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* 3 ifFEHBEDT—4&

JBEE | MNGaT el WNEaT
B R B
FL—4

1970 37784.1 45913.2 35.2
1971 42571.6 51944.3 37.5
1972 49124.1 60245.4 39.7
1973 59366.1 74924.8 44.1
1974 71782.1 93833.2 53.3
1975 83591.1 108712.8 59.4
1976 94443.7 123540.9 65.2
1977 | 105397.8 135318.4 70.1
1978 | 115960.3 147244.2 73.5
1979 | 127600.9 157071.1 76.0
1980 | 138585.0 169931.5 81.6
1981 | 147103.4 181349.2 85.4
1982 | 157994.0 190611.5 87.7
1983 | 166631.6 199587.8 89.5
1984 | 175383.4 209451.9 91.8
1985 | 185335.1 220655.6 93.9
1986 | 193069.6 229938.8 94.8
1987 | 202072.8 235924.0 95.3
1988 | 212939.9 247159.7 95.8
1989 | 227122.2 263940.5 97.7
1990 | 243035.7 280133.0 100.0
1991 | 255531.8 297512.9 102.5
1992 | 265701.6 309256.6 104.5
1993 | 272075.3 317021.6 105.9
1994 | 279538.7 325655.7 106.7
1995 | 283245.4 331967.5 106.2
1996 | 291374.8 342303.0 106.0
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a/

2. BEHEEOHEM a X, a= ——= IT&oTkDS

1-p

—3679.78 .

y T = — .0 TH, HEMER D
] 25392.0 B 5K 2 M )

HeE Al B 1% 930350 TIEE 725,

@ Stata |2 & 2 H ks SR

‘5:?'—- :;Z 6j:,

http://www2.econ.osaka-u.ac.jp/ tanizaki/class/2011/econome/cons.csv
HOEMEHE DR S 2 IR S, HiEHE o ©
H5ld o OFFZERLBRDOT, o OFTE & 5
W3,

RKHE 0.05 D& &,

MHXT v — R

. tsset year
time variable: year, 1970 to 1996
delta: 1 unit

—3679.78

= —1. — 24) — —9.064
2183.63 685 > —t0.025(24) 064,

. gen ryd=yd/(pcons/100)
. gen rcons=cons/(pcons/100)

. reg rcons ryd

R, o BEFZEIEE AR,

Source | ss af us Number of obs = 27
- F( 1,  25) = 3267.05
Y Model | 6.7845e+10 1 6.7845e+10 Prob > F = 0.0000
4.« Liﬂz@ﬂ He IE :b b5 ° Residual | 519164248 25 20766569.9 R-squared = 0.9924
Adj R-squared = 0.9921
. R o . A s Total | 6.8365e+10 26 2.6294e+09 Root MSE = 4557
5. UL72D3oC, #EEMRN S, BIIEZ-MinE TV
ﬁiﬁzﬁé - ,C \1\ é }: Lig Z)_ 73: 11 \o rcons | Coef.  Std. Err. t P>t [95% Conf. Intervall
ryd | .9335422  .0163326  57.16 0.000 .8999045  .9671799
_cons | -23216.75 3844.539  -6.04 0.000  -31134.72 -15298.77
6. fIZDWVWT, ARE/KHEE 0.05 D& X,
. dwstat
1930350 Durbin-Watson d-statistic( 2,  27) = .2898375
054012 =17.225 > t0~025(24) = 20647 . gen rho=1-0.5%.2898375
. gen drcons=rcons-rhox1l.rcons
- (1 missing value generated)
Ly, MEAIZERETH 5,
. gen dryd=ryd-rhoxl.ryd
(1 missing value generated)
7. S = 223208 ‘i, éﬂ%lﬁ €; @*}%@fﬁ% 0'62 @?ﬁﬁf[ﬁ . reg drcons dryd
(j—f;b% , EU%@*%@%Q%) —’Ca’é éo Source | ss df us g\zmbir of ;Z? N 261.22
Model | 1.3558e+09 1 1.3558e+09 Prob > F = 0.0000
PR . - 2 o " Residual | 124530197 24 5188758.21 R-squared = 0.9159
y y - \ Adj R- d = 0.9124
8. a EEE%{I;E(%&H&%%%& R 122U <, E—X‘*}J@?ﬁi;ﬁu Total | 1.4803e+09 25 59212957 Roit M;guam = 2277.9
RTIX0.992102 £ 720, SEOHEERR TIX 919180
7 drcons | Coef.  Std. Err. t P>It] [95% Conf. Interval]
\ Y A
& /J & < $o TS ° dryd |  .9315055 .0576262  16.16  0.000 .8125708 1.05044
_cons | -3731.757 2353.261  -1.59 0.126  -8588.649  1125.134

= [ERROYTIEFONREL Ro7z] EFEZXBHD
I FEE W,

WAHA B OMEE KDY, BYOHEERERESEIDOS D
Y TR B0, R OHRBIZREY,

= [AlhE DFHERAE (4557.04 & 2232.08) T TN
&, BEOADINI VD, BEDHPEFERDYT
TEDIFRVWEEZR B,

. DW % 1.35684 &7 b, 1.32 < DW < 147 TH 5
DT, RYHEDAEEZHE TSR,

= WS PICEHISRIMBELRH S LI EE X
AN

= ZOANT, FHXH, K$HREZITINE,

&,

DRCONS; = RCONS; — p RCONS;_;
DRY; =RY; — pRY;_;

YL, F—REQEW (L, f=1— 5DW =1—

.5 % .2898375)
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X, Ny, HOERREEZD,
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A B, AR RO socc0

K A2 i} RXM e
BE o | BB < | BE <5 B WMTE R 40000
1kg 1kg lg 100g | 1g  100g (ZERE) 35000
i Qui Py Q2 Py | Q3i Py E; P; s0000
1982 | 164.22 435.98 | 42161 54.04 | 36854 45.32 | 3038024 0.811
1983 | 160.14 448.20 | 41745 55.88 | 36492 47.97 | 3114247 0.825 25000
1984 | 158.06 461.69 | 40890 57.62 | 36500 49.21 | 3195829 0.844
1985 | 154.51 477.41 | 39545 59.42 | 36099 50.20 | 3277373 0.861
1986 | 150.96 482.80 | 39532 60.86 | 35859 50.74 | 3316493 0.867 15000
1987 | 142.60 482.67 | 38710 61.53 | 34576 51.83 | 3371326 0.868
1988 | 132.04 478.40 | 39218 61.75 | 33971 52.65 | 3493468 0.874
1989 | 128.40 486.37 | 39927 63.99 | 33603 54.71 | 3592205 0.893 5000
1990 | 125.78 497.33 | 39157 66.71 | 32890 57.14 | 3734084 0.921
1991 | 123.82 499.36 | 39659 69.57 | 32615 61.44 | 3925358 0.951 °
1992 | 120.58 516.05 | 39697 70.75 | 33401 61.06 | 4003931 0.967 =222zl S
1993 | 121.93 536.85 | 40209 70.51 | 35085 59.80 | 4022955 0.979
1994 | 107.99 587.50 | 40458 71.08 | 35760 58.37 | 4006086 0.986
1995 | 106.42 496.64 | 38766 71.97 | 35096 56.77 | 3948741 0.985
1996 | 104.91 476.26 | 38436 72.74 | 34804 55.90 | 3946187 0.986
1997 | 102.81 460.70 | 38333 74.39 | 35061 56.77 | 3999759 1.004
1998 | 103.53 439.24 | 38287 74.10 | 34956 55.98 | 3938235 1.010
1999 | 101.99 427.60 | 39246 73.00 | 34963 55.37 | 3876091 1.007
2000 | 100.40 406.82 | 38480 71.47 | 34722 53.83 | 3805600 1.000
2001 | 97.83 394.67 | 37554 70.12 | 34753 52.52 | 3704298 0.993
2002 | 95.15 391.28 | 43727 61.34 | 36493 50.11 | 3673550 0.984
2003 | 94.83 398.37 | 45876 60.12 | 37302 48.93 | 3631473 0.981
2004 | 89.02 426.12 | 46653 59.92 | 37957 47.72 | 3650436 0.981
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@ B 5K

Py;

L;
log Qg = 147 — 0.200 log = + 0.271 log
Py (7.24) (1.35) i (6.45) i

P3;

E;
Q1 = 397.0 — 0.00018 — + 0.194
(8.89) 035 Fi 39 b — 0.700 log

Py Ps; (6.49) P
+ 0184 “2 4+ 5614 =2 , .
(0.20) b (5.57) b s=0.014, R?®=0.882, R =0.863, DW =1.122

s=6.86, R®=0932, R =0917, DW =1.532

E; Py
;= 61946.7 + 0.00893 — + 4.014
©2 (13.9) 462y i (091 bi @ Stata (& % HIHE R

Py Py;
— 7104 =2 _ 1525 =3
(11.4) bi (1.51) i

s=685.1, R?2=0931, R =00915, DW = 1.334

Qs = 566425 — 0.00098 —' + 17.9 —
(16.9) (0.67) i (5.40) D

Py; P.

— 488 2 _ 4036 -3
(1.04) P; (5.32) P

s=5157, R®=0885 R

TR,

http://www2.econ.osaka-u.ac.jp/ tanizaki/class/2011/econome/demand.csv

MHXT v — R

. tsset year
time variable: year, 1982 to 2004
delta: 1 unit

i
i

=0.860, DW =1.044 < gen roze/p
. gen rpl=pl/p
. gen rp2=p2/p

.Yﬂbéﬁ%ﬁ@ - gen rp3=p3/p

E_ P . . reg ql re rpl rp2 rp3
1%

log Qli = 709 - 5.35 log Fl + 0.705 log P’L Source | ss af MS Number of obs = 23

(10.4) (10.4) i (4.53) P4, 18- 623
Model | 11605.1437 4 2901.28592 Prob > F = 0.0000
P2i P3i Residual | 837.923204 18 46.5512941 R-squared = 0.9327
— 0.018 log P + 2.68 log P. Total | 12443.067 22 565.593953 Q:itkr:(:guared : 2:2;;
(0.06) i (6.46) i
s = 0.0487 R2 — 09497 EZ — 09377 DW — 1.713 ql | Coef.  Std. Err. t P>It] [95% Conf. Intervall]
re | -.0001813  .0000192  -9.43 0.000  -.0002217  -.0001409
rpl | .1935249  .043943 4.40  0.000 .101204  .2858457
Ei 14 rp2 | .1825145  .621349 0.29 0.772  -1.122891 1.48792
lOg in = 435 —|— 0753 lOg _— —|— 0063 lOg rp3 | 5.623917  1.003036 5.61  0.000 3.516618 7.731217
(1 88) (4 33) ] (1 21) f _cons | 397.3071 44.31083 8.97  0.000 304.2135  490.4007
~ 1135 log L2 0184 log 12
(10.9) Pz (1.31) Pz Durbin-Watson d-statistic( 5, 23) = 1.538178
=2 . reg q2 re rpl rp2 rp3
2 g q Pl rp2 rp
s =0.016, R°=0.931, R =0.916, DW =1.317
Source | ss af uS Number of obs = 23
F( 4, 18) = 60.62
Ei Pli Model | 113479303 4 28369825.8 Prob > F = 0.0000
log Q3= 145 — 0.188 log — + 0.266 log Residual | 8424108.48 18 468006.027 R-squared = 0.9309
X ) . Adj R-squared = 0.9155
(6~87) (1-19) ? (5-51) g Total | 121903412 22 5541064.17 Root MSE = 684.11
P2i PBi
— 0025 log P — 0682 IOg P q2 | Coef.  Std. Err. t P>ltl [95% Conf. Intervall
(0'27) v (5'30) ¢ re | .0089294  .0019288 4.63  0.000 .004877  .0129817
—92 rpl | 3.975941  4.406052 0.90 0.379 -5.28083  13.23271
s = 00157 R2 = 0883’ R = 0856’ DW = 1.067 rp2 | -710.4687 62.30106 -11.40 0.000  -841.3584  -579.5791
rp3 | -152.1237 100.5718  -1.51 0.148  -363.4172  59.16979
_cons |  61930.62 4442.933  13.94  0.000 52596.36  71264.87
@A (ZHE WS T) o
Durbin-Watson d-statistic( 5, 23) = 1.340373
Ei 1z reg q3 re rpl rp2 rp3
log@Qi;, = 709 — 536 log— + 0.709 lo e
8 Q ¢ (10 9) (11 2) & (] (5 23) & ] Source | ss af MS Number of obs = 23
. . . F( 4, 18) = 34.82
P Model | 37006848.3 4 9251712.07 Prob > F = 0.0000
267 1 31 Residual | 4782689.62 18 265704.979 R-squared = 0.8856
+ . Adj R-squared = 0.8601
(7.69) 7 Total | 41789537.9 22 1899524.45 Root MSE = 515.47
=2
s = 0.0477 R2 = 0.949, R = 0.9417 DW =1.724 Q3 | Coef. Std. Err. t  P>ltl [95% Conf. Intervall
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re | -.00097 .0014534 -0.67 0.513 -.0040234 .0020834
rpl | 17.89258 3.31989 5.39 0.000 10.91775 24.86741
rp2 | -48.87487 46.94286 -1.04 0.312 -147.4982 49.74843
rp3 | -403.4164 75.77925 -5.32 0.000 -562.6227 -244.2101

_cons | 56606.16 3347.679 16.91 0.000 49572.95 63639.37

. dustat

Durbin-Watson d-statistic( 5, 23) = 1.047824
. gen 1qi=log(ql)

. gen 1q2=log(q2)

. gen 1g3=log(q3)

. gen lre=log(re)

. gen lrpi=log(rp1l)

. gen 1rp2=log(rp2)

. gen 1rp3=log(rp3)

. reg 1qi lre lrpl lrp2 lrp3

Source | Ss daf MS Number of obs = 23
F( 4, 18) = 84.42
Model | .766574852 4 .191643713 Prob > F = 0.0000
Residual | .04086074 18 .002270041 R-squared = 0.9494
Adj R-squared = 0.9381
Total | .807435592 22 .036701618 Root MSE = .04764
1q1 | Coef. Std. Err. t P>t [95% Conf. Intervall
lre | -5.355623 .5092073 -10.52 0.000 -6.425428 -4.285818
1rpl | 7030891 1547336 4.54 0.000 3780058 1.028172
1rp2 | -.01919 .3056177 -0.06 0.951 -.6612689 .622889
1rp3 | 2.687511 .4126367 6.51  0.000 1.820594 3.554429
_cons | 70.90628 6.78413 10.45 0.000 56.65335 85.15921
. dustat
Durbin-Watson d-statistic( 5, 23) = 1.720916
. reg 192 lre lrpl 1lrp2 lrp3
Source | ss af MS Number of obs = 23
F( 4, 18) = 61.41
Model | .064720875 4 .016180219 Prob > F = 0.0000
Residual | .004742568 18 .000263476 R-squared 0.9317
Adj R-squared = 0.9166
Total | .069463442 22 .003157429 Root MSE = .01623
1q2 | Coef. Std. Err. t P>t] [95% Conf. Intervall
1re | . 7530252 .1734795 4.34 0.000 . 3885582 1.117492
1rpl | 0633603 .0527155 1.20 0.245 -.0473909 .1741114
1rp2 | -1.1351569 .1041195  -10.90  0.000 -1.3563906  -.9164119
1rp3 | -.1838809 .1405793 -1.31 0.207 -.4792271 .1114654
_cons | 4.346289 2.311255 1.88 0.076 -.5094776 9.202055
. dustat
Durbin-Watson d-statistic( 5, 23) = 1.323931
. reg 1q3 lre lrpi lrp2 lrp3
Source | Ss daf MS Number of obs = 23
F( 4, 18) = 33.83
Model | .029851208 4 .007462802 Prob > F 0.0000
Residual | .003971008 18 .000220612 R-squared 0.8826
Adj R-squared = 0.8565
Total | .033822216 22 .001537373 Root MSE = .01485
193 | Coef.  Std. Err. t P>lt] [95% Conf. Intervall
lre | -.1868154 .168742 -1.18 0.255 -.52032 1466892
1rpl | .2652044 .0482372 5.50 0.000 .1638618 .366547
1rp2 | -.0255097 .0952743 -0.27 0.792 -.2256736 .1746542
1rp3 | -.6819342 .1286368 -5.30 0.000 -.95219 -.4116784
_cons | 14.52537 2.114908 6.87 0.000 10.08212 18.96863

. dustat
Durbin-Watson d-statistic( 5, 23) = 1.071649

. reg 1ql lre lrpl lrp3

Source | ss af MS Number of obs
F( 3,
Model | .766565902 3 255521967 Prob > F
Residual | .040869691 19 .002151036 R-squared =
Adj R-squared = 0.9414
Total | .807435592 22 .036701618 Root MSE = .04638

45

1q1 | Coef. Std. Err. t  P>ltl [95% Conf. Intervall
lre | -5.364744 .4750821 -11.29 0.000  -6.359103  -4.370386
1rpl | .7074307  .1347484 5.25  0.000 .425399  .9894623
1rp3 | 2.67427  .345262 7.75  0.000 1.951629  3.396912
_cons | 70.98983  6.47565  10.96  0.000 57.43613  84.54352
. dwstat
Durbin-Watson d-statistic( 4,  23) = 1.733124
. reg 193 lre lrpi 1rp3
Source | ss af us Number of obs = 23
F( 3, 19) = 47.40
Model | .029835392 3 .009945131 Prob > F = 0.0000
Residual | .003986824 19 .000209833 R-squared = 0.8821
Adj R-squared = 0.8635
Total | .033822216 22 .001537373 Root MSE = .01449
1q3 | Coef. Std. Err. t  P>ltl [95% Conf. Intervall
lre | -.1989407 .1483821  -1.34 0.196 -.509508  .1116267
1rpl | .2709758  .0420859 6.44  0.000 .182889  .3590625
1rp3 | -.6995357  .1078355  —-6.49  0.000 -.925238  -.4738335
_cons |  14.63644  2.022536 7.24  0.000 10.40322  18.86965
. dwstat
Durbin-Watson d-statistic( 4,  23) = 1.127541
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LREEFEFEESEHY _cons | -1883.071 730.508 -2.58 0.010 -3315.696 -450.4449

. dwstat
25 4 Durbin-Watson d-statistic( 3, 2028) =  .021141
. reg kabu exrate r 1l.kabu
z Source | ss at s Number of obs = 2027
F( 3, 2023) =
s " Model | 2.4997e+10 3 8.3323¢+09 Prob > F = 0.0000
V Residual | 93298782.6 2023 46119.0225 R-squared = 0.9963
Adj R-squared = 0.9963
. Total | 2.5090e+10 2026 12384078.2 Root MSE = 214.75
v‘ v
kabu | Coef.  Std. Err. t P>t [95% Conf. Intervall
05 Y
exrate |  .1643596  .5295945 0.31  0.756  -.8742481  1.202967
r | 36.51834  18.6521 1.96  0.050 -.060989  73.09767
0 |
2 e 2 & & s & & s Li. |  .9945113  .002064 481.84  0.000 9904636 .998559
|
_cons | -2.359124 68.05383  -0.03 0.972 -135.822  131.1038
. dwstat
Kabui _ — 18831 + 463 EXRatei—i- 68026 Rz Durbin-Watson d-statistic( 4, 2027) = 2.100248
(2.58) (8.27) (51.7) . reg dkabu exrate r if tin(2,2028)
_ 2 B2 _ _ Source | ss at s Number of obs = 2027
s =2309.9, R*=0.570, R =0.570, DW =0.021 EC 2. 2020 =  0.02
Model | 1443.23541 2 721.617703 Prob > F = 0.9845
Residual | 93624927.9 2024 46257.3754 R-squared = 0.0000
Adj R-squared = -0.0010
Kabu;, = — 236 + 0.164 ExRate; + 36.5 R; + Total | 93626371.1 2026 46212.424 Root MSE = 215.08
(0.03) (0.31) (1.96)
dkabu | Coef.  Std. Err. t P>It] [95% Conf. Intervall
0.995 Kabu;_; exrate | -.0906022  .5216244  -0.17 0.862  -1.113579  .9323746
(482) r | -.8624553 12.27849  -0.07 0.944  -24.94225  23.21734
5 _cons | 8.109931  68.0417 0.12 0.905  -125.3291 141.549
9 -
s=2148, R2=0996, R —0.996, DW = 2.100
. dwstat

Durbin-Watson d-statistic( 3, 2027) = 2.106308

AKabu; = 8.11 — 0.091 ExRate; — 0.862 R;
(0.119) (0.173) (0.070)

s=2151, R2=0.000015, R = —0.00097, DW =

2.106

12 HEEEDKRDHA

12.1 &=/NTFEE
@ Stata (2 LB AR
J cn HOF—& (EBUH) : @1, 20, -, 20
TR IS T AR ERE © Xy, Xo, -, X

http://wwu2.econ.osaka-u.ac.jp/ tanizaki/class/2011/econome/nikkei.csv . E(X) =1 V(X) _ 0.2 i‘,,ﬂii
i) = M %

Mo XY va— R B (p,0%) TS 2,

BWF—& 21, 29, -+, xp, ZHEITLT, u OR/DN_IEHE
. gen timen EEERD B,

. tsset time
time variable: time, 1 to 2028

n
delta: 1 unit min Z(mz — ,U,)2
B
i=1

. reg kabu exrate r

Source | ss af MS Number of obs = 2028 %

F( 2, 2025) = 1341.74 Ojﬁ & AL
Model | 1.4318e+10 2 7.1590e+09 Prob > F = 0.0000 K E H a_ ’

Residual | 1.0805e+10 2025 5335630.99 R-squared = 0.5699

Adj R-squared = 0.5695 n

Total | 2.5123e+10 2027 12394036.8 Root MSE = 2309.9 ~ 1
n=— Ty
n
kabu | Coef.  Std. Err. t P>lt] [95% Conf. Intervall =1
exrate |  46.30522 5.601817 8.27  0.000 35.3193  57.29115 N ~_ = /e
r |  6802.61 131.6017  51.69  0.000 6544.521  7060.699 AN O y W=T % El‘éo
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&7, RBULRE BRI
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LB,
X5, 4 & X, CEEHIT, N ORLHEEE N I,
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Lh B,

X DOOfiERD B,
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dlog f(X;A) 1 _
dA A Xi
Plog f(Xi;\) 1
dA2 Y
1 S
d210gf(X1;;/\)) n
dA2

=log\ — \X;

_2?_1E(
L7z oT,
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A~ N(A, F)

T

feskZet X OWIEBIE f(x), HBIE F(r) = P(X <
) 95, Y =aX+be3TDLE, Y OEERK g(y)
kb5,

12.2.1

Y OAGEEE Gy) £ LT, ROXS ICERBTE S,
G(y) =P(Y <y)=P(aX +b<y)
P(X<y;b>, a>0D&E
P(X>y_b), a<0 DL X
a
P(X<yT_b>, a>0D&E
LJ%X<Q1%, a<0DEX
a
zﬂy;b) a>0DEE
1—F&_b) a<0DLE
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AT B & B R B & D BRI
dF(x)

- = f(@) o =g
ThHHOT, Y OEEREIX
9(y) = dié)
1f(y_b), a>0DL
= (11 Z_
*E“ a), a<0 DL
1 —-b
=3l (%)
rEREND,

—fIT, TR X OBERBE f(x) L5, HIHEH
X=hY)T2LE, Y OEEEKgy) 1

g(y) = IV W)If (h(y))
DA

12.2.2 [OEFESHADIGA
\EE I
Yi=a+BX; +u

i=1,2,-.n

U, U, * -+, Up WEHEWIZ
N(0,0?) Z{KET %,

AT, TRTD i I22WT uy ~

D% BRI
o1 L
f(ul) - W eXp( 20_2 ui)
R AN

Y; DR g(Y;) X

g(Y3) = [N (V)| f (M(Y7))
IZkoTkdoNn 3,
OB, hY;) =Y —a—BX; BDT, K(Y;)=1%
5,
L7=h-T, Y, OEEE
9(Y3) = [ (Y;)| £ (h(Y7))
= f(h(Y3))
1
:mﬁep(f2 5 (Vi - a - 5X;)?)
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Uy, U2, *+*y Up IEHEWZHENS. TH NI, Yi,Ys, -, Y, £5)
HWZTMAIIZ 5 DT, Y, Y, -4, Y, @%ﬁé\ﬁjﬁﬁéé&
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o2 OFBL > T3,

g(}/layév"'a

—a—pX;) )
s, TN a, b,

Lo T, REEKX

n 1 «
l@uﬂﬁ#)::@WU%_fexp(—§;§§:(E-—a——ﬁXﬁQ)
1=1
L5,
RFER: P B AU
log l(a, 3, 0%) = — log(2) — 3 log(0?)
202 Z —a—BX;) 2
L5,
logl(a, B,0%) Z#HKIZT B72DIZ,
dlogl(a, B, 0 1 «
<%2i5:223 o — BXi) =
dlogl(a, 3,0 1 &
44455447:4522 Yimo-fX) =
dlogl(a, B,0?) n 1 "
002 5“5+7E§: - X
DN X E ML,

FE2 20T o2 ITRIZL TV,
RN IREEE LRI ICR 5,
Tihbb,

a, B OREHETEE

=0



LR, 2 LIXRIRB, WExr & 5 L,
1 Xi U;
0— (6.3 32y 2y ; —= T2 ——
0=(@p,5%), 0=(0,f,0%) £F 5. n HRINLF, E(é)Qlogg(Yé;@))_ g(z gff )gm
~ 9606’ | 2 2
0 ~ N(0,%) U, X;u; 1 uf
. ot gt 20t 46
727U g g
’ 1 X’L
= -2
RN dlog g(Yi;0)\ r0log g(Yi;0)\'7\ ! ot o
2= (B (T ) (T ) ) S R ¢
=1 o g 1
n 2 . -1 o
= - (L[ ) R
i=1 L5,
Y; OEEBEE g(V;;0) OXNBUE
W 1 2 9?log g(Y;;0)
log g(¥;:) = — log(2r) — 5 log(c?) Sy = (ZE[ S })
1
—@(Yi—a—ﬂXi)z n iy Xi 1X 0\
&7’;50 = Zz IX Zz 1)(2 0
o2
n
0 0 —
dlog g(Y3;0) 204
8& n Z:Lz Xz -1
dlogg(Yi;0) _ | 9logg(Yi;0) _ o’ (Zn X, 1X-2> 0
90 8ﬁ = i=1“"? i=1""1 204
dlogg(Yi;0) 0
0o? "
1 L7535 T,
E(Yz —a_ﬁXz‘) N L
: (5)~((5) (2 v 50%)
— 7Xi 5/; — — Xi = ~N , O n n
102 (1 S 2 ( s ic1 Xi i Xi2 )
2
—ﬁ—i—@(n—a—ﬁ&) v D,
— BN_FHEEDOSMH LML,
9 logg(Y;;0)
060006’
EREIEICER v ma
Plogg(Yii0) 9logg(Yid) 6 logg(Vii0) 12.2.3 BRERICRIIEEALH Z5E
0a? 0adp dado? 2 =
| Plogg(vit) Plogg(vie) Ploggvze) | TV
N 0p0a 0B 0B002 - . .
9?logg(Vi;0) 0*logg(Yi;0) 9%logg(Yi;0) Yis e B
da?da o203 d(0?)? Ui = pui—1 + € i=2,3,--,mn
1 Xz 7 . N .
5 T2 —% €2, €3, -+, €n WETHIZHNLT, TRTD i IZ22WVWT ¢ ~
X, X? X,u; N(0,0?) Z{KET 5,
o2 o2 ot
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F 72 (i) PIHEERSTIX, p=0 &9 5,

(Y = pYic1) = a(l = p) + B(Xi — pXii1) + 4 (i) X; = X; - pXia
YEEET I LR, Yy =Yi—pYi
(@ n—1  YiL,X; >1 < Y, Yr >
— 2 1 5= n % n * n *\/ %
(o B, 0% p) &3 %0 (i) (ﬂ) (Zi—2Xi Doy X2 Yoo XY,
1 ~
log £ (¥i16) = — log(2r0?) b &=
1 2 -r
2 2((Y p}/; 1)_a(1_p)_6(X’L_pXZ*1)) (V) azzifz_&_/\xz
TR RREI, Lo
. /\2 _ o~ _
. B L E = S )
log(2m) — log(c®) i=2

logl(0) = log f(Y;;0) =
=2

3

1 2
—@Z(Y pYi—1 —@(1—/))—5()(1—,0)(1'—1))
i=2 (viii) A7 v 7 (ii) ~ (vii) &, PORT 25 £ THDELUFHE

L7525, T3,
TEBEREZNEN a, B, %, plZO2VWTHAL, ¥n
(\.".B< AY '—H
12.3 ELELWRE
dlogl(f) 1—p
9 XXY'Pﬁl n EOHERE X, X, -, X, EEWITHTT, U
RO f(x) = f(a;0) T 5,
—a(l —p) = B(Xi — PXi71)> =0 S FE R
dlogl(0 1 « 1(0) = 0
og **QZ —pXi— 1<Y—PY¢—1) ©) Zl;llf(fﬂ )
LB,
‘““‘m‘m&‘”&*ﬂzo 0 DR = BAERE 0, T RAHERE § &
T3,
0logl(0) n—1 J— oy
O (v HNORE G LT 5,
- ) 10 , . .
—Oé(]. _ p) _ B(Xz _ pX171)> =0 Z(T) %tgthtu}fg\

Dloglle) _ 1\ e REREL REHSSBMEDAELEEE, N
op = g i AXe)(-a - XD s Tans,

—p(Yi,l—a—ﬁXi,l)) =0 @ <ec
1(0)
(Vi —a = X)) = p(Yicy — 0 = Xi0) & YhBYEC, RIEERARNT S, COBA, ¢ 2RO
(Yi — pYiz1) — a(l — p) — B(Xi — pXiz1) EEHELUE E2 2L TROBMBEND B,

HD,

R /.../Hf(mi;g)dxl...dxn:a
4 DM HFERERNT, RAHER a, 8, 02, pAE i=1
L5hd, 12U, a \FAERUKE REERGIAELWE 21T,

— RO LD ITPARGFHRIZ L > TRD 5, e EHY OMER) 2R,
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REFE 2 (KIEXRE) :
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1(6)

F/2E, n— o0 DEE,

—2log X2(G)

L%,
Z DIUE % L HRRE L 1L,

Bl 1: EHAER N(u,o0?) o OBARME v, 2o, -,
, ZHWT, o2 BB L &, BERS Ho : p = po,
Hy: p#po OREHMEZIT D,

o? BEHIO & &, RREBIE (1

) &
I(p) = (2m0?)~ 2 exp(f% i )

L5,
() ZERKIZT S p & logl(u)
75,

BERAICT S AL
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3

=1
k5,
TEIMEREI I
1 n
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Upo) _ ( 20 ; )
(X 1 & _
(%) exp( TZ(Xi_X)2>
i=1
= eXp<7m(X — ,LLO)Z) <c

Ld c ZRDB,

Hy BEELWEE1Z, /(X —po)/o ~ N(0,1) £ %5BDT,
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Thbb,
Pl (- (€ mo) < en(—4:20)) =

CERTES, Lo T,

1 2
Cc = eXp(—§ZQ/2)

Tk,
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1§IJ 2: X17 X’IH B X’rL ‘iEb\czgﬂjT, %?}’L%‘m/\o:ﬁ
R— R p RSt L RA RS DL T B, T
b, X; OB

flzip) =p*(1—p)'~° z=0,1
DA
2D = RERBEBUE
i(p) = [[ flessp) =[P (1 =p)*
i=1 i=1
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p ODERALHEERE D I,
A_1§iX‘
p - E p 7
Th 5,
IRDIRHME #E 2 5.,
Hy: p=pg Hi: p#po
- filf#IE 1 2, (G=1)
LI
lpo) _ I 1p§'(1 —po)
Ip) I, pX(—-p)r—x
ULz T, n— oo D&,
—2log l(pAO) = —210gp70 zn:Xi — 2log ! — 1o zn:(l - X))
1(p) [t 1-p &
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X2(1) 24D Bl 100 o% i x2(1) & T L E,
l(po) 2
—21 — > X1
%% 75 Xa(1)
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Bl3: [EFETI
Y = 81X 4 BoXoj + - - + B Xpi + us
u; ~ N0,6%) i=1,2,---,n
IZDWT, By, -+, B BT BIGHRO LELLMEZ1T S,
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RED &S AR E

0:(517"'7ﬁka0—2

RBERABIE
= Hf(m-;e)
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= (271'0' % exp( 27 Z Y — 61X1i —

) 95,
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Yib,

Hy OHIID ERAHMERE 0 = (B, - -
ZORBIZEENBHEKEE G LT 5,
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g
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(A5G (Y ()
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(Z? 1@2_221 1Y
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D& ERFzEEHT 5,
(S, @ - XL )G
211:1 @2 (n—k)
RRHTBHE c i RFE B,
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272U, @A N A
5% = - _1 e g(Yi — Bi X1 — - — B Xki)?
T - G gaf
52 zj: Y; = BiXyi — - — BiXpi)?
S
AL 13
10 )t en(-"57)

o 7/\:_210
gl(&) g

e
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:n10g<%> +(k—G)

— (@)
Bla: FERETIV
Y =a+BX; +u
Ui = PUi—1 t €
€ ~ N(0,0?) i=2,3,---,n
IZDOWT, Hy: p=0, H;p: p#O@jﬁfEkt*ﬁﬁ’&fi

= (o, 8,02, p) &35, NEAEHELEZ

-1 -1
log(27) — log(o?)

log{(0) =ilogf(Yi;9) =-

S (i

L5,

HEAERBEZNEN , B, 02, plZDO2VWTHSL, ¥
0eB<L, 4RO ZFENT, HH7% URLHEE
B 0=(a, B, 02 p) HESNB,

~pYi) —all - p) ~ B~ pXi))



p=0 LERIZBL, 0= (a,B,0%0) &35, FHERLEM

i,
log () = > log £(¥;:0) = — =L log(2m) — "L log(0?)
=2
171Y X;)?
*T‘Qi:2( i —oa—pf z)
k5,
ERHONBLERESREZNT N a, B, o2 IZTDWTHMAL

o<, 3ARDOEN RN EZHENT, p_Oo)fﬁlJff’Jﬁ'

EEAMER 0= (a, B, 52, 0) HES5NDB,

Tibb,
AU T

max I(a, f,

a,B,02%,p

o%,p)

. 1 1
logl(0) = — log(27) — log(5?)

1 n R R N N N 2
552 Z((Yz —pYio1) —a(l—p) - B(X; — PX¢—1)>
1=2

_ n—1 n—1 gy n—1
= 5 log(2m) log(c<) 5
PR AN
FREIZ, logl(f) X, 52 = —a-BX)% i
LT, .
~ ~1 1,
logl(8) = — log(27) — log(c)
202 Z —a-— BX
_ n- n—1 oy n—1
= 5 10g(27r) log(c<) 5
DR AN
U7Dio T, REHMERE &
) =2
—QIOg@ =(n-— 1)logi—2
o

I n BAELEDE, 2(1) HEITED L,

o7

13 BFRIIDHT & ERAEE

MRS T — R 2T HEEZHMNK, ZOTF—XBED
EORANZ AL THEEI NP ZHSHIZL, T O
CEHOWTIZIEFRRNTOFEITS> & TH D,
BRYTF—X (X;) PUTD 4 D20EENSERI N T
LEIREXND Z EAE\N,

(1) HFfDORE L & £ IR Z BT 285,
(Ty, trend) &\ 5,

N

FIE—EDIZE £ - THEET 557,
cycle) &\,

(2) TEERZE) (Cy,

(3) HAFEME UK (=H0) ([CHAIRICBIER SN 5 ZFE S
FHIZAE) (S, seasonality) &\ 9,

(4) (1) ~ (3) Ik o THHTNARVE S, AHRAEH) (1,
irregularity) &9,

bbb, X, I,

j][]{j_égg:E 52‘}1/ . Xt = Tt + Ct + St + It

EQAde

FEME T ¢ Xy =Ty x Cy x S x I

LRIND,

COHEE B ERRINDOART Ta—F LIRS, DT 7
O—FTEZENETNOLEZREAL, Thoz2hET 5

XD ERINOLEEH ORI Z D, FHICHHET 5,
ZDT7 T —FTlE, EEA =X LOHRNE S (W2
1, BFEFZOHMBNER) IZOWTORERITBNES LA,

72, BRI T — X OERGEREZ HERKICHEL, T—&
DERE N/ HERNEEZHS ML, ZOMEICE IV
TYHREZITOHGEEHZEAONDS, TD XD REEHE
RS Hr (time series analysis) &\ 5, Z DA
R AR A J1 = X L DOBERIITE FIZ DWW T DRI IFBE &
L72\W,



13.1 ZHZKE

ZHIFEER AT — X (seasonally adjusted data) : J5 R4
(PN HGZ SN T — R DRG] »oZHLH % & 0 IR
Wiz 5T —4&

FHIFARE AT — R 2 AFET 2R — BEEEE
(moving average) : 1 fE DT — X %2 VT 5 L2k D
A ZRET 5,

BEPEIEO FMEIZ & 5 ¢ MOZHGAEMEZ vV, TR,

BRT—4 DEHIAE :

1/1 1
Yy = §(E(Xt76 tot i)+ 5K 0 Xt%))

(t—0.5) IO FHIFAEEAE  (t+0.5) HID FHIFHEEAE

¢ D ZHTF AR

1
=2 (Xx—6 +2(Xis+ -+ Xigs) + Xt+6>

P — & DEEIRE

1/1 1
Yt:i(Z(Xt_2+...+Xt+1)+Z(Xt_l—|—"'—|—Xt+2))

(t—0.5) MO FHIFHREAE  (1+0.5) HHDZHIFHBEAE
+ HA D AR A

1
=3 (me2 +2(Xe + X + X)) + Xt+2)

Z OBEPEE O MEIEIZ & B FRITTREO KA

(1) WHRIFRH T — X DR 6 77 H OFMFEATE W,
(2) BHITHEMEZ S5 72DIIIBETEHE D, 51220
EHE LD Vo I EEEIToT WD, RRFIT—XDZF
HiZE 721 TR, AHAZHB RS L TULEY, #EIC
AL =R RPN TEBERMENDH 5,
BFELISCHHIN TV EREDO VY A/ THE I N
Y AR (X11, X12-ARIMA) &, 2O &5 kfiz%
& U TR & - TR

MLV K

KR4 T — & DA 28 & 2 RE b d 5 Hike LT, b
L > R 9y % ] 0 BARR 72 BIELTHEL L, T DFREZ 1]
IRAHTIZ k> TRkD 2,

13.2

58

— IR
Ti=a+ 0t
ZRAC:
Ti=a+Bt+yt?

FREMN - EOBA I, RO LS 2EEEEBIz L > Tk
VY N2 ET S (b I3ERERT),

Tt = Aebt
AL T,
logTy = A’ + bt

tj—éo

i

T, T3 FHABEAT -2 2 HW 5,

b=

EREH

FHIFTERIIP S b LY D 2E LW RS2 KD 5,

13.3

C,=T,—a—pt

R A 7 — R IZ S VTV B I A FHIL, Zhaty
DESBRBEREIZL > THERI SNTVEONEES Z &
kD REAEHOA A= ZLEIRL &5 £\ S RBAE
S BENTER,

14 BRI EEREME

RERF T — RV S N7 HERIKEE 2 i 3 572012,
F DA pGETE 7 ERIZR T,
BRI NTRA T — R DEA %
{xt} = {thQa T ,an}
L: c}: D "C%j—o

FIDOBIREZ HERLBDEBEE UTRA S, RO LD

IAERZDES (HERERE L ITR) 25X 5,
{Xt}:{"'7X17X27"'7Xna"'}

5 ¢ BIOBIRME o, 1%, B 1 HWOMERLE X, OFEBMEL
EAb,



B DMERZIIZNENSMRELIZ L > TRED T 5N
TEDY, ¥, nizEdH DO,

RIS OMEREBUZOWT, HEIKFL, EodzE
%95,

KR T — R DPAERR X N7 HERIREE %2 B S H
X, Tho OMRLERORMEMEHEST S Z &,
—MRIZEHIDNYS, L, T oI R RE 0L IR L
EE2LDS5THA D,

U2 U, SRROMERLZBONY, SiE#EdT 257200
T — | i%@ﬁﬁo)%fﬁfﬁ 1D UPRHAHTE RN,

T I THERED72DITIX, MERMRNEE TR 2 31 B EA
Tl %,

Z & U TEERDODPFHERM (weak stationary) &
WOMETH %,
FEHMIIRD 3 oDRITLoTRIND,

[ R

E[Xt] =
V(X;) = E[(Xt - 1)*] = ¢(0)
Cov(Xy, Xi—s) = B[(X; — p)(Xe—s — )] = ¢(5)

FHW DN, DBORERIKFETIC—ETH D Z L ER
LTWw3,

X & Xy, OO (B 22K, auto-covariance)
P2 R P DI RIEREE s IZOAITIKFEL TWVWD, 4F
(HEHH) X s=0DHATHEILIC
EEEONKNERT LI LIZED, HETRERTA-X
D= KIFITHS T e NTE S,

SEYY, rER, O BOHEEIZIE, UTNOEAREY), BEAS
i, BEALSBAHWON DS,

-
n t=1
1 n
- Z Tt — I
=
R 1 n
o(s) = > (@ —T) (20— T)
L e
ﬁ%?—&’iﬁ“%%ﬁté@m%wﬁﬁ%w

ZOEGEIR, BEzesd QEEEZLEIBHEEDH D)
ﬁ%ﬁUT— §? DHEEOMERERE 2 RE T 5BITEIDD
2HCAHHBE (280 (auto-correlation), »5\W&, aL B
2"Z I (correlogram)

59

H OB IXE CHDH ¢(s) ZHOTHEK ¢(0) THI- fHT
b5,

¢(s)

¢(0)

H CAHBE X R R O MER 2O MBEREGREZ XL TH D,
ZTODMEIE -1 & 1 DREIZH B,
HOMBEREO2AREIL O T L8V,

B DHEREHAMANNZ A LT VB EGEITIE, BRI
OHOHEIZITRTER LR B,

SEHPRE R TP —EDEEMNE  DERIEETH M
Yooz, w74 - 74X (white noise) , £
721k, HEMEE LR,

p(s) =

BEAIZOWT RS, EAECHBEIIRANTEHAE NS,

14.1 BRIETILOREL

14.1.1 BZEE (AR) E7L
HAERE TIVOHEARIL AR(1) Wb BIRD & 5 7%
EFTNTH D,

Xe=p+0Xi 1 +wy

=720, w, O FEH, w 1$FEF0, HE o2 2EDERUA
ke VA XTHB,

72 AR O () ND LIFET VDR EFEIETN S,
FRHOETNVIZ1IROHCHIFET LV TH 5,

TESERE {X,} PWEEMEEZT 912X 0] <1 TRITHE
2o (BHIZFELBITONRDEMEIZL>TWVWDS),

X O p/(1 - 0),

H a2 ¢(0) 1% 02/(1 —6?%),
H L o(s) 1 059(0),

H CAHBEIX p(s) =05 &7 5,

0] <1 THEH 5, H CAHBE I3 E = 22550 oD g ] i B e
(Tbb, s) PRINFEWIFENS S ZR>TWL,



14.1.2 ®BEFH (MA) €TV

BEIEEE T LVORARE, MA(L) Wb IRD LS 7%
ETNTH5D,

X = p+ug +Yus 1

FTAN A XDBEEEIZ L > TREI N TWES,
X; O u T,

S H(0) 1 02(1 4 9?),

HOLDE o(s) 1, s 231 D& EITiE ¢o?, TNLSD
LEIZIZO RSB,

HOMBES s A1 DX Eizik /(1 +92), ThMADL
ETIF0 &5,

H AW ED S HAHEED 0 127225 DBBEPEEE TV O
Wch b,

14.1.3 KUEMHLASETIL

& DB R A T T 51013, HOE (AR) ©F

VOWEE S ST T 5,
BB (MA) EFLTRATA b - /1 ZOBBTHE
K0BEDKTA - A REEDB,

X5z, HERIFET IV EBEEHIET LV E2ESGLZAD
EEBEIEY (ARMA) ETLVA2EBHETLIILHTE D,

Xe=p+0Xe 1 +0Xi 0+ +0,X,
+ U+ Prug—1 + - PqUe—g
ZDETINE ARMA(p, q) ETIVEIER,
X, =

1 FEREE AX, = Xy — Xy
2 BB E A2X, = AX, — AXy 4

d B%B%ﬁ% AdXt = AdilXt - AdilXt_l
THESMAT,

AdXt =K + 01AdXt_1 + egAdXt_g + 4 GpAdXt_p
+ U+ Prug—1 + - PgUp—g

% ARIMA(p, d, q) ET IV EIEE,

14.2 BERIETFTIVOEKFIEE T

B u oI LT, u BERTA L AR B LD
2, py g ZEAT, AEBHEL BT,

BEAOHCHENNZ -2 5L THEYEEZONSE
TN (Thbb, p, d, ¢ 2ERT B, TOHEIZIZTE
BIEFDIRCNRNT A= (=p+q) L7RDET IV ZHER
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