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Abstract.

The complexity of modern projects makes the prapanagement of them crucial. The

volatile environment of the twenty-first century ams that it is important to choose the
right moment to start a project. Because the datig start is irreversible, we are dealing
with a real option. The paper presents a outlin&@fport System for choosing the right

moment to start a project on the basis of multiestaal options. The system is based on
knowledge of the future changes in the factorsctifig the results of the project The

TOPSIS method was used to choose the efficiensidac

1. Introduction

Traditional project evaluation is based on thedisted cash flow method (DCF). The
main measure of effectiveness is the Net Preselne\(&lPV). When this value is positive,
the project is approved, when negative, it is tejg@cbut this approach sometimes leads to
the abandonment of profitable projects. The redsothis is that the DCF method does not
take into account the role of managerial flexililiThe project manager has the right to
take action as appropriate. This situation is dadleeal option. Using Real Option
Valuation (ROV), we can provide a quantitative meament for this situation. The Cox-
Ross-Rubinstein model (CRR) , is commonly usedHis: This approach is based on the
binomial tree.

The ROV-based approach not only makes it possibl@liue a project, but it also can assist
in the decision making process. For example, iftegect is divided into phases, there is a
problem of selecting the start of the next stade Fame is the case when it is possible to
delay the start of the project. The right momertie¢gin the project and each stage has to be
chosen. If the result of the project depends onesexternal factors that change in time, it

is possible to help selection with ROV methods. €btedition is that these factors can be
modeled using stochastic processes.

This paper presents the outline of Intelligent Supfystem based on Real Option
Valuation (ROV) methods for decision support inelepment projects. The system is
based on knowledge of the future changes in therfaaffecting the results of the project,
which are modeled by stochastic processes.|f,@m#ture of the problem, there is a need
to use multiple state variables, it leads to pnotsle€onsidered in the multicriteria analysis.
The proposed solution considers two aspects, wdrietespecially important in the context
of sustainable development, namely social aspectdiaancial aspects. The first section
presents the defer options that may arise in proj@nagement. The next section describes
a multicriteria system using Real Options Valuatimnsupport choosing the right moment
to start. This system is based on the TOPSIS mgthechnique for Order Preference by
Similarity to Ideal Solution) originally developdy Hwang and Yoon [6].
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2. Related work

Project management produces an environment in whanty decisions are made. If we
have the opportunity to delay the start of the gxjthe problem of choosing the most
appropriate starting point arises. If the staglémned in advance, the situation is static, the
decision maker is not able to react to changelsdrehvironment and in the same project. If
extending the duration of the project is allowed #re decision maker is allowed to freely
decide about the start times, a completely nevatdn is raised, as presented in Figure 1.
The decision maker may start the project (decigiprthen move the stataitialization of
project to theend of project. The decision maker may also wait (sieciW), but then the
project will remain in its starting state. Aftereperiod, the situation is repeated.

The ability to delay the project for one periodiofe creates a real option, expanding
managerial flexibility. The project manager hasphbssibility to use this option freely,
depending on the situation in the environmenthéf turrent environment is favorable, the
project manager will begin the project, if it istio@neficial, he or she can wait for

a development in the situation. There is the proldé when to use this option - what is the
best moment to start the project? Is it bettetdd she project now or wait for a
development in the situation? Based on quant#aissessment system gives answer.

The standard approach in the valuation of reabagtis based on one factor, called the
state variable. There have been attempts to takeastount many state variables. The first
attempt, on the basis of financial options, was ertaglBoyle [1], who took into account
two assets. Mun [7] described the commercial smhutdr real options with many assets. In
these attempts, different criteria were broughd twmmon financial denominator.

According to the principles of sustainable develeptmresults of the project, depend on
certain factors, which may be economic factorsiagddactors and environmental factors. If
we consider more than one factor that leads toilityedind design considerations in many
areas, the problem is converted from a simple vialnao a multicriteria evaluation
problem. This approach is discussed in the liteeaflihe framework for project-level
decisions, leading to more sustainable managenmenti@velopment, is proposed in [2].
The ecological, economic and social sources ofdeaole valuation are discussed in [8].
Heidkamp’s paper [5], proposes a theoretical fraor&vior the integration of economic
and environmental aspects into the decision mafingess for sustainable development
strategies.

Figure 1. Considered situation
The decision maker makes his or her decisions basethanges in factors. These factors
vary stochastically according to a certain randootess. The idea behind the CRR method
is to cover a possible future state variable birbinee as shown in Figure 2. This is a role-
specific scenario of possible changes in the vafigtate variables.
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3. Idea of Support System for efficient decisions

The decision support system for the selection efstlart moment of the project is based on
the valuation of the option situations. The proaeds enriched with the TOPSIS method,
which is used to select effective decisions. Weiasesthat each state variable in one period
may increase-times and falb-times. This assumption leads to the tree of ptessitate
variable values, consisting of nodes marked withices , j, n), wherei means the

number of falls in the first state variabjeneans the number of falls in the second state
variable andh is the number of the period . We denote stat@bl asX(i,n) for first

state variable anH,(j,n) for second state variable in perindConnected to each node is
also the present value of the proj¥di, j, n), described later. We assume that we hHdve
periods, the present value of each state varianetéd byX,(0,0) and also have andd.

The value ol can be obtained from historical data using thécaion procedure

proposed by Guthrie [4].

The proposed method, which is implemented in systeomsists of several steps which
include: creating a decision tree (D-tree), buiddpossible scenarios (X-Tree), building a
project value tree (V-Tree), and at the end detaingiefficient decisions.

Decision tree (D-Tree) is the possible states efptoject are recognized. They may be
different phases or specific stages. The possitésibns that could be made when
considering a state are recognized. Making a detisbuld lead to a transition from one
state to another. All possible transitions are iified. The result of this step is the creation
of a D-Tree. The considered D-Tree is shown in FEdu

Lattice of state variables (X-Tree) which may dapen the result of the project is
identified. The tree starts from a known presefiteaf state variables. Based on the
history, the values andd can be determined in the calibration processeg of possible
changes in state variables is formed and showslpessenarios of the situation, presented
in Figure 2. Calibration is the appropriate chdimethe number of steps and the choice of
parametersl andu to best meet the future value of the variableestat

The first step is to choose the model of the stsiih@rocess. In the literature [4], the most
commonly used processes are Brownian Motion (BMI) @eometric Brownian Motion
(GBM). In this work we use GBM defined by the edqoat

dX; = uX dt+o XdW 1)

whereW, is the Wiener procesy; is the state variablgy is the drift parameteg is the
volatility parameter.

The selection of the model gives a way of genegdtittice nodes. For Geometric
Brownian Motion (GBM), nodes are defined by theapn (fork-th state variable):

X (i.n)= Xk(OO)e(”‘Z‘)Bkw/m )

wheret,, is a part of year which for each node of trég,is the estimated volatility

parameter for GBM. These formulas arise direciiyrfthe method of determining the
parametersi andd. This is done in the model calibration process.Geometric Brownian
Motion (GBM) we have:

u= eakm 3)
d = Ot 4)

The volatility of the process, (for k-th state variable), is calculated in each casthen
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basis of historical data from the variability ingllata:
Ok

Jt,
where4t, is a part of year which represents one period fa,ds, is standard deviation in
historical data (fok-th state variable).

®)

Oy =

X

t

Figure 2. Binomial tree covering stochastic process

Project value tree (V-Tree) is then created. Ifihgect evaluation is based on many state
variables, it is therefore presented in a vectarabfies. When considering two state
variables, the V-Tree grows in two dimensions:

VTG i) { (X (i) VG, 0 +D) }
fo(Xa( 5.0 V2"(i, jin+1))
We denote the present value of the project, wiiadependent on two state variables, as
V(i j,n) - utility value ofk-th state variable, the projectrimth state, perioch, with i -
number of falls of the first state variable apndnumber of falls of the second state

variable. The calculation of the value of the \&@starts from the end (final value). We
assume that the final value of the project is afiom of state variables:

T BN
v ("”N){fz(xz(j,N»} @

On this basis, the remaining values of the V-Tmeesaiccessively calculated. Trees are
constructed for each state of the project. Theutation of value is done by backward
induction. Based on the value of the project aftecompletion (which is usually equal to
the state variable, or the right formula for thésiable is calculated), the values of the
project in the preceding nodes are calculated.

The present value is the discounted expected wdlaebsequent values:

Vi, 1) = (T2, 50+ D+ EVnG, L0+ D) +
+TLTEV, (i +1, j,n+1) + TRV, (i +1, j +1,n+1) )e ™
Subsequent values are weighted by the probabfliggbieving these values. If we denote

by r the risk free interest rate, we can calculate @bdhies for GBM model from the
formulas proposed by Seydel [9]

eI’Atm_d
- 9
m =g ©)

for the growth and

(6)

(8)
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m=—— (10)
u-d

for the fall of the second state variable.

The most important is determining efficient deaisioThe values determined by the
formula (8) must be calculated for each decisionye have a superscript denoting the
decision on the value achieved for the decisiort (Arand for the decision Wait\{) :

A i = VG TN)
V2@, ) {VZA(i,j,n)} (11)
A A (B D)
Ve {vzw(i,j,n)} 42

The selection of efficient decisions we made by Bt8®method, originally developed by
Hwang and Yoon [6], here presented by [10]. Conputaare based on evaluation matrix,
shown in Table 1.

Table 1. Evaluation matrix

D Vi Vs
A VAG, ) VAG, )
w VW (i, j.n) vV (i, j.n)

In Table 1 we denotB, thel-th decision [ = 1, 2),V, is the value of thk-th state variable
(k= 1, 2). Additionally we definai > 0 weights of assessments, which sums to one.
First we normalize the matrix:

X X

N = {Au AlZ} (13)
X1 X2

where:

Sy =——%  for =12 anck=1,2 (14)

andxy is an appropriate element in the evaluation mafiren we weigh the this matrix:
WX WoX Vip V.

v :[ Ya 2}2} :[ 11 12} (15)
WiXo1  WoXp Vo1 V22

Next we determine the worst alternatide = (vl' ,vz_) and the best alternative

A* = (vl+ vg) where vy :mlin(v|k) and vy :m|a>(v,k) fork =1, 2, assuming that all

factors have positive impact. We calculate theadise between the target decision and the
worst (A7) and the best") alternatives:

n 2
d = }Zv,k —vg‘ Jfor 1=1,2 (16)

k=1

n 2

d" = zVu( ‘V;‘
k=1

We then calculate the similarity to the best aktine:

yforl=1,2 a7
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S = d for 1=1,2 (18)
d|+ + dl_ 1 1

It is understood thaD < S <1. A higher value 0of§ means the solution is closer to the ideal
solution, so decisions with the maximum value o thdex should be chosen.

4. Conclusions

The complexity of modern projects forces us to meays of looking at project
management. When choosing a project, it is necgssaonsider not only certain results
but also the future possibilities. This holistiewi, which is the basis of real options is the
result of systems thinking.

This article presents a intelligent support systendevelopment projects. It is based on
the method of valuation of real options. It makgsoissible to determine the best moment
to start a project when there is real option totmiaicontext of sustainable development,
we take into account two factors, so it was neaggsaemploy methods of multicriteria
decision making, namely TOPSIS was used.

5. Acknowledgements

This research was supported by the grant frortioNa Science Centre Poland (NCN),
project number NN 111 477740.

6. References

[1] Boyle, P.P. A Lattice Framework for Option Pricwih Two State Variables.
Journal of Financial and Quantitative Analysis. Z8t01, pp. 1-12 (1988)

[2] Comello, S.D., Lepech, M.D., Schwegler, B. Projeetel Assessment of
Environmental Impact: Ecosystem Services ApproacBustainable Management
and Development,. Journal Of Management In EngingeYol 28:1, pp. 5-12.
(2012)

[3] Cox, J.C., Ross, S.A., Rubinstein, M. Option mgcia simplified approach. Journal
of Financial Economics Vol. 7, pp. 229-263 (1979)

[4] Guthrie, G. Real Options in Theory and Practicefotik Oxford University Press,
(2009)

[5] Heidkamp, C.P. A theoretical framework for a 'splfficonscious’ economic
analysis of environmental issues. Geoforum, 8611, pp. 62-75 (2008)

[6] Hwang, C.L., Yoon, K. Multiple Attribute Decision &king: Methods and
Applications New York, Springer-Verlag, (1981)

[71 Mun, J. Real Options, In: Quantitative Businesdudtion edited by J.B. Abrams,
2nd ed., pp. 573-616. Hoboken: Wiley (2010)

[8] Plottu, E., Plottu, B. Total landscape values:utirdimensional approach. Journal
of Environmental Planning and Management, Vol 5p6,797-811 (2012)

[9] Seydel, R.U. Tools for Computational Finance, fowd. Berlin Heidelberg,
Universitext Springer (2009)

[10] Trzaskalik, T. ed. Wielokryterialne wspomaganieydgic Metody i zastosowania.
Warszawa (Poland): PWE (2014) (in Polish)



