Date: Tuesday, NONEMLRY 6, 20I8

ReCae:

AN AR(P) nodel S Stationary ice AWNCE) = NACO).

L Thij (9 Satiseied & e 10705 ot te AR Jenerating
Cunctivn 1ie outside +M€ und Circlke in 4o Comelex

Plane.
W Twis i catled twe “Stationafity Condidton” Lor AR Madel(s.

* AD MACE) Model (S Only usetut it i Can be tepresented
as an \nginite ovder AR model (HMA(Q) = ARCN)).

L TS (5 SatiSpied \¢¢ ¥e 1erpS OC 0 MA genecating
funCtion \te out§ide dwe Unit Cifcle in 4ne Com Plox Plane,

w TWS (S Called e “ Invertibility Comdiétom™ €or NA modelS,

ARMA (¢,1) MOJEIS

‘;\lt's i3 an AUOTEYYESSNE moving average Process oF order ¢ awid
'
Nez Qe v Qattg b4 Qoe-p £ E 40k 4 -~ £ O3 E¢g

where &6} v Wi (0,02) and the Ps ang ©'5 are costants 4o
be esrimated.

The ™odel caw alsO b Stated in YYm§ ot \AS 9eagra+ing Funcrions

al LollowS:
Ne-QuNe-1i- Oavt-2- - plt-p = & *0Se it -t 9P Eig

(- Oi® -0a82 - .. -PpeP)Nt = (\toR+ .- +O8Y) &
@)t = O 4



where B(3)=1-0iz--..-gpa® IS +he genera€ing 4umchion tof
e AR ComPoment,

and ©(2) = WwB.2 +.-+gp2f (S 4ve Jeneroting Lunction €or

WMe MA combonent.
@Wm&:

AN ARKA (P,2) Model (S ot Neessqeily Statignary, out
we'd \{KR it {0 Be So that wWE Con Make Mode\ Stakiodarity
Liwme series,

« AN aeun (7,4) model (S Nox necessarily inversble, ux
we'd \1ke i+ Yo he 50 twat ¢ can be weitten exclusively
0% O Lunckow OF its owm Wistory,

AN ARMA (P,Q) IS Siationary itf ¥} AR (omPonpnt 3
Stationaf 9.

L we check s by deterwmining whety ive AR generating
tunction B(2) Sakisgies the Stationarity condihrons.

AN ARMACP, 3) 8 InvRriple (RE it HA ComPonent 1
\viversib\R .

b we chetk Wi by defermining whether Mg Nk ge rerpting
Cumttion O(2) SahStie) e MRTIREGILIKY conditvon],

%W'mm communllp.

ARCP) = ARMA (P,0)
© MA(Q) = ALMA (0,9)

Pmdﬁ‘as e\etkion 19 detimimed b4 selecting aeproplone Ofders
an 2

Wb we Conuse ACF and PACE P05 +o NelP wiv wis,
What We exfect Y0 yee on ete Plots is ‘e (ollowing:

« ACF: 9 Significont SPIKeS + exconentiol decaw.
PACE : O Signicint SPikes + exeowmential decay.



&

EXOMPLE:  Syed ~ ArHa(y,2)

Ytz QuiNe-r & X ©,Fe-t ¢ O3 Eeoq

WSiNG back Swity OPETOXOr NotghioN, Sind IME Jenerating Cunchons
and exPrel s Haiy felatioAswip in +ewm) of thewn,

NE- BiNE-1 = §4 4 8% + 02 E¢-2
NV (-ged = SE(1+0.8 4+ ©a 2)
BN = ©O(8)\¢

whee O@) =\ -2
O = +D1T £+ 097

EXOMPIE®  9\¢} ~ ARmA(2,2)

Ntz Mé-1 + 0.5 te2 + Te + 0.2284-140.7 €&y
LS 14t} Starionary ond/or invertbie ?

Nt -N¢- - 0.GNt-2 =

(1-85-0.58™NL = (\1+0.2% +0-98%) &t

BN = O(8)v¢

wweve OR) = 1-2 -0532
e(2) = 1 £0.22 +0:3 22

CEt0.L8ta +0Y £4q



* P=o0 &g 2= -0t VP -40D) |
2(-0.5)

215 ~2.3% ond 2= 0.3
\2lz 233 oqd  [l= 033

S 2y \eS inSide e unit Circie ond So
e ARMA(2,2) ™Model (S not Statiovary .

* D()=0 isg 22 =(02)t V(o) -4(bHW)'
2(0.3)

T =0.1% {2.3¢

1Y

= -02% J130 L

%l = '0!"""qu(" GM 9= ~0. 14+ 1.\q ¢

1210 = NCoya(-1.14)2 = |2,] = 1.198

ThuS %= (22l 71, Oneveto® e 2ero$ \ie
outside the unit cercte and 4ais ARNR (2,2) medel 15 invertble.

.. Twis ARRR (2,2) model i inverd{plg but N0t Srationary.



EStimaging ARra(f,2) Models

@OAL: TO esvimaif d)|, ¢1, ¢p' eu,e‘l., ., Bq, 0 n
e geneval ARna model *

Be) Yt = ©(8) V¢

These fovomewyS ate eskimated wivm obSevved dota 34, Yy,.. ,¥n$
Seveyal mewnods 0§ eStimaron €xXist. we'n CoCous ow:

() Haximum Likelthood Estimation

(2) \eatt sauares £skivmarion

ML Estimation

TO d0 niS, wR veed 0 Mawe an assumotion About +aQ
Atfioution o¢ our dara, and nenee; ¥np wN Process.

S

W £~ MIN(D, 0*1a)
w e~ MmN, M)

wheve Fm =T ¥to) ¥ ¥(2) --- Y(-1)
T Y() --- ¥(n-2)

Y(d)

: Yoy _



TR results in e followsny 1ikelthood FuMcWoy :

S el
394 Y
mn

L( ¢1 .- ¢ 0,61, ...,0 : o) = ‘
d)u ) P, ) 9% (L) ' P \,,z
wneve Nz(¥1, Yy, Sn

We want 40 maximize Wl fumcdion 10 dhtain ML eskimates of
e Parame ders.



