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Large-scale projects of modern society, carried out by various
departments and specialists, include a large number of different types of
work. A network graph (or network model) is the basic planning document
for network planning and management. It is an information-dynamic model
of the sequence of work and the relationships between those works that must
be fulfil to complete a single project.

The purpose of the study is to evaluate the possibility of using in the
apparatus of mathematical modelling in management decisions, improving
the theoretical and methodological tools, developing a suitable Web-service,
providing practical advice on the possibility of planning the implementation
of complex projects, monitoring the process of their implementation and
making necessary adjustments.

Suppose that there is some work to be done and that many, many
employees - individual employees, groups, teams or entire businesses - have
to take part in this common, "big" job, so that individual tasks will be assigned
to different people, groups, teams, and so on. Questions arise:

How best to distribute employees to do all the "big" work in the shortest
possible time?

How to distribute resources (labour, materials, finances, equipment) so
that all the "big" work is the cheapest?

What to do if, in the course of the work, it turns out that individual
employees do not meet the deadline set by the plan?

Where to throw reinforcements (tools, equipment, people)?

How to find out what is currently the most important, where is the most
responsible area, on the results of which depends the success of the whole
case [1]?

The very process of ordering the network graph leads to the need to take
into account all the links of "big" work. The main characteristic of each work
— its expected duration of execution — in graph theory is called arc length. The
presence of this numerical estimate makes it possible to perform a
mathematical analysis of the network graph.
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As a result of the sources analysis [2], [3], [4] it is possible to determine,
first of all, such its parameters:

1 the earliest possible start time for each job or the occurrence of each
event;

2 the latest permissible time of completion of each job or the occurrence
of each event, which will not cause a delay in the deadline for completing all
the "big" work;

3 time reserves for each job — how many units of time can be delayed the
execution of this work without delaying the termination of "big" work or even
without to change the timing of other jobs of the graph;

4 a so-called critical path can be found — the longest path leading from
the initial event of the schedule to its final event;

the most important at any given moment of work can be found — these are
the works in which time reserves are minimal

5 Let us consider the problem of constructing a network model, which
includes the works A, B, C, ..., G and reflects the following ordering of works:
A, B, C — the original works of the project; A precedes D; B precedes E; C
precedes F; D, E preceded G. The duration of its execution is specified for
eachwork: A=1;B=4,C=3;D=2;E=6;F=6;G=4.

We can calculate the network model of this problem by the sector method
(see Fig. 1).

Fig. 1. Sectoral method of network model calculation.

We created a program in the form of a Web application. Web
application created using such tools and technologies as PHP, Perl, MySQL.
The basic idea of this web site is to enable users to plan the
implementation of complex projects, to follow the process of executing long-
lived projects, to make adjustments to their projects.

The project data entry process is broken down into several steps:

1 input of individual project works

2 definition of the initial works of the project

3 description of the parameters of each work (the order of execution, the
resources expended, the duration of execution)

4 description of project parameters (days off (days that will not be
included in the project scheduling), project start date)

At each step, all data is subject to mandatory validation (check the
uniqueness of the name of each job, check for the original works of the
project). At the step of introducing interdependencies between works, a
network graph is constructed. The network graph constructing method
reflects the dependencies of all jobs and greatly simplifies the input of
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dependencies between works. Building a network schedule involves: adding
and deleting events, adding and deleting jobs (see Fig. 2)

Fig. 2. Network graph modelled by program.

After the project data entry procedure, the program allows you to view
the results: total project duration, approximate date of completion, including
days off, duration of each work separately, early and late start and end terms
of each work, resources spent on each work (see Fig. 3).

Project duration, days: 8
The critical path: Network setup — Software install — Users learning
Project finish date: 15-04-2020

Work Duration ¢|Start # Finish

Computes install |1
Software install 1
Users learning 3
Network setup 3
Network installation |2
Development of
software usage rules

05-04-2020 | 06-04-2020
11-04-2020 | 12-04-2020
12-04-2020 | 15-04-2020
06-04-2020 | 11-04-2020
05-04-2020 | 07-04-2020

05-04-2020 | 11-04-2020

|Early | Late JEarly  [Late L[Full
istart  lstart  "finish  lfinish  "lreserve "lreserve ’

05-04-2020 | 05-04-2020 | 06-04-2020 | 06-04-2020 |0
11-04-2020 | 11-04-2020 | 12-04-2020 | 12-04-2020 |0
12-04-2020 | 12-04-2020 | 15-04-2020 | 15-04-2020 |0
06-04-2020 | 06-04-2020 | 11-04-2020 | 11-04-2020 |0
05-04-2020 | 05-04-2020 | 07-04-2020 | 05-04-2020 |-2

05-04-2020 | 06-04-2020 | 11-04-2020 | 12-04-2020 |1

Fig. 3. The results of the program.

JfFree |

0

0
0
0
1

To analyse time parameters of the network model, the program builds a
timeline of the project that shows the percentage of tasks completed (see Fig.

4).
April
wl I 100%
w2 I 100%
w3 I 100%
w5 I 45%
w4 I 29%
wo6 0%

Fig. 4. Timeline of the project.

After logging in to the system, each user receives additional features:
1 save the projects, with the possibility of their further editing, to view the

list of their projects;

2 keep track of project work using an event calendar and timeline of the

project;

3 add to project managers (ability to manage a project by several persons

at a time).

Conclusions. The use of network planning system helps to develop the
optimal variant, which is the basis for the operational management of a
complex of works during the implementation of a particular project. The main
planning document in this system is a network graph that represents an
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information-dynamic model that reflects all the logical relationships and
results of the work required to achieve the ultimate strategic planning goal.

The main feature of the program is the solution of the problem of planning
the implementation of complex works, which in turn provides network
models and network graphs, which simplify the understanding of the whole
model, provide optimization of the developed schedule based on
mathematical methods. The program outputs scheduling results in a graphical
and textual presentation that makes it easy or obvious to make a decision for
the manager, while saving the project allows you to watch the events and
make adjustments to the model to improve optimization.

When analysing network graphs, it is considered that the duration of each
job does not depend on the moment of its beginning, which is not always true
in reality. It should be noted that further extension of the problem by
introducing additional dependencies seems appropriate and creates the basis
for further research.
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JETEKTYBAHHS IHTEPECIB KOPUCTYBAYIB COITAJIBHUX
MEPEX

acmipanTt O. O. IpyxuHiH

AHauti3 comiaJbHAX MEpex

[IprunHOIO BUHUKHEHHS MEPEXEBOro aHallizy — iHTepecC A0 CTPYKTYpH,
o MoXe 0OMEXyBaTH 1 3a0X09yBaTH TpPOMAJChKi oprarizaiii. Kpim toro,
Mepexi SIBISIIOTH COOO0I0 IiKaBi CTPYKTYPH 3 TOYKH 30pY IX BIACTHBOCTEH:
LTIOCTpamis BCiX 3'elHAHb MOIITOBOI Mepexi OyJae HAOYHUM 1 3p0O3yMUIUM
3pa3KoM BITHOCHH JUIsl BJIACHUKA i€l MOIMITOBOT CKPUHBKH.

ITowanu 3acTocoByBartu 111e B Il mosmoBuHI XX CT. SIK TOTIOBHEHHS /IO CTa-
HIAPTHOTO Ha0OPy IHCTPYMEHTIB COIIAILHUX TOCIiTHHUKIB

[osicHeHHsI TPOMAaJICHKHUX HPOLIECIB HE CJIiJI LIYKaTH B IPUPOJHUX IIPO-
recax abo abCTpakTHHX CHIax. 3aMiCTh IBOTO, IOTPIOHO 3BEPHYTH yBary Ha
CTPYKTYPY BiTHOCHH IIIO CTBOPIOETHCS MiXK JTFOJABMH.

IIoHATTS «MEpEKEBOI CTPYKTYpU»
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