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Abstract

A critical influence on software projects and on the success of their realization is exerted by
issues related to the analysis and evaluation of the software requirements specifications
(SRS). Today, when the number of high-budget software projects is growing rapidly, it is
important to analyze the SRS, in particular, to determine their informativeness to assess the
quality of software according to 1SO 25010: 2011. The conducted analysis of the known tools
for SRS’ analysis showed that none of the known tools provides the possibility of
determining the informativeness of the requirements specification. Therefore, it is necessary
to design and implement the criteria and method for determining the informativeness of the
SRS (which would be the theoretical basis for developing a future tool for determining the
informativeness of requirements specifications), which is the purpose of this study. The paper
proposes criteria and a method for determining the informativeness of the software
requirements specifications, which determine the informativeness of the specification in
terms of determining on its basis the characteristics of the software quality. The proposed
criteria and method for determining the informativeness of the specifications of the software
requirements allow determining the informativeness of the specification in terms of
determining on its basis each of the 8 characteristics of the software quality.
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1. Introduction

The software development life cycle begins with the formation of a set of requirements and
specification of software requirements based on them.

The largest number of software bugs are made at the stage of requirements formation [1, 2] — by
the statistics, 56% of all software bugs are introduced at the stage of formation of requirements; about
50% of the bugs in requirements are the result of poorly written, unclear, ambiguous or incorrect
requirements; the other 50% are due to incomplete specifications (incomplete and omitted
requirements) [3]. The distribution of software bugs by development phase is represented in Figure 1.
Clear requirements have 13% of the weight in project success factors [4]. The source of 56 percent of
all software bugs is the requirements formation phase (Figure 2) [3]. Statistics show that inaccurate
requirements are one of the primary causes of software failures [5, 6]. Software projects, the
specification of the requirements for which contains insufficient, inaccurate, incomplete, and
contradictory information, cannot be successfully realized [2]. The vast majority of software-related
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accidents are caused by erroneous requirements, not coding errors. 60% time and cost are paid on
projects with requirements of poor quality [3].

B 56% requirements 27% Design 10% Other 7% Code

Figure 1: Distribution of defects in software projects by development phase [3]
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Figure 2: Time and cost premiums on requirements of low quality [3]

82% of application rework is related to requirements bugs [3]. The earlier the bug (error, violation,
defect, and malfunction) is detected, the cheaper it will be to correct it. As the interval between the
time of introduction and detection of the defect increases, the cost of its correction increases sharply.
The longer the bug persists in the software development chain, the more it penetrates other parts of
the software, the more damage it causes in the following stages, and the more money will have to be
spent on its elimination. By the statistics, the cost of correcting the software bugs, which are made in
the early stages of the life cycle, increases exponentially with each following stage of the life cycle
(Figure 3) [3]. Figure 3 shows a comparison of the system cost-to-fix results NASA obtained from
various methodologies, while Figure 4 compares system results with the software cost models from
the earlier examined studies [3]. The cost of correcting incorrect requirements in the specification,
which are identified after the release of the product, is almost 100 times higher than the cost of
correcting the shortcomings of the specification, which were identified at earlier stages, in particular,
at the same stage of requirements' formation [7].

The importance and impact of business requirements on the success of the enterprise through
software projects found that 68% of companies suffer from the poor practice of technical
requirements and that these companies [3]:

e  Spent 49% more money on application delivery

e 79% of projects have overtime and overbudget

¢  More than 39% of the time was spent on application delivery

e More than 41.5% of new resources were used to develop projects for poorly defined

requirements

In fact, the study [3] showed that 79% of companies use “common” (unstructured) natural
language requirements' documents, 16% use “structured” natural language, templates and forms.
Only 5% of the surveyed companies said they were using formal approaches like Model-based system
engineering (MBSE) (Figure 5).
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The risks of an insufficiently worked out stage of requirements formation are non-compliance with
project deadlines and financial overspending, which can lead to the closure of the project, and even
the collapse of the software company due to its financial instability [8-13].

In the requirements formation process, information losses emerge because of incompleteness and
difference of understanding of the users' needs and context of information — especially such losses are
significant for multidisciplinary software projects that are developed at the intersection of subject
areas [8-18]. Therefore, for ensuring the quality and safety of software, it is necessary to conduct a
study of software requirements — in order to identify and eliminate problems and shortcomings in the
early stages of the software life cycle and identify the lack of relevant information.

Thus, the critical impact on software projects and the success of their implementation are issues
related to the analysis and evaluation of the initial stages of the life cycle. Today, when the number of
high-budget software projects is growing rapidly, it is important to analyze the specifications of
software requirements, in particular, to determine their informativeness for assessing the quality of
software according to 1ISO 25010: 2011.

2. State-of-the-art

Today, the key to assessing the quality of the software is the approach based on the SQuaRE
model (1SO 25010:2011 standard). Software quality assessment according to 1ISO 25010:2011 [19] is
as follows: based on the quality attributes specified in ISO 25023: 2016 [20], sub-characteristics and
quality characteristics are evaluated.

Important criteria for specifying software requirements in terms of future software quality
assessment are:

1. Completeness of the requirements specification

2. Sufficiency of information in the requirements

3. Informativeness of the requirements specification

Let's explore the known tools of the analysis of requirements in order to determine such criteria, as
well as the possibility of their free use (Table 1).

Table 1
State-of-the-art on known tools for software requirements specifications’ analysis
Tools Completeness Sufficiency of Informativeness  Free
of the information of the access
requirements in the requirements
specification  requirements specification

CORE [21] + - -

Visure [22] + - -
Accompa [23] + - - -
Innoslate [24] + - - -
ReqView [25] + - - ?
Modern Requirements4TFS [22] + - - ?
QVscribe [3] + - - ?
Requirements Analysis Tool [23] + - - ?
QARCC [24] + . - ?
Requirements Assistant [25] + - - -
QUARS Requirements Analysis [24, 26] + - - -
DESIRe [27] + - - -
RQV Tool [27] - - - -
IT for assessing the initial stages of the - + - +

software life cycle [9, 10]

Software quality evaluation and - - - +

prediction system [28, 29]




Thus, as the conducted analysis of the known tools for software requirements specifications'
analysis showed that none of the known tools provides the possibility of determining the
informativeness of the requirements specification. Therefore, it is necessary to develop and implement
criteria and method for determining the informativeness of software requirements specifications
(which would be the theoretical basis for developing a future tool for determining the informativeness
of requirements specifications), which is the purpose of this study.

3. Criteria and method for determining the informativeness of the software
requirements specifications

Criteria for evaluating information, according to [30, 31], are:

1. Relevance - determining whether this information can help in the future to assess the quality

of software according to 1ISO 25010

2. Veracity — the extent to which the description of the information is true; how the description

of the information corresponds to reality

3. Significance — understanding of information, completeness of coverage of the subject of

interest, timeliness of the information and its sufficiency for decision-making

4. Novelty — how the information's description is new for the user

5. Actuality — the degree of compliance of information with the current time

6. Objectivity — characterizes the independence of information from someone's opinion or

consciousness, as well as from methods of obtaining

7. Completeness — information can be considered complete if it contains a minimum set of

quality measures, but sufficient to make a correct decision

8. Compliance — the degree of compliance of information to the needs of consumers

9. Adequacy — compliance with the content of the actually obtained information and its expected

content

10. Accessibility — a measure of the ability to obtain information

To assess the informativeness of the specification of software requirements, it is necessary to
assess the informativeness of the quality measures of the specification in terms of their impact on the
characteristics of the software quality.

Criteria of informativeness of quality measures of the SRS:
1. Relevance Rv = {Rsp, Abci}, where Rsp € [0;1] — the rank of the influence of the quality
measure of the specification on a certain characteristic, where 0 — corresponds to the smallest
influence of the quality measure of the specification on the characteristic, 1 — corresponds to the
greatest influence; Abci € [0;1] — the rank of the ability of the quality measure to clarify the value
of the software quality characteristic, where 0 means that the measure least clarifies the value of
the characteristic, 1 — means the greatest degree of clarification

2.  Veracity Rb € [0;1], where 1 — it's possible to trust to the measure of determining the

characteristic of software quality; 0 — cannot be trusted in principle

3. Significance Sf = {Ust, Cnc}, where Ust € [0;1] — the rank of understanding the quality

measure, where 0 — the measure is unclear, 1 — the measure is clear; Cnc € [0;1] - the rank of

completeness of the coverage of the quality characteristic by the measure, where 0 — the measure
least covers the characteristic, 1 — the most illuminates the characteristic

4. Objectivity Obj € [0;1], where 0 — quality measure depends on someone's opinion or

consciousness, as well as on the methods of obtaining, 1 — independent measure

5.  Compliance Qi € [0;1], where 0 — the lowest degree of conformity of the quality measure to

the characteristic, 1 — the highest degree

As for other criteria for evaluating information, they will not be needed to assess the
informativeness of the software specification due to their redundancy and repeatability.

Taking into account the above criteria of informativeness of the measures of the specification of
requirements, the method of determining the informativeness of the specification of software
requirements consists of the following stages:

1. Division of the interval into subintervals for each software quality characteristic



2. Evaluation of all measures of each quality characteristic according to each of the criteria of

informativeness of quality measures of the specification of requirements

3. Sorting of quality measures of the specification of requirements and assignment to each

measure of the corresponding rank

4. Formation of a matrix of informativeness of measures for each characteristic of the software

quality

5. Calculation of the indicator of informativeness of the specification on the definition of each of

the software quality characteristics

The interval [0; 1] is divided into subintervals depending on how many quality measures of the
specification affect the quality characteristic:

Quantity of subintervals = Quantity of dif ferent measures — 1. (1)

Then for an ideal specification, in which there are absolutely all the measures on which the quality
characteristics depend, the number of subintervals, the step and the division of the interval into
subintervals for each software quality characteristic are presented in Table 2.

Table 2

The number of subintervals, the step and the division of the interval into subintervals for each
software quality characteristic — for an ideal specification, in which there are absolutely all the
measures on which the quality characteristics depend

Quality characteristic Quantity of Quantity of Step Dividing the
different subintervals interval into
measures subintervals

(to determine
the ranks)

Functional Suitability 9 8 1/8=0.125 [0; 0.125;...;

0.875; 1]
Performance Efficiency 23 22 1/22=0.0455 [0; 0.0455;...;
0.9545; 1]
Usability 44 43 1/43=0.0233  [0; 0.0233;...;
0.9767; 1]
Reliability 25 24 1/24=0.0417 [0; 0.0417;...;
0.9583; 1]
Compatibility 8 7 1/7=0.1429 [0; 0.1429;...;
0.8571; 1]
Security 15 14 1/14=0.0714 [0; 0.0714;...;
0.9286; 1]
Maintainability 26 25 1/25=0.04 [0; 0.04;...;
0.96; 1]
Portability 16 15 1/15=0.0667 [0; 0.0667;...;
0.9333; 1]

Then there is an expert assessment of the importance of each measure of quality characteristic
according to a certain criterion, sorting of measures is performed, and each measure is assigned a
corresponding rank.

The result of such assessments is the matrix of informativeness of measures for each j-th
characteristic (j=1..8):

RSp;U AbCi;U Rb1j USt1j CnC1j Obj1j Qi1j



where the first line contains estimates for the measure Nel of j-th characteristic, the second line
contains estimates for the measure Ne2 of j-th characteristic, etc., the last line contains estimates for
the measure Nen of j-th characteristic (number of measures are different for each characteristic and
maximum of the number of measures are presented in Table 2 for each characteristic). Thus, we
obtain 8 matrices of informativeness of measures for 8 main characteristics of software quality.

Next, it is necessary to assess the informativeness of the specification for the definition of each of
the characteristics. To do this, it's necessary to calculate for each matrix the number of elements
belonging to a certain range — Qiil, after this to find the informativeness of the specification for
determining each of the characteristics as the ratio of the obtained number Qiil to the total size of each
j-th matrix (7*ni):

. Qii’ (2)
1I_SRS) = =7 ) * 100%.

The obtained indicator will reflect the informativeness of the specification for determining the j-th
characteristic of the software quality.

Thus, the criteria and method for determining the informativeness of the specifications of the
software requirements are proposed, which determine the informativeness of the specification in
terms of determining on its basis the characteristics of the software quality.

4. Results & discussion

For example, let's consider the measures on which Functional Suitability depends (according to

ISO 25010, 1SO 25023):

Number of Functions

Functional Implementation Completeness

Functional Adequacy

Functional Implementation Coverage

Operation Time

Number of Inaccurate Computations Encountered by Users
Number of Data Items

Computational Accuracy

. Precision

The number of measures on which the Functional Suitability characteristic depends is 9. All 9
measures of the Functional Suitability are present in the first considered specification. Then the
number of subintervals is 8, so the step is 1/8 = 0.125. We then divide the interval as follows:
[0; 0.125; ...; 0.875; 1]. Next, we evaluate with the help of experts each measure of the characteristic
according to a certain criterion, sort the measures and assign each measure the appropriate rank.

For example, let's consider how the experts recommended assessing the influence of each quality
measures of the specification on the characteristic Functional Suitability. Thus, the most influential,
according to experts, is the measure Number of Functions (rank 1), next in influence is the measure
Operation Time (rank 0.875), then the measure Functional Implementation Completeness (rank 0.75),
then Functional Implementation Coverage (rank 0.625), then Functional Adequacy (rank 0.5), then
Precision (rank 0.375), then Number of Data Items (rank 0.25), then Computational Accuracy (rank
0.125), and the least influential is the Number of Inaccurate Computations Encountered by Users
(rank 0).

Similarly, the experts recommended assessing the rank of the ability of each quality measure to
clarify the value of Functional Suitability, the veracity of each measure to determine the characteristic
Functional Suitability, the rank of understanding of each quality measure of Functional Suitability, the
rank of completeness of the coverage of Functional Suitability by each measure, the objectivity of
each measure of the Functional Suitability characteristic, compliance of each measure concerning the
definition of the Functional Suitability characteristic.

The result of such estimates is a matrix of informativeness of measures for the Functional
Suitability characteristic:

©CoOoNoO~wWNE



1 0.625 1 0.875 1 0.875 0.625
0.75 1 0.875 0.625 0.875 0.25 0.875
0.5 0.875 0.75 0.375 0.625 0.125 0.75
0.625 0.75 0.625 0.5 0.75 0 1
lest = 0.875 0.5 0.5 1 0.375 0.75 0.375
0 0.125 0 0 0.25 0.375 0.25
0.25 0.375 0.375 0.75 0.5 1 0.5
0.125 0.25 0.25 0.125 0.125 0.5 0
0.375 0 0.125 0.25 0 0.625 0.125

Let's calculate for the obtained matrix the number of elements that belong to a certain range — Qiil.
For example, let's calculate the number of elements that belong to the range [0.5; 1], because experts
recommend just such an interval for Functional Suitability. Under such conditions, Qiil = 35 for the
obtained matrix.

Then the informativeness of the specification for determining the Functional Suitability
characteristic is:

35
I1_SRSFS! = ( ) +100% = 55.56%.
7%9

Only 5 measures of the Functional Suitability (1.Number of Functions; 2.Functional
Implementation Completeness; 3.Functional Adequacy; 4.Functional Implementation Coverage;
5.0peration Time) are present in the second considered specification. Then the number of
subintervals is 4, so the step is 1/4 = 0.25. We then divide the interval: [0; 0.25; ...; 0.75; 1]. Next, we
evaluate with the help of experts each measure of the characteristic according to a certain criterion,
sort the measures and assign each measure the appropriate rank. For example, the influence of each
guality measures on the Functional Suitability: Number of Functions — rank 1, Operation Time — rank
0.75, Functional Implementation Completeness — rank 0.5, Functional Implementation Coverage —
rank 0.25, Functional Adequacy — rank 0.

Similarly, the experts recommended assessing the remaining ranks of each of 5 present quality
measures of Functional Suitability.

The result of such estimates is a matrix of informativeness of 5 measures for the Functional
Suitability characteristic:

1 0.25 1 0.75 1 1 0.25
0.5 1 0.75 0.5 0.75 0.5 0.75

ls? = 0 0.75 0.5 0 0.25 0.25 0.5
0.25 0.5 0.25 0.25 0.5 0 1
0.75 0 0 1 0 0.75 0

Let's calculate for the obtained matrix the number of elements that belong to a certain range — Qiil.
For example, let's calculate the number of elements that belong to the range [0.75; 1], because experts
recommend just such an interval for Functional Suitability, if Functional Suitability depends on not all
9 measures, but only 5 measures. Under such conditions, Qiil = 14 for the obtained matrix.

Then the informativeness of the specification for determining the Functional Suitability
characteristic is:

14
11_SRSFS2 = ( ) *100% = 40%.
7 %5
It is obvious that if the specification of requirements contains a smaller number of quality
measures for a certain characteristic, then the informativeness of the specification for determining
such a characteristic is lower (in the considered examples — by 15.56% while reducing the number of
measures by 4). Similarly, the matrices of the informativeness of the remaining 7 software quality
characteristics can be obtained and, accordingly, the informativeness of the specification for
determining each of the remaining 7 software quality characteristics can be calculated.



Therefore, the proposed criteria and method for determining the informativeness of the
specifications of the software requirements allow determining the informativeness of the specification
in terms of determining on its basis each of the 8 characteristics of software quality.

5. Conclusions

A critical influence on software projects and on the success of their realization is exerted by issues
related to the analysis and evaluation of the software requirements specifications (SRS). Today, when
the number of high-budget software projects is growing rapidly, it is important to analyze the SRS, in
particular, to determine their informativeness to assess the quality of software according to 1SO 25010.

The conducted analysis of the known tools for SRS’ analysis showed that none of the known tools
provides the possibility of determining the informativeness of the requirements specification.
Therefore, it is necessary to design and implement the criteria and method for determining the
informativeness of the SRS (which would be the theoretical basis for developing a future tool for
determining the informativeness of requirements specifications), which is the purpose of this study.

The paper proposes criteria and a method for determining the informativeness of the software
requirements specifications, which determine the informativeness of the specification in terms of
determining on its basis the characteristics of the software quality. The proposed criteria and method
allow determining the informativeness of the specification in terms of determining on its basis each of
the 8 characteristics of the software quality.
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