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This thesis proposes a model for estimating software logical stability from class
diagram and sequence diagrams. The model is established by finding a relation
between logical stability measured from source code and diagram metrics measured

from class diagram and seguence diagrams.

The logical stability is measured by the effect of applying changes. Changes
can be divided into 2 levels: system level which is changes related to relation betwean
classes and class level which are changes that apply to class's elemenls. The diagram

metrics measured from glass diagram and sequence diagram are in XML format.

This research divides software into 3 categories: calculating software, text
editing software and image processing software because each category has different
behavior and may conflict with another category. This research uses Multiple Linear
Regression technigue to establish a logical stability estimation model for each category

and implements a tool to exercise the established models.

Theresults of this research is Jogical stability estimation model for each software
category, which the estimation model of text editing software can describe its logical
slability the most at 84.6%, follow by the estimation model of calculating software at

73.8% and the eslimation model of image processing software at 73.8%.
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2.1.5 MUY ALLDA (Prediction at Level L)
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[GH
MRE #a murapndanaiaduiud ( Magnitude relative error )
RE Pa anulana1nduius ( Relative error)
E A8 AAnnEdofa9isnseednaisd
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MU AT ALLDANANNITAIL

PRED() = & |
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2.21 Investigation of Metrics for Object-Criented Design Logical Stability [7] Toa
Mahmoud O. Elish , David Rine
AT NI AnTImmdIR Ui A et T 3 an sz esataiy

Friarastansiinfidaingues Chidamber uaz Kemerer a 6 #a lfur

- Weighted Methods per Class (WMC)

- Depth of Inheritance Tree (DIT)

- Coupling Between Object classes (CBO)

- Response Fora Class (REC)

- Lack Of Cohesion in Metheds (LCOM)

- Number Of Children (NOC)
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2.2.2 Ripple effect analysis for Software Maintenance [5] Tmer S. 8. Yau, J. S.
Collofelle, T. MacGregor
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Model Summary

Adjusted | Std, Emor of
Modeal R | R Square R Square | the Estimate
1 J520 565 563 | 026810020
2 .834b L6896 592 | 022459574
3 843 g1 706 | .021973561
q g4ad 719 713 | 021736006
5 558 736 J28 | 021149262
6 .863f 744 735 | .020865070
7 BEC7 740 733 | 020969465
8 .essh .748 739 | .020705145

8. Predictors; (Constant), CLASSIFI
b. Predictors: (Constant), CLASSIFI, NUMOPS
C. Predictors: (Constant), CLASSIFI, NUMOPS, MSGSELF

d. Predictors: (Constant), CLASSIFI, NUMOPS, MSGSELF,
NUMANC

e, Predictors: (Constant), CLASSIFI, NUMOPS, MSGSELF,
MUMANC, AT TRINH

f. Predictors: (Constant), CLASSIFI, NUMOPS, MSGSELF,
NUMANC, ATTRINH, MSGSENT

9. Predictors! (Constant), CLASSIFT, NUMOPS, NUMANC,
ATTRINH, MSGSENT

h. predictors: {Constant), CLASSIFI, NUMOPS, NUMANC,
ATTRINH, MSGSENT, NUMDESC
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Variables Entered/Removed®

Variables Viables
Maodal Enterad Removed Mathod
1 CLASSIFI Stepwise (Criterla: Probability-of-F-to-enter <=
/050, Probabiity-of-F-to-remove »= ,100).
2 NUMORS Stepwise (Criteria: Probablity-of-F-to-enter <=
.050, Probability-of-F-to-remove >= ,100).
3 MSGSELF Stepwise (Criteria: Probabiity-of-F-to-enter <=
.050, Probability-of-F-to-remaove »>=,100).
q NUMANC Stepwise (Criterla; Probablity-of-F-to-enter <=
050, Probahiity-of-F-to-remove »>=,100).
3 ATTRINH Stepwise (Criteria: Probability-of-F-to-enter <=
.050, Probabiity-of-F-to-remove »=.100).
6 MSGSENT Stepwise (Criterla: Probability-of-F-to-enter <=
.050, Probabiity-of-F-to-remove > = ,100).
7 MSGEELF Stepwise (Criterla: Probability-of-F-to-enter <=
.050, Probability-of-F-to-remove »>=,100).
B Stepwise (Criteria: Probability-of-F-to-enter <=
NUMDESC .050, Probability-of-F-to-remove == .100).

4. Dependent Variable: STAB
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2 Precctons In the Modd: (Constant ), CLASSIF]

B precietors in the barde (ConeLant), CLAGSIR, MUMOPS

C. Prgdcions I the Moded: (Corstant ), DLASSE], MUMORS, MSGSELF

d. Preckciors in the Model: (Coratent ), CLASSIF], NUMOPS, MSGEELF, MUBMANC

& Prechcbors i the Modks: (Conrterd ), CLASSIF], NUMOPS, MEGSELF, MUBUNG
ATTREH

1. Prpcictons In tha Modkl: (Corstant ), CLASSTR, NUMOPS, MEGSELF, NUMAKE,
ATTRINH, MGOSENT

- Prechoton in the Mocel: (Coratant ), CLASSF], NUMOPS, HUMANG, ATTRIMNH,
BESGSENT

. precictors in tha Modet: (Congtant ), CLASSIFL, NUMOPS, NUMBNG, ATTRING,
MGGSENT, MUMDEST

L Dopardent Valtie: STAR
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Model Summary
Adjusted | Std. Error of
Modal R R Soguare | R Sguare | the Estimata
1 Be5 785 783 | 048771254
2 G921k 849 B46 | 041075097

a. Predctors: (Constant), NUMPLEOR
b. Predictors: (Constant), NUMPUBOR, NUMOPS

- T - - . -
A9 4.8 dadaununimigninduarasnanbnasdminllsunsuarunisdanng

dennu
Variables Entered/Removed®
Variables Varizhios
Model Entered Remaoved Mathod
1 Stepwise (Criteria;
MUMPUBOP Probabiity-of-F-to-enter <= 050,
Probabiity-of-F-toremova »= ,100),
2 | Stepwise (Critera:
NUMOPS . | Probabiity-of-F-to-enter <= 0G0,
| Probabdity-of-F-to-remove > = .100),

a. Dependent Varlable: STAB

4 . - - B G "
M3 4.9 Andulrsninanandsdivsasiadaununindwivldsunsudunadeanas

demAnu
1
Stanclrd |
& |
Conffom |
| Unstandardized Coafficents ts | Corplatons
Moded B Std Erioi | Bata L Sg - \Zevoder | Paidd | Pat
i [Comstant) 1.0392770149 006 173,265 .00 !
NMPUBOR | - 0a007ERds fiiey 606 | -19.560 000 - B -6 - B
z [Comtant) 1.0M 26495664 00s 205.360 ] ]
MMPLBOR | . 0239384016 ooz LTS | -150M0 oo =3 - - 574
HRAORS - DO49619233 0oL | 31 54635 000 -721 S5 | .z
2. Dependent Varable: STAS
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Excluded Yarlables<

Coltneant

¥
Patial Slhatlstics
Mooel Bets In { . Corrglation | Toferance
1 MUMASS_P 243+ -5.481 .00 - 473 B8l6
NUMASS_t} a1 249 834 024 999
NOP 1044 2315 023 221 970
HUMATT -3z -5.489 00 - 474 468
HUMOPS 311 6,636 oo 545 662
MNESTING BT 2.458 016 234 14
NOC - 8092 -.199 .B51 £19 .954
NUMDESC -, 009 -.189 a1 -.019 998
MUMANC (1044 2.300 023 220 971
o 1040 2,300 £23 220 971
@40 -,0092 -.1689 851 - 013 998
OPSINA 1044 2,30 023 220 571
EC_PAR - D424 -814 .363 -,08% 594
W _PAR .14ge 3.213 002 300 .998
CLASSIFI - 1732 -3.816 0060 -350 099
MSGSENT S 471 -3,994 000 -365 984
MSGRECY -053 -1,165 246 -.114 982
MSGSELF - 355 6,464 000 -5 409
2 NUMASS P 0osk D&z 851 006 195
NUMASS_4 062t 1.602 112 156 963
e 0338 B56 334 084 £33
NUMATT -.07g% -850 397 -.B23 176
MNESTING 046 1.114 268 108 849
NOC -3t -335 738 -.033 o908
MNUMDESC -0tk -335 739 033 998
NUMANC 032k 795 423 078 .90
DIT .03k 795 429 078 820
tels) Siajic 335 73a 033 588
ORSINH 032k 795 429 078 890
EC_PAR -.0330 -.907 157 -.089 933
1C_PAR 065 1.625 107 158 856
CLASSIFI -g2gh -.369 695 - 038 520
MSGSENT -.038b -.B06 422 - 075 666
MSGRECY ,o2gb 763 484 069 £895
MSGSELF -, 1568 -1.315 191 128 |9.9406-02

a. Pradictors b the Model: {Constant), MUMPUBOP
h. predictors it the Model (Constant), NUMPUSOR, NUMORS
€. Dependent Varlsble: STABR
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Model Summary

Adjusted | Std, Error of
t4odet R R Square R Sguare | the Estimate
1 6002 476 470 6.373E-02
2 ,7B4b 615 605 5.499E-02
3 .B818¢ 670 658 | S5.119E-02
4 B394 704 682 i 4,BBIE0?
S .B60° ,739 722 4,614E-02
6 870t JS57 738 4.478E-02

3. Predictors: (Constant, NUMOPS

b
€

d

U]

~

. Predictors: {Constant}, NUMOPS, OPSING
. Predictors; (Constant), NUMOPS, OPSINH, NUMANC

. Predictors: (Constant), NUMOPS, OPSINH, NUMANC,

IFIMPL

- Predictors: (Constant}, NUMORS, OPSINH, NUMANC,

IFIMPL, NUMATT

Predictors: (Canstant), NUMORS, OPSINH, NUMANC,

IFIMPL, NUMATT, GD
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sunw

Variables Entered/Removed?

Variabies
Remoyed

Method

Variables
Model | Entered
. NUMOPS
2 OPSINH
3 NUMANC
4 IFIMPL
s NUMATT
& CLD

Stepwise {Criteria: Probabiity-of F-to-enter <=,
Probability-of-F-to-remove »= .100),
Stepwise {Criteria: Probability-of-F-ta-erter «= |
Probabifity-of-F-to-remove >= ,100).
Stepwise (Criteria: Probabifity-of -F-to-enter <=,
Probability-of-F-to-remove »= .1006).
Stepwise (Triteria; Probabilty-of-F-to-enter <=,
Probabifity-of-F-to-remove >= 100},
Stepwise {Criferia; Probabllity-of-F-to-enter <=
Probability-of-F-to-remove »>= ,100).
Stepwise (Criteria: Probabiity-of-F-to-enter <=
Probabllity-of-F-tg-remove >= ,100).

050,
050,
050,

030,

030,

850,

a. Dependent Variable: STAR
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fcallizlents?
o I
ted
Coaficken
Lirntanclriirad Coatficionts i Cormlations I
Modal ;] Std, Eror Bata t S, Terg-orthir Partid “at
1 {Coratant] Ba01530711 ] 108,96 000
MUMOS - DOTHEZ4350 il -0 [_a.s.n 000 - 50 - b - fan
2 (Comtat] | L0OO37313725 008 T 121828 000
HMCPS -DOG5GE9803 oo - 550 8,261 oo - 50 - 576 -570
OPSINA - DOS04EE901 001 - 385 5,400 oo - 539 - 514 372
E] [Constant] J5EI3171735 ] 171.466 000
HUMOES - DSITSER42 oo o < Y o0 - 630 - 557 427
OPSINA - 01140546361 Jon2 -BT2 SBE 000 - 539 - 545 -378
HUMANC DETATRLATS ;] 526 A670 000 - 252 30 e
4 {rrewrant) SUTMLTIR ooa 126,07 oon
FUMOPS - 05 16 1662 001 -4 BT Joog - 690 - 600 -A08
DPSING 0110198297 {002 842 | 5543 00 -539 - 556 3
MUMANC AT ma 487 3551 001 -.252 e 73 | 217
PP - 05ESA0311T | 0 - 186 2957 04 -, 286 - 318 - 103
5 (Constant) 9060 ’ o8 131.451 0
HOPS - 031 #1431 ’ 01 - 265 <3323 001 - E00 = ] 192
OPSA - 0104098840 o2 - 802 5,966 000 -539 - 560 -5
NUMANC D622622580 o7 o4ms | 34 000 -25 350 216
IFIMPL - OTT2E0007 ‘ 019 =24 3995 000 - 286 - 412 331
HUMATT =005 1907076 o2 = 2065 -3.229 o -601 - 343 - 187
& [Covstanl) T 007 _ 134,780 000
HUMOPS - DIR7155585 JooL 244 2.BET oS -.550 ~311 -.161
CPSINH 0111132156 2 843 HAH oo 539 - 551 - 361
HUMANG DEASIBEGES | D18 534 4187 000 - 252 AT 25
ML -O7SITOEIE | 19 2% | -39 o0 -.266 -4 -224
HNUMATT - DOGGGI4115 a0z l 200 -3.561 001 =601 <376 | -.200
ap . 3 | 012 | 13 -2.408 1A - 168 25 | 135
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Exvhaded Varlables?
| Codraarnt
Partlal Ehﬂ;ﬁts
Molal feta In 1 g, Comalition | Tokrace
1 HEES P g ETE] 728 03 912
HUMASS U 144+ 1815 o3 108 a7
HOP 272 a603 oL a2 ars
HMATT TS| 248 me - 253 S50
HMPUBOR e 1,162 248 -178 32
MESTING 108 1.304 196 143 24
FIMRL w195 2484 oS 267 oal
HOC (M5 -&51 5a3 -D61 4
MUMDESL - [ «321 249 -038 ]
HUMANC 22| 2am 004 A4 509
oI -2 2974 oo =314 59
an 0B g a5 - 109 o83
RSN <306t S4m m ~514 ga3
ATTRINA -390 A5 o - 452 697
EC_ATT s 154 47 i w7
IC_ATT O il S61 os |t 853
EC_PAR JilEe 154 BT 21 o2
IC_Pag "L AZ3 BT 047 = ]
CLASSIF] £01 2635 05 286 119
MSGSENT Da0e Azl TS M7 727
MSGRECY 25| 0 o 338 906
MSGERLF - 2360 .17 101 -181 38
2 HUMASS P AEl s 72 G
HUMASS JAShE L 2355 el 25 95
] - TLA X ik 204 173
NUMATT ST IS < 037 -190 530
HESTING sk 221 f ore] 25 BY1
TFIMeL B (ol N B 2 .30 a0
O o7t 00 288 119 97
HUMDESC «D61E -8 385 057 R 2
HLMANC .. 3670 o0 380 201
oIT S 3670 000 30 20t
ao B O (163 149 oa2
ATTRIMH S 2295 04 249 S04
EC ATT < ook -pas 34 -om o
IC_ATT A 5660 SiL - 074 535
EC_PAR Five 2 an aar L8 a2
IC_PAR 3P 1859 057 ] an
CLASSIF] Axb| 2140 s 233 A15
MSGSENT Dast 65 574 63 27
MEGRECY de®| 2w oo 293 Be4
MEGSELF s I 060 =217 ]
3 NUMASS P 8F 1.300 158 145 Y
MUMASS A3 FAY] Fikz] 2% 877
MO Joene A10 B 046 03
HUMATT Laros| [ .10s7 it «215 530
NUMPBOR JOHDE i i 1] J42 oar 290
HESTING s o2 k- 110 K-crl
TFIMPL = 186° 2597 | O +319 a2
NOC «120F 1.850 J0ea 204 47
MUMDESC ~neze 1.267 209 L4 819
oY 5 . . om
oo -13¢] 2055 043 225 4
ATTARH J2E| cLam 201 - 143 AS1
EC_ATT fiic 044 565 005 63
IC_ATT +DBRE 1038 = ivd -116 529
EC_PAR o 53 562 065 E=
IC_PaR A1 L1755 03 54 835
CLASSIF aTie 1987 050 218 114
MEGEENT oa4s 1.105 273 123 T4
MEGERECY LB 2768 007 =T Ba?
MEGSELF - 15F 1295 199 =144 292
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4 NUMASS_P 1134 1,731 .bg7? 192 853
NMASS U 1274 2.084 043 230 873
NOP osod ABf 628 055 109
NMATT 2694 .3.220 002 - 343 482
NIMPUBOP e .376 708 043 290
MESTING 0414 £09 544 065 821
NOC 0994 L1573 120 -175 533
NUMDESC -064d] 1,025 .308 -.115 569
oI7 d , . . 608
[214) -.11gd -1.008 060 =211 853
ATTRING -ig4d]  .2.018 047 -223 A33
EC_ATT -.p03d 048 962 -00s o
IC_ATT -nB1d -1.281 204 -.144 926
EC_PAR p1gd 310 T57 s o78
C_PaR 1154 1,846 069 25 835
CLASSIF 314 1.727 £68 192 113
M5GSENT 1008 1.379 172 A5 711
MEGRECY 15ed 2,493 15 272 867
MGGSELF - 7 -1.961 53 -.217 282

5 NUMASS P .107¢ 1.727 0EB 193 853
NUMASS_ () .106% 1.811 074 202 553
NOP -.226% -1.141 257 -.129 {B.S11E02
NUMPUBOP 023 211 834 024 .289
NESTING 056t 812 \365 L3103 815
HOC -1240 -2.1H 039 -rc 919
NUMDESC -.0gz¢ -1.357 167 157 961
AT . \ . . 003
an -.130% -2.408 018 - 265 043
ATTRING 047t - 455 650 - 052 312
EC_ATT .0gze 032 974 D04 991
IC_ATT 085t -1.426 .158 - 180 g5
EC_PAR - DA -.524 £02 -pk0 912
1C_PaRr am 1.454 13 .168 516
CLASSIF] .236° 1.365 176 154 110
MSGEENT .0a7e 1.275 %6 .144 708
MSGRECY .121¢ 1,941 056 216 827
MESGSELF 0744 -598 =52 -.068 221

5 NOMASS_P 0,8 1.279 205 145 A4
MUIMASS U oasf 1.667 108 188 852
NOP - padf -.303 763 035 {7.340E02
NUMPUBOP 859 554 581 063 283
NESTING a4:f S 521 74 803
HOC 064 378 06 043 113
MNUMGESC o3 1.00B 317 115 .30t
oIy f . . . 000
ATTRING -os1f 501 617 057 312
EC_ATT ;s rrd o34 973 -4 800
IC_ATY -oegf -1.767 oe2 -.192 218
EC_PAR -p1gf 256 799 -.0eg 92
I _PAR 085 1.465 147 166 815
CLASSIFE 153 BBl 381 101 05
MEGSENT oeF 612 543 070 645
MSGRECY 085 1.330 .187 st 757
MSGSELE -, 134 -1,102 274 -.125 213

o

. Predictors i the Modal! (Constant), MMORS

. Predictors in the Madel: {Constant), NUMORS, OPSING

. Predictors in the Modal: {TConstant), MMOPS, OPSINK, NUMANC

. Predictors i the Madel {Constant), NUMOPS, OPSING, NUMANC, 1P

. Pradfictoes i the Model: {Constant ), NUMOPS, OPSINH, NMUMANC, [FIMEL,
NUMATT

. Predictors in the Model (Constant), NUMGORS, OPSINK, NUMANG, IFIMPL,
NUMATT, (4D

. Dependent Vanable: 5TAB

m @ Mo
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<UML:Association xmiid="_9_5_1_24400562_1172516764733_9885891_168">

<UML:Associalion.conneclion>

<UMLAssaciationEnd  xmbid="_9_5_1_24400562_1172516764730_7TBE514_169°  name='¢
isNavigable="rue’ participant="_9_5_1_24400562_1172516764729_273078_153'>

</UML:AssocialionEnd>

<UML:AssociationEnd wmiid='_0_5_1_24400562_1172516764739_201817_171"
parlicipant="_9_5_1_24400562_1172516764720_480783 1567>

=/UML:Associalion.connechon=>

=fUMLAssoCialion>
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<modelelement name="gssociationend >
<atiribule name="navigable” type="dals*>Boalean irdicating il the asseciation end is navigable <fallritule>

<aliribyle name="agsocialionendtype” type="ref=A link lo (he elemant allached lo the association
end =/allribute>

</modatalermant>
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<xmilransiormation modelelemenl="associalionend” xmipaltern="UML:AssocialionEnd =
<Irigger name="navigable" type="atirval" allr="isNavigable® I>
<irigger name="associalionendtype” type="atlrval® alir="participant>
. <trigger name="conlext” type="atlrval® atir="association™f>

<fxmiransicrmation=
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<melric name="NumAss_user domain="class™>
cdescnplion=Number of associalion relalion when Ihe class is a usar.<fdescription=
<projecting relalion="associalionendbype” targm:‘assuc_hﬁmd' condilion="navigable'="kue"™ />

</meinc>

<malric name="HumAss_provider” domain="class™=
=gescrplion> Mumber of assoctation relation when the class is a provider orbeing used. =/description=
<projection refatign="associationendhype” largel="associatipnend” condition="navigable="true™ />
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<modelelemen| name="generalization™
<aliribute name="genchild” type="rel">Link to the chdd in the generalization. <falinbute>
<aliribule name="genparent” [ype="ref>Link o the parent in the generalization. <fattributes

<imoUelelemeant>
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<xmifransformalion modelelement="generalization” wmipallern="UML :Generalization™ =
<lrigger name="genchild™ type="altrval™ atir="child" />
<lrigger name="genparenl” type="alirval® atir="paren(" />

<fumitransformation=
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=melnc name="NOP" domain="class">
<gescrplion> Number of parenl class</descriplion=

=projeclion relation="genchild” larget="generalizalion” element="genparent” eltype="class" />

<fmelric>
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<melric name="Esl.51a" domain="class"™
=descrplion=Estimated Logical Stability.</dascnplion>

<compoundmetnic term="0.305680960-0. 0032740467 Classifinst +0.004 8858207 NumOps-
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=melne name="EsiL51a" domain="class™>
<description=Estimated Logical Stability. </description=>

<compoundmelric term="1.04264 55664 - 0.023938491F NumPubOps - 0.0049619233 NumOps®
laliback="07r=

</melnc>
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=metric name="EsiL5ia" domain="glass™>
<descrplion>Estimated Logical Stabiliy, <descriplion=

=gompaoundmetric term=T. 3908283241 - 0.0829356623° Mimp! - 0.0541333205°'NOP
- 0.0004168792* MsgSelf - 0.0212684802°CLD - fallback="07>
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=modelalamaent name="softwara™ /=
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<ymitransformation medelelemeni="soltware” xmipallemn="UML:Model” recurse="lrye" =
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=melnc name="NumCls_tc"domain="package” calegory="Size">
<description=Thanumber of clagses in the package, ils subpackages, and so oh</Z2scription=
<projection relation="conlexd” tergei="class" recurse="rue">

</melnc> |J
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<melric name="SumStab_p" domain="package” inlamal="jrue">

<description=The Summation of class legical siabiity in this package, sub package and 50 on.

=ldescriptions
<prajection refation="conlext” targel="class" sum="EsIL5ta" recurse=True/> i

<fmelric>
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=metric name="Esl5tab” domain="package"=
<descriplion=The estimale logical statulity of Ihis package.</descaplion=
<gompoundmetric conditions="MumCis_tc>0" term="SumSiabMumCis_tc” fatback="0">

=fcompoundmetric=

<fmelric>
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<mealric name="Numpck" domain="s0fware">
<description=Number of Al Ihe Package in Soltware<idescription
<projection relalion="conlext largel="package" condition="NumCis_tc=0" recurse="lrue"f>

<imetric=
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<metric name="SumSiab” domain="sofware” inte;nal="true" >
<descriplion=Sum of Ihe astimate logica! stability of packaga</descrptions

=prgjection relation="cantext” largel="package” sum="EstS1ab" conditon="NumCls_tc>{" recurse="trug">

</melnc>
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<melfic name="NuymCls" domain="software™>
=description=Number of All the class in Software<idescription=
<projection relation="context” largel="class" recurse="lrua">

<imetric=
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<melric nama="SumStab_c" domain="sallware” inlemal="tnua">
<gescriplior=5um of (ha astimate logical stability of package<fdescriplion=
=projection relation="ct e« target="class" sum="EsiL5la" racursa="lrug">

<fmelric>
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<metric name="EstLStat" domain="soffwara"=

=description=The Eslimale Logical Stabifity of program calculaled by sum of all class estimale logical

slability civide by number of glasses</descriplion=

<compoundmelric  condiion="Numpck=0" = ferm="SumSlab_pMNumpck®  all="SumSlab_cMumCls®
fallback="rt=

<imelric=
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BEGIN
THC =0
FOR each class C DO
FOR each type ol System level change | DO
IF | canbe applied to G THEN
IG = (sel of classes impacled by applying 1 1o C)
FOR each class Lin IC DO
NTE =NTE +1
EMDIF
TNC = TNC 59
ENDIF
EMDFOR
ENDFOR
FOR each allribule A in C DO
FOR gach type of altibute change J DO
IF J car, be-applied to A THEN
IC = {set of classes impacied by applying J lo A)
FOR each classVin ICDOD
NTE, = NTE, + 1
ENDIF
THC = THC +1

ENDIF
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ENDFOR

ENDFOR

FOR each method M in C DO

FOR each type of methad change K DO

IF K can be applied to M THEN

IC = [sel of classes impacled by applying K o M}

FOR each class | in IC DO
NTE, = NTE, +1
ENDIF
THC=TNC + 1
ENBIF
ENDFOR
ENDFOR
ENDFOR
FOR each class | DO
CLS, = 1~ (NTE, / TNG)
ENDFOR

END
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_ Add Parameler 24

. Change Bidirectional Association to Unidirectional 10

' Change Reference 10 Value 10,9
Change Unidirectional Association lo Bidireclional g9
Change Value lo Reference 9,10
Callapse Hierarchy 414

| Consolidate Condilional Expression 26

| Consolidate Duplicate Conditional Fragmenls 26
Convert Dynamic lo Static Conslruction by Gerard M. Davison 26
Convert Stalic o Dynamic Construction by Gerard M. Davison 26
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. Decompose Conditional 26,21
Duplicate Observed Dala 22138
Eliminate Inter-Entity Bean Communicalion 1
Encapsulale Colleclion 26,21
Encapsulale Downcast 26
Encapsulale Field 18,21
Extract Class 16,22,13,9
Extract Inlerface 1
Extract Method 26,21
Extract Package by Gerard M. Davisan .
Extraclt Subclass 16,22,3
Extrac! Superciass 16,221
Form Template Method 26,21,22
Hide Delegale 22,21,109
' Hide Method 27

|

1 Hide presentation tier-specific details from the business tier

Inline Class 16,22,14,15.21
Inline Method 26,22
Inline Temp 16
Introduce A Controller (Link only) 26,2113
| Introduce Assertion 26
Introduce Business Delegate (Link only) 3
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Introduce Explaining Variable 26,15
Introduce Foreign Method 21
Introduce Local Exlension 13 vita 3
Introduce Null Object 3
Introduce Parametzr Object 13,24,26
Introduce Synchronizer Tuken (Link only) 11
Localize Disparale Logic (Link only) 13
Merge Session Beans (Link only) 14,15,21
: Move Business Logic to Session (Link anly)
Move Class by Gerar . M. Davison .
| Move Field 16,15
| Move Method | 22,21 B
i Parameterize Method 22,21 |
Preserve Whole Object 26
Pull Up Constructor Body 21,26
| Pull Up Field 16,15
Pull Up Method 22,21
Push Down Field 16,15
Push Down Method 22,21
_ Reduce Scope of Variable by Mats Henricson 26
| Refaclor Architecture by Tiers ;
Remaove Assignments lo Paramelers 26
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Remove Control Flag 26
Remove Double Negative by Ashiey Frieze and Martin Fowler 26,21
. Remove Middle Man 22,21,109
Remove Parameter 24
Remaove Setting Method 22
Rename Method 23
Replace Array with Object 26 W78 13 |
Replace Assignment with Initialization by Mats Henricson 26
Replace Conditional with Polymarphism 26 |
Replace Conditional with Visitor by Ivan Mitrovic 26,13
Replace Constructor with Factory Method 26.22.21
Replace Data Value with Object 7 7 16,5
Replace Delegation with inherilance 10,3
Replace Error Cade with Exception 26
Replace Exceplion with Test 26
Replace Inheritance with Delegation 4,9
_ Replace lteration with Recursion by Dave Whipp 26
| Replace Magic Number with Symbaolic Conslant 26,15
; Replace Nested Conditional with Guard Clauses 26
Replace Parameter with Explicit Methods 26,21
Replace Parameter with Method 26
Replace Record with Data Class 13,26
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Replace Recursion with lteration by lvan Mitrovic 26
Replace Static Variable with Parameter by Marian Vitlek 24,26
Replace Subclass with: Fields 221526
Replace Temp with Query 26,21
Replace Type Code with Stale/Strategy 16,9
Replace Type Ccde with Subclasses 16,3

: Reverse Conditional by Bill Murphy and Martin Fowler 26

l Self Encapsulate Field 26,21

| Separate Data Access Code (Link only) 269

j Separate Query from Modifier 22,21

| Split Loop by Martin Fowler 26
Split Temporary Variable 26

I Substitute Algorithm 26
Use a Connection Pool (Link only) *
Wrap enlilies with session (Link only) .
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Az a-1 Feyei i lumnlssdiunaleafminafmon
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Clzss Name MumOps | NumDesc Mumin: Amrinh | Clasefingl | MsgSent Class MNAE
; ' Stability
ICaleBuffer HJ_ 1 s} o 47 a (1 ¥;] bo16824 0116824
JCaleList 12 ! u] 1 1 21 6 0623325 0.9557 28 0LIZSE56
JCaleMenuBar ¢ o o o 8 1| oFsessT | 082673 | 0244077
JCaleStandardFrame &3 o o @ % 3¢ | DaoE2es | 0oTIZIZ | 0474087
CaleMachineMumber [ 1] ] 1] 9] 20 L] al=] == ot 0at1018 0008046
e 3 o o o "B s5/| ooemees | 087I33 | 0088208
CalculatorException 0 / 0 a M 7] oaces?s | pexarsz | 012073
CalcutatorTester ] a o a a2 "4 ) (938829 ke v ] o1




AN A-1 dayaii lunisdsufiunaluwasunisAtuon (sa)

Class Estimated
Class Name NumOps NumDesc NumAnc Attrinh Classifinst | MsgSent . Class MRE

Stability Stabilty
CalculatorTest 0 0 0 6 4 1 0.956855 0.043145
E 0 0 0 5 1 0.852338 0.963181 0.010843
Entries Y 0 0 16 9| 0.948741 0.916029 0.029712
Entry 0 0 0 2 1 1 0.973003 0.026597
GuiCommandLine 1 0 0 9 6 0.940648 0.949884 0.009237
jcalc 1 0 G 7 7 0.858633 0.955415 0.003218
jealc_applet o 0‘ o 1 2 0980216 0.97526 0.004956
jca!c math 0 0 0 13 4 0.836151 0.933937 0.002214
jcalc_trig 2 0 0 17 5 0.869604 0.829595 0.059991
operatorChecker 0 0 0 1 0 0.94964 0.877294 0.027654
OperatorControlCenter 3 0 0 18 17 0.94964 0.915726 0.033914
=]} 0 0 0 13 2 0.828957 0.835971 0.007014
1 0 0 13 9 0.923561 0.933737 0.010175

Resultslist
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0.958633 0.96581 0.007177

ResultList Mouselistener

VariableTable

0

0

ol

0.954137

0.954821

0.000684

= % - - Y o Y
A797 A-2 dayai i lunndsiiunalusastunisdanisdenny

Class Estimated Class
Class Name NumOps NumPubOps Stability Stability MRE
Twedit 2 2 0.9502165 0.984849 0.034632
TWedit_Frame1 25 15 0.32467532 0.559524 0.234849
TWedit_Frame1_AboutBox 5 2 0.8095238 0.965963 0.160439
MyTextArea 9 9 0.8773424 0.782546 0.094797
AboutDialog 5 1 0.9189319 0.893801 0.07397
FindReplaceDialog 5 1 0.8894889 0.993901 0.094413
MainWindow 28 9 0.49403745 0.688269 0.194232
TextDocumentlistener 6 5 0.9131175 0.893186 0.019932
WindowSizer 6 5 0.91141397 0.893186 0.018228




A7 A-3 Teyan i lunsdsafiunalumadiunisdnnisgdnaw

i Estimated
Class Name NumAtr | NumOps | ifimpl | NumAnc CLD Opsinh | cariiy Ciass MRE

Stability
filterObject 0 8 0 0| 0801709 | 0.974056 | 0.072347
graphicsfile 0 2 0 0| 0885812 | 0.99035 | 0.024538
graphicswindow 9 5 0 0| 0489316 | 0922232 | 0.432916
JDrawerPane 0 2 0 0| 0863675 | 0.99035 | 0.026674
jgraphicsframe 0 16 0 0 0.75 | 0952332 | 0.202332
IMGCanvas 0 0 1 13 | 0791339 | 0919826 | 0.128487
IMGCircle 0 0 2 14 | 0937008 | 0977229 | 0.040221
IMGEllipse 0 0 1 13| 0811024 | 0831765 | 0.080741
IMGen 0 0 0 0| 0.852362 | 0.995781 | 0.143419
IMGImage 0 0 0 0| 0830709 { 092061 | 0.089901
IMGLine 0 0 1 13| 078937 | 0919826 | 0.130456
IMGRectangle 0 0 1 13 | 0.78937 | 0.891765 | 0.102335
IMGShape 0 0 0 0| 0751969 | 0.864488 | 0.11252
IMGSquare 0 0 2 16 | 0913386 | 0.955003 | 0.041617
IMGText 0 0 0 0| 0614961 | 092081 | 0.105649
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