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> data(AirPassengers)
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> AP <- AirPassengers
> plot(AP, ylab = "Passengers (1000’s)")
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> x <— AirPassengers
> y <— window(x, 1950, 1951)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1950 115 126 141 135 125 149 170 170 158 133 114 140
1951 145

S g 5 e & sl St sl 22l S8 Sl 5l s s, dualy S

> x <— AirPassengers
> y <— window(x, 1950, ¢(1951,0))

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1950 115 126 141 135 125 149 170 170 158 133 114 140
S ang il a b

> x <— AirPassengers
> y <— window(x, ¢(1950,2), ¢(1951,3))
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1950 126 141 135 125 149 170 170 158 133 114 140
1951 145 150 178

)5 b S aSang o salale Sl e 4 5]

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12
3.59 220 453 7.01 1045 43.86 59.97 92.29 47.00 19.16 1245 8.84
9.60 19.12 21.93 24.20 25.22 42.28 37.32 1411 6.75 440 2.62 2.82
3.13 397 17.52 11.77 9.65 1826 72.26 32.45 12.09 5.12 3.03 246
276 417 6.71 10.57  9.87 7.58 1545 2985 425 1.74 1.12 1.04
1.22 281 6.25 9.07 2812 20.00 36.48 45.32 1219 298 285 2.19
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> x <— matrix(scan("F:/R_files/data/ghar.txt"), ncol=12, byrow=T)
>y <-t(x)

> y <- matrix(y,ncol=1, byrow=T)

> ts.plot(y)

> x <— read.table("F:/R_files/data/ghar.txt")
> y <— as.matrix(y)

>y <-t(x)

> y <- matrix(y, ncol=1, byrow=T)

> ts.plot(y)
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> "http://www.massey.ac.nz/~pscowper/ts/cbe.dat"
> CBE <- read.table(www, header = T)
CBE[1:4, ]

el 5 Sygoa L slasS e



www.NoavaranGermi.ir giils Jlod = 0,5 ol yelg5 ol

AR (&)J\;d"nﬂy ¥

choc beer elec
1 1451 96.3 1497
2 2037 84.4 1463
3 2477 91.2 1648
4 2785 81.9 1595
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> "http://www.massey.ac.nz/~pscowper/ts/cbe.dat"
> CBE <- read.table(www, header = T)

> Elec.ts <- ts(CBE][, 3], start = 1958, freq = 12)

> Beer.ts <- ts(CBE][, 2|, start = 1958, freq = 12)

> Choc.ts <- ts(CBE][, 1], start = 1958, freq = 12)
> plot(cbind(Elec.ts, Beer.ts, Choc.ts))
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cbind(Elec.ts, Beer.ts, Choc.ts)
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1. trend 2. seasonal variation



www.NoavaranGermi.ir giils Jlod = 0,5 ol yelg5 ol

0 s, ) Jab

ed Olpetd 5 Ly, TN

bl 5 Ty ol T i Sl 55 &8 dndn sy ]y 5 801 5 6 Loy e o
(Sl syl has Slos Jlo a o SILLSS UL Jba s ojlae ol 5o ]y s sl
o sy J niesle iy 8 Ny st (5l5 &)y & Sl g s Sltgn Dbk
A el a2 558 s ol aggregate() gbjl eslial LR s 6 el 55 0 5l Sl bl 4 sbale
jleisn gara esls 51 o sl | Jead cycle() @by 355 o i boxplot() wb Lug i
> data(AirPassengers)

> AP <- AirPassengers

> layout(1:2)

> plot(aggregate(AP))
> boxplot(AP ~ cycle(AP))
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> www <- "http://www.massey.ac.nz/ pscowper/ts/Maine.dat"
> Maine.month <- read.table(www, header = TRUE)

3. outliers
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> Maine.month.ts <- ts(unemploy, start = c(1996, 1), freq = 12)
> Maine.annual.ts <— aggregate(Maine.month.ts)/12

> layout(1:2)

> plot(Maine.month.ts, ylab = "unemployed (%)")

> plot(Maine.annual.ts, ylab = "unemployed (%)")
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Cov(x,y)
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6. stationary  7.lag 8. Autocorrelation 9. Serial correlation
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> lag.plot(LakeHuron, lag=4, labels=F, do.lines=F, diag.col = "red")
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acf(x, lag.max=NULL, type=c("correlation","covariance","partial"), plot=TRUE)
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> www <— "http://www.massey.ac.nz/~pscowper/ts/wave.dat"
> wave.dat <- read.table (www, header=T)

> par(mfrow=c(2,1), mar=c(2,4,2,2))

> plot(ts(waveht), ylab = 'wave height (mm)’)

> acf(waveht, main="")
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> acf(waveht)$acf[2]
[1] 0.4702564

Dol oo dils 5 Opgon il k=15 (il Sl als sl K

> acf(waveht, type = c("covariance"))$acf[2]
[1] 33328.39
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> data(AirPassengers)

> AP <- AirPassengers

> AP.decom <- decompose(AP, "multiplicative")
> plot(ts(AP.decom$random[7:138]))

> acf(AP.decom$random|7:138])
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> AP <- AirPassengers

> AP.decom <- decompose(AP, "multiplicative")
> sd(AP[7:138))

[1] 109.4187

> sd(AP[7:138] - AP.decom$trend|[7:138])

[1] 41.11491

> sd(AP.decom$random|7:138])

1] 0.0333884
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> set.seed(1)

> w <- rnorm(100)
> plot.ts(w, type = "1")

Db 3 &S e gpiy il GLSs ilaact Gl a gt b S el T sl setuseed() gt
o 2b100 Cilime sl b 358 Sl mb cal ST Ll 538 a bl 5laSs a2 100 asby (bl
el \=Y S YL S (sl w135 8 s Jols i

JLSTE SRR P9 adp ol F-N-Y

S5l 1 bl il 07 sl ly i Sl csbls  Smnnly {101} Sy & 330 e S

o? k=0
v(k) =
0 k#0

L)
Cov(wy, weyr) = El(wy — p)(wrn — )]

2. Discrete white noise 3. Simulation 4. Synthetic
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> set.seed(2)
> acf(rnorm(100))

35 55y mU R,y adl )l ;.s);,jﬁ S 7J:.'>L"J.s S el Y=Y JS2 L L;l.ang sl ams
ol ARMARCE() b cpl 2S00 mline (55 &gty |y i &85 Sy 7 (Sand g b &
AS g pj Jla 4 35e e DlOL() £6 L Ol5se b 26 ol Jol>

> wn <- ARMAacf(ar=0, ma=0, lag.max=20)
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> plot(wn, type="h’)
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5. Random walk 6. Back substitution
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7. Backward shift operator
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> set.seed(2)
> x <— w <- rnorm(1000)

8. Difference operator



www.NoavaranGermi.ir giils Jlod = 0,5 ol yelg5 ol

AR «Lj;ﬁ;)Jﬁcsjﬁﬁ}A Yy

> for (t in 2:1000) x[t] <-x[t - 1] + w]t]
> plot(x, type = "1")

O.}J‘r@ for aa> .ijfua Y] SYOR LM&) GBS oo Cnd Wy ) ds 858 (S 5wd (sl

ol ol s a8 sga slml LSL ) Sl 00508 sl (l5 o <l S e sl | Sola
..X.:»b ot oaliu]

> set.seed(2) # so you can reproduce the results

> v <—rnorm(1000) # v contains 1000 iid N(0,1) variates

> x <— cumsum(Vv) # x is a random walk
> plot(x, type = "1")
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PR slnlin O0-Y S )5 e .ssjfu,a Lol g o sbasl y anlsl s i (sjlwacs

> acf(x)

.ijfua s 235 sLo3s w a Jdd Joli S s ol O-‘)f@‘-&: b= )’L.e &S jsbylea

(J..al.e;;\l&c Jhel Gl .l Golo 55 sl (sjlwacd (s 3,90 53 0 il Cllas oS s b oS

F-Y IS )0 amS e 358 0 Ll g pses G Gbasly aalsl )y ol g0 R s diff() et
.J‘,~ijra odalia

> acf(diff(x))
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Silwans (5w iy o )1 a8, 5b pen ulols s Liel LB %D (oI5 cma CL.U; S5yl 345
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> polyroot(c(-2,1,1))
[1] 1-0i -2+0i

Sl ke bady ) glhs ;8

> Mod(polyroot(c(-2,1,1)))
[1] 12

ol Je

> polyroot(c(1,0,1/4))
[1] 0+2i 0-2i

Sl as,be bady ) glha ;58

> Mod(polyroot(c(1,0,1/4)))
1] 22

AR(1) Juo o35 43y gl T=¥=Y
ol 5 Sypots AR(1) Ji i sanlice N3 S, b ylen
Ty = QT + Wy
Sl Hlas plgse Al 07 Guibly 5 sio oSSk b i 5 {10} ol 5o S

pe =0
Y = aro?/(1 — a?)

S iy ol ol <1 als pbal Loy B Shee 5l oslinl |
(1 —aB)x, = w,
g0 dalme | 2 015 0 055
2= (1 —aB) tw,

o
) :
=witaw 1w 9+ = E o' wy_;
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AR(L) wlp 0 Swar  F-¥-Y
28 s il 2 b sl lsSsl oS cnl G (Sians g 06 alos sl

pp=0a"  (k>0)
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> plot(0:10, rho(0:10, -0.7), type = "b", xlab="lag k")
> rho <- function(k, alpha) alpha~k

> par(mfrow=c(2,1), mar=c(4,4,2,4))

> plot(0:10, rho(0:10, 0.7), type = "b", xlab="lag k",

+ ylab=expression(r[k|), main=expression(alpha==0.7))
> plot(0:10, rho(0:10, -0.7), type = "b", xlab="1lag k",
+ ylab=expression(r[k|), main=expression(alpha==-0.7))
> abline(h=0, lty=2)

VS Sty G O-T-Y

b bz 31 e s i Gl b, pls ol b Stans i polis o il doles ol
St 1 4 ol (S Sl 555 i b5 (g Stz o b ail 22l (Socy w0
sy sl io k> 10l ly AR(1) (i (Sonsgs b Jin sl 35,5 Gl S 856 L
ool AR(K) Jio 5L J35ln curd gealh b by b b s (5 (Semens e pb (IS Sl o
Sty b 80 Seamd alpl o by b > p bl & ak sl AR(D) 2218 55 o
5 4elme sl pact() oo (mUR s 3,5 )15 e3lial 350 Sl5 e AR 15 a0 0ot Glr 22

33 39y s Newed g 6[‘3 (s

9. Partial autocorrelation function
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lag k

a=0.7,-0.7 ¢l AR(1) il K Scaner Sl Y=Y S
Cilwaws £V

2P e M>ﬁ> B M%’ @'}U '\Jﬁ 5okt sileart 5 Ojon R s AR(1) Jo
MJ);J@QMJJ k> 1 sl sl 48 e daadl oS 5b s .ijfua e A=Y Jse
318 35mmy (5yls S ‘_;C,W.QA s

“3b iilp sbdae V=YY
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G lp xoar L‘,}:M‘,fjﬂ Joe o slass s ’\‘L‘u“ ovile lesls  ar() 6[‘; .E.w}? R ,s> AR(p) J+
S oalizal b 5TV i bl & bon il o ool bl 5 %95 ekl b L o csjlutent
S gl xar$asy.var

> set.seed(1)

> x <-w <- rnorm(100)

> for (tin 2:100) x[t] <- 0.7 * x[t - 1] + w[t]
> x.ar <- ar(x, method = "mle")

> x.ar$order

Joe 4,

1] 1

> x.ar$ar

Je bl

10. asymtotic
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[1] 0.6009459

> x.ar$ar + c(-2, 2) * sqrt(x.ar$asy.var)
Jaa bl plabl o5t

[1] 0.4404031 0.7614886

bl el sl ety 21 b el e eslizal iS55 (3l 205 55 S Vmle i)
aayls aelona sl Jou bl Jiloe S0l oS 505 o il TAIC aals lils 4 by e p e
ol 5 O jgmts 00 wiS

AIC = -2 x log-likelihood + 2 x number of parameters

ey 450 A oS & 1S a4 a il Gl o AIC o 5SS Je () gboe
S 1 58 S oSl ey & = 0.6 4Ly AR(L) oo bl 350 290 2bsb L p =1 m Jo

3,05 gy e cpl 51 3ll 5 358 o Je bl lais Juls %95 plabl o5l Ll ol @ = 0.7
aob il AR Jae : Sl sbos e 4-F-Y

lesl ol e 235 b ool @l 5151 2l oS sas o gl | Las %y, 2b31 1970 Jlo 5l o)
G b lesl ol 5l ol canl sai Gl sl spny 6 Jl Sl oab slooili 3y, &S 5 e

11. Maximum likelihood estimation  12. Akaike Information Criterion



www.NoavaranGermi.ir giils Jlod = 0,5 ol yelg5 ol

" ab sl b Y Jad

903 o3| e 6|§J'| S ol o9 05505 siled e |y Ky, ailie Col Sean resls
S amg Yl los sy el w al U35 AR e 4

> www <— "http://www.massey.ac.nz/ pscowper/ts/global.dat"

> Global <— scan(www)

> Global.ts <— ts(Global, st = c(1856, 1), end = ¢(2005, 12), fr = 12)
> Global.ar <— ar(aggregate(Global.ts, FUN = mean), method = "mle")
> mean(aggregate(Global.ts, FUN = mean))

[1] -0.1382628

> Global.ar$order

[1] 4

> Global.ar$ar

[1] 0.58762026 0.01260253 0.11116731 0.26763656

> acf(Global.ar$res|-(1:Global.ar$order)|, lag = 50, main="")

0.4 0.6 0.8 1.0
| |

ACF

0.2
|

0.0

Lag

osslesl 0 Saer G2l A=Y S
J:.;-L"J.s Th s o a1y a0 e Ol | dte @85 (g S osilel (4 J&Z)J&M
ey oo A el mesls  AR(4) Joe 35l 15,0 18 bkl o5l 5 gl 4k 27
o3l Cewsey b Jae sl bl 5 ¥l Lasie slos oSl ,luin o ] 6ol b 4 a5 b 5]
Cadg plg s ol

£y = —0.14+0.59(24—1+0.14)4+0.013(24—»+0.14)+0.11(2;_3+0.15)4+0.27(2—4+0.15)
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Cov(we, ) gmblssS s 35 ise Jabi 5 b by 1> €l il 5 0SSl S5 ol S 1S a5
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S xSl s \-Y
ol 5 5 MA(q) &olp \-N-Y

oz G op AT et 5 A 25 (5l e Sl x5S g a5, 51 (MA) Sme .5k 23
el 5 Oy Ol daly ail e b w5 S

Ty = W + Prwe—q + -+ Bywi—g

1. Strictly stationary
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E(x;) = E(wy + frwe—1 + - - + Bwi—y)
= E(we) + hE(we—1) + - + BB (wi—y)
=0
SR I PR (PR P
Var(x;) = Var(w; + Srwe—y + - - + Bywi—y)
= Var(w,) + A7 Var(w,—1) + -+ + 5 Var(wi—)
=ou(L+ B+ +5))

s eSSl 07 Sy ool bl o3 o5 ]
.¢w|ﬁjjy.ad.3/{:20t5|j‘_;c,w.s)56l3

.
1 E=0
q—k
2 BiBitk
p(k) = 1_0q ) = 17 4
B
1=0
0 k>q
\

J:.L,JAA}JJ;&;.“Q)hq-‘j.auxt_ljxtlﬁj@wlpjljetk>qL5|Ji.c,wlﬁozlg,TJ.HS
ol i gl il s S prizman 5 Sz
o g (ALl a3 b bl o $51 2015 o ] ol Gl ST 00 S kol b MA s
39d ol g Sypoa Slge v = (1= AB)wy skl L MA(L) sl Jta ¢l oy b

w; = (1 — BB)  ay = ay + Bay_y + oy + -

S oo plSen Lo bewl 3] < 1T, S
oy 5l 3855 Sea 0(B) slaty, Ghhas L35 ST el il 205 S MA(q) 3 (XS sbe

Ll

2. invertible
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> rho <- function(k, beta) {

+ q <-length(beta) - 1

+ if (k > q) ACF <- 0 else {

+ 51 <-0;82<-0

+ for (iin 1:(g-k+1)) sl <- s1 + beta[i] * beta[i+k]
+ for (iin 1:(q+1)) s2 <—s2 + betali]"2

+ ACF <-s1/s2}

+ ACF}

Sl sl s S ol dpmale b5 MA(Q) Sl (sl Stz g b Fb oS 5l elizal
Gl V=Y S8 S s 4 B3 = 0.2 5 5205 1 = 0.7 sl L MA(3)

> beta <-¢(1, 0.7, 0.5, 0.2)

> rho.k <-rep(1, 10)

> for (k in 1:10) rho.k[k] <- rho(k, beta)

> plot(0:10, c(1, rho.k), pch = 4, ylab = expression(rho[k]), xlab="1ag k")
> abline(0, 0)

1.0

Pk
0.6

0.4

0.2

0.0

lag k

MA(3) Jaa K Scmn (il V=Y IS
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Sl L3 ol o5l s g slie 351 i b, b sly 5 At Lo Sl gl oxe Sl bl

> set.seed(1)

> b <-¢(0.8, 0.6, 0.4)

> x <— w <- rnorm(1000)

> for (t in 4:1000) {

+ for (j in 1:3) x[t] <- x[t] + b[j] * w[t - j]

+}

> par(mfrow=c(2,1), mar=c(4,4,2,4))

> plot(x, type = "1", xlab="time t")

> acf(x, main="")

ACF

2
|

0
|

-4 -2

0 200 400 600 800 1000

time t

0.8
|

0.4

=T — 1 ——— e B D e e
T T T T T T T

0 5 10 15 20 25 30

Lag

O S St 5 MA(3) (siltnst 213 Gl YT JSs

ol (6,58 905 Sl 5l 26 S Sl s 39my S3je e Sl Sas o2 %5 I
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00 (Sjlwannd s & 4Bl Al Jho V=TT

LTl Joe 4w &S 315 3y arima() ob & oub R s ab G35l besls  Sl5 0 MA(q) J
LS oSl (B Oson 0l afet ar() gl SN a5l [,..L.., order=c(0,0,q)
~->->J§u-‘ 3ple Telia 5l gose dles 53 5 S o

Slay o gymmn o abl 35l sl arima() @b s on 35l 398 w2, SISy b oo sl bl
2k method=c("CSS”) LS & s 5 el 3jlupe Sl |, o

el bl 4 o el Sgo cal & MA(Q) 9203 5l 6l by Slas e gomms @S] o5
25 Coson B Sw Gisly 5 W bekilidl 358 o alo ) S sba basilil Olay e Sase

. . n n . . 2
S(ﬂlv .. '7/811) = Zw? - Z {xt - (/Blwtfl + -+ /qutfq)}
t=1 t=1
_)I ‘_g)abu.,a (‘_5.).4\.(; ‘_5‘}7.:*«} ..\;..’.'4[54..6..4 L;‘Jf')‘,‘ (Le.lTJIJS\J t}rzjb '(I]O, .. .,wt,qx{bu’a AS‘)TJ.: .L)f:.,a

Glabl Abse Gl el edd (ileand el & xma (S o Sila Jou 5 oS

Jole (coef f. £ 2s.e. of coef f. LJJm) 380 L3 %95 pleabl o5l 5 asky g 53 0l 50,
S5l oS o lowen e -l 028 o3l Wl 5 sjlaanss 5o S 39% 50 (0.8,0.6,0.4) slajualb olaw

38 ao byl pae ol sl 5l jo e Co) se
b > include. mean=FALSE obesS)T 51 el sl -sm V‘L"JMJ’IJ‘ oSl i Ol s
.cwl include.mean=TRUE 55 % cplsls 350 50 esliw arimal()

> set.seed(1)

> b <-¢(0.8, 0.6, 0.4)

> x <— w <- rnorm(1000)

> for (t in 4:1000) {

+ for (j in 1:3) x[t] <— x[t] + b[j] * w[t - j]
+1

> x.ma <- arima(x, order = c(0, 0, 3))

> X.ma

Call:

arima(x = x, order = c(0, 0, 3))

3. Intercept
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Coefficients:

mal ma2 ma3 intercept

0.7898 0.5665 0.3959 -0.0322
s.e. 0.0307 0.0351 0.0320 0.0898

sigma”2 estimated as 1.068: 1log likelihood = -1452.41, aic = 2914.83

ARMA ol 1 oS5 o Y=Y

x5 \-T-Y

ol 5 Syt P el e S50 L {0} (e A3 edmlin m S bl
Tt = QL1 + Qg+ + QL + Wy

MA 5 AR 0l & 28y o 5l e diws s Joo slajull by 5 diw 65 {w,} of )5
(ARMA) S 0:80ka 5o S50 205 Gl {20} s 3380 Joolo g oo 03958] o2
Sl Oy ol akl, Sgdse 035 il ARMA(pP,q) Ly el (D,q) 45,0 5l

Ty = Ty + Qaly_y + 0+ QT + Wy + frwi—y + fowi—g + - -+ Byw—g
g g JES| Sas Oppon bl b G56 aly ol s 65 {10y} T 3 S
‘gp(B)xt = ¢q(B)wt

ol axg 65,5 ARMA(D,q) 5,90 45 55 3)lse

b s 5l 58 0 laas,, el Gt 558 S|l bl 20T ()

el 2y 5l 8 ¢ laad ol Glas Sl pdiggly wls (¥

e ARMA(D,0) Joo jols cdls AR(D) Joa (Y

o ARMA(0,q) Jow ol el MA(q) Joa (¥

bl oy > it b UE ARMA Jin 5800 obsil (5l 55 bl Jilos (0
b s 4 AR Ly MA ladds 4 cos
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Sy B3 b ARMA(LL) Joe Jt sy it Jits o8 51 T L5 ey 50 S 435

Ty = axy_1 + w + fwe_q

b el dsles cd Var(wy) = 02 5 E(wy) o sboly 5 ooSlho ccnl s 5wy o] s o

A5 S 5 sl e WS 63505 S0 (s Ty ol
Ty = (1 — OéB)il(l + ﬂB)wt
ol g Do W dhl el BB Ly

2= (1+aB+a’B*+---)(1+ BB)w;
= (Z O/Bi> (1+ 6B)w,
1=0
_ <1 + Zai+1Bi+1 + ZaiﬂBi+1> w,
=0 1=0

o0

=w, + (a+ ) Z o't

1=0

by 5 ol B i) = 0 Wi olas sl & by vl o uby B(2) Sln A a4 a5 |

Var(x;) = Var

wy + (a+ ) Z ailwti]

=1

=0l +oi(a+B)(1+a?)t
Syl s am k>0 Gl i esblsSsl sl

Cov(zg, vk) = (a + B)a* o2 + (a + B)?o2at Z a2
i=0

= (a+ B)a ok + (a+ B)?oiak (1 — o)™
Dy o A P M:ﬁ- @l‘: uly
P = e/ = Cov(xy, xeyy)/ Var(ay)

_ " a+p)(1+ap)
1+ af+ (2
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Pk = pro1 98w pl5 e >l abil Sl
& ok ARMA b Y

ol s ilwans N-F-Y

¢(p,0,q) 45, L arimal() &b Lo slg s ARMA(D.q) Jdo 3505 5jlwacs R 5 arima.sim()

Sls il
Joe s 35250 il = 0.5 5 0 = —0.6 L ARMA(L,1) 1,]5 sl besls 5 sbaS o

S35 dg05 51 By a0 slagabl 3,5l <o)l & boles wboe o3l W ARMA(LL)
RCOWH I/ S P N PN

> set.seed(1)
> x <— arima.sim(n = 10000, list(ar = -0.6, ma = 0.5))
> coef(arima(x, order = c(1, 0, 1)))

arl mal intercept

-0.596966371 0.502703368 -0.006571345

b 7 VI

dbls 5 b Gl b5 75 e 2 ARMA(LL) 5 AR(1) MA(L) sladss op; oS )5
Y S il Besls sl (sl Jao ARMA(L1) sl 838 0 avslin o L LT AIC

5 ol S S sla Smns gz (s oS as o plis [, ARMA(LL) Jow sileosl K0 Scen
S e Il ]y Jaa cpl 5l eslial 5 s sins &5 L L

> www <— "http://www.massey.ac.nz/~pscowper/ts/pounds_nz.dat"
> x <- read.table(www, header = T)

> x.bs <—ts(x, st = 1991, fr = 4)

> x.ma <- arima(x.ts, order = ¢(0, 0, 1))
> x.ar <- arima(x.ts, order = c(1, 0, 0))

> x.arma <- arima(x.ts, order = ¢(1, 0, 1))
> AIC(x.ma)

[1] -3.526895

> AIC(x.ar)

[1] -37.40417

> AIC(x.arma)

[1] -42.27357

> X.arma
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Call:

arima(x = x.ts, order = c(1, 0, 1))

Coefficients:

arl mal intercept

0.892 0.532 2.960

s.e. 0.076 0.202 0.244

sigma”2 estimated as 0.0151: log likelihood = 25.1, aic = -42.3

> acf(resid(x.arma))

1.0

0.8
|

0.4

ACF

. 0.2

0.0

L5 75 e sl ARMA(L1) (e 05lel S50 Seon 171 IS0
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oo 0deal TARIMA lain) & oS ol T Sl by oo clns Jilis (50

SARIMA &) pmn b o olgion 5 3jleise bl ) of 5 el i oMo ol ARIMA 23
b by B Sl Sl Johos 55 shwsly ) head ARIMA (slaJoe ls ples

gl Jb Gl sl m s cdlan ] K8 0 8 msy soba ibyly bl lagsm 51 (o o
}""“JfJ}’I Jo s pm & o ilwdde sle 1o Sos) 51 (So 003 50 0Bl 58 (asl sl 5, 5 e
*GARCH Ll & ol 45l conss g5 2598 0 02ab TARCH oo jlainl & 5 el bl sl

.Syign c.f\:.AlJ

1. aggregated 2. integrated 3. AutoRegressive Integreted Moving Avrage 4. AutoRegressive
Conditional Heteroskedastic 5. Generalised AutoRegressive Conditional Heteroskedastic

74
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Sl e b S e Vi, = 0 — 2y = wy

Vo, =2 — 1 1 oKl i s i 5 slallaz | b By, S Sy = atbt+w aulp s
Sl R s arimal) o sls ol MA(L) b 5T ol & Gl bl e ol 215 S0
85 ol R iy g gy bl o el Lot 515, L sl a1 b ]
3l U bl iy b ARMA S gl pn ]38 n i i oSibs b Jslis s o
sl 35l d=0 5 include.mean=FALSE , arimal() &bl

Vi, =y =b+wi+we g plpls ol = a+ bt +w, S 48 (5,5 ARIMA Jsa b LUl s
2 MA(L) 81 s o sy w0 = 20+ 312, Ui bl e = Ve GosSonn o 8 5l sl b o
el lwand {@e} oibly cplols sl 1l wey v o b 3l {n) Joli Gl e
il als il s L e

S el 55 Wl b sl SISHL Sl

yr = Vi
=Ty — Ty_q
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=b+ w; +ws
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,ssjfwxoza)w|w0:05.,\:.&l{u|sdg-§
Sylise S L1 Sl g 2SNl b
= x1 + b+ we + fwi
=4 9+ b+ w1+ Pwi_s+ b+ we + Pwiq
=9+ 20+ w + (1 + Blwe 1 + Pwis

=213+ 3b+w + (1 + w1 + (1 + flwe_g + fwy_3

t
=zo+bt+w +(1+5)> w
=1

S RN WO
Var(z,) = o2 {1+ (1 + 3)*(t — 1)}

oy ol Sy el 3 822k B = —1 48 ol S bliign il 55 Ly £l Sl L oS
W e

B slaesls i sl 2,80 o diff g R s Jolis oyl s ol s S, bylen

S iy e (N=F JS2) logmi a5 bS8 s s | ay 5SUT 5 by e ac

Jl ols (e 53 55 598 o0 sdalin S bpln das e ol | )80 Jols (s 5 Aol
.:ﬁwﬁ&ﬁs By, ailge 0 £iS

> www <— "http://www.massey.ac.nz/~pscowper/ts/cbe.dat"

> CBE <- read.table(www, he = T)

> Elec.ts <— ts(CBE]|, 3], start = 1958, freq = 12)

> par(mfrow=c(3,1), mar=c(4,4,2,4))

> plot(Elec.ts)

> plot(diff(Elec.ts))
> plot(diff(log(Elec.ts)))

Pkl Jao  Y-\-F
by S d e il Joa |y o oKl 38 {wi} s 5 Jolis geald Sl gy {20} s S
S I3l s gy JGS) Shoe B ol 55 S canl V4= (1= B)? o s 2598 00 o3l L3 1(d)
Sl d a1 il {,}

(1 — B)d = Wy
Jl plsea ctls 553k a5 b diff() 26 pl5 e ol T(1) pols s sl 03508 sl

olse 25 @bl s 68 ol ol S5 L diff(x, d=2) b, diff(diff(x)) Jol by el
6. Integrated model
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ol sl Syl 5 Doty ol e S paita | J5ls b slgpe S Sl 35 lag
widje diff(x, lag=12) Jta csly 358 rem Jda 3 had Ohait allie Gl o Silg o olasS)
Sl Gl S Lrol s il o Gl Slals lags o | e Jdo has s Sl b )
O] 58 s 1S a0 = 0y — Vg S ol 155 sl aal 2l plgllag 5 d pLST 55 o

Ll & g0 diff() gboe

> w <- diff(v, lag=2, d=1)

blls y o Yo\-f

slp & Jois {2} g J2ls omld ST el ARIMA(p.diq) 3205 6bls {2} Sl m
o Sl osS| .l 0,(B)y = dg(B)w; &K1 il 3 = (1 — B)a; 81 .55,8 ARMA(p,q)

oS 398 p0 amS S )13 Ty eita Yy
0,(B)(1 — B)x; = ¢y(B)w;

ARIMA (sl g 5l Jtu s @ 95812208 Q5 D 4 Sl i @ plagslehen 2 0y 5 0, 0T 5 S
oS a5
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Ty — Tp1 = Wt + /Bwt,1 = (1 — B)I’t = (1 —+ ﬂB)wt

S eSibe Sl Jho T 4 5 sl ARIMA(0,1,1) &gy {0} 5 iteslin b bl
ARIMA(0,d,q)=IMA(d,q) JS el 55 59850 03l lzs IMA(L1) &g oS 2 S
ol

Z

Shee O 551 el Jo b a ol Sa=awe 1 +T 1 — arp g+ w Sl e

Ty — Ty — Qy + a9 = wy = (1 — B)(1 —aB)x, = wy

S Sl 3 g e o3l Gl ARI(L1) &gt o do 8 il g S50 Joo o &
¢l ARI(p,d)=ARIMA (p,d,0)

Hilp s ilwass F=\-Y

e €(D,da) b Joe asse S b S5l R s arima() mb b esls » ARIMA(p,d,q) &[5
(_5)[.««4.:..\..: Ty = 0.5.%',5,1 + X1+ Wy +0.3wt,1 4 .L}gja g_;LAab'b 2 L;wa\gjb Jt.o (_5'4.; .bbjfu.o
Sgdsn o3l G5l LT ARIMA(LLL) Jda G 5 043

> set.seed(1)

> x <— w <- rnorm(1000)

> for (iin 3:1000) x[i] <- 0.5 = x[i- 1] + x[i- 1] - 0.5
+ x[i- 2] + w[i] + 0.3 * w[i - 1]

> arima(x, order = c(1, 1, 1))

Call:
arima(x = x, order = c(1, 1, 1))

Coeflicients:
arl mal
0.4235 0.3308
s.e. 0.0433 0.0450
sigma”2 estimated as 1.067: log likelihood = -1450.13, aic = 2906.26
,ls rl; arima.sim() 6[3 ool s e rl;;l| 1, 3L .,\)SOLQJ& S8 S 5l 552 L5|A3l>9t56l3 R > «JI
Gl 5 D)oty 0l iluand (s §5S]

> x <-— arima.sim(model = list(order = ¢(1, 1, 1), ar = 0.5,
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+ ma = 0.3), n = 1000)
> arima(x, order = ¢(1, 1, 1))

Call:
arima(x = x, order = ¢(1, 1, 1))

Coefficients:
arl mal
0.5567 0.2502
s.e. 0.0372 0.0437

sigma”2 estimated as 1.079: log likelihood = -1457.45, aic = 2920.91

Shas ARIMA lajs  ¥-f
s \-Y-f

oo sheas Sl 16 2 a o3l (8) Josth o515] 4 (5,06 b Joolis 5| ARIMA i Joe
oSl dhex iy Jsli s by w8 Gl |y 5y, ailie Jols Shes oy b L ss S Gl
Joe dibo 5 b b Sote ke 5 s S5l SMam Juld ARIMA s Jie .l St

G5 25 gt sy JESI Shes o 0l5s b ARIMA(p, d, q)(P, D, Q) b

Op(B*)0,(B)(1 — B°)°(1 - B) 'z, = @ (B*)¢y(B)w,

e A s w5 Q p P oadie 5l Shdkes w35 4 0y 5 P b, Op ol 5 S
Glalar 2o M) aminiio dslas glaay, Glas ,03 s D =d = 0 31 Ll .ol bl Jou
s Joe Jl 2 g 05S] g el bl o&T sl sy 5l 85 (Ses (3] sl g G0

S 4= 5 ARIMA
T = g + W &y pon S ARIMA(0,0,0)(1,0,0)15 12 Aas osls b AR esle Jua @
Jl ole gy @38 Jlu ol &S 5T ) Ly e ol canlis slale slaosls sly (Jow o .

2l a2 > 1 81 el ol Joe ool il 138 51 )l

sl Lol b oy = @ 4 ami — ammis + W Oypon Glse YL AL S o
Al oo awss ©1(B?)(1— B)ay = wi b 5 (1 — aBR2)(1 — B)ay, = wy aal, ,8,556
g e Jols ARIMA(0,1,0)(1,0,0)12 205 o Aas ARIMA JS abaf, b acolin L oS
as pl @ amg bocls Olgse 58 Var = aViain +wp Opon [ Jda ol S 0S5 ang
ol Ll Joa gl o3)ls 22238 Jla s (ol om) ooy Lot 5o Loid a0 (S £ 5Ly 3 ok oS
b B =12, ghb Sewl (1 - B) der Jald e G)b ltles iz 5
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S Sl Do oSl 315 525 S k) o o 33,8 Jlesl Jolis > Sy b STs |
338 (S s 5 Oy
Joe S &)y S 55 5 (s Sl 5 Sl ) 0,5 S 4l b Sl o o Jla e
S a5 3l 35y re
= a+ bt + sy + wy
S a5 4 Lb L Lol oyl @ 05T sy = Sy ey 83 m 0l b 4t sl [1] oS

(1 — B4).Tt =Tt — Tt—4
=a+ bt — (at + b(t — 4)) + Sit] — S[t—4] + Wy — Wy

= 4b+wt — Wt—4

sl & 928 (25 ST 35w o 4b ol ales b ARIMA(0,0,0)(0,1,1) &5 |y o pl5 e &
oKl 58 Jloel 4,56 L Jolis 5 s Sy b b Jos s a5,

(1 — B4)(1 — B)xt = (1 — B4)(b + S[ — S[t—1] T Wy — wt,l)

=W — W1 — W g+ W5

el e liie 336 S ey ARIMA(0,1,1)(0,1,1)4 &y | of 05 o0 S

Slg 4ay  V-Y-Y
oelels adl OMem 5l nS5  sdsie bbb Jold K5 o 058l &) poas o Jems ARIMA (sla Jos
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5 &y 05l 5 Staan sl it a2 €55l 25l ko Jio 38 eolit] AIC dyls

| Sl
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> www <- "http://www.massey.ac.nz/ ~pscowper/ts/cbe.dat"
> CBE <- read.table(www, he = T)

> Elec.ts <— ts(CBE|, 3], start = 1958, freq = 12)

> AIC (arima(log(Elec.ts), order = ¢(1,1,0),

+ seas = list(order = ¢(1,0,0), 12)))

[1] -1764.741

> AIC (arima(log(Elec.ts), order = ¢(0,1,1),

+ seas = list(order = ¢(0,0,1), 12)))

1] -1361.586

&b ol cnl )3 g sl 058 o0 enlin] Ls 5 el ol Joo 5L 5 s auls S8 ly
Gy 5 35 ool as s ) el Jia AIC il il 4 b et gl | oSS
S amg 5 oS 4 0S| sl @, S5 das e Gl g sl €SS

> www <— "http://www.massey.ac.nz/~pscowper/ts/cbe.dat"
> CBE <- read.table(www, he = T)

> Elec.ts <— ts(CBE]|, 3], start = 1958, freq = 12)

> get.best.arima <- function(x.ts, maxord = ¢(1,1,1,1,1,1))
+{

+ best.aic <— 1e8

+ n <- length(x.ts)

+ for (p in O0:maxord[1]) for(d in 0:maxord[2]) for(q in 0:maxord|[3])
+ for (P in 0:maxord[4]) for(D in 0:maxord[5]) for(Q in 0:maxord|[6])
+{

+ fit <- arima(x.ts, order = c(p,d,q),

+ seas = list(order = ¢(P,D,Q),

+ frequency(x.ts)), method = "CSS")

+ fit.aic <- -2 « fit$loglik + (log(n) + 1) * length(fit$coef)

+ if (fit.aic < best.aic)

+{

+ best.aic <— fit.aic

+ best.fit <— fit

+ best.model <- ¢(p,d,q,P,D,Q)

+}

+}

+ list(best.aic, best.fit, best.model)

+}

> best.arima.elec <— get.best.arima( log(Elec.ts),

+ maxord = ¢(2,2,2,2,2,2))

> best.fit.elec <- best.arima.elec[[2]]

> acf( resid(best.fit.elec) )

> best.arima.elec [[3]]

11011202
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> ts.plot( cbind( window(Elec.ts,start = 1981),
+ exp(predict(best.fit.elec,12)$pred) ), Ity = 1:2)
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> library(MASS)

> data(SP500)

> par(mfrow=c(2,1), mar=c(4,4,2,4)) > plot(SP500, type = 1)
> acf(SP500, main="")

Lo e olas | bl sls ol oSS s cams o plis |y s a8 Sl Sloj gm =Y JS2
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library(MASS)
data(SP500)
acf((SP500 - mean(SP500))"2)
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> set.seed(1)

> alpha0 <- 0.1

> alphal <- 0.4

> betal <-0.2

> w <- rnorm(10000)

> a <- rep(0, 10000)

> h <- rep(0, 10000)

> for (iin 2:10000) {

+ h[i] <- alphaO + alphal = (afi - 1]°2) + betal * hli -1]
+ ali] <— wli] * sqrt(hli])

+}

> par(mfrow=c(2,1), mar=c(4,4,2,4))
> acf(a)

> acf(a”2, main="")
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> set.seed(1)

> alpha0 <- 0.1

> alphal <- 0.4

> betal <- 0.2

> w <- rnorm(10000)

> a <- rep(0, 10000)

> h <- rep(0, 10000)

> for (iin 2:10000) {

+ h[i] <- alphaO + alphal * (afi - 1]°2) + betal * h[i -1]
+ ali] <— wli] * sqrt(hli])

+}

> library(tseries)

> library(quadprog)

> library(zoo)

> a.garch <- garch(a, grad = "numerical", trace = FALSE)
> confint(a.garch)

3380 Jolo 5 @l W oS el L

259% 97.5 %
a0 0.0882393 0.1092903
al 0.3307897 0.4023932
bl 0.1928344 0.2954660

gty ) @338 Slabus Jobe 5 a0 cawsty |, Sl adls trace=F yLS)T Jbs s

B oo S |y )l ode By, grad="numerical” olS)T S ol e
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> stemp <- scan("http://www.massey.ac.nz/~pscowper/ts/stemp.dat")
> stemp.ts <— ts(stemp, start = 1850, freq = 12)

> plot(stemp.ts)

> stemp.best <— get.best.arima(stemp.ts, maxord = rep(2,6))

> stemp.best[[3]]
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> stemp.arima <- arima(stemp.ts, order = ¢(1,1,2),
+ seas = list(order = ¢(2,0,1), 12))
> t( confint(stemp.arima) )

arl mal ma2 sarl sar2 smal

2.5 % 0.8317389 -1.447400 0.3256699 0.8576802 -0.02501886 -0.9690530

975 % 0.9127947 -1.312553 0.4530474 1.0041394 0.07413434 -0.8507036
Db 13dma 5 oS L Jie 10 )55 Sio b gl sime nlis sa12 w AR Ash aille ass
~-\3L3.u-°

> stemp.arima <- arima(stemp.ts, order = ¢(1,1,2),
+ seas = list(order = ¢(1,0,1), 12))
> t( confint(stemp.arima) )

arl mal ma2 sarl smal
2.5 % 0.8304007 -1.445057 0.3242728 0.9243495 -0.9694897
975 % 0.9108115 -1.311246 0.4508999 0.9956639 -0.8679223

bl 00 o A= 2,5 ARIMA i slrosilail )5 Stan (351 2556 S8 sl
J}JL‘;A A.E.@-)Ltﬁ' JS\JLJJJ:; Ll&a)ul.o.:.al.» C;JAJ&‘_;\ZW.QA )2 sta

> stemp.res <- resid(stemp.arima)

> par(mfrow=c(2,1), mar=c(4,4,2,4))
> acf(stemp.res)

> acf(stemp.res”2, main="")

Abise O3l Beslesl om n GARCH Juo culsly )05 5955 )bl oS el 025, Sals
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