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Abstract—For service-oriented systems the estimation of QoS
is an important factor to determine whether a prospective
service composition will meet the expectations of its final users.
Many approaches to QoS estimation of service compositions
have been proposed. However, not all of them allow the QoS
of composition be estimated a priori and systematically from
the QoS of its individual services. This is an important goal for
many composition-based development approaches. This paper
is a first effort to analyze QoS estimation approaches aligned to
this goal. We revise approaches that use patterns as composition
mechanisms as they enable the QoS of a service composition
be estimated, a priori and systematically, by aggregating the
QoS information of its constituent services. The result of
this analysis offers insight in the main patterns and quality
attributes addressed by these approaches as well as the adopted
aggregation criteria. This will help us to achieve our ultimate
goals of using these approaches on public services, assessing
them for practicality, identifying gaps between theory and
practice and possibilities for future work.

Keywords-service composition; quality of service estimation;
service composition patterns.

I. INTRODUCTION

Building software systems by composing pre-exiting soft-

ware components has become a popular approach to soft-

ware development.1 Nowadays there exist a large number of

repositories of reusable components and supporting develop-

ment environments to compose them, e.g., [33], [23], [32].

In this context, Service-Oriented Architecture (SOA) [9]

has emerged as a development paradigm to build software

systems by composing components that take the form of Web
services.2 In recent years the adoption of this paradigm has

grown greatly to the point that Web service composition,

or service composition for short, is today a main topic in

academia and industry [19].

For software systems the term quality of service (QoS)

has been traditionally used to denote the values of various

quality attributes, e.g., scalability, availability. The estima-

tion of QoS is an important aspect for service composition

1In this paper we use the term software component in a generic manner
to refer to a unit of computation that can be subject of composition via
specific composition mechanisms.

2We assume familiarity with Web services and related implementation
technologies.

to determine whether a prospective composition will meet

the expectations of its final users. Many approaches to

estimation of QoS of service-oriented systems have been

proposed. However, we are particularly interested on those in

which the QoS of a service composition is estimated a priori
and systematically from the QoS of its individual services.

The reason of the former is because we consider that these

approaches are more aligned to predictable assembly [11],

which is an important goal for many composition-based

development approaches.

This paper is a first effort to analyze approaches to QoS

estimation aligned to this goal. We focus on approaches that

use patterns as composition mechanisms. Patterns are pre-

defined compositional structures used to support systematic

system design. Regarding service composition, they enable

the QoS of a service composition be estimated, a priori

and systematically, by aggregating the QoS information

of its constituent services. Moreover, the use patterns for

composing reusable services is very popular in real practice;

it is well-know that many patterns can be implemented

using popular service composition languages, see [37], [38],

[24]. In this context, we are interested in identifying what

has been most addressed in past research. This will help us

to achieve our ultimate goals of using these approaches on

public services, assessing them for practicality, identifying

gaps between theory and practice and possibilities for future

work. Because of the former, in this analysis we focus on

providing answers to the following questions:

(1) what are the most addressed composition patterns?

(2) what are the most addressed quality attributes?

(3) what types of aggregation criteria are used?

This paper is organized as follows. In Section II we

give an overview of the background related information,

including related work. In Section III we describe the

aspects we take into account to analyze the QoS estimation

approaches; we call them analysis dimensions. In Section

IV we present the results of the analysis considering the

previously described dimensions. Finally, in Section V we

present the conclusions and future work.

2014 IEEE 10th World Congress on Services

978-1-4799-5069-0/14 $31.00 © 2014 IEEE

DOI 10.1109/SERVICES.2014.70

386

2014 IEEE 10th World Congress on Services

978-1-4799-5069-0/14 $31.00 © 2014 IEEE

DOI 10.1109/SERVICES.2014.70

386

2014 IEEE 10th World Congress on Services

978-1-4799-5069-0/14 $31.00 © 2014 IEEE

DOI 10.1109/SERVICES.2014.70

362



Table I: Quality attributes included in some quality models for Web services proposals.
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Reference R
es

p
o
n
se

T
im

e

P
ro

ce
ss

in
g

T
im

e
L

at
en

cy

T
h
ro

u
g
h
p
u
t

S
ca

la
b
il

it
y,

C
ap

ac
it

y

R
es

o
u
rc

e
U

ti
li

za
ti

o
n

A
v
ai

la
b
il

it
y

A
cc

es
si

b
il

it
y

A
cc

u
ra

cy

R
el

ia
b
il

it
y,

S
u
cc

es
sa

b
il

it
y

E
rr

o
r

h
an

d
li

n
g

R
o
b
u
st

n
es

s,
F

le
x
ib

il
it

y

G
u
ar

an
te

ed
m

es
sa

g
in

g

R
ep

u
ta

ti
o
n

A
u
th

en
ti

ca
ti

o
n

A
u
th

o
ri

za
ti

o
n

In
te

g
ri

ty

C
o
n
fi

d
en

ti
al

it
y,

P
ri

v
ac

y

A
cc

o
u
n
ta

b
il

it
y

T
ra

ce
ab

il
it

y,
A

u
d
it

ab
il

it
y

N
o
n
-r

ep
u
d
ia

ti
o
n

E
n
cr

y
p
ti

o
n

O
b
se

rv
ab

il
it

y

S
af

et
y

C
o
st

,
P

ri
ce

P
en

al
ty

an
d

In
ce

n
ti

v
e

E
ffi

ci
en

cy
o
f

U
se

C
o
n
te

n
t

A
cc

es
si

b
il

it
y

L
ea

rn
ab

il
it

y,
U

n
d
er

st
an

d
ab

il
it

y

S
at

is
fa

ct
io

n
E

ff
ec

ti
v
en

es
s

S
ta

n
d
ar

d
C

o
n
fo

rm
ab

il
it

y

M
ai

n
ta

in
ab

il
it

y

R
eu

sa
b
il

it
y

S
ta

b
il

it
y

C
o
m

p
le

te
n
es

s

In
te

ro
p
er

ab
il

it
y

R
ec

o
g
n
it

io
n
,

D
is

co
v
er

ab
il

it
y

Ran [27] x x x x x x x x x x x x x x x x x x x x x x
Cappiello et al. [5] x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Muñoz et al. [25] x x x x x x x x x x x x x x x x x x x
Balfagih and Hassan [2] x x x x x x x x x x x x x x x x
OASIS [26] x x x x x x x x x x x x x x x x x x x x x x x x

II. BACKGROUND INFORMATION

A. Quality Attributes

When developing software systems satisfying functional

requirements is not enough. Systems users also have require-

ments about how well those systems should work. These

requirements are known as quality attributes.

Quality attributes are difficult to define and categorize.

For traditional systems there exist several quality models

providing each one its own definitions and classifications

for quality attributes, e.g., ISO/IEC 9126 [15] or Dromey’s

quality model [7]. For service-oriented systems some quality

model proposals have started to emerge. Table I shows a list

of quality attributes considered in some of these proposals.

For convenience we have grouped the quality attributes into

categories namely, performance, trustworthiness, security,

economic, usability and other.

B. Service Composition Patterns

In any view of composition, composition mechanisms

compose components into larger pieces of software [21]. For

Web services a common approach to define a composition

is to model it as a behavior that results from coordinating

the execution of a set of them [36], [21]. When doing so,

this resulting behavior is often described by a pattern. As

introduced before, patterns denote pre-defined compositional

structures to support systematic system design. There is a

large number of patterns, e.g., [10], [30], [34]; the patterns to

which we refer in this paper denote compositional structures

which define the order in which a collection of services’

operations are executed. That is, the control-flow. For sim-

plicity, in this paper we call them composition patterns.

Figure 1 a) shows a graphical representation of one of

these patterns, which is known as the AND Pattern. This pat-

tern denotes a control flow structure where a single flow of

control diverges at some point to allow the execution of the

operations of two or more services in parallel and eventually

converges after all executions have been completed. Table

II shows descriptions of some other well-known patterns –

including the AND Pattern, that are often used to support

service composition. Note that these patterns are used to

model the structure of a whole composition and that many

of them are inspired by the workflow patterns defined in

[30], [35].

Notation:

= 1
Op i

Service´s operation
Control flow
Split or Join points

Op

Op

...

... ...

a) b)

Op

1

2

n

max
n

PT(         )
i

Figure 1: a) Graphical representation of the AND Pattern

and b) an example of an aggregation function.

As introduced before, the use patterns as composition

operators for services is very popular nowadays as many

patterns can be implemented using popular service compo-

sition languages with few effort.

C. QoS Aggregation

When using patterns to compose services aggregation is

a common method to estimate, a priori and systematically,

387387363



Table II: Patterns that are often used for service composition.

Name Description
Sequence It denotes a control flow structure where the

operations of two or more services are executed
in a sequential order.

AND It denotes a control flow structure where a
single flow of control diverges at some point to
allow the execution of the operations of two or
more services in parallel. The flow eventually
converges after all executions have completed.

OR It denotes a control flow structure where a
single flow of control diverges at some point
to allow the execution of the operations of
two or more services based on the evaluation
of a boolean expression. The flow eventually
converges after all executions have completed.

XOR It denotes a control flow structure where a
single flow of control diverges at some point
to allow the execution of only one service’s
operation, from a set of two or more, based
on the evaluation of a boolean expression. The
flow eventually converges after the service’s
operation has completed.

the QoS of a composition from its constituent services. QoS

aggregation is performed by using aggregation functions that

are generally defined based on the semantics of both, the

addressed quality attribute and the pattern used to define the

composition.

Figure 1 b) shows an example of aggregation function

to estimate the processing time quality attribute. In this

example, it is assumed that the composition is defined in

terms of the AND Pattern –depicted in Figure 1 a). Thus,

taking into consideration the semantics of both, the quality

attribute and the pattern, the composition’s processing time

is the maximum value of the processing times PT s of the

operations Op in the n parallel branches.

D. Related Work

There exists various works tackling QoS aspects of in-

dividual services and their compositions. Surprisingly we

found only three relevant surveys considering QoS estima-

tion approaches that use patterns for service composition

[20], [19], [31]. However, as the main focus of these surveys

is not on patterns, from the described results it is not possible

to know what are the most addressed patterns and quality

attributes by these approaches. Similarly, few consideration

is given to identify the types of aggregation criteria are used

by them.

We have mentioned that the use patterns for composing

reusable services is popular in real practice. Although the

information provided by these surveys contribute to gain a

better understanding of the aspects related to the problem of

QoS estimation of service compositions, it is limited for a

practitioner wanting, for example, to know if there is a com-

monly used aggregation criteria for a quality attribute when

performing pattern-based composition of Web services.

III. ANALYSIS DIMENSIONS AND REVIEWED WORKS

As introduced before, we are interested in identifying

the main patterns and quality attributes addressed in past

research as well as the adopted aggregation criteria. Thus,

we defined some analysis dimensions that are both easy

to manage and relevant to our interest. In this section we

describe them.

A. Analysis Dimensions

Composition Patterns Types. Composition patterns can be

classified considering a variety of characteristics. Regarding

service composition, we classify patterns as follows:

a) Basic Patterns, which define compositional structures that

capture basic styles of control-flow. In this category we

include the patterns listed in Table II.

b) Advanced Patterns, which define compositional structures

that capture more advanced styles of control-flow. Any other

pattern that is not included in the former category is in-

cluded here, i.e. Discriminator, Interleaved Parallel Routing,

Request/Reply, Synchronous Polling [37].

Quality Attributes Types. A great number of quality at-

tributes exist and they can be classified in many different

manners. For the purposes of this work will consider the

categories and attributes shown in Table I:

a) Performance related attributes, which relate to the respon-

siveness of a composition to execute a computation within

a given time interval.

b) Trustworthiness related attributes, which relate to the

confidence that a composition will behave as expected in

normal use.

c) Security related attributes, which relate to the ability of

a composition to protect itself from intrusion.

d) Economic related attributes, which relate to the amount

of money paid for using a composition.

e) Usability related attributes, which relate to how well users

can use a composition.

f) Other attributes, which are those that are not included in

the former categories.

Aggregation Criteria. Aggregation functions, which are the

means to support aggregate QoS estimation, are defined

using some criteria. In this work we will consider the

following:

a) Basic aggregation, which results in an aggregation func-

tion that takes several values of a same quality attribute.

The aggregation function for estimating the processing time

shown in Figure 1 b) illustrates this criterion. As can be

seen, the function max takes processing time values of each

constituent service’s operation involved.

b) Derived aggregation, which results in an aggregation

function that takes several values of different quality at-

tributes. For example, an aggregation function to estimate

388388364



the response time of a service composition could take values

of attributes such as latency and processing time of each

service’s operation involved.

d) Usage-based aggregation, which results in an aggregation

function that takes values of not only various and maybe

different quality attributes, but also values related to the

particular use of a composition. For instance, by taking

the execution probability value of each service’s operation

involved in the composition, the function for estimating the

processing time shown in Figure 1 b) could become usage-

based.

B. Reviewed Works

The analyses presented in this paper were performed on

QoS estimation proposals published in 19 works. These

works are shown in Table III.

Table III: List of reviewed works.

Reference Year Citations
Zeng et al. [40] 2003 1000+
Zeng et al. [41] 2004 2000+
Cardoso [6] 2004 800+
Jaeger et al. [16] 2004 400+
Jaeger et al. [17] 2005 400+
Berbner et al. [3] 2006 200+
Hwang et al. [14] 2007 100+
Ko et al. [18] 2008 100+
Ma and Chen [22] 2008 10+
Rosario et al.[28] 2008 90+
Alrifai and Risee [1] 2009 300+
Rosenberg et al. [29] 2009 50+
Hu et al. [13] 2009 2
Dumas et al. [8] 2010 30+
Zheng, et al. [42] 2010 20+
Hu et al. [12] 2010 8
Bhuvaneswari [4] 2011 1
Xu et al. [39] 2012 1
Zheng et al. [43] 2013 7

For selection and analysis of the revised works we

followed the process depicted in Fig. 2. After defining

our scoping questions –introduced in Section I, candidate

works were identified by using search strings (e.g. “QoS”

AND “service composition” AND “patterns”) on relevant

databases for computer science and software engineering

(e.g. IEEE Xplore and ACM Digital Libraries). Next, for

deciding inclusion of a work, we considered papers pub-

lished within a 10-year time frame from 2003 to 2013 using

pre-defined compositional structures as means to service

composition. Being this a first effort, we decided to include

a maximum of 3 papers by year preferring those with

(more) citations. Driven by the analysis dimensions defined

in Section III-A, next we performed data extraction and

analysis from the included works. Finally, we visualized the

obtained results which we describe next.

Visualize Results

Activity

Questions

Candidate Works

Notation:
Process flow

Search for 

Define Scoping

Decide for
Inclusion

Extract and
Analyze Data

Figure 2: Adopted process for selection and analysis of the

revised works.

IV. ANALYSIS RESULTS

A. Composition Patterns Types

Figure 3 shows a graph that lists the most popular

composition patterns addressed in the reviewed works. As

can be seen, except for the Discriminator Pattern, most of

the addressed patterns belong to the Basic Patterns category

–described in Section III-A. The patterns more addressed

are the Sequence and AND Patterns –in 17 and 14 works

respectively. After these patterns comes the XOR Pattern –

which is addressed in 9 works. Finally, the less popular ones

are the Discriminator and OR Patterns –both addressed in 4

works.

Figure 3: Popular composition patterns addressed in the

reviewed works.

Web service composition languages provide constructs

that allow the direct implementation of various composi-

tion patterns [38], [24]. For example constructs such as

<sequence> and <all>, or some other syntactic variants,

are available in many composition languages and allow

for sequential and parallel execution of services’ operations

respectively. Thus, creating compositions using the Sequence

and AND Patterns is common and easy. This could be the

reason why these patterns are the most considered in QoS

estimation proposals.
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The XOR and OR Patterns can be also implemented using

the constructs of popular service composition languages.

However, estimating the QoS of service compositions us-

ing these patterns often requires knowing the execution

probability of each service’s operation in the participating

branches. The fact that in practice this information is not

always known could explain the reduction of the number

of works considering these patterns. Additionally, and in

contrast to the XOR Pattern, the OR Pattern cannot always

be directly implemented using composition languages con-

structs, see [38], [24]. This could explain why less works

consider this pattern compared to the ones that do for the

XOR Pattern.

Finally, the Discriminator Pattern is an advanced pattern.

It denotes a compositional structure where a set of two or

more service’s operations converge into a subsequent single

control-flow once the first incoming service’s operation has

been completed. It has been also discussed that this pattern

cannot be directly implemented using common composition

languages constructs, see [38], [24]. Thus, this could explain

why the number of works considering this pattern is also

low.

B. Quality Attributes Types

In section II-A we mentioned that proposals of quality

models for Web services have started to emerge. We also

showed the quality attributes included in some of them.

However, we discover that the revised QoS estimation ap-

proaches do not use them at all. In fact, all these works

only focus on defining aggregation functions for a set of

well-known quality attributes.

Figure 4 depicts the top four quality attributes categories

considered in the reviewed works namely performance –in

18 works, trustworthiness –in 15 works, economic –in 13

works, and security –in 2 works. Additionally, for analysis

purposes, in Table IV we have highlighted the specific

quality attributes in these categories for which aggregation

functions were found. We use bolds to denote this.

Figure 4: Popular quality attributes addressed in the reviewed

works.

Regarding performance related attributes, in the reviewed

works it was very common to find aggregation functions

for estimating latency, response time and throughput. As

Table IV shows for the performance category not all the

specific attributes proposed in Web service quality models

are addressed. However, for the two attributes present in

all quality models revised, i.e. response time and latency,

aggregation functions were found.

As Table IV shows, few attributes in the trustworthiness

category are addressed. In the reviewed works aggregation

functions to estimate reliability, availability and reputation
were found. In these works reliability is defined as the

probability of a service composition to deliver computations

as expected; availability was defined as the probability of a

service composition to deliver computations when requested;

and reputation was defined as the average perception of the

service composition by end users. Note that, as in previous

case, for the two attributes that are present in all quality

models revised, i.e. reliability and availability, aggregation

functions were also found.

In the reviewed works aggregation functions for cost and

price were proposed to estimate economic related quality

attributes.

Regarding security related attributes, the work that ad-

dressed this category did it by estimating encryption level.
Despite the fact that this category contains several quality at-

tributes, as Table IV shows, only this attribute was addressed

by the revised estimation approaches.

As Web services are black boxes capable of performing

specific operations, there is a tendency to estimate quality

attributes that are relevant for final users of service compo-

sitions. However, it is strange that none of the revised works

provided aggregation functions to estimate attributes in the

usability category. Finally, the fact that attributes such as

maintainability, reusability, interoperability, and some others

of this kind, are not addressed may denote that the resulting

compositions are not composite Web services. Composite

Web services are meant to be (re)used, as the atomic ones,

for the construction of service-based systems.

C. Aggregation Criteria

By analizing all the revised works we ended up with a

set of 73 aggregation functions. Figure 5 shows the kind of

aggregation criteria to which these functions belong. As can

be observed, the functions are distributed as follows: 72 are

basic aggregation functions, 20 are usage-based aggregation

functions and 0 are derived aggregation functions. Note

that the usage-based aggregation functions found are also

counted in the basic aggregation set. As explained in

Section III-A, a function such as

n∑

i=1

pi · Lat(Opi),

390390366



Table IV: Quality attributes in Web service quality model proposals for which aggregation functions were found.

Performance Trustworthiness Security Economic Usability Other
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Ran [27] x x x x x x x x x x x x x x x x x x x x x x
Cappiello et al. [5] x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x
Muñoz et al. [25] x x x x x x x x x x x x x x x x x x x
Balfagih and Hassan [2] x x x x x x x x x x x x x x x x
OASIS [26] x x x x x x x x x x x x x x x x x x x x x x x x

to estimate the latency of a composition as the summation

of the latencies Lat of the n involved operations Op times

the execution probability p of such operation, is considered

as both basic and usage-based. The function is basic because

it takes values of several quality attributes of the same

type –i.e. the latencies Lat; it also takes a value related

to the particular use of the composition –i.e. the execution

probability p of each operation.

Figure 5: Aggregation criteria in the set of aggregation

functions.

Regarding basic aggregation, there have been defined

aggregation functions for all colour highlighted attributes in

Table IV, i.e., response time, latency, throughput, availabil-
ity, reliability, reputation, encryption and cost. Although all

patterns in Figure 3 are considered, most of the functions

adopting this aggregation criterion were defined for the

Sequence and AND Patterns.

Except for encryption, usage-based aggregation functions

for all colour highlighted attributes in Table IV have been

also defined. In this case, most of these functions were de-

fined for the XOR Pattern. The value related to the particular

use of the composition was always the execution probability

of each service’s operation involved in the composition.

It is very surprising that none of the proposals considered

a derived aggregation criteria for the definition of aggrega-

tion functions. We consider that the lack of a standard Web

service quality model as well as the heterogeneity of current

proposals complicate the understating of the relationships

among quality attributes. A clear semantics about the quality

attributes and their relationships is an important aspect to

define derived aggregation functions.

Finally, another aspect noted in this analysis is that four

types of aggregation operations were mainly used in this

functions: summation, multiplication, the minimum relation

and the maximum relation. This finding, together with that

of existing mostly basic aggregation functions could be

insufficient for the precise evaluation of the QoS of a service

composition.

D. Other Aspects

Another interesting finding is that in most of the revised

works it is assumed a composition scenario where devel-

opers are concerned about one quality attribute only. We

believe that this scenario is limited, as software systems in

practice require supporting multiple quality attributes. Thus,

for developers it is a realistic requirement to have access

to means to estimate the QoS of a service composition

considering multiple QoS concerns.

V. SUMMARY AND FUTURE WORK

In this paper we have presented the results of an analysis

of QoS estimation approaches that use patterns as compo-

sition mechanisms. These approaches allow an a priori and

systematic estimation of the QoS of a service composition by

aggregating the QoS information of its constituent services

by using aggregation functions.

The results of the analysis offered insight in the main

patterns and quality attributes addressed by these approaches
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as well as the adopted aggregation criteria. Regarding pat-

terns, the Sequence and AND Patterns are the more recurrent

in the reviewed works. Regarding quality attributes, it was

very common to find aggregation functions for estimating

latency, response time and throughput. The basic aggrega-

tion criterion was the one adopted by the majority of the

works. This aggregation criterion results in an aggregation

functions that take values of several quality attributes of

the same type. Four types of aggregation operations were

mainly used in this functions: summation, multiplication,

the minimum relation and the maximum relation. We did

not find approaches defining derived aggregation functions,

which allow for estimating quality attributes that depend

on values of other different attributes, e.g. response time

could depend on other quality values such as latency and

processing time. Another interesting finding is that most

of the revised works assume a composition scenario where

developers are concerned about one quality attribute only.

In practice, however, software systems require supporting

multiple quality attributes.
Our future work includes reviewing other approaches to

QoS estimation of service compositions in order to validate

our current findings. We also plan to perform some other

analyses. For example, determining the relationship between

(i) patterns, quality attributes and aggregation criteria and (ii)

the nature of the optimization method when multiple quality

attributes are considered. We also plan to consider to identify

more aggregation criteria. For instance, it seems to be

necessary to have an aggregation criteria that considers other

architectural related aspects beyond composition patterns,

e.g., values that apply to the channels that support service

communication. Additionally, and based on the obtained

results in this works, we are currently working on assessing

the applicability of the aggregation functions on services in

public repositories as many of the works reviewed applied

the functions to locally generated examples.
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