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SUMMARY

FRANOPP, FRamework for ANalysis and OPtimization Problems, is a software
aid for the study and solution of design (optimization) problems. FRANOPP pro-
vides the driving program and plotting capability of a user generated program-
ming system. In addition to FRANOPP, the programming system also requires the
optimization code CONMIN (created and maintained at the NASA/Ames Research
Center), and two user supplied codes, one for analysis and one for output. Since
the user supplies the analysis module which defines the design problem (more
specifically, evaluates the objective function, constraints, and optionally
gradients for given values of the design variables), the generated system is
extremely flexible.

FRANOPP provides the user with five options for studying a design problem,
Three of the available options utilize the plotting capability supplied by
FRANOPP and provide an indepth study of the design problem at hand. The study
can be focused on a history of the optimization process or on the interaction
of variables within the design problem.

The optimization module, CONMIN, is a FORTRAN module for the minimization
of a multi-variable function subject to a set of inequality constraints. The
optimization problem may be linear or non-l1inear, constrained or unconstrained.
The basic algorithm used for the constrained problem is the Method of Feasible
Directions. For unconstrained problems, the Conjugate Direction Method of
Fletcher and Reeves is used.

This report describes FRANOPP's design and capabilities, and how to build
and execute a programming system which incorporates FRANOPP. It is not intended
as a stand-alone user's guide. A familiarity with CONMIN and the Control Data
Corporation Network Operating System (NOS) is assumed. FRANOPP was developed
and tested on the NASA/Langley Research Center (LaRC) computers using available
software utilities.
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INTRODUCTION

Various algorithms exist for the solution of design (optimization) pro-
blems, and, correspondingly, many computer codes have arisen. In general, the
problem is to determine the values for a vector of variables, termed design
variables, that minimizes (or maximizes) some function of those variables,
termed the objective function, while satisfying various linear and non-linear
constraint equations. When using a generalized code, the user requires some means
for defining a particular problem. One method is a user supplied code which
contains the problem dependent formulations; typically the objective function,
constraints and, optionally, their gradients.

FRANOPP, FRamework for ANalysis and OPtimization Problems, is a software
aid for the study and solution of design problems. FRANOPP provides the driving
program and plotting capability for a user generated software system which
also includes the general purpose optimization code CONMIN (created and main-
tained by NASA/Ames Research Center) and two user supplied codes, one for analy-
sis (definition of the design problem) and one for output.

FRANOPP provides the user with five options for studying a design problem.
The user may soley execute the analysis module, request an optimization run,
or utilize one of the three plotting capabilities supplied by FRANOPP. The
plotting options provide an indepth study of the problem and can be focused
on a history of the optimization process or on the interaction of variables
within the design problem.

A software system incorporating FRANOPP is easy to build and use. The
user only needs to be concerned with the pfob]em dependent aspects of the gen-
erated programming system. The modular design of the user-generated system
and the code within FRANOPP make the system flexible for modifications and
additions. FRANOPP may be used as an initial testbed for iarge probiems before
proceeding with a more complex optimization system,




CAPABILITIES AND OPTIONS

FRANOPP has five options available to the user. These are:

ANALIZE

PLOT LINEAR

PLOT CONTOUR
OPTIMIZE

OPTIMIZE WITH PLOTS

A general description of the capabilities of each is given below.

Option: ANALIZE

This option executes the user's analysis routine for a single set of design
variable values and outputs the objective function and constraint values.

Option: PLOT LINEAR

The PLOT LINEAR option allows the user to examine the dependence of a spe-
cified output quantity on a specified input variable. In the general case, the
user defines a design variable as the input parameter to vary over a given scale
while all other input parameters remain unchanged. Also specified is the output
quantity which the user wishes to study, usually the objective function or a con-
straint. This option loops through the analysis routine varying the specified
parameter and saving both the input values and the specified output values to be
plotted in a linear, two-variable plot.

Option: PLOT CONTOUR

PLOT CONTOUR, similar to the PLOT LINEAR option, allows the user to select
an output quantity for observation while varying any two input parameters. The
results are displayed in a contour piot.




Option: OPTIMIZE

The OPTIMIZE option uses the general purpose optimization code, CONMIN
(ref. 1) to optimize the design problem defined in the user supplied analysis
routine. The user begins the process by supplying to CONMIN an initial value for
each design variable and some other required parameters. Using these initijal
values, the analysis routine evaluates the constraints and objective function.
CONMIN is entered again and produces new values for the design variables. These
new values are passed to the analysis routine and the model is re-evaluated. The
process continues until either a feasible design is obtained with the objective
function minimized or the user supplied value for the 1limit of iterations is
reached.

Option: OPTIMIZE WITH PLOTS

This option is an extension of the OPTIMIZE option. In addition to pro-
viding the results from the optimization process, this option saves the values
of the objective function, design variab]es] and constraints at each
iteration, thereby providing a history of the process. The results are then
displayed in a series of plots. There are two user defined input values which
determine whether or not the objective function and design variable plots are
plotted as they appear, or are normalized by the initial values before plotting.
The user has no option for the constraint plots. These are always plotted in
the normalized form Gact/Ga1] - 1, where Gact is the actual behavior

variable value and Gan is the allowable behavior variable va]ue.2

L When CONMIN computes the necessary gradients for the optimization

process (instead of the user supplied analysis module), the values saved for the
first design variable, except at the initial and final data points, will include
an increment for the finite difference method. Since the increments are normally
small, they do not change the character of the plot.

2 A behavior variable is any output from the analysis, such as stresses
or forces.




PROGRAMMING DESIGN

FRANOPP provides the framework for a programming system consisting of two

programs. The first calculates the numerical results for the five options and
the second handles the generation of plots. Since the plotting capability does
not apply to all of the options, the second program is not always executed.
The input/output files and the programs are described below. The flow of exe-
cution through the system for all options is shown in figures 1 and 2. A more
detailed description and a Tisting of each FRANOPP supplied subroutine is pro-
vided in Appendix A.

Input/Output Files

The input/output files accessed by FRANOPP's programming system are listed
with their major attributes. The order of their appearance reflects their posi-
tion on the program header card.

(1) INPUT: equated to TAPE5; input to program one; input to program
two; contains all the user defined input to execute FRANOPP;
a detailed description of contents is presented in the sec-
tion on execution.

(2) TAPE3: output from program one; input to program two; contains
information regarding the type of plots requested and other
required items.

(3) TAPE7: output from program one; input to program two; contains the
data arrays to be plotted.

(4) OUTPUT: equated to TAPE6; output from program one; output from pro-
gram two; contains the results of the option executed.

Program One

Program one consists of four modules. It contains a driving module sup-
plied by FRANOPP, the optimization code CONMIN, and two user supplied modules,
one for analysis (definition of design problem) and one for documentation of
the output. An explanation of each module follows:




Module FAOPS. - This module drives the entire system. It contains the
logic for all the options and provides the interface between the modules. The
main routine FAOP reads an input command and calls the appropriate subroutine
to execute the requested option. The subroutines are listed below with the
corresponding option(s) in parenthesis.

Subroutine SUBANAL (ANALIZE)

Subroutine PLTLIN (PLOT LINEAR)

Subroutine PLTCON (PLOT CONTOUR)

Subroutine OPT (OPTIMIZE and OPTIMIZE WITH PLOTS)

The subroutine layout of this module reflects the independence and separation
of the options. The separation allows for ease in modifying and extending
FRANOPP's capabilities. A new option, for example, can be added without regard
for those that already exist.

Module CONMIN., - CONMIN is a group of FORTRAN subroutines for the minimiza-
tion of a multi-variable function subject to a set of inequality constraints.
CONMIN solves both linear and nonlinear, and constrained or unconstrained pro-
blems. The basic algorithm used for the constrained problem is the Method of
Feasible Directions. For unconstrained problems, the Conjugate Direction
Method of Fletcher and Reeves is used. For information concerning CONMIN's
organization and parameter definitions see reference 1.3

Module ANALYS. - ANALYS is a user supplied module that evaluates the
objective function, constraints and, optionally, their gradients, given a set

3 CONMIN has been designed so that the user can supply the gradients

of the objective function and constraints in the analysis module or CONMIN
will compute the necessary gradients using finite difference. When CONMIN
computes the gradients, the design variables will be incremented by either
absolute or relative values which are governed by the input parameters FDCHM
and FDCH, respectively. The larger increment prevails. It is advisable to
adjust these parameters so that the relative increment prevails in the anti-
cipated range of the design.




of values for the design variables. For compatibility with CONMIN, the design
problem must be defined as a minimization problem with the constraints com-
puted as (actual behavior variable value/allowable behavior variable value -1).

This module may vary slightly depending on the option executed. For
example, when executing the PLOT LINEAR and PLOT CONTOUR options, the user may
choose to plot variables other than the design variables, objective function
or constraints. In this case, an additional common block must be added to the
analysis module so FRANOPP has access to the user defined variables. The
implementation of these variations are explained in the execution section.

Module DEFINES. - DEFINES is a user supplied module for documentation of
the computer printout. It aliows the user to define a particular design problem
in the output by printing appropriate explanations and definitions. This
module should output text definitions of the objective function, design vari-
ables, constraints and any other information necessary for understanding the
problem. The output from this module is placed directly under the title, before
any results are printed.

Program Two

The second program, entirely supplied by FRANOPP, produces the plot vector
file’ for the plotter and therefore only needs to be executed when a plotting
option is selected by the user. Two of the output files generated by the first
program (TAPE3 and TAPE7) are used as input to program two. A brief description
of the main program and major subroutines is given below.

4

Main Program PLOT. - The main program reads the parameter IPLOT from TAPE3
to determine which set of plots was requested and calls the necessary subrou-

tine to do the plotting.

Subroutine LINPLOT. - This subroutine retrieves the plotting data from
TAPE7 and calls the necessary library routines to produce the two-variable
linear plot specified by the PLOT LINEAR option.

4 The plot vector file contains the plotting commands used to control

the plotter. It is created by FORTRAN calls to the LaRC graphics library.




Subroutine CONPLOT. - Similar to LINPLOT, this subroutine retrieves the
plotting data from TAPE7 and produces a contour plot of any output quantity
the user chooses, with respect to any two input variables.

Subroutine HISPLOT. - This subroutine plots the history of the optimiza-
tion process resulting from the OPTIMIZE WITH PLOTS option. For the objective
function and design variables, the user can request that the plots be normalized
by the respective initial values.

EXECUTION

To build and execute a system which utilizes FRANOPP, the user must perform
the following steps:

(1) Code the user supplied ANALYS and DEFINES modules.

(2) Modify the dimension statements in the code supplied by
FRANOPP to the actual problem dimensions.

(3) Create the input file.
(4) Create the job stream.

Each step is described in detail below and an example is presented in Appendix B.

Step 1: User Supplied Modules

ANALYS. - The analysis module, ANALYS, consists of a user supplied sub-
routine(s) which evaluates the objective function, constraints and, optionally,
their gradients. Its design and complexity depends almost entirely on the
problem at hand and the user. To integrate the analysis module into FRANOPP's
programming system, the user must follow the seven guidelines listed below:

(1) The analysis module must contain a subroutine named ANALYS, which,
if desired, can call other user supplied subroutines.

(2) There are two required common blocks which are used to input and
output the required data. The design variables are input to the
module through the common block /VARABLE/. The output consists
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(3)

(4)

of the objective function and constraints contained in the common
block /CONSTRT/. These common blocks are defined below.

COMMON /VARABLE/ NDV parameters representing design variables.
COMMON /CONSTRT/ objective function, NCON parameters representing
constraints.

The output, stored in common blocks, passes from the ANALYS module

to CONMIN without any intermediate changes., Therefore, the ANALYS
module must compute the values in a form acceptable to CONMIN.

CONMIN requires the objective function to be a minimization function.
In addition, the constraints must be computed as

G = GIact/GaH -1

where Gact is the actual behavior variable value and Ga]] is the
allowable behavior variable value. In this form, the constraints are
easily classified into three groups.

If G> 0, the constraint is violated,
if G = 0, the constraint is critical,
and 1if G < 0, the constraint is satisfied.

If the analysis module requires any user defined input, the user can
supply the necessary READs in the analysis subroutine(s) and adjust
the input file appropriately. The user should incorporate a test to
insure the input is only read the first time the analysis module is
entered and then stored in a common block. To facilitate this, a
cormon block /ANDATA/ which contains one variable, LOOPCNT, supplies
the current number of calls to ANALYS. For example, on the first call
to ANALYS, LOOPCNT is equal to one; the second time the analysis
module is entered, LOOPCNT equals two. The logic is outlined below:




(5)

SUBROUTINE ANALYS

. required common blocks
COMMON /ANDATA/ LOOPCNT
COMMON /any-name/ all variables appearing in the
read statement(s)

IF (LOOPCNT.NE.1) GO TO 101

. read statement(s)

101 CONTINUE

RETURN
END

The read statement(s) should accept data from TAPES. The location

of this data within the input file will be described in the input
file section.

If additional output to that given by any option is desired, the
user can supply write statements using TAPE6. Since the analysis
module is executed several times for each iteration, the user may
want to incorporate a test so that the output is written once for
each iteration, or only for the final results. The variable ITER
in the common block /CMNN1/ (listed in guideline 7) contains the
current iteration number. To insure that the output is written
once for each iteration, the user will need to save the value

of ITER in a separate common block and compare the saved value
with ITER until they are unequal. For the final results, the
variable LOOPCNT (see guideline 4) has the value -999 on the last
call to the analysis module.

11
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(6)

(7)

If the user wishes to execute either the PLOT LINEAR or PLOT CONTOUR
options and specify plotting variables other than the design vari-
ables, objective function or constraints, an additional common block,
/VINOUT/, must appear in the analysis module.

where

vin(1) -

vin(2) -

vout -

COMMON /VINOUT/ vin(2),vout

if the user is supplying the input variable for
the x-axis (INX < 0), the variable name should
replace vin(1); otherwise, this is a dummy variable.

only applies to the PLOT CONTOUR option, it is a
dummy varijable for the PLOT LINEAR option. If the
user is supplying the input variable for the y-axis
(INY < 0), the variable name should replace vin(2);
otherwise, this is a dummy variable.

if the user is supplying the output variable

(INY < 0 for PLOT LINEAR option, INZ < 0 for PLOT
CONTOUR option) which corresponds to the y-axis or
contours depending on the option, the variable name
should replace vout; otherwise, vout is a dummy
variable.

When executing the OPTIMIZE or OPTIMIZE WITH PLOTS option, the ana-
lysis module may need to access or supply information other than that
stored in the required common blocks /VARABLE/ and /CONSTRT/. For
instance, a user may want to compute the required gradients in the
analysis module instead of having CONMIN compute them. Two addi-
tional common blocks which facilitate the data transfer are shown

below.

The variables are defined in the CONMIN manual and the dimen-

sions are defined in STEP2, Problem Dependent Dimension Statements.

Common /CNMN1/ DELFUN,DABFUN,FDCH,FDCHM,CT,CTMIN,CTL,
CTLMIN,ALPHAX ,ABOBJ1,THETA,0BJ ,NDV ,NCON,NSIDE, IPRINT,
NFDG,NSCAL ,LINOBJ,ITMAX,ITRM, ICNDIR,IGOTO,NAC,INFO,
INFOG,ITER

Common /ACON/ VLB(N1),VUB(NT),SCAL(NT),DF(N1),A(NT,N3),
ISC(N2),IC(N3)




DEFINES. - The DEFINES module consists of a user supplied subroutine called
DEFINE. The sole purpcse of this module is to document the problem in the output
listing. The output produced should define the design problem by including def-
initions of the objective function, design variables, and constraints. The
output must be written to TAPE6.

Step 2: Problem Dependent Dimension Statements

Both FRAMOPP supplied source files, FAOPS and PLOTS, contain subroutines
with problem dependent dimension statements. The dimension statements have been
coded with undefined variables for the array sizes which must be replaced by
the actual values before compilatiion of the system. The following table gives
the Tocation of these dimension statements within FRANOPP.

FILE ROUTINE VARIABLES USED IN DIMENSIONS
FAOPS SUBANAL N1, N2

PLTLIN N1, N2, ITMAX

PLTCON N1, N2

OPT N1, N2, N3, N4, N5
PLOTS LINPLOT ITMAX4

HISPLOT NDV, NCON, N1, N2, ITMAX2, ITMAX4

The variables are defined below. It is important to note that when the
OPTIMIZE or OPTIMIZE WITH PLOTS option is executed, variables N1 through N5,
and ITMAX correspond to the same input values used for CONMIN. For the PLOT
LINEAR option, ITMAX, the maximum number of iterations used in the dimension

statements, must be greater than or equal to NX, which is the number of itera-
tions input to FRANOPP.

13




VARIABLE DEFINITION

NDV = number of design variables

NCON = number of constraints

N1 = NDV + 2

N2 = NCON + 2 * NDV

N3 = 1 + user's best estimate of the maximum number of

constraints (including side constraints) which
will be active at any given time in the minimiza-
tion process

N4 = maximum of NDV and N3

N5 = 2 * N4

ITMAX = maximum number of iterations the user allows
ITMAX2 = ITMAX + 2

ITMAX4 = ITMAX + 4

To modify the variables in the dimension statements for each new problem,
the user can either edit the source code directly, or execute a preprocessor
which does the equivalent. The preprocessor route is favorable in that only
the input to the preprocessor needs to be modified for each new problem instead
of the source code. Since the editing option is self explanatory, the discus-
sion will continue with the execution of the preprocessor available at NASA/
LaRC called PRE.’

There are four files associated with PRE. These are INPUT, OUTPUT, INFILE,
and PREFIL. The user must supply the preprocessor control cards containing the
variables to be changed and their corresponding values on the input file, and
the source code on the file INFILE. The program PRE generates a new source
file called PREFIL, which contains constant dimensions and a group of assign-
ment statements that set the variables used in the dimensions to the constants
supplied. The listable output from the preprocessor verifying the success of
the run appears on the output file.

5 Documentation for NASA/LaRC implementation of PRE is available

from the LaRC User Support Office.
14




The preprocessor control cards are of the form:

routine name.(variable 1 = constant, variable 2 = constant, . . .,

variable n =

constant),

The job stream for execution of PRE along with an example of the input is
shown in the section on the job control stream.

Step 3: Input File

The input file for FRANOPP consists of the input for both programs, FAOPS

and PLOTS, separated by an end-of-record mark.

The file contains a command

specifying which option the user wishes to execute and the necessary input for
that option. A table for each command showing the required input follows.

OPTION: ANALIZE-INPUT

Card Input & Format Description & Comments Routine
ANALIZE command to execute option ANALIZE FAOP
<title> title used in output FAQP
Format(4A10)

SINPUT DV=_, ,...,_$ design variable values SUBANAL
Namelist format

<user specified> if the user has input into analysis ANALYS
(optional) routine from TAPE5, the data is

placed here

15




OPTION: PLOT LINEAR-INPUT

Card Input & Format Description & Comments Routine
PLOT LINEAR command to execute option FAOP
PLOT LINEAR
<title> title used in output FAOP
Format(4A10)
$INPUT DV=_, ... , variables described on next PLTLIN
VIN=_,INX=_,XINC=_, page
NX=_,INY_$
Namelist format
<user specified> if the user has input into analysis ANALYS
(optional) routine from TAPE5, the data is
placed here
<end-of-record> denotes end of input to program one;
beginning of input to program two
<labelx,labely> labels for the x and y axes of LINPLOT
Format(A10,5X,A10) the generated plot

16




OPTION: PLOT LINEAR-VARIABLES

VARIABLE

DESCRIPTION

DV
VIN(T)

INX

XINC

NX
INY

array containing design variable values

if INX < 0, initial value for the user defined input;
if INX > 0, unncessary

> 0, index into DV array to specify which design
variable to use for plotting;

< 0, user defines the input variable for plotting
in the common block /VINOUT/ in the analysis
routine;

= 0, error condition

the increment value for the input variable to be used
in plotting

the number of times to increment the input variable,

> 0, index into array to specify which constraint
value to use for the y-axis of the plot;

= 0, the objective function is used as the output
variable in the plot;

< 0, user defines the output variable for plotting
in the common block /VINOUT/ in the user supplied
analysis routine

17




OPTION: PLOT CONTOUR-INPUT

Card Input & Format Description & Comments Routine
PLOT CONTOUR command to execute option FAOP
PLOT CONTOUR
<title> title used in input FAQP
Format(4A10)
SINPUT DV=_, ,..._, variables described on next PLTCON
VIN=_, ,INX=_,XINC=_, page

WX=_,IiuY=_,YINC=_,NY _,
INZ=_,ilCONINT=_$
Namelist format

<user specified> if the user has input into analysis ANALYS
(optional) routine from TAPE5, the data is
placed here

<end-of-record> denotes end of input to program one;
beginning of input to program two

<labelx,labely,labelz> labels for the x-axis, y-axis CONPLOT
Format(A10,5X,A10,5%X,A10) | and contours of the generated plot

18




OPTION: PLOT CONTOUR-VARIABLES

VARIABLE

DESCRIPTION

Dv
VIN(1)

VIN(2)

INX

XINC

NX

INY

YINC
NY

array containing design variable values

if INX < 0, initial value for the user defined
input variable for the x-axis;
if INX > 0, unnecessary;

if INY < 0, initial value for the user defined
input variable for y-axis;
if INY > 0, unnecessary

> 0, index into DV array to specify which design
variable to use for the x-axis of the plot;

< 0, user defines the input variable for the x-axis
in the common block /VINOUT/ in the analysis
routine;

= 0, error condition

the increment value for the input variable for the
X=axis

the number of times to increment the input variable
for the x-axis (must be < 40)

> 0, index into DV array to specify which design
variable to use for the y-axis of plot;

< 0, user defines the input variable for the y-axis
in the common block /VINOUT/ in the analysis
routine;

= 0, error condition

the increment value for the y-axis input variable

the number of times to increment the input vari-
able for the y-axis (must be < 40)

19




OPTION: PLOT CONTOUR-VARIABLES (cont'd)

VARIABLE DESCRIPTION

INZ > 0, index into array G to specify which constraint
to use for the contours;
0, the objective function is used as the output
variable in the plot;
< 0, user defines the output variable for plotting
in common block /VINOUT/ in the user supplied
analysis routine

NCONINT the number of contour intervals (default = 20)

20




OPTION: OPTIMIZE or OPTIMIZE WITH PLOTS-INPUT

Format(212)

option; keys to determine whether
or not to normalize the objective
function and design variable plots;
described on next page

Card Input & Format Description & Comments Routine
OPTIMIZE or commands to execute options FAQOP
OPTIMIZE WITH PLOTS OPTIMIZE and OPTIMIZE WITH PLOTS
<title> title used in output FAQP
Format(4A10)
$CONPAR <CONMIN for description of CONMIN OPT

parameters> $ parameters, see ref. 1
<user specified > if the user has input into analysis ANALYS
(optional) routine from TAPES, the data is

placed here
<end-of-record > denotes end of input to program one;

beginning of input to program two
<normobj ,normdv > input only for OPTIMIZE WITH PLOTS HISPLOT

21




OPTION:

OPTIMIZE or OPTIMIZE WITH PLOTS-VARIABLES

VARIABLE

DESCRIPTION

NORMOBJ

NORMDV

NOTE:

NOTE:

—

normalize the objective function values by
the initial value before plotting;

plot the objective function values without
normalization

Any other input defaults to O.

If the initial value of the objective
function is 0, NORMOBJ will be disregarded
and the plots will not be normalized.

normalize each design variable array

by the starting value before plotting;
plot the design variable arrays without
normalization

Any other input defaults to O.

If the starting value of any design
variable is 0, NORMDV will be dis-
regarded and all design variables

will be plotted without normalization,

22




Step 4: Job Control Stream

The CDC job control stream for the execution of FRANOPP is available in a
procedure file, FAOPPRC. This procedure file uses the preprocessor PRE to
change the variable dimensions to constants in the FRANOPP supplied programs.
FAOPPRC 1is designed to check the value of register one to determine if the
plotting program needs to be executed. If plotting is requested (options PLOT
LINEAR, PLOT CONTOUR, or OPTIMIZE WITH PLOTS) register one should be assigned
the integer value one and the preprocessor input for both programs must be
supplied in the control stream. Otherwise, register one is set to zero, and
only the preprocessor cards for program FAOPS should be supplied.

The procedure file has four parameters which the user must define in the
call statement., These are:

Al = binary for DEFINES module

Bl = binary for analysis module

C1 = input file for FRANOPP

UNT1 = user number where Al, B1, and Cl1 reside

An example of a user's job control stream is given below, followed by a
listing of the procedure file FAOPPRC.

User's job stream

+JOB
FRANOP, T100,CN110000. ¢DELIVERY INFOMATION
JSER, CUSER NO.>.
SHARGE , CCHARGE NO.>,LRC.
DELIVER. CDELIVERY INFOMATION>
REBUCE (o)

=) . .
SET(RI*1) > Set register 1 to 1 for plotting
GET,FAOPPRC/UN®CUSER NO.>.
CALL,FROPPR?(A%-gﬁggzgasl-EXANAI,CI-EXINPT,UNI-<USER NO.>)
REPLACE ,PLTINPT, . L ,
ARG AT PLTAT® Plotting instructions

EXIT.

7EOR
SUBANAL(N1=6,N2=11)
PLTLIN(N1+6,N2=11, ITMAX=40Q) Input to PRE for FAOPS

PLTCON(N1sG,N2=11)
OPT(N1=6,N2¢1]1,N3=4,N4=4,N5=8)

7E0R
NPLOT(ITMAX4=44) Input to PRE for PLOTS
h}SPLOT(Nl-G,NE-l1,NDU-4.NCON-3.ITHAXE-42.ITHAX4-44).}
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FAOPPRC - procedure file

COMMENT . 33258 BEGIN PROC FAOPPRC xX¥x1i

COMMENT. TO CALL: CALL,FAOPPRC(Al»---,Bis~=~,Cl2===,UNl2--=)
COMMENT. UHERE:

COMMENT. A1 = DEFINE MODULE BINARY FILE

COMMENT. Bl « ANALYSIS MODULE BINARY FILE

COMMENT. C1 = INPUT FILE TO FRANOP

COMMENT. UN2 = ACCOUNT NUMBER LHERE

CORMENT. A1,B1, AND C1 ARE
gg;ﬂENT. LOCATED.

GET.PRE/UN=738625C.
GET.FAOPS/UN=743575C.
PRE(, ,FAOPS, PREFACP)
§$§¥?°aﬁﬁiﬁﬁgpé FAOPB,L=0
. ,B® L) .
RETURN, FAOPS, PREFAOP. Execution of PRE for FAOPS
IF(R120)GOTO, 1.
GET,PLOTS/UN=743575C.
FREL, ,PLOTS,PREPLOT)
S P
= , ] 2L - . —
RETURN,PLOTS,PREPLOT. txecution of PRE for PLOTS
1,CET,AL,B1,C17UN=UNI.
GET, BNEWC/UN<@12686N.
n?TacH FTNNLIB/UNsLIBRARY.
LDSET, LIB=FTNMLIB, pnsser-zsao.
LeAD(FAOPB, A1, B1, BNEWC .
EXTCHTE(,C1,PLTINPT, PLTDATR) »Execution of FAQPS
RETURN, A1, B1, BNEUC.
IF(R1+0)60T0,2.
REWYIND,PLTINPT,PLTDATA.
CET,PLOT3D/UN=159137N.
NTTACH(LRCGOSF /UN=LIBRARY)
LDSET(LIB. PLOTab/LRCGOSF PRESET=INDEF ) - . _
PLOTD,C1,PLTINPT,PLTDAT - gxecution of PLOTS
2,CONMENT . £X53% END PROC "FAOPPRC XXX3X
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CONCLUDING REMARKS

FRANOPP, FRamework for ANalysis and OPtimization Problems, is a software
aid for the study and solution of design (optimization) problems. It provides
the framework for a user generated programming system in which the user needs
to be concerned with the problem dependent aspects of the system. The modular
design, at both the system and code levels, makes the system flexible for modi-
fications and additions. FRANOPP may be used as an initial testbed for large
problems before preceding with a more complex optimization system.

FRANOPP was developed and tested on the NASA/LaRC computers using the
available software packages. Usage at another installation may require signi-
ficant modifications. In addition, the optimization code incorporated into
FRANOPP uses the Method of Feasible Directions for constrained problems and
the Conjugate Direction Method of Fletchers and Reeves for unconstrained pro-

blems. If other optimization techniques are desired, revisions to FRANOPP will
be necessary.
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APPENDIX A: SOURCE CODE AND DESCRIPTIONS

This appendix contains the source code for the FRANOPP supplied programs.
Each routine is presented separately with a descriptive outline preceding it.
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ROUTINE NAME: FAQP

FILE NAME: FAOPS(source), FAOPB(binary)
PROGRAM 1

PROBLEM INDEPENDENT

OPTION(S): all

INPUT: INPUT(TAPE5) - user supplied
CARD(1)-CARD(5) - command to specify the option to be executed
TITLE(1)-TITLE(4) - title for output

OUTPUT: OUTPUT(TAPESG)
TITLE(1)-TITLE(4)

if an unrecognizable command is read, an error message is generated
COMMON: /PLT/ IPLOT,TITLE(4)
SUBROUTINE CALLS(S): SUBANAL,PLTLIN,PLTCON,OPT

DESCRIPTION: FAOP is the main routine in program one. This routine reads
an input command and calls the appropriate subroutine to
execute the option requested,
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PROGRAM FAOP( INPUT,TAPE3, TAPE?,O0UTPUT, TAPES = INPUT, TAPEE=CUTPUT)

DIMENSION CARD(S)
COMMON /PLT/ IPLOT,TITLE(4)

READ INPUT COMIAND AND PROBLEM TITLE

READ(5,901) (CARD(I),I+1,S)
FORMAT(SA4)

READ(5,1010) TITLE

FORMAT(4A10)

URITE(6,1020) TITLE

FORMAT(1H1,6H XXX ,4R10Q,5H XX3%,//)

DEFINE DESIGN VARIABLES AND CONSTRAINTS IN OUTPUT
CALL DEFINE

DETERMINE WHICH OPTION IS REQUESTED
AND CALL THE APPROPRIATE SUBROUTINE

IF (CARD(1).NE.4HOPTI) GO TO 101

IPLOT=@
IF (CARD(4).EQ.4HH PL) IPLOT=3
CALL OPT

GO TO 1009

IF (CARD(1).NE.4HANAL) GO TO 200
CALL SUBANAL

GO TO 1000

IF (CARD(1).NE.4HPLOT) GO TO 801
IF (CARD(2).EG.4H LIN) CALL PLTLIN
IF (CARD(2).EQ.4H CON) CALL PLTCON

GO TO 1000
WRITE(6,951) (CARD(I),I=1,5)

S
sTOP
END

aFOgT?T(lHI.!THE FOLLOUING CARD IS NOT VALID INPUT:X,/,5X,
1e00



ROUTINE NAME: SUBANAL

FILE NAME: FAOPS(source), FAOPB(binary)
PROGRAM 1

PROBLEM DEPENDENT: dimension statements
OPTION(S): ANALIZE

INPUT: INPUT(TAPE5) - user supplied
Namelist /INPUT/ DV - array of design variable values

OUTPUT: OUTPUT(TAPEG) - the results of the analysis

COMMON: /ANDATA/ LOOPCNT
/CONSTRT/ 0BJ,G
/VARABLE/ DV

SUBROUTINE CALL(S): ANALYS

DESCRIPTION: This routine contains the necessary logic for the ANALIZE
option. It reads in the values of the design variables,
performs an analysis, and outputs the results.
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SUBROUTINE SUBANAL

COMMON /UARABLE/ DVI(N1)
CORMON #/CONSTRY/ OBJ,G(N2)
COMMON 7/ANDATA/ LOOPCNT
NAMELIST /INPUT/ DV

READ VALUES OF DESIGN UARABLES
READ(S, INPUT)
ANALYSIS

LOOPCNT = 1
CALL ANALYS

WRITE RESULTS

WRITE(6,991)
FORMAT (1H1, SDESIGN UARABLESX)
URITE(6,902) DV

FORMAT (4X, Eloot)

URITE(6,903)

FORHAT(lHO xOBJECTIUE FUNCTIONS)
URITE (6, 90

URITE(6

FORHRT(!HO lCONSTRRXNTS!)
URITE(E,908) G

RETURN

END




ROUTINE NAME: PLTLIN

FILE NAME: FAOPS(source), FAOPB(binary)
PROGRAM 1

PPROBLEM DEPENDENT: dimension statements
OPTION(S): PLOT LINEAR

INPUT: INWPUT(TAPES) - user supplied
Namelist /INPUT/ DV,VIN(1),INX,XINC,NX,INY - includes values for
the design variables, which two variables (one
input and one output) are to be plotted, and
parameters that determine the scale of the input
variable to be plotted.

OUTPUT: OUTPUT(TAPE6) - a listing of the values to be plotted
TAPE3 and TAPE7 - all the necessary data for the plotting

COMMON: /ANDATA/ LOOPCNT
/CONSTRT/ 0BJ,G
/PLT/ IPLOT,TITLE(4)
/VARABLE/ DV
/VINOUT/ VIN(2),VOUT

SUBROUTINE CALL(S): ANALYS

DESCRIPTION: This routine contains the necessary logic for the PLOT LINEAR
option. The input consists of values for the design variables,
which two variables (one input and one output) are to be plotted
in a linear plot, and parameters that determine the scale of the
input variable to be plotted. The input variable is incremented
by a user defined amount in a loop containing a call to the ana-
lysis routine. Al1 necessary plotting information is written to
the data files used by the second program.
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SUBROUTIMNE PLTLIN
DINENSION XARRAY(ITMAX),YARRAY(ITMAX)
COMMON /VARABLE/ DU(N1)
CORMON /CONSTRT/ 0BJ,G(N2)
COMAON ~UINOUT/ VIN(2),U0UuT
CORIION #ANDATA/ LOOPCNT
CONMON /PLT/ IPLOT,TITLE(4
NATELIST ZINPUT/ DU, INX, UIN XINC,NX, INY,U0UT
KANELIST /PLOT/ NX, XARRQY vARRAY’
RANELIST /10PT/ ploT

RERD DATA

READ(S, INPUT)

WRITE(6,906) TITLE

FORMAT ({H1 4ﬁ10)

URITE(6,90

FORHAT(/ sX, !XRRRRV!.!OX $YARRAYE, /)

PERFORM ANALYSIS NX TIME
STORE SPECIFIED RESULTS FOR PLOTTING
IN ARRAYS XARRAY AND YARRAY

DO 101 Ie=4,NX

LOOPCNT1

CALL ANALYS

IF (INX.GT.9) GO TO 103

IF (INX.LT.9) GO TO 102
URITE(6,909)

FORNMAT( 1M1, 2INVALID INDEX - INX < 0%,7,
. INO PLOTTENG ATTEMPTEDS)

¢0 T0 105

HARRAY(I)=UIN(1)
UIH(1)sUIN(1)4XINC

¢0 T0 106

¥ARRAY (I )DUCINX)
DUCINX)sDUCINX)+XINC
VARRAY(1)=0BJ

IF (IMY.GT.0) YARRAY(I)=G(INY)
IF (INY.LT.0) YARRAY(I)aUOUT
URITE(6,998) XARRAY(I) VQRRRY(I)
Ega;aTtau LE12.4,4X,E128.4

URITE PLOTTING FILES FOR PROGRAM TUO

PLNT=1
URATELI, JOP
URITELD, 932) TITLE
FORNATI4A10)
URITE(?Z,PLOT)
CONTINUE

RETURN

&R




ROUTINE NAME: PLTCON

FILE NAME: FAOPS(souce), FAOPB(binary)
PROGRAM 1

PROBLEM DEPENDENT: dimension statements
OPTION(S): PLOT CONTOUR

INPUT: INPUT(TAPE5) - user supplied
Namelist /INPUT/ DV,VIN,INX,XINC,NX,INY,YINC,NY,INZ,NCONINT -
includes values for the design variables, which
three variables (two input and one output) are
to be plotted, and parameters determining the
scales of the plot

OUTPUT: OUTPUT(TAPE6) =~ a listing of the values to be plotted
TAPE3 and TAPE7 - all the necessary data for the plotting

COMMON:  /ANDATA/ LOOPCNT
/CONSTRT/ 0BJ,G
/PLT/ IPLOT,TITLE(4)
/VARABLE/ DV
JVINOUT/ VIN(2),VOUT

SUBROUTINE CALL(S): ANALYS

DESCRIPTION: This subroutine contains the code for the PLOT CONTOUR option.
The logic is the same as that for PLTLIN except that two input
variables are defined by the user and varied in the loop. The
output files store the necessary data for the second program,
which produces a contour plot.
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SUBROUTINE PLTCON

DINENSION Z(40,40)

COMMON ~UARABLE/ DU(N1)

CO{MON /CONSTRT/ OBJ,G(N2)

COMION ~VINOUT/ VIN(2), UOUT

CORNON 7/ANDATA/ LOOPCNT

COMMON sPLT/ IPLOT,TITLE(4)

NANELIST /INPUT/ DU,UIN, INX,XINC,NX, INY, YINC,NY,UOUT, INZ,NCONINT
NAMELIST /PLOT/ XMIN,XMAX,XINC,YMIN,YMAX,YINC,Z,NCONINT

NANELIST /IOPT/ IPLOT

READ DATA

NCONINT=20
VIN(1)=VIN(2)=0.
youT=9.
READ(S, INPUT)
URITE(6,907)
907 FORMAT(/,5X, XXARRAYX, 10X, XYARRAYX, 10X, XZARRAYX, /)
IF (INX.NE.Q) GO TO 106
VRITE(6,909)
909 FORMAT(1H1,XINVALID INDEX - INX = @%,/,
. % NO PLOTTING ATTENPTEDZ)
GO TO 105
186 XMIN=VIN(1)
IF (INX.GT.@) XMIN=DU(INX)
IF (INY.NE.®) GO TO 107
WRITE(6,910)
910 FORMAT(1H1,2INVALID INDEX - INY = OX%,/,
. & NO PLOTTING ATTEMPTEDX)
GO TO 105
107 VYAIN=UIN(2)
IF (INY.GT.Q) YMIN=DVU(INY)

LOOP FOR X-AXIS

DO 102 I=1,NX

LOOPCNT=1

IF (INX.GT.8) VIN(1)=DU(INX)
IF (1.EQ.NX) XMAXsUIN(1)
VIN(2)=YMIN

IF (INY.GT.®) DUCINY)=YMIN

LOCP FOR Y-AXIS

DO 101 J=1,NY
IF (INY.GT.0) VUIN(2)=DUCINY)
IF (J.EQ.NY) YRAX=UIN(2)

PERFORM ANALYSIS NXINY TIMES

CALL ANALYS

2(1,J)+0BJ

1IF (INZ.GT.9) Z(1,J)=GUINZ)

IF (It42.LT.0) 2¢(1,J)+V0UT

YRITE(6,998) VIN(1),VIN(2),2(1,J)
988 FORAT(IH ,E12.4,3%,E12.4,3X,E12.4)

UIN(2)=UIN(2)+VINC

IF (INY.GT.0) DVUCINY)=UIN(2)
101 CONTINUE

UIN(1)sUIN(1)+XINC

IF (INX.GT.0) DVCINX)=UIN(1)
102 CONTINUE

VRITE PLOTTING FILES FOR PROGRAM TUO

IPLOT=2
(RITE(I, 10PT)
\RITE(3,962) TITLE
ge2 FORNAT(4A10)
WRITE(?,PLOT)
105 CONTINUE
RETURN
END

o000
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ROUTINE NAME: OPT

FILE NAME: FAOPS(source), FAOPB(binary)
PROGRAM 1

PROBLEM DEPENDENT: dimension statements
OPTION(S): OPTIMIZE and OPTIMIZE WITH PLOTS

INPUT: INPUT(TAPE5) - user supplied
Namelist /CONPAR/ CONMIN parameters

OUTPUT: OUTPUT(TAPE6) - CONMIN output
TAPE3 and TAPE7 - if plots requested, these files contain all the
necessary data for the plotting

COMMON: /ACON/ VLB(N1),VUB(N1),SCAL(N1),DF(NT),A(NT,N3),ISC(N2},IC(N3)
/ANDATA/ LOOPCNT
/CNMNT/ CONMIN parameters
/CONSTRT/ OBJ,G
/PLT/ IPLOT,TITLE(4)
/VARABLE/ DV

SUBROUTINE CALL(S): CONMIN, ANALYS

DESCRIPTION: This subroutine contains the logic for both optimization options
(with and without plots). It reads in the CONMIN parameters
and makes the necessary data connections with CONMIN., The opti-
mization is performed in an optimization loop which contains a
call to both CONMIN and the analysis routine. If plotting is
requested, it writes the necessary data files for the second
program.
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SUBROUTINE OPT

DINEMSION S(N1),G1(N2),G2(N2),B(N3,N3),C(N4),NS1(NS)
DINENSION SAUX(N1),S5AUG(NZ)

INTECER SAVITER

CONNON 7/ACON/ ULB(N1),UUB(N1),SCALINL),DF(N1),A(N1,N3),

. ISC(N2),IC(N3)

COTION #CNMN1/ DELFUN,DABFUN,FDCH,FDCHN,CT,CTMIN,CTL,CTLRIN,
. ALPHAX,ABOBJ1, THETA, OBJ,NDU,NCON,NSIDE, IPRINT,
. NFDG,NSCAL, LINOBJ, ITNAX, ITRM, ICNDIR, IGOTO,NAC,
. INFO, INFOG, [TER

COMNON /UARABLE/ X(N1)

CONACN /CONSTRT/ AOBJ,G(N2)

COMICN /ANDATA/ LOOPCNT

CONION /PLT/ IPLOT,TITLE(4)

RARELIST /CONPAR/ INFOG, INFO,NFDG, IPRINT,NDV, ITMAX,NCON,NSIDE,
. ICNDIR,NSCAL,FDCH,FDCHN, CT,CTAIN, CTLRIN, THETA,
. PHI, DELFUN, DABFUN, LINOBJ, ITRM, X, ULB, UUB,

. Ni,N2,N3,N4,N5,ALPAX, ABOBJ1,CTL, ISC, SCAL
NAMELIST /PLOT/ SAVITER,SAVOBJ,SAUX,SAUG

NAMELIST /PLTINPT/ NOITER, ITNAX,NDV,NCOM

RAMELIST /IOPT/ IPLOT

READ THE PARAMETERS FOR CONNIN
READ(S, CONPAR)

URITE(6,CONPAR)
HLIN=ITRAXI(NDY+S)
NON-ITERATIVE PART OF ANALYSIS

1GOTO = O
SAVITER=-1

ITERATIVE PART OF ANALYSIS

po 1829 I = {,NLIM
LCOPCHT=1

CALL THE OPTINIZATION ROUTINE CONMIN
caLL CONHIN(X.ULB,Ug?.G,SCQL,DF,O,S,Gl,GE,B,C,ISC,IC,NSI,N!,NE,

. N3,N4,

IF(1GOTO0.EQ.0) LOOPCNT=-999
ANALYSIS MODULE

CALL ANALYVS
C¢BJ=A03J
IF ¢(IPLOT.EQ.Q) GO TO 191

URITE PLOTTING INFORMATICN TO TRPE?
IF REQUESTED

239 IF (ITER.EQ.SAVITER) GO TO 999
If (X.RE.1) URITE(7,PLOT)
EAVITERITER

€99 SAv0BJ-0BJ

OO0

OO0 o000 OO0

OO0 O

QOO0

£0 101 II=1,N1

CAUXLLT }aX(II)
101 CONTINUE

po 102 II=1,N2

SAUG(ITIIG(ID)
1082 CONTINUE
1004 IF (IGOTO.EG.Q) GO TO 11@0
1CC3 CONTINUE

URITE PLOTTING INFORMATION TO TAPE3
IF REQUESTED

1180 IF (IPLOT.EQ.d) GO TO 1200
URITE(7,PLOT)
NOITER-ITER+1

OOOO
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URITE(3, I0PT)
URITE(3,907) TITLE
907 FORMAT(4R1Q)
WURITE(3,PLTINPT)
URITE(6,906

906 FORMAT(
1200 RETURN
END

R )
1H1,% PLOTTING INFORMATION URITTEN TO TAPE.X)
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ROUTINE NAME: PLOT

FILE NAME: PLOTS(source), PLOTB(binary)

PROGRAM 2

PROBLEM INDEPENDENT

OPTION(S): PLOT LINEAR, PLOT CONTOUR, OPTIMIZE WITH PLOTS

INPUT: TAPE3 - generated by program one
Namelist /IOPT/ IPLOT - determines which plotting option
was selected
TITLE(1)-TITLE(4) - title for plots

QUTPUT: OUTPUT(TAPE6) -~ if IPLOT=0, a message "NO PLOTTING" is printed
COMMON: /PLT/ IPLOT,TITLE(4)
SUBROUTINE CALL(S): LINPLOT, CONPLOT, HISPLOT

DESCRIPTION: PLOT is the main routine in program two. It reads in the value
of IPLOT to determine which plots were requested and executes
the appropriate subroutine.
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PROGRAM PLOT(INPUT,TAPE3, TAPE?,OUTPUT, TAPES = INPUT, TRPEE=0UTPUT)

common /PLT/ IPLOT,TITLE(4)
NAMELIST /10PT/ IPLOT

READ IPLOT TO DETERMINE UHICH OPTICN
1§ REQUESTED
READ TITLE FOR PLOTS

READ(3,10PT)
READ(3,902) TITLE
FORMAT (4A10)

CALL APPROPRIATE SUBROUTINE TO PERFORM
THE PLOTTING

IF (IPLOT.EQ.1) CALL LINPLOT
IF (IPLOT.EQ.2) CALL CONPLOT
IF (IPLOT.EQ.3) CALL HISPLOT
IF (IPLOT.EQ.Q) WURITE(G,S01)
gglﬂﬁT(lHl,i NO PLOTTING®)
END
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ROUTINE NAME: LINPLOT

FILE NAME: PLOTS(source), PLOTB(binary)
PROGRAM 2

PROBLEM DEPENDENT: dimension statements
OPTION(S): PLOT LINEAR

INPUT: INPUT(TAPES) - user supplied
LABELX,LABELY - labels for axes of plot
TAPE7 - generated by program one
Namelist /PLOT/ NX,XARRAY,YARRAY
NX - number of data pairs
XARRAY - the x values of the data pairs
YARRAY - the y values of the data pairs

OUTPUT: OUTPUT(TAPE6) - confirms the creation of the plotting file which
gets sent to the plotter

COMMON: /PLT/ IPLOT,TITLE(4)
SUBROUTINE CALL(S): LRCGOSF Library

DESCRIPTION: This routine creates the plotting file for the two variable
Tinear plots generated by the PLOT LINEAR option. It is
designed to allow the user to specify any input variable for the
x-axis and any output variable for the y-axis.
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SUBROUTINE LINPLOT

DIMENSION XARRAY(ITMAX4), YARRAY (ITMAX4)
COMMON /PLT/ IPLOT,TITLE(4)

NARRELIST /PLOT/ NX,XARRAY,YARRAY

CALL PSEUDO

READ DATA

READ(?,PLOT)

READ(5,901) LABELX, LABELY
FORMAT(A10,5X%X,A10)
NX1=NX+1

NX2=NX+2

PLOT

cAaLL CALPLT(2.,2.,-3)

CALL ASCALE(XARRAY, 8.,NX »1€
CALL ASCALE(YARRAY,S8., 10
CALL RXES(O.,O..O.,8.,XGRRAV(

Q)
.9)
NX1
N

10,3)
cALL NOTATE(1.75,8.5,.15,TITLE,0.,40)
CALL LINPLT(XARRAY,YARRAY,NX,1,1,1,1)
CALL NFRAME

URITE VERIFICATION OF PLOT
WRITE(6,905) TITLE

FORMAT(1H1,4A10)
URITE(6,9086) LABELX, LABELY

FORMAT(!HO XTWO UARfABLE PLOT FOR x,Al10,x AND %x,Al0,

e tURITTEN 0 PLOT FILEX)
RETURN
END

2°%%5. 93 ), XARRAY(NX2),1.0,0.,LABELX, .15,
CR%L AXES(0.,0.,90.,8.,YARRAY(NX1),YARRAY(NX2),1.9,0.,LABELY, .15,
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ROUTINE NAME: CONPLOT

FILE NAME: PLOTS(source), PLOTB(binary)
PROGRAM 2

OPTION(S): PLOT CONTOUR

INPUT: INPUT(TAPE5) - user supplied
LABELX,LABELY,LABELZ - labels for the x and y axes and definition
of contours
TAPE7 -~ generated by program one
Namelist /PLOT/ XMIN,XMAX,XINC,YMIN,YMAX,YINC,Z,NCONINT
XMIN - minimum x value
XMAX - maximum x value
XINC
YMIN - minimum y value

increment for x

YMAX - maximum y value

YINC - increment for y
Z - array of values that corresponds to the (x,y) pairs
NCONINT = the number of contours to plot

OUTPUT: OUTPUT(TAPE6) - confirms the creation of the plotting file
COMMON:  /PLT/ IPLOT,TITLE(4)
SUBROUTINE CALL(S): PLOT3D Library

DESCRIPTION: Similar to LINPLOT, this routine produces a contour plot of any
output quantity the user chooses, with respect to any two input
variables.
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SUBROUTINE CONPLOT

REAL 2(40,40),XY(9),MM(4)

COMMON ~PLT/ IPLOT,TITLE(4)

NAMELIST /PLOT/ XMIN,XMAX,XINC,YMIN,YMAX,YINC,2,NCONINT
CALL PSEUDQ

CALL CALPLT(2.,2.,-3)

RERD DATA

NC=40

READ(7,PLOT)

READ(5,903) LABELX, LABELY, LABELZ
FORMAT(A10,5%,A10,5X,A10)

PLOT

Ma (XMAX-XMIN)/XINC+1
Ne (YPIAX-YMIN)/YINC+1

L=40

CALL MAXMINCZ,L,M,N,MM)

FLO=MM(1)-.0000001

HI=rm(2)

FINC=(MM(2)-MM(1))/NCONINT

I=FINC

IF (FINC.GT.1.0.AND.FINC.NE.I) FINC=I+1.0

NSET=NHI =0

NDOT=€82

TSN=2.0

XY (1)sXMIN

XY(2)=YNIN

XY (3)=XMAX

XY (4)=YMAX

X¥(5)+0.

XY(6)+0.

RY(7)=(N-1)/8,

XY(8)s(N-1)/8.

XY(S)=1.

1§gL$Sl;SCONTR(Z.L.H.N,FLO,HI,FINC,NSET.NHI,NDOT,XY,TSN,
14

LABEL PLOT UITH PARAMETERS

15=3
LT=3
UD=1.5
HD=4.
AD=-1.

I1C=1

SSL% LABELER(TITLE,NC,IS,LT,UD,HD,RD,A0,AD, IC)
KD=2.

QD"’! .

1Ce0

caLL LABELER (1 {HCONTOURS OF ,11,1S,LT,UD,HD,RD,A0,AD, 1C)
NC=10

CALL LABELER(LABELZ,NC,IS,LT,UD,HD,RD,A0,AD,1C)

LTe1

UD=1.

HD=4.

ADa-1.

IC=1

NC=10
E?Lk LABELER(LABELX,NC, I5,LT,UD,HD,RD,A0,RD, IC)

UD=1.

HD=4.

T

CALL LABELER(LABELY,NC,IS,LT,VD,HD,RD,A0,AD,1C)
CALL NFRAME

CALL CALPLT(1.,1.,999)

43




OO0

906
90?7

a4

URITE VERIFICATION OF PLOT

WURITE(6,906) TITLE

FORMAT (1H1,4R19)

URITE(6,907) LABELX, LABELY, LABELZ

FORMAT(1HO, SCONTOUR PLOTX,/,4X,2X AXIS » X,R10,7,4X,
. Y AXIS = %,A10,/,4%,XCONTOURS = %,R10)

RETURN

END




ROUTINE NAME: HISPLOT

FILE NAME: PLOTS(source), PLOTB(binary)
PROGRAM 2

PROBLEM DEPENDENT - dimension statements
OPTION(S): PLOT CONTOUR

INPUT: INPUT(TAPE5) - user supplied
NORMOBJ ,NORMDV - keys to determine whether or not to normalize
the objective function and design variable plots.
TAPE3 - generated by program one
Namelist /PLTINPT/ NOITER,ITMAX,NDV,NCON
NOITER - the number of iterations for the optimization loop

ITMAX - iteration maximum for CONMIN
NDV - number of design variables
NCON - number of constraints

TAPE7 - generated by program one

Namelist /PLOT/ ITER,0BJ,X,G - this namelist appears NOITER times
on this file (once for each iteration)

ITER - iteration number

OBJ - objective function value

X - an array of values for the design variables
G - an array of constraint values

OQUTPUT: OUTPUT(TAPE6) - confirms the creation of the plotting file
COMMON: /PLT/ IPLOT,TITLE(4)
SUBROUTINE CALL(S): MAXMIN, LINZERO, LRCGOSF Library
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ROUTINE NAME:
DESCRIPTION:

46

HISPLOT (cont'd)

This routine plots the history of the optimization process,
the result from the OPTIMIZATION WITH PLOTS option. The
plots can be divided into three sets:

Set 1: Iterations versus Objective Function

Set 2: Iterations versus Design Variables

Set 3: Iterations versus Constraints
Because a design problem may contain both a large number of
design variables and/or constraints, a maximum of four quantities
are placed on a single plot in sets 2 and 3.




SUBROUTINE HISPLOT

DIRENSION SAUX(N1),SAUGINZ ), XARRAY (ITMAR4), YARRAY (ITMAX4)
DINENSION X2(ITMAX2,NDV),G2(ITMAX2,NCON),X2NORM(NDY)
INTEGER SAUVITER

REAL fM(4)

COMMON /PLT/ IPLOT,TITLE(4)

NANMELIST /PLTINPT/ NOITER, ITMAX,NDU,NCON

NAMELIST /PLOT/ SAUVITER,SAVOBJ, SAUX, SAVG

CALL PSEUDO

READ IN DATAR

READ(S,899) NORMOBJ,NORMDU

899 FORMAT(212)
READ(3, PLTINPT)
DO 1000 1=1,NOITER
RERD(?, PLOT)
XARRAY (1 )¢ SAVITER-1
YARRAY (1)=SAVOBJ
DO 101 J=1,NDV
X2(1,J)=SAUX(J)

101 CONTINUE
DO 102 J=1,NCON
G2(1,J)*SAVG(])

162 CONTINUE

1C39 CONTINUE
NOIT1sNOITER+1
NOIT2=NOITER+2

FIX SCALES FOR X-AXIS

XARRAY(NOIT1)=0.0
YARRAY(NOIT2)=NOITER/B.
¥HAJ=8./NOITER

OBJECTIVE FUNCTION - NORMALIZE, THEN PLOT

OBJNORM=YARRAY (1)
IF (OBJNORM.EG.Q..0R.NORFMOBJ.NE.1) GO TO 105
DO 105 I=1,NOITER
YARRAY (I )=YARRAY (] )/0BJNORM
186 CONTINUE
105 CONTINUE
CaLL NAXMIN(YARRAY,ITMAX4,NOITER,1,MM)
CALL ASCALE(MM,8.,2,1,10.0)
YARRAY(NOIT1)«MM(3)
YARRAY(NOIT2)=MN(4)
CAaLL ¢alLPLT(2.,2.,-3)
caLl RXES(O..O..O..8..XARRAY(NOIT1) XARRAY (NOIT2),XMAJ,0Q.,
. 10HITERATIONS, .15,~10)
call QXES(O..O..QO.,B.,YPQRAY(NOITI) YARRAY(NO1T2),1.0,0.,
. 12HOBJ FUNCTION,.15,1¢2)
CALL LINPLT(XARRAY, YARRAY, NOITER, 1,1 ,1)
IF (YARRAY(NOIT1).NE.0.) CALL LINZERO(XARRAY YARRAY, ITMAX4,NOITER)
cALL NOTATE(1.75,8.5,.15,TITLE,Q.,49)
IF (OBJNORN.EG.O..OR.NORMOBJ.NE.1) GO TO 197
caLL NOTATE(9.0,6.7S, .15, 13HNORMALIZATION,.,13)

CALL MOTATE(9.08,6.5,.15,14HFACTOR AND KEY,9.,14)
CALL MOTATE(9.0, 8 @,.15,4H0BJ=,0.,4)
CALL NUMBER(9 65 .9, .15,0BJNCRM, 9., 4)
CALL PNTPLT(11.0,6.08,1,1)
GO TO 108
107 CONTINUE
CALL NOTATE(9.0,6.5,.15,3HKEY,@.,3)
cAaLLl NOTQTE(Q.O,S.G,.15.3HOBJ e..3)
CALL PNTPLT(9.9,6.08,1,1
168 CONTINUE
CALL _NFRAME
URITE(6,500) TITLE
900 FORMAT(1H1, 4910)
URITE(6,901
go1 FORHAT(ING.!OBJECTIUE FUNCTIONX,/,X ====eece= —ccece--
IF (OBJNORM.NE.@..AND.NORMOBJ. EQ.1) URITE(E
992 FORMAT(1H ,3NORMALIZED BY STARTING VALUEX,E
Eg éeg KOI,NOITER.?
s+

(e lele]

o000

QOO0

i

NN
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109

o000

110

111

[xXzly)

118

114

115

116

119

113
117

112
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IF (NOITER.LT.K2) K2 NOITER

URITE(6,903) (KK-1,KK=K,K
FORMAT(1H ,//7,% ITER X,8
URITE(6, 904)

FORMAT(1H ,120(X-X),/,X
WRITE(6,905) (YARRAY (KK ),

X 12 6(14%,12),7)

0BJ 1)
KK-K,KE)

FORMATC(iH ,% FUN X, 7E16.8)

CONTINUE
DESIGN UARIABLES - NORMAL
X2NORM(1)=X2(1,1

IF (NORHDU NE 1) GO T0 11
DO 110 J=2,ND

12E, THEN PLOT

IF (xa(1 3. EO 9.) X2NORM(1)=0Q.

CONTINUE
IF (xanonntl).so.o.) GO T
DO 111 Je1,NDVU
XaNORH(J)-Xa(i J)

DO 111 1e1,NOITER
x2(1,J)eX2(1,J )/X2NORM(J)
CONTENUE

0 118

FIND MAX AND MIN OF ALL ARRAYS TO BE PLOTTED

CONTINUE

CalL MAXNIN(XZ, ITHRXE NOITER,NDV,MM)
CALL ASCALE(MM, 8.5 . 1,10.0)

VARRAY (NOIT1 )=MM(
YARRAY (NOIT2)=MM(4)
DO 112 I-1,NDV, 4

¥a§8.5

DO 113 Keil,4

I1=7¢K-1

IF (I1.GT.NDV) GO T0 117
L0 114 J=1,NOITE
VARRQY(J)'XB(J.II)
COATIRUE

IF (X.NE.1) GO TO 115
caLL CRLPLT(E »2.,-3)

CALL AXES(O. 0 ,8. XARRAY(NOITI) XARRAY(NO1TE), XMAJ, D,

HITERATIONS

-10

CﬂLL AXES(O.. .,90.,8, YARRAV(NOITI) YARRAY (NOIT2),1.0,0.,
6HDESIGN UARIRBLES..iS i)

“cALL LINPLT(XRRRRV VARRAY,NOITER,1,1,K,1)

Yo vo 08

IF (X.NE.1) GO TO 116

caLl NOTATE(I.?S,B 5,.15 TITLE, 9.

IF (X2NORM(1).EQ.0..0R NORNDU NE 1) GO T0 118
CALL NOTATE(9. 0,6.?5, 15 13HNORHALIZQTION 9.,13)
CALL NOTATE(9.0,6.5,.15, {4HFACTOR AND KEVY,0.,14)
CONTINUE

IF (X2NORM(1).EG.0..0R.NORMDV.NE.1) GO T0 119
EAE% NOTATE(9.9,Y, .15,1HX,0.,1)

CALL NUMBER(9.15,Y,.15,R,0.,-1)

cALL NOTATE(S.3,Y,.15,1H=,0.,1)

CALL NUMBER(9.5,Y,.15,X2NORM(11),0.,4)

CALL PNTPLT(11.0,v2,K,1)

GO TO0 113

CONTINUE

IF (K.EQ.1) CALL NOTATE(9.0,6.5,.15,3HKEY,0.,3)
CQLL NOTATE(9.9,Y, .15, 1HX,0.,1)

R=I1
CALL NUMBER(9.15,Y,.15,R,
CALL PNTPLT(9.7S,Y2,K,1
CONTINUE
IF (YARRAY(NOIT1).NE.O.)
CALL NFRANME
CONTINUE

0.,-

CALL LINZERO(XARRAY,YARRAY, ITMAX4,NOITER)




URITE RESULTS
URITE(6,906)

o000

906 FORHAT(IHI !DESIGN UVARIABLESX,/,X =wr=v= o--ree=-- x)
IF (X2NORM(1).EQ.0..0R.NORMDU.NE.1) GO TO 135
WRITE(6,907)

907 FORMAT(1H ,XNORMALIZED BY STARTING UALUESX)
WRITE(E, 910) (J,X2NORM(J),J=1,NDV)

918 FORMAT(IH , X!.IE,! *%,E16.8)
135 gg éai K1, NOITER

IF (NOITER.LT.K2) K2=NOITER
URITE(6,90]) (KK-1,KK=K,K2)
WRITE(6, 908 )
908 FORMAT(1H ,120(x-Xx),/,% D VARX)
DO 122 Je=1,NDV
WRITE(6,909) J, (X2(KK,J),KK=K,K2)
909 FORMAT(IH ,3  X%,12,2X,7€16.8)
122 CONTINUE
121 CONTINUE

CONSTRAINTS - PLOT

FIND MAX AND MIN OF ALL ARRAYS TO BE PLOTTED

CALL NAXMIN(G2, ITHQXE NOITER,NCON,MM)
CALL ASCALE(MN,8.,2, 1,10.¢)

YARRAY (NOIT1)=AN(3)
YARRAY(NOIT2)=MM(4"

DO 212 1-1,NCON,4

¥=6.5
DO 213 K»1,4
I1eI4K-1
IF (II.GT.NCON) GO TO 217
DO 214 J+1,NOITER
YARRAY(J)=G2(J,I1)
214 CONTINUE
IF (K.NE.1) GO TO 215
CALL CALPLT(2.,2.,-3)
CALL AXES(0.,0.,0.,8. XQRRQY(NOITI) XARRAY(NOITZ2),XMAJ,0.,
10HI TERATIONS, .
'CALL AXES(Q.,0.,99.,8.,YA RRRY(NOITI) YARRAY(NOIT2),1.0,0.,
. 11HCONSTRAINTS, .15,11)
CALL NOTATE(1.75,8.5,.15, TITLE,O.,40)
CALL NOTATE(S.0,6.5,.15, JHKEY,8..3)
215 stL %INPLT(XQRRG ¥, VARRAY,NOITER,1,1,K,1)
Y2eY+.08
CRLL NOTATE(9.90,Y,.15,1HG,0.,1)

CQLL NUMBER(9.15,Y, .15, R %.,~1)
CALL PNTPLT(9.75,v2,K,1

213 CONTINUE

217 IF (YARRAY(NOIT1).NE.@.) CALL LINZERO(XARRAY,YARRAY, ITMAX4,NOITER)
CALL NFRAME

212 CONTINUE

WRITE RESULTS

URITE(E,911)
911 FORMAT(iH1, !CONSTRQINTS&,/ § —emmememoe- x)
D0 221 K=1,NOITER,?

K2=K+6
IF (NOITER.LT.K2) K2«NOITER
URITE(G,903) (KK-1,KKeK,K2)
URITE(6,912)
912 FORMAT(1H .120(! %),7,% CONSTX)
DO 222 J=1,NCON
URITE(G, 913) J, (GR(KK,J),KK=K,K2)
913 FORMAT(1H % Gx,12,¢2X, %€16.8)
222 CONTINUE
221 CONTINUE
RETURN
END

00 o0

OO0




Additional subroutines accessed by HISPLOT, MAXMIN and LINZERO, are
listed below. Subroutine MAXMIN finds the maximum and minimum values in a two-
dimensional array. Subroutine LINZERO draws the zero Tine on a plot.

SUBROUTINE MAXMIN(X,NDIMi,N,NDIM2,IM)

PEAL X(NDIM1,NDIM2),MM(4)

¥MIN=XMAX<0

DO 191 I-1,NDIM2

DO 101 J=1,N

IF (X(J, D). LT.XNINY XMIN=X(J,

IF (X(J,I1).GT.XMAX) XMAX=x(J,
101 CONTINUE

MM(1)=XNIN

MmA(2)=XMAX

RETURN

END

I
|

SUBROUTINE LINZERO(XARRAY,YARRAY,MAX2,NO)
DIMENSION XARRAY(MAX2),YARRAY (MAX2)
DIMENSION X(4),Y(4)

NO1=NQO+1
NO2=NO+2
X(1)e¥(1)=Y(2)s
X(2)*XARRAY (NO)
X(3)aXARRAY (NO1
X (4)«XARRAY (NO2
Y(3)=YARRAY(NO1
¢ :

1.

(4)=YARRAY(NO
CALL LINE(X,Y,
RETURN
END

0
+
)
)
)
)

1,0,0,0.)
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APPENDIX B: EXAMPLE

This appendix contains a sample execution of the OPTIMIZE WITH PLOTS

option.
example

chosen for this reason.

The example chosen is the Constrained Rosen-Suzuki Function. This
is also presented as the first example in the CONMIN manual and was
A listing of all the user defined files is provided,

followed by the output.

Analysis module

OO0

Defines

SUBROUTINE ANALYS

COMMON /UARABLE/ X(4)
COMMON /CONSTRT/ 0BJ,G(3)

ANALYSIS
0BJeX(1)X82-5,XX(1)+X(2)X32-5,XX(2)42.3X(I) 28221, BX(3 )+
1X(4)222+7.XX(4)450,
G(1)eX(1)EX24X(1)+X(2I2X2-X (214X (I)IEX24X(I)+X(4)532-X(4)-8.
G(2)eX(1)2x2=-X(1)+2.EX(2)TX24X(I)X22+2 . EX(4)XX2-X(4)~10.
G(3)o2.3X(1)55242.3X(1)+X(2)232-X(2)+X(3)%X32-X(4)~5,

RETURN
END

module

SUBROUTINE DEFINE

WRITE(6,1)

FORMAT (14O, 16HDESIGN UARIABLES,/,

JSH Xt1),7,

.SH X(2),7,

.SH X(3),7,

.SH X(4))

URITE(E,2)

FORMAT(1HO, 18HOBJECTIVE FUNCTION,/,

JGOH OBJ = X(1)€32 - SEX(1) +  X(2)%x2 - SEX(2) + 28X(3)xx2,
T36H  213X(3) ¢+  X(4)3%2 + 73X(4) + 50)

WRITE(E,3)

FORMAT (1HO, 11HCONSTRAINTS, 7,

JBOH G(1) = XC1)3X2 +  X(1) +#  X(2)xx2 = X(2) +  X(3)832,
T36H ¢ X(3) ¢+ X(4)312 - X(4) - 8,7,

"G9H G(2) *  X(1)2%2 -  X(1) + 2IX(2)¥%2 ¢+ X(3)xx2,
<36H 2Kx(4)532 - X(4) - 10,7,

‘SOH G(3) = 2IX(1)3X2 + 28X(1) +  X(2)8¥2 = X(2) +  X(3)%x2,
J36H - X4y - 8)

RETURN

END




Input file

OPTINIZE UITH PLOTS
TEGS oF OPTIHIZE UITH PLOTS OPTION

X(l)'l.,
X{2)e1.,
X(3)=},,
X(4)e1.,
NHie=§5,
'e"t'
Nied,
Ne=4.

HSCAL=9,
DELFUN=0.,
LT1AX=11,

CEND
11— End of record

Job stream

2308

FRANOP, T100,CM110060. CDELIVERY INFOMATIOND
JSER, (USER NG.D.

“MARGE {CHARGE NO.>

DELIUER CDELIVERY INFOHATION)

RFL(112000)

QEDUCE(-:

SET(Ri=1)

CET.FAOPPRC/UN=<USER NO.>

”QLL FAOPPRC(A1=EXDEFB, Bl-EXRNAB,CI-EXINPT,Uﬂi-(USER NO.)>)
REPLQCE PLTINPT, PLTDRTA.

PLOT. UARIRN

EXIT.

/EOR

SUBANAL(N1=6,N2*11
PLTLIN(N1+6,N2=11, ITHAX°40)
PLTCON(Ni+5,N2=11

0?1(n1-s N2e11, N3'4 N4=4,N5=8)

LINPLOT(ITHQX4-44
HISPLOT(N126,N2°11,NDU=4,NCON=3, ITNAX2=42, ITNAX4244)
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FRANOPP QUTPUT

PREPROCESSOR CONTROL CARDS

SUBANAL(N1=6sN2=11)
PLTLIN(NI=6,N2211, ITHAX=40)

PLYCON({N1sb6,N2s11)
OPT(N1le6sN2e1]1,NIeh;N4nbi,N508)

PREPROCESSOR CONTROL CARDS

LINPLOT(ITMAX2=42)
HISPLOT(N1w6,N2211,NDV=4sNCON=3, ITMAX=40, ITHAX2=42)



12°

*x%% TEST OF OPTIMIZE WITH PLOTS OPTION

DESIGN VARIABLES
X(1)
X(2)
X(3)
X(4)

0BJECTIVE FUNCTION
08J = X(1)**2 - 5%X(1)

CONSTRAINTS
G{1l) = X(1)*%2 + X(1)
G(2) = X{(1)*%2 - X(1)

G(3) = 2%X(1)**2 + 2%X(1)

+

+

X(2)*%2 « 5xX(2)

X(2)*#%2 -

+ 2¥X(2)**2

+

X(2)%*2 -

X{2}
X(2)

L X2 2]

+ 2%

+

X(3)*%2

X(3)*%2 +
X(3)*x2
X(3)%*2

21#X(3) + X(4)*e2

X(3) ¢+ X(4)%%2
+ 2%X14)*¥2

7%X(4)

X(4)
X(4)
X{4)



€0°0 “0Q°*0 ‘0°C “0°'0 f0°0 “0°UL
€0°0 €0°0 0°0 0°0 €0°0 ‘0°0
€0*0 00 1043T° ¢T0+43T° ¢T0+3T* ¢T0+3T°
0

0

“0°0

“0°0

“0°0

0°0

“0°0

“0°0

“0°0

00

“©°0

0

0

0

‘€

0y

“

2

0

0

‘0

8nA
27A

X
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NNdevao
NNdI30
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301SN
NOJN
XVHLI
AQGN
INI¥d]
904N
O4NI
904dNI

4VdNOIs
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LS

L AR K BE K R X B % 4

CONSTRAINED FUNCTION MINIMIZATION

5 ¢ ¥ %X 5 ¥ 5 8 5% % & &k EE X EEEEEEFS

CONMIN

FORTRAN

PROGRAM FOR

% & X % % % &k kX EF K EEEEEES S &N

CONSTRAINED FUNCTION MINIMIZATION

CONTROL PARAMETERS

IPRINT NDV
2 4

LINOBJ ITRM
0 3

CcT
~-+10000E+00

THETA
«10000E+01

FDCH
«10000E=-01

ITHAX
40

N1

6

b

5

ol

NCON
3

N2
11

CTMIN
0000E-02

PHI
0000E+01

FOCHM
0000E-01

ALL CONSTRAINTS ARE NON-LINEAR

INITIAL FUNCTION INFORMATION

08y =

' +310000E+02

DECISION VARIABLES (X-VECTOR)
1) +10000E+01

«10000E+01

CONSTRAINT VALUES (G-VECTOR)
1) -¢40000E+01

-+60000E+01

NSIDE ICNDIR
0 5

N3 N4
4 4

CTL
=+10000€-01

DELFUN
«10000€-03

ALPHAX
«10000E+00

«10000E+01

-+10000E+01

*
*
*
*
*
*
*
*
*

NSCAL NFDG
0 0

N5
8

CTLMIN
«10000E-02

DABFUN
+31000€-01

AB0OBJ1
+10000€+00

+«10000E+01



29

ITER = 1 0BJ = 025484E+02
DECISION VARIABLES (X-VECTOR)

1) ¢10436E+01 +10436E+01 ¢12479E+01
CONSTRAINT VALUES (G-VECTOR)

1) ~¢31307E401 =.,55788E+01 0.
ITER = 2 08J = ¢12204E+02
DECISION VARIABLES (X-VECTOR)

1) -+65498E+00 +10325E+01 «23572E+01
CONSTRAINT VALUES (G-VECTOR)

1) -e39775E400 -,13275E401 -,25580E-12
ITER = 3 084 = +83763E+01
DECISION VARIABLES (X-VECTOR)

1) «22440E+00 +99268E+00 0 20345E+01

CDNSTRAINT VALUES (G-VECTOR
1) 8E+01 .354275001

~+56843€~-13

ITER » 4 0BJ = «69420E+01

DECISION VARIABLES (X-VECTOR)
1) ~¢34392E+00 +10043E+01

CONSTRAINT VALUES (G-VECTOR)
1} 0. =+B80266E+00

+21498E+01

-+21613E-01

«B0684TE+00

«13804E+00

-+31841E+00

-+ 80388E+00
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ITER = 5 0BJ = «63271E+01

DECISION VARIABLES (X-VECTOR)

1) =e67566E-01 «10136E+01 «20734E+01

CONSTRAINT VALUES (G-VECTOR)
1) -+20225E+00 -.14382E+01 O.

ITER = 6 0BJ = ¢61723E+01
DECISION VARIABLES (X=VECTOR)

1) =+94581E-01 «99247E+00 +20400E+01
CONSTRAINT VALUES (G-VECTOR)

1) 0. ~e94507E400 -.53852E-01
ITER = 7 0By = «60706E+01
DECISION VARIABLES (X~-VECTOR)

1) ¢ 74640€E-01 «98928E+00 «19478E+01

CONSTRAINT VALUES (G-VECTOR)
1) ~elb6766E-01 -,10302E+01 O.

«60218E+01
DECISION VARIABLES (X-VECTOR)

ITER = 8 0By =

1) ~e17653E~01 +10038E+01 «20139E+01
CONSTRAINT VALUES (G=VECTOR)
1) -e17726E~-01 -.10338E+01 «28422E~-13
ITER = 9 0By = +60182E+01
DECISION VARIABLES (X=VECTOR)
¢23921E-01 +99428E+00 +19869E+01
CONSTRAINT VALUES (G-VECTOR)
1) =«15891E-01 =-.10472E+01 ¢11747E-02

-+81323E+00

=+96346E+00

~+10562E+01

~«97523E+00

-+10102E+01

-
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ITER = 10 08J = «60133E+01

DECISION VARIABLES (X=-VECTOR)
1 ~e17147€~-01 «10055E+401 «20139E+01

CONSTRAINT VALUES (G-VECTOR)
1) -¢15050E~01 =+10270E+01 «29211E-02

ITER = 12 0By = «60098E+01

DECISION VARIABLES (X=-VECTOR)
¢19441E-01 «99482E+00 +«19908E+01

CONSTRAINT VALUES (G-VECTOR)
1) =+13894E-01 <~+10474E+01 +34703€-02

-+ 97533E+00

-.10058E+01
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FINAL OPTIMIZATION INFORMATION
0BJ = «600982E+01

DECISIDN VARIABLES (X=VECTOR)
1) «19441E-01 +«99482E+00 +19908E+01

CONSTRAINT VALUES (G-VECTOR)
1) ~¢13894E-01 -+10474E+01 «34703E-02

THERE ARE 2 ACTIVE CONSTRAINTS
CONSTRAINY NUMBERS ARE

1 3
THERE ARE O VIOLATED CONSTRAINTS
TERMINATION CRITERION

ABS(0BJ(I)=-08J(1-1)) LESS THAN DABFUN FOR

NUMBER OF ITERATIONS = 11

=+10058E+01

3 ITERATIONS

OBJECTIVE FUNCTION WAS EVALUATED 78  TIMES

CONSTRAINT FUNCTIONS WERE EVALUATED 78 TIMES
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TEST OF OPTIMIZE WITH PLOTS OPTION
OBJECTIVE FUNCTION

NORMALIZED BY STARTING VALUE +31000000£+02

ITER 0 1 2 3 4 5 [

08J

FUN +10000000E+01 «82109838E+00 +39165394E+00 226873788E+00 022210476E+00 «20244614E+00 ¢19743440€+00
ITER 7 8 9 10 11

oBJ

FUN +19426430E+00 «19263189E+00 219254048E+00 +19235587€+00 +19386524E¢00



€9

OESIGN VARIABLES

NORMALIZED BY STARTING VALUES

X1s +«10000000E+01
X2 s «10000000E+01
X3 e +«10000000E+401
X 4 e +10000000E+01
ITER 0 1 2 3 4 5 6
D VAR
X1 +10000000E+01 «10540858E401 ~.64498316E+00 ¢23440079E+00 -033391709£+00 ~,57565808E~01 ~,84581011£-01
X 2 «10000000E+01 «10436493E+01 ¢10324595E+01 +99267962E+00 «10043380E+01 «10136010E401 «99246925E+00
X 3 +10000000E+01 +12478812E+01 «23572179E+01 «20345385E¢01 «21497500E+01 2+20733985E+01 «20399587E+01
X & +10000000E+01 «86846822E+400 2138039356400 =4+31840699E400 =—.80388119E+400 =,81323403E+00 ~,96346139E+00
ITER 7 8 9 10 11
D VAR
X1 +84640201E~01 <-,76531029E-02 »33920629E-01 =+71471336E=02 ¢19441181E-01 '
X 2 «98928228E+00 +«10038076E+01 +99427809E+00 ¢10054562E+01 +99481727E+00
X 3 +19478042E+01 «20138593E+01 «19868698E+01 «20139041E+01 +19907692E+01
X & -e10562390E401 =~-497522950E4¢00 <=,10102266E+401 <=+97533160E+00 =~.10058258E+01



¥9

CONSTRAINTS
ITER 0 1 2 3 4 3 6
CONST
G 1l =e40000000E+01 ~+30984054E+01 ~+40074673E¢00 <=,11242470E+01 ¢32216582E-02 ~+19350256E400 +82083798E-02
G 2 ~+60000000E+01 =¢55673679E+01 =+13504806E+01 =¢35481116E¢01 =-,81943633E+00 =-,14404310E+01 =-,93680600E+00
G 3 =-+10000000E+01 «64658979E-01 =~459993265E-02 029176031E-01 =415169804E-01 o1T497368E~01 =-.37435245€~01
ITER 7 8 9 10 11
CONST
G 1 =e51735781E=02 =¢7979207BE~02 ~4531216506-02 =,32929435E-02 =-.13894055E~01
6 2 ~+10386557E401 ~.10440228E+01 <=.,10565985E+401 ~,10372328€+01 -.10473814E+01
G 3 «23185608E~-01 ¢19493876E~01 ¢22331508E-01 «22435165€E-01 +34703007€-02
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