87 9 127-154

**

86 4 19

* %

86
86

11



128 87 9

50

(Autoregressive Integrated Moving

Average ARIMA)
( )
(Intervention Model
IM) ARIMA
ARIMA IM
ARIMA IM
(Qualitative

Methods) (Quantitative Methods)

( , 1994)

ARIMA IM
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ARIMA M ARIMA (Box and Jenkins, 1970, 1976;
Box, Jenkins, and Reinsel, 1994)
M

ARIMA

4,(B)®,(B')(1-B*)1-B")’Z =6+6,(B)0,(B")a

at (White
PqgPQ (Order)

B BZ =2,

L ( L=4 L=12)
?p B ®p B p P B

6qg B 6g B q Q B
$,(B)=(1-¢,B-9¢,B*°-A A ¢ ,B")
®,(B")=(1-®, B-®, B*-AA-®, B™)
0,(B)=(1-60,B-0,B°-A A -60,B?)

©4(B")=(1-©,,B-06, B -AA-0,,B)

ARIMA (1)
(Identification) (2) (Estimation)  (3)
(Diagnostic Checking) (@) (Forecasting)
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ARIMA

1 ARIMA

ARIMA

No

ARIMA

Yes

ARIMA

ARIMA
Pankratz, 1983, p.17

(
(Hague, 1990) (Somers and Gupta, 1994)

)
Box Tiao (1975) Box Jenkins (1976) ARIMA
ARIMA M

(Box and Tiao, 1975; Geurts and Tolley, 1990; Geurts and Whitlark, 1994) Box
Tiao (1975) Bhattacharyya and

Layton (1979) Haque (1990)

, Somers and Gupta (1994) Shao
(1997)

(D) (Step Function)
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0,t<T;
(M) _ ! ’
3 {1, t>T.
2 (Pulse Function)
1, t#T.
v, W, B" 0
zB
Vi It (It
) Vo=wB°R" Wo b
(
)

Guerard (1989)

Fox (1972),

Hillmer (1984), Tasay (1988), Chang, Tiao and Chen (1988), Chen and Tiao (1990)
Chen and Liu (1993)

D (additive outlier AO)

1, t=T,
Y, = X + ol [T |5T>={

0O, t=T,

2 (innovational outlier 10)
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1, t=T,
Yt = Xt + w Q(B) It(T) It(T) =
#(B) 0, t=T,
(3 (level shift LS
1 1, t=T,
— = (T) [ () _
Yt Xt+w(1_é‘B) t t {0, t?fT,
(@] (temporary change TC)
_ 1 o m_JLot=T
\/t_xtﬁua)(l_B)lt I "o t«T
18
18

ARIMA
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)
) IM

88

(
13
3/92 1661
300
9/92 3215
9/92 1188
60

17/92 2162

(100

)
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9/93 1107

500 ( 200 300 )
17/93 1326

5000
1/94 7929
5/94 1275
( 150 )
12/94 2858
15/94 1619
16/94 9730
(250 ) (150 )
4/95 4008
5/95 4169
(
ARIMA

IM
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ARIMA M
1991
13 1996 10 88 13
( 1994 16 )
13
( P1t.P2t  Pap
Pyt
Pot
Pt
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P1t
( )+( )x100=
17
3215 (UNITS) 2858 (UNITS) 2
3036 (UNITS) 3036

(UNITS) 17756 (UNITS) 0.17 0.17

100 17

17
9.1
17
( 150 ) 9.7

Pt 17

Pt 17

Pt 9

Pat 6.6 ( 60 )

Pt 7.7 500

( 200 300 )

Pat 7.7 5000

Pat 9.7 ( 150 )

Pat 9.7 ( 100 )

Pat 39.7

(1)

(2)
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Pat 49.7 (250 )
(150 )
ARIMA M
Yy, =0+ V, + N,
Yt 0 Vi Nt (
) (
)
Yi =0+ @, Py + 0, P + 03Py + Ny )
P1tP2t  Pat
0 [ ]
2| L
0 [ |
P2t [
]
0 [ , ]
e, [ o
q,0, @3 SAS/ETS (1993)
( ()
SAS (sample autocorrelation function
SAF) (Chatfield, 1980)  (Priestley, 1981) lag=1 (spike)
SAF (cut off) (sample partial
autocorrelation function SPAF) lag=1 SPAF
(cut off)

AR(1) MA (D)

1
1-4B)

Yi :5+a)1plt +6‘)2P2t +a)3Pst +
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Y, =0+0,P, +0,P, +w,P, +(1-6,B)a,

SPAF  lag=5 SPAF

ARMA (51) AR (15)
(1_ elB )
(1-¢,B%)

Y =0+ 0, Py +0,Py + 0Py +

1
Y, =0+w, P, +0,P, + 0Py + (1- ¢1B_¢5BS) &

SAF  lag=5 SAF
ARMA (1,5) MA (1,5)

(1-6,B°)
(1_ ¢1B)

Y. =0+, B +0,P, + ;P +(1- ‘918_‘9585)31

Y, =0+w,P, +0,P,, + 0P, +

Gray, Kelley and
Mclntire (1978); Woodward and Gray (1981); Cleveland (1972); Chatfield (1979);

Cooper (1982); Tsay and Tiao (1984)(1985) ARMA (p,q)
P q Box, Jenkins and Reinsel (1994)
(tentative)

Autocorrelation Plot of Residuals

Lag Covariance Correlation -1 98765432101234567891
0 85554.092 1.00000 | |

[N
w

19363.545 0.22633
13883.164 0.16227

I EE

[N
SN

I
1 31982.920 0.37383 | [ rekn |
2 17860.033 0.20876 | [ |
3 18297.873  0.21387 | [ I
4 16103.440 0.18823 | il |
5 24050.650 0.28112 |  Reiabciaiadel |
6 18219.192 0.21296 | [ |
7 10278.102 0.12014 | |** |
8 17206.702 0.20112 | it |
9 12917.005  0.15098 | [ I

10 9712.484 0.11352 | |** |

11 5448.852 0.06369 | * |

12 11047.507 0.12913 | |*** . |

l I
l I

I F*kk
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15
16
17
18
19
20
21
22
23
24

15665.881
8472.696
5829.058

12796.001

13408.704
6301.508
9627.119
4189.968

-1066.608
2542.150

.18311
.09903
.06813
.14957
.15673
.07366
.11253
.04897
.01247
.02971

e elNeNoNoNoNeNo NoNe)

Partial Autocorrelations

I
I
I
I
I
I
I
I
I
I
m

arks two standard errors

I**** .
I**

I*

I***
I***

I*

I**

I*

I

I*

Lag Correlation -198765432101234567891

1 0.37383 I I******* I

2 0.08022 | = . |

3 0.13116 | [ |

4 0.07211 | |* |

5  0.19610 | el |

6  0.03368 | I* I

7 -0.02369 | | |

8  0.11523 | I . |

9 -0.00365 | | |

10 -0.01665 | | |

11 -0.05893 | *| |

12 0.09704 | > . |

13 0.12700 | [ |

14 0.00285 | | |

15  0.10044 | > . |

16 -0.04630 | *| |

17 -0.03319 | *| |

18 0.03816 | I* |

19 0.05986 | I* |

20 -0.07341 | *| |

21 0.02822 | I* |

22 -0.04208 | *| |

23 -0.10511 | - |

24 0.00763 | | |

SAF SPAF
SAS
Q )

51 525.48 527.71 527.46 531.48 523.63 526.35
(10.62)" | (12.65)" (10.46)" (8.19)" (9.69)" (11.95)"
631 145.44 142.82 141.85 143.64 143.47 142.09
(29.52)" | (28.39)" (29.44)" (30.15)" (29.87)" (28.53)"
632 91.7 96.21 98.36 94.54 94.79 96.81
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(6.6)" (6.72)" (7.31)" (7.04)” (7.09)” (6.98)"
@3 183.26 182.53 183.5 184.12 183.86 183.51
(48.45)" | (47.36)" | (50.28)" (50.44)" (50.34)" | (48.53)"
51 0.4026 0350 0.358
(3.88)" (3.37)" (3.31)"
Cﬁl 0.25 0.231
(2.22)" (2.2)"
tal -0.359 -0.314 -0.287
(-3.39)" (-2.88)" (-2.67)"
@1 -0.219 -0.179
(-1.94)" (-1.62)
o
lag | [5.68] [11.37]" [4.22] [0.96] [2.66] (8.17]
k=6
lag | [9.31] [16.46] [6.49] [3.02] [5.26] [12.24]
k=8
lag | [16.26] [24.94] [12.73] [8.06] [11.22] [20.10]
k=12
lag | [19.43] [28.47] [16.91] [11.67] [15.33] [24.23]
k=24
10 T 0
2.7 a=005
3.7 a=01
( )
SAS (sample
autocorrelation function of the residuals RSAF)
(sample partial autocorrelation function of the residuals RSPAF)
(
) RSAF RSPAF lag=5
lag=6 Q ( Ljung-Box statistic (Ljung and Box 1978))  11.37
( P_value=0.045<0.05) Ho POk=0
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) RSPAF lag=13
RSAF lag=6
( )
RSAF  RSPAF RSAF
RSPAF Q Ho
Pr=0
AR (1,5 ARMA (1,5)
AIC SBC Standard Error (S.E.)
3
Yy, =5314+14364F, +945P, +18412P, + ! ~
(1-036B-0231B°)
5
y, =52363+14347PF, + 94.79P,, +18386PF, + M
(1-0.358B)

AlC 1237 1239

SBC 1252 1253

S.E. 265.31 267.34

( )
D (mean absolute percentage error MAPE)

2 (root mean sguare percentage error RMSPE)
( 1995) MAPE RMSPE (Martin
and Witt, 1989b) MAPE

(Pankratz, 1983) MAPE RMSPE
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MAPEziie—t'xl 00

t=1 t

€ = Yt - }Yt
Y,
Y,
fi
MAPE RM SPE (Martin Witt,
1989b)

10
10 20
20 50

50

MAPE  RMSPE (
( 12/96
0)

MAPE RMSPE 7 12

MAPE RMSPE

(1+0219B°)

y, =52363+14347P, + 94.79P, +18386P, +
(1-0358B)

MAPE 8.32 7.59

RMSPE 10.02 9.64
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11/% 12/% 13%

RMSPE

272 (

* 12/96

14/% 15%

MAPE

0) 15
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MAPE RM SPE
10
5
5
3910 3521(267) 2900
12858 13406(283) 16600
1848 1851(285) 2000
1537 1291(285) 1055
MAPE 7.59 23.63
RMSPE 9.64 22.23
ARIMA M
MAPE  RMSPE
ARIMA M

(DARIMA M

)
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(Weight)
(Expert System)
ARIMA IM
1994
1995 1 77-116
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Autocorrelation Check of Residuals
To Chi Autocorrelations
Lag Square DF  Prob
6 5.68 5 0.339 -0.040 0.030 0.120 0.041 0.181 0.092
12 9.31 11 0.593 -0.006 0.153 0.051 0.067 -0.032 0.070
18 16.26 17 0.506 0.173 0.024 0.142 0.025 -0.020 0.112
24 19.43 23 0.676 0.108 -0.024 0.116 0.009 -0.032 0.023
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 98 765432101234567891

0 73413.874  1.00000 | I I
1 -2942.813 -0.04009 | C I
2 2196.092  0.02991 | R I
3 8786.181  0.11968 | [ I
4 2976.814  0.04055 | R I
5 13322.014  0.18146 | N I
6 6762.389  0.09211 | [** . I
7 -460.663 -0.00627 | | . I
8 11199.626  0.15255 | [ I
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9 3709.926 0.05053 | |* |
10  4894.395 0.06667 | |* |
11 -2353.947 -0.03206 | *1 |
12 5139.496 0.07001 | |* |
13 12731.879 0.17343 | |*** |
14 1726.202 0.02351 | |
15 10400.910 0.14167 | |*** |
16  1808.547 0.02463 | | |
17 -1484.357 -0.02022 | | |
18 8225.404 0.11204 | |** |
19 7903.938 0.10766 | |** |
20 -1758.572  -0.02395 | | |
21 8490.286 0.11565 | |** |
22 673.184 0.00917 | | |
23 -2333.349 -0.03178 | *1 |
24 1669.919 0.02275 | . | . |
"_" marks two standard errors
Partial Autocorrelations
Lag Correlation -1 98765432101234567891
1 -0.04009 | *1 |
2 0.02835 | I* - |
3 0.12228 | |** . |
4 0.05041 | I* - |
5 0.18157 | | **** |
6 0.09867 | |** . |
7 -0.01366 | | |
8 0.11051 | |** |
9 0.03214 | |* |
10 0.03310 | |* |
11 -0.09103 | > |
12 0.03823 | I* - |
13 0.13418 | |***. |
14 0.01453 | | - |
15 0.12874 | |***. |
16 0.00927 | | |
17 -0.05402 | *1 |
18 0.00853 | | |
19 0.09544 | |** |
20 -0.06053 | *1 |
21 0.04434 | |* |
22 -0.00663 | | |
23 -0.09095 | | |
24 -0.04011 | *1 |
RSAF RSPAF
Autocorrelation Check of Residuals
To Chi Autocorrelations
Lag Square DF  Prob
6 11.37 5 0.045 0.035 0.150 0.160 0.085 0.213 0.136
12 16.46 11 0.125 0.028 0.175 0.070 0.092 0.008 0.077
18 24.94 17 0.096 0.189 0.058 0.150 0.067 0.015 0.111
24 28.47 23 0.199 0.120 0.006 0.119 0.024 -0.025 0.025
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 98765432101234567891
0 75622.454 1.00000 | | |
1 2627.943 0.03475 | |* |
2 11374.130 0.15041 | |***. |
3 12065.900 0.15955 | |***. |
4 6441.120 0.08517 | |** . |
5 16112.174 0.21306 | | **** |
6 10283.678 0.13599 | |*** . |
7 2126.659 0.02812 | |* |
8 13265.181 0.17541 | | **** |
9 5266.118 0.06964 | |* |
10 6958.204 0.09201 | |** |
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[

QWO ~NOUTAWNEFO

-0.010
-0.032
-0.011
-0.084

0.135
0.070
0.104
0.029

91

585.811 0.00775 | |
5803.731 0.07675 | |** .
14302.440 0.18913 | | ****.
4412.664 0.05835 | 1> -
11322.918 0.14973 | | *** .
5061.051 0.06693 | 1*
1107.752 0.01465 | |
8377.242 0.11078 | |**
9045.683 0.11962 | |**
483.275 0.00639 | |
8972.739 0.11865 | |**
1807.752 0.02390 | |
-1910.896 -0.02527 | *|
1887.372 0.02496 | . | .
"." marks two standard errors
Partial Autocorrelations
Lag Correlation -198765432101234567891
1 0.03475 | 1* -
2 0.14938 | |***.
3 0.15352 | |***.
4 0.05978 | 1*
5 0.17519 | | ****
6 0.10172 | |** .
7 -0.04113 | *| .
8 0.09766 | |** .
9 0.02268 | |
10 0.01639 | |
11 -0.08026 | =*|
12 0.03325 | 1*
13 0.15142 | |***.
14 0.01494 | |
15 0.09853 | |**
16 0.01882 | |
17 -0.05351 | *1
18 -0.00633 | |
19 0.08562 | |**
20 -0.05248 | *|
21 0.01983 | |
22 -0.00642 | |
23 -0.099%64 | =*|
24 -0.04123 | *|
RSAF RSPAF
Autocorrelation Check of Residuals
To Chi Autocorrelations
Lag Square DF  Prob
6 4.22 4 0.377 0.026 0.107 0.103 0.060
12 6.49 10 0.773 -0.015 0.115 0.057 0.005
18 12.73 16 0.693 0.152 0.039 0.142 0.047
24 16.91 22 0.769 0.100 -0.028 0.122 0.042
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 987 6543210123456738
72466.848 1.00000 | |
1864.990 0.02574 | 1*
7764.934 0.10715 | |** .
7480.925 0.10323 | |** .
4360.203 0.06017 | |*
-705.443  -0.00973 | | .
9789.478 0.13509 | |***.
-1061.894 -0.01465 | | .
8309.606 0.11467 | |** .
4132.940 0.05703 | 1*
331.911 0.00458 | |
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11 -2341.900 -0.03232 | *1 |
12 5056.834 0.06978 | |* |
13 11003.868 0.15185 | | *** |
14 2805.998 0.03872 | |* |
15 10259.569 0.14158 | | *** |
16 3375.876 0.04659 | |* |
17 -800.682 -0.01105 | | |
18  7504.822 0.10356 | |** |
19 7274.701 0.10039 | |** |
20 -1997.755 -0.02757 | *1 |
21  8827.353 0.12181 | |** |
22 3023.956 0.04173 | |* |
23 -6107.569 -0.08428 | **| |
24 2131.775 0.02942 | . | |
"_" marks two standard errors
Partial Autocorrelations
Lag Correlation -1 98765432101234567891
1 0.02574 | |* |
2 0.10656 | |** . |
3 0.09922 | |** |
4 0.04616 | |* |
5 -0.03302 | *1 . |
6 0.11727 | |** . |
7 -0.02477 | | |
8 0.09559 | |** |
9 0.03717 | |* |
10 -0.02556 | *1 |
11 -0.05479 | *1 |
12 0.04130 | N |
13 0.17616 | I Raalaiad |
14 0.01219 | | - |
15 0.10576 | |** |
16 -0.00389 | | |
17 -0.05106 | *1 |
18 0.08038 | |** |
19 0.08009 | |** |
20 -0.03645 | *1 |
21 0.03324 | |* |
22 0.00870 | | |
23 -0.11313 | **| |
24 0.00693 | I |
RSAF RSPAF
Autocorrelation Check of Residuals
To  Chi Autocorrelations
Lag Square DF  Prob
6 0.96 4 0.916 -0.028 0.001 0.081 0.038 -0.018 0.035
12 3.02 10 0.981 -0.062 0.092 0.037 -0.011 -0.064 0.051
18 8.06 16 0.947 0.136 0.011 0.129 0.013 -0.026 0.101
24 11.67 22 0.964 0.087 -0.054 0.113 0.027 -0.080 0.017
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 98765432101234567891
0 70393.941 1.00000 | | |
1 -1940.230 -0.02756 | | |
2 50.689275 0.00072 | | - |
3 5673.141 0.08059 | |** . |
4 2655.574 0.03772 | |* |
5 -1251.951 -0.01778 | | |
6 2474.926 0.03516 | |* |
7 -4357.049 -0.06190 | *1 |
8 6466.883 0.09187 | |** . |
9 2608.122 0.03705 | |* |
10 -795.813 -0.01131 | | |
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11
12
13
14
15

17
18
19
20
21
22
23
24

To

QWO ~NOUTAWNEFO

[

0.120
0.073
0.111
0.031

91

-4537.101 -0.06445 | *1
3611.798 0.05131 | 1* -
9598.722 0.13636 | |***.

790.762 0.01123 | | .
9077.527 0.12895 | | *¥**.
915.248 0.01300 | |

-1832.568 -0.02603 | *|
7143.608 0.10148 | |**
6140.988 0.08724 | |**

-3827.935 -0.05438 | *|
7944.076 0.11285 | |**
1872.653 0.02660 | 1*

-5598.866 -0.07954 | **|
1178.110 0.01674 | . | .

"." marks two standard errors
Partial Autocorrelations
Lag Correlation -198765432101234567891
1 -0.02756 | *|
2 -0.00004 | |
3 0.08067 | |**
4 0.04248 | 1*
5 -0.01582 | |
6 0.02768 | 1*
7 -0.06709 | *|
8 0.09041 | |**
9 0.03902 | 1*
10 -0.00202 | |
11 -0.07526 | =*|
12 0.03166 | 1*
13 0.14889 | |***.
14 0.02411 | |
15 0.14171 | |***.
16 -0.01432 | |
17 -0.04491 | *1 .
18 0.07761 | |** .
19 0.10340 | |** .
20 -0.02206 | |
21 0.06611 | 1*
22 0.01052 | |
23 -0.09919 | =*|
24 0.01224 | |
RSAF RSPAF
Autocorrelation Check of Residuals
Chi Autocorrelations
Lag Square DF  Prob
6 2.66 4 0.617 -0.024 0.023 0.102 0.047 0.001
12 5.26 10 0.873 -0.020 0.115 0.060 0.039 -0.043
18 11.22 16 0.796 0.144 0.019 0.140 0.020 -0.035
24 15.33 22 0.848 0.095 -0.049 0.124 0.031 -0.079
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 987 6543210123456738

71475.047 1.00000 | |

-1703.810 -0.02384 | |
1665.915 0.02331 | |
7279.609 0.10185 | |** .
3323.956 0.04651 | |*

104.004 0.00146 | |
8554.260 0.11968 | |**

-1427.491  -0.01997 | |
8189.733 0.11458 | |**
4307.370 0.06026 | 1*
2822.647 0.03949 | 1*
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11 -3068.354 -0.04293 | *1 |
12 5208.285 0.07287 | I* - |
13 10295.356 0.14404 | | ***. |
14 1367.819 0.01914 | | . |
15 10034.068 0.14039 | |*** . |
16  1438.547 0.02013 | | |
17 -2522.815 -0.03530 | *1 |
18  7964.833 0.11144 | |** |
19 6799.958 0.09514 | |** |
20 -3493.475 -0.04888 | *1 |
21  8839.062 0.12367 | |** |
22 2217.641 0.03103 | |* |
23 -5611.812 -0.07851 | **| |
24 2196.442 0.03073 | . | |
"_" marks two standard errors
Partial Autocorrelations
Lag Correlation -1 98765432101234567891
1 -0.02384 | | |
2 0.02275 | | - |
3 0.10305 | |** . |
4 0.05159 | |* |
5 -0.00075 | | - |
6 0.10831 | |** . |
7 -0.02372 | | |
8 0.10879 | |** |
9 0.04646 | |* |
10 0.03409 | |* |
11  -0.06335 | *1 |
12 0.03813 | |* |
13 0.14882 | |*** |
14 0.00980 | | |
15 0.13467 | |*** |
16 -0.02192 | | |
17  -0.05151 | *1 |
18 0.06819 | |* |
19 0.08116 | |** |
20 -0.03777 | *| |
21 0.05195 | |* |
22 0.00258 | | |
23 -0.11214 | **| |
24 0.00089 | I |
RSAF RSPAF
Autocorrelation Check of Residuals
To Chi Autocorrelations
Lag Square DF  Prob
6 8.17 4 0.086 0.067 0.130 0.137 0.084 0.067 0.187
12 12.24 10 0.269 0.007 0.145 0.082 0.061 -0.017 0.093
18 20.10 16 0.216 0.166 0.058 0.153 0.061 -0.007 0.119
24 24.23 22 0.335 0.112 -0.009 0.124 0.041 -0.065 0.036
Autocorrelation Plot of Residuals
Lag Covariance Correlation -1 98765432101234567891
0 74478.164 1.00000 | | |
1 4993.688 0.06705 | I* - |
2 9685.924 0.13005 | |***. |
3 10196.209 0.13690 | |***. |
4 6258.766 0.08403 | |** . |
5 4979.543 0.06686 | |* |
6 13898.375 0.18661 | | **** |
7 550.831 0.00740 | | . |
8 10784.190 0.14480 | |*** . |
9 6118.727 0.08215 | |** |
10 4570.394 0.06137 | |* |
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11 -1262.179
12 6943.831
13 12390.913
14 4351.017
15 11403.356
16  4554.554
17 -523.604
18 8863.610
19  8355.695
20 -685.431
21 9203.734
22 3055.494
23 -4826.246
24 2670.054

Lag
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Multiple Intervention Time Series Analysis:
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A Case Study
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ABSTRACT

The precise forecast of the sales is the key factor for surviving in today’s tough competition. This study is
concerned with the modeling of the sales promotion data which are autocorrelated. In contrast to the traditional
time series intervention analysis, which focuses on the effects of single or few interventions, this study
considers the cases in which multiple interventions and the unsure of future interventions exist in the system.
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In addition, this study utilizes a set of real sales promotion data to demonstrate the effectiveness of the
proposed approach.

Keywords: time series, intervention model, sales promotion



