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INFOLOGICAL MODEL DEVELOPMENT 
OF INNOVATIVE SOFTWARE PRODUCT 

Annotation. An infological model of the process of managing the creation of a 
subject-oriented software product proposed, on which the development of an innovative 
software product interpreted as an information object that changes in content and structure in 
the process of its creation. When there are innovations in the subject area in the infological 
model, it is possible to change the control actions in acceptable values in accordance with 
changes in the current and final requirements for the subject area of the innovative software 
product. The procedure for making innovative decisions, which implemented, using an 
intelligent decision support system and is a cyclical process of human-computer interaction. 
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Introduction 

It’s known that knowledge about the object under development determines the structure 
of its development management system. This is true for most objects of different physical 
nature and their purpose, including innovative software product. However, software products 
have an important feature: knowledge about them has a relatively large dynamic component, so 
large that it often taken into account even in operational management. A high level of validity 
of innovative solutions in the process of managing the development of an innovative software 
product cannot achieved without a strong cognitive ability of the developer in relation to the 
software product. This is due to the evolution of knowledge in the subject area. Today, decision-
making involves a "field of knowledge" that is uncertain not only in terms of volume, but also 
in terms of dimension. In the process of developing a solution, dynamically changing economic, 
technological, organizational, natural, and other aspects taken into account. Sources of 
information can be the knowledge of experienced specialists, literature, normative materials of 
scientific and design organizations, and Internet resources [1-3]. 

In this paper, an infological model of the process of managing the development of 
innovation software product is proposed. The essence of the proposed approach is that the 
development of innovation software product interpreted as an information object that changes 
meaningfully and structurally in the process of its creation. Hence, updating information 
about this object, for which the innovative software product developed, requires constant 
adoption of decisions that are adequate to the changed situation. 

Development of innovation software product is multi-alternative process, i.e. there is a 
problem of multi-criteria, which, as a rule, requires the involvement of intelligent decision 
support systems (DSS). This because, firstly, the presence of the human factor in the process 
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of developing innovation software product introduces greater uncertainty. And, second, you 
need to look at the full range of permissible decisions in the use of innovative software 
product requires the development of automated methods for extracting knowledge of a given 
subject area from a variety of sources, including from Internet sources. 

Analysis of software products development process models 

The information structure of the innovative software product provide for the 
possibility of adding new knowledge to the management system. Each observation can also 
add new knowledge about the software product, which not provided for by the regulations, 
but, in the future, increases the effectiveness of management. Despite the high degree of 
uncertainty in the process of creating a software product due to the presence of the human 
factor, the process of creating a software product is quite deterministic and consists of a 
number of stages that can built according to different schemes. Let's consider the most well-
known models of development innovation software product [4,5,9-11]. 

Cascade model. The first well-known model that really structures the development 
process is the cascade or waterfall model (Fig.1) [5,8]. This model divides the process of 
creating a software product into successive stages (it was already used by various developers 
earlier, but neither the number nor the content of the stages was unified). 

Fig. 1. Cascade model 

However, the practical use of this model revealed many of its shortcomings, the main 
one being that it is more suitable for traditional engineering activities than for software 
development. In particular, one of the biggest problems was   "predisposition" to possible 
inconsistencies between the resulting product and the requirements that were imposed on it. 
The main reason for this model is that a fully formed product appears only at the later stages 
of development. Since the work at different stages usually performed by different specialists, 
the project transferred from one group to another, the principle of a damaged phone turned out 
that the output was not exactly what intended at first. 
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V-model. It proposed precisely in order to eliminate the disadvantages of the cascade 
model, and the name-V-model, or hinge model, which name appeared because of its specific 
graphical representation (Fig.2) [5,10].  

Fig. 2. V- model 

The V-model made possible significantly improve the quality of software due to its 
focus on testing.  Also largely solved the problem of compliance of the created product with 
the requirements due to verification and certification procedures at the early stages of 
development [the purple lines in the figure 2 indicate the dependence of the stages of planning 
(setting) the problem and testing (acceptance)] [7]. 

However, in General, the V-model is just a modification of the cascade model and has 
many of its disadvantages. In particular, both models are poorly adapted to possible changes 
in the customer's requirements. If the development process takes a long time (sometimes up to 
several years), the resulting product may actually be unnecessary for the customer, because 
their needs have changed significantly. 

The issue of planning indicators of expected functionality is also important, since in 
these models it is nothing more than an assumption: in particular, it is almost impossible to 
determine what data processing speed the product will provide or how much memory it will 
take up at the stage of setting the task. If such requirements clearly stated in the terms of the 
contract between the customer and the contractor, it is likely that the resulting solution will 
not meet them, although this become known only at the final stages of development, when the 
main resources have already been spent. 
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Spiral model. Proposed by Barry Boehm in 1988, it was a significant breakthrough in 
understanding the nature of software development, although, by and large, it is a combination 
of two models: cascading and prototyping (Fig. 3) [6-8].  

Fig. 3. Boehm spiral model 

Boehm's spiral model focuses on design. In fact, software development takes place 
only at the last turn of the spiral according to the usual cascade model, but this preceded by 
several iterations of design based on prototyping – each iteration includes a stage of 
identifying and analyzing risks and the most complex tasks.   

Since the spiral model mainly covers design, it is not widely used in its original form 
as a method for managing the entire software development life cycle. Main idea of spiral 
model, that the process of working on a project consist of cycles that go through the same 
stages, served as a starting point for the development of the infological model for managing 
the innovation software product development, which proposed below. 

Problem statement 

Project management methodology includes a set of models, methods, and software 
products used in the development and implementation of projects of various classes and types. 
The specificity of software development projects is that the result of development 

 Міжвідомчий науково-технічний збірник «Адаптивні системи автоматичного управління» № 1’ (38) 2021 

 ISSN 1560-8956 21



is immaterial – these are collective mental models written in a programming language. 
This leads to the fact that most of the software development projects completed with 
deadlines, budget overruns, and some projects not completed in principle. 

One of the main tasks that directly affect the effectiveness of software development is the 
choice of the development process model. The problem is that there is no single optimal solution. 
The model should defined for each specific project and can change in a wide range, depending on 
the scale, novelty and criticality of the project, distribution of participants, and customer 
requirements. The choice of model also influenced by the possibility of further certification, 
which allows the developer to gain an advantage over competitors, attract new customers, and 
improve the image of the organization. Therefore, choosing a model for the software development 
process is a very important task when managing a project and a team of developers. 

Infological model development of innovative software product 

The essence of the proposed approach, based on this model, is that the development of 
innovative software product interpreted as an information object, which changes in content and 
structure during its creation. Therefore, the  development process can described by an ordered 
sequence of states being developed, the last of which represents the finished software product, i.e. 

                   (1) 
Here, each state Si characterized by a certain set of parameters mi

1 
mi

2 
…mi

m , where
i=        .  In this case, each state Si characterizes the degree of completion of the development of 
the innovation software product. 

In the future, we will assume that each intermediate state Si corresponds to two 
integral estimates Pi and Qi, which exhaustively characterize the degree of completion of the 
innovation software product from the quantitative and qualitative sides. Obviously, the 
functions P and Q on an ordered set of states Si (i=        )) must have an increasing character. In 
addition, we assume that the integral estimates of P and Q are independent of each other. 

Further, we assume that development of innovation software product divided into 
separate subprocesses (development steps) that correspond to the development stages adopted 
in accordance with (1). We denote the increment of integral characteristics achieved at the i-th 
stage by ∆Pi and ∆Qi. 

The process of managing the development of innovation software product consists in 
setting its control effect u(i) at each step, which determines the values ∆Pi and ∆Qi, and 
transfers the degree of  innovation software product development from the state (Pi-1,Qi-1) to 
the state (Pi ,Qi). Management of u(i) can considered as the choice of one of the alternative 
possible ways to ensure innovation of a software product. In this case, the transfer to a new 
state implemented by performing a certain set of procedures. 

Naturally, at each step i, a number of natural and artificial restrictions are imposed on 
the control action u(i). Otherwise, u(i) can take values from a certain set of possible control 
actions, i.e. 
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             (2) 
For i=0 we assume that P0 = Q0 = 0. 
The values of the integral characteristics in the following steps determined by the 

formulas: 

 

                

                

                                      

 (3) 

By (Pi, Q i), we will understand the set of all states of the development process, to 
which it can be transferred from the initial state in i steps, using the next control      
    ,         . 

Such a set is called the reachability set (Pi, Qi), which is defined using recurrent 
relations (4) of the form 

 
                           

                              
 (4) 

In the task of innovation software product development must identify the 
requirements, which must   satisfied in ISP after the end of its development. Based on this, 
determine the indicators Pn and Qn that characterize the final state of development, which 
should belong to a certain range of acceptable values 

      ) (   ,    )           (5) 
Thus, the process of developing a ISP with control actions V(u(i)) will be acceptable if 

u(i) transfer the ISP from the initial state to the final state, which will satisfy condition (5). 
Based on this, in order to successfully achieve the goal of developing a ISP, the 

following condition must be met: 
           

 ,                                                           (6) 
Condition (6) means that the set of all ISP development states must be in the set of 

acceptable states of innovation software product   in accordance with the requirements. 
Otherwise, if the innovation forecast has changed, it is necessary to either change the 
technical task for development and     ,    ),           , or expand the scope of possible control 
actions u(i),           . 

Let's assume that as a result of performing (i-1) steps, the innovation software product 
development process has moved to the state            . Then the set of acceptable control 
actions at i-th step defined as follows: 

 
                                         

           
    

              
    (7) 

As a result, the process of managing the development of innovation software product 
in its final form can written as: 

u(i)                               (8) 
Condition (8) means that from the point of view of emerging innovations in the 

development of innovation software product, it is possible to change the control actions in 
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acceptable values in accordance with changes in current and final requirements. Condition (8) 
can satisfied by several control actions at each step. 

In other words, on the above, in the process of developing an innovative software 
product, the problem of solving a multi-criteria problem arises in the conditions of uncertainty 
of the current situation, inconsistency and heterogeneity of data, and the evolution of the 
software market. Thus, the development of innovative software product is multi-alternative, 
i.e. there is a problem of multi-criteria, which, as a rule, requires the involvement of 
intelligent decision support systems (IDSS) [12,16]. Because, firstly, the presence of the 
human factor in the process of developing the innovation software product introduces greater 
uncertainty. And, second, you need to look at the full range of permissible decisions in the use 
of innovation software product requires the development of automated methods for extracting 
knowledge of a given subject area from a variety of sources, including from Internet sources. 
Infological model development of innovation software product, proposed in this paper, allows 
us to adapt the process to changes in this subject area. 

The procedure for the adoption of innovative solutions in IDSS 

Making an innovative decision in most cases consists in generating possible 
alternative solutions, evaluating them and choosing the best option. In difficult and critical 
moments, the decision-maker turns to experienced and knowledgeable people (experts). 

In particular, when choosing a solution option in the process of developing an 
innovative software product, a large number of uncertain and contradictory factors must take 
into account. Contradictory factors occurs due to ambiguity in the assessment of situations, 
errors in the choice of priorities, which, in the end, greatly complicates decision-making. 
Uncertainty is an integral part of decision-making processes in the development of an 
innovative software product, and uncertainties in a particular subject area can divided into 
three classes [13]: 

– an uncertainty, associated with incomplete knowledge of the problem to be solved;
– an uncertainty, associated with the inability to fully account for the reaction of the

environment (demand market, current situation in the subject area, etc.); 
– an uncertainty, associated with a wrong understanding of the tactical and strategic

goals of creating a specific innovative software product by the decision-maker. 
The organization of the innovation process of software development can shaped in the 

form of multi-connected graph of innovative technologies and strategies of subject area with a 
large number of links, i.e. of strategies and technologies in this subject area (Fig. 4). For the 
application of new technologies and strategies for the development of this area should base on 
the assessment of the potential scale of the diffusion base (initiative) innovation, measured by 
examining the possible markets and their formation use of positioning tools new software 
product. In the event that the expected scale of diffusion is large and this innovation can 
applied in various areas of production and, in the future, can use as a basis for meeting the 
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needs in many industries and segments of the consumer market (a high degree of 
organizational distribution at the stage of creating the actual software product). 

Fig.4. Multi-connected graph of innovative technologies and strategies of subject area 

Research shows that decision makers, without additional analytical support, tend to 
use simplified and sometimes contradictory decision-making rules. In this case, the most 
effective tool for making a potentially better decision is IDSS. The main functions of such 
systems are [14]: 

-assistance to the decision-maker in the analysis of initial information (assessment of 
the current situation and restrictions imposed by the external environment); 

-identifying and ranking priorities, taking into account uncertainty in the assessments 
of the decision-maker, and forming his preferences;  

-generating possible solutions (forming a list of alternatives); 
-evaluating of possible innovative alternatives based on the preferences of the 

decision-maker and the constraints imposed by the external environment;  
-analysis of possible consequences of decisions taken;  
-choosing the potentially best solution at each stage (in each situation). 
The procedure for making innovative decisions can proceed according to two main 

schemes: 
-intuitive empirical (based on comparing the problem situation with previously 

encountered similar situations);  
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-formal heuristic (based on the construction and study of a model of a problem 
situation for a given specific subject area). 

The decision-making procedure using IDSS is a cyclic process of human-computer 
interaction (fig. 5) and includes phases of analysis and problem formulation, phases of search 
and optimization of alternative solutions implemented using a computer. 

Fig. 5. General scheme of the decision-making procedure in the IDSS 

Modern IDSS based on the use of specialized information storages (Data Warehouse) 
and OLAP (On-Line Analytical Processing) technologies - operational data analysis. The 
main purpose of OLAP technologies is dynamic multidimensional data analysis using an 
effective Data Mining tool, modeling and forecasting [15]. 

Conclusion 

One of the main tasks that directly affect the effectiveness of software development is 
the choice of the development process model.  The model should defined for each specific 
project and should vary widely depending on the scale, novelty and criticality of the project, 
the distribution of participants and the requirements of the customer. The choice of the model 
influenced by the possibility of further certification. This article offers an infological model 
for the development of an innovative software product. The essence of the proposed approach 
is that the development of an innovative software product interpreted as an information 
object, which changes in content and structure in the process of its creation. From the point of 
view of emerging innovations in the development of an innovative software product within 
the infological model, it is possible to change the control actions in acceptable values in 
accordance with changes in the current and final requirements for the subject area of an 
innovative software product. The procedure for making innovative decisions, which 
implemented using an intelligent decision support system and is a cyclical process of human-
computer interaction. 
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