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ABSTRACT

Robert Frank Mocre: A Computer Aided Design Package for
Time Series Analysis. M.Eng. Thesis, McMaster University,

Hamilton Ontario, February 1982.

’ - o

Control problems often require a reasonable and
adequate model for forecasting or control. An interactive
computer '‘package is presented which allows the iterative
determination of a stochastic and transfer function model
for single input/single output experimental data. Note
that time series analysis techniques present various
quantitative measures of model adequacy for this type of
model. User familiarity with® time series analysis is

‘essential in the determination of a reasonable, parsimonious
‘medel during an interactive session with this package.

The interactive program provides initial diagnostic
tests for the data to aid the estimation of parameters for
a user selected model form. The Marquardt non-linear least
squares procedure is available to improve the initial ‘
parameter estimates. - Information for diagngstic testing of
the model*residuals is then displayed. The option for
iteration back to the point of model form selection is

-

A mult;variébleﬂénalysis problem may be resolved in

a step-wise manner using a non-iterative version of the time

series package. This version fits a user selected model to
the data and provides diagnostics on the model residuals.

,;zmhe computer package is presently functional on a VvaAX 11/750
computer. All graphical display characteristics are suitable

for a Tektronics 4025 terminal. Programming for the package

is in FORTRAN77. -
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CHAPTER 1

INTRODHSTION

1,1 < Project Overview
5. ‘
The forecasting and control of a process often. )

|

requires the use of an adequate modelfoffthat process.

The time series analysis techniques of-ﬁbx aﬁd Jenkins (1)
proﬁide an iterative procedure for the development of
stochasﬁic models and transfer functions for discrete
equispaced data. An interactive computer paékaée has.

been written which will sequentially perform‘the mechanistic
aspécts of the Box and Jenkins techniques. Tabular data

is automatically displayed and the option for interactive
graphical display is available to the user. Reasonable
familiarity with both the mechanistic and diagnoétic

aspects of these time series ahaiysis techn}qﬁes is required
for the proper use of the compufer package and will be

assumed thféughout this report.

The remainder of the Intréductién will address in
general terms the concerns behind the development of this
computer packégé. In chapter 2 the package is presented
by the processiné of a sample data set; Emphasis is
ﬁlaéed on the deéisions_made by the‘user interactively,

1



and the data providéd by the computer to aid those
decisions. 1In chapter 3 the mainline of tbe program is
. compared to the model building scheme outlined in chapter 1.

A breakdown of the ﬁackage subroutines by function,
a Cross indék of thé subroutines, and a tabular summary

e

of subroutine functions with detailed‘call sﬁatements, are *
presented in'chapter 4. .Chapter 5 contains a summary of -
the computer package attributes and possible applications,

including a stepwise multivariable analysis scheme. Full

program and subroutine listings are in the Appendix.

1.2 Problem Solving, Engineering and the Computer

A five step, general problem solving strategy,
which is suitable to a wide range of problems, was derived

by modifying Polya's approach.(z)

befine the Problem
Think About It

Plan

Do It

*

Look Back

»

 Figure 1 A Generalized Problem Solving Strategy

TN
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/\
Note that this is a modular, stepwise, iterative
<o - , -
procedure which reflects, in general terms, the :7y we
approach problems. Implied within this procedure, via
the "Look Back" step, is a judgement or evaluation

criterion which allows recognition of a satisfactory

solution to the problem.

. | - '

The computer has often been referred to as a form
of aftificial intelligence;, however; it must be émphasized
that computers are not capable of evaluation. A computer
pregram will only achieve and display those results which
the programmer wishes to present., The modular nature of
the time serigs computer package and fhefinteractive display )
and computational speed of modern compﬁters:provide ready

tools for the rapid presentation of engineering data. The

final interpretation of that data is always the responsibility

of the engineer using the package.

.Each computer possesses computational and languag
capabilities whicﬂ(gzz best suited to specific programmin

structures and practices. Particular emphasis is. generally )

made on the interactive or batch proéessing capabilities of
a computer. From a programming point of view, all of these
facets of a computer must be taken into account to fully

utilize the resources available and minimize user frustration.

s
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;‘the programmer should place empha51s on structured

1.3 - Interactive Design of Process Models

Py

..’ 4 . ‘ ’ . Ay

For example, in the design of an interactive computer packagel

-

(3)

programmlng techniques and rapid dlsplay, computation

-

and numerical analysis routines. . PRES

4 .
To facilitate the development of the evaluatioﬁ and

‘judgement skills which are needed in the analysis of time

series data, the computer paCkéﬁe incorporates the.ability
to create time serles data for a user selected model. Thls
allows the user to observe the effects -of various model

r_“r
parameters on the diagnostic tests which the packade ‘performs.

Usually, the control engineer, is cdnfrqntea by a
ﬁrocess for which a model is desired. An adequate and
reasonable model is often the backbone of the engineering
approach to the forecasting or Lontrol of a process. A'

11) is outlined in

general, iterative model building scheme
figure 2. Note the similerity to rhe generalized problem
solving strategy previously presented. In terms of time
series analyeis, this model building scheme indieéteefe

peed for parameter estimation techniques and model evaluation

criteria. -

A~



e eem ae e
0y

Figure 2

Postulate
General Class ,/
of Models

!

Identify Model
to be .
Tentatively Entertained

}

Estimate Parameters
in Tentatively
Entertaihed Model

Diagnostic Checking-
(Is the Model adequate?)

Use Model for
Forecasting or
Control

Stages in the Iterative Approach
to Model Building

Reference: Box and Jenkins (1976)(1)
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1.4 ‘The Computer Aided Design Package
ogy (1)

A time series analysis strategy has been
implemented on the combuter as the mainline of the time
series package in such,a. manner that the iterative model
building procedure is exéﬁuted interactively to'determine

the form and best parameter estimates of a generalized

stochastic and transfer function model described by:

<

Yy = (B) Uy ¢ Gp(B) A (1)

—= 4

&g (B) 2qBIv

Within this model structure there are six integer

parameters under user control which set the form of the
mcdel. They are:

b «~ The number of whole periods of delay in the
system,

d -~ The degree of differenciné of the series needed
to obtain stationarity. (Note: © =1 - B )

W

P.d.,x,s - The orders of the polynomials Qﬁﬁ, w,S in the
* backwards operator (B}.

‘-) .

The time series computer package performs various
initial diagnostic tests and computations which will allow
the user to select reasonable startind‘values for these six

parameters. Furthermore, some calculated results may be used



to set initial parameter values within the selected model
form. The Yule-Walker equations are an example of the use
of the tho correlation function values to set the initial

parameter estimates.

To allow improvement of the initial parameter
estimates, the Marquardt Compromise Nonlinear Least Squares(4)
procedure is provided in the computer package. Reasonablé
interactive diﬁylay and computation timeslwere the foremo§t
considerations in the selectién of the criterion for
parameter convergenée offered by .this numerical routine.

By solving eguation 1 %oé the vecto£ of residuals At' the
computer may perform diagnostic tests on the "goodness of fit"

of the model. Generally, the user stops the iterative process

when a model with its best fitting parameters produces a

vector of normally distributed random numbers as the

residual values (At). This "white noise" criterion would
usually indicate that a reasonable time series model

has* been achieved for the set of data under consideration.
TR : )
- .‘_.r‘.\'_" g
’. '
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CHAPTER 2°

A WORKED EXAMPLE IN TIME SERIES ANALYSIS

2.1 The Data ‘ ) .

Data for analysis waé selected from experimental
results collected on, a buthﬁe hydrpgenolysis reactor by
A, Jdtan.(s) The méﬁipulatéd or cohtrolled variable was
the hydrogen flowrate (éﬁ3/s) to the reactor. fThe
observed vériable was the per cent conversion of butane as
measured by an on-line analyzer. geasurements were
available every five minutes (300 secpndsi  from the on-line
device. Effectively, the ;equirgments of discrete, equispaced
sampling are met by this data. A full table of the data is

given in the appendix.

"The data was stored on the computer in file REACT.DAT
using Fbrtrén format (3F10.4) for the data points given by,

-

{ Time, Control, Observation ) or (T, U, ¥Y).

2.2 - The Computer

A VAX 11/750 is presently in use in the Control Group
r 4

of the Chemical Engineering Department at McMaster University.

File manipulation and structuring are in accordance with

standard VAX practices. The entire time series package
8
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is Qritteﬁ in the VAX compatible Fortrap i? computer
'lanéuage. k

™

. The graphical capabilities placed within the time
series packagg utilize the PL?TlO software in use at
McM#ster. All graphiéal software is functional on the
Tektronics 4025 terminal. This terminal has a "split-screen"
capability which creates two windows on the display screen.
The top window presents the graphical display, atd the bottom
window} whiéh is set to 5 horizontal lines in size by the
program, presents the tabular déta. On a non-graphics .
terminal cnly the tabular data display would be observed.
Note that "scrolling" of the tabular display is possiblemw
on the 4025 ferminal, 50 that the 5 line display size is not

a major problem.

2.3 Program Description

' Tﬁe path of the information flow through the time
series package depends dn the options selected by the user.
During exebution, the.package requires one data file and
one subroutine (stored in a separate file), Thé user must
provide these two files or the program will Stop with a
fatal errot indicated. The following outline should clarify

the information flow in the general time series package used

by the command file MASTER.COM. \/\
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' !

Single Input/ Slngle Qutput
S Data is from either
Experiment or Assignment

Input FILENAME where Input Student Number

‘the data is stored. .. N)

. Read FILENAME with If student number = 11
format (3F10.4) ‘ create file PLNT.DAT as
Max. 1000 points known model in format of

“of (T,U,Y) equation 1 and stop,

Note that FILENAME . ¢
must be in the ' " Create up to 1000 data
user's directory. points (T,U,Y) using model

in PLNT.DAT, and subroutine
CONTROL in user supplled
file. - .

Identification of U series

. Identification of Y series”

Initial Impulse Response of Data

Diagnostic
Options | Cross Correlation Ut Yt+k

. Set Model form and 1n1t1al !Creaté files

— parameter estimates using 'BINARY.DAT +
Subroutine MODEL wlth IFLAG=1! TSDATA.DAT

Marquardt Compromise to Improve
parameter estimates. This uses
Subroutine MODEL with IFLAG= 0,
Default order of input of polynomlals
of equation 1 is & ,%, WL SS where

dimensions limit (p+g+r+s).LE. 10.

Identification of Residuals At.

, If'Aé'swhite noise to user satisfaction
—
then stop, otherwise, loop back.

Note that this information flow corresponds to.the
general time series pé&kage used by the command file MASTER.COM.
The program version available to command file MASTERL.COM

does not offer the"data from Assignment"option or the loop back.
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puring the execution of the command file MASTER.COM the
files BINARY.DAT and TSDATA.DAT will be creoé:ted in the

user's direétory. The command file MASTERI?&OM reqﬁires a
user supplied subroutine MODEL and will not create these filés.

\ .
There are several importan£ packagg limitations

which the user‘éhould note. Thé program has been written

for a maximum of 1000 data points and 10 model parameters.
Also, the user supplied data file format for the experimental
data option must have format (3F10.4) for (T,U,¥Y). The
.paramété}:convérgence criterion for the numerical routines
havé been selected for speed of numerieal interactive
computation. If numerical ill-conditioning problems arise
congult reference 4 for computer -library documentation on

the behavior of the Marquardt Compromise paraﬁeters available

for tuning in the mainline call to these 'routines.

The program display to the computer terminal is

’ RN

created by either pPrint statements, write statements to TAPEG'.éét }

(which is the output terminal by VAX system default), or by

‘graphical routines.’ All promp?g reqﬁiting user'interaétion AR
were written by';rite statemeﬁés?%b EAPESZ The tabular
displays, and‘numepiCal analysis- routine output are creatéd

by print st?teMEngg. all default Input/Output file assignments

are the terminal by definitioq on the VAX system. If the
a’—:«
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user requires a printeflhardcopy output of a particular

run of the time_seriés package, the ocutput of the program
may be stored in a file on the user’'s direétory by the use
of a logical f£ilename assignment for the local file FORSPRINT
created by the print statements. This cutput file may then

be sent to the printer by regular methods.

In the event. of file manipulation. probl ; the
user should consult the VAX usgr's guiép. This document
addresses various common problems' encountered by the user.
Particularly note that a user ﬁay create files in his own
directory only, although hé may execute files stored in

another user's directory.

2.3.0  Program Execution Procedure

The VAX file structure allows the creation of -
command files. These files perform sequences of file

manipulation commands. There are two command files which

allow execution of the time series package. The user must

" select the command file which will peffbrm the option

desired. Furthermore, the user'must provide a fortran

.coded subroutine in a VAX Fortran-type file which satisfies

the requirements of the program package. The entire package

14
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is then executed by a single command such as:

$@[MOORE] MASTER [YOURNAME] FILENAME

Here, the file MASTER.COM in directory [MOORE]

" will be immediately executed where "FILENAME" in directory

[YOURNAME] will be termed file "pl" within the command file.

Once the package begins execution, all prompts are in plain

™~

. . english and require khowledge of time series analysis

technigues. WNo detaiied computer knowledge is necessary.

2.3.1

e

T

command File MASTER.COM | $
This file accesses the iterative, intera}tive time
’ s

series packagk _which uses the transfer function and

p stochastic model of equation 1. Note that instructions are

printed for the user as this file executes.

. 109

200

300

. 400

~500 .
800’

700

goo .

900

$WRITE SYSSOUTPUT "USER SUBROUTINE - CONTROL (UNEW,UOLD,YOLD,TIME) *
$WRITE SYSSOUTPUT "MUST EXIST IN FILE ‘‘pP1°® '
$KRITE SYS$OUTPUT 'HHERE DIMENSION UOLD(10¥,YOLD(10) IS PRESENT"
$FORTRAN ‘P’ .
SLINK [MOOREJINTER, EHDGRE]TIHSER:[NDDREJTCS IMUDREJPﬁRRHETER:'Pl'
$ASSIGN/SUPERYISOR SYS$COMMAND SYSSINPUT

$RUN INTER

$DEL INTER.EXE;# :
SEXIT . “

Table 1 Listing of File MASTER.COM

If the user intends to analyze experimental data

then Subroutine Control will never~be called. However, to
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?
avoid non-fatal loader erro in package execution, a simple
control subroutine such as the following example, 'should
- be provided by the user.

Subroutine Controf(Unew, Uold, Yold, ‘‘Time)

Dimension UoldY10),, Yold(lo0)

Print *,'EXIT ON' tALL TO CONTROL'

Call Ex1t i , :
Return M Lo

End - ' ’

A\

' If the user intends fo generate and analyze time .
series data by the package assignmeht option, then the control
subroutine acts just like a controller for a gnown plant

]
model. The plant model must be .set up before this option

can be used. The plant model is c;eated.bf‘éhe user in

file PLNT.DAT by ansﬁerihg student number eleven wheﬁ
pro}%ted for s£udent number. The 'version number of the
PLNT.DAT;# file is used as the problem‘nuﬁber. A speﬁial :
short program, given in the appendix, allows the user to

view the parameters in the PLNT.DAf file td ensure that the

!
desired model has been set up correctly.

At each Time corresponding to an 1nteger multlple of -
the sample tlme lnput by the user in response te a prompt,
the subroutine control is called'gpon to provide a new control

action. Therefore, subroutine control acts just like a procéss

“ .
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.contfaller. It is possible to -use any controller, even a
self tuning regulator, in this control subroutine becausé
the process loocks to the control subroutine for a new control
action before calculating the next observation. Here is a
sample of a simple control subroutine, the step test, which

will provide the step response of the plant model at ?IME=50.

100 SUBROUTINE CONTROL(U.UOLD. YULD:TINE)

200 DIMENSION UOLD(10), YOLD(10) )

300 U=0.0

400 IF(TIME.GE.50,}U=10.0 ~—
500 RETURN -

800 END

-
L]

If the user wishes to establish a modél for an
Auﬁo'RegreSSive Integrated Moving Average . (ARIMA) process,.
then- all control values for all time should be set to zero
by the control subroutine or in the experimental data file,

depending on_ the option selected.

2.3.2, Command File MASTER1.COM

This file accesses a subset of the time series package
and it accepts a user supplied model subroutine.

SWRITE SYS$OUTPUT "USER SUBROUTINE MODEL (NPROB,TH,R,NDB,NPR,IFLAG) *
$SHRITE SYS$OUTPUT “MUST EXIST IN FILE ‘‘P1‘™
$NRITE SYSSOUTPUT "NHERE DIMENSION R(NDBJ TH(NPR) IS PRESENT"
SFORTRAN ‘P1°

- SLINK [MODREJINTER1,[MDOREITCS,[MOORE]IPARAMETER, ‘P1"’
$ASSIGN/SUPERVISOR SYS$COMMAND SYS$INPUT
$RUN INTER!: _ '
$DEL INTERI.EXE:# - .
$EXIT ‘ ‘ '

Table 2 'Listing of File MASTERl.COM\\\\
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4
o
This subset package will process experimental

data only. The user supplied model?subroutine must
satisfy two roles. If the value of IFLAG is léss than‘
zero, the subroutine musE return tge number of parameters
in the mpdelr(NPR), and preliminary estimates of the model
parameters (TH(I), I=1,NPR).' If the value of IFLAG is

, greater thah or equal to zero, ghen then subroutine must
return the vector of model residuals (R(I), I=1,NOB).
Note that in the case of the genéral model this meant the

solution of equation 1 for the residuals, At.

. . 1
*SUBROUTINE MODEL (NPROB.TH,R,NOB,NPR, IFLAG)
DIMENSION R(NOB), TH(NPR)
COMMON/DATA/T(1000),U(1000} , ¥ (1000)
: IF (IFLAG.LT.0) THEN
TH(1)=1,5. .
TH(2)=2,0 _
NPR=2. ‘
ELSE
DO 100 K=1,NOB
ROKY=THC1)#U(K)=TH(2) #Y¢K)
100 CONTINUE
END IF | i
RETURN |
END ;

Table 3 Listing of a Model Subroutine
) - "
Note that this subset package is not iterative in
nature. One run of the program with the starting values given

in Model is achieved each time the MASTER] file is executéd.
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2.4 Program Execution for a Sample Data Set

To fit the generalized stochastic and transfec
funcﬁion model to this test data execute the MASTER
command file. The control subroutine listed in section
2.3.1 was éafely used because the data generation option

was not taken. The strategy of Box and Jenkins will be

followed in this analysis.

2.4.1 Preliminary Identification

The computer package allows various preliminary
identification techniques. For the burposes of demonstratién,
allrof tﬁe options.available‘wiil be éhown. In a stepwise
manner,.the order of techniques is:

1. Plot Control (U) vérsus Time.

2, Plot Observation (Y) versus Time.

3. Identification of the U series. This consists

of the calculation and display of the Auto and
Partial Auto Correlation functions for the
original, first differenced and second differenced
' U series. .
4. 1Identification of the ¥ series.'
N .
5. Impulse and Step test calculations relating Y to U.
6. Cross Correlation function of Y(t)*Ukt+k).

The results obtained'and displayed by the computer are

provided on the next few pages. ’ ’ - ‘
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+AUTO AND PARTIAL CORRELATIONS OF ORIGINAL SERIES

AUTD PARTIAL
1 0.729 0.728
2 0.372 -0.340
3 0.178 0.152
) - 0.087 -0,0B4
S ' 0.034 } 0.005
6 -0.064 ~0.175
7 -0.155 -~0.017
8 -0.125 0.118
9 -0.105 -0.170
10 -0.111 ' 0.042
1 . ~0.0089 -0.012
12 ~-0.097 -0.051
13 -0.102 ~0.0B61
14 ‘ -0.101 -0.015
15 -0.124 ; ~0.064
15 -0.085 0.088
17 -0.015 =0.005
R 1: B 0.000; . ~-0.048
19 -~ ~0,056 =-0.138
20 -0.063: i 0.135

APPROX. 95 FERCENI,GUNF. LIMIT ON CORRELATIONS = 0.182
Pl
STANDARD DEVIATION. OF SERIES = 0.i873277E+02

CHI-SQUARED STATISTIC = 0.9491E+02 BASED DN 20 DEGREES OF FREEDOM

-

Table 4 Identification of Contreol Series

The 95% confidence limits of the correlations are
indicaf%d on the plots Qy the dashed lines. Note that all
élots»in this report are hand;drawn approximations of the
computer display. A hard-copy plotter became available éfter
the completion of this report. Approximate 95% confidence

limits plotted are + 2 * (Number of Obseryé:I;;;\**-O.S .

1
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AUTO AND PARTIAL CORRELATIONS OF FIRST DIFFERENCES OF SERIES

1 AUTO PARTIAL

S 0.1589, 0.159
2 -0.289 -0.322

3 -0.171 ~0,068

4 -0.062 ' -0.124

5 0.080 0.045

] -0.022 ‘ -0.127

7 -0.188 -0.175

g - 0.006 . 0.032

8 0.028 -0.121

10 -0.027 . -0.068

11 0.029 -0.016

12 0.010 *~0.029

13 -0.008 -0.053

14 -0.001 -0.048
15 -0.124 -0.156
16 © -0.001 -0.005

17 0.104 -0,019

18 0.135 0.111

v o1g -0.105 ~-0.1897
20 -0.023 .. 0.134

. . L]
APPROX. 85 PERCENT CONF. LIMIT ON CORRELATIONS = 0.182
STANDARD DEVIATION OF SERIES = 0.1201823€+02°

CHI-SGUARED STATISTIC = 0.2799E+02 BASED ON 20 DEGREES OF FREEDOM

Table 5 Identification of Control Se:ries
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AUTO AND PARTIAL CORRELATIONS OF SECOND DIFFERENCES OF SERIES

1 AUTO _PARTIAL
1 -0.230 ’ -0.230
2 -0,337 ° : - -0.412
3 0.004 -0.255
4 © =0.021 . -0.333
5 0.145° £ -0,114
6 0.043 <. 5 -0.075
7 -0.220 -0.262
8 0.103 -0.078
g 0.086 - -0.130
10 -0.064 -0.159
11 0.044 ~0.126
12 0.000 -0.088
13 -0.013 - -0.092
14 . 0.082 : 0.007
15 -0.141 -0.141
16 0.006 -0.109
17 - 0,043 -0.204
18 0162 0.106 _
19 -0.193 -0.224 -
20 0.005 -0,029

-

APPROX. 95 PERCENT CONF. LIMIY ON CORRELATIONS = 0.183
] . .

- STANDARD DEVIATION OF SERIES = 0.1555213E+02
CHI-5GUARED STATISTICV= 0.402BE+02 BASED ON 20 DEGREES OF FREEDOM

Table 6 Identification of Control Series

S A T UL JUNTEETE AL L P
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¢

AUTO AND PARTIAL CORRELATIONS OF ORIGINAL SERIES

1 AUTO PARTIAL
. | o
1 0.834 0.834
2 0.537 -0.3189
3 0.347 0.203
3 0.341 -0.082
5 0.258 0.031
B 0.153 - ~0.158
7 0.064 0.046
8 0.038 0.073 ‘
9 0.018 -0.095
10 -0.007 0.035
11 -0.031 . -0.044
12 -0.085 -0.054
13 * <0.091 _ -0.022
14 ~0.103 0.000
{5 -0.118 -0.045 -
16 -0.085 0.178
17 ~0.058 ) ~0.145
18 ~0.076 ~0.038
18 -0.115 -0.030.
20

-OUIOS 0.175

APPROX. 85 PERCENT CONF. LIMIT ON CORRELATIONS = 0,182
STANDARD DEVIATION OF SERIES = 0.112658BE+02

CHI-SQUARED STATISTIC = 0.1726E+03 BASED ON 20 DEGREES OF FREEDOM

Table 7 Identification of Output Measurement Series
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AUTO AND PARTIAL CORRELATIONS OF FIRST DIFFERENCES OF SERIES

DY
I AUTO PARTIAL

1 0.197 . 0.197 ¥
2 -0.271 -0.322
3 -0.151 ~0.020
4 -0.032 -0.088
5 0.070 : 0.051
6 -0.031 -0.110
7 -0.198 . -0.189
8 -0.028 0.032
g 0.952 ~0.075
10 -p013 3\ -0.055 ]
11 0.008 0.000
12 : -0.014 -0.040
13 -0.029 -0.048
14 - 0.010 -0.035
15 -0.148 -0.203
16 . -0.003 0.066
17 © 0.153 : "0.015
18 : 0.091 0.044
19 . -0.153 -0.206
20 _ 0.004 0.165

AéPRUX. 85 PERCENT CONF.. LINIT ON CORRELATIDNS = 0.192

_ STANDARD DEVIATION OF SERIES = 0.5423900E+01

» CHI-SQUARED STATISTIC =. 0.3058£+02 BASED ON 20 DEGREES, OF FREEDOM

o

Tabhle 8 Identirfication of Qutput Measurement Series

4
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AUTD AND PARTIAL CORRELATIONS OF SECOND

DO ~dMU DN -

10
1t
12
13
14
13
16
17
18
19
20

AUTD

-0.202
=-0.370
¢.018
0.006
0.122
0.035
=0.216
0,077
0.074
=0.055
0.033
=0.006
=0.0335
0.121
~0.208
0.012

32

0.158

0.100
-0.252
0.036

DIFFERENCES OF SERIES
PRRTIAL

-0.202
~0.428
-0.225
-0.289
-0.068B
-0.042
=0.220
=0.057
-0.100
-0.108
=0.057
~0.037
-0.051
0.090
-0.211

- =0.086

-0,079
0.168
-0.204
0.060

APPROX. 95 PERCENT CONF. LIMIT ON CORRELATIONS = 0.193

STANDARD DEVIATION OF SERIES = 0.8133812E+01

CHI-SGUARED STATISTIC =

Table 9

Identification of Output Measurement Series

a

A

0.4BBZE+02 BASED ON 20 DEGREES OF FREEDOM

e
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.
s LAG.K
0

1

10

11

12
13
14

15
-16

17

_/”j?
20

Table 10

~

IMPULSE

0.2999E-01
~0.1754E-01
-0.506BE+00
-0.6230E-01
-0.5959E-01
~0.6602E-01
-0.4832E-01
-o.soxqe~61
-0.2661E-01

=-0.3567E-01

~0.2785E-01

-(.3715&-01

-0.3462E-01
-0.5539E-01
-0.3460E-01
-0.4689E-02
-0.4030E~01

0.5592E-02
-0.2242E~01
-0.1881E~01

-0.5014E~-01

35

STEP
0.2988E-01
0.1245E-01

-0.4944E+00

-0.5567E400

-0.6164E+00

-0.6824E+00

-5,7367E+oo

-o.7soet+oo

-0.8174E400

-0.8531E+00

-0.8810E+00

-0.9182E+00

~0.9528E+00

-0.1008E+01

~0.1043E+01 -

-0.1047E+01

~0.1086E+01

~0.1082E+01

~0,1105E+01

-0.1123E+01

~0.1173E+0t

L

Note that both of

"the original series

were differenced
from their means

for this calculation.

Impulse and Step Response of the

Original U and Original Y series.
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LAG. K IMPULSE

0 0.2089E-01

1 -0.5295E-62

2 ~0.5092E+00

3 ~0.5445E-01

3 -0.4351E-01

5 -0.5591E-01

E  ~0.5510E-01

7 -0.4533E-01

8 ~0.2828E-01

9 -0.2662E-01

10 -0.1976E-01

1 -0.29145-01

12 ~0.4215E-01

i3 -0.208BE-01

14 -0.3091E-01

15 '0.8718E-02

16 -0.2420E-01

17 ' 0.1466E-01

18 -0.1511E-01

18 -0.2670E-01

20 -0, 1505E-01
Table 11

38

STEP

0.2089E-01
~0.1550E-01
~0.4937E+00
-0.5582E+00
-6.5017E+oo
~0.6578E+00
-0.7127E+00
~0,7580E+00
-0.7663E+00
-0.8129E+00

-0.B327E+00

-0.8508E+00

-0.9029E+00
-0,9238E+00
-0.9547E+00
~0.9634E+00
-0.9878E+00

-0.,9730E+00

~0.9881E+00

-0.101SE+01

£0.1030E+01

f

Impulse and Step Respohse of the

First.Differenced U Series and the
First Differenced Y Series

[

v
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'S .
CROSS-CORRELATIONS BETWEEN OBSERVATIONS AND HRNIPULATEDIUARIABLES Y(T)*U(T+K)

.278 0 - -0.2731/ \
-0.5393 1 *-0.088 ‘
-2 -0.854 2 0.025 -
-3 -0.723 3 0.094 :
-4 -0.493 3 0.174
-5 -0.371 5 0.235
. =8~ -0.309 6 , 0.224%
=7 -0,257 7 0.214
-8 -0.158 8 0.210
-9 -0.059 g 0.198 /.
-10 -0.080 | 10 - 0.135 :
- =11 =0.087 11 0.183,
t=12 ~0.054 - 12 0.151
-13 ~0,047 13 0.133
-14, -0.028 .14 0.075
-15 0.001 15 0.037
. =16 0.028 16 0.049 - . *
-17 0.074 .17 0,079
~18 0.050 18 0.052
~19 -0,011 18 0.024
-20 ~0.022 20, 0.032

APPROX. 85 PERCENT CONF. LIMIT ON CROSS-CORRELATIONS = 0.192

STANDARD DEVIATIONS S(Y) = 0.1127E+02 St = 0.1673E+02

CHI-SGUARED STATISTIC = 357.52 '
BASED ON ( 21 - NO. OF DYNAMIC PARAMETERS) DEGREES OF FREEDOM

]

Table 12 Cross Corx/elation Function of the
Ooriginal U and Original Y Series

ay/ 4
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el

Certain information is readily available froms
these preliminary evaluation techniques. The plots of
the U and Y series are not deterministic in the.manner of
of a step fuﬁction, but they both appear to be stochastic
in nature. The magnit;des of the Auto and Partial Auto
Correlations afe éreatly reduced by the first differenciné
‘of both series. The Partial Auto Correlation of the
second differencing of both series are large and negative,

3
which signifies too much differencing. Therefore, both

.series require first differencing in the model (d=1). »

LY

N

- The Impulse response function in both, zero and
first differences of the series shows no response until
the second lag. Therefore, the.system model requires a
lag of two (b=2). Note that the Step function is the sum
of the Impulse function up to each lagf; It is provided
because many engineers think in terms of the) step response

of a system, rather than the*impulse response.

It is possible for the user tb derive values for
the impulse function from the Cross correlatlon functlon
if the U series is whlte n015e. Box and Jenklns(l) show
that an ARIMA prewhltenlng transform for the U series may
also be applied to the Y series. Then the cross correlation

fungtlon of the transformed U and Y series will meet the
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4
-impulse relation requirements. Note that both the
] . -
computer and the user generated impulse values are

\
approximations of the true system response.

 The cross correlation function also indicafas that
the past values of the control action had an effect on
the present observation value. This confirms the selection
6f the control variable as éeasonable. It does not indicate
that the best control variable availableAis in use in the
system. This aspect of contrel engineering should be

\ .
addressed before the model building stage of ‘the design.

¢

4y

In‘diagnosfic £erms, the techniques of time series
yaﬁalysié indicate that the‘fofmkand initial parameter
estimates 6f.ah ARIMA modél are set by the Auto and Partial
Auto Correlation functions. hsimilarly, the iﬁbulse response

function provides the form and initial parameter estimates

of a transfer function model]. The development of a transfeér

&

function model is Wlw ys addressed before the fitting of

1
a stochastic model to the residuals {(i.e. the Noise Model)
-of the'selecteg transfer function model for a given set of

data.
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2.4.2 The Transfer Function Model

. The impulse and step responsé functions for
various transfer function models have been tabulated

(1)

by Box and Jenkins . Relations are provided which
al%ow the calculation of preliminary estimates of model -
parameters from the values of the impulse weights for any
data set. By a compariéon of the observed impulse weights
to those tabulated, it is possible to entertain various
model forms of the generalized model,
’ 7

The Marquardt Nonlinear Least Squares procedure
may then be used interactively to obtain the best-paraméter
estimates for each model in turn. The usér may observé'
the cross correlation funciion betéeen the model residuals
and the control action, When these cross correlations are
within the 95% confidence iimits, the transfer function
model may be termed adequate. For thgse confidence limits,
statistically one obser#ation in twenty shoula liéroutside
the limits. In the case of several adequate models, the_-
user may consult the variance of the residuals to determine
the transfer function with the better overall fit to the
.data. The idea of a parsimonious model (i.e. the model with?

fewest parameters for best fit) should be foremost in the

mind of the user during this stage of the model building

process.
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A special warning to the user is' required at thié
point. The numerical péckage will converge for any modéi
only if the initial parameter estimates are reasonable.
The roots of any polynomial in the backwards operator (B)
must lie outsidd the uﬁit circle or the numerical equations
will rapidly become unstable. Furthermore, the Box and Jenkiﬂs
parameter estimation equations are based on polynomials in
{(B) of the‘form:

= - - 2 _

$(B) = 1-9§B-g§8%- ... ’

The computer program is based on polynomials in (B)

\

of the form: N
_ 2
. w(B) = wy + WB _+w213 + ..
_ 2
&B) = 1 + SlB + 82}3 e

Therefore, any parameter estimated using the equations
of Box and Jenkins should be multiplied by ~1 for input to

this time series package. The only exception is w

0 wblch

is.equal in the two cases.

Five initial model forms were selected as reasonable
for this data S?f' and the initial parameter estimates were
determined for each of the models. The results are given.dn

Table 13. Each of these models was tested by the-computer.

~
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¢

No. Model Form Parameter Estimbte
[ ]
% &, W, 1 %

[t Y. = w, +wB)y U, - - -0.51 0.07 -
2. (1+%B)Y, = wy Uy -0.13 - -0.51 - - -
3 (A48 B)Y, = (WytWiB) Uy 5 |Logs -  -0.51 0.28 -

-.99 -~ -0.51 0.44 0.008

4 (1+§B)Y, =(wyryB+asB)u__ |

2.0 . .
5 - (L+8B+8,BY)Y, =(W+WBIUL 511 01 0.02 -0.51 0.45 -

-1

¢ Table 13 Initial Models and Parameter Estimates
Calculated from Impulse Weights

; Note that both the U and Y series have been differenced

once for all the models of Table‘lB.

b |
~

The initial estimates of the second order terms in
both models 4 and 5 are very close tb zero. The nimerical
pacgage predictably estimated the confidence limits on these
parameters to include zero. Thus, tﬂe'addition of the extra *
.term did not improve-the model bghavior over Model 3, and
the calculated value of that extra term was not significant..
Nofe that all of the initial pafameter values qf model 3 are

significantly non-zero.

It is impbrtant to note that for models 1, 2, and 3,

the cross correlation curves were reasonably within the 95%
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confidence limits. This test is observed with the bgsf
parameter estimates obtained for each model by the numerical
packége: Therefore, the better model of the three cases
was determined by the best Chi-Squared test parameter which
reflects the better overall fit of a model. Model 3 was
observed to have the best overall behavior, and all of the a
best parameters observed had reasonable confidence limits. ‘“/JF
R . . ' <
) .
The model parameters required between 15 and 20
iterations to converge on the best parameter estiﬁates from
the initial parameter values of 6ab1e 13. The full set of
diagnostics for model 3 have been recorded from the improved
starting pafamefers ('ub=-0.52,-uﬁ
which served to lower the number of iterations and still fully

=0.32, Sl=-o.72 ),

demonstﬁqte the numerical packagé. In this run of the
numerical packégg hb is parameter 1, “& is parameter. 2,
and 5 is paraméter‘§7~ Thé parameters are always ordered
in the sequence 1nput by the user to the 1nteract1¥e
prompts for the model when they are transferred to the

numerical routines. . This sequence will vary depending on

the orders of the polynbmials selected.

The user should keep track of the differeﬁcing’and

the number of lags selected for the model Being tested.
) )
In this case, first order differencing and two lags were used.
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.4.3

Numerical Package Analysis of the Transfer Function

+wl B .
Yt = (Nb hi ) Ut—Z, + ﬁE (2) Test Model Form.
{ l+5lB) v

NON-LINEAR ESTIMATION. PROSLEM NUMBER O

108 OBSERVATIONS, 3 PARAMETERS 456 SCRATCH REQUIRED

©

INITIAL PARAMETER VALUES

1 2 ' 3
-0.3200E+00 0.3200E+00 -0.7200E+0Q0
hb kﬁ. 8l T

INITIAL SUM OF SQUARES = 0.213BE+03

\

. ITERATION NO. 1
DETERMINANT = 0.430GE-01 ANGLE IN SCALED COORD =83.87DEGREES

TEST POINT PARAMETER VALUES

‘1 2 , 3
-0.5183E+00 0.3Z49E+00 -0.7243E+00

TEST POINT SUM OF SGUARES = 0.2134E+03

PARAMETER VALUES VIA REBRESSION”
1 2 3
-0.5183E+00 0.3249E+00 —0.7243E+00
LAMBDA = 0,100E-01 *

SUM OF SGUARES AFTER REGRESSION = 0.2133531E+03

$
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ITERATION NO. 2

DETERMINANT = 0.43786E-01 ANGLE IN SCALED COORD

TEST POINT PARAMETER VALUES

1 2 3
-0.51B2E+00 0.321BE+00 -0.7193E+00

TEST POINT SUM OF SGUARES = 0.2133E+03 v .

PARAMETER VALUES VIA REGRESSION

1 2 3
-0.51825+00 .0.3218E+00 -0.7183E+00

LAMBDA = 0.100E-01 '
SUM OF SGUARES AFTER REGRESSION = 0.213290BE+03

1 2 3
-0.51B0E+00 0.3212E+00 -0.7182E+00

TEST POINT SUM OF SQUARES = 0.2133E+Q3

PARAMETER VALUES ¥1A REGRESSION

1 2 3
-0.5180E+00 .0.3212E+00 -0.71B2E+00 .

AN

LAMBDA .= 0,100E-01

SUM OF SAUARES AFTER REGRESSION = 0.2132?87E+03
' S
]

=51.29DEGREES

=75, 44DEGREES

- "- .‘ -,
& S
. ITERATION NO. 3
'DETERMINANT = 0.4298E-01 ANGLE IN schenguaRn'
TEST POINT PARAMETER VALUES ‘
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_ _ ITERATION NO. 4
DETERMINANT = 0.4267E-01 ANGLE IN SCALED. COORD =74.SEDEGREES

TEST POINT PARAMETER VALUES

1 2 3 ' .
~0.5180E+00 0.3208E+00 —-0.7175E+00

TEST POINT SUM OF SQUARES = 0.2133E+03

PARAMETER VALUES VIA REGRESSION L -

1 2 3
-0.5180E+00 0.3208E+00 -0.7175E+00

'LAMBDA = 0.100E-01

SUM OF SGUARES AFTER REGRESSION = . 0.2132723E+03

a o ITERATION NO. S
DETERMINANT = 0.4253E-01 -  ANGLE IN SCALED COORD- =76.ESDEGREES

TEST POINT PARAMETER VALUES o -

1 2 3 w
-0,5179E+00 ©,.3207E+00 -0.7172E+00

TEST POINT SUM OF SQUARES = 0.2133E+03

I

PRRAHE?ER VALUES VIA REGRESSION

1 2 K 3
-0.5179E+00 ' 0.3207E+00 -0,7172E+00 .

-

\ ‘ . ) &

LAMBDA = 0.100E-01 ‘ .

SUM OF SQUARES AFTER.REGRESSIUN = 0.2132698E+03

ITERATION STOPS - RELATIVE CHANGE IN EACH PARAMETER LESS THAN 0.001

A

’ L
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-_—
AUTD AND PARTIAL CORRELATIONS OF THE RESIDUALS

1 : TAuTo PARTIAL

0.170 . 0.170 y

1
2 ) 0.000 -0.030
NQu1a8. - 0.159
4 0.049 ~ -0.006

o
\{\\ 5 -0.008 -0.008
B -0.051 -0.073
: ? 0.065 0.084
8 ‘ o.o7%FF - . 0.045
9 -0. 018~ . ~0.015
10 o.ooo’lﬁ\' . -0.011 |
11 -0.077 . -0.105
: 12 i -0.082 -0.053
..—7 = 13 g 008 0.042
to 14 ~-0.128 < -0.119
) . 15 ~0.188 < -0.144
» L. 16 -0.110 -0.082 )
17 ¢ 0 =0,028 0.023 -
18 -0.092 -~ =0.048
. 19 -0.093 -0.021
20 -0.084 . -0.113
21 -0.080 R -Q, 058
.22 -0,225 -0.202
* 23 -0.164 -0,078
24 -0.071 -0.059
25 0.115 0.182
25 0.080 , 0.043
27 0.021 . 0.009 .
28 - 0.081 0.021
29 0.057 -0.002
30 -0.018 -0.05%

. IAPPRDX. 95 PERCENT F. LIMIT ON CORRELATIONS = 0.182

CHI-SGUAR 37.23 . )
STOCHASTIC PARAMETERS) DEGREES OF FREEDOM

-

Table 14 "~ Identification of Residuals Series
of Transfer Function Model
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Al

’

L
CROSS~-CORRELATIONS BETWEEN MANIPULATED VARIABLES AND RESIDUALS UA*MT"’K)

0 0.218 0 0.218
-1 0.008 1 0.087 :
-2 0.035 2 ¢.044 _‘\\\_.//J
-3 . 0.082 3 0.058 .
-4 ~0.039 4 0.089
-5 0.004 5 -0.048
-6 -0.046 6 -0.210 .
-7 -0.0B67 7 -0.155
-8 0.081 B8 -0.018
-8 0.020 g 0.086 "
-10 0.077 - 10 0.053
-11 0.173 11 -0.085
-12 -0.073 12 -0.126
-13 0.051 " 13 -0.038
-14 -0.068 14 -0.071
=15 -0,232 15 r-401%51
-16 0.178 16 . 0.025
-17 0.171 o 17 0.218
-18 -0.085 "+ 18 0.032
-19 -0.170 19 .  -0.21t
-20 -0.117 20 -0.080

APPROX. 95 PERCENT CONF. LIMIT ON CROSS-CORRELATIONS = 0,192
STANDARD DEVIATIONS S(U) = 0.1202E+02 S(A) = 0.1393E+01

CHI-SQUARED STATISTIC = 27.50 . A
BASED ON ( 21 - NO. OF DYNAMIC PARAMETERS) DEGREES OF FREEDOM 0

Table 15l Cross Correlation Function of Control .
. “variable with Residuals of Transfer-
.Function Model

L
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. The residuals of the transfer function model
were K\lculafed using the best estimates of the parameters.
These residgals were used to calculate Auté and Partial °
Auto Correlation functions, as well as the Cross Correlations
with the control variable, The cross correlation function
indicates that the transfer function is a reasonable model.
The regiduals of this model can be seeh to behave as white
noise in the Auto and Partial Auto Correlation functions.
Thus, the model residuals N, are in facf'white_noise A

t
"which makes a stochastic noise model unnecessary.

t

’.

. /
2.4.4 The Noise Modei‘

In effect, the identification\of the noise model
paraliels the earlier préliminarg identifitation of the’
U and-Y series. However, the model of 2.4.3 forces the
noise to be stationary, so that no further differencing of
the residuals is necessary. The Auto and Partial Auto
~ \Correlations of the transfer function model residuals |

indicate that those residuals are white noise already.
v

- -

To demonstrate the use ¢f a noise model in the
computer package, and to show some of the symptoms of an

unnecessary noise mddel, a simple noise model will be présgntéd.

L}
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The form of the transfer functiaon and noise model was:

_ (w+WB) \ ,
Y, = ' 4 Uy, + (L4%B)_ A (3)
( 1+§B) \ v '

-

The model parameter order is (Gi, uﬁ, ui, Sl)

for the numerical routine. The tabular data from the

computer analysis is given on the next few pages There

are several significant points to note.

1. The sum of squares of the residuals has decreased

significantly over the trénSfer,function model.

2. The 01 parameter has the largest confidence limits

of the parameiers. The confidence limit includes

zero,
3. Both the Auto and Partial Auto\correlation
_functiqns of the residuals.are ow significéntiy
non—zerS\at the second lag. "

‘\.

4. The cross correlation funcEion of the control
L4

-variable with\the residuals is unchanged.
5. _The Chi—Squared\gtatistic ngicates a mi;ginal,

‘if any, improvemehy.in the overall fit of the

model. | ‘ \\
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o«

2.4.5 Numerical Package Analysis of the Noise Model

The Test Model Form is given in Equation (3).

NON-LINEAR ESTIMATION, PROBLEM NUMBER ©

108 OBSERVATIONS, 4 PARAMETERS 576 SCRATCH REQUIRED

.
INITIAL PARAMETER VALUES

FE)

1 2 3 4
~0.1200E+00 -0.54005+00 0.4400E+00 ~-0.9400E+00
(79
aq 0 “wy 2

INITIAL SUM OF SQUARES B 0.152BE+03

_ ITERATION NO. 1
DETERMINANT =. 0.9341E-01 ANGLE IN SCALED COORD =87.39DEGREES

TEST POINT PARAMETER VALUES

1 2 3 - 4
-0,1201E+00 ~0.535BE+00 0.4354E+00 -0.8355E+00

\

TEST POINT SUM OF  SGUARES 2. 0.15255+03

PARAMETER VALUES VIA REGRESSION

-

1 ' 2 3 ' 4

© =0.1201E+00 -0.53G8E+00 0.43B4E+00 -0.9355E+00

LAMEDA = 0.1002-01

* SUM OF SGUARES AFTER REGRESSION = 0.1524834E+03

’
I
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. ITERATION NO. 2
DETERMINANT = 0.862895-01 ANGLE IN SCALED COORD =53.30DEGREES

TEST POINT PARAMETER VALUES

1 2 3 4
-0.1190E+00 ~0,536B8+00 0.4370E+00 ~0.9385E+00

TEST POINT SUM OF SQUARES = 0.1525E+03

PARAMETER VALUES VIA REGRESSION
1 2 3 I
-0,1190E+00 -0.5368E+00 .0.4370E+00 ~0.93E5E+00 .

LAMBDA = 0.100E-01

'

SUM OF SQUARES AFTER REGRESSION = 0.1524693E+03

ITERATION NO. 3
DETERMINANT = 0.B752E-01 ANGLE "IN SCALED COORD =53.43DEGREES

TEST POINT PARAMETER VALUES

. i - 3 4
' =0.1183E+00 -0.536BE+00 0.43682+00 -0,9351E+00 .

TEST POINT SUM OF SQUARES = 0.1525E+03 . -
.DETERMINANT .= 0.1010E+00 ANGLE IN SCALED CQORD =52.37DEGREES

PARAMETER VALUES VIA REGRESSION

1 2 3 4
-0.11835+00 ~0.5368z+00 0.4358&£+00 -0.85351E+00

o
LAMBDA = 0.100E-0!

SUM OF SRUARES AFTER REGRESSION = 0.1524754E+03 \,
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ITERATION NO. 4 .
DETERMINR&T = 0.8713z2-01 ANGLE IN SCALED COORD =52.91DEGREES

TEST POINT PARAMETER VALUES

1 2 3 -4
~0.1184E+00 -0,536682+00 0,4369E+00 -0.9363E+0¢

TEST PDINT SUM OF SBUARES = 0.1525E+03
Y ,ﬁ

PARAMETER WALUES VIA REGRESSIDN

1 2 3 4
-0.1184E+00 -0.53668E+400 0.4359E+00 —0.5363E+00 -

LAMBDA = 0.100E-01

"

SUM OF SEUARES AFTER REGRESSION = 0,1524730E+03

-

- el L ] ITERATION NO. 5
DETERMINANT = ©0.8728E-01 ~  ANGLE IN SCALED COORD =55,41DEGREES

. N
TEST POINT PARAMETER VWALUES

1 2 ~ 3 © 4
-0,11B83E+00 -0.536BE+00 0.4369E+00 -0,3362E+00

TEST POINT SUM OF SGUARES = 0.1525E+03
DETERMINANT =  0.1007E+00 ANGLE IN SCALED COORD =54.25DEGREES
PARAMEPER VALUES VIA REGRESSION o
1 2 3 . 8,
-0.1183E+00 -0.5366E+00 0,4339E+00 -0.3352E+00

LAMEDA = 0.100E-01

SUM OF SGUARES AFTER REGRESSION = 0.1524733E+03
Y * » \

, w\\\\ : 'g?h

&

-

L S
& .
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' ITERATION NO. 6
DETERMINANT = 0.8724E-01 ANGLE IN SCALED COORD =50.09DEGREES

TEST POINT PARAMETER VALUES

1 2 3 4
~0.1184E+00 -0.53682+00 0.4388E+00 -0.83EZE+00Q

TEST POINT SUM OF SGUARES = 0.1525€+03

PARAMETER VALUES VIA REGRESSION Lﬂ\\
8
1 2 3 4
-0.1184E+00 ~0,536B5+00 0.4355E+00 ~0.93625+00

\A

LAMBDA = 0.100E-01
SUM OF SQUARES AFTER REGRESSION = 0.1324738E+03

. . r
ITERATION STOPS - RELATIVE CHANGE IN EACH PARAMETER LESS THAN 0.1000E-02

~

-

,g‘
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FINAL RESIDUAL VALUES

0.0000E+00 0,0000E+00

/

f
/

/
L/, 64

0.0000E+00 0.0000E+00

0.0000E+00 -0, 47365400

0.1282ZE+01

I
-0.1045E+00 0.3822E+00

0.1012E+00 ~0.6094E+00

0.4677E-01 -0.70B4E-01 -0.20256400 0.73635+00 -0.4B49E+00
0.335BE+00 -0.10B3E+0L  ©.G0GBE+00,-0.0983E-0t ~0.2803E+00 0.1049E+01 -0.5BG1E~01 -0.3452E+00
‘0.3645E400  0.5418E+00 0.400B5+01 0.2025E401 -0.2770E+0] =0,43J0E+00 0.2211E+01 -0.9141E+00
0.17B4E+00 0.7913E+00 -0.1904E+MR 0,3787E+00 0.L1443E+0! 0,3B22E+C1 0.1141E+0] -0.Z824E+01
-0.1782E+01 0,8702E+00 -0.1G5ZE+01 0.3223E+01 -0.1423E+01 ~0,1048E+01 0.B88BE+00 -0.1045E+01
0.1074E+00 20.3133E400 0.3383E+00 0.1iS6E+01 O.1877E401 ~0,1B04E+01 -0.71445400 0,21B2E+00
0.30035+01 0.4008E+00 -0.1ZBIE+0] O.1110E+00 0,6425E<02 0.1S17E+00 ~0.3{09E-01 0.2899E+00
0.6855E+00 -0.B110E+00 0.168EE+00 0.4179E+00 -0,3450E+00 -0.3579E-01 ~0,2822E400 ~0.3585E+00
~0.2061E+00 ~0.5480E400 =0.1762ZE+01  0.1309E400 =0,B8270E+00 0.4103E+00 -0,294BE-01 -0.4013E+00
0.9320E-01 0.1868E+00 -0.2817E+00 0.1214E+0§ -0,26G0E+00 0.4279E+00 0.G845E-01 0.2024E+00
*
LORRELATION MATRIX
1 2 3 4 . \
1 1.0000
2 0.0221 1.0000 -
3 -0.020% ~0,6314  ° 1.0000 .
4 0.7101 0.3154 -0.B548 1.0000
NORMALIZING ELEMENTS
1 2 3 4 -
0.6044E-01 0,BATOE-0Z 0.1471E-01 0.1BI1SE<01 1
VARIANCE OF RESIDUALS = 0.14BBE+01, 104 DEBREES OF FREEDOM
INDIVIDUAL CONFIDEKCE LIMITS FOR EACH PARAMETER (ON LINEAR HYPTHESIS)
t 2 3 4
0.7645ER01 =0,5163E+00  0,4725E400 =0.8922E+00
~0.3132Ep00 =0,557IE+00  0.401IE+00 -0,9BOIE+00
FINAL PARAMETER VALUES: .
1 2 a v
-0.11B4E}00 -0,53BBE+00 0.4369E+00 -0.9I52E+00
) ' Yo ’
' - ’ ~
~ ;n|‘ .
J M . L 4

-

e m——— e

ltruncated'display of the final 108 residual

provided in this example.

*
Note tha
values 1
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| ’ '
'AUTD AND PARTIAL CORRELATIONS OF THE RESIDUALS
1 AUTO PARTIAL
J -
, ! 0.011 0.011
2 -0.224 - © -0.224
3 ~0.024 -0.019
LI 0.0G7 -0.124
5 0.089 -0.082
E -0.100 . =0.1586
) 7 0.081 .« 0,041
g 0.085 0.009
- ~0.050 - -0.043
o 10 0.004 0.001 ,
~11 -0.083 -0.117 ",
12 -0.022 -0.021 . '
13 . 0.134 . " 0.108 .
14 ~0.0E9 -0,092
15 0.130 L. 70.125
1 -0.032 -0.090
17 0.064 0.000,
18 . 0,042 g,/' 0,097
.| 18 0.078 0.104
I 20 . 0.026 -0.035
-2 -0.0018 0.008
22 < ~0.164 ~0.158
23 ~0.122 -0.103
. 24 -0.018 - v =0,084
23 0.185 0.125
26 "0.055 -0.051
- 27 // -0.077 ~0.082 -
28 -0.043 , - . =0.107
T 23 . -0.002 - -0.035
. 30 ~-0.081  -~0-088

APPROX. 95 PERCENT CONF. LIMITRON CORRELATIONS = 0.182

j : : .
/CHI-SQUARED STATISTIC = 2B.85 . )

(”'anan ON (30 - NO, OF STOCHASTIC PARAMETERS) DEGREES.JF FREEDOM

-

Table 16 Identification of Residuals Series
of Transfer Function and Noise Model

—
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CRDSS*CDRRELATIPNS BETWEEN MANIPULATED VARIABLES AND RESIDUALE UCTI#A(T+K)

1
.

0.106 . .

.0 0.108 "0
-1 -0.094 vt ~0.024
-2 -0.039 2 0.013 :
-3 0.100 3 -0.011 Ca i
-4 "=0.050 4 0.091 )
-5 -0.043 *? 5 0.012 . .
-8 +0.057 6 -0.161 -
-7 -0.042 7 -0.101 .
-8 0.121 8 0,054
S -9 0.057 9 0.173
=10 . 0.058 ) 10 0.142
” -1, 0.133 1 -0.042
sV - =0,056 12 - -0.134
_ =13 ¥ 0,089 13 ~  -0.04B
-14 -0.073 14 -0.082 !
-15 ~0.215 15 -0.0EB
-18 0.233 16 0.024.
- =17 0.180 - 17 - 0.238
-18 -0.128 - 18 0.054 «igp
, ~19 -0,208 18 -0.247

-20  -0.144 20 -0.115
- . . . * . "‘
APPROX. 95 PERCENT CONF. LIMIT ON CROSS-CORRELATIONS = 0.182

STANDARD DEVIATIONS S(U) = 0.1202E402 S(A) 7 011805401
. CHI-GQUARED STATISTIC = 24.78
.~ BASED ON ( 21 - NO. OF DYNANIC PARAMETERS) nsnnsss OF FREEDON -

h
~
Table 17 Cross Correlations of Control Varlable o
with the Residuals of the full Transfer
o Fyfiction and Noise Model. ;

L ——y
n
) -

why




& The information in this numerical presentation
indicatgsrthaﬁ-the éddition of the Cﬁ parameter'd%a POt
significantly Ipprove on the fit of the transfef function
model previoﬁsly'obtained for this éystem; Therefore, the .
i initial diagnosis on the residuals of the transfer function
model which indicated that there was no'ﬁenefit to the
addition of a noise model is corrqpf. However, the addition
of. the extra parapmeter did not harm the fit of the model.
It is the principie of the mogf parsimonious model which
recognizes that more than ‘onéumo el is adequate, but only
one. suitable model should be obtained with a miﬁimuﬁ number

of parameters.

P

' l .
2.4.6 .Final -Model Summary

In terms of the six parameters df_fhe géneral model .
under user control, which set the form of theAhodel, the
transfer function was shown to be (r, s, ﬁ)'= (1, 1, 2) and
the noise model was shown to be (p, d, q@) = (0, 1, 0). .The

nume;ipal package estimated the parameters for this model,

. ' .‘. : . I‘,;

_ (=0.52 + 0.32B)

which gives the final ripdlt:

Yt . Ut-2 + . f_t_ |

. (1-o0.728" ® - ev

‘Note. that onrl{.-two decimal accuracy has been retained in




68.

the presentatioh of the fjinal model. This model is adequate
for the particular realization of the data which has.been
processed. As more information becomes available, and the
number of obser&ations increases, it is probable thét ﬁhe

third or fourth decimal accuracy mayfchange, but the confidence
limits on thé parameters are small énough to justify the

f
use of two decimal accuracy with reasgnable certainty.

Al

Es

The user should recognizé the fact that plant
equipment ages, and various disturbances may enter the plant.
These events will cause parameter ﬁrift of either a slow
or rapid nature depending on £he nature Qf the disturbance.
Once a model form is'determinea, strategies exist for the
on-line or pericdic update of model parameters to compensate
fof'the‘dQnahic nature bf fhe plant wpich'is being modelled.(G'V)
The ultimate usé.of a modeil dictates the attentioﬁ which
the user should direct to Fach of these concerns, however
the féliacy of eight décimal accuracy. in model pardhetgrsA_

from a gﬁmputen output should be noted regardless of the
.. ; o [ ]

intended model use. -, .




CHAPTER 3

+

THE COMPUTER PROGRAM FORMAT

3.1 The Interactive Routines

The Mainline of the Interactive Time Series (MITS)
psogram, the interactive model subroutine (INTMDL), the
data input”subroutine (DATA), and the display interruption
routine for the continue prompt (CNTNﬁ) are the only
rdutines requiring user.in _raction. All other subroutines
receive integér flags to éz:ivate the options selected
by the user in the interastizskyohtinés. For_example} the
value of the plst flag{(IPLT) selected in the mainline
activates the plstting package only if it is a positive
integer. Epis structuring of the subroutine pagkage alloss
. the separation of specific functions for general use. This

] ~4

is illustra¥®ed by the generaiﬁzed plotting routine provided

»

"in the appendix as .an independent file.
f' - . . P

i : ' y :
3.2 TﬂE_Interactive Mainline -
The computer package has been structured so that

each objective of the interactive program mainline corresponds

k3

L . B : . :
to one subroutirne call statement. This is illustrated in*

flgure 25, which shows the relatlonshlp between the stages

of .the general model .building scheme of chapter 1 and the,
o 69
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o

corresponding objectives available in the program mainline.

In many cases, these subroutinei fulfill specific objectives

by delegating numerfical calculatioh, plotting or printing

requirements to other

subroutines.

Model Building Step

Diagnostic or Objective Subroutine
*Called
Plot (U vs T)- (Y vs Tl/ PLOTXY
Preliminary .
Identification of U Series.|IDENT
Diagnostics indicats
Identification of Y Series.|IDENT
Tentative Model : L.
o Impulse/Step Response. IMPLSE
Form ' )
—~ Cross Correlatlon Yt Ut+k CROSS
. : Input_ the desired form of
Set the Tentative
the generalized model and |INTMDL
Model : -
initial parameter estimates
2 . Marquardt Compromise
Improve Parameter
- Nonlinear Least Squares for
Estimates '
: Parameter Estimation. TSHAUS
Identification of Residuals
Evaluate Model '
: Serles.
- Cross Correlation U, *A CROSS

. t Tt+k

. The Iterative Procesp loops back to INTMDL.

Te

‘Figure 25.A: COmparlson cf The Model Building Scheme
To The Mainline Program Call Sequence

*Reference_Figure 2,'page 5.

[ ) -



3.3 Program File Manipulation
The” input/output manipulation of data files is
performed in the DATA subroutine and the interactive @odel

»

suproutine INTMDL. The DATA subroutjine opens and cloees

a single data file to obeain the original user experimental
data. The INTMDL subroutine will create two files which

are binarﬁ versions of the original data (TSDATA.DAT), and
the current tentative model form with parameter estlmate;
(BINARY. DAT) Special programs are given in the‘appendix
which allow a printout of the contents of these files. | v

i

-

B
Phe TSDATA file allows the mainline program to

iterate through various tentative model.forms.fof_the data

set, without reopening'the original fortran coded data file.

Note that the mainline contains the close command for this

i
file before program executiqg terminates normally.

The BINARY file allows the INTMDL subroutine to
access and update the current model being oohsidered. A new
file is created each time an iteration through ththodel

form loop is made by the mainline program " Note that the

use of a remote data file for the automatlc update. of the ?'

model parameters carefully avoids the problems assoc1ated

i

with complexxsupscrlpt argument%?for the parameter. arrays.

L

|

.\'
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CHAPTER 4
THE SUBROUTINES )
T
4;1 Subroutine Classification

Historically, computer subroutines haﬁe been
cl;ssified as Input/Output (I/0) routines or numerical-
routines;- In the time series computer package ‘there are
three subdivisions of each of ‘these cateqgories. The
following six tables indicate a general cription of | ‘

egch subroutine called by the package, where the table

classifications are:
7

1. The User Interactive I/0 routines.

2. Gene;al 1/0 ;outinés. . ¥

3. The Time Series Plot Package.

4. General'Matgghatical routines.

5.h'General Statistical routines.

6. The Time Series hgmqrical rogtinesl
. 3 . ' s .
‘ Note that category 1 was also discussed in.‘chapter 3.
‘The furtffer problem oflsubroutines which afg‘especially
Qesigngd to york on the VAX mgchine has been'ﬁzztially
simplified By acing bachAfunétion of this type in its own
subroutine. The user should Create a suitable replacement

.

,‘éubroutine which is specific for the desired machine where

72: ‘\ _.‘
’ ‘ ] ) !

- , ~



the packa'ge‘is to reside. The random number generator

73

and some of the plotting software routines are in this

category because

A
of a dependence on éhe machine word size

or the machine communication characteristics.

™ LY

" Table 18

Routine Name General Deséription N
Frogram MITS This is the Mainline of the Interactive.
f-—/ . . .

Time Series computer package. ‘

INTMDL The Interactive Model subroutine. This
routine uses the form of the general time
series model,

CNTNU- Ask the user if program should continue.

_1 1

“Call Exit on negative reply.

i;BTA f;ﬁéﬁuaer provides the name of the

' experimental data file, and DATA retreives
the original (T, U, ¥) data. Y
7 = )

The User Interactive I/0 Rolitines

Note that file manipulatipn,byﬂthese routines is

~— discussed in chapter 3.

~

-
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Routine Name -

-

JF\\General Description

MATPRT

RDBF

N

Mqtrix\ﬁyint routine for vectors, °

Y
N [
triangular matrices and square matrices.

Read Binary File routine. For use with

-y
files TSDATA ard BINAR!ﬁ T

)
.

~

TAquy Diagnostic routine for movement of a tape
a desired number of records for binary
or coded files.” * | :
WTBF Write Binary File routine. k\\\‘//
K- £ £ - 0 t ‘ — ‘,
" Table- 19 General I/0 routines :
l‘ ’ -/' ‘
[ L \ .

Routine Name

General Description

CONLIM

‘

CURVE ,
FRAME -
PLOTXY

SCALE

VMAX

.VMIN .

TITLE

P

Places confidence limits on Auto and

Partial Auto Correlation plots. ~
p :

A

The entire plot package is used with a

,call to PLOTXY. VMAX and VMIN find the

max and min of the data vectors, ﬁhen
SCALE the data. Use PLOTlO set-up software

to set terminal and screen par eters.
]
A FRAME and TITLEs are place on screen,

then a'line or bar chart CURVE is plotted.

xr

- The Time Series Plot Peckage



Note that the plot package requires the plot;ing
software of the PLOT{O package to providea;pecific subroutings.
The subroutines required are: INITT, TWINDO, DWINDO,

MOVEA, DRAWA, DASHA, ANMODE, and FINITT. These subroutines

are'ﬁell documented in the PLOT10 user manual,

Routine Name General Description

RANDN . This rqptine creates a normally distributed

random number and is machine specific.

DIFF _ " Return a differenced gseries to the desired
degree by operaﬁing on a series with Al-B)

oncg for each degree of differencijng desired.

INCR : Increment a vector of NV jtems, soO that
v(l)#V(Z),...,V(9)=V(10),V(10)=VNEW for
NV=10. Useful for past comtrel-Falues.

.

MATIN Calculate the inverse and determinant .of
o~ . a matéix. |
: .
POLY Multiply a polynomial in B by (1-B).
RLS . Reﬁur;iv; Least SqLares routine.

Reference 9: Goodwin and Payne (1977)

Table 21 ‘General Mathematical routines B
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1
Routine Name General Description
ACORR @%alculate Auto Correlation function

AC(NLAG) foX series 2 (NOBS).

CRCORR ' calculate cross correlations for positive
. o '
- lags between series X and Y.

]

CROSS Called by the mainline to calculate the
. . B
o full crods correlation function for two
* sgeries, and display thé results. -
PARTAL Calculate Partial Auto Correlation &
functidn PAUTO (NLAG) from AC(NLAG).
STATS Calculate the mean XBAR, and the standard

deviation SDX, for series X(NOBS).

Vmahle 2}\\feferal Statistical routines ' *

Note that the page references in the comment sections

of these subroutines refer to Box and Jenkins(l) where the
algorithﬁs for the subroutines may be located. 1In some cases
the computer algorithm is the combination of several elgorithms
so that some manlpulation of the ‘equations is necessary.

In that case, references to both algoritlims combined are

provided in‘the subroutine comment section.



Routine Name General Description \ ,\

HAUSTS This is the Margquardt Compromise Nonlinear
Least Squarés subroutine. Thishversion

I is a FORTRAN77 rewrite of th? original‘;d

' program from University of Wisconsin. (4)
The original documentation of the I/0

nomenclature and conventioiis has been

retained. L\ )
J "
IDENT - . This routine is called by the mainline to

perform an identification on a series.

IMPLSE - T This routine \is called by the mainline teo
perform the imp lse/sfep test between an

, - input and output series.

MODEL TRis routine performs.all calculations
. a .
relating to the generalized model egquation

as selected by an option flag.

: : —
TSHAUS 'This.:outine is called by the mainline to

sét up the matrices for a call to HAUSTS.

The éghvergence criteria, maximum_pumber

of iterations, and-special parameters have
N been selected for reasonable ;ntétaétive'_

“

L,package behavior.

v , Table 23 The Time Series Numerical rputi;és

o
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- 4.2 Benchmarking_df‘Numerical Routines
d
- jhe general mathematical routines and the

general jtatistical routines were benchmarked.by a hand
calculation in most cases. The matrix inversion, recursive
least squares and stats routihes were checked for accﬁracy
by running short fortran programs with the subreutines

attached, for problems with known solutions.

. _us =

The time series numerical -routines IDENT, and IMPLSE

‘use'coﬁbinations of the other routines. Therefore, once the

.other ro tlnes are benchmarked, they may be regarded. as

|
lay Eoutines for the calculated results.‘

e'

The Marquardt Cowprom;se subroutine HAUSTS, wasg

" rewritten from a program from the Unlversity df Wisconsin .
' ‘e - -

compq;e; lib;ery.(4) The documentation of this lih;ary

”
-

routine included sevewal test cases of data. One of ‘these
“tases ﬁes-run with the'rewritten'versioh—to-benchmark the

b _ o new versioyof the code. The results dj:' the test run agree
7 | ;withln reasonable numerical round-off accuracy w1th those n. A

. of’Fhe #ibrary test case at every stage of the output d}splaf,

.Npte th?t all input/output variables and_ﬁests dte'the same

.- ) asﬁthoee-presented”in“the.origihal iibféii.deCﬁmenﬁation;

The sample benchmark run is included in the next report section.
il _ . :

» i .

; #

!



4.3 TSHAUS Benchmark Case ) b '

‘This case was run

with the MASTER) command file.

data. The data function and initial parameter estimates .

were placed in the Model subroutine. - The problem selected

was example 1 section 6.1

)
e

Observed data was

filament lamp per cmzlper

was the filament temperatifre.

-

»

.1 of the iibrary documentation.

L

' ~

‘the energy radiated from a carbon "

second.- The controlled varjiable -

N .
By plotting the.datafgn;}cﬁi}og paper, it is seen that’the

R

Yt a{*'Ut :
iﬁitial paramptéf

a=0.725 and b = 4.0..

are listed below. = - })

SUBROUTINE MODEL (NPROB.TH,R.NOB,NPR, IFLAG): »

model should be of the form: - . T

v t '.
where subscript t, denotes’ case no.
. -, . i ‘,

L3I

estimaﬁes are approxiﬁatélyf

The data file and modél subroutihe

— }’

. 8ix " data points were collected.

" The problem data was stored in Toqut (3F10.4) as experimental.

o

-

DINENSICN RUNQB),FH(NPR) . L
COMMON/DATA/T(1000),U(1000),Y(1000) . L :
IF(IFLAB.LT.0) THEN e % , . : .
" IH(1)=0,725 - v . DATA !L"-I].:.E’ R
r:c!zm.o . . 'y - .U <« Y
a2 . ‘ ) . . .
=Lg= . L. 1,309 2.138
D0 100 u=1,uua v - : N R ¥ 1 3.4921.
Rmavm-mumugpﬂmczzJ R o '-1-492' 23%
100 CONTINUE | 4. ~ " 1.58 .
. END IF .. . 5. 1.511 4.882
RETURN - - - © B.  1.880 - 5.830:-
- - END - - . -’ - . . ‘4..
o )
-
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’
.

S The “TSHAUS ouﬁﬁut'frbm the test case run is listed

¥

below; Note thaﬁ‘cdnvergence occurs ;n three. iterations.
. - ¢ )
~ , ' ’ , -
NON-LINEAR ESTIMATION, PROBLEM NUMBER 1- .
a6 OBSERVATIONS, =~ 2 PARANETERS 32 SCRATCH REQUIRED
INITIAL PARAKETER VALUES
o 2 Co
0.7250E+00  0.4000E+01 e
INITIAL SUM.OF SBUARES = 0.1472E-01 ,
L9 -
~ p

.

-
-

ITERATION NO. 1
. DETERNINANT = 0-2021E-01 ANGLE IN SCALED COORD =81,30DEGREES

-

TEST PDINT~PARAMETER VALUES

1

! 2
f—umﬂof;ssas+oo 0.3875E+01

TEST FOINT SUM OF SGUARES = 0.4470E-02

¥
.

PARAMETER VALUES VIA REGRESSIDN

. 1 z .
0.78323E+00 0,38755+01 _ : - -

LAMBDA = 0.100E~01

- SuM oF SBUARES AFTER REGRESSION = 0.44702595-02

,
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¢ ,
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. ITERATION NO. _ -2
DETERMINANT = ©.2059E-01 ANGLE IN SCALED CDORD =8%. B4DEGR:ES :
TEST POINT PARAMETER VALUES
- ‘ - . . ' . -

.. l , l. 2 " '

0.7GB4E+00 0,38B2E+01 ) T
.. F
TEST POINT SUM OF SBUARES =~ 0,431BE-02 : . .
PARAMETER VALUES VIA REGRESSION ﬁ' b
1 2 lQh . "_
0.7684E+00 0.3862E+01 -~
’ - . -

. ] | p
LAMBDA = o 100E-01 - : * . . : -
SUM OF SQUARES AFTER REGRESSION = 0.4318143E-02

. - 4 4
B ' , L :
_ . - ITERATION NO. 3

DETSRMINANT = 0.20535-01 ANGLE IN SCALED COORD =76.5BDEGREES

TEST POINT PARAMETER VALUES

1 2 : .
0.76B9E+00 0.3850E+01

fEST POINT SUM OF SQUARES = 0.4317E-02

| 1 |
PARAMETER VALUES VIA REGRESSION . \\

.1' . 2 t.‘
0.76892+00 (.3BB0E+0!

LAMEDA = 0,100E-~01

SUM OF SQUARES AFTER REGRESSION = 0.43172835-02 *

ITERATION S5TOPS ~ RELATIVE CHANGE INEACH PARAMETER LESS THAN 0.10005-02

L]
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A
- LT I ‘
FINAL RESIDUAL VALUES ; .
‘ -0.3612E~01 0.9831E-02 0.1257E-01 0.733BE-02 0.3667E-01 -0.38B7E~01
CORRELATION MATRIX
1 2
. 1 1.0000 ®
2 -0.9906 - 1.0000 -
NORMALIZING ELEMENTS *
vy 1 2 | .
.. - 0.5522E+00 0.1543E+01 o T SE
\ VARIANCE UF-RES;DUALS = O.IOng-OZ. 4 DEGREES OF- FREEDOM
; e - INDIVIDUAL CONFIDENCE LIMITS FOR =ACH PARAMETER (ON LINEAR HYPOTHESIS) N
1 2 '
0.80515+00 0.3862E+01 .
. 0.7326E+00 0.3759E+01
| . FINAL PARAMETER VALUZS: .
o 1 2 v
; 0.7699E+00 0.38E0E+01
f _ The final parameter values of the library case were.
E ’ , identical to these values. The printout of the library case
. displayed one more figure than this display, however, all
. displayed values were the same "uith'in reasoﬁable‘ limits -
¢ throughout the entire output. .

& . . - v . . ) '
: _ : . \ .
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4.4 Subrout¥ne Variables Description

The detailed subroutine call statements are ligted
in table 24. The‘order of the subroutines is the same as’
the order of appearance of the subroutines in-the program
listing in the appendix. = The lnteractlve routlnes are
fqllowe@ by the numerlcal routines,.in alphabetical order.

The plot package is in alphabeticel order at the end of the

numerical package. In most cases,  the meaning of the variables

-
-

in the call statement are self-evident. In case of difficulty
consult the 'detailed listing. | '
\4

The subroutines are not linked to one another by
common blocKs of vargables. The only tommonlblock in general
use is entitled /DATA/ and contains the (T; U, Y) data.
Therefore, required variable values are communicated from
one routine to another via the subroutine call statement.l
The structure of the variable rquting through the~subroutinesl
is eviden} in table 25. This tabie ﬁrovides the list of
subroutines calied by each subroutine. Those subroutinés
wh}ch do not call any other routines are listed in table 26.

The user should note the reassignment of integer
variables to new values at the beginning of each subreutine.

Thls creates a new transfer address for each variable to

prevent loader address problems during nested subroutlne calls

4
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Table .24 Detailed Subroutine Call Statements

| SCALE('z', #2Z, Heading, #Heading

INTMDL(#Tape, ParVec, #Par, #Obs, IFLAG) _
CNTNU ' W
RANDN(IntegerSeed sStdbDev, ArithMean, RanNumber)
BACORR('z', AutoCorr, StdDevZ, #0bs, #Lag)

CONLIM(AutoCorr, #Lag, 95%ConLim, #Obs,.IPLOT,IFLAG)
CRCORR{ 'x', 'y', CrossCorr, StdDevX, StdDevy, #Obs, #Lag)
CROSS('x', 'a'} #Obs, #Lag, IFLAG, IPLOT)

DATA(#Obs, #Tape)

DIFF{'x"', #0Obs, #Differences, "x"Differenced, MeanXx)
*HAUSTS (#Prob, #0bs, #Par, ParVec, DeltaParConverg, « oo IPLOT)
IDENT('z', #0Obs, #Lag, #leferencesToTry, IPLOT)
INCR(NewV, 'v', #Vv) ..

IMPLSE (#0bs, #Lag, #leferences, IPLOT) .

MATIN (Square"A", DimensionA, Vecter"B", IFLAG, Determinant)
MATPRT (IFLAG, DimensidénaA, Vector"Atl, Vector"B", Square"C")
MODEL (#Prob, ParVec, ResidualsV #0bs, #Par, IFLAG)
PARTAL (AutoCorr, PartialAutoCorr, #Lag)

POLY (CoefficientsOfPoly, #Differences, #Coefficients)

RLS (NextObs, CovMatrix, ObsVec, ParVec, RLSPQEV #0bs)
STATS('x', #Obs, StdDevX, MeanX) o !

*TSHAUS (#Prob, #Obs, #Par, ParvVec, ..., IPLOT)

CURVE(')', 'y', #Obs, IOptiom, ISymbol) >
FRAME(MalnHeadlng, XHeading, YHeading, "x"scaleé "y", #0bs)
VMAX (Vector! x' #X, MaxX)

VMIN (Vector' x ' #X, MlnX)

PLOTXY ('x', 'y', #Obs, Integer#Title, #XTltle, #YTltle Opt,IPLOT)
RDBF ('x"', #x, #Tape) *

*

"z"scaled)
TAPMOV (#Tape, #Records, File type\flag)
TITLE(Integer#tltle, #letle, #¥Title, Title, XTitle, YTltle)

R AT T R N T e e T TR

WTBF('x', #X, #Tape)

* For detailed desgrlptlons of these call statements
see reference 4, o

ParVec = Parameter Vector iy Table 24.

In table 24 the symbol 'xX" means a vector pf values
. N ' .

which are called X in” this subroutine. 'Commept statements

]
in the subroutines provide information on the values for

special integer flags (IFLAG, and IPLOT).

-
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Subroutine Subroutines Called By This Routine
Name ' General Subroutines Plotting Routines
ACORR STATS
CONLIM DASHA MOVEA
CRCORR STATS
CROSS CRCORR- CNTNU PLOTXY  CONLIM
ANMODE  FINITT
DATA CNTNU
HAUSTS ACORR  ‘CNTNU MATIN PLOTXY  CONLIM
MATPRT ' MODEL PARTAL | ANMODE  FINITT
IDENT DIFF STATS ACORR PLOTXY CONLIM
- CNTNU PARTAL ANMODE  FINITT
IMPLSE CNTNU DIFF STATS PLOTXY DASHA
RLS ANMODE  MOVEA
FINITT
MODEL . CONTROIL INCR . INTMDL
' \ POLY RDBF WTBF
TSHAUS HAUSTS - ANMODE
CURVE MOVEA  DRAWA  ANMODE
.FRAME : ANMODE  DRAWA DWINDO ENCODE  INITT
TWINDO  VMAX VMIN '
-PLOTXY ANMODE CURVE DIFF . FRAME SCALE
g TITLE - :
SCALE VMAX | VMIN

”

Table 25 Cross Index of Subroutines -

-
4

Note that the plotting subroutines are together

in the bottom half of the table 25. The subroutines called

by the mainline are described in chapter 3.
X : . | ol
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Package Subroutines PLOT10 Subroutines
T " ] 7
DIFF INCR MATIN ANMODE DASHA DRAWA
MATPRT PARTAL POLY' DWINDO FINITT INITT
RLS STATS VMAX MOVEA TWINDO
- vMIN 'RDBF TAPMOV
TITLE  WIBF | S

Table 26 Subroutines Which do NOT Call Other Routines

-

The user should pay particular attention to the
dimension and type of Yfriable which is used in each call -
sequence for a given subroutine., The use of the.wrong type
of véiiable may result in erroneous transmission of results
from the subroutine ig the event that the error does not
cause a fatal fortrén error. Therefore, the indepéndeht use .
of thé'subroutine package‘is possible for the ﬁser with
some dégree of familiarity Qith FORTRAN77 and the VAX computer

system.



CHAPTER 5"
APPLICATIONS AND CONCLUSIONS

5.1 Pdsgible Package Applications

'by the general benchmark case for the numerical routines

]
The application of the ideas incorporated into the

entire package will allow the interactive design of a
stochastic and traqsfér fuhctién model for a single input/
singlé output system. The final model is generally intended
for: use in forecastiné or control‘applications. Thié
version of the computer'package ig accegsed by executing-:
the}MASfER cémmand file. Note that the facility.for

educational user experience with known plant modéls is also

provided.

A subset of this computer package is available by
executing the MASTERL command file. .This subset package
ailows the user to fit any form of model 'to the experimental

data. This aspect of the subset package was demonstrated

illustrated in chapter 4.

;
Some minor alterations to the subset package aliow _

the user to perform a multivariable analysis on the data.

Box and Jenkins(l)'should be consulted during this application,

: 87

-
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< 7/ o
The modular nature of the fortran subroutines allows

'the'separate use -of ' the subroutines‘as library or reference

routines. Any application of this type should ensure the
availability of the PLOT10 scftware with the plot package
and the availability of all package subroutines which are

called by the subrdut&he being used. Furthermore, caution

.should be exercised if the package is to be used on another

machine because of the machine dependent nature of some of

.

the subroutines.

5.2 The Multivariaple Analysis Problem

Vd t

The file MASTER1 should be executec in this application.
The multivariable data should be separated into the various
permutatlons of th varlables, Wlth one permutatlon per data
file. For example, data with 2’ observatlons and two control

variables .(T, Ul"Uz’ Yl' Y ) should be placed 1nto 4 data

"files: 1T, Uy ¥y) (T, Uy, Y) (T, uz, Y,) and (T, U,, Y,).

Then the time series package may be executed for each of these
data files, as far as the fitting of a model. The user may

then assemble all the data to establish a model-whicﬁ relates
all of the variables: ¥, = Function of (A, Ul,.Uzi for example.

The only problem to be considered is the input of

. the variables Yl' Y2; Ul' and Uz‘so that they are all

, available for use in the mode;‘subroutine at the same time.



met by the modified version used in this application.

12y
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Once all of the variables are available, then the user must

-

fit a transfer function to the data for the calculated set

-

of re51duals,of the model. An adequate transfer function

model will allow the creation of "a suitable noise model.

7 " .
[, All of this may be accomplished using the MASTERL files.

7

The data is read into the time series package in
the user supplied model subroutine when the IFLAG® parameter
is less than zero. Two common blocks have been added to the
subset paekage te a;low the storage oflthis data, so that

it-i% available.for calculation oﬁ'model residuals'wheu

‘the IFLAG parameter is.greater than or equal to zero. The

A
common - blocks are:

COMMON/DATAU/UL(1000) ,U2¢1000),...,U5(1000)
COMMON/DATAY/YI (1000) ,¥2(1000),...,¥5(1000) v
~These two lines should also be placed in the user supplied

model subroutine. The data should then be read in as the

varlables Ul to Us, and Y1 to: YS,_as the user requlres.
'Q

Note that the usual COMMON/DATA/T(lOOO) U(lODO) +Y(1000)

statement should be included also. The data that is read in

should be‘differeneed to the desired degree by the user,.

since the data is not entering the package by the usual method.

All other funétions‘of the model subroutine must also be



5.3, Conclusions and Future Work

The ideal situation iq the control of a chemical |
. pfbcess would_celthelavailability of a real-time, interactive,
computer cohtrol package. This would pe%mit the on-line '
real -time collection and dlsplay of process data. This
data could be used to update or establish suitable control

model structures and parameter estimates.

The present computer package will process data
¢
from a single file. Future work which will lead towards

the ideal situation has’ several facets:

\[ ' . .
l. Suitable data updating techniques are required

to allow a continuous increase in the number of
data points available'i%;;eal-time.

2. The existing plot package shogid be altered to
permit the real-tims digplay of data. The use
of vanishing vectors ailows the update of a

_ cutve within an existing display frame on screen.

3. The real-time .solution, of numerical problems
introduces a delay in the information available
from the computer. Sunitable algorithms for
control must account for these effects.

4. Analog/digital and ccmmuq;catlon/lnstrumentatlon

-) . facilities must be present in the VAX to process

interface.

! . N | L
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PROGRAM MITS
DIMENSION TH(10), R(1000) ,SCRAT(10000)
CHARACTER#17 ANS ,FNAM
CHARACTER#*! NUM(S)
COMMAON/DATA/T{1000) ,U(1000),Y($000)
DATA T/1000#0.0/,U/1000%0.0/,Y/1000%0,0/
DATA NUM/!I' lz" 130 14.' '5! lBl J?l JBI' Is /
NPROB=0" .
IPLT=0
WRITE(E,*) ‘TECTRONICS TERMINAL IN USE? (Y/N):
ACCEPT 1000,ANS
IF(ANS(1:1).EQ. 'N") IPLT-~100
IF(IPLT.GE.O) THEN .
CALL ANMODE
WRITE(G,%#)’ "ERA M ~“ERA W ~WOR 0 ’
"END IF

~

WRITE(S, %)’ ' _
WRITE(B.#) 'INTERACTIVE TIME SERIES PACKAGE (VERSION 1.0/81)°
HRITE(E.#)‘ DATA FROM EXPERIMENT OR ASSIGNMENT (E/A):‘
ACCEPT 1000,ANS '
IF(ANS(1:1).EG. ‘E’) THEN
* .
RRREERREBRRDRRERRERRELRRREREERERRFERRSR SR REERERER READ DRTA
* . " .

NOB=0 : .

CALL DATA(NDB,NPRDB) _
WRITE(G,#) ‘NUMBER OF DOBSERVATIONS IN FILE = ‘,NOB

* THIS CALL TO DATA OPENS UNIT = NPROB

* . HITH FILE NAME PROVIDED BY USER. TO GET DATA

#* THEN IT CLDSES THMAT FILE.

u"u*"*u*"nﬂi"un*iuu“*nuﬂuuﬂn*ui*GET ASSIGNMENT -
ELSE

DO WHILE (NPROB.LE.C .DR. NPROB.GT.10)
WRITE(E,#) *INPUT PROBLEM NUMBER ( 1 TR 8 )°
ACCEPT#,NFROB
END DO
KRITE(G,#)+
HRITE(E.*)/INPUT STUDENT NUMBER: '
_ACCEPT#,NSTUD

. IF(MOD(NSTUD.2}.EQ. o:nsrun=nsrun+1

RERRXTERFERERRRAEEEFREEEFREFERREREEERREREF R ERER 5 #ESTUDENT 11 ONLY*###%28

IF(NSTUD.ER.11) THEN ° :
WRITE(G,#) ‘CREATE- DATA FILE? (Y/N):~’
ACCEPT 1000, ANS : -
IF(ANS(1:1) .EB. ‘Y’) THEN

* SET-UP *MODEL :
3 NPR=10

. THIS CALL TO MODEL OPENS UNIT = NPROB

¥ WITH THE FILENAME = PLNT.DAT:NPRO3 , AS A NEW FILE.

' ~ NOB=10

y
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CALL MODEL (NPROB,TH.,R,NOB.NPR,-2)
HRITE(G,%) 'DONE: EXIT FROM EXECUTION'’
CLOSE (UNIT=NPROB)
CALL EXIT ° '

END IF

END IF

FREFERFRFFARRERNRAFRLRAFRRERRARERRRF LR AR RRREND OF STUDENT 11 PACKAGEs##ss+

100

FNAM='{MOOREIPLNY.DAT:
FNAM(17017)=NUM(NPROB}

OPEN(UNIT=NPROB. FILE=FNAM,STATUS= ‘0LD ", FORM 'UNFORHA[IED'
_ #READONLY) : S

REWIND(NPROB)

. VAR=1.0

IF{NPROB.EQ.3)VAR=Q,25 e

GET RANDOM NDRNRL VARIABLE {(MEAN=0.0,S5TDEV=1.0)
Dg 100 I=1:1000

CALL RANDN(NSTUD:UAR-0.0:IEHP)

R{I)=TEMP

CONTINUE

ISAMPLE=0

DO WHILE (ISAMPLE.EG.O0.OR.ISAMPLE.GT.100) K\_
WRITE(E,#) 'INPUT SAMPLE TIME (1 TO 10011’
ACCEPT#*, ISAMPLE '

ISAMPLE=ABS ( ISAMPLE)

(END DO - , ' o

NOB=10000
DO WHILE (NOB.EG.0.OR.NOB.GT.1000)
HRITE{E,#) INPUT NUMBER OF DBSERVATIONS DESIRED (50 TO 1000):
ACCEPT=,NOB ‘
NDB=ABS (NOB )
END DD ° ' " "
CALL MODEL (NPROB.TH,R,NOB; ISAMPLE, 2) ) ’
CLOSE(UNIT=NPROB)

ARRERRERESERAEERRERERLRRRFRRRRERREREREERRERERRRRNSHEEE READY FOR DATA

END IF :

IFCIPLT.GE.0) THEN

HRITE(E.*) 'PLOT U VERSUS TIME? (Y/N).

ACCERT 1000.ANS

IF(ANS(1.1).ER.'Y’) THEN
HRITE(G,#)’"ERA K “ERA M THWOR 30‘°
CALL DIFF{U.,NOB,0:R:,0.0) .-
CALL PLOTXY(T.R. NBB 0:1 2:1.3)

"END IF

WRITE(B,*) 'PLOT Y UERSUS TIHE? (Y/N) LY
ACCEPT 1000,ANS

IF(ANS(1.1).EQ.'Y’) THEN

HRITE(G,#)‘“ERA W “ERA M “HOR 30'

CALL DIFF(Y,NOB,0,R,0.0)

CALL PLOTXY(T.R.NOB.0,1.:1,1,3)
END IF

CALL ENTNU
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END IF

DO 300 I=1,2
IF{IPLT.GE.C)WRITE{GE,#) "YERA W ~HOR 0
IF{I.ER.1) THEN
WRITE(&,#) 'PERFORM IDENTIFICATION ON U SERIES? (Y/N):¢
ELSRe '
WRITE(E.#)'PERFORM IDENTIFICATION ON Y SERIES? (Y/N):*
END IF '
ACCEPT 1000, ANS
IF(ANS(1:1).EQ. 'Y’)THEN
NL=101 ‘
ND=4 . )
po HHILE(ﬁf.EG.o .0R. NL.GT.100 .OR. ND.GT.2)
WRITE(S,#)"INPUT NUMBER OF LAGS FOR CORRELATIONS (1 1O
ACCEPT#,NL ' .
NL=ABS(NL) ' )
HRITE(S,*) 'INPUT NUMBER OF DIFFERENCES TD BE ATTEMPTED
ACCEPT#,ND
ND=ABS(ND)
IF(IPLT.GE.0) THEN
HRITE(G.#) 'ARE PLOTS .DESIRED? (Y/N)= '
ACCERPT 1000, ANS
IPLT=0
" IF(ANS(1:1).EB, 'Y’ ,AND.1.EQ.2) IPLT=1
IF(ANS(111) EG. 'Y/ AND.1.EQ. 1) IPLT=2 -
END IF
END DD
IF(I.E@.1) CALL IDENT(U,NDB.NL,ND,IPLT)
IF(I.EQ.2) CALL IDENT(Y,NOB,NL,ND,IPLT)

. END IF

CONTINUE .
PERFORM IMPULSE TEST

IF(IPLT.GE.O)WRITE(G, %} *“ERA W “WOR 0
WRITE(E,#) ‘PERFORM IMPULSE TEST? (Y/N) L/

- ACCEPT 1000,ANS

IF(ANS(1:1).ER.'Y’) THEN

NL=101 _

ND=10 - -

DO WHILE(NL.GT.100.0R.ND.GE.2) i

100): 4

[

{0r1,2)1¢

HRITE(E:#)‘INPUT ND.DF IMPULSE KEIGHTS TO BE CALC. (MAX 20}:"

ACCEPT+,NL .
NL=ABS(NL)

IF(NL.EG.0INL=101 . _

HRITE(S.#%) 'INPUT ND. OF DIFFERENCES TQ BE ATTEMPTED (o
ACCEPT#,ND

ND=AB85(ND}
END DO

IF(IPLT.GE.O0) THEN

i)
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IPLT=0 .
HRITE(G.*)‘ARE PLOTS DESIRED? (Y/N):’
ACCEPT 1000,ANS
IF(ANS(1:1).EG.'Y*) IPLT=1
END IF
CALL IMPLSE(NOB,NL,ND,IPLT)
END IF '
IF(IPLT.GE.0)KRITE(B, %} *~ERA W ~WOR 0’
WRITE(E,%) ‘CROSS CORRELATIONS U VERSUS Y? (Y/N):
ACCEPT 1000,ANS -
IF(ANS(1:1).EQ. ‘Y") THEN . ' .
NL=0 .
DO WHILE(NL.EB.O .OR. NL.GT.100) ‘ :
WRITE(G,+) ‘INPUT NUMBER OF LAGS FOR CROSS CORRELATION (MAX 100):°
ACCEPT#,NL
“NL=ABS(NL} , \
END DO : -
IF(IPLT.GE.0) THEN
KRITE(G,#) 'ARE PLOTS DESIRED? (Y/N):°
IPLT=0 , : _
ACCEPT 1000,ANS . - '
IF(ANS(1:1).EQ.'Y*)IPLT=1 )%
END IF
- ©_ CALL CROSS(U.Y.NOB,NL,0,IPLT)

’ END IF ‘
. .
RERBRFHRBRRRRED ) SET-UP DESIRED MODEL FORM
» .
IFLAG=1 - S Lo
DD WHILE (IFLAG.EG.1) '
NPR=10
IF(IPLT.GE. O)HRITE(B.i)'”ERA ‘M *ERA W “NOR o'
CALL MODEL(NPROB,TH,R,NOB,NPR,~1)
THIS CALL TO MDDEL OPENS UNIT = NPROB+1
AS FILE NAME = TSDATA.DAT-AS A NEW FILE
CONTAINING STORED BINARY OF ORIGINAL
DATA (T.U.Y),

THIS CALL ALSO OPENS UNIT = NPROB
RITH FILE NAME = BINARY.DAT AS A NEW FILE
WHICH CONTAINS MODEL PARAMETERS.

ol dk ok ok ok ok o kW

ESTIMATE PARAMETERS
-+ HRITE(G.#)’ESTIMATE PRRAHETER VALUES WITH TSHAUS? (Y/N):‘’
ACCEPT 1000.ANS ///S '
" IF(ANS(1.1).EQ. 'Y’ }THEN
IF(IPLY.GE.0) THEN ' :
WRITE(B,#) 'PLOT CORRELATIONS FOR RESIDUALS? (Y/N):‘’
ACCEPT .19000.,ANS .
IPLT=0 - " o
IF(ANS(1I1).ER,‘Y')IPLT=3
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END IF
L=S%NPR + NPR¥NPR + NOB + NPRENOB
CALL TSHAUS(NPROB,NOB,NPR,TH,1.E~8,1.E~3,20,0.01+10.,SCRAT L, IPLT)
END IF
» GET RESIDUALS
" CALL MODEL (NPROS,TH,R:NOB:NPR,1)
IF(IPLT.GE.0) THEN -
WRITE(E,#) ‘PLOT RESIDUALS VERSUS TIME? (Y/N)2
ACCEPT 1000,ANS N -
, IF(ANS(1:1).E®.'Y‘) THEN
\ CALL ANMDDE
“HRITE(B.#)'~“ERA H “ERA M “WOR 30’
CALL PLOTXY(T, RsNDB:3: 1 a,1.31
. CALL CNTNU
END IF
b END IF
IFCIPLT.GE.O)WRITE(E. %) ““"ERA W ~HOR 0’
KRITE(G.#) ‘CROSS CORRELATIONS U VERSUS RESIDUALS? (Y/N):’
ACCEPT 1000,ANS
, IF(ANS(121).EQ. 'Y’ ) THEN
i NL=0
* DD WHILE(NL.EQ.0 .OR. NL.GT.100)
HRITE(B,#) “INPUT NUMBER OF LAGS FOR CROSS CORRELATION (MAX 100):°
ACCEPT#/NL
NL=ABS(NL)
END DO
IF(IPLI.GE.O) THEN
WRITE(E,#)’ARE PLOTS DESIRED? (Y/N):
IPLT=0
ACCEPT 1000,ANS .
IF(ANS(I:I).EG;'Y‘)IPLT=1
END IF
GALL CROSS(U, R.Nua NL,1,IPLT)
L END “IF
CALL CNTNU

*
#* : )

kiR bdnntannsnasrent RETURN DATA TO ORIGINAL VALUES

. . *

? ) ' OPEN(UNIT=NSAVE,FILE='TSDATA. DAT'.STATUS='oLn'.Fan='UNFanABxED')
oo ' : . REWIND(NSAVE) :

/ READ(NSAVE)NOB *

: . CALL RDBF{T,NOB,NSAVE)
S CALL RDBF(U,NDB,NSAVE) - )

k CALL RDBF(Y,NOB.,NSAVE) .

; : CLOSE (UNIT=NSAVE) -
: - CLOSE(HNTT=NT)

o’

WRITE(E,#) 'TRY NEW MODEL? (Y/N):
ACCEPT 1000.:ANS

IF(ANS(lZI).EB.’N’JIFLAG%O

TRCRE T TORRIIm L
-

AN
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/
END DO
. STOP ‘DONE” .
1000 FORMAT(A10) _ -
1001  FORMAT(3F10.3)
END
SUSROUTINE INTMDL (NTP,PVEC,NPAR,NOBS, IFLAG)
DIMENSION PUEC(10),IPAR(E) .
CHARACTER#10 FNAM. ANS
CHARACTER#5 NAME (4)
CHARACTER#1 NUM(S) :
COMMON/DATA/T{1000) ,1i(1000) ,Y{1000)
k> DATA NAME/‘THETA’, ‘SIGMA’, ‘OMEGA*, ‘DELTA’/
DATA NUM/’1¢,727,737,°47,75,/6,7¢,'8*,3*/ _
DO 10 Is1,10
10 . PYEC(1)=0.0
DO 20 I=1,6
. 20 IPAR(1)=100
. - NT=NTP ”
B ' NPAR=1
NOB=NOBS _ b ¢
IFLG=IFLAG .
IF(ABS(IFLG).EG.2) THEN
FNAM=‘PLNT.DAT; ‘-
FNAM(10210) =NUM(NT) VRS
ELSE
{ FNAM=‘BINARY.DAT
END IF :
‘ OPEN(UNIT=NT,FILE=FNAM, STATUS= ‘NEN’ s FORM= ‘UNFORMATTED *+ ERR=50)
: 50  REWIND(NT)
; .WRITE(B,#) ‘MODEL FORM:’
: : WRITE(B.#) ‘Y(T)=(OMEGA(B)/DELTA(B))%U(T-NB)*,
#'+(THETA(B) /SIGNA(B) ) #A(T) * -
WRITE(6,#) ‘FUNCTIONS IN B ARE = OMEGA(O) + OMEGA(114B
#'+ OMEGA(2)%B#*2 + ..,/
| EERER C ' SAVE T.U,Y IN PRESENT DATA FORM SD THAT WE
. EREER : ) CAN RETURN TO ORIGINAL DATA AT ANY TIME
K ) .
| /) IF(ABS(IFLB).LT.2) THEN
. | NSAVE=NT+1
: o OPEN(UNIT=NSAVE.FILE=TSDATA.DAT ‘. ETATUS= ‘NEW" .FDRH*'UNFORMATTED )
: REWIND (NSAVE) .
WRITE (NSAVE )NOB
¢ CALL WTBF(T.NOB,NSAVE)
i ‘ CALL WTBF(U,NOB.NSAVE)

CALL WTBF{Y.NDB.NSAVE)
CLOSE(UNIT=NSAVE) .

END 1F

ND=100
DO WHILE(ND.GT.3}
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HRITE (G, #) ‘INPUT DEGREE OF DIFFERENCING FOR U AND Y (0,1,2):
ACCEPT#,ND o
ND=ABS(ND) '
“END DO .
- IPAR{S) =ND
IF(ASS(IFLE) .LT.2) THEN
NU=NOS
CALL, STATS(U.NU,SDU,UBAR)
CALL DIFF{U,NU,ND,L H4BAR)
CALL STATS(Y,NDB,SDY,YBAR)
CALL DIFF(Y,NOB,ND,Y,YBAR)
NOBS=NDB
END IF

NB=100
DO WHILE(MS.GT.10) :
WRITE(E,#) 'INPUT LAG OF CONTROL ACTION (NB) .(O TO 10):
ACCEPT#,NB
NB=ABS (NB)
END DO
IPAR(E) =NB - :
HRITE(E, %)’ NOTE: MAX OF 10 PARAMETERS ALLOWED IN MODEL, ’
D0 100 I=1,4
DO HHILE(IPAR(I},GT.10)
WRITE(B.1000)NAME(I) -
FORMAT(1H . 'INPUT DEGREE OF POLYNDMIAL *.AS,(8) (0:1, ,2,3)17)
ACCEPT*, IPAR()
IPAR(I}=ABS(IPAR(I)) ,
IF(1.EQ.3)IPAR(I)=IPAR(I)+1
END DO 5 ~
CONTINUE
IFCCIPAR(1)+IPAR(2)+1PAR(3) +IPAR(4}) .EQ. 1) THEN
WRITE(E,#) ‘ALL POLYNOMIALS ARE DEGREE ZERO'

HRITE(E.#) "EXIT FROM EX‘CUTIUN'
CALL EXIT :

END IF

IF (IPARKEINEA. 1) THEN

WRITE(E,#) 'ARE ALL CONTROLLER VALUES ZERD: (Y/N) ¢
ACCEPT 1005,ANS

FORMAT(A10) :

IF(ANS(1:1) .E@. 'Y’} IPAR(3)=0

END IF

CALL WTBF(IPAR,E.NT)

HRITE(G.%) "’ ‘
WRITE(G,%)"’ ‘
HRITE(G.*) ' INPUT PRELIHINARY NUMERICAL ESTIHRTES OF PARAMETERS. *
Do 200 I=1.,4
IF (NPAR.GT.10.0R. (NPAR+IPAR(I)).GT.10) THEN
WRITE(E,#)'TOD MANY PARAMETERS, CALL EXIT’
CALL EXIT

-



? 100
END IF . ‘
" IF(I.S0.3.AND.IPAR(3).NE.D)THEN
KRITE(G,#) ’INPUT OMEGA(O):*
ACCEPT#,PYEC(NPAR)
NPAR=NPAR+1
ELSE '
HRITE(B:1001)NAME(I)
1001 FORMAT(1H ,'*NOTE: *,A5,'(0) = 1.0°/)
END IF -~
NLOOP=IFAR(I)
IF(I.EQ.3INLOCGP=NLOOP~1
IF(NLOCP.GT.O) THEN
DO 150 J=1,NLOOP
WRITE(B,1002)NAME(T ), d

1002 FDRMAT(IH r 'INPUT “+AS,°(',12,7) !
ACCEPT#*, PUEC (NPAR)
. rsmmPARV
150 CONTINUE -
END IF .

IF(IPAR(I).GT.0) THEN
IST=NPAR-IPAR(I)
CALL MTBF(PUEC(IST),IPAR(I),NT)
END IF
200 CONTINUE
NPAR=NPAR-1
RETURN
END
SUSBROUTINE CNTNU
CHARACTER#10 ANS
HRITE(G,#) ‘COMTINUE? (Y/N): "
ACCEPT 1000,ANS
1000  FORMAT(A10)
IF(ANS(121).E@, 'N*)CALL EXIT
RETURN Ca
- END _ :
SUBROUTINE RAMDN(IX,S,AM,V) -
A=0,0
D0 50 1=1,12
Y=RAN(IX)
50 AzA+Y
- V=(A-5.0) %5+AM
~ RETURN
>  END

R o R
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SUSROUTINE ACORR(Z.AC,5DZ,NOBS,/NLAG)
DIMENSION Z{NOBS),AC(101)

ROUTIME TO CALCULATE NLAG AUTO CDRRELATIUNS~§RC) FOR VECTOR 2
NOTE 6DZ = STANDARD DEVIATION OF Z '
MAX VALUE OF NLAG 15 100

REFERENCE PAGE 3Z BOX + JENKINS

NL=NLAG
NOB=NOBS
CALL STATS(Z.NOB,SDEVZ,ZBAR)
1=0 .
DO WHILE (I.LE.NL}
J=1
§22=0.0 ,
,00 WHILE (J.LE.(NOB-1))
§2Z = SZZ+(Z{J)-ZBAR)#{Z(J+1)-ZBAR) ,
J=J+1 o
END DO
I=1+1 .
NOTE THAT AC(1) IS FDR- ZERO LAG
AC(1)=852Z/(FLDAT{NOB))
END DO
SDZ = SDEVZ
NOTE VARIANCE OF Z = AC FOR ZERD LAG(STORED IN AC(1)):
yZ s AC(1) ‘
D0 20 J=1,NL
AC(J) = AC(J+1)/V2Z
'NDTE NOW AC(1) IS AC FOR LAG DNE
RETURN '
END

SUBROUTINE CONLIM(ARRAC,NLAG.CL.NDBS.IPLOT.IFLAG) '
DIMENSION ARRAC(101).ARRCL(101),AXIS5(101)

SUBROUTINE TO CALCULATE AND THEN PLOT (IF -IPLT=1)
THE CONFIDENCE INTERVAL FOR VECTOR AC

NL=NLAG

NOB=NDBES
IPLT=1PLOT
IFLG=IFLAG

MAKE CL = 2 SIGMA OR 95 % CONFIDENCE INTERVAL
TEHP=1./(SGRT{FLDAT(NUB)i)

CL=2.#TENMP
IF{IPLT.LE.O)RETURN

. gy FLMNT g LAy B
it L Bl T
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PLOT AND CALCULATE CONFIDENCE LIMITS(IPLT=1)

TONE=1.0 !

IF(IFLG.LT.0)TONE=-1.0
POSITIVE AXIS IF IFLG.GE.O ; NEGATIVE AXIS IF IFLG.LT.O

DO 10 I=1.NL

AXIS(I)=(FLOAT(I))#TONE

PLOT STRAIGHT LINE C.I. FOR PARTIAL CORR{IFLG.EG.O)

IF(IFLG.LT.O)IFLG=~IFLG
IF(IFLG.NE. 1) THEN
CALL MOVEA{0.0.CL)
CALL DASHA(AXIS(NL).CL.3)
CALL MOVEA(0.0.-CL)
CALL DASHA(AXIS(NL).-CL.3)

ELSE

PLOT CURVED ACTUAL C.I. FOR AUTD CORR(ABS(IFLG).EG.1)
REFERENCE PAGE 177, BOX + JENKINS
SUM=1.0
DO 30 I=1.NL
ARRCL(I)=CL#*(SQRT(5UM))
SUM=SUM+2.#ARRAC(I)*ARRAC(I) -
CONTINUE ‘
CALL MOVEA(0.0,ARRCL(1))
DD 35 I=1,NL
CALL DASHA(AXIS(I),ARRCL(I).,3)
DO 40 I=1,NL
ARRCL(I)=-ARRCL(])
CONTINUE
CALL MOVEA(O.C,ARRCL(1))
DO 45 I=1,NL
CALL DASHA(AXIS(I}.ARREL(I),3)
END IF '
RETURN
END °

SUBROUTINE CREDRR(X:Y:CC:SDX.SDY:NDBS:NLABJ
DIMENSION X(NDBBS).Y(NOBS),CC(101)

]
SUBROUTINE TO CALCULATE CROSS CORRELATION OF X WITH Y
ASSUME BOTH SERIES DIFFERENCED FOR STATIONARITY
' REFERENCE PAGE 374 BOX + JENKINS

NL=NLAG : B
NOB=NDBS

‘ : CALCULATE STATS FOR X AND Y
CALL STATS(X.NOB,SDEYX.,XBAR)
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CALL STATS(Y.NOB.SDEVY,YBAR)
SDX=5DEVY
SDY=5DEVY . . ‘ -~
 CALCULATE CROSS PRODUCTS
0
KHILE(I.LE.NL)
=0 0

IIXD u

I
D
g
J
D0 WHILE(J.LE.(NDB~-1))
SKY=5XY+{X(J)-XBAR)#{Y (J+I)-YBAR)
J=J+l
* ERD DO
[=T+4 ' . :
NOTE THAT CC{1) IS FOR LAG ZERO '
CC(I) {SXY/(FLOAT(NOB) )}/ (SD¥#5DY)
- END DO

RETURN
END

SUSROUTINE CROSS(X.A:NOBS.NLAG.IFLAG,IPLOT)

DIMENSION X(NOBS).A(NOBS) <

DIMENSION CC1(1CG1).CC2(101),YN(205},AX15(205)

DATA YN/205%0.0/ '

DATA AXIS5/205%0.0/ . S
BUBROUTINE TO COMBINE THE RESULTS OF X CROSS
CORRELATED WITH A , WITH THE RESULTS OF A CROSS
CORRELATED WITH X. RESULTS ARE THEN PLOTTED WITH
CONFIDENCE LIMITS IF DESIRED{IPLT=1).

NOB=NOBS

NL=NLAG

IPLT=IPLOT

IF(IPLT.GT,0)THEN

CALL ANMODE

HRITE(E,#)’ “ERA K  “WOR 30 '

END IF

CALL CRCORR(X.A,CC2,SDX,SDA,NOB,NL)

CALL CRCORR(A,X,CC1.,5DA,SDX,NOB.NL)
CL = 2.0/SGRT(FLOAT(NOB}}

~

SETUP VALUES FOR CROSS CORRELATION PLOTS. COMBINING CC1/CC2

IF(IPLT.GT.Q)THEN
DO 10 I=1.NL
IPINL=NL+1+]
IMINL=NL+1~-1
AXIS{IPINL)=FLOAT(I)
AXIS(IMINL)=-FLOAT(])
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YN(IPINL)=CC2(I+1)

YNCIMINL)=CCL{1+1)
CDNTINUE

NLP1=NL+1

NTOT=2%NL+} 6 Y

YN(NLPL)=CC2(1)
* CALL PLDOTXY(AXIS,YN.NTOT.0:2,5:11.IPLT)

*CALL CONLIM{(CC!.NL.,CL,NOB,IPLT.-1)

CALL CONLIM(CCZ,NL.CL.NOB,IPLT.1)

CALL FINITT(10.10)
END IF
IF(IFLAG.EQ.1) THEN
PRINT 100 : ‘ —_

100 FORMAT ('} ERGSS-CDRRELATIDNS BETWEEN MANIPULATED VARIABLES AND

{RESIDUALS U(T)I*AL(T+K) */ /)
ELSE
PRINT 110

© 110 FORMAT(’Y  CROSS-CORRELATIONS BETWEEN DBSERUATIONS AND MANIPULAT

-

\ 20

i SR

1ED VARIABLES U(T)lY(T+K) 1/}
END IF

“PRINT TABLE OF CROSS CORRELATIONS

K=1
DO WHILE (K.LE.(NL+1})
KK = K-1
K1 = =KK
NOTE THAT CC1(1)=CC2(1) BOTH ARE FOR LAG ZERO
PRINT 102 , K1.CC1(K).KK.CCZ{(K) '
K=K+1
END DO
101 FORMAT (S5X,13,5X: FS 3,10X. 13, SXsFS 3}
PRINT 102 ., CL
102 FORMAT(//* APPROX. 95 FERCENT CONF. LIMIT ON CROSS-CORRELATIONS =
1',F6.3)

I~

IF(IFLAG=20.1) THEN
PRINT 703, SDX,SDA
103 FORMAT - ( /* STANDARD DEVIATIONS S(U) =’,E12.4,5X,'S(A) =',E12.4 )
ELSE
PRINT 104, snx,snn
104 FORMAT ( /‘ STANDARD DEVIATIONS S(Y) =',E12.4,5K,’S(U) =',E12.4 )
"END IF
g = 0.0
NL:1aNL-1
= DD 20 J=1,NLI -
@ = @+ CC2(J)#*#CC2(J)/FLOAT(NDB=J}
Q=0*FLDAT{NOS*NOB) '
NDF=NL+1
PRINT 105, Q.NDF
105 FORMAT (/°’ CHI-SRUARED STATISTIC = ',Fs 2/' BASED ON (*,13,’ - NO.
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1000

105

CALL CNTNU
RETURN
END

1 OF DYNAMIC PARAMETERS) DEGREES OF FREEDOM'/)

SUBROUTINE DATA(NOBS,NTP)

COMMON /DATA/T(1000),U(1000),Y(1000)

CHARACTER NAMEx10 -
INTEGER TAPE_STATUS#4

PARAMETER (END_OF.FILE =-1)

DATA T.u.vx:ooo*o.o.1000*0.0.100040.0/

NOTE 1000 POINTS FOR DATA MAXIMUM ALLOKED

NOB=NOBS
NT=NTP
I=1 .
IF(NT.LE.O)INT=S
INPUT DATA TYPE AND FILENAME

ITYPE=0
DO WHILE(ITYPE.LT.1 .OR. ITYPE.GT.2)
HRITE(E.#) 'INPUT DATA .TYPE' :
KRITE(G, %) TYPE = 1 DATA FORMAT (T,U) 2F10.3’
WRITE(G,#) "’ TYPE = 2 DATA FORMAT (T.U.Y) 3F10.3°
ACCEPT*, ITYPE o
END DO

HRITE(6,#)'INPUT DATA FILENAME (IE. TIME.DAT)'

ACCEPT 1000,NAME -

OPEN(UNIT=NT:FILE=NAHE.STATUS=’DLD'.READDNLY.ERR=99)
IF(ITYPE;EG.I)READ(NT.100:IDSTATﬂTAPE-STﬂTUS)T(I}:U(I)
IF(ITYFE.EB.Z)READ(NT:ZOO.IUSTAT=TAFE-STATUS)T(I).UII),Y(I)
1=2 . ‘ :

DO WHILE (TAPE_STATUS.NE.END.OF_FILE .AND. 1.LE.1000)}
IF(ITYPE.EQ.1)READ(NT, 100, I0STAT=TAPE_STATUBIT(I), U(])
IF(ITYPE.ER,2)READ(NT, 200, Iosrd\=TnPE_STATUSJT(;),UtIJ.Y(Ii

I=I+1 Wi e

END DO
NOBS=1-2 LR
CLOSE{UNIT=NT) ) T

CALL CNTNU '
RETURN
HRITE(S,#) ‘ERROR ON OPEN WITH FILENAME: /', NAME

W .
e ey

P R
™ ”

-

CALL EXIT
FORMAT(2F10.3)
FORMAT(3F10.3)
FORMAT(A10)
RETURN

END
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SUSROUTINE DIFF (X,NDBS,NDIFFD,XD:XB}
DIMENSION X(NO3S).XD(NOBS)

FOR ZERO DIFFERENCING SUBTRACT THE MEAN FROM ALL X

NOTE X VECTOR IS UNCHANGED. XD IS RETURNED.

XB IS THE MEAN OF THE VECTOR X, WHICH IS NOBS IN LENGTH.
ALSD, NOBS IS RETURMED AS LENGTH OF XD NOT X. ..

NOB=NOBS
NDIF=NDIFFD
XBAR=XB

IF(NDIF,LE.Q)THEN

DD 10 I=1.NOB
10 XD(I}=X(1)-XBAR
ELSE

1

REGULAR DIFFERENCING

DO 20 I=1,NOB
XD(I)=X(I)
ND=1
DO WHILE (ND.LE.NDIF)
1=1
DO WHILE (I.LE.(NDB-ND))
XD(I)=XDLI+1)-XD(I)
I=1+1
END DO
ND=ND+1
END DD
NDBS=NOS-NDIF
END IF
RETURN
END \

SUBRQUTINE HRUSTS(NPRBD:NUBS-NﬂrTHrEEISvEPZSEHITrFLﬁHnFNUn
Q,P,E,PHI,TB: R:A.D,DELZ,IPLOT) o

FORTRAN II VERSION
ADAPTED FOR THE VAX '11/750 (R. F. MOORE 8/81)

COMMON /DATA/T(1000).U(1000).Y{1000)

DIMENSION TH{NG), R(NDBS)

DIMENSICON G(NR), P(NB), E(NR), PHI(NG). TB(NQ)
DIMENSIDN A(NG,NQ). D(NQ.N@), DELZ(NG,NOBS)
DIMENSION AC(101).PP(101),AXIS(201),TRANS(1000)

SUBROUTINE TO DETERMINE BEST FIT OF PARAMETERS

.

e e - vty Al e e
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L9 '\\ rl
FOR A GIVEN MODEL FORM.

ACOS(X) = ATAN(SART(1,0/X+¥2 - 1,0))

SET THE NUMBER OF LAGS FOR' RES; L AC
DO 50 I=1.NL .

AXIS(I)=FLOAT(I)

TO AVOID LDADER TRANSFER ADDRESS PROBLEMS
ALL CONSTANTS TRANSFERRED BY CALL STATEMENT
ARE ASSIGNED NEW NAMES FOR USE BY THIS ROUTINE,

IPLT=IPLOT
NP = NG

NPROB = NPRBO
NOB = NOBS
EPS1 = EP1S
EPSZ = £p2§
NPSR = NP # NP

-

NSCRAC = S#NP+NPS@ + NODB+NP#NODB

. o h PRINT HEADINGS + INITIAL VALUES

PRINT 1000, NPROB, NOB. Nﬁe NSCRAC
PRINT 1001 .
CALL MATPRT(1: NP, TH, TEMP. TEMP)

~

CHECK PARAMETERS

. IF(MIN@(NP-I:SO-NP:NDB-NPrHIT-IrBQS-HIT).L‘-b «0R.

(FNU=1.0) .LE,0.0 }THEN .
. PARAMETER ERROR .
PRINT 1002
CALL EXIT
END IF
I=1 -
DO WHILE (1.LE.NP)
. IF(TH(I).EB.0.0) THEN
PARAMETER ERROR
PRINT 1002
. CALL EXIT _
END IF S .
I=1+1 " .
END DO . - ' - - '

GA = FLAM

NIT = 1§ .
IF(EPS1.LT.0.0)EPS1=0.0
5sd = 0,0 , '

CALL MODEL(NPROB., TH, R, NOB: NP,0)
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* CALCULATE AND PRINT INITIAL SUM OF SQUARES DF RESIDUALS

= 1, NOB
100 55@=5SQ+RYI)#R(1)
PRINT 1008, SS@

i
*
HAXRARRERAARRERS

+

**iii**i!***ﬂ**ll*i******u&*******#**&* BEGIN ITERATION

DD WHILE (NIT.LE.MIT)

A = GA / FNU
INTCNT = . .
PRINT 1004, NIT S
DO 120 -I=1,NP .
TEMP = TH(I)
* TEMPORARILY CHANGE EACH TH(J) IN TURN 4 1 PER CENT
P(I) = 0.01#TH(I) /P
TH(I)= TH(I)+P(I) : a
(I1=0.0 \ /{
Yo CALL MODEL(NPRDB. TH., TRANS., NOB: NP.0)

DO 110 J = 1, NDB :
: DELZ(I.J) = R(J) - TRANS(J)
tio G(I) = G(I) + DELZ(I.J} # R{M)

* NOTE THAT @(1) IS THE SUM OF DEVIATIONS OVER OBS. FOR EACH PARAMETER

2 ALSO, NORMALIZE @(I) BY MAGNITUDE OF CHANGE WHICH CAUSED DEVIATION.
Q(I)= QCII/P(I)

120 TH(I)=TENP |

» ) RETURN TH(J) BACK TO ORIGINAL VALUE

#*

FERRAFRFRREERRFRRRRRRENEE TR BN B ReXT#R (STEEPEST DESCENT}
* " N il

DO 150 I = 1,
DD 140 J=1.1 : : o .
* SUM THE CROSS PRODUCTS FOR EACH 1 PER CENT PARAMETER
# CHANGE WITH. THE OTHER PARAMETER CHANGES ;
SUM = 0.0 L
DO $£30 K = 1, NOB
130 SUM = SUM + DELZ(I,K) # DELZ(J.K) ' :
* - NORMALIZE SUM BY PRODUCT OF 1% CHANGES IN PARAMETERS
SUM= SUM/(P(1)*pP{J)) ! :
D(I.J) = SUM Tt

140 - D(JeI) = SUN
150 E(1).= SGRT(D(I.I))
*

ERRFREERRBRRRRRRERSERHRBERRRREEESHE APPLY PRESENT LAMDA VALUE ¢ IN GA )
* ' . .

NENGA=1 .
NEWSTP=1 .o . . o
DO KHILE (INTCNT.LT.3E.AND.NEWGA. E@.1)

NEKGA=0 ’

DO 170 I =1, NP
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© 180

190
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200
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210

DO 160 J=1,1 109

DO 170 I = &, NP

po 160 J=1,1
AL, ) = D(I.J) 7 (E(L)®E(J))
ACd 1) = AL, D)
CONTINUE

A= SCALED MDMENT MATRIX
DO 180 I=1,NP
PCIY=R(L)/E(]) ot
PHI(I)=P(I) ’ - _ »
AlI.I) = A&I:I) + GA

CALL MATIN(A, NP, P, 1, DET)
P/E = CORRECTION UECTDR
STEP=1.0
SuUMi=0.0
SUM2=0.0
SUM3=0.0
DO 190 I=1,NP
SUM1=SUM1 + P(I1)#PHI(I)
SUM2=5SUMZ + P(I)#P(1) .
SUM3=SUM3 + PHI(I) # PHI(I)
PHI(I) = P(I)

DETERMINE ANGLE IN SCALED CO~ORDINATES

ANGLE = SUHIISERT(SUHZ*SUNSl
ANGLE = AMINI(ANGLE, 1.0)
ANGLE = 57.295%ACOS(ANGLE)
PRINT 1005, DET, ANGLE

APPLY PRESENT STEP SIZE AND TEST FOR
SUM OF SGUARES TO BE REDUCED TO LAST
VALUE OBTAINED.

DO WHILE (INTCNT.LT.36 .AND. NEWSTP.E@.1)
NEHWSTP=0Q

DO 200 I°= 1, NP
P(I) = 'PHI(I) #STEP / E(I)
TBCI) = TH{1) + P(1}
CONTINUE
. - PRINT TEST PDINT PARAHETER VALUES
PRINT 1006 ;
CALL MATPRT(1.NP,TB,TEMP,TEMP)
SUMB=0.0 . - _
CALL MODEL(NPROB, TB, R, NOB, NP,0} Tt
DD- 210 I=1,NOB ) 3
SUMB=SUMB+R(I}*R(I)
PRINT AND TEST SUM OF SGUARES OF RESIDUALS FGR EXIT THIS ITERATION
PRINT 1007, SUMB
IF(SUMB .LE. (1.0+EPS1)#55@) INTCNT=100
NOTE THAT EXIT FROM DO LOOP iﬂﬂINTCNT .GT. 38
IF (AMIN1(ANGLE~30.0, GA) .LE/ 0.0 ) THEN
STEP=STEP/2.0 '
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NEWSTP=1 g .
ELSE

GA=GA%FNU

NEWGA=1
END IF

INTCNT = INTCNT + 1
END DO

END DO

IFCINTONT.GE.36.,AND. INTCNT.LT.100) THEN
END ITERATIONS
PRINT 1008
NIT=MIT

ELSE

CHECK STOPPING CRITERIA

PRINT 1003

D0 220 I=1,NP

TH(I)=TB(I)

CALL MATPRT(1, NP, TH, TEMP, TEMP)
PRINT 1010, GA, 'SUMB

IFLAG=0
IF(EPS2.6T.0.0) THEN
TEST EPS2 FOR STOPPING CRITERIA
I=1 /
IFLAG=1
DO WHILE(IFLAG.EG.1 .AND. I.LE.NP)
IF(RBS(P(I))/{1.E~20+ABS(TH(I})) ,GT. EPS2) IFLAG=0
IF IFLAG = 0 TEST EPS1 FOR STOPPING CRITERIA
I=1+1
END DO : '
IF IFLAG = 1 STOP ON EPSZ CRITERIA
IF(IFLAG.EA.1) THEN
END ITERATIONS
© PRINT 1011,EPS2
NIT=MIT
END IF
END IF

IF(EPS2.LE.0.0 .OR, IFLAG.EH.0) THEN
NOK CHECK TO STOP ON EPS1 CRITERIA
IF(EPS1.6T.0.0 .AND. ABS(SUM3-SSA) .LE. EPS1#558) THEN
END ITERATIONS =~ '
PRINT 1012, EPSI
NIT=MIT
END IF
END ‘IF
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END IF
§5G@=5UM8
NIT=NIT+1
CALL CNTNU

END DO

R AR RIS I ET NI RT RS R F T Y FEEETETE E s e END ITERATION

*
#

230

240
250

260

PRINT FINAL RESIDUAL VALUES
PRINT 1013
PRINT 1014, (R(I), I = I, NOB)
CALL CNTNU -
SS@=5UMB
IDF =NDB~NP
CALCULATE + PRINT CORRELATION MATRIX
PRINT 1015
CALL MATIN(D, NP, P, O, DET)
DO 230 I=1,NP
E(I) = SGRT(D(I,I))
DO 250 I=1,NP
DO 240 J = I, NP
ACT,JY = DOI,J5 /7 (ECT)ECI))
ALST) = ALL D)
CONTINUE
CALL MATPRT(3, NP, TEMP, TEMP, A)
PRINT 1018
CALL MATPRT(1, NP, E, TEMP, TEMP}
IF(IDF.ER.0) RETURN
CALCULATE + PRINT VARIANCE OF RESIDUALS
VAR = SS@ / IDF
PRINT 1017, VAR, IDF
SDEV = SGRT(VAR)
CALCULATE + PRINT CONFIDENCE LIMITS ON PARAMETERS
D0 260 I=1,NP
P(I)=TH(I)+2,0%E(1)*SDEV
TB(1)=TH(1)-2,0¥E (1) #SDEV
FRINT 1018
CALL MATPRT(2, NP, TB, P, TEMP)
PRINT 1023
CALL MATPRT(1,NP,TH,TEHP, TEMP)
CALL CNTNU
CALCULATE + PRINT AUTD + PARTIAL CDRRELATIDNS FOR RESIDUALS
CALL ACORR(R,AC,SDF,NOB,NL)
CALL PARTAL(AC,PP,NL) <
IF (IPLT.GT.0) THEN
CALL ANMODE
TYPE#, ' “ERA W *~WOR 30 ’
CALL PLOTXY(AXIS,AC,NL,3,2,3,11,EPLT)
CALL CONLIM(AC,NL,CL,NOB,IPLT,1)-
CALL FINITT(10,10)
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CaLL CNTNU
CALL PLOTXY(AXIS,PP,NL,3,2,4,11,IPLT)

CALL CONLIM(AC.,NL,CL,NOB,IPLT,0)
CALL FINITT(10.10)
EMD IF
PRINY 1019
DO 270 I=1.NL
270  PRINT 1020 ., I,AC(I},PP(I)’
# PRINT CONFIDENCE LIMITS ON AUTO CURRELATIDN OF RESIDUALS
CALL CONLIM(AC,NL,CL,NOB.0,0)

::::ERINT 1021,CL y
- CALCULATE AND PRINT CHI-SGUARED STATISTIC ALSO.
CHI = O..
DO 2BO I=1{,NL
280 CHI = CHI+AC(I)#AC(I)/FLOAT(NOB-I)
CHI = CHI#FLOAT(NOR2NOS)
PRINT 1022, CHi
CALL CNTNU
RETURN

*
FRAHRERRRRREARERRAFERRRFRRARRREF AR AR RTRB AR R AR RS RS R 245044 FORMAT BLOCK
*
1000 FORMAT({3BHINON-LINEAR ESTIMATION., PROBLEM NUMBER 13,7/ 15,
# 14H OBSERYATIONS, IS5, !1H PARAMETERS 114, 174 SCRATCH REGUIRED)
1001 FORMATE/25HOINITIAL PARAMETER UALUES( )
1002 FORMAT(/1BHOPARAMETER ERROR )
1003 FORMAT(/ZSHOINITIAL SUM OF SBUARES = £12.4)
1004 FORMAT(////7/45%,13HITERATION NO. 1I4)

1005 - FORMAT(14H DETERMINANT = E12.4, 6X, 25H ANGLE IN SCALED COORD = N

*# F5.2, BHDEGREES )

1006 FORMAT(3I0HOTEST POINT PARAMETER VALUES )

1007 FORMAT(28HOTEST POINT SUM OF SGUARES = E12.4}

1008 FORMAT{//53HO#+#% THE SUM OF SQUARES CANNDT BE REDUCED TO THE SUM.

¥ *E2H OF SGUARES AT THE END OF THE LAST ITERATION -~ ITERATING STOPS/
%)

1009 FORMAT(/32HOPARAMETER VALMES VIA REGRESSION )

1010 FORMAT(/SHOLAMBDA =E10.3.,//,34H SUM OF SQUARES AFTER REGRESSION =
*E£15.7)

1011 FORMAT(/S4HOITERATION STDPS - RELATIVE CHANGE IN EACH PARAMETER L.

) #11HESS THAN E12.4)

1012 FORMAT(/S4HOITERATION STOPS - RELATIVE CHANGE IN SUH OF SQRUARES L,
#11HESS THAN E12.4)

1013 FORMAT(22HIFINAL RESIDUAL VALUES )

1014 FORMAT(/10E1Z.8)

1015 FORMAT(/13HOCORRELATION MATRIX )

1016 FORMAT(Z1HONORMALIZING ELEMENTS )

1017 FORMAT(24HOVARIANCE OF RESIDUALS = :E12.4,1H, 14,
+20H DEGREES OF FREEDOM )

1018 FDRHAf;54HOINDIUIDURL CONFIDEMCE LIMITS FOR EACH PARAMETER (ON L.
#20HINEAR HYPOTHES!S) )

1019 FORMAT(’1  AUTD AND PARTIAL CORRZLATIONS OF THE RESIDUALS ‘//
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* 9X,1',14%, 'AUTO’, 14X, ‘PARTIAL//)

1020 FORMAT(8X,12,13X,F6.3,13X,F6.3)
1021 FORMAT(//' APPROX. 95 PERCENT CONF. LIMIT ON CORRELATIONS = *,
# F5.3)
1022 FORMAT(/’ CHI-SQUARED STATISTIC = ‘,FG.2/‘ BASED ON (20 - NO. OF §

ook N ok M ok ok

E ]

#TOCHASTIC PARAMETERS) DEGREES DF FREEDOM'/)

FORMAT(/24H FINAL PARAMETER VALUES)
END

SUBRDUTINE IDENT{Z,NOBS.NLAG,NDIFFD,IPLOT) .
DIMENSION Z(NOBS},AC(101).PP(101)
DIMENSION ZD(1000).,AXIS(101)

SUBROUTINE TO IDENTIFY THE CHARACTERISTICS

OF A TIME SERIES Z, BY DIFFERENCING UP TOD NDIFFD

TIMES FOR STATIONARITY, AND DISPLAYING UP TO NLAG

AUTD AND PARTIAL CORRELATIONS. TO PERMIT IDENTIFICATION

OF APPROPRIATE MODEL FORM FOR THE SERIES.

IF(IPLAT.GT.0Y THEN
CALL ANMODE
WRITE(E,#)‘ ~ERA W. ~WOR 30 *

. END IF

100

NOB=NOBS ¢

NL=NLAG *
NDIFF=NDIFFD
IPLY=1PLOT

DO 100 I=1,NL
AXIS(I)=FLDAT(I)

‘CALL STATS(Z.NOB.S5DZ.2ZBAR) _ )

BEGIN DIFFERENCE LODOP

ND=0 ;
DO WHILE (ND.LE.NDIFF) -
NDATA=NOB
CALL DIFF(Z-NDATA:ND.ZD.ZBAR) M
2D = DIFFERENCED VECTOR OF Z VALUES

CALL ACORR(ZD.AC.SDZ,NDATA.NL)
CALL PARTAL(AC,PF,NL)

IF(IPLT.GT.0)THEN

CALL PLOTXY(AXRIS.AC,NL/ND,2,3,11,IPLT)
CALL CONLIM(AC/NL,CL.NDATA,IPLT.1)
CALL FINITT(10,10)

CALL CNTNU
 CALL PLOTXY{AXIS.PP.,NL, ND.2.4:11 IPLTJ
CALL CONLINM(AC,NL,CL. NDATA,IPLT.Q)

%
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CALL FINITT(10,10)
END IF
IF(ND.EG.C)PRINT 1000
IF(ND.EB.1)PRINT 1001
IF(ND.EG.2)PRINT 1002
FORMAT(‘1  AUTD AND PARTIAL CORRELATIONS OF ORIGINAL:SER] 1)
FORMAT( ‘1 AUTO AND PARTIAL CORRELATIONS OF FIRST DIFFERENCES OF SE
*RIES *//)
FORMAT( ‘1 AUTD AND PARTIAL CDRRELATIONS OF srcumn DIFFERENCES OF §
*ERIES *//)
PRINT 1003 N .
FORMAT(SX, ‘1‘, 14X, ‘AUTO’, 14X, ‘PARTIAL’ 77)
DO 120 I=s1,NL
PRINT 1004, 1.AC(I},PP(])
FORMAT (8X,12,13%,FE.3,13X,FE.3)

CALCULATE AND PRINT STATISTICS FOR CURVE

CALL CONLIM{AC.NL,CL,NDATA,0,0)}
PRINT 1005.CL
FORMAT(/7* APPRDX. 95 PERCENT CONF. LIMIT ON CORRELATIONS = *,FS.3
1)
PRINT 1006, SDZ
FORMAT(/’ STANDARD DEVIATION OF SERIES =‘,E14.7)

- ERI = 0.

DO 130 I=1,NL

CHI = CHI + AC(I)*AC{I)/FLOAT(NDATA-I)

CHI = CHI#FLOAT(NDATA#NDATA)

PRINT 1007, CHI.NL . ,

FORMAT(/* CHI-SRUARED STATISTIC = ‘,E12.4,' BASED ON ’+12,' DEGREE

15 DF ‘FREEDOM' /} -
= ND#L - - :

CALL CNTNU : -

END DO L : ‘

RETURN

END

SUBROUTINE INCR(VNEW,V,NV)
DIMENSITON V(NV)

NV1=Ny-1 |

DD 100 I=1,NV1

VIIV=VU(I+1)

VINV) =UNEN

RETURN

_END

_SUBRDUTINE IHPLSE(NDBS,NLAG:NDIF:IPLDT)



T L TR R Tt Ll st

115

COMMON /DATA/T{(1000),U{1000),Y(1000) -

REAL#*8B DEV.P{441),TH(21),TST{21).FLAN

DIMENSION RESP(101),.STP(101).ANIS(101)

DIMENSION YD(1000),UD{1000),R{1000},PCL(101),B8CL(101)

=

INITIALIZE THE COY. MATRIX AND PARAMETERS

IF(IPLOT.GT.0) THEN
CALL ANMDDE
MRITE(B,#)* “ERA W *“KDR 30
END IF '
IPLT=IPLOT
NOB=NOBS
NL=NLAG
NP=NL+1
ND=NDIF
FLAM=1.0
DO 5 I=1.NP
5 AXIS(I)=FLDAT(I-1)
* .
sepasssaaspassens NOTE THAT SERIES ARE NOT YET DIFFERENCED (STATIONARY)
v *

(49

CALL STATS{U,NOB.,SDU,UBAR)

CALL STATS(Y,NOB,SDY,YBAR)

NDLOOP=0 _

DO WHILE (NDLObP.LE.ND)

NPS@=NP#NP .

DD 90 I=1,NPSO -

80  P(I)=0.0 .

NY=NOB :
~ CALL DIFF(L,NOS,NDLOOP.UD,UBAR}
CALL DIFF(Y,NY,NDLOOP,YD,YBAR)

* .
* SET DIAGONAL OF COV. MATRIX (P) TQ ESTIMATE
# ALSD INITIALIZE TH(I) ESTIMATES TO ZEROD
* ,
' EST=1000.+(SDU+SDL) _ '
DO 100 I=1.NP : (:j
TH¢1)=0.0 '
11=1+{I-1)#NP
P(I1)=EST

100 CONTINUE
: BEGIN ESTIMATION
LOC=NP ’
DD WHILE (LOC.LE.NOB)
Do 110 I=1,NP
110 TST(1)=UD(LOC-I+1)/5DU
DEV=YD(LOC)/SDY )
LOC=LOC+! -
CALL RLS{DEV.P,TST,TH,FLAM/NP)
END DO :
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NOTE THAT FHE V WEIGHTS ARE SCALED BY (SDU/SDY) SO THAT U.,Y SCALED.
THE TH YALUES ARE THE V KEIGHTS. REFERENCE PAGE 379 BOX + JENKINS
THIS METHOD SHOULD BE BEYTER CONDITIONED AS A SOLUTION THAN THE
MATRIX INVERSION METHOD,

DO 115 I=1,NP
RESP(I)=TH(I)#(SDY/SDU) ' .
DO 130 I=NP,NOB -
IMNP=I-NP+!{
SUMA=0.0
DO 120 J§=1,NP
SUMA=SUMA+RESP(J)#UD{I~J+1)

NOTE THAT YD. IS NOW THE OBSERVED YD - THE BEST ESTIMATE OF YD(IE. SUHA)

THIS IS THEN THE NOISE ESTIMATE ON YD.
ROIMNP)=YD(1)~5UMA

CONTINUE

NR=NCB-NP

* CALL STATS(R.NR,SDR,RBAR)

SEY THE CONFIDENCE LIMITS (CL) FOR THE IMPULSE WEIGHTS
PEL = POSITIVE CL , BCL = BOTTOM CL

DO 140 I=1,NP
II=I+NP*#(I-1)
PCL(I}=2. OISGRT(P(II))*SDRISDU

BCL(I)=-PCL(1) . \\\!;

CONTINUE
CALCULATE THE STEP RESPONSE

" STP{1)=RESP(I)

DD 150 I=2,NP
STP{I)=RESP(I)+STP(I-1)
CONTINUE , '

PLOT AND PRINT IMPULSE AND STEP RESPDNSES

IF(IPLT GT.0) THEN
CALL ANMODE
WRITE(E,#)’~ERA W ~WOR 30 *
CALL PLOTXY(AXIS,RES®,NP,NDLOCP,2:5,11,3)
‘ PLACE CONFIDENCE LIMITS ONTO IMPULSE R‘SPONSE CURVE
CALL MOVEA(AXIS(1),PCL{1))
DO 154 1=2,NP
CALL DASHA{AXIS¢I),PCL(IY,3)
CALL MOVEA(AXIS(1).BCL(1))
DO 156 I=2,NP ,
CALL DASHA(AXIS(I},BCL{I),3)
CALL FINITT(10,10) , :
CALL CMTNU ‘ ’ Y
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CALL PLOTXY(AXIS.STP.NP,NDLOOP,2,7,11,3)
CALL FINITT(10,10)
END IF .
PRINT 1000
DO 160 I=1,NP
IM1=1-1
PRINT 1001,IM1,RESP(I),STP(1}
LAG,X
FORMAT(/:5X,15,5%,2E12.4)
CALL CNTNU
NDLODP=NDLOOP+1
END DD
RETURN

IMPULSE -+ STEP)

'END

SUSROUTINE MATIN(A, NV, B, NB1, DET)
DIMENSION ACNV, NV}, B(NV: 1) o
SUBROUTINE TO SOLVE MATRIX ER@'N  AX
RETURNS INVEREE OF A IN MATRIX A

= B

RETURNS SOLUTION X VECTOR IM B IF NBi=1

RETURNS DETERMINANT OF A" AS DET.

REFERENCE PAGE 3 SHARP PC1211 MANUAL (SAME MEZTHOD)

NUAR=NY

NB=NB1

DET = 1.0 _

ICOL=1 .
DO WHILE(ICOL.LE.NVAR)
PIVOT = 1,0/ (AMAX1¢A(ICOL. ICOL) . 1.E-20))
DET = A(ICOL, ICOL) # DET

DIVIDE PIVOT ROW BY PIVOT ELEMENT (DIAGONAL CHﬂSEN.AS.PIUDT)

CAUTION:

IF DIAGONAL ELEMENT IS ZERQ., PROBLEMS ARISE

ROUTINE WORKS BEST WITH DIAGONALLY DOMINANT MATRICES

A{ICOL, ICOL) = 1.0
DO 100 L=1.NVAR :
ACICOL, L) = A(ICDL, L)#PIVOT

. IF(NB .NE. 0) THEN |
DO 200 L=1,NB
B(ICOL, L) = B(yeOL, L)#PIVOT

END IF -

+

REDUCE NON-PIVOT ROWS

Li=1 :
D3 HHILE (L1.LE.NVAR)
IF{L! .NE. ICOL) THEN
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4 END IF : '
t ( ENnDIF
L1sL1+1

PRINT 500, (J,J=LOH,LUP)
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T = A(LI, IcoL)
A(Lt, ItoL) = o.
DO 300 L=1,NUAR
AtLL, L) = ACLYy L) - ACICOL, L)4T
IF(NB .NE. 0) THEN '
DO 400 L=1,NB
B{LLi, L) = B(L1, L)-B(ICOL,L)*T '

END DO
ICOL=1COL+1
END DO
RETURN ' - ‘
END _ |

SUBROUTINE 'MATPRT(ITYP, N@, A 8. D)
DIMENSION A(NG),B(NB).C(NG,NB)

SUBROUTINE TO PRINT MATRICES A.B.C USING A FORMAT.
SELECTED BY VALUE OF ITYPE. MAX OF 10 VALUES PER LINE OUTRUT °

ITYPE=ITYP

NP = N@

NR =

LOK = 1

LUP = 10

DO WHILE {NR.GE.Q) .

IF(NR.LE.O)THEN
LUP=NP

- ' -

THEREFORE NP.LT.10, CHECK FOR RETURN
IF(LOK .GT. LUP) RETURN
END IF

) PRINT HEADING

IFC(ITYPE.EQ.3) THEN ' . ‘
: PRINT LOKWER TRIAGONAL MATRIX C
o NOTE LUP=NP IF NR.LE.O
DO 90 I=LOW.LUP '
PRINT 720, 1, (C{J: 1) J=LON. I)
LOK2=LUP+1 .
PRINT THE REST OF TRIAGONAL MATRIX C
IF(LOKZ .LE. NP) THEN L
DO 85 I=LOWZ2.NP .
PRINT 720,1,(CCJ+I},J=L0ONW.LUP}
END IF
END IF
ITYPE
ITYPE

2 PRINT BOTH VECTORS B: THEN A.
1 PRINT ONLY VECTOR A.

PR e Tt A e AR i Attt R ke | 3 P Takde 4 L e L) e ey ——r L
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IFCITYPE.ER.Z)PRINT 800, (B(J),J=LOX,LUP)
IF(ITYPE.ER.2 .OR. ITYPE.ER.1)PRINT 600, (A{J),J=LOW,LUP)
» SET PARAMETERS FOR NEXT CYCLE. IF NP.5T.10
LOW = LOW + 10
LUP = LUP + 10
NR = NR - 1
END DO
500 FORMAT(/18,9112)
600 FORMAT(10E12.4)
720 FORMAT(IH ,I3,1X,F7.4,9F12.4)
RETURN
END

SUBROUTINE MODEL (NPRBO.TH,A.NDBS,NPAR,IFLAG)
COMMON /DATA/T{10001},U(1000),Y(1000)

COMMON /DATAL1/YNEW,Y10(10),U10¢(10),A10(10}, Pl(lOJ:PZ(IO).PS(IO).NPDLY
DIMENSION A{NOBS),TH(NPAR) .
DIMENSION THETA(10),SIGMA(10),0MEGA(10),DELTAL10)

SUBROUTINE TO CREATE AN ARRAY OF RESIDUALS FOR THE ggggk“

Y{T) = (DMEGA(B)/DELTA(B))*U(T =NB) + (THETA(B)/SIGMA(B))*A(T)
WHERE Y(T) AND U(T} HAVE BEEN'DIFFERENCED ND TIMES (STATIONARY)
THETA(B) = POLYNOMIAL IN B OF ORDER NP .

SIGMA(B) = POLYNOMIAL IN B'QF ORDER NG

CMEGA(B) = POLYNOMIAL IN B OF QRDER NR

DELTA(B) = POLYNOMIAL IN B OF ORDER NS

THE MEASUREMENTS Y(T) OBSERVE THE CONTROL ACTION U(T-NB) LAG NB

IFLG = -2 SAME AS FOR -1 BUT FOR STUDENT 11 TO CREATE PLANT
- -1 STORE NEW MODEL INFO. ON TAPE NT! INTERACTIVELY
0 USE NEW MODEL INFO. RECEIVED IN VECTOR TH(NPAR)
1 USE EXISTING MODEL INFQ. ON TAPE NT1 FOR TH(NPAR)
2 EREATE QUTPUT Y(T).INSTEAD OF A(T),OTHERKISE IFLG=1
3 CREATE SINGL% OUTPUT YNEN FDR PRESENT MODEL /DATA1/

S

Mok o 3k K ok s ok ak sk ok sk ok & b W ok

NPROB=NPRBO
NT=NPROB
NOB=NDBS
NPR=NPAR
IFLG=IFLAG
IF(IFLB.NE.3) THEN
# _ INITIALIZE PARAMETER VECTORS
DO 100 I=1,10 ’
THETA(1}=0.0
SIGMA(I)=0.0 .
DMEGA(1)=0.0 - :
DELTA(I)=0,0
100 CONTINUE
IF(IFLG.LT.0) THEN
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CALL INTERACTIVE ROUTINE TO SET UP TAPE NT1 WITH MODEL PARAMETERS
THIS ROUTINE MUST BE CALLED BEFORE MODEL IS USED BY ANY PROGRAM.

CALL INTMDL{NT.TH.NPR,NOB.IFLG}
NOBS=NOB B

NPAR=NPR

RETURN

END IF

IF(IFLG.ER.O) THEN

STORE NEW MODEL PARAMETER VALUES RECEIVED
REWIND(NT)

READ(NTINP.NG,NR.NS,ND,NB

IF(NP.NE.Q)CALL WTBF(TH(1),NP,NT)
IF(NG:NE.O)CALL WTBF(TH(NP+1).NG.,NT}
IF(NR,NE.O)CALL WTBF(TH(NB+NP+1).NR,NT)
IF(NS.NE,Q)CALL NTBF(TH(NR+NG+NP+1) NS/NT)

END IF

READ THE MODEL PARAMETERS FROM TAPE
REHIND(NT)
READ(NTINP,NG/NR,NS,ND,NB
IF(NP.NE.O)CALL RDBF(THETA,NP.NT)
IF(NG.NE.Q}CALL RDBF{SIGMA,N&,NT)
IF(NR.NE.QICALL RDBF(OMEGA,NR,NT)
IF(NS.NE.Q)CALL RDBF(DELTAYNS.NT)

TRRNéLATE THE MODEL INTQ A NEW FORM

P1(I)=DELTA(I-1) + SIGMA(I- l)
P2(1)=0MEGA(I) + OMEBA(1)*SIGMA(I-1)
P3(I)=DELTA(I~1) + THETA(I-1)
IM1=1-1
IM2=1-2 ‘4
IF(I.GT.2) THEN
DO 110 J=1,1M2
P1¢I)=PL(1)+DELTA(IMLI-J)*SIGMA(S)
P2(I)=PZ(1}+0OMEGA(IM1-J+1)=#5SICGMA(J)
P{I)=P3(1)+DELTA(IM1-2)RTHETA(J)
CONTINUE
END IF
CONTINUE

- " P1(B)#Y(T) = P2(B)#U(T-NB) + P3(B)+#A(T) .
. THEN P1(B)} = DELTA(B)*SIGMA(B)
- P2(B) = OMEGA(B)*SIGMA(B)
' P2(B) = THETA(B)*DELTA(B)
P1(1)=1.0
P2{1)=0MEGA(1)
P3(f)=1.0
D0 120 I=2,10

ACCOUNT FOR ND DIFFERENCING IN MODEL FOR CREATING DATA(IFLG=2)

IF(IFLG. EB 2) THEN
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CALL POLY(P1,ND,10) a
CALL POLY(PZ.,ND,10) R
. END IF
* ' 13
M TEST FOR NUMBER OF NON ZERD POLYNOMIAL TERMS
*
1e1 1
DO WHILE (P1(I).NE.0.0 .OR. F2(I).NE.0.0 .OR. P3(I).NE.0.0) :
I=1+1
END DO
NPOLY=I-1 .
IF(NPOLY.GT.9)NPOLY=9
. NUM IS THE MAX NUMBER OF SUBSCRIPTS BACKWARDS. WHICH
* ARE REFERENCED IN THE ITERATIVE ERUATION FOR ALD)
NUM=I+NB

- + IF(NUM.GT.10) THEN

WRITE(B,#) “MORE THAN TEN BACKWARDS OPERATORS IM MODEL NUM
HRITE(E.#) 'CALL EXIT’

CALL EXIT . -
END 'IF
END IF
*i#*?**i****ii*******li{j********ili**l*i***iii*i!**!*i**i*iiilli****ilii
* ’ : -
IF(IFLG.GE.2) THEN - :

* ‘ , .-~ HERE-Y(I) IS VECTOR OF DBSERVATIONS RETURNED
* . AND A(I) IS VECTOR OF RANDOM DISTURBANCES
* ' - U(1) IS THE CONTROL ACTION
. Ia=1

IF(IFLG.EG.2) THEN -

Do 130 I=1,10 '

Y10(1)=0.0

U10(1)=0.0 .

' A10{1)=0.0 _ T

130 CONTINUE ’

END IF $ : <,
I HERE NPR IS THE INTEGER SAMPLE TIME
* L _ THE MODEL IS SOLVED FOR EACH TIME INTERVAL = I
* : ' . OBSERVATIONS AND CONTROL ARE TAKEN EACH NPR INT.
- T -t DD 150 K=1,NOB - SRR ' ’ ‘

: DO 135 I=1,NBR ) .
YNEW=0.0 - °

DO 140 J=1,NPOLY
YNER=YNER+P2(J)»U10(11~ J-NB)+P3(J)*A10(11-J) PI(J+1)§Y10(11 =J}

140 CONTINUE

CALL INCR{YNEM.Y10s10) °

CALL -INCR(ACIA),A10,10)

IA=1A+1

IF(1A.GE.1000) IA=t

IF(I.NE.NPR) CALL INCR(U10(10).U10,10)
145 " CONTINUE
. T(K)=FLOAT (K#NPR)
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Y(K)=YNEN . .
CALL CONTROL(UNEW,U10,Y10,T(K)) )
IF(UNER.GT.10.)UNEN=10, .
IF(UNEKW.LT.-10, YUNEW=-10.

UK} =UNEW
CALL INCR(UNEW,U10,10) , .
150 - CDNTINUE
ELSE- :
*%****l******i****liii****ii**l**********i****'ll--l-*i****i**ii*’***i*l*l**ii*
+* o+
¥ TYPICAL TSHAUS CALL TO MODEL
RS ENE CREATE THE DUTPUT VECTOR A(I) TO BE RETURNED
#* .
RD 160 I=1,NUM
160 Af{l11=0.0 - '
LA . NOTE THAT A(I) UP TO NUM-1 ARE DESIRED TO BE ZERO
* . THE VALUE FOR A(NUM) UP TO NOR MUST BE BOMPUTED
D0 180 I=NUM,NDB
A(I)F0.0 :
# ' HERE A(I) IS VECYOR OF RESIDUAL MODEL NOISE
* : AND Y{(I) IS VECTOR OF DBSERVATIONS IN /DATA/

DD 170 J=1,NPOLY
‘ AL =AML 4PN RY(I=J+1) - P2(J)iU(I J+1-NB)- P3(J+1)*H(I ~J)
170 CONTINUE -
180 CONTINUE -
' END IF
' RETURN
END : -

5

SUBROUTINE PARTAL(AC,PAUTD.NLAG) ‘ .
ADIMENSION AC(NLAG)-PAEIE}Nfﬁ%??bHAT(IOI):PHATN(IOI)
& PARTYAL AUTO-CORRELATION ROUTINE = .
"AC = AUTO CORRELATION VECTOR RECEIVED

PAUTD = PARTIAL AUTQ CORRELATION RETURNED

NLAG = NUMBER QF LAGS

PHAT(J) = PHI{LAG-1,1), PAUYO(J) = PHI(LAG.LAG)
. ' SEE REFERENCE FOR PHI. . :
FORMULAE\PAUTO(1),(2)  REFERENCE PAGE 64 BOX + JENKINS - _ -
FORMULAE PALTO(NLAG) ~ REFERENCE PAGE 497 BOX + JENKINS

B ok o e ok N &k ok e ok

. NL=NLAG
PAUTO(1) 4 AC(1) ,
PHAT(1) = AC(1)#(1,-AC(2))/(1.-AC{1)*¥2)
PHAT(2) = (AC(2}- AC(I)**Z)/(I.—AC(I)**ZJ
PAUTO(2) = PHAT(2) -
LAG=3 - -
DO WHILE (LAG.LE.NL)

NLHP\;\;fG-I . !
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FNUM = 0.0
DENOM = 0.
DO 100 J=1,NLM1
FNUM = PHAT(J}#AC (LAG-J)+FNUM
DENOM = DENOM+PHAT(J)#AC(J)
PHATN(LAG) = (AC(LAG)~FNUM)/{1.~DENOM)
PAUTO(LAG) = PHATN(LAG)
DO 200 J=1,NLM1
PHATN(J) = PHAT(J)-PHATN(LAG)#PHAT (LAG-J)
D0 300 J=1,LAG
PHAT(J) = PHATN(J)
LAG=LAG+!
END D0
RETURN
END . . /

SUBROUTINE POLY(P,NDIF,NP)

DIMENSION P(NP),PNEW(10)
SUBROUTINE TO MULTIPLY A POLYNDOMIAL IN THE BACKWARDS
DIFFERENCE OPERATOR "B" BY (1-B) (IE. *DEL®). THIS
WILL ACCOUNT FOR THE DEL##ND TERM IN THE GENERAL MODEL

ND=NDIF _ -
IF(ND.LE.0.0OR.ND.BT.2) RETURN
DO 1000 K=1,ND ’

PNEW(1)=P(1}

DO 100 I=1,10 ‘
IM1=1~1 , _
PNEW(I)=P(I)-P(IM1) . - o

CONTINUE :

CONTINUE

© DO 1001 I=1,10
PCI)=PNER(I) g . '\-1

RETURN
END

-

SUBROUTINE RLS(Y;COV,PHI,THETA,FL,NP1) s
REAL#8 Y-COV(441),PHI(NPL1),THETA(NP1),S(21)- ~*
REAL#B ERRS.K(21),5UM,FL,DEN .
RECURSIVE LEAST SQUARES ROUTINE
Y = MDST RECENT ERROR OBSERVED
COV = COVARIANCE. MATRIX
PHI = LAST NP! DBSERVATIONS
THETA = MOST RECENT PARAMETER ESTIMATES (TO BE UPDATED)
FL = 1.0 FOR NORMAL LEAST SBUARES
= .LT. 1.0 FOR EXPONENTIALLY DISCOUNTED LEAST SBUARES
EFFECTIVE WINDONW LENGTH {1/1-FL) EFFECTIUE NO.PAST OBS.IN USE
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* * REFERENCE COURSE 704 JAN 5/81 CDURSE NOTES.

’

NP=NP1
- S5UM=0.0
DO 100 }=1.NP™
DO 100 J=1,NP
1J=J+(I~1)#NP
SUM= SUM+PHI(I)#PHI(J)*CDU(IJ)
100 CONTINUE
DEN=SUM+FL
ERRS=0.0
D0 300 I=1,NP
8UM=0.0 .
DO 200 J=1,NP
- TJ=d+(I-1)#NP
, SUM=SUN+COV( 1)) #PHI(J)
200 CONTINUE
5(I)=5UM
K{I)=SUM/DEN
ERRS=ERRS+PHI(I)*THETA(I)
300 CONTINUE :

ERRS=Y~ERRS
DO 500 I=I,NP

, DD 400 J=1.1

| IJ=J+{I-1)aNP
COV(IJ)=(COV(IJ)- S(I)*S(J)IDEN)/FL
JI=I+{J-1)%NP
CoviJI)=Cov(Ld)

-400 COMTINUE
THETA(I)=THETA(I)+K{1)#ERRS

500  CONTINUE

RETURN
END -

-

SUBROUTINE STATS(X,NOBS,SDX,XBAR)
DIMENSION X(NOBS)

. FIND THE MEAN OF X

NOB=NOBS
SUMX=0.0 |
SUMXSB=0.0 : .
XBAR=0,0 -
SDX=0.0
RNOB=FLOAT(ND3)
1F (NDB.LE.1) RETURN =~

£ : SUM OF X, X#X
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Do 100 I=1.,NOB
SUMX=5UMK+X(1) : .
SUMXSQ=SUMXSA+X(Ir#X(I)
100 COMTINUE
XBAR=SUMX/RNOB
* N

FIND THE STANDARD DEVIATIOM OF X

"

SDX=S0RT( (SUMXSE~ SJMX*SUFA/RNUB)/RNDB)
RETURN
END

SUBROUTINE TSHAUS (NPROB,NOBS NP, TH,EPS1,EPS2,MIT,FLAM,FNU,

1 SCRAT,LEN, IPLOT) : .

\ SUBROUTINE TO SET UP DIMENSIONS OF VARIABLES FOR HAUSTS ROUTINE
RESIDUALS ARE RETURNED IN SCRAT(IG) WHERE IG=S#NP+1
MINIMUM VALUE OF LEN = S#NP+NP#NP+NOBS+NP#NOBS

DIMENSION SCRAT(LEN)

IF (IPLOT.GT.0) THEN

CALL ANMODE

WRITE(S,#1’ “ERA N “MOR O
END IF '

NOB=NOBS

1PLT=IPLOT

1A=1

IB=1A+NP ' ‘ .

IC=IB+NP

ID=1C+NP

IE=1D+NP . |

IG = IE+NP

IH=1G+NOB - [

I1 = IH + NP % NOB ‘

1) = IH

* % %k &

CALL HAUSTS(NPROB,NOB,NP,TH, EPS$,EPS2,MIT
Ir#LRH:FNU; SCRAT(IA), SCRAT(IB). SCRAT(IC), SCRAT(ID).

- 2 SCRAT(IE), SCRAT(IG), SCRAT(IH). SCRAT(II}.SCRAT(IJ).IPLT)
RETURN ‘

END
ot

SUBROUTINE CURVE(X.Y,NOBS,IPTN, ISYHBL) *
DIMENSION X(NOBS).Y(NOBS)
'EHARA’TER - IN®)

» THIS SUBROUTINE JCINS THE LINES BETHEEN THE POINTS *
» (XCI),Y(I)) AND (X(I+1),Y(I+1)) TO FDRH A SMOOTH CURVE.

S
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- NOB IS5 THE DIMENSION OF THE X AND Y ARRAYS.
IOPT DETERMINES WHETHER A LINE OR BAR CHART IS PRODUCED.
~ O I10PY = 0 A DOTTED LINE
IOPT = 1 A SOLID LINE
I0PT = 2 A BAR CHART

Wk ok ok ok

NOB=NDBS

ISYM=ISYMBL
IDPT=IPTN -

IN:' L

IF(ISYM .E@. 1) IN='X"'
IF(ISYM .EQ. 2} IN='0°
IF(ISYM .EQ. 3) IN='I"
IF{ISYM .EQ. 4) -IN='#’
IF(ISYM .ER. 5) IN='+‘
IF(IQPT.NE.2) THEN

+ PLOT A-LINE

n0T=1 _ ’
IF(10PT.EG.0)IDOT=2
CALL MOVEA(X(1),Y(1))
DO 10 I=2,N0S,IDOT
CALL MOVEA(X(I-1),Y(I-1))
CALL DRANA(X(I}.Y(I}) .
IF(MOD(I,NOB/10) .NE. O .OR. IN.EG.’ ‘) GO TO 10
CALL ANMODE
KRITE(G,1000) IN
10 CONTINUE .
ELSE

x

PLOT A BAR CHART

DO 20 I=1,NOB
CALL MOVEA(X(I),0.0)
CALL DRAHA(X(1),Y(I))
CALL ANMODE L : : .
" WRITE(B,1000) IN
20 CONTINUE

. END IF
1000 - FORMAT(1H ,’"STR/'.,Al1,’/‘)
RETURN ' '
END -

SUBROUTINE FRAME{HDG.HDGX:HDGY,XSC.YSE,NOBS)
- CHARACTER#10  HDG(B),HDGX(8),HDGY(3) ,LISTY
CHARACTER#*S IFORMX, IFORMY,2Z

DIMENSION XSC{NOBS),YSC(ND3S)
IFORMK="(F5.1)"
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IFORMY="(FS5.1) "

NOEB=NOBS

I~

THIS 5UBRDUTIAE .PRODUCES A BASIC FRAME FOR PLOTTING.

XMIN
KMAX
YMIN
YMAX
IFORMX
IFORMY
HDG
HDGA
HDBY
XP

Yp

]

- MINIMUM VALUE FOR X AXIS

MAXIMUM VALUE FOR X AXIS ’
MINIMUM VALUE FOR Y AXIS

MAXIMUM VALUE FOR Y AXIS :
FORMAT FOR PRINTING NUMBERS UNDER X AXIS TICXS
FORMAT FOR PRINTING NUMBERS BESIDE Y AXIS TICKS
HEADING 7O BE PRINTED AT THE TOP OF THE PLOT
TITLE UNDER THE X AXIS

TITLE BESIDE THE Y AXIS

DISTANCE BETMEEN TICKS AND NUMBERS ON THE X AXIS
DISTANCE BETHEEN TICKS AND NUMBERS ON THE Y AXIS

DETERMINE MAX AND, MIN VALUES, ROUNDED OFF., FOR EACH AXIS

CALL VUMAX(XSC.NOB.XMAX)
IF{XMAX.LT. 0. IXMAX=XMAX+1.0
CALL UMINCKSC,NOB,XMIN)

CALL V

XMIN=RLOAT(IFIX({XMIN-1.0)) .
 IF({XMIN,GT.0.)XMIN=XMIN-1.0
MAX(YSC,NOB,YMAX)
YMAX=FLOAT(IFIX(YMAX+1.0})

-

IF(YMAX.LT.0.)YMAX=YMAX+1.0
CALL: VMIN(YSC.NOB:YMIN)
YMIN=FLDAT({IFIX{YMIN-1.0})
IF(YMIN.GT.O0.) YMIN=YMEN~1.0
ALLOW 10 PERCENT OF AXIS FOR TITLES .
XST= (XMAX-XMIN)#0.1
YST=(YMAX-YMIN}#0.1

DRAW THE FRAME .

CALL INITT(EO)

CALL THINDO(10,1010,%0.600)

*CALL DWINDO(XMIN-XSTYXMAX:YMIN-YST,YHAX+YST)
CALL MOVEA(XMIN, YMIN)

CALL DRAWA(XMIN,YMAX) .
CALL DRAKA(XMAX:YMAX)

CALL DRANA(XMAX,YMIN)*

CALL DRAWA(XMIN,YMIN)

YST=YS5T#0.

5

PRINT MAIN HEADING

CALL MOUEA(XMIM-XST,YMAX+YST)

XST=X5T*0.85

CALL ANMODE
HRITE(G,1000) (HDG(I),I=1,8B)

7
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Y AXIS TICKS

YP=0,2

IF(ABS{YMAX-YMIN) .GT.1.0)YP=0.5
IF(ABS(YMAX~YMIN).GT.2.0)YP=1.0
IF{ABS(YMAX-YMIN).GT.5.0) YP=2.0
IF(ABS(YMAX-YMIN).GT.10.0)YP=5.0
IF(ABS(YMAX-YMIN).GT.50.0)YP=10.0
IN=IFIX(CYMAX-YMIN) /YP+1,005)
TLEN= (XMAX=-XMIN)/100.

FORCE TICKS ON AXIS TO LINE UP WITH 0.0

YY=YMIN

IF(YMAX,GT.0.0 .AND. YMIN.LT.0.0)THEN
YY=0.0
DO WHILE ((YY-YP).GE.YMIN)

YY=YY-YP '

END DO

END IF

DO 50 K=1.IN

IF(YY.LE.YMAX) THEN
CALL MOVEA{XMIN.YY)
CALL DRAWA{XMIN+TLEN,YY)
CALL MDVEA(XMAX-TLEN,YY)
CALL DRAWA(XMAX,YY)
CALL MOVEA(XMIN-XST,YY)
ENCODE{(G. IFORMY,Z2)YY
CALL ANMODE

WRITE(S,1001) Z2Z

YY=YY+YP

END IF

CONTINUE

PLOT Y AXIS - -~ -
IF(XMAX.GT.0.0 “AND. XMIN.LT.0.0)THEN

CALL MOYEA(Q.O0.YMIN)
CALL DRAWA(0.0,YMAX?}

'-.. END .IF

X AXIS TICKS

XST=(X5T7/0.85)%0.6

XpP=0.2

IF (ABS(XMAX-XMIN).GT.1.0)XP=0.5
IF(ABS(XMAX~-XMIN) .GT.2.0)XP=1.0
IF(ABS (XMAX-XMIN) .GT.5.0)XP=2.0
IF(ABS(XMAX-XMIN).6T.10.0)XP=5.0
IF (ABS(XMAX-XMIN).BT.50.0}XP=10.0
IN=IFIX((XMAX-XMIN)/XP+1.005}
TLEN=(YMAX-YMIN)/100. '
KX=XMIN
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1

FORCE TICKS ON AXIS TO LINE UP WITH 0.0
IF(XMAX.GT.0.0 .AND. XMIN,LT.0.0)THEN
X1=0.0 .
DO WHILE((XX-XP).GE.XMIN)
RX= (XX-XP)
END DO
END IF
DD 100 K=1.,IN
IF{XX.LE.XMAX) THEN
CALL MOVEAR(XX,YMIN)
CALL DRAWA(XX, YMIN+TLEN)
CALL MOVEA(XX:YMAX-TLEN) ¢
CALL DRAKA(XX,YMAX) '
CALL MOVEA(XX~XST,YMIN-YST)
ENCODE(B, IFORMX,2Z) XX
CALL ANMODE
WRITE(E.1001) ZZ
XKK=XX+XP
END IF
CONTINLE

PLOT X AXIS

IF(YMAX.GT.0.0 .AND. YMIN.LT.0.0)THEN
CALL MOVEA(XMIN.0.0)

CALL DRAKA(XMAX,0.0)
END IF

PUT HEADINGS ON AXES

CALL MOVEA(XMIN, ann-24vs71
CALL ANMODE
HRITE(6,1000) (HDGX{1), 1= 1,81
XST=(XMAX-XMIN)#0.1
CALL MOVEA(XMIN-XST.YMAX)
CALL ANMODE
MRITE(S,%) *“RVE 0,-23*
D0 150 I=1.,3
LISTY(1:10)=HDGY{I})
DO 145 J=1,10
IF(LISTY(J:J).ER.’ ) THEN
JMt=J-1 ,
IF{JM1.GT.0) THEN ‘ )
IF(LISTY(JMLIIMLY . NE,* “)WRITE(B,*)’ ~RVE 0,-23’
ELSE
WRITE(B,#) '“RVE 0,=-23' '
END IF o
ELSE
'HRITE(B.IOOZJLISTY(J J)
END IF
CONTINUE

hY
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1000
1001
1002

o
-
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CONMTIRUE
FORMAT(1H .
FORMAT(1H
FORMAT(1H .

RETURN

END

130

*~8TR/*:8A10, /")
*“STR/*+R6: /")
*™STR/‘:ALl, '/ "RVE 0.-23")

SUBROUTINE VMAX(X.NX:XMAX)

DIMENSION X (NX)

IN
XMAX=X(1}
DO 10 K=1,NX

VECTOR X FIND MAXIMUM VALUE

IF(X(K) .GT.XMAX) XMAX=X(K)
10 CONTINUE '

RETURN
END

wh

SUBROUTINE VMIN(X,NX,XMIN)
DIMENSION X(NX)

e IN
XMIN=X{1)
DO 10 K=1,NX

VECTOR X FIND MINIMUM VALUE

IFCXCK) JLT.XMIN) XMIN=X(K) ‘ : .
10 CONTINUE

RETURN
END

SUhRDUTINE PLOTXY (X, Y:NOBS: IHDG, IHX/IHY, IPTN, IPLOT)
DIMENSION X(NDBS) Y (NOBST,XS(1000),Y5(1000)

' CHARACTER#*10

HG(8) ,HX(B} HY(3)

SUBROUTINE TO PLOT X VERSUS Y WITH TITLES IN ONE CALL

I0PT LT 10 PLOT LINE CURVE
GE 10 PLOT BAR CHART

IPLT

IF(IPLOT.LE
CALL ANMODE
WRITE(S, %)’

NO2=NDBS

IH=1HDG

IX=1IHX

1 OUTPUT SERIES IN USE FOR TITLES
2 ‘CONTROL VARIABLE SERIES IN USE
3  NEITHER IN USE

.0) RETURN

"ERA W “GRA 1,35 “SHRINK YES
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1Y=IHY

IOPY=IPTN

IPLT=IPLOT

IF(IH.GE.O.AND.IPLT.LT.3) IH=IH+(IPLT-1)#10

ADD 10 TO IH TO MARK CDNTRDL HEADING
ISYM1=10PT
IF(IOPT.GE.10)ISYM1=I0PT-10
I0PT1=1
IF(IOPT.GE.10)I0PT1=2
CALL TITLE(IH,IX,IY,HG,HX:HY)

SUPPRESS SCALING ON CROSS, AUTO AND PARTIAL CDRRELATIDN CURVES
IF(IY.E@.! .OR. IY.EG.2 .OR. IY.EQ. B) THEN

CALL SCALE(X:NOB,HX,7,XS)
CALL SCALE(Y,NOB,HY.3.YS)
ELSE
CALL DIFF(X.NOB,0,:X5,0.0)
CALL DIFF(Y,NOB.,0,YS5,0.0)
END IF
CALL FRAME(HG,MX. HY XS:YS,N0OB)
CALL CURVE(XS,YS.NOB,IOPT1,ISYM1)

RETURN IH TO ORIGINAL VALUE
IF{IH.GE.0.AND.IPLT.LT.3) IH=IH~ (IPLT-I)#IO
RETURN .
END ’

SUBRUUTINE‘RDBF(X'LENX:NT)

USE ONE BINARY READ TO READ VECTOR X VARIABLE SIZE

DIMENSION X(LENX)
READ(NT} X
RETURN

END

SUBROUTINE SCALE(Z,NZ,HDGZ,NHDG, ZS)

DIMENSION Z(NZ),ZS{N2)

CHARACTER#10  HDGZ{NHDG)

CHARACTER*10  NUM(S) . B

DATA NUM/’ 10%%-4 “r? 10%#2-3 /. 10#%~2 17 102~} Ly
+! fa! 10%%1 “ef 10%82 ‘1’ 10%#3 . "o 10%%4. ¢/

SUBROUTINE TD SCALE VECTOR Z BY FACTOR 10##]
THIS FACTOR IS ADDED TO THE AXIS TITLE
: NO SEALING OCCURS IF DIVISION 1S BY 0.1.1.0,10.0
- SCALED VECTOR 2S IS RETURNED, Z IS UNCHANGE&T

NOB=NZ
MH=NHDG
CALL UMAX(Z,NDB.ZMAX)



132

ZMAX=ABS{ZMAX) . ' ‘ . ’
CALL VYMIN(Z,NOB,ZMIN)
IF(ABS(ZMIN) .GT.ZMAX) ZHAX=ABS(ZMIN)

I=-3 .

DO WHILE(ZMAX.GT.(10.#41)}
I=I+1

END DO ~

I=1-1

IF(I.GE.~1.AND.I.LE.1)1=0
HDGZ (NH) =NUM( I+5}
DO 15 K=1,NOB
Z5(K)=Z(K)/{10,%#1)

15 CONTINUE
RETURN , .
END

SUBROUTINE TAPMDVINT,NR,MDDE}

THIS SUBRQUTINE WILL MOVE A TAPE FORWARD A DESIRED NO. OF RECORDS ~-

IF (NR.LE.OQ)RETURN
- IF{NT.LE.0)RETURN

DECIDE IF TAPE 1S BINARY (MODE=1), OR CODED (MODE=0)

IF (MODE.NE. 1) THEN
DO 40 K=1,NR
READ (NT.500) X

40 CONTINUE
ELSE
DO 60 K=1,NR
READ(NT) X
60 CONTINUE
END IF

500 FORMAT(8F10.4)
RETURN
END

SUBROUTINE TITLE(IHDS,IHX,1HY,HDG,HDGX,HDGY)
CHARACTER#10 HDG(B):HDGX(B{;HDGY(S)

INITIALIZE CHARACTER ARRAYS

DD 100 K=1,8
HDG(K}="* ’
HDGX(K)=* :

IF(K.LE.3) HDGY(K)=* ’
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CONTINUE
IF {IHX.EQ.0.0R.IHY.EQ.0) THEN

READ THE TITLES FROM CARDS IF EITHER IHX OR IHY = 0

READ(5.,1000) (4D3(),1=1,8)
READ(S,1000) (HDGX(I),1=1,8)
READ(5,1000) (HDGY(1),1=1,3)
FORMAT(BA10)

RETURN

END IF

SET THE X AXIS TITLE

IF(IHX.GT.0.AND, IHX.LE.3) THEN
GO TO (1,2,3),IHX

HDGX(B)=’ TIME '

GO TO 1100

HDGX(B)="' LAG, K . '

GO TO 1100

HDGX{B)='X VARIABLE’

CONTINUE

END IF

SET Y AXIS TITLES 1

IF(IHY.GT.0.AND. IHY.LE.8) THEN
GO TO (11,12,13,14,15,16,17,18) , IHY
HDGY(1)=‘OUTPUT MEA’

HDGY (2) = *SUREMENTS *

60 TO 1200

HDBY(1)="CONTROL VA’
HDGY(2)='RIABLE  *

GO TO 1200 -
HDGY(1)=‘AUTO CORRE’
HDBY(2)='LATION

Go fo 1200 _
HDBY(1)=‘PARTIAL CO’

HDGY (2) = ‘RRELATION * S
B0 TO 1200 :
HDGY(1)s ‘CROSS CORR’
HDGY(2)=‘ELATION °

GO TO 1200
HDGY{1)=’IMPULSE WE*
HDGY(2)=IGHMTS ‘,
G0 TO 1200 B
HDGY(1)="STEP RESPO*

" HDGY(2) = 'NSE '

G0 TO 1200
HDGY(1)='RESIDUALS *
HDBY(2)=" ’

£
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1200 CONTINUE : ' -
END IF% »

SET MAIN GRAPH HEADING

HDG(1)=HDGY (1)
HDG{2(()=HDGY(2)

HDG{3)=' VERSUS ~

HDG(4) =HDGX(B)
IFCIHDG.LT.0) RETURN
IHDGN=IHDG

IF{IHDG.GE.10) IHDGN=IHDGB~-10

SELECT SERIES TITLE

IF{IHDGN.ER.O)HDG(S5)=* ORIGINAL * -

- IF(IHDGN.EB.1)HDG(S)=" FIRST DIF’
IF(IHDGN.ER.2)HDG(S)="SECOND DIF* *
IF(IHDGN.EQ.3)HDG(5)=’ RESIDUALS'
IF(IHDGN.EG.4)HDG(S)=" PRERHITEN’
IF(IHDGN.GE.O)HDOA(E) =" SERIES _
IF(IHY.E@.1.0R.IHY.EQ.2.0R.IHDGN.EG.3) RETURN
HDG(B)=" QUTPUT SE’

-HDG(7)='RIES !

IF(IHDG.LT.10) RETURN
HDG(E)=' CONTROL S
HDG(7)="ERIES ‘
RETURN

END

'3

* SUBROUTINE WYBF (X,LENX,NT) . :
USE ONE BINARY WRITE YO WRITE VECTOR-X VARIABLE SIZE T
DIMENSION X(LENX) | ‘ \
WRITE(NT) X = , .
RETURN 3 |
END -
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line # time control observation
300 23z, 30, 75.8
400 532, 38, 84.3
500 832. 52. BG.4 .
600 1132, ' B7. 89,1 v
700 1432.}9 74, 75.9 Appendix B.1l:
800 1732, 70. 69.4 , o~
900 2032.& 65.. ™ 64.7 Data File Listing for .
1000 2332, 8g. 5.9
1100 2832.° Bl. 8.6 . Worked Example of
1200 23932, 9. 56.3
1300 3232, 73. 58.3 Chapter 2.
1400 3532, 78. 83.7 _ '
1500 3B3z. 77. 61.2 ' : fjd
1600 3132, 75. 57.8 File Format (3F10.4)
1700 43432, 5. - 58.3
1800 4732 58.1 e
1300 5032, ?oi 71.8 N
2000 5332. 80. 72.3
2100 . 5832. Bl. 57.8
2200- 5932. 79. . 55.7 . _
2300 6232. °  70. 54.5 . ‘
2400 §532. g9, 55.0 .
2500 B832, 70. 58.0
2600 7122, 69. 59.2
2700 7435?h\\\_ 55. 58.5
2800 - 7732. 67. 58.7 ‘
2900 B032. -B8. . B7.3 /r\“/ﬁ‘
3000 B8332. B3. - Bl1.B
3100 8832. 9. . 60.8
3200 B932, , g9, 60.3 -
3300 8232. 58. 60.3
© 3900 ~ 9532, at, 60.8
3500 9832, 38. £8.2
3600 10132. 52. 81.0
+ 3700 10432, 51. - B85.9 .
3800 10732. 32, 77.2 = o
3800 . 11032, 52. 78.4 € :
4000- 11332, B84, - BB.3 -
4100 - 11632. 78. Bi.1
4200 11832 80. 63.8
4300  12232. 66. .65.2
4400 12532, 67. £3.3 .
4500 12832. - 78, 59.4 . %
4600 13132. 89. §9.4 ‘
4700  13432. 119. . 64.8
4800 13732. 118. 53.1
4800 14032, a1. 43.8
5000 14332. SBa 41.1 o ‘ "
5100 14632, . 98. 50.0 '
5200 14932, 82. 45,

\

3300  15232. 93. 45.2

—y
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3400
3500
5600
5700
5800
5800
B80GO
6100
6200
6300
6400
5500
6500
8700
6800
6900
7000

7100

7200
7200
7400
7500
7600
7700
7800
7800
B0QO
8100
8200
8300
8400
8500
8500
8700
8800
8900
9000
9100
8200
8300
9400
8500
9600
9700
9800
9300
10000
10100
10200
10300
10400

15532,
15832,
16132,

16432,

16732.
7032,

7332, .

17632.
17932,
18232.
18532,

186832,

19132.
19432,

19732..

20032.
20332.
20583z,
20832.
21232,
21532,
21832.
22132,
22432,
22732.
23032.
23332,
23632.
23932.
24232,
24532,
24832.
25132.
25432.
25732,
26032,
25332,
26632,
26932,
27232,
27532.
27832,

28132,

28432.
28732,
28032.
2933z,
29532,
29932.
3023z.
30532,

63.
44,
51,
Ba.
gs.
Bo.
81.
78.
83,
77.
77.
81.
103,
74,
68.
B4,
89,
E6.
34.
34.
45,

50.

83.
B83.
70.
e2.
Bal

'73 .

73.

73.

77.
73.
o8,
le
86.
£8.
87.
104,
103,
94.
64.
52..
58.
47.
47,
68.
89,
64.
64.
g4,
64,

137

44.3
43.9
57.4
72.0
68.7
52.3
4.3
51.9
50.6 °
51.5
49,0
51.5
52.1

- 45.7

40.2
92.1
55.2
J8.4
J6.4
59.6
Bz2.4
85.0
B80.4
79.7
74.0
74.5
71.0

. 64.7

B3.4
67.5
58.0
6§7.1
5.0
7.1
74.86
73.3
71.4
70.2
81.2
o4.3
52.0
54.3
67.4
75.0
71.9
79.8

‘81.4

71.3
71.0°
73:.2
73.7



0500
10600
10700
10800

© 10800
11000
11100
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30832.

31132,

31432.
31732,

32032,

32332.
3283z,

73.
72,
78.
78.
73.
74,
74.
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74.2
74.2
70.9
70.7
67.7 |
67.1
69.4
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SUBROUTINE CURUE(X:Y:NDBS;IPTN-ISYHBLJ

DIMENSION X(NDBS).Y(NOBS)
CHARACTER IN#1

Generalized PLOTXY routine. (PLOT10 library

is required also)

THIS SUBROUTINE JOINS THE LINES BETKEEN THE POINTS
(Xt1),Y(I)) AND (X(I+1),Y(I+1)) TO FORM A SMOOTH CURVE.
NOB IS THE DIMENSION OF THE X AND Y ARRAYS.

IOPT DETERMINES WHETHER A LINE OR BAR CHART IS PRODUCED.

I0PT = @
[OPT = 1
. I0PT = 27
IOPT =
NOB=NOBS
ISYMsISYMBL
IDPT=1PTN
IN:' L

A DOTTED LINE
A BOLID LINE
A BAR CHART

-2 AND ISYM = 0 PLOT POINTS

IF(ISYM .EG. 0 .AND. 10PT .E@. 2)IN='X'

IF(ISYM .EQ. 1) IN='X’
IF(ISYM .EQ. 2) IN=‘0’
IF(ISYM .EQ. 3) IN='I"
IF(ISYM .EQ. 4) IN='#'
IF(ISYM BO. 3) IN='+’
IF(IOPT.MNE.2) THEN

PLOT A LINE

1D0T=1

IF(IOPT.EQ.0)IDOT=2

CALL MOVEA(X{(1}.Y(1))

Do 1o I=2.NOB,IDOT .
CALL MOVEA(X(I-1),Y{(I-1))
.CALL DRAMA(X(I).Y(I))

IFtHDD(I:NDB/{O) .NE. 0 .OR. IN.E@.’ ’) GO TO 10

CALL ANMODE
NRITE(E,1000) IN

" CONTINUE

ELSE .
PLOT A BAR CHART

DO 20 I=1.NOB

- CALL MOVEA(X(1).0.0}
IF(ISYM.EQ.0) THEN
CALL MOVEA(X(I).Y{I))®
ELSE
CALL DRAWA(X(I}.Y(I))
END IF

CALL ANMODE
WRITE(5,1000) IN
CONTINUE
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1
END IF:
1000 FORMAT(IH , *~STR/*,Al, /")
RETURN
END ha

SUBROUTINE PLOTXY(X,Y.NOBS,HG,HX,HY,IPTN)
DIMENSION X(NOBS),Y{ND85),X8(1000),YS(1000)}
* CHARACTER#10 _ HG(B},HX(B)  HY(3)

SUBROUTINE TO PLOT X VERSUS Y WITH TITLES IN ONE CALL

IPTN LT 10 PLOT LINE CURVE
GE 10 .PLOT BAR CHART

i oo ok

CALL ANMDDE
HRITE(E.#)’ “ERA W ~GRA 135 ~SHRINK YES *
NOB=NOBS ' _
I0PT=1IPTN :
1SYM1=10PT ' : @ .
IF(10PT.GE. 1o3rsvn1 I0PT-10 ' .
10PT1=1 '
~ IF(I0PT.GE. IO)IDPTI 2
CALL SCALE(X,NOB,HX,7.XS)
CALL SCALE(Y,NOB,HY,3,YS)
CALL FRAME(HG,HX,HY,XS,YS:NOB) . _ ‘
CALL CURVE(XS,YS,NOB,10PT1,ISYN1) -
RETURN
END - ¢

The genefalized plot routines are stored in file
PLOTXY.FOR . The subroutihes in that file are: CURVE, ‘
FRAME, PLOTXY, SCALE, VMAX, VMIN, where FRAME, SCALE,VMAX, '
apd VMIN are tﬁe sanie as the Qgrsioqs in ﬁpe Time Series ‘
Package ;isted in Appendix A. The‘ﬁew PLOTXY and CURVE .
rou?ines for this package are listed above. The user shoul&
place the same diﬁension and character definition.statements
in his program.. Note that SCALE used the last 2 Eaggf;ons
in the X and Y headings for scaling 1nformatlon. The user

_ -
must supply the titles in HG, HX, and HY for the plot.

+
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'Appendix B.3: Program to Print PLNT.DAT file.

. L
100 PROGRAM TEST

150 CHARACTER*i0 FNAM
160 CHARACTER#1  NUM(9)
200 DIMENSION IPAR(6)},PAR(10)
250 DATA NUM/ ‘1%, /2,737,947 ,*5¢, 6,77, '&' 9/ _
252 PRINT#, INPUT PLNT.DAT VERSION NUHBER
254 ACCEPT#*, INUM
270 FNAM='PLNT.DAT;
280 FNAM(10:10)=NUM(INUM)
300 DPEN(UNIT=1,FILE=FNAM, STATUS"OLD'
400 1 FDRMa‘UNFORMATTED¢}- - - -
500 REWIND(1)
600 CALL RDBF(IPAR.1:B)
700 PRINT#, ‘IPAR. VEC. =, (IPAR(J).J=1,E)
"800 DO 100 I=1,4 ~r
900 IF(IPAR{I).NE.O) THEN
1000 CSLL RDBF (PAR.1,IPAR(I))
1100 . PRINT#,’]e *,1 o
1200 NJ=IPAR(I)
1300 PRINT#*, *NPAR = *,NJ :
1400 PRINT#, ‘PARA. VEC, ='-(PAR{J) J=1,NJ}
1500 - END IF
1600 100 CONTINUE
1700 CLOSE(UNIT=1}
. 1800 : 5T0P
1800 END
2000 SUBROUTINE RDBF (X:NT,NX)
2100 ~ DIMENSION X(NX)
2200 READ(NT)X
2300 - RETURN
2400 END
2500 .

éte that the version.nuﬁbef of .the file‘;s the
same as the éroblgm number accessed by the time series
program. IPAR parameters are model parameters P,Q,R,S,d,b
in that order. NPAR is polynomial order in (B). Remgpmber
polynomlal uMB) also has parameter Wy which adds one to.
~its NPAR value without 1ncrea51ng its order. To qsg.tpis

program with file BINARY.DAT simply change the filename.
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to Print TSDATA DAT file.
Append:.:;ng ﬁRﬁh Té"slqrogram rin A e

DIMENSION T(1000),U(1000),Y.({1000}

OPENCUNIT=1,FILE="TSDATA.DAT ‘. STATUS= ‘0LD",
1 FORM=‘UNFORMATTED ')

READ(IINDB
CALL RDBF(T,1,NOB)
- CALL RDBF(U,1,NOB)
CALL RDBF(Y,1,NQE
I=1
DO WHILE(I.LT.NOB)
PRINT#, T(I),U¢I),Y([)
I=I+1
END DO
CLOSE(UNIT=1)
‘ §TOP
END
SUBROUTINE RDBF (X,NT,NX)
DIMENSION X(NX)
READ (NT)X
" RETURN
END

. N - k

Note that this program wi

e display to the screén
immediately. 1If specific values are desired to be viewed,
, control the terminal scrolling capability dur:.ng the program

execution .






