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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-
formers, 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 project 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.
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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.  

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, 
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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  
a multicriteria 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 A C S W R T=< >, , , , , ,	 (1)

where A – a set of tasks, the composition of the results of 
which ensures the implementation of the entire project, 
А = {A1, A2,…, AN}; C – the sum of costs for the implementa-
tion of the project P, СÎR+ – 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 = (S1, S2,…, SQ); W – a set of potential executors 
in the project, W = {W1, W2,…, WM}; R – ordered vector, the 
elements of which determine the types of material and tech-
nical resources required for use during project implementa-
tion, R = (R1, R2,…, RK); T – maximum allowable value of the 
duration of the project implementation stage.

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

A IA SA RA t Ci i i i i i=< >, , , , ,Δ 	 (2)

where IAi – the set of task numbers that must be completed 
before the start of the task Ai, IAiÌ{1, 2, …, N}; SAi – ordered 
vector, the elements of which characterize the volume of 
individual work that must be performed during the task Ai, 
SAi = (si1, si2,…, siQ), where siq is a real non-negative number 
equal to the amount of work Sq in units of time, which must 
be done when performing task Ai, q Q= 1, ; RAi 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  
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of the task Ai, RAi = (ri1, ri2,…, riK), where rik is a non-negative 
integer equal to the volume of material and technical resour
ces of the form Rk, which must be involved in the performance 
of task Ai, k K= 1, ; ∆ti – time required to complete task Ai;  
Ci – the cost of implementing the task Ai.

For each performer WjÎW, j M= 1, , we define a tuple (3):

<SWj, CWj>,	 (3)

where SWj = (wj1, wj2,…,wjQ) is a Boolean vector, and wjq = 1 
if the worker Wj can perform work Sq and wjq = 0 otherwise; 
СWj = (cj1, cj2,…, cjQ) – 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.
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Fig. 1. Variants of topologies of set A :  
a – «Star»; b – «Straight line»; c – «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:

A A Ai i iN1 2
, ,..., ,	 (4)

A Ai
v

N

v
=

=
1


, ∀ ∈v N{ , ,... }2 3  IA i i ii vv
⊆ −{ , ,..., }.1 2 1 	 (5)

Obviously, IAi1
= Æ.

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 ti
i

N


max .=
=
∑Δ

1

	 (6)

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 t0 = 0 

and iteration number iter = 1, and the list of already comple
ted tasks FA = Æ.

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

A Aiter
i

i N IA FAi

( )

, : /

.=
= =Æ1


We modify the set A according to the rule: А = A/A(iter).
Step 3. We find a project from the set A(iter), the duration 

of which is the smallest:

Δ Δt t
i N A A

i
i

itermin
, :
min .

( )
=

= ∈1

Step 4. We change the current duration of project imple-
mentation t0 = t0+∆tmin and for all A Ai

iter∈ ( ) we modify their 
duration as follows: Δ Δ Δt t ti i= − min .

Step 5. Tasks for which ∆ti = 0 are marked completed 
as follows: ∀ = ∈i N A Ai

iter1, : ( ) if Δti = 0, then FA = FAÈ{Ai}, 
А(iter) = A(iter)/{A}.

Repeat Steps 3–5 until A(iter) ¹ Æ. Otherwise, proceed  
to Step 6.

Step 6. If А ¹ Æ, 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 t0 will be equal to the minimum possible 
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value of the duration of the project. Denote T t

min .= 0  Then the 
duration range of the project will be as follows: T T T  ∈[ ; ].min 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 Аі, function χi qs( ), is given that will allow calcu-
lating how many workers who can perform work Sq must be 
involved at this stage. The function is constructed as follows:

χi q

q

i
q q i i

q

i

s

s

t
if s s t t

s

t

( ) =









 =   ⋅









 +

Δ
Δ Δ

Δ

, ;

,1 otherwiise.













	 (7)

Let X = (xjq), j M= 1, , q Q= 1,  be a Boolean matrix of the 
distribution of workers by work during the implementation 
of the task Аі. Moreover, xjq = 0 if the employee Wj will be 
involved to perform the work Sq and xjq = 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:

x c tjq jq i
q

Q

j

M

Δ
==

∑∑ →
11

min,	 (8)

x jq
q

Q

=
∑ ≤

1

1, ∀ = { }j M1 2, ,..., ,	 (9)

x sjq
j

m

i iq
=

∑ = ( )
1

χ , ∀ ∈{ }q Q1 2, ,..., ,	 (10)

x
x w

w xjq

jq jq

jq jq

∈{ }
= =

= =





0 1

1 1

0 0
, :

, ;

, ;

if then

if then

j M q Q= =1 1, , , .	 (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 jq
* *( ).=  Then the mi

nimum value of the cost of implementing the task Cimin can 
be calculated from (12):

C x c ti jq jq i
q

Q

j

M

min
* ;=

==
∑∑ Δ

11

	 (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 Cimin 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:

C Ci
i

N

min min .=
=
∑

1

	 (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 T T*

min=   with costs C C*
min .=   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; WAi – the set of employees 
involved in the task Ai at the current time. For the first itera
tion, T = 0, FA = Æ, WAi = Æ, DA = Æ.

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 Tmin .

Step 2. We fix the conditional start of the project t0 = 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,

′ =
= È =Æ

A Ai
i N IA FA DAi1, : /( )

.


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

y c tjq
i

jq i
q

Q

j W W Wi A A j Ai
i A i DA

i

Δ
=

∈












∈ ′

∑∑∑
∈













1

: /:
:


→→ min,	 (14)

y jq
i

q

Q

i A Ai =∈ ′
∑∑ ≤

1

1
:

, ∀ ∈





∈

j W W WAj i
i A DAi

: / ,
:


	 (15)

y sjq
i

j W W WA

i iq

j i
i A i DA

: /
:

,

∈










∈

∑ = ( )


χ

∀ ∈{ }q Q1 2, ,..., , ∀ ∈ ′i A Ai: ,	 (16)

y
y w

w y
jq
i jq

i
jq

jq jq
i

∈{ }
= =

= =






0 1

1 1

0 0
, :

, ;

, ;

if  then

if then

j W W WAj i
i A DAi

: / ,
:

∈





∈


 q Q= 1, ,	 (17)

where y jq
i = 1, if worker Wj performs work Sq in task Ai and 

y jq
i = 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:
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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 W and 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 Δ Δt t
i A A i

i

≥
∈ ′

min ,
:

 where A′ is an updated set of tasks.

Case 2. The problem has a single solution y jq
i* . The costs of 

implementing such a distribution of employees between tasks 
will be calculated from (18): 

C
y c tjq

i
jq i

q

Q

j W W WAi A j i
i A i DA

i

*
*

: /:
:

=












=

∈












∑∑
∈

Δ
1



∈∈ ′
∑

A

.	 (18)

To compare the result obtained with the minimum cost 
for each task AiÎA′, it is necessary to solve problem (8)  
to (11). Then, the amount of monetary loss will be as fol-

lows: Δ c C Ci
i A Ai

≥ −
∈ ′

∑*
min

:

. In this case, the following solutions  

are possible: 
Solution 2. 1. Monetary losses Δ c  are permissible. Then 

we calculate C C c= + Δ   and perform conversion (19) and 
proceed to Step 5. 

WA Wi j

j W W WA

q Q y

j
A DA

jq
i

= { }
∈













∃ ∈{ } =
∈

: / ,

, ,..., :
:

*

ξ
ξ ξ




1 2 1

;; 

DA = DAÈA′; A′ = Æ.	 (19)

Solution 2. 2. In the event that monetary losses Δ c  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: Δ Δt t
i N A DA

i
i

min
, :
min .=

= ∈1

Step 4. We change the current duration of the project 
T = T+∆tmin and for all A DAi ∈  modify their duration as fol-
lows: Δ Δ Δt t ti i= − min .

Step 5. Tasks for which ∆ti = 0 are marked completed 
as follows: ∀ = ∈i N A DAi1, :  if Δti = 0, then FA = FAÈ{Ai}, 
W = WÈWAi, DA = DA/{Ai}.

If DA = Æ, and A = Æ, 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.

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 
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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.
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