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This paper reports an analysis of aspects of the
project planning stage. The object of research is the
decision-making processes that take place at this
stage. This work considers the problem of building
a hierarchy of tasks, their distribution among per-
Jformers, taking into account restrictions on finan-
cial costs and duration of project implementation.

Verbal and mathematical models of the task of
constructing a hierarchy of tasks and other tasks
that take place at the stage of project planning
were constructed.

Such indicators of the praject implementation
process efficiency were introduced as the time, cost,
and cost-time efficiency. In order to be able to apply
these criteria, the tasks of estimating the minimum
value of the duration of the project and its minimum
required cost were considered. Appropriate me-
thods have been developed to solve them.

The developed iterative method for assess-
ing the minimum duration of project implemen-
tation is based on taking into account the possi-
bility of simultaneous execution of various tasks.
The method of estimating the minimum cost of
the project is to build and solve the problem of
Boolean programming.

The values obtained as a result of solving these
problems form an <ideal point >, approaching which
is enabled by the developed iterative method of con-
structing a hierarchy of tasks based on the meth-
od of sequential concessions. This method makes it
possible to devise options for management decisions
to obtain valid solutions to the problem. According
to them, the decision maker can introduce a conces-
sion on the value of one or both components of the
«ideal point> or change the input data to the task.

The models and methods built can be used
when planning projects in education, science, pro-
duction, etc.

Keywords: decision-making, distribution of
performers, cost-time efficiency, ideal point
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1. Introduction

Project management is an important mechanism for en-
suring the efficiency of companies, regardless of their type and
field of activity [1]. Science, production, business in the mo-
dern world is project-oriented [2—4]. The key to the success
of the creation and implementation of the project is the effec-
tive execution of its planning stage. At this stage, one usually
analyzes possible options for the implementation of the pro-
ject itself, evaluates the available resources, draws up a work
plan [5, 6]. At the same time, there are problems associated
with the need to comply with time and financial constraints,
efficient use of labor resources, etc. Among the tasks that are
solved in solving these problems are the problems of combi-
natorial optimization [7], single and multicriteria optimiza-
tion problems [8, 9], decision-making problems [10, 11], etc.
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The ultimate criterion for the effectiveness of the drawn-up
project plan is to meet the requirements of the problem owner
or decision maker (DM).

The study of tasks that arise at the stage of project plan-
ning, the development of new methods for solving them will
increase the efficiency of relevant decision-making processes.

2. Literature review and problem statement

In general, the task of building a hierarchy of tasks when
planning projects can be attributed to the problems of combi-
natorial optimization [7]. Studies into problems of this type
are reported in several modern scientific papers [12, 13]. To
solve them, depending on the nature of the input data, diffe-
rent classes of methods have been developed. These methods,




with increasing dimensionality of input data and the num-
ber of constraints, have a sufficiently large computational
complexity and do not always guarantee finding the optimal
solution. The task of project planning in terms of the distri-
bution of work between performers can be mathematically
represented in the form of an appointment problem, as shown
in [14, 15]. These studies present modern approaches to solv-
ing this problem. However, they do not take into account
the possibility of consistent or simultaneous involvement of
workers in different types of work. Also, an additional issue,
when applying these methods, may be the problem of limited
resources, which leads to the need for additional research.
In [16], a gradient approach to solving a quadratic assign-
ment problem is proposed. It makes it possible to take into
account the priority of tasks and generates effective solutions
in real time. However, similar to the previous approaches, it
does not take into account the possibility of simultaneous
involvement of performers in the implementation of different
stages, as well as the issue of efficient use of resources.

Taking into account the need to ensure the efficient use
of available resources, compliance with the project timeframe
and other additional constraints that DM may provide, the
project planning task can be represented as a multi-criteria
optimization problem. One of the approaches to solving
problems of multicriteria optimization is the convolution of
all criteria into one [17—19]. This makes it possible to turn
amulticriteria problem into a single-criteria problem and solve
it using one of the known methods. The rules for constructing
a convolution take into account the hierarchy of criteria by
giving them weighting coefficients. This entails the need to
rank a set of criteria and additionally calculate or specify their
weights. To solve these problems, additional involvement of
experts is possible, as shown in [20, 21]. This approach creates
the need to solve additional problems, and also does not allow
monitoring the value of each individual criterion.

In addition, to solve problems of multicriteria optimi-
zation, among others, evolutionary methods of multimodal
optimization are applied [22, 23]. These methods generate
a large number of optimal Pareto solutions. The choice of
solution lies with the DM and can be a complex process.
The task of choosing the optimal alternative from a set of
given refers to decision-making problems. In [10], a method
of decision-making in multi-stage decision-making processes
is proposed. The method makes it possible, at the previous
stages, to take into account the future consequences of de-
cisions. This approach requires an assessment of all the con-
sequences of adopting alternatives from a set of given ones,
which is effective only with a small number of them.

For the case when the Pareto set has a sufficiently large
power, it is proposed to apply dialog methods of multicrite-
ria optimization, including the method of successive conces-
sions [24, 25]. The use of such methods makes it possible to take
into account the limitations provided by DM in a dialog mode,
which significantly speeds up the decision-making process.

Therefore, it is advisable to design a solution tool that
would allow the DM to take into account any number of
performance criteria and, if necessary, make changes to the
input data values in a dialog mode.

3. The aim and objectives of the study

The aim of this study is to design mechanisms to ensure
the implementation of tasks when planning projects in com-

pliance with time and financial constraints. This will increase
the efficiency of management decisions, taking into account
the priorities of the decision-maker.

To accomplish the aim, the following tasks have been set:

— to build a verbal and mathematical model and formalize
the tasks that arise at the stage of project planning in the con-
text of the distribution of performers between tasks;

— to devise methods for estimating the minimum values
of the duration and cost of project implementation and based
on them, develop an algorithm for an iterative method for
building a hierarchy of tasks.

4. The study materials and methods

The object of our research is the decision-making proces-
ses that take place at the project planning stage. The problem
of building a hierarchy of tasks and their distribution among
performers with the imposition of additional restrictions on
financial resources and duration of the project implementa-
tion stage is considered. In this case, a special case is in which
the set of valid solutions is empty.

In the process of performing this study, methods of deci-
sion theory were used, which in a dialog mode allow the deci-
sion maker or the owner of the problem to achieve the desired
values of the main parameters. In particular, the method of
successive concessions was taken as a basis, according to
which, if it is impossible to reach an ideal point, a compro-
mise solution is worked out that degrades the values of some
parameters to improve the values of other parameters of the
system. This approach makes it possible to find solutions in
cases where the initial set of valid solutions is empty.

In the course of the study, the following designations
were introduced. Let P be the project to be implemented and
characterized by a tuple (1):

P=<AC,S,\W,RT>, (1)

where A — a set of tasks, the composition of the results of
which ensures the implementation of the entire project,
A={A4, As,..., A\}; C — the sum of costs for the implementa-
tion of the project P, Ce R* — positive real number; S — or-
dered vector, the elements of which characterize the types of
work to be performed by performers during project imple-
mentation, S=(S4, ..., Sg); W — a set of potential executors
in the project, W={W;, Wy,..., Wy}; R — ordered vector, the
elements of which determine the types of material and tech-
nical resources required for use during project implementa-
tion, R=(Ry, Ry,..., Rg); T — maximum allowable value of the
duration of the project implementation stage.

Every element A;, i=1,N, of the set A is represented as
a tuple of the following form (2):

A, =<IA,SA,RA,AL,C, >, (2)

where [A; — the set of task numbers that must be completed
before the start of the task A;, IA;c{1, 2, .., N}; SA; — ordered
vector, the elements of which characterize the volume of
individual work that must be performed during the task A;
SAi=(5it, Si2,..., Sig), Where s;; is a real non-negative number
equal to the amount of work S, in units of time, which must
be done when performing task A; ¢=1,Q; RA; is an ordered
vector, the elements of which characterize the amount of re-
sources in units of time that need to be involved in the course



of the task A;, RA;=(ri1, i2,..., i), Where i, is a non-negative
integer equal to the volume of material and technical resour-
ces of the form Ry, which must be involved in the performance

of task A;, k=1,K; At; — time required to complete task A;
C; — the cost of implementing the task A;.
For each performer Wje W, j=1,M, we define a tuple (3):

<SW;, CW;>, 3)

where SW=(wj1, wj,...,wj) is a Boolean vector, and wj,=1
if the worker W; can perform work S, and wj,=0 otherwise;
CW;=(cj1, Cja.., Cjg) — vector, the components of which are
real non-negative numbers and determine the cost of work
performed by an employee per unit of time.

Set A can have different topologies. Some types of topolo-
gies are shown in Fig. 1; the arrow indicates the required
sequence of tasks.

Fig. 1. Variants of topologies of set A:
a— «Star»; b — «Straight line»; ¢ — «Tree»

The hierarchy of tasks, which will be built as a result of
applying the developed methods, will become the basis of the
project implementation process. Depending on the conditions
of project implementation and the subjective characteristics
of the problem owner or decision-maker, the following con-
ditions may be the criteria for the effectiveness of the project
implementation process.

Time efficiency consists in observing time constraints
or minimizing the duration of all tasks involving specified
human and logistical resources.

Cost efficiency is to comply with cost constraints or mini-
mize the cost of performing all tasks.

Cost-time efficiency — compliance with restrictions on
the cost and duration of the project.

5. Results of designing the mechanisms for ensuring the
implementation of tasks in project planning

5. 1. Formalization of tasks that arise at the project
planning stage

The tasks that arise at the planning stage of the project
were formalized:

1. The task of building a hierarchy of tasks.

Under the hierarchy of tasks, we understand such an
ordering of set A, in which each subsequent task can begin
to be performed no earlier than all previous tasks began to
be performed.

That is, in the simplest case, «build a hierarchy of tasks»
means to specify the following ordering (4) for which condi-

tions (5) hold:

ALA LA (4)

Ll iyt iy
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Obviously, IA,1 =,

The task of building a hierarchy of tasks is to specify such
an ordering (4), following which, in the process of project
implementation, the specified criteria for its effectiveness
will be achieved.

2. The task of estimating the minimum value of the du-
ration of the project is to find such a time period T that is
enough to perform all tasks from set A with given human and
logistical resources. It is clear that the maximum value of
quantity T can be calculated from (6):

T = iAti. (6)
i=1

However, in some cases it is possible to reduce the value
of this quantity.

3. The task of estimating the minimum required cost of
the project implementation process is to find such a mini-
mum value of the cost C, which is sufficient for the successful
implementation of the project with specified human and
material and technical resources.

5. 2. An iterative method for building a hierarchy of
tasks based on the method of sequential assignments

At the first stage of studying the problem of constructing
a hierarchy of tasks, the problem of estimating the duration
range of the project implementation stage is solved. As already
defined above, the maximum duration T is calculated from for-
mula (6). To determine the lower boundary of the considered
range, an iterative method for estimating the minimum value
of the project duration has been developed.

The algorithm of the method is as follows:

Step 1. We fix the conditional start of the project #H=0
and iteration number iter=1, and the list of already comple-
ted tasks FA=(.

Step 2. From the elements of set A, we construct the set
ACn including those elements that can already begin to be
executed in this iteration, that is,

A(ir,er) — U A

1
i=1,N:14; /FA=0

We modify the set A according to the rule: A=A/AGen,
Step 3. We find a project from the set A, the duration
of which is the smallest:

At . = _min At,.
i=1,N: A;e Al

Step 4. We change the current duration of project imple-
mentation £y="ty+Aty, and for all A, € A" we modify their
duration as follows: A, = At, — At

Step 5. Tasks for which At;=0 are marked completed
as follows: Vi=1,N: A e A" if At,=0, then FA=FAU{A}},
A(iler)zA(iter)/{A}.

Repeat Steps 3—5 until A@)£@. Otherwise, proceed
to Step 6.

Step 6. If A#J, then increase the iteration number
by 1 (iter=iter+1) and proceed to Step 2. Otherwise, the
algorithm is finished.

As a result of the iterative execution of the specified al-
gorithm, the value ty will be equal to the minimum possible




value of the duration of the project. Denote TminN =t,. Then the
duration range of the project will be as follows: T € [T wmin; T max |.

The second stage is to determine the minimum possible
cost of project implementation. A method of estimation of the
minimum cost required to attract performers in the imple-
mentation of a particular task is proposed. However, the issue
of the cost of exploitation of material and technical resources,
if necessary, can be solved in the same way.

For task A;, function x,(s,), is given that will allow calcu-
lating how many workers who can perform work S, must be
involved at this stage. The function is constructed as follows:

[:Z:|, if sq:[sq/Ati]-Ati;
i(s,)=4r @)
[s”:|+1, otherwise.
At

i

Let X=(xj,), j=1,M, g=1,Q be a Boolean matrix of the
distribution of workers by work during the implementation
of the task A; Moreover, xj,=0 if the employee W; will be
involved to perform the work S, and xj,=1 otherwise.

Then, to find the minimum cost, it is necessary to solve
the following boolean programming problem to find the com-
ponents of vector X in the following statement:

M Q
2 ¥,,¢;,At; — min, (8)
=1 g=1
Q
>ox,<1,vi={12..,M}, )
q=1
Zx/‘q :X,-(Siq)vv‘le{LQv""Q}’ (10)
=
if x. =1 then w, =1;
x, 6{0’1}:{ Ja Ja
ifw, =0, then x, =0;
j=1LM,q=10Q. (11)

When solving problem (8) to (11), the following cases
are possible:

— problem (8) to (11) has no solutions. This means that
there are not enough existing employees to perform all the
work of this stage. Then, the implementation of this task,
and, consequently, the whole project is impossible. One pos-
sible solution in this case is to attract additional employees
and re-solve problem (8) to (11);

— the problem has one solution X" =(x} ). Then the mi-
nimum value of the cost of implementing the task Cjy, can
be calculated from (12):

(12)

— the problem has several solutions. This is possible if
some workers are interchangeable. In this case, one of the
solutions to problem (8) to (11) is chosen for the optimal
solution and Cjp;, is calculated from (12).

After finding the minimum cost of each task, the mini-
mum cost of implementing the entire project is calculated
as follows:

(13)

The <«ideal point» for the task of building a hierarchy of
tasks is a hierarchy that makes it possible to implement the
entire project in time 7" =Tmn with costs C'=C,,,. In the
case when the set A has a topology of a «straight line», shown
in Fig. 1, b, the achievement of the «ideal point» is possible
by applying an iterative method of estimating the minimum
value of the duration of the project, which also makes it pos-
sible to build a hierarchy. The cost of implementation will be
determined from (13).

In other variants of the topologies of set A, the question
of reaching or approaching the «ideal point» requires addi-
tional research.

An iterative method of sequential concessions for build-
ing a hierarchy of tasks is proposed. Given that at the previ-
ous stages the problem of determining the minimum cost of
project implementation was solved, it can be argued that this
project can be implemented in full by living employees.

The method consists in the consistent construction of
a hierarchy of tasks, taking into account the available hu-
man resources.

Denote via FA the set of tasks already completed; DA — a set
of tasks that are currently running; WA; — the set of employees
involved in the task A; at the current time. For the first itera-
tion, T=0, FA=Q0, WA;=0, DA=Q.

One iteration of the method for a given set of tasks A and
a set of workers W can be described as follows:

Step 1. Using the method of estimating the minimum
value of the project duration, we find Tmin.

Step 2. We fix the conditional start of the project ¢,=0.

Step 3. From the elements of set A, we construct the set
A’ including those elements that can already begin to be exe-
cuted in this iteration, that is,

A= U A,

i
i=L,N:14; /(FAUDA)=0

We modify the set A according to the rule: A=A/A’.
Step 4. For sets A”and W we solve the optimization problem:

Q .
2 214 Y5uCigAL;
p=

— min, (14)
iaea’| iwew/| U WA,]
Q .
> Sy, sLvi:wew /| |J WA |, (15)
i:A;eA’ g=1 i:A;eDA
z Z/_;-,, =%Xi (Sifi)’
j:WjeW/[ U wa,
Vge{1,2,.,Q},Vi: A e A, (16)
_ if y =1, thenw, =1;
y}qe{O,i}: . Yjq Jiq
if w,, =0, then y, =0;
j:WjeW/( U WAi],q=1,Q, a7
i:A;eDA

where yj.q =1, if worker W; performs work S, in task A; and
y;, =0 otherwise.

When solving problem (14) to (17), the following cases
are possible:

Case 1. The problem has no solution. This case occurs
when there are not enough available employees to implement
all tasks from A’. Possible management decisions are:



Solution 1. 1. Attracting additional employees, which will
make it possible adhere to the project implementation schedule
but increase the cost of its implementation. If this decision is
made, we add new employees to the set Wand return to Step 4.

Solution 1. 2. Moving some tasks from set A” to set A and
returning to Step 4. Making this decision will lead to an in-
crease in the duration of the project. The magnitude of such

an increase Al > min Az;, where A’ is an updated set of tasks.

iAje
Case 2. The problem has a single solution y]; The costs of
implementing such a distribution of employees between tasks
will be calculated from (18):

Qo
2 21%;%&.- .
p=

i AeA’ j:WJ€W/[ U WA,
i:47eDA

C'= (18)

To compare the result obtained with the minimum cost
for each task A;eA’, it is necessary to solve problem (8)
to (11). Then, the amount of monetary loss will be as fol-
lows: A62C" = Y C,... In this case, the following solutions

i:A;eA”

are possible:

Solution 2. 1. Monetary losses A¢ are permissible. Then
we calculate C=C+A¢ and perform conversion (19) and
proceed to Step 5.

U {wh
j:W/eW/[ U WA;],

iAgeLy\
3qE{1,2,...,Q}:y;(‘I:1

WA =

DA=DAUA"; A'=D. (19)
Solution 2.2. In the event that monetary losses A¢ are
not admissible, a decision similar to Solution 1.2 shall be
implemented.
Step 5. We find a project from the DA set, the duration of

which is the smallest: A¢,,, = min A¢,.

i=1,N:A;eDA

Step 4. We change the current duration of the project
T=T+Atyin and for all A, € DA modify their duration as fol-
lows: At; = At, — AL, -

Step 5. Tasks for which Az;=0 are marked completed
as follows: Vi=1{,N: A e DA if At;=0, then FA=FAU{A},
W=WUWA, DA=DA/{A}).

If DA=¢, and A=, then the algorithm is completed.
Otherwise, proceed to the next iteration.

As a result of the execution of this algorithm, we obtain
a hierarchy of tasks, the sequential implementation of which will
make it possible to implement the project in time T'with costs C.

min

6. Discussion of results of the construction
of methods for solving problems that arise at the project
planning stage

The project planning stage is decisive in project activi-
ties [1]. Limited labor and financial resources, time limits
for project implementation, and other additional conditions
make this process difficult. The peculiarity of the initial
conditions in this case, as a rule, is that the simultaneous ob-
servance of financial and time restrictions with the available
labor resources is impossible, that is, the set of permissible
solutions is empty. Also, decision-making is complicated

when the set of optimal Pareto solutions has great power.
As shown in [26], for the successful implementation of proj-
ects, it is necessary to apply the theory of related disciplines
at the stages of their planning. This was done in our study.

Our mathematical model of the problem of constructing a
hierarchy of tasks (1) to (5) makes it possible to formalize the
following main components of the project planning process:

— tasks and interdependencies between them in the form
of a tuple (2);

— performers, their competencies, and the cost of per-
forming their work in the form (3);

— the amount of resources required for project implemen-
tation, financial costs, time limits, etc. in the form (1).

The task of constructing a hierarchy of tasks is to specify
such a sequence (4) that would satisfy condition (5), as well
as additional conditions provided by the DM. It is clear
that there are cases when for a given set A the hierarchy of
tasks (4) can be constructed in several ways. This primarily
depends on the topology of this set.

It is determined that the criteria for efficiency of the con-
structed hierarchy of tasks, in addition to compliance with
condition (5), can be time, cost, and cost-time indicators of
project implementation. To determine these indicators, the
task of estimating the minimum value of the duration of the
project implementation and the task of estimating the maxi-
mum required cost of the project implementation process
were built. The DM selects performance criteria depending
on the desired project implementation consequences and
available resources.

Our iterative method for estimating the minimum value
of the duration of the project makes it possible at the initial
stages, when planning, to estimate the range of time over
which the project can be implemented. It is clear that the
minimum cost of project implementation can be achieved
when all tasks are performed sequentially. This will make it
possible to attract performers with a lower cost of work. The
cost structure for the implementation of the project, given
by (1) to (3), consists of the costs of operating material and
technical resources and paying for the time of attracting per-
formers. The resulting score can be chosen as a benchmark or
«ideal point» in assessing the time efficiency of the project
implementation process; it takes the value to which the
method of building a hierarchy of tasks will strive.

Similar to time efficiency, a method for estimating the
minimum project cost has been developed to be able to ap-
ply cost efficiency. According to the method, the problem of
Boolean programming (8) to (11) is constructed. The me-
thod involves building a hierarchy of tasks without taking
into account the restrictions on available human and logisti-
cal resources. Considered, according to this method, are only
restrictions on the sequence of tasks.

In the course of solving this problem, it is possible to
identify the lack of existing employees, which is a prerequi-
site for reviewing the input data and updating the process
of solving these tasks. Consequently, this method makes it
possible both to estimate the minimum cost of project imple-
mentation and to identify the fact of emptiness of the set of
admissible solutions at the initial stages.

An iterative method of sequential concessions for building
a hierarchy of tasks in a dialog mode, by sequentially solving
optimization problems (14) to (17), has been built. If it is im-
possible to reach the «ideal point», unlike conventional opti-
mization methods [14—16], the method makes it possible for
DM to gradually move away from it, easing the requirements



for the duration and cost of project implementation. In com-
parison with the method of successive concessions [24, 25],
our method makes it possible to accept concessions not only
to the components of the «ideal point» but also to change the
initial data, in particular in the set of workers. The proposed
solutions for this stage enable DM to act in accordance with
different management strategies, which makes the proposed
approach more universal and corresponds to the hypothesis
of improving the quality of planning by establishing commu-
nication between responsible persons [27].

In the extreme case, a situation is possible when the hie-
rarchy of tasks will not be built. This may occur when the
available labor resources are not enough to implement the
project in an acceptable time with a given budget.

The numerical experiments conducted on model exam-
ples allowed us to draw the following conclusions:

— in the case when the «ideal point» is achievable, the ite-
rative method of constructing a hierarchy of tasks for a finite
number of steps makes it possible to find the corresponding
ordering of set A with the distribution of tasks among existing
performers;

—if the initial set of valid solutions is empty, depending
on the initial data, if it is necessary to comply with time limits
for project implementation, the cost of implementation in-
creases. In some cases, by several times relative to the original;

—if there are not enough existing performers, then
a conclusion on this will be obtained at the stage of solving
problem (8) to (11);

— the number of iterations required to build a hierarchy of
tasks, in general, depends on both the initial conditions and
the magnitude of the concessions that the DM will make at
each iteration.

Our models and methods could be effectively applied
when planning projects in various spheres of human activity
at the stage of distribution of work between their executors
and establishing the sequence of implementation of indivi-
dual tasks. Such projects should first be divided into separate
tasks, indicating the links between them. To ensure that the
hierarchy of tasks can be obtained, it is necessary that the
minimum necessary financial resources and qualified task
performers are potentially available for a given project.

At the next stages of the study, it is worth considering
the models and conditions for the composition of several
tasks into one in order to simplify the process of solving the
problem of building a hierarchy of tasks.

7. Conclusions

1. Verbal and mathematical models have been construc-
ted and tasks that arise at the stage of project planning in
the context of distribution of performers between tasks were
formalized. Among them are the task of building a hierarchy

of tasks, the task of estimating the minimum values of the
duration and cost of project implementation. The statements
of these problems make it possible to take into account the
relationships between the tasks, the implementation of which
is necessary for the implementation of the entire project;
competence and number of performers; duration of imple-
mentation of tasks; cost of work, etc. This makes it possible
for DM in an understandable, formalized form to impose
constraints that the solution of problems must meet.

In the future, similar to our models, it is possible to im-
pose restrictions on the amount of material and technical
resources, and so on.

2. A method for estimating the minimum duration of the
project has been devised. The method is iterative, making it
possible to take into account the relationships between dif-
ferent stages of project implementation.

A method for estimating the minimum cost of project
implementation has been developed, which involves con-
structing a boolean programming problem to find such
a distribution of work among performers that would mini-
mize costs. The advantage of this method is that it makes it
possible at the initial stages to identify the lack of perfor-
mers of tasks and devise appropriate management decisions
in this regard.

The application of the above methods makes it possible
to calculate the components of the «ideal point» to which
our algorithm of the iterative method for constructing
a hierarchy of tasks will approach. For the case when the
«ideal point» is unattainable, variants of solutions for the
introduction of DM concessions on the mentioned values
have been developed. Using this method, for a finite number
of iterations, it is possible either to build a hierarchy of tasks
in accordance with the provided restrictions on the duration
and cost of project implementation, or to determine that this
project cannot be implemented with given constraints.

Conflicts of interest

The authors declare that they have no conflicts of interest
in relation to the current study, including financial, personal,
authorship, or any other, that could affect the study and the
results reported in this paper.

Funding

The study was conducted without financial support.

Data availability

All data are available in the main text of the manuscript.

References

1. Picciotto, R. (2020). Towards a ‘New Project Management’ movement? An international development perspective. International
Journal of Project Management, 38 (8), 474—485. doi: https://doi.org/10.1016/j.ijproman.2019.08.002

2. Chen, Z., Wang, F. (2022). Research on Life-Cycle Project Cost Management Based on Random Matrix Weight Algorithm. Mathe-
matical Problems in Engineering, 2022, 1—12. https://doi.org/10.1155/2022/5211409

3. Erne-Kjolhede, E. (2000). Project management theory and the management of research projects. CBS. Available at: https://re-

search-api.cbs.dk /ws/portalfiles /portal /58880359 /6308.pdf



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Mulesa, O., Myronyuk, I., Kachmar, O., Jakab, F, Yatsyna, O. (2022). Decision-Making Modeling in Educational Process Organi-
zation Under the Conditions of Crisis Situations Forecasting. 2022 20th International Conference on Emerging ELearning Techno-
logies and Applications (ICETA). doi: https://doi.org/10.1109 /iceta57911.2022.9974909

Lock, D. (2020). Project management. Routledge. doi: https://doi.org/10.1201,/9781315245911

Kerzner, H. (2019). Using the project management maturity model: strategic planning for project management. John Wiley & Sons.
doi: https://doi.org/10.1002/9781119559078

Peres, F, Castelli, M. (2021). Combinatorial Optimization Problems and Metaheuristics: Review, Challenges, Design, and Develop-
ment. Applied Sciences, 11 (14), 6449. doi: https://doi.org/10.3390 /app11146449

Syan, C. S., Ramsoobag, G. (2019). Maintenance applications of multi-criteria optimization: A review. Reliability Engineer-
ing & System Safety, 190, 106520. doi: https://doi.org/10.1016/j.ress.2019.106520

Hnatiienko, H. (2019). Choice Manipulation in Multicriteria Optimization Problems. Selected Papers of the XIX International
Scientific and Practical Conference «Information Technologies and Security» (ITS 2019), 234—245. Available at: https://ceur-ws.
org/Vol-2577 /paper19.pdf

Mulesa, O., Snytyuk, V., Myronyuk, I. (2019). Optimal alternative selection models in a multi-stage decision-making process.
EUREKA: Physics and Engineering, 6, 43—50. doi: https://doi.org/10.21303/2461-4262.2019.001005

Tsmots, L, Teslyuk, V., Teslyuk, T., Lukashchuk, Y. (2021). The Method and Simulation Model of Element Base Selection for Pro-
tection System Synthesis and Data Transmission. International Journal of Sensors, Wireless Communications and Control, 11 (5),
518-530. doi: https://doi.org/10.2174,/2210327910999201022194630

Verma, S., Pant, M., Snasel, V. (2021). A Comprehensive Review on NSGA-II for Multi-Objective Combinatorial Optimization
Problems. TEEE Access, 9, 57757-57791. doi: https://doi.org/10.1109 /access.2021.3070634

Vesselinova, N., Steinert, R., Perez-Ramirez, D. F, Boman, M. (2020). Learning Combinatorial Optimization on Graphs: A Survey
With Applications to Networking. IEEE Access, 8, 120388-120416. doi: https://doi.org/10.1109 /access.2020.3004964
Hettiachchi, D., Kostakos, V., Goncalves, J. (2022). A Survey on Task Assignment in Crowdsourcing. ACM Computing Surveys,
55 (3), 1-35. doi: https://doi.org/10.1145,/3494522

Kumai, K., Matsubara, M., Shiraishi, Y., Wakatsuki, D., Zhang, J., Shionome, T. et al. (2018). Skill-and-Stress-Aware Assignment
of Crowd-Worker Groups to Task Streams. Proceedings of the AAAT Conference on Human Computation and Crowdsourcing,
6, 88-97. doi: https://doi.org/10.1609 /hcomp.v6i1.13328

Bakshi, S., Feng, T, Yan, Z., Chen, D. (2019). A Regularized Quadratic Programming Approach to Real-Time Scheduling of
Autonomous Mobile Robots in a Prioritized Task Space. 2019 American Control Conference (ACC). doi: https://doi.org/10.23919/
acc.2019.8814986

Yang, K., Wang, Y., Fan, S., Mosleh, A. (2021). Multi-Criteria Spare Parts Classification Using the Deep Convolutional Neural
Network Method. Applied Sciences, 11 (15), 7088. doi: https://doi.org/10.3390/app11157088

Bodnarchuk, I., Duda, O., Kharchenko, A., Kunanets, N., Matsiuk, O., Pasichnyk, V. (2019). Multicriteria Choice of Software Archi-
tecture Using Dynamic Correction of Quality Attributes. Advances in Intelligent Systems and Computing, 419-427. doi: https://
doi.org/10.1007,/978-3-030-16621-2_39

Biloshchytskyi, A., Biloshchytska, S., Kuchansky, A., Biclova, O., Andrashko, Y. (2018). Infocommunication system of scientific
activity management on the basis of project-vector methodology. 2018 14th International Conference on Advanced Trends in
Radioelecrtronics, Telecommunications and Computer Engineering (TCSET). doi: https://doi.org/10.1109/tcset.2018.8336186
Mulesa, O. (2015). Methods of considering the subjective character of input data in voting. Eastern-European Journal of Enterprise
Technologies, 1 (3 (73)), 20-25. doi: https://doi.org/10.15587 /1729-4061.2015.36699

Mulesa, O., Geche, F. (2016). Designing fuzzy expert methods of numeric evaluation of an object for the problems of forecasting.
Eastern-European Journal of Enterprise Technologies, 3 (4 (81)), 37-43. doi: https://doi.org/10.15587/1729-4061.2016.70515
Tanabe, R., Ishibuchi, H. (2020). A Review of Evolutionary Multimodal Multiobjective Optimization. IEEE Transactions on Evo-
lutionary Computation, 24 (1), 193—200. doi: https://doi.org/10.1109/teve.2019.2909744

Lin, Q., Lin, W,, Zhu, Z., Gong, M., Li, J., Coello, C. A. C. (2021). Multimodal Multiobjective Evolutionary Optimization With
Dual Clustering in Decision and Objective Spaces. IEEE Transactions on Evolutionary Computation, 25 (1), 130—144. doi: https://
doi.org/10.1109 /teve.2020.3008822

Bakurova, A., Ropalo, H., Tereschenko, E. (2021). Analysis of the Effectiveness of the Successive Concessions Method to Solve the
Problem of Diversification. MoMLeT+ DS, 231-242. Available at: https://ceur-ws.org/Vol-2917 /paper21.pdf

Koliechkina, L. N., Dvirna, O. A., Khovben, S. V. (2021). A Two-Step Method for Solving Vector Optimization Problems on Per-
mutation Configuration. Cybernetics and Systems Analysis, 57 (3), 442—454. doi: https://doi.org/10.1007 /s10559-021-00369-3
Papke-Shields, K. E., Boyer-Wright, K. M. (2017). Strategic planning characteristics applied to project management. International

Journal of Project Management, 35 (2), 169-179. doi: https://doi.org/10.1016/j.ijproman.2016.10.015

Globerson, S., Zwikael, O. (2002). The Impact of the Project Manager on Project Management Planning Processes. Project Mana-
gement Journal, 33 (3), 58—64. doi: https://doi.org/10.1177 /875697280203300308



