BoHNE  HEFIIER

I 1] 3> 8102 #2 IN TRUIURS HE B PR« Bt I 8] A2 A HLAH B ORER A Bt e 41 o 23 #r I 1]
IO pIRES VAY5'% €/ Tt 0 e S B Y AT 2271 VS

I 18] 3> AR H BTt oS AR s AN, T AN TR 232

1. LTI R I 2 D0y, A — Jul R P8 2 J0 i R P81 o

2. JZINS 18] RIS PRE I 18] P> 51 7 DAy 125 T ) Py 970 R ) Py 570 A ok o

3. LPHNNGTHE R, AT VRN TR P SRR AR T8 41 i AN [ 7281
R A S IR GO, WIRRZ P A 1K) (PR SCD PRI TRl 51 Gl AR 410
Ty BT, i E AR RN ) AL .

(1 BE A H A

(2) BTy 2= el fa) b © 1R R A
WFRIZ Y51 SE PR TRy 210, o) SRR TR) P81 o 3RATTLAS BTt o ) it 1) e 21 3
T R RAI T P4

4. LIRS AR 70 A7 e i BRI ) Py S AN e 9 2R e 1) P 81

§1  WRIFH T kIS
N 1) o7 270 0N 5 A 5 2 2 3k 5% Y000 H b 5 B I 10) 2 A0 R AR HE, KA 9T AR i 34
Mo — AP AR LU LR T X S sifl & .
(L KIEARD ., &R FaI e F%E —@ 1 07 I Frsk EAsCR %, 55 A
WKV, e R T SR ) AR
(2) F=ALF),
(3) EAARE, WHEFR A —FLL L, AT ER 5 R ik R T AH
AT 3
(4) AHNAZSy 05 S 53 A SRR BRI BENL AR5 .
T, 2 K AT, S, Jor BB, C & EEHBI, R,
RRBENL TP & UL () e R A DL JLFR 2 2R
(1) ARy
Y, =T, +S,+C, + R,
(2) Ffeipsiny
Yi :Tt 'St 'Ct 'Rt
(3) REH
Yi :Tt 'St +Rt
Yi :St +Tt 'Ct 'Rt
ooy, A AR, E(R) =0, E(R)=o2.

L SR TR BN 7 90 P AP, e s AR AR Bl FLREALAS B 10 5 2% o2 B/, OF AT B EA
NI 25 IR (K AR A A R AL FE RIACKIN, ] H]— L8206 U5 VA HEA T TN

§2 Ak

BBl BIE R AR N 1] 7 2 GERLEHTHER, . AR S @ TR I -1 245
PSR AR A ik o I 18] Py 57 B 500 o 152 J S0 AR s AN AN R B sl sy, kR AR
WK, Aoy Bos R E@HN, W Bk, XL RN, 28 B
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SRS F SESR

Bl BREA R B S, B - 11%, @R sl Bk

21 TR B R

BOWIFHIN Yy, Yy BOBSPFEIIEN <T o R HRB T
EWSE

1
Mt(l) = W(yt + Yt t yt—N+1)

1 1 1
=WWH+W+RM+WWvaJ=M8+Nm—mw) (1

ERVIIERNIE %S SR ATFCes Sy G ol ol A 2| P D RV (T = 22 B S O R
LI .

yt+1 = Mt(l) =%(yt teet yt—N+1) » U= N, N +11"';T ’ (2)
PRI bR R 2N -

T
Z(yt - yt)2
t=N+1

T-N

B AT N3 S48 1 3848 A D AR SR & 300 B0 I 45 2R . — e N IC(E v [
5<N <200, 4 LFREHIREEA RS AMA K HIFP A HBENARZ) s R 2 8, N i)
IAE N — 28 A0 NI N /N — 28 FEA € (102 1542 3 T B ek b, B3
S-S TN ORI BE o et N B — M ROTVES,  EE T B g Tl e
o TRIMBRHELR 2 fse /N # A

Bl 1 Al 1 3 ~11 Ao RSB I TE P20ane 1 7R il — & g a1
Bk sg 12 B A E o

) (3

F 1 AEHERA

it 1 2 3 4 5 6
WERAY, | 533.8 574.6 606. 9 649.8 705. 1 772.0
At 7 8 9 10 11
HERA Y, | 816.4 892. 7 963. 9 1015. 1 1102.7

fi: JrAHUN =4, N =5 B7m 2 =L
S‘/(l) Yt Yt Yot Yis , t=45.-11

t+1 T 4
%3=”+”4+”;+”*+”4,t=5m11

YN =4, T 9D =993.6, H kD%
11
290 -y’
t=5

11-4
N =50, FME 92 =182.4, FMkAER b

=150.5
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11 (2 )
> (92 -y,

t=6

11-5

HERELEHE, N =45, BMRERZERDN, LGB N =4, FeE 12 A6
RN R 993.6.

=958.2

THE I Matlab 2540 1 :
clc,clear
y=[533.8 574.6 6069 649.8 7051 7720 816.4 892.7 9639 1015.1
1102.7];
m=length(y);
n=[4,5];  %n AR5 1 1T
for i=1:length(n)
% T n BIUE AR, yhat K EA 2, e T 40 A
for j=1:m-n(i)+1

| yhat{i}(j)=sum(y(j:j+n(i)-1))/n(i);
en
y12(i)=yhat{i}(end);
s(i)=sqrt(mean((y(n(i)+1:m)-yhat{i}(1:end-1)).*2));
end
yl12;s

] PR ) P 4807k LS S e A T, iy LR O E AR I R AR AS K R S
W H AR R A AL AE LS AR, SR HH 1] PR A8 Bl P 387k it 2 7 AR B R IR SN s 22
A o

2.2 IR Bk

ERIRRE S P A b, SRR AR SR P I I E R R S5 R . HE, AR
TS s B EA -, AR S S 2 X T ARG B . i, 0% 050
HRBREANRA B, N8 A M E M, IS TR MAE, X5t
SEINBURS 8 - 3030 i A JE AR

WIS T FFR Y, Yooy Yoo s IR EN I Ak

Mtw:let+W2y2+“'+WNyt—N+1, tZN (4)
W, + W, + -+ W,
A My, It TINBRE S 395G WA Y, IR, SR T AH Y, 70 INAC T3 5L
W
IS sl 35k, L2 =04
yt+l = Mtw (5)
R LS 3 InARS Bl T3 507 0 56t + 13RI P

1 2 FRIE 1979~1988 4F J5i it r= m ik 2 Fron, i H AR ) P37k 7l 1989 4

()77 1

2 TS BB SIS Bl 2 P (A

AR 1979 | 1980 | 1981 | 1982 1983 1984 1985 1986 1987 1988
B Y, 6.35 | 6.20 6.22 6.66 7.15 7.89 8.72 8.94 9.28 9.8
AR IR B E R A 6.235 | 6.4367 | 6.8317 | 7.4383 | 8.1817 | 8.6917 | 9.0733
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RIXHRZE (%) | | | | 638 | 098 | 1341 | 147 | 848 | 634 | 741

fE W, =3,w, =2,w, =1, FEHHAN
J., = 3y +2Yut Vo
s 3+2+1
AR MBS ) P PAE, a5 RT3 2 e 1989 4 [l JgU ™ & 1) Tt
N (2

" 3x9.8+2x9.28+8.94
Y1089 = 5 =9.48

XANTRIEARAS, P LMEIE . Foki: et S & AR TR 5 92 i AR 22, 431
1982 4k

666-6235 4 200
6.66

AR T80 T2 2 041, TV ELA PR 2
1 29 ) 1000 - (12289 10006 = 9.5%
D, 58.44

HH T RO )~ 244 L S PR (B A1 9.5% , BT LARIKE 1989 45 1) Pl (L 15 1E Ky

948 =10.4788
1-9.5%

T MATLAB FE/7 00 F
y=[6.35 6.20 6.22 6.66 7.15 7.89 8.72 8.94 9.28
9.8];
w=[1/6;2/6;3/6];
m=length(y);n=3;
for i=1:m-n+1

yvhat(i)=y(i:i+n-1)*w;
end
yhat
err=abs(y(n+1:m)-yhat(l:end-1))./y(n+1:m)
T _err=1-sum(yhat(l:end-1))/sum(y(n+1:m))
y1989=yhat(end)/(1-T_err)

TR Bk, W IREESE, RIFERAT e maktt. — B sue. ol
Heya BCEOR, B AN . 2T KRB AR RV B ARESE, T HG 242 I
DX PSR T AN 3 AT KA 5

2.3 @B ETEE

Ta] B B V38V A A 80~ 3801, AE I TR) 7 51 B 2 B AR Bl N, B A VA
SRS BR A Do AH 2 1] 7 41 R 2388 I s b AR Sl S, F ) 5% 80 - 3401 A
IR 5 F- 5403k T 2 tH B Jo 22 . BRI, TR T B IE, B IEMI VB =k
sl 3, R 30 - 355 o 22 B Rk it v L e a3 W B . X st & A2 3
P41

—IRFE BRI EC N
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1
M & :W(yt +Yea ot Yeona)
(YR 3 P4 RS AT — B S ERIBE IS TE, AU
e =%(Mt‘”+---+'\/|fl)m1 :Mt(21)+%(Mt(l) M) (6)

I DT R HIAS Bl 1 Fg i e 22 3 7 EL 2 AT AR T
B A P2y S T 20 B @SS, HAA AR IN I 44 b 1 2 3442
A, T ¥t e A A 2 Oy
Vom =8 +bm, m=12,--. (M
Forpt Dy ur i G mOh it I N a i b R, R R
ARG
BUE, BATRYE RS S V(R A 2 1 R 8. i (7) mr%n

a =Y,
Yiu = Y1 _bt

Yo=Y — 2bt

Yina =Y~ (N _1)bt

P LA
M® = Vit Y+t Yinag — Yi +(yt _bt)+"'+[yt —(N _1)bt]
t N N
Ny, —[1+2+---+ (N -1)]b, N-1
= =Y, ————D
N 2
ESJiae
Y =M =%bt (8)
el (7)), FpC (8) WS, g
VM8 ="y (9
BT A
Ye =Y = Mt(l) - Mt(ﬂ =Db, (10D
K (8 HyHfER, wfe
MP—MP:%Q (11

T, i (8 A () w2 E T EA
a = ZMt(l) _ Mt(Z)
2 (12
b, = N _1(Mt(l) - Mt(Z))
%11 3 F&E 1965~1985 T Ak HL A R AR 3 P, ATl 1986 “EF1 1987 E 1A

NS
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#3 REKWEK . R ER
Fh t KU L Yy —UBEFE, N=6 | “IREBIFE, N=6
1965 1 676
1966 2 825
1967 3 774
1968 4 716
1969 5 940
1970 6 1159 848.3
1971 7 1384 966.3
1972 8 1524 1082.8
1973 9 1668 1231.8
1974 10 1688 1393.8
1975 11 1958 1563.5 11811
1976 12 2031 1708.8 13245
1977 13 2234 1850.5 1471.9
1978 14 2566 2024.2 1628.8
1979 15 2820 2216.2 1792.8
1980 16 3006 2435.8 1966.5
1981 17 3093 2625 21434
1982 18 3277 2832.7 2330.7
1983 19 3514 3046 2530
1984 20 3770 3246.7 2733.7
1985 21 4107 3461.2 2941.2

fit w1 AU, AR EEAR L ETHES, WA E

SR .

4500

4000
3500
3000
2500
2000
1500 *

1000 -

10

15 20

(SIRNEY Gh-4 €7 Ol

IWN =6,

M) =3461.2,

el 12, 7

— @)
21— 2M21

M =2941.2

(2)

=3981.1

bZl

(M ® _

M) =208

T, [#3t=21 Hﬁﬁéf%%?ﬁ?ﬂﬂﬁﬁéﬁ

§0. =3981.1+208m

TR 1986 4F 11 1987 4F 1K HL A

Voo = ¥orq = 4192.1

Yioes =

25

Ir TS O IR BB B PRI A1 T4 3 e
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)71987 = 923 = 921+2 =4397.1
T MATLAB R R
clc,clear

load y.txt %L Jst 4A Bl dhs ORAFAE AU STATSTAF y.txt 1

ml=length(y);

n=6;  %n MBIy I IUEL

fori=1:ml1l-n+1
yhat1(i)=sum(y(i:i+n-1))/n;

end

yhatl

m2=length(yhat1);

for i=1:m2-n+1
yhat2(i)=sum(yhat1(i:i+n-1))/n;

end

yhat2

plot(1:21,y,"”*"

a21=2*yhat1(end)-yhat2(end)

b21=2*(yhat1(end)-yhat2(end))/(n-1)

y1986=a21+h21

y1987=a21+2*b21

FREFAFE B T30 3856F T [R) I A7 AE B2t 3 R AR sh R e 41, & — Fh B g S i 35y
b, SR LAAT 250 0 3 v R SR 3 AR B0 ) 7 92
§3 FRECHEE
*ﬁ%@%ﬁi%i%%%ﬁN%ﬁ%ﬁ%%@%mﬁﬁ,%Mﬂ%;ﬁNwﬁ
CLRT OB X AR A VA 520, By 00 {HJE, IR M 5 kA8 s~ B B AU R
%%nEﬁﬁﬁ%,ﬂﬁ%%mﬁﬁ%,@ﬁ@%%ﬁ%mﬂﬁ,W%%ﬁﬂﬁ$,
R ITAYEL KR, A EE— R R G IENASTE . — Bt 7 s B ) R SR A1 (1) 52 1 J2: Bt ) )
(B B PR R T B I o BT L, ST SR R 7 9 IV g 5o 25 SO U 00 A FsJ T Mt 3354 7 A
SRV TR . FERCE RV A R X Bk, i R TR s
FRBOV- AR T IR BN, A — IRERBOF . R BT =
UARBOV RS, AR,
31 —IIRECTEIETE
1. TR A
BN T Yy, Yor ooy Yeoree» @ AIBUREL 0<a <1, —IKIBECTE AL N:
St(l) =ay, + (1_0‘)81(3 = St(})l + a(yt - St(}:)L) (13
X (13) ARSIk ha (D &, BIEE RS Y
MFh:MF?%hﬁ%t&
LLM O R Y, B, W
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MO = MO ¢ Y -Ma _ Yo (1 _ ij M&
N N N

/\?\a:%, LLS AR MEY, Bt (13)

St(l) =ay, +(1- O()St(ﬂ
N EEFR RO S, a0 (13) MKIRETF, A

SY =ay, +(l-a)ay_, +(1-a)SE )= =a) (1-a)'y, (14)
j=0

C14) X £ 8 SY 2 A& b s B o BB, i BR B ok
a,a(l-a),a(l-a)?,---: BRE

Za(l a)’——l o)

ﬁ?ﬂﬂ*ﬂ?iﬁﬁ?%?ﬁﬁﬂﬁi NEAFEER I Thae, S FRECEH .
DUIX - (EEAT 00, i — IRFR O . P
S\/t+1:St(1)
Elll
Yor =ay, +1-a), (15)
a2 LLSS IR B EAE O t 4+ LI T
2. AR IE £
TEATHR BT, IBCRE G RREZER . HaX (15 ATLEH, o K
NI T A B PR R B AR HOIEL T L . o fEDBROK, BB S T L R
AR, f?ﬁﬂ”ﬁﬁﬁﬁﬁ’]ttﬁ?fﬂﬁld‘ RZINR . FHEA (15) 5N
yt+l yt+a(yt ) (16)
TN b Cn] 5 H 5 o Pouil {2 MR AR 00 5 22 o) B PR AT A B T A5 2. o /)
WHATR TAEIEMITREL, o (ARK, BIERERR: o HfVh, BIEREW .
FEW =0, WY, =V, B F 0SS T AR BNAE, 76700k FE b A%
JRATAH R B HERa =1, WY, =Y, B NATESRS FAWNE, EaR
G 5 R o X PRI B A DOAR MR TR P . DRI, o B NARR IS R] 41
PV EARPE R 0~1 Z [ALERE . HARUH At — a3 5 S AR O S 8] 5413
IR, WERFR, Wa MECVN—, a1 (0.1~0.5). LLMEIETRIE, fEFimiad
REAL B A I TR) P A1 (A5 S s @SR 0] 7 471 B A ek HLBH 2 iR Zh it i), ) o W2 EY
K=, W (0.6~0.8). FFHMIBIIAY R GE R —28, DUERGER - & 1281l
e b, RO, 2R a EEHATRE, WA TR 2N, ek
FHWRAS o
3. WILA{E B E
FH—URARHOT A TTO, 1 T 3 R50E 1 o b, IR RIa M s « WG
A& EHPI Al T B e . IR R B A 2, EelndE 20 AN BB, BIARfE T LA
Je RSB FE M AR /b, AT ik A — SR W0 in . i SR e e s i Edle b, e 20
AL, IR AR BAS B FGIIME S MR O, SIS, gl 200 ELAH S AT A A o W) 4
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o —MCASAT LA SE Bl 1~ YMEAE M W1 4R 1E -
B 4 KT 1976~1987 fEIEFRH AR AU 4 TR AT 1988 1% H A

Wl

fit  RHFEECEE, IR a =0.2,0.5 F1 0.8 BEATHHEE, HI4AME

Sél) — yl_;yz =51

&

J:=Sg =51

LTI

9t+l =ay +(1-a) yt
VA IATAE, #FK 4 F,

x4 ERUSEEHIRECHRTIIMET AR G 0D
o t sy, | P, U 3, U g,
a =02 a =05 a =08
1976 1 50 51 51 51
1977 2 52 50.8 50.5 50.2
1978 3 47 51.04 51.25 51.64
1979 4 51 50.23 49.13 47.93
1980 5 49 50.39 50.06 50.39
1981 6 48 50.11 49,53 49.28
1982 7 51 49.69 48.77 48.26
1983 8 40 49.95 49.88 50.45
1984 9 48 47.96 44,94 42.09
1985 10 52 47.97 46.47 46.82
1986 11 51 48.77 49.24 50.96
1987 12 59 49.22 50.12 50.99

ME 4 WTUEH, a=02,058080m, HHMMERRAMFN. 7855 o BT 4
AR TS EATR TN AR AE R 2E S UL S BNKIIAS o {BL . TR bR LR 22 W3R 5.

K5 A bR R
0.2 0.5 0.8
s 4.5029 4.5908 4.8426

WHGREN: a=021, SH, Mokl a=0.2, Wl 1988 fFiZ a4, B
W Yo =51.1754

T MATLAB R4
clc,clear
load dianqi.txt %5 G £k LA 1n) & ) 77 AR R 26 SCA A
yt=dianqi; n=length(yt);
alpha=[0.2 0.5 0.8];m=length(alpha);
yhat(1,1:m)=(yt(1)+yt(2))/2;
fori=2:n
yhat(i,:)=alpha*yt(i-1)+(1-alpha).*yhat(i-1,:);
end
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yhat
err=sgrt(mean((repmat(yt,1,m)-yhat).*2))
xIswrite('diangi.xls',yhat)
yhat1988=alpha*yt(n)+(1-alpha).*yhat(n,:)

32 UIRHCTE
AR AR VI T R B P R R A LI IR F AR Bl L
Polit, DRSOV R TIN, O A7AE I S R . D, N MBI
W IEIN 735 SRR B PR R B FEAE PR KO, T I (22 10 A e 7
LRI, X CIKIREOT . AP ARUY
St(l) =ay, + (1- a)St(ﬂ
S® =S8 +(1-a)S? (17>
Kb SO b — ISR I B SO N AR BT ARSIy, } . M
WITTUA B BN, KRR E Ik, 7T B
Vom =8, +bm, m=12,... (18)
a = Zst(l) _ St(Z)

(19

(24

bt — (St(l) _ SI(Z))
l-o

HEAT T
B15 AL 3 B 1965~1985 1) A LA B PR A6, IR IR FRECPH v I
W) 1986 FEAI1 1987 4F- 1) < HiL S & .

£6 FERWAEL . CUERECHBET R CRA7: AP

FA t KB R Y, U YT Yees FOAE T
1965 1 676 676 676

1966 2 825 720.7 689.4 676
1967 3 774 736.7 703.6 765.4
1968 4 716 730.5 711.7 784.0
1969 5 940 793.3 736.2 757.4
1970 6 1159 903.0 786.2 875.0
1971 7 1384 1047.3 864.6 1069.9
1972 8 1524 11903 962.3 1308.4
1973 9 1668 1333.6 1073.7 1516.1
1974 10 1688 1439.9 1183.6 1705.0
1975 11 1958 1595.4 1307.1 1806.1
1976 12 2031 1726.1 1432.8 2007.2
1977 13 2234 1878.4 1566.5 2145.0
1978 14 2566 2084.7 1722.0 2324.1
1979 15 2820 2305.3 1897.0 2602.9
1980 16 3006 25155 2082.5 2888.6
1981 17 3093 2688.8 2264.4 3134.1
1982 18 3277 2865.2 2444.6 3295.0
1983 19 3514 3059.9 2629.2 3466.1
1984 20 3770 3272.9 2822.3 3675.1
1985 21 4107 3523.1 3032.6 3916.6
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% Mo =0.3, ¥k SP M SP #HF sk, B SP =SP =676
s, s?, T e. 43
S =3523.1, S =3032.6
s (19, 3t =21k
a, =2S{) —S? =4013.7,
b, =—2—(SY - sy = 210.24
l-«o
T, 3t =210 HLaBITFER
Vo1 =4013.7 +210.24m
T 1986 4FH1 1987 4E (K LN CAAL: 2
91986 = 922 = 921+1 =4223.95
91987 = 923 = 921+2 =4434.19
T RGBT (19) RAE LB (18), 4 m=1, WG
Jus = (250 —8P) + -2 (s - 5?)
l-«a

Hp
. 1 1
) St 20
At1=12,---,20, A (20) AR AWIERIE. THES R LK 6.
T MATLAB FL 00T

clc,clear

load fadian.txt % i 4R %icdls LAA i) 42 (1) 5 SXAF TR E 2 SCA SO

yt=fadian; n=length(yt);

alpha=0.3; st1(1)=yt(1); st2(1)=yt(1);

for i=2:n
stl(i)=alpha*yt(i)+(1-alpha)*st1(i-1);
st2(i)=alpha*st1(i)+(1-alpha)*st2(i-1);

end

xlswrite(‘fadian.xls',[st1',st2'])

a=2*stl-st2

b=alpha/(1-alpha)*(st1-st2)

yhat=a+b;

xlswrite(‘fadian.xls',yhat','Sheet1','C2")

str=char(['C',int2str(n+2)]);

xlswrite(‘fadian.xls',a(n)+2*b(n),'Sheet1',str)

3.3 =IARECTIEE
I R A AR SR B A R et 3, I RE = IR e B R . ZIRFRECT
WREAE IRFRECT A b, BT o, HarE AR
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St(l) =ay, + (1~ a)Sfﬂ

S® =08 + (1-a)S? (21)
St(a) = ast(Z) +(1- a)st(—:?
Kb SO S = IR HCPIE .
= RAR BTV B TR R Oy
Yoo =& +bm+Cm?, m=12,.-- (22)
Hop
a, =35% -35® +5©®
b == [(6-5a)S - 2(5-42)S? + (4—32)S] (23)
2(1l-«a)
o @) o) ®
Ct :m[st —ZSt +St ]

A8 1978~1988 -4 [T il B [8] 5 Bt = Bt Ak 7 fras, X
1989 A1 1990 4 [ 52 ¥t = L ¥t M A o

KT R ERPA IR E R R . S UIRBCHIMET R (R {400
FA t PRy, | UCOPEE | CUCOPEE | CUOPEE | e RS THE
1978 1 20.04 21.37 21.77 21.89 21.94
1979 2 20.06 20.98 2153 21.78 20.23
1980 3 25.72 22.40 21.79 21.78 19.56
1981 4 34.61 26.06 23.07 22.17 24.49
1982 5 51.77 33.78 26.28 23.40 34.59
1983 6 55.92 40.42 30.52 25.54 53.89
1984 7 80.65 52.49 37.11 29.01 64.58
1985 8 131.11 76.07 48.80 34.95 89.30
1986 9 148.58 97.83 63.51 43.52 142.42
1987 10 162.67 117.28 79.64 54.35 176.09
1988 1 232.26 151.77 101.28 68.43 196.26

fit A2 TRLA Y, BB REUE i BT, A = AR e A AT T

+0

B2 Al

%

N
®

9

10

BB G

11
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o =03, Ml s©® =s© =s© = 1TV T Y 3;2 221043141 80,52, 89

FIFRT . £33
S® =151.77, S =101.28, SO =68.43
s (23), 3314t =11
a, =21991, b,=38.38, c,=1.62
Tt 3t =11 i Fnaa
Vism = 219.91+38.38m +1.62m?
THUI 1989 41 1990 4 F [l 5 B3 /™ B W [ATH (FRA7: 40D
91989 = 912 = )711+1 =ay, +b, +¢, =259.91
91990 = 913 = 911+2 =ay, + 20, + 22C11 =303.16

DR A [ 20 AN 1989 45 T4t il 2 58 7 B BRI A BUSR,  SX LRI (L S AR fh i, BV

PEIE B IE,  LAEBRBOERI R K50 .

5 CUHRECHIRE R, O TS AU, DR (23) AT (22),

H4A4m=1, i
. :3—3a+a2 o 3-a <o 1 §®
yt+l 2 t 2 t + 2 t
(l-o) (l1-a) (l-o)

£1=012,---10, 230 (24) "REXWHIBSUE, WL 7.

L MATLAB R0
clc,clear
load touzi.txt % Jst 4R E ks LAA ) (1) 07 A7 A 28 SCAR ST A
yt=touzi; n=length(yt);
alpha=0.3; st1_0=mean(yt(1:3)); st2_0=st1_0;st3_0=stl 0;
st1(1)=alpha*yt(1)+(1-alpha)*stl_0;
st2(1)=alpha*st1(1)+(1-alpha)*st2_0;
st3(1)=alpha*st2(1)+(1-alpha)*st3_0;
for i=2:n
stl(i)=alpha*yt(i)+(1-alpha)*st1(i-1);
st2(i)=alpha*st1(i)+(1-alpha)*st2(i-1);
st3(i)=alpha*st2(i)+(1-alpha)*st3(i-1);
end
xlswrite(‘touzi.xls',[st1',st2',st317)
stl=[stl_0,stl];st2=[st2_0,st2];st3=[st3_0,st3];
a=3*st1-3*st2+st3;

b=0.5*alpha/(1-alpha)"2*((6-5*alpha)*st1-2*(5-4*alpha)*st2+(4-3*alpha)*st3);

c=0.5*alpha”"2/(1-alpha)"2*(st1-2*st2+st3);
yhat=a+b+c;
xlswrite(‘touzi.xls',yhat','Sheet1','D1")
plot(1:n,yt,*",1:n,yhat(1:n),'0")

legend ("= Brii, TRIE',2)
xishu=[c(n+1),b(n+1),a(n+1)];
yhat1990=polyval(xishu,2)
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FRECP i PR AR 20 E RS K, 288 D S P SRS R 0 AR EEAT I 7
IEFEA G MINBCR L o R B R TRINRS B I OGBERA Y o IRYESEBER S0, o IHEVE
BBl 0.1~0.3 AE. oK, IBCRBUPHEmRGE LA, FrAsEbs b o BUE R
LA P2 1B g S 8l A B . e (EAKEWRE R 8 b Rk,
A DA R o (R SEIEAHEN]

(1) WP AN EEAE S LE AR, T (i 22 A LA 20 G ) o {E N I8,
CAys B IE MR, A SRR 7R e 35 B 22 I S et (A 45 6

(2) WERT HAREEAGH O R ARG, W o (NI R4, IXF,
AT AR T 20 PR A SRR SR R AT KR A I, DA TS 25 7 00 1 o P 22
&

Gyh, I TARECT I A R A, BTRAB AU ERIEA 1 S¢7, S¢SV
A LA 3~5 ANl (K AP A A B4R

$4 ERECHETL

fE LA, ARSI A Sh BAT B E G, 1 —kIEerie i
Bl e 22, FEIR DAE T Bl AN AL B ER . DA, JRATTH T LUK A e 1 £y B oK
Bt ENAEIS AR B 10 LLRT S0 B A — 25 HoR AL HE, (2RI T
—UARECHI R, LU 0 25 R BOR BR[O AR R B A
FEGY T3 VE A U AR AR B B T 5 7 ik o R T BRATT V8 e i 22 43 T VR R S F e Y-
HERES

4.1 —HrES RO

AN A P8 S E ARG i, WIS ] B 2 R B AR T . FL A S R

VYt =Y~ Y (25
VY., =aVy, + 1-a)Vy, (26)
yt+1 = vytﬂ + yt (27)

HARIV AZE M E T . X (25) FRoaxt RO E LB IE— 2455, #E—AF
FREUHE A 28 (27) TRt L it —Br 2 20 I 0807 51 R FR 2073 T 5 70 & 2w i
SEBREIEDN, AE AR T IR . T AN A S B ORI R AR .

A Ay

Yiu =Y Ve T Y = Vyt+1 + Vi (28)
MIA TR (260 THE R IME A5 THC (28) iy, MK (28) 45751l
(1) Yy WSO TR, JREPSCA L (27).

FERTTIIRATC ML, FRECT I S br L Je — RO 4050 DRI HE R 51 Hh iz 47 14
R INBCTE A0 (FRECTFD I 2w A) SEFR B T, b — ks Bk K
AR DA HUE B IR Y9800 b — 31 0 TO 5 4 B o DT A5 TR 4 28 Bl 22 s (L
TN, MARA B THEA B KGEAMEI T, H— R85Ok S B g 1
YRR G T SEBR AR ) 5L

7 HEM AN 1977~1986 “E4n kKL H FE B VORM nK 8 Frow, T 1987 4F
BRI FE .

F 8 HANVH I RE 22 PR HOE AT R (o =04) (A7 PN
A t BRERI R v iy 2o FSHCE W T A
1977 1 24
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1978 2 26 2

1979 3 27 1 2 28

1980 4 30 3 1.6 28.6
1981 5 32 2 2.16 32.16
1982 6 33 1 2.10 34.10
1983 7 36 3 1.66 34.66
1984 8 40 4 2.19 38.19
1985 9 41 1 2.92 42.92
1986 10 44 3 2.15 43.15
1987 11 2.49 46.49

fit BTRLAT LA, PORNERER, BRASIEG AN, IR ORARLE 200 WiAe
i, VR ELNK, BT B AR AT AR . AT @ = 0.4, I
NS FERIE TS, VL AT 8 b Tl 1987 LEMVRHIAE R 4
Vi = 249+ 44 = 46.49 (FI),
42 TSRO
IR A 4 S S AN, T i 22 o R BCT i AR T, A

T
VYt =Y~ Y (29
V2y, =Vy, - Vy,, (30)
VY., =aV?y, + (- a)V?Yy, (3D
9t+1 = v23A/t+1 + VY + VY, (32)
Hrp V2 RR 5.

B

Yor = Yer = Yo Ve = W + Yo = (W = VWY) + VY + Y, = ViYL, + VY + Y,
FRE, VY, B THEAE VY, 510 (32).

LN TTENHEHCT LB ASE ], B T e I U SHOT- VI 1 5 222 81,
SRR 1 A 5 25 M ko PR B 285 220 A B, BT 2B I S B A |-
TR SXIN, WA ORI 55— W T AR TME A & 2 K. Hk,
AR T RO MRS PR S R, A U 5 3 T £ 1 R R A B s 7]
FHI R SRR R . (R, o TAE RO HEA A2 M A R B o WO 1, DA
SRS ST B, 2540 FE ST M Y (VAT Tk

§5 HIEMNIEBIL

5.1  FHIENIEBIA AL R

G W JEBGE S ik R ECTIE —HE, B2 LU TR 811 D Se DR A T
SRR R TN, & BTk — 2 “d e B, FLIpdt S — 414 2 AU
RS ANTIE, AR5 VST 22, AR T 8 22 T AR DL R 22 o XK [
ST, ARk A et B, R ZE D B AR . ol TRXR A A
PR TR TRE P KA e P I SR REAR O B3, WO B G S8 o

ERRAVA)S RSN N VA WA
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N
Y = WY +Wo Yyt Wy YN = ZWi Yicia (33
i=1

K (33) dr, P LT, WOt — i+ DI E R, Y, M
t—1+ 1M, N B AN, R E A Ak
Wil =W, +2K €Y i (34)
A, 1=12,--,N, t=N,N+L---,n, nAFaEdmnE, w yRsEErm s
RS WM RS IO ML K ST R4 e, A t+ LI 22, X (34)
R A 1 — BN 55T 1H 10— BN b 22 8 2200, 3K A 1) 22 10 A HE Tl 52
Fen JEOMMME RN A 2w BE = AN R . 2T K 1R/ e BB 3 1) 8 %
RIS AR RG] R U B SR I A R L A AN TR R A A RS 10 AN UEIAE,
w2k 9 Pron. WM BIEMNFERE, CLPANBECK RS 11 i TiAE
K9 FEw AR
B3 t 1 2 3 4 5 6 7 8 9 10
WlEy, | 04 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

AN =2 JyEsEw, =05, w, =0.5, JFikk =09, tIEEHE N =2
FHih, Mt =21
(L A= (33), KAt +1= 3P FHE.
9t+1 = 93 =WY, +W,y; =0.15
(2) TR ZE o
€,=6=Y,—-Y,=03-0.15=0.15
(3) MHE (34),
Wil =W, + 2k €1 Yiia
WAL
W, =W, + 2ke,y, = 0.554
W, = W, + 2ke,y, = 0.527
(1) ~ () 4il, MSERMRT —IRBER%E, Gtk 1 FEIUFTPE. 4t=3
Hﬁ:
(1) FIHFARIMBEL S t+1=4 RTNE. ik, &Xmarmm—
ASVEIAE Y, > B —ASEr ORI y, « R
9t+1 = 94 = Wiya + W‘zyz =0.2716
(2) THEFIR 2
Cn=€ =Y, 94 =013
(3) IR
W, = 0.554 +2x0.9x0.13x 0.3 =0.624
W, =0.527 +2x0.9x0.13x 0.2 = 0.564
XFEREAT Rt =10 I
9t+1 = 911 = Willylo + le Yo
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(A T3 t =10 e y,, . A
Ca=Cn=Yu—Yn
TOVEVH B IX N, 55— R R T A A 45 O o AT IAT IR E A WIAA AR, BB T Ah t = 2
M e, XA REIEAT T %, BIWGRZEE GRBr— RPN R %) A W] 2 Bt ,
O NERTG T4 “deefl” B RESERR IR TN 2R 11 M ApI 7 R B e,
AR %, TAEOE R E A, Sma SRl “imfE” BECh
w, =20, w,=-1.0
FI et AU A 11 ST R
Yie =WiYo +W,Ye =1.1
FESEBR NI AR, BCECRH B TAR R AT REAR K, o AUE BY T o LA RESE I .
T MATLAB F2 40 R
clc,clear
yt=0.1:0.1:1;
m=length(yt); k=0.9;
N=2; Terr=10000;
w=ones(1,N)/N;
while abs(Terr)>0.00001
Terr=[1;
for j=N+1:m-1
vhat()=w*yt(-1:-1:j-N)*;
err=yt(j)-yhat(j);
Terr=[Terr,abs(err)];
w=w+2*k*err*yt(j-1:-1:j-N);
end
Terr=max(Terr);
end
w, Yyhat

52 N, KAEMIEEB AL E

FETTUR R BEBCHUNS ¥ S0 SR B N M2z 2 W Bk o — LBk, iy
FIHME 22 12BN, N NI . e 4 DL — 4 Jl AT 2= 1 A2 5
I, EEEE AR, BN =12, HEEFER, WHRN =4, QUREEys0k
WY S FR P AR 2, AT A SG AR G R e, RIERCN DAy s sy 1 AR SG 2R B3 i e 341 o

KA BT A LN T DU AN [ B K AERIEAT V5, DL E — NREFE S d&
MK AR

PIUEBUCE RO e AR B2, e e, WA LN AN WInBCR B, R

1.
w=—(=12,---,N
= )

FUE N BEEA AW R AP IR BOR PRy ., Al AR T i R AE FE AL
RN RORN 52 20 880 DL . ] LA SEHL A shid e . — e 12l ek
Pk TR EBEARCR L, TR P AR A M0 AT OB B, AT A By ek i

H T 8 NI A TR Y g 2, SCRT DAAE TSN B Sa BEAT A 2, B LU
LMD RPIVARE S P

§6 EIBSMETIIN T %
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HEFASIEE SRR S () Dy S A k), SRS A R, MO HED
ARAAR B —Fob Ee 258 T A F000 i o R G SAAMEEEA T 00, AN B :
() EFENMZEG (b)) WEELEEE; (o FIHEIRIGhg; (d) Bt
s (e) TUERT; (F) WU S RAERBE T wesfe b N F ) mT e

RSN ] BB RAT  FRth 2. B IR Buih g Az, s
ka5 .

6.1 Frfuthzik

—MR UL, BORAYEED R P K, LRI AR 2 T A R S 4R A
i 2 AR 1, PRIt mT DU s 0h e 0 A e i 1K S e A T T

FREU 2R I B A R Ny

y=y.e" (35)
T Ry A K AR D S A 0553k 45 . % (35) BOW #on] 15
Iny=Iny, + Kt (36)
/‘Q\
Y=Iny, A=Iny,
|

Y = A+ Kt
o A K AT RL T e — itk
6.2 1BIEFRHh Lk
I FH i K 2 SN T OIS, A7 A6 36 P00 1 B 5 T PO 4 R 4 0 PR 438 K 1y 47
Blo X REAFFE A o RUONATAT Y R A — 2 BREE I o B SRl g 7
i, RS IS BRSO ARG K, (HBESE P A BRI, 7 R R
WAL R o S IR RIS R N A8 TE Fe B 26
¥y, =K +ab' (37)
BRI g = AN S5 K, a fib B2 7 s ki o .
1B IEFREUN L T T HR XA — 2R
(1) PIARKIGE, B3 K R IB W
(2) MK>0, a<0, O<b<1m, t—>w, ab'—0, Eﬂyt—>Ko
2 KA AT FRSG I E N, SR i ek A R 13 8. 124 K A ASRE TG
SEI, VR =R
FEIF A5 N AN A S50 =35, ARaa m ], Bin=3m.
F R Yir Yo Yms

[ Ymar Yma2r s Yom s

EIEEin Yomir Yome2r "0 Yam

LR A 2 T AN WS 2 F, thtbgh S8 T HE . AP IR
Wr:

TC AL EAE (1) 453043 2 A1

m 2m 3m
SlZZytiszzzytlse,: Zyt (38)
t=1

t=m+1 t=2m+1
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S,=Y 9, => (K+ab')=mK +ab(+b+b?+:--b™")

SZ = Z yt Z(K +abt) mK +abm+1(1+b+b2 +. bm—l) (39)

t=m+1 t=m+1

Sy = Zyt Z(K+abt) mK +ab?™(1+b+b? +---b™?)

t=2m+1 t=2m+1

T
(l+b+b*+---b"H(b-1)=b" -1 (40)
MIAAE(39) X, 4
b™ -1

S,=mK +ab
b

S, =mK + apmi D=1 (41)
b-1

S, =mK +ab®™! b"-1
bh-1

(41 K, e

a=(S,-S)——— (42)

< g{SM}
b-1

BREASHAETHE T, Tl W (37) BEATH
(EHAHERE, FFA AR AR A8 o] DUAHE IEFR SOt 4t & o SR I BExT 4
PEEA TR, AR VE T 4 R B 1B IR (Y B AR A S — R b o B

yt+1 yt ~ b (43)
Yi = Yiu
B8 MRAEZEIr Bl K WoEHLIELE 15 AT E IR 10.

#11 F) PR

] (4) 1969 1970 1971 1972 1973 1974 1975 1976
HEREOITE) | 421 475 52.7 57.7 62.5 67.1 71.5 75.7
B8] (4F) 1977 1978 1979 1980 1981 1982 1983
R (TH) 79.8 83.7 87.5 91.1 94.6 97.9 101.1

WAME IEFE O 2T 1986 4R 418 .
fift 2R
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Y =Yt 10,9429, 0.9762]
Yi = Yia
T LA S AL T LR IS TE RSO . BIASLL L 15 R4 = 7057,
B 5 M, Bin=15, m=5, JLL 1969 F1/E N ITthHEmt =1,
WL (38), 4
S,=262.5, S,=377.8, S,=4722

il @2 R, 5
b=0.9608, a=-143.2063, K =179.7162
[Nk e T ity
y =179.7162 —143.2063 x 0.9608' (44)
T 1986 “E e E Ay, t=1986-1969+1=18. JTLL
Yi0ss =179.7162 —143.2063 x 0.9608" =110 (J53%)
THELH MATLAB 2R O AR JSCAE — AN S

function chanliang
clc,clear
global a b k
load xsh.txt % i 4h 24 A7 A E 26 SCAS U xsh.ixt 1
yt=xsh; n=length(yt);m=n/3
cf=diff(yt);
for i=1:n-2
bzh(i)=cf(i+1)/cf(i);
end
range=minmax(bzh)
sl=sum(yt(1:m)), s2=sum(yt(m+1:2*m)), s3=sum(yt(2*m+1:end))
b=((s3-s2)/(s2-51))(1/m)
a=(s2-s1)*(b-1)/(b*(b"m-1)"2)
k=(s1l-a*b*(b"m-1)/(b-1))/m
y=yuce(1:18)
%****-k'k******************************
% UM eR £
%****-k'k******************************
function y=yuce(t)
global a b k
y=k+a*b."\;
6.3 Compertz HH4k
ith £ 1K) — OB
J =Ka®, K>0,0<a=1,0<b=1 (45)
SRFH Compertz 28 i MO ST RS, KuBo 726 2 540 2 OO R 4 T
HI RS m T b .
In yt+l In yt %b (46)
In Y — In Yia
Compertz M4 THAXME—RING: WK, CUSZ#ENR. Hiks—
SERERE i, WA M B
ZHA TR
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A (46) PO #, 4

Iny, =logK + (Ina)b’ (47)
i
y.=Iny,,K'=InK,a'=Ina
173
¥ =K'+a'b'
IR IEFRBUM L i = Ak ik 258, 4
m 2m 3m
81=Zy't,82:2y'“83: Zylt (48)
t=1 t=m-+1 t=2m+1

Hpy' =Iny, . WL 42), 15

1
b= Ss_sz "
S2_51

b-1

( 2 1) b(bm _1)2
K,:i{sl_ab(b —1)}
m b-1

B9 (L) 8) ARIEE 10 MBHE, WRafE e LAY B E 1Y Gompertz #h£k 7,
SR AAEIRCE WU B B G AME, JRTT 1986 4K (1) HY 5 & .
fig: ©4n=15, m=5, RFEX 48), 1
S, =19.7558, S, =21.6094, S,=22.7333

P (49, 13
b=0.9048
a'=-1.2588, a=0.284
K'=4.8929, K =133.3341
T WL B 5 1K) Compertz #hk J5 Rk
§, =133.3341x0.284%%
Ft =18 RN, 13 1986 AW HUAS S & (1 Tl Ay
Vioss =108.3143 (J7 )
T MATLAB R340 F
cle,clear
yuce=@(t,a,b,k) k*a. (b.t); Yo IR 1) 4% B 5L
load xsh.txt % i 46 24 A7 A 26 SCAS U xsh.ixt 1
yt=log(xsh); n=length(yt);m=n/3;
sl=sum(yt(1:m)), s2=sum(yt(m+1:2*m)), s3=sum(yt(2*m+1:end))
b=((s3-s2)/(s2-s1))(1/m)
a=(s2-s1)*(b-1)/(b*(b"m-1)"2)
k=(s1-a*b*(b” m-1)/(b-1))/m
a=exp(a)
k=exp(Kk)
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y=yuce(1:18,a,b,k)

6.4 Logistic Mgk (K hzk)

I E KRR P R A BB BN BE, A5 = AN B A K R
—HFER, Bl R BRI, 728 — I B K IER, 7R R R SR Nk,
M2 T AIOEREE, TEs—4% S Bk, X241 Logistic ik (A thize),
IRZ Wy, W AT G R JE RS A AL A i B, PR Logistic 2 fr il 1
T2 Y

Logistic fihiZk i) — Ml 2=iin &

dy y
ot ry(l L) (50)
Ly HTE, Loy MRRME, r AR EE, r>0. fRkiln ires
L
y 1+ce™
A C oH AL

N IRATC Logistic #hk i — BN

ytz#t, K>0, a>0, O<b=1 (52)
K +ab

R U0 REAT 4 Logistic M2k ik, A6 45 e Jn (80 45 i 12 I 1 () Lo 15 4

A —HEh . /)

(51

1/ yt+1_1/ Yi ~b (53)
17y, -1ly,,
Logistic [thkrh S50t 77k -
YRR 4
y' = i
Yy,
15
y', =K +ab'
i S I FR A th & ) —FvkAl vl 240, 4
m 2m 3m
Sl:zylt’szzzy'wssz Zylt (54)
t=1 t=m-+1 t=2m+1
MR (42), #4
1
b= Ss - Sz "
Sz - Sl
b-1
a=(5,-S8)———7 (55)
5, 1)b(bm-l)z
K:i%rﬁ“b‘n}
m b-1

#1110 (L1 8) ML 10 RO%cdls, WA E W E ML 10 Logistic 27T,
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SR SRS PR B = I EAE, RPN 1986 S 1A B .
fid: ©4n=15, m=5, HEX 54, 5
S,=0.0971, S,=0.0666, S,=0.0531

Pt (55), 14
b=0.8493, a=0.0174, K =0.0085

M B B 1 Logistic itk 724
. 1
Ve = 0.0085 + 0.0174 % 0.8493"

Bt =18/ A1, 15 1986 AFWr H HLAY B B K TR Ky
V1056 =106.3981

T MATLAB P25 F

clc,clear

yuce=@(t,a,b,k) 1./(k+a*b.Mt); Yo SCTRMI I FE 44 bR 2L

load xsh.txt % it 46 24 A7 A 26 SCAS U xsh.ixt 1

yt=1./xsh; n=length(yt);m=n/3;

sl=sum(yt(1:m)), s2=sum(yt(m+1:2*m)), s3=sum(yt(2*m+1:end))
b=((s3-s2)/(s2-51))(1/m)

a=(s2-s1)*(b-1)/(b*(b"m-1)"2)

k=(s1-a*b*(b” m-1)/(b-1))/m

y=yuce(1:18,a,b,k)

6.5 EHLILEFE

T I IERAT LU R LR 3

1. R EE P L.

2. HIBHEA L E AL R AL .
3. LEBIRIMbRAE LR 2 K]

S :1/%2(30 -9

A LRGSR L] ik FEnS, NP S AL .

§7 PRI

(56)

KRR TR AR, IR RS I GE o R PEANBE IR R PR T AR AL, RV

A 7 ZEANBE W] 8] )P A2 AR 4L
7.1 CPRBEHLUT S CERRTE 1)
711 HXRME

XL IR teT}. HEt, X &2 MHpLs, &

AR, SR I REL IEA
Hy = E(xt)
PR A B ML (1) S804 pR

s t, X 2N of o Mt XA R R, G0k

ol =Var(X,) = E[(X, — 1)’]

I

(57)

(58)

PR BENUL ARy 22 0 K. 5 22 BB P J5 R o B0 BENLIE RE A bl 22 e B, B
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BEALIE R X RT3 R E g, RO S TR
w2 WL RELX  te T}, Buet,seT, w XA =R ECy
Vs = COV(X, X,) = E[(X, = £4)(X, = )] (59)
NZIE{X, t e THERZIt Y s Z R, BTy, Feife, B2 CAMR
BRE
P = Vts _ Vis
’ \/Z Vss  Ot0s
P, BEAHSRRREL o,  ARHELL H P T 75 B EL
B3 WRIHLTHI{X,, t =0,21,+2,-- Jii &
D E(X,)=pu="5%;
2) Ve =V (K=021%2,---) HtEK,
TFR X, K~ FRBENLF 5 CERRFRFFD, T4
EX 4 WrRFEsI{e, t =012, FH AT R By, S
) =0, :{O, k=0
’ o, k=0
Hrh o,k =0m20 1, 2k =14 0, WFREZTH A4 FA 85 P41 .
PR A T R B o, By, = 0K = 0), U &, (AR PN I A5
ZIBEAAI I o AR e 75 41— R R S AR AR 7 51
7.1.2 CFRAERLS KX BT ZE R BARDC R Al
1. P&t Daniel #%;
K3 e AR TR 2, ARk e —Ff, R Daniel £3%%. Daniel £35% 77
VLT AE Spearman AH G R £ HEAl 1o
Spearman AHC REUE —PIRRAROC R SEUREARTRRIIME S o 52 X, Xy, -+, X, /=M
GRS AR N BREAS, JEUF G Xy, Xy rs Xy o A5 X5 = Xy o W
FRK & X fEFEAR TR, 1WdER,, W&—1=12,---,n, R EHEI MG
R, R, -+, R, BF ARG & B, X FEA S
-0.8, -3.1, 1.1, -5.2, 4.2
ISP S vt
-5.2, -3.1, -0.8, 1.1, 4.2

MRS
3,2, 4, 1, 5

RET e OCY) BFOREABLIEE (X, Y1), (%0 Vo) oos (X ¥y )+ TRRS 536
XY TOREAHE X Xm0 X 9 Y Yoo oes Yoo BEXG Xp,oe, X, HOBRER TR AL

(60)

Rlngl"';Rn ’
y]_! y21"'1 yn E@&éﬁiliﬁ
Sl,sz’”.’sn’
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XY BRARBREEN, XPHRG R R E B % Spearman #H2¢ R E e X h
X REG TR IR R EL  J Spearman AHI¢ REE

> (R ~R)(S, - 5)

Oy = —F—— . (61)
\/Z(Ri _§)2\/Z(Si _§)2
i=1 i=1
1 = 1
—Z ;S =—Z:SI IS, Wk
n i=1 n i=1
6 a2

foifd =R - S,, =12,

Xf ¥ Spearman AH5¢ R, 1@1?&&7@%

Ho oy =0, Hylpy #0

ATPAER, 9 (X,Y) 2 JnilEdAVE, B Hy o, goit&
0y, VN—2
V1-ag
R E B n =2 [t 3 A t(n —2) .

A BB EAKY o, @t R SR g0 E R EL,,(n-2), 4
t<t,,(n—2)mF, #ZH,: 24 >t,,(n-2) 8, FHdiH,.

XF TP SRR A Xy, Xy, X, 08 X RN R, = R(X,) » % B4 &t
(t,R,), t=12,---,n 1 Spearman AHX K%k qQ,, 1

t=

q, =1- — _1)Z(t R)? (63)
(ARSI Y

1_Gn-2
YE T AR AT -

Ho: 591X, PR, Hy: 591X, PR (e LTt F s
Daniel B rik: ¥ FREAKT o, HINFEFI X, W (R),t=12,-,n
Spearman BA X REL, , 4 [T| > t,,,(N—2) , WHEL Hy , I AFFIHEFR H 24 g, > 0
i, WHIFHI TS q, <O, WHIFHIA Rk, U [T|<t,,(n—2) I,
Bz Hy o, ATEUAN X, R PR A1,
(10 2 [E SR 1964~1983 AE I RHE L AL M BT % CRE T AF 8 R i i Ik

BO BHE WL 12 (TRt 1~ 20 K- M 1964 H4-~1983 ). [nl i s KA s &5 ) &
e AR 2
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12 SR B fir 5 R K

B ) 1 2 3 4 5 6 7 8 9 10
s % 1.37 | 2.96 | 1.91 | 3.10 | 2.08 | 2.54 | 4.07 | 3.62 | 2.91 | 1.94
I ) 11 12 13 14 15 16 17 18 19 20
s 3.96 | 4.19 | 2.71 | 3.42 | 3.02 | 3.54 | 2.66 | 4.11 | 4.25 | 3.76

it 0 E K =005, 1 q,=05624, A G R KER
T =2.8857, Lal24hismit,, ,(n—2) =2.1009, FibA[T|>t,,(n-1), HiH4:
Ho» IFFIRAEERR: R, >0, #F5 ErbEd, Bz is =4 -
Fhia#.

VLI Matlab B2 1 F -

clc,clear
x0=[1.37 2.96 1.91 3.10 2.08 2.54 4.07 3.62 2.91 1.94

3.96 4.19 2.71 3.42 3.02 3.54 2.66 4.11 4.25 3.76]; %x0 &y 2X 10 Hif4:
x0=x0'; x0=x0(:)'; n=length(x0);

[xsort,ind]=sort(x0) %3 M\ /N Bl K[ 7 HEZ B s

Rt(ind)=1:n  %il-5iFk

t=1:n;

Qs=1-6/(n*(n"2-1))*sum((t-Rt).72) % it 5 Qs HI{H
t=Qs*sqrt(n-2)/sqrt(1-Qs™2)  %itH t Gt E KMl
t_0=tinv(0.975,n-2) %4 - alpha/2 2} 47 55

2. “VRPA B BT 22 e B ARG s A v
PRSI X BIREA Xy, Xy, oo, X ATELIREA (A A v BEN L 51 218

ﬁ:EZXtZY (64)
)
Y LA R PR
n—k
7= 3 (X = X)X = X) 05k <K (65)
t=1
E—?—k:j}k" BEg
n—k
ykzi (X = X)(X, = X), 0<k<K (66)
n—-k
P At
ﬁk:@,OSksK (67)
Yo

7.2 ARMA I [a] )41 2 SRR

A Tl SRR E) R A1 —ARMA IS E) 41 . ARMA IS 0] 41 43 g = Fh
KA

1 AR, RBIEEEF41 (Auto Regressive Model);

2) MA P4, B3N~ 7 %] (Moving Average ModeD);

3) ARMA /341, Bl A 51935 3h 13741 (Auto Regressive Moving Average Model) .
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A[IE ARMA I i) 32 41 2 A g vk, DRI o] DL e 1) — N REAS T B B 7 25 i 8
K EARC R EL
7.2.1  ARMA I8 ¥4 ) 7€ X
1. AR(p) 41
WX, t =012, .- } ERHETEFH, WL NI
Xi=o X+ @, X 4+ ¢nxt—p + &
Hopr g, REWME. 720 o KPR A . WFR X, EECh p i EBEDAFES], #id

(68)

A AR(p) F#A1, T
(0:((01!(p2!""€9p)T
Mo RS E, HaE e, =12, p #h BETRE
I ER A TR (68) i, B L aF:
BX, =X,y B*X, =X,
WH T2
¢(B)=1-pB-p,B* —--—¢ B",
=L (68) I BAS K
P(B)X, =¢,
2. MA(q) 1741
B X t=0,£1,£2, - FRFHMEPRFH, il T HIEa.
Xi=& -6 ,-0¢6 ,——0& >
g BB, D202 ol WPPRIAER, MR X, 2B 80 q 3 r v s,

(69)

i MA(Q) J741, i
0= (01’92"""9 )T
WREEP S EaE, R0, j =12, Qs V- R4
ETREE, —APRRAE A R ARSI — AN R, QR 2 g i
PEEm, X —HrH A MA B,
NTE&MEBETB, fi
Be, =¢.,, Bkgt =&y
GBI S EE AT ER
6(B) =1—913—19sz —---—(9qu
M= (69) AILAMIE N
X, =6(B)¢,

3. ARMA(p,q) J¥41
B{X 1 =0,21,22, - FRFIMEVRIPI, 2 T AR,

Xi—o X _“'_(”pxt—p =& -0, _"'_Hqgt—q ’
Hrph g 2FWME. TTEZ ‘7.92 PR S, AR X, 2B ECh p, q i B R 33
Feal, faiidh ARMA(P, Q) 17410, 1q=08, &2 AR(p) /74l M p=0K, &4

(70)
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MA(q) J¥%1.
NHFFZ I o(B),0(B), X (700 nfLLER
p(B)X, =6(B)¢,
PR s X, t =0,£1,£2, .-}, WHIE E(X,) = », W2 FAIRAL.
Xi=m) o (X =) ==, (X, ) =& -0, — =66, (T
Horp g REWME., T7%R ol WERAMS, FIMERET o(B),0(B), X (71) W%

Ny

N

¢7(B)(Xt —p)= Q(B)gt )

FETHT 2R o(B),(B), M LA T HMEE:

D @(B) FO(B) L AKK T, Lo, 20, 6,#0;

2) @(B) =0 MR AL NALASN, XS ATRR AR [ Fa k4 F 5

3) O(B) =0 MRALE AL IS, X4 PFRR A A (1 ] 10 1 4 1

7.22 ARMA JP Y1 Rk S5 T it

LEFRR 5 SR o) SRR, ARMA FE S (AR 1 5 ] 30 1k 2 8 T i)

1. ARMA J7FIff V- Fadk

w{e, =042, - YREHE PR AMS, Var(e) =0’ #{G,,.k=12,--} &
—H4, W

o0

Y IG|<+o, Gy =1 (72)
k=0
€ HEHL)
X, = ZGkgtfk ; (73)
k=0

X FRABELERE RG], fE40F (72) F, WHER (73) i X PRSI, e
TP PRI A X A RO X, A, X, A DUBIE LR T £, 6y,
Ejee o RGN A, S | BTMAORUEE G - AT BLBE AN RE S (73)
MHESE, FURA TR A & JURHE PRI X,

X P REREE I R . 4R

E(X,) = Y G,E(6,) =0

Yeke = E(Xy X) = E[(ZGj5t+k—j)(zGi5t—i)]
=0 i—0
A, HAEMt+k—j=t—i, Bl j=i+kif

E(gt+k—j8t—i) = O'gz
mY jzi+k e, EXH0, ik
Vit = UzankGi (k=0
i—0
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NI XA PRaR . Peeliisd, E40F (72) F, 980G\ Gy 2.
i=0

SRR AT, AR B ) ARMA 70U TR 4 T T DA 7l 13k
T TR P 41
515 T G(B) «

G(B)=>.GB", G,=1,
k=0
Jl

X, :Zert_k =G(B)¢, (74

k=0
FEERITI X, R (74) M, BHIBABOu B ER, {G, k =
0,1,2,-- }#xA Green pA%L,
112 SRR BUF 51 Green B K5 it
ARQD): X,-¢ X =¢

} 1
fift ¢’(B) :1_(018 , ¢7(B)Xt =& Xt =Q l(B)gt = & o
1-¢B
)| <1mh, #
—1+pB+giB 4= gfB"
1-pB (24 O kZ;/Pl
VNI
X, =[z¢fskjet S te, 75)
k=0 k=0
[l

G =¢ (k=012

.- 1, 1
PR (B) =1- 0B = 0 ML — . Mg <L,

1 1
REIRAR, G PR 4 A VORI SRR PESAT I, P L R (75D,
T ARMA(Pp, q) 541
@(B) X, = 0(B)e,
1 o(B) w2 RS (o(B) MIRATERA SN I, wUE G, &7 IREC N R, [
1775 9,,9, >0, f#73
Gy| < g, (k=0) (76)
MG W (76) 1, X (72), MWmLHEAIR (73) VR,
2. ARMA J7H1) [y ml i i
w{X,,t=0,£1%2,-- } & ARMA(p, q) /3%
p(B)X, =0(B)¢,

>1, lg(B) MIHRLEH
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X fiEhg s h

X=Xy —LX ==X, _Zlkxt—k =1(B)X, =&,

0
k=1

L

M

1(B)=1->"1,B, ==>1,B*, (1, =-1)
k=1 k=0

WFx ARMA(p, q) 741 X R IEETEA m{l k=012, -}k i e 4.

rm

4 0(B)=1-6,B~---—0,B R AALPAL S, I O(B) WL rl I AAFIN, wTE

teteh b, >0, {64
1| <he™,
BT R Rl Bei, W (77) ARAEALE.
#1113 KNI BEHLF 51 10 R A 0 e T 2
MAQ): X, =(1-6,B)e,

1 K
X, = E o' X, s
1—918 t o 1 M-k

NI}
I, =—6f, k=012,
7.2.3  ARMA 751 (1 FH 5 1k

HATE IR AR, MA, ARMA JPSIIAIDRFIE, IXERE X P 1 (K i A o

BLRAE o MR A DG R B, AR TS 22 i 38 11 i 1 % R 5

L. MA FEBI 1R 5

(78)

(79

X, =0B)e, =¢, -0 -0, ,— -0,
Horbg REWM, 22 ol MPFRFRES, WX 2EYMTRTS, BIAy %
oA+ 67 +6; +--+67), k=0
V=105 (=60 +60,0.,+-+0,,0,), 1<k<q
0, k>q
ER PSSRV
1, k=0
o _ N -0, +62?l<9k+12+~--+49q_;¢9q 1<k<q
Yo 1+67 +6;, +---+ 06
0, k>q
EER, Mk >qnf
7=0. p =0
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XRIIHT MAQ) F51, Hlt—s|>qif, X, 5 X AWK, KPRy A%
RS BAH DG RRET) g AR E
2. AR(p) IFFI1 EAHC R £
S ARMA(p, q) AN B 2% i :
E(X._&)=0, k>1 (80)
= b, X, Ak

X, :Zngt_j, Xk :szgt_k_j
j=0 j=0
NI}
E(X k&) = E(szgt—k—jgt) = ZGjE(gt—k—jgt) =0, (k=1
j=0 j=0

1 X, 72 AR(p) 741
K=o X+ @, X+ 40, X+ &
Var(s)=o?, I X, (k>0) Felaps, kI
E(X X) :(PlE(Xt—lXt—k)+(P2E(Xt—zxt-k)+"'+(PpE(Xt-pXt—k)+ E(e X )
i (80), E(gX,,)=0Kk>0), #f
Yk =P Vat @t T @Yy k>0,

il
»(B)y, =0, k>0,

XJE AT 22 BBy R RN ZE S TR . ARG RR R oy L [RIRE R 2200 7 1
»(B)p, =0, k>0 (8D)
7R 8D 1, WMKk=12,---,p. HHp, =1, p,=p, TH
PL=P+ Q0+ +Q,Pp4
Po=PPr TPyt T PP,

e 1 o P o Poa|
Po|_| P 1 P Pz | 9 (82)
Pp Ppa Ppa Pps " 1 Py

A (82) FrA Yule—Walker 5 #2, HAREGEFEFRA Toeplitz Hik% .
WAER, X AR(p) ¥4
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p
0527/0_2¢j7/j (83
=
Haz b
p PP
O'az = E(gtz) =E[(X; -~ X\, _'"_(opxt—p)z] =70 _22¢171 "‘ZZ(”;(”J/H

j=1 =1 i1

p
HTFy; = 0y, M
i=1

p p p p p p
Ol =10=22 00+ 20 (P ) =V =22 0+ D = V0~ D9
j=1 j=1 i-1 j=1 j=1 j=1
A (83) 3KiE.
ATLLIER],  AR(p) AU A 5 2 R ALy 2w G R Bl 1
r<ce™, (e, >0
X BARSK R p WA FIREVE S XUy, 50 o NREEH D Z o, M i
TEBCR . IR R AR -
3. ARMA(p,q) F#41H AAHE R %L
B{X,,t =0£1+2,--} it ARMA(p, ) /4

X=Xy _"'_¢pxt—p =& —0¢, _"'_qut—q
WFE E W7 2 eR B0 2
0, k>q
o(B)y, :{_ quf, k=g (84)
h (84) X, BMk=qg+1,q9+2,---,q+p, HRJ7FE4
Vor =P q T @V gt T PpV i p
Vo2 =PV qun TPV g T TPV a2 p
Varp =PV qip1 T P2V qup2 T T @Yy
B S R E A
Vg Vg Voau 7 Vgup || A1
foz| | Jaa o Ta T w0 (85)
Yqip Yorpa Vap2 0 Vg | Po
fil TR ﬂ%E@Uﬂ?\iﬁw%((01,(p2,--°,(pp)T o
W 2Y =pB)X, = X = Xy ==, X, W{Y,,t=04142,--} 2%

Kl (0,,0,,+-,0,)" KIMA(Q) 581l {Y,,t =012, 3 {1 1 Piiy 2 K
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(Y) _E(YHkY) E[( z¢| t+k—| |)( Z¢]Xt ])] z¢|¢17k+1 i’ ((00 :_l)

i,j=0

¥y RN (78) R,

p oA+ 67 +6; +---+6;), k=0
Z¢|¢ ykﬂ i = 2 (86)
i,j=0 o, (-6, +606,,+-+6,.,6,), 1<k<qg

frueTrRedl, R R E (6, 6,,--, 0, Y Kol

ATLGER, ARMAC(P, Q) JFFI B 7 2 e CEACRED bR .

X EE ) ARMA(LL) /7741

X=Xy =6 -0,
BOP AR HLATI R 45 A
|(p1 <1,
ALSRASE ) H P T 22 BRECh
1+ 67 —2¢,6, o2

2 P k=0
7 = 1-of (87)
(1_(0161)(%1_91) 0‘52(01'(71, k>1
1-¢f
EREESE AV
o, = L=0O)@=6) o s g (88)

1+ 62 — 20,6, g
#l 14 BEHUEHU T 5IFP81, FEASZE 10000,
X, —0.8X,, =& —0.4e_,, Hriig ~N(0])
F B B 7 H 3k 41 B A DGR

fig R @R Matlab F2/7
clc,clear
randn('state’,sum(clock)); % WAL BENLE K 2E 4%
elps=randn(1,10000);  %;j™ 7 10000 M ARVEE IE 2520 A7 (R BE AL AL
X(1)=0;  %HPILA{E
for j=2:10000

X(j)=0.8*x(j-1)+elps(j)-0.4*elps(j-1); Y%o;= A FEA 15
end
y=(x-mean(x));  %{EEE b
gamaO=var(x); Yo>RFEA Ty %
for j=1:10

gama(j)=y(j+1:end)*y(1:end-j)'/10000; %3k H W J7 25 R %L
end
rho=gama/gama0 %3k I #H5<pR %L
rho2=autocorr(x) % H £ H Matlab T HA K F AHC R 2L
HFEARFAFFEAR BASCR B S (e i) — s 745590

5, =05284, p,=0.4287, p,=03442, p, =0.2832
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it (88), Hit HAHKEIE:
p, =05231, p,=0.4185, p,=0.3348, p,=0.2678

THEER B AHOC R L) Matlab F27 4
clc,clear
rho=@(k,pl1,p2) (1-pl*p2)*(pl-p2)/(1+p2"2-2*pl*p2)*pl.~(k-1);
a=rho([1:10],0.8,0.4)

MU AT O, BT S B A — 2L

4. fAHC R E S AR () 741 AH 5% e 5 e vk

WX, 1 =0,£142,-- } RFIHETATFH, I F1 R A L5 1 H A 5 b
e o W e Xy, Xy X FIE, ZERo X AR i, nf B
X s X oo X b0 X RN i, MR RS 0 1, 0 P

fii45
K
o = E[(X, _z¢k,jxt—j)2] = min

j=1
o BT, 19

k Kok
o=y, _22¢k,j7/j "‘z O, i P,V j-i
= =1 il
/‘Q\ 85 :O, j:1,2,"',k, /l::J[‘
a§0k,j

k
_'7H +':E:90kJ7H44 =0, j ::112""!k
i=1

P[RR o FFE RRAIFEIE S, RIH @, ; MG B AIEdE T R4

1 P Pra | Pra Pr
1 1 P || P _ P> (89)
Pa P2 1 ok Pk

A (89) 53l (82) A AR, WHFA Yule—Walker J7F2.
B, K =12, F 0 X AT OC R AL

i (89) MARBIEFE Toeplitz JifF. XLV FEALIIR @ 1, -, @ AT I
A
D1 =P
k k X
Pk = (Pra — Zpk+1—j¢k,j Y- ij(pk,j)_ (90)
=t j=1
Dri1j = Pr,j — Prark1Prka1-j» j=12,---,k
AR(p) oAt K i fi{o, kK =1,2,---} 2 p BEER, HA
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{(Pk,k =, 1<k<p
P =0, k>p

% MA(Q) 1 ARMA(p, q) 551, Jefil i 5i{o,  k =12,-- } HAHRME.

15 48] 14 Tk I 4 (AR S o

it 1R 90 th, UL M p s @ B g s IR, K =12, F R
O REA AR R B, TS BIREA A GBS P i RIB T4 ) £

¢, =0.5351, &,,=0.2075, @,,=0.0683, @, ,=0.0256

HHIG AT WL, A O pR O A R 1
T Matlab BT
clc,clear
randn('state’,sum(clock)); %A RALEUK L4
elps=randn(1,10000);  %;™/:: 10000 4™ IR A VEE 1 25 23 A1 FR BE L8
X(1)=0; %YL (H
for j=2:10000
x(j)=0.8*x(j-1)+elps(j)-0.4*elps(j-1); Y%= A FEA
end
y=(x-mean(x)); %%k 0k
gamaO=var(x); Y%sKFfA T 2
L=10;
for j=1:L
gama(j)=y(j+1:end)*y(1:end-j)/10000; %=k H /7%=
end
rho=gama/gama0 %3k [ % R %L
f(1,1)=rho(1);

for k=2:L
s1=rho(k);s2=1; %z (90) & — IS HIHILA{H
for j=1:k-1

s1=s1-rho(k-j)*f(k-1,j);
s2=s2-rho(j)*f(k-1,j);

end
f(k,k)=s1/s2; %X (90) &5 — R\ HHME
for j=1:k-1
f(k,j)=F(k-1,j)-f(k, K)*f(k-1,k-j); %z (90D el =1 v+ 5AH
end
end
f

pcorr=diag(f)'  YHEHUIAH <R %L
pcorr2=parcorr(x) % F 4 F] F Matlab T HAG H 5w AH OC e6 24

§$8  ARMA N [ 7> #1 O A 1 T
FESKEPR R R, 35 582 I (8] 2412 ARMA 751
@(B)X, =0(B)s,,
ESE BT YU R, EIEAEE AR(p) . MA(), ARMA(p, q) #AYK
o, T p, g S, XSS RIBRRER . B ERY S, R
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M ZH o = (¢, (pz,---,(op)T % 0=(6,,0,,,0,) HATfhiit. EH5SHAbTE K
Joi» R FATR S, RIEAGES ¢, 2 oA PR e A o 7RI RSl T, W) ARMA
I )P B B T B e A I I TR VA 2 5 1 — AN BN, AT T2 ARMA
I 1] 7 810 P PR o

8.1 ARMA J7HI S HAG Tl

1. AR(p) FaIsighivh

& X, 2 AR(p) 74

Xi=o X g— = q)pxtfp =&

;H\:EP p E%D; ¢: (¢17¢27“.’¢p)T *%H’ %?g1ﬁﬁ‘o Eﬁ (82) EP’ U\,BJ ,fJQ*E;lipJ ’

j :1121'“’ p ’ '?%‘c¢: (¢11¢2a“'1¢p)1— B@%E{ﬁi+¢:(¢1$¢2i’ép)Tﬁj%EB@ﬁ‘*%éﬂ

161 1 :51 /52 ﬁp—l é)l

3 3 1 5 ve o~ -

S R (o1)

ﬁp bp—l ﬁp—z ﬁp—S 1 C’D\P

(st (83) . LU fREy, . Gy ftEe, . HLoR I

p

szyo_z(Pjyj (92)
=

@ ETT LA E), X 900 Uxﬁjﬁ*é{pj, Ux(z)k'jﬁfé(pk’j, 15

é’l,lzlal

) ) K, ) Koo

Driapsr = (Pxa — Zpku—j(”k,j)(l_ ij¢k,j)

j=1 j=1
@ku,j = @k,j _¢k+1,k+l¢k,k+l—j’ J =12,---,k
MM H R p L, 15
Q=i J=12,,p

QN @ 1) Yule—Walker il . 4FEAZ R N BRI, Yule—Walker {1 @ 2R
it o
2. MA(Q) FAI 50

8 X, MA(Q) 791, g C&l, 0=(6,,6,,,6,) K. £k (78) h, bl
P ME Y, TT136,,6,,+,0,) Mol i (6,,0,,-+,0,) < &2 BTk
X

A An NP (93)
0, =006,,++60,,0,— %y, k=12,---,q

T8 MA(Q) 92 50t Ik SRSk . 452 0 = (6, 6,,++-,0,)T 5 6211
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— 4L (Fl O =0,62=7,), AR (93) 41381, B el 62 (1) 15
0() = (0,),0,Q1),-,0,))" > Bk 6215 O1— kAL, FHEEIMRAR (93) 11
FA3E] 62(2) F1O(2) « W rsikit T 2, HFIEL 1 62(m) F1O(m) S5
S2(M—1) F1 O(M — 1) FZEA KIS AR, IFHR
62 =6%(m), 6=6(m)

TR, SIAHI0 O WTRIE R AL AT PR AL, TS R R, B
Fl 2Rk

3. ARMA(p, q) 552 5l

¥ X, 5 ARMA(D, Q) 1551, oK SHIOAER T RITER (@, @y, 0,)"
Tk G2R(6,,0,,--,6,) Wik, 4LUF =T,

(1 EKIEAZH (P, @y, P,) (i

i OD 13, HIEARK (@, 0y, 0,) FIFLE (0, @y, @,)"

A~ ~ ~ -1 -~

P, L A P o Pl | A
(52 ,51 1 ,51 ﬁp—Z ,52
@p ﬁp—l ﬁp—z ﬁps 1 ﬁp
(2) AY, = X, =g Xy ==, Xy WY, i Iy 268
(Y) _E(Yt+kY) Z(D.(Dﬂ/kﬂ i’ ((00 -
i,j=0

L7y 1 o A 0 ot

A(Y) = Z@Ié]}'/\kﬂ i’ ¢0 -1

i,j=0
(3 1Y, ITFEEMA() F#51, T
Yom e —be,——06,

PARGERTIE A 4R MA(Q) FEAI IS5 7k it o 16, 6,,-++,6,)T ittt 62
A (él,éz,---,éq)T o

TSR, Mn s Ki,  AR(p) IFAIMAAL TR B L, 1 MA(Y) »
ARMA(p, q) 74 AE S TFIAS K EAR, ARMA 752 50 R4k n] DL w4k 3.

8.2  ARMAC(p, Q) /75125135 e FUAl v

P28 MA(Q) F#51R ARMAC(P, Q) P oI S8 sE G TR B AR etz 5, AR
REARIORAR AT R ARUAR o 170 30 BR80T V12 R G R e AN I B B 1tk J7 R 2L 1) 5K
fift, DIV R, PR, 5Bl T m ARMA PRI S HOEAT YIS

UEBUIPEE- PN U RItE S S i ” ST

S, A p*=max(p,q)+q, X AR(p*)BEAL K A [E ) Z BN Yule—Walker
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Ty FEALRARECR I A D A SR AT BT U 4 AT % ARMA(p, ) 70 ity
AP AR T, Ty, ©
%o, SR

{(1—913—9252—~-.—9q8‘*)fj =0
j:maX(p,Q)+1,maX(p,q>+2,"', p*
RN TII R I (6, 0,,-,0,)" MR (0,0,,-,0,)" -
WL, KE— BRI, L, T 6,6, 0, fAA TR
@ =1, =601, =0, ,—=0,1,+0,
Koy j>qit, 6,=0. 85 g, 0,0, WU QL 0y, @, o
(EARE S, Rk =S Hi i ARMA(p, Q) BS 50 P T, TR
BT I AT PE A P o AN RIS VR BRI [ 4 R B 2
GHEARAE, R O(B) =1- 6,8 — 6,B2 —---— §,B% = 0 /£ LRill PR,
S AR SRR (AR . TS 4 M T2 2 1 6 (B) B A2 300 S i R 1
G A
SO RS EAET N L2 5 S, IR G I 70 8 22 g
SR AT R % AR B SO 5, 7T LLYE Jdi /D — S 2R (34T
AR SO E -
83 ARMA(D, q) 541 S5l — Fefliit
831 AR(DP)IFHIBH it FReftil
¥t X, & AR(p) 551, W)
Xi=o X4 +9, X, +'”+¢pxt—p + &
AIRAFIIIE Xy, X g, X It BT n— p A
Xi=e X ++o, X ,+&, t=p+Lp+2,--,n
AT S8 0 = (0, 0,0 0,) " T XKL

S(¢) = Z(Xt _(olxt—l _“'_gppxt—p)z

p* °

t=p+1
PAT LS () IEFIRANG o BB N — Feftiil, WEQ = (o), @5) « &
B@) o, 1ok
op
(ATA)p=A"a
Horp
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XP Xp—l Xl Xp+1
A= Xp+l Xp XZ o= Xp+2
Xn—l Xn—2 Xn—p >(n
~ 1 . .
/‘l’\%jL:ﬁzxt_iXt_j’ 1=0%--,p, j=12,---,p, W
i=p+l
~ ~ ~ ~l 7L A
I PR S B 7
~ (52L 7;2L1 7;2L2 ?;2Lp 7;(;_2
= T : : :
Dol 7w Teo v Vool | Fow
FH o K@, W e K
& =X = Xy = =@y X, t=p+Lp+2,---.n
MITTT 22 o2 i) BN — efti vk
~ 1 0 ~ ~ 1 ~
UE = n_ pt_zp;l(xt _¢1th-1_"'_¢rl§xt_p)2 erS(CDL)
EIEY N

7 =75 = Ty
BRI, B/ ediih @ A @ AR B .
832 MA(q) 5 ARMA(p, q) 5512 Ky fee s —Ffeddivh
ARMA(p, q) 5 MA(Q) X #F1 51 55 B/ — IRl T I EA3EAHF], LU R
ik ARMA(p, q) FFAIZHfl v Jrik. B X ARMA(p, q) P81 X, #— 0
FEATE X, Xyyooey Xy o W1 7.2.3 NI ARAHSCRR BN, i {X 1y, X,y X J TR
X Bk =t =1, BTl {X 4, X\, X PREEAATIR X, t=23,---,n, fh
R
t-1
(ot—l,jxt—j v =231
j=1

H1X (89), M@y 1) Py 21 Py WL N HITTREA

1 A P || P P
1 ..
p.l ] pt'f?) ¢I?1,2 — p'2 , t:2’3,""n
Proa Prs 1 D1 P

?'JE}EVBJ_, pj%¢:(¢l’¢2,.“,¢p)T, 0:(91,92,"',9)T E‘Jl%%&y ﬁﬁUx(/)t_“%
@, O RIRRE IR R AR 225 A2 @, O [ pR 4L
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n t-1
S(gp,ﬁ):Z(Xt—Z¢t71’jxt7j)2 (94)
=2 =1

10 X, W PRAAT I 5k @, 6, . 147
S(¢,.6,) =min (95)
OO, T @, 0111 CFAME) Bh—Tefiliil (ULS ).
8.4 ARMA J¥HIZHMREAG 1T
ARMA 551 B 5K 4 VP2 B i, (EBETE SAE 2 Bt Aefiii b — 3
flitt (CLS) F KR (ML),
1. A/ —3fflit (CLS fliit)
¥ X, 2 ARMA(p, q) J741
Xi—o Xy _"'_(Dpxt—p =g —0&  —— qut—q (96)

Wb g REWM, 2N ol MPFRAES . B X, BB

Xi= D X =4 (97)
j=1
X 96). X 97 HEFIEARE N
1-¢B-p,B*—-—¢ B")X, =(1-6B-6,B*—---—6,B%)s, (98)
& =@0-1,B-1,B*—--)X, (99)

¥ (99 FRAS (98), 7325 FE%K
1—(013—---—(/)po:(1—6’18—--~—<9qu)(1—|1B—IZBZ—---)

PS5 Ui B AR 3R, 49

p=0+1

P, =0,-61+1,

0, =0,-01,-06,l, +1, (100>

p;=0,-61,,-0,1, ,——0,,1, +1,

Wb, 2 j>qmf, £6,=0; i>phf, £¢ =0. ¥ (1000 K5H

=0 -6

I, =0,-0,+06,,

l,=¢0,-0,+06,1,+06,1, (10D

I, =0, -0,+6]1,,+-+06,,1,

BiEe=(01,0,,0,)  0=(0,,0,,---,6,)" , IR (10D W LLsgdf e 51, j
=12,--}, Mififgg g
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|(B)xt=xt—Z|jxt,j =&
j=1

TEER, @, 0 MHELAUER ARMA(P, q) 751 X, il PRAmTli 4 s ey ihivi,
@, 0 WIAE X HIPRe ] 08 B
FAld /D — el v I IAEAG R AERZE T A
n &t =zn:(xt —iljxt_j)2 =min
j=1 j=1 j=1
HrpgysE: X, =0, Ht<0 GXARHTFMIFEAL X, Xy, X))o 101 fik (101
EHEEAT, DUA 52 @, 0 BRREL MORZE T At o, O e 4, B

S((O,H)zi(xt—iljxt_j)z (102)
j=1 j=1
E%ﬁﬁbﬂi??‘i%n%@HJE‘JﬂEéa%‘ﬁJ[%l%ﬁ, E/MER (102) T AR P — ek, 1)
10 X oF R e ok gy, 6], A4
S(¢;,6) =min (103)
Pr O, TNy @, 0 MR/ = Teflivh (CLS A1) &2 FT BARR N 4 M i/ — Tt
R EEE S ERMMESE TR, Lol MR

~2 l Ax D

c:=—-19S 0

¢ T h_r (p.,0.)
Hhr=p+q.

2. RS TE (ML AL
B {X,,t =0,£1,22,-- } 2FHHIES ARMA(D, q) 741, CIEHEA X =

(Xj_l Xg""; Xn)T ’ EE@*EE$%TE%
_n 1
f(x| f.07) = (21) 2[3[ 2 eXp(—% XTE)

EI\EP/B):((pl!""(pp"gl"""g )T ’ X:(X11X21"”Xn)T y 2= E(XXT)C’/%M :O-szz_l’
JUEE)

_n 1 T
f (x| 8,02) = (2707) 2M[2 exp(-" Mx,
O-S
HORT B AR b5 2
1 n n X" Mx
L(B.o? |x) =Inf(x]B,07) =§|n|l\/||—E|n(27r)—5|nag2 - 207

HL, X = (X, X,y X, )T AR A REASUIIAE o

FATFHBE X ML BEX%, 5ol k. HL LT MEITH | FIrknE
=
i—]l

i = E(Xixj):ﬁ
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B X, e X = G s, )
j=0

hiij = (Z Gka+|i—j|)O-5
k=0

MM =022 5 o2 ook, Ml X MX X5 g%, 5ol Tk,
BER XTMX LS B 5%, it
S(B) = x"Mx (104)
WK S(B) VI RIS, HE—5id
ét =E(& | X, %557, X,)
W&, 2 &, 5T X[, X ooy X, HIACPEBHEE, A TV X, Xy, oo, X 6T &, [t
A
S(B) = anétz (105
t=—o0
AL S(B) k2 At
¥ BB (104) KFVRA, 1
S(f) =min
W B, B e NE TR
IR B ARG Vo o Bk R B
2 1 n n. . S(B
L(B, 57 |x)=§|n||v||—§|n(27z)—§|nag— > (106)

2
&

EEHIM,S(B) W5 ol X, 4
oL __n_ . S _,

= = (107)
o(c7) 207 2o))
firt 13
:
52 =SB _ x Mx (108)
n n
KRN (1060 H1,
L(B,67|X) :%In|M|—gln(xT MX) + ¢ (109)
,E:EPCZ—E[In(Zﬂ)+1—Inn]O W HC,
1 n T
L(ﬂ)ZEIHM_EIn(X MXx) (110)

B IR AL (1100 KB A, ¥ B, flif
L(4,) = max
W B, BRI AT (ML ), fEASY (108) I o2 frim R it
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% T AR(p) ¢4l

p(B)X, =X, _¢1Xt—1_"'_(/’pxt—p =&
Mn>2p i, HAEJ ARk
S(¢):XTMX=ZH:Zn:d”¢)i(pj (11D
i~0 j=0
Hrh g, =-1, dij:nz_i:xt+i_jxt:dji, ibj=01-,p. ic
=1+ |
d11 d12 dlp d01
| % e S g |
dpl dp2 dpp dOp

A (11D XarERN
S(p)=¢' Dp—2¢"d +dy
1 S (@) 15 2 /M 2

A

¢, =D"d (112)
Bt @ MENF RS TE, IR ULS Akl

3. Matlab T HA{AH KA 4

Matlab " GARCH T HAn] LA (8] 41 A i Dh R« 1 ELAR H AR Y
ARMAX(R,M, NX) ftkrvER-

R M N,
yt:C+Z¢iyt4+gt+z.9]gt,j+2ﬂkxa,k) (113)
i=1 j=1 k=1

L {g} 2 BRARE, {0 EWEEF ARG XORMREIAARE, ErsE— 2
—/NFEFEA, Xt K) R 2 tAT 5 K At .

78 T HA TP AT LUl fiy 4 garchset i/ @ BB [K) 4544, garchset (K572 4

Spec=garchset(‘J& ™ 17, JE¥E L (W{E, ek 27, JEtE 2 fE, )
TR T B

R, M #/r ARMARM) FER I K

C RoBI e (1) 4

AR Zox HIEHF ) R AN R0 &5

MA IR 8 FE ) M AN R 5] &

Regress &R I0H R 5 B, .

7E T HAR AT Lol i iy 4 garchfit X8 S 8l Tl TF,  garchfit (1575

[Coeff, Errors, LLF, Innovations, Sigmas] = garchfit(Spec, Series)
H A di N 2455 Spec T @ BRI 454, Series 4 IS TR OARE AL IIAE o % iH 28 Coeff
ARG VHE, Errors BB SEMbRAEZ, LLF 25 A THE P I 2 H
FreR#{i, Innovations &4k 210 &, Sigmas S XN T Innovations [RAR1E 2% .

%1 16 X T R AU [E P 1)

X, —08X,,=¢-04¢_,, & ~N(0)])
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R FRRL= A= (I RE A 28 84 10000 [ %dE, X HSHE A5 .

it s W TR

clc,clear

randn('state’,sum(clock)); %A RATLEU K A 45

elps=randn(1,10000); %™z 10000 M A FRHUE IF 255341 () B H LK

X(1)=0; %KL IE

for j=2:10000

x(j)=0.8*x(j-1)+elps(j)-0.4*elps(j-1); %5 = AFEA £

end

spec = garchset(R',1,'M",1,'Display’,'off'); %45 i A5 15 [ 2 4

[coeffX errorsX,LLFX] = garchfit(spec,x) %{l& S%k

SREGI RGBS EE (LR — s T4 ) ¢, =0.7894, 6, =0.3984 .

B 17 X R AR E P

X,+05X,,-03X,,=¢, & ~N(0]

R A B REA 2855 10000 A% E, T HSHOH 45 .

it s W TR
cle,clear
randn('state’,sum(clock)); ~ %#JaH L REHLEC K 4= 4%
elps=randn(1,10000);  %;j™/ 10000 4> A AR IE 2323 A I BEH L AL
X(1)=0; x(2)=0; %X ¥] 4 {E
for j=3:10000

X(j)=-0.5*x(j-1)+0.3*x(j-2)+elps(j); %r= EFEAS 5T
end
spec = garchset('R',2,'M",0,'Display’,'off"); %5 & B0 [ 45 4
[coeffX errorsX,LLFX] = garchfit(spec,x) %S4

SRAFHRABSRAG T IS HUE (P — s 45 ) ¢, = -0.4968, @, =0.2971.

85 ARMA B HE M 5G4

IRAE R IR 18] 7 51 AR IR 5 A0 AN ) 38T, BRI PR i S5 A 36 )il . 56 T — NI
s, 25 Ak ARMAC(P, Q) B8, SCs& ey, RSt p,q iffi. sibs Lreg
RO R, EREM e N, A BT S EU . R S S EUS TG, WL
B ZERATR S o HEEAME R R I B 2 ¢ S A IS o IR &, I H g
A, BRI, AN EE T e 5 S .

1. BERGERTK AIC HENW

AIC HEN SRR Akaike 15 BEN], & i HAZ 225K Akaike T 1974 4 H 1. AIC
HENDE S B SR = R s, B EEE L.

AIC AENEYE T Kullback— Leibler {5 E . ¥ X ZRblAE, BIMR% TS
f(x), Hodartr k AREBEL BeRmBE RN B0 = (B2, B, BY) - (X)) 8
Forai g(x| B), Kt B= (B fBore- BT - A

f()=g(x| 8°)
K—L {5 ST LURANE g (x| £) 5 T (X) Bk, i S

1(F Q.01 )= f(x)lng%’ﬂ)dx (114)
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WAETCE,9C18)=20, BAIFE),9C18))1ppy=0-
K—L {3 R TR din 1 f (X) S5z g(x| B) i
1(f(),9(| B)) = min (115)
REFI VS AHT, 4 EREAIIE X = (X, Xy, -, X, ) CEERR NN IREAD, &
ﬂm BHBH B = (B, By B) CREIZBEABUZK , K RED HIB AR
W KRR ERE K RN TR ARM S BB R A, . W
IN(L(B)) S HotH SRR S, AIC {5 BEIIE : B (115) ok CkisE s, | B™
HE) e
AIC(K) = -2In(L(, B™)) + 2k = min (116)
¥ X, 2 ARMA(p, Q) 541, RS HMAEUEK = p+q+14, iE A
28 o= (01,0, 0,)  WHTPHSHO=(6,,0,,---,0,)" ko, . X (106) H,

%z%kangm 185/ P R 68 T o S8R o 4

L'(ﬂ,aflx)=—ﬂlnaj—s(ﬁ;) (117)
2 20

&

i (108) W, o IR UR T
5t =25(h)

¥ AR (11D, 2
L'(8.02|X)=—Ino? -2

(B,o; %) Hino. =3

Kk, ARMAC(P, q) 551 AIC ZBuell . & p,q, M5
AIC=nInG?+2(p+q+1)=min (118)

Horp, n2REARE, SCH5pMqAE.. #H4p=p, q=§1, X (118) EFHEN

fit, WRANIFH1E ARMA(P, §) .
1 ARMA(D, G) F51 R A S5 1 1, By

p(B)(X, — 1) =6(B)¢, (119)
XN, RESEABHK=p+q+2, AICHEN: %I p,q, {#5
AIC=nInG? +2(p+q+2)=min (120)

Sebi b, R (118) 53t (1200 HAIEREME PG -

2. BRI x % H ik

FA BRI 200 8, ER & . Wit % AR(P) IFFI. BARMB I
R Gy, @y, eey @, > MIFR

B =X =P Xy ==X s t=12p, (W Xy =X, ==X, =0)

i
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n—k
gt St+k

Uk:t:l—’ k21,2,"',m

n ~
D&
t=1
Ljung—Box [ y* ¥ s Zit 2
m 2

2=n(n+2 n (121
z()ék

R R 2
HO:pk =0, 4k<m; Hl: SpHeek <m, Py #0
75 Hy BT, #n 82k, 235 B0T 2% (m—r) 4045, S r 2 v B S 54N 5L,
2R AR EENAKEa, BRE Lo M yZm-r), Y 4R >
2E(M—r) B4 H BN &, TS, B R ASERL s 1524 72 < 22 (m—r) i,
B2 H, . Wb e RN, B
i 18 ASATL ™ A= Z1 IS TR] > 471 1) 10000 A4 0 24t «
X, —08X,,=¢6-04¢,, & ~N(0]1)
FH SRR UE T AIC HEI) 5E B i TE A
cle,clear
randn(‘state’,sum(clock)); %o W) aR b BENLE K 2E 2%
elps=randn(1,10000);  %;j™ 4= 10000 M A FRHUE IF 2573 A1 () B H LK
x(1)=0;  %MKHILH(E
for j=2:10000
X(j)=0.8*x(j-1)+elps(j)-0.4*elps(j-1); Y%or=EAEA £
end
fori=0:3
for j=0:3
spec= garchset('R',i,'M',j,'Display’,'off'); %5 & #2184 i) 45 44
[coeffX errorsX,LLFX] = garchfit(spec,x); %3454k
num=garchcount(coeffX); %I fUASE KN
%compute Akaike and Bayesian Information Criteria
[aic,bic]=aicbic(LLFX,num,10000);
fprintf(R=%d,M=%d,AIC=%f,BIC=%f\n',i,j,aic,bic); % ' <t 45 R
end
end
Horp )t S R R
R=0,M=0,A1C=32484.707852,B1C=32499.128533
R=0,M=1,A1C=30332.919112,BIC=30354.550133
R=0,M=2,A1C=29494.702222,B1C=29523.543583
R=0,M=3,A1C=29123.131961,B1C=29159.183663
R=1,M=0,A1C=29124.394412,B1C=29146.025433
R=1,M=1,AlC=28620.943324,B1C=28649.784685
R=1,M=2,A1C=28622.928551,B1C=28658.980253

R=1,M=3,AlIC=28624.851198,B1C=28668.113240
R=2,M=0,AIC=28696.403650,B1C=28725.245012

-519-



,M=1,A1C=28622.928290,B1C=28658.979992
,M=2,A1C=28624.372827,BI1C=28667.634869
,M=3,A1C=28626.264289,B1C=28676.736671
,M=0,AlC=28639.063004,BIC=28675.114706
,M=1,AlC=28624.860895,BI1C=28668.122937
R=3,M=2,AIC=28626.271477,BIC=28676.743860
R=3,M=3,AIC=28617.468215,B1C=28675.150938

AR BoR N ARMA(LL) 51
#SEbr e ARMA(P, ) 741, X &R R p, g ETFEIL AIC. P, if
HERK. RANEREWHE, ARREEB pAiq.
119 LT AR S E] A1 FK) 10000 AN AL 4 -
X, —08X,,=¢-04¢,, & ~N(0]1)

@ ARMA(LL) B8, IR 2 ° BB IAREA TR
it EREFUT:
clc,clear
randn('state’,sum(clock)); %¥IERLREALECR 2E %%
elps=randn(1,10000); %™ 4= 10000 I A FRHUE IF 255 A () B HL L
X(1)=0;  %IAAIL{E
for j=2:10000
X(j)=0.8*x(j-1)+elps(j)-0.4*elps(j-1); %7~ AEA £
end
spec= garchset('R',1,'M',1); %5 i #7041 45 44
[coeffX,errorsX,LLFX] = garchfit(spec,x) %l & =%
e(1)=0; %k ZEIMYIE
for j=2:10000
e(j)=x(j)-coeffX. AR*x(j-1) -coeffX MA*e(j-1); Y%tk
end
% K IRIHEAT chi2 1045, J2 ik 0 B{E M IEA />4, nparam Ko flith ZHKA %
[h,p,stats] = chi2gof(e,'cdf',@(z)normcdf(z,0,std(e)),'nparams’,1)

TR
WwWwNhhPNDN

8.6 ~PRaZk i/ NI R
TR A ff mB i, AR X, X\, - I AR K+ m s 211 B AR &

X o (M > 0) B Vo A URETAE X, (M) B0 Xy, Xy, IR HEALA . 51 A
T4 ]
Q, E{x|x=2cjxk_j,2cf<oo}
j=0 j=0

Bl X, BT IEA ARMA(D, q) o, Fiis PR it M e 7R X, (m) 245
X, (M) eQ,, His

E[(X,., — X, (M))?]=min (122)
CEEATERIZAE T X, (M) 7 X S F{X ) Xy OGP, 1)

X (M) = E(X o | Xio X1r+) = E(K i 1) (123)

k+m
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B, Xy bR, B, o X, (M) X, X,y e 2
PR AT B, %I FH T ARMA(D, ) 58, B kR, 4

B ={ele=)dg_;, > d} <+o0}, (124)
j=0 j=0

WATLAEW Q, =2, o Xatedi, X, (m) el E, HimE kLR,
SPRAL I /N K 7 AR ) 1R
L wEFWHARMA(P, Q) F%‘ﬁﬂ{xt,t =0,£1%2,-- } L E A

00
X, = Gj&
j=0

)
XAk(m) = szergk—j =Gpé +Gpugis + G+ (125)
-0
4 e (m) =X, — X, (m),
€ (M) =&n +Ci&uma +-+ G (126)
i
Var(e, (M) =0’ (1+G +GZ +---+G’)) (127)

Hm=1m, hiz (126),
&) =X, - XAk(l) =&
VLW K 2000 — B BRI £,y -
SRR g /N B 5 PR L) A A1) B
XAk(m) = E(Xk+m |Qk) = E(Xk+m |Ek)

A i FE I
E(ZCij+j |Qk) = ZCjE(Xk+j |Qk)
j=0 j=0

X(m)m>0
E(X e | Q) =E(X, [B) =4
Xiem 1) = E(Xn [ Ey) {kamso
_ 0, m>0
E(8k+m |Qk) = E(8k+m |‘:‘k) :{5k+m1 m < 0

2) WXt =0,£1,42,-- L EHE ARMA(P,q) » W T 5T 2 53 5 B e o
X, (M) =@ X, (M=1) + 9, X, (M=2) +--+ ¢ X, (M=p), m>p (128)
92 |,
Xiim =P Xema T P2 Xiema +t 0, X o = O6km s = = Opiimq + Ekim
m> p i
X (M) = E(X i |Q2) = AE X1 [ Q)+ + 9, E(X L 124)
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—OE (e ma Q) = =0 E(& g | )+ E(eim [ €24)
=X (M=-D+¢p, X, (M=2)+---+¢,X, (M- p)

X (128) HAT.
M X, & MAQ) JPaie:,

)Zk(m):o, m>q (129
3) N AURAETIIR 2 TR
X (M) = X, (M+1) + G, [X,,; = X, (D] (130)

B (125) K, = Xy — X, (D), 7

Xk+1(m) = ZGj+mgk+1—j = Gm‘("k+l + ZGm+j€k+l—j

j=0 j=1

=Gy (Xa = X @) + Y. Gt = X (M+D) + G, (X, = X, (D)

i=0

Ml (1300 JioTr.

(1300 AT LU BT : X, — X, (1) RIAEMIE X, Sk B, k +1
22060 M 25 R T K 00 M+ LB FHRE S B BOITRURT, BRI <R Y

G, -
4) % ARMA(p, q) J771 X, B % 202

g =X = 1,X,
j=1
iy
Xk (m) = z I J(m) xk+1—i
j=1

b
|

o _
157 =1,

m-1
(m) _ (m-i)
IR S AT
i=1

K (131) FR X, (M) & X, X yyeee s MLk

ﬁm%ﬁﬁﬁﬁﬁm@@ﬁﬂppﬂz~}m%o
8.7 ARMA(p, Q) J¥41 i T

1. AR(p) 41 TR
H PR 2250 7 FE (128)

(13D

(132

&, HERHR M. W 132)

X, (M) =X (M=1) +@,X, (M=2)+-+p, X, (M= p), m>0

X
Xk(m) = Xk—m’ m<0
SO HAR(P) 81 IR TR 4 24
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XAk(l) =X+ @, X 4+ + 9, X

k—p+1

X, () =X )+ @, X, ++ 0, X, o1

.................................... (133)
X, (P) =X, (-1 + @, X, (p=2) +++0, X, (D) + 0, X,

Xy (M) = X, (M=1) + 9, X, (M=2) ++-+¢,X, (M= p), m> p

] I, Xk(m)(m >1) AUAH T X, (1K B ZILART p AN 1 A

Xis Xiar = Xi_par o ZAEAR(P) P FITHR IS o

2. MA(Q) 5 ARMA(p, q) F&41 it Fidh
%F MA(Q) FHI{X,,t =0,+142, - I TR, A
)Zk(m):o, m>q
B, RESERE X (M), m=12,--,q. Jit, & R
X (@) = (X, (), X, ()., X (@) (134)
P TRk X (@ 5 X O ik 2, iR A (1300, % MA(Q) ¥4,
G,=-6,, m=12,---.q, 1%
Xia (@) = 0,X, @) + X, (2) - X,
XAk+1(2):ezxAk(l)+XAk(3)_02Xk+l

X2 (0-1) =6, X, (1) + X, (0) = 6,5 X
Xk+1(q) = equ (1) _equ+l

NG ] _
g 1 0 --- 0

6,
g 01 --- 0

v () : N Dy (@ 92

Xeg =| N XY = : X (135)
6’q_l 00 --- 1 0
(9q 00 0 O a

SEHERI AT X @ =0 (Ko B o R BER T P (R T R A, 1%
FEA KT WIHE 2 R ] DL 5%

X ARMAC(p, q) J¥41, X (128)

X, (M) =@, X, (M=1) + 0, X, (M=2)+-+-+p, X, (M=p), m>p
Rk, HAEEsE X, (1), X, (2),-+, X, (p)» LS4 X, (m), m>p. {5
SR R (134), 4
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*:{¢j’ j=112""1p

i

0, i>p
ATE 3 T A 5
-G, 1 0 - 0] (G, ] 0
G, 0 1 - 0 G, 0
X&9= P S : (136)
G, 0 0 - 1 Gy ,
Gt @y Pqn P P | G, | j;l%xmu—j

K (136) =T p < q IR, gl &AL, K, B, AT AR E X
=0.
FESERR, RIS EUE R . B CESL T IR RS AR, U B R g R
MSHHHAG VAR, T LA 28100 7 i AT TR .

NI, FHBERUBSLG 325, ST IS IR I ) R AT AR, O MBS B LAKRAIE .

%1 20 BEHL AT F1 )5 41 (1) 20000 AN UIE

X, +0.65X, , = ¢

TR S 4, THE L, 2, 3TN, FERHE S RIS R IEA .

fip BB AR 1, 2, 3B P R—KIEITESR) Hh

-0.9901  0.6329 —0.4281

PUF AT BB UG UE . BRI X 000 =1.4925 , #ELIS TR (12 (133))

X 10000 (1) = —0.65x1.4925 = —0.9701

X 10000 (2) = —0.65% (~0.9701) = 0.6306

X 10000 (3) = —0.65x 0.6306 = —0.4099
W3 TR I . G, =@ =—0.65, G, =g =0.4225,
G, =@ =-0.2746 . A% Std o, it (127)

Std[€p00 ()] = {0 =1

Std[e,4000 (2)] = /o2 L+ G]) =1.1927

Std[es0000 (3)] = /> (L+ GZ + GZ) =1.2653
TGS RS B .
T Matlab FF 1T
clc,clear
randn('state’,sum(clock)); %I ah b LUK A 4%
elps=randn(1,10000);  %;**/: 10000 AR M ARHE I 2573 A1 (1 Bt M LKk
x(1)=0;  %IRVILHE
for j=2:10000
X(j)=-0.65*x(j-1)+elps(j); Y= EFEA 15
end
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spec= garchset('R',1); Y& i #57H [1) 45 4

[coeffX errorsX,LLFX] = garchfit(spec,x) %l & 2%k

% Rt &E 3 B TE, s — S HOR FME R bR AE 2, 55 AN S HOR [RHE Y T
AH

[sigmaForecast,x_Forecast] = garchpred(coeffX,x,3)

x_theory(1)=-0.65*x(10000); % it 4 — L PG T

x_theory(2)=-0.65*x_theory(1); %14 — & i Tl {E

x_theory(3)=-0.65*x_theory(2) %5 = & B¢ T &

§9 ARIMA #5575 74

ERTI ST A4 TRl R34, 28 ARMA PSR S TR . AE SEfr
BN T PR =AM k. WS Rark. A7 F2R ] Box—
Jenkins J7v%, BN J5ik, A A ZE I 8] 24 AR B, W R . FA5E,
{FAFAR 5 P41 A 41, IR ARMA 341, B BT 5 1 220155 .

9.1 ARIMA 741 S H Ak

BAVRE BT ZEFFR I FI{X,,t=0,£1,£2,--}, #ig

X, —-15X_+05X, , =¢ (137)
W5 o(B)X, =&, p(B)=1-1.5B+0.5B%. p(B) =0 it /& B, =1, B, =2,
Hop B, =1 B b, SRR AL S, RS FAEE TR, A2 AR(2) 741,
EAEMER (137) A

(X, = X,)-05(X,, - X,,)=¢
/%

VX, =X, =X, =W, (138)
UES]

W, —0.5W, _, = ¢,
W, & AR(D) /#41). X (138) & XMIsH V #Ch LG Z25ria . St iXFEm 1B
ZEAYIES, FORIEAER A X, e PR FIW, .

BB L, o is ] DR — 2B PR A (R @A T8 Ptk
TR 122y I AN REAE I 0] 51 Aedk, BT LABEAT 2 B 254y, 34y, HEHd B
ZE5y, BRI R .

1B 257

VX, =X, - X, =0-B)X,

2 Z 4y

VX, =X, =2X, + X,, =(1-B)?*X,
— M, d B

VX, =@1-B)’X,
Hep VOFRE d 28T,

d__d__d d2_”_d—1d d-1 |, (_a\d pd
Vi=(@1-B)" =1 [1]84{2]8 +--+ (-1 (d—ljB +(-)°B°.

B X, t=0,21,22, - } AR HAFE IR d , i
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VX, =W,
ifi{W,,t = 0,£1,2,-- } & ARMA(p, q) £51, lUi#k X, 2 ARIMA(p,d, q) 551 iX i,
X, i

p(B)V'X, = (B)e, (139)
HEVOX TR, HE =0, WVX, —u o FREET], Wi
p(B)(V'X, — ) =0(B)g,, t >d (140)

BE, FR X, A —BEARIMA(p, d,q) 551, % u K%, AT VX 0ESME X At

A X MFEAZ X, Xy, X, & V25, B n =14 2/
ZEO LU, BN =24 i, d 2 LUE, B n—d A i d s vOX,
S, 7B ENE X, Xy, Xy o

TERERRLN, FEAR A RIS S X BIREAR X, Xy, X, THEFEA
H AN RS A AT DS R B I RO R M B 2R A (R S e B, i
HIC N ARMA B8 . 45 A SR R A AR G e 8 2 /0 1 AR I it 1Y
PO X AR PR, ATUME LB 24y VX, 1 =2,3,--,n, FERILFEAR A SC R S5k
ARSI BRIt . ke, ELEHIWT VX 2 PRSI E . ESEhRit
S, A BIREAS B A OC R B A A G R B B AR R R, (H R BRARTS, NI
AR REY, TAEE T IEH .

FHUE Xy, Xyyee, Xy BAL, H

W, =VvZ,, t=d+1--,n

MRS X o S d =L2IHMEIEARX, KR AHEEYH.

(1 d=1
t-1 t—k
X=X+ D W =X +> W, t>k=>1 (141>
j=1 j=1
(2> d=2
t-2
X=X, +(t-2)(X, - X1)+Z(t_ ] _1)Wj+2
j=1

t—k
= X +(t—K)(X, = X))+ D (= j—k+DW,,, , t>k=2  (142)

j=1

% X, & ARIMA(p,d,q) J741, W4 p=0mr, #4 IMA(,q) P4l 2q=00,
J5 ARI(p,d) 5.

R A A 2H ARIMA PRSI TR o

#w{X,,t=0,£1,%2,--} £ ARIMA(p,d,q) ¥4, ititd =15d =2 K,
XA S v o e LI

(L Hd =11, VX =W, f

VX, (m) =W, (m),
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Byl
X, (M) =X, (m=1) =W, (m)

e
)Zk(m)=Xk(m—1)+V\7k(m)=Xk+iV\7k(j) (143)

j=1
(2) ¥d =28, VX, (m)=W,(m), H

X, (M) =2X, (m=1) + X, (m-2) =W, (m)

S5 X, (), T

X (M) = X, +m(X, =X, )+ (m+1- )W, (j) (144)
j=1

#l21 FEIMAQLL) JP5: VX, =g -6, W
X=X, =&-0¢&, (145)
(1) 3Rk X, B e
(2) 3R X, M7
fig (L) JPF (145) &S oA S S AR P40, B SRR 2 340841, X,
2 1B 2esr LUa o MAQLY) 4. X (145) J2nlisify), By
0(B)=1-6,B
4|6 <18, O(B) =01/ O s, ol RKidkER, &
I(B)X, = ¢ (146)
K]
X=X —1LX =g
ot (145), 15
(1-B)X,=(@1-6,B)¢, (147)
Fa (1460 RN (147D, 14
(1_ B)Xt = (1_918)| (B)Xt
FSylie
1-B=(1-6B)I(B)
Hp
1-B _1-6B-(1-6,)B

|(B) =
(B) 1-6,B 1-6,B

=1-(1-6)(B+6,B*+6/B* +--)

Ij = (1_01)01j_1 ’ J 2112""
X [ T 2

& =X —1-6)>. 67X, (148)
j=1
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() WW, =X, =Xy =& -0, MWW &EMAQ) F5l. di:X (143), 3
)2 k+1 (1) = Xk+l +V\7k+1 (1) =X kaa t elwk (1) - 01Wk+1
= Xia +OW, (M) = X,y + X, ]=@-0) X, +OX, (1) (149)
¥k =Ky, WX, (@) =X, o # B, #X 0. XEm22, W(m)=0, i
it (143), 15
X, (m)=X,1), m>2

X (149) B SR K+1I%0 X, 19 1B R Xy, X, (1) St gl s, Hotsy
HE1-6,,6,.

A (148) Bt =k +1, JFpilst Q, &L, 74

XAk(l) = (1_01)201j_1xk+1_j (150>

j=1
W] X AEK NZI LT X, X, g, I LA, A2 1-6,, (1-6,)6,,
L—-6)67, -, B X,, Xy, BIFREOTHT . I I8 1) 54 TR A F 5507 1 1
Ko SZhr b, HEAE IMALLD (8t MA(L), ARMA@QLL) > i, RAEEECHEEES
. 30 (149), X (150) AR EFES) IMALL) TR ks .
N, 8 S 5 B ] S BN [R] 41 ) AR S TR
B 22 HeAb T A PR RERE 2 NI IR FE SR B 2R 13 TR

® 13 AT R E

17.0 16.6 16.3 16.1 17.1 16.9 16.8 17.4 17.1 17.0
16.7 17.4 17.2 17.4 17.4 17.0 17.3 17.2 17.4 16.8
171 17.4 17.4 175 17.4 17.6 17.4 17.3 17.0 17.8
175 18.1 17.5 17.4 17.4 17.1 17.6 17.7 17.4 17.8
17.6 17.5 16.5 17.8 17.3 17.3 171 17.4 16.9 17.3
17.6 16.9 16.7 16.8 16.8 17.2 16.8 17.6 17.2 16.6
171 16.9 16.6 18.0 17.2 17.3 17.0 16.9 17.3 16.8
17.3 17.4 17.7 16.8 16.9 17.0 16.9 17.0 16.6 16.7
16.8 16.7 16.4 16.5 16.4 16.6 16.5 16.7 16.4 16.4
16.2 16.4 16.3 16.4 17.0 16.9 171 171 16.7 16.9
16.5 17.2 16.4 17.0 17.0 16.7 16.2 16.6 16.9 16.5
16.6 16.6 17.0 171 171 16.7 16.8 16.3 16.6 16.8
16.9 17.1 16.8 17.0 17.2 17.3 17.2 17.3 17.2 17.2
17.5 16.9 16.9 16.9 17.0 16.5 16.7 16.8 16.7 16.7
16.6 16.5 17.0 16.7 16.7 16.9 17.4 171 17.0 16.8
17.2 17.2 17.4 17.2 16.9 16.8 17.0 17.4 17.2 17.2
171 17.1 17.1 17.4 17.2 16.9 16.9 17.0 16.7 16.9
17.3 17.8 17.8 17.6 175 17.0 16.9 17.1 17.2 17.4
17.5 17.9 17.0 17.0 17.0 17.2 17.3 17.4 17.4 17.0
18.0 18.2 17.6 17.8 17.7 17.2 174

(1) WX R R A
(2) WXL R REREAT 10 25 H
fift TRV AARSC BB A R R B e d =1, A AIC HENDERY, X
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ARIMA(31,3) B, 517

¢, =1.1762, $,=-1.1158, ¢, =0.1706

6,=1.8129, 0,=-1.8174, 0, =0.8412
(SEI D RILY)

(1-1.1762B +1.1158B% —0.1706B°)(1- B) X,
= (1-1.8129B +1.8174B% — 0.8412B%)¢,
(2) &5, 10 B TR L% 14,
#1410 BTHRIE

L 1 2 3 4 5
TR AH 17.3611 17.4446 17.5811 17.6441 17.5821
P 6 7 8 9 10
TR AH 17.4644 17.4079 17.4644 17.5759 17.6364
THEL I Matlab 281 R
clc,clear

a=textread(hua.txt’); %64 it 4f A 14 MR ISR (1 HEFAS AP IAE 2L SCAS AT huatxt

a=nonzeros(a')’; Yot KA T s BT 3R

ril=autocorr(a) Y%t 4 [ AH <R %

ri2=parcorr(a) Yol 5w AH < K L

da=diff(a): it 1 724y

r21=autocorr(da) %l H AL

r22=parcorr(da) Y%t HH % R %L

n=length(da); Yo% 2% 70 ) A AN 4L

for i=0:3
for j=0:3
spec= garchset('R',i,M',j,'Display’','off"); %75 /& #5174 [ 45 44
[coeffX, errorsX,LLFX] = garchfit(spec,da); %A S%L
num=garchcount(coeffX); %It il &S E i3
%compute Akaike and Bayesian Information Criteria
[aic,bic]=aicbic(LLFX,num,n);

fprintf(R=%d,M=%d,AIC=%f,BIC=%f\n",i j,aic,bic); %@ il 44k %

end
end
r=input(‘r AP 4L R=");m=input(‘f A M=");
spec2= garchset('R',r,'M',m,'Display’,'off'); %+ & 15 5 [ 45 1)
[coeffX,errorsX,LLFX] = garchfit(spec2,da) %IUS S HL

[sigmaForecast,w_Forecast] = garchpred(coeffX,da,10) %7il44 10 5 FidR (i

x_pred=a(end)+cumsum(w_Forecast) %57 J5U 4G £ (1) 10 25 P

9.2 FIEPA K ILTIHR

CEADSCBRIRT, 1RSI AL SRR, B R RTRE, R
20p. 1R P R 3 DRI 65 R A S A RO e 0, TR 2 B )
), MBI T MR . i, LU SO0, SR X, R0t i v
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fifirit, LLL/NSEASREERIRG, SR X OB 24 /ANetig A vE ARt — M, B —
ANHI e, I BT — A s TR AN IR, R IR H
MR IR
— L, XIS RS, WTHET 2SI
V. X, =[1-B%)X,
V? =(1- BS)D X,
SF AP, W LU 250 R4 ARIMA B Jadthik . BEs —1F8%, —A
i AI{X 1= 0,41,42, -t i iR B

D(B*)VI X, =O(B°)E, (151)
TFR X, A2 R s =T vE s, o
®(B°)=1-®,B°-®,B* —--.-~ D B"
{@(BS) =1-0,B°-0,B* —---—0,B*

X (5D, B, AN RS, iR B S A ARIMA(p, d, q) 1
@(B)V'E, =6(B)s,
i (151)
®(B*)VVPX, =0O(B*)V E,
p(B)D(B*)VIVIX, = O(B*)p(B)VE, = ©(B*)d(B)s,
AW, =VIV2IX,, 4
@(B)D(B*)W, = (B)O(B*)s, (152)
i (152) FRohFARBTATIERR, HEcE H (p,d,q)x (P, D,Q) #7w. KX (152)
W, B SRS X, 2255y VIV 1331, 20X BERAE ST, alLLEERIFS1 X, )
derAart (EpEHE) 539 R . X (162) &P REEAY, BT )7
BRI 205 KB 4 JEL 30T S BRI 202 Tl A AR A R A o Bl %
W, = (1-6,B)(1-0,B%)s,
JEEIT %
W, =(1-6,B-0,B° +6,0,B"")¢,
v MA(S+1) B, HEILR%O,0,,---,0.,, THIRZ N0, B
0,=--=60_,=0, 6,=0,, 0,,=-00,
X XAE B R AR, A e AT A OGBS U & R
T J LA EE S AR Y A A
1) (0,d)x(0,D), %

W, = (1-6,B)(1-0,B%)¢, (153)
2) (0,d1)x (1, D,1), 7
(1-®,B°)W, = (1-6,B)1-0,B%)¢, (154)

3) (0,d,2)x(0,D,2), %!
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W, =(1-6,B-6,B*)(1-0,B° - 0,B%)¢,
] 23 S SEHIR — DR 7 4R M T A SR N 15 PR TR 8 4F A

(155)

IR R KR
215  HKEREE

153\

D) 1 2 3 4 5 6 7 8 9 10 1 12
1 9.40 8.81 8.65 10.01 11.07 11.54 12.73 12.43 11.64 11.39 11.1 10.85
2 10.71 10.24 8.48 9.88 10.31 10.53 9.55 6.51 7.75 7.8 5.96 5.21
3 6.39 6.38 6.51 7.14 7.26 8.49 9.39 9.71 9.65 9.26 8.84 8.29
4 7.21 6.93 7.21 7.82 8.57 9.59 8.77 8.61 8.94 8.4 8.35 7.95
5 7.66 7.68 7.85 8.563 9.38 10.09 10.59 10.83 10.49 9.21 8.66 8.39
6 8.27 8.14 8.71 10.43 11.47 11.73 11.61 11.93 11.55 11.35 11.11 10.49
7 10.16 9.96 10.47 11.70 10.1 10.37 12.47 11.91 10.83 10.64 10.29 10.34
fid (L EHIATH R R ey, RO EER A TGS, X 12 NHZE

Tk, Mo EELE MY E S I

W, =VV,X,

X W, BEAT R 3 R 5 ARMA BORU & JHIZE p, g 194 Rk 08 bl 5, AIC

AN R BB . SR192 p =1, = L3 B Rl

T Matlab F2F 00 F

clc,clear

load water.txt;

s=12; %JH s=12
n=12; Y%THREE 144
ml=length(x);
for i=s+1:m1

y(i-8)=x(i)-x(i-s);

end

%o i 45 Kt (11> 2

m2=length(y); % & 11 2= 73 5 Zdis A~ £

w=diff(y);

for i=0:3

%l BRI APEM I8
m3=length(w); YUl 57 i 2 75 73 J B 1 A~ 44

for j=0:s+1
spec= garchset('R',i,M' j,'Display','off"); % /& #5154 1 45 44
Wik SHL

%itHA -GS EI A4

[coeffX,errorsX,LLFX] = garchfit(spec,w);

num=garchcount(coeffX);

%compute Akaike and Bayesian Information Criteria
[aic,bic]=aicbic(LLFX,num,m3);
fprintf('R=%d,M=%d,AlC=%f,BIC=%f\n',i,j,aic,bic);

end
end

save bdataxywnmlm2s

o3 Jit iy K 12 R A SUAF TR A SR ST watter. it

water=water';x=water(:)’;

TN A2

(2) FENBRIFREATI, HAFH 8 FARFAUR(LWIK 16 Jrr.
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#1612 4 AR KR TR

2 1 2 3 4 5 6
TiRAE 9.57 9. 0978 10. 7288 11. 4250 10. 7821 11. 9707
SR 7 8 9 10 11 12
TIHRAE 12. 8529 12. 5094 12. 2442 11. 3361 11. 0203 10. 991
LK) Matlab F2F R

clc,clear

load bdata

spec2= garchset('R',1,'M',13,'Display’,'off"); %¥5 & #5841 45 44
[coeffX,errorsX,LLFX] = garchfit(spec2,w); %454
[sigmaForecast,w_Forecast] = garchpred(coeffX,w,n) %=k w FFiiH i

yhat=y(m2)+cumsum(w_Forecast)

for j=1:n
x(m1+j)=yhat(j)+x(m1+j-s);

end

x_hat=x(m1+1:end)

%K y TR AE

%42 J5R 31 JE s B 1) T AR
il 24 EFRLR H R ML (1949.1~1960.12, #ifi: T-A) W 17.
17 EBRLR TR M

,ﬁj\

D 1 2 3 4 5 6 7 8 9 10 11 12
1949 112 118 132 129 121 135 148 148 136 119 104 118
1950 115 126 141 135 125 149 170 170 158 133 114 140
1951 145 | 150 178 163 172 178 199 199 184 162 146 166
1952 171 | 180 193 181 183 218 230 242 209 191 172 194
1953 196 | 196 236 235 229 243 264 272 237 211 180 201
1954 204 | 188 235 227 234 264 302 293 259 229 203 229
1955 242 | 233 267 269 270 315 364 347 312 274 237 278
1956 284 | 277 317 313 318 374 413 405 355 306 271 306
1957 315 | 301 356 348 355 422 465 467 404 347 305 336
1958 340 | 318 362 348 363 435 491 505 404 359 310 337
1959 360 | 342 406 396 420 472 548 559 463 407 362 405
1960 417 | 391 419 461 472 535 622 606 408 461 390 432

Wi B TR) PR A A, XTI ) R A 3EAT 2 4 (24 /N HD [Tk .
fii (1) X
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MWEM EE, X EPsa Lo Eas, A8 12 MARENE(s=12),
i HLE A IR B2 B OK o 3X M8 12 Box —Jenkins G ASEIRIE A1 o 10t R H] T Hcdie
AR R BT RR AL . X X AR EE e

Y, =In X,
Y, A TRUE L. XY, FHAE25
W, =VV,,Y,

I AIC HENP R 2B, 24 p = 0, q =13 1 AIC 35 3 #5 /ME-431. 55040 HtA] I,
MY

W, = @a- 6,B - 6’282 — = 1913813)5t
T Matlab FE/E a0 F -
clc,clear

load hang.txt;  %HtJ5t 46 £ 4 42 e v (R A7 ISR 20 S A ST hang.txt

hang=hang';x0=hang(:)";

ml=length(x0); %R LA%IE 14

plot(linspace(49,61,m1),x0)

x=log(x0); YoMt HAx e y=Inx

s=12; %/ s=12

n=24; YIHREHE I

for i=s+1:m1
y(i-s)=x(i)-x(i-s);

end

m2=length(y); % 125 73 i Hodls (1) >4

w=diff(y); %I BRIE AR ZE s

m3=length(w); Y%l 5 55 4 2 7 J B i A~ 4

for i=0:3
for j=0:s+1
spec= garchset('R',i,M',j,'Display’,'off'); %7 /& #1784 [ 45 44
[coeffX errorsX,LLFX] = garchfit(spec,w); %l &S4k
num=garchcount(coeffX); %It &S EIKA KL

%compute Akaike and Bayesian Information Criteria

[aic,bic]=aicbic(LLFX,num,m3);
fprintf(R=%d,M=%d,AIC=%f,BIC=%f\n",i j,aic,bic); %@ il 44k 4
end

end

save bdataxywnmlm2s

(2) GENTRBRGFREAT TN AR LR OB 2, d W, 1 MA(L3) B2,
FEPHRY, 1) 24 A~ H A .
SR, FRATESRIE X, 19 24 D HIHERAE. BUAY, =In X, JHEEY, 2 IESF
Bilo FERERIE A X — 8 B X BRI E, S In X IRMIEZE N (u, o), Ul X
HE S EEZS o0 A, X AR

E(X)=eXp(ﬂ+%)
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EABIT, X, SAHEGEAFEA, Y, (M) R Y, 2%k (k = 144) ) m 5,
G (m) RETFRIEL, X, (M) 103 X, 7emt 2 k(k =144) i m B HuReE, W

X, (m) = exp(Y, (m) + 6(m)

H AT X, 1 24 A H PERAE W R -
466.884 410.313 458.429 495.865 508.518 580.256 685.96 636.911 495.594
504.109 425.486 476.18 513.984 451.762 504.6 546.089 560.091 639.183
755.713 701.763 546.123 555.574 468.981 524.921
T Matlab 51T
clc,clear
load bdata
spec2= garchset('R',0,'M',13,'Display’,'off"); %45 & #5114 1) £k #4
[coeffX errorsX,LLFX] = garchfit(spec2,w); %f&Z%
[sigmaForecast,w_Forecast] = garchpred(coeffX,w,n); %3k w [ T
yhat=y(m2)+cumsum(w_Forecast); %K y I FIHRAE
for j=1:n
x(ml1+j)=yhat(j)+x(m1+j-s);
end
x_hat=x(m1+l:end); %% J5 EIX HCHHE ¥ ik
x0_hat=exp(x_hat+sigmaForecast.*2/2) % & 3| s 4 i PR AL
x0_hat_check=exp(x_hat)

810 o EM
101 fajsy
FALTELMENR 34T, VF2 PRI 5072 AR %) 4. f£—1
e PERIREA R, N AR R Y AW N AR B0y 2= 450
Wﬁ 0 vee 0
, 0 m& v 0
Y=Xp+e, var(e)=oc : _— X
0 0 v an
WA, ZiEze fHEFPE, TAIA A S 5D —Fevkm 2T X — 3 (GLS)
5 o AE IS R F1 403K, i ] LAY 5% 31 7E — B SR R i 18] & 3 N B TR0 20 R A8 A0 AH 24 /0N
MG ) — BN TR AR RS 2, ARG N4 b A/ o RaniX 2648 4h (Pl fefig
Er BRI A, T e B ) = o
—NME G B PN T A o A R AN P () A (B, BB
XEBIF S SRR G W22 0y, MIZESF P ARG s . s 2, R {Y,}
FORTE I — 00 B0 I B A P 91, A AT 8 55 2 H ARIMA(0,1,0) £
Rk R{Y, }:
AY, =X, =¢,, & ~N(0])i.id (156)
GXHL L RO 73 AD) XA TR IR R 7 F 25 Ml X, =Y, =Y BT
Jifg i (Gaussian) FIME R4 IX RIS 24 FIREALIT SRR S — 300 . BUARVE N —BhY
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BT A EGEE, AR, 2P R AR R (156) 78 7 il ke 1) 3 1
RV LERY o IX LRI ) M bR 2

(LD {X}AERK, HmbamgsRae.

(2) BAR{X I HOM e B B R # as th 2 D S5 RVE RO 4R 06, (R PR g {X 2 S v
FEFASCIR . A, XS RS2 AR .

(3) {X I B IR IRE i o TS, {X IR A f BR B A K AR AL,
T X N AR AE £t /N A BB

K AR ARk, R EM T sk s {o, } AR R E
B o Bt R i W SRS AR AT S ARG R 8 72 e — Rl ok . BE—2, T2
B ) 1) 25 Ak D Bsf ) 2 51 24 R 238 BT D S B Ge v H T ) & BRI 2k . B, 44
(1) Black-Scholes ¥AALE i A 2 75 29k ahid 72 {o, } i Al

IEAEER i X SRR R, A5 S 7 ZE iR ZE I I 1) e S AR A 38 T R e o AEASHY
i, IR S B S WA ) ARCH Fil GARCH #5574 . oA 1] (e 56 ] FH ke il 42
TF 2N, lhn, BENLE ST,

10.2 ARCH

I 510 5 7 ZE N ) R AR A 7 — 1 ARCH #7708 (R g fai B e X HL, — 4> ARCH
BRI R T8 X, R R

Xt = 0.&
HorpiEF R e, ~ N(0,)) iid I H o, W2
P
o! =ozo+Zozixf_i (157)

i1
BQ =0 (X, X, ) ZonHEBINZIt =100 245 B4 528 a2 1a) . )
E(X{ Q) =E(078 1Q,) = 0E(g] | Q) = 0f
AR X 40 %, 1% AR(P) B —FE, HUR X2 05t 2. B,
W4T p— B AR PES 7 2 ARCH(p) B2 44, B4k, b T RE (157)
AN E SRR, BT B A R I R B . B, b TR o 2 0L
B X FEWIE X, — A Tear & AE R
a,20, i1=0,---,p
JFH.
a+t+a, <1
X IRATIA L T RICIBWHIEY] T o BRI T ELA % ARCH [FRHES 15
SIS DA T
25 %X, =0 ol =a,+oy Xl REEREAEMEL, BTG
X =oiel =gl (@ + o X{y) = apel + o Xhe! = o8 + gl (0748L4)

. 2 2 2 2
=ape +angre (o) +ayX(,)
n
B i 2 12,2 2y
_aozalgt EjTQ & &, EnXina
=0
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e, <1, MY ni@iE 55 K, DL ERIE T s —migEir 7%, i,
XP=a, ) ajel-el, (158)
j=0
R, EXZ =o, I1-a,) -
7, AT LUK ARCH(D) B KR N
Xi=0l+ X -0l =ay+a X +oi (el D) =a, +a, X2, +V,
Hep, v, =02(ef —1) o FATTLAE A ARCH(L) B G FE{X 23 i e &5 {v, } o
it AR (D) FEAY
10.3 GARCH
FALT N AR A 2] ARMA B, AR ELK ARCH B8 (R BE & 4E T 31
J” X ARCH (GARCH #:#! . b, —/ GARCH B2 n U W F I Ak R IR
X, =06, & ~N(@0)

p q
ol =ay+ ) foli+ D a X (159)
i=1 j=1

HTAETTRE (159) ZWIfE X, KT a M SIS Zde k. SRT, T —
5219 GARCH B KW b0 A FE T, AR A KE) T A 5. %18
GARCH " i 2 gt K2 — A5 Bh TAE AR (159) Ff SevFaed 25 AU 8l 52 ma ILAE i
8, AT LA R AR ARE R . A IA LK 78— BB GARCH #i4Y.,
FB, AEBRATTRZE A BEIE I GARCH(L,1) £ 4Y.

#1126 % X, & GARCH(1,1) £, i 2

O-tz =0+ alxtz—l + ﬂlo-tz—l

T of AWM, —Fh 7 AR fwe]— BEbRds,  teiniei 50 4>, bt e.
KR TTEE AR N T — MR eSS, I HEERE R
ARMA i 2. o), %5

X =0l + (X —0))=a, +a X + fiol, + X —of

=0+ (0‘1 + ﬂl)xtzfl _ﬂl(xtzfl - Gtz—l) + Xt2 - O-t2
=y + (o + B)XE +V = By

Sy, = X2 —0? = 02(e —1) . R RIER, 1EELX 2} T LA B 75 v, B0
) ARMA(LL) i 72,

TE—MAEO R, X453 IEMf . AATTRT AR 5 dhdfl 5 LR e B

EEL WX A GARCH(p, q) ibFe, My, = o2(2 —1) ies, X2
ARMA(m, p)id#e, Hrrm=max{p,q}. o =0(i>q) Uk B; =0(j> p).

10.4  ARCH ittt 544

HAE ARCH [ 3, B4R X, | Q. ~ N(0,07) HAT S pHHER 5% 1 b 5

- 1
f (Xt | Qt—1) = (27Z-O-t2) e exp[_ 2 XtZJ
20

t
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p
Hbiof =ay+ ) o XE o AREARIERRE, Hefilfd
i=1
f(Xn,---,Xl | Xo) = f(xn | Xn—1v"'1xo)"‘ f(xz | X11Xo)f(X1 | Xo)

log (X, % [ %) = log f(x, | Q)
t=1

n

n 1 X2
=——log27-=Y | logo? + L (160)
2 9" 22( I sz

t=1 t

R, SAFR (@, a,) BE, H

p
O-tz(aO’al’“"ap) =yt zaixtz—i
i=1
RN AT R R I B KA IX AN X EARLSR bR £, FRATTmT LAAS 21 B AR A v I A (B AR -
R e AREXTR, MR DT XA T 230350 (HED SRR L (PMLE
o QMLE).

EREXNTERIEHT GARCH B, [A[A—FAEL LR AP T, BT
MA 0 AE4E, ARMA BRIl 138 5 L s g AR BRI Al vF SR . AEfh ot
GARCH IRk, SIEBEBRMIMWME. & T Ul X —m, HE AR
GARCH(1,1)f 74, o

ol =a,+a, X2 + o, (161)
ksl of TE L LIRS

O-t2 = (1_1318)71(050 +a1xt2—1) = (1+ﬂlB +131sz +---)(0(0 +0{1Xt2—1)
Pl $esh o T a1 X2 B0 248 T A TRl o FA TR IT X, A1
ol XTt<0, 4X,=0, o/ =0. T2, MFt=12, ol althcl s
Mg T, XH

5-t2 =0+ a1xt2—1 + 1815_12—1
Hop, X Ft<0, X, =0, 62=0; WFt>0, X, =X, . SRXATH, Kl

~2

0, =

~2 v 2 ~2 2
o, =y +au Xy + fioy =a,+ o X + fioy

HTEAO = (o, oy, By) S F G IXAFIE AN HUBIR B 5 (160) I
‘B KA, FRATT AT LSRR AS B R ARLAR A T B B e . FIRE R SR R E T R
GARCH(p, q) #i#,
B S AEA — P2 5 — AN A TE 7 v | XV E T R
BEETS, AVFZ AT . R, ATE AR R .
(1) WHRFEIR Y. BER ARCH(p) ks {X T M AR(P) » b TR AR [
R, FeATRT LLFI ] Box-Jenkons VAL HFST X7 (RIAH P45 o
(2) 5% Z=1 Portmanteau K5 . ¥ Portmanteau Sttt & 5 XA
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Q= n(n+2)Z_‘,r2(j)/(n— )

v, r(j) R X Ml a k2 ACE CAMISCRED . W AR B E I BOE ), T
2, WP RIFEARE, Q—L>;(hz_m, b, mOR B OO SN ﬁ‘ﬁ—Lﬁ%/T\

MEEAZE N > o B, KIS,
(3) Lagrange Fe£Aa % o
EHL2 B X AEARCH(p) BE, XZF X2, X2 AR 7

Xf:%+i@x; (162)
i=1
4R &RKE (162) MHERM. Ba, EEBEEH e ==a,=02TF,
nR? —L>;(§ o
Sy |

1. [ 1974~1981 A5 7= FWI% 18 i,
18 1974~1981 FEAG NI &

T 1974 1975 1976 1977 1978 1979 1980 1981
FeE (LK) 80.8 94.0 88.4 101.5 110.3 1215 134.7 142.7

(1) WIBEABTHE N =3), A e R,
@)ﬁ%ma=03,a=a6,%“:%@=ﬁi%gﬂﬁ=m7,@zﬁma
Y AR AP I BB,
(3) WEHR AR, 3 M.

(4) FHEAL BRI 1982 4FF1 1985 4FA5 [ 1
2. 1960 H4-~1982 4 FH AL M ER IR 19 Fron (HBAL: 127T8).

19 A ko b T U

Ay 1960 1961 1962 1963 1964 1965 1966 1967
TEEBH | 696.9 607.7 604 604.5 638.2 670.3 732.8 770.5
Fr 1968 1969 1970 1971 1972 1973 1974 1975
TRERH | 7373 801.5 858 929.2 1023.3 1106.7 1163.6 | 1271.1
oy 1976 1977 1978 1979 1980 1981 1982
AN | 1339.4 | 14328 1558.6 1800 2140 2350 2570

TR =R SR ECF AT 1983 A1 1985 4F 4 [H 41 2 j il 45 4l .

3. HH R ([ T70), M 1969~1983 “EAK . 3.78, 4.19, 4.83, 5.46,
6.71, 7.99, 8.60, 9.24, 9.67, 9.87, 10.49, 10.92, 10.93, 12.39, 12.59, kit 2~3
T 22 Fy e TN AR AR, TN 1985 4T 1990 A AR £ H o

4. BENUEHL AP, FEARZE SR 10000,

X, +05X,_,-03X_,=¢, Hhg ~N(0])
FI B EIR AT P 51 B A S
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5. 1952 F-~1997 EF E AL E N A= Bl CRA7: o) F R 20 s

220 1952 fE~1997 SEFE NI E Py A= S E

FAR NI B AR NI M FAR N B
1952 119 1968 222 1984 682
1953 142 1969 243 1985 853
1954 144 1970 275 1986 956
1955 150 1971 288 1987 1104
1956 165 1972 292 1988 1355
1957 168 1973 309 1989 1512
1958 200 1974 310 1990 1634
1959 216 1975 327 1991 1879
1960 218 1976 316 1992 2287
1961 185 1977 339 1993 2939
1962 173 1978 379 1994 3923
1963 181 1979 417 1995 4854
1964 208 1980 460 1996 5576
1965 240 1981 489 1997 6079
1966 254 1982 525

1967 235 1983 580

(1) HARIMA(2,11) BRI A, SRR SE Al v1E
(2) SREHER 10 25 FRAH .

6. FEHL X LA B EAE T IESE 114 E S BRI R 21 Fros. oMz, Bl
LA AT AR, R P00 DL PR AN L R 2
21
269 321 585 871 1475 2821 3928 5943 4950 2577 523 98
184 279 409 2285 2685 3409 1824 409 151 45 68 213
546 1033 2129 2536 957 361 377 225 360 731 1638 2725
2871 2119 684 299 236 245 552 1623 3311 6721 4254 687
255 473 358 784 1594 1676 2251 1426 756 299 201 229
469 | 736 | 2042 | 2811 | 4431 | 2511 | 389 73 39 49 59 188
377 | 1292 | 4031 | 3495 | 537 | 105 | 153 | 387 | 758 | 1307 | 3465 | 6991
6313 | 3794 | 1836 | 345 | 382 | 808 | 1388 | 2713 | 3800 | 309 | 2985 | 3790
674 71 80 108 | 229 | 399 | 1132 | 2432 | 3575 | 2935 | 1537 | 529
485 | 662 | 1000 | 1520 | 2657 | 3396
7. 1946 F-~1970 432 [EH S ZEM S PERHIER 22 FR
(1) X AT 25 I 8] 3 51 At
(2) XTI PN TAE (8 NEZREE) I FiR o
222 1946 £E~1970 452 [F %5 i FH b S H Bk}

R —Z = =& LS

1946 75 8.9 11.1 13.4

1947 15.5 15.7 15.6 16.7

1948 18.0 17.4 17.9 18.8

1949 17.6 17.0 16.1 15.7

1950 15.9 17.9 20.3 20.4

1951 20.2 20.5 20.9 209

1952 21.1 21.4 18.2 20.1

1953 21.4 21.3 21.9 21.3
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1954 20.4 20.4 20.7 20.7
1955 20.9 23.0 24.9 26.5
1956 25.6 26.1 27.0 27.2
1957 28.1 28.0 29.1 28.3
1958 25.7 245 244 255
1959 27.0 28.7 29.1 29.0
1960 29.6 31.2 30.6 29.8
1961 27.6 27.7 29.0 30.3
1962 31.0 32.1 33.5 33.2
1963 33.2 33.8 355 36.8
1964 37.9 39.0 41.0 41.6
1965 43.7 444 46.6 48.3
1966 50.2 52.1 54.0 56.0
1967 53.9 55.6 55.4 56.2
1968 57.9 57.3 58.8 60.4
1969 63.1 835 64.8 65.7
1970 64.8 65.6 67.2 62.1
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