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Abstract. Currently, there is a rapid informatization of management processes in almost all 

industries. To manage business activities, many enterprises use modern information systems and 

technologies. This allows them to gain new competitive advantages. However, in the develop-

ment and implementation of such information products as innovative software projects, there are 

few problems. Most of them are related to the definition of the composition of the requirements 

for the quality of innovative software projects. At the same time, the current state in the field of 

assessing the quality of innovative software projects indicates the existence of a number of ap-

proaches to this process. But it is not possible to develop a universal set of private indicators 

that make up an integral indicator for quality assessing of such projects. Therefore, the authors 

of the article proposed a new approach. It allows, in each specific case, to form a set of particu-

lar indicators that is adequate to the scope of the relevant software tools as part of a specific in-

novative software project. Its essence is to substantiate the type of integral quality indicator 

based on a hierarchical network of private indicators and develop a procedure for aggregating 

private indicators into an integral quality indicator of a specific innovative software project.     

Keywords: innovative software projects, quality assessment, hierarchical network, integrated 

indicator. 

 

Introduction. Modern information sys-

tems and technologies occupy a leading posi-

tion in the management systems production of 

many enterprises. Their usage allows enter-

prises to gain competitive advantages. How-

ever, introducing information systems into the 

activities of enterprises, it often leads to 

worse results compared to those that were be-

fore their application. According to statistics, 

only 10% of the customers completely satis-

fied with developed information systems. 

There are many reasons for this, but one of 

the most important is the low quality of soft-

ware products and information systems [5]. 
The rapid growth of information volumes 

predetermines the complexity of the process 
of developing innovative software projects 
(ISP). It is mainly due to a large number of 
requirements for quality indicators and char-
acteristics of their properties. This circum-
stance increases the importance of using for-
malized methods to determine the quality of 
modern ISP development. 

The model for assessing the quality of 
software (SW) using a larger number of char-

acteristics of quality indicators describes the 
ISO standard in sufficient detail - ISO/IEC 
25010:2011 Systems and software engineer-
ing – Systems and software Quality Require-
ments and Evaluation (SQuaRE) – System 
and software quality models [13]. Its counter-
part in Russia is GOST R ISO/IEC 25010-
2015 [2]. 

Main part 
The assessment of the quality of specific 

ISPs in modern conditions is complicated by 
the lack of generally accepted definitions of 
private indicators related to the development, 
usage and maintenance of these projects. Dif-
ferent authors offer different sets of partial 
indicators and their metrics, i.e., manifesta-
tions of the characteristics of certain proper-
ties. However, the main difficulty is the rela-
tion of different parameters, which often have 
opposite directions. Other difficulties stem 
from the fact that quality metrics are usually 
only partial characterizations of the relevant 
parameters. In addition, a significant part of 
them is determined only indirectly and is not 
always measurable [1, 4, 6, 8].  
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A brief analysis of the current state of ISP 
quality assessment allows us to draw the fol-
lowing conclusions:  

1) the desired qualities of an ISP are diffi-
cult to align with the needs and priorities of 
the intended user;  

2) there is no one common metric that 
could give a universally useful quality as-
sessment of software in general, and specific 
types of ISPs in particular;  

3) at the best case, the intended user can 
obtain a useful assessment by providing the 
quality assessment system with a complete set 
of checklists and priorities in accordance with 
GOST;  

4) integrated score at the result will always 
be approximate, as quality assessment meth-
ods are not exhaustive [1, 11].  

Thus, it is not possible to offer a universal 
set of private indicators and, on its basis, form 
an integral indicator for assessing the quality 
of ISP. This fact follows that each specific 
subject in specific area of knowledge has its 
own needs for certain parameters of the types 
of software used as part of the same ISP and 
its own idea of its quality. Therefore, it is im-
possible in practice to create a universal mul-
ti-level decomposition of ISP quality indica-
tors into its constituent parameters.  

However, the authors proposed a new ap-
proach. It allows for each specific case to ef-
fectively synthesize a set of private indicators 
that is adequate to the scope of the corre-
sponding type of software as part of the same 
ISP. The essence of this approach is to bring 
together all the requirements for ISP into a 
single network and to make a reasonable 
choice on the resulting network of the analyt-
ical form of the integral quality indicator.  

In accordance with the principles of the 
quantification procedure itself, such network 
will have a hierarchical structure. In turn, the 
presence of a hierarchical structure of indica-
tors in each specific case will allow for an 
assessment of the quality by identifying the 
values of the indicators for the assessed ISP 
and their further aggregation. The formation 
of an ISP quality score in accordance with 
this approach is:  

1) on the basis of a hierarchical network of 
partial indicators, the form of the integral in-
dicator of quality ISP is substantiated,  

2) then the procedure for aggregating pri-
vate indicators into an integral quality indica-
tor ISP is implemented.  

The application of this approach provides:  
1) synthesis of a hierarchical network of 

partial quality of ISP indicators;  
2) assessment of the significance (weight) 

of each of the partial indicators for the corre-
sponding integral indicator of a higher level 
of the hierarchy, taking into account the fuzz-
iness of the initial information;  

3) convolution of the hierarchical structure 
of private indicators into an integral ISP qual-
ity indicator, taking into account the values 
and weights of all private indicators. 

It should be noted that the proposed ap-
proach involves the usage of tools that will 
ensure the automation of quality assessment. 
Its development is based on the Boehm quali-
ty assessment methodology and its develop-
ment for the ISO 9000 standards system. The 
essence of this methodology is as follows:  

- initially, the original set of private indica-
tors (with weights subjectively assigned and 
not ordered among themselves) is evaluated 
by experts;  

- the value of the integral indicator of ISP 
quality is determined by linear convolu-
tion [12].  

The essence of the proposed direction for 
the development of the Boehm methodology 
is to substantiate the possibility and develop 
procedures for its application not only for 
solving the problem of quality assessment, 
but also for the task of identifying individual 
shortcomings of the evaluated ISP.  

The input data for using this approach are:  

– preference matrices ( )Nk j, i, k

ij  k-th 

expert on a family of quality indicators; 
– a set of values of evaluations of partial 

quality indicators {Ci} into numerical {yi} 

and in linguistic form {
iy };  

– set of pairwise comparison matrices 

( )NjilV l

ij ,,,  for L decomposable group of 

quality indicators [6, 8, 9]. 
The output data for using the proposed ap-

proach are: 
– formalized description of the network of 

quality indicators G; 
– values of quality assessment in numeric 

YP and in linguistic PY forms; 
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– values of quality assessments of compo-
sitionally complex indicators (parameters) Сi 

in numeric y(Сi) and in linguistic y (Сi) form 

[11, 14]. 
With a large number of particular indica-

tors c1,…,cm, characterizing the ISP and / or 
with a significant heterogeneity of these indi-
cators, it becomes advisable to move to a hi-
erarchical system. At each level of this sys-
tem, individual indicators of this level are se-
quentially aggregated into group indicators of 
the next level. This process of increasing the 
level of aggregation of group indicators ends 
with the construction of a single summary 
indicator that synthesizes all individual and 
group indicators of previous levels. To obtain 
a single conclusion about the quality of ISP, it 
is necessary to introduce an integral indicator 
that will reflect the general level of its devel-
opment. In traditional methods for assessing 
software quality, the integral indicator has the 
form: 

 
Y = f(y1(с1), у2(с2),…, yi(ci),…, уn(cn))      

(1) 
 
where: yi(ci) – quality assessment accord-

ing to the i-th elementary parameter ci;  
n – number of elementary parameters; 
Here, elementary parameters are under-

stood as independent monosyllabic character-
istics that do not require further decomposi-
tion. These ISP parameters are evaluated by 
individual, not group indicators. 

Further specification of the form of the in-
tegral ISP quality indicator depends on the 
mathematical features of the form of the gen-
eral summary quality criterion. Theoretically, 
the same elementary characteristic can be 
measured in different scales. The indicated 
possibility of choosing a measurement scale 
will make it possible to move from the origi-
nal, often incomparable scales for measuring 
heterogeneous characteristics to their meas-
urement in a single scale. The transition to a 
single scale for measuring elementary charac-
teristics (indicators) provides:  

1) the possibility of further correct aggre-
gation of all private (elementary and group) 
indicators into indicators of a higher level of 
the hierarchy, taking into account their signif-
icance (weight);  

2) measurement of all private (elementary 
and group) and integral quality indicators in a 
single scale. 

At the same time, if we confine ourselves 
to the task of identifying the ordering of the 
evaluated options according to some meas-
ured characteristic, then the measurements on 
any of the transformed scales can be consid-
ered equivalent (the order of the gradations of 
the measured parameter is an invariant of all 
such measurements) [3, 7]. 

Since the choice of specific forms of quali-
ty indicators has a fairly wide variability, in 
order to bring the estimates of various param-
eters to a single (comparable) form, it is nec-
essary to choose a specific path. A solution of 
the problem of determining specific forms of 
presentation of quality indicators requires nar-
rowing the set of available alternatives. Let 
all private indicators be measured on a scale 

(0,9), where - set of real numbers: 
- 0 – complete non-compliance of parame-

ter ci with the required level; 
- 5 – essential correspondence of the pa-

rameter ci with the required level; 
- 9 – absolute parameter ci match with the 

required level. 
Determining the estimates yi(ci) on the 

segment (0,9) of the real axis allows us to 
conclude that they are continuous. A specific 
numerical representation of yi(ci) in each par-
ticular case of evaluation in the future makes 
it possible to significantly simplify the form 
of the integral indicator (1). 

In (1), the form of the integrated quality 
indicator of ISP reflects the fact that the 
Boehm methodology does not take into ac-
count the importance of various indicators, 
i.e., private indicators and characteristics of 
their parameters are not ordered by the degree 
of their influence on the quality of the ISP 
generally. Therefore, in order to take into ac-
count, the values and degree of influence of 
private indicators and the characteristics of 
their parameters, aggregated into an indicator 
of a higher level of the hierarchy, on the value 
of the integral indicator, it is necessary to sort 
the aggregated private indicators by im-
portance (weight). 

Such an iterative multilevel process for as-
sessing the degree of manifestation of indi-
vidual complex of parameters Yi

m at the m-th 
level of decomposition of the integral quality 
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indicator, through the values of indicators of a 
lower-level m+1 of the hierarchy, is carried 
out in accordance with the formula: 

 
Yi

m = fi
m(y1

m+1(c1),…, yКi+1
m+1(cK))       (2) 

 
Then the integral indicator (1) based on 

(2), when presented by operators, look like 
this: 

 

Y = F 1,…, F i,…, F m(y1(с1),…, уn(cn))   (3) 
 
At the same time, the operator:  
 

F  m : yi+1 → ym.                 (4) 
 

The difference between the original form 
of representation of the integral indicator (1), 
which is used in the Boehm methodology and 
its modifications, and the proposed form of its 
representation in the form (3) is as follows. 
The formulation of the integral indicator in 
the form (1) limits the initial information for 
quality assessment to a set of estimates of el-
ementary indicators and excludes the possibil-
ity of their multilevel composition, i.e., 
grouping individual elementary parameters 
into parameters of a higher level of generali-
ty. 

In other words, excluding the possibility of 
entering and evaluating group indicators, the 
representation of the integral quality indicator 
in the form (1) excludes the possibility of 
analyzing and taking into account the mean-
ing and assessments of all intermediate ac-
tions and expert assessments. Also, excludes 
the possibility of an adequate analysis of the 
activities of experts assessing the quality of 
ISP. 

The formulation of the integral indicator in 
the form (3) is based on the usage of initial 
information represented by a set of estimates 
of elementary quality indicators. It not only 
does not exclude, but, on the contrary, in-
volves a multi-level grouping of both the ini-
tial elementary and group indicators derived 
from them. It follows that the proposed for-
mulation of the integral indicator in the form 
(3) provides adequate accounting and analysis 

of all those intermediate conclusions and as-
sessments that are formulated by experts in 
the process of assessing the quality of ISP. 

As a basis for the development of a math-
ematical apparatus for assessing the quality of 
ISP, authors considered that an expert, having 
in his mind some indefinite model of the 
standard of such software, is able to compare 
individual characteristics of ISP quality with 
this ideal model. In other words, he estimates 
the magnitude and direction of the deviation 
of the estimated variant of the complex from 
the ideal model according to all its character-
istics (particular indicators): 

 

Y = Y1 − Y0                      (5) 
 
The procedure for formulating estimates of 

the form (5) in the direction from elementary 
indicators to group indicators of a higher level 
of hierarchy is defined in efficiency theory as 
a procedure for implementing the principle of 
“embedding” indicators “bottom-up”. Thus, if 
the elementary quality indicators are formu-
lated in the single scale described above 

(0,9), then the implementation of proce-
dures of the form (5) "bottom-up" provides a 
correct assessment of the quality in accord-
ance with (3). 

Conclusion 

The article substantiates the expediency of 
using individual multi-criteria expert systems 
to obtain reasonable assessments of the quali-
ty of a particular ISP. They include a number 
of private quality indicators, characteristics of 
their parameters, weight coefficients and met-
rics for performing calculations in relation to 
a specific ISP and the basic requirements for 
its operation. In addition, in the development 
of the Boehm methodology, a new approach 
is proposed to obtain reasonable estimates of 
the quality of a particular ISP. It consists in 
determining the value of the integral quality 
indicator of ISP using a linear convolution of 
a set of private indicators with subjectively 
assigned and not ordered among themselves 
weights of their qualitative characteristics ob-
tained as a result of expert assessments. 
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Аннотация. С настоящее время идет стремительная информатизация процессов 

управления практически во всех отраслях производства. Для управления своей хозяй-

ственной деятельностью многие предприятия используют современные информационные 

системы и технологии. Это позволяет им получать новые конкурентные преимущества. 

Однако, при разработке и внедрении таких информационных продуктов как инновацион-

ные программные проекты возникает достаточно много проблем. Большая их часть свя-

зана с определением состава требований к качеству инновационных программных проек-

тов. При этом современное состояние в области оценки качества инновационных про-

граммных проектов свидетельствует о наличии целого ряда подходов к этому процессу. 

Но разработать универсальную совокупность частных показателей, составляющих ин-

тегральный показатель оценки качества таких проектов, не представляется возмож-

ным. Поэтому авторами статьи предложен новый подход. Он позволяет в каждом кон-

кретном случае формировать совокупность частных показателей, адекватную области 

применения соответствующих программных средств в составе конкретного инноваци-

онного программного проекта. Его суть заключается в обосновании вида интегрального 

показателя качества на основе иерархической сети частных показателей и разработке 

процедуры агрегирования частных показателей в интегральный показатель качества 

конкретного инновационного программного проекта. 

Ключевые слова: инновационные программные проекты, оценка качества, иерархиче-

ская сеть, интегральный показатель.  

  




