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Abstract
Purpose – Many studies have proposed variant fuzzy time series models for uncertain and vague
data. The purpose of this paper is to adapt a fuzzy time series combined with genetic algorithm (GA) to
forecast tourist arrivals in Taiwan.
Design/methodology/approach – Different cases are studied to understand the effect of variation of
fuzzy time series order, number of intervals and population size on the fitness function which decreases
with increase in fuzzy time series order and number of fuzzy intervals, but do not have marginal effect
due to change in population size.
Findings – Results based on an example of forecasting Taiwan’s tourism demand was used to verify
the efficacy of proposed model and confirmed its superiority to existing models providing solutions for
different orders of fuzzy time series, number of intervals and population size with a smaller forecasting
error as measured by root mean square error.
Originality/value – This study provides a viable forecasting methodology, adapting a fuzzy time
series combined with an evolutionary GA. The proposed hybridized framework of fuzzy time series
and GA, where GA is used to calibrate fuzzy interval length, is flexible and replicable to many
industrial situations.
Keywords Decision support system, Evolutionary algorithm, GA,
Adaptive fuzzy time series forecasting model, Interval calibration
Paper type Research paper

1. Introduction
In the past few decades, tourism has clearly become one of the most prominent
economic trends for many countries. The tourism industry requires accurate forecasts
in order to build and manage its service supply chains efficiently. The need for more
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accurate forecasts of tourism demand is driven by the desire to reduce risk and
uncertainty. This need, according to Frechtling (2001), is further stressed by the
perishable nature of tourism products, the simultaneous purchase-production process,
and the role of complementary services in shaping consumer satisfaction and, thereby,
its subsequent demand for future tourism services. Government bodies need accurate
tourism demand forecasts to plan required tourism infrastructures, such as
accommodation, site planning and transportation development. Tourism forecasting
is classified into three main groups according to the methods and techniques
adopted – an econometric-based approach, time series techniques and artificial
intelligence (AI)-based methods. Before the 1990s, traditional regression approaches
dominated the tourism forecasting and modeling literature. After pioneering up-to-date
developments in econometric methodologies in recent years, the reputation of
econometric forecasting models for improved accuracy has grown (Song and Li, 2008).
Time series models such as ARIMA and GARCH (Alleyne, 2006; Gil-Alana et al., 2004;
Lee et al., 2008; Lim and McAleer, 2002) and econometric models such as error
correction model (ECM) and the vector autoregressive (VAR) models (Song and
Witt, 2006; Wong et al., 2007) are the most commonly used tourism demand forecasting
techniques. The single exponential smoothing (SES) model is used to forecast a time
series when there is no trend or seasonal pattern. According to Chen et al. (2008), SES is
more suitable for a time series with seasonality removed. Other studies advocate that
the ARIMA and SARIMA (Seasonal ARIMA) approaches are favored in tourism
demand forecasting when the time series does not demonstrate structural breaks
(Chu, 2008; Gustavsson and Nordström, 2001). Preez and Witt (2003) show that the
ARIMA approach performs best in terms of forecasting accuracy and goodness
of fit. Guo (2007) employs the gravity model to analyze inbound tourism demand to
China, and Khadaroo and Seetanah (2008) use it to examine the effect of transportation
infrastructure on tourism flows. According to Wang (2004), AI forecasting methods,
including neural networks, rough sets theory, fuzzy time series theory, grey theory,
genetic algorithms (GAs), and expert systems, tend to perform better than traditional
forecasting methods. In traditional forecasting, piecewise linear function are the
basic elements of the prediction model and users need to specify the functional form
of the problem. Obtaining proper and valid models are done through experimentation
with possible function relations and algorithms, and such experiments take
comparatively longer time. Some popular techniques to solve the complex
engineering and optimization problems (Konar, 2005) are AI techniques such as
artificial neural networks (ANNs), fuzzy logic, and GAs. In conventional forecasting
techniques a large amount of sample data and long-term historical data is required.
Artificial models can be used to estimate the non-linear relationship, without the
limits of traditional time series and econometric models. The new elements that are
present now are the methods and techniques of soft computing and machine learning
for decision making and forecasting, in particular neural networks and GAs, and the
new science of the combination of those tools (Leigh et al., 2002). Fuzzy time series
combined with soft computing techniques can overcome these limitations and make
appropriate short-term forecasting.

The objective of this paper is to put forward method of fuzzy time series combined with
evolutionary algorithm (GA) to calibrate the length of fuzzy intervals of the fuzzy time
series. The GAwill aid in searching for the best fuzzy interval sizes corresponding to which
the forecasting accuracy or mean square error is optimum. The study also aims to analyze
the effect of different fuzzy time series order, number of intervals and population size.
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This paper is organized as follows: a brief review of research on fuzzy time series
and use of GA in fuzzy time series is discussed in Section 2. Overview of the procedure
of forecasting using the fuzzy time series is described in Section 3. Section 4 describes
the GA and also discusses the details of the new proposed forecast model. Section 5
discusses the experimental results obtained by the new proposed forecast model.
Section 6 offers contribution of the study to knowledge and practice. Finally, Section 7
summarizes the conclusions and recommendations for future work.

2. Brief review of fuzzy time series and GA research
Short-time series data with limited past observations can be analyzed using fuzzy time
series methods. Fuzzy time series method was first defined by Song and Chissom (1993).
The definitions of fuzzy time series was proposed by them and also methods to model
fuzzy relationships among observations were developed. Time variant and time invariant
models were discussed and differentiated (Song and Chissom, 1994; Ju et al., 1997; Chen
and Hwang, 2000; Tsaur et al., 2005; Cheikhrouhou et al., 2011). Max-min composition
operations in forecasting algorithm was presented by Song and Chissom (1993) and was
followed by simplified arithmetic operations by Chen (1996) and Hwang et al. (1998).
Chen (2002) suggested using higher order forecasting to deal with ambiguity. The effect of
interval lengths on forecasting accuracy in fuzzy time series model was highlighted by
Huarng (2001a, b), and Huarng proposed a method with distribution-based length and
average-based length to reconcile this problem. Yu (2005) refined length of intervals.
Huarng and Yu (2005) proposed type 2 fuzzy time series model and Huarng and Yu (2006)
applied back propagation neural network for forecasting. Wang (2004) presented grey
theory and fuzzy time series which are suitable for short-term time series data given a
shortage of sample data. Singh (2007) proposed a new method of fuzzy time series
forecasting based on difference parameters. There are also some prominent research
studies that use higher order fuzzy time series. Eǧrioǧlu et al. (2010) proposed the approach
which uses an optimization technique with a single-variable constraint is proposed to
determine an optimal interval length in high-order fuzzy time series models. Gangwar and
Kumar (2012) presented a computational method of forecasting based on multiple
partitioning and higher order fuzzy time series. In a recent paper, Chan et al. (2015) test the
effectiveness of fuzzy time series forecasting system in a supply chain with disruptions and
demonstrate superiority of their model compared to other forecasting systems. They also
show higher order fuzzy time series is more effective for upper tiers of supply chain in
order to match autoregressive integrated moving average.

GAs were proposed by Holland (1975) and developed by Goldberg (1985). A GA is a
stochastic global search technique that solves problems by imitating processes observed
during natural evolution. GA was used before in the literature of fuzzy time series.
Eǧrioǧlu et al. (2010, 2011a) suggested considering the problem of finding intervals as an
optimization problem. Chen and Chung (2006) used different interval lengths, instead of
a fixed interval length, obtained by using a GA. Chen and Chung (2006) use GA to tune up
the length of each interval in the universe of discourse for one factor (variable), Lee et al.
(2007) use GA to adjust the length of each interval in the universe of discourse for two
factors. Kang (2005) uses GA to obtain the optimal fuzzy membership function, while
Eǧrioǧlu (2012) uses GA for finding the elements of fuzzy relation matrix.

3. Methodology
This section explains the fuzzy time series (Song and Chissom 1993; Chen, 1996), and
forecasting with fuzzy time series.
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3.1 Fuzzy time series
The main difference between fuzzy time series and traditional time series is that the
values of fuzzy time series are represented by fuzzy sets rather than real values. Let U
be the universe of discourse, where U¼ {u1, u2, u3,…, un}, A fuzzy set A defined in the
universe of discourse U can be represented as:

A ¼ mA u1ð Þ=u1þmA u2ð Þ=u2þmA u3ð Þ=u3þ� � �þmA unð Þ=un

where μA denotes the membership function of fuzzy set A, μA: U→[0,1], and μA(ui)
denotes the degree of membership of ui belonging to the fuzzy set A, and μA(ui)∈ [0,1],
and 1⩽ i⩽ n.

The “+” sign in the above notation indicates how many different crisp numbers of
the time series are in the fuzzy set A.

3.2 Forecasting with fuzzy time series
Stepwise procedure proposed by Song and Chissom (1993, 1994) model is described
as below:

Step 1. Define the universe of discourse U for the historical data. First, we find the
minimum data Dmin and the maximum data Dmax individually in the historical time
series data, and then we define the universal discourse U as U¼ [Dmin−D1, Dmax+D2],
where D1 and D2 are two proper positive numbers.

Step 2. Partition the universe of discourse into equal length of intervals: u1, u2,…, un.
The number of intervals will be in accordance with the number of fuzzy sets A1, A2,…,
An to be considered.

Step 3. Define the fuzzy sets Ai on universe of discourse U in Step 2. If there are
fuzzy sets A1, A2,…,An, then the fuzzy sets Ai ∀i¼ 1, 2, 3,…, n can be described as:

Ai ¼ mAi
u1ð Þ=u1þmAi

u2ð Þ=u2þmAi
u3ð Þ=u3þ . . .þmAi

unð Þ=un

Step 4. Fuzzification is the process of identifying associations between the historical
values in the data set and the fuzzy sets defined in the previous step. Each historical
value is fuzzified according to its highest degree of membership. If the highest degree of
belongingness of a certain historical time variable, say F(t−1) occurs at fuzzy set Ak,
then F(t−1) is fuzzified as Ak.

Step 5. Determine fuzzy relation matrix R. Establishing the fuzzy logical relations of
various orders as given below:

(1) If for year n−1 and n the fuzzified arrivals are Ai and Aj, then the first order
fuzzy logical relationship is represented as Ai→Aj.

(2) If for year n−2, n−1 and n, the fuzzified arrivals are Ai1, Ai and Aj, respectively,
then the second order fuzzy logical relation is represented as Ai1, Ai→Aj.

(3) If for year n−3, n−2, n−1 and n, the fuzzified arrivals are Ai2, Ai1, Ai and Aj,
respectively, then the third order fuzzy logical relation is represented as Ai2, Ai1,
Ai→Aj.

In a similar way we can find the various fifth, sixth, seventh, eighth and other higher
order fuzzy logical relations.
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Step 6. Based on the jth order fuzzy logical relationships, where j⩾ 2 forecast
arrivals using the following principles:

(1) If the jth order fuzzified historical arrivals for year i are Aij, Ai( j−1),…, and
Ai1, where:

j⩾ 2, and if there is the following fuzzy logical relationship in which the
current state is “Aij, Ai( j−1),…,Ai1,” shown as follows:

Aij;Ai j�1ð Þ; . . .;Ai1-Aj

where Aij,Ai( j−1),…, and Ai1 are fuzzy sets, the maximummembership value Ak
occurs at interval uk, and the midpoint of uk ismk, then the forecasted arrivals of
the ith year is mk.

(2) If the jth order fuzzified historical arrivals for year i are Aij, Ai( j−1),…, and
Ai1, where:

j⩾ 2, and if there are the following fuzzy logical relationship in which the
current state is “Aij, Ai( j−1),…,Ai1,” shown as follows:

Aij;Ai j�1ð Þ; . . .;Ai1-Aj1

Aij;Ai j�1ð Þ; . . .;Ai1-Aj2

Aij;Ai j�1ð Þ; . . .;Ai1-Ajp

where Aij, Ai( j−1),…,Ai1, Aj1, Aj2, Ajp are fuzzy sets, the maximum membership
values of Aj1, Aj2,…, and Ajp occur at intervals u1, u2,…, and up, respectively,
and the midpoints of the interval u1, u2,…, and up are m1, m2,…, and mp,
respectively, then the forecasted arrivals the ith year is m1þm2þ . . .þmp

� �
=p.

4. GA-based fuzzy time series forecasting
This section explains GA in brief and also proposes hybridization of fuzzy time series
with GA.

4.1 GA
The GA is based on the process of natural selection and evolution and is applied in
searching for the global optimum for many applications.
4.1.1 Outline of the basic GA

[Start] Generate random population of n chromosomes (suitable solutions for the
problem)
[Fitness] Evaluate the fitness f(x) of each chromosome x in the population
[New population] Create a new population by repeating the following steps until
the new population is complete
[Selection] Select two parent chromosomes from a population according to their
fitness (the better the fitness, the greater the chance to be selected)
[Crossover] With a crossover probability, crossover the parents to form a new
offspring (children). If no crossover was performed, offspring is an exact copy of parents.
[Mutation] With a mutation probability mutate new offspring at each locus
(position in chromosome).
[Accepting] Place new offspring in a new population
[Replace] Use newly generated population for a further run of algorithm
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[Test] If the end condition is satisfied, stop, and return the best solution in current
population
[Loop] Go to [Fitness]

In this section a hybridized approach to fuzzy time series is explained. The defined
universe of discourse is partitioned into N unequal intervals and the size of the intervals
is calibrated with the help of GA. The objective here is to partition the universe of
discourse in the best possible way, corresponding to which the root mean square error
(RMSE) is minimum. Here, RMSE is the fitness function, which is to be minimized.
Each interval in the universe is represented as a gene in a chromosome. Hence, each
chromosome consists of a number of genes equal to the (number of intervals–1). Once the
representation is chosen, the process of evolution is started by applying different steps of
GA as discussed in Section 3. Figure 1 shows the flowchart of hybridization of fuzzy time
series and GA, where GA is used to calibrate fuzzy interval length.

The algorithm for the proposed methodology is coded in JAVA language. The
program was run on Pentium dual core processor with 4 GB RAM. For different cases
undertaken in this work, each simulation run was carried out for 1000 generations.

5. Empirical analysis
The adopted methodology is used to forecast tourist arrivals based on Taiwan’s
tourism demand (Tsaur and Kuo, 2011). Table I shows the previous years’ tourist
arrivals in Taiwan. Initially the forecasting with fuzzy time series is demonstrated with
third order fuzzy time series. Later the fuzzy intervals are tuned using GA:

Step 1. Let Dmin and Dmax be the minimum and maximum number of tourist arrivals in
a given period. Based on the given Dmin and Dmax, define the universe of discourse U as:

[Dmin–D1, Dmax+D2], where D1 and D2 are positive integers. From Table II we can see
that Dmin¼ 40,256, Dmax¼ 298,282, so taking D1¼ 256 and D2¼ 1,718, universe of
discourse U¼ [40000 300000].

Forecasting with fuzzy time series

Enter the time series data

Search for the min and max values

Define universe of discourse (U )

Divide U into n unequal fuzzy

Find fuzzy logic relationships (1st
order, 2nd order, […] ,n th order)

Create fuzzy logic relationship groups

Forecast using rules

Representation of
intervals as chromosome,

(n -1) genes

Initial Population
generation, N chromosomes

Crossover

Mutation

Regeneration

Stopping criteria
(Number of Generations)

Fuzzify time series data

Calculate Root Mean Square Error

Hybridization with Genetic
Algorithm

Minimization
of RMSE

Interval tuning with GA

Figure 1.
Hybridization of
fuzzy time series
with GAs
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Step 2. Divide the universe into n intervals, u1, u2, u3… un, where u1¼ [40000 x1],
u2¼ [x1 x2]… un¼ [xn-1300000] and x1⩽ x2⩽ x3⩽… ⩽xn-1. Each chromosome is
repritalic>−1 geitalic>−1 genes −1 genes as shown:

Let the universe of discourse be divided into nine intervals, that are u1¼ [40000, 65419];
u2¼ [65419, 142914]; u3¼ [142914, 210164]; u4¼ [210164, 230853]; u5¼ [230853,
238009]; u6¼ [238009, 244466]; u7¼ [244466, 259300]; u8¼ [259300, 284659];
u9¼ [284659, 300000].

Step 3. Define the fuzzy sets Ai on universe of discourse U in Step 2. Figure 2
illustrates membership functions for fuzzy sets Ai.

Fuzzy sets Ai’s are defined below:

A1 ¼
1
u1
þ0:5

u2
þ 0
u3

þ 0
u4

þ 0
u5

þ� � �þ 0
u9

A2 ¼
0:5
u1

þ 1
u2

þ0:5
u3

þ 0
u4

þ 0
u5

þ� � �þ 0
u9

A3 ¼
0
u1

þ0:5
u2

þ 1
u3

þ0:5
u4

þ 0
u5

þ� � �þ 0
u9

^

Year/month Arrivals Year/month Arrivals Year/month Arrivals

2000/05 216,692 2002/03 281,522 2004/01 212,854
2000/06 225,069 2002/04 245,759 2004/02 221,020
2000/07 217,302 2002/05 243,941 2004/03 239,575
2000/08 220,227 2002/06 241,378 2004/04 229,061
2000/09 221,504 2002/07 234,596 2004/05 232,293
2000/10 249,352 2002/08 246,079 2004/06 258,861
2000/11 232,810 2002/09 233,613 2004/07 243,396
2000/12 228,821 2002/10 258,360 2004/08 253,544
2001/01 199,800 2002/11 255,645 2004/09 245,915
2001/02 234,386 2002/12 285,303 2004/10 266,590
2001/03 251,111 2003/01 238,031 2004/11 270,553
2001/04 235,251 2003/02 259,966 2004/12 276,680
2001/05 227,021 2003/03 258,128 2005/01 244,252
2001/06 239,878 2003/04 110,640 2005/02 257,340
2001/07 218,673 2003/05 40,256 2005/03 298,282
2001/08 224,208 2003/06 57,131 2005/04 269,513
2001/09 193,254 2003/07 154,174 2005/05 284,049
2001/10 192,452 2003/08 200,614 2005/06 293,044
2001/11 190,500 2003/09 218,594 2005/07 268,269
2001/12 210,603 2003/10 223,552 2005/08 281,693
2002/01 217,600 2003/11 241,349 2005/09 270,700
2002/02 233,896 2003/12 245,682
Source: Tsaur and Kuo (2011)

Table I.
Previous year’s
tourist arrivals
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^

A8 ¼
0
u1

þ 0
u2

þ 0
u3

þ� � �þ 0
u6

þ0:5
u7

þ 1
u8

þ0:5
u9

A9 ¼
0
u1
þ 0
u2
þ 0
u3
þ� � �þ 0

u6
þ 0
u7

þ0:5
u8

þ 1
u9

Step 4. The fuzzified results of tourist arrivals are shown in Table II.
Step 5. Generate fuzzy logical relationship based on the 3rd order fuzzy time series.
Step 6. Based on the 3rd order fuzzy logical relationship, calculate the forecasted

arrivals using the fuzzy time series concepts discussed in Section 3. RMSE is calculated
based on intermediate calculations shown in Table II:

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

Ai�Fið Þ2
n

q
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
14;100;094;037:00

65

q
¼ 14;728:36

This result corresponds to the third order fuzzy time series by dividing the universe
of discourse into nine unequal intervals. In order to find out the best combination of
interval length corresponding to which the RMSE is minimum, genetic calibrating
of intervals is done.

5.1 Genetic calibrating of intervals
To obtain the best possible set of fuzzy intervals corresponding to which RMSE is
minimum, genetic calibration of intervals is performed. A set of randomly generated
chromosomes is considered as the initial population for the evolution. The population is
reproduced using GA operators. First, selection procedure is carried out in order to
select the best chromosomes from the initial population. For this the tournament
selection is done with selection pressure of 2. Two chromosomes are chosen randomly
from the initial population and their fitness values (RMSE) are compared, the
chromosome with the minimum fitness value is selected for the reproduction. A number
of tournaments are carried out to get a number of chromosomes for reproduction. In the
next step crossover operation is done. One-point crossover is done on the selected
chromosomes. Crossover probability is generally kept close to one so as to evolve
new population faster. In our study we have taken crossover probability Pc¼ 0.9.
After crossover mutation is done, a gene is randomly taken from the chromosome
and its value is changed arbitrarily within the range. Mutation probability is taken

x1 x2 x3 x7 x8 300,000

A1 A2 A3 A8 A9

1.0

0.5

0 U

40,000

Figure 2.
Membership
functions
constructed from the
genes x1, x2, x3,…, x8
of a chromosome
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Fuzzified and
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arrivals
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as Pm¼ 0.05. This reproduction process is carried out for several generations in order
to get the chromosomes with minimum RMSE. The stopping criterion is number of
generations which are fixed at 1000 generations.

Let chromosomes 1 and 2 are randomly chosen and go for the tournament selection
process. It can be seen that, RMSE of chromosome 1 is 14,716 and that of chromosome 2
is 20,373, so chromosome 1 (minimum of two RMSE values) will be selected and will go
to the population:

Let two chromosomes are randomly selected for the one-point crossover process.
In this, a point is randomly chosen in the two selected chromosomes, and the genes are
exchange between the two chromosomes after the selected point of crossover.
For example let the crossover point is 5, and then genes after point 5 will be exchanged
between the two chromosomes:

The mutation is carried out by randomly selecting a point in a chromosome and then
replacing the gene at that point by some other random number between the adjacent
genes as shown below:

A set of 50 randomly generated chromosomes forms the initial population for the
evolution shown in Table III. Tables IV-VI show the various operations of GA
performed on the initial population.

In order to analyze the effect of different fuzzy time series parameters, the
forecasting problem is solved with different combinations of parameters. In this study
the following cases are undertaken.

Case I. Effect of change of order (fuzzy time series parameter): in this case
population size and number of intervals are kept constant and the orders of fuzzy time
series are varied from 1 to 10. Population size is taken as 200, and number of intervals
is 8. The minimum RMSE obtained is 5,851 for order 10.
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Table III.
Initial population

(randomly generated,
population size: 50)
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Pm¼ 0.05)
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Case II. Effect of change of number of intervals (fuzzy time series parameter): in this
case population size and fuzzy time series order are kept constant and four sets
(number of intervals¼ 6, 8, 10, 12) of interval size are analyzed. In all cases population
size is taken as 200 and is solved for 3rd order fuzzy time series. The minimum RMSE
obtained is 3,757 for 12 intervals.

Case III. Effect of change of population size (GA parameter): in this case effect of
change of population size is analyzed. For 3rd order fuzzy time series with eight
intervals, results are analyzed for population size of 100, 200 and 300, respectively.
No marginal difference was noted for change in population size.

For each setting three runs are carried out and are plotted on the number of
generations vs RMSE curve. In all the cases a convergence curve is obtained showing
that GA is searching the best possible chromosome from the given population in each
run. The convergence curves for the three cases studied are shown in Figures 3-5.

From the results obtained for different settings, a simulation run was carried out for
a best combination of parameter, that was population size¼ 200, number of
intervals¼ 12 and fuzzy time series order¼ 9.

The minimum RMSE obtained was 3,140 and the corresponding fuzzy intervals are:
u1¼ [40000 40361]; u2¼ [40361 79514]; u3¼ [79514 135505]; u4¼ [135505 179054];

u5¼ [179054 210507]; u6¼ [210507 222361]; u7¼ [222361 230649]; u8¼ [230649
238073]; u9¼ [238073 248935]; u10¼ [248935 264279]; u11¼ [264279 276717];
u12¼ [276717 300000].

The convergence curve for this case is shown in Figure 6.
Table VII shows the summary of RMSE for different parameter settings and a plot is

made for each setting, Figure 7(a-c) representing Case I, Case II and Case III,
respectively, described above from which conclusions can be drawn.

The results obtained from the adopted methodology are compared with the already
existing and traditional forecasting methods and this comparison of results is shown
in Table VIII. The adopted methodology gives the least value of RMSE thereby having
the maximum forecast accuracy.

6. Contribution to knowledge and practice
This study provides a viable methodology for determining tourist arrival
forecast in a country as an example, adapting a fuzzy time series combined with
an evolutionary GA. The proposed hybridized framework of fuzzy time series and
GA, where GA is used to calibrate fuzzy interval length is flexible and replicable to
many industrial situations. The GA facilitates in searching for the best interval sizes
corresponding to which the forecasting accuracy or mean square error is optimum.
In order to analyze the effect of different fuzzy time series parameters, the forecasting
problem is solved with different combinations of parameters such as the effect
of different fuzzy time series order, number of intervals and population size.
The research focusses on an important application of decision support system for
forecasting for a significant service industry. The proposed model will provide
decision makers with improved estimation and decreased error in complex and
uncertain environment.

7. Conclusions and scope for future work
In this study a hybrid fuzzy time series is adopted which combines fuzzy time series
with GA and is used to forecast tourist arrivals. The proposed model will provide
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Figure 3.
CASE I change of
order (population
size¼ 200; number
of intervals¼ 8)
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decision makers with improved estimation and decreased error in complex and
uncertain environment such as, the historical time series tourism data for Taiwan used
in the present study. GA is used to calibrate the length of intervals of the universe of
discourse. The problem is tested for different combinations of parameter values, such
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CASE II change of

intervals (population
size¼ 200; order¼ 3)
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as fuzzy time series order, number of fuzzy intervals and population size. The following
inferences can be made from the results. RMSE decreases with the increase in order of
fuzzy time series (Figure 7(a)). RMSE also decreases with the increase in number of
intervals (Figure 7(b)). Population size does not affect the RMSE (Figure 7(c)). Finally,
the results are compared with other methods in the literature and it shows that the
proposed model offers better forecast than existing models, and it can get better quality
solutions for different orders of fuzzy time series.

The present study can be extended by studying the affect of GA parameters such
a crossover and mutation probability on forecasting accuracy. The proposed model
can be extended by incorporating other evolutionary algorithms or AI tools such as
neural networks and particle swarm optimization together with fuzzy time series
and their results can be compared. Different forecasting problems such as
weather forecast, enrollment forecast, stock forecast can be solved with the help of
these methods.

8,000

6,000

4,000

R
M

S
E

2,000

0

1 101 201 301 401 501 601 701 801 901

Run1

Run2

Generations

Figure 6.
Convergence curve
for case (12 intervals;
order 9)

Pop size – number of intervals – order RMSE

200-8-1 16,800
200-8-2 12,394
200-8-3 8,299
200-8-4 6,696
200-8-5 6,433
200-8-6 6,175
200-8-7 5,936
200-8-8 5,907
200-8-9 5,863
200-8-10 5,851
200-6-3 14,425
200-8-3 8,299
200-10-3 5,196
200-12-3 3,757
100-8-3 8,301
200-8-3 8,299
300-8-3 8,272

Table VII.
Summary of results
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