(Bayesian method) - (Box-Jenkins: B-J)
forecasting) (comhined forecasting)
Newbold Granger 1 2
Newbold
3
(simple moving average: SMA)
exponential smoothing: SES)
1 2
exponential smoothing: DES) 2
linear exponential smoothing: LES) ; 1[

(Brown's triple exponential smoothing: TES)

(combined

2
Granger 2
(single

(Brown’s double
(Holt’s

(exponential smoothing for exponential trend: ESE)

(Regression analysis: REG)

(Holt-Winters smoothing: HWS)

(Regression analysis: REG)

o o b~ w
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8
1
0 (SD) (MAX) (MIN) (SK)
KU) ' (CV) 3
3 (BOOK1)
(BOOK2) (BOOK3) (BOOK3)
(BOOK?2)
(BOOK1) (BOOK3)
(STUDENTY)
(STUDENT?) (STUDENTY)
(STUDENT?)
(STUDENT2)
(STUDENTZ1) 5
(BOOK1) (BOOK3) (STUDENT1)
(BOOK2) (STUDENT?2)
5
(BOOK2) 0 5
15
N X SD. MIN MAX
88 3,450.26 2,015.65 84 7,100
(BOOK1)
88 532,60 278.97 16 1,266
(BOOK?2)
88 6,957.25 2,547.32 1,310 12313
(BOOK3)
64 478932313 202696354 1139595 7,449,219
(STIDENT1)
64 112398277 122607006 45111 4,097,331

(STUDENT2)



15()

K KU CV.
(BOOK1) -084 -1.161 5842
(BOOK2) 593 -069 52.38
(BOOK3) -125 -413 3661
(STUDENT1) -196 -1.565 23
(STUDENT2) 948 -400 10010
SK >0
SK= 0
SK< 0
KU> 0
KuU= 0
KU< 0
2
5 2
21
5
( 44-48) (BOOK1)
(BOOK?2) 9-10
(BOOK3) 1
(STUDENT1) (STUDENT?)

12-13



22
(BOOK?2) (BOOK3)
(STUDENT?)
221
(BOOK1)
3

Partial t
BOOK1

8000 ——
7000 vi
6000 —
5000
4000
3000 |

2000 -

1000 -

.

69

(BOOK1)

(STUDENT!)

(BOOK?2) (BOOK3)

3

LV»

\

159 1317212529333741 454953 576165697377 88

9 ()

(BOOK1)
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1400
|

1200 -

ol Al

(VL

=1 | B S (= (R BT ... ¥ SRR V2 R . S N R ERE) EREH Eress DEE }'
159 B312A25293337 41454953 5761 6569 73 7781 &

400

200 4
|

0

10 () (BOOK2)

14000 Y A

12000

10000 -

8000

6000

4000 -

2000 -

[
|
6 o P s s S ) B FAN S R T T S TR P R T 1. 1T 1T - T i

1S9 BUADDBIT4 4549535 616569737788

1 () (BOOK3)



STUDENTL

8000000 - : s PO —
7000000 -
6000000 -
5000000 -
4000000
3000000

paa it /\_\/\
|
[

1000000

0 P i i oy 1T o1

14710131619222528 31 34 37 40 43 46 49 52 55 58 61 64

2 (STUDENTY)

STUDENT2

4500000 —_—

4000000
3500000 |
3000000 -
2500000
2000000 |
1500000 |
1000000 -
500000 -

i o S TS | R T i R B G (S
1471013161922 2528 31 34 3740 43 46 49 52 55 56 61 B4

13 (STUDENT?)



(BOOK1) t = 4211 (P = 000)
R = 675
R = 675)
(BOOK2) t = 7.360 (P = .000)
R= 713
R = 667)
(BOOK1) (BOOK2)
foil
t = 2978 (P= .004)
= 652 t = 5820 (P = .000)
R = 614) 7]
(BOOK3)
15
2
2
(BOOK1) (BOOK2)  F=
FO(1171) ~ 250
(BOOK1) (BOOK2)
foil
(BOOK1)
713 (R2= 675 713 )
FO(11,70) « 250
(BOOK3)
01

(BOOK3) 65.2 (R2= .652)

72

t = 1659 (P = .101)

t = 4405 (P = .000)

R
(BOOK3)
(=7
oL
12419 12517
(BOOK2) 675
(BOOK3) F = 5915
16 17



af 1

BOOK1
BOOK2
BOOK3

17

BOOK1
BOOK2
BOOK3

16

(STUDENT?2)

21

partial t

675 4211
713 7.360
611 -7.324

*%

partial F

SSR
238,594,728
4,285,927.4
368,184,704

BOOK3

BOOK! BOOK2

BOOK3

222

P 2 t P
000% 696 2243 028
000% 733 2349 022
000% 652 2978  .004*
®
a
MSE SR
1,531,636.891 29,356,844
25,932.049 1,255,424.8
2,653,312.736 195,558,532.007
(STUDENTY)

73

675 1659 101
667 4405  .000*

614 -5820  .000**

12.419*
12.517+

5.915*

(STUDENTY)



o1
(R=972)

18

STUDENT1

STUDENT2

*%

Partial t

(  !DENTY)

(STUDENT2)

R2

.879

972

t = 5779 (P = .000)

Partial t

t = 46001 (P = .000)

[

(STUDENTL)

74

o1
87.9 (R2=.879)
(STUDENT2) 2.
(exponential)
(STUDENT2)
97.2
t P

-5.779

46.001

.000**

.000**
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2
(BOOK1) (BOOK2)
(BOOK3)
(STUDENTY)
(STUDENT?)
31
311 (BOOK1)
221 (BOOK1)
yt =~1+ 722+ Et
yt = t\ + B2\+ Z 2+ £t
exponential yt =bjp£ £1
ytAt\+ b 1t+ Asin ™ +64cos”™- +£t
Yt —A +&t+  sin + £Acos  +et
2
(BOOK1)
35.924 52.500 0 0 0
0522 0 0.266 0
bl = Vl =
8509 0 0 25271 0
14.899 0 0 0 21.829

*1 = 535112



3 least-square

35926
_ Q552
"= 8,09
14.899
y244x =M(24 + T) = 35926 + 0552(24 + X) + 8.509sin 2z + X) + 14.899COS @ 1)
12 12
T = 1,23,.,12
4 3
(BOOK1) 12 %
19 (BOOK1) 12
( )
2544 66.89
2544 65.16
2544 59.45
2545 5143
2545 43.40
2545 37.66
2545 35,88
2545 38.70
2545 4551
2545 54.62
2545 63.76

2545 70.62



7

312 (BOOK?2)

1
22. (BOOK?2)
- AL
yt= + 11+Z2312+ B
exponential yt=b E £1
Wt =bi +£>t+Z>3Sin* +64C0SH- +B
yt=b1+bjts tsin > + EAcos e + &
2
(BOOK2)
5.364 1077 0 0 0
0.134 0 0.006 0 0
= V =
1019 0 0 0.519 0
2.056 0 0 0 0.449
al = 10991
3 least-square
5.364
0.134
b' =
1019
2.056
21T(24 + 21T(24 +
Yo+l = M(24 +., = 5364+ 0134024+ T) + 1091 B mgoos T O
12 1

= 123,.12



(BOOK?) 12

20

313

(BOOK3)

2544
2544
2544
2545
2545
2545
2545
2545
2545
2545
2545
2545

221

4 irg "

20

(BOOK3)

exponential

(BOOK2) 12

11.00
10.77
10.02
899
7.99
734
123
7.73
8.75
10.04
1131
12.23

(BOOK3)

yt=+2t+ B

yt = b\+b>21+ th t"+ £t

Yt =

g

78

yt =b1+Z t+sinMy + 640057 |- +et

+ bncos
n

12

+ et



79

60.673 36.232 0 0 0

- 0.079 0 0.184 0 0
= , V' =
8.688 0 0 17.465 0
10.605 0 0 0 - 15087
a | = 369.815
3 least-square

60.676

- 0.079

8.688

10.605

2724 + X) (24 + X)
voarx = M(24 + 1) = 60.676 - 0.079(24 + X) + 8.688sm + 10.605C0S
12 12
[ =123,..12
4 ' [ RS (BOOK3J)
12 21
21 (BOOK3) 12
( )

2544 72.21
2544 71.48
2544 67.31
2545 60.79
2545 53.64
2545 47.77
2545 4472
2545 45.28
2545 49.29

2545 55.65



2 () (BOOK3) 12
()
2545 62.63
2545 68.35
32
321 (STUDENT?)
1
299 (STUDENTY)

yt=bl+bjt+ £1
yt = by + >2t+ Abt2+ et
exponential vt = Bt

yt=b1+"t+ *sin”™ +f4cos” +¢t

Yt ="+ 12 1+bst2+et

2
(STUDENTY)

67.559 0147 0 0
-0459 1 V= 0 0023 0
- 0.004 0 0 0
1 — 2636

3 least-square
67559

b= -0459

- 0.004



8l

y20+L =M@20+ ) = 67559 - 045920 + T) — 0004(20 + : .

T —1,2345
4 3
(STUDENTY) 5 22
22 (STUDENTY) 5
( )
2544 57.83244
2545 57.36065
2546 56.88024
2547 56.39121
2548 55.89356
322 (STUDENT?)
1
222 (STUDENT2)
yt =~ +/72t+ £1
yt = \ +t32t+ th, 12% et
exponential Yt = et
yt =21+ "~ t+ ~3 sin + b4 cos + t
Vit = B
Inyt =( t\) +( £2t+ Inet
yt=t{ +%t+<
2
(STUDENT?)
2.89%4 0.00148 0
V'=

0.037 0 0.00001



ce = 014

2.894

0.037

least-square

Y20+ =M(20 +X) = 2.894 + 0037(20 + T)

| = 1,2,34,5
4
(STUDENT2) 5

23

2544
2545
2546
2547
2548

(BOOK?2) (BOOK3)

(STUDENT2)

(STUDENT?2) 5

39.46022
40.95626
4250902
44.12065
4579338

(BOOK1)

(STUDENT1)



41
2
(BOOK2) (BOOK?3)
41.1 1
1
(BOOK1) 44 ( )
) 1

(-B)y=(I-B (yt-yt)=y1- yti- ytP+ ytB

0 @
2
22 ARMA(p,q)
SARMA(P,Q)I SARD)R  SMA()2

@)  ARQLXSARQ)ZLAR(XSMAL)R MA(LXSAR(L)R

(BOOK1)

(BOOK1)
()
1617
1(d=1D=1 z=(-BD
29
k @ , 201

AR1)  MA(D)

MA(LXSMA(L)R

ARI(1,1)XSARI(1,1)2 ARI(1,1,)XSIMA

L1>2 IMA(L,1)XSARI(1, 1) IMA(L,1)XSIMA(L, )2

2

4
SAR()2  Zt (ztR2+ 1- 0En
0

= -4812 0, = 5355 !

% = - ,4812Z\P + et - 5355et1

MA(1)X
00 00 1 zt
2<% 0, $p



Autocorrelations .

BOOK1

84

Auto- Stand.
Lag Corr. Err. -1 -.75 -.5 -.25 .25 .5 .75 1 Box-Ljung Prob.
1 1 1 1
1 1 1 n ] 1 1 1
1 .390 .105 Kk kkkk 13.842 .000
2 121 .104 kk 15.180 .001
3 -.207 .104 kkkk 19.179 .000
4 -.231 .103 k kkk 24.200 .000
5 227 .102 T 29.137 .000
6 .145 .102 kkk 31.178 .000
7 217 101 kkkk 35.785 .000
8 -.228 .101 k kkk 40.947 .000
9 -.179 .100 kkkk 44.161 .000
10 . 047 .099 k 44.386 .coo
11 .236 .099 k kK 50.118 .000
12 .634 .098 Mk kkkkkkk 91.968 .000
13 .203 .097 Kk kk 96.302 .000
14 .024 .097 96.362 .000
15 -.238 .096 k Mk 102.515 .000
16 -.195 .095 Kk K k 106.694 .000
17 143 .095 kkk 108.961 .000
18 127 . 094 Kk k 110.791 .000
19 .186 .093 KRR 114.761 .000
20 -.193 .093 Khkik 119.116 .000
21 -.149 .092 k Kk 121.734 .000
22 .007 .091 121.740 .000
N
23 167 .091 Kk k 125.138 .000
24 456 .090 Kkk  kkkkk 150.924 .000
Plot Symbols Autocorrelations * Two Standard Error Limits
Total cases 88 Computable first lags: 87
14 (BOOKY)
3
MA(1)XSAR(1)12
Hqg:01l=0 SAR(1)12 Ha:01* o MA(1)XSAR(1)
{ =53518 (P =.000) Ha: (R =0 MA(1) Ha
> Vo] MA(1)XSAR(1),2 = -4.7721 (P = .000)
.01 ' = 1496
autocorrelation check rk(et) 0 k

H): p,(et)=..=PXe) =0

Ha: pKel)

Box-Ljung Chi-Square Statistics



Autocorrelations:  BOOKL 1
Transformations: difference (1), seasonal difference (1 at 12)

Auto- Stand.

Lag Corr. Err. —l% —.7T -.5 -.25 2; 1 .7f 31 Box-Ljung Prob.
1 1
5.8 97

Hokok ok ok

1 -.275 113 ok 015
2 -.168 112 8.125 017
3 .001 112 Jokk 8.125 043
4 -.161 111 ko 10.233 037
5  .357 . 110 Lexx 20.754 .001
6 -.124 .109 | Hk 22.041 .001
7 -.199 . 109 e 25.395 .001
8  .048 . 108 * 25.596 .001
9 -.031 . 107 Lo 25.678 .002
10 127 . 106 e 27.108 .003
1 129 .105 % e 28.608 .003
12 -.380 . 104 Hww _xx 41.853 . 000
13 .096  .104 %* 42.708 .000
14 130 . 103 kk 44.298 .000
15 -.164 . 102 kk 46.898 .000
16 .197 .101 Sk 50.703 .000
17 -.216 . 100 % 55.349 .000
18  .039 .099 ok 55.503 .000
19  .269 .098 62.992 .000
20 -.171 .098 m - 66.080  .000
21 .092 .097 e 5, 66.989 .000
22 -.094 .096 . 67.960 .000
23 -.043 .095 ARy 68.162 .000
24 .180 094 71.818 .000

Partial Autocorrelations: BOOKI

Transformations difference (1), seasonal difference (1 at 12)
Pr-Aut- Stand.

Lag Corr. Err. -1 -75 -5 -.25 25 5 75 1
1 1 1 1 |
1 1 1 1. L2 S A
1 -.275 115
2 -.263 115 VR
3 -.151 . 115 . REw
4 -.303 . 115 S
5  .209 . 115
6 -.038 115 +
7 -.167 . 115 X
8 -.125 . 115 e
9 -.079 . 115 ~
10 -.071 . 115 *
11 170 115 e
12 -.272 . 115 U
13 -.080 115 **
14 .004 115
15 -.255 115 e
16 -.060 115
17 -.074 . 115 *
18 -.106 115 *r
19 .118 . 115 *
20 011 . 115
2 -.005 . 115
.010 . 115
23 .049 115 * *
24 -.067 . 115 .
Plot Symbols Autocorrelations * Two Standard Error Limits
Total cases 88 Computable first lags after differencing 74
15

1 (BOOK1)



86

0= 133% (p = 202)

k 3
AR()XSAR(LER AR(XSMALR2  MA(LXSMAL)R 8 = 1501, 1705
158.1 MA(LXSAR(L)2 2 = 1496 MA(L)X
SAR()D
2 MA@)XSAR(L)R2  ARMA(L1)XSAR(L)R 2
3 S2
ARMA(LLXSAR()E MA(XSAR()Z  MA@R)XSAR(L)R 2 =
1405, 149.6 1436 ARMA(L1)XSAR(L)2 ' L
ARMA(L,)XSAR()R |
ARMA(LLX SARDZ  Z = ().ZW+
EZt2- ()R ZtB 8t- 03t1 00 00 fl ozt
0 &2 o, $1=.4252,
$1= -4799 0, = 8851 Nz 42527,-

AT799Zt12 20417t B3+ et - ,8851etl
ARMA(1,1)XSAR(1)2 Hqg: GE O
MA(1) XSAR(1)R Ha: ¢&1* 0 ARMA(1,1)X SAR(1L)2
t =29521 (P= .004) Hq:0, =0 AR(1)XSAR(1)2 Ha:0.=0
ARMA(1,1)XSAR(1)2 t = 10.1078 (P = .000) H, €2 =0
ARMA(LI) Ha: <" 0 ARMA(1,1)XSAR(1)2
t  -4.7312 (P = .000)
01 2= 1405 autocorrelation check riqet)
0 k

Box-Ljung Chi-Square Statistics
F, :pjeh)=..=PXe) =0

Ha: pkel) 0 k=1 2..... 10
0= 8911 (P = 541

ARMA(1,1)XSAR(1)2



87

ARIMA(L,1,1)XSARI(1,1)2
(BOOK1) 12

Vt = 14252yt,-4252y12 5201yt . 1494yt 13.6293y, 1K+ 4790yt 24 2751yt 52041yt Bret- 8851et 1

t > 89
yt (BOOK1)
et
12 24
24 (BOOK1) 12 -
( )
2544 7.32
2544 62.02
2544 50.09
2545 63.78
2545 51.95
2545 14.72
2545 801
2545 5.65
2545 57.50
2545 64.28
2545 66.84
2545 6153
412 (BOOK2)
1
(BOOK?2) 45 ( ) (R
o
16-17
(04 1 1(d=1 D=1 z=(-BD(-B)yt

= (1-BD (yt-yt) =yt- ytl- y1 y1B (29



0 @

29 rk
ARMA(p,q) AR(1) MA(L)
@) ARQ) MA(L)
ARI(LDXSI(D)Z  IMAL,1)XSI(1)P
2
2 MA(1)
00 00 a ozt
0, §1 = 7850 !
% = et - .7850et1
Autocorrelations: BOOK2
Auto- Stand.
Lag Corr. Err. -1 -.75 -5 -7 5 .25 .75
1
r
1 .405 .105 kKkk™kkkk
2 221 . 104 Kk Kk
3 -.101 . 104 k k
4 -.111 .103 k k
5 .249 .102 kk k “k
6 . 160 .102 Kk k
7 .316 . 101 kkk kk
8 -.056 .101 k
9 -.042 .100 k
10 . 103 .099 —
11 .256 .099 kkk Kk
12 . 642 . 098 k k k mk k k k k k k k k
13 .255 . 097 Kkk k
14 .119 .097 k k
15 -.124 .096 k k
16 -.106 .095 kk
17 .166 .095 kk k
18 .054 .094 3
19 .170 .093 k k
20 -.124 .093 k k
21 -.036 .092 k
22 .058 . 091 k
23 .238 .091 kKkk "k
24 .448 .090 kkk "kkkkk

Plot Symbols: Autocorrelations *

Total cases: 88

16

Computable first lags:

87

Two standard Error

(29

Box-Lj

14.
19.
20.
21.
27.
29.
39.
39.
40.
41.
47.
90
97
99
100
102
105
105
108
110
110
111
118
142

Limits

ung

923
412
355
508
432
905
651
964
138
208
932

.848
.688
.199
.864
.094
174
.506
.829
.619
774
.184
.087
.966

rl

zt =

Prob.

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

(BOOK?2)

(\Z]

t-0,8m



Autocorrelations

BOOK:2

Transformations: difference (1), seasonal difference (i at
Auto- Stand.
Lag Corr. Err. -1 -75 -5 -.25 25 .5 75
S ST b
1 -.529 113
2 163 112
3 -.113 112 o
4 .033 S *
5 -.114 110 e
6 032 .109 *
7 106 109 ki
8 033 108 *
9 -.088 107 *x
10 004 . 106
11 .025 . 105 *
12 -.208 104 PR
13 154 . 104 i
14 -.015 103
15 002 . 102
16 -.061 101 \
17 165 1100 5 F
18 -.165 099 L
19 143 098 ol
20 -.175 098 ok ko
21 .216 .097 k k k k
22 -.216 096 Kk ok
23 152 095 by
24 -.009 094
Partial Autocorrelations: BOOK2

Transformations:

Pr-Aut- Stand.

Lag Corr. Err.

1 -.529 .115

2 -.162 .115

3 -.141 .115

4 -.106 .115

5 -.213 115

6 -.210 .115

7 .015 .115

8 .154 .115

9 .008 . 115

10 -.080 .115

11 .010 .115

12 -.237 .115

13 -.143 .115

14 -.074 .115

15 -.149 .115

16 -.242 .115

17  -.001 .115

18 -.086 .115

19 .104 . 115

20 - .058 .115

21 .049 . 115

22 -.101 .115

23 -.026 . 115

24 -.012 . 115
Plot Symbols

Total cases 88

difference (1),

-1 -.75 -.5 -.25
1 1 1
[ !
K EEE kK
kkk

kkk

ok ok ok

ok kK

* %

*okok kK

* ok K

* ok K

ko kK K

Autocorrelations *
Computable first

seasonal difference

la gs after

(1 at

[N
(RN
L™

Two Standard Error
differencing:

12

12)

Box-Ljung

21.
23.
24,
25.
26.
26.
27.
27.
27.

27.
27.

31.
34.

34.
34.
34.

37.
39.
42.
45.
50.
55.
57.
57.

Limits

74

801
901
932
021
085
174
124
219
895

896
954

904
102

124
124
4 92

214
969
069
288
271
378
937
946

(BOOK2)

Prob.

.000
.000
.000
.000
.000
.000
.000
.001
.001

.002
.003

.001
.001

.002
.003
.005

.003
.002
.002
.001
.000
.000
.000
.000

89



90

MA(1) Ho:01=0
MA(1) Ha: 0, * 0 MA(1) t = 10.5308 (P = .000)
.01 "= 292 autocorrelation
check ri(et) 0 k

Box-Ljung Chi-Square Statistics

Ho : Pi(e) = —= Piofet) = 0
Ha: p kel 0 k=1 2..10

0= 8640 (P = 567)

k AR(D
N = 320 = MA(1) ' =292 MA(1)
MA(2) MA(2) t = 5262 (P = .600) * =293
MAO) MA(2)
4

IMA(1,1)XSI(1)2

(BOOK2) 12

yt =yM+ yM2- ytB +et- 785060, ' t~ 89

Y, (BOOK2)

et



91

s (BOOK2) 12

2544 344

2544 1217

2544 10.34

2545 11.77

2545 8.07

2545 4.64

2545 412

2545 371

2545 1040

2545 1198

2545 13.60

2545 8.28

/M3 03
1 (BOOK3)
46 ( ) W
16-17
@)
1 1 (d=1D=1 zt = (1-BR(-B)y=(-BD
(Yt -ytD) = yt- ytj - ytI2 yt.3 (29 0
(29
(29 rk 1 k (20 , 21 pivi

ARMA(p,q) AR(1) MA(L) SARMA(P,Q)L
SAR()R2  SMAL)R @) AR

(DXSAR(LZIAR(LXSMA(L) R MAXSAR(LZ  MA(L)XSMA(L)R



\Z)

SARI(LDE IMAG , )X3IMA(L, )2

SAR)R  Zt=
0
-.6619 81 =
,6686et 1
Autocorrelations
Auto- Stand.
Lag Corr. Err.
1 .529 .105
2 .408 .104
3 . 241 . 104
4 .239 .103
5 .312 .102
6 279 .102
7 . 330 .101
8 .229 .101
9 .245 .100
10 .237 .099
11 227 .099
12 404 .098
13 . 174 .097
14 . 168 097
15 137 .096
16 139 .095
17 .246 .095
18 .146 . 094
19 .204 .093
20 . 055 .093
21 .062 .092
22 . 081 .091
23 . 164 .091
24 .282 .090
Plot Symbols:
Total cases: 88
18
SAR()R

(P = .000)

92

ARI(1L,L)XSARI(1,12,2 ARI(1,1)XSIMA(L, )2 IMA(L,1)X

2
4 MA(L)X
Jzte+ - 0,stl 00 00 | zt
e o $D =
.6686 1 [ A= - 6619ZtP + et -
BOOK3
-1 -.75 -.5 -.25 25 .75 Box-Ljung Prob.
L
r
25.514 .000
40.847 .000
46.252 .000
51.636 .000
60.928 .000
68.471 .000
79.110 .000
84.303 .000
90.302 .000
95.999 .000
101.294 .000
118.337 .000
121.534 .000
124.566 .000
126.613 .000
128.737 .000
135.486 .000
137.887 .000
142.666 .000
143.021 .000
143.478 .000
144.259 .000
147.524 .000
e 157.397  .000
Autocorrelations Two Standard Error Limits
Computable first lags: 87
(BOOK3)
3
MA(1)XSAR(1)2 Hg:01=0
Ha:01* 0 MA(1)XSAR(L)R t = 7.9497
T <42=0 MA(1) Ha: (12 0



Autocorrelations:

BOOK3

TransLourtrgaté(%Qr?a difference (1), seasonal difference (L at 12)
Lag Corr. Err. »lL -.75 -.5 -.25 .25 .5 .75 1
1 -.235 . 3 1 Pt j**** .
2 048  .112 *
3 -.323  .112 o
4 070 L1101 *
5 -.176  .110 i
6 .108  .109 i
7 -.121 .109 **
8  .107  .108 o
9 .202  .107 bl
10  .056  .106 *
11 .012  .105
12 -.443 .104 ok e Pk
13 024  .104 *
14 011  .103
15 .185  .102 i
16 -.129 101 e
17 .235 . 100 Y
18 -.157 099 **%
19 .209  .098
20 -.167 .098 &
21 -.018  .097
22 -.195  .096 bt
23 274 . 095 7/l
24 -.111 .094 V4
P artial Autocorrelations : BOOK3

Transformations:
Pr-Aut- Stand.

Lag Corr.
1 -.235
2 -.008
3 -331
4 -.096
5 .23
6 -.127
7 -215
8§ -.151
9 189
10 078
1159
12 -374
13 -.173
14 -.014
15 -.062
16 -.153
VAN (VA
18 -.145
19 -.010
20 -.048
21 044
22 -.031
23 224
24 -212
Plot Szmbols
Total Cases
19

Err.

115

115
115

115
115
115
115
115
115
115
115
115
115

115
115

115

115
115

15
115

115
115
115
115

difference (1), seasonal difference (1 at 12)

4 .75 -5 .25 25 505 1
'S S S POV S S S|

*k kkk*k
*%
*kkkk
*k k
#****
kK Kk

*kkk

*%
*%k %

******

*kkk

Autocorrelations * ng
Computable first lags after differencing:

(BOOK3)

Box-Ljung

4.306

4.487
12.838
13.236
15.796
16.767
18.012
19.004
22.574
22.856
22.868
40.891

40.945
40.955
44.238

45.879
51.359
53.850
58.373
61.305

61.340
65.493

73.817
75.215

Two Standard Error Lim7iAEs

Prob.

.038
. 106
.005
..010
.007
.010
.012
.015
.007
011
.018
.000

.000
.000
.000

.000
.000
.000
.000
.000

.000
.000

. 000
.000

93
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MA(1)XSAR(1)2 t = -8.2604 (P = .000)
01 * = 359.7 autocorrelation check
ri(et) 0 k

Box-Ljung Chi-Square Statistics

Hi : p,(et)= .. =PLeh - O
Ha: pkeb 0 k= ,2..10
0 16212 (P = .094)
k
AR(XSAR(L)Z AR(DXSMA(DE  MA(L)XSMA(L),2 * = 3834, 3703
362.7 MAd)XSAR(l),2 * = 3507 MA(L)X
SAR(]),2 !
2 MAQRXSAR()R2  MALXSARQ)R 2 3
MA(L)XSAR(2)R * 3141
MAd)XSAR(]),2 MA(L)XSAR(2)2

vamxsar@e  2t= 2 DRt sl

- 0,89, 00 00 11 zt
0, <21 (@2 0, = 5689, $2 = -8657  $A=

-.3869 ! ! A= - 8B57Zt1+.3869Zt2 et - .5689%t,
MA(2)XSAR(1),2 Hg:0, =0
SAR(Q)R Ha: 01* 0 MA(1)XSAR(2)R t =
6.1323 (P = .000) Hg: @12=0 MA(1)XSAR(1)R Ha: G2 * 0
MA(L)XSAR(2)R t = -7.9196 (P = .000) Hg : €24= 0
MA(1) XSAR1)R Ha: <27 0 MA(1)XSAR(2)2 t =

-3.6755 (P = .000)
01 * = 3141 autocorrelation check riet)
0 k

Box-Ljung Chi-Square Statistics

Ho: Pi(ef) = —=pLet) ~ 0
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Ha: p ket 0 k=12 ... 10

(0= 14114 (P = .168)
k & MA(L)X
SARQ)R

IMA(L,1)XSARI(2,1)2
(BOOK3) 12

Wt =yl+ 1343y 1343 ytB+1.2526yt 24 -1.2526yt%.3860yt Br. 3869y 12+et - 5689%t1

t> 8
yt (BOOK3)
et
12 26
2 (BOOK3) 12 -
( )
2544 4562
2544 86.77
2544 7297
2545 8053
2545 72.32
2545 62.95
2545 3164
2545 2359
2545 6154
2545 7417
2545 74.56

2545 75.30
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47

1
(STUDENT2) a7 ( ) (13
'
8
[04) 2d=2
Zt= (1-Byt =y, - 2yMtyt. 04) 0
(29 [04)
rk (29 r, rl
ARMA(p,q) AR(1) MA(1)
)  ARQ) MA(1) v)  ARI(12)
IMAC2.1)
Autocorrelations: STUDENT1
Auto- Stand.
Lag Corr. Err. -1 -.75 -5 -1 2)5 .25 .5 .75 1 Box-Ljung Prob.
L 1 1 ! t i I I
r 1 i i 1 1 1
1 . 967 122 I Kk kkkkkkkkkkkk 62.714 .000
2 . 932 121 ke ke k ok ko kk 121.933 .000
3 .896 .120 PNRNCHNIMTRk K kK gk k K k 177.540 .000
4 .860 .119 IR RRR R Mok e k 229.613 .000
5 .824 .118 kkkok ~kokkok ki KRolOk k 278.213 .000
6 .788 117 kkkk "kkkkkkkkkkk 323.443 .000
1 751 116 Kok kkkkkkkkkk 365.205 .000
8 .710 .115 k Bk N R Dk EE 403.183 .000
9 .663 114 kkkk g Klhokkkkkk 436.922 .000
10 .614 .113 N < QT 466.366 .000
11 559 112 Kk oo, o 491.296 . 000
12 .505 -111 kokkokok ko kokokok 512.041 .000
Plot Symbols: Autocorrelations * Two standard Error Limits
Total cases: 64 Computable first lags: 63
20 (STUDENT1)
2
MAQ) Z - £1- 01,1
00 00 fl zt 0
0, 0, = .6460 ! I

\ - et- ,6460e..



Autocorrelations STUDENT1

Transformations:

Auto- Stand.

difference (2)

97

Lag Corr. Err. -1 -.75 -.5 -.25 .25 .5 .75 1 Box-Ljung Prob.
1 1 1 1 1 1 1 1
r 1 1 1 1 1 1 1
1 -.470 124 Kkkk kkkk 14.395 .000
2 076 123 ** 14.779 001
3 -.021 122-- 14.809 . 002
4 -.144 121 kk k 16.229 .003
5 .132 .120 kkk 17.451 . 004
6 -.106 119 k k 18.248 .006
7 119 .118 kk 19.269 007
8 .002 117 19.270 .013
9 -.214 116 kkkk 22.691 .007
10 .336 . 114 kkkk ~kk 31.315 .001
11 -.177 113 kkkk 33.749 .000
12 .036 .112 k 33.853 .001
Plot Symbols: Autocorrelations * Two standard Error Limits
Total cases: 64 Computable first lags after differencing: 61
P artial Autocorrelations: STUDENT1 4
Transformations: difference (2)
Pr-Aut- Stand.
Lag Corr. Err. -1 -.75 -.5 -.25 .25 .5 .75 1
1 gl
1 1 1
1 -.470 127 Lrrexx
2 -.186 127 kk kk
3 -.088 127 Kk
4 -.241 127 kkkkk
5 -.079 127 kk
6 -.129 127 kkk
7 .004 127
8 . 054 127 .
9 -.234 127 Kk kkk
10 162 127
11 110 127 Tk
12 013 127
Plot Symbols Autocorrelations * Two standard Error Limits
Total cases: 64 Computable first lags after differencing: 61
21 2
(STUDENTY)
3
MA(L) H,:0, =0
MA(1) Ha:01* O MA(1) t = 63997 (P = .000)
01 = 209 autocorrelation
check ri(et) 0 k

H

Box-Ljung Chi-Square Statistics

Pi(e) = - = Pofef) = 0



MA(L)

Ha: p kel
k
T =227 MA(1)
MA(2) MA(2)
MA(1)
4
IMAC2.2)

(STUDENT1) 5

yt = 2ytl- yt2+ et - .6460eM

t> 65
yt
et
5
27
2544
2545
2546
2547
2548
422
1
(STUDENT?2) 48 ( )

t =228 (P= .820) "

98

0= 9271 (P = 507)
AR()

= 209 MADL) -

=212

(STUDENTY)

27

(STTJDENTY) 5 -

60.09876
60.07705
60.05534
60.03363
60.01191

(STUDENT?2)

(Y
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@ 2d=2 zt =
(1-B2yt - yt - 2ythyto @) 0
29 (21
rk (2 r, rn
ARMA(p,q) AR(D) MA(1)
@) ARDL)  MAQ) V) ARI(L2)
IMA(2,1)
2
MA(1) zt= t-0,8tl 00
0 Z, 0
0, 0, = 670 ! N L 4 =et- ,676%t,
Autocorrelations STUDENT2 »
Auto- Stand.
Lag Corr. Err. -1 -.75 -.5 -.25 .25 .5 .75 1 Box-Ljung Prob.
I I I 1 1 1 1
1 1 1 1 1
N 958 122 R T T T T - 61 550 000
) 911 a1 -« O TTARREILY, T 118 064 000
3 860 120 1 169.235 .000
. 187 110 R 212 854 000
5 717 118 55557 U I 249.699 .000
6 654 117 B * e 280.804 .000
; 597 116 307 247 000
8 550 115 - 330.060 .000
9 510 114 B o> 350.067 .000
10 476 113 o " 367.784 000
11 445 112 A 383.532 .000
12 413 $111 Fr 1Fa T 397.366 .000
Plot Symbols Autocorrelations * Two Standard Error Limits
Total cases 64 Computable first lags: 63
22 ( TODENT2)
3
MA(1) Hg: 01 —O0
MA(1) Ha:01* O MA(1) t = 6.8671 (P = .000)
* =217 autocorrelation check
ri(et) 0 k

Box-Ljung Chi-Square Statistics
Hfj : p,(et) = .. = PXe) =0

Ha: pket) 0 k=1 2...10



Autocorrelations

Transformations:

STUDENT2
difference (2)

100

Prob.

.001
.003
.006
.012
.024
.043
.071
.106

. 151

.210
277

.328

MA(L)

ARMA(1,1)

Auto- Stand.
Lag Corr. Err. -1 .75 .5 -.25 .25 .75 1 Box-Ljung
L 1 1 1 1
1 1 H 1
1 -.424 124 1 T okkkk 11.700
2 ..042 123 bl 11.815
3 .100 122 kk 12.493
4 -.063 121 k 12.767
5 -.048 1120 k 12.930
6 -.026 119 k 12.980
7 -.028 118 k 13.038
8 -.045 117 k 13.187
9 .030 116 K 13.255
10 .004 . 114 13.256
11 -.006 113 13.259
12 .064 112 * 13.581
Plot Symbols: Autocorrelations * Two standard Error Limits
Total cases: 64 Computable first lags after differencing: 61
P artial Autocorrelations STUDENT2
Transformations: difference (2)
Pr-Aut- Stand.
Lag Corr. Err. -1 -.75 -.5 -.25 .25 .75 1
D R | 1 bt
1 -.424 .127 kkk kkkk
2 -.270 127 kkkkk
3 -.048 127 v
4 -.054 127 k
5 -.103 127 k k
6 -.149 .127 k k k
7 -.168 127 k k k
8 -.208 .127 kkkk
9 -.164 127 k k k
10 -.144 127 fakik
11 -.152 127 e
12 -.091 127 kk
Plot Symbols Autocorrelations * Two Standard Error Limits
Total cas”s: 64 Computable first lags after differencing: 61
(STUDENT2)
0= 14616 (P = 553)
k AR(L)
<= 242 MA(1) y, = 217
|
MA(2) ARMAC(LI) 3
* = 108 | MA(1)
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ARMA(LI)

ARMA(Ll)  Zt= (),ZtH 8t- 0Bm
00 00 'YX 0
9. 0, $1=2888 &, = .9599 !

N= 2888ZtH et - ,9590et1

ARMA(L,1) Hy: <= 0
MA(1) Ha: ( ~ 0 AR() t = 21400 (P = .0364)
Hy:0, =0 AR(1) Ha:01* O MA(L) t=
16,8787 (P = .000) AR(1)
05 MA(1) 01 s =198 autocorrelation
check rk(et) 0 k

Box-Ljung Chi-Square Statistics

Hq: p,(et) - .. - Pjdsj- O
Ha: pKef) 0 k=12..10
c0= 7790 (P = .649
k ARMA(1,1)
-
4
ARIMA(1,2,1)
(STLTDENT2) 5

vt = 2.2888ytl + 4224yt2+ 2888yt3+ et- ,9509eM

t> 6
yt (STUDENT2)
et
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28 (STUDENT2) 5 -
( )
2544 34.82030
2545 35.45877
2546 36.12618
2547 36.80195
2548 37.48013
5 1
(combined forecasting) 2
Newbold Granger 1 2
Newbold Granger 2
3
(simple
moving average: SMA) mi (single exponential
smoothing: SES)
2 (Brown's double exponential
smoothing: DES) 2 (Holt's linear

exponential smoothing: LES) 3
(Brown's triple exponential smoothing: TES)
(exponential smoothing for exponential trend: ESE)
(Regression analysis: REG)
- (Holt-Winters smoothing: HWS)

(Regression analysis: REG) 2
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81

(BOOK1) (BOOK2) (BOOK3)

(Holt-Winters smoothing: HWS)

(Regression analysis: REG) Newbold
Granger 2
[*? 2
1 Wi = -
E,
J: -
] 1 1
‘rtaf
) Bl .oy ER T
.(yz al (lp)m(n'l ,']. Dpa
f
ey ==Ly
1 2 2
511 BaCK)
221
(BOOK1)
(Holt-Winters
smoothing: HWS) (Regression analysis: REG)
1 (BOOKY)
(HWS) (REG)
1 3
(SsB) 11,469.68
(MSE) 130.34 30 ) =3
yt = 742793 yt {9 +.257207 yt FD t > 89
12 2
2 (BOOK1)

(HWS) (REG)



(o) NG N - O R N B

29

30

2544
2544
2544
2545
2545
2545
2545
2545
2545
2545
2545
2545

(BOOKY)
SSE
11,723.22
11,636.21
11,469.68
12,183.29
12,093.93
12,105.29

1(
16.98
60.80
51.68
5011
57.82
19.39
15.65

9.38
58.38
61.55
67.45
67.93

(MSE)

MSE
13322
13223
130.34
13845
137.43
13756

104

P 3
(SSE) 11,525.74
(MSE) 130.97 B
yt = 766469 yt ms) +.233531 yt mG) t> 89
29
(BOOK1) 12
) 2( )
16.82
6101
51.79
59.28
58,01
1921
1538
9.03
58,54
6165
67.61
68.14
(SSB)
1-20
(BOOK2) (BOOK3)

SSE MSE SSE MSE
178.65 2.03 5978304  679.35
180.02 205 2077132 236.04
179.85 204 2092632  237.80
180.09 205 2088299 23731
180,66 205 20,899.44  237.49
18121 206 2091970  237.72
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D) (SSB)
(MSE) -20
(BOOKY) (BOOK2) (BOOK3)
SSE MSE SSE MSE SSE MSE
7 12,014.12 136.52 18031 2.05 2157051 24512
8 12,006.12 13643 179.80 204 2156548 24506
9 12,006.38 136.44 17994 204 2155527 24495
10 12,006.83 136.44 180.20 2.05 2154871  244.87
n 11,988.37 136.23 17921 203 59,783.04  679.35
12 11,988.67 136.23 179.20 205 20,771.32  236.04
13 11,988.03 136.23 179.08 204 20926.32  237.80
14 11,985.52 136.20 179.09 205 2088299 23731
15 11,983.31 136.17 179.14 205 20,899.44 23749
16 12,109.88 13761 182.46 2.06 20919.70  237.72
17 12,034.99 136.76 18208 205 2157051 24512
18 12,031.98 136.73 181.95 204 2156548  245.06
19 12,030.86 136.71 181.77 204 2155527 24495
20 12,030.70 136.71 181.48 205 2154871  244.87
512 B
221
(BOOK2)
- (Holt-Winters
smoothing: HWS) (Regression analysis: REG)
1 (BOOK2)
- (HWS) (REG)
1 . 1
(SsB 178.65

(MSE) 203 30 ' =1
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yt = 722456 yt msj +.277544 yt (Q t > 89 12
3
2 (BOOK2)
(HWS) (REG)
2 P 12
9 (SSE) 17911
(MSE) 2.04 <l

=12 P=209  yt= .740063yt mSj +259037 yt ma)

t> 89 12 3l
3l (BOOK2) 12
1( ) 2 ( )
2544 5.29 5.26
2544 9.52 9.63
2544 9.27 9.26
2545 9.05 9.07
2545 8.63 8.63
2545 5.06 4.99
2545 421 4.19
2545 294 2.89
2545 8.86 8.97
2545 10.62 10.65
2545 1111 11.13
2545 9.40 941
513 (Ee 85
221
(BOOK3)

- (Holt-Winters

smoothing: HWS) (Regression analysis: REG)



(MSE)

(SSB)
236.04

yt = 277453 yt (9 +722547 yt D,

32

2544
2544
2544
2545
2545
2545
2545
2545
2545
2545
2545
2545

32

36.04
75.75
59.50
66.06
6351
57.25
41.70
27.96
55.77
62.72
69.88
65.88

(HWS)
20,771.32
30
t> 89
(HWS)
P
(SSB
(MSE) 23791

(BOOK3)

(REG)

2

(BOOK3)

(REG)

3

20,935.66

yt = 316268 yt ms) +.638732 yt (1)

7

(BOOK3) 12

36.06
75.30
59.24
65.73
63.14
56.89
41.37
2744
55.36
62.16
69.15
65.20

33

t> 89



33

o

© W N o ux W N PR

© 0w N o Ut dM W N P

N o o d NP

(MSE)
2
(BOOKY)

SSE MSE
15574 13097
11,59341 131.74
11,64843 132.37
11,715.05 13313
11,785.19 13392
11,858.85 134.76
11,936.03 135.64
12,016.73 136,55
121 .95 13751
12,087.35 137.36
12,079.27 137.26
12,071.21 137.17
12,063.19 137.08
12,055.19 136.99
12,047.23 136.90
12,31291 139.92
12,031.41 136.72
12,023.54 136.63
12, 6.58 136.44
12,006.78 136.44
12, 6.97 136.44
12,007.17 13645
12,007.37 13645
12,007.57 13645
12,007.77 136.45

3,6 9

(BOOK2)

179.92
179.98
180.05
18011
180.18
180.25
180.31
180.38
180.45
181.15
181.09
181.02
180.96
180.90
180.84
180.78
180.72
180.66
179.98
180.03
180.07
180.12
180.16
18021
180.26

(SsB)

MSE
204
205
205
205
205
205
205
205
205
206
206
206
206
206
205
2.05
2.05
2.05
2.05
205
205
205
205
205
205

108

-9
(BOOK3)

SSE MSE
93666 23791
2094506 23801
2095450 23812
2096400 23823
2097355 23834
2098316 23845
2099282 23855
2100253 23867
2101229 23878
2098705 23849
2105708  239.28
2112976 24011
2120512 24097
2128315 24185
2136385 24277
2144721 24372
2153325 24470
2162196 24570
2156803 24509
2158084 24524
2150371 24538
2160664 24553
2161962 24568
2163265 24583
2164574 24597
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B3() (SSB)
(MSE) 36 9 12 P -9
2
@3 (BOOK!) (BOOK2) (BOOK3)
SSE MSE SSE MSE SSE MSE
9 8 12,007.96 136.45 180.30 205 2165889 24612
9 1200816 136.46 180.35 205 2167209  246.27
» 1 11,988.73 136.24 179.19 204 2154677  244.85
2 11,988.79 136.24 17918 204 2155900 24499
3 11,988.86 136.24 179.17 204 2157127 24513
4 11,988.92 136.24 179.16 204 2158360 24527
5 11,988.99 136.24 179.15 204 2159598 24541
6 11,989.05 136.24 179.14 204 21,608.41 245.55
7 11,980.11 136.24 179.13 204 21,620.89 245.69
8 11,989.18 136.24 17912 204 2163343 24583
9 1198924 136.24 1211 2 21,646.01 245.98
52
(STUDENTY) (STUDENT2)
2 (Brown's double exponential
smoothing: DES) 2 ' (Holt's linear
exponential smoothing: LES) ! 3

(Brown's triple exponential smoothing: TES) !
(exponential smoothing for exponential trend: ESE)
(Regression analysis: REG)

Newbold Granger 2
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5 > tGp
w - Y=
p( -l/o0 -7
I Z et
|=lyt= - y
= B
( 2 7v1 / '
Y e f -
2 1=p My ‘a2
P( 2 7vi1 L 0434‘
y Yef Y e f
_FHyt=--1 vy yt= - \]
1 1 2 2
521 (STUDENTD)
222
(STUDENTI)
3 (Brown’'s
triple exponential smoothing: TES) (Regression analysis: REG)
1 (STUDENTI)
3 (TES)
(REG) ' '
16 (SSE) 14157
(MSE) 221 b5
= 16 $1= 920534yt 3 +.079466 $t mOQ, t > 65
10 A
2 (STUDENTI)
3 (TES)
(REG) 2 |
P 12 1
(SSE) 143.87 (MSE) 2.25
37 = 12 P=2a $1= .90474 $1m3

+.09526 yt (o) t> 65 5 34



<%l (STUDENTI) 5

1( ) : b2 )
2544 61.05206 61.14201
2545 61.84241 61.91358
2546 62.86945 62.91709
2547 64.13318 64.15254
2548 65.63359 65.61993
H (SSB)
(MSE) 1-20 1
(STUDENTI) (STUDENT?)
SSE MSE SSE MSE
1 151.28 2.36 145.75 228
2 14431 2.25 145.28 2.27
3 143.74 225 144.92 2.26
4 14334 2.24 144.89 2.26
5 142.82 2.23 144.86 2.26
6 14387 2.25 144.66 2.26
7 144.09 2.25 144.39 2.26
8 144.28 225 144.08 225
9 144.20 225 144.13 2.25
10 144.14 225 143.84 2.25
1 144.07 225 14369 2.25
12 14378 2.25 14360 2.24
13 14347 224 14367 224
14 14333 2.24 143.60 224
15 143.00 2.23 143.05 224

16 M 57 221 14243 223



3B ()
SSE
17 142.80
18 142.90
19 143.38
20 144.12
522

112

(SSE)
(MSE) 1-20
(STUDENTI) (STUDENT2)
MSE SSE MSE
223 14251 223
2.23 14168 221
2.24 141.88 222
2.25 142.10 222
(SILCENTD)
222

(STUDENT2) [
[

(exponential smoothing for exponential trend: ESE)

(Regression analysis: REG)

1 (STUDENT?)
(ESE) (REG) 1
) 1 (SSE)
14168 (MSE) 221
35 = 18 yt = 914608 yt (@ +085392 yt A
t> 65 5 36
2
(STUDENT2)
(ESE) A (REG) 2
P 12 1
(SSE) 144,81
(MSE) 2.26 37 = 12
P=21  yt= 893464yt B0 +106536 yt OFY t > 65

5 36



2544
2545
2546
2547
2548

37

W L N ot dr W N P W N UL DN W NP

1(
36.05880
36.16567
36.30807
36.49942
36.74344

(MSE)

143.87
144.02
144.18
144.35
14453
144.72
14491
14512
14534
144.04
144.24
144.44
144.66
213.08
145.14
14540
14567
14596

(STUDENTY)

MSE
225
225
225
2.26
2.26
2.26
2.26
227
227
225
225
2.26
2.26
333
227
227
228
228

(STUDENT2) 5

2 (
36.75105
36.97504
37.25454
37.59385
37.99761

(SSH
3 6 9 2 @3

147.16
149.84
15297
156.53
16054
164.99
169.87
17521
180.98
14657
148.83
15143
154.38
157.68
161.33
165.32
169.67
174.35

113

(STUDENT?2)

MSE
2.30
234
239
245
251
2.58
2.65
2.74
2.83
229
2.33
237
241
246
252
258
265
272
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3 () ' (SSE)

(MSE) 36 9 2 p 1-9
2
(STUDENTY) (STUDENT2)

P _
SSE MSE SSE MSE
1 144.36 2.26 14548 227
2 144.54 2.26 147.05 230
3 144.72 2.26 148.82 233
4 144.92 2.26 150.79 236
5 14512 227 152.97 239
6 145.34 227 155.36 243
7 145.56 2.27 157.95 247
8 145.79 228 160.75 251
9 146.03 2.28 16375 256
1 143.87 225 14481 2.26
2 143.96 2.25 146.20 228
3 144.05 225 147.78 231
4 144.14 225 149,54 234
5 144.14 2.25 151.49 237
6 144.34 2.26 15363 240
7 144.45 2.26 155.96 2.44
8 144.56 2.26 15848 248
9 144.67 2.26 161.18 252
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6
3
(MAPE) (MSE)
(ME) 3
(BOOK1)
(BOOK1)
7 77 88
(BAYES)
27T(24 + X) 27T(24 + T)
veasx = M(24 . 1), - 30630 + 0.875(24 . T) . 8.114sin + 14500008
12 12
I = 1,23 12
2. - B-)
IMA(2,1)XSAR(1,1)2 yt =2ytl-yt 2+ 4896yt 12.9791yt B+
,A896y1H+1.2208yt ,6+.5104yt 16+et-.7264et 1 t 177, ~=2256157
3. = (B-J/2T)
ARI(1,2) ! yt = 1.4076yt 1+2.1848yt 2+ 5924yt 3ret
t> 25 s =1313.04%4
4, Newbold Granger 1
(combi) yt = 546179 yt ms] +.453821 yt 53
t > 77 (=3 SSE = 11904.60, MSE =143.48)
5. Newbold Granger 1
(COMBL/2T) , yt =.074023 yt ~ 3+925977 yt 5E3
t> 25 ( =4, SSE = 209.44, MSE =8.73)
6. Newbold Granger
(COVBR) ! yt = 570886 yt ms) +.429114 yt 3G

t> 77 ( =3 P=.1 SSE=11007.03, MSE =144.83)
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7. Newbold Granger 2
(COME2/2T) ! yt = .080625 yt m 3+.919375 yt QE
t>25( =3 (3=.9 SSE=209.67, MSE =8.74)

(BOOK2)
(BOOK2)
7 77 83
(BAYES) !
y24+4xX=M24 +1t) = 4.858 + 0.106(24 + X) + 0388sm et ) + 2244 et
12 12
1,2,3,..,12
2 - (B-J) IMA
(L,1XSI1)2 ! yt =yt yt12+ 61-.6933et, t>77, '=
2.7855
3. - (B-J/2T)
IMA(1,1) yt = yM +et- ,9301et1 t > 25
A = 11,5088
4, Newbold Granger 1
(combi) ! yt = .348712 yt w 3+.651288 yt QE)
t > 77 (=1, SSE = 18615.0, MSE =1.86)
5. Newbold Granger 1
(COMB1/2T) ! yt = 015562yt  3+.984438 yt QK3
t > 25 (=4, SSE = 19.98, MSE =0.83)
6. Newbold Granger 2
(COVR) yt = 640864 yt m 3359136 yt mQal

t>77( =3 P=., SSE= 14378, MSE =1.89)
7. Newbold Granger 2
(CovB2/2T) ! yt = 02076yt 3 +97924 A QE)

t>25( =3 P=.9 SSE= 1999 MSE = 0.83)
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(Z88C)

(BOOK3)
7 7 83 '
(BAYES)
L 2TT24 + ) 21124 + )
y24+1 =M(24 +T) = P50 + 137624 + X) + 195358 + 7.396C0OS
12 12
X = 123,...12
2. - BJ IMA
(L,1)XSARI(2, )2 yt = 0.1322yt10.4677y12 + 4001yt3 +
yt42-.1322y,13+1.4001yt ¥4.4001yMB +et -.5165€, « t>77. ; =347234
3. - (B-J/I2T) ARI
12 I yt = 14780yt 1- 2.0440yt2+ 5220yt3+ e, t> 25
1 ~ = 906.5297
4, Newbold Granger
mj (combi) ! A = 209088 yt (H/B+.790912 yt Op,

t> 77( =1 SSE 1971138, MSE =259.36)
5. Newbold Granger 1
(COMBL1/2T) ! yt = .32092 yt ms,+.67908 yt pgo,
t > 25 (= 3, SSE = 624.09, MSE = 26.0)
6. Newbold Granger 2
(COMB2) ! yt = .459983 yt GV§+.540017 yt Qgo,
t> 77 ( =3 P = .1, SSE = 20525.62, MSE = 270.07)
7. Newbold Granger
(COMB2/2T) ! yt = 332614 yt (V%+667386 yt (0,
t> 25 ( =3 P = .1, SSE = 629.70, MSE = 26.24)
(SLCENTD)
(STUDENT1)
"17 60 64

1 (BAYES) !

Y0+T =M(@20+T) = 72696 - 020320 + T) — 0022(20 + T)2 1=1, 23,45
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2. - (B-J) IMA

1) r yt = 2y1k yt2+ et-6402etl t> 60, I = 21070
3 : (B-J/2T)
ARI(L3) ! yt = L1377yt1+ 3.7246yt2+ 2.7246y13+0.8623yt4
+et t> 21, = 18022
4 Newbold Granger 1
(combi) ! yt = 943768 yt {1 +.056232 yt nl
t> 60 ( =1, SSE= 13261 msE = 225)
) Newbold Granger 1
(COMBLZT) ! yt = 32827 yt ~ &617173 y, mo)
t> 2 ( =16 sse=1453 mse (0.73)
6. Newbold  Granger 2
(COMB2) ! yt = 950079 yt (T1) +049921 yt m0)

t> 60( =12 P: 1, SSE = 132.75, MSE = 2.25)
7. Newbold Granger 2
(COMB2/2T) ! yt = .389313 yt ~g+,610867 yt G,

t>21( =12 P = 4 SSE= 1453, MSE = 0.73)

! (STLCENTR)
(STUDENT?2)
7 60 64

1. (BAYES) !
Yy204x =M'(20 + T) = 2514 + 0.050(20 + T) T = 12345

2, - (B-J) ARI
(2.2) ! yt = 1.4948yt1 0.3661yt2+ 12166y.3+ 0.3557y," +et

t> 6011 = 06113

3. - (B-J/2T)

ARI(2,3) ! yt = 1.1798ytl - 273720.4677y,2 + 4.4468yt3 +

1.8064yt4 +.9032y15+et t> 2111 = 14325



(COvBY)
t> 59 ( =9 SSE 71084, MSE = 1205)
5
(COMBL/2T))
t> 21 ( =9, SSE= 14163 MSE = 7.08)
6
(COVE?) !
t>59( =9 P= 9 ssE= 70769 MSE = 11.99)
7.
(COMB2/2T) !

t>21( = 3, P = 9, SSE = 140,07, MSE = 7.00)

6.1

24-25
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Newbhold Granger 1

yt = 16721 yt (EF +83279 yt 58)

Newbhold Granger 1

yt = 23706 yt (B +.76294 yt J&0)

Newbhold Granger 2

yt = 161911 yt 6% +.838089 yt 560)

Newbold Granger 2

yt = 215178 yt w+.784822 yt 56))

(BOOKY)
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QD -
o - BAYES
&0 - BJ
a) _ 3< ! NN ! rrr A A _X_B_le-l-
_~Bne _
40 - COMBI
______ N = = 4 mmm——T ‘
:-D -
COVBL2T
Z) -
— covme
10 -
0 - 1 1 1 r 1 COMB2I2T
3
(STUDENT?)
62
2
621
) (BOOK!)
(BOOK1)
(MAPE)
COMB1/2T, COMB2/2T, COMB2, COMB1 B-J
COMB1/2T COMB2/2T MAPE 225463
225804 MAPE COMB2, COMBL
B-J MAPE 34,5059, 35.2545 41.2966 BAYES B-JI2T
MAPE 1445869 208.6751 ( )
(MSE)

MSE
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COMB2 1 COMBL2T, COMB2/2T COMBI 821660, 830289, 83.1197
834807 BJ,  BAYES B-JI2T MSE B-JI2T
MSE 25130339 ( 39

(ME)
ME 0 B-J/i2T
( ) ME
COMB1 COMB2 ( 3R
(MAPE)
(MSE) (ME)
I (BOOKY) COMBL/2T
COMB2/2T
38 (BOOK1)
MAPE MSE ME

BAYES 144.5869 612.7152 -14.8215
B-J 41.2966 1485371 -8.7523
B-J/2T 298.6751 2,513.0339 -44.1114
COMBI 35.2545 83.4807 0.5427
COMB1/2T 225463 83.0289 -3.9553
COMB2 34.5059 82.1660 0.5461
COMB2/2T 225804 83.1197 -3.9661

BAYES

B-J

B-J2T -

COovB1 Newbold Granger 1

COMBL/2T Newbold Granger 1

comB2 Newbold Granger 2

COomMB2/2T n ,  Newbold Granger 2
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2) Y| (BOOK2)
(BOOK2) (MAPE)
comB2/2T COMB1/2T MAPE
18.9691 189701 COMB2, B-J COMBL1
MAPE 20.1288, 21.8927 23.7045 B-J/2T
BAYES MAPE 61.1155 63.7940 ( 39
(MSE)
MSE
COMB2, COMB2/2T, COMBL/2T, CcOoMB1 B-J BAYES B-J/2T
MSE 10.4262 13.9552 ( 39
39 (BOOK2)
MAPE MSE ME
BAYES 63.7940 10.4262 05141
B-J 21.8927 4.2014 11971
B-J/2T 61.1155 13.9552 1.1307
COMBI 23.7045 34140 0.6722
COMB1/2T 18.9701 27761 0.4283
COMB2 20.1288 2.6060 05711
comB2/2T 18.9691 2.7758 0.4284
BAYES
BJ
B-JI2T £
COvBL Newbold Granger 1
COMBL/2T Newbold  Granger 1
covB2 Newbold Granger 2

COMB2/2T Newbold Granger 2
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(ME)

ME 0 ME
COMB2/2T COMB1/2T (  39)
(MAPE)
(MSE) (ME)
(BOOK2)
COMB2/2T COMBL/2T
3) (BOOK3)
(BOOK3)
(MAPE) COMBI
COMB2 MAPE 100142
104169 BJ,  COMB2/2T COMBL/2T
MAPE 208131, 408311 409752 B-J2T  MAPE
972017 ( 40)
(MSE)
MSE COMB1 COMB2 MSE  76.6892
91.1363 B-J/2T 22267631 ( 40)
(ME)
COMBL COMB2  ME 0 BAYES 1 B-J2T, COMBL2T,
COMB2/2T B-J ME
( 40)
(MAPE)
(MSE) (ME)
1 (BOOK3) COMB1

COmMB2
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40 (BOOK?)
MAPE MSE ME

BAYES 57.8858 899.7399 -25.2632
B-J 20 8131 180.6153 -8.5486
B-J/2T 97.2917 2,226.7631 -43.7609
COMBI 10.0142 76.6892 1.2086
COMB1/2T 40.9752 573.0679 -20.7165
COMB2 104169 91.1363 3.0583
COMB2/2T 40.8311 569.9001 -20.6460

BAYES . ?

B-J

B-J/2T

COMBI Newbold Granger 1

comMB1/2T Newbold Granger 1

COMB2 Newhbhold Granger 2

comB2/2T Newbold Granger 2

6.2.2
1) (STUDENT1)
(STUDENTY) (MAPE)
B-J, COMB1/2T, COMB2/2T BAYES
MAPE 114258, 12.7917, 12.8477 132161 B-J/2T,
COMB1 CcOomMB2 MAPE 2536 6
26.3071 ( 41)
(MSE)

B-J MSE 59.5210

BAYES, COMB1/2T COMB2/2T MSE 78.1288, 82.0640 82.7200



B-J/2T COMB1
(4

ME , '0
BAYES (41

(MSE)

41

BAYES

B-J

B-J/2T
COMBI
COMB1/2T
COMB2

COMB2/2T
BAYES

BJ

B-J2T
COvVBL
COMBL2T

CcomB2

COMB2/2T

2)

(STUDENT2)
BAYES, COMB2/2T
MAPE 15.8336, 16.9274

MSE

MAPE

132161
114258
25.3686
26.3071
12.7917
26.6037
12.8477

(ME)
B-J,

COMB1/2T

17.0361
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304.7850 2449411
COMBL1/2T, COoMB2/2T
(MAPE)
(ME)
(STUDENTY) B-J
(STUDENTY)
MSE ME
62.4066 -7.8573
59.5210 6.8173
304.7850 15.1408
2449411 -15.6497
82.0640 7.6372
250.5105 -15.8265
82.7200 7.6706
Newbold Granger 1
Newbold Granger 1
Newbold Granger 2
Newbold Granger 2
(STUDENT2)
(MAPE) [
B-J B-J/2T



MAPE 285772 31.6247 COMB1 COMB2
MAPE 63.5270 63.5485 ( TL 42
(MSE)
BAYES MSE 34.6203
COMB2/2T COMB1/2T MSE 41.4838 42.2612
COmMB1 COMB2 MSE 588.7573 589.2144 ( 42)
(ME)
BAYES ME 0 COMB2/2T COMBL1/2T
ME ( 42)
42 (STUDENT2)
MAPE MSE ME
BAYES 15.8336 34.6203 -2.2905
B-J 285772 147.0077 -9.8371
B-J/I2T 31.6247 177.3815 -10.9094
COMBI 63.5270 588.7573 -22.3581
COMB1/2T 17.0361 42.2612 -3.3102
COMB2 63.5485 589.2144 -22.3655
COMB2/2T 16.9274 41.4838 -3.2186
BAYES 2
BJ
BN2T -
COmMBI Newbold Granger 1
COMBL/2T Newbold Granger 1
covB2 Newbold Granger 2
COMB2/2T Newbold Granger 2
' (MAPE)
(MSE) (ME)
(STUDENT2)

BAYES

135



6.3

43

7.1

(ME) 1

(MAPE)

Newbold

W Rk P W N R

Granger

61 62
"1
43
12
(BOOK1)
(MSE)
[
1 (COMBL/2T)

(Holt-Winters  smoothing: HWS)
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37

(Regression analysis: REG) 12
2544 2545 11.73, 6347, *0.21, 63.28, 5152, 13.96, 7.20, 4.80, 56.76, 6345,
65.93 60.86
(BOOK2)
(MAPE) (MSE)
(ME) | !
Newbold Granger 2 (COMB2/2T)
- (Holt-Winters smoothing: HWS)
(Regression analysis: REG) 12
2544 2545 39, 1349, 945, 1037, 839, 4.87, 451, 3.70, 11.31, 11.84, 1251
9.36
(BOOK3)
(MAPE) (MSE) (ME)
!
Newbold Granger 1 (COMBL)
- (Holt-Winters smoothing: HWS)
(Regression analysis: REG) 12 2544

2545 36.04, 75.75, 59.50, 66.06, 63.51, 57.25, 41.70, 27.96, 55.77, 62.72, 69.88

65.88
7.2
(STUDENTL)
(MAPE) (MSE)
(ME) ! -
B-J) 5 2544 2548  60.09876, 60.07705,
60.05534, 60.03363  60.01191
(STUDENT2)
(MAPE) (MSE)
(ME) 1 !
(BAYES) 5 2544 2548 3946022, 40.95626,

42 50902, 44.12065 4579338



(Bayesian method)
(Box-Jenkins: B-J)
2.

(MAPE) (MSE)

(Bayesian method) -

(combined forecasting)

(Box-Jenkins: B-J)

(combined forecasting)

(ME)

(combined forecasting)

(Box-Jenkins: B-J)

(Bayesian method)
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