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Abstract. The symbiosis between an enterprise architecture and service-oriented architecture re-
sults in so-called service-oriented enterprise architecture and brings up new problems for service-
oriented enterprise systems engineering. One of the most important is a business service quality
definition, specification and evaluation. The paper proposes a formal model of enterprise business
service quality evaluation framework to encompass and balance all the viewpoints and perspectives
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1. Introduction

The symbiosis between an Enterprise Architecture (EA) and Service-Oriented Archi-
tecture (SOA) results in so-called Service-Oriented Enterprise Architecture (SoEA) and
brings up new problems for Service-Oriented Enterprise Systems (SoES) engineering.
A number of different stakeholders have different, often conflicting understandings of a
SoES service quality and how it should be defined, specified, and evaluated. Thus, despite
a large number of QoS models and ontologies, the question “What does QoS mean?” still
has no final answer, at least, in the context of SoES. The open issue also remains a quality
evaluation of the overall SoES.

The term QoS was introduced in telecommunication where it was focused on the ser-
vice performance measures from the network perspective. Later it was extended including
even hardly related to quality characteristics such as a service requestor’s satisfaction or
service cost.1 Currently the term QoS refers to several different things. As stated in Ben-
bernou et al. (2010), “ This set of quality attributes does not characterize only the service

*Corresponding author.
1Note that in our paper service requestor and service consumer are different entities. The first one is a person

or an organisation while the second one is a piece of software.
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but any entity used in the path between the service and its client. Such an entity may exist

in any of the three possible service levels. Thus, different QoS attributes may be used to

define the QoS of a service in the application, service, and infrastructure levels”. There
the term client refers to the service requestor.

In the context of SoES, the quality of an enterprise business service (EBS) is typi-
cally addressed by the term QoS for web services (WS QoS) that, unfortunately, causes
some confusion. One of the most popular WS QoS definitions is presented in Kritikos and
Plexousakis (2012), where this term is defined as “a set of nonfunctional attributes of the

entities used in the path from the WS to the client that bear on the WS’s ability to satisfy

stated or implied needs in an end-to-end fashion”. The definition speaks about EBS end-
to-end quality but calls it web service quality. However, in many contexts it is important
to distinguish between these qualities, i.e. to differentiate between the extent to which an
EBS satisfies stated or implied service requestor’s needs and the manner in which this
EBS is delivered. Using the terms proposed by Grönroos (1982), it is important to differ
between EBS technical quality and EBS functional quality. As pointed out in Parasuraman
et al. (1985), a variety of factors, including resource constraints, market conditions, and
incompetence of available developers, may result in a discrepancy between the real needs
of end user and the actual Service Level Agreement. Consequently, the gap often appears
between the service requestor’s needs and service owner’s treatment of those needs. From
service requestor point of view, often it is important not only to satisfy his or her needs
but also to take into account some additional factors. Therefore, it is confusing to use the
term WS QoS to address an end-to-end quality experienced by an EBS requestor. It also
is unclear whose viewpoint (service requestor’s, service owner’s, etc.) it represents.

Besides, the definition presented in Kritikos and Plexousakis (2012) and similar ones
emphasise only one aspect of the concept, namely, non-functional attributes. Thus, there
exists a need to develop a framework that encompasses and balances all viewpoints and
perspectives on EBS quality at a higher abstraction level.

This paper aims to cope with the conflicts in the enterprise business service quality
evaluation given by different stakeholders. It proposes a model of view-based framework
to describe, relate to each other, to balance the different viewpoints and perspectives on
QoS, and to evaluate the QoS in web-based SoES.

The rest of the paper is organised as follows. Section 2 discusses the related works.
Section 3 describes the research methodology. Section 4 discusses the differences between
SOA and SoES. Section 5 presents the formal model of view-based enterprise business
service quality evaluation framework. Finally, Section 6 concludes the paper.

2. Related Works

A lot of QoS models and ontologies have been proposed. There are also many good and
exhaustive surveys on the QoS models (Benbernou et al., 2010, among others), QoS
specification and evaluation. However, there are only a few works (Wang et al., 2004;
Farroha and Farroha, 2007; Wu and Li, 2010; Usmani et al., 2011) surveying QoS models
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devoted to SoES. Besides, these surveys focus on some specific aspects of the problem,
and to the best of our knowledge no one investigates this problem systematically.

Most of the proposed QoS models can be classified into taxonomy, activity-based, and
ontology-based ones.

Taxonomy-based quality models structure a quality along the characteristics (e.g. se-
curity, interoperability, reliability, usability, efficiency, maintainability and portability).
In other words, these models are more or less exhaustive taxonomies of the QoS charac-
teristics. A typical example of taxonomy-based models is the S-Cube Reference Model
(SCRM) (Benbernou et al., 2010). Another example is the SQuaRE based Web Services
Quality Model (SQuaRE-WSQM) (Abramowicz et al., 2008). It follows the similar clas-
sification scheme established by ISO/IEC SQuaRE model. OASIS Quality Model for Web
Services (WSQM 2.0) (Kim and Lee, 2005) also defines a hierarchical taxonomy of qual-
ity attributes, referred to as quality factors. However, as pointed out in Döweling et al.
(2012), the classification approach used in taxonomy-based models often lacks clear se-
mantics regarding the relationship between super- and sub-characteristics.

To eliminate this shortcoming the activity-based quality models have been proposed.
Originally the activity-based quality models were introduced to model software main-
tainability (Deissenboeck et al., 2007). Currently this approach is successfully applied to
model SOA systems quality. In activity-based QoS models the quality is described along
the activities performed on or with a SOA system. However, the proposed activities, roles
and view dependencies are only mentioned, but not described in detail. The model is
too much technology as well as product oriented and encompasses only three viewpoints.
Nevertheless, our research to some extent is inspired by the philosophy beyond this model.

There are also ontology-based QoS modelling approaches, for example (Bianchini
et al., 2004; Papaioannou et al., 2006). In these approaches, QoS models – usually
taxonomy-based ones – are accompanied by QoS ontologies, which define QoS character-
istics in a formal way. Although there are no obstacles to use appropriate QoS ontology to
define QoS characteristics and even viewpoints and perspectives in the conceptual view-
based framework proposed in our paper, the ontology-based QoS modelling approach is
not directly related to our research.

Close related to our research are works on view reconciliation methodology, which
in the field of Computer Science was originated by SADT methodology (Ross, 1977)
and Leite (1988) PhD thesis, and was further developed mainly in software requirements
engineering.

Close related to our research also are works on application of the i∗ framework (Yu,
1995) for the enterprise (Rolland and Prakash, 2000; Stirna and Persson, 2007) and soft-
ware requirements (Kavakli and Loucopoulos, 2004; van Lamsweerde, 2001) modelling
and reasoning. We adopted this framework to model interdependencies between view-
points and between perspectives, and to reason about alternative configurations of QoS
characteristics’ values in order to compromise requirements stated on the basis of differ-
ent viewpoints. For this aim, systematic view-based QoS models analysis procedures are
required. A number of analysis procedures for analyzing goal models have been intro-
duced in the i∗ framework related literature (Giorgini et al., 2004; Amyot et al., 2010;
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Franch, 2006; Letier and Lamsweerde, 2004). Majority of these procedures emphasize
automated reasoning over goal models ignoring the interactive nature of such analysis.
As pointed out in Horkoff and Yu (2009), “The full automation in these procedures does

not give the evaluator freedom to make decisions in the presence of conflicting, partial or

unknown information”.
Pioneering works on the design of automated reasoning procedures were published

by Giorgini and co-authors (Giorgini et al., 2004; Sebastiani et al., 2004). Authors pro-
posed a number of qualitative and quantitative procedures for goal model analysis which
separately propagate negative and positive evidence, are fully automated, and work in
a forwards and backwards direction. The proposed algorithms are sound and complete.
The algorithms take as input labels for some of the lower goals of the model and infer
other labels higher up. In other words, given a formal axiomatic goal model and labels
for some of the goals, the algorithms propagate these labels forward, towards root goals.
If the graph contains loops, this is done until a fix point is reached. An axiomatsation of
goal models also was proposed by Giorgini and co-authors (Giorgini et al., 2003, 2002).
These works have strong impact on our approach for formalisation of QoS-oriented goal
models.

An interactive qualitative approach allows one to narrow the number of alternatives and
further to test the feasibility of remained alternatives using some automated quantitative
procedures. Stirna and Persson (2007) developed one of the first procedures of this type.
It was developed as a part of the NFR Framework (Chung et al., 1995) and based on the
notion of goal “satisficing”. The procedure pretended to be extensible for i∗ framework,
however, it emerged that its interactivity level is too restrictive to be effective applied to
i∗ models. Horkoff and Yu (2010, 2009) developed other interactive qualitative procedure
for goal- and agent-oriented models. This procedure is applicable to i∗ models and allows
evaluator to compare alternatives in the domain by asking “what if?” type questions. It
could also be applied to the NFR Framework (Amyot et al., 2010) and GRL (Liu and
Yu, 2004) because they both are syntactic subsets of i∗ framework. The process starts
by assigning the initial values to labels expressing the degree of satisfaction or denial
to intentions related to the analysis question. Using the preliminary defined rules, these
values are propagated through the model links. Human judgements is required in cases
when it is necessary to combine multiple conflicting or partial values. Evaluator analyzes
the final values taking into account the original “what if?” question.

3. Research Methodology

The research was done in two steps. First of all, using the methodology proposed by Web-
ster and Watson (2002), a concept-centric literature survey on the QoS in SOA with the
special emphasis on SoES was carried out. In second step, the results of the survey were
generalised and juxtaposed against the results of empirical analysis of observations made
by the authors working in a research project for the development an innovative Advanced
Planning and Optimisation system for make-to-order production environments.
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4. SOA and SoEA

The most important innovation of service orientation is the manner in which the separation
of concerns is done. SOA is an architectural style that implements this approach. Various
authors define SOA differently. We adopt the following definition proposed by Bieberstein
et al. (2005):

“A service-oriented architecture is a framework for integrating business processes and

supporting IT infrastructure as secure, standardized components – services – that can be

reused and combined to address changing business priorities”.
SoEA is a substyle of SOA. Therefore, SoEA introduces two new high-level ab-

stractions, namely, enterprise business services (EBS) and enterprise business processes
(EBP). Enterprise business services are the abstractions of existing application capabil-
ities, which are aligned with the enterprise business functions. Enterprise business pro-
cesses are the abstractions of the overall business functioning.

The conceptual, technological and technical differences between SOA and SoEA are
presented in Table 1.

Table 1
SOA vs SoEA.

SOA SoEA

Internet-wide open system. Developed in a bottom-up
manner

Relatively closed enterprise-wide system controlled
on an enterprise-wide level. Developed in a top-down
manner. Enterprise service inventory

Any business services. No ability to define global data
types and normalizea business services

Normalized enterprise business services aligned with
the enterprise business functions, the use of global
data types.

Not purported to support a particular business strategy
and to implement predefined business processes.

Business-driven, i.e., support enterprise’s business
strategy and objectives. Enterprise business process
coordinates a set of interacting EBSs

No guide on the set of services, on how they are built
and deployed. No control over changes in services

EBSs are designed, developed and deployed in
compliance with the enterprise-wide standards. All
changes are under control

The structure of messages is standardized (e.g. by
SOAP) but not unified. ESB interfaces are standard-
ized (by WSDL), but not clearly defined, not stable.
No ability to use global data types in the interfaces

The structure of messages is unified. EBS interfaces
are clearly defined, stable, and make use of global data
types

SLA is negotiated between provider and consumer at
the run time

Mandated (mostly) at the enterprise-wide system at
the design time

Direct pear-to-pear communication between con-
sumer and provider. UDDI for service registration and
discovery

Enterprise service bus as a mediator between con-
sumers and providers

Neither service provides nor consumers can control
the SOA infrastructure and communication networks

Intranet, extranet, and the whole infrastructure, in-
cluding enterprise service bus, servers and other el-
ements, are under control by the enterprise

Recommended security and safety standards Mandatory security and safety standards

Some services are situation-aware but only in rare
cases are context-aware because the context as a rule
is ill-defined

All services are context-aware because they run in the
well-defined enterprise context

a Normalisation means that each EBS should be designed with the intent to avoid similar or duplicate bodies of
service logic.
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5. EBS Quality Model: A View-Based Approach

5.1. Technical Preliminaries

In the first order predicate logic formalism, the quantifiers ∃ and ∀ are “unrestricted” in the
sense that (∃x) P(x)means that there is some entity in the universe of discourseU which
has the property P . (∀x)P (x) means that all entities in the universe of discourse U have
the property P . In this formalism the sentence “Each element of a set A has a property P”
should be described by the formula (∀x)(A(x)⇒ P(x)) and the sentence “Some element

of a set A has a property P” should be described by the formula (∃x)(A(x)&P(x)). In
this paper, the quantifiers ∃ and ∀ are “restricted” and have the following set theoretic
semantics:

(∀x :A)P(x)≡def A⊆ P,

(∃x :A)P(x)≡def A∩ P 6= ∅, (1)

(¬x :A)P(x)≡def A∩P = ∅.

In the cases when a quantifier is restricted to range only a finite set A = {ai | 1 6 i 6

N, N ∈ ℵ} we will write ∃A and ∀A. These quantifiers have the following semantics:

(∀Ax)P (x)≡def

N
⋃

i=1

{

P(ai)
}

,

(∃Ax)P (x)≡def

N
⋂

i=1

{

P(ai)
}

, (2)

(¬Ax)P (x)≡def

N
⋃

i=1

{

¬P(ai)
}

.

Further, let A= {ai | 1 6 i 6N, N ∈ ℵ} is a finite set of elements, <A⊆ A×A is a
partial order relation onA, R̆ = {r̆i | 0 6 i 6NR̆, NR̆ ∈ ℵ} is a finite set of numbers called
ranks, F “ : A→ R̆ is a ranking function which for each element of A assigns a unique
rank, i.e. (∀Ax) (∃R̆ r̆

′)(F “(x)= r̆ ′)&∀R̆ r̆ ((F “(x)= r̆)⇒ (r̆ = r̆ ′)). Several elements of
A can have the same rank, all elements of A with the same rank r̆ form a subset denoted
by A(r̆) = {x | x ∈ A, F “(x)= r̆)}. The dependencies between the relation <A and the
ranking function F “ are described by the following formulas:

(∀Ax, y)(∀R̆ r̆)
(

(r̆ > 0)&(F “(x)= r̆ − 1)⇒ (∃Ax1)
(

(F “(x1)= r̆)&
(

<A(x1, x)&

(∀Ax2)(F “(x2)= r̆ − 1)&(x2 6= x1)⇒ ¬<A (x1, x2)
)))

,

(∀Ax, y)
((

x ∈A(r̆)
)

&
(

y ∈A(r̆)
)

⇒ ¬<A (x, y)&¬<A (y, x)
)

,

(∀Ax, y)
((

x ∈A(0)
)

⇒ ¬<A (x, y)
)

.

(3)
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It means that in a setA any element x with the rank r̆ > 0 has an element with the rank
r̆ − 1 which is greater than x with respect to the partial order relation <A, two elements
with the same rank are not comparable to each other with respect to the relation <A, and
elements with rank 0 are maximal with respect to the relation <A.

Definition 1. A′ =def 〈A,<A,F “〉 is a ranked set produced by relation<A and the rank-
ing function F “ on a finite set A.

Definition 2. If T ⊆A and

(∃T x1)
(

(x1 ∈A(0))&(∀T x)
(

(x 6= x1)⇒ ¬
(

x ∈A(0)
)))

,

(∀T x)
(((

x ∈A(i)
)

&(i > 0)
)

⇒ (∃T x1)
((

x1 ∈A(i−1)
)

&<A (x, x1)&

(∀T y)
(

(y 6= x1)&
(

y ∈A(i−1)
))

⇒ ¬<A (y, x1)
))

,

then T ′ =def 〈T ,<A,F “〉 is a connected acyclic single-rooted tree on a ranked set A′ with
the set of nodes T , the set of edgesE = {(x, y) | x ∈ T , y ∈ T , F “(x)= i − 1, F “(y)= i,

<A (y, x)}, the single root x1 ∈ T ∩A(0), and the set of terminal nodes (leafs) L= {x |

x ∈ T , (∀T y)¬<A (x, y)}.

Let x ∈ {T − L} be a node of the tree T ′ for which F “(x) = i , 0 6 i 6 N − 1. The
elements of set Chx{y | y ∈ T , F “(y)= i+1, <A (y, x1)} are called children of the node
x and the node x is called parent of the nodes y .

Let Tand ⊂ T , Tor ⊂ T , Tand ∩ Tor = ∅, Tand ∪ Tor ∪ L = T , |Tand| = n, |Tor| = m,
m,n ∈ ℵ is a partition that partitiones a set of nodes of a tree T into three disjoint subsets:
set of AND nodes Tand, set of OR nodes Tor and set of leaf nodesL. Let P is some property
defined on a set T . In a particular node t ∈ T this property can be satisfied or unsatisfied.
We will write P(t) if a property is satisfied in the node t and ¬P(x) otherwise. In other
words, P is a linguistic variable with a set of linguistic terms Pt r = {satisfied,unsatisfied}

and with the following semantics:

P =
{

(P (t),µP (t)
∣

∣ t ∈ T , P (t) ∈ Pt r ,µP : T → {0,1}
}

, (4)

where µP is a membership function. The semantics of the AND and OR nodes is defined
by the following formulas:

(∀T x : Tand)
((

(∀T y : Chx)P (y)⇒ P(x)
)

&
(

(∃T y : Chx)¬P(y)⇒ ¬P(x)
))

,

(∀T x : Tor)
((

(∃T y : Chx)P (y)⇒ P(x)
)

&
(

(∀T y : Chx)¬P(y)⇒ P(x)
))

,
(5)

It means that in an AND node a property P is satisfied iff it is satisfied in all children
nodes and that this property in an OR node is satisfied iff it is satisfied at least in one
children node. We define an implication relation r(P ) ⊂ T N which in each node t ∈ Tand ∪

Tor in a forward manner infer a value of propertyP from the values of P of its child nodes,
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i.e.

(∀T x : Tand)
(

(∀T y : Chx)P (y)&r(P )(x, y1, . . . , yn)⇒ P(x)
)

,

(∀T x : Tor)
(

(∃T y : Chx)P (y)&r(P )(x, y1, . . . , yn)⇒ P(x)
)

,

(∀T x : Tand)
(

(∃T y : Chx)¬P(y)&r(P )(x, y1, . . . , yn)⇒ ¬P(x)
)

,

(∀T x : Tor)
(

(∀T y : Chx)¬P(y)&r(P )(x, y1, . . . , yn)⇒ ¬P(x)
)

.

(6)

This inference is based on the modus ponens rule.

Definition 3. T (P )and/or =def 〈T ′,P, r(P )〉 is an AND/OR tree with respect to the prop-

erty P . If Tor = ∅, the tree T (P )and/or becomes T (P )and AND tree with respect to the propertyP ,

if Tand = ∅, the tree T (P )and/or becomes T (P )or OR tree with respect to the property P .

Using the relation r(P ) the satisfiability (or deniability) of the propertyP is propagated
across the whole Tand/or tree. We say that in r(P ) (x, y1, . . . , yn) the nodes y1, . . . , yn are
source nodes and the node x is a target node. In other words, the relation r(P ) is directional,
directed from the source nodes to the target node.

Let we fuzzify the Tand/or tree fuzzifying the set of nodes T and the set of edges E:
T̃ = {(x,µT (x) | x ∈ T , µT : T → [0,1]}, where µT is a membership function; Ẽ =

{(x, y),µE(x, y)) | (x, y) ∈E, µE :E → [0,1]}, where µE is a strength of edge (x, y).
Let we fuzzify further the property P assuming that the strength of the property P̃ in

the node t is identical with the value of the membership function in this node:

P̃ =
{

P(t), µ̃P (t)
∣

∣ t ∈ T , P (t) ∈ Pt r , µ̃P (t)≡ µT (t)
}

. (7)

Defining fuzzy implication relation r̃(P ) (t, t1, . . . , tn) between source nodes
t1, t2, . . . , tn and target node t with respect to the property P̃ on the basis of general-

ized modus ponens rule to fuzzy logic, Zade compositional rule of inference (Zade, 1975)
and Mamdani (1977) or Lukasiewicz (1967) implication, the relation r̃(P ) in each node
of the fuzzyfied Tand/or infers in a forward manner the value of property P̃ starting from
the given values of P̃ in the leaf nodes of this tree. In a similar way, the relations can also
be defined for backward and even bidirectional inferences.

Definition 4. T̃ (P̃ )and/or =def 〈T̃ ′, P̃ , r̃(P )〉 is a fuzzy AND/OR tree with respect to the prop-

erty P̃ . If Tor = ∅, the tree T̃ (P̃ )and/or becomes fuzzy T̃ (P̃ )and AND tree with respect to the

property P̃ , if Tand = ∅, the tree T̃ (P̃ )and/or becomes fuzzy T̃ (P̃ )or OR tree with respect to the

property P̃ .

5.2. Basic Concepts

We advocate that the consideration of QoS in the context of SoES should be performed
applying view reconciliation methodology. Our claim is motivated by the fact that QoS
requirements in some extent are akin to software quality requirements. Basic terms in the
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view reconciliation methodology are viewpoint, perspective, and view. In our approach,
the term viewpoint refers to an attitude used to define EBS QoS. Following (Sommerville
and Sawyer, 1997),we define two kinds of viewpoints: viewpoints associated with a partic-
ular role and viewpoints reflecting a particular standpoint. Our hypothesis is that, despite
many differences between the tangible products (e.g., software products) and intangible
services, the definitions of QoS may be grounded by the same attitudes to quality as the
definitions of a quality for products (Garvin, 1984). In line with this hypothesis, below we
define the sets of EBS quality goals (or qualities) Ŵ, viewpoints � and perspectives 5.
The meaning of qualities cannot be defined by formally defined properties, because they
are vague concepts. For example, the meaning of “reliable” depends on a particular view-
point ω′ ∈� and the meaning of “highly” cannot be defined precisely at all. The concepts
a viewpoint and a perspective have precisely definable meaning, but they are evaluated
using uncertain information. Thus, we consider qualities, viewpoints and perspectives as
linguistic variables with a common set of linguistic terms:

Ltr = (unsatisfied, . . . , satisfied), (8)

Ŵtr =

{

(

lt,µ(lt)
) ∣

∣ lt ∈ Ltr, µŴ :Ltr → P
(

[0,1]
)

,
⋃

lt∈Ltr

µŴ(lt)= [0,1]

}

, (9)

whereP([0,1]) is a set of all possible subintervals of the interval [0,1]. It means that mem-
bership function µŴ is convex because it relates linguistic terms with the corresponding
subintervals of [0,1]. Satisfied and unsatisfied are primary linguistic terms. For a partic-
ular EBS, they are usually renamed. Other linguistic terms are generated using linguistic
modifiers, which characterize the degree in which corresponding quality goal is satisfied.
The number of qualities, number of linguistic terms and their labels depends on a particu-
lar EBS. For example, the labels below low quality (synonym to unsatisfied), low quality,
average quality, high quality, perfect quality (synonym to satisfied) can be defined.

Definition 5.

Ŵ =
{(

γi,µi(γi)
) ∣

∣µi : Ŵ→Ltr, 1 6 i 6NŴ, NŴ ∈ ℵ
}

, (10)

is a set of qualities. The elements of Ŵ model high-level business-oriented EBS quality
requirements from a particular viewpoint ω′ (e.g., “a service under consideration should

be highly reliable”).

Definition 6.

�=
{(

ωi ,µ�(ωi)
) ∣

∣µ� :�→ [0,1] ×Ltr, 1 6 i 6 6
}

, (11)

is a set of viewpoints, where the intuitive meaning of the viewpoints is as follows:

• ω1 is the metaphysical viewpoint. According to this viewpoint, a quality of EBS is
a degree of excellence where excellence is defined as an abstract ideal, which shows
the direction where services are heading to but will never get there.
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• ω2 is the cost-based viewpoint. According to this viewpoint, a quality of EBS is a
degree of excellence at an acceptable price.

• ω3 is the value-based viewpoint. According to this viewpoint, a quality of EBS
is service fitness for requestor’s values and preferences. It differs depending on a
service requestor for whom it is defined.

• ω4 is the pragmatic viewpoint. According to this viewpoint, a quality of EBS is
the balance of features and characteristics of service that bear on its ability to satisfy
stated or implied needs of service requestor. It depends on a particular context, in
which the service is consumed or, in other words, the judgment about the quality
of a service depends on the aims and goals for which this service is intended to be
consumed.

• ω5 is the provider’s viewpoint. According to this viewpoint, a quality of EBS is a
compliance with the stated requirements, which are mostly formulated in business
and technical terms.

• ω6 is the designer’s viewpoint. According to this viewpoint, a quality of EBS is
something that is defined by the values of quantifiable and measurable internal char-
acteristics of a service. This viewpoint assumes that the greater the amount of a
desired attribute is possessed by a service, the higher is the quality of this service.

Definition 7.

5=
{(

πi,µ5(ωi)
) ∣

∣µ5 :5Ltr, 1 6 i 6 8
}

(12)

is a set of perspectives, where the intuitive meaning of the perspectives is as follows:

• π1 is the presentation perspective. This perspective describes EBS quality from
the point of view of the presentation of information produced by an EBS for service
requestors. To some extent it overlaps with the data quality mentioned in Benbernou
et al. (2010). The description includes: the relevance, granularity, and level of detail
of presented information; its accuracy, consistency, completeness, and timeliness;
appropriateness of its visualisation, perspicuity, and transparency for a service re-
questor; etc. One of the problems arising in the context of SoEA in describing QoS
from this perspective is the separation of concerns between EBS itself and software,
which is implemented by a service consumer. The latter describes rather the quality
of the whole SoEA system than the quality of a service.

• π2 is the transportation perspective. This perspective describes EBS quality from
the network point of view. The description includes the response time, maximal
throughput, service availability, networks reliability, etc. In SoEA context, the prob-
lem of the separation of system and service concerns arises again.

• π3 is the infrastructure perspective. This perspective describes EBS quality from
the implementation platform point of view. The description includes the perfor-
mance, reliability, security and other related issues. In SoEA the implementation
platform usually is shared among many or even all services. So, the problem of the
separation of system and service concerns arises again.
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• π4 is the web service perspective. Web service is the software that exposes EBS.
Thus, the quality of implementation of the software affects the quality of whole EBS.
However, it is even more important to evaluate the software, first of all, as a service
but not as a software product. It means that the description of this perspective along
with the reliability, security and other product related issues must describe messag-
ing, responsiveness, courtesy (politeness, respect for service requestor, friendliness,
etc.).

• π5 is the application perspective. As a rule, the functionality of an EBS ser-
vice is implemented by some application, i.e. by some software component or
some legacy software. In various implementation platforms the components are
named differently, for example in Microsoft Windows Communication Foundation
(Chapell, 2007) the components are addressed to using term service classes. The
non-functional properties of the application affect the quality of the whole EBS.
The application perspective describes the non-functional properties of a component
as a software product or EBS technical quality.

• π6 is the data perspective. According to (Bean) and many other sources, in SoES
there is a special kind of services – SoES data service. In such services, web ser-
vices encapsulate data and the supported behaviour, for example, the operations that
manipulate the data. The term data is used here to address data stored in the en-
terprise’s data bases as well as XML documents and various contents: “. . . a single

data service will usually only expose or manipulate a core set of data, rather than

all data for the entire enterprise” (Bean). It is obvious that the quality of encapsu-
lated data essentially affects the QoS of the whole SoEA service as well as QoS of
components processing these data. Thus, the data perspective describes EBS quality
from the point of view of the quality of encapsulated data.

• π7 is the domain perspective. The domain-dependent EBS quality attributes cap-
ture those properties which are specific to a particular business domain, for example,
for online banking services or for online streaming multimedia services. In addition,
for practical reasons, even the attributes that are defined in all business domains
can be treated differently in different domains (Kritikos and Plexousakis, 2012). The
specific nature of a particular domain may effect weights assigned to the values of
such EBS quality attributes. For example, in online streaming multimedia services
the attribute bits-per-second is more important than the security. In online banking
services, vice versa, the security is more important than the bits-per-second (Pathak
et al., 2005). Inter alia, despite the fact that media applications, including video-
oriented ones, also emerge in SoEA systems, up to date they are rather marginal
there (an exhaustive discussion on the QoS of video-oriented services can be found
in Cisco, 2008). In SoEA system, the domain perspective describes EBS quality from
the point of view of a particular (internal) enterprise domain, for example, manufac-
turing or human resource management.

• π8 is the socio-economic perspective. This perspective describes EBS quality from
the point of view of business, economic and social issues. The price of service, pay-
ment mode (e.g., kinds of accepted bank cards), legal constraints, and other similar
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issues should be described. Business effect of the service is one of the most important
socio-economic characteristics for the EBS.

In this paper, the term perspective refers to some aspect of the EBS quality on which
any viewpoint can be focused in principle. Above listed EBS quality perspectives were
chosen on the basis of the concept-centric literature survey on the QoS, which was per-
formed in the process of writing this paper, and on our experiences in various projects.
These perspectives are identical for all viewpoints, but it does not mean that all perspec-
tives necessary cut across all viewpoints. Some viewpoints, for example, metaphysical
one, may ignore some perspectives.

There is one more perspective that describes EBS quality from a service composition
point of view (Abramowicz et al., 2008). However, due the limited space of this paper, we
ignore it. We also ignore the fact that the socio-economic perspective can be splitted into
several finer-grained perspectives.

Definition 8. A view is a result of integration of all perspectives taken from the same
viewpoint ω′ ∈�.

5.3. Views Construction and Balancing

Let we define a relation

ρ9 =
{

(ψ,µ9 )
∣

∣µ9 :9 → [0,1] ×Ltr, ρ
9 ⊆�×5× Ŵ

}

, (13)

which relates viewpoints, perspectives and qualities. For each fixed viewpoint ωk ∈ �,
1 6 k 6 6, the projection of ρ9 to 5× Ŵ produces a family of relations

ρ9k =
{(

ψki,j ,µ9k (ψ
k
i,j )

) ∣

∣µ9k :9k[0,1] ×Ltr, ψ
k
i,j = (πi, γj ), πi ∈5,

γj ∈ Ŵ, 1 6 k 6 6, 1 6 i 6 8, 1 6 j 6 n, n6NŴ
}

(14)

which relates perspectives observed from the viewpoint ωk and qualities on which this
viewpoint focuses. In other words, for each viewpoint have a matrix of linguistic variables

9k =







ψk
1,1 · · · ψk

1,n
...

. . .
...

ψk
8,1 · · · ψk

8,n






, (15)

where ψki,j = (πi , γj ), where πi ∈5, γj ∈ Ŵ, 1 6 k 6 6, 1 6 i 6 8, 1 6 j 6 n, n6NŴ .

Definition 9.

X =
{(

χi,µX(χi)
) ∣

∣µX :X→ Ltr, 1 6 i 6NX, NX ∈ ℵ
}

(16)

is a finite set of linguistic variables called EBS quality characteristics.
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Definition 10.

ρXeqlb =
{(

(χ1, χ2),µρXeqlb
(χ1, χ2), label

)∣

∣µρXeqlb
:X→ [0,1], (χ1, χ2) ∈X×X,

µŴ(χ1)+µŴ(χ2)6 C
(χ1,χ2)
eqlb 6 1, label ∈ {≪,≫,∼,≪∼,∼≫}

}

(17)

is a labelled equilibrium relation defined on a set X. C(χ1,χ2)
eqlb is an equilibrium constant,

which means that a sum of the lengths of subintervalsµŴ(χ1) and µŴ(χ2) cannot exceed
the length defined by this constant, which, in turn, cannot exceed the length of interval
[0,1].

The label of this relation tells how, if it is necessary, the lengths of subintervalsµŴ(χ1)

andµŴ(χ2) should be changed in order to preserve the equilibrium defined byCeqlb: (1) ≪

means that the length of subinterval µŴ(χ1) should be changed; (2) ≫ means that the
length of subinterval µŴ(χ2) should be changed; (3) ∼ means that the lengths of both
subintervals should be changed proportionally; (4) ≪∼ means that the lengths of both
subintervals should be changed taking preference to µŴ(χ2); and (5) ∼≫ means that the
lengths of both subintervals should be changed taking preference to µŴ(χ1). The number
of EBS quality characteristics under consideration and their nature depend on a particular
EBS under consideration.

In an analogous way we define total equilibrium relations ρ�eqlb on a set � and ρ9keqlb
on each set 9k:

ρ�eqlb =
{(

(ω1,ω2),µρ�eqlb
(ω1,ω2)

) ∣

∣µρ�eqlb
:�→ [0,1], (ω1,ω2) ∈�×�,

(ω1)prj + (ω2)prj 6C
(ω1,ω2)
eqlb 6 1

}

, (18)

ρ
9k
eqlb =

{(

(ψki,j ,ψ
k
l,r ),µρ

9k
eqlb

(

ψki,j ,ψ
k
l,r

)) ∣

∣µ
ρ
9k
eqlb

:9k → [0,1],

(

ψki,j ,ψ
k
l,r

)

∈9k ×9k,
(

ψki,j
)

prj +
(

ψkl,r
)

prj 6C
(ψki,j ,ψ

k
l,r )

eqlb 6 1
}

, (19)

where (x)prj stands for the projection of a relation x to Ltr. In this relation the lengths of
intervals should be changed by balancing. Balancing takes in account the weights defined
by the projection of relation x to [0,1]. It is a cyclic process, which proceeds until the
equilibrium among all elements is reached. If it is impossible to do, the decision should
be taken by decision maker using an interactive procedure.

Let X′ = 〈X,<X,F “〉 is a ranked set on X. For each element ψki,j of matrix 9k we
define a fuzzy AND tree

T̃
(ψ̃ki,j )

and =
〈

X̃′, ψ̃ki,j , r̃
(ψi,j )

〉

,

where 1 6 k 6 6, 1 6 i 6 8, 1 6 k 6 6, 1 6 j 6 n, n6NŴ (20)

of EBS quality characteristics. The value of a linguistic variable ψ̃ki,j describes a γj aspect
of EBS (e.g., reliability or security) from the perspective πi of the viewpoint ωk . The
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equilibrium relation ρXeqlb can relate any two leaf nodes of the same or different trees.

Using the relations r̃(ψi,j ) and ρXeqlb, the given linguistic values can be propagated from

leaf nodes up to the root of the tree T̃
(ψ̃ki,j )

and .
The columns of the matrix (15) are vectors, which for each quality describe its eval-

uations from each perspective defined for viewpoint ωk . Using the relation (19), these
qualities can be balanced and, using relations r̃(ψi,j ) defined for quality by formula (20),
the obtained values in each tree can be propagated in a backward manner to leaf nodes.
Union of balanced trees produces the final trees for each quality observed from the view-
point ωk . The value of ωk can be calculated considering the roots of these trees as child
nodes of the node ωk . In this way, we finish the construction of a view vk . Finally, using
the relation ρ�eqlb, views (i.e. values of elements of �) can be balanced. Resulting view is
chosen using formula max((µ�(ω1)prj, . . . , (µ�(ω5)prj). The linguistic value describing
quality defined by the resulting view can be propagated in a backward manner to the leaf
nodes.

5.4. Problem Statement and Solution Procedure

Let

• X is a set of linguistic variables referred to as EBS quality characteristics defined
by formula (16);

• ρXeqlb is a labelled equilibrium fuzzy relation on X defined by formula (17);
• � is a set of weighted linguistic variables referred to as viewpoints to EBS quality

defined by formula (11);
• ρ�eqlb is a total equilibrium relation on � defined by formula (18);
• 5 is a set of weighted linguistic variables describing different aspects of EBS quality

(e.g. network aspect, data aspect, etc.) and referred to as perspectives defined by
formula (12);

• Ŵ is a set of given EBS goals (or qualities) defined by formula (10);
• ρ9 is a fuzzy relation defined by formula (13), which relates viewpoints, perspec-

tives and qualities and ρ9k , 1 6 k 6 6 is a family of relations produced by projection
of ρ9 to 5×Ŵ;

• 81 = {ρ
9k
eqlb | 1 6 k 6 6} is a family of total equilibrium relations (each on corre-

sponding ρ9k ) defined by formula (19);

• 82 = {T̃
(ψ̃ki,j )

and | 1 6 k 6 6, 1 6 i 6 8, 1 6 k 6 6, 1 6 j 6 n, n6NŴ}, is a family of
fuzzy AND trees of EBS quality characteristics defined by formula (20), where each
tree describes a quality γi ∈ Ŵ evaluated from a perspective πj ∈ 5 and observed
from a viewpoint ωk ∈�;

then a tuple 〈X,ρXeqlb,�,ρ
�
eqlb,5,Ŵ,ρ

9 ,81,82, Input,Output〉, where Input is a set of
initial linguistic values of variables fromX, describing for each view the bottom level EBS
quality characteristics and Output is a final linguistic value of the balanced view v on EBS
quality and quality characteristics of all levels describing this view, is a view balancing
problem.
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In our framework, this problem is solved by the following procedure:

• for each viewpoint to set linguistic values of input variables and, using fuzzy relation
ρXeqlb, to resolve conflicts among these values;

• for each fuzzy tree from the family 82 to propagate the defined values forward up
to the root of this tree;

• for all viewpoints using the relations from the family81, to resolve conflicts between
values of linguistic variables describing qualities, which arise evaluating these qual-
ities from different perspectives;

• for each fuzzy tree from the family 82 to propagate the new values of linguistic
variables backward to leaf nodes;

• for each viewpoint applying fuzzy graphs union operation to unite trees which de-
scribe qualities from different perspectives;

• to infer value of each linguistic variable ω ∈�;
• using relation ρ�eqlb, to resolve conflicts between values of ω ∈�;
• for all qualities of each viewpoint to propagate new values backward to leaf nodes;
• to choose from � the variable ω′ with the greatest weight and to append to the tree

associated with this variable missing sub-trees from the trees associated with the
other viewpoints;

• to do linguistic approximation of fuzzy values of all output variables.

The description of algorithms, which are used in the above problem solution proce-
dure, is out of scope of this paper. The paper presents only the model of the view-based
EBS quality evaluation framework, in terms of which these algorithms are described.

6. Conclusions

Current SOA QoS and EBS quality models do not take into account all the quality aspects.
The emphasis as a rule is on the technical and technological considerations, while ignoring
the other attitudes required to define EBS quality and to consider quality conceptions of the
all stakeholders of a service-oriented enterprise system. The paper presents a model which
models a view-based framework intended to balance the different viewpoints on a service
quality. This framework is based on the assumption that despite differences between the
tangible products (e.g. software products) and intangible services, the definitions of a QoS
can be groundedby the same attitudes to quality as the definitions of a quality for products.
The main conclusions of the paper are as follows.

The view integration and reconciliation methodology, which is widely accepted in
the software and enterprise systems requirement engineering, can also be successfully
applied to solve a view balancing problem in service quality requirements formulation
context. The philosophy of goal-oriented modelling, especially i∗ methodology, proved
also to be valuable in this context. However, quality is a vague concept and i∗ techniques
cannot be applied directly to evaluate the quality goals. For this reason, these techniques
should be modified using fuzzy set theory and fuzzy logic. Another difference between
i∗ and our approaches lies in our approach focus on a balancing of quality goals, i.e.,
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on some equilibrium between these goals. For this reason, the goal-oriented modelling
methodology should be extended by adding an equilibrium relation.
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Modelis integruoti skirtingais požiūriais grindžiamus įmonės sistemos
teikiamos verslo paslaugos kokybės reikalavimus

Audronė LUPEIKIENĖ, Jolanta MILIAUSKAITĖ, Albertas ČAPLINSKAS

Paslaugų stiliaus architektūros įmonių sistemos susiformavo kaip dviejų sričių – įmonės sistemų
architektūros ir paslaugų stiliaus architektūros – simbiozės rezultatas. Tokių sistemų atsiradimas
sąlygojo daug naujų tyrimų problemų paslaugų stiliaus architektūros įmonių sistemų inžinerijoje.
Viena iš svarbiausių yra paslaugų kokybės nusakymas, jos specifikavimas ir vertinimas. Straipsnyje
pateikiamas modelis, leidžiantis apimti ir subalansuoti skirtingais požiūriais grindžiamus įmonės
sistemos teikiamų verslo paslaugų kokybės reikalavimus.


