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Abstract. The management of business information processes needs effective decision-
making models. That means to involve different methods, techniques, and principles to
improve competitiveness and to achieve the planned business results. In this context, the
article deals with the problem of group decision-making under uncertain conditions. To cope
with such problems some well-known optimization strategies of Wald, Laplace, Hurwitz, and
Savage are modified to take into account the experts’ opinions with different importance
when forming the final group decision. Numerical testing is based on a case study for CRM
software selection. The results are discussed based on the proposed models under two
different cases derived from the case study. The conducted numerical testing of the
proposed models demonstrates their applicability to cope simultaneously with multiple
experts’ evaluations and uncertainty conditions.

Keywords: Group decision-making, uncertainty conditions, cost-benefit estimation, Wald’s,
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Introduction

Standing dynamics in the global world is the premise with which managers face every day
and need to make decisions to solve different problems. The COVID-19 pandemic forced
companies to move quickly to shift to remote working and to build new business models to
reflect the new technology capabilities and users’ needs. This could be done with the
important role of chief information officer [1]. Now, the companies need to determine how to
keep and to improve the new business models considering the changing customer demands
and ongoing economic uncertainty. To cope with the complex decision-making process, it is
necessary to involve multi-disciplinary teams with different qualification area [2]. Involving
experts with different expertise will contribute to the credibility of the group decision-making
considering different points of view [3]. On the other hand, considering the problems in real
life and human judgment are in most cases unclear and cannot be represented by fixed
values. Therefore, it is necessary to use different approaches to overcome such conditions.
The Bellman-Zadeh approach with some of the well-known optimization strategies proposed
by Wald, Laplace, Hurwitz, and Savage could be used to cope with problems under
information uncertainty [4]. A systematic review of expert judgement for dependence in
probabilistic modelling is presented [5].

The management of operational processes require proper modelling of planned
analytical applications to support business in specifics tasks processing [6]. To be successful
every company from the large organizations to family businesses needs well-planned
information strategy [7]. Therefore, many different approaches are proposed to cope with
different practical problems such as effective management in streetlight modernization [8],
decision making in publishing sector [9] and selection of supplier under public procurement
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[10], for doing business [11] and business management [12], different real-life applications
with time series forecasting [13], etc. The development of business information systems
should be based on innovative models and computational intelligence methods. In addition,
the development of intelligent software needs to meet the principles of agile software
development [14]. Depending on particular domain area different specifics and some
common business processes could be recognized from portfolio risk optimisation to loT
systems [15, 16]. In order for a better understanding of the business process maturity
models, a systematic literature review is proposed [17]. This is also in line with the policy of
the European Data Strategy aiming at the development of an attractive, secure and dynamic
data economy. All of these should be an underling of the principles of findability, accessibility,
interoperability, and reusability. These principles could be applied also to other digital
objects, e.g. algorithms, tools, and workflows, that led to that data, as all these elements
must be available to ensure transparency, reproducibility and reusability [18, 19].

In the context of digital transformation, a new perspective of digital entrepreneurship
driven by the concepts of digital transformation and entrepreneurship is proposed. The
authors identify several significant relationships between three categories of digital
transformation as technology readiness (ICT investments), digital technology exploration
(research and development) and digital technology exploitation (patents and trademarks) that
are essential key for business management [20]. Here should be noted also the important
role of government to enhance digital transformation in a small service business [21]. The
authors show interesting links between business models and business performance. They
found correlations between innovation and sustainability, revealing that digital transformation
tools contribute over the long-term to the value creation process [22]. Management of
business process relies on different methods, techniques and principles aiming to achieve
higher business results and competitiveness. The proper methodology for market structures
analysis with possibilities for ranking could contribute to business process improvement too
[23, 24]. The success of both business process management and digital innovation could be
done by the active role of chief information officers and information technology executives
[25].

Business process management requires the use of optimization in order to improve
operational efficiency [26]. In addition, in the digital age, businesses need to be not only
flexible but also responsive to market conditions. Therefore, it is necessary to provide new
levels of optimization of business processes. However, this cannot be achieved only through
classical planning techniques and it is necessary to develop new approaches that cover
various aspects of the business environment, including the conditions of uncertainty in
strategic planning. That is why contemporary business process systems need new methods
for thinking about intelligent processes in ways that build on the concepts of collaboration,
addictiveness, and awareness [27].

The main paradigm of decision-making is the subjective human factor that cannot be
avoided as the decisions are made by humans. Therefore, any attempt to overcome such
subjectivism is to be encouraged to reduce bigger and wrong decisions with subsequent
accidents [28, 29]. The usage of group decision-making aims to reduce the subjectivism by
involving more experts from different domain area. To get the group decision, it needs to
involve proper mathematical models with the ability to aggregate individual preferences of
DMs into the final group decision. This means that some quantitative evaluations of the
alternatives are to be done concerning predefined criteria. Besides these evaluation criteria
need to be further evaluated regarding their importance by each expert.

Integrated Group Decision Making Approach for Evaluation and
Choice under Uncertainty Conditions

During the decision-making process, a set of different alternatives with very different likely

consequences must be analysed, i.e. presence of uncertainty in decision making. When
making decisions in conditions of uncertainty, it is assumed that the DM has an idea of the
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goals to be achieved, but the information about the alternatives and future events is
incomplete. In the decision-making process, the preferences of DM can be represented by a
utility function f(a) over a set of alternatives A = {ay,a,,...,a} in different states S =

{s1, 52, -, Sn}-
Algorithm for Evaluation Considering Different Criteria to Cope with
Uncertainty Conditions

The proposed decision-making algorithm for evaluation considering different criteria to cope
with uncertainty conditions is shown in Fig. 1.

1. Problem description

b
v
—

2. Alternatives determination

3. Determining the conditions

4. Determining the group of experts

b

5. Determining coefficients for the expertise of the group members

6. Evaluation of alternatives to the given conditions

|

7. Choice of strategy according to the criteria of Wald, Laplace, Hurwitz or Savage

b4
-

8. Formulation and solving of optimization problem

9. Determining the most preferred group alternative
Figure 1. Algorithm for group decision-making under uncertainty conditions.

The first stage for the implementation of group decision-making in the conditions of
uncertainty is related to the description of the specific problem for choosing an alternative.
Stage 2 is related to identifying the acceptable alternatives appropriate to the problem at
hand. At Stage 3, the possible states of the environment in which the identified alternatives
are implemented are determined. Depending on the specifics of the identified problem, a
group of experts capable of evaluating the alternatives is selected on stage 4. Once the
group of experts are determined, the respective weighting coefficients are to be determined
in accordance with the expertise and the degree of importance of each DM in the group.
Stage 6 is related to the process of alternatives assessment toward identified conditions and
to the point of view of each expert in the group. To cope with uncertainty at stage 7, one of
the well-known Wald’s, Laplace’s, Hurwitz’s or Savage’s criteria is to be chosen to determine
the optimal strategy. Next, a corresponding optimization task for choosing an alternative in
the conditions of group decision making is to be formulated and solved on stage 8. On the
last stage 9, the most preferable group alternative is determined.

To realize the group decision-making under uncertainty conditions it is needed to
formulate mathematical models able to aggregate experts’ evaluation with respect to the
selected criterion to overcome uncertainty.
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Mathematical Models for Group Decision-Making Considering
Uncertainty

As a quantitative analytical tool, revenue and expenditure analysis can be used to support
decision making [30]. In this case, a utility function is formulated based on the estimation of
expected revenues and expenses. In the general case, the utility function is:

Costs
Benefits

CBE = (1)

The overall Costs could be expressed as a sum of different aspects from purchasing to
installation and maintenance. The Benefits can be expressed by revenue related to some
activities that contribute to the reducing labour costs, automated processes, etc.

Using the generalized utility function (1) and the mention above criteria to cope with
uncertainty, four modified group decision-making models are formulated as follows:

¢ Group decision-making model based on Wald’s criterion (strategy):
maximin Y.iL, YK_; A¥CBE; (2)
subject to
k1A =1 (3)

where CBEi’j- expresses evaluation of the i-th alternative toward j-state from k-expert, A*

represent the importance of particular expert by corresponding weighted coefficient for the
expertise.

Wald'’s principle is based on a pessimistic view and conservative moderation. It consists
of the fact that for any of the chosen strategies, the objective circumstances will always
represent the most unfavourable situation. For each alternative solution, the worst outcome
can be determined.

e Group decision-making model based on Laplace’s criterion (strategy):

AkcBEK
M YK ij
max <2i=1 D=1 - >

(4)

subject to relation (3).

According to the Laplace’s criterion, when is no other additional information all possible
states are considered equally probable.

e Group decision-making model based on Hurwitz’s criterion (strategy):
max{amax YL, ¥K_; AXCBEf; + (1 — a)ymin X}L, YX_, A*CBE[} (5)
subject to relation (3).
where «a is the coefficient of optimism (0 < a < 1).

The value of the coefficient a« =0 corresponds to environment considered to be
completely antagonistic, a = 0.5 corresponds to an equivalent environment (neither
antagonistic nor friendly) and at a value of a =1, the medium is the most favorable. In
essence, the Hurwitz’s criterion is a simplified version of the Laplace principle, namely — with
certain probabilities of the individual states, the arithmetic mean of the results of the best
decisions is taken.

e Group decision-making model based on Savage’s criterion (strategy):

minimax Y11, YK_1 A¥R (6)
subject to relation (3) and one more relation
Vi=1.2,..M:(Vk = 1,2,..M: R; = |CBEf; — maxCBEf|) (7)

310



Borissova & Dimitrova | Bus. Inf. Sys. 1 (2021) "BIS 2021"

where R{‘j represent the regret as a result of opportunity loss if 4; is chosen and state §;
happens in accordance to k-th expert point of view.

It is possible to use different ranges for the coefficients that express the importance of
DMs opinions according to the particular problem, background and expertise, for example
between 0 and 10 or range between 1 and 100. In this situation, a proper normalization has
to be done to get compatibility between dimensionless weighted coefficients (1*) and the
CBE.

Numerical Testing

Numerical testing of the problem of group decision-making in conditions of uncertainty is
made for a specific example of choosing specialized software. Among a variety of
specialized systems for customer relationship management (CRM) software, a subset of
suitable alternatives with similar characteristics are identified. Due to the dynamism of the
economic environment, the companies’ prospects can be generally represented by three
possible situations: increasing revenues, reducing revenues, or maintaining the current state.
Therefore, the subject of the decisions is in the conditions of uncertainty, as the possible
situations are known, but it is not known which of them will come true and there is no
information about the probabilities for the realization of these situations. The selection of the
most appropriate software system could be made through costs benefit analysis as a tool to
determine whether the investment decision is good taking into account the mention above
possible situations. For the goal, the following representation of costs-benefit relation is
formulated:

Costs __ CactCeust*+CinsttCtesttCstaff+CproctCriletCuntCic
Benefit Ricr+RstocktRictRap

CBE = (8)

The overall Costs are expressed as a sum of the costs of product acquisition (Cg,.),
customization (Ceys;), installation (Ci,g), post-installation testing (Ctes.), staff training (Ceqrr),
file conversion (Cs;), uninstallation of the old system (C,,), and loyalty policy (C;.). Revenue
is related to labor costs reducing (R;.,), reducing the need to maintain the stock (Rg:ock),
improved reliability through a new policy for loyal customers (R;.), the use of more automated
processes (Rgyp).

Thus, the use of cost-benefit analysis makes it possible to determine the value of CBE
as a result of the realization of certain situations.

For the purpose of a small company, it is needed need to make a decision to implement
new CRM software. The higher management together with the chief information officer
determined 3 suitable alternatives among those the selection should be done. In addition,
three experts are also determined to conduct the evaluation. These experts are as follows:
an expert in the database (E-2), one end-user of CRM (E-1), one expert from the IT support
team (E-3).

The CBEs of the three CRM software systems (alternatives) are done by using the
above relation and taking into account the possible three situations for increase, decrease,
and maintain the current state of the company as shown in Table 1.
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Table 1. Modified matrix for group decision making under the conditions of uncertainty.

Experts | Weighted coeffic_ient Alternatives Conditjons
(DMs) for DMs’ expertise Increase | Reduction | Unchanged
A-1 0.52 0.83 0.75
E-1 0.25 A-2 0.53 0.86 0.72
A-3 0.54 0.84 0.71
A-1 0.56 0.87 0.78
E-2 0.35 A-2 0.55 0.80 0.74
A-3 0.58 0.81 0.72
A-1 0.62 0.85 0.72
E-3 0.40 A-2 0.60 0.88 0.76
A-3 0.61 0.82 0.70

The first two columns of Table 1 contain the weighted coefficients about the importance of
each expert (DM) from the formed group.

Using the data from Table 1 and defined group decision-making models based on the
Wald, Laplace, and Hurwitz criteria, corresponding tasks are formulated and solved.
Savage’s criterion requires drawing up a regret matrix. The values of the elements of this
matrix represent the losses due to missed opportunities.

The calculation is performed according to the point of view of the DMs from the group
according to the following formula:

R{‘j = |CBEl-kj - maxCBEikj

(9)

The values of regret resulting from lost profits are shown in Table 2.

Table 2. Regret matrix as result of opportunity loss.

E()I(Dpl\t/le;t)s Alternatives Regret as result of opportunity loss
A-1 0.02 0.03 0
E-1 A-2 0.01 0 003
A-3 0 0.02 0.04
A-1 0.02 0 0
E-2 A-2 0.03 0.07 0.04
A-3 0 0.06 0.06
A-1 0 0.03 0.04
E-3 A-2 0.02 0 0
A-3 0.01 0.06 0.06

The described above problem is numerically tested for two cases that express different
combination between DMs opinions importance as shown in Table 3.

Table 3. Two cases for the expertise of group members.

Weighted coefficient for the experts’ expertise
Cases
Al for E-1 AZ for E-2 A3 for E-3
Case-1 0.25 0.35 0.40
Case-2 0.34 0.46 0.20

The Case-1 illustrates the scenario where as the most important is taken on the expert E-1
with weight of 0.4, closely followed by expert E-2 with a weight of 0.35 and less important of
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the expert E-1 by a weight of 0.25. The Case-2 represents the experts’ importance in the
following order E-2, followed by E-1 and finally E-3 (see Table 3).

Results and Discussion

The formulated four models for group decision-making are based on criteria behind a certain
strategy for dealing with uncertainty. Therefore, each of the models can be considered as a
model of the respective specific strategy. The results obtained from solving the respective
optimization tasks based on the proposed models for group decision-making, taking into
account two scenarios for the importance of DM’s opinions (Table 3) are illustrated in Fig. 2.

When the Wald’s criterion is used, the obtained solutions identified the alternative A-3 as
the most preferred in both cases of weights for the experts in the group. Choosing this
strategy, the worst possible consequences of each strategy are considered, choosing the
least bad or the best of them, according to the point of view of the experts in the group. The
choice of this strategy determines the worst possible consequences of each condition and
choosing the least bad or the best of them, according to the point of view of the experts in the

group.

M Case-1 HCase-2

3
2
0 i iB

Wald Laplace Hurwitz & =0.4 Hurwitz & =0.15 Savage

Figure 2. Selected alternative when using different criteria to overcome the uncertainty
conditions and different weights for DMs’ importance.

According to Laplace’s criterion, it is assumed that all objective conditions have the same
probability of occurrence due to lack of other grounds. The result is obtained by calculating
the arithmetic mean for each strategy, according to the views of the experts in the group and
the determined weighting factors, choosing the strategy with the highest score. When using
the first combination of weights for experts by Case-1 (1! = 0.25; 12 = 0.35; 13 = 0.40) the
solution determines as the most preferred alternative A-2, while in the second combination of
weights noted asCase-2 (1! = 0.34; 12 = 0.46; A3 = 0.20) the most preferred alternative is A-
1.

Unlike Wald’s and Laplace’s criteria, Hurwitz’s criterion requires the determination of the
so-called coefficient of optimism, respectively the coefficient of pessimism, which are applied
to each strategy, and the choice is determined by the highest result obtained. Two cases
corresponding to two different values for the coefficient of optimism (a = 0.40 and a = 0.15)
is considered. When using both combinations of weights for experts, for the specific
example, and a value of the coefficient of optimism a = 0.40, the choice for the most
preferred is the alternative A-1, and when using a = 0.15, the solution identifies alternative A-
3 as the most preferred alternative.

The use of Savage’s criterion requires the compilation of a regret matrix as a result of
lost profits, choosing this alternative whose maximum losses are minimal. In the particular
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numerical experiment for both uses combinations (Case-1 and Case-2) of weights for the
opinions of experts, the most preferred alternative is A-2.

According to the Wild and Hurwitz (a = 0.15) strategies and particular input data, the
final group decision is to chosen alternative A-3 (Fig. 2) in both cases for DMs’ opinions
importance. If the strategy behind the Savage principle is chosen, the final group decision is
to select the alternative A-2 for both cases for DMs’ opinions importance, but according to
the strategy behind Laplace principle, the importance of DMs’ opinions determines
alternative A-2 for Case-1 and alternative A-1 for Case-2 (Fig. 2). The alternative A-1 is also
preferable group decision in accordance to the Hurwitz strategy and coefficient of optimism
a = 0.40.

As a result of the analysis, it is found that the use of different strategies according to the
principles of Wald, Laplace, Hurwitz, Savage, and in combination with the experts’ point of
views (Case-1 and Case-2), lead to a different selection of group alternative. It is therefore
important to choose in advance the most appropriate decision-making strategy in the face of
uncertainty. In summary, it can be concluded that the results of numerical testing of the
proposed models for group decision-making in conditions of uncertainty show the
applicability of the described modifications based on the optimization criteria of Wald,
Laplace, Hurwitz, and Savage.

Conclusions

The article deals with problems related to group decision-making under uncertain conditions.
Such problems are in the focus of many different organizations from SME, including small
family businesses, universities, and other non-profit organizations. Due to nowadays
dynamic in different aspects of business processes, organizations are facing a variety of
decision-making problems with different degrees of uncertain conditions. For the goal, the
well-known criteria able to cope with uncertainty like Wald, Laplace, Hurwitz, and Savage are
modified to be able to integrate the points of view of experts with different importance when
forming final group decision. This is realized by introducing weighted coefficients assigned to
each expert. The advantage of such an approach is the possibility to take into account the
experts’ opinions accordingly to their expertise, background, and closeness to the particular
decision-making problem. A drawback of the proposed algorithm could be considered the
subjective factor of DM who determines the weighted coefficients of the experts within the
group.

The major contributions of the article are related to modified optimization strategies of
Wald, Laplace, Hurwitz, and Savage to consider experts’ opinions with different importance.
These opinions are based on the usage of the calculated value for costs benefits ratio for
each particular problem. The components that make up the costs and benefits in case of
implementation of a software system are identified, involved in determining the value of the
cost-benéefit ratio. The proposed approach is applied in the selection of CRM software. It is
shown that the final group decision depends not only on the used strategy according to the
principles of Wald, Laplace, Hurwitz, and Savage, but is influenced also by the introduced
weighed coefficients expressing the experts’ opinion importance when aggregating the final
group decision.

Future developments concern the development of different models for more precise and
objective estimations of the weights for experts’ opinions in an aggregation of a final group
decision. Another perspective direction is related to the use of a different scale for the
alternatives estimation that differs from the used cost-benefit estimation ratio.
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