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Abstract
In this work, the demand pattern of readymade garments of a knit garments factory in Bangladesh was studied and factors
influencing the demand pattern were identified. An accurate sales forecast is a prerequisite of achieving an accurate and
effective supply plan of complete garments. A Fuzzy Inference System based algorithm was developed to predict the sales
of garments according to the sales influencing factors. The developed algorithm is mainly a quantitative method of
forecasting but also takes into account some qualitative issues. The developed model was compared with the actual total
sales found by traditional seasonal forecast with trend adjustment. The seasonal factors for the two cyclic demand patterns,
January – June, and July - December of each year were calculated and the Linear Regression trend was followed to
calculate the traditional forecasting. The developed model showed better prediction as it matches closely with the actual
sales. The Root Mean squared Error (RMSE) and Mean absolute deviations (MAD) are 3.605 and 3.081 in the developed
fuzzy model which is within the standard limit. Thus the obtained result showed by the Fuzzy model yields better demand
prediction taking into account the inherent uncertainties and with less error and thus the efficiency of the proposed Fuzzy
model was verified.
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1. Introduction:
Sales Forecasting is the process of estimating what our business’s sales are going to be in the future. Sales forecasting is an
integral part of business management. Without a solid idea of what our future sales are going to be, we cannot manage our
inventory or our cash flow or plan for growth. The purpose of sales forecasting is to provide information that we can use to
make intelligent business decisions Ward (2013). The objective of sales forecasting is to provide consummate information
that we can use to make level-headed business decisions. Without forecasting sales volume, it is very tough for us to guide
the company in the right direction. Businesses are forced to look well ahead in order to plan their investments, launch new
products and decide when to close or withdraw products and so on. The sales forecasting process is a critical one for most
businesses. Sales forecasting is used to serve a variety of functions in a company such as coordinating operations,
smoothing production, achieving economic scale, improving logistic performance, reducing inspection & packaging cost
etc. Maintaining an inappropriate forecast is a costly exercise, generally regards this as primary evil from managerial point
of view.
Gardner and McKenzie (1988) tried to guide in identifying exponential smoothing models with non-seasonal data in Fuzzy
rule extraction directly from numerical data for function approximation. They highly recommended to select the models at
first where exponentially smoothing model will show a better result without applying it everywhere. (Gardner Jr &
McKenzie, 1988). D. W. Cho and Y. H. Lee (2013) considered seasonal factors that affect the demand of a product which
causes a highly fluctuating situation in the supply chain.(Cho & Lee, 2013). Roberts (1989) worked on formulating short
term sales forecasting and introduced a range of Fuzzy models of considerable importance. He suggested using simple
combined forecasting models with more accuracy as benchmark rather than a complex combination(Clemen, 1989).Claudio
S. Bisso and Carlos Patricio Samanez (2014) used Fuzzy Logic approach for determining the distribution of a particular
item and model developed by considering the alternatives.(Bisso & Samanez, 2014) R.J. Kuo and K.C. Xue (1998)
attempted to develop an intelligent sales forecasting system using Fuzzy Sets, Fuzzy Logic, and Fuzzy Systems which
pointed far improved result than conventional autoregressive moving average (ARMA) method. They also supported the
suitability of their combined Fuzzy Artificial Neural Network (FANN) model comparing with single ANN method.(R. J.
Kuo & Xue, 1998) Byoung Chul Lee et al. (2009) (Lee, Park, & Kim, 2012). R.J. Kuo (2001) developed GFNN (a fuzzy
neural network model with initial weight developed from genetic algorithm) to forecast sales of a convenience store (CVS)
company which showed reasonably better outcome in case of fluctuating internal and external environments like special
offers, promotion, etc. (R. Kuo, 2001) Sarwar et al. (2015) developed an Artificial Intelligence (ANFIS) model for forecast
the Natural Gas consumption. (Ferdous Sarwar, Rashid, & Ghosh, 2014) G. Peter Zhang and Min Qi (2005) investigated
the issue of how to effectively model time series with both seasonal and trend patterns with Genetic Fuzzy Predictor
Ensemble. They have established their conclusion with experimental results that a combination of data pre-processing
approaches- De-trending and De-seasonalization and then developing a forecasting model with artificial intelligence
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provides a minimal error. (Zhang & Qi, 2005) PC Chang and YW Wang (2006) developed Fuzzy Delphi and backpropagation model for sales forecasting of Printed Circuit Board (PCB) industry. They have rated their Fuzzy back
propagation model’s input parameters by sales managers and production control experts in linguistic terms then with these
varying rated inputs they combined Fuzzy logic with Artificial Neural Network to obtain more accurate forecasting result
which is proved by comparing the Mean Absolute Percentage Error(MAPE) results found from other three methods.(Chang
& Wang, 2006) C. Hamzaçebi et al. (2009) showed comparisons of the iterative and direct forecasting methods, which are
considered to be influential on multi-periodic forecast performance of FIS.(Hamzaçebi, Akay, & Kutay, 2009)

2. Problem Description:
The Economy of Bangladesh is rapidly growing on its textile and clothing sector. Around 80% of total exports of the
country depend on this sector. To keep stability of this foreign earning and maintain the impact on national GDP more
concern is needed to improve the overall business strategies. That is why development of a general forecasting model to
forecast the amount of readymade garments sell in the upcoming future is of great concern. In order to achieve this goal,
various types of factors (inputs) were identified which influence the number of RMG sold (output) in different manners.
The inputs are as follows:

Design
Design is the most important variable that influence the number of RMG sold. Among the garments factories lucrative
design is the most significant business strategy to survive in this sector. There is almost a linear relationship between the
Design and the output number of RMG sold.

Innovation
Innovation is the second most important factor that the garments factories compete among themselves to sustain in the
readymade garments sector. It’s a prior factor that a customer considers about before placing an order. Innovation is a
qualitative factor it is rated 0-10 for mathematical modelling.

Price
Though Design and Innovation is satisfactory but the price of RMG is so high, only a few amount of order will be placed.
There is an inverse relation between the price of RMG and the number of RMG sold. So, as low as the price of RMG would
be, it will be as high as the number of RMG sold.

Shade Variation
To increase the number of RMG sold, the textile factories need to offer special garments those have no shade variations all
the year round. If there is shade variations without customer expectation the number of RMG sold will be decreased.

Colour Light Deep
Another important criterion is to select types of colour of the order. If suppliers provide light colour garments, number of
RMG sold will be larger than the number of RMG sold in case of deep colour garments.

No of Colours
The next important variable that affects the amount of RMG sold is the no of colours in the garments. There are many
customers who asked for more number of colours in their orders. They prefer this option, Pulse more number of colours.
Number of colours increases mean the RMG sold will be increased.

Finishing
As garments factories do their business mostly export oriented orders, the garments finishing need to be of top standard. So,
if the hand feel is soft, it is expected to be liked by the buyers. As much better the finishing as much increase of the number
of RMG sold.

Used Dyes and Chemicals
The dyes and chemicals used in the dying, printing and washing processes are one of the concern issue the buyers consider.
If there is no azo dye or other harmful substandard chemicals used in the processes, the number of RMG sold will be
increased.

Strength
There is a positive linear relationship with the number of RMG sold and the greater strength of garments as well as fabric.
The customers expect the readymade garments with high strength of fabric and yarn.

Fabric Hairiness
Fabric hairiness is less expected to the customers in the garments they order. So, decrease in fabric hairiness in the
readymade garments, increase in the number of RMG sold.

Printing
All over printing is preferred most of the customers. On the other hand, increasing the area of screen printing are likely to
increase the number of RMG sold.

Embroidery
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In the fashionable brands embroidery is one of the vital touches. Decorative embroidery area increase causes the increase
the number or RMG sold.

Trims and Accessories
Addition of trims and accessories causes the attractiveness of the garments. A linear relationship between the number of
RMG sold and the number of trims and accessories decoration in the garments.

Cotton Specifications
The recent buyers are not only concern about the fashion and design of the product but also concern about the health of the
user as well as about the environment. The commitment of organic garments production causes increase number of RMG
sold.

Percentage of Defect
The buyers will less likely to do long term business with the readymade garments factories whose products defect
percentage is high. If the defect percentage is high the number of RMG sold will be less.

Lead Time
Lead time is the time difference the customer place order and receives the order. When the suppliers have the capacity to
supply the garments within shorter lead time, it is likely to increase the number of RMG sold.
With a view to solving the existing problem of sales forecasting of amount of RMG sold, a fuzzy inference system was
generated by fuzzy model. Factors influencing the amount of RMG sold were identified first, important factors were
considered in the formulation of the model and the most important factors were given higher priority. Then a model or
algorithm was developed to identify the relation sales influencing factors and sales amount of RMG. As fuzzy logic was
applied to generate the FIS structure, inherent uncertainty was included automatically. Finally accuracy of the developed
model was compared with other forecasting techniques and accuracy measures were calculated to assess the accuracy level.

3. Mathematical Foundation:
A fuzzy logic system (FLS) can be defined as the nonlinear mapping of an input data set to a scalar output data. A FLS
consists of four main parts: Fuzzifier, rules, inference engine, and de-Fuzzifier. The process of fuzzy logic is explained in
Algorithm: Firstly, a crisp set of input data are gathered and converted to a fuzzy set using fuzzy linguistic variables, fuzzy
linguistic terms and membership functions. This step is known as fuzzification. Afterwards, an inference is made based on
a set of rules. Lastly, the resulting fuzzy output is mapped to a crisp output using the membership functions, in the defuzzification step.(Mendel, 1995)
Fuzzy logic allows the representation of human decision and evaluation in algorithmic form. It is a mathematical
representation of human logic. The use of fuzzy sets defined by membership function constitutes fuzzy logic.

Figure 1. Fuzzy Sales Controller (Sztandera, Frank, Vemullapali, & Raheja, 2003)
Fuzzy Set: is a set with graded membership over the interval [0, 1].
Membership function: is the degree to which the variable is considered to belong to the fuzzy set.
A (sales) fuzzy logic controller is made of:
Fuzzification: Linguistic variables are defined for all input variables.
Fuzzy Inference: rules are compiled from the database and based on the rules, the value of the output linguistic variable is
determined. Fuzzy inference is made of two components:
• Aggregation: Evaluation of the IF part of the rules.
• Composition: Evaluation of the THEN part of the rules.

© IEOM Society International

347

Proceedings of the International Conference on Industrial Engineering and Operations Management
Dubai, UAE, March 10-12, 2020
De-fuzzification: linguistic value(s) of output variable (sales) obtained in the previous stage are converted into a real output
value. This can be accomplished by computing typical values and the crisp result is found out by balancing out the
results.(Von Altrock, 1997)
Fuzzy logic model was applied to grouped data and sales values were calculated for each input output combination.
Total sales value for the whole period was calculated by summing up the sales values of all the grouped items.
Total Sales=∑
1 [Where n Number of input-output combinations]
A fuzzy logic algorithm was developed that automatically allocates electronic attack resources in real-time:
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Defuzzification create crisp
continuous output
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τ

τ ˂ τ1

Create Discrete Output

Defuzzification
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τ ˃ τ2
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Inconclusive

Tired

Detection Scheme Discrete Output

Figure 2. Algorithm of Fuzzy Logic

4. Proposed Methodology:
The Success and accuracy of an FIS model depends on how appropriately the given data sets resemble to the actual
occurrences. The membership function of variables should contain all the features of the real situations, so that, all
uncertainties inherent in the system get included in the FIS model during formulation. To achieve appropriateness all of
these membership functions should be chosen wisely to get a good FIS model. In order to forecast monthly RMG sold of a
knit garments industry in Bangladesh, 16 important factors were considered as input parameters and number of RMG sold
has considered as the Output parameters. The relationship between different input data and the output data and the
uncertainties due to various real world reasons was decided by the FIS Artificial Intelligence. In this research work
MATLAB Fuzzy Logic Toolbox was used to implement the design algorithm.
The problem solving method is described step by step below:
•Firstly, clear and straight-cut output parameters are selected. Here the selected parameter is- the Sales volume of RMG
which is going to be forecasted by the developed Fuzzy model.
•Then the variables that impact the output parameter are identified and the major factors are selected as input
parameters.
•Each Input is divided into different ranges & each range is represented by a specific Membership function (Triangular)
by collecting of necessary real life data range to develop the model. Output is also split up into seven ranges by selecting
appropriate membership functions.
•Then several logical rules were created using (and, or) connections by relating the input variables with output
parameter and the graphical relationships (surface) between the inputs and output were observed.
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•When the graphical relationship (surface) is acceptable, then the output is calculated from FIS (Fuzzy Inference
system).
•After developing the fuzzy model, sales of RMG for the next 6 years were calculated from the generated FIS.
•Finally, to validate the developed Fuzzy model, different error measure techniques such as: RMSE, MAD, MAPE
were calculated and if the calculated errors are satisfactory then the developed Fuzzy model is accepted either the input
parameters are changed until the model is accepted with minimum error.

5. Case Study:

Year

Table 1. Sales forecast of RMG obtained from Fuzzy model
Seasonal sales forecast
Season
of RMG by Fuzzy Model (Million)

2013

January
21.3718
July
21.9919
2014
January
22.0436
July
22.4474
2015
January
24.1320
July
25.2533
2016
January
26.4923
July
26.8662
2017
January
27.3248
July
28.8625
2018
January
29.4988
July
29.7288
After developing the fuzzy model, sales of RMG of a knit garments industry – DBL Group for the 6 years was calculated
from the generated FIS. Outputs were calculated with the following commands one by one. Table 1 shows the results of
seasonal sales forecast of RMG obtained from fuzzy model.
Table 2. Sales Data of Previous Years (2003-2012)
Year
No. of RMG sold
Year
No. of RMG sold
(Million)
(Million)
2003
0.1
2008
05
2004
0.3
2009
10
2005
0.6
2010
14
2006
01
2011
18
2007
03
2012
20

Year
2013
2014
2015
2016
2017
2018

Table 3.Sales Forecast of RMG for the Next Years (2013-2018)
Season
Sales Forecast of RMG (Million)
January
20.98
July
22.837
January
23.687
July
25.603
January
26.392
July
28.369
January
29.098
July
31.136
January
31.803
July
31.902
January
34.509
July
36.669

Calculation of Seasonal Factor:
Linear regression Analysis:
∑
̅
̅
̂
And ̂
∑

̅

̅

̂ ̅

β1= 1.269, β0= 10.799

Linear Trend Equation: Y=10.799+1.269X
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Year

Table 4. Calculation of Seasonal Factor
Actual
From Trend Equation
No of RMG sold(Million)
Y=10.799+1.269X
12
12.068
14
13.337
16
14.606
18
15.857
19
17.144
20
18.413

Season
January
July
January
July
January
July

2010
2011
2012
Season
January
July

2010
0.944
1.0497

2011
1.095
1.135

No of RMG (Millions)

The graphical representation of Fuzzy Model is shown in figure 3:
Sales Forecast by Fuzzy Model
35.00
30.00
26.87
25.25
22.45
25.00
21.99
26.49
24.13
20.00
22.04
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15.00
10.00
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0.00
0
2
4
6
8
2013

2014

2015

2016

2012
1.108
1.086

Ratio of
Actual/Trend
0.944
1.0497
1.095
1.135
1.108
1.086
Seasonal Factor
1.066
1.090

29.50
28.86

29.73

10

12

27.32

2017

14

2018

Year
Figure 3. Sales forecast of RMG obtained from Fuzzy model

Figure 4. Sample Graph - Sales forecast of RMG relating with Design and Price

Comparison with Traditional forecast:
Analysing the past years sales data sales forecast of RMG was calculated by using traditional approach. Time series
methods use historical data as the basis of estimating future outcomes. From different time series methods of traditional
approach Multiplicative seasonal variation was used which is trend estimation. When a series of measurements of a process
are treated as a time series, trend estimation can be used to make and justify statements about tendencies in the data. In
Multiplicative seasonal variation, the trend is multiplied by the seasonal factors. The relevant data are shown in table 2, 3
and 4.
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Year
2013
2014
2015
2016
2017
2018

Table 5. Comparison of Sales forecast of RMG between Fuzzy model and Traditional Forecast
Seasonal sales forecast
Traditional Sales
Traditional Sales Forecast of
Season
of RMG by Fuzzy Model
Forecast of RMG
RMG with Seasonal Factor
(Million)
(Million)
(Million)
January
21.3718
20.98
22.365
July
21.9919
22.837
24.892
January
22.0436
23.687
25.250
July
22.4474
25.603
27.907
January
24.1320
26.392
28.134
July
25.2533
28.369
30.922
January
26.4923
29.098
31.018
July
26.8662
31.136
33.938
January
27.3248
31.803
33.902
July
28.8625
31.902
34.773
January
29.4988
34.509
36.787
July
29.7288
36.669
39.969

No of RMG (Millions)

Comparison of Sales forecast with fuzzy model and traditional Approach
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Figure 5. Comparison of Sales forecast with fuzzy model and traditional Approach
The graph in the figure 5 shows the difference between the fuzzy model forecast and the traditional approach forecast of
corresponding time period. Curve representing traditional and fuzzy model forecasted sales show very little discrepancies
between the fuzzy model forecast and traditional occurrence. From the actual sales data, related performances measures
were calculated to validate the Fuzzy model. The Root Mean squared Error (RMSE), Mean absolute deviation (MAD) and
Mean absolute percentage error (MAPE) is 3.605, 3.081 and 10.03% respectively.

6. Conclusion:
As an effective sales forecasting tool, multivariable fuzzy logic model can be used as demonstrated by our results. The
fuzzy model performed best because of its ability to identify nonlinear relationships in the input data. However, the
correlation was better for short-term forecasts and not as good for longer time periods. A much more comprehensive model
can be built by taking into account other factors like climate, percentage price change, marketing strategies etc., which
would be an extension of our work submitted in this paper.
In this research work, the demand pattern of RMG of a DBL Group was studied and factors having influence behind the
demand pattern were identified. In order to achieve an accurate and effective supply plan of RMG it is prerequisite to have
an accurate sales forecast of it. As newer forecasting models are being invented with the passage of time, our textile and
clothing sector should adopt some modernized method to forecast RMG demand. So, an algorithm that will able to forecast
RMG demand with respect to our country environment with more accuracy will play a major role in the development of our
clothing sector. A Fuzzy Inference System based algorithm was developed in this research in order to predict sales of RMG
according to the condition of the sales influencing factors in Bangladesh. Sixteen input nodes namely Design, Shade
Variation, Finishing, Cotton specification, trims & accessories etc. were considered as inputs to predict one output which is
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amount of sales of RMG. The developed algorithm is a mainly a quantitative method of forecasting but also takes into
account some qualitative issues.
The developed model was compared with the actual total sales found by traditional seasonal forecast with trend adjustment.
The forecasting error of the developed Fuzzy model is found to be very low. The error found is only 3.605%. Obtained
result shows that the Fuzzy model yield better demand prediction taking into account the inherent uncertainties and with
less error.
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