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METHOD FOR SOLVING THE MULTI-CRITERIA NON-MARKOV PROBLEM
OF PROJECT PORTFOLIO OPTIMIZATION

The subject of the study in this paper is models and methods of optimization of the organization's project
portfolio for the planning period, considering the effects of the previously made decisions. Project portfolio
optimization is one of the responsible and complex tasks by company's top management solves. Based on the
analysis of the known works in the field, the research purpose is described: to create a method that would
allow solve the problem of multi-criteria project portfolio optimization for the planned period, considering the
aftereffects of the previously made decisions. The research tasks are to enhance the method for solving the
project portfolio optimization problem in terms of maximizing the difference between income and costs for all
projects started during the planned period; to propose a method for solving the project portfolio optimization
problem in terms of the social effects of projects that started during the planned period, create a method for
solving the problem of project portfolio optimization for the planned period in a multi-criteria setting. There
are the following results obtained in the paper. There is presents the mathematical model of the problem being
solved, the problem objective functions include the difference between the receipt and expenditure of funds in
time, the portfolio risks, and its implementation social effects. The mathematical model considers the provision
of funds sufficiency for the implementation of projects in all periods, the required sequence of project
implementation, and the mandatory inclusion of some projects in the portfolio for a given period. The problem
under consideration belongs to the multi-criteria non-Markov dynamic discrete optimization problems. There
is a proposed method for solving it in a multi-criteria formulation. The method is based on solving one
criterion problem, and then a multi-criteria problem. The method is based on the minimax approach and
implicit search. There has been developed solving method for the problem of enterprise project portfolio
optimization for the planned period following the profit criterion. In contrast to the existing methods, this
method considers the constraints on debt absence and the aftereffects of the previously made decisions. The
method served as the basis for creating risk and social effect optimization methods. A method for enterprise
project portfolio optimization of the planned period is provided, which, unlike previous, considers the criteria
of profit, risks, and social effect, the constraints on debt absence, and the aftereffect of the previously made
decisions. That makes it possible to improve the quality of the generated portfolio.

Keywords: project portfolio; model; multi-criteria optimization; planned period; aftereffect; method.

— the funds sufficiency constraints for the project
portfolio implementation in each considered time
period,

— the constraints on some project’s implementation

Introduction

The majority of the companies carry out

simultaneously not one, but a certain set of projects.
Moreover, this is true not only for project-oriented
companies, but also for those receiving income from
operating activities. Projects of the same company often
differ from each other significantly. Some projects are
planned to generate income, others are aimed at solving
social or environmental problems. If we consider
business projects only, they also differ significantly in
terms of capital investment, income expected, periods of
payback, risks and many other indicators. In this regard,
there arises a complicated task to form a portfolio of
projects that is optimal in terms of economic indicators,
social effect, and risks. It is also necessary to take into
account:

sequence,

— the obligation to include certain projects into the
portfolio in a certain time period.

Project portfolio management is one of the
managers’ in  project-oriented  enterprises most
important functions. The efficiency of the business
essentially depends on the organization of such
management. There are the widely adopted standards
and guidelines in this area [1 - 3].

Standard [1] proposes the portfolio life cycle,
which consists of four stages: Initiation, Planning,
Execution and Optimization. According to [2], the
portfolio life cycle consists of the definition cycle and
the delivery cycle of the portfolio.
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The authors of the paper [4] proposed the portfolio
planning approach, consisting of four phases: Mapping,
Simulation, Optimization, and Decision.

In the work [5], there is a framework concept of
the project portfolio construction applied instead of the
project portfolio selection. Authors described the multi-
staged process of portfolio construction, which includes
the stages of Identification,  Categorization,
Qualitative / Quantitative analysis, Evaluation,
Prioritization, Balancing.

Authors of [6] regarded the tools and approaches
to the project portfolio selection. They were classified
into 4 categories: portfolio mapping tools, multi-criteria
ranking tools, mathematical programming tools, and
hybrid tools.

Authors of [7] executed the cluster analysis of 298
publications on the project portfolios optimization,
published from 2000 to 2019. As the result, they
identified 24 clusters, of which 12 clusters containing
210 papers were taken for further study. In addition,
there was proposed the special cluster, dedicated to the
latest publications on this topic that have already been a
lot referenced to. Articles that fall into each cluster are
briefly characterized.

In [8], there are regarded more than 140 works,
devoted to the problem of a project portfolio choosing.
The articles were classified by the criteria that are used
in optimization, by the method of uncertainties
accounting, by the approaches to modeling. This
research highlights the papers, in which exact and
heuristic methods of solution are proposed and the
methods application examples are considered.

Projects portfolios optimization is carried out
using various objective functions. The net present value
(NPV) is often used, as are the portfolio total strategic
value, potential income from portfolio implementation,
standard deviations for income, costs, synergic effects
from projects in the portfolio [4, 9 — 11].

Among the constraints that are taken into account
when optimizing a projects portfolio, there should be
accented the constraints on available resources, on the
logical connections between projects, on the ratio of
risks in projects, on the ratio of project categories and
projects payback periods [9,10].

Optimization of project portfolios in many works
was carried out without taking into account the projects
start time. Among these works, the [12] is remarkable,
where the authors maximized an NPV for projects
portfolio taking into account the constraints on
investment budget and labor resources.

The two-criteria portfolio optimization problem is
considered in [13]. The first objective function
maximizes the strategic gain of the portfolio. The
second objective function maximizes the minimum
strategic gain among sub-portfolios. The model is static.

Authors of the paper [6] denoted that one of the
most important restrictions of existing approaches in the
field of project portfolios optimization is the insufficient
consideration of the relationships between projects
inside the portfolio. The same conclusion was reached
earlier by [14, 15]. Authors [6] considered 4 types of
between-projects interactions: outcomes, resources
consumption, success probability, and mutual
including / excluding. They proposed the mathematical
model of the project portfolio optimization problem
with the objective function equal to the difference
between outputs and inputs, and, in fact, the difference
between income and costs. Using matrices, they set the
success probabilities, as well as the projects’ cost levels
depending on the implementation of other projects.
Then they proposed constraints of the project’s mutual
inclusion or exclusion, the number of projects in a
portfolio, the income and costs in a portfolio, and on the
strategic goals achieving. The proposed mathematical
model is static, i.e. does not take into account the time
factor.

Authors of [4] drew attention to the importance of
the project’s mutual influences consideration. In the
optimization phase, they solved the problem of the
project portfolio optimization according by the NPV
and costs criteria. To do this, the binary-integer linear
program was applied. The proposed project portfolio
optimization was carried out without taking into account
the projects’ start time, i.e. in static.

The study [16] considers the interaction of projects
in portfolio optimization. However, the problem is
considered in statics.

The authors of a number of researches have
pointed out the importance of the projects in a portfolio
start time determining [9, 10]. This is significant in
terms of the scarce resource’s allocation.

In [17], the authors maximized the projects’ effects
sum total. Doing so, they also took a number of
restrictions into account: the project can be started only
once, the costs of all projects in a certain period should
not be more than specified, projects must be completed
during the planned period, and some projects must be
necessarily included into the portfolio. Before the
project starts, all preceding projects must be started and
completed. If the certain project is included into the
portfolio, then those that are not compatible with it
should not be included. The model can take into account
the restrictions on long-term or high-risk projects
investment. The problem is related to 0-1 integer linear
programming or 0-1 ILP.

Authors of [18] proposed a mathematical model
for the project portfolio optimization, which is focused
on NPV maximizing for the planned period. The authors
use the model to define a project portfolio regarding the
project start date. They suggest considering the



Intelligent information technologies

69

between-projects impact using a Dependency Matrix.
For each year of the planned period, there has been set a
possible budget, which must not be exceeded. The
model's restrictions also include the possible number of
projects in the portfolio, which also should not be
exceeded, and the number of projects supporting each
strategic goal, which should not be less than the number
specified. In general, this mathematical model is a non-
linear integer model.

The authors of [19] proposed the mathematical
model of the problem of the project portfolio
optimization, where the objective function is equal to
the NPV for the entire portfolio. The model restrictions
take into account the different types of resources
availability and the sequence in project operations
implementation.  Authors determine a portfolio
considering the projects starting time.

The paper [20] suggests the problem model, in
which the objective function reflects the funds balance
on the organization's account at the end of the planned
period. The model takes into account the restrictions on
resources, on the sequence of projects implementation,
on the certain project’s obligatory inclusion into the
portfolio, on the level of debt in each time period, on the
fact that the project can be started no more than once. In
addition, the model contains a restriction that takes into
account the funds availability for the project’s
implementation in all periods. The resulting problem
belongs to the Mixed Integer Linear Programming
(MILP) problems. A robust version of this model is
proposed for the case when the project’s individual
stages costs are uncertain.

In [21] it was proposed to decide on the project
portfolio in two phases. In the first phase, the priorities
of technological areas are determined. For the decision
in the second phase, a two-stage stochastic technology
portfolio planning model is proposed, taking into
account the risks of technological projects and the
export market.

The authors of [22] proposed the mathematical
model of multi-criteria project portfolio optimization for
the planned period. In contrast to the known works, this
model takes into account the aftereffect from the
previously taken decisions. The model contains the
objective functions as follows: the difference between
income and expenses of a project portfolio, risks and
social impact from its implementation. The model takes
into account the restrictions on the fund’s availability in
all years for the project portfolio implementation.
Earned funds can be used for the following periods. Due
to the restrictions, the interrelated projects
implementation order is set, as well as the obligation to
include some projects into the portfolio for a given
period of time. The problem under consideration is a

multi-criteria non-Markov discrete
optimization problem [23].

In [24], the method for the [22] problem solving is
proposed, accounting for the one objective function.
There is considered the problem of the difference
maximization between income and costs for all projects
started during the planned period. The restrictions of the
[22] problem are taken into account in full. The
proposed method belongs to the methods of implicit
search.

Analysis of the literature on the project portfolios
optimization demonstrated that existing works did not
consider the problem-solving methods that would take
into account the funds receipt and expenditure dynamics
in projects for the planned period and the previously
made decisions aftereffect. Herewith, in problems the
restrictions should be taken into account, that the funds
earned in projects to a certain period have to be greater
than or equal to the costs for these periods.

The present paper aims to create a method that
would allow the project portfolio optimization for the
planned period multi-criteria problem solving, taking
into account the aftereffects of previously made
decisions [22]. The objective functions of the problem
include the difference between the funds receipt and
expenditure over time, the portfolio risks and its
implementation social effects. The mathematical model
takes into account the funds sufficiency provision in all
periods for the project’s implementation, the required
sequence of projects implementation, the obligatory
inclusion of certain projects into the portfolio at a given
period of time.

dynamic

1. Model of the project portfolio
optimization problem for the planned
period, taking into account the aftereffect
of previously made decisions

The problem under consideration is the
optimization of portfolio of projects that can be started
on the section [1, T]. The time unit here means a period
of time in relevance to which the projects in the
company and the receipt of funds for them are being
planned. As applied to IT projects, it is convenient to
choose one week, the sprint duration (2-4 weeks) or 1
month as a time unit.

There are J projects under consideration that can
potentially be included into the portfolio. The j project
can be started in periods t = 1,T, the payment from
customers can come in periods t=1,T+10 —1 |
where 10 is the quantity of time units, during which the
works on the j-th project are done and it is financed. For
the j-th project, the customer will pay c;. funds in the r-

th period from its start, r = 1,10,
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The j-th project expenditures will be equal to wy,

in the r-th period from its execution start, r = 1,10, 10
— the time (quantity of units) of the project execution,
when the funds may be spent on the project.

Let us assume m]_axl(j) =g

It is necessary to optimize the project portfolio so
that in each period t=1,T+g—1, Vj=1,],there
would be enough funds for its realization, the sequence
of interrelated projects implementation would be kept,
the project would be implemented no more than once.
At the same time, it is necessary to maximize the
company's profit from the project’s implementation,
minimize the risks associated with them, and maximize

the social effect from the portfolio’s projects
implementation.
Y 319 (e —w;,) x;; > max @)
t=14j=1 &r=1\~jr jr jt 4
L 211:1 R; X;; = min, 2
L 211:1 S; Xjy = max, 3
t ] t t-p+l ] t t-p+1
0
ICEDY) I IR )
r=1 j=1 p=1 r=1 j=1p=1 r=1
fort=1,T,
t ] T t-p+1 ] T t-p+1
0
D> D oz > Y Wi,
r=1 j=1p=1 r=1 j=1p=1 r=1
fort=T+1,T+g—1, 4
Lhixe<1,j=1] ()

—1®)

T X = 1 (7)

X €{01}, j=1], t=1T, (8

where R; stands for the risks, related with the j-th
project implementation,

S;j — the social effect of the j-th project,

C% r=1,T+g—1, - the funds, which the
company can allocate for the project portfolio

implementation during the r period. These funds value
can also be negative if the company in the r period
needs to receive funds through the project portfolio
implementation,

x;; — the Boolean variable, equal to 1, if the j-th
project is started in t-th year, and equal to O if opposite.

For the j project, the set of project numbers P, can
be defined for the projects that are to be implemented
before the j project starts.

The objective function of (1) problem represents
the difference between income and costs for all projects
starting from the first period to T-th. As the j-th project
is being implemented during 19 periods,j =1,],
the objective function (1) takes into account the income
and costs of projects started in the period from the first
to T-th, and also after T period, during 19 — 1 periods,
vji=1].

The objective function (2) represents the risks
associated with the portfolio implementation. A list of
the most significant risks for each project is compiled.
Risks are assessed by multiplying the risk event
occurrence probability by its consequences. The
consequences of a risk event are evaluated in points
from 0 to 10 in accordance with the table 1.

Table 1

Assessment of the risk events consequences

Negative consequences Points

Impacts that lead to the project termination or

complete failure 10

Impacts that lead to very significant project
delays, over budgeting, and degraded project | 8-9
product quality

Impacts that lead to significant project
delays, over budgeting, and degraded project | 6-7
product quality

Impacts that lead to the not very significant
project delays, budget overruns, the project 4-5
product quality deterioration

Impacts that lead to insignificant project
delays, over budgeting, and project product 2-3
quality deterioration

Negative consequences are almost
inappreciable

Negative consequences are absent 0

The risk assessment for the j-th project equals:

K

Rj = k=1 Aj€xj

where oy represents the probability of the k-th risk
event occurrence for the j-th project,
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ey — the negative consequences (in points) from the
k-th risk event for the j-th project,
K® —risk event quantity for the j-th project.

The (3) objective function represents the social
effect of projects started during the planned period. The
social effect of the j-th project implementation may
consist in the personnel qualifications improvement as a
result of this project implementation, increasing the
personnel’s salaries, in solving the team’s or community
social problems related to this project. The social effect
can be expressed in points, as shown in the table 2.

Table 2
Project social effects assessment
Social effects Points
Very significant social effect 9-10
Significant social effect 7-8
Average social effect 5-6
Insignificant social effect 3-4
The social effect is barely
. 1-2
noticeable
No social effect 0

The restriction (4) demands, that in t period, t =
1, T + g — 1, the funds earned by projects started in and
to the t period, were more or equal to the expenditures
for these periods.

The restriction (4) for t=1,T applies to the
periods, when there can be started the projects included
into the portfolio.

The restriction (4) for t=T+1,T+g—1,
applies to the periods after T, in which there continues
the implementation of projects started before T and
during T, inclusively.

The first term on the left side of the constraint (4),
asfort=1,T,asfort=T+ 1, T +g— 1 alike, i.e.

Fi = X5, CY

— these are the accumulated funds by t period and
in t period, that the company can allocate for the
projects portfolio implementation.

The second term on the left side of the constraint
@ fort=1,T,i.e.

_ ] t t-p+1 .
Fo = Zj:l p=1zr=1 CirXjp

— this is the accumulated income for t period and
in t period from projects that were started in periods
from 1% to t, inclusively.

The right side of the constraint (4) fort =1, T

—vJ t t-p+1 .
F3 - Zj=1 p=1 ZI‘=1 erijl

— these are the accumulated costs for t period and
in t period from projects that were started in periods
from 1% to T, inclusively.

The second term on the left side of the constraint
@ fort=T+1,T+g—1, ie.

_yJ T t-p+1 .
F=Xio Zp=12r=1 GrXjp

— this is the accumulated income for t period and
in t period from projects that were started in periods
from 1% to t, inclusively.

The right side of the (4) constraint for t=
T+1,T+g—1,ie

—yJ T t-p+1 .
FS_ijl pzlzr:1 erijy

— these are the accumulated costs for t period and
in t period from projects that were started in periods
from 1% to T, inclusively.

The constraint (5) demands any j-th project, j =
1,], to be implemented no more than once.

The constraint (6) assumes that before the start of
the j-th project, projects from the P; set should be
implemented. The second term in (6) is equal to the sum
of units, each of which corresponds to a project from the
P; set, implemented before the current time t.

The constraint (7) allows setting the demand of the
obligatory s-th project inclusion into the portfolio on the
time interval [ty , ts,]-

The problem (1) - (8) belongs to the multi-criteria
dynamic Boolean programming problems. It is also
possible to characterize problem (1) - (8) as a multi-
criteria non-Markov dynamic problem of the discrete
optimization [23]. Non-Markov are called those
optimization problems in which the state of the object at
the t-th stage is a function of the state at the previous
stage t-1 and controls at the stages t, t-1, t-2, ..., t-p+1.
l.e., the aftereffect of the controls applied earlier is
taken into account. So for the problem of project
portfolio optimization, the decision to start a certain j-th
project with duration of 19 periods in the t period will
affect the state of the portfolio during t+1, t+2,...,
t+10) —1 periods.

2. Transformation of the problem
objective functions

Consider a method for solving problem (1) - (8). In
order to simplify the essence of the method, the
restriction (6) and (7) will not be taken into account.

Let us transform the objective functions (1) - (3) of
problem (1) - (8) to convert them to dimensionless form
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and, in addition, to make necessary to minimize all
objective functions after the transformation.

For the transformation, the monotone functions of
the following form will be used [25]:

opt,, _
PTOIR P L A
O A0y aMingy
jt jt
_ oopt
RPN i L
jt max opt ’
R (th)_R (th)
SOPt(y y_s(x.)
S (x;) = TLSAY LG

opt __cmin
S (th) S (th)

where A(x;), R(x;0), S(xi) — the (1) (2) and (3)
objective functions values, A™(x,), S™(x,) - the
(1) and (3) objective functions lowest values, which are
attained on the set of admissible alternatives, R™ (x;)
— the (2) objective function maximum value, which is
attained on the set of admissible alternatives, A°P*(x;q),
ROPY(x;,), S°P(xj) — the (1) — (3) objective functions
optimal values that are attained on the set of admissible
alternatives.

As a result of the transformation, A" (x;), R"(x;.),
S™(x;) values will vary in the range from O to 1.

To find A™(x,),
R™ (x,,), gmn (X;,) of the (1) - (8) problem, two types
of algorithm can be proposed. Each of them does not
guarantee finding the really worst solutions of (1), (4),
(5), (8); (2), (4), (5), (8); (3), (4), (5), (8) problems,
satisfying the constraints, but allows to find solutions
not knowingly better than A°Pt(x;,), R™ (x;), S°Pt(x;,).

The first type algorithms actually boil down to the
equaling the A™ (x,), R™(x,), S™(x,) to the first
admissible solution that is obtained in the process of
solving  problems (1), (4), (5), (8); (2), (4), (5), (8);
(3), (4), (5), (8), respectively. This approach has a
significant drawback: if during the optimization process
a better solution than the first admissible one is not
found, then O will appear in the denominator of the (9),
(10), (11) formulas. In this case, the objective functions
normalized values would not be calculable.

Algorithms of the second type
following actions.

For evaluation Am"‘(xjt), we should rank the
values of target functions (1) for each of the considered

projects, i.e. L1, ‘r(jz)l(cj]r - wj,), j = 1], and select T

worst-case  estimates

involve the

projects with the lowest values of target functions (1)
that are less than zero. If such values are less than T, we
take as many as there are. The sum of the selected
values of the target functions can be used as Ami“(xjt). If
there are no such values, A™™ (%50)=0.

Estimation R™#*(x;,) can be done by ranking R;
for all projects in the portfolio under consideration.
Then the T highest values of R;. are selected. If such

values are less than T, we take as many as there are. The
sum of the selected values of the target functions can be

used as R™(x;). If there are no such values, this
indicates that risk criterion (2) is not used in the
analyzed projects. Optimization according to this
criterion does not need to be carried out.

It is possible to take smin(xjt):o as an
estimate S"‘i"(xjt). l.e., the minimum social effect is
achieved in the absence of projects that produce such an
effect.

The flaw of this approach lies in possibility that
selected projects may not satisfy the problem

constraints. As a result, estimates for A’“i"(xjt),
S™(x;) will be lowered, and the estimation of

R™(x;,) will be raised.

3. The method of the project portfolio
optimization for the planned period
in terms of profit

Let us consider the method of the A°P'(x;)
finding. We assume that only one project can be started
in t period, t = 1, T. The method will be presented for
the case of the objective function minimization;

therefore the A(th) objective function will be

negated.

1. Determine the J — the number of projects that
can be included in the portfolio and the T period, for
which the portfolio will be formed. Set the initial values

of the problem parameters. WT = Q.
Set the income c;, and costs w;, by each project,

and also each project duration I(D, jzl,_J, r=m.
Determine the funds C¢, which the company can

allocate for the project portfolio implementation during

the period k, k :rg—l. We set g — the maximum

possible time (number of periods) for the project
implementation.

Set the f=0,t'=1, where t'is the current time
period. Assign the record objective function value

f'=0w.
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2. Check the ability not to start projects in the
period t' ,i.e. J(tH =0.
3. If t'<T and F+F,>F, for t=11', then

move to the step 4.3,
t t

where FE=>C), F=>M, (hee M, =
k=1 k=1

p =min {t— K+1, I“(k”}, if

Citaa T Ciw2 T+ Cigp>

k=0 M=0ifjk)=0), F=3M,

t
k=1

(here My = W1 + W, ot W

j(k)p?
p=min{t—k+L19}, if j(k)=0; M, =0, if j(k) =
0).

If =7 and F+F, >2F, for t=1T, F+F, >F, for

t=T+1,T+g-1,
t
R=2C,
k=1

Citaa T Ciwz T T Cigp>

move to the step 4.3, where

.
Fo=>M,,
k=1

p=min{t—k+1190}, if

(here M, =

jK)y=0, M, =0, if jik)=0), FS:iMk, (here

k=1
My = W1 + W o ot Wi o,
p=min{t—k+119} i j(k) = 0; M, =0, if j(k) =
0).
Otherwise, consider the first project, i.e. j(t"):=j(t)+1

4. Carry out the actions as follows.
4.1 Check the (4) constraint fulfillment.

If t'<Tand F+F,>F for t=1t", where

t t
EZZCE9 Fzzszl

k=1 k=1

—minft_ (i(k) ;
Cito1 +Citgz T F i p—mln{t k+11 } if

(here M, =

jK)y=0, M, =0, if jk)=0), F3=Zt:Mk, (here
k=1

M, = W1+ Wigga et Wi o

p=min{t—k+L19% if jk)£0; M, =0, if

j(k)=0) or, if t'=T and F+F,>F, for t=1T,

— t
F+F >F, for t=T+1T+g-1, where F=>"C},

k=1

F=>M,, (here M, = Cito1 T Cigg2 -+ Ciyp>

p=min{t—k+1190} if j(k) = 0; M, =0, if j(k) =
T
0), Fszsz’

(here M, =

—minft_ G0N\
W1 Wiy o oot Wi o p_mln{t k+11 } if

j(k) =0, M, =0, ifj(k) = 0), move to the step 4.2.

Otherwise, move to the step 7.

4.21f t'>1, check the fulfillment of the (5)
constraint for the j-th project

J) = jt),t=1t-1.

If it isn’t fulfilled, move to the step 7.

431f t'=T, then DY :=0, move to the step 4.4.
Otherwise, determine the lower bound for the problem
objective function for the T—t' period. The search for
the lower limit is carried out by evaluating the
maximum profit that can be obtained from the projects

implementation, from those that have not been started
yet. The problem constraints are not taken into account

here. le., consider all jeB,, where B.=B\W,,

B={12,...,J} — set of projects’ indices (numbers) that

are considered in the problem, W, = {j(i),i :1,_t'} _ set
of projects’ numbers that are assigned in periods from

1tto t'-th.
Calculate

1)

Agtl) = Z(er _er) VJ € Bt' '
r=1

Rank A{” from largest to smallest. From the
ranked values, we select T—t' the highest values that
are greater than zero. If there are less ranked
values Agt') > 0, than T—t', take as much as there is.
From the numbers of the selected projects, form a set
E.. Then calculate D= > A; and assign

VjeEy.
DMY:= D™ | The latter assignment is explained by the

fact that if future options are unprofitable, then there is
an opportunity to do nothing.

If the ranked values set Agt') > 0VjeB,. is empty,
then assign DY :=0.
4.4 At j(t)=0 and f-DYY > an attempt to

not start a project in a year t' does not allow finding a

solution better than the record one. Move to the step 7.
1

At j(t)>0 andat f =D (c, —w;)-D"" >f" the j-th
r=1

project start in t'-th year doesn’t allow finding the

solution better than the record one. Move to the step 7.
1D

45 Atj(t)>0assign f=f-> (c, -w,).
r=1

5. If t'< T, then consider the next year, t':=t'+1,
move to the step 2.
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6. Diminish the record value f* :=f . Remember

the set VTT:{j(t),tzl,_T}. If j(T)#0, make an
()

assignment f:=f+ " (€ =Wjry,).
=1

7. At j(t) <J assign j(t"):=j(t")+1and move to
the step 4.
8. At t'>1 jump one year before, i.e. t':=t'—1.
At jt) =0 change the value of
Jy

fi=f+ ) (Citerr —Wieyr) - Move to the step 7.
r=1

If t'=1, and WT: @, the problem under

consideration has no solution, otherwise the optimal
project portfolio for the planned period is obtained.

At W, ={0,0,...,0} the optimal solution is not to

implement projects in the planned period. In this case,
the implementation of any project is either not
acceptable in terms of constraints, or is no better than no
projects at all.

The proposed method refers to implicit
enumeration methods. It differs from the existing ones
by taking into account the non-Markov nature of the
problem being solved, i.e. takes into account the
aftereffects of previously made decisions.

4. The method of the project portfolio
optimization for the planned period
in terms of risks

Consider the method of finding the R°P*(x;,). We
describe the method for the case of the objective
function minimization. It should be noted that if there
are no projects that must be started in the planned
period, then the minimum of the (2) objective function,
i.e. a minimum of risks, will be achieved in the absence
of projects starting in the planned period. This is due to
the fact that, in this formulation, risks are inherent only
to the projects. If there are no projects, then there are no
risks. The need to solve the problem of finding R°P*(x;,)
appears, if the organization has set at least one negative
value of C2, r =1,T + g — 1, — i.e,, of the funds, which
the company can allocate for the projects portfolio
implementation during the r period.

1. Determine the J — the number of projects that
can be included into the portfolio and the T period, for
which the portfolio will be formed. Set the initial values

of the problem parameters. WT = 0.
Determine the income c, and costs w; by each

project, R; — the risk, related to the j-th project

j

implementation, and also each project duration 19,

j=13, r=119,

Determine the funds C; , which the company can
allocate for the project portfolio implementation during
the period k, k:].,T-i-—g—l. Set the maximum able

time ¢ (number of periods) of the project
implementation.

Assign the f=0,t'=1, where t' is the current
time period. Assign the record value of the objective
function f* =0 .

Steps 2, 3, as well as 4.1, 4.2 of the present method
repeat similar steps of the optimization method A(x;).

43 If t'=T, then D®VY: =0, move to the step
4.4. Otherwise, we determine the lower bound for the
problem objective function for the period T —t'. Since
the minimum risk in this formulation of the problem is
achieved in the absence of projects with risk, then
DNV =,

44 At j(t)=0 u f+D®V > f* attempt to not
start a project in a year t' does not allow finding a
solution better than the record one. Move to the step 7.
At j(t) >0 and at f+ R; + DU > f* the j-th project
start in the t'-th year does not allow finding a solution
better than the record one. Move to the step 7.

45 Atj(t) >Oassign f:=f+ R;.

5. If t' < T, then consider the next year, t':=t' +
1, move to the step 2.

6. Diminish the record value f*:= f. Remember
the set  Wr={j(t), t=1,T}. If j(T)# 0, make an
assignment f: = f — R;.

7. At j(t) <J assign j(t):=j(t)+1land move to
the step 4.

8. At t'>1jump one year before, i.e., t':=t—1.

At j(t') =0 change the value f :=f —R,.
step 7.

If =1, and W; =@, the problem under
consideration has no solution, otherwise the optimal
project portfolio for the planned period is obtained.

At W = {0,0,...,0} the optimal solution is not to
implement projects in the planned period.

Move to the

5. The method of project portfolio
optimization for the planned period
in terms of social effect

Consider the method of finding the S°P(x;,). We
describe the method for the case of the objective
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function minimization. Due to this, the objective
function S(x;,) will be taken negated.

1. Determine the J — the number of projects that
can be included into the portfolio and the T period, for
which the portfolio will be formed. Set the initial values

of the problem parameters. WT =0Q.
Determine the income c; and costs w, by each

project, S; — the social effect, related to each project
implementation, and also each project duration 19,

=13, r=110.

Determine the funds C;, which the company can
allocate for the projects portfolio implementation during
the period k, kzl,?g—l. Set the maximum able
time ¢ (number the project
implementation.

Assign the f=0,t'=1, where t' is the current
time period. Assign the record value of the objective

of periods) of

function f* ==

Steps 2, 3, as well as 4.1, 4.2 of the present method
repeat similar steps of the optimization method A(x;y).

43 1ft' = T, then D("V: = 0, move to the step 4.4.
Otherwise, we determine the lower bound for the
problem objective function for the period T —t'. To do
this, assess the maximum possible social effect that can
be obtained from the implementation of projects that
have not been started yet. The problem constraints are
not taken into account here. l.e., consider all j € By,
where B, = B\W,, B = {1,2,...,]} — the set of projects’
indices (numbers) that are considered in the problem,
Wy = {j(i),i = ﬁ} — the set of projects’ numbers that
are assigned in the periods from 1% to t'th.

Consider S; Vj € B,.

Rank S; from largest to smallest. Choose from the
ranked T—t' of the highest values. If there are less
ranked values, than T—t', take as much as there is.
From the numbers of the selected projects, form a set
E,. Calculate D® = ¥, S;. DY :=D®.

If the set of ranked values S;Vj € By, is empty,
then assign D®V: = 0.

4.4 Atj(t) =0 and f— DMV > f* attempt to not
start a project in a year t' does not allow finding a
solution better than the record one. Move to the step 7.
At j(t) >0 and at the f—S;—D®V >f* the j-th
project start in the t'-th year does not allow finding a
solution better than the record one. Move to the step 7.

4.5 Atj(t) > Oassign f:=f — §;.

5 If t' < T, then consider the next year, t':=t'+1,
move to the step 2.

6 Diminish the record value f*:=f . Remember

the set WTz{j(t), t=1T}. If j(T)#0, make an

assignment f:=f+S;.

7 At j(t) <J assign j(t"):=j(t")+1land move to
the step 4.

8 At t'>1 jump one year before, i.e., t':=t'-1.
At j(t') # 0 change value f:=f+S;. Move to the step 7.

If t'=1, and VTT: @, the problem under
consideration has no solution, otherwise the optimal
project portfolio for the planned period is obtained.

At W, ={0,0,..,0} the optimal solution is not to
implement projects in the planned period.

6. The method of multi-criteria project
portfolio optimization
for the planned period

Let us turn to the presentation of the method for
solving the multi-criteria problem (1) - (5), (8). To solve
this problem, it is proposed to use the minimax
approach. Among the admissible problem solutions, it is
necessary to find the one that minimizes the maximum
deviations from the optimal solutions of one-criterion
problems (1), (4), (5), (8); (2), (4), (5), (8); (3), (4), (5),
(8), respectively.

Consider the method for solving the multi-criteria
problem (1) - (5), (8).

1. Determine the J — the number of projects that
can be included into the portfolio and the T period, for
which the portfolio will be formed. Set the initial values
of the problem parameters. VTT =Q.

Determine the income ¢, and costs w, by each
project, R; — risks, related to the j-th project
implementation, S; — the social effect, related to each
project implementation, and also each project duration
O j=1,_J, r=110

Determine the funds C; , which the company can
allocate for the projects portfolio implementation during
the period k, k=1,T+g—-1. Set the maximum able
time g (number of periods) of the project
implementation.

Assign fA =0, fR=0,fS=0, t'=1, where t'
is the current time period. Assign the record value of the
objective functionf” =0 .

2. Check the ability not to start projects in the
period t' ,ie. J(t) =0.
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3. If t'<Tand F+F, =K, for t=1t", move to
1

t
the step 4.3, where F =>C,, F,=> M, (here

t
k=1 k=

M, = Cito1 FCitgz T T Cigops

p=min{t—k+119} if j(k)#0; M, =0, if j(k) =

t

0), F=> M, (here M, =
k=1

W1+ Wigg 2+t Wigg o p:min{t—k+],|““‘”}, if

j(k)y=0; M, =0, ifj(k) = 0).
If ¢=Tand F+F, >F, for t=1T ,F+F,>F, for
t=T+1,T+g-1,
t
R=XCl.
k=1

Citaa T Ciwz T T Cigp>

move to the step 4.3, where

.
Fo=>M,,
k=1

p=min{t—k+1190}, if

(here M, =

jK)y=0, M, =0, if jik)=0), FS:iMk, (here

k=1

M, = W1+ Wijgga et Wi o

p=min{t—k+119} i j(k) = 0; M, =0, ifj(k) =
0).
Otherwise, consider the first project, i.e. j(t') = j(t)+1.

4. Carry out the actions as follows.
4.1 Check the (4) constraint fulfillment.

If t'<Tand F+F,>F for t=1t', where

t
F=2Ck

k=1

Citaa T Ciw2 T+ Cjgp>

F=)> M, (here M, =

t
k=1
p= min{t—k+L|(i(k>)}, if

t
ik)y=0, M, =0, if j(k)=0)F :sz' (here
k=1

M, = W1 T Wiz +eet Wi o

p=min{t—k+L19},if jk)=#0; M, =0, if
j(k)=0) or, if t'=T and F+F,>F, for t=1T,

— t
F+F >F, for t=T+1T+g-1, where F=>"C},
k=1

;
F4:;Mk' (here M, = ¢y, +Ciug2 -+ Cigops

p=min{t—k+L19} if j(k)=0; M, =0, if j(k) =

.

0), R=> M, (here M, =
k=1

W1 + W0 oot Wi o p:min{t—k+],l““‘”}, if

j(k) =0, M, =0, if j(k) = 0), move to the step 4.2.
Otherwise move to the step 7.

4.2 If t'>1, check the constraint (5) fulfillment for
the j-th project j(t") = j(t),t=2,t-1. If it doesn’t
fulfill, then move to step 7.

431f t'=T, then D" =0, move to the step 4.4.
Otherwise, determine the lower bound for the problem
objective function (1) of the problem (1) - (5), (8) for
the T—t' period. The search for the lower limit is
carried out by evaluating the maximum profit that can
be obtained from the projects implementation, from
those that have not been started yet. The problem
constraints are not taken into account here. l.e., consider
all jeB,, whereB, =B\W,., B={12,..,J} — the set
of projects’ indices (numbers) that are considered in the
problem, W, :{j(i),i:l,_t'} — the set of projects’

numbers that are assigned in the periods from 1% to t'-th.

Calculate
|(J)

Agtl) = Z(er _er) VJ € Bt' .
r=1

Rank A{” from largest to smallest. From the
ranked values, we select T—t' the highest values that
are greater than zero. If there are less ranked
values Agt') > 0, than T—t', take as much as there is.
From the numbers of the selected projects, form a set
E,. Then DY=> A, and assign

VjeEy.

calculate

DA =DM | The latter assignment is explained by the
fact that if future options are unprofitable, then there is
an opportunity to do nothing.

If the ranked values set Agt') > 0VjeB,. is empty,
then assign D“* :=0.

4.4 1f t'=T,then D“®:=0, move to the step
4.5. Otherwise, determine the lower bound for the
objective function (2) for problem (1) - (5), (8) for the
T—t' period. To do this, assess the minimum possible
risk that can be obtained from the implementation of
projects that have not been started yet. The problem
constraints are not taken into account here. Since in this
formulation of the problem the minimum risk is
achieved in the absence of projects with risk, then
D(R). = 0,

45 Ift' =T, then DS): = 0, move to the step 4.6.
Otherwise, determine the lower bound for the objective
function (3) for problem (1) - (5), (8) for the Tt
period. To do this, assess the maximum possible social
effect that can be obtained from the implementation of
projects that have not been started yet. The problem
constraints are not taken into account here. l.e., consider
all j € By, where B, = B\W,, B =1{1,2,...,]} - the set
of projects’ indices (numbers) that are considered in the
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problem, W, = {j(),i =ﬁ} — the set of projects’
numbers that are assigned in periods from the 1% to t'-th.

Consider S; Vvj € By.

Rank S; from largest to smallest. Choose from the
ranked T—t' of the highest values. If there are less
ranked values, than T—t', take as much as there is.
From the numbers of the selected projects, form a E.
set. Calculate D® = Y, S;. D' =D

If the set of ranked values S; Vj € By, is empty,
then assign D(*S): = 0.

4.6 At j(t)=0

A(x;e) = —(fA — D)),
R(x;) = fR + DB,
S(x;) = —(fS — D)),

If max{A"(x;), R"(x;,), S"(x;0)} = f*, attempt to
not start a project in a year t' does not allow finding a
solution better than the record one. Move to the step 7.

At j(t) >0 calculate the value of the lower bound
for each of the criteria

10
AG) = —(F* = ) (¢, = ;) = D),
r=1

R(th) = fR + R] + D(t,R),
S(x;) = —(fS —S; = D(t9)),

At max{A" (x;;), R"(x;0), S"(x;1)} = f*the start of
the j-th project in t'-th year does not allow finding a
solution that would be better than the record one. Move
to the step 7.

4.7 Assign
fR=f"+R, =5 -5,
5. If t' < T, then consider the next year, t':=t" +

1, move to the step 2.
6. Calculate the objective function value f=

max{A" (x;,), R"(x;,), S"(x;)}. Diminish the record
Wr={j(t), t=1,T}
fA:=fA+

G
fA:=fA - er]=1(cjr - er)1

value f*: = f. Remember the set

If j(t)=+0, make an assignment
D (e —wy), =R =R, £S:= S + 5.
7. At j(t") <J assign j(t):=]j(t)+1 and move to

the step 4.
8. At t' > 1 jump to the previous year, i.e. t':=
t—1. At j({t')#0 change values fA:=fA+

10G(t)
r=1 (Cj(tl)r - Wj(tl)r):

Sjt- Move to the step 7.

If =1, and Wy =0, the problem under
consideration has no solution, otherwise the optimal
project portfolio for the planned period is obtained.

=R =Ry, £5: = £5 +

At W = {0,0,...,0} the optimal solution is not to
implement projects in the planned period. This
demonstrates that the implementation of any project is
either not acceptable in terms of constraints or is no
better than no projects at all.

Solving the problem of project portfolio
optimization by three criteria according to the proposed
method involves the following steps:

1. Gathering information about possible portfolio
projects.

2. Determining the composition and parameters of
the constraints of the problem.

3. Solving single-criteria problems of project
portfolio optimization in terms of profit, risks, social
effect, by the proposed methods.

4. Determination of evaluations of the worst values

of the target functions A™ (x,,), R™ (x,), S™(X,) .

5. The solution of the three-criteria problem of
project portfolio optimization.

7. An example of the project portfolio
optimization problem

Let us consider an illustrative example of solving
the (1), (4), (5), (8) one-criterion problem that illustrates
the aftereffects of previously made decisions. The
possibility of starting no more than two projects during
the planned period T=3 is being analyzed. The income
from the first project will be c, =100, c, =100,

c,=30. The costs for the first project will be
w,, =50, w,, =30, w;; =100. The income from the
second project will be ¢, =50, c,, =100. The costs

for the second project will be equal w,, =100,

w,, =100.

When searching all possible portfolio options, the
objective function values will be obtained, that are
presented in Table 3. In the second column of the table,
there are indicated problem variables equal to 1, while
the remaining variables are equal to 0. Line 16 shows
the option to not start any projects.

Constraints (4) require that in the period of
possible implementation of the projects, i.e. from the
first to the fifth years, the funds earned in the projects
should be greater than or equal to the costs for these
years. For options No4-Ne6, Ne8, Ne9, Nel2, these
restrictions are not met. Forbidden variants of the
project start more than once in the table are not
considered. The peculiarity of the proposed
optimization method is that no more than one project
can be started in one year. As a result, options Ne7,
Nell, Nel5 are also prohibited. The maximum of the
target function is reached for variants Nel, Ne2, Ne3.
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Thus, the optimal solution to the problem is to
implement only the first project, which can be started in
any year of the planning period. This example was used
when testing software that implements the proposed
method.

Conclusion

The works in the field of project portfolios
optimization have been analyzed. The goal of the article
has been formulated, aimed at creation of method that
would allow solving the multi-criteria project portfolio
optimization problem for the planned period, taking into

account the aftereffects of previously made decisions.
The problem objective functions include the difference
between the funds receipt and expenditure in the
portfolio, the risks and the social effects associated with
the project portfolio implementation. It takes into
account the provision of funds sufficiency in all periods
for the projects implementation, a restriction on the
sequence of projects implementation, the obligatory
inclusion of certain projects in the portfolio in a given
time period. The problem under consideration belongs
to non-Markov dynamic problems of discrete
optimization. The method for solving it in a multi-

Table 3
Options of solution based on constraints (4), (5), (8)
Prqblem The funds availability by year The objective Options mesting the
Ne variables Years function value constraints (4), (5), (8)
equal to 1 1 2 3 4 5 P A
1 Xy 50 120 50 50 50 50 v
2 X, 0 50 120 50 50 50 v
3 X3 0 0 50 120 50 50 v
4 X5, -50 -50 -50 -50 -50 -50 -
5 X5, 0 -50 -50 -50 -50 -50 -
6 Xog 0 0 -50 -50 -50 -50
7 X1 - - - - - - It is forbidden to start two
X, projects in the same year
8 X5 -50 0 70 0 0 0
X21
9 X3 -50 -50 0 70 0 0
X21
10 X1 50 70 0 0 0 0 v
X22
11 Xi5 - - - - - - It is forbidden to start two
X projects in the same year
22
12 X3 0 -50 0 70 0 0 -
X22
13 X1 50 70 0 0 0 0 ,
X23
14 Xi5 0 50 70 0 0 0 ,
X23
15 Xi3 - - - - - - It is forbidden to start two
Xps projects in the same year
16 - 0 0 0 0 0 0 v
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criteria formulation is proposed. The method is based on
solving one-criterion problems, and then a multi-criteria
problem. The method is based on the minimax approach
and implicit search.

The strength of the proposed method for solving
the multi-criteria problem of project portfolio
optimization, as well as methods for solving single
criteria problems is to take into account the dynamics of
receipt and expenditure of funds, the ability to require
the absence of indebtedness in all periods of the
projects. The methods allow taking into account a wide
range of constraints, both analytical and algorithmic,
including those in the form of simulation models, in the
optimization model. The restriction related to the
admissibility of starting not more than one project in a
specific time period can be circumvented by splitting
the time period into sub-periods. In this case, the
restriction will apply to each sub-period. It is advisable
to apply the method to optimize the project portfolio
after project management approaches have been defined
for potential projects and the costs of these projects
have been estimated [26].

An example is given that illustrates the projects
portfolio optimization problem with regard of the
aftereffects of previously made decisions.

In the future, it is planned to create the software
that will implement the proposed methods, and by this
solve test and real problems of project portfolio
optimization.

Contributions of authors: literature analysis —
A. Korchakova; statement of the research problem —
I. Kononenko, A. Korchakova; task model -
I. Kononenko, A. Korchakova; the methods of the
project portfolio optimization for the planned period in
terms of profit, risks, and social effect — I. Kononenko,
A. Korchakova; the method of multi-criteria project
portfolio optimization for the planned period -
I. Kononenko, A. Korchakova; an example of the
project portfolio optimization problem -
A. Korchakova;  conclusion —  |. Kononenko,
A. Korchakova. All authors have read and agreed to
the published version of the manuscript.
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METO/ PO3B’SI3AHHSA BAI'ATOKPUTEPIAJIBHOI'O HEMAPKIBCBKOTI'O 3ABJIAHHS
ONTUMI3BAIIIL IOPT®EJIS TIPOEKTIB

1. B. Kononenxo, A. C. Kopuakosa

IIpenmMeToM BUBYEHHS y CTAaTTI € MOMENI Ta METOOM ONTHMi3amii mopTdens MPOEKTIB opraHizamii mis
IUIAHOBOT'O MEPiOy 3 ypaxyBaHHSAM MICIAMIl BiJ paHile NPUUHITUX pileHb. OnTuMiszailis nopTQesiB MPOeEKTIB €
OIIHUM 13 BiINOBiZaJbHHUX Ta CKIAIHUX 3aBIaHb, K€ BHUPIIIYE BUIIEC KePiBHUITBO KoMmaHii. Ha migcraBi aHamizy
BIIOMHX pOOIT y miii ramy3i copMynbOBaHAa MeTa CTATTi: CTBOPHTH METOI, SIKMH JIO3BOJISIB OW BHPIIIyBaTH
OaraTokpuTepiadbHe 3aBAAHHS ONTHMi3amii TOPTQENs MPOEKTIB I IDIAHOBOTO MEPioxy 3 YpaxXyBaHHSAM IiCIAIil
BiJ paHille MPUAHATHX PillleHb. 3aBIAHHS CTAaTTi: YIOCKOHAIUTH METOI PO3B's3aHHs 3a/1a4i onTuMizamii noptdens
MIPOEKTIB 3 TOYKHU 30py MaKCHUMI3allil pi3HUII MK JOXOIAMH Ta BUTPATaMH MO BCiX MPOEKTAX, IO POTIOYUHAIOTHCS
MIPOTATOM IUIAHOBOTO TIEPioNy, 3alpOIIOHYBAaTH METO BHUPIIICHHS 3a7adi ONTHMi3allii mopTdenst MpoeKTiB 3 TOYKH
30pYy CoIianbHOro e(peKTy BiJ MPOEKTIB, SKi PO3MOYATI MPOTATOM IUIAHOBOTO TMEPIOAY, CTBOPUTH METO]] BUPIIICHHS
3a/avi ONTUMIi3amii MOPTQENs MPOEKTIB I IDIAHOBOTO TEpiofy B OaraTOKpHUTEpiadbHI MOCTAHOBII. Y CTaTTi
OTPHMAHO TaKi pe3yJbTaTu. HaBemeHO MaTeMaTHYHy MOJIENb PO3B'sI3yBAaHOTO 3aBIaHHSA, IIUTHOBI (DYHKIIT 3aBIaHHS
BKITIOYAIOTH PI3HUITIO MK HaXOHKEHHIM Ta BUTPAYaHHAM KOIITIB y Yaci, pU3UKH MOPT(HENs Ta COmiaabHAN e(heKT
Bix Hforo 3mificHeHHs. MaTeMaTHIHa MOJIENTh BPaXx0OBYe 3a0€3MEeUCHHS JOCTATHOCTI KOIITIB Y BCi Tepionu peami3arii
MIPOEKTIB, HEOOXIHY MOCIIOBHICTh peasti3allii MPoeKTiB, 0O0B'SI3KOBE BKIIIOYEHHS JEIKNX ITPOEKTIB y MOpTdhenas Ha
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3aJJaHOMY BiJIpi3Ky 4acy. PosrisiHyTa 3asaua BiJHOCHTBHCS 70 0araTOKpHTEpialbHUX HEMAapKiBCHKUX JTMHAMIYHHX
3a[a4 JAUCKPETHOI ONTHMIi3amii. 3ampormoHoBaHo MeTox ii BUpIlIEHHs y OaraTokpurepianbHiil mocTanosni. Mertox
3aCHOBaHMI Ha BHpIIICHHI OJHOKPHUTEpiaNbHUX 3a/ad, a MOTIM OaraTokpuTepiagbHOI 3amadi. B ocHOBY meroxmy
MOKJIAJICH0 MIiHIMAaKCHMH MmiaxiZg Ta HesBHUI mepeOip. BucHoBkm. Po3pobneHo meron BupimieHHS 3anadi
onTuMi3amnii HopTQesst MPOEKTIB MiIIPUEMCTBA JUIS INITAHOBOTO TIEPioy 3a KpUTEepieM MpUOYTOK, KU, Ha BiIMIHY
BiJl iICHYIOUNX, BPaX0OBYe OOMEKEHHsI Ha BiICYTHICTh 3a00proBaHOCTEH Ta MICIAIII0 BiJl paHille IPUHHITUX PillIeHb.
Metoa MOCTY)KHB OCHOBOIO JUISI CTBOPCHHS METOJIB ONTHMI3allii PH3HMKIB Ta colliaibHoro edekry. Po3pobieHo
METOJl BUpILIEHHsS OaraTOKpUTepiabHOI 3aJadi ONTHMi3awii MopTdens NPOEKTIB MiANPUEMCTBA Ul IIAHOBOT'O
nepioxy, sika, Ha BiJMiHY BiJl iCHYIOUMX, BPaXOBY€e KpUTEpii NpUOYTOK, PU3UKH Ta COLaJIbHUI eeKT, 0OMexXeHHS
Ha BiJICYTHICTH 3a00proBaHOCTEll Ta MICISIIIO BiJ paHille MPUHHATHX pPIllIeHb, MIO JAO03BOJSE MiABHIIUATH SKICTh
noptdens, skuii GopMyeThCS.

KuarouoBi caoBa: mopTdens TPOEKTIB; MOAENb; OaraToKpuTepialbHA ONTHMI3allisl; IUITAHOBUI Iepioj;
IICISAIS, METO/L.

METO/1 PEHIEHUSI MHOTOKPUTEPUAJILHOM HEMAPKOBCKOM 3ATAYM
OIITUMU3ALUU ITOPTOEJIA ITPOEKTOB

U. B. Kononenxo, A. C. Kopuakoea

IIpeameTom n3y4eHUs B CTAThe SBJISIOTCS MOJIEIN M METO/IbI ONTUMH3AINH MOPTHEIs IPOSKTOB OpraHu3aluu
JUIsl TIJIAHOBOTO TIEpUoJa C y4eTOM IOCIE[CHCTBUI OT paHee NMPUHATHIX perreHuid. OnTumuzanms noptdeneit
MIPOEKTOB SIBIIIETCA ONHOW M3 OTBETCTBEHHBIX M CJIOXHBIX 3a/ad, KOTOPYIO peEIIaeT BhICIIEE PYKOBOACTBO
koMnanui. Ha ocHOBaHMM aHaliM3a M3BECTHBIX pabOT B ATOW oOyacTu chOpMYIUpOBaHA LeJdb CTaThbH: CO3/ATh
MCTO/, KOTOpI)Iﬁ 6I)I MO3BOJIANT pellaTb MHOI'OKPHUTEPHAJIBHYIO 3aJa4dy OINTHMU3AlUU l'[Oqu)eJ'ISI IMPOCEKTOB JIsA
IUTAHOBOT'O TIEPHO/A C YUETOM IOCeeHCTBUI OT paHee MPUHATHIX PelleHni. 3aaauM CTaThH: YCOBEPIICHCTBOBATh
METOJ pCHICHHA 3ada4dd OINTHUMHU3AlHU HOqu)eJ'IH IMPOCEKTOB C TOYKHU 3PCHHSA MaKCUMHU3AIUU PA3HOCTU MEXKIY
JA0XOo4aMH M 3aTpaTaMHu IO BCEM IIPOCKTaM, HAYMHACMbIM B TCUYCHHC ILUIAHOBOI'O NEpUoOaad, MNPCIIOXKUTH METOI
pelIeHus 337241 ONTHMHU3AIMK OPTQENs MPOSKTOB C TOUKU 3PEHUs COLMAIBLHOr0 3((eKTa OT MPOEKTOB, KOTOPhIE
Ha4vaTbl B TCUCHUC IUIAHOBOT'O II€pUOAa, CO3JaTh METOJ PCIICHHA 3aJladyd ONTHUMU3 AU HOqu)eJ'ISI IMPOCKTOB 1A
IUIAHOBOTO TE€pHO/la B MHOTOKPUTEPHATbHOI IOCTaHOBKE. B cTaThe MOMydeHBI CIEIyIOUUe pPe3yabTaThl.
IlpuBenena maremMaTH4ecKas MOJAENIb PEIIaeMOil 3alaud, LeneBble (QyHKIMU 33a7a4d BKJIIOYAIOT Pa3HOCTh MEXIY
NIOCTYIUICHUEM W PACXOIOBaHMUEM CPEIACTB BO BPEMEHH, PUCKH HOpPThens W couuanbHeli 3d¢dexr or ero
OCYIIECTBIICHU. MaTeMaTH4yecKkas MOJENb YIUTHIBaeT 00ECIIeUeHNE JOCTATOYHOCTH CPEICTB BO BCE MEPHUOIbI s
OCYIIECTBIICHUSI IIPOEKTOB, TPEOyeMYIO IOCIEA0BATENBHOCTh PEAU3aLUM MPOEKTOB, 00A3aTEbHOE BKIIIOYECHHE
HEKOTOPBIX IMPOEKTOB B MHOpTdenb Ha 3aJaHHOM OTpe3ke BpeMeHH. PaccmarpuBaemas 3agada OTHOCHTCS K
MHOTOKPUTEPHAIbHBIM HEMAapKOBCKUM AMHAMUYECKUM 3ajladuaM JIMCKPETHOH ontuMusaiuu. [IpennoxeH meron ee
pelIeHUs] B MHOTOKPUTEPUAILHON MocTaHOBKE. MeTo] OCHOBaH Ha PELIEHUM OJHOKPUTEPUANIBHBIX 3a7ad, a 3aTeM
MHOTOKpPUTEPHAIBHOH 3a1aun. B 0cHOBY MeTO#a MONOKEH MUHUMAKCHBIN MTOIXOA M HEesIBHBIN mepebop. BuIBoabl.
Pa3paboTan MeTox penieHus 3aladyl ONTHMHU3ALUH MOPTQENs NPOSKTOB MPEANPUITHS I IIAHOBOT'O IepHoja Mo
KPUTEpUIO MpPUOBLIb, KOTOPBI, B OTJIMYME OT CYIIECTBYIOIINX, YYHUTHIBACT OrPAHWYEHHS HA OTCYTCTBHE
3aJJ0JKEHHOCTEH U IOCIENEHCTBUE OT paHEe NPUHATBHIX pelIeHH. MeTon MOCHyXWI OCHOBOW [UIsl CO3JaHUs
METOAOB ONTHMH3AaLMA PUCKOB M couuanbHoro sddexra. PaspaGoraH Meron pelieHHsS MHOTOKPHTEPHAIBHOM
3aJa4d ONTHMHU3aLUK NOPT(HENs MPOEKTOB NPEANPHUATHS Ul IUIAHOBOTO IIEPUOAA, KOTOpas B OTIMYHE OT
CYIIECTBYIOIIUX YYUTHIBAET KPUTEPHU NPUOBUIM, PUCKA M COLMANIBHBIA 3(deKT, orpaHNYeHUs Ha OTCYTCTBHE
3a[JOJDKEHHOCTEHl W TOCIeNelcTBHE OT paHee NPUHATBIX pPELIEHWH, YTO IO3BOJIIET IIOBBICUTH KauecTBO
¢dbopmupyemoro noptdersi.

Knrouesble cioBa: nmoprdenb MPOEKTOB;, MOAENIb, MHOTOKPUTEPHAIbHAS ONTHMHU3AINS, IJIAHOBBIN NEPHON;
MHOCIIEAECUCTBUE, METO/I.
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