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Abstract: If ever the concept "VUCA" (Volatility, Uncertainty, Complexity, and Ambiguity)
seemed appropriate to use, it is now. National and global companies experience the highest
level of instability due to the Covid-19 pandemic, which is the classic example of a highly
volatile, uncertain, complex, and ambiguous world. In this world, decision-makers have to
face more challenges appealing to the VUCA Prime leadership approach: vision against
volatility, understanding against uncertainty, clarity against complexity, and agility against
ambiguity. Some of the ways through which managers can overcome the VUCA
characteristics include: providing a shared vision as a criterion for all decisions to be made,
identifying the reason for the decision problems and sharing the idea with the followers,
going through the entire decision process, following steps in proper order, and developing
quick solutions. In an inventory decision taken in a VUCA context, the above ways are
possible if using fuzzy inventory methods dealing with volatility, uncertainty, complexity, and
ambiguity. This paper aims to adapt a traditional inventory method, Economic Production
Quantity (EPQ), to the challenges of the VUCA world, through the fuzzy logic system (FLS).
To achieve the best solution for the decision problem in the shortest time possible, the
managers can employ a conversion by using the computing platform MATLAB. There are
some advantages of this conversion for these two methods, EPQ and FLS. Firstly, the
transformation of EPQ in ELQ (Economic Logic Quantity) allows managers to formulate the
decision problem, even if they cannot identify and measure precisely the EPQ parameters.
Secondly, using FLS to solve ELQ provides the possibility to simulate more alternatives and
generate the solution in the shortest amount of time. Thirdly, it allows the decision-makers
to evaluate the impact of the solution provided by each simulation on the company's
performance. Using these methods has the following primary limit: the problem formulation
step depends on the managers' understanding ability and managing a large volume of
information. Therefore, there may be a risk of obtaining a relevant solution for a decision
problem if the decision-makers do not understand the cause of the problem or do not know
how to organize and manage a large volume of information. This limit could be overcome by
using AHP (Analytic Hierarchy Process), but this is the topic of further research.

Keywords: fuzzy logic system, economic production quantity, demand, cost, fuzzy
inference, fuzzification, defuzzification.
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1. Introduction

The Economic Production Quantity is "a simple mathematical model to deal with inventory
management issues in a production inventory system” (Viji and Karthikeyan, 2018). It is used
to identify the optimal quantity to produce something in a production run. Also, it is used to
measure the length of the production run, the reorder level, the average inventory, and the
maximum inventory. This model has the following assumptions: the input variables are
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known and constant, the demand is fully satisfied, and therefore, the model does not allow
shortages. Also, in the EPQ model, a single product is considered and is delivered at a single
time. These assumptions are relevant in an abstract world, but in the real world, and more
specifically in a VUCA world, the EPQ model with these assumptions is less applicable. That
is why many researchers have enhanced and expanded the EPQ model to increase their
application by introducing the quality concept, possible backorders and shortages, imperfect
items at a discounted price, the multiple-item possibility, and, more recently, fuzzy numbers.
Using fuzzy numbers in the EPQ model firstly means to transform the crisp variables of
traditional EPQ into fuzzy variables according to some rules defined by the decision problem.
Secondly, it means to transform the fuzzy results of EPQ to crisp results. This transformation
is possible through the Fuzzy Logic System (FLS), which is "a special rule-based system
that uses fuzzy logic and contains fuzzy rules in its knowledge base. It also derives
conclusions from the user inputs and the fuzzy inference rules to map numeric data into
variable linguistic terms and to make fuzzy reasoning work" (Kaur and Kaur, 2009).

In this paper, the combination between traditional EPQ and SLF provides a new model of
Fuzzy EPQ (FEPQ) that is called: Economic Logic Quantity (ELQ). This ELQ is a more useful
method than EPQ when the inventory decision is taken in a VUCA world due to the following
characteristics:

- The variables can be easily adapted to changes in the decision process through fuzzy
numbers that are formulated on a platform called MATLAB. Using this platform, the decision-
makers can simulate an infinite number of changes. This results in overcoming the volatility
of VUCA.

- The model deals with vague information through fuzzy numbers. In an uncertain decision-
making environment, managers cannot identify or estimate the correct value of each variable
due to the lack of information. However, through fuzzy numbers, they can formulate decision
variables in ranges or triangular and trapezoidal numbers, not only in real numbers. Also,
through fuzzy numbers, the ambiguity of the decision process can be reduced.

- The model provides information about the risk that decision-makers should take when the
input and output have certain values through the membership function of fuzzy numbers.
This characteristic is very important in prediction, especially when the future is uncertain,
because the managers will know if their prediction will be 100% achievable or not. Through
this model, they will evaluate the impact of each level of feasibility on the future performance.

2. Short literature review

There are many articles and books that have used fuzzy logic or fuzzy numbers in the EPQ
model. Lee and Yao (1998) fuzzified the production quantity in fuzzy triangular numbers for
the first time. Lin and Yao (2000) used a trapezoidal fuzzy number for production quantity to
solve the EPQ model. Hsieh (2002) analysed two cases of the FEPQ model (Fuzzy
Economic Production Quantity), compared both cases to crisp EPQ and concluded that crisp
EPQ is equivalent to one of the two cases. Chen and Chang (2008) developed a FEPQ
model for imperfect production. Roy et al. (2009) analysed an EPQ model with imperfect
items that could be remanufactured at the quality that satisfies the customers. Paul et al.
(2014) formulated a model with imperfect quality. There are many other extensions of the
fuzzified EPQ model: considering an investment for reducing holding cost and setup cost
(Islam and Roy, 2006), multi-item production (Mandal and Roy, 2006), shifting in production
(Zhaet al. al, 2009), formulating a model with intuitionistic numbers (Chakrabortty, 2013),
considering multi-period production (De and Sana, 2014) and partial back-ordering and
disruption (De and Mahata, 2019).

Despite these multiple extensions, only a single article proposes a FLS to obtain an optimal
solution for the production system. Miret et. al (2018) formulated a FLS with three inputs:
demand, cost, and lead time represented by fuzzy triangular numbers and trapezoidal fuzzy
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numbers. The authors do not use all of the traditional EPQ inputs and thus could not compare
the results of traditional EPQ and fuzzy EPQ.

This paper proposes a new model that uses the traditional formula of EPQ to obtain the
variable values that fully belong to a fuzzy set or fuzzy number, to develop a FLS using EPQ
inputs (demand, setup cost, holding cost, and production rate), and to compare the FLS
output to traditional EPQ output. These steps leads to a new concept ELQ, which is the crisp
solution for a Fuzzy EPQ, obtained using FLS.

3. Inventory decision using ELQ
3.1. Modelling ELQ through FLS and EPQ formula
ELQ is developed by using traditional EPQ inputs and formula in the first step of FLS
formulation. The formula of EPQ is:
2KD
— — , where: K- setup cost
h(l—E) D —demand 1)
P h — holding cost
P — production rate

EPQ=

Considering this formula, the inputs variables of FLS are: setup cost, demand, holding cost,
production rate and the output variable is: ELQ. These variables should be formulated in
fuzzy numbers, in the first step of FLS, evaluated by a rule base, in the second step, and
transformed in crisp values, in the third step. The three steps of Fuzzy Logic System
structure are presented below.

A. The fuzzification step

The fuzzification step consists in converting each crisp input in fuzzy input that has a
universe of discourse, a membership function and an associated linguistic term.

The first input variable is setup cost which is described by three linguistic terms: low,
reasonable and high and is defined by Definition 1.

Definition 1: Let the discourse universe consists of the setup costs set K = [KL, K] and the
set of rules F(0,1) valid for all fuzzy subsets described by the linguistic terms. The fuzzy
numbers: Ki € K, described by linguistic term: "low”, K; € K, described by linguistic term
"reasonable” and Kn € K, described by linguistic term: "high” are triangular fuzzy numbers

of the form ki=(ki, ki, k), kk=(k, ki ki) and kn=(kn, kn, kn.), if their

membership functions are defined by the following relation:

0, kirn, < Kirng; Kirne = Kirnng
Mk (X) = w, Kirn, < kirnne =< Kirng (2)
Irhy — Kirng
M, kirny < kirnn, =< Kirng
Ki,r.ng —Kir.hy
1, Kirh, = Kirny

The graphical representation for this fuzzy numbers is illustrated in the following figure:

Low setup cost Reasonable setup cost High setup cost

He=1

% % % — T I = o

Figure Nr. 1: Setup costs and membership functions of the three setup costs
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The second input, demand is described, also, by three linguistic terms: low, medium and
high and is defined by Definition 2.

Definition 2: Let the discourse universe consists of the setup costs set D = [Di, D+] and the
set of rules F(0,1) valid for all fuzzy subsets described by the linguistic terms. The fuzzy
numbers: Di € D, described by linguistic term: "low”, Dm € D, described by linguistic term
"medium” and Dn € D, described by linguistic term: "high” are triangular fuzzy numbers of

the foom di=(d, dy, d_), dn=(dm, dm, dm.) and drn=(0h, dn, ), if

their membership functions are defined by the following relation:

o, dimn, < dimn,; dimn, = dimn,
Mdimh (X) = w, dimnh, < dimn, < dimn, (3)
di,m,h, —dim,hy
M, dimn, < dimn, < dimn,
di,m,n, —di,m,ny,
1, dimh, = dimn,

The graphical representation for this fuzzy numbers is illustrated in the following figure:

Low demand Medium demand High demand

por =1

o, o . d_ dhm, i, o o o

Figure Nr. 2: Demand and membership functions of the three categories of demand

As, setup cost, the holding cost, the third input variable, is described by the same linguistic
terms: low reasonable and high and is defined by Definition 3.

Definition 3: Let the discourse universe consists of the setup costs set H = [H, Hn] and the
set of rules F(0,1) valid for all fuzzy subsets described by the linguistic terms. The fuzzy
numbers: Hi € H, described by linguistic term: "low”, Hr € H, described by linguistic term
"reasonable” and Hn € H, described by linguistic term: "high” are triangular fuzzy numbers

oftheform hi=(hi, hy, hi), hr=(h, hy he)and hh=(hn, hn, hn),if their

membership functions are defined by the following relation:

0, hirn, < hirng; hieng = hinng
Hnirn (X) = M, hirn, < hirng < hieng (4)
hi ey — hirng
M, hirn, < hirng, < hieng
hir.ng —hi ey
1, hirn, = hieng

The graphical representation of the fuzzy holding cost is illustrated in Figure Nr. 4.

Low holding cost Reasonable holding cost High holding cost

pn=1

[ T I, T, T, T T iy T

Figure Nr. 3: Holding cost and membership functions of the three holding costs
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The last input variable is production rate and is described by two linguistic terms: low and
high, because the medium production rate is a crisp number.

Definition 4: Let the discourse universe consists of the setup costs set P = [P, P+] and the
set of rules F(0,1) valid for all fuzzy subsets described by the linguistic terms. The fuzzy
numbers: P; € P, described by linguistic term: "low” and Pn € P, described by linguistic term:

"high” are triangular fuzzy numbers of the form p=(p, p, p.) and
ph=(pn, Pn, Pn.), if their membership functions are defined by the following relation:
0 puh, <  Pun,; PLhy = Pihg

Ny ha

H, pu.hy, < Prhy < puhg
e b

1, pLh, = Puh,

The graphical representation of the fuzzy production rate is illustrated in the following figure:

Medium
Low production rate production rate High production rate
pe=1 S R | A

> = e o 7 e

Figure Nr. 4: Production rate and membership functions

The output variable, ELQ (Economic Logic Quantity), is described through three linguistic
variables: profitable (ELQ), zero profit (ELQ) and unprofitable (ELQ). These linguistic
variables are used to provide information about the impact of quantity level on the company
performance.

Definition 5: Let the discourse universe consists of the economic production quantity set
ELQ = [ELQu, ELQp] and the set of rules F(0,1) valid for all fuzzy subsets described by the
linguistic terms. The fuzzy numbers: ELQu €ELQ, described by linguistic term:
"unprofitable”, ELQo € ELQ, described by linguistic term “zero profit” and ELQp € ELQ,
described by linguistic term: “profitable” are triangular fuzzy numbers of the form

elgu=(elou, elq, elq,), elgo=(elgo, elqo, elqo,) and
elgp = (elgp, elogp, elgp,), if their membership functions are defined by the following

relation:

0, elquop, < elquop,; elquop, = elquop,
elqw),pX —el[:]u,o,pa
eIQu,O‘pb —elqu,o,pa
(Elqu,o,pC —(:.‘lqu,o‘p><

elqu‘o‘ Pe —elC]u.O.pb ’
1, eIQu,O‘pX = elqu,O,pb

y elqu‘o,pa < eIQu,O,pX < eIQu,O‘pb (6)

,ue|qu’0'p (X) =

elqu‘o‘plj < elqu,o,p>< < elC]u,O,pc

The graphical representation for the output value is illustrated in the following figure:
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Unprofitable ELQ Zero Profit ELQ, Profitable FLQ

algu, elduy, elgo,, elgu, efiquH elge, elqo, i‘/LIp,, elegp,
Figure Nr. 5: ELQ and membership functions
The values of the output ELQ for which felq, , , =1, were determined by the ELQ formula

as follows:

2 xkn, x di, 2 x Ky, x dm,,

dme el =

hr | 1—

b( pr,

B. The inference step

After the formulation and fuzzification of the input and output variables, the FLS should have
a rule base in order to provide a solution that consider all these variables. This rule base is
constructed by the decision makers using” if-then” rules. For the above defined variables,
the numbers of the rules in rule base is 54 (Appendix A).

The inference step consists in: evaluating each rules through union and intersection
operation depending on the operator used in each rule between variables (or, and),
combining the results of each rule and obtaining a graph for each rule. Through this step,
the decision makers can evaluate the impact of each rule in the final solution.

There are two types of inferences: MAMDANI and SUGENO. In this paper, the MAMDANI
inference is used.

2x ki, x dn,

@)

' elqo, =

C. The deffuzification step

This step has the following sub-steps:

- union of each rule graph;

- transformation of the solution, provided by the union of all rule graphs, from a fuzzy number
to a crisp number. This is possible through defuzzification methods: centroid methods,
weighted average method, min-max membership method and center of sums. Centroid
method is the most widely used defuzzification method, especially when the FLS is solved
through MATLAB platform, although the weighted average method is used. The formula of
centroid method is:

[0 xdx
X =8——
j 2a(X)dX
where: zi(X) - membership degree for x variable in each rule inference;
x — variable value in each rule inference.

(8)

In this last step, the solution of the FLS is provided and it is a crisp value that belongs to
discourse universe of the output variable. Therefore, the FLS solution is a crisp ELQ that is
different from crisp EPQ. In order to compare EPQ and ELQ, it is necessary to test the
traditional and fuzzy method.
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3.2. Testing traditional EPQ and fuzzy ELQ method in an inventory decision

A. Testing traditional EPQ method
Considering a manufacturing company, the input variables of the traditional EPQ are
evaluated and ranked by the historical evolution of setup cost, demand, holding cost and
production rate in the following table:

Table 1 The ranking of input variables

Setup Cost Demand Holding Cost Production rate
Low $100 400 qty. $7 700 qty.
Medium/Reasonable $130 600 qty. $11 800 qty.
High $180 900 qty. $16 1.100 qty.

These variable values were selected and ranked by the frequency of these values in some
specific periods of time: with profitable production, with zero-profit production and with
unprofitable production. For example, in a crisis period, with unprofitable production, the
most frequent value for setup cost was $100, thus, the lowest setup cost should be around
$100. The highest setup cost, due to the frequency of occurrence in the past, could be
around $180. In crisp EPQ, decision makers should accurately evaluate and rank the inputs,
in order to obtain a valid solution. In fuzzy ELQ, decision makers can overcome the risk of
errors in ranking, through fuzzy numbers.

According to the data from the Table 1, the managers asses three levels of EPQ:

- low EPQ

2x100x 400

EpQ = | 2KD _ — 164 qty. / production cycle (9)
hl(l—g) 7><(1—@)
Pi 700
- medium EPQ
EPQm = M = 249 qty. / production cycle (10)
600
1Ux(1-22)
800
- high EPQ
EPQn= | 2KiDn | 2x180x900 _ 335 gty. / production cycle (11)
Dn 900
hn(1—— 16x(1-——
=) 01100

According to the periods of time and the impact of EPQ on profit, the following two cases
are considered:
Case 1: profitable production: with low costs, high demand and production rate
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B. Testing fuzzy ELQ

Considering the historical evolution of costs, demand and production rate and the data from
Table 2, the input variables of ELQ model are formulated and fuzzified in triangular fuzzy
numbers. In the formulation process, the following assumptions are considered:

- all crisp values of input variables are grouped in three categories described by the linguistic
terms: low, medium or reasonable and high;

- the linguistic terms consider the past evolution of the variables and the time when these
variables occurred. There are three historical periods, identified by the decision makers:
periods with financial distress (characterized through cost cutting), periods with expanding
objectives (characterized through investing in new products, in new assets) and periods of
stagnations.

- the triangular fuzzy numbers and the membership functions are formulated using the
frequency of occurrence of each crisp value of input variables, in the above-mentioned
periods.

- the membership degree is designed, also, using the frequency of occurrence in the past,
and means the degree of realisation in the future. It is considered that, if a variable value
occurred more times in a type of period, then if the company goes through the same period,
the degree of realisation in the future is 100%. If the decision makers can not forecast
precisely the type of period or the variable values did not occur frequently in the past, the
degree of realisation is reduced,;

- the output variable is formulated considering the past impact of the EPQ values on the
profit level;

- the limits and the peak of output variable, ELQ, are determined considering the traditional
EPQ levels (low, medium, high).

In MATLAB, the formulation and fuzzification of the input and output variables is realised
through the following graphs:
- setup cost:

™ v w )

Figure Nr. 6 Fuznzy Setup; Cost nanbers

- demand

s

&0 o 0 w0 1000 nea

Figure Nr. 7 Fuzzy Demand numbers

- holding cost
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[ a4

Figure Nr. 8 Fuzzy Holding Cost numbers

- production rate

Figure Nr. 9 Fuzzy Production Rate numbers

-ELQ

]

Figure Nr. 10 Fuzzy ELQ

After the fuzzification, the next step of the FLS is inference, which is MAMDANI. The rule
base for this inference is defined in Appendix A and evaluates the impact of the input
variables in the ELQ output. To evaluate the impact, the Case 1 and Case 2 are considered.
In traditional EPQ model, first case provides a solution for a profitable production and it was
equal to 367 qty. In the second case, the traditional EPQ is equal to 144 qty. and it is relevant
for an unprofitable production.

Case 1l

In the EPQ model, the following values for input variables were considered:

- Setup cost = $100

- Demand = 900 qty

- Holding cost=$ 7

- Production rate = 1.100 qty.

Through MAMDANI inference, the ELQ solution for these input values is equal to 335 qty,
which is the high level of EPQ, reached in the periods with profitable production. This solution
is provided by using fuzzy function in MATLAB workspace (Appendix B) and it is different
from the traditional EPQ solution. The deviation between EPQ and ELQ is equal to 32 qty.
The cost of the deviation is determined as follows:

Caoqy =32x(Setup Cost + Holding Cost)=$3.424 (14)
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This platform allows decision makers to evaluate the impact of the inputs on the ELQ,
through some surfaces, which could take in consideration only two inputs from all inputs.
Thus, there could be 12 surfaces that allows managers to evaluate the impact of inputs on
the output. From these 12, only 4 are considered:

- the surface with the setup cost and demand inputs;

- the surface with setup cost and production rate inputs;

- the surface with the demand and production rate inputs;

- the surface with the holding cost and setup cost inputs.

? Setp_cost

Figure Nr. 11 ELQ surfaces with low costs and high demand and production rate

Analysing, these surfaces, the decision makers could formulate the following conclusions:

- if the costs are low and the demand and production rate are high, the ELQ is characteristic
for a profitable production;

- if the demand and production rate are medium, the ELQ is on the zero profit level;

- the setup cost has a greater impact than holding cost on the ELQ.

Case 2
In the second EPQ traditional case, the following values of the input variables were
considered:
- Setup cost = $180
- Demand = 400 qty
- Holding cost = $ 16
- Production rate = 700 qty.
Considering these values, the EPQ was equal to 144 gty. and was relevant for an
unprofitable production, due to the high costs. Through Mamdani inference, using the rule
base defined in Appendix C, the ELQ is equal to 163, with extra 19 qty., comparing to EPQ.
This extra quantity has a cost determined as follows:

Cioqy =19%(Setup Cost + Holding Cost) = $54.720 (15)
It can be observed that in first case, the EPQ has an extra cost and in the second case, the
ELQ has an extra cost. The impact of these extra costs on the profit level, could be a future

research direction and it is important direction, in order to provide a complex solution for the
decision makers.

260



The Annals of the University of Oradea. Economic Sciences
TOM XXX, 1%t Issue, July 2021

4. Conclusions and recommendations

In modelling and testing ELQ, the following strengths and weaknesses can be identified:
Strengths:

- The ELQ model allows managers to formulate decision problems, even if the parameters
are vague;

- The ELQ model allows managers to identify the optimal quantity to be produced and the
impact of the optimal quantity on the profit level;

- The ELQ model, through MATLAB interface, allows decision makers to simulate every time
when there are changes in input variables, and to obtain the solution, in the shortest time
possible;

Weaknesses:

- If there are many input variables, the rule base, used in ELQ model, is very time consuming;
- The rule base appeals to the decision makers experience and there can occur some errors
in formulating the rules;

- The data collection process needs some algorithms to rank the variables and to formulate
the membership function of these variables.

The ELQ model can be developed in a such way that the weaknesses would be eliminated
and decision process would be have less errors:

- The ELQ model could consider variables as: quality, backorders, discounted price. The
solution provided by this complex ELQ would be more authentic and valid;

- The ELQ, combined with Sensitivity Analysis would help decision makers to measure the
impact of an extra quantity on the profit level.

- The ELQ model, combined with AHP algorithm would help managers in collecting and
ranking input and output variable

- The ELQ model developed using recursive algorithms would help decision makers to
formulate automatically the rule base.
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Appendix A
Nr. Setup Demand Holding Production Economic Logic
Crt. Cost Cost Rate Quantity (ELQ)
1 low low low low unprofitable
2 low low low high profit = 0
3 low low reasonable low unprofitable
4 low low reasonable high profit=0
5 low low high low unprofitable
6 low low high high unprofitable
7 low medium low low profitable
8 low medium low high profitable
9 low medium reasonable low profit =0
10 low medium reasonable high profitable
11 low medium high low profit =0
12 low medium high high profitable
13 low high low low profitable
14 low high low high profitable
15 low high reasonable low profitable
16 low high reasonable high profitable
17 low high high low unprofitable
18 low high high high profit=0
19 reasonable low low low unprofitable
20 reasonable low low high profit = 0
21 reasonable low reasonable low unprofitable
22 reasonable low reasonable high unprofitable
23 reasonable low high low unprofitable
24 reasonable low high high unprofitable
25 reasonable medium low low profitable
26 reasonable medium low high profitable
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Nr. Setup Demand Holding Production Economic Logic
Crt. Cost Cost Rate Quantity (ELQ)
27 reasonable medium reasonable low profit = 0
28 reasonable medium reasonable high profitable
29 reasonable medium high low unprofitable
30 reasonable medium high high profit=0
31 reasonable high low low profitable
32 reasonable high low high profitable
33 reasonable high reasonable low unprofitable
34 reasonable high reasonable high profitable
35 reasonable high high low profit =0
36 reasonable high high high profitable
37 high low low low profit=0
38 high low low high unprofitable
39 high low reasonable low unprofitable
40 high low reasonable high unprofitable
41 high low high low unprofitable
42 high low high high unprofitable
43 high medium low low profit=0
44 high medium low high profit = 0
45 high medium reasonable low unprofitable
46 high medium reasonable high profit = 0
a7 high medium high low unprofitable
48 high medium high high profit=0
49 high high low low unprofitable
50 high high low high profitable
51 high high reasonable low unprofitable
52 high high reasonable high profit = 0
53 high high high low unprofitable
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Nr. Setup Demand Holding Production Economic Logic
Crt. Cost Cost Rate Quantity (ELQ)
54 high high high high profitable
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Appendix B

Case 1. ELQ Test

Demand = 300 Holding_Cost=T Production_rate=1.1e+3 H0=15

Setup_cost =100
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1o

pal}

400
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Appendix C
Case 2. ELQ Test
Setup_cost= 180 Demand = 400 Holding_Cost=16 Production_rate =700 ELO=163
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