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Abstract. The Inventory models can be used to plan the optimal inventory of a product.
Several factors that influence the inventory model include demand parameters, prices and
costs related to inventory. In special cases, the values of these parameters are uncertain. The
fuzzy numbers can be used to express inventory parameters with uncertainty. One of the
approach techniques for determining fuzzy parameters is the interpolation technique. This
research developed a fractal interpolation technique with an interpolation function
constructed from the Sierspinski Carpet. The level of interpolation accuracy is determined
by Mean Percentage Absolute Error (MAPE). Economic Order Quantity EOQ model is
used to determine optimal inventory. Obtained a MAPE value of 7.15% in the very good
category. The optimal inventory, safety stock and reorder points are 14197.49 tons, 2894.87
tons and 4654.669 tons, respectively.
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1 Introduction

Inventory planning is a crucial in production, distribution, and trade activities. Planning is
carried out to ensure the availability of products in fulfilling consumer demand. Inventory
models can be applied to inventory planning activities. In inventory systems, operational
policies related to product storage control are established, such as determining the maximum
inventory level, the timing of ordering, and stock-out time, to minimize the total ordering cost.
Inventory and resolution research methods has been extensively developed and applied in
various fields. Inventory issues with payment system variations [1]. Algebraic methods for
solving inventory models [2]. The application of inventory concepts in the inventory of food
products [3], the application of inventory concepts in the field of aviation logistics inventory
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[4]. Optimization of the red chili inventory system using a probabilistic fuzzy inventory model

[5].

One inventory model that can be utilized is the Economic Order Quantity (EOQ) model.
Considering demand parameters, the EOQ inventory model can be applied to inventory
optimization problems to obtain the optimal inventory quantity and reorder time. The following
presents research on inventory issues using the EOQ model. Inventory problems are investigated
using the EOQ model with nonlinear constraints [6]. Research related to inventory issues
employs the EOQ model, considering factors such as the damage rate and inventory dependent
on demand [7]. The application of the EOQ model with demand assumed as a nonlinear function
[6]. One factor influencing inventory levels is demand. In some cases, demand for a product
may not be constant in every inventory period. Therefore, a technique is needed to determine
the demand level. Interpolation techniques can be used to obtain approximate values for demand
parameters by considering specific value intervals. Interpolation techniques are developed in
two ways, namely numerically and fractually.

Studies on numerical interpolation and its application in various fields have been widely
conducted [8], [9], [10], [11], [12], [13]. In addition to the mentioned interpolation methods,
interpolation using the fractal concept has been extensively developed and applied in various
fields. Interpolation using the fractal concept is called fractal interpolation. The use of fractal
interpolation in time series data was introduced by [14]. The application of fractal interpolation
in Covid-19 data [15]. Fractal interpolation is also applied to seismic data by introducing a
scaling factor [16]. In fractal interpolation, variations in vertical scaling factors and the choice
of Fractal Interpolation Function (FIF) will affect the interpolation results [17], [18]. In the study
[17], a fractal interpolation technique was developed with variations in vertical scaling factors
and applied to rice inventory data. The interpolation results obtained were categorized as very
good. In fractal interpolation, the choice of FIF also influences the interpolation results. This
study developed a fractal interpolation technique with FIF constructed from the Sierpinski
Carpet.

The interpolated data results are approximations; therefore, deterministic approaches are not
precisely applicable. Fuzzy, probabilistic, and stochastic approaches can be employed for
uncertainty parameters. One inventory model that can be used with uncertainty is the Economic
Order Quantity (EOQ) model with fuzzy parameters, referred to as the Fuzzy EOQ (FEOQ)
model. The following presents research related to the application of the FEOQ model. The
FEOQ model was developed by [19], with demand parameters expressed in terms of cloudy
fuzzy logic. The Fuzzy EOQ (FEOQ) inventory model with demand parameters expressed as
fuzzy numbers and defuzzification technique using Graded Mean Integration is discussed by
[20]. The FEOQ model, considering discount proportion factors, is presented in [21]. The
solution procedure for the FEOQ model is provided by [22]. Trapezoidal [23], Pentagonal [24],
and Hexagonal [25] fuzzy numbers can be used as fuzzy parameters in inventory models. This
study develops a fuzzy inventory model using triangular fuzzy numbers (TFN).



2 Research Methodology

In this research, a fuzzy inventory model was developed and expressed by TFN. This article
also introduces the application of fractal interpolation to determine the approximate value of
rice demand parameters in the fuzzy inventory model. Below are the stages of solving inventory
optimization problems using a fuzzy inventory model with the development of interpolation
techniques.

2.1 Data

The data used in this research is rice inventory data from research [17], consists of data on
prices, demand and costs related to rice inventory. Fuzzy demand parameters are determined
using fractal interpolation techniques. The data is expressed in TFN by considering the highest,
lowest and average data. The next stage is the defuzzification process using the mean integration
technique. In the defuzzification stage, the TFN are transformed into crisp numbers and used as
parameters in the inventory model.

2.2 Fractal Interpolation and Fuzzy Inventory Model

This paper introduces a fractal interpolation where the fractal interpolation function (FIF) is
constructed from the Sierspinski Carpet. Below are Equation (1) to (8) of Sierspinski Carpet as
FIF, {R?;wy, Wy, W3, Wy, ws, wg, w;, wg}, w;,i = 1,2,---,8 are functions in two-dimensional
space.
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Interpolation techniques are used to determine demand approximation values as part of the
inventory planning process. Next, the interpolation results are expressed in the form of TFN and
transformed into crisp numbers with the following Equation (9).
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The results of the defuzzification process are used as parameter values in the inventory model.
The model used is the inventory model [24].

3 Result and Discussion

There are two discussions in this paper. The first is the developing an interpolation technique
using the Sierspinski Carpet and its application to rice supply data. The second is the
development of a fuzzy inventory model with TFN. Then, interpolation techniques and fuzzy
models are applied to the rice inventori planning problem.

3.1 Fractal Interpolation

Based on price and demand data for rice in research [17], consists of data on prices, demand and
costs related to rice inventory. Fuzzy demand parameters, conditions were determined as the
initial set. The initial condition considered by lowest price, highest price and average. Let the
initial conditions (10000,3138678.5), (12000,362400),(10400,1449570), and dummy
(11600,2051509). The aim of selecting a dummy is to make the initial shape formed is a
symmetrical shape. Below is Figure 1. as the initial condition for fractal interpolation.
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Fig. 1. Initial Condition Null Iteration

Figure 1. is a visualization based on the initial conditions given. Visualization of Figure 1.
using Ms. Excel. The first iteration interpolation calculation, the horizontal x axis is the price
variable and the vertical y axis is the demand variable. The next stage is to determine the
distance from each pair of points.



dy = |x, — x,| = |10000 — 10400| = 400

d, = |x, — x,| = [12000 — 10400| = 1600

ds = |x; — x,| = [11600 — 10000| = 1600

d, = |x, — x5 = |12000 — 11600| = 400

= |x3—x;| = |11600 — 10400| = 1200

dg = |x, — x,| = [12000 — 10000| = 2000

d, = |y, — y;| = |3138678.5 — 1449570 = 1689109
= |y, — v, = |362400 — 1449570| = 1087170
dy = |ys—y,| = |2051509 — 3138678.5| = 1087170
dio = |ys — y3| = 1362400 — 2051509 = 1689109
dyy = lys — ;| = |2051509 — 1449570| = 601939
dyiy = |ys—,| = |362400 — 3138678.5| = 2776279

QU
5
|

U
)
|

The calculation continues by determining the interpolation value using FIF (1) to (8) for each
initial condition.

f1(x1,¥1) = (x4, y1) = (10400,1449570)
fi(xz,y2) = (x1 - § lx; — %10, 31 + § ly2 — yll) = (10267,2012606)
fiGes,ys) = (x5 = 125 = x1l,y5 = 2lys = y11) = (10800,1650216)

fiCya) = (x4 =212, = 231,34 + 21y, — y31) = (10933.3,1087180)
f2(e,01) = fi(xz, y2) = (10267,2012606)
f2(x2,v,) = (10133,2575642)

f2(x3,v3) = (10667,2213252)

f2(x4,¥4) = f1(x3,¥3) = (10800; 1650216)
f3(x1, 1) = f2(x2,¥2) = (10133,2575642)
f3(x2,¥2) = (x3,v,) = (10000,3138678.5)
f3(x3,y3) = (10533,2213252)

f3(x4,y4) = f2(x3,¥3) = (10667,2213252)
fa(x1,¥1) = f3(x4,¥4) = (10667,2213252)
fa(x2,¥2) = f3(x3,¥3) = (10533,2213252)
fa(xs,y3) = (11067,2413899)

fa(x4,vs) = (11200,1850862)

fsCer, y1) = fa(xs, y4) = (11200,1850862)
fs(x2,¥2) = fa(xs,¥3) = (11067,2413899)
fs(x3,y3) = (x3,v3) = (11600,2051509)
fs(x4,v4) = (11733,1488472)

fe(x1,¥1) = (11333,1287826)

fe(x2,¥2) = f5(xy, 1) = (11200,1850862)
fe(x3,¥3) = fs(x4,¥4) = (11733,1488472)
fe(x4,v4) = (11867,925436)

f7(x1,¥1) = (11467,724790)

fr(x2,¥2) = fo(xy, 1) = (11333,1287826)
f7(x3,¥3) = fo (x4, y4) = (1186,925436)
f7(X4Y4) = (x4,y4) = (12000,362400)
fe(x1,¥1) = fi(x4,y4) = (10933.3,1087180)
fa(x2,¥2) = fi1(x3,¥3) = (10800,1650216)



fs(X3,y3) = f7(x2, yz) = 11333,1287826)
fe(x4,ya) = f7(x1, 1) = (11467,724790)

The visualization of the calculation results for 1st iteration given in Figure 2 below.

Fig. 2. The First Iteration

The iteration process is continued until the expected level of accuracy is obtained. In this
research, calculations were carried out up to the 6™ iteration. In the 5™ and 6™ iterations, the
MAPE values were obtained at 11.37% and 7.15% and included in the very good category.
Below is Figure 3, which is a visualization of the 6th iteration. The interpolation results of the
5t and 6™ iterations are given in Table 1.

Fig. 3. The 6" Iteration

Table 1. Fractal Interpolation 5 and 6™ Iteration

tha demand (y) Fractal Irgtehrpolation Fractal In6ttehrpolation
1 1877819 1865446.072 1878682.587
2 1512299 2501497.653
3 1177733 1183610.076 1181293.055
4 1405435 1490140.364 1461350.313
5 2419069 2169347.778 2187218.335
6 362400 362400 362400

7 1966169 2082116.805 2079799.783
8 1848084 1842115.767 1842115.767
9 1449570 1449570 1449570
10 923049 923515.0638 923515.0638



11 2119598 2148038.309 2111471.489

12 3138678.5 3138678.5 3138678.5
In the 1% iteration, each initial condition will be mapped by the functions f;, 2, fs, fa, f5, fer f
dan fg so that 8 new similar rectangles are obtained and 32 pairs of interpolation point. The 2nd
iteration, 64 similar rectangles are obtained and 256 pairs of interpolated points were obtained.
So, in the n iteration we will get 8™ rectangles and 4. 8™pairs of interpolated point.

3.2 Fuzzy Inventory Model
In this section, a fuzzy inventory model is developed using TFN. Given TFN
A= (a,b,c),wherea,b,c €ER, L"X(h) = a+ (b —a)h and R"1(h) = ¢ — (c — b)h, using

(9) is obtained.
%folh(a+ (b—a)h+c—(c—-b)h)dh 1

P(4) = folhdh =g(a+4b+c)

Let TFN D = (dy,d,, d3), Co = (Co1, Co2,Co3)s Chn = (Chi, Chz, Chz)- Developing the inventory
model [24] with TFN, the optimal inventory formula is obtained in Equation (10) below.

1/ (cgdq + 4cyod, + co3d ch1 + 4cy + C
T =1 (co1d4 0202 + Co3 3)+( h1 h2 + Cr3)Q 10)
6 Q 2
11
0" = 2(co1dy + 4copd; + co3ds3) (11)
Ch1 + 4Ch2 + Ch3
Where

D =fuzzy parameter for demand

C, = fuzzy parameter for ordering cost
C,, = fuzzy parameter for holding cost
TC = total cost (Rupiah)

Q™ = optimal inventory (tons)

Based on the data in (18), the TFN of the fuzzy parameters is determined as follows.

D = (443458987.4,443459729.4,443460471.369), D = 443459729.4

C, = (6100000,6500000,6700000), C, = 6500000

E,’l = (27000000,28680828,29000000), C;, = 28680828

Using Equation (11), the optimal annual demand is 14197.49 tons and safety stock 2894,87 tons.
Total annual inventory is 17092.36.



4 Conclusion

Based on the results and discussion it can be concluded that The FIF constructed from the
Sierspinski Carpet can be applied as a Fractal Interpolation Function in the fractal interpolation
method. Based on data, the level of accuracy obtained is influenced by the number of iterations.
The higher the iteration, the higher the level of accuracy. The specified fuzzy number greatly
influences the Optimal Inventory Amount. The FIF influences fractal interpolation results. In
this study, the FIF of Sierspinski Carpet is an affine function. A fractal interpolation technique
can be developed with FIF non-affine function for further research.
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