87

Time Series)

Model)

85

10

177-196
* * * %
*
**
86 7 16 86 10 16
86 11 5 )
(Fuzzy
72 1 8 10
ARIMA (Autoregressive Integrated Moving Average
72 1
166

ARIMA
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(modél free) ( et al. 1996)
(Fuzzy
Time Series Model)
ARIMA
Sims (1980) VAR (Pure

Vector Autoregressive Model)
Funke (1992)

(Index of Total Industrial Production) (Index of the Volumn of
New Order) (Survey Data on the Future Tendency
of Production)
VAR
(1993)

(Spatia Autocorrelation)

Box-Jenkins
(Invertibility)
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(Stationarity)
(Model Free)
(Fuzzy Set) Zadeh (1965)
Qiang Chissom (1993)
Zadeh
Alabama

Hwang (1995) Qiang
Chissom (1993) (Relation
Matrix)

(Fuzzy Set)
0o 1
1 0

Hwang (1995)
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U A U u U
A—{'UA(U) ue U}
u
A A(U,'_) Ui (Grade of Membership)
O<u,lu)< 1
)
Y () (t=0,1, 2, ...)
U
Ui U u (=01, 2, ..., n)
U={ Ui, U, ..., Uun}; Ui () Y ()

F(t) Y (1) (FuzzyTime Series)

FO={ w(t), U(t), ..., un(D)}.
U A (Membership Function)

Ha - U [O, 1]

A U (Fuzzy Set)

A:ﬂA(u1)+ﬂA(u2)+ +luA(un)

" m T
ta (W) Uj A

Ha (Ui) S [O, 1].
c() CY(t)=F(t-1).
RY(t, t-1) (Fuzzy Operator) (t)

(t-1) (Fuzzy Relationship).
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Hwang (1995)
1
2
©)
Rw(t, t-1) (Fuzzy Relation-
ships)
(Variation)
(Non-
stationarity) ( )
DMAX DMin
D]_ D2 U U:[ DMin 'Dla
Dmax+D2] Uy, Uy, ...,
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Un U={ u, Uy ..., U } A Ui Ua
(W) A
Az Halu) pa(Uy) o pa(Uy)
u, u, u,
A= {luA(ul)!:uA(uz) ----- ua(uy) }

Y(0)
F(®) F®

F(t) = ﬂA(:l(t)) i /uA(LL:Z(t)) R /UA(LL;n(t))

n

F(t) = {ua(uy(t), o Uy (1), 0 (U, (1) }

t
w
w
W w
W
w t
t w (t-1)
t (W-1)
(Operation Matrix)
t CW(t) CW(t):F(t'l):[ut-l,ls Ut-12, - - - Ut
10l oYt OY(t)=[F(t-w), F(t-w+1), ..., F(t-2)] n
oY1) c()
t RY(t) RY(t)

RY(t)= 0Y(t) ® C"(t)

ut—w,l ut—w,Z A ut—w,n
ut—w+l,1 ut—w+1,2 A ut—w+1,n ® A
- [ut—l,l ut—1,2 ut—l,n]
M M (0] M
l"It—2,1 ut—2,2 A ut—2,n
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ut—w,lut—l,l ut—w,2ut—l,2 A ut—w,nut—l,n Rll R12 A Rln

ut—w+1,lut—1,l ut—w+l,2ut—l,2 A ut—w+1,nut—1,n — R21 RZZ A RZn

- M M 0 M M M O M
U o5t 15 Uooolgo A Uyl Riwi RezA Rugn
RY(t) F(®)
F()=[MAX(Ru, Ro,..., Rwi), MAX(Ri, Raa..., Rw.i2), ..., MAX (R,
Ran,-- -, Rw-1,n)] F(t)

Fuzzy Operator

LLL
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ARIMA

ARIMA

ARIMA Box Jenkins 1970

(Autoregressive Process,
AR Process)
(Moving Average Process, MA Process)

®, (B)(L- B)° Y(t) = 41+ 6, (B)a)

Y (1) (Stetionary)
Y7,
at) a(t) (White Noise)
ARIMA(p,d,q) p d q
(Autoregression) (Order)
(Moving Average) Bd d
(Backward-shift Operator) BdY()=Y(t-d) ®,(B) 6,(B) B

¢, (B)=1-9,B-,B*~..~® B°

6,(B)=1+6,B+6,B*+.. +6,B"

ARIMA

Box Jenkins ARIMA
(Tria and Error Iterative Process)

(Autocorrelation
Function ACF) (Partial  Autocorrelation Function
PACF) ACF PACF
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ARIMA

8

a1
[Eny
o

166

144
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ARIMA

5
¢ ﬂ

45 ’
: |
32 ( T
25 ’ (2 $

2
15 4?:
1
05

0

| 1 I.I.Iis
!smnnmm.m

2

WIHH\H\mHHH\MHHHHm\HHHmHHHHm’HH\H\m\HHHQ?\HH\HQ\HHHW‘HHH\\mHH\\HmHH\HMHHHHWHHH
N M~ N~ M~ M~ M M~ I~ 00 O o o 0 ™

5555555555555 5

ARIMA
SAS (Statistical Analysis
System) ARIMA 166
144 SAS ARIMA
22
SAS (Autocorrelation Function ACF) (
)
ACF ( )
(Partial Autocorrelation Function PACF) ( )
ACF PACF
AR p=12 d=1 MA =23 ARIMA
AlC
White Noise AR
p=12 d=1 MA 0=2,3 ARIMA (  PACF
SARIMA

AlC AlC )
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ACF

Lag Covariance Correlation

o N o g A W N B O

11
12
13
14
15
16

-671302
.572130
474387
.412723
-391358
-372890
.360787
-355152
.322042
.309710
-336179
.378646
-388432
.349962
.311455
-274213
.252463

O O O O O O O O 0O 0O 0o o © o o o o

1.00000
0.85227
0.70667
0.61481
0.58298
0.55547
0.53744
0.52905
0.47973
0.46136
0.50079
0.56405
0.57862
0.52132
0.46396
0.40848
0.37608

-1 9876054321012345¢6728291

I********************I

I*****************

I**************

I************
I************
I***********
I***********
I***********
I**********
I*********
I**********
I***********
I************
I**********
I*********_
I********

I********

"." marks two standard errors

ACF

Lag Covariance Correlation -1 9 8 7 6 5432101234567 2891

0 N o g h~A W N = O

©

10
11
12
13
14
15
16
17

0.189712
-0.0010627
-0.035465
-0.038073
0.0067091
-0.0067148
-0.0039299
0.025781
-0.018438
-0.040275
-0.014657
0.027190
0.053846
0.0087046
-0.010843
-0.019524
-0.023654
-0.0057850

1.00000
-0.00560
-0.18694
-0.20069

0.03536
-0.03539
-0.02072

0.13590
-0.09719
-0.21230
-0.07726

0.14332

0.28383

0.04588
-0.05716
-0.10291
-0.12469
-0.03049

I********************I

****I

****I

I*
*1
|

I***_

**I
****I

**I

[*e*.
I******
I*

*1

**I

**I

*1

"." marks two standard errors
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PACF

Lag Correlation -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1
1 -0.00560 | | 1
2 -0.18698 | *okwok | |
3 -0.21034 | *okwok | |
4 -0.01112 | . 1 1
5 -0.12079 1 A 1
6 -0.07220 | .o 1
7 0.11691 | N 1
8 -0.15102 | *oxw | |
9 -0.21457 | * kx| 1
10 -0.10715 | xx ) 1
11 -0.01811 1 . 1 1
12 0.21457 | R R 1
13 0.08692 | N X 1
14 0.02186 | - 1
15 0.01278 | . 1 1
16 -0.11530 1 Al 1
17 -0.06894 1 | 1
18 0.00853 | | 1
19 0.05614 | N 1
20 -0.04445 1 | |
21 -0.01202 | . 1 1
22 0.03624 1 . 1* 1
23 0.03794 | R 1
24 0.05590 | - 1* |
ARIMA
Conditional Least Squares Estimation
Approx.
Parameter Estimate std Error T Ratio Lag
MNALl,1 0.21286 0.07959 2.67 2
MNALl,2 0.26291 0.07995 3.29 3
AR1,1 0.24084 0.08445 2.85 12
Variance Estimate = 0.16464047
Std Error Estimate = 0.40575913
AIC = 150.81377*
SBC = 159.702303*
Number of Residuals= 143
* Does not include log determinant.
Autocorrelation Check of Residuals
To Chi Autocorrelations
Lag Square DF Prob
6 3.95 3 0.267 -0.093 0.000 0.045 0.088 -0.062 -0.065
12 1.22 9 0.261 -110 -0.096 -0.131 -0.033 0.086 -0.008
18 13.08 15 0.596 0.019 -0.008 -0.028 -0.065 -0.064 0.043
24 16.66 21 0.732 0.096 -0.071 -0.049 0.052 0.042 0.010
Model for variable X
No mean term in this model.
Period(s) of Differencing = 1.
Autoregressive Factors
Factor 1: 1 - 0.24084 B**(12)
Moving Average Factors
Factor 1: 1 - 0.21286 B**(2) - 0.26291 B**(3)
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(1- 024084B%)(Y(t) - Y(t - 1)) = (1— 02128682 — 02691B°%)a(t)

Y(®)
a(t) a(t) (White Noise)
84 1 22
ARIMA
ARIMA
( - ) ARIMA ( - ) ARIMA
Jan-84 1.70 1.64 Dec-84 2.32 1.83
Feb-84 1.84 1.73 Jan-85 2.59 2.42
Mar-84 1.86 1.82 Feb-85 2.26 2.58
Apr-84 1.84 1.81 Mar-85 2.52 2.10
May-84 1.93 1.72 Apr-85 2.69 2.54
Jun-84 2.73 2.06 May-85 2.77 2.70
Jul-84 2.75 2.77 Jun-85 3.13 2.82
Aug-84 2.10 2.61 Jul-85 3.09 3.08
Sep-84 2.23 1.73 Aug-85 3.12 2.85
Oct-84 211 2.30 Sep-85 3.13 3.06
Nov-84 1.89 2.14 Oct-85 3.10 3.04
72 1 85 10 166
DMAX DMin
+1.45 14 D, D, 0 U
U=[ -1.4, +1.45] U
u;=[-1.40, -0.83) u,=[-0.83, -0.26) us=[-0.26, +0.31)

u,=[+0.31, +0.88) Us=[+0.88, +1.45]
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( )
(- ) () ( - ) ()
Jan-72 1.35 Dec-72 2.99 -0.73
Feb-72 1.49 0.14 Jan-73 3.54 0.55
Mar-72 1.64 0.15 Feb-73 4.80 1.26
Apr-72 1.88 0.24 Mar-73 3.40 -1.40
May-72 2.71 0.83 Apr-73 2.79 -0.61
Jun-72 2.83 0.12 May-73 2.39 -0.40
Jul-72 3.46 0.63 Jun-73 3.00 0.61
Aug-72 3.60 0.14 Jul-73 3.50 0.50
Sep-72 3.72 0.12 Aug-73 3.16 -0.34
Oct-72 3.53 -0.19 Sep-73 3.67 0.51
Nov-72 3.72 0.19 Oct-73 2.97 -0.70
m=-1.115 my=-0.545 ms=0.025
my=0.595 ms=1.165
U, Uz, Us, Uy,
u5! Al/ A2} A3/ A4 A5
_ 1 05 0 0 0 _ 0. 1 05 0 0
Al‘ﬁﬁ /Mﬂg*ﬂfﬁs“z /i*/y* A*ﬁﬁﬁs
_0 05 1 0 5 0 _0 0.5 1 05
A= Dt Vit Yt ut ay A Jat St 000t Yt
A = y + /Q/ + y + 07 + y
ul l‘é u3 u4 US
(Fuzzify)

u (i=1.2...,5)
A (i=1,2...,5)
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( )
(- (-

Jan-72 Dec-72 -0.73 A,
Feb-72 0.14 Az Jan-73 0.55 Ay
Mar-72 0.15 As Feb-73 1.26 As
Apr-72 0.24 As Mar-73 -1.40 A
May-72 0.83 A, Apr-73 -0.61 A,
Jun-72 0.12 Az May-73 -0.40 A,
Jul-72 0.63 A, Jun-73 0.61 A,
Aug-72 0.14 Az Jul-73 0.50 Ay
Sep-72 0.12 As Aug-73 -0.34 A,
Oct-72 -0.19 Az Sep-73 0.51 Ay
Nov-72 0.19 Az Oct-73 -0.70 A,

oY) c() =6 72

o74)

Cﬁ(% %} [fuzzy var iation of the unemployment rate of 7207]

_fuzzy v Bm/ation of th eunemplo y emt rate of 7 /26 2_
fuzzy v miation of th ainemplo ynen rate o f /26 3
fuzzy v wiation of the u emplo ynen rate of 7 0 4
fuzzy v wmiation of th eunemplo ynen rate o i /26 5

fuzzy v wmiation of the u emplo ynen rate of 7

r 0 05 1 05 O

0 6

A3

A, 05 1 05 O
A, 0 05 1 05 0
A, 0O 0 6 1 05
A, 0 05 1 05 0

[A] [0 0 05 1 03]
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0 0 0505 0
0 0 0505 0
67 —0(7 6,7

R(%éo(/g%@c(%é 0 0 0505 0
0 0 0.8 1 0 3
0 0 0505 0

4

F(72) [0 0o 05 1 025]

(1)

(2)

(3) 0

0
7
Yoy
Y(7 % )= U M, =1*0.595=0.595
U =MAX(0,0,0.5,1,0.25)=1
W
W
w=3 w=4 w=5 w=6
16.561% 16.573% 17.342% 18.055%
w =3

=3
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( - () () (- () ()
Jan-84 1.70 1.71 Dec-84 2.32 1.91
Feb-84 1.84 1.72 Jan-85 2.59 2.47
Mar-84 1.86 1.86 Feb-85 2.26 2.61
Apr-84 1.84 1.88 Mar-85 2.52 2.13
May-84 1.93 1.86 Apr-85 2.69 2.54
Jun-84 2.73 1.95 May-85 2.77 2.71
Jul-84 2.75 2.88 Jun-85 3.13 2.79
Aug-84 2.10 2.77 Jul-85 3.09 3.28
Sep-84 2.23 1.97 Aug-85 3.12 3.11
Oct-84 2.11 2.25 Sep-85 3.13 3.14
Nov-84 1.89 2.13 Oct-85 3.10 3.15

ARIMA
( )
35

25 /T/MWM -
s A B

15 ——

10 —O—Fuzz
05 = < = o ARMA—
¥ ﬁl‘ ) | O\O © , © LP [ o B c\o
OOw [¢¢] (o8] 1 0 [se] [ 1

. ' : . ' o)
| > g o > ! > S e
.& © © 5 @ o .& t @ = o
S s I = = «
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ARIMA
(Mean Square Error
MSE) (Root Mean Square Error RMSE)
(Mean Absolute Error MAE) (Mean Absolute
Percentage MAPE) ( MAE MAPE
)
MAE:iZm\ - - MAPE:(iZm:‘ L H*1 0 @6
mi4 ' m /:1‘ i
MSE RMSE MAE MAPE
ARIMA 0.089405 0.299006 0.222401 9.394647
Fuzzy Time Series 0.088585 0.297632 0.206818 8.637884
ARIMA
ARIMA
72 1
85 10
ARIMA

MSE, RMSE, MAE MAPE
ARIMA
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Prediction of Taipei’s Unemployment Rate
- Using Fuzzy Time Series Methodology

CHiH-CHou CHIU?*, Tian-SHyuc LEE* anp FAN-CHyun LIN**

*Department of Business Administration, Fu-Jen Catholic University.

** | nstitute of Applied Satistics, Fu-Jen Catholic University.

ABSTRACT

This study presents a novel semiparametric prediction system for the Taipei’s unemployment rate series.
The prediction method incorporated into the system consists of a fuzzy time series model that estimates the
trend, as well as a Box-Jerkins prediction of the residual series. In terms of the adaptability of the Box-Jerkins
method, the prediction intervals of the system can be successfully constructed. The extensive studies are
performed on the robustness of the built fuzzy model using different specified model basis. To demonstrate the
effectiveness of our proposed method, the Taipei’s monthly unemployment rate from Feb. 1983 to October 1996
was evaluated using a fuzzy time series technique. Analysis results demonstrate that the proposed method
outperforms than the traditional time series methodology.

Keywords: fuzzy time series, unemployment rate, time series analysis, model basis



