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Abstract. The aim of this study is the development of information technology
of evaluating the sufficiency of quality information in the software requirements
specification (SRS) for assurance of veracity of quality information in the SRS.
This study is also devoted to design and research of the subsystem of evaluating
the sufficiency of the SRS information for software quality assessment based on
the comparative analysis of ontologies. The developed information technology
and subsystem provide: evaluating the sufficiency of the SRS information for
software quality assessment by the standard ISO 25010:2011 and based on the
metric analysis; identifying the missing (in the SRS) measures and (or) indicators
(if the SRS information is insufficient); prioritization of the addition of the missing
measures and (or) indicators in the SRS; quantify evaluating the veracity of the
available in the SRS information for software quality assessment; increasing the
veracity of the quality information in the SRS; increasing the software quality
assessment at the early lifecycle stages.

Keywords: Software · Software Requirements Specification (SRS) · Software
quality · Software quality information · Sufficiency of quality information ·
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1 Introduction

Today almost all spheres of human activity are connected with information systems, the
basis of which is software. A key factor in ensuring the effective using of software
products and one of the main user requirements to modern software is to achieve high
values of its quality. The need to ensure the quality of software follows from the fact
that software bugs and failures threaten by catastrophes resulting in human casualties,
environmental disasters, significant time and financial losses.

As statistics [1–5] show, there are currently problems in the field of software quality
assurance – the large projects are still performed with the lag of schedule or cost over‐
runs, the developed software products often lack the necessary functionality, their
performance is low, and the quality doesn’t suit consumers.

A large number of software bugs occurs at the stage of requirements formation and
formulation – these errors constitute 10–23% of all bugs, and the greater the size of
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software, the more errors are made in the stage of requirements formation and formu‐
lation [2, 6]. The vast majority of software-related crashes occurred due to false require‐
ments, not because of coding bugs [2, 6]. The earlier the defect (bug, trouble, drawback,
malfunction) will be revealed, the cheaper it will cost its correction – the cost of
correcting the incorrect requirements of the specification, discovered after the release
of the product, is almost 100 times the cost of correcting the defects of the specification,
assumed in the process of formation and formulation requirements [4].

In the process of formating and formulating the requirements there are the informa‐
tion losses due to incomplete and different understanding of the needs and context of
information – especially these losses are significant for software projects that are devel‐
oped at the junction of subject domains (for example, software for medicine), when it
is necessary to consider as standards for development of software, and the standards of
the subject domain, for which software is being developed. It’s difficult to implement
such standards, and it is even more difficult to verify the degree of consideration of the
recommendations of these standards.

Software projects with incomplete requirements and specifications cannot be
successful [2]. Under such circumstances, the analysis of the SRS, the ability to “cut
off” the software projects with the incomplete (with insufficient information) specifica‐
tion is the actual and very important task. Sufficiency of information is one of the most
important aspects of software quality assessment. The quality and success of the soft‐
ware project implementation significantly depend on the SRS, and on the sufficiency of
the SRS information (the presence of all the information elements, which are necessary
to the software quality assessment). The insufficiency, inaccuracy and distortion of the
SRS information lead, respectively, to a decrease in the veracity of software quality
assessments, as well as to increase the gap of knowledge about software that results in
unpredictable emergent properties of software systems.

Currently, the software quality evaluation by standard ISO 25010:2011 [7] is as
follows (Fig. 1) – the software quality is evaluated on the basis of the characteristics,
the characteristics are evaluated on the basis of subcharacteristics, the subcharacteristics
are evaluated on the basis of measures, that are described in ISO 25023:2016 [8]. Eval‐
uation of software quality and complexity based on the metric analysis is as follows
(Fig. 2) – the software quality and complexity are calculated on the basis of the metrics,
and the metrics are calculated on the basis of the indicators. For metric analysis, 14
quality metrics and 10 complexity metrics with exact or predicted values at the design
stage have been selected [9]. The software quality measures, the software quality and
complexity indicators, which are defined in the SRS, constitute the quality information
of the SRS.

So, the sufficiency of quality information in the SRS is the presence in the specification
of all information elements (measures and indicators), which are necessary to the soft‐
ware quality assessment.

Today the evaluation of measures for the software quality subcharacteristics and
characteristics, indicators for the software quality and complexity metrics is conducted
only at the stage of the quality evaluation for the ready source code [5]. But the software
requirements determine the required characteristics of the software quality, and also
affect the methods of quantitative evaluation of software quality [5]. So, the SRS have
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all measures and indicators, which are needed to the subcharacteristics and metrics
calculation [5]. So the information sufficiency for future software quality assessment
can be evaluated on the basis of the SRS. And if some measures or indicators are absent,
then the SRS has insufficient information for software quality assessment and the devel‐
opers have to make the necessary adjustments in the SRS.

The conducted analysis of standards [7, 8] showed that they are presented in natural
language in the textual form, so there is no mechanism for verification of the results of
the implementation of these standards in the software development process. It has been
established that quality information is conveniently presented as ontologies, which
provide the reflection of cause-effect relationships between concepts.

The analysis of known ontological models in the field of software engineering has
shown that, at present, the ontological models of profile for software certification [10],
ontological models of intelligent decision support systems [11], ontological models for
a single coherent underpinning for all ISO/IEC JTC1’s SC7 standards [12, 13], the model
of domain ontology for ISO/IEC 24744 [14] and the model of domain ontology in the
software analysis and reengineering tools [15] have been developed. But nowadays there
aren’t ontological models of software quality based on ISO 25010:2011, ontological
models of software quality and complexity based on metric analysis, and ontological
models of the SRS in terms of the availability of information for the software quality
assessment.

ISO 25023:2016

ISO 25010:2011

ISO 25010:2011

Software quality assessment

8 software quality characteristics

31 software quality subcharacteristics

203 software measures

Fig. 1. The modern concept of software quality assessment by ISO 25010:2011

Software quality and complexity assessment (based on 
the metric analysis)

14 software quality & 10 software complexity metrics with 
exact or predicted values at the design stage

39 software quality indicators & 33 software complexity 
indicators

Fig. 2. The modern concept of assessment of software quality and complexity based on the metric
analysis
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The analysis of known methods showed that the methods of software development
on the basis of ontological models of tasks [16], methods of formation of normative
profile in the software certification [10], ontological approach to specification of prop‐
erties of software systems and their components [17], and methods of the SRS analysis
(Using natural language processing technique, Using CASE analysis method, QAW-
method, Using global analysis method, O’Brien’s approach, Method to discover missing
requirement elicitation, Selection of requirements elicitation technique, Comparison and
categorization of requirements elicitation techniques, Techniques for ranking and priori‐
tization of software requirements) [18–20] have been developed. But these methods are
devoted to monitor the implementation of requirements rather than on evaluating the
sufficiency of the quality information in the SRS.

The analysis of known tools has shown that the number of tools have been developed,
in particular, the tools for constructing the software systems based on ontological models
of tasks [16], and the automated tools of the SRS analysis (IBM Rational RequisitePro,
IBM Rational/Telelogic DOORS, Borland Caliber RM, Sybase PowerDesigner, Open
Source Requirements Management Tool, Sigma Software, DEVPROM) [18–20]. But
these tools are not oriented to assessing the sufficiency of the quality information in the
SRS.

Consequently, the known models, methods and tools don’t solve the problem of
evaluating the sufficiency of quality information in the SRS. In addition, they all belong
to different methodological approaches and don’t integrate among ourselves, that is,
nowadays the information technology of evaluating the sufficiency of quality informa‐
tion in the SRS is absent.

The lack of the information technology of evaluating the sufficiency of quality infor‐
mation in the SRS creates the actual scientific problem, one of the ways of solving which
is the development of the models, methods and tools of analyzing the sufficiency of
quality information in the SRS. Therefore, the aim of this study is the development of
the information technology (models, methods and tools) of evaluating the sufficiency of
quality information in the SRS.

2 Information Technology of Evaluating the Sufficiency of Quality
Information in Software Requirements Specification

The structure of the information technology (models, methods and tools) of evaluating
the sufficiency of quality information in the SRS can be represented as follows – Fig. 3.

Figure 3 shows that the developed information technology consists of: (1) mathe‐
matical and ontological models of the software quality by the standard ISO 25010:2011
(were developed and represented in [21]); (2) mathematical and ontological models of
the software complexity and quality based on the metric analysis (were developed and
represented in [22]); (3) mathematical and ontological models of the SRS (were devel‐
oped and represented in [21, 22]); (4) methods of evaluating the sufficiency of the SRS
information for software quality assessment (by the standard ISO 25010:2011) based
on the ontologies; (5) methods of evaluating the sufficiency of the SRS information for
software complexity and quality assessment (on the basis of the metric analysis results)
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based on the ontologies; (6) method of design results assessment and software charac‐
teristics prediction (was developed and represented in [23]); (7) subsystem of evaluating
the sufficiency of the SRS information for software quality assessment based on the
comparative analysis of ontologies; (8) subsystem of software complexity and quality
evaluation and prediction based on the metric analysis results (was developed and repre‐
sented in [23]).

The practical implementation of the developed base (universal) ontological model
of the subject domain “Software Engineering” (part “Software Quality”) is the base
ontology of the subject domain “Software Engineering” (“Software Quality”), the
concept of which is represented on Fig. 4. The practical implementation of the developed
base (universal) ontological models of the subject domain “Software Engineering” (part
“Sofware Quality and Complexity”) is the base ontology of the subject domain “Soft‐
ware Engineering” (part “Software Quality and Complexity”), the concept of which is
represented on Fig. 5. The components of the base ontology of the subject domain
“Software Engineering” (“Software Quality”) are represented in [21], and the compo‐
nents of the base ontology of the subject domain “Software Engineering” (“Software
Quality and Complexity”) are represented in [22].

Fig. 4. Concept of the base ontology of the subject domain “Software Engineering” (“Software
Quality”)

Fig. 3. The structure of information technology of evaluating the sufficiency of quality
information in the SRS
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Fig. 5. Concept of the base ontology of the subject domain “Software Engineering” (part
“Software Quality and Complexity. Metric analysis”)

Methods of evaluating the sufficiency of the SRS information for software quality
assessment (by the standard ISO 25010:2011) based on the ontologies were developed
and detail represented in [21, 24].

The scheme of the method of evaluating the sufficiency of the SRS information for
software quality assessment (by the standard ISO 25010:2011) based on the ontology
is represented on Fig. 6.

Fig. 6. The scheme of the method of evaluating the sufficiency of the SRS information for
software quality assessment (by the standard ISO 25010:2011) based on the ontology

For the eliminate of the subjective evaluation and formal satisfaction of the software
quality, it’s necessity to consider the degree of severity of quality characteristics and
subcharacteristics, and their significance. One of the problems of the known quality
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models is the calculation of the significance of the quality measures and characteristics.
Quality characteristics and subcharacteristics correlate with each other by the measures.
It was proven during the above software quality modeling. The existence of such corre‐
lations between subcharacteristics increases the significance and weight of software
quality measures. Scheme of the method of evaluating the weights of software quality
measures is represented on Fig. 7.

Fig. 7. Scheme of the method of evaluating the weights of software quality measures

The weights of the software quality measures were estimated by the method of eval‐
uating the weights of software quality measures [21]. During the software quality
assessment by ISO 25010:2011, it’s important to satisfy the availability of measures
with larger weights in the SRS for ensuring the appropriate level of veracity of infro‐
mation. Weighted ontology of the subject domain “Software Engineering” (part “Soft‐
ware quality”) is the ontology, in which the software quality measures have weights
with purpose of the recommendation of further satisfaction of these measures in the SRS.
The weighted base ontology of the subject domain “Software Engineering” (part “Soft‐
ware quality”) was developed on the basis on the base ontology of the subject domain
“Software Engineering” (part “Software quality”) with addition of information about
the weights of software quality measures [21].

The scheme of the method of evaluating the sufficiency of the SRS information for
software quality assessment (by the standard ISO 25010:2011) based on the weighted
ontology is represented on Fig. 8.
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Fig. 8. Scheme of the method of evaluating the sufficiency of the SRS information for software
quality assessment (by the standard ISO 25010:2011) based on the weighted ontology

For forming the logical conclusion about sufficiency of the SRS information for
software quality assessment by ISO 25010:2011 the production rules were formed on
the basis of the developed base and the weighted base ontologies for subject domain
“Software engineering” (part “Software quality”). 138 production rules (for the each of
measures) have the form “if-then” and were constructed as follows: if measure is missing
in the concrete SRS, then: the counters of missing measures for appropriate subcharac‐
teristics are increased by 1 and the counters of missing measures for appropriate char‐
acteristics are increased by the quantity of subcharacteristics of this characteristic, for
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calculation of which the SRS information is insufficient; the weight of the focused
measure is assigned to the element of array of the missing measures weights (index of
which is the focused measure).

The rule No. 139 has the form: if counters of missing measures for the all 31 software
quality subcharacteristics are simultaneously equal to 0, then the SRS information is
sufficient for calculation of all software quality subcharacteristics, else: the SRS infor‐
mation is insufficient for the calculation of some software quality subcharacteristics
(with indicating the subcharacteristics, for calculation of which the SRS measures are
insufficient). The rule No. 140 has the form: if counters of missing measures for the all
8 software quality characteristics are simultaneously equal to 0, then the SRS informa‐
tion is sufficient for calculation of all software quality characteristics, else: the SRS
information is insufficient for the calculation of some software quality characteristics
(with indicating the characteristics, for calculation of which the SRS measures are
insufficient); array of the missing measures weights should be sorted in descending the
values of elements (weights of missing measures); indices of those elements of the sorted
array of the missing measures weights, which aren’t equal 0, should be displayed – as
the recommended priority of addition of the missing measures in SRS [24].

The scheme of method of forming the logical conclusion about sufficiency of the
SRS information for software quality assessment by ISO 25010:2011 is represented on
Fig. 9.

The methods of evaluating the sufficiency of the SRS information for software
complexity and quality assessment (on the basis of the metric analysis results) based on
the ontologies were developed and detail represented in [22, 25]. These methods are
similar to the above methods of evaluating the sufficiency of the SRS information for
software quality assessment (by the standard ISO 25010:2011) based on the ontologies
(Figs. 6 and 8). The weights of software complexity and quality indicators were calcu‐
lated in [22] by the method of evaluating the weights of software quality measures
(Fig. 7).

For forming the logical conclusion about sufficiency of the SRS information for
software quality and complexity assessment by the metric analysis results the production
rules were formed on the basis of the developed base and the weighted base ontologies
for subject domain “Software engineering” (part “Software quality and complexity.
Metric analysis”). 42 production rules (for the each of indciators) have the form “if-
then” and were constructed as follows: if indicator is missing in the concrete SRS, then:
the counters of missing indicators for appropriate metrics are increased by 1; the weight
of the focused indicator is assigned to the element of array of the missing indicators
weights (index of which is the focused indicator). The rule No. 43 has the form: if
counters of missing indicators for the all 24 software quality and complexity metrics are
simultaneously equal to 0, then the SRS information is sufficient for calculation of all
software metrics, else: the SRS information is insufficient for the calculation of some
software metrics (with indicating the metrics, for calculation of which the SRS indicators
are insufficient); array of the missing indicators weights should be sorted in descending
the values of elements (weights of missing indicators); indices of those elements of the
sorted array of the missing indicators weights, which aren’t equal 0, should be displayed
– as the recommended priority of addition of the missing indicators in the SRS [25]. The
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method of forming the logical conclusion about sufficiency of the SRS information for
software complexity and quality assessment by the metric analysis results is similar to
the above method of forming the logical conclusion about sufficiency of the SRS infor‐
mation for software quality assessment by ISO 25010:2011 (Fig. 9).

Concept of method and subsystem of design results assessment and software char‐
acteristics prediction is represented on Fig. 10.

Fig. 9. Scheme of the method of forming the logical conclusion about sufficiency of the SRS
information for software quality assessment by ISO 25010:2011
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Fig. 10. The concept of method and subsystem of design results assessment and software
characteristics prediction

For the completion of the proposed information technology of evaluating the suffi‐
ciency of quality information in the SRS, it’s necessary to develop (to design and realize)
the subsystem of evaluating the sufficiency of the SRS information for software quality
assessment based on the comparative analysis of ontologies.

3 Subsystem of Evaluating the Sufficiency of Software
Requirements Specification Information for Software Quality
Assessment Based on the Comparative Analysis of Ontologies

The inputs of the subsystem of evaluating the sufficiency of the SRS information for
software quality assessment based on the comparative analysis of ontologies are the sets:
(1) {qms1, …, qmsnm} (nm ≤ 138) available in the SRS software quality measures
(according to standards [7, 8], the software quality subcharacteristcs depend on 203
measures, but only on 138 different measures); (2) {sqcxi1, …, sqcxini} (ni ≤ 42) avail‐
able in the SRS software quality and complexity indicators (the selected in [9, 23] soft‐
ware metrics depend on 72 indicators, but only on 42 different indicators).

The results of the developed subsystem are: (1) conclusion about the sufficiency of
the SRS information for software quality assessment by the standard ISO 25010:2011;
(2) recommendations about necessity and priority of the addition of the measures in the
SRS for software quality assessment by ISO 25010:2011; (3) evaluation of the veracity
of the available in the SRS information for software quality assessment by ISO
25010:2011; (4) conclusion about the sufficiency of the SRS information for software
complexity and quality assessment by the metric analysis results; (5) recommendations
about necessity and priority of the addition of the indicators in the SRS for determining
the software complexity and quality by the metric analysis results; (6) evaluation of the
veracity of the available in the SRS information for software quality assessment by the
metric analysis results.

The concept of subsystem of evaluating the sufficiency of the SRS information for
software quality assessment based on the comparative analysis of ontologies is repre‐
sented on Fig. 11. The structure of subsystem of evaluating the sufficiency of the SRS
information for software quality assessment based on the comparative analysis of ontol‐
ogies is represented on Fig. 12.
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Fig. 11. The concept of subsystem of evaluating the sufficiency of the SRS information for
software quality assessment based on the comparative analysis of ontologies

The developed subsystem consists of the next components: (1) module of introduc‐
tion of the SRS measures – collects the user information about the available values of
measures {qms1, …, qmsnm} (nm ≤ 138) in the SRS for concrete software; (2) module
of introduction of the SRS indicators – collects the user information about the available
values of indicators {sqcxi1, …, sqcxini} (ni ≤ 42) in the SRS; (3) module of the user
support – provides to the user the information about the structure of the SRS; about the
SRS measures, which are necessary for software quality assessment by ISO 25010; about
the SRS indicators, which are necessary for determining the software complexity and
quality based on the metric analysis results; about the process of the forming the results
of the described subsystem; (4) module of evaluating the sufficiency of the SRS infor‐
mation for software quality assessment by the standard ISO 25010:2011 – works
according to methods of evaluating the sufficiency of the SRS information for software
quality assessment (by ISO 25010:2011) based on the ontologies. The generation and
filling of the ontology template for assessing the quality of the concrete software are
performed, considering introduced the available measures {qms1, …, qmsnm}
(nm ≤ 138). The comparative analysis of the ontology for the concrete software with
the developed base ontology for subject domain “Software engineering” (part “Software
quality”) is performed. The result of this comparative analysis is the list of missing
measures (in the concrete SRS). If during the comparative analysis of ontologies the
differences were not identified, then information of the SRS is sufficient for software
quality assessment by ISO 25010. If during the comparative analysis of ontologies the
differences were identified, then the available in the SRS measures are insufficient for
some subcharacteristics and characteristics calculation, then the comparative analysis
of the ontology for the concrete software with the developed weighted base ontology
for subject domain “Software engineering” (part “Software quality”) is performed, and
sorting of all missing (in the SRS) measures in descending the values of weights is
conducted, i.e. priority of the addition of these measures in the SRS is established. The
quantitative evaluation of the veracity of the available in the SRS information for the
software quality assessment is calculated; (5) module of evaluating the sufficiency of the
SRS information for determining the software complexity and quality based on the metric
analysis results – works according to methods of evaluating the sufficiency of the SRS
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information for software complexity and quality assessment (on the basis of the metric
analysis) results based on the ontologies. The generation and filling of the ontology
template for assessing the quality and complexity of the concrete software are
performed, considering introduced the available indicators {sqcxi1, …, sqcxini}
(ni ≤ 42). The comparative analysis of the ontology for the concrete software with the

Fig. 12. The structure of subsystem of evaluating the sufficiency of the SRS information for
software quality assessment based on the comparative analysis of ontologies
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developed base ontology for subject domain “Software engineering” (part “The software
quality and complexity. Metric analysis”) is performed. The result of this comparative
analysis is the list of missing indicators (in the concrete SRS). If during the comparative
analysis of ontologies the differences were not identified, then information of the SRS
is sufficient for software quality and complexity assessment based on the metric analysis.
If during the comparative analysis of ontologies the differences were identified, then the
available in the SRS indicators are insufficient for some metrics calculation, then the
comparative analysis of the ontology for the concrete software with the developed
weighted base ontology for subject domain “Software engineering” (part “The software
quality and complexity. Metric analysis”) is performed, and sorting of all missing (in
the SRS) indicators in descending the values of weights is conducted, i.e. priority of the
addition of these indicators in the SRS is established. The quantitative evaluation of the
veracity of the available in the SRS information for the software quality and complexity
assessment is calculated; (6) knowledge base – contains the base and the weighted base
ontologies for subject domain “Software engineering” (part “Software quality”, part
“Software quality and complexity. Metric Analysis”), the formed ontologies for the
concrete software, and production rules of forming the logical conclusion about the
sufficiency of the SRS information for software quality assessment by ISO 25010:2011
and for software complexity and quality assessment by the metric analysis results; (7)
module of the results display – the components of this block display the formed conclu‐
sions, recommendations and evaluations to user.

4 Experiments: Evaluating the Sufficiency of the Information
of the SRS of Automated System for Large-Format Photo Print
for Software Quality Assessment

For experiment the SRS of automated system (AS) for large-format photo print was
analyzed. The measures, which are available in this SRS, were identified. The ontology
for this software was developed [21].

The comparison (in Protégé 4.2) of the developed ontology for AS for large-format
photo print with the base ontology for subject domain “Software engineering” (part
“Software quality”) provides the conclusion, that in the developed ontology for the
concrete software 4 measures are absent: “Number Of Functions”, “Operation Time”,
“Number Of Data Items”, “Number Of Test Cases” (Fig. 13).

Then the set of missing measures is: {Number Of Functions, Operation Time,
Number Of Data Items, Number OF Test Cases}. The finding the rule for each element
of this set among 138 rules for the measures is performed. According to these rules, the
counters of missing measures are counted.

According to the rule No. 139, the fact was established, that the available measures
in the SRS of AS for large-format photo print are insufficient for calculation of following
subcharacteristics: Functional Completeness, Functional Correctness, Functional
Appropriateness, Maturity, Availability, Fault Tolerance, Recoverability, Time Behav‐
iour, Resource Utilization, Capacity, Appropriateness Recognisability, Learnability,
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Operability, Modularity, Analysability, Modifiability, Testability, Confidentiality,
Integrity, CoExistence, Interoperability, Adaptability, Replaceability.

According to the rule No. 140, the fact was established, that the available measures
in the SRS AS for large-format photo print are insufficient for calculation of all 8 soft‐
ware quality characteristics. Thus, the lack of 4 measures in the SRS led: to the impos‐
sibility of calculating the 23 (from 31) subcharactersitics, to the impossibility of calcu‐
lating all 8 software quality characteristics with high veracity and, respectively, to the
impossibility of software quality assessment with high veracity. After establishing the
fact of insufficiency of information of the SRS of AS for large-format photo print: sorting
the array of the missing measures weights in descending the values of elements was
conducted; displaying the indices of those elements of the sorted array of the missing
measures weights, which aren’t equal 0. Sorted list of missing in the SRS measures in
descending the weights: (1) Operation Time (17/138); (2) Number of Functions
(11/138); (3) Number of Data Items (8/138); (4) Number of Test Cases (5/138). This
list represents the recommended priority of the addition of missing measures in the SRS
of AS for large-format photo print.

Next, the evaluation of the veracity of the available in the SRS information for soft‐
ware quality assessment is done (according to the method of forming the logical conclu‐
sion about sufficiency of the SRS information for software quality assessment by ISO
25010:2011 [21, 24]). So, for the analyzed SRS of AS for large-format photo print the
conclusion about insufficient data for software quality assessment was formed by the
developed subsystem, and the veracity of the available in the SRS information for the
software quality assessment by ISO 25010:2011 is 76%.

Because the proposed methods of evaluating the sufficiency of the SRS information
for software quality assessment (by ISO 25010:2011) based on the ontology are iterative,
and there are subcharacteristics and characteristics, for calculation of which the meas‐
ures of SRS are insufficient, then the addition of the necessary measures in the SRS was

Fig. 13. Comparison of ontology for concrete software (AS for large-format photo print) with
the base ontology of the subject domain “Software Engineering” (part “Software Quality”)
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held. After addition of the SRS of AS for large-format photo print, the ontology (version
2) for this software was re-developed. The comparison of the re-developed ontology
with the base ontology for subject domain “Software engineering” (part “Software
quality”) provides the conclusion, that 2 measures were added in the SRS: “Number Of
Functions” (2nd in the sorted list), “Number Of Data Items” (3rd in the sorted list). Then
the set of missing measures is: {Operation Time, Number Of Test Cases}. The finding
the rule for each element of this set is performed.

According to the rule No. 139, the fact was established, that the available measures
in the SRS of AS for large-format photo print are still insufficient for calculation of 18
subcharacteristics (with indicating these subcharacteristics), but addition 2 measures in
the SRS made possible the calculation of: Functional Completeness, Capacity, Appro‐
priateness Recognisability, Analyzability, Replaceability.

According to rule No. 140, the fact was established, that the available measures in
the SRS of AS for large-format photo print are still insufficient for calculation of all 8
software quality characteristics. After establishing the fact of insufficiency of informa‐
tion of the SRS: sorting the array of the missing measures weights in descending the
values of elements was conducted; displaying the indices of those elements of the sorted
array of the missing measures weights, which aren’t equal 0. Sorted list of missing (after
addition) in the SRS measures in descending the weights: (1) Operation Time; (2)
Number of Test Cases.

Next, the evaluation of the veracity of the available (after addition) in the SRS infor‐
mation for software quality assessment is done (according to the method of forming the
logical conclusion about sufficiency of the SRS information for software quality assess‐
ment by ISO 25010:2011 [21, 24]). So, for the analyzed SRS of AS for large-format
photo print the conclusion about still insufficient information for software quality
assessment was formed by the developed subsystem, and the veracity of the available
(after addition) in the SRS information for the software quality assessment by ISO
25010:2011 is 88%.

The process of addition the necessary measures in the SRS is iterative. It can be
continued until all quality characteristics and subcharacteristics will be possible to
calculate or until the conclusion will be formed, that the SRS information are insufficient
for software quality assessment. The customer of developed AS for large-format photo
print has decided that further complement of SRS is economically inexpedient.

The gain of the veracity of the SRS information for software quality assessment by
ISO 25010:2011 after addition of necessary measures in the SRS is 12% (according to
the method of forming the logical conclusion about sufficiency of the SRS information
for software quality assessment by ISO 25010:2011 [21, 24]). So, the developed infor‐
mation technology and subsystem of evaluating the sufficiency of the quality information
in the SRS provides the increase of the veracity of the SRS information for the software
quality assessment by ISO 25010:2011 by 12% for AS for large-format photo print.

Let’s consider the functioning of the developed information technology and
subsystem for evaluating the sufficiency of the quality information in the SRS for metric
analysis. For experiment the SRS of AS for large-format photo print was analyzed. The
indicators, which are available in this SRS, were identified. The ontology for this soft‐
ware metric analysis was developed [22].
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The comparison (in Protégé 4.2) of the developed ontology for AS for large-format
photo print with the base ontology for the subject domain “Software Engineering” (part
“Software complexity and quality. Metric analysis”) provides the conclusion, that in the
developed ontology for the concrete software metric analysis 9 indicators are absent:
“Control Variables”, “Cost Of One Line”, “Project Duration”, “Project Type”, “Quantity
Of Code Lines”, “Quantity Of Links Of Each Module”, “Quantity Of Modules”, “Share
Of Design Stage In Lifecycle”, “Total Quantity Of Operators”. Then the set of missing
indicators is: {Control Variables, Cost Of One Line, Project Duration, Project Type,
Quantity Of Code Lines, Quantity Of Links Of Each Module, Quantity Of Modules,
Share Of Design Stage In Lifecycle, Total Quantity Of Operators}. The finding the rule
for each element of this set among 42 rules for the indicators is performed. According
to these rules, the counters of missing indicators are counted.

According to the rule No. 43, the fact was established, that the available indicators
in the SRS of AS for large-format photo print are insufficient for calculation of the 20
(from 24) metrics with high veracity and, respectively, and for metric analysis with high
veracity. After establishing the fact of insufficiency of information of the SRS of AS for
large-format photo print: sorting the array of the missing indicators weights in
descending the values of elements was conducted; displaying the indices of those
elements of the sorted array of the missing indicators weights, which aren’t equal 0. So,
for increasing the veracity of the SRS information for software metric analysis the next
indicators should be added in the SRS in this consistency: (1) Quantity Of Code Lines,
(2) Quantity Of Modules, (3) Project Duration, (4) Total Quantity Of Operators, (5) Cost
Of One Line, (6) Project Type, (7) Share Of Design Stage In Lifecycle, (8) Control
Variables, (9) Quantity Of Links Of Each Module.

Next, the evaluation of the veracity of the available in the SRS information for metric
analysis is done (according to the method of forming the logical conclusion about suffi‐
ciency of the SRS information for software quality assessment by metric analysis results
[22, 25]). So, for the analyzed SRS of AS for large-format photo print the conclusion
about insufficient data for metric analysis was formed by the developed subsystem, and
the veracity of the available in the SRS information for the metric analysis is 42%.

The addition of the necessary indicators in the SRS was held. After addition of the
SRS of AS for large-format photo print, the ontology (version 2) for this software was
re-developed. The comparison of the re-developed ontology with the base ontology
provides the conclusion, that 2 indicators were added in the SRS: “Quantity Of Modules”
(2nd in the sorted list), “Total Quantity Of Operators” (4th in the sorted list). So, for
increasing the veracity of the SRS information for the metric analysis the next indicators
should be added in the SRS in this consistency: (1) Quantity Of Code Lines, (2) Project
Duration, (3) Cost Of One Line, (4) Project Type, (5) Share Of Design Stage In Lifecycle,
(6) Control Variables, (7) Quantity Of Links Of Each Module.

Next, the evaluation of the veracity of the available (after addition) in the SRS infor‐
mation for metric analysis is done (according to the method of forming the logical
conclusion about sufficiency of the SRS information for metric analysis [22, 25]). So,
for the analyzed SRS of AS for large-format photo print the conclusion about still
insufficient information for metric analysis was formed by the developed subsystem,
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and the veracity of the available (after addition) in the SRS information for the metric
analysis is 56%.

The customer of developed AS for large-format photo print has decided that further
complement of the SRS is economically inexpedient.

The gain of the veracity of the SRS information for metric analysis after addition of
necessary indicators in the SRS is 14% (according to the method of forming the logical
conclusion about sufficiency of the SRS information for metric analysis [22, 25]). So,
the developed information technology and subsystem of evaluating the sufficiency of the
quality information in the SRS provides the increase of the veracity of the SRS infor‐
mation for the metric analysis by 14% for AS for large-format photo print.

5 Conclusions

The information technology of evaluating the sufficiency of quality information in the
SRS are first time proposed in this paper. It designed to the support of the software
quality assessment at the early lifecycle stages. They provides: the conclusion about the
sufficiency of the SRS information for software quality assessment by ISO 25010:2011
and based on the metric analysis results; the prioritization of the additions of the SRS
by the measures and (or) by the indicators (if the SRS information is insufficient); the
quantitative evaluations of the veracity of the available in the SRS information for soft‐
ware quality assessment by ISO 25010 and by the metric analysis; the increasing the
software quality at the early lifecycle stages.

The subsystem of evaluating the sufficiency of the SRS information for the software
quality assessment on the basis of the comparative analysis of the ontologies is first time
proposed in this paper. It is the decision support system that provides the decision about:
the sufficiency of the SRS information for the software quality assessment, the necessity
of the addition(s) of the measures and(or) the indicators in the SRS, the veracity of the
available in the SRS information for the software quality assessment by ISO 25010:2011
and by the metric analysis.

The experiments proved, that the use of the developed information technology of
evaluating the sufficiency of quality information in the SRS provides the increase of the
veracity of the SRS information for software quality assessment based on ISO
25010:2011 by 12%, and based on the metric analysis results by 14% even after one
addition of the SRS for AS for large-format photo print.

The proposed information technology provides the increasing the veracity of the
quality information in the SRS, and improving the software quality at the early stages
of the lifecycle.
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