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Abstract
In this paper, we present Services which are identified 
during Service-Based System Design using UML. Recently, 
there has been a proliferation of service-based systems, 
i.e., software systems that are composed of autonomous 
services but can also use software code. In order to support 
the development of these systems, it is necessary to have 
new methods (or methodologies), processes, and tools. In 
this paper, we describe a UML-based framework to assist with 
the development of service based systems. The framework 
adopts an iterative process in which software services that 
can provide functional and nonfunctional characteristics of 
a system being developed are discovered, and the identified 
services are used to reformulate the design models of the 
system. The Software framework uses a query language to 
represent structural, behavioral, and quality characteristics 
of services to be identified, and a query processor to match 
the queries against service registries. The matching process 
is based on distance measurements between the queries and 
service specifications. A prototype tool has been implemented. 
The work has been evaluated in terms of recall, precision, and 
performance measurements.
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I. Introduction 
Service-Based software system engineering has been 
recognized as an important paradigm for software system 
development in which different distributed software services 
are composed to support the rapid, low error rate and low-cost 
development of software systems. Services, in this paradigm, 
are loosely coupled autonomous software entities that can be 
deployed remotely across organizational and IT infrastructure 
boundaries. To enable this paradigm, software services need 
to be described, discovered, composed, and monitored.
To address this challenge, service integrators, developers, 
and providers have been collaborating over the last few years 
developing approaches and tools that can support the emerging 
paradigm. These approaches and tools include:
1.  Languages to describe services (WSDL, WSCL, BPEL4WS, 

OWL-S, and WSMO),
2.  Techniques for service discovery (e.g., semantic      

matchmaking, behavioral  signatures matching , and 
matching of full service behavioral models  involving 
requirements, architectural, and runtime aspects of 
service- oriented systems),

3.  Techniques for service composition and
4.  Techniques for service monitoring, validation, verification, 

and evolution.
Despite advances in this area, however, existing techniques 
still fall short of supporting adequately the development 
and deployment of complex and dependable service-based 
systems. In order to overcome this situation, in this paper we 
describe a framework that we have constructed to support 

the development of service-based systems, i.e., software 
systems that are composed of services but may also use 
additional software code to provide the required functionality. 
Our framework is UML-based and assists with the design of 
structural and behavioral models of service-based systems. The 
framework adopts an iterative system development process 
in which software services that can provide the functionality 
and quality-of-service (QoS) properties required by a service-
based system being developed are identified, and identified 
services are used to amend and reformulate the design 
models of the system. The reformulated design models are 
used in other iterations of the development process to trigger 
the identification of services that can be used in the design 
models. The framework makes use of a query language to 
specify the characteristics of the services to be discovered, and 
a query processor that can execute the queries against service 
registries. These characteristics can be related to different 
aspects of the system to be developed and the services that 
can be deployed in it, and include structural (aka interface) 
and behavioral models representing expected functionality 
from the services, and constraints representing additional 
structural, behavioral, and quality properties that services 
should satisfy (e.g., the time and cost of executing certain 
operations and conditions about the provider of a service). 
Constraints can be hard or soft. Hard constraints must 
always be satisfied by services, while soft constraints may be 
compromised if a service has a good match with other required 
characteristics but fails to satisfy them. Queries are executed 
in a two-stage process. In the first stage, services that satisfy 
hard constraints in a query are identified, generating a set of 
candidate services. In the second stage, the candidate services 
of the first stage are matched with the structural and behavioral 
models of the query as well as its soft constraints and those 
services with the best overall match are returned as the final 
candidate services. The matching of services with a query 
is based on the computation of distances between service 
descriptions and queries. The framework assumes services 
specified from different perspectives, including structural 
(interface), describing operations of services with their data 
types using WSDL, behavioral, describing behavioral models 
of services in BPEL4WS, quality, describing nonfunctional 
aspects of services in XML-format, and general information of 
the services. The identification of services based on distinct 
aspects provides a more accurate match between queries and 
services and the consequent discovery of services with the 
required characteristics, as opposed to techniques that are 
based only on keywords or interface aspects, which provide a 
less precise match. The work presented in this paper has been 
carried out as part of a large European research program on 
service centric systems engineering and has been based on 
requirements identified in scenarios of service based systems 
development within different industrial domains, including the 
telecommunication, automotive, and software industries. The 
work in presents initial ideas of the framework and describes 
the discovery process only in terms of structural matching of 
queries and service operations. In, we describe the results of 
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evaluating the framework for structural matching only in terms 
of precision measures. The work in describes the discovery 
process in terms of structural and behavioral matching, and 
evaluates only the precision of the structural matching using 
a small set of services. In contrast, the main contributions in 
this paper are:
1.  Development of a constraint language to represent extra 

conditions when executing service discovery during the 
design of service-based systems,

2.  Extension of the discovery process to support structural, 
behavioral, and quality matching,

3.  Development of the approach as a Web service to allow the 
framework to be used independently of any CASE tool,

4.  Thorough evaluation of structural, behavioral, and 
constraint matching in terms of recall, precision, and 
performance measures, 

5.  etail description of the framework, and 6. more complete 
account of related work. 

II. Related Work
 Service discovery queries are executed in two phases by a query 
processor. In the first phase, the query processor searches 
service registries in order to identify services that satisfy the 
hard constraints of a query. This stage is called the filtering 
phase and is based on an exact matching of hard constraints 
of a query against the service descriptions in the registries. 
In the second stage, candidate services which have been 
returned at the filtering stage are matched against structural 
and behavioral models and soft constraints of a query, and the 
best candidate services for the query are identified. This stage 
is called the optimization phase. The fit of services with a query 
is computed during the optimization stage using three partial 
distances, namely, signature, behavioral, and soft constraint 
distances. These distances are computed by matching service 
descriptions with the structural model, behavioral model, and 
soft constraints of a query, respectively. This matching is 
inexact
and even services which do not match exactly with the query 
may be identified as the best possible candidates. The structural 
matching between a query and a service is performed by 
comparing the signatures of query messages in the structural 
model against the signatures of the operations of the services. 
In this case, the WSDL specification of a service and the 
signatures of the messages in a query are converted into a set 
of data type graphs. The matching identifies the mapping and 
calculates the distances between the elements represented 
in the graphs. The behavioral matching between a query and a 
service is performed by comparing the behavioral specification 
of the services and the behavioral model of a query. In this case, 
the behavioral specifications of the service and the behavioral 
model of the query are converted into state machine models 
and distances between these state machines
are calculated. The soft constraint matching between a query 
and a service is performed by analyzing the conditions in the 
constraint part of a query against service specifications. The 
partial signature, behavioral, and soft constraint distances, 
which are computed between services and a query, are 
aggregated in an overall distance which is then used to select 
the best service operations for different query messages. The 
selection of the best service operation for query messages is 
formulated as an instance of the assignment problem, i.e., 
the problem of 1-1 mapping between query messages and 

service operations, which minimizes a weighted sum of the 
overall distances between all the mapped service operations 
and query messages. There may be some differences in the 
execution process of a query. These differences are due to the 
lack of hard, behavioral, and soft constraints in a query or any 
combinations of the above constraints. In the case in which 
there are no hard constraints in a query, the filtering phase is not 
executed and the partial distances are calculated between all of 
the services in the registries. In the case in which behavioral or 
soft constraints are not present in a query, the computation of 
the corresponding partial distance is bypassed and the overall 
distance is computed by using only the partial distances of the 
types of constraints specified in a query. Note that structural 
constraints are always present in a query, and therefore, at 
least distances based on them are calculated. In the following, 
we discuss the computation of signature, behavioral and soft 
constraints distances and the selection of the best candidate 
service operations for a query. We also give an example of 
computing these distances. 

A. Signature Distance
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B. Behavioral Distance

C. Soft Constraint Distance
The soft constraint distance between a query messages Qm
and a service operation So is computed by the function in

D. Overall Distance
The overall distance between a query message Qm and a 
service operation So is computed as the weighted sum of the 
signature, behavioral, and soft constraint distances between
Qm and So as defined below.

III. Evaluation
To evaluate our framework, we have performed a set of 
experiments designed to measure and analyze: 1) the recall 
and precision of the results of service discovery and 2) the 

performance of the matching process.

A. Experimental Setup
In the experiments, we used a registry of services that had 
been built collectively by the industrial partners of the SeCSE 
project. The registry included 95 different services offering a 
total of 316 service operations of different complexities. These 
services had different service providers
and were related to different domains including:
1.  Online retailing,
2.  Internet searching,
3.  Travel planning and booking, and
4.  Online banking.

All of the 95 services had structural specifications expressed 
in WSDL and QoS specifications, and more than half of 
them had behavioral specifications expressed in BPEL. The 
registry had been implemented as an eXist database. In 
the evaluation, we also used six queries drawn from design 
models of two service-based systems that had been provided 
as case studies by the industrial partners of the SeCSE project, 
namely, ConferenceTravel and Purchase Transaction (i.e., a 
system for purchasing services and goods over the Internet). 
Three of these queries (Q1, Q2, and Q3) were defined for the 
Purchase Transaction system and another three were defined 
for the Conference Travel system (queries Q4, Q5, and Q6). The 
exact form of the queries that we used reflected steps in the 
design of the relevant systems that had been identified by 
the industrial partners. The queries had a total of 18 query 
messages with different complexities, where: 1) Q1 and Q5 had 
two query messages, 2) Q2 and Q6 had three query messages, 
and 3) Q3 and Q4 had four query messages. The complexity of 
query messages was determined by the number of edges in 
the graphs of the data types of the parameters of the message, 
as in the case of operations Based on this measure, a query 
message was classified as of low complexity if it had a data 
type graph with less or equal to 10 edges and of medium-
high complexity if it had a data type graph with more than 
10 edges. This boundary value between low and medium-
high complexity was determined by a previous analysis of the 
complexity of service operations in the registry. This previous 
analysis has demonstrated that 49 percent of the services in 
the registry had data type graphs of low complexity and 51 
percent had data type graphs of medium-high complexity. The 
boundary value represented the median operation complexity 
found in that study. Furthermore, all of the queries used in 
the experiment included the soft constraint shown in Fig. 4, 
but no hard constraints. Hard constraints were excluded from 
queries as they could filter out services before the optimization 
stage during query execution, and therefore, reduce the query 
execution time (due to the reduction on the number of services 
to be matched in the optimization phase) and improve recall 
and precision. Furthermore, each query was executed twice: 
once with flexibility matching level k = 0 and once with flexibility 
matching level k = 1. To evaluate recall and precision, we used 
assessments of the relevance of service operations in the 
registry to the messages in the queries. These assessments 
of relevance were provided by six different users who had no 
involvement in the development of the discovery framework 
and the specification of the queries and design models used 
in the experiment, and no knowledge of the algorithms used by 
the framework. Four of the users held a PhD degree in software 
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engineering or computer science, and two of them held the MSc 
degree in computer science and were pursuing a PhD degree 
in software engineering at the time of the experimentation. All 
users were familiar with service-oriented system engineering 
and UML-based system design. 
The six users who participated in the experiment assessed the 
relevance of 5,688 possible pairs of query messages and
service operations (18 query messages 316 service operations) 
independently and prior to the execution of queries. Each 
user was given the queries and access to the descriptions 
of the services in the registry and asked to assess if the 
service operation in each of these pairs was relevant to the 
query message based on two criteria of relevance. The first 
of these relevance criteria (RC1) was to assess relevance by 
looking at both the signatures and the behavior of the query 
messages and service operations, and consider as relevant 
only operations whose behavior had an exact fit with what was 
expected in the query. The second criterion (RC2) was to assess 
relevance by looking at both the signatures and the behavior of 
the query message and the service operations, and consider 
as relevant operations whose behavior was similar to what was 
required in the query even if it was not exactly the same. The 
provision of generic criteria of relevance to the users was to 
avoid excessive diversity in their assessments. The selected 
criteria corresponded to general factors that could be taken 
into account in the software design process and had a general 
correspondence to the different types of matching used in 
the discovery process of the framework. It should be noted, 
however, that no hints about this correspondence were given 
to the users. Based on the assessments of the different users, 
we derived an aggregate final assessment of the relevance of 
service operations to query messages with respect to each 
of the three different relevance criteria. Aggregate relevance 
assessments were derived based on a “voting scheme.” More 
specifically, an operation was deemed relevant to a message 
with respect to a specific relevance criterion only if at least four 
of the six users confirmed the relevance of a result (i.e., when 
at least 65 percent of the users confirmed the relevance of a 
result). Recall and Precision Evaluation Results The evaluation 
of recall and precision was used for assessing the ability of the 
framework to locate as many as possible service operations 
which are relevant to a specific query (recall), and disregard 
operations which are irrelevant in the discovery process 
(precision). In the experiments, recall and precision were 
measured according to the following formulas:
Table 1: Overall recall and precision for all queries

IV. Conclusion
In this paper, we have presented a framework to support the 
development of service-based systems by discovering services 
that can fit in the design of such systems. Our framework adopts 
an iterative process in which structural and behavioral design 
models of service-based systems, together with extra quality 
and nonquality constraints are used to identify services that 
can fulfill functional and nonfunctional characteristics of the 
systems. The identified services are used to reformulate the 
design models and trigger new service discovery iterations. The 
approach is UML-based since structural and behavioral design 
models are represented as UML class and sequence diagrams, 
respectively. A query language enabling the specification of the 
characteristics of the services to be discovered has been
developed. A query in this language contains: 1) a structural 
model, 2) a behavioral model, and 3) a constraint specification. 
The structural and behavioral models in a query are derived 
from UML design models of the system being developed. The 
constraint language allows for the representation of additional 
structural, behavioral, and quality properties that services 
should satisfy. Queries are executed in a two-stage process. 
The first stage is a filtering phase in which services that satisfy 
the hard constraints in a query are identified. The second stage 
is an optimization phase in which the services returned by 
the first stage which have the best match with the structural, 
behavioral, and soft constraints in a query are selected. This 
part of the process is flexible enough to allow the selection 
types of descriptions (excluding WSDL descriptions, which are 
always required). The matching is based on the computation of 
partial distances between service descriptions and queries. A 
prototype tool has been implemented and used in an evaluation 
of the framework in terms of recall, precision, and performance. 
The results of this evaluation were positive indicating: 1) high 
precision (86-97 percent) of results (services) with low distance 
to queries (<0.1), 2) high recall of services for distances of up 
to 0.5 (95-100 percent), and 3) statistically significant increase 
in precision when flexible behavioral service query matching 
was included in queries (for low service query distances of up 
to 0.2, the increase was from 18 to 32 percent). The results 
also confirmed that the time for all different types of matching 
and the overall query execution time grows only linearly with the 
number of services in registries, and therefore, the framework 
can scale to registries of large sizes. We are currently extending 
the framework to support the creation and negotiation of service-
level agreements during the development of service-based 
systems, service discovery based on behavioral composition, 
and verification of design models.
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