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Abstract:

Modified multiperiod optimization models to support decision-making about the choice of the project portfolio under
the program of strategic development of the organization are suggested. Corporate social responsibility of the organization is
shown at setting goals, taking into account the interests of all stakeholders. Risks are accounted in the framework of portfolio
investment theory of H. Markowitz using the scenario approach. The specific function of general utility, whose arguments are
the levels to achieve the strategic objectives of the organization as a result of the project for the periods given the importance
of the objectives and values of reduced costs for the project, is used as a target function. It is expected that the utility of the
project will depend on how growth in levels to achieve the strategic objectives by periods occurs, while different growth rate
of their level is preferred for different purposes. It is also expected that different structures of investing resources differ by
preference for periods, due to which additional resource limitations for each time period are introduced in the model. The
main difference between the proposed models is the ability to review the composition of the previously selected project
portfolio at each step depending on the already achieved results and changes in internal and external conditions.
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1. Introduction

The main instrument for implementing the strategy of any organization is an investment program
consisting of a specific set of projects for the reconstruction and development (strategic measures), the result of
which is to achieve (more or less) the strategic objectives of the organization. At the formation of the strategic
development program within the constraints of available resources, a manager (decision maker, DM) is faced with
the necessity of preliminary selection of projects. By choosing a certain set of projects, the DM in fact chooses a
way to achieve the objectives.

Assessment of possible consequences (including social) and emerging risks must be no less important
than resource constraints at the selection of projects. The approach taking into account the need for corporate
social responsibility in the development of strategic plans (Maltseva 2009a), including the strategic cards of
objectives (Maltseva 2009b, Solodukhin 2009), allows to consider the levels of achievement of the objectives
achieved by the implementation of projects as utilities of these projects. As a result, there is no need for artificial
introduction of indicators that reflect social importance of the projects. This takes into account the responsibility of
the organization to its stakeholders.

The study (Mazelis & Solodukhi 2012) offered one-period models of optimization of the project portfolio
under the investment development program, taking into account corporate social responsibility of the organization
that adhered to stakeholder management as a discrete institutional alternative (on the example of a university).

The study (Mazelis & Solodukhin 2013) generalized one-period models for the case of several time
periods, taking into account the fact that for the various strategic objectives, the speed of achievement has a
different value to the organization. Thus, some of the objectives may require unconditional achievement by a
certain date. Some strategic objectives "favor" the rapid growth of their level of achievement, while other
objectives may prefer more moderate growth. On the other hand, resource cost and the difficulty of access to
them in different periods can vary.

The study (Mazelis & Solodukhin 2014) demonstrated the use of the proposed multiperiod models (on
the example of a university). In particular, it was shown that the risk limitation may lead to the fact that the
portfolio does not include projects whose budgets allow this (given the limitations on the overall cost).
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This article is devoted to the modification of these models in two directions. Firstly, the revision of the
composition of the previously selected project portfolio is allowed at each step, depending on the already
achieved results and changes in internal and external conditions. Secondly, additional resource limitations for
each time period are introduced.

2. Methodology

So, we continue to consider the problem of optimizing the development program of the organization,
taking into account corporate social responsibility and resource constraints, volumes of investment and risks. This
problem is seen as a problem of portfolio investment (Markowitz 1952, Sharpe 2000).

The central element of the strategy of any social and economic system is a system of strategic objectives.
The system of objectives is the core of the strategic process, which occurs only when the organization has
strategic objectives (Barry 1987). None of the schools of strategic management disputed the fact that the
company itself (as an object) cannot have objectives. Only subjects (animated thinking beings) have objectives,
and they bring their own interests in the activities of the firm. The conflict revolves around the question whose
interests the firm must (first) take into account (Gurkov 2007).

Let the organization have N projects P, P, ,..., Py affecting K strategic objectives G|, G,,...,Gg .
Recall that G,G,,...,Gg are objectives of the top-level strategy card (objectives of the "stakeholder"

perspective), the achievement of which is directly related to the satisfaction of the stakeholders (Solodukhin,
2009). In this regard, these objectives can be considered independent because there are no direct causal
relationships between them (such relations are at the level of the underlying prospects).

At goal setting, the contradictory interests of stakeholders are taken into account (Clarkson 1995, Lugovoy
et al. 2012a, Jensen 2001). At the same time, objectives have different significance (importance) in terms of the
impact on the organization's mission. Weights of the objects wy,ws,...,wg can be defined using one of the

methods described in (Lugovoy et al. 2012a, Andreychikov & Andreichikova 2000).

It is necessary to form an optimal project portfolio, taking into account the available resources of the
organization, risks of projects and their utility.

L scenarios of possible changes in internal and external environment S;,S,,...,S; are considered,

where p1, ps,..., py are the probabilities of these scenarios.
Each of the P, projects is described with the following indicators:

= levels of achievement of the objectives A,l1 = (a,lq 1’ alli 2 .ai K) at the implementation of the project

within the §; scenario;
= volume of the B, resources necessary for its realization.
It is expected that resources are invested in the project by unequal installments over T time periods, i.e.

T
B, = ZB,t7 . In each period, there is an increase in levels of achievement of the relevant objectives. Thus, the
t=1

sequences emerge:

T
n 12 IT It _ 1 _ _ _
(ank,ank,...,ankltaank —ank,k—l,...,K,n—l,...,N,l—1,...,L.

In the one-period models, the utility of the P, project in the implementation of S; scenario is understood
as the integral index describing the level of achievement of objectives taking into account their significance:
Ky
Up = 2. Wgd,; - )
k=1
At the same time, the concept of a specific utility of P, project in the implementation of S; scenario was
introduced, which was calculated by the formula:
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In multiperiod models, the utility of the project depended on how growth of levels of achievement of the
objectives by the periods occurred.
Each G, objective in the framework of P, project in the implementation of S; scenario was assigned to

(ai 1k,a’11 i,...,af;;,B,;) set, where B,, is the value of P, project costs, adjusted to the initial moment of

time.
For each such set, ﬁ,i © Was defined - the specific utility of P, project with respect to the G, objective in

the implementation of §; scenario. Then the overall specific utility of P, project in the implementation of S;
scenario was calculated:

L~ll= gwkﬁl .
n = nk 3)

Recall that the definition of the value & ’i at the (ailk,aii,...,aii,B,'q) set requires the construction

of T+1-dimensional surface, which is an approximation (with the required accuracy) of the chart of the function
ity =ity (x,xp,...,x7,2), regarded as a function of utiity: i, €[0,1], x, e[01]s=1,...,T, the
interval of the variable z is defined by constraints on resources. The universal method of constructing such
surfaces for the utility functions of an arbitrary number of variables (criteria) at any links between the criteria is
given in (Lugovoy et al. 2012b). Overall, we need to build K surfaces (for each objective) and find K- N - L

values of & ’i k (for each of the K objectives for all the N projects for all the L scenarios) as the values of the utility

functions at appropriate points.

Levels of achievement of the objectives in each period and, therefore, specific and general utilities a’,ﬁ are

considered as random variables depending on a number of external and internal factors, which are functions of
time. The dispersions of the general specific utilities Dﬁ,ﬁ are used as a measure of risk.
Binary variable y,, is defined:
= y, =0, ifthe n project is not included in the development program of the organization;
= y, =1,ifthe nproject is included in the development program of the organization.

The following scheme to analyze and construct the optimal portfolio was suggested:

= For each of the N projects under consideration, we define the costs in each of the T time periods
under consideration and calculate the adjusted cost of the project.

= Determine the weight coefficients of K upper-level strategic objectives.

= For each objective, we build a surface that approximates the chart of a specific utility function,
considered as a function of T+1 variables (criteria), where the first T criteria are a possible increase
in the level of achievement of the objective in each of the T periods, while the last criterion is the
adjusted cost of the project, which ensured growth of the level of achievement of the objective.

= We determine the set of S1,S,,...,S, scenarios and estimate the probability of each of them

L
P1sP2,---> D[ ,Where > p; =1.
[=1
= For each scenario for each project, we define its specific utilities with respect to each specific
purpose (with the help of the constructed surface) and calculate the general utility of the specific
project by the formula (3).
= Find the expectation for the utility of the n project:
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L
my = E(ily) = 2y pg - 4)
[=1
= and the elements of the covariance matrix of the specific utilities of the projects i and j:
Lo 1
vij = 2(@; —mi)(“j—mj)Pl- (5)
[=1
= Set limitations on available resources.
N
= Accept the utility of the portfolio as the value m 5,4, = 2. y;m; , the portfolio risk - as the value
i=1
) N
O port = > YiVjvij -
i,j=1

Project portfolio was proposed to form using the following models.
Model one
The development program of the organization is formed by the criterion of the maximum expected utility

under the specific restrictions on the amount of risk of the program (a(%), and the volume of resources required
to implement the program ( By ):

y;m; — max,

M=

~

2
YiYjvij SO0, (6)

M=

i,j=1

=z

1

yiBi < By.
|

Model two

The development program of the organization is formed by the criterion of the minimum program risk at
the restrictions on the amount of resources required for the implementation of the program ( By ) and the value of
the expected specific utility () ):

N .
z J’zijz] — min,
i,j=1
N

Zlyimi 2 my, (7)
1=

N !
2 yiB;i < By.
i=1

Now assume the possibility of revising the composition of the previously selected project portfolio at each
step, depending on the already achieved results and changes in internal and external conditions.

The need to revise the composition of the project portfolio is due to the fact that weights of objectives and
scenarios under consideration (their number and probability) may change under the new circumstances. At that,
the specific utilities of the projects with respect to the each objective may also be affected. Accordingly, the
general specific utilities of specific projects will change. The result may be a situation in which it is advisable to
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stop some of the projects. The released resources will allow including previously not selected projects in the
portfolio.

Thus, it is proposed to analyze and construct the optimal portfolio using the above scheme at each step (in
the beginning of each of the T time periods). Note that the planning horizon can be varied. You can reduce the
number of time periods by one at each step. Then the sequences of the increments of levels of achievement of
the objectives will be shorter by one at each step. Accordingly, the dimensions of utility functions will be less by
one at each step, which are necessary to build to determine the specific utilities of the projects depending on the
objectives. On the other hand, the number of time periods can remain the same ("rolling" planning).

In addition, let's introduce additional resource limitations for each time period in the models. This will allow
to more fully taking into account the differences in the cost of resources and the difficulty of access to them in

T
different periods. So, By = ZB(t) , Where Bé is the limitation on the amount of resources needed to implement
t=1
the program in the ¢ period.
Then the models of formation of the optimal portfolio will change as follows.

Model three:

N
Y y;m; —> max,
i=1
N 2
.Zlyiijij <og, : (8)
L=

N N

1 1 T T
ZJ/iBi SB()""’ZyiBi SBO
i=1 i=1

Model four:

N
Z ylijl] — min,
i,j=1
N
2 yim; = my, 9)
i=1

N N

1 1 T T
ZJ/iBi SB()""’ZyiBi SBO
=1 i=1

These models are still the problems of Boolean quadratic programming, for solution of which the numerical
optimization software packages can be applied.

3. Results

We will demonstrate the use of the proposed models on the example of the practice of the Vladivostok
State University of Economics and Service (VSUES). We will consider the three strategic objectives, their
corresponding figures with the current and target values, and the corresponding ranges of adjusted costs, beyond
which the utility is either zero (at a cost above the right boundary, regardless of the level of achievement of the
objective), or one (at a cost below the left boundary while achieving the level one of achievement of the objective)
(Table 1).
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Table 1 — Strategic goals, indicators and adjusted costs

Weight
Strategic of the Target

Range of
adjusted costs
(min rub.)

Parameter of the objective

objective objectiv value

e
Number of publications per one adjusted
Increase in the publication 0.3 rate of the full-time academic staff in 05 16 [9; 44]
activity of academic staff ™ journals with RSCI impact factor not less ' ' '
than 0.2
: Proportion of full-time university academic
EEEEe M eEE staff holding a degree of candidate or
level of full-time academic 02 ostor of gadeg - 066 078 [17; 140]
staff octpr of sciences, to the tptal number o
full-time academic staff adjusted to full rate
. Volume of the funds attracted by the
Increase in the volume of university academic staff on R&D per one
funds attracted by the 0.5 University ! pef 70 210 [13; 40]
o : adjusted rate of the full-time academic staff
university academic staff
(thous. rub.)

For simplicity and clarity, each target corresponds to exactly one parameter in the example. Thus, at the
achievement (or exceeding) by the parameter of the target value, the level of achievement is equal to one (if in
this case the adjusted costs do not exceed the left boundary of the range); if the value of the parameter remains
at the current level (or worsens), the level of achievement is zero (regardless of the costs incurred). If the
objective is described by several parameters, the tools described in the works (Lugovoy et al. 2012, Keeney &
Raiffa 1993) can be used to determine the relationship between the values of the parameters and the level of
achievement. Note also that sometimes the parameter surpassing the target value lowers the level of
achievement of the objective. In this case, you can use the methods described in the works (Morozov 2013;
Garina 2012, Keeney 1974).

Table 2 - Costs and results of the projects

Costs by Adjusted costs at a

OBJECTIVE ~ OBJECTIVE | OBJECTIVE

periods 10% discount rate SCENARIO PERIOD 3
(min rub.) (min rub.)

PROJECT 1

N 1 0.100 0017 0

8 2 0.100 0.033 0

» 1 0.117 0.033 0.010

13.95 el 2 0.150 0.050 0.010

8 — 1 0.133 0.050 0.017

2 0.183 0.050 0.017
PROJECT 4

S 1 0.050 0.033 0.083

10 2 0.050 0.083 0.083

D 1 0.060 0.050 0.100

1586 el 2 0.083 0.117 0.117

8 — 1 0.067 0.067 0.117

2 0.100 0.133 0.133

For each objective, we build a surface, which is an approximation of the chart of the function of specific
utility, regarded as a function of three variables (criteria), where the first two criteria are a possible increase in the
level of achievement in each of the two periods, and the third criterion is adjusted costs. Let's consider the nine
strategic measures (projects), implementation of which over two periods (two years each) will contribute to
achievement of the selected objectives:

= Establishment and operation of the reward system for academic staff having publications in top journals.

= Establishment and operation of support systems for young scientists, including those under the "Talent

Pool" program.
= Establishment and operation of the motivation system for academic advisers and graduate students.
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= Establishment and operation of the system to attract top scientists to the university staff.

= Establishment of a flexible system of requirements for enroliment to the acidic staff on a competitive
basis, motivating to increase the productivity of scientific activity.

= Establishment and operation of the involvement of students in R&D since first years with the
restructuring of the educational process.

= Establishment and operation of the system to raise the academic mobility of academic staff.

= Establishment and operation of the system to attract academic staff to student internships in enterprises
in the framework of practice-integrated learning.

= Establishment and operation of improving the image of the university academic staff in the environment.

We will also consider three scenarios of possible changes in internal and external environment (let's call
them pessimistic, realistic and optimistic) with probabilities 0.3; 0.6; 0.1, respectively. We will define the required
costs for the periods for each project (and thus calculate the adjusted costs) as well as the sequence of increment
levels to achieve the objectives by the periods for each scenario.

Table 2 shows an example of the data corresponding to the first and fourth projects. For each goal, using
an appropriate constructed surface, we will define 27 values of the specific utility: for each of the nine projects for
three scenarios (total of 81 values for all three objectives). Then we will calculate the general specific utilities of
the projects in the implementation of each scenario and expectancy of utilities of the projects (Table 3).

Table 3 — General specific utilities of the projects

General specific utility of the project

Project no. SCENARIO 1 SCENARIO 2 SCENARIO 3 Ecpaotanoylof
(p=03) (py =0,6) (ps=0.) utility of the project
1 0.056 0.086 0.105 0.079
2 0.036 0.052 0.069 0.049
3 0.063 0.089 0.117 0.084
4 0.125 0.146 0.165 0.142
5 0.091 0.127 0.152 0.118
6 0.025 0.046 0.066 0.042
7 0.049 0.081 0.114 0075
8 0.108 0.142 0.167 0.134
9 0.060 0.095 0.118 0.087

Next we construct a covariance matrix of specific utilities of the projects and simulate the formation of the

program of the university development, setting resource limitations. Table 4 shows some results of the use of the
first model, when the university development program is formed by the criterion of the maximum expected
specific utility with limitations on themamount of risk of the program and resources.

Table 4 — Simulation of the university development program (maximization of the expected utility, model one)

s oy Limitations on No. of projects No. of projects Expected Total adjusted
the general . no. 01 Pro) - Of project utility of the costs of the
adjusted costs the_: risk of thg included in the not mcludeq in project project portfolio
(min rub) project portfolio portfolio the portfolio portfolio (min rub.)
0.010 1,3,4,5,6,8 2,7,9 0.60 52.0
610 0.012 1,3,4,5,8,9 2,6,7 0.64 50.2
' 0.015 1,3,4,57,8,9 2,6 0.72 58.6
0.020 1,3,4,57,8,9 2,6 0.72 58.6
0.010 1,2,3,4,58,9 1,6,7 0.61 60.7
0.012 1,3,4,5,8,9 2,6,7 0.64 50.2
65.8 0.015 1,3,4,5,7,8,9 2,6 0.72 58.6
0.020 1,3,4,56,7,8,9 2 0.76 65.5
0.010 1,2,3,4,538 6,7,9 0.61 69.5
0.012 1,2,3,4,5,6,8 7,9 0.65 76.4
91.9 0.015 1,2,3,4,5,8,9 6,7 0.69 74.6
0.020 1,2,3,4,5,7,8,9 6 0.77 83.0
0.021 Il - 0.81 89.9
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Table 5 shows the results of the use of the second model, when the university development program is
formed by the criterion of the minimum risk of the program with limitations on resources and the expected value of

the specific utility.

Table 5 - Simulation of the university development program (minimization of risk, model two)

Limitations on
the general

adjusted costs
(min rub.)

Limitations on
the expected
utility of the
portfolio

No. of projects
included in the

portfolio

No. of projects
not included in

the portfolio

Risk of the

project
portfolio

Total adjusted
costs of the
project portfolio
(min rub.)

0.4 2,3,48| 1,56,7,9 0.003 55.1
05 2,3,4,5,8 1,6,7,9 0.006 55.5

61.0 06 2,3,4,5,8,9 1,6,7 0.009 60.7
0.7 1,3,4,5,7,8,9 2,6 0.015 58.6

0.4 2,3,4,8] 1,56,7,9 0.003 55.1

05 2,3,4,5,8 1,6,7,9 0.006 55.5

65 06 2,3,4,5,8,9 1,6,7 0.009 60.7
| 07 1,3,4,5,7,6,9 2,6 0.015 58.6
075 |  1,3,4,5,6,7,8,9 2 0.018 65.5

0.4 2,348 1,56,7,9 0.003 55.1

05 2,3,4,5,8 1,6,7,9 0.006 55.5

919 06 1,2,3,4,58,9 6.7 0.008 69.5
07 1,3,4,5,7,8,9 2,6 0.015 58.6

08 I : 0.020 89.9

Table 6 — Simulation of the university development program (maximization of the expected utility, model three)

Limitations on A Limitations on : Expected Total adjusted
Limitations on the costs
the general Ibyl pelriods (min rub.) the risk of the mgllu%fe%r?rﬁ:: utility of the Cpsts of the.
adjusted costs ' project ortfolio project project portfolio
(min rub.) 1 period 2 period portfolio P portfolio (min rub.)
0.010 3,4,5,6,8,9 0.607 43.2
0.012 3,4,5,7,8,9 0.641 446
4295 18.07 0.015 3,4,57,8,9 0.641 446
61.02 0.020 3,4,57,8,9 0.641 446
' 0.010 1,4,5,6,8,9 0.602 429
0.012 1,4,5,7,8,9 0.636 443
26.31 4T 0015 | 1,4,57.8.9 0.636 443
0.020 1,4,5,7,8,9 0.636 443
0.010 1,2,4,5,8,9 0.610 60.3
0.012 1,3,4,5,8,9 0.645 50.2
S A 0.015 1,3,4,5,7,8,9 0.720 58.6
65.80 0.020 1,3,4,5,7,8,9 0.720 58.6
' 0.010 1,3,4,6,8 0.599 50.2
0.012 3,4,5,7,8,9 0.641 446
e e 0.015 3,4,5,6,7,8,9 0.682 51.6
0.020 3,4,5,6,7,8,9 0.682 51.6

Table 6 shows some results of the use of the third model, when the university development program is
formed by the criterion of the maximum expected specific utility with limitations on the amount of risk of he
program and the volume of resources required to implement the program in each period. Various options of
splitting the total budget by periods were considered, with all costs having been reduced to the initial instant of
time at the same discount rate (10%).

Let’'s now consider the procedure for the revision of the university development program after the first two-
year period. As before, we will consider two periods of two years each (rolling planning).
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As a result of the university development in the first period and on the basis of the changed internal and
external conditions, the weights of objectives are revised (let them now be 0.2, 0.15 and 0.65, respectively), as
well as the probabilities of scenarios (0.35, 0.55, 0.1). Note that, generally speaking, the number of scenarios
under consideration may also change. In this example, for the purpose of simplicity, we will not change the
number of scenarios.

We define new specific utilities of the projects in relation to each objective (for which we build new relevant
surfaces), calculate the general specific utilities of the projects for each scenario and expectancies of the project
utilities (Table 7).

Table 7 — General specific utilities of the projects after the end of the first period

General specific utility of the project

Expectancy of utility of

Project no. Scenario 1 Scenario 2 Scenario 3 h ot

(p; =035) (py =0,55) (p3=01) © projec
1 0.029 0.059 0.079 0.051
2 0.027 0.041 0.060 0.038
3 0.050 0.077 0.111 0.071
4 0.144 0.173 0.193 0.165
5 0.097 0.136 0.168 0.125
6 0.021 0.045 0.071 0.039
7 0.046 0.079 0.118 0.071
8 0.160 0.199 0.224 0.188
9 0.101 0.145 0.172 0.133

We build a new covariance matrix of specific utilities of the projects and simulate the formation of a new
university development program, for example, using the first model. Some results are presented in Table 8.

Table 8 — Simulation of the university development program after the end of the first period
(maximization of the expected utility, model one)

L|trrr]1|tat|ons on Limitations on No. of projects No. of projects | Expected utility of Totaltadjfu tshted
e general . . : . ; . costs of the
adjusted costs th(? risk of thg included in the not mcludeq in the propct project portfolio
(min rub,) project portfolio portfolio the portfolio portfolio (min rub.)
0.010 2,4,5809 1,3,6,7 0.65 46.4
0.012 3,4,5,8,9 1,2,6,7 0.68 36.2
61.0 0.015 1,3,4,5,8,9 2,6,7 0.73 50.2
0.020 1,3,4,57,89 2,6 0.80 58.6
0.010 2,4,58,9 1,3,6,7 0.65 46.4
65.8 0.012 3,4,58,9 1,2,6,7 0.68 36.2
' 0.015 2,3,4,589 1,6,7 0.72 60.7
0.020 1,3,4,57,89 2,6 0.80 58.6
0.010 2,4,5809 1,3,6,7 0.65 46.4
0.012 3,4,5,8,9 1,2,6,7 0.68 36.2
0.015 2,3,4,589 1,6,7 0.72 60.7
91.9 0.020 2,3,4,57,8,9 1,6 0.79 69.0
0.022 1,2,3,4,5,6,8,9 7 0.81 81.6
0.025 1,2,3,4,57,8,9 6 0.84 83.0
0.030 I - 0.88 89.9
4. Discussion

As can be seen from Table 4, limitations on risk may lead to the fact that the portfolio does not include
projects whose budgets allow doing this (at the set limitations on the general adjusted costs). For example, at the
limitations on the general adjusted costs 65.8 min rub. and limitations on risk 0.012, the total adjusted costs of the
selected projects are 15.6 min rub. less than the set limitation. At the same time, the adjusted costs of the sixth
and seventh projects not included in the portfolio are 7.64 min rub. and 9.16 min rub., respectively. However, the

803



Journal of Applied Economic Sciences
Volume X, Issue 5(35), Fall 2015

inclusion of these projects in the portfolio would have increased the risk higher than the set limitation. In turn,
changes in limitations on the risk (at the same limitation on the general costs) may result in the exclusion of
certain projects from the portfolio and the inclusion of new projects.

The results presented in Table 6 show that the imposition of limitations on the costs by periods (model
three) in most cases leads to the selection of other project portfolios, utility of which is not greater than the utility
of the optimal project portfolio formed when solving the task with a limitation on the general costs for all periods
(model one). Thus if we consider the various options for limitations by the periods (options of splitting the total
budget), it is easy to see that the utility of each formed portfolio (at all the considered limitations on risk) within
one of the options exceeds the utility of the relevant portfolio formed at the same limitation on risk in another
option. For example, let's consider two options of limitations by periods under the general adjusted budget of
61.02 min rub. The first option is 42.95 and 18.07 min rub. The second version is 26.31 and 34.71 min rub. For
each of the four considered limitations on risk (0.010; 0.012; 0.015 and 0.020), the utility of the portfolio in the first
scenario exceeds the utility of the corresponding portfolio in the first option.

Comparison of the results presented in Tables 8 and 4 shows that under the same limitations on the
general costs and risk, changes in the internal and external conditions may alter the feasibility of inclusion of
certain projects in the portfolio. For example, initially, when the limitations on the general adjusted costs were
65.8 min rub. and risk — 0.020, the portfolio included all projects except the second, while after the first period (at
the same limitations), the sixth project should be excluded from development program. The expected utility of the
portfolio will only increase.

Conclusion

The proposed modified multiperiod optimization models allow the rolling planning of the portfolio, taking
into account the risks in the framework of the strategic development of the organization. Corporate social
responsibility of the organization is shown at setting goals, taking into account the interests of all stakeholders.
The main difference between the proposed models is the ability to revise the composition of the previously
selected project portfolio at each step, depending on the already achieved results and changes in internal and
external conditions. Another important difference is the introduction of additional resource constraints for each
time period.

The following areas for further research in this area can be allocated. Firstly, it is intended to develop a
model to optimize the distribution of the total budget of the organization development program by periods.
Secondly, the procedure of redeployment of resources between projects can be offered, in which some projects
are not excluded from the portfolio at the changes in internal and external conditions (and, consequently, at the
reduction in their utilities), but their funding is reduced. Freeing up resources could increase funding for other
projects of the portfolio, or new projects can be incorporated in the development program.
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