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The use of Commercial-off-the-Shelf (COTS) software has become more and
more important in state-of-the-art and state-of-the-practice software and sys-
tem development. The use of COTS software promises faster time-to-market,
reduced development cost, increased productivity, and the possibility for com-
panies to focus on their own core competencies. At the same time COTS soft-
ware raises risks such as economic instability of the COTS software vendor, un-
known quality properties of the COTS software in use, and side effects of the
COTS software on the final product. Typically, COTS-based development — in
parallel to the traditional development cycle, e.g. waterfall, spiral — consists of
four phases. The first phase — COTS assessment and selection — is the most cru-
cial phase in the COTS-based cycle since long-term decisions on which COTS
software will be used in a software system are made here. A late recognition
that the “wrong” COTS software was used can become extremely costly for a
software organization. This paper presents a repeatable, cost-efficient, and sys-
tematic method for performing measurement-based COTS assessment and se-
lection. Moreover, cost/benefit analysis results of two industrial pilot projects, in
which the method was successfully applied, are presented

COTS Acquisition, Software Measurement, Decision Making, Case Study
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Figure 1

Introduction

Introduction

The use of Commercial-off-the-Shelf (COTS) software has become more and
more important in state-of-the-art and state-of-the-practice software and sys-
tem development. Using COTS software promises faster time-to-market [22] ,
which can yield substantial advantages over competitors with regards to earlier
placement of a new product on a market. Option pricing models can be used
to monetarily quantify this advantage [6] . In addition, COTS-usage reduces
development cost [22] , and increases productivity [22] . Moreover, the com-
pany can redirect effort, which is not allocated (due to COTS-based develop-
ment), to traditional development activities in the areas of its own core compe-
tencies. At the same time COTS software introduces risks [21] [22] such as the
economic instability of the COTS vendor, which can — in the worst case — stop
maintenance support of the COTS software in use. In addition, unknown qual-
ity properties of the COTS software in use can inject harmful side effects into
the final product. Typically, COTS-based development — in parallel to traditional
development process models, e.g. waterfall, spiral — consists of four phases,
comprising (i) COTS assessment and selection, (ii) COTS tailoring, (iii) COTS in-
tegration, (iv) maintenance of COTS and non-COTS parts of the system. The
phases are depicted in Figure 1, which is adopted from [1] and tailored to the
context of this paper.

Effort

awiL

Traditional
Development
(e.g. Waterfall,
Spiral)

COTS Integration
(Glue Code)

System Maintenance
(COTS and Non-COTS)

Phases of COTS-based and traditional software development.

The first phase — COTS assessment and selection — is the most crucial phase in
the COTS-based cycle. Here long-term decisions on which COTS will be used in
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Table 1

a software system are made. A late recognition — either in COTS tailoring,
COTS integration, or even maintenance — that a non-optimal COTS software
was used in the development of the system can become extremely costly for a
software organization. Therefore, repeatable and systematic methods to assess
and select COTS software are an important issue in COTS-based software engi-
neering.

Currently, there exist several solutions for COTS selection. Table 1 gives a brief
summary of existing methods to COTS assessment and selection.

Brief summary of existing approaches to COTS selection.

Approach Brief summary

PORE [11] Elicitation of features of existing COTS software and re-
guirements engineering are conducted in parallel. Eventu-
ally, a COTS software is selected that almost exactly fits
the requirements.

(Procurement-Oriented Require-
ments Engineering)

OTSO [9][10] Starting from a set of requirements specifying the system
(Off-The-Shelf-Option) component, a decision taxonomy using AHP [17] and a set

of measures is defined to select the most suitable COTS
component in a given requirements context. The phases
are screening on the full set of measures, ranking, de-
tailed evaluation, cost and value estimation, and then the
buy decision for a specific COTS software.

CEP [15][16] CEP is an advancement of the OTSO method. The activi-
ties in CEP are on a higher operational level. Activities
facilitating planning of component evaluation and selec-
tion as well as evaluation scenario development and exe-
cution have been included.

(Component Evaluation Process)

Method by Taweel and Brereton Starting from a set of requirements several iterations of
[20] screening and requirements reduction are conducted, i.e.
requirements that are not met by any COTS software
candidate are systematically dropped. Finally the maxi-
mally covered set of requirements fits the COTS software
selected.

One condition for developing CAP was that the full system requirement specifi-
cation was existing prior to the decision to search for COTS software. There-
fore, the PORE [11] method, which focuses on requirements engineering and
COTS procurement at the same time, thus be out of scope in this context.

The OTSO [9][10] method starts from the same input as CAP but appeared too
much brute-force and thus effort consuming to be applied in industrial envi-
ronments. Furthermore, OTSO does not allow for a smooth and dedicated
change of COTS evaluation depths.

CEP [15][16], as stated in Table 1, is an advancement of OTSO. There are sev-
eral enhancements of OTSO, e.g. a planning facility for evaluating the available
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Introduction

component alternatives, an activity for developing, executing, analyzing evalua-
tion scenarios, and the use of an additional mathematical method for evalua-
tion data analysis. Overall, as the OTSO method, CEP does account for dedi-
cated changes of evaluation depths.

The method described in [20] did not appear applicable in industrial context:
No stakeholder issues are included in the method, the prioritization of the re-
quirements is two-class (i.e. optional and mandatory), and changing of re-
quirement priorities is not done synchronized with the requirements engineer-
ing. All methods but PORE [11] (which is out of scope in this context) form a
more or less waterfall-like [2] process for reusable component evaluation and
selection.

This paper presents the CAP — COTS Acquisition Process — method, a repeat-
able, and systematic method for performing measurement-based COTS as-
sessment and selection. CAP is also based on OTSO, but strictly Measurement-
oriented, allowing for optimization of the evaluation towards cost-efficiency,
systematic changes of evaluation depth, and spiral model-like [3] enactment.
Moreover, cost/benefit results of two industrial pilot projects, in which the
method was successfully applied, are presented.

The paper is structured as follows: Section 2 outlines CAP, underlying heuris-
tics, the evaluation taxonomy, evaluation depths, and enactment patterns. Sec-
tion 3 explains the goals and framework for cost-benefit analysis of the indus-
trial case studies. The cost/benefit results are presented in Section 4. Finally,
conclusions on the results and pointers to future work directions are stated.

Copyright © Fraunhofer IESE 2000 3
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2

2.1

Definition of the CAP Method

Outline of the CAP Model

The CAP Method consists of three components: The CAP Initialization Compo-
nent (CAP-IC), the CAP Execution Component (CAP-EC), and the CAP Reuse
Component (CAP-RC). CAP-IC comprises all activities concerned with setting up
a decision model for COTS selection and a measurement plan for assessing the
COTS software alternatives. CAP-EC provides guidance for performing the as-
sessment of the COTS software alternatives and the decision of either buying a
specific COTS software product or traditionally developing the respective parts
of the software system. CAP-RC enables the storing of knowledge gained
about COTS software for reuse in future COTS assessment projects.

The CAP model has interfaces to the existing processes in a software organiza-
tion, namely Requirements Engineering (RE)/System Design (SD), and Supply
(SP). CAP receives input from RE/SD in form of requirement specification docu-
ments for the respective system component. CAP processes these documents
and performs the assessment and selection of COTS software on that basis. SP
is triggered to acquire the selected COTS software. After acquisition by SP, the
COTS software is passed on to system integration.

The first step in CAP-IC is the identification of criteria against which candidate
COTS software alternatives must be evaluated (CAP activity “Tailor & Weight
Taxonomy”). In this activity the requirements are translated into a taxonomy of
evaluation criteria and prioritized (or weighted) according to the Analytic Hier-
archy Process (AHP) [17] under incorporation of multiple stakeholder interests
[14].

The second step is to estimate how much effort will probably be needed to ac-
tually apply all evaluation criteria to all COTS software candidates (CAP activity
“Estimate Measurement Effort”). This step is needed to estimate the potential
cost of applying CAP, and in order to align the CAP activities with the budget
and resource constraints that may apply. The estimation of measurement effort
is either experience-based (from historical data) [14] or by eliciting expert
knowledge [12][24].

The third step is to set up the measurement plan according to which all evalua-
tion activities will be conducted (CAP activity “Elaborate Measurement Plan”).
The measurement plan is either designed straightforward from the taxonomy
of evaluation criteria — in the case the measurement effort estimates for meas-
urement satisfy the budget and resource constraints. Alternatively, the meas-
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urement plan is constructed by employing optimization algorithms with the
objective to maximize priority coverage in the measurement plan while keeping
the overall set of selected measures in the measurement plan within budget.

Finally, a review step certifies that all CAP-IC activities have been conducted
correctly (CAP activity “IC-Review"). If the review is not successful, appropriate
rework will be triggered.

CAP-EC basically consists of two elementary CAP activities for exploration of
COTS software (CAP activity “Exploration”) and for the review of all CAP-EC
activities (CAP activity “EC-Review”), and one CAP activity cluster for COTS
software assessment and selection comprising all data collection, evaluation
and decision-making steps. The CAP activities contained in this cluster, i.e.
“Collect Measures (1)”, “Screening”, “Collect Measures (2)", “Ranking”,
“Collect Measures (3)”, and “Make-or-Buy-Decision”, have been designed to
make CAP an efficient and effective procedure (cf. Section 2.2 for the “Under-
lying Heuristics in CAP").

During the activities “Collect Measures (1-3)"” data according to the measure-
ment plan is collected on the set of COTS software alternatives. The data
gained during “Collect Measures (1)" is used in “Screening” to eliminate those
COTS alternatives that are unacceptable for use. The screening is performed by
applying acceptance thresholds to the measures on the COTS software alterna-
tives. In “Collect Measures (2)” data on the remaining COTS software alterna-
tives is collected according to the measurement plan and used in “Ranking” to
establish a data-driven and priority-based ranking (best to worse) of the COTS
software alternatives. For the ranking the Analytic Hierarchy Process (AHP) [17]
is used. As input for ranking the measures on the remaining COTS software al-
ternatives collected in “Collect Measures (1) and (2)"” are used (using data from
Collect Measures (1) in ranking does not cause any additional cost). From the
set of ranked COTS software alternatives the top-ranked alternative is taken
and exposed to measurement of a set of final make-or-buy decision criteria in
“Collect Measures (3)”. In “Make-or-Buy Decision” the top-ranked COTS soft-
ware alternative is checked for satisfying the criteria for the make-or-buy deci-
sion. If this is the case the process continues with “EC-Review”, otherwise the
second best COTS software alternative is undergoing measurement in “Collect
Measures (3)”, and so on. If none of the COTS alternatives passes "“Make-or-
Buy Decision” with a positive, i.e. “Buy”, result, feedback on the non-satisfied
requirements is given in EC-Review and passed to RE. In RE then it can be de-
cided whether to reformulate or even to drop specific requirements and then
iterate CAP. In addition, “EC-Review" triggers appropriate rework of CAP-EC
activities, if necessary.

CAP-RC contains an activity that packages and stores all useful information
generated during the enactment of a CAP project (CAP activity “Packaging for
Reuse”). The purpose of this activity is to facilitate as much reuse of measure-
ment data and information on related CAP artifacts as possible in order to de-
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crease the cost of future COTS software acquisition projects. The repository in
which all CAP-related information is stored has been named
“CAP_Repository”.

Figure 2 gives a comprehensive control-flow based overview of the CAP model.

From System Design Process

................................................................................ Weeerneenneinneinnee
v
Tailor & Weight
: : Taxonomy
Exploration + : v
: : Estimate
Measurement Effort
v
Elaborate Measurement
Plan
A
IC-Review
| Collect Measures (1) |
| Screening | TR UOTOURRUTRRTORRRURY FUTORUTROIN! OO
| Collect Measures (2) | Py Packaging
*. : » for Reuse
| Ranking | : :

| Collect Measures (3) |

|Make-or-Buy Decision| :
Y :

CAP_Repositor

COTS
Components
and Measures

po
=

EC-Review

lTo System Design Process and Supply Process

Figure 2 CAP model: Control-flow overview.

2.2 Heuristics Underlying CAP

CAP defines a procedure for evaluating and selecting COTS software. The
starting point for this decision procedure is an initial set of COTS software al-
ternatives and a measurement plan that defines which criteria have to be
measured and evaluated in order to identify the most suitable COTS software.
This could be done in a quite straightforward manner by simply measuring all
applicable criteria on all COTS software alternatives. However, this brute-force
approach can be quite expensive since (i) many COTS software alternatives
might be available, (ii) the set of evaluation criteria could be quite large, and (iii)
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some of the criteria might be very difficult or expensive to measure, e.qg. reli-
ability.

Let n be the number of COTS software alternatives identified during explora-
tion and k the number of metrics in the measurement plan. Then n x k is the
overall number of measures that must be collected for making a straightfor-
ward decision. In order to reduce this effort and thus make the process more
efficient the CAP heuristic was designed. Figure 3 depicts how the decision-
making and measurements activities of CAP interact via the set of COTS soft-
ware alternatives.

Number of COTS alternatives

B i l—‘ Exploration 0| Collect Measures 1

—’ Screening O |Co||ect Measures 2 |

ol :
0l :
<
ol i
o1 |/
n(;) i | /e Ranking O |Co||ect Measures 3 |
ol R .
glis ¢ Make-or-Buy Decision
¥
\/
Figure 3 Effect of the heuristic along the enactment of the process.

The measurement plan consists of three parts (i = 1,2,3), with k; metrics in each
part. The overall number of metrics in the measurement plan is k with
k:k1+k2+k3.

The initial number of alternatives resulting from of CAP activity “Exploration” is
M, which is reduced to M, < M, in CAP activity “Screening” employing the k,
measures of measurement plan, part 1, collected in “Collect Measures (1)".

Then the M, COTS software alternatives are examined using the k, measures of
measurement plan, part 2, collected during “Collect Measures (2)". After-
wards, the alternatives are being ranked in CAP activity “Ranking” based on
the information coming from the k, measures on the M, alternatives. Finally,
the M; < M, top-ranked alternatives are measured using the k; measures from
part 3 of the measurement plan.

This yields an overall effort for data collection of
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3k
effort.,, = Z Z effort(m;) M, ,
=1 J=

while the effort without the CAP heuristic would be

k
effort = Z effort (m
=1

1/)W1
. ,
=M, DZ effort (m ;)

=1

where m; specifies metric j of part 1 of the measurement plan and M, specifies
the number of COTS software alternatives assessed in measurement activity i
(“Collect Measures (i), where i=1,2,3) of CAP-EC. Comparing the two effort
equations it is clear that effort.,, < effort, which justifies the application of the
CAP heuristic. Note, that in the second formula k = k;, because in a brute force
decision-making procedure there is no partitioning of the measurement plan
and all metrics have to be always applied to all COTS software alternatives
identified in CAP activity “Exploration”. Overall, CAP-EC executes the meas-
urement plan developed in CAP-IC by trying to achieve highest possible effi-
ciency. The modular structure of the measurement plan in CAP is achieved by
the Kano-Model [5] , which distinguishes different classes of product features,
i.e. dissatisfiers, satisfiers, and delighters, that are associated with different
types of utility functions and thus lead to different states of customer satisfac-
tion depending on the features a product possesses.

The effectiveness of CAP strongly depends on the expressiveness of the criteria
selected for evaluation. But it cannot be expected that all selected criteria can
always be measured when the project plan constraints on cost, resources, and
time have to be satisfied. So, in the case the initial set of evaluation criteria is
not feasible in the scope of the project plan, a trade-off between the effective-
ness of the evaluation criteria and the cost, time, and resource allocation of the
criteria while measuring must be reached. This is achieved by maximizing the
coverage of important criteria/measures in the measurement plan while not ex-
ceeding the budget and resource constraints. Methods for tackling such integer
linear programming problems can be found in [13] .

2.3  The CAP Evaluation Taxonomy for COTS

The core part of the selection performed using CAP is the CAP Evaluation Tax-
onomy. A high level description of the taxonomy is depicted in Figure 4.

The evaluation taxonomy is tailored and weighted in the CAP-EC activity “Tailor

& Weight Taxonomy”. The underlying technique for weighting the taxonomy is
the Eigenvector Method of the Analytic Hierarchy Process (AHP) [17] . AHP is

8 Copyright © Fraunhofer IESE 2000
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also used for ranking the COTS software alternatives and performing a sensitiv-
ity analysis of the ranking in the CAP-EC activity “Ranking”. Note that the ac-
tivity “Screening” is only performed on a subset of all measures (evaluation cri-
teria), which is defined by the CAP heuristic for efficiency. The categories and
criteria that will be in use are devised by stepwise subset construction from the
initial set of requirements delivered as input to CAP. The assignment of re-
quirements to categories is based on the definitions of the categories and crite-
ria. The categories and criteria are based on the definitions stated in ISO 9126
Standard on Product Quality [8] , additional criteria definitions from literature
[9][10] [11], and results from applied research.

Goal: COTS_____ Functional __ Suitability
Assessment Criteria
— Interoperability
— Security
| Non-Funct. L
Criteria Reliability
[ Usability
[ Maintainability
Domain /
— Architecture Domain Compatibility
Criteria . -
Architecture Compatibility
| Strategic

Production Cost

L Cost Factors Integration Cost
Criteria
—E Licensing Cost
Risk Factors Vendor Risk —E Vendor-Out-Of-Business Risk
—E Market Risk Vendor Hotline Availability
Product Risk —[ Project Time Risk
Project Success Risk

Level 1 Level 2 Level 3 Level4
CAP Evaluation Taxonomy.

The taxonomy consists of four levels of criteria. At the lowest level (level 4), the
taxonomy is operational by means of metrics, e.g. Project Success Risk, for col-
lecting data on the COTS software alternatives. The range of criteria is, as can
be seen from Figure 4, considerably wide, i.e. criteria on product quality [8] as
well as criteria on strategic aspects like cost, risk, and vendor issues. For more
detailed information see [14] , in which the focus is more on the method de-
scription and thus also on the structure of the taxonomy. In a whole, the tax-
onomy provides a set of more than 120 pre-defined metrics from which the
user can choose or even add new ones.
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2.4

Figure 5

10

Variations of the Evaluation Depth and Process Enactment Patterns

Another issue while employing CAP is the evaluation depth in use when con-
ducting the assessment and selection steps of CAP-EC. The term evaluation
depth describes the way, in which the measures have been collected in the re-
spective measurement activities. Possible classes (on an ordinal scale [5]) of
evaluation depth (ED) are (i) documentation/interview/clarification, (ii) expert
knowledge, (iii) non/functional testing, (iv) scenario-based testing, and (v)
prototyping. Obviously, from ED class (i) through ED class (v) the effort for col-
lecting data is increasing. Therefore, CAP starts with the lowest ED possible, i.e.
(i) or (ii). When a reduction in the number of alternatives has been gained the
evaluation depth can be increased. This strategy can save a considerable
amount of effort. In addition, increasing the ED constantly along the process
increases the confidence in and reliability of the COTS selection decision at the
end of the process. From this, a large variation of possible enactment patterns
for CAP projects is possible. AlImost every enactment pattern that obeys the
rules induced by the control-flow of the model can be conducted. The variety
of enactment patterns ranges from a single-ED class based sequential enact-
ment pattern to a concurrent, highly iterative, multi-ED class enactment pat-
tern.

Overall, there is a set of potential triggers for iteration of certain CAP activities.
Triggers could be a change of the evaluation depth (as described above, itera-
tion of CAP-EC), the identification of new COTS software alternatives to be as-
sessed (iteration of CAP-EC), change of the requirements specification (iteration
of CAP-IC and CAP-EC), and review findings (iteration of CAP-IC and/or CAP-
EC). An example of an enactment pattern including iteration of CAP-IC and
CAP-EC is depicted in Figure 5.

Tailor & Weight Taxonomy ©
Estimate Measurement Effort
Elaborate Measurement Plan

IC-Review
Exploration ©
Collect Measures (1) =
Screening
Collect Measures (2)
Ranking
Collect Measures (3)
Make-or-Buy Decision
EC-Review
Packaging for Reuse g

4

Time

Concurrent multi-ED class iterative enactment pattern.

Possible reasons for the iterations in Figure 5 could be — as stated above — a
change of the requirement specification or review findings (for iteration of
CAP-IC), and a change of the evaluation depth, the identification of new COTS
software alternatives, or review findings (for iteration of CAP-EC).
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3.1

Table 2

Design of the CAP Case Studies

Design of the CAP Case Studies

The CAP case studies were performed in a Siemens Business Unit (SBU) oper-
ating in the Information System domain. Both case studies were performed si-
multaneously during a 7- respectively 8-months period in different locations.
CAP was introduced to the SBU for the purpose of improving the current prac-
tice of COTS assessment and selection, which was an ad-hoc practice.

The evaluation goals of the case studies were 4-fold: (i) verification of the effect
of the CAP heuristic, (i) evaluation of the additional cost caused by CAP, (iii)
evaluation of the process improvement induced by CAP, and (iv) evaluation of
the COTS-based vs. the traditional development approach.

Case Study Metrics and Variables

The variables and metrics used in the case study were devised using the
Goal/Question/Metric Paradigm [4] [7] [18] . The GQM Goal definitions are de-
scribed in Table 2 using the GQM Goal Template.

Case Study GQM Goal definitions.

GQM Template | GQM Goal 1 ‘ GQM Goal 2 ‘ GQM Goal 3 GQM Goal 4

Object CAP COTS-based
development
approach

Purpose Evaluating

Quality Focus effect of CAP-related process cost and benefit

heuristic add-on cost improvement
Viewpoint SBU Management and Developers of CAP
Context SBU Pilot Projects

The definitions of the case study variables and metrics are listed in Table 3.

Copyright © Fraunhofer IESE 2000 1 1




Design of the CAP Case Studies

Table 3 Case study metrics: Metric, Description, Definition, Scale, and Range.
Metric Description Definition Scale Range
CDE Effort spent on CAP-based assess- CDEgjection = Effort of performing CAP | absolute | 0 < CDE.gecton <
(selection) ment and selection of the COTS (person hours or person years)
component
CDD Duration of CAP-based assessment CDDggjection = Duration of performing absolute | 0 < CDD,geciion < ©
(selection) and selection of the COTS component | CAP (years)

CDE Expert estimate on the effort needed CDEintegration = Effort of COTS integra- | absolute | 0 < CDEjyegration < @
(integration) for integrating of the COTS compo- tion and tailoring (person hours or Format: smin — smlv —
nent with the software system person years) smax

CDD Expert estimate on the duration of CDDjpegration = Duration of COTS absolute | 0 < CDDjyegration < ®
(integration) integrating (includes tailoring) the integration and tailoring (years) Format: smin — smlv —
COTS component with the software smax

system
TDE Expert estimate of the traditional TDE = Traditional development effort absolute | 0 < TDE < o
from-scratch development effort of (person hours or person years) Format: smin — smlv —
the system component smax
TDD Expert estimate of the traditional TDD = Traditional development dura- | absolute | 0<TDD < o
from-scratch development duration of | tion (years) Format: smin — smlv —
the system component smax
NMP Number of measurements performed | NMP, eening = [{measurements during absolute | 0 < NMPyeening <
(screening) for screening "Collect measures (1)"}]
NMP Number of measurements performed NMP,0king = [{measurements during absolute | 0 < NMP g < ®
(ranking) for ranking "Collect measures (2)"}]
NCA Number of COTS alternatives to be NCAqeening = |{COTS alternatives to be | absolute | 0 < NCAeening < ©
(screening) measured for screening measured during “Collect measures
MY
NCA Number of COTS alternatives to be NCA .nking = {COTS alternatives to be absolute | 0 < NCA ing < ©
(ranking) measured for ranking measured during “Collect measures
@
NCR Number of COTS software require- NCR = |{Requirements for COTS absolute | 0 < NCR < o
ments software component}|
CTYPE COTS type under assessment in case CTYPE = COTS software type under nominal CTYPE O {Database
study assessment in case study System, Speech
Recognition,, ...}
NEI Number of experts involved NEI = |{Experts involved in the assess- absolute | 0 < NEl < o
ment}|
YCE Years of professional experience with | YCE = Number of years of experience | absolute | 0 < YCE <
COTS type expert has with COTS type [years]
TCE Type of professional experience with TCE = Type of professional experience | nominal TCE O {none, user,

COTS type

with COTS type

consultant, devel-
oper, development
manager}

12

For GQM Goal 1, the effect of the heuristic is measured through the number of
measurement actions until a make-or-buy decision regarding COTS software is
made. The measurement effort (i.e. cost) is growing with the number of num-
ber of measurement actions. The cost of COTS assessments is dependent on
the number of evaluation criteria (i.e. number of different metrics). Even if the
exact relationship between evaluation criteria and COTS assessment cost is not
yet precisely known, one assumption on the relationship can be seen as evident
and stable: the COTS assessment cost is a monotonous increasing function of
the form Cost/Effort = F(evaluation criteria, COTS software alternatives, evalua-
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Design of the CAP Case Studies

tion depth). Thus using the number of measurement actions, i.e. the number of
evaluation criteria per assessment step (c.f. Sections 2.1 and 2.2), for evaluating
CAP in GQM Goal 1 is adequate. GQM Goal 2 evaluates the additional cost of
CAP, being a systematic and formal approach to COTS assessment and selec-
tion, compared to ad-hoc COTS selection. In GQM Goal 3 the qualitative bene-
ficial aspects of CAP gained by the additional cost (c.f. GQM Goal 2) are evalu-
ated. The results of GQM Goal 4, which evaluates the cost/benefit ratio of
COTS-based vs. traditional software development, provide some quantitative
insight into the profitability of COTS-based development. Several authors state
that COTS-based development is an economical choice compared to traditional
development, e.g. [22], due to cost and time saving but do not provide any
quantitative evidence. The results of GQM Goal 4 provide quantitative evidence
on this issue by calculating Return on Investment (ROI), Cost Effectiveness (CE),
and Time Saving Ratio (TSR) of COTS-based development defined as functions
of the development approach.

3.2 Case Study Context Information

Two case studies were performed in parallel at a Siemens Business Unit oper-
ating in the Information System Domain. Both case studies were conducted at
different locations and by different people. A more complete set of variation
factors describing the context of the case studies is given in Section 4.3.

3.3 Techniques Applied for Data Collection and Analysis

The methods and techniques applied for collecting the data in the case studies
are (i) GQM [4] [7] [18], (ii) expert knowledge elicitation [12] [24] , and (iii)
subjective measurement [19] .

GQM is a systematic approach to measurement based on an explicit measure-
ment goal definition. In the goal definition, the object (e.g. process) and the
purpose of measurement (e.g. monitoring), the quality focus of the object (i.e.
the attribute of interest, e.qg., effort), the viewpoint (i.e. who is interested in the
data), and the context (i.e. environmental setting) are specified. For each goal,
questions, variation factors, hypotheses, and variation hypotheses are devised
and refined into metrics. For more detailed information on GQM see, e.qg., [4]
[71118].

Expert knowledge elicitation is a subjective approach to measurement of attrib-
utes of objects for which no objective data is available. The basic concept is to
ask experts in the respective field for their estimate on the interrogated attrib-
ute to be measured. The expert provides a subjective most likely value (smlv). In
addition, in order to capture issues of uncertainty, the expert also provides a
subjective minimum (smin) and maximum (smax) value forming a range for the
respective attribute. These subjective values describe a triangular probability dis-
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tribution covering a range, in which the real value of the attribute is likely to be
located from the expert’s view. From triangular distributions the mean (ex-
pected) value can be calculated or they can be used as input for Monte Carlo
simulations. For more detailed information on expert knowledge elicitation see
[12], for Monte Carlo simulations see, e.qg., [24] .

Subjective measurement can be used in situations when it is impossible or too
expensive and time-consuming to objectively measure specified attributes of
objects. Therefore instruments for subjectively measuring the attributes are
used. These instruments consist of one or more questions with answering
scales attached to the questions. There are two types of answering scales, i.e.
Likert Scales and Semantic Differential Scales [19] . Likert Scales are usually
used to enable the respondents to provide their answer by choosing a category
(nominal or ordinal value). Semantic Differential Scales are used to enable the
respondents to express their perception on the interrogated attribute of the
object under measurement by providing the answer ordinal scaled. Important is
that Semantic Differential Scales have semantic opposites of an attribute value
on the ends of the scale, such as “good” on the one and “bad” on the other
end of the scale. For more detailed information on subjective measurement see,
e.g., [19].
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4 Case Study Results

41 Enactment of the Pilot Projects

The results of performing the COTS assessment and selection case studies are
briefly described in Table 4. This includes a brief description of important meas-
ures on the enactment of CAP such as number of COTS software alternatives
before and after each evaluation step, number of measurement actions per
evaluation step.

Table 4 Case study overview.
Case Study Information Values
Case Study 1 Case Study 2

Initial number of alternatives 4 5
Number of screening criteria 13 19
Alternatives after screening 2 4
Number of ranking criteria 18 31
Number of Make-or-Buy Decision Criteria 0 0

The number of criteria in “Make-or-Buy Decision” is O since there was no op-
tion to develop the software by the traditional development approach. Instead
there was a “rule” to buy the top-ranked COTS software in both case studies.

Finally, in both case studies a piece of COTS software was selected for tailoring
and integration with the software system under development. More detailed
information on the set of criteria, the COTS software alternatives, and the
COTS selection decision in case study 1 can be found in [14] .

4.2 Evaluation Results

4.2.1 Results for Goal 1

GQM Goal 1 evaluates the effect of the heuristic embedded in CAP by com-
paring the number of measurement actions caused by CAP to the number of
measurement actions a brute-force approach would have needed until a make-
or-buy decision is made. Table 5 summarizes the measurement results.

In Table 5, NMA is defined as
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NMA(APProaCh) = NMPscreening X NCAscreening + NMPrankingx NCAranking:
where Approach is either CAP or Brute-force.

The blackened cells in Table 5 are not applicable in the brute-force case. This is
due to the fact that in a brute-force approach all measures are collected before
screening. Thus, the overall number of measurement actions is 31 x 4 =124
and 50 x 5 = 250, respectively, which maps to an associated effort for data
collection.

From Table 5 the reduction of measurement actions calculates as 29.03% for
case study 1 and 12.4% for case study 2. This means that there is a consider-
able amount of measurement actions — and thus measurement effort — which
could be saved by the heuristic embedded in CAP. Regarding expensive meas-
ures of COTS software it is clear that the decrease in NMA can map to consid-
erable amount of effort, and respective cost saving.

Table 5 Measurement results — goal 1.

Measure Case Study 1 Case Study 2

CAP Brute-force CAP Brute-force
NMP 13 31 19 50
(screening)
NCA 4 4 5 5
(screening)
NMP 18 | not applicable 31 | not applicable
ot o el
NCA 2 4
(ranking)
NMA 88 124 219 250
(overall)
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4.2.2 Results for Goal 2

Table 6

GQM Goal 2 evaluates the additional effort caused by CAP compared to the ef-
fort an ad-hoc COTS software selection would have cost. In this context ad-hoc
means that all requirements to the component would have been checked the
same way they were checked with CAP but there would have been no system-
atic decision modeling.

Measurement results — goal 2.

Measure Effort [ph]
Case Study 1 Case Study 2
CAP ad-hoc CAP ad-hoc

CDE 91.0 61.5 23425 2203.0
(selection)
CDE! smin: 16002 smin: 3200
(integration) smlv: 2400 smlv: 4000

smax: 3200 smax: 8000
(expected)

Furthermore, there also would have been no explicit incorporation of multiple
stakeholders’ interests and no sensitivity analysis of the make-or-buy decision.
In the sensitivity analysis changes of the decision when changing the weighting
of the criteria in the Evaluation Taxonomy for COTS are analyzed [17] (c.f. Sec-
tion 2.3). Table 6 lists the effort for selecting a COTS component, the (effort
based on expert opinion) for integrating (which also includes COTS tailoring),
and the overall effort for the full COTS-based cycle. Possible maintenance ef-
forts are excluded in the study due to the fact that the system is still under de-
velopment.

From Table 6 the additional cost of COTS-based development using CAP com-
pared to ad-hoc COTS selection can be calculated. COTS-based development
using CAP had approximately 1.2% higher expected cost in case study 1 and
approximately 1.9% higher expected cost in case study 2. The process im-
provement that is bought into the COTS-based development cycle regarding
the COTS selection decision through the additional cost is discussed in the con-
text of GQM Goal 3 (c.f. Section 4.2.3).

T The values for CDE (integration) are based on expert opinion.
2 The conversion factor was 1600 person hours per person year.

3 The overall (expected) values were calculated as the sum of CDE (selection) and the expected (mean) value
of the expert opinions on CDE (integration), where the mean was (1/3) x (smin+smlv+smax)
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4.2.3 Results for Goal 3

Table 7

18

GQM Goal 3 evaluates the perceived process improvement by introducing CAP
as a replacement of the former ad-hoc COTS software selection practice by
subjective measurement [19] . The subjective measures captured the perception
of those people involved in the case studies regarding the (i) objectivity of the
COTS software decision, (ii) reliability of the COTS software decision, (iii) trace-
ability of the COTS software assessment and selection, (iv) repeatability of the
process, (v) explicitness (documentation) of the COTS software decision, (vi) ef-
ficiency (effort) of enacting CAP, (vii) willingness of the management to accept
the COTS software decision, and (viii) consideration/incorporation of multiple
stakeholders’ interests. In each of these subjective measures there was a direct
comparison between CAP and ad-hoc COTS selection employing a 5-point se-
mantic differential scale [19] with CAP and ad-hoc on the ends of the scale.
The scale was chosen to be 5-point in order to enable the respondents to ex-
press their perception that neither CAP nor ad-hoc COTS selection has an ad-
vantage over the respective other approach. The measurement results are listed
in Table 7. The scale was constructed as follows. A value of 5 expresses that
CAP is better with respect to the inquired issue. A value of 3 expresses a per-
ception of equivalence regarding CAP and ad-hoc with respect to the inquired
issue. Finally, a value of 1 expresses the perception that ad-hoc is better than
CAP with respect to the inquired issue.

Measurement results — goal 3.

Measure Min Median Max

Objectivity of COTS decision

Reliability of COTS decision

Traceability of process

Repeatability of process

Explicitness of process

Efficiency (effort) of process

Management acceptance of COTS decision

WihlWlwWw| M Dlw|lbs~
W unlw| bbb

Aluojlujlumjluy|uv|uv| Wy

Incorporation of multiple stakeholder interests

The data listed in Table 7 is visualized using a radar plot with gauges in Figure
6. The radar plot includes the minimum (thin dotted lined gauge), median (thin
interrupted lined gauge), and maximum (thin solid lined gauge) values for the
ratings on CAP. For the sake of comparability, the gauge of equivalence of CAP
and ad-hoc (value of 3 on the 5-point scale, visualized by the thick solid lined
gauge) is included in the radar plot. Any data point located in the interior of
the equivalence gauge demonstrates a deterioration of the practice by intro-
ducing CAP. Any point outside the equivalence gauge demonstrates an im-
provement of the practice by introducing CAP. For data points located exactly
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Figure 6
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on the edge of the equivalence gauge, there is neither improvement nor dete-
rioration by introducing CAP, e.qg. for the efficiency of the process and multi-
stakeholder incorporation.

Evaluation Results (Overall)

Objectivity of Decision
5

Reliability of
Decision

Multi-Stakeholder
Incorporation

)
Process &\"I

Explicitness of Documentation
=== 2ad-hoc # - Min —8— Median—#— Max

Management
Acceptance

Traceability of
Process

Repeatability of
Process

Radar plot visualization of the perceived process improvements.

Overall, there was no deterioration of the COTS software acquisition practice
caused by introducing CAP to the organization. Regarding the objectivity of the
decision, reliability of the decision, traceability of the process, repeatability of
the process, explicitness of documentation, and management acceptance of
the COTS selection decision CAP achieves a major improvement over the cur-
rent COTS software acquisition practice at the SBU. With regards to the effi-
ciency of the process, and multi-stakeholder incorporation there was no im-
provement and no deterioration of the current COTS software acquisition prac-
tice at the SBU.

Considering the improvements perceived by the case study participants, the
fact that the efficiency of CAP was comparable to the ad-hoc COTS software
acquisition practice clearly qualified CAP as an economic choice. Moreover, this
perception is supported by the fact that the additional effort of CAP was below
2% in the case studies (c.f. Section 4.2.2).

Regarding the incorporation of multiple stakeholder views on the COTS soft-
ware selection problem there was no improvement achieved by introducing
CAP within the SBU. This is plausible since the SBU had carried out exhaustive
requirements engineering before starting CAP, incorporating multiple possible
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stakeholders. The requirements were then engineered using the Kano Model
[5].

Overall, the perceptions of the personnel involved in the CAP pilot projects
demonstrate that CAP was a successful approach for improving the COTS ac-
quisition practices at the SBU.

4.2.4 Results for Goal 4

GQM Goal 4 had a more general view on COTS-based development compared
to traditional development.

Defining economic indicators Return on Investment (ROI), Cost Effectiveness
(CE), and Time Saving Ratio (TSR) as functions of the development approach
guantifies the economic advantages of COTS-based development several
authors qualitatively write about [22] [6] . The economic indicators are defined
as follows [23] :

TDE - CDE CE= TDE - CDE TSR = DD -CDD |
CDE TDE TDD

ROI =

The respective values for TDE and TDD are based on expert knowledge elicita-
tion (c.f. Section 3.3). CDE and CDD are the overall effort and time for COTS

based development, where CDE is taken from Table 6. See Table 3 for details
on CDE, TDE, CDD, and TDD.

Table 8 lists the measures needed to calculate ROI, CE, and TSR and the indica-
tor results as well.

The values for ROI, CE, and TSR were generated using Monte Carlo simulation.
The values in the table are the mean values resulting from the simulations. For
full details on the simulation results, i.e. minimum, mean, mode, maximum,
and standard deviation of ROI, CE, and TSR for both case studies, see Appendix
A.

The data in Table 8 demonstrates that COTS-based development was an eco-
nomic choice in both case studies. The ROl is considerably above 0, which
means that for, e.qg., every person hour invested in the COTS-based develop-
ment approach approximately 5 and 3 person hours of effort were saved in
comparison to the traditional development approach.# The CE in both case
studies is also at a considerable level of saving and expected at least 75%. In
the first case study, there was also a non-negligible amount of time saving, i.e.

20

4 One underlying assumption is that — in the case that there is COTS licensing cost for each delivered system
containing the COTS software — these cost are passed on to the customer buying the software system de-
veloped using COTS.
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Table 9
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67%. In the second case study, the time saving turned negative, i.e. -6%. This

observation will be further discussed in the conclusions.

Measurement results — goal 4.

Measure Case Study 1 Case Study 2

CDE (selection) 91 ph 2342.5 ph

CDE (integration) smin: 1600 ph smin: 3200 ph
smlv: 2400 ph smlv: 4000 ph
smax: 3200 ph smax: 8000 ph

CDE (expected overall) 2491 ph 7409.2 ph

TDE

smin: 12800 ph
smlv: 16000 ph
smax: 19200 ph

smin: 16000 ph
smlv: 32000 ph
smax: 48000 ph

ROI (COTS-based vs. traditional) 5.54 3.40
CE (COTS-based vs. traditional) 84.32% 75.76%
CDD (selection) 06y 0.7y
CDD (integration) smin: 0.5y smin: 1.0y
smlv: 0.6y smiv: 1.2y
smax: 1.0y smax: 2.0y
CDD (expected overall) 1.3y 2.1y
TDD smin: 3.0 y smin: 1.0y
smiv: 4.0y smiv: 2.2y
smax: 5.0y smax: 3.0y
TSR (COTS-based vs. traditional) 67.15% -6.27%

Case Study Variation Factors

A subset of the variation factors used to characterize the contexts of the case

studies is listed in Table 9.

Case study variation factors.

Variation Factor Case Study 1 Case Study 2

CTYPE Database System Support AdministrativeTasks

NCR 30 94

NEI 1 0 (+1 consultant, part time)

YCE 2 2 (with totally different techni-
cal level and domain)

TCE (sophisticated) user development manager
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As Table 9 demonstrates, both case studies had different contextual settings.
The type of COTS software is different; the numbers of requirements specifying
the system components largely differ. In addition, there was almost no exper-
tise in case study 2, whereas there was expertise on the COTS software type in
case study 1. The variation factors, partially being at opposite ends of scale,
largely explain the fact that there is also a substantial effort difference in the
assessment and selection phases of both case studies.

In case study 1, the expert involved was able to provide data for almost all met-
rics by his expertise, which lead to case study 1 having an evaluation depth of
almost fully level 1 (documentation, clarification, interviews) and 2 (expert
knowledge) and thus very low effort.

In case study 2 the expertise on the COTS software type was comparatively low
and the effort of performing the COTS software assessments thus was very
high. This is since people mostly had to rely on performing the assessments in
evaluation depths of level 1 to 4, where level 4 (scenario-based testing) was
predominant.

4.4  Threats to Validity

This section discusses the major threats to validity of case studies [25] .

4.4.1 Construct Validity

The measures applied in Goal 1 originate from objective measurement and thus
are reliable and correct. The measures applied in Goal 3 are fully based on
subjective measurement. Due to the very small number of participants in the
case studies it is not possible to validate the measures applied. However, the
items very clearly explained to the respondents. The measures in Goals 2 and 4
are partially based on objective measurement — thus correct and reliable — and
partially based on expert judgement [12] , where the attributes being measured
by expert knowledge elicitation were clearly explained to the respondents and
the process of expert knowledge elicitation [12] was obeyed.

4.4.2 Internal Validity

This threat to validity is non-existent [25] since the case study has an explora-
tory character.
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4.4.3 External Validity

The case study was performed in the Information System Domain and for two
specific types of COTS software. From this it is not possible to generalize widely
across other domains in Software Engineering. However, currently there are no
apparent issues that the results must not be generalized to other domains and
other types of COTS software. Future case studies will verify or falsify the gen-
eralization aspect.

4.4.4 Reliability

For Goal 1 the data collection procedure was GQM which follows a defined
and systematic procedure. It can be assumed that using GQM at least reduces
some of the reliability risks, which holds also for those measures of Goals 2 and
4 that were collected by objective measurement. Regarding Goal 3 it was pos-
sible to verify one respondent’s answers by iterating the subjective measure-
ment several weeks after the first response resulting in identical answers as the
prior ones.
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Conclusions and Future Work

This paper demonstrates that COTS-based development (partially) was an eco-
nomic choice compared to traditional development for the very specific context
of the information systems developed at the SBU.

Moreover, it could be demonstrated that in the case studies CAP was more ef-
ficient than brute-force approaches to COTS assessment and selection.

The additional cost caused by CAP for COTS assessment and selection seen
over the full COTS-based development cycle (c.f. Figure 1) was below 2% in
both case studies. This means that the considerable advantages of CAP over an
ad-hoc COTS selection practice (c.f. GQM Goal 3, Section 4.2.3) just cause
marginal additional cost. But the perceived benefits gained from the 2% addi-
tional cost have been considerable. CAP was perceived to achieve an objective
and reliable decision, while the process was traceable, repeatable, explicit, and
efficient. The management levels were willing to preferably accept a COTS se-
lection decision made using CAP instead of a — at least partially — subjective ad-
hoc COTS selection decision.

The economic indicators defined as functions of the development approach
demonstrate that COTS-based development — maintenance excluded since
there is no data on this issue yet — was fully economically beneficial for the SBU
(all indicators positive) in the first case study. This quantitatively substantiates
the frequent claim that COTS-based development is economically beneficial. In
the second case study ROl and CE remained positive but TSR had a negative
expected value (c.f. Appendix A). This fact conforms to the statement “the
promise to reduce costs and development time on software development proj-
ects has often gone unfulfilled” [15] . Generally, any delayed sub-project, e.qg.
COTS-based with negative TSR, can lead to a delayed market entry of the
product, especially if the respective sub-project is located on the project’s criti-
cal path. This, in turn, can lead to substantial loss of profit. In order to tackle
such kind of economic pitfalls, one direction for future work could be the full
exploitation of the economic indicators in relation to the evaluation depth in a
CAP project. By continuously monitoring ROI, CE, and TSR jointly with evalua-
tion depths, and using them as stopping criteria, it could be possible to manage
COTS assessments and assure positive indicators values and sufficient evalua-
tion depths, i.e. making a sound trade-off between cost and “quality” (evalua-
tion depths).

Moreover, future work will also concentrate on developing models to explain

the cause-effect mechanisms of factors influencing the cost and quality of
COTS assessments.
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Figure 7

Appendix A. Monte Carlo
Simulation Results

Appendix A. Monte Carlo Simulation Results

Figure 7 shows the distributions for ROI, CE, and TSR based on expert opinion
[12] using Monte Carlo simulation [22] for both case studies. The setting was
1,000 iterations per simulation employing Latin-Hypercube sampling [22] .

Monte Carlo simulation results: Values and graphics for illustration.
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Case Study 2 Simulation Graphics
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