MIENUUUNAEWRINN TS LIRMIM IR AR anHARA i e WdwI T B s ol
uuudaenAmmzaMuEINITaLULYTEIMEugw

ﬂUEl’JVIEWl‘ﬁWEI’]ﬂ‘ﬁ
qummammmmﬂ

anzAmnTumsnd ymasnInfumiineds
i'im:ﬁnm 2550
AvEnTvssemasninlminemay



CMMI-BASED PROCESS MODEL DESIGN AND DEVELOPMENT FOR COTS
SOFTWARE PRODUCT SELECTION PROCESS

- | o/
qo g e 5_-. o ‘ Scie aniﬁng
Depsnmﬁﬂfcmf

ARIANT I RIS

Academic Year 2007
Copyright of Chulalongkorn University

500367



WIS

Tan
81117317
ol
2191 T0RYInw

NITEBNUULLAERRIMINTELIUNI TN IRARENHEAA U Tan AW
Lﬁ‘amrﬁ'nﬁﬂl'ﬁ'uuuﬁﬁﬂaaqﬁm*::m‘mmmmuuugimn"mﬂug'm
WiHnu3 ']ﬂﬁﬂﬁﬁﬁ'ﬁ"l'l-hﬁl

JmnTIuTenduad

AEumanIsd uasiing wisuya

i,

- =] [Pl T - [* ..'I‘
AMIAINITINAIEGT PRINTRUMINETRY. awlR Wiy Ingfinutatiui
. i - e | e
\udruniisvasnsiinsaamanga Uiy gramminga

................. et estaebns s mains e ssnniens ADMUAR S IAINTIUMAAT

(oamann g as.yyan (@aRTyI)

ATASNTINMIRAL INENTIWUT

NPTV SN o SN

" -
P TR WL 2191IanInm

((hemaaTead washing wiauwa)

................. WY I Lo

(Hwmaasansd Ty BAIMATER)

m?ﬁ ﬂi}é nizunti

................................ izl SR, -
HHwmaanasd avaim §59d)



WILNNT ATIBNLIANTIUG © MITEONUULUSEWRIKINTZUIUNITNITARLREN
nanAueimandurfidsmdrdilfuundiassy@nnzanusuisouuy
H'Im‘]ﬂ"i'il.ﬂ“i"m. (CMMI-BASED PROCESS MODEL DESIGN AND
DEVELOPMENT FOR COTS SOFTWARE PRODUCT SELECTION
PROCESS) anan3fifitfinm : e wasiing wiaama, 235 wi

Iuﬂﬁﬁumiﬁwﬁﬂﬁmﬁ-ﬁaﬂv’u’u'ﬁtﬁqmtﬁﬁﬁuﬁl‘ﬂﬁ%’ﬂﬁ*ﬁmﬁuugﬁu’lu
gammnTsuTavisuai iasdassenduafi foadadsansai lgnisaasildous:
szt lumamsendinfrasesdnsihanlile st lsfienuddudindnanedled
Wuadoswa Wl Fila tiesningendun fidmadiadara i sansodniuns
asusuassanumandivasasnildiauell duiunmsdadanniaiusiranduiiii
vnrﬁ'uLﬁaiﬂunizﬂﬁunﬂﬁﬂﬁﬁtymn%ﬁxﬁ' ﬂdﬁmﬁumﬂu"{ﬂuuuﬁL{im:uuuﬂ:m:ﬁﬂ
16 Tavasdnidagfmuniiasgiusastunannsiies saanasuiiieduluusia:

& wll - B a - s
PURBU T.'IIJ['I-«:IUm']‘l"lll.ﬂ:'i-"l'lr'lﬂﬁ']"lH'ﬂ.lNﬂfﬂﬂﬂﬂﬂqﬂﬂﬂﬂ'ﬁﬁﬂﬁlﬁ“ﬂ"ﬁ

mudspildhiauenszraunadmivngunTsuaunisniitensing
dafulauazmsuilgmlwlssauninaiengandia i dodvasuvuiiea -
MIAEAMUTWIINUUUY TN Fanszumiildbiauaniumlznoudas 3 Tuuuuiiess
fie TuuuuiRanFInINTIN TukLLIIABIEINTEURIIM Ut TUUL LT IRaE R
wanvmineAieigakaueiaiaslamiy guNiEEn i esaadamiauuniiened
mivaiulausznauitigmlsnasafensarsiafidondad FatantuRamivmu
nszumnigast idisueussmansnhlszgndlflussdnidug desty



# # 4770397421 : MAJOR SOFTWARE ENGINEERING

KEY WORD : CAPABILITY MATURITY MODEL INTEGRATION / CMMI / DECISION

ANALYSIS AND RESOLUTION / DAR / FORMAL EVALUATION / COMMERCIAL OFF-

THE-SHELF / COTS / COTS SELECTION / SOFTWARE PROCESS IMPROVEMENT
PHAMORN  VANTAKAVIKRAN : CMMI-BASED PROCESS MODEL
DESIGN AND DEVELOPMENT FOR COTS SOFTWARE PRODUCT
SELECTION PROCESS. THESIS ADVISOR : ASST.PROF. NAKORNTHIP
PROMPOON, 285 pp.

Using commercial off-the-shelf (COTS) software products is an increasing
trend in today software industry, since the use of COTS software can lead to reducing
cost and time of erganizations in software development. However, such the promise
may not be realized in practice because COTS software does not always perform to
serve organizations' expectations. Thus, selecting COTS software product becomes a
critical process which should be performed in a systematic and repeatable manner,
Organizations have to define a standard of workflow, work products to be produced in
each step, and staff roles and responsibilities.

This thesis proposes a process model for Decision Analysis and Resolution
process area of Capability Maturity Model Integration on COTS Selection issue. The
model consists of three layers: overview layer, workflow layer, and description layer. In
addition, a software tool called Decision Analysis and Resolution.on COTS Selection
Tool (DARCST) is also developed for supporting the use of the proposed process model

and can be applied to any organization.
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Abstract

The wse of commercial off-the-shell (COTS)
saftware product can potentially reduce cost and time
for saftware system development. But this promise is
often not realized in practice because COTS product
does nol serve organizations' expectations. Thus,
decision making on selecting COTS product becomes a
critical fask which should be performed in a systematic
and repeatable manner. The Decision Analysis and
Resolution (DAR) process area of Capability Maturity
Model Integration (CMMI) provides practices for
formal evaluation process which could be applied 1o
COTS selection. However, CMM! does not describe
how to conduct the process that can achieve its defined
goals. This research presents the DAR on COTS
Selection (DARCS) process model according 1o DAR
process area of the CMML The model is consisted of
three layers: core workflow layer, workflow details
layer, and description layer.

1. Introduction

The use of COTS is an increasing trend in today
software system development. The rationale of using
COTS software product is that it reduces development
cost and time by using existing, market proven, and
vendor supported software products. Unfortunately, the
use of COTS software product introduces new
problems and risks for the organizations. For example,
a COTS product is difficult to be integrated into a
system; COTS product cannot provides capabilities
vendor claims to have at acceptable level of quality; or
the product is no longer supported because the vendor
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is out of a business, These, in turn, lead to slipped
schedule, cost overrun, and unreliable and unsatisfied
system.

The DAR process area of CMMI provides a
standard way for formal evaluation process [1] which
could be used to support any process throughout the
program lifecycle whenever a significant decision is to
be made. For this research, as the problems mentioned
above, COTS selection is selected to be a decision to
be applied with the DAR process area.

However, CMMI does not describe explicitly how
to conduct the process that could achieve goals
prescribed by the process area. The organization has to
define the workflow, the roles and responsibilities of
the team staff, and work products to be produced in
each step. This research proposes DARCS process
model for DAR process area of CMMI. The model is
composed of three layers: core workflow laver,
workflow details layer and description layer in order to
represent different views of abstraction level of the
process,

This paper is organized as follows. Section 2
mentions the literature survey on COTS evaluation and
selection methods and processes. Section 3 describes
some reference terms of DAR specification. Section 4
describes the fundamental of proposed process model.
The details of DARCS process model are proposed in
Section 5. Finally, the paper is ended with conclusions
and future works in Section 6.

2. Literature survey
There are many researches which work on the

methods and processes for COTS evaluation and
selection. But a few of them focus their approach to
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base on standard DAR practices of CMMI to conduct
the COTS selection process. Standard Approach to
Trade Studies [2] provides a trade study process model
for resolving system engineering issue. The model
provides DAR process area implementation as a trade
study, but does not mention any idea about COTS
software product. Comparative Ewvaluation Process
(CEP) [3] proposes the process description for COTS
evaluation that parts of it reflect DAR process area.
However, the process is lack of dealing with risk
aspect of COTS evaluation process as concerned by
DAR process area, and is lack of requirements
engineering aspect due to their assumption that
requirements do already exist and are fixed. The
Rational Unified Process (RUF) [4. 5] provides the
guidance content and best practices in software
engineering process. The organization using RUP will
have a chance to satisfy some process areas in CMMI
but DAR process area is out of the RUP scope.
Because none of the works can satisfy our ohjective.
This research develops the DARCS proecess model to
complementing and improving such incompletenesses
mentioned above.

3. Decision analysis and resolution
definition and specification

This section briefly provides information about
specific goals (SG) and generic goals (GG) of DAR
process area (see details in [1]). The purpose of the
DAR process area is to analyze possible significant
decisions using a formal evaluation process that
evaluates identified alternatives against established
criteria.  The organizations aiming to achieve
capability level 2 for DAR process area have to archive
2 generic goals that are GG 1 and GG 2, as shown in
Table 1.

Table 1. Goal and practluus of DAR prﬂcm
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4. Process model construction

Our process model is constructed based on
CMMI's DAR analysis and related inputs which help
construct the process model. The construction process
is shown in Figure |. There are three input data
categories for constructing proposed process model as
follows:

Figure 1. Process model construction

1) CMMI's requirements. The DAR process area
is used as the ultimate goal of process model
construction. Also, Standard CMMI Appraisal Method
for Process Improvement (SCAMPI) [6] which
provides the information of indicators (direct artifacts,
indirect artifacts and affirmations) are used to design
the process model as well. The input data in this
category are: (1) DAR process area: This input
includes the specific goals and generic goals of DAR
process area according to the continuous representation
of CMMI. (2) SCAMPI: This input is the
implementation indicators which are expected for a
formal appraisal to rating capability level of DAR
process area.

2) Practices. The practice category mainly comes
from pattemns found among related researches, and
information which widely accepted as a standard or de
facto standard by software industry. These practices
are analyzed to construct the process model with a
higher possibility to achieve the DAR process area,
The practices are compaosed of three main categories as
follows: (1) COTS evaluation and selection: The
main used practices are the aspects which should be
concerned for COTS-based system, requirements
engineering aspect, evaluation process, and evaluation
techniques. (2) Process: The main used practices are a
well-organized process that explicitly defines roles and
responsibilities of a team with assigned tasks and
artifact to be produced, and iterative development
process which is useful for reducing risks for
performing the process. (3) Related standards: The
ISO/IEC 14598 [7] standard provides standardized
process and guidelines for software product evaluation,
and ISOVIEC 9126 [8] provides standardized concept
of software quality.
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3) Customization. To construct the process model
to suit with the addressed issue and for individual
organizations, there are two things which should be
considered. (1) COTS selection decision: This COTS
selection issue is selected to be addressed to apply with
DAR. process area. For any other domain-specific
issues, our method of process model construction could
be applied to develop the process in any other domain-
specific issues. (2) Organizational policy: For any
organizations, they should concern with, such as, their
organizational standards, and existing work procedure.

5. DARCS process model

The proposed DARCS process model, as shown in
Figure 1, is composed of three related layers starting
from one expressing core activities with their
associated roles and artifacts to one describing task
through steps to be done, with aids in details. They are
core workflow layer, workflow details layer and
description layer, Each layer is consistent with adjacent
layer, in terms of used and produced artifacts and
assigned roles in each task constituting to an activity.
In addition, the verification method is necessary to
ensure that the three layers are satisfied with the
practices in DAR process area at capability level 2.
The verification result is shown in section 5.3.

To conduct DARCS process, there are three major
roles which are required, described in Table 2.

Table 2. Major roles of DARCS
[ R

The DMA is a high level management who is
responsible for making decisions on the
process through main  decision —point &t
mandated gate review,

rocess m

This role has an overall responsibiiity for
managing the evaluation process. The leader
mgnitors and controls activities of the process
against plan, and takes comective actions if

ERLE
This Is a role whose responsibiiies are 1o

execute the evaluation. The evaluation team
should include the following key roles:
Requirements  Analyst, Evaluator and
Reviewer

5.1. Core workflow layer

The high abstraction view of DARCS. process
model represents a flow of main activities with their
main associated roles and artifacts, depicted in Figure
2. The core workflow also provides decision points
(condition and branchs) which are useful for
supporting iteratirative process, in that, they help
evaluation leader plan and control the activities in each
iteration, and help team staff to determine the steps to
be perform next. The core workflow is divided into six
phases as below:
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1) Planning phase. The phase starts with
establishing organizational and establishing guidelines
to determine whether the formal evaluation process is
required for the raised COTS-selection issue. Also, the
organizational policy, evaluation plan and formed team
staff are presented to the DMA at gate | review. If an
approval to conduct the evaluation process is made, the
team staff is trained to get ready to perform the
progess.

2) Identifying stakcholders' needs phase. It is
widely accepted that COTS evaluation and selection
must be interleaved with requirement engineering [9].
The stakeholders' desired objectives, constraints, and
priorities (OC&Ps) [10] should be elicited, reconciled
and documented by requirement analysts.

3) Identifying COTS candidates phase. The
OC&Ps are used to search COTS candidates, and
screening criteria is used to narrow the list of the
candidates in order that a detailed evaluation is
performed only on the acceptable COTS, Then the
acceptable COTS (product dossier) and screening
criteria are presented to the DMA at gate 2 review for
an approval to proceed to the next phase. For product
dossier, it would be extended as more information is
gained during later phases and/or later iterations

4) Ewvaluating phase. Evaluation criteria are
defined based on screening criteria and OC&Ps, and
the evaluation methods to examine each criterion are
selected by trading off the importance of the criteria,
the cost and effectiveness of the method. Then, the
evaluators apply the selected evaluation methods to the
corresponding criteria to take measure and rate each
criterion. After that, the scores on each criterion are
consolidated to produce the evaluation results.

5) Analyzing phase. The evaluation results
reflecting benefit of each COTS product are then
analyzed with cost and risk aspects. The major cost
categories which should be concerned and estimated
[I1] are COTS ownership cost, development cost,
transition cost, operational ¢ost and maintenance cost.
For the risks, the identification of risks and analysis of
risks is performed. For identifying risks, the checklist
derived from risk catégories and risk areas of CURE
[12] might be used as a starting point. Then, evaluation
resitlts and analyzed results are brought to sensitivity
analysis to determine the impact of the evaluation
result on changing assumptions made on the
evaluation. Then the evaluation report incorporating
with recommendations and product dossier are
presented to the DMA at gate 3 review.

6) Making course of actions phase. The DMA
makes a decision on the direction of the process by
reviewing the evaluation report. The DMA could stop
the evaluation effort, reiterate some of the significant
activities which are performed with some limitations or
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incomplete information as major action items, or
approve to make a final decision to close the evaluation
by accepting the report data and making a decision on
the best solution. For closing the evaluation, the
evaluation leader collecting all evaluation data,
improvement information and lesson learned gained
during performing the process so as to support for
future use and improve the process and the artifacts.

Menitoring and controlling the process against
evaluation plan is necessary to be concurrently
performed with all evaluation activities.

5.2. Workflow details layer

The activities of core workflow layer are elaborated
into workflow details, introduced by RUP [5]. The
workflow detail shows how the individuals with their
assigned roles works as a team; it shows group of tasks
that often are performed together; it can show related
tasks, in other activities, which are outside the activity
but closely dependent. Figure 3 shows three workflow
details and their dependencies for the activities in the
evaluating phase. Only Defining Evaluation Criteria
activity is described. To define evaluation criteria, the
evaluator performs Identifying Criteria by deriving
from OC&Ps and Screening Criteria, and Rank Criteria
by basing on OC&Ps. Also, the criteria should be
traceable to the OC&Ps to help check the completeness
and appropriateness of the criteria — the Traceability
Matrix form can be used to serve this purpose. The
Evaluation Criteria should be reviewed by the reviewer
to improve their validity. Then, the Evaluation Criteria
produced from Define Evaluation Criteria activity is
used as an input to the Identify Evaluation Method
activity.

The artifacts with bold border, in Figure 3, represent
the artifact defined by Practice Implementation
Indicator Descriptions (P1ID]).[6] of SCAMPI for DAR
process area, Criteria and (Ranked) Evaluation Criteria
indicate direct artifact, and Traceability Matrix
indicates indirect artifact for SP 1.2. Selected
Evaluation Methods reflect direct artifact required for
SP 1.4. Evaluation Result and Issue/Concerns are
served as direct artifact for SP 1.5

5.3. Description layer

The tasks are elaborated into description in this
layer. This process model layer is basically defined and
adapted from SCAMPI [6]. The task description should
be prepared in a concrete way to reduce preparation
time for organizations who want to benchmark the
process quality rating through an official appraisal. Our

ZEfACIS Intermational Conference on Computer and Information Science (ICIS 2007)
3-2841-4/07 §25.00 © 2007 IEEE

a9

proposed description process model layer is composed
of seven elements: purpose, entry criteria, inputs, steps,
outputs, exit criteria and responsibilities. For example,
the process description elements of Identifying Criteria
are shown in Table 3.
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Figure 2. Core workflow layer
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conformity to DAR process area at capability level 2.
Also, the proposed process model reflects GP 3.2 -
Collect Improvement Information, in that it helps
improve the process for both artifacts and activities for
future use in the close formal evaluation activity.

Table 4 Crltaria Identlﬂcmion chacldist

mnmmmwwumm&mm
mmmdﬂﬂ%mmmm

Figure 3. Examples of workflow details of _ “_
define evaluation criteria, identify evaluation - - =
criteria and execute evaluation method activity | forexampls, Stabiity, Customization, Guarantees] =
Table 3. Process description elements of the Licenses O
Idmﬂfy[n_g criteria task ffor axample, Standard use and maintenance licenses, Site
Purpose Wu-“ “fim wilh validity 1o provide a | Scenging] A
Eriry Giila = m"ﬁ v lor example, Financisl stabilil, Reputation, Services Offered),
W and pricdities {ucapal has bean Mtrdrﬂnq o]
Z. The COTS candidais havelbeen créened |_for exampie, Matarials, Policy on reproduction]
into narrow wiable st
Inputs 1. OC&Ps Table 5. Conformance of DARCS process
Steps % dartity the criteria by @erived from OCAPS | model and DAR process area
and screening i | DAR practice
2. Trace the criteria back o the OCEPS o
assure thal the criteria completely address . Palicy GP21
OCB&Ps, and unnecessary criteria are- nol = Establish Guidelines for whether Formal | SP 1.1, GP 29
appeared. Evelusation is
Outputs 1. Evaluation criteria + Estblish Evaluation Flan and Assign | GP 2.2, GP 2.3,
2. Ranked criteria importance Responsibillty GP 24, GP 28,
3. Traceability matrix GP27
Exit Criteria mmmprmmmﬂmmm = Gate 1 Review - Go Ahead GP2.10
o mwl'n -——— = -nPuImnlnq the COTS | GP25
= - OC&Ps.
|_Responsibiliies Evalualors

An aid to complete the Identify Criteria task is a
criteria identification checklist. The checklist is
developed as a result of the analysis of [8], [13] and

[18]). An example checklist is depicted in Table 4. -M%m SdF)
+ Select Evaluation Method SP14,GP 29
5.5. DARCS process model evaluation = Exacute the Evaluation 5P15,GP23
. : Eile Assess Risk B.GP 20
The proposed process model is eva!uatad by Tw: s i — 5 :; g: 59
applying walkthroughs verification technique. The » Gate 3 Review GP 2,10
walkthroughs uses checklists developed according to [ Msking course of actions 4 -
the practices and subpractices of DAR process area. m g:i':' graz

Due to the general nature' of DAR process area,
verification into the subpractice level is required. Table
5 shows the evaluation result of our process model
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6. Conclusions and future works

In summary, this paper presents decision analysis
and resolution on COTS selection process model that
adheres to DAR process area which is composed of
three layers: core workflow layer, workflow details
layer and description layer. This layer design bring
about level of abstraction which provides process
understandability and applicability, help planning and
controlling the process, and help managing and
maintaining the process as a process component basis.

In addition, our process model could help
organizations improve their decision making process
on COTS selection in an objective, systematic and
repeatable manner. Moreover, our process model
construction method provides  pguidance  for
organizations applying CMMI conduct the process in
other area of decisions beside the COTS selection at
capability level 2 of DAR process area.

We are currently developing prototyping tools to
support our process model in order to help the team
perform the process effectively and completely. In
addition, to complement our process model to reflect
some aspects which are important but are not
concerned by DAR process area, the proposed model
should be incorporated with practices from other
process areas. For example, Requirement Development
and Requirement Management should be used to
handle flexible stakeholders’ needs which are tended to
be adjusted due to mismatches between stakeholders'
needs and available COTS capabilities on a

marketplace.
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Abstract

Currently, an approach for software system
development by using commercial off-the-shelf
(COTS) software is increasing and prevalent in
software  industries. Organizations can use
capabilities provided by COTS product instead of
developing such capabilities by themselves.
However, such COTS promise is often not realized in
practice because COTS product cannot serve
m’ga:m:ahms expectations. Therefore, p-:tfnrmmg
decision making process on COTS selection is
necessary organizations before deciding to
purchase a COTS product. This research proposes
Decision Analysis and Resolution on COTS
Selection process model according to Decision
Analysis and Resolution (DAR) process area of the
Capability Maturity Model Integration (CMMI) at
capability level 2 in a continuous representation.
Also, a software tool is developed to support process
practitioner performing the proposed process model.

Keywords: CMMI, Commercial Off-The-Shelf,
COTS, COTS Selection, Decision Analysis and
Resolution, DAR
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