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Introduction

It is known that estimating the software development duration in dynamic conditions is an
extremely uncertain, but very important stage in the process of developing new software. Changing
requirements, limited time and material resources, risk and quality management - all these
conditions have an impact on the timing of new software implementation and release. Today, there
are two classic approaches (methodologies) in managing the software development process -
flexible and cascade, each of them has its own principles and limitations. In particular, in flexible
management, the development team and the execution time are fixed, and the requirements are
variable. In cascade - on the contrary, a clear list of works (requirements for the product) is fixed,
and the team and time can change.

However, during the development of safety-oriented services, which are developing by the
employees of the State Emergency Service of Ukraine, was revealed a problem of inconsistency and
ineffectiveness of these methods in the management of the specialized software. As in this case the
dynamism is characterized not only by the scope and content of the works, but also time resource.
That is why there is a need to develop new methods and approaches to estimate the duration of the
safety-oriented services development, adapted to the specifics of the State Emergency Service of
Ukraine and correlated with the principles of flexible software life cycle management methodology.

Literature Review

As of today, there is a large number of scientific works in which the issue of short-term
planning of the software development process was raised. In particular, work [1] proved that
planning occupies a central place in Agile projects, and all other areas revolve around it. Works [2,
3, 4] are aimed at using an expert method of estimating time resources according to the Agile
methodology. In the article [5], it is proposed to use the block diagram tool for decision-making in
interdisciplinary research collaboration, and in the work [6], the regression equation was improved
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for estimating the complexity of software development created according to the flexible
methodology. The work [7] describes user story estimation based on the complexity decomposition
using Bayesian networks.

There are also a number of works [8 — 10] devoted to the network graphs use in the process
of project planning. In particular, the authors in work [9] chose a method for solving the planning
problem based on the application of the network planning method, which is based on the idea of
optimizing the critical path with the involvement of additional limited funds. This approach does
not correlate with the development of specialized software. The article [8] describes the process of
developing a computer program for solving network optimization problems, but the shortest paths,
in this case, are calculated using Dijkstra's algorithm, which is not universal and does not work for
network planning of the software development process. The article [10] is based on PERT network
planning methods, the use of elements of graph theory and the Gantt chart method. This approach is
relevant to the cascade management model, which is characterized by the sequential execution of
tasks and a defined execution time.

Materials and Methods

Based on the conducted literature review, it can be concluded that, as of today, there are a
large number of different methods for estimating the duration of software development, but none of
them correlates with the development of safety-oriented services. The main goal of the work is to
develop an adaptive method of short-term planning of the life cycle of safety-oriented software
systems in a dynamic environment.

To achieve the goal, it was decided to use the mathematical apparatus for modeling dynamic
discrete systems: Petri nets and the mathematical apparatus of graph theory: network planning.

First of all it is need to say that the software development planning process consists of
defining product requirements in the user stories form. In the Agile methodology, it is not
customary to break down requirements into technical tasks, because this approach does not allow a
holistic view of the implementation of certain functions of the program. A user story is a short and
simple description of a product's features from the perspective of a user who is looking for new
opportunities. It includes the entire spectrum of development: from design to testing. This approach
will allow the entire team to participate in the process of evaluating and developing this
functionality. Once defined, the user story is broken down into small tasks (functions) that will be
performed directly by different team members. Based on it, it is clear that there is a high probability
that several jobs can be performed in parallel (which will allow significant time savings), and there
may also be jobs whose execution depends on previous ones. That is why determining the critical
path that will take the most time to complete is extremely important. But first of all, there is a need
to develop a unified algorithm for network graph construction. Its result will help to find its main
parameters much faster and with minimum mistakes. A graphical representation of the software
development process is shown in Figure 1.
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Figure 1 The process of software development planning.

From this block diagram, we can conclude that the software development process in
dynamic conditions is a highly loaded distributed parallel system. To form a clear idea about the
organizational and technical processes that arise in such systems, it is necessary to conduct
simulations of parallel processes. An excellent toolkit for performing such tasks is the Petri net
modeling apparatus. The Petri net allows you to display certain states of the modeled system, where
the transition between different states of the system requires mandatory fulfillment of conditions
(they are laid in the network in advance).

Let us present the process of developing specialized software systems as a discrete system,
the transitions between states of which are the implementation of individual parts of the software
product functionality (Figure 2).
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Figure 2. Petri model of the safety-oriented software systems development process (scaled to a
sprint)

Let’s describe the model presented in Figure 2. Position P1 involves the formation of a
product backlog, which includes a list of all tasks for the successful project implementation.
Transition t1 indicates that the development team has received a defined list of tasks from the
backlog. Position P2 involves the planning of a separate sprint, the condition for which is the
selected tasks for sprint t2. The P3 position is focused on the sprint backlog formation and the task
distribution among the members team. Successfully distributed tasks are positioned by transition t3.
The direct implementation of sprint tasks related to the development of the software system is
implemented within the scope of position P4. Completed tasks within transition t4 may have
branching for testing P5 and sprint review P7. The tested fragment of the t5 system, provided that
the tasks are performed well and there are no violations of the requirements, returns to position P4.
If a discrepancy is detected, the system model provides for a transition to position P6, the condition
of which is to correct errors and finalize requirements. The sprint review position P7 ends with the
successful acceptance of completed tasks t6, and after the completion of the P8 retrospective, the
completion of the sprint is fixed by transition t7. After fulfilling the described list of conditions and
transitions, the discrete-cyclical system provides planning and the start of a new sprint with a list of
new tasks in position P2. The scope and content of tasks are selected as a result of the activation of
position P1 and transition t1, which also have the characteristic of cyclicity to determine the new
scope of work per sprint.

To make a study changes in various states of the system (described by the network) is
possible by combining matrices. The first "positive” matrix indicates exactly which processes are
derived after the execution of a certain event (transition). Such processes precede the next position -
the condition for the transition.
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The second "negative™ matrix indicates which condition (position) precedes the specified

transition.
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For further modeling of system states, it is necessary to find the difference of matrices. The
matrix R is constructed by subtracting the matrix R- from R+.
The result of the matrix difference is represented by the expression:
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Matrix (3) provides the basis for further studies of system performance in its various states.
For this, it is necessary to determine the product of the matrix and the vector, which describes the
state of the system in a certain period of time. However, when modeling the system's performance,
the conditions for performing parallel transitions should be taken into account. Auxiliary tools for
this (except for Petri nets) are the conceptual apparatus of graph theory and their algorithmic
representation (which will be displayed later). The Petri net itself allows us to imagine the general
sequence of processes and their interrelationships, which is actually the subject of further research.

The mathematical apparatus of graph theory allows one to easily model and interpret the
necessary processes (events or phenomena), to implement their visual representation without the
need for physical design. In particular, the adapted method of calculating the parameters of the
network schedule will allow quick in a dynamic environment to ensure the re-planning of the stages
of project implementation, as well as to determine the critical scope of the mandatory works.
Network planning will allow monitoring of exceeding the time possible risks of work execution in a
dynamic environment, as well as prioritizing the phasing of their execution.

As in network planning, the main elements of the network model are works and events, in
the context of Agile planning, a work is a user story or task that the user story has been broken
down into. As a unit of measurement, story points (hereinafter - s. p.) are used, which mean a



relative value, in particular, a combination of the laboriousness of the development of the function,
the complexity of the development, and the risk associated with it. Each user story or task must
have a start and end execution, for this is used events in the network graph.

To obtain a network planning graph it is necessary:

1. Prioritize user stories and functions that need to be performed.

2. Evaluate user stories and functions in the story points

3. Identify previous user stories or functions to be performed for specific user story

At the beginning of building the network graph, number the initial event j = 1, and the
previous event (i = 0) is absent. From it, draw a vector that will indicate the first user story or
function and its weight in the Story Points. If several tasks can be performed in parallel, the
required number of vectors is built. Since each user story must end with a final event, mark the
event on the graph and increase its sequence number by 1 (do this for all parallel works, increasing j
by 1). If it is needed to build a user story, which is possible only after the previous one end, look for
the final event of the work that interests you on the graph, and from it, draw the vector of the
desired user story. If the execution of the user story depends on the completion of several previous
ones, solve this problem using fictitious work. From each previous user story draw a vector, which
means a fictitious work whose weight is O s. p., and end them in one final event, which will be the
beginning of the new user story you need. Thus, build a network planning graph for the number of
user stories and functions that interest you (within the scope of the sprint) [11]. The algorithm for
constructing a network graph (network model) of a certain amount of work on the sprint is shown in
Figure 3.
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prevTask[p[K][kN]] - set ofall previous works, where:
p[k] —humber of previous works in general (k =0);
p[KI[kN] - number of previous works for one next (kN—9)
pN - ordinal number ofthe previous work (pN =1)
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i—start of w'ork (i=1)
j - end ofwork (j=2)
tasks {n, pair} - set of work in format <Work, Pair[i][j]>
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Figure 3. Algorithm for building a network graph



This algorithm will make it possible to build a mathematical set of events (which will mean
the start and end of work) and work, which in turn will be the basis for determining the indicators
necessary for planning the software development process (critical path of the development process,
reserves of work and events). Actually, the adapted methods will be the beginning of development
an information system to support decision-making, which could make operational re-planning of the
project stages of implementation in a dynamic environment, determine the critical scope of
mandatory work, tracking in a dynamic environment of the possible risks of overtime, prioritize the
phasing of their implementation. This system is quite needed for developers in the State Emergency
Service of Ukraine.

Conclusions

Based on the results of this work, it needs to conclude that the modern methods and
approaches of software life cycle management do not match the development of safety-oriented
services. That is because in addition to variable requirements, execution time is fundamentally
important. The methods of the software development planning process and network graph
construction developed by us will minimize risks and time losses in the case of changing
requirements and a dynamic environment. These methods will make it possible to increase the
efficiency of planning individual stages of software development and make their adjustments in
real-time. In the future, on their basis, it is planned to develop an information system to support
decision-making, regarding the management of the life cycle of the security-oriented systems
development in dynamic conditions, which are relevant for the State Emergency Service of
Ukraine.
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