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Risk reducing actions: efficiency evaluation
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Abstract: - This paper reflects the results of research related to evaluating possible consequences of actions
directed at the enterprise risk reduction. These results are based on applying the generalization of the classit
approach to decision making in condition of uncertainty to multicriteria problems and permit one to provide a

rational way to choose robust actions with the presence of multiple scenarios. The choice of the robust actions
are associated with the use of so-called choice criteria of Wald, Laplace, Savage, and Hurwicz. Considering
these choice criteria as objective functions permits one to apply the Bellman-Zadeh approach to decision
making in a fuzzy environment to choose a rational solution alternative. The approach presented in this paper
was applied in a case study to improve indicators of an enterprise liquidity risk. The results of the paper are of a
general character and can be used to analyze various types of enterprise risks by considering diverse indicators

Key-Words: - Risk reduction, Robust solutions, Multicriteria decision making, Information uncertainty,
Multiple scenarios, Payoff matrices.

1 Introduction 1. The combination of probability and
The present paper presents the results of researcHnagnitude/severity of consequences.
related to evaluating possible consequences of 2. The triplet €, ps,cC,), Where tg is the sth
realizing different actions directed at the enterprise scenario, p, is the probability of that scenario, and
risk reduc'Flon with the goal to choose the most c, is the consequence of theth scenario,
robust actions. We speak about the necessity of
evaluating of particular (monocriteria) consequences s=1..5 _ _
and aggregated (multicriteria) consequences. This 3- The triplet €', Q, K,), where C' is some
necessity is associated with the following specified consequencesQ) is a measure of
considerations. uncertainty associated with C'  (typically
As itis indicated in [1], to describe or to measure probability) andK the background knowledge that

the risk or, in fact, to judge it as big or as small, itis supportsC’ and Q (which includes a judgment of
possible to use several metrics. As examples, the the strength of this knowledge).

following characteristics can be indicated [1]:
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Thus, the risk is characterized by more than one _ 18

indicator (criterion). Taking this into account, the F(Xk):géF(xk’Ys) 3)
present paper reflects results associated with
evaluating the consequences of realizing different e
actions directed at reducing the risks on the basis of A" Xy )= MaXA(X,,Y,) (4)
generalizing the classical approach to decision
making in conditions of uncertainty [2-4], taking o
into account the suggestions of [5]. The results of Place under combination of the state of natdte
[2-5] are associated with the analysis of particular and the choice of the solution alternativi,

and aggregated payoff matrices. instead of the solution alternative that is locally
optimal for the givery;.
To determine the regret& X{( Y,, , 9ne needs to

define the minimum value of the objective function
(indicator, criterion, etc.) if it is to be minimized (as
in Table 1) for each combination of the state of
natureY, (for each column of the payoff matrix):

- the maximum regret level:

where A (X, Y, ) is an over-expenditure which takes

2 Classic approach to dealing with the

uncertainty of information

The classic approach [6-8] to dealing with the
uncertainty of information is based on the
assumption that the analysis is carried out for a .
given number K of solution alternatives Fmn (YS):]LTQiQF(Xk,YS). (5)

X ’k_l""_K and. a. glven. ”numberS of On the other hand, if the objective function
representative combinations of initial data (the states (indicator, criterion, etc.) is to be maximized, it is
of nature or scenarios), s=1....S, which define necessary to define its maximum value for each
the corresponding payoff matrix, presented in Table combination of the state of naturé (for each
1. The payoff matrix reflects effects (or olumn of the payoff matrix):
consequences) of one or other actddp k =1...,K F™ (v, )= maxF (X, Y,) (©)
to the corresponding state of nature. IsksK

The analysis of payoff matrices and choice of the The regret for any solution alternativé, and
rational solution alternatives are associated with the any state of natur¥, can be evaluated as
use of so-called choice criteria. In this work, we min
discuss the use of the choice criteria of Wald, AlXi: Ys) = F (X, Ys) = F(Y) (7)
Lap|ace’ Savage, and HurwiCZ, whose app“cation is if the ObjeCtive function (indicator, Criterion, etC.) is
justified in [6-8]. These criteria are based on tobe minimized or

applying the following characteristic estimates for A(X,,Y)) = F (X, Y) - F™(Y,) (8)
the given solution alternative (Table 2): if it is to be maximized.

- the minimum objective function (indicator,
criterion, etc.) level Table 1. Payoff matrix

F™ (Xi)=minF (X, Y;) (1) R
which is the most optimistic estimate if the objective X, F(XuY) o F(XLY)) L F(X,Ye)

function is to be minimized or the most pessimistic

estimate if the objective function is to be 3
X FXoY) o FXGY) L F(XYe)

maximized;
- the maximum objective function (indicator,
criterion, etc.) level X, FXGYD) o FOGGYYD o F(X0Ye)
max —_
F (Xk )_ ]I:PSSXF (Xk!Ys) (2) F min (Yl) Fmin(Ys) Fmin(YS)

which is the most optimistic estimate for the
maximized objective function or the most
pessimistic estimate if the objective function is to be
minimized;

- the average objective function (indicator,
criterion, etc.) level
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Table 2. Matrix with characteristic estimates 3 Multicriteria decision making as
F™(X,)  F(X) A™(X)  F™(X,) applied to generalizing the classic

X, EM(X)  F(X) A™(X)  F™(X) approach to dealing with the

) uncertainty of information
min — . . In the sequel, we present the information on the use

Xe F™(X)  F(X) A™X) F™(X) of the Bellman-Zadeh approach to decision making
in a fuzzy environment [9,10] for generalizing the
classic approach to deal with information
uncertainty.

When using the Bellman-Zadeh approach for

The choice criteria, which are based on the use of analyzing multiobjective problems [4,11], objective
the characteristic estimates are represented belowfynctions F, X),p=1....q are replaced by fuzzy
under the assumption that the objective function is _
to be minimized. sets A, XOL,p=1...,q, where Ha, X ) is the

The choice criterion of Wald uses the estimate membership function of A, ={ X, ,UAp(X)}' A,

F™(Xy) and permits one to choose the solution [4,10].

Xe E™(X,)  F(X) A™(X)  F™(Xy)

alternatives XV, for which this estimate is

q
minimum: A fuzzy solutionD is defined asD :ﬂAp

. , p=L
MINF™ K, )= minmaxF (X, Y;) . (®)  with the membership function
The choice criterion of Laplace uses the estimate Mo X)= Kngislgup\p X), XOL.
F(X,) and is oriented to choose the solution (13)
alternatives X", for which this estimate is The use of (13) allows one to get the solution
minimum: mavtlp (X )= maxmin p (X).
— S
min F (X, )= min = 3F (X,,Y,). @) (19 o
1=k=K 1k=K S oy Therefore, the problem of multicriteria decision
The choice criterion of Savage is associated with making is reduced to search for
the use of estimateA™(X,) and allows one to X = argp&x]rsr:)isrl]uAp(X). (15)
choo® the solution alternativeX °, for which this To obtain (15), one needs to build the
estimate is minimum: membership functionspAp X ),p=1...,q, which
H max — H . . .
ErllﬂsllpA Xy )—E@EJTS%A(X,(,YS). (12) reflect a degree of achieving own optima by

F, X)X0OL,p=1...,q. This condition is satisfied
if one chooses [4,11]:

Finally, the choice criterion of Hurwicz utilizes a
convex combination off ™*(X,) and F™"(X,) N
p

and permits one to choose the solution alternatives maxF, (X) = F,(X)

- XOL
X", for this combination is minimum: Ha, X) r>T(1Dathp (X)- Tm'[] Fo.(X) (16)
min[aF ™ (X,) + @ -a) F™(X)] =
Jninpemaxe (X, Y )+ @A-a)minF (X, Y)
where a J[0]1] is the index "pessimism-optimism" “A,,(X) -
whose magnitude is defined by the decision maker. o
The advantages and disadvantages of the choice0r maximized —ones. In (16) and (17),
criteria considered above are discussed in [4,5,8]. A,.p=1...q are the importance factors for the
Thege _criteria he_lve found the broad prz_:\cti_cal corresponding objective functions.
applications (for instance, [8]) for monocriteria
decision making under uncertainty.

(12) for minimized objective functions or

F_(X)-minF, (X) ]A”
XOL : (17)
MaxF, (X) ~minF, (X)
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4 Choice criteria as objective matrix with the choice criteria estimates for
functions in multicriteria decison ~ P=1.-4 inTables.

making under information uncertai nty Therefore, using g matrices for the choice criteria
The results of Section 3 have served [2-4] for estimates, we can construgimodified matrices of

generalizing the classical approach to dealing with the choice criteria estimates when applying (16), as

the uncertainty of information, described in Section shov_vn II? Tat?'ﬁ 4h dified . f th

2, to analyze multicriteria problems. However, the Finally, with thoseq modified matrices of the
results of [5,12] indicate some limitations of [2-4]. choice criteria estimates, after applylng (14), we can
One way to overcome these limitations is based on construct the aggregated matrix of the choice

idering the choi teria (9)-(12) f . criteria estimates, as it is given in Table 5. This
considering the choice criteria (9)-(12) for a given matrix includes the estimates calculated on the basis

objective function in an environment with several ¢ 14y and used to choose the solution alternatives.
states of naturé, s=1...S [5,12].

Therefore, considering the choice criteria of Table 3. Matrix of choice criteria estimates for the

Wald, Laplace, Savage, and Hurwicz, respectively, pth objective function
as objeptive functions, one can obtain the following Fo' (X)) Fo(Xy) Fo(X,) Fo' (X))
correl;ttlons: X, FY(X,) FL(X,) FS(X,) F (X))

F" X, )= F™ X, )= maxF(X,,Y,), (18)

1<s<S
_ S w L s H
FL (X)) = F(X,) :éZF(inYs)1 (19) X FX) Fr(X) FI(X) RNX)
s=1

FS X, )= A (X, )=122$XA(X|(,YS), (20) X FY(X)  FHX) FS(X)  FM(X,)
and minFY(X,)  minFy(X,) minF2(X,)  minF(X,)

F™ (X)) =aF™ (X, )+ Q- a)F™(X,) = maxFy (X) - maxF; (X,) maxep(X,) maxFy'(X,)

_ - (21)
a MadE (X, Y )+ (1~ o) minF (X, ;)

i . . ) o Table 4. Modified matrix of choice criteria estimates
This consideration of the choice criteria of the for the ih objective function

classic approach permits one to construgt W n S 5
problems, generally, including four or less objective Ha, (X Hay (X g, () 1, (%)
functions (if not all choice criteria are used in the X, p"AVp(Xl) u;p(xl) uip(xl) ui'\p(Xl)
analysis) as follows:

FoX ¥ XSthr,r: l.t<4p=1.49, (22
where the objective functions areF; ;(X)

=FYOG), Fop(X) =FE(X), Fap (X) =FS(X,), X WA (X)) MR (X) MR (X)) HR (X)

—H
and F ,(X) =F;" (X)- Table 5. Aggregated matrix of the choice criteria
Applying (16) to construct the membership estimates

functions for F, , X)r=1...f, p=1...8, one can 1 (X,) HE(X) BS(X) kP (X,)
solve the problem (14) for the solution alternatives
X, k=1...K. The analysis, realized in this way,

guarantees the choice of the rational solution
alternatives in accordance with the principle of the X, uy(X,) HE(X,)  HE(X,)  HE(X)
Pareto optimality [5] and allows one to overcome
the limitations of the generalization of the classic
approach to deal with information uncertainty to X,  pl¥(X,)  H5(X) HI(Xe)  HB(X)
multicriteria  decision making, as previously
discussed. Considering this, the matrix with the
characteristic estimates (Table 2) is presented as the

Xi o Ha (X)) MR (X) B (%) B (%)

Xi Hp(X)  Mp(Xy)  Ha(Xy)  Ha(Xy)
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5 Casestudy Table 6. Scenarios definition
This Section presents a case study associated with v v, Vg VAR VAR VA

the evaluation of actions to reduce the liquidity risk
of an enterprise to illustrate the use of the approach Y, 298 1050 250 DC IC IC
presented in this paper. The study is related to an

enterprise planning for a 12-month period from Y, 519 1200 330 SM SM M
2016 to 2017. This means that the actions defined in

2016 are to be evaluated for possible future Y3 6.55 18.00 560 IC DC DC
scenarios for 12 months later in 2017. In the first
stage, the risk management specialists defined four
actions that will be evaluated to attempt to reduce
the Liquidity Risk:

— Roll the debt;

In the third stage, the specialists evaluated the
possible consequences of the actions in each
scenario. The consequences of the actions will be
. I evaluated applying two criteria (indicators), widely
— Perform the capital contribution; used to analyze risks: Probability and Impact. The

a Decfea.se (_:Iistribution of divi_d(_ends. Table 7 shows the payoff matrix for the criterion of
— Capitalization through dividends from Probability:

subsidiaries.
The _r|sk mgnagement specialists !de_nt_lfled _the Table 7. Payoff matrix for the criterion of
uncertainty variables related to the Liquidity Risk Probability, %
analysis. In particular, the following uncertain Y ,Y Y.
variables were selected for the study: 1 2 3
v, — Inflation rate in % by year; Xy 18.68 30.00 45.15
v, — interest rate in % by year; X 23.33 36.92 44.44
V; — exchange rate BRL/USD; X3 19.33 30.00 45.15
v, — state debt, since the company is controlled X4 20.33 33.81 44.40

by the state; . :
Based on the expressions (18)-(21), with

V; — profit rate evolution of subsidiaries; : o . -
5 =P . ) ] . . a = 0.75(for the choice criterion of Hurwicz), it is
Ve — enterprise’s rating, by credit rating agencies. ssiple to construct Table 8 with the choice criteria
In the second stage, the risk management values for the indicator of Probability. Considering
specialists have been asked to create three scenarioghat this indicator is to be minimized, using (16), it

(representing distinct views of the future based on js possible to define the normalized value of the

the six variables selected for the study): choice criteria for each action, presented in Table 9.
— Y, — Optimistic;
- Y, — Balanced; Table 8. Values of the choice criteria for the

o criterion of Probability %
— Y; — Ressimistic.

: . FY (X Fr(X Fo(X F (X
Each scenario represents a possible future based on p (%) p (%) p (X p (X
the temporal behavior of the uncertainty variables. X, 4515 31.28 0.75 38.53
The variablesy,, v, and v, are defined by two or X, A4 44 34.90 6.92 39 16

more components, complicating the quantification

of the variable states in the future. Therefore, these X3 ~ 45.15 31.49 0.75 38.70
varla}blgs are represeptegl .by the follpwmg \ 44 40 32 85 3.81 38.38
qualitative estimates, indicating the variables
variation in the planning period:

|C — their values will increase; Table 9. Normalized values of the choice criteria for
SM — their values remains the same levels; the criterion of Probability
DC — their values will decrease. HVX,, (X,) H/L\p (X,) Uip (X)) uxp (X,)

The three scenarios created by the specialists are

presented in Table 6: Xy 000 1.00 1.00 0.81
X, 0.95 0.00 0.00 0.00
Xs3 0.00 0.94 1.00 0.60
X, 1.00 0.57 0.50 1.00
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Table 12. Normalized values of the choice criteria
for the criterion of Impact

of the criterion of Wald leads tx" ={ X,}, since

u"AVp (X,)=1 for its column. The criterion of
Laplace produces the selectionf ={ X,}, since
p;p (X;)=1. Itis not difficult to understand that the

application of the criterion of Savage leads to
XS ={ X, X;}. Finally, the criterion of Hurwicz

W) BE () B (KD K (%)
X, 052 094 100 064
X, 000 000 000 0.0
X, 048 093 093 059
X, 100 100 091 100

generates X" ={ X,}. Thus, the solutionX, is

clearly the worst solution from the point of view of
the criterion of Probability, since it was not selected
by applying all choice criteria.

Let us consider the payoff matrix for the criterion
of Impact, presented in Table 10. Thus, based on the
expressions (18)-(21), witha = 075, we can
construct the Table 11 with the choice criteria
values for the criterion of Impact.

Table 10. Payoff matrix for the criterion of Impact

BRLx10°
Y, Y, 2
X, 10.75 15.71 21.00
X, 10.95 15.23 24.49
X, 10.75 15.48 21.24
X 14.28 15.18 17.78

X

Table 11. Values of the choice criteria for the
criterion of Impact BRIx10°

Fol (X)) Fo(X)  FR(X)  F(X)

X, 21.00 15.82 3.22 18.44

X, 24.49 16.89 6.71 21.10

X3 21.24 15.82 3.46 18.62

X, 17.78 15.75 3.53 16.91
Finally, as the criterion of Impact is to

minimized, using (16), it is possible to define the
normalized value of the choice criteria for each
action, presented in Table 12.
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The analysis of Table 12 shows that the
application of the criterion of Wald permits one to

choose the solution alternativ" ={ X,}. The
use of the criterion of Laplace produces the
selection oX " ={ X,} as well. The utilization of

the criterion of Savage generateX® ={ X.}.
Finally, the use of the criterion of Hurwicz also
generatesX " ={ X,}. Thus, the analysis of the

criterion of Impact indicates that the solution§

and X, are to be considered as preferable solution

aternatives.

Let us consider the multicriteria problem, which
is associated with the simultaneous minimization of
the indicators of Probability and Impact of the
Liquidity Risk. Using (13) we can aggregate the
normalized values of the choice criteria given in
Table 9 and Table 12 to obtain Table 13. It
represents the performance of the actions for the
criteria of Probability and Impact simultaneously.

Table 13. Aggregated choice criteria values for the
multicriteria analysis

WY (X0 BE () KBS (X)) kR (X,)

X, 0.00 0.94 1.00 0.64
X, 0.00 0.00 0.00 0.00
X; 0.00 0.93 0.93 0.59
X, 100 0.57 0.50 1.00

Analyzing Table 15, it is possible to obtain the
following results: X" ={ X,}, X" ={X}
XS ={X;}, and X" ={X,}. These
indicate that the actionsX, and X; can be
excluded from the future consideration. At the same
time, the actionsX; and X, should be subjected to
the additional analysis, based on applying other

results
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decision making techniques, for example, discussed [3]
in [4,12]..

6 Conclusion

In this paper, the results related to analyzing the
consequences of realizing actions to enterprise risk 4]
reduction have been presented. The proposed
approach is based on the construction of payoff
matrices, which permit one the rational
consideration of the uncertainty factor. The analysis

of payoff matrices, based on the use of specific
choice criteria, allows one to find the robust actions,
considering diverse possible future scenarios.

The use of the choice criteria as objective
functions permits the correct evaluation of the
consequences of the action alternatives. An
important benefit of this approach is the possibility
to evaluate the action alternatives from the point of
view of a particular criterion (indicator) as well as
from the point of view of multiple criteria 8
(indicators) on the bases of generalizing the classis
approach to considering the information uncertainty
with using procedures of multicriteria decision
making in a fuzzy environment.

The paper results have been illustrated by the
case study related to improving indicators of the
enterprise liquidity risk.

The results of the paper demonstrate their [9]
applicability to analyze various types of enterprise

risks, considering diverse indicators which
characterized these risks.
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