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Abstract

The quality of software development processes importance increase which
makes maintenance and update of these procedures are more easily, because
the change must be done.

Model Driven Engineering (MDE) is an approach to build software
development processes by proving a large success through wide expansion in
all information technology fields.

Although of the wide extension of using Model Driven Engineering
Procedures, It doesn’t accompany with quality increasing for the developed
procedures by this approach. Researches count could be null.

Meta Models (M2), which drives The Model Driven Engineering (MDE)
approach, is the basics for the production of modeling tools. Modeling tools
allow us to define Models (M1) in one step in the process. Software quality
highly relates with development process. Development process is affected by
tools quality that supports its steps. Whenever the highest quality tools
increases the quality of development process that uses these tools.

We find that it’s so important to review the design of Meta-Model before
generating tools (Models). We have to check that there is no smells and
refactor them if there are found.

The software smells in the low levels (Code and Design) levels centers of

large size and less cohesion concepts. So, we try to extend software smell
concepts to contain the high levels of software (Meta-Models).

| have suggested an approach to detect the smells and refactor them to be
avoiding the size and cohesion problems by part the meta-model to many
partial Meta-Models which are smaller, more cohesion and more specializing.
| have to achieve an empirical study with large number of students and MDE
workers. After that | took the results and feedbacks to expand the handle
approach which depends on stakeholders’ views and limited case studies to
general automatic approach which doesn 't depend on the context to increase
quality. I was able to approve between two approaches, the structural one and
the semantic or logic one in the same algorithm. | was able to suggest new
tools to measure the quality. | supplied this research results with statics and
mathematical ratios which are the strong proof of enhance and improvement
of Quality and pass the smells. This approach represents the vertical
expandition in MDE. We supply our work with empirical studies with 100
students from Damascus University —Faculty of Information Technology.
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ﬁlass Animal { \ String getSkin()

final int Mammal = 0, BIRD = 1, { return “skin"; }

Reptile = 2;

int myKind; // set in construct class Mammal extends Animal {

String getSkin()

String getSkin() { { return "hair"; }

switch (myKind) { 3
case Mammal: return “hair"; ‘ class Bird extends Animal {
case BIRD: return "feathers”; String getSkin()
case REPTILE: return "scales”; { return "feathers”; }
default: return “skin”; H
H class Reptile extends Animal {

H String getSkin()
k / \{retum "scales”; }
3

/

Switch cijLsa) dla (1-3) Jedl)
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Encapsulate Field

public class Course

}

public class Course

{
private List students;
public List getStudents()

{
{ ‘ return students;
public List students; }

public void setStudents(List s)
{

students =s;

}

int classSize = course.students.size(); int classSize = course.getStudents{).size();

alinl) Cilis (2-3) Jea)
(Exception) stfiuly jla ) lad Jlagdiu) e

sl gy U JSED Alladl 3a5al (paniaty ¢ Janll i jlanal) Al a s

Replace Error Code with Exception

int withdraw(int amount) void w:rhdraw({ntamoum) throws
{ BalanceException

if famount >balance) {
return -1; if (amount > balance)

else {
balance -= amount; throw new BalanceException();
return 0; }
) 1 balance -= amount;

}
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Degradation Growth rate Growth rate Nb of
trend instructions/version methods/version versions
Sharp 363.04% 162.50% |
Sharp 138.44% 283.33% |
Sharp 214.98% 113.64% 1
Sharp 513.33% 100.00% |
Gradual 40.99% 16.67% 2
Gradual 142.90% 6.67% 3
Gradual O.46% 15.38% 5
Gradual 65.04% 6.25% 2
Gradual 34.28% 155.56% 3
Gradual 63.46% 42 86% 2
Gradual 103.33% 45.00% 4

oaias 8 Ul et g3 asally Cogaall e Alalall bl Hghadll 4y of Y 3
caal) Baga
Ptidej (818 Al Guen 3l Cighial) aiai @
o Y aeld dosane @lling (GC I manal o Jand Jalse b a8l 1) duhall s
S Ay sl aalaic)
oabel gl Al Gagiall) daialgdl Cagiuall o bl e pdaily z3saill asi—1
SV Casiall sl U sasan Gileail) (e 530S slaef dila) (Y (GC ol dle

«GC
33l o) (s (aanll e aatl) (W) Waadad e JI Y Gigheal) e Jaant -2
(GC lelan 855kl

GC I e jisi o Al clyas 13
gl <in gy (4-4) J<al
sl sdle) o maaill Cipd Losgd Sl Caall dalled dagiadl Jolall e U
:omle sl ¢(Refactoring)

Ukl Gsba ) wils A8l )8 e

Sl il e B il ZlA0) e
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RULE 1: {
[ Class
[ Ratio
added
AND
=2

}i
BULE 2Z: {
[ Class

¥
RULE 2: |

¥

RULE_CARED :

{ Instructions Deleted = none )
=> Zodliness = Increase (66 %)

[ Default => Godliness = Stable (74 %)

God Classes |

status = Borderline )} AND

of instructions

and/or deleted = high )

[ Instruction Change Ratioc = high )
zodliness = Increase (83 %)

status = Healthy ) AND

Sl Chually ) acsh (4-4) Jead)

Caall Sl 8y53 Al 2ixd (GC Sl Cauall (o @Sl Aiph s emnal) diyyle ol
S At fsala @b ) Caall Ziga IS 1) Lad Ciuall zisel paad e ol oS
Joaally ol o) Ll Cagin ) leabain) o aolsi J8 Cle gl ) fians £ Ul By

aseiall gy (3-4)
8ms) Cighuall aidlall muawal (3-4) Jgaadl
| Improvement | Refactoring | Nb (%) |
Sharp Move Method to data class 5(31%)
Gradual Move Method from GC 2 (13%)
Sharp Extract Superclass®* from GC 4 (25%)
Sharp Extract Class from GC 1 (6%)

«(Behavior) lslu (sl s

1GC s Caall b (58 Al OV (e de gena b Ll
allall Jola JS&5 a5 1 p€ JC8 @lily Gtea aalgi—1

shaall e Cangly 3 (k) s Ails) e (abed) edgd pmas (g il
Sl Jsaadl loaly bl Gogion ) @lolull cillee Jiy 2y ealial) il of Bl

A elidl Cad (53

= NPF : Number Of Public Field (43 xall dalall jaliall 2ae),

= NPFr: Number Of Public Field Removed (Lsaldl dalall jaliall 2ac)

= NMD : Number Of Method Declared (&)l aslsill 2xc)

= NMDa : Number Of Method Added To GC (xSl caall ) ddladll aulgill 2ac)

= NMDm : Number Of Method Moved From GC (Sl aall (e A gl aulgill aac)
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= DC: Data Class (<lilall aghia 2ac)
alibyl) Cigha uaal (4-4 ) Jaadl

| Refactoring | Data class | GC |
1) Encapsulate H#FNPF — NPF,.
21 MDVC ITICE.]'I.Dd #Jﬁt" JI.!-ID + Jn'n" J'\f U.-_L #Jﬁn" J'\f Unr. —_— J“'nr JI.!-I B-rn.
3) Result HDC - 1

O 22e Jo Al ol 8 La Guading tcaall A (o) algill (g0 ja dae aalgi -2
C’.\Lﬁ\,}.ﬂ\ asa L;l @\jﬂ\ Y

. (cohesion) daslill oy LS (Alaindd) algilly paliall axe oy LS

2 ol D5l 32l A Caall adge adic (super/subclass) S igia z )il & 13)

Depth of the Inheritance &ilysl) 3)nd (3ann j Number Of Children (NOC) MERVIRYYS

B8l ma gy JGN Jganlly Tree (DIT)

dighall zlAiul o aldl) sl (5-4) Jgaadl

| Refactoring | GC |
1) New class/sub/superclass #FAssoc,/ NOC + 1/DIT L1
2) Move methods out HNMD —NMD,,
3) Move attributes out HFNAD —NAD,,
Results Cohesion is better, Size is smaller

tdie clgapnaai GC I Alls aa e Tl S JalSie IS #3saill Ul

Jé 2Dl Jall laaie Association <liBlay Gl Cagbia (o jaS daey dafiy Ccaall -1
(bl Gagia ) w5l

Bad Cosia )AL e Jalld cluldia ey S Cuall IS 1Y) -2

eabain) g Waie jualially alsill e aS s o g aall (IS 13 -3

ulial) Jo adiad ABlu clu)s .2.4.4
Lagyll daalally (Kaiserslautern) iula¥) daalall ule ASjiall dpedll  (jtiug
sl Caall Calis) ddae 8 A lee ay 436 Ganlia e slaieY) (Trondheim)

Badinall (uulial) (‘Ai
Henderson-Sellers’ LCOMS (sonlia IR (e caall dlilad aasy -1
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p A JSal e Gulall 3 Capes ) (S

Oe Aa aadiey algil) o3 (pe 2 ISy M, M2, sl e gy C caall oK)
Labliie yull palisll Cile gans Lol P e senall Cijas of (Sl 11,12, ... oS3 jualiall
Sy 1112, alsil) Cule dabliia)l pualiall Ll Lips Q Ll caulsill Gule 11,12,
1 JUK LCOM Ll (&

LCOM = [P| - [Q|, if [P| >

Q

= () otherwise

. Association Al caall pe asip Al Gllll Coga e =2

Slo daall vie Lalaial g S o3a byt o Gang GC I 8 Aol 200 Ll &0 ellia
Ry cnlaal) il

tanall -]

chadall ) elalall =2

bl Gstia e olaieV) s -3

tJie GC s Ailee (& Gunliall o aains of oSl

Number Of Method (NMD): aulsill aae

[44] @lics Lanlia dc gana Ao alaieWh 3Kl Caghiall deas Al Caan 400l sac 8l

1, ((WMC (C)=47) A (TCC (C)< 0.3) A
GC(C) = (ATED (C) > 5))

0, else

= C: Inspected Class (aasd ai 53l aall)
= WMC(C): Weight Method Count

(ol 8 asasall sl UL Sla) el § g
= TCC(C): Tight Class Cohesion (5xiluall Jaslg )l anill 22all)
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Al Gl J8 e labeledsinl o G 1Y Ll JSG& Cplhuliie Ll cpali e Jsi
-(Instance)
= ATFD(C): Access To Foreign Data

Caally Jpasl gl b oo ol 8yl doats ) (5)8Y) Cosiall o pualiall 22c
e gyl
Brain Class JbL iy il o

& ugma Gy il calead) ainty ASHall Cus e (God Class) Sl Caall 4uiy
S b W Eas Cashia (e lily Jeaid ¥ b canSe e (8] dAilually agdl)
Cogiall L e STy el Tty Lo usally cUadl) dpng) Ll i (<l 1Sl
Yo Jally et ey G Casud (e JS& Brain Class cun 13) (Sl .[44]

Al sac i) 33y o 3 Brain Class s cauall (55 Sy L allail) 8 JSlie cand

1, —GC(C) A (FMC(C) = AT) A (TCC(C) < 0.5)) A
(WNBM (C)>1) A (LOC(C) 219T)) v
BC(C) = (NBM(C)=1) A (ZOC(C)=22-197) A
(WAMC(C) =2 - 4T)))

0, else

= NBM(C): Number Of Brain Methods ( a!sill 2xe ).
) sac Al ié Brain J sl Lgalingy Ll

1, ((LOC(M)>65) A
(CYCLO(M)/ LOC(M) 2 0.24) A
(MAXNESTING(M) 2 5) A (NOAV (M) > 8))

0, else

BM(M)=

LOC (M): Line Of Code Of Method (<ideil) liacsia jlyll yland axe).
CYCLO(M): Cyclomatic Complexity Method (@Bﬂ o) M\)
MAXNESTING(M): Maximum Nesting Level

(Cosiuall LA A Cpraailly Calaall (e adacY) aall)
NOAV(M): Number Of Access Variable
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() e 8l Jpeash c¥saial Jlaay) 2aall)

=l EvAn gised e

Jidaty aead o Jesi 313Y) 028 (Evolution Analyzer EVAN) lgau) slal sk 2
zisar Jhar 3 lild) z3sa Al e e o (5-4) IS ([44] Bla)) ik
.4 Smells J) Galas)y laill kil (Meta Model) adyie
rAIEN lghaally bl JSEI (385 Jaall pandli (K4

bl (plae e Glilall aeai—1

¢led 3lsall Model J) adgi -2

Gl ccalsall ol yl) e ol S e Meta Information ) zhasul -3
TEREIAY

¢Metrics _pnlaall ilua —4

Casiall (e dadiadl Sloll Gulie gt Ukl Aalsll Meta Model J o) =5
(B,

a3l Ay b ealial) e il Layy =6

b Leblitle e (cor Epacad Gl —EHkI ~Cagicall) ol b eaie S daglie—7
i) sy

iolaal UL el 8 bl 458

2l ledaly skailly diladlly dadlaall Clilee 3las) -9
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Jall pulalis caganll aaY Zmnsall dual

Third Party APIs (Marked with *):
* SVNKit and ** Recoder

Meta Data
Revision Information

(Changes, Date, etc.) -

SVN
( a) Repository

System Files
Source and Ubrary

1

L0 Analysis Subsystem

Files

o

EvAn

Ul 7 agad sl 5130 (5-4) Jsa
thsd bae PA (Kl aalsll cacall te Slilaall Judid oo (6-4) JSall

1

Revision 1 — Revision 2 +—= Revision n-1 :4— Revision n
5 | 5 1 i E— 51
CHANGE |[DEFECT] CHANGE | [DEFECT] No system CHANGE | [DEFECT CHANGE [DEFECT
DATA || DATA | paTA || DATA meta model 4— | DATA || DATA DATA || DATA
extracted

—

i
+#*

\_ﬁ

urce Files

Coupling to previous
revision with available

meta model

F Y

Methods
METRICS

Gt b P diall o allead) Julad (6-4) Jsil
e ae Ajlie 5l Caall e (gyaly A G asall Jaras aaall clhss Gl G
J44] adul sl Gala (Say ccasiall (e
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(NC(C,)/ PDIST (C,) *100)

CF(C,)/ LOC(C,) = 700 C)

(CSIZE (C,)/ PDIST (C,)*100)
LOC(C,)

CS(C,)/LOC(C,) =

(SUMWD (C,)/ PDIST (C,) *100)

WDR (C,)/ LOC (C;) = LOC(C,)

NC(Ct) : Number Of Changes

(Lebess s ysallg Bysall ule canall e dlalall o sl )
CSIZE(C) : Change Size Of code

(Lebess W 3y5allg 3y5all Lo Caally Galddl Sl aas _uil))
SUMWD(C) : Sum Of The Weight

(Cps Cpule caall 8 3o gall Cigaall 23e & sana)
PDIST(C) : Distance (gmuill (e (adyll 224ll)
LOC(C) : Number Line Of Code (—aall & Lol laul axc)
CF(C) : Change Frequency (—asiall jilsi i)
CS(C) : Change Size (—aall aas 1)
WDR(C) : Weight Wrong (issall «as1)
dan el VA Cuiatl 100 2aadl Capeai 2l 03 S
13 s A adl) Al DA e
Syl e it Genliall o3a Cluss L) L) 2l A0 25l ule 25, 3y
.Y o God Class Or Brain Class ¢Llis cua 5 juS Caa o Caall S 13 Lo
(Xerces, Lucene, Log4j) [44] ilish d3ie) 358 DA jaad) dagise dakail 3 duln DA e
A Cililiany) lie (o
s o day U 105 Al odag %8 (gslsis God Class I (e dass ST e g5y Xerces

. (Brain Classes) <Lliill Giga (101.9% o s5ings

.(God Classes) 3pS Casin 8 g9ns

67

——
| —



Jadl bty sl pnY Emasall il St 5l

cCagial) el dowally BESI e Jay el Y ) jgmas cchall anal 4yl 460

=fem fiClasses  =B=% God Class =@=% Brain Class ==f=% All Smells

Legend for Figures
9,00%
8,00% -
7,00% _
4
6,00% &
£ 3
5,00% #
F =
2 a00 - <
£
° 3,00% 00 g
. =
A Lot ‘%
2,00% 200
1,00% 100
0,00% T o
o9 9 ™ o o o MM omomom M [T T T T =R o - - |
§SS8E8c588g88¢88888¢88¢8¢es8¢¢2
— o o~ ~ o o~ ~ i~ ~ ~ ™~ i~ ~ ~ ™~ ~ o ™~ o~ o o o~ i~
= e " DT — N - R = - 8 5 = = o = = C
S2EE388:3385333233¢835383%
oo @ w L= =1 o w0 o Mo ~ N i = M od oW g R

Xerces ala b 8, Cighally LAY ighua (e JS 48US (7-4) Jsi
A ey R (BT Al 0385 350Kl agbiall (10 %4 A e g9 Lucene
oS Al Al b 48 Wde clliall Cagiin (e 0.5% Ay Slili Cigia e gsingg
L Cagiay 3S)) Caghall Gule 4S50 daly Caa (gonag -leie f o gsing
asedl) pagy Ul ISl

4,00% - 700
3,50% 600
3,00% 50 &

= 2,50% o 7

£ d 40 =

[}
£ 00 =
= ,! 0 &

& 150% - £

=]
00 &
1,00%
. &
D,50% 100
D,00% - o
- WO W o~ o~ M~ 00 o0 DR [=]
S EEEEEEEEEEEEEEEEEEEEN
L5 I o I I =" B o IR o N o B o B ' B o B o N o~ BN =¥ B o T o N o I ¥ B I = B S B o B o B o |
A e L B = B = = T T =T - [
§83228378%2333332:35822%
3% 80 nade o ™ a8 3zgEw

Lucenealss & 5,80 igiually dlil) igia cha JS ABES (8-4) Jsil)
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N L ey A el Lodl) odas 5l Cigiiall (e %3 Ao e gsa Logdj
psiall gy Ml JSally Ll Gisia e gy Vs 1.2% ) Dase cilag

3,00% as0
400
2,50% P S
/"MM)‘M m\u.ﬂfam
2,00% . ¥ 300 &
3 o
z /J \ 250 2
Z 150% a =
2 w lﬁ- 00 M
3 M mm%n g
1,00% 150 §
g
100
0,50%
50
o,nnfx,-a.-i.. o
) T3] [
g8888888838335322323283832FE8
NNNNNNNNNNNNNNNNNNNNN
EEEEEENEESEEE NN EENEE
3Emmr‘ﬂmﬁ mﬂﬁﬁng mRono®

Logdj alisi 3 5l Cighally Ll Cighua (pa JS 43US (9-4) Je

LA sl S (e EDEN el Gle & laally Clilasy) s (Sa s

LAY Cighuayg 5yl i ghuall Aundlly LY cula 43)l6a (6-4) Jgaad

(CLASS SIZE COMPARISON GOD CLASS

Liicene Xerces Logdj
GC 1 GC GC 9 GC GC 1 GC
n: 714 26214 2526 | 33690 256 10166
LocC X=: 581.3908 | 93.6075 |7658.0867|111.2898]|677.4453]| 62.7319
5 | §08.2458 | 144.6259 |593.6356|212.7042(478.0222) 82.0332
CLASS SIZE COMPARISON BRAIN CLASS
Litcene Xerees
BC 1 BC BC 7 BC
HE 57 26225 177 33695
LoC ? . 930.0 03.7139 | 655.4972 111.3175
5 350.5675 1449027 | 261.8377 2127329

clbmall Cahayl : S ¢ all Jidi X caaall Jia s N rlua
t QUK ) el K
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Cee S el el Cagiuag 5yl Chsiall & )5Sy CF 5l Frequency ) s &) v/
tAY) Chsiall b ade
Calide Sllinll Caghuns 3l Cagauall & o5& CF Per LOC i Frequency I s &) v/
(AY) Gisiuall b ajle g Le
o ade s Las LG el il Cishons 35Sl Caghoall (3 5 CS paal) i O V/
¢ A Cagiuall
s Lae SIS el el Caghiny 50l Cagauall 3 (45K, CS Per LOC aaall s () v/
(e AY) Gaghall b aile
S el bl Gighiag 5l Cagiall 3 (65 (WDR)&g)sall ¢Uadl) dus () v/
(oY) Cistall b adde o La
el Gisiall & s (WDR Per LOC ) Lol Ll 8 igjsal) ¢Uadl) dus ) v/
(AY) Gisinall b agle o lae 58S el oliliall Cagioas
o Wyt e LI Cigtiag 5yl Costuall Sl sac i€ Al geilial) slaie) oSy s
. shuall
Chsbas 3asl) Cosboall (8 o Uaa) Zuiy (OUSA) 23 iy sl iy G ple JSiid
Ja 4 Ll Normalization Lilexy adi ol 13) 138 Cashall b & 4de & L el & ol
el Cagiall (e S 4ie il ) k) aasd) Cony AaSlee dagill osSin Ly Ll
Ll Cagia
& Caldsll clagliind sldels ee il 3305 CF, CS, WDR .. Gapliall Glis ) Jsaand
bl Al ey Ll Cogioms 50l Cogiaall (e 43l Caall o Lk Tl Laliay
Aaal Gulie Slad Ll S5 6 e leie 3 Loy sad) dagiddl)

byl Cighiall CidS 8 BBN Jlaiad Jga A8lu el .3.4.4

& o) axe f elall Als dada b~ sy Bayesian Belief Network (BBN) J) 4Sus Jasiad
claladl Bl 138 ([59] Cpmladl dles ([58] SLladl 5y ([57] S die yia Jgia s
avanailly Slogll e aiS has Hla lebeat i) V laall (e S 8 L 3

lui & Montreal dsaly dady Cigpil) @

70

——
| —



Jadl bty sl pnY Emasall il St 5l

fase i ([47] 1a & Montreal Zxals 3 (Ptidej Team) (3ad 43 (e L =Y

: IS i i w1y BBN 48l

eailla waat Giglhall Caall g :a<0EN JAa o

foraaill g e ed Call S Jldinl) S 1ASAl 258 ©

sass oAlly 2 oo T Y il il o LoVl LSy A ol s O
) ey b clgiy Gl

Oy i asie U el Xi dynia IS ol 138 8 LY 35 Jhes cgse il ol oed
Auall S L 13 o1y o9 e ) Z3in) ) oy i o Adge s
i lial dyam saie IS il ¢yt IS ol e adia’ g Baie. S m Jass

5 A diay \edals)) Allia) ey

t 525 BBN ) ASui el Jga Glasheall (o cali el Callay Bagad) Jalas il

Ladla (e sagall Dollae oSBy Lay ) @)y Sl B A AGE) GKa o
LA Sllee

bl e wleill W Jpand) 135 cdiall G LA Gililee Cacay ayd Jlial Jsan 0
Bastie ol 0sS Ladie cpllaall J (e 3580 dlaaadl clilnd) ) 2080,

3 [46] paaxall i 3y LS Blob Antipatterns z3sei e BBNS J) (Guki & |sacic) S
BBNS z¢io J aclsill oda Jis o lslee 35 .zdsaill e o aiSH 3a8 aclg o3
Akl 2ol g agle b Lae Juadl goliall sl gl e g sk

Bysl) igiual) (o RS b Aagial) ac|gll) >
fa A [47] el e Tl a)) lia
¢aSail) Cashia 2@ O
)l (asaall el o
tCamall Lyl el o
cll) Gsia e ST 5 G pe BLENY) ©
a5 and ) Lgan) (e L) clldg Riel laldy) canmy gle Capeiid 1aSasl) Cighua W o
¢(Process, Control, . . .) Ji cilallaas o a3 of 4Y 3 g 3
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obite DA (e Lggle Copaid s imidall T i) sslgd Ll o
LCOM: (Lack of Cohesion of Methods)
Amall aalgill 2de unlie o adiaid 13yl Cloluall 2068l dunallyy %
NMD: (Number Method Declared)

Al paliall 2o ulia e
NAD: (Number Attribute Declared)

sl Clua oy malipll (& Cashiall pan asd 4l 508 Gsdiall s Jll
P IS Al aaaty iy JS

s g ) Cagiall Lol @bl Castia Caed il Cighuay bla ) Al <
.set/get for its attribute ilblee 1add lexlsi e %90
tEV WY (e il (e ) pnsl Guliall L
clgiall gy U JSAN (Tan e caiipe ol sl cmidia dlan (midi)

L  Median ug

WO -L.3% 1Q) Wg+L15=1Q) Qutlier
y | ) [ value
K

| |
| | .

Inte rquartile di_stancefldj

t t t t -
L — w I o P . ]
Very low  Low Medium High Very high

clial) gaagi (10-4) Jed

BBN 4l Ll oLl >

¢ paidie) Glgw 3 lelaa ) Uaee Lay cilgu o J Gunlial) s ) g5 piiall aee
laygiad CVAl o S Tan aiipe 5 faa (midie Lea iilla (il (adije ¢ Jawgic
Bl gl dadd) i) Jestiasing cclal) o Qlay¥) Jains ¥ 4y <V

LOut LQ  Median ug UQut

| I
P | |

1
Low >< Medium >< High
f t t + -+ |

cilial) s (11-4) Jea
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G (g Al il Cagtoa g Jafipe Ciuall IS 1) Lo aaad ) A3 Al e W
Casiall (e ST 2oy gyl LalSs bl Ggtas caall ule <l V1 axe A (e

D laa &4 atllaal caly L

Gllee e ) el a5 Y ol Glly Caa o caall Gl 13 Led sl donally W
OSars el (S Wadie cllaal) (0 %90 Cjglad 136 Caall b Set/Get
Aadll i N Gua (N <==1) Gabe pall 758 Cua ((NODC ) (uliie JSG o lelaa

NODC  25aa (3e Lilall

([47] Cld Galele e BBN A0l 230l o liy 3 g gyl 2aic)

Input ¢l Jas 3825 BBN J) 4S5 ) Rule Cards aelsdll 3 3asasall Jaall sl Jiy o

LAllaaY) Glagisill e Node

DA 28aS BBN 4Sud ) Rule Cards aelgdll 8 sasasall Operation cbleall Jiny o

« sl JWiad Jsaa xe Decision Nodes
cae |l gy ALl (R

1
2
=]
i

B E =&

il
L]
LR

RULE_CARD :

RULE

RULE :
RULE :
RULE :
RULE :
RULE :

RULE :

Blob |
Blob { ASS0C: associated FROM: mainClass ONE TO: DataClass HANY };
MainClass { UNION LargeClassLowCohesion ControllerClass ]-;
LargeClassLowCohesion { UNION LargeClass LowCohesion };
LargeClass { (METRIC: MDD + NAD, VERY_HIGH, 0) }:
LowCohesion { (METRIC: LOOMS, VERY_HIGH, 20) };
ControllerClass { UNION
(SEMANTIC: METHODHAME, {Process, Control, Ctrl, Command, Comd,
Proc, Ul, Manage, Drivel)
(SEMANTIC: CLASSNAME, {Process, Control, Ctrl, Command, Cmd,
Proe, Ul, Manage, Idrive, System, Subsystem}) };
DataClass { (STRUCT: METHOD_ACCESSOR, 90) };

bl Cighaall CidS; Aualdl) aclgal (12-4) Jed)

reibilaad) oo
Ll o laal) tleaag aelsdll (e Gilaglaall ppead] Glialie lilee llia

aaall) pailadll (e IS0 g laal) ddee 4l (Main Class) ol Ciuall Caypes 2y
Caghall adalis gl Cajed Sl Caall Wy (30ame slawd (pmidiall Lagljill ¢ )

bl Caghn e 2l
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ol rhy gl j2Y Dyl il

L G JSEIL daia gal) 400 M1l 3% BBN 4S0d e Rule Card el Guli JA (1

D

DataClass ManClass FALSE OTRUE

high  FALSE _0.983 X

“hoah | TRUE | a3 0.

low  FALSE 0597 0.0

PIEENTEES os\  om
| Rardomoe ] ok || corcel |

DataClass

LowCoheslon

MainClass

D) Ciall A shal) (13-4) Jel)

/ Blob Class ) Sl cauall Jaxyd bl Coghon pe pulul) Cishiall apend & Cua
3% JUlls BBN 4%s i W €y A5l cailiaiy Slily j#lg8 die s .(God Class
il 8 sl e Al bl 3 e UadY) A Cagas )

Cpaalipd) Ao Jaad) ilis (7-4) Jgaad)

CERRESAy 2 kvl I
ic gana slacly M\ Qe (oIS ‘_g Bayesian 44,k G o capanll e Caagl)
&mb.) c(B|0b Class) EP (0 e a8 Caall (S0 Aadlingd) Alaial) s ddiye
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- MNams: String

Henshin s z 84l moaail) &iaa) sy Cigiuall hhia (4-5) Jodl)
Al .3.5

OS) caBailly anal) Sal5 ) e asanaill B odalgd die juaind Uad aggda G sl ¢ )
(aalsil) cra Uajg paad) Liali a8 ) 685 aanil) ABDlay adlagiag ALlf) aic

78

——
| —




Jall alaliy Cgl) aaY Zmasall il S 5l

Aol Qg aggda
dadia .1.6
S el andi e adied S Glne e led W el asaaill sl e Tl e
Sl (B8 Ly &)l ADle Ledayjis Leald any Al ()5S ABS JS5 hadie anlie 5l JiS
g e A JS e Sl (PR e caaanail) Baga dlai

G3aa)5 5an S Lagaa Jalai Jillyg sy (58 3 clehaly Clilull aan @
oanl Badae Jalae Aalily aodid) L) Jomy o (b ey ¥ S cbuiall Sls) e

¢Claslaally calilaall 30 )8
D) g alaaia) sale s dallea) dipkh angiy Jsasll illes Jasiag (a¥1 30L) @

¢amlial) (Lo oyl 0Ly @
Lot Joall sl o Uls ol Coagtin dsmg DA (e atliall 50l agasll (e diN) o

Al alull 3.6

5 glaial) gz 3ladll (g giena o &gl .1.3.6
asede zad () LAamadl) abill 3 daged) paads Lol Jlexiol sale) Jal (e dage Tl
(Inheritance Anomaly) "&hsl) 3538 Cayey Lo Leatl JSLEa ) o5 Bl ae Gpaliilly ysbacil
DY) (& bl sy g peall Sl Gm b et o) 8 asa vie ASSAl 038 ek 3)
aki Aadal o Juadl ol dal e bl ) zlias ddlal) il et Gly ([60] 8 pbocal)

611,062] bl 353y 3315l axe AlSie alel ¢ oS &)l Jlaniasl dic 5 ¢lglinguay Aialfie

79

——
| —



Jall b5 Cosanll aaY Zmasall Al S 5l

tots el VI Lelena 8 caniy Tyl Sl 3500 Lol CDU Caypet 53

tegiilly mndill dls O

¢ ol sl Buleal) Al o

paills haadl) A o
Al 8 s Cha A8l) 5] a0l Ala) die Vsl o2 Chass
Jued¥ly A0Y) Lyl Gpb oo @b AL Jai Al i ld alaiuly Jall oS
dal e Badall sige due ) s o ez isall Wil sall Liad aess [61] &aa
Aadlall jladls 4l e all arealll
oY) A el gy Cigpsall il cple el pae B e Al A o )
o) pbad) aaly [62] dall (aSy Ml 68 pulusiall

¢ aliil) Jag i ae (3815 Le ae A5 yall ailsill Ciypisale) o
iyt sale) o il hagyd e el o
;ngaﬂb?gaﬁﬂ\ﬂh °

o3 Ay Cigysall il e sl o o1 8 a4l dila) die Ugals Al odag

Y1 ) Wjaey al dlin) Vs Gaa ) Aalay sSie Alal)

Ol 48 Buffer caall Wal 1 Jba
sl sSaw Uag Buffer ) (0 paic =) AY :Get() Buffer I & paic xasl @ Set()
Wjndi e 1Y aVla
¢ )18 Buffer 1) Als .1
¢; Lias Buffer JJ Ala .2

saly paic 448 Buffer J) Al .3

Buffer Il (e (ppaic z)A) dlee a5 Get2() U 48 NewBuffer ¥ caall Ll
A VA na e Y Lag

¢¢)lé Buffer 1 Al .1

80

——
| —



Jall alaliy Cgl) aaY Zmasall il S 5l

¢ Tiea Buffer J) Als .2

¢ paic (o S e gsay Buffer ) dla .3

caly aic 498 Buffer JJ Al 4

[60] 51 iy 1 IS

Class Buffer

+  Felf) : void
+  Puif) : void

Class NewBuffer

+ Get2) : void

&yl dapp (1-6) S
160] Geall NS 8 Bpaall LAl G Jl Sl

Buffer NewBuffer
States States
Full Full

Niora than ons=

Partial 3 Hl=ment in partial

On= Elemant

Empty Empty

Osbaal) DS B 5iaal) c¥lal) (2-6) Jsil)
3905 Vs (e Alls oday apdill L saaa Alla ud bygpa Mool b Al bl

)

81

——
| —




Jall alaliy Cgl) aaY Zmasall il S 5l

Calad) 2N ileal) Ul @

VD Gule iy celedinl) gl e sl g o Ulal gt ol eVl
Grn lgad Cuaa adaind 48l Csatie Ciype allaly 15 ([63] dnill dabiaal) 4oa,ll
Jiail lall Cappad sale) Capy 88 Vgl o3y Cappaill s cdabiad) danl) eV
CGoled) 2anll Dulall Alla bl ()oK Ly 2yl Ja gy
Caall Syl o)l Cia s bl Buffer caall ) sasll b
V) Caall b Get() il w13 V) My Y 3 GGet() wull 4 HistoryBuffer
oS Jalls .Get() atll il il bl e adiny GGet2() ol GY Buffer
toflla adi e AV 3 oY) Cauall 345 die Wjad (e Y a0 <A Ll

(Y1 A Get() il slexid J8 o

LN 8 Get() bl slexiud 2y O

[60] atall (o Byl asp cppn JUN J<a)

Class Buffer

+ Gelf):
+ Puff):

Class
HistoryBuffer

+ GGet])

a5l Az (3-6) Jsa
160] il SIS 55eal) AL G D JS)

82

——
| —



Jall alaliy Cgl) aaY Zmasall il PN
Buffer HistoryBuffer
States States
Buffer
Full States
. After | After
Partial (—— = Put | Get
Partial| Partial
Buffer
Empty States
cpbal) 38! Eaall YN (4-6) Jel
Jaandl) A e

OsSi Ml o Coa (e ST e V) Cauall iy 3) chaneiall Dol Aas Allall s3a Cuaas
Y ) Jaafin s &) sall alsill ule Sl ) dalas

A il sag Lock() it e gsny Jall (alall Caall say Lock Cauall Lal (&40 £ Jlie
oo Jal eliy Al ) sas UnLock() aalills ¢ paiall o illead) g 15l apen aiay ol Jiy
Lock aall (1 Buffer caall (e oy sag LockableBuffer caall loal (Sulg . yaiall
[60] sl e pp acasy b Jsl)

Class Buffer

+ Gefp
+ Puip

Class Lock

+ Loc)
+ UnlLock)

N4

Class
LockableBuffer

L) pap (5-6) Jsa
23 OVl 6 (Va3 e Yy Laal (Ko Buffer Cauall (o Ligysall golsill Joxtias Lng

¢ Jada g ; Liaa Buffer I Al .1
¢Jada pe g liee Buffer Il Als .2

83

: JUIS eyl

——
| —



Jadl bty sl pnY Emasall il SN

¢Jiia s Uiy 7 tiee Buffer 3l s .3
(Jiie yey Wi o liaa Buffer Jl s .4
¢Jédag &b Buffer Il Al .5

JEa g ¢l Buffer J) Als .6

160] Chamdell SIS 3 5eall AL o D JS)

Buffer States LockableBuffer
States

Ln,cl{ed [mLocked
Full Full Full

:D}__ Locked [UnLocked

Partial [Partial

Partial

Locked|Unlocked

Empty
Empty | Empty

Cniaal) SIS B Shiaall CHLA(6-6) Jel

ansill ol apeail) 53 cangill ol asesil) ae SalSie (g5 ks Midie Jall 2
oabells Cagiall oda Jelit Cajatd (g Kt Wl dgslaill (2 Vs Cosiall Liajn Cay
L60] e seiall e Jalall iy Sl IS L [64] dadiall (e Sl 3aailly maniing

Design
rd
00PN
#'---__----.-___ _A
4
= )
Verification

@i iy Al Apdapl) cula Jalsl) (7-6) JS&

84

——
| —



Jall alaliy Cgl) aaY Zmasall il S 5l

CSay (g5 ClSail Mg isal & by yaall Baialld B yaall dedl DA (e (g Sl Jia 2
[60] 533aall saiel) Jiay M Sl Q) saie) A8lE ) saial) o3 s

da)awall 3adad) (8—6) Jed)
1 (251) lasill by Aila 3 cpud DA e JU) pe olSe Juail DA (e A5 3
Olasill S o Ll cclilll JalaS 38l Copeatin Jllyy A0l 3 3kl JlAsy Slein
LUl Aalles e Gty JEIS 53800 Capuainn 4050 ) 58l JASY Dlexivnns (453)
Ol A (g A8 Capat ) (Sarg Gl e AL oo Baal) Cajea aaay Lo JUilly
Ay s bl Mala sy (352) Camesill S ol llall DL WK asis (451)
oo gemal algilly bl SIS sl skl Calis e Jally Glyadd) Gl Byl e 4K
Lhie Jid OSeYb maars sl Laapll Labailly pabel) dial lleiu) (Sadll
ClSes A oY) Gyl ge i Jadl)y sdie Jia e IS G il abadlly Cagioall

[65] 5

e lial) ESL&\ G Hua o )4 .2.3.6

3 cpils dac b lesgie L Sloll Jlasin) salels daliall z3lall b &gl aseia
[60] LuSally (uSally dadaill (o 3 pudiins Jlaain) 30le ] 44106 Bl

Jimy Legin JalSilly cangill dpmpal)l lalll b Aald Tan age Caseiall Oale JalSill 13
tlady Gl g

tCasiiall dgilie apat Al as b Sd) gt o a0 Lol Jlasind 3ale) ©

igiall (ssise o ay Lemlid) dadall ©

ol pallal) 8 aadidy il S pase Cistia Jlenind sale Ly £l s

([67] Beta 4xd Ll "Is -a" g5l (10 amaliall (pule Liaaalin Llua ADe 390 Jla B ©

85

——
| —



Jall alaliy Cgl) aaY Zmasall il S 5l

Sbaialy apadl pglaill @llds Tle dpase Chia s dpasall Sleyll Jleaind ) dalsll o
. [68] Smalltalk 4] Lgltic agalls sl

B Jeas A Al Alee paamds JUllyg

Sl e S5 Al 5 camliall e S5 AgY)

AR Jie Sl Jleaiad salely anliall @0 lae ofigasd Jlie¥) cpe 326 clal dlliag
C++ 5 [70] Java Jie dalull il Cilgas o G eV cpeo 22l Y claly [69] Eiffel

Ololls Al e halsa (90 Dl mii 48 [71]

3 oadd A3l Ul e saile ST ey s lial) Capalll (uSan A Z)sl) ADle Bl e

cyaailly Llually Jlexin¥ s agdll Cun e Jeudd 058

s 06 G e

salely A3yl Bl mad (o4d Bae g5 Aaguine e Smalltalk JI 43y Beta 4al & )4

G ol G L 8y sl daay Shaie aag Y il i e IS algill Cagpad

oY) Caally

s SubType 5,88 W L Llas Slo)ll Jlaiad 3ole) 388 (uSay oY) Caall 545 SubClass &)

Aealiall Aadaill 588 (Say sed adl Jaail) o () aaill

) Caall 9 anadill 46 gb be LS ol Gatl ol (anadill Lej 4 Bl)5l) et

G Caall (ge @gysall Cilileall Jasivns (oY) Caal) (€ Biaill 4 4y Y se il pady

[72]

da 584l Lgdgla g 44)) o) eDSEa 309l .3.3.6
: AUIS p ARl cluhall W cuzyen Al &gl e
lghulat AlSa) pa L gl) (ke ae Alla @
Ay g dadiay calal Cug dadia (ragedall Lnal (S0
A jealiall e goat Lpalaill Cypsll dniia
e s zeaball cdpaleil) il il cclighel) cAgaliiall wdlsall (ol ciadiall ol
A pualiall e ggad Lagd il Cusll dniia
LAY el ila ol (il Agaliad) adlsall caghll cdadiall aul
O Wi ALY Jang S5t aslid) (gsat i dsdia L) (Sadll e cpfisiiall DS
iy Adle Gatlad) ooadal)

86

——
| —



Jall b5 Cosanll aaY Zmasall Al

u_'\t'ﬂ\ ;),:J\

o (o)aly adat (g dadia (neseiall i JU) L)

H Leaming Web Page
o Mame

o Link

= Similar websites
= Comments

= Learning Videos
= Program

|B entertainment Web Page
o Mame
o Link
o Similar VWebsites
= Coamments
= Entertainment Videos
= Songs

sl iada asgia (9-6) Jei

(Web Page) (sasgiall JUS) @l isiall an) Jasd o dadia oL 5 7 jial) ol W
3) (Name , Link, Similar websites, Comments) : o2 LegdS 8 S jliall jualiall (g9as

& & el Jla 8y Jaailly sl pandi A )ss DA (e A5 pualiall aaas
¥ g eyl iy oLy Y danylls ) e Lediag Y ) pealiall o3a g
el sl G U JSED L pealially Aalall alsilly cilleall aa dnsis

'H Learning Web Page
o Learming Videos
= Program

E Web Page

= Name
= Link

= Similar Webpage

= Comments

@

LIORIT |

'H entertainment Web Page
= Entertainment Videos
| = Songs

o8A) maauall) (10-6) Jsi)

) A Al ad) axe aa s Ul A AS i jalic agag Adla e

Pl bl JUiall s

-(Name, Link, Similar Webpage) cusll iasia ase8a

——

87

'




Jall pulalis caganll aaY Zmnsall dual ERESN

-(Comments, Learning Webpage, Program) (gsa3 dsasla’ cug dadia

-(Comments, Entertainment Videos, Songs) (ssa3 dugd i cuy dadia

AL aaladl i (11-6) JRi)

Web Page Y1 ) Jaailly a1l dygluciall jualial) dygu ady sed o il sl L
Al il (i (12-6) JSally el (e Lediag

H Web Page

= Mame

= Link

= Similar Webpage
=

@

' Learning Web Page 'E entertainment Web Page
o Learning Videos o Entertainment Videos
= Program { " = Songs
= Comments = Comments

sl claiua aalia (11-6) Jea

E Web Page |
= Name |
= Link
= Similar Webpage

= Comments

. U
@ =
E Leaming Web Page E “entertainment Web P-ﬁe:
o Learning Videcs = Entertainment Videos
o Program _' | = Songs

AR poaail) (12-6) Jedd)

88

——
| —



Jall alaliy Cgl) aaY Zmasall il S 5l

Ladill 4.6
bpatia cils gy Alaal) cluhal) & AlaaY) e S jaly 4d) sl zaladl) dapa Bad )
algla Al Jsbiall G JSAl ppaad) o€ el cluhally zilalll Cha i giae s o
ralindl Al L Lgu )l dlly anliall psl) anall JSlia & Ledas of df4l
Najy chshall ana oally Al Ll ABe PMA (e aliall aa g ASjdall

(-dag)

89

——
| —



Jall alaliy Cgl) aaY Zmasall il S 5l

@M\ Juadll

dadia 1.7
psgde dgash agally ekt Al ChaAl e 32jaall Cashiall il aladiul) aae asgde iing
Concrete Concept 4w sale amlia 3gas (50 Al J)na aseda 4t Cuy Abstract Concept e
ccbail) oda AN e AV S 1A caraail) Bagn (g Tasagl) ) oo il (S 4 ag
oo e Ry Al Alde ok e 055 clgie Gy 00 8 Ak Taepn IS LS
Ll el 3yl Judladls 8,580 asalaal) (p annaall 5l pasiedl ¢l ) 255 85 capanal
s B il o i Jea s dpandlly Gafilaie (pageie BA sed Cayatll 1SS aseda
sl Jagind o) Laaaal (ol (e 30U cagall s Cpeadiivadll Auali agdl) & LIS Sigas

il Loy cJanll e bl lie (S50 DI Laaas|
m..: - 3§ :\.ubd 27

Uadl) s 23 .1.2.7
Alpsh Lopn Aule IS5 48 (Al Qs (e 53aall aplaall il 2ladinl) ade e
Lhie Jull S8 (myien b Lads ([43] amliall dually Capenll hSil a1l
s g5 (e Laaal (2 Smells) cpse e sinl @il bl pali 48 (alall Casaal)
caseiall Caypat 1S3 g e Uy ¢ ilaall Hlasiy)
Jol ore K8 Al Jaill cilSye puali e Jaad 3580 Gigguall labads (1-7) JSa0 Siag
e ) Al gl

4ia Cayy Faa Cia 54 CompanyObject Caealld camliall LaLal) Aadiul) s Yl @

Truck 5 Car L ())ajase ye ldca 4ie Cay cliadl jae Cia sag Vehicle Caall

90

——
| —



Jadl by sl paY Emssall Al SN

Rental iejall 3 3s5a5all Customer cavall sty aul) (uily (phia Cajpal sqd Ll o
-Accounting Zajall & 34asall Customer —aall
Truck caall sy palic Gsh Cha dsay shs sal cue olla G o
(1-7) Jsaadl (A Ae Giasae o Jadaddll (going

Rental Accounting |

Vehicle CompanyQbject Customer
+ horsepower. Integer (1] + id: String [1] + id: Integer [1]
+ regNo: String [1] + vehicleRent + name: String [1]

. - maxSpeed: Integer (1] < (11§ +holder

? ? M M ‘k ~ leaser ll‘nli + account
Car Truck Customer Account
~ noSeats: Integer [1] + name; String (1] + no: Integer (1]
+ address; String [1]

chbadl sl 458 (aldl) Gigiuall Jahia (1-7) Ji

hbial) B Sagagall cigial) (1-7) Jgall

_abiall Balaif _alial) A gi ciual) aul
Rental Package
String Id Abstract Class CompanyObject
String Name Concrete Class Customer
String adress
Integer horsepower Abstract Class Vehicle
String regNo
Integer maxSpeed
Integer noSeats Concrete Class Car
No Attributes Concrete Class Truck
Accounting Package

Integer Id Concrete Class Customer
String Name
Integer No Concrete Class Account

——

91

'




Jadl by sl paY Emssall Al SN

A maaail) 73l . 2.2.7

Aeaaaaaly agall CadSI[43] Henshin zasel el b lad (o patis
Ofieis (4 QLS Lavie aalidl 5 Cagaal) o lawd S5 CalisY AgY) Sas @l ae fan @
Al IS iy oalia

= Multiple Definition of Classes with Equal Names

<<preserve: > < <preserves >
Class | [:Class |
= name=classname | = name=classname |

| @ qualifiedName=mcdelElementName |
A <<preserve>>

packagedElement l <<preserve>>  packagedElement
i

B o VAE A
<<preserve>» < <preserve> _,|

Package | Package

A B3 (i dasaualy aggdall Apad S Uad (LAY Henshin 3@ (2-7) Jsa

bl 8 4l @lia s Y S Caall and ) g 3sail) ol Adla) & of sacll i
el Sl Caall Saluall aladiul) aae Alls Al GLESY | g8 40N 5ol L o
A A (e

No Direct Specification

:Class

. eneral
<< Forbid==> | =
Generalization Generalization «Class

<= Forbid ==

aall asgdall jdliad) aladiad) ase Uad GiLESY Henshin a8 (3-7)Jsil)

s s g Le byilie Ty ADle 2smg aae o AV Uadll (e pal 130 Ll () SB

.Concrete Class 2yaa yne —aay Abstract Class

92

——
| —



Jadl by sl paY Emssall Al SN

2 lads cme ) Caually pmall Caall (Lo 3yl ADle alay 58 = Al emactl) L

Aoy ras compliall o adiny @3 V) mmail) ) denio Wl 3 380 DS o SN

ASae A Jal ) Jal)

Ly Attribute pealial) e 2R Cisboall L) e Joid AAGY Sac @Y LI e
caseiall g Jul) Jsall

Class With Out Attributes

< <forbid> >
Class
Number Of Attribute =0

salinl cpa LI Cighall Ciliisy Henshin 318 (4-7) Joil)
Henshin e Lol 4ill)) s¢d = jall pmpmaill Wl
Andine Bl sl 8 465K 2 UaiY) maa sy N J<1,

9 Identified Model Smells £ HxX~e0

Time ldentified Smell Modelelement
30102010 22:49:22 & Multiple Definition of Classes with Equal Names [5 ModelzAccounting:Customer
30.102010 224922 3 Multiple Definition of Classes with Equal Names [ Model:Rental:Customer
30.10.2010 224922 & No Specification [ Model:RentalzCompanyObject
30102010 224922 & Class without Attnbute 5 Model:-Rental:Truck

Henshin gisal quua qugad) (S (5-7) Jsdll
e Henshin z3sel caua msoaill ¢lya) any Castuall Jabade =gy Sl JSE0 L

Rental |

Accounting
Vehicle o |
CompanmyChject Customer
+ Hores_Power: int
i =+ 1d: Sting o id:int
- Regho: Sting - Mame: String
Car Truck CompanyCustomer Account
- MNoSeats: int - CarGo: int - Address: String - Ho: int
- MName: Sting

il 2y Henshin zigal cuua Gighual) hibia (6-7) Jedd)

93

——
| —



Jadl by sl paY Emssall Al SN

dadal) 3.7

& o e Bald g paal) e WS Gasia sl asgdal) s LSS Alee ()
et L35S Al 038 AL (e A 130 il (S asdliall bl AASEN) i ules
(bl cincag axal 52l

94

——
| —



Jall b5 Cosanll aaY Zmasall Al S e5ad

Craldl) Juadl)
JalaY) A8l o ggda

dadia .1.8

o Y OIS 1A calas 3 dalsall aal (e arenail) 8 Basagall alial (Lo Bl e
il e aleall Aagpl (et Y Dl gl o Uac)

5yl CilS 2lom clajslad o WY ) el Gisie (e paalial) Cule Lasall S Adlal) e
e adiall 5l mapall dly) Cunis 3ES e Adlsie ClBle il ¢b Bpile e
L lyslsl (e duzm i Loy cillalii)ly Cagtiall o 358 (e dnaa Ll anliall 038 (e g aladi

et 2.8
s by ST ST Cppaseia o Lo Lyl BBle Jali (e Anill ADL s tAEk] AU
(S G e G gema JoY) LD dlgie G ot el o diage ciliglyl (i

e S aniis (oY) OLSI e (g gsmg SBI GLU

Bydiliall AJ8laY) 4BDat) @
Cadal) Juad) Allall odn s caseiall mamsy G JSAN5 (ppilie (e sede Gule 55
) o sgie (0% Lgie Baals (Y Bl oda 52aY i)

Bpdilaall Al Ziblal) (1-8) Jsad)

95

——
| —



Jall alaliy Cgl) aaY Zmasall il S e5ad

e GlAY) 25 Gully Bud o CLAYL asis padld padly il pall Ao Lellias
Sl LAl Gl e s D)l o3 e saaly ADle by ol J (e

_____Supervisee M

K Supervision

Team

Supervisor “

Gally cipial) e §ydilal) Adlad) A8Mal) (2-8) Jsa

Bpdilia al) AJ8IAY) A8Mal) @
andy Lo A0 Sld (e SV Walaaii i (pasgie Cule Spalia oS Allall o34 g
slad ma olaily (pire asgie (s (DU die (ol aals oladl Culd S1g A5 Adla))
Go WY 1A e a5 (A amliall e 2ae Jadd aey 4ld ale Jsagl)
pseiall gy Al ISl cclalal) (e gl 13a 2ad Lavic oLay!

@)%

Sdlue Ll uu\ Byad) (3-8)

dadally cladiall o S 22 o genn M) cudll Badad Gule A8 2l dlag
Baaall GlaSaially goinally clalatially ggiaall o juS 22 Je(goad Wy Al
cosedall a gy BN JSA)) L AEls ABle Wby ccugl) gk

96

——
| —



Jadl bty sl pnY Emasall il

‘5_’1&\ ;_},Aj\

Web Application

Has Many

Web Page

Has Many

Web Controller

Web Content

Has Many

sginally clabially cugll Gk Cle ABblal) (4-8) Jei

Al el 3.8

Bl DA il alaal e eS8 e L@l Gl el GLES) Lle cuba

-

sl

]l e Adls 2gag 1313.1 gyl 5 aal) egAbaﬂ\ O rcalild) asigd g gila LA" °
ol 3 ADle e ey gl e AY 13 B (g BDUAY ggililly s

J73] Ul G aslg

onbe dila dllia (5 o uall e (e :RDF aagal)l clibdl 3lse Ul gsiua o o
Ganlu¥) SIS (e Gl adall 8 il s Y cadshll 3 aalad)

741 581 G ey i) lilee 8 dysag

G0 WY Y zisal o i apea die 2l el iy Uag adlidl ggies o e
gl S ot Gl Laliie () S ) 13 O ducalig o Usiasall a8 sl i
[75] 4xe d&ial (Instances)

LDl 4.8

o LAY Al ysagl sy alad) ) gaa Ura ol ARl clabal) JME ()
Spdla o 8lie Hila ABe Blga oIS UG ol W) (0 B ML apanatl

Ol LAY 3AS) Llee 38 Aanddl Auhal) (e LAY sl Laaatl) Lleal) oda Jia oS!
Gy ) gliad Upalyg cdalg lls alial) dpaaf dahal glias g8 (L by o jale cida
(AlEiaal) cilupally GESY lgde b lgie Solail) alaa A ¢ Juaidia

——

97

'



Jall ahalliy gl Y Lmajall iyl S 5l

2ol Jadl
Laaal) 5agal
Lﬁ-ﬂ 0109
o alias AV jadd jslaie (e basalld Gagall Jaldiy aage Caypat alagl A diald) calial
Gkl JS mall b o o sagall Al al b Jsdl abins Sy L halgall (e 22l
Ailadl 1Y) llliay duilall bl re ol gaay o Gsrall (e 3 aie Bsaall
Al asa 53 eyl el IS 1Y) Lo djead agall Jlae 3 (el L) claiiall caualy

sl Jsa ARl el 2.9

MA.I“:."JL:\ :M -102'9

Omnaymally Adalis 3agal) A giase <lS (1960 5 1950 (s L) dpssall juand AV 2LYI b
i) (5 288 Software Quality Assurance (SQA) byl 33sa Jlaa unlia Ll L Lass
Glsall 3 bl asa Jall cdgll 8 clmayl) sasa Glads amiys lied) DA
cebiall gy clmayd) sutige lgd ading I (Claasl Basa Glaa oo g Ll
cSlaas) 335a laa Ao sane Gana (9e3dg () LAY caall glgpanas SN sBiaay
(> &})&A Lﬁi :ﬁ 3 M&\\)J:i e iyl Jid =Y [76] 324l Mi a8 ‘”SLA‘).\S\ caliallg

DDA latl) Cilgay (e 4nidlia 333 [j Y

Aing o sa0al) Liiadl saal) 5latti M dama gy apliiall i of a3 1)) @
.(COCOMO 1,2) ¢&iia}l s2all luad 35k

adaal) Ailieal yslacis Do Lla) Z8SH Grise i Glia sy o oy 14dKI o

il oy Y Jsealls o1y JS8 Juatly Qigllaall Bias ag s3asall

98

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

Time

Cost Quality
) &lial) (1-9) Jedd)

Halstead g igai .2.2.9
z3salll 138 s 7 lad cluhall il clmasll saga Ganlie ol CNslaall a8 (o yiny
ebiill Sida ziga Cihdne cativl [77] @AY ey dunapd) Clatiall adad s b

tshy nlial (e desana adie) 288 L sl Gaill Al Sl e

(n1) Lo el 8 835asall 4dlidll Operators <ilyisall 2c @
(n2) Lo galin ililenlly 350l dabiall Operand asaall s @
(NT) L fise 355 c¥lal KU 2l @

(N2) Las ag)5 ¥l KN ol @

Lapylall Jainall (gpraal) anally (zalindl Yl Jshll i ) Halstead z3sei ooy
doudll) o glall (38,
i385 b N dleaY) Jshall

‘N =n,.1og, 1, +n,.log, 1,

LB"'} adg.l;:t USA:\V GALD.\” ?M LAT

|V = N.log,(n, +n;) |

Vs Laapyleall e ading M) aapd) paill uldll aaall aaad ) =3gadll 136 dee 2 (e
Op QG e 20d zige Gunlie gans ¢ AT Jise ol Sl distll Slilee Sl Bl Sy
[77] aase ol e cgmapll aill Jal anally bl aaall

99

——
| —



Jall by sl paY & sall Gl SN

Maal Bl 5h (e sl gaill sagally adeill & 530 Gllse (e yell Jlea) B
(e s Akl deadly 1SN daa) AN
Aaahiaal dealll o) il cpls X
sl patl) Jalas eluls X
McCall Cégu s dagall ulia .3.2.9
u.m 6[78] @A‘).J\ C\_\.LAJ\ @Woﬁjm L;c CJ}A.\S\ \.JA JSJ
o La.a.u]ﬁ' ) UASLAA v
sl L6 vV
NRILEN g"_iL‘t:u & LJ:S:\J\ v
o) el a8z 3saill 13 laadic) Al Bagad) (unliae gy G Jganll

McCall zigai 4 3agal) (unlia (1-9) Jgaall

e i 7 Y] A Jals
3agall
G2y ¢l dila pall llliall malipl) (3885 520 A Correctness daal)
cOsoll daga calaaly 4l o
8L 40 4sllaall Cailla gl malinll Sl s2e o Reliability 3d g gal)
Aotk
Y Sleays Anguls lse (e alinall dala laia Efficiency ddladl)
gl
&) olsaall e Gpeadiivl i aSaill s Integrity Al
Glharall 5l eyl
i dlaely el iy alxil Gollall dgall o Usability PERREGIN]
A2A aeds
axdals el 8 Uadll paatl a3 gl Maintainability dlual)
DLy 8 el Jaaatl 2PN agall Flexibility dg yall

100

——
| —




Jall yhalis Cigmal) aat Lasyall 4yl S gl
il sl o3la) cpe (Bisilly gealing pandd a3 2gal) Testability g lsay)
5 el
(L [ Agalic) Ay G gmaliyy Jiid Cuglhaall 2l Portability L ganall
@Al
b4 ehal ol malind) aladind sale) 48] s Reusability sale)
illa gl G Ll dasall iy Aatiye (5 AT il Al adiay)
el sy Al
AL Al Lyl 23U agal) Interoperability | daiul) Auladal

ziall ) spasll LeBle s MoCall z3sa Ledie A Bagal) aplia mamsy I JCal)

g gall
3.;;1..135.‘3'1

Zaeall A3 A 2257 0| 22 )

. FRPPEN |
Ayl FIRIECRET IS,
EVeRL| AT R

iall dnal s Eall ey

2l

McCall 7z igai o ™) Eilal) aa ABatly sasad) (unlia (2-9) g

FURPS 345l Jalss .4.3.9

FURPS Caua 8agad) Jalge Ul Joaall oy

FURPS qua 35al) Jalse (2-9) Jsaal
aie Ll 738 Y auy) sasall Jale
e (e siatl) A gens Audibility iaga
Cunlial)
aSailly lluad) 480 Accuracy PEXY
Silgalsl alasin) 45 Communication Jlaiy) 44l
Lajall Haye s caldlivdlg Commonality
4lal)

101

——
| —




Jall yhalis Cigmal) aat Lasyall 4yl S gl
callagll JalS st dapa Completeness Jlaisy)
4slladl)
Ll gealiyd) (i (50 Conciseness Sy
Sl land sasy
dadatie clugi Jlaniad Consistency Al
£axie DA (3i5illy ppansil
> skl

s bl alasi)
& Al llasdl)

Data Commonality

cilidaeal) 444

iyl
Lodie Cuay 38 (o) 53V Error Tolerance Uil Alaas
(s eyl 4alss
Al (e) A galipall 6ol Execution Efficiency Ldnl) 4dd
sl Saal) ) aal Expandability A gil)
paasally (Al ppanail
Y maailly Glilasll
Sadll Colipdail) das Generality A ganl)

el Gl S aladtinly

oo Slaall Jual 4y
lle Jaxt ) cilpalial

Hardware Independence

Glatiall Be AN

aland il Al da Instrumentation el lgaly agadt)
sad) Sudi o 45,
it
Sl il ol Dl Modularity di)zay)
alid
elipall Qa4 sgas Operability dlaal)
Alasinds

102



dall s sl aaY Lansall il S 5l

Sam Al Ll g Security )
aildanay alipl) jeas

Glaginl Je 33l 500 Simplicity
slic (93 zalizll

5 ppanail) (i i (<) Traceability

legay el zalipall (380
ERRIRA |

Basall Gunlie e LeBle s Basall Jalse gl JCal)

( ]
| 103 |



Jall ks Cigall aaY Banall 2yl

PN

B g i |
Jals
dagad

sl

1

Aitaead

g i) il

;;_Hal }i.'l.u‘f'

o i s

XX

X x| X

XX

X X

XX

X|X

X X

L@""‘.‘-.‘.G‘J 34393\ d‘abﬁ (3_9) Jead)

Kitchen ham wwa 33gad) alaf .5.3.9

Uased Addliay .(Qualitative) o5 (asle aseda g8 . el Aatiiee Caypatil) dania 3252l
Claapll 335n S Al agesll Hlsas Aagall Sisaall o paall olail e Ledyyaliy 3250
lainds 258" ey sl Gly e () aay Gasesd) lse pal als Buse Leulds
S 8 \giags Gl Leiy (i byt Jemy ) Aalasd 1Ll a8l Cdgal) s
sasall Slads ol aawie asede leioSl Basall aseia B Gasardl aaly ([79,80] LaS das
Al Lalasl) Jads

Lip caanll miwall shall alaial pmge () 1(Entity of Interest) alaia¥) gulaga v/

05y ol caand) AUl Basa Cus ATpas Andses shall dalay sy Wil

——

104

'



Jall ahalliy gl Y Lmajall iyl S 5l

spmall Ciligall (e il JIa e st 1 dinga o (oS Lo (055 8
Cold) ey L Angall pae Gmy @lbluall je gug Sllaall aud 8 Uil e
L) Ja) Ge Jypmaal) Calagall i L lgal) SLiall U e JSI ALaiaY) gl e
ad s e SLELE (o Al Cilsall e 3agal) Cappeil daliial quage Sy 3
fig iy diegay 4Dl @l CDLgadl) (e A s dall Q] Jase ol IS
e Al s 4ndlis A8 pe AR 3 Calpally AUl e Jypaaall Calhgal)
o ALelas Al DA (o L palis 1) Ail) Al i 8 lbloall e o B
Y] Ll L gilie Alsgus Ahaall dlac) 5 dusgall W alail) seal g aY) dal)
£l (53 mial) lasd sl AUl ojigs (o3 acall wigh 8 duniall Ulal)
w3 o i 8 agd adl e JS alatly 88 i 3L A ey Laplasl slia) S
¢aldiay) aaga

(A Bl law :(Quality Attribute to That Entity) O G agal) claw v/
335a) pseie a3 8 il aalud Goball AL (585, 335al) LEAY) g (S
ALaaY) pmse G Oly AT add e Cilidg 3 Learsiis laud) 53 a3
ey el gl Doy wsll B 4D e saae Jalse e adia
laliie L) auegilly Aal D pritall Alaind (g0 s el (Al ilawal) dpaat JEal) Jpo
OOE e i B (plY) Aden sk @ addlly ydiea aldal g
Cininy oyl i) (el Loty AaldY) ciledd Ao gy A pgans gy 38 udinsall
fansily el lilae 8 4dde Ajiall Y iy Y

Sle paladl 3ay 8 :(Viewpoint on That Entity) alaia¥) auagal il dgay v/
O 358 L Leaal A a3 By 8 S0y LY punlse yad
S3sall

Garvin quua 3agall aalga .6.2.9
:(Garvin) 4 Ly [81] sasal & plaial aalge s paat 2

sl alsally Jiedl (Performance) ¢y -1
-(Features) <ol .1

(Reliability) 4dgis .2

105

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

Lipse Lsall (Standards) sulaall 5f calilaiall we kil
.(Durability) ¢l e dlalaall LG 5 Jaaill 5)08 |

a W

-(Aesthetics )adleall .
fh Al 3350 alse ol sl oSaus
(Quality of Product) gisall 3258 v/
(Quality of Process) gitall leie mity Al duleall 3252 v/
Quality in the ) Aulexdl i) 3 sl Lgiiny Al 5 AY) Clagayally cleadll s3ga v/
.(Context of Business Environment
Aaalld Ul asiall A0 Lganl Jals dalgall (e el Cabias 2 ) dgagd dually L
g alail) 8 e igluly sl e adde Joany Ll diladgig ailillaia (G 33sal) 4l i
Wgine Sy all ey Lo leadd 20 A ggus duiinal) olin) 3agall 4l ad il (pa b
sl Wlad s35all Cilow pasads Ll s cilafiie 6 4ie elial alasin) sile) Al
Agllall laad) aslelanl ) Canay aiial) Laiy dpmylald) claadly Sg
Al Ly 8 sagall e OIS xiad L (Abstraction) sl (e Al Sligieay 2aay B 2 ge8a S
Aol jualiall paas DA e aseiall B e Uy el Jiays coane vy s Jalill ixally
S deli dule yalic aaai P e el Basal Laygli 06 8 SN L4 55al5 a8l
b o oSa Al aatll Glisine pans zokai lld maagily 33 daalés ) zliag yalic

:hbaanl 3asa o liSa &

Ane slaill Alses dila de pplall 5 (4LEL) wlealy Llles v

-(Readability) 4y e 5 4taslic Ugguy 48ils aulath o v/

Lmayll 4ilass (Cohesive) clulas 5 Auldl) Jlsall 4eladin) (saes 42 dgalsall Caglul v/
~Aail 483 A

aalatinly aaly Lee Jolaial) Jiaall ity a5 el Wias (e J5liie s35all jpen v/
Ay sl Ang) Sl dgadd gl Jla) b

106

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

Glaasd) 3agad Adgall julaall .3.9
daite dgalle Gilga JB (e Gy Al Glbleally @lshaally Glehalls ol dosane o
Bl ety leapanai i Cliapll Tadadlly Sl i of L AEN) Alls & Bia3 (S
e Al dilisly Aabaall COSEAly gl (e osliy Jeall 8 alinll 50 S (520 2283 daaly
35S RSy s lally asenaill Cslad d Badinay daaly ulae g lily calal e paaagal) Cangl)
& dadl o iy diags (goiae Cus e el Chial Gl amy Jen dusy el
Gag p ol s 35 Ao gane b s LS Wi Wise alind) 5% oy chiliaal) Cag )
Rer dany O gopdie e ol she (Y (Sar Cusy Al Al i JS £l JSG
s alipd) e Bagall julee 5oai® Wy canaailly ol el bl JS sl (50 maliyd)
Gl Apalanilly Ay lay) llaal) (g Cilimayal) 4S50 Jahy ¢ b IS Jadis Jy Al Aalil) (g
oo dalaill 4SS Jag (Aiaglie 488y Cilaslea maling Y g5 0de s 4SS, 45,40 Jab

Maje s Cilpalyls HsuanllS Jalal) il Hsal 8 Gamayall

ISO e .1.3.9
o3¢ Aagyual) 3 1ills L1991 ale Cilimaydl Dilpay 1) (o gady 1SO Luldl) juled) cyjra
Lald ubeal) o3a (3uail Cojall Cpungulall J8 e oilad) cong Laa i< lia o K55 ulaall
Llaas — okl laads —agall dxalie — Bagad) abaim 3)lY) Adgsee AUl CY LA

A 5 a5l = Bplaally LAY —Basall

Llaal g of @l alal e cays calulilly — 30 dalie —diluall — Dtiwy)
o) 138 Aaiadie HS sSh

Gloll (Sl 3wl ek gy agla 2sa ig sl ) IS0 Dline Gaven B350l il
enoll il S 13 Lad gy 2t ssm s cmalill (o BSLl e Ball i3 430810 Basa s
[82] Jaall 4y 8 aadiividl) cilillaia 38y

External Quality 4saj\i 3352

107

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

é—‘ Loy Jiatig

ulaiay) de e O

:(Robustness)saillfsssll o
Fatal Errors <ihled) Casan (90 4i€an 35 Jshal zelnll dee Zlas Jidd 4
Adaal o eld) ) QL) o aal zalinall poalie Galay 4 s
Lihled) Cyeda malll Dl yliad cUser Inputs peddival) (0 A e Jguaall
aa2S) zalipll Jae Ay Cagyls 8 it adg of WS L) dlee 8 Uad
b (--- ¢ L (Components) <lie asas axe ccililal) eland (o (3
claaliny 55l (g)5 pua

Jaleill 8 agipis (Cpmarna) llia Il reriiasall :(Usability) alasiu) dlsew o
Fh o gsertindl adiey o adsm Yy s Aaey gabdl as

Aladiny) Agen 3adas AN gl agual uld celaaly olail Documentations

daalill dgallly cUser Interface alasiu) dgaly e 5,2y A5V dayally adiay
et ) Aslal) o0 claalin agd e galall padiiall oS Al s

ouid ) s (elie Gyl ey danll 5011 i 1(Efficiency) dalladlls 306l o
Qe Baagll Jid ) deju (Game el dlaiely LA laal Al b
alind) 3o liS pulgl

sWad¥) 2ae Juay of ony A85ise Glbasay e Jpaall :(Reliability) 4850 o
oS Lo i e Asalil) dgald) bl Gals) IS 5 A ol ) malll B

oy ad Dlia o malipl) 538 Jia lee :(Maintainability) #3bsy) o
il e el (el ) dalad) g0 alSLia

aalaiinly A s (ssiaall Jhaxs 4\S4) a5 :(Reusability) alasiu) sale) 45K o
Gyl aladind sale) Joadi daie Juui Ciliaieg Clsal aladiuly il s2c
day artifacts Cilegiadl (1o dcsens Slligh L guadl A& dma e S

zila cclivalsa) tdesanal o3 Jadii cAmal) dudig bl e lgalasil

108

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

A Al Cilogall ing ¢ LAY Cildana (3 Sl ¢apansill ¢l
Gl caluag
Internal Quality 41a)3 3352
So bl e il dllay ¢l Jsla i galindl 28 3 LS ALl 2 [ad) (s o5k
tlgan] Lol Bany Jiaiiy ¢gralipll m i) 5352l
il & aladiudl ol (6K Jied Sy Al A geaadl :(Flexibility) d3s,all o
Manad lpaea 2 )l dlli e gal cliy
-(Understandability) aedll e 338l o
(Interoperability) s al dadail pa Jesd) ©
iiall gealiy iy il 2S5 5355 Ayl Tasd O
¢aieill 3ag (ke 2ae) aaall salh taaall O
Cagdll Apaa & ) Amasll e e laY) Y1 o
topal ehal o S alae) L ) Byl e eBa) ) 3)lay) siplaeY) o
¢l aae 3L aad Sy Lo LS5 el o
3be ga5 Control Graph (ea (dalaall) vl Glidal) 23 (gl s tadaill o
Al e Galaill agadll uld A3k e
Quality in Use aladiud) 3aga
pailad aul Jadiiy Jead) 2y 8 postioead) cillliia Giny ) gl QIS 1) Lad uls
¢Effectiveness : lleall —
¢Productivity :Laluy! —
¢Safety 1oLyl —
-Satisfaction :padiuall eba) —
LA KAl A e £ 1531 028 ¢y AL

109

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

effect of software
product

software product

influences
—_—)

.‘_..____.......
depends on

f f

internal metrics external metrics quality in use
metrics

:§Comexls of

use

1SO Uk quen Bagad) £ 15l cp ABadl (4-9) Joi

pasadl S8 3yl ki 4.9

Ajlie dglee ol AglaY) slaall Al GBee A alpal ddy i sagll S8 aladi) )
fse B35al aseiad 5K Lgtnadi gl lajgli of Leugh ol Aanlu¥) slad) cilllaidd Jumd) sl
DESD) aal Y LAl lala g Ciladind) sla 8 Tige Linilied 158 50506 g ol
) aa¥ly Aaily) 5 Lakadll e aSI5 Al sasally copskais sagall S8 5ol (il o
aski &) 3] Leie Axdgiad) claliadl deadd) ) dleall S il (Giad lecal b iy
b b dol et of (s sasal)

(Quality Inspection )8asall yasd .1

A)laally gl Balil) o deadl) of el SIS dpals Hlial o daluy Aty (sl

(Quality Control) 8asal) basza .2
paaind agall Jana 88 Llgie Byshaag Bagall asd e dediie shad 4 33sal) baun
lan alai & sagall By adell ey an$ 8 Al ey Ul Gyhll s
dale Gy (asd 5 hauall Cleha) g ae Glainl) asd dalall adg sasl)
Gllliall oyt Jie tdanapd) clatiall 4 (Intermediate Products) dsbasll calasiiall
@ lealbing A ey CUL el dila) xS daapd)l 5 meaill 5 Lgilialsay

Aedasas 35all 3ol Al 4l Lae Wyt s o1aY) dallany (jand
(Highlight) 861 5l (s Jaié Laily lghmaty 3asall sl (a3 ¥ 3358 L ()
aa Jaay 3 Ulaly J[85] clibid) re dexdll o sl slaws) of Gillsi axe (yhalse

110

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

Gub gl Olaa s Basall Jascag Lalawadl) ) el pie Caan aasd oo Basall dava
O 2 dlaely lehal) (oo 20 ed Bagad) el L juleally Cleladl deadl
P Shaapall dpati Aglae Pla )l
Quality Assurance dagad) Glaa .3
O cingall (3 2aly Gadid Adgiae ol 335all o) dda (e Gy 335a) lea 4
AN LAl ol ) LY Aden il ye o Bl ADle Al e OS Adgiae 2
) st sasall o)y Basall S em e 5 galy sn Ay Adedl s o 208
Gty st Ay 1y cleakads o LA & S ClelaY) e Guki Gaday i
Glllaiall ae @laill pae Ghlss paddl oS e 33l glaca Glhy A 3ol Gl
Al Ja 5eK5 +[86] ASiiall Cansall ulu) JIA A1) 3 Jlad e sl Lgiallaa
Lagdy aagill 1aag . 3alaill ade igan adal Jagladill 3 ladgead Apimal) Ciliwgall 4ags 8
Lbi b agall (e adl a3 Gl sasal) Glaca’ agde Gl asall S8 8 aa 4ag )
s3gall Alaie Al (anadi e Ay 5l ayliad) b daliy el 2l 5 Gy
Bpuuie Gleha) Ganl oy sl Glacay ALl Adaall Aduasll sl Gaa
Oy dsutall dagh 488 Capeilly Bagall Glaa Gaalyg JAdle i () 0 uleas
Clatial) e Ll Caging ) ubeadl sl S Gyt ey sagall lasad L33l
dabidl JadY) pen L35S Basal) glas Cagpd Sy Sl L gt Alee 5 duma )
a3 Cogas Aaddll ) il ()5S0 A8 8l 4yl (Systematic) ) 5 (Planned)
daabar 0 il apenal Alage & Jlid) Jow e agall lacad ) cilalal
Gusnill and 3 g ) Glegleall gy il GAND Layyy aseadll el
el maanal b Lgaladiny
(TQM) 5asall ALaLid) 50091 .3
16 s raad st 5 bty Ty Basad) Gl asede (so Aediia Ay ojlie) (Sa
B e s Jalsmr il 2b¥) sarie Loggde a0 Lad Liang LS 33500 . acia i
aitaall Glals Gn o zlsy Glaiidl e by Seul Cilamall sasall Gaéan,
8ylald clldl L Dbyl (Ggm (8 Al Al (558 Gl (8 aaliy Lo il Clalay iladgig
o sl 8le JS aalis Al Jadgeally cldladlly Jalgal) paes Jsadi ) zlias 335al)
(oo o) o i) il b il

111

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

Pressman cwwa 33gad) ladal dsuludl) cisinal .1.4.9
3] e S sasall plem S8 O ) sy s

3352l 3)la) aagy Vv

¢(lsals (@) lemayll gl Alelal) culya)

¢l ) At Aglee PUA Gudad Al Axalyall (Formal) 2<all b
¢ andl) bl

Lot 5 Slnad) (35 o 5l

¢Clbaayll i ulaal (Compliance) aaskil) Hlaca Slelya)

ol daely Guldll bl

NN N NN N S

-(Total Quality Management TQM) 52 all ALaL&l) 3))aY)

TQM ALl 5)ay) alladl Loala) allaal) .2.4.9

(3] oo Aty allae dayyl sasadl ALl 5))aY) alail Apululy) palial) Sag of oSa

ldlkie Gty adivall o 5S 5l e
gends aladg 5 ey lala duhy DA e (@il Jaldll L)l 3a8as ) Caags
(Custom Focus) = 4aleall 038 Cajyais oliay 3yl Gl s aslillaia

(Process) zlwy!) ddac @
clapeli lhaiul (385 (Process Variation) Uy dilee e padil ) Caagys
Addsa (aady piall 4paiiy Apigall dolaall (el

(Human Side of Quality) s2sall gyl culall @
Bl ey Gl jagas cAaliy) dungall il auly Sy Sla ) Caagns
Total ) 4Ll 45 Lially (Management Community) 3)3Y) 4claay (Leadership)
daelia¥l Jalgall 485 (Employee Empowerment) cpalalell (4835 (Participation
Al Ll

( Measurement and Analysis) (ulilly Judaill o
A bl b Bagal) alles pies (8 i Sy el 3018 ) g

112

——
| —



dall s sl aaY Lansall il S 5l

SN A )l L s o s ALl Bagall Bl Guld ) Aeusals Il
Agadiliad Basa ddad Lels 88 5 (s (Infrastructure) 4das 4y e
OIS A cDlgSall (e degana A Slinayl) Baga Gaiad] Ao Gldlagl) u\}
ospliall el il Gleaball celully aaailly Jlaill @bl cladl dwvia Gk
SQA Zilaly « LY e baYls
aailly Jlail ($ihla o siis dasall e s (A Gl aad iyl dusia Gk G
Al Gleaball 2olid Aadgie il el CQlafi Hdg Gyb oo Basall sty ol
dabe e Aage IS e 0 Al cdeal) Glaiia 335 Olaa o (apmdl zsall) dpess)l
cOlaa ) duais
ospliall aeludy cayally Glulall Glae ) ALSE Go jaie IS aady 4ibaY) o Pla
VALl 2 pal) Asuld Zaanyll SQA Adlja) ads callait¥) Glaa e e}l

(Sl e gana sy ) (Sl

AL laal all
:‘-.1-0-%.151

Slel Ayl y Cealiall

Syl Basa (el cullad ciw (5-9) Jsid

sl geiial) wiad Gull addied 3 Gapliall .5.9
138 oy chilee 5f Cilimad) it o (o Ko el ol s eyl i i
Alery adyyat (Ray (Measurement) elilld cchllaally bl e siagall 25 Eall
danaly wlee 385 Leapd el Aiad) oLaY) ailad] Ll ey o Sacl 2
A g b oulially AN 3 Spay o Sl lenalsty sLaY) e il e LS
Alend daity Lo 3a0aay daul A AT Cadioy LS oY) Jailiaal (Indicators)

113

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

el Guglially (Jumd) Jaadl lsaly bl DL SA5) 8 Lo by (alalls (3] Lulal
Clatie o dpanll fay Slaall gl (& LAl aag 5 LAl amg (B seld
sasatiall Cilaiveall (38 Layohiiy ity Lgial) Jenw ey AS J8L 335a) Alle dunay
(Product) gisall sasall i abl (e sa5 dfisdll eliay o Jsuanll Ml s auiiosall
Slilee Guly Slinanl) o oS il Gl ey S, i piaa) e
byl Aglee A aSatl) ) piiall Cilaws @51 aadid 2 el sl Cilbae )
e 32sall Anayll unliall pe daal) llua
(sSa skl sl 2LV paladl) axe .1
Pl Cua e Glaayl) i ulida L2
Osoll Clalial i dmendl Jb r(qufl gia) o) ualll cal o
Al 33 ga el cildanall Aals e GalS U5 Allad Lomaydl 28 Ja LAl
e Ul 3 Lo AL Lol U (nall saal) o) dush) a3l o
ALY Miss paiisall 2 s 8 gl oLl dila) (Sae Ja oJlae]
aan Slicl 35S0 il sae Clua 1(Line of Code (LOC)) 4de (3lkay (ulia .3
o paad) (& el 138 el clbal) cid] K1 oadail dne Juadl gali
Mage ey ¢aadalsall
Glinkilly daayll Gl e eliall 13 (Consistent) aels axe [X]
Bange Cuady Jalsall 03¢ 5l diady o) shaally
el Ly Gads L) 1aa DA (e OSaly Y malinl) 2
BaY (yin LS oAl il o sty 3 aially Tages Ji raY)
Bagal) sl ta e ey Y Guliall 3 Gl

Aagill e (ulial) ¢ Uy 8 555ally Bisaall Lailadl) .1.5.9
HLEYs el b Claayl) dpals a ol 45 (Localization) sl 4agil (1
Jon Glashad) €50 8 Lay malipdl en 3850l Claglaall @lslud (Indicate)
o bl aagll  Caills sl
bl s Lale Lallal all ([83] L3l culuslsl) eIl 44 :(Encapsulation) ¢lsia¥! (2
CluaY) elgia) a0 Gulid sliag duz sl el 53 apgiily SN (ADT)

114

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

alaial L olelasy Wiy 3N (SN Qi 2805 )5 el ey bl e
gy lehaYly L) e dayy eld I D) Basgl e el Tae 55
3280 (wllagl (f) Cbleall s Guld Jie tapatll e dle sive (e 58 (S ekl
TRt PT i yxall Ll

) Cl&d ihaY) Jealdll clal :(Information Hiding) <lagleal) olid)
(A el e Jualsill (g i sa Ll L - el

5 lia LSl a Caia 3EE) e 5,8 =i &)y5) Luals :(Inheritance) 4yl
Cilide 8 laleiin) (Sae LG odas Slad s35m5e (leja o Q) ST o Cana sl
Apalal) sda iy Al Apals Jedy o S e Aabiinall clall il gl
sl Gunlia oLl Gfiald) alaia)

b Y] (e s Al Calua) daey Gulad) Galua) dae 1 papliall s38 ALl (ya
EEPURTE

i Al ayadll Cislul :(Object Abstraction Technique) (ale¥) apad callud
CleaY) e s LaaaVly zaball el dpygpall Gl daalill o 3850 aaadll
e el sine ) Ll LS R 5%yl gald) Ll LSy L Juadilly
Jealds Laaa (liall clginadl ) Uaas) LS, L Uds Ud Jualdll Wlalas ¢yl
LGal O Tanal) o 584l

bagal) (gaad cufyLasl

6.9

D) B g il Gl Jlae¥) oSe 3 Gy S8 sasal) Glavar cilasal) laa) L)
Akl o dlladyy Lolia) Leiudss (S il dhanlsy Slaydl 535 ) 8 galind
3] eledl Jo lanll daically dalgl

ol el ) anly JS5 ani SLERY) (s

B 0sSiy malind) ol o W iyl (unige lgs asiysy denll dana e aSHI clylial)
ey ) G sanall cllaal
A pel Gl G sl ) alad) GaldSY) e asieg Basal) Giiad chlsal

s Bsaiall g3 e bR ay asaailly Lol ALIS

115

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

058 ey olail) Luvige Al s (o3l Claandl L) Adha) gp o oS )
ehaly by Adla gy ilasbaal) Glai e cibimapll il Jalas ) Jiiy o cibisasal
ety el o 3l Cagud ogglall Jals sas ligad) 13 cibimall Lada yulaas 35

bl

[/
e '
K—% EE P R
k JAEI et
Re-Saalt 3] el
ST Pt e

LY Lniljind (6-9) Jei
saagll SLaal o ¢ Alal) Bl pada Glaapdl L) Ll J) Okl oKa Jully
PN ¢ gyradl Sl 3 Seatill Tk Ly sang IS 3 alaia¥) R cgygilall 385 vie

Ol mesi 8 S5 3 dalSill il s dapla gilall Jola e ailly clylaay)

e o Sl ) laal Cadlat egps3tally lasla (53l 850 olyallys caslinly ol

Tnapd) 5ad Cum A sl Y Jes Bl el ) Gaapll il 2a3la 18

aaly dady gAY il yalic

e UG 3o Jabe aol Lpgad) Gava ) CLaaY) i (S

s Gstiall Chladl Jexivg Sloll e (gyme il (aidia L) a5 Baagl) JLGd) e
PHS

@sdiall ChUEA) dexivgs araalll o grm A5 hugie LAl sas dalsll) LG e
RESS 240V

e Lilg (s20 Adpad Lnandl o ome A Jle L) say dadlall L8 Lol e
Jpean 25 G ganall culyliia) Qi s calillaial)

116

'

——



Jall ahalliy gl Y Lmajall iyl S 5l

(paliiV) jaliall pen G e @il gy A5 e las) ey caladl) jlad) e
yaie ALK Ul o)l Aadag By ry LS Sllim (Gildarall 2ol (labial)

Al s LAY Jabe (e I IS

ciltliall 400 Adle il Lgal

/

avasill Jaleatl Lt

aa gl udd
Jla bt
- -

LAY sladl

T caon JLEAY1 dabe G (7-9) Je

Glaayad) 3 (unlla ol cilgag 7.9

ade 555 A QY O el palially (el by Glsall gl SA a)
1o ialll 4aly) 3latay Al L&) e AV Sl Gald JSE iy cliaasll delia
3sal Lanliall ol 8 daaliy sals 4S8 Cileasd Asjall sda e el cJeldl gal)
Cilsa claaly 3asall Cuilsa (e uila (3 JS Lelanar Cileasil) o3a Cadialy L oaasll il
oo 1ay Acliall sy sasal)l o VSN G dalas Gl lgie paall S (e a2yl
Oe e Y aand gl V) G Gaplie oLl Cililea) Eisay Slan) Sall dalal)
Y kil 5l o3 aa Jslais SA 3asall Ailie Cilend (Rillae (unlia) £l Culpigal)

Aol s yie o) iiall Bags ol le gl clgagl) ]

. s>l miid) (Reliability) Afsise sad Cingi Gyl sagall Ganlie olad JY1 cVglal
G dlally ) il Adlaialy Bl bylicl leuld Aseus daull o2 oy ol
Y Al A Cailsall Jsa 13l (Kl ALk sadl  edll alids DA sl alaill 8 Caaas
W sgass LeadlS (mlaily all ey Lo lend W i siiall agall asgie a3 8 dpaal i
Gl « caapll itall 2l Bala Ganlie ol sad Cufin dagi jeda Gl Laje g dalei g Al
058 Lo Lle 2l wityall inalls L [3] sasall (s AY) Clanal) alina e gy aiail) of Gld 3
Oshill AllEy Al ey Lo Clead b CilSay diadiie ifgisey Jdilly sl aea

117

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

OS5 paleall Ciladinall )ghiiall adlsl) 4yt 3 sl lala & dadgiall <l pall dylaciad
gl sagall ols ails agae asede Apesall Wiad 3 deniiin LS aielly € 2eilly 3 geaidll Lo

MDE g ilailly 5aall duigh) b 5asadl cilaaf .8.9

A Jalsally 5l 2 3Ll 535
tAadaill Sllee (il cdadall dad sasa vV
¢ daiall 3085 AaniCall A el V0
Ak saeall Glaca cliw v

:[84] 54 3asall HUa) dast e haaill sie MDE 1) cilaialse (e L W

Jalye e z3lall aadind 1 syl okl dlee (g 5200 Jalpe b zilall slasin) e
st gl O L Lle o) algs slSladls LeaY) ddee s 5Kl bl
Giad Lantis aapll ool Bl By By B desade o A e AlaSa
Jalail) = 3las i) dill ALE e o all AL (5S5 of oSaa) (pap cABlly ALY
(anll 3L 5 8

Aaje die @iy dage z3lall oo Gl apaill e dilide Glgue ozl o
Lol 5) Kl 3kl (Jlie Aglin) 3asa Clialge Gaiad Jal (e z3laill o3g] ayll
b )lsad) aded (e 3 AN 5)ES wilsiy Chshia

ALl 3kl Jilie A0 - 3laill i sdibide Hlai Cilgag (e 3Ll @

b i MDE 3 5 daal b zaladll s of ey 138 sz dlaill e 2580 Al @
Bagall Gaatl (6K 268l 2l Cua i) Claasll jypha

LGally Dl e paell 7 3l auadd 1ol Aoy zMadll b algad) i o

i) 9.9

Bagall S8 Ciyal Ja .1.9.9

Sy Vs age sgd 4855y 52 algd¥) adyy cagae Jh ¥ 4l sasall S 8 Jualadl jodaill a2
sa a1y L olag A Glabay Bfia dsead Aalally Byaiue o)ekii Bpmacd A calalas
DI Gunlies 3asall B3 Jia 3 Cleagis saaa @l sela bl (8 o)l )

coshll 3 5aamie Caludg

118

——
| —



Jall ahalliy gl Y Lmajall iyl S 5l

I Y ALLAl 3asall 3)la) agede 8 Basall (Y] Sall el Al gl e poall [BEW
ey 3asall Glaa S8 &P Gara e Gl o SISl LS LA gakal) Alspe
Alelall 3 gall Jascn Jie 1g AT Ciliasay IS5 (e ayanl)

3 oL el coinnall tgunity glan ol aalye KD Jyn pas sapall AL 53y 16
@ ) alaill la)liely duleally catladgig allalial (3a8a8y Ml ol L?_ML,.&\ Cargdl &
Al dled) 8 S8le e o ile JSG sl cpdl aa Y1 il 2l )

Aaead) )y ¢l il g Bl o Jelh (K Gulaiy sliaagd ()Y SH 13 Lusdls
Ll o Lslaliily Ledlaaly gty ¢play) dolead) oda (il (i Al GoalidY) dussiall Ll
Sle Jelh IS sigad) (Laliy) Dleally Al caivall) DA jslaall Jayyy o ciylayl
bl <G iy afid) linyy ol 5 Glalia) 4 afiedld Al Glassdl sasa
By ailala Gen e leea 058 O g pall Guld il e Al W adlals Lty
Y lgsS Jla ol Jn Y 8 Gdlia) dale slef aatiuall Canmy Lo cladgill (e eia ()5S
s dee God IS A G Jualgill sl gl A Gaseady W atlals (e leja Jis
5 Dbl Cliialge) (ool iiall yyshis dpati doleal ddanssll ilaiiall ddlidal) Jeal) (38
baga e Jeli Tl O clil Lae ccladliall mie Caypaaiy Wy s apanaill 4yl Cilaal sl
Ol U8 e Aaall) Al Jelb g8y s dalny) ddedl WL Sl el il
dlaall ookt 8 agen Cpaill) e JalSalE N Laginds agSluy el il (Venders)
dasall K8 B ripieaall (am ae ADle Aaliy) Adeall & 8 I L[BT] Al
Ly camalsall e 4800 o 2245 o e lia Al dlse 3)l) Cilbmayy dpaiil diey ddafipe
b i O aaley el pe JalSillE L AT Seae Ji (e 45081 )l Gilaay ol Loy i
Aol sV VL daeay aivall lajglits Jalail) cilies SIS L gatiie 3aga 313 ¢1S3)
Ay Aleall (8 Jeld ein aillga 2ady Jeadl Al SN 4l GLLE ks 5)gdadll
JSS 4yl Alaall 5 3a5all Bla) (8 Lgtnaiiy Bradl aSIE G Ul dssgall Silis Ay paal)
skl (8 aaliy Las oyt Aalil) dlaall it aysli milaiy uleall puay 5 Ganliall ol
5 ) G aen  deli oy aalual dde asally 4 Aliall )z liag dususall cilillad
Gaali) dleal) (183)

fh Loy ALaLall Basadl 30y Adudl) 5 4)Sall Sl (adls (Sayg

(lgisall) piad) Wy WS 3358l v/

119

——
| —



Jall by sl paY & sall Gl SN

salall v
gyl Llaiy) vV
Al 33sal) e v/
ALy ekl v
da 8l dagiallg 5agall .2.9.9
¢ paliall 2o egsasall vt 8 loll e adiey 508 Halsted C.SE' jlad o Jarin

bl Y cla) algy (o dndial) g Maill anacail) andl aday cadh ¢ Loyl aui 3l e Y

-

Ade ildl)
McCall cuun agall (wunliag FURPS Jalse (o pnls aud o dajilial) Laglal) galdass
c ) Jsaall L

da saall ':. piall Lgdias gﬂ‘ Lelalge g Basad)l Lunlia (3_9) Jyaal)

sasad)l Lulia
Jaal | Adgisal) | Adedl) | Auladaay) | A Loy | Adseadd) sale) | Atada
Joalaznay) PR
43, v
Salge aa v
sasal | Jua)
Juisy) | v v
4all v
Siluaal)
dlaas v

120

——
| —




Jall by sl paY & sall Gl SN

sty

Alad v

I v v
il )

dndadl) |V

e

i) v

cas Ml LlawY)s Kitchen Ham cuwa 83gall palic JaSiod daifal) Laglall () 138

Foiall e Basall HlSa

sasadl Jullyy Aledl) misall O slastivny Godll Gpeasivsall ) U385 anty talaidY) pudage —1
clsdl e Tgilans (Aleil apaail) (slaxiog () (pexdivall alaial aage (ho (sSin

el 3y Bl o ALY (Says leunliag lelalse () ag2s Ly 3sad) Claws -2
o Ailesled) duigl) A0S & Cypal GHLEAY) 58 dauls Laalind Gpediiuall 5pa L)
fega i pgilanily aeiblial (JElls 3paY) Al e Al 08 L Ul Bies daals
(Aptiie sy dgalie Wl e Jr lae b A aajlsal o< Tas

Adaiil) o2 Lidlig Lyslad Ly alaia¥) o JAY (adld (e calidn a8y : BRI dgay -3
335a) anily Ly (aladin¥) Asen cagdll ALE (3ll) Lalas s2ey Aldia¥) jas PIA (e
Jadil) o3¢ Ty (uladall sapa dalaal) 5353 ¢ griiall

Garvin o d3eall §8a Whiagiag
e sl Ay 4tk e iy (4ILELE) Allgals Allen @
.(Readability) 4ifis ie 5 Alaslia dlggug ABilig alili s @
Al 483 4 )39 Lol Adlaag (Cohesive) dulaly dpulidll Jlgall daladind 530 @

121

——
| —




Jall by sl paY & sall Gl SN

L Jpandl (385 laazly sam5 ¢(1S0) sl Aaadlad) ulaal) e (3l gd SN ZaLaY
ISO L s agall juabiad Lagial) dijlhaa (4-9) Jgaall

) 5asall uais

Lngial) L) 25 capnil] 2ay Znd fial) = 3l aladin) U )bl Cugan 2o Badd) gl Bgdll
A ledl o aany aly @lyesae (e 90 Ji (e

dlee amy S I agaladiin A i) (3l sac luall clilall Aala Y agdl) Ly - guagl)

sl
U5y Lo ) And jiall 3Ll agusis amy (e o LY Jangl) cilliiaall de jmid) pladiny) Al ggu
lhas 6 e

saley Lia dgnse o A jid) z3lall alle 8 Jand WS (3ias Jaydll 1aag AlAALLY) Sale) Ayilsa)
e A1 Sl alasnny)

Llac Ax_gl\l:u} uﬁcuwdﬁi <) dtﬂm\}csyﬂ\&ug}u\ i) (il Sl latdl
H....aﬂ‘

122

——
| —




Gl g3all
dailily sdaaliy ¢ sl CJ}AJ\

Gl Jglad ciagy Aalall Aagall
kil ) Jadil Lngiall aiads <
anilly miliil) o

123

——
| —



4aailli g sadig C):\Aﬂ\ CJ}A.\S\ Sl g3al)

Sl uail)
da yi8Al) Aagial)

Lﬁm 01010

cue Ayl cue ¢ patell Cue ¢ Sl g_b.al\) e:\maﬂ\ el Al Gluhall P a
L5l Conaay ol aaall il G aad (Alad) el Gises 2la3iul) ade cue ol
b ORI Gala U e Jexd calS ALl Jlee ) OS5 gty COSEA 28 aa
& sl e lgxiads gl o3 Japas K1 Wl Ly 1A o (i) (sgiuall) apenaill (g5
(Axd i)z 3ailly oz dlaill) Ardpal) by giasall & e Jana (e AV Aimidiall il gl

) oo Agaal o zilally (@) zidll adg oo W) & Axdiad) zilall

il Gy Sl aaall Cise e A Gl W e @l L il il

L) clygad) ) Il Cindag ) aaall aggia 1aai 2,10

tsed AY) e it IS8 (ggie JS A Jiat dlulally aaall dalse )

( ppaailly Slapl il gu) dudadiial) cilygad)
sily pealiall e D€ laae Jiny oSl aasll o
caslae adils 6Ly canlsl) Caall alsi o Lo SE ey Capall Ll @
IS il Aa L) aaliall Linlsy (g 3l cilipa) A cilygud)
aghall (e el Taae Jiay €l aaall o
Sy gy Ty 0 Laglg 0 Al 2 daill Caghia g Lo KGN ey Camall Lafiill o
cslae anilla
IS el AL i) Uintg (Aadjiall 7 adl) cilygen) LAY Cilypaad) 8

ﬁ@u\w\)ﬂs\mﬁ)ﬁ\g\ .
Wl clein ol ) dJ8y cdadjiall »3lal) aalie o Lo K&l ey Camazall Lolgill e
S ; 's 3] d pR e G e B

RESE

124

——
| —



4aailli g sadig C):\Aﬂ\ CJ}A.\S\ Sl g3al)

Ge e ) asalie n Lo Bl Cumally oSl adgiall asaill ad e Cagh Ul
Laats €T (Sula Jefy daaa yraal cigiall dad il # 3l

10 D (A il zalal) Ll Ayl 3 lgmaaaals gl L) cllee Lyal Wil
gl 238 ()5S 3 ¢ Slaplls apanailly & 3laill lysn) Loall lygudl 3 Leanaaiy Lgiliogy
Rl sl Jd e oSal)

ety )l asliie IS5 Al Aab i) =3l (g Taae i) =3 saill pampns Akl o3¢
pgdll LG Ji<ly digye iy clavass il salge bl il
Uslae 8 Linh Jsn Glosheall pan Caags Laul)r CV S Ladjiall 23kl o paell Lieaiin)
3.\3); 3:3‘):\4: CJLQ.\BJS: ‘:J‘\ :bﬁ‘).\.d\ de\e.\usﬂcug_m&m}j

Gl sy O e Axdjie zila sae ) Aadjidl zilal) il mgie aaiy WiSe Y
[2,89,5,90] Luyyas culily adiad 3 dgliiall culuhyal) alef agle a8 Lo 135 (Aiyad

zilet U o 5 Al VIS dmbji 3t hae Lyl 38 LS L el A 5al Cpaiad 38,
Ay aapliall o) sl Bin3 Aiall 2 3lall L g5n <5 Wla 100 J (e 4 dadjia

cplaAiY) A ges ety 05

Caaldl 5 agase GLaa) /1) Gliind DA e apdill Jon DUl Cilga Uy &
el ) sl el e culadll o3 Jil Alglae By Lapadll i) o3 (e WL
Aen caaall 5S Ayl zlall ) sl Lngie o)l L (Solegisyl) Sk

SV Gl (oY) Tilly sl paall ey Ley el oLl

L adl) dadall Judas .3.10

Jaly e Dall el Jd e lalaie) 25 ) apdil) A5l Galdl 8 52smsall JISEY) Ciaia
J8a oS U sange A alay) e AV S (V) meid) L) ooad) meial) (e ppaill Llee
iad) Ly Lalsl Lagiadl Tanse Mas sad 4l Jss Cumy cadgiall zhsaill Jabis

OV ekt agilapi (e | DUl (pa - 5ial a5 dnd jiall w3laill (g e sana yedy /f/ Galdl - 2
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Q) A N Jagaill 3y )led #58 L Leds Agaaall lluadly Jeall Jagud Coagy 4y ya il
iall aal i
Al Add) ) Jasadl) dsailed .1.3.10
Lasls N e g1l 3 pe ALl Axdiall z3laill (Pla Uleles @
el gy U JKa Lo sall ) KD (e Jadd 430 ag ) Leads tous il Alde -1

Concept! Concapld Concept! Concept?

> = >

oSl ddle Jysas (1-10) Jea

el gy BN JSal LY elaily ) (e Lt agus ) Lelsass A3 6l A -2

Concepti Concept2 Concept] Concepl2

M

<l =

A gl) e Jysat (2-10) Jsid)

csimal) gy ) JKA L agd) ol s Wlla e s aseadl) ABe -3

Coancept] Cancepl?

gl dide (3-10) Js

Cargllh (lllan) oy (LES1 aals) f (aalgd aaly) 2aa3 Al D) iyl e dacY) e
Jai ADlal) ool Al ye

Aedlaa) o5 <) DLl

Ay 2 sgdall ADNe g Tiall ADL Jlaa) 5y @

sl Fa lsd Gl aes i) gyal) aladl Jalaall NI JS
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Cantral Node O O

( 50 O
Candidate Node H 3 (;4) \

—\ 2

S /
[

Conflict Node |

il Al (4-10) Jea
i) ) 8 5agagal) dal) .2.3.10
rAg ) Add) e e A0 £ e G Saad
Jiinn it L o cday o leie aay ¥ saiall & :Leaf Node 43,5 5a8al) o
Siall Jlas daly )l
LGl JS3) 5 (6, 8,9, 10, 11)
diall < Gliaey 3 Labidll 3l sa8all & :Control Node 4saSadll 5uall e
LGkl JSall 4 (1,2) i) JlaS dieSatsaie (o ST e Jaladall gemy of (S
aeaill 38l g pilae Loy Jasig 3l 528a)) s :Candidate Node Aadisal) 3x6al) e
dial) JaS bl el z3gall dpasal saie maal (N dalipe A el Jla 8
Lldl JRal) 3 (3, 4, 5, 6)
e J5 4paSat Mo e asip Al 28l & :Conflict Node Wguls giUithl) 5a3l) o
baiall JlaS (Aiia il a0 Gule §5U0 Jane saiall 5230 apuil) ind il e
LGkl Jgal s (11)
AL aaliall o alae Y sl Tngid 1581 L Loy

127

——
| —



4aailli g sadig C):\sﬁ\ CJ}A.\S\ Sl g3al)

apeill 4s i) Lnglall .4.10
Zapadll lubll Qs o (uatiee adjial) z3lall audil 3asge Kingie g andll 13a
ad il oz 3lail) el alially Jalgall (ge 230 o aaia A&

dlall 1 guaall (éj\ asgda .1.4.10

dagu e Al ( Calculated Number of Node (CNN) )siall Cyguusall Bl o sgia -y
asfi . 2add JalaaS e alll aalil) = g . Laall il pudl laily Leia dnlal) liagll saey 2ial)
Wpeas in Talead) paindiy lgia 53V1 sudl olasly 328 (pe daplad) cBlagll e Cluay
(GhsY) (s5isa) (s a1 )

i b WS ONN Clusial 2y

CNN=Log 2 (Number of Qutput Links to low levels + 1)

AU al it Cangy el 5aall (pe Al e Lasl) e ) (1) saall dilial L) 2ens

: JEIS Cittind Ll ONV 13 e gana 3850 3aiall Lyial) 2 g

CNN (Leaf Node) = Log 2 (0 + 1) =log2(1) =0

Liall CNN Cilaa Jga Ve ot ) <)

O log 2 (7) = 2.80

5532(3)=1-53@ @ log 2 (3) =1.58
:/\ /\T o
< 6
Log2(1)=0 ;,0rm0)=¢ L082(1)=0

CNN cilua Jsa Jia (5-10) Jsi

128

——
| —



4aailli g sadig C):\sﬁ\ CJ}A.\S\ Sl g3al)

akall 39 aseda .2.4.10
sl saana saie Lo Jaljilly aaall e yuaill (Weight for Node (WM ) asedall 134 i
Leadi T el il W ¢ jiaal WYV cilS Ll (A5 dnd i) oz 3lal) 8 A0Sl 536l
paniilly Joadl) Bals g anaaly pdiall - 3sailly Ualig
Alayall 038 8 aaldall e paall ) - liss
055 Ledind Ajall z3lall aal 8 ZaSal) saally saoaal) saiall (Lo Sl aseie @
saiall we Unlp Coemal logdl a3 (e AV cofiandad oiidie (ule g5l Al Ll
gt e Y 1A cugall sl Jalsall aal e daly Camaall Ll il () LAy padl)
Tanly 5l sl yiiah Aall dabjiad) 3Ll b djaSadl) 3aiall dpaaly ana osgie @
L 4 (e AV 1 cpall dysall Jolgal) aal (0

capdill Agie iy o lac by sl 2l dea o 2ol 5o el alee @

foh Clalaa Bae (ja ()5S Aa A Aagiall
Lol Jiay say €l abjidl zdsaill 8 A3eSanll $akalls saiall (g Lo Jaslgpll 2
Aaals anall Jiay sa5 € LuaSaill 52iall CNN Cisnall 22211 @
il Jalae Jiay a5 € Log2

tol WS pgtall Al Jeal il

Weight of Node (WN) = Log 2 (Number af Links between this Node and Controller Node)
+ CNN (Control Node)

P SIS s (anly L)y aSatl 30kl (e Lebiady All) daliyall 338l ()

Weight CAndidate Node (WCAN) = Log 2 (1)+ CNN (Control Node) = CNN (Control Node)

LD el ke (ge ST dgay Caan iy (V) 3als (s e ST Ledle glie 3aie (9
siall 538 (he Baaly JSI Aweall 3aal) oda (el Glua e Y 1A L3 AN BaEal) e
dmay al) gl zisall il saiall Cul LIS ¢l (el e ol LSE L 3Sal)

A Jlaaty)
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EE g all

N Y sl (6-10) JSal L Ve 35
b ASan ldie mual Aalipall Ml A 23l sae ) adid) zdsedll Gl Lexie
iy 436 (([6-10] JSE b (7) a8y 538018 133 52k Lpal IS 13 L4055 dad jial) = 3Lail
OliseSat Glisie JKal & el 488 gall A0eal) siall S aa 338al) o] ofsY) s Lide

saall o e glestm (1, 2)

tUaﬁ\ lule Caghy 1Al cCava 2| ;U_-ub:’ ‘éjmbj )-‘ST Al g )"Si = ooy ‘5_\;;{2” sl

Y sl den e B

CNN {Node 1) =Log2 (5) = 2.32 .

!

CNN (Node 3)=Log2 (4)=2 | %

CNN (Node 5) = 1.58

CNN (Node 6)=0
6

Node (7)

e,

Must Be Cut| '~

T |

—

. CNN (Node 7) =0

is a conflicted Node, so it has two WNs

O CNN (Node 2)=Log2 (4)=2

1

4 CNN (Node 4)=log2 (3)=1.58

CNN (Node 8)=Log 2 {1)=0

8

WN1 {Between Node 7 and Node 1) =
Log2(3) + CNN (Nede 1)= 1.58 + 2.32 = 3.9

WN2 (Between Node 7 and Node 2) =
Log2 (2} + CNN (Node 2) = 1+2 =3

HNIT=WNZ

£ Bkl N (i sY) ilua (6-10) Jsid)

Loasadl) cladyal) e daiiical) daladl 158 .3.4.10

oS e 4 <

CNN (Controller Node) 4Saill sadall Cgunall 2aall IS 3 @

Anadl O Uadi ST (5% s aal Aa i el Caginng Sz 3gaill
Cannaiil) Camg 1A B il 3l s 8 Lok Le ol aseia 16 Ll o) a3 4

Doads andl) dglead ol LY S8Y) 56l cld Aadpall saiell vie e g UYL g

(Y Cpmnall 2aall ol Aaiyall Baiall Ayglg Y o Bl Al e Lgale ¢ 5Ll siall

Dl sl Aayy Lmids g o GGl ial) saiall e Alfiae yda Bde g

Biall o3a e leeg i (he g Caali LS Aailu)
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Ll il zalall G Lo Jahlly olall IS g8 ha Basa g A3aSal B3c Jsms rand @
Oo sl el el o go WY audll Llee dind zdsaill b ZaSadll Sl A
tallaill IS& (90 Jgad (S elldg Al = Ml
Gkl Ll (oS Aime GBle Bl (o lgany Ladii dadipe die Sy Jla (B @
s cmlal)
Jras L Lad lidlal) ¢ al) i ladie 15,08 Lsune dlac Cld dial) clS 1Y) o
AiaY s il D Loy Aliee dpalat sk Lgia €
A L) o et e Ll ()5S il B e cBY) i Yl O
Sl Iaie 3gxd s Aadiyall ial)
g b Ay dial) JLaly fag o
aniiinall 3ol il Ayslol Gl (yiaead (piniel Lawlly 33kl (35 (gslads Jla & @
o WY (e Bpe S 2r Bpdlie el Ay guanal) DaeYls hs¥) Glua sole) 2y @
A lgladl) e ayad Wil caSatsaie e ST Ll S s 3 e
Wy W) (g5m3 Y Apgee Leie oY1 diall paens Tamy Unily (gsad 508a)l <€ 1) ©
allail) GISE ()50 Jsad S clgalaii Y ladie clams
Al gsbu ol ST il saiall CMN IS 1) g UaidY) Tanl dalal) 4l o
1) 3 ] el z3salll apalie 222l L
CNN (Control Node) > = Log2 (Number of Concepts / 3)
e SDlagl) s Cluial &y lgle g5EA) Sl dal e WV Clua 81 3 0
i e S Ll 0 dpaal ke il

da yi8al) dagiall paad .5.10
a5 o) o alae¥l @ity lGell Al o b o lealEl Ll ) Lagsdl ()
il elany Wally alaidll aid) HlieW) oy 320G Y cday )l
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Pl (o iial) el Jodil dafiBal andill Lngie uadd Qe Bygpall Ga 4 W) 1
Al lajte culS Gy leglin A GLIES)s rdsaill b landl ammally saclsll Jolail
Jaind ) Ulad Ua e chadle 5ange dadail padd Al Gl dalay US laa 508
Osbe 4Ll Ll e sels RDF (e il 0S5 o AlSee Gy a5 ¢ oaslshll]
ey dlall Juadll Aahidly Gl Gfimgiall Gn b lalla 8 550 Jally ol
sl e daliga 1yl
Al clgladl o adiad 20l8al) 2 lsa Wl
S ad il 2 dgaill 3 Bagasall il ¢ laud ae lgale @lal) Baial) ol ARdas Sy -
Galdaill Al At plae) ) dends aplinl) Aading o Wilh dall el Js 4 o
1= e
sl ds 3y cagdshll gl & ¢ Ayl il ae Jla 4 o
Cdial) Bl e lansd pe Bl and 44U o oy Oludal 2y -
AN O Sl Baial) cils LalS «hual @3l O LIS e ade Jed 3 Tasd) o L
leaban Y o (sayla JSa alaall 4 25 Ontology (Y casliill 4 (usSae 341
panliall o ol S ol s Sl [0-1] Jlaadl (e e a5 Aad SV
il Gy s g yladll

(1- Avg (Similarity (This Node, Nodes of Sub meta-models))

GBIl ble; amlidly Gl e € ) gihaty 5w Wordnet sl o)
917 aslasaall
OIS raay iliall el Jla) Coagy dgle Jhasill axy (5318 L

Weight Node (WN) = Log 2 (Number of Links between this Node and Control Node) + CNN (Control Node)

+ (I- Avg (Similarity (This Node, Nodes of Sub meta-models)). Where 0<= Similarity <=1
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ladal) .6.10

Al A Baad Cpaia) AN A sail) Bpadl LIRS B eSS anedll) Lngia )8 DA e )
Ubafy ¢ SBLY medall ) goad) geial) (o (Bead daaly B dilagleal) dunigl) 40 B
gl 3 anliall G Lo Jalil) Cinday sl aaaldl oo alad¥) Gy Lay asadill) aggday
(¥l Bals ) o adinddl Al mgial) (Ouagiall Gm Le UlalSy (Rig o) Aadjial)
(-aarall Juladl) o adinal) ihial) mgially
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Mo galal) Luadl)
> sishai¥) aladialy Ala duy

dadia .1.11
slim) b LaaaVl Al Slee e lggalin A GLaly il el Jisill dlee ()
ot Al 3050 Aalay IS Tas 5 Zalll Cajie ulS Wy cJaal) e gilaial) olany)
Jlaxind Ul s e cligige dpdde She i e laaldie) & clalle saage dadal
omle alill Luld Je acld RDF J) e WD K& e A0 35 a5 «Ontology

0l yial)

RDF_iladll ciay daia .2.11

By lajiall pailadll Carags (B8 e Uay Wbl (e Leamy bl Lyl )
(e Aaggda pe lily Jalad Al cilapdaill o Interoperability (ol Juadill ($8a0 aga et
AN Js

JS Caagl ladsai (gomy silly ¢ alaall Ciasl W3C 4iysh 52l RDF lme 4ty Lo 134y
AV Aalledl e lsdl lal) addy WS RDF 4806 (e (3Ke et aladinly <lily jaas
bl RDF 2ay ey e 5l fime bt Jlae Jsa colalyil 4 2l Al cysll 35l
92] @l e Sl Canass

1l sSa AU RDF 40D (g9
¢3¢ )asaic ol RDF URI a5 :(Subject) gacasall o
‘RDF URI . :(Predication) 4&al) e
Ae)lasaie f (Literal) s siae sf RDFURI 585 :(Object) pasll o

Gl — ABDal) — g gumsall 1 U il e iGN S S,
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- l
” [

RDF 43835 (1-11) Jsad

RDFs iladl ciag duale bhia .3.11

RDF _ilas (1 4cgsans (Recourse Description Framework Schema ) RDFs ks i

o Al il Bl cdle siy (gAY RDF jaleas e Caagl daadiugl

- SUl) JSEIL Aaizmge a5 RDFS Cuas (Namespace) (oawl o liad

Rotserana ooy
Datatypo
/ label subPropertyOf
Literal =
Container comment
N
IsDefinedBy
)
Resourcs
X - —
ContainertlembershipFroperty
) seeAlso
Class
range
mamber
Propurty
domain

Raf-achome subClassOf

[ The RDF

Schema

vocabulary

(ROFS)

Lulul) RDFs @ilajia cilide(2-11) Jsal

oahe ) g5l aaniy RDF il duals clidle aad 43lS4) ()shall RDF illalai (e
Caall 3lindl; Caally baall awlie RDF cilabie Cijad 3 LCullall oda lgiy Jayji il
AN RDF e Cayp dplSs) dalil clhbad) o3 5lia (RDF ) Linziy Ujsa
(e desaae P (e ((Typed) Hierarchy dihice dpaja (raca GlBlell o2 Al Galpa

Hleia SN canlaall
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e C(Class;
e subClassOf;

o type;
e Property;
e subPropertyOf.
% «vCard * 5 Dublin Core ® JlaS cillalaie JS&5 RDF <ilidli (e S ate i Uil

Word NET ® Jla< Ontologies JS&

claglghil) clal .4.11
il ol Gl aay L Lghy Bl Lgblialy claid) e 385l ) clild) JelSs iy
Bty Glaydall Capat el dal alag) (4 A0 ASL) oSl b3 e 3aas GlBle
gl 4xl RDFS aladiu) cadll ) ol 38 clgd ey daals AV bl o il
Lapp lippet B oyt 4000 pe BV Cisially Llal) aslie gpad LY (il

Ayl G e lginagin b L a5 o)

WordNet a5 .1.4.11

oo Glegaaa (A Al QldS s e Jead GApKY) Al Laeld Glily sacld o
ae e gl ) Alayl el lyie Jlaind e gy eaiie Ciypeiy Bag 3 ecilialiall
S ARl HiSay Guald e 23] aeat€ gl ) (Sa cilegendl) Gy Lo i)
& Al gldasind G e gl Gamiee PA e pdlie IS8 Lealasinl (alasdl
o Leelanin Tkl Sa L Lang 130 L il 1S Cilipdiiy (gl Jalail ) 3plally
J91] Lemny e \glomd (o jay Andiall = Mailly 535 gl) s liall Chilyenill 4, (i

® _ http://dublincore.org/.
* _ http://www.w3.0rg/TR/2013/WD-vcard-rdf-20130502/.
> - http://wordnet.princeton.edu’.
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Bl ¢5al)

iy daat .2.4.11

1985 s (Princeton) 4xsla & (Cognitive Science) e & aslshil) oda ol
die Dl (e LA Lggle Bl LIS dplae by chaesSall VIS e D Taea il

S g g Lealas

Word Net <ligiaa .3.4.11
coastshill oda Lgygad Al Gailiadlly cilajially aalial) aal oy Sl gl

Property Domain Range Prolog clause
containsWordSense Synset WordSense s
word WardSense Word 5
lexicalForm Ward xsdsiing s
synsetld Synset xsdsiing s
tagCount Synset xsdinteger s
qloss Synset wsdsining g
frame VerbWordSense xsdsiring  fr
hiypeanymOf Synset Synset hiyp
entails Synset Synsel ent
similarTo Synset Synsel sim
memberbleronymOf  Synset Synsel mm
substanceieronymOf Synset Synset ms
partMeronymOf Synset Synset mp
classifiedByTopic Synsat Synset cls
classifiedBylsage  Synset Synsel cls
classifiedByRegion  Synset Synset cls
causes Synset Synsel cs
sameVerbGroupAs  Synset Synset v
attribute Synset Synsel al
adjectivePenainsTo  Synset Synset per
adverbPertainsTo Synset Synset per
derivationallyRelaled WordSense WordSense der
antonymoOf WordSense WordSense ant
seehlso Wordsense WardSense sa
panticipleldf WordSense WordSense ppl
classifiedBy Synszet Synset cls
meronymof Synset Synset mm,ms,mp

WordNet (s sasasall cilajdall aaf (3-11) Jei
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SPARQL 4l .4.4.11

e adll zhatuly (SPARQL Protocol And RDF Query Language) SPARQL 4al

GAA&:}

ge il RDF cilily Gliiul e Slasd (RDF & dlieall USgall 4y Aseal) clilyl)

Gel5 ki Ll 20l Al o3 ) 0 e Ga Lae (93] 3T L) Ui e

il Jasady dibide ()laa (e il Baies Cildlaind il Aal) 03 ey il gene lBle

RDF

PREFLX example: <http:/example. orgiresources> ..

FROM ...

Loalhll LS00 TF
SELECT ...

Py Feliy [T
WHERE { ... }

bl byt
ORDER BY ...

SPARQL 4a} Jlaxiud £y (4-11) Jsid)

& (Endpoint) Zessl) ik Jifiy (RDF <lily depene e SPARQL cildlainl i

XML, JSON, RDF, ) :dilide gaays <Dlay DA (o gl ais ciledlaind) SPARQL

dcgana adfiy (gl o Aliatie Bl Gen gpall Cliaiiy CNSgig Cajebs (HTML
las gand il Akl s SPARQL dal (3685 ¢llly Llgy daide e Lolin Lle culilyl)
LS gl L e cldlaawy) i edn ) Gl ce dga e Glll) Cile sanag

"bank’ e3all gsad Al AN e Slaia¥) Jss Ve L ey ¢ JUI I8N Sl mam s
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PREFIX wn2Oschema: <http:/www.w3.0rg/2006/'03 wn/wn20/schema’>
SELECT TaSynset
WHERE { 7aSynset wnllschemacontainsWordSense TaWordSense .

TaWordSense wn2lschemaword TaWord |
TaWord wnlOschemalexicalForm “bank™ (@en-US }

i P 2

- - I
sfPFd'wnﬁ

Triple store & Database

SPARGL Endpoint

ARGL Endpoint
7]
&
2
3
&
H

L7

%
HLP Teehniques
2

%,\60

o
SQL<RDF
[
0 —
]

Relational

RDF Graph _] _‘ Database
HTML Unstructured Text XMLUXHTML

SPARQL Yl qugll 8 aMainy) 4ad (5-11) Jsid)
daléal) (wlal Lesk <luajjled .5.11
1986 4 Michael E. Lesk Jid (1o deaidl) Caniaill cilaa) s (pa 33als a9
eh dn paimge Chagd oL 5l Gl G Gl e A lall ol died
cluial A6l ([94] 1 3)slaall claiall an Laalal)l Gl sl Cayyill 256l 2
IS il Calat G Lo S i) L€l sae
LS adali e pany ey lpaany Capleill JS 43)lie o35 Capylat de same 4l K
:Jla
PINE
1. kinds of evergreen tree with needle-shaped leaves

2. waste away through sorrow or illness

CONE

1. solid body which narrows to a point

2. something of this shape whether solid or hollow
3. fruit of certain evergreen trees

As can be seen, the best intersection is Pine #1 N Cone #3 = 2.
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Al Sl @
oY dala Y aHEdl daad) cilallaadl dlaadl clU Part Of Speech JU sage e v/

POS i (e (5550
Semantic Similarity 4Ll ciluld ae < WordNet U kind-of 4wy pasti ¥V v

Jie cWordNet e e gpalhias gn Gohll Jsh e aaad Al Measures
LCH 455
el clulu e
& Bsine S8 13y ydle (el duiedl LS Cigled abls o L adies B
G il o S L i Y s L 5ym8 WordNet & capleill (¥ 61591
ol lpiany aa Slaal) Bl s Gud haklis die apkaiug
ASjuial claiall 2xe e el Gy score G 3 Apeylsall HaT e caila aag WS
4dlye phrases hlie adaldiy g 3pdie JSG GllS 2llE o e Yy ¢ Gayaill G
-bag of words : GlalSll (1 de sana 2yaa 2dali L..gi it o (e e ST g
b8 2aay Ll aaliall e 4L (uld svay WY Jeall BB Gaa)jlal) 038 O e
CalS 1Y) Lad Glhadll o i) Bilia) 756 Jeadl lalyy (I dan 4 Jaa 4l

hypernym, hyponym, meronym, ) bl Jahll agas Jla 588 clgiany aa Dpilee Walsy) Lai
Jee e Byl )83l 450aa) ) laxie (b Wlg 1= aplaall 4es (i larie (holonym .,

FCpipaill S 3 Basagall QLN 2ae e and PR (e Al Normalization

ladal) .6.11

Wliad ia5 Wordnet o Jaad) alaisly <l logl guga JSy astshi¥) Al )
aal) LA ¢y 685 @iy casnlial) o land G 4glial) (bl Lesk daajled slais |y cculbafsially

(-oastshi¥) aladiuly Lgalds Gulds s laadl oo gl Jiadl) 34 ¢ Jad) o dhaial)

140

——
| —



4aailii g oadlg CJM‘ CJ}A.\S\ S gall

e A Juadl)

da i) Aagiall Lead) guudatll
dadia .1.12
S Gll (allall 5)leall dadyidl) Csum O dcgana o dapidl) Lngiad) Gulan Lid
.4 i Lﬁm e:us.\l\ aSy lelae
Al gal) a0al) Sllally Lingiall Llpuail) lhadll imjains L Lasks
Henshin adyiall zigalll Ao dagiall gudai 2,12
Slo ading ARl JEl 7 3saiy dadall 311 sa5 ([95] Henshin adsial) z3saill (e eia sl
A i) mdgaill ) JSEN L[96] Eclipse dee s

H NamedElement

I H Parameter
l = name ; EString

Itirul - .
* MuTres H rule = description : EString ox

—— parameters
H attributeCondition E"/. = checkDangling : EBoolean Fiy
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a5l OCL Meta Model
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i Genmalication

* Changing To Tree Structure
- Delete Repeated Links (3)

- Delete Links With Node Itself (1)

CNN Weights

ModelElement : 0 Feature: 1 Cardinality : 0 Attribute :
1.58496250072116 Method : 1.58496250072116  Classifier :
2,32192809488736 Relation: 0 Class : 2.58496250072116
Interface : 2.58496250072116 Model : 0 AssociationEnd : 0
Generalization : 1 Assodation : 1,58496250072116 ModelFragment :
1 TransformingOperation : 0 TransformingScript : 1
TransformationRule : 2,32192809488736 AggregationType : 0
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gl Improve Quality For OCL Meta Models
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Cutting Link between: s )
Model - Relation Association #/Relation 3 TS
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%3 Tools Partl.partlhenshin_diagram [4]

Palette 53| ~

- DA aT
Formula <

BinaryFormula 4 inherits <>

UnaryFormula 4
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Damascus University.
Faculty of Information Technology, Department of Software Engineering.

Fifth year, Software Engineering / 3/ course.

Year 2014-2015, First semester.

The Student’s Name :

1. Smells in Meta-Models are more dangerous from smells in other levels in MDE.

a. Strong agree. b. Agree. c. Disagree.

2. Large size and less cohesion between the concepts in meta-models are the main
reasons to smells.

a. Strong agree. b. Agree. c. Disagree.

3. What are the main drawbacks which smells cause in Meta-models?

Smells in Meta-Models are negative points, because they make produced tools harder to
use, need more time to training and understanding.

4. To the best using, suggest a partitioning to the following meta-models to make them
easy to use in your opinion.

e The first case study is about a meta-model for a graphical notation of OCL
language ” which was published in IEEE conference in 2010.

e The second case study is about a meta-model for CMMI 2 °, It was suggested by
some students for graduated project in Damascus University. It included three main
functions (collecting, analyzing and management of requirements).

[ Stolc, M., Polasek, 1. (2010). A Visual Based Framework for the Model Refactoring Techniques, 8th IEEE
International Symposium on Applied Machine Intelligence and Informatics, Slovakia.

& _Kulpa, P., Margaret,K. (2008). Interpreting The CMMI A Process Improvement Approach 2nd Edition.

° _Konrad, M., Shrum, S., Chrissis, M.-B. (2011). CMMI® for Development, Third Edition, Addison-Wesley
Professional.
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e The third case study is about CMMI Meta-models,too. It was suggested by some
students for graduated project in Damascus University.

e The fourth case study is about Web ML Meta-Model™ . It was suggested by some
students for graduated project in Damascus University.
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E WodeElement

= rame: Eftring B Cerdmgliy
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The First Case Study, OCL Meta-Model
H ProcessAre:
1
I
FL s
a1
[ E Phaser | P2 &l Hrhme
1 . =
L 1
[ phaser ]
0.1 1
H Custome | austome —
tasks
requirmen Ty _ P_Rec 0.
0. 00l " o1 prec I Task
| H PRequirmer O_Rec
1

H DReguirmer
1
L 1

0.1
0.
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1
I ’
I
attribute
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attribute \ 0.r H Cost
3
0.7 g, attribute
BLLNID UTE

The Second Case Study, CMMI Meta-Model

1% _ Hennicker, R., Koch, N. (2002). Modeling the User Interface of Web Applications with UML, Germany.
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H Customer W
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“TustomerReq

B cChange | 0

anges

N

H Trace

0.1

B Requriment

Req

0.* U\\
traces ,/ desginReq .2

productReq

H Product

B Task

U--lﬂost

B Cost

H Design

attributes n «

B Attribute

*

attribut
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H Dependency

The Second Case Study, CMMI Meta-Model

attributes

H Attribute

entities

1+

B Entity Unit

B Application
\ presenta
interfaces 1
1* &
= n‘ H presentation
nterface
relations L pages units
. L
L H page B Data_Unit
H Relation [)
pages
1*
H composition
L L7
H Data_To_Data

H Data_To_Entry

Explain Your Ideas about partitioning here. You can attach more papers if you need.

L
" [E Entry_To_Ent

B Entry_To_Datd

The Fourth Case Study, Web ML Meta-Model

e —

| tried to separate the large Meta-Model to many partial Meta-models that have smaller size
and more correlation links and has logical relations.

I try to partitioning meta-model in way to ensure usability, flexibility and understanding to
the produced toos.

End of the First Survey
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Damascus University.

Faculty of Information Technology, Department of Software Engineering.
Fifth year, Software Engineering / 3 / course.

Year 2014-2015, First semester.

The Student's Name: || GGG

* Check the following meta-models and answer -in average and approximately values-

the question.
The first meta-model is a part of Henshin meta-model*!, which is a high-level graph
rewriting and model transformation language and tool targeting models defined in

the Eclipse Modeling Framework (EMF)*?

B NamedElement
e name : EString |
= description : EString

B Parameter

0.*

multirules

B Rule

0.
V’ = checkDangling : EBoolean
= injectiveMatching : EBoolean

B AttributeCondition
= conditionText : EString

attributeconditions

arameters
T i p

B ginaryFormul
B UnaryFormul

lhs rhs £ B unit
0.1 HFormula g.1 0.1, g1 = activited : EBoolean
child ormula H Graph nodes, H Mode
0.*
0.1 (3.1 conclugion 91 fype H Eclass
lef [righ 0.1
target source
H NestedCanditio 0.5 0. attributes
edges H Edge 0 H attribute
0" ' index : EString = value : EString

type
0.1

| H EReference |
[ |

EAttribute |

0.1 type
|
|
L

The First Meta Model —Part of Henshin Meta Model

The second meta-model is about Pattern and Abstract level Description Language

(PADL)"®,

1 _Tichy, M., Krause, C., Liebel, G. (2011). Detecting performance bad smells for Henshin model

transformations, University of Gothenburg, Sweden.

12 _ Steinberg, D., Budinsky, F., Paternostro, M., Merks. E. (2009). EMF: Eclipse Modeling Framework.

Addison-Wesley, 2. edition..

3 Moha, N., Bouden, S., Gu'eh'eneuc, Y. G. (2007). Correction of High-Level Design Defects with
Refactorings, Department of Informatics and Operations Research University of Montreal, Quebec, Canada.
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The Second Meta Model — PADL Meta Model

1. How much time would you want to make your models from these meta-models?

a. Less than two hours. b. Less than four hours.

c. Lessthan six hours. _

2. How many button clicks do you want to make a concept in model from these meta-

models?

a. Less than six clicks. b. Less than eight clicks.

c. Less than ten clicks. dl _

3. Do you use any help files or any documentations to understand the designs?

a. Yes. b. No.

* Check the following meta-models after partitioning and answer in average and

approximately values- the question.
Each color refers to the independent partial of meta-models.

B AttributeCondition = checkDangling : EBoalean

= injectiveMatching : EBoolean

= conditionText : EString |
A i
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The Partial Meta Models of PADL

4. How much time would you want to make your models from these meta-models?

b. Less than two hours. b. Less than four hours.

c. Less than six hours. d. More than six hours.

5. How many button clicks do you want to make a concept in model from these meta-
models?

b. Less than six clicks. b. Less than eight clicks.

c. Less than ten clicks. d. More than ten clicks.

6. Do you use any help files or any documentations to understand the designs?
a. Yes

7. Do you think that model after refactoring is:

i.  More Easy to use? a. Yes b. No
ii.  More Usability? a. Yes b. No
iii.  More Understanding? a. Yes b. No
iv.  More Efficiency? a. Yes b. No
V. Need Less Training? a. Yes b. No

8. Do you think that we enhance the quality after partitioning?

a. Yes, of course. b. Yes.

c. No.

End of the Second Survey
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IMPROVEMENT OF QUALITY FOR MODEL
DRIVEN ENGINEERING PROCESSES

The quality of software development processes importance increases which makes
maintenance and update of these procedures are more easily, because the change
must be done.

Model Driven Engineering (MDE) is an approach to build software development
processes by proving a large success through wide expansion in all information
technology fields.

There are few studies to measure the quality of MDE software processes. So, we
focus in this paper on how to measure the quality of these processes and we

present algorithms to enhance their quality.

Model smells, Refactoring, Meta-Models, Partitioning, Empirical studies, Large

size, Less cohesion
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1. Introduction

Software quality is important because of the complexity and pervasiveness of software systems. Moreover,
the current trend in outsourcing development and maintenance requires means to measure quality with great
details. High quality of software allows reducing the cost of refactoring, testing and reuse the production.
Obiject-oriented quality is adversely impacted by software smells [1] .

Smells are indicators or symptoms of the possible presence of defect in the code or design [2]. They can cause
a decline in the quality and performance. The code or design will need a longer time for adjustment, extension
and understanding [3, 4]. Smells early detection and correction would benefit the development and
maintenance processes.

Meta Models (M2), which drives The Model Driven Engineering (MDE) approach, is the basics for the
production of modeling tools. Modeling tools allow us to define Models (M1) in one step in the process.
Software quality highly relates with development process. Development process is affected by tools quality
that supports its steps. Whenever the highest quality tools increases the quality of development process that
use these tools [5].

MDE extended to include all fields [5, 6, 7, 8]. It is an approach focuses on models and operations of models.
But researches that interest in measuring and improvement of this approach procedures is almost non-existent.

In this study, we focus on measurement quality of model driven processes and give ways to enhance their
quality. We see that the quality of a model driven process is directly affected with the quality of used tools in
each process's stage.

We inspire our ideas from code and design smells studies to enhance quality. We will transfer these studies
from code level to meta-model level that drives model driven processes. We will modify software design
enhance algorithms to be able to use them in meta-model design enhancing, and make them devoid from
smells.

In his paper, we explain the results of our empirical studies with the fifth year students at Information

Technology Faculty in Damascus University. We attempted to enhance the quality by discovering the most
important smells in meta-model levels and refactoring them. Most of these smells were about the large size
and less cohesion between concepts of meta-models.

We benefit of the students' empirical studies results to suggest an algorithm to divide meta-models, which are
the basic of generating modeling tools, to many partial meta-models.

This partitioning algorithm depends on mathematical criterions that resulted from empirical studies. We
targeted to avoid large and cohesion smells. This allowed generating more usable modeling tools and more
specializing. It made a clear and understood framework, which we can easily modify.

The rest of this paper is organized as follows: Section 2 presents The Importance of Model Driven
Engineering. Section 3 displays The Extension of Code and Design Smells.

Section 4 displays the Analyzing of the Empirical Studies. Section 5 discusses The Proposed Algorithm.
Section 6 describes The Implementation of The Approach on Standard Meta-Models. Section 7 presents The
Assessment Criteria. Section 8 describes Conclusion and Perspective. In the appendixes, there is a sample of
students' surveys.

1.1. The Importance of Model Driven Engineering

MDE depends on using models and their transformations to organize system development process. It allows
describing an approach to identify a problem and solution ways. It separates software development process to
many abstract levels [9], then each level is separately modeled by meta-models [10]. It achieves the
separation between system interests and increases models reusability. So, it generates automatically tools to
support modeling in each interest [11]. Models are different in each level in professional and technical
accuracy. The transferring between these levels is achieved by model transformations [12].

Meta-Modeling consists of many levels that shape a hierarchal diagram. Each level of models generates the

following level. It begins with system level (MO) which is generated by model level (M1). Model level is
generated by meta-model level (M2). The final level is a meta-meta-model (M3) which is generated by itself.
(Figure 1) clarifies the hierarchy structure.
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Figure 1. The Hierarchy of Meta-Modeling.

Meta-models, which drive MDE process, could be used to generate modeling tools in each interest, such as in
[9]. Consequently, smells in Meta-Models cause smells in generated modeling tools which cause retiring in
quality of development process that uses these tools. We conclude that the higher quality of meta-models is,
the produced tools and the development process based on these tools become more high quality, easier,
simpler to use.
This conclusion is based on fact that meta-models are the basic unit that MDE depends on it to build and
partition the theoretical frame of specific development process. Modeling tools that are generated starting of
meta-models also directly support the different stages of practical frame of development process.
Example:
We can design a process to develop web application in two main steps:
In the first step we design the content of the application's pages.
In the second one we specify the order of surfing the pages and the transferring between them.
This process to be achieved by using MDE, we define a Meta-Model to design the application’s pages and
we define another Meta-Model to describe the order of surfing these pages.
The first Meta-Model is used to generate a tool which allows to design application's pages and the second
meta-model is used to generate a tool which allows to load page's models and specify the way of surfing and
transferring between them.
After that, we can generate total application by an code generator and towards many technics (Web
application, Smart phone, ...).
The features of this process are:

e The application's pages are independent from each other, so they can be reused in many other
applications.

e The control definition of the application (how to surf the pages) is achieved through a central place
instead of the random dissipated control in the different pages.

o No need to users' training in technical way to develop the application. Users only have to decide their
requirements from the application (number of pages, the order of navigation pages).

e Capitalizing the logic of application work and keeping it as a model in order to generate the
application in many current technics or future technics.
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Figure 2. Model Driven Procedure of Web Application Development.

Our approach can be summarized as quality assurance of model driven development processes through
removing smells from meta-models which drive these processes. So the following section introduces code
smells and refactoring ways to use them in our algorithm for enhancing quality of meta-models.

2. The Extension of Code and Design Smells

The presence of code and design smells can have a severe impact on the quality of the program.
Consequently, their detection and correction have drawn the attention of both researchers and practitioners
who have proposed various approaches to detect code and design smells in programs.

Initially, Fowler et al. defined a set of 22 code smells that have different characteristics and may influence
software systems in different ways [13]. Depending on the particular code smell, the system component that
is measured can either be a class, method or subsystem. Other researchers later modified and extended the
initial set of smells [2, 14, 15, 16, 17, 18]. Webster wrote the first book on "anti-patterns™ in object-oriented
development [19]; his contribution covers conceptual problematic, coding, and quality-assurance problems.
Riel defined 61 heuristics characterizing good object-oriented programming to assess software quality
manually and improve design and implementation [20].

The main smells that previous works have contributed significantly are: Duplicated Code, Long Parameter
Lists, Data Classes, Lazy Classes, God Classes and Brain Classes.

Most of these smells are about high complexity problem that resulted from a large size, and decomposition
problem which is resulted from less cohesion of inner classes. There are some approaches to detect smells.
Most of them are manual [21], and some of them rely on certain rules [17, 22, 23, 24] or on metrics that
relates to size and cohesion in the class level. Some of these metrics are in the following [25].

¢ TCC (TightClass Cohesion) ¢+ NMD (Number of Methods Declared)
¢ LCOM (Lack Of Cohesion Methods) ¢ NAD (Number of Attributes Declared)
¢ LOC (Lines Of method Code) ¢ NoDC (Number of Data Classes)

Refactoring these smells are varied between extracting attribute from one class to other classes and
partitioning the class to many classes or extracting new classes [25]. But refactoring in these ways isn't
always the right choice. In some cases, they cause system decomposition. So we have to specify thresholds, if
a meta-model traverses them, we have to refactor it. That's because of the conformity of the other quality
criterions aren't broken through.

The early detection of smells in high levels in MDE procedures helps in saving effort and time later on. We
are going to draw the attention for meta-models level for being steps in the basic units of this procedure. We
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)
use them to generate tools that support different steps in the procedure. The good meta-models have their
restrictions on terms of size and number of contained concepts. We have to model them in more related and
cohesion way. Consequently the tools which are generated by them are more easily to use and learn [25, 26]
and the procedure will be more easily to understand and maintenance. This principle complies with the
principles of the software engineering methodology which follows the saying "Divide and Conquer”. The
work space is divided into a set of packages. Each package collects all similar elements. This allows
organizing the work and raising its quality.

We can summarize our work in "Finding the appropriate way to partition the procedure to many steps"”. We
benefited from the related works in code and in designing smells and extend them to cover the meta-models
which have the main role in drive the software procedures.
Example:
The large size of a Meta-Model causes a generated tool that has many concepts related to many fields.
These concepts are hard to be controlled and learnt.
Consequently, we must partition meta-models that have large size and less cohesion between their concepts
to many partial meta-models which has smaller size, high cohesion and more specialized, as we found in a
procedure of web application development example.

We will propose an algorithm to divide meta-models to many partial meta-models depending on empirical
data. Most similar studies basically depend on empirical data [5, 6, 7, 8] to generalize their conclusion.

3. Models for Analyzing of the Empirical Studies

The empirical study was achieved in the Faculty of Information Technology Engineering at Damascus
University. The group of the research was about 100 students from the department of Software Engineering
and Information Systems. The empirical study lasted for six months. We had planned it as the following
points:

e The students had to part many Meta-Models (CMMI Meta-Models, WebML Meta-Model, OCL Meta-
Models ...) to guarantee the appropriate collection of the most similar concepts and the most related
ones in partial groups. This guarantees easy use, learning and understanding of the development
procedure and its produced tools. The figures in Appendix /A/ clarify the partitioning ways that most
students had done.

e The students had to generate the tools from the Meta-Models by using GMF [28] framework before
partition and after it.

e The students had to compare between tools that are generated from the Meta-Models before and after
partition according to the ease of understanding the tools, the required time to define a model by using
the produced tools and the clarity of the general developed procedure.

o We credited the partition results and proposed an algorithm relying on the empirical data to mechanize
the manual way. We will explain that in the next section.

We test our proposed algorithm on standard global models. There are PADL [27], which is a Meta-Model
about Pattern and Abstract level Description Language, and Henshin [4] which is a high-level graph rewriting
and model transformation language. The students compared between the development procedure before and
after the partitioning according to the required time to model creation, Numbers of using the documentation
and helping files that explain the tools and the number of button click to create a model. The comparing
between the resulted values of these factors is sure the quality improvement after partition approach applying.
Appendix /B/ clarifies a sample about students answers.
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4. The Proposed

Figures in the Appendix /A/ are a sample about the partitioning ways that most students decided. To
mechanize the partition way, we need a unified structure to represent the model to be an accepted input to our
algorithm. The tree structure is suitable one to simplify working and numeral calculations. We can map
between Meta-Model and Tree structure by representing the concepts of Meta-Models by nodes of tree, and

Algorithm

the relation between concepts of Meta-Models by the links between nodes of tree.

4.1. Conversion Algorithm to Tree Structure

We dealt during the previous meta-models with 3 types of links:

o

(Figure 3) illustrates the meaning.

Composition Relation: We transfer it to directed arrow link from a whole concept toward a partial one.

Concept! Concept? Concept!

[

o

Figure 3. Turning the Composition Relation.

4) illustrates the meaning.

Inheritance Relation: We transfer it to one directed arrow link from a sub class to a super class. (Figure

Concept Conceptt

<

Conceptz

==

Figure 4. Turning the Inheritance Relation.

o Association Relation: We kept it on its current status. (Figure 5) illustrates the meaning.

The study did not expand to include duplicate inverse relationships or even numbers on both sides of
relationships that determines the number of related relationships of concepts (one -to- one ) or (one to many).
The target is to know the direction of the relationship only. So we disregarded them, and restricted the focus
on the three last relations. (Figure 6) illustrates the resulted general tree diagram after application of the

conversion algorithm.

Conceptl Concept2

Figure 5. The Association Relation.

@ @

@

@
@
0

Candidate Node “: 3)

Leaf Node

‘6

Figure 6. The tree structure.
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4.2. The Main Nodes in the Tree Structure

We recognize between 4 kinds of node:
o Leaf Node: This node has no output link. It has only input links. The nodes (6, 8, 9, 10and 11) are 'Leaf'
nodes in (Figure 6).

e Control Node: This is the highest node which refers to other nodes. It might be more than one control
node in the same diagram. The nodes (1 and 2) are 'Control’ nodes in (Figure 6).

e Candidate Node: This node has a direct link with a control node. In the case of partition, it could be a
control node in the partial meta-model. The nodes (3, 4, 5 and 6) are 'Candidate' nodes in (Figure 6).

e Conflict Node: This node is shared between two candidate nodes or more. It has direct or indirect links
with them. In the case of separating the meta-models, this node will be conflicted node between the partial
meta-models. The node (11) is a 'Conflict' node in (Figure 6).

In the following section, we present a proposal algorithm for a partition depending on general concepts.

4.3. The General Proposed Concepts

In this section, we propose concepts to partition the Meta-Model relying on analyzing of the previous
empirical studies.

= The Calculated Number of Node (CNN) Concept
We propose CNN concept to indicate the level of the nodes and their output links until reaching to the
leaves levels. We propose using a logarithmic function as a damping factor. The calculation of CNN is
like the following:

CNIN=Log 2 (Number of Ouitput Links tolow levels + 1)

We add the number one to the number of output links to avoid infinity values.
Leaf node has no low level, so the calculated number is zero. It is calculated as following.

CNN (Leaf Node) = Log 2 (0 + 1) =log2(1) =0

(Figure 7) illustrates an example about calculation about CNN for nodes.

O log 2 (7) = 2.80
log 2 (3) =1.53@ @ log 2 (3) =1.58
4‘-/\5 = 7 Log2 (1) =0
Tog2(l)=0 Log2 (1) =0 Log2(l)=0

Figure 7. An Example about CNN Calculating.
=  Weight of Node (WN) Concept

We suggest this concept to express the size and cohesion between a specific node and a control node in a
partial meta-model. The smaller the WN is, the node becomes more close and hard to separate from a
partial meta-model.
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We need many concepts in this stage:
e Cohesion between the node and control node of partial meta-models. When we have a case of
conflicting between two control nodes, we have to determine which one has a weaker correlation with

the conflicted node. Less cohesion is one of the main factors that cause smells. We have to remove it.

e Size and importance of control node of partial meta-models. We have to avoid a large size of partial
meta-models. The large size is one of the main factors that cause smells. We have to remove it.

e Dumping factor helps making smaller values and develops a specific threshold for the partition.
The proposed algorithm consists of many factors which depend on the previous concepts:
e Number of the links between the node and the control node in the partial meta-model = This
represents the correlation.

e Calculated number for the control node (CNN)-> This represents the size and the importance.

e Log 2 > This represents the dumping factor.
The final formula of approach is as follows.

Weight of Node (WN) = Log 2 (Number of Links between this Node and Control Node)
+ CNN (Control Node)

Weight of Candidate Node (which is separated from the control node by one link) is as following.

Weight CAndidate Node (WCAN) = Log 2 (1)+ CNN (Control Node) = CNN (Control Node)

Each conflicted node has more than one WN, because there are many controlling nodes which are
conflicting upon this node. So we have to calculate WN between the current node and each one of the
control nodes. The smaller WN is, the node become more close and hard to separate from partial meta-
models. We give an example about WN in (Figure 8).

When we want to separate the meta-model into many partial meta-models, the control nodes will be
conflict on the sharing nodes. Such as the node (7) in (Figure 8). We have to calculate two WNSs to this
node with the two control nodes that conflicts upon this node.

Larger WN means a greater distance, greater size but less coherent. So the larger WN link needs
truncating.
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CNN (Node {) = Log 2 (3) = 2.32 O O CNN (Node 2) = Log 2 (4) =2

CNN (Node 3) = Lag 2 (4) =2 @ CNN (Node 4) = Log 2 (3) = 1.58

CNN (Nods 5) = 1.58

(8 CNN@ods8)=ILog2¢D)=0
N\

CNN (Node 6) = 0 \6

CNN (Nods 7) = 0

Node (7) is a Conflicted Node, so it has two WN's

WN I (Between Node 7 and Node 1) = WN 2 (Between Node 7 and Node 2) =
Log 2 (3) + CNN¢Node 1) = 158+ 232 =39 Log 2 (2)+ CNN (Node 2) = I+2 =23

W 1 > WN2
Figure 8. WN Calculating for the Conflicted Node.

4.4. The Mechanism of Applying the Proposed Algorithm

e Threshold for separating the meta-models is 4. If CNN (Control Node) >= 4 - There are 16 concepts or
more in the same meta-model level. We find this number large; we have to reduce it by partition.

e The priority in beginning of calculation (WN) is to the node which has larger CNN; because it refers to a
larger size and it may be closer to separate in order to reduce size.

¢ In the case of two candidate nodes or more are linked by each other, we will have the following options:

o If these nodes have large CNN, links between them will be removed and each node will be a separate
stand-alone control node for partial meta-models.

o Or Else links between them will be maintained. Therefore, it will be one control node have the other
nodes under it.

= We test node after node:
o We allow with existence of a single free control node, it will be the container form and the link
between partial models. The rest of the control nodes must be mindful of their belonging to one of the

partial models when we split the meta-model in order to prevent the decomposition the system.

o Ifaconflicted upon node has two equal WN with two control nodes, the partitioning priority refers to
the user.

o CNN and WN are re-calculated directly after each partitioning.
¢ If we have more than one control node, we have to do the following steps:

o If the node has only one link, and upper nodes have only one link, we won't cut that link. We don't
want to decompose the meta-model.

o We can start separating if:
CNN (Node) >= Log 2 (Number of model's concept / 3).
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5. The Implementation of the Approach on Standard Meta-Models

We have implemented the proposed partitioning approach on many international standard meta-models. We
clarify the steps of proposed algorithm by the following case studies.

Case Study 1:The meta-model is a part of Henshin meta-model [4], which it is a high-level graph rewriting
and model transformation language and tool targeting models defined in the Eclipse Modeling Framework
(EMF) [28]. (Figure 9) displays it.

We have many steps of the partitioning algorithm. They are described as the following:

1. Transferring to the tree structure, we transfer the relations according to the rules which were explained
previously.

2. Calculating CNN for all nodes. (Figure 10) displays tree structure and CNN for nodes
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Figure 10. The Tree Structure of Henshin Meta-Model and the Calculated Numbers CNN.

3. We start from the biggest CNN node, which is 'Rule' node, we search for the conflicted node, we find
‘Graph' node, which is also a candidate node. The two control nodes, 'Rule' and 'Nested Condition' are
conflicting upon it. We calculate WNs' numbers between it and the two control nodes.
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Number of Laks betweer

Graph” and  Rule

WNI (graph) = Log 2 (1) + CNN (Rule) = Log 2 (19)

Numiber of ks Petween

Graph" and WestedCaditioa”

W2 (graph) = Log 2 (1) + CNN (Nested Condition) = Log 2 (14)

4. We compare between the values (WN 1 >WN 2). We cut the link from the largest value. We cut (Graph -
Rule) link and recalculate CNN for nodes. The values are modified. Then, we start searching for conflicted
upon nodes. Then, we cut the links that return to the upper WN value. We repeat these steps until we reach to
the threshold limit. When we reach to the limits, we will stop testing. (Figure 11) displays the final
partitioning of tree Henshin Meta-Model. It consists of 3 partial meta-models.
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Figure 11. Henshin Tree Structure After Partitioning.

There are many control nodes (Not, And, Or) that are in conflicting each other upon other node some other
nodes.

We couldn't cut these nodes being having only one link. We don't want to have free nodes and decomposing
the meta-model.

In this case, the Meta-Model is partitioned into 3 partial Meta-Model:

o The First One: specializes in graph elements (Nodes, Edges and Kind of nodes).
o The Second One: specializes in Formula (Unary and Binary) ones.
o The Third One: specialized in Rules, Units and Variables.

(Figure 12) displays the main parts of Henshin Meta-Model before transforming it to the tree structure.
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The partitioning operation achieves:

= High logic in the collection of the similar and linked concepts in one partial Meta-Model.

e The Facility and Flexibility in using the generated tools.
o Clarity of the framework which depends on generated tools.

o Independent tools from each other more specialized and customized tools.

Consequently, they can be reused in many other applications.

These results are proved by the empirical studies at Faculty of Information Technology Engineering in
Damascus University through use the generated tools from Henshin Meta-Models before and after

partitioning.

The students' assessment were positive, we got these assessments by surveys. In the Assessment Section, we
will explain the statistics and diagrams. These surveys are a strong proof about improving the quality.

Appendix /B/ explains the survey.

(Figure 13) displays the interface of our application which partitions Henshin Meta-Models to many partial

P : - )
I ¥ Improve Quality For Henshin Meta Models —— — =]
The Biggest Root Node Node In MetaModels Meta Model Diagrams
ControlHodes: name eswperTypes  ~ R B i S,
I | eSpeTypes
HestedConditon » B o .
NestedCondition tefy i
HestedConditon
NestedCondition
N N - q
Cutting Processes

Cutting Link between:
Rule —> Graph

Cutting Link between:
Graph ——> Formula

Cutting Link between:
|| Hestedcondibon ——> Formula

Cutting Link betwesn;

Hode > NamedElement

|| Cutting Link between:
Graph wemes> NamedElement

#/fNamedElement

i

Other MetaModel Show Xml Fie

Figure 13. The Interface of our Application.

We generated the independent tools from the partial Meta-Models by GMF framework which is presented by
IBM. It automatically generates tools for modeling from Meta-Models.(Figure 14) displays the generated

tools.
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Figure 14. Generated Tools by Partial Meta-Models of Henshin

2.The Second Case Study: is about Pattern and Abstract level Description Language (PADL) [27]. (Figure
15) displays the meta-model.

[HPammeter ]|
I ]

Two partial Meta-Models are resulted from PADL partitioning:

The First One: specializes in Object Oriented Elements (Functions,

Relations between them).

Figure 15. PADL Meta-Model.

The second one: specializes in Design Patterns (Bridge, Observer ...).

(Figure 16) displays the PADL tree structure after partitioning by our approach.
We noticed that the resulted partial Meta-Models are:

o More customization and easier to use.
Its ability to generate the general structure of the system through the part of Design Patterns, after that
the generating of the content of these design (Classes and Functions) are able.

o
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Figure 16. PADL Tree Structure After Partitioning.

(Figure 17) displays PADL Meta-Model after partitioning.

Lo g

Figure 17. PADL Meta-Model After Partitioning.
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The results of partitioning PADL Meta-Models are proved by the empirical studies like Henshin Meta-Model.
The students' assessments were positive. They are displayed in Assessment Section.

(Figure 18) displays the interface of our application which separates PADL
Models.

Meta-Models to Partial Meta-

23 Improve Quality For PADL Meta Models
‘ The Biggest Root Node
ConvalNodes: Node In MetaModels
wmm name eSuperTypes
Gos > ey ||
Class Bridge =/fPattern
Composite: =/pattem
i e
< 0 LG
Cutting Processes
Cutting Link between:
DelegatingMethod > As50C
Cutting Lk between:
Assoc ——> Entity
name eSwerTypes  + = oo
Cutting Link between: ol
Entty —> Bement »
Cutting Link between: Hole
Entity ——> RootElement
Abstraction - .
<[ [ D T
F e

Figure 18. Interface of our Application
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(Figure 19) displays the independent tools which are generated from partial Meta-Models by GMF
framework.

DelegationMethod_To_Meth... 4
- RootElement To_Abstraction <

Eahar ] 5= w(nle

Figure 19. Generated Tools by Partial Meta-Models of PADL.

6. The Assessment Criteria

The essence of our proposed algorithm targets to partition meta-models, which are large size and less
cohesion, to many smaller linked partial meta-models. So we can control them more easily. The developed
process will be more comprehended and easier. The produced tools also will be more easy to use.

To be able to test our algorithm in improvement quality for software engineering processes, which is
depending on MDE, we need to compare between the produced tools by meta-models before using
partitioning algorithm and after it.

We depend on many Criterions for comparing, there are:

1- Usability: It is measured by the average Number of Button Clicks, which is

required to create a model by using the produced tools.
2- The clarity and the comprehension: they are measured by the required time to

understand and use all produced tools and by number of requested times to the

teaching files and documentations which explain the use of tools.
3- Robust: It is measured by number of fatal errors during the use of these tools .
4- Reuse: The partitioning achieved extra specializing and customizing in generated

tools, which make us able to reuse these specialized tools.
These criteria apply to the international quality software criteria 1SO [29, 30].
We had given many meta-models to 100 students under graduated. Students generated tools from these meta-
models. Then we gave them many partial meta-models which were resulted by partitioning algorithm. The
students also generated the convenient tools. Students gave their assessments and wrote notes about tools
performance in the two situations before and after the partition. We drew diagrammatic charts to explain the
results.

Figure [20] illustrates the reducing in times needed for the use.

CLess Than 2 hours  WFrom 2-4 hours Ciess Than 2 hours Efrem 2 -4 hours

B from 4-6 hours EMore than 6 hours Efrom4 -6 hours HMore than & hours

The Required Time Before Partitioning The Required Time After Partitioning

Figure 20. The Required Time to create a model.
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As we have seen, there is a clear improvement of the needed time. Table [1] displays values.

Table [1]. The Ratio of Students According to the Required Time.

EBefore Partitioning
Number aof Less than 2-4 =6 More than 6
hours 2
Ratio of 0% 2% 28% 70%
Students
After Partitioning
Ratio of 80% 9%% 8% 3%
Students

The chart [1] explains the Time Enhancing.

Less Thin 2 Hours
%0 &
L4
m More Than 6 Faus

Edore Partiticning After Fartiboning

Chart [1]. The Improvement of Time.

Figure [21] illustrates the reducing of number of clicks, which is required to create a specific concept on

average. It refers to the increase of the easiness of use.

il Less Than & Bution Qlicks kWl From 6—8 Button Qicks Wl Less than & Clicks of Bution il From 6-8 Qids of Bution
W From 8- 10 Button Qicks @ More Than 10 Bution Olicks W From 8 -10 Olicks of Bution H More than 10 Qicks of Butfon

o]

Usability (MNuwmber OFf Button Clicks) Before Partitioning Usability (Number Of Button Clicks) After Partitioning

Figure 21. Number of Clicks on average to create an element.

As we have seen, there is a clear improvement of the Number of clicks which refers to the usability. Table

[2] displays values.

Table [2]. The Ratio of Students According to the Number of Button Clicks.

Before Partitioning
Number af Clicks Less fhan 6 6-8 8-18 Mare than
18
Ratio of Siudenits 1% 5% 12% 82%
After Partitioning
Rario of Students | 87% | 7% | 3% | 3%

The chart [2] explains the Usability Enhancing.
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Chart 2. The Usability Enhancing.

(Figure22) illustrates the reducing of using documentations and teaching files after the partitioning. Tools
understanding and clarifying are increased.

il Mo Nee d For Documentations And Teaching Files l No Nee d For Documentations Or Teaching Files
W Need Docume maions And Teoching Files ® Need Docume mations And Feaching Fites

/=]

Clarity Befere Partiticning Clarity After Partitioning
Mumber of Using Decumentatien and Teaching Files Mumber of Using Decumentatien and Teaching Files

Figure 22. The Number Times of Using Documentations and Teaching Files.

As we have seen, there is a clear improvement of the Number Times of Using Documentations and
Teaching Files which refers to the Clarity. Table [3] displays values.

Table [3]. The Ratio of Students According to the Number Times of Using Documentations.

Before Partitioning
Using Documentation No Using of
Documentations
Rafio af Students 928 8%
After Partitioning
Ratio of Students | 12% | 88%

The chart [3] explains the enhancing in using documentation and teaching files, which refers to the increase
of clarity.

Mo Usisg Rernla

Donumentation

Eefore Partitioning Alter Fartitionimg

Chart 3. The Clarity Enhancing.
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It clearly appears that the proposed partitioning algorithm achieved the quality criteria deservedly. The table
[4] summarizes that.

Table [4]. The Total Quality Criteria

Quality Criterions | Explanation

Usability Number of button clicks in average for creating an
element was reduced to less than 6 clicks affer
partitioning.

Understandability | The time to understand and use the meta-model was

and Clarity reduced to less than 2 hours after partitioning.

Using of documentation and teaching files ratio was
reduced 80% after partitioning.

Robustness No fatal errors when we use it. Meta-models were tested
by more than 100 times after partitioning. There are no
fatal errors.

Reusability Reusability was achieved because we partition the big
Meta-Models to the smaller, more specialized and more
customized Meta-Models. 8o we can use these partial
Meta-Models in other development procedures.

7. Conclusion and Perspective

In this paper, we presented an algorithm to improve quality of MDE software procedures by separation and
partitioning the big size and less cohesion meta-models to more small and less cohesion partial meta-models.
We inspired our views from Code Smells and God Class smells. We extended these smells from the low level
to the high level (Meta-Models levels) in MDE methodology.

We have collected the results of empirical studies that had lasted for six months by 100 students in the
Faculty. We put rules and limits in an algorithm to part Large Meta-Models to many partial Meta-Models
according to the increase of the quality. We proved of the increase of quality by students' assessments.

This act is considered as a pioneer one, because most studies and researches in MDE field focus on the (wide
expansion) without improving the procedures quality and the criteria of the quality. Our work is considered as
a vertical expansion that improves quality.

As a perspective, we can expand to cover other kinds of links such as undirected association relation and
recursive relations. We can add the numbers to independent the sides of a relation (one to one) or (one to
many) as a weighed value.

We can make the partition not only on the structural approach. We can expand it to cover the semantic
approach through lexical analysis by using ontologies.

Consequently, we will get more accurate partitioning algorithm.

Finally, we suggest simulate to other smells in the code and design level (Low Level) and expand them to the
Meta-Model level (High Levels).

As also, we can open horizons for simulate other smells and developing other criterions for measuring the
quality and ascertaining of its increase.
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Appendixes

Appendix /A/

Partition the Meta-Models ** ** *® logically, try to make the generated tools as usability and easy to
understand as possible.

OCL Meta-Model * CMMI Meta-Model *

[Taperar]
L= g Y

]

et

(=)

IS
Tt

CMMTI Meta Model Web ML Meta-Model

Appendix /B/

Assess the following Meta-Models *” *® before and after partitioning according to the empirical using to the
generated tools.

Regard the following assessment criteria.

e  Number of hours to create your own model.
e Number of button clicks on average to create an element correctly.
e Number of using to the documentation and teaching files.

¥ Stolc, M., Polasek, I. (2010). A Visual Based Framework for the Model Refactoring Techniques, 8th IEEE International Symposium
on Applied Machine Intelligence and Informatics, Slovakia.

® Kulpa, P., Margaret, K. (2008). Interpreting The CMMI A Process Improvement Approach 2nd Edition.

6. Hennicker, R., Koch, N. (2002). Modeling the User Interface of Web Applications with UML, Germany.

. Moha, N., Bouden, S., Gu'eh'eneuc, Y. G. (2007). Correction of High-Level Design Defects with Refactorings, Department of
Informatics and Operations Research University of Montreal, Quebec, Canada.

8. Tichy, M., Krause, C., Liebel, G. (2011). Detecting performance bad smells for Henshin model transformations, University of
Gothenburg, Sweden.
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Y.
PADIL Meta-Models After Partitioning

Henshin Meta-Models After Partitioning

Assessment Criteria

Before Partitioning

After Partitioning

Number of hours to
create your own model

More than six hours

Lass than two hours

Number of button clicks
in average to create an More than 10 button Less than 6 button
element carrecily. clicks clicks

Number of using io the
documentation and
teaching files.

Using documentation and
Teaching Files

Using documentation
and Teaching Files

Do you feel that the quality is enhanced by partition the Meta-Models to many partial Meta-Models?

Yes, of course. Meta-Model is easier to understand, maintenance, use, clear, extend and flex.

214

——
| —



Gl

) (g8 434

215

——
| —



Gl anlye

Gyl aala

[1] Hutchinson,J., Whittle,J., Rouncefield,M. (2009). Empirical Assessment of MDE in
Industry, School of Computing and Communications in Lancaster University, UK.

[2] Baker, P., Loh, P.S., Weil, F. (2005). Model-Driven Engineering in a Large Industrial
Context - Motorola Case Study, ACM/IEEE 8th International Conference on Model Driven
Engineering Languages and Systems (MoDELS/UML 2005), Germany.

[3] Mohagheghi,P., Dehlen,v. (2008). A Metamodel for Specifying Quality Models in
Model-Driven Engineering, Norway.

[4] Ganssle, J. (2008). A Trillion Lines of Code?, in Embedded.com.

[5] France, R and Rumpe, B. (2007). Model driven development of complex software, IEEE
The Computer Society.

[6] Frankel, D. (2003). Model Driven Architecture Applying MDA to Enterprise
Computing.

[7] Afonso, M., Vogel, R., and Teixeira, J. (2006). From code-centric to model-centric
software engineering: practical case study of MDD infusion in a systems integration
company, in Workshop on MBD/MOMPES.

[8] Anda, B., Hansen, K., Gullesen, I., and Thorsen, H. (2006). Experiences from
Introducing UML-based Development in a Large Safety-Critical Project Emprical
Software Engineering.

[9] Arisholm, E., Briand, L., Hove, S. E., and Labiche, Y. (2006). The Impact of UML
Documentation on Software Maintenance: An Experimental Evaluation, IEEE Transacions
on Software Engineering.

[10] Briand, L., Labiche, Y., Di Penta, M., and Yan-Bondoc, H. (2005). An Experimental
Investigation of Formality in UML-based Development, IEEE Transactions on Software
Engineering.

[11] Lange, C. F. J., Chaudron, M.R.V. (2006). Effects of Defects in UML Models: An
Experimental Investigation, International Conference on Software Engineering.

[12] Nugroho, A., Flaton, B.,.Chaudron, M.R.V. (2008). An Empirical Analysis of the
Relation between Level of Detail in UML Models and Defect Density, in Model Driven
Engineering Languages and Systems (MODELYS).

[13] Dobing, B. and Parsons, J. (2006). How UML is Used, in Communications of the
ACM.

216

——
| —



: Gaadl xalpe
[14] Forward, A. and Lethbridge, T. (2008). Problems and opportunities for model-centric

versus code-centric softwaredevelopment, in Workshop on Models in Software Engineering
(at ICSE).

[15] MediaDev. (2005). Wide gap amongst developers' perception of the importance of
UML tools.

[16] The Middleware Company. (2003). Model Driven Development for J2EE Utilizing a
Model Driven Architecture Approach: Productivity Analysis (White Paper).

[17] The Middleware Company. (2004). Model Driven Development for J2EE Utilizing a
Model Driven Architecture Approach: Maintainability Analysis (White Paper).

[18] Cruz-Lemus, J., Genero, M., Manso, M., and Piattini, M. (2005). Evaluating the Effect
of Composite States on the Understandability of UML Statechart Diagrams in Model
Driven Engineering Languages and Systems (MODELS).

[19] Razali, R., Snook, C. F., Poppleton, M. R., Garratt, P. W., and Walters, R. J. (2007).
Experimental Comparison of the Comprehensibility of a UML-based Formal Specification
versus a Textual One, in Conference on Evaluation and Assessment in Software
Engineering (EASE).

[20] France, R and Rumpe, B. (2007). Model driven development of complex software: A
Research Roadmap. Future of Software Engineering, IEEE The Computer Society.

[21] Genero, M., Piattini, M., and Manso, E. (2004). Finding Early Indicators of UML
Class Diagrams Understandability and Modifiability, in International Symposium on
Empirical Software Engineering (ISESE).

[22] Grudin, J. (1988). Why CSCW applications fail: problems in the design and evaluation
of organizational interfaces. Proc. CSCW, New York. ACM.

[23] Reznicek, M., Lideling, A., Krummes, C., Schwantuschke, F., Walter, M., Schmidt,
K., Hirschmann, H., Andreas, T. Das Falko-Handbuch. (2012). Korpusaufbau und
Annotationen Version 2.01.

[24] Tichy, M., Krause, C., Liebel, G. (2011). Detecting performance bad smells for
Henshin model transformations, University of Gothenburg, Sweden.

[25] Rahman, F., Bird, C., Devanbu, P. (2010). What is that Smell?, MSR (72-81), Cape
Town, South Africa.

[26] Moha, N., Hacene, A., Gu'eh’eneuc,Y. G., Valtchev, P. (2006). Refactorings of
Design Defects using Relational Concept Analysis, University of Montreal, Canada.

[27] Moha, N., Gu“eh’eneuc, G., Duchien, L., Franc,oise, A. (2010). DECOR: A Method
for the Specification and Detection of Code and Design Smells, Montreal.

217

——
| —



. Gl aalye
[28] William F. Opdyke. (1992). Refactoring Object-Oriented Frameworks. Ph.D. thesis,
Department of Computer Science, University of Illinois at UrbanaChampaign.

[29] Fowler, M. (June 1999). Refactoring Improving the Design of Existing Code.
Addison-Wesley, 1st edition. isbn: 201-48567-2.

[30] Ducasse, S., Lanza, M.,, Tichelaar. S. (June 2000). Moose: an extensible language
independent  environment for reengineering object-oriented systems. In CoSET
'00:Proceedings of the 2nd International Symposium on Constructing Software Engineering
Tools.

[31] Tichelaar,S., Ducasse, S., Demeyer, S., and Nierstrasz, O. (2000). A meta-model For
language independent refactoring. International Conference on Software Evolution, IEEE
Computer Society Press.

[32] The Refactory Inc. (October 1999). Refactoring browser.
[33] XRef. XRefactory. (2000). Previously Named XRef - Speller.

[34] Amiot, H., Cointe, P., Gueheneuc, Y. (2002). Un meta-modpele pour coupler
application et detection des design Patterns, Hermpes Science Publications, janvier.

[35] Moha, N., Bouden, S., Gueheneuc, Y. (2007). Correction of High-Level Design
Defects with Refactorings, Department of Informatics and Operations Research University
of Montreal, Quebec, Canada.

[36] Genero, M., Piattini, M., Calero, C. (2005). A Survey of Metrics for UML Class
Diagrams, Journal of Object Technology.

[37] Lange, C.F. (2007). Assessing and Improving the Quality of Modeling: A series of
Empirical Studies about the UML, Ph.D. thesis, Department of Mathematics and
Computing Science, Technical University Eindhoven.

[38] Sunye, G., Pollet, D., Le Traon, Y., Jezequel, J. (2001). Refactoring UML models, in:
Proc. UML 2001, Vol. 2185 of LNCS, Springer-Verlag.

[39] Porres, 1. (2003). Model Refactorings as Rule-Based Update Transformations, in:
Stevens, G. B. P., Whittle, J., Ed.), Proc. UML 2003: 6th Intern, Conference on the Unified
Modeling Language, LNCS, Springer.

[40] Arendta, T., Mantzb, F., Taentzera, G. (2012). EMF Refactor: Specification and

Application of Model Refactorings within the Eclipse Modeling Framework. ,aPhilipps-
Universit at Marburg Germany.

218

——
| —



Gl anlye

[41] Brambilla, M., Cabot, J., Wimmer, M. (2012). Model-Driven Software Engineering in
Practice, Synthesis Lectures on Software Engineering, Morgan & Claypool.

[42] ABmann, U., Bartho, A., Burger, C., Cech, S., Demuth, B., Heidenreich, F., Johannes,
J., Karol, S., Polowinski, J., Reimann, J., Schroeter, J., Seifert, M., Thiele, M., Wende, C.,
Wilke, C. (2012). DropsBox: the Dresden Open Software Toolbox. Software & Systems
Modeling.

[43] Arendt, T., Taentzer, G., Weber, A. (2013). Quality Assurance of Textual Models
within Eclipse using OCL and Model Transformations , Philipps-UniversitChat Marburg,
Germany.

[44] Olbrich,s., Cruzes,D. (2010). Are all Code Smells Harmful? A Study of God Classes
and Brain Classes in the Evolution of three Open Source Systems, 26th IEEE International
Conference Maintenance, Romania.

[45] Li, W., Shatnawi, R. (2007). An empirical study of the bad smells and class error
probability in the post release object-oriented system evolution, Journal of Systems and
Software.

[46] Moha, N., Khomh,F., Vaucher,S. (2010). Tracking Design Smells:Lessons from a
Study of God Classes, Montreal, Canada.

[47] Khomh,F., Vaucher,S. (2009). A Bayesian Approach for the Detection of Code and
Design Smells, 9th International Conference on Quality Software,Montreal, Canada.

[48] Dhambri, K., Sahraoui, H., Poulin, P., "Visual detection of design anomalies”, IEEE
Computer Society, Finland,2008.

[49] Simon,F., Steinbrauckner, F., Lewerentz, C. (2001). Metrics based refactoring, IEEE
Computer Society, Washington, USA.

[50]Mantyla, M., Lassenius, C. (2006). Subjective evaluation of software evolvability using
code smells: An empirical study. Empirical Software Engineering.

[51] Mantyla, M., Vanhanen, J., Lassenius, C. (2004). Bad Smells Humans as Code Critics,
IEEE Computer Society.

[52] Marinescu, R. (2001). Detecting Design Flaws via Metrics in Object Oriented
Systems, IEEE Computer Society.

[53] Emden, E. V., Moonen, L. (2002). Java Quality Assurance by Detecting Code Smells.

[54] Lozano, A., Wermelinger, M., Nuseibeh, B. (2007). Evaluating the harmfulness of
cloning: a change based experiment, MSR, p18.

219

——
| —




. Gt aalye
[55] Marinescu, R. (2002). Measurement and Quality in Object Oriented Design (PhD
Thesis), University of Timisora.

[56] Munro, M. (2005). Product Metrics for Automatic Identification of Bad Smell Design
Problems in Java Source-Code. METRICS 05, p15.

[57] Szolovitz, P. (1995). Uncertainty and decisions in medical informatics In Methods of
Information in Medicine.

[58] Cowell, R., Verrall, R., Yoon,Y. (2007). Modeling operational risk with bayesian
networks, Journal of Risk and Insurance.

[59] Fenton, N., Neil, M. (2007). Managing Risk in the Modern World : Applications of
Bayesian Networks, London Mathematical Society.

[60] Bauskar,B., Mikolajczak,B. (2004). Modeling Inheritance Anomaly in Concurrent
Systems using Colored Petri Nets, IEEE International Conference on Systems,
Massachusetts, Dartmouth.

[61] Cmogorac, L., Ramamohanarao, K.. (October 28,1995). Inheritance Anomaly.

[62] Matsuoka, S., Yonezawa, A. (1993). Analysis of Inheritance Anomaly in Object
Oriented Concurrent Programming Languages, in: Research Directions in Concurrent
Obiject Oriented Programing, MIT Press, pp 107-150.

[63] Kuno, Y. (October 1997). Solving Inheritance Anomaly Problems By State Abstraction
Based Synchronization.

[64] Mnrata, T. (1989). Petri Nets: Properties, Analysis and Applications, Proceedings of
the IEEE, pp 541-580.

[65] Bauskar, B. (2003). Integration of Object Oriented Design and Colored Petri Nets
with Abstract Node Approach, Masters Thesis, University of Massachusetts Dartmouth.

[66] Al-Ahmad, W., Steegmans, E. (1999). Modeling and Reuse Perspectives of
Inheritance Can be Reconciled, American University of Sharjah, Department of Computer
Science, IEEE International Conference on Systems.

[67] Madsen, O. (1993). Object-Oriented Programming in the Beta Language,
Wokingham, England.

[68] Goldberg, A., Robson, D. (1989). The Language and its Implementation, Reading MA.
[69] Meyer, B. (1992). Eiffel: The Language, Prentice-Hall, Englewood Cliffs (NI).
[70] Arnold, J., Gosling, G. (1996). The Java Programming Language.

[71] Stroustmp, B. (1994). The C++ Programming Language, Second Edition, Reading
MA.

220

——
| —



Gl anlye

[72] Snyder, A. (1987). Inheritance and the Development of Encapsulation Software
Components, Research Directions in Object-Oriented Programming.

[73] Zhou, L., Chen, H., Zhang, Y., Zhou, C. (2008). A Semantic Mapping System for
Bridging the Gap between Relational Database and Semantic Web, American Association
for Artificial Intelligence (www.aaai.org).

[74] Moon, C., Baik, D., Wie, Y., Park, J. (2010). The RDFS mapping for recursive
relationship of relational data model, Service-Oriented Computing and Applications
(SOCA), IEEE International Conference.

[75] Choi, M., Moon, C., Baik, D. (2010). Interoperability between a Relational Data
Model and an RDF Data Model, NCM2010: 6th International Conference on Networked
Computing and Advanced Information Management.

[76] Jenkins,N. (2010). A Project Managment Primer: Basic Principles Scope Triangle,
Australia.

[77] Zuse, H. (2003). Resolving the Mysteries of the Halstead Measures, Germany.

[78] Roger S. Pressman, (2000). Software Engineering: A Practitioner’s Approach
(European Adaptation), Fifth Edition.

[79] Malhotra,N., Pruthi,N. (2012). An Efficient Software Quality Models for Safety and
Resilience, International Journal of Recent Technology and Engineering (IJRTE).

[80] Kitchenham, B., Pfleeger, S.L. (2002). Software quality: the elusive target, IEEE
Conference, Manchester.

[81] Garvin, D. (1987). Competing on the Eight Dimensions of Quality.

[82] Stelzer, D., Mellis,W., Herzwurm,G. (1997). A critical look at ISO 9000 for software
quality management, Software Quality Journal , Germany.

[83] Mohagheghi, P., Dehlen, V. (2007). An Overview of Quality Frameworks in Model-
Driven Engineering and Observations on Transformation Quality, Norway.

[84] Faily, Sh., Fléchais, I. (2010). A Meta-Model for Usable Secure Requirements
Engineering, UK.

[85] Wiele, T., Dale, B., lwaarden, J. (2007). Managing Quality, 5th Edition.

[86] Mitra, J., Singh, C. (1999). Pruning and Simulation for Determination of Frequency
and Duration Indices of Composite Power Systems, IEEE Transactions on Power Systems,
Vol. 14, No. 3, pp. 899-905.

[87] Moha,N. (2008). Refactoring of Design Defect using Relational Concept Analysis.

221

——
| —



. Gl aalye
[89] Hutchinson,J., Rouncefield, M., Whittle,J., (2009). Model Driven Engineering
Practices In Industry, School of Computing and Communications in Lancaster University,
UK.

[90] Mohagheghi, P., Dehlen, V. (2008). Where is the Proof? — A Review of Experiences
from Applying MDE in Industry. Proc. 4th European Conference on Model Driven
Architecture Foundations and Applications (ECMDA’08).

[91] Sanfilippo, A., Tratz, S., Gregory, M., Chappell, A., Whitney,, P., Posse, Ch., Paulson,
P., Baddeley, B., Hohimer, R., White, A. (2006) . Ontological Annotation with WordNet,
Pacific Northwest National Laboratory, 902 Battelle Blvd, Richland, PO Box 999, WA
99352, USA.

[92] World Wide Web Consortium, (2004). Resource Description Framework 'RDF'.

[93] World Wide Web Consortium, (2008). SPARQL.

[94] Banerjee, S., Pedersen, T. (2002). Extended Gloss Overlaps as a Measure of Semantic
Relatedness, University of Minnesota, Duluth.

[95] Tichy, M., Krause, C., Liebel, G. (2011). Detecting performance bad smells for
Henshin model transformations, University of Gothenburg, Sweden.

[96] Steinberg, D., Budinsky, F., Paternostro, M., Merks. E. (2009). EMF: Eclipse
Modeling Framework. Addison-Wesley, 2. edition.

222

——
| —



