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ABSTRACT

PAP provides a systematic approach to Parametric Analysis
of systems whose characteristics {dependent variables) are contin-
uwous functions of the system parameters (independent variables).

It is designed to explore the parameter space of a system using as
few system evaluations as possible. This is achieved by:

1. Program design features which reduce the number
of approaches to the computer required to obtain
a given degree of coverage of the parameter space.

2. Algorithms specifically designed to minimize the
number of system evaluations.

Extensive use of interpolation and extrapglation.

The provision of a flexible contour plotting
capability..

The approach taken by PAP is to apply n-2 {(n is the
number .of system parameters) constraints to the parameter space
for fixed values of the remaining two parameters. Determine
solutions to this nonlinear constraint problem and map the solu-—
tions found to the points of a grid determined by the domains of
the two parameters previcusly fixed. This gives rise to a number
of functions of two wvariables defined at discrete points which
represent the behavior of -the constrained system., PAP provides
an interpolation scheme to generate contours of these functions

and a flexible plotting capability so that they may be displayed
in various combinations.
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TECHNICAL MEMORANDUM

INTRODUCTION

The nature of parametric analysis is exploratory.
A number of different systems must be studied to determine
the one most likely to accomplish the required goals. Each
system usually involves a number of parameters (independent
variables) which determine the characteristics (dependent
variables) of that system. Parametric analysis involves the
study of the various characteristics of a system as functions
of its parameters. By getting an overview of how the system
characteristics behave as the parameters wvary over their
permissible values, the most promising systems can be selected
for more careful study. At the single system level, this
overview permits the determination of subsets of the permissible
values of the parameters foxr which the characteristics are
favorable. More careful attention can then be given to these
subsets.

2 few standard mathematical notions necessary for
the following discussion will be reviewed here. Standard
set notation is used, e.g., {x: 1 £ x £ 2} is the set of
all real numbers between and including 1 and.2, alternately
denoted by [1,2]. The notation (a,b) is used to denote the
ordered pair a,b. Let A and B be arbitrary sets, then AxB
igs defined to be the set {(a,b): aehA, beB}, where "e" means
"is an element of". More generally, if Dl’ D2, . eor Dk are

arbitrary setsg, then D, x D, x...x D, = {(dl, dz,...,dk): disDi,

1 2 k
i=1,...,k}. Let D and R be arbitrary sets, the set
{(x,y): ®eD, yeR} = F is a function if and only if (x,yl)aF

and (x,yz)sF implies that Y{=¥,- D is called the domain of

the function and R its range. Note that D and R are arbitrary
sets; in particular, they may be sets of n and m dimensional
vectors respectively. In which case, the function associates
with each vector in D a unique vector in R,
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Parametric analysis is equivalent to the study of m

functions, Cir Coreevr Cps (the system characteristics) of n
variables, Pyr Poreees Pps (the system parameters). Using
vector notation let C ='(cl, Coreens cm) and P = (pl, Poreses pn),

then parametric analysis is the study of the function

{(P,C(P)): PeD} where D = Dl x D2 Xe..X Dn and]Di is the domain

of P, i=1, 2,..., n. D is called the parameter space of the

system. The objective of parametric analysis is to determine
regions of the parameter space in which .the characteristics are
suitable. More precise simulation and/or more careful study
can then be used to narrow these regions even further. In the
final analysis, a single point of the parameter space will be
chosen which represents what is hoped tc be the best system

for the reguired purpose.

Parametric analysis is often performed as follows:
Suppose that n parameters are available, equality constraints
are imposed on n-1 of the characteristics (for convenience

S&Y Cyps Chyrevny cn-l)' i.e., for a fixed wvalue of one of the
parameters (say pl) Ppr Pgre+sr P, are determined such that
c. =k,,i=1, 2,..., n-1. This process is repeated for

i i

different values of Py until its domain is adequately covered.
Various wvariables are then plotted as functions of Pq- This

memorandum describes a method of parametric analysis (and the
computer program which implements it) which substantially
improves upon this procedure. P

Functional Description

PAP uses a general technique for parametric analysis
that is independent of, but easily adaptable to, particular
studies. A number of procedures (PROC's) supplied by the user
adapt PAP to the user's application., The system under study
must be simulated by a number of user supplied subroutines.
These subroutines and procedures are defined in detail later.

Consider a system described by the characteristics
C = (cl, Corennrs cm) which are continuous functions of the
parameters P = (pl, Pyresss pn). Let the interval Di = [ai,bi]
be the domain of Py i=1, 2, ..., n. Suppose that for each

pyr @ Apy is given which divides the interval [ai’bi] into an
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"integral number of subintervals, i.e., (bi—-ai}/f_\pi=qi is an
integer, 1 =1, 2,..., n. Define the sets Q, = {vj:
vj = ai+(j—l)Api, 3 =1, 2,00, qi+l}, i=1, 2,..., n. PAP

provides four major functions and an interface capability:

1. For a fixed point of D; x D,, an attempt is made

to find all points of D3 X D, X...% D, for which
n-2 of the characteristics have specified values,

i.e., for which c; = ki’ i=1, 2,..., n=-2. This

offers a number of advantages over the practice of
making one attempt per run to find one solution:

a. Potentially all solutions will be found.

b. When none are found, it is strong evidence
that no solutions exist for the given
constraints in the particular parameter
space under study.

¢. Given that complete coverage of the parameter
space is reqguired, the method provided tends
to minimize the number of system evaluations
reguired,

2. Consider the diagram below, D1 x D, is represented
by the rectangle; Q1 X Q2 is represented by the
*'s; and the fixed point (pl, p2) is represented

by xX. An attempt is made to map each solution found
at (pl, p2) to all points Of Ql X Q2. This means

that each solution found for the fixed point
(pl, pz)aDl x D, is used as the initial value in

the iterative attempt to determine the corresponding
solution at some or all of its four nearest neighbors

in Q1 X Q2.

Digram
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5.

Methods

The solutions found at the four points of Ql x Q2

are used to determine the solutions at their
neighboxrs in Qq % Q2' The resulting solutions

are then used in a similar manner. This is con-
tinued until the sclutions have been established
for all points of Ql X Q2 or until failure to

converge exhausts the untried neighbors. Given
the initial solutions, this technique finds the
solutions at the other points of Ql x Q2 in an
efficient manner.

For the points of Q1 X Q, for which solutions are

found, the remaining characteristics are computed
and saved. This results in P3sr Pyreevr Ppr Co_1”

c S for each solution being expressed

n' Sn+17cccr
as a function of Pq and P, defined over Ql X Q2.

An interface is provided for programs doing additional
analysis and/or computations using the arrays of
system characteristics as input.

A contour plotting capability is provided to plot the
functions of two variables described in 3. It uses
interpolation to approximate these functions over

D, x D,. The methods used allow for the possibility

that a particular solution is not determined for every
point of Ql X Q5. In this case contours can be

plotted over whatever subregions the available points
of Ql X Q2 permit,

The methods used to perform the functions described

above are as follows:

1.

For convenience define fi =c; - ki, i=1, 2,..., n-2

and let F = (fl,fz,...,fn_z); then F=0 means cy = ki,

n—2
i=1,2,...,n-2. Let U= ) £ and note that U = 0
i=1

if and only if F=0. In order to find solutions, the
Secant Method [1l] for solving systems on nonlinear
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functions is used in conjunction with a search
strategy* designed to minimize the number of
system evaluations required. The strategy is as
follows:

a. Compute and save the value of U for
each point of Q; x Qp X...X Qn.

b. PFind the smallest U not yet tried and
use the corresponding point as the
initial point for the Secant Methed.

¢. If the method converges to a new solu-
tion, save it; if the method moves
toward a solution previously found,
stop iterating; if the method fails to
converge, record the number of successive
failures.

d. Repeat steps b and ¢ until the number of
successive failures is greater than 10%
of the number of points as yet untried.

A second search method (Total Domain Search Method)
is available which starts the Secant Method at
every point of Q3 X Q, X...X Qn. This method is a

forerunner of the above method and is considerably
less efficient in terms of system evaluations. It
remains in the program in case all else fails or

as a.basis for comparison. Provisions are made for
other search and iterative technigues that may be
supplied by future users for their particular
applications.

2. Solution mapping [2] is used to map each initial
solution found to as many points of Ql X Q2 as

possible, This is a technique whereby the extra-
polation of the solutions found at two adjacent
points is used as an initial guess for an iterative
pracedure in an effort to converge to solutions for
the points on either side of the adjacent set. 1In
the absence of adjacent sets, soluticns at the four
neighboring points are used as initial guesses.

*Referred to hereafter as "Optimum Domain Search” method.

L)



BELLCOMM, INC. -6 -

flexible

1.

For each grid* point (Pl’ pz) and the corresponding
solutions (93, Pgreeer pn), the system characteristics

. are computed and stored.

To perform functions special to a particular applica-
tion of PAP, control is transferred to the user
supplied subroutine AUXPRO.

The set of grid points* for which a solution is

found and the corresponding non-grid parameter and
characteristics represent a number of functions of

two variables. Two-directional parabolic interpola-
tion is used in a scheme using nine grid points at a
time to find the contours of the specified functions.
If less than nine points are available, various combina-
tions of parabolic and linear interpolation are used

as the number of available grid points permits.
Subroutine INGRID [4] generates the contours and PLTCON
[3] plots them.

A number of features of the program that make it
and easy to use are:

The program structure provides for additional search
methods and different methods for solving systems of

‘nonlinear equations. Also, given the appropriate

search and iterative methods, a more general problem
may be studied using the program: Let H be a continuous
function of P. For a given point of Dl X Dz,‘find the

g ¥++oX D) sfich that F(P) = 0 and H(P)

is optimum. This problem requires that
0 2 r <n- 2 where r is the number of eguality con-

points of D3 x D

straints (r=0 means no equality constraints are imposed).

Tt is possible to stop the program after any of the
five major functions have been performed, saving the
data necessary to restart the program at this point.

*The "set of grid points" or "the grid" means the set

Q X 0,
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3. A number of different grids and the corresponding
characteristics can be made available to AUXPRO
simultaneousiy.¥*

4, It is possible for the user to specify most of the
input variable names. This makes it possible for
him to select a set of input variables that are
natural to his application and it could reduce the
number of inputs reguired.¥*

The Simulator

The user must supply a number of procedures (PROC's)
and subroutines which simulate the system under study and
perform various I/0 functions. When the procedures have bean
written as specified below, the main program, PAP, and sub-
routine RPD, must be compiled with the PDP element containing
these PROC's. This creates relocatables for PAP and RPD which
are particular to the application at hand. These relocatables,
the relocatables for the other PAP subroutines, and the
relocatables for the user's subroutines can then be collected
into an absolute element and executed. The size of the program
requires overlays, the modularity of the program makes this

easy to do. This will be discussed in the Program Description
section.

Description of User Supplied PROC's

The user may not need to make use of all the PROC's
defined below; however, as PAP references each PROC name, at
least a blank PROC by that name must be’provided.

All but cne of the Users PROC's are included (by a
FORTRAN V Include statement)** in the main program PAP. These
are discussed in the order they are included.

The first twoc PROC's contain documentation only. They
are included at appropriate places to make the introductory
commentary complete. Their suggested use is as follows:

RUNDOC contains the names and definitions of
the input variables in namelist RUNDAT
which is specified by the user in PROC
RUNNL defined below.

*See [6]1 for an example of a use of this feature.

**gee "INCLUDE Statements", UNIVAC 1108 FORTRAN V
Programmers Reference Manual.
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SAVDOC contains the names and definitions of
the input variables in namelist SAVDAT
which is specified by the user in PROC
SAVNL defined below. .

) The next procedure provides the means of communica-
tion between PAP and the user's subroutines.

KOMUSE contains labeled common USE or other la@eled
commons not used by PAP and its subroutines.

The next two PROC's specify. two namelists which are
to be used as the means of defining all of the control variables
required by the simulator and PAP except for the plot control
variables which are read by namelist PLTDAT specified in PAP.
The variables required by PAP are defined in Tables 1 and 2.
Variables KON, IUNIT, ICHSA, and NFR must appear explicitly in
namelist RUNDAT. The other variables in Tables 1 and 2 may
appear in either namelist RUNDAT or SAVDAT or they may be
defined in SIMDFN {a PROC defined below) using variables read
by these two namelists. The PROC's specifying namelists RUNDAT
and SAVDAT are defined as follows:

RUNNL ‘contains namelist RUNDAT which is used
to read those input wvariables relevant
to the current run only.

SAVNL contains namelist SAVDAT which is used
to read all input variables that may be
needed in case of restart. These include
the wvariables that control the simulation,
analysis, and define the constraints.
This namelist is-saved each time a data
set is saved.

The next PROC is included before any executable
statements. It may be used to initialize wvariables at the
beginning of a run, or to read in a data base. It may also
be used to set the values of various inputs that are not often
changed. These inputs can be changed when necessary by the
subsequent reading of namelist RUNDAT, SAVDAT, and PLTDAT.

In summary,

INITIL contains the FORTRAN code that initializes
various variables at the beginning of a
run.

The next PROC is included after namelist RUNDAT,
SAVDAT, and PLTDAT have been read. It may be used to derive
from the variables read by namelists RUNDAT and SAVDAT the
specific variables required by the simulation and PaP. If
all of the control variables are defined in the namelists in
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just the form required by PAP and the simulation, this procedure
can be left empty. However, it is generally useful to choose
the input variables in a way that make their functions easy to
remember and the specification of a data case as simple as
possible,- letting the computer translate them to the exact form
required by the program.

SIMDFEFN contains the FORTRAN code which performs
this translation.

The last PROC is included in subroutine RPD which reads
namelist SAVDAT from the logical unit specified in its argument
list. None of the information read is passed to other parts of
_the program. The need for this subroutine arises when plot data
is to be read from more than one logical unit. Namelist SAVDAT
is at the beginning of all these data files but only one reading
of the namelist is required by the program. Subroutine RPD
is called to read pass namelist SAVDAT. The PROC required by
RPD is defined as follows:

RPDDS contains a dimension statement for all
variables in namelist SAVDAT. The
dimension and size of each array must
correspond to its dimension and size
in PAP. This dimension statement may
use the parameter statement found in
the PROC PARSTA (see Appendix C for
PARSTA listing).

Description of User Supplied Subroutines

rd
Let C8 be the wvector of differences between the

constraint functions and their desired (target) values.®* A
subroutine must be provided which computes CS as a function
of the given values of the parameters, P. The subroutine's
entry point must be

CONSTIR (P,CS) .
A subroutine must be provided which computes the
characteristics, C, of the system for given wvalues of the
parameters, P. This subroutine's entry point must be

CHARAC (P,C).

*CS corresponds to F = (fl, fz,..., fn—2) discussed
earlier.
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The next subroutine.whose entry point is
PRTCHA (P,C)

must be provided to print P and C in a format that suits the
user.

The last subroutine whose entry point is
AUXPRO

may be used as an interface for other subroutines that perform
functions that use the data generated by PAP and/or the plotting
capability it provides.

Appendix B provides listings for the procedures and
subroutines required by the test case discussed later.

Usage

The five major functions of PAP are performed
respectively, by the five subroutines: INISOL, FILGRD, COMCHA,
AUXPRO, and PLTCON. Each of these subroutines, except INISOL,
requires data generated by some one of the other subroutines.
The data generated by a call to one of the five major subroutines
is called a data set for that subroutine. In order to start the
program at any subroutine, other than INISOL, the necessary data
set must have been generated and saved. Data sets for up to
three calls each to INISOL, FILGRD, and COMCHA and two calls
to AUXPRO can be saved during any execution of PAP. These data
sets can subsequently be made avallable to the appropriate sub-
routines for further processing later in the same execution or
in subsequent executions. The data sets are saved on. logical
units as follows:

Subroutine Logical Units
INISOL 8, 9, 10
FILGRD 11, 12, 13
COMCHA 14, 15, 16
AUXPRO 17, 18

Figure 1 is a functional flowchart of PAP showing
all of the possible paths through the program. Taking one of
these paths is said to be a pass. A pass during which the
data set from a particular major subroutine is saved is called
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a save pass for that subroutine. A single pass may be a save
pass for more than one major subroutine. Any number of passes
may be made during any execution as long as the number of save
passes does not exceed the limits stated earlier, i.e., three
save passes each for INISCOL, FILGRD, COMCHA, and two save
passes for AUXPRO.

The functional blocks of Figure 1 are numbered 1
through 5. The return to the beginning of the program is
numbered 6 and EXIT is numbered 7. These numbers are used to
define the sequence of subroutine calls during the course of
an execution. The user determines the seguence by setting an
input variable (XON).

Figure 2 shows how data cases are read. If a pass
begins at INISOL, namelists RUNDAT and SAVDAT are read from
cards in that order. If a pass begins at any other point,
RUNDAT is read from cards, SAVDAT is then read from IUNIT (an
input variable}, and finally at the option of the user, SAVDAT
may be reread from cards. This feature gives the user the
ability to stop a pass after any subroutine, save the necessary
data set (namelist SAVDAT will be saved also)}, and studying the
results before deciding whether or not to continue. If it is
decided to continue, the data in namelist SAVDAT may be used as
it was stored, or it may be altered by reading SAVDAT from cards
before continuing. Namelist PLTDAT is read once for each frame
to be generated.

Definition of PAP Input Variables

The names and descriptionslgf all input wvariables
required by PAP are given in Tables 1, 2, and 3. Tables 1
and 2 contain all the PAP input variables that must be defined
by means of namelists RUNDAT and SAVDAT. These two namelists
must be specified by the user in PROC's, RUNNL and SAVNL. The
variables KON, IUNIT, ICHSA, and NFR must appear explicitly in
namelist RUNDAT. The remaining variables described in Tables 1
and 2 may appear in either namelist explicity or, they may
be defined by user supplied FORTRAN code in PROC's INITIAL or
SIMDFN. If some of the inputs to PAP do not change for a
particular application, then they may be set once and for all
in PROC INITIL. Those variables that change from run to run
and therefore depend on the input variables read by namelists
RUNDAT and SAVDAT may be defined by user supplied FORTRAN code
in the PROC SIMDFN. Input variables required to define and
control the user's simulation may be read using these namelists
also.
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Variables defined by means of namelist RUNDAT
should pertain to the bookkeeping details of the run. Table 1
gives the PAP input variables usually defined by means of this
namelist. Namelist SAVDAT is saved each time a data set is
saved. It should contain the variables which define the type
of simulation being done, the constraints being satisfied,
and the number and bounds of the parameters. It should also
contain any other variables that may be needed to identify
the data or to restart the program later.

Namelist PLTDAT is specified in PAP and contains
the variables required  to define a single frame that is to
be plotted. It is read NFR times in seguence storing the
information so that it is related to the particular frame
being defined. None of the input variables are distributed,
therefore, a subsequent namelist PLTDAT need only contain
the variables that differ from the preceding one.

TABLE 1
Name Type/Size Description
KON INT/8 Contxrol sequence indicator.
KON(J) = I (L <I <5} causes

subroutine I* to be called Jth
in the sequence.

KON (J) = 6% returns control .to
the beginning of the program.
KON (J) > 7% causes normal
termination of the execution.

TUNIT INT/ Initial data unit. Defines
the logical unit from which
SAVDAT and the appropriate
data set are read if the
program is to be stated at
a point other than INISOL,
i.e.,, if RKON{(1l) > 1.

ICHSA INT/ Data change indicator. If
ICHSA = 1 and KON(1) > 1,
namelist SAVDAT is read from
logical unit 5 after it is
read from logical unit IUNIT.
If ICHSA # 1 and KON(1) > 1,
SAVDAT is read from IUNIT only.
When KON(1) = 1, ICHSA has no
effect.

*See Figure 1.
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Name

NFR

NF14
NF15
NF16
NF17
NF18

ISAI -

ISAF

ISAC

ISaA

IPRI

IPRF

IPRC

IPRA

- 13 -

TABLE 1 {cond.)

Type/Size

INT/

INT/

INT/

INT/

INT/

INT/

INT/

Description

Number of frames to be plotted.
Causes namelist PLTDAT to be
read NFR times.

Plot data file flags. Plot
data is to be read from the
logical unit indicated by

the numerical suffix of the
variable name when that
variable is set to 1. If only
one logical unit is being used,
these variables may be ignored.

Data set save flags. These
flags when set to 1 cause the
data set of the subroutine
whose initial is the same as
the last letter of the variable
name to be saved.

INTSOL print flag. The
solutions found are always
printed. TIf IPRI = 1, the
search progress is also printed.

FILGRD print flag. A display
of the grid points for which
solution were found and the
percentage of points
converging is always printed.
If IPRF = 1, solution mapping
progress is printed also.

COMCHA print flag.

= 0, no results printed.

= K; (K > 1) subrouting PRTCHA
is called at the corner points
of the grid and at points

of the grid defined by the
intersections of the Xth,
2Kth, 3Kth,..., grid lines.

AUXPRO print flag. For use
by the user.
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Name

IPRP

- 14 -

TABLE 1 (cond.)

Type/Size
INT/

Description

PLTCON print flag.

< 0, no printing.

> 1, frame summary table,
drum storage information,
and function arrays printed.
> 2, functicn value and
availability arrays printed
by INGRID.

> 3, point selection map

printed by INGRID.
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TABLE 2
Name Type/Size Description
NP INT/ Number of parameters (independent
variables}.
A REA/10 . Lower bounds for the domains of

the parameters.

B . REA/10 Upper bounds for the domains of
the parameters.

DELP REA/10 Step size for the parameters.
DELP {l) and DELP(2) determine the
grid mesh. DELP(3), DELP(4),...,
DELP (NP) detérmine the search ;
step size. :

P1T REA/ The value of P(1l) while the para-
meter space of P(3), P(4),...,
P(NP) is being searched.
A(ly < P1I < B(1l).

P2T REA/ The value of P(2) while the para-
meter space of P(3), P{4),...,
P(NP) is bheing searched.
A(2) = P2 < B(2).

NCS INT/ The number of equality constraints
to be satisfied, NCS = NP-2%,

EPS REA/8 The maximum acceptable differences
between the constraint functions
and their target functions.

IisM INT/ To use the Optimum Domain Search,
set ISM=3. To use the Total Domain
Search, set ISM=l1l. Provisions are
made for three other techniques
that may be required by future
users. For these, use ISM=2, 4, or 5.

*At present this wvariable is superfluous. However, if
optimization subject to equality constraints is implemented, it
can be used as follows: 0 < NCS < NP-2, where NCS=0 implies
optimization only; NCS=NP-2 implies equality constraints only;
and, 0 < NCS < NP-2 implies optimization subject to NCS equality
constraints.
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Name

IcMm

NSG

ISGR

NCG

ICCH

NC

- 16 -

TABLE 2 (cond.)

Type/Size
INT/

INT/

INT/5

INT/

INT/5

Description

Iterative procedure selector.

= 3, the secant method is used
(subroutine CONV3). Provisions
are made for four other methods
which may be required by future
applications. For these, use
ICM=1, 2, 4, oxr 5.

Number of initial solutions to
be mapped. NSG =< 5.

If the Ith grid is to be mapped
using the Jth solution as a

- starting point, set ISGR(I) = J.

This grid will be identified by
the number of the solution from
which it is mapped.

The number of grids for which
characteristics are to be computed.

If the Ith set of characteristics
to be computed uses the grid mapped
from the Jth solution, set

ICCH(T) = J. Note that the Jth
solution must have been mapped.

Number of characteristics computed
for each grid point.
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TABLE 3

Name Type/Size Description

I0S INT/ Plotting option selector.
= 0, off-line plots only.
= 1, printer plots only.
= 2, both types.

FTLT HOL/8 48 character frame title.

ALAB HOL/8 48 character abscissa label.

OLAB HOL/8 48 character ordinate label.

LABC Nt/ Not used at present.

AMI REA/ Minimum value of the frame
abscissa.

AMA REA/ Maximum value of the frame
abscissa.

oMI REA/ Minimum value of the frame
ordinate.

OMA REA/ Maximum value of the frame
ordinate.

NFU INT/ Number of functions on this
frame (<10)}.

IUN* INT/10 Logical unit indicators.
IUN(J) = I means that the Jth
function of this frame is to
be read from logical unit I.

Is0 INT/10 Solution numbers. ISO{J) =

means that the Jth function of

this frame is from the Ith
solution.

*The remaining yariables in this table require a value
corresponding to each function to be plotted on the present

frame.
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TABLE 3 (cond.)

Name Type/Size Description
Iva INT/10 Variable numbers. IVA(J) = I

means that the Jth function of
this frame is the Ith wvariable
of the solution.

P1IN REA/10D Interpolation increments for
the first independent wvariables.
DELP (1) /PLIN should be a positive
integer.

P2IN - REA/10 Interpolation increments for the
second independent variables.
DELP (2) /P2IN should be a positive
integer.

ICD INT/10 Contour plane indicators.
= 0, constant function contours.
= 1, first variable constant
contours,
= 2, second variable constant
contours.

IAOQS INT/10 Abscissa~ordinate selectors.
=0, P(L)/P(2), P(2)/F, or
P{l1}/F is the abscissa/ordinate.
= 1, the reverse is true.

CMT REA/10 ‘Minimum contour values {used
when ICD=0).

CMA REA/LO Maximum contour wvalues (used
when ICD=0).

CIN REA/10 Step size between contours
(used when ICD=0).

INS INT/10 Indices of the initial contours
(used when ICD=1 or 2).

LAS INT/10 Indices of the final contours
(used when ICD=1 or 2),

IsT INT/10 Increments of indices (used
when ICD=1, or.2}.



BELLCOMM, INC. - 19 -

Test Case

It should be pointed out and emphasized that PAP
does not reqguire that the system under study be represented
by a set of closed form equations. On the contrary, the
most valuable applications of PAP are those which reguire
considerable effort to compute the system characteristics
and constraints, e.g., see Reference [6]. However, to test
and to illustrate the use of PAP, a contrived system which
is represented by a set of closed form eguations was chosen.
This avoids the needless confusion introduced by a complicated
simulation and allows full attention to be given to the method.

To simplify notation let (u,v,w,xXx,y.,z) = (plf Poreses P6)-
Consider the system described by the following characteristics:
c., = wxe(yz+uv)
1
¢, = 10wxsin (yz+uv)

Cy = wy2 + 53z + uv

Cy = l0wxyz - uv

2 2

Cyg = u” + v o+ (l—w)2 + (l—-x)2 + yz + 22

Let

9.093

Fh
1

o]
I

f = C - 7.0
£, = ¢, - 9.0

f, = c. - 4.0

Let the interval domains of the parameters be [0,1.4]1, [0,1.4],
[.75, 1.25], [.75, 1.25], (.75, 1.25]1, and [.75, 1.25]; and let
Ap; = (.2, .2, .25, .25, .25, .25).
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With py = 1. and P, = .75, D, x D4 X +o0 X D6 was

searched. Two solutions were found and mapped to as many
points of Ql b4 Q2 as possible. Appendix A contains selected

pages of the output and a number of the resulting plots.
Appendix B contains listings of the test case simulation
subroutines and PROC's.

Program Description

Listings for the following are given in Appendix C:

PAP COMCHA VCP
PAPSPC PLTCON CONV3
RPD SEEKL GAUSS
INTSOL . SEEK3 INPR
FILGRD CONV GRIDMK
FRMPLT

The introductory commentary contained in these subroutines
describes their functions (see Purpose) as related to the
overall program. Subroutines PLTCON and FRMPLT are slight
variations of those documented by [3, 4, 5]. The subroutines
they reference are unchanged and are described in the above
references., Two other subroutines are referenced - OCLOCK
and REPLOT; they are available from the Bellcomm Applications
Program Library.

When executing the test case, the following overlay
scheme required a maximum of (41000)10 words of core storage:

PAP

INISOL

FILGRD

COMCHA

AUXPRO

PLTCON

o/ 7

1032-PFL-prs P. F. Long

Attachments
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FIGURE 2 - READ DATA CASE
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APPENDIX B

Listings for Simulation
Subroutines and PROC's



2.0BCML1.CONSTR  — - _— S " o
C TITLE COMSTR - COMPUTE CONSTQAlmTS
G —_ e o e a1 ——
C AUTHOR P.F. LONG
C DATE /17768
C PURPOSE TO COMPUTE THE DIFFEPFNCE BFTWEEN THE FUNCTIOMS AT P AND
-C THE--TARGET-VALUES - . U
C .
€-CALL o CALL—CONSTR (P +C5)
c .
e G-IMPUT ————— BY-~ARGUMENT -LIST--- }
C . -
G —erP e SENDEPENDENT VARIABLES(PARAMETERS) - mo e —
C
i o — THROUSGH COMMON USE v -
. C i
i G e e e I NP = UMBER OF PARAMETERS  ~ = =v —— o mmm e e - e
C 160G NUMBER OF CONSTRAINTS -
—C- TOP -~z Ly~ F- OPTIMIZING ~-=———m
C TV(I) TARGET VALUE OF ITH CONSTRAINT FUNCTION
e IFSCLl-—NUMBER OF- THE-ITH CONSTRAINT: FUNCTION - -
C ‘ ) :
G QUTPUT— cS —VALUE OF -THE-DIFFERENCES -~ -- --
C _ _
G SUBRQUTINE- STATEMENT: « —_ e e s e
SUBROUTINE CONSTR(P:CS)
— - . ——
C SPECIFICATION STATEMENTS
- G ————— ——d S e
' : DIYEMSION P(1),CS(1) )
~INCLUDE -KOMUSE s LIST-- — - —
c .
. DEFINE_EUNCTIONS -
C
e K e e e s e e e e e e e e e e e - e e e e
C COMMON USE PROVIDES Aw INTERFhCE aF T”EFM ALL USER Susqou11was
e G e AND BAPL o — - — -
C

e e e e LU M e W X Y ) SWRREXP (YR ZHFURY Y o e s s cs e e

F2UUsVrReXe Y Z) 10 #WEXFS MY RZHUSY) _ ,
F3(Us Vel XrY e Z) SWRYHK245 o kXK ZHURY oo oo e e e e

FUulUe VewWe XY ZY 210, WX kYhZ~Usy

C

O SET_ UV W X Yr 2

" C

e FEE U VW e XY p Z) ZY 20 75%% 24 (Lo~ Y2+ (1 o ~ ) 2+ Uk 24V 4¥2 . -

T Sr————— A T . o . Ry A

U=p 1) - - e e i e e e e e

v=p(2)

WP (3)-
X=P (1)
YRS ) 2o

Z=p(6)

hoQ

COMPUTE THE DIFFERENCE BETWEEN THE FUMCTIO'\I AMD TARGI:T VALUE

e o —— N

VS P —— e



A ‘ . ‘ e el el .::;:B::Z__::___-_. e . e
] ]
. i, - DO 100 J=iyIHC L . . I

ICOH=TIFS(J)

fe e e et e GO TO (30:40+50,60570) s TCOM DA e -
30 CSUUIZFLLUS V¥ X e YrZ) =TV (J)

S VUSSR Yo B o S 1 01 o J S U
40 CSIJ)=F2 (Ui V¥ Xr Y2 2Z) =TV ()

g T SO 5 Y 1 o U
50 CSIITFI (U Ve Xo Y9 Z) =TV

S <Y S o Y 1
60 CSUJIZFE(U, Ve WX Y Z) =TV()

GO TO 100 .\ _— e
70 CSCJIZFS(UsV e XeYrZ)=TV(J)

pmee =100 oo e CONTINUE -+ o o ol e
NSE=HSE+1

ULy = i o § | 1 S U
cND
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T _BCH11.CHARAC i
S TITLE CHARAC~COMPUTE CHARACTERISTICS
§ AUTHCR P.F. LONG
E DATE 6/18/68
¢ PURPOSE TO COMPUTE THE CHARACTERISTICS OF A SYSTEM FOR A GIVEN
C SET-OFVALYES-OF-THE PARAMETERS
_____E_CALL CALL_CHARACA[2rC)
g—le“T B“_ARGUEMEET L IST
?__ P VECTOR..OE_PARAMETERS
_——-g_0UiBUT C vaglé. e CHARACTIERISTILICS
F SUBROUT INE _STATEREMT -~
- SUBROUTINE _CHERAC(R.C)
((E : SPECIEICALION_STATEMENTS -
‘ DIMENSION P (1), CA1)
E DEEINE.EUHCTIONS

E1 U, Ve X Yy Z)SHeXa EXP (Y RZ+Us\)

F2lUrVewie X Y Z) 10 ¥y XkSIHNIYRZHUXY)
E3(U eV e X oY s 23 Y k245 o Xk Z L I%Y

FL(U, Vel e XY 2) =10, Xk Y d Zo-UUk

SET_UsMe

ES(UiVetdrXe Y Z)SYH#2+75%24 (1o =) %2+ (1 o =X ) #¥2+Ukk 2+Y k%2

WeXeYr 7

OO0

U=p{1)

v=Pi{2)
y=p(x)

X=p ()
Y=2{5)

Z=P{5)

COMPUTE

sReRe

Thz CHARACTERISTICS

ClL)=Fi(UrVeWeXeYs2Z)
CAZ)IZE2 LU r e X Y0 Z)

CI3¥=l3(UrYae Xy Yr2Z)
CARI=FU (U Voo 2 Y20

CIBIZFS(UrVanrXeYr2Z)
RETURN

END




.'.B_.4_

_BCMLL.PRTCUA _ :
¢ TITLE PRTCHA-PRINT CHARACTERISTICS
¢ huThoR P.F. LOMG
¢ DATE 7/19/88
 PURPOSE TO PRINT THE CHARACTERISTICS AND PARAMETERS FOR A GIVEN
c - GRID-ROINT-.. '
F CAabLl CALL_PRICHA{PC)
((E INBUT. THQGUGH__(‘ZALI LIST
¢ p VECTOR_OF PARAMETERS
c c VECTOR OF CHARACTERISTICS
: g OUTPUT PRINTER
¢ SAME AS INPUT
g SUBROUTINE STATEMENT
c .

SUBROUTINE PRTCHA(PC)

C .
C SPECIFICATION STATEMENTS
C
DIMENSION P(1),C{1) '
CONMON/USE/INP, THC TOP» TES(5) » TV(5S)
c - . . )
C PRINT_OUTPUTS
C - .
WRITE(A 1001 (P rJ=1sINR)
WRITE(G63062)Y(C(U)rd=1+5)
i RETURN
C
— e C.____FORMAT STATEMTNTS
C B
1001 EORUATLLHO 1 B = t, AF15.8/6Xr8F15.8)
1002 FORMAT(1H v C =

'»5E15.8/7)

ELD)




~-PLTC

0"] - P . —— s

PAPQ*APRZQ.PAPUSE PAPUSE
D BY UNIVAC 1108 PDP ONM 17 NOV 69 AT 15‘38 19 1102 0007

R
C
C
-- =~ C
C

UnNL

PROC

_—.B-5 -

A i e bt b v At AL L ML S g W oAb & A WAL AGmamrL AR mAmm e

MAMELIST RUNDAT - THESE VARIABLES ARE RELEVANT TO THE RUN BEING

. = {ADE AND ARE-NOT

SAVED OM THE SAVE .FILES - ...

e e e e e e e NAME L IS T/RUNDAT /KON, ISMr ICM ISAT s ISAF s ISACY ISAA IPRT
IPRF:IPKC:IPRA;IPRP TUNITsNFRy ICHSA NF1G MFLSNFL16

S
C

C
C
C

OO0 00000000A00O0000

S
¢
I

END
AVHNL

e NF17/NF18

- = mm e PROC -

. NAMELIST SAVDAT - THESE VARIABLES DEFINE THE SIMULATOR AND THE

ANALYSIS PERFORNMED.

EnD

AVDOC .. .

NAMELIST/SAVDAT/NP+15Cr ArBrDELPP1I P21+ NCSsEPS,
e = NSG P ISGRINCGr ICCHP IFSYy TV .

ceen (PROC, L

’

v - -NAMELIST RUNDAT ..

e oo - -NANME

e = KON
I5M
ICH
ISAT
.. ISAF
I1SAC

IPRI
IPRF
IPRC
e TPRA
IPRP
IUNIT
HFR
ICHSA

. e . NFLY
MFLS
- ..-nNFle
ME17

. PROC

ISAA . ._INT/.

NF18 .

L TYPE/SIZE.

JINT/Z8 L
INT/

JINTSL L
INT/

JINTZ L0 L.
INT/

IMT/
INT/
INT/
CINTY/
IMT/
INT/
INT/
11T,/

INT/
INT/
INT/
INT/
INT/

e NAMELIST SAVDAT

— e NAME ..

e NR -

—TYPE/SIZE

- INT/ -

- FLAG =1

"DEFINITION

FUNCTION SEQUENCE INDICATOR.
SEARCH METHOD SELECTOR

JTERATIVE METHOD SELECTOR
FLAGr=1 SAVE INTSOL
. FLAG»=1 SAVE FILGRD
FLAGr=1 SAVE COMCHA
v mmm FLAGr=1 SAVE AUXPRO
PRINT LEVEL CONTROL
PRINT LEVEL CONTROL
PRINT LEVEL CONTROL
PRINT LEVEL CONTROL
PRINT LEVEL CONTROL
CFILE FROM WHICH SAVDAT IS READ

ouUTPUT
QUTRUT
OUTPUT
QUTPUT . .

FOR FILg
FOR COMC
FOR AUXP
FOR PLTC

THIS NAVELIST IS SAVED ON ALL SAVE FILES.

FOR INISOL

RD
HA
RO
ON

NUMBER OF FRAMES TO BE PLOTTED
FLAGr=1 AFTER READING SAVDAT FROM
IURIT READ (5, SAVDAT)

FLAG:Z=1
FLAGe=1

FLAG:=1
FLAGr=1

DEFINITION

READ
READ
READ
READ
READ

PAST
PAST
PAST
PAST
PAST

ON
ON
O
ON
ON

SAVDAT
SAVDAT
SAVDAT
SAVDAT
SAVDAT

UNIT
UNIT
UNITY
UNIT
UNIT

NUMBER OF INDEPENDENT VARIABLES

i5
16
17
is



CPLTCON.-..R

R NG INT/ ..

C A REA/HP*
el e 1l B e L REA/MPH
C DELP " REA/MP®
wme G i e e PRI IL L REA/.

C Pl REA/
Y S
¢ NTS
SRR o ——— RS
C NSG

INT/
e INT /MO H
INT/

e O IS6R.___INT/MGX

C

——— L
C

“_”Cm“m_n___m__m“nlCCHn_n_INTAMH*.“

C

. LT IE P e e e e et —— e CHARACTERISTIC SET .

C IFS
U OSN

INT/D

v~ NUNMBER OF EQUALITY CONSTRAINTS

e NCS o _INT/ e

RCG,"___INT/ e~ J_NUMBER OF GRIDS FOR WHICH .

e e i e e —AS COMSTRAINTS

. NUMBER, OF SYSTEM CHARACTERISTICS _ . . ...
LOWER BOUNDS FOR PARAMETERS
- ... UPPER BOUNDS FOR PARAMETERS . e e o
STEP SIZE FOR PARAMETERS
w «<INIT1AL VALUE OF GRID PARAMETER.1
INITIAL VALUE OF GRID PARAMETER 2

=NCS+1 IF OPTIMIZING,=NCS OTHERWISE

— . TOLERANCE ON CONMSTRAINTS

NUMBER OF SOLUTIONS TO BE DEVELOPED

e ISGR(I)=J s JTH SOLUTION_ USED TO.
START THE ITH GRID

CHARACTERISTICS ARE TO BE COMPUTED

. ICCH(I)=JrUSE THE GRID DEVELOPED FROM ... .. _.
THE JTH SOLUTION TO COMPUTE THE ITH

INDICATES WHICH FUNCTIONS TO USE

C T REA/S TARGET VALUE FOR THE FUNCTIONS T
G o e e
c « SEE PARAMETER STATEMENT FOR NUMERICAL VALUE
C e e e
KOMUSE e - PROC__ e e . e e
C 3
G __COMMON_USE_ PROVIDES AM INTERFACE.BETWEEN ALL_ USER SUBROUTINES .
c AND PAP
R O e, P e
COMMON/USE/INP Y INCr TOPY IFS(5) » TV NSE
o LEND e _
ITMITIL PROC
e . - NCI=O e el . e e e C . U
NOF =0 .
— NOC::U - " — _— : e -
£1D
e o STMDFN v e e PROC oo e
C
e . .DEFINE SIMULATOR ... I
C
e ew e INPENP L L U, o e - —_—
INC=HNCS
S 1 > R
RPDDS PRGC
e UOTMENSION TSGRMG) r TCCHIMA) rACMPY sBIMP) 1 . o e o oo
. NELP (MP) 1 EPS{MC) s IFS(5) » TV(S)
s e END. - - e _— —
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ARD 4-D PAP TEST ) ' D
APR26.PAP /
TYEL 3 :
C TITLE PAP - PARAMETRIC AMALYSIS PROGRAM
" - —-—
C AUTHOR P.F, LONG
C
¢ DATE 4=3=63
C PURPOSE COMSINER A SYSTEM WHOSE CHARAGTERISTICS ARE COuTINUCUS
¢ FUNGTEFONS- OF ~THE=PARAMETERS—P-{ 1) 1 P {2} o551 P (3P )y-PAP

DIRECTS COMTROL TO SUSROUTINES INISOL, FILGRDs COMCHA,
AUXPROy—AND —PLTE ON-AS~-REQUTRED—FO—PERF ORM—THE-F 0l-0WING
FUNCT [ONS:

1. THE PARAMETEn SPACE FORMED BY HOLDING P(1) AND P(2)

FIXED~IS~SEARCHE D~FOR-POINTS~SATISFY ING -SPECIFIED
CONSTRAINTS.

2., AN ATTEMPT Ig MADE TO MaP THE SOLUTIONS FOUND TO

AlsL—~ PO FNT S—OF —A—-GR1D--F ORMEDH —F ROM —THE--DOMAING—OF—P-{-1)-

AND P(2), :

3. FOR THE SOLUTIONS FOUND, THE SYSTEM CHARACTERISTICS
ARE—-COMPUTED—-AND-STORED. -

— ety AN INTERFAGE_15—RROVIDED_EOXK_PROGRAMS DOING
' ADDITIONAL COMPUTATION BASED O THE GRIDS DEVELOPED,

SOOI OO OO OO N O

S. CONTOUR PLOTS OF THE CHARACTERISTICS AMD THE
MNOM=GRIN.PARAMETERS _ARE_RPLOTTED _AG_SRECIELER.

C .

— C_METHCD — INPUTS _ARE. READ_MHICH .DEFE INE. THE..SIMULATLON .AND _AMALYSES o
C TO BE PERFORMED., THE REGQUIRED SUBSEQUENCE OF THE MAJOR

e G SUBROJTINES IS CALLED.
“

e CIHPUT

IHICLUDE RUNDOCLIST
~INCLUDE-GAVDOCG rLIST

NAME TYPE/S1Z6——BESINITEO

1OS INT/ PLLOTT-ING -0PTION-SELECTOR
=0¢ OFF-LINE PLOTS ONLY
=3 -PRENTER~ PLOTS~ ONLY—
=2, BOTH TYPES

FT LT HOL/8———L&~CHARACTER ~FRAME-T I TLE-
ALAB HOL./8 L8 CHARACTER ABSCISSA LAREL
OEAB HOE/A3——— U4 B8—CHARAGTER ~ORDIMATE—-ASEL:
LARC IMT/ MOT CURREMTLY USED
A REA/— MINIMUM-V s EUE-OF—ABSGISSA
- AMA REA/ MAXIMUM VALUE OF ABSCISSA
OMI REA /A MINEMUM AVALUE~OF—-ORD ENATE:
oA REA/ O MAXIMUM VALUE OF ORDINATE.
NS LA MUMBER—OF—FUNETIONS—ON—THESFRAME
TUN INT /MU UMITS WHERE FUNCTIONS ARE TO BE FOUND
150 INTArfUx SOLEUTLON~NUMBERS—OF~FUNCTLONS

ﬁt’?ﬂ("ﬁ(?ﬁ(’?ﬂﬁﬁ(\ﬁ@ﬁﬂﬂf'&("a

IVA INT /e VARIABLE NUMBERS OF FUMCTIONS
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R

—-— 1 —r— —ww e 4. e aa o 4 m e vt b+ an ——— —

ARG 4D PAP TEST : B

1

Ick INT/Z1aU= CONTOUR DIRECTION INDICATOR

= U - FUMCTION-CONSTANT-COMTOURS
=Ly P1 COWSTANT CONTCURS
=2y P2-COrISTANT-CONTOURS

Tﬂf‘:ﬂﬁﬂ(‘:ﬁ()(’)f)ﬁ('ﬁﬂﬁﬂﬁﬂ(I)ﬂ

IAOS INT/MU* ABSCISSA=ORDINATE INDICATOR
=0-—P17/P2 P2/ Fr—OR—PI7/F—TS—THE—
ABSCISSA/ORDINATE
Ty —THE-REVERSE -1$—TRUE

P1TH INT/MU* IMTERPOLATION INCREMENTS FOR P1

PN INT/MUsx——INTERPOLATI ON—INCREMENTS-FOR—P2

CMI REA/HUx MIMIMUM CONTOUR IF IDC=0

Cith REA/ MU MEXTIMEM—CONTOUR—TFIDE=0

CIi REA/MU* STEP SIZE BETWEEN CONTOURS IF IDC=0

TNS— ————F-N T pUs 1 F-1Dezd—rPIEEMNS) TG ~THE~FTRGT

~

COMTOUR VALUE:. J=1.0R 2.

L=AS — eI NT /Ut ———TF—EDE=d—s PJ (:AS) 1S~THE-4=AST
CONTOUR VALUE, J=i OR 2
FST— FNE/ sl ——FF— FDE S —rPHENS ek I ST k=0 re—WHERE
LATSI.LE.LAS: ARE THE COHTOUR VALUES
PEOTTED r—g=1-0R- 2
SUBROUTINES NAME PURPOS= )
_ RPD ” TO.READ pAST NAMELIST SAVDAT ON PLOTFILES
2+ 0CLOGK——TFO--GIVE—THE—T LME

INISOL  TO FIMD TNITIAL SOLUTIORNS

FILGRY T0 - USE—INITIAL_SOLUTIONS. FOUND.TO-FORM A-GRID

COMCHA TO COMPUTE THE SYSTEM CHARACTERISTICS AT EACH
GRID—ROILT. _ -

AUXPRY  TO PROVIGE AN INTERFACE WITH OTHER PROGRAMS

PLICON . unTO PLOT.~COMTOURS..OF . THE_SYSTEM_CHARACTERISTICS. e — —

e o0 a0

—SIMULATOR —— THE-USER--MUST._SUPRL Y_THE--FOLLOWING- SUBROUTINE_ENTRY
POINTS: :

CONSTR({PrCS) WHICH COMPUTES THE VALUE OF THE
CONSTRAINT—FURNETIONSACS) - AT P,

CrARACA{P» C)- -yHICH--COMPUTES ~THE-CHARACTERIST-ICS--0F
THE SYSTEM (C) AS A FUNCTLON OF THE PARAMETERS (P).

_ PRTCHA{P:C) wHICH PRINTS P AMb C AS REQUIRED BY
THE--USER- = -

AUXPRO-VWHLCH -PERFORMS—OPERATIONS-USEFUL -TO—THE
CJRRENT STUDY nUT HNOT PROVIDED FOR BY PAPRP,

IN ADDITION TO THESE SUSROUTINE ENTRY POINTS, THE USER
MUST---SUPPLY--A- PROCGEBURE-EEMENT - W-ITH —THE—FOLLOWING-ENTRY—
POINTS AND CONTENTS:

RUNDOC CONTAIMS THE NAMES AND DEFINITIONS OF THE
VARFABLE S—IN-NAMELTS T-RUNDAT, : :

~SAVDOG—-CONTATNG—THE-NAMES~AND DEFIMITIONS -OF—THE
VARIABLES IM NAMELIST SAVDAT.

ﬂ(ﬁﬂ(')ﬂ(‘:('}!")(‘)('}ﬂf'iﬁfﬁﬂti‘,




1

*

WwinT 4-D PgP TEST

KT

CATION BETWEEN USER SUBRCOUTINLS.

KOMUS T CONTATNG- C OMMON ~US E~WH ECH-1S ~USED - FOR—-GOMMUN T

RUNNL CONTALNS THE HAMFLI T RUMDAT. THIS NAMELIST

—G

MUS T—EONT AT M—TEQ@SE—ENPUT S~REVELENT-TO —THE—CURRENT

RUN ONLY. IMNPUTS KON: TUNITy I[CHSAr AND NFR MUST BC

S

SAVE FILES.

IN~THIS-NAMELTS T THESNAMELEST - T§-NOT-SAVED~ONk- THE———— ,

SAVMNL CONTAINS THE NAMELIST SAVDAT WwHICH MUST

GONTALH—THE—ThpPUTS—WHECH—BEF-TNE—THE—GOMSTRATIMNTS

AnND THE SIMULATOR. THESE INPUTS WILL BE NEEDED IF

FURTHER—PROCESSING--15-DONE —AND—-ARE—WR LT TFEN-ON--ALL
SAVE FILES. MAMELISTS RUNOAT AND SAVDAT MUST CONTAIN

ALL—INPUTS -REQUIRED-TC--DEFINE-THE-SYSTEM - THE =

COMSTRAINTS TO BE SATISFIEDs AND THE INPUTS FOR PAP.

INITIL CONTAINS THE FORTRAM CODE THAT SETS THE

VALUES--OF ~ANY--YARIABLES T HAT-MUST-BE—IN LT LLL-2ED

AT THE BEGINMING COF EACH PASS, VARIOUS INPUTS WHICH
ARE-MNOT_OF TEN—GHANGED - CAN- BE.. 5ET—HERE . - THEIR_VALUE

CAM BE CHANGEDC BY THE SUBSEGUENT READ NAMELISTS

BUNDAT-AND—S AVEDAT.,

SIMOEN..CONTATHES_THE—FORTRAN—CODE ~HICH--DERIVES_FROM

THE INPUTS 1IN RUNUAT AMD SAVDAT THE INFORMATION

NECESSARY.T0 DERINE_THE-SYSTEM~-CONFIGURATION . -THE.-

COMSTRAINTS 10 BE SATISFIEDs AND THE INPUTS TO PAP,

[
1

RPDDS CONTAILNS A DIMENSION STATEMENT FOR ALL

"OF THESE VARIARLES MUST CORRESPOMD TO THOSE GIVEN
JO-_THE. VARIARLES _IN. RAR,

VARIAJ!tSmIN NAMELIST-SAVOAT. THE.DIMENSION-AND.SIZE

ﬁﬂﬂtﬁﬁﬁf‘hﬂﬁﬁﬁﬁ(‘:ﬁt'ﬁﬁ OO GO OO aOqm o

SPECIFICATION STATEMENTS éggjj>*‘“——*—““
(, r

INGLUDE—PARST Av LTS T A
INCLUDE PARDOC/LIST //4;Q‘ ‘
FHELYDE-KOMMGEs LoEST , L
1RCLUOE MCLDOC,LIST ,<\\////
THCLUJE KOMUSE T ST :

INCLUDE RUNNL yLIST

THCLYOE -SAVNL  LLIST
DIMENSION TUN(MU) » IS0 (MUY TVA (MUY »CMT (MU) ¢ CHMA(MU)

CIHAHAY o T CRAMUYY ¢ FNGLMUIIAS- Miyp-T ST-(Middey FTLT-689--ALAB (:6)-r
OLAB (8) r TAOS (U) ,PLIN(MU) ,P2TH (M)

B-EHEMSLOM—FIME(-2)

DATA SUSl/GHINISQL/SUu?/GHFILQRD/SUB3/6HCOMC1A/SUBH/

BHAUXPRO/SUBS/6HPLTCON/

OO0

NAMELIST PLTDAT-THIS NAMELIST DEFINES ONE PLOTTING

FRAME-« —WHEM-SPEC IFYING-NFR-FRAMES +—TH 1 S—NAMELALST—WE Lt
BE READ NFR TIMES IN SEQUENCE STORING THE INPUTS BY




) j - G4

\RE 4-D PAP TEST ' : : D
I ll
c FRAMES,
NAMELIST/PLTDAT/ TGS TUNIISO¢ IVArFTLT+ ALAS,OLAB,LABC,
e AMETA~iAY OMIrOMA rCMTrCMA #FAOS rPAYINY P2 Hvr&IN p o0y INSrLASy——-—
. ISIHFU ~
e o EQUIVALENCE~(d rdxt)
C <
— G INI T I LT 26—
c - .
ENCLUDE—TINTTIirioTS)
C . e
& READ ~MAMELEST-RUNDAT
C
1 REAB{SrRUNDAT)
C I
¢ READ -NAMELIST - SAVDAT~FROM—F IE—TUNI T—5 s - OR-BOTFH—(5— IS READ -LAST )~
C.
LF-CK O (1) Q56— T0—10
REVWIND IUNIT
READ{ [UNI Ty SAVDAT)
IF (ICHSAWNE.1)60 To 20
40 : READ (3 rSAVDAT )-
C : -
—€ ~READ—PLOT—BATA —LF—NFR--6T—0 SN
c )
20 A IF-UNFR.EQ , 0)-260—T.0--30
C : :
—Corleee READ T HRUTS - TrlAT--DEF I NE - A~GENGLE-.FRAME ~AND- STORE—LN_ARRAYS_WHIGH— S
¢ HAVE OME OF THEIR SUBSCRIPTS CORRESPONDING TO THE FRAME NUMBER
¢

DO 25 J=1,MFR
READ (5 PLTDATY
IPCP(U)=1I05
LAC.(J) =LABC:
AMIN{JYZAMY
AMAXA-J3= AMA
OMIN(J)=0M]T . )
OMARLJI=OMA - -
Do 22 L=1,8
TLT-Cler JAZFTLY (LD
. ALA(LJ)=ALAB(L)
22 ObA-( b 9o} TOABR-CLA
. NEN(J)=NFU
D025 K=ty MFEU
IFLUCGJK)=TUN(K)
TSOL (JriK) =150(K) —
IVAR({JUrK)ZIVA(K)
FAG-{J e K} IAQS-LIG)
PLINC(JsKIzZP1IN(x)
—_ P2INCLJ e K} =P2INI1)
- CMIN(JrK)=CMI{K)
EMAX [ r K ZOMA-LK:)
DELC{JU:+K)=CIN(K)
TS K =T EB (K
IS{JrKIZINS{K)
G p i) =LAS (K)
25 INCS{JKIZISI(K)
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R 4-D PaP TEST

]

390

~—=-——=POSITIUN~PLOT -F ILES—BEING- HSES-P AS T—USRDAF

C

C

CONTINUE
IMNCUDE~STMDFN s LTS F

TFCHNF e NETL v ORNF R EQ- UM — 6 0~T 0~ 0 1
REWIMI 14

CALEL—RPD 1)

IF (NFL5.NE,1.0R,NF15.EQ.IUNIT) GO TO 102.

REWIND—L5

CALL rRPD(15)

FF-CNFL S NEs i OR VP EQ e TUNITI— 6 0 —FO0—103
REYIND 16
EALL—RPD (18)

103

IF(NF17.NE,1,0R.F17.EQ.TUNIT) GO TO 104

P
w
i o

REMT DL
CALL RPD(17)

LF-ENF-E S NE -1 - ORNF £ 8 EQ v TUNETY ~60~T0--1-05

REWIND 18

C

C— WRITE--SAVOAT-ON FILES-BETNG—SAVED--THIS-PASS

C

105

CALL-RPD-(4-8)

IE{ ISATLEQ.0)60-To_1.05
EOTI=8+NOI

——NOI=NOI+1

IF(LOL.6T.10) GO Ton 1990

REWIMD-LOT
WRITE(LOT,SAVOAT)
I ISAFE. EQ.0 ) -60—T.0--107

1.06

LOF=11+NOF

MOF;NOF&l
IF(LOF.GT.13) GO To 199
REWINYD _LOF.

WRITE (LOF :SAVDAT)

IFA-ISACEQ, 01—60-Ta—108
LOC=14+MOC
NOCZMOC+1 -

IF{LOC.G6T.16) GO Tp 190
REWIND—~LOC

WRITE (LLOC,SAVUAT)

= NOAZHOA+L —-

IF-CESAAEGL 0= GO-Ta—109

LOA=17+NOA

IF(LOALGT,.18) 60 To 190

L]
[0
[

REHIND-LOA-—

WRITE(LLOA:SAVOAT)
COITEMIE

[aE s Nel

GO--FO—THE—FUMET-LON-T-O~BE-PERF CRMED—NEXT

1=

~120

Ll

KN=KON ()

CALL:

IHES0k

e

G{FJFQHHG&30w4J+U+{b5OﬁfL68¢€F18474§H



http:IF(LOA,GT.18
http:IF(LOC.GT.16
http:IF(LOF.GT.13
http:IF(LOI.GT.10

-4
>

e

ARG 4-D PaP TEST

130

CALL OCLOCK({TIME)

HRTEFE-(6:r 10021 5UR 1T IME
NSE=D .

CAkl=—INESOL
WRITE(6»1003)05E,5uBL

Go—T0—180

CALE—FILGRD

CALI—BCEOCK (TIMED

WRITE(6,1002)5U2,TIME

NSE=B
CALL FILGRD

WRETEA( 6+ 1003 NSE+SHAR

GO TO 180

Mo

CALL COMCHA

150

CALL OCLOCK(TIME)

WRIFE (671602 SUBI+TIME
CALL COMCHA

GO—10--180-

e RaEY!

160

GAL—AUAPRO

s

¢ CALL—OCLOCK LT-IMEY

VWRITE(6:1002)3UBG TIME

CALL--AUXPRO

. GO TO 180
\

e

sEaNe]

Cali PLTCOM

3

CallL OCLOCK (TIME)
WRRITE (6,1002)SUBS »TIME

bty €

CalLL PLTCORM

JoJhd

IF(KON(JY-8) 12G,1,200

T YRRy

4
OO0

WRITE EXIT REASOM MESSAGE

190

WRITE(&,1001) NOT#:CF MOTMOA

OO gy

Cali EXIT

[EPRY A

200

Cabl EXIT

[ EaNe]

FORMAT STATEMENTS

1001

FORMAT(1H  f®44xvORE THAN THE ALOTTED NUMBER OF SAVE !

I312Xs "NOA = ' 1I3/)

1-002
1003

FORMAT(1HO » "k 4ok SYSTEM EVALUATED

ekskopskAoA)

Yellbe?

LRI E S WEREVUSEDAp 4o NO T2 132K p M NOF—2— -1 3, 2% LNOC-=

FORMAT(LHU -tk ok Cplz et 1A D 1 — AT —T-LME— 1 # 2A G- Lok 1./)

TIMES IN

L4

e ADY

END

1y e Mo v R g = ey e
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ZD BY UNIVAC 1108 PPRP O 17 SEP 69 AT 08:39:%0 1102-0005

KOHSOL PROC
C . . _
c - SPECIFICATION OF COMMON SOL
-
COMMON/SOL /IS 1 SOLP (MP 1 }S) » SOLC (MC # MS)
R
C v« o NAME DEFINITION .
C
c NS NUMBER OF DISTIMCT SOLUTIONS FOUND («LT.MS)
C SOLPAIsJ)— [TH_COMBONEMT _OF. JTH_SOLUT 10N
c SOLC(Ird) FIMAL VALUE OF ITH COWNSTRAINT OF JTH SOLUTIOM
pe .
C THIS COMMON IS INCLUDED TH SUBROUTIMES INISOL AND FILGRD
.
END
KOMMC L PROC
c .
C SPECIEICATION OF. COMMON_MC
c »
COMVOM/BECLZKON(B) £ TS TCMr TSAT ISAF t ISAC ISAALISGRAME) 7 R
. TCCH M) P HER NP s NCy ALMPY 1B {MP) » NCS s DELP ($4P)
. P1T,P2T.0PSIMC) » IPOP(AE) » IPR T IPRE » IPRC e IPRA LIPRE,
. NEMME) » TELU (AR 144U ) » ITS0L (MF # MU) s MSG e NCG 1
. INARIME 2t ) p TLTLB24F ) L ALA LD IE) p OL ALR e MED (L AC{ME)
, AMIFCMF) ¢ ARAX (HF ) » OMIN (M) s OMAX (MF)
- CMNCME e 1) ¢ CMAXCME 1 MU DELC (ME, MU)» TYS (MEA MU LIS (ME 2MU
. LS (47 s MUY r THCS (M s 4U) tLOTr LOF+LOC LOA TUNIT ¢ NOT » NOF
R NOC y MOAr JX e TAQ (ME o 24U ) o RITHC (ME 228l » P2 TNC (ME 2 MU)
END . ’
MCLDOC PROC

DEFIMITION OF. MARIAGLES IN _MCLL

eee o VARIABLES THAT _CONTROL _pOOKEERIMNG..FUNCIIONS

C

C

c

C

C

C omeaMAME e DEEINITION

C

C 1SAL FLAGr_=1 _SAVE _QUIPUT_EROM._IMISOI

C 1SAF FLAG: =1 SAYE CUTPUT FRGHM FILGRD

C ISAC ELAGr =1 SAME QUTPUT_EROM-_COMCHA

C ISAA FLAGs =1 SAVE OUTPUT FROM AUXPRO

C IRRI RRLMTOUT _LEVEL _COMIROLE _FOR_TNISOL
C IPRF PRIMTOUT LEVEL- CONTROLE FOR FILGRD
C iPRC PRILTOUT_LEVEL _COMTIROLE_FEOR.COMCHA
c - IPRA PRINTOUT LEVEL CONTROLE FOR AUXPRO
C IRRP RPRINTOUT_LEYEL CONTROLE _FOR._RLT.COM
C TUNIT UNIT (OR FILE) NUMBER To READ INPUT DATA FROM
C LGT QUILUT UHIT FOR_INISOL

C LOF OQUTPUT UNIT FOR FILGRD

C LOC QUTRPUT_UNIT - EOR_.COMCHA

C Loa QUTPUT UNIT FOR AUXPRO

~

NOI NUMBER-. OFRASSES_THROUGH _INISOL-WITH - 15AI= l——;uf-
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_NOE

|
|

NUMBER_OF_PASSES THROUGH_EILGRD. _YITH ISAE=1

NOC

AT
IX

MUMBER OF PASSES THROUGH COMCHA WITH ISAC=1
NUNRER_OF PASSES. THEOUGH _AUXPRO. . WITH ISaA=]

CURRENT VALUEZ OF KOF IMDEYX

¢« s VARIARLES THAT COMTROL THE ANALYSIS.

o ﬁr:ﬁrvL

.. a}"IAME

DEFINITION

KOM(I) DIRECTS COMTROL
. 1SM IMDICATES_SFARCH METUAD_ _TO ®F USED

cM INDICATES ITERATIVE METHOD TO BE USED

MP NUMRER OFE__THDEREMDENT _PARAMETERS

MC NUMBER OF CHARACTERISTICS

AL LORER _R0UND_ oM ITH INOERENDENT PARAMETER
B(I) UPPSR BOUND ON ITH INDEPEMDEMT PARAMETER
DELPALI) SICR _GIZE E0OR_ITH._IRHOSPEZMDEMT _PARAMETER
P11l INITIAL VALUE OF ABSCISSA

P21 INITIAL YALUE OF ORDINATE

MCS NUMBER OF EQUALITY CONSTRAINTS

FPS (L) TOLERANCE OM TIH_CONSTRAINT

NSG HUMBER OF SOLUTIONS TO BE DEVELOPED
ISGRGH oKL KTH_ SOLUTTON USEDR _To START JIH_GRID
MNCG NUMRER OF gRIDS TO BE DEVELOPED

ICCHD) SiIG CHARACTERISTICS COMPUTED FOR _GRID MAPPED

FROM KTH SoLUTION

-

« e« VARIABLES THAT CONTROL THE PLOTTING

o o MAMFE DNEFTHITION .

MFR T MUMBER OF PLOTTING FRAMES TO BE GENERATED
IPOP{I) PLOTTING OPTION SELECTOR FOR ITH FRAME

=0y OFF=-LINE PLOTS OHLY

=i, PRIMIER PLOTS OMLY

=2; BOTH TYPES
TLTCAe D) 42 CHARACTER ITH FRAME_TITLE _
ALACJIFT) 48 CHARACTER ITH FRAME ARSCISSA LABEL
OLALJrIY 43 CHARACTER ITH_ERANE ORDINATE_L/ABE!
LAC(I) FLAG: =1 LABEL CONTOURS ON ITH FRAME
AMINCIY . o ATTMUM VAL UE OF _ARSCISSA _ITH FERARME
AMAX(I) MAXTMUM VALUE OF ARSCISSA ITH FRAME
OUINCL)Y. o ATHIMURLVALS _OF_ORDIMATE _ITH ERANE
CMAX{I) MAXTMUM VALUE OF OADINATE ITH FRAME
MENLIY e BUMBER.OFE _EUNCTIONS_TO_RE_PL OTTEL ITH.ERAME
IFLU(IJ) :

FORTRAN LOcIcCAL UMIT DESIGHNATOR FOR JTH
FUNMCTION o TTH FRAME :

ISoL(ie)

SOLUTION DESTGMATOR FOR JTH FUNCTION OF ITH
ERAME

IVAR(Ir )

VARIASBLE DESIGHATOR FOR JTH FUNCTION OF ITH
FRAME

P1TNC(TrJ)

INTERPOLATION INCREMENT P(L)+JTH FUNCTION OF
ITH FRAME :

P2INC{(I.J)

INTERPOLATION INCREMENT P(2)}+JTH FUNCTION OF
1TH_FRAME

ﬂﬂ')ﬁp(‘)ﬁ(‘)"‘)ﬁ"}()")ﬁ”)ﬂ ":(‘)WQOOPOOQOOOIOGQ,OOOOOOOOﬁﬁﬁﬁ’)ﬁﬁﬂﬁﬁ

wvs(ived

COMTOUR PLANE INDICATOR
=0, CONSTANT FUNCTION CONTOURS

P S
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e . —m e et e e e e A

Z1lr P1_COMSTANT _COUNTOURS

’ =2, P2 CONSTAMT COURNTOURS
IADAT pd) o CABSCISSA=0RDINATE _IMBICATOR

=0:s PL/P2:F2/Fr OR PL/F IS5 THE ABSCISSA/ORDINAT&

= Ly~ THE-REVERSE- IS TRUE

CHIN(Ird) MINIMUNM CONTOUR JTH FUNCTION ITH FRAME
SCPAXLL e J) e — AKX EMUN. CONTOUR . JTH_EUNCT.ION LT RRAME

DELC(IJ) STEP SIZE BETWEEN CONTOURS JTH FUNCTION ITH FRAME

1SLI0nd) INITIAL- SLICE INDICATOR ITHERAME JTH EUNCTION
LS(I+J} FImal SLICE INDICATOR ITH FRAME JTH FUNCTIOW

INCSLLeddl— LHCREMEMNT.QOE _SILICES —
A

OO0 OO00000000N

—THIS_ COMMON_XS_INCLUDED IM SUSROUTINES RAR, INISOLs Tl 2

FILGRDrCOMCIA s AUXPROs AND PLTCON ,/gsﬁi//(//

PROC '6\

%////
SRECIEICATION OE_RARAMETER §TATFM1NT <k

p\RAﬂEIElwAR;LOLSCALE.FﬁDLLUMiﬂiﬁs 25 MG Ak D MAZ 3 1,

MO=MA» MK=1500

PRCC  ~

DEFINITION OF PARAMETERS

oo « NAME DEFINITION

TP MAXIMUM NUMBER OF IMDEZPENDENT PARAMETERS
BC e MAXT UM NUMBER. OF_CONSTRAINMTS

kF tOMAXIRUM MUMBER OF FRAMES
MU MAXI UM LUUBER O FUNCTIONS PER_ERAME

M6 MAXINUM MUMRBER OF GRIDS THAT MAY BE DEVELOPED
MS MAXIMUM MUMIER oF SOLUTTONS THAT MAY pE STORED

MH MAXIMUM NUMBER oF GRIDS FOR WHICH CHARACTERISTICS MAY
RE COMPUTED __

T MA MAXIMUY HUMBER OF ABSCISSAS .
MO. MAXIEUN _NUMBER_0F_ORDIMATES

MK MAXIMUK MUMBER oF CHARACTERISTICS

sNeReNoloNoRnloNsRoleloloNe o R RO RaRY

PARANMETER STATLMrHi INCLUDED IN ALL PAP SUBROUTINMNES

EMD
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et e o e P T e
Z APK26.RPD L . .. S -
C TIILE RPD = READ PAST NAMELIST USRDAT
g AUTHOR  P. F. LONG ’ )
g‘éﬁTé C T 7726768 ’ T oo T
'"—""%"FURP6§E“‘"“"M?6 POSITION FILE I PAST NAMELIST SAVDAT. =7~

READ NAMELIST SAVDAT BUT DO WNOT TRANSMIT DATA TO PAP,

THROUSH ARGUFENT LIS

TMETHOD

ST

jﬂﬂﬁﬂﬁﬁﬂr),ﬁﬂﬂ

I FILE NUMBER To BE READ T T o
) OUIPUY =~ NONE® S T T
D SUBROUTINE STAFEWEMT 0 T T T oo
B " SU3ROUTIME RPL(I) T T T
e INCLUDE PARSTA,LIST e e
INCLUDE RPDOS!LIST
e L. INCLUDE SAVNL'LIST e . e
READ (L »SAVDAT)
e i e e BETURN e e e e
END
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PREZH.IHISOL
C TITLE INISOL - liITIAi SOLUTION SEARCH SCHEME CONTROCL
C.. —
C AUTHOR P.F. LONG
C
C DATE 2=-9=58
- .
C PURPQSE - TO Call REQUESTED SEARCH SCHEME ANG TO PRINT AMD STORE
C SOLUTIIONS,
C N .
C_ecail CALL. THISOl
C
C_INPUT THRQUGH L ARFLLED_ COMMON_MCL.
C .
C 158 SEARCH METHOD. SELECTOR
C mdy SEEKJ IS CALLED .
C T54AT =1 OUTPHT SAVED O UNIT 03l
C LOT OQUTPUT UMIT NUMARR
(‘- -
C ABrBrDELP,PLIP2INPHIICS,ICYMEPS AND IPRI ARE PASSED ON
[ T0 THE VARIOUS SEARCH SUBROUTIMES. :
C THESE VARIABLES ARE DEFIMED 1IN THC MAIN PROGRAM UMDER
C COMIEGN. MCL, -
c
¢ _ouUTPUT . NS!JQLP? ARD SOLC ARE PRIMTED STOREDR IN COMMON SOLs AMD
C : iF ISAY=1r WRITTEH OW UNIT LOI.
C THESE VARIASLES ARE DEFINED RELOW UNDER_COMMOMN SOL.
C

¢ SUSRQUIINES  SEEKI» SEFK2r SEEK31 SEEKS ¢ SEEKS

SUBROUTINE STATEMENT.

eNel N

SUBROUTINE IMTSOL

SPECIFICATION STATEMENTS

N

INCLUDE PARSTA-LIST

TCLUDE _KOMiACL, LIST
INCLUDE KOMSOoLLIST

CALL THE SEARCH METHCD INDICATED BY ISM TO FIND THE IMITIAL

SOLUTIONS. -

O aOn

GO To(5230,15e 20,0 25) 5 16M

CALL SEEKI{ABeDELPPLT+P2I NP rMNCSrICMrEPSI NG SOLPYSOLC
. 1PRD)

1831

GO TO 20
1.0 catl, QﬂEKZLAPPFqLLprll RP2X M2 e NCS e ICMe ERS NS, S0LPSOLCe

- e IPRI)
GO To 30

15 CALL SEEK3(A(BDELP+PII PRI NPsMNCSy ICHrEPSI NS SOLPrSOLC
» IPRI) )

GO To 30

20 CALL SEEKU (AR, OFILPPIT P2l NP MCSy ICHsEPSINS,SOLPSOLGy
. IPRI)
60 To_ 30




4 e = C-12 =

25 . CALL. SEEKSAA LB/ DELR LT 1 PoT 1 liP e NCS . ICMIERS NS 1 .SOLPASOLC
. IPRI) . .
c .
C WRITE SOLUTIoRS OM Lol
-
30 IF(ISAT.NE.1)G0 TO 35
U RETELOT NS SOLP £50LE
END FILE LOI
RENIpND_0OX
c .
C RRINT.SOLUT IoNS = =
c ‘ :
35 WRITE(6+1001)2IS
DO LG J=1epS
40 : WRITE (6.0.1.002)JslSOLR(Lyd) s TS1eNE)
RETURN
~C :
C FORMAT STATERENTS
s
1061 ; FORMAT(IHO 4N T2 " SOLUTTOMISY FOUND/)
1092 FORMAT( 1M, 8Xs 12, (8E45,8/1100) X
END ‘ :
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APR26FILGRD, . __

C TIILE _ FILGRD ~ SOLUTION MAPPING CONMTROL
B e e s et e n e e = e mme o e e e e o mmmee e s
C AUTHOR PuFe LOHG
S _ . __ . e
C DATE 3~7-58
G e e e e e e

C PURPOSE TO CALL GRIDMK WITH EACH INITIAL SOLUTION REQUESTED AND
c.._. _STORE._THE .RESULTS. OM. UNIT LOF. .. _
c : .
e C._METHOD. _LOAD._THE _REQUESTED_SOLUTIONS_AMD .CALL .GRIDMK_EOR -
C SOLUTION MAPPRPING.
e C . :
C CALL CALL F1LGRD
C

C INFUTS THROUGH LAFIEL_LED COMMON MCL

¥
i
¥
i
s
!

KOM?» TUNLT s NSGr ISAF 1 LOF s A+ R+ DELP  ISGREPS NP1 NCS» ICM? IPRF
.. .. . _THESE VARIABLES ARE_DEFINED 1N THE MAIN PROGRAM UNDER .
COMMON MCL .

3
i
\
1

THROUGH LABEILED COMMON SOL

-
Sl i i reina = AR S T e merm i A S L e s = W e i i kM e = Amraan L TR v

NSsSOLPsSOLC  THESE VARIABLES ARE DEFINtD BELOW UNDER
- COMMON_50L.

|

nOCON0O0000n0

ON UnIT_LOF |

O
:
'C
_|

]

e AL r— e At e = — = - n m——— — ———a —— e ——

JRPL L NULBER OF_PULI'S
NP2 NUMBER OF P(2)'sS
NP __._ __ NUMBER OF PARAMETERS
TSBRK) 'NUMBER OF SOLUTION FROM WHICH GRID WAS MAPPED
CGRD(TrdsrK) RESULTIMNG SOLUTION GRIDe IZ1eNP J=1rNP1
K=1 NP2
___COPT{JrK) OPTLMUM VALUE IF OPTIMIZING. J=1r1,NP1rK=1,NP2
IDCV(JrK) =1, SOLUTION FOUND FOR GRID POINT CORRESPONDING
TO (JeK)

5
1
|
1
!
H
1
5

]
{
]
!
'
)
I

aoooao

3
3
!
'
H
{
H
s
1

OO Mmoo

G SUBROUTINES _ GRIDMK L - ——

B e v ame SUBROUTINE STATEMENT —— e e e e et e e o

. e SURROUIINE FILGRD . . e - - e
i ;E_m"___SEECIF}CATIOH SYATEMENTS o e ——— - -
- ,___,_f_____ e e e JEINCLUDE PARSTASLIST | s S,

INCLUDE XOMMCL,LIST
e INCLUDE KOMSOp LIS .
- CIMENSION GROAMPrMAPMO) rCOPT(MArMO) rPINI (mP) rIDCV("dA NO)

C IF FILGRD IS THE FIRST MAJOR SUBROUTINE CALLEG THIS PASS: READ
- C NS eSOLP»SOLC_FROM_IUMIT
c : :

—_ . IE(KON(L)LeNE.2)60 TO_10 . .
READ (1UNIT) ~SrSOLPsSOLC
- 10 IFINS LT . NSG)Y. NSGZNS_




C
. C CALL GRIDPK TQ _GENERATE _THE_GRIDS_FOR_ THE INDICATED _SOLUTIONS

. WRITE ERROR NMESSAGE

T T e e mmar tme e . e
- C_ - - - - - - — max —
C DESIGMATL STORAGE DEVICE
C .
IF(ISAF.HE. LY LOF=25
£ . e e - Ce. - e e - e
C COMPUTE hUﬁBtR OF P{iJ'S A“O P(?)'S
C e e - - -

NP1=(B(1)~A(1))/DELP(1)+1,01
MP2= (B(2)~A(2)) /DELP(2)+1,01 e

o

NEOAY ._l.G.Q,,L‘{'—‘_lJJ\f S8

c
C . _+esSET INITIAL SOLUTION
C

L CUJSISORUKD e
DO 20 J=1:NP
20 PINI(J)ZSOLP(Jsdd) ) L L

C
€ eaeIF JJ 8T, NS _WRITE ERROR MESSAGE AND RETURN _ .
c

CIF(Jd. GT NS) GO_T0 105 .-

et oCALL GRIDHK TO DEVELOP THE GRIp FOR THIS SOLUTION

CHRITEL6:1002) JJ
T CALLT GRIDMK (4 rBrDELPEPS,PINI, NP ¢ NCS, ICHM» GRD COPT1 IDCY Y
. IPRF)

C  _WRITE GRIDS AND OPTIMUM VALUES ON UNIT LOF

50 WRITZ(LOF) HpLyNP2:iPr ISGRIK) rGRUrCOPT» IDCV
100 CONTINUE
e _REWID LOF e e e e

It (LOF WNE .25, AND s KON(JX+1) +EQ.3) CALL RPD(LOF)
102 . . RETURN

105 LU WRITE(6:1001) JJ
RETURI

C  FORMAT STATEHENTS

1001 7 TFORMAT (1H Te#x&xSOLUTION MUMRER 1',I2s,t NOT AVAILABLE!)
1002 FORMAT(11H0s " ¢%e%i MAP SOLUTION NOe 12129t #3skss/)

) o END T T
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= C=15..=

Ol UNIT.1OC.

_SUSROUTINCS _ CHARAC _ __COMPUTES _THE _SYSTEM_ CHARAGIERISTICS. GIMEN_THE.

VALUES OF THE PARAMETERS
ERTCHA PRINTS PARABETERS_AMD _CHARLCTERISIICS _FOR. A

v

SIHGLE GRID POINT

SUBROGUTINE STATELERT

APRESH . COMCHA . _
C TITLE COMCHA-COMPUTE SYSTEM CHARACTEISTICS
e N X
C AUTHOR P.F. LOWSG
C . :
C DATE 6-=7-68
s _ .
C PURPOSE TO COMPUTE THE SYSTEM CHARACTERISTICS FOR EACH POINMNT AND
C SIGREEQR RLOITING
C
C_METHOD THE _IMDICATEN GRID ANMO THE CORRFSPENDIMNG SOLUTIONS ARE
C READ AMD THE CHARACTERISTICS ARE COMPUTED AND STORED FOR
C EACH_POINT. PRTCHA:-IS CALLED _FOR ALL_OR_A_SUBSET _OF THE
C POINTS TO PRIMNT THE SYSTEM PARAMETERS AND CHARACTERISTICS
(" -
C INPUT THROUSH LAREFLLED COMMON MCL
C
C KOMPIUNITr7SAC NCGr ICCH IPRC NP PNC
—___C. THESE VARIABLES ARE DEFINED IM THE MAINMN PROGRAM._UNDER
C COMMONM MCL.
C
c READ FROM UNIT LIC
C " .
C MNPl . MUMBER OF P{1)1'S
C NP2 NURMAER OF B(2314G
C M NUMBER OF PARAMETERS
C I5NO MUMBER OF SOLUTION FROM _WHICH GRID WAS MAPPED
C GROD(I»JrK) RESULTING SOLUTION GRID. I=1eNP Jz=1eNP1L
C K=l eblP2 .
C COPT(JrK) OPTIMUM VALUE IF OPTIMIZING. J=lrl,NP1:Kz=1sNP2
¢ _IDEV(JrK) =1, SOLUTION FOUND FOR GRID POINT CORRESPONDING s
C - TO (JeK)
» .
¢ OUTPRUT PARAMETERS AND CHARACTERISTICS ARE PRINTED AND WRITTEN
c
C
C.
C
c
C
c
C
c

SUBROUTINE COMCHA .

I
C SPECIFICATION STATEMENTS
c .
ICLUDE PARSTAFLIST
InNCLUDE KOMMclL L IST
- DIAENSION GRO(MPrMA» MO 1 COPTIMAMO) s PIMP)Y » IOCV(MArIAO)
. C {MEKD)
C
C DETERMINE INPUT. AND QUTPUT UMITS
C ;

1LICc=25

IF(KON(L) . £6G.3) LIC=IUNIT

TELTSACLEQ.0) _LOC=25



http:RA�CTER.SI

- e = C-16 =

C
< DEVELOP THZ GRIDS
t_"' 7750 200 1-1,ncE
§ . «READ A GRID FROY FLU LIC
; T READ (LICINPL, HP2 NPy ISMOsGRDy COPT s IDCV
é ...IS THIS GRID TO BE DEVELOPED
- IF(ICCH{I)=15H0) 20515200
E o < WRITE ERROR MESSAGE AND CONTINUE
{20 WRITE(6,1001)
— GO0 200
e RITE IGEMLIEING _IMEORMATION ON.LEU_LOC.
"5 WRITELLOC) ISHA, MR HR2 FMP NG
WRITE(6,1002) ISNO
¢ T READs COMPUTE, AND PRINT GRID POINT BY GRID POINT
‘ 0o 190 U=1,
DO 190 _K=1sp22
‘(é e s SET _PARAMETERS _FOQ THIS GRID POIMT

DO 30 1=ianNp
30 POLIZGRO(Lr Jr )
l_F__(_ID_C_V_(_S.J_?_ i::.‘)..‘hl\.i Es.,o ) G.O_.._.:{-__O HQ
POLI=A(L)+(J=1)Y+DELP (1)
P{2ime(2)+(K~1)%DFLB(2)
. DO 35 K1z=3:NP
5 e P00

. DO 36 Ki=1¢pnC )
6 - CAK1)=0.0
c owore B ALSOLUTION. sIAS. SQUND_EOR_THIS POINT CORPUTE_CHARACTERISIICS.. .
c :
10 TE(INCY (i) FQ.1) CALL_CHARAC(P,C)
P :
C WRITE. P ARD GOk .PLOT_TAPE
C
WRITEMLQCILIDCM O e (PLTT) p TI=T 2 NP, (C (I dd=1 e NCY)
C
C v DIE L THIS _POINT_ IS 10 0FE PRIMTED_CALL _PRT.CHA
C
TE(IPRC.EQ.0)_GO_T0_190
IF(IDCY(JdeK) ,NELL) GO TO 190 - - .
TE (MO IRRC L. ECL 0 ANDL MONLK s IPRC ) . FEQu 0.6.0R0 JoER L OR K
. ED 1. 0RWJ.EQWIPL.OR K EQ.MP2) CALL PRTCHA(P,C)
190 CONT.INUE
200 CONT INUE

END_EILE_LOC
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f
: : ~C—1F
S REWIHD LOC
" REVIND 25
205 RIZEURMN
C
- G EORMAT_STATEMENTS
C
- — 1001 FORMALLIEO, 1 ok CRIND_REQUESTCDL.NAS NOTMARPER. fxkikt )
1602 FORMAT (IHO » vk 42COMPUTE CHARACTERISTICS FOR SOLUTION
T Y T2 p Yokt U /) i
END’
Ve
- 13
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—ARR26PLICON.

C TiTLE PLTCON - CONTOUR PLOTTING
o
C AUTHOR MeTo HINMAN
C
C DATE 1/1/69
g .
C PURPOSE TO READ FUMCTIOMS OF TWO VARIABLES FROM A NUMBER OF
C EILES -ANO TO-GEMERATE AND_RLOT_.CONTOURS-OR-THESE
log FUNCTIONS
c -
C METHOD PLTCON DETERMINES IN ADVANCE WHAT FUNCTIONS ARE TO BE
C READ_ SO THAT_EACH_FILE CAN-BE _READ_IN_ONE-_PASS..EACH
C FUNCTION IS THEN STORED OnN A SEPARATE FASTRDUM FILE.
c PLTCOM_THEN_CALLS. FRMPLT WwHICH PROVICES _FOR THE._CONTOUR
c GENERATION AND PLOTTING,
z
C INPUT VIa COMMON McL, SEE DOCUMENTATION OF MCL
C .
C OUTPUT SUMMARY TABRLES:FUNCTIOHN APRAYS:PRINTTR PLOTSPLOT TAPE
c
C .
C SUBROUTINE. _STATEMENT
C )
SUSROUTINE P21 TCOM
C
C SPECIEICATION STATEMENTS
c

_INCLUDE PARSTANLIST
INCLUDE KOMMCLLIST

- IHCLUDE _ClDOCLIST

INCLUDE KPFILELIST

PARAMETER faFU=SMEAMU» MPCZMPEMK

INTEGER SKIP

l&LJAiHBiHJIFLU(MFU)rMISOL(NFULMMLMARLLEULJEAIPCJXELDr
e FOINC (MFU) + FCAIN(HFUY f FCMAX (MFUY ) FDELC (WMFU) » MIVS (MFU) »MISIMFU) » .

M"_u_"_”‘m,__hLS(NIU)rﬁIuCS(JFU)r SAMINMOMFU L EAMAX (MEUD 2 EOIIN (MFU) » EOMAX (MEU) e
. INSAMFUY r IFASTD (MFUY 1 MIPOP (LIFU)

DIFEHSTON-LHVAR (S0 LHCT (50 » LHMR(50). . HR1{#MA) » HRZL 0.+

. LRFLUCS0) s LHSOL (50)

DINENSIOM - VIMBC) P (2)_

{ SET ROMN=ARRLICARLE _STORAGE _AREAS_EQUAL_TO_ZERO

PGS0 T=lr WRER
JP = HFRL(T)
DO_9n Jz s B
IF(IVS(1eJ)oGT.0) 60 TO &8N0
VS )= 0

IS{I«J) 3 0
LS(Ird)_= g
INCS(Ird) = D
GO0 T10_90

80 IFCIVS(Ird) Q. 1) PLINC(IrJ)=O

TE(IVS LI d) e OG22 R2TNC(IAJ) =0
CMIN(IJ) = O

CHMAXL LeJ)—=_0. -
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= C=19 =

DELCILJ) = 0

990

CONTINUE

SEONY]

THE FIRST FASTDRUM NUNBER TO BE USLCD FOR STORAGE

IDRUY = 31
NTEM_=_0

‘.&’R’T'l".i:'._!l

ERAME BY F:_QA.'«‘E....SU\:IW‘}\QY QF_ Pt OTTTNG TO 8 _DONE

oMo

IE_{IPRP. L T.1) GO _TO 150

WRITE(6+5)
WRITE(6r5)

DO 120 I=1 P NFR
WRITE(627)_ T XRPOP (I ¢ AMINCI) » AMAX (T p OMIN (L) . OMAXLI)

JLo= NERC(I) .
DO_120 J= A Ji

120

VRITE(S6:8) IFLU(I,J)»ISOL(TIr J) t IVARCI»J) r TAO{T ¢ )y
PATNCAI ) p P2INC (Y e p CMIN(TrJ) e CMAX (T0J) o DELC (T k) e

1

| x4

IVS(Ir ) v IS(I7J) 2 LSUIrJY» INCS(Ird)
CONT THUE

OO

CALCULATE MUNSER OF VARIABLE REQUESTS .-

+
rd

DO 110 IZ1 . NER

119

MTFN = NTFN+HNFN(T)

OO0

SET FASTDRUM FILE IMDICATORS TO INITIAL COMODITION

DO 130

100
MIPOP(T) .

150

1.
4]
0
i

DO 10 HEY

140

I=
MEDRU(I) =
i

IFASTD{I)=D

ICT = 0

RESTORE. VARIABLES. FOR_SORTING

OO

DO.ATO0_ I=1,1IFR
JP = NFNLD)
30180 JoledR

ICT = ICT+1

daIPORAICT) = IPOR(I).

FOTINCLICT) PZINC(I N
FCATMLICT) = CMIil{T )

MIFLUCICTY = JFLUCL»J)
_MISOLAICT). = IS0LLI )
MIVARCICT) = IVAR{TIrJ)
FATNCICTY) = [PIIMCLT nd)

LI

FCMAXITICT) CMAX(T+d)

EDELC (iCI.L_:__DELC-(,T._r_..JJ
MIVS(ICT) = IVs{Ird)
MIGLICTY = Ts6T1,)

MLSOICT) = LS{Ts0}

MINCSIICT) = INCS(Irt)
IF(IAO(TI»J)EQ. LD 60 TO 155
FARINLICT) = AMIN(I)
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: EAAANLCICT) = AMAX (I}

FORIMOICT) = OMIN(I)

FOMAYLICT e mOMAX (1)
GO To 157

1.55 e AR TN T ) = O TN L)
CFAMAX(ICT) = OMAX(I)
— FOMINAICT) =L AMINCGTY
FOMAX(ICT) = AMAX(I)
157 TE(EYSLLrd) M. 2)——GO—_T0.-160
FOMINCICT) = FAMINCICT)
EQMAXLLCT) = EAMAX (ICT)
ie0 INSA(ICT) = jiCT
170 CONT.INUE
C . -
C SORT UNIT_NUMBER._SOLUTION _MUMBER »_AND_VARIABLE_NUMBER_IN
c ASCENDING ORDER
C

NUMRAY = 1ia
— PWUNE LM -=_ICT .

N CALL GROUP (MUMRAY ¢ THIMEL Ay MIVARIAIFLU, MISOL s FAINCFOINC,
0 ECMIN L ECHAAX G FDELC s MTVS A MIS A MLS hMINCSr FAMIN nEAMAX s EOMINAEOMAX ’

o MIPOP,INSA/I,J)
CALL_ORDUP (NUMRAY o MUMEL M 41500 MIELU, MIVARLEATNC, EOINCy

o FCMIMrFCHAX FOELC  MIVS IS NLSrMINCS FAMIN: FAMAX s FOMIN, FOMAX

o —MIPOP» INSALT s d)
) CALL ORDUP {MUMRAY » MUMELMs MIFLU» MISOL ,MIVAR/FAINCsFOINC,
o ECHIN e ECMAX EDFEL CoMIVS rp IS Se MINCS e EAMIN s EAMAY P EOMIN L FOMAX .

« MIPCPrINSAI )

STORE EACH UNIQUE SOLUTION VARIABLE RESUESTED IN A SEPARATE AREA

ok o

AND CRHECK  MUMBER. OfF REQUESTS_EOR EACH SOLUTION._VARIABLE

%

KFC = 1

LHFLU (L) = MIFLULL)
LHSOL (1) = M1SOoL{1)

LHYAR(L) = MIVAR(1)
Mi = 2.

142 = NTFN
DO_2300. T =l g 82

IF(LHFLULKFC)Y s EQ.MTFLUCTIL)  ANDLHSOL(KFC) JEQ.MISOL(TL)

. o ABID I HVAR(KECI L EQ  MINARLIL)L) 6010300
60 To 310
CONTINUE

e e

LHCT(KFC) = ma-m1+2

GO-T0.330
LHCT(KFC) = tlL=pMi+1

ML= IL+]

KFC = KFCtHl

LHFLULKECY = MIFLU(ILD —
LHSOLIKFC) = MISoL(IL)
LHVARIKEC) = HIMARIIL)

IF(IL.LT.M2) GO TOC 280

LHCTA(KEC) =

CHECK HOW_MANY _DIEEERENT_REQUESTIS._EOR EACH_UNIQUE_VARIARLE

OGO

STORE THE NUMBER OF THE FASTDRUM FILE WITH EACH REQUEST AND

STORE-THE NUMBER OF DIEEERENT. REQUESTS. (THE_NUMBER_OF.EILES_TO_BE
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- =21 -

!
QRg_Tii) FOR EACH UNIQUE VARIABLE

_C £ MARL,
c
— 330 - IJ2_=.0
HAD = 1
HDR._m IDRUL
335 1Jd = IJ2+1t
L2z TJ2:ELHET(HAD)
345 IJ1 = IJ+1
IFEASTDLT ) —=NDR
IPOPS = MIPOP(IJ) .
LELIPOPS.JANE..0) MIPOP(MAOR) =1
, IF({IJ1.6T.1J2) GO TO 500
: DO_4g0 I=141..302
: IF(ABS{FAINC(IW~FAINC(I)).6T.1.0E~10) GO TO 400
IE(ABS(FOINCLTIA) =EOINC(T) ) 61, 1. 0E=10)_ GO_TO_ 400
IF (ABS(FCMIN(IJ) ~FCMIN(I))«6T.1.0E~10) &0 TO 400
e LELARS LECHMAX (T ) =ECHMAX (1) ) 6T 1. 0E=10) G0 TO_ 400
IF (ABS(FDELC(TUN ~FDELC(I)).6T.1.0E~10) GO TO 400
TELABSLHIVS (I =MIVSLI L) 6Ted . 0F=10) ____GO_TO_400
: IF(ABS(MIS(IJ) ~-MIS(I)).6T.1.0E~20) GO TO 400
: TELABS (LS (T =MLS (1)) 6T, 1.0E-10) GO TO 400
; IF (AGS (ATNCS (IJ)-MINCS(1)).6T.1.0E-10) &0 TO 400
3 TEASTOLL) = NDR .
: NFORI(MDR) = 1 '
; 1POPS = IPOPSEUIROR(T)
| 4G9 CONTINUE
i 1E(IPOPSNE.O)  NIPOP(MDR)I=1
: DO 430  I=IJl,IJ2
= JE(IFASID(T)LEQ.0) GO To 470
] 450 CONTINUE
r 60_T0_500
470 KDR = MDR+1
IJ=1
GO To 345
500 LENR (MA) = MDR
IF (NAD<EQ.KFC) 60 TO 55¢p
NEOR. = NDR+ZL
| MNAD = MAD+1
{ GO_TC_335
| C
. ¢ READ-TARE
C
5510 AN = 1
! 1F (IPRP.LT.1) O TO 555
: WRITE(6s1)
555 NFDL = IDRUM
560 Rz EHELU(MADR) .
570 READ(NT) NYSOL» 1A+ MO NP e NC
JELIRRE.L T 1) 60 10 575
, - WRITE(6:2) HTrNHSOL
: 575 NIE = MARNO :
! - IF (NHSOL.EQ. LHSOL(NAD)) 60 TO 600
i C
c IF SOLUTION NUMBERS DO MOT MATCHs SKIP REST OF FILE
: C
DO 580  I=1,NTF
580 READ-(MT)_SKIP.
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sy

GO _To 570

. C - ) ‘
C—- WRITE—HEADER _LHFORYATLOM-ON-EACH--FASTORUM FLLE-NOJBEING--RROCESSED—— ——
C -
600 e TN L LHMAR (M AT

NFD2 = LHNR(MAD)
MRETMEHT=2 -
DO 602 . ID = WFDLl«NMFD2
WRITELID) AT pNHSOL 2 IV AMNALND
IF{IPRP.LT. 1) GO TO €02
WRITE (6.r3) 10 MNHSOL » TV
REWIND ID
- READA(ID) NTAMHSOL IV NA +NO
602 COMTINUE
IF_(HADLERWKEC) GO _TO0 610
NADL = NAD+1
DO-608 —T=hlAN L KEC
IF (LHFLUINADY JEQ.LHFLUCI) (AND . LHSOL (NAD) +EQ.LHSOL{T) )
. 60.-T0£05 _ -
G0 TO 610 .
605 MEDS = LHNR{I=1)41
NFD2 = LHNR(I)
IV = [HVAR(T)
DG 608 ID = MFD3fMFDR ©
. ] WRITECLID) LMT, MHSOL L IV e NAL NG
) IF(IPRP.LT.1) 60 TO 608

VRITE(623) TDrMHSOL TV
608 CONT 1rIUE -~

a10 D719 ITA=1NA
- Do 7040 ITO=1 N0 . .
REA DAWT)__IDCM 2010, 2020 o (M (1D p SIS 1 NPC) —-

el eNe

WRITE FASTORUM RECORD FOR_EACH UNIQUE VARTABLE REQUEST

HE2(IT0) = P(2)
IV = LHVAR(NAD)
e e NFD2_ = LHNRNAD) _
DO 650 Io=NFDLMFD2 . .
650 WREITELTD)--IDEV., VA TV) -
IF(NADL.EQ.KFC) 60 TO 700
PO—670 . IZNADLLKFC—
IF (LHFLUINAD) «EQLHFLUIT ) (AND . LHSOL {HAD) «EQ.LIiSOL (1))
A 50.-J0_660.
30 TO 700
NFD3 = LHNR( =11
IV = LHVAR(T)
NED2 = [LHNR{I)

L EB0

Y )

WRITE--EASTORIN _.REQeﬁfiDS_FOR._E.V-ERY___OIHER._UNI@UE-—V ARIABLE REQUEST .
c - FOR THE SAME SOLUTION
C

DO 665 ID = NFD3/NFD2
665 WRITE(LD ) -IDCM ATV
670 CONTINUE
700 CONTINUE
710 HPLI(ITAY = P(1)

(]

 ri o Tt | e S by (e Ot 5
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- C~23 x

L WRITE_BRID _PARAMETERS FOR FACH FASTORUM FILE

NFD2_ S _LHNR(MNAD) ~
. Bo 7200 ID=NFDL:sMNFD2
720 HRITECIO)(HRACT )2 T2 L MA Y[ HR2 (J) s =L 400
IF(NAD cEQ.KFC) GO TO 800

RO—740—[=NaDL,KEC
IF (LHFLULNAD) cEQ.LHFLU(I) , ANDLHSOL (NAD) «EQ.LHSOL{I))

GOT0. 735

GO TOo aco
135 MEDS = LHNR(T=1)+1

NFD2 = LHNRI(I)

Do_7u4 InZpED3LNED2 _
740 WRITECID) (HPI(K) e KZ1pMA) » (HP2{U) 1 J=1 4 HO)
800 IEA(NADEQ.KEC) GO_TO 3800

DO 810 I=MpD1 s KFC

TR HELUMAD) o EQL LHEL U (T, ANDL LHSOL (NAD) 5.EQ. L HSOL (1))
. 60 TO 810
G0 .J0.820
810 CONT INUE

60 _TO 900 -
820 NAD = I, .
) MEDT = LHNR(I~-1}+1

- 60 To 560
00 < CONT InUE

REORDER _AMD STORE FASTDRUM FILE MUMBER INDICATCOR FOR EACH
FUNCTIOMN REQUEST

OO O

ICT = 0O .

CALL ORDUP (2, NUMELHM» INSArIFASTD T1212 13 148r15¢160174189

° 1973100721, 7322711391884:115:116¢T717¢118)

DO 920 _ Izl UER.

JF= NFM(I)

0o <920 Jo1eJpR

ICT = ICTH1

™20 IFDIeJ) _E IEASTDAICT)
C

C REWINDOEILES

NO_250_ . __NZInRiL DR

REAIND N
~READCH) . MT s NISOLr T o 1A » NO
250 T REWIN N

C
C CALL FRMPLY FOR CONTOUR GENERATION AND PLOTTING

ChlL FRMPLT
BETURN

C
C _ FORMAT _STATEATRTS
C

| FosmMaT(IHI)

2 FORMAT (O2HOPRESENT SOLUTION NUMBER ON UNIT»IZ:5H I5,13)

3 FORMAT(23H FASTDRUM FILF»13,26H  COMTAINS SOLUTT
«ON NUMBER(I3:21H AND VARIABLE MUMBER:I3)

FORMAT (60HIERANME NO.__PLOT_CR. AMIN AMAX O

8]
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R - - - o.Co24 -
GIN L -OMAX).
B FORMAT (1HD 26X, LO3HUINTT  SOL.MO.  VAR.NO. XY OP. DELP
e ~ pELPR2 e GMER CrAX CREL. VSIS LS IMNCS/A
° /) h A
/ FORMAT L1017 L1 Cr X8 1.0, 1./0)
a FORMAT (29X, Ins318+2Xr5F10.2,2Xr15)
- JENE
[
{
{
%

o g W
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I ARPR26LSEEKL .. : -
C TITLE SEEK1 = TOTAL DOMAIN SEARCH
o -
C AUTHOR PeF. LONG
e G —_
C DATE 2-14-68
SN o U o -
C PURPOSE TO FIMD ALL DISTINCT SOLUTIONS WITHIN THE GIVEM
C— : RARAMETER-SRPACE.
- -C

i G METHIOD o START AN _ITERATIVE.RROCEDURE AT EACH-RPCINT_OE_A_GRID

SOLPAI 0. ITH _COUPONENT_OF. JIH _SOLUTION

SOLC(I+Jd) FIMAL VALUE COF ITH CONSTRAIMT OF JTH SOLUTION

SUBROUTINES CORV

SUBROUTIME STATESMEMT

C FORMED FROM THE DOMAINS OF P(31eP{4)r.0e2PINA) . RETURM
C THE RESULTINGDISTINCT-SOLLULILONS,
C
C.CALi ECKILAS e DEL Ry P1T 22T e MR W MCS, ICHMPERPS e NS, SOLSOLCLIPRI)
C
O V) 21 ) THROUGH ~ARGUMENT LIS
c .
C —_— —eePAME L DERINITION
C
¢ AL LOWER_BOUND. ONM_ITH ITWNOEREMDENT. _PARAMETER
c B(T) UPPER BOUND ON ITH INDEPENDENT PARAMETER
C DELR(I). TETeP SIZE 0o _ITH _INDFPENDENT_ PARAMETER
C PLT VALUE OF P(1) WHILE SEARCHING
— y P21 NALUE _OF _R(2) _WJILE _SEARCHINMNG
C MFE NUMBER OF INDEPEMDENT PARAMETERS
C NCS MUMPER OF FQUALITY. COMSTRAINTS
C ICKM ITERATIVE METHOD SELECTOR
C FPS (1) TOLERANMCE OM TTH EQUALITY CONMSTRAINT
C IPRI PRINT COMTROL
C -
C OWTPUT THROUGH ARGUMENT LIST
C.. _ —
C - NAME T BEFINITION
C
C NS NMUMBER OF DISTINCT SOLUTIONS FOUND
C
C
~
C
C
C
¢

SUBRQUTINE SEEK1(AB+DELPyPLI P21+ MNP yNCS) ICMIEPS NSy
. SOLE,SOL e JRAL)

SRECTELCATION STATEMENTS

OO

e TRICLUDE _RARSTARLIST

- DIMEHNSION ACL) ¢ 3(1)yRELP (1) PERPS(L) +SOLP(MPIMS) »
. SOLCALiCrMS) v DL MR)LRE(MP)  CSE (MC)

DINENSIOM TYCO(S)
DATALTXCOLAHCONVER r SHNEAS QL L BHNEAMIR, 6HMAX ITR-6HOUTBDSL
COMMOM/SECO/ITR )

C INITIALIZE NS AND PI

-
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- C=26_ =

—— JHIC=G

N5=0
NPl 22

PI(1)Y=P1I
PI{2)=R21

in

00 5 J=3eNP
PI{J)=30J1

CALL_COMM_TO _ATTEMPT _CONVERGENCE _T0_ A SOLUTION_USING_CURRENT

OO0

VALUE OF PI a5 INITIaL SUESS

10

CALL CONVIICH rPI+NPrDELPeNTCEPS»ICOMV,PFCSF)

7 O O

WRITE RESULTS OF CaLL TO COMV

IF(IPRI.NE.1) 60 TO 11
WRITELAGH 1006 (RPI (L) hKKZ 1 ME)

WRITE(6,1007) TYCO(ICOMV) »ITRy (PF(KK) rKK=1rNP)

IF THERE IS5 CONVLR SENCE TO A NEW SQLUTTION STORE: IF NOT STEP
UP_PARAMETERS

MO

1]

IE(ICOMV. NE.1)_60_TO_ 40 .

-

om0

oo e IS _THIS FIRST SOLUTION

IF{NS.£0.0)60_TO 23

es o JEST FOR pEW SOLUTION

DO 20 I=1tiS

DO 158 J=34P
IF(ARS(SOLP(JrT)~PF{J)) . GTe D 25%BELP(J)) 60 TO 20

CONT IRUE
GG 1O

CONTINUE

..0T§¥§MIS NEYW SOLUTION THEREFOR STORE

MS=NS+HI
TE(MNS.GT. M8 a0 _T0 60

BC 25 J=1eniP

SOLR(JenS)Y=PE L)

DO 30 J=1r4CS
SOLC(J NS =CsE()

e s STER _UP PARAMETERS

OS50 JzleypL2

JJzNP+I~J

PI(J =PI (I EDELRP (I}

IF(PI(JJ) LT (B (JJI+D, OI*QELP(JJ)))GO 706 10
PI () =A00d)

RETURN

VRITE MAXIMUM NUMBER OF SOLUTIOMS MESSAGE




7
—— B0 MRITE(6r100104RI(JI s SISI R
RETURN =
— O
c FORUMAT STATEMENTS
c —_—
1001 FORMAT (1HOw txksrts MUMBER OF SOLUTIONS EXCEEDS ALLOTTED °
~ . LSTORAGE . -LAST-SEARCH ROLWT-HASLLTXr-10E12.5) —
1604 - FORMAT(LIH +'NO. ITR. = '»I3+2Xs'PF = ', (T23+6E15.8))
1006 FORMATA s 16 RI— = Ly T23.0.6015.8))
1007 FORMAT(LH »A6+I3s% ITRS PF =

END

1 (T23:6E15.8))
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/
i
- APRZ5.SEEKS - —
C TITLE SEZK3 — TOTAL DOMAIN SEARCH '
N o R . _ -
C AUTHOR P.F. LONG
C
C DATE 1/3/56%
~
C PURPOSE TO FIMD ALL DISTINCYT SOLUTIONS WITHIN THE GIVEN
c PARAMETER-SRACE.
C
C_METHOD OPTTmilM DOmMAaTN_SEARCH
K C
! C_CALl SEEK3AALBLOELDIRIT » P2 s NP, NCS ICIHrEPS 1 NS SO+ S0 Cr IPRI)
M C .
C_INPUT THROUEH ARGUMEMT _LIST
C Al
C MAME DELTN IET0N
C
—_ C ALT) L OWER_BOUMD_ON _ITY TNDEPERMDENT _RPARAMETIER
C BII) UPPER BOUND OM ITH INDEPENDENT PARAMETER
. C DELPLL) STEP_SIZE FOR _ITH TINDERPENDENT PARAMETER
. C PlI Lo MALUE OF PU1)Y WHILE SEARCHING
C P2 VALUE QF P(2) WHTLE SEARCHING
C NP . NUMEER OF TNDEPEMDEMT PARAMETERS
— C HECS NUMBER OF FQUALITY COMSTRAINTS
; C IcM JTERATIVE METHOD SELECTOR
, C Tps{1) TOLERANCE _OM _TTH FOUALITY_CONSTRAINL
C IPRI PRINT CONTROL
; C :
; C QUTPUT THROUGH ARGUHENT LIST
T C P —
C RASE DEFTNITIOH
C _ _
! C NS NMUMIZER OF DISTINCT SOLUTIONS FOUND
E C SOULP(T e ) ITH_COMPOMENT _OF_ JTH SOLUTION
5 C SCLC({Ird) FIMNAL VALUE OF ITH COMSTRAINT OF JT+ SOLUTION
C i ) —— -
i C SURROUTINES CONSTRrCOMV3
; C
; c SUBROUTIMNE STATEMENT

SURROUTINE SEEK3(A¢BeDELP,PLIP2I+NP,NCSr ICH EPSeMSs
SOLEP, SOLCrIRRT)

GO0

SRECTFICATION. STATEMENTS

RPARAMETER MCSo=10000

INCLUDE PARSTASLIST
OGLMENSTON AL, 8010 DELe 1)y ERS{1) nSOLRIMRLNS) .

SOLC(HC M2 o PLLAP) » PFLIMP)  CSF (MC) P NGP LR »
TYCO(H) 2 2 (MOR ), DELL(ME)

DATA TYCO/6HCONVER » SHIEASOL r GHNEAMIP s 6HMAXITR» 6HOUTEDS/
COmMMON/SECO/YTR

LOGICAL CLOSErVCP

[EUR U P

INITIALIZE
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NIC=0 ..

IU=34
e e e e ETRY D

IPER=10

P ¥ 1= ¢

NPL2ZMNP =2
U - A V=1-X I A

Pl(2)=p21
- __NRToL

DO & J=1,NpP
R DELI(A) =1 034DELP L)

DG 5 Jz=3,NP

e - NGR(J)=(8.(J)=A(0) )/ DELR(J)+L..01]
e NPT=HPTHRNGP ()

. B RILJ)=ALD)
IF(MPT.GE.MSPIGO TH 100
o - NS (LRERENRT.L1.00.

NUZD
I REA2TaD T U

. C
e COMPUTE. . SUM_OF_SAUARES_FOR_FACH _GRID _POINT
C

10 CALL_CONSTRARYCSE)

NU=NU+1
o JEAMU)ITO.

DO 15 J=1i.0CS

15 E (NU) =E (2U) +CSE () %2

c
C. WRITE e P A0 CSE
C

I —_ JE (IPRI_L.NE. 1) GO_JO0 19
WRITE(62 1002) (MUY » {CSF(J) v JZ1 2 NCS)
~HRITE(G:1003) (RILJ) p I3, HE)

C .
C STORE X AND E
. ..C
e O WRITELTU) (PTLJE2) »J=1NCS) 2 (CSF () ST NCS)
R o )

i O STEP UR_RARNMETERS

C
e —DO_T7S_J=1aliPi2.
: . NNEIRERS N
. e PICJDEPICJJ) EDELR L),

IF(P1{JI) LT (B(JNI+D.01xDELP(JJ))IGO TO 10

e 75 _ RILJA)ZALJL)

C -
——r ELMD._THE EXT SMaliEsT &=

c .
—_ : —_ MHCC=g0

3L IL=31
—— DO_40 J=2nPT
S IF(E() LT E(IL))IL=Y
it e 0 CONT.IMNUL
F(IL)=1.E38

. C i

o FIND GRID POINT IL ON THE DRUM
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— Inz=ltzl

REWIND IU
SIE AT . ER,..0) 60 T0. 9

DO 45 I=L.Iu

8 READ(IL) 0
49 READ(TY)Y (PI(J+2) v J=1pNCS) r (CSFOUY ¢ Jz1 e NCS)
RCC=CCRT
C
C TEST _EFOR_MNEARSOLUTIGH
C i )
CLOSESVCRP{SOL P, PI DFE]L 1.MS,NP)
IF(CLOSE) 60 TOo 35
C .
C CALL COMV3
C
CALL CONVIICH PRI MPeDELPyMTCrEPSrICONVIPFICSE)
C
C WRITE RESULTS OF CALL TO CONV
C..
IF{IPRI.NELL)GO TO b1
WRITFE(AH»1036) (PT (KK) r KKZ1 1 8P)
WRITE(6r1007) TYCOCICONY) »ITR: (PFIKK) 1 KK=1rNP)
51 TG0 TO(23:46R: 70,7070 2 TCOMY
C ~
c STORE._SOLUTION
c .
23 NSZNSHL
IF(HS.GT.MSYG0 TO 60
DO 25 J=1:014P
25 SOLP{JeNS)=ZPE(D
RO 30 _JzZ1eMCS |
30 SCLC(JrMSY=CsF ()
C )
C RESET MUABER OF TRYS FLAG
C
; 65 ITRY=0
- - —_ NSTZ (IPER¥ (MO T-NCCY) /100
. G0 To 35
: C
: C . UPDATE ITRY
~
70 ITRYZITRYA1
— R TELTTERY LI NST  AMD W HNCC. I T MRPT)_60_T0O 35
REWIND TU
RET U=
C
C WRITE MAXTIWUs NUMERER OFE SO UTIONS MESSAGE
C
- 60_ VRITE(Ape 2001 (2T (J) v JJ=1,P)
. REWIND TU
; RETURN
. i0¢ WRITE(6r1004) NOT
f REMIND_TU
i RETURHM

O O

FORMAT STATEMENTS

- sy -



100l . FORMAT.(IHO, Ladkdkx MUNSER 0F_SOLUTIONS_ EXCEEDS_ALLOITED !

. 'STORAGE . LAST SEARCH POINT WAS'/7Xr10E12.5)
1002 EORMATAAM LR = 1S B e tE = 1, (124 BEL5..8).)

1003 FORMAT (1 123Xs1X = 4+ (T23+6E15:8))

1304 e FORMAT-( LMtk T 70t FOT AL MUNBER—-OF-GRIDPOINTS
. ', EXCEEDS ALLOTTED STORAGE *#wmst)

1.005... SFORMAT (L —r LpX sttt . NTRAM . ERAOR--STOR stk i)

1006 FORMAT (AH r16Xs'PT = .ty (T2316E15.8))

1.0 07— FORMATL LM —+-AG+13 -2

LIRS PE = 1, (T23,6E15..8).%
END .
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 APR2ALCONY 1
C TITLE COMY —~ ITERATIVE METHOD SELECTOR
C AUTHOR C P.F. LONG
C
C DATE 2m12-63
C : :
¢ PURPOSE " YO DIRECT COMTROLE TO ITERATIVE METHOD INDICATED BY ICM
c
¢ CALL CONV(ICHIPIrNP s DELPNCS, EPS: ICONV 1 PFy C5F)
<
C INPUT NAME DEFINITION
l‘ -
c TCH INDICATES ITERATIVE METHOD TO BE USED
c PI(J) INITIAL INDEPENDENT_PARAMETER VECTOR
c NP NUMEIER OF INDEPENDENT PARAMETERS
C DELP L) C;_T'_f‘ SIZE_F0R_JTH pl\f{l\’ﬂ{qu
c NCS NUMRER OF EQUALTITY CONSTRAINTS
c. ERS(U)____TOLERANCE._OM _ITH.. CONSTRAINT_ . .
C .
c
¢ OUTPUT NAME  DEFINITION
C .
¢ ICONY . =1 TTZRATIVE METHOD CONVERGEDr =0 DID NOT
c PE (L) SOLUTTON _VFCTOR IF TCOWV_ = 1, LAST_ITERATION
¢ PARAMETER VALUES IF ICONV = O
c CSELL) FINAL_VALUE OF JTH COMSTRALNT
C .
C SUBROUTINES.  CONVLrCOMY2 . CONVEy COMYL y CONVS -
c .
C____ SUBROUTINE STATEMEAMT

__ SUSRQUTINE CONV{ICW?PIrNP,DELP;NCSrEPSrLQONV;PF'CSF)

SPECIEICATION STATEMENTS

o DIHENSION, DI(l}qu‘PL‘)LEPSLl)rPrLl)erFLL) —_

DIRECT..COMTROLE _TO ITERATIVE METHOD INDICATED _RY_ICM

e XeNe OO0

GO T0(5,10,5135r20,25) 2 ICHM

CALL CONVI(PI WP rDELPMCSEPS» ICONVIPFCSF) |
SGR_T0.30 -

Sy

10 CatL ”ONUE(PIrE”rﬁfLP:NCSrEDSoTCONVPPFvCSF)
GO_30 39 -

15 CALL CONV3(PI/MP:DELP NCS,EPS»ICOMVIPFCSF)
GO.. 1o 30

20 CALL CONVA(PI NP:DELPyNCS EPS: ICONV¢PF1CSE)
G010 30

25 CALL CONYS(PI 1P :DELPyNCSrEPSs ICONVPFCSF)

30 : RETURN
END
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PR 2AHNCR
¢ TITLE VCP = VECTOR COMPARK
C .- - '
C AUTHOR Ps Fo LOMG
~
C DATE 1l/22/568 )
C e i )
C PURPOSE TO DETERMINE 1F A VECTOR IS SUFFICIENTLY CLOSE TO ANY
c ONE- _QR-A_SET _QOF VECTORS
c
—_— CMETHOR e L CQURARE YECTORS COMBONENT Y COMRONENT
C
—_ O TNPUT. BY _ARGUIENT_LIST
C
C VSET (I d)_ITH-COMPOMENT _OF JTH_VECTOR
C VEC(I) ITH COMPOMEMT OF VECTOR TO BE COMPARED
C—~ h SEL ) e DEF INES. SUEELCLEMTLY-CL.0SE
C NV . NMURMPER OF VECTORS IN THE SET
C —NC SNUMRER _OE__COMRONEMTS
C ) .
—COUTRUT VEC._ = T THE GIVEN MECTOR IS _SUFFICIENTLY _CLOSE _TO
C _.AT LEAST OME OF THE SET :
C VEC = E THE _CONTRARY _IS_IRLC
C - )
C FUNCT ION_STATEIAENT.
C € .
— LOSICAL_FURICTION VCRP{NSET NEC DEL o NV L NC)_
C
C SPECIFICATION STATEMENT
C .
ACLUDE _PARSTA,LIST
DINENSION VSET(HMPM4S) 2 VEC (N{_?) t IELINC)
G _ ]
C INITIALIZE
C -
VCPR= . FALSE,
e L TF MY EQLDY _RETHRA
C
C COHPARE. _VFCTOR_WITH_GET
C
D020 I=1 ridV. -
DO 10 J=1+30C
_ TE{ARS{VSE LU L) =NEC LU G L DELL UL YLGO.T.0..20
10 CONTINUE
VCR= , TRUM .
RETURN
20 CORTINUE
RETURM

EbiD.
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126 . CONVE _ . .
¢ TITLE CONV3 - SOLUTION FOR A SYSTEM OF NOM-~LINEAR EGQGUATIONS
C. -
¢ AUTHOR W.8. GRAGG AMD J.M. ORTEGA (REVISED 3Y P.F. LOMG)’
. .
C DATE 2-15~68
C
C PURPOSE TO SOLVE A SYSTEM OF M NMON-LINEAR FQUATIONMS 1IN N UNKNOWNS
C
C METHOD THE N DIMENSIONAL SECANT METHOD
- .
C INPUT THROUGH ARFU&FHT LIST
.
c MAME DEFINTTION
_C
C PI(d) PI(I)=PLT»PI(2)=P2T
C PI(J) rdS3e P 1IG6 THE STIARTING POGINT _FOR _THF
C ITERATIVE PROCEDURE
C hil2 MUBBRER _OF PARAMETERS (N=NP=2)
¢ DELP(J) STEP SIZE FOR ITH IMDEPENDENT PARAMETER
C NTC‘ IE MTC.NELIe Y IS ASSUMFD _TO pE THE _RESULTS
C .OF CALL CONSTR(PI/Y). IF MTC.EQ.l THE CALL
G Will. BE MADE,
C ERS() TOLERANCE ON JTH CONSTRAINT
C - CSE () VALUE OF _OF SYSTEM AT P(3))eserPINP)
C
C_OUTRUT THROUGH ARBUMENT LIST .
C
C MNAME DEFINITION
C . ,
e ICOMY =1, METHOD COMVERGEN
C =2y MEAR OLD SOLUTIONM
¢ =4, IN REPFATING LCOP
C =5, QUT OF SEARCH AREA
¢ PE (L) PRI =PRI PE(2)=PT(2) 1P J) s =3+ NP SOLUTION
C OR LAST ITERATIOM
G Y4 FIrAl _VALUS OF saUALTTY COMSTRAIMIS
: _ . _ ‘
C_CallL COMVI{PT y MR RELPNTCFPS, TCONY » PELY)
C
C o SUBROUTINES __GALISS,CONSTR
c ]
C._NOTE COMVA_IS_DESIGMED._TO _INTERSZACE WITH PAR. SECAUSE_OF THIS_ .
C FI IS A VECTOR WITH NP COMPOMEMTS. TWO OF THESE ARE THE
-C FIXEO_GRID _PARAMETERS._AND_NP=2 ARE THE__IMITIAL.ROINT
C FOR THE SECANMT METHOD: JTef.r N=NP-2,
C
C .  SU3ROUTINE STATEMEMT
c
- SUSROUTINE COMVB(PI NP DELPYNTC+EPSr ICONVIPFY)
C
c . SPECIFICATION STATEMENTS
c

INCLUDE PARSTA(LIST
ﬂIVF\SION_AL%QLHOLﬂiU”DJY{9DLLXJM£lLEESLMr)'CFM(&C)'

QIMP P W (MP) s R(MPIyPI(MPY P PE{MP) s P (1P)

DELBE(MR) «DEL (MP)
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COMMOM/SECO/TTIR

INCLUDE KOSl +LIST -

ki

EOUIVMALENCE (X (1)-r 2(3))
LOGICAL CLOSE»vCP

C INITIALIZE
C —
N=pNP-2
1CoMNNZS
BD=1.,01
TE(NTC EG. 1) —RBD=2.
. ZINC=.1/FLOAT (N) !
ey N | WOLEDOE:
PF{1y=PI(1}
PE(2}Y=PIL2)
DG 15 I=1¢NP
PEL{ L) =(DRDELR (L)
15 PLI}=PI(I)
DO_16_I=1rtl WOLEDOA
16 CEN(I)=X(I} WOLF0O5.
L=0
C .
C IE NTC IS 1. COMPUTE INITIAL VAt UE OF SYSTEH
C L ,
TE(NTC.E0. 1) CALL _CONSTR(PrY)
C o WOLF0O0s5
C INITIALIZE THE MATRICES. G AND A AND THE_VECTGOR. B WolLFo07:
C ’ WoLF0O7.
NO_2 J=leh WOlLF0Q7:
DO 1 I=1.M WOLFQO7:
S QLT J)ZXAL) WOLFOO7
1 AT Y=Y (D) WOLF007,
e AtMr Y10 WOLFDO?
IF(JL,EQ.M)B0 TO 3 WoLF007,
B =0.0 WOLFQO7
XD =KD +ZIMCHDELP (J+2)
e e CALL. CONSTR(P YD — e
2 CONT I RUE WOLFoG8
3. g (M) =1.0 HOLFOOR;
. WOLF0OS:
G START.MAXRM. ITZRATLON. WOl F Q.09
o : WOLFO 10
- D013 1 =1.20 WolLEDLla:
C WOLFO008!
C-. FOR'_WELGHTS_EOR-E WOLF.008:
C . WoLFgoar
: DO_5_ Tzl WOLEQLA:
W(I)=D.0 WOLFO08”
DO_M_J=1, M. WolLEQOS:
o WD) =W (T FA LT r J) A2 WOLFOQ08¢
-5 WAAI)=1. 04401 HOLE0 09
C - WolLrFp0g:
c FORM.MEIGHIED RESIOUALS EOR INITIAL GUESSES YWoLENOQ;
C : WOLF00Q:
DO_6..J=1 e M WolLEQfar
R(JI=0.0 WOLFOoO09!
NO_6-I=1eN WOLEDNS:
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o RINN=ROD #(T)=a (TsJ) kD WOLFOOT
C WOLFO19
C EInD A IMUM MEIGHTER RESIDUAL WOLFO1e
C ’ WOLFOLID
TEHAR=(...0 WolLEQLS
DO 7 Jdz=1:¥ WOLFO1R
IE(R (DT TeEkD)IE60 107 WOl F0l&
TEMP=R(J) WoLFOlm
K=Jd - WOLENALZX
CONTINUC ’ WoLFo1t
. WOLFOI®R
FORM A NEW APPROXIMATIOM TO X AND EVALUATE F({X) WoLFolsz
’ WOlLFO1l:%
CALLL GAUSS{M;1+ABrY/BETEPR) WOoLFOolx
NG9 T=1.i WolgEals
TEMP=3.0 WOLFOLlE
D0 8 .51 .M WOLEDIR
8 TEMPZTEMPHY (U)%2( I, J) WoLFO1%
Q XTI =TEIR WOLEDLZ
C - WOLFQLZ
C IS X oUT 0F SEARCH AREA ‘WoLFolZ
C ’ - — WOLFO12
DO _1u_T=1rH
TF{ARSOCEN(IN)~X(I)).5T.BDx*DELP(I+2)) GO TO 20
1y < CONT IHMUE
IFMINTC.ER.1) GO TO 17
C
C IF X IS NEAR A PREVIQUS SOLUTIOM, RETURN
C
CLOSEZVIP(SOLP P DEL/ MSHP)
IE(CLOSE) _ICoNvV=2
IF{CLOSE) 50 To 20
C .-
C CALL COMSTR
C
i7 CALL COoHsTRIP:Y)
C VOLFOIE
C TEST FOR COMNVERGEMCE WOLFQOLZ
C . WOLFEGLE
pe 11 I=1-4 WOLFO1E
11 LELARS(YLI)) GI.ERS{T1) )60 T0 12
1CONv=1
GO _To..20.
C
C FEST _FEOR_RBERFATING.LQOR
C
iz DO 26 _T=is8
JFARS{A(I)I~Q(IsK))GT. LE=-Q) GO TO 25
25 CONTINUE
T ICONY=4
GO.T0. 20
C WOLFOLZ
C GET _READY. FOR _MEXT ITERATION WOLEOQT®R
C WOLFOQO13
25 R =0.0
DO 13 Izien WOLFoLe
QLI KI=X(T) WOLFOLE
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WOLFOL

-
[
13
20

ALLPKYEY (L)
ICONY=L
BO..21-—J=1.24

PF(J+27=X{J)

MDD

LRzt
RETURN

WOLEQL:
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JTITLE o L GAUSS. . GaUSoOr

) GAUSHEY

CAULEIOR. e Me L ORTEGA .. e et e e e e e e e e e e+ e e G AUSQOF
GAUSOOF

e L DATE . FEBRUARY 1963 PR ¢ 7% § LY 0 18 23
C - . GAUSOE

e G _PURPOSE . TO0_SOLVE _THE_MATRIX EQUATION. AX=B. _ : GalUsSo0E
C ) ) GAUSQ0C
—C_CALL L GAUSSINeMrAra e Xy DETIERR) GAUSoL:
C h GaAUSDpO:

o G IMPUT.

nnnrunr\:«

— N=DIMENSION_OF JTHE SGUARE MATRIX A (N.LE.20)Y___ "~ GAUSQO:
M=MUMBER OF COLUMNS OF B (MJ.LE.20) GaAUSOO:
—_— L AETHE MATRIY A o - GAUSQO3
- BETHE MATRIX B GAUSDO?
et et e e — TR C 7.1 9 29§ L
QU PUT —&UWERILAL COLUTION OF AX=RB GAUSDOE
e e e e o DETSRETERIINANT. CF A N e i GpusQUOTX
ERR=AN INDICATOR OF TME ACCURACY or X GAUS0GT

e __._ GAUSDDZ

4ETHUD GAUSSIAN PLI“INATIOM WITH ROW INTFRCHAhCES TO POSITION 6AUS003
THE MAXIMUY PLVOTAL ELEMENTS Ss A FIRST PASS OBTAINS AN _ GAUSOOZ
APPROAIMATION X0 TO Aax*x(-1)*%3s THE RESIDUAL R=p-A%¥X0 IS GaAUSQO“
_ THEN _COMPUTED IN_DOUBLE PRECISION. A SECOMD PASS SOLVES GAUS00:
A¥DXO0ZR FOR 0X0. THEN X=X0+DX0. THE QUANTITY ERR IS AN GaUSQQ:
INDICATION OF THE CONDITIOM OF A. IT IS DEFINED AS _ GAUSO0O:Z
MAX (ABS{DX0UT ) /X(I+rJ)Y FOP X(IsJ)epiEoDele ELERR IS " GAUS0EGE
_ROUGHLY, THE mAXIMUM RELATIVE ERROR IN X. A _BYPRODUCT OF GAUS(O:
THE REDUCTION OF A IS ITS DETERMINANT. GAUSOC:
S ¢ 7.1 V1 1t
R . ’ GAUSQG:
.GaUSoes
Galsoisr
- e e . e o GAUSQ0Z
"SUBROUTINE GAUSS(MrMrArRr ¢ Y1 DET s ERR) GAUSHOZ

e e o o DINMERSION A{2U20) rAA(20220)iB{20r20) BB(20:20) 1 X{20,20)s6AUS00S
. XX (20:20) v IN(20) ) GAUSO(2

e e e 2 DO 20X N . __. . __ _ BGAUspr=
DO 1 J=1¢N GaUSQO=

USRS SN ¥ (3 O AP0 D Iy i O AP B B N C 7.1 8 L9 £ 1§ £
oG 2 J=1sW ' GAUSQ &,

) 2 . BRI, J)=n Iy ) GAUSQCE
C GAUSDEE
_*.__ETU__ _PERFORM THE. TRIANGULARIZATION. OF A o . e e e e GAUSQOE
C GallsQGE
et ——e e MNE=N-Y — — . . GAUSOOR
DO 6 L=) e NN ’ GAUSOE"
5 K =1 ¢ e GAlUSQas
KP=0 ) GAUSOEE
e . e B e O e e e . GAUsQO®
DO 3 K=l . GAUSO T

TI=ZABS(AA(KeL)) e, ———- GAUSQ&*
IF(T.GT.TTIGC TO 3 : GAUSOTE
Jd=TT : R ) . GaUSoCE
KP=K . . GAUSOGE
__dm“_*_“é_n“_”____wcothNUh : s . Gausots

I
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=~ - S e
e IBtLLEELXPIBO TO D e GAUSDO

] IN(L)Y=KP Y- GaUSQG

S T 5 L B - S -4 SR O, . ... Gausge
T=AM (L J) - GaUsQC

L ARALyYEAAMRD Y L o L _Gauspe
4 AA{KPJ)=T ’ GaUsSEL
N~ FES T % - B % S e i, BRSO
DO & K=LLeN GAUSOC
REAA(K L) ZAA(LP L) . o e BAUsSDO
AR{K P L)Z=R GAUSOE
DO 6_J=LLeM___ o L BpUsOO
& AA K, JIZAALK, J)~REAA(LJ) 6GAUS00

c C._ L L _____Gauspo
C THIS COMPLETES THE REDUCTION OF A GAUSSD
L U o _____GaUsoC
DET=AA (NP NYFAA(N=LrN=1) : ) TGAUSOD
N i b U et e.__GpUsgU
DO 7 1=irJ GAUSEO

e DET=pRETHAA(ILLY s i BAUsD
O 8 I=1,1N GaUuseld
L  IFCIMULYeNEWIDET==DEY o . BpUSOA

8 CONTINUE : - GAUSGO.
B0 19 IT=1.2 _ _m:_m“___“_”mm;“_Hw_mﬂ_ﬂnwmwmm@”“wm_"ﬁ__GAMSUU
IF(IT. . l)G TO 10 - . GAUSQO

e R e U c7. LV A
C ;o comPu1t "RESIDUALS - GAUSHU:
C . R - 2: V1 1 §
DO 9 Jz=irM - T GAUSOT:
DO 9 IZ1sN L BAUSDOY
RIS EIETIG ST N GAUSHO
9 . CALL INPROACGTr1)eX(, 0220 MNeBBUI )Y . GAUSDOY
- ) . ot o e oo T GAUSHO!
C REDUCE RIGHT HAND SInt _ _ - ~_GAUSDHD:

c | ’ . ’ o ’ o “6AUSHD:
AU D0 A3 LEL NN e L GAUSDOE
KP=TpN(L) GAUSHD!
IR P EG- 0G0 X0 . A2 i i _ GAUSDO:
DO 11 J=lel ) GAUSHO*
e e TEBB(KPJ) e ... BAUsDDOC
BE(KP:rJ )“BE(L!J} GAUSHD¢

e AL BB T o e e el GaUsDLY
12 LL=L+1 GAUSOL:
o L B0 13 KELLeM | T I, . GAUS) LY
REAA(K L) ) GAUSO 1!

R & 1 O S G TRV -5 B - I . ... GAUSDLY
13 BB (K, J)=BB (K, J) ~R¥BB(LrJ)} GAUSOLE

C e . __Gausplirs
C TSTART BACK SUBSTITUTION GAUSD 1T
C [ . GAUSsDIf
pDC 15 I=iry GAUSQLS!

. e XX(MN,I)=BBAMN,L)ZAAININD GAUSHLI

DO 15 L=2¢N GAUSDLI

LL=N+I-L GAUSHL

K=LL+1 _ . GAUSOL]

=00 ___ GAUSQL]

DO 14 J=KrH - GAUSH1d

I 14 - _TETepaAaltl e ) XX 0de X)) - i GAUSOLY
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L L AX(LL D =isB Ll )T /AALL LL)

ADDG CORRECTIONS,

VR = 14+ 2= | S A

IF(ITe6GT.1168 TO 17
DO 3g.1=1:M

DO 16 J=lty

GO TO 19

e e a - e - TTe L TEX(Ded) L
o TT=XX(IrJ}
e e o U IE ARSI LT L 2E-3T). GO T0 18

18
. 19

e o ERWD

S XL JYERE (T2

DU.I8_I=1rbd .

DO 18 Jziei4

o v W A AT D C o o e e ——— — i in

TIT=ABS(TT/T)
v e LR CERR LT TTTIERRETTIT & L s i it e
KAIr H=T-TT

. CONTINUE .

RETURN

GalUsols
GAUSOLS
GAUS(011
GaUSD1Z
GAUSOLZ
GAUSQL?
GAUSQLE
GaUsSolZ
GAUSD1Z
GaUuselz

e e e e GAUSOZ

GaUSO12
GAUSOLZ2
GAUSO12

GAUSOLZ

.GAUSO1Z

6aUS01z
GAUsSoL™
GAUSOLZF

PO 711 ¢ 11 6

.~
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¢ .
e C_TITLE.

=INER>

~

L3

HMMAUIhORH"mmwMWRL#RLIJnNMBX

C
- —C_PURPOSE

._TRIMELEr_JJL_r._LQEs?rmEROwL_:_‘iAD TOEQORTRAN

TO (‘J\‘,Q_UTQ Tl~,~___I MNERLRRODUCT OE VECTORS_A-AND-B_OF_LENGIH

C J IN DOURLE PRECISION AND ADD THE SINGLE PRECISIOM RESULT
C TI0.C
C
- C_CALL TNPR (A BrTrd,C)
C
- . '.‘-,IHFRF' -
C A = LOCATION OF FIRST WORD OF FIRST VECTCR ARRAY
— C B_= [ OCATIOM OF _EJIRSY._MWORD. _OF _SECOMD_VECTOR_ARRAY
c I =1 IF A IS A ONE DIMENSIOMAL ARRAY
. c = LRSI DIMEMSIONAL. SUBSCRIRT_OFE_A_IE ARRAY.A
C 1S THWO DIMENSTONAL
- < = THE _NUMBER. OF _TERMS _TO__BE.TAKEN. FuB-ljt_INNERm__,#_
C PRODUCT  (USUALLY THE FIRST DIMENSIONAL
C SURSCRIPT_OF g WHICH SHOULD _£aUAl_THE. SECOMD
c _ . DIMENSIONAL SUSSCRIPT OF A)
C C. = 1 0CATION TO WHICH THE RESULT OF COMPUTATION
C .’ 1S TO BE ADDED
C
C
_ SURRQUTINE TI-PRIAFBs T2 dsC)
c
C SPLCIFI»ATIO: STATEMENTS
c
- DIMENSION a{1),5(1)
COUSLE PRECISION HA/HE s HOLD HC
C
C INITIALIZATION
C
HC = 0,0
Moo TX)
IJ = 0
c
C no IkinR PRORUCT OF VYECTORS
‘ DO 100  IT = 1lsMsT
2 1d. = TJ
‘ MA = ACII)
? HE_=_3(1J)
(IOLD = HAMHG
100 P = HCEHOLD
[
c ADD RESU T JTo PREVIOUS RESULTY
C
C_=— HCxC
RETURN
END

B S et el
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C TITLE GRIDMIK ~ SOLUTION MAPPING ROUTINE
mm_-g\—;;Ti'iCr MARILYN R TQI!“-"IBL?
C SPONSOR Av Ao VANDERVEEN
e T Tieeieer T -
T PuRpose TO MAP A GIVEM SOLUTION To ALL POINTS OF A GRID.

-~

C METHOD

SCLUTIONS ARE FOUND FOR THE GRID POINTS NEAR THE

GIVEN

C SOLULION .. THE EXTRARLATLON.CE THE SOLUTIONS FOUMD.AT
C TWO ADJACENT POINTS IS USED AS AN INITIAL GUESS FOR AN
C ITERATIVE. PROCENURE _TM._AN_EEEORT TO..CONVERGE_TO..SOLUTIONS
C FO THE POIMTS OM EITHER SIDE OF THE ADJACENT SET. IN
- oo THEARGENCE GE ADJACENT _SETS, SOLUTIONS AT THE-FOUR
.- C MEIGHEORING POINTS ARE USED AS INITIAL GUESSES.
e C . —
C CcaklL CALL GRIDMIK(ATBrDELPIEPSsPIMNIFNPYNCS, ICMsGRDsCOPTrIDCV
C IERE)
C
C INPUT THROUGH call _LIST
C I
C . ALJ ) MIpiImum VALUE FoR_JTH PARAMETER
C ool MAXTMUM VALUE FOR JTH PARAMETER
C_ DELEG)  DFLP(1) _AND _DELR(2) DETERMINE THE GRID._MESH _
C ERPS(J]} TOLERANCE ON JTH CONSTAINT FOR CONV
C. PINT(J) TNITIAL SOLUTION VALUZ FOR JTH PARAMETER
C NP MUMBER OF PARAMETERS
C_ NCS HUMBER_OE_FOUALIUY _CONSTRAINMTS - —
» ICMm TNODTCATOR FOR ITERATIVE METHOD TO SE USED BY CONY
R S i :
C QUTRUT THROUGH THE CALL LIST
¢
C GRD(IrJrK) RESULTING SET QF SOLUTIONS. 1=1rNP J=1:NPL
C — K=1eNP2 | WHERS nPL _AND NP2 ARE _TiF NUMBER_OF
C PLLY1S AND P(2)15 RESPECTIVELY
C CORT.Ldr K)ORPYIMJM _VALUE _WHEN_OPTIMIZING -
C INCV(J:K) CONVERGEMCE INDICATOR
R o =i COMVERGED.
C =0 DID NOT CONVERGE
e
C SUGROUTIMES CONV SUBROUTINE TO Bz USED TO FIND CONVERGENCE
C_____ . - . -
C SUBROUTIME STATEMENT
- )
SUBROUTINE GRIDMKIA:R:DELPsEPS»PIMIFNP+NCS»ICHGRDICOPTr
e ) e —LDCY IPRE).
C .
— G SPECIFLCATION-STATEMENTS
C .
INCLUDE RPARSTA,LIST
C

DIMENSION_RIMI (L) p AL B ()2 DELELL L GRO-C MR MA 2. MO

UHOLD{2) « DELX (4) » DELY () yUCOMP (2) y USTART (2) +UBASE(2)

MLOORLaAL r NURCI) 2 NDTM(2) . RILMR Y PECMR) - LDCV-CMAL MO )os
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c 2 DATA TN CO/RHCONMYER, SHNEASOL L BHNE AN

T(‘U}’MO)rC_qE_u\-C) AX L] _OQ,

uIHEFSIOﬁ TYCO(S)

LGN /OLRCO/TTR

AR CEMAXITR r&HOUIRDS o

CINITIALIZE PROGRAM

IGR=1
EER=0.40

ISTART=0
no__i0 I=1,2

10

NDIM(IDI=(B(I)~-AC(IN)/DELP(I)+1.01

TGRoNDIM 2 ENDTH(L)

CGP={.0

TI=MNDTIM0L)
12=Noln(2)

U 1 1 & U .5 TP =~ A % |

15
C

06 15 J=112

IDCY(Irdi=D

c
C

SET

MININMUN AND MAXIMUM VALUES FOR SEARCH

ARCL)
AN(2)

ALL)~-DELP(1)/10.0
ALR2)=DFLP(2) /300

BRX{L)
BXAL<)

plL)+DELP(R)Y /10,0
R(9)+EFLP(2)/1O 1)

TTRITIT

OO

SET

INCREMENTS FOR A T¥O DIMENSIOWAL GRID

— g8

DELX({LY=RELR (L)

DELX(2)=ND2LP (1)

OELX{3) =~DrLpl1)

DELY (W)Y =~DLp{1)
DELY (1Y =0FLP ()

. DELY((2)=-DELP(2)
SDELY LB Z-DELRL2)

DELY (4)=DELP(2)

FIND INITIAL POINT OM THE GRID

oo 125 Izlerd
UHOL (I Y=AL L)

UHOLD (T =UHOLB(T) +DELP(T)
IE (UHOLN(L)L, G SRIMITI) GO_TO 12

i

G0 To 115
URCLo(TI=sUSoL DTy =DRL P (T)

Bo 135 I=3. 0P
PI(I)=RPYRY (L)

ATTEMET _TO _EFIND A QOEUTTONMAI"EQUR_SURRQUMDING_EQINIS_ANDTQHQQSE_

SEeNeNe

A STARTING POINT AS BASE

. 145

IND=1
IE (U0 D). _I_.,.ANLl)._a.OR...UHQJ_D,Ll}LGT_eB (Li))_GO_To 155

IF(UHOLD(2) LT AM(2) WORLUHCLD(2) . 6T-BX{2}} 60 TO 155
IS1=(UHOLD (L) =A(1))/DELRP (1) +1.1



http:DELP(I)+1.01
http:O.L6AC.4V

T 1S22(UHOLD(2)=a(2) ) /0FLP(2) 41,1

, DO 147  Izi,2
147. SN 1 W& S TS V13 e N & £ DU—

CALL COMY(ICI'»PI+NPyNELP»IGRIEPS» ICONVPFCSF)

L&
C ©OWRITE RESULTS OF Callt "TO TonNY
~

IF(IPRELME, 1950 TO 14
WRITE (610 06 R IUKKIL K K=y NR)

WRITE(G,1007) TYCO(ICONV) »ITRy (PF({KK) rKK=1rNP)
143 CORTLIS101§2)RCSELL)

IF(ICONV.NELLY GO TO 155
- CGR=GGREL .0 :

bo 1590 I=1.Mp
- 150 G0 I+ 151 I1S2)=REIT)

IDCY(151,IS2)=)
I IS TART U0 e 50T 0L BR

USTART (1)=uHoLln (1)

e smre rarmmacrimmen + simsmann s e IS TREATL 2. TURCLDL2)
a ISTART=L
. 155 _ GO_T0. (16041462 £ 168, 12000300

: 160 UHCLD (1) =UHOLD( L) +DELP (1)
INDZ=2

. GO TO -145
N N 12 g UbOLD L 1=UR0L D) =DELP (1)

UHOLD(2) =UHOLN 2) +DELP(2)

o i ITND=3 -
G0 TO 145 _
164 LHOLD A =UHOLR (L) +DELRP (L)

IND=4
60 TO_ 185

170 IF(ISTART.EQ. Q) GG TO 730
200 UBASE(L) ZUSTARYT (1)

UBASE(2) ZUSTART (2}
C

C SET UP INDEXING TO COVER ALL POINTS OF GRID FROM INITIAL BASE
e — L LJPOGINT L Ll

L)

210 DO 215 1=1,4.

{ 215 MLP(I)=1
e : D0_600_ _XL=0ninng._

MNEHD=0

R o DO_230 . I=l.4
‘ 280 NILOOP (1) =0
—_— DO-500 . ——JU =gy

I RPRESENT_BASE.SINEHAS MO _RASE ROTMNTS WITHIN_LIMITS OF _GRID-GO
TO FIRST 8ASC POINT T -REXT ZASE SIDE

S NeNe N

- LF (NLP(JL) o NDe ) 60 TO 300
: UBASE( L) zURASE L 14K LaDEL X (JL)

UBASE(2)=URASE(2) +KL#DELY (JL)
GO 10500

300 DO 450 IL=1KL

L

e
- C DETERMINE IF PRESENT PASE POINT HAS A SOLUTION
-
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T TEAUBASELL) ol Te AL 1) ORLURASE (1) . 6T.RX (1)) GO TO 420, .

IF(URASE(2) LT AN(2) . OR.UBASE(2) . GT.8X(2)) 60 TO 420

e e e AU LS AUBASEL LA LT ADELPLI Y 21 0 _

FTJ2Z (UBASE(2)-A{(2)) /DELP(2)+1. 1
NLOOPLJL )=

IF(IDCYV(IJ1,1d2).ER.0) GO TO 420

HEND=]

FIND-FIRST.OCF_FEOUR POINTS. SURROUNGIMG _BASE _POINT_AND._ITS_ORROSITE

UHOLD {1 )= nasE (1Y ~nFL.P (1)

 UHOLD(2)=URASE (2)
o UCOMB UL TUBASE (1 4DELR (1)

. UCOMP(2) =U3ASE(2)

YOV O

ATTEMPT TO FIND SOLUTION IF PCINT IS WITHIN LIMITS OF GRID AND IF
BOINT._DOCS. HOT _ALREADY_HAVE._SOLUT 10!

L}

DO_M00  Jmlaebo
IF (UHOLD(L) o LT AN(1) cORLUHOLD (1) 4 6T.2X(1)) 60 TO 370
TE(UR0IDI2) L T ANC2) « ORLVUKHOLDA2). - 6T.BX(2)).60 _T0 370

ISI=(UHOLD (1) =-A(L) ) /DELP(1)+1. 1

I52= (MHOLD(2) =A(2) ) /OELP(2) 4] . ]
IF(IDCY([S1,152).E9.1) GO TO 370

DETERMINE IMITIAL GUESS FOR SOLUTION FROM BASE POINT SOLUTION AND

e Nekel

_EROM _OPROSITE POINT SOLUTION IF PRESENT
DO 333 1=1:2

333

PI(I)=UHOLD(T)

IE(UCOMP (1)L T AN (L) OR.UCOMP (1) . GTe8X (1)) 60_TO 335

IF(UCGMP(E}uLToAN(Q)oORaUCOEP(2)oGToBX(2)) G0 TO 335
ICI=(UCOMPIIY—ALIY)/DELPL{II+1. 1

IC2=(UCOHP(2)~A(2) ) /DELP(2)+1. 1
TELTINCMLIC I »3C2) LED. 1) GNH_T0 3485

DO 346 T=3 NP
PYILI)ZGRDAT,IJILII2)

60 To 350
DO 356 I=3,02

PI(II=2,0%56RD (1, IJLTJd2)~GRO{(IrIC1LIC2)

CALL CO»V FOR SOLUTION

IF(IPRF.NELLY 60 TO 351
WRITE (6.,.1006) (2T (KK »hl(=1,NB)

CALL CONVI{ICHsPIsNPDELP,IGR,EPS: ICONVPFCSE)

WRITE RESULTS OF CALL TO COMV

IFCIPRFWNEL L)Y 60 TO 255
VRITE(H 1067) TYCO(ICONY) , T TR (IPE(KK L P KK=1NP)

IF(ICONV.NE.1) 60 TO 370
CGP=CEP 1.0

DO 350 I=1,4P
GROATrLI1S1 2152 =RPE{I)

IDCV(ISL,I82)1=1
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C CALCULATE WEXT POINT MEAR. PRESENT RASE POINT
C ’ .
370 AWAOLO0 ) =UHOLD (1 14DELXLD) S—

UHOLD (2) =UHOLD (2) +DELY (J)
e GCOMPL( 1) =UCORR 1) ~DELYA)
UCOMP (2) ZUCOMP (2) =DELY (J)

409 CONTLNYE
c
C CALCULATE-HEXT BASE-ROINT-ON.PRESENT-BASE LINE
¢ i
1020 UBASE (L) =UBASE (L EDELX (UL
UBASE{(2)zUgASE (21 4DELY (JL)
. L5 CONTENUE .
IF (MNLOOP(JL) .EQ. D) MLP(JL)Y=0
500 CONTINMUE
C
C IE—THERE —AREMNO_REMAIMING. BASE-ROIMTS _WITH ASCLUTION -RETURN_TO.
c MAIN PROGRAM
C

IF{NEND EQ.D0) GO TO 65¢C

C
C CALCULATE INITIAL BASE POINT FOR NEW BASE LINE
C .
UBASE (L) =UBASE (1) ~DELP (1)
: 600 e CONTEMUE___-
i C ’ :
| C CALCULATE. PERCENTASE OE_TOTAL _POINTS_THAT CONVERGED_TO_A_SOLUTION.
C
650 PERHZPER
: .. PERZ (CGP/TGP) ¥100.0
WRITE(61004) _PER
IF(PER=-99.9)  660:660:700
250 LE(PE=PEREL). 70027005200 -
700 CONTIMUE
o
I PLOT THE GRID POINTS THAT COMVERGED )
C . o : _ o
K= ‘ . ) -
DO 745 Nzl Tl -

DO Tud M=1,T2

e IELTDCVAL L 4) WEQ o0 _GO_TO_740
730 K=K+1 .
XX LK ZGRD (Ll ki),

PR

YY (K)ZGRO{2 M)

740, CORTINUE
T4 CONT INUE
K=K,

XX{(Ky=a(1)
YXALKI=ALZ).

- K=K+1
XXLKI=ALLL)

¥YY(KY=B({2)
K=K 41

XX Ky=n(1)
YY LK) =AL2)

K=K+
XX K=zl

ot ..d._..uumr-._-.-.... [P
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YY(K)=R(2)

CALL . REKPLOT{XXrYY K}

750, LRITE(6.1605)-RER
RETURM
C
C FORMAT STATEMENTS
c :
1001 FORMAT(LH 16X 'PI. = '+ (T23/6E15.8))
1004 EORUMAT(LH0,y fxr w3k PERCEMTAGE OF EOINTS _CONVERGING =1
F7.3 vkriknt /) .
1005 FORMAT (LN, *RQINTS FOR WHICH SOLUTIONS WERE EQUND — P11

10048

"WERTICAL AXISr P2 HORIZOHTAL AXISr PERCENTAGE '+F7.3///7)
EORMATLIE o 18X tRPT = ¢, (T23:6E15.8))

1007

END

FORMAT(1H sA6rI3s" ITRS PF = '+ (T23,6E15.8))

o map =
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L _APREH.FRMPLT_ . _ .. _ - -
€ TIiTLE FREMPLT - IMTCRPOLATION aAND PLOTTING CORTROL
SRR S . — —
C AUTHEGR Mo To HIMMAN
{ . -
C PURPOSE . TO READ, FUNCTIONS FROM FASTDRUM AND CaLL INTERPOLATION
. C . L ANDPRPLOYTING POUTINES.
C .

— e CMETHOD . FRURLT _READS THE FUNCTION-TQ RE PLOLTED-EROM_ITS_EASTDRUM_

FILE, IF-IT KHAS NOT PREVIQUSLY BEEN INTERPOLATED, IMGRID
IS CALLED. THE _CONTOURS ARE _PLOTTED AND THEN.SAMED IE

THEY ARE TO BE USED AGATN,

INPUTY VARIABLES FROM COMMON MCL
VARIAGLES _FROM COMMOBM_THPE

THE FASTORUM FILES GEMERATED BY PLTCON

GO OOOOaGO0

SUBROUTINE STATEHENT
i

SUBROUTINE FRNPLT

FRMPLT

SPECIFICATION STATEMENTS

oReke

INCLUDE PARSTA,LIST
INCLUDE _KOMMCL s LIST

FRMPLF
FRMPLY

INCLUDE GRIDSPLIST
R INCLUDE KPETLE,LIST

PARAMETER IMAXSF = &

olo

IMAXSF IS THE MAXIMUM NUMBER OF SCRATCH UNITS AVAILABLE FOR
e INTERMIDIATE _STORAGE AT THE RRESENT _TIME

SR

. _DIMENSION TTLT(8) hATLT(8),0TLT(8) +INDCY (MALMO) r F(MAMO) s
o MPL(MA) rHP2 (30) 1 BELTA(2) r HTABSUL10) .

NTABSU CONTAINS THE NUMBERS OF THE AVAILABLE SCRATCH UNITS

((")C"}"‘;

DATA NTABSU/21r22¢231201412131492%0/"

(Y v O

SeT HUNMABER  OF _SCRATCH UNIT FOR. OVERELOW . DURIMG..INTERPOLATION

]

O NF = 20

- SET- VARIABLES .FOR.CALLING. SCRLOT

OO

N _HDEHZL

MCHAR=HZ
GRIND=20.

NXz2
NYz=2

LA=0
1LY=0

NV=1
NS=2

[G=2

ERMPLI




- £-43 -

‘f
C SET_IMITIAL CORDITIONS. ..
C ERMPLT
e L 1L = MA -
IPAC = 0
e TR O FRMPLT
MFILE=1 FRUPLT
~-IOVFU- = 0-— -
CALL CAMRAV{935)
LCALL-LSIGA A5 5)
C FRMPLT
C SET.LOORZ0R_BROCESSING ONE _ERAME AT A TIME ERMPLI
c ) FRIPLT
1.30. LERM=IERM*] ERMPLT
) : JFUNC=0 FRMPLT
o ERMPLT
C SET FRAME LARBELS FRMPLT
e - FRMRLT
XL=AMIMOIFRM) FRMPLT
e e e 2 e e KRS AMAX L IF R FRMPLT
YLZOMIN{IFRM) FRMPLT
—_— YUZOMAXL IERM). ERMPLT
’ DO 150 I=1.,8 FRMPLT
TLLT(D)=TLT(I TERM) _ . ERMPLT
ATLT(I)=ALACT IFRM) : FRMPLT
— 150 - OTLE(I =Z0IlA (T IERMY, ERMPLI
" . NFADV = 1
r . ERMPLT
C SET LOO » FOR ONE FUNCTIONM AT A TIME FRMPLT
C ¥ FRMPLT
i70 5 SJFUNC = JFUNC+1
3 %Q_Rvmztoth? JEURC) FRMPLT
C \ &, FRMPLT
e TP Loﬁ{;w ARRAY. IS ALREADY INTERPOLATED TRANSFER TO READ I _ - FRMPLT
C 9 - : FRMPLT
3 ?" ’TDM = NEDR:@{IDRM)
_: lr(TDf";eGTol'ORoIDMoLTnO) GO TO 500 .
w-n‘_Lh.mw”“n“;ihmﬂnm_ . _ _FRMPLTY
C dhAD PUNLinN ARRAY FRO¥ DRUM FILE FRMPLT
e e FRMPLT
, QPAD{IUR1) MT P HHSOL» IVRHY e yAr NO
et 200, 200 ITi=Lr A, ERMRLT
L o100 200 IT2z21,M0 FRMPLT
200 C READ(IDRMAIDCMAITL  TT2) b E(IT1,172) FRMPLT
: ?ﬁ READ (IDRM) (HPL(I) e IZ1 o NA) ¢ (HP2(J)Y r J=1s NO) FRMPLT
K E .
C PRINT FUNCTIOH ARRAY IF REAQUESTED
[ N
2 IF (IPRP.LT.1) G0 TO 219
. 2 IPAC LA IRACHL
- - ST WRITE(G612) IPACHMT NHSOL s IVRH
: = CALL_PRTOUT-(NAsNO rHRLAHRZ,E)
C L
. C SET VARIABLES _EOR-INTERROLAT.ION
C -
210 L BPIZHR1IL)

E BP2THP2(1)
—NRLI=MA

< H
Ay


http:IDH.LT.O0
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NP2ZHO0

DPL=HPL(2)-HPL (1)

— - NRZEgR2 (20 = HR2 (1L

CDELTA (L) =PI INC (IFRMr JFUNC)
—-LRELTALZ2) ZR2INC{IRRM JEUNC)

FRMPL1
ERMPLIT
FRMPLI

IPRT=IPRP=2

ERMPL)

ERMPL]

sNeNe

TRANSFER TO VERTICAL CONTOUR SLICING ROUTINE IF REQUESTED

FRMPLT

IF(IVS{IFRE P JFUNC) W GT0) GO TC 350

ERMPL]

ERiaPL]

CALL INTERPOLATION ROUYINE FOR LEVEL SLICING

FRPLI
ERMPL]

CHMNY = CHIN(IFRM: J-UNC)
CRXV_= CMAX(IERM JEUNC)

CBELY = DELC(IFRM» JFUND)

ERMREL.]

CALL _TNGRID(zEI1BR2, DRI DR2LENPL NP2y TOCN » CMRY e CMXN.,
CDELVDELTA) )
REWIHD _NF

FRMPL.1

REWIND nNiFUT
G0 T4 409

FRMPL]

oo

CALL__INTERPOLATION ROUTINE _FOR_VERTICAL SkICTNG

IDS=IVS (IFRM, JFUNC)

FRMPLI

ISMINTIS(IFRMr JFUNC)
ISMAX=LS (TERM JEUNC)

FRMPL1
ERMPL]

ISIMCZINCS (IFP M JFUNC)
TF(InS.Ta. INEL TAIY=RELTA(R) :

FRMPL
FRMPLS

. CALL VSLIC(BPL,8P2,DP1:0P2:F 1 HPL1sNP2,IDCVFIDG s ISMIN,
LSWMAXs ISINC,DELTA)

FRMPL?
FRMPL]

"y Y

UQOO

KFUO = TORM
MEUT = NE

IF(NTYOF.£2.0)

GO TOo 4id

- IFE (EDRIACIDRMLEQ.0)

60..70._410

10VFU = TOVFU+1
TE(IOVEU..GT. ITMAXSF)

NEDRMLIDRMI=(

NFUO = NTABSU(ICVEWL)

£ (HIRORIINRM) . EQ. _0)

TF(MNTOFMNE.D) GO To

G0_TO0_550

449

WRITE HEADRING FOR ON-LIMZ PLOT

IK=TIOUNT
IE_(ZVS(IERU,JEULCY .6

To QY GO _TO 420

AXCIEOUNTHL ) =HPI (1)
YYLIROUNMT+IY-HP2 (1)

AXCIKOUNTH2)ZHPL( 1)
YY L LK OUNT A2 ) P2 (140)

XATKOUNT+3) =HP 1 (HA)
YY (XKOUNT+3A) =HP2 (1)

XX (IKOUNT+4) =HP 1 (MA)

420

YY (TKOUNT L) =HP2 (NO)

IK = IKOUNT+4 .
CALL_BEPLOT (XX e YY e IK)




o B
_‘%v __.f.)....,.___..... R o = 1 S
- Coe — . _
c WRITE WMESSAGE STATING THAT THERE ARE TOO MANY POINTS TO BE
e PLOT TED - Ol THE ——
e .
-60-T0-5540
440 WRITZ(6+2) IPAC NT MHSOL,IVRH
- WRITELA(6:3) — -
GO 10 550 .
— 500 ITE(NEDRM.CIDRA ) .60 1) 5010505

IN = =NFORHM(IDRM)

WEUI = NTARSULIN)

GO0 To 510
505 NEUI..=_TDRHY :
510 READ(NFUTL) IKOUNTMTOF

READANEUL ) (XX (I oYY L), I=1 IKOUNT)
556 IF (NFDRM{IDRM) NE. 1) 60 TO 570

REWIND-NEUD

Ce— WEITEANEUO) (XX AT) XYY (13171 TKOUNT)

WRITE(NFUO) IKQUNT NTOF-

570 CONTINUE

c
c - PLOT
-

IF{IACUIFRMy JFLRIC) . E0. 1) GO TO S&0 .
CALL SCPLOT (L X el Y e XX e XY L TKOUNT s MDERN o NV MS e NCHAR L NEADV )

. a NGrSRIDDGRIDOrNXr XL r XReNY r YL YUr TTLT»ATLT» OTLT)
GO_T0..590 j

580 CALL SCPLOT(LX LY YY) IKOUNT » NUEN ¢ MV e NS s NCHAR s HFADV
. NG GEIDD,GRIND I XL r XRy NY o YL o YU TTL TP ATLT, OTLT)

598 ’ NFADY = 2

IFANTOE NEL D) GO_TO_600
REWIND MFUT ‘
IF(NEORGACINDRM) JER..0) 60 _TO 700

REWIND NFUC
MEOR#(IDRM) = 2

w080 DO 63D o= 1 4TI0F

GO TO 700

READ(MFUTY (XX(I)e¥Y(I) Il IMAXC)
- TEANEDRMLIDRM L NEL L GO _TO 620

VRN Y~ § . - CONLINUL

WRITE(MFUO)Y (XX{I)YYL{IY}Iz=1 s IMAXC)

C
C RPLOT

c
IROUNT = _TxaXC.

IF(IAOUIFRMy JFUNCY EG. 1) GO TO 630
CALL _SCRLOT (L2 p LY XX e XYY 2 TKOUNT o MO E By NV NS NCHARGNEADV,

® NGrORIDD »GRIDD N XL o XR e NY o YL e YU, TTLT  ATLT: OTLT)
—— e B0 T 650

630 CALL SCPLOT(LXrLY:YY rXXs IKOUNT NDEH NV NSeNCHARNFADV
. NG GRIDD A GRIDD A XL X R NY e YL o YU TTL T ATLT . 0TLTD

650 CONTINUE
REMINO-_NREUL

IF (NFDRM(IDRMI oMNE 1) GO TO 700
REMILD _NEUO

NFDRMUIDRM) = —~I0OVFU
700 ITF(JRUNC LT NENCIERM) 6000 17¢
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IE(IERM.LT.NER) 60 T0 130

CALL EOFTV

B o RETURMN. _
oo+ Lo EORMAT_STATELENIS.
c ‘ :
i 2 FORMAT LML e/ ) 6H_FEUNCTION APRAY.+13 1 i0X s 10H_EROM _UMTTe I35
. 11H  SOLUTIOM,I3s15H  AND VARTABLE,I3//)
3 EORMAT.LIE 1 Xt THERSE _ARE_TO0_MANY_POINTS_FOR_ON.LINE PLO
TTING. ™)
EhD -




