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a3 LS maanall sal gl gl (1= w), (I-w)w, (I-w)w’ ...z il
13 ow Jaleall dabide o8 lialy abaed oS (1.6.9)ma il Gl o 3 5 iy
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a5 ALl il sl Jae gl Slasinly §o(1) AV dagl S8
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y,(1)=03(y,)+0.7 ¥y, (1)
=03 (12)+0.7 (13.1)=12.77

95(1)=0.3(y;)+0.7,(1)
=0.3(12)+0.7(12.77)=12.539

(1) S b Aaingall 5l A (Say Aleall 0da b el s
w = 0.9238 1
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=0.1(11)+0.9 (14)=13.7

y,(1)=0.1 y,+0.9 5’1(1)
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y;()=0.1y, +0-95’2(1)
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RPN e’ =y, -y, (W
t | v,
W =0.7 w=1{.9 w=0.7 w=1009
IRt 14 14 9.00 9.00
2 |12 13.1 13.7 121 2.89
312 12.77 13.53 0.59 2.34
4 | 14 | 12539 13.38 2.13 0.38
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5 13 12.98 13.34 0.00 0.12
6 15 12.98 13.51 4.08 222
7 14 13.59 13.66 0.17 0.12
8 15 13.17 13.69 3.35 1.72
9 13 14.10 13.82 1.21 0.67
10 17 13.77 13.74 10.43 10.63
I 16 14.74 14.07 1.59 3.72
12 14 15.12 14.26 1.25 0.07
13 16 14.78 14.23 1.49 3.13
15.15 14.41 - -
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S(0.7)=9+1.121 +0.59 +...+1.4 9
=35.5
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S(0.9)=9+289+234+ ... +3.13
=37.01
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Aebiall 3 3ea ¥l aae il Sy 0 W =0.9 el s jlalial gl e Juadl0).7

ol Syl el ) (7) JSE s Filen 1515 g 00 el s
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Autocorretation
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i0 20 0
lag Corr T LBad lag Com T LBQ Ltag Corr T LeQ Lag Com T LBQ
1 DU1 835 4278 10 0.32 0.74 123.08 19 -0.05 -0.12 234.42 28 -0.28 -0.82 208.40
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5 0.04 180 101082 14 D13 D30 233.34 23 -D.14 -0.33 230.87
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Autocorrelation
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lag Comr T LBO lag Camr T B0 Lag Comr T LBO lag Camr T LeO

1018 -122 158 10 0.1 -1086 1573 10 000 -041 3021 28 004 -0.10 4434
2022 -1.47 409 11 004 0.24 1585 20 005 025 3044 20 009 044 4548
3 07 100 3502 12 -005 0.20 1403 21 -0.02 0.11 3848 30 0.01 DDB 9550
4-00t -005 5082 13 -017 -0806 18.10 22 008 040 37.11
5 000 038 580 14 -0.03 -0.15 18.10 23 0.00 044 3703
8 012 D74 050 15 0.23 1.23 2186 24 0D.10 D47 3602
7022 -134 034 18 -0.26 -1.50 2788 25020 005 4314
8 -0.02 -0.10 Q38 17 025 -1.25 3280 20 D06 028 4348
9 026 1355 13.52 18 0.19 D05 35350 27 D.06 D030 4410
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(z,) glaad e ey e of Aluded gisalll i (2) Jsia

ARIMA model for log Y (t)

Estimates at each iteration

Iteration SSE ¢5| ¢ , S
0 0.494314 0.100 0.100 0.093
1 0.160674 -0.041 -0.050 0.023
2 0.149502 -0.171 -0.200 0.022
3 0.148540 -0.222 -0.259 0.024
4 0.148532 -0.226 -0.264 03024
5 0.148532 -0.226 -0.265 0.024
6 0.148532 0226 | -0265 0.024 J
Relative change in each estimate less than 0.0010 J
Final Estimates of parameters
Type Coef Se Coef T P
AR (1) -0.2265 0.1438 -1.58 0.122
AR (2) -0.2647 0.1439 -1.84 0.072
Constant 0.024454 0.008289 2.95 0.005
Differencing: 1 regular difference
Number of observations: Original series 49, after differencing 48 —l
Residuals: SS = 0.148208 (back forecasts excluded) ]
MS =0.003294 DF=45
Modified Box-Pierce (Ljung-Box)Chi-Square Statistic
Lag 12 24 36 48
Chi-Square 88 28.3 35.8 *
DF 9 21 33 *
L P-Value 0.445 0.131 0.340 * J
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Autocorrelation
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©

Comr T LBO Lag Com T LBD lag Comr T B0 lag Com T LbBQ

-0.50 -3.41 1230 10 -0.27 -1.38 2548 19 -0.15 .0.87 408.05 28 -0.05 -0.20 56.25
0.05 -0.30 12.51 11 017 0B2 2725 20 011 0.4 4717 20 DD? D28 56.82
0.08 047 1287 12 -.0.00 -0.44 27.70 21 -0.00 -0.25 4744 30 -0.00 -0.D1 50.82
0.05 -0.28 13.01 13 -0.01 -0.07 2781 22 -0.04 -0.10 47.02
003 0.16 1305 14 -007 -D.33 28.14 23 D04 017 47.77
D09 0.52 1355 15 028 135 33.77 24 0.13 057 40.51
-0.17 -0.08 15.30 10 -0.20 -092 30.71 25 -0.23 -0.87 54.88
0.04 -0.23 1541 17 -0.16 -0.75 38.70 20 D.10 D4t 5580
0.30 184 2099 18 0.26 117 44.18 27 003 D12 5500
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10 —
0a
on
04
@2--_ - --""-"-—""-""-—"""—-—"-""-—""*""—"»"*""""*"""—""~""—"""—7
oD . 1 1 l + 1 [ | M Ll
2 LIt Lt Tt .
04 -
-0A
.08 j
p 4
1 I
10 20 30
lag PAC T lag PAC T lag PAC T Lag PAC T
10650 -341 i0 -p.08 -D.50 1@ -0.13 -D.87 28 poa 0357
2-040 -274 11 D12 DBS 20 -0.12 D80 20 008 D42
3 024 185 12 004 027 21 -013 -D.BQ 30 0.0 D.68
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ARIMA model for D.RESI.

Estimates at each iteration

Iteration SSE )
el
0 0.261943 0.100
1 0.229712 0.250
2 0.203923 0.400
3 0.183224 0.550
4 0.137417 0.700
5 0.158084 0.850
6 0.156660 0.888
7 0.155489 0.916
8 0.153849 0.946
9 J 0.151536 0.979
Unable to reduce sum of squares any further
Final Estimates of parameters
Type Coef J Se Coef T P
MA (1) 0.9793 0.0509 19.26 0.000
Number of observations: 47
Residuals: SS = 0.149963 (back forecasts excluded)
MS =0.003260 DF=46
Modified Box-Pierce (Ljung-Box) Chi-Square Statistic
Lag 12 24 36 48
Chi-Square 9.1 28.7 34.7 *
DF 11 23 35 *
P-Value 0.616 0.269 0.484 *

C_t__u;i ‘é_“\ w\ uap.i.“} CJ‘J[._!BY\ c._a.a;c_‘ltu ui L.A)L*._“)
ARIMA (2,1,0) z3s—ill 3 5 Qla jaa e a3l 8l el Jlas Al ias
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z3saill 138 Lde aday A Aokl g il ae € aa ) A Sela Sl
eadl by Jilad gD satll 12 3 liS g8 AR 3y 5y Las
b pilaa A 773 galll (3855 5.4.3

zisaill (38 gy Alall 3 A ol ol Gl 8 LS8 o B LS
ARIMA (2,1,0) Sadl z3saill Ja 1 ) Sl o LlaY! ) Giags Y
Sa by A0l A aady) Aalee Cada Jailly o5 a8l oy Lee ST allas ey
Jsa gl a e s ARIMA (1, 1, 0) 580 (5391 23 pal) 3 635 2 3 gl
38 g el A gl Al o Adaadle (S Jsaadl 28 0 andys (4)
Cuaiail gl 23l ey Adnal) Cida 25 0.1781 ) 0.2265 (e Daiaidl
§y a5 §y oAl o Bl VY Aoy o e I3 Sy g ol 65 22.8% s
P o ol iy N AlaYl chyasms oo Y zasedl B dosay (8D e
« ARIMA (1, 1, 0) zr3peill LagDo 255 Y Janall Gy iS50 elany 5 jlalial)
ARIMA (2, 1, 0) 73 saill LasDa S 5% of 3 (! r3paill B8 my 13

(z,) glaad 2 claiyle ) Alulud ARIMA (1,1,0) zisalll i :(4) Jssa

(Underfitting)
ARIMA modei for log y(t)
Estimates at each iteration j
Iteration SSE N :
¢, 5,
0 0.563714 0.100 0.104
1 0.192566 -0.050 0.042
2 0.159667 -0.172 0.17
3 0.159491 -0.177 0.019
4 0.159491 -0.178 0.019
5 0.159491 -0.178 0.019

Relative change in each estimate less than 0.0010

Final Estimates of parameters
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| Type Coef Se Coef T P
AR (1) -0.1781 01452 -1.23 0.226
Constant 0.019016 0.008498 J 2.24 0.030 |
Differencing: 1 reqular difference
Number of observations: Original series 49, after
Differencing 48
Residuals: SS = 0.159442 (back forecasts excluded)
MS =0.003466 DF =46
Modified Box-Pierce (Ljung-Box)Chi-Square Statistic
Lag 12 24 36 48
Chi-Square 12.9 35.3 45.9 *
DF 10 22 34 *
P-Value 0.231 0.036 0.083 * ]

8 iaa eVl £ agalll 3845 5.4.4

zas—atll (3 5 Laladl CLEAY of ol M Gl 8L S5 o o LS

2 s—atl Lgtaaly A allaadl 230 Ja 1V Jizadl e BlaY) ) Giags oY)
A alee L) Yl 5 il 138 o T S Lae JIF ARIMA (2, 1, 0)
UL ARIMA (3, 1,0) 5—3le e z3saill Gy ¢, 20 13 jlass
2 asadll gl il Glee Gila ie (5) st amgs plaall s alay el
1a8 5 0.08165 sbaus by Ailaad Adbeall s of 2a Jsoadl 138 205 pani
ey hall 0 Usine lad ¥ Adeadl o e Ja las 0.595 (5 sl 5 k0 P
I 0 ol A8 jaie Claw fie Aales il Jiallyy oz gall (g ledia e 2N S
Cla e (6) Ja sy ARIMA (2,11 oY) £35al 3 55 5 23 ail
Gla s fiall A dden a8 of 25 Jpaad) 138 @ Ganiy gz dsell 18 3d 5
iad o e Jy Lae 0.514(s s 51U Paag o5 -0.32805 s 6,38 jaal
Ladally 23 paill (e Ledia Cangy pieall 0o U gine Cilas Y 0, Agisiall dalaal
e iy b 4en o 23 ¥ ARIMA (2,10 2yl 1 e L] o
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{Overfitting)
ARIMA model for log y(t). |
Estimates at each iteration ’
. [ ~ ~ ~ A 1
Iteration SSE d)[ ] ¢2 ¢3 I S
0 0.420791 0.100 0.100 0.100 0.081
1 0.157067 -0.033 -0.050 0.146 0.020
2 0.148149 -0.165 -0.200 0.103 0.019
3 0.147609 -0.200 -0.239 0.087 0.022
4 0.147601 -0.204 -0.244 0.082 0.022
5 0.147601 -0.205 -0.245 0.082 0.022
6 0.147601 -0.205 -0.245 0.082 0.022
7 0.147601 -0.205 [ -0.245 L 0.082 L 0.022
Relative change in each estimate less than 0.0010
Final Estimates of parameters
Type Coef Se Coef T | P
AR (1) -0.2048 0.1502 -1.36 0.180
AR (2) -0.2449 0.1493 -1.64 0.108
AR (3) 0.0816 0.1524 0.54 0.595
L Constant 0.022375 L 0.008357 2.68 0.010
Tifferencing: 1 regular difference
Number of observations:Original series 49, after
Differencing 48
Residuals:  SS =0.147409 (backforecasts excluded)
B MS =0.003350 DF=44
modiﬁed Box-Pierce (Ljung-Box)Chi-Square Statistic T
Lag 12 24 36 48
Chi-Square 9.0 26.8 34.4 *
DF 8 20 32 >
b—Value 0.347 0.142 0.354 *
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(z,) glaall 3 clay & 5 dudud ARIMA (2,1,1) gigalll i :(6) Jsda
(Overfitting)

ARIMA model for log y(t).

Estimates at each iteration

(Terauon | sse | 5 H 4 §
0 0.557574 0.100 0.100 0.100 0.093
1 0.423908 0.222 0.056 0.250 0.066
2 0.386373 0.360 0.044 0.400 0.050
3 0.369188 0.503 0.042 0.550 0.037
4 0.356736 0.648 0.045 0.700 0.024
5 0.344954 0.792 0.051 0.850 0.012
6 0.330328 0.642 0.044 0.705 0.023
7 0.316066 0.492 0.034 0.560 0.033
8 0.312723 0.342 0.023 0.411 0.043
9 0.309990 0.192 0.011 0.262 0.054
10 0.306666 0.042 -0.001 0.114 0.064
11 0.301647 -0.108 -0.015 -0.034 0.074
12 0.292810 -0.258 -0.032 -0.181 0.083
13 0.272616 0.408 -0.060 -0.323 0.088
14 0.158673 -0.482 -0.210 -0.329 0.046
15 0.147442 -0.515 -0.311 0.316 0.029
16 0.147413 -0.530 -0.317 -0.329 0.030
17 0.147413 -0.529 -0.317 -0.328 0.030
18 0.147413 -0.529 -0.317 -0.328 0.030
_ ]
Relative change in each estimate less than 0.0010
Final Estimates of parameters
,7 Type Coef Se Coef T P
[ AR(1) -0.5294 0.4754 111 0.271
AR( 2) 0.3173 0.1484 -2.14 0.038
MA (1) -0.3280 0.4980 -0.66 0.514
Constant 0.03027 0.01109 2.73 0.009

Differencing: 1 regular difference

Number of observations: Original series 49, after Differencing 48

Residuals:

SS = 0.147190 (backforecasts excluded)
MS=0.003345 DF=44
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Modified Box-Pierce (Ljung-Box)Chi-Square Statistic

Lag 12 24 36 48
Chi-Square 9.0 27.0 34.5 *
DF 8 20 32 *
P-Value 0.330 0.135 0.349 *
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Zis—aill 5,8 el phgal o8 JS N 5 e dad o0y L i 5.2% 5 sl
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RREPER]
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dall
all Y aall | cldl ey | Al pUeal
L _‘”ﬂ il | A e H > i ’
agleil) 3_adll dalbaal P
b _sall
1418 | 1178186 | 1204226 | 920192 | 1575933 | 26040 | 0.022101773
L :
1419 |1056730 1240827 | 881384 | 1746858 = 184097 | 0.174213848
1420 .1267555 1293908]887970 1885422 | 26353 0.020790419J
1421 | 1367792 1345834(885457 2045578 | 21958 | 0.01605361 J
1422 | 1359261 | 1396489 | 881464 | 2212434 | 37228 | 0.027388412
P } | 591352 | 0.052109613
Aaddll EMN i glad) rlaadt saay guil :(8)J g2
= i gt SAM AN ) |6l e sl |
1423 1411313 1089226 1828642 |
1424 1482861 1068725 2057476 |
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26.6
27.0
27.1

25.2
250
24.6
242
24.0
237
234
23.1
229
228
227
22.6
224
2222

oaalddl il e Ciliyda’

19.6
19.6
19.6
19.6
19.6
19.7
19.9
200
20.1
20.2
203
20.6
21.6
219
217
213
212
214
21.7
22.2
23.0
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24.6
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256
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26.1

24.4
244
244
244
245
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244
243
24.2
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24.0
239
237
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23.5
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23.6
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211
208
208
20.8
208
208
209
208
208
207
207
208
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212
214
21.7
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219
222
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22.8
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24.1
24.6
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2

244
242
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240
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234
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234
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22.0 26.3 234 249 232
21.8 26.3 232 25.1 233
214 26.2 23.0 25.0 233
209 26.0 228 250 232
203 258 226 25.0 231
19.7 25.6 224 250 229
19.4 254 220 249 228
19.3 25.2 216 248 22.6
19.2 249 213 247 224
19.1 247 212 24.6 222
19.0 24.5 21.2 24.5 21.8
18.9 244 211 245 213
189 244 210 24.5 20.8
19.2 24.4 209 24.5 202
19.3 244 21.0 24.5 19.7
19.3 244 210 245 19.3
19.4 243 211 245 19.1
19.5 244 212 24.4 19.0

18.8

:JM\

Box, G.E.P. and Jenkins {1976). Time series analysis, forecasting and control, san
Francisco, Holden-Day.
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o oadalls laatlly aladl e g jemall il jalall Gad Jod AsY1 Ul L2
(s S 55) 2000 R LY 1960 Aiw e (1995 Tom lad)

2.5048 24012 2.5867 2.9654 3.1359 3.249 3.3863
2.9805 2.7384 2.9805 3.2753 3.2301 3.394 3.2235
3.3516 4.1326 5.2705 5.7782 5.7924 5.587 6.5375
6.4414 5.7707 6.3905 6.7815 7.0593 7.0914 7.5417
8.3847 9.7821 10.481 10.83 12.228 13.113 12.477

13.506 13.718 14.051 13.547 14.472 15.961
iy S g Tamgie 123300 SLLS DLl Al o3 Jla
Y50 Sl clea all g aluldl (e & eaall s gl dad i A5V Ul L3
(Ll bl T5E) 2000 Lw ) 1960 A (e (1995 A laud)

3.6393 3.8746 4.6072 5.5514 5.7371 5.9383 6.0074
5.6504 5.7711 6.3191 7.225 7.1384 7.4892 7.8648
10.787 13.023 12.322 12.992 13.436 15.616 16.885
17.789 15.446 15.607 17.915 18.448 16.11 13.604
14.021 14.253 14.775 14.948 14.253 15385 15.675
16.544 16.801 17.123 18.494 18.804 19.27
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4147 7197 9808 10897 13475 15709 15785
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40076 85277 125325 122140 167215 135763 153727
264326 26777
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Quadratic trend
Exponential trend
Secular trend
Stochastic trend
Autocorrelation
Partial autocorrelation
Invertibility
Overdifferencing
Regression approach
Box-Jenkins approach
Forecast horizon

Shift

Grid search

Residuals

Cross sectional data
Seasonal swings

Trial and error
Exploratory data analysis
Regression analysis
Time series analysis
Diagnosis
Identification
Autocovariance
Cyclical variations
Long time variations
lrregular variations

Seasonal variations
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Exponential smoothing

Constant change forecasting
Interval forecast

Point forecast

Minimum mean square error forecast
Cumulative probability distribution
Predictive distribution

Trivariate normal distribution
Bivariate normal distribution
Multivariate normal distribution
Underfitting

Overfitting

Real root

Autocorrelation function

Partial autocorrelation function
Exact likelihood function

Transfer function

function Autocovariance

Green function

Period

Memory

Stationarity

Strict stationarity

Weak stationarity

Time series

Homogenous nonstationary time series
Continuous time series

Discrete time series

Seasonal time series
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Deseasonalized series
realization

Adjusted time series
Random walk

White noise formula
Invertibility formula
Least squares method
True error process

White noise process
Stochastic process

Pure random process
Nonstationary
Nonstochastic
Noninvertible

Lag

Polynomials

Infinite

Autoregressive operator
Backward shift operator
Difference operator
Moving average operator
Time series operators
Dependent variable
Bivariate random variable
Multivariate random variable
Independent variables
Regressors

Predictors

Mean absolute deviation
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Mean absolute percentage error
Mean squared error

Moving averages

Simple moving averages
Simulation

Finite

Linear filter

Complex

Time series components

Yule — Walker equations
Correction factor

Discount coefficient

Seasonal factors

Significance

Biased estimator

Time series plot

Invertible

Box-Jenkins methodology
Sinewaves function

Season

Yule-Walker system
Autoregressive models
Autoregressive moving average models
Mixed autoregressive moving average models
Linear time series models
Stochastic time series models
Moving average models

Ad hoc models

Causal modeis
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Ad hoc models
Adjusted time series
Autocorrelation
Autocorrelation function
Autocovariance
Autocovariance function

Autoregressive models

Autoregressive moving average models

Autoregressive operator
Backward shift operator
Biased estimator

Bivariate normal distribution
Bivariate random variable
Box-Jenkins approach
Box-Jenkins methodology
Causal models

Constant change forecasting
Complex

Continuous time series
Correction factor

Cross sectional data
Cumulative probability distribution
Cyclical variations
Dependent variable
Deseasonalized series
Deterministic models
Diagnosis

Difference operator

Discount coefficient
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Discrete time series
Exact likelihood function
Exploratory data analysis
Exponential growth
Exponential smoothing

Exponential trend

Exponentially weighted moving average model

Finite

Forecast horizon

Green function

Grid search

Homogenous nonstationary time series
Identification
Independent variables
Infinite

Interval forecast
Invertibility

Invertibility formula
Invertible

Irregular variations

Lag

Least squares method
Linear filter

Linear time series models
Long time variations
Mean absolute deviation
Mean absolute percentage error
Mean squared error
Memory

Minimum mean square error forecast

Mixed autoregressive moving average models

Moving average models
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Moving average operator
Moving averages
Multiplicative models
Multivariate normal distribution
Multivariate random variable
Naive model
Noninvertible
Nonstationary
Nonstochastic
Overdifferencing
Overfitting
Parsimonious model
Partial autocorrelation
Partial autocorrelation function
Period

Periodical pattern

Point forecast
Polynomials

Predictive distribution
Predictors

Pure random process
Random walk

realization

Real root

Regression analysis
Regression approach
Regressors

Residuals

Quadratic trend

Season

Seasonal factors

Seasonal swings
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Seasonal time series
Seasonal variations
Secular trend

Shift

Significance

Simple moving averages
Simulation

Sinewaves function
Stationarity

Stochastic models
Stochastic process
Stochastic time series models
Stochastic trend

Strict stationarity

Time series

Time series analysis
Time series components
Time series operators
Time series plot
Transfer function

Trial and error
Trivariate normal distribution
True error process
Underfitting

Weak stationarity

White noise formula
White noise process
Yule — Walker equations

Yule- Walker system
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