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 Fuzzy time series models have been widely used to handle forecasting 
problems, such as forecasting consumer demand and production volume. It is 
of greater benefits if we have good forecasting accuracy rates especially in 
managing inventory in a Small and Medium Enterprise (SME) company. 
This study focuses on multiple products with single production line.  
The aims of this study are to propose the appropriate the forecasting method 
for the products, to develop new inventory policy that minimizes the total 

inventory cost for the company. Simple forecasting methods like trend line, 
three month moving average (MA (3) and fuzzy time series forecasting are 
used in this study. The result shows that fuzzy time series forecasting model 
is suitable to be used in forecasting future demand for all products.  
The proposed inventory policy is based on the number of cycles per year and 
the number of productions for each product has helped the company to 
minimize total inventory cost and schedule the production process 
accordingly. The proposed inventory policy resulted in lower total inventory 

cost when compared to current practice. 
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1. INTRODUCTION  

Small and medium enterprises (SMEs) in Malaysia can be classified to the manufacturing sector and service 
sector and other sectors or economic activities which include agricultural, construction, mining and quarrying [1].  

In addition to that, according to SME Corp. Malaysia, SMEs can be classified into three groups which are 

microenterprises, small enterprises, and medium enterprises. The definition of SMEs can be summarized in Table 1. 

 

 

Table 1. The classification of SMEs in Malaysia 
Category Microenterprises Small enterprise Medium enterprise 

Manufacturing Sales turnover of less than RM300, 

000 OR a number of full-time 

employees is less than five.  

Sales turnover from RM300, 000 to 

RM15 million OR a number of full-time 

employees from five to less than 75. 

Sales turnover from RM15 

million and not exceed RM50 

million OR a number of full-

time employees from 75 to 200. 

Services and 

other sectors 

Sales turnover of less than RM300, 

000 OR a number of full-time 

employees less than five. 

Sales turnover from RM300, 000 to 

RM3 million OR a number of full-time 

employees from five to less than 30. 

Sales turnover from RM3 

million and not exceed RM20 

million OR a number of full-

time employees from 30 to 75. 

Source: National SME Development Council (NSDC) [2] 
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SMEs play an important role in the Malaysian economy as it constitutes 97.3% of the total registered 

business establishments where 90% of business establishments was from the service sectors, 5.9% from the 

manufacturing sectors, 3% from the construction sectors, and agriculture sectors, and mining and quarrying make 

up 1.0% and 0.1% respectively. SMEs increase the employment opportunities in Selangor, Wilayah Persekutuan 

Kuala Lumpur, Johor, Perak, Sabah and Sarawak [3]. Malaysian SMEs have expanded from a commodity-based 

on a manufacturing sector producing a variety of consumer goods. Manufacturing sector is a combination of the 

processing and production of raw materials. For instance, food, beverage, textiles, petroleum, wood rubber and the 

assembling and manufacturing of electrical of electronics application and components, among others.  

For an SME in the manufacturing sector, it is important to remain competitive and maintain profitability 

in the market by continuously converting raw materials into value-added products that meet the customers’ needs. 
Improper planning and scheduling the production results in higher operating costs [4]. There are two types of 

scheduling problems which include a deterministic problem and stochastic scheduling problem. Deterministic 

scheduling deals with constraints and parameters involved in the study already known with certainty. On the other 

hand, the stochastic scheduling deals with uncertain scheduling problems for example machine breakdown, out of 

stock of raw materials, unavailability of operators during the production process. This leads to the inefficient 

production process and unable to meet customers’ demand because of the system cannot run the production 

smoothly. An effective production scheduling helps the management to face with variation in delivery time of raw 

materials from the supplier, which might occur for some reasons like a shortage of materials at supplier’s plant, 

variation in shipping time and others. Some manufacturers in small medium enterprises (SMEs) produce multi 

products to fulfill customers’ demand and retain to market share. However, different product requires different 

cycle times, different assembly line or multiple assembly lines to produce one of such. This study focuses on 
multiple products with single production line and develops a new production schedule that minimizes the inventory 

costs by proposing an appropriate forecasting method for each product. 

There are a few numbers of studies that have been done in inventory management. In a basic inventory 

management policy, demand is constant over the time and known. However, in real environment demand is 

dynamic and uncertain as in modelling based on changes over time [5, 6] and the volatility of currency [7]. Thus, 

many studies have been conducted to determine the appropriate forecasting demand to tame the dynamic and 

uncertainties of future demand as in stock control [8], foreign exchange [9] and students’ enrollment [10]. Among 

the studies [11-13] proposed fuzzy metric approach for fuzzy time series in order to deal with uncertainties of time 

series data. The result showed that their proposed method gave a high accuracy of forecasting time series data 

compared to the existing model which did not consider the uncertainties in data. [14] also conducted a study on 

forecasting time series data based on fuzzy time series. They used the percentage change as the universe discourse 

and mean based partitioning in their proposed method. The result showed that their method gave the lowest value 
of MSE compared to [11]. This study focuses on applying a time series forecasting method using fuzzy techniques 

in analyzing the inventory policy of multiple products with single production line at a SME. The technique is then 

use develop a new inventory policy that will minimize the total inventory costs for the company. 
 
 

2. RESEARCH METHOD 

In this section, several steps in completing this study are described. The first step is to identify the 

production sequence, followed by choosing the right forecasting methods in estimating the demand.  

The acceptability of the forecasting method is analysed based on the minimization of total annual inventory 

cost. Runout Time (ROT) is a method for sequencing the production for multiple productions using single 

line. The schedule is based on the depreciation times and the levels of inventory of the item. The first product 

that needs to be produced is determined by the lowest ROT. 

 

i

Current Inventory Position of Item i
ROT =

Demand per Period for Item i

 (1) 

 

Where demand per period in this study refers to the value of forecasting demand by using the proposed 

method [15]. 

There are four steps in the fuzzification process in which the universe of discourse U was defined 
and partitioned into equal lengths interval and considered as the linguistic value. According to [16], the more 

linguistic values used in the study, it will result a better performance in forecasting. In this study, the partition 

U was divided into seven equal lengths of linguistic values since most of the researchers have divided the 

partition U into seven equal lengths of intervals [11, 17, 18]. The universe of discourse U = [Dmin - D1, 

Dmax + D2], where Dmin and Dmax represent the minimum and maximum percentage change in demand 

respectively, whereas the value of D1 and D2 were assumed to be any numbers.  

The intervals were then divided to the sub-interval based on the number of data for each interval. 

According to [11], if there is no data in the interval, then that interval was discarded. Each fuzzy set of Xi was 



                ISSN: 2502-4752 

Indonesian J Elec Eng & Comp Sci, Vol. 19, No. 3, September 2020 :  1654 - 1660 

1656 

defined based on the sub-interval from step 2. The data for actual demand was fuzzified where; Xi represented 

the linguistic value of the month to month percentage change or known as fuzzy set. The fuzzy data was 

defuzzified by using the formula (1) on the next page, and the forecast demand was determined by using the 

percentage change in the monthly demand on the previous month’s demand. Based on [12], if the linguistic 

value is not found in the fuzzy set, the value of first linguistic value is used for the forecast the future demand. 

 

 

 
, if j = 1 

 

 

 

, if 2 ≤ j ≤ n – 2 

 

 

, if j = n                                                                                   (2) 

 

 

 

 
Where: 

aj-1, aj and aj+1 represent the midpoints of the fuzzy intervals of Xj-1, Xj, and Xj+1 respectively. tj represents the 

predicted percentage change of monthly demand. 

The data was divided into two parts. The first part was for model estimation (75% of the data) and the rest 

was for evaluation purpose. The evaluation part was used to evaluate the model’s forecasting performance.  

The appropriate model was selected based on the results of comparing the respective error measures mean square 

error (MSE), mean absolute deviation (MAD) and mean absolute percentage error (MAPE) from the evaluation 

part. The minimum value of error measured indicates that the model fits well with the actual data and selected as 

the appropriate model to forecast the future demand for each product. In order to measure the effect of the 

proposed forecasting method, this study adopted the classical multi-item Economic Production Quantity model 

based on [19]. This is consistent with may recent studies that consider EOQ in their models to ensure the 
optimality of the results as when stock dependent under permissible delay [20] and for deteriorating items [21, 22]. 

The total cost function is given by total production cost, production setup cost and inventory holding cost.  
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Notations: 

index Ii  = {1, 2, …, ı I ı} is the products 

Qi: the optimal production batch size  

Ki: the fixed cost per production batch 
Ri: the quarter demand of the product  

Hi: the holding cost per month  

Ci: the number of inventory in hand  

Di: the number of demand 

m*: the optimal number of cycle time 

pi: the quarter production rate  

ri: the quarter demand rate  

Pi: unit cost 
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For total inventory cost, both holding costs and setup costs are estimated as follows: 

The setup cost in this study was estimated by considering the labor cost, setup time of machines and 

operation time [23, 24].  

 

Set up Cost = 







 ot

su
os t

Q

T
RC )(  (4) 

 

Where: 

sC  is the setup cost, 

oR  is the unit cost rates of labor 

Q  is the batch quantity 

suT  is the setup time of machine  

ott  is the operation time required to carry out all the process 

Holding cost is associated with the cost to keep or carry inventory in stock which includes storage 

costs, material handling costs, labor cost and investment costs. In this study, the holding cost was estimated 

to be of 25% of the unit cost per unit per year [25]. 

 

2.1.  Data setting 

This study conducted in one of food manufacturing company which is located in Terengganu.  

The company produces 12 types of canned products using a single production line.  

In the current setting, the production scheduling is done based on weekly review as follows: 

Step 1: Determine minimum requirement for each product.  

Step 2: Forecast the demand based on 3 month moving average by marketing department 

Step 3: Determine priority of each product based on its demand volume. The higher the volume, the more 

priority it gets. 
Step 4: The products are manufactured periodically. All the finished products will be stored in a warehouse 

based on three-month inventory policy. This results in congestion in the warehouse.  

Since the company has a single production line despite having 12 products, the production runs on a 

batch system where each product line is produced separately. At the same time, the production capacity of 

each product is different. In this study, the focus is on six daily demand products which included Sardines in 

Tomato Sauce 155gm, Sardined in Tomato Sauce 425gm, Family Sardines 405gm, Spicy Anchovies 160gm, 

Sri Kaya 170gm and Chicken Curry 285gm. 

 

 

3. RESULTS AND ANALYSIS 

Table 2 shows the summary and comparison of MSE for all products for three forecasting methods, 
Moving Average (3 months), Linear Trend line and the proposed fuzzy time series. The fuzzy time series 

forecasting indicates the lowest MSE values for both estimation and evaluation data sets for 4 items (Sardines 

in Tomato Sauce 155gm, Sardines in Tomato Sauce 425gm, Family Sardines 405 gm and Chicken Curry 

285gm). MSE values are also the lowest when fuzzy time series methods are used for the other two items 

(Spicy Anchovies 160gm and Sri kaya 170gm), however, it is for only estimation data set for Spicy 

Anchovies 160 gm and for the evaluation data set for Sri Kaya 170gm.  

 

 

Table 2. Summary and Comparison of MSE values for 3 forecasting methods 
Item Part MA (3) Linear Trend Fuzzy Time Series 

Sardines in Tomato Sauce 155gm Estimation 68,158,541.67 48,708,883.00 6,197,578.80 

Evaluation 32,887,278.00 2,761,180.30 953,463.60 

Sardines in Tomato Sauce in 425gm  Estimation 429,856,080.00 243,773,107.00 5,655,667.11 

Evaluation 174,222,976.00 221,876,080.00 4,215,690.84 

Family Sardines 405gm  Estimation 13,038,464.00 4,261,718.00 18,047.45 

Evaluation 5,118,118.00 4,173,836.00 50,062.91 

Spicy Anchovies 160gm  Estimation 189,142,912.00 77,964,647.00 3,388,239.47 

Evaluation 168,666.57 241,462.38 4,537,374.00 

Chicken Curry 285gm Estimation 66,445,896.00 30,764,570.00 4,795,876.30 

Evaluation 30,370,675.00 58,360,294.00 415,159.49 

Sri Kaya 170gm Estimation 71,782.40 57,558.01 52,189.23 

Evaluation 1,172,480.00 754,790.80 1,275,764.47 
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The appropriate forecast method for each product is determined based on the lowest value of MSE 

because it shows minimum error between forecasted demand and actual demand (in bold). Fuzzy time series 

forecasting model is suitable to be used in forecasting future demand for all products produce by the 

company except for Sri Kaya 170gm which has linear trend forecasting model to be with lowest MSE value. 

 

3.1.  Comparison between current method and proposed method for inventory policy 

Considering the 3-month inventory holding policy, a comparison between the current process and 

the proposed process are done and analysed based on the number of cycles, number of production time and 
total inventory cost. Table 3 shows a summary and comparison between the current method and the proposed 

method on three-month basis. Table 4 shows the comparison on the total annual cost for current practice and 

the proposed forecasting method, based on the number of for the first quarter, 2013. It clearly shows that the 

proposed method shows a lower inventory cost with potential saving of RM42, 789.78. 

 

 

Table 3. Summary and comparison between current method and proposed method 

Quarter Elements 
3 Month Demand 

(Current Method) 

3 Month Demand 

(Proposed Method) 

1 Total of 3-month demand 236,888 236,888 

Number of operating days, N 60 60 

Number of cycles, m* 5 8 

The production time for each cycle, N/m*  12 8 

Production cost, PiRi (RM) 747,241.00 745,276.00 

Setup cost, Ci (RM) 1,359.39 2,157.02 

Holding cost, Hi (RM) 6,892.08 2,787.43 

Total cost, TC (RM) 753,524.47 750,235.45 

Cost saving (RM) 3,289.02 

Percentage of cost saving (%) 0.436 

2 Total of 3-month demand 220,850 220,850 

Number of operating days, N 60 60 

Number of cycles, m* 6 7 

The production time for each cycle, N/m* 10 9 

Production cost, PiRi (RM) 657,363.40 657,363.40 

Setup cost, Ci (RM) 1,631.26 1,903.14 

Holding cost, Hi (RM) 153,785.52 1,814.94 

Total cost, TC (RM) 674,780.18 661,081.48 

Cost saving (RM) 13,968.70 

Percentage of cost saving (%) 2.07 

3 Total of 3-month demand 218,140 218,140 

Number of operating days, N 60 60 

Number of cycles, m* 5 6 

The production time for each cycle, N/m* 13 10 

Production cost, PiRi (RM) 615,592.40 615,592.40 

Setup cost,Ci(RM) 1,274.84 1,631.26 

Holding cost, Hi (RM) 26,542.27 1,129.37 

Total cost, TC(RM) 643,409.51 618,353.03 

Cost saving (RM) 25,056.48 

Percentage of cost saving (%) 3.89 

4 Total of 3-month demand 247,490 247,490 

Number of operating days, N 60 60 

Number of cycles, m* 4 8 

The production time for each cycle, N/m* 14 8 

Production cost, PiRi (RM) 747,241.00 747,241.00 

Setup cost, Ci (RM) 1,087.51 2,157.02 

Holding cost, Hi (RM) 2,802.94 1,057.41 

Total cost, TC(RM) 751,131.45 750,473.43 

Cost saving (RM) 658.02 

Percentage of cost saving (%) 0.087 

 

 

Table 4. Comparison of annual total cost for current method and proposed method 
Annual Total Cost 3 Month Demand (Current Method) 3 Month Demand (Proposed Method) 

Production cost, PiRi (RM) 2,765,472.80 2,765,472.80 

Setup cost, Ci (RM) 5,437.55 6,786.14 

Holding cost, Hi (RM) 52,022.81 7,884.44 

Total cost, TC (RM) 2,822,933.16 2,780,143.38 

Total cost saving (RM) 42,789.78 
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4. CONCLUSION 

The appropriate forecasting method for each product is chosen based on the smallest value of MSE 

which indicates the minimum error of forecasting. The fuzzy time series forecasting method is shown to be 

the most appropriate forecasting method for each product except for Sri Kaya 170gm which is should be 

forecasted using linear trend line model. The result also shows that the proposed new inventory policy is able 

to reduce the total inventory costs as compared to the current procedure. Hence, it is recommended that for 

different product, different forecasting method can be applied in order to ensure more optimal output in any 

manufacturing environment especially in SMEs. 
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