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Abstract The manual composition of efficient combina-

tions of Web services becomes almost impossible as the

number of services increases dramatically. When deter-

mining an appropriate set of services, managers must

take into consideration given business processes, business

strategy and multiple Quality of Service (QoS) objectives

while ensuring the cost-efficient usage of limited resources.

Because the agility with which new business requirements

are adapted has a major influence on business success and

poor investment decisions may thus entail corporate fail-

ure, decision makers are experiencing growing pressure to

prove the value of IT investments—but they often lack

appropriate multicriteria decision support tools. This paper

introduces a new decision support approach that more

properly addresses these challenges. We implemented this

approach into a tool and evaluated the performance of two

popular methods (i.e., the Analytic Hierarchy Process and

the Weighted Scoring Method) by means of a real-life case

study in the social security sector. It turns out that the

decision support system assists decision makers in identi-

fying investments that more precisely target their com-

pany’s business needs by allowing them to interactively

determine and continually optimize service allocation

according to the corporate business processes and multiple

(strategic) objectives.

Keywords Web services selection �Multiple objectives �
Interactive decision support

1 Introduction

Companies use business process models to improve their

overall performance. With the majority of business pro-

cesses in today’s highly automated world being supported

by IT systems, the success of a business strategy depends

on the availability of appropriate IT systems. Agile and

dynamically adaptable processes are requisite for realizing

competitive advantages, but they can only be realized

efficiently if IT systems are optimally aligned for providing

the needed degree of flexibility [6, 40]. Lately, Service-

Oriented Architectures (SOAs) and Web services have

become synonyms for methods that make a flexible and

agile use of IT possible [1, 50]. SOAs aim at building

independent, loosely coupled applications (services) that

are created according to business process requirements.

Every service provides a well-defined set of functionality

that is derived from its origin and underlying implemen-

tation-related issues [29]. As soon as business requirements

and, thus, business processes change, the underlying ser-

vices are modified accordingly to reflect these changes. If

new services are required, they can be built upon existing

ones. The selection of services is important for aligning IT

to business, just as it is the case with all IT components.

Achieving an effective combination of available technol-

ogies brings with it huge potentials for optimization, par-

ticularly in the context of loosely coupled and autonomous

services.

However, the number of services available over the

Internet has increased dramatically during the past few

years, making an efficient manual composition of these
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services impossible [42]. There are many different service

providers selling services with very little if any difference

in their functionality. As a result, decision makers selecting

the most appropriate set (i.e., portfolio) of services must

increasingly focus on additional objectives such as (i) an

optimal alignment between business processes and services

in order to concentrate resources on value-generating and

supplementary business processes, (ii) the cost-efficient use

of available resources, or (iii) interdependencies between

the services. Moreover, investments must precisely target a

company’s specific business needs, as competitive advan-

tages can only be accrued by aligning services according to

the corporate business processes and strategic objectives.

Nevertheless, companies are frequently unaware of the

level of their capital expenditure and/or—even more

importantly—whether these investments are effective [26].

As a result, decision makers more often than not buy,

implement and maintain systems that do not contribute to

the corporate value. Morgan Stanley estimates that between

2000 and 2002, US companies spent $130 billion espe-

cially for software they either did not need or could not use

properly [25]; according to Gartner, companies waste as

much as 20% of the annual (worldwide) technology

investments of $2.7 trillion [13]. This has led to a need for

better measures for aligning IT expenditure to actual

business needs. In a 2002 survey among 400? top IT

executives, Verhoef [72] found that 60% felt increased

pressure to prove ROI on IT investments, while 70%

believed that their metrics did not fully capture the value of

IT. Nearly half of the survey participants had no confidence

in their ability to accurately calculate ROI on IT

investments.

Thus, just spending more is obviously not a winning

strategy [32, 38, 43]. Accordingly, a variety of approaches

have been introduced that aim to support decision makers

in identifying the ‘‘right’’ investment candidates. Those

valuation methods that focus solely on financial measures

are often considered to be ill-suited for IT investments,

because they (unsurprisingly) failed to properly take into

consideration the many important non-financial criteria

[26, 54]. An analogous reasoning holds for approaches that

primarily focus on technical issues such as the adaptation

of services to changing environmental conditions [23, 53]

(or the challenge of building easily-adaptable services).

Thus, multicriteria approaches that are capable to properly

considering financial, technical and/or further types of

objectives come into play. However, the two approaches

that are most commonly used in practice, namely the

Weighted Scoring Method (WSM) and the Analytic Hier-

archy Process (AHP), have a number of serious drawbacks

as will be detailed later in this paper. In particular, decision

makers demand to have full control over the decision

making process, i.e., they typically are not willing to just

provide a priori weights for the criteria under consideration

and leave all the rest to some system. Instead they want to

learn about alternative solutions and then be supported in

making their own decisions in an interactive and intuitive

way (cf. [2] and others).

In order to address the reservations and demands out-

lined above, we have developed a new (two-phase) deci-

sion support approach named ATANA (which is derived

from ‘‘AlTernative ANAlysis’’ and refers to the Greek

goddess of wisdom). In its first phase, ATANA determines

solution alternatives (i.e., portfolios of Web services) that

are both feasible with respect to given constraints and

Pareto-efficient with respect to a number of objectives that

have been identified as the most relevant ones for a given

decision setting. Note that Pareto-efficiency implies that for

each of these solutions there is no other (feasible) solution

with values that are at least as good or better in all the

objectives, i.e., Pareto-efficient solutions are ‘‘good’’ ones

from an objective point of view. In its second phase,

ATANA supports decision makers in interactively explor-

ing the determined solution space until they find their

individually ‘‘best’’ solution, i.e., the particular combina-

tion of Web services that promises a mix of objective

values that best fits the decision maker’s (private) prefer-

ences. In order to illustrate this new approach, this paper

describes a real-life case study carried out in the social

security sector in Austria.

The remainder of this paper is organized as follows:

Sect. 2 provides a background on the composition of Web

services. Next, Sect. 3 describes the two above-mentioned

common multicriteria approaches for Web services selec-

tion, while Sect. 4 introduces the new ATANA approach.

Section 5 then illustrates the performances of these three

approaches by means of a real-world case study. Finally,

Sect. 6 presents our conclusions as well as an outlook on

further research.

2 Web services composition

The selection of Web services typically starts with four

phases [7], namely:

– Criteria definition In this phase, a set of criteria is

defined with regard to an organization’s infrastructure,

application architecture and design, service require-

ments, objectives and constraints, or the availability of

services. Establishing the criteria for service selection

is a critical task and one that must be performed

individually for each decision instance. Literature

particularly suggests the use of Quality of Service

(QoS) objectives for the composition of Web services

(cf. [22, 28, 69, 70]).
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– Service identification This step aims at having the user

identify services. Identification can be carried out—

e.g., in the scope of a tender procedure—by providing a

portal where a potential provider can register and

provide information about their company and, in

particular, its services. Alternatively, the user may

use open UDDI-directories for identifying appropriate

services.

– Evaluation In this phase, the decision maker evaluates

the services identified in the second step with regard to

the criteria defined in the first step. This holds

especially true for qualitative criteria that require

decision makers to apply values that are often based

on experience. The goal of this step is to provide a

common basis for services from different providers so

that these can be used as input for the selection

algorithm.

– Selection The objective of this phase is to filter services

based on the evaluation carried out in the preceding

step.

In the succeeding phases, these services are integrated

into the internal directory and the selection and execution

at runtime are carried out. Finally, accounting, as well as

the potential deactivation of the services, must be taken

care of. While this paper focuses on interactive decision

support in the selection phase, a considerable body of

literature deals with related issues. Particularly, the auto-

mated composition of Web services is widely acknowl-

edged as a promising field of research [33]. Corresponding

papers can be roughly divided into two families of

approaches, namely composition by planning and business

process optimization [59]. Artificial intelligence (AI)

planning for the composition of Web services falls in the

first group where, e.g., ontologies are used for defining an

initial state, an explicit goal representation, and a set of

possible state transitions. Such an approach is considered

to be highly flexible, as a high level specification of the

required functionality is used for automatically or semi-

automatically composing a service process. Typical

research questions address the discovery of proper services

and, to this end, commonly use semantic methods that

make it possible to describe the capabilities and processes

of Web services [33]. Note that in our paper, we assume

that potential services and their functionality are already

known (e.g., by applying tools based on semantic lan-

guages [18, 74]). Approaches from business process opti-

mization typically rely on BPEL processes that are

composed of abstract services. The actual combination of

‘‘real’’ services is determined at runtime by solving an

optimization problem. Here, local approaches that consider

only local QoS constraints (cf. [4, 44, 77]) can be distin-

guished from global approaches that consider the

constraints for the whole application (cf. [9, 12, 27]). For

an example refer to Zeng et al. [77], who proposed solving

the problem of Web service composition by measuring

each constraint in the QoS model. For this purpose, they

introduced a linear mathematical program that took such

factors as availability, successful execution rate, response

time, execution cost and reputation into consideration.

Next, Ardagna and Pernici [4] developed a mixed integer

linear approach with both local and global constraints,

while Yu et al. [75] came up with a multi-dimensional 0–1

knapsack formulation that takes into considering the

practice of different quality levels. Further approaches

applied integer programming (cf. [21]) or multi-objective

genetic algorithm (cf. [10, 12, 36]). Related literature also

refers to Ran [51], who incorporated the QoS model into

UDDI registries in order to collect all QoS attributes for

each service in a centralized place, or to Sreenath and

Singh [58], who described a mutual evaluation process

between agents that selects the best services based on rates

provided by the agents. Lately, Ardagna and Pernici [5]

focused on problems with large processes and severe QoS

constraints. For this purpose, they designed a mixed integer

linear programming approach and recommend supple-

menting it with additional negotiation techniques if nec-

essary. For a more detailed literature review on current

developments regarding the Web services composition

problem (see [5, 12]).

3 Traditional multicriteria approaches

While it is relatively straightforward to calculate the total

cost of ownership (TCO) by summing initial investments

and succeeding maintenance costs, assessing efficiency

gains or additional returns from a potential—yet, hypo-

thetical—IT solution is a difficult and highly approxima-

tive task. Moreover, several non-financial (e.g., QoS)

aspects must also be taken into consideration in Web ser-

vices composition (for a discussion refer to [2, 39, 45, 46,

73] and others).

As a consequence, a single solution that is the ‘‘best’’

one from an objective point of view typically does not

exist; instead, many reasonable solution alternatives usu-

ally exist. Accordingly, methods from multicriteria deci-

sion making come into play (also cf. [3, 17, 49, 52]). These

can be divided into two complementary areas, namely (i)

mathematics-based multiple objective programming

(MOP) followed by an interactive decision support phase

(e.g., the ATANA approach introduced in this paper) and

(ii) multiple criteria decision analysis (MCDA) that

encompasses decision makers’ judgments and preferences

in order to derive formal utility functions representing

their preferences. This chapter describes two common
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approaches of the latter type that have been adapted to IT

investment selection so far.

Weighted Scoring Method and Analytic Hierarchy

Process are well established and frequently used approa-

ches for the evaluation of IT-investments (cf. [56, 66, 71]).

They have been extensively applied to the selection of

components-off-the-shelf (COTS; cf. [2, 30, 39, 45, 46,

73]) and many companies are still using AHP and WSM

for their IT-investment decisions, including Web service in

terms of interfaces to software components, legacy systems

or other IT-systems. It has to be considered that the Web

service is just the interface to the system or software

component that provides the benefits and requires the

resources. There is no doubt that companies could use

systems for the automatic composition of Web services at

runtime, but a vast majority of companies are either (i) still

far away from using SOA and Web services or (ii) want to

have influence on the investment decision. Therefore, AHP

and WSM were chosen for the case study in order to

provide decision makers with information on the benefits

of using ATANA for their investment decisions.

3.1 Weighted Scoring Method

The WSM is the most commonly used approach in litera-

ture (cf. [20]). This method tackles multicriteria problems

by weighting each of the objectives numerically and

combining the weighted criteria into a single numerical

utility indicator value for each candidate. An example is

provided in Table 1, in which the contributions of each

candidate were rated on a scale ranging from 1 (i.e.,

‘‘poor’’) to 9 (i.e., ‘‘excellent’’); apparently ‘‘System B’’

should be chosen in this example. Procedurally, the steps

for the WSM are as follows:

1. Identify all alternative choices.

2. Identify all relevant factors.

3. Identify, judgmentally derive, or compute factor

weights for each factor.

4. Construct a WSM table with individual columns for

each alternative and one additional column labeled

‘‘Factor Weights’’, as well as rows for each factor and

a final row labeled ‘‘Total Score’’.

5. Rate each alternative using a scale of choice (e.g.,

1–9) in which the lower value on the scale represents

a less preferred value and the higher value represents

a more preferred value for each factor.

6. Place the ratings by row and column in each of the

cells that make up the table.

7. Place the factor weights in the ‘‘Factor Weight’’

column.

8. Multiply the factor weights by each of the ratings

across each row and place these values in each of the

table’s rating cells.

9. Sum these computed ratings by column (i.e., each

alternative) to generate a total score and place these

values in the ‘‘Total Score’’-row at the bottom of the

table.

10. Select the alternative with the largest total score.

The WSM is quite straightforward, which may explain

its widespread popularity in practice. While it is fast to

perform, WSM comes at the price of significant drawbacks.

First and foremost among these is the fact that its results

depend highly on the availability of perfect (or nearly

perfect) information on (i) the form of the decision maker’s

preference function and (ii) criteria weights. Note that

linear preference functions are assumed by default,

although the phenomenon of decreasing marginal benefits

is well known and accepted in economic and psychological

theory. Moreover, experts are often not willing and/or, in

particular, not capable of providing a priori precise weights

for several criteria. As these weights directly affect the

results, even small deviations may lead to a recommen-

dation that is derived quickly but may prove to be poor.

Using the WSM as the sole approach for something as

critical as Web services composition may therefore turn out

to be a convenient, but ultimately expensive decision.

3.2 Analytic Hierarchy Process

The AHP was introduced by Saaty in 1980 [55]. Because it

provides a means for a more objective determination of

criteria weights, the AHP became quite common as well

(cf. [16, 30, 32, 76]). Typically, it is performed in three

stages:

– Decomposition At the beginning of the process, the

overall decision problem is decomposed in a hierarchic

structure in which the top represents overall objectives

and lower levels represent criteria, sub-criteria and

alternatives (see Fig. 1).

– Comparative judgments In the next step, participants set

up a matrix that compares pairs of criteria or sub-criteria

at each hierarchy level. Weights are employed to provide

a numerical expression of the user’s preference for one of

Table 1 Example of the WSM

Criterion Weight System A System B

Flexibility 0.1 0.1 9 3 = 0.3 0.1 9 1 = 0.3

Brand name 0.1 0.1 9 5 = 0.5 0.1 9 2 = 0.2

Price 0.3 0.3 9 2 = 0.6 0.3 9 1 = 0.3

Security 0.5 0.5 9 7 = 3.5 0.5 9 9 = 4.5

Total score 1.0 4.9 5.3
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the two compared criteria: a rating of 9 indicates ‘‘total

preference for criterion A over criterion B’’, 1
9

indicates

‘‘total preference for criterion B over criterion A’’, and 1

indicates ‘‘ambivalence between criterion A and crite-

rion B’’ (see Table 2).

– Synthesis of priorities Finally, the composite weights of

all alternatives are calculated based on preferences

derived from the matrix.

The AHP method’s strength lies in its ability to structure

the criteria of complex problems hierarchically [76].

However, it also exhibits major drawbacks. While the form

of the preference function must still be determined in some

manner (and, typically, is simply—and wrongly—assumed

to be linear), the AHP’s main drawback lies in the high

number of pairwise comparisons between (sub-) criteria

that it makes necessary. In addition, there are several

unsolved methodological reservations (such as, why should

a nine-point-scale be used and not a seven- or an eleven-

point-scale, or something completely different?) that may

considerably affect results.

4 The ATANA approach

The ATANA approach consists of two phases. In the first

one, all portfolios (i.e., combinations of Web services) that

are both feasible (i.e., fulfill all constraints) and Pareto-

efficient with respect to the given objectives are determined.

During the second phase, the identified solutions are sub-

jected to an interactive screening method. By taking this

approach, ATANA substitutes the AHP approach (as well

as the WSM) and provides decision makers with ‘‘true’’

multiobjective decision support. A graphical illustration of

how ATANA may be embedded in Web services selection

as well as on corresponding data flows is provided in Fig. 2.

Note that a previous version of ATANA has already been

applied to a similar problem, namely the COTS selection

[48]. This paper not only applies this approach to the

selection of Web services, it also includes business pro-

cesses as the basis for the valuation of Web services and

provides a case study from the social security sector.

4.1 Determining efficient solutions

The first task in the ATANA approach lies in determining

efficient service solution alternatives—a task that technically

constitutes a multiobjective combinatorial optimization

(MOCO; for a survey cf. [14]) problem. Solving this problem

involves identifying Pareto-efficient combinations of ser-

vices in which the binary variables xi [ {0, 1} indicate

whether or not a service i is selected (xi = 1 if so, and xi = 0

otherwise). A solution can be represented as vector x ¼
ðx1; . . .; xNÞ; with N being the number of proposed Web ser-

vice alternatives or necessary choices between services,

respectively. The MOCO problem lies in maximizing K

objectives (such as functionality, usability or supplier capa-

bility). The objective functions can be written as follows:

ukðxÞ ¼
XI

i¼1

bi;kxi þ
XJ

j¼1

gjðxÞcj;k þ
XĴ

j¼1

hjðxÞdj;k

for k ¼ 1; . . .;K;

ð1Þ

where uk(x) stands for the overall benefits of service

portfolio x with respect to category k. Therein, the first

Fig. 1 Example of an AHP

decision network following [32]

Table 2 Example for an AHP matrix [32]

Criterion A B C D E F

A. Device interface 1 1/3 1/4 1/3 5 7

B. Graphics support 3 1 1/3 1/4 5 6

C. Multi-media support 4 3 1 2 7 8

D. Data file support 3 4 1/2 1 6 8

E. Cost effectiveness 1/5 1/5 1/7 1/6 1 5

F. Vendor support 1/7 1/6 1/8 1/8 1/5 1
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sum gathers the individual benefits bi,k of services i. The

second sum concerns interrelation effects: additional

benefits cj,k arise if portfolio x contains at least a

number mj of services that are elements of some

interrelation subset Aj of all services. If this is the case,

then gj(x) = 1, otherwise gj(x) = 0 (for a formal

description of how function values are determined see

below). The third sum gathers benefits dj,k that occur if at

most a given number of services of some interdependency

subset Âj is contained in x, where hj(x) is defined in a

manner analogous to gj(x). Following prior work by [62],

ATANA determines gj(x) by means of an auxiliary

function

fjðxÞ ¼
XI

i¼1

ai;jxi for j ¼ 1; . . .; J: ð2Þ

This function counts the number of services in portfolio x

that are affected by an interdependency j (with ai,j = 1 if i

belongs to Aj and ai,j = 0 otherwise). Given mj as the

necessary minimum number of services of some type, the

relations

fjðxÞ � mj þ 1� IgjðxÞ� fjðxÞ � mj þ I and ð3Þ

gjðxÞ 2 f0; 1g for j ¼ 1; . . .; J ð4Þ

ensure: if fj(x) C mj then gj(x) = 1, and if fj(x) B mj then

gj(x) = 0, as required. With hj(x) instead of gj(x) and a

change of signs in equation (3) before both fj(x) and mj we

define interdependencies that do not allow for more than a

maximum number of services.

Observe that objective functions referring to criteria that

should naturally be minimized (e.g., costs) can easily be

transformed by simply multiplying the underlying objec-

tive values with (-1). Further note that functions uk(x) may

take any form (linear, non-linear, etc.) as long as they are

defined for all (feasible) alternatives x. Finally, it should be

recognized that finding proper functions for criteria such as

the expected availability of a given combination of Web

services may prove tricky: however, this difficulty also

holds true to the same degree for all other decision support

approaches. Any procedure applied in this phase is meant

to identify (or, at least, provide an approximation of) the set

of all solutions that are Pareto-efficient. Of course, all

solutions taken into consideration must be feasible with

respect to two sets of constraints. The first set relates to

limited resources (e.g., initial costs or running costs). These

constraints may be formulated simply as
X

i

riqxi�Rq for q ¼ 1; . . .;Q; ð5Þ

where riq represents the amount of resources of type q

required by service i and Rq stands for the maximum

available amount of resources. The second set ensures that

at most a maximum—or at least a minimum—number of

Web services from given subsets is included in feasible

solutions. For instance, a constraint may require that at

least two defined services (referring to the corresponding

services having assigned indices 1–6) but not more than

four services must be selected and, thus, takes the form 2 BP
i=1
6 xi B 4. Accordingly, decision makers can assure that

Fig. 2 Overview of ATANA’s

data flows
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certain Web services should only be selected in combina-

tion with each other (e.g., two services from the same

vendor might be preferred) and/or they can take into con-

sideration that their combination yields synergy effects

(e.g., the use of the two services from the same vendor

might result in reduced costs). Other services are mutually

exclusive (e.g., services that provide exactly the same

functionality) or cause cannibalism effects (e.g., the use of

a service fulfilling only part of the needed functionality

might demand the use of a second service and thus would

result in higher costs or reduced performance).

4.2 Interactive exploration of solution space

In ATANA’s second phase, the decision maker requires

support in making a final determination of the solution that

best fits his notions out of the possibly hundreds (or even

thousands) of Pareto-efficient alternatives identified in the

first phase. Literature provides several methodologies for

this task, namely (i) filtering methods, (ii) clustering

methods, and (iii) search based procedures. Filtering

methods reduce the efficient set by discarding the most

‘‘redundant’’ portfolios while retaining solutions which are

most dissimilar. An application of such an approach in the

field of IT risk management is provided by Strauss and

Stummer [60], who used a k-tree data structure (cf. [65]).

Clustering can be described as the process of forming

groups of similar portfolios. Once a manageable number of

clusters has been identified, a representative point from

each cluster is presented to the decision maker, who can

then choose the most preferred of these solutions and, in a

second step, examine a neighborhood around this point. For

a recent application in locating and sizing medical

departments, confer a paper by Stummer et al. [64],

who implemented the commonly used (non-hierarchical)

k-means clustering for this purpose. Search-based proce-

dures, finally, start from an efficient portfolio and allow the

decision maker to iteratively ‘‘move’’ in solution space

towards more attractive alternatives until no ‘‘better’’

portfolio can be found (cf. an application by Focke and

Stummer [19], who provide an example from strategic

technology planning in hospital management).

The ATANA approach is of the latter type. During the

design phase, various alternative techniques for visualizing

multidimensional data came into consideration (for a brief

survey see [24]). Some methods represent solution alter-

natives as dissimilar objects—such as faces [11] or houses

[31]—whose individual attributes correspond with the

respective criteria values. However, it turned out to be

difficult to find user-friendly mechanisms that allow for the

interactive manipulation of aspiration levels within these

visualizations. Moreover, interactive decision maps [37]

and spider diagrams such as the ‘‘navigation star’’ [67]

have been discussed as well. While the first-mentioned

theoretically can deal with six or even more objectives, this

comes at the price of a considerably increased cognitive

burden imposed on the decision maker. Note that in our

sample application six criteria have to be considered where

two criteria would be represented on axes, two as cells in a

matrix, one by color shading and one through animation

and it would be quite difficult to determine which criteria

to handle in which way given that this may affect the

results of the interactive portfolio selection process. The

interactive navigation star, however, constituted an

appealing alternative and only after having received feed-

back from practitioners we decided to use bars instead

because managers are much more familiar with bar dia-

grams and therefore seem to prefer them.

ATANA is based on interactive modifications of lower

and upper bounds for one or more objectives. To this end,

K subwindows are displayed (cf. Fig. 3).

Each subwindow (see Fig. 4) focuses on a single

objective and provides the following types of information:

– Values that may be achieved by at least one of the

efficient solutions identified in the first phase: These

values are represented by small horizontal marks

(referred to as [I] in Fig. 4) that remain fixed through-

out the interactive procedure since no change in the set

of efficient solutions takes place in this second phase.

Observe that the marks may visually grow together to

vertical blocks when several solutions provide similar

values in this objective.

– The range of objective values being achievable by

solutions that have remained after the decision maker

has set lower and/or upper bounds for some objectives

(this will be illustrated by means of a small example in

Fig. 3 Status of the DSS at the beginning
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the remainder of this section): This range is represented

by ‘‘flying’’ bars (see marker [R] in Fig. 4). Once the

decision maker tightens or loosens some bounds (see

below), this range will be automatically adapted with

respect to the new settings.

– Lower and upper bounds (i.e., aspired minimum/

maximum benefits): These bounds are represented by

two manipulable (moveable) horizontal lines with

small arrows at one side (see [L] and [U] in Fig. 4).

They can be used to restrict the set of remaining

solutions in a step-by-step manner (e.g., by raising the

minimum bound in one of the objectives) or for

expanding it (e.g., by once again relaxing some other

bounds) according to the decision maker’s preferences.

Such a manipulation immediately affects the ‘‘flying’’

bars [R]. If, for example, the decision maker raises

the aspiration level in one objective, the number of

remaining efficient solutions (i.e., the number of

solutions that provide higher benefits than the new

aspiration level) will be reduced. Thus, the ranges of

available objective values in this and other objectives

will become narrower as well.

The system provides immediate feedback about the con-

sequences of such choices in terms of the remaining

alternatives. Let us illustrate this by reducing the maximum

allowance for resource A (cf. Fig. 5).

While this setting has eliminated those solutions that

come with a relatively high value in ‘‘Resource Category

A’’ (and, on average, a somewhat higher need for resource

C), the options in the other objectives have been reduced as

well and the position and size of the flying bars (i.e.

remaining solutions) have changed accordingly. Raising

the minimum value for Benefit A (e.g., functionality)

narrows the set of remaining alternatives even further,

since many alternatives with low resource values (e.g.,

price) drop out (cf. Fig. 6).

In further iterations, the decision maker continues

playing with minimum and maximum bounds and by doing

so can learn about the consequences of his decisions and,

thus, gain a much better ‘‘feeling’’ for the problem in terms

of what can be achieved in some objectives at what ‘‘price’’

in terms of opportunity costs in other objectives. After

several cycles of restricting and once again expanding the

opportunity set, the decision maker will finally end up with

a solution alternative that offers an individually satisfying

compromise between the relevant objectives. Note that he

does not need to explicitly specify weights for objectives

nor to specify the form of his preference function or to state

how much one solution is better than another during any

stage of the whole procedure. Instead, ample information

Fig. 4 Subwindow details

Fig. 5 Status of the DSS after the first setting

Fig. 6 Status of the DSS after two settings
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on the specific selection problem is provided to him and the

system ensures that the final solution will be an optimal

(i.e., Pareto-efficient) one, with no other feasible solution

available that is ‘‘better’’ from an objective point of view.

4.3 Excursion: determining business process coverage

Business process coverage plays a major role when setting

up a portfolio of Web services. Note that while this holds

true irrespective of which decision support approach (e.g.,

WSM or AHP) is used, ATANA also provides procedural

support in this respect. Also note that it may prove to be

problematic dealing with information such as that a given

service supports a specific business process activity or

business process, e.g., ‘‘by 70 percent’’, because there are

no general rules for determining the actual business process

coverage of a portfolio of Web services holding two such

services. Obviously, there’s no coverage of 140%, but total

coverage may even be as low as 70% (in the event that both

services cover the exactly same function requirements) or

somewhat in between up to 100%. That is the reason why

ATANA supports the modeling of business processes in

nearly arbitrary granularity and, consequently, other than

that allows only binary n-to-n relations between services

and business processes (i.e., services do or do not support a

certain business process activity or business process). The

mapping between services and processes (cf. Fig. 7 for a

(small) illustrative example) can be represented in a binary

N 9 M matrix where N represents the number of service

candidates and M the number of processes and/or activities

that needs to be covered. Each entry cij (for i ¼ 1; . . .;N
and j ¼ 1; . . .;M) holds the information whether a service i

covers a process j (in this case cij = 1) or not (if cij = 0).

The coverage of a business process j by a given portfolio x

therefore can be determined as

cjðxÞ ¼ min ð
XN

i¼1

cijÞ; 1
( )

: ð6Þ

In its simplest form, the total business process coverage

results in

cðxÞ ¼
PM

j¼1 cjðxÞ
M

: ð7Þ

As a matter of course, this approach can be further

refined by taking into consideration the business contri-

bution (‘‘value’’) of a process (e.g., measured in number of

requests or another indicator reflecting the process’ rele-

vance) or by setting up a hierarchy (e.g., coverage of a

specific process requires coverage of other processes on a

lower or higher level, respectively).

5 Case study

The case study was carried out in the social security sector

in Austria. The goal of the organization was the consoli-

dation of the existing system architecture based on a given

set of business processes that serve up to 500,000 cus-

tomers. Therefore, a set of existing core business processes

was selected and used as the basis for defining the

requirements the services had to fulfill. Further, the deci-

sion makers provided a list of potential services, as well as

a set of evaluation criteria. With this data serving as input,

we analyzed the capabilities of the three approaches under

consideration.

5.1 Selection of evaluation criteria

The criteria set includes typical QoS objectives taken from

literature (cf. [34, 57, 68, 77, 78]), as well as financial

Fig. 7 Mapping between business process activities and services
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criteria. Note that these criteria are just a representative

selection and should be adapted by the decision makers to the

specific decision scenario (e.g., in order to allow the con-

sideration of business partnerships, or legal agreements).

Further note that this section only regards non-functional

criteria because functional criteria are considered by using

the mapping of the services to business processes (cf. Sect.

5.2). The tool guarantees that only portfolios are selected that

completely fulfill the given business requirements.

– Availability of a service i is defined as the probability

qav(i) that a service is available measured as the total

time service i is available within a time period T and

dividing by T where T is a constant that is chosen by the

administrator. For setting up an objective function we

also may opt to take into account the expected number

of service requests hi within time period T that can be

derived from a benchmark analysis. Thus, an objective

function takes the form u1(x) =
P

i (qav(i) � hi� xi).

Essentially, this function counts the number of requests

that have been fulfilled by any of the services included

in the portfolio within a time period T. Alternatively,

we may focus on the number of incidents for which

requests have not been granted

û1ðxÞ ¼ ð�1Þ �
X

i

ð1� qavðiÞÞ � hi � xið Þ ð8Þ

where the multiplier (-1) just ensures that this variant of

the objective function is to be maximized as well. It may

further be noteworthy that we have neglected any inter-

dependency between qav(i) and hi (although a higher

number of requests may increase the threat for a denial of

service) in the above objective functions. Further, one

can distinguish between several types of operations with

differing values for the business (e.g., probably there are

some requests that are considerably more harmful if they

are not executed than others). However, both extensions

may be easily incorporated in the model.

– The performance qper(i) describes how fast a request

can be finished by calculating the lag between the

moment of the request and the moment of the response.

This value can be calculated using qper(i) = Tprocess(i)

? Tdelay(i), where Tprocess(i) is the period of time that an

instance of a service takes while being processed and is

usually defined by the provider, and Tdelay(i) represents

non-value-added time such as transmission time or

queuing time needed in order for an instance of a

service to be processed. This results in a second

objective function

u2ðxÞ ¼
X

i

ðqperðiÞ � hi � xiÞ: ð9Þ

Obviously, this function may be extended in an analo-

gous way as described for the first objective function

(e.g., there are usually critical core processes for which

performance aspects are considerably more important

than for others).

– The reputation qrep(i) of a service i is defined as the

average rank given to the service by end users, e.g. by

calculating qrepðiÞ ¼
P

j
repi;j

si
where repi,j represents the

end users grade for a service’s reputation and si is the

number of times that the service has been graded

(j ¼ 1; . . .; si); alternatively, one may also opt for the

mode of the users’ votes. The objective value of a

portfolio then results in

u3ðxÞ ¼
X

i

ðqrepðiÞ � hi � xiÞ: ð10Þ

Once again, this may be refined by distinguishing

between more and less relevant services.

– Revenue qrev(i) refers to the amount of money the

provider of a service i receives for its execution. Note that

this may be subject to differing gains depending on the

underlying operation and/or may vary depending on the

times of day and/or the number of users. In its basic form

the corresponding objective function can be written as

u4ðxÞ ¼
X

i

ðqrevðiÞ � hi � xiÞ: ð11Þ

– The term running costs qrc(i) should be self-

explanatory. They either depend on the number of

requests, or on data volume, or a flat rate (cf. [22]). For

simplicity reasons we assumed

u5ðxÞ ¼
X

i

ðqrcðiÞ � hi � xiÞ: ð12Þ

– Finally, the initial costs qic(i) represent the amount of

money an enterprise has to invest in order to integrate a

service i into its corporate environment:

u6ðxÞ ¼
X

i

ðqicðiÞ � xiÞ: ð13Þ

5.2 Definition of business processes and investment

candidates

The existing corporate business process model that deter-

mines the whole workflow for the reimbursement of medical

services, starting with the arrival of a request, continuing

with request approval and proceeding to informing respec-

tive applicants, is used as basis. Nearly all activities involved

in the business process require the permanent support of

underlying IT systems. For this reason, software selection

must be performed with a heavy focus on functional activity

coverage. A set of feasible candidates was pre-selected prior

to evaluating candidates using structured approaches. This

selection was conducted by performing a rough selection of

potential candidates and comparing their main
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characteristics to the decision situation’s baseline parame-

ters (i.e., knock-out criteria, such as the coverage of needed

functionality), as well as approximate available monetary or

performance parameters. The number of candidates to

include in individual evaluation strongly depends on several

factors, including application domain and the availability of

suitable software—in this specific case, 20 candidates were

selected. According to these preconditions and the require-

ments of the given business process, the services chosen for

further evaluation were denoted with the letters A to Y and

divided into five groups: accounting (T, U, V), approval (I, J),

archiving (W, X, Y), data access (A, B, C), document man-

agement (N, O, P, R), paper digitizing (D, E, F), and text

processing (L, M). In order to visualize both the functionality

and business process coverage of each candidate, the busi-

ness process model was updated to include the mapping to

potential services to business process activities (cf. Table 3

for a listing of the activities of the business process under

consideration, as well as the mapping between these business

process activities and corresponding investment candidates).

As many portfolio alternatives required taking into

consideration interdependencies between services, we set

the following constraints:

– Service A, the existing scan software, cannot be used

together with the potential new scan software, compo-

nent D.

– The two DMS applications component K and compo-

nent L cannot be used together.

– Component E is an extension of component D. If

component D is used without component E, total usability

of the respective portfolio decreases by 40 points.

– Component J is a plug-in for component I. If compo-

nent I is used without component J, reliability decreases

by 20 points.

– Component P is an extension for component K. If

component K is used without component P, access

control decreases by 45 points.

– Initial costs must not be higher than 120,000.

– Maintenance costs must not be higher than 15,000/year.

Candidates are rated based on data taken from specifi-

cations, empirical evaluations or estimations (cf. Table 4

for the rating of all candidates). Although the applicability

of our approach depends on the availability and quality of

appropriate input data, this difficulty is not unique for

ATANA, but rather holds for all other approaches as well.

We tackle this problem by using a workshop-based process

where decision makers collaboratively decide on the input

values (cf. [8, 47] for an example). Note that the ranges of

the ratings differ depending on whether values naturally

can be measured quantitatively (e.g., monetary units, time

units or resource consumption). If so, candidates are

directly assigned their absolute values for this criterion.

Otherwise, an abstract scale of points is applied.

5.3 Applying the three approaches

5.3.1 Weighted Scoring Method

The WSM essentially aggregates the criteria values to a

single total value by using criteria weights. To this end, all

values must be on the same scale in order for objective

Table 3 Mapping between business process activities and Web ser-

vice candidates

Activity Service candidates

Register Request A B C N O P R

Check request for eligibility A B C N O P R T U V

Return request to applicant A B C L M T U V

Scan request A B C D E F N O P R

Check for identical request A B C N O P R T U V W X Y

Open request A B C N O P R W X Y

Open document A B C N O P R W X Y

Edit document A B C L M N O P R W X Y

Mark for approval A B C N O P R

Open marked request documents A B C I J N O P R

Approve request A B C I J N O P R

Check correctness A B C N O P R

Inform applicant A B C L M T U V W X Y

Table 4 Ratings of the Web service candidates

Candidates AV Per Rep Rev IC RC

A 4 4 2 9 7 51

B 3 8 7 0 9 3

C 5 9 5 5 10 34

D 2 1 3 1 9 22

E 7 6 1 7 7 11

F 3 9 2 7 9 30

G 3 4 1 0 7 7

H 3 6 9 8 9 44

I 1 6 6 0 7 12

J 1 1 2 0 4 11

K 10 4 5 3 5 12

L 1 7 4 2 2 15

M 1 1 5 11 8 59

N 8 4 2 0 2 9

O 1 1 1 0 7 23

P 5 5 7 0 7 18

Q 3 4 4 3 8 80

R 6 2 7 0 5 14

S 4 3 3 0 8 2

T 6 4 1 5 6 23
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weighting to be effective and for the final output to have

any meaning. For example, when aggregating initial costs

and usability, directly weighting both objectives is not

effective, as the range of initial costs usually far exceeds

the range of usability (which, in our decision situation, is

limited to a maximum of 10). Therefore, all objective

values are normalized to a range of [0,10]. Further, the

WSM requires an absolute and declarative a priori

weighting of all objectives. In this case study, the weights

are set as follows: availability (15%), security (10%),

performance (15%), reputation (10%), revenue (20%),

running costs (10%), initial costs (20%). Finally, as the

WSM—in analogy to the AHP—does not produce portfo-

lios, but only candidate rankings, a knapsack algorithm is

applied for portfolio composition [41].

5.3.2 Analytic Hierarchy Process

The AHP requires all decision criteria to be ordered in a

hierarchy showing a hierarchical representation. All

objectives are assigned with indices (such as ‘‘L2.1’’ for the

first criterion on the second level) to facilitate readability.

In the first step, the AHP requires pairwise comparisons of

(sub-) objectives on their respective levels with preferences

expressed numerically using a scale from 9 (‘‘much more

important’’) to 1 (‘‘of equal importance’’). Two compared

objectives are always assigned reciprocal values, meaning

that if objective A is rated with 4, the rating for candidate B

is implied as 1
4
: After this, eigenvalues are calculated and

the overall objective weight is derived from the average of

its row sum. This process is repeated for all objectives until

each of them is assigned a total weight. In order to cal-

culate overall ratings for candidates, all of the candidates’

L3 objective values must be correlated (multiplied) with all

of their parent objectives up to the root node and summed

up. The result is a list in which candidates are ordered by

descending overall value but that does not yet point out

reasonable combinations of candidates. Thus, once again a

knapsack-like algorithm is applied for testing each port-

folio alternative with regard to its business process cover-

age and its compatibility to all given constraints.

5.3.3 ATANA approach

The process starts by entering objectives together with their

respective limits, while potential Web services and busi-

ness processes, together with their mappings, are imported

from the business process management tool Adonis (for an

example cf. Table 3). In addition, constraints such as

interactions and dependencies are defined. Depending on

the number of objectives, constraints and business pro-

cesses, ATANA is capable of evaluating about 40 Web

service candidates per decision situation. In our case study

(which includes six objectives plus business coverage, 13

business processes or business process activities and 20

software candidates) the underlying MOCO problem can

be solved on an average workstation in less than 20

seconds. Thus, 222 non-dominated (i.e., Pareto-efficient)

feasible portfolios are identified. These solution alterna-

tives are further subjected to ATANA’s interactive deci-

sion support module.

Figure 8 shows the initial screen of the analysis tool. By

moving the red upper and lower rulers, aspiration levels are

set (for minimum or maximum values in a given objective

category) and, thus, the number of remaining solutions can

be reduced in a straightforward manner. In our example,

this is performed as follows: at first, the maximum initial

costs are reduced to a value of 120k, which reduces the

number of portfolios from 222 to 145 (cf. Fig. 9).

After this, the minimum requirement for availability is

set to a value of 30 points, while the corresponding values

for performance and for reputation are set to 35 and 30,

respectively. Furthermore, the maximum value for running

costs is set to a value of 47k. Afterwards, the remaining

five portfolios are visualized side by side (cf. Fig. 10).

Note that the second portfolio provides not only the

highest values for revenue and performance, but also the

highest initial and running costs—whereas the fourth port-

folio promises the lowest values in all resource categories,

but also comes with the lowest benefit values. The other

portfolios provide benefits on an average level and are asso-

ciated with average resource consumptions (for a numerical

description of the remaining portfolios cf. Table 5).

Depending on whether the slightly higher costs of portfolio

two appears problematic, it can either be selected or the

evaluation process can be continued by picking other port-

folios and/or (re-)setting the aspiration levels.

5.4 Comparison of the results

In this case study, two traditional multicriteria methods that

are commonly used for selecting single IT investments

(AHP, WSM) were compared to the new ATANA

approach. The solutions constructed with WSM and AHP

are both contained in the solution space generated with

ATANA, which implies that these portfolios are Pareto

efficient (which is not surprising, as they were optimized

by means of a linear mathematical programming solver

tool once criteria weights or weights for the Web service

alternatives, respectively, have been determined). Note that

this will probably not be the case if the WSM or AHP are

used in the classical way, namely, by sequentially selecting

the highest ranked alternatives. Further, the used ILP-sol-

ver made it possible to also take into account interdepen-

dencies between Web service alternatives that may remain

unconsidered in a standard WSM or AHP approach.
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Apart from the fact that the quality of the results

achieved is comparable if supplementing the two tradi-

tional approaches with additional Operations Research

tools (otherwise it is very likely that their results are

inferior), the ATANA approach provides decision makers

with some major advantages that can prove to be even

more important than the numerical result:

– Analytic Hierarchy Process and Weighted Scoring

Method are limited to simple ranking Web service

alternatives, whereas ATANA supports the construc-

tion of portfolios and, thus, also the consideration of

interdependencies between Web service candidates.

– Moreover, ATANA explicitly considers given corpo-

rate business processes and therefore assures that only

combinations of services are proposed that properly

support the corporate business processes with regard to

technical and economic requirements.

– Both traditional techniques assume linear utility func-

tions. In addition, they require the assignment of

weights to each criterion. ATANA, on the other hand,

does not force decision makers to provide a priori

preference information such as criteria weights or the

form of their (private) utility functions. Instead, it

offers a stepwise and repeatable process that provides

decision makers with rich information on the compo-

sition problem at hand.

– With regard to the amount of time to be spent by the

decision makers, WSM comes for the lowest costs.

However, it bears significant drawbacks, such as its

need for extensive a priori preference information.

WSM requires decision makers to (i) have criteria

weights that perfectly represent their preferences at

their fingertips, without having seen any alternative

solutions, and (ii) to be willing to freely provide these

criteria weights to the system in order to calculate

utility values for each service. In contrast to WSM,

ATANA permits the stepwise definition of preferences

with interactive decision support and prevents decision

makers from overhasty defining constraints that could

result in the loss of feasible solutions. The ATANA

approach provides decision makers with the opportu-

nity to thoroughly explore the set of Pareto-efficient

solution alternatives until they find the individually

most attractive portfolio of Web services, while at the

same time guaranteeing that only efficient solutions are

taken into consideration.

Fig. 8 Initial mask of the ATANA analysis tool Fig. 9 Mask after the user’s first setting
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– While the results obtained by using AHP are typically

more consistent and reliable than those obtained

through WSM, applying the AHP method can easily

result in numerous pairwise comparisons that have to

be performed by the decision makers (cf. [39] for an

illustrative case study). A further drawback of AHP

concerns dynamic decision situations (i.e., in cases

where new candidates or criteria are added or existing

ones are withdrawn). In such situations, it becomes

necessary to restart the whole procedure (including

most comparisons) from scratch. Compared with the

AHP, ATANA requires significantly less effort from

the decision makers and provides additional benefits (as

already outlined).

– And finally, ATANA is designed for supporting decision

makers in learning more about the specific decision

problem at hand; by ‘‘playing’’ with the system they may

even learn about their own preferences.

We used the following criteria for the tool evaluation

(e.g. [35]): (i) The improvement in the ability of decision

makers to find their favorite solution, (ii) capturing inter-

dependencies, (iii) usability (ease of use without knowl-

edge), (iv) complexity/cognitive burden, (v) ease of

exploring the solution space, (vi) efficiency (repeatable

process, no a priori preference information necessary), and

(vii) business process consideration.

The case study compared the decision making process of

ATANA to the WSM and the AHP. In Table 6, we mea-

sured the chosen criteria using a three point Likert scale in

the case the decision maker gave his expertise about the

process (criteria 1, 3, 5, 6) and yes/no regarding criteria

that measured the existence of certain characteristics (cri-

teria 2, 4, 7).

6 Conclusions and further research

The majority of current corporate business processes are

supported by IT systems. As a result, corporate success is

directly affected by the composition of these systems

where Web services play an increasingly important role.

Decision makers are particularly challenged by having

to consider multiple objectives, the optimal alignment

between business processes and services as well as the

cost-efficient use of available resources and interdepen-

dencies between the systems. In addressing the obvious

shortcomings of existing approaches, we developed a two-

phase interactive decision support approach named

ATANA. In its first phase, ATANA determines those

portfolios of Web services that are both feasible with

respect to given constraints and Pareto-efficient with

respect to the given objectives. Then, ATANA supports

decision makers in interactively exploring the determined

Fig. 10 Mask after further settings

Table 5 Numerical description of the resulting portfolios

Category Sol. 1 Sol. 2 Sol. 3 Sol. 4 Sol. 5

Availability 35 35 33 38 41

Performance 83 83 83 83 83

Reputation 81 100 75 87,5 75

Revenue 365 450 400 435 405

Running costs 54 60 58 64 62

Initial costs 910 920 850 840 890

Table 6 Summary of the approaches’ properties

Requirement WSM AHP ATANA

Ability Low Medium High

Dependencies No No Yes

Usability Medium Low High

Complexity Low High Medium

Exploring Low Low High

Efficiency Low Medium High

BP coverage No No Yes

Inf Technol Manag

123



solution space in the second phase. To the end of illus-

trating this new approach, a case study was carried out in

the social security sector in Austria. It turned out that

ATANA outperforms traditional methods such as AHP or

WSM in many respects.

Evidently, the applicability of our approach is limited by

the availability and quality of input data (e.g., it may prove

to be difficult to find exact data for the changes in an

enterprise’s exposure when implementing a certain com-

bination of Web services). However, this difficulty is not

unique for ATANA, but rather holds for all other approa-

ches as well; nevertheless it confines the applicability of

formal decision support approaches to cases with the nec-

essary information available. Another problem may arise if

the set of considered services becomes too large (e.g.,

comprises hundreds of candidates). In this event, the exact

determination of all Pareto-efficient portfolios in the first

phase of ATANA cannot be performed in reasonable time.

Although meta-heuristic solution procedures (e.g., [15, 63])

have the potential to considerable raise this limit, ATANA

remains more or less limited to decision problems with

some dozen Web service candidates. If necessary, the

required reduction in the number of service candidates may

be achieved by introducing an additional screening phase at

the very beginning, during which those candidates are fil-

tered that either have excellent values in at least one of the

criteria or provide a promising mix of objective values (e.g.,

measured by applying the WSM in this screening phase).

Deriving ‘‘better’’ data in terms of both quantity and

quality may constitute a first field for further research (e.g.,

accomplished by means of a workshop-based process, for

an example cf. [47]). Next, ideas from group decision

making and negotiation analysis might be integrated in

order to elicit preferences from multiple stakeholders and

to propose proper (e.g., fair) compromises (cf. [61]). These

information may also be used in automated service com-

position approaches (for an interesting recent approach cf.

[5]). And finally, we will continue conducting experiments

in order to more thoroughly test alternative user-interface

designs with respect to their acceptance in real-life decision

environments. This includes the extension of ATANA to

the field of information security in order to allow a more

thorough evaluation of security investments.
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