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1. INTRODUCTION

The computer program LISPID (LInear System Parameter IDentification)
is designed for identification of linear, multivariable stochastic
systems. It has been developed on UNIVAC 1108 (EXEC 8). It has also
been implemented on IBM 360 and 370, but this manual only describes
the UNIVAC version of LISPID.

The program LISPID which mainly is written in FORTRAN consists
of 65 subroutines. Including comments the program size is
approximately 10 000 statements. The program without any data
storage requires a core of 55 k cells on the UNIVAC 1108, if no
segmentation is used. Using segmentation and overlays the core
required can be reduced to 30 k. Additional memory space is
required to store data. LISPID is designed for batch processing,
but the EXEC 8 system of UNIVAC 1108 permits in certain cases

that the program is executed in demand mode from a terminal.

A general description of LISPID is given in K8llstrdm, Essebo

and Astrom (1976). The program is based on the maximum likelihood
method for parameter estimation, since this method has many desir-
able properties. The one-step prediction errors are minimized in
the ML procedure. It is, however, also possible in LISPID to
minimize the prediction errors an arbitrary number of steps ahead.
It is also possible to assume no process noise in the model,

which means that an output error identification method is obtained.

The program LISPID is flexible and allows for a wide variety of
model structures. The model can be given in continuous or discrete
time form. Different descriptions of process and measurement

noise are permitted. The model can also be time varying. The
sampling can be uniform or varying and different types of measure-
ments like instantaneous or integrating are permitted. The model

may be parameterized in an arbitrary manner.

Calculation of the parameter estimates is basically an optimization
problem. Two different algorithms which only use function

evaluations are included in LISPID.



The program LISPID can print and plot the input signals, the
measurements, the model outputs, the model errors, and the pre-
diction errors. The latter ones have in practice proved to be
extremely valuable to check measured data. By analysing the
autocorrelation functions of prediction errors and the cross
correlation functions between inputs and prediction errors,
which are computed and plotted by LISPID, it can be judged if

the model obtained is reasonable.

The loss function can be plotted close to the point proposed as
optimal, when the estimated parameters are changed one at a time.
A possibility of judging if a local optimum point actually has
been reached is provided by these plots. They can also be used
for an efficient scaling of the unknown parameters to facilitate
the optimization. Estimated standard deviations of the parameters

obtained can also be calculated.

The program LISPID has been applied to data from many different
processes. A review is given in Kidllstrdm, Essebo and Astrdm
(1976) . Examples of different applications are drum boiler
dynamics, nuclear reactor dynamics, dynamics of a power generator,
pharmacokinetics, plasma kinetics of insulin, thyronine metabo-
lism, and macroeconomic dynamics. The program has been extensively
used to determine the steering dynamics of ships (Astrdm, K&all-
strém, Norrbin and Bystrdm, 1975; Astrtm and K&llstrbm, 1976;
Bystrdm and Kdllstrdm, 1978).

2. MODEL STRUCTURES

The program LISPID admits many different model structures. The
basic model is a process governed by the stochastic differential

equation (see Astrdm, 1970):
dx = Ax dt + Bu dt + dw (2.1)

where x is an n - dimensional state vector and u is an nu -
dimensional control vector. The process noise {w(t), tO < t < w}

is an n, - dimensional stochastic process with uncorrelated



increments which have zero mean values and incremental covari-
ance Rl dt. The initial state x(to) of (2.1) is assumed to have
mean value m and covariance Ro' It is also assumed that the

initial state is uncorrelated with the process noise {w(t)}.

The program LISPID admits two different models for the measuring
process. It is assumed that the measurements are obtained at

discrete times to, t

l,-oo, N_l-

An integrating measurement device can be characterized by

dz = Cx dt + Du dt + de

(2.2)
}k+1

ty

dz k

Il

y(ty) = 0,1,..., N-1

where y is an ny ~ dimensional vector of measurements and
{e(t), to st »} are measurement errors which are assumed

to be a stochastic process with uncorrelated increments having
zero mean values and incremental covariance R2 dt. The incremen-
tal cross covariance between w and e is denoted R12 dt. A
discussion of the integrating measurement procedure is given in
Astrém (1970).

Instantaneous measurements characterized by
y(tk) = C x(tk) + Du(tk) + e(tk) k=20,1,..., N-1 (2.3)

are also admitted. The measurement errors {E(tk)} are assumed
to be a stochastic process of second order with zero mean and
covariance ﬁz. It is furthermore assumed that the measurement

errors are independent of w and of the initial state.

Sampling of the model (2.1), (2,2) or (2.1), (2.3) is performed
in LISPID. The following model is obtained in both cases if it
is assumed that the input signals are constant during the

sampling interval (see AstrOm, 1970):



x(ty, 1) = A x(t,) + %u(tk) + ";'l(tk)
] y(t,) = ¢ x(t,) + Bu(tk) B 'é(tk) (2.4)
k=20,1,..., N-1

The process noise {W(tk)} is a second order stochastic process

with zero mean and covariance Rl' The cross covariance between

W and e is denoted R The initial state is uncorrelated with

12°
W. The sampling is performed using algorithms described in
Martensson (1969) and Killstrbm (1973). It is also possible to

postulate the discrete time model (2.4) directly.

The innovations representation

X(ty q) = A x(t) + Bu(ty) + K e (ty)

1 y(t) = [¢ ;c(tk) + Bu(tk) + e(ty) (2.5)

e
I

L 0,1,..., N-1

is computed from (2.4). See Astrdm (1970). The mollel (2.5) is
always used for the actual iterations performed in LISPID. Notice
that it is possible to postulate the innovations representation
(2.5) directly.

The following model structures are permitted in LISPID:

1: (2.1),(2.2) - A,B,C,D,R RlZ’RZ'RO’m

ll
2: (2.1),(2.3) - A,B,E,B,Rl,"ﬁz,Rorm
3: (2.4) - K,ﬁ,ﬁ,ﬁ,ﬁ,ﬁlz,ﬁz,Ro,m =6
4: (2.1),(2.2),(2.5) - A,B,C,D,K,m

5: (2.1),(2.3),(2.5) - A,B,C,D,XK,m

,D,K,m

(@14

6: (2.5) - 2,8,

In each case parameters to be estimated can enter the indicated
matrices and vectors in an arbitrary manner. The different models

may also be time varying in LISPID.



It is possible to assume no process in the different model
structures. The identification procedure is then equivalent
to an output error method. In this case the covariance ma-
trices Rl’ R12’ R2, Rl’ R12’ R2, Ro and the filter gain K

are not used, i.e. they are excluded from (2.6).

3. CRITERIA

The program LISPID admits optimization of different criteria.

The most general loss functions are

N-p,-1 p
_ 1 F2 2 T
Vl(pl,pz) = N—:I-)'; det '5“2—:51-4_—1' Z— ? €p(tk+p) €p(tk+p) (3.1)
k=0 p=p
1
V,(py pP,)= L i o2 log det R_(t ) +
2'P1,P2)" 2p,) (p,p, 1) ?f: > . p' k+p
w0 p=p
1
(3.2)
T -1 1
+ Ep (tk+p) Rp (tk+p) ep(tk+p) + fny log 2m

where an average loss over an interval (pl, p2) of prediction
errors is minimized. A necessary condition is Py 2 Py 2 1, bhut
small modifications of (3.1) and (3.2) are minimized in the ML
procedure (pl =P, = 1l). See below. The p-step prediction error
e and the corresponding covariance matrix Rp are determined
recursively through the Kalman-Bucy filtering theory. A detailed
description of the recursions is given in K&llstr®m, Essebo

and Astrom (1976). The loss function vy
simplified version of V2. It is possible to use Vl instead of

can be regarded as a

V2 if the system and covariance matrices are time-invariant and
if the sampling interval is constant (Astrm and Eykhoff, 1971).
The loss function selected in LISPID is determined from the given
model structure. Notice, however, that Vl always is calculated,

even 1if V2 is minimized.



The following modified versions of (3.1) and (3.2) are minimized

in the ML procedure (pl =P, = 1):

1 N-1 T

V, = = det % e(t,) e (t,) (3.3)
1 N - k k
k=0

1 N=-1

V2 = *2-*1\']' ]E=O log det R(tk) +
(3.4)
T -1 1
+ € (tk) R (tk)e(tk) + 5 ny log 2m

where € is the one-step prediction error and R the corresponding
covariance matrix. Notice that (3.3) and (3.4) differ from

(3.1) and (3.2) only in the way € and R at the initial time to
are treated. The loss function (3.4) is related to the likelihood

function L through:

V2 = = % log L (3.5)
The output error method can be regarded as a special case of
the ML method, where it is assumed that no process noise is
present. The loss function (3.3) or (3.4) is thus minimized

in the output error procedure. Due to its flexible structure
it is also easy to incorporate an arbitrary user-defined loss
function into LISPID.

4. INPUT PARAMETERS

The computations in LISPID are controlled by a number of para-
meters. The parameter values are given by the user and they are
read from cards or card images using the subroutine IOLISP.

A table of the input parameters is shown in Appendix A. The

different parameters are explained by:

NPAR - Total number of parameters of the model, i.e. dimension
of vector PAR (2 < NPARK 40).
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NTH - Number of parameters that are estimated, i.e. dimension
of vectors ITH and SCAL (2 < NTH < NPAR).

PAR - Vector of dimension NPAR containing values of the model
parameters. A value is considered as an initial guess,
if the corresponding parameter is going to be estimated

in LISPID, otherwise the value is assumed to be fixed.

ITH - Vector of dimension NTH containing pointers to the para-
meters of PAR that are going to be estimated. For example,
if PAR (4) is the first parameter of PAR that is going to
be estimated, then ITH (1) = 4. (1< ITH (I) < NPAR,
I=1,2,..., NTH).

SCAL

Vector of dimension NTH containing scale factors for the
parameters of PAR that are going to be estimated. The
values PAR (ITH (I)) *scaL (1), I =1,2,..., NTH, are
actually used in LISPID. The minimization algorithm
NUFLET is very sensitive to the scaling, while the algo-
rithm POWBRE is less sensitive. Initially the scale
factors should be determined in such a way that the

magnitude of the scaled variables is approximately 0.1l.

For example, if ITH (1) = 4 and the value of PAR (4) is
known to be approximately 0.01, then SCAL (1) = 10 is
appropriate. (SCAL (I) # 0, I =1,2,..., NTH).

IMIN - IMIN = 1: The minimization algorithm NUFLET is used.
IMIN = 2: The minimization algorithm POWBRE is used.
NUFLET is faster than POWBRE, but the minimization is
often terminated too soon when NUFLET is used. It is
suitable to start with NUFLET and continue with POWBRE
as soon as appropriate scale factors have been deter-
mined. However, if NTH is less than approximately 5, then
NUFLET can be used all the time.

LOOP - LOOP = -1: Print data, i.e. input signals and measurements,
on line printer and/or plot data. Notice that it is
necessary that NPRI (3) = 1 if the data are going to be
printed and NPLOT = 1 or -1 if the data are going to be
plotted. .
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LOOP = 0: The model given is simulated to the input signals
using the parameter values of PAR, i.e. no parameter estima-

tion is performed.

LOOP = 1: Parameter estimation is performed.

NPRI (1) - NPRI (1) = 1l: System and covariance matrices are

printed using the initial parameter values.

NPRI (1) = 0: No printing of the initial system.

NPRI (2) - NPRI (2) = 1l: System and covariance matrices are

printed using the final parameter values.
NPRI (2) = 0: No printing of the final system.

NPRI (3) - NPRI (3) = 1: Input signals, measurements, model

outputs, model errors, and prediction errors are printed.
NPRI (3) = 0: No printing of data.

NPLOT - NPLOT = 1l: Input signals, measurements, model outputs,

NP

IT

model errors, and prediction errors are plotted. The

model outputs are plotted as dashed lines and the

measurements as continuous lines in the same diagrams.

The inputs are shown in histogram plots.

NPLOT = -1: Input signals, measurements, model outputs,
model errors, and prediction errors are plotted.
The model outputs are plotted as continuous
lines and the measurements as dots in the
same diagrams. The inputs are shown in histo-
gram plots.

NPLOT = 0: No plotting of data.

-  Number of sampling events (2 < NP < 2000).

- IT = 1: The sampling times are given by the user in the
vector TIM.

IT = 0: No sampling times are given in the vector TIM.

It is suitable to use IT = 0 when the sampling

interval is constant.

ISYS = ISYS > 0 means a continuous time model.

ISYS < 0 means a discrete time model.
ISYS = 1 or =-1: No process noise is assumed, i.e. the
identification procedure is equivalent

to an output error method.
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ISYS = 2 or -2: Prediction error method based on the
innovations model (cf. (2.5)).
ISYS = 3 or -3: Prediction error method based on the

general model (2.1) or (2.4).

MEAS — MEAS = 0: Instantaneous measurements (cf. (2.3)).

ISAMP - ISAMP

MEAS

1: Integrating measurements (cf. (2.2)).

1l: Constant sampling interval.

ISAMP = 2: Constant or almost constant sampling interval,
but some measurements are missing. It is
necessary that IT = 1.

ISAMP = 3: Varying sampling interval. It is necessary

that IT = 1 if ISYS > 0.

TSAMP - Sampling interval. If the sampling interval is calculated

NPRED1 -

NPRED2 -

NX =

NU -

NY -

NOMAT -

from the vector TIM or if the sampling interval is not
required for the computations, then TSAMP = -1 must

be used.
Parameter Py of (3.1) and (3.2).

Parameter p, of (3.1) and (3.2).

When the maximum likelihood or output error method is
applied, then NPRED1 = NPRED2 = 1l must be used. A
necessary condition is 1 < NPRED1l < NPRED2.

Number of states, i.e. n, in Section 2 (1 < NX < 20).

Number of inputs, i.e. nu in Section 2. If a model
without input signals is applied then NU = 0 must be
used. (0 < NU < 20).

Number of measurement signals, i.e. ny in Section 2
(1 < NY < 20).

Vector of dimension 6 describing the system and covari-
ance matrices that are going to be used (cf. Section 2).
If a matrix is zero then the corresponding value of
NOMAT ( ) should be zero, otherwise NOMAT ( ) = 1.

NOMAT (1) = 1 if B or E nonzero.
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NOMAT (2) = 1 if C or C nonzero.
NOMAT (3) = 1 if D or D nonzero.
NOMAT (4) = 1 if Ry or ﬁl nonzero.
NOMAT (5) =1 if R12 orNR12 nonzero.
NOMAT (6) = 1

if R2 or R2 nonzero.

IACC - IACC = 1l: Standard deviations of parameter estimates,

HH -

NPLOTC -

NOL -

gradient vector, second derivative matrix, inverse of

second derivative matrix, eigenvalues and eigenvectors
of second derivative matrix are calculated and printed.
The point proposed as optimal is used as nominal point
and the step lengths h and -h, where h = 10_% are used

for the calculations.

IACC = 2: As IACC = 1 but the step lengths h, 2h, -h,-2h,
where h = 10—3, are used. IACC = 2 requires
more computations than IACC = 1, but a more
accurate result is obtained.

IACC = 0: The standard deviations and the related

quantities are not calculated and not printed.

This parameter is not used, which means that the value

zero can, for example, be assigned to HH.

NPLOTC = 1l: Test quantities for the prediction errors
are calculated and printed.
NPLOTC

2: As NPLOTC = 1, but autocorrelation functions
of prediction errors and cross correlation
functions between inputs and prediction errors
are also calculated and printed.

NPLOTC As NPLOTC = 1, but the correlation functions

It
w

are also calculated and plotted.

NPLOTC As NPLOTC = 2, but the correlation functions

Il
N

are also plotted.
NPLOTC

Il
[an]

The test quantities and the correlation
functions are not calculated, printed or
plotted.

Maximum number of time lags used in the calculations of
the correlation functions, when NPLOTC = 2, 3 or 4. The
time lags 0, 1, 2,..., NOL are used for the autocorre-

lation functions and -NOL,..., -1, 0, 1,..., NOL are
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used for the cross correlation functions. (0 < NOL < 50).

TS - Sampling interval used only if subroutine SGAIN is called
from the model subroutine. Usually TS should be equal
to TSAMP.

EPST - Test quantity used only if subroutine SGAIN is called

from the model subroutine. The parameter EPSI determines
when the iterations of the Riccati equation are termi-
nated. A suitable value is EPSI = 0,00001.

NKAL - Maximum number of iterations of the Riccati equation
used only if subroutine SGAIN is called from the model
subroutine. A suitable value is NKAL = 500. (NKAL > 2).

ICHK - ICHK = 1: The loss function is plotted on line printer
close to the point proposed as optimal, when the estimated
parameters are changed one at a time.
ICHK = 0: The loss function is not plotted on line
printer,
ICR - ICR = 1l: More input parameters are read (see subroutines
IOLISP and LISPID).
ICR = 0: No more input parameters are read. Input para-
meters which are not given by the user are

determined in subroutine LISDAT.

Six different model structures were given in (2.6). The corre-

sponding input parameter values are:

1: 1IsSys =3 MEAS =1
2: ISYS = 3 MEAS = 0
3: ISYys = -3 MEAS = 0 (4.1)
4: TISYs = 2 MEAS = 1
5: 1ISYS = 2 MEAS = 0
6: ISYS = -2 MEAS = 0

When the output error method is applied the following 3 model

structures are permitted:

7: (2.1), (2.2) - A, B,C, D, m ISYS =1 MEAS =
8: (2.1), (2.3) - A, B, C, D, m 1ISYS =1 MEAS = (4.2)
9: (2.4) or (2.5) - X, B, C, D,m ISYS = -1 MEAS = 0
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Notice that the vector NOMAT must be assigned appropriate values

in each case.

Some suitable input parameters for 3 different cases are given
below. The first case is printing and plotting of data, i.e. no

identification or simulation is performed:

Loop = -1
NPRI (3) =1
NPLOT = 1 or -1

The second case is parameter estimation. To avoid unnecessary
computations, printings and plottings during the identification

mode it is suggested to use the following parameter values:

LOOP =1
NPRI (1) =
NPRI (2)
NPRI (3)
NPLOT

IACC

NPLOTC =
ICHK =

It

Il
o O o ©o + H

The third case is simulation of a model that possibly has been
obtained in the identification mode. By using the following
parameter values as much information as possible is printed
and plotted:

LOOP
NPRI (1)
NPRI (2)
NPRI (3)
NPLOT
IACC
NPLOTC
ICHK =

or -1

If
T A =)

Four complete test examples are discussed in Section 6. The

input parameters for each example are given in Appendix F.
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5. USER - DESIGNED PROGRAMS

It is necessary to incorporate a main program MAIN and a model
subroutine SYST before LISPID can be used. MAIN and SYST should
be written by the user in FORTRAN. It is, of course, possible
to use other names than MAIN and SYST.

The main program MAIN should call subroutines IOLISP, DATEXP and
GRDCHK. It is necessary also to call the administration subroutine
LISPID from MAIN. The data required for the identification must

be read and organized in a certain way. The organization of data
is described in detail in the program head of subroutine LISPID.
It is suitable to call a user-designed subroutine RDATA from

MAIN to read the data.

The mathematical model used for the identification must be
described in the model subroutine SYST. The argument list of
SYST is predetermined and it is given in the program head of
LISPID. The subroutine SINT should be called from SYST to
evaluate the loss function. It is also suitable to call SGAIN
and OVFLOW from SYST.

A schematic diagram of the program package LISPID is given in
Fig. 5.1. Many auxiliary subroutines not shown in Fig. 5.1 are
also included. It is, of course, also possible to call auxiliary
subroutines from the user-~-designed programs MAIN, RDATA and SYST.
Compiled elements of the subroutines required can be found on a
special LISPID file. The file is normally stored on magnetic
tape. The element table of the LISPID file is given in Appendix B
where it is also described how the LISPID file can be transfered
from magnetic tape to disc . The program heads of the most

important subroutines are listed in Appendix C.

A standard main program MAIN and subroutine RDATA have been
written to facilitate the use of LISPID, It is then assumed
that the data are read from cards or card images in the following

way :



|OLISP
DATEXP \1—
GRDCHK

MAIN

RDATA

OVFLOW

LISPID

NUFLET
POWBRE

SGAIN ¢

SYST

SINT

Fig. 5.1 - Schematic diagram of the program package

LISPID. MAIN, RDATA and SYST are user-designed

programs.

17
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Card 1: [t(1l)] ul(l)... uNU(l) yl(l)... YNY(l)
Card 2: [t(2)] uy(2)... u,(2) Y1(2) oo vy (2)

s (5.1)
Card NP: [t(NP)] up (NP) ... uyy(NP) yl(NP),..yNY(NP)

where t(1l) is the first sampling time, ul(l) is the value of

the first input signal at time t(1l) and ¥ is the value of the
first measurement signal at time t(1l). The number of input
signals are NU and the number of measurement signals are NY.
Notice that it is possible to use NU=0. The sampling times t(l),
t(2),..., t(NP) must be omitted when IT=0. The number of sampling
events NP and the parameters NU, NY and IT used in RDATA are
taken from the input parameters (see Section 4 and Appendix A).
The data (5.1) are read in free format. Examples of permitted
real numbers are given in Appendix A. The numbers must be
separated by at least one blank. If the data for each sampling
time need more space than one card, then it is possible to use
two or more cards for each sampling event. It is also possible

to punch data of two or more sampling events on the same card.
The FORTRAN programs MAIN and RDATA and the corresponding
compilted elements are stored on the LISPID file. Listings are
given in Appendix D. Notice that it is necessary that the name

of the model subroutine is SYST if MAIN is used without changes.
If the data are organized in a way different from the description

above, then the user must change subroutine RDATA.

A frame-work of a model subroutine SYST is stored on the LISPID
file. A listing is given in Appendix D. It is necessary to
incorporate a mathematical model defined by the user before
SYST can be compiled and linked together with the program
package LISPID.

Suitable MAP commands for generation of an absolute element
which can be executed are stored on the LISPID file. The name of
the element containing the MAP commands is LISMAP. The element
is listed in Appendix E.
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Examples of user-designed programs are given in Appendix F.
The test examples are discussed in Section 6. The generation and
execution of a complete test example is shown in Appendix G.

6. TEST EXAMPLES

Four complete test examples are discribed in this section.

They are all applications of system identification to determina-
tion of ship steering dynamics (Astrém, Kdllstrdm, Norrbin and
Bystrdm, 1975; Astrdm and K&llstrdm, 1976; Bystrdm and Killstrdm,
1978) .

Example 1
The following simple transfer function describes the rudder input -

heading output relation for a ship:

K (6.1)

G(s) = s(1+sT)

A state space representation of (6.1) is easily obtained:

1
r -7 0 r XK/T

= + 8 (6.2)
14 1 0 1] 0

where § is the rudder angle, r is the vaw rate and ¢ is the

heading angle.

It is now possible to determine K and T from a record of rudder
and heading angles using LISPID. The model structure 2 of (2.6)

is assumed, i.e. the general model (2.1) combined with instant-
aneous measurements (2.3). The following assignments are performed
in the model subroutine SYST (see Appendix F):

,

-1/p 0
A = 2
1 0
P,/P,
B =
0
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c = [0 1]
lp5l 0
R, =
0 0
R, = 0.01 (6.3)
i 0
R, =
0 1
~ J
r 5
0
m =
147.15J

Notice that the corresponding variables used in SYST are A, B,
C, Rl, R2, PO and X0. It is concluded that Py = K and P, = T.

By assuming that the data are recorded with a constant sampling
interval it is possible to simplify the calculations in LISPID,
since the mathematical model used is time-invariant. The simplifi-
cation is obtained by calculating the filter gain K of (2.5)

using subroutine SGAIN. The model structure 5 of (2.6) is thus
actually used in LISPID, i.e. ISYS = 2 is required if prediction

error identification is to be performed.

The standard programs MAIN and RDATA (see Appendix D) are used for
this test example. Suitable input parameters for maximum likelihood
identification are shown in Appendix F, where test data also are
given (DAT1l). Prediction error identification is easily obtained

by changing the input parameters NPRED1 and NPREDZ2. Output

error identification is obtained by changing the input para-

meters

NTH = 2
ISYS =1
NOMAT (4) = 0
NOMAT (6) = 0

and by deleting ITH(3) and SCAL(3). The MAP commands used for this
example are listed in Appendix F (LMAP1).
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The generation and execution of test example 1 is described

in detail in Appendix G. The prints and plots obtained when the
input parameters given in Appendix F are used can be found in
Appendix H. A discussion of the prints and plots are given in
Section 7.

Examgle 2

An improved model of ship steering dynamics is given by the state

space representation

'. } rv v 1 ) () 1 V2 l.ﬁ ( 1
v T 211 Vap 0 Y % T~ P13 £
. v v vZ
r = ;2 a21 f" a22 0 » r + OLl L—2 bZl 6(t—TD) + f2
U 0 1 0 P 0 0
\ J \ J \ J . / \ J
) ] vity) (6.4)
Vi (E1) ey Ly 0y 0 e

= r(t,)| + k=0,1,...,N-1
kwm(tk), 0 0 1/0, 0

() )

where the transversal velocity v at the origin also is introduced
' ] 1 ) L]

as'a state variable. The parameters a117 @150 8591 9o bll

b21 are normalized using the ship speed V and the ship length

and

L. It is assumed that V is constant. Instantaneous measurements

of the transversal velocity Vi at a distance Ll forward the origin
and of the heading angle wm are recorded. oq and a, are conversion
factors from degrees to radians and from m/s to knots (al = 0.,01745,
a, = 1.944).

The biases fl’ f2 and f3 can be estimated by introducing an
artificial unit step input signal. The time delay TD describes
approximately the time constant of the steering engine. It is
possible to incorporate the model (6.4) with a time delay in LISPID
by introducing an extra input signal containing the rudder angles
slided one step forwards in time. However, it is then necessary

to sample the model (6.4) by calling COSDY and, if process noise

is present, also TRANS from the model subroutine. If it is assumed
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that the sampling interval is constant (ISAMP = 1) or constant
but some measurements are missing (ISAMP = 2), then the filter
gain K of (2.5) can be computed using subroutine SGAIN, since
the model (6.4) is time-invariant. Cf. test example 1. In this
case the model structure 6 of (2.6) is actually used in LISPID,
i.e. ISYS = -2 is required if prediction error identification is

to be performed.

The following assignments are performed in the model subroutine
SYST2 (see Appendix F):

Py
— p P, P 0
P, 3 1 -4
A= Ei El 0
2 Pg p. ©6
P, 2
L 0 1 0)
r 2 5
o El— 0
1 b, P7 Py
b2
B = 1
a) —3 Pg Pjg 0
Py
. 0 0 0)
x . |%2 P12 %2 0
0 0 1/0y
-. < (6.5)
D = P11
0 0
L J
)
|Pl3| V[P13[|P14| sin Pig
Rl= \flpl3| |Pl4| sin pl5 |Pl4|
0 0 0
lpygl 0
lﬁ =
2
0 |py4l
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|p18| 0 0
R, = 0 |p19| 0
0 0
k P50l
)
Pa1
m =1 Py
(%1P23

Ty = Ty |sin p,,|

The parameters P3 = 8177 Py = 8191 Pg = 8517 Pg = @y, Pg = £y,

Pio = fr P13
prediction error method (NPREDl1 = NPRED2 = 5), while the other

parameters are given fixed values dependent on the ship and the

= f3, P13 Pyy and P,, are estimated using the

experimental conditions. The special form of the entries Rl (1,2)
and Rl(2,l) guarantees that the matrix Rl is nonnegative definite.
The special expression for TD guarantees that 0 < TD < Ts’

where TS is the sampling interval.

A new main program MAIN2 and a new subroutine RDATA2 have been
written, since it is necessary to generate extra input signals
(see Appendix F). Notice that the extra inputs are excluded in
the computations of the correlation functions by assigning
INU(2) = INU(3) = 0 in MAIN2. It is convenient to write the
parameters on a disc file, when many parameters are estimated.
This is performed by calling PARFIL from MAIN2. Notice that

it is necessary to assign a disc file "106", before PARFIL is
called.

Suitable input parameters for prediction error identification are
shown in Appendix F, where test data also are given (DAT2).
Notice that ISAMP=2 is used. Output error identification is

obtained by changing the input parameters .

NTH = 8
ISYS = -1
NOMAT (4) =
NOMAT (6) =

and by deleting ITH(8) - ITH(9) and SCAL(8) - SCAL(9). The MAP
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commands used for example 2 are listed in Appendix F (LMAP2).

Example 3

This example is a small modification of example 2. The time delay
TD is assumed to be zero and the measurements are now recorded
with a varying sampling interval (ISAMP = 3). Only one extra

input signal is required in this case to estimate the biases

fl, f2 and f3 (cf.(6.4)). This means that the third columns of
the matrices B and D of (6.5) are omitted as well as the expression
for TD.

It is not possible to compute a stationary filter gain K using
SGAIN since the sampling interval is varying. The model structure
2 of (2.6) is thus used, i.e. ISYS = 3. In this case the para-
meters of the Ro—matrix are also estimated. The parameters P3s
Pyr Psr Pgr Por Prgr Pryr Pr3r Pigr Prgr Prg and pyy of (6.5)

are thus estimated using the prediction error method (NPRED1 = 3,
NPRED2 = 5).

The programs MAIN3, RDATA3, SYST3, the MAP commands LMAP3 and
the test data DAT3 are listed in Appendix F. LOOP is equal to
zero in the test data, which means that simulations only are

performed.

Example 4

A small modification of example 3 is considered. The ship speed
V (cf. (6.4)) is varying in this example. The same parameters

as in example 3 are estimated, but it is necessary to use

NPRED1 = NPRED2 = 1 since the model is time varying. The measure-
ments of the speed V are read using subroutine RDATA4 and they
are stored in a vector VSP of the COMMON BLOCK /SPEED/. The

speed measurements are printed in the main program MAIN4. The
model subroutine SYST4 shows how to introduce the speed depen-
dence. The programs are listed in Appendix F together with the
testdata DAT4 and the map commands LMAP4.
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7. PRINTS AND PLOTS

The output generated from test example 1 of Section 6 is given
in Appendix H. Most parts are self-explained, but some points

are explained in some more detail in this section.

The vector TH contains the scaled parameters of vector PAR

that are going to be estimated. The names of the sampled system
and covariance matrices are obtained by adding a D after the
corresponding names of the continuous matrices. The matrix R1

is the continuous Rl—ﬂatnb<of Section 2, while R1D is the
descrete matrix Rl‘ PO is equivalent to RO of Section 2. The
stationary solution of the Riccati equation is denoted P. The
matrix C*P*CT + R2D is the covariance matrix of prediction errors

and KT is the transposed filter gain K of (2.5).

The loss VLOSS is minimized in LISPID. VLOSS is equal to VLOS1

(Vl of Section 3) if ISYS =1, -1, 2 or -2 and equal to VLOS2

(V2 of Section 3) if ISYS = 3 or -3. NVLOS1l and NVLOS2 are the
number of contributions to each loss function, i.e. usually

NP- NPRED2 (N-p, of Section 3) if NPRED2 > 2 and NP if NPRED2 = 1,
VLOSDT is the loss VLOS1 obtained without process noise. Thus
VLOSS = VLOS1l = VLOSDT when output error identification is

performed.

The print IEXIT = 0 obtained from NUFLET means that the minimum
point has been reached according to the minimization algorithm.
The corresponding print from POWBRE is: "THIS IS THE MINUMUM:".

~

The accuracy of the estimated parameter vector 6= TH is approxi-

mately given by

cov (8) = 2 * VLOS1 (@) * v2l (6) / NVLOS1 (7.1)
if Isys =1, -1, 2 or -2 and by
cov (8) = v2~1 (6) / NVLOS2 (7.2)

if ISYS = 3 or -3, provided that NPREDl1l = NPRED2 = 1. V2 is the
second derivative matrix. The estimated standard deviations
STDEV are then obtained as the square rcot of the diagonal



elements of cov. An element of STDEV is assigned the value -1 if
the corresponding diagonal value of cov is negative. Remember
that STDEV has meaning only if output error or maximum likelihood
identifications are performed (NPRED1 = NPRED2 = 1).

The input signals are denoted Ul, U2,... and the measurement
signalsY¥l, Y2,... The outputs of the deterministic model, i.e.
without process noise, are denoted YMOD1l, YMOD2,... The model
errors ERRMOD1l are equal to Y1-YMODl1l and EPS1l are the corre-
sponding prediction errors. If IEPS is not equal to zero, then
the corresponding prediction error has not contributed to the
loss function. The different values of IEPS are explained in the
program head of LISPID (see Appendix C). When IEPS # 0 then
YMODl, YMOD2,..., ERRMOD1, ERRMOD2,..., EPS1l, EPS2,... are

usually assigned the value -1.

The line printer plots of the loss function obtained when
ICHK = 1 are explained in the program head of GRDCHK (see
Appendix C) .
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APPENDIX A - INPUT PARAMETERS

A table of the input parameters for LISPID is shown on the
next page. The parameters which begin with I, L, M or N are
integer variables, while the others are real variables. The
parameter values are read from cards or card images in free

format. Examples of admitted integer numbers are:

0
+10
-15

Examples of admitted real numbers are:
0.
~0.5
+10.
5.E2
-1.E+10
+1.5E-10

Notice that it is possible to include an arbitrary comment after

the number by use of the character " (ASCII code).
For example:

10 "NPAR
1. "PAR(1l) - COEFFICIENT Al
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Only NPAR values of PAR and only NTH values of ITH and SCAL

must be given.

NPAR
NTH
PAR(1)
PAR(2)
PAR(3)
'PAR(Y4)
PAR(5)
'PAR(6)
PAR(7)
|PAR(8)
'PAR(9)
'PAR(10)
PAR(11)
PAR(12)
PAR(13)
PAR(1Y4)
'PAR(15)
'PAR(16)
'PAR(17)
PAR(18)
'PAR(19)
'PAR(20)
PAR(21)
PAR(22)
PAR(23)
PAR(24)
PAR(25)
PAR(26)
PAR(27)
PAR(28)
[PAR(29)

|PAR(30)
PAR(31)
'PAR(32)
PAR(33)
PAR(3L)
PAR(35)
PAR(36)
PAR(37)
PAR(38)
PAR(39)
PAR(40)
ITH(1)
ITH(?2)
ITH(3)
ITH(Y4)
ITH(S)
ITH(6)
ITH(7)
ITH(8)
TTH(9)
ITH(10)
ITH(11)
ITH(12)
TTH(13)
TTH(1Y4)
|ITH(15)
|ITH(16)
ITH(17)
ITH(18)
ITH(19)

ITH(20)

ITH(21)

ITH(22)
ITH(23)
TTH(24)
TTH(25)
ITH(26)
TTH(27)
ITH(28)
TTH(29)
ITH(30)
ITH(31)
ITH(32)
ITH(33)
ITH(34)
ITH(35)
ITH(36)
ITTH(37)
'ITH(38)
ITH(39)
ITH(40)
SCAL(1)
SCAL(2)
SCAL(3)
SCAL(1)
'SCAL(5)
SCAL(6)
SCAL(7)
SCAL(8)
SCAL(9)

SCAL(10)
SCAL(11)

lscan(12)
'SCAL(13)
SCAL(14)
SCAL(15)
SCAL(16)
SCAL(17)
ISCAL(18)
ISCAL(19)
'SCAL(20)
SCAL(21)
SCAL(22)
SCAL(23)
SCAL(24)
SCAL(25)
SCAL(26)
SCAL(27)
ISCAL(28)
SCAL(29)
SCAL(30)
SCAL(31)
SCAL(32)
SCAL(33)
SCAL(34)
ISCAL(35)
SCAL(36)
SCAL(37)
SCAL(38)
ISCAL(39)
ISCATL(40)
IMIN

~ |LOOP

:NPﬁI(iS-____W
INPRI(2)
INPRT(3) |
NPLOT |
s

IT

|ISYS

MEAS

TSAMP

| TSAMP

|NPRED1

NPRED?

INX

NU

NY

INOMAT (1)
INOMAT(2)
INOMAT (3 )
INOMAT (4 )
INOMAT(5)
INOMAT (6)

TACC

HH

INPLOTC

INOL

TS

[EPST

INKAL

ICHK

ICR
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APPENDIX B - THE LISPID FILE

This appendix shows the commands used to transfer the LISPID
file from magnetic tape to disc and the element table of the
LISPID file. The underlined commands are those typed by the

user. It is important to delete the LISPID disc file as soon

as the file is not required:

@DELETE LIS*LISPID.



ENTER
RINPALE
HUNTVAD L1088 OFERST LM
FRELM TR, 2R887 46, TR
e T MEW I I8 CKEE
NOW LS 17042 mOND&Y 24
FRCAT, P LIERLISFID, . F2
READY
ARABE, AX LIS THFED,
REALY
ARREGTSTER L ISKLISFHID, /58
LG FELE RESISTRATION FROCESS0R,

LSERTDAFAEEW0RD

SYETEM  VER,

F

THE FILE
M BEER

IT WELL

TR IH PROTECT
O SCCOLINT
R WHERN TT

L

i (BELLET
Wl OF EXECUTION,
PEMEG, W USLRTE, 2088746, 3039, READ

ARIVAR

PRABE, T
READY
YBCOPY, B &, , LISKLISFID,

&, s LiPH, 38EY

FURFOR 2781 RL72-8 07/ 24/76 171 45119

LIS  ALISFIDC L) CORIED ON 67/ 24,78
27 BLOCKS COFIED.
EOF ENMCOUNTERED O TNPUT
SRE L

RUMID 2K

G BRI

@ BT

L.OAD

SERY]

START 17:4%:

FRIS KR

18,15

KT E R LML
b

FRIY

BT 2080

LHMLRT

)

29 274 4 -
254 ZR3e

B 24,1970
TIME: TOTAL G Bk

A
CRE
FEn

LaCT TV

P NOT B

L, Eaw
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B3, RBEDE RET K

2R,

EEN REFEREMCED FOR A DAYE,

#T

O FRID MEM

LA 48 5 24, 19VE

DL B

JUL.

(R EN U 1Y 15 S
A @S, FEX WalT @ a2 ha R
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"PRT,T LIS*LISPID
FURPUR 27R1 RL72-

LIS*LISPID(1)

FOR
REL
FOR
REL
FOR
ELT
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL
REL

MAINCD)
MAIN
RDATACO)
RDATA
SYST(0)
LTSMAP(O)
AXEL
COSA
cospy
CSGFT
DATEXP
DECOM
DESYM
DIGITS
DOTLIN
EIGS
EXPAN
FINO
FONED
GRASD
GRDCHK
IFAC/LDC
IMACON/LDC
IOLISP
IRTTFF
KALMAN
LENGTH/LDC
LYPLOT
LISDAT
LISPID
LISY
LODSEG
LOS
MCORE
MIN
MINFIT
MPRI
NORM
NOQUTSE/LDC
NUFLET
OVFLOW
PARFIL
POWBRE
QUAD1
RABC
RBRUFF
REK
RESLIS
RESPLT
REST

RFP

RIFF
RITA
RMACON/LDC
RTTFF
SAMP

seL
SGAIN
STGN1
SINT

8 07/18/78 12:06153
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REL
RFL
REL
REL
RFL
REL
REL
REL

soLve
SOLVS

SORT
STRING/LDC
SYMIN
SYSPRI
TRANS
XOPT/LDC
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APPENDIX C - PROGRAM HEADS

The program heads of the most important subroutines are

listed in this appendix:

CosAa
COSDY
* DATEXP
DECOM
DESYM
EIGS
* GRDCHK
IOLISP
IRTTFF
KALMAN
* LISDAT
LISPID
MPRI
NORM
NUFLET
* OVFLOW
* PARFIL
POWBRE
RTTFF
SGAIN
SINT
SOLVB
SOLVS
SYMIN
TRANS

A star (*) means that the whole subroutine is listed. Compiled

elements of the subroutines are stored on the LISPID file.

34
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SUBROUTINE COSACA,BsNX,NU,T,IA)

COMPUTES FI AND GAMMA OF THE DISCRETE SYSTEM FROM A,B AND T,
WHERE A AND B ARE THE CONTINUOUS SYSTFM MATRICES AND T

THE SAMPLING INTERVAL,

THE NUMBER OF TERMS USEp IN THE SERIES EXPANSION IS 8,
REFERENCE, C.KALLSTROM : COMPUTING EXP(A) AND
INTEGRALCEXP(AS)DS) ,REPORT 7309,

AUTHORs C,KALLSTROM 1972=11=16,

REVISED, €. KALLSTROM 1973=11=13,

A= MATRIX OF ORDER NX*NX,
AT INPUT CONTAINING A OR A*T
AT OUTPUT CONTAINING FI,
B= MATRIX OF ORDER NX*NU,
AT INPUT CONTAINING B OR Bw*T
AT OUTPUT CONTAINING GAMMA,
NOT REFERENCED IN COSA IF NU=O,

NX= NUMBER OF STATES (MAX 20, MIN 1),

NU= NUMBER OF CONTROL VARIABLES (MAX 20, MIN 0),
PUT NU=0 IF No B,

T= SAMPLING INTERVAL,

PUT T==1, IF A AND B ALREADY CONTAIN A*T AND B*T, ELSE
T EQUAL TO THE ACTUAL SAMPLING INTERVAL,
IA- DIMENSION PARAMETER OF A AND B,

THE COMMON BLOCK /EX/, WHICH 1S SHARED WITH SUBROUTINE EXPAN,
CONTAINS WORK ARRAYS,/COSWK/ CONTAINS WORK ARRAYS

SUBROUTINE REQUIRED

NORM

EXPAN
DIMENSION ACIA,1),B(IA,1)
COMMON/EX/ KDIV,82(20,20),5S3(20,20)

COMMON/CcOSWK/S$1€20,20)

PUT
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SUBROUTINE COSDYCA,B,F1,GAM1,GAM2,NX,NU,TSAMP,TAU,IA)

SURBROUTINE TO TRANSFORM A CONTINUOUS LINEAR SYSTEM Dx/DT=A*x(T) +
B*UCT) TO A DISCRETE SYSTEM X(T+TSAMP)=FI*X(T) + GAMI*U(T) +
GAMP2*U(T+TAU) , WHERE U IS A PIECEWISE CONSTANT cONTROL VARIABLE
DISCONTINUOUS AT THE TIMES K*TSAMP+TAU »K=0,1,2,.,.

AUTHOP, C. KALLSTROM 1974=03~-01,

A= CONTINUOUS SYSTEM MATRIX OF ORDER NX*NX ,NOT DESTROYED.
Bw CONTINUOUS SYSTEM MATRIX OF ORDER NX*NU ,NOT DESTROYED,
NOT REFERENCED IF NU=0,
FI1- CoMPUTER pISCRETE SYSTEM MATRIX OF ORpER NX*NX,
GAM1= COMPUTED DISCRETE SYSTEM MATRIy OF ORPRER Ny»NU
NOT USED IF NU=Q,
GAM2= COMPUTED DISCRETE SYSTEM MATRIX OF ORDER NXwNU
NOT USED IF Nil=n,
NX= NUMBER OF STATES (MAX 20 »MIN 1),
N U~ NUMBER OF INPUTS (MAX 20 »MIN O,
PUT NU=0 IF NO B,
TSAMP=SAMPLING INTERVAL (NO MAX ,MIN 0,).
TAU- TIME LAG BETWFEN THE SAMPLING EVENT AND MEXT DISCONTINUITY
OF y (NO MAX ,NO MIN), NOT USED IF Ny=0,
IA= DIMENSION PARAMETER OF A,B,FI,GAM1T AND GAM2,

NOTE: IF TAU ,GE., TSAMP ,GAM?1 CONTAIMS THE ORDINARY
DISCRETE SYSTEM MATRIX GAMMA AMD GAM2 CONTAINS ZEROS,
IF TAU .LE. O, ,GAM1 CONTAINS zFROS AND GAM2 CONTAINS
THE ORDINARY DISCRETE SYSTEM MATRIX GAMMA,

SUBROUTINE REQUIRED
Cosa
NORM
EXPAN

DIMENSION ACIA,1)/BCIAL1),FICIAL1),GAMICIAL1),GAM2(IA,1T)
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SUBROUTINE DATEXP

SUBROUTINE FOR LISPID TO COMPUTE PARAMETERS FOP /INDEX/ AND
EXPAND PROGRAM SIZE FOR /DATA/ .

AUTHORs T, ESSERO 1974=04=17,

NOTE: DATEXP SHOULD BE CALLED IN THE MAIN PROGRAM AS SOON AS
NP,IT,NX,NU,NY,NTH IN /SYSPAR/ HAVE REEN ASSIGNED PROPER
VALUES (AND BEFORE ANYTHING IS STORED IN /DATA/ ),

SUBROUTINE REQUIRED
MCORE

COMMON/SYSPAR/NP+IT,»ISYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,
*NX,NUSNY,NTH,MNOMAT ()

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS/ IXTIMsIXYMOD» IXERMP,IXEPS,IXIEPS,IXA,IXB,
*IXCrIXD,IXRY12PIXR12,TXR2,IXAK,IXPOrIXX0sIXADLIXBD,IXCD,
*IXDD,IXRID,IXR12D,IXR2D,IXAKD,IXP,IXXsIXRRAIXPPD,
*IXDLTRAIXRPDZIXRNYAIXV1,IXV2/NX2sNY2,NXNY/NYNULSNYNU

DATA MAXCOR/38000/
COMPUTE PARAMETERS FOR /INDEX/ FROM /SYSPAR/ .

NSTIZE=SNP*(NU+TTHLANY+1) + ZwNX*NX + 2*NX*NU + H*NX*NY +
2xkNY*NU + O6XNY*NY + 2%NX + 2*NTHw*NTH

NX2=NX*NX
NY2=NY*NY
NXNY=NX*NY
NXNU=NX*NU
NYNU=NY*NU

IXYMS=NP*NU
IXTIM=IXYMS+NP*NY
IXYMODSIXTIM+NP*IT
IXERMDSIXYMOD+NP*NY
IXEPS=IXERMD+NPXNY
IXIEPSSIXEPS+HNPHNY
IXASIXIEPS+NP
IXB=IxA+NX?
IXC=IXB+NXNU
IXD=IXC+NXNY
IXR1=IXD+NYNU
IXR12=IXR1+NX2
IXR2=TXR12+NXNY
IXAK=IXR2+NY2
IXPO=IXAK+NXNY
IXX0=1XPO+NX2
IXAD=IXXO+NX
IXBp=IXAD+NX2
IXCD=IXBD+NXNy
IXDD=IXCD+NXNY
IXR1D=IXDD+NYNU
IXR12D=IXRID*NX2
IXR2D=IXRI2D+NXNY
IXAKD=IXR2D+NY2
IXP=IXAKD+NXNY
IXX=IXP+NX?

37
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IXRR=IXX+NY¥
IXPPD=IXRR*NY2
IXDLTRIIXPPD+NX?2
IXRPp=IXpLTR*NY2
IXRNY=IXRPD+NY?2
IXVI=TXRNY+NY?2
IXV2=TXVI+NTH*NTH

NSIZE=IXxV2+NTH*NTH
NSIZ1=NSIZE=1

CHECK THAT PROGRAM EXPANSION 1S POSSIRLE.
IF(NSIZE~MAXCORY10,5,5
5 WRITE(6,100)NSIZE
100 FORMATC(I1HO,52C1H*) /24y % COMMONBLOCK /DATA/ =,18,
*21H WHICH IS TOO LARGE w/1X,52¢1H*)/)
STOP
10 CALL MCORE(NSIZ1)

WRITE(6,110INSIZE
110 FORMAT(17HOSIZE OF /pDATA/ : ,18/)

PUT ZERQS IN /DATA/

DO 30 I=1,NSIZE
20 V(I)=0.

RETURN
END
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SUBROUTINE DECOM(A,NN,IA,EPS,ISING)

COMPUTES TRIANGULAR MATRICES L AND U AND PERMUTATION MATRIX $O

THAT L*U=P*A, USING GAUSS ELIMINATION WITH PARTIAL PIVOTING, STORES
IN COMMON/IPUL30/,

REFERENCE, FORSYTHE=MOLER,

AUTHOR, PER HAGANDER 1968~09-05,

REVISED, CLAES KALLSTROM 1971-03-20,

A=MATRIX OF ORDER NNXNN, NOT DESTROYED,
NN~ ORDER OF THE MATRIX (MAX 20, MIN 1),
IA- pIMENSION PARAMETER,
EPS- PIVOT TEST QUANTATy. 1E=-7 SEEMS REASONABLE,
ISING=IS RETURNED 1 IF ANY OF THE ROWS OF A ARE ZERO,
2 IF ANY PIVOT IS SMALL,
O OTHERWISE,
ATTENTION, EPS=1E=7 PREVENTS SOME HORRIBLE RESULTS BUT DOES NOT
GUARANTUE CORRECT RESULT FOR ILLCONDITIONED MATRICES,

SUBROUTINE REQUIRED
NONE

DIMENSION A(IA,IA)
DIMENSION SCALES(30)

COMMON/IPUL30/IPS(30),UL(30,30)
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SUBROUTINE DESYM(AsGsN,EPS,IRANK,IA)

DECOMPOSES POSITIVE (SEMI) DEFINITE SYMMETRIC MATRIX A INTO

G*GTRANSPOSE WHERE G 1S A LOWER TRIANGULAR MATRIX. THE RANK OF A

IS COMPUTED AND (N=IRANK) COLUMNS OF A MIGHT BE ZERO,
REFERENCE, FORSYTHE MOLER P114,

AUTHQR, IVAR GUSTAVSSON 1969-01-27,

REVISED, CLAES KALLSTROM 1971-03=20,

A MATRIX OF ORDER NXN NOT DESTROYED
G MATRIX OF ORDER NXN QUTPUT
N ACTUAL ORDER OF A AND G (NO MAX, MIN 1),

EPS TEST QUANTITY,
IRANK RANK OF A (AND G), =1 IF DECOMPOSITION IMPOSSIBLE,
IA DIMENSION PARAMETER,

SUBROUTINE REQUIRED
NONE

PIMENSION ACIA,IA),G(IA,IA)

40
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SUBROUTINE EIGSCAsR,EV,N,TA,MV)

COMPUTES EIGENVALUES AND EIGENVECTORS OF A REAL SYMMETRIC MATRIY
USING THRESHOLD JACOBTI METHOD,

REFERENCE, RALSTON AND WILF, MATHEMATICAL METHODS FOR DIGITAL
COMPUTERS, CHAPTER 7,

AUTHOR, C.KALLSTROM 1970=07=16,

A =ORIGINAL MATRIX (SYMMETRIC), DESTROYED IN COMPUTATION.
RESULTANT EIGENVALUES ARE pEVELOPEp IN pIAGONAL OF MATRIX IN
DESCENDING ORDER,

R ~RESULTANT MATRIX OF EIGENVECTORS (STORED COLUMNWISE, IN SAME
SEQUENCE AS EIGENVALUES).

EV-VECTOR CONTAINING THE EIGENVALUES IN DESCENDING ORDER.

N -ORDER OF MATRICES A AND R,

IA-DIMENSION PARAMETER,

My=INPUT CODE
0 COMPUTE EIGENVALUES AND EIGENVECTORS,

1 COMPUTE EIGENVALUES ONLY (R MUST STILL APPEAR IN CALLING
SEQUENCE), |
THE OFF-DIAGONAL ELEMENTS IN A ARE SET EQUAL TO O BEFORE RETURN,
THERE ARE NO MAXIMUM ORDER OF THE MATRICES A AND R,

SUBROUTINE REQUIRED
NONE

DIMENSION ACIA,IA) RCIALIA),LEV(T)
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SURROUTINE GRDCHKCFINCT,X,N,XM,HH)

SURROUTINE FOR CHECKING GRADIENT COMPUTATION IM NUFLET
AMD PLOTTING (ON LIME PRINTER) THF APPEARANCE OF THE
FUNCTION F(X1,X2744.XN) NEAR THE POINT X(X1,X2,,,,XN)

AUTHORs T, ESSEBO 1974=04=02.
REVISED, T.ESSERO 1977-02-18,

FUNCT,X,N,XMsHH : THE SAME ARGUMENTS AS IN NUFLET,
N ¢ MIN 1,NO MAX
X I8 NOT CHANGED BY GRDCHK

GRDCHK WILL PROPUCE A LINE PRINTER PLOT AND ASSOCIATED
TEXT FOR EVERY COMPONENT OF X, (8 PLOTS PER PAGE)
FUNCT IS CALLED 20*N+1 TIMES

THE VERTICAL AXIS IS THE XwAXIS »RANGING FROM =2xHH*xM(I)
WITH STEP D,2%HH*XM(I) TO 2%HH*XM(T)

TO THE RIGHT OF THE PLOT THE SCALED FUNCTION VALUES

FS ARE PRINTED (RANGE: 0.0 TO 25.0)

FS=(SCALE FACTORI*(FV(x)=MIN, VALUE)

G1,62,G4% COMPUTED NUMERICAL GRADIENTS ( H=HH*XM(I) )
G1: X »+ X+H USFD

G?2: X=H , X+H USED

G4y X=2H + X=H » X+H , X+2H USED

DIMENSION XC1), XM, L0 C21-,4) sFV(21,4),LAC2644),2PC4),SCLC4G),
wSTCL),G1C4),G2C4) 7G4 CL) ,NRXCE)JTIF1(H),IF2(5),TF3(9),1F4(8),
*IFSC7),1FAC6),1IFT(8),TIFR(E),SCLT1(4L)

DATA EPS/1.E=20/+,LA/104%1H /+,1IBL/1H /+IAST/1H*/,IPL/1H+/»MIZR/1HO/
*,LTP/SH" FS /,LLBT/SH" /rILPlG/,
wIF1/'C "4, (3H "#*,5(5H++++%),25)) "'/,
*IF2/' ¢, 04", (1X,28A1,F4.100"/,
*TF3/VC/ V24 2" (3H FVrI2+,1H=/EQ.3,2H +*,EQ.3,3H*XFS,4X)) "/,
*IFG/ " (') 4" " (18H X~STEP=0,2*%HH*XM=,EQ , 4,6X))'/,
®IFS/'C 24" " (2H XoeT2,2H® +E164.8,13X2)'/,
*IFO/'C 6 (6H FOXI=0E14,8,13X0) "'/,
wIF7/' 0", 4" " (4H G1=,E11.5,4H G23,E11.,5,3X)0'/,
*IFB/'(','4"," (4H G4=,E11.5,18%X)) "'/

CALL FUNCT(XsN,F,D1,D2,1D0,0,TIER)
IF(IERWEQ,=1)60 TC 95

WRITECLP,100)
FORMAT (1H1)
NN=0

IF(N=NN)99,99,7
NC=MINO(4,N=NN)

DO 25 I=1,NC

NNI=NN+T

XS=X(NNI)
STC1)=0,20*HH*XMC(NNT)
FYC11+,1)=F

XS1=XS

X82=X8

DO 12 J=1,10
XS1=xs1+87(1)
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15

16

17
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20
25

130

32

35
40

43

X§2=ST(1)

X§2=
(NNI)=XS1

X

CALL FUNCTC(X,N,FV1,D1,D2,10,0,1ER)
IFCIER«EQ.=1)G0 TO 94

X(NNI)=XS2

CALL FUNCTC x,MN,FV2,D1,D2,1D,0,1ER)
IF(IER.EQ,=1)G0 TO 94

FV(11+J,1)=FV1
FV(11=J,I)=FV?

X(NNI)=XS

VMN=F

VMX=F

DO 15 J=1,21

VMN=AMINT CVMN,FY(J#T))
VMX=AMAXT CYMX, FYCJ,T))
ZP(1)=VMN

VS=VYMX=yYMN

IFC(YS=EPS)17,17,16

ve=25,/vVSs

sCL1(I)=1,/VS

GO TO 18

Vs=0,

ScL1(¢1)=0,

SeLCIYAYS

DELX=HH*XMC(NNT)
G1¢1)=(FV(16,1)=FV(11,1))/DELX
G2CI)=CFV(16,1)=FV 6,T))/ (2 *pELX)
G4CII=C8 , * (FV (1B, 1) mPy(6,I))=CEV(21,1)=FVC1,1)))/ (12, %pELX)
DO 20 J=1,21
FVCI,I0=SCLCT) % CFVC) 1) =ZP (1))
LCCJ,II=INTCFV(J,I)+1,50)
NRXCI)=NNT

ENCODEC130,LUHINC
FORMAT(I1)
IF1(2)5LYy
IF2¢2)=LW
IF3(2)=LW
IF4G(2)7LW
IFS5(2)=LW
IF6C2)=LW
IF7(2)=LW
IF8¢2)=LW
WRITECLPAIF1)C(LTPAI=1,NC)

PO 40 I=1,21

MLP=IPL

IF(MOP(I=1,5) ,EQ,0)MLP=TAST
IFCI.EQR,T1)MLP=MZR

po 32 J=1,N¢

MP=LLC(I,J)

LACMP,J)=IAST

WRITE(LP,IF2) (MLP, (LACK, L), K=1,26) ,MLP,FV(I,L),L=1,NC)
DO 35 J=1,NC

MP=LC(I,J)

LA(MP,J)=IRL

CONTINUE

WRITECLP,IF1)(LBTAI=1,NC)
WRITECLP,IF3) CNRXCID,2PLI)»SCL1CI)»T1=14NC)



145

94
95
195
29

WRITECLPAIF4)(STC(IY,I=49,NC)
WRITECLPATFES)Y (NRXCI) » X (NN+I),I=1,Ng)
WRITEC(LP,IF6) (FrI=1,Ng)
WRITE(LPIIF?)(G1(I)fG2<I)fI=1INC)
WRITEC(LP,IFR)(GL(I),I=1,NC)
WRITECLPA145)

FORMAT (/)

NN=NN+4

GO T0 5

XCNNI)®XS

WRITECLP,195)
FORMATC(15HOERROR IN FUNCT/)
RETYRN

EMD

44
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SUBROUTINE IOLISP(TH,IR,IP)

SUBROUTINE TO READ DATA FROM CARD RFAPER FOR LINEAR SYSTEM
PARAMETER IDENTIFICATION AND/OR PRINT DATA ON LINE PRINTER,

AUTHORs C., KALLSTROM 1974-02-15,
REVISED, C. KALLSTROM 1974=03-18,
REVISED, T. ESSEBO 1974-04~17,

TH= PARAMETER VECTOR OF DIMENSION MTH FOR LISPID,

IR= PUT IR=0 IF NO READING,
PUT IR=1 TO REAp pATA FROM CARp READER. IF IR=1 ZEROS ARE
MOVED TO A,B,C,D,R1,R12,R2,AK,x0 AND PO OF COMMON BLOCK
/sYS/ AND TO PAR OF COMMON BLOCK /COMSY/ BEFORE THE READING.,
PARAMETER VALUES ARE ALSO MOVED FROM PAR TO TH AND VOLD IS
PUT EQUAL TO 1.E10. ,

IP=- PUT IP=0 IF NO PRINTING,
PUT IP=1 T0 PRINT DATA,
PUT IP=2 TO PRINT THE SAME DATA AS FOR IP=1 ,BUT IF ISyS=2
OR =2 AND SUBROUTINE SGAIN IS CALLED IN SYST TO COMPUTE THE
DISCRETE +STATIONARY FILTER GAIN AK OR IF 15YS=3,=3,4 QR =4
SOMg MORE DATA IS PRINTED.

DATA TO BE READ IF TR=1 (IN FREE FORMAT):
NPAR

NTH

PAR(1)

PARCNPAR)
ITHC1)

ITHCNTH)
SCALC1)

SCAL(NTH)D

IMIN

IF IMINCOD 2 PARAMETERS WILL BE READ?!
IMIN==1 (NUFLET)
HZ

EPZ

IMIN==2 (POWBRE)
DIST

TEPS

LOOP

NPRI (1)

NPRT(2)

NPRI(3)

NPLOT

NP

IT

I8YS

MEAS

ISAMP

TSAMP

NPRED1

NPRED?2

NX

NU

NY

NOMAT (1)

NOMAT ¢6)
IACe
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HH
NPLOTC
NOL

TS
EPSI
NKAL
ICHK
ICR

IF ICR=0 NO MORE DATA WILL RE READ,
IF ICR=1 ,FOLLOWING DATA WILL ALSO RE READ:
NMA X

ERST

EPSK

CHISQ

IPLOT

ITEXT

ITY

SX

SY

ATTENTION: IT IS ONLY SENSIBLE TO CALL IOLISP WITH IP=2 ,IF
LISPID EARLIER IS CALLFED AT LEAST ONCE,

SUBROUTINE REQUIRED
MPRI
RTTFF
LISDAT

DIMENSION TH(1)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP-NPREDT1,NPRED2,
*NX/NUZNY, NTH NOMAT C6)

COMMON/DATA/V (1)

COMMON/INDEX/IXYMS,IXTIMsIXYMOD,IXERMD,IXEPS,IXIEPS,IXALIXB,
*IXCrIXD,IXR1/IXRT12+,TXR2,IXAK,IXPO/IXX0,IXADAIXBD,IXCDo
*IXDD,IXRIDAIXRIZDAIXR2DLIXAKDAIXP,rIXXsTIXRRATIXPPD,
*IXDLTRAIXRPDAIXRNYZIXVI,IXV2,NX2,NY2,NXNY-NXNU,SNYNU

COMMON/LISCON/LOOP,NPRI(3)/NPLOT,ITRANSNMAX,EPST,EPSKsCHISQA,IMINS
*DFNsHZ,EP2/MODE,MAXFN,IPRINT,XM(50) ,DIST,SCALX,TEPS/NSTP,ILLC,
*IPRIN,IND,IF,IPLOT,ITEXT,1IY,SX,SY,IDH,HHsDH(40),IACC,NPLOTC,NOL,
*INMUC20) ,INY(20) ,ICHK,LDUMT,LDUM2,RDUMT ,RDUM?

COMMON/COMSY/PARCLD) »NPARAITHCL0) »SCALCLO) »TS,EPSIANKALAVOLD,
*JERRSY

COMMON/KAL1T/DUMM1(60) ,Rc0V(20,20),AKT(20,20),DUUMM2(2)
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INTEGER FUNCTION IRTTFF(IC)

READS ONE INTEGER NUMBER FROM STANDARD INPUT IN FREE FORMAT,

IC .NE. O FORCES READING OF A NEUW LINE AND IC IS SET TO O

IC .EQ, O - THE PREVIOUSLY READ LINE 1S SCANNED AND IF EMPTY
A NEW LINE 1S READ

IF EOF ENCOUNTERED OF INPUT IC IS SET TO =1

AUTHOR, T, ESSEBO 1975-02=19
REVISED T. ESSERBO 1977=03=06

SURROUTINE REQUIRED
RBUFF
IFAC
RIFF

LOGICAL EOF

DIMENSION RRES(2)
COMMON/RTFCOM/IP,BUFF(20)
DATA MAXCH/8/,LUN/S/
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SUBROUTINE KALMAN(ArB'CfDIR1IR12;R21Prx’UlYpNXfNU’NYfNOMATl
") ICONT,NOXTT,EPS,CHISA,NTEST,IA,IC)

THIS SURBROUTINE ITERATES THE DISCRETE KALMAN BUCY FILTERING
EQUATIONS

YHATSC*X(T/T=1)+D*U

E=Y=YHAT

R=C*P(T/T=1)%CT+R2

AK=(A*P(T/T=1)*CT+R12)*p(=1)
XCT/TI=X(T/T=1)+P(T/T=1)%CT*R(=1)*E (OPTIONALLY)
XCT+1/T)=A*X(T/T=1)+Bw U+ AK*E

PCT+1/T)=A*P(T/T=1)*AT+RI~AK* (CXxP(T/T=1)*AT+R27)

IF THE MEASUREMENT 1S REJECTED OR THE COVARTANCE MATRIX OF
RESIDUALS R IS SINGULAR, AK IS NOT COMPUTED AND THE STATES
X AND P ARE UPDATED AS

XCT/T)=X(T/T=1) (OPTIONALLY)
XCT+1/T)=A*X(T/T=1)4B%U
P(T+1/T)=A*P(T/T=1)*AT+R

IF R IS NONSIMGULAR, THE TEST AQUANTITY
TEST=ET*R(=1) *E
CAN BE ¢cOMPUTEp ANp COMPARED TO ¢HISQ, AND THE CcONTRIBRUTION ToO
THE LOGLIKELIHOOD FUNCTION
PELTAV=ET*R(=1)%«E+LOG(DET R)
CAN BE COMPUTED.

THE COMPUTATIONS ARE CONTROLLED BY THE PARAMETER ICONT,

ICONT=1 : STRAIGHT FORWARD COMPUTATIOM, YHAT,EsR AND, IF R IS
NONSINGULAR, AK,TEST AND DELTAV ARE COMPUTED,

MEASUREMENT REJECTED, YHAT,E,R AND, IF R IS
NOMSINGULAR, TEST AND DELTAV ARE COMPUTED,

ICONT=3 : MEASUREMENT REJECTED, YHAT,E,R,AK,TEST AND DELTAV ARE
NOT COMPUTED,

MEASUREMENT REJECTED IF TEST GREATER THAN CHISQ OR

R SINGULAR, ELSF MEASUREMENT ACCEPTED, YHAT,E,R AND,

IF R TS NONSINGULAR, TEST AND DELTAV ARE COMPUTED,

IF MEASUREMENT 1S ACCEPTED, AK IS COMPUTED, TO0O,

ICONT=2

ICONT=4

REFERENCE~, ASTROM: INTRADUCTION TO STOCHASTIC CONTROL THEORY.,
ACADEMIC PRESS, 1970,
AUTHOR, C,KALLSTROM 19073=03=15,

A- DYNAMICS MATRIX OF OQORDER NX=*NX,

B=- INPUT MATRIX OF ORDER NX*NU, NOT REFERENCED IN KALMAN
IF NU=0 OR NOMAT(1)=0,

C- OUTPUT MATRIX OF ORpDER NY*NX, MOT RFFERENCED IN KALMAN
IF NOMAT(2)=0,

D= MATRIX OF ORDER NY*NU_, NOT REFERENCED IN KALMAN
IF NU=D OR NOMAT(3)=0,

R1= STATE NOISE COVARTIANCE MATRIX OF ORPER NX%NX,
NOT REFERENCED IN KALMAN IF NOMAT(4)=Q,

R12= STATE NOISE / MFASUREMENT FRROR COVARIANCE MATRIX OF

ORDER NX*NY, NOT REFERENCED IN KALMAN IF NOMAT(5)=0,
RZ= MEASUREMENT ERROR COVARIANCE MATRIX OF ORpER MNY%NY,
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NOT REFERENCED IN KALMAN IF NOMAT(6)=0,

P~ COVARIANCF MATRIX OF ONE STEP AHEAD PREDPICTION
ERROR P(T/T=1) OF ORDER NXxNX, RETURNED CONTAINING
PCT+1/T), P IS SYMMETRIZED REFORE RETURN,

&= ONE STEP AHEAD STATE ESTIMATE VECTOR X(T/7-1) OF
DIMENSION N¥, RETURNED CONTAINING X(T+1/7),
U= CONyROL YECTOR OF DIMENSION Ny, NOT CHANGED,

NOT REFERENCED IN KALMAN IF NMU=0 OR IF NOMAT(1)=0 AND
NOMAT(32) =0,

Y- MEASUREMENT VECTOR OF pIMENSION NY, NOT CHANGED.
NOT REFERENCED IN KALMAN IF ICONT=3,

NX - NIUMBER OF STATES (MAX 20, MIN 1),

NI = NUMBER OF CONTRAL VARIARLES (NO MAX, MIN 0),
PUT NU=0 IF NO cONTROL SIGNAL IS APPLIED,

NY= NUMRER OF MFASUREMENTS (MAX 20, MIN 1),

NOMAT= INPUT VECTOR OF DIMENSION 6,
PUT NOMAT(1)Y=0 1F NO B, ELSE PUT NOMAT(1)=1
PUT NOMAT(2)=0 1F NO c» ELSE PUT NOMAT(2)=1
PUT NOMAT(3)=0 1F NO D, ELSE PUT NOMAT(3)=1
PUT NOMAT(4)=0 IF NO R1, ELSE PUT NOMAT(4)=1
PUT NOMAT(5)=0 TF NO R12, FILSFE PUT NOMAT(5)=1
PUT NOMAT(&)=n IF NO R?2, ELSE PUT NOMAT(6)=1
NOMAT (1) AND NOMAT(3) ARE NOT USED TF NU=Q,
ICONT= CONTROL PARAMETER (SEE ABOVE), (MAX &4, MIN 1),
NOXTT= PUT NOXTT=0 IF NO COMPUTATIOM OF X(T/T), ELSE PUT NOXTT=1,
EPS~- THE TEST QUANTITY EPS*NORM(RY 1S USEp TO pECInE IF
R IS SINGULAR,
CHISQ= TEST QUANTITY To RECIDF IF MEASUREMENT VECTOR IS
SUFFICIENTLY CLOSE TO FXPECTED VALUF, NOT REFERENCED
IN KALMAN IF 160NT=3,
NTEST= INPICATOR RETURNED
0 IF NO TEST OF RESIDUALS IS PERFORMED
1 IF RESIDPUALS SUFFICIENTLY SMALL (TEST LESS THAN
OR EQUAL TO CHISQ)
2 1F RESIDPUALS T00 LARGE (TEST GREATER THAN CHISQ)
3 IF R IS SINGIHLAR
Ia= DIMENSION PARAMETER OF A,B,R1,R12 AND P,
Ic- DIMENSION PARAMETER OF C.D AND R2,

NOTE 1: IT IS NOT NECESSARY TO DIMENSION A MATRIX OR A VECTOR.,
WHICH IS NOT REFERENCED IN KALMAN. IN THE CALLING PROGRAM,

NOTE 2% THE SYMMETRIC MATRICES OF THE CALL (R1,R2 AND P) MUST
BE COMPLETE,

NOTE 3: THE COMMOM BLOCK /KAL1/ CONTAINS VARIABLES SOMETIMES
COMPUTED ACCORDING TO THE DESCRIPTION ABOVE. XTT CONTAINS X(T/T)
AND AKT CONTAINS AK(TRAMSPOSED)., IF THEY ARE COMPUTED,

NOTE 43 THE COMMOM RLOCK /KAL2/ CONTAINS WORK ARRAYS,

SUBROUTINE RQUIRED
NORM

PESYM
SOLVS

DIMENSION ACIA,1),BCIA,1)Y,CCICs1),DCIC21)sR1CIAL1)SRI12CIAAT),
* R2CIcrs1)ePCIAAT) 4 XY, 1C1) Y (1), NOMAT ()

COMMON /KAL1/ YHAT(20),E(20),XTT(20),R(20,207,AKT(20,20),TEST,
* DELTAV

COMMON /KAL?/ 81¢20,20),82€20,20),RIEC20)
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SUBROUTINE LISDAT
SUBROUTINE TO SET STANDARD VALUES IN /LISCON/ .
AUTHOR, T. ESSERO 1974-05-07,

COMMON/LISCON/LOOP,NPRIC3Y,NPLOT,ITRANSNMAX,EPST,EPSK,CHISQ,IMIN,
*DFN,HZ,sEPZsMODE,MAXFN,IPRINT,XMC50) »pT1ST,SCcALX,TEPS,NSTP,ILLC,
*IPRIN,IND,IF,IPLOT,ITEXTA,TIIY,SX,SY,IDH,HH,DHC40),IACC,NPLOTC,NOL,
*INUC20),INY(20)»ICHKALDUMT,LDUM2,RDUMT,RDUM?

LOOP=1
NPRI(1)=1
NPRI(2)=1
NPRI(3)=1
NPLOT=0
ITRAN=0
NMAX=500
EPST=1,E=6
EPSK=1,E~9
CHISQ=6,
IMIN=1
DFN==0,2
HZ=1,E=3
EPZ=1,E=5
MODE=1
MAXFN=500
IPRINT=1
PDIST=1,
SCALX=1,
TEPS=1 IE-6
NSTP=1
ILLc=1
IPRIN=2
IND=8

IF=0
IPLOT=1
ITEXT=1
I1Y=1
Sx=16,
Sy=é.
IpH=0
HH=0, 01
IACc=0
NPLOTCS?
NOL=10
IcHK=0

DO 5 I=1.20
INUCTI) =1
INYCIY=T
DO 7 I®1,50
xmir)=1,
RETURN

END
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SUBROUTINE LISPID(SYST,TH,IERR)

ADMINISTRATION SUBROUTINE FOR LINEAR SYSTEM PARAMETER
IDENTIFICATION,

AUTHOR, €, KALLSTROM 190?73=-09=12,

REVISED, C, KALLSTROM 19077-02-18,

SYST-= A SUBROUTINE XXXCTH,NTH,VLOSS,DUM1,DUM2,INUM,ICONT,IER),
WHICH cOMPUTES THE LOSS VLOSS FOR THFE PARAMETER VECTOR TH OF
DIMENSION NTH,THIS S)RROYTINE THE ySER MyST SyPPLY, FROM
LISPID XXX IS ALWAYS CALLED WITH ICONT=0,WITH ONE EXCEPTION:
IMMEDIATELY AFTER THE MINIMIZING XXX IS CALLEP ONCE WITH
ICONT==1, THIS COULD PE USEp TO SAVE THE FINAL PARAMETER
VECTOR. PUT IER=0 IN XXX IF
THE COMPUTATIONS ARE 0K, PUT IER=~=1 TO TERMIMNATE THE
MINIMIZING.

TH= PARAMETER VECTOR OF DIMENSION NTH, AT INPUT CONTAINING
ESTIMATED MINIMUM POINT., AT RETURN CONTAINING COMPUTED
MINIMUM POINT ,IF LoOP .GT. 0O AND IF IERR IS RETURNED EQUAL
TOo Q.

IERR~ EPROR PARAMETER,ALWAYS PRINTED IF ,NE, O
IERR=0Q If OK,

IFRR=17 IF NTH AND/OR LOOP HAS AN ILLEGAL VALUE,

IFRR=2 TF ONE OR MORE VARIARLES OF THE COMMON BLOCKS® /DATA/
AND /SYSPAR/ HAVE ILLEGAL VALUES,

IERR=3 IF TROUBLES TO PLOT CURVES (NPLOT MUST BE EQUAL TO 1),
NO PLOTTING IS INITIATED.

IERR=¢ IF THE SAME TROURLES AS FOP TERR=3,BUT THFE PLOTTING

IS STARTED.

TERR=5 IF IER IMN THE CALL OF XXX IS RETURNED =1,

TERR=6 IF THE COMPUTATIONS OF GRADIENT G ANp SECcONp DERIVATIVE
MATRIX v2 HAVE FAILED, OR IF y2 IS STINGULAR,

IERR=7 IF ROTH IERR=5 AND IERR=6,

DESCRIPTION OF THE COMMON BLOCKS:

/SYSPAR/
MUST BE ASSIGMED VALUES BY THE USER,
NP= NUMBER OF SAMPLE EVENTS (MaX 2000,MIN 2) .
Te PUT IT=1 TF THE TIMES FOR THF SAMPLE EVENTS ARE SUPPLIED 1IN
/DATA/ ELSE PUT IT=0,
ISYS~ DESCRIRES THE SYSTEM MOBDEL TO BE USFD,
1SYS .6T. O MEANS A CONTINUOUS MODEL,ISYS «LT. O MEANS A
DISCRETE MODEL.
ISYS®1»,-1 ¢ ONLY MEASUREMENT NOQISE,
1SYS=2,~2 ¢ MEASUREMENT NOISFE,AND STATE NOISE MODELLED BY
FIX GAIN AK,
1SYS=3,=3 ¢+ MEASUREMENT AND STATF NOISE MODELLED BY COVARIANCE
MATRICES R1,(R12) AND R2,
18YSS4s=4 2 AS ISYS=3,~3 BUT THE MODEL IS ONLY SIMULATED AND
THE RESIDUALS ARE TESTED AGAINST CHISQ,
MEAS= PUT MEAS=0 IF INSTANTANFOUS MEASUREMENTS,PUT MEAS=1 IF
INTEGRATING MEASUREMENTS,
IF MEAS=1 »THE VALUF YMSC1,%) IN /DATA/ MUST BE THE
INTEGRATED VALUE FROM TIME1 TO TIME2,AND SO ON,
ISAMP=-DESCRIBFS THE SAMPLE INTERVAL,
ISAMP=1 ¢+ CONSTANT SAMPLE INTERVAL,
ISAMP=2 : CONSTANT SAMPLE INTERVAL, RBUT SOME MEASUREMENTS
ARE MISSING, IT MUST BE FQUAL TO 1,
ISAMP=3 : VARIARLF SAMPLE INTERVAL, THE PARAMETER IT MUST BE
FQUAL T0 1 TIF ISYS ,G6T. O,
TSAMP=SAMPLE INTERVAL TO Rpe USED IF 1T=0 PUT TSAMP==1, TO INDICATE
THAT THE SAMPLE INTERVAL MUST BE COMPUTED FROM TIM IN /DATA/
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D1=
D2=~THE LOSS FUNCTION VALUE IS OBTATMED AS A MEAN VALUE OF LOSSES
WHEN PREDICTING NPRED1,NPRED1+1+ ... oNPRED? STEPS AHEAD.
NPRED1:(MaAX NPRED2,MIN 1) ,NPRED2! (NO MAX,MIN NPRED1),
PUT NPRED1=NPRED2=1 Tn OBTAIN MAXIMUM LIKFLIHOOD ESTIMATES.
NUMBER OF STATES (MaX 20,MIN 1).
NUMRER OF INPUT SIGNALS (MaX 20.MIN D).
PUT NU=0 TF NO INPUT SIGNAL IS APPLIFD.
NUMBER OF MEASUREMENT SIGMALS (MAX 20,MIN 1)
NUMBER OF PARAMETERS IN THE OPTIMIZATION,
T-VECTOR OF DIMENSION 6 DESCRIRING THE SYSTEM AND COVARIANCE
MATRICES, PUT NOMAT(1)=0 IF NO B,ELSE PUT NOMATC(1)=1,
PUT NOMAT(2)=0 IF NO ¢, ELSE PUT NOMAT(2)=1,
PUT NOMAT(3)=0 IF NO b, ELSE PUT MNOMAT(3)=1,
PUT NOMAT(4)>=0 IF NO R1, ELSE PUT NOMAT(4)=1
PUT NOMAT(5)=0D IF NO R12, ELSE PUT NOMAT(S5)=1,
PUT NOMAT(6)=0 IF NO R2, ELSE PUT MOMAT(6)=1,

/DATA/ AND /INDEYX/

/DATA/ CONSISTS OF VECTOR V IN WHICH THE MEASUREMENTS
#SYSTEM MATRICES AND RESULTING OUTPUTS ARE STORED IN
CONSECUTIVE ORDER. THE RELATIVE ADDRESSES OF THE DIFFERENT
VECTORS AND MATRICES oF /DATA/ ARE STORED IN /INDEX/,
SUBROUTINE DATEXP WILL ¢OMPUTE THE PARPAMETERS OF /INDEX/
FPROM /SYSPAR/ AMD CREATE THE NFCESSARY AREA NEEDED IN
/DATA/+ A CALL OF DATEXP MUST RE MADE (PREFFRARLY IN THE
MAIN PROGRAM) BEFORE ANYTHING ¢AN BF STORED IN /paTa/,

THE ORGANIZATION OF /pATA/ :

UINCNPANU) =-INPUT SIGNALS
YMS(NP,NY) =MEASUREMENTS
TIM(NP) =TIMES FOR SAMPLE EVENTS (IF 1T=1)

YMOD (NP ,NY) =~OUTPUT FROM DETERMINISTIC MODEL

ERRMOD (NP,NY) <MODEL ERRORS

EPSC(NP,NY) «RESIPUALS

IEPS(NP) ~INTEGER VECTOR DESCRIRING THF RESIpUALS
IEPSC1)=0 IF OKrJ,E, THE RESIDUAL AT TIME1 HAS CONTRIBUTED TO
THE LOSS FUNCTION,
IEPS(1)=1 IF THE RESIpUAL AT TIME1 HAS NOT CONTRIBUTED TO THE
LOSS FUNCTION,
IEPS(1)=2 IF RESIDUAL TOO LARGE WHEN TESTING AGAINST CHISQ.,
CONLY USED WHEN ISYS=4s=4).,
IEPS(1)=3 IF THE COyARIANCE MATRIY OF RESIDUALS IS SINGULAR
WHEN COMPUTING THE CONTRIBUTION TO THE LOSS FUNCTION IN
SUBROUTINE KALMAN,

A(NXINX)IB(NX'NU)IC(NYINX>ID(NYINU)IR1(NXINX>IR12(NXINY)I

R2ZINY/NY) pAKCHXANY) sPDOCNX P NX) »XOCNXY = SYSTEM AND

COVARIANCE MATRICES ,INITTAL ERROR COYARIANCE MATRIX

AND INITIAL STATE

ADCNX/NX) »BDCNX/NUY » o, o s AKDCNXANY) »PCNXANX) ,X(NX) «USED

AS INTERNAL STORAGE (MAINLY IN SINT)

RRONY,NY) ,PPDCINX,NX) ,DEL. TARCNY,NY) ,RPDCNY,NY) ,ANY(NY,NY),

VICNTH/NTH) »V2(NTH,/NTH) =USED AS STORAGE AND WORK

ARRAYS IN DIFFERENT PARTS OF THE PROGRAM,

THE USER MUST SUPPLY THE yALUES OF UIN,yMS ,(TIM),
THE SYSTEM AND COVARIANCE MATRICES A,R,,.AK AND P0,XO0
MUST ALSO BE ASSIGNED VpLUES THAT MAY DEPEND ON THE
PARAMETER VECTOR TH, THE DEPENDENCE MUST RE SUPPLIED
IN SUBROUTINE XXX (OR IN A ROUTINE CALLED RBRY XXX),

THE RELATIVE ADDRESS OF A MATRIX IN /DATA/ 1S GIVEN RY

A POINTER IN /INDEX/ WITH THE SAME NAME AS THE MATRIX
BUT PREFIXED WITH IX, THIS POINTER POINTS TO THE CELL IN
V BEFORE THE FIRST CELL OF THE MATRIX (OR VECTOR),
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EX, COVARIANCE MATRIX r17 HAS ADDPRESS IXR12+1 IN V,
MATRICES ARF STORED COLUMN=WISE IN V.

BY USING THE UNIVAC FORTRAN V FACILITY DEFINE PROCEDURES
IT IS POSSIRBLE TO REFER TO MATRICES AND VECTORS OF

/DATA/ AS IF THEY WFRE PECLARED IN A DIMENSTON STATEMENT,
A DEFINE STATEMENT MUST APPEAR BEFORE THE FIRST EXECUTABLE
STATEMENT OF A PROGRAM,

EX, MATRIX R12

DEFINE R12(1,J)®VC(IXRIZ+NX*J=NX+])

R12(1,3)=Fx(I)
XP=R12(3,3)

EXCEPTION: DEFINE PROCEDURE NAMES MUST NOT APPEAR AS

FORMAL ARGUMEMTS IN SUBROUTINE CALLS »THUS:
CALL SUBC(V(IXR12+1),NX,NY)

FOR FURTHER INFORMATION SEE: UNIVAC 1100 FORTRAN V
MANUAL »P, 4=2

/LISP/
CONTAINS RESULTS FROM THE COMPUTATIOMS,
VLOST=VL0ST1=pET(SUM(EPS*EPST))/NVLOST, ALWAYS COMPUTED. USED AS
STANDARD LOSS IF ISYS=1,m1,2,=2,
NVLOS1«NUMBER OF CONTRIRUTIONS TO VL0S1,
VL0S2=VL0S2==LOGCL¢TH,RY) /NVLOS2 ,ONLY COMPUTED AND USED AS STANDARD
LOSS IF ISYS=3,=3,b,=4,
NVLOS2=NUMBER OF CONTRIBUTIONS TO VLOS2,
yLOSS=0RTAINED MINIMUM LOSS,
VLOSDT=OBTAINED LOSS WHEN SIMULATING THE DETERMINISTIC MODEL.
G GRADIENT VECTOR OF DIMENSION NTH,
STDEV=VECTOR OF DIMENSION NTH CONTAINING ESTIMATED
STANDARD DEVIATIONS,
IABSIS/.u.sNVLDTT1= INTERNAL VARIABLES.

/LISCON/
THE VARIABLES HAVE STANPARD VALUES ASSIGNED BY A CALL OF
SURROUTINE LISDAT »BRUT THESE VALUES CAN BE OVERROLLED BY THE USER.
LOOP~ NUMBER OF CALLS TO THE MINIMIZING ALGORITHM (NO MAX,MIN =1),
PUT LOOP=0 FOR SIMULATON ONLY. PUT LOOP==1 TO PRINT AND/OR
PLOT DATA IN /DATA/,_, IN THIS CASE ONLY THE
FOLLOWING INPUT ARGUMENTS MUST HAVE VALUES:LOOP,NPRI(3),NPLOT,
NP,IT,ISAMP,NU,NY AND TIM,UIN,YMS IN /DATA/. STANDARD:1
NPRI= VECTOR OF DIMENSION 3. PUT NPRI(C1)=1 TO PRINT SYSTEM AND
COVARIANCE MATRICES FOR THE INITIAL PARAMETER VECTOR,ELSE PUT
NPRI(1)=0, PUT NPRI(2)=1 TO PRINT SYSTEM AND COVARIANCE
MATRICES FOR THE FINAL PARAMETER VECTOR, ELSE PUT NPRI(2)=0,
PUT NPRI(3)=1 TO PRINT TNPUT SIGNALS,MEASUREMENTS,MODEL
OyTPUTS ,MODEL ERRORS AND RESIDUALS ,ELSE PyT NPRI(3)=0,
STANDARD: 1,1.,1
NPLOT=PUT NPLOT=1 TO PLOT CURVES ON PLOTTER,ELSE PUT NPLOT=0,
PUT NPLOT==1 IF THE MEASUREMENTS ARE TO BE PLOTTED AS DpOTS.
STANDARD:D
ITRAN=ONLY USED IF ISYS=1,2 ANMD MEAS=0, PUT ITRAN=1 TO SAMPLE THE
MATRICES A AND B RY SUBPOUTINE TRAMS INSTEAD OF SUBROUTINE
COSAs, STANDARD: O,
NMAX= MAXIMUM NUMBER OF TERmMS WSED IN SUBROUTINE TRANS.STANDARD: 500,
EPST~ TEST QUANTITY USED IN SUBROUTINE TRANS, STANDARD: 1,E=6,
EPSK= TEST QUANTITY USED IN SUBROUTINE KALMAN.STANDARD: 1.E=9,
CHISQ=ONLY USED IF ISYS=4,=4 ,TEST QUANTITY USED IN SUBROUTINE KALMAN
TO TEST IF RESIDUAL T0O LARGE.STANDARD: 6.0,
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IMIN= DECIDES WHICH MINIMIZING ALGORITHM T0 BE USED,
IMIN=T NUFLET (STANDARD)

IMIN=2 POWBPRE

DFN,HZ-, .4 »XM(50) =~ PARAMETER VALUES FOR NUFLET

DISTs .. ,IPRIN =PARAMETERS FOR PQOWRRE

IND- NUMRER OF COLUMNS PER PAPER WIDTH WHEN PRINTING VECTORS AND
MATRICES RY SUBPOUTINE MPRI. STANDARN: 8.

IF~™ 1F=0 MEANS FORMAT G16.8 WHEM PRINTIM@ VECTORS AwnD MATRICES RY
SUBROUTINE MPRI, IF=q MEANS FORMAT Fq6.8,STANDARD: O,

IPLOT=IPLOT=0 MEAMS ORDINARY PLOT WHEN PLOTTING THE INPUT SIGNALS BY
SUBROUTINE RITA, IPLOT=1 MEANS HISTOGRAM PLOT,.STANDARD: 1.

ITEXT~ITEXT=0 MEANS NO TEXT WHEN PLOTTTNg CURVES ,ITEXT=1 MEANS
STANDARD TEXT, STANDARD: 1.

I1Y- 1IIY=1 MFANS THAT ROTH MEASUREMENTS AMND MOREL OUTPUTS ARE
PLOTTED IN THE SAME DIAGRRAM, IIY=0 MFANS THAT ONLY MODEL
OUTPUTS ARE PLOTTED, STANpDARp: 1.

Sy= LENGTH OF X=AXIS IN ¢wm WHEN PLOTTING CURVES (NO MAY,MIN 2.)
STANDARD: 16,

SY= LENGTH OF Y=AXIS IN ¢» WHEN PLOTTIMG CURVES (MIN 2.%. TOTAL
WIDTH OF THF PLOT IN Y~=DIRECTION IS ALWAYS (3%Sy + 4) M,
STANDARD: 6,

IpH= IpH=0 MEANS THAT THE STEP LENGTHS WHEN COMPUTING G AND V2 BY
SUBROUTINE GRASD ARE CHOSEN AS HH*TH ,IDH=1 MEANS THAT THE
STEP LENGTHS MUST Bp SUPPLIEp IN VECTOR pH. STANPARp: O,

HH= SEE ABOyE, STANDARD: 0,01,

DH= SEE ABOVE_ IF IDH=0 ,nH CONTAINS THE COMPUTED STEP LENGTHS,

IACC~ IACC=1 MFANS THAT G AND V2 ARE COMPUTED WITH ACCURACY
ORDO(pH**2), TIARC=2 MEANS ACCURACY ORPOCpH**4),

IACC=Q0 MEANS MO COMPUTATION OF G AMD VY2 ,STANDARD:O,

NPLOTC:0 NOTHING PRINTED OR PLOTTED IN RESLIS

t1 TEST QUANTITIES PRINTED
:2 1+CORRELATIONS PRINTED
:3 1+CORRELATIONS PLOTTED
14 142+3

STANDARD: 2

NOL= NUMBER OF TIME LAGS (MAX 50,MIN 0),STANDARD:10

INU= INTEGER VECTOR OF DIMENSION 20, PUT INUCI)>=1 IF INPUT
1 IS TO BE USED WHEN ¢OMPUTING CR0OSS CORRELATIONS,ELSE PUT
INUCI)=D,

INY= INTEGER VECYOR OF DIMENSION 20 . PUT INY(K)>=1 IF OUTPUT
I IS TO BE USED IN RESLIS LELSE PUT INY(1)=0,

STANDARD VALUES OF INUI AND INY?1,7s,..7-1

NOTE 1: THE PLOTTING ¢AN ALSO RE CONTROLLED BY THE COMMON BLO(CK
/RITFIG/ DESCRIBED IN SUBROUTINE RTTA,

NOTE 2% THE EXTERNAL SYMBOLS PLCOM,PLTSEG AMD RESSFG ARE
NAMES Of PROGRAM SEGMENTS THAT ARE LOADED INTO MAIN STORAGE
By REQUEST OF LISPID ,USING THE ROUTIME LODSEG ,

SURROUTINES RFQUIRED

(sysT)
SINT
Same
COSA
NORM
EXPAN
TRANS
NORM
LISY
KALMAN
NORM
PESYM
SOLVS
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LosS
NORM
DESYM
MPRI
SYSPRI
MPRI
NUFLET
(SYST)
POWRBRE (WITH SUBROUTINES)
(SYST)
LIPLOT
sCL
RITA
AXEL
DOTLIM
GRASD
(SYST)
NORM
SYMIN
EIGS
RESLIS
RESPLT
REST
CSGFT
FINO
DESYM
ScLvs
LODSEG

DIMENSION THC1),NOLDP(9) ,EVALC4L0) ,INTV (1)
LOGICAL ILLCO

COMMON/SYSPAR/NP,IT,ISYSsMEAS,TSAMP,TSAMP,NPRED1,NPREDZ,
*NXsNUsNY,NTH,NOMAT (4)

COMMON/NDATA/V(1)

COMMON/INDEX/IXYMS'IXTIMfIXYMODIIXERMDIIXEPS’IXIEPS'IXA’IXB’
*IXCIIXDfIXR1IIXP121TXR?IIXAKIIXPDITXXOIIXADIIXBDIIXCDI
*IXDDIIXR1DIIXR12DIIXREDIIXAKD1IXPIIXX'IXRRIIXPPDI
*IXDLTRIIXPPDIIXRNYIIXV1lIXVZINX?;NYZINXNYIN\(NU:NYNU

COMMON/LISP/VLOST1,NVLOST1,VLOS2,NVLOS2,VLOSS,VLOSDTAGCAD) .
*STDEV(40) »IABSIS,IM2,1COS MLANOM(E) HOTRANCE) #NRR,NVLDTY

COMMON/LISCON/LOOP,NPRI(3),NPLOT,ITRAN,NMAX,EPST,EPSK,CHISQ,IMIN,
*DFN,HZ,EP2,MODE,MAXFN, IPRINT,XM(50),DXST,SCALX,TEPS,NSTP,ILLC,
*IPRIN,IND,IFsIPLOTAITEXT/TIY,SXsSY,IDH,HHsDHCAOD) ,TACC,NPLOTC,NOL,
*INUC20) ,INYC20) »ICHKALDUMT#LDUM2,RDUMT,RDUMZ

DEFINE IEPSCI)=INTV(IXIEPS+I)

DEFINE TIMC(I)=V(IXTIM+I)

DEFINE YMSCT,J)=V(IXYMS+NP*J=NP+]I)
DEFINE YMOD(I,J)=V(IXYMOD+NP*j=NP+I)
DEFINE EPSCI+J)=V(IXEPS+NP*J=NP+I)
DEFINE VICI,J)SVCIXVI4NTH*®J=NTH+I)
DEFINE COVCIAJ)=VCIXDLTR*NY*J=NY+I)
DEFINE RNYCI,J)eEVC(IXRNY+NY*J=NY+I)
DEFINE RPD(I,J)=SV(IXRPD+NY*J=NY+1I)
DEFINE RRCI,J)=V(IXRR+NY*J=NY+TI)

EQUIVALENCE C(INTV,V)
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SUBROUTINE MPRI (A MsN,IA,IND,IFORM,IERR)

SUBROUTINE TO PRINT MATRICES COLUMNWISE ON LINE PRINTER.
NO EMPTY LINE IS PROVIDED ABOVE THE FIRST ROW OF THE MATRIX,
AUTHORes C,KALLSTROM 1972=~03=21,

A= MATRIX OF ORDER M*N TO BE PRINTED+, NOT DESTROYED.
M= NIIMBER OF ROWS IN A (NO MAX,MIN 1),

Ne NUMBER OF COLUMNS IN A (NO MAX,MIN 1),

1A= DIMENSION PARAMETER OF A,

IND= ABSCIND) IS SUPPOSED TO BE THE NUMBER OF COLUMNS

PER PAPER WIDTH, PUT IND POSITIVE IF NORMAL PRINTING,
PUT IND NEGATIVE IF THE ROWS AND COLUMNS OF A ARE TO BE
NUMBERED WHEN PRINTING A.
IND: (MAX 8, MIN =6), IND ,NE, 0.
IFORM= PUT IFORM=0 If pORMAT G16.8 IS TO BE USED WHEN PRINTING A,
PUT IFORM=1 IF FORMAT E16.8 IS TO BE USED WHEN PRINTING A,
IERR=  OUTPUT PARAMETER:
IERR=0 IF NO TROURLE.
IERR=1 IF SUBROUTINE MPRI IS CALLED INCORRECTLY.
A DIAGNOSTIC MESSAGE IS PRINTED INSTEAD OF THE MATRIX,

NOTE: IT IS POSSIBLE TO USE SHURRQUTIME MPRI WHEN A IS
DIMENSIONED AS A VECTOR A(*) IN THE CALLING PROGRAM BY PUTTING
N=1 (A 1S PRINTED AS A ¢OLUMN VECTOR) NR BY PUTTING

M=1 AND IA=1 (A IS PRINTEDP AS A ROW VECTOR),

TO FIT THE PRINTED MATRIX TO AN A4=PAGE, PUT IND=5 OR IND=~3 (UPp=
RIGHT PAGE) OR PUT INp=7 OR INp==5 (LYING PAGE),

SURROUTINE REQUIRED
NONE

DIMENSION ACIA,1)
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SURROUTINE NORM(A,N,IA,S)

THE SUBROUTINE COMPUTES THE MINIMAXNORM OF A WHERE

A=NXN=MATRIX
AUTHOR#K .MORTENSSON 34/07-67

A IS MATRIX OF ORDER NXN
N IS THE ORDER OF THE MATRIX
S IS THE RESULTING NORM
IA IS THE DIMENSION PARAMETER

SUBROUTINE REQUIRED
NONE

DIMENSION A(CIA,IA)

57
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SUBROUTINE NUFLETCFUNCT»XsNsFrGaHsWsDFN, XM, HH,EPS,MODF,MAXFN,

*TIPRINTAIEXIT)

ROUTINE FOR FINPING THE MINIMUM OF A FUNCTION F(X), WHEN

ONLY FUNEGTION VALUES ARE AVAILARLE

AUTHOR, T. GLAD 1973=07-01.

REVISED, C. KALLSTROM 1073=08-10,

REFERENCE? R, FLETCHER, FORTRAN SUBROUTINES FOR MINIMIZATION
BY QUASI~NEWTON METHODS, REPORT AERE-R7125, HARWELL

FUNCT A SURROUTINE XXX(XsN,F,DUM1,DUM2,IDUM,ICONT-IERR),
WHICH COMPUTES THE FUNCTION VALUE F AT THE POINT X OF
DIMENSION N, FROM NUFLET SURROQUTINE XXX IS ALWAYS
CALLED WITH 7TCONT=0, PUT IERR==17 IF XXX IS CALLED
ILLEGALLY OR IF THF MINIMIZING IS TO BE TERMINATED.
OTHERWISE PUT 1ERrR=0,

X A REAL ARRAY OF N ELEMENTS IN WHICH THE CURRENT ESTIMATE
OF THE SOLUTION 1S STORED, AN INITIAlL APPROXIMATION MUST
BE SET IN X ON ENTRY TO NUFLET AND THE BEST ESTIMATE
OBTAINED WILL BE RETURMED ON EXIT
THE NUMBER OF VARIABLES (MIN 2, NO MaAX)

F A REAL NUMBER IN WHICH THE BEST VALUE OF F(X) CORRESPONDING
TO X ABOVE WILIL RE RETQRNED

6 A REAL ARRAY OF N ELEMENTS USED TOQ STORE AN ESTIMATE OF
THE GRADIEMT VECTOR., NOT TO BE SET ON ENTRY

H A REAL ARRAY OF Nw(N+1)/2 ELEMENTS IM WHICH AN ESTIMATE OF

HESSIAN MATRIX 1S STOREp. THE MATRIX IS REPRESENTED IN
THE PRODUCT FORM (LDL)T WHERE L IS A LOWER TRIANGUI AR
MATRIX WITH UNIT DIAGONALS ANp D IS A DIAGONAL MATRIX,
THE LOWER TRIANGLE OF L IS STORED BY COLUMNS IN H EXCEPTING
THAT THE UNIT pIAGONAL FLEMEMTS ARE REPLACED BY THE
CORRESPONDING ELEMENTS OF D, THF SETTING OF H ON ENTRY IS
CONTROLLED BY THE PARAMETER MODF,
W A REAL ARRAY OF &4*N ELEMENTS USFD AS WORKING SPACE
DFN A REAL NUMBER WHICH MUST BE SET SO AS TO GIVE NUFLET AN
ESTIMATE OF THE LIKELY REDUCTION TO RE ORTAINED IN F(X),
DFN IS USED ONLY ON THE FIRST ITERATION SO AN ORDER OF
MAGHNITYDFE ESTIMA+E WILL SUFFICE,
DFN>Q THE SETTING OF pFN ITSELF WILL BF TAKEN AS THE
LIKELY REDUCTION TO BE OBTAINED IN F{X)
DFN=0 IT WILL BE ASSUMED THAT AN ESTIMATE OF THE MINIMUM
VALUE OF F(x) HAS BEEN SET IM ARGUMFNT F, AND THE LIKELY
REDUCTION IN F¢Xx) WILL PE COMPUTED ACCORDING TO THE
INITIAL FUNCTION VALUE
DFN¢O A MULTIPLE ABS(DFN) OF THE MOpULUS OF THE INITIAL
FUNCTION VALUE WILL BE TAKEM AS AN ESTIMATE OF THE LIKELY
REDUCTION.
XM A PEAL ARRAY OF N FELEMENTS USEDP IN SCALING,SEE BELOW
HH A REAL NUMRER, THE STEP LENGTH USED WHEN CALCULATING G(I)
BY DIFFEREMNCES Is HH*XM(I), HINT GIVEN BY FLETCHER: SET HH
EQUAL TO 2%*(wT/?) WHERFE T IS THE NUMBER OF SIGNIFICANT
BINARY DIGITS IN THE CALCULATION OF F.
EPS A REAL NUMBER. THE ACCURACY REQUIRED IN X(I) IS EPS*XM(I),
MODE AN INTEGER WHI¢H cONTROLS THE SETTING OF THE INITIAL
ESTIMATE OF THE HESSIAN MATRIX IN THE PARAMETER H,
MODE=1 AN ESTIMATE CORPESPONDING TO THE UNIT MATRIX IS SET
IN H BY NUFLET
MODE=2 NUFLET ASSUMES THAT THE HESSIAN MATRIX ITSELF HAS
BEEN SET IN H BY ¢cOLUMNS OF ITS LOWER TRIANGLF», ANp THE
CONYERSION TO (LDL)T FORM IS CARRIEH OUT BY NUFLET, THE
HESSIAN MATRIX MUST BE POSITIVE DEFINITE
MODE=3 MUFLET ASSUMES THAT THE HESSIAN MATRIX HAS BEEN SET
IN H IN PROpUCT FORM,
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AN INTEGER SET TO THE MAXIMUM NUMBER OF CALLS OF FUNCT
PERMITTED

AN INTEGER CONTROLLING PRINTING, PRINTING OCCURS EVERY
ABSC(IPRINT) ITERATIONS AND ALSO ON EXIT, IN THE FORM

TTERATION NO,
NO, OF CALLS OF FUNCT
FUNCTION VaLUE

XC1Y o XC2)h0u, XCND 8 TO A LINE
GC1),GC2) 0,4, 6(N) 8 TO A LINE
TEXIT= (ON EXIT ONLY)

THE VALUES OF X AND G CAN BE SUPPRESSED ON INTERMEDIATE
ITERATIONS BY SETTING IPRINT<0O, ALL INTERMEDIATE PRINTING
CAN RE SUPPRESSFED RY SETTING TPRINT=MAXFN+1, ALL PRINTING
CAN RE SUPPRESSED RY SETTING IPRINT=0,
AN INTEGER GIVING THE REASON FOR EXIT FROM NUFLET,THIS WILL
BE SET BY NUFLET AS FOLLOWS
JEXIT=0 THE NORMAL EXIT IN WHICH ABS(DXCI)I<EPS*XM(I) FOR
I1=1,2,.,N WHERE DX(I) 1S THE €4ANGE IN ¥ ON AN ITERATION
IExIT=1 (MODE=? ONLY) HESSIAM MATRIY IS NOT POS DEFINITE.
IEXIT=2 GT*pX .GE, O EITHER DUE TO ROUNDING ERRQORS
BECAUSE EPS IS SET TO0O SMALL FOR THE COMPUTER WORD LENGTH
OR THE TRUNCATION ERROR IN THE FINITE DIFFERENCE FORMULA
FOR G BEING DOMINANT,
IEXIT=3 FUNCT CALLED MAXFN TIMES,
IEXIT=4 MINIMIZING TERMINATED FROM FUNCT,

SUBROUTINE REQUIRED

(FUNCT)

DIMENSION XC1),6C1Y,HC1Y,WC1),xXM(1)



LOGICAL FUNCTION OVFLOW(CIDUM)
LOGICAL OVFLAG

COMMON/OVFCOM/ OVFLAG

DATA NERR/?/

=NINTRG (3

2VFi3L=E.GT.NERR «AND, OVFLAG
NERR=N

RETURN

EMD
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SURROUTINE PARFILCQ,N)

WRITES PARAMETER VECTOR Q@ ON

PIMENSION Q(1)

WRITEC106,1000CQCI)»T1=21,1)
FORMAT(1X,E16,9)

RETLRN

END

LUN

106

61
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SURROUTINE POWBPECFUNCsX,sN,sFMINI,EIG,V,IVeDIST,SCALE,TOL,MODE,
*MAXFN,NSTOP,ILLCO,IPRINL,IEXIT)

ROUTINE FOR FINPIMG THE MINIMUM OF A FUNCTION F(X), WHEN ONLY
FUNcTION VALUES ARE AVAILABLE

AUTHOR T. GLAD 1974=04=25

FUNC=A SUBROUTINE XXX(X,N,F,DUM1,DUM2,IDUM,ICOM,IERR) WHICH
COMPUTES THE FUNCTION VALUE F AT THE POINT X OF DIMENSION N
PUT TERR==-1 IF XXX IS CALLED ILLEGIALLY OR IF THE
MINIMIZATION IS TO BE TERMINATED., OTHERWISE PUT IERR=0

X AN NwYECTOR CONTAINING AN INITIAL GUESS OF THE MINIMUM,
RETURNED AS THE MINIMUM POINT

N- NUMBER OF VARIABLES (MIN 2,MAX 40)

FMIN~RETURNED AS THE VALUE OF F(X) AT THE MINIMUM

EIG-=VECTOR OF DIMENSION N CONTAINING THE ESTIMATED EIGENVALUES
OF THE SECOND DERIVATIVE? TO RE SET ON ENTRY ONLY IF MODE=2

V=MATRIX OF DIMENSION N*N CONTAINING AS COLUMN VECTORS THE
SEARCH DIRECTIONS USED? ON RETURN THESE ARF APPROXIMATIONS OF
THE EIGENMVECTORS OF THE SECONp pERIVATIVE: TO BE SET ON ENTRY
ONLY IF MODE=?

IV-DIMENSION PARAMETER OF V

DIST~ESTIMATED DISTANCFE FROM INITIAL APPROXTMATION TO MINIMUM;
LIMITS THE STEP~SIZE IN THE LINEAR MIMIMIZATION

SCALE~LIMIT OF RESCALING OF THE AXES; IF SCALE=1, NO RESCALING
IS pONE = RECOMMENDED OW WELL-CONDITIONED PROBLEMS; TF THE
PROBLEM IS ILL=CONDITIONED SCALE=10., IS RECOMMENDED

TOL=TOLERANCEs THE ALGORITHM TRIgS TO MAKE THE ERROR IN X LESS
THAN (EPSMAC*ABS(XY+T) WHERE EPSMAY 1S THE RELATIVE MACHINE
PRECISION

MODE=IF MODE=1 THE ALGORITHM 18 STAPTED WITH THE COORDIMATE
AXES AS SEARCH DIRFCTIONS
IF MODE=2 THE SEARCH DIRECTIONS ARE GIyVEN TN V ON ENTRY

MAXFN=MaX, NUMBER OF FUNCTION EVALUATIONS T0 RE MADE

NSTOP«NUMBER CF ITERATICNS WITHOUT PPROGRESS BEFORE TERMINATION
(NORMAL VALUE=1)

ILLcO=LOGICAL VARIARLE; IF THE PROBLEM IS SUPPOSgp TO Bg ILL~-
CONDITIOMED PUT ILLCO=_,TRUE,, OTHERWIZE ,FALSE,

IPRIN=CONTROLS PRINTOUT
IF IPRIN=0 THERE IS NO PRINTOUT
IF IPRIN=1 X AND THE FuUNeTION VALUE ARE PRINTED
IF IPRIN=2 EIGENVALUES AMD SCALE FACTORS ARE ALSO PRINTED
IF IPRIN=4 EIGENVECTORS ARE ALSO PRINTED

IEXIT=IF ON EXIT», IEXIT=0 THE MINIMUM HAS RFEN FOUND
IF IEXIT=1 THE ALGORITHM IS TERMINATEpn ON MAX, NUMBER OF
FUNCTION EyVALUATIONS
IF IEXIT=4 EXECUTION HAS BEEN TERMINATED FROM FUNC

SUBROUTINE REQUIRED
(FUNC)
MIN
FONED
(FUNC)
REK
QUADA
MIN
FONED
(FUNC)
MINFIT
SORT
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DIMENSION x(1),EIGC1),V(Iv.1)

LOGICAL ILLCO,ILLC

REAL TOL'TIEPSMACIDISTlXIFMINISCALEIMACHEPIH'RD1I
*DUMT,DUM2,FF

REAL S/SL/DN/DMIN/FX,F1,LDSsLDT,SFsDF-QF1,QD0,QD1,
*QA’QBIQCIM21M41SMALLIVSMALLILARGEIVLARGEISCBDILDFACITZI
*D(40)lY(40)rZ(40)lQO(40?lQ1(4D)IVIEIG:XX<40)

COMMON/INT/ NL,NF/KL,KT,KTM

COMMON/SUBS/MACHEPIMZ'M4'TISMALLIDMIN;LDTIH:QAIQB’QCIQDOIQD1IQF1'
*Q0,Q1

DATA EPSMAC/.74505806E~n8/
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REAL FUNCTION RTTFF(IC)

READS ONE REAL NUMBER FROM STANDARD INPUT IN FREE FORMAT,

IC .NE, O FORCES READING OF A NEW LINE AND IC IS SET 70 O

Ic ,EQ, O = THE PREVIOUSLY READ LINE IS SCANNED AND IF EMPTY
A NEW LINE 1S READ

IF EOF ENCOUNTERED OF INPUT IC IS SET TO -1

AUTHOR, T, ESSEBO 1975w02=19
REVISED T, ESSEBO 1977-n3-06

SUBROUTINE REQUIRED
RBUFF
IFAC
RIFF

LOGICAL EOF

DIMENSION RRES(2)
COMMON/RTFCOM/IP,BUFF(20)
DATA MAXCH/8/,LUN/S/
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SUBROUTINE SGAINC(TS,EPSI,NKAL,IFRROR)

SUBRQUTINF TO BE USED FOR LINEAR SYSTEM PARAMETER IDEMTIFICATION
TO SAMPLE SYSTEM AND COVARIANCE MATRICES (IF ISYS ,GT. 0) AND

TO COMPUTE THE DISCRETE, STATIONARY FILTER GAIN AK o

AUTHQOR, €, KALLSTROM 1974-02=15,

REVISED, T. ESSERO 1974-04m16,

TS = SAMPLING TINTERVAL (NOT USED IF ISYS .LT. 0).,
EPSI =~ TEST QUANTITY, THE ITERATIOMS ARE TERMIMATED WHEN
NORM(P(T)=P(Tw1))Y/NORMCP(T)) LF. EPSRI,
NKAL = MAXIMUM NUMBER OF ITERATIONS TO BE DONE (NO MAX,MIN 2),
IERROR - ERROR PARPAMETER,
TERROR=0 IF 0K,
TERROR=1 IF TS IS NONPOSITIVE,
IERROR=2 IF NO CONVERGENCE IN TRANS,
IERROR=3 IF NO CONVERGENCF MHEN THE KALMAN RUCY
FILTERING FQUATIONS ARE ITFRATED,
TERROR=4 TF OVERFLOW

NOTE 1: FOLLOWING VARIARLFES ARE USED (RUT NOT CHANGED) IN THE
SUBROUTINFE

COMMON BLOCK /SYSPAR/11SYSs, MEAS,NX,NY,NOMAT

COMMON BLOCK /DATA/: pA,CsR1,R12,R2,POCACCORPING TO VECTOR NOMAT)
COMMON BLOCK /LISCON/» NMAX,EPST,EPSK

NOTE 23 FOLLOWING MATRICES OF THE GOMMON BLNCK /DATA/ ARE USED
AS STORAGE IN THE SUBROUTINE: AD,CD,RI1D,R12D,R2D,AKD,P

NOTE 33 IF IERROR=D ,THE COMPUTED STATIONARY FILTER GAIN IS STORED
IN Ak OF THE COMMON BLOCK /DATA/. IF TERROR=3 ,THE LAST COMPUTED
(NOT STATIONAPY) FILTER GAIN IS STORED IN Ak,

NOTE 4: ADDITIONAL INFORMATION CAN BE OBTAINED FROM THE COMMON
BLOCK /sGA/

NOTE 5: COMMON BRLOCK /TRANS2/ ,WwHICH IS SHARED WITH
SUBROUTINE TRANS COMTAINS WORK ARRAYS,

SUBROUTINES REQUIRED
TRAMNS
NORM
KALMAN
NORM
DESYM
SoLVs
NORM

LOGICAL OVFLOW
COMMON/SYSPAR/NP,IT,ISYS,MEAS, TSAMP,TSAMP+NPREDT1,NPREDZ,
*NXsNULNY-NTH,MOMAT ()

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS# IXTTIMs IXYMOD,IXERMPLIXEPS,IXIEPS,IXASIXR,
*IXCrIXD,IXRT1,IXRI2,TIXR2,IXAK,IXPOAIXX0,IXAD,IXRD,IXCDS
*IYDD,IXRIDAIXRIZ2DAIXR2DSIXAKDAIXP2IXXsIXRRATIXPPD,
*IXDLTRAIXRPD/ZIXRNY,TIXVT,IXVZ2,NX2,NY2,NXNY/NXNUSNYNL

COMMON/LISCON/LOOP,NPRI(3) /NPLOT,ITRAN,NMAX,EPST,EPSK,CHISA,IMINS,
*DFNsHZAEP2,MODE-,MAXFN,IPRINT,XM(50) »pTST»SCALX,TEPSANSTP,ILLC,
*IPRIN,IND,IF,IPLOT,ITEXT,IIY,SX,SY,IDH,HH,DHC40),IACC,NPLOTC,NOL,
*INUC20) ,INY(20) ,ICHK,LDUMT,LDUM2,RDUMT,RDUM?



COMMON/TRANS2/DUM1€1600),51¢400)
COMMON/KAL1/DUMMTC460) ,AKT(20,20) »DUMMR(2)
COMMON/SGA/NNTRC6) »NOKAL(6) » XKALC20) ,YKALC20) JEPSIL,IKC,IK

DEFINE AK(I,J)=2V(IXAK+NX®*JeNX+T1)

66
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NE SINT(NTIME,NSTOP,INIT,IV,V| 0SS, IFRR)

NE TO BE USED FOR LINEAR SYSTEM PARAMETER
CATION TOGETHER WITH SURRQUTINE LISPID,

THE SUBROUTINF CAN PERFORM OMNE OR MORE OF FALLOWING TASKS:

1.

TRANSFORMATION OF CONTINUOUS SYSTEM AND COVARTANCE

MATRICES TO DISCRETE MATRICES

2-

ITERATION OF THF DISCRETE

SYSTEM EQUATIONS

3,

ITERATION OF THE DISCPETE KALMAN BUCY FILTERING

EQUATIONS

b,

S,
AUTHOR,
REVISED,
NTIME=

NSTOP=

INIT=

IvV-

V0ILOSS~-

IERR~ ER

IER

NOTE 1:

NEVER CH
#AKD ACC
MATRICES

PREDPICTION
COMPUTATION OF LLOSS FUNCTION

C. KALLSTROM 1973-06~26,
C.KALLSTROM 1977-02=18,

COUNTFR FOR MEASUREMENT EVENTS (MAX NP, MIN 1)

RETURNED CONTAIMING THF VALUE OF NSTOP (IF TERR=0),

(NO MAX, MIN NTIME)

THE EQUATIONS ARE ITERATED FROM NTIME TO MIN(NSTOP,NP)Y.,

NSTOP IS MOT CHAWNGED IN SINT

PUT INIT=1 AT THE FIRST CALL OF SINT TO INITIALIZE,

THEN PUT INIT=0,

COMTROLT THE REJECTING OF MEASUREMENTS AND THE UPDATING OF

LOSS FUNCTIONS (f1AX &4, MIN Q),

PUT IV=0 IF NO REJECTING OF MEASUREMENTS,

PUT IV=1 TO REJECT THE MEASURFMENTS NTIME TO STOP,

PUT IV=2 TO REJECT MEASUREMENTS REACHED By PREDICTION

FROM MTIME TO NSTOP,

PUT IV=3 IF BOTH IV=1 AND IV=2,

PUT IV=4 T0 CoOMPUTE THE FINAL LOSS,

RETURNED IN VL 0SS5,0NLY THE ARGUMENTS VLOSS AND IERR ARE

seo,

RETURNED LOSS WHEN Iv=4,

IF ISYS=1s =1, 2, m2, VLOSS=(DET(SUMCEPS*EPST))) /N,

WHERE N IS THE NUMBER OF CONTRIBUTIONS,

IF ISYS=3, «3, L, =4, VLOSS=«~LOGC(L¢TH,RY) /N,

ROR PARAMETER,

IERR==1 IF THE COVARIANCE MATRIX IS SIMGULAR WHEN
COMPUTING VLOSS. ONLY USED WHEN IV=4 ANp 1SYS=
121,22 0R =2. VLOSS COMTAINS A ROUGH ESTIMATE
OF THE REAL L0SS,.

IJERR=0Q IF 0K,

IERR=1 IF IV HAS AN TLLEGAL VALUE,

TERR=2 IF NTIMF AND/OR NSTOP HAVE ILLEGAL VALUES,

IERR=3 IF A SAMPI.ING INTERVAL 1S NONPOSITIVE,.

TERP=4 IF NO CONVERGENCE TN TRANS
(GIVE NMAX A LARGER VALUE OR INCREASE EPST),

TERR=5 TTERATION IS TERMINATE®D DUE TO REFERENAE OF
MEASIIREMENTS BEYOND INDEX NP

R=6  OVERFLOW IN COMPUTATIONS

THE SYSTEM MATRICFS A,R,..,R2,AK IN /DATA/ ARE
ANGED BUT THEY ARE TRANSFERRED TO MATRICES AD,BDs..
ORDING TO PARAMETER ISAMP ,AND IT IS THESE

THAT ARE USEp FOR THE ITERATIONS AND PREDICTION,

THE INITIAL STATES XO AND PO ARE ONIY TRANSFERED TO X AND P

WHEN INT

NOTE 23
LISPID (

T=1,

THE COMMON BLOCKS ARE DESCRIRED IN SUBROUTINE
THE COMMON RLOCK /KAL1/ IS DESCRIBED IN KALMAN) ,
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SUBROUTINES REQUIRED
SAMP
COSA
NORM
EXPAN
TRANS
NORM
LISY
KALMAN
NORM
DESYM
SOLVS
Los
NORM
DESYM

LOGICAL OVELOW
DIMENSION 11(20),Y(20),%XPDC20),UPDC(20),YPDL20),INTV (1)

COMMON/SYSPAR/NP;IT;ISYS,MEAS;ISAMP;TSAMP’NPRED1:NPREDZ;
*NXsNUsNY/NTH,NOMAT(6)

COMMON/DATA/V (1)

COMMON/INDEX/IXYMS:IXTIMIIXYMODIIXERMDIIXEPSfIXIEPS:IXAIIXBI
*IXC,IXD,IXR1,IXR12,IXR2,IXAK,IXP0,IXX0,IXAD,IXBD,IXCD,
*IXDD,IXRI1D,IXRI12D,IXR2D,IXAKD,IXP,IXX,IXRR,IXPPD,
*IXDLTRAIXRPDZIXRNY»IXV1,IXV2,NX2,NY2,NXNY,NXNU,NYNU

COMMON/LISP/VLOST/NVLOST1,VLOS2,NVLOS2,VLOSX,VLOSDT,GC40)
*STDEV(40) ,IABSIS,IM2,1C0S,ML,NOM(E) »NOTRANC) ,NRR,NVLpT1

COMMON/LISCON/LOOP,NPRI(3),NPLOT,ITRAN,NMAX,EPST,EPSK,CHISQ, IMIN,
*DFMIHZ'EPZIMODEIMAXFNIIPRINTIXM(SD)IDISTISCALXITEPSINSTPlILLCI
*IPRINIINDpIFIIPLOT:ITEXT'IIY;SX;SYfIDH;HH'DH(40):IACC'NPLOTC'N0L;
*INU(ZO)’INY(ZO)'ICHK;LDUm1ILDUMZ,RDUM1:RDUM2

COMMON/KALT/ YMODDC20),EC20),puM1C(20),R€20,20) ,AKT(20,20),
*TEST,DELTAV

EQUIVALENCE (INTV,V)

DEFINE IEPSCID=INTV(IXTIEPS+I)
DEFINE TIM(I)=VY(IXTIM4+T1)

DEFINE UINCI,J)=VINP* J=NP+I)
DEFINE YMSCI,J)=V{IXYMS+NP*J=NP+1)
DEFINE EPS(CI-J)=V(IXEPS+NP*)=NP+T)
DEFINE X(ID=V(IXX+I)

DEFINE XOCI)=V(IXXO0+I)

DEFINE RRCI,JD=V(IXRRENYH)=NY+T)
DEFINE RPD(I,J)=V(IXRPD+NY*J=Ny+1I)
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SUBROUTINE SOLVB(B,X,NN,NNB,IA)

SOLVES AX=B USING UL AND IPS IN COMMON FROM DECOM,
REFERENCE, FORSYTHE MOLER,

AUTHOR, PER HAGANDER 19468~09-05,

REVISED, CLAES KALLSTROM 1971-03=20,

B=MATRIX OF ORDER NNXNNB, CONTAINING R=H=S VECTORS, NOT DESTROYED,
X= MATRIX OF ORDER NNYXNNB,RETURNED CONTAINING THE SOLUTIGN VECTORS
NN= NUMBER OF EQUATIONS (MAX 30, MIN 1),

NNB-~ NUMBER OF RIGHT HAND SIDE VECTORS (NO MAX, MIN 1),

IA= DIMENSION PARAMETER,

NOTE, IF NNB=1, B AND x CAN BE DIMENSIONED AND TREATED AS yECTORS
IN THE CALLING PROGRAM,

SUBROUTINE REQUIRED
NONE

DIMENSION B(IA,1)/,X(IA,1)

COMMON/IPUL3O/IPSC(30),UL(30,30)
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SUBROUTINE SOLVS(G,R,X,NN,NNB,IA)

SOLVES Ax=B, WHERE A IS A SYMMETRIC , POSITIVE DEFINITE MATRIX.,
DECOMPOSED IN THE FORM A=G*G(TRANSPOSED) IN SUBROUTINE DESYM.
REFERENCE, FORSYTHE MOLER P 114,

AUTHOR/C.KALLSTROM 1970-08=26,

REVISED, CLAES KALLSTROM 1971-03=~20,

G= LOWER TRIANGULAR MATRIX OF ORDER NN*NN, NOT DESTROYED,
(THE UPPER TRIANGULAR PART IS NOT USED),

B= MATRIX OF ORpDER NN*NNB, cONTAINING RIGHT HANp SIpF VECTORS,
NOT DESTROYED.

X- MATRIX OF ORDER NN*NNB, RETURNED CONTAINING THE SOLUTION
VECTORS,

NN= NUMBER OF EQUATIONS (NO MAX, MIN 1),

NNB=NUMBER OF RIGHT HaNp SIpE VECTORS (NO MAX, MIN 1),

IA=- DIMENSION PARAMETER (NO MAX),

NOTE, IF NNB=1, B AND X CAN BE DIMENSIONED AND TREATED AS VECTORS

IN THE CALLING PROGRAM,

SUBROUTINE REQUIRED
NONE

DIMENSION GCIA,IA),B(IA,1),X(IA,T)
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SUBROUTINE SYMINCN,TA,IFAIL,A,EPS)

SUBROUTINE FOR INVERSION OF SYMMETRIC MATRICES,
REFERENCE,RUTISHAUSER;CACM;ALG,NR.150.
AUTHOR,K.,MORTENSSON 04/04~68,

REVISED, T. ESSEBO 1973-12=05,

A=MATRIX TO BE INVERTED,UPON RETURN A CONTATNS aA=1 IF THE
INVERSION HAS SUCCEEDED,

N=ORDER OF A.

LFATL®RETURNED 0O IF THE SUBROUTINE HAS EXECUTED CORRECTLY.
1 1IF NOT.

IA-DIMENSION PARAMETER,

EPS= TEST QUANTITY (SUITARLE VALUE: 1,E=7)
CAUTION,NEAR=SINGULAR MATRICES MAY GIVE MISLEADING RESULTS,
MAXIMUM ORDER OF A=40,

SUBROUTINE REQAUIRED
NONE

DIMENSION ACIA,IA),P(40),Q(40),1IRC40)
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SURBROUTINE TRANS(A:BIC;D;QR1;QR1Z'QRZ;NX'NUfNY'NOMAT'IPROB'TSAMP’
* EPS/NMAX,NOCONVAIA,IC)

TRANSFORMS A COMTINUOUS CONTROL PROBLEM TO A DISCRETE CONTROL

PROBLEM

OR A CONTINUOUS ESTIMATION PROBLEM TO A DISCRETE

ESTIMATION PROBLEM,
REFERENCE, ASTROM: ON THE CHOICE OF SAMPLING RATES IN OPTIMAL

AUTHOR,

A-—
B=-

C=

D=
QR =
QR12=
QR2~
NXw=
NU=

NY=

NOMAT =

IPROB=
TSANMP~-
FPS~-
NMAX =
NOCONVm
TA=

IC-

NOTE 13

LINEAR SYSTEMS, IBM RESEARCH REPORT RJ=243, 1963.
MORTENSSON: LINEAR QUADPRATIC CONTROL PACKAGE, PART II =
THE DISCRETE PROBLEM, REPORT 6904,

ASTROM: INTRODUCTION TO STOCHASTIC CONTROL THEORY.,
ACADEMIC PRFSS, 1970,

C.KALLSTROM 1975=-12-06,

DYNAMICS MATRIX OF ORDER NX*NX,

INPUT MATRIX OF ORDER NX#NU, NOT REFERENCED IN TRANS

IF NOMAT(1)=0,

OUTPUT MATRIX OF ORDER NY*NX, MNOT REFERENCED IN TRANS
IF IPROB=1 NR NoMAT(2)=0,

MATRIX OF ORDER NY*NU_ NOT REFERENCED IN TRANS IF IPROB=1,
cAN BE USED AT RETURN EVEN IF NOMAT(3)=0 WHEN IPROB=Z,
CRITERIA OR COVARIANCE MATRIX OF ORDER NX#NX,

NOT REFERENCED IN TRANS IF NOMAT(4)=0,

CRITERIA MATRIX OF ORDER NX*NU OR COVARIANCE MATRIX OF
ORDER NX*NY, ¢cAN RE USED AT RETURN EVEN IF NOMAT(5)=0,
CRITERIA MATRIX OF ORDER NU*NIJ OR COVARIANCE MATRIX OF
ORDER NY*NY, CAN BE USED AT RETURN EVEN IF NOMAT(6)=0,
NUMBER OF STATFS (MAX 20, MINMN 1).

NUMBER OF CONTROL VARIABLES (MAX 20, MIN 1),

NOT REFERENCED IN TRANS IF IPROB=1, NOMAT(1)=0, NOMAT(5)=0
AND NOMAT(&Y=p OR 1F IPROB=2, NOMAT(1)=0 AND NMOMAT(3)=0,
NUMBER OF MFASUREMENTS (MAX 20, MIN 1),

NOT REFERMECED IN TRANS IF IPROB=1 OR IF IPROR=2,
NOMAT(2)=0, NOMAT(3)=0, NOMAT(5)=0 AND NOMAT(6)=0,
INPUT VECTOR OF DIMENSION 6,

PUT NOMAT(1)=0 1F NO Bs ELSE PUT NOMAT(1)=1,

PUT NOMAT(2)=0 1F NO €, ELSE PUT NOMAT(2)=1,

PUT NOMAT(3)=n 1F NO ps, gLSE PUT NOMAT(3)=1,

PUT NOMAT(4)=(Q 1F NO QR1, ELSE PUT NOMAT(4)=1,

PUT NOMAT(5)=0 1F NO QR12, ELSE PUT NOMAT(5)=1.

PUT NOMAT(6)Y=0 1F NO QR2, ELSE PUT NOMAT(4)=1,

NOMATC2) ANp NOMAT(3) ARE NOT USED IF IPROB=1,

PIIT IPROB=1 IF CONTROL PRCBLEM,

PUT IPROB=2 IF ESTIMATION PRORLEM.

SAMPLING INTERVAL.,

TEST QUANTITY, THE SERIES EXPANSIONS ARE TRUNCATED

WHEN THE ESTIMATED RELATIVE TRUNCATION ERRORS ARE LESS
THAN EPS.

THE SERIES EXPANSIONS ARE TRUNCATED AFTER AT LEAST

NMAX TERMS,

RETURNED CONTAINING 1 IF THE SERIES EXPANSIONS HAVE NOT
CONVERGED AFTER NMAX TERMS, 2 IF OVERFLOW IN COMPUTATIONS
»ELSE RETURNED 0

DIMENSION PARAMETER OF A,B,QR1 AND AQR12,

DIMENSION PARAMETER OF C,D AND QRZ,

THE MATRICES OF THE CALL ARE RETURNED CONTAINING

THE APPROPRIATE DISCRETE MATRICES.

NOTE 2:

IT IS NOT NECESSARY TO DIMENSION A MATRIX, WHICH IS

NOT REFERENCED IN TRANS, IN THE CALLING PROGRAM,

NOTE 3:

THE SYMMETRIC MATRICES OF THE CALL (QRT AND QR2) MUST BE
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COMPLETE, @QR1 AND QR2 ARE SYMMETRIZED REFORE RETURN,

NOTE &4: THE COMMON BLOCK /TRANS1/ CONTAINS THE USED NUMBER OF

TERMS NTERM (AT MOST EQUAL TO NMAX) AND THE MAXIMUM ESTIMATED

RELATIVE TRUNCATION ERROR ERR (TESTED AGAINST EPS) AFTER NTERM
TERMS,

NOTE 5: THE COMMON RLOCK /TRANS2/ CONTAINS WORK ARRAYS,

SUBROUTINE REQUIRED
NORM

LOGICAL OVFLOW,LDUM

DIMENSION A(IAI1)IB(IAI1)IC(ICI1)’D(ICI1)IQR1(IAI1)IQR12(IA’1)I
* QR2CIC,1)»,NOMAT(1)

COMMON/TRANS1/ NTERM,ERR

COMMON/TRANSZ/ T(ZOIZO);Y(20’20)IS1(20!20)lS2(20120>183(20120)
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APPENDIX D - STANDARD USER - DESIGNED PROGRAMS

Listings of the following standard user-designed programs are
given:

MAIN

RDATA

SYST

Notice that MAIN and RDATA are complete programs, while it is
necessary to incorporate a mathematical model defined by the user
before the model subroutine SYST can be compiled and linked
together with the program package LISPID. The FORTRAN elements
MAIN, RDATA and SYST and the compiled elements of MAIN and RDATA
are stored on the LISPID file.



IO DIODOIOOO I OIDOIODOOO

9]

[P X2 (@]

o

100

10

75

PROGRAM MAIN
STANDARD MAIN PROGRAM FOR LISPID,
ALUTHOR, C, KALLSTROM 1078-06=29,

SUBRONTINE REQUIRED
I0LISP
MPRI
RTTFF (WITH SUBROUTINES)
LISDAT
DATEXP
MCORE
RDATA
RTTFF (WITH SUBROUTINES)
LISPID (WITH SUBROUTINES)
GRDCHK (WITH SUBROUTINES)

DIMENSION TH(40D),NPR(Z)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,TSAMP,TSAMP,NPREDI1,NPREN2,
*NXsNUSNYANTH,NOMATC(S)

COMMON/DATA/V(YT)

COMMON/ INDEX/IXYMS»TIXTIMsIXYMOD»IXERMD,IXEPS,IXIEPS,IXALIXB,
*IXCrIXD,IXRI,IXRIZATXR2,IXAK,IXPO,IXX0,IXAD,IXBD,IXCD S
*IXDD,IXRIDATIXRI2D/IXR2D,IXAKDATIXPAIXXsTXRRAIXPPD,
*IXDLTRAIXRPDAIXRNY,TXV1,IXV2/NX2,NY2,NXNY-NXNULNYNU

COMMON/ | ISCON/LOOP,NPRTI(3) /NPLOT,ITRANSNMAX,EPST,EPSK,CHISQ,IMINS
*DFN,HZ EPZ,MODE, MAXFEN,IPRINT,XMC50),DIST»SCALX,TEPS,NSTP,ILLC,
*IPRIN,IND,IF,IPLOT,ITEXT,TIY,SX,SY,IDH,HH,DHC40),IACC,NPLOTCANOL,
*INUC20) ,INYC20) »ICHKALDIUM12LDUM2,RDUMT,RDUM2

COMMON/COMSY/PARC40) »NPAR,ITHC40) #SCALCLOD) ,TS,EPSI,NKAL,VOLD,
*IERRSY

EXTERNAL SYST
LP=6
PRINT HEADING,

WRITECLP,100)
FORMATC(7HILISPID/1X,6(1H*)/)

RFAD INPUT PARAMETERS FQOR LISPID,

CALL IOLISP(TH,1,0)

CHANGE STANDARD VALUES OF SOME INPUT PARAMETERS,
MAXFN=500*NTH

IDH=1

DO 10 I=1,NTH

PH(I)=HZ

ORGANIZE /DATA/ AND /INDEX/,

CALL DATEXP

READ DATA,
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CALL RDATA
SIMULATE THE SYSTEM IF LOOP .NE. =1,

IFCLOOPY18,12412
DO 14 I=1,3
NPRCI)=NPRICI)
NPRI(I)=0
IACCO=IACC
Iacc=0
NPLO=NPLOTC
NPLOTC=0
NPL=NPLOT
NPLOT=0
LOP=LOOP
LoOP=(Q

CALL LISPID(SYST,TH,IERR)

DO 16 I=1,3
NPRI(CI)=NPR(I)
IACC=IACCO
NPLOTC=NPLO
NPLOT=NPL
LOOP=LOP

PRINT INPUT PARAMETERS FOR LISPID.

CALL IOLISP(TH,0,?)

IF LOOP ,NE, =1 AND IF IERR ,NE., O OR IERRSY ,NE, 0 ,PRINT
WARNING AND PREPARE SIMIJLATION ONLY (NO PLOTTING),

IF(LOOP)Y31,28,28

IF(TERR)30,29,30

IFCIERRSY)30,321,30
WRITE(LP,102)IERR,IERRSY

FORMATC(/36H SIMULATION ONLY, NO PLOTTING
wI12/)

LOOP=0

NPLOT=0

IACC=0

NPLOTC=0

I¢HK=0

PERFORM IDENTIFICATION OR SIMULATION,
CALL LISPID(SYST,TH,IERR)
IF(LOOP)99,32,32

PRINT FINAL VALUES,

WRITEC(LP,104)
FORMATC(1H1)

CALL IOLISPC(TH,D,2)
IF(ICHK,EQ.0)G0O TO 99

CALL GRDCHK(SYST,THsNTH,XM,HZ)

IERR=,12,9H

IERRSY=,
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SURROUTINE RDATA

STANDARD SUBROUTIME TO READ DATA FOR LISPID,
AUTHOR, C., KALLSTROM 1978~06-29,

SUBROUTINE REQUIRED
RTTFF (WITH SUBROUTINES)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP.NPRED1,NPRED2,
*NXsNUsNY,NTH,NOMAT(S)

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS,IXTIMsIXYMOD,IXERMDAIXEPS,IXIEPS,IXA,IXB,
*IXCrIXD,IXRT1+IXR12/TXR2,IXAK,IXPO,IXX0,IXAD,IXBD,IXCD,
*IXDD,IXR1D,IXR12D+,IXR2D,IXAKD,IXP,IXX,IXRR,IXPPD,
*IXDLTR/IXRPD/IXRNY-IXYV1,IXV2,NX2,NY2,NXNY2sNXNU,NYNU

DEFINE UINCI,J) V(NP*J=NP+I)
DEFINE YMS(I,J) VEIXYMS +NP*J=NP+1)
DEFINE TIM(I) = V(IXTIM+I)

nn

IC=1

DO 50 I=1,NP

IFCIT ,EQ, 0) GO TO 10
TIM(I)=SRTTFF(IC)

IF(NU ,EQ, 0) GO TO 30
DO 20 J=1,NU
UINCI,J)=RTTFF(IC)

DO 40 J=1,NY
YMSCI,J)=RTTFF(IC)
CONTINUE

RETURN
END
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SUBROUTINE SYST(TH,NTH1,VLOSS,DUMT,DUM2,IDUMT,IDUM2,IER)
SUBROUTINE TO SUPPLY A MODEL AND COMPIUTE LOSS FUNCTION,
AUTHOR:

TH= PARAMETER VECTOR OF DIMENSION NTH1.
NTH1= NUMBER OF PARAMETERS (MAX 40,MIN 2),

NTH1 1S EQUAL TO NTH IN /SYSPAR/ ,
VLOSS=COMPUTED LOSS FUNCTION VALUE,
DUMT,DUMZ2,IDUMT,IDUM2 = DUMMY ARGUMENTS,
IERe ERROR PARAMETER:

IER=0 IF OK,

IER=~1 IF ERROR IN SYST

COMMON BLOCK /COMSY/ (ALL VARIABRLES EXCEPT IERRSY ARE GIVEN
VALUES IN IOLISP)

PAR= PARAMETER VECTOR OF DIMENSION NPAR, VECTOR TH(IY/SCAL(I)
IS A PART OF VECTOR PAR,

NPAR= NUMBER OF PARAMETERS (MAX 40,MIN 2), NTH MUST BE ,LE. NPAR.

ITH= INTEGER VECTOR OF DIMENSION NTH CONTAINING THE INDICES OF
THE PARAMETERS OF VECTOR PAR, FOR WHICH THE MINIMIZATION
IS PERFORMED,

SCAL= SCALING VECTOR OF DIMENSION NTH,
SCALC(I) MUST NOT RE EQUAL TO 0.

TS= SAMPLING INTERVAL, ONLY USED IN SUBRONTIME SGAIN,

EPSI~ TEST QUANTITY, ONLY USED IN SUBROUTINE SGAIN,

NKAL= MAXTIMUM NUMBER OF ITERATIONS, ONLY USED 1IN
SUBROUTINE SGAIN (NO MAX,MIN 2),

VOLD~ PUT VOLD INITTALLY EQUAL TO A LARGE POSITIVE VALUE (E.gG.
1.E+10), WHEN SUBROUTINE SYST IS CALLED ,THE LOSS FUNCTION
VALUE VLOSS IS STORED IN VOLD, IF THE COMPUTATION IS SUCCES~
FULL » ELSE VLOSS IS PUT EQUAL TO 10,*VOLD AND THE VALUE IS
THEN RESTORED IN VOLD,

IERRSY=ERROR PARAMETER:?
IERRSY=0 IF OK,
IERRSY=1 IF THE COMPUTATION OF VYLOSS HAS FAILED,

NOTE : IF ISYS=2 OR =2 THE SUBROUTINE SGAIN IS CALLED
TO COMPUTE THE DISCRETE STATIONARY FILTER GAIN Ak,

SUBROUTINE REQUIRED
SGAIN
TRANS
NORM
KALMAN
NORM
DESYM
SOLVS
NORM
SINT (WITH SUBROUTINES)
OVFLOW

LOGICAL OVFLOW
DIMENSION TH(1)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,
*NX,sNUsNY,NTH,NOMAT(S)

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS,IXTIM,IXYMOD,IXERMDLIXEPS,IXIEPS,IXA,IXB,
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*IXCrIXD,IXR1#IXRI2,TIXR2,IXAK,AIXPOPIXXO,sIXAD,IXBDAIXCDY
*IXDD,IXRID,IXRT12D,IXR2D,IXAKD,IXP,IXXsIXRR,IXPPD,
*IXDLTRAIXRPNDAIXRNY»IXYT1,IXV2,NX2,NY2,NXNY2NXNU,NYNL

COMMON/LISCON/LOOPsNPRTI(3),NPLOT,ITRAN,NMAX, EPST,EPSK,CHISQ,IMIN,
*DFN,HZ,EPZ,MODE,MAXFN,IPRINT,XM(50),DIST,SCALX, TEPS,NSTP,ILLC,
*IPRIN,IND,IF,IPLOT,ITEXT,IIY,SXsSY,IDH,HH/DH(LO) ,IACC,NPLOTC,NOL,
*INUC20) ,INY(20) ICHK,LDUMT,LDUM2,RDUM1,RDUM?

COMMON/COMSY/PARCLOY »NPARLITHC40) »SCALCLO) ,TS,EPSIANKAL,VOLD,
*IERRSY

DEFINE A(I,J)=V(IXA+NY#*)=NX+I)
DEFINE B8(I,J)=VC(IXBHNX*J=NX+1)
DEFINE CCI,J)=V(IXCHNY* J=NY+T)
DEFINE DCI,J)=V(IXD+NY*J=NY+I)
DEFINE R1CI,J)=VCIXRI+NX*JmNX+T)
DEFINE R12€I,J)=VCIXRI2+NX*)J=NX+1I)
DEFINF R2(I,J)=V(IXRZ2HNY*J=NY+T)
DEFINE X0CId=v(IXX0+I1)

DEFINE POCI,J)SVC(IXPO+NY™J=NX+T1)
DEFINE AKCILJ)SV(IXAK+HNX*JaNX+T)
DEFINE UINCIAJ)=VINP* J=NP+I)
DEFINE YMSCIAJ)=VC(IXYMS+NPXJ=NP+I)
DEFINE TIMCI)=V(IXTIM+1)

INITIALIZING,

IER=Q

TERRSY=D

LP=6

VMAX=1,E20

UPDATE THE PARAMETER VECTOR PAR USING TH,.

DO 10 I=1,NTH

I1=ITH(D)

PAR(CIT)=TH{(I)/SCALCT)

MATHEMATICAL MODEL,

COMPUTATION OF DISCRETE FILTER GAIN AK IF ISYS=2 OR =2,
A CALL TO SGAIN MUST ONLY BE PERFORMEND IF NO VALUES
ARE ASSIGNED TO AK EARLIER, WHEN ISYS=2 OR =2,
TFCIABSCISYS) ,ME. 2) Go TO 300

CALL SGAINCTS,EPSI,NKAL,IERROR)

IFCIERROR LEQ, 0) GO 10 300

IERRSY=1

WRITE(LP,1020) IERROR

FORMATC15H SGAIN: IERRRORZ.I2)

GO TO 990

ITERATE THE SYSTEM EQUATIONS,

NTIME=1

NSTOP=NP=NPRED2

IF(NPRED2.FQ,1)NSTOP=NSTOP+1

CALL SINT(NTIME,NSTOP,1,0,DUMMY,IERR)
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IF(IERR ,EQ, 0) GO TO 302

IERRSY=1

WRITECLP,1002)IERR,NTIME

FORMAT(12H SINT: IERR=,12,8H NTIME=,16)
GO TO 990

COMPUTE THE LOSS.

CALL SINT(NTIME,NSTOP,0,4,VL0OSS,IERR)
IFCIERR .EQ, 0) GO TO 980

IERRSY=1

WRITECLP,1004)IERR

FORMAT(12H SINT: IERR=,I2)

GO TO 990

CHECK IF OVERFLOW,
IF(,NOT,OVFLOWCIDUM)) GO TO 999

WRITE(LP,1006)
FORMATC(]5H SYST: OVERFLOW)

IF FAILURE, PUT VLOSS=MINC 10,*VOLD » VMAX),

VI.LOSS=AMINT (10,*VOLD,VMAX)
STORE VLOSS IN VOLD,
VOLD=VLOSS

RETURN
END
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APPENDIX E - MAP COMMANDS

The element LISMAP of the LISPID file contains suitable MAP
commands for generation of an absolute element. A listing of

LISMAP is shown on the next page. Notice that the command
IN XXX.SYST

must be changed to a proper reference to the compiled element

of the user-designed subroutine SYST before LISMAP can be used.

If the standard programs MAIN and RDATA of the LISPID file-are

not used, then further changes are required. See the test examples
of Appendix F.
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LIB LIS*LISPID.
LIB LDC*OLDCALCOMP,
NOT TPFS$,

SEG MAIN
IN LIS*LISPID ,MAIN,,OVFLOW
v e e e g ke et de ok ok ok o e ok o e vk e ok e ok e o ok 3 Sk TR o o e o o e ok ke e 3 e e ok TR ok o e o e ok
SEG IOSEGw,(MAIN)
IN LIS*LISPID, IOLISP;.DATEXP;.EIGS’.SYMIN;.SYSPRI'.MPRI'.RDATA

SEG SYSSEG*:(MAIN)
IN XXX.SYST

SEG PLOCOM¥, (MAIN)
IN LDC*LIB,SEQ

o e vr o Ve ok v e g v o gle o e S o e A ok ok d v 3 e ok oy e ok S 9 o ol ok vl ok vl 0k ol ok v ok e U ok ok o oK o e ok e e ok
SEG PLTSEGw,(PLOCOM)

IN LIS*LISPID,LIPLOT

SEG RESSEG#*, (PLOCOM)
IN LIS*LISPID,RESLIS
» *******************************************************
SEG POWSEGW, (SYSSEG)
IN LIS*LISPID,POWRRE
SEG NUFSEG¥, (SYSSEG)
IN LIS*LISPID.NUFLET
SEG GRDSEG*, (SYSSEG)
IN LIS*LISPID,GRASD,,GRDCHK
’ *******************************************************
SEG DATSEGw,( )
IN DATA

END , 222
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APPENDIX F - TEST EXAMPLES

Listings of the 4 test examples described in Section 6 are diven

in this appendix:

Example 1:
SYST
LMAP]
DAT1

Example 2:
MAIN2
RDATA2
SYST2
LMAP2
DAT2

Example 3:
MAIN3
RDATA3
SYST3
LMAP3
DAT3

Example 4:
MAIN4
RDATA4
SYST4
LMAP4
DAT4
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SUBROUTINE SYST(TH,NTH1,VLOSS,DUM1,DUM2,IDUMT,IDUM2,IER)

SUBROUTINE TO SUPPLY A MODEL AND COMPUTE LOSS FUNCTIOMN,
SIMPLE MODEIL OF SHIP STEERING,

AUTHOR: C, KALLSTROM 1978=-06=-=29,

TH= PARAMETER VECTOR 0OF DIMENSION MTH1,
NTH1= NUMBER OF PARAMETERS (MAYX 40,MIN 2),

NTH1 IS EQUAL TO MTH IN /SYSPAR/ .,
VILOSS=COMPUTED LOSS FUNECTIOM VALUE,
PUMT,DUM2,IDUMT,IDUM2 ~ DIIMMY ARGUMENTS,
IER= ERROR PARAMETER:

IER=0 IF 0K,

IER=~1 TF ERROR IN SYST

COMMON BLOCK /COMSY/ (ALL VARIABLES EXCEPT IERRSY ARE GIVEN
VALUES IN IOLTSP)Y

PAR= PARAMETER VECTOR OF DIMENSION MNPAR, VECTOR TH(I)/SCAL(I)
IS A PART OF VECTOR PAR,

NPAR= N{UMBEP OF PARAMETFRS (MAX 40,MIN 2), NTH MUST RF ,LE. NPAR,

ITH= INTEGER VECTOR QOF DIMENSION NTH CONTAINING THE INDICES OF
THE PARAMETERS OF VECTOQOR PAR, FOR WHICH THE MINIMIZATION
Is PFRFORMED,

SCAL~ SCALING VECTOR OF DIMENSION NTH.
SCAL(I) MUST MOT BE EQUAL TO OC.

TS= SAMPLING INTERVAL, ONLY USED IM SUBROUTINE SGAIN,

EPSIw» TEST QUANTITY, OMLY USEP IN SUBROUTINF SGAIN,

NKAL= MAXTMUM NUMBER OF ITERATIONS, ONLY USFD TN
SUBROUTTIHE SGAINM (HO MAX,MIN 2),

VOLp= PUT VOLD INITTALLY EQUAL TO A LARGE POSITIVE VALUE (E,G,
1.E+10), WHEN SUBROUTINE SyST IS8 CALLED +THE LOSS FUNCTION
VALUE VL0OSS IS STORED IN VOLD, IF THE COMPUTATION IS SUCCES=
FULL » ELSE VLLOSS IS PUT EQUAL T0 10,+«VOLD AND THE VALUE IS
THEN RESTORED IN vOLD.

IEFRRSY=ERROR PAPAMETER:
IERRSY=0 IF 0K,
IERRSY=1 IF THE COMPUTATION OF VLOSS HAS FAILED,

NOTE : IF ISYS=2 OR =2 THE SURRQUTINE SGAIN IS CALLED
TO COMPUTFE THFE DPISCRETE STATIOMARY FILTER GAIN AK,

SURROQUTINE RERUIRED
SGAIN
TRAMS
NORHM
KALMAN
NORM
DESYM
SOLVS
NORM
SINT (WITH SUBROUTINES)
OVFLOW

LOGICAL OVFLOW
DIMENSION TH(1)

COMMON/SYSPAR/NP,IT,I8YS,MEAS,ISAMP,TSAMP,NPRED1,NPREN2,
*NXsNU,NY,sNTH,NOMAT (6)

COMMON/DATA/ V(1)
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COMMON/INDEX/IXYMS;TXTIMIIXYMOD;IXERMD,IXEPS;IXIEPS;IXA;IXB,
*IXCIIXD;IXR1IIXR1ZIIXRZ;IXAK;IXPO'IXXO;IXAD:IXBDIIXCDI
*IXDD;IXR1D;IXR12DfIXRZD,IYAKD;TXP'IXX'IXRR;IXPPD;
*IXDLTRfIXRPDfIXRNYIIXV1;IXVZINXZ'NY2;N¥NYIN!NU’NYNU

COMMON/LISCON/LOOPINPRI(3)INPLOTIITRAN’NMAX’EPSTIEPSKfCHISQIIMINI
*DFNIHZIEPZIMODEIMAXFN;IPRINT:XMCSO)IDISTISCAfoTEPS:NSTPIILLCl
*IPRINIIND;IFfIPLOTlITEXTIIIY:SX;SY:IDH;HHIDH(éo)rIACClNPLOTCINOLI
*INU(ZO)IINY(ZD)IICHKfLDUM1ILDUM2IRDUM1,RDUM2

COMMON/cOMSY/PAR(40);NPAR:ITH(4O)15CAL(4O);TSIEPSIpNKAL’VOLDr
*IFRRSY

DEFINE ACT, )=V (IXA+NY#*J=NX+T)
DEFINE B(I,J)=V(IXR+NX% =~NX+T)
DEFINE C(IrJ)=V(IXC+NY*J-NY+I)
DEFINE D(IwJ)=V(IXD+NY*J-NY+I)
DEFINE RTCIAII=V(IXRTI+NX*JmPX+T)
DEFINE R1Z(IrJ)=V(IYR12+NX*J~NX+I)
DEFINE R2(IIJ)=V(IXR2+NY*J-NY+I)
DEFINE XOCIdD=V(TIXX0+1)

DEFINE PU(I;J)=V(IXPO+NX*JQNX+I)
DEFINE AK(I;J)=V(I¥AK+N¥*J9NX+I)
DEFINE UINCT,J)=VI(NPXxJ=NP+])
DEFINE YMS(IIJ)=V(IXYMS+NP*J-NP+I)
DEFINE TIM(I)=V(IXTTM+I)

INITIALIZING,

IER=0
IERRSY=(
LP=6
VMAX=1,E20

UPDATE THE PARAMETER VECTOR PAR USIMNG TH.

DO 10 I=1,NTH
I1=ITH(T)
PARCIT)I=THC(TI)/SCALCT)

SIMPLE SHIP STEERING MODEL,

AC1,1)2=1,/PARC?)
AC1,2)=0,

AlC2,1)=1,

AC2,2)=0,
BC(1,1)Y3PARC1) /PARC(D)
B(2,1)=0,

cC(1,1)=0,

C(1’2)=1I
R1(1,1)=ARS(PAR(3))
R1(112>=O.
R1¢(2,1)=0,
R1(2,2)=0,
R2(1,1)=0,01
POC1,10=1,
POC1,2)=0,
P0(2,1)=0_
PNC2,2)=1,

X0(1)=0,
X0€2)=147,15

COMPUTATION OF DISCRETE FILTER GAIN AK IF ISYS=2 0R =2,
A CALL TO SGATN MUST ONLY BE PERFQRMED IF NO VALUES



o

(]

o

3

e e Ne]

[ Ne)

o

2170

1000

3in0

1002

3n2

1004

980

1006

990

999

ARE ASSIGNED TO AK FARLIER, WHEN ISYS=» OR

IF(IABS(ISYS) ME, 2) GO TO 300
CALL SGAINCTS,EPSI,NKAL,IERROR)
IFCIERROR ,EQ. 0) GO TO 300

IERRSY=1

WRITE(LP,1000) IERROR
FORMAT(15H SGAIN: IERROR=,12)
GO TO0 990

ITERATE THE SYSTEM EQUATIONS,

NTIME=1
NSTOP=NP=-NPRED?2
IF(NPRED2.EQ,1)HSTOP=NSTOP+1

CALL SINT(NTIME,NSTOP,1,0,DUMMY,IERR)

IFC(IERR ,EQ, 0) GO TO 3p2

IERRSY=1

WRITECLP,1002)IERR,NTIME

FORMAT(12H SINT: IERR=,12,84 NTIME=,16)
GO TO 990

COMPUTE THE LOSS,

CALL SINTC(NTIME,NSTOP,0,4,VL0SS,IERR)
IFCIERR .EQ, 0) 60 TO 980

IERRSY=1

WRITECLP,1004) IFRR

FORMATC12H SINT: IFRR=,12)

GO TO 990

CHECK IF OVERFLOW,
IFC.NOT,OVFLOWCIDUIM)) GO0 TO 999

WRITECLP,1006)
FORMAT(15H SYST: OVERFLOW)

=2

IF FAILURF, PUT VLOSS=MINC 10,*VOLD , VMAX),

VLOSS=AMINT(10,*VOLD,VMAX)
STORE VI.OSS IM VOLD,
voLD=VLOSS

RETURN
END
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LMAPY
LIB LIS*LISPID,
LIB LDC*OLDCALCOMP,
NOT TPFS$,

SEG MAIN
IN LIS*LISPID,MAIN,,OVFLOW
. *******************************************************
SEG IOSEG*,(MAIN)
IN LIS*LISPID,IOLISP,.DATEXP, EIGS,,SYMIN,,SYSPRI,.MPRI,,.RDATA

. L R R N R R - e am e D Y G R mm D e TH ey T ER e ow g TV S D gy wm By w0 e e

SEG SYSSEGw,(MAIN)

SEG PLOCOM*, (MAIN)
IN LDC*ILIR,SEQ

o e e e oo e ok ok ok ek ok e ko ok e ok ok sk ke T R ok e e ok o ok e sk ok ok ok e o e ok e ok ok ke ok ok
SEG PLTSEG*,(PLOCOM)

IN LIS*LISPID,LIPLOT

. n e T G G A G g T ) W N SR SO M N e W ew B [_ R RSN R D ew o o ™ WD v o oy 8 PE R oy S W TR g S o

SEG RESSEG*,{(pL0OCOM)
IN LIS*¥LISPID,RESLIS
. *******************************************************
SEG POWSEG*,(SYSSEG)
IN LIS*LISPID,POWRRE

. S S ] e g e N I e e v R T T s S g P P T o W B o v

SFG NUFSEG*,(SYSSEG)
IN LIS*LISPID NUFLET

SEG GRDSEG*, (SYSSEG)
IN LIS*LISPID,GRASD,,GRDCHK
» *******************************************************
SEG DATSEG#*,( )
IN DATA

END o, ZZ7
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PROGRAM MAIM?Z

MAIN PROGRAM FOR LISPID,
THE PARAMETERS ARE WRITTEN ON UNIT 106 WHEN LOOP ,GT, O.

AUTHOR, C, KALLSTROM 1078=07-19,

SUBROUTINE REQUIRED
IOLISP
MPRI
RTTFF (WITH SUBROUTINES)
LISDAT
DATEXP
MCORE
RDATA?Z
RTTFF (WITH SUBROUTINES)
LISPID (WITH SUBROUTINES)
MPRI
PARFIL _
GRDCHK (WITH SUBROUTINES)

DIMENSION THC(40),NPR(3)

COMMON/SYSPAR/NPIIT:ISYSIMEASIISAMP’TSAMPINPRED1’NPREDZI
*NXsNU,NY,NTH-NOMAT(6)

COMMON/DATA/V (1)

COMMON/INDEX/IXYMSfTXTIm,IXYMQD,IXERMD;IXEPS'IXIEPS'IXA'IXB:
*IXC;IXD;IXR1;IXR1Z;IXRZgIXAK;IXPOrIXXO;IXAD,IXBD:IXCDp
*IXDD,IXRID,IXR12D,IXR2D,IXAKD,IXP,IXX,IXRR,IXPPD,
*IXDLTRAIXRPD/IXRNY#IXVU1,IXV2,NX2,NY2,NXNY,NXNU,NYNLU

COMMON/LISCON/LOOPSNPRIC3) ,NPLOT,ITRAN,NMAX,EPST,EPSK,CHISQ,IMIN,
*DFN/HZ,EPZ/MODESMAXFN,IPRINT,XM(50),DIST,SCALX,TEPS,NSTP,ILLC,
*IPRIN/IND,IFrIPLOT/ITEXTAIIY,SXsSY,IDH,HHADHCA0),TACC,NPLOTCANOL S
*INUC20) , INY(20) ,ICHK, L DUMT»LDUM2,RDUMT ,RDUM?

COMMON/COMSY/PARC40) /NPAR,ITHC4L0) #SCALC4O) s TSAEPST/NKALAVOLD,
*IERRSY

EXTERNAL SYST2
LP=6
PRINT HEADING,

WRITE(LP,100)
FORMATC7HILISPID/1X,6(1H*) /)

READ INPUT PARAMETERS FOR LISPID,
CALL IOLISP(TH,1.,0)
CHANGE STANDARD VALUES OF SOME INPUT PARAMETERS,

MAXFN=300*NTH
IDH=1

PO 10 I=1,NTH
PH(I)=Hz
INUC2)=0
INUC3)=0
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ORGANIZE /DATA/ ANMD /INDEX/,
CALL DATEXP

READ DATA,
CALL RDATA2
SIMULATE THE SYSTEM IF LOOP .NE, =1,

IFCLOOPY18,12,12
DO 14 I=1,3
NPRCI)=NPRICID
NPRI(I)=0
IACCO=IACC
IACCc=0
NPLO=MNPLOTC
NPLOTC=0
NPL=NPLOT
NPLOT=0
LOP=L00P
LOOP=0

CALL LISPID(SYST2,TH,IERR)

DO 16 1I=1,3
NPRICI)I=NPR(I)
IACC=IACCO
NPLOTC=NPLO
NPLOT=NPL
LOOP=LOP

PPINT INPUT PARAMETERS FOR LISPID,
CALL IOLISP(TH,D.,2)

IFCISYS .NE, ~2) GO To 20
WRITECLP,101)

FORMAT(/10H MATRIX R1)

CALL MPRICVCIXRTI+1) ,NXsNXsNXs8,0,IER)

IF LOOP .NE, =1 AND IF TERR .NF., O OR IERRSY ,NE, O ,PRINT
WARNING AND PREPARE SIMULATION ONLY (NO PLOTTING),

IFC(LOOP)%21,28,28

IF(IERR)30,29,30
IF(IERRSY)30,31,30

WRITE(LP,102)IERR,IERRSY
FORMAT(/36H SIMULATION ONLY, NO PLOTTING
*12/)

LOOP=0

NPLOT=0

IACC=0

NPLOTC=0

ICHK=0

PERFORM IDENTIFICATION OR SIMULATIOMN,
CALL LISPID(SYST2,TH,IERR)

IF(LOOP)99,32,32

IERR=,12,9H

IERRSY=,
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PRINT FINAL VALUES,

WRTITECLP,104)
FORMAT(1H1)

CALL TIOLISP(TH,O,?)

IFCISYS LNE, =2) GO TO 4
WRITE(LP,101)

CALL MPRICVCIYRI+T)ANY,NXsNX,8,0,1ER)
WRITE PARAMETERS ON UNIT 106 IF LOOP
IFCLOOP LLE, D) GO TO 24

CALL PARFIL(PAR,NPAR)

IFCICHK,EG.M GO TO 99

CALL GRDCHK(SYSTZ2+TH/ANTH,XM,HZ)

STOP
EMD

2GT.

0.
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SUBROUTINE RDATA?Z
SUBROUTINE CALLED FROM MAIN2 TO READ DATA FOR LISPID,
AUTHOR, C, KALLSTROM 1978-07=19,

SUBROUTINE REQUIRED
RTTFF (WITH SUBROUTINES)

COMMON/SYSPAR/NP’ITIISYSIMEASIISAMPITSAMPINPRED1INPREDZI
*NXsNULNYSNTH,NOMAT (&)

COMMON/DATA/V (1)

COMMON/INDEX/IXYMS:IXTIMIIXYMOD:IXERMD;IXEPS:IXIEPS IXA,1IXB,
*IXCrIXD,IXR1,IXR12,IXR2,IXAK,IXPO,IXXD,IXAD,IXBD,IXCD,
*IXDD,IXR1D,IXR12D,IXR2D,IXAKD,IXP,IXX,IXRR,IXPPD,
*IXDLTR/IXRPD/IXRNY»TXV1,IXV2,NX2,NY2,NXNY,NXNU,NYNU

DPEFINE UINCIAJ) VINP*)=NP+1I)
DPEFINE YMS(I,J) V(IXYMS +NPw)=NP+1)
DEFINE TIMCI) = V(IXTIM+I)

Hnn

IC=1

DO 50 I=1,NP

IF(IT .EQ, 0) GO TO 10
TIMCID=RTTFF(IC)
WW=RTTFF(IC)
UINCI,1)=uWW
UINCI,2)=1,

IFCI LEQ, 1) WOLD=WW
UINCI,3)=WOLD
WOLD=WHW

DO 40 J=1,NY
YMSCI,J)=RTTFF(IC)
CONTINUE

RETURN
END
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SUBROUTINE SYST2(TH,NTH1,VLOSS,DUM1,DUM2,IDUMT,IDUM2,TER)

SUBROUTINE TO SUPPLY A ™MODEL AND COMPUTE LOSS FUNCTION,
SHIP STEERING MODEL (COMSTAMNT SPEED),

AUTHOR: €, KALLSTROM 1978=07=19,

TH~= PARAMETER VECTOR OF DIMENSION MTH1,.
NTH1= MNUMBER OF PARAMETERS (MaX 40,MIN 2),

NTH1 IS EQUAL To NTH IN /SYSPAR/ ,
VLOSS=-COMPUTED LOSS FUMNCTION VALUE,
DUMI,DUM2,IDUMT,IDUM2 - DUMMY ARGUMENTS,
IER~ ERROR PARAMETER:

IER=0 IF 0K,

IER==1 JF ERROR IN SYST

COMMON BLOCK /COMSY/ (ALL VARIABRLES EXCEPT TERRSY ARE GIVEN
VALUES IN IOLISP)

PAR- PARAMETER VECTOR ¢F DIMENSION MPAR. VECTOR TH(I)/SCAL(I)
IS A PART OF VECTNR PAR,

NPAR- NIMRER OF PARAMETFRS (MaX 40,MIN 23, MTH MUST BRE ,LE, NPAR,

ITH- INTEGER VECTOR 0F DIMENSTION MNTH CONTATNING THE TNDICES OF
THE PARAMETERS OF VECTOR PAR, FOR WHICH THE MINTMIZATION
Is PERFORMED,

SCAL= SCALING VECTOR 0oF DIMENSION NTH,
SCALCI) MUST NOT mE EQUAL TO 0,

TG=- SAMPLING INTFERVAL, ONLY USED IN SUBROUTIME SGAIM,

EPSI=- TEST QUANTITY, ONLY USED IN SUBRNUTINE SGAIN.

NKAL= MAXIMUM NUMEBER oF ITERATIONS, ONLY USED IN
SUBROUTINE SGAIN (NO MAX,MIN 2),

VoLp~ PUT VOLD INITTALILY FQUAL TO A LARGE POSITIVE VALUE (E,G,
1. E+10), WHEN SURPQUTINE SYST IS CALLED ,THE LOSS FUNCTION
VALUE VLOSS IS STORED IN VOLD, IF THE COMPUTATION IS SUCCES-
FULL » ELSE VL0OSS IS PUT EQUAL TO 10,%*VOLD AND THE VALUF IS
THEN RESTORED IN VOLD,

IERRSY~ERROR PARAMETER:
IERRSY=0 IF 0Ok,
IERRSY=1 IF THE COMPUTATION OF VLOSS HAS FATILED,

NOTE ¢ IF ISYS=2 OR =2 THF SUBROUTINE SGAIN IS CALLED
TO COMPUTE THE DISCRETE STATIONARY FILTER GAIN AK,

SUBROUTINE REQUIRED
TRANS
NORM
cosDy
Cosa
NORM
FXPAN
SGAIN
TRANMS
NORM
KALMAN
NORM
DESYM
SOLVS
NORM
SINT (WITH SUBROUTINES)
QVFLOW

LOGICAL OVFLOW

DIMENSION TH(1),NNTR(4)
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COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,
*NXsNUSNY,NTH,NOMAT (4)

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS,IXTIMsIXYMOD,IXERMD,IXEPS,IXIEPS,IXA,IXB,
*IXCrIXD,IXR1,IXR12,IXR2,IXAK,IXPO,IXX0D,IXAD,IXBD,IXCD,
*IXDD,IXR1D,IXR12D,IXR2D,IXAKD,IXP,IXX,IXRR,IXPPD,
*IXDLTRIIXRPDfIXRNYIIXV1pIXVZINXZ:NYZINXNYlNXNU'NYNU

COMMON/LISCON/LOOP,NPRIC3),NPLOT,ITRAN,NMAX,EPST,EPSK,CHISQ,IMIN,
*DFN'HZIEPZ’MODEIMAXFNIIPRINTIXM(SO)’DISTISCALXITEPSINSTPIILLCI
*IPRINIINDIIFfIPLOTIITExTIIIYISXISYIIDH’HHIDH(40>IIACC'NPLOTC'NOLf
*INUC20) ,INY(20) »ICHK,LDUMT»LDUM2,RDUMT,RDUM?

COMMON/COMSY/PARC40) »NPARSITHCAL0) »SCALCLOD) »TS,EPSI»NKAL,VOLDS
*»JERRSY

COMMON/TRANS2/S1¢400),DUM3¢1600)

DEFINE ACTI,J)=V(IXA+NX*J=NX+1I)
DEFINE B(T,J)=V(IXB+NY* J=NX+I)
DEFINE C(I,J)=VC(IXC+NYnj=NY+I)
PEFINE DCI,J)=V{IXD+NY*J=NY+I)
DEFINE R1(I,J)=V(IXRI+NYX*J=NX+T)
DEFINE R12CI/J)=VIIXRI2+NX*J=NX+1)
PEFINF R2(CI,J)SV(IXR2+NY*J=NY+1)
DEFINE XOC(I)=V(IXXD+1)

DEFINE POCI,J)=VCIXPO+NY*J=NX+TI)
DEFINE AKC(I,J)=V(IXAK+HNYX*J~MNX+T1)
DEFINE UINCI,J)=VINP*J=NP+I)
DEFINE YMS(I»J)=V(IXYMS+NP*J=NP+1)
DEFINE TIMCI)=V(IXTIM+I)

DEFINE BDCI,J)=V(IXRD+NX*J=NX+1)

INITIALIZING,

IER=0
IERRSY=SQ
LP=6
VMAX=1,E20

UPDATE THE PARAMETER VYECTOR PAR USING TH.

DO 10 I=1,MTH
IT=ITH(I)
PARCIT)=TH(I)/SCAL(T)

SHIP STEERING MODEL,

ALF1=0,01745
ALF2=1,944

AC1,1)=PAR(1)*PAR(3)/pPAR(2)
AC1,2)=PARC1)*PAR(4)

AC1,3)=0,

AC2,1)=PARCI)*PAR(S)/ (PARC2)*PAR(2))
AC2,2)=PAR(1)*PARC&) /pAR(2)
AC2,3)=0.

A(3l1)=0-

A(3f2)=1l

A(3,3)=0,
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B(1,1)=ALF1*PAR(1)*PAR(1)*PAR(7)/PAR(2)
B(1,2)=PAR(9)
B(1I3)=Oc .
BC(2,1)=ALF1*PARC1)*PARC(1)*PAR(R) /(PAR(2)*PAR(2))
B(2,2)=PARC10)

B(2,3)=0,

B(3,1)=0,

B(3,2)=0,

B(3,3)=0.

C(1,1)=pLF2
C(1,2)SPAR(12)*ALF2
C(1,3)=0.

CC(2,1)=(.

€(2,2)=0.
C(?,3)=1,/ALF1

D(1I1)=0-
D(1,2)=PAR(11)
D(1,3)=0,
D(2’1)=Ol
D(2,2)=0.
D(2,3)=0.

R1¢1,1)2=ABS(PAR(13))
R1(2,2)=ARS(PAR(14))
WH=R1C1,1)*R1(2,2)
R1€1,2)=SART(WWI*SINC(PAR(15))
R1(2,1)=R1€C1,2)

R1€(1,3)=0,

R1(213)=O-

R1(3,1)=0,

R1(%,2)=0,

R1¢(3,3)=0,

R2(1,1)=ARS(PARC(16))
R2(1f2)=0.
R2(2,1)=0,
R2(2,2)=ABS(PARC(C17))

PO(1,1)=ABS(PAR(18))
POC1,2)=0,
POC1,3)=0,
P0(2,1)=0,
POC2,2Y=ABS(PARC19))
POC2,3)=0,
PO(3,1)=0.
PD(312)=0.
PO(3,3)=ABSC(PAR(C20))

XN(1)=PAR(21)
X0(2)=PAR(22)
X0(3)=ALF1*%PAR(23)

WW=SIN(PAR(24))
TD=TS*ABS (WW)

IFCISYS ,GE, 0) GO TO 200
SAMPLING OF MODEL IF 1SvS LESS THAN ZERO.

IERRSY=1
WRITEC(LP,2000)
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2000 FORMAT(23H SYST2: TS NON=POSITIVE)
GO TO 990

100 IF(ISYS ,EQ, =1) GO To 106

DO 102 1=1,6

102 NNTR(I)=0
IF(NOMAT(4) .NE. 0) NNTR(4)=1
DO 104 I=1,NX2
VCIXPPD+I)=V(IXR1+1I)

104 VCIXAD+I)=V(IXA+I)

CALL TRANSCVCIXAD+1),DUM,DUMLDUM,VCIXRT1+1),DUM,DUMS
* NXIIDUMIIDUMINNTRIZ’TSIEPSTINMAXINOC’NX’NY)

IF(NOC LEQ., 0) GO To0 1064
IERRSY=1
WRITECLP,2002)

2002 FORMAT(22H TRANS: NO CONVERGENCE)
GO TO 990

C

106 CALL COSDY(V(IXA+1),V(IXB+1),VC(IXAD+1),V(IXRD+1),51,
* NXsNU=T1+,TS,TD,NX)

DO 108 I1=1,NX2
108 VCIXA+I)=V(IXAD*I)

DO 110 I=1,NX

B(I,1)=81(I)

B(I,2)5BDCI,2)+S1(C(I+NX)
110 B(XI,3)=RD(I,1)

c
C COMPUTATION OF DISCRETE FILTER GAIN AK IF ISYS=2 OR =2,
C A CALL TO SGAIN MUST ONLY BE PERFORMED IF NO VALUES
C ARE ASSIGNED TO AK FARLIER, WHEN ISYS=? OR =2,
c
200 IF(IABS(ISYS) ,NE. 2) 6o TO 300
C
CALL SGAINCTS,EPSI,NKAL,IERROR)
o .
IFC(ISYS NE, =2) GO To 204
c

DO 202 1=1,NX2
202 V(IXRI+I)=V(IXPPD+I)

204 IF(IERROR ,EQ, 0) GO TO 300
IERRSY=1

WRITE(LP,1000) IERROR
1000 FORMAT(15H SGAIN: IERROR=,I2)

GO TO 990
C
C ITERATE THE SYSTEM FQUATIONS,
C
300 NTIME=1
NSTOP=NP=NPRED?2
IF(NPRED2,EQ,1)NSTOP=NSTOP+1
c
CALL SINT(NTIME,NSTOP,1,0,DUMMY,IERR)
C

IFCIERR .EQ, 0) GO TO 3n2
IERRSY=1
~ WRITE(LP,1002)IERR,NTIME
1002 FORMAT(12H SINT: IERR=,12,8H NTIME=,16)
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GO TO 990

COMPUTE THE LOSS.

CALL SINT(NTIME,NSTOP,0,4,VLO0SS,IERR)
IF(IERR LEQ, 0) GO TO 980

IERRSY=1

WRITE(LP,1004)IERR

FORMAT(12H SINT: IERR=,12)

G0 TO 990

CHECK IF OVERFLOW,

IF(,NOT OVFLOW(IDUM)) GO TO 999

WRITE(LP,1006)
FORMATC(15H SYST: OVERFLOW)

IF FAILURE, PUT VLOSSmMINC 10,%VOLD , VMAX),
VLOSS=AMINT (10, *VOLD,VMAX)

STORE VLOSS IN VOLD,

VOLD=VLOSS

RETURN
END
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LMAP?2
LIB LIS*LISPID,.
LIB LDC*OLDCALCOMP,
NOT TPFS,

SEG MAIN
IN CK*TEST,MAIN2
IN LIS*LISPID,OVFLOY
. *******************************************************
SEG I0SEGH, (MAIN) |
IN LIS*LISPID,IOLISP,.DATEXP, EIGS,,SYMIN,,SYSPRI, ,MPRI,,PARFIL
IN CK*TEST,RDATA2

. R TV g O Gn e e S epy WO TR W B gE oy R AR D A wn g Y Y ow e e TR p TP W R G @A g N TE O o g B Y om N W e

SEG SYSSEGw», (MAIN)
IN CK*TEST,SYST?2
SEG PLOCOM*, (MAIN)
IN LDC*LIB,SEQ
o e ok sk sk ok ok o e ke ke ok ok ok ok ok T 3k ok ok s ke vk o ook sk ok ke o gk ok ok ok ok ok 9% 3 ok e 3 e ok o ok ok
SEG PLTSEG*, (PLOCOM)
IN LIS*LISPID, LIPLOT

SEG RESSEG*, (PLOCOM)
IN LIS*LISPID, RESLIS
. *******************************************************
SEG POWSEG*,(SYSSEG)
IN LIS*LISPID,POWRRE
SEG NUFSEG*, (SYSSEG)
IN |LIS*LISPID NUFLET

SEG GRDSEG#, (SYSSEG)
IN LIS*LISPID,GRASD,.GRDCHK
' *******************************************************
SEG DATSEG*,( )
IN DATA

. o ey M e Ry v A o w w T T e e e Y P TR @R B A wn S S TS am e TS W w wm ae ow

END ., 271
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PROGRAM MAINT

MAIN PROGRAM FQR LISPID,
THE PARAMETERS ARE WRITTEM ON UNIT 106 WHEN LOOP ,6T, O,

AUTHOP, C, KALLSTROM 1078-07-20"

SURROUTIMNE REQUIRED
I0LISP
MpRT
RTTFF (WITH SUBPROUTINES)
LISPAT
PDATEXP
MCORE
RDATAZ
RTTFF (WITH SHBROUTINES)
LISPID (WITH SUBROUTINES)
PARFIL
GRPCHK (WITH SURBPO|JTINES)

DIMENSION TH(&40)  NPR(3)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,TSAMP,TSAMP,NPRED1,NPRED2,
*NYNULNYANTH,NOMAT (A)

COMMON/DATA/V (1)

COMMON/INPEX/IXYNS,TXTIM, TXYMOD,IXERMD, IXEPS,IXTIEPS,IXALIXR,
*IXCrIXD,IXRT1/IXRTI2,TIXR2,IXAK,IXPO,IXXD,IXAD,IXBD,IXCD,
*IXDD/IXR1DfIXR1ZDrIXRZQ,IXAKD'IXPIIXX;IXRR:IXPPD,
*IYDLTRATXPPDATXRNY ,TXV, IXV2,NX2,NY2,NXNY,NXNU,NYNU

COMMON/|LTSCON/LOOP,NPRI(3) /NPILOT,ITRAN,NMAX,EPST,EPSK,CHISO,IMIN,
*DFN,HZ/EPZ,MODELMAXFN,IPRINT,XM(50),DTIST»SCALX,TEPS,NSTPAILLC,
*IPRINIIND;IFrIPLOTlITEXT'IIY;SX;SY;IDH;HHfDH(AO):IACC;NPLOTC’NOL;
*INUC20) ,INY(20) »ICHK , LDUMT,LDUM2,RDUMT ,RDUM?

COMMON/COMSY/PARCAD) JNPAR,ITH(AN) #SCALCLD) »TS,EPSIANKAL,VOLD,
*ITERRSY

EXTERNAIL SYSTZ2
LP=6
PRINT HEADING,

WRITE(LP,10OD)
FORMATCZHAILISPID/1X,6(1H*Y/)

READ IMPUT PARAMETFRS FOR LISPID.

CALL IOLISP(TH,1,0)

CHANGE STANDARD VALUES OF SOME INPUT PAPAMETERS,
MAXEN=500*MNTH

IDH=1

DO 10 I=1,NTH

DH(I)=Hz

INUC2)=0

ORGANIZE /DATA/ AMD /INDEX/.
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DO OO

12

14

16

18

20
28
29

30
102

31

32

104

CALL DATEXP
READ DATA,

CALL RDATASZ
SIMULATE THE SYSTEM IF |.OOP .NE. =1.

IFCLOOPY18,12,12
DO 14 I=1,3
NPR(I)=NPRICI)
NPRI(IJ)=0
IACCO=IACC
IACC=0
NPLO=NPLOTC
NPLOTC=0
NPL=NPLOT
NPLOT=0

LOP={ 00P
LOOP=9

CALL LISPID(SYST3,TH,TFRR)

00 16 I=1,3
NPRICI)=NPR(I)
IACC=TACCO
NPLOTC=NPLN
NPLOT=NPL
LOOP=LOP

PRINT INPUT PARAMETERS3 FOR LISPID

CALL IOLISP(TH,0,2)

IF LOOP .NE, =1 AMD IF TERR .ME, 0O OR IERRSY .NE, O ,PRINT
WARNING AND PREPARE SIMHLATION ONLY (NO PLOTTING),

IF(LOOP)31,28,28
IFCIERR)30,29,30
IFCIERRSY)30D,31,30

WRITECLP,1N2)IERR,IFRRSY

FORMAT (/341 SIMIILATION ONLY, MO PLOTTING
*12/)

LOOP=0]

NPLOT=0

IACC=0

MPLOTC=0

ICHK=0

PERFORM IDENTIFICATION OR SIMULATION,

CALL LISPIDC(SYST3,TH,IERR)

IFCLOOP)Y99,3%2,32

PRINT FINAL VALUES,

WRITE(LP,104)
FORMAT(1H1)

CALL IOLISP(TH,0,2)

IERR=,12,9H

IERRSY=,

104



WRITE PARAMETERS OM UnIT 106 IF LOOP

IFCLO0P JLLF, N) GO TO 3

CALL PARFIL(PARASNPAPR)

IFCICHK EQ,N)GO TO 99

CALIL GRDCHKCSYSTA,THANTHAYMAHT7)

STOP
END

GT.

0.

105
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SUBROUTINE RDATA3
SUBROUTINE CALLED FROM MAIN3 TO READ DATA FOR LISPID,
AUTHOR, C, KALLSTROM 1978=07-~20,

SUBROUTINE REAQUIRED
RTTFF (YMITH SUBROUTIMES)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,
*NXsNULNYsNTH,NOQMAT (A)

COMMON/DATA/V (1)

COMMON/ INDEX/IXYMS,IXTIM,IXYMOD,IXERMD,IXEPS,IXIEPS,IXA,IXB,
*IXC;IXD;IXR1fIXR12;IXRZ,IXAK:IXPO:IXXO;IXAD;IXBD,IXCD:
*IXDD,IXR1D,IXR12D,IXR2D,IXAKD,IXP+IXX,IXRR,IXPPD,
*IXDLTRAIXRPD,IXRNY S IXY1,IXV2,NX2,NY2,NXNY,NXNU,NYNU

DEFINE UINCI,J) = V(NP*J~NP+I)
DEFINE YMS(I,J) = V(IXYMS +NPxJ=NP+1I)
DEFINE TIM(I) = V(IXTIM+I)

IC=1

DO 50 I=1,NP

IFCIT +EQ, 0) GO TO 10
TIM(I)SRTTFFC(IC)
UINCI,1)=RTTFF(IC)
UIN(I,Z2)=1,

DO 40 J=1,NY
YMS(I,J)=SRTTFF(IC)
CONTINUE

RETURN
END
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SURROUTINE SYSTZCTH,NTH1,VLOSS,DUMT,DUM2, IDUMT,IDUM2, TER)

SURROUTIME TO SUPPLY A MQDEL AND COMPUTE LOSS FUNCTION,
SHIP STEERING MODEL (COMSTANT SPEED), VARYING SAMPLING INTERVAL,

AUTHOR: C, KALLSTROM 10738-07-20,

TH=- PARAMETER VECTOR OF DIMENSION MTH1.
NTH1~- NUMPER OF PARAMETERS (MAX 40,MIN 2).

NTH1 IS EQUAL To NTH IN /SYSPAR/ .
VLOSS~COMPUTED LOSS FUNERTION VALUE,
DUMY,DPUM2,IDUM],IDUM2 = DUMMY ARGUMENTS,
IER= ERROR PARAMETFR:

IER=0 IF 0K,

IER==1 TF ERROR TN SYST

COMMON BLOCK /COMSY/ (ALL VARIABLES EXCEPT TERRSY ARE GIVEN
VALUES IN IOLISP)

PAR- PARAMETER VECTOR OF DIMENSION NPAR, VECTOR TH(I)Y/SCAL(I)
IS A PART OF VECTOR PAR.

NPAR- NUMRER OF PARAMETERS (MAX 40,MIN 2), NTH MUST BF ,LE. NPAR,

ITH- INTEGER VECTOR OF DIMENSION NTH CONTATINING THE INDICES OF
THE PARAMFTFRS OF VECTOR PAR, FOR WHICH THE MINIMIZATIOM
IS PFRFORMED,

SCAL- SCALING VECTOP OF DIMENSION NTH,
SCALCI) MUST NOT BE EQUAL TO 0,

TS~ SAMPLING INTERVAL, ONLY USED IN SUBROUTINE SGAIN,

EPSI= TEST QUANTITY, ONLY USED IN SUBROUTINE SGAIN.

NKAL~= MAXIMUM NUMBER OF ITERATIONS, ONLY USED IN
SUBROUTINE SGAIN (NO MAX,MIN 2),

voLp= PUT VoOLD INITTALLY EQUAL TO A LAPCE PASITIVE VALUE (E.G,
1,E+10), WHFN SUBROUTINE SYST IS CALLED »THE LOSS FUNCTION
VALbE vuo S IS STORED IN VOLD, IF THE COMPUTATION IS SUCCES~-
FULL » ELSE V1.0S§S IS PUT EQUAL TO 10,%VOLD AND THE VALUE IS
THEM RESTORED IN vOLD,

IERRSY=ERROR PARAMETER:
IERRSY=0N IF 0K,
IERPSY=1 IF THE COMPUTATION OF VLOSS HAS FAILED,

NOTE : IF ISYS=2 OR =2 THE SURROUTINF SGAIN IS CALLED
TO COMPUTE THE DISCPETE GSTATIONARY FILTER GAIN AK,

SURROUTIMNE REQUIRED
SGAIN
TPANS
MORM
KALMAN
NORM
DESYM
SOLVS
NORM
SINT (WITH SUBROUTINES)
OVFLOW

LOGICAL OVFLOW
DIMENSION THC(1)

COMMON/SYSPAR/NPIITIISYSIMEASIISAMPITSAMPINPRED1INPREDZ’
*NXsNUsNY NTH,NOMAT (6D

COMMON/DATA/V (1)
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COMMON/INPEX/IXYMS,IXTIM,IXYMOD, IXERMD,IXEPS,IXIEPS,IXALIXR,
*IXCrIXD,IXRT1,IXRT12,IXR2,IXAK,IXPO,IXX0,IXAD,IXBD,IXCD,

*IXDD,IXRID,IXR12D,IXR2D,IXAKD,IXPsIXX, IXRR,IXPPD,
*IXDLTR,IXRPDsIXRNY»IXV1,IXV2,NX2,NY2,NXNY s NXNU,NYNU

COMMON/LISCON/LOOP,NPRI(3) ,NPLOT,ITRAN,NMAX,EPST,EPSK,CHISA,IMIN,
*DFNsHZ,EPZ,MODE,MAXFN, IPRINT,XM(50) ,DIST,SCALX,TEPS,NSTP,ILLC,
*IPRIN/IND,IF,IPLOT»TITEXTATIY,SXsSYsIDH,HHsDHC4OD) ,TACC,NPLOTCANOLS
*IMUC20) »INY(20) »ICHK,LDUMT,LDUM2,RDUMT,RDUM?

COMMON/COMSY/PARC4O) »NPAR,ITH(AD) »SCALCLO) »TS,EPSIANKAL,VOLD,
*IERRSY

DEFINE ACI,J)=V(IXA+NYwJ=NX+T)
DEFINE BCIAd)=V(IYB+NY* =NX+1)
DEFINE C(I,JI=VCIXCHNY* =NY+TI)
DEFINE DCI»J)=V(IXD+NY*J=NY+I)
DEFINE RICI,J)I=VCIXRIANX*JmNX+T)
DEFINE R12(T,J)SV(IXRI2+NX*JmNX+T)
DEFINE R2(I,J)I=V(IXP2+NY*J=NY+T)
DEFINE XOCI)=VY(IXXD+I)

DEFINE POCI,J)=VC(IXPO+NY*J=NX+TI)
DEFINE AKC(I,J)Y=SVC(IXAK+NX*)=NX+T)
DEFINE UINCTI,J)=VINP¥*j=NP+]I)
DEFINE YMSC(I,J)=VC(IXYMS+NP*JaNP+I)
DEFINE TIMCI)=V(IXTIM+T)

INITIALIZING,

IER=(
IERRSY=(
LP=6
VMAX=1,E20N

UPDATE THE PARAMETER VECTOR PAR USING TH.

DO 10 I=1,NTH
I1=ITH(I)
PARCIT)=TH(I)/SCALCI)

SHIP STEERING MODEL,

ALF1=0.01745
ALF2=1,944

AC1,1)=PAR(1)*PAR(3) /pAR(?)
AC1,2)=PARC1II*PAR(4)

AC1,32=(].
AC2,1)=PARCI)*PARCS)/(PAR(2Y*PARC(2))
AC2,2Y=PAR(1)*PAR(H) /pAR(2)
A(2,3)=0.

AC3,1)=0.

A(3,2)=1.

AC3,3)=0,

B(1,1Y=ALF1*PARCII*PARCI)*PARC7Y/PARC(?)
B(1,2)=PAR(9)
B(2,1)=ALF1%*PARC1)*PARC1)*PAR(R)/(PAR(2)*PAR(2))
B(2,2)=PARC10)

B(3,1)=0.

B(3,2)=0.

C(1,1)=ALF2
C{1,2)=PAR(12)*ALF2
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p(1,1)=0.
D(1,2)=PARCTN)
D(2,1)=0.
D(2,2)=0.

R1(1,1)=ABS(PAR(C13))
R1€2,2)=ABS(PAR(14))
WW=R1(1,1)Y*R1(2,2)
R1€1,2)=SQRT(WWI*SINC(PARC15))
R1(2,12=R1(1,2)

R1€(1,3)=0,

R1(2’3)=0.

R1(3,1)=0,

R1(312)=0.

R1(3,3)=0,

R2(1,1)=ARS(PAR(16))
R2(1,2)=0,
R2(2f1)=0-
R2(2,2)=ARS(PAR(17))

POC1,1)=ABRS(PAR(18))
PO(1,2)=0,
POC1,3)=0,
PO(2,1)=0,
PD(?2,2)=ABS{(PARC(19))
PO(2,3)=0,
P0(3,1)=0,
PO(3,2)=0,
PO(3,3)=ARS(PAR(20))

X0(1)=PAR(?1)
X0(2)=PAR(22)
XD(3)=ALF1*PAR(23)

COMPUTATION OF DISCRETE FILTER GAIN AK IF ISYS=2 OR =2,

A CALL TO SGAIN MUST ONLY BE PERFORMED IF NO VALUES
ARE ASSIGNED TO A¥ FARLIER, WHEN ISYS=2 OR =-2,

IFCIABSCISYS) . NE, ?) Go TO 300
CALL SGAINCTS,EPSI,NKAL,IERROR)
IF(IERRQOR .EG, 0) Gn To0 300
IERRSY=1

WRITE(LP,1000) IERROR
FORMAT(15H SGAIN: IERROR=,1I2)
60 TO 990

ITERATE THE SYSTEM FQUATIONS,
NTIME=1

NSTOP=NP=NPRED?2
IF(NPRED2,EQ.1)NSTOP=NSTOP+1
CALL SINT(NTIME,NSTOP,1,0,DUMMY,IERR)

IFCIERR LEQ, 0) GO TO 302
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IERRSY=1

WRITE(LP,1002) IERP,NTIME

FORMAT(12H SINT: IERR=,12,8H NTIME=,16)
GO TO 990

COMPUTE THE LOSS.

caLL SINT(NTIME,NSTOP,D,4,VL0OSS,IERR)
IFCIERR .EQ. 0) GO TO 980

IERRSY=1

WRITE(LP,1004) IERR

FORMAT(1?2H SINT: IERR=,12)

GO TO 990

CHECK IF OVERFLOW,
IF(.NOT.OVFLOW(CIDUMY) GO TO 999

WRITE(LP,1006)
FORMAT(15H SYST: OVERFLOW)

IF FAILURE, PUT VLOSS=MINC 10,%VOLD » VMAX),
VLOSS=AMINT (10, *VOLD,yMaX)

STORE VLOSS IN VOLD,

VOLD=VLOSS

RETURN
END
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LMAPZ
LIB LIS*LISPID,
l.IB LDC*OLDCALCOMP,
NOT TPF%,

SEG MAIN
IN CK*TEST,MAINZ
IN LIS*LISPID, OVFLOW
N *******************************************************
SEG IOSEGw,(MAIN) ,
IN LIS*LISPID.IOLISP;.DATEXP':EIGS;:SYMINI.SYSPRI;.MPRI;.PARFIL
IN CK*TEST,RDATAZ

SEG SYSSEG*,(MAIN)
IN CK*TEST.SYST3

-u-—o----t-——-n-.--..—-..--_...-——--—-.—-_-_.——-—-—-ﬁ—--—-——.-..—w—__--nuu—-.

IN LDC*LIB,SEQ

R *******************************************************
SEG PLTSFG*,(PLOCOM)
IN LIS*LISPID,LIPLOT

g T T wr e W) D =y - L F R T LA R R R Y I ey

SEG RESSEG*, (PLOCOM)
IN LIS*LISPID_ RESLIS
. *******************************************************
SEG POWSEG*,(SYSSEG)
IN LIS*LISPID,POWBRE

SEG GRDSEG%, (SYSSEG)
IN LIS*LISPID,GRASD,.BRDCHK
» *******************************************************
SEG DATSEG¥,( )
IN DATA

. - TN oy e M o T wm WP SN WD W W EN ED g e D e v O T o G Gn G S SN W e e TR O om ws we

END . Z22Z
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PROGRAM MAIN4

MAIN PROGRAM FOR LISPID,
THE PARAMETERS ARF WRITTEN ON UNIT 106 WHEN LOOP ,GT, 0.

AUTHORs C, KALLSTROM 1978-07-21.

SUBROUTINE REQUIRED
I0LIsP
MPRI
RTTFF (WITH SUBROUTINES)
LISPAT
DATEXP
MCORE
RDATA4
RTTFF (WITH SUBRNIITINES)
LISPID (WITH SURROUTINES)
MPRI
PARFIL
GRDOCHK (WITH SUBROYUTINES)

DIMENSION TH(40),NPR(3)

COMMON/SYSPAR/NP’ITrISYS;MEAS'iSAMP:TSAMPrNPRED1;NPREDZ;
*NXsNU,NY,NTH,NOMATC6)

COMMON/DATA/V (1)

COMMON/INHSY/IXYHﬁpTXTTN;TXYMoh,IXERMD;IXEPSIIXIEPS;IXAfIXB,
*IXE;IXD,Iv71zIKQ1?aIKQ9,IXAK,IYPO:IXXQ,IXAD;IXBD;IXCDr

*IXQD;IXQ1h;TX°1?U:IYR2D,IX&KD;TXPIIXX'IXRRlIXPpDI
*IXDLTR,IKDDn,T?nNY,Txu1,IYVE,MYP,NYZ;NXNY;NXNU;NYNU

COMMON/LISCON/LOOP’NPRI(3)INPLOTIITRANINMAX’EPSTIEPSKfCHISQIIMINl
*DFN;HZIEPZ;MODE'MAXFN,IPRINT'XM(SO)QDISTrSCALX:TEPS;NSTPfILLC;
*IPRINIINDPIFIIPLOT'ITEXTIIIYISXISYIIDH(HH’DH<4O)IIACCﬁNPLOTCIN0LI
*INU(ZO)'INY(ZO)fICHK:LDUM1:LDUMZ;RDUM1;RDUM2

COMMON/COMSY/PAR(éo)'NPAR'iTH(4D)ISCAL(4O)pTSiEPSI;NKAL,VOLD:
*IERRSY

COMMON/SPEED/VSP(4N)
EXTERNAL SYST4

LP=6

PRINT HEADING,

WRITEC(LP,100)
FORMATC(ZHILISPID/1X,6(¢1H*) /)

READ INPUT PARAMETERS FnR LISPID,

CALL IOLISP(TH,1,0)

CHANGE STANDARD VALUES OF SOME INPUT PARAMETERS,
MAXFN=500*NTH

INDH=1

DO 10 I=1,NTH

PH(I)=Hz
IMU(2)=0
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ORGANIZE /DATA/ AND /INDEX/,
CALL DATEXP

READ DATA,

CALL RDATA4

SIMULATE THE SYSTEM If Loo0P

IFCLOOP) 18,1212

12 DO 14 I=1,3

~ NPR(I)=NPRI(I)

14 NPRI(I)=0Q
IACCO=IACC
IACC=0
NPLO=NPLOTC
NPLOTC=0
NPL=NPLQT
NPLOT=0
LOP=L00P
LOOP=0

CALL LISPID(SYST4,TH,TERR)

DO 16 I=1,3

16 NPRI(I)=NPR(I)
IACC=IACCO
NPLOTC=NPLO
NPLOT=NPL
LOOP=| 0P

PRINT SPEED MEASUREMENTS.

18 WRITE(LP,101)

.NF. -1.

101 FORMAT(//27H SPEED MEASUREMENTS (KNOTS))

CALL MPRI(VSPI1;NP!1IS:O'IER)

PRINT INPUT PARAMETERS FOR LISPID.

CALL IOLISP(TH,0,2)

IF LOOP ,NE, =1 AMND IF TERR
WARNING AND PREPARE SIMULATI

20 IF(LOOP)31128:28
28 IF(IERR)3DI?9I3O
29 IFCIERRSY)3OI31I3O

20 WRITE(LPI102)IERRIIFRRSY
102 FORMAT(/3¢H SIMULATTION ONLY,
wI2/)

LoOP=0
NPLOT=0
IACC=0
NPLOTC=Q
ICHK=Q

-NE. 0 OR IERRSY ,NE, 0 ,PRINT
ON ONLY (NO PLOTTING),

NO PLOTTIMG 1IERR=,12,9H IERRSY=,

PERFORM IDENTIFICATION OR SIMULATION,

21 CALL LISPID(SYST4,TH, TERR)
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99

IFCLOOP)99,32,32
PRINT FINAL VALUES,

WRITE(LP,104)
FORMAT (1H1)

CALL IOLISP(TH,0,2)

WRITE PARAMETERS ON UNIT 106 IF LOOP .GT. O,
IFCLOOP ,LE, 0) GO TO 34

CALL PARFTLC(PAR,NPAR)

IFCICHK.EQ,0)60 TO 99

CALL GRDCHK(SYST4sTHANTH,XMAHZ)

STOP
END

1le
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SUBROUTINE RDATA4
SUBROUTINE CALLED FROM MAIN4 TO READ DATA FOR LISPID,
AUTHOR, €, KALLSTROM 1978-07=21.

SUBROUTINE REQUIRED
RTTFF (WITH SURROUTINES)

COMMON/SYSPAR/NP,IT,1SYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,
*NXsNUANY,NTH,NOMAT (&)

COMMON/DATA/V (1)

COMMON/INDEX/IXYMS'IXTTMrIXYMOD:IXERMD;IXEPQ;IXIEPSIIXAIIXB'
*IXC,IXD,IYR1,IXR12,1IXR2, » IXAK,IXPOs»IXX0,IXAD»IXBD,IXCD,
*IXDD,IXR1D,IXR12D,I¥R2D,IXAKD,IXP»IXX,IXRR,IXPPD,
*IYDLTR;IXRPD;IXPNY;TXV1 IXV2,NX2,NY2,NXNY,NXNU,NYNU

COMMON/SPEED/VSP(40)

DEFINE UINCI,J) = VINPx)=NP+])
DEFINE YMS(I,J) = V(IXYMS +NP*J=~NP+1)
DEFINE TIM(I) = V(IXTIM+I)

IC=1

DO 50 I=1,NP

IFCIT EQ, 0) 60 TO 10
TIMCI)=RTTFF(IC)
UINCI,1)=RTTFF(IC)
UINCI,2)=1,

DO 40 J=1,NY
YMSCI,J)=RTTFF(IC)
VSP(I)=RTTFF(IC)
CONTINUE

RETURN
END
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SUBROUTINE SYSTL(TH,NTH1-,YLOSS,DUM1,DUM2,TIDUMT,IDUM2,TER)

SUBPROUTINE TO SUPPLY A mODEL AND COMPUTE LOSS FUNCTION,
SHIP STEERING MODEL (VARYING SPEED), VARYING SAMPLING INTERVAL,

AUTHOR: C, KALLSTROM 1978-07-21,

TH=  PARAMETER VECTOR OF DIMENSION NTH1.
NTH1- NUMBER OF PARAMETERS (MAX 40,MIN 2),

NTH1 1S EQUAL To NTH IN /SYSPAR/ ,
VLOSS-COMPUTED LOSS FUNCTTON VALUE,
DUM1,DUM2,IDUMT,IDUM2 - DUMMY ARGUMENTS,
IER- ERROR PARAMETER:

IER=0 IF OK,

IER==1 IF ERROR IN SYST

COMMON BLOCK /COMSY/ (ALL VARIARLES EXCEPT TERRSY ARE GIVEN
VALUES IN IOLISP) :

PAR=- PARAMETER VECTOR OF DIMENSION MPAR. VECTOR TH(I)/SCAL(I)
IS A PART OF VECTOR PAR,

NPAR- MUMBRER OF PARBMETERS (MAX 40,MIN 2), NTH MUST BE ,LE, NPAR,

ITH- INTEGER VECTORP OF DIMENSTION NTH CONTAINING THE INDICES OF
THE PARAMETERS O0F VECTOR PAR, FOR WHICH THE MINIMIZATION
IS PERFORMED, g

SCAL= SCALING VECTOR OF DIMENSION NTH,
SCAL(I) MUST NOT RE EQUAL TO O,

TS~ SAMPLING INTERVAL, ONLY USED IM SUBROUTINE SGAIN,

EPSI- TEST QUANTITY, ONLY USED IN SUBROUTINE SGAIN,

NKAL= MAXIMUM NUMBER OF ITERATIONS, ONLY USED IN
SUBROUTINE SGAIN (NO MAX,MIN 2),

VOLD= PUT VOLD INITTALLY EQUAL TO A LARGE POSITIVE VALUE (E,G,
1,E+10), WHEN SURROUTINE SYST IS CALLED ,THE LOSS FUNCTION
VALUE VLOSS IS STARED IN VOLD, IF THE COMPUTATION IS SUCCES~
FULL » ELSE V1LOSS IS PUT FQUAL TO 10,*VOLD AND THE VALUE IS
THEN RESTORED IN vOLD,

IERRSY=ERRQR PARAMETER:
IERRSY=D IF OK,
IERRSY=1 IF THE COMPUTATION OF VLOSS HAS FAILED.

NOTE : IF ISYS=2 OR =2 THE SUBROUTINE SGAIN IS CALLED
TO COMPUTF THE DISCRETF STATIOMARY FILTER GAIN AK,

SUBROUTINE REQUIRED
SGAIN
TRANS
NORM
KALMAN
NORM
DESYM
SOLVS
NORM
SINT (WITH SUBROUTINES)
OVFLOW

LOGICAL OVFLOW
DIMENSION TH(1)

COMMON/SYSPAR/NP,IT,ISYS,MEAS,ISAMP,TSAMP,NPRED1,NPRED2,

*NXsNUZNY,NTH,NOMAT (6)

COMMON/DATA/V (1)
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COMMON/INDEX/IXYMSIIXTIMIIXYMOD,IXERMD:IXEPSfIXIEPS;IXA'IXB;
*IXCoIXD,IXR1/IXR12,TXR2, IXAK, IXPOsIXX0, IXAD, IXBD, IXC .
*IXDD,IXRID,IXR12D,IXR2N, IXAKD,IXPsIXX,1XRR,IXPPD,
*IXDLTR/IXePD,IXRNYSTXV1,IXV2,NX2,NY2, NXNY»NXNU,NYNU

Cpmmqw/LI?cﬂN/LOOb,MPQI(S);NPLOT'ITRAN;NMAX'EPSTIEPSK;CHISQ:IMINl
*DF”rH?rEP?»MﬁPEr“ﬂYFN:TDRINT;XM(SO);DIST:SCALX;TEPS;NSTP’ILLC;
*IPRINrINDrI“rTPLOTrTTFXT,TIY,SY,SY;IDH;HH'DH(AO),IACC,NPLOTC:NOL,
*Imnczn),INV(?G),ICHv,LnnM1;LDUM?,RDUM1,RDUM?

COMMON/COMSY/PAR(4D)INPAR;ITH(AO)fSCAL(4O);TS;EPSI;NKAL;VOLD’
*ITERRSY

COMMON/SPEED/VSP(40)

DEFINE ACT J)=VCIXA+NY* =NX+T)
DEFINE BCI,J)=V(IXRB+Ny» j=NX+T)
DEFINE CCT,U)=V(IXCHNY* =NY4])
DEFINE DI )=V CIXD+NY* J=NY+T)
DEFINE P1CI;J)xV(IXP1+My*J-Mx+r)
DEFINE R1I2CI,JI=VCIXRI24NX*JmNY+T)
DEFINE R2CI,JI=V(IXR2+NYRImNY+T)
DEFINE ¥OCI)=V(IXX0+I)

DEFINE PD(I»J)=V(IXPO+Mx*J'NX+I)
PEFINE AKCI,J)=V(IXAK+NY*J=NX+1)
DEFINE UINCI,J)=VINP*jmnp+])
DEFINE YMSCTAd)=VEIXYMSHNP*JmNP+T)
DEFINE TIMCI)=y(IXTIM+T)

INITIALIZING,

IER=C
IERRSY=Q
LP=6
VMAX=1,E20

UPDATE THE PARAMETER VECTOR PAR USING TH.

DO 10 I=1,NTH
I1T=1TH(T)
PARCIT)I=TH(I)/SCAL(T)

SHIP STEERING MODEL,

ALF1=0.01745
ALF2=1,944

A11=PAR(Z)/PAR(2)
A12=PAR(4)

AC1,3)=0, )
A21=PAR(5)/(PAR(Z)*PAR(Z))
A22=PARC(6)/PAR(2)
AC2,3)=0.

A(3,1)=0,

A(3’2)=1.

AC3,3)=p,

B11=ALF1*PAR(7)/PAR(2)
B(1,2)=PAR(9)
B?1=ALF1*”AR(8)/(PAR(Z)*PAR(Z))
B(2,2)=PAR(10)

B(3,1)=0,.

B(3,2)=0,
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2'2)=Ou
2,3)=1./ALF1

D(1,1)=0D.
DC1,2)=PAR(11)
p(2,1)=0,
D(2’2)=Ol

R1¢1,1)=ABS(PAR(13))
R1(2,2)=ARS(PAR(14))
We=R1(1,1)*R1(2,2)
R1€1,2)=SORTC(WW)*SINCPARCT5))
R1€2,1)=R1(1,2)

R1¢1,2)=0,

R1(213)=0.

R1(3'1)=0-

R1(3,2)=0,

R1(3,3)=0,

R2(1,1)=ABS(PAR(16))
R2¢1,2)=0,
R2<211)=0.
R2(2,2)=ARS(PARC17))

POC1,1)=ABS(PAR(18))
POC1,2)=0,
P0C1,3)=0,
PO(2,1)=O.
P0(2,2)=ARS(PARC19))
P0(213)=0.
PO(3I1)=D-
PO(3,2)=0,
PO(3,2)=ARS(PAR(20))

X0(1)=PAR(21)
X0(2)=PAR(22)
X0C3)=ALF1+PAR(1)

COMPUTATION OF DISCRETE FILTER GAIN AK IF ISYS$S=2 QR =2

A CALL TO SGAIN MUST ONLY BE PERFORMED IF NO VALUES
ARE ASSIGNED TO AK EARLIER, WHEN ISYS=2 QR =2,

IF(IABS(ISYS) LNE, 2) Gn TO 300
CALL SGAINCTS,EPSI,NKAL,IERROR)
IF(IERROR sFQ, 0) Go To 300

IERRSY=1

WRITE(LP,1000) IERROR
FORMAT(15H SGAIN: IERROR=,I2)
GO TO 990

ITERATE THE SYSTEM FQUATIONS.

NTIME=1

NSTOP=NP~NPRED?2 _
IFCNPRED2,FQ.TINSTOP=NSTOP+1
INI=1

WW=yYSP{(NTIME)/ALF2
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1)=WWxAT1
2)SWWHA12
1)SWWHA2T
2)=WWHAZ2?2
B(1,1)=WWxWW*B11
B(2,1)=WWxWW*B21

A1,
AC1,
AL2,
AC2,

CALL SINT(NTIME,NTIME,INI,0,DUMMY,IERR)

INI=0

IF(IERR ,EQ, 0) GO 70 3n2

IERRSY=1

WRITE(LP,1002)IERR,NTIME

FORMATC(12H SINT: IERR=,12,8H NTIME=,16)
GO TO 990

IF(NTIME .EQ. NSTOPY GO TO 304
NTIME=NTIME+1

Go TO 301

COMPUTE THE LOSS.

CALL SINT(NTIME,NSTOP,N,4,VLOSS,IERR)
IF(IERR ,EQ, O) GO TO 980
IERRSY=1

WRITE(LP,1004) IERR

FORMAT(12H SINT: IERR=,12)

GO TO 990

CHECK IF OVERFLOW.
IFC,NOT,OVFLOWCIDUMY) Go TO 999

WRITEC(LP,1006)
FORMAT(15H SYST: OVERFLOW)

IF FAILURF, PUT VLOSS=MINC 10,%*VOLD ., VMAX)

VLOSS=AMINTI(10.*VOLD,YMAX)
STORE VLOSS IN VOLD,
VOLD=VLOSS

RETURN
END
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LMAP4

LIB LIS*LISPID,
LIB LDC*OLDCALCOMP,
NOT TPFS8,

SEG MAIN
IN CK*TEST.MAIN4
IN LIS*LISPID,OYFLOW
N *******************************************************
SEG IOSEG*,(MAIN)
IN LIS*LISPID,IOLISP,,DATEXP, EIGS,,SYMIN,,SYSPRI,.MPRI,.PARFIL
IN CK*TEST.RDATA4

SEG SYSSEG*,(MAIN)
IN CK*TEST,SYST4

SEG PLOCOM*, (MATN)
IN LDC*LIR.SEQ
. *******************************************************
SEG PLTSEG*, (PLOCOM)
IN LIS*LISPID LTIPLOT

-—'---————-—-.——--—--—-——--—p———-——-——-—-—--:—-nvn-ql-—..—-_
"

SEG RESSEG*,(PLOCOM)
IN LIS*LISPID.RESLIS
o FI Rk ke e ok ok gk ok ok e sk ok ok ok ok ok ok o gk ok ok ok ek ok ok ok ke ok ok ok ok ok ok e ok e ok ok o ok ok ok ok ok e ok
SEG POWSEG*, (SYSSEG)
IN LIS*LISPID,POURRE

s ™= e G PR v SR e T g gy o= A B o o o TP S e v S mw TN e R U T o 00 B S an g 0 W -
SEG GRDSEG%,(SYSSFG)

IN LIS*LISPID.GRASD,,.GRDCHK
s Tk ok ek ok sk ook e ok ke ok ok ok sk e o ook ok gk ok ek ok ok ok e o ok ok ok ok ok o e o ok o ok e e ok ek ok

SEG DATSEG*,( )
IN DATA

END . ZZ27Z
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APPENDIX G - EXECUTION OF A TEST EXAMPLE

A complete description of the generation and execution of test
example 1 (see Section 6 and Appendix F) is given in this appen-
dix. The commands are typed from a terminal and the run is exe-
cuted in demand mode. It is assumed that the LISPID file has
been transfered from magnetic tape to disc according to Appendix
B before the run starts.
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APPENDIX H - EXAMPLES OF PRINTS AND PLOTS

The complete output from test example 1 (see Section 6 and
Appendix F and G) is shown in this appendix. The prints and

plots are discussed in Section 7.



LISPID
% kW ok

FADDsP TEST.DAT1

SIZE OF /DATA/ :

VECTOR PAR
-5.3999999

VECTOR ITH
1 2 3

VECTOR TH
-.54000000=01

314

18000,000

.18000000-01

VECTOR SCAL
-10000000-01 «.10000000~05
MPAR 3
NTH , 3
TS 10.,000000
EPSI .10000000=04
NKAL 500
MATRIX R1
v 78900998=03% »,00000000
»00000000 , 00000000
MATR;X R1D
«78956125-02 «39478062~-01
«30478062~=01 026322363
MATRIX R2D
»10000000~01
MATRIX PO
1.0000000 . 00000000
. 00000000 1.0000000
MATRIX P
«10548699=01 «67190321~-01
«67190321-01 56199184
MATRéx C*P*CT+R2D
.D7199324
MATRIX KT
+ 11740197 2.1568632

W 78999908=03

278999999=02

10.000000
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PRINT FRoM LISPID
ek K e e e K o e Kk e Kok %k kK
TMITIAL PARAMETER VECTOR TH
=.540CC000=-01 «18000CN0=01 «78090999~02
MTH 3
NP 41)
T 0
78YS 2
"MEAS J
TSAMP 1
TSAMP 10.000000
MPREP1 1
MPRED? 1
Y 2
N 1
NY 1
NOMAT 71 01 01
LOOP 1
MPRI 171 1
MPLOT =1
TTRAMN J
NI A Y 500
FPST . 10000000=-05
FPSK 10000000083
rHISA 6.0C000900
TMIN 1
TND 8
TF 0
TPLOT 1
TTEXT 1
TTY 1
3% 16,000000
SY 6,0000000
ToH 1
HH L0000000n0
TACC 2
MPILOTC 4
MOL 12
TABSTS Q
M? {3
1708 1
ML 1
MOM 1 0000
MOTRAN 1000200



|

IMNITIAL SYSTEW
* * W ok ok e ek

M
* K & Ve ok e K

THE CONTINUOUS SYSTEM
de e K e gk o I ok ok K K e ok ok ok ok K ke ok

MATRIX
-.§55§5556—04 « 00000000
1.0000000 . 00000000
MATRIX B
-,30000000~03
00000000

THE DISCRETE SYSTEM
o ok % ok ok ok ke ok ok o o ek ok ke ok K o

MATRIX A A
99944460 . 00000005

9,0972228 1.0000000

MATRIX B
-«29991663=02
=.14997222-01

MATRIX €
.00000000 1,0000000

MATRIX K
11740197

215686322

INITIAL STATE VECTOR XO
. 00000000 147,15000

INITIAL LOSS
VLOSS .16585392=01

V.0S .16585392-01
MYLOS§1 40
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PRINT FROM NUFLET
o ek de e e e e e K U ok Nk ok kR
TTERATION NO, 0
NO. OF CALLS OF FUNCT A
FUNCTION VALUE »16585392=01
PARAMETER VECTOR

-.54000000-01 «18000000=01
GRADIENT VECTOR

y138149439~01 114064604+00

TTERATION NO, 1
NO. OF CALLS OF FUNCT 17
FUNCTION VALUE .16585392«01
PARAMETER VECTOR

-.54000000=01 +18000000-01

GRADIENT VECTOR
~.49418303=073 -.16330625-01

ITERATION NO, 2
NO. OF CALLS OF FUNCT 24
FUNCTION VALUE +16585385=-01
PARAMETER VECTOR

~+53699933~=01 +18002041-01
GRADIEMT VECTOR

~.49418303-03 =.16330625-01

IEXIT = O

«78G690999=02

«20592870~02

278999999~-02

«»90582761=03

«78998867-02

»90582761-03
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PRINT FROM LISPID
9o ok K e e ok ok ok e ek ok ok

FINAL LOSS
VLOSS .16585385=01
VLOS1 ,16585385=01
NVLOS1 40
VLOSDT 6.4824262
FINAL PA RAMETER VECTOR TH
-.53999938~01 .18002041=01 »78998867=02
ESTIMATED STANDARD DEVIATIGN STDEV
-1,0000000 -1.0000000 v19611432=01
GRADIENT VECTOR @ i
-.32619573=03 -.10932369=02 v11151618=02
SECOND DERIVATIVE MATRIX V2
28.486364 86,167517 -2,2642004
86.167517 257.97076 ~7.0122381
-2,2642004 -7,0122381 2.3261333
INVERSE OF SECOND ERIVAT£VE MATRIX V2NV
~3,3834345 1.12 212253226
1.1234465 -.37214755 -,28321358=01
«12253226 -.28321358=01 46370177



GEMVALUES OF V2
284,91 363 2.1374983 ~.26787387
FIGENVECTORS (COLUMNWISE) OF V2
« 31640877 «36480502-01 4792924
Q4826977 »15100992-01 -.2171n627
= .P5882747~01 99022027 -.29815272=~-01

FOVARTANCE MATRIX OF RFSIDUALS
.16589395-01

MORMALTZED COVARIANCE MATRTX OF FESIRUALS COV
1.0000000

R N E HATRIX OF MODEL ERRCRS

MORMALTIZED COVARTAMCE MATRIX OF MOREL ERPORS CovnT

1.0000000
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FINAL SYSTEM
K d K e e e e e ok kg

THFE CONTIMNIIQUS SYSTEM
%k e e e e ok ok k3 e ok ok ok ke K ok K ok

MATRIX A
-.55549257=04 »00000000
1.0000000 .00000000

MATRIX B
= 29996564-0%

00000085 Y

THF DISCRETE SYSTEM
e gk e e ke Yo Yo sk Kok e Kok ok kK ok

MATRIX A
J000LLLES 20000000
9.997223 1.0000000

MATRIX B
~.290227%4=07
-.14995505=01

MATRIX C
-00000UON 1,0000040

PATRIX K
EENOEET:
2,1568618

TMITIAL STATE VECTOR XO
00000000 147,15000
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PRINT FROM LISPID
ke 9 e W e e ok ok ok ok ke ke

TIMEg

.00
10,00

20,00

20.00

40.00

50.00

60,00

70,00

30.00

90.00
100.00
110,00
120,00
130.00
140,00
150.00
160.00
170.00
180,00
190,00
200,00
210.00
220,00
230,00
240,00
250.00
260.00
270,00
280,00
290,00
300,00
310.00
320.00
330,00
340,00
350.00
260,00
270.00
380,00
390.00

U1

00000000
. 00000000

,00000000
,00000000
.00000000
10,000000
10,000000
10,000000
10,000000
-10,000000
~10,000000
-10,000000
-10,000000
-10.000000
-10,000000
10,000000
10.000000
10,000000
10,000000
-10,.000000
-10,000000
-10,000000
-10,000000
~10,000000
-10.000000
10,000000
10,000000
10,000000
10,000000
10.000000
.00000000
.00000000
.00000000
,00000000
10,000000
10.000000
10,000000
10,000000
-10,000000
~10,000000
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TIME

.00
10,00

20,00

30,00
49,00

50.00
40,00
70,00
80,00
°p, 00
150.00
110,00
120,0C
130,00
140,00
150,00
160.00
170,00
180.0C
190,00
200.00
210,00
220,00
230,00
240,00
250,00
240.00
270,00
230,00
290.00
300,00
310,00
320.00
320,00
340,00
350.00
760,00
270.00
380,00
290,00

Y 1

147,15000
147,13000
147,15000
147,24C00
147,35000
147.41000
147,46000
147,24000
146.67000
145.,96000
144,87000
142,96000
14%,55C00
143,50000
143,81C00
144,38000
145,17000
145,77000
145,92000
145,66000
145,20000
144,82000
144,84000
145,31000
146,10000
147,17000
148,43000
149.44000
150,05000
150,.,29000
150.21000
149,79000
142,55000
149,37C00
149,26000
149,15000
148,8%2000
148,16000
147,28000
1464,29000

0
)

YMoDp 1

147,15000
147,15000

147,15000
147,15000
147,15009
147,15000
147,00C05
146,55029
145 ,80091
144,75206
143,70382
142,05604
142 ,50856
142,26121
142,51382
142 ,96623
147,41836
143 ,5703%64
14342240
142 ,97463
142,52714
142,37978
142 ,53238
142 98478
142,73681
144 ,78831
145,83919
146,58961
147,03973
147,18972
147,03975
146,73993
146,644027
146,14079
145 84146
145,39236
144 ,64362
143 ,59541
142,24790
140,90117

ERRMOD 1

. 00000000

.20000458=-01

.00000000

.90000153-01

. 10009884
»26000023
45995331
68970680
.367°08913
1.20779411
1.1661835
1.003%616
1.06414429
1.1387939
1.2961807
1.4137707
1.7516365
2.1996365
2.4976025%
2.6853695
2.6728592
2.4402199
2,3076172
2.3252182
2.3631859
2.3816910
2.5908051
2.8503857
3.0102654
3.1002769
3.1702518
3.0500717
3.1097260
3.2292137
3.4185333
3.7576427
4.1763840
4,5645924
5.0320988
5.3888340

EPS 1

.00000000

-,20000458=-01
L43136597=-01
.63571930=-01
.92887878=n2

~.52507401-01

014808454

. 75187683-02
=.04014206~-01

16793823
-.40591240

-.59524536=01

.21607399

.26918411-01
.52078247~01
-.48377991~-01

22704506

. 75428009=01

-.16562653

-.85277557=-01

-.18385496
-,18970490
13298035
13251686

-.28076172~02
=.21318436=01

19402504

«20414352=-01

-, 10616112

~.53426743-01
-.97198486~02

-.18765259
209247647

«30170441=01
.61491013-01

. 13968658

«56758881=01
-.41677475=01
.85081100~-01

-.12317457
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PRIMT FROM RESLIS
de e K o oo ok e e K ok e R ke ok
SAMPLES= 40

TIME LAGS= 12
NPLOTC= 4
INSIGNALS INCLUDED: 1

RESIDUALS INCLUDED: 1
5 % TOL. LIMITS OF SIGN CHANGES: 12 25

DEGREES OF FREFDOM OF CHI2-TEST OF INDEPENDENCE= 5
DEGREES OF FREEDOM OF CHI2-TEST OF NORMALITY= 17

5% SIGMA LIMIT OF CORRELATIONS: « 310

AUTOCORRELATION FUNCTIONS

—
=
=

EPS 1
1.000

=-.066
-.176
106
=-.235
~.190
-.112
-.118
014
-076
458
113
-.181

—

—_
N=20D00VINOICN P~ NN-20

—
1

CROSS CORRELATIONS BETWEEN INPUT 1 AND RESIDUALS

TAU EPS 1
-12 .136
-11 L1472
-10 064
-9 ,098

-8 -, 268

-7 -, 404
-6 -.257

-5 -,151
-4 .127
-3 .25%
-2 .376
-1 L264

0 . 134

1 .235

2 -,373

3 -.494

4 -,191

5 -,101

6 .154

7 ,317

8 .294

9 .278
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10 0972
11 -.011
12 ~.258

TESTAUANTITIES OF RESIDUALS

MEAN VALUE

STAYDARD DFVIATION

NMUMBER OF SIGN CHAMGES
MAY . ARSCRES(T))

¥ RES OUTSIDE .26% LLIMITS
CHI2=TEST OF INDEPEMNDENCE
CHI?2=TEST OF NORMALITY

EPS 1
.0n?
130

18

3.117

2,500

5.515

14,778
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VECTOR PA
-5.3999538

VECTOR ITH
1 2 3

VECTOR TH
-.53999938=01

»

18002.041

«18002041-01

VECTOR SCAL
.10000000=01 .10000000~05
NPAR 3
NTH 3
TS 10,000000
EPSI ,10000000=04
NKAL 500
MATRIX R1
. 7899886703 . 00000000
0000000 ., 00000000
MATRIX R1D
«7R954999=(2 «39477499=01
e 39477499=01 26321987
MATRIX R2D
.10000000=01
MATRIX pO
1.0000000 .00000000
.N000000D 1.0000000
MATRIX P
«10548555=01 W 67189435=-01
«67189435=01 56198484
MATRIX C*xP*xCT+R2D
57198612
MATRIX KT
11740186 2.,1568618

«78998847~03

' 7809R867-02

10,000000
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