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SIRATHAN SUPPATANARAT : A RELATIONSHIP BETWEEN
REFACTORING AND SOFTWARE QUALITY USING OBJECT-ORIENTED
METRICS. THESIS ADVISOR : ASST. PROF. ASSADAPORN
SAPSOMBOON, 211 pp.

The objective of this research is (1) to compare the software quality of source code before
refactoring and source code after refactoring; (2) to compare the software quality of source code
under one refactoring method and source code under two refactoring methods; (3) to compare the
software quality of source code under two refactoring methods and source code under the same two
refactoring methods in different order. The software quality in focus is maintainability, reusability
and understandability through 6 Chidamber and Kemerer’s metrics (1994), 1 Lorenz and Kidd’s
metric (1994), 6 MOOD metrics by Abreu (1996) and 1 CommentPercentage metric (Rosenberg
and Hyatt, 1995).

This research is an experimental research. Subjects in the study are the assigned projects to
undergraduate students in Object-Oriented Programming Foundation class. The subjects are all
business applications with at least 5 classes and developed by C# language. There were 32 sample

units.

The results indicate that one or two refactoring methods used can improve software

quality. However, the order of applying refactoring methods shows no effect to the software

quality.
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I PLIAR

void printOwing() {

printBanner();

//print details

System.out.println ("name: "+ name);
System.out.println ("amount " + amount);

= [ [ o 9 ~ o = a
§j‘1J‘VI 2-1 LLﬁﬂWl’J’ﬂEJN*U@Q“B’E)?ﬁiﬂﬂﬂﬂ’li‘ﬂ”lﬂizﬂﬁuﬂﬁiLW\Iﬂ‘V]@N
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void printOwing() {
printBanner();

printDetails(amount);

void printDetails (double amount) {
System.out.println ("name: "+ name);

System.out.println ("amount " 4+ amount);

}
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double basePrice = quantity * _itemPrice;
if (basePrice > 1000)
return basePrice * 0.95;
else

return basePrice * 0.98;
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if (basePrice() > 1000)

return basePrice() * 0.95;
else

return basePrice() * 0.98;
double basePrice() {

return _quantity * itemPrice;
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A0819

if ( (platform.toUpperCase().indexOf("MAC") > -1) &&
(browser.toUpperCase().indexOf("IE") > -1) &&

waslnitialized() & & resize > 0.)

//-do something
!
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final boolean isMacOs = platform.toUpperCase().indexOf("MAC") > -1;
final boolean isIEBrowser = browser.toUpperCase().indexOf("IE") > -1;
final boolean wasResized = resize > 0;

if (isMacOs && isIEBrowser && waslnitialized() && wasResized)

{

// do something

——
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a

a Aa . A 3 A v 2 A 9
6. Syviaufiannu (Remove Middle Man) AoMsgumioan a3 19y e 1511413
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7. aulnsagvlesudmifion (Introduce Foreign Method) AOMI &3 191 N0AUY
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TupaagnuienaununIaidI10619 (Instance) a4 1UNOAN TNV 11D INAATTLNVIY
(Server Class) Tiannsamudunsoud lvaaia i
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RGN
Class Class_A{ Class Class B{
public: public:
static void methodA1l () static void methodB1 ()
{ attribute Al = 0; { class A::attributeAl = 0;
} class_ A::methodAl (); }
+ +
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Class Class_A{
public:
H

u

o yiilad

A = 9 & ¥ A 1A v
auvig) AeMsNvateyanie gnlylasnaraduunnitnizgnldannaaie

fresidudiszmemuadoya’ll
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Class Class B{
public:
static void methodB1 ()
{ attributeAl = 0;
methodAl (); }
static void methodA1 ()
{ attributeAl = 0;
methodAl (); }
¥
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Class Class_A{

public int _low;

public int _high;
static void methodA1 ()
{ _low =0;
H

Class Class_B{

public int medium;

public:

static void' methodB1 ()

{ _medium = 5;
class' A:: low = 0;
class A:: high=10; }

§

~ o ] 4 9 ~ o = a
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Class Class_A{ Class Class_B{

static void methodA1 () public int _medium;
{ classB:: low =0; public int _low;
} public int _high;

} public:

static void methodB1 ()

{ _medium = 5;
_low =0;
_high=10; }

}
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public String name
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private String name;
public String getName() {return name;}

public void setName(String arg) { name = arg;}

A @ 1 4 9 A 2 am )\ 4
311 2-13 uarasdedavesres o lnanunanniseuunlganilaa

= a o« J
e JNaaettig I5edUINA

9 A A

auna Aoadayamuiivoyanionnans sunuAY

u

] Y
Semsudlu donlasudnvazilsesniuldduaard

M0819

Order

cusiomer:. Siring

d‘ [y (] J Y d’ o = a
51U 2-14 LAAIAIBINVBITOI A IAANAITNINTZUIUMITTUNANDS

U

1 Customer

name: Sking

Order i

A o ' 4 Y A g ana a g 4
gﬂ‘ﬂ 2-15 Llﬁﬂﬁﬂﬁﬂﬂﬁﬂlﬂﬂ"ﬁﬂﬁﬁiﬂﬂm‘ﬂuWaﬂ1ﬂ’3‘ﬁﬁlwﬁﬁﬂWﬁHL’)g’J‘ﬁﬂﬂmfﬂﬂﬂ

a v éa a J
(] %‘mammnuumaﬂﬁcﬁuiuanﬂaummuw

A A A A = Y1 Z
aLyie ﬂﬂﬂJﬂWI\‘mGluizvﬂﬂgﬂliﬂﬂslﬂmﬂﬂﬂiﬂ
v
Y

Semsudly Aolasumasniulifidudals 185 on 14

M09

double potentialEnergy(double mass, double height) {
return mass * height * 9.81;
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double potentialEnergy(double mass, double height) {
return mass * GRAVITATIONAL CONSTANT * height;

}
static final double GRAVITATIONAL CONSTANT =9.81;
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if (date.before (SUMMER START) || date.after(SUMMER_END))
charge = quantity * winterRate + winterServiceCharge;

else charge = quantity * summerRate;
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if (notSummer(date))
charge = winterCharge(quantity);

else charge = summerCharge (quantity);
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q q = < ] o0 = = S8 s @ = )
Quality Metric = = = 2 ‘= 2 @ = = 2 ]
S Q o= = = 5} o L = @
Q =7 == = = o = A =7 — -
Auditability X X
Accuracy X x
Communication
commonality
Completeness X
Complexity X X X
Concision X
Consistency X X
Data commonality X
Error tolerance 3
Execution efficiency X

! v o 1 (% @
A1519% 2-1 HAANAIT NANUANNUT IEHINAUADHUSVOINUNINUASNIATIAAUNINVYDN McCall 1977)
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Expandability

Generality

Hardware

Independence

Instrumentation

Modularity

Operability

Security

Self — documentation

Simplicity

System Independence

Traceability

Training

{ v o ' [ @ 1
A13197 2-1 LAANAT NANNTUNUTISHINUANHULVDIAUNNLAZHINTIAAMN NI McCall (1977) (A0)
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24  WA9 59]!%&3}61@ (Object-Oriented Metrics)
o s & LA ' Y o A A o ¥
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¢ oA vy B o A 3 ' £ o
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A IS o dyq/ . . J Jd 1 A [~ A
iU UAITIAAAIAIN (Quality Indicator) YBITZUVTDHALITNAINONINT AT UIATDY
v s 2 3 g A q 9y v s 2a
aznoununmazeddinasavuiuuuaned1dlumsesnuuy e ¥ 1dszuuaelduasn
o [} =1 a A 1 d‘ Y Y 4 4
Mamednilszansninlunne dauva952UL (Fenton, 1997) indeans InssuuxonauIs
o Y 1A a a o & 9 J J A 1 091’
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A Y 9 o &2 I @ dyw A J Y
AsdeUNIoMInesgLAIzA0l FIas laFuiludiiagan s oguainvessendnay 1
o 1 o J 1 a a
Wueded azshldeunsaniuguaamnyedias laeghaiialszdnam Tas DeMarco
d v Y b4 1
(1982) Idna1an “ag ansnasuquaslaladaaiuliansaia’lad” minyatiode 19
1Yy = 2 A o Y I G MYe Y A o 2
WuNNIAeImssznineganImvesdila duindududesia’la suiludosdivins iads
o A 091} ] a [ J J ) 1Y 4 4
awnsodn Il iaaaiuldedniidszanion lasuasdagedusgnir 1l dawedauas 3
a o '3 4 J [
U321AN (Fenton, 1997) (1) WAANMHNGNALIT (Software Product) (2) NTZUIUMTHAIU
4 4 @ o 4 o 4 4
woNALS (Software Process) (3) HilaIU 130T (Software People) t1azd1u1nsInzoWALS
1 o 4 4 1 A @ Y o
gn ez aumasiaserduasamisaseiuanuansoai (1) ensofimua
o Y 0 ) @ a o 4 o @
wiodaszauanuduswazanudura I URAA A UH nszuIuMsHaL a4

v 9 v
AR a

o A { o [ a o 4 [
2 ﬁmﬁauaﬂizﬂuﬁwﬁmugmzmﬁaqéfmmimiﬂiuﬂ’;ﬂuwammm NISUIUNTITNAIU

9
uazdann 14 (3) ¥eligianis 1nsens (Project manager) Andan v lumsihauldaau 4)
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9 [ A o A 1 3 I dy a o v 9 v a
ﬂTﬁi“BNT@i')ﬂLW@?ﬂﬁﬁ@]ﬂﬂ umﬂuwugwu611’e)Q3mﬂiiumﬂﬂulmauﬂﬁzmamm:m
J Ja o . ) . . @ a J J
¥oWALITIFII0Y (Object-Oriented Software Engineering) Iaguiasiialulainssuasenaunis
. . ] Y o w 4 J 9 =2
(Software Engineering) ¥ Intinimusenais (Software Developer) A1 11904
a A [ 4 4 a o o o 4 1
']J'i%ﬁ‘ﬂ‘ﬁﬂTW"U'@ﬂﬂﬁﬁll')uﬂ?iw@JuT‘ﬂf'ﬂT\l@]l!?iﬁ?@ﬂﬁﬂﬂmmm@ﬂﬁufﬁ L!ﬁgsﬁﬂﬂiﬁ}l,elglj'lii]aﬂ
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J a ' ¢ 1 @ c’dy < J
aniszaanmailsziiive (Evaluation) Taganinsauiaingllse dannugiuvedouand- 1o
o 4 a A da . . . . Yo dy
I5URA FoWALIT PUHETTI (Object-Oriented Software Engineering) (Pressman, 2001)1@@@1&
Y
o 4 a a A o
(1) hlmd e mvesseduas 1aadu 2) Ysziivdsz@ninmnszuiums i
¢ ' o v e o ¢ @
wouduas 1 (3) Fredfuilgsnanmauvesndaziuaeulunszuumsiangendnns Tag
@ J 1 9y 9 = o 1 o v A J 4 a o I'd
Tagilszan luuaazreaIuilnudAy tadIMTUIAINT TUFONALITAUNINUDIHAAN N

A ¢/ da ~ 0 w A Ayy 4 s oA a
‘Hi’é)ﬂiuﬂTW"II’e‘NG]SEJV\ImwiuuiJmmmﬂtqum !l@]ﬁ\iﬂulﬂn']GﬁQﬂﬂ!ﬂ']Wﬂl@\jqfﬂwg}LL']ﬁﬂ@fT]iil



48

o P 1 % Y 1
nITUAIUMIHAILT vadALs Nnum W uamsiagannuesszuuFdinglivouand19an
% 4 o o
myianuninzondins lagnali
o [ { I [ [ o %
Ta® Berard (1993) 1aivua 5 puanvuzMiudanyuzmmzveunasindmsuszuy
a o 3 J v o o a J Ja o . .
WelagiiludeuanaisvesasadmiviaanssuaedinnsiFaiag (Object-Oriented
Software Engineering) Fa1lszneuludoe
o .. A o s o 2 a Y
1. Janoalaiwdy (Localization) Avnianyuzuesoainsnuaasdsriavesdoya
Y
TuTilsunsy wu guautiamsverunstoya (Daia) 1agnszuaumsiann luveUvAUDa
Aand
2. BunAgaTY (Encapsulation) AomMinerunguvesdoya dmsuguauiia
J A o a 8 o
Encapsulation lugeuatniizeinnazesuielugduuvvesnaradglsznouldreanyms
o w < { g '
Usgirnuwieaiiludoyasdnielu
a d (Y] a . . A [l 9 o A
3. durlesmFulafa (Information Hiding) Ao Mssoudoyauazmsaniumsves
a 1 {o o J qs;l
sy Taadlaweltmmzainilsenou (Component) N§udludoaldnnivmsemsonnuuy
A o AAo & 9 wva 9 dy 9
sruuriagnaduilunesnsnaauiaden 1)
a a Jd A A Ay a Yo & 1
4. dWBOIUNUY (Inheritance) ADNA INAN1AM3Da 1A Tnguilsenunsnnienon
A Aa o v v A Y A . o 1
AuantavesszuuFIag lldsiagous 18 Tasmsdunea (Inheritance) 9z vireglugiuuy
A 3 o
msduneaveInaduszaus 1

U — A Ay 9 ' A =
5. udUaUNINY U (Abstraction) ﬂif)ﬂahlﬂ‘Vl’JWl’JElﬂﬁf"fiNLL?JLL“]J‘]J‘VI?JLQWW?W@ZLB‘c’lﬂ

9 d'o I 1 A 1 qg/l 1 qa}l
vayandutludeszuunseauilsenou My

v a o Y v Aa o o Y a Ao 9 AnY 1+ Y 9
ﬂ'li’]ﬂL‘]f\‘]'JG]Qﬂ'JfJ?JW]5')ﬂlf’]ﬁf]@]Quullﬂllll,u'lﬂﬂ‘ﬂu'lﬂmﬁﬂ‘]&lmg ]lﬂﬂﬂ'lﬂéll'lﬂﬁuﬂ'l
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] '
A = =

@ I o Aav I 4 4
wanidumasgiues Tagmi U146 luauideuas Tunsesiie (Tools) M ldianaedig
Y
Tagvzvoenaipddnail
1. 1A9ZHIANNINGN (The CK Metric Suite)
v A oA o Y 9y A o .
mesiagingngmiluldetiandnewnefieasinued Chidamber liaz Kemerer
Y] 1 A 1 4 1 o 1 [ I~
(1994) 9z 3AAMNINAUAVLAVOIADA 1FU MITUNDA MITOUAD HazMTHINUT AU 1T
du Falsznoulildne 6 1esia fe
I [
1.1. nunamfiealenaa (Weighted Methods per Class) (WMC): 1uinasia

4

Ao o 9 1 o Yo A
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wMC =3¢,

i=1
Tag ¢, AsmANUFUFoUdMTUAIE

Y
N AB3IUIUVDY Method Tunaatiu

a a I o { o
1.2. aneendueasununi (Depth of Inheritance Tree) (DIT): Wuasiania
Y v v 1
MnIveIszAUTUANNANngaihaa I FuiusMmduneavesnaaiogluszuy
Y d a I v Aw
1.3. 1veseanBaiasu (Number of Children) (NOC): 1unasianinein
Y
NUIUVBIAAAGNVBIAAIA Y
[ A a A g d P . |
1.4. ANNaIUNIUReUINANAIT (Coupling Between Object Classes) (CBO): 1wy
1195 3ANIANNIIUIUMT VAN YT N a Hanuanaaarilameluszuy Tagas
o o = 9 < A 9 o = = XY
wunndwaumsisenlfwneanioms Isaaulsvesdnaaranils Tagluivaaiagn Taom

&0

cmw

7 o v o A < ¢ A .
Tag 8150 (Arcs) ADIIUIUVBIANVTUNUT NHVD IO ULINALAYT (Single
H v < A
Object) laq TuszuunudsunaouY

A o 3 =
N ABITUIUDDULANANITNA

d d I [ { o
1.5. walleuswesezaara (Response for a Class) (RFC): 11unasianinan
o < o 0 Y 2 A qy Y,
SnuveuuneanlaveRadNna s aEfmse 150 Idvninaaragn
[y I~
1.6. nanoNlndrudUNIBA (Lack of Cohesion in Method) (LCOM): 11]u
v Ao o < [ 1 ~ ] [ =1 ~ 9 o o 1 @
masianiannduaumneauaaza luaaiaaginunumsGenlsdnyuzilsziis
A 1T W dy
%30 1 Aail
A A 9
LCOM = [P} - |Q|.tid®. P[> Q| taztiia [P <= Q] 1¥ LcoM =0
{ o a @ o 3 @
Tagn P ARSIUAUNAVBINMIBUMBIENFU (Intersection) VBUNTBANY
9 Y 1w 1
1A Tamfura19 (Null Set)
o a v . < [
Q| AP IUIUNAVDINTBUNBIENFU (Intersection) YBIUUTNBANY
kY 9 [ Y] 1
ud 1@ limsueraing
froenasu fuald
anuauzlszan: 1,2, 3, 4

iea: 4, B, C. D
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<3 ~ Y o o
wien 4 Sonl¥dnyazilszds uay 4
<3 1 @ o
wiea B lulinmsSeldnudavaziszilag
<3 ~ Y o o
wiea C Fonlyanyuzlsed 2 wag 4

3 =~ Y v o
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A DUINDIFAFY B = 1719
A DUNOIFAFU C= 4
A DUNOFATFY D = 1A
B OUINOISNTY C = 1¥AI19
B OUINOIBNTY D = 151
C DUNOIBNTU D = (A
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79111910 LCOM = [P| - |Q)
|P|=5
Q=1
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dy [ A v A < [ 9 o o 1 =
uennniinasiataneo Tndduduuiends lagmirliwaunaelusn
. 9 o 1 Awv Aa <3 =] 1" o o
sUnuv Tae Li uag Henry (1993) lauuziinuansen Indsusumienaziinwmnuiau

1 <3 A (= Y v o v 1 o 1 = Y
GEY (Set) EU’E)QluﬂﬂﬂﬂlluuﬂW‘isl%ﬁﬂHm%ﬂﬁgiﬂi%iJﬂuf]gLﬁEl NAIDYWIAYINU TIUTD
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=1

o 1 Aov A < Y o
Muruauaneeil Inddudumnen laa
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<3 ~ 9 o o
e 4 Genl¥anyuzased 7 uag 4
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wiea B luimsSenlFaudnvazlszilan
=<} ~ Yo o
e € 5onlsanyueilsgsi 2 uas ¢
3 ~ Y o o
wiea D GenlFanvuzlsedn 3
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ajUdeliieg 193509 CK (1994) %30 Li az Henry (1993) msinlanis
° 1 v A 1; ] = Y Aa 1 A 9 [ [ A o Y o
Mauswiulindg sgtswendanihing lifedesiuegun maneildenlumsiaiu
W laazainlaf 14
v Ao ¢ J
2. asiaiitauelasastsustazing (Metric Proposed by Lorenz and Kidd)
v Aa o 4 a o [ 1 Y]
nasiageinguesasisudiaziag (1994) lagneenuuuliiaa Insassninda
' o o < o o < A A & Y &
Aad U MITUIIIBLRBANIHUINILNTeANYNAUNDA Tasnatagn TuAY 4
Y
Usznev lldreuasia dail
Y d 1] a < . I v A
2.1 nyeseeuvaamen (Number of Public Methods) (PM) 1uu1asian
o o ] { . c?/l eaj}
Ja9nduINYeuNNoaNua 15138 (Public) Navua luaaaiy
Y d I Y] ™ o
22 Wwweseelniea (Number of Methods) (NM) (il u11as 39N in01nd1uiu
2 o o J g \c { & .
ouuNoanavina luaatdiy lasduiaunauieaniuasisas diuyaaa (Private) Hag
loafiu (Protected)
LY} Jd v a a a
23 nnvesesviuvaansealenara (Number of Public Variables per
I v Ao ) % A ng aszl
Class) (NPV) Wua19539 199910311 3uvesaudls il uaisisaenaviua luaaiaiv
U Jd |
24 nvesesvlisieatlenara (Number of Variables per Class) (NV) 111
[ F Y Y
masianianndauvesalsnivua luaaiaiiy Tasliusmiiedssue dauyanatas
loafu
7 - a a (Y]
2.5 Wuesesinnendae I MNNINgessunald (Number of Methods
. I~ v Ao o <3 09.1’ ~ A
Inherited by a subclass) (NMI) (143103 391309109 1149 30N oA I MUANgNAUNDA Tag
Aaagn
7] d < [y
2.6 _ihnuesearliuiiealaes lsayuigozdunaia (Number of Methods
3 [ { o ) <3 3 1 [l
Overridden by a subclass) (NMO) 14103 Janinaindnuiuveaunieniavuaneg lunaid
4 [ 1 1 4
gnudagnlviFemeanuamaminioioniiTones 15al (Overridden)
7 d [y
2.7 wwesesvleatemaangezunala (Number of Methods Added by a
I v Ao o <3 091’ ~ A d?
subclass) (NMA) (Hunasianiaaniiuiuveaniieaninuangnmuanlunaiagn
J J & v Ao
2.8 1912931501710 1959 (Average Method Size) (AMS) 1uinasianiavin
o o Y 4 { (Y o Aa
vnalunara Tagdnaaniuussialusesaldan ludusiudio511e (Comment) uag
1 A Y Y Y o 9y ) < 03/’
aruiduIa 13 udnihunmsarednuwuneanaua luaana
% d d a A . .
2.9 umuas@aw"lﬂmzﬂmaemqa (Number of times a Class is Reused) (NCR)

< o Ao o QEII A A Y
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LY d IS
2.10 veseaivsueeneznara (Number of Friends of a class) (NF) 1Wu
o Ao o A . 1 A [ ~
A3 IANIAINTIUIUVRIAAIENOY (Friend Class) Tuuaazaad Tasaaraimowilunaiad
o < o {1 o
gnialiansaiSenlfuneansednnls iidudiuyananaziloaiu’ld
3. 1nz1o110loAMNINGN (The MOOD Metric Suite)
Y
a5 iageing Iae Abreu (1996) Usznou'lidomasia aail

[ [

3.1 e lafaumames (Method Hiding Factor) (MHF) iJ111a53a0 3010
4 Y

o ] 3 1A ] A 1 A
VIHIUVDUNNDATNINNAVDINNG ﬂmaiusz‘ummmmﬂmﬂumuuﬂﬂauazﬂmﬂu mullzu

o < A A
UUTIWUNDANTUNDANT

TC My(Ci)

2 1-v(M,))

MHF =2
2 M (C)
i=1

Tail
TC
Y is_visible(M,;,C; )
v(iM,;)=2
()
1 4 o A -
is_visible(M mi’Cj):{O il 1idiedl C; AaunsaFenld M, 14
Tagdviuali

A o :1’
TC A9UIUTINUDIADTIANIHNA
C foaaaluszuy

(] '
M ﬁ@ Luﬂﬂﬂiullﬁagﬂaqﬁ

J IS v Ao
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Tail
TC
3 is_visible(A,,C,)
V(A,)=22
PN —
1 A~ A -
is_visible(Ami,Cj):{ iy 1idiedl C; AaunsaFenly A 18
0
Tagsviuald

AN e
TC A9I1UIUTINVDIAAANINUA
C o amaluszuy

A Ao ansazilseilunaazaana

a a J I o
3.3 nendudasunuunnmes (Method Inheritance Factor) (MIF) 1Juinasia
Ao o < 3 = < A J <3 ~ A
NianndIuveuuNeANHNAYINNY Aatd luszuuNNwNea laniluwneangnaunea

i

Yy M.C)

S A
MIF=2
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(=1
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C Ao AanaluszuL
< [
M fe wnealuupaznand
. d I
3.4 ueanitnowaasunuinnmes (Attribute Inheritance Factor) (AIF) 11y
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Tgil
A (C)=A(C))+A(C)
Taoimuald
TC ﬁ’e]ih‘lﬂﬂi?%ﬂl@dﬂﬂ”lﬁﬁﬂﬂﬂﬂ
C Ao amaluszuy

A e dnvazilizilunsazaana

35 Twanestlduurlames (Polymorphism Factor) (POF) 11 u1nasianiain
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1 .
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Tagsmuald
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4. l¥lasmmsSnnemandn (McCabe’s Cyclomatic Complexity Measure)
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k4 2 £
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(9 4 dAa o &% o o g '
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Y
9 Y A 1 <]
FUFOUUDIVUADUID (Algorithm) luuaaziunon (Rosenberg t1ag Hyatt, 1995)
d d & d
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Tagh
A o [ a QaJJ
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SLOC, Apswauusinavesyesd Inaninue

o o J { g o :JI
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(Extract Method + Introduce Explaining
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Variable) - Extract Method
(Extract Method + Move Method) - Extract
3 9 5 0
Method
4 (Extract Method + Move Field) - Extract Method 7 6 1
(Extract Method + Extract Class) - Extract
5 7 4 3
Method
(Extract Method + Replace Magic Number with
6 7 0 7
Symbolic Constant) - Extract Method
(Extract Method + Decompose Condition) -
7 8 2 4
Extract Method
(Extract Method + Rename Method) - Extract
8 11 0 3
Method
(Replace Temp with Query + Extract Method) -
9 5 6 3
Replace Temp with Query
(Replace Temp with Query + Introduce
10 1 2 11

Explaining Variable) - Replace Temp with Query
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5 . R 9 Tids | Insedd
a1 nIZUIUMIIUNANDIA . o Y
wisilnes | msdimes | waldla
(Replace Temp with Query + Move Method) -
11 4 9 1
Replace Temp with Query
(Replace Temp with Query + Move Field) -
12 4 8 2
Replace Temp with Query
(Replace Temp with Query + Extract Class) -
13 4 6 4
Replace Temp with Query
(Replace Temp with Query + Replace Magic
14 | Number with Symbolic Constant) - Replace 3 4 7
Temp with Query
(Replace Temp with Query + Decompose -
15 2 8 4
Conditional) Replace Temp with Query
(Replace Temp with Query + Rename Method) -
16 14 0 0
Replace Temp with Query
(Introduce Explaining Variable + Extract
17 6 4 4
Method) - Introduce Explaining Variable
(Introduce Explaining Variable + Replace Temp
18 2 5 7
with Query) - Introduce Explaining Variable
(Introduce Explaining Variable + Move Method)
19 5 7 2
- Introduce Explaining Variable
(Introduce Explaining Variable + Move Field) -
20 4 8 2
Introduce Explaining Variable
(Introduce Explaining Variable + Extract Class) -
21 10 3 1
Introduce Explaining Variable
(Introduce Explaining Variable + Replace Magic
22 | Number with Symbolic Constant) - Introduce 11 1 2
Explaining Variable
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5 . R 9 Tids | Insedd
A nIZUIUMIIUNANDIA . o Y
wndimes | wmindimes | walala
(Introduce Explaining Variable + Decompose
23 6 4 4
Conditional) - Introduce Explaining Variable
(Introduce Explaining Variable + Rename
24 7 1 6
Method) - Introduce Explaining Variable
(Move Method + Extract Method) - Move
25 8 2 4
Method
(Move Method + Replace Temp with Query) -
26 6 4 4
Move Method
(Move Method + Introduce Explaining Variable)
27 8 2 4
- Move Method
28 | (Move Method + Move Field) - Move Method 3 0 11
29 | (Move Method + Extract Class) - Move Method 4 0 10
(Move Method + Replace Magic Number with
30 6 1 7
Symbolic Constant) - Move Method
(Move Method + Decompose Conditional) -
31 5 5 4
Move Method
(Move Method + Rename Method) - Move
32 14 0 0
Method
33 | (Move Field + Extract Method) - Move Field 8 3 3
(Move Field + Replace Temp with-Query) - Move
34 3 5 6
Field
(Move Field + Introduce Explaining Variable) -
35 6 4 4
Move Field
36 | (Move Field + Move Method) - Move Field 10 0 4
37 | (Move Field + Extract Class) - Move Field 5 0 9
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5 . R 9 Tids | Insedd
Ay nIZUIUMIIUNANDIA o o Y
wndimes | wmindimes | walala
(Move Field + Replace Magic Number with
38 6 1 7
Symbolic Constant) - Move Field
(Move Field + Decompose Conditional) - Move
39 6 4 4
Field
40 | (Move Field + Rename Method) - Move Field 10 0 4
41 (Extract Class + Extract Method) - Extract Class 9 2 3
(Extract Class + Replace Temp with Query) -
42 2 5 7
Extract Class
(Extract Class + Introduce Explaining Variable) -
43 13 0 1
Extract Class
44 | (Extract Class + Move Method) - Extract Class 9 1 4
45 (Extract Class + Move Field) - Extract Class 9 1 4
(Extract Class + Replace Magic Number with
46 6 1 7
Symbolic Constant) - Extract Class
(Extract Class + Decompose Conditional) -
47 8 2 4
Extract Class
48 | (Extract Class + Rename Method) - Extract Class 11 0 3
(Replace Magic Number with Symbolic Constant
49 | + Extract Method) - Replace Magic Number with 9 2 3
Symbolic Constant
(Replace Magic Number with Symbolic Constant
50 | + Replace Temp with Query) - Replace Magic 2 5 7
Number with Symbolic Constant
(Replace Magic Number with Symbolic Constant
51 | + Introduce Explaining Variable) - Replace 12 0 2
Magic Number with Symbolic Constant
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5 . R 9 Tids | Insedd
a1 nIZUIUMIIUNANDIA . o Y
wndimes | wmindimes | walala
(Replace Magic Number with Symbolic Constant
52 | + Move Method) - Replace Magic Number with 7 6 1
Symbolic Constant
(Replace Magic Number with Symbolic Constant
53 | + Move Field) - Replace Magic Number with 6 7 1
Symbolic Constant
(Replace Magic Number with Symbolic Constant
54 + Extract Class) - Replace Magic Number with 8 3 3
Symbolic Constant
(Replace Magic Number with Symbolic Constant
55 | + Decompose Conditional) - Replace Magic 9 3 2
Number with Symbolic Constant
(Replace Magic Number with Symbolic Constant
56 | + Rename Method) - Replace Magic Number 8 0 6
with Symbolic Constant
(Decompose Conditional + Extract Method) -
57 9 2 3
Decompose Conditional
(Decompose Conditional + Replace Temp with
58 3 6 5
Query) - Decompose Conditional
(Decompose Conditional + Introduce Explaining
59 6 4 4
Variable) - Decompose Conditional
(Decompose Conditional + Move Method) -
60 7 6 1
Decompose Conditional
(Decompose Conditional + Move Field) -
61 4 9 1

Decompose Conditional
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(Decompose Conditional + Extract Class) -
62 7 4 3
Decompose Conditional
(Decompose Conditional + Replace Magic
63 | Number with Symbolic Constant) - Decompose 11 1 2
Conditional
(Decompose Conditional + Rename Method) -
64 10 0 4
Decompose Conditional
(Rename Method + Extract Method) - Rename
65 8 2 4
Method
(Rename Method + Replace Temp with Query) -
66 8 4 2
Rename Method
(Rename Method + Introduce Explaining
67 5 1 8
Variable) - Rename Method
(Rename Method + Move Method) -Rename
68 11 3 0
Method
(Rename Method + Move Field) - Rename
69 7 6 1
Method
(Rename Method + Extract Class) - Rename
70 11 1 2
Method
(Rename Method + Replace Magic Number with
71 8 0 6
Symbolic Constant) - Rename Method
(Rename Method + Decompose Conditional) -
72 8 2 4
Rename Method
MINN 4-6 HAAINTNIUIUITNINATOUNNADAT T UMNIATIAUFITAY 14 A1 Auwa

Junvvlnanseld dwmsums

=l =} v v Aa o A o Y 4 Y A o A
L‘]J'ifJ‘]JL‘VIEJ‘]Jﬂ"IiJW@]iTJﬂLGHQ’JG]QTIﬂW‘L!’Jm]lﬂmﬂ%ﬂiﬁIﬂﬂLﬂﬂ’JﬂuVIN1uﬂi$U’Juﬂﬁ

= a ax o (% 1 = a ad 1
SuNANDIY 1 25 NUNAIHIUNTZUIUMITTUNANDTI 2 7T (919)




96

A <3 Y1 = a 1 A 9
11NA15199 4-6 vzmu I NnszurumssulaneswaazUuumwanuagIudo
! 1 ¥ Aa o { a a a J
2 vzliannasiageingidsanadeunensnadoUaANUATIUIUDBINIS WA Az
A a o o o 1 v Aa o $ 1 a E4 1
ligemisitimes nazdmsuannasiagaiagh iawisolnszinamsusnusadoyainiu
Unald ilesmnAmasfaieiagainnitenaassidiunszuaumssuanes g uuy
[ 9
Tuauudgiudeon 2 Tlifinnuuanadruasszninannasiaginguesrtlonaaoufeanu
= 9 1 a a Y A YA
(ansngiwazidearamsuniteyaluiulndvesauuagiudeon 2 Tanmanuan )
a 9 ~ U [ v Aa o Ao k) 4 Y
3. AuNATIUTRN 3 ANMLANANUBIATIAs TaFTagRd A IdenseTdlna

'
@ an A 9y

= d' 1 = a Qdd‘ % % |l =~ a
AINUNFIUNTZVIUMITUNANDTIITN x MUAWITN y AUWARIUNTZUIUMTTUHANDT

o—

Aan A Y an A 13 e 1
B0 y mua18359 x 1dlumsuenueauunydnanse i

a a a d
. p " GF Tds | Aszy
e nazuMIInnaness o o 3
MAA03 | Wmes | walila

(Extract Method + Replace Temp with Query) -
1 1 0 13
(Replace Temp with Query + Extract Method)

(Extract Method + Introduce Explaining
2 Variable) - (Introduce Explaining Variable + 1 0 13

Extract Method)

(Extract Method + Move Method) - (Move

Method + Extract Method)

(Extract Method + Move Field) - (Move Field +

4 1 0 13
Extract Method)
(Extract Method + Extract Class) - (Extract Class

5 1 0 13
+ Extract Method)

(Extract Method + Replace Magic Number with
6 Symbolic Constant) - ( Replace Magic Number 1 0 13

with Symbolic Constant + Extract Method)

(Extract Method + Decompose Conditional) -
7 1 0 13
(Decompose Conditional + Extract Method)
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5 . R 9 Tids | Insedd
A nIZUIUMIIUNANDIA . o Y
wndimes | wmindimes | walala
(Extract Method + Rename Method) - (Rename
8 1 0 13
Method + Extract Method)
(Replace Temp with Query + Introduce
9 Explaining Variable) - (Introduce Explaining 0 0 14
Variable + Replace Temp with Query)
(Replace Temp with Query + Move Method) -
10 0 0 14
(Move Method + Replace Temp with Query)
(Replace Temp with Query + Move Field) -
11 0 0 14
(Move Field + Replace Temp with Query)
(Replace Temp with Query + Extract Class) -
12 0 0 14
(Extract Class + Replace Temp with Query)
(Replace Temp with Query + Replace Magic
Number with Symbolic Constant) - (Replace
13 0 0 14
Magic Number with Symbolic Constant +
Replace Temp with Query)
(Replace Temp with Query + Decompose
14 Conditional) - (Decompose Conditional + 0 0 14
Replace Temp with Query)
(Replace Temp with Query + Rename Method) -
15 0 0 14
(Rename Method + Replace Temp with Query)
(Introduce Explaining Variable + Move Method)
16 |- (Move Method + Introduce Explaining 0 0 14
Variable)
(Introduce Explaining Variable + Move Field) -
17 0 0 14

(Move Field + Introduce Explaining Variable)
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5 . R 9 Tids | Insedd
A nIZUIUMIIUNANDIA . o Y
wndimes | wmindimes | walala
(Introduce Explaining Variable + Extract Class) -
18 0 0 14
(Extract Class + Introduce Explaining Variable)
(Introduce Explaining Variable + Replace Magic
Number with Symbolic Constant) - (Replace
19 0 0 14
Magic Number with Symbolic Constant +
Introduce Explaining Variable)
(Introduce Explaining Variable + Decompose
20 | Conditional) - (Decompose Conditional + 0 0 14
Introduce Explaining Variable)
(Introduce Explaining Variable + Rename
21 | Method) - (Rename Method + Introduce 0 0 14
Explaining Variable)
(Move Method + Move Field) - (Move Field +
22 0 0 14
Move Method)
(Move Method + Extract Class) - (Extract Class +
23 0 0 14
Move Method)
(Move Method + Replace Magic Number with
24 | Symbolic Constant) -(Replace Magic Number 0 0 14
with Symbolic Constant + Move Method)
(Move Method + Decompose Conditional) -
25 0 0 14
(Decompose Conditional + Move Method)
(Move Method + Rename Method) - (Rename
26 0 0 14
Method + Move Method)
(Move Field + Extract Class) - (Extract Class +
27 0 0 14

Move Field)
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5 . R GR hids | Iz
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S @ » L 3 s
«%ﬂ 4 E § ] 3 = ‘E 2 é §
s s £ = S O g = ) 5 P = =
2 £ g = R < 7 S &0 £ £ 3 s £
s |2 |2 S V5 2| £ |2 g (2 |2 |z 2 2
& | = = g |8 g & |2 2 | 2 = = £ = &
E T 2% - @ O 3 o p = 2 = 2 £ o
E = = © 3 é - 5 Y=, S = T L = PO e~ o 2 - = E
E |2 0| | 2 |2 2| & |= £| £ |£ £\ 8|2 ¢/ £ §| E =
S |z E|& & 2|88 & |3 2| 2z |2 2|8 E|2 &/ £E| 2 | ¢
2,
1. Replace Temp with Sig. | 0.0085 ! - - E 0.1585 0.2875 | 0.0115* 0.005* = 0.01" 0.09 - 0.1585
Query t,Z 2.993" - = y -1.000 - -.560 | -2.803* 5.257* - -4378" -1.342 - -1.000
2. Introduce Explaining Sig. | 0.0185 "l 0.1585 - 4 0.1585 - 0.04* | 0.0015* - 0.1425 - 0.1115 - 0.1585
Variable t,Z | -2.090 ! -1.000 - - -1.000 ; -1.753% | -2.934* - -1.069 - -1.219 - -1.000
Sig. | 0.0005 ! .000* .000* .000* .000* .000* .000* .000* 000" | 03275 .000* 0.5 0.1585 .000*
3. Move Method
t,Z 37377 | -4.107% | -7.651*% | -6.935* 3.997% | -3.724% | -4.107% | -4.074* | -7.978" -447 | 7.981* .000 -1.000 | -4.107*
Sig. | 0.0015 ! .000* .000* .000* .000* .000* .000* .000* 000" | 0.1425 .000* 0.072 = .000*
4. Move Field
t,Z 33447 | -3.920% | -8.207* | -7.339* 3.808% | -4.741% | -3.920* | -3.808* | -6.663" | -1.069 | 6.651* -1.461 = -3.920*
Sig. 000" .000* .000* .000* .000* .000* .000* .000* = 0.1425 = 0.072 = .000*
5. Extract Class
t,Z -4.886" | -4.107* | -7.651* | -6.935* -4.107* | -3.724* | -4.108* | -12.676* - -1.069 = -1.461 = -4.107*
6. Replace Magic Number Sig. | 0.0005 ! - - > 0.014* = 0.1365 .000* = 0.006" = 0.0005* = 0.014*
with Symbolic Constant t,Z -3.296" - - - -2.201* - -1.095 | -3.501* - 2.521" = -3.180* = -2.201*
Sig. | 0.0005 ! 0.091 - = 0.278 - .000* .000* = 0.1425 000" 0.1425 = 0.158
7. Decompose Conditional "
t,Z | -3.300 -1.334 - - -.588 = -3.632% | -4.015% = -1.069 | -7.522" -1.069 = -1.002
Sig. 0.064" 0.5 - - 0.136 - 0.104 0.006* 0.0545 0.5 | 0.034" 0.4585 0.1585 0.4625
8. Rename Method
t,Z | -1.521 i .000 . 2 -1.099 - -1.260 | -2.521* -1.604 000 | -1.826" -.105 -1.000 -.094
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5 @ 5 =
) b = @ Q e
§ 2 ES = 3 o S 2 o = g b= = 5
5 | Z s e £, 3 g 2 g | = £ bl £ g
5 g 2 o 3 2 g | 2 T |3 = g = 2 g
;‘: E E ‘8 [} 2 £ =) s = = "g — = =
E | T z|% c @ O 2 2 s = 2 = 2 £ &
o s = o 3 = f A = s = =) = - =| " = " = - e £
£ % O = e =y e £l Wy N ] S 8|2 8| & 8|2 8 £ =
E |f 5|8 8| E |2 & & (28| £ |E S|§ 5|8 2|8 2| = E
&} 2 a|la = z © O & R~ < s R < B2 =|< & ~ o}
Sig. 0.006" 0.4375 - - 0.2325 - 0.0105" | 0.0095* 000%* 0.1585 | 0.0005 0.1585 0.1585 0.3555
1. Extract Method
t,z | 251" -162 - - -730 28697 | -2.927* | 5.875% | -1.000 | -5.176" | -1.000 | -1.000 384
2. Introduce Explaining Sig. 0.1895 - - F 4 - 0.1585 | 0.0465* - - - - - -
Variable t,Z -1.031 - - - - - -1.000 2.428%* - - - - - -
Sig. 0.0085" 0.002* .000%* 0.0005* 0.4325 0.0055* 0.2965 0.006* | 0.2345 0.1585 0.1425 0.09 - 0.006*
3. Move Method
t,Z | 31137 | -4.248% | -6.235* -5.821% -.176 -3.434% 560 | -2.521%* -.766 -1.000 -1.158 | -1.342 - -2.521*
Sig. 0.0095" 0.002* .000* 0.0005* | 0.0165* 0.0055* 0.346 0.006* | 0.009" - 0.2285 | 0.1585 - 0.006*
4. Move Field
t,Z | -3.0537 | -4.248% | -6.235* -5.821%* | -2.659* -3.434% -413 | -2.521% | -2.366" - -.787 | -1.000 - -2.521%*
Sig. 0.0055" 0.002* .000%* 0.0005* 0.012* 0.0055* | 0.0465* 0.006* - - - 0.1585 - 0.006*
5. Extract Class
t,Z | 34137 | -4231% | -6.235* -5.821* | -2.857* -3.434* | -1.680* | -2.521* - - - -1.000 - -2.521%*
6. Replace Magic Number | Sig. 0.498 - - - 0.0515 - 0.1585 0.008" S 0.0545 = 0.069 = 0.0545
with Symbolic Constant | t 7 -.005 - - 2 1.919 - -1.000 3315" - -1.604 - -1.711 - -1.604
Sig. 0.005" | 0.0415% - - 0.166 - 0.3515 0.029* .0.001* 0.1585 | 0.0025" 0.09 - 0.1215
7 Decompose Conditional t,Z | 37387 | -2.081% - - 1.056 - 400 | -2.335% | 5.204* -1.000 | -4.236" | -1.342 - 1.296
Sig. 0.3275 0.1585 0.1585 0.1585 0.5 0.1585 0.2325 0.5 .| 0.1585 0.1585 0.1425 | 0.2325 0.1585 0.3575
8. Rename Method
t,Z -.447 -1.000 -1.000 -1.000 .000 -1.000 -.730 .000 | -1.000 -1.000 -1.069 -.730 -1.000 -365
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= 2 2| = S W O 2 @] == @ = @ = o0
S 2 &7 5 =) £ ERNE & T |2 |® |2 . g £
E |BO|€ o £ |3 8| & |z £ £ |2 5|2 5|2 E|2 5| E E
S S 5| & 2 5 e = 3 2 2 > S 2| E 2|8 2| = = 2
&) 2 &l A = z. o /o 7 NS < =S Rl < =2 B| < = = o
Sig. 0.065 0.069 - - 0.0615 - 0.005* 0.001* 000* | 0.3275 000" | 0.2965 = 0.21
1. Extract Method
t,Z -1.627 -1.483 - P -1.540 - -2.589* -3.059* 5.622* -447 | -5.225" -.535 = .835
2. Replace Temp with Sig. 0.0925 - - - 0.1585 7 0.3815 0.0505 0.0505 = 0.0475" - = 0.1585
Query t,Z -1.715 - - P -1.000 - -.331 -2.344 2.341 = 2.410" - = -1.000
Sig. 0.0135" | 0.0025* | 0.0015* | 0.0015* 0.1665 0.01* 0.0455* 0.0015* = 0.3275 | 0.0055" | 0.2965 = 0.0015*
3. Move Method .
t,Z -2.597 -3.598% | -3.995% | -3.943* -1.018 | -2.770* -1.689* -2.934%* = -447 | -2.547" -.535 = -3.962*
Sig. 0.0315" 0.004* | 0.0015* | 0.0015* 0.0975 0.01* 0.064 | 0.0015* = 0.3275 | 0.006" | 0.3275 = 0.004*
4. Move Field .
t,Z -2.088 -3.303* | -3.995*% | -3.943* -1.390 | -2.770* 1.661 -2.934%* = -447 | -2.521" -.447 = -3.314*
Sig. 0.1205 0.083 0.006* | 0.0465* 0.025* 0.006* 0.026* 0.003* = 0.09 0.09 | 0.0545 | 0.1585 0.025*
5. Extract Class
t,Z -1.172 -1.493 | -2.527* | -1.680* | -1.956* | -2.521* -2.208* -3.443* = -1.342 -1.342 -1.604 | -1.000 | -1.956*
6. Replace Magic Number | Sig. 0.2575 0.09 0.1585 0.1585 0.4465 0.1585 0.3575 0.1045 = 0.3275 | 0.1585 0.193 = 0.343
with Symbolic t,Z =625 | -1342 | -1.000 | -1.000 -135 | -1.000 -.365 -1.256 - -459 | -1.000 -.866 - -.405
Sig. 0.0025" 0.1035 p - 0.0255* 1 0.2015 0.0015* 0.001 0.1585 | 0.0005" | 0.1585 = 0.058
7. Decompose Conditional .
t,Z -2.803 -1.261 - - -1.955* - .874 -2.934%* 4.165 -1.000 | -4.828" -1.000 = -1.719
Sig. 0.3275 0.09 - - 0.1395 3 0.2325 0.1425 = 0.3275 = 0.2965 = 0.2875
8. Rename Method
t,Z -.447 -1.342 3 - -1.140 3 -.730 -1.069 = -.447 = -.535 = -.561
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] = b= = @ S S o0 ] = E s
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S = O S = & = = s 2z 2
A = = - - S g g = T c = = ~
= = w | o © o O o &) = o — o = o0
g s &|°2 b S E 2 ENE S T | E | B .| = . S £
E % 0|f 3| £ [T E| 2 |z 2| £ |2 2/f £/ 2| | E &
s e 3| o 2 E} s = 3 : 2 = S 2| £ B S 2| £ 2 = o
&) 2 ala = z Sf ¥ & = = < = Rl < R[22 Bl < & = o
Sig. | 0.0035 | 0.034* - - 0.2225 - 0.0025% 000%* 000%* 0.5 .000" 2.5 - 0.1425
1. Extract Method .
t,Z | -2.688 - - - -.764 - -2.799* | -4.136* | 6.138* .000 | -6.050 -.674 = -1.070
2. Replace Temp with Sig. | 0.2405 | 0.1585 - 2 0.3275 ; 0.4655 0.3895 0.02* 0.1585 0.027" 0.1585 - 0.3275
Query t,Z -7.44 | -1.000 - - -447 - .089 -2.80 | 2.509* -1.000 | -2.314" -1.000 = -.447
3. Introduce Explaining Sig. 0.02" | 03275 - 3 0.1915 b 0.5 | 0.0065* | 0.1585 0.3275 0.09 0.3275 - 0.1365
Variable t,Z | -2.359 -.447 - - 913 - .000 | -2.490* | -1.000 -.447 -1.342 -.447 = -1.095
Sig. = - - - 5 3 0.1585 - = 0.1585 = 0.09 = -
4. Move Field
t,Z = - - = = = -1.000 L = -1.000 = -1.342 = -
Sig. = - - - - = 0.3275 0.1585 = 0.1425 = 0.072 = -
5. Extract Class
t,Z = - - - = = -.447 -1.000 = -1.069 = -1.461 = -
6. Replace Magic Number Sig. | 0.0005 - - - 0.0215* - 0.3275 000" = 0.009" = 0.001* = 0.0215*
with Symbolic Constant | ,Z | -3.180 - - 4 -2.023* - -447. 57147 - 2.366" - -3.059* - -2.023%
Sig. | 0.006 ! 0.111 - - 0.2675 - 0.001* .000* .000* 0.09 000" 0.09 = 0.3795
7. Decompose Conditional .
t,Z | -2.800 | -1.266 - - -.621 - -3.099* | -3.823* | 7.902* -1.342 | -7.147 -1.342 = =311
Sig. | 0.3765 0.294..| 0.1585 [-0.1585 0.1435 | 0.1585 0.4585 0.266 |-0.3275 0.1425 0.4465 0.034* | 0.1585 0.3265
8. Rename Method
t,Z -3.14 -.542 | -1.000 [ -1.000 -1.065 | -1.000 -.105 -.625 -.447 -1.069 -.135 -1.826* -1.000 -.450
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S £ 2|3 s /)4 £ 5 0z & ° |2 | ® .| E . S £
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&) 2 &l a E z o © x 5 W= < s R < =R R <4 = & &)
Sig. | 0.1175 | 0.3765 - 0.0195* - 0.0005* .000* 000* 0.09 000" 0.09 | 0.1585 | 0.0165*
1. Extract Method :
tZ | -1.224 -314 4 2.063* g 3.324% | -4.015% | 9.018* | -1.342 | -8.102 1342 | -1.000 | -2.132%
2. Replace Temp with Sig. 0.144 | 0.1585 7 0.1425 5 0.0635 0.1175 0.022* = 0.041" - = 0.1425
Query t,Z | -1.151 | -1.000 g -1.069 4 -1.732 1300 | 2.452* - 2.030" - - -1.069
3. Introduce Explaining | Sig. | 0.1825 0.5 - 0.25 - 0.4785 0.369 | 0.1585 | 0.0545 047 | 0.0545 - 0.3575
Variable t,Z -955 1000 4 -674 - 055 346 | -1.000 | -1.604 077 | -1.604 - -365
Sig. | 0388 | 03275 - 0.0025* - 0.01* | 0.0005* | 0.1585 | 0.0545 047 | 0.0545 - 0.0005*
4. Move Method
tZ -284 -447 - 2.786* - 2.329% | -3.464% | -1.000 | -1.604 | -3.920 | -1.604 - -3.210%
Sig. | 0.1585 - = = = 0.1425 | 03275 8 0.0545 - 0.0545 - -
5. Extract Class
t,Z | -1.000 - = - - -1.069 =447 8 -1.604 - -1.604 - -
6. Replace Magic Number | Sig. | 0.0015" - - 0.0215* - 0.2325 000" - 0.014" - 0.003* - 0.0215*
with Symbolic t,Z | -2.934" - 4 22.023* - -730.| 5.180" 8 2.201" - 22.756* - 22.023*
7. Decompose Sig. | 0.0165 | 0.0295* A 0276 | 0.0045% .000* 000% | 00347 | 000" | 0.034* - 0.37
Conditional t,Z | 23307 | -1.886* - -594 - 22.628% | -3.621% | 8.460* | -1.826" | -6.510" | -1.826* - -338
Sig. | 0.048".| 0393 - 0.098 - 0.026* 0.098 | 0.2965 | 0.3575 | 0.1205 | 0.3575 - 0.418
8. Rename Method g
t,Z | -1.664 -271 ! -1.293 5 -1.947% | -1.293 -535 £365 | -1.172 -365 - -207
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Sig. | 0.0005" | 0.3675 0.5 0.5 | 0.0005* 0.5 .000* .000* 000% | 0.3275 000" | 0.3275 | 0.1585 | 0.0005*
1. Extract Method . p
t,Z | -3.285 -338 .000 000 | -3.297* 000 | -3.912% | -4.107* | 10.834* 447 | -9.658 447 | -1.000 | -3.296*
2. Replace Temp with Sig. 0.024" - - - 0.1585 ¢ 0.485 | 0.0105* | 0.0005* = 0.002" - = 0.1585
Query t,Z | -2.399" - - 4 -1.000 y 039 | -2.961* | 5.118* - -4250" - - -1.000
3. Introduce Explaining Sig. | 0.055 | 0.3275 | 0.1585 | 0.1585 | 0.1585 | 0.1585 0.09 | 0.0025* - 0.09 | 0.1585 0.09 | 0.1585 | 0.1585
Variable t,Z | -1.599 | -447 | -1.000 | -1.000 | * -1.000 | -1.000 | -1.342 | -2.805* - 21342 | -1.000 | -1.342 | -1.000 | -1.000
Sig. | .000" | 0.3575 - - .000* - .000* | 0.0025* | 03275 | 0.1425 | 0.0105 | 0.1425 8 .000*
4. Move Method . p
t,Z | -3.920 -365 . - -4.107* - -3.508% | -2.841% -447 | -1.069 | -2.486 -1.069 8 -4.107*
Sig. | .000" | 0.0545 C = .000* = 0.001* | 0.012* | 03275 | 0.1425 | 00217 | 0.2965 8 .000*
5. Move Field . p
t,Z | 37247 | -1.604 - . -3.921% - S3.114% | -2.259% -447 | -1.069 | -2.176 -535 8 -3.920%
6. Replace Magic Number | Sig. | 0.0005" - - - 0.0215* - 0.1585 | .000" - 0.009" - 0.001* - 0.0215*
with Symbolic t,Z | -3.180" - - - 2.023* - -1.000 | . 5.408" - 22366 8 -3.059* 8 22.023*
Sig. | 0.000s" | 0.13 € ¢ 0.4375 4 0.0005* 1000* 000% | 0.0545 000" | 0.1425 8 0.255
7. Decompose Conditional . p
t,Z | -3.258" | -1.125 - - -157 - -3332% | -3.724% | 7.922% | -1.604 | -7.114 -1.609 8 -659
Sig. 8 0.5 0.1585 | 0.1585 | -0.1655 | 0.1585 | 0.3275 0.5 - 0.09.| 0.1585 | 0.0545 8 0.365
8. Rename Method
tZ 8 .000 | -1.000 |-1.000 -973 | :1.000 - 447 .000 : S1342 | -1.000 | -1.604 8 -345

A 1 aa . . 1 aa =) A 9 [ a
ATNN 4-14 LAAINITNANADA Sig. (1-tailed) Ltazmana t o Z LW@i%U@ﬂﬂﬂﬂJﬁULLaSﬂalﬁ‘ﬁ H,

~ a ax g @ =~ a axd
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A,

~ a ada a o Ja A a < v =~ a A
7. ﬂi%‘U’Juﬂ"liiLL‘I/\Iﬂ“I/]?JiQTﬁiLWﬁﬁL‘JJ%ﬂumﬂf)iﬂ‘ﬁ%’uiﬂaﬂﬂ@uﬁ!muﬂﬂ‘]_lﬂi$‘]J’J°LJﬂ13'§!.W‘lﬂ“I/]fJ§Q’J‘ﬁ?JuG]

5 @ 5 =
on 51 = 4 N © 151 )
8 @ g 5 ] = = S = S
e | % g s | § S | = < . g £ g N
g £ g = z g = Z S ) £ z g £ £
> 1} ® = 2 - 2 = = = ) = = Q
o = E = a £ £ S = = = = C = S
- = o | = ) = 3 3 = Tz - E = 2
5 S @ = = 2O 2 b N\ o = 2 3 3 = -
£ = 2| = 2 = 3z g S s 2 S 5|2 5|8 5|2 & £ =
E |5 0|€ 4| 2 |5 &l & |2 2| £ |2 §|f §|£ £\ | E =
) ° 3 2 2 = s = g g 2 2 S g/ E g2l & 2| & 8 > )
&) 2 a|la = z o ° & =, = < = R4 R 2 R < = = o
Sig. | 0.0155 ! 2.5 - - 0.0005* -~ 0.0005* 000* 000* | 0.3575 000" | 0.1725 0.1585 | 0.0005*
1. Extract Method . .
t,Z -2.154 -.674 - £ -3.296* s -3.463* | -3.920* 7.344%* -.365 | -6.798 -.944 -1.000 | -3.297*
2. Replace Temp with Sig. 0.051 - - 2 0.1585 - 0.433 | 0.0235* | 0.0005* = 0.0015" - = 0.1585
Query t,Z -1.932 - - 5 -1.000 - =176 | -2.489* 6.766* = -4.657" - = -1.000
3. Introduce Explainin, Sig. 0.2575 0.2325 | 0.1585 | 0.1585 0.09 0.1585 0.3765 0.143 = 0.1425 0.1585 0.1125 = 0.09
p g
Variable t,Z -.652 =730 | -1.000 [ -1.000 -1.342 -1.000 -314 -1.067 = -1.069 -1.000 -1.214 = -1.342
Sig. | 0.0045 ! .000* .000* .000* 0.3785 | 0.0005* 0.002* 0.001* 0.1585 | 0.1425 0.0535 0.1425 = .000*
4. Move Method .
t,Z -2.975 -3.621* - - -315 -3.940* | -2.912* | -3.053* -1.000 | -1.069 -1.705 -1.069 = -3.622%*
Sig. 0.009 " .000* .000* .000* | 0.0005* | 0.0005* 0.027" 0.002* 0.1585 | 0.1425 0.0885 0.5 = .000*
5. Move Field . .
t,Z -2.643 -3.516* - - | -4.315*% -4.057* 2.091 -2.844%* -1.000 | -1.069 -1.418 .000 = -3.516*
Sig. | 0.0005 ! .000* .000* .000* .000* | 0.0005* | 0.0015* .000* = 0.09 = 0.09 = .000*
6. Extract Class .
t,Z -3.408 -3.621* - - -3.622%* -3.180* | -3.006* | -3.621* = -1.342 = -1.342 = -3.622%*
7. Decompose Sig. 0.0035" 0.069 2 - 0.472 0.1585 0.004* .000* .000* | 0.3575 000" 0.25 0.1585 0.4485
Conditional t,Z 22.689" -1.483 - - -.071 -1.000 | -2.651* | -3.724* 6.946* -365 | -4.891" -.674 -1.000 -.129
Sig. 0.3675 0.2325 - - 0.074 - 0.3575 0.2205 > 0.343 = 0.242 = 0.2505
8. Rename Method
t,Z -.338 -.730 3 3 -1.448 > -.365 -.770 = -405 = -.700 = -.672

~ J aa . . J aa A A 9 [ a
A1TNN 4-15 HAAINTNAFDA Sig. (1-tailed) tLazmana t 5o Z LWﬂi%U@ﬂﬂﬂNﬁULlﬁZﬂ{]Lﬁ‘ﬁ H,

a A a o Ja A a Jd o
VoINTLUIUMSTUNANDTOFINATININU VLD IFEN JUANADUALAUNAUNTSUIUMS
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5 :5' I "'5 E 5 -
w <9
- g 5 g | = S g & 3 2 £
= = s = g = = £ ] s
5 S 8 = 3 @) c, = = o0 = = = =
8 £ £ = . = 2 S =y £ = s £
b 2 g 5 % o % 8 = & = b = g 8
A = = e B 2 S = g = = = = = =
- = - 5 o = @ o == ) = Q e on
g 2 s 5 =/ f 2 = = g ) = = -] s =
E | = = 2 £ 3 £ - g S 2 S 5| 2 & g =
E |2 Z|% g E|F 2l % |2 2| & £ T |£ £/ £| = E
= = $ ) & = & = i
S | O|& & 2 |S& 8| & |3 2| = = = |2 £l £| & S
Sig. 0.002" 0.0805 - - 0.0025* 5 .000* .000* .000* 0.3275 000" 0.1425 0.1585 0.001*
. Extract Method = =
t,Z -2.897 -1.400 - F -2.795* - -3.621* | -4.015* 6.684* -447 | -6.403 -1.069 -1.000 | -3.108*
. Replace Temp with Sig. 0.021" - - = 0.1165 = 0.3915 0.009* 0.0015* 0.1585 0.001" 0.09 - 0.356
Query t,z | -2.578" - - - -1.325 - 288 | -2.366* | 4751* | -1.000 | -5.087" | -1.342 - -387
. Introduce Explaining Sig. 0.094 0.3205 - 3 0.3575 - 0.2325 0.396 0.3905 0.1585 0.5 0.1585 - 0.2325
Variable t,Z -1.412 481 - - -.365 = =730 270 -.286 -1.000 .000 -1.000 = =730
Sig. 0.0005 " .000* .000* .000* | 0.0385* | 0.0005* 0.014* | 0.0025* 0.002" 0.09 0.447 0.0545 = .000*
. Move Method
t,Z 37417 | -3.823% | -6.969% | -6.326% | -1.771% | -3.408% | -2.200% | -3.243% -3.263" -1.342 -.135 -1.604 - -3.823*
Sig. 0.002" .000* .000* .000* .000* | 0.0005* 0.2695 0.015%* 0.014" 0.09 0.3885 0.0545 - .000*
. Move Field
t,Z 34017 | -5.743*% | -8.408* | -7.338* | -3.527* | -4.139% 628 | -2.377* 241" -1.342 288 -1.604 - -3.621%
Sig. 000" .000* .000* .000* .000* | 0.0005* | 0.0005* .000* - 0.0545 - 0.072 - .000*
. Extract Class
t,Z -4354" | -3.823% | -6.969% | -6.326* | -3.823* | -3.408* | -3.462* - - -1.604 - -1.461 - -3.823*
. Replace Magic Number Sig. 0.07 0.072 - - 0.4975 0.1585 0.4585 0.062 3 0.033" 0.2315 0.008* 0.1585 0.3605
with Symbolic Constant t,Z -1.476 -1.461 - - .057 -1.000 -.105 -1.538 -.524 -1.836" =734 | -2417* -1.000 -.357
Sig. 0.2875 0.1315 c - 0.0445* | 0.4765 0.4375 0.4065 0.2965 0.4765 0.3575 - 0.198
. Rename Method
t,Z -.561 -1.120 - - -1.699* - -.059 -.157 -.237 -.535 -.059 -.365 - -.849

A 1 aa . . 1 aa A A 9 [ a
AT NN 4-16 LAAINITNANADA Sig. (1-tailed) Lazmana t 1o Z LWE]i“D"iJfJﬂEJ@‘JJi‘]JLLﬁ%‘]J;]Lﬁ‘H H,

= a aag a o @ = a axA
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d‘ 1 aa . . 1 Aaa A 4' 9 [ a
ATNN 4-17 BAAINTNANTDA Sig. (1-tailed) azmana t 159 Z LW@i%"]JFJﬂEJ@iJ'i‘JJLLﬁ%‘]JQ!E‘T‘ﬁ H,

~ a aan <] @ ~ a axd
GU’E]Qﬂig‘]J’J‘Llﬂﬁi!,LWﬂ‘VIE]i\ﬂ‘ﬁil,umll‘ﬂE]ﬂﬂ‘ijﬂﬁz‘]J’Juﬂﬁillﬂﬂ“l/lﬁ]iﬂi]‘ﬁf]ﬂ"]

=~ Aa aad <3 1] =~ A anA
9. ﬂi%‘]J’J‘Llﬂ"liiLL“I/\Iﬂ“I/]fJi\ﬂ‘ﬁiLU‘JJ!JJ“VI’E]ﬂﬂlIﬂi%‘]J’JuﬂﬁiLlWﬂ“Vl’ﬂiﬁ’]‘ﬁﬂuc]
aa :3 I S § N =
wn <9
Es - g 5 g £ 3 i = 3 g 5
= b ] = g = = = = g s
) S = = ) S} S = %ﬂ s = = I~
2 s = = 27z « ‘Z = = = = 3 £ S
) 2 = @) it 2 i = < o= = ) = = 2
A = = < s 3 £ s S = = = c = =
= g [ o o 5 g Q ° m 8 =i 2 E- 80
e | 2 = 2 NE 5|8 |5 2| B E 2 |2 s|2 5| E £
= (¥ i|fs s 2 i 5|23 5 | 5| % |58t 2|t
=3 — (=] k= k=1 =]
S E O| & & z S o & e ] = b~ s £ 2 £ £ 3
Sig. 000" | 0.3765 - 4 0.001* - .000* .000% | .000% | 0.3275 000" | 0.3275 0.002*
. Extract Method
t,Z 3.920" -314 - - -3.101% - 3.632% | -4.015% | 8.706* 447 | -8.349" -447 - -2.865*
. Replace Temp with Sig. 0.018" - 0.1585 | 0.1585 | 03275 | 0.1585 | 0.025' | 0.0025* | .000% | 0.1585 | 0.001" 0.09 - 0.3275
Query t,Z 2.393" - -1.000 -1.000 -447 | -1.000 | 21997 | -3.482* | 8214* | -1.000 | -3.059" | -1.342 - -447
. Introduce Explaining Sig. 0.0025" 0.09 - 2 = = 0.2965 0.003" 0.5 = = 0.1425 = -
Variable t,Z 28037 | -1.342 - - - - -535 34337 .000 - - -1.069 - -
Sig. | 0.0005" | 0.0005* | .000* .000% | 0.2535 | .000* .000* 0.002* | 03275 | 0.1425 | 0.002" | 0.0545 | 0.1585 | .000*
. Move Method
t,Z 3.893" | -3.393% | -7.659% | -3.729% -676 | -3.724% | 3.620% | -2.906* | -447 | -1.069 | -2.857" | -1.604 | -1.000 | -4.107*
Sig. | 0.0005" 000% | .000% .000* .000% | .000% | 0.002* | 0.0005* 0.5 | 03275 | 0016" | 0.3275 - .000*
. Move Field
t,Z 3.850" | -4.015% | -8.207% | -7.339% | -4.993*% | -4.741* | -2.885% | -3.354% .000 -447 | -2.303" -447 - -4.015%
Sig. 000" 000% | .000* .000* .000% | .000% .000* .000% - 0.09 | 0.1585 | 0.0545 - .000*
. Extract Class
t,Z -4916" | -4.107% | -3.736% | -3.727% | -4.107* | -3.724* | -3/165% | -4.107* - -1.342 | -1.000 | -1.604 - -4.107*
. Replace Magic Number | Sig. 0.017" | 0.1585 [ L 0.1185 2 0.4195 | 0.0005* - 0.0235" 8 0.0035* - 0.1185
with Symbolic Constant | t, 7 21207 | -1.000 - - -1.183 - -135 | -3.393* - -1.988" 8 -2.689* - -1.183
Sig. | 0.0035" | 0.0175* - - 0.192 ! .000* .000% | .000* | 0.2965 000" 0.5 - 0.204
. Decompose Conditional
t,Z 2.688" | -2.106* - - -871 - S3734% | -4.107* | 7.913* -535 | -6.931" .000 - -.828
A 1

148!


train
Typewritten Text
114


115

A = A < A 1 . . 1 aa A
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1.3 upumnAaIanazAmasuIgnald (Class Diagram and Class Description)

UHHMNAAIA (Class Diagram)
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1. 1> 1.
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e ime s, e
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1.x of 1.*
Refactoring 1% Projects
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1.4 UNUMNFIAIUG (Sequence Diagram)

ExecuteDatabase

User
createParameters(ParameterName, Refactoring, Project)
Parameters:Parameters
—
Parameters
e - e e e e -
calculate_Parameters(Refactoring, Project)
AccessReturnNoValueCommand(QueryString, TableName)
Metrics:Metrics
createMetrics(MetricName, Refactoring, Project) *
Metrrics
.
AccessReturnRowsCommand(QueryString, TableName)
Parameters
SN S U S — Y T A S T A N SN S T NS S P Ty g | SIpu PR gy gy U S S SR S U S S -
calculate_Metrics(Parameters, Refactoring, Project)
AccessReturnNoValueCommand(QueryString, TableName)
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AccessReturnNoValueCommand(QueryString, TableName) j
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1.1 WHUMNB1S (ER Diagram)

PK | RefactoringName < ":reofjae‘;t&:rr:‘geName
PK | ProjectName i
PK | ClassName — PK,FK1 | ClassName p| PK | MetriclD
PK,FK2 | MetriclD
InheritClassName - MetricName
RefactoringDetail MetricValue A

4

PK,FK1 | RefactoringName
PK,FK1 [ ProjectName
PK,FK1 | ClassName
PK,FK2 | ParameteriD

ParameterValue

sl

PK,FK1 | MetriclD
07 i i S < PK,FK2 | ParameterlD

Parameter

ParameterName
' T Attt
PK | MethodID : i SRR e
PK | AttributelD
MethodAccess
MethodStatic AttributeAccess
MethodConstantKind AttributeStatic
MethodType AttributeConstantKind
MethodName AttributeType
b MethodSignature AttributeName
FK1 [ RefactoringName FK1 | RefactoringName
FK1 | ProjectName FK1 | ProjectName
FK1 | ClassName FK1 | ClassName

wamqnsu%ya (Data Dictionary)

1. A19FUIUAIT1NUDITZ UL

Table Name Table Descripﬁon

o

=1 ' a 40
A1374 Project 1MNudoyavamtonaasaaznszuIUMsuANDI NN
Project .
MUWNARBY

5 5 ya 9 ' v a o  do '
A13719 Project_Metric 1ﬂﬂﬂu'\|81‘.‘|aﬂ]”']ﬂi?ﬂl‘lf\’jﬂnﬂﬂ']qu‘lﬁﬂ1ﬂﬂu1f.|

.

Project_Metric
naaol
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No. Table Name Table Description
@139 Project_Parameter "l%'udmifauuaﬁhms1ﬁma§ﬁ"ujwuvmi:uuﬁﬁwu1m
3 Project_Parameter
18nnmiaenaaes
4 | Metric A130 Metric IiAudoyauasiadaiagiildlussuy
1579 Metric_Parameter 191fudoyanimduiusszniienisns Metric uay
5 | Metric_Parameter
Parameter
6 | Parameter #1573 Parameter 1fudayanmisiinesaug w9 luszuy
7 | MethodDetail 711318 MethodDetail 1fifiudayamienvesudazmiionanss
8 | AttributeDetail 137 AttributeDetail 11U doyausansindveudazmizonaaes
2. MOTUULEANTUIAYBIIEUL
Project
No. Attribute Name Data Type Attribute Description
1 | RefactoringName (PK) VARCHAR(100) | #8n3219un153unanes«iildmsumisonaaea
2 | ProjectName (PK) VARCHAR(100) “T'sanuinﬂnﬁwwﬂaaa
3 | ClassName (PK) VARCHAR(100) | onaraluszuy
4 | InheritClassName VARCHAR(100) | #oamadiilunaagiuuyudueesuny
5 | Refactoringdetail VARCHAR(100) | 51082180A0321UN5IUNANDS
Project_Metric
No. Attribute Name Data Type Attribute Description
I | RefactoringName (PK, FK1) | VARCHAR(100) | $onszuaumsiunanesiilidumisonaaes
2 | ProjectName (PK, FK1) VARCHAR(100) | Fonuminviaonaasa
3 ClassName (PK, FK1) VARCHAR(100) ‘T;aﬂmﬁ"luizuu
4 | MetricID (PK, FK2) COUNTER sWmnasTagdaingfidanluszuy
5 | MetricValue REAL Annas e iagis o 18 luudazmismanes
Project_Parameter
No. Attribute Name Data Type Attribute Description
I | RefactoringName (PK, FK1) | VARCHAR(100) | #onszuaumsiuranesaiiléifumiaonaaes
2 ProjectName (PK, FK1) VARCHAR(100) %uumnmhumam
3 ClassName (PK, FK1) VARCHAR(100) "i';aﬂmﬂuszuu
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Project_Parameter

No. Attribute Name Data Type Attribute Description
4 | ParameterID (PK, FK2) COUNTER AN 1ﬁm0§(‘f:u§ m"?iﬁm'lmluszuu
5 | ParameterValue REAL A5 1ﬁma§°?:u§w“?iﬁm'am1ﬁ1utteia:nﬁ'wmaaa
Metric
No. Attribute Name Data Type Attribute Description
1| MetricID (PK) COUNTER sWans agiaeingiid nomluszoy
2 | MetricName VARCHAR(100) | #oaasiaidaingiisnnaluszuy
Metric_Parameter
No. Attribute Name Data Type Attribute Description
I | MetricID (PK, FK1) COUNTER sansiagidsIagiid o luszuy
2 | ParameterID (PK, FK2) COUNTER sﬁﬁmﬂﬁma{‘ﬁug i manluszuy
Parameter
No. Attribute Name Data Type Attribute Description
1 | ParameterID (PK) COUNTER sHaNs 1ﬁ1ﬂa§¢;’u§1uﬁﬁ1mm1m:uu
2 | ParameterName VARCHAR(100) ‘?}ams1ﬁma§ﬁ’u§1u°7iﬁ1mm°luswu
MethodDetail
No. Attribute Name Data Type Attribute Description
1| MethodID (PK) COUNTER sWaaiioafieglundazaaa
2 | MethodAccess VARCHAR(100) | aaauiianisidiswesuiionluudazaara
3 | MethodStatic VARCHAR(100) | auauiidadnvesuienlundazaaia
4 | MethodConstantKind VARCHAR(100) | Aaeniasasiiveaniionlundazaara
5 | MethodType VARCHAR(100) | ¥iinveaunenluidazaaid
6 | MethodName VARCHAR(100) | Feumienluudazaare
7 | MethodSignature VARCHAR(100) | asdnuaizveuuiionlundazaaia
8 | RefactoringName (FK1) VARCHAR(100) | $onszuunsiunanessiildirfuniaonaaes
9 | ProjectName (FK1) VARCHAR(100) | Foamninmiiaunanes
10 | ClassName (FK1) VARCHAR(100) ﬁ‘}aﬂma'lusxuu
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AttributeDetail
No. Attribute Name Data Type Attribute Description
1 | AttributeD COUNTER sWaueansiwiegluusazama
2 | AttributeAccess VARCHAR(100) | aaiautiamsidhtiavesueansing luudazaana
3 | AttributeStatic VARCHAR(100) | aaauiidadinuesueansdan luusazaaia
4 | AttributeConstantKind VARCHAR(100) | Aaictutiadnaiiveaueani i luusazaaa
5 | AttributeType VARCHAR(100) | #Hiaveauean3iiag ludazaana
6 | AttributeName VARCHAR(100) | #oupan3tae luusazaaia
7 | RefactoringName (FK1) VARCHAR(100) | #enszuaumsiunanes i lfidumionaass
8 ProjectName (FK1) VARCHAR(100) ﬁ"}mmmnmhuvuﬂam
9 | ClassName (FK1) VARCHAR(100) | Foaaaluszuy
2. wwunmwinesvedlausinasinaing

° ¢ I o & av a
uﬁﬂ»111ﬁwamsmam‘uawm‘lmninwmuwu'lmmnuu ol
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[STAThead]
.(uucusc void Main{stringl) args)

int chorce.
do

choice = display_menul);
:ﬁk[]d’nbe|I1]H[d\ﬂ':¢|l2|ﬂlm|-3’]b&lm'-4n

CMW« * Please re-entet your choice |

choce = cud_lviegerﬂ.

shing ans;
nti;

Seat(] s = new Sea{50]:

#{0] = new Seat0). 5(1] = new Seal(1] s{2] = new Seat(2).
${3] = new Sea(3). s{4] = new Seal(4] s{5] = new Seat(5)
#{6] = new Sea6). 5(7] = new Seal(7)

5{9] = new S
3{12] = new Seal(12).

+{8] = new Seat(8].
eat{9): s{10] = new Seat(10): s[11] = new Seal(11).
${13) = new Seal{13). 5{14] = new Sea{14).
3{15] = now Seat(15). {16] = new Seal(16). s{17] = new Seat(171

Class Desciption

Number of
class

Number of
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HAAZIS
Itia n3zUIUMIINANess
001 No Refactoring
002 Extract Method
003 Replace Temp with Query
004 Introduce Explaining Variable
005 Move Method
006 Move Field
007 Extract Class
008 Replace Magic Number with Symbolic Constant
009 Decompose Condition
010 Rename Method
011 Pull Up Method
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std N3zUIUMIINANG3Y
012 Extract Method + Replace Temp with Query
013 Extract Method + Introduce Explaining Variable
014 Extract Method + Move Method
015 Extract Method + Move Field
016 Extract Method + Extract Class
017 Extract Method + Replace Magic Number with Symbolic Constant
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Itia N3zUIUMIINNANG3

018 Extract Method + Decompose Condition

019 Extract Method + Rename Method

020 Extract Method + Pull Up Method

021 Replace Temp with Query + Introduce Explaining Variable

022 Replace Temp with Query + Move Method

023 Replace Temp with Query + Move Field

024 Replace Temp with Query + Extract Class

025 Replace Temp with Query + Replace Magic Number with Symbolic Constant
026 Replace Temp with Query + Decompose Condition

027 Replace Temp with Query + Rename Method

028 Replace Temp with Query + Pull Up Method

029 Introduce Explaining Variable + Move Method

030 Introduce Explaining Variable + Move Field

031 Introduce Explaining Variable + Extract Class

032 Introduce Explaining Variable + Replace Magic Number with Symbolic Constant
033 Introduce Explaining Variable + Decompose Condition

034 Introduce Explaining Variable + Rename Method

035 Introduce Explaining Variable + Pull Up Method

036 Move Method + Move Field

037 Move Method + Extract Class

038 Move Method + Replace Magic Number with Symbolic Constant
039 Move Method + Decompose Condition

040 Move Method + Rename Method

041 Move Method + Pull Up Method

042 Move Field + Extract Class

043 Move Field + Replace Magic Number with Symbolic Constant
044 Move Field + Decompose Condition

045

Move Field + Rename Method
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Itia N3zUIUMIINNANG3

046 Move Field + Pull Up Method

047 Extract Class + Replace Magic Number with Symbolic Constant
048 Extract Class + Decompose Condition

049 Extract Class + Rename Method

050 Extract Class + Pull Up Method

051 Replace Magic Number with Symbolic Constant + Decompose Condition
052 Replace Magic Number with Symbolic Constant + Rename Method
053 Replace Magic Number with Symbolic Constant + Pull Up Method
054 Decompose Condition + Rename Method

055 Decompose Condition + Pull Up Method

056 Rename Method + Pull Up Method

= a o P A ~ =3 4 o
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057 Replace Temp with Query + Extract Method

058 Introduce Explaining Variable + Extract Method

059 Move Method + Extract Method

060 Move Field + Extract Method

061 Extract Class + Extract Method

062 Replace Magic Number with Symbolic Constant + Extract Method
063 Decompose Condition + Extract Method

064 Rename Method + Extract Method

065 Pull Up Method + Extract Method

066 Introduce Explaining Variable + Replace Temp with Query
067 Move Method + Replace Temp with Query
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068 Move Field + Replace Temp with Query

069 Extract Class + Replace Temp with Query

070 Replace Magic Number with Symbolic Constant + Replace Temp with Query

071 Decompose Condition + Replace Temp with Query

072 Rename Method + Replace Temp with Query

073 Pull Up Method + Replace Temp with Query

074 Move Method + Introduce Explaining Variable

075 Move Field + Introduce Explaining Variable

076 Extract Class + Introduce Explaining Variable

077 Replace Magic Number with Symbolic Constant + Introduce Explaining Variable
078 Decompose Condition + Introduce Explaining Variable

079 Rename Method + Introduce Explaining Variable

080 Pull Up Method + Introduce Explaining Variable

081 Move Field + Move Method

082 Extract Class + Move Method

083 Replace Magic Number with Symbolic Constant + Move Method

084 Decompose Condition + Move Method

085 Rename Method + Move Method

086 Pull Up Method + Move Method

087 Extract Class + Move Field

088 Replace Magic Number with Symbolic Constant + Move Field

089 Decompose Condition + Move Field

090 Rename Method + Move Field

091 Pull Up Method + Move Field

092 Replace Magic Number with Symbolic Constant + Extract Class
093 Decompose Condition + Extract Class
094 Rename Method + Extract Class

095 Pull Up Method + Extract Class
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096 Decompose Condition + Replace Magic Number with Symbolic Constant
097 Rename Method + Replace Magic Number with Symbolic Constant

098 Pull Up Method + Replace Magic Number with Symbolic Constant

099 Rename Method + Decompose Condition

100 Pull Up Method + Decompose Condition

101 Pull Up Method + Rename Method
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1.1 Extract Method - No Refactoring

Tests of Normality(b,c)

172

_ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 279 26 .000 767 26 .000
WMC .399 26 .000 613 26 .000
CBO .367 26 .000 570 26 .000
RFC 539 26 .000 .198 26 .000
LCOM .326 26 .000 .655 26 .000
AverageMethodSize 241 26 .000 .658 26 .000
MethodHidingFactor 117 26 .200(%) .965 26 492
AttributeHidingFactor 539 26 .000 198 26 .000
MethodInheritanceFactor .096 26 .200(*) .966 26 521
AttributelnheritanceFactor 524 26 .000 .326 26 .000
PolymorphismFactor .539 26 .000 198 26 .000
CouplingFactor 244 26 .000 .860 26 .002
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
1.2 Replace Temp with Query - No Refactoring
Tests of Normality(b,c,d,e,f,g)
Kolmogoraov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 231 12 .075 .819 12 .016
CBO 530 12 .000 327 12 .000
LCOM 277 12 011 .756 12 .003
AverageMethodSize .268 12 017 795 12 .008
MethodHidingFactor 134 12 .200(*) 975 12 .959
MethodInheritanceFactor 187 12 .200(*) 944 12 552
AttributelnheritanceFactor 530 12 .000 327 12 .000
CouplingFactor .530 12 .000 327 12 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b WMC is constant. It has been omitted.

¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e RFC is constant. It has been omitted.

f AttributeHidingFactor is constant. It has been omitted.
g PolymorphismFactor is constant. It has been omitted.




1.3 Introduce Explaining Variable - No Refactoring

Tests of Normality(b,c,d,e,f,g)

173

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .349 15 .000 544 15 .000
WMC 514 15 .000 424 15 .000
CBO 535 15 .000 .284 15 .000
LCOM .384 15 .000 676 15 .000
AverageMethodSize 242 15 .018 .788 15 .003
AttributeHidingFactor 526 15 .000 329 15 .000
AttributelnheritanceFactor 438 15 .000 530 15 .000
CouplingFactor Brors, 15 .000 .284 15 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e MethodHidingFactor is constant. It has been omitted.
f MethodInheritanceFactor is constant. It has been omitted.
g PolymorphismFactor is constant. It has been omitted.
1.4 Move Method - No Refactoring
Tests of Normality
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 192 23 .028 914 23 .050
WMC .265 4 .000 .834 23 .001
DIT 169 23 .087 921 23 071
NOC 167 23 .097 .932 23 124
CBO .188 23 .035 .927 23 .094
RFC .200 23 .018 .840 23 .002
LCOM 321 23 .000 536 23 .000
AverageMethodSize 293 23 .000 .619 23 .000
MethodHidingFactor 519 23 .000 .303 23 .000
AttributeHidingFactor 474 23 .000 295 23 .000
MethodInheritanceFactor .367 23 .000 510 23 .000
AttributelnheritanceFactor 457 23 .000 .352 23 .000
PolymorphismFactor 493 23 .000 471 23 .000
CouplingFactor .338 23 .000 .645 23 .000
a Lilliefors Significance Correction
1.5 Move Field - No Refactoring
Tests of Normality
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 173 21 102 923 21 .099
WMC .267 21 .000 834 21 .002
DIT 171 21 112 941 21 .233
NOC 173 21 .100 .955 21 428
CBO 241 21 .002 .890 21 .022
RFC 197 21 .032 .857 21 .006
LCOM 247 21 .002 .882 21 .016
AverageMethodSize .253 21 .001 776 21 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
MethodHidingFactor 505 21 .000 .283 21 .000
AttributeHidingFactor 462 21 .000 316 21 .000
MethodInheritanceFactor 375 21 .000 493 21 .000
AttributelnheritanceFactor 459 21 .000 .353 21 .000
PolymorphismFactor 478 21 .000 417 21 .000
CouplingFactor .336 21 .000 544 21 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
1.6 Extract Class - No Refactoring
Tests of Normality
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .208 22 014 .860 22 .005
WMC .280 22 .000 .816 22 .001
DIT A71 22 .095 931 22 128
NOC 170 22 .098 944 22 237
CBO .261 22 .000 .730 22 .000
RFC 199 22 .024 .849 22 .003
LCOM .289 22 .000 .756 22 .000
AverageMethodSize .269 22 .000 728 22 .000
MethodHidingFactor .539 22 .000 221 22 .000
AttributeHidingFactor 470 22 .000 .303 22 .000
MethodInheritanceFactor 499 22 .000 .367 22 .000
AttributelnheritanceFactor 472 22 .000 .346 22 .000
PolymorphismFactor 480 22 .000 405 22 .000
CouplingFactor .366 22 .000 450 22 .000
a Lilliefors Significance Correction
1.7 Replace Magic Number with Symbolic Constant - No Refactoring
Tests of Normality(b,c,d,e,f,g,h)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .336 19 .000 .590 19 .000
CBO .334 19 .000 .768 19 .000
LCOM 452 19 .000 552 19 .000
AverageMethodSize 217 19 .019 784 19 .001
AttributeHidingFactor 323 19 .000 536 19 .000
AttributelnheritanceFactor 325 19 .000 587 19 .000
CouplingFactor 448 19 .000 457 19 .000

Lilliefors Significance Correction

WMC is constant. It has been omitted.

DIT is constant. It has been omitted.

NOC is constant. It has been omitted.

RFC is constant. It has been omitted.
MethodHidingFactor is constant. It has been omitted.
MethodInheritanceFactor is constant. It has been omitted.
PolymorphismFactor is constant. It has been omitted.
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1.8 Decompose Conditional - No Refactoring

Tests of Normality(b,c,d,e,f,g,h)

175

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .326 22 .000 594 22 .000
CBO 323 22 .000 770 22 .000
LCOM 414 22 .000 .564 22 .000
AverageMethodSize 227 22 .004 .769 22 .000
AttributeHidingFactor 314 22 .000 563 22 .000
AttributelnheritanceFactor .326 22 .000 .621 22 .000
CouplingFactor 445 22 .000 .502 22 .000

a Lilliefors Significance Correction

b WMC is constant. It has been omitted.

¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e RFC is constant. It has been omitted.

f MethodHidingFactor is constant. It has been omitted.

g MethodInheritanceFactor is constant. It has been omitted.

h PolymorphismFactor is constant. It has been omitted.

1.9 Rename Method - No Refactoring
Tests of Normality(b,c,d,e,f,g)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 504 32 .000 401 32 .000
wWMC 454 32 .000 413 32 .000
CBO .364 32 .000 .702 32 .000
RFC 539 32 .000 172 32 .000
LCOM .399 32 .000 A17 32 .000
AverageMethodSize 495 32 .000 452 32 .000
AttributeHidingFactor 521 32 .000 .262 32 .000
MethodInheritanceFactor 529 32 .000 .252 32 .000
AttributelnheritanceFactor 4438 32 .000 375 32 .000
PolymorphismFactor 539 32 .000 172 32 .000
CouplingFactor 337 32 .000 .600 32 .000

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d MethodHidingFactor is constant. It has been omitted.
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1.10 (Extract Method + Replace Temp with Query) — Extract Method
Tests of Normality(b,c,d,e,f,g)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 187 9 .200(*) .852 9 .078
CBO 519 9 .000 .390 9 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
LCOM .350 9 .002 .695 9 .001
AverageMethodSize .282 9 .038 .801 9 021
MethodHidingFactor 163 9 .200(*) .963 9 .834
MethodInheritanceFactor .280 9 041 .869 9 121
AttributelnheritanceFactor 497 9 .000 402 9 .000
CouplingFactor 519 9 .000 .390 9 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b WMC is constant. It has been omitted.
¢ DIT is constant. It has been omitted.
d NOC is constant. It has been omitted.
e RFC is constant. It has been omitted.
f AttributeHidingFactor is constant. It has been omitted.
g PolymorphismFactor is constant. It has been omitted.
1.11 (Extract Method + Introduce Explaining Variable) - Extract Method
Tests of Normality(b,c,d,e,f,g)
~__Kolmogorov-Smirnov(a) | Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CyclomaticComplexity 532 13 .000 311 13 .000
CommentPercentage .394 13 .000 597 13 .000
WMC .532 13 .000 311 13 .000
CBO 532 13 .000 311 13 .000
LCOM .389 i .000 677 13 .000
AverageMethodSize 292 13 .003 .566 13 .000
AttributeHidingFactor 462 13 .000 .364 13 .000
AttributelnheritanceFactor 453 13 .000 .588 13 .000
CouplingFactor 532 13 .000 311 13 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted:
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e MethodHidingFactor is constant. It has been omitted.
f MethodInheritanceFactor is constant. It has been omitted.
g PolymorphismFactor is constant. It has been omitted.
1.12 (Extract Method + Move Method) - Extract Method
Tests of Normality(b,c)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CyclomaticComplexity .283 22 .000 812 22 .001
CommentPercentage .165 22 121 935 22 159
WMC .283 22 .000 812 22 .001
DIT 171 22 .095 931 22 128
NOC 170 22 .098 .944 22 237
CBO 290 22 .000 .765 22 .000
RFC 199 22 .024 .849 22 .003
LCOM 301 22 .000 757 22 .000
AverageMethodSize 195 22 .029 .796 22 .000
MethodHidingFactor 134 22 .200(*) 939 22 192
AttributeHidingFactor 510 22 .000 .336 22 .000
MethodInheritanceFactor 134 22 .200(*) .939 22 192
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AttributelnheritanceFactor 448 22 .000 499 22 .000
PolymorphismFactor 539 22 .000 221 22 .000
CouplingFactor .284 22 .000 695 22 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
1.13 (Extract Method + Move Field) - Extract Method
Tests of Normality(b)
~ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CyclomaticComplexity .261 21 .001 .848 21 .004
CommentPercentage 71 21 JA11 912 21 .059
WMC .261 21 .001 .848 21 .004
DIT A71 21 112 941 21 .233
NOC 4. 21 .100 .955 21 428
CBO .239 21 .003 .783 21 .000
RFC 197 21 .032 .857 21 .006
LCOM .290 21 .000 710 21 .000
AverageMethodSize .261 21 .001 .823 21 .002
MethodHidingFactor 104 21 .200(*) 940 21 215
AttributeHidingFactor 496 21 .000 .269 21 .000
MethodInheritanceFactor 104 21 .200(*) .939 21 213
AttributelnheritanceFactor 496 21 .000 ATT7 21 .000
CouplingFactor e 21 .000 579 21 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.
1.14 (Extract Method + Extract Class) - Extract Method
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CyclomaticComplexity 283 22 .000 812 22 .001
CommentPercentage 213 22 011 .861 22 .005
WMC .283 22 .000 812 22 .001
DIT 171 22 .095 931 22 128
NOC .170 22 .098 944 22 237
CBO 290 22 .000 707 22 .000
RFC 199 22 .024 .849 22 .003
LCOM 324 22 .000 778 22 .000
AverageMethodSize 151 22 .200(*) 913 22 .055
AttributeHidingFactor 498 22 .000 .261 22 .000
AttributelnheritanceFactor 499 22 .000 465 22 .000
CouplingFactor .362 22 .000 462 22 .000

* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b MethodHidingFactor is constant. It has been omitted.
¢ MethodInheritanceFactor is constant. It has been omitted.
d PolymorphismFactor is constant. It has been omitted.
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1.15 (Extract Method + Replace Magic Number with Symbolic Constant) - Extract

Method

Tests of Normality(b,c,d,e,f,g,h)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .361 19 .000 .384 19 .000
CBO .388 19 .000 621 19 .000
LCOM 440 19 .000 545 19 .000
AverageMethodSize .283 19 .000 .829 19 .003
AttributeHidingFactor .329 19 .000 501 19 .000
AttributelnheritanceFactor 314 19 .000 .646 19 .000
CouplingFactor 448 19 .000 417 19 .000
a Lilliefors Significance Correction
b WMC is constant. It has been omitted.
¢ DIT is constant. It has been omitted.
d NOC is constant. It has been omitted.
e RFC is constant. It has been omitted.
f MethodHidingFactor is constant. It has been omitted.
g MethodInheritanceFactor is constant. It has been omitted.
h PolymorphismFactor is constant. It has been omitted.
1.16 (Extract Method + Decompose Condition) -Extract Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 270 213 .000 773 21 .000
wWMC .308 21 .000 .765 21 .000
CBO .252 21 .001 787 21 .000
LCOM .369 21 .000 .601 21 .000
AverageMethodSize 215 21 .013 .760 21 .000
MethodHidingFactor 117 21 .200(*) 912 21 .060
AttributeHidingFactor 496 21 .000 .269 21 .000
MethodInheritanceFactor 144 21 .200(*) .944 21 .259
AttributelnheritanceFactor 526 21 .000 .360 21 .000
CouplingFactor .240 21 .003 .635 21 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.17 (Extract Method + Rename Method) - Extract Method
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 454 26 .000 .357 26 .000
WMC 445 26 .000 468 26 .000
CBO .363 26 .000 727 26 .000
LCOM 412 26 .000 507 26 .000
AverageMethodSize 482 26 .000 407 26 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

MethodHidingFactor 512 26 .000 379 26 .000
AttributeHidingFactor 443 26 .000 .397 26 .000
MethodInheritanceFactor 497 26 .000 453 26 .000
AttributelnheritanceFactor 434 26 .000 377 26 .000
PolymorphismFactor 539 26 .000 198 26 .000
CouplingFactor .350 26 .000 .621 26 .000

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

1.18 (Replace Temp with Query + Extract Method) - Replace Temp with Query
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .390 9 .000 .645 9 .000
WMC .256 9 .091 .925 9 439
CBO .386 9 .000 642 9 .000
LCOM .248 9 117 .846 9 .067
AverageMethodSize 278 9 044 754 9 .006
MethodHidingFactor 143 9 .200(*) 972 9 913
AttributeHidingFactor 519 9 .000 .390 9 .000
MethodInheritanceFactor .209 9 .200(*) .923 9 417
AttributelnheritanceFactor 519 9 .000 .390 9 .000
PolymorphismFactor 519 9 .000 .390 9 .000
CouplingFactor .338 9 .004 .786 9 .014

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.

1.19 (Replace Temp with Query + Introduce Explaining Variable) - Replace Temp

with Query
Tests of Normality(b,c,d,e.f,g;h,i,j.k,I)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 412 4 .685 4 .008
LCOM 441 4 .630 4 .001
AverageMethodSize 277 4 .889 4 378

a Lilliefors Significance Correction

b WMC is constant. It has been omitted.

¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e CBO is constant. It has been omitted.

f RFC is constant. It has been omitted.

g MethodHidingFactor is constant. It has been omitted.

h AttributeHidingFactor is constant. It has been omitted.

i MethodInheritanceFactor is constant. It has been omitted.
j AttributelnheritanceFactor is constant. It has been omitted.
k PolymorphismFactor is constant. It has been omitted.

I CouplingFactor is constant. It has been omitted.




1.20 (Replace Temp with Query + Move Method) - Replace Temp with Query

Tests of Normality(b)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .286 8 .053 .829 8 .058
WMC 328 8 011 842 8 .078
DIT 275 8 .075 .828 8 .056
NOC 218 8 .200(*) .904 8 313
CBO .233 8 .200(*) .900 8 291
RFC .164 8 .200(*) 947 8 .680
LCOM 211 8 .200(*) .942 8 .636
AverageMethodSize .347 8 .005 .692 8 .002
MethodHidingFactor .355 8 .004 772 8 .014
AttributeHidingFactor 513 8 .000 418 8 .000
MethodInheritanceFactor .166 8 .200(*) .969 8 .887
AttributelnheritanceFactor 416 8 .000 473 8 .000
CouplingFactor .299 8 .034 715 8 .003
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.
1.21 (Replace Temp with Query + Move Field) - Replace Temp with Query
Tests of Normality(b,c)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 295 8 .039 .840 8 .076
WMC .328 8 .011 842 8 .078
DIT 275 8 .075 .828 8 .056
NOC .218 8 .200(*) .904 8 313
CBO .209 8 .200(*) 920 8 432
RFC 164 8 .200(*) 947 8 .680
LCOM .305 8 .027 .807 8 .034
AverageMethodSize .369 8 .002 .631 8 .000
MethodHidingFactor 454 8 .000 496 8 .000
MethodInheritanceFactor 216 8 .200(*) 943 8 .643
AttributelnheritanceFactor 513 8 .000 418 8 .000
CouplingFactor .281 8 .063 719 8 .004
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b AttributeHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.
1.22 (Replace Temp with Query + Extract Class) - Replace Temp with Query
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 247 8 161 871 8 154
WMC 332 8 .010 .837 8 .070
DIT 275 8 .075 .828 8 .056
NOC 218 8 .200(*) .904 8 313
CBO .255 8 135 761 8 011
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
RFC 164 8 .200(*) 947 8 .680
LCOM .303 8 .029 714 8 .003
AverageMethodSize .358 8 .003 .608 8 .000
AttributelnheritanceFactor 513 8 .000 418 8 .000
CouplingFactor .388 8 .001 .643 8 .000

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It has been omitted.

¢ AttributeHidingFactor is constant. It has been omitted.

d MethodInheritanceFactor is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.

1.23 (Replace Temp with Query + Replace Magic Number with Symbolic Constant) -

Replace Temp with Query

Tests of Normality(b,c,d,e,f,g,h)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .356 7 .008 .800 7 .041
CBO .337 7 .016 747 7 .012
LCOM .504 7 .000 453 7 .000
AverageMethodSize 241 7 .200(*) .900 7 .330
AttributeHidingFactor .466 7 .000 492 7 .000
AttributelnheritanceFactor .252 7 .200 737 7 .009
CouplingFactor .380 7 .003 557 7 .000

* This is a lower bound of the true significance.
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Lilliefors Significance Correction

WMC is constant. It has been omitted.

DIT is constant. It has been omitted.

NOC is constant. It has been omitted.

RFC is constant. It has been omitted.
MethodHidingFactor is constant. It has been omitted.
MethodInheritanceFactor is constant. It has been omitted.
PolymorphismFactor is constant. It has been omitted.

1.24 (Replace Temp with Query + Decompose.- Conditional) Replace Temp with

Query

Tests of Normality(b,c,d,e,f,g,h,i,j,K)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 133 7 .200(*) .990 7 .993
WMC .280 7 104 .808 7 .049
CBO 344 7 .012 77 7 .024
LCOM 273 7 124 .892 7 .286
AverageMethodSize 279 7 .106 .796 7 .037
MethodHidingFactor 190 7 .200(*) .956 7 787
AttributeHidingFactor 504 7 .000 453 7 .000
MethodInheritanceFactor 144 7 .200(*) 971 7 .905
AttributelnheritanceFactor 416 7 .001 511 7 .000
CouplingFactor 234 7 .200(*) .922 7 484
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1.25 (Replace Temp with Query + Rename Method) - Replace Temp with Query

This is a lower bound of the true significance.
Lilliefors Significance Correction

DIT is constant. It has been omitted.

NOC is constant. It has been omitted.

RFC is constant. It has been omitted.
PolymorphismFactor is constant. It has been omitted.

Tests of Normality
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 464 12 .000 554 12 .000
WMC .530 12 .000 327 12 .000
DIT .530 12 .000 327 12 .000
NOC .530 12 .000 327 12 .000
CBO ¢673 12 .000 .352 12 .000
RFC .530 12 .000 327 12 .000
LCOM 476 12 .000 .568 12 .000
AverageMethodSize 371 12 .000 .649 12 .000
MethodHidingFactor .530 12 .000 327 12 .000
AttributeHidingFactor 530 12 .000 327 12 .000
MethodInheritanceFactor AT74 12 .000 516 12 .000
AttributelnheritanceFactor 448 12 .000 401 12 .000
PolymorphismFactor 530 12 .000 327 12 .000
CouplingFactor .489 12 .000 .386 12 .000
a Lilliefors Significance Correction
1.26 (Introduce Explaining Variable + Extract Method) - Introduce Explaining
Variable
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .249 13 .027 875 13 .061
WMC .350 13 .000 716 13 .001
CBO 323 13 .001 .633 13 .000
LCOM .254 13 .022 .700 13 .001
AverageMethodSize .300 13 .002 .621 13 .000
MethodHidingFactor 130 13 .200(*) .938 13 428
AttributeHidingFactor 529 13 .000 .326 13 .000
MethodInheritanceFactor 102 13 .200(*) 953 13 .643
AttributelnheritanceFactor 501 13 .000 .345 13 .000
CouplingFactor 332 13 .000 .807 13 .008

* This is a lower bound of the true significance.
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Lilliefors Significance Correction

DIT is constant. It has been omitted.

NOC is constant. It has been omitted.

RFC is constant. It has been omitted.
PolymorphismFactor is constant. It has been omitted.




1.27 (Introduce Explaining Variable + Replace Temp with Query) - Introduce

Explaining Variable

Tests of Normality(b,c,d,e,f,g,h)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .304 4 .804 4 109
CBO 441 4 .630 4 .001
LCOM .281 4 941 4 .662
AverageMethodSize .198 4 972 4 .851
MethodHidingFactor .149 4 .994 4 979
MethodInheritanceFactor .168 4 .990 4 .956
CouplingFactor 441 4 .630 4 .001

a Lilliefors Significance Correction

b WMC is constant. It has been omitted.

¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e RFC is constant. It has been omitted.

f AttributeHidingFactor is constant. It has been omitted.

g AttributelnheritanceFactor is constant. It has been omitted.

h PolymorphismFactor is constant. It has been omitted.

1.28 (Introduce Explaining Variable + Move Method) - Introduce Explaining
Variable
Tests of Normality(b,c)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .238 11 .083 .888 11 131
WMC .298 11 .007 .832 11 024
DIT .159 11 .200(*) .930 11 413
NOC .253 11 .048 879 11 101
CBO 244 11 .067 .898 11 176
RFC .205 11 .200(*) 824 11 .020
LCOM 335 11 .001 .609 11 .000
AverageMethodSize 336 11 .001 572 11 .000
AttributeHidingFactor 516 11 .000 .398 11 .000
MethodInheritanceFactor .307 11 .005 .738 11 .001
AttributelnheritanceFactor .392 11 .000 677 11 .000
CouplingFactor 197 11 .200(*) .898 11 176

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.

1.29 (Introduce Explaining Variable + Move Field) - Introduce Explaining Variable

Tests of Normality(b,c)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 281 11 .015 .865 11 .066
WMC .260 11 .036 .838 11 .029
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
DIT 159 11 .200(*) .930 11 413
NOC .253 11 .048 879 11 101
CBO .198 11 .200(*) .935 11 468
RFC .205 11 .200(*) 824 11 .020
LCOM 151 11 .200(*) .964 11 819
AverageMethodSize .337 11 .001 .665 11 .000
AttributeHidingFactor 472 11 .000 .550 11 .000
MethodInheritanceFactor .343 11 .001 .703 11 .001
AttributelnheritanceFactor 446 11 .000 .601 11 .000
CouplingFactor .168 11 .200(*) .879 11 .100

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.

1.30 (Introduce Explaining Variable + Extract Class) - Introduce Explaining Variable

Tests of Normality(b)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .308 11 .004 747 11 .002
wWMC .281 11 .015 796 11 .008
DIT .306 11 .005 738 11 .001
NOC 274 11 .020 .753 11 .002
CBO 402 11 .000 .650 11 .000
RFC .355 11 .000 .586 11 .000
LCOM 264 11 .031 847 11 .039
AverageMethodSize .293 11 .009 .827 11 .022
AttributeHidingFactor 462 11 .000 439 11 .000
MethodInheritanceFactor 492 11 .000 487 11 .000
AttributelnheritanceFactor 404 11 .000 551 11 .000
PolymorphismFactor 528 11 .000 .345 11 .000
CouplingFactor vl il .000 671 11 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It'has been omitted.

1.31 (Introduce Explaining Variable + Replace Magic Number with Symbolic
Constant) - Introduce Explaining Variable
Tests of Normality(b,c)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 450 12 .000 524 12 .000
WMC 498 12 .000 481 12 .000
DIT 530 12 .000 327 12 .000
NOC 530 12 .000 327 12 .000
CBO 502 12 .000 357 12 .000
RFC 530 12 .000 327 12 .000
LCOM 448 12 .000 .590 12 .000
AverageMethodSize 454 12 .000 370 12 .000
AttributeHidingFactor .386 12 .000 .801 12 .010
MethodInheritanceFactor 530 12 .000 327 12 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AttributelnheritanceFactor 401 12 .000 717 12 .001
CouplingFactor 433 12 .000 .661 12 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b MethodHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.
1.32 (Introduce Explaining Variable + Decompose Conditional) - Introduce
Explaining Variable
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .346 11 .001 .764 11 .003
WMC .347 11 .001 676 11 .000
CBO .262 11 .033 .663 11 .000
LCOM .236 11 .087 .880 11 .106
AverageMethodSize .366 140 .000 .612 11 .000
MethodHidingFactor .165 11 .200(*) .849 11 042
AttributeHidingFactor .528 11 .000 .345 11 .000
MethodInheritanceFactor .197 11 .200(%) .856 11 .052
AttributelnheritanceFactor 528 11 .000 .345 11 .000
CouplingFactor 152 11 .200(*) .963 11 .807
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.33 (Introduce Explaining Variable + Rename Method) - Introduce Explaining
Variable
Tests of Normality(b,c,d,e,f,g)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 441 12 .000 .588 12 .000
WMC 496 12 .000 487 12 .000
CBO .259 12 .025 .833 12 .023
LCOM 434 12 .000 701 12 .001
AverageMethodSize 456 12 .000 456 12 .000
AttributeHidingFactor .509 12 .000 421 12 .000
AttributelnheritanceFactor 414 12 .000 .685 12 .001
CouplingFactor .369 12 .000 .583 12 .000

Q

Lilliefors Significance Correction

DIT is constant. It has been omitted.
NOC is constant. It has been omitted.

MethodHidingFactor is constant. It has been omitted.
MethodInheritanceFactor is constant. It has been omitted.

b
c
d RFC is constant. It has been omitted.
e
f
g

PolymorphismFactor is constant. It has been omitted.




1.34 (Move Method + Extract Method) - Move Method

Tests of Normality(b,c,d,e)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 337 23 .000 .640 23 .000
WMC 448 23 .000 .358 23 .000
CBO 391 23 .000 .682 23 .000
LCOM 267 23 .000 844 23 .002
AverageMethodSize 195 23 .023 811 23 .001
MethodHidingFactor .158 23 139 877 23 .009
AttributeHidingFactor .504 23 .000 .353 23 .000
MethodInheritanceFactor .203 23 .015 .883 23 011
AttributelnheritanceFactor 426 23 .000 .556 23 .000
CouplingFactor .466 23 .000 .245 23 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.35 (Move Method + Replace Temp with Query) - Move Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 271 8 .085 .847 8 .089
wWMC 513 8 .000 418 8 .000
CBO 483 8 .000 542 8 .000
LCOM 164 8 .200(*) .965 8 .853
AverageMethodSize 421 8 .000 .580 8 .000
MethodHidingFactor 270 8 .089 .804 8 .031
AttributeHidingFactor "5 8 .000 418 8 .000
MethodInheritanceFactor 315 8 .019 .802 8 .030
AttributelnheritanceFactor 513 8 .000 418 8 .000
CouplingFactor 501 8 .000 472 8 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC.is constant. It has.been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.36 (Move Method + Introduce Explaining Variable) - Move Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 212 11 181 .894 11 155
WMC 432 11 .000 617 11 .000
CBO .336 11 .001 813 11 014
LCOM 465 11 .000 557 11 .000
AverageMethodSize .307 11 .005 595 11 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
MethodHidingFactor 528 11 .000 .345 11 .000
AttributeHidingFactor 516 11 .000 .398 11 .000
MethodInheritanceFactor 524 11 .000 347 11 .000
AttributelnheritanceFactor 414 11 .000 .627 11 .000
CouplingFactor 459 11 .000 484 11 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.37 (Move Method + Move Field) - Move Method
Tests of Normality(b,c,d,e,f,g,h,i,j,K)
. Kolmogorov-Smimov(a) | Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
LCOM .538 20 .000 .236 20 .000
AttributeHidingFactor .538 20 .000 .236 20 .000
AttributelnheritanceFactor .501 20 .000 .286 20 .000
a Lilliefors Significance Correction
b CommentPercentage#Minute is constant. It has been omitted.
¢ WMC#Minute is constant. It has been omitted.
d DIT#Minute is constant. It has been omitted.
e NOC#Muinute is constant. It has been omitted.
f CBO#Minute is constant. It has been omitted.
g RFC#Minute is constant. It has been omitted.
h MethodHidingFactor is constant. It has been omitted.
i MethodlInheritanceFactor is constant. It has been omitted.
j PolymorphismFactor is constant. It has been omitted.
k CouplingFactor is constant. It has been omitted.
1.38 (Move Method + Extract Class) - Move Method
Tests of Normality(b,c,d,e,f,g,h,i,j,K)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig: Statistic df Sig.
LCOM 525 22 .000 .284 22 .000
AverageMethodSize 539 22 .000 221 22 .000
AttributeHidingFactor 524 22 .000 .356 22 .000
AttributelnheritanceFactor 486 22 .000 400 22 .000

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.
d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.
f CBO is constant. It has been omitted.
g RFC is constant. It has been omitted.
h MethodHidingFactor is constant. It has been omitted.

i MethodlInheritanceFactor is constant. It has been omitted.
j PolymorphismFactor is constant. It has been omitted.

k CouplingFactor is constant. It has been omitted.




1.39 (Move Method + Replace Magic Number with Symbolic Constant) - Move

Method

Tests of Normality(b,c,d,e,f,g,h)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .365 17 .000 528 17 .000
CBO .396 17 .000 .580 17 .000
LCOM 530 17 .000 296 17 .000
AverageMethodSize .202 1 .063 923 17 164
AttributeHidingFactor .368 17 .000 413 17 .000
AttributelnheritanceFactor w2 Ll 17 .001 .695 17 .000
CouplingFactor 465 17 .000 .310 17 .000
a Lilliefors Significance Correction
b WMC is constant. It has been omitted.
¢ DIT is constant. It has been omitted.
d NOC is constant. It has been omitted.
e RFC is constant. It has been omitted.
f MethodHidingFactor is constant. It has been omitted.
g MethodInheritanceFactor is constant. It has been omitted.
h PolymorphismFactor is constant. It has been omitted.
1.40 (Move Method + Decompose Conditional) - Move Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 220 19 .016 .848 19 .006
wWMC .280 19 .000 .840 19 .005
CBO .305 19 .000 647 19 .000
LCOM .238 19 .006 678 19 .000
AverageMethodSize 239 19 .006 .804 19 .001
MethodHidingFactor .086 19 .200(*) .957 19 507
AttributeHidingFactor 522 19 .000 372 19 .000
MethodInheritanceFactor 132 19 .200(*) 941 19 .269
AttributelnheritanceFactor 524 19 .000 374 19 .000
CouplingFactor .186 19 .082 .866 19 .012
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.41 (Move Method + Rename Method) - Move Method
Tests of Normality
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 423 22 .000 329 22 .000
WMC 502 22 .000 247 22 .000
DIT 539 22 .000 221 22 .000
NOC 539 22 .000 221 22 .000
CBO 282 22 .000 767 22 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
RFC 539 22 .000 221 22 .000
LCOM 465 22 .000 331 22 .000
AverageMethodSize 407 22 .000 415 22 .000
MethodHidingFactor 502 22 .000 .361 22 .000
AttributeHidingFactor 505 22 .000 437 22 .000
MethodInheritanceFactor 478 22 .000 .333 22 .000
AttributelnheritanceFactor 439 22 .000 .355 22 .000
PolymorphismFactor 539 22 .000 221 22 .000
CouplingFactor 314 22 .000 .612 22 .000
1.42 (Move Field + Extract Method) - Move Field
Tests of Normality(b,c,d)
~_ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .245 21 .002 .863 21 .007
WMC .389 21 .000 594 21 .000
CBO 331 21 .000 678 21 .000
LCOM .307 21 .000 622 21 .000
AverageMethodSize .206 21 .020 .698 21 .000
MethodHidingFactor 72 21 107 923 21 .100
AttributeHidingFactor 499 21 .000 .257 21 .000
MethodInheritanceFactor 138 21 .200(*) 923 21 .100
AttributelnheritanceFactor 529 21 .000 .345 21 .000
PolymorphismFactor 539 21 .000 228 21 .000
CouplingFactor 466 21 .000 452 21 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
1.43 (Move Field + Replace Temp with Query) - Move Field
Tests.of Normality(b,c,d,e;f,g,h,i,j,K)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .200 8 .200(*) 918 8 410
WMC 513 8 .000 418 8 .000
CBO 430 8 .000 678 8 .001
LCOM 334 8 .009 754 8 .009
AverageMethodSize 316 8 .018 778 8 .017
MethodHidingFactor .284 8 .056 .804 8 .031
MethodInheritanceFactor 279 8 .067 .843 8 .080
CouplingFactor 391 8 .001 544 8 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

i AttributeHidingFactor is constant. It has been omitted.

j AttributelnheritanceFactor is constant. It has been omitted.
k PolymorphismFactor is constant. It has been omitted.




1.44 (Move Field + Introduce Explaining Variable) - Move Field

Tests of Normality(b,c,d,e)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 196 10 .200(*) .948 10 .648
WMC 370 10 .000 .756 10 .004
CBO 410 10 .000 ATT 10 .000
LCOM .307 10 .008 879 10 126
AverageMethodSize .355 10 .001 771 10 .006
MethodHidingFactor 524 10 .000 .366 10 .000
AttributeHidingFactor 431 10 .000 418 10 .000
MethodInheritanceFactor .367 10 .000 767 10 .006
AttributelnheritanceFactor .395 10 .000 561 10 .000
CouplingFactor .393 10 .000 746 10 .003
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.45 (Move Field + Move Method) - Move Field
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .290 20 .000 677 20 .000
WMC 507 20 .000 .359 20 .000
CBO .330 20 .000 734 20 .000
LCOM .344 20 .000 545 20 .000
AverageMethodSize 416 20 .000 400 20 .000
MethodHidingFactor .538 20 .000 .236 20 .000
AttributeHidingFactor 451 20 .000 273 20 .000
MethodInheritanceFactor 331 20 .000 671 20 .000
AttributelnheritanceFactor 485 20 .000 .387 20 .000
CouplingFactor .239 20 .004 .845 20 .004
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.46 (Move Field + Extract Class) - Move Field
Tests of Normality(b,c,d,e,f,g,h,i,j)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .538 20 .000 .236 20 .000
LCOM 519 20 .000 .398 20 .000
AverageMethodSize 533 20 .000 261 20 .000
AttributeHidingFactor .500 20 .000 .366 20 .000
AttributelnheritanceFactor 483 20 .000 .390 20 .000

a Lilliefors Significance Correction
b WMC is constant. It has been omitted.




¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e CBO is constant. It has been omitted.

f RFC is constant. It has been omitted.

g MethodHidingFactor is constant. It has been omitted.

h MethodInheritanceFactor is constant. It has been omitted.
i PolymorphismFactor is constant. It has been omitted.

j CouplingFactor is constant. It has been omitted.
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1.47 (Move Field + Replace Magic Number with Symbolic Constant) - Move Field

Tests of Normality(b,c,d,e,f,g,h)

[ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 341 16 .000 544 16 .000
CBO .384 16 .000 599 16 .000
LCOM 485 16 .000 544 16 .000
AverageMethodSize 221 16 .036 919 16 .160
AttributeHidingFactor .355 16 .000 431 16 .000
AttributelnheritanceFactor .244 16 .012 718 16 .000
CouplingFactor 455 16 .000 327 16 .000

a Lilliefors Significance Correction

b WMC#Muinute is constant. It has been omitted.

¢ DIT#Minute is constant. It has been omitted.

d NOC#Minute is constant. It has been omitted.

e RFC#Minute is constant. It has been omitted.

f MethodHidingFactor#Minute is constant. It has been omitted.

g MethodInheritanceFactor#Minute is constant. It has been omitted.

h PolymorphismFactor#Minute is constant. It has been omitted.

1.48 (Move Field + Decompose Conditional) - Move Field
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 235 17 .013 831 17 .006
wWMC .285 17 .001 814 17 .003
CBO .307 17 .000 673 17 .000
LCOM 247 17 .007 773 17 .001
AverageMethodSize .218 17 .032 749 17 .000
MethodHidingFactor 149 17 .200(*) .932 17 231
AttributeHidingFactor 449 17 .000 421 17 .000
MethodInheritanceFactor 114 17 .200(*) 927 17 197
AttributelnheritanceFactor 443 17 .000 522 17 .000
CouplingFactor 199 17 071 .845 17 .009

* This isa lower bound of the true significance.

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

e PolymorphismFactor is constant. It has been omitted.




1.49 (Move Field + Rename Method) - Move Field

Tests of Normality(b,c,d,e)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 297 21 .000 .826 21 .002
WMC .389 21 .000 .688 21 .000
CBO .269 21 .000 821 21 .001
LCOM .260 21 .001 781 21 .000
AverageMethodSize .363 21 .000 .648 21 .000
MethodHidingFactor .458 21 .000 530 21 .000
AttributeHidingFactor 532 21 .000 .258 21 .000
MethodInheritanceFactor .358 21 .000 .750 21 .000
AttributelnheritanceFactor .530 21 .000 .266 21 .000
CouplingFactor 314 21 .000 .706 21 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.50 (Extract Class + Extract Method) - Extract Class
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 276 21 .000 811 21 .001
WMC 413 s .000 554 21 .000
CBO .356 21 .000 539 21 .000
LCOM .309 21 .000 670 21 .000
AverageMethodSize .260 21 .001 .627 21 .000
MethodHidingFactor 170 21 115 .954 21 .398
AttributeHidingFactor .536 21 .000 240 21 .000
MethodInheritanceFactor 125 21 .200(*) .946 21 .285
AttributelnheritanceFactor 526 o .000 .284 21 .000
PolymorphismFactor 539 21 .000 228 21 .000
CouplingFactor 234 21 .004 814 21 .001
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
1.51 (Extract Class + Replace Temp with Query) - Extract Class
Tests of Normality(b,c,d,e,f,g,h)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .304 8 .028 175 8 .016
CBO 513 8 .000 418 8 .000
LCOM 181 8 .200(*) .945 8 .660
AverageMethodSize 199 8 .200(*) 871 8 153
MethodHidingFactor 178 8 .200(*) .967 8 873
MethodInheritanceFactor .307 8 .026 .858 8 114
CouplingFactor 513 8 .000 418 8 .000




This is a lower bound of the true significance.

Lilliefors Significance Correction

WMC is constant. It has been omitted.

DIT is constant. It has been omitted.

NOC is constant. It has been omitted.

RFC is constant. It has been omitted.
AttributeHidingFactor is constant. It has been omitted.
AttributelnheritanceFactor is constant. It has been omitted.
PolymorphismFactor is constant. It has been omitted.
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1.52 (Extract Class + Introduce Explaining Variable) - Extract Class

Tests of Normality(b)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 1522 11 .000 .364 11 .000
WMC .526 11 .000 .352 11 .000
DIT 528 11 .000 .345 11 .000
NOC .528 11 .000 .345 11 .000
CBO .528 11 .000 .345 11 .000
RFC .528 11 .000 .345 11 .000
LCOM 491 11 .000 501 11 .000
AverageMethodSize .308 11 .005 597 11 .000
AttributeHidingFactor 462 11 .000 439 11 .000
MethodInheritanceFactor 528 11 .000 .345 11 .000
AttributelnheritanceFactor 479 11 .000 496 11 .000
PolymorphismFactor 528 11 .000 .345 11 .000
CouplingFactor 528 11 .000 .345 11 .000
a Lilliefors Significance Correction
b MethodHidingFactor is constant. It has been omitted.
1.53 (Extract Class + Move Method) - Extract Class
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 297 22 .000 713 22 .000
WMC 425 22 .000 597 22 .000
CBO .355 22 .000 .619 22 .000
LCOM .309 22 .000 595 22 .000
AverageMethodSize 293 22 .000 572 22 .000
MethodHidingFactor 463 22 .000 421 22 .000
AttributeHidingFactor 524 22 .000 356 22 .000
MethodInheritanceFactor 227 22 .004 .861 22 .005
AttributelnheritanceFactor 524 22 .000 .369 22 .000
CouplingFactor 482 22 .000 .368 22 .000

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

e PolymorphismFactor is constant. It has been omitted.




1.54 (Extract Class + Move Field) - Extract Class

Tests of Normality(b,c,d,e)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .256 20 .001 714 20 .000
WMC 507 20 .000 454 20 .000
CBO .345 20 .000 .632 20 .000
LCOM .286 20 .000 822 20 .002
AverageMethodSize .287 20 .000 735 20 .000
MethodHidingFactor .480 20 .000 424 20 .000
AttributeHidingFactor .519 20 .000 .385 20 .000
MethodInheritanceFactor it 20 .018 .861 20 .008
AttributelnheritanceFactor 457 20 .000 554 20 .000
CouplingFactor 489 20 .000 .381 20 .000

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.

1.55 (Extract Class + Replace Magic Number with Symbolic Constant) - Extract

Class

Tests of Normality(b,c,d,e,f,g,h,i)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 343 17 .000 518 17 .000
CBO .396 17 .000 .580 17 .000
LCOM 537 17 .000 .262 17 .000
AverageMethodSize nGidiel 17 .043 .892 17 .050
AttributeHidingFactor .364 17 .000 413 17 .000
AttributelnheritanceFactor .262 17 .003 .694 17 .000
CouplingFactor 464 n .000 327 17 .000

a Lilliefors Significance Correction

b CyclomaticComplexity#Minute is constant. It has been omitted.

¢ WMCH#Muinute is constant. It has been omitted.

d DIT#Minute is constant. It has been omitted.

e NOC#Muinute is constant. It has been omitted.

f RFC#Minute is constant. It has been omitted.

g MethodHidingFactor#Minute is constant. It has been omitted.

h MethodlInheritanceFactor#Minute is constant. It has been omitted.

i PolymorphismFactor#Minute is constant. It has been omitted.

1.56 (Extract Class + Decompose Conditional) - Extract Class
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 310 19 .000 .638 19 .000
wWMC .300 19 .000 .789 19 .001
CBO 277 19 .000 .756 19 .000
LCOM 243 19 .004 641 19 .000
AverageMethodSize .287 19 .000 671 19 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

MethodHidingFactor .106 19 .200(*) .984 19 .980
AttributeHidingFactor 476 19 .000 .383 19 .000
MethodInheritanceFactor 130 19 .200(*) 951 19 417
AttributelnheritanceFactor 474 19 .000 .545 19 .000
CouplingFactor 274 19 .001 .629 19 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

e PolymorphismFactor is constant. It has been omitted.

1.57 (Extract Class + Rename Method) - Extract Class
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

WMC 439 22 .000 513 22 .000
DIT .539 22 .000 221 22 .000
NOC .539 22 .000 221 22 .000
CBO .326 22 .000 .708 22 .000
RFC .539 22 .000 221 22 .000
LCOM 531 22 .000 .256 22 .000
AverageMethodSize 447 22 .000 469 22 .000
AttributeHidingFactor 527 22 .000 .340 22 .000
MethodInheritanceFactor 539 22 .000 221 22 .000
AttributelnheritanceFactor 507 22 .000 429 22 .000
CouplingFactor .288 22 .000 .641 22 .000

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.
¢ MethodHidingFactor is constant. It has been omitted.
d PolymorphismFactor is constant. It has been omitted.

1.58 (Replace Magic Number with Symbolic Constant + Extract Method) - Replace

Magic Number with Symbolic Constant

Tests of Normality(b,c,d)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .208 20 .023 .843 20 .004
WMC 444 20 .000 529 20 .000
CBO .360 20 .000 .553 20 .000
LCOM 319 20 .000 691 20 .000
AverageMethodSize 272 20 .000 .676 20 .000
MethodHidingFactor 117 20 .200(*) .968 20 .704
AttributeHidingFactor 454 20 .000 482 20 .000
MethodInheritanceFactor 113 20 .200(*) .969 20 725
AttributelnheritanceFactor 469 20 .000 314 20 .000
PolymorphismFactor 538 20 .000 .236 20 .000
CouplingFactor 215 20 .016 .833 20 .003




* This is a lower bound of the true significance.
a Lilliefors Significance Correction

b DIT#Minute is constant. It has been omitted.

¢ NOC#Muinute is constant. It has been omitted.
d RFC#Minute is constant. It has been omitted.
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1.59 (Replace Magic Number with Symbolic Constant + Replace Temp with Query) -

Replace Magic Number with Symbolic Constant

Tests of Normality(b,c,d,e,f,g,h)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .282 7 .097 .829 7 .078
CBO 504 7 .000 453 7 .000
LCOM .209 T4 .200(*) .936 7 .605
AverageMethodSize 251 7 .200(*) .807 7 .048
MethodHidingFactor .166 7 .200(*) .926 7 518
MethodInheritanceFactor .328 \/ .022 718 7 .006
CouplingFactor .504 7 .000 453 7 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b WMC is constant. It has been omitted.

¢ DIT is constant. It has been omitted.

d NOC is constant. It has been omitted.

e RFC is constant. It has been omitted.

f AttributeHidingFactor is constant. It has been omitted.

g AttributelnheritanceFactor is constant. It has been omitted.

h PolymorphismFactor is constant. It has been omitted.

1.60 (Replace Magic Number with Symbolic Constant + Introduce Explaining
Variable) - Replace Magic Number with Symbolic Constant
Tests of Normality(b,c,d,e,f,g)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 461 12 .000 481 12 .000
WMC 496 12 .000 491 12 .000
DIT 530 12 .000 327 12 .000
NOC#Minute 530 12 .000 327 12 .000
CBO#Minute 508 12 .000 .335 12 .000
RFC#Minute 530 12 .000 327 12 .000
LCOM#Minute 397 12 .000 .600 12 .000
AverageMethodSize 451 12 .000 .396 12 .000
AttributeHidingFactor 478 12 .000 573 12 .000
MethodInheritanceFactor 530 12 .000 327 12 .000
AttributelnheritanceFactor 427 12 .000 .589 12 .000
CouplingFactor 487 12 .000 472 12 .000

a Lilliefors Significance Correction
b MethodHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.
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1.61 (Replace Magic Number with Symbolic Constant + Move Method) - Replace

Magic Number with Symbolic Constant

Tests of Normality(b)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .238 17 011 .883 17 .036
WMC 292 17 .000 781 17 .001
DIT .203 17 .062 878 17 .030
NOC 2125 17 .200(*) 926 17 .186
CBO .224 17 .024 .892 17 .049
RFC .200 17 .069 834 17 .006
LCOM 326 17 .000 642 17 .000
AverageMethodSize .283 17 .001 .659 17 .000
MethodHidingFactor 1534 17 .000 .262 17 .000
AttributeHidingFactor .518 17 .000 405 17 .000
MethodInheritanceFactor .220 17 .028 .896 17 .059
AttributelnheritanceFactor 510 17 .000 442 17 .000
CouplingFactor .238 17 .011 .644 17 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b PolymorphismFactor is constant. It has been omitted.

1.62 (Replace Magic Number with Symbolic Constant + Move Field) - Replace
Magic Number with Symbolic Constant
Tests of Normality(b)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 243 16 .013 .866 16 .023
WMC 279 16 .002 814 16 .004
DIT .207 16 .065 .888 16 .052
NOC 119 16 .200(*) .942 16 370
CBO .285 16 .001 .858 16 .018
RFC 201 16 .082 .842 16 .010
LCOM 224 16 031 917 16 149
AverageMethodSize 278 16 .002 .815 16 .004
MethodHidingFactor 536 16 .000 273 16 .000
AttributeHidingFactor 511 16 .000 441 16 .000
MethodInheritanceFactor .236 16 017 877 16 .035
AttributelnheritanceFactor 376 16 .000 726 16 .000
CouplingFactor 231 16 .022 .664 16 .000

* This is-a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.




1.63 (Replace Magic Number with Symbolic Constant + Extract Class) - Replace

Magic Number with Symbolic Constant

Tests of Normality(b,c,d)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .298 17 .000 796 17 .002
WMC 294 17 .000 791 17 .002
DIT .203 17 .062 878 17 .030
NOC 125 17 .200(*) .926 17 .186
CBO .303 17 .000 .708 17 .000
RFC .200 17 .069 .834 17 .006
LCOM .290 17 .000 .753 17 .000
AverageMethodSize .304 17 .000 704 17 .000
AttributeHidingFactor 520 17 .000 .397 17 .000
AttributelnheritanceFactor 518 17 .000 399 17 .000
CouplingFactor 460 17 .000 344 17 .000

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It has been omitted.

¢ MethodlInheritanceFactor is constant. It has been omitted.
d PolymorphismFactor is constant. It has been omitted.

1.64 (Replace Magic Number with Symbolic Constant + Decompose Conditional) - Replace

Magic Number with Symbolic Constant

Tests of Normality(b,c)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 442 18 .000 516 18 .000
WMC 445 18 .000 .338 18 .000
CBO .209 18 .037 .835 18 .005
RFC 538 18 .000 .253 18 .000
LCOM .298 18 .000 731 18 .000
AverageMethodSize 314 18 .000 .660 18 .000
MethodHidingFactor 104 18 .200(*) 975 18 .880
AttributeHidingFactor 472 18 .000 476 18 .000
MethodInheritanceFactor 153 18 .200(%) .920 18 128
AttributelnheritanceFactor 531 18 .000 276 18 .000
PolymorphismFactor 538 18 .000 .253 18 .000
CouplingFactor .264 18 .002 679 18 .000

* This is a lower bound-of the true significance.
a Lilliefors Significance Correction

b DIT#Minute is constant. It has been omitted.
¢ NOC#Muinute is constant. It has been omitted.




1.65 (Replace Magic Number with Symbolic Constant + Rename Method) - Replace

Magic Number with Symbolic Constant

Tests of Normality(b,c,d,e,f,g)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 442 22 .000 422 22 .000
WMC 493 22 .000 249 22 .000
CBO 297 22 .000 .788 22 .000
LCOM .480 22 .000 435 22 .000
AverageMethodSize .486 22 .000 .252 22 .000
AttributeHidingFactor 453 22 .000 473 22 .000
AttributelnheritanceFactor 455 22 .000 279 22 .000
CouplingFactor .228 22 .004 .819 22 .001
a Lilliefors Significance Correction
b DIT#Minute is constant. It has been omitted.
¢ NOC#Muinute is constant. It has been omitted.
d RFC#Minute is constant. It has been omitted.
e MethodHidingFactor#Minute is constant. It has been omitted.
f MethodInheritanceFactor#Minute is constant. It has been omitted.
g PolymorphismFactor#Minute is constant. It has been omitted.
1.66 (Decompose Conditional + Extract Method) - Decompose Conditional
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .283 22 .000 758 22 .000
WMC .350 22 .000 562 22 .000
CBO .345 22 .000 561 22 .000
LCOM .338 22 .000 .600 22 .000
AverageMethodSize 231 22 .003 770 22 .000
MethodHidingFactor 114 22 .200(*) .950 22 311
AttributeHidingFactor 537 22 .000 233 22 .000
MethodInheritanceFactor 122 22 .200(*) 931 22 129
AttributelnheritanceFactor 527 22 .000 .357 22 .000
PolymorphismFactor 539 22 .000 221 22 .000
CouplingFactor .216 22 .009 .831 22 .002
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT#Minute is constant. It has been omitted.
¢ NOC#Minute is constant.. It has been omitted.
d RFC#Minute is constant. It has been omitted.
1.67 (Decompose Conditional + Replace Temp with Query) - Decompose
Conditional
Tests of Normality(b,c,d,e,f)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 319 7 .030 .812 7 .054
CBO 406 7 .001 737 7 .009
LCOM 199 7 .200(*) 916 7 439




200

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize .304 7 .050 .696 7 .003
MethodHidingFactor .210 7 .200(*) 891 7 279
AttributeHidingFactor 504 7 .000 453 7 .000
MethodInheritanceFactor .340 7 014 813 7 .055
AttributelnheritanceFactor 427 7 .000 .652 7 .001
CouplingFactor 375 7 .004 762 7 .017
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b WMC#Minute is constant. It has been omitted.
¢ DIT#Minute is constant. It has been omitted.
d NOC#Minute is constant. It has been omitted.
e RFC#Minute is constant. It has been omitted.
f PolymorphismFactor#Minute is constant. It has been omitted.
1.68 (Decompose Conditional + Introduce Explaining Variable) - Decompose
Conditional
Tests of Normality(b,c,d,e)
__ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 244 11 .066 .789 11 .007
WMC .376 11 .000 .803 11 .010
CBO .346 11 .001 767 11 .003
LCOM 441 11 .000 455 11 .000
AverageMethodSize .286 11 .012 831 11 .024
MethodHidingFactor .353 11 .000 .800 11 .009
AttributeHidingFactor 528 11 .000 .345 11 .000
MethodInheritanceFactor .362 11 .000 .769 11 .004
AttributelnheritanceFactor 528 11 .000 .345 11 .000
CouplingFactor 443 11 .000 .603 11 .000
a Lilliefors Significance Correction
b DIT#Minute is constant. It has been omitted.
¢ NOC#Muinute is constant. It has been omitted.
d RFC#Minute is constant. It has been omitted.
e PolymorphismFactor#Minute is constant. It has been omitted.
1.69 (Decompose Conditional + Move Method) - Decompose Conditional
Tests of Normality(b)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 199 19 .047 .903 19 .054
WMC .262 19 .001 .801 19 .001
DIT .187 19 .078 .884 19 .026
NOC .168 19 164 .933 19 194
CBO .268 19 .001 .836 19 .004
RFC .207 19 .031 811 19 .002
LCOM 299 19 .000 577 19 .000
AverageMethodSize 174 19 133 915 19 .090
MethodHidingFactor .188 19 075 .942 19 .287
AttributeHidingFactor 522 19 .000 372 19 .000
MethodInheritanceFactor .091 19 .200(*) .984 19 979
AttributelnheritanceFactor 501 19 .000 471 19 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CouplingFactor 242 19 .005 762 19 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.
1.70 (Decompose Conditional + Move Field) - Decompose Conditional
Tests of Normality(b)
[ Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 192 17 .098 911 17 102
WMC 247 17 .007 .849 17 .010
DIT .187 17 119 .904 17 .078
NOC 174 17 182 .962 17 661
CBO .248 17 .007 .699 17 .000
RFC 211 17 .043 827 17 .005
LCOM 236 17 012 .858 17 .014
AverageMethodSize 152 17 .200(*) .954 17 528
MethodHidingFactor .202 17 .063 .946 17 403
AttributeHidingFactor 517 17 .000 .398 17 .000
MethodInheritanceFactor 120 17 .200(*) 961 17 .656
AttributelnheritanceFactor 493 17 .000 501 17 .000
CouplingFactor .284 17 .001 .756 17 .001
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.
1.71 (Decompose Conditional + Extract Class) - Decompose Conditional
Tests of Normality(b,c,d)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 220 19 016 .855 19 .008
WMC 293 19 .000 .809 19 .002
DIT 187 19 .078 .884 19 .026
NOC .168 19 164 .933 19 194
CBO .253 19 .002 726 19 .000
RFC .207 19 .031 811 19 .002
LCOM 291 19 .000 614 19 .000
AverageMethodSize 277 19 .000 .866 19 012
AttributeHidingFactor 476 19 .000 .383 19 .000
AttributelnheritanceFactor 453 19 .000 633 19 .000
CouplingFactor .384 19 .000 374 19 .000

a Lilliefors Significance Correction

b MethodHidingFactor is constant. It has been omitted.

¢ MethodInheritanceFactor is constant. It has been omitted.
d PolymorphismFactor is constant. It has been omitted.
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1.72 (Decompose Conditional + Replace Magic Number with Symbolic Constant) -

Decompose Conditional

Tests of Normality(b,c)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 415 18 .000 514 18 .000
WMC 520 18 .000 .262 18 .000
CBO 229 18 014 .848 18 .008
RFC .538 18 .000 .253 18 .000
LCOM .430 18 .000 483 18 .000
AverageMethodSize .330 18 .000 748 18 .000
MethodHidingFactor .339 18 .000 .801 18 .002
AttributeHidingFactor 314 18 .000 615 18 .000
MethodInheritanceFactor .380 18 .000 532 18 .000
AttributelnheritanceFactor 397 18 .000 .622 18 .000
PolymorphismFactor .538 18 .000 .253 18 .000
CouplingFactor 435 18 .000 524 18 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
1.73 (Decompose Conditional + Rename Method) - Decompose Conditional
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 442 22 .000 .282 22 .000
WMC 480 22 .000 261 22 .000
CBO .258 22 .001 .837 22 .002
LCOM .346 22 .000 564 22 .000
AverageMethodSize .310 22 .000 799 22 .000
MethodHidingFactor 311 22 .000 .829 22 .001
AttributeHidingFactor 456 22 .000 526 22 .000
MethodInheritanceFactor 315 22 .000 841 22 .002
AttributelnheritanceFactor 515 22 .000 310 22 .000
CouplingFactor 277 22 .000 .699 22 .000
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.74 (Rename Method + Extract Method) - Rename Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 291 21 .000 .686 21 .000
WMC 410 21 .000 572 21 .000
CBO .363 21 .000 483 21 .000
LCOM 327 21 .000 632 21 .000
AverageMethodSize 275 21 .000 .656 21 .000
MethodHidingFactor .106 21 .200(*) .982 21 951
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AttributeHidingFactor 533 21 .000 .256 21 .000
MethodInheritanceFactor 159 21 177 .963 21 571
AttributelnheritanceFactor 519 21 .000 314 21 .000
CouplingFactor .269 21 .000 .805 21 .001
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b DIT is constant. It has been omitted.
¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
1.75 (Rename Method + Replace Temp with Query) - Rename Method
Tests of Normality(b,c)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 172 12 .200(*) 914 12 .238
DIT .530 12 .000 327 12 .000
NOC .530 12 .000 327 12 .000
CBO 527 12 .000 342 12 .000
RFC .530 12 .000 327 12 .000
LCOM 274 12 .013 879 12 .084
AverageMethodSize 251 12 .036 .785 12 .006
MethodHidingFactor 120 12 .200(*) 961 12 792
AttributeHidingFactor 530 J2 .000 327 12 .000
MethodInheritanceFactor .243 12 .048 .695 12 .001
AttributelnheritanceFactor 495 12 .000 488 12 .000
CouplingFactor .530 12 .000 .329 12 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b WMCH#Minute is constant. It has been omitted.
¢ PolymorphismFactor#Minute is constant. It has been omitted.
1.76 (Rename Method + Introduce Explaining Variable) - Rename Method
Tests of Normality(b,c,d,e,f,g,h,i)
Kolmogoraov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .332 12 .001 .638 12 .000
WMC 499 12 .000 479 12 .000
LCOM 406 12 .000 .683 12 .001
AverageMethodSize .186 12 .200(*) .857 12 .044
AttributeHidingFactor AT8 12 .000 522 12 .000
AttributelnheritanceFactor 441 12 .000 .633 12 .000

* This is a lower bound of the true significance.

oQ —hD® OO T o

Lilliefors Significance Correction

DIT#Minute is constant. It has been omitted.

NOC#Minute is constant. It has been omitted.

CBO#Muinute is constant. It has been omitted.

RFC#Muinute is constant. It has been omitted.
MethodHidingFactor#Minute is constant. It has been omitted.
MethodInheritanceFactor#Minute is constant. It has been omitted.
PolymorphismFactor#Minute is constant. It has been omitted.

i CouplingFactor#Minute is constant. It has been omitted.




1.77 (Rename Method + Move Method) -Rename Method

Tests of Normality
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 162 22 136 .896 22 .025
WMC .352 22 .000 .600 22 .000
DIT .156 22 176 .927 22 104
NOC 142 22 .200(*) 844 22 .003
CBO 237 22 .002 .887 22 .017
RFC .304 22 .000 AT74 22 .000
LCOM .287 22 .000 .667 22 .000
AverageMethodSize .250 22 .001 .708 22 .000
MethodHidingFactor 496 22 .000 375 22 .000
AttributeHidingFactor .489 22 .000 .397 22 .000
MethodInheritanceFactor .264 22 .000 555 22 .000
AttributelnheritanceFactor ATT7 22 .000 .330 22 .000
PolymorphismFactor .539 22 .000 221 22 .000
CouplingFactor .323 22 .000 .647 22 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
1.78 (Rename Method + Move Field) - Rename Method
Tests of Normality(b)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage 178 e .081 913 21 .064
WMC 271 21 .000 827 21 .002
DIT#Minute 171 21 112 941 21 .233
NOC#Minute 173 21 .100 .955 21 428
CBO#Minute 212 21 .015 .863 21 .007
RFC#Minute 197 21 .032 .857 21 .006
LCOM 247 21 .002 .796 21 .001
AverageMethodSize 227 ol .006 .829 21 .002
MethodHidingFactor 433 21 .000 527 21 .000
AttributeHidingFactor 533 21 .000 .255 21 .000
MethodInheritanceFactor .260 21 .001 .864 21 .007
AttributelnheritanceFactor 534 21 .000 251 21 .000
CouplingFactor 242 21 .002 729 21 .000
* This is a lower bound of the true significance.
a Lilliefors Significance Correction
b PolymorphismFactor is constant. It has been omitted.
1.79 (Rename Method + Extract Class) - Rename Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
CommentPercentage .209 22 .014 .861 22 .005
WMC 281 22 .000 816 22 .001
DIT 292 22 .000 .589 22 .000
NOC .186 22 047 764 22 .000
CBO .257 22 .001 .759 22 .000
RFC .239 22 .002 .750 22 .000
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
LCOM 241 22 .002 754 22 .000
AverageMethodSize .269 22 .000 728 22 .000
AttributeHidingFactor 512 22 .000 294 22 .000
MethodInheritanceFactor 539 22 .000 221 22 .000
AttributelnheritanceFactor .500 22 .000 411 22 .000
CouplingFactor .364 22 .000 469 22 .000

a Lilliefors Significance Correction
b MethodHidingFactor is constant. It has been omitted.
¢ PolymorphismFactor is constant. It has been omitted.

1.80 (Rename Method + Replace Magic Number with Symbolic Constant) - Rename

Method

Tests of Normality(b,c,d,e,f,q)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage 409 22 .000 524 22 .000
WMC .539 22 .000 221 22 .000
CBO .394 22 .000 .652 22 .000
LCOM 451 22 .000 423 22 .000
AverageMethodSize 490 22 .000 313 22 .000
AttributeHidingFactor .325 22 .000 .580 22 .000
AttributelnheritanceFactor .383 22 .000 .645 22 .000
CouplingFactor 499 22 .000 374 22 .000

a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.

d RFC is constant. It has been omitted.

e MethodHidingFactor is constant. It has been omitted.

f MethodInheritanceFactor is constant. It has been omitted.

g PolymorphismFactor is constant. It has been omitted.

1.81 (Rename Method + Decompose Conditional) - Rename Method
Tests of Normality(b,c,d,e)
Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

CommentPercentage .385 22 .000 .540 22 .000
WMC 453 22 .000 .309 22 .000
CBO 239 22 .002 .768 22 .000
LCOM .263 22 .000 707 22 .000
AverageMethodSize .283 22 .000 .664 22 .000
MethodHidingFactor 113 22 .200(*) 973 22 779
AttributeHidingFactor 437 22 .000 487 22 .000
MethodInheritanceFactor 135 22 .200(*) .943 22 223
AttributelnheritanceFactor 524 22 .000 .284 22 .000
CouplingFactor 279 22 .000 .685 22 .000

* This is a lower bound of the true significance.
a Lilliefors Significance Correction

b DIT is constant. It has been omitted.

¢ NOC is constant. It has been omitted.
d RFC is constant. It has been omitted.
e PolymorphismFactor is constant. It has been omitted.
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1.82 (Extract Method + Replace Temp with Query) - (Replace Temp with Query +

Extract Method)

Tests of Normality(b,c,d,e,f,g,h,i,j,k,I,m,n)

Kolmogorov-Smirnov(a)

Statistic df

Sig.

Statistic

Shapiro-Wilk
df

Sig.

AverageMethodSize 118 10

200(%)

.967

10

.858

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.

1.83 (Extract Method + Introduce Explaining Variable) - (Introduce Explaining

Variable + Extract Method)

Tests of Normality(b,c,d,e,f,g,h,i,j,k,I,m,n)

Kolmogorov-Smirnov(a)

Shapiro-Wilk

Statistic df

Sig.

Statistic

df

Sig.

AverageMethodSize .186 13

200(%)

961

13

762

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC.is constant. It has been omitted.

d DITis constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributeInheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.
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1.84 (Extract Method + Move Method) - (Move Method + Extract Method)

Tests of Normality(b,c,d,e,f,g,h,i,j,k,I,m,n)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize 140 23 .200(*) .964 23 542

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.

1.85 (Extract Method + Move Field) - (Move Field + Extract Method)

Tests of Normality(b,c,d,e.f,g,h,i,j,k,I,m,n)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize 162 o 159 .924 21 .105

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.

1.86 (Extract Method + Extract Class) - (Extract Class + Extract Method)

Tests of Normality(b,c,d.e,f,g,h,i,j,k,l,m,n)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize 175 22 .079 .895 22 .024

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.
¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.




g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.

1.87 (Extract Method + Replace Magic Number with Symbolic Constant) - ( Replace

Magic Number with Symbolic Constant + Extract Method)

Tests of Normality(b,c,d,e.f,g,h,i,j,k,I,m,n)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize 119 20 .200(*) .961 20 .564

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.

1.88 (Extract Method + Decompose Conditional) - (Decompose Conditional + Extract

Method)

Tests of Normality(b,c,d e, f,g,h,i,j,k,l,m,n)

Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize 221 22 .007 923 22 .087

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.

¢ WMC is constant. It has been omitted.

d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.

g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.

i MethodHidingFactor is constant. It has been omitted.

j AttributeHidingFactor is constant. It has been omitted.

k MethodInheritanceFactor is constant. It has been omitted.
| AttributeInheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.




1.89 (Extract Method + Rename Method) - (Rename Method + Extract Method)

Tests of Normality(b,c,d,e,f,g,h,i,j,k,I,m,n)
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Kolmogorov-Smirnov(a) Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
AverageMethodSize .205 27 .005 .928 27 .063

* This is a lower bound of the true significance.

a Lilliefors Significance Correction

b CommentPercentage is constant. It has been omitted.
¢ WMC is constant. It has been omitted.
d DIT is constant. It has been omitted.

e NOC is constant. It has been omitted.

f CBO is constant. It has been omitted.
g RFC is constant. It has been omitted.

h LCOM is constant. It has been omitted.
i MethodHidingFactor is constant. It has been omitted.
j AttributeHidingFactor is constant. It has been omitted.
k MethodInheritanceFactor is constant. It has been omitted.
| AttributelnheritanceFactor is constant. It has been omitted.
m PolymorphismFactor is constant. It has been omitted.

n CouplingFactor is constant. It has been omitted.
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