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The objective of this thesis is to explore the correlation between object-oriented
analysis and design metrics and maintainability using 18 metrics from UML class and
sequence diagrams in order to construct a software maintainability prediction model. The
obtained model can identify 3 levels of maintainability of UML class and sequence
diagrams: difficult, medium and easy. The maintainability model, based on data collected
from controlled experiments, is constructed by using discriminant analysis. Forty software
design models are categorized to 35 training data sets for constructing maintainability
model and 5 test data sets for validating the constructed model.

This research work also constructs an automated tool for measuring software
metrics and for predicting maintainability. Input data for this tool, which is an XML
document representing UML class and sequence diagrams, is exported from Rational
Rose using Unisys Rose XML Tool.

The result shows that 14 object-oriented analysis-and design metrics: NC, ANAUW,
ANMUW, ANAsso, NaggH, MaxHAgg, NGenH, MaxDIT, NOS, WMBO, ANRM, ANDM and
ANCM-are related to maintainability. Validation result presents that three out of five new
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Department Computer Engineering  Student’s signature.........cccooocveeriiiiieeenicien.
Field of study Computer Science AQVISOr's Signature........c.eeveeeiiiiieee e

Academic year 2003 Co0-adVvisor's NAUre.........ccooevvveiiiiiiiiiiiieeeeee e



naAngsNUsEnA

Inentinusariuidniaganslllffaamnudonimaaain gaoamnansanset
an dl = rdl a a o ¥ ¥ Gy a e v

n3. W33 ululaeAd aransdiEnuanenfinusaasdwin uazetansduasing nFoauna

rdl a a 61 v v rzl/ 1 dl %

81213EMLFNEN AN TN UFIINTITINIAN BBNINUIBLNIZAUENANIETIIABIVINUN 16 1]

ALz Lasdaiauauussng naanzazinan189N19daNIAne inusaasdanidietneg
89 audni5agans i n

2BNIIUIDUNIZAMUIDIAIGR1309¢] A9, Jude Talwyad ulsesu

n73un17 81a19d ms.eynla Antlaznsal uazeransdinwy Waluie unssunisaay

?mmﬁwuﬁr%qiﬁmmmmLmﬂﬁﬁmuxﬁwmﬂ TunnsgaLangdnusuasi nid1asi19A

1
= [ =

29981ANS ANUNTN Weaiuaci liAnurtn neuazaudomanlu

% 1 ¥ t:ll 1 o v a a rn” dal 4 z

NN FukarreuAnfutiasnAudndazna it teaeulwanidneinudauil gavineil
19INFILLBUNTEAMUTAT 81907 NTE WA Uazaauaniiew] Nnaunaealufiidela

waz iAo natiuayunlneaaen

£ '
= o

2% dl o Ce | a ¥
LasingfNgatianasunszAunI9na ananninduialszimalneg 74
atiuayulugunsRUlEL “uddsunsdpmansfdeing” daiuauddaineidig
NATFLNA (NMATNAAINTINALNNILALT ATLEAMINITNAARAT ANAINTINNINENat) AL

RANAUNANNINETLNL sz nA sl



TN

LINARLBNNEVIIE ..ottt e e e e e e eee e e N
LNAREBN M VEINEEE. ..o q
AR RN T TNL TN oo, !
BNTITEU oottt i
ANTUEURTT N e i
BNTUTELN I ettt skttt 3
TN UV oo e 1
1.1 ANNLTUNAZAMTNAIATYIDITIYY oo oo e, 1
1.2 AR UTEAIAYBINITAREL Lttt 4
1.3 URULUBAIUDIMATAREI . ..ottt it eete et ee e ee e es et 5
14 FURBUNIA T IITE L oo e e e 5
1.5 U T AN AR BT oo oo e 6
LT 2 NOEUAT AR e 7
2.1 MOHTTAEITEG oot 7
2.1 DVENEBNUBR ... iireeeeeissemsssatess e 7
2110 WNUDATWARTA ... oeeeeleeeeeeseeseeeeeese s st e s s ee e s e seeee e 7

2112 TN T I oo ems e b 10

2.1.2 MaingansuafEedng (Object-Oriented Software Measurement).............. 11

2.1.3 DB UANTURRUBA ... oeoeeoeeeeeeeeeeeee e 12
2.1.3:1 pad-(Document Object Model = DOM)....cvuviivinneiiieiiiieccie e 15

2.1.3.2 N (Simple APLfor XML = SAX) ..., 15

2 4.4 BDRAITUNITIAE (Statistics for RESEArCN) . it ii tueimi i i hee e, 15
244 PATIARURRL oo 16

2142 mmqmmmﬁmmummgm .......................................................... 16

2.1.4.3 NIUATIZAAMTHANNUD ..o 16

2.1.4.4 NTUATIZUNITOODBE ..o 18

2.1.4.5 NTHATIZIRUUNNGN oo 19



£
NUI
2.2 MUAREITUTIZIITET ... 19
2.2.1 U4 “Developing Software Metrics Applicable to UML Models”.......... 19

2.2.2 411348 “Empirical Validation of Measures for Class Diagram Structural
Complexity through Controlled Experiments”...........cccce s 20

2.2.3 41U348 “A Controlled Experiment for Evaluating Quality Guidelines on the

Maintainability of Object-Oriented Design” ........ccccvveviiiiiiiiieee 21

L7 3 NNT8NULLANINARDIUALNNIANTUAATNARDE oo 23
3.1 NI NAR VA AL AANNT AT oo, 24
3.2 NMATDANUL LN VIR RN £ oet ettt set et teesees et e et ee e 24
3.2.1 MINMUATURLILTILARNIIR VI oo 24
T3 B T T Lo LT Yo SO 24
3.2.2.1 HYININIATIARIATURHUANNARTE ovvieeeeeereeeeeeeeeeeeeeee e, 26
3.2.2.2 TeNNIRINIATIAGINTUME A NNTLAILT ..o 27

3.2.3 NNTLABNVIUABITIAREN 11.oorrovesersersosereersesiesseseeeeseeeseeseeseeseeseesesseeseeseseeseenen. 27
3.2.4 NNTAT I LTIRBBLI o over s eeeerereessbneeeessateseeeeseeeeeeeeeseeeseeseeeese et eseeeeseeeeeeeeene 28
3.2.5 NMNTANIUNITVIARBN e eeete s eeeeeeeeeee et e et e et ee et ee e 30

3.3 NTRENUULIATNNAANUTLNIIANUINIATIALAZNIUNE AINNANTD lUNAT

U N I S e s s 31
3.3.1 nMautavununInAaIaLaziNUnINEALTIdwena B ndiBuues .......... 31
3.3.2 MTHAW AT BIATUITUMARIT oo 31
3.4 N9RONKLLNIETIVHARIVTINHIE. o1 bty st i 32
3.4.1 %umumm%’w‘ﬂmLm@miﬁmwmmmm@ﬂumiﬁﬁa;q%m:msrmwrfTLLﬁ ..... 32
3.5 ma‘@faﬂLLuumma‘fmmuTume@v‘humﬁiﬁlm:m;ﬂm ................................... 33

UNA 4 N19298NULLBATNAUNLATAINEAINTUNNTATUI LNIATTALATN LS

ANNANNTD IUNNTLNPITNHVTBNAUIT oo 34
4.1 NNIRBNULLIMAZIINUAATEIND ...ooooooveveen s 34
410 WHUATNEIBUAB ..o 34

L I N AL B b T L T PRSPPI 35



TN
41270 ABNR JTOP o 35
4.1.2.2 ARTR PredictionTOOL .....ooiiiiie e 36
4.1.2.3 ARNA CreditFrame ... 36
4.1.2.4 ARTR GetMErICANCM ...t 36
4.1.2.5 ARYA XMLFIIEFIEr. oo 36
4.1.2.6 ABIR MEIIICS woiviiiii i e 36
4127 ABNR JCIASS wovinii i e 37
4.1.2.8 ARVA JAHMDULE ... oo 37
4.1.2.9 ARMRIMEIROT At ... L 37
4.1.2.10 ARTIA JASSOCIAION ..eteeiiiiit s iee ettt e et e e e e 37
4.1.2.11 AR JGeneralization ... 37
4.1.212 ADNR JSCENAMIO iiiviiiiiiiiiiiiiiiie e, 37
413 WU MNTUAIUT oottt 38
4.2 NVTATUITURTHIRIIO . ..ot 38
4.2.1 NMIANIIATNART I ARIMTUUHEAAN AR ..., 40
4.2.2 NMIAUIIATNIRATTARIUTUUHUANNTLAIUT ..o 41
4.3 NAIREBUANNINITAT ERANLABBIO ot 41
UNT 5 HANINARBIAZAEE Y ) 44
5.1 AVMARTTATG A0 TZUU oo oo e 44
5.2 v»hmmmmmﬁluﬂﬁiﬂqa;ﬁﬂmsﬁ@wﬁLLfJﬁ”T\a 40 TEUL oo 44
5.3 Tunana91au8AN@NNNIa IUNTHN P NHATBNFUIT vt 44
5.3.1 afnlumanisnsing ligadeyageauaiuon 35 sTUULAY
TOTRNANAABURIUIND FLUU £ 0 50 G e T B 50
5.4 N13R9998 U THAAN SN AIINAINNTD LN 2N TR N AT 51
5.5 wanaiFeumeulumanismiuepNannnlunstiigeinwaensiuag ........ 55
5.6 NIUUANAT IEANNNAINAGE oo 56
5.7 N7 TAANITN B TUTEIN e 58
N 6 UNATUUAZTBLAUBUUE oo 60

8.1 LITATL v 60



TN
6.2 WBLAUBLIE oottt e ettt 61
6.3 BAITUBITEM ...t ettt 61
TARMATETIEN .ottt ettt e et e et ettt 62
DIVABIUAN Lot 64
DVAEUIN N HVAPTALLBRUBR oo 65
NYARUIN 2. NIAFTATITAQEUTUUHBANNARIE ... 68
NIANUIN A, AT IULTELALLNARTVR ..ot ettt eiieeeeeeeeeeeeeeeeeeeeeeseeeseeeeeeeeseseeeeeeeeon. 70
DVAKUAN 9. ARV LNIARDLL oo ioiee e ssssssssssssseeseseseseseseseseesese e seeee s 71
NANUIN A, PVAZBLANTVETUARIE .....ov oot 79
MARUIN 9. MslalAsaelflaN 17 A 1 IIR FTALA TN ANNENNNID
TN NINTEWFUAT ..ot it 126
DVARUAN T HANTTNIORB (o1 oo e et es et tee et ee e e s 131
DVARUIN . BAIVUTTNI ..ottt ee e see et eee e 135
“NIITATBINFUITIIITIE” ittt 136
“Constructing Understandability Model from Design Metrics” .......cccccoviiiiiiieiininee 154
“Using Structural Complexity Design Metrics to Construct Modifiability Model” ......... 162

UTEARFAUINETINUS oot 169



ANTUYANTI

Wi
AN91T 2.1 Uy AN EIIBIANNTNRUE 5 LLLVBIUHUN AR .o 9
P97 3.1 UARIHATAT I ISR 18 HARITA e 25
P19197 3.2 WAPNI TR LUT M LTUATONAREU oo 28
P97 3.3 WAReIE TR LULA I TUGATOAANAREL oo 29
P99 5.1 uansrnanasipraszunilfidugadeyaseu S1uu 18 1PITA. ... 45
P97 5.2 uansanataessuuilidugateyanagay 41uam 18 1Asda ......... 47
P99l 5.3 wanspzuLupANsa lunshesins e iu fasgedayasan. . ... 48

FIN9NT 5.4 UARNAZUULAINAINID TuNNTUgsinEgan A fresgadeyannasy ....... 49

AN9199 5.5 WAAIANAIMNANRUS AR FNN99LATIZ N AN AN R US LN FRY .o 52
AN 5.6 WAANANAINANRUSTZATNG 2 HARTVB e, 53
AN9T199 5.7 LAANANRNTRLANT AL TR QUBINNRTTO oo oo 53

P19797 5.8 waneAndntlsy@nsaasnpsTauA AT e TN T uLN nguUasinIes53
P19 5.9 wandilaidusinanNgneedlunIsuIgAINEIN1 TR luN19NgeinE
gavlfundide Hgpdeyaaansiuan 35 ssutuazgadeyanngay
SOTATGR ATl 5o N L 54
P97 5.10 LAPANKANITATIAARLLHAANIINIUIEAINANNITD TUN191N 395N 1N
savlfuasi file dgndeyaaeusuom 35 szuuuazaadeyanngey
AN D T LI Lo sos s os s s e e e ket 54
P19797 5.11 uasedtauANgnaeslunsiwER R R se lunstingeine
Taua T 3 MANTBER v 55
P19971 5.12 usasraniATanau lpanIBiusANgAsTn et ge N
R 3 PRNTBER ..o 56
P97 -1 wangitlasiduinaangnsiedlunisiaigaAug N lung
finqeimaaviiafifieldgafiayasausium 25 sxtiuuaz

q

SN @wma@mqmu LRSI 5 1 132

q

AT T-2 LARINANNIATIREDL INLAANNINIUIBAINANN30 1UNNg

Tng9fnransl LLQ?‘V]VLGWLN@I‘IJ%@TLI@N@@@MQ’]MQH 25 3TUULAY

)

paNl latY @V]@’ABU@"IW}‘H RS T2 72 1 5 PRSP 132



AN9UTUAI59 (FiD)

;113199 ©-3 wandilasidusiaonugnaeslunisiiumaauainisalunig
° [ 6 6 'dl ¥ ¥ o
11g95naansiunsiieldgadeyaaauaiuam 30 szutuas
TATDHANARDLATUIU 10 TTUL oo
FININT T-4 UARINANITATIARDLTHIAANITYINWNEAYINAINTD UNNg
1g95naansusnlidaldgadeyaaausium 30 szutuas

TATRHANARDUATUIU 10 TTUL. oot

u



ANTUYNIN

Wi
gﬂﬁ' 1.1 wanaefifusenani s Tuneueean s WAL TE WS ... 1
g‘ﬂ‘ﬁ 1.2 ugnaluiaadnAnnInANa N lun st e nENTan AL S NNIRTg I
TBBATE 9126, 2
gﬂﬁ' 1.3 WAASHA 3 LUUIBIAMNABINITNITONGUIT oo 3
gﬂ'ﬁ 2.1 UAANTATIATIMANUVBIUEUNTNAR TR ..o 7
gﬂﬁ' 2.2 fnateiuunwAaakaasTanwe g niussuu TN neun FaRWANT .......... 9
gﬂ‘ﬁ 2.3 UAPRAIULITLNAUUDINUATWTELATUT oot oo 10
gﬂ‘ﬁ 2.4 firaaasuaunininang uassniseesfilslulsn wauafTafmsng ... 11
71 2.5 uanadauzes AR AN INIBIARBARNLANNAN NS A N sLINgaENEN
VY IOl o 7/ f 0 T\ i e 12
gﬂﬁ' 2.6 UAPBIALITEARLUBDANUFTID NAME.. .ot 13
FUT 2.7 UARIAIIEL T AEIAT — LS X KL oot 18
gﬂ‘ﬁ 2.8 UAANTEALADIAN UL EDETBIAINNAINITN IUN19L 395N TensWgT 7 svaLl... 21
gﬂﬁ' 3.1 UARUN TN UABUANSAWTUI TR oo 23
gﬂﬁ' 3.2 UAASINUN NN TULNNANANNITIRBEL ... .covtvvveereeeseee s 30

v 1

9117 3.3 UAATURAUNININ LN ATESHBEIUTLNNTAMUIUANNNATI ALAT NS

D

AINNAINIFD IUNNTLINGITNENTANETIT ..ottt 31
307 4.1 wapauAEERATINIF RS Bd W IMMS AN AT SAa T LN

ANATNNTD LNITUIGINETBNAUIT ... 34
317 4.2 wanaununMPANATE AT RN MTLIN IR IR A TALAL e

ANNAINAINIUNATUIGIINHNIBWANIT . izt 35

917 4.3 uNUN NG LAIUT AN e AN AT INATN T I E N AN ...... 38

UM 4:4 WHAANTLAO B UARAINATANIIANHIRTIA. 2o 5 0 Fe i T B 39

317 4.5 uansdautlsznauuAn e AN A ENTEHUAR oo 40

U7 4.6 uARONANENTENUDATILAAITIURLBEANEITUARIA ..o 42
dl <3 T & dl = dl v s

U7 4.7 uaneeNE S ENTENUAATILAAIIIURLLB AN EIAUTAT ..occoooovv 43
dl = o ]

U7 A-1 WARIANIINNITELINEUNI AP ATOUTVEVBIANTVE v 70

U7 A-2 uARIANIINNISITILNEUNI AP ATOUTVEVBIUNANIA ..o 70

UM A1 WAASARIA JTOP ..o 79

a



ANFUTUMN (6iR) i

Wi
gﬂff‘i -2 WAASARANE PredictionTOOL ..o 81
gﬂ‘ﬁ Q-3 WAANARTEA MELTICS ... 101
gﬂﬁ' -4 WAANAATA JCIASS ..ot 105
gﬂ‘ﬁl -5 WAANAANA JAUIDULE ..cvovo 106
gﬂﬁ' -6 WAASARTA JMELNOT ..ot 107
gﬂ‘ﬁl -7 WRAANAANA JASSOCIAHION .ot ittt 109
gﬂ‘ﬁl -8 LAAIARAR JGENEraliZAtON..............oieit s oeisi e 112
gﬂﬁ -9 WARNAANR JSCONAMO 1+ vt sbisbiass s bt 115
gﬂ‘ﬁ' R-10 UAANAAIA CreditFrame. ... oo .ot 120
gaﬁ‘i A-11 UAASARIA CEtMEHCANCM oottt 122
gﬂﬁ -12 WAASARE XMLFIlERIIIEr. ..ot 124
3171 a-1 uandlniddaya JTOP.bat ATIAFIE TUIUNTE NOEPAT ..o 127
317l 22 usnanieeesilailensduaasnasinuaziune
ANNANNT TN TITNENTAIAUIT ..ot 128
37 2-3 U AN TN ATOLAENTUEMUA Lo 128
U7 24 WARITNAE LAHRUALARITA ANCM oot 129
307 a-5 uanainaedayaa e ATAIUINIE 129

917 2-6 WARIUENABNIINIUIBAINAINITD IUNITUNZENENTANETUIS ..o 130

a



uUNN 1

UNi
1.1 anuilunnuazanudranaasilym

NN BITANALIT UTeNaLATURAUAAILTWADY LFNAILANITLNU
9UIINANNABINITANE IF9U (User requirements) adntiuiiunisiimsizviszuy Tnas
dl U = 9:/ 1 A dl 1 U ?:// 1
witlymndiasnisuilanaasls [4] duneusaliaaniseanuuuszuufyaiuislugouaiy
FeaN13A1uuENA (Functional)  wazlaildnting (Nonfunctional)  uazdaninuasie Tu
fan1vunaaeiloyun (Problem statement) [4] taztdNgdunoUN19WLITT UL NAGDLITLL

LazdUABUgATNAIABNITTINPNINEITE UL

B Requirerments

B specification (Analysis)
Design

[ madule coding
Module testing

E Integration

] Maintenance

11 : Classical and Object-Oriented Software Engineering with UML and Java™ [14]

2109 1.1 uandiafidusuadna Nl luuAa s T unaLaa9nN 1w U TaN AL S

a

tdl T & s -dl 9/ 1 g’/ [

A ngUd 1.1 waadefidudaasnainldluuigrdunauaaaniswmug
faWFLaF wusduRaunnstngeinEngansifiiuduneun sraziaaauungn agan
duduaeunsuasudiaungansiingasa intewsduslAesainudlann sandanisuila
doliana1nfifinau (Corrective)  n1sdiutasugenfuafiidniuaninusndaniuie
(Adaptive) nstliulgsilaridunnsinaulianysafiu (Perfective) uaznisilasiuuazinm

1 dl A o '8 . i: a dl a -l% [ % o
ANNUNTRNRUBITaNF AT (Preventive)  [12] 9uu AL RAaNT TN ATURAIA NN
fanfuafiaia wesannaansuainmun baeasinisliudguilaiwesesiuaiusiaanig

o A =< \ o Y s &

203 lFundatnaaniaan anmauilirasanaindralunislfutluslasenduafunann

n199anLULIAA lWTUAEUIBINITTATIETILAZABNULLITE UL AITUINAIN1TDTAANIN



a1 NAKIFIUAIBAINAINIID NPT N T WA KA T lUTUADUN 19T LATIZIT LAY

% 1 v 6 Y& d? dl a s
aanuuuszuuld avdoalimaugnininaastewsunsiisaau fanniumanisimssiuay

dl ”d v o o 6 1 1
aanuuusruun A Inlud1uANaINnsnlunisingefnegensuaflaiiinala
dnwmuszuuatnnsanauldud llumanisiiasnsiareanuuuszuu IR anw oz lui
walanaui luwamundutenduassiall Setaslinnstingednuaensuaflanudiean uas
unsanszaznauazdunulunsimuaensuasiaasuansos

Tuwnadanmunmnannasenfuas (Software  productivity) RINNIATFIY
laaale 9126 (1ISO  9126) [9,13]  latignumrinanisnlunistingeinungansfuns
(Maintainability) 13Ae “Aanainisnaestensuafidlainnsusly (The capability of the
software to be modified)” @uiNEu (Criteria) 1BIAINAINITDIUNTLIN39FNE
gansuwfaaniilu 4 inousi Aeuanaligili 1.2 Aa

1) ANNE1NI0 1UNNTATIZY (Analyzability) tunane “Usz@nsninaes
HARNATaNFLFIWNNTIATE e RsaanImH ldanysnivTaan e aIA N ANIIAY TY

6 -8 A o 1 dl £ o

waWsTLag WTaNI99 1A LALSISasANIIu L

2) AnaNaNNInlun T aguulad (Changeability) e “Usz@nsan

a o rall = ac v,

I XA [ e e N Bl AT e B EAGL T bt e T S

3) ANNREDBTAIN (Stability) MHne s “Usz@nTainaesnanaatensuag
4~ v o A =,
Tazinansznutiesnga Weainisun lunevswas”

4) AuAI1N190 luN1IMAdeL (Testability)  MuneDa “Usz@ninInaed

naRNATaNFL TN A N9 M w AN aganduasinagws L

ANNANNNTD IUNNTIATIER
ATINATNNI0 WS Anudansnlunasiaenulag
395N meniuas - S

ANNNANNNTD IUNINARDL
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inousiianunvesiinsguleeale 9126 nnlddwiudngnininaes
a & o’d‘ % o o [ L & v dl v [
nanNaganwa i lFnasanimuiszuuiflugenduafudn  ialdaiuisndnauninaey
a 6 :l/ a s ¥ K o [ ai rai ;%4
nanuatansiaFluiuneunimmmsfiareanuuussuuld asianisdsulasunasiinlg
Tunnsdnaduaininlunistingeinegansdvef InaiansanaininasiludupaINaIn
Tunisniaanudnlaganfuag (Understandability) wazaqanuainisalunisdsuidasw
ganswag (Modifiability)

= v o U 6 6 .

N7 NIURAAINNARINITNI9TaNA LT (Software  Requirements
Specification) wudddansniiealdat 3 35 Aauanslugiln 1.3 Aa [10]

1. wuu T HBUULNY (Informal) 1UABN 1T ULILANHUE Y NNBIAI UL AAS
(Personal view) Aa HnAlAIziLAzeanuuLsazAuazigluuulunisiiauedenivus
ANNABINIINISTANF LAFAUAN G UINALEIA AL AEZUNIN U1eALAIALNIALD
AOBNNHNE9INTIA (Natural language) 8191 liiiinAINAgNLATe uazyinlitindwmne
wazaanuLUsrLLaAfIN i lagn ldnsaiuls

2. WULANBUUWEY (Semi  formal) 111830197 1 L UA N BEAITanINLA
ANNARINNIN1STE NS 113 Ba15A (Entities Relationship Diagram - ERD) WaZA1H"
giBuuea (Unified Modeling Language - UML) vinli@aunsnuaqiiunnganaasseuy e
o d’f d! @ a e = v ell o 1 adl
TR T9dnIAiLazaenkUUNAN NN JaNATIAUNINNGI1R TN

3. WUURWUULEY (Formal) iiRannseenwuunlndiAsaiuntsf 4 lunng
Tlsunsu 3n1sinnlFindtaszikazeanuuuiaNd lada LA A NFABIN1TN

ad

I3 rdl o ' $ ¥ 1o = & v v
FaNALIFNATNAUNINNLI1ER9IFI19F K WARANIHINA N lagnuasdudaulunisg

'
1aA @

1 o aa PR .
@ﬂﬂLLUU&LME‘]ﬁ\‘IM’]NM@ﬂﬂW?@ﬂﬂLL‘]_I‘]_I m‘mwuﬂuh 1®LLﬂ anlad (Vienna Development
Method — VDM) wazn1=1Lae (Z language)

Specification desired output
A e ——————— — — — —

complete =+ —&— — — — = —v—
Agreement

fair —|—

initial inpuj common v“ew - -~
opaque —T= — —
r ‘ _ -
. -
pérsonal view, L~ .
T I T » Representation
informal semi-formal formal
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[%
a o A o

NUAITEENINTTUsTiiuAMNAINTaITaNA U FATUWAINAINITD NS
113einganiued InaiansanaininasinuainisalunisinAnudnlaseWiues uay
prnuansnsnlunsiudeurendind Garenndasiueuidsn (6,11] wagldiannade
Haruunarudasmmietenfnfuuuiuuuununadiniseenuudedag Tneldnmn
gifuueaiinatedeununINAang (Class diagram) uaskeuNIWdIAT (Sequence
diagram) W%@N%ﬂ@%ﬁﬁiuLﬁ@ﬂﬁ?ﬁ’]u’mﬂmu@ﬂmﬁiﬂluﬂ’lﬁ‘ﬁ’}@\ﬁ‘/ﬂﬂ’]sﬁﬂwﬁLLQf@’]ﬂN’]Glﬁ‘;jh
NM9LANITILATRBNKLLLTEITRY (Object-Oriented Analysis and Design Metrics) firnuny
AINUNBNINARIALATLRUAINT LA UE A2838N1991AT WA UUNNEN (Discriminant
analysis) ‘Eummﬁ‘ﬁmwmmmmmium@ﬂﬁgﬁmmsnﬂwﬁTLLQWﬂﬁ AaFaFratslaP Vel i fof7
AaNARIFIUTINNITATILILAEDBN LU LITELL ?ﬁluﬂu%umuﬁuj RANIWUNTENFARIT
ﬁﬂﬁmmﬁq@mmwm@\‘ien@wm'u,qﬂuﬁ’ﬂummmm?ﬂumiﬁﬁa;qﬁ*msnsmwﬁLLQﬂ@TL‘%%u
wazdoa ldmunge A arunsondlaluinanisfipsziuareanuuusyuy iR AMA W
Audesnsriewildrendugensua el wieavaiaesesiedmiuduannasin
mﬁLm’]zﬁmz@@ﬂLLuuL%mvmqLL@zﬁmwmmmmmlum?ﬂﬁa;ﬁnmmwl&Tmﬁim’éw
uuﬁugmmmmmm”mmﬁmmtzﬁm:@@mmu@nﬁmqLL@:TMmeiv‘if]u’]ﬂmwmmmﬁlu
nstigeineaenduasily WeanuazaanlunisAiuanAnnasia Sueauacumunm
ARIALATLEBNINELAUT e g lugilaasniwBnd énuea (Extensible Markup Language
- XML) 17{11’1muﬂ%’@gmmLmumw%mmé’qa%mm (Text-based) nau Lﬁ'mﬂwﬁ’mﬂ@

) ¥ o o dl = dl o é’
UNANRATUNTULATRINBNWEN UL

1.2 dpgszasArainsiag

1.2.1 L‘ﬁ@mmmﬁmﬁuﬁﬁwdwmmﬁmm:ﬁLmﬁzﬁu@:@@mmuﬁﬁmqﬁié’@m
LNBATNARTALAZ LN BN NN LAY BT UAZ A2 1NAIN190 TUN 1911995 N N
TaNAKIT IAERNANTUIAUANHUTLBEAINAIINAINITD LUN1TNIAIH
dlagenfiuns LazAnnsasnsnlunsUsiiaeureidund wiesieain
Tmanisinuaananisalunistingeinegensdwaidaedsn1sinanzyt
AUNNGN
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o
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1.3 UAULUAURINIGAAE

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

1.3.6

AN N HNUANNNAIN1T NI AT laa NS LAY ANAINITD
Tunrrdfuidasuaansuafaaiduinusidasuadnitudau1snlunis
tngeinmgensuafiviniy
138N 91 Ut AN M UAAINTNADINTNIANF LA FUUL N LU LA UAN Y
38n1seanuudeing tnaldnunglduiaaNiuaua st LU NAAIE
WAZLAUNINE LA
WAUNINARNALAZ LN WA WD LA UEN NN TH 9140 FasgF1aanTsunss
iuLalsa (Rational Rose)
al 6 dl PV~ v . .

WHUNINARNALAZUN LN INEAdUT e 99T L T ugadeyaaau (Training
data set) uazadayannaay (Test data set) Haunsaus 5 Aanauulyl

dl A a} a & @ [3 e
LA7aaRa N 141120 AN NI NARI G LAZLNLAINT LA ITlWaN &1 L8 N
inuas Ao Tilsunsugtidalsadndiduuan (Unisys Rose XML Tool) [15]

Tunsimursesieldiasediuinsnanfiamesnisruul furnisiulaed

1.4 UUABWNITALUUIIUIRE

1.4.1

1.4.2

1.4.3

1.4.4

1.4.5

1.4.6

1.4.7
1.4.8

ANHINIIALATITILAZEDNULILTE U LA 8N Mg LBNLEa UAZID1deu
Tsunsudruinaiisununinaatasazuiun wdimaud doalilsunsy
iulualeg

Anwinneendiinues
AnwnasnisulasuaunmAa L kRN audiiun e sndiSuues
Tngldlilsunsng idalsadndidsues
ﬁﬂmmmﬁmmﬁLmﬁzﬁmz@@mmuL%m“mq‘ﬁ'ﬁmm‘zmwi@mmmmm
Tunastingadn e liAan19IATILIRA LR DN KL LT Y LLAEN 1L BN LA A
WaiupTasdafaan®ianan eA wanmNIAsTAnITAT s iias
panuuLEeTngithun dlunmanes
ANULLNMIMASRERTIAAELLNAITANNTIATZ LAz ReNULILIE T RGTT
HAREAIINAINITD TUN1TT e NI Tan1sTAs siare e nuLLT YUY
ARLINTHELENUDA

{fusausasdeyadildanmsmaaes

ApszviteyauarasUuan1mmaaes



149  diuilgaesasdianimunludunaun 1.4.5 aliaunsadnauainnsnly

nstngeinenlumanisnsziuazaenuuuszuudaan wgdnueala

1.4.10 [ANIFIENIUINLNTUNLS

1.5 dselagunainanazlas

1.5.1

1.56.2

1.56.3

AN IUIEAdINAIN1Tn luNYstN eI nTenskaFa nTuiaanis

ApziiazeanuuussULFanEe SN Leals

o

LANNmTANI93LATIELATe BN LUUTLULLEIT NN A N ANAUE AL
AINNAINN90 lWNN9LN SN TR S
IHATesdlad1niuAIuIINIAITANITTLATNTTLALABNULLITT A UAZ IR

AINNAINATD LUNT9LN eI TaNAL TUULER TWNR
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a aov a a £y
ﬂQE{]LLQSQunQQVILﬂﬂQm@Q

2.1 NNl

= ¥

noegMinaadesluauddenisiiuiaainainisnlunistageinm

[ %

ganfuofiaelduinsdanisiiarsiuazeaniuussuL@InguUUgLSNLes 1Hun A1wn

q

iduuaa N1eipteanFWfTeing Medndidunes uasalAd uiun1saae Seluaziann

sapali

214 mMEganuas (3]

dl o A o o s L) Yo A
munldluniseansuy lutlaqiuntnimuise Wsiiaftanldiu Aa a1

giinuen Taflunimnansgaunnanuadulnglai@ua (Object Management Group -
[~3 o v a s d‘ = i’/
OMG) m‘mgL'EmLL@@umthﬂﬂu‘ﬁumﬂﬁm LATIZULATABNLLLTZ UL TINUNUATNNIUNA
9 LHNUAW [3] ﬁz%ﬁcy uuNae Nl uLErNINEEatAF94519 (Structural diagrams) LAY
WNUNINLTINEFANTIN (Behavioral diagrams) WA TAT9E519 TALA BEBAWARNE
WNUAINWIRE (Object diagram) WNUAIWABNINLLLYT (Component diagram) LAZWNLATN
ﬁwa@mmuﬁ(Deployment diagram) LLcJumWL?quﬁma‘u 1A LNBNINgaLAd (Use
case diagram) WEUAINT AL LRUATNABLALIALI T (Collaboration diagram) WNLNIN

a o

AANTNFA (Statechart diagram) LAZUHUNINWLEATARA (Activity diagram) 4UAaeiiAnE

[ %

1 v 3
LANIZULHUANARTE LAZLNUNINTLAYLT T951AZIALIAUDINIADIUAUN N il
21.1.1 WHUAIWARE

| d‘ 2 a I3 |
WHLATNARALT BULNRANNA L LN AT sillazaanuuussuy waziilu
a % dl v V6 Y (3 & ?:/
uNuﬂqWLTQIﬂ@Q@iWQLW@iMQiﬂﬂququW?ﬂN@QLﬁuﬂﬁﬂﬂizﬂ@UWQﬁNﬂﬂ@QiZUU
] dlo o 2 ] A % o
@Quﬂizﬂﬂﬂﬂﬂﬂﬂﬂqﬂw@qﬂfyﬂﬁﬁﬂﬂUﬂQEl2 QQLLﬂﬂIﬁ?Q@?WQM@ﬂ(SUUCUNG) LACAITN

o o

NS (Relation)

P
TAANEA

ATUANTTLE

LNNDERA
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anguh 2.1 TaseaFrsudnaesunun naaia sznausog
4 4 U
1) @aAaa (Class name) LAASTRUANAINLTEU]A Mgz UL
2) AMANHOLE (Attribute) LAANDNATIANHTUZIDIARE
3) wWniam (Method 99 Operation) WAPNNANITNUTANTN NN ULDIAANE

ANHANNUSURILNUNWAR AN NIUNA 5 il TALA

|
% v

1) AHANRUS UL 4 laTat (Association) MNaaTUNEANNE NN S

=< o

TTUINARAGRIAANE TIHBUAWAWY (Instance) 21a9AANAN LAN1N1989419 (Message)

L%

NaNAT AN

a

senananu Anydneniresanuduiusiutlealafiody  wansdaedunu i

uanal1mI3799 2.1

) o RE— o

2) ANANNUTILILLIALIUe S lalETY (Generalization)  1luAINANNUE

o = d

sendnepananansuziiall (Fandngiilesfaana (Superclass) wisaunisuinang (Parent
. 1 dld o/ = 1 % A
class) ¥178 AAALN) LAZAAIANNANEZIANT (Fandndunand (Subclass) vite l1amana
(Child class) ¥7a ARNEQN) Y30 FENANBLINNIIINAINANTUTULLDARE (Is-a) Tunslil
AAAQN T TATAT AT N ANTTNIINN AR AL druaneniraspnuduiusuuuiaeiala
o % ¥y K o dy o 1 o dl
sfunanssaedunuiingnasnasinsanasdliisnaaus dauanslumnged 2.1
3) ANTNANAUSLUDLANNTINTYR (Aggregation) wazARNTWT T
(Composition)  tHumNANRUS LA TTANTarRIANNANAUS UL LA loTedY  was
ANNANNUSIZNINIARNAT LAANEIN Lninaa (The “whole”) Tetlsznaudneaananiannan
(The “parts”) Y38 FanAneenaniladnANANALELULILERDY (Has-a) ANANAUSLLLARN
Tnaduarinisuanimauiiluidnesgandimndniusuuuennndu nannpaananad
unndngnaumanailanndnazgnaunaeiun widfuanuduiusuuuianniinduiiie

|
=

paanlueindngnaumatanidnndiazlignavdan esanianudugasysiaiy

o

Ayanmnirespnuduiusuulwannands tazaedwddu uansdoadunuiaglaundlan
YUNANUATNLANAAD AIuAA9IUA1997 2.1

4)  ANANRUSULLAWNILALT (Dependency) tluaanudunusnlduanali

dd‘ dl = dl v o dl 2 o o s o [

nInAANaniinalasuLlasudatNansEnuiuAa aRUAY ATYANHITBIANNANNUS
WLILAWLALT waasiaadulszuuffiAnig (Directed line) Aauanslumnsah 2.1

5) AMNANRUSWULEYA lsmTY (Realization) ML E@aNIENIN9EIURAGD

9 (Interface)  wazAaavzananInuwd AouduAusuuBealandy  uandoy

o [ % o

AryanendduilazingnAnaninaanans Aauanalunisnem 2.1

[



v

A9 2.1 UAANATUANHITRIANNANRUSHI 5 LULIIAILNUNTNARNE

ANNANNUS Aryanmnd
wo AT et
\miueia latdu >
LANNTNTULAZARN T 2
Auewd 0 | e >
Fealaedy 0 | e >

ANAIULITNBLFAIC] VBIUNUNINAATE d11N90tN TN UUN AN
mmmmmﬁqgﬂﬁ 2.2 duflufet sununwaanatesssun s fdsulsanweauas
TaRmand Usenaudatinanganyn 6 aana Tdur Aang Multiplex Theater Aan4 Theater
ARNA Seat AANE Movie AANA Ticket WaZAATE Seller TilAaN AT

Aa@ Multiplex Theater WazAan@ Theater NANNANAUSULLILANNTINTW
UNEANIN TN IneuRs LY Multiplex dsenaulddaalssnineuniuanes) lsanmeuns
ARTE Theater WazAaNd Movie HauduiusiuLLadladiadi vunaaued lsaninauas
wfiﬂ MIIN19RUNINEURT AR Theater UAZ AANE Seat NAMNANWUSLLULANATINGY
NHIEAIINGY Iﬁ\imwwmﬂwim‘mmwaumfﬂ?zﬂ@ﬂﬂé’qaﬁl‘iﬂzﬁmﬁ*mﬁmmumwwm%
AAE Seat WAZAANA Ticket HpanaduiusiuuealsTiod wungaaadn Tiiaedis

Uszanusiazi uarganisands Ticket wazAaIE Seller NANANRUSLLLLEA T 10T

PUIEAIHNIT IRULTNUNEIFANINITUNL ARV ASUTNNTN WA

Theater Movie
Multiplex Theater EstheaterNo : Number ;
Bname : Name Efstatus: Boolean lijae : Name
: 1 1.0 : show |@sstatus: Boolean
®name() N\EdN ¥setTheaterNo() 0..n 0..n
$getName()
¥rename() %®getTheaterNo() Sshow()
$open() $unshow()
%®close()
1..n
1
Seat
B¥seatNo : Number Ticket Seller
E¥status : Boolean EsticketNo : Number
use with - ]
$setSeatNo() $setTicketNo() sﬁﬂiﬁﬂ'ﬁﬁgmo
®getSeatNo() 1 0..1%getTicketNo() 0.n 1 )
- i ¥reserveTicket()
®available() ®print() BMopname
¥reserve() ®sell() P
®getStatus()

317 2.2 FratinaununwAsauansta N W FA i ussuLlsan neuR STaRINANS
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2.1.1.2 WHUNIWTLAUT

= & G dl dl 9 [~3 o o
wunnaLAud LN il eanuuL AN E g LEuue a1 TL 1 by
nisdasziuazeanuuuszutifuunun I wdanginssn Useneulddaunguaesdng
(Object) ANNANNUE meﬁ@ﬁmiwdﬂﬁmq [3] TAsNUAWTLAYUTAZIUNN1Ta AL

1NANTRIANTNAITTNINAU

1. dydneoling ——>

b 1 I8 : PANA T : pAnA

I 4 N19NTRL
2. Wudin %, ‘ o
name
) J_‘ new(...) p
P e ARNA

3. ANINFEN —— > /\ :
; T ; 5. 4514
' ' 6. AL
: | L
' _AuAn '
| 5. AL ! X

717 2.3 uanedoutlsznaLauEuN WG LAY

AULTTNOLUBILHUN INTLAIUTUAAIAIFLIN 2.3 tsznaudas

[ o 5% - =K o dl v é{ dl
1)  dganisdang (Object symbol)  LAAIONIANNHNATINIUANNANIRN
Uszn Ao navLATaINIg "

aHa 1 o

) 1R (Lifeline) LAANDNTINIEEIZIIAINTHTINaL 19T RY)

a

'
= o o

3) N1INILNT (Activation) KAAITNITELIANNIRYANAIATUNTDE

4) N19N9LFu (Stimulus) LAPNENANITIE TN TRn

q

5) AUAN (Return) Lmmmw@uﬂ@uiﬂmmumqmmmu
v
6) au (Delete) meamﬁu@‘mmmm%m Imﬂimvumimﬂummufimqﬁu

7) @519 (Create) UAPINNIENAWATINIRT uAzEWTIR NgnaiIaauNn L

¥

Andautlaznausi1e] et uiuluirunIwdLAauda N souansls
Aesinaeinglugii 2.4 ununindiaauduastenduafdruiusruulsannaunfdamnand
Iﬂl nl/ |8 o ] dldl U o
wanen13aentilulsanneuns Inedngaesnana Seller A48197T097 getStatus() g

[ %

1 [ v
FOIB9AATA Seat aLEAANIU 199N L0IAATA Seat d1HN9AeINTILAITRET ANt

[

AnaRIAATA Seat  MiNN19BENA1INNeluAAE Seat NG getStatus() udadedaya

seatNo uaz theaterNo FiluAnaasiaantauaziaanlssninauns unliinguesnaia Seller
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. Seller . Seat

getStatus() ‘
getStatus()
Z
seatNo
< — — — — —
theaterNo
< — — — — —

917 2.4 FaeiNUDIUNUATNT AL LanIN1FaesniisluTssn weuaSTaRWANT
21.2 ﬂﬁi&ﬂ‘nﬂﬂﬁm‘ﬂ%\ﬁmq (Object-Oriented Software Measurement)

% o 1 ndl o A o o Y o o
N30 RN ZLAUNIININRAAMLT AT YR 3 neodl NUAUANLTUS

a

19987L9aula (Entities) [5] n139AA9H19 d111909Ald 2 78 Ae N199AN19AIT (Direct
r

as o Y s [ . QI dl !
measure) HuasN139aN InAAnEzAg U (Internal  attribute) Ue9@9NLINAW A 11

q

NP ArasTanulf 418190 9n lda1nn1LRN WKL R AN A lusaTLsungH 35019
A = o o . o o v o

NaeIAa N199ANI9EaN (Indirect measure) LHATANIN MIRAMANHIUEAEUEN (External
attribute)  WELHENAINNAIAARIANHRLZNIBUAN 11 A13TAANA NI U T TH
(Usability) Ao ud1dnsnlunismagel  uazmaNdinnsnlunistingeinungensuag la

v
#1170 AN 1A IRERTe R9faIa1AN1TTANINATaNITae TUNN AU AN NNTTAYTaAR9 D

o o

° @ v 3 o oA 2 o = o o
aflusasldnnedn LNaTAAMUANHIUCYDIAINAULANTOUAANAN UL LANIZAI DY

q

AaN A LIFLAAIL

6

o/ & o 49{ dl 1 o/ 6
N miaTanFLL gﬂﬂ’mummummemﬂummmqmmwmmmﬂmmﬂu

yval o Aa o 1

Ausiage] TutlaqtiulAnsnideaannunan Ausaziiauennsin bl Weunmnsinnd

D

a

nlenldiuetaunivane Lmuﬂuﬁﬂ@ﬁurﬁmj wanianansnuelfidlu 2 Ussom éun
MR TALLILARN (Traditional metrics) 191 S1uauLssiaastilsunau (Lines Of Code —
LOCQ) wazA Al TAAEN ARMINE N T RTBILNALAL (Cyclomatic Complexity — CC) 4145u
Faaraondudeusesilsunsy wazninsdndeing laun seduaanuantesnisdunaen
@mzﬁﬁ\lﬁaﬂmﬂﬁmm (Depth of Inheritance Tree - DIT) f%’mquﬂmmgﬂ (Number Of Children

~NOC) LazauInANNANTUTI¥19199mE) (Coupling Between Objects — CBO) YA9aINHN
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1 [ % '

ANRgdnsie IHudazsestiunnsdnmantinnrionisnsaaey (Validation)dnAninsdn

1
=

flaTAuanmnguna (Validity) Aananideda (Reliabiity)  arunsasinllddannmnamn

gansfuafsiallls
flaqiiuinsrinsnasdamensua sl daulusiunisinuannasasaansiuag

nsdsznnniAnldans wazindsau viseasuaAun nTestanfufluf uAINa NI D 1y

nnsunnaunn b lud (Reusability) NPT IE P LATAINAINI70 TUN1911 995N 11
%ﬂWﬁTLm?Lﬁ'@lﬁmm'ﬁqmwmmimmmwﬁTLmﬂué’mﬁiNj LLﬁiLﬁm@fm@mmww{@:ﬁq
anunsndsznaulidaspudneuztdesuanasa asinddatnaus Tunaduiudaaunn
genlfuns Tnelunanianld Ae lwannun weasuiAAaa (McCall) wazluyin (Boehm) 71
fi2s LAAIAIUL AR A LN INYBILNAADAAIUAINATN 7D N9 e i N e WL
LL@m"LﬁLﬁudﬂﬁ@@“ﬂ@mmwmmsﬁﬂwmqﬁuﬁummeﬁummmu SeuAaTULLANHNTIMAN
Ida1nunedn iy fTaderasnmainlugiuainainaga lunisingednunrensduafues
TnauNARea IENNMLANTT 1A 5 Tladamieiu Ae ANAeYiY (Consistency) AR

(Simplicity) AANNIEEL (Conciseness) N132FLNEIALLAN (Self-descriptiveness) LaZdNIN

ugdauannng (Modularity)

tlaqg LB
ANADIN1

AYNNNE
ANTHNANNTD M3 T
.. o ANNNT YL v
1igefnemansing WM

N30 FUNYALLB
ANTWTIRAIUINNNE

7117 2.5 uanedoures THIAAAININTDILNARBAAIWAINAINITD lUN9LN 995 NEN

ganpLIg [5]

< g @@
2.1.3 MELaNgdLaNLaa [17]
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¢

Generalized Markup Language - SGML) iendi8uueatlsznausioadauilsznaudesdqy Ae
AeasUNTTinTedenansEndiSunea NGaNdN ATA (Document Type Definition - DTD) 7
FinutndiivuslaannsafiesenannEndifuuea daufiaes Ae iemassenaindndifa
uwaa (XML document) sailulnsea¥anienasng (Logical structure) & usuasUNY
ADAANHEUZ AN’ aanndesiuaiialuglaeslnseaiadniudu (Hierarchy) nafidndidy
LOATN TN AILIRIATA LazIienIT09lananTLEnFIALLeALENDANANNEILTBINNT
uamaua ¥l fianansfidifnang (Schema) ilulassa¥refidrasannirdeyaluenaisly

T wazindull vl dvanes afs neliaesinsatiami

i v
A 1 ° [ cala A

dndidnueailuienaisniaondnugudmiueaulsrendninuguun
I~1 = ) U =S |£ o a oA
AU wazdgtuuunsinaue lugluoudeaanu asizuiussuud §iifinns wazanniinansss
a '8 = EY dl 3| 1 a = o <
raspaNiawes uariusldunaznduninsguludlussuuiln snizipesiuwin (Tag) 109
dl [ v o a a ¥ o LY~ e & =
BNA1INTUTR AN HAINITALAAIANDTUNELTIANNUNY LA N LE BB NuaaNAN
tpngulunTlLuNAIAIFN (Metadata) LNBNN3AANI 79034
a9AnIAuLliagvad (World Wide Web Consortium — W3C) lélauauunan
TUNIIMIMUANIATFINTRUENAITUBLITLTY  Ae N eadLENuen  usleaaLdNueadl
- o v % = = & o X <4 g
saazideANINLaTdUdeuLaz 1 e lun19FnEWIBALA AN BB NTLENLa AT Tatily
AMENTINLE1 T ATRIN1ELRAAEH DA LAZETILENUEA (Hyper Text Markup Language
~ HTML) W 1Asqafiy Wesannnisendwsweaiiulnddaninu nnlienansendidnuea

Wunrsnatan lildlunnunanasy (Platiorm) uaziiludanaasnimilunisidau

D

Tsunsudlszyndnmunisdannisdeyaiee

Attribute
|

| Value |
Attribute name

| |
| | |
I<name language = "English">I ITiger”</name>I
| | |
| Opening tag Content  Closing tag|

Name Element

(in quotes)

6

717 2.6 uaneIAlsENaLL0IBANUNTE name

1%

A ngUn 2.6 wansesAlsznaune NdAyneluenasidndiduues

@

o TadaLus (Element name) winilla (Opening tag) wiintla (Closing tag) ADIANTIUY
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dl o . U o N ] d’l
TRANUANTILY (Attribute name) ANTAIADUANTILE (Attribute value) LATAIUIDILUANN
(Content) Fenglunaidiswanansdndifuues Haall

1. F9INIUsEnANe fTUIDIRNANIENT BN LA lULIINAKINYNATS

<?xml version = “1.0"7?>

2. nalwananadndianuaaazfaalaaLiusian (Root element)

<endangered_species>
<name>Tiger</name>

</endangered_species>

3. Nnuinaneluengsendlanuasazsiasduinile

<endangered_species>
<name> Tiger </name>
<picture filename="tiger.jpg"/>

</endangered_species>

aa v = = v o | !
4. ARNUARLAANANI 2T TaUNLT] WA
5

a

. TeAwUssa luniAdnaziauvung ldwllauiu (Case sensitive)

<name> Tiger </name>

. an
<Name> Tiger </Name>
<name> Tiger </Name> £Io

6. AfeyareRanEIzarsiasetluATeIInedtylsznaA (<) Wit

<picture filename="tiger.jpg"/>

7. wuiinlar Ngnénsdeluenanadndiduues azfesdinistsznialindou
adada = 174
109ANAneuGENldny
ad ¥ XK <3 T & v [ ! ¥
Aenisdnivenansidndiduueasiesedesiauasdiulnsaainereienans

Wndidnuea (XML parser) 39i3ansasdagaainienaiadndidunwesansds usntiani

UNH 2 33 [17] Aa
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2.1.3.1 mad (Document Object Model - DOM) [17]

¢

maNeiaN1a1n Document Object Model Ruann1slun1sanulangsLand

o

wanea  Wnnadusiuld (Tree) lunmidagaanuan (Memory) 189LATR9ABNNALARSNNNA

o v ¥ EJdI ¥ ¥ aa e A o ' [ ZJ/ ¥ K
NWU Tm‘qmwmuiwim%ﬂ@zﬂﬂﬂﬂmmmuum NIBATURNT USR] ANRUNITLATI0]

=2¢

ayanedlugluuusiulifasandenisvies (Traverse) lumunsfinuaessuld 8nsuuuii

u

D

1% o

Y
o 1 v ?:/ < 1 o = zl/ a o b4
[N @miﬂ%@t‘l’]’]ﬂ’ﬁ‘ﬂ’]uﬁl@ﬁﬂ@L@ﬂ@’\ﬁ‘%\‘m&l@m’]Lﬂ‘LIVL'QﬂuVuQHﬂQ”IN@’]LWE\‘]@NL@EQVI’]I‘VI

e

f

A X 4 | ° A ~ s Yy A A A ¥ Yy
ﬂ@ﬂﬁwuwsluﬁquﬂqqﬂ@’]ﬂ@ﬂLﬂ?ﬂ\‘iﬂﬂNWQLm@? AR A AR Lmﬂuiﬂﬂi@ﬁqﬂ

—

2.1.3.2 udgn (Simple API for XML - SAX) [17]

wIngiaxn1ann Simple APl for XML dumeunisniauzesutn azlilvan

v
o | o

fayariunvesenasiandidnies Winllunieeauauuuisnisuenan usaziin

NN981UBNANIBNFLEN LA AFIUARANANIAUAL WiaNTINaF19unN0d (Event) 14184

=KX v

uAuFAazaauFN g luanais e lddaniumadananialuianannéndiaunas lun19m4

U

v
a % o

ayaazaulayaTNAURIUADa Wl auAgainan s luenatsdndidnuea

e

=

(FENATNNTHULEIN DLUFAAINNYL (Event-driven) 113 9N WL LILLE AN A MSUNFALUN

fayaluFunies

2.1.4 FDARIUSUNI5IA8 (Statistics for Research) [1, 2]

b

o

o o a o Z’/ R N Y v 4 =3 4 a dl %
ANNTUNITARIULL LUR A1 ﬂiﬂﬂuﬂﬂ)’]Lﬂ‘i.l?’)'i.l?’]ﬁ‘llmﬂ@@‘LIVﬂﬂ@”Iﬂﬂ’]?‘W@@’ﬂﬂ
Y v o v I z// a o ad aal vy o
HIAINDNUNITBHALNATUUNIUATIEN uazilamaruang 3an1nneaiis imunun i lunasg
a Y a g i’/ yas ! 1 dl 1%
AUATICHVRHAALLNRTUL I@ﬂiﬁ]’)ﬁﬂ’]ﬁ‘ﬁ]’]ﬂ“’l LU NITLANLANIAITIND NITUTRURNS RARA

audetae WimaunaafunMdn s aasdaya idu nedauudldudigdiunans nas

a

=

Yan1snszantaasdaya AsiuadfaalaRingadaaiun1sI48et198n wana Nl
UNUANTUNIFUVEUDTIENIUNITTIAY 11 NNFIANIANPISNATATN AL Laziuug
snn

NuAdERlAINNENmadfntslunsnnuidtuazdnsidaya o

o dl

An1meadanuNn ldUssneusag nnsuAeae (Mean) mimmmmﬁmmummgm
(Standard deviation) N133LATIEHANNANNUS (Correlation analysis) N33LAIIERAINN
nAnatl (Regression analysis) LL@::mﬁmeﬁﬁ’uLuﬂij (Discriminant analysis) %9

a a o dg/
TIURTRUAN AL
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2141 nSWALARE [2]

1 dl @ aa o L ) as dl
nsmAnaae 1uaan1dnuualingdiunans (Central tendency) Aauils

d! [ o 1 v dl 78 dl [ o/ ¥ dl o
en\‘lLﬂummmfammﬂmwaw@gmmwim ‘EmmﬂmmLﬁmﬂLﬂummummmgwmm

a

AW gATTUNNIAUIIUNALRAY AD

anxi

= XX X,
n n

X =

— A

el X P Avadstesdayatelo
a s PRE Y
x, A Adayaluasum i e 1<i<n

v
n Aa AuIndeyamLe

2142 memdqd’:mﬁmmummgm [2]

=

P ~ pry— [y o . A A
ﬂq?W@q?qu?@@ﬁ;ﬂﬂ\j@ﬂ‘]ﬂ’m:ﬁﬂl‘ﬂ\‘lm‘ﬂﬂﬂﬂtﬂﬂl‘ﬁﬂ’]ﬂ@q\ﬁfi?‘ﬂ ATLRRNEILNEIN

at1uAeana lansansunianrizaasdaya ldaay esainanalgaasdayanied

a

¥

nainAu usdnUraesieya ludazgaLAnFA19iY duAanITnIzataaastays s

u

A o o :j/ 1 ] dl [ o ad d} dla ¥R A
PNBUNL m\mummummmummﬂm WiasnasiAnInszanenauilanlanld aetanslu

a

NN9TAUITL Ad

'
A 1 =

ey D. Aa ANLENLLUNIATFI
1 v

— A = Y '
X AR ANRNELUENURYRVINUINA

1
o

A Y o . di -
X A8 AdaNalUaNALN | Wa 1<i<n

1
v
o

N A8 A UANTaYAIUNA

2.1.4.3 N15IATIZRANNANNUE [2]

Y aa

nsmpNduiusrasdayaarldatslaawans (Chi-square) dmiudaya

o o

wnityad® (Nominal scale) n1saAmzianuduiusansuauuuLaeafuny (Spearman

o

rank correlation) A1iUdayaduiy (Ordinal scale) Wa¥N1T3ATITHANMNANAUSULILNS

%
a o AA

&u (Pearson correlation) AuiLdayadunsniA (Interval scale) LHASAININUIALUR
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=

Anmnicdayauuudnsdan (Ratio scale) asvldRanisaiAsziANANAUsuLLIWISALY
v naN NIRRTy
n139ATEiANANRUs su LA eFu TN s AN AN U S sz udNeRauLls
Far3unnl 2 #a Tnefidennaaiioedudnfaulsiegesdnisuanuasuuulnd uasd
ANNANA NS LLTELEY (Linear relationship) AVSUaRRR FS AL US TN
fialts8492 (Independent variable) (x) Wazsaulsman (Dependent variable) (y) 91170

Ay 4 = o a & v o & X L. = ° o X
vsaeetiuazizandn dusz@naanduiiug (Correlation coefficient) HgMINITANUINLAIH

Pa?  r Ae AU ANBANANNUS
o/ dl 3

X A fallsfan 1 wrasiulidasy ansun i wWa 1<i<n

A o o nﬂl A o o oy A . A .
y, AD Fuilasian 2 1gamalilsnIn AU | Wa 1<i<n

n Ae AuudeyaneNg

! Ry s a 3 = ] 2
AN r NIAANNANTATUIUAZRAITENTN -1 T 1 ANUNNLLRIAT T AD
1 | 1 = o [ a 2 A v 1

1. A% A0UAL LAAYaT X UaS Y HAINANAUS luiAN9asedn A G1A1
284 X WNANTEY y A%AR WANIAIEY X AAAILEN Y AZINH

2. A1 uuanuanedn x uaz y NAMNANRUS luRANIGReaiY Ae §1An
284 X WNANTE Y AZANATE WAGIAIT89 X AARITIES Y AZAAALE

% a b3 % = [ % [ a a o a

3. 07 WA NG 1 nunede x - uwasy | ANAUS lAANIGAERiuLAS
ANNNANAUSIUNN

4. 51 r Zedlng -1 mnete x wazy duRusluRAntamnssiudnuasi
ANNNANAUSIUNN

5.t r = 0 kaAM9I1 x LAz v RNANNFNRRSY

6. 811 W1lNd 0 udm9I x WAz y NAudNRusiule
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1
L)
1
(i8]
1
o
o —
()

31l7 2.7 uanaAnTas r NiAn —1< x <1 [16]

t:ll o o/l o 1 J dld 1 a £
Qqﬂgﬂ‘ﬂ 2.7 WaAINIINANNANAUTIZUINAT X LAY y NHAN NiseAng

ANANNUSITI 1 -1 AT 0 ANNAAL

2.1.4.4 N153LASIZRNISDANAS [2]

% o o

NN9AITEAND AR AT UNN AN DIANA NN LS IS L TF s 2 7
X = P — o = -~ i v o co o o
auld WallssunnuiranensaiAfradsallaniiaanfauisaun A uduRus s uiusquls
dl U :l/ o & a '8 dl =3 =3 o o '
Nrieen17dszuniili AnnUscdeAredni1saLATIEiNIInANeE LWBAN DA NANAUS
sepdnasiauds wagldmnuduiusiaameiliundszunneanvizanannsalansaulsans (y)
TueunAmEaR I MUA ATk IBATE (X) TeAINN AN RNUT L9 19RaLLs 2 Fn azuanaag lugd

ANNNTITULAUAIT

y=p,+pX+e

Tned ©y Ae faudsau
A o a
X A8 AQLLTBaTy
2 \ o A ~ A -
B, A8 AausinunU y ¥3ama8d v 1ie x AAndumud
B.Aa ANGU (Slope)  asidumTIuanIlNanINIslasuLlatas y  1de X
wlaglyl 1

e AD ANAAIALAABUAEINIEN (Random error)
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2.1.45 MSIATIEERILUNNGN [1]

nsdiasziauunngs iWumeilafiinisulsngudays vsaniousoating
aanilunguees nane nan aldudninaeizenistinsziaunnnee T ndniug
aglugidadu [1,2] Tnedsoudsmailudaudadengs doudoudssuiudauadelsunn
Tnaiauvzamiaanaaes (Subject) Nagflunguinaniuazsiasiianuadnaafeiu uaatnsa
wilsaniundnsiniauduiusnes lugliiadu aniutiiaun s dadusenanaun

e A 7 1 1 !

wensad vizadszunnudndayagaludadsetnguls

o a Gl o dl o 2 | ] o = { o ° J

FaulsBasyurasaulsnni linguunnseiy azizandasoulsanuunngs
(Discriminator variable) A29WIusA9LE 913808 Teanaliiien 1 Favizasans 2 Aozl

ANANTUSTUd WAl NATEau s uunnguazet ug Eadusan

D=0+ 0%+ 6% +..+ X, +¢€

Toa?l D Ao daulsanuuaziidudoyasing
o o PN S A
X, Xy e, Xy AR AALUAATEVITOFARUL TR UUNNAN W N >1
Lo Brre B, P8 ANGULIszAVE9AMLISEATE 1A N> 0

e A9 ATANINARTIALAADL

TuN1931ATIHAILNNGN AzEENANN19UIIRIRFUATLUNNgN UINATY
BN aunisanuunnguusasenndfeidunisauunnauaasiaitas (Fisher Discriminant

Function) N anflaNmgas (R.A.Fisher) Lﬂuijﬁmé’uﬁsﬁu
22 uAeEMNeadas

NN IAN BT F N LA TR T IR a8 ULy aAL 3 $11Ade Tag
uiveeniduniddeifeedesiuinnsindeingluinde 2.2.1 uazenddefifaadesiunis
NAABNANUAIINAINNTD N 1TLN eI NI e AT luriate 2.2.2 uag 2.2.3 fafisenziaen

pasa 1
2.2.1 9UI_e “‘Developing Software Metrics Applicable to UML Models”

[8]

a o aglj ¥ o o & '8 . |d| = 1
nuAsedl Iiauennsdaaensulf (Software metrics) i FanInIng

[ %

ALLBNLAA (UML metrics) AU 27 1R tnednnInAMAN® e (Characteristics) 184
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Tunagifnuea Feutienaniilu 4 dssinm lEud unmssadmiuluing (Metrics for model)
RUUIU 9 NATIA NATIAAIMTLARNE (Metrics for class) AU 13 1A3TA NATTA
&1Fuan7 (Metrics for message) A1U3U 2 N1R99A NIRITREIUTUYALAA (Metrics for use
case) ANUIU 3 N1RIIA (uazidaaLdadluNIANWIN N) LLmiﬁﬁmmm’émﬁ@gLﬁuﬁ
(UML Metrics Producer - UMP) FMFUAININAT AT 27 1ReTa FaeRannaiden
Tdsunsuimununidsunsnisduualss  Ineldn1wniu@nansd (BasicScript) waziadile
(Application Programming Interface - API) aasldsunsusduiualsg Lﬁ@ﬁﬁ@%ﬂ@ﬂﬂ
A0 AN ATA LAY dLLNARNNILAAAINIRTA AL TN 09 M S AT 4 Usziam
w%‘@uﬁum%wqmmmmmmmﬁmﬁwmiugmmwmL@ﬂmﬂ@“ﬂeﬁm“mm (37882188A

WAAS HINANLAN N)

1
2

o oA £y Bl o o = ° o A
HAANSNIAAIN9IUAAET Ae LANTRIdRgLENLeaa U 27 NIRTTR T

A11190ANI A LA TUdRN N9 LAT 2 LAE R AN KU LITZULIBINATN1INRUNTZLIL (System
Development Life Cycle: SDLC) LAZLATaNNAELANN A3 LATMIMNIAITATN 27 60 wian

AuseauAnsdalugliudianansiendianies

2.2.2 91U218 “Empirical Validation of Measures for Class Diagram

Structural Complexity through Controlled Experiments” [6]

a o

suAdeiliuenuAseT deliiasminaie “Early measures for UML class
diagrams” [7] %aié’mumummﬁmﬁﬁmqﬁLﬁ'm%’mﬁuLLmumWﬂmmmmuﬁﬁﬂﬁmj 7l
1nade 4 ngulsvnauald liun annsdnaas Chidamber LAz Kemerer 11R33A184 Lorenz
LAY Kidd 41R39A184 Brito e Abreu Ua% Melo UAYANAIIAT8Y Marchesi A1ntingIns
ST ANALATZTANNANS 19N BT LN AT AT UT Ba Ui ALNA (Package-
scope metrics) LAZANT AT N EUNINIT AR LA UDIAATS (Class-scope metrics)
(IeazREALAAITUIANANWIN A) LATHILALENIATIATNTA TAURANTIIRITNANNANAUS
YRILAUNINARNGULLLEATTE a1 WennTndu lauesalaltdu Lashnuaud (suaziBen
WAA MINANLIN 2)

A F IRt A i aue 7] Lmzmmﬁmﬁugm (Traditional
metrics) A A uauAAIA (Number of classes) WAY A UIUANIANHIUE (Number of
attributes) NNATIAdaLLTNLUIzaUN90d (Empirical validation) ¥1ANNANAUSILNINNAIN
TUTaULDIIATNAFNUHUNINARIE (Class diagram structural complexity) AUANNAINTD

Tunnstingednengensiuef InanisAnmiaainannsnlunisingednemewsduasluewideil
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T umannmaNiinsguleeale 9126 uARANTNAMANENITERE" 1DIAIINAINITT
Tunistingedneaensiuadines 3 Audnwuztas lun Anuainisalunisiianidila

gansuag  ANA1N170 NIRRT TIaNFLAF wazA Na NIl uNNTU S UL AW

el UATNINIMAAeLNeNAALUANNAFIUNGN “Uarinaadesiussudanguaes

N1msdantauauarnislssludnuzdasrasannannn lunisingedneaanduas

o [ %

sasnUaasaag1ed1 lted Aty lnanimaaesliuiaananaes  Bnn1InuAsTAL

ANzt RLIaIANAINITa TuNNT N e WS 7 seAy Avuanslugli 2.8 uas

%

ndayaniai1elumanisvinune (Prediction AYINAINI70 1UN19LN9INE

model)
ganFu eI NARIaAIEaENIIN ey aiiseRsd (Artificial Intelligent : Al) NNTa37

“The Fuzzy Prototypical Knowledge Discovery (FPKD)”

gNFanNIg | &nEan1s | ganEenIg U11nang 9e5anig | hesianig | 9esenig
Winlasnn Winlaman Winla Winla wnlannn | dnlannn
4 4
ngm ngm

31I7 2.8 uanvsTALARIA NIzt mRIANAINN TN TUNITLIN g T N TaNE WL 7 szd

'
a o o [

o eall v A~ . , o apy
HAANST LAINI1UAGEN Ae HANANRUSIUeLNININIEUINNIn TR T I
UIAUBLATAINAINIT0 NI E TN EI e s uNUNInAaa Taelunisdimsnsiing

ANNANAUS IR FN05e98 T8 F N (Spearman’s walaluiAanisniauns

correlation)
ANHANNNTD N33 NEIE T LUNUNINARIE WAIHAAEBLAYINNNIMARBANENLARTY

= o o A gy A o X P o g
LAEID ﬂﬂuuLWﬂIﬁN@Nﬂfmllgﬂm‘ﬂﬂﬂqﬂﬂluﬂQ?Nﬂ’]?W’]ﬂ’]?Wﬂ@'ﬂ\ﬁsﬁ’]

2.2.3 9147298 “A Controlled Experiment for Evaluating Quality

Guidelines on the Maintainability of Object-Oriented Design” [11]

|
[ % o =

NUITEUNANIIN AN BANANIENLRINTUUBNMANNNTDDNULILLTS
AsnnNLsegnsld Tneluanuidannansnnmunannis - (Principles) @@snan (Coad)

wareasnal (Yourdon) ludauaesadnnannisnlunisingeineiniseeniuui@edng n1s

o

v
FdpifansnnANanisalunisingsdneniseanuuLEedng ludiuaduainsalunig

AN e tazAaua1Nnralunfsdsul asusansuag InanislFauiaunansenuaag

UANNNFRANLLLIUNNNDTDY “NNFDBNULLITIFNNA (Good design)” AT “NNsRBNLLL

o

a o Ay . o 'S o ao yal oy
Lﬁﬂ’]ﬁlf}%i&lﬂ (Bad deSIQH)” ATHUANNTUBNADALLACERTADL mmmmmmmhmﬂmmu

a
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6 N1M39A TAUA NNATdA Und_Time 81msdm Und_Corr  N1Rsm Mod_Time  N1m3dm
Mod_Comp 810139/ Mod_Corr Lazu1maadin Mod_Rate

HAAWEN IHAINNUASEHE AD  N1988NLUUEIAMNINATINATNUANNI VD

'8 = I 1 % % dl o P2 1 o o & '8

posauaztasaauiaudtgsanisdnlawaznisudla Geinliinesianistingeinumensuns

%4
ML
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UYUARUN 3.2

r—-—--g--—-----

| o P
m‘imuumgﬂu‘uu NITLARN

Tuinan1Ivung NIRTIA

Angase |\ !
LULNAADL

NNTUUAIUHUATNARIALAZLNUNN
I ¢ | =3 ¢ &
II Fipaudiduienansendidnuea

< N19AHUNITNARDS >

J

: N19RDNLLLNIAIIREDUINLAR :
I nsunen lauazalng I
|

UYUAAUN 3.5

219 31 LAALNUNINTUABUNITANTRUINUATE

a

v ! 1
ﬁumuﬁ 3.1 2RINIANLLINWENAINNITFTIUUHUNINARIE LL@ﬂZLLNuﬂ’]W%

wauddniuscunlugadeyaaeuuazscunlugadeyanaaay Tuaoun 3.2 uansdunau

v ! v 1
ABANINITRANHULNITNANR ﬁumuﬁ 3.3 LLmﬂQﬁuﬁl‘ﬂuﬂlﬂ\?ﬂqﬁ"ﬂ@ﬂLLUULﬂ?‘@Qﬁ@@”IV%ﬂﬂ'}?

ANUINNATTALATTITUIEAINAINT0 TN g N e WAL § TuRaun 3.4 Lana

TumauTaIN1TaanLLLN13a5 9 INIAaN 9N Lmzﬁumuﬁ 3.5 LAAYTUADUURINTT

v

aanuuunIsaaaeLiiaanisimeliuazalng saaviganesusiariunouuandly

o

ndiad 3.1 3.2 3.3 3.4 WAY 3.5 ANNAGL
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3.1 NMFATIUHUNN ﬂﬂ’]’&LL@ZLLNuﬂWW%Lﬂ'}u‘E

Ly

TURBURIINITAFIUNUNINARIALATLHUNINT LA UETY 40 s2UL Fae
Tsunsuisduiualea Tnaseuuniv 40 szuvazuenifussuun iiugadeyasousiuau 35
sruuiveii hllda¥wlumanisvinunaaaiuaiunsnlunistingsinengansiiog uavszuuinlg

| 4 o dll o v o
dugadayanaasusiuiu 5 szuuiei lldluntsnmaasurinugnsieslunisiiuiaaey

TumansinunaAuaInsn lunstngeinenasngle
3.2 N1FRANUULNITNANDY

N199ANLLILNTINAAINRATITINNITUNUNNINNNNU T9aslisnaaziBen
WNeafunisfituuegluuniNnan1avinuIe NFReNNIATIA N1TIAENUUIENAASY N9EFIY

LULNARDL LAZN1IANHUNITNAAR

3.2.1 msmuunagduuulainanisyinune

a o = o

s AdenlszasAinaainalunanisinunassAuaNainnsnlunig
tgeinegenduafrasiunanisiinseiulazeaniuusruusaeduuaa aalunainlsd
ANNNIDULNIZALIAY AN TunagiingeinEaaWEa faanilu 3 sval Ae svaLde 1w

nae uazen uasiistuuuaesinanisinuiges lugluesannisdadu

y=aX +a,X +..+tax +.+axX, +C

dl { o A o o o . o
LB A1 Y (ﬁlfJLLﬂﬁ‘ﬁ]’\N) AR ALAMNANNNTN NI NN FLAS

9

o

A X (Aauil9Fiu) Ap mmﬁmﬁﬁmwﬁuwuﬁ’ﬁumwmmmlum@ﬁﬁqﬁﬂm
ganfAuwaf e 1<i<n
Al & Ae duilszAnsaesuansdansazsia e 1<i<n

1AV EA'R
A7 C A AAIN
3.2.2 NISLAANNIATIA

wnsdTanzasqnlessun M lusnuwidsil Usznaulddaauinsdnsianum 18
WA LLNBANTIUNIATIARINTUBNUAINABIARIUAL 12 NIATIA LATNIRTIARINTL

WHUNINT LA UFR 1 6 HIMTIM fananalumnsai 3.1
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' | 1
G [ % & o o A o A

ANAN99N 3.1 N1ASARNATaIUNNEARNAUNg  (*) ANAY AR N1RTTAT

'
Y G|

a o dgj o dl 4 o o aa 1a o O [
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® 37m9m Number of classes (NC) [7] A SuaeananaRananiely
WHUNINARE

® 3\n3iA Average number of attributes-unweighted (ANAUW) Ag
m@mmjﬂqfiimqu@mﬁﬂwmzmﬂumm%ﬂmm TaelaifinnetasdaliAusafauls
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FaednuuRaNaTaTA
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mmﬁmqu@mﬁﬂwm:mﬂiuﬂmm%\mm TneiRnasaiasanliiusafauls 1esnudnLnd
SR Windu 1.0 THamA WAL 0.5 wag Twaiam Wil 0.0 wsdaesiuiunanaiaua

® 11m9iA Average number of methods-unweighted (ANMUW) A#

HaIINTBII LT s nlAa AT TaglifinnsdaeAn I iusdauls Teaumsend
Fuiuan wama wag e madagdiunuaanaaun

® 31A99A Average number of methods-weighted (ANMW) AB AN
gasinuIuLmananelupaaiaan WeiinnsdasdnsiussauLls 1eaumeaniitluy
AR Wi 1.0 Thana WAL 0.5 uazlnaian WAy 0.0 vsdaednuiunanavaa

® 11M9A Average number of association relationships (ANAsso) An
FAINTBI LA LRSI A T LeF M aRaeduIuAaN AT e
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AT TBI YIRS LN TN 13808 S1aTAaN AT LA
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I8951UA AT U9 d LS NANTY e lulen T AGA
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Ao ﬂ"]WJ’]QJQQ“H@QZS’]ﬁu%uﬂjﬂﬂﬂmuﬁuﬁuﬁimuLLﬂﬂﬂ?LﬂffuﬂﬁﬂluLLNuﬂ’]Wﬂ@’]@‘ﬁlﬁﬂ')’]ll@xi
uﬂnﬁ@m

® 31M39A Average number of generalization relationships (ANGen) An
HAIINTIBIS LA AL IULIAe3a T T s f e duuAA av s

® 3111m99m Number of generalization hierarchies (NGenH) [7] A LA

PAIRNUIUAFLTUIBIANMNANAUS UL LR LUD TR LA tfuni e LN N TN AR
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® 31199A Maximum number of Depth of Inheritance Tree (MaxDIT) [7]
Aa ANAINGITRIAALTIIR A NANTUT LU LIAe Fa lalrdun e Tulaun InAa e N e
ANHEININNAA
o o o = c Yy 1 (= ! ' 14 !
WRsTpduFuLEBAINT Ao IHutueanasniilu 3 nquden THun wimg
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® 311m99m Number of Scenarios (NOS) A8 aNuudu3lavannnnielu

WNUNINT LA
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ANUIUANINIUNANE TN T IR0 WALARNYNTUIE AT aNANIA A WU T e
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ANUIUANTULLAUATIUN AU IA AN UIUT U I
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A o dl o o a ] % o dl = a % o = a
AB NATINTBIANUINANITANAINAN A s hinsefuansfindunnTu3Tannsfo A I uauTs

v
TayianNm
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closure) ‘IJ@\?ZM'a‘ﬂ?llﬁ’)ﬁxﬁﬁ'ﬂ’]‘imﬂzﬁiﬂﬂﬁ‘zlﬁ’juﬁﬁ‘iﬁ'}%u

® 171/99A Average number of condition messages (ANCM) AB HATIN

A
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4.1.2.2 AX14 PredictionTOOL
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Aang JAttribute \uaaai liussaviasadayainaaiunuanHnIzaIn
lana9endiannes iNadeAlinand Metrics  ANUILAINIATTA ANAUW LAz ANAW

(INUALIDUATBIATUANHOLE IINFAA UAZIRAFURITITaIAANE JAttribute Bt luNIANUIN )
4.1.29 pad JMethod

AaNa IMethod ilupananldiivssazidandeyainaaiummsenan
wnansendidnues iedAliiaana Metrics  AMAUAINIATIA ANMUW uaz ANMW

(mﬂmtﬁﬂmm@mﬁﬂwmz WNERR Larsvdnualiuuesnand JMethod @gﬂummmmﬂ q)
4.1.2.10 A]a1d JAssociation

. , dl Y @ = 17 dl o @ o

ARNA JAssociation LuARIAN ML LINazRsAdRy NN UANNANAUS
wusuadlEtady wannandl uay paxNindduy ainenansandieulea inadernlinana
Metrics ANUINMANHNARATIA ANAsso  ANAgg NaggH Has MaxHAgg (3188218en1e

ATUANEIUY LUNEBA UATITARUIBLILIBIAATE JAssociation Belun1ANUIN )
4.1.2.11 Aa14 JGeneralization

AaI4d JGeneralization luaaranldiiusaaazidaadayanaqiy
ANANAUS UL AL T lalrtil aaneng sl nd e Las iiNadeA1 liAana Metrics AN190W
ANNIRETA ANGen NGenH 1Az MaxDIT (912182108 ATD9ARIANHILE INNSARA WALIA

¥ o . . !
AURLUIANARNR JGeneralization @gium@mmn ])
4.1.2.12 AR4| JScenario

AR JScenario luaaanldiiusaazidaadayaifaniuninsinduiu

LEUAINTLAUT aNntandnsendiduiaa agdealiaana Metrics AMUIIANNIATTA NOS
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WMBO ANRM ANDM Uaz ANET ($1218%188A189ANAN UL LNNaR Lazsasuaiilaeg

AANA JScenario aglun1ANUIN A)
413 WHUMWELAUT

ANgUN 4.3 LAz 4.4 LAASUIUNINELAIUTIBIN TN UIEAINAINI T |1

n1311395nEgansiog LazN19AUIIATNIATTARINAIA LHBNNTLAYUEI8INYINWNE

1
= v

ANAaINITa NI nwgenduaflszneustadngnaiisainaana JTOP

q

PredictionTOOL uaz Metrics AUULARNNTLALTI9NT AU AR T ALTENa LAY

1%

fnnNa519anAaNgd JTOP PredictionTOOL Metries JClass JAttribute JMethod JScenario

Q

JAssociation Llay JGeneralization

:JTOP : PredictionTOOL - Metrics

PredictionTOOL()

predictMenuItemActionPeﬁormed(ActionE+ent)

e
getAllMetrics() ‘

NC, ANAW, ANAUW, ANMW, ANMUW, | ANAsso, ANAgQ,

MaxHAgg, NaggH, MaxHAgg, ANGen, NGenH, MaxDIT

predictLevel()
P—

maintainability level ‘
!
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a
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: JTOP : PredictionTOOL : Metrics : JClass| | : JAttribute | | : IMethod : JScenario : JAssociation | | - JGeneralization
PredictionTOOL() | ‘ ‘ ‘
initComponents( )
—
init( ) \ ‘
processElement()
—
L calculateMetrics(}) ‘

processElement

numNOS, humwW

|
NANMW, numANMUW |
processElementFElement) |

MBO, numA%DM, nUMANRM, numANET

Element)

processColIabo4
|

ation(Element)

processEIement

umNAggH, ‘ ‘

Element) ‘
\

processAssoEndeIement)
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processAssoEndType(Element)
= |

processElement

numANGen, nun
o WEVNDOET,

MaxDIT, numANGen, numNGenH

Element)

o i e

processElement|

Element)

‘ numANAsso nuJﬂMaxHAgg,
|
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processAssoEn;jElement)
processAssoEnd ype(Element)
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<?wml version="1.0" encoding="150-8859-1" 7>
<l-- <IDOCTYPE XMI SYSTEM 'UMLX13.dtd' » >
- <¥MI xmi.version="1.1" xmins:UML="/ forg.omg/UML/1.3"

timestamp="Mon Jan 12 14:25:48 2004"=
+ < XMI header>

+ < AMI content>
< ML

717 4.5 uamsdoutlszneuudnneluenansdndidnues

nM9ATMIIANIRATIAAz AT Tayalanansidndidnuaaludouiiiand
WINU FIN9ANUIINNAZIALLINEANLTUN19AIUITIANNI ST AR UTULEBNINARIE UAY

o o o A = = el
PRI AR NMSULHBNNNTLALEE BAHTNE AL LDEIAPGTS
4.2.1 NMNFANUIUAINIASIARINS LLRUNINARS

v
NM12ANUINLATNINIIARATLIUNUN ARG aziansaunandayaniel

¢ ~ = Y o = v
NANTLANGIANLAANLAANTIEALLAALNHINUAANIA mumﬂugﬂm 4.6 §un

'
X A o

1) ARNE TRELNAARELANEAINLA T8 UML:Class Tellmuanenuzndndty

q

o

a AUANEUE xmi.id Taiumnaila (Namespace) waldlunisdnstanialuenaisdnd

po))s

NUAA ADUANHIUE name AB TATE9AAIA ARMENETUE Visibility AD ANFAALLS 189AATE

oa

b

' A o a

v
alag] 3 A Aa WUAA Inana wazlngan uazAmMANEME isSpecification Uand1AaNAL

ERXb

A A Y %’/ 3| a [ a % I ] ISP | (=3
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du AaziiudanansdntdndanuduAusiuuLennsndy AaeAUANETIaNNTINGUaH
ATl none wtinlANANTUSULILRANNTINTYW ANTBIAANEAZUENNTINGUW AazilAly
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MaxDIT Aruauaindayanielulenaisidndidnuaanuanssiaazidaninaaiunais
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1) TU13le AFUNLAREUANAALNUA T8 UML:Interaction TN AMANUH
° o o F &8 pr ¥ K T & @
ANATY A AnuANHOE xmiid Sudwunala aldlunisasdanialuenaadndiduuas
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ANANHIUY name AR TBUNTUIT LTI
2) @13 BBUNEAUTINAALNUE 10 UML:Message TNHAMANHIUNANATY
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'
o

AUANETUY name Aa Ta1add13n 8 luiluindamMusdeaNdAtyAa UML:Message.sender
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Flfeinnuesaaafidugdeans uaz UML:Message receiver $19lufeinnaaspanai
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L|-- ==================== yehsale: rWarehouse [Elags] =S——a——mae—mrreee—eer

- <UML:Class =xmi.id="8.1" name="Warehouse" visibility="public" isSpecification="false"
isRoot="true" isLeaf="true" istbstract="false" isactive="false">
- <UML:ModelElernent. namespace >
<Foundation.Core.Namespace xmi, idref="G.0" />
<l-- swebsale -
</UML: ModelElement.namespace >
- <UML:Classifier.feature=
<l-- ==================== websgale::Warehouze.productCode [Attribute]
—=———=——==—=———=——=—==—==== —=
+ <ML Attribute xmi.id="8.2" name="productCode" visibility="private"
isSpecification="false" ownerScope="instance'" changeability="changeable"

targetScope="instance">
<l-- ===================z et lecf: Jarehouse. productName [Attribute]

+ <UML:Attribute xmi.id="8.3" name="productName' visibility="private"
isSpecification="false" ownerScope="instance" changeability="changeable"
targetScope="instance'" =

<l--  ========m—E—— webEale vHareliouse . product Oty [Attribute]
—===============—=== s

+ <UML: Attribute xmilid="8.4" name="productQty" visibility="private"
issSpecification="false" ownersScope="instance'" changeability="changeable"
targetScope="instance' =

<ML Operation xmi.id="5.6" name="deliveryOrder" visibility="public"
isSpecification="false" ownerScope="instance" isQuery="Tfalse"
concurrency="sequential'' isRoot="false" isLeaf="false" isfbstract="false"
specification="" /=

<l-- ============z===S===duebsala:illarehouse:: get ProductDetail

[Operation] ===SEr=SE—ms——===c=0 -
<ML Operation xmi.id="S.7" name="getProductDetail" visibility="public"
isSpecification="false" ownerScope="instance" isQuery="Tfalse"
concurrency="sequential’' iskRoot="false' isLeaf="false" istbstract="false"
specification=" /=
< /UML: Classifier. features
- <ML Association xmi.id="G.10" name="view{3E23A9D801A1}" visibility="public"
issSpecification="false" isRoot="false" isLeaf="false" isAbstract="false"=
- <ML Association. connection=
<|-- =====s==f=========== websale::view{IEZ23ADS0LAL [AzsociationEnd]
= == -

- <UML: AssociationEnd xmi.id="G.11" name="" visibility="public" isSpecification="false"
isMNavigable="true" ordering="unordered" aggregation="nhone"
targetScope="instance" changeability="changeable":

- <UML: AssociationEnd. multiplicity =
- <UML:Multiplicitys
- =<UML:Multiplicity.range =
<ML MultiplicityRange lower="1" upper="-1" />
< UML:Multiplicity, range=
< /UM MUltiplicity s
</UML: AssociationEnd. multiplicity =
- <UML: AssociationEnd. type=
<Foundation. Core.Classifier wmi.idref="S.14" />
<ls= webgaley: BroductRepository -4
< fUML: AssociationEnd. type=
</UML: dssociationEnd =
Bl === = = webzale: :view|{3IEZZAYDE01AL} [Az=oclatlienEnd]
= = -

- <UML: AssociationEnd xmi.id="G.12" name="" visibility="public" isSpecification="false"
isMavigable="false" ordering="unordered" aggregation="none"
targetScope="instance" changeability="changeable">

- <UML: sssociationEnd. multiplicity =

71I7 4.6 uanslaNAENFIANLDATILAANIBAZIBAN LT LIAAA
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- <UML:Collaboration. interactionz
- <UUML:Interaction xmi.id="G.13" name="{Logical View }2_orderFail" visibility="public"
isspecification="false">
- <UML:Interaction.message>
- <UML:Message xmi.id="G.22" name="view( )" visibility="public"

isSpecification="false'>»
<ML Message. sender

<Behavioral_Elements. Collaborations, ClassifierRole xmi.idref="G.53" />
<fUML. Message. sender
<UML:Message.receiver>

<Behavioral_Elements. Collaborations. ClassifierRole xmi.idref="G.54" /=
</UML. Message. receiver>
<ML Message. message3=

<Behavioral_Elements. Collaborations. Message xmi.idref="G.23" />
</UML: Message, message3=
<ML Message. communicationConnection:

<Behavioral_Elements. Collaborations. AssociationRole xmi. idref="G.15" /=
< fUML: Message. communicationConnection
<UML:Message. action>

<Behavioral_Elements. Common_Behavior. &ction xmi. idref="XX.24" />
</UML. Message, actions

</UML:Message>

dl (<3 ¢ & dl 2 dl v o
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139N 5.1 LL’&@\‘IW]N’}IJ"]‘EJ‘Q@ﬂ@Q?SUUWIﬁLﬂuﬁﬁﬂlﬂNﬂ@’&ﬂu AMUWIU 18 HIRATIA

A0

FEUU Max

p NC | ANAUW | ANAW | ANMUW | ANMW | ANASso | ANAGG | NaggH | MaxtAgg | ANGen | NGenH | | NOS | WMBO | ANRM | ANDM | ANET | ANCM
1 6.000 | 2.500 | 0.000 | 2.333 | 2.333 | 0.667 | 0.167 | 1.000 1.000 0.000 | 0.000 | 0.000 | 2.000 | 1.667 | 2.500 | 1.500 | 0.000 | 0.500
2 6.000 | 2.833 | 0.000 | 1.333 | 1.333 | 0.500 | 0.167 | 1.000 1.000 0.000 | 0.000 | 0.000 | 1.000 | 1.200 | 3.000 | 1.000 | 0.000 | 0.000
3 7.000 | 2.857 | 0.214 | 1.571 1.571 | 0.571 | 0.000 | 0.000 0.000 0.286 | 1.000 | 1.000 | 2.000 | 1.325 | 2.000 | 2.000 | 0.000 | 0.000
4 7.000 1.857 | 0.071 1.714 | 1.714 | 0.429 | 0.429 | 2.000 1.000 0.286 | 1.000 | 1.000 | 2.000 | 1.800 | 90.000 | 1.000 | 2.000 | 0.000
5 7.000 | 2.857 | 0.000 | 1.714 | 1.714 | 1.714 | 0.143 | 1.000 1.000 0.000 | 0.000 | 0.000 | 3.000 | 1.500 | 1.333 | 0.333 | 0.000 | 0.333
6 8.000 | 3.000 | 0.000 | 1.875 | 1.875 | 0.750 | 0.250 | 2.000 1.000 0.000 | 0.000 | 0.000 | 3.000 | 1.028 | 0.000 | 1.000 | 0.000 | 0.667
7 8.000 1.875 | 0.000 | 3.000 | 3.000 | 0.625 | 0.250 | 1.000 1.000 0.250 | 1.000 | 1.000 | 1.000 | 2.167 | 1.000 | 7.000 | 4.000 | 1.000
8 8.000 | 3.125 | 1.125 | 3.500 | 3.500 | 0.375 | 0.000 | 0.000 0.000 0.625 | 1.000 | 3.000 | 2.000 | 1.450 | 1.000 | 1.000 | 0.000 | 0.000
9 8.000 | 4.250 | 0.375 | 3.625 | 3.625 | 0.375 | 0.250 | 2.000 1.000 0.250 | 1.000 | 1.000 | 4.000 | 1.938 | 2.250 | 2.250 | 0.000 | 0.000
10 8.000 | 2125 | 0.000 | 3.875 | 3.875 | 1.000 | 0.000 | 0.000 0.000 0.000 | 0.000 | 0.000 | 3.000 | 2.167 | 2.000 | 2.667 | 0.000 | 3.000
11 8.000 | 2.500 | 0.125 | 4.625 | 4.625 | 0.750 | 0.250-| 2.000 1.000 0.000 | 0.000 | 0.000 | 3.000 | 1.600 | 1.333 | 1.000 | 0.000 | 1.333
12 9.000 | 0.889 | 0.333 | 3.222 | 3.222 | 0.333 | 0.333 | 3.000 1.000 0.556 | 2.000 | 1.000 | 3.000 | 1.111 | 3.333 | 1.333 | 0.000 | 1.667
13 9.000 1.778 | 0.000 | 5.333 | 5.333 | .0.111 | 0.667 | 1.000 2.000 0.000 | 0.000 | 0.000 | 3.000 | 4.944 | 1.333 | 2.000 | 0.000 | 0.667
14 9.000 | 2.889 | 0.222 | 2.000 | 2.000 | 0.e67 | 0.000 | 0.000 0.000 0.222 | 1.000 | 1.000 [ 3.000 | 1.250 | 0.667 | 1.000 | 0.000 | 0.667
15 10.000 | 2.000 | 0.000 | 3.100 | 3.100 | 0.800 | 0.100 | 1.000 1.000 0.000 | 0.000 | 0.000 | 3.000 | 1.250 | 1.000 | 1.667 | 0.000 | 0.667
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NAFI0

FEUU Max

4 NC | ANAUW | ANAW | ANMUW | ANMW | ANAsso | ANAgg | NagaH | MaxHAgg | ANGen | NGenH | | NOS | WMBO | ANRM | ANDM | ANET | ANCM
16 10.000 | 1.800 | 0.250 | 2.800 | 2.800 | 0.400 | 0.000 | 0.000 0.000 0.500 | 2.000 | 1.000 | 2.000 | 1.500 | 1.000 | 4.000 | 0.000 | 1.000
17 10.000 | 2.000 | 0.000 | 2.900 | 2.850 | 0.800 | 0.000 | 0.000 0.000 0.300 | 1.000 | 1.000 | 3.000 | 3.111 | 1.667 | 1.000 | 0.000 | 1.000
18 11.000 | 2.727 | 0409 | 4.364 | 4.364 | 0.364 | 0.364 | 1.000 2.000 0.364 | 2.000 | 1.000 | 2.000 | 2.167 | 0.000 | 2.500 | 0.000 | 0.000
19 11.000 | 4.545 | 0.000 | 1.182 | 1.182 | 0.909 | 0.273 | 3.000 1.000 0.000 | 0.000 | 0.000 | 2.000 | 1.500 | 0.500 | 2.000 | 0.000 | 1.000
20 11.000 | 2.636 | 0.000 | 3.091 3.091 1.091 0.455 | 2.000 1.000 0.000 | 0.000 | 0.000 | 2.000 | 1.875 | 0.500 | 2.500 | 0.000 | 0.500
21 12.000 | 1.917 | 0.292 | 3.750 | 3.750 | 0.250 | 0.250 | 2.000 2.000 0.250 | 2.000 | 1.000 | 4.000 | 1.333 | 0.000 | 3.250 | 0.000 | 0.250
22 12.000 | 1.583 | 0.000 | 3.583 | 3.583 | 0.250 | 0.250 | 1.000 2.000 0.000 | 0.000 | 0.000 | 3.000 | 1.694 | 0.667 | 4.000 | 0.000 | 0.333
23 13.000 | 2.000 | 0.077 | 2.462 | 2.462 | 0.846 | 0.154 | 2.000 1.000 0.308 | 1.000 | 1.000 | 3.000 | 2.111 | 0.000 | 1.333 | 0.000 | 1.333
24 13.000 | 1.846 | 0.385 | 2.769 | 2.462 | 0.385 | 0.462 | 3.000 1.000 0.385 | 2.000 | 1.000 | 3.000 | 1.833 | 2.000 | 1.000 | 0.000 | 0.000
25 14.000 | 2.143 | 0.250 | 1.214 | 1143 | 0.286 | 0.286 | 2.000 2.000 0.429 | 2.000 | 1.000 | 2.000 | 1.500 | 2.000 | 2.000 | 3.000 | 0.000
26 14.000 | 1.286 | 0.000 | 4.000 | 4.000 | 0.500 | 0.286 | 3.000 1.000 0.000 | 0.000 | 0.000 | 5.000 | 1.933 | 0.400 | 2.600 | 0.000 | 0.000
27 15.000 | 2.067 | 0.333 | 1.000 | 1.000 | 0.583 | 0.333 |:3.000 1.000 0.333 | ©1.000 | 2.000 | 3.000 | 1.417 | 0.000 | 1.000 | 0.000 | 0.333
28 15.000 | 3.400 | 0.367 | 1.533 | 1.533 | 0.533 | 0.067 | 1.000 1.000 0.467 | 2.000 | 2.000 | 4.000 | 1.558 | 0.500 | 3.000 | 0.000 | 0.750
29 16.000 | 1.500 | 0.000 | 1.500 | 1.500 | 0:313.| 0.000 | 0.000 0.000 0.625 | 3.000 | 1.000 | 4.000 | 0.938 | 1.250 | 0.500 | 0.000 | 0.750
30 17.000 | 3.353 | 0.559 | 2.824 | 2.824 | 0.353 | 0.176 | 2.000 1.000 0.471 | 2.000 | 2.000 | 3.000 | 1.733 | 1.667 | 3.000 | 0.000 | 1.000
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NI
FEuUy Max
p NC | ANAUW | ANAW | ANMUW | ANMW | ANAsso | ANAgg | NaggH | MaxHAgg | ANGen | NGenH | | NOS | WMBO | ANRM | ANDM | ANET | ANCM
31 18.000 | 1.556 | 0.000 | 1.167 | 1.167 | 0.722 | 0.167 | 2.000 1.000 0.000 | 0.000 | 0.000 | 2.000 | 1.000 | 0.000 | 2.000 | 0.000 | 0.000
32 24.000 | 0.792 | 0.042 | 1.250 | 1.250 | 0.917 | 0.458 | 3.000 1.000 0.167 | 1.000 | 1.000 | 4.000 | 1.263 | 1.500 | 0.500 | 0.000 | 0.500
33 24.000 | 2.125 | 0.042 | 2.750 | 2.750 | 0.500 | 0.250 | 3.000 1.000 0.083 | 1.000 | 1.000 | 3.000 | 2.833 | 0.000 | 3.000 | 0.333 | 0.333
34 25.000 | 1.560 | 0.16 1.400 | 1.400 | 0.480 | 0.280 | 4.000 1.000 0.360 | 3.000 | 1.000 | 2.000 | 1.000 | 1.000 | 2.000 | 0.000 | 1.000
35 36.000 | 1.528 | 0.361 | 3.500 | 3.431 | 0.389 | 0.000 | 0.000 0.000 0.667 | 4.000 | 2.000 | 2.000 | 1.744 | 0.000 | 0.667 | 0.000 | 0.000
P97 5.2 uassAsnpsipesszuuild dugedeyanasen d1uau 18 wimein
AT
FEUU Max
p NC | ANAUW | ANAW | ANMUW | ANMW | ANAsso | ANAgg | NaggH | MaxHAgg | ANGen | NGenH | | NOS | WMBO | ANRM | ANDM | ANET | ANCM
36 6.000 | 3.000 | 0.167 | 5.833 | 4.833 | 0.167 | 0.167 | 1.000 1.000 0.500 | 1.000 | 2.000 | 1.000 | 2.000 | 3.000 | 1.000 | 0.000 | 1.000
37 9.000 | 2.222 | 0.333 | 3.667 | 3.667 | 0.556 | 0.222 | 2.000 1.000 0.333 | 2.000 | 1.000 | 5.000 | 1.250 | 0.200 | 0.800 | 0.000 | 1.400
38 10.000 | 1.200 | 0.100 | 2.900 | 2.900 | 0.500 | 0.200 | 1.000 2.000 0.200 | 1.000 | 1.000 | 4.000 | 1.075 | 1.000 | 1.750 | 0.000 | 1.000
39 13.000 | 1.769 | 0.154 | 1.308 | 1.308 | 0.769 | 0.000 | 0.000 0.000 0.538 | 2.000 | 1.000 | 4.000 | 0.875 | 3.000 | 1.750 | 0.000 | 0.500
40 23.000 | 0.957 | 0.109 | 1.043 | 1.043 | 0.522. | 0.217 | 3.000 1.000 0.348 | 3.000 | 1.000 | 1.000 | 0.909 | 0.000 | 3.000 | 0.000 | 0.000
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;13197 5.3 LaIAzuuuANaINnsalunisingainae v fresgadeyaaat

AZLUUAMNEINIT | ASLUUBANNFINIGA AZLUY A5 Tuan

4 Tumsianadila | lunsdSudday | anusiansaluns | szauanug-

I davdued (rruuu | gewsuad (Aruuy 113950 (AzuuY | ¥19alunigiings

VAN 20 AZLL) BN 20 AZLLL) BN 40 Azuun)* | snudanAuasd
1 13.000 8.667 21.667 1
2 12.333 12.000 24.333 1
3 17.33 10.67 28.00 1
4 12.667 11.000 23.67 1
5 13.500 12.000 25.500 1
6 14.667 15.667 30.33 2
7 13.000 16.000 29.00 2
8 13.333 11.000 24.333 1
9 12.333 12.333 24.667 1
10 15.000 14.667 29.667 2
11 14.333 13.667 28.000 1
12 12.667 e 26.00 1
13 10.333 11.000 21.333 1
14 16.000 14.333 30.333 2
15 16.333 14.000 30.33 2
16 12.333 12.000 24.333 1
17 13.000 11.000 24.000 1
18 8.333 9.000 17.33 0
19 13.667 12,000 25.67 1
20 15.000 13.833 28.833 2
21 8.000 8.667 16.667 0
22 15.333 12.667 28.000 1
23 15.333 13.000 28.33 1
24 13.333 12.333 25.67 1
25 14.000 14.000 28.00 1
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FIN9797 5.3 UanIAzuLLANAINNIn lunsingeinemenduastesgadeyasou (se)

AZLUUANMNAINITO | AZLUUANNEINIGD AZLUY AfidsuSluen

g Tumsianmdila | lunisdudfay | Anasiansalunis | szauanugn-

s FAaNALIS (AT danAwls (Azuul | 11995010 (AzuEY | N1salunisiings

VAN 20 AZLUL) BN 20 AZLUL) WM 40 AZHUB)* | Snendanawad
26 13.000 12.333 25.333 1
27 15.667 10.333 26.00 1
28 13.000 10.667 23.67 1
29 12.333 15.000 27.33 1
30 12.333 11.000 23.333 1
31 12.667 11.667 24.33 1
32 16.000 10.333 26.33 1
33 12.333 11.667 24.000 1
34 12.667 7.333 20.00 0
35 9.000 8.333 17.333 0

* V’hﬂ%LLuuﬂ"JWN@WNW?ﬂ&LHﬂ’]?ﬂWﬁ;ﬁ%‘/ﬂiﬂ’]sﬁ@WﬁLL’Jﬁ.“Lﬁﬁ"ﬂﬂN@?QN%@Q@%LLMHQQ’]N@WN’]?G

Tunrsnaudn lagan Al siaraz LA INa 1N 70 TN U Fu Asuaanmun s

FIN9799 5.4 UAAIAZULLAINAINNT luN19tg9inE e LS Te g adeyanadeL

AZLUUANNA NI | AZHUBATNAINIGD AZLLUY AUl uen

g Tunsvinanaaila Tunsdsudday | Anusiansalunis | szAuANEn-

e FaNALIS (AZLY danAwas (Azuul | 115950 (AzuUY | Asalunisiings

LBIN 20 AZLLUY) LAR 20 AZLLUY) AN 40 AZLLUU)* snunganawag
36 15.333 15.333 30.667 2
37 14.667 12.333 27.00 1
38 13.333 6.667 20.00 0
39 16.000 12.333 28.333 1
40 9.000 8.667 17.67 0

* ANATLUUAIINAINIT TN NN Te WA LISIAAAINNATINTBIAZ UUY

ANAIN1TD RN A NN laganF L fuaAzuuA Ng N lunsdSuLdas

daNpLIT
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53.1 a5nlupanmsinuialngldgadaya®sauanuau 35 ssUULa
TATAYANARAUITUIU 5 F5LL

mﬂmiﬁﬁ@wmmﬁm%ﬂ 18 H1A39AITAT L AADUNIATIZIINA
AU AN FAU Teflanuduiug feuaadlunnsed 5.5 nodflunnsindiuau 5
ﬁjﬁﬁmmmﬁuﬁuﬁ’ﬁuzﬂq Fauanslupesd 5.6 Wefiansanatefawpailiuudaiiléann
FEnslanzinisanne fauandlunnmad 5.7 wudflnnnsindauaw 4 mmﬁmﬁ'gﬂﬁm
28N A1 NIATIM ANAW ANMW ANAgg L&z ANGen Fohluduneuiasmaennsds
AU 14 WIATTA AR NIATTANC ANAUW ANMUW ANAsso NaggH MaxHAgg NGenH
MaxDIT NOS WMBO ANRM ANDM ANET uais ANCM fitinliiaszsinsadiadagianas
Annzidnuunngudelsunsiieaiiediaaduitiuined

719197 5.8 UARKHAT IHR NN AR TR 14 WRsTALAZAN
ANaINTntunstageinEgenfuaslidinazdiduunngusae Tlsunsnieaniadies
dwitauland ArdaaafiuanslunasfeddulssAnsresnnsdausazannsdalunedusd
7l 1 ngAndulszan lupedandd 2 dudrdudss@nsdmsuiarduiniunoanuanusaly
natingeinengenfunfagiuean Aduiazanslunednd 3 udrdudszanddusy
HafFurauaanuatingn lnaiageinemenfuafeiulunate uazAnduiszdns
PG 4 e dunlsyansdmiuiadduinung aanusnunsalunistingssnmaeanduag
TEALNNE

ANAI99T 5.8 ATnsadEdaNnIs LTI R g AL A sa T
miﬁwqﬁﬂmmwﬁTLLQﬁ?LLﬁi@zizﬁu"Lé’ﬁaﬁ
For = 0.98xNC+7.856 x ANAUW10.146 x ANMUW+27.655 x ANASSO

+0.287xNaggH+11.547 x MaxHAgg+13.096 x NGenH-4.062 x MaxDIT
-0.737xNQOS-2.393 x WMBO+0.192x ANRM+0.215x ANDM-0.672 x ANET

-2:51x ANCM-60.615

F oy = 0.825%NC+6.56 x ANAUW+4.614 x ANMUW+20.022 % ANASSO
+0.254 x NaggH+4.801 x MaxHAgg+3.332 x NGenH+0.282 x MaxDIT
+3.656 x NOS+0.897 x WMBO+3.858 x ANRM+0.868 x ANDM+2.414 x ANET
-1.282x ANCM-37.568

F = 0.913xNC+8.781 x ANAUW+7.588 x ANMUW+19.309 x ANASSO

easy

+0.729x NaggH+5.252 x MaxHAgg+4.003 x NGenH-2.543 x MaxDIT
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+3.399x NOS-0.034 x WMBO+2.941 x ANRM-0.368 x ANDM+3.096 x ANET
-1.353x ANCM-46.637

o

e F,, AB Refduinunaauannsalunistingsineme s fszauan

difficult

o

Fooqum P8 AdWINUNzIA N80 0 Ut geinEngenfiasseiuiunans

medium

F..., P2 siduinneamuainnsalunistingednuaensuafozdudng

easy

LadNE AT T 5.9 ARRAIAALTIATY (Cross-validation method) WuNEE
nsinunalnelddeys 34 ssunlunisaiaslumaniaioue ienensafzuufiuie 1
32UL Feasfinnsfuansieuaminiusuat 35 A5 dedwandefidusaaugniedly
N13ANGN Iuﬂziu?zuuﬁ@gilu?zﬁumﬂfa‘iqmu 4 32U Nnuedeg luseiuann 2 seuy
wraviuagnFasas 50 ((2/4)% 100) finuiadag luseAuliunanadnuau 1 920y %3e
Munainiaaas 25 ((1/4)x100) vinwngdnagdlussAudaganuam 1 ssuuvzayinuaiaias
az 25 ((1/4)x100) ‘1un@mzuuﬁﬂgﬁlm:ﬁuﬂmﬂmﬁmqu 25 sxuu Nunedneg lusyay
U1unans 19 syuu vizenwnagniases 76 ((19/25)x 100) vinugdnag luseAtdraanuay
6 2TUL WIANUNENATRAE 24 ((6/25)x100) LL@z’Luﬂ@;u?zuuﬁmﬂm:ﬁudwﬁmqu 6
szuL NuedieglussAulunanediuan 5 svuy viseinueinFeuas 83.3 ((5/6)x 100)
MnunedegfluseAtdnaauen 1 s2iu vsanuigniesas 16.7 ((1/6)x 100)

Fedunnsung Aesnnreauasingu mmmﬁmmgﬂﬁ’i@aﬁmﬂumL@ﬁ'ﬂ

62.9% (((2+19+1)/35)x 100)
5.4 msasiagaulnipamsiuganasInsalunsingesnsgannuas

wasanaielumanisinugaNaINsn lunsingadnengensuag 1in
Tumanainuaed lFnaviannassagetaIngnfasasnasiawmasasscuun idugadoya
NAFBLAIUIU 5 FEUL ANKANITATIAABLATINNAANL THIAANI I ANNAINIT LY

4 o

NN9LN9ENE A WEL SN NITUDAIUIY 3 92UBNAINIIDNIWIBeE TWITALNYNEBS A
WanSTuA1919% 5.10
a o dy ¥ o o 1 ¥ v
nuddilineaasliudnuudeyalugadeyaasunazgadayanaasuiily
25 TULWAY 15 93U MU 30 $2ULLAY 10 92U LAORANIUIANNLANFNNTBIANUIUALIN

v
ONABY HANIINARBITBNTATRYATIN 2 NguUAAIRE lUN1ANWIN T



AN9199 5.5 WAANANAIHANRUS AR N9 ATIZTU AN A NN US UL LN eI FAU

NC ANAUW ANAW ANMUW ANMW ANASS ANAGG NAGGH MAXHAGG ANGEN NGENH MAXDIT NOS WMBO ANRM ANDM ANET ANCM
NC Pearson Correlation 1 -.369* .075 -.145 -.152 -.163 -.007 .273 -.062 .341* .596* .353* 123 -.071 -.356* -.088 -.109 -.146
Sig. (2-tailed) . .029 .667 .405 .383 .350 .967 112 722 .045 .000 .037 .481 .684 .036 .613 .534 .402
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANAUW Pearson Correlation -.369* 1 .259 -.099 -.093 .188 -.189 -.126 -.049 -.123 -.233 .062 -.132 -.041 .027 .009 -.115 -.081
Sig. (2-tailed) .029 . .133 571 .597 .280 V2T TA 472 .782 .481 179 723 449 .816 .879 .959 .509 .644
N 35 35 35 35 35 35 el 35 35 35 35 35 35 35 35 35 35 35
ANAW Pearson Correlation .075 .259 1 .154 .146 -.404* -.175 -.102 -.145 .684* .451* .820* -.032 -.147 .038 -.068 -.098 -.218
Sig. (2-tailed) .667 .133 . .376 .403 .016 .316 .561 404 .000 .007 .000 .856 .400 .830 .697 .574 .208
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANMUW Pearson Correlation -.145 -.099 .154 1 .999* -.268 .183 -.1958! .189 -.086 -.090 -.102 .198 .579* .009 .267 -.132 177
Sig. (2-tailed) .405 571 .376 . .000 1499 .293 .262 .276 .624 .606 .561 .254 .000 .961 121 .450 .308
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANMW Pearson Correlation -.152 -.093 .146 .999* " -.261 174 -.201 .189 -.097 -.104 -.107 .198 .576* .000 .276 -.134 .187
Sig. (2-tailed) .383 .597 .403 .000 g .130 i .246 .276 .580 .552 .539 .253 .000 .999 .109 442 .281
N 35 35 35 35 35 35 B85 35 35 35 35 35 35 35 35 35 35 35
ANASS Pearson Correlation -.163 .188 -.404* -.268 -.261 1 -.160 -.016 -.234 -.482* -.479* -.392* -.030 -.152 -.042 -.224 -.117 272
Sig. (2-tailed) .350 .280 .016 119 .130 4 .358 .928 .176 .003 .004 .020 .865 .382 .809 .195 .504 113
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANAGG Pearson Correlation -.007 -.189 -.175 .183 174 -.160 1 .655* .716* -.291 -.187 -.257 .055 .371* -.047 .033 .160 -.196
Sig. (2-tailed) .967 277 .316 .293 317 .358 . .000 .000 .089 .283 .136 752 .028 .789 .851 .358 .258
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
NAGGH Pearson Correlation .273 -.126 -.102 -.195 -.201 -.016 .655* 1 A87* -.181 -.026 -.108 .199 -.125 -.102 -.037 .017 -.075
Sig. (2-tailed) 112 AT72 .561 .262 .246 .928 .000 . .003 .299 .880 .536 .251 475 .560 .834 921 .667
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
MAXHAGG  Pearson Correlation -.062 -.049 -.145 .189 .189 -.234 .716%* LAB7* il -.324 -.174 -.291 .067 217 -.124 .250 .206 -.261
Sig. (2-tailed) 722 .782 404 .276 .276 176 .000 .003 L .057 317 .090 .704 211 479 .148 .234 131
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANGEN Pearson Correlation .341* -.123 .684* -.086 -.097 -.482* A -.181 -.324 1 .879* .852* -.023 -.188 .044 -.067 .107 -.073
Sig. (2-tailed) .045 481 .000 .624 .580 .003 .089 .299 .057 . .000 .000 .895 .280 .801 .704 .542 .676
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
NGENH Pearson Correlation .596* -.233 .451* -.090 -.104 -.479* -.187 -.026 -.174 .879%* 1 .675* .016 -.187 -.051 -.023 .078 -.089
Sig. (2-tailed) .000 179 .007 .606 .562 .004 .283 .880 ShlT/ .000 . .000 .927 .281 .769 .893 .657 .610
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
MAXDIT Pearson Correlation .353* .062 .820* -.102 -.107 -.392* -.257 -.108 -.291 .852* .675* 1 .009 -.101 -.123 -.026 .082 -.173
Sig. (2-tailed) .037 723 .000 .561 539 .020 .136 .536 .090 .000 .000 . .960 .566 .483 .882 .641 321
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
NOS Pearson Correlation .123 -.132 -.032 .198 .198 -.030 .055 .199 .067 -.023 .016 .009 1 .053 -.093 -.173 -.398* .082
Sig. (2-tailed) 481 .449 .856 .254 .253 .865 .752 .251 .704 .895 .927 .960 . .763 .596 .320 .018 .641
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
WMBO Pearson Correlation -.071 -.041 -.147 .579* .576* -.152 .371* -.125 217 -.188 -.187 -.101 .053 1 -.029 .192 .072 .095
Sig. (2-tailed) .684 .816 .400 .000 .000 .382 .028 475 211 .280 .281 .566 .763 . .869 .268 .682 .586
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANRM Pearson Correlation -.356* .027 .038 .009 .000 -.042 -.047 -.102 -.124 .044 -.051 -.123 -.093 -.029 1 -.132 .001 .224
Sig. (2-tailed) .036 .879 .830 .961 .999 .809 .789 .560 479 .801 .769 .483 .596 .869 . .448 .996 .197
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANDM Pearson Correlation -.088 .009 -.068 .267 .276 -.224 .033 -.037 .250 -.067 -.023 -.026 -.173 .192 -.132 1 475% .152
Sig. (2-tailed) .613 .959 697 121 .109 .195 .851 .834 .148 .704 .893 .882 .320 .268 .448 . .004 .384
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANET Pearson Correlation -.109 -.115 -.098 -.132 -.134 -.117 .160 .017 .206 .107 .078 .082 -.398* .072 .001 A475* 1 -.073
Sig. (2-tailed) .534 .509 .574 .450 442 .504 .358 921 .234 .542 .657 641 .018 .682 .996 .004 . 677
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
ANCM Pearson Correlation -.146 -.081 -.218 177 .187 272 -.196 -.075 -.261 -.073 -.089 -.173 .082 .095 .224 .152 -.073 1
Sig. (2-tailed) .402 .644 .208 .308 .281 113 .258 .667 131 .676 .610 321 .641 .586 197 .384 .677 .
N 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).




AN9199 5.6 LAAIANAIMNANNUSIZNING 2 N1MTTn

53

e b o ee ANNANNUS | TzautadiAt
NIATIANANNUENU ERET —
LLLILILNEITRY (2 219)
ANMUW & ANMW 0.999 0.01
ANGen & NGenH 0.879 0.01
ANGen & MaxDIT 0.852 0.01
ANAW & MaxDIT 0.820 0.01
ANAgg & MaxHAgg 0.716 0.01

AN9199 5.7 LAANANDSALASNUS LA RIHATT A

e P 7 BN N Uikt

f 2aIn15UsENIN
NGenH 0-246 7.664190
MaxDIT 0.121 8.438642
ANGen 0.109" 8.498086
ANAW 0.053' 8.759590
MaxHAgg -0.030 9.137311
ANMUW -0.028 9.127916
ANMW -0.028" 9.127125
ANAQg 0.001' 8.997236

AN9199 5.8 WAANANENLILANTURINIATTALAALAIUAIHASTUNITALN

naNuesH T3

. AMNAINITD LuNsLINgeta RIS
NIASI0
sgaueIn | szauliunane | szAudis
NC 0.980 0.825 0.913
ANAUW 7.856 6.560 8.781
ANMUW 10.146 4.614 7.588
ANAss 27.655 20.022 19.309
NaggH 0.287 0.254 0.729
MaxHAgg 11.547 4.801 5.252




AN9199 5.8 WAANANENLILANTURINIATTALAALAIUAIRAATUNITILN

nguresiTIes (5e)
5 ANAINTTD INNTLN g TR AT
NIRITM
seauenn | szAudiunany | gsNng
NGenH 13.096 3.332 4.003
MaxDIT -4.062 0.282 -2.543
NOS -0.737 3.656 3.399
WMBO =2.393 0.897 -0.034
ANRM 0.192 3.858 2.941
ANDM 0.215 0.868 -0.368
ANET -0.672 2.414 3.096
ANCM £2 510 -1.282 -1.353
(Constant) | -60.615 -37.568 -46.637

5113199 5.9 uandilefiiuiaNgnéiaslun1ainungrNA N0 TuN91N g9

fanFuifillaldgadayaaauaiua 35 stuuuazgAdayanAAaLIATUI 5 FEUL
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ANUIULDYA LWNFNNTUNE

ANNAIN3D TUN19L1 39T N R WFKAS 994
g1 [Uunan|  $e
8N 2 1 1 4
]I Yunang 0 19 6 25
o~ o Nl 0 5 1 6
ATRAWITLATL
&N 50.0 25.0 25.0 100.0
wasidus -~ Uunane 0.0 76.0 24.0 100.0
478 0.0 833 16.7 100.0

F119999 5.10 WAAINANIAFIAARL INAAN YN UNEATINATNN90 TN 91N gedn g ansiag

dl 4 d’ Y 2 o 7 o
VII@LN@IWQ@%@H@@@M@’]HQH 35 FCUULASTATDHANAADURIUIU 5 3oV

ANAINInTuN9tN s manEua s

ANUIULBYA LUNFNNUNE

an [dhunangl  9e 394

&0 1 1 0 2

7171 11unang 0 1 1 2

o el 0 0 1 1
NAaNN 3

&N 50.0 50.0 0.0 100.0

waedidus  dunane| 0.0 50.0 50.0 100.0

318l 0.0 0.0 100.0 | 100.0




55

55 wanswfsaudisulanansvitunaanuaiansalunisingesnnganmnuag

AINN1INAABIATNTHAANIIINUNEAINAINNTa lUNNTEN g TN s

poanguiayans 3 ngu Aa ngui 1 a¥nlunanisiiunslasldgadeyaaauaiuu 25
k4 4

svuLuazgadayanaaauaueu 15 sxuu ngud 2 a¥lumanisvinunatealdgadasyaaen

9 a

AU 30 sruvuargadayanaaeUa U 10 szun ngud 3 aieTuinanisvinuielneld

TATDYAFDUANUIU 35 FLULLATTATALANAADLANUIY 5 7L

q

F19T 5.11 waseaLauANgNFAas N1 tE ANAINT0 N9 g nEngan A s

4 3 ngudaya

el —
Ay NaNTnlungei N LS mmmmg@iumgumgw 993
Z gan [Uunas| e
| 2N 0 1 2
ATRALITATU NgNA 1| AU nunang 2 12 5 19
el 0 3 0
| 21 2 2 0 4
ATAALITIATU NGNT 2| A1uau unans 0 16 6 22
Nald 0 4 0 4
| 2N 2 1 1 4
ATAALITATU NANT 3| AU iwnana| 0 19 6 25
Neld 0 5 1 6

AN197 5.11 WAAYATUIUAINGNABS NIV U AIINAIN1TD L UNIT
ﬂﬁi\iﬁ*ﬂmsﬁ@WﬁLLfﬁﬁq 3 NANFIEITATAAUITATI WLINGHT 1 HAuauAugnFiaslunis

Mwnawini 12 u 25 szuu visaAaiilu 48 wWaefidus ngui 2 Fauruanugndedlunig

24
uneiniu 18 lu 30 s visaAmdlu 60 WWasidud ngui 3 Ha1uauaugnsiadlunig
ey 22 1w 35 spu vizaRailu 62.9 wlasidus

Lﬁ@ﬁwzuﬂummmmmLeri@:ﬂzjumqu@ummgﬂﬁ@qluﬂﬂﬁ‘

o J 1 QI = o dl o ¥ | o A a |

NuIe wmqﬂ@w T A uUsEUUNRIWIEgnFainty 8 1y 15 vsarmiiu 53.3

& & 8 1 dl ° -8 6

wWefidius nqguit 2 § W%Q%?”UUW%W‘L&WHGHM@QLV}’W}U 6 11 10 viseAALlu 60 iwlafidus
NGNT 3 ﬁﬂ-‘imqm:uwmmﬂgﬂmmwhﬁ”u 3 Tu 5 vivaAaLlu 60 o fifus

ANEANITEUNIUTY 3 NgUNLIATUIBANYNABS TN WY

ANANIID TUNN9IN e TN TanAuSaadTAsaausTIadulungui 3 HAdugNFnga

Ngnfe 62.9 Wefidus daunisnsaaauAINgnieslunimiuigaANaINignlunig
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= =

1ngafnmgenduafanaszunluganaaauaasudazngy WUdNNgNT 2 wazngui 3 §
U o 1 o A & @ &
ANgNABdlunNIsnIUWNiuAe 60 tlasidus

Aatiuanudseiacldlnanisinuiengieannisldsruunlfidugadesya

AUAUIU 35 3vuY warsruu M idugadeyanaaeuanuau 5 szuy (ngud 3) ulueg

lunnsvinungszauANaINiIn lunistngeinegenfuas

FN979% 5.12 wanananisnsadauunanisinunganainngnlunisingaineae e s

AN
14 3 NGNLLA

ANAINID N st nETa WG muqumﬂgaiuﬂ@umgw
: g |thunang| 9w 793

. &1 2 1 1 4
nguy 1 AU unang | 2 4 1 7
el 1 1 2 4

| N 1 1 0 2
nguy 2 U unans 1 3 1 5
Sl 1 0 2 3

. &N 1 1 0 2
ngxy 3 MU mnana | 0 1 1 2
Sal 0 0 1 1

56 nsuila HAN lAAINNITNAARY

annlumanisiauieanatnasn lunastiageinmaansuasnldainnig
af1etaeldsruunlfilugadeyaaauauon 35 szuuuazscuunlfidugadayannsey

AU 5 TEUL ANNANNNT F F uaz F__ pail

difficult © medium easy

F = 0.98xNC+7.856 x ANAUW+10.146 x ANMUW+27.655 x ANASSO

difficult
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BankCustomer

Yi&zidNo : Number
‘kzaddress : String

%getldNo()
®setldNo()
#getName()
#setName()
#requestCash()
%dispenseCash()

0..n request

Officer

&zname : String
&zposition : String

7

JuristicPerson

Person

&authorizedName : String

&name : String
&sex : String

CustomerAccount
& accountNo : Number
& accountName : String
EraccountType : String

1..n |Ebalance : Currency 1

update

1 setName()

= [®getName()
®setPosition()

% getPosition()
ScreateTransaction()

% deposit()
$withdraw()

BranchManager

®manage()
%calculateSumStatusMoney ()

do

\/0..n

1

do
1

StatusMoney

E¥lastestDate : Date
&samount : Currency

%getLastestDate()
®getAmount()
%®calculateAmount()

Transaction

B transactionNo : Number
E&5transactionType : String
&amount : Currency
E&transactionStatus : String
E5accountNo : Number

1

1.n

DayBalance

& date : Date
&-amount : Currency

%increaseBalance()
%$decreaseBalance()
#checkBalance()

#$getTransactionNo()
%setTransactionNo()
FgetAmount()
#setAmount()
#¥createTransaction()
#doTransaction()

%getDate()
$setDate()
®getAmount()
®increaseAmount()
%decreaseAmount()
®resetAmount()
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: BankCustomer . Officer . Transaction : CustomerAccount
deposit() ‘ ‘ ‘
createTransaction( ) ‘
requestCash( ) /U ‘
setAmount( ) ‘ ‘
doTransaction( )
increaseBalance( ) ‘
= '8 a
® LLNUNNITLAIUTARINITD AL
: BankCustomer : Officer : Transaction : CustomerAccount
withdraw( ) ‘
createTransaction( )
setAmount( ) ‘
checkBalance( ) )
doTransaction( ) /u
. [can withdraw] decreaseBalance()_ ‘
dispenseCash( ) /U
- == ‘

® LuUNWIAUTI8IN1TRIIAAa LA AASA N TR TINEYINN TN LR

. Officer

. CustomerAccount

checkBalance( )

p—

Balance

[balance > amount] createTransaction( )

.
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. Transaction

[transactionType = 'Deposit' and transactionStatus = 'Yes'] increaseAmount( )

: DayBalance

[transactionType = 'Withdraw' and transactionStatus = 'Yes'] decreaseAmount(;LH

° LLmumw%meﬁmmﬂflim"flmmﬁuéf]mgm:

. BranchManager : DayBalance

. StatusMone

[end of day] calculateAmount( ) ‘

[end of day] setDate( )

[end of day] resetAmount( ) ‘J

1)
|
|
|
|
|
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1. AR14 JTOP

JTOP

*main()

317 -1 uansAaNa JTOP

FaAANA JTOP

[ 1
AnsdNEaLy | TN

T—
Y o

o v aa
bNNEBA - main() NURUINLTNFUT Tusungu

1.1 SHAAURATLUDIARNE JTOP
/* ARNAUANANWTUBNFAY run 13009 Junaan main Wiunsaauan lEEanldanu */

public class JTOP {
public static void main(String args[]) throws Exception {
PredictionTOOL pre = new PredictionTOOL();
pre.show();

I

2. AA14A PredictionTOOL

=)

AMAR PredictionTOOL

~nUMNC @MFLAUAINIAITA NC

-numMNOS AUFLLALAINIFTTA NOS
~numNGenH € M5ULALAINIR9IA NGenH

- numNaggH @5UInUATNIRTIA NaggH
AMUANIAUY | - numMaxHAgg AMUFLLALAINIRTIR MaxHAgg
- numMaxDIT @MFLLALATNIATTA MaxDIT

- NUMANAUW @95ULALANIATTA ANAUW

- NUMANAW @195LLALANNIRTTA ANAW

- NUMANMUW @9%5UnUAINIRTIRn ANMUW
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- NUMANMW @U5ULALANNIRTTR ANMW

- NUMWMBO #195uiuAINIsasdn WMBO

- nuMANRM @ 5ULiLANR9in ANRM

- NUMANDM @115LLiLANNASTA ANDM

- NUMANET & m5uiiuminmsdin ANET

- NUMANCM @195 LANNAZTA ANCM

- NUMANAss 41%5LLALANNIATTA ANASSO
- nuMANAgg &95UNLANNIRIYA ANAGY
- nuMANGen &195LIALANIATI A ANGen

- selectedFileName M@ usLiivmanes Waanansandiauuas

tNNDRA

- PredictionTOOL () iNNHNAT19IMYIBIARIE PredictionTOOL
o U dl tal U v ¥
- initComponents() NIUUINETNAUATINUUNIR
- clearTable() A LdaYaNLARSNE TR T9IIINA
) v ql' % o o A Y [~3 c &

- clickOpen() Mutianuanmtiaad miuaan Wdtayaenaadndiduuas
- jButton1ActionPerformed() AU FLNLNNGBA clickOpen()
- aboutMenultemActionPerformed() YNt uansTa a3 19 Tisunsy
- predictMenultemActionPerformed() NN UL ANAITNANNITD IUNT
e gencug
- calMetricsMenultemActionPerformed() NINTNAAIUIDAINIATIA
- openMenultemActionPerformed() YiNUENNLAAIMTENAaduTLREN AT RS
- calculateMenuActionPerformed() ﬁmﬁﬁﬁﬁwmmmm B193 0
_ exitMenultemActionPerformed() 1ULiNNaananllswnss

2 4
CexitForm() NMBNINBaNaIN NN

&

- getExtension() NUTINTRsTDYAUNANADI INANIANARIG XMLFileFilter

a




PredictionTOOL

®numNC : int
®numNOS : int
®&numNGenH : int
®numNaggH : int
®&numMaxHAgg : int
&numMaxDIT : int
&numANAUW : float
&numANAW : float
®&numANMUW : float
&numANMW : float
&numWMBO : float
®&numANRM : float
&numANGen : float
®&numANAss : float
&numANAgg : float
&numANDM : float
&numANET : float
®numANCM : float
®selectedFileName : Logical View::java::lang::String =

*PredictionTOOL()

&initComponents() : void

&clearTable() : wid

&clickOpen() : void

&jButton1ActionPerformed(evt : ActionEvent) : void
&aboutMenultemActionPerformed(evt : ActionEvent) : void
&predictMenultemActionPerformed(evt : ActionEvent) : void
&calMetricsMenultemActionPerformed(evt : ActionEvent) : void
&openMenultemActionPerformed(evt : ActionEvent) : void
&calculateMenuActionPerformed(evt : ActionEvent) : void
&exitMenultemActionPerformed(evt : ActionEvent) : wid
exitForm(evt : WindowEvent) : void

®getExtension(f : File) : Logical View::java::lang::String

921/ 2-2 ULAANAANA PredictionTOOL

U

2.1 svdAualiuIaInand PredictionTOOL

public class PredictionTOOL extends javax.swing.JFrame {
/** Creates new form PredictionTOOL */
private int numNC, numNOS, numNGenH, numNaggH, numMaxHAgg, numMaxDIT;
private float numANAUW, numANAW, numANMUW, numANMW, numWMBO, numANRM;
private float numANGen, numANAss, numANAgg, numANDM, numANET, numANCM=0;
String selectedFileName ="
java.io.File selectedFile = null;
public PredictionTOOL() {

initComponents();
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}
/** This method is called from within the constructor to
* initialize the form.
* WARNING: Do NOT modify this code. The content of this method is
* always regenerated by the Form Editor.
*/
private void initComponents() {
jTabbedPane1 = new javax.swing.JTabbedPane();
jPanel1 = new javax.swing.JPanel();
jLabel1l = new javax.swing.JLabel();
jTextField1 = new javax.swing.JTextField();
jScrollPane1 = new javax.swing.JScrollPane();
jTable1 = new javax.swing.JTable();
jButton1 = new javax.swing.JButton();
jPanel2 = new javax.swing.JPanel();
jScrollPane5 = new javax.swing.JScrollPane();
jTable5 = new javax.swing.JTable();
jPanel3 = new javax.swing.JPanel();
jScrollPane3 = new javax.swing.JScrollPane();
jTable3 = new javax.swing.JTable();
jLabel4 = new javax.swing.JLabel();
jPanel4 = new javax.swing.JPanel();
jScrollPane4 = new javax.swing.JScrollPane();
jTable4 = new javax.swing.JTable();
jLabel3 = new javax.swing.JLabel();
jPanel5 = new javax.swing.JPanel();
jScrollPane2 = new javax.swing.JScrollPane();
jTable2 = new javax.swing.JTable();
jLabel?2 = new javax.swing.JLabel();
jLabel5 = new javax.swing.JLabel();
menuBar = new javax.swing.JMenuBar();
fileMenu = new javax.swing.JMenu();
openMenultem = new javax.swing.JMenultem();
jSeparator1 = new javax.swing.JSeparator();

exitMenultem = new javax.swing.JMenultem();
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calculateMenu = new javax.swing.JMenu();
calMetricsMenultem = new javax.swing.JMenultem();
jSeparator3 = new javax.swing.JSeparator();
predictMenultem = new javax.swing.JMenultem();
helpMenu = new javax.swing.JMenu();
aboutMenultem = new javax.swing.JMenultem();
setTitle("Java TOOL for Prediction ");
setlconlmage(getlconimage());
setLocationRelativeTo(jPanel1);

setMaximizedBounds(new java.awt.Rectangle(2147483647, 2147483647, 2147483647,

2147483647));

addWindowListener(new java.awt.event.WindowAdapter() {

public void windowClosing(java.awt.event.WindowEvent evt) {

exitForm(evt);

!
b;
jPanel1.setLayout(null);
jPanel1.setForeground((java.awt.Color) javax.swing.UIManager.getDefaults().get("primary3"));
jPanel1.setMinimumSize(new java.awt.Dimension(200, 200));
jLabel1.setText("File Name :");
jPanel1.add(jLabel1);
jLabel1.setBounds(90, 20, 70, 16);
jTextField1.setEditable(false);
jPanel1.add(jTextField1);
jTextField1.setBounds(160, 20, 300, 20);
jTable1.setFont(new java.awt.Font("Dialog", 1, 12));
jTable1.setModel(new javax.swing.table.DefaultTableModel(

new Object [1[]{
{" 'NC", null},
{"  ANAUW ", null},
{"  ANAW", null},
" ANMUW", null},
{"  ANMW", null},
{"  ANAss", null},
{

" ANAgg", null},
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NaggH", null},
" MaxHAgg", null},
" ANGen", null},
" NGenH" null},
" MaxDIT", null},
" NOS" null},
" WMBOQ", null},
" ANRM", null},
" ANDM", null},
" ANET", null},
" ANCM", null}
},
new String [] {
"Metrics", "Value"
!
) {
Class[] types = new Class [] {
java.lang.String.class, java.lang.String.class
¥
boolean[] canEdit = new boolean [] {
false, false
¥
public Class getColumnClass(int columnindex) {
return types [columnindex];
}
public boolean isCellEditable(int rowlndex, int columnindex) {
return cankdit [columnindex];
b
1;
jTable1.setRowHeight(20);
jScrollPane1.setViewportView(jTable1);
jPanel1.add(jScrollPane1);
jScrollPane1.setBounds(40, 60, 530, 380);

jButton1.setlcon(new

javax.swing.Imagelcon(getClass().getResource("/JToollnterface/pics/open.jpg"));
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jButton1.setToolTipText("open xml file");
jButton1.setBorder(new
javax.swing.border.SoftBevelBorder(javax.swing.border.BevelBorder.RAISED, null, null,
java.awt.Color.black, java.awt.Color.lightGray));
jButton1.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {
jButton1ActionPerformed(evt);
!
1;
jPanel1.add(jButton1);
jButton1.setBounds(470, 15, 30, 30);
jTabbedPane1.addTab("Calculate Metrics", jPanel1);
jPanel2.setlLayout(null);
jTable5.setFont(new java.awt.Font("Dialog", 1, 12));
jTable5.setModel(new javax.swing.table.DefaultTableModel(
new Object [][] {
" NC '),
" ANAUW",
" ANMUW'},
" ANAss "},
' NaggH'),
{" MaxHAgg"},
{" NGenH",
{" MaxDIT"},
{ Nost,
{" wWmMBO",
{" ANRM"},
{" ANDM',
{" ANET"},
{" ANCM"},
{" (Constant)",
{" SuUM"
},
new String [] {

"Variable"



Class[] types = new Class [] {
java.lang.String.class
¥
public Class getColumnClass(int columnindex) {
return types [columnindex];
!
1;
jTable5.setRowHeight(20);
jScrollPane5.setViewportView(jTable5);
jPanel2.add(jScrollPane5);
jScrollPaneb.setBounds(20, 60, 80, 340);
jPanel3.setLayout(null);
jPanel3.setBackground(new java.awt.Color(255, 204, 204));
jPanel3.setBorder(new javax.swing.border.EtchedBorder());
jPanel3.setFont(new java.awt.Font("Dialog", 1, 12));
jTable3.setFont(new java.awt.Font("Dialog", 1, 12));
jTable3.setModel(new javax.swing.table.DefaultTableModel(
new Object [][] {
{new Float(0.98), null},
{new Float(7.856), null},
{new Float(10.146), null},
{new Float(27.655), null},
{new Float(0.287), null},
{new Float(11.547), null},
{new Float(13.096), null},
{new Float(-4.062), null},
{new Float(-0.737), null},
{new Float(-2.393), null},
{new Float(0.192), null},
{new Float(0.215), null},
{new Float(-0.672), null},
{new Float(-2.51), null},

{new Float(-60.615), null},
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{null, null}
I3
new String [] {

"Coefficient", "Metrics value"

Class[] types = new Class [] {
java.lang.Float.class, java.lang.Float.class

¥

public Class getColumnClass(int columnindex) {

return types [columnindex];

b,
jTable3.setRowHeight(20);
jScrollPane3.setViewportView(jTable3);
jPanel3.add(jScrollPane3);
jScrollPane3d.setBounds(0, 40, 160, 340);
jLabel4.setHorizontal Alignment(javax.swing.SwingConstants. CENTER);
jLabel4.setText("Fuction for difficult");
jPanel3.add(jLabel4);
jLabel4.setBounds(20, 10, 120, 16);
jPanel2.add(jPanel3);
jPanel3.setBounds(100, 20, 160, 380);
jPanel4.setlLayout(null);
jPanel4.setBackground(new java.awt.Color(153, 204, 255));
jPanel4.setBorder(new javax.swing.border.EtchedBorder());
jTable4.setFont(new java.awt.Font("Dialog", 1, 12));
jTable4.setModel(new javax.swing.table.DefaultTableModel(
new Object [][] {

{new Float(0.825), null},

{new Float(6.56), null},

{new Float(4.614), null},

{new Float(20.022), null},

{new Float(0.254), null},

{new Float(4.801), null},
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{new Float(3.332), null},
{new Float(0.282), null},
{new Float(3.656), null},
{new Float(0.897), null},
{new Float(3.858), null},
{new Float(0.868), null},
{new Float(2.414), null},
{new Float(-1.282), null},
{new Float(-37.568), null},
{null, null}

b

new String [] {

"Coefficient", "Metrics value"

Class[] types = new Class [] {
java.lang.Float.class, java.lang.Float.class
¥
public Class getColumnClass(int columnindex) {
return types [columnindex];
!
b;
jTable4.setRowHeight(20);
jScrollPane4.setViewportView(jTable4);
jPanel4.add(jScrollPane4);
jScrollPane4.setBounds(0, 40, 160, 340);
jLabel3.setHorizontalAlignment(javax.swing.SwingConstants. CENTER);
jLabel3.setText("Fuction for medium");
jPanel4.add(jLabel3);
jLabel3.setBounds(20, 10, 120, 15);
jPanel2.add(jPanel4);
jPanel4.setBounds(260, 20, 160, 380);
jPanel5.setlLayout(null);
jPanel5.setBackground(new java.awt.Color(255, 255, 204));

jPanel5.setBorder(new javax.swing.border.EtchedBorder());
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jTable2.setFont(new java.awt.Font("Dialog", 1, 12));
jTable2.setModel(new javax.swing.table.DefaultTableModel(

new Object [][] {
{new Float(0.913), null},
{new Float(8.781), null},
{new Float(7.588), null},
{new Float(19.309), null},
{new Float(0.729), null},
{new Float(5.252), null},
{new Float(4.003), null},
{new Float(-2.543), null},
{new Float(3.399), null},
{new Float(-0.034), null},
{new Float(2.941), null},
{new Float(-0.368), null},
{new Float(3.096), null},
{new Float(-1.353), null},
{new Float(-46.637), null},
{null, null}

},

new String [] {

"Coefficient", "Metrics value"

Class[] types = new Class [] {
java.lang.Float.class, java.lang.Float.class
I8
public Class getColumnClass(int columnindex) {
return types [columnindex];
}
D;
jTable2.setRowHeight(20);
jScrollPane2.setViewportView(jTable2);
jPanel5.add(jScrollPane2);

jScrollPane2.setBounds(0, 40, 160, 340);
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jLabel2.setHorizontalAlignment(javax.swing.SwingConstants. CENTER);

jLabel2.setText("Fuction for easy");

jPanel5.add(jLabel2);

jLabel2.setBounds(20, 10, 120, 16);

jPanel2.add(jPanel5);

jPanel5.setBounds(420, 20, 160, 380);

jLabel5.setFont(new java.awt.Font("Dialog", 1, 14));

jLabel5.setHorizontalAlignment(javax.swing.SwingConstants. CENTER);

jPanel2.add(jLabel5);

jLabel5.setBounds(120, 400, 370, 30);

jTabbedPane1.addTab("Predict Matintainability", jPanel2);

getContentPane().add(jTabbedPane 1, java.awt.BorderLayout. CENTER);

menuBar.setBorder(null);

fileMenu.setText("File");

openMenultem.setlcon(new

javax.swing.Imagelcon(getClass().getResource("/JToollnterface/pics/open2.jpg"));

openMenultem.setText("Open");

openMenultem.setToolTipText("open xml file");

openMenultem.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

openMenultemActionPerformed(evt);

}

1;

fileMenu.add(openMenultem);

fileMenu.add(jSeparator1);

exitMenultem.seticon(new javax.swing.Imagelcon(™));

exitMenultem.setText("Exit");

exitMenultem.setToolTipText("exit program");

exitMenultem.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

exitMenultemActionPerformed(evt);

D;
fileMenu.add(exitMenultem);

menuBar.add(fileMenu);
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calculateMenu.setText("Calculate");
calculateMenu.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

calculateMenuActionPerformed(evt);

1;
calMetricsMenultem.setlcon(new
javax.swing.Imagelcon(getClass().getResource("/JToolInterface/pics/cal.gif")));
calMetricsMenultem.setText("Calculate Metrics");
calMetricsMenultem.setToolTipText(");
calMetricsMenultem.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

calMetricsMenultemActionPerformed(evt);

1;

calculateMenu.add(calMetricsMenultem);

calculateMenu.add(jSeparator3d);

predictMenultem.setText("Prediction Maintainability");

predictMenultem.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

predictMenultemActionPerformed(evt);

1;

calculateMenu.add(predictMenultem);

menuBar.add(calculateMenu);

helpMenu.setText("Help");

aboutMenultem.setText("About");

aboutMenultem.setToolTipText("credit");

aboutMenultem.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

aboutMenultemActionPerformed(evt);

D
helpMenu.add(aboutMenultem);

menuBar.add(helpMenu);
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setdMenuBar(menuBar);
java.awt.Dimension screenSize = java.awt.Toolkit.getDefaultToolkit().getScreenSize();
setBounds((screenSize.width-609)/2, (screenSize.height-550)/2, 609, 550);
}
private void jButton1ActionPerformed(java.awt.event.ActionEvent evt) {
// Add your handling code here:
clickOpen();
!
private void aboutMenultemActionPerformed(java.awt.event.ActionEvent evt) {
// Add your handling code here:
CreditFrame credit = new CreditFrame();
java.awt.Dimension screenSize = java.awt.Toolkit.getDefaultToolkit().getScreenSize();
credit.setBounds((screenSize.width-450)/2, (screenSize.height-400)/2, 450, 400);
credit.show();
!
private void predictMenultemActionPerformed(java.awt.event.ActionEvent evt) {
// Add your handling code here:
jTabbedPane1.setSelectedIndex(1);
// show metrics value into table
jTable3.setValueAt(new Float(hnumNC),0,1);
jTable3.setValueAt(new Float(humANAUW),1,1);
jTable3.setValueAt(new Float(humANMUW),2,1);
jTable3.setValueAt(new Float(hnumANAss),3,1);
jTable3.setValueAt(new Float(numNaggH),4,1);
jTable3.setValueAt(new Float(numMaxHAgQQ),5,1);
jTable3.setValueAt(new Float(hnumNGenH),6,1);
jTable3.setValueAt(new Float(numMaxDIT),7,1);
jTable3.setValueAt(new Float(humNQOS),8,1);
jTable3.setValueAt(new Float(hnumWMBO),9,1);
jTable3.setValueAt(new Float(numANRM),10,1);
jTable3.setValueAt(new Float(hnumANDM),11,1);
jTable3.setValueAt(new Float(numANET),12,1);
jTable3.setValueAt(new Float(humANCM),13,1);
jTable4.setValueAt(new Float(numNC),0,1);

jTable4.setValueAt(new Float(numANAUW),1,1);
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jTable4.setValueAt(new Float(hnumANMUW),2,1);
jTable4.setValueAt(new Float(numANAss),3,1);
jTable4.setValueAt(new Float(numNaggH),4,1);
jTable4.setValueAt(new Float(numMaxHAgQQ),5,1);
jTable4.setValueAt(new Float(numNGenH),6,1);
jTable4.setValueAt(new Float(numMaxDIT),7,1);
jTable4.setValueAt(new Float(numNOS),8,1);
jTable4.setValueAt(new Float(hnumWMBO),9,1);
jTable4.setValueAt(new Float(hnumANRM),10,1);
jTable4.setValueAt(new Float(hnumANDM),11,1);
jTable4.setValueAt(new Float(numANET),12,1);
jTable4.setValueAt(new Float(humANCM),13,1);
jTable2.setValueAt(new Float(hnumNC),0,1);
jTable2.setValueAt(new Float(hnumANAUW),1,1);
jTable2.setValueAt(new Float(hnumANMUW),2,1);
jTable2.setValueAt(new Float(numANAss),3,1);
jTable2.setValueAt(new Float(hnumNaggH),4,1);
jTable2.setValueAt(new Float(numMaxHAQQ),5,1);
jTable2.setValueAt(new Float(numNGenH),6,1);
jTable2.setValueAt(new Float(numMaxDIT),7,1);
jTable2.setValueAt(new Float(humNOS),8,1);
jTable2.setValueAt(new: Float(humWMBO),9,1);
jTable2.setValueAt(new Float(hnumANRM),10,1);
jTable2.setValueAt(new Float(numANDM),11,1);
jTable2.setValueAt(new Float(numANET),12,1);
jTable2.setValueAt(new Float(humANCM),13,1);
// show metrics value into table
double value1 = 0, value2 = 0, value3 =0;
valuetl =
0.98*numNC+7.856*numANAUW+10.146*numANMUW+27.655*numANAss+0.287*numNaggH+11.5
47*numMaxHAgg+13.096*numNGenH-4.062*numMaxDIT-0.737*numNOS-
2.393*numWMBO+0.192*numANRM+0.215*numANDM-0.672*numANET-2.51*numANCM-60.615;
value2 =

0.825*numNC+6.56*numANAUW+4.614* numANMUW+20.022*numANAss+0.254* numNaggH+4.801
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*numMaxHAgg+3.332*numNGenH+0.282*numMaxDIT+3.656*numNOS+0.897*numWMBO+3.858*n
umMANRM+0.868*numANDM+2.414*numANET-1.282*numANCM-37.568;

value3 =
0.913*numNC+8.781*numANAUW+7.588*numANMUW+19.309*numANAss+0.729*numNaggH+5.25
2*numMaxHAgg+4.003* numNGenH-2.543*numMaxDIT+3.399*numNOS-

0.034*numWMBO+2.941*numANRM-0.368*numANDM+3.096* numANET-1.353*numANCM-46.637;
jTable3.setValueAt(new Float(value1),15,1);

jTable4.setValueAt(new Float(value2),15,1);
jTable2.setValueAt(new Float(value3),15,1);
if (value1 < value?2) {
if (value2 < value3) {
/I value 3 is max
jLabel5.setText("This system is easy to maintain");
else {
// value 2 is max

jLabel5.setText("This system is medium to maintain");

}
else {

if (value1 < value3) {

/I value 3 is max

jLabel5.setText("This system is easy to maintain");
telse {

// value 1 is max

jLabel5.setText("This system is difficult to maintain");

!
private void calMetricsMenultemActionPerformed(java.awt.event.ActionEvent evt) {
try {
if (IselectedFileName.equals(") || (!(selectedFile == null))) {

JFrame f = new JFrame("Please input ");
java.awt.Dimension screenSize = java.awt.Toolkit.getDefaultToolkit().getScreenSize();
f.setBounds((screenSize.width-400)/2, (screenSize.height-200)/2, 400, 200);
GetMetricANCM dialog = new GetMetricANCM(f, true);

dialog.setBounds((screenSize.width-400)/2, (screenSize.height-200)/2, 400, 200);



dialog.show();
/lint returnvalue = 0;

/fif (returnVal == dialog. APPROVE_OPTION) {
String num = dialog.getNumANCM();
SAXBuilder builder = new SAXBuilder();
Document doc = builder.build(selectedFile);
Element root = doc.getRootElement();
Metrics metric= new Metrics(root,num);

// set value of each metrics

numNC = metric.getNC();

numNOS = metric.getNOS();

numNGenH = metric.getnumNGenH();
numNaggH = metric.getnumNaggH();
numMaxHAgg = metric.getnumMaxHAgg();
numMaxDIT = metric.getnumMaxDIT();
NuMANAUW = metric.getANAUW();
NUMANAW = metric.getANAW();
numANMUW = metric.getANMUW();
NUMANMW = metric.getANMW();
numWMBO = metric.getWMBO();
NUMANRM = metric.getANRM();
numANGen = metric.getANGen();
numANAss = metric.getANAss();
numANAgg = metric.getANAgg();
numMANDM = metric.getnumANDM();
NuMANET = metric.getnumANET();
NuMANCM = metric.getnumANCM();
/IInsertvalue into table
jTable1.setValueAt(" "+numNC,0,1);
jTable1.setValueAt(" "+numANAUW,1,1);
jTable1.setValueAt(" "+numANAW,2,1);
jTable1.setValueAt(" "+numANMUW,3,1);
jTable1.setValueAt(" "+numANMW,4,1);
jTable1.setValueAt(" "+numANAss,5,1);

jTable1.setValueAt(" "+numANAgg,6,1);



jTable1.setValueAt(" "+numNaggH,7,1);
jTable1.setValueAt(" "+numMaxHAgg,8,1);
jTable1.setValueAt(" "+numANGen,9,1);
jTable1.setValueAt(" "+numNGenH,10,1);
jTable1.setValueAt(" "+numMaxDIT,11,1);
jTable1.setValueAt(" "+numNOS,12,1);
jTable1.setValueAt(" "+numWMBO,13,1);
jTable1.setValueAt(" "+numANRM,14,1);
jTable1.setValueAt(" "+numANDM,15,1);
jTable1.setValueAt(" "+numANET,16,1);
jTable1.setValueAt("  "+numANCM,17,1);
/I Insert value into table
I}
!
} catch (Exception e) {
e.printStackTrace();
}
// Add your handling code here:
}
private void openMenultemActionPerformed(java.awt.event. ActionEvent evt) {
// Add your handling code here:
clickOpen();
}
private void calculateMenuActionPerformed(java.awt.event. ActionEvent evt) {
// Add your handling code here:
}
private void exitMenultemActionPerformed(java.awt.event.ActionEvent evt) {
System.exit(0);
}
/** Exit the Application */
private void exitForm(java.awt.event.WindowEvent evt) {
System.exit(0);
}
private void clearTable() {

jTable1.setValueAt(™,0,1);

96



97

jTable1.setValueAt(",1,1);
jTable1.setValueAt(",2,1);
jTable1.setValueAt(",3,1);
jTable1.setValueAt(",4,1);
jTable1.setValueAt(",5,1);
jTable1.setValueAt(",6,1);
jTable1.setValueAt(",7,1);
jTable1.setValueAt(",8,1);
jTable1.setValueAt(",9,1);
jTable1.setValueAt(",10,1);
jTable1.setValueAt(",11,1);
jTable1.setValueAt(™,12,1);
jTable1.setValueAt(",13,1);
jTable1.setValueAt(",14,1);
jTable1.setValueAt(™,15,1);
jTable1.setValueAt("™,16,1);
jTable1.setValueAt(",17,1);
}
public String getExtension(java.io.File f) {
if(f 1= null) {
String filename = f.getName();
int i = filename.lastindexOf('.);
if(i>0 && i<filename.length()-1) {

return filename.substring(i+1).toLowerCase();

}

return null;
!
private void clickOpen() {
jTabbedPane1.setSelectedIndex(0);
javax.swing.JFileChooser chooser = new javax.swing.JFileChooser("c:");
chooser.setFileFilter(new XMLFileFilter());
int returnVal = chooser.showOpenDialog(this);
selectedFile = null;

if (returnVal == chooser. APPROVE_OPTION) {



selectedFile = chooser.getSelectedFile();
selectedFileName = chooser.getSelectedFile().getAbsolutePath();
String extension = getExtension(selectedFile);
if (extension == null) {
selectedFile = new java.io.File(selectedFile.getAbsolutePath()+".xml");
}
selectedFileName = selectedFile.toString();
jTextField1.setText(selectedFileName);
}
clearTable();
}
Jox
* @param args the command line arguments
*/
public static void main(String args[]) {
new PredictionTOOL().show();
}
// Variables declaration - do not modify.
private javax.swing.JMenultem aboutMenultem;
private javax.swing.JMenultem calMetricsMenultem;
private javax.swing.JMenu calculateMenu;
private javax.swing.JMenultem exitMenultem;
private javax.swing.JMenu fileMenu;
private javax.swing.JMenu helpMenu;
private javax.swing.JButtonjButton1;
private javax.swing.JLabel jLabel1;
private javax.swing.JLabel jLabel2;
private javax.swing.JLabeljLabel3;
private javax.swing.JLabel jLabel4;
private javax.swing.JLabel jLabel5;
private javax.swing.JPanel jPanel1;
private javax.swing.JPanel jPanel2;
private javax.swing.JPanel jPanel3;
private javax.swing.JPanel jPanel4;

private javax.swing.JPanel jPanel5;
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private javax.swing.JScrollPane jScrollPane1;
private javax.swing.JScrollPane jScrollPane2;
private javax.swing.JScrollPane jScrollPane3;
private javax.swing.JScrollPane jScrollPane4;
private javax.swing.JScrollPane jScrollPane5;
private javax.swing.JSeparator jSeparator1;
private javax.swing.JSeparator jSeparator3;
private javax.swing.JTabbedPane jTabbedPane1;
private javax.swing.JTable jTable1;

private javax.swing.JTable jTable2;

private javax.swing.JTable jTable3;

private javax.swing.JTable jTable4;

private javax.swing.JTable jTableb;

private javax.swing.JTextField jTextField1;
private javax.swing.JMenuBar menuBar;

private javax.swing.JMenultem openMenultem;
private javax.swing.JMenultem predictMenultem;
// End of variables declaration

}

. AQA4A Metrics
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AMAR Metrics

- numNC @UFLLALANNIATIA NC

- numNOS g1usuLiUAINIATIA NOS
~numNGenH @5ULiLANNRTA NGenH
- numNaggH @ 5uLiuAINIATiA NaggH

- numMaxHAgg AMMFULALANIRATIA MaxHAgg

AUANIAUY | - nUMMaxDIT & MFLALANNIRTTA MaxDIT

- NUMANAUW @95LLALATNIR9TA ANAUW
- NUMANAW @195LLALANNIRTTA ANAW
- NUMANMUW @ usuiiuaunmsin ANMUW
- NUMANMW @5ULAiLANIfTIn ANMW

- NUMWMBO &SR LANNIRTIR WMBO
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- nUMANRM @5ULALANRTIn ANRM

- NUMANDM g115LLAuANIAgTA ANDM

- NUMANET @195 utiuANnmsdn ANET

- NUMANCM @15LLAuANNAgTA ANCM

- nUMANAss 2195LLALANNIATTA ANASSO

1 o

- numANAgg AUFLLALANIRITA ANAgg

- nUMANGen &U5UNUAINIRTIA ANGen

tNNDRA

- ProcessElement() 1SN 7AIN1M1e aaw k1 1N 7AW AN NNAIS A
- calculateMetrics() NMULNAAIUIDIAINAFTA
~ getNC() NMULNT WIAINIATIA NC
- getANAUW() MU A NNRITA ANAUW
- GetANAW() YU IHANNIR TR ANAW
- getANMUW() 1SN A3 A ANMUW
o % ‘:ll Y 1 o
- getANMW() Ui AN sIR ANMW
~ getANAss() MNUENN LHAINIRTTA ANAsso
_ getANAgg() MutinAiAINIRIdm ANAGg
_ getMaxHAgg() NIULN WAINIAITA MaxHAGg
- getnumNaggH() PN AN TR NaggH
- getnumMaxHAgg() MUt FA1NIRI TR MaxHAgg
_ getANGen() NUENN ANNIATIA ANGen
_ getnumNGenH() UL IHAANNIATIR NGenH
o v dl F 2 o
- getnumMaxDIT() mumwimmmmmm MaxDIT
£ getNOS() MU AN TA NOS
o 0% dl L2 o
- getWMBO() NMUTNN W AMNIRTTA WMBO
_ getANRM() MU I AINIRTTR ANRM
_ getnumANDM() NUEN A ANNIRTTA ANDM
o £ dl L2 o
- getnumANET() MUTNN EANNIRTTA ANET
_ getnumANCM() NUEN A ANNIRTTA ANCM

- Metrics() YINATNAFNTANUBIAAIA Metrics




Metrics

&numNC : int
®&numNOS : int
®&numNGenH : int
&numNaggH : int
®numMaxHAgg : int
®&numMaxDIT : int
&numANAUW : float
&numANAW : float
®&numANMUW : float
®&numANMW : float
&numWMBO : float
®&numANRM : float
®&numANGen : float
&numANAss : float
&numANAgg : float
®&numANDM : float
®&numANET : float
&numANCM : float

&processElement(element : Element) : woid
&calculateMetrics() : void
®getNC() : int
®getANAUW() : float
*getANAW() : float
*getANMUW() : float
®getANMW () : float
*getANAss() : float
*getANAgg() : float
$getMaxHAgg() : float
®getnumNaggH() : int
®getnumMaxHAgg() : int
*getANGen() : float
®*getnumNGenH() : int
*getnumMaxDIT() : int
®getNOS() : int
®getWMBO() : float
®*getANRM() : float
*getnumANDM(); float
*getnumANET() : float
®*getnumANCM() : float
*Metrics(element : Element, num : Logical View::java::lang::String)

2119 2-3 LAANAANA Metrics

a

3.1 SUAAURLUURIAAE Metrics

public class Metrics {
private JClass jclass;

private JAttribute jattribute;
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private JMethod jmethod;
private JScenario jscenario;
private JGeneralization jgen;
private JAssociation jassociation;
private int numNC, numNOS, numNGenH, numNaggH, numMaxHAgg, numMaxDIT;
private float numANAUW, numANAW, numANMUW, numANMW, numWMBO, numANRM,;
private float numANGen, numANAss, numANAgg, numANDM, numANET, numANCM,;
public Metrics(Element element, String num){
Float tmp = new Float(num);
numMANCM = tmp.floatValue();
jclass = new JClass();
jattribute = new JAttribute();
jmethod = new JMethod();
jscenario = new JScenario();
jgen = new JGeneralization();
jassociation = new JAssociation();
processElement(element);
calculateMetrics();
}
private void processElement(Element element) {
String elementName = element.getName();
if (elementName.equals("Class") || elementName.equals("AssociationClass")) {
jclass.processElement(element);
}
if (elementName.equals("Attribute")) {
jattribute.processElement(element);
}
if (elementName.equals("Operation")) {
jmethod.processElement(element);
}
if (elementName.equals("Interaction")||elementName.equals("Message")||
elementName.equals("Message.sender") || elementName.equals("Message.receiver")) {

jscenario.processElement(element);
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if (elementName.equals("ClassifierRole") ||
elementName.equals("Foundation.Core.Classifier")) {

jscenario.processCollaboration(element);

}

if (elementName.equals("Generalization") ||

elementName.equals("Generalization.child") || elementName.equals("Generalization.parent")) {

jgen.processElement(element);

}

if (elementName.equals("Association")) {
jassociation.processElement(element);

}

if (elementName.equals("AssociationEnd")) {
jassociation.processAssoEnd(element);

}

if (elementName.equals("AssociationEnd.type")) {
jassociation.processAssoEndType(element);

}

List kids = element.getChildren();

Iterator iterator = kids.iterator();

while (iterator.hasNext()) {
Element kid = (Element)iterator.next();

processElement(kid);

}
private void calculateMetrics(){
numNC = jclass.size();
nuMANAUW = jattribute.size();
numMANAW = 0;
for (inti = 0; i<jattribute.size(); i++) {
String modifier = jattribute.attributeModifer(i);
if (modifier.equals("public"))
NUMANAW += 1;
else if (modifier.equals("protected"))

numANAW += 0.5;
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numMANAUW = numANAUW/(float)numNC;
NuMANAW = numANAW/(float)numNC;
numANMUW = jmethod.size();
numANMW = 0;
for (inti = 0; i<jmethod.size(); i++) {
String modifier = jmethod.methodModifier(i);
if (modifier.equals("public"))
numANMW += 1;
else if (modifier.equals("protected"))
numANMW +=0.5;
}
numANMUW = numANMUW/(float)numNC;
NuMANMW = numANMW/(float)numNC;
numANAss = (float)jassociation.getNumAsso(jclass.classID())/(float)numNC;
numANAgg = (float)jassociation.getNumAgg()/(float)ynumNC;
numNaggH = jassociation.getNumChild();
numMaxHAgg = jassociation.getMaxDepth();
numANGen = ((float)jgen.getChidren()/(float)numNC);
numNGenH = jgen.getRootParent();
numMaxDIT = jgen.getMaxDepth();
numNQOS = jscenario.size();
numWMBO = jscenario.calWMBO(jclass.classID())/(float)numNOS;
numANRM = (float)jscenario.getMessageReturn()/(float)numNOS;
numANDM = (float)jscenario.getANDM()/(floatynumNOS;
NuMANET = (float)jscenario.getANET()/(float)numNOS;
}
public int getNC()  { return numNC; }
public float getANAUW() { return numANAUW;
public float getANAW() { return numANAW;
public float getANMUW() { return numANMUW;
public float getANMW() { return numANMW;
public float getANAss() { return numANAss;
public float getANAgg() { return numANAgg;
public float getMaxHAgg() { return numMaxHAgg;  }

public int getnumNaggH(){ return numNaggH; }



public int getnumMaxHAgg(){ return numMaxHAgg; }

public float getANGen() { return numANGen;

public int getnumNGenH(){ return numNGenH;

public int getNOS()  { return numNQOS;

}
}
public int getnumMaxDIT(){ return numMaxDIT; }
}
}

public float getWMBO() { return numWMBO;

public float getANRM() { return numANRM,; }

public float getnumANDM(){ return numANDM,; }

public float getnumANET(){ return numANET; }

public float getnumANCM(){ return numANCM; }

}
4. A[N4d JClass

JClass

®classID : Vector
&className : Vector

®JClass()

*processElement(element : Element) : void
%size() : int

*classID() : Vector

21/ a-4 LAP4AAIR JClass

U
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FaAANA JClass

ADAANTTLY

- classID ANUFLLDLUNELATAN9BIIAIAAE

- className AMUSLLALTAAANE

LNNEER - JClass() INUENNAF1NTRYIDIARE JClass

- size() MU AN IUIATRIATUAN UL classID

 classID() BN IRANIBIA AN UE ClassiD

< progessElement() ML deyaad WA AN classiD WAL className

41 SRAPURILUDIAANE JClass

public class JClass {

private Vector classID;

private Vector className;

public JClass(){
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classID = new Vector();
className = new Vector();
}
public void processElement(Element element){
String elementName = element.getName();
if (element.getParent().getParent().getName().equals("Model")) {
classID.addElement(element.getAttributeValue("xmi.id").toString());
className.addElement(element.getAttributeValue("name").toString());
}
}
public int size() { return classID.size(); }

public Vector classID() { return classID; }

5. A4 JAttribute

JAttribute

®attributelD : Vector
®attributeName : Vector
®attributeModifier : Vector

*JAttribute()

*processElement(element : Element) : void

$size() : int

*attributeModifer(index : int) : Logical View::java::lang::String

2119 2-5 LAPNAANA JAttribute

a

=20

AMA]R JAttribute

- attributelD VFULALNNELATAINBIUDIA AN U
ADUANEIUE | < attributeName ANMILLILTAUDAADIANEILE

- attributeModifier @MFLLALANFIARLL U ADIAN B DLE

INNEAN - JAttribute() MNUTINAFITRLIBIARA JAtribute
- processElement() NMENAIUda3aadlUAMANEE attributelD, attributeName
LA attributeModifier

- size() WD A1 ALRIAUAN UL attributelD

- attributeModifier() INUTINNTHA19IATUAN Y attributeModifier




5.1 SUARWRLULRIARANE JAttribute

public class JAttribute {
private Vector attributelD;
private Vector attributeName;
private Vector attributeModifier;
public JAttribute(){
attributelD = new Vector();
attributeName = new Vector();
attributeModifier = new Vector();
}
public void processElement(Element element){
attributelD.addElement(element.getAttributeValue("xmi.id").toString());
attributeName.addElement(element.getAttributeValue("name").toString());
attributeModifier.addElement(element.getAttributeValue(“visibility"));
}
public String attributeModifer(int index) { return attributeModifier.get(index).toString();}
public int size() { return attributelD.size(); }

}

6. AX4 JMethod

JMethod

&methodID : Vector
®methodName : Vector
&methodModifier : Vector

*JIMethod()

®processElement(element : Element) : woid

®size() - int

*methodModifier() : Vector

®*methodiD(index : int)-: Logical View::java::lang::String
®*methodName(index : int) : Logical View::java::lang:: String
*methodModifier(index : int) : Logical View::java::lang::String
®isMethod(name : Logical View::java::lang::String) : boolean

91l7 -6 uanIAATA IMethod
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AAAA JMethod

=N

. - methodID AMMFLLALNHILLATENNEITDUNNEDA
AN v o oo
- methodName ANMFLLNLTBUBINNERA
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- methodModifier &MFLLALANRIA AL FUBILNNERA

INNEER - IMethod() Mnutinfia¥1eingeenaa JMetnod

- processElement() ﬁmﬁﬁﬁﬁuﬁmﬂmﬂu@mﬁﬂwmz methodID, methodName
A< methodModifier

- size() Tt IS AN A9 ARUAN AT methodID

- methodModifier() 19T 19 AN89A DN methodModifier

- methodiD() it A1 8 4AMIENILE methodiD

- methodName() BT st AN9R9A AN 0L methodName

- methodModifier() MMHNN WA IBNARIANE TS methodModifier

- isMethod() NMULINAIIRADLAMEINIT NN FaRTE b

6.1 SUAAURLIUURIAANE JMethod

public class JMethod {
private Vector methodID;
private Vector methodName;
private Vector methodModifier;
public JMethod(){
methodID = new Vector();
methodName = new Vector();
methodModifier = new Vector();
}
public void processElement(Element element){
String elementName = element.getName();
String id = element.getAttributeValue("xmi.id").toString();
methodID.addElement(id);
String name = element.getAttributeValue("name").toString();
methodName.addElement(name);
String attributeName = element.getAttributeValue("visibility");
methodModifier.addElement(attributeName);
}
public String methodID(int index) { return methodID.get(index).toString(); }
public String methodName(int index) { return methodName.get(index).toString(); }

public String methodModifier(int index) { return methodModifier.get(index).toString(); }




public int size() { return methodID.size(); }
public Vector methodModifier() { return methodModifier;  }

public boolean isMethod(String name) { return methodName.contains(name); }

7. A4 JAssociation

JAssociation

®assolD : Vector
®assoClass : Vector
®assoAss : Vector
®assoAggEnd : Vector
®assoAggHead : Vector
®jclass : Vector

®JAssociation()

*processElement(element : Element) : void
*processAssoEnd(element : Element) : wid
*processAssoEndType(element : Element) : void
*getNumAsso(tmpjclass : Vector) : int
*getNumAgg() : int

&createAggVector() : wid

*getNumcChild() : int

*getMaxDepth() : int

91l a7 WAAIARIA JAssociation
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- processElement() muu’mmmam@ﬂu@mﬁﬂwm: assolD, assoClass




110

T
o vy A v
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7.1 SUAAURLULDIAAE JAssociation

public class JAssociation {
private Vector assolD;
private Vector assoClass;
private Vector assoAss;
private Vector assoAggEnd;
private Vector assoAggHead:;
private Vector jclass;
public JAssociation() {
assolD = new Vector();
assoClass = new Vector();
assoAss = new Vector();
assoAggEnd = new Vector();
assoAggHead = new Vector();
jclass = new Vector();
}
public void processElement(Element element){
assolD.addElement(element.getAttributeValue("xmi.id"));
}
public void processAssoEnd(Element element) {
if (1(element.getParent().getParent().getName().equals("AssociationClass")))
assoClass.addElement(element.getAttributeValue(*aggregation"));
}
public void processAssoEndType(Element element) {
if (element.getParent().getParent().getParent().getName().equals("Association")) {
assoAss.addElement(element.getChild("Foundation.Core.Classifier").getAttributeValue("xmi.i

dref"));

}

public int getNumAsso(Vector tmpjclass) {




int count = 0;
jclass = tmpjclass;
for (int i=0; i<assoClass.size();i+=2)
if (assoClass.elementAt(i).equals("none") &&
jclass.contains(assoAss.elementAt(i)))
count++;
return count;
}
public int getNumAgg() {
int count = 0;

for (int i=0; i<assoClass.size();i++)

assoClass.elementAt(i+1).equals("none")

if (assoClass.elementAt(i).equals("composite") ||

assoClass.elementAt(i).equals("aggregate")

&& jclass.contains(assoAss.elementAt(i)))

count++;
return count;

}

private void createAggVector() {

for (int j=0; j<assoAss.size();j+=2) {

if (assoClass.elementAt(j).equals("composite”) ||

assoClass.elementAt(j).equals("aggregate")

&& jclass.contains(assoAss.elementAt(j))) {

assoAggEnd.addElement(assoAss.elementAt(j+1));

assoAggHead.addElement(assoAss.elementAt()));

}
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if (assoClass.elementAt(j+1).equals("composite”) || assoClass.elementAt(j+1).equals("aggregate”) &&

jclass.contains(assoAss.elementAt(j+1))) {

assoAggEnd.addElement(assoAss.elementAt(j));

assoAggHead.addElement(assoAss.elementAt(j+1));

}
}

}
public int getNumChild() {

createAggVector(); Vector temp = new Vector();

for (int i=0; i<assoAggHead.size(); i++) {

boolean flg = false;
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flg = false;
if (assoAggEnd.contains(assoAggHead.elementAt(i))) { flg = true; }
if (1(flg)) { temp.addElement(assoAggHead.elementAt(i)); }
}
Vector tmp = new Vector();
for (int j=0; j<temp.size(); j++)
if (!(tmp.contains(temp.elementAt(j))))
tmp.addElement(temp.elementAt(j));

return tmp.size();

}

public int getMaxDepth() {
int max = 0; int count = 0;
String head =" String end ="

for (int i=0; i<assoAggHead.size(); i++) {
end = assoAggEnd.elementAt(i).toString();
count=1;
for (int j=0; j<assoAggHead.size(); j++) {
if (assoAggHead.elementAt(j).equals(end)) {
count++; j=0;

end = assoAggENnd.elementAt(j).toString();

}
}
if (count > max)- { max=count; }
} return max;
I

8. AA14d JGeneralization

JGeneralization
&genID : Vector
&genChildren : Vector
®genParent : Vector

®JGeneralization()
®*processElement(element : Element) : wid
®getChidren() : int

$getRootParent() : int

*getMaxDepth() : int

717 2-8 uAnIAAIA JGeneralization
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8.1 SUAAURLUUBIAANE JGeneralization

public class JGeneralization {
private Vector genlD;
private Vector genChildren;
private Vector genParent;
public JGeneralization() {
genlD = new Vector();
genChildren = new Vector();
genParent = new Vector();
}
public void processElement(Element element){
String elementName = element.getName();
if (elementName.equals("Generalization"))
genlD.addElement(element.getAttributeValue("xmi.id").toString());
if (elementName.equals("Generalization.child"))
genChildren.addElement(element.getChild("Foundation.Core.GeneralizableElement").getAttr
ibuteValue("xmi.idref").toString());
if (elementName.equals("Generalization.parent"))
genParent.addElement(element.getChild("Foundation.Core.GeneralizableElement").getAttrib
uteValue("xmi.idref").toString());
}




public int getChidren() {
Vector temp = new Vector();
for (int i=0; i<genChildren.size(); i++)
if (Itemp.contains(genChildren.elementAt(i)))
temp.addElement(genChildren.elementAt(i));
return temp.size();
}
public int getRootParent() {
Vector temp = new Vector(); boolean flg = false;
for (int i=0; i<genParent.size(); i++) {
flg = false;
if (genChildren.contains(genParent.elementAt(i))) { flg = true; }
if (1(flg)) { temp.addElement(genParent.elementAt(i)); }
}
Vector tmp = new Vector();
for (int j=0; j<temp.size(); j++)
if (1(tmp.contains(temp.elementAt(j))))
tmp.addElement(temp.elementAt(j));

return tmp.size();

}

public int getMaxDepth() {
int max =0; int count = 0;
String head =" String end ="

for (inti=0; i<genParent.size(); i++) {
end = genChildren.elementAt(i).toString();
count=1;
for (int j=0; j<genParent.size(); j++) {
if (genParent.elementAt(j).equals(end)) {
count++; " j=0;

end = genChildren.elementAt(j).toString();

}

if (count > max) { max =count; }

}

return max; B
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9. ARA4d JScenario

JScenario

&scenariolD : Vector
&scenario : Vector
®&messagelD : Vector
®messageName : Vector
®messageSender : Vector
®messageReceiver : Vector
®refClass : Vector

&reflD : Vector

®classID : Vector

®sID : Logical View::java::lang::String =
&andm : int =0
®&sumClosure : int = 0

*JScenario()

*processCollaboration(element : Element) : void
*processElement(element : Element) : void
$size() s int

*getMessageReturn() : int
&processObject(sumsize : int, size : int) : int
*calWMBO(jclass : Vector) : float

*getANDM() : int

*getANET() : int

&count(id : Logical View::java::lang::String) : int

gﬂﬁ ]-9 LAANARIA JScenario
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9.1 SUAAURLUURIAANE JScenario

public class JScenario {

private Vector scenariolD;

private Vector scenario;

private Vector messagelD;

private Vector messageName;

private Vector messageSender;

private Vector messageReceiver;

private Vector refClass;

private Vector reflD;

private Vector classlID;

private String sID ="

private int andm=0,sumClosure =0;

public JScenario(){
scenariolD = new Vector();
scenario = new Vector();
messagelD = new Vector();
messageName = new Vector();
messageSender = new Vector();
messageReceiver = new Vector();

refClass = new Vector();
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reflD = new Vector();
classID = new Vector();
}
public void processCollaboration(Element element) {
String elementName = element.getName();
if (elementName.equals("ClassifierRole")) {
if (element.getParent().getParent().getName().equals("Collaboration"))
refClass.addElement(element.getAttributeValue("xmi.id"));
}
if (elementName.equals("Foundation.Core.Classifier")) {
if
(element.getParent().getParent().getParent().getParent().getName().equals("Collaboration"))

reflD.addElement(element.getAttributeValue("xmi.idref"));

}
public void processElement(Element element){
String elementName = element.getName();
if (elementName.equals(“Interaction")) {
String id = element.getAttributeValue("xmi.id").toString();
sID =id;
scenariolD.addElement(id);
}
if (elementName.equals("Message")) {
messagelD.addElement(element.getAttributeValue("xmi.id").toString());
messageName.addElement(element.getAttributeValue("name").toString());
scenario.addElement(siD);
}
if (elementName.equals("Message.sender")) {
messageSender.addElement(element.getChild(("Behavioral_Elements.Collaborations.Classif
ierRole")).getAttributeValue("xmi.idref").toString());
}
if (elementName.equals("Message.receiver")) {
messageReceiver.addElement(element.getChild("Behavioral_Elements.Collaborations.Class
ifierRole").getAttributeValue("xmi.idref").toString());
}
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}
public int size() { return scenariolD.size(); }
public int getMessageReturn() {
int count=0;
for (int j=0;j<messagelD.size();j++)
if (messageName.elementAt(j).toString().indexOf("(") == -1)
count++;
return count;
}
private int processObject(int sumsize,int size) {
Vector object = new Vector();
object.removeAllElements();
for (int'i = sumsize; i<sumsize+size ; i++) {
int index1 = refClass.indexOf(messageSender.elementAt(i));
if (classID.contains(reflD.elementAt(index1))) {
if (lobject.contains(messageSender.elementAt(i)))
object.addElement(messageSender.elementAt(i).toString());
}
int index2 = refClass.indexOf(messageReceiver.elementAt(i));
if (classID.contains(reflD.elementAt(index?2))) {
if (lobject.contains(messageReceiver.elementAt(i)))
object.addElement(messageReceiver.elementAt(i).toString());
}
}
return object.size();
}
private int count(String id) {
intnum=0;
for (int k=0; k<scenario.size();k++)
if (scenario.elementAt(k).equals(id))
num-+-+;
return num;
}
public float calWMBO(Vector jclass) {

classID = jclass;
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int msg = 0, size=0, sumsize=0, temp=0, closure = 0;

float sum = 0;

String first="", receiver = ";
andm = 0;
sumClosure = 0;
for (int i=0; i<scenariolD.size(); i++) {
msg = 0;
temp = 0;
closure = 0;
first = scenariolD.elementAt(i).toString();
size = count(first);
for (int j=sumsize; j<sumsize+size; j++) {
if (messageName.elementAt(j).toString().indexOf("(") 1= -1)
msg+-+;
if (j 1= messageSender.size()-1) {
if (('messageReceiver.elementAt(j).equals(messageSender.elementAt(j)))
&& messageReceiver.elementAt(j).equals(messageSender.elementAt(j+1)) &&
(messageName.elementAt(j).toString().indexOf("(") != -1) &&
(messageName.elementAt(j+1).toString().indexOf("(") !=-1))

temp++;

}
int number = 0;
for (int k=sumsize; k<sumsize+size; k++) {
number = 0;
if (messageName.elementAt(k).toString().indexOf("(") 1= -1) {
receiver = messageReceiver.elementAt(k).toString();
for(int I=k+1;l<messageSender.size();1++){
if ((ImessageReceiver.elementAt(l).equals(messageSender.elementAt(l)))
&& messageReceiver.elementAt(l-1).equals(messageSender.elementAt(l))
&& (messageName.elementAt(l).toString().indexOf("(") 1= -1)) {
number++;
if (receiver.equals(messageReceiver.elementAt(l))) {
closure += number;

k=1
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} else

| = messageSender.size();

sum += (float)msg/(float)processObject(sumsize,size);
sumClosure += closure;
sumsize += size;
andm += temp;
}
return sum;
}
public int getANDM() {  return andm; }

public int getANET() { return sumClosure; }

10. A@N4 CreditFrame

CreditFrame

$CreditFrame()
&initComponents() : void
&exitForm(evt : WindowEvent) : void

21/ 2-10 L&PIAANR CreditFrame
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10.1 SUAPURLLUDIARNE CreditFrame

public class CreditFrame extends javax.swing.JFrame {

public CreditFrame() {
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initComponents();

}

private void initComponents() {//GEN-BEGIN:initComponents
jLabel1 = new javax.swing.JLabel();
jLabel2 = new javax.swing.JLabel();
jLabel3 = new javax.swing.JLabel();
jLabel4 = new javax.swing.JLabel();
getContentPane().setLayout(null);
setTitle("About");
setForeground(new java.awt.Color(153, 204, 255));
addWindowListener(new java.awt.event.WindowAdapter() {

public void windowClosing(java.awt.event.WindowEvent evt) {

exitForm(evt);

1;
jLabel1.setText("Program Java Tool fOr Prediction (JTOP) Ver. 1.0");
getContentPane().add(jLabel1);
jLabel1.setBounds(80, 30, 290, 16);
jLabel2.setText("Created by :: Nongyao Jindasawat");
getContentPane().add(jLabel2);
jLabel2.setBounds(20, 260, 200, 16);
jLabel3.setText("Sofware Engineering Laboratory, Department of Computer Engineering,");
getContentPane().add(jLabel3);
jLabel3.setBounds(20, 280, 410, 16);
jLabel4.setText("Faculty of Engineering, Chulalongkorn.University");
getContentPane().add(jLabel4);
jLabel4.setBounds(20, 300, 360, 16);
pack();

}/GEN-END:initComponents

private void exitForm(java.awt.event.WindowEvent evt) {//GEN-FIRST:event_exitForm
setVisible(false);
dispose();

MIGEN-LAST:event_exitForm

private javax.swing.JLabel jLabell;

private javax.swing.JLabel jLabel2;



private javax.swing.JLabel jLabel3;

private javax.swing.JLabel jLabel4;

11. ARI4 GetMetricANCM

GetMetricANCM
TnumANCM : Logical View::java::lang::String = "

&initComponents() : void

®GetMetricANCM(parent : Frame, modal : boolean)
&jButton2ActionPerformed(evt : ActionEvent) : woid
&iButton1ActionPerformed(evt : ActionEvent) : void
&closeDialog(evt : WindowEvent) : void
$getNumANCM() : Logical View::java::lang:: String

717 2-11 wansAA14a GetMetricANCM
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11.1 SUAAURNTLUDIARIA GetMetricANCM

public class GetMetricANCM extends javax.swing.JDialog {

String numANCM ="

public GetMetricANCM(java.awt.Frame parent, boolean modal) {
super(parent, modal);
initComponents();

}

private void initComponents() {//GEN-BEGIN:initComponents
jLabel1 = new javax.swing.JLabel();

jTextField1 = new javax.swing.JTextField();




jButton1 = new javax.swing.JButton();

jButton2 = new javax.swing.JButton();

getContentPane().setLayout(null);

setTitle("INPUT ANCM VALUE");

addWindowListener(new java.awt.event.WindowAdapter() {
public void windowClosing(java.awt.event.WindowEvent evt) {

closeDialog(evt);

}

1;

jLabel1.setText("Please input the value of metric ANCM");

getContentPane().add(jLabel1);

jLabel1.setBounds(90, 30, 220, 16);

getContentPane().add(jTextField1);

jTextField1.setBounds(130, 70, 140, 20);

jButton1.setText("Ok");

jButton1.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

jButton1ActionPerformed(evt);

1;

getContentPane().add(jButton1);

jButton1.setBounds(100,-110, 81,26);

jButton2.setText("Cancel");

jButton2.addActionListener(new java.awt.event.ActionListener() {
public void actionPerformed(java.awt.event.ActionEvent evt) {

jButton2ActionPerformed(evt);

1;
getContentPane().add(jButton2);
jButton2.setBounds(220, 110, 73, 26);
pack();
Y/GEN-END:initComponents
private void jButton2ActionPerformed(java.awt.event.ActionEvent evt) {
setVisible(false);

dispose();
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MIGEN-LAST:event_jButton2ActionPerformed
private void jButton1ActionPerformed(java.awt.event.ActionEvent evt) {
if (jTextField1.getText().equals(™))
numANCM = "0";
else
NUMANCM = jTextField1.getText();
setVisible(false);
dispose();
MIGEN-LAST:event_jButton1ActionPerformed
private void closeDialog(java.awt.event.WindowEvent evt) {
setVisible(false);
dispose();
MIGEN-LAST:event_closeDialog
public String getNumANCM)() {
return numANCM;
}
private javax.swing.JButton jButton1;
private javax.swing.JButton jButton2;
private javax.swing.JLabel jLabel1;

private javax.swing.JTextField jTextField1;

12. A% XMLFileFilter

XMLFileFilter

Saccept(f : File) : boolean
®getDescription() : Logical View::java::lang::String
®getExtension(f : File) : Logical View::java::lang::String

91/ 12 LLdPIPANA XMLFileFilter

U
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12.1 SUAAURLLUDIARNE XMLFileFilter

class XMLFileFilter extends javax.swing.filechooser.FileFilter {
public boolean accept(java.io.File f) {
if (f.isDirectory()) {
return true;
}
String extension = getExtension(f);
if (extension != null) {
extension = extension.toLowerCase();
if (extension.equals("xml"))
return true;
}
return false;
}
public String getDescription() {
return "XML file";
}
public String getExtension(java.io.File f) {
if(f 1= null) {
String filename = f.getName();
int i = filename.lastindexOf('.");

if(i>0 && i<filename.length()-1) {

return filename.substring(i+1).toLowerCase();

}

return null;
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N OPENGTepad) JJLE1

File Edit Format Yiew Help
echo off

REM Please adapt this script to your environment.

REM #eaaaAHE EDIT THIS ENVIRONMENT VARIABLE IF MOT ALREADY SET HeRHREHE
set JTOP_HOME=CAJTOP

set _JAVA_HOME_ORIG=%JAVA_HOMES

set CLASSPATH_ORIG=%CLASSPATH%

if NOT "% JAVA_HOME®"=="" goto endif1

REM #EEEEHEEHE EDIT THIS ENYIROMMENT WARIABLE IF MOT ALREADY SET #EHEHHSE
set JAVA_HOME=D2edk1. 4.0

-endif

REM #EaAAHE EDIT THIS ENVIROMNMENMT WARIABLE [F MOT ALREADY SET HERHREHE
set CLASSPATH=%JTOP_HOME%\ITOP jar, % CLASSPATH %

oAy A_HOMESre‘\binyava -classpath %CLASEPATHY% JTOP

set JAVA_HOME=%_JAVA_HOME_CORIG %
set CLASSPATH=%_CLASSPATH_DORIG%

U7 a-1 uansliddaya JTOP bat MiladaeTisunss Notepad

2. M5 MULATRINALNENNTANUIRINIASIALASINUILAMNAINITD L UNNS
o s L4 -4
tgesndaniuls

1 =3
2.1 nmsanuliadayaiandianuas

Wagldnudnglilsunsuazuansuiiaalilsunsussuanslugili 2-2 aniu

gldeuarunsadeninadeyadndiduuaaliainuyilang (File -> Open) visananiilu

azuanantinaaliiaeninadeyasanslugili a-3
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NC
AMALY
AMAVY
ANMUWY
AN
ANAss
AMAGO
HaggH
MaxHAgY
ANGen

GG < o, . .

317 2-2 waATNRB AT ALNBNNIAUIDINIATIA
s TR I - g
ATt nEsa LS

—_

i

= ‘=80 EE
*ﬁﬁﬁ“ﬁﬁ%’*@mmi
RN IIUYINIVIENRE

- [ Program Files
Q3Ademo
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2.2 NITATUIVAINIAGIA

wasanglinuaeniwddeyadndiSuuoaudn armnsnlildsunsnAiuan
ANNAITIRLALALLABNNYAIUITUNIASIA (Calculate -> Calculate Metrics) AazUaAAINTINAD
Tflddayannnsin ANCM Aauandlugiln a-4 udanatlu Ok antiuAAsdanAunls

4 17 wmsdnazuandlunisedaya seuandlugili 2-5

o\
8572
15714285
1.5714285
0.42857143
Qo] <o

7
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130

2.3 msiuwnganuaNisalunisingednengannwas

dl 13 % b o [ o %3
e ldeusesnislildsunsuvinunaseiuntuatnnsalunisingednem
fansua aanmyinuie (Calculate -> Prediction Maintainability) NANNINNUNLALLARS

Fra9119

U

= oy ° H oo Ay v 0 !
2-6 sm%tmmmwimmnm@mmmm 3 Wanidu LLm::mﬂmmﬂmmnmsmmmq
dyd o o o |dl o 6 ¥ ¥
?ZUU‘HNEZQ‘Uﬂ’JWNZ\ﬁll’]ﬁ‘ﬂil&ﬂ’]ﬁ‘ﬂ’]’%‘\ﬁ‘ﬂﬂ’]'ﬂ%ﬁﬁ‘tﬂﬂiﬂ ﬁﬁﬂﬁﬂiﬂ]ﬂ’]uﬁl'ﬂ\iﬂ’]?'ﬂ@ﬂ@’m

Tlsunsuliaanuyeananiisunsy (File -> Exit)

& ava O0oriPredictionie. ' ’ff/_ A=

File Calculate Help

| Calculate Metrics | Predict Matintainability |

Fuction for difficult Fuction for medium Fuction for easy
Yariable | Coefficient |Metrics \.falue| Coefficient |Iru1&1ri|:s value| Coefficient |Metrics \.falue|
NC 0.98 7 0.825/ 7 0.913 7
ANAUW _78s6 2857|656 2857 8.781 2.857
ANMUWY 10.146 1571 4.614 1.571 7.588 1.571
ANAsS E?Eﬁﬁjr_ 0429|0022 0429 19.309 0.429
NaggH 0.287 0 0.254 0 0.729 0
MaxHAgy 11547 ol  as01 0 5.262 0
NGenH 13006, 1 3332 1 1.003 1
MaxDIT -4.062 1| o282 1 -2.543 1
NOS -0.737 T, 3.656 2 3.399 2
WMBO 2303 1325  o0.807 1.325 -0.034 1.325
ANRM © 0192 25 3.858 25 2.941 25
ANDM 0215 25 0.868 25 -0.368 25
ANET 0672 0 2.414 0 3.096 0
ANCM 251 0 1.282 0 -1.353 0
{Constant) -60.615 37.568 -46.637
SUM 7 q8m3 26.711 10.687
This system is medium to maintain

317 2-6 uanaTiaan sEANAINT lunNge N Egan L
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HANN9ALATNZFUIANNE NN US Hae3 T3 ATz AN AN Us LU LA e 6
WUFIANIAFIRAIUIU 5 @'ﬁﬁmmmﬁuﬁuﬁﬁuqq uaziiiafiansnnAne fauns T Fuuds
fHlFanniansinmsinnannes wudiiluamedadiuan 5 wamsiniigninean Ae annsda
ANAW, ANMW, ANAgg ANGen Uaz MaxDIT Aedduniuiaatuainngnlunistingeine
ganAuSuAazszAL An
F oo = 0.342 NC+4.502 x ANAUW+14.89 x ANMUW+94.108 x ANAss0

+1.836 x NaggH+21.544 x MaxHAgg+19.934 x NGenH-5.71xNOS
-1.675xWMBO+1.942x ANRM+2.012x ANDM-5.328 x ANET-12.928 x ANCM
-85.089

F = 0.346 x NC+4.991 x ANAUW+9 x ANMUW+69.092 x ANAsso+1.631 x NaggH

medium

+12.321 x MaxHAgg+10.438 x NGenH-0.608 x NOS+1.443 x WMBO
+4.373x ANRM+1.933 x ANDM-1.199 x ANET-9.778 x ANCM-52.407
F .., = 0.411xNC+6.529 x ANAUW+10.509 x ANMUW+67.93 x ANAssO

easy

+1.513x NaggH+13.249 x MaxHAgg+9.048 x NGenH+0.0087 x NOS
+1.195x WMBO+4.339 x ANRM+0.835 x ANDM-0.326 x ANET-9.45x ANCM
-60.387
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Fooqum A8 TNATWAMMIRIAIRAINsD N e nE e Wi Sseaiu unans
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ABSTRACT — This paper presents the concept of object-oriented software measurement.

Firstly, we start with an overview of object-oriented software measurement that consists of
definition, types and benefits of software measurement. A collection of software metrics
consisting of traditional metrics and object-oriented metrics are presented next. Then, we
summarize research works using software metrics to measure software products, cost and
effort, and software quality. Finally, an automated tool for measuring software metrics
called “Measurement Tool for Object-Oriented Programs version 2 (MTOOP v.2)" is
introduced.

KEY WORDS — Software Measurement, Metrics, Software Quality, Software Engineering,
Object-Oriented Programming
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ma@ﬂ15suamclﬁm1u11mmgﬂﬂmuamuuﬂsmmah,

]
=

= = [l Y Y
mseonuuDinunIyie 1 naz TdaTdsunsundonn
o [~ 1 < @
il lUnagoundinse li Wudu uaduduimih
TA79974 (Project  Managers)  ©19@04013N311U31

Y

4 Jd o < @ [l A 1 A 9

goauasiaunasaiudignaimioly nield
a Ao A v

aszananiunsdimuanse li dauluynuesves
901 (Customers) 91911175 M 5 TAN1AT A O U
gorduIsnsuveuasmuanudeansn ldiauesly

(I~ Ea) [ o o o
w3 Ll iWudu Usz Temidulvgvesmsiageduns
° ] v o ] =R
Wl 1Faudiumsagunmaendns Farznainis

Tudrunmseamsinnasialyldau
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3. nasiavenias

Pl '
=2 =

@ o 4 o i Y v A
masdaseranlsgniimuaiunuiesislinisiall
1 4?’ o YN v av 1 Aa v
Aoty Tuilvgiiu lathinIlewaenunaaduuas
° o 4 o A d Aa Yo
dguemiasdialvug Yuu wesdantundenlsnu
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2g1UNTaY Lo uNesuT UMY IHaINdIWI5D
' & o s a
uwdeldidu 2 dszian fe wiasiauvuduau
(Traditional ~ Metrics) #agN1ATTAIFITAY (Object-
Oriented Metrics) 510a2198av04M1ATIAuAazUs2IAN

Fl
@
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3.1 1NA5IANUAN

a

mastanienly Ae 1asiadiuussia uazuasia

D-

o I3 o Ao
aNuFudeou Fudluuiasianminauelag McCabe

Pl
o =

(110191 Mdmsusalusunsunwannau

3.1.1 NATIAUIUDSINA (Lines of code — LOC)
E4
MIMIAITIUIUVTINANY 92 1T VIINVITNHAI,
o A g A 3 o A g
yssnaniunsosnuiguaen ({}) uwazussnanilu
Y9AUOFUE (Comment) azmM3szmadnlsvaie

FI0gUNDITNAAEINUITTVIIUIUUTITNANINY

uaudsidsema

3.1.2 nasiaialslaam@nveauuamy (Cyclomatic
complexity — V(G))

u"]umiﬁ”ﬂfhﬂamcﬁu%’aummmﬂ%’ﬁwﬁamm}u“11.!
Tdsunsy 18un Mda if, while, repeat LAz for 1
Tosunsufimsldmdenuquidusanun aziild
sinaenunInludiuaIuaINIsTaNIsNAaD L
(Testability), anuauisalumsiiaimdals
(Understandability) #azAueu13 lumstigasny

aondnIT

3.2 1NATIABIING
v Aav 1 Y o % = =3
uﬂ’)‘t’lflﬁﬁ']flﬂ'lullﬂUHﬁUfJiﬂﬂi'Jﬂ HaganEIng

o 4

Anuduiussznaasdauazgaunimludiuaieg

]
P! '

Fauasianaznane 1aun ¥1ns3IAvea Chidamber
and Kemerer [13][18], 1191599 Lorenz and Kidd [12],
19599 Brito e Abreu and Melo [12], 4191590 Marcela,

Mario and Coral [12] agu195IATIMST Hyoseob Kim

v
o

and Cornelia Boldreff [5] a1

3.2.1 MN5IAYD9 Chidamber and Kemerer
143) 1993 Chidamber and Kemerer [13][18] Tdinaue
v a o & @ A o a Yo =
HIATIALPIING cﬁﬂlﬂu‘ﬂﬂﬂlﬁﬂlm$°LlElllGlﬁlfﬂ°LllﬂﬂﬂLlﬂQ
ki
fagiiu Aewrasiaiiugiu 6 11nsia Aes1vaziBen

ao'lulit
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D) nasiaduIuunsennonald (Weighted methods
per class — WMC)

@

4
11!51‘]’1!{5]61‘!61.!6Qﬂﬁ'J!ﬂi']zﬁ!!,ﬁgﬂE]ﬂLUJ‘]JS&“UiJL"]N’JG]ﬂ

a

Y

gunsasuIaANaTias N seadenald 14
iorhAnas il lumslszanamnan (Time) ag
Aumen (Effor) fiaealdlumsiwannaendiag
swdwdly  vazihednmsenduns1d dunasia
fruuunseadenaid ldanmaTIueImMIf LI
anuFudouvesniasialylaawanvesuuanuyn
wnseamsluudazaaa

2) W1ATIAANUTUAATOUVOIAAE (Response for a

class — RFC)
AN UAAYOUVYRIAATE A S1UIMUNTeAn 10Ty
amafawsaneuauesnsionlFauanamadu 14
winnumseauiedanelunaaiy nasiaiinans
AWATINVDIANUFUFoUAIUS IUIMIINT oA
Swaumssenldnunnamady  Siilwnseaiign
Gonldauldiduiunnezdanaldnaraiinan
dudou walugmnimadey (Testing) UALAIUAST
ufIu2fANa1n (Debugging) VoI INNTLE 0
3) 11ATIATTAUANUANUBINSAUNOARMAVTAYD
A91e (Depth of inheritance hierarchy - DIT)

Wumsmamiszaunuanvesmsdunoanuauiia
(Inheritance) VosUAazAME M3dUneanmantann
SuhliadudouvosirTisunsuitundy uas
Mlienaemsiiuenganssuvesaand uaznsi
AW 19520 A1TLAUAINANYBINITAUNDA
AR T8 nmMsTusnuveasd Uty (Level) n13
Funeanuautavewdazamaiimdafinan ¥

@

va oA A o
?’]ﬂ!ﬁﬂJiJ@lﬂ]ﬂ\iﬂﬁﬁﬂ‘ﬂﬂﬂﬂqmﬁuﬂmﬂuﬂﬂBm%‘l’]ﬁWﬂﬂJ

o

aomsiaguninluduanuamnsoinduun sl
(Reusability)
4) M1ﬁ§5ﬂ§1u3uﬂa1ﬁgﬂ (Number of children —

NOC)

]
A

& o o &
L‘]Jufﬂiu‘]Jﬂ1u'§uﬂa1ﬁgﬂ‘ﬂQWNﬂWﬁ‘UWﬂﬂ’ﬂQNVﬂWﬂ
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amauunmaswnsan luvaziiv nasiasunand
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gniiluguanvuzididgaenisiaquaimludin
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FaszauanuanueImsauneanuautaveInaId

5) 1AsTAMIINgIusENI19IAY (Coupling between
objects — CBO)

Y v . o @ J JAa o a 9
NILUINNU (Coupling) ﬁWﬁﬁU%ﬂW@]LLQi!‘NJ@Q ol

U

@

' Y A Y A 9 I a
AveImsiingnullmilos meldnarauemiludase

nnfumniga eanuazaInlumsud ludoyasz 14

Tidanansznudenaiady mMadgsuIEHINAaa

gy

A a

1< o Y4 1 @ ~ 9
Lﬂuﬂﬁuﬁﬂﬁﬂﬁ]']llﬁllwuﬁizﬂﬁN’JﬂQLN@Nﬂﬁﬁﬂﬂi%

Y
Fulsusemmieaseninaiy auiudimveansiig

gy

4

v oA < o
dutiaigeszannimiulugavesaard M1l
anuannsa lumsihnduun g uagmitigesnm
oy &
M ldenauaun
[ o @ o J

6) MAsiaszaUveININIARNENTUTA e TuAaIe

(Lack of cohesion of methods — LCOM)

A =

o
msmwnu;ﬂuﬁ’au (Cohesion) U93A018 AB NITNIL

@ 4

Y
YONIVUNTOAVDINA AW UUANNTUNUTAVINNTOA

4 ' Sy o & Y
U9 ﬂfﬂﬂi ﬂﬁ‘ﬂijﬂﬁlf]\‘]ﬂﬁlmzﬂ‘ulﬂuﬂﬂuq& 155 62N]

' ~ A v g
NANTUNITODNUUUNA ﬂﬁ!ﬂwﬂulﬂu%ﬂuﬂl’ﬂﬂﬂﬁWﬁ
& 9 3 @
i]&’Lﬂl.!fﬂﬁ‘]J@ﬂLI,LI"JI'L!Nilﬁ]iﬂWiL@uLLﬂ‘U‘ijm“]fu
. P o cd—y—ay
(Encapsulatlon) ﬂ']ﬂT’UENﬂﬁﬂﬂﬂﬂ'li!ﬂ'lSﬂuLﬂuﬂE]'LI?J
' o q ¥ 9 < o A1 o &
mqai]zﬂﬂmmﬂuuéummsmuuﬂucgmwumm BN

wihldlanududeuvesnaidga [22]

3.2.2 1A5IAVD9 Lorenz and Kidd
Lorenz 48 Kidd [12] ta@uen1asIafisondn design
L& g oA
metrics #1uY 3 nau Ao
WA IAvIAna 1
1) 119530 Number ‘of -Public- Instance -Methodsin a
Class (PIM) fim 91u3uumseanlszmenily public
E o UY & 2
aeluaarguu FamsUsemmunseailu public WU
T E4
s liaamaduannsadnunlsauunseaiuld
2) 119539 Number of Instance Methods in a Class
Ao A H
(NIM) fie 1uuvesnseanlsemeanialuaareaiiy

& o aa .
G]Ni]zuijLiJT]‘ﬁ’E)ﬂVliJﬂ"li‘]Jigﬂ"lﬁlﬂuu‘Uﬂ public,

protected LIQ private
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3) 119530 Number of Instance Variables in a Class
(NIV) Aosuudanlsilszmaniolunataniu

4) Y1599 Number of Class Methods in a Class
(NCM)f® $1uuvesnardmseaditlszmalunaia
1y

5) 119530 Number of class Variables in a Class
(NVO)A® ﬁmmﬂumﬁmﬂﬁJizmmﬂmﬁﬁﬂﬁ:mﬁmj
Tupaianiy

NINTIANSAUNeAYRIAIE

1) 19599 Number of Methods Overridden (NMO) Ao
fuauve N seaiiiing Override Tagaanagn

2) ¥IM5IA Number of Methods Inherited (NMI) fio
i‘huaummaﬂﬁgn Inherit lagAaiagn

3) ¥IA5IA Number of Methods Added (NMA) fio
’1311!’Jum‘ﬂ‘ﬁﬂﬂﬁﬁ%\‘lﬁuiwﬂmﬂﬂluﬂmﬁgﬂ

4) 3378 Specialization Index (SIX) fi® nasiadine
mﬂmsﬁmamﬁ‘hmummmmaﬂﬁgﬂ override gAY
91U Hierarchy IR N TEATITIA

5) 41539 Average Parameters Per Method (APPM) Ao
dasaIuszIs U iees lunng wmseany

Y
FIUIUUNTOANIHUA

3.2.3 3A5IAUD4 Brito e Abreu and Melo
Brito ¢ Abreu (lag Melo [12] ﬁuﬁuamjmmmmi’@
MOOD (Metrics for Object Oriented Design) WiH31A5

v o

Jadwfuna lnmsoenuuisaing 1dun encapsulation,
inheritance, polymorphism (18 message passing ﬁﬂﬁl

1) 479599 Method Hiding Factor (MHF) fi® 8A5187U
szwiamasauvesnreailsemeily privae 7
SumseanaualusE

2) MA33A Attribute Hiding Factor (AHF) Ain 8a3182U
seanasIveaens A nlszmaiiu private U
Snutensidiamua sz

3) ¥1953A Method Inheritance Factor (MIF) fio
§A51dIUTEN31INATINYBIUUNTOAT Inherit 111

k4 v
narualunneg amanudiuunseananua lunng

RGEG



4) 11579 Attribute Inheritance Factor (AIF) Ao
5@31?7"31!55‘”'51\1Wﬁﬁ?umﬂﬂ!@ﬂ?ﬁ?ﬁﬁ Inherit U1
ﬁawuﬂiunﬂq AaraRusanenIiadnanualu
1

N9 Aad

5) 1153 Polymorphism Factor (PF) D 6As18IU

]
=

v
seriedumsieaguindullidianua fuswou

] ]
P!

miviesgivesnaralan Rlisminiiga

Q

3.2.4 1A5IAVBY Marcela, Mario and Coral
Marcela Genero, Mario Piattini (2% Coral Calero [12]

@ ) @

Huaueniasiadaiagdimsuianududonueod

a

Y

sruanaaa TasiuiuiasSaanuduiug 1dun
AnuFuusiuy aggregation, association uag
dependency

W5 IA Association

1) 119599 Number of Associations of a Class (NAC)
fim 11A53A NAC AUIaInIHIUANNEU LT LY

v A

Y v Y
association NAHUAVDIAAIANMIBINITAU I UVRLITH
£ g o Aq Yo o g
Futuniesian 4IanNuTUSeUvoInaa
2) 411599 Number of Association in Package (NAP) )
119530 NAP A28 U uduiu s

o < & o 44
association 5INNIHuAN1e luAANINY MATIATT
o <3

NIIAVUIAVBUNALND
3) UIM5IA Number of Associations vs. Classes in a
Package (NAVCP) fo 81@39a NAVCP f1u3ai91n
S AIAIUIENINNATTA NAP  M1sddeduiuaana
o < o
fiavua luniane iy
N101530 A ggregation

@ I @
1) 4193739 Height of Aggregation (HAgg) Ao ttlumsin

9

anugevesnaamolusgaiuvesanuduiusiw

L4 . 9 44 2
aggregation mﬁlummmmummmmqmmﬂmﬁuu
Ta/aea
2) 419598 Number of Direct Parts (NODP) Ai® NM131i1
° . { v J .
1UIU “Direct part” A[A Asunwdu composite
e
3) 119530 Number of Parts (NP) 7D $14IUHATINVDI

Rige &
Amaiu “part” Aad YBIAAIAUY
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4) 11530 Number of Wholes (NW) fi §119unaaii
ﬁ‘Ju “whole” A

5) 1A33A Multiple Aggregation (MAgg) D MTUAAY
AUoed I “whole”  amaiifinaidegluszy
aggregation

6) U330 Number of Aggregation Relationships in
package  (NAgeR) Ao $1uauaNuduRusuuy
aggregation MeluunIND

WINTIA Dependency

1) ¥7959a Number of Dependencies In (NDepln) Ao
ﬂ"maumammﬁﬁeﬁuaéﬁUﬂawﬁéu

2) ¥11599 Number of Dependencies Out (NDepOut) fio

Y v
VBRI UN VUL UAA T

b

3.2.5 1NATIAUDY Hyoseob Kim and Cornelia

Boldyreff
Hyoseob Kim and Cornelia Boldyreff [5] {EERITERY
v o o W < o
mastadmsuiagouueald awisaswunilszian
o I [ ) o [
Ypau1nsIaeemilu vasiadimsuluea, ¥IAsIa
fvisunaa, asiadmsuanuduius, ¥iasia
Y
FINTY Message tazuasiad mivgaina aail
WA INTMTUINAE (Metrics for Model)
1) 419599 Number of the packages in a model (NPM)
A o <3
Ao Iuuiam luluea
2) 471599 Number of the classes in a model (NCM) fo
uunanaluluea
3) ¥1953a Number of actors in a model (NAM) fio
$audduiums (Actor) Tuluma
4) 1195730 Number of the use cases ifi a model (NUM)
A o
e Imuganaluluaa
5) 41599 Number of the objects in a model (NOM) Ao
$1u3ag (Object) TuTuna
6) ¥19539 Number of the messages in a model (NMM)
A I3
A0 91U (Message) 11 Taa
7) 419599 Number of the associations in a model
o v o & ..
(NASM) Ao TUANNFURUTLUY Association 11

Tuaa



8) 119539 Number of the aggregations in a model
(NAGM) fiB $1umANuFuiuSIUY Aggregation T
Tuaa

9) 119530 Number of the inheritance relations in a
model (NIM) A9 $1UMANUFURUFUVY Inheritance
TuTwea

WINTINGHTUAIE (Metrics for Class)

1) 119530 Number of the attributes in a class —
unweighted (NATC1) o $1waugudnyazmelunaia

amaannsan Tagluinsnaa 181 modifier ve4

o A g
wanyuzNily Public, Protected L1& Private

P}

2) M1@33A Number of the attributes in a class — weighted
(NATC2) A0 511&’314@'@1!5ﬂ‘klm3ﬂ181uﬂﬁ1ﬁ“ﬁﬁ1ﬁﬁ
W95 Taelinsnaa iy modifier Vosnuanymy
fiflu Public 1A 1.0, Protected 1A 0.5 1A%
Private 11111 0.0

3) 119539 Number of the operations in a class —
unweighted (NOPC1) A9 Funuwmsealupaiainigg
#wnsan Tagliinsarem 1WAy modifier vouuNsoA
ﬁ;ﬂu Public, Protected Llag Private

4) 119530 Number of the operations in a class —
weighted (NOPC2) f® Suuwmseaneluaaad

v A

fdafinrsan Tasfinsarai i 19RA modifier
youunteanIiy Public 111711 1.0, Protected 1Y
0.5 182 Private 111101 0.0

5) W1as 38 Number of the associations linked to a-class
(NASC) 719 $1UANNFURUTLUY Association YD
aaraisIdeie sl Taoduanuduiusuny
Aggregation IR

6) ¥1NTIA Coupling between classes (CBC) Ao $1uu
AFuITuT (Association) melunarafimdaiiatsan
7) 419539 Number of the superclasses of a class
(NSUPC) Ao %01N’JUﬂa1ﬁ‘lJi’iwuiq°H (Parent class) (U
TAeA59 (Direct) VoIRAARAE 1T

8) 119579 Number of the elements in the transitive

closure of the superclasses of a class (NSUPC*) o
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I3

91UIU Transitive closure YBIADTHUITNY THVDINAE
fimdefinsan

9) 419530 Number of the subclasses of a class (NSUBC)
ﬁﬁ] ﬁ‘imauﬂmﬁgﬂwmu (Child class) LLlI‘UIﬂEJGIﬁQ"UE]\T
amafidafiasan

10) 19599 Number of the clements in the transitive
closure of the subclasses of a class NSUBC*) fio S1uu
Transitive closure Gumﬂmﬁgnﬁmummﬂmﬁﬁﬁwﬁ'q
W52

11) #1930 Number of messages sent by the instantiated
objects of a class (NMSC) fie $1uauaisfideeen’ld
TauTan (Object) ignad e (Instantiate) MINANAAMSS
TRREEIY

12) 1193539 Number of messages received by the
instantiated objects of a class (NMRC) fio ﬁﬁuﬂuﬁﬁ‘ﬁ
SudhinTasiagiignadsnnaanafimideionsan
WINTINTIHIVAS (Metrics for Message)

1) 11a3578 Number of the directly dispatched messages
of a message (NDM) fio S1uuans (Message) 'ﬁ'f‘hﬁ’ﬂ
fnsandalunszduansdag

2) #19530 Number of the elements in the transitive
closure of the directly dispatched messages of a message
(NDM*) 1D $117UBAUA 1u Transitive closure U4
asimdanosandsldnseduamsdanu

WA IAINSUANNTNIUS (Metrics for Relationship)
- ANNEUWUBUYY Association

1) ¥71M539 Number of Associations of a Class (NAC) Ao
$1UIUNATINVBIANUFUWUT VY Associations VD4
ﬂﬁ"lﬁiul!WUﬂ"lWﬂﬁWﬁ

2) 419599 Number of Associations in a Package (NAP)
A9 $1UIUMATINVEIANUFUWUT UL Associations
molundiaing

3) 119599 Number of Associations vs. Classes in a
Package (NAVCP) 0 8A318IU521 1199117
ANUFUWUTIUY Associations  TuULAAANITAIY

o =
uamameluuiang



- ANNAUWUBUVY Aggregation

1) 11A599 Height of Aggregation (HAgg) D N1aAY
(Path) flefiganinaana 1§ (eaves)

2) 419530 Number of Direct Parts (NODP) Ao $1uu
WATINVBIAAE “direct  path” Fasznendae
composite class

3) 41A59 Number of Parts (NP) D $14IUV0IAAE
ANYa1U (descendant) mmﬂmm‘fu

4) Y9530 Number of Wholes (NW) Ao SuIUVBa
ANAUITINYIY (predecessor) ‘U’ENﬂmﬁ‘qu

5) 1191399 Multiple Aggregation (MAgg) Ao 11U VDe
el “whole” iflnaraiiiarsanegifiudauilsznoy
6) W1A3IA Number of Aggregation Relationships
(NAggR) 79 $1UIUANUFURUT 1Y Aggregation
meluuiiang

- ANNFNIHBUYY Dependency

1) 419530 Number of Dependencies In (NDepln) fio
ﬁmaummﬂmﬁﬁsﬁuasjﬁmmﬁﬁﬁﬁqﬁmmw

2) 4191539 Number of Dependencies Out (NDepQOut) Ao
i‘hmumaﬂﬂawﬁcﬁqﬂmﬁﬁﬁﬁqﬁmamflﬂﬁuagﬁu
Amama iy

3) W15 Number of Dependencies In (NDepln) i
AN Ao UNUNIATIA (NDepln)

4) 3119539 Number of Dependencies Out (NDepOut) Y
ANUNINEW T oUAUIATIA (NDepOut)

NATIAG UGN (Metrics for Use Case)

1) 119538 Number of actors associated with a use case
(NAU) fip ﬁwmuv}'ﬁnﬁumiﬁﬁuﬁuﬁﬁugmﬂﬁﬁﬁﬁq
TRRPRN

2) W1A598 Number of message associated with a use
case  (NMU) flo runuensfiduiussugmaaiinids
TORPRTN!

3) 419530 Number of system classes associated with a
use case (NSCU) flo ﬁmauﬂmﬁﬁzﬁm%’mﬁ'ugmﬂﬁﬁ

fraanIsan
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4. mynasiasananslfld

e

D=t o @ 4 o Y Y
wytulimaihnasfagenduas llldanludiums

@ a

Jawdanavessadnds, malszuraarlgng (Cost)

o w A a o o
uazR1a9nY (Effort) ¥3005U10AUNNVBITONALIT
Tuduanuawsalumsiinduun sy, anw

'
1 A

° o ¢
H1¥eD0 uazmmmmm“lumsma;ﬁﬂywawﬁma

=

3 o Ao o o s Za
"INUJuﬂﬂ!aﬂHﬂ!%‘V]ﬁ']ﬂﬂJﬂlfNﬂ'ﬁWﬁMuW"ﬁﬂw@]LL'JEL”IN

]

gloh)

[ d d
4.1 MsianannavossoNanIs (Software

Productivity measurement)
Tumisilssiiiundanavossondulrsnaruisonanld
. ) v o o A . '
Heul¥u193 999 14IUUTTNA 138 Lines of code %Y

1w o o o 1
foamInauIniniannwsendus (Programmer) fay
avansaiann Tdsunsyldmila azdimstiusiuou

o A v W v o =
vssnalilsunsuntinwenn Tsunsufiivansavey
1 w5al¥landFunosd (Function point) d1msuia

o

waawantinwan Tsunsvansonan 1@ udu

4.2 M3 1¥91e uaziaanu (Cost and effort

measurement)

Boehm [3] 1&fannTuea cocomo (Constructive
Cost Model) tal¥dmsumsdszuanildie uay
o w Ay ] o o s &
fasaundedlslunszuiunsiauiserdns

g ) o A o

Twaatiazlduiasiavuia (Size) Ao ¥1953A Source
lines of code (SLOC) Aayn lasann Tuma COCOMO It
: ° o s I a o o
FuiluTumaadmsvasorduasizeiag Tasldunasia

~

YUANI3EN I WIATIA Object point LNUNIATIAAAAY

4.3 mydanamnaevlauls (Software  Quality

Measurement)
o S o A ] =
ﬂ?i?ﬂﬂmﬂTW“If'ﬂV\IﬁLL'J?‘V]TLW@iW‘ﬂﬁWUﬂQﬂ'ﬂNﬁTNWﬁﬂ
s 7 ] ' A ' o
T@QW@WF\LL')?GLHQTUWWQE] UALUBIINAUNINUAASAT

o v o v o & =y ya
Hudsgnenlddronaudnuazvalodd duiudelan

aw

o a o o o s o 4
UNIVY ﬂﬂIi]!ﬂaﬁ’]ﬁiu'}ﬂﬂmﬂ’]‘wcﬁﬂw‘ﬂuqimun'] BN

a

Tweanieuld Ao TueanuAIWves McCall  uag



5 2 o =
Boehm &saguaasliiviuii guamaoileds (Factor) #
[ o
51deansinvzsznelUd et (Criteria) via1w
nuuFuaazuuuansama ldnnnaesia wu e
vosnunmludiuanuiusenoved luma McCall 14
o s ¥ % Y [ =
fruamas 13 4 d1d101u Ao Accuracy, Error
< =Y
tolerance, Consistency 8¢ Simplicity Hudu 4
WaI1UITENINNIGNIAUBUULITNITIAAUNIN
) a ¢
FoUALIT IUIUADUNITUATIZHUAZDONUU LAY

Tsunsy wazdsmaimsdasenauns 114w 1aun

4.3.1 WAV Lionel C. Briand, John Daly #ag
Jurgen Wust [8]
au A4 Y] ) Y] VA A
waaIveiineadestugaaimludimanuinyene
4 o ullo < ' o
Fa'ldimsnaasaaninnuduiut sz w3 ia
¢ 49 o 4 1 &
FoNALIT ITUABUUDINTBONLUUN VAN ] 1
a o 7 H
Tumswuderanaraluaara Taguiasiawondulsn
Wnniasanilsgnoudienias I0n156404 (coupling)
M58AM YT (cohesion) UAZNIIAIBNOANW AN
(inheritance) tazad 1 Tuaanyrelumsiinedusas

= ] [ a 9 a 9y A
ﬂmfmmmuwmﬂummmimmawsﬂwamvlﬂmﬂma

voaiivala
Measure Coeff. Std. Error p
RFC 0.242 0.042 <.0001
DAC -1.110 0.429 0.0098
OCAEC -0.985 0.373 0.0083
FMMEC 0.449 0.148 0.0025
RFC1 L 0.348 0.071 <.0001
NIH-ICP_L -0.092 0.023 <.0001
ACMIC L 1.060 0.556 0.0568
NOC -2.645 0.789 0.0008
NOP 4.377 0.966 <.0001
NMI -0.429 0.084 <.0001
SIX -14.073 5.241 0.0072
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4.3.2 HaNUIV09 Khaled El Emam, Walcelio Melo
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4.3.3 AUV Marcela Genero and Mario
Piattini [9][10][11]
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figaldaudaeniiga Sromimuiang 1517
| Understandability | Analisability |  Modifiability

Difficult

Average 6 6 6
Maximum 6 6 7
Minimum 6 5 6
Medium

Average 5 5
Maximum 5 6 5
Minimum 4 4 4
Easy

Average 2 2 3
Maximum 3 g 3
Minimum 2 2 2

Uil 2 waaams WA YvesmIsUUsEAUA WA Tunsihges sz [9]
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of Dependencies

Number

of  Aggregation

Classes (NC), Number of Attributes (NA), Number of

Methods (NM), Number of Associations (NAssoc),

(NAgg),

(NDep), Number of Generalizations



(NGen), Number of Aggregation Hierarchies (NAggH),
Number of Generalizations Hierarchies (NgenH),
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4.3.4 HaNWIVYVO9 Lionel C. Briand, Christian Bunse
and John W. Daly [7]
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Method Internal reuseinvolves method M of
Type class X
Static View Dynamic View
Private NOI a(NOI+1)-1

Non
private (n+1)NOI+1)-

a+iq (NOI+1)-1

i=1

g1t 4 wamawnas amsinguu 19 nuinie lu

Type of metrics —~ Object-oriented design metrics
Size measurement metrics WMC, NOATPB, NOATPT
Coupling measurement metrics NMSC, NMRC, NOA, NOHA,
NOTA, NOHC,NOTC,NOHG,
NOTG
Inheritance measurement metrics DIT, NOC
Cohesion measurement metric LCOM

31U s uananasianiseanuuUaNIng

b, Al $maundaiumsen M gisenldru
nalnvesmsduneanmauiia 910 instance V09
descendant class ¥Y93AQ1H X ﬁhlil redefine L(NNTOA M

namsive Idrinauemnasialuidmsunisians
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o o ) :s' v S o o A
wnauulelng degdan 4 nieunanimuadiienn
(Definition) Haz U0 aUNA (assumption) AN BRI IA
S 2 4§ o
wonaLIT (software measurement theory) Lﬁﬂi%ﬁ]ﬂﬂ‘li
) [ Y ] 4 4 Y
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4.3.5.2 HANHIBVYDI Matupayas Thongmak and
Pornsiri Muenchaisri [16]
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D = -3.348 — 1.594WMC + 2.914* 10°LCOM + 4.151DIT —
0.159NOC —6.678* 10 NOA — 1.361INOHA + 1.863NOTA +
3.645NOHC + 2.022NOTC + 1.627NOHG — 2.294NMSC +
1.965NMRC + 0.204NOATPB
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D = -3.942 + 0.16WMC + 1.869*10°L.COM + 4.828DIT —
0.23NOC + 0.954NOA — 3.674*10°NOHA + 2.746NOTA —
0.216NOHC + 1.483NOTC + 0.783NOHG — 3.141INMSC +
1.057NMRC + 0.569NOATPB
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":".I MTOOP -- Metrics Tool for Object-Oriented Programs

File View Tools
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PROJECT COMPLEXITY-FACTOR METRICS
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Abstract

UML class and sequence diagrams produced at early
phase are the key design artifacts used as blueprints for
object-oriented software development. It is obvious that
under standability of these blueprints heavily affects on the
ease of software implementation and maintenance. The
result gained from measuring understandability of these
diagrams in early phase can be used as a prime indicator
whether to redesign them for making easy implementation
and reducing cost of software maintenance in later phases.
The purpose of this work is to explore the correlation
between structural complexity design metrics and
under standability of UML class and sequence diagrams in
order to construct an understandability model. The
under standability model was built based on data collected
from a controlled experiment. The obtained model can
identify 3 levels of understandability of UML class and
sequence diagrams: difficult, medium, easy.

Keywords: Understandability, Structural complexity
metrics, UML class diagram, UML sequence diagram

1. Introduction

The Unified Modeling Language (UML) [3] is accepted
as an industrial standard for. modeling object-oriented
design. It defines notations and semantics of modeling
elements and the relationship between these elements. Inits
current form, class and sequence diagrams are two major
artifacts acted as blueprints of object-oriented software.
Class diagram, a conceptual model of object-oriented
software, shows the classes of the system, their inter-
relationships, and the operations and attributes of the
classes. While class diagram represents static structure,
dynamic structure of software is represented by sequence
diagram. Sequence diagram is utilized for modeling
software behavior in each scenario. Therefore, the quality

This work was supported by "Chulalongkorn-Industry Linkage
Research Fund".

of object-oriented software ultimately implemented is
heavily dependent on the quality of both diagrams. One of
theinfluential qualities is understandability.

From now on, we interchange the term UML class and
sequence diagrams with the term software design model. In
this paper, understandability refers to the degree to which
the software design model can provide its clear meaning to
evaluator. The ease of understanding of software design
model leads to the ease of software implementation and
maintenance in later phases.

General approach  for  capturing  software
understandability is the utilization of software metrics.
Traditional metrics including size and comment percentage
and object-oriented metrics which consist of Weight
Method per Class (WMC), Response For a Class (RFC),
Depth of Inheritance Tree (DIT) were suggested to be
metrics suitable to measure understandability in [6]. Hitz
and Muntazeri proposed that the relevance of coupling as a
metric of design quality is related to understandability [11].
Structural complexity of the diagram is claimed to be one
of factors affects its understandability [9,10]. The metrics
for structural complexity of class diagram were presented
by Genero et al.[8]. The metrics were caled “Class
Diagram-Scope metrics’ and were identified into two
categories:-open-end metrics and close-ended metrics. An
empirical ‘study tovalidate these metrics was presented in
[7,9,10]. Furthermore, in[8], they analysed a set of existing
object-oriented metrics that can be applied for assessing
class diagram complexity containing the metrics of
Chidamber and Kemerer [15], Lorenz and Kidd [12], Brito
e Abreu and Melo [1] and Marches [13]. Kim and
Boldreff proposed 27 new metrics to measure various
characteristics of UML models [2]. They aso presented a
CASE tool to fecilitate the use of the proposed UML
metrics.

Class and sequence diagrams are considered together in
this work because they are jointly used to explain software
aspect. The goal of thiswork isto explore a set of structural
complexity metrics which are applicable to UML class and
sequence diagrams and to use these metrics for creating an
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Table 1. The structural complexity metrics used in the experiment.

Metricsfor classdiagram

Classes

Number of classes (NC)

Attributes

Average number of attributes-unweighted (ANAUW) *

Average number of attributes-weighted (ANAW) *

Methods

Average number of methods-unweighted (ANMUW) *

Average number of methods-weighted (ANMW) *

Association

Average number of association relationships (ANASss) *

Average number of aggregation relationships (ANAQQ) *

Aggregation

Number of aggregation hierarchies (NaggH)

Relationships

Maximum number of aggregation hierarchies (MaxHAQgQ)

Average number of generalization relationships (ANGen) *

Generalization

Number of generalization hierarchies (NGenH)

Maximum number of Depth of Inheritance Tree (MaxDIT)

Metricsfor sequence diagram

Scenarios

Number of scenarios (NOS) *

Weighted messages between objects (WMBO) *

M essages

Average number of return messages (ANRM) *

Average number of the directly dispatched messages (ANDM) *

Average number of the elements in the transitive closure of the directly
dispatched messages (ANET) *

Conditions

Average number of condition messages (ANCM) *

understandability model. The obtained model consists of 3
functions for 3 groups of understandability: difficult,
medium, easy. Software devel opers can utilize the model to
identify understandability level of software design model.
When software design model is categorized into medium or
difficult level, software developers can decide whether to
redesign it in order to improve understandability.

This paper is organized as follows. The next section
presents selected metrics which are expected to relate to the
understandability of UML class and sequence diagrams.
Section 3 describes a controlled experiment to construct an
understandability model. ' Then, experimenta results are
presented in section 4. Section 5 discusses various issues
that threaten the validity of the experiment and the attempt
to aleviate them. Conclusions and future works are given
in the last section.

2. Metric Selection
The first step to analyze software quality using metrics

is to identify a collection of metrics that reflect on software
characteristics which are being analyzed. This work is

interested in examining the understandability of object-
oriented system from the design point of view represented
by UML class and sequence diagrams. The structural
complexity metrics of UML class and sequence diagrams
are focused since structural complexity of diagrams is
clamed to be an important factor affects on their
understandability. A collection of selected metrics is listed
inTable 1.

The metrics used in this work consist of metrics for
class diagram and metrics for _sequence diagram. Metrics
for class diagram are categorized into metrics related to
classes, attributes, methods and relationships. Metrics for
sequence diagram ‘are categorized into metrics related to
scenarios, messages and conditions. Existing metrics are
NC, NAggH , MaxHAgg, NGenH and MaxDIT proposed
by Genero et al. [8]. Metrics symbolized by ‘*’ in Table 1
are modified from the metrics proposed by Genero et al. [8]
and Kim & Boldreff [2]. These metrics will be
consequentially  validated with experimental  result
indicating whether they can be indicators of
understandability. Definition of al metrics is presented in
Appendix A.



3. A Controlled Experiment

The sample software design models will be classified
into 3 groups according to their understandability level:
difficult, medium, easy. Understandability level of each
software design model is determined using examination
score which is obtained from a controlled experiment. This
section describes the experiment carried out to construct an
understandability model.

3.1 Experimental Aim and Definition

The main goal of this experiment is to construct an
understandability model of UML class and sequence
diagrams from structural complexity metrics. In this work,
understandability is defined as the degree to which the
software design model can provide its clear meaning to
evaluator.

3.2 Subjects

Experimental subjects were 30 graduate students from
the Department of Computer Engineering at Chulalongkorn
University, Bangkok, Thailand, who passed classes on
Software Requirements Engineering and Object-Oriented
Technology. During lectures, students were taught basic
software engineering principles and object-oriented
development techniques. The lectures were supplemented
by practical lessons where the students had the opportunity
to design rea-world object-oriented software using UML
diagrams. The subjects were classified into 10 groups by
considering grades they obtained from classes mentioned
above. Each group has one A, one B+ and one B students.
This was performed to reduce the difference of subject
ability in understanding the software design with UML
among groups.

3.3 Experimental Material

Twenty software design models with different domains
were used in this experiment. Each software documentation
included the general software description, the - class
diagram, the sequence diagrams, the examination, and
debriefing questionnaire: The examination of each software
design model contained 20 questions for assessing subject
understandability of the class and sequence diagrams. All
of questions related to understanding of software structure
and behavior described by the elements in class and
sequence diagrams including attributes, methods, classes,
relationships, scenarios, messages and conditions. Over
ninety percents of questions were open-ended questions in
order to prevent guessing. The debriefing questionnaire was
used to capture personal information, experience,
motivation, and subjective opinion of each subject.
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Examples of examination questions and debriefing
questionnaire are given in Appendix B and C.

3.4 Experimental Task

There were two tasks to be performed by the
participants. First, 3 subjects in each group were asked to
complete the examinations of 2 software design models that
randomly assigned for the group. In the same group, each
subject received a documentation set which is different
from the one examined by the subject sitting next to
him/her. Each examination was performed until 30 minutes
has passed or the subject aready completed it before the
timeout was reached. This timeout period was determined
from a pilot test. There was 15-minute break between 2
examinations. The second task was to complete a
debriefing questionnaire.

3.5 Data Collection

Independent variables are the design metrics
introduced in section 2 which indicate the structural
complexity of UML class and sequence diagrams.

Dependent variable is the understandability level of
UML class and sequence diagrams of each software. The
mean of 3 subjects score for the examination of each
software design model was converted by experts into 0,1,
or 2 which indicates the understandability levels: difficult,
medium or easy respectively.

4. Experimental Results

The data collected from the experiment was analyzed
using statistical -techniques, Correlation anaysis and
Discriminant analysis. Statistical analysis was automated
using SPSS package [4]. This section presents statistical
results.

4.1 Correlation Analysis

Section 2 presents first 18 metrics to be examined for
understandability model. Correlation between each pair of
metrics was. considered in order to discard metrics that
provide-redundant; information-(i.e; the metric measures
similar property as other metrics). This can be automated
by applying Pearson’s correlation test with significant at
the 0.01 level. Result of correlation analysis is shown in
Table 2.

For each couple of highly correlated metrics, only one
of them will be selected. Linear regression with one
independent variable was performed for each metric. Then,
adjusted R square value was used to determine the best
choice. Adjusted R sguare value of independent variable
indicates that it can explain the variance of dependent



variable well or not. The metric which has higher adjusted
R sguare value will be chosen. Following this selection
process, ANAW, ANMW, NAggH and AGenH were
discarded.

Table 2. Correlation analysis of candidate metrics.

Correlated Metrics Pearson Significant
Correlation (2-tailed)
ANAW & ANAUW 0.625 p<0.01
ANMW & ANMUW 0.997 p <0.01
ANAgg & NAggH 0.712 p<0.01
ANGen & NGenH 0.880 p<0.01

4.2 Constructing Under standability M odel

As mentioned earlier, in this experiment,
understandability was classified into 3 levels: difficult,
medium, easy. The numbers of sample software design
models in each level gathered from the experiment were 7,
7, and 6 respectively. UML class and sequence diagrams of
al software were measured using 14 remainder metrics. An
understandability model was created from collected data
applying Discriminant Analysis.

Discriminant  analysis is multivariate technique
concerned with separating distinct groups of object (or
observations) and with alocating new objects to previously
defined groups [14]. Discriminant analysis employs a
concept very similar to the regression equation, and it is
called the discriminant function [16]. Discriminant function
uses a weighted combination of prediction variable
(independent variable) values to classify an object into the
criterion variable (dependent variable) groups. In this work,
criterion variable is understandability level and predictor
variables are the 14 metrics. Each object’s score on the
discriminant function, caled discriminant score, will
depend upon its values on the various predictor variables.

All metric variables in the model must also pass the
tolerance criterion which was set to 0.001 for this
experiment. A metric variable is not considered in the final
model if it causes the tolerance of another variable to drop
below the pre-set tolerance criterion. Table 3 shows 2
metrics that were not entered to the model.

Table 3.The result of variables failing tolerance test.

Within- Tolerance Minimum
Groups Tolerance
Variance
ANRM 1.108 0.000 .000
ANCM .367 0.000 .000

Table 4 displays standardized canonical discriminant
function coefficients of 2 best functions for classifying 3
groups of understandability level. The metric which has
high significant for group distinction should provide high
coefficient (coefficient sign is not considered). Table 4
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reveds that, for the first function, MaxDIT, ANGen,
ANET, ANAss, MaxHAgg, ANMUW, ANDM, NOS,
ANAUW, NC, WMBO and ANAgg are the metrics
heavily affect on group distinction respectively. In the
second function, NOS, ANMUW, ANDM, ANAgg, NC,
MaxDIT, WMBO, ANAss, ANGen, ANET, MaxHAgg and
ANAUW are the predictor variables heavily influence on
group distinction respectively.

Table 4. Standardized canonical discriminant
function coefficients.

Function
1 2

NC -.801 -1.321
ANAUW -1.062 -.066
ANMUW 1.559 -2.325
ANASss 2.064 -.891
ANAgg -.584 1514
MaxHAgg -1.777 -.289
ANGen -3.078 -.520
MaxDIT 4.241 -1.271
NOS -1.203 3.094

WMBO .600 .899
ANRM -1.275 2.085

ANET 2.192 483

Three Fisher's linear discriminant functions are formed
in order to classify three groups of understandability level
asthe follows:

Difficult Level’sfunction:

F1=3.111INC + 14.963ANAUW-3.198ANMUW +
4.454ANAss + 54.366ANAgg + 36.587TMAXHAQg +
187.922ANGen - 52.827MAXDIT - 15.061WMBO +
16.679NOS + 14.691ANDM + 13.105ANET - 96.976

Medium Level’sfunction:

F, = 1.62NC + 12.096ANAUW - 7.774ANMUW +
11.231ANAss + 85.822ANAQgg + 26.719MAXHA(gg +
141.52ANGen - 45.229MAXDIT - 3.07WMBO +
25.469NOS + 21.118ANDM - 4.367ANET - 105.755

Easy Levd’sfunction:

F3=1.612NC + 6.486ANAUW + 5.04ANMUW +
82.146ANASs + 32.366ANAgg + 11.018MAXHAQgg +
68.621ANGen - 4.393MAXDIT - 2.311WMBO +
10.453NOS + 4.885ANDM + 8.044ANET - 88.325

4.3 How to Use the Under standability M odel

For a new software design model, the metrics NC,
ANAUW, ANMUW, ANAss, ANAgg, MAXHAgg,
ANGen and MAXDIT will be measured from UML class
diagram, and WMBO, NOS, ANDM and ANET will be
measured from sequence diagrams. Function F1, F2 and F3



will be calculated. Then the software design model will be
alocated to the group that provides highest value among 3
functions. For example, if F3 value is more than F1 and F2
value, the understandability of software design model will
be categorized into group 3 which is easy level.

4.4 Validating Under standability M odel

The obtained understandability model was employed to
classify the group of sample software design models that
used for generating understandability model. The result
revealed that 100% of sample software design models were
accurately classified. The experiment was repeated with 5
new software design models in order to validate the
understandability model. By applying the understandability
model, the 4 out of 5 new software design models were
correctly classified.

5. Threatsto Validity

Following severa empirical studies [5,7,9,10], this
section discusses the various issues that threaten the
validity of the experiment and the way attempted to
dleviate them.

5.1 Threatsto Construct Validity

The construct validity is the degree to which the
independent and the dependent variables are accurately
measured by the measurement instruments used in the
experiment. The dependent variable used in this experiment
isthe level of understandability obtained from the accuracy
of examination answers. The understandability level of
each software design model was classified by experts
similar to classification of student grades. This could be
considered significant. For construct validity of the
independent variables, all metrics capture the number of
eements in UML class and sequence diagrams and
relationships between them. So, they are related to the
structural complexity of UML class and sequence
diagrams. The construct validity of independent variables
can be considered valid.

5.2 Threatsto Internal Validity

The internal validity is the degree of confidence in a
cause-effect relationship between factors of interest and the
observed results.

- Differences among subjects. Each software design
model was evaluated by group of 3 subjects. Although
the ability of understanding the software design with
UML is not exactly equivalent among each group.
Differences among groups are reduced by assigning
one A, one B+ and one B students.
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- Knowledge of the universe of discourse among
UML class and sequence diagrams. UML class and
sequence diagrams were designed from different
universe of discourse, but they were simple enough to
be easily understood by the subjects. So, knowledge of
the domain does not affect internal validity.

- Accuracy of subject responses. Subjects have at least
medium experience in modeling and understanding the
software design with UML. This reality is confirmed
by responses of debriefing questionnaires. Their
responses to examination are considered valid.

- Learning effects. Learning effect is little relevant
because each subject performed only 2 examinations.

- Fatigue effects. Each subject performed 2
examinations with 15-minute break between them.
Each examination took less than 30 minutes. The
fatigueis not relevant.

- Persdistence effects. Subjects had never performed a
similar experiment. So, persistence effect is avoided.

- Subject motivation. All subjects participated this
experiment voluntarily. The responses of debriefing
questionnaires indicate that 93% of subjects pay
heavily attention to perform examination.

- Other factors. Plagiarism and influence between
subjects could be controlled. Two subjects who sat
adjacently performed different examinations. The test
was controlled by 2 proctors. The subjects were asked
to avoid talking to each other.

5.3 Threatsto External Validity

External validity is the degree to which the research
results can be generalized to the population under study and
to other research settings.

- Materials and tasks used. Examination questions
tried to capture subjects understanding of UML class
and sequence diagrams. All questions were approved
by experts. The experiment tried to use UML class and
sequence diagrams which represent real software, but
the software used are small and simple. The software,
has maximum number of classes, contains only 25
classes. This is a limitation of the study since it is
difficult-to find UML class and sequence diagrams of
real world software:

—  Experimental Subject. To solve the problem of
lacking expert participation, the students were used as
experimental subjects. We are aware that more
experiments with experts should be carried out in order
to be able to generalize the results. Nevertheless, this
experiment does not require high level of industrial
experience. Students are usualy accepted as valid
subject [17].



6. Conclusions and Future Works

Understandability is one of important quality
characteristics of UML class and sequence diagrams which
are used as blueprints of object-oriented software.
Predicting understandability at the design level will help
software designers to alter the design of the software for
better performance that leads to the ease of implementation
and reduction of maintenance cost. The prime goal of this
work isto construct understandability model for UML class
and sequence diagrams. The model was built using
structural complexity metrics applicable to UML class and
sequence diagrams. Twelve structural complexity metrics
are good predictor variables for  classifying
understandability level into 3 groups: difficult, medium and
easy. Four out of five new software design models were
correctly classified with the obtained understandability
model. The experimental result may be considered as the
preliminary finding and may provide useful information to
software engineering practitioners and researchers. This
experiment may be repeated with more number of sample
software design models. New metrics should be explored
for future experiment. Understandability level can be tried
on more than 3 levels. An automated tool for extracting the
metric values from UML class and sequence diagrams is
under construction.
Appendix A. Definition of Metrics Used in the
Experiment

Metric used in the experiment are defined as following :

1. NC: This metric counts the total number of
classes.

2. ANAUW: This metric is the proportion of the total
number of attributes and the total number of
classes.

3. ANAW: This metric is the weighted version of
ANAUW. Each attribute is weighted depending on
its visibility, i.e. 1.0 for public, 0.5 for protected
and 0.0 for private attributes.

4. ANMUW: This metric is the proportion of the
total number of methods and the total number of
classes.

5. ANMW: This metric'is the weighted version: of
ANMUW. Each method is weighted depending on
its visibility -as same as weighting attribute in
ANAW.

6. ANAss: It is calculated from the total number of
association relationships divided by the total
number of classes.

7. ANAQgg: It is calculated from the total number of
aggregation relationships divided by the total
number of classes.

10.

11

12.

13.

14.

15.

16.

17.

18.
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NaggH: It counts the number of aggregation
hierarchies.

MaxHAgg: It is the maximum between the HAgg
value obtained for each class of the class diagram.
The HAgg value for a class within an aggregation
hierarchy is the longest path from the class to the
leaves.

ANGen: It is calculated from the total number of
generalization relationships divided by the tota
number of classes.

NGenH: It counts the number of generalization
hierarchies.

MaxDIT: It is the maximum between the DIT
value obtained for each class of the class diagram.
The DIT value for a class within a generalization
hierarchy is the longest path from the class to the
root of the hierarchy.

NOS: It is the total number of scenarios which
exactly same as the total number of sequence
diagrams.

WMBO: It is the total number of average number
of messages per instanced objects in all scenario
divided by the total number of scenario.

ANRM: This metric is the proportion of the total
number of return messages in all scenarios and the
total number of scenarios.

ANDM: It is calculated from the total number of
directly dispatched messages (NDM) of each
message in &l scenarios divided by the total
number of scenarios. According to the UML
semantics, a message can be an activator of other
messages. For example, in Figure 1, the message
a() activates the message c¢(), the NDM value of
message a() is 1.

ANET: It is calculated from the total number of
the elements in the transitive closure of the
directly dispatched messages (NET) of each
message in al scenarios divided by the total
number of scenarios. For example, in Figure 1,
NET(&() )= [ c(), b() }| =2

ANCM: This is defined as the proportion of the
total number of condition messages in all
scenarios and the total number of scenarios.

|Qh il Clgzsl

—

W e

i)
by

Figure 1 : An example of sequence diagram.



Appendix B. Examination Questions

160

Questions in examination related to understanding of software structure and behavior described by the elementsin class

and sequence diagrams. Table 5 displays examples of questions.

Table 5. Examples of examination questions.

Questions for class diagram

Classes What are the services provided by class C?
What are possible values of attribute A?
Attributes Attribute A of class C can be modified its value from other classes or not ?
Which attributes of which classes affect to value of attribute A of class C?
Methods What is functionality of method M?
Which method of which class should invoke method M of class C?
Relationships Please describe the relation between class C1 and C2.

Please describe the multiplicity of class C2 and C2.

Questions for sequence diagram

Messages To perform work W, which messages are sent?

In this sequence diagram, which attribute values are returned from class C?
Conditions Please explain condition for performing work W?

Which message is sent if condition CC is fault?

Please describe briefly this sequence diagram.
Others Which classes relate to this sequence diagram?

Which objects are destroyed at end of this sequence diagram?

Appendix C. A Debriefing Questionnaire Meotivation and Performance

Please answer the following 3 questions based on this scale:

The debriefing questionnaire used in the experiment
shows as the follows.

Personal Details and Experience

1. What isyour age?

Please answer the following 3 questions based. on this

experience scale:
None Little Average Substantia Professional
1 2 3 4 5

2. What is your experience with software engineering
practice?

3. What is your experience with design documents in
genera?

4. What is your experience with modeling with UML
for objected-oriented design?

Not Poorly Fairly Well  Highly

1 2 3 4 5
Estimate how motivated you were to perform well in
this experiment.
Estimate how well you understood what was required of
you.

. Estimate your overall understanding of the design

documents.

. What did you understand least about the design

documents in this experiment and why?

In your opinion, what caused you the most difficulty to
understand the design documents?

Estimate the accuracy (in percent) of your answer to the
examinations.

If you could not complete all examinations, please
indicate why.
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Abstract

UML class and sequence diagrams obtained at early
phase are principle blueprints for object-oriented software
development. The modifiability of these diagrams heavily
affects on the maintainability of software ultimately
implemented. Assessing modifiability at the design level
will help software designers to decide if the design of the
software should be altered for better performance.

This paper focuses on modifiability of UML class and
sequence diagrams. It refers to the ease with which UML
class and sequence diagrams can be changed due to
changing and adding of software functionality. A controlled
experiment was carried out to investigate the correlation
between a set of structural complexity design metrics and
modifiability of UML class and sequence diagrams in order
to construct a modifiability model. The modifiability model
was built based on data collected from a controlled
experiment. The obtained model can identify 3 levels of the
ease of modifiability of UML class and sequence diagrams:
easy, medium, difficult.

Keywords. Modifiability, Structural complexity metrics,
UML class diagram, UML sequence diagram, Discriminant
Anaysis

1. Introduction

Software requirements are often changed. This requires
software to be modified several times after their initial
development. Many literatures indicated that 50-70% of the
total life cycle cost of software is spent on software
maintenance [3,5,18]. Modifiability of software, the ease
with which a software can be changed, is one of an
important sub-characteristic of software maintainability.
Assessing modifiability at the design level will help
software designers to decide if the design of the software
should be atered which leads to the ease of maintenance.

Briand et a. proposed a controlled experiment which
investigated 2 important components of object-oriented
design maintainability: understandability and modifiahility,
by comparing the effect of “good” and “bad” desian

principles [9]. Their experiment showed that the system
designed according to Coad and Y ourdon’s object-oriented
design principle is significantly easier to maintain. In an
empirical study presented by Daly et al., subjects were
asked to modify object-oriented with 3 levels of inheritance
depth and equivalent object-oriented software with no
inheritance in order to examine the effect of inheritance on
the maintainability of object-oriented software [6]. The
result revealed that 2 out of 3 subjects performed faster
when maintaining the object-oriented software with
inheritance. Kung et a. presented 4 types of the code
change in object-oriented software class library including
data change, method change, class change and class library
change [1]. They aso provided an automated solution to
identify different kind of code changes and their impact.

The Unified Modeling Language (UML) [7] is the
result of the unification process of earlier object-oriented
models and notations. UML models capture the static and
dynamic aspects of software. In its current form, class and
sequence diagrams are two major artifacts acted as
blueprints of object-oriented software. Obviously, the
modifiability of these blueprints heavily affects on the ease
of software maintenance. From now on, we interchange the
term UML class and sequence diagrams with the term
software design model.

The goal of this work is to explore a set of structural
complexity. design metrics and to use these metrics for
creating. a-modifiability-model. The metrics applicable to
UML models were introduced as follows. The metrics for
structural complexity of class diagram were presented by
Genero et a.[11l]. The metrics were called “Class
Diagram-Scope metrics’ and were 'identified into two
categories: open-end metrics and close-ended metrics. An
empirical study to validate these metrics was presented in
[10,22]. Furthermore, in [11], they analysed a set of
existing object-oriented metrics that can be applied for
assessing class diagram complexity containing the metrics
of Chidamber and Kemerer [16], Lorenz and Kidd [13],
Brito e Abreu and Melo [2] and Marches [14]. Kim and
Boldreff proposed 27 new metrics to measure various
characteristics of UML models [4].

This work was supported by "Chulalongkorn-Industry Linkage Research Fund 2002".
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Table 1. The structural complexity metrics used in the experiment.

Metricsfor classdiagram

Classes

Number of classes (NC)

Attributes

Average number of attributes-unweighted (ANAUW) *

Average number of attributes-weighted (ANAW) *

Methods

Average number of methods-unweighted (ANMUW) *

Average number of methods-weighted (ANMW) *

Association

Average number of association relationships (ANASss) *

Average number of aggregation relationships (ANAQQ) *

Aggregation

Number of aggregation hierarchies (NaggH)

Relationships

Maximum number of aggregation hierarchies (MaxHAQgQ)

Average number of generalization relationships (ANGen) *

Generalization

Number of generalization hierarchies (NGenH)

Maximum number of Depth of Inheritance Tree (MaxDIT)

Metricsfor sequence diagram

Scenarios

Number of scenarios (NOS) *

Weighted messages between objects (WMBO) *

M essages

Average number of return messages (ANRM) *

Average number of the directly dispatched messages (ANDM) *

Average number of the elements in the transitive closure of the directly
dispatched messages (ANET) *

Conditions

Average number of condition messages (ANCM) *

This work selects metrics proposed by Genero et a. and
Kim & Boldreff to use in a controlled experiment in order
to construct a modifiability model. The obtained model
consists of 3 functions for 3 groups of modifiability: easy,
medium, difficult. Software developers can utilize the
model to identify modifiability level of software design
model. When software design model is categorized into
medium or difficult level, software developers can decide
whether to redesign it in order to improve modifiability.

This paper is organized as follows. The next section
presents selected metrics which are expected to relate to the
modifiability of UML class and sequence diagrams. Section
3 describes a controlled = experiment to construct a
modifiability model." Then, experimenta results are
presented in section 4. Section 5 discusses various issues
that threaten the validity of the experiment and the attempt
to aleviate them. Conclusions and future works are given
in the last section.

2. Metric Selection

The first step to analyze software quality using metrics
isto identify a collection of metrics that reflect on software
characteristics which are being analyzed. This work
explores the correlation between the modifiability of
object-oriented design model represented by UML class
and " sequence diagrams and the structural complexity
design metrics. A collection of selected metrics is listed in
Table 1. The metrics used in this work consist of metrics
for class diagram and metrics for sequence diagram.
Metrics for class diagram are categorized into metrics
related to classes, attributes, methods and relationships.
Metrics for sequence diagram are categorized into metrics
related to scenarios, messages and conditions. Existing
metrics are NC, NAggH , MaxHAgg, NGenH and MaxDIT
proposed by Genero et al. [11]. Metrics symbolized by ‘*’
in Table 1 are modified from the metrics proposed by
Genero et al. [11] and Kim & Boldreff [4]. These metrics
will be consequentially validated with experimental result
indicating whether they can be indicators of modifiability.
Definition of all metricsis presented in Appendix A.



3. A Controlled Experiment

The sample software design models will be classified
into 3 groups according to their modifiability level: easy,
medium, difficult. Modifiability level of each software
design model is determined using examination score which
is obtained from a controlled experiment. This section
describes the experiment carried out to construct a
modifiability model.

3.1 Experimental Aim and Definition

The main goa of this experiment is to construct a
modifiability model of UML class and sequence diagrams
from structural complexity metrics. In  this work,
modifiability is defined as the ease with which UML class
and sequence can be changed.

3.2 Subjects

Experimental subjects were 30 graduate students from
the Department of Computer Engineering at Chulalongkorn
University, Bangkok, Thailand, who passed classes on
Software Reguirements Engineering and Object-Oriented
Technology. During lectures, students were taught basic
software engineering principles and object-oriented
development techniques. The lectures were supplemented
by practical lessons where the students had the opportunity
to design rea-world object-oriented software using UML
diagrams. The subjects were classified into 10 groups by
considering grades they obtained from classes mentioned
above. Each group has one A, one B+ and one B students.
This was performed to reduce the difference of subject
ability in modifying the software design with UML among
groups.

3.3 Experimental Material

Twenty software design models with different domains
were used in this experiment. Each software documentation
included the general software description, the class
diagram, the sequence diagrams, the examination, and
debriefing questionnaire. The examination of each software
design model contained 10 questions for -assessing
modifiability of the class and sequence diagrams. Subjects
were asked to modify design diagrams with tasks covering
on changing and adding software functionality. All
elements in class and sequence diagrams including
atributes, methods, classes, relationships, messages and
conditions can be changed by subjects in order to complete
the examinations. The debriefing questionnaire was used to
capture personal information, experience, motivation, and
subjective opinion of each subject. The debriefing
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questionnaire used in this experiment is given in Appendix
B.

3.4 Experimental Task

There were two tasks to be performed by the
participants. First, 3 subjects in each group were asked to
complete the examinations of 2 software design models that
randomly assigned for the group. In the same group, each
subject received a documentation set which is different
from the one examined by the subject sitting next to
him/her. Each examination was performed until 40 minutes
has passed or the subject aready completed it before the
timeout was reached. This timeout period was determined
from a pilot test. There was 15-minute break between 2
examinations. The second task was to complete a
debriefing questionnaire.

3.5 Data Collection

Independent variables are the design metrics
introduced in section 2 which indicate the structural
complexity of UML class and sequence diagrams.

Dependent variable is the modifiability level of UML
class and sequence diagrams of each software. The mean of
3 subjects’ score for the examination of each software
design model was converted by expertsinto 0,1, or 2 which
indicates the modifiability levels: easy, medium or
difficult, respectively.

4. Experimental Results

The data collected from the experiment was analyzed
using statistical -techniques, Correlation anaysis and
Discriminant analysis. Statistical analysis was automated
using SPSS package [8]. This section presents statistical
results.

4.1 Correlation Analysis

Section 2 presents first 18 metrics to be examined for
modifiability model.” Correlation between each pair of
metrics was. considered in order to discard metrics that
provide-redundant; information-(i.e; the metric measures
similar property as other metrics). This can be automated
by applying Pearson’s correlation test with significant at
the 0.01 level. Result of correlation analysis is shown in
Table 2.

For each couple of highly correlated metrics, only one
of them will be selected. Linear regression with one
independent variable was performed for each metric. Then,
adjusted R square value was used to determine the best
choice. Adjusted R sguare value of independent variable
indicates that it can explain the variance of dependent



variable well or not. The metric which has higher adjusted
R sguare value will be chosen. Following this selection
process, ANAW, ANMW, NAggH and AGenH were
discarded.

Table 2. Correlation analysis of candidate metrics.

Correlated Metrics Pearson Significant
Correlation (2-tailed)
ANAW & ANAUW 0.625 p<0.01
ANMW & ANMUW 0.997 p <0.01
ANAgg & NAggH 0.712 p<0.01
ANGen & NGenH 0.880 p<0.01

4.2 Constructing M odifiability Model

As mentioned earlier, in this experiment, modifiability
was classified into 3 levels: easy, medium and difficult. The
numbers of sample software design models in each level
gathered from the experiment were 6, 7, and 7 respectively.
UML class and sequence diagrams of all software were
measured using 14 remainder metrics. A modifiability
model was created from collected data applying
Discriminant Analysis.

Discriminant  analysis is multivariate technique
concerned with separating distinct groups of object (or
observations) and with alocating new objects to previously
defined groups [15]. Discriminant analysis employs a
concept very similar to the regression equation, and it is
called the discriminant function [17]. Discriminant function
uses a weighted combination of prediction variable
(independent variable) values to classify an object into the
criterion variable (dependent variable) groups. In this work,
criterion variable is modifiability level and predictor
variables are the 14 metrics. Each object’s score on the
discriminant function, caled discriminant score, will
depend upon its values on the various predictor variables.

All metric variables in the model must aso pass the
tolerance criterion which was set to 0.001 for this
experiment. A metric variable is not considered in the final
model if it causes the tolerance of another variable to drop
below the pre-set tolerance criterion. Table 3 shows 2
metrics that were not entered to the model.

Table 3.The result of variables failing tolerance test.

Within- Tolerance Minimum
Groups Tolerance
Variance
ANET 0.903 0.000 0.000
ANCM 0.368 0.000 0.000

Table 4 displays standardized canonical discriminant
function coefficients of 2 best functions for classifying 3
groups of modifiability level. The metric which has high
significant for group distinction should provide high
coefficient (coefficient sign is not considered). Table 4
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reveds that, for the first function, MaxDIT, ANGen,
ANDM, ANAgg, NOS, MaxHAgg, NC, ANMUW,
WMBO, ANRM, ANAUW and ANAss are the metrics
heavily affect on group distinction respectively. In the
second function, NOS, MaxHAgg, ANAss, ANDM,
ANMUW, MaxDIT, WMBO, ANAgg, ANGen, ANRM,
NC and ANAUW are the predictor variables heavily
influence on group distinction respectively.

Table 4. Standardized canonical discriminant
function coefficients.

Function

1 2
NC -2.072 -0.629
ANAUW -0.546 0.229
ANMUW 1.425 2.220
ANASss -0.289 3.221
ANAgg 6.643 -1.657
MaxHAgg -2.194 3.296
ANGen -10.085 1.086
MaxDIT 10.249 2.024
WMBO -1.109 -1.940
NOS 4,554 -3.979
ANDM 9.544 -2.989
ANRM -0.598 0.697

Three Fisher's linear discriminant functions are formed
in order to classify three groups of modifiability level asthe
follows:

Easy L evel’sfunction:

F1 =-15.046NC - 23.251ANAUW + 33.09ANMUW +
18.524ANAss + 2019.12ANAQg - 198.833MAXHAQg -
1874.907ANGen + 713.2IMAXDIT - 69.56 WMBO +
203.132NOS + 654.628ANDM - 11.118ANRM - 727.104

Medium Level’sfunction:

F, =-17.481INC - 28.427ANAUW + 33.833ANMUW -
54.17ANAss + 2434.853ANAQgg - 262.912MAXHAQg -
2266.81ANGen + 837.74MAXDIT - 69.186WMBO +
254.403NOS + 795.76ANDM - 17.837ANRM - 1010.549

Difficult Level’sfunction:

Fz =-23.97NC - 35.807ANAUW. + 57.567TANMUW —
10.96ANAss + 3114.299ANAgg - 301.974MAXHA(gg -
2987.459ANGen + 1137.737MAXDIT - 126.533WMBO +
305.663NOS + 1014.745ANDM - 23.193ANRM - 1668.33

4.3 How to Use the M odifiability M odel

For a new software design model, the metrics NC,
ANAUW, ANMUW, ANAss, ANAgg, MAXHAgg,
ANGen and MAXDIT will be measured from UML class
diagram, and WMBO, NOS, ANDM and ANRM will be
measured from sequence diagrams. Function F1, F2 and F3



will be calculated. Then the software design model will be
alocated to the group that provides highest value among 3
functions. For example, if F3 value is more than F1 and F2
value, the modifiability of software design model will be
categorized into group 3 which is difficult level.

4.4 Validating M odifiability M odel

The obtained modifiability model was employed to
classify the group of sample software design models that
used for generating modifiability model. The result
revealed that 100% of sample software design models were
accurately classified. The experiment was repeated with 5
new software design models in order to validate the
modifiability model. By applying the modifiability model,
the 3 out of 5 new software design models were correctly
classified.

5. Threatsto Validity

Following several empirical studies [9,10,12], this
section discusses the various issues that threaten the
vaidity of the experiment and the way attempted to
aleviate them.

5.1 Threatsto Construct Validity

The construct validity is the degree to which the
independent and the dependent variables are accurately
measured by the measurement instruments used in the
experiment. The dependent variable used in this experiment
is the level of modifiability obtained from the accuracy of
examination answers. The modifiability level of each
software design model was classified by experts similar to
classification of student grades. This could be considered
significant. For the construct validity of the independent
variables, al metrics capture the number of elements in
UML class and sequence diagrams and relationships
between them. So, they are related to the structura
complexity of UML class and sequence diagrams. The
construct validity of independent variables can be
considered valid.

5.2 Threatsto Internal Validity

The interna validity is the degree of confidence in a
cause-effect relationship between factors of interest and the
observed results.

- Differences among subjects. Each software design
model was evaluated by group of 3 subjects. Although
the ability of modifying the software design with UML
is not exactly equivalent among each group.
Differences among groups are reduced by assigning
one A, one B+ and one B students to a group.
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- Knowledge of the universe of discourse among
UML class and sequence diagrams. UML class and
sequence diagrams were designed from different
universe of discourse, but they were simple enough to
be easily understood by the subjects. So, knowledge of
the domain does not affect internal validity.

- Accuracy of subject responses. Subjects have at least
medium experience in modeling the software design
with UML. This reality is confirmed by responses of
debriefing questionnaires. Their responses to
examination are considered valid.

- Learning effects. Learning effect is little relevant
because each subject performed only 2 examinations.

- Fatigue effects. Each subject performed 2
examinations with 15-minute break between them.
Each examination took less than 40 minutes. The
fatigueislittle relevant.

- Persdistence effects. Subjects had never performed a
similar experiment. So, persistence effect is avoided.

- Subject motivation. All subjects participated this
experiment voluntarily. The responses of debriefing
questionnaires indicate that 93% of subjects pay
heavily attention to perform examination.

- Other factors. Plagiarism and influence between
subjects could be controlled. Two subjects who sat
adjacently performed different examinations. The test
was controlled by 2 proctors. The subjects were asked
to avoid talking to each other.

5.3 Threatsto External Validity

External validity is the degree to which the research
results can be generalized to the population under study and
to other research settings.

- Materials and tasks used. Examination questions
tried to capture modifiability of UML class and
sequence diagrams. All questions were approved by
experts. The experiment tried to use UML class and
sequence diagrams which represent real software, but
the software used are small and simple. The software,
has maximum number of classes, contains only 25
classes. This is a limitation of the study since it is
difficult-to find UML class and sequence diagrams of
real world software:

- Experimental Subject. To solve the problem of
lacking expert participation, the students were used as
experimental  subjects. We are aware that more
experiments with experts should be carried out in order
to be able to generalize the results. Nevertheless, this
experiment does not require high level of industria
experience. Students are usually accepted as valid
subject [19].



6. Conclusions and Future Works

Predicting modifiability at the design level will help
software designers to alter the design of the software for
better performance that leads to the ease of maintenance.
The goal of this work is to construct modifiability model
for UML class and sequence diagrams using structural
complexity design metrics. Twelve structural complexity
design metrics are good predictor variables for classifying
modifiability level into 3 groups. easy, medium and
difficult. Three out of five new software design models
were correctly classified with the obtained modifiahility
model. However, the experimenta result may be
considered as the preliminary finding and may provide
useful information to software engineering practitioners
and researchers. This experiment will be repeated with 20
new sample software design models for increasing
reliability of the modifiability model. New metrics should
be explored for future experiment. Modifiability level can
be tried on more than 3 levels. An automated tool for
extracting the metric values from UML class and sequence
diagramsis under construction.

Understandability of the same set of software design
models was explored in another controlled experiment. The
collected data of both understandability and modifiability
of these software design models will be considered together
in order to construct a maintainability prediction model for
object-oriented software.
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Appendix A. Definition of metrics used in the
experiment

Metric used in the experiment are defined as following :

1. NC: This metric countsthe total-number of
classes.

2. ANAUW: This metricisthe proportion of the total
number of attributes and the total number of
classes.

3. ANAW: This metric is the weighted version of
ANAUW. Each attribute is weighted depending on
its visihility, i.e. 1.0 for public, 0.5 for protected
and 0.0 for private attributes.

4. ANMUW: This metric is the proportion of the
total number of methods and the total number of
classes.

5. ANMW: This metric is the weighted version of
ANMUW. Each method is weighted depending on

10.

14,

12.

13.

14.

15.

16.

17.

18.

167

its visibility as same as weighting attribute in
ANAW.

ANAss: It is calculated from the total number of
association relationships divided by the tota
number of classes.

ANAgg: It is calculated from the total number of
aggregation relationships divided by the total
number of classes.

NaggH: It counts the number of aggregation
hierarchies.

MaxHAgg: It is the maximum between the HAgg
value obtained for each class of the class diagram.
The HAgg value for a class within an aggregation
hierarchy is the longest path from the class to the
leaves.

ANGen: It is calculated from the total number of
generaization relationships divided by the tota
number of classes.

NGenH: It counts the number of generalization
hierarchies.

MaxDIT: It is the maximum between the DIT
value obtained for each class of the class diagram.
The DIT value for a class within a generalization
hierarchy is the longest path from the class to the
root of the hierarchy.

NOS: It is the total number of scenarios which
exactly same as the total number of sequence
diagrams.

WMBO: It is the total number of average number
of messages per instanced objects in all scenario
divided by the total number of scenario.

ANRM: This metric is the proportion of the total
number of return messages in all scenarios and the
total number of scenarios.

ANDM: It is calculated from the total number of
directly dispatched messages (NDM) of each
message in al scenarios divided by the total
number of scenarios. According to the UML
semantics, a message can be an activator of other
messages. For_example, in Figure 1, the message
a() activates the message c¢(), the NDM value of
message &) is 1.

ANET: It is calculated from the total number of
the elements in the transitive closure of the
directly dispatched messages (NET) of each
message in al scenarios divided by the total
number of scenarios. For example, in Figure 1,
NET(a()) =K c(). b0 }|=2.

ANCM: This is defined as the proportion of the
total number of condition messages in al
scenarios and the total number of scenarios.

Obiect]) Clanal)| |Dbeect2 Clpind] | Obectd Clansd

Fiaure 1 : An examble of seauence



Appendix B. A Debriefing Questionnaire

The debriefing questionnaire used in the experiment

shows as the follows.

Personal Details and Experience.

1

What is your age?

Please answer the following 3 questions based on this
experience scale:

2.

3.

4.

None Little Average Substantia Professional

1 2 3 4 5

What is your experience with software engineering
practice?

What is your experience with design documents in
genera?

What is your experience with modeling with UML
for objected-oriented design?

Motivation and Performance
Please answer the following 3 questions based on this scale:

Not Poorly Fairly Well  Highly

1 2 3 4 5
Estimate how motivated you were to perform well in
this experiment.
Estimate how well you understood what was required of
you.
Estimate your overal understanding of the design
documents.
What did you understand least about the design
documents in this experiment and why?
In your opinion, what caused you the most difficulty to
understand the design documents?
Estimate the accuracy (in percent) of your answer to the
examinations.
If you could not complete all examinations, please
indicate why.
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