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Abstract— The importance of software quality evaluation has
being gradually more and more focused. This paper studies
service-based software quality evaluation in service computing
environment. As is known to all, the existing evaluation
technology adopts concentrated strategy during run-time. The
paper compares the difference between the offline and online
strategy for distributed system, and analyzing the features in
service computing environment furthermore. The paper puts
forward a novel quality evaluation measurement model. The
attribute factoring technology and corresponding data
collection strategy are described. A new evaluation method of
distributed quality data acquisition is put forward in the paper,
which is based on software testing technology. So, during
service runtime operation, the obtained results by test method
can be accurate and credible. Finally, this paper puts forward
quality framework and related steps which is evaluated by
distributed in service computing environment. Through
example of manufacturing industry, it shows that the quality
evaluation in distribution measurement framework is a
effective and trustworthy.
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L INTRODUCTION

With the development of network, more and more
software based on distributed architecture, such as Web
Service, Service-oriented, Grid Computing SOA and cloud
computing. The rapid growth of computer hardware and
network, distributed system architecture make software more
complicated, especially service-based computing convert the
traditional computer and centralized storage approach into
distributed architecture according to the demand of end user.

Service-based computing is service computing, which
accomplished combining distributed processing, parallel
processing and grid computing. The further research is
realization of the commercial on view of user's point.
Generally, basic principles of service computing are
considered using the distribution by many computing
resources, rather than the local computer or remote server.

This allows companies to adopt the appropriate resources
of applications to access computing and storage resource,
according user-demand. [1] As for service, life-cycle
consisting of service development, service registration and
service delivery. The three stages divided into offline testing
and online testing according to the service releases
correspond to the quality of service testing [2]. Offline test
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means the software testing without real environment. The
test is executed in development environment. Before
validation, this stage mainly verifies service function on the
unit testing, system testing and other testing techniques
related to code and service interface. Online testing is the
design for the service lifetime, which focuses on non-
function quality related with testing activities during
execution of service.

In service environment, services register and publish
using uniform computing platform. These services publish
on the distributed environment. The function of service is
same in different deploy environment. However, the actual
quality of service should be considered when the service is
being carried out. Service should be published and deployed
in the middleware server and registered in specific server
before use. Therefore, quality of service should be evaluated
delay to the runtime phase. And continuous test is key
approach to acquire original quality data.

In Figure 1, we compared different software phase in
various distributed environments. The typical software phase
is software development, software testing and system
runtime. And the usual environment consists of network-
based environment, grid environment and cloud computing
environment. From the comparison, some distributed system
required to postpone the online tests into run-time. The cloud
environment is kind of these distributed systems. The results
of software testing are obtained through the evaluation of the
quality of service during the online testing.
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Figure 1. Comparsion of phase in distrubted environment
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With the development of software techniques, there is
change from the stand-alone application to network-based
applications gradually. However, service-based computing
software changes current operation and computer method.
Therefore software quality is more and more to pay
sufficient attention [3]. Also the users of the software quality
are constantly changing from the initial needs that meet the
functional requirements to non-function quality, such as run-
time efficient and convenient.

As the service computing environment is the loose
network, the test during the phase of running service in
scenario. The scenario is closer to the genuine quality of the
software runtime environment. Therefore, there is
inconsistency and uncertainty for online quality of service in
contrast to development period. Table 1 gives the different
development period under the various architectures. In
contrast to other architecture comparison, it is evidence that
cloud computing environment own run loose-couple
management, which mean the online quality is not analyzed
and evaluated in stage of development period effectively.

TABLE 1. COMPARISION WITH DIFFERENT ARCHITECTURE

Environment and related Stage
Development Testing

Architecture -
Runtime

Stand-alone Stand-alone Stand-alone Stand-alone

Browser / Server Single/Multi Single/Multi | Network
Application / . . . Integrated
Midderleware Single/Multi Multi Management

Stand-alone or
Single/Multi

Through the above analysis, it is necessary to transfer the
validation and testing of service from the testing stage delay
to the runtime stage. For the loose network applications,
various users on different network nodes access the same
services. But the results obtained varied greatly, which is
different from the traditional stand-alone architecture. From
the results of a single user to determine the software quality
is not sufficient. It is also not enough to determine the quality
in the same network. It is necessary that the distribution of
methods used to measure this evaluation [4].

The main structure of this paper is as follows: The
evaluation of quality decompose model in section 2. Section
3 introduces data collection method through testing method.
The next part presents the distributed online quality
evaluation framework. Finally, there are conclusions and
future works.

Cloud Computing Single/Multi | Loose-copuled

II.  EVALAUTION MODEL

Software quality evaluation model is the approach that
evaluate and quality of the quantitative evaluation according
to software-related needs. Boehm et al proposed a
hierarchical model of software measurement [5]. McCall
proposed three-level model to measure, which divided
software quality into elements, standards [6]. At present, the
evaluation model is main method of measure software
features. ISO/IEC TR9126 standard gives a typical
measurement model for software product. The proposed
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model consists of an external measurement metrics, internal
measurement metrics and user measurement metric [7].

A. Generic Model

The quality requirements of the software have functional
requirements and non-functional requirements. As for quality
requirements of system design, the traditional software
quality evaluation model is mainly based on quality index in
evaluation of quality.

For different scenarios, quality requirement are different
according to request user. Especially for cloud computing
environments, quality demand of different user is also
changing.

However, the existing evaluation model gives the design
requirements for the proposed related measurement methods.
And measurement methods and their model include some
measurement items. Under many circumstance, the data from
items adopt the offline process, that is to say, system is not
still provided service in actual environment.

Therefore, the quality of evaluation process also meets
the unique context during evaluation. A single context is not
applicable for various scenarios which involve in the
application of measurement models. In practice, the different
scenarios will eventually lead to different measurement
results.

The typical quality model is proposed by ISO/IEC
TR9126 international standards. This standard consists of
four parts: a generic measurement model and three
measurement models from a different perspective, which is
internal metrics and external metrics, and user metric
measurement methods, respectively.

The generic model has six main attributes: functionality,
usability,  availability, performance, maintainability,
portability. Each attribute also contains a number of sub-
attributes. The sub-attribute measure value will determine
from the quality of their respective attributes directly.

The overall quality could be calculated through the
available quality data of sub-attribute.

For the given external and internal metrics, each of its
sub-attributes consists of a collection of measurement items.
For example, efficiency of time attributes includes sub-
attributes: response time, throughput and turnaround time.
The response time metrics also constituted with two metric
indexes, which is average response time and response time in
the worst case. From related response time, we can found
that the test is effective method to obtain the metric index
value.

Here, we study the properties of all of the sub-attribute of
metrics. There are three approach to get index value, which
consists of obtain values from testing directly, statistics and
obtain by checklist or interview.

B. Attribute Factoring

As for a given measure model, the metric attribute value
need to acquire after analysis sub-attribute based on specific
index value. Usually attribute computation should consider
the sub-attribute and its relation between sub-attributes. In
order to facilitate the calculation of index value, sub-attribute
is propose to bridge the corresponding attribute measurement
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model with metric index. Therefore, a number of sub-
attributes will be measured through the composition of
metric index. In some cases, metric index should be
computed by several values. In these conditions, an exceed
three level model is need for measurement model and its
relationship between the attributes is relatively cumbersome.

If this model is analyzed with top-down method, we
possible constitute measure architecture with multi-level. So
the relation is relatively redundancy and increase the
analyzed complicated.

This goal of research is to simplify the existing multi-
level model. For reason, we adopt the idea of attributes based
on the direct decomposition of GQM model [8]. The idea of
GQM is contain target problem, question and measurement
items.

The goal of GQM model is address the object via the

question, which the question is the need to raise relevant
issues for this object. Finally, measure item is the access
method for sources of data directly.
Definition 1: The metric index is the smallest of factors in
quality measurement model, including metric index
information, metric objects, collection of metric index values,
and extended attributes.

For the quality assessment model, the @ is one attribute
includes a number of sub-attributes: @1, ¢2 ... ¢n, which
each sub-attributes of ¢ includes metric index &1, €2 ... &n.
The & is the appropriate factor for acquire data.

¢ = Ml o e Py (1)
Py = Blfag Bazooos 2)
where f, g are calculation functions corresponding to
measurement model. Here index value & is collected from the
different value. The index value can be a function point,
software requirement, or even the data collection composed
by above single value. The collection of single value is
composite value of the point values.
Definition 2: Measure item is the smallest unit in the quality
model. For each index &, there could be several measure item

For the collected data sets, usually metric index data have
single or multiple item composition. The item data can be
characterized by general information of specific data. The
multiple item value also is vector value. Vector value cannot
become calculate direct in this model and need process into
scalar value by the way of average or the weighted average
method. Common calculate method is the average point of
the calculation, the composite weighted method. The average
is calculated for all metric data collected with average

method:
=1L 3)

Composite weighted is a measure of all the points in
accordance with the weigh distribution. Generally, assuming
that the weigh value is w, and then calculated as follows:

Iwm=1 “)
L
5= 1L vl (5)
The decomposition attributes optimized multi-metric
evaluation system in measurement model. The

decomposition attributes provided by defining a set sub-
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attribute to obtain relation between quality attributes and
index. As a result, in order to get the ultimate quality
attributes, we must decompose the quality attribute into final
quantifiable evaluation values in accordance with the index
of the quality attribute value through three-level model.

Three-level model consists of attribute, decompose
attributes and their index, just as three level trees which
shown in Figure 2. The root of tree represents the attributes,
while the leaf nodes in tree are corresponding to different
index. In decomposed model, two characters are differed
from other generic quality model. The one is that same sub-
attributes could have the several indexes. The other is, if
there have two sub-attributes of the same index, the same
index can be applied to multiple two sub-attributes. In Figure
2, the Metric Index 3 is applied not only for Sub-attribute 1.2
also for Sub-attribute 1.3. Therefore model can reduce the
metric index use frequency and improve efficiency.

Attribute 1

—

Sub-attribute1.1 Sub-attribute1.2 Sub-attribute1.3

T NN

Metric Index 1 Metric Index 2

Metric Index 3 Metric Index 4

Figure 2. Direct decomposed model

III.

A. Data Collect

According to the direct decomposition model, evaluation
activities need to obtain various measure items according to
metric index. The item value is acquired to get the quality of
data related technologies. The common technology is offline
and online. Here we focus on online technology, generally
real-time technology. After collecting the results of further
calculations include three ways: metric index directly,
function and statistics. Statistics refers to the sample on the
basis of certain statistical sample. Function is the method to
get metric index value through the complex calculation.

Generally, the need to obtain various types of
measurement elements, namely, the direct decomposition of
the metric index. The activities come mainly from the
software engineering such as testing, validation and
verification. The data acquisition is carried out in software
engineering-related  behavior of statistical  analysis
furthermore. Software product data adopt testing and
auditing to achieve in quality model. Besides the testing, the
interview is other way to obtain metric value through
conducting interview.

In software quality assurance technology, testing is key
approach, which can complete most acquisition of metric
index value in decompose model. As far as distributed
services are considered, distributed characteristics should
take into account in order to obtain more accurate item data.
Here the data collect is need to consider extended factors that
affect the quality.

MEASUREMENT INDEX
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Definition 3: Extended factor 0 is the quality of factors can
influence the specific measure of certain external factors. For
the different factors 0, its value will lead to measure the
various different observations value y, assuming a factor of
two values for x1 and x2, if x1 # x2, then y1 #* y2, then the
attribute can be considered extended factor.

For the typical extended factor, network or resource
constraints is the main factor. These factors does not affect
the value themselves or directly. They impact data collection
of information significant in different access patterns, such
as time, location, etc. Assuming the time factor t1 in day and
t2 in night, obviously t1 # t2, then the time duration is yl1 #
y2 for a specific service. Therefore the time factor can be
considered extended factor.

For the same measure item of quality can be used in the
testing process in software product.

B. Test Collect Method

Software testing is the primary approach to obtain the
testing results, which help to calculate quality value. The test
approach can direct access to collected results. Here we
consider the software testing, which is main approach of
acquiring quality data in this study.

During software testing, test case is the basic elements
during testing execution. In test collect method, a standard
test case template is provided to facilitate the test execution
and metric index collect. The standard test case template can
assist comparative analysis in different extended factor. As
for testing activities is high cost work. The test case reuse
technique can improve the test efficiency and reduce cost of
test.

Definition 4: Typical test case consists of test scripts, test
resources, test context, test items and test.

<test case>::= <TCID> <Case Info>{<test item>}

<TCID>::= /*Test Case Unique ID */

<Case Info>:=  <test context><test oracle><measure><test
goal><test type><test method><version>

<test goal>::= product | project | technique

<test type>::= function | performance | security | others

<test method>::= manual | automated tool

<test context>::= /*test scenario for current case®/

<measure>::= <state><granularity >< reuse frequency >

< state>::= initial | modify | use | expired

Definition 5: Test items is single test step in one test case,
including the item input, expected output, output and hint.

<test item>::= <TIID><item description>
<TIID>::= /*Test Item Unique ID */
< item description>::= <item input><expected output><output and

hint>
<item input>::= /*test operation procedure and input
information*/

<expected output>::= /*expected the result based on the input*/
<output and hint>::= /*output information and software hint
information*/

Metric index data obtained from the testing results. In
actual testing execution, the data can be get from the test
results directly which defined in test results in test case.
Definition 6: Quality Data is collected through the execution
of test cases.

d=f(tco,0) (6)
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where tc is the collection of test cases, o is the measured
object, 0 is extended factor vector in specific test scenario
according to test scenario.

The quality of each element can be tested to obtain the
data, each element of the quality of the corresponding
mapping relations between the testing requirements, so that
the required index value for each measure can be tested
through a series of test cases to be completed. With the
metric system, the corresponding index value, by testing
their statistical ways to get the corresponding index value.
Definition 7: If the same quality of data collection, its test
cases is similar.

That is to satisfy for test case tcl and tc2, if tcl and tc2
contained same collecting metrics &, then tcl and tc2 have
the same measure item. If & (tc1)&§ (tc2), then tcl Etc2, i.e.,
we can adopted tcl are tc2 to complete task of data
collection.

In software testing, test case design account for a large
proportion. Because the test engineers need more time design
test cases, reuse test case can reduce the design costs if use
existing test case which have been used. It is necessary that
find a common test cases in order to reduce the cost of the
actual test case design after test design and test execution
according to Definition 7. [10][11].

IV. DISTRIBUTED EVALUATION FRAMEWORK

The model is presented above. Here service computing
has the characteristics that end user access service through
any node in the network. Consider metric index value is
various from the various node, which access the service due
to network or time. The factors are influenced on the basis of
obtain quality data using the same method from all nodes.
The Session 1 shows that novel software systems are
distributed mode, which different from the previous stand-
alone mode. Therefore, distribution evaluation model is
necessary to replace the original method that a single node,
centralized evaluation of the quality metrics.

As far as service computing environment is considered,
users scattered in different network node access services in
the network environment. Therefore test request nodes
scattered in network to replace the centralized access mode.

The traditional single-node test, this may be better for a
simple without network, which results of function test are
inaccuracy. But for non-functional requirements testing, such
as performance, availability and reliability, the test results is
affected by computer performance and configuration of
computer which running the software. With the growth of
network technology, the current software systems require the
support of the network environment, for instance, Browser /
Server or Client / Server architecture for these can be run on
the network. It is worth studying in network runtime
environment, especially for non-functional metric index.

Therefore, distributed test strategy can be used for
accessing quality. However, many industry performance
testing tools support built-in concurrent test engine to carry
out the efficiency testing, which these engines often require
the deployment of network-specific location. These
concurrent engines do not reflect the heterogeneity of the
distribution of characteristics.
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Relative to the single-node test, the distributed testing
can be close to the actual results relatively. However the
distribution is relatively complex, the accuracy of data is
usually due to a variety of factors, such as network structure,
bandwidth, user habits and physical environment and
different. In some practical applications, it can be distributed
using the grid on the existence of the physical distribution.
The more satisfactory distribute data could be acquired when
the test case is executed in the agent on physical grid node.

A. Evaluation System

According to the multi-attribute decompose model and
related testing techniques, we presents an evaluation system.
The Figure 3 shows the architecture, as well as the main
model layer structure. Quality assessment method is usually
based on a large number of quality data, thus the underlying
layer is responsible for access to quality data. So underlying
layer is metric level to adopt testing and validate assessed
object.

Model Level

A

Decompose Module

A
A

| |
Distributed Level‘ Distributed Module }4—{ Online Collector ‘

Test Designer

Metric Level

‘Test Execution Module‘<—{ Test Tool ‘

Figure 3. Evaluation System

The establishment followed the entire process from the
decompose quality to generate test cases. The main steps in
the process are as follows:

1) Analyzis: analyze user requirements for quality
assessment and exemplify measure properties, required
attribute of evaluated system.

2) Find minimum set: find the minimum measurement
items with decomposed sub-attribute according to involved
the metric index.

3) Test design: according to minimum measurement

items, generate the test case ot reuse corresponding test case.

4) Publish: dispatch the test to various distributed
access node, the node under the scenario requirements.

5) Execute: execute the test case automatically in
distribute nodes, collect quality data and return to the central
controller.

6) Collect data: central controller calculates the metric
index value according to return quality of data.

Through the above six steps to obtain the corresponding
metric index data, an online quality is available in distributed
environment.

A measurement system is developed in practice. The
platform concerns the design of the measurement model, in
addition, the middleware in system integrated test case reuse
library which support the reuse test case. Through analyzing
the user's quality requirement, the system analyzes their
requirement for test reuse test cases to obtain the required
quality metric index data.
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B. Case Study

Manufacture is the economy basic industries, which
output required for a large number of social economic.
Manufacturing information technology enhances the
manufacturing and the development of integrated design,
production, circulation and management efficiency. In the
road of development in manufacturing industries, from the
capital-intensive, technology-intensive development of the
information-intensive, the computer introduces database
technology, network technology, and distributed computing
technology to the grid system integration technology.

Service computing environment is distributed computing.
The dynamically change needs that require access to
resources and services. Application and service request
resources from the service rather than the traditional sense of
physical entity. Service is that somehow self-maintenance
and management of virtual resources. For manufacturing
enterprises, the dynamics of self-maintenance and
management of virtual resources in the intensive resources,
utility computing, and information technology play a role in
the progressive development for the enterprises are more
concerned about the production, business and other
technological innovations.

Figure 4 shows application integration environment. The
entire application architecture is constituted with a virtual
environment to achieve configuration, deployment, service.
Integrated environment including enterprise, information
systems and external information based on the software as a
service (SaaS) model system, enterprise information system
through the service encapsulation. The original model
provides computing resources and storage resources, for
integrating enterprise legacy systems. The enterprise
information support upgrade and configure, some systems or
new systems can use in the distributed environment.

The entire application environment in a typical
manufacturing information applications such as CAD, CAM,
CAE, PDM, ERP, CRM, SCM, MES, BI, and BPM, etc.,
design and manufacture of these platforms from the bottom
and resource management to manufacturing execution, and
then to business process reengineering and business
intelligence, service environment provides the existence of
information resources sharing and mutual relationship. In
this environment, applications and system architecture meet
the functional requirements. However the production scale,
continuity, and other demand information in manufacturing
environment is differ from the traditional systems. The
requirement of customers with real-time, operational
complexity and inclusiveness, flexibility and robust features
is very high, so the overall quality of the model is concerned.

According to manufacturing information property,
quality modeled at first. Not only function for a range of
business system covering the production organization,
production management and production optimization, but
also the continuity of production to meet the requirements of
non-functional metric index. And then establish
manufacturing information quality model with general
purpose based on the use of reusable test case in distribute
environment.
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Figure 4. Typical Case with Service Computing

V. CONCLUSION AND FUTURE WORKS

In this paper, distributed quality measurement model is
proposed suitable for the actual data quality during practical
scenarios. The decompose quality models is key technology
which goal is distribution of online access the value of the
collection by running the stage. Based on distributed agents
under different networks, the results of the test obtain
qualitative assessment of metric values can be a more
accurate in analysis system quality and runtime scenario.

Evaluation framework adopt the distributed measurement
services, online execution can be more closer to the actual
scenario, which not only can serve as a software engineering
activities in the software online test and evaluation before
online, but also provide the maintenance phase of the
software to conduct regular assessment to obtain the software
lifecycle quality information. The study proposes the
distribution of online quality evaluation in the distributed
environment for the deployment of a large user, many
applications manufacturing information system and has good
prospects.

The measurement model could be analyzed factors
further which affecting the difference results of the final
measure. On the one hand, access location of the network
bandwidth will influence the evaluation results. On the other
hand, the time factor is also necessary for distributed
applications. With distribution of the international business
applications, the peak time will occur varied in number of
users and business regions.

Distributed quality evaluation is the direction of research
with software technology. Future works can study related
algorithms furthermore, especially evolution quality model
of functions and non-functional in the system runtime and
maintenance. And the benchmark library is needed to form
based on numerous testing results which conform to
international quality standards. In addition, the playback
technology of same test cases in software regression testing
could be studied for improving the authenticity of the results.
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