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FEUINAILUTLNANNTANMUAANA DB N LA WU 11LATRAE NNTHANLAIAITNUNIAZLTTWFIN
AulAaNIERIe9AnTeAT NI usuuiNeuly (Conditional Probability Table) @aaz
WAAINITANWaIANLUNazLil (Probability. Distribution) °ﬂerrﬁTfJLLﬂﬁ‘LuﬁimﬁfJLﬁ@iﬁmem AN
N7uANLAIAINUNAZITl vk suAar i luATetNe A @ aLLEUEHAT N1TUANLAIAN

aal (Marginal Distribution)

v v o

1 1 v 1
dayantiunldluesednamnuisiawdaunsnduliisdayan1adngide (Objective) 7
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6

o AW o o ~ ! | = , A & -
W\lﬂﬂ’]?‘t’limu’m"}ﬁlﬂuﬂ’]iwﬁ’ﬁm’]mmﬂ\‘iﬁmmu’wzmu@m\mN@uVLﬂJ AR ﬂgm@\TLUﬂ

(Bayes Rule) AMNENNITN 2.1 Faid

P(B|A)P(A)

P(AIB) = =0

(2.1)

ngresudiflungiugiuaesnisaiuweasluinsatneadniaaiusd aziana 4 lunns
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P(A B,C,D, X,Y) = P(A)P(B)P(C| A B)P(X)P(Y |C,X)P(D|C) (2.2)
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o Gl 1 dll v A o [ C
ﬁ]fJ‘ﬂﬂ’Nﬂl‘ﬂ\‘]ﬂ’]ﬁ‘u’]Lﬂﬁ‘ﬂ?ﬂﬁlﬂ'J’WNL‘I]‘ﬂL‘LIFﬂ‘]fLWJu’QQEI@’]L‘ME}“}.I@\‘I‘ﬂ’m’}?‘]J’JEISLuV]W\‘m’]ﬁ‘LLW‘V]ﬂ

wanslARsgLn 2.2 Ineudazinlwasetdneanaeiudidusioulsidumsdunasienu
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M19199 2.1 AaNtnaziTaaa T “unslaaunn’

URDAAANDNLAU Yes No
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Malaa N - Yes 09 | 08 | 07 ] 03
W1elaaILIn = No 0.1 0.2 0.3 0.7

TaeAnANUnaziiulua1I 98 1NN IFaNnANI A NUnaziTu e TNy Tl

dlllndv '
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w a . o A a A , & | & . - P
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Faan1uualy Ingazanfaasineaaniseattiazidunauaaatin “Buneutadavrall” s

AN 2.2



AN519N 2.2 ANNUNazTluna a9 “lANN1NILe LT et

a a a 1 ' [
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NATUNY WAENAF QT ulLIAaestATe g AN aLUs liaelaneanAasIe 1980 (4) Tnel

G o [

annsnyssiiuAresfandssiae o nnglwasadnendasndniusiulalugduunaepany

WAzl uaeldgnimun il ss@nnmiagsanaunilaqiiv e liaunson lldseynsi
Gl 1 dld M v zz o T o A 1 dl Ly o 1
sruuesatnendawaunllddaean fratisaesnisinesedisnnudetdun 4 luilaqriu iy
N9 HUAMINBEINIANUNATUNN NN LA BA MR8 NTRALNG N19GIUNIg
o 3 rdl ° S 1 Qll a :g o g o A a
waugan A i lunsdssiliudeunnsasnazinntulunsimunmensmuasvzedsviiiy

% dl v £ [~ v
NINLNNINARI M L1151

d’j =2 a Q‘ a dll = 1 dl W v
UANANREIANNITNANE T AZIRLA NN IANITALATEL 8 A NTaLLE (Hann (5, 6, 7,
8,9, 10, 11)

2.2 \A3aT18n1sANRK LA (Decision Network)
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B LRUNTZURN s AAL AT LA e WEW LIV AL LU LR T L Laa9n TR n Aw e
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1
a

ansnsadulUlAluwsazanunisninsesnisdngula lnsdnninsagulaaziaannisaen
dl Vo s =l al dl 1 = Vo a £
naglafunalscslaginauunuvsananninign tnsluusaznivaanyfnduladaansiu
dl a 2&1 A v a 1 A v a
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wsadnanisfndulagnimuauisengs SRI- (12) wazlagniaueatinaiunianig
Imel Howard a2 Matheson (13) iadaaudtloymineaadasiunissindula aniiu Shachter
(14) leWmuN3Tn1sd1usunisdndulaldlnansaanniaradnanisdndnla Ineldfaeinnsasia
% £ v a 3| o Qdd” o £ a 1 ¥ a 1 | 1 d‘ %
sulsinisipdulaiusnnane daunn liaunsnnnfad 9Bt uATatNe AN NEaLL e Tnenig
WnTwsindaula (Decision Node) waziiwassnilsslaad (Utility Node) aslulpsadnamanuide
wel M lFldezadnanissndnlanisznausaaiin 3 4hin Aa tTwindula Twassnilszlemd
waziinwlania (Chance Node) 1wsindulaldunusanilsiainisnadranisdndulalelaai

A o a dl f T~ ¥ o A o a a o o 1 dl %

naidanaansfndulanfldidudionue nsdenaesnisindulaaclandnminnainnsnaiia
nnsfnaulaleluanunisaiiaueaadfiulsiu Twardulannaazi@ani Ui lan 189 ko
uisguluezadnaaudedidadaIn1suantasa Az ilvaesiniuiinansenunamsaiy
n9imaula wazAnlfannnigdnaulananasisinassnilazlemd Gasniraunudaulsszinm

nnlsvisarnldane vsatlvane (Objective) NFagN1sazIANNNZAgA (Optimize) WAAZLW

assnilselomiaziinigsassatlszload (Utility Table) dsArlumisnaiinanddndulanivue

walidullaudunnegTunasmarinmunzngalunissngula

wisadngANdaLLel uniusIaasduiunislimanasasmanisninnaliinanall

UduaL watpTadnandndwla WuiATadftaton1an1saadulanialdinnu i nuiuey

G 1 v a 7 a 1@ all ¥
WATRTNENITAAAULA @WNW?GLL’&@\‘]LL@]@Qﬂﬂ‘i‘TV\l?:ﬁLI}‘V]FW]’]\‘]LL‘].I‘].IiNL‘]J“LéQ\‘W]‘]J?Zﬂ@‘LI@QEI

A o

o o ! A o v v Aa o e = dgl
iwaessaulsguisatiniania twsindula uastinessatlselond Inafinnantimnil

(1) nniiwsndulaasliunananmeNanNeansaALIaINsFnduls

(2) 1wassnilszTamiazlaidingn

(3) twsinaulauazimlaniaasianiuzianialag o a1l o aunsnedlu aniue

©

o

TaganueuilaliiNeagnuziAawinTil (Mutually Exclusive State)
(4) Twassnusslamdliianiuy

(5) Wan1vuald A Aatinlania wiazimiania A ariinisaaanuiaziiluasNei

Reulanuana P(A| parent(A))

6) Wanmuelid U Aetiwassnlslaad uraziwassnilsslaa U avidluiedduaas

parent(U)
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Twezadnanissnaula avilsznaufqstin 3 dha Aa

@ 1. unuiinwleniavsesiauilsqu (Random Variable) luiaAzetnaaasidaiue

2. wniwnssindulavisesiaulsngfndulaginisnacuanvizasainisniaents

3. uwnuwiiwessndsclambisayarnlsannisaannissndulaluindngula

ANBULNNTLUAAMNUNILUDILATRAILNITANAULA

ANTUZNNTRUAAINNUNILAAIANNA NN WS U 91TnTan 14 TnFndula waziin

eal A [ o '8 1 s o/ o 'S o o o
a0z lamiid 4 Uy AeAdNdNRUSrzudaTnlan 4 A nduRusatniTnlanialySeiin
Finaula Auduiusaintindgedulaldduninlania uazAuduiusssndnaingndulanaziin

AndAula uandldfiagly 2.3, 2.4, 2.5 waz 2.6 ANAIAL

ﬂﬁ 2.3 uamiAnNduiusszrINtnlan1alagaziansAaasusasin mmﬂummm

Waziflunauetiiuautaziilvaasinieu

ﬂﬁ 2.3 Anudunusseminatinianna

b

pondniuganinlanialldsindndulanananagin 2.4 Inauansdaduiendays
213791 (Information Link) Nuansdnanuzaastinnaulazinaunisdndula tupe {wime

¥
HuanieaIALBINITAAMANI IOl

ATV 8 )]

917 2.4 pruduiugaininlanialidaindndula

v a

pondRiuganindndulalddaimlanianisuanslifsglhn 2.5 Ineflunisuansan

ANUNaziTurasnALasunNIsaandnaula

kT
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-

2119 2.5 AuduRusantTnendulaldseinlanna

a

717 2.6 iluponuduiusszudinindulanazindndulalnaduidensznd9in
v a = I 9 dl o | . | o o v a
AnAulaFandduseonuananiavinnen (Precedence Link) unisuanaiduaesnissingdula
Taeinlddnliaiudesldilasarnazinlilassaienasipsadnageenuinay usazaaiily

annAguGEundt Tu-nafinais (No-Forgetting)

31I7 2.6 ANnudnusIzudaindndulauazindndula

e linnuaatzaesaudlssing o Ailusaudlsndaunnls (Evidence) adlwazatie
waq tATadNaNIdAdulaarA A LNAre9In19FAARlAluLARLN9LAeN WuARAIUILAN

assntsylegminnnnung (Expected Utility) 2enssinaulawsiazuuuliungnivindndula

nsdndulalanlirassnisyiominanunagengn aziunivdenunnzigananaqsiaan

FootinereaAsatnanifnaula waneiagii 2.7

T

PN Y
| M GraddU L=

917 2.7 upunwiesetnanissingula

@ A v a d‘ A ¥
, a) Wuawmueaniadenlunissnaulanaanls

A fuiwdedula WA = {a,, a, ..., a,

‘I!
e 1 ma@en H flusiaulsgunsesnisiansanluazedneil U Ae twessndszlaainlaann
nnefndula deaimAa A1assnlsylamiildlunisAtwinsAnanndnaulalunsazdaniunisnd

A o
IAINLARNFAILLT
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nsnAersadszlaninanunaanunsnAwanlfannannigi 2.3

EU(a) = EU(a,H)P(H | a) (2.3)

We  EU(a) Ae Anessaszlamimauunaresnissindulauuy a

U(a,H) Aa Aressodsslanizasniaaannisfnd@ulawuy a uazsoudsguatlu

¥
o a

anuy H Ingariiianumaziived lunisvessnilsslamivesiing

P(H |a) Aa Avpeaniiaziiluaesdaiilsdu H ieansunisaannissndula a

Fanasnulunisssfivaalwasadnanissndulagniaaualang Neapolitan  (10) T98

o

(1) nvuedn sl iudauwl sndanm e luazede iewanddn1us1ealasanis o
1laq1iu
2)  AusuAnlfaInnsAndulavsadiessndseiamiannyn o madeniduly iy

n13Fnawla

(3)  AUIUATIANUNAZLTIUNIL1AY (Posterior  Probabilities) 289TIWNALNURILIN

assnilsylsmilag lddanasnuniseuniuraintitaziili (Probability Inference Algorithm)

4)  AIEaAINA139essnLsslaaidNniuniaaen lun12dndnlatiy wasianaan

A 4 -
a730Uszlemingangadninnainnisindulale

o =2

UaNANNUEIANLIID AN AT R EANELIRN FaaAFetnensiadwla 1dann (7, 8, 9,

10, 11, 15)

2.3 mtsé’mmsmqmﬁm (Risk Management)

ANLARY (Risk) waNate annosienawdyiumenisnidulinelseasd laisasnis
Y 4.

¥ a A a o A \ & ' = a a X =
GL‘VILﬂ@ Iﬂﬁli‘@ﬂq@‘ﬂqzlﬂ@Lﬁﬁ!ﬂ’]?muuﬂﬂqqﬂuqquﬂumﬂLLm 0 ﬂ’ﬂiﬂﬂ’ﬂﬂ’]@%@tLﬂmmuL@ﬂ U

1 dunnalanialuniaiisuiuisdue
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=

N1SAANITANNLRLY UNIADI NTrUIUNI9IUNITILY TLATIed Useidiu gua

a £

FINRAEL UATAILANANNIAENTIANTUSTUAANIIN nTihfiuaznIzLauNae Wieliesdng

|
o A

anANNLREMNEaINANNLA NS HasuanAanesAnad gy ludaanan lananuileldunn

1 1 12 1
= a AR e~

N4n ¥30NI2UIUNNIAANNSNHIVINFUHANLANIAENTN BRI ATY LAZANTLALIIBIAIIN
X

a A a dl a &
MAEUILNTDAIMTHQEULALNAZINATULNBIANT

n17aanTsiuANNLae lulasan1ssaniuasAaualng Boehm (16) Usznaufqadunais

1
o P

ﬁugmmﬂ 1 NANATY 2 TuReu Aa N191lsliiuAnINLAns (Risk Assessment) LAYNIIAILAN

AINNIALN (Risk Control) Tnaifiseaziaansivgili 2.8

Risk Identification

Risk Assessment| Risk Analysis

Risk Prioritization

Risk Management

Risk-Management Planning

Risk Control Risk Resolution

Risk Monitoring

= Z o =
g‘ﬂ‘i’] 2.8 TUAAUARINITAANITAIMNLA LN

2.3.1 NM9UsziRBANNLA S

svnatigqedumnats 3 dupan Aa

1) N1992YAINIALN (Risk  Identification) A8 N13@umIANIALsaaaziAinauls
nalunisinanuiazdsnansznusednglizasfnsaly Inadnvindusanisanuid@asiu wie
Anzilagldlsraunisal ilaNansandunaunszuaun1snIaIwdntaalatinenenaaziily

Franin WinaA N L6
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2) N139LAINZUANLALN (Risk Analysis) A8 N13RansaiAnNUtaziiluiaziinmm

1 a

= <y v o = = S A
Lf&mLLm@mummimmiﬁmummWﬁzqmmme LAZAITNIULINTBIAINHNALUILNATINA
o P

AUALBIANTHANAAINNLARLINITL y FIANNITDULNTEALTDIANN LAz UNAZIAA AN NIA LAY

ANNTULINIRIANNIA BN taan AT us s AUANTILsazaeANIFaINIg

3) NNIAARNALAMNANATYTRIANNLALN (Risk Prioritization) AR N199ARNALIIAIAINM
REIAINAMNATATYTBIAINIARENTIU 7] N1TRANTINAINAI AT LRIANNIAENAZNATTUNAIN
: 4 . 4 N . 4 a
Alan1aANLAeN (Risk Exposure) Ta1813040 lAanuaguaasaniiaziiiunaziinaaa

dl g// o a = a Y o dl
MAENULRNUAIHTULINTBIAINNLAL UL 11T Belanednnish 2.4

RE = P(UO)*L(UO) (2.4)

Wa RE  fAa Adlaniaaniuidsg

UO  Ae paani@esvizamenisadduliieilszasd lisieenisliin

(Unsatisfactory Outcome)

P(UO) Aa Arutiaziiiunaziinma ui@etis < (Probability of Unsatisfactory

Outcome)

L(UO) A ANL@emelifinaInAaINL@etii <) (Loss to the Parties Affected

if Outcome Is Unsatisfactory)

4' = a a @ o = Y o o o

WanuidessanisladArtannaauid@asgeiagyldananudestiuiiaonudnAnyann
A = ‘dl a 49( Yo = = o Ut o o dl
Aadlanianaziinlnlduesuaz/vve HAugunsege azgndaldlududuusn o Wasainidu
ANHLAENNAIHANTENUALAIANTNIN B1aazna lEinaNaLdsuNefUaIAnsatinamin agiluay

ALNTIFRINITNITARA BATIINERWIINIE LR T uduAuWIn  WeussmA e nafiaziia

—

o &

uriuesdng
2.3.2 NMFAIUANANNLFEY

1synaudisdumnan 3 9uRau Aa

A d o

1) mifm\umuﬁmmimm@m (Risk-Management Planning) A8 NI9LATUNAIINNLNY

WINWARNTALANNAENWFazsansliAaNa e iuaANHas g Liulaza uIIntoe
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v
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v o o

o dl -dl ] o a -dl ] dl a A
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2) N3UAAAINLALN (Risk Resolution) AR N19ANHUNNTINENIAAAINNLALNTNARNATN
IA99n19 TeenansznninennsuaullsurpaINsesnislag lin1sanaaa (Simulation) 13BNN9454

BT (Prototype) vusis

o

3) Man&anaaaaiden (Risk Monitoring) A8 N1SARANNALA LAZATIAABLIAINIALY
IARAMINAINNAIINENUDININ TATIN12AN N AR LT UA A ULHA TP N1 AUFALTINIANNLA LI
2194tA39N19ludn Aasnunarasnasnisassiuliledrmldsaimunavsedanglezasdly

yira i

2.4 UIFENLNLITD

a o a o [ o

A a9 NN " & A a 9 A dl -
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o
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A

A | di Cy | ] a a QI d‘ ¥ a
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(17) lFsqusannisunazatnaasd@awst il ss Tl laseil Arunisanassisn n13d9mnnsg
ANUB198N19N1INUIT Nstlsziiua il aaafuaasTandiLag N1snuIgANYEaDaTas
LU N1ILATIZUAINIAENNINANUIATH I AUATNITILATIZUNANALUNUAINNNTALI Y N9
WeNIniaNIA viseFasinadesiunisinems usiu uanainid He uazane (18) inunld

s Temillunistssiiunanuidesrasnissusaanislifiasin (Credit Guarantee Risk) Stamelos
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uazAnz (19) MiATadngAN@aUdiied AT siNannIn (Productivity) weetensuasing 14

sianlsndAnldutiuaun ldannuuLanaas COCOMO I ilus

Fenton WarADLE (2, 20) lAuN@uaLATat1eANNLdEaLLel Na519uUL_Naa9n I l1in1g
o 1 dl dl a 4? o & I's a =X [ o & o
NUNEANAHLAEaNA19a 2N AT 1N IR ENTaN LT TasNaNTuN DA NANAUSIa9TTads
1 dl o v a dl v 1 o 1 £ [~] £ al :I/
5197 N RAA NS DU AMUINAL 1981 AINEINIIETR9ANARINT LTWFW BNYI

4 ! Yo o o

A101T0N UL ANEAINTNeNI R UUAa9 1T LA muTw wazdaldaF1auuuaanInaNIgn

8

a cY a A ] dl a g '8
AUATITU @mmwmmmmmmwmwmiwuL‘wmmewﬂmmwmmeﬁ@mmm (3, 21, 22)

q
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a o

dgjw v o a v E 1 A s 1 a6 v
wananidsliinauauuanlunisainesednaaanidiewdaualug (23) wazanuidainld
LTI AINITALLE N34 N ULLIAA 0 UNEN LI AN TR AN AINLALNTILAAAINNNS

NI (Operational Risk) (24)

U TR ANHIANLANAININWIGE9 Fenton LAZADLY (3990198 ARWIAA1UARNNT
ningnsaasiasanisaanduas 2)  athuazadiaadnumeiutndfowlsguuanidsaanuly
wduanluniswauwgensung tsediaaudadtazilsznaulifaadaulsiuansmauazug
AAuNusTRlun WM Rt fuLad daeldainisaniwiaaian i nduauaasusazdauls
dealFanunsndnnisanAd ludivauaasfaulsmantiule datdnunldialulasanisaansing

[~ 1 A 1 dll rzill 1 [~ Cl 1 1 dl 1
PALANLAzIUNA LY WTed gmNEe L dlseaniii 6 inTadnatay (Subnet) InanuAay
A | 1 % % d‘d o 6 o = 1 1 zl/ dl £ %
wradredasazdsznavlfoasautlsniaouduiusivluarednseeatiu o waliaiuisn

AAFLAZIAAIRaLAAIATRN s 16

\FatNEEiaEvIa 6 1ATRTNT WARe AR 2.9 Gatlsznausae
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Wi e YAAINg
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e s < .
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1) NN3AANITWATNITABANTLLUNTZANE (Distributed Communications and
Management)  UsznaudaafiautlsNanuns0duenssAUNITNIZANEFIUBIN1TNITULAL

ANUENHND NS ANIN N YA FAMAN FEd

(1) danadnyrynag (Scale of Subcontracts)
(2) AMNNIBINTIANIFAEYEYNTA (Subcontract Management Quality)
(3) @mmwmmmﬁmm@ﬁmmﬁ@@qi (Communication Management Quality)
(4) @mm‘wm@Nmﬁmm@mﬂ‘luimamﬁ (Internal Management Quality)
(5) 1R8N (Team Size)
(©) mmwa’]ﬂﬂmﬂmﬂqﬁﬂmm‘f(Geographical Diversity)
7) SN LTT (Number of Sites)
(8) mmmmmiﬁ@mﬂmummw (Scale of Distributed Communication)
(9) ﬁfnmmmfﬁmmmﬁmmamiﬁﬂmi (Communication Management Adequacy)
(10) AMNANYTDIUBANI9ANNTAEY R4 (Subcontract Management Adequacy)
(11) A uaNyIniIe9N1349ANIsN 13 tARAL (Interaction Management Adequacy)
(12) @mmwmﬁmmﬂmmqu (Overall Management Quality)

2) ANFABINIININTANALITUAZTaNINUARAMAN UL (Requirements and

Specification) UsenaufagfquilsNudnaiamannansnlun1ga519Aannsiasnisniegansng

wazdanuuaruaneuylfatsdnauuazgnsieg P!
(1) ANTUFaULRIANABINT (Requirement Complexity)
(2) AonuludEe9ANNARINNT (Requirement Novelty)
(3) AYNRAIUTINTIINTATINAT (Stakeholder Involvement)
(4) ANLINVBIAINNARINT (Requirement Difficulty)
(5) LADTNINIBIAINABINTT (Requirement Stability)

(6) ANNYNFBTRITRAUUAAIANEILY (Specification Accuracy)
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3) AMNINTBINTZUIUNNIWI NGO NE WIS (Process  Quality) Usznausnasiauiledn

Lmmﬁq@mmwmmmzmuﬂml,@z%umumafﬁﬁmu%ﬁ{ﬁm?ﬁm il
(1) ARUNIWADILANANT (Quality of Documentation)
(2) TALURNNIINARALILLLAATY (Level of Independent Testing)
(3) mwzﬁsjﬁmmmmﬂ’ﬁmumu (Regularity of Reviews)
(4) 2291 CMM (CMM Level)
(5) @mmwmmmzmumiﬁwummLﬂﬂ (Spec Process Quality)

(6) @mmwmmmzmumiﬁwmLL@:V}M@U (Development and Testing Process

Quality)
(7) PoNTALRUIBITIRNINUAAMANEILE (Specification Clarity)

(8) @mmwmmm:mumﬂmmqm (Overall Process Quality)

4) ARANNIBIYAATNT (People Quality) NFanmUTansuag Usenausaagoulsh

[ %

meﬁ\i@mmwmmummm‘ﬁﬁﬂmu@ﬁu‘lmmma‘ Wi
(1) NN98319u39q41a (Staff Motivation)
(2) mimulﬁﬂum@mmmm (Staff Turnover)
(3) N1rauTHLAATNT (Staff Training)
(4) Uszaunisnduesyaans (Staff Experience)
(5) Uszaunisalluntealdsunss (Programming Language Experience)

(6) ArunanyAaIN3InesIn (Overall Staff Quality)

o

5) A uauAeiTuAsesd9NaL (Functionality Delivered) tsznaudqefauisnnaqdes

o

fusuawrae Tuifesa¥elua sruuyaannsuazinani i luusaziasanng it
(1) s=a1zian184lATaNNg (Project Duration)
) ﬁﬁmuuﬂmmﬁﬁmwﬁmmimma?ﬁ (Average Number People Full Time)
(3) SruruLIvinaesllsunsufidesdaney (KLOC Delivered)

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

(6) "1 (Language)

o ]

(7) AU uArifuRfesdINay (Functional Delivered)

(8) AL TNENeNNsuNANLFUTaesaLL 918913 (Total Effort Adjust by Brooks

Factor)

v
o %

(9) PNNINEINENNNAEIRARINNA (Total Effective Effort)

o A o

(10) ANHNAFNITI UHUSTASADINNNABS AT ENITWENE NN LA LA UNS AT U e

AN (Quality Effort Functional Delivered Differential Dummy)

o

(11)  AANTIOAUSIBIATUNINTBIARTHINETNEN TN UATA T UT ST U Fia a4

NAau (Quality Effort Functional Delivered Differential)

(12) AnuNINNIELAUNNILATLAAINT (Process and People Quality)

o -8

6) AnNNTaITaNFLFNAzAINaL (Quality Delivered) senaugoasiouilsndunug

[ % o

uammwmma‘zuuﬁ%mmu o lulDemnuanalazesgnin sl
(1) Auaudaianannsia KLOC (Defect per KLOC)

(2) 91e1tley1n (Problem Reports)

(3) @mmwmmmaﬂﬁuﬁﬁqmmu (Quality Delivered)

(4) Auanalavasild (User Satisfaction)

1
17 ! =

¥ ! ¥ o o dld 1 ]
ﬁmﬂ@’]ﬂ’]ﬁ‘ﬂl@ﬂ@m@ﬁ'}\‘] A ‘V]VLW’\’]ﬂﬂ’ﬁ"&\‘] INAADNULRSIATINNTRNNED LL‘]J?VIQJ@%THLW]@Z

a

LATRdNIE Aty 6 LATaTttiag N lEATalNt AN e LT INNWIEAINITLANLAYANEN AL

@ o = Sy | ) ¢ ol | dll
Wuaassaulsau ] MABNNNINTILAN LT QMﬂWWﬂﬂﬂsﬁﬂmeLQ?VI@Z@QN‘ﬂULN@L@"WI?’TLI@G’WH%

'
a 96 9o

o -dl 1 a o ! o o‘d‘ ¥ dl 4
SN IEGH! i 189lATINNg LILAEINUNE “ﬁ@qNW?QIQQMﬂWWﬁI@\?sﬁ@Wﬁ]LL’J?‘VW]’PJ\?W]?LW’?JSLW

G 1 dl 6 O 1 1 o dl dl o d’l
WA3RdNEANLTaIL U AINNTANLAYA N UNAsId waeAqL TR Y ] miusaTuan

(Indicator) Wsaniwansnsasldina lildnnninsestansuafassianis

wanANUE I 1113031AT 2309019209904 (Trade-off Analysis) 299N3WeINGT
Faslduaranininasstansiainsainisls anFaumeumiuumisaeniulininign o

gldannsofiansounnaztaenazesdondesing o lissudnanmuninaesteansiuag 1nad aauau
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o

o & dl ¥ ] a [ % | a I'e a dl
AU LazauIuRidunsasdanay wwhaanuidunimiameiuazdssilivaouasslunig

NENUNTANFIT

UANANN Fenton  LATAMEZNAF19LATEANEANHITRLLEINANADIANIUSYBINITWR U
fanWsLaSIas Fan  uarAue (25) leaieszuunisdnanisaaudesiasluisas o asnig
e fuas1N09asdnansTInn 1 IWm U Tansiuaf (Software  Life  Cycle) Tnaaene

A 1 dl & G A 1 v a dl [~ d’j a all A 1
wzatngAnuTeudidueretnenissndulaiefunugiureanislssiiuaauides et
Hanusneud Idscuulddnlunsdazaisaasniswmuiaa s fiulaldninansiiuany
ufuariuunldunazinannud@esize lingiansninanandane luwsazianssui laldld

] A 1 d” £% = =K o a ] % o o a dl
wsATatna N eanNsANEINansEnUreIn s Ananla wilildatiuauunisuinissindulan

A X . @0y A = - 4 A4 A o
WNENgA Wanani Hui uazAe (26) fldiesadiaadisimeiudaiafunzaiiaiiariiuie
ANAIMLALS TN TR E N AR T UAZNANIZN LN N AT A9UNUIAEURY Watthayu BAZADUY

Y v a A I dll & @ A 1 o a d‘ %

27) lAa¥1suuaAnnisrensaTadngand@adiduaTadtanisndulananunsoudiloym

N7/ @’&HEL@V]NV@’]EIN@HMI

2.4.2 1UAENNE I aINUANHL RS UNITA U TAaN A LS

[ % o

N194ANITANNHNIAENTAIN I TANFWITHAINAATUHNIN Lazaflusaniswinlal

o

'
a e Ao

dsegndldinalilaseanisiilenalszauasindaganinau uidandidnylunisdanisaaiy

all ¥ o dl 1 =® aal a o o dl
LZQEI\?VLG‘]QJT]HWLZQH@I@EI Boehm (16) NNANDUUINNITNITLINITUAZAANITAL A NIRRT

1
=

\ Y A e— = — \ d‘ o
stluuusing o saNiNI sz AT IR ANN1INAT I AN Tanan L Aed uazld
UNAUDITNITLINNTANNLALINUZR]AFENT NFLUIUNIAARINAINNLALN 10 BUALLIN

(Top-10 Risk-Item Tracking Process)

Lyytinen WarADY (28) LLﬂqﬂ@zmmmmmL%m‘lum@ﬁmmsﬁ@wﬁLLf;ﬂugumwm

v o

{131131A99n19 (Project Manager) aaniili 6 unaanaN&ATY Teun ANsAENEadn191919a

AR FaINarTTuae9IsUL ANNLAENEFaId 1199 ANNLARINERINNIARNNIAINARINNT
ANNIAETRINT NI NeIN e LLLAENITUTRANT waTANIAENEFEIN199ANNTYAAINT
v NV o o g Y .
warfaldAns Nl sndenansenuin linAAMNIAL AT TS PILITINUWININIITANIS

dl & o o o A 9 oa v = = - dl
V?@U??L’WqﬂqqﬁiL@ﬂﬂiﬁ@@uﬂﬂ@ﬂ uuﬂ‘ﬂEU?Mqﬁ‘Iﬂ?Qﬂ’]ﬁ‘mﬂ\‘]ﬂﬂ‘]&mﬂ\‘]?’]ﬂ@gl@ﬂ@m@\‘]@qqﬂL@ﬂ\ﬁ

1
=

v % = o v a dd‘ % rdl 1 di Y o o
TWauazFAasunannissnaulanateaiaazardganndseaunisainsiun walidaanisnuanu

dl 1 1 = a a
LZQEI\‘]LLﬂ‘ﬂEI’NNﬂﬁmeIﬁﬂ”IW
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Keil wWazALY (29) loAN®NFadANNLALN AW U TR N LS TnentaAanLA e
wantlaanidu 4 apnia (Quadrant)  Iaaldinusiisasaandidnyaresaanuidesluyunedang
E13M19TATINNTUATITALINIAILANANIRENTDIELE T TATINT TuIFAZ ANLREN AYNILASS
Y X ve 1 4 4 4 da
9 4 apN1ARAINNILARS1AANEN 2.10 Arui@asTuanniai 1 aziiluaanuidesnianmgun

v U 1 v 1 U 1 A 3 6 & G £ dl
angnAuazl Mezuy i gnAnlaliacudaniialuniswmugansiuoad usu aonudeelu

4 4 odd v e v a - o
ApNNAT 2 AaANAeENTInadeeiugiEuslassnisliianaunsona lun s AT LILe
293ANFBIN1 TN 1IN WIT ANBesTuaRN1AR 3 ReadesiuAN@aslunsLENg ng
INUNY WATN1TAUANTATINIITININA AAINLAEuann1AN 4 LTuANLAEINI9FIY

Aqmnaaniang luazn1guanaealnsanig

49 1 2
BIRIRIBIGNAT UVALIUARATAIINABINTS

FEAUANMNAIATYIRIAIHLAE

4 3
1hunans Q- ) .
ANIGTRRI nITNINNg
BN N
u
FELALNITAILAN

3117 2.10 dazinnaasani@eslunasimunaansuag

uana Nt lddnsetnansznuanIpd e luLsazann AR I TaN I F

(30) UATWUAIANNIALTUARNIAT 1, 2 LAT 3 AZAINANTENUALNANAATAINTZUIUN TN
& I'd -ai dl dqj ! o 1% & '8 al/
gansuag LATAINALSIUANNIAT 2 Wz 3 HarAnaiLNTTUINNT N s Ta s f 1T
d. dy g o 4.~ o o o
Aaauazaulszunfesld uazarndecluanniai 3 iadnndAnyndipanuiaasluan
dl | ! dl d‘ dgl % d‘ o & 4
n1af 218 2 widlesannasnudasluanniaiildsanizaanisdanisiasenisrenduasld
Yiaunm aangUil 2.10 aziulddiaonudasluanniai 3 iludounguinnslasanisannis

Y Y a

o v g o = = v v
V’WQU@N@@ﬂ’]ﬂ@LWN‘VI ﬂ’]ﬁl‘]_lﬁ/ﬁﬂﬂ?ﬂﬂ’ﬁ@?ﬁ\l”l?ﬂ@mﬁQWNL@HQIMQQﬂWﬂW 3 VL@@ZLﬂuNZQGLVﬂ‘J’]N
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o o v e o S 2oy o o
Lmﬂ\ﬂm@mmu ] AR b LT mummmaﬂu@@mﬂw 4 dulfnansznuuintdnidiasann

lannavasnainatlulillsdasunn

UARETArANHIARAININUARURY Fenton  WATADLY (2) adFeiluATadnanig

fndulasasnisimunmansuaflnafansundenuninaesgsansuasn o suiuan ldanalunis

73

o & rd‘ a & o‘d‘ o ¥ a [ I dl Y Aa
Wenunansiiag smﬂ@m?umwm/\lmLmimzwﬂummﬂumhmwQmmﬂmqmimmm

'
X a

AoLAN AR AINIUAdEe09 Keil wazAtuy (29, 30) TeAanssumaifiesldenldane

WaNIAN AN N DTAN LT
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AT NTLUIAATNIAZTENELATEINEANNITALLETANNINUANERY Fenton  BWAZATLY (2)
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1A1TA99304 (Scenario) WA llaINTRULIINIINNIETLAYWNNIFRAWlA TN ENgA L6 Tag

A5 1R

A 1 o a dl o -ilj % o v a
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LATATLEIDEATININTDINTELIUNINENUITANEUIS LATATIBEDEATININTDIYARING UAY
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AT AR UIURIATUN A RIEINaL LAZIHAADINITRANTUNNANTINIINNA TUN1TWEN U

gaNFwasiuAunInIesTanNdusNazdeNal adnnaslunagaiaquuaniaiuayunig

%

FRAulAn uAnA1eTY TNt Az AmNILALANAN9AY feaznatnsalls

3.1 uuamasduayunsandulaluusazinsalinssas

nsa¥suuaneatuayunssindulaluisadnstias Aan1sANIMNNZ g (Optimal

, N S a X oo v 1 9¥i Yy a - & -
Solution) memaﬁmwmmwmmeumﬂmumhmamummmmwm@mLm‘ (Activity

3

Cost) Aol lllun1swmunlasanis neludiuiifiidunslasanisdainnsoidan lfqdnfasnisay

u

wiwAmwAuN W lugule Y AUNINIBINIITANITUAZNIIROATTLLLNGZANE AINYNHBY
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LBIANNABINIINNTANA U FUATTDANNUAAUANHIUE ATUNINTBINTELIUNITWERUN

o ¥

faWsuag AnNIWIasAAINg WreAnuuiidunfesdesiay Tnanisldrndunmldainaniue
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WarsunAuN WaasTansuag fsaznanisialiluriade 3.2

Y a

gusuisarnnsnulasuulasdegaluezasnaniasndulalidulilainannaesasdng

a

I
¥ =

A . = U4 1 a o 6o o‘d‘ o 4 o !
viramudeyanesdnslieyld duReaiuisiduessadszlaminannsonimua s zaniuws
azeaAnsldl Tneilsiduassnisclomiluusazinsatnetasaiduieiduaesnninmaesasatie
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dl 2 o ¥ 1 1 d’ = Y o '
WaeRN 1WA aY Fan LasAny (25) llﬂﬂ@ﬁ’mq WwWalng Mninansunnlulsay

'
k74

dupeugBIn TR TE NS @:v‘iﬂﬁﬁﬂ%ﬁdmrﬁﬁ’mﬁ@ﬂiiumwmdﬁl,w?@ﬁu wsipnldan e 4
1 li#ecldesinaiiss@nanmasinlianu desaeslasanisantiatas §15nn 14 AN FaneunnA
Az liAauadasenis3unslaanng 2e ldfagldsuAaatianas Fatuideaiinasunis
Wienifaumuuaniansiadulafimsnsiga luanidseilitaiduassauszlaniildlunns
WRuniiey Ae nrsfiansanuanalsfiasld (Profit mnmmmuﬁmmma‘ﬁ' 3.1 daAnldann

9181l FUaan sV U TaNEWIS (Revenue) TinpagAn laNefAnuianssun1etaniuis (Cost) Aa

ANN19N 3.2

U = Profit (3.1)

# Profit = Revenue — Cost (3.2)

v
a o A a [ !

TenideiflansigiudinglfreanisimugedinfThauetiuaunim Ingaziedn

~ P = vall v @ o o o v p~ Ay
LN@?ﬁUUNQMﬂWWﬂNqﬂ ?WHiﬂVﬂﬂ?Uﬂ@ZN’]ﬂm’]ﬂﬂMH IquQﬂ@Uﬂuﬂqﬁ‘zUUNﬂ‘mﬂqWVIVLﬂJﬁ

infiazdanaliselsnliiuantenas Anuduiusaesaalduasauninuansluaunis 3.3

Revenue = f(Quality) (3.3)
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Wa  Quality Twesadnatiaanisdannisuaznisaedsiuunszansliainiinaunin
o/ - = 1 1 U 6 6
n13damnisinasuiay Quality luiAsadnataaAinusasniImietaniuafiaz
dannuanndnsuzlAantinasugniesresdaninunnuane iy Lay

- = | 1 o & % o
Quality  luiAzadnutiasAuNINIBINTZUIUNITWENUITa NS lHaINTTW
ATUNINNIZTLIUNINRIUILAENAZDL WAz Quality 1um?mhmi@m@mmmm
yaanslaaininamunnyaainslaasu uaz Quality luiAzadnstasaiuau

1
o a9y

Weridunfasdanaulgainiin A uuiasduisasgenad

ANANAUSIRA AaWWlUN s WERa S U s AN WA T FutazTuld ana

o 1% [ % <3

ANITNINHNZANTBIUARZEIANT 11 U1vedAns A A Aty iuAin wNInfianaa lFfy

HARDLLNUEITUNINIHAATININGITU (111 AINANNUSHIUULLUAR 1 8ANN1TATTANAY
(Exponential)) 119849AN894 6 U NAABU AR INNINENIHEAMNINGITU AN USTIDA8E]

a

Tugluuylndipeadunsaianuuaanianui e selusuddstaslidusunslassnadudsyydn
o d’J % = J % 1 A ] ] [ o A

nismuazlinanauuntuminlsfanmninvesusiaziaredretesiy 5 seAude Very

Low, Low, Medium, High uag Very High kazgiinngiasenisnavidugsrypnldansluusas

Aan7runIsEansLIFAqe

1 QIIQ/ a ¥ 1 17 £ A 1 v a A o ¥ o

fayangismslasanissiesldiludeyadiluesednanisindulametinlldAuanm
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AmaLUNUAINNNIRINLITe WA Sina i ldAnsnwluwsazszaL (Very Low, Low, Medium,

. . 1 T 1 a Qs 1 dI dl [ a dl
High was Very High) LAYAN TR TRIULARTAANT TN IUTZALIAN ] TANBICAUYBINANTTNN

' |
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W@anuANsnaiy (Very Low, Low, Medium, High wag Very High) Sailaidennanssuluseiun

psiuaziflunalinissaniasarniiasfluluinaunwaasisaz s tnataawans 19

3.1.1 TAS9A519UR9LATRTUNITAAAU LA

1) Lﬂ?'ﬂﬁiqﬂﬂ@ﬂﬂ’]iﬁﬂﬂ’]iLLZ\]ﬁﬂ’]ﬁ‘gﬂZ\ﬁiLLUUﬂﬁ‘Z@WH

A A \ o = Ao A
”’Q’]ﬂgﬂw 3.1 Lﬂ?@mqﬂﬂﬂﬂ@meﬂqv\lﬂ@\jﬂ’]?@ﬂﬂq?LL@%ﬂ’]?@‘ﬂ@q?LLU‘Uﬂ?ZQ’]H qeiwlen

Y a

gusunslasanisannisnazidanaduanuazfndulald 7 TwaAsl ainadryny119e (Scale  of

a

Subcontracts) AMATNIBINITIIANITATYEYIT9 (Subcontract Management Quality) ATUAIN

PBINTIANNTANUNTARANT (Communication Management Quality) @mmwmmmﬁmm?
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Aglulagzanns (Internal Management Quality) YUNATBINN (Team Size) ANUUANUAIEN

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

Scale of
subcontracts
Subcontract
anagement adequac

Interaction management
adequacy

Overall management
quality

v

Subcontract

Communication

management quality

management quality

Scale of distributed
communicaton

Internal management

Team size

Geographical

Communication

anagement adequac

diversit

Number of sites

quality
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o
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a o

Management Adequacy) T4lsiaantean1sindnla 5 siaanaeil Very Low, Low, Medium,
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2) AN naaIn1aanisdynyndas uiniaiensingdula ﬁima‘zﬁuammw

184n199AN19 ey ey aniglulasanis AguFunslasanisasldnuninseiulalunig
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(3) TWAMAINTBINITAANITAIUNNIAR4AT LuTnNaF19n9Fndulamesssiy
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evel of independent

Quality of

testing documentation

CMM level
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Specification

Development and testing

process quality

Spec process
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Overall process
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4) 1ATATN LD ATUN NI ARINT
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Overall staff
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Indicator; Programming

Overall management turnover

Indicator: Staff

quality

experience

Indicator: Staff

motivation

Indicator: Staff

Overall people

training

qualit

)/' language experience
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Process and

Av # people full
Project duration .
time
Total effort adjusted
by Brooks factor
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otal effective
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New functionality
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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
Jorgensen [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:

T pLy [X)p(x) 1)
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 ithe
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

96

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

P
motivation
overall staff quality level
indicator: staff \} training
overall people
quality

level
4

motivation

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

97

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 4)
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-thedecision-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.

Experctod Uhbey . T3
el i I et
50,000 =" =
%4 000
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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.
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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 5 provides a flexible process for utilizing the encoded
N i knowledge within the Bayesian networks to facilitate
sop004-% decision making, which could be applicable in the
: : ; other domains of problems.
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