExpressionPart 0.000 0.974691 0.992345 0.018
16 [Function 0.000 0.967857 0.965205 0.003
17 |FunctionFactory 0.016 0.981317 0.904663 0.085
18 |Acos 0.000 0.991293 0.956855 0.036
19 |Acosec 0.000 0.969135 0956855 0.013
20 |Acotan 0.000 0.991293 0.956855 0.036
21 |Asec 0.000 0.969135 0.956855 0.013
22 |Asin 0.000 0.991293 0.956855 0.036
23 |Atan 0.000 0.991293 0.956855 0.036
24 |Cos 0.000 0.991293 0.956855 0.036
25 |Cosec 0.000 0.969135 0.956855 0.013
26 |Cotan 0.000 0.969135 0.956855 0.013
27 |Exp 0.000 0.991293 0.956855 0.036
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Estimated True
No. Class name Distance |MRE|
ClassLogicalStability| ClassLogicalStability

28 |Ln 0.000 0.991293 0.956855 0.036
29 |Log10 0.000 0.991293 0.956855 0.036
30 [Sec 0.000 0.969135 0.956855 0.013
31 [Sin 0.000 0.991293 0.956855 0.036
32 [Tan 0.000 0.991293 0.956855 0.036
33 [Number 0.000 0.969135 0.971468 0.002
34 |Operator 0.000 0.967857 0.962422 0.006
35 |OperatorFactory 0.008 0.937486 0.943633 0.007
36 |LeftParenthesis 0.000 0.991293 0.976340 0.015
37 |OperatorDividedBy 0.000 0.991293 0.956159 0.037
38 |OperatorMinus 0.000 0.991293 0.956159 0.037
39 |OperatorPlus 0.000 0.991293 0.956159 0.037
40 |OperatorPower 0.000 0.991293 0.956159 0.037
41 |OperatorTimes 0.000 0.991293 0.956159 0.037
42 |Parenthesis 0.000 0.991293 0.961030 0.031
43 |RightParenthesis 0.000 0.991293 0.972860 0.019
44 Variable 0.000 0.956211 0.949896 0.007
45 |CIACEdit 0.000 0.987578 0.923452 0.069
46 [Historique 0.039 0.909574 0:959638 0.052
47 [Main 0.008 0.950621 0.963118 0.013
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Abstract

In an object-oriented program, logical
stability of a class indicates its resistance to
interclass propagation of changes when other
classes are modified. However, logical stability
can be obtained only after the program is
executed. Thus, logical stability estimation at the
design phase is greatly useful since knowing the
amount of class logical stability may enable a
designer to decide whether restructuring the
design model is needed or not. In this paper, we
propose a methodology to estimate logical
stability of a class by using analogy. Analogy
method relies on the similarity between the
source and the target features in a repository to
obtain the solution of problem. The proposed
methodology selects significant features using
Mantel randomization test and brute-force
algorithm. In addition, in order to eliminate
abnormal classes of dataset, outliers are detected
using sensitivity. analysis. Then, class logical
stability is estimated from the significant features
and the suitable dataset. Some experiments using
this methodology have shown promising results.

Key Words: Analogy-based estimation, logical
stability, object-oriented designs, design metrics

1. Introduction

The ISO/IEC 9126 software quality standard
[5] determines stability as one of the four quality
attributes of maintenance. Stability in an object-
oriented program is the resistance of software
against effects from changes in software. There
are two types of stability: logical and
performance stability. Logical stability is
concerned with the stability of software structure

and performance stability is concerned with the
stability of software behavior. In this paper, we
emphasize the logical stability.

Fixing errors, adding or removing functions
of software, or enhancing function’s capability
generates changes in components of software.
Changes will affect the modified class and other
related classes. Logical stability of a class
indicates its resistance to interclass propagation
of changes when other classes are modified.
Logical stability prediction at the design phase is
required because a designer can use it in order to
decide whether restructuring the design model is
needed or not.

Yau and Collofello [14] proposed the
algorithm for computing logical stability in
procedural programming. Elish and Rine [15]
adapted the Yau and Collofello’s algorithm to
calculate the class logical stability in object-
oriented programming. Rangsiyawath and
Muenchaisri [1] proposed the model for
estimating  logical stability from UML design
models using multiple regression. Analogy
method solves a new problem by using the
solution of the most similar problem in a
repository.  Schepped and Schofield [13] use
Analogy-method to estimating project effort by
selecting project features using brute-force
algorithm,  which  considers all  possible
permutation. Keung [6, 7] presents effort
estimation method to provide stepwise feature
selection method for selecting project features
based upon Mantel correlation.

In this paper, we propose a methodology for
estimating class logical stability using analogy.
Twenty-one design metrics, which are derived
from class and sequence diagrams, are source
features to estimate class logical stability. The
proposed methodology uses Mantel



randomization test and brute-force algorithm to
select significant metrics and sensitivity analysis
to detect outlier classes. With this methodology,
class logical stability can be estimated in the
early phase of the software development. Some
experiments using this methodology are
demonstrated with 84 classes of image
processing applications. The results show that
87% of the estimated class logical stability will
fall within 25% of the actual class logical

stability.
This paper is organized as follows. Section 2
provides technical backgrounds. Section 3

presents the methodology for estimating class
logical stability using analogy. Section 4
demonstrates the results from case study. Finally,
section 5 concludes the paper and outlines the
future works.

2. Background

In this section, the basic notion about a
logical stability and an analogy-based estimation
approach are summarized. This section is divided
into 4 subsections: logical stability calculation,
feature subset selection, sensitivity analysis and
analogy-based estimation as follows.

2.1 Logical Stability Calculation

The software’s logical stability is one of the
software quality attributes that determine how
changes in one class will affect other classes in
software. If the class has high logical stability, it
will receive less effect when other classes are
modified.

The class logical stability is calculated using
the equation proposed by Elish and Rine in [15]
as follows:

CLS; =1-CLRE; 1)
where CLS; is Class Logical Stability of class i
(i=1 to n) and .CLRE;- is-Class; Logical-Ripple

Effect of class i (i=1 to n). The class -logical
ripple effect can be calculated by the equation:
NTE;

TNC @)
where NTE; is the Number of Times which
class i (i=1 to n) received Effect from changes
(add attribute, delete attribute, etc.) and TNC is
Total Number of Changes.

CLRE, =

2.2 Features Subset Selection

In this subsection, the notion about Mantel
correlation and randomization test are
summarized in order to select a group of suitable
features for analogy-based estimation.
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2.2.1 Mantel correlation. The basic principle of
Mantel’s method [9, 10, 11] is to measure the
association between the corresponding elements
of two distance matrices: a source distance
matrix and a target distance matrix. The distance
matrix is a matrix of n cases. Each element in
distance matrix is calculated using simple
Euclidean distance. In this case, the Mantel
correlation coefficient is selected to investigate
association between the two distance matrices,
since the normal statistical tests for the Pearson
correlation coefficient are inappropriate as they
used only when the elements are independent.
2.2.2 Randomization test. The significance of
the correlation [9, 10, 11] is determined by
permutation procedure in which the original
value of the test statistic is compared with the
distribution of the statistic found by randomly re-
ordering the elements in one of the distance
matrices. Marriott [13] and Manly [11] note that
1,000 randomizations is a realistic minimum for
estimating at a significance level of 0.05.

2.3 Sensitivity analysis — Outlier detection

A sensitivity analysis is a mechanism to
detect outlier cases in the dataset using a
sensitive analysis procedure. The Mantel
leverage metric [6, 7] supports sensitivity
analysis for analogy which is based on the same
principle as the Jackknife method and the
properties of the standard normal distribution.
The principle of Mantel leverage metric is based
on calculating the Mantel correlation of all cases
excluding each case in run. This indicates the
extent to which the Mantel correlation for the
complete dataset is influenced by each individual
case.

2.4 Analogy-based estimation

Estimation by analogy [2] is a form of case-
based reasoning. Analogy method relies on the
similarity to obtain-the problem solution using
the source and the target features in a repository.
A new-problem is solved by retrieving one or
more previously experienced cases, reusing the
case in one way or another, revising the solution
based on reusing a previous case, and then
retaining the new experience by incorporating it
into the case base.

3. Methodology for Analogy-based

class logical stability estimation

In this section, we propose a methodology for
estimating class logical stability using analogy
called Analogy-SE. The basic assumption of
Analogy-SE underlying the use of data-intensive
case-based reasoning is: “Classes that are similar
with respect to class design metrics will be



similar with respect to class logical stability.”
This methodology uses historical data in a
repository in order to estimate logical stability of
a new class as shown in Figure 1. Class logical
stability data calculated from Java source code
and design metric data measured from class and
sequence diagrams are collected and stored in a
repository as shown in Figure 1(A). The logical
stability of a new class can be estimated at the
design phase using design metrics from class and
sequence diagrams shown in Figure 1(B). The
value of logical stability of the class (in a
repository) of the most similar class features to
the new class is used to estimate the value of
logical stability of the new class as shown in

Figure 1(C).
The Analogy-SE method consisted of 2 main
steps: case-based repository creation and

analogy-based class logical stability estimation
are described as follows.

3.1 Case-based repository creation

To estimate the class logical stability using
analogy, the class logical stability data and the
21 class design metrics data are collected and
stored in a repository as shown in Figure 1(A).
The value of class logical stability is calculated
from source code and the value of 21 class
design metrics are measured from class and
sequence diagrams of Java application programs
in the same domain. The case-based repository
creation consists of two steps:
3.1.1  Calculating class logical stability. In
our approach, the value of class logical stability
is calculated by applying defined changes to
each class in Java source code. Changes are
classified into 2 levels: system level change and
class level change. System level change is the
change that can be applied to relation of a class
such as add class, delete class, add association of
class and delete generalization of class: Class
level change is the change that can be applied
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within a class, and it can be divided into 2
categories: change at attribute and change at
method. The examples of attribute’s change are
add attribute, delete attribute and change
attribute scope. The examples of method’s
change are add method, delete method, change
method scope and change method signature.
Each change has different kind of effect. All
types of changes and its area of effect are
extracted from [8] and [12]. For example,
considering class C, when adding parent relation
of class C affects its class and subclass. Whereas
deleting parent relation of class C affect its class,
subclass and related class of class C. After
applying changes to all classes in software, the
number of times that each class received affect is
divided by the total number of all changes. The
class logical stability of class i (i=1 to n) is one
minus that ratio.

3.1.2 Measuring class design metrics. In order
to measure class design metrics, Java source
code of software is transformed to class and
sequence diagrams using MagicDraw UML
version 9.5 [17]. The value of 21 design metrics
is measured from class and sequence diagrams
using SDMetrics version 2.0 [16] which is a tool
that can measure many diagram metrics from a
diagram that is in XML and XMI format. The
description of class design metrics used in this
research is shown in Table 1.

After finishing collecting dataset, a case in a
repository is designed by representing each class.
A case representation consists of problem
description and. solution as shown in Table 2.
Problem description explains characteristic of a
class composing of the 21 design metrics which
are class features. Solution is the logical stability
of a class, which is the resistance of class against
effects from changes when other classes are
modified.

Design model of a new software

t=

@ 1 Metrics

Class name

LogEi'l';‘;'gi"w NumOps | NumPubOps | ... | MsgSent

FilterObject

? 8 3 64

Metrics
Design model and

Logical stability of ' @ l

anew class

Retrieve
similar class

source code of
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Figure 1. Class logical stability estimation using analogy at design phase



Table 1. Class design metrics description

Class metric Description
NumAttr The number of attributes in a class.
NumOps The number of operations in a class.
NUMPUbOpS The number of public operations in
a class.
Nesting The nesting level of the class.
The number of interfaces a class
IFImpl .
implements.
NOC The number of children of a class.

(UML Generalization)

NOP The number of parent of a class.

The number of descendents of a

NumbDesc class. (UML Generalization)
NumAnc The number of ancestors of a class.
DIT The depth of a class in the

inheritance hierarchy.

CLD Class to leaf depth.

Opsinh The number of inherited operations.

Attrinh The number of inherited attributes.

The number of association of a class

NumAss_User . X
— in class diagram as user.

The number of association of a class

NumAss_Provider | - - -
- in class diagram as provider.

The number of times a class is

EC_Par externally used as parameter type.
The number of parameters in a class

IC_Par having another class or interface as
their type.

Classifinst The nur_nber of classifier roles where
a class is the base.

MsgSent The number of messages sent.

MegRecv The number of messages received.

MsgSelf The number of messages sent to

instances of the same class

Table 2. Case representation of a class

Class |ClassLogical

name Stability NumAttr| NumOps | .. | MsgSelf
IAbout 0.990140 0 1 it
Help 0.971241 5 2 29

3.2 Analogy-based class logical stability
estimation

In Analogy-SE, the value .of 21 design
metrics is used to- estimate the value of class
logical stability 'as shown in Figure 1(B). By
measuring the value of design-metrics of a new
class, the value of class logical stability is
estimated using analogy from historical-data in a
repository as described in the previous
subsection. Analogy-based class logical stability
estimation is divided into three steps: selection
of metric subset, abnormal class detection and
logical stability estimation described as follows.
3.2.1 Selection of metric subset. In this step, a
group of significant design metrics for estimating
class logical stability is selected. The selection of
metric subset consists of two steps:

1) Significant design metric selection.
Selecting design metrics whose p-value is less
than 0.05.

1.1) The distance matrix for each design
metric and another distance matrix for logical
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stability are created, and then the Mantel
correlation coefficient between distance matrix
of the design metric and distance matrix of
logical stability is derived and the randomization
test is executed.

1.2) The design metric whose confidence
interval is 95% or its p-value is less than 0.05 is
selected according to the Mantel correlation.

2) Selection of a group of significant design
metrics. Significant design metrics are used to
recruit a group of suitable design metrics by
using brute-force algorithm, which is an
exhaustive search for all possible subsets of
significant design metrics so as to obtain the
optimum prediction for class logical stability.

2.1) The significant design metric which is
highest Mantel correlation coefficient is selected
as an answer.

2.2) Distance matrices for 2 significant
design metrics of significant design metric
combination are created, and then the Mantel
correlation coefficient between distance matrix
of design metrics and distance matrix of logical
stability is derived. If the value of Mantel
correlation coefficient of the group is highest and
higher than the previous answer, the group will
be the answer in these groups.

2.3) The previous procedure with more
number of significant design metrics is repeated
until all combination are executed. The number
of significant design metrics is between 3 and n.
3.2.2 Abnormal class detection. The
abnormal classes are detected by sensitivity
analysis based on Mantel correlation from all of
classes in a repository. Sensitivity analysis is
mechanism to detect outlier class in the dataset
using a sensitive analysis procedure. If an
abnormal class is detected, then the abnormal
class will be deleted and returned to the selection
of metric subset step.

3.2.3 ~Logical~stability estimation. Logical
stability of the new class is estimated by using
analogy. Analogy-based estimation compares the
similarity between the new class and all the
historical classes, in order to identify the class
that has-most similar class features to the new
class. The similarity is measured using Euclidean
distance measure as the proximity in n-
dimensional space, where each dimension
corresponds to a respective metric whose each
metric is normalized in the same unit between
the values of 0 to 1. The distance between two
classes over the design metrics (m,...,m,) can

be expressed as:

Distance(c,c’) = /vviZn:(mi -m')? 3)



where c is a class being estimated; ¢’ is one of
the classes in the historical class repository; n is
the number of significant design metrics; m; is

the value of design metric i of class c; m; is
the value of design metric i of class ¢’ and w;

is the Mantel correlation coefficient for its
respective design metric i. Based on the above
formula, a small distance indicates a high degree
of similarity. The most similar class or classes in
a repository can be then used as source
analogues for the new class in logical stability
estimation. Then, the logical stability of the most
similar class or classes is reused for deriving the
logical stability of the new class.

4. Case study

In this section, the Analogy-SE method is
demonstrated with 84 classes of image
processing applications. The results at each step
of the methodology are shown as follows.

4.1 Case-based repository creation of the
case study

In this subsection, the data is collected from
image processing applications, which are Java
open source software in the same domain. The
84 classes of image processing applications
consist of 52 classes of JImageMosaic program,
7 classes of Image Processing program and 25
classes of Redlmage program [18]. The value of
class logical stability is measured from Java
source code of software and the value of 21 class
design metrics are measured from class and
sequence diagrams. Some of the data, which are
the value of class logical stability and the value
of 21 class design metrics, are shown in Table 2.

4.2 Analogy-based class logical stability
estimation of the case study

From the previous subsection, the dataset is

collected for the class logical stability estimation
at the design phase. With Analogy-SE method,
logical-stability of the-new.class can be estimated
using ‘a group of significant design metrics and
suitable dataset as follows.
4.2.1 Selection of metric subset of the case
study. Twenty-one design metrics are studied
whether there are any design metrics that
correlated with class logical stability. Then, a
group of significant design metrics are selected
in order to use its design metrics for logical
stability estimation of the new class using
analogy.

1) Significant design metric selection of the
case study. After applying Mantel correlation
from each design metric and logical stability to
dataset, the final round of execution found that
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NumAttr, NumOps, NumPubOps, NumAnc,
DIT, Opslnh, Attrinh, NumAss_User, IC_Par
and Classiflnst distance matrix are significantly
correlated with the logical stability distance
matrix as shown in Table 3.

2) Selection of a group of significant design
metric of the case study. Mantel correlation
coefficient of combination of 1, 2, 3, 4, ..., 10
significant design metrics are calculated. The
maximum of Mantel correlation coefficient of
each level of metrics combination is shown in
Table 4. The group of 4 significant design
metrics which consists of NumOps, Opsinh,
Attrinh and IC_Par has the maximum value of
Mantel correlation coefficient among other
groups.

Table 3. Mantel correlation for each design

metric
No. Metric Mantel-R p-value
1 NumAttr 0.242165 0.014
2 NumOps 0.412047 0
3 NumPubOps 0.285238 0
4 Nesting 0.094323 0.051
5 IFImpl -0.069792 | 0.2
6 NOC 0.044538 0.199
7 NOP 0.099009 0.115
8 NumDesc -0.003235 | 0.602
9 NumAnc 0.454159 0
10 DIT 0.454159 0
11 CLD 0.072886 0.125
12 Opslnh 0591705 | O
13 Attrinh 0.441090 0
14 NumAss_User 0.199726 0.014
15 NumAss_Provider 0.066988 0.207
16 EC_Par 0.049482 0.253
17 IC_Par 0.255537 0
18 Classiflnst 0.277281 0
19 MsgSent -0.120714 | 0.062
20 MsgRecv 0.045650 0.231
21 MsgSelf 0.147216 0.056

4.2.2-Abnormal class detection of the case
study. In each-round, we have to execute 2 steps
as follow: 1) selection of metric subset 2)
abnormal class detection. Table 5 shows
abnormal classes of dataset in each round using
sensitivity ‘analysis. In round 1, class number 56
is shown as an abnormal class with |z| equals to
8.92. In round 2, class humber 65 is an abnormal
class with |z| equals to 4.50. In final round, class
57 is an abnormal class with |z| equals to 4.04.
During these steps, outliers are detected using
sensitivity analysis and at this level, the outliers
are class number 19, 20, 55, 56, 57, 58, 61, 65,
73, 75 and 84 which are then deleted from
dataset to transform it into a suitable dataset in
analogy-based estimation.



Table 4. Mantel correlation for brute-force

algorithm
Metrics Mantel-R
12 0.591705
2,12 0.747781
2,12,17 0.748923
2,12,13,17 0.749704
2,12,13,14,17 0.748808
2,9,12,13,14,17 0.747684
2,9,10,12,13,14,17 0.746549
1,29,10,12,13,14,17 0.743850
1,2,3,9,10,12,13,14,17 0.713504
1,2,3,9,10,12,13,14,17,18 0.626636

Table 5. Abnormal classes in each round
using sensitivity analysis

Round No. Class No. R LM |z
1 56 0.76324 | -0.11 8.92
2 65 0.76888 | -0.03 | 4.50
9 57 0.74714 | 0.03 4.04

4.2.3 Analogy-SE Evaluation. The testing data
is composed of 15 classes of image processing
applications, which consist of 5 classes of
JPhotoTweek program and 10 classes of Imgen
program [18]. From the previous step, selected
design metrics are NumOps, Opslinh, Attrinh and
IC_Par and there are 73 data in the suitable
dataset. The significant design metrics and
suitable dataset are used in analogy-based system
for estimating class logical stability at design
phase.

The proposed methodology is validated using
MMRE and PRED(0.25). The result shows
MMRE whose prediction values is 0.19 and
PRED(0.25) whose the prediction values is 0.87.
These mean that the mean magnitude of the
relative error is 19% of the actual value and 87%
of the estimated class logical stability will fall
within 25% of the actual class logical stability,
respectively. The prediction value in general case
is acceptable where a PRED(0.25) is at least 0.75

[4].

5. Conclusion

This research is aimed to estimate the class
logical: stability of the software from class and
sequence diagrams. -Knowing ‘the- amount -of
class logical stability at the design phase may
enable designer to decide whether restructuring
the design model is needed or not. The Analogy-
SE is the class logical stability estimation
method using analogy. This method can estimate
the class logical stability from 21 design metrics
measured from class and sequence diagrams.
With this method, significant metrics are
selected using Mantel randomization test and
brute-force algorithm and abnormal classes of
dataset are eliminated using sensitive analysis.
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Therefore, the class logical stability is estimated
with suitable dataset using analogy.

The Analogy-SE is demonstrated with 84
classes of image processing applications. The
result shows that NumAttr, NumOps,
NumPubOps, NumAnc, DIT, Opsinh, Attrinh,
NumAss_User, IC_Par and Classiflnst class
feature is significantly correlated with the class
logical stability. The combinations of NumOps,
Opslinh, Attrinh and IC_Par have the maximum
of Mantel correlation coefficient. The
PRED(0.25) of Analogy-SE is 0.87. Therefore,
Analogy-SE is acceptable because the prediction
value at level 0.25 have not less than 0.75.

In long term, a measure of class logical
stability will consider the weight of each change,
which may cause ripple effect to classes; while
each change currently has the same weight.
Moreover, we compare logical stability
estimation using analogy with other estimation
methods.
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