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Fuzzy Logic of Non-Stationary Time Series Models

with an Application

Abstract:

This research is dedicated to study non-stationary time series ,
and the ability of using fuzzy logic in order to improve
forecasting. The non-stationary time series (Mixed autoregressive
and moving average model) has been linked with fuzzy logic in
order to get on the parameters of fuzzy time series models (Fuzzy
mixed autoregressive and moving average model), and applied
on monthly purchases rates data and foreign currency sales
(Dollar) for the daily bid of Iraqi central bank. The fuzzy mixed
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autoregressive and moving average model for time series gave
more appropriation forecasting than the forecasting given by
fuzzy mixed autoregressive and moving average model

Time Series Analysis

Fuzzy sets Theory

" " (1965)

.[2004, ]
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Autocorrelation in Time : (2-2)
Series
.[2004 , ]
( 1,2,3,...)
[Wei,1990] :
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Partial Autocorrelation in Time Series
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Time Series Models

Autoregressive Model (AR)

AR(P)
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Moving Average Model (MA) :
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(Moving Average of Order Q) q

: , MA(q)

Zi=a —ba_ -0a_,— _ant—q ..(9)
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Autoregressive & Moving Average Models (ARMA)
Mixed
Wold (1938)

Mixed Autoregression Moving

Average Models

ARMA(p,q)
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¢(B)(1-B)"z, =6(B)a, (1)
w, =(1- B)d Zy
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p(B)w, = 6(B)a, -..-(12)
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3
Fuzzy Set : (3-1)
X
A X
HA(X) X A ) X
.[Bector, 2005] [0,1]
Crisp Set :) (3-2)
2002]

(0) (1) [Buckley,
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2005]
.[Bector,
Ha :x — [0,1]
_Jo it x A ...(13)
'uA(X) B {1 if X € A}
Membership degree : (3-3)
Membership Function : (3-4)
X A
(Characteristic function)
X X Ha (X)
[Klir et al., 1995] A x [0,1]
Types of Membership Function : (3-4-1)
[Klir et al., 1995]
Triangular Membership Function : -1
(1) s,b a
- ....(14)
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0 otherwise
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Ha(X)

HA(X):

Ha(X)
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Trapezoidal Membership Function : -2
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Bell-shaped Membership Function : -3
(3) Gaussian Function
_(x-a)?
A (X)=ce b ; — 0 <X <™ .---(16)
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Fuzzy Numbers : (3-5)
A
[Buckley , 2002]:
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(
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A
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Fuzzy Time Series : A4
. [Tahseen et.al , 2007]
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Fuzzy Autoregressive Integrated Moving Average Models

)
ARIMA(p.d,q) (
[Fang-Mei Tseng, 1998]:
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Autocorrelation

Partial Autocorrelation

Autocorrelation Function for C1

[110]

ARIMA(1,1,1)

1 2 3 4 5 1 7 g
Lag Carr T LB Lag arr T LB
1 0.46 287 a.ar a -0.00 -0.02 939
& 0.09 0.47 922 g -0.02 -0.11 9.4
3 -0.02 -013 9248
4 0.05 028 9.38
|3 -0.00 -0.00 9,38
5} -0.01 -0.04a 9.39
T -0.00 -0.01 934
Partial Autocorrelation Function for C3
- .
| T
| | I | I I | |
2 I 4 5 G F 9
Lag FAC T Lag PAC T
1 0.46 2.87 8 -0.03 -0.18
2 -015 -0.95 9 -0.00 -0.01
3 -0.00 -0.02
4 0.11 0.67
5 -010 -0.62
4] 0.04 0.23
T 0.01 0.04
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FARIMA(1,1,1)

(-83.12)

Mintab ARIMA(1,1,1)
-:(31)
Wi =75.089 +(0.4044)W , +(0.4615)a, | +a, ... 3D

(31) ARIMA(1,1,1)
FARIMA(1,1,1)
.(Savic & Pedrycz) (%i>Ci)
h=0 (30)
. LINDO
Wy =75.089 +(0.4044,0.891759 )W, _, +a; — (~0.4615,0.619754 )a, _,

)

(
[Fang-Mei Tseng, 1998] Ishibuchi & Tanaka

Ishibuchi & Tanaka

FARIAM(1,1,1) (30)

(1)
W, = 75.089+(0.4044,0.788117)W,_, + a, — (~0.4615,0.688034)a,_,

. (32)

e (33)
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Actual
value

ARIMA
Predicted
value

*

FARIMA(L,1,1)

FARIA
M lower
bound

*

FARIMA
Upper
bound

*

Actual
value

(1)
ARIMA

Predicted
value

108.766

[112]

FARIAM
lower
bound

38.1918

FARIMA
Upper
bound

179.341

70.994

45.6507

96.337

114.873

52.1501

177.595

132.644

95.8736

169.414

99.317

33.8652

164.769

123.966

52.8631

195.068

107.821

52.9197

162.723

100.506

28.1748

172.837

121.362

58.5900

184.133

116.970

60.1296

173.811

108.081

36.8051

179.357

107.094

39.1884

175.000

110.348

48.6568

172.040

112.155

50.9858

173.323

109.934

46.6095

173.259

2
3
4
5
6
7
8
9

108.815

44.2804

173.349

111.355

48.1732

174.537

—_
(=]

110.858

48.5639

173.153

109.063

45.0925

173.033

—_—
—_—

109.915

46.2147

173.616

110.528

48.0876

172.968

—
[\S]

110.351

47.2989

173.402

109.964

46.5031

173.425

—
W

110.150

46.7985

173.501

110.735

47.6027

173.867

—_
N

118.512

54.3430

182.680

108.024

44.6334

171.414

—_
(9]

102.729

34.1845

171.273

108.124

46.7316

169.515

—_
[o)

120.309

(2007)

61.4341

(33)

179.183

(2)

(2008)

96.604

36.4700

FARIMA(1,1,1)

ARIMA(1,1,1)

€)Y

156.739
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:(2)
(FARIMA(1,1,1)) (ARIMA(1,1,1))

Actual value ARIMA FARIAM FARIMA
Date Predicted value [ lower bound | Upper bound

2007\7\1 75.27

2007\8\1 74.20 104.295 41.7660 165.725
2007\9\1 74.09 103.016 46.8307 163.532
2007\10\1 84.80 110.828 45.1280 163.744
2007\11\1 77.77 106.597 54.1682 173.925
2007\12\1 72.73 102.095 37.9918 169.261
2008\1\1 80.50 106.954 45.8446 162.084
2008\2\1 79.39 106.366 51.4032 169.667
2008\3\1 81.44 108.216 43.1750 170.049
2008\4\1 77.99 106.011 49.1581 171.159
2008\5\1 79.12 106.767 42.5286 168.613
2008\6\1 80.36 107.954 48.5504 168.688
2008\7\1 80.40 108.544 46.0712 170.561
2008\8\1 75.64 105.105 46.4455 170.532
2008\9\1 77.01 105.505 42.6060 165.973
2008\10\1 80.32 107.887 48.3713 166.367
2008\11\1 108.570 47.4430 170.246

FARIMA(1,1,1)

ARIMA
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Conclusions & Recommendations : 4
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: FARIMA(1,1,1)
W, = 75.089 + (0.4044,0.788117 )W, , + &, — (~0.4615,0.688034)a, ,

ARIMA(1,1,1) FARIMA(1,1,1)
FARIMA(1,1,1)
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Recommendations
-1
2
-3

Multivariate Time Series
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