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Development of Package Software Test Process and Evaluation Module

Ha-Yong Lee'- Suk-Hyung Hwang''- Hae-Sool Yang''!

ABSTRACT

Package software should have the feature that enables purchasers to discriminate a product suitable for them among a number of software
belonging to the similar kind of product. Purchaser’s ability to choose a package software depends on whether they can judge that a package
software conforms to the relevant standard through an objective quality test process and method or not. There are the standards that can be
applicable to the quality evaluation of package software, such as <ISO/IEC 145984 : Quality Evaluation Process for Acquirers> and <ISO/IEC
12119 : Information Technology-software package-Quality Requirements & Test>. This study developed a system with which purchasers can
effectively select a package software suitable for their needs, building quality test process for package software and developing test metric and
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application method.

9= : W)X AZEQ0{(Package Software), EH HIHQuality Evaluation), HEE(Metric)

1. Introduction

Due to the rapid spread of personal computers, a variety
of package software for personal or office use have been de-
veloped, and consequently the liberty of choice has been bro-
adened.

Package software should have the feature that purchasers
can discriminate a product suitable for them among a num-
ber of software, which belong to the similar kind of product.

If we want to make a right choice for package software,
we should consider whether a package software satisfies the
established standard or not through objective quality test
process and method.

For building this system, there are the standards that can
be applicable to package software, such as <ISO/IEC 14598-
4 : Quality Evaluation Process for Acquirer> and <ISO/IEC
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12119 : Information Technology - software package - Quality
Requirements & Test> [2, 3].

In case of ISO/IEC 12119, those can use it, such as soft-
ware developers, organizations for authentication that intend
to establish third party authentication, organization for ap—
proving authentication and test centers, and software pur-
chasers [3].

This study developed the method that can contribute to
quality improvement of package software by building the
quality test process for package software based on this stan—
dard and developing test metric and application method [14].

ISO/IEC 9126 and ISO/IEC 12119 include quality evalua-
tion guideline and methodology for general software and pa-
ckage software but have not concrete measurement way
(121,

In this research, it’s different to extract and integrate the
except part of 12119 to be based ISO/IEC 12119 from 9126,
it make an evaluation module for package software evalua-
tion to be adapted by evaluation module to be presented an
configuration mode in ISO/IEC 14598 and make a point to
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the test table mode with existing standards.

There need an evaluation module to be developed to mat-
ched by software pattern and the test table to apply a quality
evaluation methodology to be managed by international sta-
ndard essentially, and it’s developed the way to evaluate a
product to based an package software on the external view-
point in this research.

The evaluation for package software is a conformance
oriented evaluation to identify whether accomplished soft-
ware product conform specification for product and detailed
functions or not. In this study, we developed evaluation pro-
cess and quality evaluation table to evaluate the confor-
mance of package software.

This study introduces the present research state related to
quality in Chapter 2 [15], and builds the test process for pa-
ckage software from the purchaser’s viewpoint in Chapter 3.

It introduces quality model for testing package software
in Chapter 4, and describes the metric and evaluation module
that was developed based on quality model in Chapter 5, and
describes the test example in chapter 6, and finally describes
the conclusion and study works after this.

2. Present state of related study

2.1 Foreign Trend

Foreign advanced countries in software are continuously
trying to establish the standard for quality evaluation. They
are on the way to standardize ISO/IEC 9126 as the standard
on quality evaluation features and ISO/IEC 14598 as the
standard on quality evaluation process [1, 2].

However, it is the actual circumstances that it is very rare
they build the specific quality evaluation method and then
actually apply it, based on the general contents on standard.
And there is a case that they build the practical evaluation
system about application, a part of quality features, and then
utilize it.

2.2 Domestic Trend

It can be said that now the domestic trend on quality ev-
aluation & test technology has its weak basis on the whole
[14].

The related standard for quality evaluation has not been
established yet, and the authentication for software’s quality
system relies on foreign countries, and thereby we can see
the basic study in domestic is very weak.

Even though domestic software industry regards techno—
logy for quality improvement and development of product
evaluation technology as the urgent task, it has much dif-

ficulty in pushing technology development in itself.

3. Building test process for package Software acquirer

Having an eye to the point that package software are “off-
the-shelf” software, this study introduced ISO/IEC 14598-4,
the quality evaluation process for purchasers and built the
test process for package software. The process of ISO/IEC
14598-4 can be summarized as shown in (Figure 1).

Establishment of
Evaluation Requirements

Specification of
the Evaluation

Establish the Purpose and
Scope of the Evaluation
& Specify Evaluation

Documentation of
Eviuation Specification
(Select the Metrics and

Requirements the Evaluation Methods}
" " Execution of
Design of the Evaluation the Evaluation
, ’ The Evauation
> EStgb“ShStShi f(Ejv;Ill;auon > should be performed,
roce: n n documented and analyzed

(Figure 1) ISO/IEC 14598-4 : Process for acquirers

This study built the test process like (Figure 1) that is

applied to package software as follows.

3.1 Establishment of test requirements

This process means that it can be utilized at the stage
of test by clearly defining the constitutional elements of pac—
kage software such as product manual, user document and
quality requirements for program & data.

Establish the purpose
and scope of the test

ISO/IEC 12119

« Establish the Test

Specify Test Requirements

« users and their goals, tasks, and characteristics,
and the user environment
for ihe product

- the integrity level of the software application,

Requirements
» Decide the Priority of the level of rigour required for the evaluation
Quality Characteristics process

= support capability of the supplier, apolication
development capability, training capability
» software quality requirements

« Establish the Systematic
Basis for the Test

l The scope and objectives —l

« considering whether the software
product will be used for a specific
application, for a collection of
specific applications, or for a
generic range of applications

(Figure 2) Establish the Test Requirements

In the process of test, software quality requirements, the
priority of quality characteristics, the test criteria, the test
scope and objectives should be set up.

Specification of the test requirements includes users and
their goals, tasks, characteristics, the user environment for



the product, the integrity level of the software application,
software quality requirements.

3.2 Specification of the test

The test details should be documented in order for an
appropriately qualified manager to repeat the test process
with the repeatable results.

(Figure 3) shows the activities that are executed in the
process of test specification in details.

Select Metrics Select Test Method
Definitioin ‘ ] —
A Trade-off Priority

« the Characteristics Cost ‘ of the
of the Test, Metrics, Requirements
Criteita of the Metrics

« Test Modules, Test Methods,
Quality Measurement
Table

Whether the

Combination Test provides
. re Me}hods for of Test Adequate
ssessing the Methods Coverage

Test Results

or Scope

(Figure 3) Specification of the Test

In the process of test, we have to setup the characteristics
of the test, metrics for the quality test, sufficient criteria for
metrics to describe their acceptable range, any packaged test
modules, quality measurement tables to be answered by the
test, the methods for assessing the test results.

3.3 Design of the Test

Test design is the process to establish test procedure and
plan, and it executes the activities as shown in (Figure 4).

The test plan should identify the required schedule, the
resources required and the cost of the test methods, the pro-
cedures for developing and validating metrics, and for stan-

dardizing the test process, metrics and measures.

Test plan

Whether the supplier
of third party is
able to provide help

Any pre-tests required
1o establish that

a product is fit for

full scale testing

Any costs Associated
with providing the test
environment

The Resources
requried and the
cost of the test
methods

Establishing an
optimal sequence of
test methods

Assessment criteria Il Test tools I

(Figure 4) Design of the Test

The required schedule

3.4 Execution of the Test
ISO/IEC 12119 defines the constitutional elements for pac-
kage software like <Table 1>.
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(Table 1> Constitutional Elements of Package Software

Constitutional
Concepts
elements
It is the document that includes recommendation,
Docurment for . L.
. .| requirements or restrictions that package software
requirements .
should satisfy
This is a document that explains software's fea-
tures, and it enables purchasers themselves to
evaluate a product’s suitability before purchasing.
Product
Manual A product manual regulates the features or con-
tents of a product, and provides information on
user document, program and data as a part of
package documents.
User It is provided for product use as the printed or
document non-printed all forms of documents, and it should
include all information necessary for product use.
Program It is an execution program provided by one or
& data more media and the related data.

Test includes the execution processes of testing package
software constitutional elements and documenting and ana—

lyzing it as shown in (Figure 5).

Execution of the test Il Documentation ]l Analysis of the result I

Package Record of
Each
SW The test result deficiency,
product + any refevant
] analysis,
satisfaction gef'nel, i Development and how
e reliability of the ) Each
Test of the fest report eficiency
product was resolver
Descriotion Vey that
Test of the software quality
program Was
and data progressed by
Deficiency

Test of the
user
document

correction

(Figure 5) Execution of the Test

3.4.1 Test record
This process includes the followings to be recorded.

3.4.2 Making up test report
It is the process of making up test report, and the test
report should have the following structure.

» Identification of product

» Construction used(hardware & software)
* Document used

= Result of the test

= Problem list

3.4.3 Analysis of test result

It reviews each defect, comparative analysis and solution
to each defect. The solution to defects includes the follow-
ings.
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= One of the other test methods has provided assurance that the
deficiency is not major

- A satisfactory “work-around” can be found to alleviate the
impact of the deficiency

» The original requirement is not mandatory and the deficiency
can be accepted

» The deficiency is acceptable provided that the use of the
software product will be controlled by specific conditions or
limitations

3.5 Test conclusion
The process of test conclusion includes the following ex-

ecutions.

» Verify that software product satisfy requirement and integrity
level
= Decide whether buy it or not

4, Quality model

In order to apply ISO/IEC 12119 to package software test,
the quality model, which each item consisting of package
software is to be applied to, should be organized.

4.1 Quality model on product manual

Quality model on product manual among the constitutional
elements of package software includes the items such as
functionality, reliability, application, effectiveness, mainten-
ance and graft, and those can be summarized as shown in
<Table 2>.

(Table 2> Quality Model about Product Manual

Quality Model Concept
Functionality Sumrpar}{ of func_tlons, region value,
security information
Reliahility Information for data storing process
Usability User m.terfa.c? fo.nn, knowledge for. product
usage, identification of usage condition
Efficiency Response time, processing rate
Maintainability Explanation about maintainability
Portability Explanation about Portability

4.2 Quality model on user document
{Table 3> Quality Mode! about User Document

Quality model Concept
Pr infq i ion value,
Completeness E oduct.usage Am ormation, region
installation-maintenance manual
' Correctness of document information,
Correctness .
clearmess of expression
. Integrity between d
Consistency centy ocuments,

terms consistency

Understandability
Easy summary

User group have to understand

Easy summary about user document

Quality model on user document among the constitutional
elements of package software includes the items such as per-
fection, exactness, consistency, understanding and easy su-
mmary, and those can be summarized as shown in <Table 3>.

4.3 Quality model on program and data

Quality model on program and data among the constitu-
tional elements of package software includes the items such
as function, reliability, application, effectiveness, mainten-
ance and graft, and those can be summarized as shown in
<Table 4>.

(Table 4 Quality Mode! about Program and Data

Quality model Concept
e can Install according to the manual
Function = similar to all explanation in other docume1it
ality » not conflict with other documents
» must be executed as specification
I = always controllable
Reliability  data is not destructed
. » understandability about all information of prcgram
Usabhility ) .
» adequacy of error message information
Efficiency « the explanation about efficiency is suitable
Maintainability | * the explanation about maintainability is suitable
Portability > the explanation about portability is suitable

5. Development of package software evaluation metrics

Evaluation metric for package software has the basis of
ISO/IEC 12119, and this study abstracted the metric items
that are applicable to package software from ISO/IEC 9126-
2, 3, and modified and supplemented them. The details of

developed Metric items are as shown in <Table 5>.

(Table 5) Development Specification of Package Software
Test Metrics

Type of | The number

Metrics of Metrics Remark

Gf:neral 10 Metrics about Identification and orde-

requirements
Product Metrics about functionality, reliability, usa-
20 o . AT -

manual bility, efficiency, maintainability, portability
User 12 Metrics about completeness, correctness, con-

document sistency, understandability, easy summary

Program 61 Metrics about functionality, reliability, usa-
& data bility, efficiency, maintainability, portability

5.1 Metric Index Table

This study built the Metric Index Table by product ele-
ment consisting of package software, as shown in <Table
6>. The Metric Index Table on general requirements for

package software is shown in the Table.



{Table 6> an Example of Index Table

Characteristics Metric index Type Reference

1.1 identification of product
manual

1.2 identification of product | Y/N |ISO/IEC 12119

Y/N |ISO/IEC 12119
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number of range that Metric value has. The following exa-
mple shows the case that defines 4 evaluation marks levels.

We can decide the range corresponding to evaluation mar-
ks level on each Metric value as follows.

1.3 Specification of supplier | Y/N {ISO/IEC 12119
1.4 Specification of Work Y/N | ISO/IEC 12119
Identification |1.5 Document for adequacy

Y/N | ISO/IEC 12119

and order requirements
1.6 Required system Y/N |ISO/EC 12119
1.7 Product configuration Y/N | ISO/IEC 12119
1.8 Installability Y/N | ISO/IEC 12119
1.9 Support Y/N |ISO/IEC 12119
1.10 Maintainability Y/N | ISO/IEC 12119

5.2 Construction of Metric Table

An example of Metric that is developed for the purpose
of testing package software by product element is as shown
in <Table 7>. The example of metric on suitability in quality
characteristics is shown in the Table. Metric Table was
developed, based on ISO/IEC 12119, and it was modified as
suitable one for package software test by introducing some
relevant items from ISO/IEC 9126-2, 3.

{Table 7> a Sample of Metrics Table about Suitablity
in Functionality

Metric
Boundary Value
Processing Rate

exception processing for input which get
out of boundary value

the number of item have to be examined

Measurement | A boundary value

Item
B sum of the each test case success rate
» Boundary Value Processing Rate = B/A
B - & Success_TC;
=) Total __TC;
Caleulation |° Success_TC : the number of successful test case
Equation which is executed to examine boundary value

processing function

Total_TC : the number of test case which is
executed to examine boundary value processing
function

0 < Result < 1

o

Result Region
Problem

Result Value I

5.3 Decision of the evaluation marks level and judgment
standard on Metric value
If the result value intends to have the meaning, it needs
to decide the evaluation marks level on Metric value.

 excellent : satisfy all requirements

t good : satisfy almost requirements

- fair : not satisfy a part of requirements
tpoor : not satisfy requirements

cSOwWe

First, we define the evaluation marks level by deciding the

Measurement value 0 <= X <=1
X < 06 : rating level D

0.6 <= X < 0.7 : rating level C
0.7 <= X < 0.8 : rating level B
0.8 <= X ! rating level A

Since the range of Metric measurement value is not al-
ways fixed, we decide it by considering the range of mea-
surement value on each Metric.

In this way, we can score evaluation marks according to
evaluation marks level on each Metric, and if it acquires a
certain level of evaluation marks, we get the final result by
deciding the criterion to pass or fail. For example, supposing
that they decide to purchase if the number of Metric, of
which the evaluation marks level is B or above, is 95% or
more, and if the test is applied to the several software as
objects, we can decide to purchase the software that acquired
the best result.

54 Construction of Evaluation Module

{Table 8> Construction of Evaluation Module

Items Detailed Items
Concept of metric

Concept

Fundamental concept of evaluation module

. What you want to get by measurement
Measur t .
Outline ement objec of evaluation modules

Metric category Position of metric

Term explanation Term explanation related to metrics

Application object and

ohjects such as document or program
necessary resources

Applicati ;
pscl;;elon Method Applicable test method
Consideration facts | Related information to be considered
in applying in applying evaluation modules
Ref .
elerence Documents related to metrics
documents

Data items to be measured

Description of concrete measurement
methods for measurement items
constructing metric

Measurement items

Measurement
Metrics | method

result

Calcutation Definition of calculation expression
expression using data items
Applicati .
ppiication Detailed process
process
Mapping of Region of metrics result value (Y, N,
Analysis | measurement value | NA or value)
and Analysis of Proposal of guideline for analysis
report of | measurement result | method of measurement result

Report facts

Specification of report facts using
document for measurement result

An example of Evaluation Module that is developed for

the purpose of testing package software by product element
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is as shown in <Table 8>.

5.5 Test Case Table

Test case table is list of test case to measure for mea-
surement items using quality measurement table. For exa-
mple, test case table of measurement items for metric <bo-

undary value processing ratio> in quality measurement table
of <Table 8> is like <Table 9>.

(Table 9> An Example of Test Case Table

Boundary
No | Boundary Value Explanation Value Note
ay P Processing
Ratio
1 Transmission Input only recommendation NA
interval of packet| item value 110, 220, 330
. Default value 22050, mini-
Maximum scale .
2 § packet mum value 512, maximum Y
of pac value 30720
3 The number of It is possible to set to 100 Y
screen division
4 Search time of Recommendation item v
one man value 60, 80
5 Waltmg time Default value 20 Y
for login
No.
of Y 4
No.
of N 0
Result

56 Test Result

(Table 10> An example of test result

Product Description and User Document

Quality Subcharac— . Measurement
. .. metrics
Characteristics teristics value
Function information
0.7
present
Function implemen-
. 0.75
o tation completeness
Suitability
Boundary value 085
information present '
B value
oundary 077

processing ratio

Function implemen-
tation correctness 0.93

Functionality | ~, o t1occ | information present
Function implemen- 086
tation correctness )
Data exchange infor- v

Interoerability | mation present
Data exchageability 1.00
Access control infor-
mation present

Accessibility 050

security

If measurement is implemented for quality meas.irement
table using test case of test case table, measurement result
of each metric can be produced. These results is documented
to test result such as <Table 10>.

5.7 Certification Assessment

Test report which is draw up based on the test result is
transmitted to the certification committee meeting. Certifi-
cation committee inspect test report and various certification
factors and decide to certify or not.

It is necessary to set and specify certification factors and
document for application method for objective cert:fication.

6. Quality Measurement and Evaluation Exampie

In this evaluation example, we implemented evaluation for
package software of A company and described plembles and
improvement method by evaluation example.

6.1 Measurement Result for Metrics

(Table 11} Evaluation Result of Internal Characteristics about
Reliability

Chfira.c- Subc.ha.~ Metrics Result
teristics |racteristics
Function Informaition Provision | 0.92
Function Implementation
0.95
Completeness N
Suitablity | Boundary Value Information
.. 0.20
Provision
Boundary Value Processing
1.00
Rate
Function Implementation Cor- 077
Correct- | rectness Information Provision ’
ness Function Implementation
0.92
Correctness
Data Exchange Information v
Interoper- | proyision
ability —
Func- Data Exchangeability 1.00
tionality Access Control Information N
Provision
) Access Controllability 0.50
Security - -
Access Audit Information v
Provision
Access Auditability 0.50
Function Standard Confor-
. . NA
mance Information Provision
Function Standard Confor-
NA
Confor- | mance Rate
mance | Interface Standard Confor— v
mance Information Provision
Interface Standard Confor-
1.00
mance Rate




We implemented the evaluation for functionality, reliablity,
usability, efficiency, maintainability, portability, showed me-
asurement result for functionality in <Table 11>. we can
see result of each metric by measurement result, know weak
characteristics relatively.

Boundary value processing rate, data exchangeability and
interface standard conformance is showing good result. Bo-
undary value information provision, access controllability
and access auditability is showing low value. Function stan-
dard conformance information provision and function stan-
dard conformance rate can not be applicable by document
unpreparedness.

6.2 The Result Summation of Quality Subcharacteristics and
Quality Characteristics
<Table 12> is the summation result of quality subcha-
racteristics. The summation of quality subcharacteristics is
an average of sum of metric values for each subcharac-
teristic from the result of <Table 11>, In the metrics which
is mesaured in Y/N, we regard Y as 1 and N as 0 and NA
as 0, because NA means unpreparedness of document. We
can see the subcharacteristics with weak result by result.

{Table 12> Summation Table for Quality Subcharacteristics

Characteristics Subcharacteristics Result
Suitablity 0.77
Correctness 0.85
Functionality Interoperablity 1.00
Security 0.50
Conformance 0.50
Maturity 0.75
Reliability Error tolerba'nce 095
Recoverability 0.87
Conformance 0.75
Understandabiltiy 043
Learnability 0.40
Usability Operabiltiy 0.18
Preference 034
Conformance 0.75
Time Behavior 1.00
Efficiency Resource Utilization 0.50
Conformance 0.75
Analyzability 0.40
Maintainability Changeablity 081
Testability 0.75
Conformance 0.75
Adaptability 0.50
Installability 0.42
Portablity Alternity 0.75
Coexistence 1.00
Conformance 0.75
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(Figure 6) is the percentage for the quality characteristics
of <Table 12>.

Result

Function—- N - - Mainta—
alty Reliability | Usability | Efficiency inabillty

[Oresut | 72 | &8 | 22 | 5 | 8 [ &8 | 8

Protability| average

(Figure 6) Summation Chart for Quality Characteristics

6.3 Presentation of Problems

Because an object of quality evaluation is the quality
improvement by problems analysis, we showed problems of
software at <Table 13> in quality characteristics level.

{Table 13> A Part of Problems

Contents of Test Result
Test Object : Product description, User document

= lack of information about function
 implementation method of error for data
fransmission

Functionality

°

methods to solve problems

Reliability lack of information about problems

°

°

lack of information for effect of environment

Efficiency sefting

» Description of systematic work implementation
method for every function

 absence of information have to know to use
product in advance

Usability

= detailed explanation for environment setting
method

* lack of information for facts to be changed by
environment setting change

Maintainability

°

offer of information related to the installation
detailed explanation for supportable OS &
specification

lack of detailed explanation related to the
installation

°

Portability

7. Gonclusion

This study built quality test process for package software
and developed Metric for testing package software by at-
tempting to graft product evaluation process for purchasers
in ISO/IEC 14598-4 into the standard of quality test for
package software in ISO/IEC 12119, considering the features
of package software.

If we firmly build evaluation system for package software
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with basis of the process for purchasers in ISO/IEC 145984,
it is considered that we can build the effective evaluation
basis for package software types that are made by many
development organizations.

Regarding the study works after this, it needs to specify
measurement methods on measured items of test Metric for
package software, and push to develop effective quality test
through tools.
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