TRY (BRH)

ES [ 3 & | d=arl A E&



12.6 ARMA/ARIMAE 7 /L

KRV T—F ICEASNSETILO—D
HEelRETIL (AR)ICREDBENFIIZMATCETILE

H o lols&e¥s ( : AutoRegressive Moving average) 7/l &
ISR
q

Vi = iaiyt—i +€, +Ebjet—j

i=1 =1

YD dBEDENEETF Ay, ODARMAETILE, BEERNHBETY
( . AutoRegressive Integrated Moving Average) S S
L EFED

ARIMA(p,d,q) CE T,



12.6.2 Farima& TTILDHE

A

I\ i — Ustatsic &,
BLERRINT—5 %Y TEHBARIMATTILEHarimah i 5.

> arima
function (X, order = c¢(0L, OL, OL), seasonal = list (order = c (0L,
0L, OL), period = NA), xreq = NULL, include.mean = TRUE,
transform.pars = TRUE, fixed = NULL, init = NULL, method = c("CSS-ML",
"ML", "C55"), n.cond, S5init = c("Gardner1980", "Rossignol2011"),
optim.method = "BFGS", optim.control = list(), kappa = le+06)

518 x 1. BRINTFT—FATI U MTHD orderid B CERDXREp
=D DI EEDKREDBENIFIIDRE qZI8ET 5518 TH 5,



Y T—%lhEAW=. arima(2,0,1)Dl
> (lh.ari<-arima(lh,order = c(2,0,1)))

Call:
arima(x = 1lh, order = c(2, 0, 1))

Coefficients:
arl arz mal 1intercept
1.1765 -0.5044 -0.5080 2.3946
s.e. 0.3990 0.2190 0.4517 0.0944
sigma”2 estimated as 0.1827: 1log likelihood = -27.6, aic = 5.2

R ENT1RE (coefficients)Z , ARIMA(2,0,1)ETFILICAAWS &

y, =2.3946+1.1765y,_, —0.5044y,_, —0.508¢,_, +e,



12.6.3 TFTILDEFEIR

BE%arima(p,d,q)ic &5 51%orderDp,d,qDIEZ R B —D

DFEIF. BDEEADP,d,qDIRTOEAEDLETEOENS, FHRE
BE* (AICYBICHKE) ENRH/NESWHAESDLEEZHWSAETH D,

> data<-1lh; T<-0

> for(p in 1:4)

+ or(d in 0:1)

+ for(g in 0:4) {

+ fit<-arima (data,order=c(p,d,d))

+ I<-T+1

+ if(T==1){

- minaic<-fitfaic

- orderP<-p; orderD<-d; order(Q<-g
+ relsed

- if (fitSaic<minaic) {

- minaic< -fitfaic:

+ orderP<-p; orderD<-d; order(Q<-qgq
> cat ("RESULT: p=",orderP,"d=",orderD, "g=",ordexQ, "AIC=",minaic, "\n")
RE$ULT: p= 3 d= 0 g= 1 AIC= 64.75832



K& rep,d,qld#N<1n3,01THBDT

> (lh.ari<-arima(lh,order = c(3,0,1)))
Call:
arima(x = 1lh, order = c(3, 0, 1))
Coefficients:
arl arz ar3 mal 1intercept

-0.0608 0.4170 -0.35% % 0.7758 2.3923
s.e. 0.1979 0.1415 0.13%98 0.1795 0.1056
sigma”2 estimated as 0.1713: 1log likelihood = -26.24, aic = 64.47

R ENDHFERZ /IR LT 3NT X THODIARIMA(3,0,1) %=
NI ELLFDKDICREND

y, =2.392-0.061y,_,+0.417y,_, -0.360y,_, +0.776e,



Y E8¥tsdiag

Standardized Residuals

ARIMAETILZ 22l -- | | ] ||. ‘

FREDIT)T Y =)L B B I B A IR B L A

& U CRE#tsdiagh : 10 20 a0 B
Do T—YIhD Time
ARI MA(3,0, 1 ):E 7__\\) I/ d) ACF of Residuals

DU % RICR T, 2
MR EBRIE, FHED

ACF
04 10

| T I |

70Oy b, FERBIIERE

-0.2

OEGSHEEDOZOY . 0 5 10 1
TER 51 #gof.laglc Xt Lag
Fﬁ—g— % LJ u ng'BOX¢ﬁE p values for Ljung-Box statistic

DpED 7Oy K TH
Bo

p value
04 08

| T N T |

00

> tsdiag(fit,gof.lag=12) 2 ¢ 6 : 10 12



12.7.1 ARIFIMAT 7T /L

ARMAET /L TIFBERIDEDDRC DBD LRSI NTWD, £D
MMz RRT Dfcdh. ENDEKINBRICEST. FEDOEKIC—
b Ulc sz B Rl)sERM nZE I (ARFIMA: AutoRegressive
Fractionally integrated moving Average) & B3

ARFIMAD T DER/NY o — & U fracdiffh¥dh 5



WM D1949FEH 51960F X TCOEBRKEZHICET 2BRINIT—4

> (ﬁ .d<-fdGPH{A | rPassengers)$d)
(1] 0.6513918
> AP.fra<- -fracdiff (AirPassengers,nar=3, dtol= AP.d,rma=1)
> summary (AP, fra)
Call:
fracdiff(x = AirPassengers, nar = 3, rnma = 1, dtol = AP.d)

Coefficients:
Estimate Std. Error  z value Pr(>|z|)
d 4.604e-01 1.442e-01 3.192 0.00141 *x
arl -1.159e-02 5.996e-0% -193.222 < Ze-16 *xkx
ar? 3.29%5e-01 3.103e-01 1.062 0.28826
ar3 -1.266e-01 7.667e-0% -1650.804 < 2e-16 *kx
ma -9.008e-01 1.197e-01 -71.527 H.2e-14 xxx
Sienif. codes: 0 "’ 0.001 " 0.01 % 0.0 .7 0.1 °7 1
sigmaleps] = 29.69193
[d.tol = 0.1, M =100, h = 7.322e-06]
Log likelihood: -693.9 ==> AIC = 1399.788 [6 des.f reedom]



12.7.2 GARCHT 7 /L

RFRAT— 5 h\. FHAEFEHgt. FHNEDENDIER 2
N(gt,htlciES & E. htDZEF %=

2
h =w+2aiet_.

t 1

THRIRT 2 ETILZ B ChlFRHEM S 2 a0 T —(
AutoRegressive Conditional Heteroscedastic) €7 /L &N, @&
ARCHETILEESR, OFDWITEH TH 5,

25, ARCHETIZRDLSICHRULICH D %=
(Generalized ARCH)ET)L & FE.3%,

q r
2
h =w+ 2 ae’ . + E Bh,_;
i= J



v GarchfitB¥ iz B\t /Ry —YiGarchZA W13

> UKRg.d<-diff (UKgas)
> URg.m<-garchFit (fomula=~arma(l,1l)+garch(l,1l),data=UKg.d,trace = F)
> summary (UKg.m)

Title:
GARCH Modelling

Call:
garchFit (data = UKg.d, trace = F, fomula = ~arma(l, 1) + garch(l,
1))

Mean and Variance Equation:
data ~ garch(l, 1)

<environment: 0x00000000097394398>
[data = UKg.d]

Conditional Distribution:
norm

Coefficient(s):
mu omega alphal betal
8.29002 275.31909 0.447395 0.60021

S5td. Errors:
based on Hessian



Error Analysis:
Estimate Std. Error t wvalue Pr(>|t])

mu 8.23900 6.8918 1.203 0.22902
omega 275.3191 446.4387 0.617 0.53743
alphal 0.4479 0.1571 2.852 0.00435 **
betal 0.6002 0.1298 4.623 3.78e-06 ***

Signif. codes: 0 ‘***/ (0,001 ‘**’ 0.01 ‘*’ 0.05 ‘." 0.1 ¥ " 1

Log Likelihood:
-684.3691 normalized: -6.385973

Description:
Fri Aug 08 09:43:40 2014 by user: 1236573c

Standardised Residuals Tests:
Statistic p-Value

Jarque-Bera Test R Chi~2 7.877948 0.02151566
Shapiro-Wilk Test R W 0.9282948 2.196842e-05
Ljung-Box Test R Q(10) 433.5541 0O

Ljung-Box Test R Q(15) 586.1374 O

Ljung-Box Test R Q(20) 794.2856 O

Ljung-Box Test R™*2 Q(10) 170.0033 0O

Ljung-Box Test R™*2 Q(15) 197.6151 0O

Ljung-Box Test R*2 Q(20) 209.9766 O

LM Arch Test R TR™2 48.77365 2.291151e-06

Information Criterion Statistics:
AIC BIC 51C HQIC
12.86671 12.96663 12.86405 12.90722



IR =& 2E (L @fitSics, 7%= [ @residuals, X TIEHIEIE

@fitted.values TIRT Z EMNTES

) BEREEE@fitSics) =KD

AIC BIC SIC HQIC
12.86671 12.96663 12.86405 12.90722

BE#garchFitD &R = B & plotic A AT 5 &,

137D T S 7 = 1F

T BIENTED, B¥plotzETI &, ERNAERTZT70DY
ANZiIRY, TZEiR(Selection): ; ODHICT 7 DEEDESZ AL

L. Enter¥—%#d,

> plot (UKg.m)

Make a plot selection (or 0 to exit):

1:
4

10
13:

oo
el

ection: 1

Time Series 2: Conditional SD

ACF of Observations 5t ACF of Squared Observations

Residuals 8: Conditional SDs

ACF of Standardized Residuals 11:  ACF of Squared Standardized Residuals
Q0-Plot of Standardized Residuals

O o L

12

Series with 2 Conditional SD Superimposed
Cross Correlation

Standardized Residuals

Cross Correlation between r*2 and r



12.8 B DN

R TF—FICiE. BHNICEE I Z2EEEZF >0 H DL
T\, —TEDHIE TCEEMNICEFH I BRI T—FICDWVWT, Fn%x
LOMNDHAMNCHEET D EICL>T. KDEHICAHTZITOZEN
T=E 5,

HARZH E UTROETILDG %o

HAE=NLY R+BHZTH+ERE

> plot(st| (UKegas, s.window ="per”))



t rend seasonal| data
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12.9 ZZ=RKFRY

ZHRERRINERICEALTIE. REIZLAESNTVWSDIENRY ML
HZE)E (VAR:Vector AutoRegressive)E 7 )L Tdh b,

Y, ¥ Y, Y. Y

t_p,... t’..., t+p,..., n

EFHE VARETIVFRDELSICER=ND

Y =AY + ¢+ *+AY_ +E

t p t-p 4



YR B E R T — 4 USeconomicZ B L\ - R 1T

Seconomic)
:2])

v(tseries) ;data (U

y

librar

-
|

>

-

> USe.d<-diff (USeconomic][,

=c(1,2))
(USe.d) [

2),col

-

o
coilnaames

r

y

> ts.plot (USe.d, 1t

r

] ,colnames (USe.d) [2]

-

legend(locatoxr(1l),c(

-

>

1960 1965 1970 1975 1980 1985

1955

Time



> acf (USe.d,na.action=na.pass)

>

ACF

ACF

02 04 06 08 10

0.2

02 04 06 08 1.0

0.2

log(M1)
| 'H‘I‘I‘i‘,‘f.",""‘]‘[ ]
T T T T —
0 1 2 3 4
Lag
log(GNP) & log(M1)
------------------ atl
TTTTTT T
— T T T T T
4 3 -2 1 0
Lag
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0.2

02 04 06 08 10

0.2

log(M1) & log(GNP)
[ 1
T | | | T | T I I I |
T T T
0 1 2 3 4
Lag
log(GNP)
™ [ TTT 71 7
T T T
0 1 2 3 4
Lag

BoHEE Ay ~



> ccf(USe.d[,1],USe.d[,2] ,main="d.log(M1) & d.log(GNP)")
> (USe.ar<-ar (USe.d,order.max=2,aic=F))

d.log(M1) & d.log(GNP)
N
(]
«@ ]
o
N
o
L
(O
< o 7]
= I H I‘I
2 |‘I‘II |H| H‘H
S_
I I I | |
4 2 0 2 4
Lag

HEMEEZOY &



> (USe.ar<-ar (USe.d,order.max=2,aic=F))

Call:
ar(x = USe.d, aic = F, order.max = 2)

Sar
r r 1

log(M1l) log (GNP)
log (M1) 0.5446 -0.1888
log(GNP) 0.1981 0.1295

r r 2

log(M1l) log(GNP)
log (M1) 0.1231 0.04513
log(GNP) 0.1371 0.07110

Svar.pred

log(M1l) log(GNP)
log(M1l) 1.063e-04 1.506e-05
log (GNP) 1.506e-05 8.494e-05



log(M1)

log(GNP)
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12.10 H A ABEFRY

AREAICEE T 2RRINT —F 2 IRRLICENIT HZFEELT X
7 ABERICED W AED B B,

RICIE. WARBFRIBITDIZHDINY T —JtseriesChaosh dd 5

53R 51 7 — Y rossler.ts %z B8 ¥emded %= FH WL\ T3RITICIE 5HIA H
(embedding),3 R TTZEE Z KR I 5,

DIy - — UtseriesChaos & A OVO—RT 3

> install.packages("tseriesChaos"); library(tseriesChaos);
> install.packages("scatterplot3d"); library(scatterplot3d)



> library(scatterplot3d)
> recurr(lorenz.ts, m=3, d=0,start.time=10,end.time=15)
> |
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V1/16
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&
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BHAHIRITTIE Y b



> recurr(lorenz.ts, m=3, d=0,start.time=10,end.time=15)
> |

Recurrence plot

5 1.0
4 08
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(<]
E
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