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FORMATION OF AN OPTIMAL PORTFOLIO OF VENTURE PROJECTS

Purpose. Development of a method for forming an optimal portfolio of venture projects taking into account risks, uncertainty
in initial data and limited financial resources.

Methodology. To calculate the accuracy of forecasting prices, which are necessary for calculating the parameters of the stochas-
tic optimization model for the formation of a portfolio of projects, we used the theory of random variables and regression analysis.
The problem of choosing the optimal portfolio of venture projects was solved using stochastic mathematical programming.

Findings. A model for creating an optimal portfolio of venture projects has been developed. It is a stochastic mathematical
programming model that can be used to solve problems of investing in venture projects in the extractive industry. This model takes
into account the risks associated with obtaining the expected income from the implementation of each venture project, the uncer-
tainty in the initial data for calculating the income from the projects selected in the portfolio, as well as the limited funds required
to finance the project portfolio.

Originality. The stochastic optimization model for the formation of an optimal portfolio of projects, taking into account the
peculiarities of venture projects, in particular, their high riskiness, has been significantly improved and adapted.

Practical value. The proposed model for the formation of an optimal portfolio of venture projects can be used at mining enter-
prises, whose development strategy involves the implementation of innovative, high-risk projects. The use of this model in strate-
gic planning will allow an enterprise to receive the maximum income from venture projects in the face of a lack of financial re-
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sources, as well as instability of the innovation market.
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Introduction. Today, the success of a business in any area is
determined by the introduction of the latest technologies. This
also applies to the Ukrainian mining industry. Creation and
implementation of innovations occur through the implemen-
tation of a venture project.

This type of project is aimed at creating a new product or
technology that could provide high or extraordinary profit as a
result of the commercial use of this product or technology.

Venture project is not always the main activity of the com-
pany, such as it is possible for large enterprises of the mining
industry, where such projects are non-core business areas.

Typically, venture capital investors prefer projects related
to high technology, especially if they are aimed at industrial
products, i.e. b2b market (business-to-business). However,
many venture capital investors are interested in investing to the
extractive industry, which remains the leading one in Ukraine.

Like any venture project, a project in the mining field is
unique and therefore associated with certain risks for the in-
vestor. Investments in such projects differ from investments in
other business areas in that they are expected to have high
profitability and a quick return on investment — within 3—5
years. A venture capital investor has to take risks, so they may
not only fail to get profit, but may also lose all or part of their
funds invested in the project.

The risks of venture projects are characterized by a high
degree of unpredictability, which complicates their calcula-
tion. The peculiarity of the risk of a venture project is that it
consists of two parts: the risk of the project (as in any project,
for example, an investment one) and a “unique” risk that is
inherent only in the venture capital sphere.

Thus, the risks of the project involve undesirable events that
are specific to a particular industry in which the company oper-
ates (the mining industry, in our case). This risk is a kind of
“basis” that will be the same for all projects in this industry. The
“basic” risk is different because it can be measured by existing
similar projects, namely information on the calculation of the
average level of return on investment in projects in the industry.
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As for the “unique” risk, it is individual for each individu-
al venture project. In addition, these risks differ in that they
can relate to several industries at once. As a rule, “unique”
risks are higher for a starting venture project. In such a situa-
tion, the risks of developing and assessing the market condi-
tions accumulate all the risks inherent in these areas.

The difference between “basic” and “unique” risk is sig-
nificantly less if the venture project enters the start-up stage. At
this stage, as a rule, the first sales of the project product begin.
Nevertheless, the overall risk of a venture project even at the
start-up stage will be quite high, since due to the novelty of the
product, there is a risk of a low percentage of implementation.

The problem of reducing the risks of losing investments
and obtaining the maximum possible profit from venture proj-
ects can be solved by forming a portfolio of such projects.

Literature review. This work [1] explores a synergistic ap-
proach for the selection of a project portfolio. The article high-
lights the factors that affect the choice of a project portfolio
and examines the synergistic relationship between the subsys-
tem of the strategic goals of the organization, the subsystem of
a project portfolio and a subsystem of the area, which together
constitute a complex system for selecting a project portfolio.

The authors |2] have developed a methodology for form-
ing a portfolio of innovative projects, which makes it possible
to highlight the main directions and substantiate the composi-
tion for innovative projects when the development trends of a
project-oriented organization change.

This article [3] provides guidelines for presenting a portfo-
lio of high-tech projects as a typical model for making deci-
sions about investments in innovation. The process of making
such a decision is inextricably linked with the internal environ-
ment of the enterprise, in which it arises and proceeds. Thus,
all innovative investment projects, potentially considered for
inclusion in the portfolio, will not contradict the strategic plans
of the company, since they determine the general direction of
its activities. This is the relationship between strategic planning
and innovation and investment activities of the enterprise.

The authors of this article [4] propose a mechanism for
forming a portfolio for innovative projects, which consists of
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three steps. At the first step, the profitability of the project is
estimated using the real options method.

At the second step, a comprehensive project assessment is
carried out using the hierarchy analysis method, having previ-
ously determined the significance of the project assessment cri-
teria, including the potential profitability of the project, its du-
ration, as well as quality characteristics that affect the likelihood
of such a project. The final step is the selection of projects based
on priorities, taking into account funding constraints. Since
some of the project evaluation criteria (team qualifications and
project relevance) are subjective, this increases the risks associ-
ated with the implementation of the selected portfolio.

This article [5] focuses on the fact that the project portfo-
lio is the tool that allows increasing the competitiveness of en-
terprises through the implementation of complex projects. It
should contain projects that are focused on external and inter-
nal factors of ensuring competitiveness and form within the
framework of the general structure of “goals-results” with
their coordination between projects.

The authors of this article [6] propose a methodological ap-
proach to assessing the risks of developing and implementing a
venture project, containing the main elements of the most com-
mon methods of quantitative analysis, which makes it possible
to determine the amount of possible losses at each stage of de-
velopment and implementation of a venture project according
to an optimistic, most probable and pessimistic development
scenario taking into account the influence of the time factor.

This article analyzes the formation of a portfolio of sus-
tainable development of a metallurgical enterprise using the
method of analysis of hierarchies | 7]. The authors developed a
model of the development portfolio, bringing together in the
interaction of three elements: the economy, technologies and
the analysis of the external environment.

Each of these elements is characterized by five criteria. The
assessment of each of a potential portfolio component is based
on the hierarchy analysis method. The sequence of stages of
the methodology for selecting projects for the portfolio of sus-
tainable development of a metallurgical enterprise is described.
To determine the innovativeness of projects, the authors pro-
pose criteria that characterize their suitability for the charac-
teristics of an enterprise.

The article [8] proposes a mechanism for the formation
and management of portfolios of scientific projects for higher
educational institutions under the risk-oriented approach.
A mechanism for forming a portfolio for scientific projects of
higher educational institutions has been developed, which al-
lows the management of scientific activities of higher educa-
tion institutions based on risk management models. The arti-
cle proposes a method according to which the results of a sci-
entific project are assessed by the indicators of strategic goals.
The integrated indicator of project performance is defined as
the length of the trajectory traversed by the institution of high-
er education towards the desired state.

This article [9] is concerned with the problem of using
fuzzy sets to form a project portfolio. The authors consider in-
novative projects that are characterized by high returns and
high levels of risk.

This article presents a model for the formation of a strate-
gic portfolio of innovative projects. In this case, the target
function of the model is the total value of the project portfolio,
which characterizes its profitability. Thus, the portfolio value
is formed only by the NPV indicators for each project.

The article [10] presents a mathematical model for the for-
mation of an optimal project portfolio, the goal function of
which is the maximum income for the period of the portfolio
implementation. The model considers two sources of funding
project portfolio: enterprise’s credit and own funds. Moreover,
it is stipulated that each bank offers the enterprise several cred-
it and debt repayment schemes. Continuous variables are the
values of loans and repayable debts. The developed model of
forming a project portfolio is dynamic. It can be used to simu-

late a picture of the costs and benefits of a project portfolio
during its implementation. This makes it possible, in particu-
lar, to determine the period of time from which the enterprise
has sufficient circulating assets to ensure the functioning of the
project for the foreseeable future (provided that there are no
own funds to finance a project portfolio). With all the advan-
tages of the model presented in [10], the risk of the investment
portfolio is taken into account in it indirectly.

Unsolved aspects of the problem. A portfolio of venture
projects differs from a portfolio of any other projects in a high-
er degree of risk; therefore, the problem of forming an optimal
portfolio of venture projects is associated not only with limited
financial resources, but also taking into account risk. There-
fore, the formation of such an optimal portfolio of venture
projects, which would take into account the above two said
points, is a relevant objective.

Purpose. Purpose of the article is development of a meth-
od for forming an optimal portfolio of venture projects in the
mining industry.

Methodology. In accordance with the goal of the article,
the analysis of publications on the formation of a project port-
folio, in particular venture or innovative ones was carried out.
The theory of random variables, mathematical statistics, opti-
mization methods, regression analysis and stochastic pro-
gramming were used in solving the problem.

Results. Suppose the company is offered venture projects
(P), from which it is necessary to select those projects that can
provide the maximum amount of net income over time peri-
ods (7). Such indicators are known as: s,(7) costs for the p

project (p=1,P) at time period ¢ (t=1,T); d,(f) — income
from the p” investment project at time period z.

The company is considering the possibility of financing a
portfolio of venture projects, both at the expense of borrowed
funds — loans, and at the expense of a share of the enterprises’
own profit § at time period ¢ G(¥).

The profit from the project portfolio, according to [10], in
the time period t, T =1, ...7T'is calculated as follows

P P
> d,(x, +c(1)+0G(V) - s, (Dx, — E(1) -
p=1 p=1

—h(t—Dec(t-1),

where Boolean variable x, = 1, if p project is included in the
portfolio, x, = 0 if this is not the case; /() is the interest rate
for the loan (4£(0) = 0); E(t) is duty paid during the time pe-
riod t.

It is assumed that loans will be taken at the beginning of
the #” year and repaid in the next (¢ + 1) year. At the same time,
in the last year of the planning period 7, they will not be taken.
Interest on loans taken in the " year will be paid in the 7 + 1
year (t=1,..., T — 1). The loan repayment process is repre-
sented by the following expressions

E(1)=0; E@®)=c(t-1), t=2,3,...,T. 2)
Total net income for 7 time periods =1, ..., 7— 1, is calcu-

lated from (1) taking into account expressions (2), by summing
expression (1) by t =1, ..., 7. We have

e))

t P !
I(=>"d,(D)x,+c(t)+5) G(1) -
=1

=1 p=1
(P -1 (€)
= s, (0x, =Y h(ve(r), t=1,...T-1;
=1 p=1 =1
T r t P -1
I(T)= zzdp(T)xp _zzsp(‘r)xp - Zh(T)C(T)’ 1=T. (4
=1 p=l1 1=1 p=l =1

The (4) provides that in the 7" time period, loans are not
taken, and the volume of net income does not contain the
amount of self-financing in previous periods of time.

Suppose that all projects in the portfolio will provide a
type of product. In order to manufacture this product, b types
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of materials and energy are needed, and a + b= M. Let us also
set g(f),j = 1,..., a — the price of the jth type of product at th
time period (random variable); n,(?),j = 1, ..., a is the planned
volume of sales of products of the j* type for the p” project in
the 1" year, n,(1) > 0; /1), j=a + 1,..., M — prices of the k"
type of materials at the ¢* time period; n ), j=a+1,...,M,is
the required amount of materials of the jth type at the #th time
period for the p project, n,(#) > 0; 0 is the share of income that
is paid in the form of value added tax.

The values g(?), j = 1,..., M represent the forecast of the
corresponding product price at the ” time period. The price is
random.

In order to determine the first two moments of this value,
you can use the methods of univariate or multivariate predic-
tion. In the case of a univariate forecast, the assumption is
made that the price depends only on time value.

In the case of using a multivariate forecast, the forecast is
calculated under the regression model that links the price with
factors influencing it.

The indicator of the company’s own profit G(¢) is also de-
termined in a predictive way, which is also a random variable.

Sales volumes n,(%), j= 1, ..., M are determined directly by
the project developers, therefore, we will further consider
these values as deterministic.

We have

d,(t)=>q,01-0n,(0), p=1,...P, t=1,...T; (5)
Jj=1

M
5,(1)= Z]qj(z)npj(t), p=L..,P, t=1..,T. (6
Jj=a+

Due to g(?),j=1,..., M, k= 1,..., N being random vari-
ables, d,(f) and s,(9), p=1,..., P, t=1,..., T, according to ex-
pressions (5, 6) are also random variables. From this it follows
that the size of the net income from the implementation of a
project portfolio in formulas (3, 4) is a random variable.

In turn, the values of interest rates are also associated with
uncertainty, so we will also consider them as random variables.
Sothen I(¢),t=0, 1,..., Tin (3, 4) depend on random variables
d,(f) and s,(), p = 1,..., P; h(t), G(7), t=1,..., T — 1, which
means they are also random variables.

It is advisable to require that in each of the time periods
throughout the entire planning interval (except for the last pe-
riod) the portfolio of projects is not unprofitable, i.e. so that
the total net income in the ¢* period was more than 0.

Since net income is a random variable, the above require-
ment can be realized only in a probabilistic sense. This means
that the total net income from the implementation of the en-
tire project portfolio at the #” time period with a high degree of
probability should be positive or zero.

Then, from (3), we derive the probabilistic constraints on
net income

t P 13 1
L{ZZ[dp(r)—sp(r)pr +Y (1) +cY.G(r)-
=1 p=1 =1 =1

" ()
—ih(r)c(t)ZO}Za(t), t=1,...,T-1,
=1

where L{Z} is probability of Z event, probability is a(f) > 0.9,
t=1,..,T-1

The essence of Z event is that the total net income for ¢
time periods is positive or zero. This event should occur with a
high probability, namely not less than o(?).

Taking into account (4), we denote the goal function in the
form of two expressions

F — max; 8)

T P -1
L{ZZ[dp(r)—sp(t)]xp + Y h(t)e(t)> F} =a(T). (9)
=1

=1 p=I

aQ

According to (8 and 9), F threshold should be maximum,
which the indicator of net income can exceed with a high de-
gree of probability o(7) in the final period of time 7. This es-
tablishes the following probability a(¢) > 0.9.

Since the implementation of a venture project involves the
use of new technologies, and it is unique, it is to measure the
expected revenue from this project was more objective, should
take into account the possible risks.

The risk of venture projects combines the risk of lack of
necessary resources (especially financial), the risk of low pro-
fessionalism of the staff, the risk of unplanned expenses, the
risk of contract termination, risks associated with marketing,
the risk of lack of demand for the project’s products, and so on.

In order to take this risk into account, it is necessary to
introduce a restriction that will establish an acceptable risk
boundary for the entire portfolio of venture projects. Let the
total income for the project p

T
D,=%d, ).
t=1

Then
L rD
;71,” P—x,<R,
” ZIDPXP
=

where r,, is a level of risk for p project, and the specified risk
limit for the entire portfolio R = 0.25.

An enterprise that implements a portfolio of venture projects,
at the beginning of its implementation, may not have free funds,
which are necessary, including for the purchase of equipment. In
this case, the following restriction should be introduced

P
10)=Yu,x, <c(1)+cG(), (10)
p=1

where u, is the cost of the equipment provided for p project.

Due to the fact that the indicator G(1) is a random vari-
able, the above equality can be fulfilled only in a probabilistic
sense. Therefore, the constraint must also be formalized in a
probabilistic sense

L{iupxp Sc(l)+cG(1)}2a(0), (11)
p=l

where o(0) >0.9.

Let us explain the meaning of this restriction. To imple-
ment the project, it is necessary to purchase equipment (tech-
nologies) at the beginning of the first period of time. The
problem arises due to the fact that during this period there is
still no income from the sale of the portfolio, which means
that the purchase of equipment will have to be done at the ex-
pense of borrowed funds or the enterprise’s own funds (inter-
nal financing).

Since the income of the enterprise in the first period of
time G(1)obtained from activities not related to the portfolio
will be known only at the end of a given period, then the value
G(1) is uncertain or random.

We impose the obvious restrictions on the continuous
sought ones

¢(0)=0.9,

The optimization problem represented by formulas (7—12)
belongs to stochastic programming problems with probabilis-
tic row-by-row constraints. The desired variables in it are
Boolean variables x,, p =1, ..., Pand continuous variables c(7),
t=1,..., T—1ando.

To solve the problem of stochastic programming (7—12), it
is required to make the transition to a deterministic optimiza-
tion problem, which will be called deterministic equivalent
problem (7—12).

t=1,.,T, 0O<oc<l. (12)
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Let us assume that

[ W@ ] [ 4 ]
Wy (1) 4,(t)
H=| * s oq@=]
w,,( ) W, o (0) q(t) g,(0)
W (1) 4y () ] ()
w, (1) )
L)

2
Q(:) eRM, f=1,...T,

w
w,in="""]; o=
W, (1) a(1)

where w, (1) = (1 = O)n, (1), j = 1,..., a; w(t) = -n, (1), j=a +
+1,..., M.
Manipulate these equations (3, 4)

t P 1
I(H)= ZZ[dp(‘r) - Sp(r)]xp +Yc(t)+
=1 p=1 =1
‘ 1 (14)
+6Y G- h(v)er), 1=1,...,T.
=1

=1

The equation for the first term in (14) has the following
form, taking into account the notation (13)

T P P
Y2 d,(0-s,(0]|x=> f,0)x,, 1=1,...T,
=1 p=lI p=1

where
LO =W nH0o®, t=1,..,T. (15)

The coefficient vectors K(f) € R?*'*! and the required vari-
ables V(¢) € R**'* ! appearing in (14) are introduced

[ A0 ]
L)
[ —u, 1 __fl(t)_ :
—H2 _fz(t) fP(t)
: : 1
Uy ~fn(0) :((2))
K©O)=| ... |; KO=| ... |; K@= t: :
! e (1) ’
-1
0T—2 0T—2 et: (t) )
LG | | GQ) | O
e
> G(v)
L1 i
G
5H(®)
Sp()
—2....T-1. KT)=| |
t @ e; (1)
e (2)
e (T-1)
L 0 n

X
X3
x
P , X,
f
V=l c) |=|¥, |eRPT V=7 |ewr
«@ | |n
: Xp
o«T-1)
L G .
a(D)
2
V,= czf) eRT Y, V,=ceR,
(T -1)

where V; is a vector of Boolean variables, V;, components are
the size of loans, V; is enterprise profit.
In equation (16)

e(l)=1;
e’(T):{—h(t),ljzzl,[...t—l’ t=2,...,T-1; (17)
elt)=-h(t), t=1,..., T. (18)
Oris F-dimensional zero vector.
Then formulas (7—11) take the form
F— max;
LIK(T)V=F}y =o(T);
LKOV=202a(t), t=1,..,T-1;
L{K'(0)V> 0} > a(0).

Let us take the distribution of random variables d,(7), s,(),
p=1,.., P t=1,..., T h(t), G(t),t=1,..., T— 1 are normal. In
this case, it follows from formulas (15—18) that the distribution
ofvectors K(?),1=0, ..., Talsoisnormal. K(t) ~ M(K(?),Y(?)),

where K(f) is the expected value of the vector K(7), Yi(?) is
covariance matrix. The result is that scalar values I(f) = K'(f) V'
are distributed normally, 7 =0, 1,..., 7. After that, we get the
deterministic equivalent of problem (7—12)

p1=a(TOWVY((TW + KTV - max }
_ ., (19
PU=a(TMNWVY(TW +K(TW 20, 1=0,1,..,T—1

where p(v) is quantile of standardized normal distribution, v is
probability (value of the distribution function of a standard
normal random variable).

For vectors V|, V, and scalar V; — components V are sub-
ject to the following restrictions:

- components V; — Boolean variables;

- components ¥, — non-negative continuous variables;

- scalar V; — non-negative continuous value.

Point (19) with the above restrictions relates to a nonlinear
optimization problem with mixed variables. It can be solved
using the “Solver” function of the MS Excel.

Conclusions. In the course of solving the problem of devel-
oping a method for forming an optimal portfolio for venture
projects in the mining industry, the following results were ob-
tained:

1. The use of a project portfolio has been substantiated as a
reduction in the risks of loss of investment in venture projects.

2. A model for creating an optimal portfolio of venture
projects has been developed. It is a stochastic mathematical
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programming model that can be used to solve problems of in-
vesting in venture projects in the extractive industry.

3. The profit from the implementation of projects included
in the portfolio is calculated. At the same time, it was taken
into account that prices for raw materials and finished prod-
ucts are random.

4. The risks associated with obtaining the expected income
from the implementation of a venture project was taken into
account.

5. Uncertainty in the initial data for calculating income
from projects included in the portfolio was taken into account.
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Metoauka. 1151 0OOUUCIEHHS] TOYHOCTI MPOTHO3YBaHHS
1IiH, 110 HEOOXimHi M1 po3paxyHKy IapaMeTpiB ONTHUMi3a-
1ii1HOT cTOXacTUYHOI MoJiesTi (hopMyBaHHS NMOPTQhES MPOeK-
TiB, BUKOPUCTOBYBaJIaCsl T€OPisl BUIAIKOBUX BEJUUYMH i pe-
rpeciiiHuii aHani3. 3aBaaHHsT BUOOPY ONTUMAJILHOIO MOPT-
(enst BeHUYpHUX TMPOEKTIB BUPINIyBAJIOCS 3a TOMOMOTOIO
CTOXaCTMYHOTO MaTeMaTUYHOIO MPOrpaMyBaHHSI.

Pesyabratu. Po3pobieHa Monenb CTBOPEHHST ONTUMATTb-
Horo noptdessi BeHUypHUX MPOoeKTiB. BoHa siBJisie co0010 MO-
NIeNIb CTOXaCTUYHOTO MaTeMaTUYHOTO TPOTrpaMyBaHHS, SIKY
MOXHa 3aCTOCOBYBAaTH MPU BUPIllIEHHi 3aBIaHb iHBECTYyBaH-
HSl Y BEHUYYPHi MPOEKTH y BUIOOYBHili ramysi. JlaHa monenb
BpPaxoOBY€ PU3UKU, MOB’S13aHi 3 OTPUMAHHSIM O4iKyBaHOTO J10-
XO[y BiJl peastizallii KOXKHOro BEHUypHOTO MPOEKTY, HEBU3HA-
YEeHICTh y BUXITHUX TaHUX JIJISI PO3PAXyHKY JOXOMY Bill po-
€KTiB, BiliOpaHUX y MOPT(eb, a TAKOK 0OMEXKEHICTh KOIITIB,
110 HeOOXiHi 1151 hiHaHCYBaHHS MOPTQES MPOEKTiB.

Haykosa noBu3Ha. CyTTeBO BIOCKOHAJIEHA Ta aganToBa-
Ha CTOXaCTUYHA oNTUMi3alliliHa Mojeb HOPMYyBaHHS ONTU-
MaJIbHOTO TIOpT(esist MPOEKTiB 3 ypaxyBaHHSIM OCOOJIMBOC-
Tell BEeHUYPHUX MPOEKTiB, 30KpeMa, iX BUCOKOT pU3UKOBOCTI.

IIpakTiyHa 3HAYMMICTB. 3aITPOITOHOBaHA MOIEb (POPMY-
BaHHS OTNITUMAJILHOTO MTOPT(desist BEHYYPHUX ITPOCKTIB MOXKe
OyTM BUKOpHMCTaHa Ha TiAMPUEMCTBAX TipHUYOAOOYBHOL
MPOMUCIIOBOCTI, UMS CTpATErisi PO3BUTKY Iependavae peasi-
3allil0 iIHHOBALIMHMUX, BUCOKO PU3MKOBUX ITPOEKTIB. 3aCcTO-
CyBaHHS TaHOI MOJieJli TIPU CTpaTeriyHOMY IJIaHYBaHHi J10-
3BOJIUTH IiANPUEMCTBY OTPUMATU MaKCUMaJIbHUI JOXII Bil
BEHUYpPHUX MPOEKTIiB B yMOBax Opaky (hiHaHCOBUX peCypciB,
a TaKOX HECTaOUIbHOCTI iHHOBALIIAHOTO PUHKY.

KuiouoBi cioBa: eenuypruii npoekm, nopmaens npoekmis,
onmumizayis, cmoxacmuune NpoePaAMy8aHHs, pUUKU
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