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ABSTRACT 

The Adaptive Network-Based Fuzzy Inference System (ANFIS) 

has been proven to be efficient for forecasting. To address this 

concern, this research develops a nonlinear combined forecast-

ing system by ANFIS for predicting the demand of telecom-

munication technology. We investigate the weights assigned to 

the combined forecast using two linear methods (the Least 

squares analysis and the Logistic model), as well as one nonli-

near methods (the Bass model). An empirical data set from 3G 

technology development in Taiwan is used to demonstrate the 

application of the proposed methodology. These results show 

that the ANFIS method outperforms other individual methods. 

Also, this proposed work also provides the user with a user 

interface in which user can fill the query and find the desired 

forecasting results. 
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1. INTRODUCTION 
The telecommunication technologies (such as 3G and 4G), 

which offers unprecedented quality in voice call as well as a 

wide range of compelling data services, has been blooming in 

the last decades. The 21th century witnessed a relatively fast 

increase in the telecommunication industry all over the world. 

Each telecommunications company wants shall try to foresee 

the future demand for their 3G and 4G mobile phones in order 

to choose an appropriate strategy for adjusting the product 

output to meet the market demand. Hence, demand forecasting 

with high accuracy is an important aid and plays a major role in 

effective and efficient output planning. 

In demand forecasting researches, the time series forecasting 

models can be classified into two categories: the linear me-

thods and the nonlinear methods. (1) The most popular linear 

methods are, trend extrapolation (e.g. Least squares analysis), 

correlation methods, causal models, probabilistic methods (e. g. 

Logistic model), and other linear models (e.g. Auto-regressive 

integrated moving average/ARIMA) and Exponential smooth-

ing/ES) etc [1-4]; (2) However, the linear models sometimes 

fail to perform well in the nonlinear time series, more complex 

nonlinear models should be considered. Based on the point of 

view, many models are provided to solve the nonlinear data 

processing for forecasting, such as Bass model [5], Bayesian 

model [6], Support vector regression (SVR) [7], ANFIS [8] and 

other nonlinear models. Although each method has its own 

advantages and disadvantages. Among these, nonlinear me-

thods have proven to be very applicable to the task of demand 

forecasting, and achieved successes in the linear or nonlinear 

problems [9].  

In order to greatly and sustainably improve the quality of deci-

sions, many studies have provided the combining forecasts for 

the decision makers [10-11]. The reason is that, in many cases, 

the result of the forecast can be improved by combining sepa-

rate forecasts obtained by various methods. By doing this, the 

forecaster can avoids the dilemmas of having to select only one 

best method for a particular purpose or application, and help 

reduce forecast error. In order to benefit from the advantages of 

the combined forecast models and to achieve forecasting per-

formance on higher levels, we propose to evolve the nonlinear 

combined forecast using the ANFIS approach. In addition, this 

paper presents a user friendly geographic information system 

(GIS) platform for the combined forecasts by ANFIS, and 

compared its performance to the predicting performance of 

individual methods. 

The remainder of this study is organized as follows: In Section 

2 the least squares analysis, logistic model, Bass model, ANFIS 

and the combination methodology are described. In Section 3 

describes the data source. Section 4 compares the results ob-

tained from the combination models by ANFIS against the 

individual forecasts, and the operating system interface and 

function. Section 5 provides concluding remarks. 

2. METHODOLOGY 
The linear and nonlinear models are summarized in the follow-

ing as foundation to describe the proposed combination models. 

2.1 Least Squares Analysis 
Least squares analysis is a widely used linear model, which is 

useful in the field of forecasting or time series analysis and can 

provide a chance to examine the parameters before attempting 

to forecast with the model [12]. Least square method can de-

termine the values for a and b so that the resulting line is the 

best-fit line through a set of the historical data. After a and b 

have been determined, the equation can be used to forecast 

future values. Differencing has advantages of ease of use and 

simplicity, but also has disadvantages including over-correcting 

for trends, which skews the correlations in a negative direction. 

This model can be described by the following equation:  

Y = a + bX   (1) 

Where Y = predicted value of the dependent variable (demand); 

X = value of the independent variable (time);  a =Y-axis inter-

cept;  𝑏 = A slope of the regression line=
  XY −n X  Y  

  X2−nX 
2
 

 ; 
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2.2 Logistic Model 
There have been a number of applications of the Logistic 

growth curves to the technological growth curves [2, 13-14]. In 

this research, this Logistic growth curve assumes that there is 

the upper limit to the demand growth curve, which takes the 

general shape of a right skewed S-curve. The demand growth 

curve increases slowly at first and reaches a maximum rate of 

growth at a inflexion point. From this point onwards, the growth 

rate steadily decreases until the curve approaches an asymptote 

called the saturation level. This model can be described by the 

following equation.  

Yt =
L

1+αe−β t + εt    (2)                                                                                                                     

Where Yt , is the absolute, or level of the technological capability, 

L is the upper limit of the capability, t denotes time, α, β are the 

parameters to be estimated, and εt  is iid N(0,σ2). This model is 

based upon the concept that the level of the technological capa-

bility, Yt , can be specified simply as the function of time, t, and 

the inherent upper limit, L, to the technological capability. The 

inflection point of this curve indicates the point in time at which 

50% of the technological capability has been obtained, conduc-

ing a symmetric distribution. In the present form, the logistic 

model requires a nonlinear estimation procedure to estimate its 

parameters, which sometimes proves to be unwieldy. But, by 

maintaining the model in terms of solving for Yt , the variance of 

the Yt , is the variance of εt , which remains constant over time.  

2.3 Bass model 
Bass model is described as one of the most famous nonlinear 

methods in marketing forecasting [15-16]. In addition, Bass 

model also has been used in two ways for sales forecasting: (1) 

the descriptive uses for diffusion across countries; and (2) the 

normative uses for pricing and advertising strategies.  

Bass model is based on the following two assumptions [17]: (1) 

Over the product life cycle, there will be m potential saturation 

level. (2) The hazard rate, the conditional probability that no 

purchase has yet been made at time t, is determined by the linear 

combination of the cumulative distribution function of purchas-

es. In other words, the likelihood of purchase at time t given that 

no purchase has yet been made is influenced by internal influ-

ence, which means the “word-of-mouth effect”, and by external 

influence, which means the “mass media effect”. Formally, it 

can be represented as following differential equation: 
f t 

1−F t 
= P t = p +  

q

m
 Y t = p + q F t                    (3)                                                     

Where p and q denote the coefficient of external influence and 

internal influence. From the differential Eq. (3) with the initial 

condition  F0 = 0, we can find the solution of purchase cumula-

tive distribution function F(t), cumulative adoptions Y(t).  

2.4 Nonlinear combining forecast by ANFIS  
The ANFIS, first proposed by [18-19], combined the benefits of 

artificial neural network (ANN), and fuzzy inference systems. 

Here, we investigated the nonlinear combined forecast which 

can be obtained by two linear forecasts and three nonlinear 

forecasts obtained by ANFIS. In this proposed method, we 

assumed that the FIS have three inputs: F1,t (the Least squares 

analysis model at period t), F2, t (the Logistic model at period t), 
and F3, t (the Bass model at period t); it also has output Z (the 

best-fitted forecasts produced by ANFIS). The first-order Suge-

no fuzzy model has become a common practice on ANFIS 

implements in the past.  

The five steps process is shown as follows: (1) in layer 1, every 

node is called an input linguistic node and corresponds to one 

input linguistic variable. The nodes transmit input forecasts to 

the next layer directly. Every node function can be modeled by 

fuzzy membership function. Here, the generalized bell member-

ship function and Gaussian membership function are used; (2) 

in layer 2, every node in this layer calculates the firing strength 

of a rule via multiplication; (3) in layer 3: The ith node in this 

layer calculates the ratio of the nth rule’s firing strength to the 

sum of all the rules’ firing strengths. This result would be the 

normalized firing strengths. For convenience, the output of this 

layer will be called the normalized firing strengths; (4) in layer 

4: Each node in this layer is a square node with a node function. 

Parameters in this layer will be referred to as consequent para-

meters by node function; (5) in layer 5: The individual node in 

this layer computes the final combining forecast as the summa-

tion of all incoming forecasts. We assumed ANFIS as having 

two outputs: x and y , and one output f  to define the regular 

framework of ANFIS in Fig. 1. 

 

 

 

  

Fig.1. ANFIS architecture   
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3. DATA SET 
This case is provided to forecast future demand of 3G telecom-

munication in Taiwan. The original data is taken from Tele-

communications Carriers Association subscriber database in 

Taiwan from January 2006 to June 2010 (MOTC, 2010). To 

make the simulation of the results, we have used the software 

Matlab R2007a for the ANFIS combination and the Bass model, 

the LogletLab for the Logit model and the SPSS for the least 

squares analysis.   

Then, a fuzzy inference system is designed based on system 

specifications. This initial model is changed to the neural fuzzy 

network and then trained by experimental measured data from 

the real system. Therefore, modeling and predicting, using 

ANFIS, start by obtaining a data set (input-output data points) 

which is divided into training and validating data sets. Fig.2 

shows the ANFIS training and modeling processes.  

 

Fig. 2. ANFIS training and modeling process 

4. SIMULATION RESULTS 
The results in this study can fall into four figures from Fig.3 to 

Fig.6. Empirical result in Fig.3 compares the forecasting results 

of individual models. The performance of the individual method 

(Least squares analysis) is inferior to the logistic model and the 

Bass model. However, there is no significant difference in per-

formance between the logistic model and the Bass model.  

Fig.4 is the final generalized bell-shaped membership function. 

This investigation uses three different types (Least squares 

analysis, Logistic model and Bass model) of membership func-

tion for ANFIS training and compared their differences in accu-

racy rate of the turning tool-state detection. These membership 

functions represent the degree of truth as an extension of valua-

tion and used to verify the accuracy and the effectiveness of the 

trained ANFIS model. This allows our fuzzy systems to learn 

from the data they are modeling. 

Respectively, Fig. 5 gives the forecasting results of all the four 

time series forecasts through the three individual model and the 

nonlinear combining forecast method by ANFIS. The result in 

Fig.5 also indicates the nonlinear combination models by 

ANFIS are superior to the individual model in terms of three 

indices. The time series of the actual sales data (purple line) and 

the time series forecast of ANFIS (red line) almost overlap in 

Fig.5. In this case, the experimental results reveal that the 

ANFIS model successfully forecasts the market potential of 3G 

technology with an accuracy rate of 98.3%. 

Fig.6 is the system operation interface for combined forecasts. 

This system interface is a cost-effective tool that provides man-

agers clear insight into anticipatory data. This enables a more 

accurate and consistent forecasting and reporting process which 

can lead to accurate future demand. It is also the idea for man-

agers that are considering automating forecasting processes. 

5. CONCLUSIONS 

Previous researches indicate that existing linear methods may 

not accurately represent those real world processes which are 

typically characterized by partially understood nonlinear sys-

tems. Hence, this study proposes the ANFIS system to nonlinear 

combining forecasts. This system has three major benefits over 

other systems:  

(1) Based on the breakpoint of forecasting methods: the system 

with the ANFIS nonlinear combination algorithm, which has 

better accuracy capability than other three individual methods, 

especially when the data set is not enough and unstable. In 

general, our results suggest that combining forecasts from many 

models yields better accurate forecasts than utilizing the forecast 

of the individual model;  

(2) Based on the perspective of system function: this study 

provides a user-friendly interface with an efficient workflow for 

all forecasting processes;  

(3) Based on the perspective of managerial implication: it draws 

upon a conceptual nonlinear combined forecast model and a 

sample system to prevent misuse inappropriate individual fore-

casting method, to reduce the amount of errors as much as 

possible, to illuminate varied forecasting methods related to the 

interoperability of information management system.  

Finally, this proposed system is good at identifying forecasting 

problems faster, making better use of the nonlinear combining 

forecasting methods by ANFIS for linear or nonlinear data 

characteristics, and results that lead to better decisions and have 

efficient production management.  

Further research issue can be extended to the entire telecommu-

nications market. In addition, consideration of the collaboration 

forecasting among the supplier, manufacturer, distributor, and 

retailer could result in more benefits in this telecommunications 

supply chain. 
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Fig.3. The result of each individual method 

 
Fig.4. The final generalized bell-shaped membership function 

 (Input1: Least squares analysis; Input2: Logistic model; Input3: Bass model) 
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Fig.5. The results of each individual method and ANFIS 

 

Fig.6. System operation interface for combined forecasts  
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