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LEAST SQUARES PREDICTION FOR MIXED AUTOREGRESSIVE T
MOVING AVERAGE TIME SERIES Let ' = LDL™ be the modified Cholesky decomposition (Wilkinsoa (1967))
Sy On-...F.—.p-olnngnniEﬂ.t!nﬁl!'nnf?@fal
y H. Joseph Newton and Marcello Pagano Disa (T -p) x (T - v"-unimn “-nnn- 9&? Define n.w o (elp+1), .ous
Institute of Statistics, Temas A&N Univereity and " e
Dept. of Bioatatistios, Harvard ?i@.ﬂ.m&. s oM - K Nosea W EEs il wnil
Xayoords: Mixed Time Series, Toeplitz Matrix, Modified Cholesky Decomposition 1., lg = ¥ » w
el Then y(t + v|t) = X(¢t + v|t) - T a(d)y(t + v - j|t) where
) |
ISO Fortran -
L]
DESCRIPTION AND PURPOSE Loet +v-K , vl caie 'l ‘
Let y(1), .... y(T) be a sample realization of a mixed egressi X(t + v|t) = {kev
moving average process {y(t), t = 0, 1, ...} of order (p, q), i.e., y(t) W
satisfies . e
P q and y(r|s) = y(r) 1 r < 8.
Ja(v(e - 3) = § B(K)e(e - 1) , t=0, %1, ..
3=0 k=0 Thus the algorithm esseatially comsists of fiadiamg successive rows of the
" e 1, ol s B ki matrix L, usisg as little storage spece as possible. This is dome by motimg:
or coanstants p, 4, G - £1, a(l), ..., a{p), s esep » where th
€(+) 1s a vhite noise time series of zero mean, uncorrelated u!elaéuoo 1) the k™ row of L has &, = max(k - q - 1, 0) leading zero elements
2 4 3 n.#i'.»ll.a'ln.dviﬂ.-h‘i‘.n.h‘pi
i.nr:n“-nnnn. .?nno-d..vnnzn‘—ﬂxngn?vlumencvul b T-p-m -m-1seres. The oalya, elessats need be stored
h(z) = £ wcvur are assumed outside the unit circle. for amy row.
k=0 Egniirni‘r*!i}iaisg.
Subroutine MXPD calculates least squares predictors y(t + v|t) of 111) Bauer (1955) has showa that a8 k gets large, Lk ® 8(]) and
y(t +v) given y(1), ..., y(¢) for By * o2/R(0). Thus for a fimed §, there should be an integer M
VeV ey for Eety ai by . R ¢ )] such that

NUMERICAL METHOD

" The algorithm given by Pagano and Parzen (1973) (based on the work of
| 4 2 :
Whittle (1963)) is used. Let X(t) = Za()y(t - ), t=p+1, ..., T.
=0
Thea the X(°) are a sample realization of a pure moving average process of
order q and M.—. = (X(p + 1), ..., X(T)) has the symmetric Toeplitz correlation
matrix I vhere
1 J=k
Ty = fely - &b 3-%l=1,....q
() 13-kl >q

q q
and p(v) = I B(K)B(k + |v|)/ L 82(k) = R(|v])/R(0) , |v] < q.
k=0 k=0

Iy yy =8 < 8
In, - o2m)] < &
eees § k2 M. Thus ocaly the first N rows of L mneed be

@

for =1,
computed.

MXPD calls auxiliiary subroutine MAORTE to fimd e(p + 1), ..., e(T) wsing
only a (q + 1) x (q + 1) work space for computing L. MAOETH is desigmed so
that it can be used aled for performing Baver's algorithm or to find the sodi-
fied Cholesky decomposition of the symmetric Toeplitz mstrix whose first wvow
is ﬁu.v DAFV. ssep .A.vvu g

MXPD is designed to perform prediction for pure autoregressive time
series if q = 0 and for pure moving average time series if p = 0.
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SUBROUTINE NXPD(NPPQ.Ndb‘.ﬁLPHA,BETA,S!GSQ.NDIS.Y.DEL,NTF;
INTL,NVF,NVL ,NN, IROWSY , IROWS2,AL,D,WKL ,R,RO,E, X, YPD, IFAULT)

THIS SUBROUTINE CALCULATES LEAST SQUARES PREDICTORS FOR A MIXED
AUTOREGRESSIVE MOVING AVERAGE PROCESS OF ORDER (NP,NQ)
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DIMENSION ALPHA(NPP1) ,RETA(NQP1),Y(NOBRS), AL (TROUSY , IRONSY),

IDCIROWS 1), WKL (NQP1) ,R(NQP1) ,E(IROWS2), X (NOBS) , YPD(NN)

DATA ZERO, IOPTE, IOPTE/0.0,0,1/
H

TEST FOR INVALID PARAMETERS

IFAULT=4

IF(NPP1.LT.Y) GO TO 160

IFAULT=2

IF(NQPY.LT.4) GO TO 1606

IFAULT=S

IFCINTL=NTF+1)R(NVL-NVF+1) .GT.NN) GO TD 1606
IFAULT=4

IF(IROWSY1.LT.NQPY) GO TO 160

FIND E ARRAY

NQ=NQF1 -1
NF=NPP1~Y
NPPNQ=NF+NQ
IF(NQ.ER.G) GO TD 40
NX=NORS -NP
PO 20 1=9,NX
NFFI=NP+1
C=Y(NFP1)
DD 16 =9 , NP
NEPIN=NPPT~)
CaC4A FHAC)) RY (NFPIND)
CONTINUVE
X1r«r

20  CONTINUE
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30

CALL MAORTH(IOPTR, IDPTE,NQ, DEL ,NX,NX, X, HETA, ST6SQ, IROWSY ,

1K,RO, WKL ,D AL ,E,IFY)

IFAULT=3

IF(IFY.EQ.5) GD TO 160
DO 3¢ I=1,NX
N1=NOES-I+19

N2=N1-NP

E(N1)=E(N2)

CONTINUE

FIND PREDICTORS

40

33

50

60

70

S0
100

110
120

140
150

160

CONTINUE

N1 =NVUL ~NVF +1
N2=NF +NVF

DD 150 NT=NTF,NTL
N3=(NT-NTF)#N1
NTEMF 1 =NT ~NF -NQ
NTEMP=NT~-NP

IF((NFPNQ.EQ.0;.OR.(NT.LT7.1).0R.(NT.GT.NOES)) GO TO 55
IF((NP.NE.O).AND.(NT.LT.NFPNQ)) GO TO 55

GO Y0 40

CONTINUE
DO 50 I=1,NY
N3PI=N3+1
YPD(N3P1)=ZERD
CONT INUE

GO TO 150

CONTINUE

IF(NP.EQ.0) GO TO 80 -
DO 70 I=1,NP :
N4=NTEMP+I
X(I)=Y(N4) -
CONTINUE

CONT INUE
DD 130 NV=1 6 NVL
C=ZERO

IF((NQ.EQ.0).OR.(NV.GT.NQ)) GO TO 106

NTPNV=NT +NV

IF((NP.EQ.0).AND. (NTPNV.LE.NQ)) GO TO 100

DD 96 K=NV,NQ
KK=NTPNV-K

C=C+BETA(K)*E (KK)

CONTINUE
CONTINVE
NPPNV=NFP +NV

IF(NP.EQ.O) GO TO 120

DD 310 I=1 NP
NF 1 =NPPNV-1

C=C~ALPHA(I)%X(NP1)

CONTYINUE
CONTINUE
X(NPPNV)=C
CONTINUE
DD 140 NV=1 ,NY
N3PNVaN3+NV
NS =NI+NV-1
YEDI(NAFNV)Y =X (N3)
CONT INUE

CONT INLE

IFALT=0
CONT INVE
RETURN
END

SURKNUTINE MAORTHC(IOPTR, TOPTE  NQ,DEL , ITERS, IROWSY Y, BETA,
15165Q, TRODWS? K, KO WKL, D, AL E, IFAULT)

THIS SURKOUTINE CALCULATES THEC MODIFICD CHOLESKY FACTORS OF THE
TIERS OKDEKR CORKEIATION NATRIX FOK A MOVING AVERAGE FROCESS OF

THE CORKLSVONDING COETHICTENTS
AND/DK AN DRTHDGONAL TRANSFORMATTON OF INFUTTLD MOVING AVERAGE DATA,

PRDEK NI, 1) 1Y OSED 10 CALE AT
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DIMENSION YCIROWSY) , HETACNG) ,R(NQ) , WKL (NQ) , DCIROWS2) ,

1AL CTROWSS, TROWS2) ECTROWSY)
DATA DNE/Y .0/
DATA LPS/Y.E~10/

EPS IS CRITVERION FOR TESTING FOR ZERO DIAGONAL

TEST FOK INVALID PARAMETERS

IFAIL T=9

IF(NQ.LT.Y) GO TO 299

IFAUL T=2

IF(CINPTH.NE.O).AND. (IDPTR.NE.1)) GO TOD 299
IFAUL T=3

IF(CIOPTE.NE.OQ).AND. (IOPTE.NE.Y)) GO 71O 299
IFAULT=4
IF(IROWS2.LE.NQ) GO TO 299

AUTOCORRELATIONS AND INITIALIZATION

10

30
40

50

60

IF(IOPTB.EQ.0) CALL MACVY(NQ,BETA,SIGSQ,R,RO,IF1)
D(1)=0NE

NQF 1=NQ+1

DO 'S I=1,NQ

R(I)=R(I)/RO

CONTINUE

DO 10 I=1,NQP1

AL(I,1)=ONE

CONTINUE

IF(IOPTE.EQ.1) E(4)=Y(Y)

ROW X DOF FACTORIZATION

Mi1 IS NUMBER OF LEADING ZEROS

M3 IS NUMBER OF ELEMENTS TD CALCULATE

MR IS SHIFTING FACTOR IN STORAGE OF PREVIOUS ROWS
INDD+J-1 IS ROW NUMBER OF AL FOR CALCULATING WKL (J)

DO 130 K=2, ITERS
MI=MAXO(K-NQ-1,0)
M3=MINO(K-1,6NQ)
INDR=K-M{ -1
MR=MAXO(K-NQ-2,0)
INDD=M1 +1 -MR
WKL (1)=R(INDR)/D(INDD)
IF(M3.LT.2) GO TO 40
DO 36 J=2,M3
JHI=J-9
INDR1=INDR~JM}
C=R(INDRY)
INDLR=INDD+JM1
MA=-MAXO (M1 +J-NQ, 1) +M1 +9
DO 20 I=1,JM9
INDDY=INDD+I~4
INDLC=MA+]
C=C~D(INDD{ ) #WKL (1) #AL CINDLR, INDLC)
CONTINUE
WKL (J)=C/D(INDLR)
CONTINUE
CONTINUE
DK=0NE
DO 50 J=1,M3
INDD=M1 +J-MR
DK=DK-D(INDD) #WKL ( J) #WKL ()
CONT INUE
IF(IOPTE.EQ.O0) GO TO 43
C=Y(K)
DD 40 1=9 M3
INDURL =M3--J+4
INDE =K1
=L WKL C INDWKL ) #E ( INDE)
CONTINUE
E(N)=(
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63

70

80

89
82

83

oo

90

100

110

120

130

140

150

160
170

199

CONTINUE
IFAULT=S
IF(DK.LT.EFS) GO TO 199
IF(K.GT.NQF1) GO T0D 80
D(K)=DK
DO 70 I=9,,.
AL (K, I)=WKL(I)
CONTINUE
GO 7D 130
CONTINUE
DO 82 I={,NQ
IPY=1+1
D(I)=DC(IFY)
DO BY J=1,NQ
AL(T, D=AL(IFY, )
CONTINVE
CONTINUE
D(NQF1)=DK
DO 83 I=1,NQ
AL (NQPY , I)=WKL(I)
CONTINUE

DEL 1S CONVERGENCE CRITERION

IF CIOPTE.EQ.0) GO TO 110
DD 90 I=1,NQ

IF (ABS (AL (NQP1,1)-AL(NQ,I)).BE.DEL) GO TD 130

CONTINUE
IF (ROXAES(D(NQP1)-D(NQ)).GE.DEL) GD TO 130
DO 100 I=1,NQ
INDWKL=NQ-I+14
BETA(I)=WKL ( INDWKL )
CONTINUE
SIGSQ=RO*D(NQP1)
IFAULT=0
GO TO 150

CONTINUE
DO 120 I=1,NQ
INDB=NQ-1+1

IF(ABS (WKL (I)~BETACINDB)).GE.DEL) GO TO 130

CONTINUVE
IF(ABS(D(NQF1)®RO-SIGSQ).LT.DEL) GO TO 150
CONTINUE
IFAULT=6
IF(IOPTR.EQ.0) GO TO 199
DO t40 I=1,NQ
INDWKL=NQ-I+14
BETA(I)=WKL ( INDWKL )
CONTINUE
S16SQ=RO#DK
GO TO 199
CONT INUE
IFAULT=0
IF(IOPTE.EQ.0) GD TD 199
IF(K.ER.1ITERS) GD TD 19%
KPi=K+9
DO 170 J=KP1,ITERS
C=Y())

DD 160 I=1,NQ

INDE=J~]

C=C~HETACI)#E(INDE)

CONT INVE
EC=C
CONTINUE
ITAIILT =0
CONT INUE
PO 200 1=9,NQ
R(I)=R(])nRO
CONT INUE
RETURN
END
SUBRNUTINE MACVY (NQ, HETA, STGSR, R, KO, IFAULT)
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THIS SUBROUTINE CALCULATES AUTDCOVARIANCES OF A MOVING AVERAGE
PROCESS OF ORDER NR GIVEN 1TS COEFFICIENTS AND RESIDUAL VARIANCE.

30

40

DIMENSION BETA(NQ),R(NQ)
DATA ONE /1.0/

IFAULT=4

IF(NQ.LT.1) GO TO 4@
C=ONE

DO 10 I=1,NQ
C=C+BETA(I)#BETA(I)
CONTINUE

RO=SIGSQ#C -

' DO 20 IV=1,NQ

NQMIV=NQ-IV

C=BETA(IV)
DO 30 I=1,NQMIV
IVPI=IV+]1
C=C+BETA(I)®BETA(IVPI)
CONTINUE

R(IV)=CuSI0OSR

CONTINUE

IFAULT=0
RETURN
END




