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NN (Operational Risk) (24)

AT AN RUANANNLASET949 Fenton uAYANLE (aansiadulad usnnig
nFwennsuedlAan1sEansuaf (2) %qLﬂum??mhﬂmmL%ﬂLuﬁﬁﬁﬁqLLﬂizimmmﬁqmmisi
Luiu@usluﬂqiﬁmmﬁﬁm\lﬁmfLﬂ?@ﬂﬁﬂﬂqquL%Luﬁﬁ%ﬂa‘zﬂ@uiﬂﬁfmﬁquﬂ?ﬁmem&;m:m
Aduiusmulunswaunsenduag doeldarunsasinungAiaiy i uiueuaeausaziauls
danalfanunsndanisAnaaldutiteuresfaulamaiuld Ferinaunldielulasennssenduas

< 1 A 1 dl rdsj 1 Gl 1 1 dl '
‘IJM'W]LZ\]T']LLZ\]?IJM’]@IVQ_J wsadnaANialudiutsaantiy 6 iATatnatas (Subnet) Tnenusay

v |
o |

A | o o A e o cao A , o
Lﬂ?@ﬂqﬂﬂ@ﬂqgﬂﬁ\:ﬂﬂﬂblﬂﬁqgB‘]qLLL]J?V]NﬂrJ'WJ@NWHﬁﬂuiuLﬂ?@mqﬂﬂ@ﬂuu j LW@IV@']NW?G

APFLaIAAIRaLAaIATaANtias 16

\PFaNEEiET 6 LATRTNaT wAna ARzl 2.9 Satlsvnausae

. 4
ANFBINITNNSTRNF LS | | N1TAANITUATNNTARANT

wazdaninvunrUanLnLY WLLINTZR"E
ANUNINTBANITTLAUNNT GRIGRVETN
Wi mansus YAAINg
ATUNINTD Anuuiridunsias
e s < .
ganAwINardINaL ganay

7171 2.9 UHUNINIAN$S (Schematic) WATatnaAdNTaiLe lunIFnAulaadan1InineIng

2849 ATINTTANF AT
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1) NNFAANITWATNITADANTLULNTZANE (Distributed Communications and
Management)  UsznaudaafiaulsNanunsaduenssAunIsnNIzanefia189n1sn191LuaY

ANUENHNT0 NN IS ANIN N YA FAMA L Fid

(1) gnadyryn1aa (Scale of Subcontracts)
(2) AMANIBINTIANIIAEYEYNTAN (Subcontract Management Quality)
3) @mmwmmﬂf]ﬁmﬂ’]ié’mmi%@m'a‘ (Communication Management Quality)
(4) @mmwmfaqmﬁmma?mﬂslu‘ﬂmqmi (Internal Management Quality)
(5) 2WNALRINN (Team Size)
(6) mmwmmum&mmﬁmmwﬁf(Geographical Diversity)
7) SN LTI (Number of Sites)
(8) mmmmm@ﬁfammmummw (Scale of Distributed Communication)
(9) m’mmugaﬁmmmﬁmmamaﬁmw (Communication Management Adequacy)
(10) ANANYTIIRIN199ANIAEYEYNT9 (Subcontract Management Adequacy)
(11) A NANYIRIIB9N199AN19N3TAABY (Interaction Management Adequacy)
(12) @mmwmﬁmmﬂmmqu (Overall Management Quality)

2) ANFaINITINTandLfuazdan uunnMane (Requirements and

Specification) Usenavfaefquilsiuanaiamannainsnlunisairamanusesnisniesansing

wazdannuaruaneuslfatsinaunazgnsieg o
(1) AndUdauraInINAaInNIg (Requirement Complexity)
(2) AN luNTe9ANABINTT (Requirement Novelty)
(3) A NRAuTINTILFINTATINASG (Stakeholder Involvement)
(4) AHNENNUBIAIINFIBINT (Requirement Difficulty)
(5) LADEININTBIAINFBINTT (Requirement Stability)

(6) ANNYNFRIRITRRUUAANIANEILY (Specification Accuracy)
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3) AMNINTBINTZUIUNNIWIMUNIOWE WIS (Process  Quality) Usznaudinasiauiledn

Lmmﬁq@mmwmmmzmumﬂm:%umumarﬁwmﬁﬁgﬁm%ﬁm gail
(1) AN INIR9@Na17 (Quality of Documentation)
(2) TLALARNNIINARALILLLAATY (Level of Independent Testing)
(3) mﬂmﬁﬁmmmmm@mumu (Regularity of Reviews)
(4) 927U CMM (CMM Level)
(5) @mmwm@qmzmumiﬁwummL‘ﬂﬂ (Spec Process Quality)

(6) AMNINTBINTZTLIUNNTRRLLAZNAGAL (Development and Testing Process

Quality)
(7) AnudmiauasdanuAAANE ML (Specification Clarity)

(8) AuNNUINTzUIUNTTIREIIN (Overall Process Quality)

4) ARANINTBIYAAINT (People Quality) NanwawmansLog Usenaugoasoulsh

o

Lmmﬁq@mmwmmqmmm‘ﬁﬁﬂmumﬂﬂmﬂm@ ol
(1) N19@519139341a (Staff Motivation)
(2) ﬂwmuﬁﬂum@mﬂmm (Staff Turnover)
(3) N17aUTHLAANNT (Staff Training)
(4) ﬂimummimmuﬂmm (Staff Experience)
(5) Uszaunisallunieidsunsu (Programming Language Experience)

(6) AN Ny AaIN3IAEsIn (Overall Staff Quality)

o ¥

5) AU TunFasdanas (Functionality Delivered) Usznaudaefauisinaqdes

o

fusuawsssilaTfuifesa¥elu sruuyaannsuazinani i luusiaziasanng o
(1) szaiziiana84lATaNg (Project Duration)
2) f%ﬂmuuﬂmmﬁﬂmwﬁmLqm‘limmfuﬁ'ﬂ (Average Number People Full Time)
(3) SruuLsvintesllsunsufidesdaney (KLOC Delivered)

(4) aurudayariiuazdeyasan (Inputs and Outputs)
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(5) auaudausiatlszaruiug L (Number of Distinct GUI Screen)

(6) "1 (Language)

'
o

(7) AuuArifuRfesdINay (Functional Delivered)

(8) AnHLNEIsNENeNNTsuNANLFU e s lsIa9UgN (Total Effort Adjust by Brooks

Factor)

v
o o

(9) PNNINEIINENNNNEIRATIUNA (Total Effective Effort)

o o

(10) ANHNAFANITIOUAUSTAIADININTBIAINHINITWENE NN LA LA UNS TN Fa

#9181 (Quality Effort Functional Delivered Differential Dummy)

o

(11)  WAANTIDYAUSTAIAUNINTBIANLN TN ETNUATA WU AT U Fia a4

HAau (Quality Effort Functional Delivered Differential)

(12) AnUNINNIELAUNITLALLAATINT (Process and People Quality)

[ &

6) ANNTaITaNFLISIAzaINaL (Quality Delivered) ilsenausoasouilsndunug

o

uammwmmﬁxuuﬁ%mmu sanlifemnnuianalazesgnin il
(1) Auaudaiananasia KLOC (Defect per KLOC)

(2) 91e91151ey1n (Problem Reports)

(3) @mmwm'aqsn@v\lﬁl,t,ﬁﬁ@mm'au (Quality Delivered)

(4) AuNanalaaasy 14 (User Satisfaction)

1
17 1 =

gldanienlddeyasiie o Nlfainnisdunnaniuzaesiasanismnsaulsniie luusay
G 1 1 ZJ/ A 1 | dl L4 A 1 &I o‘dﬂl o 1 1
wiraleeasy 6 wradadas e lilATad18ANITaILENN WL AINITUANKAIAINLNAE
. R Ry o e ed o
uressouisdu < NABINIMITUAT 111 ArunInesteWslaNardeNe LlaI I uanIue
o dl 1 2 o dl ¥ ! & rdl ¥ dl L4
19959l saU 7 1e9iAsants iuAaeiung a1 ldanininaesseiuainsesnisive i
G 1 dl e ©° 1 ' o dl dl o d’l
LATed8ANNITR LN UIEAINITUANLAIA Nzt uresiqulsau o MiTudaTuen

(Indicator) Wsaniwansnsasldina lildnnninsesta s fnesianis

wanAaNUEIa1113031AIN 309010209904 (Trade-off Analysis) 299N3WaNgT
Faslduazanininaassansuainsanisld imanFaumeumiuumisiaaniulininign o

gldannsofiatsounniaztasnazessondssing o lissudnannuninaesteansiuag 1nad aauou
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o

o & dl 4 ] a [ % | a I'e a all
AU LazauIuisidunsasdaney wwhaanuidunimiameiuazdssilivaougsslunig

NN TANFWT

UANAIN Fenton  LATZAMLNAF19LATAUNEANNNITAILTNANADIADIWZURINTWENUN
waNFLISUAL Fan  uavAMy (25) laaFesruunisdnnisanadasio luusazdaeasnig
W”mménﬂwﬁTLLfJ‘fmmwﬁQéTﬂﬁ%mmaﬁwmmﬂﬁm%(Softvvare Life Cycle) lagaang
A 1 dl & G A 1 v a dl [~ dgll a dl A 1
wzatngAmTeuidueTadnanissingulaieunugurenisUsviiuaauides wisetne
Hanusomeug ldszuuladnlunsazdosaasniswmuige s fuulaldninaansiiuany
anfluwarinulifunaziianinudsavire i lnanansananinen ldana luwsazianssuin Ll 1

wsATatediduNeanIsAnEnansenuaasnisandula usladldatiuayunisuinissindulan

1 ¥
= =

. @6 ¥ . 1 dl L4 [~ dl A dl o
WNNENGA WANANT Hui uazatuy (26) NldAednaadndeudainaiuinsasiiaieniug
AAMLALN TUN WAL T aN AL FLAZ N ANTENLN AN ATY 919013189 Watthayu BAZALY
27) laa¥suuaAnnisrenarTadnaanNdaudiduaTadnanisfadulananunsoudiloymn

v a dld dl
mammmu%wmumm\muim

2.4.2 UIREN NV DINUANNLA L UNITW I U EaN AL

[ %

N199ANITANNHNILAEINTBINIIWA U TANFUIFHAIMNAATUNIN wazaflusanisinll

o

'
a e Ao

dsegndldinalilaseanisiilanadszaunaugrfaninau uidandrdnylunisdanisaaiy

all ¥ o all 1 =X ad a o o all
LZQEI\ﬂﬁQﬂ‘L&’]LZQH@IﬂEI Boehm (16) NNAMDUUUININITNITLINITUAZAANTTAL AR 1

] :// ada a 1 d‘ a a a 1 dl v
stluuusng o 9aNaEn sl ssiinAIAN AN IN1TRAN T AN TannaAA e wazld
UNAUBATNITLINTANNLAL9NUNZUTATUNT NFZUIUNTRAAMINAINNLALS 10 BUALLIN

(Top-10 Risk-ltem Tracking Process)

Lyytinen UWarANY (28) LL‘LiqﬂafzmwmmmmLﬁﬂﬂumaﬁmmmwﬁLLqﬂuHumwm

v o

{13%131A99n19 (Project Manager) aaniilys 6 unaanaN&ATY THun ANLAENEadn19191981

AR FaaRaTT a9 UL ANNIAENEAIATI1T99 ANIAENERINNI9ANNTAITNARNNNT
ANNIAETRINT NI NeNI e ULUAzNNTUTRNS wATAINIAENEFRIN199ANIIYAAINT
Oy UV o %= A .
wazfalAAn N ul sndenansTnuin Wi AAAEUMAN TN DI LIINLUINNIIAANIS

- o o o e A v a v = = = o
V?@U??LVHV’]Q"INL@ﬂﬂiﬂ@mu@ﬂ@ﬂ uuﬂﬂHU?V??I@?\?T]"I?F‘]@Qﬂﬂﬁqﬂ\??qﬂﬂzlfﬂﬂﬁsﬂﬂﬂﬁqqﬂL@ﬂ\‘]

1
al

v % = o v a aldl % rdl 1 dl Y o o
WauazAasunannissnaulanateaiaazarAaanndscaunisainsiun waliannisiuaanu

= v A 2 a
LZQEI\ﬂﬂ“ﬂEI’]\‘]N‘]J?Z@‘Wﬁﬂ’]W
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Keil wazAuy (29) loAnmFadAntidealun1swmungansiag Inewdananuides
1 z ¥ rdl o o/ dl
wanteanidy 4 apnia (Quadrant) e ldinmeizednandiAnyaedanui@es luyNNees
{13119 TATINNIUATITALINTAILAN A NIAENTDIELEU T TATINNT U AT AHIAEY AYNIARI
Y x ve 1 o A - d A
W9 4 apn1ARANNILAAS1HALN 2.10 Au@asluagnian 1 aziflumponudesndaneun
v 173 1 % 1 % 1 A 13 s o G % dl
angnAual Mszuy iu gnAnlaliacudaniie lunnsimuimensiues usiu avnsidaly
4 dodd 4 e va -~ .
ApNNATN 2 AaANAeENTInadeeiugiEusTassns A Nansona lunisiuuaaaLIe
19IANABININIeTaNE LS AdnwAesTuann1An 3 Raadesiuadeslunisuiug nns
INNUNY BarN19AUANTATINISTINNNA AMAseluanN1A 4 1TuAINLAEINISEIY

Aawmaanianalulazniauanaaslasanig

A4 1 2
2IRIBIGNAT VALLIALATAIINABINTS

FETAUANMNAIATYTIRIAMNLAE

4 3
1hunang ~ 3 .
NIBTRLH nITNINNg
BN N
u
FEALNITAILAN

3117 2.10 dszinmaaspaui@aslunisimunaansuag

wana g lfAnEsetinansznuIaa @ lusaranN Asian WL TaNE LS

(30) uazWLd1ANHIALNIWARNNAT 1, 2 LAz 3 ATAINANITNUNTUNANARTDINITLIAUNNTWENL
& g dl dl dw ] o o g '8 ol/
FANALIT LL@%ﬂQWNL@HQIM@@ﬂWﬂW 2 WA 3 HazdananunssuaunIs N s unTa e g Wi
= g 3 = S = ° o . =
ARATLAI UL TEuUNsia gl LL@%@QWNL@EQiu@@ﬂWﬂV} 3 Nﬂ@qﬁd@?ﬂﬂéﬂ’ﬂﬂﬂqNL@ﬂﬂlu@ﬂ
dl | ! dl d‘ dgl % d‘ o & 4
nan 2 1iu 2 LVI’]Luﬂ\‘l@'}ﬂﬂ"J’]NL@ﬂx‘llu@ﬁ!ﬂ’]ﬂuiﬁﬁﬂﬂLﬁ‘@\?ﬂ’\?@ﬁﬂqﬁiﬂﬁ\‘m'ﬁeﬁﬂwmLL");L(J

VauNm aangUil 2.10 aziulddiacnndasluanniai 3 iludounguinnslasanisannis

1
a ¥y v oa

o v < dl dl 1% | V%
WJ‘LIF"’]QJ@@T]’]‘EJ‘VLG]LWN ﬂ’]NU?M’]‘EJ‘IP]NH”I?@’]N’W?D@ﬁW’YJ’]NL@ﬂﬁiu@ﬁ!ﬂ’]ﬂ‘l’l 3 1@@:Lﬂum@1uﬂq1m
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o o v e o A Ty oaa o o
Lﬁﬂﬂlu@ﬂﬂqﬂ'ﬂu i AR LA LT Zd%uﬂ']WNLZQENIu@LﬂﬂWﬁ‘V] 4 duldfnansznuundnidiasann

lanngaasnanailulylsdasunn

a o g = ' a o dl % | G 1
UL UAZANBIFADANNNINUIALUDS Fenton  LATARE (2) IaastlulATadNanIg

FrAulagsasniswmunmansiuasinafansundenmuninaesgansdua s e suiua ldanalunis

1
Y1

% g rd‘ a c o‘d‘ o Y a | 1 a Yy a
WeNUNgane g Teianssunssansdwsnasn liinadua aengusnisiasanisainngn

a

'
X a

AaLAN IR ANUAdEe09 Keil uazAnuy (29, 30) dvRanssumatfasldenldans

WNANSAN AN N DITAN TS
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LUIAAITUIRE

%
Ao A

AT IR LUIAATNIAZYENELATEANEAINNTBLLETANNINUANE 8 Fenton  WAZADLE (2)

| A 1 v a d‘ Y & dll A o a g '8 14
duasadnanisindulane b L‘]J‘LLLF‘]?‘ﬂ\‘]N@@uu@wuﬂW?U?ﬁ’]ﬁ‘IﬂNﬂW?sﬁﬂwﬁlLL’J? TpaIn19a519

o o

TwFndulaaniinlaniauaseratinaarudaius tasivuiwassndselamdunusiunanssy

& rdl9/ a v a ¥ A 1 v a A o
Vl’]\ieﬁ‘ﬂ‘lf\lﬁlLLQ‘EJ“V]EU?MW?IF’]NFH?@’]N’]?QQQU@NLL@ZM@@HI@I@ \ATRLENTTAAAKIANEIA1NNTD

1 1 4
TdNa19001n192 1999 A 9E N1 AN NI TEN A U SN NTULA L A IFaN 8 F 1 uAANITUN IS
a1 1 L)

wWradneAfNdaluTileunnn ldlsznaunisfindnlag1unisanniInsne1nsueg
TAgansaaNEwIg (2) ﬂummmﬁmm:ﬁmmLamvﬁ‘@%Lmﬂxﬁmq:dqq@@1&3’Lmuﬁm?m%ﬂu
1A"TA99304 (Scenario) wsfialia N saMILMININIATLAYUNNIARRWlA TN E g L6 Tat

G

G 1 v a dl o dsj % o v a
isatnansfndulanaziiauaiiazaunsna¥rauuannsaiuayunisdadulaldluy 2
o a4 oA g PN = & ' o v A ' o
ANEIUY AR WAABINITNANIUNALIATEINHE R aLLTENALANY LATRINEERUNITAANITUAL
N1940413ULLNIZANY LATRTNEtaAINARINIINIsTaNduaSuasdan uun AN

LATRTNLAY AN INTDINTZLIUN TN U NF LIS LATETN LA AUNINTBIUARINT LAY

1
a v !

LATAUN RN UIURIATUN A RIZINAL LAZIHAFABINITAANTINANTTNTIUNA TN TWEN WA

fanfuwasiunmnInasganfuafNazdanay dauannaslunisa¥rquuanieaiuayunig

o

FRAUIAN IUANATY NI azRaAWNITUALANANAY feaznanasa lli

3.1 uuameaduayunsandulaluunsazinsalinesas

nsaFsuunaiuayunsfindulaluasadnstias Aon1IMANIMNIZNge (Optimal

1 & o

, 4 - R oy o = .
Solution)  tN@fiaNTUIAMAIWIIANIWELA LAY ITI18AuRANIINN1eTa NI T (Activity

Cost) Aol lllun1swmunlnsanis Ineludauiifidunsinsanisannnsaidanl@dnfasnisay

a

wiwdmuAuN W ludIule WY AUNINIBINI1ITANITUAZNIIRDANTLLLNTZANE AINDNFBY
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BIANNABINIINNTANAUIFUATTDANNUAATUAN UL ATUNINTBINTELIUNITWR U

1 1
[

& '8 A o . a o ! 11 Al o ¥
FANALIT ATUNTWIRNLARINT YT U TUNARIdeNaL Tmﬂmﬂmmmmmmimmnmmu:

o

1a4laranizluaTatnadasu aldidua1dedetsnaunissndulasaly wwanianlden
assniszlaminauunanIniiganInannisi 2.3 aziilun1aaenianga lunswmuAnnIw
Cl 1 1 :J/ 1 A 1 1 dl A 1 A A 1 1 6 rd‘ ]
199LATINAL 0L daulATadttiaslaaNaaAe WTaTn s AN INTIBITaN LIS
yavazldnansanlugiuaadiaratiaiannaiiiasanniduiaiatnafisuiATadnesia i Aie

WarsuAuNWaasTansuag Tsaznansia hlluiade 3.2

Y a

grsvisannnsniasunlasdayaluesedranisdadulaliiulaiuan naesesdng

a

1
¥ =

A & = M v 1 = o 6 o o‘d‘ o b4 o '
wirenudayanesdnsiieg | duneaiuisiduessodsslamnanisonmua s zaniuws
azaAnsla InedeiduasinilssTamiluusiavirsadnadasazifluiaidurasnuninaasiazadng

| R T | A o Y - ~ ¢ oo
dae wazAldanareanredneeen iatihnn MduinusilFounauannineessansiuasi

NNAULaz AN AN A uAANTsNNI9Tan w9 1ol 1

-ﬂl a o % 1 1 dl = Y o 1
Waeanluauddseed Fan wazanuy (25) l@nanadn wadinisldnswansunnluusay
dupaunasnsRELNTanELa s azinlian1danafufanssunsrensuafgeau usanldanen’ld
lufiFeeldasnaldsr@nsnmaznlfaonudesaesinsanisantiesas dninsldanldanaunnd
o Y a al 1 a QJdl Yo & £ o ZJ/ =) % =
azm ianaldasanisuiunsinsanig melsiazldsuiantiesas Aaluasseelinssuaunig
WrsuaurLuanienisdndulanmuicign luanuddaiileiduassnlsslominldlunis
Wrauway A nnsnansuanilsiazls (Profit)  annisasuasannisi 3.1 d9anldann
o %

98l FUaan1sWRUTaN A wIF (Revenue) Tinsaaanldanasnuianssunietansiuls (Cost) Aa

ANN19N 3.2

U = Profit (3.1)

# Profit = Revenue — Cost (3.2)

[ % o A 1

Tuuddeiifiannigudimeldresnsimunsenfwiiuavediuamunin Tnaaznadn
A

~ p = Y Iy e o v p a
LN@??JUUN@MIY]‘W@N']H ?ﬁﬂiﬂ%iﬂ?ﬂﬂ@?&sﬁﬂmﬂﬂﬂ’m Elu‘VlNﬂ@‘]_lﬂuﬂ’]?z‘Ll‘Lm@mnﬁWVI1Nﬂ

infiavdanaliselinliiuandenas pnuduiusaesas lduaznuninuansluaunisi 3.3

Revenue = f(Quality) (3.3)
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Wa  Quality Twesednatiaanisdannisuaznisaedsiuunszanslfainiingunin
[ - Gl 1 1 L% 6 6
nisdpnisingsanuas Quality luirzadnatatnaNdoaniImisandufuay
faniuunpuanezliaintinangnaesresdaniuunnuany e uas
Quality  luipzadnutiasnuNINIBINTZUIUNITWENUNITa NS lHaInTTW
ADANINNIZLAUNIREWILATNAAaL waz Quality luwrFadnetiasAmunInTal

yaansldantinamninyaainslaasu uaz Quality luirzadnatiasduau

'
o v

Hardunsasganas lpantn auouieritunfasdanan

pNANAUSIRA A LW luNN IR WAL S Uz AN A T FutazTuld aw

o [ % [ % 3

ARHLANNZANTAIUARZBIANT 11U UaAns liANd Ay i uAInINKINfie1aaz iy
mmuLmuqﬁummﬁ'@@mquﬁu (L1 m’mﬁmﬁuﬁﬁgﬂmeﬁwmmimm%ﬁﬁﬁa
(Exponential)) m\‘]@qﬁﬂ@m@ié’%mWa‘uLmuaniImﬁ@@mmwgﬁu ANANNUENB1ADE]
luguuuindiRuadunsodeuuuaen3nafl SelumideiiasWiusmstaseniadudsrysn
nsanEazldnaneuunuiuminlsfaunnesusazrtetatenfly 5 svauRe Very
Low, Low, Medium, High uaz Very High wazgtisnislasenisiaziiugsrypnldaneluusas

Aan7runTsEansLIFAqe

1 gy a ¥ | & 1 1 A ' v a = o ¥ o

fayangiinslasanissiasldidudeyadnluesadnanisindulametinlidAmanm
a [ r-ai dl 4 1 dl ¥ o/ o !
Aanssun1etanduafnunisigatsenaudaaainldannnisdaunnaniusaossiawyssig o
AmaLUNUAINNNIRIN L Te WA fina I ldAnsnwluusazszdy (Very Low, Low, Medium,

. . 1 7 ! a o ! dl dl o a dl
High was Very High) wazA ldanerasusaznans s s AL ] TANBITAUUBINANTINN

] |
= A

@enuANANa (Very Low, Low, Medium, High wag Very High) Squilaidaanianssaluseaud

sinsiuaziilunalinisuanuaspauiiazfuluingun naesusazipsat g eias AN Ay

3.1.1 TAS9519129LATRAUNITARAULA

1) Lﬂ?’ﬂﬁiqﬂﬂ@ﬁﬂ’]iﬁﬂﬂ’]iLLZ\]Kﬂ’]T%@Z\i’]?LLUUﬂ?Z@Wﬂ

A A , o = Ao A
"Q’]ﬂgﬂ'ﬂ 3.1 Lﬂ?@ﬂﬁﬂﬂ@ﬂ@MﬂﬁW‘ﬂ@ﬂﬂ’]ﬁ‘@mm?LL@zmmfﬂm?LL‘LI‘LIﬂ?:fMEI qeiwlen

Y a

gusunslasanisannisnazidanaduAnuarfndulald 7 TwaAsl ainadyy119e (Scale  of

a

Subcontracts) AMATNYBINIIIANITAEYEYIT9 (Subcontract Management Quality) ATUNAIN

PBINTIANITIAUNTARANT (Communication Management Quality) @mmwmmmﬁmma
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Aglulageanns (Internal Management Quality) YUNATBINN (Team Size) ANUUAINUAIEN

°

gﬁmmmé’ (Geographical Diversity) LAZANUIUANTUNNN9Y (Number of Sites)

Communication Scale of Subcontract
management quality subcontracts management quality

Communication Subcontract

Scale of distributed
anagement adequac anagement adequac
communicaton
Interaction management
Internal management
adequacy
Overall management
quality

v

Geographical
diversit

Number of sites

quality
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o

1HBRaNIINTIATRTIN ANUAMUAIENNARAIARAT LazaWINanIUIN1wTuGY
dy o dl v 1 = =® 1 dl 3| o v a %4
TUANITALNIINTZAETBIN19RRANT TN uuiazn Aeliaunsanldetiuinsndulald

o = o o o o A o o A v o
NUN LW?W:@xW"IIVﬂ'\?LLﬂ@ﬂqqﬂﬂmqﬂqqﬂiﬂ?\ﬁ@?q\‘]m@\‘]Lﬂ?ﬂﬂlqﬂﬂ’]?m@l@ujﬂLﬂ@ﬂutﬂﬂ\?uulu

Y a

dd‘ U v a o dw % QI o v a 1 o
NINLLINTIATNITABINTFH AR LA 11 3 TNHAZARIANFLLTN1TAn AL lAa LG A 1IN b

a

Gl 1 1 dgj ] = o dl N dl % o ! Gl 1 dl Ly
LATRAUNEEREY A9UaN 4 i_l‘WVlL‘M@ﬂﬁ'}&ﬂﬁ‘ﬂLﬂ@ﬂu'ﬂ’m‘]_l‘v\l[ﬂr)LLﬂﬁ‘QNIULﬁTﬂ?ﬂHﬂQWNL‘H@L‘LIEI?.I@\T

Fenton wazanse (2) 1hiluinwindulalaiun

(1) fTwanadyyidas iluiwnadranisindulazesssauaesdyyigas

o

Y

(Subcontract) 315894N1IANATYIUNIANYARRNNEUENNNTINUILaNANTNNTae el NNg

¥
v a ]

faaulaludnilainunsndenatainauiileasweaa9n24aan194ty Y1199 (Subcontract

%

Management Adequacy) T4lsmiaantean1sindula 5 saiaenseil Very Low, Low, Medium,

High wae Very High

% o % |

2)  1wannaasnisaanisdryndas uinfaireannssndula ﬁima‘zﬁu@mmw

q o
v
| %

184n199AN19R ey sy siannaniglulasanis AguFunslasanisasldnuninseivlalunisg

v o

|

| v a

3
Tan7Eaedtyn1dae nesindulaluinilanunsndenatatinAnuiNeanesaan s AN TA LY N

77

o

449 Tallfaaanaeen1sindula 5 salaanaail Very Low, Low, Medium, High Wag Very High



27

o v v a

(3) TWAMAINTIBINITAANITAIUNNIAR4AT LuTwAaF1ensFndulazesssiy

! 1
= v a

ADANINTBINIIAANITANUNNIABANTIE U TauTATINNTWANENeTY TannadnAulalurind

o =

ATNINAINATNTNAN NN LINBURIN1TANNIN1TABAT (Communication  Management

o

Adequacy) T9HAAaNTINNIFAARLA 5 Aataansail Very Low, Low, Medium, High uag Very

High

1
o a v o

4)  twamnanaeanisdanisaielulasants uiminaienissndulagesssiy
AN INEB9N199AN13N8 TUTATINT TeUanaINNIIAANIIAIUNTREATTUATNNI9ANNIATY TN
1 ! Y Aa v o o v a o dsj
199 Igusnslasenisasldgauninseaulalunisdnanisnielulasenis nssndulaludni

] =2 o o dJ a o A v a o A [ % da’
ANNTNAHATNTINAUAINNNIA AN InE N TelfaAenTeaNTARAUlA 5 Fialaanasil Very

Low, Low, Medium, High LLlag Very High

]
o a v o

(5)  1Twru1nve9nd uinia519n126nAR]a T3 ILIATINABIN NATININ WAL E

dll [ u/dgj da‘ v v A = . G
ESUUL%ﬂﬂ@ﬁ%ﬁ%m@ﬁﬂﬂﬂ@ﬂWNUWﬁ@@tﬂ@%%ﬁﬂ?@ﬂﬂﬂﬂ%ﬂ(TOBITeaﬂlSZG)@Q%MﬂTﬂmWﬂ

¥

¥ v
eloe AdUTmsanIn@enal liRNaaLnIeeiv Ae Aawst 0 Dis 1,000 AU

o

6) Tweruunanatanegiaans iuinnaanisdndulagesssiuassanuy

o

PAINUAILUAIN N 1HaIa NI UFITUANANANTWFAAR]IATLAUAINNNAINUAILUAIN N
dg/ (% A
i

(Geographical Diversity Level) adluipratneeesil dailfaiaanaednissndula 5 faaansail

Very Low, Low, Medium, High Wag Very High

1 |
A o

7)) TWAIUIBADIUNNI9Y WUITNNaF19N176RR 1R 3RIR N WIBUBIA DI UAN19

ABIUARLNN e niflufaTuananNNTNA AR U]ARN UIUADIUANINIWIIUNA (Total Number

¥ 1
Y a

of Sites) aaluLATadNesiael TIHLINNIRIN1TOLADNA IFRNIAULIAURTN A AW 1 D9 50

a

o
ADTUN

[

i T iiluiwessndszTumiaasirsetnatosAnunIneeInIsdANIsUATN19AA A TULIL
nszany lnadsiduassnisrloniiuanadeamuninaasnisdanisn1sdaadansiiinauiie

Wrauausiuelgananinaatufanssnlun swmungansusn 19l Tnatin T diiwnausiily

'
a o

indndulaniungusnnslasinisaandndula uaziimlania 1 1iwAe ANINNI949ANNS

a
¥ 1

¥ 1
Tae99u wazAlldanaluaTadnataafiinanainelldananinnantindadulaiavuun Tama

1 | [

A ldanensesldluanadnynngas AnNINEeINNIIANTATY TN ALUNINTBINITAANITATL



28

NNTARANT @‘ELLI]'WW?J@\‘]T]’WT’ﬁ/ﬂﬂ’]?ﬂﬁﬂluiﬂﬁﬂ’]ﬁ‘ LAZNNTAANTTIINTZALTBINIINTZANLURINTT

#0877 (VWABINN ATNUANNANEN N NAERT MATATUIUADIUNNNINL)

Subcontract

Scale of subcontracts

Communication management quality

management quality

Scale of distributed
communicaton

Geographical
diversit

Number of sites

Subcontract

anagement adequac

Communication
anagement adequac
Internal management Overall management
quality quality

v

Interaction management

adequacy

77 3.2 FethaiazetneniaindulalupzednatesnisdnnisuaznisfedsuuLnzane

1
1 =
o

Faatnadu lunsdlnguiuislasenng deanisandulalidinasindnyoyidog asas
ﬁm'ﬁu%@l@mmaﬁﬂgmﬁfm @nmﬁwm@qmﬁmm@ﬁmﬂgwwﬁwmmmﬂﬁluimqm@ LAz e
@mmwmmmﬁmﬂ’mé’f]umiﬁﬂma ﬁa@ﬂ'f]mqLﬂ?mhﬂmiﬁmau%muﬁéu?‘mﬂmami
Lﬁ@ﬂﬁmﬁuimmmﬁqgﬂﬁ 3.2 twsngdulaaziduinainadoy o199 ALNINIBINITIANIT

AT LAZAMININTBINI9AANITAUNTAeas TN T luTwessnlszTaaaaginsedne

&
aEU

[ncl

2) zatnatiatiANFiasnIIsTe R fuazda i uunAuAN LY

= A | o s v o o o
angu7 3.3 TweTednatatAduseIn1IIsEanAwdTuAsda N uUAA AN LY JAY

dIQJ a A v a v o o dw % %
wlsgunnslasanisanunsnazidanmuanuazdndulals 3 Twasil avududeanaasaaiy
F8dn13 (Requirement Complexity) ANNIMNT8IAMNARINTT (Requirement Novelty) LAz

AHHAIUTINTBIE3INTATINS (Stakeholder Involvement) daaNsaatuaniiwaawlsgu
Y o
5

Whduiwsndulalfium



29
novelt

Requirement
difficult

Requirement
stabilit )
Yy »
Specification
accurac

v

complexit
Stakeholder
involvement

717 3.3 irsadnataaANsaIn I genfuafuardaiiuanudnsn

o o/ ¥ L% = o dl % v a dl o o/ k73
(1) UWNANNDULDUURIAINEAINT LﬂuUWW@?q\jﬂq?mﬂﬂuir‘ﬂL?@Qﬁ\zﬁ’WUﬂqusﬁUsﬁ@u
sﬂfﬂ\iﬂ')qﬂﬁﬂ\?ﬂf]ﬁ‘ ﬂqﬁ'ﬁﬂauﬁl’aiuﬂ/ﬂ/\lﬁmqﬂq?ﬂdQN@5QﬁWﬂquﬂqﬂﬁ]@\7ﬁqqmﬁ'ﬂﬂﬂq?
(Requirement Difficulty) TaiFaiaanaadnissindula 5 dawdansail Very Low, Low, Medium,

High uag Very High

@) Twarnludresrndeaanis Wuinnasran1ssndulazeesysuainuwlan g
U v a o 434’ 1 =) o £ dl a o A
YAIAINABINIT NIFHARU IR ITNRAINITOAINANITWAINENNIRIANABINIT TINALADN

109n196inaula 5 Aaiaanaeil Very Low, Low, Medium, High uag Very High

(3)  TmANIdousaNTesiantasanig WuiwnaiansdindulaEesaanusaniienes

va ] o a o dgl 1 = o -dl v
HN@QM?QNiuIﬂ?Qﬂ’]? n19aAdulA luInRa N1 T 0dINADIINANNAINTRIAINARINNSG

'
o

(Requirement Stability) TeNsadanaasni1sindula 5 falaanseil Very Low, Low, Medium,

High wae Very High

3| o

i s duiwessndszlamizeasadnadesmnumainisnistansiasuasdaniviun

6 o/

AN Tnadsriduassnlsslomiiuaniiennugnaesassdannunpuan s NNILLNS

wRauausue lgananinaaiunanssu luntswmsnmansua sl Tasnin S Hiinnaudiiy

|
o % v a

tnsndulaniungusnisiaseanisiaandndnla uazimienta 1 dwhe ANgnAesLes

u
4 v 1

danunnuansuy uazAldaenifnaulursedistaifinainiinindulananun d9ana



30

29uD9AN AL AR UN1IAANIIAIHE UL UBIANNABINIT AN INHIBIANNARINIT LAY

ANHFUTINTRe TN TATINTg

Requirement

novelt

Requirement
difficult

complexity

Stakeholder

involvement

\ J
Requirement
stabilit .
\ g
Specification

accurac
\
dl o ' A 1 v a A 1 1 ¥ [ g Y o

gﬂ‘V] 3.4 AataATadneNTTRnaU 1A lWATaTatat ANNFANNINNTaNF NS LAZIaN LA

ADAANTTLY

3 { ¥

o 1 ] dd‘?/ a v a dl o dl o Y
AIBENLTU 1uﬂimwgmmﬂmamimum Fadn1sAnALlalNedAN19EaIANT LR
v VR o g ! L2 V% é’
TAIANNNARINT WTiREI A I@ﬂﬂ'ﬁ“ﬂ’]ﬂﬁlﬂQ’]NN@Qu?QN’QWﬂQ?QNI@?\‘]ﬂ”I?&LMN’m‘}Ju RZAINTD

o 1 A 1 v a a ¥ a A v a Y o dl o
LLZQ@\W]Q@EI”I\‘]?.I@\‘ILﬂﬁ“ﬂ“ll’\ilﬂ’]ﬁ‘ﬁ]@ZQ‘HEL”’Q[”]’]N‘VIN‘]_Iﬁ‘ﬂﬁﬂﬂﬁ\‘]ﬂ’]ﬂ@@ﬂﬁ]@’&ui“’ﬂﬂﬁ\‘]’iﬂ‘l/l 3.4 UN

a a
o

FrAulaaziluinanduteuaesaiudeinisuaratuidousonaedgioniasinig 1w s

o - & G
Tnwarrndszlanineipratnatianil

3) LATRTNLIEDLAININTBINITLIUNTREN U T WEA T

ANgUN 3.5 WesantiwaunInnsiauuaganln (Spec Process Quality) AIUNINTEN
l@N&1T (Quality of Documentation) TALABNNIINARALULLAATY (Level of Independent

Testing) AMNAN AN DUBINITNUNIL (Regularity of Reviews) Wazszsl CMM (CMM Level)

a

| o dl | o -13’ Z// o =
L‘]J‘LW]’JLL‘]J?‘VILﬂulﬂ’)‘ﬁ‘i_l@ﬂﬂmﬂWWﬂ‘ﬂﬁﬂum‘ﬂuiuﬂ’]?W%Ju’]rﬂﬁ‘ﬂﬂ’]?‘lﬂ 1T1191ATNNITAINIID

v
o

paulals adldarurralaguduwindulaléiun seiunslnguinislasenifadnig

e

¥
A
a
¥
H

o

pawlalu 5 TwHAassasnNsqulsn sindulavagnaaztinluATadinesan il



31

evel of independent

Quality of

testing documentation

CMM level

Regularity of
reviews

Specification

Development and testing

process quality

Spec process

A

A J

quality
Overall process
. »
quality

v

clarity

717 3.5 IATaTnat R AN INTBINTTLIUN TN L T NE AT

1 |
v a9y

(1) twanninnisituuagiln Wuiinia¥eanissndulamesnuninaaanisniuue
Al Wamensing nmesaaulaluiilanansodaaiainaudanusestasmun
ARIANEELAZIZAL CMM deflfaidentesnsindnla 5 faidendai Very Low, Low, Medium,
High wag Very High

(2) nAnnneesenans uinia¥enisindulaGesssAuresananssiig o Niuin
TURDUNITNNIULALNARNEURINITN A UNEANA LT T1HBIN1TAIMNATUTIULATAZIDL ANIN

£ = dl o d’j =) QI o v a o .
Hasnesle Weasanniidusdvenasnutinandulaszauianans (Documentation Level) adlu

¥
a K o

wWsadnadesll TaiFaaeneansindula 5 dadansail Very Low, Low, Medium, High waz

Very High

(3) 1TWILAUURININARAUBLUBATE IUTNNAF19n19AnARlaTaIn1InAdaL
Y a ?.’/ o =K al o =
TRNANAIAUDILATINIINULANATUTZNAUTWNNINLAZLBLANITNINIBLAZN T AU TN TN
-&l | o dw =2 QI v v a o . A 1 1 da’dl
WasanniduFTuenaunNiwAndrlaseaun1maaay (Testing Level) asliAsadnagasil a4

o

Yraenreanisindula 5 Aadansail Very Low, Low, Medium, High wa Very High

4) TTANANENaU2IN1NUNIU utwAg5an19snALlalTaIn1InIIRae LAY
NuUNUTaRANAIALe4lATINNTTENA13U 2 Na UTUNNIIBALIBHANIIN NI ULAZAN LT 11
Tsunsn asannlusiauanaaintnsadulassauni1snunau (Review Level) aaluLazadng

o

¥ 1 ¥
tiaeil TeNFmaen19nN1IFadula 5 saiaansail Very Low, Low, Medium, High wag Very High



32

(5) 1iwszsu CMM  lwiniairenissndulazeaassiuaas CMM Al lunNsWELN

¥ 1
o =

gansafue9a9Ang asannidlusiduenasiuinindulaszdsu CMM  (CMM  Level) aslu

%

LATRTNeiasil TR fqAanuadn1IFnAula 5 sLAUsetl 1, 2, 3, 4 LAz 5

T v idutinessaisslamirearradnetesaasnszuaunisnmunsenfuag Inadanidu
@imﬂiz‘ﬁmﬁﬁmmﬁ\a@mmwmmﬂixmum@ﬁwmmemmuﬁLﬁ'uﬁmﬁmaﬁﬂmﬁﬂuﬁu
AnldaneiifafuAanssulunsiansenfu Il Tnarn v Sifwweudifuiwsindula
mmﬁpju‘%mﬂm\‘]mmﬁ@ﬂﬁmaulmmzﬂwiaﬂm 1 1IWARADINNINNIZLAUN TR ENUILATNAADL
uazAnldang luedetnsdesiliinannanldansfiAnantmEndula feaeanlddnafidesldiite
nsaanenanslszneuiuinaeaz@aan1snneulazn1a e ullsunsy n1madaugsenNAuaf

ANNNANLANATAINITNUNIVUALNNTANHNUAINN NTFTUIDN CMM Tun s aansing

Foatinaiay Tunsinguinnslaseniaiudn fasnisiindulaizasauasane1a9nis
nunaudatanainzadlnseanisuazamunnaedienaisdsznaunisinaululasanis azaunem

o 1 A 1 v a -dl9/ a A v a Y o dl dl o
LL?NG’NWQ@EI’N?.IQQLﬂ?ﬂﬂ’]ﬂﬂ’]?lﬂﬂ'&iﬂ"ﬂlﬂ’]ll‘VlQ‘]_I?W’W?Iﬂiﬂﬂ”lﬁ‘l,@’ﬂﬂﬁ]ﬂ@ul@iﬂﬂ\ﬁﬂﬂ/] 3.6 TIUN

k1l

fadulangniiadnunme Twizdunimunoulazszauenans doutinassnissloniians

A oA o ,
LATRUNELRLUAR UN V

- Documentation
Review
Level
Level

4
Quality of
documentation

Development and testing

Regularity of
¢ Y CMM level

reviews

process quality

Specification Spec process

clarity quality

Overall process .
! »
quality

v

3117 3.6 Fatinapsatnansdndula TueATadetias AN INIBINIZ U TN T AN IS



33

4) 1ATATN LD AUN NI AAINT

Indicator: Staff

Overall staff
quality

Indicator: Programming

Overall management turnover

Indicator: Staff

quality

experience

Indicator: Staff

motivation

Indicator: Staff

Overall people

training

qualit

)/' language experience

717 3.7 1ATaTNLERANNINTBIYARINT

mﬂgﬂﬁ' 3.7 Lﬁmmﬂmm%mmaﬂﬂ@ (Staff Motivation) NIIUHUIRLUABIYARING
(Staff Turnover) N19aUINYAAINT (Staff Training) UszaLnisniaeayAaIng (Staff Experience)
waztlszaunisallunienlidsunsy (Programming Language Experience) lwimAratnasias
ATANINYBILAAINT Lﬂuﬁ')LLﬂ‘I‘ﬁlLﬂuﬁQ%Uﬂﬂ@mﬂﬂWﬂjﬂdqﬂ@ﬁﬂi ﬁ;:iaﬁmiimqmimmm

pouAN e unnnatisannsonnisdndulaiinil sr@ninnasssaudsmandinaivuaunIn

v
v o A o o

¥ XK 1 dl | a Y o -Qldl Y a ¥
1a91AaNng b Agldaunmnasuduindedulaliiui daiulunsdindisusiasenisdasnis

o

fnaulalu 5 Twiassaannsonlsnisdndulanesunaziwlueratnesias il

1 |
v o

(1) 1wnisa¥iauseqala iWuinnadrinisdadulameanisa¥iausegelalunisinau

TituyAaInssautenisdaasumuinautinlun1svinanu aaienidlalunissauauiuing

o A

= @ o 2 A o o o o [ . . = =
asanniflusaguenaintinindulassiunisaiianseasla (Motivation Level) @aisaaen

209an13ARARLA 5 Aadanmail Very Low, Low, Medium, High wa Very High

1
Y ¥ a

(2) ﬁWﬂ’]ﬁ‘MHuLﬁﬂuﬁlﬂ\iuﬂ@’]ﬂ? Lﬂuﬁwm@?qﬂﬂq?mm@ujﬂG\'ﬂ\jﬂqﬁ‘ﬁ"ﬁ_lﬂﬂﬁ‘zﬁﬂﬂ’]?
=~ pry @ o o 2R A o o a o =
NHULIEULBIYARINT Lu‘ﬂ\‘]qqﬂl,ﬂum’m]‘]_l@ﬂ@ﬂLWNUWmﬂ@ui@?ﬁmUﬂ’]ﬁ‘uﬂumﬂu (Turnover

]
o

Level) TaRfadanaadnsfndula 5 faiaensail Very Low, Low, Medium, High wag Very High

|
= ¥ o

(3) fwnisausnyaanng tuiwnaienisdndulamesnisausuiiawmun

ARINAINIINTDIYAAINT LiasaniTludaTuanasinTwAndulaszAaunisausy (Training

%

Level) Taiifaiaanaasnisindula 5 Aaiaanaail Very Low, Low, Medium, High uag Very High



34

(4) Twilszaunisniaasyraing hninna¥wnisdndulagasnisiansanilscaunisnl
ga9ypansiiuliauaausiasnisaasiasenis Wasannidusiuendansindsdulaseau
Uszaunisnl (Staff Experience Level) Tuiifniaanuedanisindula 5 sa@ennail Very Low,

Low, Medium, High wag Very High

|
=

(5) twdszaunisallunimldsunsy ilutinwnad1ranisdndnladeanisianson

svannisainiasnun s n dd@isullsun s lfiiuldmuaudiaanisuesiansanis Wasanndly

o

snauenadininandulaszaudszaunisallunieldsunsy (Programming  Language

Experience Level) GRRY

o

aaNuaIN1TAnALlA 5 Fialaanadil Very Low, Low, Medium, High

waE Very High

i ‘U dHuiwessniselagiresinradnatesnuninaesyaaing Inaiaiduy

assniszlomifinansdegmuninsesyaainsiiinauilansaumauiuan ldanamnaa iy

1
a = %

Aanssun sy sl Tnatin (U Arwweuwdifluiwdadulanundusuisiasanisiaan

v a

fndulauaziinlania 1 1wae Auuninyaanslausan wazanldanaluiasetnadeaiifinann
J 7N dl a o v a dl I ! Yo dl 4 v dl a o a
ArlddreMinandwAndula TeaeAldaneNAealdiNen13LTUNIENIIN1IUY WAL UL B
| = - o . | =
1AAINT NsARReNYAAININLszaun sl siuuAasATN1TIATNNIARABNLAAINSNN
dszaunisnilunimllsunsuminisiednis nsaFieusaqslalifuyaaing i n19sdnaes n1s

d? a A Y1 a | %
PURUADU NTIHAIRDLILNWNLAL LT1WAY

1
A g

Aaatady TunstingUEnNslaenIg Aedntsfndulasiieiseqslalunisiianudoniu

u

ARENNIIALALN UAZNNTALINANFITTLYAAINT AZAINITOLANIAIDE19T0IATEUNENNS

a dlez a A v a ¥ o dl v v A dl QI 1 A o [
ﬁ]ﬁ@‘lﬂﬂﬁ]’]QJ‘VIfﬂ‘].l?ﬂ’]ﬂﬁﬁ\‘m’ﬁm@ﬂﬁ]ﬂ’&ul@iﬂﬁﬂgﬂ‘ﬂ 3.8 UWW@@MI@‘WQﬂLWNLﬂI’]N’]ﬂ@ WAL

% o dld o | o Ly A 1 1 dgl
ﬂ%\'&?’]\‘iLL?QQQI@LL@Z?Z@‘UﬂW?@‘U?N Tnenddw ‘U dutiwassniselamiaaginsadneeias il



35

Indicator: Staff

Overall staff
quality

Indicator: Programming

Overall management

turnover
Indicator: Staff

quality

experience

Indicator: Staff
o <¢— Motivation Level

motivation

Indicator: Staff
o Training Level

training

Overall people
qualit

»

language experience

o ]

A A o = A '
gﬂ‘VI 3.8 mﬂm\‘lLmﬂmﬂﬂ’mﬂm@u%lumﬁ‘@m’mﬂﬂﬂQMﬂWW“ﬂ@\‘I‘Ljﬂ@’m:“

o

5) LRTRUNSIE DA U WA T WA S adINaL

1
o ] =

mng‘ﬂ‘ﬁ 3.9 1891ATRT Bt AR UAIUTT u‘ﬁf?l’@\‘immumﬁQLLﬂiﬁéu’}mﬂmami
mm'mLﬁ@ﬂ%muqmmzﬁmau%lé’ 6 tiwgai sraizinaneslasanis (Project  Duration)
’%W%’Juuﬂ@'}ﬂ?ﬁ’]muﬁwL')@WT@EIL@?QIEI (Average Number People Full Time) a1142141339 A8
Taunsuiideasdaney (KLOC Delivered) snaudeyaduazdayaean (inputs and Outputs)
fuferauaugaing (Use Case Count) 109317t 3.9 srusudausiadszanuiugld (Number
of Distinct GUI Screen) TR UILAANE (Class Count) mﬂqgﬂﬁ' 3.9 AN
(Language)

iHasaninausuussinzesllsunsy Aundeyaduazdeyaeen uazanuiudousia

1
o Ay

dszaruiugld udaulsiidudamuansedunasanuouieidunsasdenay agldarunem
wWanwiluiwdadulaléiui dsiulunsainguinisiaseanissesnisdndulalu 3 dwilasdes
Winsaudsnssindularesusiazinluasadnatiasil doudn 3 twarnisnwaauanniwsauls

guiiluiwsin@ulalevium



36

Process and

Av # people full
Project duration )
time
Total effort adjusted
by Brooks factor
Weak indicator:
Use case count

Strong indicator:

people quality

otal effective
A effort

New functionality

delivered

Class count

o

717 3.9 wisedntiasvesRUIURIIFuNfasdanaL

| 1
A =

1) Twszazinanvaalnzanis wimnasenisiagdulazasscazinaiazldlunig

Y a =

Wenumansiig TIELEMNIRINITDLAANAN AN LLUAURNLTN A F9WF 0 D4 36 LAAL

a

(2)  TwAauauyAaINIINNWANINAT HuTwnadensdndulamesaiuouyaaingd

v
anfuimwgansiuef BeduTunsatunsn@ane i naaLILALedtin Ae Faus 0 D9 100 AU

N98RAUIAUADNANUILABLALI L LDAMUNIZANTLN TR NF S LAaZ IATIN3

| a dlil a % v a W Y b3 ! % o a < 1
Hudandusmnsiasenisdiessindulalilddnmasldminle mezdrdnuauaunininullftesay

Matleymeusiduiu iu Ty Feanisdeaissendnanguyana vieetlyuiFeuannnae

[ o

yaans s sailassnsiamunszazoan ldimsnzaninailym wu domizesn@nnin

= 1 3 dl ¥ o ] o 1 % 1 dl 3|
LINYANNT m@ﬁtymmm\‘mwmmﬂiﬂ@muumm m"lﬁlmim@mmwmx‘mummmmuﬂu

v
o o

petiugLimslazanisassieaiatsunauInABLaza Wmnzaniuusazlasansaevsiuag

(3)  Twanuuusinaaallsunsy Wwwnad1anisindnlaEdeanisdssaninian oy

19997204l N anlunta el AUANTNFARRWIAAN UINIINLTIA (Total KLOC) adliesatne

%
1 a xR 9 a

giagiil TIELEUNTAINIDANAN IBAINTDLLUAIAILTN A F9WF 0 D9 10,000 KLOC

u

%

4)  fwaruwaudayadiuazdeyaaan wiwnairanissadulamesnisdszuin
nuudayatindiuardayasanainszuy AunnTwdndulasuousmndayaduasdayaaan
(Total Inputs and Outputs) TuiAFatNBtiBa™ TIFUTUNTANMNIDRANAT IR N TR LIIATR TN

v
A9 FaLs 0 1149 5,000 A149L



37

(5)  twAanuudusatlsa iUl Wwiwnainisdndulazeanislszanusiuou

(User Interface) aqiiniinfndulaanuiusandausatsyau (Total

e

1a989UARLTE AN LE |

a

LTI TaMNIaIRN AN IARNIeLIATe9TN Ae FIUE 0 D1v 1,000

=he

GUI) aglupradnesias

AU

6) TN Wuinnadienissndulaizesnisnazinun lglunisdeulilswney dai

FaanaaInN19inaunla 5 falaansail Ada, Pascal, C++, Java WAz Visual Basic

| o k%4

1w fluwiwasendsslamiivadiazatnasiaganuauianidunsasdanan Tnaweridu

arrnsrlamiluamnenaanuiuieidunsasdanaunuunsidaFaumauiuan ldanan et

' '
o a v 1 1

AW TTunsasdenan Taetin X Hinwwaudiuiwdadulapunciizuisiasaniaaan

a

! ! ¥
1 a a K

Fpdulanaziinlania 1 inAe anuuiesdunfasdanay A ldaaninatuluazadnesasiiay
neaantinsndulanauns s9pae1 190871 1 lun s i T FuR faadanay (AuILLIIR
waslilsunsy Anududeyaduasdeyaaan uazdanuudsusatscauiudld uaznimn) sauda

1 730 dl a A o s g
ANl EANeN Lﬂumumﬂummuﬂmnﬂmzﬂmmmmmaﬁw BUNTAN AT

Project duration | - [TA0 o onie |

Total effort adjusted
by Brooks factor

Weak indicator:

Process and

time

people quality

otal effective

Use case count

New functionality

Strong indicator:

delivered

Class count

'
o

21/% 3.10 FratinaAzatngn 19 AAU 1A luLATAAN LRI UNS T U FaadanadLl

a

1
Ay

Fag1aiti lunsingLimslasanismean1sindnlasnuinALLaZ Iz e s A NNz aN

k1l

|
v

Audnuuileidunsesdinananslasenis duiudoatvuesrzadnanissindulan unguinng
Tasannsiaansndulanansssgili 3.10 tTwandulanatinscazinanaaslasanisiazinaiuou

LAAINIINIBANNAT 1w X iuinessodsslamizespsadnasonil



38

6) ATatnatntAUN NIasTaNE LI AT dINaL

. 1 ] dg’ o 1 a M v o v ) A ] ]
Rl DTSR TR THHTS TR TailFinunaF1guuan1enissindulanagipradtinssias
1Ha9anariniIfan s g uaedn1945190 1 Nn19n176 P AU 1A189LA TR IR AR N T E D

3.2

3.1.2 ANAEINTRINITVINIUARLATDUNLNITAARU bR

1
Ay

TunsingusnislasanisfieanisfiansunzesnmunInaesyaaing tnanisausu i

a

pNgunyAanng waznisaiisuseqslalunisinau gusunstasenisanuisaldirsetdnanig

v a

faduladiunsauiansunlidnnasazuinisyaainseadngls TnagainnisAIua AN

¢ A | v a [ o 1 ] d”
assndszlgaianavunaaasaretian1sfndula Aeaziand lusaagng Gl’rﬂVL‘]Ju

gusunslassnisdeslsvifiuaniuzilaqiiuaessoutlsiseanisinduladnaglusziuln

o Y a

1 dl bV~ QI o/ v a ?/ v d? [ % v
nawnaldiiuscAudnegs uazannsaiuszavaainssndulatuligeanlslusedulatine an

Foatinalanm WELT s lasenssviiiudy twnisausuypansuaziinnisaiisuseqgilanglu

51 Medium  faiulutinsndulagaainilazinnaaennaiunsanmunldaa Medium, High

. 1 = v Ay a ¥ a ! ! o ¥
waE Very High Lmumeﬂuwmmmﬁm\‘lmimmﬂizmmﬂmm@zimuammwuﬂmm@ﬂm

a

|

9181 ldaNnNNNIWa LN Ea N FIT N e

¥
Ay

soatihadulunsaitfisunsiaseanisanisoaasiiatsunlidn iesieenislilasanislid

v v 1 [ % . v o < [ .
nisausnliAcnniuniyaainsssdu High  waznisaiiqussqelalunisineufiszdu High
diuReniu lnssaiveenarednanisindulaazidudsgli 3.8 uaz@anguimslasenisazses

ldan1rzadnanisfindulane
1) anuzaessoulsdu o luesednaive liudulsndunaldlunsaiuonen

) AnA1ldanalunanssunIsiiNANINTeIyAaINT Iatnsaat19Aal dnaeaaannis

N

AnAulapunfaIng 1y Twszaun1sausNuazin zAuN1sai19us9gelalunnaaan High

¥ @ e Aay a < 1 [ . le/i/ Y 730 QI [ a
AIENUYINA slMﬂ?ELWINU?M’]?LMH’D’mW?’ﬂ‘U?Nuﬂ@’]ﬂﬁ‘iuﬁ‘ﬁ:@‘]_l High usiagldA lgane iRy

a

50,000 U% uazn19ai1euseqalalusyau High Aesldanldanaiisilu@u 20,000 1

3) mesindulannadenitldrnldanesisunn 70,000 U Bazgninlilunuanludouls Cost

1uaun19n 3.2



39

Y a

4) gismstasanisszyeldresnisimugansiuag 1y ieAunwaesAa et luszaL
Very High gususlasanisiudnlasenisazlasald 200,000 v sz High  lasnels
150,000 U 26U Medium baserld 90,000 1w 526w Low baanells 0 Ln wazszau Very

Low toaerle 0 1 annsiutinluunuenlusauls Revenue luaunisi 3.2

5) AWILAZLIANAIN I Fa nHeRTuassadszlatiaslumnisivassatszlaaiiaaaiin
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Abstract

The Bayesian networks support resource allocation
in software project and also help in analyzing trade-offs
among resources. The model predicts the probability
distribution of every variable given incomplete data.
Even though the Bayesian networks conveniently
facilitate scenario-based analysis, they do not support
finding an optimal solution in multi-criteria decision
making. This paper proposes extending the Bayesian
networks into the decision networks to optimize an
organizational target and to handle the multi-criteria
environment of software project management.
Specifically, the decision networks are used to find an
optimal set of software activities under constraints of
software cost and quality. The preliminary results
demonstrate that the Bayesian networks can be easily
extended into the decision networks, which then allow
for optimization. The proposed methodology provides a
flexible process for utilizing the encoded knowledge
within the Bayesian networks to facilitate decision
making, which could be applicable in other domains of
problems.

1. Introduction

More than half of software development projects,
according to the survey of Hui et al. [1], are over
budget, behind schedule, or deliver fewer features than
originally specified. Software project management is an
important process in software development that
involves planning, monitoring and controlling processes
[2]. The early phase of projects, namely the planning
process, always starts with incomplete data to support
managerial decision-making, such as an estimation of
resource and time. This situation may lead to
uncertainties in estimating schedule, getting poor
software quality and difficulties in allocating resources.
Consequently, the project suffers from the decrease in
probability of success and may need rescheduling for
completion.

Many tools have been proposed to estimate
development effort as closely as possible, such as
COCOMO Il [3], a standard cost model. Machine
learning is another kind of models to estimate resources
that will be used in the project; for example, a neural
network for resource estimation was proposed by
Jargensen [4].

Bayesian networks, also another type of machine
learning, have been used as a tool in many domains
involving uncertainty for a long time. Bayesian
networks can model uncertainties with the mixing of
historical data and expert judgment by Bayesian
analysis and inference. In the software engineering
field, Bayesian networks were proposed for modeling
uncertainties in project risk management by Fenton et
al. [5] and Hui et al. [1]. Moreover, Bayesian networks
for software defect density prediction were suggested
by Fenton et al. [6, 7]. Additionally, Stamelos et al. [8]
used the variables in COCOMO Il to construct
Bayesian networks in software cost estimation.

This paper proposes extending the Bayesian
networks into the decision networks in order to find an
optimal set of software development activities that lead
to software product quality while being cost efficient.
This process can help reduce software project risk in the
development process. The idea arises from the fact that
the Bayesian networks can be extended to perform as
decision networks.

Fenton et al. [5] have modeled the Bayesian
networks, which encode the knowledge and relationship
among variables in software development projects, for
resource estimation. The networks can be used to
predict resource needed for a required quality level and,
in reverse, can also be used to estimate quality delivered
with specified resources. Although the proposed
Bayesian networks are useful for resource estimation,
the analysis involved is based on trials of various
scenarios.

Therefore, we extend those Bayesian networks into
decision networks in order to allow project managers to
decide among various activities that may improve the
quality of the process or the software itself. The



decision networks can find an optimal solution or the
best decision under specified cost criteria for a
particular project. To do so, the decision nodes and the
utility nodes are added to the subnets of those Bayesian
networks in order to find the optimal decision, or a set
of software activities, that achieve the highest utility.

The rest of the paper is organized as follows: section
2 briefly describes the Bayesian networks, the decision
networks, and the Bayesian networks for resource
estimation as proposed by Fenton et al. [5]. Section 3
explains the proposed approach and how to construct
the decision networks. Section 4 discusses preliminary
results from utilizing the decision networks to support
managerial  decision-making. Finally, section 5
concludes the study.

2. Backgrounds

This section describes the concept of the Bayesian
networks, the decision networks and the related work
relevant to the proposed approach.

2.1. Bayesian networks

The Bayesian networks emerge as a decision support
tool for problems related to uncertainty in many
domains. The Bayesian networks are represented by a
directed acyclic graph that illustrates cause and effect
relationships between variables. This graph is
composed of nodes and arcs that correspond to discrete
or continuous random variables and the causal
relationships between the variables. Each node is
associated with a conditional probability table (CPT),
which shows the probability of being in each state
depending on the combination of the parent states. The
CPTs are derived from historical data or expert
judgment. The key benefit of the Bayesian networks is
that they enable users to explicitly handle and measure
the inevitable uncertainty that is pervasive in software
engineering. The Bayesian networks also allow us to
obtain predictions with incomplete information, and
hence provide a solution in cases where data are scarce
[5]. The relationship between random variables follows
Bayes’ rule:

o(x]y) = p(y | X) p(x) )
p(y)

2.2. Decision networks

The decision networks are an extension of the
Bayesian networks by adding decision nodes
represented by rectangles and utility nodes represented
by diamonds as in figure 1. The random variables in
Bayesian networks are called chance nodes in the
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decision networks. The utility nodes represent variables
that a decision maker tries to optimize, and the decision
nodes represent variables that the decision maker can
decide on. The decision nodes define a finite set of
possible alternatives corresponding to actions that the
decision maker can take to achieve the desired outcome
shown by the utility node.

Figure 1. A simple decision network

The utility in the decision networks signifies level of
preference associated with possible actions. Let A =
{a;...a,} be a set of mutually exclusive actions and H be
the associated random variables. The expected utility is
calculated by:

EU(@) =) U(a,H)P(H | a) o)
H

U(a, H) is a utility value for each configuration of
action and associated random variable that is derived
from the utility function. P(H|a) is the probability
distributions of H when knowing that the action a
occurs.

2.3. A causal modeling with Bayesian networks

Fenton et al. [5] have modeled the Bayesian
networks for resource estimation in software
development that can be categorized into six subnets as
shown in figure 2. Each subnet consists of variables
related to important factors in software development.

Distributed
Requirements & Communications &
Specification Management

Process Quality People Quality

Quality Delivered }47

Figure 2. Schematic for the software project Bayesian networks

Functionality
Delivered

1) Distributed communications and management
subnet contains variables that represent nature and scale
of the distribution aspects of the project and the extent
to which these are well managed.

2) Requirements and specification subnet contains
variables relating to the extent to which the project is
likely to produce accurate and clear requirements and
specifications.



3) Process quality subnet contains variables relating
to the quality of the project’s development processes.

4) People quality subnet contains variables relating
to the quality of people working on the project.

5) Functionality delivered subnet contains variables
relating to the amount of new functionality delivered on
the project and the effort assigned to the project.

6) Quality delivered subnet contains variables
relating to the final quality of the delivered system and
the user satisfaction.

3. Our approach

One of the challenges that the project managers face
is to plan and control a project under the constraints of
software cost and quality. This paper proposes using
decision networks to support the selection of activities
in the software development. The optimal solution is
the most appropriate set of activities which returns the
maximum payoff.

The project managers always manage the project
under many constraints, such as time, quality and cost.
Some projects may emphasize on the software quality,
but some projects must be developed under limited
resources and even quality itself. While the Bayesian
networks can allocate resources used in each subnet
given the require quality, they do not support multi-
criteria  decision making. The decision network
approach enables this analysis.

Our goal is to find the software activities that are
most cost effective and yield a maximum return. For
our particular example, we assume the return to be
profit, which is the difference between revenue and
cost. We relate the software quality to revenue received
in the project, and the activity costs are specified by
users as should be in practice. The following
subsections describe how the decision networks are
used in the software project subnets and the overall
network, along with how the utility function is defined.

3.1. Using decision networks in subnets

This subsection explains the construction of the
decision network in the subnet. The subnet decision
network may be used when a project manager wants to
focus on a particular subnet that takes on an important
role in the project or when there is a certain aspect of
quality to focus on. Each subnet has its own utility node
to represent relationship between the quality of that
subnet and the activity costs.

Each activity can be operated at several levels. For
example, the project manager can choose staff training
from very low to very high depending on resources of
the project. Each software activity level also requires a
different cost as specified by the project manager for a
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particular company. Thus, the variable nodes in the
Bayesian model that are parent nodes and indicator
nodes can be transformed to a decision node in each
subnet. Each decision node has discrete states, e.g.,
from very low to very high.

Examples of the decision networks are given in the
following subsections, which describe two subnets
extended from [5] in more detail.

3.1.1. People quality subnet. The project manager can
make decision on the variables that are the indicators
which indicate overall staff quality of project. The
variables that can be chosen as the decision nodes in
this subnet are staff turnover, staff experience, staff
motivation, staff training, and programming language
experience. We assume that all of these nodes are
viewed as the software activities in this decision
network. The project manager will judge the activities
carried by the organization that match with these
variables and can improve staff quality. The variables
that are feasible in practice will be transformed into a
decision node. The project manager will assign the cost
for each action of the decision node.

indicator: staff

turnover
indicator: staff

overall staff quality
indicator: staff \

overall people
quality

motivation

motivation
level

training
level

indicator: staff

training

indicator:
programming language
experience

Figure 3. People quality subnet

Figure 3 shows the resulting decision network of
people quality subnet, in which the project manager
chooses to make a decision on the level of staff
motivation and staff training that will be appropriate
under the constraints of software cost and quality. Thus,
the “motivation level” and “training level” are added as
the decision nodes. Both of the decision nodes have
available actions from very low to very high level. The
utility node is “profit from staff” node which exhibits
the project gain for each state of the staff quality and
the staff motivation cost and the staff training cost. The
project manager must assign costs associated with
software activities for each action of the decision nodes,
in order to further calculate the utility value using the
utility function in subsection 3.3. The project manager
must also identify the revenue the project will gain if an
overall staff quality is in each state (rating from very
low to very high). The result of this decision network



enables the project manager to consider trade-off
between the costs used in the activities and the profit
which also depends on the staff quality. In general, the
project manager will choose the decision that returns a
maximum net profit.

3.1.2. Functionality delivered subnet. Functionality
delivered subnet contains variables representing quality
attributes of the functionality delivered including the
effort assigned to the project. Each variable has a
numerical scale. The project manager can make a
decision on the variables that are the primary causes
(the parent nodes) and the indicators. Therefore, the
variables that can be the decision nodes are project
duration, average number of people full time, use case
count, class count, language and KLOC.

An example of the decision network of functionality
delivered subnet is shown in figure 4. In this case, the
project manager chooses to make a decision on the
number of people and time that will be appropriate for
the project. “Project duration” node and “Av # people
full time” node are transformed into the decision nodes.
The utility node is “profit from functionality” node
which exhibits the project gain for each state of the
functionality delivered and the costs from project
duration and the number of people full time. The project
manager must identify the revenue and the costs
depending on the number of people working full time
on a specified schedule.

process and people
quality
total effort adjusted
by Brooks factor
total effective
effort

‘ project ‘

Av # people ‘
duration

full time

weak indicator: use
case count

strong indicator

new functionality

class count
»

< KLOC ><—< language >

Figure 4. Functionality delivered subnet

The other subnets can be considered using the same
approach as these two subnets. The variables that
represent feasible software activities for the project can
be transformed into the decision nodes. The utility node
of each subnet captures the relationship between the
quality of that subnet and the cost used in all activities
in that subnet.

3.2. Using decision networks in overall subnet

This decision network can be applied when the
project manager wants to consider overall
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characteristics of software development processes. The
Bayesian networks as proposed by Fenton, et al. [5]
categorize the characteristics of software development
project into 6 subnets. All subnets are integrated
together to derive the system quality that will be
delivered to a customer. Each variable in all subnets can
be chosen to be the decision node if it is under control
of the project manager. We assume that all of these
nodes are viewed as the software activities in this
decision network.

It is not necessary to transform all nodes in the
model into the decision nodes and to consider every
subnet. The project manager can choose to make a
decision on nodes that are within the scope of the
project. For example, for a project developed at a single
site, the project manager does not need to make
decision about distributed communications and
management. After choosing the decision nodes, the
project manager must assign costs for each action of
software activities to further calculate a utility value.
The project manager must also identify the revenue of
the project for various states (abysmal, very poor, poor,
average, good, very good, and perfect) of the system
quality. The configuration of decision networks of an
overall subnet is shown in figure 6.

“Set of decision nodes” node represents all of the
decision nodes chosen by the project manager. “Profit”
node is the utility node, and “quality delivered” node is
the chance node. The utility node in figure 5 is “Profit”
node which captures the relationship among revenue,
quality of system delivered, and activity costs. The
“profit” node has a “quality delivered” chance node and
the decision nodes that the project manager chooses
from each subnet as the parent nodes. The utility
function of this utility node will be described in
subsection 3.3.

set of decision
nodes

quality
delivered
» EN

Figure 5. The configuration of overall network

3.3. Utility function

In general, when more resources are spent on
development activities, the activity costs will be higher
and the project risk may be lower [9]. Project manager
has to ensure that these activities are performed in a
cost-effective way in order to increase software quality
and reduce project risks. If the activity costs are high,
the net gain from the software project decreases.



Therefore, the project manager needs a comparison
process to find an optimal decision in selecting
activities to improve software quality.

The decision network is used to find an optimal
decision that returns a maximum payoff or utility value.
The use of the maximum expected utility assumes the
decision maker’s utilities for all relevant outcomes [10].
The utility value can be derived from preference of
decision makers or can be adjusted to different values
of organizations. Generally, the utility value is
calculated from the utility function that is suitable for
each organization. In this paper, we represent the utility
function as a function of profit gained from the
development process shown in (3).

U = Profit 3)

Profit is the difference between the revenue received
and all activity costs, as shown in (4). Revenue depends
on the quality of the system delivered. The relationship
between revenue and quality as shown in (5) can take
on a suitable function depending on each organization
or project. For instance, for a project where quality is
important, the relationship may be close to an
exponential function. However, the revenue may
gradually increase when the quality increases for some
projects, and the relationship will be close to a
logarithm or linear function.

Profit = Revenue — Cost (@)
Revenue = f(Quality) 5)

The decision networks maximize an expected profit
by optimizing the use of resources on the activities. The
decision networks of the subnet decision networks and
the overall network use the same the utility function but
the revenue of each decision network is considered
from the different chance nodes (different quality
aspects). When an action of the decision node is
selected, it affects the probability distribution of the
quality node in the subnet.

4. Using the decision networks for decision
support

The objective of using the decision networks for
software project management is to find an optimal
decision in planning suitable software activities. This
section illustrates some examples of using the decision
networks in the people quality subnet and the process
quality subnet to manage each subnet quality. We
assume four different sets of parameter inputs in each
subnet as shown in table 1. Each input set contains the
revenue and the activity costs for the utility function in
(3), (4) and (5). The decision maker starts by
approximating the current state of the project in each
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decision node from the current status and past
experience. The decision network will find the actions
that at least as good as the current state. Since the
current state is the recent status of the project; it does
not make sense to take an inferior action than the
current state, which will result in the decrease in
quality. Each decision node has discrete-value actions
from very low to very high. For our experiment, the
current state of each decision node is assumed to be at a
medium level. Therefore, the results will show the
activities that can be at medium, high, and very high
level.
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Figure 6. The expected utility value of making decisions in staff
motivation and staff training

The expected utility value presented in figure 6 is for
the decision network of the people quality subnet. The
project manager chooses to make a decision on staff
motivation and staff training. Each input set produces
the same shape of results due to the same utility
function. For all input sets, the actions that return the
maximum expected utility value are when staff training
is at a very high level and staff motivation is at a
medium level. This means that it is not necessary to
increase the staff motivation level, but the staff should
be trained at very high level. Note that whether the
staff motivation level is at medium, high, or very high
level, the expected utility values are almost equivalent
($56,316, $56,315, and $55,188 for an example of input
set 1). Hence, given the inputs, the project manager can
determine the best strategy for the project.

The expected utility when the project manager wants
to consider only the process quality subnet is shown in
figure 7. Suppose the project manager chooses to make
a decision on the level of testing and the quality of
documentation. For all input sets, the actions that return
the maximum expected utility value are when the level
of testing is at a very high level and the quality of
documentation is also at a very high level.



99

Table 1. Sets of parameter inputs assigned in two subnets

Input set- People quality subnet (T-Training, M-Motivation) Process quality subnet (T-Testing, D-Documentation)
cost in VL L M H VH VL H VH
hundred$ T M T M T M T M T M T D T D T D T D T D
1 5 5 10 10 20 20 30 30 50 50 5 5 10 10 20 20 30 30 50 50
2 3 5 8 10 15 20 25 30 45 50 3 5 8 10 15 20 25 30 45 50
3 1 5 5 10 10 20 15 30 25 50 1 5 5 10 10 20 15 30 25 50
4 5 1 10 5 20 10 30 15 50 25 5 1 10 5 20 10 30 15 50 25
Revenue 0 200 300 500 700 0 200 300 500 700
Epected Ty allow for optimization. The proposed methodology
o i provides a flexible process for utilizing the encoded
e 1 knowledge within the Bayesian networks to facilitate
so000-}-+ decision making, which could be applicable in the
: other domains of problems.
43,000 3-° ooy
— <\ 6. Acknowledgement
TRE P, @ i : Support provided by the Energy Research Institute
A at Chulalongkorn University is greatly appreciated.
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Figure 7. The expected utility value of making decisions in
testing and documentation

The experimental results exhibit that the decision
networks can be used to find the optimal software
activities. Many alternative sets of software activities
may return similar profits. Note also that the optimal
solutions depend on the revenue and the activity costs
specified by the project manager. This enables the tool
to be flexible but may also be subjective to errors. The
proposed analysis method can be adapted to
incorporate other Bayesian network models that users
may consider more appropriate for the software
development process in their organizations.

5. Conclusion

Under limited resources, project managers have to
carefully consider trade-off between costs of activities
and quality of software. Although the Bayesian
networks can support this analysis, finding an optimal
decision is still based on trials of various scenarios.
This paper has proposed extending the Bayesian
networks into the decision networks to optimize the
selection of software activities that will return the
maximum profit. To consider suitable activities under
the constraints of both software cost and quality, the
selection criteria are based on the expected utility
value. The utility function can be adjusted to suit
specific organization or project. The preliminary
results demonstrate that the Bayesian networks can be
easily extended into the decision networks, which then
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