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PRAYRIN CHONGSRINGAM: KNOWLEDGE MANAGEMENT SYSTEM FOR
SUPPORTING SUPPLIER AGREEMENT MANAGEMENT PROCESS AREA OF CMMI.
THESIS PRINCIPAL ADVISOR: ASST.PROF. NAKORNTHIP PROMPOON, 182 pp.

A software development organization especially one that applies CMMI improves the
software process regularly. Archives of data, knowledge and experience from past project
development are necessary and beneficial to serve this purpose. Knowledge management
(KM) plays an important role in capturing, transforming, deploying and applying tne stored
knowledge. Three important issues, technology, KM methodology or strategy and employee
collaboration, must be considered when applying KM in any orgenization. An organization
must manage and balance all the three factors especially strategy establishment and
process identification for KM. Both must be aligned with the goal of the organization.

This thesis focuses on the design uf process for KM in a CMMI organization v:rants to
improve software develobpment process. In addition, concept for strategy design, process
framework and structure of KM in a general level for Process Area of CMMI are proposed.
Supplier Agreement Management Process Area is used as a case study to proof the all
proposed concept. Moreover, a prototyping tool is developed to support KM based upon the
proposed structure of KM in order to help an organization achieve the use of KM
continuously for software process improvement.

Our framework and tool could be applied in any organization to construct KM

process and rroduct, and control directly lead to improve knowledge sharing effectively.
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2.2 L ANAITHRTINUIFLNLN LIRS
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1F5UNNTeaNsU [19]

Tuanuine N InusBlANLANLULIA149N3DUNIZUAUNNTIUNNIAANIIAINT INaRULA
°1Tumun’1m°'1Lﬁu\muﬁugmmmLwimﬁ@m@iulumﬁmmﬁ?mm:@’ WA FNARFATELUSANITAINT
aunseiafiugnisussqitivaig TeniseanuuunsaunszuaunislunIsannIsAnl gade s

a vtaallddl o v a o 2 R
FauTINLUINNUTRNANgR lun1sdansAanEaInuaie] 1t uaz LAt iAs einayNNeeng
AANTANNFANENITLAUNITANNATANTITRUINITVRIAN I UAL ATLANLTFUDIAINNTAE

a o v o Y o v o/ o

nstignNuULANaedgl S lAi Ll ue A AN ULLILA 489N 19UNNT (Process  Model

Representation) lunaigyunasnalidnladiauazimnizaniunisinld g lunanauanegluuy
d’ U o/ v Y a o a a o Y o

[9] GefRanlignededydnsnildluniseduieseazBene9tuUaIaeINIzLIUNg W ARUIAY
Tdinan angidnuea (Unified Modeling Language: UML) [13] Uazu1msgIueiuuusnans
NILIUNITIAINTINGANELAT (Software Process Engineering Meta-Model: SPEM) [14] uay
2 HULIBAIUNULLLANARINITLAUNI3AINNUARE [15] wa [16] Tnaanuunuuuanaedaantiy
3 svarudu Tern

1) TURLLRIABINTSLINAITENLTUN (Contextual Process Model Layer) Wluszaudun
WAANDNAINIINTBANTALNIZLAUNIT TULAASINEIALTENa LAz INe NI aneqdaelinng
putiunszuaung ivatiaualidnlaluyunessyiugs (esunaluinde 3.2.1)

2) TULLLAIABNNTELINNITENTIEasIEA (Elaboration Process Model Layer) Wlu
srAUTUNWARIDII AR ATRIAN A LT UARRNNT IMakaz AN BaLlasa9nanssn lunTa L
NITLIUNTT YAaINIERLNUmAaadeuazauduiusaasdoutinduazdsoanluisaziansss
wetiaualidnlaluyunesnisluasesnszuaunisididny (eduneluinda 3.2.2)

3) FUULLAIABNNIZLIUNI T ENHEN (Definition Process Model Layer) tlusesudud
a 1 a a =S o o & 1 a dll o v v
HenuusaznanssuinaasuneivatszdAnyaasasrlssnaulunsazfanssa wataua liidn1aly

a 2’/ 1 o a o v
NUNDIEAvIasATasTuRaURtindaau (@5 luiada 3.2.3)

HNHBINITOANUULALITNANNFULLLA1889NTEUIUNNBEIUTUN T Fedunuuaaag

ATLUIUNNATITLN TULUINA 3 TULHANNADAARDITIR WA ST ludaada9Alsenay

¥
ANAsLTAULAzANDNERY TaanseunszUauNIsdnnIA N luanaNTnus Y §3dulAtiany
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nanssudiuguldieiduwuantelunisdjiadmwiunisdnnisaand e liliaane aveuly
nsin lldnudassadseynsdldluesAnslaasfnamis
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1) yaansiineadey (Related Stakeholder) wazUNLUINUL9 (Role and
Responsibility) lunszuaunisnisdnnisaonuiluesng gaaslaauuniszinnly 5 ngu laun
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WAUNIZULAANITANNT 3T 1IN19289A2HE wazn1slfulgescuudnnisaanug Sausiay
v
Tuneuazgnuiieeaeenidlungunanssaman (Set of Core Activities) §ideiaresueingLlsvasd
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3.2.2 Way 3.2.3
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cRERpaT bt Goa , Orrg. Policw, KP Sirategy Tacit Knowledga
Spontor Team
Ry Tor KM
Ermeutive Liader o = i = - ,
Group goal input= inputs
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| >l
ot “2oulput: Hnowledga
and Mamr.ammg T
Group p;:na n_- ™
Ryl KM Systam
Krowled ge
Managemend :;::"S“F:t‘p}'
Group YELBMT
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B i e T epclintyi SRkt Ak SEACLIE o A wc il cE il
Inmm ane .un:r,-m.znﬂ Impdcsmenl Ciplung'  Trargieme'  Deplo gt Anpha B HE Y Mz rnan ard Change  Evaluagg ane

acqQuing organ rg accesa craate Managcmenl 1,9,

317 3.4 LuuAaNaeUTRFUNAUTLNITLIAUNIg TUNNAANNIANE



36

mwmmmnmuquumﬂ?mmi‘?um@umiwvwmi:um”mnflimmg’“’ﬁ'zﬁ'quﬁwﬁq
zﬁﬂm“umirifar;ﬁLL@m“mwizuu%mmimmi”lﬁmmmumemﬁﬁmﬁumﬁﬂi leun slrvung
Y99N199AN19AINE (KM Goal) tTImu1endagsna (Business  Goal) WlaingaesevAng
(Organizational Policy) UAZFIL T AN TALEAN (Key Performance Indicator: KPI) Galdadune
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1) TUAAUNITABNUITZULAANITAIN] (KM System Development Phase)
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3) Tupeun1sUiuLlpaseunann17A945 (KM Improvement Phase)
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3.2.3 TULLUAIABINTEUIUNSERLNAINSUNTAUNTEUIUNT MUNITAANITANNG

Y . I T L dy Y
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avAlsznauvasnanssuntiennlii (Activity  Definition  Elements) HRdtlflszgnsiunann
avAdsznauluniInvuaAnszLaUN1389 SCAMPI [4] TuilasAisznau 9 dszinm il

(1) qmilszasd (Purpose) Ao unagtinadaailineaiuanlszasdnazussglunisniuanesianssy

'y ¥ - b A d‘ d‘ o | £ 1 d‘ o a
(2) inausiuadn171 (Entry Criteria) A8 N@u"LﬂJW-mLﬂumm‘usa?zgﬂﬂumzmuumﬂgmmﬂf«]maﬁu
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c A v =

(3) dautind (Inputs) Ae Aedszhndiisedeyansedldlunisnavuangesianssy

|
=K o v

d‘ o A 1 o 1 v a a
(4) 9UNN1 (Tasks) AB ﬂzgmm\imimzmsﬁqmmuumn@%ﬂmmﬂ@mm

(5) dautinean (Outputs) Ae AlszAnguaz@unindiidunaangainnisniuuangeediansss

g I <

(6) ntusianani9ean (Exit Criteria) A Raulanailudeussgiadndudnianssutiuaiadu

(7) UszihudnAny (Key Points) AB unagillaesilssifuninaadesiunanssuiaunsniufls

17 o R

(8) Hayaiiuiin (Records) An dayansasdniuasliineldilsclamiluaunnan

0

(9) fFuiiatau (Responsibilities) Aa GnALMUMIALtaiLAaNg

a

gadeldfenesdlsznevunesianssndiniunszusunisdanisaoini Tnudnads
PeazRuAaINIUIAENeaded [5]1, [6], [8], [11], [12], [21] luesAlsznau laun qailszasd dou
Udn Ui wazdoutinean wenanigidelaaiagaziuarinaueesflsznauiium

a 4 ¥ ! o 1 v va QI a =
suazvidenliasuion Tuuiedouaesasdlsznandaesy uarldlanuinmnsuazidanly
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gadeldtgutuinfanssud uiunszuaun19aAn19A2In AU 32 Aansen 141y
ANAKUIN A AIANT199 3.2 salilil

F11319% 3.2 AAN9INTBINIELIUNNT NIIIANITAING

A

AAUNANTIN Fananssu

Aanasn 01: dseasAlidszuunnadnniaAaug (Desire a KM System)

nangsu 02: ?G'mzuumﬁmmmqmi (Kick-off KM System)

nNangsu 03: ﬁ@%@i:numﬁmm?mwi (Establish KM System)

AangsN 04: ANNAYNENIFIANNIAINIUATNALNENI9§9NA (Align KM and Business Strategy)

AAN9TH 05: ANUHBNITANUITZLLNITAANITAIN (Plan KM System)

AANgIN 06: AMNUHUNNIEINFNHITTULNNIIANITAINT (Plan for KM Maintenance)

Aanssu 07: aulALNLIIY RUNULasnInens (Endorse Plan, Budget and Resource)

flan3su 08: ATTHIATIAFIN TAUETTNUAZANNNFBINITTBIBIANT (Analyze the Exiting Organization’s
Infrastructure, Culture and Requirements)

Aangsn 09: aanuULIATNATINB9ITILLATARUALAIINS (Design KM Infrastructure and Repository)

Aangsu 10: 3Lﬂm:ﬁl,l,a:ﬂizLﬁuﬂ'ﬂ'?mw%W?J“LL@zi:uuﬁmmiﬁuwé"wﬁﬁﬂﬁumﬁm (Analyze and Evaluate Existing
Knowledge Assets and System)

fangsa 11: @9NULLTEUUARANIAYINT (Design KM System)

v
nangsu 12: Lwi\iﬁmmmﬂﬂuﬁumﬁmmimmi’ (Assign KM Team)
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NANIINRINIELIUNNTIUNNIIANIIAINT (5i9)

A

AAUNANTIN

Fananssu

nanggu 13:
fansu 14:
nanggu 15:
fiangsu 16:
Aangau 17:
fiangsu 18:
Aangau 19:
fangsu 20:
Aanagu 21
fangsu 22
fiangsu 23:
fangsu 24:
Aanggu 25:
fiangsu 26:
Aanagu 27:
fianggu 28:
Aanggu 29:
fiangsu 30:
Aangau 31
fangsu 32

: PIENUNAGNGVTIBNITLILNIIAANTIANT (Report Success of KM)

ARATINTNENT (Allocate Resource)

WAUIITLILN199AN13A9 35 (Develop KM System)
wmfamzuumﬁmm?mmi (Test KM System)
ﬁm%@szunmﬁmmmmui (Deploy KM System)
Lﬁl?‘?;lum’mW%’ﬂmLﬂ:ﬂﬂ’ﬂumq&]mm (Train Staff for Performing KM)
vLﬁ’Tm%\im’mi (Acquire Knowledge)

JuiinAnnug (Capture Knowledge)

[ﬂi')'ﬂ@ﬂmﬁﬁmmm’mi (Approve Knowledge)

Anszilaumanug (Organize Knowledge)

wisgaaad (Transform Knowledge)

Ann9A NN zaN (Deploy Knowledge)

L‘ﬁﬁ\immi (Access Knowledge)

szgnafldranug (Apply Knowledge)
111395N1192UUNN3AN9AINE (Maintenance KM System)
1Bvnsnswaenlag (Manage Change)
aF9andniinlunnsdanisacniiniyaaans (KM Awareness)
UsnlluansTnuz 1899w 1LNNIAAN19AINS (Evaluate Performance of KM System)
Ufudgeszuunisdanismanug (Improve KM System)

[ﬂi')"ﬂ’&ﬂllBJ@i"1EJ\?’]‘LA‘IJ?J\T?ZUUH’]?&@H’]SWJ’]N%’ (Review KM Report)
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A1919N 3.3 AU
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A1779% 3.3 NANTTNATIRAALLNATUIDIANING (Approve Knowledge Activity)
mﬁ":%@mﬁﬂﬁ"‘i_limmmi (Approve Knowledge Activity)
qatlszasd ianIsanuLAzFlTaIAIINERtNNIIRIIRE
nosresmadn 1. Gdldiudanadgezunlupluiniussqineinaag
2. anwdneg lussuugnulaewwlawizagnilfinlgs
Anutingn 1. ussqAnairaningndadanluszun (Submitted Knowledge Package)
2. Whvsngeeenismsageuuaziusesnug (Approval Goal)
3. InnurfresnnInIasaLLayiLsasANg (Approval Criterion)
4. 'Qfﬁ'mﬁLmﬂzﬁlﬁfﬂﬁm%@uLLaﬁmmmwi (Analysis and Approval Method)
Ui 1. ANTAUNTIAZANEN19A99 A8 LANIANNGENNS NN sasaasal e s sqii e aesnng
AINAADLNATTUIBIAIING
2. dfulgoseutlaneavidanespaniiignaes (dhani)
3. tufinuanatassiuazivgralfiduaiadnenidnmgg
4. Fuseapawdmuilanimaneily
i 5. thinuanisiusesaanildiuanadneaidneg
dninaan 1. ANFleFUsRIudn (Approved Knowledge)
2. deagananisnsaaganiiaiusesnanug
nousfresnsean 1. AMEIgnidanluszuuldigniusesuasldnenunauaz feagl Fanfenuds
2. ldfinsnlaauulaazederSunlgaianFinugs.
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3.3 MINAMUITASIATWNTLULNITAANITANING

3.3.1 N1522nuULlATIASNTLULAANITANNS
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74i> i Apply SPI & KM
i Expert’Softivare g ~~ TR " Tool
SAM ; Engineering
Process Action PWC‘?'.%S rﬁc“‘)" Process Team KM Team 3 Supporting
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y v ‘
Project | Process
‘ Organization +—> Engineering +—> Knowledge Factory
System o) System System
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3.3.2 N19285112TATIASNTEULAANITAING

o o
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Knowledge Managamant System

Knowledge Faclery Sysiem
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’ Kuntrwdedge Meada 57 5 Oeploy e
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Characriatcn Rralyre Project, | Knowledge oo u n
Charaﬂ-:nﬂ: Pregest » DOefiné and Ceploy T iﬁ- -E
; Preeessed including BE| |
Sel Goala [ Speaifus Deflred Beso fome I,E-n. =S
= Dapaldyres=d I .
= Kilowieage . £
L= 2 IParhaged o
m %) ] Knawledns
E 5 § KaLawbecye] & Fat kage
-
£ § g = Linpal Knowledge
o =] .3 Knsled? Repasitory
x ) Prackafb
g - L
=
] I | e
Bgsess aud mprove 3 : | S =
Degloy Praduct Pracesa Mainiained | Caplure B |EE | Analyzean:
Crganicatisral KaLawbesy e = EEES Ao
Slandard Processey
REwer Enpeasiesien [Lostont Laariied], Praject Analypsia J T
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77 3.7 uuudnaeadslassaineiugudaniunszuaunisiunisdnnisaang

@ nssraunisFisuuasaiNassAana1ug (Originate/Create  Process)  ATUIZ®INNNNg
WauHARA T W uSTo I UIAWATAAUIAY YARaIng lARmuIAINFHuN19FEuS N9
% o 1 a % 3 £ P4 1 ¥ % Z// ! ¥ o
wAlatleymn nstfudgelud mnumAnai1eassAaulinaanglus udaaruiiuazgndadnlods

srunlsanuAng

@ nszuaumsdutiauaz lngamaIng (Capture/Acquire Process) HaalsyaAlunisdvin
And Tdraziludeyarasaanivisesananuiie %m@uamiﬁﬂmuﬂuiﬂmem\am’]mmmm
Toefieaedlaaivayudsendtussafuminanudindniludenansan lunedun annifunanag
Mfunazgnasiudedunauniaiamsiiienmageuuazisasnanadidn15ifuanuiassasdng

® nszuaumsuilsgiuazamasiiienin9aug (Transform/Organize  Process) Hqniszaas
o [ Dd‘ 1 o 3| dl = % % % =3 ¥ ] o
Amiunisussquazutlsgtlanininniauntsnsaasunaziuseaiungauiesuds lagniiudngeds
<3 v s dl 4 % % % dl Vo Y o % ] s
fiuannaesernaiialiaonfisiulagnulaeulniuacuidaudsetnanysnd

@ nezuaunisdnaruazid1ina1uf (Deploy/Access Process) HaniszasAivaliinaug
azgndanaelidnauasniandniumauns Ingdnuasnisdnfsannilunainuaiayunes iivali
yaansaxtsndelannunumnnwaznsldeuinaedudeuaziAsediieatiuayuy

® nszuaunistszensldaaing (Apply Process) mmﬂsvmmLW@‘LMmmmmmﬁmmn
szuulseanuannad Il lunnssuanssuaunisuazasdilsznauesnszusunanadu G
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3.4 MsansziliauAINg lUTELUNNSARNITANG

TuasAnsuanmavdwaiiuaufiintunaeananlunne uaeauaesessns Tidiazidy
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A wiuesdnsndiudanszusunisndagenfuasiaaneninninsgutidndnle Waunsatinly

dszgnalddauiunisdnsuidaumnuilussuuimanzaniunisaanisaanuiluasdng
3.4.1 NMsAUNUsTLANUBIANNG

o Dd‘ =1 = :I/ a o dl % v S aa
n1sdansanimiiussuyssideuiulunuidtiienisaisiuuuuresssienda iy
dszaunisal [25] naelddnazsiestinnsduundszinneesnanilidamuinedunugiulunig

aanuuulns9aF1ae9nduiLAfINT dounfsaauunlssinniuazniuunandaya (meta-data) 184
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v A

ANt I lussundanasacand ieilsclaailluntsfinsedeans n1sysmuanig nsaUAY

al

Anuiu uaznisfusunuaesnng sedoulunudalueudan [11, [12], [25], [30], [31], [32] 19

v %

AwnviuazeanuuunisdaLiuaNfinaued iU reanisdnanisanng

U

= 1

Tundneninusilininisdauunilssinniazdaunoanassnaninie luesdns Tne
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a =3 44! % 1 3| 1 d"’
nezuaun1sTestiananle delautia 3 NNINNY AU

1) AN miuntsssidunszuaun1soensnag (Software  Process — Assessment
Knowledge) dupaadfifeafusuudiaesdidadalen i duuuanilunisuiuys
NITUIUNNT ?ﬁlwzqﬂﬂﬂﬂ%lﬂuLmeﬂumﬁ‘meLL@:ﬂi?uﬂa;qmzmummﬂNLﬂuéﬂﬁu
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(1)mwjzﬁ'mn”mmm?mm%@é’mﬁyZ@ (CMMI  Model Knowledge) \uA1aiuNe
wULANaedTesLEN1e (CMMI Description) AM83LNgadALsznaLTedkLUAaeTeNLEN e
(CMMI Component Description) ﬁ’m%‘]_l’mLﬂ’ms\l’ml,mxﬁﬂﬂf]ﬂﬁﬁﬂﬂ (Generic Goal and

Practice) WAYANRTLNENGNNILAUNTT (Process Area Description)
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(2) 4WIN WA (Guideline) LW uuINNUNTRANULAALAANITUURINIELIUNNS

(Process Area Guideline) uianWUjiRNANgA (Best Practice) uuamneljrifinliaqemin (Bad

Practice) uaz dumaun13Uiin (Stepwise Manner)
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Usenaudag faetng (Example) NTTlAN®A (Case Study) Laz &3UszRns (Artifact)
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(5) HAGWERINNITIALAZIATIZY (Results of Measurement and Analysis)
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3.4.2 NMSRRNUULUTTANUNANNG
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Strategic dimension

Property

Types of knowledge

1) Competence level

Core — Advanced — Innovative

2) Content Specification level

General — Particular

Proprietary level

Individual — Team —> Organizational Public

4) Knowledge lifecycle level

Acquired — Submitted —> Approved — Deployed —> Exported knowledge

(

()
(3)
(4)
(%)

5) with respect to development
process

about the process — within the process — derived from the process

Process area focus

1) Related Process Area

Names of process area

2) Capability level

No. of levels

No. of generic and specific goals

4) Implemented GP and SP

No. of generic and specific practices

(

(2)

(3) Achieved GG and SG
(4)

(5)

5) Related components

Names of components
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Date: date
Purpose: string
Properties:

Relationship

Process Area: string

Title: string <Name of process area>

Competence level : string <Core, Advanced, Innovative>

Content Specification level : string <General, Particular>

Proprietary level: string <Individual, Team, Organizational Public>

Development Process Perspective: string <about the process, within the process, derived from the process>

Related Process Area: string, list of string <Name of process areas>

Body

Abstract: string, file
Contents: string, file

Related topics: string, list of string
Related categories: siring, list of string

Resources: string, list of string
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Abstract

Many reports on knowledge management (KM)
slways emphasize on the imporiance of lool used to
support the organizational knowledge establishment.
However, success of KM requires not anly the
wvailable technology such as commercial of-the-shelf
seftware, but also a well-performed management of an
wganization. CMMI is widely adopted in many
sofftware  development organizations in order (o
imprave  saftware  developmeni  process. Earned
Inowledge and formal KM from CMMI process in each
process area are important assets, that could be later
wied by related stakeholders to improve organizational
value. This paper presents a KM frameweork adopted in
CMMI organizations te support arganizational process
areas failoring and process improvement practices
based on experience. With the application of the
experience factory approach, our framework eovers
the knowledge evolution cycle with all phases of
knowledge, A prototype of a supporting tool is alse
purpased. Our framework and tool could be applied in
any organization fo construct KM process and
product, and directly lead to improve knowledge
sharing effectively.

Key Words: Knowledge Management, CMMI,
Process Model, Knowledge Package

1. Introduction

Developing quality software products under time
and planned budgets constraints has always been a
challenge to software development organizations.
Therefore, knowledge and expericnce of stakeholders
sich as project managers and specialists from past
software production projects play an important part for
the impravement of next software development.

Software quality depends heavily on the quality of
the process through which software is developed [1].
This fact has led organizations to invest in improving
their organizational software processes by applying
software development standard in order to build a

reliable system. One of the well-known and widely
accepted standards is CMMI models [2], which

emphasize on developing quality software and

identifying essential details of activities within each
process area,

However, CMMI models do not explicitly prescribe
how to achieve the requisites. It is upon the
organization to develop a process, which will enable
them to comply with the set of goals for each process
area. Different procedures in various organizations or
projects will eventually result in a variety of experience,
which will then require a proper management of
intellectual assets. In addition, the problems pointed out
by software process improvement (SPI) projects is a
quickly changing, knowledge intensive budiness,
involving many people working in different activities [3].
We can clearly notice that knowledge management
(KM) is a promising approach to deal with those
problems. An improved use of the knowledge is the
basic motivation and driver for KM in software

]

It is worth to implement KM, if CMMI organizations
could apply a KM strategy in the same perspective and
structure. It would not only be beneficial to the
organization from KM points of view but would also
bring knowledge sharing among the business unit in the
organization. Furthermore, this could also be used as
an excellent support for SPI appraisal to achieve a
higher level of capability, and for increasing business
value,

How great the tool we have, it does not guarantee
the success of using KM in any organization. The
important point is that implementing KM does not just
only concern with the technological aspect, but also
socially regulates a good KM deployment methodology.
In this paper, we purpose KM system including both KM
framework for SPl and the supporting ool to guide
CMMI organizations 1o use their common or shared
knowledge in a more efficient way. Our KM framework
integrates various best practice approaches and includes
deep consideration with KM process perspective.
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The paper is structured as follows. Section 2
presents underlying concepts. Section 3 proposes our
spproaches. Section 4 mentions some related works.
Uliimately, the paper is ended with conclusions and
future works in section 3.

2. Underlying concepts

11. CMMI models

CMMI models [2] describe what have been
determined to be best practices that organizations have
found 1o be productive and useful to achieve their
business objectives. Although process areas depict the
characteristics of an organization committed to process
improvement, they must interpret the process areas
using an in-depth knowledge of CMMI, their
organization support, the business environment, and the
specific circumstances involved.

It is also important to consider the overall context in
which these practices are used and to determine how
well the practices satisfy the goals of each process arca
in context. CMMI models do not explicitly prescribe
nor imply particular processes that are right for any
organization or project.

Managing knowledge in any CMMI erganization
needs to develop in consideration of the overall context
in CMMI models (particularly in each process area).
CMMI describes process area by components that are
grouped into three categories: required, expected, and
informative. We present a meta-data, as shown in
Figure 1. which describes relationships among ChMMI
components, Categories of CMMI Process Areas,
components of each process area by exemplifying
SAM (Supplier Agreement Management) process area.

[

Figure 1. Meta-data of CMMI Process Area
Components

2.2. Knowledge Management

KM is an emerging discipline that promises to
capitalize on organizational intellectual capital [3] [4].
KM conduces formally managing knowledge resources
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to facilitate capturing, access, dissemination and reuse,
typically using advanced technology. In the software
development context, KM can be viewed as a foundation
for continuous improvement of the software process.

With an orientation to KM in software development
organizations, knowledge is described as a fluid mix of
framed experience, values, contextual information, and
expert insights and grounded intuitions that provides a
framework for evaluating and incorporating new
experiences and information [6].

The Knowledge Evolution Cycle [7] is the phases
that organizational knowledge goes through in any
organization, as well as the activities performed upon
knowledge, as it transitions from one phase to another.
Figure 2. shows this cycle that includes Originare/create
knowledge phase, Capture/acquire knowledge phase,
Transformiorganize knowledge phase, Deployaccess
knowledge phase, and Apply knowledge.

Figure 2. Knowledge Evolution Cycle [7]

Learning from failures and mistakes is wvery
important. According to Lawion [8], an analysis of KM
failures reveals that some users manage documents
withoul paying attention to the meaningful krnowledge.
This can easily happen, because most of the KM tools
on the market address document management rather
than knowledge management. Another problem relates
to the fact that not everyihing can be managed by a KM
system. If everything is stored into a common
repository, the amount of information to be managed
becomes unmanageable and the information becomes
useless. The last failure cause, users did not determine
their goals and strategy before implementing KM
systems. So, Implementing KM involves many
challenges and obstacles. Three issues are particularly
important:

» Technology isswes: Software technology supports
KM, but it is not always possible achieve the planned
level of sharing.

= Organizational issues: It is _a mistake for
organizations to focus only on technology and not on
methodology. It is easy to fall into the technology trap
and devote all resources to technology development,
without planning for KM implementation.

= Individual issues: Employees often do not have
time to input or search for knowledge, do not want to
give away their knowledge, and do not want to reuse
someone else’s knowledge.



13. The Experience Factory Organization

The basis for the Experience Factory Organization
(EFO) concept is that software development projects
can improve their performance by leveraging experience
from previous projects [9]. Focusing on making reuse
easily and effectively, the EFO divides software
development effort with separate responsibilities into two
distinct organizations; the Experience Factory and the
Praject Organization. That is, the activities by which
the Experience Factory extracts experience and then
provides it to projects are well integrated into the
activities by which the Project Organization performs
its function. The software development resources,
capiured from previous development efforts, are used
to characterize and set project goals. Software
processes are chosen and executed the project. During
and after execution, the results of the development
effort are analyzed and packaged as new resources that
can be utilized by subsequent development efforts.

This approach addresses a widely held faith in
software reuse that a separate reusability unit is
necessary for successful large-scale reuse efforts and
supports a kind of reflection-in-action that can lead to
organizational learning and improvemenis. In our
research, the EOF is applied to support the entire process
of KM, including accumulating, packaging, storing and
leaming eamed experiences. Moreover, implementing
the proposed KM framework, the organization could
adjust or change the way to do the works.

3. Our KM framework for SP1

Managing knowledge in an effective and well-
organized system must concern with three important
issues (Technology issues, Organizational -issues, and
Individual issues). In this paper, we present the KM
system includes a framework and a prototype of a
supporting tool based on CMMI process area 1o support
software development and process improvement in
CMMI organizations. Our framework proposes three
levels of the KM system as shown in figure 3. They are
KM Process Definition, KM Infrastructure Development,
and Knowledge Repository Management

The top level is aim to define a KM process model
divided into three phases, KM system development,
Knowledge evolution and KM improvement. In each
phase, the responsible roles for performing related
activities must be defined. The middle level is aim to
construct the KM infrastructure. The knowledge
package is created as an intermediary media to
transform the capture knowledge from one phase to
another. A supporting tool is also declared a significant
part of the knowledge establishment whose functions
are knowledge classification; knowledge manipulation
such as knowledge storing, searching and retrieving;
and user feedback storing. At the bottom level, it is
important for an organization to decide and implement
on how knowledge should be electronically stored in a
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repository and made accessible across knowledge
categories.

Each level of the KM system would be explained in
details in the following sections.

ITMM lb.-p—ui—l[-— ]l-nih-lh.q]
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KM lafrastructurs
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Knowledge Repository Management

Figure 3. Three levels of KM system

3.1. KM process definition

In CMMI software process improvement, knowledge
is playing a crucial role when an organization decides
to implement the concept of process area mandgement.
The development and distribution of huge knowledge
with the ease of use of process improvement is a key
success factor, Therefore, there is a need in a conceptual
model help to build a KM strategy to serve those
purposes.

In this research, we applied a process-oriented KM
sirategy [11], the relevance of an integrated view on
process orientation of KM -in a SPI organization. It is
underlined by strong dependencies between two
approaches including the market-oriented [Porter
1980] view and the resource-based view [Barton 1992]
on the operational level. Nevertheless, business
processes can be organized in terms of strategic
business fields, it is important to strongly consider
organizational core. The benefit of process orientation
is to handle knowledge that contributes to valuable
activities and can successfully be linked to the business
process. The implementation of process management
which also comprises the idea of continuous process
improvement can integrate the life cycle models of
KM. So, the concept of this strategy leads us to
propose a KM process model.

With the adaptation of the works [2][3][5][7][10]
and our idea, the proposed KM process model that
supporis any organization's strategy. It is divided to
three phases and each phase has a sequence of
activities and defined related roles as shown in figure
4-6.
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» KM System Development Phase: (figure 4) This
prase divides into three processes: Initiation and ok T e | [ Y Yo
Planning, Analysis and Design, and Implementation.
The first process starts from defining the direction of a
KM system in an organization level and Kick-off
mecting. KM is established, and then KM goal, policy,
the matching strategy and wvarious KM plans are
declared,.  Then, the  existing  organization's
mirastructure including the existing knowledge assets
id system are analyzed. Finally KM system is
developed and released. Related stakeholders are ready
o perform their tasks with allocated necessary
resources.

* Knowledge Evolution Phase: (figure 5) This
phase contains major activities which perform the
evolution phases of knowledge life cycle. Conceming
the core of a KM system, this phase divides into five i
processes:  Caplure/acquire,  Transform/organize, |
Deploy/access, Apply, and Originatefereate. (We will . 1§
describe in section 3.2.) The knowledge package is | ||
wed to transform knowledge from a current phase to
the next one in the knowledge life cycle. il

* KM Improvement Phase: (figure 6) This phase Al 7"
consists of the activities support KM performance \}l
improvement in both repository and activities for ' h é
centinually use. This phase divides into two processes:

Hiintcna:ce asd {Pihange, and Evahmi‘i::n and Figure 4. KM System Development Phase of KM process
Improvement. All KM processes and activities should
be evaluated and feedback by related siakeholders and
thould be documented for the use of knowledge
improvement. Successful KM not only takes
technology application, but it also takes culiural
novelty and the reward systems that are a major driver
of the works in most organizations. Moreover, KM
needs constantly maintenance after the implementation.

KM System Development
el Do —— s i el Phisbag

s

st |

bl _.I"!!!'H!‘]_.q-_
K

i (B)
Figure 6. KM Improvement Phase of KM process Figure 5. Knowledge Evolution Phase of KM process




3.2. KM infrastructure development

Supporting  knowledge-based approaches for
swftware development, we should design KM system to
support all of the knowledge lifecycle. Not only is
imowledge-based repository technology necessary, but
also KM development methodologies must be
established and practiced to ensure that existing
knowledge is utilized and refined in a disciplined
method in the development process [13]. Therefore, we
design KM framework by integrating the Experience
Factory Organization and Knowledge Evolution Cycle
{Described in section 2). Consequently, organizational
kmowledge would be effectively managed in all phases.
Maorcover, relationships between the KM activities and
the appropriate tools would be established to help
guide the development process.

This KM infrastruciure involves the identification
and analysis of available and required knowledge assets
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= Deploy/Access process @ aints for the usability of
this knowledge in a new project, resulting in corporate
learning and disseminating.

= Apply process@ aims to make knowledge
available whenever it is needed and to export
knowledge in a form of *“Output Knowledge Package”.
This is the most important part of the life cycle because
it enhances the use of knowledge in all parts of the
organization,

Again, figure 7. represents this KM system. There
are the Praject Organization, which uses packaged
knowledge to develop software process and products,
and the Knmowledge Factory, which supports software
development by providing tailored knowledge assets to
projects that are well integrated into the activities by
which the Project Organization performs. In the
factory, knowledge engineering performs tasks with
respect to the activities defined in the Knowledge
Evolution phases by stakeholders and supporting tools.

and related knowledge processes, and —
the subsequent planning and control of |
actions to develop both the assets and
the processes in order to fulfill
organizational objectives. We
elaborate and amplify the imporiani
steps to fulfill KM infrastructure, as
proposed in figure 7. which describes
all steps with respect to Knowledge |
Evolution Phase in the KM process |
model. Those KM processes are: :

* Originate/Create process D
takes place during process execution,
when knowledge is obtained during the
sproject course. Knowledge is analyzed
and may be changed according to
user's need. The refined knowledge
will be later capture in the next
process. It is developed through

development team leamning, problem

solving, innovation, creativity, and

importing from outside organization sources such as
new technology and new standard,

» Capture/Acquire process@ . aims to caplure
knowledge and its information with the use of “Input
Knowledge Package”. Acquired knowledge is captured
in an explicit form, it will be then passed into analysis
process for knowledge approving.

= Transform/Organize process@ aims for the
knowledge = packing and  transforming into  the
organizational knowledge repository. Knowledge is
organized, transformed, or included in written material
and knowledge bases. This also includes any action to

. deal with rendering tacit into explicit knowledge
“residing in different locations within the organization
easily handle and access.

Figure 7. Infrastructure of KM system

3.3. Knowledge repository
3.3.1. Knowledge taxonomy for CMMI

SPI established in an organization usually results in
the occurrence of knowledge from the execution phase
of the project, the KM development phases and the
CMMI implementation phases. For KM effectiveness,
we need to classify all knowledge inta appropriate
categories.

KM s formal ‘in that knowledge is classified
according to a pre-specified taxonomy into structured
repositories [15]. Taxonomies define meta-data used in
the KM system to facilitate communication, integration,
search, storage and representation of knowledge.
According to [9][16][17][18][19][20], the analysis and
interpretation of knowledge collection is based upon




the goals. We classify necessary organizational
knowledge for CMMI software process improvement
into three categories:

(1) Process assessment knowledge provides the
definition for each of process areas in details, including
description of process and process components,
descriptions of lifecycle models, process tailoring
guidelines in a stepwise manner, process-related

documentation, and results of measurement.
Knowledge in this category came from the
development of CMMIL process areas in the

organization. Those arc the fundamental wunits of
process definition and describe the activitics and tasks
to consistently perform work.

{e.g., what is the detail of process area definition? how
should an organization do to achieve the goals? what
are the artifacts that we need? which one is the best
practice? what are those things be concemed?)

(2) Process asset supports for reuse and sharing of
organizational knowledge. This category contains all
types of experience came from the people and projects
of the organization, including; organizational process
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asset library; defined artifacts that relate to describing,
implementing, and improving processes; lessons
learned; solved solutions and other auxiliaries. The
benefit in SP1 is that the organizational process assets
are used to support tailoring as well as the
implementation of the defined processes.

(3) Process improvement knowledge supports the
process capability improvement in an organization by
providing correct and timely metrics and quality data.
Knowledge in this category would be used to support
management information needs; evaluate and analyze
(c.g., does the process reduce the rework effort? what is the
statement coverage of the acceptance test?), predict and
control, (e.g., what is the expected cost and reliability, based
upan the history? given a set of project characteristics), and
motivate and improve, (eg., what should be improved?

- what is the average value make most effective?).

Agcording to our proposed knowledge taxonomy,
we design the organization's repository as shown in
figure 8. This would be a fundamental for continually
accumulating knowledge and storing that knowledge in
a form that can be easily accessed, used, and modified.

rd Knowledge Repository

Y

[ | o |

' CMMI Model

Figure 8. Knowledge repository for a CMMI organization



332, Case study: an example of defined
packages from SAM process area

Analyzing a case study in implementing SAM
process area [21], which was designed 1o focus on the
approaches for managing formal agreement with
supplier, we defined some of knowledge types form
anifacts that relate to describing, implementing, and
improving processes. One is “Process area description”
described what are necessary components for achieving
the goals of the process area (placed in category of
CMMI process area). Another is a “Process Model",
described how the organization should implement to
achieve the goals. Each of process needs a “Process
definition” to define the activities and elements (both
placed in category of guidelines and best practices), The
others are “Process asser”, including templates, forms,
decuments and checklists (placed in category of process
asset),

These are instantiated in figure 9. shows an example
of a knowledge category, a package type and a package
instantiations. In this example, a package type named
“Process Definition” is shown along with its description
in the middle box of the figure, which is under the
category of “Guideline” in the right. A package named
“Revise Acquisition Plan™ in which all these values are
instantiated is shown in the left box of the figure.

108

3.4. Supporting tool

Associated with concepts of our framework, we
have defined a set of high-level requirements (R1-R7)
aimed at making the tool that is efficient, easy to use,
and flexible enough to support whole knowledge
lifecycle in the EFO concept.

R1. The systematic KM process definition should be
established in order to be supported by the tool.

R2. The structure of the organizational repository
should be well defined, and then designed Knowledge
Taxonomy has to be used to define it. Also, a
characterization scheme should be defined, especially
to deal with knowledge package retrieve and access.

R3. The organizational repository should contain
both levels of individual and organizational knowledge.

R4. The tool shall support continual accumulation of
evaluated and synthesized knowledge in knowledge
packages

R5.The tool shall support dissemination to
organizations allowing them to share and manage
knowledge packages.

Ré. The tool shall be created perspectives by which
different paris of the organization can look at the same
knowledge base in different ways.

R7. The tool shall be easy to learn and easy 1o use
based on well-defined and implemented usage and
usability studies.

An example of a prototyping tool of the gnalysis
knowledge function is show in figure 9.
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Figure 9. An example of a prototype supporting tool (The analysis knowledge function)



{ Related works

Recently a lot of SPI models and approaches have
wen  suggested  [16].  Top-down  approaches,
ssessment based approach, provide a high-level model
of processes comprised of best practices in a software
development  organization.  These  approaches,
mcluding  CMM[22], CMMI[2], SPICE[23],
BOOTSTRAP[24] and others. They are based on
descriptive and unstructured representations about what
1 software process should be, resulting in the
difficulties to implement improvement initiatives as a
sitware process model, On the other hands, bottom-up
yproaches start with understanding the processes that
the organization owns. A process improvement is
conducted based on measurement and experience.
These approaches include Software Engineering
Lsboratory (SEL)'s approaches at the NASA and
Goal/Question/Metric (GQM) approach [25][26]. It is
difficult to reuse the mechanisms and kmowledge of
bottom-up without huge experience base. As a matter
of fact, SP1 in any organization consistently develops
bath of top-down and bottom-up approaches, they need
guideline to implement and experience base for
improvement.

The concept of a Process Asset Library (PAL) has
been introduced as an organizational repository for
processes, supporting future reference and reuse. A
prototype, named “PROGEN [27]", has heen
developed at SEI, was presented to generate, tailor and
reuse processes. Other related work includes the “The
TAME project [26]" concept of Basili and Rombach,
suggested a top-down goal-oriented approach to model
and executes software engineering activities. The
Xerox's System Development. Center of Vildria in
CDSV carried out process improvement based on
metric data [28].

We can find several prototypes and current tools
[12][13][27][28][29][30] supporting experience-based
for software development have focused almost
exclusively on repository technology. Although it is
recognized that a high level of intuition is required for
the analysis phase, making it extremely difficult to
automate, analysis tools have received some atiention,
particularly in terms of lessons learned repositories.
Some work has also been done on tools for measuring
the effectiveness of repositories and using user
feedback to ' calculate’ the perceived usefulness of
knowledge assets. But litle work to date has
cencentrated on tools that support the (rejuse of earned
knowledge and develops methodologies that explicitly
inlegrate previous experiences and lessons learned into
the improvement process.
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5. Conclusions and future works

This paper presented novel KM framework focus on
three key issues are need for the success of KM which
composed of three levels; Process Definition for best
performing, Infrastructure Development for fulfilling
KM, and Repository Management, This framework is
designed to identify all reusable knowledge for SPI and
define them for reuse. Not only does this support the
CMMI model, it ensures a degree of conformance with
known best practices and enhances organizational
learning. Worthwhile, this framework could be applied
to support SPI for all process areas in any CMMI
organization in an efficient way, and it should be
customized to fit organization's policies. However,

successful KM also requires long-term effort and

ongoing effective performance to maintain  for
continuous imprevement.
A direction of further work would be to:

= Complete the supporting tool with the details
of requirements specification and the designed use-case
to descript the functions.

= Supplement the more details of KM
processes, process definition and related artifacts,

= Propose the novel knowledge package which
is a mediatory for the efficient interaction in the midst
of people and organizational knowledge in the
repository. Useful packaging helps alleviate the
problem of knowledge capture and reuse with the
“Data Model” represent to characterize each defined

type of knowledge. .
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Abstract:

capability Maturity Model® Integration (CMMI) established by Software Engineering Institute (SEI) is
wdely adopted in many software development organizations in order to improve the software
wzvelopment process and work product quality which leads to business value improvement. A well-
iefined Knowledge Management System (KMS) is an important tool to capture and support the use of
w=med knowledge from applying CMMI at both the organization and project level. No matter how
weat the tool we have, it does not guarantee the success of implementing the KM's goal. Apart from
ancern with technological aspects such as knowledge repository technology and automated reuse
gecision, in order to achieve the KM's objective, it is important to customize the KM process
ippropriately. The customization should comply with the policy and culture of the organization
requiring the support from high level management and the collaboration of the employees.

In this paper, we propose a KM process model based on the Experience Factory approach for
agplying CMMI in a software development organization in both organization-based and project-based
level. The proposed process model called CE-DKM is defined into three perspective layers; contextual
layer, elaboration layer and definition layer. It covers all five evolution phases of the knowledge cycle
and also has a mechanism directly driven to improve the value and innovation of knowledge. This
approach may be beneficial to KM establishment with the same standardization for any organization.

Keyword: Knowledge Management, CMMI, KM Process Model, KM Process Infrastructure,
Knowledge Evolution Cycle

1. Introduction

Developing quality software products under time and planned budgets constraints has always been a
challenge to software development organizations. Therefore, knowledge and experience of
stakeholders such as project managers and specialists from past software production projects play an
mportant part for the improvement of next seftware development. .

Seftware quality depends heavily on the quality of the process through which software is developed
(Fuggetta 2000). This fact has led organizations to invest in improving their organizational software
processes by applying software development standards in order to build a reliable system. One of the
well-known and widely accepted standards is CMMI models (SEI 2006), which emphasize developing
quality software and identifying essential details of activities within each process area.

However, CMMI models do not explicitly prescribe how to achieve the requisites. It is upon the
erganization to develop a process which will enable them to comply with the set of goals for each
process area, Different procedures in various organizations or projects will eventually result in a
ariety of experiences which will then require a proper management of intellectual assets. In addition,
the problems, pointed out by software process improvement (SPI) projects, is a quickly changing,
knowledge intensive business, invelving many people working in different activities (loana and Lindvall
2002). We can clearly notice that KM is a promising approach to deal with those problems. An
improved use of the knowledge is the basic motivation and driver for KM in software engineering.

Organizations applied CMM! for software development and process improvement (CMMI
organization) could apply a KM strategy in the same perspective (such as KM process model
construction, level of process management, and shared knowledge goal) and structure (such as
infrastructure architecture, document categories and team work organization). It would not only be
beneficial to the organization from KM points of view but would also bring knowledge sharing among
the business unit in the organization. Furthermore, this could also be used as an excellent support for
SPI appraisal to achieve a higher level of capability, and for increasing business value.

In this paper, we propose a KM process model to guide CMMI organizations to use their common or
shared knowledge in a more efficient way. Our KM process model integrates various best practice
approaches and includes deep consideration with KM process perspectives, life cycle and

characteristics.
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2. Underlying concepts

2.1 Definition of knowledge

To manage the knowledge, we must know and understand the “life cycle of knowledge” especially in
the domain of knowledge usage.

“Life cycle of knowledge"” called “the Knowledge Evolution Cycle" (Agresti 2000) consists of the
phases that organizational knowledge goes through in any organization, as well as the activities
performed upon knowledge, as it transitions from one phase to another. This cycle includes
onginate/create knowledge phase, caplure/acquire knowledge phase, transform/organize knowledge
phase, deploy/access knowledge phase, and apply knowledge.

With an orientation to KM in software development organizations, knowledge is described as “a fluid
mix of framed experience, values, contextual information, and expert insights and grounded intuitions
that provides a framework for evalualing and incorporating new experiences and information. It
originates and is applied in the minds of the knower. In software organizations, it often becomes
embedded not only in documents er repositories, but also in organizational routines, processes,
practices, and norms” (Davenport and Prusak 1998).

KM can be viewed as the foundation for continuous improvement of the software process so that the
resulting products are in better quality and productivity can be achieved effectively. KM can be applied
lo support several related activities such as software process definition, human resource allocation,
cost and effort estimation, requirement analysis and quality planning due to the fact that KM supports
not only the know-how of a company, but also know-where, know-who, know-what, know-when, and
know-why.

2.2 Three key issues for the success of KM

Applying KM requires an understanding and commitment to a series of processes, significant
allocated resources and the support of high-level management. According to an analysis of KM
failures (Lawton 2001), in the process of document management which supports the knowledge
generation, user often does not pay attention to the creation of the meaningful knowledge that will
later benefit the organization. This can easily happen because most of the KM commercial tools
address document management rather than knowledge management. Another problem relates to the
fact that not everything can be managed by a KM tocl only. If everything is stored into a common
repository without the care of knowledge organizing and accessing for later use, the amount of
information to be managed becomes unmanageable and the information becomes useless. The major
failure comes from the point that the organization does not determine the precise goal and strategy to
implement KMS. This may lead to the lack of the relevant staff collaboration. Thus, implementing KMS
involves many challenges and obstacles. The main three issues are particularly important:

= Organizational issues: |t is always a mistake for an organization to focus only on technology
and not on methodology. It is easy to fall into the technology trap and devote all resources to
technology development, without planning for' KM implementation and reuse that is suited to
organization practices and standards.

= Technology Issues: Software technology supports KM, but it is not always possible to
achieve the goal of knowledge sharing. The planning process of tool establishment must
define how users can devote their knowledge to serve the organizational KM's goal.

= Individual issues: Employees often do neot understand the importance of knowledge
construction which requires the effort, time and the attitude of sharing. Promoting KM
awareness that directly affects the individual is unavoidable.

These issues must be analyzed and planned to manage with the compliance of each organization
policy and culture in an integrated viewpaint in order to alleviate these obstacles.
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12 Software development and process improvement using CMMI model

CMMI models introduce and describe what have been determined to be the best practices that many
erganizations have found to be productive and useful to achieve their business objectives. CMMI is
widely used in software development industry. CMMI supports both organization and project level
which any organization may apply according to the maturity of organization .It composed of 22
process areas grouped into four categories: process management engineering, project management,
engineering and support. Each process area of CMMI depicts goal and practice in both general and
specific terms that an organization must commit for process improvement However, CMMI models do
not explicitly prescribe nor imply particular processes that are right for any organization or project.
Thus, a working team, responsible for CMMI adaptation, must interpret the process areas using an in-
depth knowledge of CMMI and software development methodology. Moreover, key success factors of
CMMI implementation must be considered such as a support from the organization top level
management, the business environment, and the specific circumstances involved. It is also important
to consider the overall context in which these practices are used and to determine how well the
practices satisfy the goals of each process area context.

Buring the phase of planning, designing and implementing CMMI in organization, the common cycle
of problem solving usually occurs. It is composed of defined problems, proposed solutions, and
results after applying the selected solution. Earned knowledge from applying CMMI can be later used
by related stakeholders of the organization to improve business value and performance. Thus, a well-
defined KMS is an important mechanism to capture and support the use of earned knowledge from
applying CMM|I in both organization and project level.

3. Fundamental of CED-KM process model construction

To define the KMS for a CMMI erganization, in this research, we applied a process-oriented KM
strategy (Maier and Remus 2001), which integrates the two perspectives, market-oriented view and
the resource-based view. The market-oriented view provides and organization to define the customer
needs and identify the business strategies with correspondence activities to satisfy customer needs.
The resource-based view considers the core competency of the organization in terms of the staffs
skill and experience, quality of assets, and business area expertise which is the constraint to achieve
the market-oriented view. In a similar manner, KMS must provide knowledge in a form that meets
CMMI's requirements in both organization and project level under the constraint of the knowledge
asset captured in the repository and accessing mechanism. In addition, the implementation of process
management comprises the idea of continuous process improvement and can integrate the life cycle
models of KM. So, the concept of this strategy leads us to propose a KM process infrastructure for
SPI organization.

3.1 The objective: “CED-KM" is constructed base on the three important issues for implementing
successful KM including organizational issues, technology issues and individual issues. The required
inputs are the best practices reported, and specific concerns. The proposed outputs are infrastructure
and three layers of KM process model. The model construction concept, required inputs and outputs
are shown in Figure 1,
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3.2 The construction method: To define the KM process model for SPI organization, we adapt the
idea from knowledge area of software engineering process in the Guide to the Software Engineering
Body of Knowledge (SWEBOK) (IEEE 2004).

321 KM Process infrastructure establishment concerns with the KM's goal and plan for
implementation and change.

* Establish the goal of KM process construction. Goal of KM process design must be
generalized and the goal of process implementation and change must be defined. The goal of
KM process may include plan execution, new process deployment (which may involve, for
example, tool deployment and training of the staff), and/or existing process change.

* Identify process infrastructure. \WWe must provide a structure of major KM activities and their
relationships support the KM's goal. The concept of software engineering design principles
such as separation of concerns, generalization and specialization, and abstraction are applied
in order to deliver groups of infrastructure.

* Plan for process implementation and change. This plan may include action plan, training plan,
sponsorship management, commitment, pilot project selection, and tools.

3.2.2 KM Frocess Definition concerns with the construction of activities and their relationships to
support the KM's goal.

* Define KM process life cycle. It could be arranged to fit any of the software life cycle models
Also, a list of life cycle activities can be mapped into processes and organized in the same
way as any of the knowledge evolution cycle models.

* Identify notation for process definition. Processes can be defined at different levels of
abstraction (for example, generic definitions vs. adapted definitions, descriptive vs.
prescriptive vs. proscriptive). Various elements of a process can be defined, for example,
activities, artifacts, and resources. More recently, a process modelling standard has been
published by the OMG which is intended to harmonize modelling notations. This is termed the
SPEM (Software Process Engineering Meta-Model) specification. (OMG 2002)

* Guide for process adaptation. Defined processes—even standardized ones—must be
adapted to local needs, for example, organizational context, project size, regulatory
requirements, industry practices, and corporate cultures.

* Conslruct automated tools for process implementation. It is necessary to have autemated
tools either support the execution of the process definition or provide guidance to staffs
performing the defined processes.

3.2.3 KM Process Evalualion concerns with finding oul how well the implementation and change
went, and whether or not the expected benefits materialized. There are two approaches for the

evaluation of process implementation and change, either in terms of changes to the process itself or
in terms of changes to the process outcomes.

3.3 The input information for constructing proposed process model can be organized into two
categories.

3.3.1 Practices. The practice category mainly captures from patterns found among related
researches, and information from the successful KM implementation. These practices are analyzed to
construct the precess model with a high possibility to achieve KM success in SPI in any organization.
The practices are composed of three main types as follows:

» Best Practices: The best practices are well-defined procedures that contribute to the success
of KM implementation. e.g., the Experience Factory (Basili et al 1994), KM Practices (loana et
al 2001), KM General Processes and KM Toolkits (Tiwana 2000).

* | Related Works: The related works are a set of researches and their outputs that involve with
KM, SPl and CMMI implementing. e.g., CMMI Case Studies (Vantakavikran 2007,
Vivatanavorasin 2006, Falbo 2004), KM Case Studies (Mendona Neto 2001, Feldmann 2000,
O'Leary 1008, Althoff 1997), KM Tools (Henninger 2003, Mendona Neto 2001, Ahn 1998).

* Standards. The standards are used by an organization regarding system development such
as SPI practices and quantity management, etc. in order to perform tasks in a standard way.
The standards may include SWEBOK (IEEE 2004), SCAMP| (SEI 2006), IDEAL (SEI 1996),
SPEM (OMG 2002), SEFG Guide (SEI 1990), and SPI Guide (SEI 1996).
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3.3.2 Specific Concerns. The information in this category must be defined by the organization. The
organization may use such methods as policies, business rules of work procedures and domains
knowledge to help customizing its own process model. However, our process madel is focused on
how to implement KM successfully in CMMI organizations. The information in this category is
introduced as follows:

* Knowledge Evolution effects the process design that must cover not only support the KM life
cycle but also the evolved of knowledge value.

* CMMI Process Area objectives, components, format, and interdependency among process
area must put into process design consideration.

* Organizational policies of SPI in both process evaluation and improvement must consider
since KM process must support organizational palicies. This results in the ease of KM
deployment.

3.4 The output of this section is KM Infrastructure model and CED-KM process model that will be
proposed respectively in Section 4 and Section 5.

4. KM Infrastructure for CMMI organization

Supporting knowledge-based approaches for software development, we should design KMS to
support all of the knowledge life cycle. Not only is knowledge-based repository technology necessary,
but also KM development methodologies must be established and practiced to ensure that existing
knowledge is utilized and refined in a disciplined method in the develepment process (Buenos Aires,
Argentina 2001). Therefore, we design KM infrastructure by integrating the Experience Factory
Organization (Basili et al 1994) and knowledge evolution cycle.

Consequently, organizational knowledge would be effectively managed in all phases. Moreover,
relationships between the KM activities and the appropriate tools would be established to help guide
KM to support the development and improvement software process. To establish KM processes, it is
necessary to have an appropriate infrastructure in place, meaning that the structure of major KM
activities must be provided to describe relations among the activities and the resources must' be
available. We propose the KM process infrastructure showed in an abstract level in Figure 2 and in
details in Figure 3. This KM infrastructure involves the identification and analysis of available and
required knowledge assets and related knowledge processes. It also involves the subseguent
planning and controlling of actions to develop both assets and processes in order to fulfil
organizational ebjectives. Figure 3 represents KMS support the CMMI erganization which divided into

three parts, ,
ok X

"“"r:":"”“‘ Pmcut'l'm KM Team 7 Suppering

Figure 2: Overview of KM Infrastructure support the CMMI Organization

* The Project Organization Part relates to the definition of the project's goal, characteristics,
and required resources. It interfaces with the process engineering by selecting appropriate
processes of software development that may need information or knowledge captured in
knowledge in a form of knowledge package. After the development process is executed and
deployed the defined products, the raw experiences from process action teams are captured
as a primary input of knowledge factory.

* The Process Engineering Part accepts defined requirements from project organization part.
Then, the process tailoring must perform to comply with the project characteristics and
CMMI's requirements in specific project-level process normalized to the organization-leve|
process. Next, the selection of process assets such as process guidelines, process
templates, and process checklists from knowledge repository must carry out. The process
and asset selected are used for process execution. Monitoring and control of process
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execution are important for define issues for process improvement. An analysis of knowledge
process measurement (such as time and effort to finish process execution compared with the
plan, resources used in each process, and the satisfaction of process action team and user)
also bring issues for analysis and improvement the organization level process. All issues are
become the input of knowledge repository that can be used later in different projects and
software engineering process teams and stakeholders.

The Knowledge Factory Part supports those process engineering and software
development by providing tailored knowledge assets to projects that are well integrated into
the activities perform. In the factory, KM tasks are performed with respect to the activities
defined in the knowledge evelution phases by KM team, stakeholders and supporting tools.
Knowledge could be classified as Process Assessment Knowledge (Goals and Practices of
CMMI), Process Asset Knowledge (list of work products according to CMMI's requirements,
software development life cycle and lesson learned from various roles of development teams)
and Process Improvement Knowledge (measurements techniques and collected
quantitative data conformed lo the measurement and analysis objectives). Defining KM
process that is suitable fora CMMI organization, we should be concerned with the knowledge
occurrence in CMMIimplementing and the organizational cultures,

T R
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Figure 3: Infrastructure support the CMMI Organization

We elaborate and amplify the important steps to fulfil KM infrastructure, as proposed in figure 3, which
describes all steps with respect to knowledge evolution phase in the KM process model. Those KM
processes are:

Originate/Create process® takes place during process execution, when knowledge is
obtained during the project course. Knowledge is analyzed and may be changed according to
user's need. The refined knowledge will be later captured in the next process. It is developed
through development team learning, problem solving, innovation, creativity, and importing
from outside organization sources such as new technology and new standard.
Capture/Acquire process® aims to capture knowledge and its information with the use of
“Input Knowledge Package”. Acquired knowledge is captured in an explicit form. Then, it will
be passed to the analysis process for knowledge approving.

Transform/Organize process@ aims for the knowledge packing and transforming into the
organizational knowledge repository. Knowledge is organized, transformed, or included in
written material and knowledge bases. This also includes any action to deal with rendering
tacit into explicit knowledge residing in different locations within the ease of handle and
access.

Deploy/Access process® aims for the usability of this knowledge in a new project, resulting
in corporate learning and dissemination,

Apply process® aims to make knowledge available whenever it is needed and to export
knowledge in a form of "Output Knowledge Package”. This is the most important part of the
life cycle because it enhances the use of knowledge in all parts of the organization.
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The KM infrastructure provides three main benefits. First, software development projects can improve
their performance by leveraging experiences and knowledge from previous projects focusing on the
effectiveness and the ease of reuse. Second, software engineering process groups can improve the
organizational standard processes by measure and analysis performance from previous projects and
can tailor the specific process suite to the next project focusing on standardization of organization and
project level. Finally, the organization could adjust or change the way to do the works by KM-based
motivation and driver focusing on increasing organization knowledge values and evolution.

5, CED-KM process model

According to some representations and notations of process model (Vantakavikran 2007, SWEBOK
2004, OMG 2002) in software engineering process, we could signify the actual set of activities
performed within an organization, which could be viewed as one process. However, we should
represent the process in different layers or perspectives for appropriate process utilization and
instantiation. Our KM process model is represented in three layers as shown in Figure 4. It is
composed of. (1) Contextual layer is an overview layer which describes the whole components
relevant to KM implementation. (2) Elaboration layer provides a flow of main activities with their
associated roles and inputs/outputs. (3) Definition layer is used to substantially describe each activity
of elaboration layer in a concrete way with involved elements.

These three layers must conform to each other in terms of consistency, completion and correction. In
addition, the conformance evaluation method is necessary to ensure that these three layers are
satisfied with three key success issues of KM.

5.1 Contextual process model layer

Contextual layer is an overview layer that depicts the whole environments relevant to KM
implementation. It could be applied in each organization for occurred KM in SPI project. Figure 4
shows the fundamental environments which are composed of three major components: stakeholders'
role and responsibilities, KM activities divided into three phases, and inpuls and outputs.

Groiap o CCProcessr> Management
Knowledge Management Process System (KMS)
Software
Pracess Grevs iﬁ St of Knowledgs Mansgemant
Phases
Taam ~
M System M brgserebinand

I N TS T S e S S
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Figure 4: KM Contextual process model

KM process model represents a flow of activities divided into three phases: KMS Development Phase,
Knowledge Evolution Phase and KM Improvement Phase. Each phase is divided into major activities.
The details are described in section 5.2.

The inputs are needed for KM accomplishment. KM goal, business goal, organizational policy and key
performance indicator (KPI) are inputs for align KM suitably and consistently to an organization.
Vision, mission and appropriate strategy are a major driver of the success of KM.
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After implementing KM in system development phase, the organization could earn an effective and
well-organized KMS to manage organization knowledge for continually accumulating knowledge and
storing that knowledge in a form that can be easily accessed, used, and modified in Knowledge
Evolution Phase. Finally, knowledge could be evaluated continually and KMS could be maintained
and improved dynamically in the last phase.

The roles and responsibilities of stakeholders are specified into five major categories:

(1) Executive Leader Group is a person or a group of people who has power and influence on an
organization’s decision. This group is responsible for the initiation of KM in an organization.
This group is also a policymaker who encourages, advocates and sponsors all budgets,
resources and motivations.

(2} Knowledge Management Group is responsible for controliing and managing KMS for planning,
allocating resources, identifying task, coordinating interactions among stakeholders, and
controlling changes to reach each milestone and ultimate goal.

(3) Maintaining Group is responsible for inspecting, monitoring stakeholders' tasks, and
maintaining KMS.

(4) Expert Software Engineering Process Group is vital to process improvement success who
defines and maintains standard processes used in an organization, provides process
requirements and work with Software Process Action team in development and maintenance
in software projects. In term of KM, this group is important to give the suggestions of
classification, analysis and approval of knowledge in the organization.

(5) Process Action Teams includes several roles have the responsibility to follow the defined
process in any project. This team may be composed of project manager, software analyst,
designer, developer, system architect, tester and support technician.

5.2 Elaboration process model layer

The elaboration process model layer depicts the flow of main KM activities with their main defined
related roles inputs and outputs. This process is divided into three phases. With the adaptation of the
works about main activities to implementing KM (CMMI 2006, loana and Lindvall 2002, Tiwana 2000
and Agresti 2000) and our idea, the proposed KM process is divided to three phases and each phase
has a sequence of activities and defined related roles model that supports an organization to manage
and maintain the knowledge system.

1) KM System Development Phase: (shown in Figure 5.) aims to develop the KMS with the focus on
organization and technology issues in order to achieve the success of KM implementing constantly.
This phase divides into three processes: Initiation and Planning, Analysis and Design, and
Implementation. The first process starts from defining the direction of a KMS in an organization level
and Kick-off meeting. KMS is established, and then KM goal, policy, the matching strategy and
various KM plans are declared. Then, the existing organization's infrastructure including the existing
knowledge assets and system are analyzed. Finally, KMS is developed and released. Related
stakeholders are ready to perform their tasks with aliocated necessary resources.

2) Knowledge Evolution Phase: (shown in Figure 6.) This phase contains major activities which
perform the evolution phases of the knowledge life cycle. Conceming the core of KM implementation,
this phase divides into five processes: Capture/acquire, Transform/organize, Deploy/access, Apply,
and Originate/create (described in section 3.). All activities in this phase should be performed
continuously. The knowledge package is used to transform knowledge from a current phase to the
next one in the knowledge life cycle.

3) KM Improvement Phase: (shown in Figure 7.) This phase consists of the activities support KM
performance improvement in both repository and activities for continually use. This phase divides into
two processes: Maintenance and Change Management, and Evaluation and Improvement, All KM
processes and activities should be evaluated and documented feedback by related stakeholders for
the use of knowledge improvement. Successful KM not only takes technology application, but it also
takes cultural novelty and the reward systems which are major drivers of the works in most
organizations. Moreover, KM needs constant maintenance after the implementation.
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5.3 Definition process model layer

Each activity from the elaboration layer is defined in more details in this layer. Our proposed definition
process model layer is basically defined and adapted from the Process Definition Elements of
SCAMPI (SCAMPI Upgrade Team 2006) appraisal method. The KM activities are defined in nine
elements:

(1) Purpose — a brief summary of what is accomplished by enacting the activity.

{2) Entry Criteria — conditions that must be met before enacting the activity.

{3) Inputs — information needed to enact the activity.

(4) Tasks — set of actions which, in combination, make up the activity.

(5) Outputs — artefacts and assets that result from enacting the activity.

(6} Exit Criteria — conditions to be met before the activity can be considered complete.
(7) Key Points — a summary of the most notable events associated with the activity.
(8) Records — information to be retained for future use.

(9) Responsibilities — persons who perform and take responsibilities to the activity.

These contents help describe the details and associated task of each activity. An example of activity
definition of the *Approve Knowledge Activity” is shown in Table1.

Table 1: The activity definition elements of the Approve Knowledge Activity

“Element _ Content
Purpose To approve the entry knowledge with validity and verification criteria.
Entry Criteria . The individual knowledge has been submitied to the system.

Inpuns . Submitted Knowledge Package
. Approval Goal
. Approval Critarion
. Analysis and Approval Method .
Tasks 1. Perform analysis the submitted knowledge by using the analysis method
according lo the approval goal and crilerions.
2. Improve or correct the content of knowledge if it is necessary.
3. Document the analysis results and reasons.
4. Perlorm approval by using the suitable approval method with validity and
verification aggording o the approval goal and crilerions.
5. Document the approval resulls,
Outputs 1. Approved
2. Summary of Knowledge Approval ¥
Exit Criteria 1. The submitted knowledge has been already approved and reported the result
complately.
2, There is no change or improvement needed. o
Key Points “Ensure that the knowledge should be analyzed and approved according lo defined
goals, criterions and methods.
Records Information of approver, date, imes and status of the knowledge.
Responsibilities Expert Software Engineering Process Group

el o e

6. Conclusions and future works

This paper present a novel KM process model called CED-KM for organization applies CMMI in
software development and process improvement. The proposed KM process model focuses on three
key issues of the success of KM: organizational issues, technology issues and individua! issues. The
necessary infrastructures including Project Organization Part, Process Engineering Part and
Knowledge Factory Part of the KMS for SPI in both organization and project level are defined. The
proposed KM process model is composed of three layers: contextual layer, elaboration layer, and
definition layer. The 32 activities of each process with the related inputs and outputs are instantiated.
The proposed KM model could be applied with appropriate customization in SPI for KMS
implementation in any CMMI organization. However, the success of applying KMS also requires long-
term effort under the support from high-level management and continuous performance improvement.
A direction of our future works would be proposing the tailoring guidelines of how to apply our KM
process model and evaluation and developing a prototype of software supports the KM process
model.
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fANgsH 07: AYUAUNUINIU RUNUUAZNSNENSG (Endorse Plan, Budget and Resource)

nUszaan

\WaRTRLMLIY Ruuuazningns

WNELFIIRINITdn

UHUNIIWINUUATNN9E1395N T2 LLNNIAANITANG AT N siudn

dqutindn 1. WHUNNIREUIITLILNIIANITANUAZNNTE1 395N TN

2. sutlszannauagninennsiild
Wi 1. MIIRADLILENY Gunumzm?“wmmziﬁm”u;mmﬁmmimmi

2. UL RUULaTnIneInsdmLsTILANTIANITAINT
dauiiean \BNANTRRNANIIAAUIIZLLNNIAANITAINELATNN9E1 79N EY
INUTUBINNTEBN  UNLNTRALNSZIINSdANITANAuaENsansenen T dFunseyiFudn
szifudiAty Qu?mimﬁmﬁmmﬁuwumﬁmnﬂiﬂﬁuiﬂﬂwﬂ?ﬁa
finyatiuin 8NN ITIN > 7/ 7 T,

v
UNUIN BASUUIN

a

v & o o a ¥ . ilidl a s '8 v o
AUsueeedng (Fusneanw, Sulagey) filssgnssuaunisadanssntansiuaf (Walinwn) uay

a o

U
v 2 v o ¥ o v v o ¥ o a
gusnsdanasanng (WA1Usnen)  dpuauazacupunisdnnisaaini(Wiadsnm) ganiiu

nsruaunsamandun (liany3nen)

Aangsn 08: ATIEHIATIAFIY TAUTITNLAZAINNABINITIRIBIANT (Analyze the Exiting
Organization’s Infrastructure, Culture and Requirements)

fangsu 08: AlATzUlAsIds19URIRIANS (Analyze the Exiting Organization’s Infrastructure, Culture and

Requirements)

RMENC

=)
=o
=

U

daurinean

°

sziiudnAny

o =
UNUIN BASUUN

T
e~

Wadasziflassadnilaqiiuaasesdnsiclusiuasdng dumalulaguazdiuyaains ey
Hayalunisimsisieenuuuszuudnnisaininmaizanlunisaiiunisaadniulasea¥eusy
TAIUFITHIBIBIANT
= PR o TR P P "
1. lnenmatiasine Awsnzanlunisinmsilasaieiagiueesesdnivluesdng sumalulad
WATYARINT
2. TrmziilasvaiNtededAnsaAINAasnIsnIssunalulad iedinziesnuuuwardng i
P yel .
sruudnNIANFmIzansiely
3. agthlsziiuuazanaaunanisiinaziilassaineaesasAnsinunalulad
4. Bipmzilassaivanaenuidaqiiueesesdns uasdmusssuluniaicaueyaang Adau
WNeadesiuniadnnisrnud wazpnumenImIesIuesAnIuLaryAaINIMeiunIIdanIg
v
AN
G4
5. gLlUsTiAULAZIIBNUNANTIATITHTATIAFNUAZANINFIBIN1T AR ANT
6. ATL/LTTAULATIIENTUNANITTATITHI U ITHUAZAYINFIBIN1TAUY AAINT
1. uansiimasilassainaesssdnsuazausemnisinumatulad
2. HANTIATIZUIATAT19TB9BIANTUAZANINFIBINTANUBSANT
3. NANTIATIZITRUETTNLDIBIANTHAL A NS BINIIAUYAAINS
n9aaseilaseaineilaaiiuaesesdnsisluduesdng frumaluladuazdiuyaainsiu aos
- . . < o= L vl oy e o . .
BAtzflusAuan uardulszifunfinansenusanisdnnisatninazsesaiiunissaelletng

'
oA

ABLURAN

o = s a o %

HifingaynszuaunisiAnssnaansiied (Fuliagey) fisuisdannisann (Guiatey) fauauay

O

3

. v a vo o . e ez
AILANNMIARNITANE Gullntay) Fanfiunszuaunsiamnaansiuag (IaniEnmn)




129

nangsu 09 ﬂ@ﬂLL‘]_IUTm\m?’]\ﬁJm?zuumeﬁ\‘ilﬁum’mi (Design KM Infrastructure and

Repository)

Aanssu 09: 2anuULTATIAFITIDITTULLAZARILALAINS (Design KM Infrastructure and Repository)

RMENC

daurindn

=)
=o
=)

U

Lﬁ'@@@nLLquﬂNzﬁ’mmmaﬁ:uumﬁmmammi‘mmﬁqLﬁum'm§z‘i’m§umiﬁwma:uuﬁmma

AT

1. HaNM3ATElANEFNTIR9R9ANIuAZ A NFRINsAImATWAE

2. HANTIATITUIATAF 19T B9B9ANTUAZAYINABIN1TAUBSANT

3. NANTIATIZAIRLEITNLDRANTHAZAITNFBINIIAIUYAAINS

1. Lﬁ@mLwﬂﬁﬂLL@:LV]miuiaﬁﬁr@:ﬁwﬂ%ﬁuwumiﬁﬁumixuuﬁmm?mmi W1 N1FAUNN
(Searching) nstaseaietiny@daya (Indexing) UaznNIAUAL (Retrieval)

2. szymsnauwaReTiaen Buasiznain g -

3. aanuuulassafrsannilnanssurasszuudnnisanin i lusrunatulad wazdunaln
nszuaumaulussuy s uesdnsuazyAaIng

4. panuuuinsea¥aesnaiuadINg

5. 's‘:umﬁﬂ@xﬂ@wmmum‘@ﬂizmmmiﬂNm%wmawﬂum‘am:ﬁu%uluﬁmmwiu‘iai SN
annel (Clients) W83 (Server) N9HNY (Gateways) WazT1W11a) (Platform)

6. szyjavFlsznaumasdausielszarusasiasaderasszun ludtunszuaunsiney u danans
lumsiensszvdnyapaiiierruianiieluniednniananug (Collaborative Components) 13
us9ausiAINE (Knowledge Package)

dautinaen

o

szifudndny

3 dl
UNUIN BASUUIN

1. finWi@ien (Blueprint) 2891ANATINT8992LLNNIAANIANNNT

2. finiiagnveslagasnaesnaaiuaug
Trssa¥rsrasazuunisdnnisaaniuazafafupanuiieanuuufesanunsn densiauasiinonm
a2AAGEILIATIATINT2989ANT ¥ A WA 5\
ﬁjﬁmmmm:mumﬁmﬂﬁmﬂwmﬁ,m‘f (Fulagey) HiEsannisAng Guilntey) Jauausy
PauANn13ann13A NSRS ) Anfiunssuaunisimnaansiiag (Wanisnen)

Nanssn 10: ATIZALATU TN WA RUNTNEILAZIZUUAANITAUNTNE

67

niegluaedAng (Analyze

and Evaluate Existing Knowledge Assets and System)

Aangs 10: InswnAunsnduazsruudnmsaunsngfdagluagans (Analyze Existing Knowledge Assets and System)

RMENC
daurindn

Ao
UNNI

dauinean

szihudndny

s o
UNUIN BLASUUIN

ieniamstdnmue avflizneusesduninduazszuunissanisresdunswey Lﬂumwﬁﬁﬂgiu
B9ANT

1. Wiusnauazifuue 18952 ULNIIANIANNG

2. NAYNENIIAANIIANT B o |
1. ﬁmumﬂwmmmmﬁmezi)ﬁmzqixLﬁu?ﬁuﬁwﬂﬁﬁfaﬂu@qﬁm
2

< ' '
= o

- 99usaNANIInszdAnIzaeagiane Tuesdnsunsanliniaaaiu iiediasnsidnuue

'
vala I

29AU3TNaLLAYITLILNNI AN sLRsAUNS N A NI T as luaarng

a9 El
o & a «

3. WAITURANHE AUUNBIALTENa LA UNIANY 2B RUNTNE WaLTLATIZITTLLNTIIANITTBY
Auninel
A a as a g a a o Lo AIN 1 3

- aanmatia Ian0staziiiue wasinauailuniedszidnduningnstayoantietluesding

- sERAAvENETeA AN LD IN1sUsIg e AR

- AwensiweslssfiuAdunindnsilyaffeglussAnsmadinisuazinneMnanualy

- Usnifiuuaraguanisiinsnzvivarilssilupn@uning

- Bneitesiesendeailssiiuld luilaqiuiuaaransneseanis

D

v a '

@ennagnd wailaviedanisiasuiunissanisaen i iiindaesdunindlfusigan
Ll vl | Jd ¥l
1. nagng Lwﬂﬁﬂu?ﬂ%‘ﬁ‘miﬁ@éﬁLﬁumﬁmm@mmﬁﬁlﬁmﬂ"mmaum?wﬂr
2. HATATIZUANHIUE AUUNBIALTENLUATUNIAUY UDIRUNTNE

3. NANMIATZVka LTI UANRUNINE
mﬁlm’]:vﬁmzﬂizLﬁum’ﬁauw?wﬁﬁmﬁmﬂwﬁﬁaLﬁlﬂﬂﬁmﬂmﬁumummwLLmumirﬁﬁLﬁumi
WeunsdnnispanFetnalitss@nsnam

;ﬁﬁmmmmtmumﬁmmsmaﬂﬁmf (Fulazey) HUTunsdanisanud (Fuilagey) dauauas
pauannsann1sANE (AN danfiunssununiswamnaensiag (Wanisne)

© o N O O b




130

AangsN 11: 9NULLTEULSANIIAINT (Design KM System)

fianssy 11: aaNUULSTUILAANMSATHNS (Design KM System)

RN Wesanuuuszuuaansanniludaeandaadiniunisimunssuy ludusialy
dauridn 1. afangUnsredlasanisszuun1Idnn1sAINg

2. Muriidenrealnsa¥aaeszuun1sdaniImng

3. Mu@ienaaslanaieespdatiunnnug

4. NAAATITHANEILT ANUWUNDIALITLNELILAZANIANY TRIRUNTNET
5

i 1. AinniiazeanuuuALAednTg seuan wiTiniangnuesssuunssAnIsATINEuazdause
Uszanuszwinadld malassadresszundefiuannuditlfeanuunly Weatuayunayndlu
nedanspnaiinauualy

2. szyminennaidlunataszLLnMesaMeraiReEuLAaINg Taniufuazafauns
3. IRANUAYARNULLAENNINAFELIZULUANIUNAGEL
4, VAL IR DU AN SN LA N ZEZI9AN
5. shiauefiszauuazasmiilasiiuns . —
doutingan 1. ATINABINIITENTTLUNNTIANIANNT

2. TBNIMAGBLTTLY UNUNNINARBLILAZNSTINARBLITLLNIAANIAIIN
3. WHUNNIANTNUT LN ITLLINIIAANNIAN LA BIAINELIANNILEZIAAN

UNUY uazuthd - GidintncynssuaunisAInssngeniued (Fullatey) fuiuisdanisacang (Fullatey) fauausy

AauANn13ann1sA N E(iALEn ) danfiunscuaunisimmnaensiuag (Wanisne)

Aanssu 12: wslssayAanglunun1sdnnisang (Assign KM Team)

2
&

Aanssu 12: Lwimmﬂmni’luﬁumfiﬁ'ﬂmﬁmmf(Assign KM Team)

Q

T v T

2 ] e al dl ¥ =l o ¥
"‘]ﬂﬂi‘?ﬁ'&\?ﬂ PWBUANFNLIARINTY mmmmluwummmmammg

dautindn 1. AYINABINITTR9IELLNITANITAYINS
2. WHUNIAIIU WS ILINNIAAN 1T AN TUAS RN N LATNTZEZ19AY

i 1. f‘iLmﬂzﬁﬁﬂmmmmmmﬁ'ﬁﬂLﬂuﬁmiﬁumiﬁmmaxuumﬁmmwmui
2. Andenypanslimnzandviuusazunuanuaznisialunisdanisaniug
3. wanananTsialiyAaINsLAazL AR
4. dnausuypanslinfendfimauls A
dauieen 1. wnntalasaaFafinnisdnnisnanug

2. MsuANIAILNUIMANNSURnTe e dnlufinnnsdanisaanng
UsziiudnAny uwananansianNp N s fimazanie linsau Antuly Ideeneiiu

UL uazuthndl - Hidintisynsruaunisaaanssiganiued (Fullatey) guiunsdanisacing (Fullatey) fauausy

pauANn3ann1sANE(ALEnm) danfiunscununsiamnaensiiag (Wanisnen)

NangsN 13: AaAdIININeNT (Allocate Resource)

NangsN 13: ARE99NINENS (Allocate Resource)

ntszaan \WWadAgsInINeNTAMTUsTULNIIAANIIANT
dautindn

1. ANNABINIITBITZULNIIANITIANT

2. iuniasilinuiaLsE I g AL NS ka Add e UAIHa g EizIaAN
3. WEUNIINIENINHITLULNNIAANIANNG

4. sutlszanmiuazninensi i lurzuunssanisaanag

i 1. @"mmi‘wi”wmniﬁiﬂmmumﬁmmimmﬁ?

2. Samanwensiinaadestinfandviul iR lunssaneanug

daminean enminens MuazeavidannanaldGauFasundn
£ 4‘ 914' a L I'd v o Y a o Y o a ¥
UL wazued - Gilisagnynszuounisdmnssngeniued (IAsnen) duinisdanisaanad (Fuliagey) daua
wazALANNIIIANIANNEFuRaTen) danliunszusunisimungansiung (Iafsnm)




131

Aangen 14: WAUITLUUN99AN15AINS (Develop KM System)
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AangeN 16: AAFNITLLNIIIANIIAINNS (Deploy KM System)
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Aanssu 19: 4UBIRAIINT (Capture Knowledge)
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Aangsn 22: wilsgAaud (Transform Knowledge)
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fangeu 26: 11995N1H195UUN199AN19ANS (Maintenance KM System)
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Aangsu 30: Uiudgaszuunisdmnismanug (Improve KM System)

fianssu 30: YSuilgeszuunisann1sAXg (Improve KM System)
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m?‘-gﬁmeﬁﬂ'a’mifmuﬁﬁu (Knowledge Package Abstract Type)

Abstract Type

Characterization

Title: string <Name of Process area>

Category: string

Type: string

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within

the process, derived from the process>

Relationship g EF N

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body — & = - -~

Abstract: string, file
Contents: string, file
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ussinsiaNilssinmiivnneialilaesdisuidule (CMMI Generic Goals)

Generic Goal

Characterization

Title: GG number string<title>
Category: CMMI component
Type: Generic Goal
Author: string
Date: date
Properties:
Competence level : Core
Content Specification level : General
Proprietary level: Public
Development Process Perspective: about the process

Relationship
Related categories: string, list of string

Body

GG number string<title>
String <Full title description>
GP number.number string<title>: string

Purpose: string

Related to string <Name of process> for string
Description: string

Subpractices: list of string
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o c v i a 1 . .
mmnmmmmgﬂizmwmmmﬂﬂ@um:mumaﬁ (Process area Guideline)

Process area Description

Characterization

Title: string <Name of Process area>

Type: Process area description

Category: Process area

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process,
within the process; derived from the process>

Relationship
related categories: string, list of string

Body

Purpose: string

Related Process areas: string

Introductory Notes: string

specific goal and practice summary: string

Specific Practices by Goal
— SG number string<title>
[ SP number.number string<title>: string
Typical work products: list of string
Subpractices: list of string
Notes: string
Examples: of string<title> list of string
Amplifications: For string<title>
References: string, list of string
IPPD Addition: string

Continuous only box | Staged only box
— GG number
GP number.number

GP elaboration: string

IPPD Addition: string
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usqsiAdNIU sz MW LR (Guideline)

Guideline

Characterization

Title: string

Type: Guideline | Best Practice | Bad Practice

Category: Guideline

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process,
within the process; derived from the process>

Relationship
Process area: string
Generic practice: Prefix number.number, list of Prefix
number.number
Specific practice: Prefix number.number, list of Prefix
number.number
Related Processes: string, list of string <Name of processes>
related categories: string, list of string

Body -

Abstract: string, file
Contents: string, file, list of files
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Process Definition

Characterization

Title: string <Name of process>

Type: Process Definition

Category: Guideline

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process,
within the process; derived from the process>

Relationship
Process area: string

Generic practice: Prefix number.number, list of Prefix
number.number
Specific practice: Prefix number.number, list of Prefix
number.number
Related Processes: string, list of string <Name of processes>
related categories: string, list of string

Body

Purpose: string

Entry Criteria: string

Inputs: string, list of string

Activities: string, list of string

Outputs: string, list of string

Outcome: string, list of string

Exit Criteria: string

Key Points: string

Tools and Techniques: string, list of string
Metrics: string, list of string

Verification and Validation: string, list of string
Records: string, list of string

Tailoring: string

Interfaces with Other Processes: string, list of string
Summary: string
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Process Asset Library

Characterization

Title: string <Name of process asset>

Type: Template | Form | Checklist | Document

Category: Process Asset

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process,
within the process; derived from the process>

Relationship - i

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body g Fr el L L% W

Version: number
Description: string, file
Contents: string, file
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U3sAiuriAN NI Uss N gneNuAIReL (Answer Garden)

Problem

Characterization

Title: string
Type: Question-Answer | Problem-Solution | Recommend
Category: Answer Garden

Author: string

Date: date

Purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process,
within the process, derived from the process>

Relationship - £ L

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Domain: string, list of string

Body | A S crp by o

Problem: string
Answer: string | Solution: string, list of string | Recommend: string, list of

string
Contents: string, file, list of files

Best practices: string, list of string
Result: string, list of string

Examples: string, list of string
Comments: string, list of string
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mm‘ﬁmﬁmwiﬂ?xmmm@ﬁwﬁﬁiﬁmnm?ﬂﬁiﬁmu (Derived ltem)

Derived Item

Characterization

Title: string

Type: Example | Case study | Artifact

Category: Example

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship 45 FF ]

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Domain: string, list of string

Body & = —

Description: string, file
Contents: string, file, list of files
Summary: string, list of string
Comments: string, list of string
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Project Definition

Characterization
Title: string

Type: Project Definition
Category: Case study

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship — - L

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Domain: string, list of string

Body & =

Project No.: number

Type: string

Domain: string, string
Purpose: string

Description: string

Scope: string

Priority: string

Project Size: string

SDLC Type: string

Project Manager: string
Stakeholders: string, list of string
Start Date: date

Finish Date: date

Estimated Hours: number
Cost: number

Status: string

Tracking: string, file
Comments: string, list of string
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ussqindiAvnilssinmianansisynaulasenisaensiuag (Project Document)

Project Document

Characterization
Title: string

Type: Project Document

Category: Artifact

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship = F Fy L

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Project: string, list of string

Process Asset type: string <Template, Form, Checklist, Document>

Body | S S o

Document No.: number

Type: string

Project: string, string
Purpose: string

Description: string

SDLC Phase: string

Content: string, file
Comments: string, list of string
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Personal Information

Characterization
Title: string

Type: Personal Information

Category: Artifact

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship
Reference person: string, list of string

Body

First Name: string
Last Name: string
Username: string
Role: string

Authority: string
Company: string
Department: string
Job position: string
Work E-mail: string
Personal E-mail: string
Work phone: number
Home phone: number
Mobile phone: number
Gender: string

Birth date: Date
Address: string
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ussafinuriANNIUssinndngisvasdnisin (Measurement Objective)

Process Improvement Objective

Characterization

Title: string

Type: Improvement objective

Category: Process Improvement

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <individual, Team, Organizational Public>

Development Process Perspective: string <about the process, within the

process, derived from the process>

Relationship E i J 1

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body g, r

Abstract: string, file
Objective: string, file
Indicator: string <name>
— Measurement Techniques: string, list of string, file <name>
Base Measure: string: number <name and value>

Data elements: string: number, list of string: number <name and
value>

Derived Measures: string: number, list of string: number <name and
value>
—__Analysis Techniques: string, list of string, file <name>
Analysis Result: string, list of string, file

Result: string, list of string, file
Comments: string, list of string
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o & % o/ dg, N
mmnmmmwgﬂixmwmmm (Indicator)

Key Process Indicator

Characterization

Title: string <name>

Type: Key Process Indicator

Category: Process Improvement

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within the process,
derived from the process>

Relationship . Jgr Fry

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body g Fr i R

Abstract: string, file

Target to: string, list of string <Properly addresses and covers the area intended to be
measured.>

Data elements: string: number, list of string: number <name and expect value>
Assumption: string <Identify any assumptions about the organization.>

Performance direction: string, list of string <Clearly shows the “bad” and “good” directions
in trend analysis. >

Suggestions for improvements: string, list of string <Provides critical suggestions for
improvements to the related process.>

Timely manner: string <The timing defined for data gathering easily permits execution of
reporting and data analysis.>
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o & % a o = [ .
m?ﬂ‘ﬂmmmwgﬂ?xmmmﬂuﬂmmm@mLmﬁ:‘w (Measurement and Analysis

Technique)

Techniques

Characterization

Title: string <name>

Type: Measurement | Analysis
Category: Process Improvement

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship = F FE- . 4

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body & = : -

Abstract: string, file

Model/Algorithm: string, list of string, file
— Base Measure: string <name>

Data elements: string, list of string <name>

— Derived Measures: string, list of string <name>

Data elements: string, list of string <name>

Assumption: string
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ussafinuriANnIUssinndeyadoutias (Data Element)

Data Element

Characterization

Title: string <name>

Type: Data Element

Category: Process Improvement

Author: string

Date: date

Knowledge sharing purpose: string

Properties:
Competence level : string <Core, Advanced, Innovative>
Content Specification level : string <General, Particular>
Proprietary level: string <Individual, Team, Organizational Public>
Development Process Perspective: string <about the process, within
the process, derived from the process>

Relationship F . ry

Process area: string

Related Process Area: string, list of string <Name of Process areas>
Related topics: string, list of string

Related categories: string, list of string

Resources: string, list of string

Body - — - -

Abstract: string, file
Definition: string
Data collection:
How: string, list of string
When/How often: string, list of string
By Whom: string, list of string
Form: file
Example value: file
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19199 9. 19ayaRuaeIanslssiivanuUUAUNNAMTUNsU s UNANIBLIUNIS

AAN1IAINT

Org Iv 0 Org Iv 2 Org Iv 5
1) Organizational Issue | P1 P2 P3 Total P1 P2 P3 Total P1 P2 | P3 Total
Completeness |1.1-1) 3 4 4 11 4 5 5 14 5 4 4 13
Appropriateness|1.1-2 4 4 5 13 4 5 4 13 5 5 3 13
Flexibility 1.1-3) 3 3 4 10 3 4 5 12 4 4 4 12
Usefulness 1.1-4) 5 4 4 1153 4 3) ) 14 4 4 4 12
Appropriateness|1.2-1) 5 5 5 1) 4 5 5 14 4 5 4 13
Appropriateness|1.2-2) 5 4 4 18 5 ) o L5 4 4 4 12
Reliability 1.2-3) 3 3 &) il 3 5 5 IS} 4 4 3 11
Flexibility 1.2-4) 4 4 4 ) 4 5 &) 14 4 5 4 13
Usefulness 1.2-5) 5 5 4 14 4 9 &) 14 4 5 5 14
Flexibility 1.3-1) 3 3 4 10 5 ) %) 46 4 5 5 14
Appropriateness|1.3-2) 3 4 4 11 4 9 ) 14 4 5 4 13
Completeness |1.3-3) 2 2 4 8 3 () 5 i3 4 5 4 13
Usefulness 1.3-4) 3 4 4 i¥ 4 ) 5 14 5 5 4 14
Appropriateness|1.4-1) 4 4 5 13 4 D, 5) 14 4 5 5 14
Completeness |1.4-2) 4 4 4 i»2 5 9 5 13 4 5 4 13
Flexibility 1.4-3) 4 5 3 12 3 5 5 13 8 4 5 12
Reliability 1.4-4) 1 3 4 10 4 5 5 14 5 5 4 14
Usefulness 1.4-5) 4 4 4 12 4 5 3 14 4 5 4 13
Completeness |1.5-1) 3 2 4 9 4 B 3 14 4 4 5 13
Appropriateness|1.5-2) 4 2 4 10 o) 5 4 12 4 5 4 13
Flexibility 1.5-3) 3 8 4 10 5 3 5 19 4 5 4 13
Appropriateness|1.5-4) 2 2 4 8 4 5 5 14 4 4 4 12
2) Technology Issue
Completeness |2.1-1) 3 2 5 10 4 3 & 14 5 5 4 14
Flexibility 2.1-2) 3 2 4 9 —= 2 2 13 5 5 4 14
Usefulness 2.1-3) 3 2 = 10 <) b 5 13 5 5 4 14
Completeness |2.2-1) 4 5 5 14 4 5 5 14 5 5 3 13
Completeness |2.3-1) o) e = 11 4 = = 14 4 3 4 13
Completeness |2.3-2) 9, 2 5 9 4 5 5 14 4 5 3 12
Completeness |2.3-3) 4 4 4 12 3 4 B 12 4 4 3 11
Appropriateness|2.3-4) 4 4 4 12 3 5 5 i) 4 5 3 12
Reliability 2.3-5) # 2 4 8 4 4 5 13 3 4 3 10
Usefulness 2.3-6) 3 3 5 11 4 5 5 14 3 4 4 11
3) Individual Issue
Completeness |3.1-1) 3 5 4 12 3 s e 18 4 4 5 13
Appropriateness|3.1-2) 3 4 5 12 4 5 5 14 4 4 4 12
Flexibility 3.1-3) 3 3 4 10 4 5 5 14 4 4 4 12
Appropriateness|3.2-1) 4 5 4 13 4 5 5 14 3 4 4 11
Completeness |3.2-2) 4 4 5 13 4 5 4 13 4 4 3 11
Appropriateness|3.2-3) 3 4 4 1 3 5 4 12 9 4 3 12
Appropriateness|3.2-4) 5 5 5 15 3 b 4 12 5 5 4 14
Appropriateness|3.2-5) 5 5 5 15 4 5 5 14 5 5 4 14
Reliability 3.2-6) 3 3 4 10 4 5 4 13 4 4 3 11
Flexibility 3.2-7) 3 3 4 10 3 5 4 12 4 5 4 13
Usefulness 3.2-8) 4 4 4 12 4 5 4 13 4 4 4 12
Appropriateness|3.3-1) 4 3 4 11 5 4 5 14 4 4 5 13
Completeness |3.3-3) 4 4 4 12 4 4 5 13 4 3 4 11
Usefulness 3.3-4) 5 5 4 14 4 4 5 13 4 4 3 11




7119799 9.2 dayaagiuesnanislssilugannnuinueivg 5 et

‘ Orglv 0 ‘ ‘ Orglv 2 ‘ ‘ Orglv5
1) Organizational Issue
Completeness 3.33 4.67 4.33
Appropriateness 3.95 4.57 4.29
Reliability 3.50 4.50 447
Flexibility 3.60 4.60 4.27
Usefulness 4.17 4.67 4.42
2) Technology Issue
Completeness 3.73 4.53 4.20
Appropriateness 4.00 4.33 4.00
Reliability 2.67 4.33 3.33
Flexibility 3.00 4.33 4.67
Usefulness 3.50 4.50 4.17
3) Individual Issue
Completeness 4.11 g33 3.89
Appropriateness 4.28 444 4.28
Reliability 3.33 4.33 3.67
Flexibility 3.33 4.33 A%
Usefulness 4.33 4.33 3168
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