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Abstract—In this paper, we present a new method to forecast
the Taiwan Stock Exchange Capitalization Weighted Stock Index
(TAIEX) based on fuzzy time series, where the main factor is the
TAIEX and the secondary factors are either the Dow Jones, the
NASDAQ, the M;, (Taiwan), or their combinations. First, we
fuzzify the historical data of the main factor into fuzzy sets with a
fixed length of intervals to form fuzzy logical relationships. Then,
we group the fuzzy logical relationships into fuzzy logical
relationship groups. Then, we evaluate the leverage of fuzzy
variations between the main factor and the secondary factor to
forecast the TAIEX. The experimental results show that the
proposed method gets a higher average forecasting accuracy rate
than Chen’s method [1] and Huarng et al.’s method [9] to
forecast the TAIEX.
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L INTRODUCTION

In [11], [12] and [13], Song and Chissom presented the
concepts of fuzzy time series based on the fuzzy set theory
[21], where the values of a fuzzy time series are represented by
fuzzy sets. In recent years, some methods have been presented
to handle forecasting problems based on fuzzy time series, such
as enrollments forecasting [1], [2], [3], [4], [12], [13], [15],
[19], temperature prediction [5], [10], [14], stock index
forecasting [6], [7], [8], [9], [14], [16], [17], [18], [20], ..., etc.

In this paper, we present a new method to forecast the
Taiwan Stock Exchange Capitalization Weighted Stock Index
(TAIEX) based on fuzzy time series, where the main factor is
the TAIEX and the secondary factors are either the Dow Jones,
the NASDAQ, the My, (Taiwan), or their combinations. First,
we fuzzify the historical data of the main factor into fuzzy sets
with a fixed length of intervals to form fuzzy logical
relationships. Then, we group the fuzzy logical relationships
into “fuzzy logical relationships groups”. Then, we evaluate the
leverage of fuzzy variations between the main factor and the
secondary factor to forecast the TAIEX. The experimental
results show that the proposed method gets a higher average
forecasting accuracy rate than Chen’s method [1] and Huarng
et al.’s method [9] to forecast the TAIEX.

The rest of this paper is organized as follows. In Section II,
we briefly review the definition of fuzzy time series from [11],
[12] and [13]. In Section III, we present a new method based on
fuzzy time series to forecast the TAIEX. In Section 1V, we
make a comparison of the experimental results of the proposed
method with the existing methods. The conclusions are
discussed in Section V.
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II. PRELIMINARIES
In [11], [12] and [13], Song and Chissom presented the
concepts of fuzzy time series based on the fuzzy set theory
[21], where the values of a fuzzy time series are represented by
fuzzy sets. Let U be the universe of discourse, where U = {u,
us, ..., u,}. A fuzzy set 4; in the universe of discourse U is
defined as follows:

Ai= faiw)/urt fau)ugt .+ falu,)
where f; is the membership function of the fuzzy set 4;, f(u;)
is the degree of membership of u; belonging to the fuzzy set 4,,
fiu)e[0,1]and 1 < <n.

Definition 2.1 [11]: Let Y(¢) (t = ..., 0, 1, 2, ...) be the
universe of discourse and be a subset of R. Assume that () (i =
1, 2, ...) are defined in the universe of discourse Y(¢), and
assume that F(7) is a collection of f(¢) (i =1, 2, ...), then F(?) is
called a fuzzy time series of ¥(¢) (=...,0, 1,2, ...).

If a fuzzy relationships R(#—1,f) exists, such that F(¢) =
F(=1) o R(t-1,f), where the symbol “o” represents the
max—min composition operator, then F(¢) is called caused by
F(-1) [11].

Definition 2.2 [11]: Let F(+~1) = 4; and let F(f) = A4,. The
relationship between F(#—1) and F(¥) can be denoted by fuzzy
logical relationship 4; — A;, where 4; is called the left-hand
side (LHS) and 4; is called the right-hand side (RHS) of the
fuzzy logical relationship.

Fuzzy logical relationships having the same left-hand side
can be grouped into a fuzzy logical relationship group (FLRG)
[1]. For example, assume that the following fuzzy logical
relationships exist:

A; — Aj,,
Ai —)A]‘b,

A d A jm-
then these fuzzy logical relationships can be grouped into a
fuzzy logical relationship group, shown as follows:

Ai i Ajaa Aj[,, ceey A]m
III. A NEW METHOD FOR FORECASTING THE TAIEX BASED
ON Fuzzy TIME SERIES

In this section, we present a new method to forecast the
TAIEX from 2000 to 2004 based on fuzzy time series, where
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the historical data are divided into two parts, i.e., the training
data set and the testing data set. The training data set consists of
the historical data from January to October for each year, and
the testing data set consists of the historical data from
November to December for each year. Table I [9] shows the
TAIEX, the Dow Jones, the NASDAQ, and the M;, from
January 2004 to December 2004. In this paper, the TAIEX is
the main factor, where the secondary factors Dow Jones,
NASDAQ and M;, are used to forecast the TAIEX. The
proposed method is now presented as follows:

Step 1: Define the universe of discourse U, U = [D,,;,—D;,
D,,+D,], where D,,;, and D, are the minimum and the
maximum values of the historical data of the main factor,
respectively; D, and D, are two proper positive real values to
partition the universe of discourse U into » intervals uy, u, ...,
and u, of equal length. For example, from Table I, we can see
that the minimum and the maximum values of the training data
of the TAIEX of the year 2004 are 5316.87 and 7034.1,
respectively. If we let D; = 16.87 and D, = 65.9, then the
universe of discourse U = [5300, 7100]. Let the length of each
interval in the universe of discourse U be 100. Then, the
universe of discourse U can be divided into 18 intervals, which
is defined as follows:

u;=[5300 + (i — 1) x 100, 5300 + (i) x 100], )
wherei=1,2, ..., 18.

TABLE 1. HISTORICAL DATA OF THE TAIEX, THE DOW JONES, THE
NASDAQ, AND THE M 1B OF 2004 [9]

Date TAIEX Dow Jones NASDAQ My,
2004/1/2 6041.56 10409.85 2006.68 6491205
2004/1/5 6125.42 10544.07 2047.36 6487349
2004/1/6 6144.01 10538.66 2057.37 6497906
2004/11/1 5656.17 10054.39 1979.87 7040767
2004/11/2 5759.61 10035.73 1984.79 7054955

2004/12/31 6139.69 10783.01 2175.44 7370450

Step 2: Define the linguistic terms 4; represented by fuzzy sets,
shown as follows:

Ay=1/u; +0.5/uy + 0/us + ... + 0/u,_, + 0/u,_; + O/u,,
A2= 0.5/”] + 1/”2 + 0.5/1/13 +... Tt O/M,,_z + O/u,,_l + O/Mn,

A,=0/u; +0/uy + O/us + ... + 0/u,_» + 0.5/u,_ + 1/u,.

where A, 4,, ..., and 4, are linguistic terms. For example,
based on the obtained 18 intervals, we can define the linguistic
terms 4;, A,, ..., and A5, shown as follows:

A1: 1/u1 + 0.5/1/12 + 0/1{3 + ...+ O/U](, + 0/”17 + 0/1/118,
A2: 05/1/11 + 1/1/12 + 05/143 + ...t 0/1416 + 0/1/[17 + O/T/llg,

Alg: O/u1 +0/u2 + 0/1/[3 + ... +0/M15 + 0.5/1/[17 + l/ulg.

Step 3: Fuzzify each historical datum of the main factor into a
fuzzy set defined in Step 2. If the historical datum of the main
factor belongs to #; and the maximum membership value of the
fuzzy set A4; occurs at u;, where 1 < i < n, then the historical
datum of the main factor is fuzzified into 4;. For example, from
Table I, we can see that the TAIEX of 2004/1/2 is 6041.56,
which can be fuzzified into Agz. Table II shows the fuzzified
TAIEX of the data shown in Table I, respectively.

Step 4: Construct fuzzy logical relationships from the fuzzified
historical data of the main factor obtained in Step 3. For
example, from the fuzzified TAIEX of the training data shown
in Table II, we can construct fuzzy logical relationships. For
example, because the fuzzified TAIEX of 2004/1/2 is Ag and
because the fuzzified TAIEX of 2004/1/5 is Ay, we can
construct the following fuzzy logical relationship:

Ag d Ag.

In the same way, based on Table II, we can get the fuzzy
logical relationships as shown in Table III.

TABLE II. FuzzIFiED TAIEX

Date Fuzzy Set
2004/1/2 Ay
2004/1/5 Ay
2004/1/6 Ay
2004/11/1 Ay
2004/11/2 As

2004/12/31 Ay

TABLE III. FIRST-ORDER FUZZY LOGICAL RELATIONSHIPS

Date Fuzzy Logical Relationships
2004/1/2 — 2004/1/5 Ay = 4y
2004/1/5 — 2004/1/6 A= Ay
2004/10/28 — 2004/10/29 Ay— As

Step 5: Fuzzify the variation between the adjacent historical
data of the main factor and the secondary factors, respectively,
and then group the fuzzy logical relationships of the main
factor. The sub-steps are shown as follows:

Step 5.1: Calculate the variation of the close index between
the adjacent historical data, where the variation Var, on day ¢ is
calculated as follows:

Var, :—C/”‘WC’[;Z’]‘W”' x100% , 2)
where the terms Close, and Close,_, are the close indices on the
trading day ¢ and trading day 71, respectively, and the unit of
the variation is the percentage. For example, from Table I, we
can see that the TAIEX of 2004/1/2 and 2004/1/5 are 6041.56
and 6125.42, respectively. Based on Eq. (2), we can see that the
variation of the TAIEX on 2004/1/5 1is equal to

5125422604156, 1300, = 1.388052 %. Table IV and Table V show

6041.56
the variation of the TAIEX, the Dow Jones, the NASDAQ and
the My, of the training data and the testing data.

TABLE IV. THE VARIATION OF THE TRAINING DATA OF TAIEX, THE
DOW JONES, THE NASDAQ, AND THE M, (UNIT : %)

Date Variation of Variation of Variation of Variation of

© the TAIEX the Dow Jones the NASDAQ the My,
2004/1/5 1.388052 % 1.289356 % 2.027229 % -0.059403 %
2004/1/6 0.303489 % -0.051308 % 0.488922 % 0.162732 %
2004/10/29 0.182072 % 0.229196 % -0.037960 % 0.639198 %

TABLE V. THE VARIATION OF THE TESTING DATA OF TAIEX, THE
DOW JONES, THE NASDAQ AND THE M (UNIT : %)

Date Variation of Variation of Variation of Variation of
the TAIEX the Dow Jones the NASDAQ the M,
2004/11/1 -0.872075 % 0.268463 % 0.247090 % -0.348530 %
2004/11/2 1.828799 % -0.185591 % 0.248501 % 0.201512 %
2004/12/30 0.203170 % -0.266779 % 0.061553 % 0.979241 %
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Step 5.2: Define the universe of discourse V, V = [E .,
E,.x], where E,;, and E,,,. are the minimum and the maximum
variation of the main factor and secondary factors, respectively.
It should be noted that the minimum and the maximum limited
variations of the TAIEX are -7% and 7%, respectively, and the
minimum and the maximum limited variations of the Dow
Jones, the NASDAQ and the My, are not limited, respectively.
The universe of discourse V' is defined as [-co, o]. We let the
length of each interval between -6% and 6% be equal to 1.
Then, the universe of discourse V can be divided into 14
intervals vy, vy, ..., and vy4, where v; = [-eo, -6], v, = [-6, -5], ...,
and vi4 = [6, o], as shown in Table VL.

TABLE VI. 14 INTERVALS IN THE UNIVERSE OF DISCOURSE ¥V (UNIT : %)

V) = [-e0, -6] vy =[-4,-3] v, =[-1,0] vig=12,3] viz=[5,6]
v2 =[-6, -5] vs =[-3,-2] vs=[0, 1] vii =(3,4] vig =6, =]
vi=[-5,-4] ve=[-2,-1] vo=[1,2] vi2=[4,5]

Step 5.3: Define the linguistic term B; represented by fuzzy
sets, shown as follows:

Bl = 1/\/1 + OAS/VZ + O/V3 +...t O/Vm,z + O/Vm—l + O/Vm,

Bzz O.S/Vl + 1/V2 + 0.5/V3 +...+ O/Vm_z + O/Vm_1 + O/Vm,

B,,=0/v +0/v, +0/v3 +...+ 0/v,,» +0.5/v,_; + 1/v,,.

where By, B, ..., and B,, are linguistic terms. For example,
based on Table VI, we can define the linguistic terms By, B,,
..., and B4, shown as follows:

Bl = 1/\/1 + O.S/Vz + O/V3 +...t O/Vlz + 0/V13 + 0/V14,
32: O.S/Vl + 1/V2 + 0.5/V3 +...+ 0/V12 + 0/V13 + 0/V14,

Bl4= O/Vl + O/Vz + O/V3 +...+ O/Vlz + 0.5/V13 + 1/V14.

Step 5.4: Fuzzify each historical variation of the main
factor into a fuzzy set defined in Step 5.2. If the historical
variation of the main factor on day ¢ belongs to v;, where 1< <
m, then the historical variation of the main factor on day ¢ is
fuzzified into B;. For example, from Table IV, we can see that
the variation of the TAIEX on 2004/1/5 is 1.388052%, which is
fuzzified into By. Table VII shows the fuzzified variation of the
TAIEX of the training data.

TABLE VII. FUZZIFIED VARIATION OF THE TAIEX

Date Fuzzy Set
2004/1/5 By
2004/1/6 By
2004/1/7 B,

2004/10/29 By

Step 5.5: Based on the linguistic terms of the fuzzified
variations, group the fuzzy logical relationships having the
same linguistic term of the fuzzified variation into a fuzzy
logical relationship group. For example, let us consider the
following fuzzy logical relationships: “4,, — A4,,”, where the
fuzzified variation is B,; “A, — Au~°, where the fuzzified
variation is B,; “4, — A, where the fuzzified variation is
B.; ...; “Ayq — Ax”, where the fuzzified variation is B.. Then,
these fuzzy logical relationships can be grouped into the same
fuzzy logical relationship group in which the fuzzified variation

of each fuzzy logical relationship in this group is B,, shown as
follows:
Aal - Aaas Aaba Aacs ceey Aak-

For example, from Table III, we can see that the fuzzy logical
relationship between the trading days 2004/1/2 and 2004/1/5 is
Az — Ay, from Table VII, we can see that the fuzzified
variation on 2004/1/5 is By; so we can group the fuzzy logical
relationship “4g — Ay” into the fuzzified variation By group.
Table VIII shows the fuzzy logical relationship groups with
respect to different fuzzified variations, respectively.

TABLE VIII. Fuzzy LOGICAL RELATIONSHIP GROUPS

B, Group A — Ay
B, Group As— A4, Ay — Ag
B3 Group A — Ay
B, Group As— Ay Ag — Ag
Bs Group | 4, — 4, Ay > 4;
As — A3 Ay — Ay
Ag— As Az > 4
A7 > As, As A= A, Ais
B Group A, =4, Ay — Ag
Ag— A3, A3, Ay, Ay An — An, Ay
As — Ay, Ay, Ag Ay > Az, 4ys
Ag — As, As, As, s A= A, Ais
A7 > Ag, Ag A — A
As —> 4; Ais > A1y
By Group | Ay — Ay, Ay, Ay, Ay, Ay, Ar, Ar, A1, Ay Ao = Ao, Aro, Aro, Aro, Ao
Ay —> Ay, A, Ay — Ay
Ay > A3, 45, 4 A — A, Az
As— A, A1z > Ay
As — As, As, As, As, As, As Arg— Av, Arz, Arg, A
A(,ﬁji.Aﬁ, As, Ag, Ag, Ag, Ao, Ag, Agy As, Ays > Avs, A
A7 = Az, A7, A7, A7, Ao, A7, A, A7 Ajg— Ais
Ay — Ag A7 = Arg, Aiz
Ay — Ao, Ao, Ay, Ay
By Group Ay > A, AL A A Ao = Ay, Aro
Ay —> As, Ay, Ag, s, As An — A, An
As — As, Ag, As, As, Ag, As A1z > Aip, A, A
Ag — A, Ag, As, As, As A3 = A, i, g, Az, A
A7 > Ay, A7, A7, A7 Arg = Arg, A, Ay, Ars, Ara, s
Ay — Ag, Ag, Ay A5 = A, Ais, Ais, A, Ais
Ay > Ay, Ay, Aro, 1o A1 — A
By Group Ay > Ay, Ay, Ar, Ay Ao = Ao, A1y, Ay
Ay —> A3 An = A
Ay — Ay Ay A > 43
Ay — As Ay — Ay
As > Ag, As, g, Ag Ais = Ae: A1
As — Ag, A7, A7, A7, 47 A6 — A7
A7 > Ay Az > A, Aig
Ay — Ay, Ay
By Group | 4, — 4, As — Ay
Ay — Ag Az —> Ay
A — A7 Ay = Ags
A7 — Ag, Ay Ays = Aig
By Group | 4, -4, As— A7
Ay — As Az = Ajs
By; Group Az — Ag Ay — Ap

Step 6: Fuzzify the variation of the secondary factors and
evaluate the linguistic terms of the main factor and the
secondary factors, respectively, where the sub-steps are shown
as follows:

Step 6.1: Select the secondary factors to fuzzify the
variation, such as singular kinds “the Dow Jones”, “the
NASDAQ” and “the M,;,”’; double kinds like “the Dow Jones
and the NASDAQ”, “the NASDAQ and the M;,” and “the
Dow Jones and My,”; triple kinds like “the Dow Jones, the
NASDAQ and the M,”. We let the variations of the Dow
Jones, the NASDAQ and the M, be denoted by Varp.. joness
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Varysspap and Varyu,, respectively. The variation of the
secondary factor Var; is calculated as follows:

Situation 1: If we use one secondary factor for prediction,
the variation of the secondary factor Var, is calculated as
follows:

(i) When using “the Dow Jones” for prediction, the
variation of the secondary factor Var, = Varp,, jones-

(ii)) When using “the NASDAQ” for prediction, the
variation of the secondary factor Var, = Varyspap.

(iil) When using “the M;,” for prediction, the variation of
the secondary factor Var, = Vary,.

Situation 2: If we use two secondary factors for prediction,
the variation of the secondary factor Var, is calculated as
follows:

(i) When using “the Dow Jones and the NASDAQ” for
prediction, the variation of the secondary factor Var, =

Varpow jones +Varnaspao
5 .

(i) When using “the Dow Jones and the M, for prediction,
the variation of the secondary factor Var, = Z&bowones Vs

2
(i) When using “the NASDAQ and the M;,” for prediction,

.o Varyyspao +Var
the variation of the secondary factor Var, = 245240 T Wb

Situation 3: If we use three secondary factors “the Dow
Jones, the NASDAQ and the My, for prediction, the variation

Varpow jones +Varnaspao +Varyp
7 .

In the following, we use “the Dow Jones and the
NASDAQ” as the secondary factor for prediction. For example,
from Table IV, we can see that the variations of the Dow Jones
and the NASDAQ of the trading day 2004/1/5 are 1.289356 %
and 2.027229 %, therefore, the variation of the secondary

Varpow Jones +Varnaspag - _ 1289356%+2027229% _
2 2

w = 1.658292 %. Table IX shows the variation of the
secondary factor Var, “the Dow Jones and the NASDAQ”.

TABLE IX. THE VARIATION OF THE SECONDARY FACTOR
“THE DOW JONES AND THE NASDAQ”

of the secondary factor Var, =

factor Var, is equal to

Date ¢ Var,
2004/1/5 1.658292 %
2004/1/6 0.218807 %
2004/1/7 0.447902 %

2004/10/29 0.095618 %

Step 6.2: Fuzzify each variation of the secondary factor
Var, into a fuzzy set defined in Step 5.2. If the variation of the
secondary factor Var, belongs to v;, where 1 < j < m, then the
variation of the secondary factor Var, is fuzzified into B;. For
example, from Table IX, we can see that the variation of the
secondary factor Var, of the secondary factor “the Dow Jones
and the NASDAQ” on 2004/1/5 is 1.658292 %, which is
fuzzified into By. Table X shows the fuzzified variation Var, of
the secondary factor “the Dow Jones and the NASDAQ”.

Step 6.3: Based on the linguistic terms of the fuzzified
variations, group the fuzzy variation of the main factor on
trading day ¢ having the same linguistic term of the fuzzy
variation of the secondary factor on trading 7 — 1. For example,
let us consider the following fuzzy variation between the

secondary factor on trading day # — 1 and the main factor on
trading day #: the fuzzy variation of the main factor on trading
day ¢ is “By,” and the fuzzy variation of the secondary factor on
trading day ¢ — 1 is B;; the fuzzy variation of the main factor on
trading day ¢ + m is “B,,” and the fuzzy variation of the
secondary factor on trading day # + m — 1 is B,; ...; the fuzzy
variation of the main factor on trading day ¢ + n is “By;” and the
fuzzy variation of the secondary factor on trading day ¢+ n — 1
is B.. Then, these fuzzy variations of the main factor can be
grouped into the same fuzzy variation group of the secondary
factor in which each fuzzy variation of the secondary factor in
this group is B,, shown as follows:
Bbl, Bbz, ey Bbk.

For example, from Table X and Table VII, we can see that the
fuzzy variation of the secondary factor on 2004/1/5 is By and
the fuzzy variation of the main factor on 2004/1/6 is Bg. We can
then group the fuzzy variation of the main factor “Bg” into the
fuzzified variation of the secondary factor By group. Table XI
shows the fuzzy variation groups with respect to different
fuzzified variations of the secondary factor.

TABLE X. FUZZIFIED VARIATIONS OF THE SECONDARY FACTOR
“THE DOW JONES AND THE NASDAQ”

Date Fuzzy Set
2004/1/5 By
2004/1/6 Bg
2004/1/7 Bg

2004/10/29 By

TABLE XI. Fuzzy VARIATION GROUPS

B Group B, Bs, By, Bs, Bs, B7, B\, Bs, By, Bs, Bs, B3, Bs, Ba, Bo, By, Bs, Bs, Bo,
B, By, By, By, By, By, By, Bs, Bs, By, By, By, By, Bs

B; Group B3, By, Bs, By, B7, Be, Bs, By, Bs, Bo, By, Bs, Be, Bs, By, B7, By, By, Bs,
By, Bs, B, Bs, B, Bs, By, Bs, Bo, By, B, By, Bs, Ba, By, Bio, Bs, Be,
B, Bs, B, Bs, Bs, Bs, B, Bs, By, By, Bs, By, By, Buo, By, Bs, Bs, Buo, Bs,
By, B, By, By, By, By, By, By, By, Bs, By, By

Bg Group Bj, Bs, Bg, B, By, Bs, By, B7, By, B7, By, Bs, Bs, Bs, B, B7, B, Bs, Bs,
By, Bio, Bs, By, Bs, Be, By, Bs, Bio, Ba, Bs, Bi3, By, Bs, Bs, Bo, Bs, Be, Ba,
B\, By, Bs, Bs, Bs, Bo, By, By, By, B, By, By, By, Bo, Bs, By, By, By, By,
B, By, By, By, By, By, Bs, Bo, By, By, Bs, Bs, Bs, By, Bs, B, B7, Bs, Bs,
By, By

By Group By, By, Bs, By, Bs, B, Bs, Bio, Bs, By, Bo, B, By, By, By, By, By, Buy, B,
By, Bio, By, Bs

By Group B;

Step 6.4: Evaluate the linguistic terms of the fuzzy
variation groups between the secondary factor and the main
factor. Let the fuzzy variations of the main factor and the
secondary factor be B), and B, respectively, where M and S are
positive numbers, 1 < M < 14 and 1 < S < 14. Let Bg,; be the
static counter denoting the number of fuzzy variations in the By
Group and M < S; let By, be the static counter denoting the
number of fuzzy variations in the Bs Group and M = S; let By;
be the static counter denoting the number of fuzzy variations in
the Bg Group and M > S, where Bs, Bs, and Bs; are integers
whose initial values are 0. Evaluate the fuzzy variation By
groups in which the effect between the secondary factor and the
main factor appear, described as follows:

Situation 1: In the By Group, if M < S, then we can see that
when the secondary factor is Bs, the index M of the fuzzy
variation of the main factor is less than S. We add one to the
Bg, when the secondary factor is Bgand M < S.

Situation 2: In the Bg Group, if M =S, then we can see that
when the secondary factor is Bs, the index M of the fuzzy
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variation of the main factor M is equal to S. We add one to the
Bs, when the secondary factor is By and M= S.

Situation 3: In the By Group, if M > S, then we can see that
when the secondary factor is Bg, the index M of the fuzzy
variation of the main factor is bigger than S. We add one to the
Bg; when the secondary factor is Bgand M > S.

For example, we let the TAIEX be the main factor and let “the
Dow Jones and the NASDAQ” be the secondary factor. From
the Bs Group shown in Table XI, we can see that the fuzzy
variations of the main factor are Bg, Bg, By, Bg, Bs, B, B, Bs,
B97 387 BS: B39 B(n B4> B9a B‘)a 387 B(n Bga Bﬁa B77 B97 B79 B7a B7a B77
By, Bg, By, B;, B;, B; and Bg. Because S is 6 and the situation
when M < § are By, Bs, Bs, B; and By, the total number of fuzzy
variations is 5, i.e., Bg; = 5. In the same way, the situation
when M = § are Bg, B, Bs, Bs, Bs and B, the total number of
fuzzy variations number is 6, i.e., Bg, = 6. In the same way, the
situation when M > § are Bg, Bg, Bg, B7, Bg, Bg, Bg, Bg, Bg, Bg,
B77 Bg, B7, B7, B7, B7, Bg, Bg, B7, B7, B7 and B7, the total number
of fuzzy variations is 22, i.e., Bg3 = 22.

Table XII shows the statistics of the fuzzy variations of the
secondary factor “the Dow Jones and the NASDAQ”, where
the main factor is the TAIEX.

TABLE XII.  THE STATISTICS OF THE FUZZY VARIATIONS OF THE

SECONDARY FACTOR “THE DOW JONES AND THE NASDAQ”,
WHERE THE MAIN FACTOR IS THE TAIEX

Static

g Counters Bs, Bs, Bs;
S=1 0 0 0
S§=2 0 0 0
S§=3 0 0 0
S=4 0 0 0
S=5 0 0 0
S=6 5 6 22
=7 15 21 32
S=8 39 24 15
5=9 14 5 4
S=10 1 0 0
S=11 0 0 0
S=12 0 0 0
S=13 0 0 0
S=14 0 0 0

Step 7: Define the weights of the fuzzy variation B, of the
secondary factor when S > M, § = M, and S < M. According to
Step 6.4 , we let Bg; be the total number of times when the
secondary factor is Bg and S > M; let By, be the total number of
times when the secondary factor is By and S = M; let By be the
total number of times when the secondary factor is By and S <
M. Let Wy, W, and Wp,5 be the weights of the fuzzy set By
at different situations, where Wp,; denotes the weight of Bg
when § > M; Wy, denotes the weight of Bg when S = M; Wy,
denotes the weight of By when S < M. The weight of the fuzzy
variation By is calculated as follows:

o G

By +Bg,+By;

where k is a positive integer and k = 1, 2, 3. For example, from
Table XII, we can see that the number of times is 5 when the
fuzzy variation is Bg and S > M, the number of times is 6 when
the fuzzy variation is Bs and S = M; the number of times is 22
when the fuzzy variation is Bs and S < M. Therefore, the weight
Wape.1 is equal to ——=10.151515, the weight W, is equal to

5+6+22

Weyk =

—5 __=10.181818, and the weight Wy ; is equal to —2_ =

5+6+22 S+6422
0.666667. In summary, the weights of the fuzzy variation B; of
the secondary factor are shown in Table XIII, where 1 <;j < 14.

Step 8: Assume that the main factor F(+—1) = 4; and assume
that we want to predict the main factor F(f), where 4, is a fuzzy
set. Based on the fuzzy variation of the secondary factor F(¢—1)
= B;, we choose the corresponding fuzzy variation B; of the
weight of the secondary factor of the fuzzy logical relationship
groups for prediction. Assume that the fuzzy variation of the
secondary factor of the trading day #-1 is B;. We then choose
the fuzzy logical relationship: “4; — A1, Ay, ..., A.” in the
Group B;. Let uik, ok, ..., and u.” be the minimum value of
the intervals u 1, uy, ..., and u,, respectively; let un™ up™
and ;™ be the midpoints of the intervals u;;, uy, ..., and u;,
respectively; let un®, up®, ..., and u” be the maximum value of
the intervals u;;, up, ..., and u;, respectively. The new value
u,* of u, is calculated as follows:

L M R
ua* = WBj,l Xu, + WBj,2 Xu, + WBj,3 Xu,, (4)

where a = il, i2, ..., iz, and the forecasted value FV of day ¢ is
calculated as follows:

FV:%. 5

TABLE XIII. THE WEIGHTS OF THE FUZZY VARIATION Bg OF THE
SECONDARY FACTOR

cightoF k k=1 k=2 k=3
Fuzzy Set
Wik 0 0 0
Wi 0 0 0
W s 0 0 0
Waa s 0 0 0
Wes x 0 0 0
Wae s 0.151515 0.181818 0.666667
Wi 0.220588 0.308824 0.470588
Ws 0.5 0.307692 0.192308
Wro i 0.608696 0.217391 0.173913
Whiox 1 0 0
Wik 0 0 0
Whiox 0 0 0
Wiz 0 0 0
Wiak 0 0 0

For example, assume that we want to forecast the TAIEX of
2004/11/2 by the first order fuzzy logical relationships. From
Table I and Table XIII we can see that because the TAIEX on
2004/11/1 is 5656.17 (Note: Its fuzzified TAIEX is 4,) and
because from Table V, we can see that the variation of the Dow
Jones and the NASDAQ on 2004/11/1 are 0.268463 % and
0.247090 %, respectively, based on Step 6.1, the variation of

the Secondary factor iS 0.268463%;0.247090% — 0515553% _ 0.257777

% and based on Table VI, we can see that the fuzzy variation of
the secondary factor is Bg. We choose the Bg group shown in
Table VIII, where the left-hand side of the fuzzy logical
relationship “A;— As, Ay, A4, As, As” is A4. The given weights
us and u4 become us* and uy*, respectively, for forecasting. The
minimum value of the interval us is 5700, the midpoint of the
interval us is 5750 and the maximum value of the interval us is
5800. Based on Eq. (3), we can get the weight of Bg; = 0.5, the
weight of Bg, = 0.307692 and the weight of Bg; = 0.192308.
Based on Eq. (4), the new value us* of us for prediction is
calculated as follows: 5700 x 0.5 + 5750 x 0.307692 + 5800 x
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0.192308 = 5734.62. In the same way, we can get us* =
5634.62. Finally, based on Eq. (5), the forecasted TAIEX of
2004/11/2 1s calculated as follows:

5734.62 +5634.62 + 5634.62 + 5634.62 + 5734.62
S

=5674.62.

IV. EXPERIMENTAL RESULTS

In this section, we apply the proposed method to forecast
the TAIEX from 2000 to 2004. We evaluate the performance of
the proposed method using the root mean square error (RMSE),
which is defined as follows:

n
Y. (forecasted value; — actual value,»)2

RMSE ==L - R ©6)

where n denotes the number of dates needed to be forecasted.
In Table XIV, we make a comparison of the RMSE and the
average RMSE of the proposed method with Chen’s method
[1] and Huarng et al.’s method [9]. From Table XIV, we can
see that the proposed method with “the Dow Jones and the
NASDAQ” gets the smallest average RMSE compared to
Chen’s method [1] and Huarng et al.’s method [9]. It means
that the proposed method with the Dow Jones and the
NASDAQ gets a higher average forecasting accuracy rate than
Chen’s method [1] and Huarng et al.’s method [9].

TABLE XIV. A COMPARISON OF THE RMSES AND THE AVERAGE RMSE

FOR DIFFERENT METHODS
RMSE Year Average
NMothods 2000 2001 2002 2003 2004 RMSE
Chen's Method [1] 176.32 | 147.84 | 101.18 74.46 84.28 116.82

Huarng et al.’s Method (use
NASDAQ) [9]
Huarng et al.’s Method (use Dow
Jones) [9]
Huarng et al.’s Method (use M;,)
[9]
Huarng et al.’s Method (use
NASDAQ & Dow Jones) [9]
Huarng et al.”s Method (use
NASDAQ & M) [9]
Huarng et al.”s Method (use
NASDAQ & Dow Jones & Myp) | 154.42 | 124.02 | 95.73 70.76 72.35 103.46
[9]
The Propose Method (use Dow
Jones)
The Propose Method (use
NASDAQ)

The Propose Method (use M) 129.87 | 117.61 | 8585 63.1 67.29 92.74
The Propose Method (use Dow
Jones & NASDAQ)

The Propose Method (use Dow
Jones and M)

The Propose Method (use
NASDAQ and M)

The Propose Method (use Dow
Jones, NASDAQ and M,;,)

158.7 136.49 95.15 65.51 73.57 105.88

165.8 13825 | 93.73 72.95 73.49 108.84

169.19 | 133.26 97.1 75.23 82.01 111.36

157.64 | 131.98 | 93.48 65.51 73.49 104.42

155.51 128.44 97.15 70.76 73.48 105.07

127.51 | 121.98 | 74.65 66.02 58.89 89.81

129.87 | 123.12 | 71.01 65.14 61.94 90.22

124.06 | 125.12 | 72.25 57.14 56.95 87.10

127.75 | 115.64 79.45 60.41 65.86 89.82

128.45 | 126.14 | 76.03 66.96 65.5 92.62

129.57 | 119.66 73.25 66.8 65.41 90.94

V.  CONCLUSIONS

In this paper, we have presented a new method to forecast
the Taiwan Stock Exchange Capitalization Weighted Stock
Index (TAIEX) based on fuzzy time series. From Table XIV,
we can see that the proposed method with the Dow Jones and
the NASDAQ gets a higher average forecasting accuracy rate
than Chen’s method [1] and Huarng et al.’s method [9] for
forecasting the TAIEX. The experimental results show that the
proposed method gets a higher average forecasting accuracy
rate than the methods, presented in [1] and [9].
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