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Abstract 
 

The portfolio optimization is an important phase in projects portfolios management, as it allows achieving the maximum 
possible results with limited resources. Publications on the project portfolios optimization include both works on portfolio 
optimization for a specific point in time, i.e. optimization in statics, and papers in the field of portfolio optimization with 
the account of the projects start times, i.e. optimization in dynamics. In the second case, our special interest is aroused by 
the works in which the resources receipt and expenditure dynamics in the portfolio is simulated. The aim of the research 
is to create a method allowing to solve the problem of projects portfolio optimization for the planned period, taking into 
account the funds receipt and expenditure in time, the previous decisions aftereffect, the projects implementation 
necessary sequence, and the mandatory inclusion of some projects in the portfolio during the given time period. 
Previously, the authors have proposed the three-criterion mathematical model of the projects portfolio optimization for 
the planned period problem. Target functions there represented the difference between income and expenditure, the risks 
and social impact of the project portfolio implementation. The problem we consider now appertains to the non-Markov 
dynamic problems of discrete optimization. To solve it, the special method is needed. It can only be created grounding on 
the methods for single-criterion problems solving, which also pertain to the type of non-Markov dynamic problems of the 
discrete optimization. 
A method is proposed for solving the problem of projects portfolio optimization for a planned period from the point of 
view of the difference between revenues and expenses maximization for all projects starting during the planned period. 
Limitations of the problem require the absence of debts, the abidance by the sequence of project implementation during 
the whole period of work on the projects, and some projects inclusion in the portfolio during the given period. This task 
takes into account the aftereffects of previous decisions, i.e. it is a non-Markov dynamic problem of discrete 
optimization. The proposed method relates to implicit enumeration methods; in the future, it will be used as the basis for 
the method of a multicriteria problem solving creation. 
 
Keywords: projects portfolio; planned period; optimization; non-Markov problem; model; method 
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1. Introduction 

 
Work in the field of projects portfolios optimization 
originates from studies on the optimal securities portfolios 
formation [1]. Models of securities portfolios optimization 
problems usually contain two objective functions and 
constraints. The first objective function represents the 
revenue from the portfolio. The second objective function 
evaluates the risk associated with the portfolio 
implementation. In [2], risk is assessed using standard 
deviations for income and fund correlations. Herewith, a 
number of constraints are taken into account. First, the limit 
on financing is being considered, including a top and bottom 
limit. The limit on the funds quantity, the limit on investing 
in a certain class of assets, the restriction requiring the 
investment to be a certain minimum value multiple, the limit 
on operating expenses, and the limit on the proportion 
between assets are also taken into account [2]. 
 To optimize projects portfolios, researchers used linear, 
nonlinear, integer, dynamic, stochastic, fuzzy mathematical 
programming [3]. 

 Herewith, they considered such objective functions as 
the overall strategic value of the portfolio, potential portfolio 
profitability, net present value (NPV), and synergistic effects 
from the projects included in the portfolio [4;5]. 
 As constraints, the limit on available resources, the limit 
on logical connections between projects, the ratio of risks, of 
the project categories, project payback periods were taken 
into account [4;5].  
 Quite a lot of researches are devoted to the projects 
portfolio optimization for a fixed time of their start. Finding 
the optimal time points for starting projects is not the 
objective in these works. For instance, the [6] considers the 
task of the investment projects portfolio formation for the 
pharmaceutical company. As an objective function, they 
used the expected value of NPV for all portfolio projects. 
The constraints in this task included the investment budget 
and available labor resources. For each project, the input 
data were the expected value and the standard deviation 
NPV, the expected value and the standard deviation of the 
project cost, the need for technical personnel and operators. 
The value of each project for the company was also set. A 
total sum of 18 projects was considered that could be 
included in the portfolio. For the portfolio optimization, the 
OptQuest software application was applied [7]. This 

 
JOURNAL OF 
Engineering Science and 
Technology Review 
 

 www.jestr.org 
 

Jestr

r 

______________ 
*E-mail address: igorvkononenko@gmail.com 
ISSN: 1791-2377 © 2020 School of Science, IHU. All rights reserved.  
doi:10.25103/jestr.132.03 



Igor V. Kononenko and Anhelina S. Korchakova/Journal of Engineering Science and Technology Review 13 (2) (2020) 17 - 21  

 18 

program is the Crystal Ball system element and realizes the 
simulation by the Monte-Carlo method. 
 The mass of researches emphasize the importance of the 
project start time determination, which is especially 
significant from the perspective of the deficit resources 
distribution [4;5].  
 The work [8] suggests the mathematical model of the 
projects for the portfolio choice problem and their start time 
determination. The objective function in this task equals to 
the sum of the included in the portfolio projects` effects. The 
simulation contains the row of constraints: the project can be 
implemented only once, the all-products expenses may not 
exceed the stated value, the chosen projects have to be 
finished during the planned period, some projects have to be 
necessarily included into the portfolio, including the 
continuing projects. If some project is included into the 
portfolio, all foregoing projects are to be also included, 
moreover, they have to be finished before this project`s start, 
but the portfolio can`t include projects that are not 
compatible. The constraints for investment in highly risky or 
long-term projects may be taken into account by the model. 
The problem pertains to the Boolean linear programming (0-
1 integer linear programming or 0-1 ILP).  
 In the research [9] the problem of projects portfolio 
optimization mathematical model is proposed. It takes into 
account the projects start time, and its objective function is 
NPV for the entire portfolio. Constraints take into account 
the different types of resources availability and the sequence 
of operations realization in projects. 
 The [10] regards the problem of the pharmaceutical 
scientific organization`s projects portfolio optimization. 
There is proposed the model of the problem, in which the 
objective function reflects the balance in the organization’s 
account at the end of the planned period. This model 
contains the following constraints: a restriction that takes 
into account the availability of funds for the projects 
implementation in all periods, a restriction on the fact that a 
project can be started no more than once, a limitation of 
resources, a restriction on the sequence of projects, a 
restriction on the mandatory inclusion of certain projects in a 
portfolio, restrictions on the level of debt in each period. The 
task obtained pertains to the Mixed Integer Linear 
Programming (MILP) problem. The robust version of this 
problem is proposed for the case of each project stage 
undetermined cost. 
 The [11] suggests the mathematical model and method 
of project portfolio optimization in the planned period for 
fuzzy initial data. In the task, the fuzzy part is the objective 
function, which is counted as the sum of the generalized 
fuzzy criteria for the projects included in the portfolios. Each 
project can be started in any year of the planned period. The 
mathematical model constraints also contain indeterminacy 
with regard to the planned income, expected profit, the need 
for investment resources. 
 In [12] there is proposed the mathematical model of 
project portfolio optimization in the planned period, taking 
into account the aftereffects of the previously made 
decisions. It considers the portfolio of projects, each of 
which can be started at an arbitrary time during the planned 
period. In this task, it is proposed to take the number of 
objective functions into account: the difference between 
revenues and expenditures in the implementation of the 
projects portfolio, the risks and the social effect associated 
with the portfolio implementation. The task model contains 
the constraints of the funds availability for the portfolio 
projects implementation, where the funds earned can be 

spent in the next periods. The related projects 
implementation sequence is being also taken into account, as 
well as the necessity of some projects inclusion into the 
portfolio during the given time period. The task under 
consideration is the multicriteria non-Markov`s dynamic 
task of the discrete optimization. “Non-Markov’s” are called 
the optimization problems, where the object state at the tth 
stage equals to the function of the state at the previous stage 
t-1 and the controls at the stages t, t-1,  t-2,…, t-p+1, where 
p is an integer [13]. 
 For this problem solving, the method from the implicit 
enumeration methods can be suggested. However, to solve 
the three-criterion task, it is necessary to have the methods to 
solve its particular one-criterion tasks. 
 The analysis of the literature on the project portfolios 
optimization showed that existing research did not consider 
methods for solving problems that would take into account 
the dynamics of funds incoming and expenditure in projects 
for the planned period and the aftereffects of previous 
decisions. At that, the tasks should take into account the 
requirements on the funds earned in projects to a certain 
period that are to be greater or equal to the expenses for 
these periods. 
 The present research objective is to create a method that 
would solve the problem of the projects portfolio 
optimization for the planned period, taking into account the 
receipt and expenditure of funds in time, the previous 
decisions aftereffects, the necessary sequence of project 
implementation, the mandatory inclusion of some projects in 
the portfolio over a given period. 

 
 

2. The model of the project portfolio optimization 
problem 
 
As a basis, we use the model of the project portfolio 
optimization for the planned period problem that takes into 
account the aftereffects, described in [12]. From it, only the 
first objective function will be left, namely the difference 
between the revenues and expenses in portfolio. 
 The problem of the project portfolio optimization is 
considered. The projects in the portfolio can be started 
during the time period [1,T]. In this case, the unit of time 
will be the period of time to which the start of the project, its 
completion, funds receipt and expenditure can be attributed. 
For IT projects, as a unit of time it is convenient to choose 
one week, sprint duration (2-4 weeks) or 1 month. 
 Overall number of projects under consideration, that 
potentially can be included into the portfolio, equals J. The 
jth project can be started in periods = 1, 𝑇%%%%% , the payment for 
work from clients can enter in periods 𝑡 = 1, 𝑇 + 𝑙(*) − 1%%%%%%%%%%%%%%%%% , 
where 𝑙(-) stands for the quantity of the time units, during 
which the works on jth project and its financing are 
undertaken. For the jth project the client will pay 𝑐-/ of funds 
in the r th period from its realization start, = 1, 𝑙(*)%%%%%%% . 
 The expenditure for the jth project will be equal to 𝑤-/ in 
r th period from its realization start  𝑟 = 1, 𝑙(*)%%%%%%% , where the 
𝑙(-) is the time (quantity of periods) of the project 
implementation, during which the fund can be spent on it. 
 
Assume that . 

 
 It is necessary to optimize the project portfolio in such 
way, that in every period  𝑡 = 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%% , ∀𝑗 = 1, 𝐽%%%%, 

max
j
l ( j ) = g
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there were enough funds for its implementation, the 
sequence of related projects implementation was abided by, 
every project was implemented no more than once, and at 
the same time the amount of company`s profit from the 
projects implementation was maximum. 
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for 𝑡 = 𝑇 + 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%%%%%%, 
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∑ 𝑥U9	
9VW
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    (5)   
 

𝑥-9 ∈ {0,1}, 𝑗 = 1, 𝐽%%%%	, 𝑡 = 1, 𝑇%%%%%,   
    (6) 
 
where 𝐶EF, 𝑘 = 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%, designates the funds that 
company is able to put out for the project portfolio 
realization in the  period. These funds can be negative in 
case the company needs to gain funds by the portfolio`s 
projects realization in the r period. 
𝑥-9 is the Boolean variable equaling 1 if the jth project is 
started in tth year, and equaling 0 if opposite. 
 For the j project the multiplicity of projects numbers 	𝑃- 
can be set, which have to be implemented before the j 
project`s start. 
 The objective function of the (1) task is the difference 
between revenues and expenditures from all projects starting 
since the first period to the T th. As the j th project has been 
being implemented for l(j) periods,	𝑗 = 1, 𝐽%%%% , the objective 
function (1) accounts the income and expenses for projects, 
started during periods from the first to T th, even after the T 
period during  l(j) – 1  periods,     ∀𝑗 = 1, 𝐽%%%%. 
 The constraint (2) requires the funds earned by projects, 
which have been started in period t and before, in period t, 
𝑡 = 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%, were more or equal to the expenses for 
these periods. 
 
 The constraint (2) for 𝑡 = 1, 𝑇%%%%%	applies to the periods 
when the portfolio`s projects implementation can be started. 
 The constraint (2) for 𝑡 = 𝑇 + 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%%%%%%, applies to 
the periods after T, within which there continues the 
fulfillment of projects started before and during T, 
inclusively. 
 The first addendum in the left part of the constraint (2) 
either for the 𝑡 = 1, 𝑇%%%%%, or for the 𝑡 = 𝑇 + 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%%%%%%,  i.e. 

 

F1   =  ∑ 𝐶EF9
E<=  
 

 are the accumulated to and within the t period funds, which 
the company can spend on the projects portfolio fulfillment. 
 The second addendum in the left part of the constraint 
(2) for = 1, 𝑇%%%%% , i.e. 

 
F2 	= ∑ ∑ ∑ 𝑐-/𝑥-G	

9IGJ=
/<=

9
G<=

>
-<=  

 
  are the revenues accumulated to and within the t period 
from projects, which were started within the periods from 
the 1st to the tth, inclusively.  
 The right part of the constraint (2) for 𝑡 = 1, 𝑇%%%%% 

 
F3  = ∑ ∑ ∑ 𝑤-/𝑥-G

9IGJ=
/<=

9
G<=

>
-<=  

 
  represents the expenses accumulated to and within the t 
period from projects which were started during the periods 
from the 1st to the tth, inclusively. 
 The second addendum in the left part of the constraint 
(2) for 𝑡 = 𝑇 + 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%%%%%%,  i.e. 

 
∑ ∑ ∑ 𝑐-/𝑥-G	

9IGJ=
/<=

?
G<=

>
-<=   

 
are the revenues accumulated to and during the t period from 
the projects started within periods from the 1st to the T th, 
inclusively. 
 The right part of the constraint (2) for 𝑡 =
𝑇 + 1, 𝑇 + 𝑔 − 1%%%%%%%%%%%%%%%%%%%%%, i.e. 

 
∑ ∑ ∑ 𝑤-/𝑥-G

9IGJ=
/<=

?
G<=

>
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represents the accumulated to and within the t period 
expenses from projects which were started during the 
periods from the 1st to the Tth , inclusively. 
 The constraint (3) requires any jth project, 𝑗 = 1, 𝐽%%%%,  to be 
implemented no more than once. 
 The constraint (4) requires the projects from the Pj set to 
be fulfilled before the jth project start. The second addendum 
in (4) is equal to the sum of units, every one of which 
corresponds the project from the Pj set, realized to the time t. 
 Constraint (5) gives the opportunity to set the 
requirement of the mandatory inclusion the sth project in the 
portfolio within the time period [𝑡U=	, 𝑡U]],  set of 
projects that must be included in the portfolio. 
 For simplicity, we do not consider discounting funds 
over time. 
 The problem (1)-(6) is the non-Markov`s dynamic task 
of discrete optimization [Рихтер, 1985]. This problem takes 
into account the aftereffect of the previously applied 
controls. So the decision about the start of some jth project in 
the period t continuing for 𝑙(-) periods will affect the state of 
the portfolio during the t+1, t+2,…, t+𝑙(-) −1 periods. 

 
 

3. The projects portfolio optimization method 
 

Let us consider the method of the  ascertainment. 

is the optimal value of the objective function (1) 
which is achievable in the set of acceptable alternatives. We 

t = 1,T ,

∀s∈S ,

k

F4 =

F5 =

∀s∈S , S −

Aopt (x jt )

Aopt (x jt )
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assume that only one project can be started in the period 
 

 The method will be given for the case of the objective 
function minimization, that is why the objective function 

 will be taken with the minus sign.  
1. Set the initial values of the task parameters. As the initial 
solution, let us take the  or the 

. Determine  - the number of projects 
that can be included in the portfolio. We determine the 
period  for which the portfolio will be formed. We set the 
income and expenses for each project, as well as the 

duration of each project, , . 

 We determine the funds  that the company can 
allocate for the implementation of the portfolio of projects in 
the  period, . 

 We define the sets , ,  and the values of 

,  . 

 Suppose the , where marks the present 
time period. The  will be assigned the objective 
function top value. 
2. Examine the opportunity do not start projects in the 
period, i.e. . 

3. If and   for  and there is no 

need to start the th project necessarily, i.e.  or 

and  for , , then 

pass to the section 5. If and  for ,

 for , and there is no need to 

start the th project necessarily, i.e.  or and 

 for , , then pass to the 
section 5. In other case, we will consider the first project, i.e. 

, . 
 
4. Make the following actions. 
4.1 Examine the constraint (2) fulfillment. 
 
If and  for  

or if ,  for   for 

then pass to the sub point 4.2. 
If else, pass to the section 7. 
4.2 Examine the constraint (3) fulfillment for the th project 

 

 
If this fails, pass to the section 7. 
4.3 Examine the constraint (4) fulfillment 
 

 

 
 If this fails, pass to the section 7. 

4.4 If  Ø and =  for at least one , we examine 
the constraint (5) fulfillment. 

If 

 
then pass to the subsection 4.5.

 

If this fails, pass to the section 7. 
If  Ø and , , pass to the subsection 4.5. 

4.5 If then 
 

pass to the 4.6 subsection. 
Determine the lower bound for the task objective function 
within the  period. The search has to be made by the 
assessment of the maximum profit that can be obtained from 
the completing of projects that were not started yet. The 
problem constraints are not taken into account here, i.e. 
consider all the , where . The 

 denotes the multitude of projects` indexes 
(numbers), which are considered in the task, and the 

 stands for the multitude of the numbers 

of projects that are appointed within periods from the 1st to 
the  th. Count 

. 

Range the  from the most to the least. Choose from the 

ranged values  the most ones. Unite the chosen 
projects` numbers into the  multitude, then count 
 

. 

 

4.6 Under  the start of the  th  

project in th year unables to find the solution that would be 
better than the top one. Pass to the section 7. 

4.7 Assign . 

5. If , consider the next year, , pass to the 
section 2. 
6. Diminish the top value . Remember the 

multitude = . If , make the 

assignation . 

7. If , assign   and pass to the 
section 4. 
8. If , return one year back, i.e. . If 

, change value . Pass to 

the section 7. 
If , and Ø, the considered problem has no 
solutions, else the optimal projects portfolio for the planned 
period is obtained. 

t, t = 1,T .

A (x jt ) r = 1,l ( j )

x jt = 0, j = 1,L,t = 1,T

j(t) = 0∀t = 1,T J
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j
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∑ ≤1.
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t '−l( P )

∑
p∈Pj

∑ ≤ 0.

S ≠ t ' ts2 s∈S

xst
t=ts1

ts2

∑ = 1,∀s∈S ,

S ≠ t ' ≠ ts2 ∀s∈S

t ' = T , D(t ') = 0,

T − t '
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If , the optimal solution is not to implement 
any projects in the planned period. 
The present method appertains to the methods of the implicit 
enumeration. If differs from the existing ones by its 
accounting of the considered task`s non-Markov`s character, 
i.e., it takes into account the aftereffects of the previous 
decisions. 
 
 
4. Conclusion 

 
The research works in the field of project portfolios 
optimization are analyzed. The analysis showed that the 
existing works did not consider methods for solving non-
Markov dynamic problems, i.e. problems that take into 
account the aftereffects of previous decisions. Herewith, the 
models should take into account requirements on the funds 
earned in projects to a certain period to be more or equal to 
the expenses for these periods. 
 The present research objective is stated as the creation of 
the method that allows solving the projects portfolio 
optimization for the planned period problem. The problem 
model takes into account the funds receipt and expenditure 
in time, the previous decisions aftereffects, the necessary 
sequence of project implementation, the mandatory inclusion 
of some projects in the portfolio within the given time 
period. 
 Previously, the authors proposed a three-criterion 
mathematical model of the projects portfolio optimization 
for the planned period problem. Objective functions 

represented the difference between income and expenses, the 
risks and social impact of the project portfolio 
implementation. The problem considered here appertains to 
non-Markov`s dynamic problems of discrete optimization. 
To solve it, a special method can be created. In turn, it 
should ground on methods for single-criterion problems 
solving, which also belongs to the type of non-Markov`s 
dynamic discrete optimization problems. 
 There is the method proposed for solving the problem of 
projects portfolio optimization for a planned period with 
regard of maximizing the difference between revenues and 
expenses for all projects starting during the planned period. 
Constraints of the task require that during the periods of 
work on projects there were no debts, the necessary 
sequence of project implementation was abided by, some 
projects were necessarily included in the portfolio during the 
given time period. The task takes into account the 
aftereffects of previous decisions, i.e. is a non-Markov`s 
dynamic discrete optimization problem. The proposed 
method pertains to the implicit enumeration methods. To 
solve problems using this method, a computer program has 
to be created. 
 Further it is planned to create a method for solving the 
multicriteria problem of projects portfolio optimization for 
the planned period in a non-Markov`s setting, grounding on 
the developed method. 
 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License  
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