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Abstract
Service-oriented Architecture (SOA) is becoming an extensive 
field in research as well as popular architecture pattern because of 
its support towards quality attributes like performance, scalability, 
interoperability, reliability etc. For qualitative analysis of SOA, 
focus is towards its measurement. Existing metrics for Object-
Oriented systems are in use to measure it. But, the major focus is 
contributed towards quality-of-service offered by SOA. This paper 
highlights the existing work that deals with structural metrics as 
well as quality metrics. A Metric-based approach is discussed to 
evaluate the different quality factors of SOA. 
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I. Introduction
The selection of a software architecture is very difficult with 
respect to the fulfillment of functional as well as non-functional 
requirements like performance, scalability, interoperability, 
availability, security, modifiability, testability, usability 
and reliability. Now-a-days, for development in distributed 
environment, first choice is Service-oriented Architecture (SOA) 
due to its quality attributes. SOA refers to a software design pattern 
based on discrete pieces of software, which provide services in 
the form of application functionality to other applications or one 
can say that it is an architectural style where systems consist of 
service users as well as service providers [1]. Each service that 
makes up an SOA application is designed to perform one activity.  
It is possible to reuse the code in different ways throughout the 
application by changing only the way an individual service 
interoperates with other services that make up the application 
instead of making code changes to the service itself. 
This paper reviews the existing research work related to qualitative 
analysis of SOA with respect to structural metrics as well as 
quality metrics. Existing metrics for Object-Oriented systems 
[2] are in use to measure web services systems. The major focus 
is contributed towards quality-of-service (QoS) offered by web 
services as different applications with different requirements 
are competing for network resources. Therefore, QoS is really a 
challenging factor for service providers [3]. 
The paper organization is as: Section 2 describes SOA life cycle. 
Section 3 reviews SOA metrics with respect to structural as 
well as quality attributes. Section 4 tries to establish the relation 
between quality factors and quality metrics. It also suggests future 
dimensions with respect to quality criteria.

II. Service-oriented Architecture Life Cycle
The SOA lifecycle starts with gathering the requirements, followed 
by architecting a solution, developing, testing, deploying and 
managing it. At the end of life, either modify it or retire it [4-5]. 
What differentiates the SOA lifecycle from the traditional 
application lifecycle is the need for governance to maintain 
order with loosely coupled services. An eight-step outline of 
the basic SOA lifecycle for an application built with services is 

provided by Bradley F. Shimmin, principal analyst for application 
infrastructure at Current Analysis LLC. It differs in some aspects 
from the steps other analysts, but not radically, so it provides a 
starting point. Eight steps for building an SOA with services: 
Data collection including gathering of business requirements and 
use cases, Design including determining service requirements, 
setting service policies, establishing compliance tasks, building 
and testing models, and constructing data integration. Followed 
by Development which includes development of the service 
and composition of the application from the services, Quality 
Assurance (QA)/Test/Acceptance, Deployment, Monitoring/
management, Change and Retirement.

Fig. 1: Eight steps for building SOA with Services

III. Service - oriented Architecture Metrics
SOA is based on the concept of service. It is emerging as a 
predominant architectural style and has been adopted by various 
organizations like IBM, Microsoft, Oracle, Borland etc. due to 
the promised quality factors like Interoperability, Performance, 
Security, Reliability, Availability, Modifiability, Testability, 
Usability and Scalability [6-7]. For qualitative analysis of web 
services research work is going on towards their measurement. 
Existing metrics for object-oriented software systems [2] are 
taken into consideration for measurement of web-services 
systems. The major focus is contributed towards Quality-of-
Service (QoS) offered by web services as different applications 
with different requirements are competing for network resources. 
Therefore, QoS is really a stimulating factor for service providers 
[3]. Each component of web service model (fig. 2) may use web 
services metrics with respect to their requirement and level of 
importance. Service Provider may use these metrics to execute 
their service according to certain set of measures. Users or Service 
Requesters may use these metrics to select best service providers. 
Developers may use these metrics for effective implementation 
of the system.
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Fig. 2: The Web Service Model

Web services metrics are classified in two major categories: 
Structural Metrics and Quality Metrics (Fig. 3). Structural Metrics 
deal with structural properties of software like size, complexity, 
coupling and cohesion. Functional as well as non-functional quality 
aspects like reliability, integrity, accessibility, interoperability, 
security, availability etc. let us have detailed description about 
theses metrics. 

Fig. 3: Types of Web Services Metrics

A. Structural Metrics
Structural metrics deal with quantitative measurement of web 
services with respect to Size, Complexity, Cohesion and Coupling 
(Figure 4). Existing suite of metrics (Chidamber and Kemerer, 
1994) for measuring object-oriented software components may be 
used for effective implementation of web services [2]. But, research 
carried out by (Perepletchikov et al, 2005) has shown that some 
of the existing software metrics like Depth of Inheritance (DIT), 
Number of Children (NOC) and Lack of Cohesion in Methods 
(LCOM) are inapplicable to Service-Oriented Architecture (SOA) 
[9]. Therefore, the need exists to develop new metrics to measure 
the structural properties of web services.
(Quynh and Thang, 2009) have developed a suite of dynamic 
metrics for service-oriented software. The metrics suite consist 
metrics like Coupling Between Services (CBS) similar to Coupling 
Between Objects, Instability Metric for Service Metric (IMS) 
(which measures the level of dependency of service means if IMS 
= 0, stability of service is very high and if IMS = 1, then stability 
of service is very low), Degree of Coupling between 2 Services 
Metric (DC2S), Degree of Coupling within a given set of Services 
(DCSS). These metrics deal with easy maintainability, high in 
reliability, testability and reusability of services with respect to 
Loose Coupling [8].
(Hirzalla et al., 2009) have proposed a SOA metrics framework 
which includes both Design-time and Run-time metrics, helpful 

in measuring SOA Complexity Index (SCI), Services Complexity 
Index (SVCI) and Flexibility and Agility Index (FAI). SCI 
measures the inherent complexity of SOA solution in terms of its 
security, management and governance measures. SVCI measures 
the complexity of each of the composed services. FAI tracks the 
flexibility and agility of the SOA solution. These metrics are helpful 
in evaluating the impact of SOA architectural decisions upon the 
flexibility, agility and complexity of a SOA solution [10].
(Xu et al, 2006) have developed service oriented dynamic 
decoupling metrics at the design phase and used them to 
measure and evaluate the decoupling attributes of a distributed, 
service-oriented architecture with respect to understandability, 
maintainability, reliability, testability and reusability [11].

B. Quality Metrics
Quality metrics deals with functional as well as non-functional 
aspects of web services like performance, scalability, 
interoperability, availability, security, modifiability, testability, 
usability and reliability. The detailed information of all these 
attributes is available in [6, 7, 10, 12, 13 and 14] (fig. 5).

Fig. 4: Measures of Structural Metrics (class ~ service) [2], [8], 
[11]

IV. Quality Metrics Versus Quality Factors
After analyzing the ongoing research activities with respect to 
quantitative measurement of SOA, the authors work on various 
quality factors which are helpful in measuring the working of 
SOA. Table 1 establishes the relationship between various quality 
factors (like Correctness, Reliability, Maintainability, Testability, 
Efficiency, Integrity, Usability, Interoperability, Flexibility, 
Portability, Interoperability and Usability) and quality criteria, 
can be considered as quality metrics like Traceability, Consistency, 
Completeness, Error Tolerance, Accuracy, Simplicity, Execution 
efficiency, Storage Efficiency, Access Control, Access Audit, 
Training, Communicativeness, Operability, Conciseness, 
Modularity, Generality, Expendability, Instrumentation, Machine 
Independence and Software System Independence.
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Quality 
Metrics 

Performance / 
Efficiency 

• Time Required to complete a service request (Response Time) 
• Number of completed service requests over  a time period               

(Throughput) 
• Time taken between the service request arrives and the request is 

being served  (Latency) 
• Desired time to process a request (Execution Time) 
• Average number of web interactions completed per second (WIPS) 

Security 

Scalability / 
Capacity 

Accuracy / 
Exception 
handling 

Reliability / 
Availability 

Integrity 

• Number of performed functions 
• Number of Failures (MTF, MTBF, MTTT metrics) 
• Number of assured delivery of messages 
• Number of ordered delivery of messages 
• Time takes to repair the service 
• Number of answered user/client requests 

• Extent for prevention unauthorized access 
• Number of new services being added 
• Number of extended existing services without changing the 

interfaces 
• Number of extended existing services with changing the interfaces 

• Number of successful authorized attempts (Authorization) 
• Number of successful unauthorized attempts (authentication) 
• Standard followed for encryption (Data encryption) 
• Access to log  (Traceability & Auditability) 
• Number of Non-denial to a requested service (Non-Repudiation) 
• Standard followed for access/modify the data (Confidentiality)  

 

• Number of Requests/Clients serviced in a given time interval 
• Number of Operations/Transactions in a given time interval 
• Number of Concurrent requests for guaranteed performance 

 

• Number of  errors produced by  the service over a period of time 
• Number of exceptions handled by the service over a period of time 

Interoperabil
ity 

• Number of  services deal/interact with different clients/services 
using different languages/platforms 

 

Regularity / 
Stability 

•  Measure of how well the service is aligned with regulations 
• Measure of the frequency of change related to the service in terms 

of its interface and/or implementation 
• Number of specified features currently available 

Flexibility / 
Agility / 
Complexity 

•  Weighted Service Interface Count (WSIC)  
• Stateless Service (SS) 
• Service Support for Transactions (SST) 
• Number of Human Tasks (NHT) 
• Number of Services (NOS) 
• Service Composition Pattern (SCP) 
• Service Access Method (SAM) 
• Dynamic versus Static Service Selection (DSSS) 
• Service Realization Pattern (SRP) 
• Number of Versions Per Service (NOVS) 

Fig. 5: Measures of Quality Metrics [6, 7, 10, 12-14]
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Table 1.  Quality Metrics versus Quality Factors
     Quality Metrics

Factors
Inter-
operability Correctness Maintain-

ability Reliability Availability Efficiency Testability Usability Integrity Flexibility Portability Reusability

Traceability √

Consistency √ √ √

Complete-
ness √

Error
Tolerance √

Accuracy √

Simplicity √ √ √

Execution
efficiency √

Storage
Efficiency √

Access
Control √

Access
Audit √

Training √

Communi-
cativeness √

Operability √

Conciseness √

Modularity √ √ √ √ √ √

Generality √ √

Expendability √

Instrumentation √

Machine
Independence √ √

Software System 
Independence √ √

V. Conclusion & Future Work
After studying the relationship between quality factors and quality 
criteria/metrics for the web services e.g. SOA, it is revealed that 
Modularity is the factor which drives maximum of criteria or vice-
versa. Since the basic concept of Modularity is that of abstraction 
which results in higher levels of Maintainability, Interoperability, 
Traceability, Flexibility, Portability and Reusability.
As can be seen that the above mentioned criteria, are the most 
sought after in quality domain for any kind of web service. It, 
therefore, is important to look closely at how modularity of 
the SOA could be extended at the design and implementation 
stages.
Keeping in mind, the stated importance of the modularity criteria, 
it becomes pertinent that a quantified measure for the same be 
formulated so as to assess the same on comparative basis. On going 
through the literature [15, 16], it is revealed, although various 
modularity indices have been proposed, these have primarily been 
for Open Source Software and require further validations.
Therefore, it becomes an open problem for researches, working for 
web application areas, that a similar kind of measure be established 
for web application domain as well. This remains a kind of future 
scope of research activity which needs to be followed rigorously. 
In addition, it is suggested that all the other quality criteria/factors 

affecting Modularity should also be considered so as to given this 
index a comprehensive look. 
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