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This research proposes a method and a tool based on Model-Driven
Architecture (MDA) software development technique.for analyzing and calculating a
set of software quality metrics and metrics used for selecting the appropriate
refactoring. The set of metrics consists of NOS , PAR , NBD, VG, LCOM, DU and PU.
The proposed method can support various object-oriented programming languages.
The transformation process from code to metrics model begins by using the Sissy
tool to convert source code to an abstract syntax tree using Generalized abstract
syntax tree meta-model (GAST). Then it is transformed to a program dependency
graph using the PDG Meta-Model developed in this research. Lastly, the obtained
program dependency graph is transformed to a metric model by which the set of
metrics we proposed in this research can be computed. We use the ATL
transformation language to describe the transformation process. Finally, We
implemented our proposed method as an Eclipse plugin.
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an
Sunaveds (Refactoring) unszuiumsuiudsalassadnanmelugensuwisinglad
nsiAsuuUasengAnssuniguen (Behavion) nszurumTIuWAneTsteifiuUsEAnsnmues
ganduashanuansaludiuniseiy  (Readabiliy)  Ad1uamnsadun1stizeinw
(Maintainability) wazananududouressedaln (Complexity) nszurunsiuraneSeiuinmun 6
Useln 72 35 (Fowler ,1999) usilosnneiddeiiyatiunisiinsossesitlifvssnnasausen
(Long method) fstfunszuaunisiuraveSiiiiisatestumsminsessesiilifivssavasuusenas

1 3 Uszenn 6 33 neaunsnasuielasadl

1. Composing methods AzLA8 U9 ULLTEA (Method) F4819U11ALNTDATI
= =] (T . 1 Y a [y
1917 (Long method) MIsllsaneatinNgugou (Complexity) danaliinamuduaulazam

v
v

Hananveszuula Composing methods HUa1L1909AN159E75N1TILNANDTIAIL

Ref. code: 25595509035084XRS



1.1.Extract Method fia F8n1suengesalaniigniiansauaiitnisdiliass

[
Y oA

WWuwsealuy leswsenanasiddnitazfeeiatinl iaonadsinuaneuenIsineusessiegn

void printOwing() {
printBanner();

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

I 2.1 h@nesng19asalAnNAIsNskNANeI

vold printOwing() {
printBanner()};
printDetails(getOutstanding());

‘I‘
vold printDetails (double outstanding) {
System.out.println ("name: ™ + _name);

system.out.println ("amount "™ + outstanding);

i3

o o | ¢ Sy a a a ¥ aa &
NN 2.2 LL?WNW?@SWQ‘U@iﬁIﬂ@WNquﬂqiiLLWﬂ'ﬂ@iﬂ@’JEJ'JﬁLEJﬂLLVﬁﬂLllﬁ@@

1.2. Replace Temp With Query Aen1sugesalAnniiiioninisusyuiana
Y o v su & 1% 1 ) ) Ay o v X v v s v PN
warhmadnsiaiulisiuegludiuustinsiununmewseanairtulvdudlvgesalAndudn

A9IN5L5UN NI SDALNUAIFIDENS

double basePrice = _quantity * _itemPrice;
if (basePrice » 1888)

return basePrice
else

return basePrice * @.98;

< v ¢ sy a o a
NN 2.3 uaﬂﬂ@ﬁ@SqﬂﬁaiﬂiﬂﬂWﬂﬁﬁmqﬁuWﬂwaﬁﬂ

Ref. code: 25595509035084XRS



if (basePrice()
else
= double basePricel)

return _quantity

1000

return basePrice() * @,95;

return basePrice() * @.98;

4

¢ _itemPrice;

29 2.4 wanasnognswesalanin1un1sIkNANes$e3d Replace Temp With Query

1.3. Replace Method With Method Object fanisunufusenfifiiiionien

Wuluwsldanuisaldasenunsnwsants iasanluusantuiinislasinusianien (Local variable)

Tnganunsaunuiildlaeiasuanusenluiduguuuuresing (Object) Awiieg

class Order

NPT O F- s

public double price()} {
double primaryBasePrice;
double secondary
double tertiaryBasePrice;

BasePrice;

el

AINT 2.5 h@nesag 1o alAnNAISYINSLNANDI

Ref. code: 25595509035084XRS



class Order {

public double price() {
return new PriceCalculator{this).compute();

}

3

class PriceCalculator {
private double primaryBasePrice;
private double secondaryBasePrice;
private doubls tertiaryBasePrice;

public Pricefalculator(Order order) {
/¢ copy relevant informatiom from order object.

}

public double compute() {

~amnntataon

[i}=]

2T 2.6 wansegsesalAntiiiun1ssunaneasdies Replace Method With Method Object

2. Simplifying Conditional Expression #Aan1sdninatdeulvvesgesalani
Fugou Hesnn1sunlerinlinsenunewesalAndIuau AItUNISUINTEUIUNITILNANDSALNUIRY
BUa11509AN1TLA8TU Tnenszuaunisiuanesedmnsulssian Simplifying  Condition

[

Expression Hgiatl

2.1 Decompose Conditional Aan1saugesalAnlNoulvgendutou

ponundusaauaNsenlFIuNILLISen FadIDend

Ref. code: 25595509035084XRS



if (date.before(SUMMER_START) || date.after(SUMMER_END)) {
charge = gquantity * winterRate + winterServiceCharge;
2lse {

charge = guantity * summerRate;

~ v 1 s Y o a
ﬂ7WW‘2J7uﬁﬂﬂﬁ?@ﬂ?ﬁ%@iﬂiﬂﬂﬂﬂﬁi%?i%ﬂﬂwaiﬁ

it (motSummer{date)) {

charge = winterCharge (quantity);
}
else {

charge = summerCharge (quantity);

2

2] 2.8 anssioswesalAnTNIuN1TILNANe33901835 Decompose Conditional

3. Making Method Calls Simpler Ag N159ANITNISLTOUADVDIARATIAAE
Usznaulusmenisiliousiaainaatadugeguds lnenisieuseidilaldireiluiilaluniswamun

= a o

waNALISTITNGNA TaunseuiumsTunanessdmsulssian Making Method Calls Simpler #fisil

3.1. Preserve Whole Object Aan1siasuainmsasarasiauiudnaieandu

nsdadngluununaiiegns

int low = daysTempRange().getLow();
int high = daysTempRange().getHigh();
boolean withinPlam = plan.withinRange({low, high);

P o s sy a o a
NINN 2.9 %ﬁmﬂm?@ﬂqﬁﬁaiaiﬁﬁwﬂ?imqﬁuWﬂwaﬁﬂ

Ref. code: 25595509035084XRS
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boolean withinPlan = plan.withinRange(daysTempRange());

AT 2.10 Lansiiogn9esalAniniun1ssuAneswiedd Preserve Whole Object

3.2. Introduce Parameter Object Ao N1sasunguvasnIsfiweslusen

< [ [ ]
WwIng AIRIDE9

amountInvoicedln{Date startDate, Date endDate);
amountReceivedln{Date startDate, Date endDate);
amountOverdueln(Date startDate, Date endDate);

AINT 2.11 L@ns0819wasalAnNAISYINS AN DS

amountInvoicedln{DateRange dateRange);
amountReceivedln{DateRange dateRange);
amountlverdueln(DateRange dateRange);

AN 2.12 wanaiieg199asalaniniun1suilAnessnieds Introduce Parameter Object

2.1.3 M3nanAwls (Software Measurement)

Myingendusiduisnsussliunudnuasuazaun needusinguansoanuily
sUuvurasAiaauildlunsosuisaumnevesnudnyuLarAUA T wENRLSIMAT U (1
wriuazaniz | 2505) myagerduasiuannsouudliiu 2 38fe 1. nis¥amiemse (Direct
measurement)  \JuiBnsiaanzaudnvuzaisluvesdeiinaule 1wy msfnamenves

YasalAnluswnsudeaunsadnlaainnisusnulIuussyiavaruauaaluswnsy (Line of code) Wusu

Ref. code: 25595509035084XRS



11

2. msianaden  (ndirect measurement) luAsMsTlEIaquanwazABuen WU N15TR
Auansalunsldanu (Usability) anuannsalunimedeu (Testability)hagaduaunsasiunis
11393091 (Maintainability) Wusu ag1slsfinmunistaseniduaiv 2 38u azfeddunstafiotn
AudnuzuazaunmvasmeNiiTinadls Inewnastatuamnsonseanls 2 Ussnie

2.1.3.1 mnsiavendurfuuuaaifu  (Traditional Metrics) Ly w1asInguay
usTiA (Line of code) mise wmsTnlelmaluAnaoumands (McCabe’s cyclomatic complexity
measure)

2.1.3.2 mm’s"ﬁm%aﬂﬁu’aﬁ%ﬂﬁ'ﬁq (Object oriented software metrics) 1%u
1195793A (CK Metrics) (Chidamber & Kemerer ,1994) #5a11a57aNUd@UalngaaLsugLazAng
(Lorenz & Kidd ,1995)

wenniladunsinfuraulalagazvesnsiiognewail
(1) yau195Inves Chidamber wagiiy (Chidamber & Kemerer ,1994)
v &z [ a o A [ | wa =
Yau1nsIntidunnsingeinnagind1anauautivesnatadelsenauly

i % .Y I
P8 6 UINTIN D

- WwTInTNUILNSIAReAad (Weighted method per class) (WMC) @®
HATINYBINTANUINAIAINTUS U TInlElaawAn (McCabe , Butler ,1989) ynwsennielu
uazAaIE

- wwTinANuSURageUsionand (Response for a class) (RFC) ADdUIULLGDN
N Y = Y av Yo A a N
anusanevausiunsisenldnunlasuinaneaaduy viiennusenusiifiegnnglunaa

- wesinszauAuanveInIsdunenanaudivesnata  (Depth  of
inheritance hierarchy) (DIT) fad uIuaIsEAutU (Level) vaan1sdunannuaudRveusazaaad
W50

- Wesindnuea1agn (Number of children) (NOC) e nstiudnuiunana
anviamuaifinnsdunenunanaatawl Fadupananfinnsanegluvaeiy

- wwesianisiingiusenineing (Coupling between object) (CBO) #ans

wanIAMLdITusTEnIingulelinssenlifulsvselsonsenineiu

Ref. code: 25595509035084XRS
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- awsiasEaunIsvInnIsieTududauvasusannislurata (LCOM : Lack
of cohesion of method) Msniziududau (Cohesion) YaAa1ERD N1SAMISaALUTIANNALRUS

[y d' 1 = Aa [y I 14 ' & Ao
ﬂULNﬁ@@@‘U’e}Eﬂ\‘i‘li "?Nﬂ’ﬁVIZLIﬂ’WLﬂ’]%ﬂUL“LJ‘Uﬂ@UQQ LERANIIARIAUUNNITEDOLUUNA

(2) vesianuauslneasisuduazfng (Metric proposed by Lorenz and
Kidd)
WnsingeinguesasLsuduazang (Lorenz & Kidd ,1995) igneanuuuliin
' = 1% v o &
AlAensINAaNaTsUsEnauluMeuInTInmall
- 1999 Number of public instance method in a class (PIM) A® 31U
cs' I3 . & o 8 v a v v & v
wseanusenadu public Hu agihlrranaduaunsanunlgnumsantiule
- 31m579% Number of instance methods in a class (NIM) A8 31U ULLTDAN
Usgmanelunanaiu fansuseneusendu public protected uay private
- 37m59m Number of instance variable in a class (NIV) A931UUAILUTH
Usgnmanglunanany
- 37m59m Number of class methods in a class (NCM) A8 Sunuuseaiu
P &
AananUsenaneluranaiu
- 1799578 Number of class variables in a class (NVC) Ao d1uiudqndsidu
Q,' I &
AananUssMaegluaataty
- 370599 Number of methods overridden (NMO) A 37UIULUSDANYINNNS
override lagAanagn
- 11959 Number of methods inherited (NMI) fig 31u3us0ANYN inherit
lngaaagn

- 11999 Number of methods added (NMA) A 91U3ULUSDANAS19TULN

Tmingluaanagn

Ref. code: 25595509035084XRS
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- 1195IA Specialization index (SIX) A WINTIANAAIINAITAIUIUTIUIU
L5BANYN override ANMEIIUIY hierarchy MSHIETIUIULLTOATIIVUA
- 1m5In Average parameters per method (APPM) A9 8R31dIUsE1®I

IIUIUNITRBS LU UFATUTILIUUTEATIIVLA

2.1.4 LUIRANITWAIUILUU MDA

BuUALe (MDA :  Model-Driven  Architecture) Aatnsuiisa(Framework)  @115U
NIEUIUNTRALILENEWIS gnAmuaTulaeviieulie 1awud (OMG : Object Management
Group)(Miller,2003) alandnveudufiefs luaa  (Model)  wiowuudtasswenduwisfiaglu
NSTUIUNMTHAIUNILONAWIS NTTUIUNTHRINITaNALISIEITNTIBLALeT Uz TULAARUlAEN1SAS 4

o o 2 I a ¥ I3 I =3
WUUINABINTYINNUVBITEUULINALIS Tnen1swkladlumasSuieninufadnisvasganawls L

Tuwauaninsinuvesrendusiargavnessulaniugesaldnvasssuugoniuag

2995n5RLT NS A83E s BueTuldlduAnA9a1nI9as NSRRI UL
Fudu nanretsnsvendudeturzilunisadauusiaseiuies wasuuUsaeiiadetunntues
gvilireufiumosidlade Tneidufie duasldyumues (View point) vesszuulunisaiiauuudians
TngazuUsaandu 3 gmaqéﬁ’aﬁ

- Computation Independent Viewpoint 38 @led (CIV) Feazanzaslud
ANFDINITYBITH U LA AN MWING DNTBTEUUTENAWYS FedloTiuasidusumomnaduuunn
(Concept) tWuwan

- Platform Independent Viewpoint %30 #ilo7  (PIV) %ﬂ%%ﬁiuﬁuwﬁ
nszuIumMsThewesszuu Tnglddutuunasedalag

- Platform Specific Viewpoint %38 filoe (PSV) Faazajaiulufinszuiunis

yassyuvvuunannasuidming Ineyuueslasuandalumuunanosudmung

Ref. code: 25595509035084XRS
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Model-Dmven Approach

]

Civ

[

T
[
[
L1

¥
[
]

‘PV POV

N P R B = o v

1

represents

CIM

PIM

PEM

Implementation | represents

FIM - Platform

P5M - Platform

Independent Model  Specific Model
CIM : Computaticn
Independent Model

PIM : Platform P5M : Platform
IndependentView Specific\iew
CIM : Computaticn

Independent View

NING 2.13 WARMUIAANUFINYEY MDA

PNYULBIAINAT WAWNTOATNUUUTR0ILANT 3 Usian Ae

(1) Computation Independent Model (CIM)

= a = 2/ o v Al 3 :3 = o
mﬂgmawﬂm ﬁ]%ﬁJﬂ’ﬁﬁi’NLLUU‘\]’]@ENﬁ%ﬂU‘?IIE]LE)&J‘UU%J’] Imammumaaﬂu

seaudlatduaznanisisazidonvadlaiuy  (Domain)  WAYAIIUADINISUITEUY F9USENaUMIY

wuudaesansgadeanedtuteyanliniglussuy (Information Model) lnguuuinaesluszdiu

FlodutiuazapnAd oI UNANITTIUTILANABINISVBISEUY  (Requirement  Gathering) AInTWT

2.13

(2) Platform Independent Model (PIM)

ay a a % ° v 2 &£ d' o
Q']ﬂl\lllll@ﬂ‘w‘l@'l "Ugllﬂ'ﬁﬁir]\‘]LLUUQW@@QiS@‘UWI@LEJ@JGUUN'] I@EJ‘VlLL‘U‘U"U']a@Q

szauiiloduazuanisieandennssuiunsinnuessuudtliuegivunannesulag wuuiiaes

Ref. code: 25595509035084XRS
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szaviiladulszneumewuuitaeswuteyafiltluszuy wazwuuinaewinunsUszaIananI1svingu

. = a a LY & a
Y845¥UU  (Computation  Model) Fe318agiduaingiiun1sussaianavasssuy Wudasyan
wnanneosulag InelunasyauiilelduiuavdesdanndasiuNanIsNITIATIERIEUY (Analysis) #9
AW 2.1

(3) Platform Specific Model (PSM)

=~ = a ° v al & o &
NYUNBI NLAILALIIUALIBUATDILUUTIADITE AU BLOUN LA luTuR B Y
| t% o dl' v [ v < [ v <@
NOUNTIN 28UNUNDDNLUUINOAS1LUUT1a095EAUNLRELON lnsluud1aesseAueauUsenauly
MBLUUTIADINTUTDLATBITEUY WAZLUUTIADINIUNITATLIN hUUTIaeTERufoadudzaIzasiy
Muwnannasuniinuall Insuuudiansseiuiiiealduiulraannd s uNanI5oBNRUUTEUY (Design)
Aagun 2.1
N Y ° v a 2 @ v Y] = & a A
NM5NALASTIUUUT1a09TLAUNLOALDNTUILADID1ABNTZUIUNITUTIVDUDURLDAE

FUNBUNTHUBILUUTNRDUNB LA LALUUINADINNUNARDINTS

2.1.4.1 nsuUaduuuanass (Model Transformation)

n1skUaIkuUIIass (Model  Transformation)  A8NTEUIUNITVBINITUWUAS

wuudtaessviviilowdulagendedeyaseazidennisgesuuuinaendmnegiielilduuudiass
v A 2 =2 & o = <3 ! o v A 2 < [

seaullealdudetunounisuuatwuuInaeniloduludiuuitassseAuieaduiuazianidann

214

Ref. code: 25595509035084XRS
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Transformation
Rules

- .
Metamodel ransformanon Metamodel
Description
Conforms to Conforms to
Input Transformation Output
Model Execution Model

AT 2.14 TUnaUINuued Model Transformation

NN 2.14 %LLam’LﬁLﬁuﬁa%’jumumiﬁw Model Transformation 3sUszneuly
#2e 3 daufte 1. dauvesuusiaesiiunie (nput Model) luiidaelunasiuiilowdudsdwnluna
(Meta-model) 1idwisuasuelasiasrsveauuusiaowiunsdl 2. dauvesnisuvauuusaesdding
nsuUasuuudiaes  (Transformation  Rule) Lidwmsufisnunisudasiuudnasssunisliidu
wuUSIasalaenaziseasBunueenisulauuusiass  (Transformation Description) 7il¥
%’auﬂaLﬁ'mﬁ’mgmmﬂaqLLUUé’waaqﬁ?mIm Transformation Execution tJun1sanfiunisuuas
wuudassdunsluiduluuinassatenismiungnsuiasuuudiass 3. @uteluUTIasslalenig
(Output Model) Bdmiuasunelasiadiswasuuusiassaremsuiiaelumassiuiioadugadu
NaNARINNST TR 2 Rouwii

AsTtuneunsuUauUsIanstuazdedldnudmiunisudasuuusiaes
(Transformation Language) wsfiunsluduiiwunwadi i (QVT Transformation Language)
(OMG , 2005)u3an 1w 1e9iLea (ATL Transformation Language)Jouault, Allilaire et al. 2008) Tu

=

av & v a d' 1Y) | | a a a e v
\TqU'JQEJULa@ﬂEL%ﬂ’]U']LEJ'V]LL@aLu@ﬂﬁﬂﬂwwuqﬂguuaUULaﬁuﬂaﬂiﬂﬁLLﬂiﬂJ@ﬂaﬂa‘Uﬂﬂﬁzﬂ@‘Uiﬂﬂ'ﬂEJ

(%
= CY Y] Y

Editor, Compiler, Virtual machine wag Debugger dnvivtafieatudtativanun1sidamuns

aa

Declarative k@ Imperative #uagiuaniunisaliinunandyinidaduiuy Imperative

Ref. code: 25595509035084XRS



2.1.4.2 \o¥iuaa (Atlas Transformation Language)

17

W7koa (ATL) Uouault, Allilaire et al. 2008) Wuniwd1nsunlainuudiasy

Waunlae Atlan Mod IegtefiweatulauiwuidAsveiniswlaswuuiiassunasiaduiniaile lne

WAASAININT 2.15

| <<instance of>>

Source refers to refers to Target
Meta-Model I ATL program ' Meta-Model
: <<instance of>> :
| |
Source Target
Model Model

~ a o I
NN 2.15 LAAIUIAANITLUAILUUIIRD9UDIN1YLDVILDE

(Y]

a a ° a = a a &
INATNN 2.15 LEAAWLUIAANTITLUAILUUINABIVBINIWILDNLDA FINUT18aLLDYANIU

Source Model ABWUUINABIAUNIINFBINTWUAS

Source  Meta-Model  Aawua1lutAaNntd@1nSUaSUIIAINUNUNBYD Y

KWUUINBDIAUNII (Source Model)

Yananng

Uanemnsdidly  ATL  Program agdsznaulusneng  (Rule) Faldimuanisuuas

Target Model Aouuuitasslalsnienfesnisiias

Target Meta-Model Aatumlanaildd1mnsuasulsmunuIgIaluud1ass

ATL  Program Aanishuasignvaswuuitaesrunislidwnuenuudiasy

daLu9

wuudnaesunaluguuuitaesiuntedels uastgaies (Helper) #lddwmsuairaeulaluns

wlasgeazgnisenldlaengnisuuas (Transformation rules)

1AENN1THUaIUB0TILEATIUITUANIAINING 2.16

Ref. code: 25595509035084XRS



18

rule MemberZ2Male {
from

s: Families!Member (not s.isFemale())
to

t: Persons!Male (

fullName <- s.firstName + ' ' + s.familyName ()

N 2.16 fog1anMkUatiuuInaeamen1wefues

NN 2.16 Uaneiog9ngMIuUaduuuTIaes Member2Families #audunis
wUauauitfl Member watuniluwna Families lUgioudin Males vaawmiluma  Persons 1oy

asAUsznaVTRINgNIshUaItuRzlusiume rule Jadunisusznimasisngnisulasuuuinass gl

U

lfie Member2Families Inslunguuszdesd from Fudunisusznaviavesoufindunied

HoInN15LUALUUIIA09T I UNTAD LaUTR Member vadmuailutna Families waz to Lunisusenae

1Y 1
aaa a

YRAVDRBUNAYAEN 19 NABINTwUaIRIluNLAe LuYie Male vaaumluina Persons taglu to Hu
azifun1sudaaenvsing fullName va3aunn Male
~ & ~ = ° 9 = °

AMweiieatuuananziingnisulaaiaulatiuudiaesnunslliduwuudnass
Uaneynauad defllgatles (helper) Faussulaiiouilenguvesnisulasiuuinass Nvelrnisudas
WUUINADIUULUTLANT A NUINTITULALEIEIU1T0aAN5T8Y code NFUTDULALAIUTA re-use 1
U d‘ d‘ ¥ ¥ (3 QIJ o Yy ¥ U ] oy e
fungnskUasdugiigesnsldnumuilendunisinauladnae tnslufiegiing Member2Families
&

P a v s A . = ° Y al a o & a a
fimsisenldigales To isFemale() Fagvhuiflunisasivgevaudniilumandgwoaoudia

Member waaunliina Families Ing@iagnavangalas isFemale() HuUlWaAIRININD 2.17

Ref. code: 25595509035084XRS
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helper context Families!Member def: is

if not self.familyMother.oclIsUndefined() then

else

if not self.familyDaughter.oclIsUndefined() then

else

NINT 2.17 wanasiagnaegalas isfemalel)

2.2 uiteineades

3117398 (Meananeatra, Rongviriyapanish et al. 2011) lataueisn1slduinsinlu
naidensurlemainilatdndessesiilifiussinnanausen Tnsutsoondu 4 duneu 1. mAms
TasgAuANNaINTalun1sUIeSN®IAUAINAINNTTUNITIATIER (Analysability) A ngasalan
Tagldunsin MLOC, MCX LCOM uagldinnsin DU,CU wag PU fifuinainnsmiuszian Control
flow graph (CFG) wag Data flow graph (DFG) \ladn3umavass 2. thennasTaildnntuneuwsn
sndrgasmsduniiodnidenisiunaneds 3. Uitturlanedefilddnidonantuneuiiaeaiiu

UszgndldivvesalanuazAuinmiA1 Maintainability 4. seySuiaveseiilien Maintainability g4

a

nNgn

q

U398 (Charalampidou, Ampatzoglou et al. 2015) l9d1579UaZTIUTNUIATIAN
TdvihunenisiinseesesnlifuszinNandusen F3u1asinainaintaziduninsianne1taaiuIuin

(Size) kaENNSYINIUTINAU (Cohesion) AIWEAILUAITIN 2.1

Ref. code: 25595509035084XRS
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AN5197 2.1

UI95INAETUlUTE AU DN

Cohesion Metric Application on method level
LCOM1 LCOM1 = P, where P is the number of pairs of lines that do not share variables.
LCOM2 LCOM2 =P - Q, if P - Q > 0 / otherwise LCOM2 = 0,

where P is the number of pairs of lines that do not share variables, and Q is the

number of pairs of lines that share variables.

LCOM3 Number of connected components in a graph, where each node represents a line

of code and each edge the common use of at least one variable.

LCOM4 Similar to LCOM3. Method calls are treated as edges

LCOMb LCOM5 =(@-nl)/(L-nl)

where n is the number of lines, a is the number of variables used in a line, and L is

the total number of variables.

Coh Coh=1-(1-1/n)

LCOMS5 where n is the number of lines

Tight Class Cohesion (TCC) | TCC = NDC / NP

where NDC the number of directly connected pairs of lines (i.e. accessing a
common variable either within the line or within the body of a method invoked in
that line directly or transitively), and NP the maximum possible number of direct

connections in a method.

Loose Class Cohesion LCC = (NDC + NIC) / NP

LCC
(LCC) where NDC and NP as defined above, and NIC the number of indirectly connected

pairs of lines. A pair of lines is indirectly connected, if they access no common

variables, but there is a line directly connected to both lines of the pair.

Degree of Cohesion Direct DCp =|Ep| /[N *(n=-1)/2]

DC

(OCo) where Ep the number of edges in a graph connecting directly related lines of code
(i.e. as defined for TCC or in cases that the lines directly or transitively invoke the
same method), and n the number of lines of a method

Degree of Cohesion DC =gl /In*(n-1)/2]

Indirect (DC
ndirect (DC) where El the number of edges in a graph connecting indirectly related lines of code

Ref. code: 25595509035084XRS
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(i.e. as defined for LCC or in cases that the lines directly or transitively invoke the

same method), and n the number of lines of a method.

Class Cohesion (CC) n!

2(n—2)!
cc = 1(n —2)! z [IV|c
- nl LIVt
=

where n the number of lines of a method, |IV]; is the total number of variables used

by two lines and |IV|. the number of common variables used by both lines

ClassCohesion Metric

(SCOM)

n=1 n
B 2 card(Il N If) = card(Il UIf)
SO L)) Z le: min(card(Il), card(If)) * a

where n is the number of lines of a method, card(]l N If) = |IV|. as defined
for cC, card (Il U If) = v}, as defined for

Cc, min(card (Il), card (If)) is the minimum number of variables
accessed between the two lines, and a is the number of variables accessed in the

method

Low-level design 0 ifl=0andn>1

Similaritybased Class LScC = A 1 if(l>0andn=0)orn=1
A1) Zi=t 2f=l+1 otherwise

Cohesion (LSCC)

where n is the number of lines, | the number of variables in the method of interest,

and ns the normalized similarity between a pair of lines.

wdndndonunasinne 13 masiaudaldvinsadensadnuuniodunanisel
Tnenadndildannisldnguunnsiavuau  LOC  Wudiu wagnduunasinladduitu LCOMI,
LCOM2 uae COH 1udu Ferndilgsuiulaniuaenadosiutisaunasiamuildviunsenl? fau
NaNSANYILERILAILIIIRTIARenadANaunsalunsesuiednwaeAuReInsdnsUNS

whlgymsossesilifvszinvaninsen

9338 (Srivisut & Muenchaisri 2007) latauaynannsinvenduaidmiu Aspect-

iaa I

Oriented (AO) taszysassaslifngousglumonduis Fayaunsinuantfmisndi 2.2

Ref. code: 25595509035084XRS
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AN19N 2.2

uanayaNINTInYesIUIRE (Srivisut ,Muenchaisri 2007)

Level Metrics

Pointcut Number of Advices refer to a Pointcut (NAJP)

Number of Advices in Aspect refer to a Pointcut (NAJAsP)

Number of Subaspect Advices refer to an aspect Pointcut (NSAdP)

Number of Non-Subaspect Advices refer to an aspect Pointcut

(NNSAdP)

Set of the corresponding Joinpoints of a Pointcut (SJP)

Number of Other Aspects refer to a Pointcut (NOAsP)

Aspect Number of Pointcuts defined in Aspect (NPAs)

Number of Named Pointcuts defined in Aspect (NNPAs)

Number of Unnamed Pointcuts defined in Aspect (NUPASs)

Set of the inherited Classes of a given Type (SCT)

Number of introduced Abstract Methods in an Aspect (NAMA)

Number of Introductions in Aspect (NIAs)

Number of Advices in Aspect (NAdAS)

Sum of NOAsP (SNOAsP)

Class Number of Pointcuts defined in a Class (NPC)

LYY

nTRsIvdeuNInTInNlausNItuarldlnun15RII9T USSR NlUA U081
wosalanau Aspect-Oriented 4 fmo81s Insnan1snagautulandliliuimInsinainanauise

szyvessesnliandeusglugenduisle

Ref. code: 25595509035084XRS
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U398 (Rani & Kaur ,2014) laasransesdiedmsunsiageusessesiilifviia Lazy
Class, Long method, Comment lines Wa Large class @sunsinfiltluinsesiietiusenaulue

DIT Coupling WCM 11%159m Halstead Cyclomatic complexity NLOC wag LOC

AT (Sreenu & Rao , 2014) l@uaIsnsIunANeSwLavansindmsusossosdills
¥1n Lazy Class wag Temporary Field Fanmsiatulsznoulusie Number of method (NOM)
JInstance Variables per Method in Class (IVMC) Depth of inherit (DIT) ez LOC Fasndilgann
unsIamanianansaluldsuiulanedetendnlasaansoansiuineesussia (LOC) waziiiy

UszanSnnuaawasalan

U398 (Higo, Kamiya et al. , 2005)lalausisnisamsunaulanlaau (Code

I [

clone) 3933n157iddAonisTnlaelduinsia lasuwvseanilu 2 wafla A Locational
Relationship in Class Hierarchy 6’?’5@LﬁuLwﬂﬁﬂmiiaﬂﬁmMaﬂmEJS'TTuaq'ﬁuﬁéﬁwmﬁﬁummé’mﬁué
Tunanalaglsuvady 3 nsdlsun 1. Sldnlrausgluraaifediuli extract senuiduiusonlmii
oglunanaidiedtu 2. dldnlaauiiunnnin 2 Aanalaefidunemnainaanausiiendu Tiinisidda
Traululifiaanaus 3. Sldnlaauusnglunarafiunnssiulsinladnlaauasadunatatuunll

Fanaieilgldunsia DCH (Dispersion in the Class Hierarchy ) wmaila Coupling between a

[ '
v A =

Code Clone and its Surrounding Code umafinnisteldniisrdouludsiuiiou Tngldunsia 2
sialunisinadmiunmsmaeuiieldniigdou e NRV (Number of Referenced Variables) wa
NAV (Number of Assigned Variables) annthuldmuneiesiiefivedn ARES wWeldlunszuiunss
wlave3s vdnildvinismaassiu Apache Ant 1.6.0 §1 ARES thilduadnsiimele awnse

AruayuNIEUINNTUN TSN IaNAWIToE U TE NS AN

NIy (Zhao & Hayes ,2006) w@ueisn1svweaatadideanisyinsuneavess 35013
Aeldnguinnsinaududeunazvunn dsusznevlufie imsin  Halstead  tileldunAnain
operators Wag operands ﬁagﬂuiﬁﬂ LazaAsYA WMC (Weight Methods Per Class) 38msvinuned
aldnsinnsanadildannisdnaildaninnsia 3nmeasdasSeuiisufundesdeduy

! d' = 1 = a & 1 CY Yo v v (3 & 1 al
‘W“U’J’]Lﬂi@\‘ill@smEJiLL‘I/\IﬂVl@NUﬁ’m’]iO“U’JEJﬁUUﬁHUIVﬂUUﬂWWUTJ@WG]LL’JiL‘U'L!E]EJN@

1398 (Higo, Kusumoto et al. , 2008) lalausinadialunisssysunanessly

= aaa % o

TUsunsun1wieinglaelduiasin Faliisnsrdreduauidenouniiludiuveinisnsisasulan

Ref. code: 25595509035084XRS
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lmau (Higo, Kusumoto et al. 2008) agnslsiny wadan1ssadlandulasunisiusdrinlvinniy
TURDUNITANALAZNISTURDUNITNTIATY  Tudruvesnisintuazidunisiduinsia DCH, NRV was

[

NAV 993971398 (Higo, Kusumoto et al. , 2008) iiatdunisuuziiinisiunave3sfitnanzausie
wnsIawmanil sedsnsiianunsassunsunanesaay Super class, extract class, extract
method, form template method, pull up method, move method, pull up constructor uag
parameterize method Jusiu nssaulanlaauiuldgnandunistuaiesiie Ares Fsldunsinlu

= a % 1 1 o Y o a o a a a dily
nsseyUIssanesale waldwugthlaidunsvisuaness lneannisveasameliaiiu Apache
Ant 1.6.0 Hunasnslaaunsaniulanlaaulaegsdiuse@nsnm

UITY (Singh & Kahlon | 2012) lainn1snaasiiuinsia fe

a Y a

NOC,DIT,LCOM,LCOM4,WMC,Puf,EncF,CBO,RFC,NOD a1 I8M1Aa 1@ AnIaRANa1nLa Y
P | aY oA v @ & ) | o & PR

AunMsasaeNtifvaalusensy tnelawuady 2 Tunau TUABULTN NAABIINUINTIATINAKITTY
anusanagyiuelaininsessesilumnaziiveRanatisninduniglugesalan Tunauiandlaangas
TURuIasTasendnIsa uIsanazituiesessesliufvastatinnainvasnaiawazAduu1azidu
AelevIAnga 6 seAungnitnualag Mantyla (Mantyla & Lassenius ,2006) #899101ulavinn1g
nagaaulneld Mozilla Firefox LagNaansAlaAaUInTInsaNALISAIUISANYINSAITRIT0eNLUALAY
TaRaNanlaeg195 win1elavedlunantInnyve 6 SEAUTUAINNTATEYTeITRElIAlARAUIY

AR

3133y (Dallal & Briand , 2012) lalaueunsinlagtuniuegiuinsinladduves
Aananilegnouuay Bediulngjazerdeegly method-method interaction (MMI) 11m3infisey
lAnnssdrulrut1sinewinsuianess Bunsintiiaedn Low-level design Similarity-based Class
Cohesion (LSCQ) %qgﬂﬂmﬂﬁﬂumimﬁﬂmmmmm%a&iaﬁ’uszijL@Jﬁamamma%uﬁm’mim
wonn3Uaaniluniiegseninnusealuratauasldiionseduiuiunagigadanu nseuiunis
= a dl = dl b2 o = a
SunAneTegnasIanulay  LSCC ABNISARDUENELUSOARDNUILALIINTIINANDTIAATE. N3
Naadldu1nsin LSCC duazldnunstlfag1alusknsuanmunlagniIw Java 31U3U 4 $29819 1aedl
W8N AU AULNEIVBINUTENING LSCC ANULAAISYBINIATIALATTU hALMIAIURANAS

v cav va 9 A Py ~ a ) ! < AY o w A

Y99na7d waansnlauulinanmuinlua1unIssnAnesIsEauAand 9819lsAnN LSCC fidadinne
T9@111509 M UNARIALDANS VP LALLUSDANISEAUYRINISHIYN  DeivaInuae  (Access  level

modifiers)

Ref. code: 25595509035084XRS
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U3y (Fontana, Braione et al. , 2012) 1Ad15739a857U57ULAT 091 a0aLIATIA
AusunsnsIvasuseeTesnluAuszAnee laglauusmulssinnuessessesitlidn 6 Usean asil

- Duplicated Code ldim3esiialunisnsinaeulagldliminuiiuiinaiosles

T Y
o

iPlasma waz infusion l8mALANITATIIAUNIUNINYATDILINTIATINE TR UNISUENLARTIT o U
| d' a v A o o Y] ° o Yy 3 woa 1w
druAiesile  Checkstyle agldmafintud uiuussyia 91U 12 ussvinvedlangiuinnenuues
TUsunsy way  1ASesiie PMD agia1sainisiinduveslangdideussetoy 1 asSalazegnalos
Usenaulumae 25 Tnau

- Feature  Envy  lguiasialunisAiuin Feumsinusenauluaie

AFTD(Access To Foreign Data) , LAA (Locality of Attribute Accesses) Tnedaunnsna

FDP < FEW NATFD > LAA <§ 2.1)

lpg?l FEW 9ggniiansanaingidey duasesilenatduayume JDeodorant

- God Class Huimsinn1snisnsaadeusznauluse WMC  (Weighted

Method Count) , TCC(Tight Class Cohesion) wag ATFD (Access to Foreign) lagiigunisae

WMC > VERY_HIGH NAFTD > FEW ATCC <§ (2.2)

lagdl VERY _HIGH wag FEW aggnitansananngiliou lasilinIedlefiaduayude
iPlasma , inFusion W% JDeodorant

- Large Class 9g#21584197179%530 NLOC (Number of Line Of Code) lag
fiedosilefatuayufe PMD uay Check Style

- Long Method Wa1saunlaglaunnsin NLOC (Number of Line Of Code) ,CC
(Cyclomatic Complexity) lag 119339 Halstead Imaﬁm%ﬁaﬁaﬁuawﬁa CheckStyle wag PMD

- Long Parameter List fa1sanlpetiusiuiuvesmmiweiaeiinsosled

atfuayude PMD uag Checkstyle

Ref. code: 25595509035084XRS
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v o = IS Ao v oo (% ! a ra 1 14 Y o
‘Viﬁ\‘i"ﬂ’]ﬂﬁ'ﬁ'l‘ﬂLﬂi@ﬂllBWIGUﬁWMi'UWTJQ‘Vﬂi@Qi@FJ‘VII@JWUBLJTVW]'N‘]LLa'J 1avianns

(%
a v

nagouiuresalAnlusian  GanttProject BaQniaUIAIEN1YY Java lagllvia 6 13937 lnenans

noaastulinaldunuinela

AT (Kaur & Maini , 2016) lAd15796a57U57001RA5IE 1S UM U 895087

Lifluresaldn Junnsiausznauludis WMC (Weighted Methods per Class) , DIT(Depth of

Inheritance), Class Coupling, CBO (Coupling between Object), RFC (Response for class), NPM

(Number of Public Methods), LCOM(Lack of Cohesion in Methods), Number of Parameters,

Number of Accessor Methods , Function Point, Halsted Complexity, Tight Class Coupling e

Loose Class Coupling #dtanuulmiunasinfidrsralaunaiianglunisnsisaeusessesnlid A

wARIlUAISI9T 2.3
AN 2.3

UARNLIDTINYDNINIIY (Kaur & Maini , 2016)

[

Rules

Bad smell

a. if Number of source lines of code (NLOC) >50 and declared variables are not used. b.
if Cyclomatic complexity >5 c. if Halstead effort E=D*V>15 If any above rule is/are true

then bad smell is detected.

Long method

a. if Number of lines of code >300 and more than 5 long methods b. if Depth of
inheritance tree (DIT)>5 c. if Class coupling > 10 If any above rule is/are true then bad

smell is detected.

Large class

a. if Coupling between objects >5 b. if Lack of cohesion in methods>2 If any above rule

is/are true then bad smell is detected.

Feature Envy

a. if Number of parameters of a method > 5 If above rule is true then bad smell is

Long parameter list

detected.

a. if Lack of cohesion in methods>2 b. if Number of accessor methods >10 If any above | Data class
rule is/are true then bad smell is detected.

a. if Number of methods =0 b. if LOC=100 and WMC/NOM<=2 If any above rule is/are Lazy class

true then bad smell is detected.

Ref. code: 25595509035084XRS
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wananiinisiuasingendwlsiuldluiunisssusassunanesesessesiilinvia

A gainisihunesingedwisiuldlusulinanmuningedwisdneie wu

311398 (Meananeatra, Rattanaleadnusomn et al. 2013) lounauslunainamunin

AIUAINAILNTOAIUNITIATIZ B RANAA (Analyzability) Niszdumsand1su J2EE Application

v v 6

lnglunalauszandldlasiasnsninuduiusuas SIG Quality model (Heitlager, Kuipers et al., 2007)

=b.

lassadinunmaunsitasigvteranainduusenauluamenatsuennidiindaudnyme
3

donARINUAMNINIUNNTIATIERTaRANaALAza U IAInAINUINS TnTidenAdasTukaNNI U

Fllun Volume waz Complexity Tneunsiaildlaua MLOC, PAR, NBD uae VG

9147398 (Chawla & Chhabra , 2015) 1@1"13’1Lauéﬂmma@mnm%avxlsﬁn%?faﬁﬂmmw%au
Giamﬂsé’fqmmamﬁmmam%ﬁﬂwﬁﬁmmm@mé’ﬂwmzQmmwﬂu’d 4 A9 Analyzability Changeability
Stability waz Testability F31053adu Analyzability Usznaulusie VG, TLOC, Comment, WMC,
MFA Taerarimduanidudavosunasiasenduag audnvasnddnoluagrhuiddutladelunis
Usziiufu Maintainability Mifunaidnvuziamzvessendwiiiaenadosmumnsgiuil 1SO 9126
fatun wagnsgnIn1sUsuUsafiefuandiu. Maintainability SuazdenadesiuanannasgIunud

ISO 25010 AMAUALIUNU

1338 (Juthamart, 2015) Iataueluaalunisussidiuguninilsaiuauausoly
mslnsghiiemdeRanaindniuresaldnlusunsunimannssduaaa lunsadlumatiuléi
mMsdsavannsiafidenaienuninvesesalinlusunsusunsinssimamadeianatnuay
dumisveslsunsuideandly uagliisnmsmnsadfinisannosladadnuuudusudedunnsinild
swsliiedu 11 fdeiu fe WMCAPARM, NOC,DAM, LCOM,CBO,,CBO NBD,DI, NOP uay
CLOC Wlefuyninasiandanuduiusiussiuresnunneesalinsunsiinssimdeiianainuay
dumisidoaudlofauudliedu 3 sedufe LarsUsulss 2meld 3.4 anduldvhnimaaeutaeia
ndosusiugvaslinadildiamntu Tussduamnudedud 95% deweaeulasairdlumauazvaaay
Tuimafungusegnavesnaraannainlusunsa jedit 91uru 121 aana Tnefinguaaiaiidenunldly
ATl IinstuiiniideRanaiauaslifdorrainseinyndazioudluwaslvdssdu
Aunvesnana lnsainnismaaeunuinnsiaiinaienuanvewosalAnsuanuamsalunis

Ainsziidfiendeianain fe Weighted Methods Per Class (WMC) wae Class Line of Code

(CLOQ)

Ref. code: 25595509035084XRS
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A TElIINTA139UaYTIUTINAUIATIAAUN IMEaNALISAIUN1TUN 95w Tu
drupuaNYiEgoY AUANNANNTIIATIZIMTBRANEIAlLULRSALANIINUINTIIU 1SO 9126 ay
nauuasindmiuidensurlaneSaimangay (Metrics for refactoring selection) @3i518az18A6

v

= = Awv A
FHITNN 2.4 YILAAIATNTIUINUIVENHNIUNN

Ref. code: 25595509035084XRS



ANS19N 2.4

UAANN TN AW I

91U

aUszasA

a 1 o
Jinsassoenlain

1A

(Meananeatra,
Rongviriyapanish et al.

2011)

EuIRIniaAunsassaenly

=
f

Long method

MLOC, MCX, LCOM, CU, DU, PU

(Dallal and Briand 2012)

UM IALABTU

Class Cohesion

LSCC

(Fontana, Braione et al.

2012)

IUALITIUTIUAIDILBLATIINT

v o

Jadmsumsnsiadeusessesdll

- :
AUTTLNNANGS

Duplicated Code, Feature Envy, God Class,
Large Class, Long Method, Long Parameter

List

AFTD, LAAWMC, TCC, NLOC,CC, Halstead

(Charalampidou,
Ampatzoglou et al.

2015)

19713488 TIVTININRTIALID

o ' a1
ungsessesnluf

Long method

LCOM1, LCOM2, LCOM3, LCOM4, LCOMS, Coh, TCC, LCC, DCp,

DC,, CC, SCOM, LSCC

(Zhao and Hayes 2006)

° Ay o o a
YNUNBARNENADIVINILNANDIA

Halstead, WMC

(Srivisut and Muenchaisri

2007)

EURINRS IR NS UAUYNSBITREN

laifidm5u Aspect-Oriented

NAdP, NAdAsP, NSAdP, NNSAdP, SJP, NOASP, NPAs, NNPAs, SCT,

NAMA, NIAs, NAdAs, SNOAsP, NPC

(Rani and Kaur 2014)

as1amsasiladvsunsivdau

Spaseilld

Lazy Class, Long method, Comment lines

, Large class

DIT, Coupling, WCM, Halstead , Cyclomatic complexity , NLOC ,

LOC

6¢

Ref. code: 25595509035084XRS



(Sreenu and Rao)

WD MTIWNANDSWaTIIRTIn

o w1 a1
Fususeasesiilis

Lazy Class , Temporary Field

NOM, IVMC, DIT, LOC

(Kaur and Maini)

dnaznuTNansind1msu

' v oA
A579d0UI095087 LA

Long method, Large class, Feature Envy,

Long parameter list, Data class, Lazy class

WMC , DIT, Class Coupling, CBO RFC NPM LCOM, Number of
Parameters, Number of Accessor Methods , Function Point,

Halsted Complexity, Tight Class Coupling , Loose Class Coupling

LBl aYlaTeSuANes e

) ) Code Clone DCH, NRV, NAV
(Higo, Kamiya et al.
2005) Aries Tunsuandnwagves
soss0uilld
wiadalunsseysuranesdly Code Clone DCH, NRV, NAV

(Higo, Kusumoto et al.

2008)

Wsunsunmwideinglagldunns

o

plg

(Singh and Kahlon 2012)

TussTaiiothuviemeanad
WndaRAnaIALaLAUNTBITRYT

lalfvaslusunsa

NOC, DIT, LCOM, LCOM4, WMC, Puf, EncF, CBO, RFC, NOD

(Meananeatra,
Rattanaleadnusorn et al.

2013)

Iiinawelunainamnineu
AUENNNTOATUNITIATIZANN
JoRanann (Analyzability) sz6iu

LUEBNA

MLOC, PAR, NBD, VG

0¢

Ref. code: 25595509035084XRS



(Juthamart 2015)

analunaUsudununNUD LD
alanmuAuaansalunig
AngiiiiavdeRnnaia

(Analyzability) ssunaia

CLOC, DAM, NOP,APARM,CBO,I,LCOM,NBD,DI,NOC

(Chawla and Chhabra

2015)

LueLUAAMN NGO NALITTI
FNMUIUVDIAMGN UL AN 4
fi9 Analyzability Changeability

Stability way Testability

VG, TLOC, Comment, WMC, MFA, NBD, CBO, LCOM, DIT,
NORM.NOM, NSC,RFC, CE

(SISSy 2011)

wsadiadmsuiiasgilusunsy

awdadng

ATFD,AMW,NOM,NOAM,NOPA, TCC,WMC,WOC,CDISP,CINT,
CYCLO,FDP,LAAMAXNESTING

(3

oD
=Dy

MUY

A4 A Agwvo o
LEUBLASBINON A UININTIA

WAz TEYTUNANETY

Long method

NOS, MCX, LCOM, PAR, NBD, CU, DU, PU

1¢

Ref. code: 25595509035084XRS
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3501599y
Tuunfiagnanndaisn1saniun15398v0Rnednus F9usenaulumenInsIuued

IFN15ANAUINUITY FFTN1585 19 0ANTULAALATBISUNUNITAIUIUNIASTA NISWAIUNEIULATY

TUsunsudadvd(Eclipse Plugin) ia3asilenldwaun Tunounisiaul Lazisn1vnad

3.1 AMNSIUVIIDNTANTUIIUITY
Tuguiindnddianissiiunuise TnounmsInyeinss UL sRmUIToNsLIs
WUULBLALE (MDA: Model-driven Architecture) fanunsasessunismuanasTadmsulusunsy
Be¥ng mafadonunsinfiieadosannaAdeiniumn uazuumissuasuuudiass
3.1.1 ASTUAUNSHAILITBNALITUUULDNALD (MDA: Model-driven Architecture)

NeU1505995UNIAUININTINENTUTUSUN TN TNg

AT lIUsTynAld nszurunsaugevdusuuLOuRle (MDA: Model-driven

Architecture) wiiidunuamislunisudaswesalannrelusunsudsing i dunuudiaeaeilyl

¥

!

o

Judunwlag eglinindiasezilassaislusunsuazanlunisiaszilaseadialusunsuag

'
[ [ a

T09 Inenwideilaauaisnisuasimunasesdiengislunisinseilasasialusunsudaing 7

anunsasessulannnnin 1 awide JAVA | C++ Fansesiletuazidudiuasuvesdnaud (Eclipse

(%
a

plugin) \Hasandrdudiudulenumasa (Open source) waviuiasasilodmsuiaulusunsudil

ANTeUeg19NIN T AU ANN A T ULaT N LR D8 aALaZL N AN WA WO NALISUT D

'
a

Jn3veaulaarursainluldaunsewmuimnesanls lnaninsivluniswauidiuasudndvdiuay

o = & <, ° s v a o o Y}
LAAIANAINNT 3.1 IﬂEJSUUC‘]E]ULLﬁﬂ"ﬂ3LﬂUﬂ'ﬁuq‘?jaﬁﬁIﬂﬂiﬂﬁLLﬂﬁﬂJﬂWUWIﬂﬁLLﬂiﬂJL?jﬂ?@lflll']ﬁ/l']ﬂfliﬁﬂﬂ

a

LUUTIaes (Model Extractor) Wagluguuuudiasaendidula(XMi: XML Metadata Interchange) 9
laguiuunanesulaglaswuudiaesiaviunuudasdassaissulinneduius 39 nsulases
alanlusunsulbiegluuvesuuudtaedlassadadulinineduiug degviliuandiiuidasas

Manunvesgesalan nasnlawuuitaedlassadeduldnneduiug udivdwuuitaesliiing
TunausslUAatunounskUaUUIIaes (Model Transformation Process) §9agyinviadu 2 Jumeu
mefufensuUamuuitasdlasaiedulinneduius luguuudiasansmuansaiuduiusves

TUsunsu (PDG: Program Dependency Graph) wagnisulasiuudnassnsnnuansnnuduiusves

Ref. code: 25595509035084XRS
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Tusunsuluguuuiasafuaunasinveslusunsy vdminkiutuneunszuIuNITLaILUUTIAq
wirazlduuuiasafuannasveddusunsy faansadndmameinnsiavenuas 2 ngude
WP TInAUAMFRALITAIUNTUNTISN YT (Metrics for Maintainability) Tudiuradinuuzeas (Sub
characteristics) AuANAINTOIATIZIITBRANA A LUTDSELAR (Analyzability) 31nu195§1U 1SO

9126 uay 1nTIndmsuaenIulANeSWLNzaN (Metrics for refactoring selection)
A7 3.1

UEAININTINUDIUINY

Eclipse Plugin

Model Transformation Procress

N M| sissy R ﬁ i i ﬁ

Extract GAST model Transformation Rule

POG madel

Source code OOP

5 -

Metrics 1 Transormation Rule

3.1.2 N1SAAABNUIATIANNYIVIAINTUILTHIUNN

aw &o N ] @ ¢ oA Y
nuidgddnausiaiesoioniAruinsingenwas 2 ngufe  wmsianuan
waALITIUNTUNIsNY Tudiunadnuazdos AuANAINNTIAAT s Teana1nluresalan

NUINTFIU ISO 9126 wae W mTIndmTudensunAnesimunzay tngludiuvesunasianguusn

Ref. code: 25595509035084XRS
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WWALN191N15d15999NNUAIBTRWLN duanasindmiuidensunanesaivunzauiugidelauin
99191348 (Meananeatra & Rongviriyapanish et al. , 2011) Fag3deuuldthuimuisesaniy
A A o W v A aad a
irseslledmiudnianisTunAnesy
o w v A o A o awv A & N =
dmTUN1IARENUINTIATIALITRAINNUITENH UL T L HaNA1TNIAINAT1T
2.4 fRAuleasanuInTIafNdmanIeeny Ansauisalunmsusssnuludiuaudnvaegossung
WAse9 Wneduannguinasiaiiiedesiuseauaziinudlunisldaursutiann Feuidenui
LH9YINITHUINLANAN YUY TIAU TAYUIAYDITEUY (Volume)  wud1 ¢y
(Meananeatra, Rongviriyapanish et al. 201 )lldu1msIn Number Of Statement In Method
(NOS) WaIna1uIUNIATUNTD  Statement Y8959 F9619911911398 (Fontana, Braione et al.
2012) waza1139y (Rani and Kaur 2014) #lalgu19539 Number of source line of code (NLOC)

vya o I

Salaemstiusiuiuussrinvesuseniiemumaveusen Sefiduesimsinvuinveusonlag
NSHUIIUIUVTIVIANGD  Statement ﬁ?mﬂu?%aﬁﬁ%ﬁmwawdmmLmamﬁ?uﬁsuumﬁimuhﬁulﬂma
danan1ennun1sUnsnwle wenaINNIITUTIUINUITINANIEIINIU  Statement  wadaladung
nuidelldunesTaussandugiietnauinwsen 1wy 91u3se (Kaur & Maini |, 2016) way 911388
(Meananeatra, Rattanaleadnusorn et al. , 2013) launu1nsin Number of parameter (PAR) Ex
Hunsiadnnumsiivesveausen stelumsinvuinveusen lnegiteussinusenladis
$umsdimesiunnifuluenademaliondenisudlalusuinnle Tnsusnainnisianuandd
MIEUILIATEITE UL fiunsadeiildunnsialunstaaududeu (Complexity) vosusen
fe LU 91398 (Meananeatra, Rongviriyapanish et al. ,2011) , (Rani & Kaur , 2014) ,
(Meananeatra, Rattanaleadnusorn et al. ,2013) wag (Chawla & Chhabra ,2015) lalguissin
McCabe Cyclomatic Complexity (V) @utfusnasiafildinnnnududou uvhnisiannududeuves
LI59A B991991N9UTE (Fontana, Braione et al. , 2012) , (Zhao & Hayes , 2006) way (Kaur &
Maini , 2016) laltu1asin Halstead complexity anldlunislunisinaaududouroauseon
wonanifiursnuidelaldunsSaivenmileandunldlunsTnanududeusndae wu side
(Meananeatra, Rattanaleadnusorn et al.,2013), Juthamart 2015) ilag (Chawla & Chhabra
2015) ll4u1ms ¥ Nested block depth (NBD) #ifmpanudnvesdrsuduresdnniaes Statement

va o

Uszan@auly 1wy if/then switch for while Wusu ueelunisinanududouresusen laendve

Y

daiuinsiwseniinududeugeiueivdmasenisvianudilassuuld uenainiegadinnsin

Ref. code: 25595509035084XRS
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finaule Wy uide (Charalampidou, Ampatzoglou et al., 2015), (Kaur & Maini, 2016), (Singh
& Kahlon ,2012) , Juthamart ,2015) wag (Chawla & Chhabra ,2015) laltumsin  Lack of

cohesion in method (LCOM) Wiainn1snizinennunelupana

YBNIINNNITAMEDNUINTIADINIUITLNRIUNILAD MEIUVDIUINTINAINTULADNS

va o

unAne3aivanzan (Metrics for refactoring selection) @annsi3delanaiuicnuidensgenain

Y

o

(Meananeatra, Rongviriyapanish et al. ,2011) #adusiAdediAsfunmsssyisiunaneiaves
fessenitlifivszinnassusenlnsldnguunsin fenduunnsiatiuusenavlufas Count  of
computation of v in path (CU) , Count of assignment of v in path (DU) , Count of predicate of
vin path (PU) dstuanmsdimanuidefiumnannsoasuunsinuazgnanssiundenssd

3.1

Ref. code: 25595509035084XRS
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aUNI9TININIINTIETIHIUL

NN FAIN1TAILINAINTIA ingUszaedvas | Aauanue 31939
1A toe
Number Of NOS = srunuitsiduluson Tnglipsounqu | Tnvuinveusen (Meananeatra, Rattanaleadnusorn et al. 2013)
Statement In Java Ternary operator
Method (NOS)
Analyzability
Number of PAR = §1U7u289W15100as luLlsen FAINUIY (Kaur and Maini) wag 911338 (Meananeatra,
parameter in M50 DUD9 Rattanaleadnusorn et al. 2013),(Juthamart 2015)
method (PAR) L3500
Nest block depth NBD = §1u3uANaN893uUnn Taduauanudn (Meananeatra, Rattanaleadnusorn et al. 2013),
(NBD) Yaetulinn (Juthamart 2015) waz (Chawla and Chhabra 2015)
McCabe Cyclomatic VG = P+1 Samnududau (Meananeatra, Rongviriyapanish et al. 2011) , (Rani
Complexity (VG) VDWUTDA and Kaur 2014) , (Meananeatra, Rattanaleadnusorn

We P = lnuakeulumaden

Lack Of Cohesion In
Method (LCOM)

[% i=1 m("i)] —m

1—m

m = $IUIULNTDN
V = SIUIULENNS TR

m(V;) = wseafiienlduenvsdon v;

Jansinznen

fulunana

et al. 2013) wag (Chawla and Chhabra 2015)

(Charalampidou, Ampatzoglou et al. 2015), (Kaur
and Maini), (Singh and Kahlon 2012) , (Juthamart
2015) , (Chawla and Chhabra 2015)

Ref. code: 25595509035084XRS

9¢



Cuv)

Count of computation of v in path

Computed of a

variable
DU(V) Count of assignment of v in path Defined of a

variable
PU(V) Count of predicate of v in path Decided of a

variable

(Meananeatra, Rongviriyapanish et al. 2011)

A

Ref. code: 25595509035084XRS



38

3.1.3 wuIN19N15UaLUUNaaY (Model-to-Model Transformation)

[ [

AT denl¥sMsuwatiuusiassuadauailumadionten MOF (Meta-
Object Facility)  sstunuamanisulasuusasslunuddeiaedsnisulauuusiassuuumei
Tuaa (Meta-model Transformation) #$33miuuusiassdiunia (Source Model) waguuusians
Uanemne (Target Model) floanuuuassdosaenadas (Conform) fulumilanaa (Meta-model) 1a3us
azuuusiant Insuvuiassdumdufidaeuuusastasaddulinnneduiug (GAST) fiunannnis
yhtunou nMsulaswesaldrliogluzuvaauuusiass (Model Extractor) Sadunuusiassitoanuuy
1o lA U U8 MUUTIDIAUNIY WaLUUINaDIUaIENI9AD UL INLERIANUEUNUS
Y04lUsunsy  (PDG) wazhuudaesiuamnsvaslusunsy (Metrics) audinulpafingnisuias

(Transformation Rule) Ta@nSuilenuniswladuuinasy TauandnanIng 3.2

Ecore ———  » Conforms to

//V MOF ‘\ — — — — » Transformation

GAST PDG : Metrics
Meta model . Metamodel : Metamodel
N
@ . @ @
—_———— TER ———— | —
GAST.xmi Transformation 2 PDG.xmi C L Metricsxmi

Rule

d’ o a o
NIV 3.2 W@RIN13LUANLUUIAD9UDNUIRY

Ref. code: 25595509035084XRS
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3.2 5N158519 UM UL LATBISUNUNITATUIUNINGIN

Tuduiiaznaniisnmsasaumlunaldsosiufunisuwannsindwsznouly
Ae L linalasead1eiuliinnedunus (GAST : General Abstract Syntax Tree) aluiaansa
wansAuFuRusvedlUsunTy (PDG  : Program Dependency Graph Meta-model) twmiliing
1191599 (Metrics)
3.2.1 walaalaseadreduliinnnedunus (General Abstract Syntax Tree

Meta-model)

nuijellagesnuuuunlunanidiuinauinsinlageguuiugiureslaseaing

suldl (Koziolek, Schlich et al. , 2011) Fuumlunalassaianulinnneduius dugnasiuuiiiie
CY a o [l & I £ ¥ 1% 4
atuayun e lUIuNIaeing 1wy JAVA, Cvse  C++ 1ludu lnswaluwnalassasiadulyl

v o 6 (% d' = 1% £ 3 v v & © 1% <

NNBFURUS UansfanIni 3.4 Fausluea Iassassaulinnneduius du Usznaulume wiatng
(Package) A9 NaNwALN151U F99uiTedlazianzaslufl uiine Statement FaAgadaaiu
Hendunseluseon lnauiiaina  Statement HuUsenaulusie Statements AN99TalanImUaNYE

ANSYINU AIAINT 3.3 AZAISIN 3.2 LAAINISESUNEDRLIIUYDILNALNY Statement

o1 + surroundingStatement
* mn
+ b@dj‘ l"
= H statement -+ stetement
1 =
= | + statements
worderads

| E] simplestatement | | E jumpstatament | | ] Blockstatement

L
4.| l:lLuupS‘tatement | | l:lench'j‘tatement |

+ initExpression + breakConditionExprassion

+ incrementExpression 0.1 1
+ conditionExpression

W‘ l:l Expression I""l

27N 3.3 LARILIALNA Statement YauunlunalATIES19A Ul N dURLS

Ref. code: 25595509035084XRS
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Element Description
BlockStatement LUNRNLELERS function body YasiATURIBILGDN
-statement wenvisdadniludadniesddiuiures Statement Nagnielu

BlockStatement @

-surroundingFunction

v
i3

&1 BlockStatement #t8u function body wennsdaslazidu

nN15919841U Statement Negdnslu

-synchronize

£
L3

fwann30didu true BlockStatement fife synchronize

block

Branch

a

LOUNAN LY WEAIANVIVDY BranchStatment

-conditionExpression

weny30ANIFUVIU condition expression Va1

-statement LM IFRlEuNY body veE Ui
BranchStatement Lauﬁ(ﬁmi’ﬂ,mu Statement ﬁﬁmm Wiy if, switch statement
-branch WaNNsUIs
CatchBlock luvSARuNY Catch block &1dunenunann BlockStatement
9z3n13 catch parameter
-catchParameter 9719849AU catch parameter @15u Catch block

ExceptionHandler

[

UnsANUun1SANGU exception

-catchBlocks UNUAAATDY catch block 8IN15ANTU exception 1
-finallyBlock un finally block 989n156n9U exception 1l

-guardeBlock

uwnu block statement ifl guard

Ref. code: 25595509035084XRS




41

v a

GASTBehavior Lauﬂaﬂﬁaaﬂumﬂiimaq GAST meta-model

-blockStatement wonn3danniilunsulnsalnaivesmginssunmsaiislunaniu

N9LATIATIS statement

a

GASTExpression Lauwadﬂugw (root) U84 expression

(%

JumpStatement uANldununsian?du non-condition i Throw

exception , return udu

~kind Tdunuriinvainislan

LoopStatement BuiinfiAsesunisauguynein wu for , while Wusy
-body unu statement flagnnelugy

-breakConditionExpression LU expression #fu break-condition (NG
-incrementExpression W increment expression 04U
-initExpression W initialization expression U89gu

-kind DALY

SimpleStatement Lauﬁé’&ﬁmﬁu statement Usztnn variable, assignment 675@

uray statement 3zdndgT U uRDUlNTa-1NES

Statement uAMUusy (root) ves statement Vv
- accesses WIUGARYRINTIUNEN statement Mogneglu statement tue
-expression LU expression MAnUUlY statement U

-surroundingStatement WU statement 719g 50U v8Y statement 1

Ref. code: 25595509035084XRS



File
« | localVariables « |formalParameters
+ pathName: String R
+ linesOfCode: int LocalVariable FormalParameter
targetVariable
1 .|, root -
Variable [\ ! type. GASTT: accessedClass
ype
Root 1 1
root + qualifiedMame: String
subPackages . r InheritanceType
GlobalVariable Field Access
»| =« | packages inheritance /' «
* | globalvariables fields | * eACoess
Package surroundingPackage surroundingClass GASTClass
> accessedTarget
surroundingPackage | | o000, String + | + name: String
i . i
surroundingPackage ' surroundingPackage classes ltsriace: Booisan
surrnundingtlass’ 1] acces arget
returnType
Access_| DeclarationType
overridden Access
globalFunctions | * Member,|, *
F I methods
GlobalFunction Method
I .
parentStatement accesses
Statement _r.;
.
statement
ikl qnctlo‘n__ j blockStatement
Function surroundingFunction body
surroundingFunction - 1 BlockStatement FunctionAccess VariableAccess
| + name: String
+ visibility: int targetFunction
+ abstract: boolean 1

29 3.4 uansnmsanvesunilunalasiasenulinineduius (General abstract syntax tree Meta-model)

4/

Ref. code: 25595509035084XRS
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3.2.2 Mseanuuuimluansinuansauaunusvaslusunsy (Program

Dependency Graph Meta model)

wanlaeansinuaniauduiusvedusunsy Aewnlunaildoduiednune
Tassafemsvhanveslusunsunwideingdasenaulufenanafiuansisaataves Object Bsly
aaiuazUszneuluisuennitafuarfleituniowsendsuusentuazUsznauludie Statement
M99 WU If-Else , while |, return 1Wusu saulutedrsunislua(Control-flow) 909 Statement uwag
dfumsinavestoya  (Dataflow) Beazlnaan  Statement nilslugdn Statement Iy
wlamansmudnsnuduiusvedusunsy duldoonuuunuuinmesnydds (Meananeatra,
Rongviriyapanish et al. ,2011) Falgld Control-Flow Graph Way Data-Flow Graph 3iAs1gH
Tasvadrsvenusen Tngasddsznourenunilinansmuaninnuduiusvedlusunsy dulduanss
At 3.5 FaflswaniBunsneg el
,oufifl MControlflowGraph @ wiuunuiuseaiiogluaaradsluiusenazdsznaudae
Statement snsqiiSesadiuntsivia (Control-flow) faus Statement usnldaufls  Statement
anvnelag Statement Suazunudie AbstractNode #sdl fromNode lédwsuvanddunisinaves
Node reuntiuag toNode lddmiuuen Node dudinludmiudsunisivavesteya agly
dataFlow Litousn Node finluvastaya toufii Node dulddmsuuny Statement Wilu 1w
double totalPrice = 3.5; {ugu LouiiiConditionNode Tdmsuuny Statement A dosiu
oulv wu if | else 1Hudu toudinlterativeNode tmaglddvduuny Statement MAsTaeRy

Loop tauiid Param wnun1s ilmesvesisen lngouiinvaiil @a1ansaasuawmisnd 3.3

Ref. code: 25595509035084XRS
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1

| o|-1
E var 0.* Method
= name : ES'gring jee==—=u B MClass wl/ 1.*
:n gﬁ,ﬁtaﬁf 'fr:zr;%ing MEEVERE ['= name: EString H MControlFlowGraph
s § : = LCOM : EDouble = - ;
= isLocalVar : EString 1 mclass T _name : EString
= cu: Elnt A
= pu : Elnt locaiva 4 ? odes
= du : Elnt
accessMethod
% ¥ e
0.* param !
.| H param H AbstractNode
0.
T name : EString
dataFlow | o guse : Estring
0.* | = kind : EString
var nodes 0. A
| T falseConditionNode
- falseConditionNode
H RerativeNode H Node

H conditionalNodé

0.1

trueConditionNode 1

= type : EString
1

trueConditionNode

055

params

2w 3.5 wenlumansmluansanuduiusvediusunsy (Program Dependency Graph Meta-model)

12
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AN5197 3.3

UANNAI95 YDA UYL I AANTINUARIA 1LY NS Y USHA5Y

Element Description

LPUNRANLEAITI8ALLDEAYBIAANALUSNSULTIING
MClass 5

MControlFlowGraph | gy gl ddmsuunmumseniiegmelunaavestusunsuids

[

0
)
var LounANld Ui UsTlinge
Param LUNANLYNUNITITLNDTVDUUTN IngAUNDANIAIN Var
AbstractNode wuiandusevaunia lnglduns Statement Aaqiegluy
LWIsan
lterativeNode

WURANEMSU Statement MLAEIT99AU Loop LU For,

While 1Judy Fsduneuiann AbstractNode

Node ufinnlduny Statemnent Wialuigu Simple Statement D!

Jump Statement lng@uneninan AbstractNode

ConditionalNode | oy ad#M 4y Statment Tdumadenvioteuly wu If

Wudu Inedunanunann AbstractNode

3.23 ﬂ’]iEJEJﬂLL‘U‘UL&IW]I&ILﬂatﬁ‘uﬁ"lu"lﬁli’?ﬂﬂlaﬂiﬂiuﬂﬁl (Metrics Meta Model)

wenlumaiiuatuansinveslusunsutduazlddmsumsmuiamuinsinaieg 9
NINTIATLAEITOIAUARNALAZLIATIATIIABIT UGN TnuunTiaunazsiinluazunainng

ﬂi%“U’J‘L!ﬂ'ﬁLL‘UaﬂLLUU‘S’]@BQ?%‘M%"NLLUU"UQ’mEJflﬂi’WWLLﬁﬂQﬂ’J’]MﬁNW‘Ué%@ﬂUiLLﬂiELIfgIJ‘ULL‘U‘U‘SW@@QLﬁ‘Uﬁl']
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1795v041UsNsY Tneaznanluniends waluwaliuaiuinsaaduswnsy sUsenaulumeiauin
F99) AIA5199 3.4

AN 3.4

wansAasUngdaiuaaNalunaliuAIIn T TAvealusuasy

Element Description
MClass unanlgdmsuinsiniingadesiupaa
MMethod unanlgdmsunnsiniingadoiuLsen
Var LOUNANITLERITIa2IBUAR195 VD IF YT
Param LOUNANLTLANITI0aZIDUARIUDINITITADS

I
aal Sl

a ad I Yo v & Y a a v )
AT 3.4 LoUAR MClass U toudianlddmsuinuinasinaisgilneatesiu
Aand LU LCOM WJudu 9y MClass azflmnuanuduiusiu toudinl - MMethod @alddnsu
105 IA7NeITRIMU wWsen FeUsznaulumeunnsin VG, PAR, NBD waz NOS tufu toufif Var 1u
glddmsuiiuiulsslinanequagnisniines swulufssinvesnisvinsunanessitieadeeiu
a o -'-27 < 1 (v ¥ [ a
AT TReAINSILVRLUAN AR UAINIATIAYNUSLATY LALAAIAININT 3.6

H var mclass : H mcClass
= name : EString 0.1 o name: EString
O isRTQW : EBoolean o LCOM : EString
= kind : EString
O type : EString \ 1

o, * methods mclass
vars L+
H param H mmethad
0.* = name : EString
params O WG @ EString

= PAR : EString
= MED : EString
= MOS : EString

2791 3.6 wenluwaliua1uInsInvedluswnsy (Metrics Meta-model)

Ref. code: 25595509035084XRS
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3.3 1A3093N WAL LU HNTH

[

wwspsllanltlunisiseusenaulumesnsanishaseaninls tnedlsivazdunsadl
3.3.1 89AUTENAUNIAIUTITAKIS

33.1.1 Lﬂ%mamﬁama%ﬁwuﬂﬂa CPU Intel Core(TM) i5-2430M 2.40 GHz
Memmory DDR3 8GB

3.3.2 93AUTZNDUNNATULBNALIS
3.3.2.1 seuuUfuRnis Window 7 Ultimate Service Pack 1
33.2.2 Java 105t 1.6
3.3.2.3 Eclipse 1os9u Kepler Wdmsumamnd

33.2.4 Eclipse Modeling Tools 1109%u 1.5.2 dmiuadrauniluna Fadu

Plugin ¥89 Eclipse

3325 ATL SDK 11999u3.3.1 I¥dwiunisulasuuusiaes dufu Plugin ves

Eclipse

3.3.2.6 Eclipse RCP wiestu 2.0.2 Wdmsuiaut Plugin dadu Plugin wes
Eclipse

3327 SISSy 1e5tu 1.1.0  Wdwiuatauuudiaes GAST Fadu Plugin ves
Eclipse

3.4 YUABUNITWAIU

Tuuidedlanlsdunauvasnisimuraemdu 2 @ Ao

3.4.1 d7UVINISNAIUIYINALISUUU MDA ( Model-driven Architecture )

o

Suanadaualueanlddmsuauasnasind miulusunsudaingiaunse
[ v A ve A awv A J o v v oo =1 &
sesfuiunmsiniladadenainauideniiuan mndudiunlumanlaiinisadeduutuniy

NT2UIUNNTHUAUUINEBY (Model-to —Model Transformation)iaANuUIUMIAINIAS INNADINIS

Ref. code: 25595509035084XRS
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3.5 A5N15IKA

idfeilauszgndld MDA (Model-driven Architecture ) titeifuuuamislunis
waswesalénnwlusunsudsingiiduuuaodeeilitufiuniwilag Wedelvdniae
Tasvadelusunsuazminlunsiinseilassadslusunsudetng Tnevuidedlfiaueisnisuas
Wauieiesdlefitiglunsiiensilassaislusunsudeingisesiuldinnndt 1 anwide JAVA uaz
C++ Fumdasdlotuenfudinasuvodnad (Eclipse plugin) Imaﬁﬁmii’mmaﬁ'u;f’i%’mﬂ%’wami
nadeuNasiadeUsznauluae wmstaris 2 ngu Ao wnsinaunNEERLSHLUN1TTITI3NY
(Metrics for Maintainability) Tuaiunudnuuzeay (Sub characteristics) AMUAIUAINITOATIEN
wvaiananluzasalan (Analyzability) 990119551 1SO 9126 way wnsInd miuidensunanes
Pivianzay (Metrics for refactoring selection) Fausenaulusennnsin Number Of Statement In
Method (NOS), Number Of Parameter In Method (PAR), Nested Block Depth (NBD) , Lack Of
Cohesion In Method (LCOM) waz Cyclomatic Complexity (VG) waz w1nsindmsuidaidoulunis
@en3unANe3e (Metrics for conditions refactoring enabling) Fingaudsslsznouluieunsin
Count of computation of v in path (CU) , Count of assignment of v in path (DU) , Count of
predicate of v in path (PU)

el swesaldnlusunsuiiaun 2 mwideiu fon e java wag Ci+
mﬂﬁ?uléiﬁ;:h%wuwwéhmww java Gafluszaumsalnisien 5 U uazdifenmgmisnaim
C++ Fefivszaunmsaidumeion 3 ¥ wdmwamuesiaudazUsunmdmintuhdedn
goasaldnlusunsusmadeuiudasiovasudduiievhnisiSsudisunanismade Ui ue

TUMIAMUINVINTINTEN I UaTIATREE

Ref. code: 25595509035084XRS
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uni 4
NaN158LazaNUs1gNa

Tuuniagnanienszurunisulasuuusaeafiaduiamuinsiais 2 nqu Ae
WnsInRuAINLeNALITINUN1TUITISNYT (Metrics for Maintainability) luguamudnuwagdes (Sub
characteristics) AUANAINTOIATIZITBRANA AL UTDSELAR (Analyzability) 31nu95§1U 1SO
9126 waz WnsTndmsudeniunavesfiuanzay (Metrics for refactoring selection) Fansulag
LuUaeiiornanas Tz desimaay 2 nsEuunsie 1. Juneunsulacuusiasd
lassasrasuldinneduiug Wduuudiaensmuansaiuduiusyedusunsy 2. Funeunisudas
LuuaaInTmuansruduiusvedusunsuluguuudiasaiuaunsvadlusunsy Tnedumeuns
uwatuvudaesiuagdosdinmsimuangnsulasia 2 funeu 9ntiuaznanienisaaeuaI

W899159909ANIRTIANAAINNTLUAUUTIRY 3NTUURLIINNTaTUNENITVIAGDS

4. Jgrungnsudauuuingas

A A L o Y gj ! g.J/ a v dy v ! 5
WenazlilanavesnisAmuIuInsInng 2 GRS NuATelilauusiunaunisulad

o aou & < ] = o k% £% £% v v ¢ 1
LUUANADIVDINNUIRYUDDNLUUL 2 YunBUAD 1. ﬂ’ﬁLL‘UaQLLUU"\]’]@EJQIﬂix‘]ﬁi’NG]UhJ’J’lﬂEJﬁlI‘W‘Llﬁ IUE_]

'
P

Luudiaeansnuaniauduiusvedlusunsulagduneuiilunisulasuuuitasaiielildteya
SududwsunisAruumauasiasiegmuilamuuaienlilunuise Jeduneuisniuavdedd
wuudraessunslaglunidfswuudiasslassaitsulinineduiusgsazunannisulaswesdalan
Tsunsuviegluguveiuuitaesadusinsudazesugluidedinly 2. Tuneunisudaiiuuinges
(% v 6 ay v 3 1 4 g" 1 o =3 1
N3 uanIrNduiusvadlUsunsunlandunsuneunihiluguuuitasaiuAuinsvedlusunsy
Tnggunouiiazifunsulaiwuuitassfiomurumauinsinusazuszian amalamnmuaienlilu
a o d’"
NI
nsudadnuudnassiuazfesedangdmiunisudas (Transformation Rule) titewdunis
Amuaeulyvenisulasainwuudnassaunisilduuudiaeslaienis  dan1sasnangnisuias
LUUIAD9NULUIINNTIINTEUIUNSIUGUUUTIRDY  (Mapping) Tnailun1sdugseningauiis
(Entity) wazhenn3dag (Attribute) vasumlumasuvsiuwnnlunaUaienie Fan1sduguuudiass

sgrnaumlunalassasisnulinneduius (GASTM : General Abstract Syntax Tree meta-

Ref. code: 25595509035084XRS
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'
a Ya o
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Program Dependency Graph

Meta-model) N33elnaankuuli Ui ten 3.2.2 TULEAIAIAISIN 4.1

Y

ANS199 4.1

nsdugsznItunlnalasiadiedulidnneduius tuiun i lunansinuanin1uaumisve

lUsunsy

A lanalaseassduldanedunus

IATULAANTIWLEAIAINUTUNUS VD4

TUsunsu
Class MClass

- Method - MControlFlowGraph
- Constructor - MControlFlowGraph

- Statement - AbstractNode

- LoopStatement - IterativeNode

- BranchStatement - ConditionNode

- SimpleStatement - Node

- JumpStatement MNode

- Field - Var

- LocalVariable - Var

- FormalParameter - Param
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Aeafu Statement #1199 1w i/then  for  while tJudu Tneusznauludae Leufifl Statement
loUNA LoopStatement 1oUR BranchStatement WUNR  SimpleStatement  uay LOUA
JumpStatement 3z3UgiULEUTRA AbstractNode Laufif IterativeNode Louiii ConditionNode
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AN519N 4.3

AFUTINIUNYN TSUUAIUUYTIADY

QRUERIGNERIERELE UIUNY)

wienluwalassasiesulinneduiustuisluwansinians 11

ANMUEUNUSYRI UL

WA LULAANTINLEAIANUFURUSVDILUTWATY AULANULAALINTIA q

4.1.1 msulaswasalanlusunsudeing iegluguvasuuuitaaslassaieduldnnedunus

[ o

dadelaidanlduuuitaeslassadredulinneduiusunduwuuitasshuniaves
a o dy o U 1 5 I3 ¥ a U v 1

NATell lnguuudtassdenaiduazuiannsulaswesalanlusunsudeinglieglusuves
wuudaes (Model Extractor) #afunseuiunsvinicnnssudeundu (Reverse Engineering) lagnns
gasalanlusunsulivingnleg tunnviinisdnuunesnuibviegluguvesiassaiemulinneduius
(AST: Abstract Syntax Tree) Favilianansaueaiiulassainsniegvesweialan lnadunsunisuuas
gosalanluguuuinaadlassaiemulinneduiusdugidelaldiniesdie Sissy (SISSy , 2011) &

I3 2 a v ¥ 1 o v U £ LY Y] o‘d‘d
aunsauasretalanlusunsueingisonueglusluuudasslassaireduliiineduiusnd
wwanadndidule (XMI: Metadata Information Interchange ) lagn i 4.1 uansfiag1dLuson
statement NARAILINIAINATYIII WALAINT 4.2 LEAINATNSIINAITWUAILUUIIaBIAIY Sissy
198UV AN TUNDUR LT ULUUT 18 IA9AUN ITE1 NS UTITUA UM WU AU UTIaDI5ENINY

WUUINBDILATIES 1A U LTINS AUNUS AU UUINADINIINLARIANUFUNUS VI UTWATY
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public String statement () (

i.
2.
3.
4.
S.
6.
7.
8.
9.

10.
11.
12.

13.
14,
15.

double totalAmount = 0;
int renterPoints = 0;
Enumeration rentals = _rentals.elements();
String result = "Rental Record for " + getName() + "\n";
while (rentals.hasMoreElements()) {
Rental each = (Rental) rentals.nextElement():
double thisAmount = 0;
if ((each.getMovie().getPriceCode() == Movie .NEW_RELEASE))
renterPoints = renterPoints +2;
else
renterPoints ++;

result += "\t" + each.getMovie() qttticle()* "\t" + String.valueOf(thisAmount) + "\n";

totali = totalk + thish

}

result += "Amount owed is" + String.valueOf(totalAmount)+ "\n";

result += "You earned " + String.valueOf( renterPoints) + " frequent renter points®;
return result;

NI 4.1 1580 statement NA319lALA1®I1N

4 4 Method statement()javalang String
¢ Postion Customerjave Line 18
4 Declaration Type Access jprEn SkEeSIRLANVPhGQ javalang Stnng
5 4 Local Vanable thisAmount (jqdy_PSkEeSIRLMphGQ)
4 Local Variable each (jqdy vSkEeSIRLANPAGQ)
4 Local Vaciable result (JqdzAPSKESKRLIVVphaGQ)
> 4 Local Vanable rentals (jqdzAvSkEeSERLAVVPhGQ)
4 Local Variable renterPoints (_jqdiBPSEEeSIRLIVVphIGQ)
5 4 Local Varisble totalAmount (_jqdzBvSiEeSIRLVvpheGQ)
4 & Block Statement jqF YWSKEeSKRLIVVph2GQ
¢ Position Customer java Line 13
o ¥ Simple Statement jgfY!_SkEeSIRLIVVphIGQ
¢ Postion Customer jave Line: 19
o 4 Varable Access jBUNSKEeSKRLIVVph:GQ totalamount
¢ Postion Customerjava Line 19
4 & Simple Statement jqfFYgPSkEeSIRLIVVphGQ
+ Position Customer java Line: 20
o ¥ Vonable Access JBUNSHESIRLIVVphGQ renterPoints
4 Position Customer javs Line 20
4 4 Simple Statement jqF Y gfSkEeSIRLIVvphaGQ
+ Pesition Customer jova Line 21
4 & Vanable Access JoBUL SkEeSIRLIVvphaGQ rentals
4 Postron Customer java Line 21
& Self Access jqBUIPSKECSERLIVphIGQ <seif>
o & Varable Access JaBUNSKECSKRLIVVphaGQ _rentals
4 Postion Customerjava Line 21
o & Fonction Access JgBUNSEEeSIRLIVVPMIGQ elernents
¢ Postion Customerjava Line 21
4 4 Simple Statement joF Y gvSkEeSKRLVphaGQ
# Position Customer java ine: 22

’ 0 Loop Statement jqFYg SkEeSIRLVVpH2GQ

» ¥ Semple Statement JoFYPSKEeSKRLMphGQ

+ 4% Simple Statement jgFYfSkEeSERLIVvphaGQ

b & Jump Statement Jaf Y SkEeSKRLIVVphaGQ
» 4 Inhentance Type Access javalang Obgect

2N 4.2 LWaRIUUINEBlAsIas19R Ul neduNuSYRUUsan statement

Ref. code: 25595509035084XRS



54

4.1.2 msadungnisulasuuuinasslassaiedulinneduiusluguuudtasns v

REAIAUTUNUSVRIIUSHNTH

o

nswlaswuuinasdlutuneutiazilunisulatiuudiasaiiodnmnsoudoyadidgy
Aeq Adndudmsunisaruiuiieniarninsianiuilainualilumuide Tngneunisulas
LUUT1a09HLLADINNITIUAKUUTI09NABINTLUAIT18099 1N TNRRE AN NTwUaILUUT 1A 09T

ngn1sudasiuudtassseninakuuitaedasiadisiuldinnegduius luguuudiasensivuans

v v
Y

ANdNTusvedlUsUnsUUEaEY 11 ng sreiu Asilaazulilumisen 4.3 dwsunisadengms
wlasluuInasItuIsfetedun wdmsuasangnskUaswuuinaed ne muddellaldniwdmsu

NsuUaILUUTIaeseLedikea (ATL Transformation Language) asnilananaliluuny 2 a1nnns

Y v
o a

FugMILUadLuUaauiommuAngNISLUaL UL e tunauluuINaITen 4.1 Faldlouiis
PlAE1SUNTHUAIUUINBD 95NN WUUINaRlATIAS 19 AUl NeFURNUS AULUUT 809N 1WLERa

[

AMUELITUS Inganusaasangnisulaiwuuinasalaeiall

4.1.2.1 ng) ClassToMClass

[

A GASTClass fAuLou#in MClLass lag n4)

a

ng) ClassToMClass Li“]uﬂgmil,l,ﬂauaw
ClassToMClass HungfiUsauiaiiounaraveslusunsuilsing Janelunaratuazusznaulusie
wasvi3Uan (Attribute) waziusen (Method) vesraia Inenielung ClassToMClass Wusinisiuag
aa &1 = £% = PRy A ] =~
woansUIRR1eqBeUszneuluaie Methods wag Constructor @sluiiilazfioindulusonussinnnilad
agluaa1adeunNEalUes getAllMethodAndConstructor 349¢33UTILITOALAZABUANSALADSH
agnngluaaia laglisiu Aaniaines (Destructor) way seaunisiintia(Access Modifiers) wananil

riinsudasilan (Field ) Neglumanadneie 1ae ng ClassToMClass Uandsian1ni 4.3
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rule ClassToMClass {

from

2: GAST!GASTClass

to

t: PDG!MClass |

name <-— 2.=simpleMName,

Method <- s.gethllMethodAndConstructor,

instatVars <- s.fields

4.1.2.2 n§) MethodToMControlFlowGraph

mwﬁl 4.3 weinang) ClassToMClass

55

nf MethodToMControlFlowGraph LﬁuﬂgmiLL‘UaaLmamﬁagjmaiuﬂma JGIEE

wlaseuiin  Method lugiouiin MControlFlowGraph lagangluiisenazusenaulumeiiuls

FIAT17 Uay Statement w99 uansdivaIfuNIsinaves Statement nilslugdn Statement %ila &

TuntAowann3tng localVar WwazwannN3UIA nodes MUY SIULUDIII1UIUNISITLMDSN DY

(3

Y

A & ' aa 13 [ aa I3
aeluluseaimdunisulasseniniuoanstng param  AULEANIUAA formalParameter lag

eazBunueing MethodToMControlFlowGraph wansfan1wdi 4.4

to

=

t:

role MethodToMControlFlowGraph {
from

GAST 'Method |

not =2.body.oclisUndefined ()

POG'MControl FlowGraph
name <— =.=simpleName,

nodes <— 1f not =.body.oclIsUndefined()

{

s.body.statements

else
=.body
endif,

localVar <- =2.localVariables,
param <- s.formalParameters

)

then

il 4.4 kenINgy MethodToMControlFlowGraph
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4.1.2.3 ng) ConstructorToMControlFlowGraph

ng ConstructorToMControlFlowGraph LﬂuﬂgmiLLUaﬂﬁLﬁlm%ﬂﬁu Constructor
yasnanalaglaiifusau Destructor v8an1w1 C4++ Tnesialuuda Constructor Suasiidnuwasnsuvas
findeadsiung  MethodToControlFlowGraph laid1asifu maudasoudii  Statement lUg
oufid node salUfangnisulas localvar uag ng)  param  8nsae lnesieaziBenvesny

ConstructorToMControlFlowGraph WARIFINING 4.5

rule ConstructorToMControlFlowGraph {
from
s: GAST!Constructor |
not s.body.ocllsUndefined ()

to
t: PDG'MControlFlowGraph (
name <— =.simpleName,
nodes <— if not s.body.oclIsUndefined(} then
s.body.statements
else
s.body
endif,
localVar <- =.localVariables,
param <- s.formalParameters

27 4.5 uanan1sudasng ConstructorToMControlFlowGraph

4.1.2.4 ng StatementToAbstractNode

ng) StatementToNode 1Hungfilfiuas Statement sinaqfiegnieluwsen lid1az

(%

A Statement AztduLauRnUTY

a

\Ju Statement Useinw if/then else 3o return Wudu 1aglouh
LANLLENALRSA (Abstract) %wmwaﬁﬂgjwuﬁﬁ AbstractNode %Qﬁﬂjﬁm%uu@waLLG]iﬂL”UI‘lJLaEJ%ﬁU

Statement Imﬂﬂ{] StatementToNode LLamﬁﬂmWﬁ 4.6
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abstract rule StatementToNode {
from
3: GAST!Statement |
not =2.o0cllI=zKindOf (GAST!'ElockStatement)

to
t: PDG!'AbstractNode |
|
J777/V77 4.6 wenang) StatementToNode
4.1.2.5 ng) SimpleStatementToNode
ng SimpleStatementToNode Hungildulaseuiiaiiiendosiu Statement My
ﬁagjm&ﬂumﬁaﬂ Imaﬂg SimpleStatementToNode i dunisulasseninaeuiia

a

SimpleStatement lUgioufii  Node ng) SimpleStatementToNode azidunisdunenuiainng

[

StatemenToAbstractNode yilvilasunnanwaen1TLUaaINNgAanaIme wenainfidalinisudas
dfyAe Loufin toNode Faavilunisuandlisiufsdrdunisinares Statement (Control
flow) 91 Statement nauntiAe Statement 1n wag Statement siolUma Statement 1a lny ng

SimpleStatementToNode wanaiannd 4.7
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rule SimpleStatementToNode extends StatementToNode {
from
=: GAST!'SimpleStatement (2.chStmcIsInloopCondition.size() = 0)
to
t: PDGE!'Node |
tolode <- 1if s.ocllIsUndefined() then

s.refTmmediaceCompositce () .refImmediateComposite ()
else
=.next
endif,
type «- if =s.accesses.=zize() > 2 then

if not =s.accesses.first () .ocllisUndefined() and s.accesses.firsc().
oclIsEindCf (GAST !Variakblelccess) then

if s.accesses.first () .accessedTlarget.typeleclaration.
accessedTarget.simplellame = "int' or =s.accesses.firsc().
accesgssedTarget.typeleclaration.accessedTarget. sinpleName
= 'double' or s.accesses.first().accessedTarget.
typeDeclaration.acces=sedTarget.simpleName = "float' then
'true'
el=se
"false'
endif
else
*false'
endif
else
'*false'
endif

27 4.7 keinang) SimpleStatementToNode

4.1.2.6 nf) LoopStatmentTolterativeNode

ng LoopStatmentTolterativeNode Jumsulasoudin LoopStatement g
Lauﬁé]j lterativeNode nf) LoopStatmentTolterativeNode 5uazLﬂuﬂ15LLUaa%aq Statement 7
Uszian Loop Gmemaﬂﬂumim%ﬁmq \u for while WWusu ng) LoopStatmentTolterativeNode
efionn3ddiiusenauie trueConditionNode Favzuansddiunisinares Statement dnluiile
Heuluduass (True) uae falseConditionNode uansliifiudadisunisinaves Statement daluidle
Jouluduiita (False)  uanani nelung LoopStatmentTolterativeNode  gefin1suias
LoAY30I nodes FaLdu Statement dovad Statement  Uszwan Loop ‘ifu"‘] Iﬂ*&JmWi’JMJENﬂQ

LoopTolterativeNode @1u130LaARAIAININT 4.8
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rule LoopStatement extends StatementToNode {
from
=: GAST!'LoopStatement
to
t: PDG!IterativeNode |
trueConditionNode <- =.body.statements.firstci(),
falzeConditionNode <- =.next,
name <- =2.kind.toStringl(),
nodes <- =.body.statements

mwﬁ 4.8 ng) LoopStatementTolterativeNode

4.1.2.7 n§) BranchStatementToConditionNode

N4 BranchStatementToConditionNode L‘id]uﬂ{]m‘il,l,ﬂaﬁl,auﬁﬁ BranchStatement
iﬂijLauﬁﬁ ConditionNode ng) BranchStatementToConditionNode Wunisuuas Statement
Usziamideulosnag Wy ithen w30 switch Wudu Tneaslungduiinsuvasweansdog
trueConditionNode Litowans Statement adudinly wWodeulviuduass way falseConditioNode
fuans Statement sudnluidlodulvuludiadessunisivadnaniaglissludiuaes switch
52lURs nodes fuandliifiudis Statement famuaflagnnelu Statement Yssiamidoulutug ng

BranchStatementToConditionNode LLamﬁqmwﬁ 49
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rule BranchStatement extends StatementToNode{
from
3: GAST!BranchStatement
to
t: PDG!'ConditionalNode |

trueConditionNode <- =.branches.first|().statement,
falseConditionMode <- s.branches.last () .statement r
nodes <- =.branches -> iterate(el; accl: Sequence (GAST!S5tatement) =Seguence{} |

if el.statement.oclIzsKind0f (GAST!Statement) then
if el.statement.oclIsKind(Of (GAST!BlockS3tatement) then
accl.append (el.statement.statements)
el=se
if el.statement.oclIzKind0f (GAST!'BranchStatement) then
if not el.statement.oclIsUndefined() then
accl.append (el.statement)

else
accl.append (el. statement)
endif
else
accl.append (el.statement)
endif
endif
else
accl
endif

mwﬁl 4.9 ng) BranchStatementToConditionNode

4.1.2.8 ng) JumpStatementToNode

N4 JumpStatementToNode LﬁumiLLUadLauﬁé]’ JumpStatement o3RI luLAa
Tassasasulinneduius lWgouiii Node vasmmluinansmianinruduiusvaslusunsy ng
nsudastiaziendastu Statement fifidnurnianselon Wy Return wie Break Wudu Fanialung
finsuUasuenv3tad toNode Liiouans Statement snudaluisesin JumpStaterment i Tne

iﬂﬂau’gam‘umﬂg JumpStatementToNode wanadan i 4.10
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rule jumpStatement extends StatementToNode {
from

5: GAST!JumpStatement
to

t: PDGE'Hode |
tollode <— if =s.ocllIsUndefined () then

s.refImmediateConposite () . refImmediateComposite ()
el=e

=.next
endif,
type <— 1if =.accesses.=size() > 2 then
if not s.accesses.first () .oclIsUndefined() and s.accesses.first().
oclIsEindCf (GAST!Variableficcess) then

if =.acces=sez.fir=st () .acceszedTarget.typeleclaration.
accessedTarget.simpleName = "int' or =s.accesses.firsc().
accessedTarget. typeDeclaration.accessedTarget . simpleName
= 'double' or s.accesses.first().accessedTarget.
typelDeclaration.accessedTarget.simpleName = 'float' then
'true’
else
"false'
endif
else
'false'
endif
else
'false’
endif

27 4.10 ng) JumpStatementToNode

4.1.2.9 N4 FormalParamToParam

a

ng) FormalParamToParam tJun1sudaweudin  FormalParameter 1Ugd83 L3y
Param laengiazyinntifudainisiwesnifeitesdiuiusentug laesiuasidenvadng

FormalParamToParam WamIfan 1wy 4.11

ruole FormalParam {
from

z2: GAST!'FormalParameter
to

t: PDG!'Param |
name <- =.simplelName

mwf’/ 4.11 ng FormalParamToParam
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4.1.2.10 Ng) InstanceToVar

ng) InstanceToVar 1un1sudasieuiin Field Tugioudi Var Iag ng InstanceToVar

(3 a (3

[~ aa Q‘I 1 a aa 2

Junmsulaseanstidussinmduaunuinegnelueaia lneaglunginisulasieanstng Type
Fadusgiunsidntewewennsdng  accessType  saun1snfisveanennitag sauluis
accessMethod MUuULaANSUIALAAILLSIATINUAN DUALAUNVDIAAAT UMDY 1aes18astDenvaq

n4) InstanceToVar kanRanIng 4.12

rale InstntToVar {
from
8: GAST!'Field
to
t: PDG!Var |
name <— =.simpleName,
type <-— s.typeDeclaration.accessedlarget.simpleName,
isInstant <— "true',
accessType <- s.vigibility.toString() .,
isStatic <- =s.static
raccessMethod <- thisModnle.getAllClass(s)

mwﬁ 4.12 WgpNng) InstantToVar

4.1.2.11 ng) LocalVariableToVar

a

ng LocalVariableToVar unisuwlasieudifi  LocalVariable seAunisidniislug
\uiiA Var lae ng) LocalVariableToVar iun1sudasuenn3dadndusudstinsinegnnglusen

o‘d‘out:! 1

Tnenglunginisuvaswenvdd iddndeszneuluse du Fadunsium  Statement fieg)
melugsendndl Statement lathefiliu  Statement  #ifinnsrnuadwasiiuls pu iunisdum
Statement Vunuafiognielumsonlasaziaizadluil Statement  Uszuaniinat Houly cu asifu
m3fum Statement Wanunitogniglumsenlasiifiioulofenielu Statement dugosfinisidnds

ndmdsnelunfianndt 1 é Inesiwavidunvedng LocalVariableToVar wansisn1nit 4.13
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rule LocalVariableToVar {
from
8: GAST!LocalVariable
to
t: PDG!'Var |
name <- 3.s3impleName,
type <- =.typeDeclaration.accessedTarget.=simpleName,
izLocalVar <- 'true',
du <- thisModnle.getlext (2)-»reject(r | not r.oclIsEindOf (GAST!Statement) ) ->»
iterate(e; accS: Sequence (GAST!'Statement) = Seguence{} |
if e.accesses.first () .write = trus then
acc5.append (e)
else
accs
endif ).size(),
pu <- thisModnle.getHext (s).flatten()-»select(e | e.oclIsKindOf (GAST!BranchS3tatement)).sizel(),
cu <- thisModnle.getllext (=) ->reject(p | p.oclIsTypelf (GAST!Branch3tatement) ) ->
reject{a | not a.oclIsEindCf (GAST!Statement) ) -
iterate(e; accS: Seguence (GAST!Statement) = Seguence{} |
if e.accesses—rselect(®x | ®.oclIsTypelf (GAST!'Variablelccess)).size() » 1 then
accS5.append (e)
else
accs
endif) .size ()
)
=
NN 4.13 wansng) LocalVariableToVar
o v v ¢ 1 o < 1
4.1.3 ﬂ’]’iLL‘Ua\‘iLL‘U‘UQ']a’e]\‘lﬂi"l‘WLLﬁﬂQﬂ'J’]&IﬁﬁJWNS‘U’eNIUiLLﬂ'iNlUQLL‘U‘Ufﬂ’lai’]\‘lLﬂ‘Uﬂ"l
o
Nﬂﬁli’)ﬂ‘ﬂ@ﬂi‘ﬂitmiﬂ

2V

NRIINMINTEUIUNM WAL UUTIa095EnIUUIIaelassaseulineduius
lUguuudianensinluansauduiusveslusunsy anideiinundaslddoyaiugiuiisniu
dmunsdnuanasiavesuide leshidetndunninadnsildnnduneudngn uvh
nMsuvasuuudiaeuiiemuinmuinginuesnuids fenszurunsuUauusansnsans
Anuduiusvediusunsy luguuudasafuauinsinvedlusunsy Taengnsudastiuazanainms
Jugn1sudatseninaunlueansmuansnuduiusvedUswn s AuLalna UAININ S InT0
Tusunsy Bedivisdu 4 ngaadildasulifinised a3 Fangnisuvasuuudiassseninansiuans

v o ¢ ! o I3 ! o = a [ gl’
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4.1.3.1 n§) MClassToMClass

a

nf) MClassToMClass 9ztdun1sudatiouiin MClass luguuudiass MClass dnweus
M3791uveINg MClassToMCLass Wuasidunmsauiuminsinlussdiu Class Aoumsin Lack of
cohesion in method ( LCOM) lngfi8Auaiangns

gAsNIsAILIN :

[FZEs mevp)|-m

1-m

(4.1)

m = UIULNTA

L2

Vo= 9UIULDANTUIN

m(v;) = wsenanisenlduennstng v;

MsAuaMmAIATA LCOM Suazviiiu wawes oetLCOM  TauanasanInd
4.14 Taen v 9wm91n self.instanceVar F9.9us1uauves Instance variable  flagnnelunana i
A m mlFan self Method.size() Fafiudrnumseniiognielunaa uay m(v;) Aewsenilizenld
w3 anansanildannnisfunilaeieailes setNumberMethodUselnstance saniwil 4.15
dethadsnanunumidnusluaunisi 4.1 apilildaanasia  LCOM  vessuide Taeng

MClassToMClass Tuanagannd 4.16

helper context PDG!MClass def : getLCOM : EReal =

let lcom : EReal = 0

in
{{{({1/=2elf.instatVara.size () ) *self.getHunberMethodlUseInstant.flatten() .=2ize () )
-self.Method.=size()) / (l-self.Method.size())

271 4.14 \wale$ getLCOM
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helper context PDG'MClass def : getHumberMethodUseInstant : Seguence (PDG!MControlFlowGraph) =
=z=elf.instatVars.asSequence () ->iterate (e; acc: Segquence (PDG'MControlFlowGraph) = Sequence{} |

acc.append (e.accessMethod)

27 4.15 \ganled getNumberMethodUselnstant

rule MClas=2MClas=ss {
from
= : PDG'MClass
to
t : MIRIX'MClass |
name <- Z.name,
methods <- =s.Method

r

LCOM <- s.getLCOM.toString/()

mwﬁ" 4.16 nf) MClassToMClass

4.1.3.2 n§) MMethodToMMethod

a

nf) MMethodToMMethod afunsutasieuiidl MMethod "L‘LJfgjLaum?T MMethod
Snuaizn13veveIng MMethodToMMethod suasifiunsiuanasiafiisadestusends
Usznaulumeuinsin MacCabe Cycromatic Complexity (VG) 3110539 Nested block depth
(NBD) 1191590 Number of parameter (PAR) ez Number Of Statement In Method (NOS) lng

1A IARINAIAILNTORUAIANTUINRNANNTT A9l

Ref. code: 25595509035084XRS



McCabe Cyclomatic Complexity (VG)

gAINISAIUIN :
VG=P+1
WD
VG = anusudou
° A g A A
P = UIUUDIVDI Statement N UNIBADNPDU 1

NAUNITN 4.2 YUILIINITAUNITININYDY node
lterativeNode 7aglutusanlagludiures Switch statement @avziuny

ConditionNode LLay

66

(4.2)

A & = =
WLUquﬂLaaﬂN@uvLsU"iﬂﬂ

F1UIUVDY case MARTULNY TaLlpinAdanaluknuluaun1sh 4.2 asvililaaivesnsia VG

YDIUINY IAYLANIRININ 4.17

helper context PDG'MControlFlowGraph def @getWVE

self.getHodeFromCFGE. flatten () —>reject

| r.oclIsTypeOf (PDG!'Hode) ) ->

iterate (n; acc: Integer = 0 |
if n.oclIsTypeCf (PFDG!ConditionalNode) then
if n.nodes.size(}) > 2 then -- switch case to countingcase
acc + (n.nodes.size()})
else
acc + 1 -- if/then
endif
else
acc + 1 — // loop
endif
y+1;
A9 4.17 \walles getVG
Number Of Statement In Method (NOS)
gAINISAIUIN
(4.3)

NOS = 91U U89 Statement Maruan18lULIsDA

Ref. code: 25595509035084XRS
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NOS ansnsamilasn1sifudiuan node anuaflagniglumson tnesausia node 7
agneld ConditionNode uaw IterativeNode g5 1511Avas NOS Tunansianind 4.28 Fady
A19u5OUM AbstarctNode afsazsouidionuindu Node gLl if Sequence usithwuin 1y
lterativeNode %30 ConditionNode tu 2¢vms1usoum Node flagnielu IterativeNode u3e

ConditionNode Huqaunsevisdugn

helper context FDG!MControlFlowGraph def : getMNOS() : Seqguence (PDG!'AbstractNode) =
self.nodes.asSequence () ->iterace (& acc: Sequence (PDG!AbsctractNode) = Sequence{} |

if e.o0cllsTypelf (FDG!Hode) then
acc.append (&)
else
if 2.oclIaTypeOf (PDE!Iterativeliode) then
acc.append (&) . append (e.getHodeFromIterative)
else
if e.oclIaTypelf (FDE!Conditcionallode) then
acc.append (&) .append (e.getNodeFromCondition)
else
acc.append (=)
endif
endi £
endif

)—>flatten() .size();

27 4.18 \gaLed getNOS

Nest Block Depth (NBD)

FNINITATUIN :

(%
LYY

NBD = 3111adANNANTaIafusulnn1n1eluson (4.4)

NBD  @3130%1LeaINNISIUTOUNITUNANTIdAUed node Useinn  IterativeNode
uaz ConditionNode Aen Il 4.19 @ Leallas getNBD NlTd1mSUnIAIAILANURIEaIAUTY F99g
MUTOUNT  ConditionNode  Uag IterativeNode 9849 Node viavuafiegluiusen ninny

ConditionNode %39 IterativeNode tuagyinnisisenldigailes getNBDFromNodeAndCondition

'
=

WemanAuTanyign auNseViana Node anneg

Ref. code: 25595509035084XRS
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helper context PDGE!IterativeNode def : getNBDFromLoopAndCondition|
z=elf.nodes->iterate (e; accLoop: Sedg

usnce (PDE!AbstractNode) =

...... = Sequence{} |

m
L

f

C

f
o
=]
[}
0]
ot
H
o
[§]
ot
=
[a]
=3
m

if e.o0cliIsEind0Cf (PDG!ConditionalNode) or e.oclIsKindOf (PDG!IterativeNode) then
if e.o0clIsKindCOf (PDG!Iterativelode) then

accLoop.append (e) .append (e.getHNEDFromLoopAndCondition ()

else
accLoop . append ()
endif
else
accLoop
endif
Vi
helper context PDG!'MControlFlowGraph def : getNBD() : Integer =
self.nodes->»iterate (e; acc: Sequence (PDG!'AbstractNode) = Sequence{} |

if e.oclIsEindOf (PDG!ConditionalNode) or e.oclIsKindOf (PDG!IterativeNode) then
if e.oclIsKindOf (PDG!IterativeNode) then
acc,.append (e) .append (e.getNEDFromLoopAndCondition ()} )
else
acc.append (e)
endif
else
acec
endif
}.size ()

Al 4.19 19aLUas cetNBD

Tudrure1053A PAR Faduinnsindmsumsnuiunis1dmeslulisanty a1u1sn
Win1sduainueanidan param Negareluiusenlsiay dedusigazidenvanyg

MMethodToMMethod uLanssanIni 4.20

rule MMethod2MMethod {
from
s : PDG!MControlFlowGraph
to
t : MTRIX!MMethod (

name <- s.name,

NO5 <- s.gethis,

V@ <- s.getVa().toString(),

NBD <- s.getNBD().toString(),

PAR <- s.param.size().toString(),
vars <- s.lecalVar

27 4.20 ng) MMethodToMMethod

Ref. code: 25595509035084XRS
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4.1.3.3 ng VarToVar

ng) VarToVar azillunmsudasieuiif Var lugoudinn Var lngdnvaznisiaunesny)

a [

VarToVar aztdunisiassulsuazuinsindnsumiuiaunsinine szulssunanese vouideil

]

laengnisiuasuudngaes VarToVar TusansfanIng 4.21

rule Var2Var {
from
= : BPDGE!'Var
to
t : MIRIX!Var |
name <- S.name,
type <- 1if not s.type.ocllsUndefined() then
s.type
el=se
'notype!
endif

J77W77' 4.21 ng) VarToVar

4.1.3.3 Ny ParamToVar

a a

ng) ParamToVar azifunisuladieudinl Param Tugieuii Var ngdnuwaznisviu
Y94ng) ParamToVar azifunmsuiamisfinesvadusen lngngniswlas ParamToVar WanRInIw

#a.22

rule Param?Var {
from
z : PDG!Param
to
T : MIEIX'Param |
Lype <- s.Lype

J’)71/V77' 4.22 ng) ParamToParam

Ref. code: 25595509035084XRS
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4.2 msuansnaanauasulusunsudndud (Eclipse-plugin)
nATeillalausiniesiiors Detect bad smell 4iin Long method way Select
refactoring MLVANTANAIUUEIUYDINTUEAIHAENLNTOWUSLA 2 d1ufie drud mSulansmaansns

AUILNATIA LAYEIUYBINITUEAINAGNGNNT Select refactoring TLMsNwau

4.2.1 d2ULEAINAANSNITATUIUUIATIA

[

dmSunsuanINanIE LIS TatuasRe e siuns e led1saannaised
Mug Feuszneaulusieuinsdn  Number Of Statement In Method (NOS) 11ms3m MaCabe
Cyclomatic Complexity (VG) 1161599 Nest Block Depth (NBD) 1101590 Number Of Parameters
(PAR) wag 11m33n Lack Of Cohesion In Method (LCOM) Iagn1shandnavoinIsAILILIATIA

AINANT WEAAIAININT 4.23

& AnalysisView 7

Class: ’Customer v‘

Refactoring | Metrics

Metric M... Metric Value
NOS ]

VG
PAR
MED
LCOM

L= W R = N ¥ ]

1 | 1] | 3

NINT] 4.23 @IUVDINISHANINANINT I

Ref. code: 25595509035084XRS
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4.3 n1Inngay

]
va o

NSNAFBUVBINI T UNITNTIv@RUINAT a9 e I LA WAL T UL TuTiA L

Y

waiug nieunsanunsasessulans 2 nmwlusunsuleinglaasswnuiladnausionlifie n1w1  Java
uay N1 Ct

2N va

Ya o Y v v v A ' & = ¢ )
Q?‘Uﬂlﬂﬂﬂﬁ@‘Uﬂ‘UNLsﬁUﬂsﬁqﬁU 2 NU I@IEJLL‘U\‘ILUHNVI?LI‘UiSﬁUﬂqﬁmﬂqiwwuqﬂqﬂq

v Y

e

TUsWASNAI®  Java 1110037 5 U 1 YU hazn1e C++ NHUSEaUNISAINIaIUnaunlUsLasy

1nndn 3 Indlevinug ImEJ;ﬁi’]’a‘vﬁﬂ’]ia%U’]ﬁ%ﬂ’ﬁﬁ’mammmi’mLwiazﬂizLﬂmaﬂmu‘ié’sﬁ%ummﬁu
119599 Number Of Statement In Method (NOS) 1161590 McCabe Cyclomatic Complexity (VG)
11959 Nested block depth (NBD) 1161590 Lack of cohesion in method (LCOM) wazunssin
Number of parameter in method (PAR) f\]’]ﬂﬂjlluﬂaﬁquﬁliﬁﬂﬂﬁﬁaEjWﬂ%agﬁiﬁ(ﬂiﬂ’iLLﬂiiJ‘TﬁiﬁﬁGMU’]

20N31 2 MWUTUNTUNINTY Java hae C++ e 3delalididienyaia 2 vivuvinisduinenns

[
v v

TawdazUszianainuuinadnsnlaangidetviguiseuiisuiunanisauinunsinusag

Uszunnveaesesdiondivelaimunau lnenanisnageuild wisdumudszanunasindsl
4.4.1 NM1MAEaUNINTIA Number Of Statement In Method (NOS)

N13NAADUNINTIA Number Of Statement In Method (NOS) Hug33elaidiegns
F25aLAN LW5DA statement) WNFIUNITNAFBUTINAUINILAU 2 AWIAD AW Java hay C++ 619

NN 4.24 wag 4.25 MUaeU

INNINT 4.24 1 Juf19e1911599 statement() Ngnimulagn 1w C++ BeEleIuey

U o

A01900UINUIUTDY  Statement  MINUANUNUINTIIUIUNGEY 25  Statement fa8iUT 91N

YDIALPARINANNAFBUNULATBINBYDIUITEL WUIMATBIIBAINNTALUUTIIUIY Statement 1o 25

Statement WinAuRUFLTEI¥18Y Fe9a1NAIBENA1WT Java AT 4.25 BBEIaINnsatiu

Y

(% (%
Y

FIUIUVDY Statement NINUANUINLINUIUNIAUL 24 Statement 119190 5ALANAINAIUINAZDUNU
\ATRloNUdNdUIUYeY  Statement agldlviniunIInAaRUYEN I IYAD 24 Statement 1oy
NAANTYDINITNAFBUAIBNINTIA Number Of Statement In Method (NOS) @N3150WaEAIAINITIIT

4.10
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string Customer::statement () {
double totalAmount = 0;
int frequentRenterPoints = 0;
ostringstream result;
result << "Rental Record for " << getName () << "\n";
for(Iter iter = rentals.begin(); iter != rentals.end(); ++iter) {
double thisAmount = 0;
Rental* each = *iter;

// determines the amount for each line

switch (each->getMovie ()->getPriceCode()) {
case Movie::Regular:

thisAmount += 2;

if (each->getDaysRented () > 2)

thisAmount += (each->getDaysRented () - 2) * 1.5;
break;
case Movie: :NewRelease:
thisAmount += each->getDaysRented () * 3;
break;

case Movie::Childrens:
thisAmount += 1.5;
if (each->getDaysRented () > 3)
thisAmount += (each->getDaysRented () - 3) * 1.5;
break;
}
frequentRenterPoints++;
if (each->getMovie () ->getPriceCode () == Movie::NewRelease && each-
>getDaysRented () > 1)
frequentRenterPoints++;
result << "\t" << each->getMovie ()->getTitle() << "\t" <<
thisAmount << "\n";
totalAmount += thisAmount;
}
result << "You owed " << totalAmount << "\n" << "You earned
" << frequentRenterPoints << " frequent renter points\n";
return result.str();

}

DIW7 4.24 \aisen statement () Tun1wn C+

Ref. code: 25595509035084XRS
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public String statement () {
double totalAmount = 0;
int frequentRenterPoints = 0;
String result = "Rental Record for " + getName() + "\n";

for (Rental each: rentals) ({
double thisAmount = 0;
//determine amounts for each line
switch (each.getMovie () .getPriceCode()) {
case Movie.REGULAR:
thisAmount += 2;
if (each.getDaysRented() > 2)
thisAmount += (each.getDaysRented() - 2) * 1.5;
break;
case Movie.NEW RELFEASE:
thisAmount += each.getDaysRented() * 3;
break;
case Movie.CHILDRENS:
thisAmount += 1.5;
if (each.getDaysRented() > 3)
thisAmount += (each.getDaysRented() - 3) * 1.5;
break;
}
// add frequent renter points
frequentRenterPoints++;
// add bonus for a two day new release rental
if ((each.getMovie() .getPriceCode () == Movie.NEW RELEASE)
&& each.getDaysRented () > 1)
frequentRenterPoints++;
// show figures for this rental
result += "\t" + each.getMovie().getTitle() + "\t" +
String.valueOf (thisAmount) + "\n";
totalAmount += thisAmount;
}
// add footer lines
result += "Amount owed is " + String.valueOf (totalAmount) +
vv\nn;
result += "You earned " + String.valueOf (frequentRenterPoints)

+ " frequent renter points";

return result;

}

2991 4.25 w1590 statement() Tun1w Java

Ref. code: 25595509035084XRS
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KANIINNADININTIA Number Of Statement In Method (NOS)

74

LU5DA AW 31UU Statement 31UU Statement
(iFevgy) (13psilavasnuide)

statement C++ 25 25

statement Java 24 24

4.4.2 MINAFaUNINTIN Number of parameter in method (PAR)

N15NAABUNINTIA Number of parameter in method (PAR) Hur3selanaaauriu

fegarasalanvadlson Movie) Fudunsuansanosvainand

WU UNIY Java way C++ LEAASPININT 4.26 way 4.27 ANUATGU

Movie laglusan Movie() 9

Movie: :Movie (const string &title,
priceCode)

title(title),
{

}

priceCode (priceCode)

PriceCode

AT 4.26 1509 Movie Tunwn C++

public Movie (String title,
_title = title;
_priceCode priceCode;

int priceCode) {

I 4.27 wi58R Movie hunw Java

Ref. code: 25595509035084XRS
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NN 4.27 Avtusan  Movie() Tun1wn C++  Wavinnisnaasulaenistunie

' [
IS 1 ca o (Y

Ailemgwuitduiuvesmsfinesiisiuiuda 2 Sruuseiudusinduiunanisnaasuiy
paflerasnuAfenuiilduiuioau 2 S anduldveseudumsen Movie) Tun1w Java
wudndlevhmstiudaumnsfinesmedidornagagld 2 Sniuseiudsaonadesiunisnaaey
feiadesiioneanuidoi nuineTesfioaunsatumsimesiadu 2 S1uu lnenadndvosnis

NAERUNINTIA Number of parameter in method (PAR) @11150UaAIAIRII19N 4.11

MN3199 4.11

HANI3NAABININTIA Number of parameter in method (PAR)

LU5DN AN 91UU Parameter 91UU Parameter
(§iTe2v19y) (A0 silavasauide)

Movie C++ 2 2

Movie Java 2 2

4.4.3 N15NAaaUNINTIA Nested Block Depth (NBD)

v

NMINAaeUNInTIA Nested Block Depth (NBD) #3dulonaaeuiudegsveasalan
Wsen maxSongs() IneRAIUININIE Java Way C++  @9610819903alAnN1EY C++ WAAIAINING

4.28 Wy InAaeuseNIAUINlag eI gaznuidwuaiuanudntutnnidulawiiiu

(%
a

3 FIADAAABINUNANITNAADUNULATILBVBIUAIT8TUNUINLAT Tl oA LI laA1D LAY 3

(% v
1Y

WuiuiuRanIImaaeuMIw  Java fanmd 4.29 duideivgnuindiuwiuanudntulnndule

LY [

Wi 3 wazipIedlevesnuidelimuiuanudnlan 3 Geaguladansed 4.12
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int Customer::maxSongs (vector <int>» duration, vector <int> tone, int T){
int n = tone.size():
int best = 0;
for (int mask=1; mask<(l<<n); mask++) {
int maxTone = -1, minTone = 200000, durationSum = 0, c = 0;
for (int i=0; i < n; i++) {
if (mask & (1l<<i)) {
maxTone = max(maxTone, tone[i]):
minTone = min(minTone, tone[i]):
durationSum += duration([i]:
c++;
if { durationSum + maxTone - minTone <= T) {
best = std::max(best, c);
return best;
7 1
NIV 4.28 11599 maxSongs() bun1w C++
public int maxSongs (int[] duration , int[] tone, int[] T){
int n = tone.length;
int best = 0;
for (int mask=1; mask< (l<<n); mask++) {
int maxTone = -1, minTone = 200000, durationSum = 0, c = 0;
for (int i=0; i < n; i++) {

if [(mask < i} {

maxTone = Math.max (maxTone,
minTone = Math.min(minTone,
durationSum += duration[i]:
c++;

if { durationSum + maxTone

best = Math.max (best, c):

retaorn best;

tone[i]):
tone[i]);

- minTone <= T.length) {

27 4.29 wisen maxSones() Tun1wn Java

76
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HAN13NAAB9UINTIN Nested Block Depth (NBD)

7

LUSDA 21N A1 NBD A1 NBD
(i Tev10y) (1n3esilnvasauide)
maxSongs() C++ 3 3
maxSongs() Java 3 3

4.4.4 MINAEUUINTIA Cyclomatic complexity (VG)

nMsnageuNnTIn Cyclomatic complexity (VG) Hugansamwinlalagiuain

F1u7U Statement MadonEaulvuINmIEN Feluarured switch 1 3TUANNIIUIUVDY case N

A IneIdelanaaeuiuiusen maxSongs) 1MNAMHN 4.28  ludiuresn1wl C+ NUIHTEIv19Y

Huanusaruinlaen Cyclomatic  complexity Winfiu 5 GaUsenauludiegy  for 3w 2

statement A18AU wag 2 if statement laedioinldunuatluaunisi 4.2 vilulaan Cyclomatic

complexity LWNAU 5 @anndasiuNanITnaaauiuLAIeeiiovsssuldenuinlaa  Cyclomatic

complexity 11U 5 WULAEITUAURANITNAGDINIT JAVA 21NAMANT 4.29 Fagigervigylain

N3l Cyclomatic complexity @alaAyindu 5 wuiu lngnan1snaasemnsin  Cyclomatic

complexity UuasUlafn1s199 4.13

M997 4.13

KANISNAABININTIA Cyclomatic complexity (VG)

LU5aA 2w A1 VG A1 VG
(i Terv1qy) (1nFasilovasnuiie)
Statement C++ 5 5
Statement Java 5 5
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4.4.5 N1SNAFIUNINSIA Lack Of Cohesion In Method (LCOM)

N1sNAaeUNINSIA Lack Of Cohesion In Method (LCOM) g3devinnisnaaeuiu

ARNETIVIUATIUIU 3 AANEMIENU A AaNd  Customer Aad Movie way Aand Rental sua1eu

Tudnresnatd Customer ANALNGIEATET Java Uag C++ Wand fannd 4.30 waznnil 4.31 lag
Tgmsnsdunaanaumsi 4.1 deviimsdunalaefiorngmuitnaia Customer Tuaiwn
Java §iSuruvecseniaiun 4 Wsen fe  wsen  Customer) wsem  addRental) Lusen
getName() wazison statement() ludiuwes wonisdadiveau 2 s1uaudeiu Feusynauluse
name oz rental warnuiusendliinisSenldiunenvstaisingn il wonnstad name 3
wseniSenldnufe wsen  Customer() uaziusen getName() ludiuveduony3tad rental
wuiidnuseniiienldnuet 2 wsenfe wsen adRental() uaviusen statement() Wothen
éﬁﬂa"nLmuﬁﬁmﬂﬂuqmazwuiﬂé’ m=4,v=2uasmv) =4 dadlovnisauaazyililaen
LCOM Wiy 0.667 91niulétaana  Customer fsnd1aun nadeufuiedesiiovossuidonuin
w3esflotuanunsasuauen LCOM 167 0.666 Sslinasinsainduresnata Customer Tunwn
C++ 1y Gienmgmuinfisiuumsen 4 wsesdefuuasdsuauresenviiiod 2 $1uaufe name

[

war rentals WA IUIUVDWUSBANSUNLTLONTSVINT 3 LUSOALALLUIAIULDANSDIAAT

D

Lenn3078  name fwseailonldeuie wsen eetNmae() ludruvauwonvstng rentals wudl
wsoafiFunldnuie wsen addRental() waziusen statement() Wothadanauvuiiasuwlsly
gosasililaAn m =4, v =2 uas mv,) = 3 Fuflovhnisrwanaives LCOM azldingu 0.83
MntuneseUfuAIoslavesLAdenuin indesiletuanansoduiaen LCOM 187 0.833 wirfufy

AR
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public class Customer {

private String name;

private Vector rentals =new Vector():

puoblic Customer (String name)
_name = name;

}

public void addRental (Rental arg) {
rentals.addElement (arg)

}

poblic S5tring getMName () {
retorn name;

}

public String =tatement () {
double totalimount = 0

int frequentRenterPoints = 0:
Epumeration rentals = rentals.elements();
String result = "Rental Record for " + getMName() + "\n";
while (rentals.hasMoreElements(}) {
douoble thisAmount = 0;
Rental each = (Rental) rentals.nextElement():
gwitch (each.getMovie() .getPriceCode()) {

case Movie.REGULAR:
thisimount += 2;
if (each.getDaysRented() > 2)
thisAmount+=(each.getDayvsRented (}-2)}*1.5;
break:;
case Movie.NEWF RELEASE:
thizhmount += each.getDay=sRented() * 3;
break;
case Movie.CHILDREN:
thisAmount += 1.5;
if (each.getDavsRented ()} > 3)
thisAmount+=(each.getDayszRented (}-3)*1.5;
break;

frequentRenterPoints ++;

if ((each.getMovie().getPriceCode ()== Movie.NEN RELEASE) &L
each.getDaysRented() > 1) frequentRenterPoints++;

result += "“t" + each.getMovie () .getTitle()+ "“c" +
String.valune0f (thishmount) + "hYn":

totaladmount += thisAmount;

}
result += "Amount owed is "+5tring.wvalpedf(totallmount) + "Yn";
result += "You earned "+5tring.valu=eOrf (frequentRenterPolints)

+ " fregquent renter pointsin™;
retorn result;

2799 4.30 Aand Customer hun1wn Java

Ref. code: 25595509035084XRS
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class Customer]

public:
Customer {const strings name);
void addRental (Eental* rental);
const strings getName() ccn3at { return name; }
3tring statement();

private:
typedef vector<BEental*> RentalCollecticon;
typedef RentalCollection::iterator Iter;

3tring name;
EentalCollection rentals;

b:

Customer::fustomer (cocnst strings name) : name(name) [}
void Customer::addBRental (Rental* rental) |
rentals.push _back(rental);
}
string Customer::3tatement() |
double totalhfmount = 07
int frequentRenterPoints = 0;
gstringstream result;
result << "Rental Record for " << getNHame () << "‘\n";
for(Iter iter = rentals.begin(); iter '= rentals.end():; ++iter) |
double thisAmount = 0;
Rental* each = *iter;
// determines the amount for each line
switch (each->getMovie ()->getPriceCode()) {
case Movie::Regular:
thishmount += 2;
if (each->getDaysRented () > 2)
thisAmount += (each->getDaysRented () - 2) * 1.5;
break;

// end class

29 4.31 Aand Customer Tun1wn C++

Tuduresn1smedeuiienatd Movie 1 mssugidervaglsvinismaaeu iy
gosaldnlusunsuny Java Bauaneianni 4.32 wuiieand Movie T fwseniedy 4 wsen
paenu Ao Wson Movie() Lusan getPriceCode() Lson setPriceCode() wazlusan getTitle() wazil
$munenvitidvesranaiilally static FaUszneuld title AU priceCode wagnuindimseond

i
[

Fenlduennitanaed title Jusoaizunlyfe wsen  Movie() AU wsan getTitle() waz ddu

6

LaRNI UM priceCode fiusanilisenldfeo wson Movie() lwson getPriceCode() LazlUFon

setPriceCode() audlatinanananituunuludinusiiarinisaiuinegla m = 4, r = 2 uag mly;) =
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5 AR NANITAIUILIRTIA LCOM 999 Aad@  Movie Mn1w1  Java Windu 0.5 deanfiladu

A0AARBINUNISNAADUVDLATBILBIAa a7 0.5 wuiy

dmsunisnedaunad Movie TuAT®  CH++ YILEAIFININNA 4.33 WU Thusen

v oy
v a

NAU 4 lwsenmeiu Ao Wsen Movie() lisan getPriceCode() 1wson setPriceCode() Lay Li5aA
getTitle() Tnefiuann3tansdaadiu 2 §1utufe title fu  priceCode waziishuiuuseniienld
wonvisTadsad title Swsendiionldnufie ween getTitle() @ruwonv3tas priceCode Ssand
Feonlda fe woen getPrice() wazison  setPrice() lothAfilddnanunudilusiudsagldan
m =4 Ay =2 uag A1 mv,) = 3 datud LCOM iflenmaaulnefidenvndawiiiy 0.83 dade
theesaldasinanumagesuiunisenuinaiesioduaunsamuiniiunsta  LCOM Tdhfu

0.833 Fairuiuludiuveamsiuiangae vy

public class Movie {

public static final int CHILDRENS =
public static final int NEW RELEASE
public static final int REGULAR = 0;

Il kA
e

private String title;
private int priceCode;

public Movie (String title, int priceCode) {
_title = title;
_priceCode = priceCode;

public int getPriceCode () {
retorn _priceCode;

public void setPriceCode (int arg) {
_priceCode = arg;

public S5tring getTitle() {
return _title;

279 4.32 aand@ Movie Tun1wn Java
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#include «<3tring>
using namespace 3tdr

clazs Movie|
public:
enum Pricelode { Childrens, Regular, NewRelease };

Movie {const string & title, Pricelode priceCode);

int getPricelode() const | return pricelCode; ]
void setPriceCode (Pricelode code) { priceCode = code; }
conat atrings getTitle() const [ return title; }

private:
3tring title;
PriceCode priceCode:;

I

A9 4.33 Aand Movie Tun1wn C++

ludiuresnand Rental LLaNAARUAILELTEIBINIYT Java AELaIalANAI0L196

Y
2/

AT 4.3¢ wudn uruseaniegluaaiaduiiviavan 3 lwseameniufe lWwsen Rental()
\U58n getDaysRented() kaziisen getMovie() wagnuin duennstifvesnaiasgaieiu 2
aa ¢ & . aa ¢ . ooa a v a
wonn3laM Ao movie Way daysRented lae WoanIUae movie Hwsanenltanume
1500 Rental() AU 1W50A getPrice() uazwomnsUIA _dayRented fnsaniisunldaude
W59n Rental Wazlusan getDaysRented() iaurarnmlansnataununlusiuysazlann
m=3a1v=2uazA1 miv;) = 4 aauAINIRsIn LCOM 989Aa1d Rental anagouain

v o

Aigrgaglawingu 0.5 duletgedalandenannuiadeuiunisdle wui1AWIATIn

Y
LCOM fvpasileduiadlaindu 0.5 Fawhiunisnaaeuaingieisisy

nSNAERUAANE Rental AUAIYY C++ HININT 4.35 INA1TNAADUAY
AEIIYNUIN AANE Rental  Hdwiuiusenvisdu 3 lusenmeiu fe lwsen Rental()
W59n getDaysRented() Laziusen getMovie() Iasddnuruuannitng 2 91urUAIuiufAe

Y = aa ¢ . S a A 9 & .

movie U daysRented @uann3026 movie Huilluseafilsenldi1ume wsen getMovie()
a1 werv3U26 daysRented duiliiwsoniiisenldsume getDaysRented FaiiinurA1AIna
wnuluwUsnunlaal m = 3 A1 v = 2 waz m(v;) = 2 AstuAad Rental Tunnwn C++
A Y v ' v ) Y Y )
lonaaeumBElIeIvIYNUI ANINTIn LCOM Wiy 1.0 @0nnaedfiunan1snagauain
1A309%elAA1 LCOM Wity 1.0 uniu

AILUHANINAARUYRNTIA LCOM anansaasulananisad 4.14
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public class Rental {
private Movie movie;

private int daysRented;

_movie = movie;
_daysRented = daysRented;

public int getDaysRented() {
return _daysRented;

public Movie getMowvie() {
retorn _movie;

public Rental (Movie mowvie, int daysRented) {

27 4.34 eana Rental Tun1wn Java

class Rental
{
public:
Rental (Movie *mowvie, int daysEented):

int getDaysBented() conat [ return daysRented;

Movie* getMovie() conat { return movie;

private:

Movie* movie;
int daysBented;
s

1

}

297 4.35 eand Rental Tuntwn Co+
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M19197 4.14

KANITAADNNINTIA Lack Of Cohesion In Method (LCOM)

Class 2w A1 LCOM A1 LCOM
(iTe9v19) (1n3esilnvasauide)

Customer C++ 0.83 0.833
Customer Java 0.667 0.666

Movie C++ 0.83 0.833

Movie Java 0.5 0.5

Rental C++ 1.0 1.0

Rental Java 0.5 0.5

4.4.5 N1SNAFIUNINTIA CU U1959A PU azu1nsn DU

nguN1nsin Computation Use (CU) 11m5in Predicate Use (PU) wazannsin
Definition Use (DU) Hulundunasiaiflédmsuseyisnsiunanededeannsonldlaonisuag
Control flow graph Wwag Data flow graph MnturhmsmAnasiautasUszian Tae CU Wunns
Husulstansnuaglddmsunsmiwn, PU Wunmsiufudstiasniilddmiudeulavdennaden
way DU tuandinlsinsniilddmsumnuaiuls Tneflwesalénlusunsuiildnagoufiowsen
getPrice() Geadalima 2 arwilusunsudiefufe Java way Cr+ Fauansdenndl 4.36 way 4.37
paddu mvnaeulpeldsmaiiunuiAenduanesinildannissesaléais 2 arwniuliien
wihufe fauus basePrice luidun1a 2 3 4 uaz 6 Jadesuunmuuasiaaznuiléa DU = 1 7
UssViRfl 2 A PU = 1 ussvindl 3 uaz CU = 2 ussvindl 4 uaz 6 Mé’qmﬂﬁ?up:ﬁ%’aiﬁﬁ’]
gasalAnlusunsusa 2 AwveaeufuAseiioveAdonuinie Java uag  Cat sneRlofen

WU UA® DU =1 PU =1 haz CU = 2 1ngNaansn1snnaadsdnaibadndnannsnean 4.15
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public double getPrice(){
double basePrice = guantity® itemPrice;
if (bazePrice > 1000)
retorn basePrice*0.85;
else
retorn basePrice*0.98;

271 4.36 wsen getPrice) Tunw Java

85

double double::getPrice ()} {

const double basePrice = gquantity * itemPrice;

if (basePrice > 1000)
return basePrice*0.895;
else
return basePrice*0.98;

M997 4.15

N7 4.37 wisen getPrice() lunw C+

WANITVINReNLINTIn CU , PU Wag DU

LGN FAMCA| FEL%H')‘U']CUU Lﬂéﬂ\‘iﬁﬁ]
DU CuU PU DU Ccu PU
getPrice() C++ 1 2 1 1 2 1
getPrice() Java 1 2 1 1 2 1
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UNN 5

ayUnan1sIdeuazdalauauue
5.1 @5Ueuivy

Adedtiaueidnsuasiaiosdiefildlunsiinsgidrmammainguuing ia
AuNNEEALITAIUNSUITS N Tudiuamdnuazees AuAMUEINsaInTIEToRaNaTnly
gasalAnaInuInggIu IS0 9126 uaznduanasindmiuidensunanesafimangay (Metrics for
refactoring selection) Ssannsaldldtunwilusunsudeing luiidde n1w Java wogniwn Ce+
lenguunsinAMNIMEaNARISAMUNITUITISNY TN UAMEN YL IR AMUAIINEAINITOIATIEIV
TaRanaInluLesalAnaINNINIgIU 1ISO 9126 Usenaumeninsin Number Of Statement In
Method (NOS) u16153n Number Of Parameter In Method (PAR) 110159m Nested Block Depth
(NBD) u1%1%3n McCabe Cyclomatic Complexity (VG) u1933a Lack Of Cohesion In Method
(LCOM) uaz ngusnasinvesmsidensunaneseiimnzauuszneuluseinnsia CU 1nsin DU
wazunstn  PU  Tee3Bnisfiauetiuannsasesiulivaisnivlusunsudeing tneldmaia
NIz TIATENALSKUUBLRe (MDA : Model-Driven Architecture) dansgurunisiiudu
Tagthiaieaile Sissy iudasesaldnlusunsunvidsingiiduwuudasdesiiunlinnalassaing
FuliinneduwusuuuLIusTsYy (GAST : Generalized Abstract Syntax Tree Meta-model) &sld
dvsussuisuvudaesdiing1n nturhnisaiaueluea namuaninuduiusveslusunsy
(PDG : Program Dependency Graph Meta-model) LﬁaﬁwmmﬂauwmﬁaaqLﬁ@lﬁlﬁ%’auﬂaﬁﬁnﬁu
dmfudumaanasinfifonis wdanduinisaiaualueafiudunasinvedusunsy
(Metrics Meta-model) tiglddmiumummanasafildlunuideddddndnl ey aanduld
nsfmuangnIsLlaskuUsIassuaz IR AN IndeTIng 15 ngdaeiu aintusi
nszurumsulaswuusaedaeldniviefivea (ATL transformation language) Liielitldnadns
puiidiesnts ndsntuiduneuienuaiindnudumiaundueiosdiefdudiuaiuves
TUsunsudadud (Eclipse plugins) qmﬁwﬁ?uﬁﬂmsmaauLﬂ'%laaﬁaLﬁai’mmmgﬂé\’awmmmi’m uag
amvanunsalumsvihnuldinnni 1 anwlsunsudeinglagvinismeaeuiugideavigy 3

Usenaulume fiae391n19n1un1¥1 Java WagilieimnieenunIy C++ Inguuin1smaaay
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panlu 6 N1IMARBINMEAUMILTIENITUIATIAAIEAIDEOIALANLUTLATUAIY Java wazn1w
Co+ Fimthitmesvhaumilousudlinasd

5.1.1 419530 Number Of Statement In a Method (NOS)

n1sMAdeUIATIA Number Of Statement In a Method (NOS) tildmaaeufiu
wison statement() Tnsuvadunisn Java fun1wn C+ ntligidesmagyinisaasunyudi
m%aaﬁaﬁ?ummiaﬁwmmﬁhmmi’(ﬂlﬁmaLamﬁuﬁ’umaﬁ’m@%mm@

5.1.2 410590 Number of parameters in method (PAR)

duSunInsIn Number of parameter in method (PAR) lavihnnsnageuiuiusen
Movie() #awui1 nansvaaeuangiieivigivaosnsiurifuiunanssuimamnsinain
\3siia

5.1.3 417590 Nested Block Depth (NBD)

110590 Nested Block Depth (NBD) lavinnisnaaeuiuiusen maxSong)) laglu
duvesnim  Java Y nudwanismaaeuaindideanalinadwiifersutunanisdiuinves

1ASNID  ADARADITUNANITNAADUNWNAIUAIYT C++ AshAwIdlavniu

5.1.4 41059 McCabe Cyclomatic complexity (VG)

(%
Y

NINAEBULINTTIA Cyclomatic  complexity  (VG) dulaldnaaeuiulusen
maxSongs() Ineludiuvesnien  Java ‘wmfﬂmamimaaumﬂQ’L%amzyﬁuiﬁﬁhmqﬁ’uﬁ’umams
VREIUINAIDTE donAdeunIY) Cot %qwudwwamamaaumﬂ@%mm@uazLﬂ%laaﬁwmﬁiﬁ
ANYIAY

5.1.5 41m39A Lack Of Cohesion In Method (LCOM)

NSNAFBUNINTIA Lack Of Cohesion In Method (LCOM) laviniunageunisnaid
U 3 AanameiuReanad Customer Aad Movie wazmana Rental Tnawuseantuniw  Java
ez CH+ InanansnaaeunuinasesietusuimAnasaldaufelfufunanisnageuain

v o 1
NIV IEY YN 2 N1
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5.1.6 NguuINsTIA Computation Use (CU) 41@59m Predicate Use (PU) uas
1390 Definition Use (DU)

1719570 Computation Use (CU) 319157 Predicate Use (PU) Lazu1nsin
Definition Use (DU) lévihnsnaaaussmson getPrice() mavaaaulasfiformasunuiinives

nauIasianliannsgesalaniia 2 Mwtulviadeiuiunan1saaeUIINAILle
5.2 daiauauug

5.2.1 TusnunisAwiunguunsin CU, DU waz PU duiiieliasedievinamuld

| P a a X ~ a I 9 ) A o A 9 o
28190USLANT A NUINTY TEUUAITNALANISAULEUNIIIR U SRR AB NS U
WEUN19lAT19 F9a1u1509lalaen15ve1gUa LA NS1WkaRIANAURUS VR UThNTY

LVNLA

522 sededriavesumlunalasiairefulinneduiusuuuuusssuilidoya
TweziBunve Expression  Hulsiissme oravhliEfiaulaTinisduasnnsiaveseiide
dldannmilUldfuanestafidessunlasldseasidonues  Expression 1# §iduve
wuzilivhnsdne wenlieafifidnuauzlassairsiulinneduiusuuuuusssy Ussan
31 19U Knowledge Discovery Metamodel (KDM) 7il¥isnsaziBenludiues Expression

1 < 2
111071 WUnl

5.2.3  nuideiliaiunisauinuasinvendwisluszduusen gnaulaaiunse
W lranunsauInluseauaanalalangn15v818 U laAa NS N LEAIAINUFUNUSVD

TUsWNSULLRLL B 1 EN1150 5095 UM TR lUS LA UAANEMIUNADINIS Lo

5.2.4 luAuwes Sissy WuweananuUain1w Java uag C++ Wieenuegluguves
wuuaedassainulinneduiusuuuunusssulawa Seenunsaldiunie Pearl 1
menandiatunadideldlanegeuiuniwisiing1d giaulatduansanageuiisiiy

Aw Pearl 1o
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AANUIN N

a & A4 o
A1INANILAIDIUD

insesdleildindeannsaudsl@ifu 3 Juneuiie 1. msindelsunsy Eclipse 2. A3
Anaedadilo SISy 3. msAnsaeedile Scan Code 4. nMsldnuedasilo InedswaziBondal
1. MmsAnaslusunsy Eclipse (U1 Window)
1.1 anniluaslusunsui
http://www.eclipse.org/downloads/packages/release/Kepler/SR2 lngidanaiulanmiu

Uz OS UuLASas (Windows 32 Bit wag Windows 64 Bit) §annd n-1

www.eclipse.org/downloads/packages/release/Kepler/SR2 % g =y

1g Started shdian Firefox

3 STARTED MEMBERS PROJECTS MORE~

/ PACKAGES / ECLIPSE KEPLER SR2 PACKAGES

Eclipse Kepler SR2 Packages

:n Packages
Packages % Eclipse Standard 4.3.2 Windows 32-bit 64-bit
Packages 201 MB - Downloaded 5,688,821 Times 3CCoc0a 32-Bit 6451
Packages Linux 32-bit 64-bit
- Packages s b ) . .
rackages w Eclipse IDE for Java EE Developers Windows 32-bit 64-bit
\ Packages %%’ 250 MB - Downloaded 4,127,397 Times Mac Cocoa 32-bit 64-bit
& Linux 32-bit 64-bit
i Packages
> Packages ,. Eclipse IDE for Java Developers Windows 32-bit 64-bit
nede Packages W 153 MB- Downloaded 1,234,831 Times Mac Cocoa 32-bit 64-bit
eases Linux 32-bit 64-bit
@’ Eclipse IDE for C/C++ Developers Windows 32-bit 64-bit
144 MB - Downloaded 984,995 Times Mac Cocoa 32-bit 64-bit

Linux 32-bit 64-bit

P Eclipse Modeling Tools Windows 32-bit 64-bit

Awd -1, noduledandivanlusunsy Eclipse

2.2 dhldanenadlnanlulilunndesnisineasiiulonsuvsalusunsy Eclipse lunseudung

Y =
AININN N-2
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L Include in library v Share with = Burn New folder
iAtes Name . Date modified
sktop . configuration 6/27/2017 8:57 PM
wnloads . dropins 2/24/2014 5:37 AM
cent Places .. features 5/14/2017 3:51 PM
Lop2 4/16/2017 1:39 PM
top .. plugins 5/14/2017 3:51 PM
raries . readme 2/24/2014 5:37 AM
ymegroup || .eclipseproduct 2/12/2014 8:03 AM
: = artifacts 5/14/2017 3:51 PM
imputer 10/9/2013 2:09 PM
twork 4 | eclipse 5/14/2017 3:51 PM
introl Panel (=7 eclipsec 10/9/2013 2:09 PM
cycle Bin € epl-vi0 5/28/201310:17 AM
mment € notice /28/201310:17 AM
harpKDMDiscove

a s

ANA N-2. WEAAINISARAILUTWLASUDAAUE

Type

File folder

File folder

File folder

File folder

File folder

File folder
ECLIPSEPRODUCT...
XML Document
Application
Configuration sett...
Application
Chrome HTML Do...
Chrome HTML Do...

Size

94

1KB
295 KB
312 KB
1KB
24 KB
16 KB
9 KB

3.3 wasaninisAnaslusunsy Eclipse Tundosnisudviinisidalusunsy Eclipse Tuun

[
v o

Mmnvn1sindadsa TUSUNTUALUEAIAINING N-3

A# A-3. Mslaldaulusunsy Eclipse

KEPLER
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2. MSANANLATDNED SISSY

2.1 amnlluanlusunsuii https://sourceforge.net/projects/sissy/files/ lneidana1itiluantu

ASDUALAIAIUNING N-4

Usomsy | 3
ng Started sinihan Firefox

sourceforge l [Searcn Browse Enterprise Blog [2T8
SOLUTION CENTERS  Go Parallel Resources Newsletters Cloud Storage Providers Business VolP Providi

Home / Browse / Development / Quality Assurance / SISSy / Files

. SISS

SISSy detects problem patterns OO source code
Brought to you by: benjaminklatt, kelsaka, mtrifu, snowball77, stammel

Summary Files Reviews  Support Wiki Mailing Lists  News

Looking for the latest version?jDownload p2-pository-nightly-20110803.zip (11.4 MB)

Home B}
k 1 Downloads /| Week
Name # Modified +  Size # A
M Eclipse Plugin 2011:08:04 2 (L
M sissy-old-standalone 2007-05-30 0
README.txt 2011:08:02 681 Bytes 0 L&
Totals: 3 Items 681 Bytes 2

Al n-a. ammilvanaiesile SISSy
2.2 vnamiiivanudingldndde p2-pository-nightly-20110803.zip wd1dalUswNSY

Eclipse Juan

2.3 TUTlay Help -> Install New Software 3gUanIniifemunIng n-5
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& Install

Available Software

Select a site or enter the location of a site.

%k

Work with:‘3 type or select a site

v Add...

Find more software by working with the "Available Software Sites” preferences.

E-fype filter text

’ Name
[[1@ There is no site selected.

Version

<

-

| SelectAll || DeselectAl

Details

Group items by category

Show only the latest versions of available software Hide items that are already installed

[ Show only software applicable to target environment
Contact all update sites during install to find required software

What is already installed?

@

Next > ' Finish \ Cancel

ANA N-5. kAMIMLN98 Install New Software

2.4 natu Add aguanamiendliinlusunsy

2.5 984 Name fiumida “SISSy”

2.6 W04 Locationlidentd p2-pository-nightly-20110803.zip fildianatiluanlisenini

N-6
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P

& Install | Gl =

Available Software

Select a site or enter the location of a site.

Work with:  type or select a site v Add...

Find more software by working with the "Available Software Sites” preferences.

type filter text 9 Add Repository ‘

Name

J
(@) Therd | Name: SISSy | Local...

Location: jarfile:/D:/download/p2-pository-nightly-20110803.zip!/ [ Archive... ]

|

@

Details

Show only the latest versions of available software Hide items that are already installed
Group items by category What is already installed?

Show only software applicable to target environment
Contact all update sites during install to find required software

@ “TH* MNext > | | Finish l [ Cancel

A 1 a
AINN N-6. LLa@ﬂV]u’]‘ﬂaﬂqﬁLWNIﬂiLLﬂill

2.7 v9annadi OK Wii9endunngninaeves Install New Software Tildansanin n-6

1%
a o

ndunaYl Next aunsevisinaalusunsuasa
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 retat [ [ ]

Available Software
Check the items that you wish to install. ( ;,

Work with:  SISSy - jar:file:/D:/download/p2-pository-nightly-20110803.zip!/ v Add...

Find more software by working with the "Available Software Sites” preferences.

| type filter text |
Name Version
4 [V] 000 SISSy
@ GAST Model Feature 1.0.0.201108031550NGT
ﬁ&'& SISSy Feature 1.1.0.201108031550NGT
< | (1] »
[ Select All ] [ Deselect All 2 items selected
Details
Show only the latest versions of available software Hide items that are already installed
Group items by category What is already installed?

[ Show only software applicable to target environment
Contact all update sites during install to find required software

® ERCTE e |

AN N-7. M98 Install New Software ia91ninLUSHATY

2.8 Bdsnanaalusunsudnsanallusensuazyinn1s  restart 1eolusunsuidaduunay

wanslaraulunsauduwnasanIng n-8
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3 e - zetpse oK T
File Edit Navigate Search Project Run Window Help

rs - RPN LTI B0 BHEG ™

&

I8
ke

Al n-8. wansloneau SISSy

3. MsharaAIasile Scan Code
3.1 Whluiilnawmes plugins Tuluswnsy Eclipse

3.2 tlld com.cs.tu.analysis_1.0.0.201706272248 Malulviawnes plugins fanmil n-9
3.3 Restart 1Usunsu Eclipse
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wuter » Local Disk (D:) » download » eclipse-rcp-kepler-SR2-win32 » eclipse » plugins »

en v Burn New folder

Name F Date modified Type Size

1. org.eclipse.epp.package.rcp_2.0.2.201402...  2/24/2014 5:36 AM  File folder

. org.eclipse.equinox.launcherwin32.win3...  2/24/2014 5:36 AM  File folder

. org.eclipse,jdt.debug_3.8.0.v20130514-0841 2/24/2014 5:36 AM  File folder

. org.junit_4.11.0.v201303080030 2/24/2014 5:36 AM  File folder

|£] ch.qos.logback.classic_1.0.7.520121108-1...  2/24/2014 5:36 AM  Executable Jar File 256 KB
(] ch.qos.logback.core_1.0.7.v20121108-1250  2/24/2014 5:36 AM  Executable Jar File 381 KB
[ﬁ] ch.qos.logback.slf4j=1.0.7.v20121108-1?_'50 2/24/2014 5:36 AM  Executable Jar File 11 KB
[E} com.cs.tu.analysis_1.0.0.201706272248 6/27/2017 10:48 PM  Executable Jar File 557 KB
@ com.google.gernt.common_Z.1.5.vZ0111... 2/24/2014 5:36 AM  Executable Jar File 83 KB

AN N-9. LENINITANAY ScanCode

4. N15199ULATD93D

U

4.1 AanMUSIATIRDINISNAGDU L@an Create SISSy Launch @90 n-10

« fg Hierarchy" = E\. (

EE~

b |5z CaseS

tudy|

(3 :,p" CaseS;
b kp‘J Hotel¢
b > JFreed

% B Y i

New
Go Into

Open in New Window
Open Type Hierarchy

Show In

Copy
Copy Qualified Name

Paste
Delete

Run As
Debug As

F4
Alt+Shift+W »

Ctrl+C

Ctrl+V
Delete
»
>

Create SISSy Launch

Add/Remove Q-Impress Nature
Save

Team

Compare With

Restore from Local History...
Configure

Properties

Ctrl+S
>
>

Alt+Enter

AW A-10. Create SISSy Launch
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AlEE -
OEx | S MName: SI5SyRun - CaseStudy
type filter text
: o SISSy . Database Settings] GAST OUtpuﬂ Pattern Detection | Metric Calculation] Grapth =] Commorﬂ
& Eclipse Application
Il Java Applet —
[T] Java Application Run Extraction
Ju JUnit
SISSy P et
3% JUnit Plug-in Test e
4 m Launch SISSy CMQ-ImPrESS\workspace CaseStudy'sre; -
|m SISSyRun - CaseStudy |
m SISSyRun - CaseStudyV2 Input paths:
m SISSyRun - HotelSystem -
B sissyRun - JFreeChart < b
[# Operational QVT Interpreter -
4 0SGi Framework ’ File System...] ’ Workspace...
() Q-ImPrESS Consistency Checke L
R+t Q-ImPrESS Reliability Analysis I export model to database I
[ append model to existing database
Version-Id:
export the text of code comments into database
Run Clone Analysis
Language: @ java () cpp (O delphi
Java Settings L
Library, Exclude
Libraries (src):
Libraries (bin):
4 13 il
' T * Apply Revert
Filter matched 14 of 14 items
@ Run I ’ Close

4.4 \@anukau GAST Output AANLADA AINNTOUALAY

At n-11. nnsTduuau SISSy

4.5 1@en Write GAST outputfile

4.6 Rudelwdisons wu CasStudy.gast fan gl n-12
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CEx 83~
[ type filter text \

Name: SISSyRun - CaseStudy

SISSy | Database Settings GASTOﬂui _Pattern Detection | Metric Calculation | GraphML| =] Common |

@ Eclipse Application

Java Applet GAST Parameters:

[31 Java Application Write GAST outputfile

JudUnie GAST file (output):l CAQ-ImPrESS\workspace\CaseStudy\output\CaseStudy.gast I
JU JUnit Plug-in Test

B Launch sissy
m SISSyRun - CaseStudy
B SISSyRun - CaseStudyV2 Expression Parameters:
B sisSyRun - HotelSystem ["] Extract expressions

File System...| | Workspace...

B SISSyRun - JFreeChart

Expression file:

[& Operational QVT Interpreter
4 0SGi Framework
3 Q-ImPrESS Consistency Checke

5 M GAST with i
R} Q-ImPIESS Reliability Analysis S5 e

‘ File Systemm} Workﬁpace.,.’

Merged file output: i

Metric Results Parameters:
[] Export metric results

[ File System.,.‘ ‘ Workspace..‘:

Metric results file: |

| File System..

Wcrl:space...r

< m »
Filter matched 14 of 14 items

[

Apply J [

Revert ]

@

[ rn

Close ]

Al n-12. nsTEumau GAST Output

4.7 99nurin1sne Run al@lnd CastStudy.gast fanmndi n-13
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4 [} CaseStudy|
b GB src
i = JRE System Library [jdk1.6.0_22]

b (= DerbyDB

4 (= output
Im CaseStudy.gast

AT n-13. CastStudy.gast

4.8 A3nu TG CastStudy.gast Lden ScanCode fan il n-14
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(¢ Project Explorer 2 | [# Package Explo.. = B8
BS|e
4 7= CaseStudy

> B src

[> ¥ JRE System Library [J2SE-1.5]

B CaseStudy.gp=*
New >
Show In Alt+Shift+W »
Open F3
Open With »
2 Copy Ctrl+C
5= Copy Qualified Name
% Paste Ctrl+V
¥ Delete Delete
Validate
Debug As »
Run As 2
Team >
Compare With >
Replace With >
8% Discovery »
Scan Code
Properties Alt+Enter

m‘wﬁ N-14. ScanCode

4.9 89970 188N ScanCode LLANINAANS AININT N-15 WALNIN N-16
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& AnalysisView 3

Class: [ Customer - ]

Refactoring | Metrics

Metric M... Metric Value
MNOS ]

VG
PAR
MED
LCOM

(=T V¥ R = R V¥

4 m 3

AN N-15. kAU Metrics

@ AnalysisView &3

Methods:

Refactoring | Metrics

No. Variable Refactoring Type
1 thisAmount -
2 each -
3 result Replace Temp With Query
4 rentals -
5 renterPoints -
6 totalAmount -
< | m »

Al N-16. wau Refactoring

Ref. code: 25595509035084XRS



105

va Y
UseIngideu
% We33AN3 @b ey
TR 14 wPRIN8Y 2529
WN1sANY Un1sfinen 2553 : agenansanavnssuadio

WIngaemalulagsvueasyys

NA9IUNIIVINTT

S3im$ afosnad waz n3adnd seeitermdy. (nSngien 2560). FnsAumMIessenilld
Usstnnasausenlagltuuuidnass : Model-based Approach for Long Method Bad Smell
Detection. The 13th National Conference on Computing and Information Technology

(NCCIT 2017), Bangkok.

Ref. code: 25595509035084XRS





