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MULTI-CRITERIA DECISION
AIDING PROCEDURE
UNDER RISK AND UNCERTAINTY
Abstract
Decision making under uncertainty is a very important area of decision theory.
Uncertainty implies that in certain situations a person does not have the information
which would adequately describe, prescribe or predict a system, its behavior or other
characteristics, deterministically and numerically. Thus uncertainty relates to a state
of the human mind, i.e., lack of complete knowledge about something.
In this paper we propose an interactive multicriteria decision aiding procedure
which enables to take into consideration together uncertainty and risk factors.
The uncertainty factors we consider when we don’t know the probabilities of the states
of nature. The risk factors are applied when we are able to estimate the probability
distributions.
The proposed procedure uses scenario planning technique to deal with
uncertainty and Monte Carlo simulation to deal with risk factors.
Proposed decision aiding procedure is illustrated by the complete numerical
example.
Keywords
Multicriteria decision aiding, risk, uncertainty. Monte Carlo simulation, scenario
planning.

Introduction
Rapid technological progress, particularly in the field of information
and telecommunication technologies (ICT), and the increasing economic
globalization, taking place at the turn of the 20th and 21st centuries, result
in a significant volatility of the macroeconomic environment, which has
a considerable impact on the business world.
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In consequence, the influence that these factors exert on economic
and business decisions has to be taken into account in the decision-making.
The issues relating to decision analysis and aiding under incomplete information remain important part of operational research, in particular of multi-criteria decision aiding.
Uncertainty implies that in the certain situation a person does not possess
the information which quantitatively and qualitatively is appropriate to describe,
prescribe or predict deterministically and numerically a system, its behavior
or other characteristics [26]. Thus uncertainty relates to a state of the human
mind i.e. lack of complete knowledge about something [24].
In earlier works term “Risk” was applied to the situations in which
probabilities of outcomes are known objectively, recently term “Risk” means
a chance of something bad happening [10]. The term “Uncertainty” is applied
to the problems in which exist alternatives with several possible outcomes.
The sources of uncertainty may be divided into two main groups: internal
sources of uncertainty and external ones. Internal sources of uncertainty
are created by imprecision of human judgments concerned with specification
of preferences or values or to assessment of consequences of actions [24].
In the MCDA approach we can find a wide range of methods and techniques
to deal with uncertainty created by internal factors: sensitivity analysis (e.g.
[21]), fuzzy set approach (e.g. [16, 3]), rough set approach (e.g. [12]). External
uncertainty refers to lack of knowledge about the consequences of our choices
[24]. For those types of problems the following methods are applied: probabilistic models and expected utility (e.g. [14, 1, 22]), pair wise comparisons
based on stochastic dominance (e.g. [4, 17]). The risk measures as surrogate
criteria are also applied (e.g. [18, 23, 13]). In such problems where we have
to take into account external uncertainty the scenario planning may be applied
(e.g. [15, 11, 20, 25]).
While considering the traditional division of the issues relating to decision making under incomplete information into the issues relating to decision
making under uncertainty and the issues relating to decision making under risk,
one can notice that both cases have so far been treated independently (both
in scientific literature and in business practice), e.g. decision situations have
been analysed as under uncertainty or as under risk.
We think, based on the previously conducted research, that management
(especially strategic management) comprises a number of decision-related
areas, where uncertainty factors and risk factors should be considered jointly
and decisions should be evaluated based on many criteria. In such situations,
however, decision aiding requires the development of an appropriate methodology for decision analysis and aiding.
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This paper discusses the proposal of the multi-criteria decision aiding
procedure under uncertainty and risk, which is a modification of the method
presented in the paper [9]. The multi-criteria decision aiding method which
has been developed takes into account both uncertainty factors and risk factors.
To incorporate uncertainty factors, the scenario-based approach was
adopted, while the Monte Carlo simulation* was applied to deal with risk
factors. The decision aiding process was carried out with the use of the interactive method, which allowed to take into account individual preferences
of a decision maker (DM) without the necessity of making prior assumptions
about them.
To analyse numerical (computational) problems, we created a numerical
example, which is the main part of the paper. It was based on the data assumed
and illustrates the possibilities of practical applications of the presented decision
aiding methodology. Spreadsheets were created to aid decision making based
on this method and to test its practical applications (including numerical
problems).
The results presented in the paper indicate that the proposed approach
to decision aiding, incorporating many evaluation criteria and uncertainty
and risk factors, can be effectively implemented in a spreadsheet supplemented
with the simulation device and can become a useful tool to aid real life decision
problems.

1. Decision aiding under uncertainty
**
and risk
This section of the paper deals with the multi-criteria decision aiding
procedure under risk and uncertainty. The procedure uses the scenario-based
method to incorporate uncertainty factors and the Monte Carlo simulation
to reflect risk factors. To compare and aid the process of selecting alternatives,
we developed a multi-criteria interactive decision aiding method. The method
comprises eight main stages, listed below:
1. Formulation of potential decision alternatives.
2. Determination of the evaluation criteria for each alternative.
3. Identification of uncertainty factors.
4. Planning of the scenarios of the environment development.
*
**

Monte Carlo simulation can be found in [2].
This part of the paper presents the modified procedure, discussed in the [9].
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5.
6.
7.
8.

Identification of risk factors.
Development of strategic financial plans.
Performing the Monte Carlo simulation.
Selection of the alternative with the use of the interactive decision aiding
method.
The stages of the procedure created, aiding the selection of a decision
alternative under uncertainty and risk, are discussed below in detail.

1.1. The formulation of decision alternatives
The first stage involves an analysis which aims to construct the set
of potential decision alternatives. Let us assume that the set of alternatives
is finite and it will be denoted as follows:
W = {w1 ,..., wM }

1.2. The determination of the evaluation criteria
Next, the evaluation criteria for alternatives are determined. They should
allow to compare decision alternatives and reflect the goals of the Decision
Maker (DM).
Let us assume that the evaluation criteria can have a directional, point
or interval character. They can measure both quantitative characteristics (then
they are measures on a ratio scale) and qualitative attributes (noted on
an ordinal scale).
To simplify the notation and improve its clarity, we assume, further
in the paper, that all the criteria have a directional character and should be maximised. (Minimised, point or interval criteria can be taken into account after their
simple transformations).
The set of evaluation criteria for the alternatives is denoted by:

K = {k1 ,..., k J }
1.3. The identification of uncertainty factors
Based on the results of the analysis of the economic macro-environment,
the third stage involves identifying uncertainty factors which may have
an impact on the values of the evaluation criteria for the decision alternatives
which we are considering. These are the factors which remain beyond DM’s
control and the probability of their occurrence cannot be objectively de-
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termined. In practice, they are mainly legislative factors (the introduction
or modification of business-related legislation), social factors (change in fashion
or lifestyle, etc.), and technological factors (new technical or technological
developments).
Next, we determine the set of potential future values for each uncertainty
factor. At this stage we can use heuristic techniques, such as “brain storming”
or the “Delphi method”. The following notation is used:
C − the number of uncertainty factors,
Nz − a set of potential values for factor z (z = 1,…,C) with elements denoted
as follows:
z
N z = {n1z ,..., n wz
}

where wz denotes the number of analyzed values of factor z.

1.4. The planning of the scenarios
of the environment development
Taking into consideration the set of values of uncertainty factors determined at the previous stage, we plan the scenarios of the economic environment
development. The set of scenarios should include all the situations considered.
As a result, the set of scenarios can be specified as:
S = {s1 ,...sls } = N 1 xN 2 x...N Z

It is, then, the Cartesian product of the sets of potential values of all
uncertainty factors. The number of scenarios ls equals the product of the number of values which can be taken by each uncertainty factor: w1x w2 x ….x wz.
The examples of scenarios created for strategic analysis can be found
in the papers [7, 9].

1.5. The identification of risk factors
for each alternative
Stage 5 involves identifying the risk factors for each alternative. These
are the factors which have an impact on the values of evaluation criteria
and such that the probability distribution for their values in the future can be
assessed. In practice, the factors will mainly include such characteristics
of the alternatives as investment costs, demand, selling prices, per-unit costs
of production, sales costs and costs of management and administration.
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In relation to risk factors, we need to collect additional information which
will allow to determine the probability distributions of their occurrence.
The sources of data on the unknown parameters of a financial plan can be:
– the results of the statistical analysis of historical data,
– the forecasts based on statistical econometric models incorporating the error
distribution of a forecast,
– expert opinions.
The BestFit module, part of the Decision Tools Suite package, can be
applied to estimate the probability distributions based on historical data.
The module allows to find the distribution and parameters with the best fit
to historical data and to cooperate directly with the MS Excel spreadsheet.
The examples of estimates of probability distributions for risk factors can be
found in the paper [6, 7].

1.6. The development of strategic financial plans
Next, a strategic financial plan is developed for each situation (i.e.
for each pair: decision alternative/scenario). The financial plan is the basis
for the calculation of the evaluation criteria. Thus, the number of financial plans
which have to be developed is M x 1s (the number of alternatives x the number
of scenarios).
The starting point for the development of a financial plan for the situation
considered is the creation of sales forecasts (including the alternative and the
scenario of the environment development) and the investment costs plan. Based
on this model, operating costs, divided into fixed costs and variable costs,
are estimated. This allows to create profit and loss account forecasts on
an operating level. Then, based on additional assumptions about the indices
of working capital turnover (inventories and receivables) and payables due
dates, we determine the demand for working capital and stabilise the balance.
The balance sheet forecasts allow to create cash-flow statement forecasts
with the use of the indirect method. The examples of strategic financial plans
can be found in the paper [8].

1.7. The conduct of the Monte Carlo simulation
Based on the estimates of probability distributions for risk factors
(discussed in 1.5) and the models of strategic financial plans (discussed in 1.6),
we conduct the Monte Carlo simulation, which generates the distributions
of the values of evaluation criteria for each scenario of the environment
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development. If the financial plan models are created in the MS Excel
spreadsheet, we can use the @Risk module, part of the Decision Tools Suite
package by Palisade, to carry out the simulation. An example of the simulation
carried out with the use of the @Risk module can be found in the papers [5, 7].
As a result of the simulation, we obtain an evaluation vector for each
alternative. The components of the vector are the distributions of the evaluation
criteria variables:
X ik = [ X ik,1 ,..., X ik, ls ]

denotes the vector which consists of distribution functions of the k-th evaluation
criterion for the i-th alternative for the next scenarios, whereas the matrix:
X k = [ X ijk ] M ,ls

includes the value distributions of the k-th evaluation criterion for all alternatives and scenarios (k = 1,…,ls).

1.8. The interactive method used
*
for the comparison of alternatives
Following the calculation of the values of evaluation criteria for each
decision alternative, we carry out the multi-criteria analysis which aims
to indicate the most favourable alternative of the strategy in the light
of the assumed evaluation criteria and DM’s preferences or, at least, to select
the decision alternatives which are definitely the worst and should be rejected.
Now, we present the proposal of the interactive multi-criteria decision
aiding with the use of the scenario-based method. A decision aiding procedure
allows DM to evaluate trade-offs both between the evaluation criteria
and between the outcomes that are certain and the outcomes that are possible
in favourable conditions. Moreover, we assume that during the decision aiding
process we will not expect DM to define his preferences a priori, but only
to provide this information during the decision-making process, as a result
of the analysis and assessment of the solution proposals. Let us assume that
the matrix:
E ( x k ) = [ E ( xijk )] M ,ls

*

The idea of proposed method is based on the concept of Interactive Multiple Goal Programming presented
in [19].
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includes the expected values of the k-th evaluation criteria for the subsequent
scenarios. Moreover, let us assume that the matrix:
x k ( p k ) = [ xijk ] M ,ls

includes the values of the k-th evaluation criterion for the subsequent scenarios
calculated for the assumed probability value pk, and these values guarantee
the probability that a particular variable will have a lower value of at least pk,
which may be defined as below:

P( X ik, j ≥ xik, j ) = pk
Furthermore, let us assume that for probability pk:

xik = min xijk
j =1,...,ls

means the worst value of the k-th criterion for the i-th decision alternative
whose probability is pk. Let xio denote the “ideal optimistic” solution, defined
below:
x io = [ x io , k : x io , k = max max x ijk ; k = 1,..., J ]
i =1,..., M j =1,...,ls

Whereas xip is an “ideal pessimistic” solution:
xip = [ xip , k : xip ,k = max xijk ; k = 1,..., J ]
i =1,..., M

Vector xarp, defined below, is referred to as a “current solution”:
x arp = [ x arp , k : x arp ,k = min xijk ; k = 1,..., J ]
i =1,..., M

Potency matrix Pr is noted as follows:
⎡ xio ⎤
⎢
⎥
P = ⎢ xip ⎥
⎢ x arp ⎥
⎣
⎦
r

where index r = 1,2,3,… denotes the number of the algorithm iteration which
generated matrix P.
Let us also assume that matrix P0 is constructed in the way similar to
the one discussed above, but with the use of the matrix of expected values
of each criterion E(xk). The decision aiding procedure can be described in three
main steps:
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Step 1
DM is presented with potency matrix P0 calculated on the basis of the
expected values. Then, for each criterion k, DM defines the probability value
at which he will analyse the values of a given evaluation criterion. The first
potency matrix P1 is calculated and presented to DM. DM chooses either
to accept the values and move to Step 2 or to correct the adopted values
of probabilities pk.
Step 2

Following the analysis of the potency matrix, DM chooses the criterion
for which the value of the current (pessimistic) solution should be improved.
He specifies the accepted value of the pessimistic solution of criterion dk, which
k
< d k ≤ xipk for the specified probability of realizing pk.
fulfills the condition xarp
DM can change the required values of probabilities pk for particular
evaluation criteria and is then presented with the accordingly improved potency
matrix.
Step 3
The alternatives that do not fulfil the condition specified by DM in Step 2
are deleted from the set of the decision alternatives and a new potency matrix Pr
is calculated. DM compares the values in potency matrix Pr and Pr-1 and
evaluates whether he accepts the consequences of his requirements.
a) If DM accepts the new solution, we go back to Step 2.
b) If DM rejects the new solution, we restore the deleted alternatives and then
go back to Step 2.
Stop condition
The procedure stops when there is only one alternative left in the set
of decision alternatives and DM accepts the solution.

2. The numerical example
Now we present the numerical example which illustrates the application
of the proposed multi-criteria decision aiding procedure under uncertainty
and risk to the selection of a company’s investment alternative. The example
has been developed based on the assumed data.
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2.1. The formulation of the problem
and decision alternatives
Let us assume that we consider the case of a consumer electronics
manufacturer. The company specialises in a narrow segment of this market
(characterised by high growth dynamics) and is a market challenger (it has
the second largest market share). The main competitor, the market leader, builds
its strategy on systematic innovation in the functionality of the products, which
forces other market participants to introduce similar solutions.
The management board recognizes the need to modernize the production
facilities in order to facilitate the application of the latest technological developments in the manufactured goods.
As a result of preliminary technical and technological analyses, several
opportunities to modernize the production plant have been identified. Firstly,
the modernisation is carried out in stages, over the span of four years,
and financed with the company’s own funds. The second alternative involves
the purchase a new production line in addition to the existing one and its launch
within the first year. The third alternative is the construction of an entirely new
production line as a replacement of the existing one and its launch within
the first year. Due to high investment costs, the last project may be financed
through the increase in the company’s equity capital or with a long-term loan.
In order to provide basis for comparison with the current situation,
we also consider the possibility that the company chooses not to make
the investment and continues to operate in an unchanged manner. The set
of decision alternatives consists of five elements:
W = {w1 ,..., w5 }
briefly characterized below:
Alternative 1: w1 – refraining from the investment.
Alternative 2: w2 – the modernisation of the production plant is carried out in
stages, over the span of four years, with the capital outlays in the four years
amounting to PLN 2.3m, PLN 3.1m, PLN 3.1m, PLN 3.8m, respectively.
The full capacity will be reached after the completion of the investment.
Alternative 3: w3 – the modernization of the production plant involving
the installation of a new production line in addition to the existing one within
the first year. The estimated capital outlay amounts to approximately
PLN 10.2m and will partly be financed with a long-term loan.
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Alternative 4: w4 – the purchase of a new production line as the replacement
of the existing one within the first year. The total capital outlay is estimated
at PLN 20.2m, with PLN 19m financed with a long-term loan and the rest
coming from the company’s own funds.
Alternative 5: w5 – the purchase of a new production line as the replacement
of the existing one as in the previous alternative. The capital outlay will be
financed through the increase in equity capital (PLN 18m) and the rest
will come from the company’s own funds.

2.2. The determination of the evaluation criteria
Alternatives will be compared based on the analysis of the five-year
period from 2007 to 2011. Let us assume that five evaluation criteria have been
determined in order to compare the decision alternatives. Thus, the set of criteria may be noted as follows:
K = {k1 ,..., k 5 }
The characteristics of the adopted criteria are:
Criterion 1: k1 – SALES: the level of sales in 2011. The criterion is used
to assess the market position of the company at the end of the analysed period.
The higher the value of this criterion is, the better.
Criterion 2: k2 – NPV: the updated net present value of the project calculated
at the discount rate of 12%. The outlays are covered by the value of own capital
at the beginning of the analysed period, the cash-flow values in the next years
based on the cash-flow forecast, and the residual value equal to the value of net
assets at the end of the last year. The criterion is a commonly used measure
of investment profitability. The higher the value of this criterion is, the better.
Criterion 3: k3 – ROE: return on equity in 2011 calculated by dividing net
income by equity capital. The criterion reflects the expected return on shareholder capital after the completion of the project. The higher the value of this
criterion is, the better.
Criterion 4: k4 – MAX_DR: maximum debt ratio in the whole analysed period
calculated as the ratio of the sum of short- and long-term loans to total assets.
The criterion is a measure of financial risk of the project. The lower the value
of this criterion is, the better.
Criterion 5: k5 – MIN_IC: minimum interest coverage ratio in the analysed
period calculated as the ratio of operating income to financial costs (in this case,
interest expense). The criterion also measures the financial risk of the investment (loss of liquidity in the analysed period). The higher the value of this
criterion is, the better.
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2.3. The identification of uncertainty factors
Let us assume that the analysis conducted allowed to identify two main
uncertainty factors: market growth dynamics (in the given market segment)
and the behaviour of the main competitor.
Thus, the number of uncertainty factors is C=2 and N1 denotes the set
of potential values of a factor relating to market growth dynamics, while N2
denotes the set of values relating to the behaviour of the competition.
Let us assume that there are two alternatives relating to the situation
on the market: stable high market absorption dynamics and a significant
slowdown in these dynamics (due to market saturation). We can write:
N 1 = {n11 , n12 }

where:

n11 denotes stable market growth dynamics,
n12 denotes a slowdown in market growth dynamics.
Let us assume that while considering the potential impact of the competition, we also identified two possible situations. One situation is when
the main competitor completes the development of and successfully launches
a new product with improved functionality, which will lead to a decrease
in sales of other manufacturers. The other situation assumes that the project
of the main competitor is not completed successfully, which will not adversely
affect the position of other manufacturers. Thus, we can write:
N 2 = {n12 , n 22 }

where:

n12 denotes lack of the negative impact from the main competitor,
n 22 denotes the negative impact due to a new product launched by a competitor.

2.4. The planning of the scenarios
of the environment development
The next stage involves the planning of four scenarios of the environment
development based on the characteristic factors defined and the sets of values
adopted for these factors. The scenarios are presented below in Table 1.
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Table 1

List of scenarios
Factor

N1

N2

S1

n11

n12

S2

n12

n12

S3

n11

n 22

S4

n12

n 22

Scenario

We can see that Scenario 1 assumes stable high market growth dynamics
and the lack of a negative impact from the main competitor. Scenario 2 also
includes the lack of a negative impact from the competition, but it also predicts
a less optimistic market growth. Scenario 3 assumes that high market growth
dynamics are accompanied by a negative impact from the competition. Scenario
4 is definitely the least favourable: it assumes both a slowdown in market
growth dynamics and a negative impact from the main competitor.

2.5. The identification of risk factors
Let us assume that during further analysis of the decision alternatives
the following risk factors have been identified:
– projected market absorption,
– projected market share,
– investment costs,
– main operating costs.
Export opinions are used to assess the probability distributions for particular factors.
2.5.1. Market absorption

The next two tables present the projected market sizes in consecutive
years. The projections are delivered by independent experts.
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Table 2
Projected market absorption for scenarios S1 and S3

Table 3
Projected market absorption for scenarios S2 and S4

We assume that, in further analysis, the projected market size will be
described by normal distributions, respectively for each scenario, and the parameters will be given in the last two rows of Tables 2 and 3.
2.5.2. Market share

Expert opinions on the projected market share for Alternative 1
are presented in the next two tables.
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Table 4

Expert opinion on projected market share for Alternative 1, Scenarios 1 and 3

Table 5
Expert opinion on projected market share for Alternative 1, Scenarios 2 and 4

We assumed that triangle distributions would be used to describe changes
in market share in the future. The parameters of the distributions are presented
in the last three rows of the tables containing the expert opinions.

2.5.3. Investment costs

Probability distributions for investment costs in the scenarios are presented below:
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Table 6
Probability distributions for investment costs, Alternative 2

Table 7
Probability distributions for investment costs, Alternative 3

Table 8
Probability distributions for investment costs, Alternatives 4 and 5

2.5.4. Selected operating costs

The next tables present the parameters of the triangle distributions
for main items of operating costs for Alternative 1. They show the estimated
contributions of particular items in relation to total sales. We assume they were
estimated based on the expert opinions similarly to the way presented in the previous section.
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Table 9

Parameters of triangle distributions – Alternative 1

Table 10

Parameters of triangle distributions – Alternative 1

Table 11
Parameters of triangle distributions – Alternative 1

Table 12
Parameters of triangle distributions – Alternative 1

2.6. The development of strategic financial plans
The next stage involves creating financial forecasts for the years 2007-2011, based on the assumptions discussed in 2.1 for each situation (e.g.
for each pair: a decision alternative – a scenario). Table 12 presents the sales
forecasts for Alternative 1 – Scenario 1. The numerical values, included in the
tables, were calculated using the expected distribution values of risk factors.
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Table 13
Market forecast

The next two tables present the profit and loss account forecast,
the balance sheet forecast and the cash flow forecast for a particular situation.
Table 14
Profit and loss account forecast for Alternative 1 – Scenario 1

Table 15
Balance sheet forecast for Alternative 1 – Scenario 1
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The forecasts of the financial statements are the basis for the calculation
of the values of evaluation criteria for each situation.
The values of the evaluation criteria for each situation, calculated based
on the financial forecasts (taking into account the expected values of risk
factors), are presented below.
Table 16
Expected criteria values (prior to the simulation)

2.7. The conduct of the Monte Carlo simulation
The next stage involves conducting 20 Monte Carlo simulations (one
for each situation). The simulations are conducted based on the financial
statement forecasts, created at the previous stage, and the probability distributions for risk factors, determined in Section 2.5.
The Monte Carlo simulations are carried out with the use of financial
forecast models, created in the Excel spreadsheet, and the test version
of the @Risk package, available on the www.palisade.com website.
Each simulation involves performing 1,000 iterations. As a result,
we generate the value distributions for the evaluation criteria for each situation.
Table 17 presents the value distributions for the evaluation criteria for Alternative 1 – Scenario 1.
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Table 17
Distributions for the evaluation criteria for Alternative 1 – Scenario 1

2.8. The selection of the alternative with the use
of the interactive decision aiding method
According to the decision aiding procedure, the first step involves
constructing the matrices which include the expected values of evaluation
criteria for each situation. The matrices are presented in Tables 18-22. The last
two columns of the tables show the maximum and minimum values for each
alternative. These values are used to construct potency matrix P0.
Table 18
Expected values – Criterion 1
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Table 19
Expected values – Criterion 2

Table 20
Expected values – Criterion 3

Table 21
Expected values – Criterion 4

Table 22
Expected values – Criterion 5

Based on the values presented above, matrix P0 is constructed and presented to DM.
Potency matrix P0

Table 23
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After analyzing the values in potency matrix P0 and taking into account
his attitude to risk, DM makes a decision about what level of probability
of achieving the values of particular criteria will allow further analysis
and aiding of the decision-making process.
Let us assume that DM accepted the following values (respectively):
0.80, 0.95, 0.90, 0.95, 0.80. Based on the accepted probability levels
and percentile distributions, we construct matrices which contain such criteria
values for each situation that the probability of their occurrence is not lower
than the value defined by DM.
For example, while analysing the data in Table 24, we can see that
the selection of Alternative 1 and the occurrence of Scenario 1 with
the probability of 0.80 results in sales not lower than PLN 496,788,512.
The values corresponding to all the criteria are presented in the five tables
below.
Table 24
Criterion 1 for probability = 0.80

Table 25
Criterion 2 for probability = 0.95

Table 26
Criterion 3 for probability = 0.90
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Table 27
Criterion 4 for probability = 0.95

Table 28
Criterion 5 for probability = 0.80

Based on the values presented in Tables 24-28, the first potency matrix
P1 is generated and presented to DM.
Table 29
1

Potency matrix P

While analyzing the values from the first potency matrix, we can say that
choosing the best alternative in terms of the value of Criterion 1: SALES
with the probability of 0.8, sales will be not lower than PLN 419m irrespective
of the scenario which will develop. In the case of the most favourable scenario,
there is an 80% chance that sales will not be lower than PLN 604m (if the most
favourable solution is selected). Finally, choosing any decision alternative
we know that, irrespective of the scenario which will develop, there is an 80%
chance that sales will not be lower than PLN 305m.
DM uses the similar reasoning for each criterion (analyzed independently
of the others).
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Let us assume that after the analysis of the values in matrix P1, DM
decided that further solutions should exclude the alternatives which gave less
than a 95% chance that NPV was positive.
Fulfilling this condition (according to the procedure presented in Part 1
of this paper) means that further analysis does not include Alternative 1
and the next potency matrix P2 is generated (Table 30).
Table 30
2

Potency matrix P

When we compare the values from matrices P1 and P2 , we can see that
the introduction of DM’s condition has not led to the worsening of the ideal
optimistic values or the ideal pessimistic values of the remaining criteria.
Moreover, it has improved the current solutions for the remaining criteria. Let
us assume then that DM accepts this solution.
Let us also assume that DM analyzed the values in potency matrix P2
and decided that the solution should yield a 95% chance that the maximum debt
ratio was not higher than 35%.
After this condition is satisfied, Alternative 4 is deleted from the set
of decision alternatives and potency matrix P3 is calculated.
Table 31
Potency matrix P3

DM compares the values from tables P2 and P3 and decides that
the introduction of the last criterion has decreased the ideal optimistic value
of the ROE index to 119.93%; he accepts this change. The ideal optimistic
values of the remaining criteria have not fallen.
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While analyzing the ideal pessimistic values, DM notices the decrease
in the values of the criteria of Sales, ROE and MAX_DR, but the changes
are still relatively insignificant. Let us assume that DM accepts them.
In the following two iterations DM wants to increase the expected value
of ROE to 40% (with the probability of 0.90). As a result, we reject Alternative
5. Then, in the fifth iteration, DM chooses to reject these alternatives which
do not guarantee 80% chance of at least 90% coverage of interest expense
with operating income (MIN_IC>=0.9). We delete Alternative 2.
Table 32
Potency matrix P4

DM accepts the consequences of the requirements introduced. There
is only Alternative 3 left in the set of decision alternatives and it is the indication of a final decision. Analyzing the values from matrix P5 we can see that
the selection of Alternative 3 gives an 80% chance of sales not lower than PLN
382m in the case of the unfavourable development of the environment and PLN
565m if the scenario is favourable.
Table 33
5

Potency matrix P

This alternative also gives a chance to obtain NPV not lower than PLN
50m with probability of 0.95 in the case of unfavourable external conditions
and as much as PLN 73m otherwise.
Irrespective of the external conditions, there is a 90% chance that ROE
will not be lower than 70.11%, and in the most favourable situation it will
not be less than 119%. Moreover, the values of the two other criteria are also
satisfying for DM.
Finally, DM is presented the potency matrix which includes the expected
values for this solution.
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Table 34
Expected values for the solution

Let us assume that DM accepts the outcomes, so the decision aiding
procedure stops. In the light of the analysis of the scenarios, the Monte Carlo
simulation and DM’s preferences, Alternative 3 should be suggested as the final
solution.

Conclusion
The paper discusses the proposal of the multi-criteria decision aiding
procedure under uncertainty and risk. The proposal uses the scenario method
and the Monte Carlo simulation. The scenario-based method takes into account
the influence of uncertainty factors. The risk factors which have an impact
on the values of the evaluation criteria are described with probability
distributions and the Monte Carlo simulation is used to generate the probability
distributions for evaluation criteria.
The main component of the procedure proposed is the multi-criteria
interactive decision-aiding method under risk and uncertainty. The method
allows DM to aid the decision-making process while taking into consideration
his preferences. It is notable that DM is not required to define his preferences
prior to the decision aiding process (e.g. as criteria weights). DM is only asked
to assess the proposals of the solutions developed in the process and indicate
the directions for their improvement. This allows to take into account DM’s
preferences in terms of the relations between the criteria and his attitude to risk
(when he defines the expected values in the subsequent iterations of the algorithm and the probability used to calculate the values in potency matrices).
The procedure proposed was implemented with the use of the MS Excel
spreadsheet and the additional @Risk module for the Monte Carlo simulation.
The numerical example illustrates the selection aiding process for an investment
alternative. We consider five decision alternatives. Two uncertainty factors,
each having two possible values, are taken into account. As a result, we need to
analyse four scenarios of the environment development. Moreover, we consider
seven risk factors.

MULTI-CRITERIA DECISION AIDING PROCEDURE...
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We developed financial forecasts for each situation (the pair of the
alternative and the scenario) and their models were recorded in the spreadsheet.
Based on the spreadsheets, we conducted 20 simulations, 1,000 iterations each.
As a result, we received 100 probability distributions for the evaluation criteria
(20 situations x 5 criteria).
Based on the results of the previous stages of the procedure, we used
the multi-criteria interactive method that we created to carry out the decision
aiding process.
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