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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 high-order fuzzy logical relationships. First,
the proposed method fuzzifies the historical data into fuzzy sets to
form high-order fuzzy logical relationships. Then, it calculates
the value of the variable between the subscripts of adjacent fuzzy
sets appearing in the antecedents of high-order fuzzy logical
relationships. Then, it lets the high-order fuzzy logical
relationships having the same antecedent to form a high-order
fuzzy logical relationship group. Finally, it chooses a high-order
fuzzy logical relationship group to forecast the TAIEX. The
proposed method gets a higher average forecasting accuracy rate
than the existing methods to forecast the TAIEX.
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L INTRODUCTION

In [12], [13], and [14], Song and Chissom presented the
concepts of fuzzy time series based on the fuzzy set theory
[21], where the values of 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], [13], [14], [16],
[20], temperature prediction [5], [11], [15], stock index
forecasting [6], [8], [9], [10], [15], [17], [18], [19], [21], ...,
etc.

In this paper, we present a new method to forecast the
Taiwan Stock Exchange Capitalization Weighted Stock Index
(TAIEX) based on high-order fuzzy logical relationships
groups. First, the proposed method fuzzifies the historical data
into fuzzy sets to form high-order fuzzy logical relationships.
Then, it calculates the value of the variable between the
subscripts of adjacent fuzzy sets appearing in the antecedents of
high-order fuzzy logical relationships. Then, it lets the high-
order fuzzy logical relationships having the same antecedent to
form a high-order fuzzy logical relationship group. Finally, it
chooses a high-order fuzzy logical relationship group to
forecast the TAIEX. The proposed method gets a higher
average forecasting accuracy rate than Chen’s method [1],
Chen and Wang’s method [6], Huarng’s method [8], Huarng
and Yu’s method [9], and Yu’s method [18] for forecasting the
TAIEX.

The rest of this paper is organized as follows. In Section II,
we briefly review the concept of fuzzy time series from [12],
[13] and [14]. In Section III, we present a new method to
forecast the TAIEX based on high-order fuzzy logical
relationships. In Section IV, we make a comparison of the
forecasting result of the proposed method with the existing
methods. The conclusions are discussed in Section V.

II.  PRELIMINARIES

In [12], [13] and [14], Song and Chissom presented the
concepts of fuzzy time series based on the fuzzy set theory
[21], where the values in 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 .+ fau,)
where f; is the membership function of the fuzzy set A4,
J1:U=[0,1], f4i(u)) is the degree of membership of u; belonging
to the fuzzy set 4;, f4(u;)€[0,1]and 1 <j<n.

Definition 2.1 [12]: Let Y(t) (+ = ..., 0, 1, 2, ...) be the
universe of discourse and be a subset of R. Assume that f(f) (i =
1, 2, ...) are defined in the universe of discourse ¥(#), and
assume that F(7) is a collection of f(#) (i =1, 2, ...), then F(?) is
called a fuzzy time series of ¥(¢) (t=...,0, 1,2, ...).

If there exists a fuzzy relation R(z—1, 7), such that F(¢) =
F(+-1) o R(t-1, f), where the symbol “o” represents the max-
min composition operator, then F(7) is called caused by F(+1)
[12].

Definition 2.2: Let F(+—1) = A; and let F(f) = A4;, where 4,
and 4; are fuzzy sets, then the fuzzy logical relationship (FLR)
between F(7—1) and F() can be denoted by 4; — A;, where 4;
and 4; are called the left-hand side (LHS) and the right-hand
side (RHS) of the fuzzy logical relationship, respectively.

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; = A,
A i A Libs

A;— Ajy,
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then these fuzzy logical relationships can be grouped into a
fuzzy logical relationship group, shown as follows:

Ai = Ajo, Ajpy <.y Aj-

Let F(f) be a fuzzy time series. If F(¢) is caused by F(+-1),
F(+-2), ..., and F(t—n), then the fuzzy logical relationship
between them can be represented by the “nth-order fuzzy
logical relationship”[2], shown as follows:

F(t-n), ..., F(t=2), F(-1) — F(0).

IfF(t—l’l) = A,’n, ey F(I—Z) = A,‘z, F(t—l) = A,’], F(t) = Aj! where
Ay ..., Ap, An, A; are fuzzy sets, then the nth-order fuzzy
logical relationship can be represented by

Aim ceey AiZa Ail - Ap

where A4, ..., Apn, and A4, are called the antecedent fuzzy sets
of the nth-order fuzzy logical relationship; “4;,, ..., 4, An”
and “A,” are called the left-hand side and the right-hand side of
the nth-order fuzzy logical relationship, respectively.

If there exist the nth-order fuzzy logical relationships having
the same left hand side, shown as follows:

Aim LERD) Ai2a Ail_> Ajaa
Aipy .y Ap, A = A,

Aim LR Ai29 Ail - Ajms

then these nth-order fuzzy logical relationships form a nth-
order fuzzy logical relationships group, shown as follows:

Ainy Aitn-1y> > Ait=> Ajor Ajys e Ajpme

II.  ANEW METHOD FOR FORECASTING THE TAIEX BASED
ON HIGH-ORDER Fuzzy LOGICAL RELATIONSHIPS

In this section, we present a new method for forecasting the
TAIEX based on high-order fuzzy logical relationships. We
divide the historical data of the TAIEX into two parts, where
one part is used as the training data set and the other as the
testing data set. The training data set and the testing data set of
the TAIEX of every year from 1991 to 1999 are shown in
Table I [7], respectively. The proposed method for forecasting
the TAIEX based on high-order fuzzy logical relationships is
shown as follows:

Step 1: Define the universe of discourse U, U = [D,,;,—D;,
D, D] into intervals of equal length, where D,,;, and D,
are the minimum value and the maximum value of the
historical data, respectively, and D; and D, are two proper
positive real values to divide the universe of discourse U into n
intervals u,, u,, ..., u, of equal length. For example from Table
II, we can see that the minimum and the maximum stock
indices of the year 1999 are 5474.79 and 8608.91, respectively.
If we let D; = 74.79 and D, = 91.09, then the universe of
discourse U = [5400, 8700]. Let the length of each interval in
the universe of discourse U be 25. Then, the universe of
discourse U can be divided into 132 intervals, which are
defined as follows:

u;=[5400 + (i — 1) x 25, 5400 + (i) x 25], 1)
wherei=1,2, ..., 132.

TABLE I. TRAINING DATA SET AND TESTING DATA SET OF THE TAIEX
FROM 1991 TO 1999 7]

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999
Training 11~ 1/4~ 1/5~ 1/5~ 1/5~ 1/4- 1/4~ 1/3~ 1/5~
data set 10/30 10/30 10/30 10/29 10/30 10/30 10/30. 10/31 10/30
Testing 11/1~ 11/2~ 11/2~ 11/1~ 11/1~ 11/~ 11/3~ 1172~ 11/1~
data set 12/28 12/29 12/31 12/31 12/30 12/31 1231 12/31 12/28

TABLE II. HISTORICAL TRAINING DATA OF THE TAIEX OF 1999 [7]

Date TAIEX
1999/1/5 6152.43
1999/1/6 6199.91
1999/1/7 6404.31
1999/1/8 6421.75

1999/10/28 7681.85
1999/10/29 7706.67
1999/10/30 7854.85

TABLE III. HISTORICAL TESTING DATA OF THE TAIEX OF 1999 [7]

Date TAIEX
1999/11/1 7814.89
1999/11/2 7721.59
1999/11/3 7580.09
1999/11/4 7469.23
1999/12/24 8219.45
1999/12/27 8415.07
1999/12/28 8448.84

Step 2: Define the linguistic term A; represented by fuzzy sets,
shown as follows:

A= 1/u; +0.5/uy + 0/uz + O/uy +...+ 0/u,_, + O0/u,,
A2: 05/1/!] + 1/1/2 + 05/7/{3 + 0/M4 +...+ O/Hn_l + O/Mn,

A3 = 0/1/[1 + O.S/uz + l/u; + 05/144 R 0/1/[”_1 + O/Mn,

An,] = 0/141 + 0/1/[2 + 0/u3 + 0/u4 +...F 1/14,,,1 + 0.5/14,,,
A,=0/u; + 0/uy + O/uz + O/uy +...+ 0.5/u,_ + 1/u,,.

where A, A, ..., and A4, are linguistic terms represented by
fuzzy sets. For example, based on the obtained 132 intervals,
we define the linguistic terms A4, 4,, ..., and A3, shown as
follows:

Al = 1/141 + 05/“2 + 0/1/{3 + 0/1/{4 + ...t 0/14131 + 0/“132,
A2:0.5/u1 + 1/142 + 0.5/Ll3 + O/Ll4 R 0/U131 + 0/Ll132,

A3=0/Ll| + 0.5/142 + 1/M3 + 0.5/114 R o 0/Ll|31 + 0/M132,

A131= 0/141 + 0/142 + 0/143 + O/ll4 + ...t 1/14131 + 0.5/14132,
A132: O/Lll + 0/142 + 0/143 + O/LI4 + ..t 0.5/M13| + 1/14132.

Step 3: Fuzzify each historical datum into a fuzzy set defined
in Step 2. If the historical datum belongs to u; and the
maximum membership value of 4; occurs at u; then the
historical datum is fuzzified into A4;, where 1 < i < n. For
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example, the TAIEX of 1999/1/5 shown in Table II is 6152.43,
which is fuzzified into A3;, as shown in Table IV. In the same
way, the TAIEX of 1999/1/6 shown in Table II is 6199.91,
which is fuzzified to A43,, as shown in Table IV. Table IV and
Table V show the fuzzified TAIEX of the training data set and
the testing data set of 1999, respectively.

TABLE IV. Fuzziry TAIEX OF THE TRAINING DATA SET

Date Fuzzy Set
1999/1/5 Az
1999/1/6 Az
1999/1/7 Ag
1999/1/8 Aun

1999/10/28 As
1999/10/29 Aoy
1999/10/30 Aso

TABLE V. FuzziFiED TAIEX OF THE TESTING DATA SET

Date Fuzzy Set
1999/11/1 Ao
1999/11/2 Aos
1999/11/3 Ass
1999/11/4 Ass
1999/12/24 A
1999/12/27 A
1999/12/28 A

Step 4: Construct the nth-order fuzzy logical relationships from
the fuzzified TAIEX of the training data set. For example, from
Table IV, we can see that the fuzzified TAIEX of 1999/1/5 is
Aj, the fuzzified TAIEX of 1999/1/6 is As3,, and the fuzzified
TAIEX of 1999/1/7 is A4. Thus, we can get the following
second-order fuzzy logical relationship:

Az, Azp — Aqr.

From Table IV, we also can see that the fuzzified TAIEX of
1999/1/6 is A3, the fuzzified TAIEX of 1999/1/7 is A4, and the
fuzzified TAIEX of 1999/1/8 is A4;. Thus, we can get the
following second-order fuzzy logical relationship:

Asy Agy — Aay.

In the same way, we can get the other fuzzy logical
relationships from the fuzzified TAIEX of the training data set
shown in Table IV, as shown in Table VI.

Step S5: Transform each nth-order fuzzy logical relationship
“Ax1, Axa, Az, ..., Axjy ...y Axy — Ay” into the following form:
Ay, Axiomany,  Axiynxs oo Axiorxnrons snxiy e
AXHV(Xl)+V(X2)+...+V(Xi)+..,+V(Xm) - AX1+V(X1)+V(X2)+,__+V(Xi)+_,_+V(Xm)+V(Xn)9

where V(X1), V(X2), ..., and V(Xn) are integers. For example,
if the second-order fuzzy logical relationship is “Az;, A3, —
Ay, then we can transform it into: “Ax;, Ay —
Axiivpayron)”, where the subscripts X1, X2, and X3 of the fuzzy
sets A3y, A, and Ay are 31, 32, and 41, respectively, i.e; X1 =
31, X2 =32 and X3 = 41. Thus, we can get V(X1) =X2 — X1 =
32 -31=1and V(X2) = X3 — (X1+/(X1)) = X3 — X2 =41 -32
= 9. Therefore, the second-order fuzzy logical relationship
“A31,A32 - A41” is represented as: “A31, A31+1 4 A31+1+9”.
Moreover, we can see that the second-order fuzzy logical

relationship “Asz,, A4y — A41” is represented as: “Asy, Azpi9 —
Asp+o+0”. In the same way, we can transform the second-order
fuzzy logical relationships shown in Table VI into Table VII.

TABLE VI. SECOND-ORDER FuzZzZY LOGICAL RELATIONSHIPS

Fuzzy Logical

Date Relationships
1999/1/5,1999/1/6 — 1999/1/7 As1, Azp = Aa
1999/1/6,1999/1/7— 1999/1/8 Az, Ayt > Au
1999/1/7,1999/1/8 — 1999/1/11 Asi, Any = An

1999/1/8,1999/1/11 — 1999/1/12 Asr, Ayt — Aso

Ags, Aoy = A
Agz, Aoz — Aoz
Aga, Aoy — Agy

1999/10/26,1999/10/27 — 1999/10/28
1999/10/27,1999/10/28 — 1999/10/29
1999/10/28,1999/10/29 — 1999/10/30

TABLE VII. TRANSFORMED FUZZY VARIABLE LOGICAL RELATIONSHIPS

Fuzzy Variable Logical
Relationships
Az, As141 = Azieieo
A3, Azo+9 = Azzeov0
Aa1, Aarso = Adivovo
Aa1, Aario = Aaivoa

Date

1999/1/5,1999/1/6 — 1999/1/7
1999/1/6,1999/1/7— 1999/1/8
1999/1/7,1999/1/8 — 1999/1/11
1999/1/8,1999/1/11 — 1999/1/12

Ag3, Agzo —> Aozro-
Ao3, Agz-1 = Aoz-141
Aga, A9zt = Aozsivs

1999/10/26,1999/10/27 — 1999/10/28
1999/10/27,1999/10/28 — 1999/10/29
1999/10/28,1999/10/29 — 1999/10/30

Step 6: Let the transformed nth-order fuzzy logical
relationships obtained in Step 5 having the same left-hand side
form a nth-order fuzzy logical relationship group. For example,
let us consider the following transformed third-order fuzzy
logical relationships: “Aala Aa1+V(al)5 Aal+V(a1)+V(a2) d
Aarayayvasys  “Asts  Apvon,  Apeneey
Ap1+vpry 2y 13y s oo and “Ay, Apevary, Ansvanyviey —
Ak1+V(k1)+V(k2)+V(k3)”a where V(al) = V(bl) =...= V(kl) and V(a2)
= V(b2) = ... = V(k2), then these third-order fuzzy logical
relationships can be grouped into a transformed third-order
fuzzy logical relationships group, shown as follows:

Aala Aal+V(ul)’ Aal+V(a1)+V(a2) - Aal+V(a1)+V(aZ)+V(uS)’

Apty Ap1+vvny Aprsrpryre2) = Aprerery ey e3)

At Akisvieny Asvanya) = kg i) ris)-

Moreover, this transformed third-order fuzzy logical
relationships group can be represented as:
Ay, Axaw,  Avoonene = Aoy ey

Axsvory oo w3y - Axrron g +1is)- where X = al, b1, ...,
k1, V(yl) = Mal) = V(b1) = ... = V(kl) and V(32) = Na2) =
V(b2) = ... = V(k2). For example, let us consider the second-
order fuzzy logical relationships “A3;, 43141 = Az1149”> “Aas,
Agze1 — A43+14”, and “A37, Az — A37+1,4” shown in Table
VII, where their transformed second-order fuzzy logical
relationships are “A,, A1 = Ariv9”s “Ayy Avii = Ay1-4”, and
“A,, A1 = Aw-4”, respectively. Because these transformed
second-order fuzzy logical relationship have the same left-hand

3558



side “Ay, Ax+”, we can group them into a transformed second-
order fuzzy logical relationship group “Ay, Ays1 — Axii49,
Axii-4, Axi1—4”. Table VIII shows the transformed second-order
fuzzy logical relationship groups derived from Table VII.

TABLE VIII. TRANSFORMED SECOND-ORDER FuzZzY LOGICAL
RELATIONSHIP GROUPS

Group Transformed Second-Order Fuzzy Logical Relationship
Group 1 |Ay, Ax-20 = Ax202
Group 2 |Ay, Ax-13 = Ax 1301, Ax-131
Group 3 |Ax, Ax-10 = Ax-10-13
Group 4 |Ax, Ax-o = Ax-9-2, Ax-o+s
Group 5 |Ay, Ax-s = Ax-g+3, Ax-g+3, Ax-sr1, Axs7
Group 6 |4y, Ax7 = Axg+1, Axr41, Ax-700, Ax71
Group 7 |Ay, Ax6 = Ax-610, Ax-6-6, Ax-619

Group 8 AX, AX75 g AXLSfS’ AX75+05 AX75+25 AX,S,], AX75+4, AX75+0» AX75795
AX75+25 AX75+65 AX75+05 AX7572

Group 9 Ax, Ax-a = Axs-, Axas, Av-as3, Ax-42, Ax-ss1, Ax-s+3, Ax-s-10,

Axart, Ax-a-1, Ax-as, Ax-a-, Ax-ass

Group 10 AX, AX—3 g AX—3+9, AX—}—S; AX—3+03 AX—3—3, AX—S—S; AX—}H, AX—3—65
AX—S—(); AX—3+1

A)(, AX72 g A)(7272, A)(—273, A)(fl—l, AX72+IO; Aszv(v, A)(—ZH, AX—2+Z’
AX*Z*]: AX72+47 AX*ZH: AX7275, AX*Z*]: AX72+47 AX*Z*S:

Group 11
AX72+43 AX72+27 AX*Z*I

AX; AX—I 4 AX—H]; AX—HO; AX—HO, AX—!—I, AX—]+5, AX—1+45 AX—HS:
AX*I*Uv AXflfla AX*I*I, AX71+7, AX7177; AX*HU, AX71~4;

Group 12

AX71~4= AX71+4= AX71+6:. AX71+0: AX*]*% AX71+4:. AX*HI,

AX*HO, AX*H]

Ax, Axro = Axroro, Axro-2, Axro-s, Axro-9, Axro-2, Axrost, Ao,
AX+(J+2; AX+U+5> AXHJfla AX+0747 AX+U+(J> AX+U+O, AX+(JA1;

Group 13

AX+(J+(J; AX+U*]» AX‘r()—la AX+(JA47 AX+U+I> AX+U+5, AX+0739

AX+0+95 AA’+0+45 AX+0+3’ AX+0—25 AX+0+25 AX+0—4: AX+0—1

Ax, Axer = Axervo, Axer-a, Axer-a, Axers, Axerso, Axerer, Axerio,
Axrirs, Axrirr, A7, Axries, A3, Axriss, Ay,

Group 14 Axirro, Axiit, Axer-s, Axei-a, Axiz, Axerso, Axiiro,

Axrr-s, Axe1-20, Axrrerr, Axer—s, Axeres, Ay, Axsio,

AXH*S; AX+174> AX+I+(J; AX+I+6

Group 15 AX’ A)(+2 4 AX+2+27 AX+2+1: AX+2+0: AX+2~4> AX+2+47 AX+2+4, AX+2+77
AX+273: AX+272> AX+2+9: AX+273

Group 16 AX, AX+3 4 AX+3+], AX+3+115 AX+3+4, AX+3+], AX+3+4’ AX+3+I, AX+3+3a
AX+3+1, AX+3747 AX+378> AX+3+5

Ax, Axra = Axia-a, Axrars, Axraro, Axra-s, Axeara, Axia-1, Axeass,

Group 17 Axrars, Axra-13, Axraso, Axrariz, Axrasa, Aty Axeaa,
Axsa-1, Axraa
Group 18 Ax, Axes = Axeses, Axesea, Axasio, Axseo, Axrser, Axrsen, Aes-i,

AX>5759 AX‘S\I,AX'S\I

Group 19|4x, Ax:s = A1, Axrers, Axrorr, Axros

Group 20| Ay, Ayes = Ax120, A7

Group 21 |4y, Axis = Axis-1, Axisie, Axis—s

Group 22| Ay, Axio — Ax:9:0, Axror1, Axro-a, Axio-a, Axroro, Axo1, Axioro
Group 23| Ay, Axr10 = Axr1004, Axsi0-5

Group 24| Ay, Axi11 = Axsiisno

Group 25|Ax, Ax:12 = Ax+iz+is

Group 26|Ax, Ax+1s = Ax+iss

Group 27| Ay, Axi17 = Axi17-1.

Step 7: Choose a transformed nth-order fuzzy logical
relationship group for prediction. Assume that F(t—n) = 4,,,
F(t=(n-1)) = Ai-1), ..., F(t=2) = Ap, and F(t-1) = A;;, and
assume that we want to predict F(¢), where 4;;, 4p, ..., and 4;,
are fuzzy sets. Based on the transformed nth-order fuzzy
logical relationship groups obtained in Step 6, choose the
corresponding transformed nth-order fuzzy logical relationship

group for prediction. If the chosen transformed nth-order fuzzy
logical relationship  group is:  “Ay,  Axipry e
Axepp1)v02) .. V(1) - Axrppty.. V=1 Van)»
AX+V(V1)+...+V(v(n—1))+l/(bn)a cees AX+V(y1)+...+V( y(n—l))JrV(kn)”a where 4,, =
Ax, Aip-1y = AX+V@1), ., Ay = AX+V(y])+ VO2)+.. A V((n=1)) then
replace X by the subscript in of the fuzzy set 4, to get the

derived fuzzy sets Ain vyt V=1 Van)s
Ain+VLvl Yo A=) (bn)s -+ es and A, VO )+.. AV((n=1))+V(kn) for
predlctlon. Let Ajl = Ai,ﬁV(y])Jr.”+V(y(y,_1))+V(an), let AjZ =

Aims vty V-1 ony ---> and let Ay = Ay +vpm1)yViny-
Then, the forecasted value F'V of day ¢ is calculated as follows:
k
Do

FV = = 2)
where the maximum membership values of 4;;, 45, ..., and Ay,
occur at the intervals u;;, up, ..., and u, respectively, and m;,
mp, ..., and my are the midpoints of u;, up,..., and uy,
respectively. For example, assume that we want to forecast the
TAIEX of 1999/11/3 by the second-order fuzzy logical
relationships. From Table V, we can see that the fuzzified
TAIEX of 1999/11/1 and 1999/11/2 are Ay; and Ao,
respectively. Therefore, we can see that Ay; and Aoy can be
transformed into A, and A4, 4, respectively, where X = 97. Based
on Table VIII, we choose Group 9 of the transformed second-
order fuzzy logical relationships group for prediction, i.e., 4y,
Axs = Axas, Axas, Axas, Axao, Axar, Ayarz, Axsi0,
AX74+13 AX7471: AX%*S: AX74729 AX74+5- By letting Xbe 97, W€ can
see that Ay 4o, Axasg, Axasz, Ayvan, Axsr, Axass, Axaio
Ax-ar1, Axear, Axs-s, Axas, and Ay 45 become Ay, Ags, Ao,
Ag], A94, Ag(), Ag3, A94, Agz, Agg, Ag] and Agg, reSpeCtiVe]y. Then,
the forecasted TAIEX of 1999/11/3 is equal to the average of
the midpoints Ug1, Ugs, Ugg, U], Ugs, Uge, U3, Ugg, Ugp, U, U] and
uog, Where the maximum membership values of the fuzzy sets
Aoy, Ags, Ao, Aoy, Aoa, Age, As3, Aos, Aoz, Ags, Aoy and Agg occur at
Ug, Ugs, Uge, Ugl, Uos, Uge, Us3, Uos, Ugy, Usg, Ug; and uog,
respectively. From Eq. (1), we can see that the midpoints of the
intervals ugy, ugs, Uos, Uor, Uos, Uog, Us3, Uos, Uo, Ugs, Ug aNd tog
are 7662.5, 7512.5, 7787.5, 7662.5, 7737.5, 7781.5, 7462.5,
7737.5, 7687.5, 7587.5, 7662.5 and 7837.5, respectively. Thus,
based on Eq. (2), the forecasted TAIEX of 1999/11/3 is
calculated as follows:

7662.5+7512.5+7787.5+7662.5+7737.5+7787.5+7462.5+7737.5+7687.5+ 7587.5 + 7662.5 + 7837.5
12

That is, the forecasted TAIEX of 1999/11/3 is 7677.08.

=7677.08.

IV. EXPERIMENTAL RESULTS

In this section, we apply the proposed method for
forecasting the TAIEX from 1991 to 1999 with different
lengths of intervals. We evaluate the performance of the
proposed method using the root mean square error (RMSE),
which is defined as follows:

n
. 2
> (forecasted value; — actual value;)

RMSE = |42 - , 3)

where 7 denotes the number of dates needed to be forecasted,
forecasted value; denotes the forecasted value of day i, actual
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value; denotes the actual value of day i and 1 < i < n. Table IX
makes a comparison of the RMSE and the average RMSE of
the proposed method to forecast the TAIEX for different
lengths of intervals. From Table IX, we can see that when the
length of interval is 25, the proposed method gets the smallest
average RMSE. In Table X, we make a comparison of the
RMSE and the average RMSE of the proposed method with
Chen’s method [1], Chen and Wang’s method [6], Huarng’s
method [8], Huarng and Yu’s method [9], and Yu’s method
[18]. From Table X, we can see that the proposed method gets
the smallest average RMSE comparing to Chen’s method [1],
Chen and Wang’s method [6], Huarng’s method [8], Huarng
and Yu’s method [9], and Yu’s method [18]. It means that the
proposed method gets a higher average forecasting accuracy
rate than Chen’s method [1], Chen and Wang’s method [6],
Huarng’s method [8], Huarng and Yu’s method [9], and Yu’s
method [18] to forecast the TAIEX.

TABLE IX. A COMPARISON OF THE RMSES AND THE AVERAGE RMSE OF
THE PROPOSED METHOD FOR DIFFERENT LENGTHS OF INTERVALS

ﬁ?i‘ﬁ?l;n’\jSF N 1991 | 1992 | 1993 | 1994 [ 1995 | 1996 | 1997 | 1998 | 1999 A}{ﬁg‘éc
10 5722 | 4492 | 101.57 | 7855 | 6531 | 5081 | 14576 | 12154 | 98.11 | 84.87
15 546 | 4281 | 103.98 | 82.64 | 5647 | 47.59 | 13691 | 124.32 | 97.92 | 83.03
20 50.17 | 4146 [ 10559 | 80.89 | 58.72 | 47.44 | 16487 | 113.49 | 97.97 | 8451
25 5011 | 4433 | 10213 | 7554 | 60.03 | 5112 | 140.08 | 12026 | 95.65 || 82.14
30 5215 | 4496 | 112.69 | 8133 | 5644 | 49.86 | 136.09 [ 123.97 | 101.94 || 84.38
35 53.06 | 429 | 10191 | 76.04 | 57.88 | 49.62 | 16112 [ 1311 [ 10189 || 86.17
40 5006 | 4234 [ 11648 | 7691 | 5748 | 4849 | 147.82 | 114.5 | 102,53 || 84.07
50 5612 | 4452 | 116.04 | 7593 | 60.6 | 4848 | 13726 [ 1117 | 99.98 || 83.40
100 6025 | 44.48 | 10246 | 79.85 | 66.23 | 57.87 | 1339 | 113.62 | 10545 | 8490

TABLE X. A COMPARISON OF THE RMSES AND THE AVERAGE RMSE FOR

DIFFERENT METHODS
RMSE Year Average
1991 1992 1993 1994 1995 1996 1997 1998 1999
Method RMSE
Chen’s Method

o 80 60 110 112 79 54 148 167 149 107

Chen and Wang’s
Method [6]
Huamng’s Method
[8] Based on
Average-Based
Length Interval

42.89 43.48 103.37 89.81 522 52.83 140.75 116.88 104.88 83.01

794 599 105.2 1324 786 521 148.8 1593 159.1 108.3

Huamg's Method
8] Based on
Distribution- 80.2 60.3 110 17 78.6 542 1480 1673 1487 1065
Based Length

Interval

Huarng and Yu’s
Method [9]
Yu’s Method
[18]
The Proposed
Method

54.7 611 1179 887 64.1 521 1359 1362 131.9 93.1

61 67 105 135 70 54 133 151 142 102

50.11 4433 102.13 7554 60.03 51.52 140.08 12026 95.65 82.14

V. CONCLUSIONS

In this paper, we have presented a new method for
forecasting the Taiwan Stock Exchange Capitalization
Weighted Stock Index (TAIEX) based on high-order fuzzy
logical relationships. From Table X, we can see that the
proposed method gets the smallest average RMSE comparing
to Chen’s method [1], Chen and Wang’s method [6], Huarng’s
method [8], Huarng and Yu’s method [9], and Yu’s method
[18] for forecasting the TAIEX. That is, the proposed method
gets a higher average forecasting accuracy rate than Chen’s
method [1], Chen and Wang’s method [6], Huarng’s method
[8], Huarng and Yu’s method [9] and Yu’s method [18] for
forecasting the TAIEX.
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