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INPUT:
SERIES
NR. LAGS

3

CALCULATE
& PRINT
MEAN, VARIANCE

" &

CALCULATE

& PRINT
AUTOCOVARIANCE

& AUTOCORRELATION

X

|

2 CALCULATE &
|
‘

PRINT PARTIAL
AUTOCORRELATION

Figure A-1, Flow Chart for Calculating Estimates of Auto-
correlation and Partial Autocorrelation Functions,

2, Preliminary Estimates of Parameters
The equations for calculating preliminary estimates of the
parameters for the identified model are given in Chapter 2 [ (Equations
(2.38) through (2.42)] and will not be repeated here. Figure A-2 is
a flow chart for implementing these equations, As shown in the flow
chart, the tolerance on the f vector has been set at 00,0001, Any other
value appropriate to the particular problem could be used. Table A-II

contains the BASIC program listing,
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YES

INPUT:

AR ORDER

MA ORDER
AUTOCOVARIANCES

R A i

AR = AUTOREGRESSIVE
MA = MOVING AVERAGE

Am

1]

CALCULATE
AR PARAMETERS

|

CALCULATE
MODIFIED
AUTOCOVARIANCES

¥

CALCULATE
T, f
VECTORS

1,1 <0.0001,
i=l..g?

CALCULATE

Figure A-2,
Model Parameters,

e —— g O O

T MATRIX
h VECTOR
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ORDER
=07

CALCULATE
MA
PARAMETERS

END

Flow Chart For Calculating Preliminary Estimates of
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TABLE A-I,

BASIC PROGRAM LISTING FOR CALCULATING ESTIMATES OF

AUTOCORRELATION AND PARTIAL AUTOCORRELATION FUNCTIONS

DIM Z$f£00]v€[2$]9ﬂ[25]vH$[3001:PSLES-ESJ-RtIZX]oB‘[Zl]

L ) e

DISF "ENTER DATA FILE NR":
INPUT T ’

LORD DATR F»Z

DISP "ENTER NR LAGS"i
INPUT K

DISP "ENTER NF SANFLES' S
INFUT N

S1=0

M=51 N

Si=0

FOR 1=1 TO N

WL I=2013-M

S1=S1+Wl1]

S2=02+W0 I J+Wl 1]

NEXT I

V2=82s (N=-12

FRINT "MEAH="3iM{ "VARIHNCE="3'"
FOR J=1 TO K

33=8@
FOR I=1 TO N-J
L=I+J
S3=S3+WLL I+ T
NEXT 1
CLJAI=53-N
RLEOI=C0 D)V
NEXT
FRINT “LrG HOW
S PRINT w " 3M2
] FOR =1 TO K
PRINT JscCCJ]
NEXT

WRITE <15,322)

FORMAT <« AUTOCORFRELATION FUNCTION o
FOF =1 TO kK

BE§="

[F RC 1< THEN 338
H=TINT: 1@+«R[ J1+0, 50
E$012: 1 +HI=ASI Ly 11 EN]
GOTO 345

H=INT C10#R[ 1 ]+8, 52
BSL11+Ns 11 1=A¥C 114N 11
PRINT JSRC J1TRBE9BE
NEXT .
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360 Pl )R L)
ATO FOR [=0 To &
380 N=w
390 Y=
400 FOR 1=} T 1
410 AsNePL ]ty )aRE -0
| 420 VeVeRL oy ekl D
i 430 NEXY )
A4 FEL L IsOREE TN 1
450 FUN st 10 11
OO PLIs )P =0 APl lal JaPL T 1) )
¥ { 47 NENT )
'; 480 HENT !
A0 WRITE C(Saae
a0 PR s "PARYIAL RUTOCORRELAY TUM FUMCTION s "s 29N+ " 1" 43R ™07 2 BN
494 PRINY TREGLILILIIIIIRIIIILINLNY
e FOR 1+t Tk
498 Bee
SO0 IF PUIe T I TheN S
SO0 NSINT LRl el den N0
E (U IS PR S RIIR EUE T SRS AR
A S0 GRT0 Led
! B30 N*INT L LoD e, 5y
S0 BECLYeNe L el LEetin L]
Sel FRINY 13RL 'el D THEDS RS
STO NENT !
BV END

e S
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TABLE A-II, BASIC PROGRAM LISTING FOR CALCULATING PRELIMINARY [ ]
ESTIMATES OF MODEL PARAMETERS

10 REM PRELIMINARY ESTIMATE OF RRINAR PREAMETERS
20 DIN ASL10510):BSL 10+ 101 FSL10). TSI 1 LS 103 PSI 10103010 )
30 DISP "ENTER Py0"j
40 INPUT FlyQl
S0 FOR J=1 TO 10 ‘
b | 60 DISP “ENTER CC( 3Ji™ )3
! 7@ INPUT CC[J)
4 80 NEXT
| 90 IF Fl-u THEN 450
100 REDIM ALP1sP1)s0[P1sPIPY JeBIF 1 F 1)
110 FOR I=1 10 P1
128 FOR J=1 TO PI
120 K=RBSCQL+I-J)+1 i
140 AC1sJi=ClH
150 NENT
169 OCIJ=C(R1+1+1] J
170 NENT I v
| 120 IF DET'R =@ THEN 24@
199 MAT B=IN\VCR:
200 MH) FEBeu
210 PRINT "AUTOREGRESSIVE PARAMETERS ARE "
220 MAT PRINT P
222 S1=C01)
223 FOR J=1 TO P1
224 S1=S1-PL JI+Cl 41 )
225 NENT !
23@ GOTO 260
240 PRINT "A NOT INVERTIBLE"
25@ STOF
260 IF 01=0 THEN TTO
262 REDIN QCO1+1 1sPLFL+11]
265 FOR J=1 TO Q1+1
275 0f 1=
280 FOR T=i TO Fl+i
285 D=0
k| 290 FOk b =1 TO P14}
30@ IF K1 THEN 320
( 218 N=-1
315 GOTO 330
228 N=FLr-12
‘ 330 L=RBSCJel-b-1141
! 340 D=DeN+CLL ]
| 350 MENT K
‘ 26@ IF 1.1 THEN 320
365 V=-1
aTa GOTA 59
380 Y=P(1-1)
398 QCJ1=Q0 J1+V+D
408 NEXT I
41@ NENT J
420 FOR =1 TO Q141
420 CLJ2=0rJ)
449 NENT
458 REDIM TL@1+1 JoFL 0141 JvRLEI+1 0t ¢, JoBIQI+1s01+1 JoRI 141 1 OLQ1I+1)
460 TI1)=0012:10,5
) 470 FOR J=2 10 Q1+1
480 T{J)=0
486 NEST U
490 FOR J=¢ TO Ot
S0 D=o

e e e et Mot il O o
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TABLE A-II. (CONCLUDED)

FOR =0 TQ Q1-)

DeD+T( [t )+T(Ivuel]
NEXT 1
FL 11 )=D-Cl )+l ]
NEXT |

2 Z=@
FOR !=1 TO Qi+l

IF REBSCFC 1)) 08,0001 THEN 557
e

NENT

PRINT

IF 2=2 THEN 7@

MAT H-"Ek

MART &-CEk

MRT FRINT F

FOR [=¢ T Q1

FOK =9 TU Q1-1

AlETele del =T delet]

NEXT

NEXNT &

FOR T=1 Tu Qi+1

FOR J=[ TO Q1+1

BLI» )=TLU=-1+1)

NE..T |

NEXT 1

MRT H=H+E

IF DETCR'=0 THEN 7'S@

MART B=INVIA.

MR QzB*F

MAT (=T-Q

GUTO 43@

PRINT T MATRIY NOT INVEFTIBLE'
STOP

N=|

IF Flzu THEN =00

FOR =1 TO P1

N=N-F0 4]

NEXT U

FRINT "OVERALL LONSTRHNT=W BHAR TIMES'IN
It Wi=w THEN #1u

REDIM O[01)

FOR J={ TQ Q1Y
QUI)=~TLJ+11-TC L)

NEXT

FRINT "MOVING RVERRGE PRRAMETERS WRE®
MAT FRINT ©

IF Q1=d THEN %10

S1=T[1 )2

PRINT "RESIDUAL VARIANCE 1:57%51]
END
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Appendix B
OPTIMIZATION ALGORITHMS
Finding a maximum likelihood estimate of the parameters and
starting values for the time series model requires finding the set of
parameters and starting values that minimizes the sum of the squared
residuals. Any stationary ARMA model can be written in the form

a -(wt-;)-Ol (wt_l-;)-...-o (wt- - W)

t P P
+ el‘t"'l + ceo e eq.t-q ’ (B°1)
where
n
- l
v n 't L]
t=1

Given p initial values of the w's and q initial values of the a's,

Equation (B.l) can be solved recursively to obtain the sequence a,

from which the sum of squares,

n
2
S = a, (B.2)
t=1
is calculated. Letting £=(WsWyseeeaWoy®pheee,y 09’91"' +»84) be the

vector of parameters to be estimated, the vector §* that minimizes S can be
found by any of the well=known optimization algorithms, Three algo-
rithms, an exhaustive grid search, a linearized regression, and a pattern
search, were used in this investigation, and are described here, In
implementing all of these algorithms on the Hewlett-Packard 9830, the
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appropriate form of Equation (B.l) was input as a defined function,
and the q initial values of the residuals were set equal to zero, Also,

the check for stationarity and invertibility was performed off-line,

1. Grid Search
The grid search is a simple exhaustive search routine inwhich
each element of the vector, §, is systematically allowed to take on each of a

set of predetermined values, For instance, if go - (;01. - .goj. ..gom) , then
& is allowed to take onvalues (gol.. .goj.. .gom) . (gu.. 'go_)"'gom) s

Sies (gnl...goj...gom). ciley (gnl”'gnj"'gnm) until each possible com-

bination of elements has been used. That combination which minimizes
S is an estimate of the best value of §,
The exhaustive grid search is not very useful for finding an

optimum value for the parameter vector, £, simply because it requires a large

number of trials (m" where m 18 the dimens{on of £ and n is the number of values
tried for each element) to search a very large parameter space and the resolu-
tion is dependent on the interval between values of the elements. However, it
is useful for mapping contours of the sumof squares function and for examining
behavior in the vicinity of an estimate of the optimumpoint, FigureB-1lisa

flow chart for this algorithm; Table B-I is the computer program listing.

2 Linearized Regression
Suppose that Equation (B,l) is written as

a, = £(® (8.3)

where f i{s some function of the parameter vector, ¢, Let E be of

dimension m, Expanding a, in a Taylor's series about some guessed

t

parameter vector, 10’ and neglecting higher order terms gives
104
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INPUT:
SERIES, AR ORDER
MA ORDER, INITIAL,
4, AND FINAL VALUES

Y

s* ~ 109!

|

SET VALUES
OF ¢

i

CALCULATE

& PRINT 8,_(_

yes $<s%?

Figure B-1.

ALL
VALUES OF
§ TRIED?

PRINT
s, ¢

INCREMENT
£

Flow Chart for Grid Search Algorithm.
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N TABLE B-I, BASIC PROGRAM LISTING FOR GRID SEARCH
2 ALGORITHM

10 REM CONDITYOMAL LEHST SQURFES GRID SERRCH WITH TRt
1S DISF "DEFINE FUMCTION Q¢T  RT Su00"*
b | T STOP
' 20 DIM AS{200)1 WSEIO0 Pl 18:S TSI S 1eMIS 1eBSI 1045
25 SS=1E+S1
3@ DISF “ENTER FILE NR« NR PTS"3
40 INPUT RN
E | S LOAD  DHTH HIWW
| o DISF  ENTER AR « UEF S« RR ORDER "3
| 7@ INPUT L1.F?
{ S0 DISP "ENTER # MA UNEFS. MM ORDER ™
SR INPUT L2y01
190 FOR 1=1 TO L1
110 DISF "ENTER F' «I87)e DELTHsY PSTOFS
120 INPUT PLLet LePLTIs2 W PLIs2]
130 NENT |
140 FOR I=! TU L&
150 DISP "ENTER TV 3I%°). DELTRs TaATOP'3
160 INPUT TEIe1 1Tl Lo )eTI s3]
179 NENT |
172 DISP “ENTER MEAN DELTAs STOF G
17 THRUT ML DML 1ONCR)
198 03=P1
196 IF P1L = 01 THEN 223
200 Q3=01
203 FOR i=( TO Q2
204 DISP "ENTER B« "3 13 ") «DELTAR«STOR":
205 INFUT BOI«LLWBL1s2 1WBI T
Bllvwl=BlLiv1]
207 NENT I
21@ FOR [=! TO (1t
220 PL1:41=PI1+1]
E | 225 NEXT !
| 230 FOR J=H+U3 To ua+l STEF -1
| 234 WL !1=NCJ-23)
! 236 NENT U
249 FOR 1=1 TO L2
250 TCI»41=TLIs1]
260 NEXT 1
262 MC4I=MC1L )
278 FOR I=1 TO L1
28@ FOF F=1 1 L2

31909 P
(=]
o

285 FOR L=t TQ @3
{ 298 GOSUE 20uy

€92 BlLs1I=BIL 1 1+BLL )

294 IF BIL«1) <= BIL+231 THEN ZW0
296 BlL+11=RlL+4]

298 NENT L

300 TOhse11=Tlho 1 JeT0 K 2]

310 IF T{Ks1] <= TCK+«2] THEN 2895
220 T{K«11=Tlh 4]

330 NEXNT f

340 POIs13-PIIsLIPL T2

345 IF PO141] = FLIe3) THEN 280 y
350 PLI41IPI144) A
JE0 NENT Ygs§$
370 MO1I=MEL D402 ) 5% ’,¢f//
380 IF MC1] <= ML3) THEN 27 R
a9 =M N ’

@ ML I=NC4) ‘ﬁS‘ 9
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f TABLE B-I, (CONTINUED)
39! FRINT "BEST POIMT® . ; :
392 PRINT "MERH="IM[ %] 1

394 FOR =t T LI

398 FRINT “"FPHI'"§0i" = 3P[0 S)

396 NEXT U

397 FOR J=1 TO Lo

398 PRINT “THETR (“iU8“)="iT( 48]

399 NENT U

40@ FCOR i=1 10 Q3

41@ FRINT "Wueidi vz "ig04e8)

42@ NENT U

430 FRINT "MIN 352 (SSI"VARIANCE="1:2% N
432 FRINT "PRESS CONT TQ RECORD RESIDUNRLS'
433 PRINT

435 STOF

440 MOt I=n{S?

450 FCOR l!=1 7O Ll

460 FL Il I=P( 105

470 NEXT

43@ FOR =1 70 (¢

490 T ML 1=T( 1L S)

SQQ MNEY !
10 FOR 1-! T0 Q@
S20 Bl 1o 11=B[ 1+ 5)
S§30 NENT
S40 GOSUB 2000
k| 550 FOR 1=t TO N !
S60 Rl JI=AL J+Q3)
S7Q NEXT U

S8@ DISF INFUT FILE NR FOR RESIDURL= 3
S9@ INPUT R2
60 STORE  DATR R2WA
61@ STOP
2000 FOR I=1 Tu Q2
2008 W =Bl 01
2007 FRINT “"Wue g Jdvy ="iN[J)
201d AL Ji=u
202¢ NENT U
2030 St=v
2040 FOR =0+« TO N+Q3
2058 Al J)=FNA
2Q€Q S!=01+R( I
2070 MENT U
2080 S2=51 N
2888 FRINT "MERN="im[1]
2090 FOR =L 70 L1
2100 PRINT "FHIC"§ 13" v="3P[Js 1)
2110 NEXT U
212@ FOR 1=1 Tu L&
: 130 FRINT "THETR ("3 08"Y="3T({dv 1]
214@ NENT U
2142 IF S' = 4S5 THEN 2154
2143 MISI=N(1]
2144 FUR J=1 TU L1
2148 PLUSI=r( Ut )
2146 NENT
2147 FOR J=1 Tu L&
2148 TL 0eS)=TL s 1)

THIS PAGE IS BEST QUALITY PRACTICABLE
KROM COPY FURNISHED 10 DDC
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& TABLE B-I. (CONCLUDED)

2149 NEXT

215@ FOrR =1 TO Q2

2151 Bl S )=BL s 1]

2152 NERT !

21%3 8%=51 .

2154 PRINT “sum SQURFES="3513 "YRRIRNCE="1S2
2155 PRINT

216@ RETURN

2170 END

5008 DEF FNACT

S@10 G=N[T1—F(Z-1IQN(}-X}-PEE-leNiT*EJ~N[l]*\l-P[lcl]-P[é-l]!+T[1o1W'R['
S@2@¢ RETLURN

-1

3us
-ﬁﬂ*
15 8553 o s
snZ S
it "
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e Biite 5 BN Z (g = &) %y ¢ (8.4) '
i=1
where ‘t,o - a, given the sequence (w1 - W)y oo (wn - W) and ¢ = go, |
while |
i,t 4 i 3
1Y 8=t

Rearranging Equation (B.4),

m
o Z(gi = &) Bt ™ gt o (B.5)
i=1

The set of Equations (B.5) at each value of t, t =1, 2, ,.. n, can

be written as the matrix equation

g »x(§- ﬁo) t 8 (B.6)

where x is the nxm matrix (xi t:) and 3 and 2: are column vectors with n
’ o

elements, Equation (B.6) is in the proper form for a linear regression

of the a_'s onto the x's; therefore, the value of the vector (§ - £ )
2 o

which minimizes

n

2 B .

s ) ol -ty
t=1

can be found by the well=known solution of the normal equations for

linear least squares regression. Thus, a minimum occurs when

T .1 T
E-£)="G@® xs - (B.7)
In general, the at'l are not strictly linear in the parameters, &. ‘

Hence, a single calculation of (§ - gb) will not produce a minimum sum

of the squared residuals, Repeated application of the process with the
109




new value of £ substituted for £/ will usually result in convergence if
the initfal estimates of the parameters are reasonably good guesses.
Caution must be exercised when using this algorithm when the process

{s close to nonstationarity or noninvertibility, because the indicated
optimum can easily be in a vegion of infeasibility., While the partial
derivatives may be obtained directly, {t {8 usually much easier to

obtain numerical estimates to sufficient accuracy using the relationship
x‘l,t - [(atl(!—:——‘i)’ EL,o""l,o.”gm,o)

- @ oW, 6 ety B DM, (BlB)

where (w = ;) is the vector consisting of elements of the time series,
In implementing this algorithm, the value of the sum of squared
residuals, S(¢), is calculated for each solution of the parameter

vector, ¢ If S(&) > S(& ), the vector difference, - ¢ , is halved
L- 4

"
and S(t) is calculated at the new estimate of £. This process is

repeated until some value S(§) < S(go) or until the absolute value of
each element of the vector difference, (§ - & ), is less than the cor-
responding element of some tolerance vector, ¢, in which case con-

vergence is assumed to have occurred. Figure B-2 is a flow chart of
the linearized regression algorithm; Table B-II is the program listing.
3. Pattern Search
The pattern search is a heuristic algorithm that has the
advantages of accelerating and following ridges. It works as follows,

The inital estimate of the parameter vector, &, is designated as a
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TABLE B-II, BASIC PROGRAM LISTING FOR LINEARIZED
REGRESSION ALGORITHM

1 DISF "DEFINE FUNCTIONS RC(T)"i . |
9 STOP - |
190 FEM NONLINERR LERST SCQUARES WITH STARTING VALUES ‘
20 DIM WSL2001sASL1S01sPSC101 TSI 1A NE0150:11)svS018911)

30 DM GS(X!1:H§[!1] Ub[ll:t!l Bal1el, 0a0 1]

40 DISF "ENTER FILE NRsNR PTS"

S0 INFUT RAlsN

51 LORD DATH H1.W

€0 DISP "ENTER # RR COEFSs AR QRDER":

€1 INPUT L1isF1

e DISP ENTER # Mr CUEFSs MH ORDER"S

3 INPUT LZs01

FOR K=1 TO LI

DISF ‘ENTER PHIC"§Ks")"3 :
INFUT FPLK]

NEXT ¢

FOR K=1 To L2

DISPF "ENTER THETH: "§fK& " "3
INPLT T

NEXT K

DISP "ENTER COEF TOLERENCE " S
INPUT D2

DISP "ENTER W ERR"S
INFUT W1

L3=F1

IF Gi<F1 IHEN &8

L3=Q1

FOR k=1 T L3

DISP "ENTER Bo"iks"2"3
INFUY BLK)

NEXT ¢

0 FOR 1=N 1D 1 STEP -1
119 WOT+L 3 =Wl T

128 NEXT |

250 PS=0.¢S

260 GOSUE 2908

270 I=%51

280 FOR I={ TU N+L2

290 N[ et Y=/ ‘]

300 NERNT !

202 M=

3uS [F Wi=u THEN 418

Soe =i

31e 21=Ut

28 W1sZ1el . oaog)

330 GUSUE 0wy

240 FOR J=1 TO N+L2

350 IF Wi=A THEN 38A

60 MO 1= 1L R0 0D (B, DRna1+21)
378 GOTO 390

280 X[Je1 =0

385 MNENT U

336 GOTO 41¢

B oy e R R T Bt By I ¥ B B B s s J0'» 205 0 S0 « o
DNDWOd TN L)l D00~ 0N &

[t
=n
=

399 W1=21

400 NENT

410 FOR L=1 ™0 L1

428 Z1=FlL )

430 PILI=Z21*1. 00001 y
449 GOSUR Thon ?9303‘ .

112 ﬂ"wg
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N TABLE B-II, (CONTINUED)
i

450 POR J=1 TO N+L3
460 XL JsL+MI=CXlJs 11 1-ACI 1)/ C@. BEEB152 ) )
470 NEXT J
El 480 PLL)=21
[ 490 NEXT L
i 495 22=L1
%90 FOR L=1 TO L:Z
519 21=T[L]
’ 520 TCLI=1.90001+21
1 538 GOSUE 3008
‘ 548 FOR J=1 TO N+L3
k 556 X[ JaL+H+L11=(X0 Js 11 3-ALJ 1)/ (8. DDBB1%21)
‘ 560 NEXT .
ST TOL 1=21
S50 NEXT L
598 FOR L=1 TO P1
595 Z1=BLL]
€60 IF Z1=8 THEN 626
€05 B[L1=21%1.00081
€19 GOSUE 2898 _
615 FOR J=1 TO N+L3
620 XL JsL+M+L1+L21=(X[ Jr 11 I-AL 1)~ (0. BOABL*21)
622 NEXT . _
624 GOTO 636
€26 BIL1=21+0,00001
625 GOSUB 2000
€30 FOR J=1 TO N+L3
632 HLJryL+M+L14L22=CH0 Js 11 1=AC T 8, BRGDY
634 NEXT J
636 BILI=21
€38 NEXT L
€40 Z1=M+L1+L2+P1
650 REDIM “[Z1,211sG0Z11sHLZ1 JsUL 21921 JsRE 21921 ]
€70 FOR I=1 TO 21
€50 G[11=n
€98 FOR J=1 T0 21
700 Y[1,J31=0 ;
710 FOR K=1 TO N+L3
720 YL1sJ2=YD 1o JI+KIKs I J%XIK ]
T30 HEXT ¥
740 NEXT J
750 FOR k=1 TO N+L32
760 GOII=GLII+XCKs I1#KIKs11]
776 NEXT ¥
786 HEXT I
798 FOR J=2 TO 2§
800 FOR I=1 TO J
819 Y[ Js13=Y[1sJ]
820 NEXT I
830 NEXT J
835 MAT FPRINT v
836 MAT PRINT G
978 MAT “=INY(Y)
980 MAT H=Yy#*G
1616 MAT PRINT H
1015 IF K1=8 THEN 1925
1020 Wi=W1+HL 1]
1022 PRINT "MEAN="}M1

1625 FOR 1=1 TO L1 : '
7 QUALITY PRACTICABLE

§ PAGE 1S BES
oM COPY FURNLSHED 10 DOC
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¥ TABLE B-II, (CONTINUED)

1030 PLT VPl " JoHD ToM)
103% PRINT “FHIC' 318" ="1P(])
1048 NEXT 1

1050 FOR I=1 TO L2

1060 TLI1)=TLI ML 22+ 14+1)

1065 PRINT “THETRC 313" )="3T(1) 1
1070 NENT 1 :

1080 FOR [=1 TO Fi

1090 BLII=BLT I+HI L 14L2+M+1)

LQ95 PRINT "L 313 v="iB(1]

1100 NEXT I -

1110 GOSUE 3000

1115 iF S1 = 2 THEN 1130

1117 GOSUB 2000

120 NMAT H=(@.5) <H

25 GOTO 1010

N =0

40 FOR I=1 T0 21

SO IF RBSCHI 11 <Ld THEN 1170

60 Ti=T1+1

T NENT 1)

80 IF T1=0 THEN 1320

1185 PS=FS. 2

1238 GOTO 270

1330 SI=S1-(N-F1)

1340 MAT U=TRNLY) }
1350 MAT R=U<y

1360 MAT V=INVR .

1370 PRINT “RESIDUML VRARIANCE="ic.

138@ PRINT "LFEAST SOUARES ESTIMAIEL OF PRRAMETERS RRE: "

1399 PRINT “HEAN="3W1

1400 FOR 1=1 TO L1 ;
1410 PRINT "PHIC' 313" ="31p011

1420 NENT 1

1430 FOR [-1 TO Lz

1440 PRINT “THETRO§18")="3T01)

1450 NENT 1 .
1452 FOF [=1 TO P1

1454 PRINT “Wu"818 V="1B(1]

1456 NENT 1

1480 MAT (= S0 ey

1470 PRINT "COVARIANCE MATRIN 1S

1480 MAT PRINT Y

1451 FOR J=1 10 N+L23 j
1482 AL J1=AC 141 2)

1483 NEXT U

1499 DISF "ENTER FILE HR FOR RESIDIRL 3
1500 INPUT R2 /

1510 STOFE DATA AZR !

1520 STOP

2000 Wi=l1-H[1)

2010 FOR I=1 TU L!

2020 PLII=PLII-AL1+N)

2030 NENT 1

2040 FOR [=1 Tn (2

2050 TC1J=T011-HL 22+ T4M]

2060 NEIT I

2078 FOR [+t [0 Pl

®
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TABLE B-1I, (CONCLUDED)

BUT Y260 [ i-HILLIwLo#hi+] ]
NEXT 1

FET RN

FOR I=1 TO L3

Rl T 1=0

WO T)=B(1)

NEXYT I

S1=0

FOR J=1+L1 TO M+l

HU I=FENH

S1=S1+R0 1Rl 1)

NENT U

FRINT "SlM SQUARES=" 151
KETUNE

STQF

END

DEF FHNRCTY=WITI-PLYISHET-13-R( 2

115
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base point,'gl. Define the vector 51 It called the temporary head,
?

where the subscript i denotes the number of the temporary head and the
subscript j denotes the element of the parameter vector, §, that is

being perturbed. The vector t defines a point in parameter space

=1,)

about which exploration is taking place. Let 61 be some step size

associated with the parameter § Let the first temporary head be the

J‘

base point, i.e., let B 21. Assume ¢ is of dimension m, Perturb
d =

each of the elements of the parameter vector, one at a time, so that

j=1, 2, ... m,; Calculate a new temporary head for each variable such

that the new t is that vector which yields the minimum of [S(t

1,3 i,3-1

+ &j), s(ti,j-l - Bj), s(ti,j-l)]' Note that each temporary head makes

use of the best value resulting from the last parameter to be perturbed.

When all the variables have been perturbed, £1 " is designated as

t]
a second base point, gz. It will be the best result from all the per-
turbations up to this point, The vectors gl and 22 establish the first

pattern. A new temporary head is established at a point on the vector

between b, and b, and twice the distance between them., The process is

then repeated at this new temporary head., If at any iteration the tem-

porary head t1 - is no better than the last base point the pattern is
L

destroyed., This could indicate either a ridge or that an optimum has
been reached. Using the last base point, the perturbation step size
is reduced and the process is repeated until it converges to a solution,
Figure B-3 is a flow chart of the pattern search algorithm; Table B-III

is the program listing.
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INPUT SERIES
o TOLERANCES

Y

SEY BASE
POINT

b

D e

Y

CALCULATE

sipy)

b ¢

CALCULATE
4,5, 5%,

j=1...m
DECREASE YES NO
&'s

CALCULATE

DECREASE
STEP ALONG

L o

Figure B-3,

»>| NEW BASE
b,

¥

CALCULATE
NEW

t_“ o, si", o)

S(by). by

Flow Chart For Pattern Search Algorithm,
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TABLE B-III,

REM Cunlii . luninl LEHST SOURKES FRTTERN
DISF DEF FUNCTION RCT: RT S0 3
STOR

D=0, a1

DIN Hol oo el L oo e Pal tee 30 0
DISF ENTek FILE HNRs NE FTa"3
INFUT HteN

7O LORD  DOHTHA Alel

80 DISPF "ENTER # HR COEFS AR OFDES 3
9@ INPUT L14F!

190 DISP CENTER # MM CUEFSe MA DRDER
110 INPUT L2su!

1230 FOR I=1 TO L1

130 NP “ENTER ¥ o U e
140 IHFUT PLIVE)

158 NELT !

L€ FOR 1=1 TQ L2

179 DISP "ENTER T "§li“y"i
180 INPUT TLI.12

190 NEXT |

SUMY U3=ERG

218 IF FP1 = 0l THEN 238
229 03=01

230 FOR 1=t TO Q2

240 DISP "ENTER B s 13" 3
2SO ITHRUT 6011

268 NEXT !

26 DISP "ENTER MERHCS

267 INFUT Ml 1)

268 DISF ENTER COEF- UM SOURRES Top '
<e? INPUT DL.D2

270 FOR J=N+U3 TO Q3+1 STEFP -1
280 Wl J1=UL 0-23)]

29@ NEXT !

308 GOLUE 30wy

312 GOSUE 1909

315 PRINT SuUM SQUARES ="is1
32@ I2=%1

630 I3=22

640 ML2I=i[ L]

eS8 FOR (=1 TQ g3

ecl BOI+2 =Bt 1.1

7R NENT |

680 FOR (=1 TO L1

690 PLI«Z1=PLIs!1

Tae NENT

718 FOR I=1 Td L2

720 TOIs21=T(1e1)

T30 NEXT I

T8 COSUE 3Snw

TSE GOSUE 2aun

vew IF S1 T3 THEN s9u

768 22=23

TEE CATUR 1 @a0

788 M{21-M[3)

T FukR I=1 T4 03

00 BII«21=BL1.3)

819 NEST 1

820 FOF I=1 Tu L1
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)

830
840
8Se
860
87a
875
886
890
290
910
914
aze
930
S44a
a4
944
EL L)
350
Se@
ava
lecy
1074
1858
1099
11@@
1118
11209
1128
1140
1150
1155
2008
Ja1e
3028
IRGa
3040
3850

TABLE B-III, (CONTINUED) !

FLIs2)=PL143)
NEXT 1
FOR 1=
TOIs21]
NENXT 1
FRINT “Su="32Zi"D="3D

GATO 748

GOSUE 16c8

FRINT SUn SUURFEZ="351

IF D:D1 THEN 320

IF RES(Z22-23: <= I'2 THEN 3:z@
GOTO 220

FRINT "LOCHL MINIMUM RERCHED"

1 10 L2
=T(I.3]

DISP "ENTEFR FILE HR FOR FESIDUALS !

FOP 1= To N
Al J1=ARC J+03]

HEXT 0

INFUT RZ

STORE  DATA HAZ«H
STOF

FREINT "MEAN="sML[1]
FOR [=1 T a3
FRINT "Boe"sIs" ="3BLIs11
HEXT I

FOR I=1 70 L1
FEINT "R Sl = SP[Ts1 1
NERT I

FOR I=1 TO L2
FRINT "To"sI8 0="STC0Is11]
NEWT [

RETURH

For J1=1 10 02
AL J 1=0

WE11=EBL Js 1]

NEXT

51=0

FOR J=0Q3+1 TO H+03
AL 1 1=FNR« 1
S1=3{+ACJ]It2

HEST J

FEETUFHN

STOF

FEM PATTERM SEHRCH
M1 =ML 2 ]+D

GUZUB 3800

FRINT MLt s3]

IF 51<23 THEN 3S5c8
ME31=mM[Z]

GOTO 35&80

23=351

M3 3=MC L]
netI=mMLe -0

GOSUE 3006

FRINT M[11s51

TF S1°23 THEH g3
M1 1=ML 3]

GOTO 2658

23=31

ME31=ML 1]
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TABLE B-III,

FOR I=1 TO 0O
BL1s113BL1+2 04!
GUSUIE 3l

FRINY Bl 1s1 1451

IF S1<23 THEN 3710
BlI. 1=Bl1+2)

GOTu 3730
BLI«3)=Bl1s1]

e |
BlLIs11=B{1.2] )
GUoHL 3w
FRINT BlIs11sC1
IF S1<23 THEN 3T&0
BlLIv1=601:23]
GOTO S8ad
BlI."1=R[1:11
23231

NE T

FOR I=t TQ L)

FOIe L )=P Te 200l
GUSUE 2090

FRINT Pllsl oo

IF S1<2Z3 THEN 28T@
FLIs =Pkl 020

GOTO 3839

Pak L NP

COSUE 2000
¢ Isl 1091
23 THEN 2940
=P 1.2
9k
J=FLIL)
B
I=] TO L3
sil=ille 200D
B30og
21¢ 23 THEN 4qu3n
=T01+21

-
[
i

LOSUE Sewn

FRINT TOIsl 3eSt

IF St .23 THEN 482w
TEI«11=2T{]+2)

LU TD $1un

T’Ll 21=T00et )

i £ B

NEST !

IF 23<22 THEN 4140

P LNt THEH si1:0

IF RBS(22-23 = D2 THEN 930
D=D+dd. 8

GOSUE fooe
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4124
4130
4149
4150
4160
4170
4180
4130
429Q
4210
4228
4230
4240
4250
4268
Sove

TABLE B-III, (CONCLUDED)

PRINT “SS='323,22

GOTO 3500

ML J=2+MD3)-M 2]

FOR I=1 TO @3
BlI+1)=2#BL1.2)-BL1,2)
NEXT I

FOR I=1 TO L!
PlIs:1=2%P[1s3)-PLI:2)
NENT [

FOR I=1 10 L2

TET: 118370293 )-T( 2]
NEXT 1

RETUFN

STOF

END

DEF FHA(T  =lE T =PI 1 3800 T=1 1-PL 301 J-WLT-2 I-ML13*C1-PL1s13-P[2s1])

P
T =
s>
5 8550 ;9 oo
et
cg?
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