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Under Excess Demand Values and Unknown Prices
in Post Pandemic Situations via Fuzzy Programming
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Abstract — This study uses a fuzzy programming model to optimize part procurement and
inventory management under excess demand values and unknown prices. It has been conducted in
pandemic and post-pandemic situations for health-care-related companies and non-essential
related services, where demand values tend to be surplus and unpredictable. The problem is
modeled as mathematical optimization, and the objective function is the expectation value in the
fuzzy sense of the total costs considered. The decision is centered on the number of parts for each
supplier or those stored in the inventory for future usm"mai{y, numerical experiments are
performed to demonstrate how the problem is solved. The results indicate that the optimal
decisions have been derived, and tf[¥ore the proposed approach can be adopted by
manufacturing/retail/service companies. Copyright © 2023 Praise Worthy Prize S.r.l. - All rights
reserved.
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Nomenclature Eérw Late on delivery rate (in percentage) of ordered
part from supplier s of part p
Et of part types, P ={12,....P} f)R;:n Percentage of rejected part p&)m supplier s
Set of suppliers, S ={L2.....5} Ly . 2 .
DR,, Percentage of rejected part p from supplier s
Set of brands, B = {1,2,,,,,8} == . ;
NC, New contract cost for a new supplier at
Set of observation periods, 7 ={1,2,...,T} observation period ¢
Amount of part p purchased to supplier s D, Demand value [unaufbraud b in period ¢
at obscr\*at}m} period 7 Rppy Number of parts b needed to make
Number of on hand brand » i B
at observation pCl‘lU(:l t ) c Full truckload maximum capacity
Binary number that is representing Wheth_er the SCrp  Maximum capacity of supplier s to supply part
supplier s is charged for order cost at period ¢ in period f
will be 1 if yes or 0 if not DX 1 — L
Binary number representing whether supplier s ip  ESHANGICOSIION defected part §
is chosen as a new supplier (1) or not (0) PLy  Penalty cost for late delivery
Number (chks that delivers part from of part p for each period
supplier s in period ¢ PD),  Penalty cost for defected brand b
centory level of part p in period ¢ HPip, Cost for storing a unit part p per period

Inventory level of brand 4 in period 1 HBu, Cust‘tur storing a umtbrandl b per period )

) . . MPyy, Maximum warchouse capacity to store part p in
Assembly/processing cost of brand p period ¢
at observation period ¢ MB;,  Maximum warehouse capacity to store brand b

ing price of brand b at observation period ¢
Price of part p at supplier §

at observation period ¢

One truck delivery cost from supplier s

at observation period ¢

Cost that occurred while ordering parts from
supplier s
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in period ¢

I. Introduction

Several pandemics have been cxpcrimcd globally,
and there are possibilities of hitting again in the future.
Since 2019, the Covid-19 pandemic has been hitting
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different countries. Numerous sectors, including the
manufacturing and hospitality industries, are affected by
this pandemic, and their future is still not clear. The
services of non-essential companies have drastically
decreased during the Covid-19 pandemic. These
companies have tried to recover their businesses and
services towards the end of the pandemic. Therefore,
several sectors are predicted to have excess demand,
especially in hospitality-related industries. This will raise
a situation where the manufacturers or the service
providers can have excess demand values and shortages
of their products. Another concern is that health-care-
related companies have excess demand values for various
products/services. This extraordinary condition can
satisfy the actual demand since the production capacity,
and the available raw materials/parts are limited. A more
complicated problem occurs when competition exists
between companies to obtain raw materials and supply
manufacturers with better prices. Therefore, the cheapest
raw materials/parts will not be available. A decision
should be made to deal with the competition optimally,
but possibly not with a minimal cost in purchasing raw
materials/parts and selling products/services.

Furthermore, a mathematical optimization model can
provide an optimal decision under the given situations.

Therefore, a new appropriate model is required to
handle this situation. First, the raw parts procurement
from suppliers should be settled since some mathematical
programming models have been developed to handle this
problem of non-linear and linear programming [1], [2].

In addition, a more complicated model has been
formulated by considering transportation costs [3], and it
has dealt with known demand values [4]-[7]. Besides
operational costs, some other models include other
factors such as risk [8], [9]. Since some parameters are
possibly [@hcertain,  historical/experiment/irial ~ data
available can be treated as random variables with
appropriate probability distribution functions. Therefore,
the corresponding mathematical optimization problems
can be solved through stochastic programming [10]-[12].

Subsequently, the probability distribution function
cannot be formulaf§i when the data needed is
unobtainable. Then uncertain parameters are possibly
treated as fuzzy variables, and membership functions can
replace the probability distribution. The corresponding
mathematical optimization problem is probably solved
through fuzzy programming, which offers algorithms to
handle optimization problems containing fuzzy variables
[13]. This article has offered a newly developed
mathematical ~ optimization ~nfel in a fuzzy
programming form to optimize raw parts procurement
and inventory management under excess demand
situations and fuzzy prices due to competition.

Furthermore, this model can be suitably used iffgpost-
pandemic cases, and the numerical experiment results
will be discussed to demonstrate the proposed model. (£}

The remaining sections of this article are structured as
follows. In Section II, the research gap studied in this
research is described. In Section III, the methodology
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implemented in the study is specified together with the
assumptions. Furthermore, the mathematical model
proposed in the study is also provided in this section. In
Section IV, results of the numerical experiments carried
@t in this research are reported. Finally, the last section
concludes the study and provides some outlooks for
future researches.

II. Literature Review

Ir1.  Covid-19 Pandemic and Challenges in Supply
Chain Management

Marcus Vinicius Dantas de Assungdo [14] has stated
that running a business during the pandemic or post-
pandemic situations has several challenges. First, prices
are uncertain, and historical data do not fit the behavior
of the prices. For example, transportation cost, raw
material price, and operational/production cost tend to
have different behavior during or in post-pandemic
situations. Therefore, a different approach is needed in
determining optimal decisions. Second, the capacities of
some parties are highly fluctuated and consequently
uncertain. For example, suppliers' capabilities and
production units can suddenly change due to infections.

Third, demand for some commaodities is excess [15].

For example, the demand for many healthcare
products is usually in excess during a pandemic [16].
Fourth, a "travel boom" phenomenon is predicted shortly
after a pandemic [17]. This will affect some commodities
in excess demand situations, such as tourism and
hospitality-related products. Therefore, organizational-
level responses are needed in public and private firms
[18]-[21]. Furthermore, the decision-maker should
prepare a suitable tool to gain profit extensively by
making optimal decisions in this situation. It has been
reported that supply chain management can mitigate the
effects of disruptions impacts during a pandemic [22],
[23]. Many studies conducted in many fields are
summarized in Table I, where each approach
implemented a unique technique following the problem's
specifications considered in the study. In addition, the
specifications have showed the differences and the
contributions to this study.

11.2.  Research Gap

Many decision-making support tools have been
developed in challenging pandemic situations (Table I).

Each decision-making support has been built based on
a specific problem faced by the decision-maker. As a
result, some studies have coincident specifications, as
shown in Table I, while others have gaps. The type
discussed has been the integrated procurement problem
and the inventory management in an uncertain
environment where many parameters' values are
unknown. Moreover, the paper has also dealt with multi-
period (dynamic over time), multi-product, multi-
supplier situations.

Intemational Review on Modelling and Simulations, Vol. 16, N. 5




P. A. Wicaksono et al.

TABLE I
STUDIES REGARDING PROCUREMENT PROBLEM AND INVENTORY PROBLEM DURING/AFTER PANDEMIC
. Procurement  [nventos namic/Multi-  Multi- Multi- Uncertain
Aticle Problem Pn:-blelr'ri'r Other problems - period product  supplier environment Method to solve
Simheuristic A h Based on
[24] yes ne ) ne ne yes yes the Location-[]{)op:lct'?;g Problem
[25] Yes yes - no no yes yes Derivative-based optimization
[26] no yes - yes no no no Tabu search
[27] no no TSP no yes no yes Ant Colony Optimization
(28] yes yes disruption risk yes o o yes Genetic algonthm and pattern
mitigation search
Convex-function-based
[29] no yes - yes no no no P
optimization
[30] yes yes - yes yes yes no Multi-Objective Optimization
This Excess demand .
paper yes yes situations yes yes yes yes Fuzzy programming

III. Materials and Methods
1. Assumptions

The following assumptions are considered:

1. Shortages are not allowed;

2. Extra or penalty costs for defective parts and late
delivered parts are charged to the manager and not
the suppliers. The penalty cost for faulty parts may be
cheaper than the original price since they can be
repaired or reused. Meanwhile, the penalty cost for
late delivered parts occurs since the manager may still
spend the cost for the production department.

1.2, Methodology

Fig. 1 shows the solution procedure used, and in the
first three steps, the DM has a significant role in defining
the membership function value for each fuzzy parameter.

This defining process uses intuition from the DM

based on experience. Let ‘Dfp denote the fuzzy variable

of demand value of part p at review period t The
solution needs to satisfy the importance of demand,
including the total purchased part that should be greater
or equal to the demand value.

However, the purchase variables should be more
significant when the demand is uncertain, which is
approached by a fuzzy variable. This condition is unclear
since the feasible set does not produce a crisp
background.

Therefore, the optimal strategy cannot be determined
as a crisp value. For a fuzzy variable to have a crisp
value, the fuzzy demand has been approached by using
the expcfEMl value. There are several formulas to
calculate the expected value of a fuzzy number, and the
proposed approach has used the expected value defined

in [31], where the expectation of f)lp will be:

E[D,|=] cr{D,> ;-}d;-—_[lc;-{ﬁ,p <rldr (1)

for any period r and part p, provided that at least one
result of these two integral terms is finite and Cr[‘]

denotes the credibility value.
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Decision Maker (DM)
identifies fuzzy
parameters involved
in the problem

Solving the DM formulates
optimization and discrete membership
determining the functions for all fuzzy
optimal strategy parameters

DM determines
values for
membership
functions

Substituting all
parameters' values to
mathematical model

Calculating weights
for all fuzzy
parameters’

realization values

Fig. 1. Solution procedure of the problem

The formula (1) calculates the expectation of any
fuzzy number according to its membership function. For
a particular case of discrete fuzzy number/variable  that
has a membership function:

w, ifx=ux

Uy, ifx=x,

pe (x) = 2

My ifx =x,

ﬁere X1, X2 ... xm are distinct and
X, > X, >> X, > X ,the expectation of § will be:

E[E]=3"" wx, 3)

where for i=1,2,.... m:

w; =% maxp; —max p;+ max p,—max p; | (4)
lsjsi 1<)<i i< jm 1<j<m

1.3, Mathematical Model

The objective function is the expected total profit,

Intemational Review on Modelling and Simulations, Vol. 16, N. 5
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including the total income minus the total operational
costs maximized. Each mathematical optimization
component is modeled as follows. First, the objective
value represents the maximized expected profit, and it is
the total income minus the total costs. Each component is
formulated as:

1. The expected income value from selling products for

all brands over the whole observation period:

Fi = Z:JJ):ETXB[E}:}”J};‘I’)

2. The expected total cost for assembly/production
processes and storing products has been observed:

F= Z [[;&r};)ﬁ; ]+(HBHJ£JJ):|

b eT=B

3. Expected costs for buying the parts, including penalty
costs for defective parts and delayed/late delivered
parts. The first component represents the total cost for
purchasing the parts, the second component
represents the extra cost for faulty parts charged to
the manager and not to the suppliers, and the third
component represents the extra:

FJ\ =
s, pleT =8xP

+[PLJ‘P . L‘Rrsp : Xr.xp ):|

[[Fﬁ, Xy )+(PD, DR X, ] +

4. The expected total order cost plus transportation cost
from all selected suppliers over observation periods
is:

F4 = [((_‘]mzr.s ]+[FC-.';<,S]5 ]]
speT=8S

5. The expected total contract cost for all the selected
suppliers is:

F =Y (NCaw,)
se8

6. The total inventory cost for all the parts stored in the
warehouse over the observation periods is:

Fo= %, (#Ri)

t.peT=P

Second, constraint functions based on situations that
should be hold are formulated as:

1. Constraints that manage the flow of the parts. They
have stated that at a particular observation period f,
for every part p, the parts from the previous
observation period, those purchased from all
suppliers, parts that just arrived due to late delivery,

Copyright © 2023 Praise Worthy Prize S.rl. - All rights reserved

300

minus parts purchased at the current observation
period but will be delivered at the next, minus
defected parts and those saved in the inventory to be
used in the future observation time are the total
numbers of components needed for making product
brands at the current observation period:

N
i{f—]}p + Z[Xl.sp + (LR{r—]).st{r—])sp ] +
§=1

- ( EJ-Q.’-"PXL&;J ] - BRIJ-‘PXLW ] - if}f 2
e Z [R‘F;;b};b]: V{{ap}ETX'P

{pbyePxB

Product brand demands satisfying. The constraints
say that the number of product brand b produced
every observation period ¢ minus defected ones minus
some of them planned to be stored in the inventory is
expected to satisfy the demand wvalue at the
corresponding observation period:

Yrb 7[DR']-;J};}))7 h];J 2 Drb’ V{(’b} eTxB

The constraints function determines the number of
trucks used to transport parts from a particular
supplier. The constraints say that the total volume of
parts purchased at a specific supplier divided by the
truck's maximum volume capacity, rounded to above
integer, should be upper bounded by the number of
the trucks. Therefore, the number of trucks will be
minimized according to the transport cost function in
Fa:

P
> Xy

re <5, VseS,Viel;

At every observation time, the number of each part
purchased by a particular supplier cannot exceed the
corresponding supplier's maximum capacity to supply
the parts:

X,

1sp =

< SC

wpr WP EPNseSNtel

Indicator functions represent whether a supplier is
selected or not at a particular observation period t.
For example, it will be 1 when the corresponding
supplier is selected at the corresponding observation
period ¢ to supply some parts; otherwise, it will be 0,
L.e., no order cost occurs:

. .
, i 1tZXw,>u

ts p=1

0,

‘v’{(,s} eT x8

otherwise
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6. Indicator functions represent whether a supplier is
selected at least once or not over observation periods
1 to 7. It will be 1 when the corresponding supplier is
chosen at least once to supply some parts; otherwise,
it will be 0, i.e., no new supplier contract cost occurs:

W_{l, ltZ;;'}'Zﬁ>D vees:

s .
0, otherwise

7. The number of parts b planned to be stored in the
inventory at every observation period cannot exceed
the maximum capacity of its warehouse/storing unit:

iy <MPB, VpePVtel

8. The number of products brand b planned to be stored
in the inventory at every observation period cannot
exceed the maximum capacity of it
warchouse/storing unit:

it <MB, Vi{tbleTxB

9. The decision variables should be nonnegative and
integer:

XY
{Xr.sp » };fntrp >fr.b} =20
and integer V{I,s,p,b} eTx8SxPxB
This is modeled completely as:

~ max (R-F-F-F,-F,-F) (5
{X ¥, r),‘,rw;»

sy

[t.5.p.b) E}'x.SxPxB

subject to:

5

X

!{r—l}p + Z[erp + [LR{r—]}.st{r—] Jsp ]+
s=1

_[ERW’Xﬁp ] - Biéf-sl’erp ] - Er;)r s (6]
= Y (RP,Y,). ViLpleTxP
|pbleP=B

P
2 X

pl <S  VseSVieT (8)

152

X, <5C VpePNseSVtel (9)

sp = Isp?

L ity X, >0
z 1 Z e > VitsleTxS  (10)

15 p=l

0, otherwise
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1, if Z, >0
3:{ 2?0 yies

0, otherwise
iy <MP, ¥pePNteT (12)
il <MB,, Yit,b}eTxB (13)

{Xr.sp’});b’ rp 3L HJ} 20
and integer V{t,5, p,b} e T xSxPxB

(14)

IV. Computational Simulation Results
IV.1.  Parameter Setup

The optimization problem (5) contains three part types
ordered to four suppliers, and these parts can be used to
make four product brands. First, let P1, P2, and P3 be the
name of the parts. Subsequently, the names of the
suppliers are S1, S2, S3, and S4, while the product
brands are Bl, B2, B3, and B4. Finally, the following
discrete membership functions for the fuzzy parameters
contained in the problem is considered:

!Jz,t‘: if E.=E.{])

B if §= E.{l}

Hécm) if £= E.{m)

The wvalues for components in the membership
function above are shown in Tables Al to A10, while the
values for the crisp parameters are given in Tables All
to A16, where the truck's capacity 1s 200 units.

1V.2.  Results and Discussion

All the computations have been performed in a
standard personal computer by using LINGO
optimization software. Therefore, the computational time
has not been an issue since it has been done i finutes.

Results are shown in Figures 2 and 3, and the minimal
wvalue of the objective function is 4,048,618.

1200
1000 as0 1ﬂlﬂﬂ 1ﬂlﬂﬂ 950
= 800 ] 7
S0 § oo § 7as g o
] H i ] ] Nl
E goo [ 548 ] |
B B P R Hia
> | S B | .
t 400 | | | | 1] [ § ]
& ] ik
® BB ik aE
00 | | = ] = ] =
i i il
o " | |
51 s2 53 53 54
1 2

Observation time period

Fig. 2. Optimal part volume for periods 1 to 2
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1400
1200

B
2
F

1000 -
* g0 o2 |
]
E R 364 .

200 B 128 B 1 1 10
o | | | |
1 2
Observation time
® Product Brands B1  ® Product Brands B2 = Product Brands B3 W Product Brands B4

Fig. 3. Optimal part volume for Example 2

Figure 2 shows the optimal volume of parts to be
ordered by suppliers. Due to high demand, all the
suppliers have been selected to supply parts by usi
their maximum capacity. Figure 3 shows the volume of
each product brand planned to be produced. All the
product brands have satisfied the demands since the
decisions regarding the inventory have not been storing
any parts P1 and P3 at observation periods 1 and 2. For
example, 100 units part type P2 needs to be stored in the
warchouse at the observation period 1 to be used at
period 2. Therefore, no inventory is required at any
observation time for the products. Drawing upon the
mathematical model presented in the preceding section
and the results of the associated numerical experiments,
the following discussion offers managerial insights that
can serve as valuable advice for industry managers and
decision-makers. Firstly, managers have the flexibility to
fine-tune the membership functions of fuzzy parameters
and recompute decisions, if they have the time for
computational adjustments. This becomes particularly
relevant when dealing with sizable problems that
naturally require extended computational durations.

Additionally, managers can explore alternative
membership function shapes, such as triangular or
trapezoidal, tailored to specific fuzzy parameters.

Secondly, in order to address computational
challenges, managers can opt for computers equipped
with more robust specifications, including high-
performance machines. This choice can significantly
reduce  computational time, proving especially
advantageous for tackling large-scale problems. Lastly, it
is important to acknowledge that the problem is resolved
amid uncertainties surrounding certain parameters.

Conscquently, the actual profit may deviate fifgh the
optimization result. The true profit will only be known
once all uncertain parameters are revealed. Nonetheless,
optimizing decisions under such conditions represents
the best course of action available to managers when
confronted with problems involving uncertainties.

Y. Conclusion

A fuzzy-based optimization model has been proposed
to solve part procurement and inventory managemdfj
problems where several parameters have been treated as
fuzzy parameters. [ff& main advantage of the proposed
model is that the problems are solved in an integrated
manner, meaning that the parties involved in the supply
chain are treated via interconnected scheme such that the
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flow of the raw parts from the suppliers to the inventory
systems 1s managed in one model. Then the optimal
decision is the best scenario for the whole supply chain.

Furthermore, the proposed fuzzy-uncertainty approach
can handle difficulties with excess demand and uncertain
parameters, which are suitable for extra-ordinary
situations such as post-pandemic timfg Numerical
experiment results have showed that the proposed
decision-making support successfully solved the given
problem. Therefore, it can be used in industrial/retail
industries. For future studies, the model can be
developed under data availability assumptions towards
the end of the pandemic. In this situation, parameters
already have historical data, and therefore, probability
theory can be used to treat the uncertain parameters.

Another possible future research direction could be
integrating other parties that are not involved yet in this
study, such as third party carriers and distributors. In
particular, in terms of optimization methods,
metaheuristic algorithms could be developed to solve
large-scale problems, for example, problems with large
number of suppliers and raw part types.

Appendix
TABLE Al
VALUES FOR p Tl
i Mo AC. W,
1 20 0.10 0.050
2 23 0.20 0.050
3 30 0.35 0.075
4 35 0.50 0.075
5 40 0.75 0.125
6 45 1.00 0.250
7 50 0.75 0.150
8 55 0.45 0.100
9 60 0.25 0.050
10 63 0.15 0.075
TABLE A2
VALUES FOR fig,
i M BPy Wi,
1 1000 020 0.100
2 1100 035 0075
3 1200 050 0.075
4 1300 065 0.075
5 1400 0.70 0.025
6 1500 085 0.075
7 1600 095 0.050
8 1700 1.00 0.150
9 1800 0.75 0.125
10 1900 050 0250
TABLE A3
VALUES FOR M
,. b .
1 13 025 0125
2 16 050 0.125
3 17 075 0.125
4 18 0.85 0.050
5 19 095 0.050
6 20 1.00 0.100
7 21 085 0.050
8 2 075 0.125
9 23 050 0.125
10 24 025 0.125
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TABLE A4 () TABLE A5
VALUES FOR pig. VALUES FOR i,
/ b i i by 0
1 200 0.15 0.075 1 41 0.35 0.175
2 210 045 0.150 2 42 0.40 0.025
3 220 0.65 0.100 3 43 0.50 0.050
4 230 075 0.050 4 44 0.77 0.135
5 240 095 0.100 5 45 0.85 0.040
6 250 1.00 0.050 6 46 1.00 0125
7 260 095 0.115 7 47 0.90 0.050
8 270 072 0.085 8 48 0.80 0.150
9 280 055 0.165 9 49 0.50 0.200
10 290 022 0110 10 50 0.10 0.050
TABLE A6 TABLE A7
VALUES FOR pi, VALUES FOR pig;.
i "“r.'R:Z.' ERL‘P “'—:’.J'i:.‘. i ‘“riu::' EERJ:J w:’ji.:zﬁ
1 0.01 0.15 0075 1 0.01 0.25 0.125
2 0.02 025 0050 2 0.02 0.40 0.075
3 0.03 045 0.100 3 0.03 0.50 0.050
4 0.04 055 0050 4 0.04 0.75 0.125
5 0.05 075 0.100 5 0.05 0.95 0.100
6 0.06 1.00 0.150 6 0.06 1.00 0.100
7 0.07 095 0125 7 0.07 0.85 0.150
8 0.08 070 0225 8 0.08 0.55 0.050
9 0.09 025 0075 9 0.09 0.45 0.100
10 0.1 0.10 0050 10 0.1 025 0.125
TABLE A8 TABLE A9
VALUES FOR Bt VALUES FOR B
i ﬂuk}.:;- [-)R:n ;;;; i Mg \}-C‘ “-.‘:::'_
1 001 015 0075 1 100 020 0.100
2 0.02 045 0.150 2 Lo 045 0.125
3 003 080 0.175 3 120 055 0.050
4 0.04 100 0.125 4 130 075 0.100
5 005 095 0050 5 140 100 0.150
6 006 085 0050 6 150 095 0050
7 007 075 0.100 7 160 085 0.140
8 008 055 0175 8 170 057 0.160
9 009 020 0.025 9 120 025 0.050
10 0.1 0.15 0075 10 190 0.15 0.075
TABLE AL0
VALUESFOR g1
i Hyo Hp., “’2.3'\
1 80 0.20 0.100
2 85 0.55 0.175
3 90 0.75 0.100
4 95 1.00 0.150
5 100 0.95 0.075
6 105 0.80 0.050
7 110 0.70 0.150
8 115 0.40 0.090
9 120 0.22 0.060
10 125 0.10 0.050
TABLE Al
VALUES FORRP,s
Product Brand
Partype Bl B2 B3 B4
Pl 2 1 3 1
P2 1 2 1 2
P3 2 1 2 2
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TABLE Al2
SUPPLIER CAPACITY VALUES §Cy
Supplier Pl Part “"‘SZ P
S1 800 450 650
52 950 500 850
S3 1000 450 1000
S4 750 300 1200
TABLE Al3
VALUES FORRP,s
Parameter Pl P2 P3
Holding cost HP., 1 1 2
Warehouse capacity MPy 80 100 100
TABLE Al4
BRANDS' PARAMETER VALUES FOR ALL PERIODS
Parameter Bl B2 B3 B4
Holding cost P, 3 2 2 2
Warehouse capacity MPy, 2000 2000 2000 2000
TABLE AlS
7 VALUES FOR PDY,
Sunnlier Pl P2 P3
<41 1 2 1
B2 2 2 1
83 1 2 2
S4 3 2 1
TABLE Al6
VaLUES For Pl
Sunnlier Pl P2 P3
S1 1 1 2
52 1 2 1
53 2 2 1
S4 2 1 1
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