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Abstract— Forecasting plays an important role in planning. 

During last two decades various approaches have been 

developed for time series forecasting. The present paper 

focuses on three variable fuzzy time series model to 

forecasts energy demand in Indian context. The interested 

variable is main variable that is energy demand (in 

quadrillion btu) and remaining two are secondary variable. 

These two secondary variables are Gross Domestic Product 

(in million dollars) and Population (in million).History of 

past 24 years is used for making new forecasts.  The model 

appears to have better accuracy as compared to simple linear 

regression models. The model can be used in situations 

where the historical data is subjective or fuzzy. 
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I. INTRODUCTION 

Predictions of future events and conditions are called 

forecasts, and the act of making such predictions is called 

forecasting [1], [2], [3]. Demand predictions are basically 

divided into three categories: [3] 

 Long Term Predictions- Long Term 

Predictions are longer than a year. 

 Medium Term Predictions- Medium term 

predictions are from week to a year. 

 Short Term Predictions- Short term 

predictions are from one hour to one 

week. 

In our daily life, people often use forecasting 

techniques to model and predict economy, population 

growth, stocks, insurance/re-insurance, portfolio analysis 

and etc. However, in the real world, and event can be 

effected by many factors [16]. Therefore, if we consider 

more factors for predictions, with higher complexities then 

we can better forecasting results. 

Most forecasting methods use statistical techniques 

or artificial intelligence algorithms such as regression, 

neural networks, fuzzy logic, and expert systems 

[5],[6],[13]. Two of the methods, so-called end-use and 

econometric approach are broadly used for medium- and 

long-term forecasting. A variety of methods, which include 

the so-called similar day approach, various regression 

models, time series, neural networks, statistical learning 

algorithms, fuzzy logic, and expert systems, have been 

developed for short-term forecasting.[6],[8],[13] 

In recent years, many researchers used fuzzy time 

series to handle prediction problems. Song and Chissom [4] 

presented the concept of fuzzy time series based on the 

concepts of fuzzy set theory to forecast the historical 

enrollments of the University of Alabama. Huarng [9] 

presented the definition of two kinds of intervals in the 

universe of discourse to forecast the TAIFEX (Taiwan 

future exchange). Chen [10] presented a method for 

forecasting based on high-order fuzzy time series. Lee [15] 

presented a method for temperature prediction based on 

two-factor high order fuzzy time series. Melike [12] 

proposed forecasting method using first order fuzzy time 

series for forecasting enrollments in University of Alabama. 

Lee [15] Presented handling of forecasting problems using 

two-factor high order fuzzy time series for TAIFEX and 

daily temperature in Taipei, Taiwan. 

In this paper, we present a new modified method to 

predict Electrical load demand based on the m-factors high-

order fuzzy time series. The proposedmethod constructs m-

factor high-order fuzzy logical relationships based on the 

historical data to increase the forecasting accuracy rate. 

II. FUZZY TIME SERIES 

Time series analysis plays vital role in most of the actuarial 

related problems. As most of the actuarial issues are born 

with uncertainty, therefore, each observation of a fuzzy time 

series is assumed to be a fuzzy variable along with 

associated membership function. Based on fuzzy relation, 

and fuzzy inference rules, efficient modeling and forecasting 

of fuzzy time series is possible, see [14] and [11]. This field 

of fuzzy time series analysis is not very mature due to the 

time and space complexities in most of the actuarial related 

issue, thus we can extend this concept for many antecedents 

and single consequent. For example, in designing two-factor 

kth order fuzzy time series model with X be the primary and 

Y be second fact. We assume that there are k antecedent. 

((X1,Y1)(X2,Y2),………,( Xk,Yk)) and one consequent  

Xk+1. 

If (X1=x1,Y1=y1),(X2=x2,Y2=y2), 
       ……………….,(Xk=xk,Yk=yk)->(Xk+1=xk+1) 
In the similar way, we can define m-factor i=1,2,...,m and 

kthorder fuzzy time series as 

If (X11=x11,X12=x12,…….,X1k=x1k), 

          (X21=x21,X22=x22,…….,X2K=x2k),……., 
          (Xm1=xm1,Xm2=xm2,……..,Xmk=xmk) 

then(Xm+1,k+1=xm+1.k+1)  for i=1,2,3,….., m  , 

j=1,2,3,……,k 

III. M-VARIABLE FUZZY TIME SERIES MODEL FOR 

PREDICTING THE LONG TERM ENERGY DEMAND 

M-variable fuzzy time series model proposed by Chain[7] 

has been used to predict energy of demand of India[17].It 

has been observed that energy demand is dependent on 

G.D.P[18] and population[19] .Hence Energy demand has 

been considered as the main predictable variable while 

G.D.P. and population as the two secondary variables. A 

window size of three years is taken to predict the demand of 

fourth year. The energy demand in 10
15

 Btu 
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(1Btu=0.0002928 kilowatt-hrs). G.D.P. in million dollars 

equivalent and population in million is given in Table 1.  

 
Table 1: Indian Energy Demand 

Vis-à-Vis G.D.P. and population 

 Let Y(t),(t=...,0,1,2,...)  be the universe of discourse 

and Y(t) ⊆ R. Assume that fi(t), i=1,2,... is defined in the 

universe of discourse Y(t) and F(t ) is a collection of f(ti 

),(i=...,0,1,2,...) , then F(t ) is called a fuzzy time series of 

Y(t), i=1,2,... ... Using fuzzy relation, we define 

F(t)=F(t−1)oR(t,t−1) , where R(t,t−1) is a fuzzy relation and 

― o ‖ is the max–min composition operator, then F(t ) is 

caused by F(t−1) where F(t ) and F(t−1) are fuzzy sets.  

For forecasting purpose, we can define relationship 

among present and future state of a time series with the help 

of fuzzy sets. Assume the fuzzified data of the ith and 

(i+1)th day are Aj and Ak , respectively, where Aj,Ak∈U, 

then Aj →Ak represented the fuzzy logical relationship 

between Aj and Ak . Let F(t ) be a fuzzy time series. If F(t ) 

is caused by F(t−1) , F(t−2) ,…, F(t−n) , then the fuzzy 

logical relationship is represented by 

F(t−n),...,F(t−2),F(t−1)→F(t) is called the one-factor nth 

order fuzzy time series forecasting model. Let F(t ) be a 

fuzzy time series. 

If F(t) is caused by (F1(t−1),F2(t−1)), 

(F1(t−2),F2(t−2)) ,...,(F1(t−n),F2(t−n)), then this fuzzy 

logical relationship is represented by  

(F1(t-n ),F2 (t-n))………… F1( (t-2 ),F2 (t-2)),( F1(t-1) 

F2(t-1 ))-> F(t) 

is called the two-factors nth order fuzzy time series 

forecasting model, where  F1 (t) and F2(t ) are called the 

main factor and the secondary factor fuzzy time series' 

respectively. In the similar way, we can define m-factor nth 

order fuzzy logical relationship as 

(F1(t-n ), F2(t-n ),………, Fm(t-n )), 

( F1(t-2 ), F2(t-2 ),………, Fm(t-2 )), 

( F1(t-1 ), F2(t-1 ),………., Fm(t-1 )) ->F( t) 

Here F1(t ) is called the main factor and 

F2(t),F3(t),...,Fm(t) are called secondary factor fuzzy time 

series'. Here we can implement any of the fuzzy 

membership function to define the fuzzy time series in 

above equations. Comparative study by using different 

membership functions is also possible. We have used 

triangular membership function due to low computational 

cost.  

Using fuzzy composition rules, we establish a 

fuzzy inference system for fuzzy time series forecasting 

with higher accuracy. The accuracy of forecast can be 

improved by considering higher number of factors and 

higher dependence on history. 

Following is an extended method for handling 

forecasting problems based on m-factors high-order fuzzy 

time series. 

Step 1) Define the universe of discourse U of the main 

factor U=[Dmin−D1,Dmax−D2] , where Dmin and Dmax 

are the minimum and the maximum values of the main 

factor of the known historical data, respectively, and D1, D2 

are two  proper positive real numbers to divide the universe 

of discourse into n equal length intervals , ..., u1 ,u2 

,…….,ul. . Define the universes of discourse Vi 

,i=1,2,...,m−1 of the secondary factors 

Vi=[(Ei)min−Ei1,(Ei)max −Ei2], where 

(Ei)min=[(E1)min,(E2)min,…….,(Em)min], and 

(Ei)max=[(E1)max,(E2)max,…….,(Em)max] are the 

minimum and maximum values of the secondary-factors of 

the known historical data, respectively, and Ei1 , Ei2 are 

vectors of proper positive numbers to divide each of the 

universe of discourse Vi, i=1,2,...,m−1 into equal length 

intervals termed as v1,l,v2,l,...,vm−1,l,   l=1,2,...,p, where 

v1,l=[v1,1,v1,2,...v1,p] represents n intervals of equal length 

of universe of discourse V1 for first secondary-factor fuzzy 

time series. Thus we have (m−1)×l matrix of intervals for 

secondary-factors. 

Step 2) Define the linguistic term Ai represented by fuzzy 

sets of the main factor shown as follows: 

A1=1/u1+0.5/u2+0/u3+0/u4+………+0/ul-2+0/ul-1+0/ul 

A2=0.5/u1+1/u2+0.5/u3+0/u4+………+0/ul-2+0/ul-1+0/ul 

A3=0/u1+0.5/u2+1/u3+0.5/u4+………+0/ul-2+0/ul-1+0/ul 

. 

. 

An=0/u1+0/u2+0/u3+0/u4+………+0/ul-2+0/ul-1+0/ul 

Similarly, for ith secondary fuzzy time series, we 

define the linguistic term Bi,j,i=1,2,….,m-1, j=1,2,….n 

represented by fuzzy sets of the secondary factors, 

Bi,1=1/Vi,1+.5/Vi,2+0/Vi,3+0/Vi,4+…..+0/Vi,l-2+0/Vi,l-

1+0/Vi,l 

Bi,2=.5/Vi,1+1/Vi,2+.5/Vi,3+0/Vi,4+…..+0/Vi,l-2+0/Vi,l-

1+0/Vi,l 

Bi,3=0/Vi,1+.5/Vi,2+1/Vi,3+.5/Vi,4+…..+0/Vi,l-2+0/Vi,l-

1+0/Vi,l 

. 

. 

Bi,n=0/Vi,1+.0/Vi,2+0/Vi,3+0/Vi,4+…..+0/Vi,l-2+.5/Vi,l-

1+1/Vi,l 
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Step 3) Fuzzify the historical data described as follows. 

Find out the interval ul ,l=1,2,...,p to which the value of the 

main factor belongs 
 Case 1) If the value of the main factor belongs to 

u1 , then the value of the main factor is fuzzified into 

1/A1+0.5/A2+0/A3 denoted by X1. 

 Case 2) If the value of the main factor belongs to 

ul ,l=2,3,...,p−1 then the value of the main factor is fuzzified 

into  
0.5/Ai-1+1/Ai+0.5/Ai+1 denoted by Xi 

 Case 3) If the value of the main factor belongs to 

Un , then the value of the main factor is fuzzified into 

0/An-2+.5/An-1+1/An denoted by Xn 

Now, for ith secondary-factor, find out the interval Vi,l to 

which the value of the secondary-factor belongs. 

 Case 1) If the value of the ith secondary-factor 

belongs to Vi,l , then the value of the secondary-factor is 

fuzzified into 

1/Bi,1+0.5/Bi,2+0/Bi,3, denoted by Yi,1 = 

[Y1,1,Y2,1,...,Ym−1,1]. 

Case 2) If the value of the ith secondary-factor belongs to 

 vi,l,l=2,3,..,p−1, then the value of the ith 

secondary-factor is fuzzified into 0.5/Bi,j-

1+1/Bi,j+0.5/Bi,j+1,j=i=2,3,…,n-1 denoted by Yi,j where 

j=2,3,….,n-1. 
 Case 3) If the value of the ith secondary-factor 

belongs to  Vi,p , then the value of the secondary-factor is 

fuzzified into 

0/Bi,n-2+0.5/Bi,n-1+1/Bi,n,denoted by Yi,n. 

Step 4) To forecast the data of time t,we must decide the 

window basis w.Then,we can get the criterion vectorC(t) 

and the operation matrix Ow(t)at time t which are expressed 

as follows:[20] 

C(t)=f(t-1)=[C1,C2,……,Cm] 

Ow(t)=      f(t-2)  
                     f(t-3) 

                          : 

                     F(t-?) 

 

          

                     

O11             O12              O1m 

          =                O21             O22               O2m 

                            :                     :                   : 

                           O(w-1)1      O(w-1)2     O(w-1)m 

 

 

Let S(t) is a second factor vector. Then fuzzy 

relationship matrix R(t) between C(t),Ow(t) and S(t) is equal 

to R(t)=Ow(t)oS(t)oC(t). Fuzzified forecasted demand f(t) 

between time t and time t-1 described by 

f(t)=[Max.(R11,R21…..R(W-1)1)Max.(R12R22R(w-

1)2…….Max.(R1mR2m……R(w-1)m)] 

Mean Relative Error=0.0609 

 

 

 

 

 
Table 2: Actual verses forecasted energy demand 

Step 5)Defuzzify the fuzzified forecasted variations of the 

main factor fuzzy time series. Following are the rules  

1)If the grades of membership of the fuzzified forecasted 

variation are all zero, the we set the forecasted variation 

term 0. 2)If the maximum membership of the forecasted 

variation f(t) occurred at Ui and the midpoints of Ui is mi, 

then the forecasted variation is mi. If the maximum 

membership of the fuzzified forecasted variation f(t) 

occurred at U1,U2,Uk and the mid points are 

m1,m2……..mk respectively then the forecasted variation is 

(m1,m2…..mk)/k. 

Following the above steps the Energy demand has 

been forecasted and mean relative error is obtained. This is 

shown in Table 2. 

IV. CONCLUSION 

Proposed method can successfully be applied where the 

previous data are not in precise form of actual data are not 

maintained. 

In this project a multi factor or multivariable fuzzy 

time series based long term prediction of power demand is 

proposed. 

The proposed methodology for demand forecasting 

uses this fact that energy demand of an electrical system has 

time series behavior.  

The forecasting ability is expected to be better than 

traditional forecasting method.  

Future research involves applying the proposed measure to 

dealing with more complicated applications.  
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