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Smoothing and prediction for time series using transformations with
application

Abstract

This Research aims to study time series and the ability to use
transformations, and the use of Exponential Smoothing for prediction
formulation with application.
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) L y=r(0):
y (
y:f(t,xl,xz,...,xn):
(1989 )
(1)
: Seasonal Variations (.S,) (1-1)
xt A
> ¢

(1)



: Cycle Variations (C,)

10
xt A
,__n__\
((2)
:Random Variations (e,)
(1985 ).
Stationary Time Series
[t,t+ h]

[S, s+ h]
(Viond,1999) Stationary
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(2-1)

(3-1)

2)
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E(X,)=pu (1
Var(X,)=0c2 (2
k Yt+k9Yt (3
k 7o = E[(X, - )X . — )]
k=12,..m
Z(zml):nzm: P/ (D
.k y Py

(n/2) :m

Non-Stationary Time Series (3)

Strictly Stationary (1-3)
(X
X, Xpseen X,
tstyseennt, Xoiis X psgoeeos X pak

(2005 )

Weak Stationary (2-3)

XX, pseees X

t1>“412 n
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First-order Stationary

X,

(Priestley,1981) :

7

2
o3

Lt

Stationary
E(Xt ) =p .1
Var(X,)=0% 2

Conl(X 1, X,,)=y(t; —1,) 3

(Spyros.M.et.al,1983) Box & Jenkins

Y, =A'X,

First

X]=X,-X,,

X' =X -BX, =(1-B)X,

X

(Hamilton,1994)

1976

(A=1-B)
B*X, =X,

Difference
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(1-B)

Xt": X;_Xt'—l = (Xt _Xt—l)_(Xt—l _Xt—z)
= (1-2B+B*)x, = (1-B)' X,

Second Difference

: dth-order
d dth — orderdifference = (1- B)" X,
d=12
(Spyros M.Steren,1983)(Anderson ,1971)
2
( )
(1992 ).
ARIMA
Yt>0
- Xt
Xt=Ln(Y?) -1
Xt=Ln(cYt/(1-cYt)) -2
c = (1 . e—6)1O—ceil(loglO(max(Yt)
w= (log10(max(yt))) ceil(w)
x, =+ly -3
v -1

X, = A A#0 Box-Cox -4

Ln(y,), A=0
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Time Series Models 4)
Auto Regressive (AR) (1
Yule
AR(P) 1926
(2003 )(1931)  Wiker
AR(P) (P)
X, =C+o X +0,X, ,++¢ X, , +a, - (2)
Noise s a,
o2
L QL Py Pp —1< @< : C
(¥)
AR (Y,)
AR(1) P=1 P
(2.9)
X, =C+¢p, X, +a, (3)
Moving Average Model(MA) (2
MA(q) (1937 ) Stutzky
MA(q) (a)

X, =C-6,a,,-0ya,,--—-0,a, 6 +a, .. (4)

q
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Noise ‘a,

-1<6<1

(4)
q
q
(4) MA(2) (@=2)
X, =C-6,a,-0,a,, +a, .. (%)

( - ) (3

Auto Regressive-Moving Average Models (ARMA)

Wold Slutzky

1938

Auto Regressive-
Mixed Moving Average Models (ARMA)

ARMA(p.q)

ARMA(1,1)

Xt = ¢1Xt—l _91%_1 +C+at (7)
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: 4
Auto Regressive Integrated Moving Average Models(ARIMA)
( 1976) Box & Jenkins

(d=1,2) d
ARIMA
ARIMA(p.d,q) (p.d,q)
p(BY1-B) X, =6(B)a, . (8)
@(B)=1-pB—¢,B* —---—@,B"
6(B)=1-6,B—60,B*—---—6,B,
Exponential Smoothing Series
Pegels(1969)
(James Tylor,2003)
Foo=ox, +(1-a)F, (9)

Single Exponentail Smoothing

(C.C.Holt 1958)
( Browns ,1963)
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(Harrison 1965)
.( Spyros.M &els, 1983) :

XN
XN
X X,
b, =F +(Wt— ;vN) (10)
F;
xt _ F[
F’”:F‘HV ~) (11)
Foo=(x + (- 2yF (12)
t+1 N t N t
/N Fe (12)
N (1-1/N) Ft
) ( N ) 1/N
F;H = ox, +(1_a)F; (13)
(12) I/N o (N=1
F, (Smoothed Statistic) ' F,
Smoothing ) (a) (¢)

(x ) (Constant



[304]

(I-a)

(0.01<a<0.3)

(X)
(2002) (1971)

: ARIMA(P,D,Q)

. aiki Information Criteri(AIC) -
(AIC) [(Akaike (1973,1974)]
(Akaike Information Criteria)
AIC(k)y=nIno? +2k .
n c7§ . (k)

AIC(K)

:(MSE) -
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AIC(K)

ARIMA(0,0,1)

126.536

ARIMA(0,0,2)

125.303

ARIMA(0,0,3)

125.937

ARIMA(0,0,4)

125.253

ARIMA(0,0,5)

127.454

ARIMA(1,0,0)

124.878

ARIMA(2,0,0)

126.414

ARIMA(3,0,0)

127.604

ARIMA(4,0,0)

ARIMA(5,0,0)

ARIMA(1,0,1)

ARIMA(1,0,2)

ARIMA(L,0,3)

ARIMA(P,D,Q)
MSE AIC(K)
ARIMA(5,0,2) (1)
) MSE AIC(K)
(Minitab13
ARIMA(P,D,Q) MSE AIC(K) (1)
AIC(K) MODEL AIC(K) MODEL
127.307 | ARIMA(1,0,4) 127.894 | ARIMA(4,0,1)
127.597 ARIMA(1,0,5) 128.367 | ARIMA(4,0,3)
127.572 | ARIMA(2,0,1) 126.813 | ARIMA(4,0,4)
126.018 | ARIMA(2,0,2) 126.298 | ARIMA(4,0,5)
126.449 | ARIMA(2,0,3) 125.273 | ARIMA(5,0,1)
127.249 ARIMA(2,0,4) 126.027 | ARIMA(5,0,2)
127.704 |  ARIMA(2,0,5) 126.466 | ARIMA(5,0,3)
127.828 | ARIMA(3,0,1) 125.994 | ARIMA(5,0,4)
127.905| ARIMA(3,0.2) 128314 )
128.183 ] ARIMA(3,0,3) 126.187
127.709 | ARIMA(3,0,4) 126.559
127.667| ARIMA(3,0,5) 125.161
127.337
(3-4)
2) MSE AIC(K)
MSE AIC(K) ARIMA(1,0,0)

. (Minitab 13




MODEL

ARIMA(P,D,Q)

AIC(K)

MSE AIC(K)

MODEL

:(2)

AIC(K)

MODEL
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AIC(K)

ARIMA(0,0,1)

33.760

ARIMA(1,0,4)

42.2298

ARIMA(4,0,1)

41.1383

ARIMA(0,0,2)

35.970

ARIMA(L,0,5)

44.6649

ARIMA(4,0,2)

41.8700

ARIMA(0,0,3)

37.900

ARIMA(2,0,1)

37.2030

ARIMA(4,0,3)

44.2880

ARIMA(0,0,4)

37.840

ARIMA(2,0,2)

37.3100

ARIMA(4,0,4)

46.4800

ARIMA(0,0,5)

40.180

ARIMA(2,0,3)

42.1800

ARIMA(4,0,5)

50.0070

ARIMA(1,0,0)

33.660

ARIMA(2,0,4)

43.0590

ARIMA(5,0,1)

45.4470

ARIMA(2,0,0)

36.130

ARIMA(2,0,5)

44.8180

ARIMA(5,0,2)

44.2770

ARIMA(3,0,0)

38.271

ARIMA(3,0,1)

38.5328

ARIMA(5,0,3)

45.8700

ARIMA(4,0,0)

40.344

ARIMA(3,0,2)

43.5880

ARIMA(5,0,4)

51.8800

ARIMA(5,0,0)

42.660

ARIMA(3,0,3)

42.4289

ARIMA(1,0,1)

36.300

ARIMA(3,0,4)

44.8065

ARIMA(1,0,2)

38.177

ARIMA(3,0,5)

46.2426

ARIMA(1,0,3)

MODEL

39.644

(3)
MSE AIC(K)

ARIMA(4,0,1)

. (Minitab 13

ARIMA(P,D,Q)

AIC(K)

MSE AIC(K)

MODEL

41.1383

MSE AIC(K)

ARIMA(1,0,0)

:(3)

AIC(K)

MODEL

(3-4)

AIC(K)

ARIMA(0,0,1)

66.840

ARIMA(1,0,4)

61.530

ARIMA(4,0,1)

59.25

ARIMA(0,0,2)

60.200

ARIMA(1,0,5)

62.390

ARIMA(4,0,2)

62.41

ARIMA(0,0,3)

58.400

ARIMA(2,0,1)

55.780

ARIMA(4,0,3)

62.90

ARIMA(0,0,4)

60.490

ARIMA(2,0,2)

57.170

ARIMA(4,0,4)

63.80

ARIMA(0,0,5)

62.960

ARIMA(2,0,3)

61.000

ARIMA(4,0,5)

67.04

ARIMA(1,0,0)

53.130

ARIMA(2,0,4)

62.000

ARIMA(5,0,1)

61.79

ARIMA(2,0,0)

54.650

ARIMA(2,0,5)

63.970

ARIMA(5,0,2)

61.51

ARIMA(3,0,0)

57.005

ARIMA(3,0,1)

57.840

ARIMA(5,0,3)

65.77

ARIMA(4,0,0)

59.330

ARIMA(3,0,2)

*

ARIMA(5,0,4)

71.28

ARIMA(5,0,0)

59.930

ARIMA(3,0,3)

59.310

ARIMA(1,0,1)

54.880

ARIMA(3,0,4)

64.070

ARIMA(L,0,2)

ARIMA(3,0,5)

64.068
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-2
MSE AIC(K) ARIMA(5,0,2)
-3
MSE AIC(K) ARIMA(1,0,0)
-4
MSE AIC(K) ARIMA(1,0,0)
-5
-6
-7
ARIMA " (2007) -1
( ) n
" (1989) -2
" (1985) -3
" " (2005) -4
’ * (1992) -5
* (2003) -6

.73
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