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ABSTRACT
A program has been developed which calculates optical path length
E: 7 and phase distortion arising from the density field surrounding a laser
: 1 turret. Further, the program finds the optimum turret shape yielding
z minimum phase distortion. The aerodynamic model is briefly described;
however, the optimization and control codes are thoroughly presented.
Sample data input and sample output are given. The program is listed.

The material is presented in detail so that this report constitutes a

user's manual.
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NOMENCLATURE
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coefficients for the turret shape polynomial in x-direction

extent of turret in x-direction; for |x| > £ radius of fuselage is R

a,
bp coefficients for the turret shape polynomial in the 6-direction
L o

0
L

the distance 2L is separation between turrets

OPL optical path length

A s

PD phase distortion; nondimensional

e

T radial distance
i Ry fuselage radius
W weighting factor for i-th beam direction
X axial distance in cylindrical coordinates

v

axial location of mirror center

e
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E z _ reference direction to measure angles within beam cross section

% 82 shorthand notation for 1 - n: :

% Y beam elevation angle

g € nondimensional turret height; RO is reference length

} &y radial location of mirror center
n polar coordinate used to locate points or rays within the beam
) variable in cylindrical coordinates used to describe turret shape
¢ perturbation potential function; also, beam azimuth angle.
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I. INTRODUCTION

A computer program is described here which obtains the optimum shape
of a laser turret to minimuze optical distortion of a laser beam. The
analysis and optimization procedure on which the program is based are
described in detail in Ref. 1.

The turret is assumed to be situated on a cylindrical fuselage, as
shown in Figure 1. The details of the turret geometry are shown in
Figure 2. The shape of the turret is defined by the product of two

polynomials, so that

r = ef(x) £(8) 65}
where
f(x) =1+a x+a xz+ +§xk (2)
1 2 oot
and
r 5. 92  oP
£(0) 1+ bze +...+ bpe 3)

where p is the sequence of even numbers 2, 4, 6 . . . .

Figure 1. Small Perturbation Laser Turret on a Cylindrical Fuselage.
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Figure 2, Turret Geometry.
.'4 p

i Optional distortion is introduced into a laser beam propagating

through the flow field surrounding the turret; see Ref. 2. For purposes
of this analysis, the flow is assumed to be compressible and inviscid
and is governed by the small perturbation equation

é,j 2 ¢,

Be_ se 2 e (4)
xx T T r2

The (+) sign applies to subsonic flow and the (-) sign applies to super-

sonic flow. The solution of equation (4) is valid for small perturbation

S % subsonic and supersonic flow. For transonic flow the analysis is nonlinear,
even for small perturbations, and is not considered here. Reference 2

% discusses the formulation of the aerodynamics model for a variety of

i i geometrical shapes and flow regimes.

; From the solution of the potential equation, the perturbation

: % ! velocities, u and v, may be calculated anywhere in the flow field. From
! knowledge of the flow field the optical path length on any ray of a laser
!
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beam is calculated. The laser beam is propagated through the flow field

as shown in Figure 3. Taking the center of the beam as the reference
ray, the difference in optical path lengths, OPL, between a specified ray

and the ray on the beam center is calculated as

AOPL = OPL, - OPL, (5
where the subscript i corresponds to the reference ray and j corresponds 1

to the particular ray being considered. The phase distortion, PD, is
defined as AOPL/A where A is the wave length of radiation; Refs. 3 and 4

discuss OPL and PD in more detail.

LASER BEAM

N
PRIMARY MIRROR
\

\
LASER TURRET

AXIS OF

¢$=AZIMUTH

Y =ELEVATION ]
REFERENCE

Mo AXES |

Figure 3. Laser Beam Orientation
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3 H Phase distortion, PD, is calculated numerically at several radial

é and angular locations within the beam as shown in Figure 4. The sum of

% ‘

1;’ z (PD)2 over all calculation points for several beam orientations is con-
4 ‘ sidered to provide a measure of the '"goodness'" of the turret design.

ht |

k| The coefficients of the turret shape functions of equations 2 and 3 are

then determined to minimize

4' SUMPD = b Wi z 5 (PD)2 (6)
4 orientations radii angles
whers W i is a weighting factor applied to the i-th beam orientation. The

COPES/CONMIN optimization program (Ref.5) is used to provide the turret

optimization capability.

s r
ray) ? 2z

CAL PHASE
DISTORTION
CALCULATION
POINTS

EAM
CROSS-SECTION

Figure 4, Phase Distortion Calculation Within the Laser Beam.
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Finally, the optical aberratiomns are calculated for each beam

orientation in terms of Zernicke coefficients. This provides a measure

of the turret design in terms familiar to optical design specialists; see

Ref. 6.

In the following sections, the program organization, data transfer

mechanism, input data and output are described. Test cases are provided

to help in making the program operational. Additional program details and

a FORTRAN listing are included in the Appendices.
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II. PROGRAM ORGANIZATION

The basic program organization is shown in block diagram form in

Figure 5. The COPES program is the main driver which calls the optimi-
zation program, CONMIN, and the turret analysis program; COPES is an
accronym for COntrol Program for Engineering Synthesis, and CONMIN is an i
accronym for CONstrained function MINimization. Both are general purpose g
programs which may be applied to a wide variety of engineering design 1
problems (Ref. 7). If only the analysis of a specific turret shape is
desired, this may be done without COPES/CONMIN by using a very simple
main program. Alternatively, COPES/CONMIN may be used for a single

analysis by specifying the proper value of a single control parameter in

T

the input data.

COPES MAIN
STAND ALONE

| |
CONMIN TURRET
ANALYSIS

Er | Figure 5. Program Organization.

The combined program containing COPES, CONMIN and laser turret

analysis is referred to by the accronym LASTOP, for LASer Turret Optimization.

The entire program is written in FORTRAN IV and has been executed,

without modification, on IBM 360/67 and CDC 7600 computers. The program A

executes in approximately 50k octal words of storage on a CDC computer.

11
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The program reads from unit 5 and writes on unit 6. Units 20 and 40 are

scratch files. (These file numbers may be changed by changing two cards

at the beginning of the COPES program.) Execution times on a CDC 7600
computer are approximately 0.3 and 1.0 CPU seconds for subsonic and
supersonic flow respectively for the analysis of ome beam orientationm.

In a typical design optimization run, fifteen beam orientations may be
considered. Assuming fifty candidate designs are analyzed tifore the
optimum is obtained, the total CPU time is from 20C to 750 seconds.

To execute the turret optimization program, the user must be

familiar with the mechanimm by which data are transferred between analysis

and design programs. This is the subject of the following section.

12




111. DATA TRANSFER
To couple the analysis and optimization programs for automated design
optimization, pertinent data must be transferred between programs. This
is done by means of a single labeled common block. To execute tbe program,
it is necessary for the user to know what information is transferred and
the location in common of that information. This section defines the data
to be transferred and identifies their location within the common block.
The variables contained in the "GLOBAL" common block are listed below;

the terms have the following meaning: !
LOCATION - The physical location of the variable in the common block.

For example, the polynomial coefficient ;L is in location

2 while a _ is in location 3. The usual design objective

2
(phase distortion), SUMPD2, is in global location 169.

TYPE - The purpose of the variable in design optimization. D = design

‘variable, S = sensitivity variable, 0 = objective function and
C = constraint function. Note that a sensitivity variable may

be a design variable if this is meaningful. For example, the

direction of minimum phase distortion may be found by consider-

ing only one beam orientation and treating the azimuth angle
(location 108) and elevation angle (location 78) as design
variables. Similarly, objective and constraint functions are

interchangeable. For example,  -the minimum turret half-length

(location 21) may be found with an upper bound on phase distortion

(location 169). Under special circumstances, the objective
function may also be a design variable. For example, the

maximum turret height (location 76) may be squght, subject to a

YT Vo AT TSR
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constraint on maximum phase distortion (location 169).

Because the turret height is intended as a design variable,
it must also be a design variable here because it only ap-
pears on the right-hand side of equations in the prograam.
FOBTRAN - The FORTRAN name of the variable used in the program.
MATH = The mathematical symbol for the variable (used in Ref. 1).
DEFINITION .- Physical meaning of the variable.
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1-20

21

22

24-53

54-73
74

75

76
77

E 78-107
108-137

..138
139-168

169
170
171

172

173-202

203

O —— ————————

LOCATION

FORTRAN
ABAR(20)
ACL

AKPRIM

AL

AMACHI(30)

BBAR(20)

DENRTO
DENGAM

EPS

EPSM
GAMMAI (30)
PHII(30)

RFUS

SLOPEX(30)
SUMPD2
TDENRT
THMAX

WAVEL

WGHTI(30)

kl

£'(x)
Z(PD) 2

°/°sL
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DEFINITION
Polynomial coefficients on f£(x),

Turret half-spacing for Fourier
analysis.

Constant in phase distortion cal-
culations.

Turret half length divided by RFUS.

Mach number associated with i-th
beam orientation.

Polynomial coefficients on £(6).

Density of air divided by density
of air at sea level.

Exponent in pressure-density re-
lationship.

Turret height divided by RFUS.

Mirror center height divided
by RFUS.

Elevation angle of i-th beam
orientation.

Azimuth angle of i-th beam
orientation.

Fuselage radius (meters).

Slope of turret surface in stream-
wise direction.

Sum of squares of all calculated
phase distortions.

Density of air insdde canopy
divided by density of air at sea
level.

Half angle of turret (degrees).
Wave length of radiation (meters). .

Weighting factor on i-th beam
orientation.

X-coordinate of center of mirror.




IV. PROGRAM DATA

The data for laser turret analysis and optimization are separated

- into two parts. First are the control program (COPES) data which control

the analysis and design operations. These are followed by the turret |

analysis data.

When the program is being made operational or when only analysis is

; desired, the turret analysis program may be run, stand-alone using a |
a @ simpla driver program given in the subsection on laser turret analysis.
E | In this case, the COPES data are omitted, and only the turret analysis

! data are provided. 51

i ! Appendix C contains convenient data forms for both the COPES and the
turret analysis data. The reader may want to copy these forms for use in E

preparing a problem.
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A. COPES - A CONTROL PROGRAM FOR ENGINEERING SYNTHESES

The COPES program is a general purpose program to aid in design
optimization and is not limited to the specific application for which it -3
is used here. The user must provide an analysis program in subroutine
form, which in this case is the analysis of a laser turret in subsonic
and supersonic flow. The principal requirements are that the analysis
program be coded in FORTRAN and be segmented into input, execution and

output and that all design information be stored in a single labeled

common block called GLOBCM.

The COPES program provides four specific capabilities:

1. Simple analysis - just as if COPES was not used.
2. Optimization - minimization or maximization of one calculated

function with limits imposed on other functionms.

3. Sensitivity analysis ~ the effect of changing one or more design

3 variables on one or more calculated functioms.

4. Two-variable function space - analysis for all specified
combinations of two design variables.

COPES utilizes the general purpose optimization program CONMIN

(Ref. 2) for optimization, and this is the capability of primary interest
3 i here. Data requirements for options 3 and 4 are included for completeness.
To better understand the COPES data requirements, the following defini-

tions are usgeful:

iy
R .

Design Variables - Design variables are those parameters which the

41,
¥

| 2 optimization program is allowed to change in order to improve the design.

i f Design variables appear only on the right-hand side of an equation in the
analysis program. COPES considers two types of design variables, independent

% and dependent. If two or more variables are always required to have the

A o T T
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same value or be in a constant ratio, ome is the independent variable
while the remaining are dependent variables. For example, if the turret
shape polynomials are required to be the same in both the x and 8 directioms,

the coefficients a, may be independent variables, and the 51 may be dependent

i
variables. In this example, the total number of design variables will then
be twice the number of independent design variables.

Objective Function - The parameter which is to be minimized or max-
imized during optimization is an objective function. Included are parameters
calculated as a function of specified design variables during a sensitivity
or two-variable function space study. Objective functions always occur on
the left side of an equation unless the objective function is also a design
variable, (The turret height may be maximized as an objective function if it
is also a design variable. Ip this way, the maximum height is found for
which no constraints are violated.) An objective function may be linear or
non-linear and implicit or explicit but must be a continuous function of
the design variables to be meaningful.

Constraint - Any parameter which must not exceed specified bounds for
the design to be acceptable is a constraint. Constraint functions always
appear on the left side of an equation. Just as for objective functioms,
constraints may be linear or non-linear and implicit or explicit but must
be continuous functions of the design variables.

The COPES program reads from unit 5 and writes output on unit 6. Units
20 and 40 are used as scratch files. The scratch file numbers may be
changed by changing two cards at the beginning of the COPES program.

The data required to run the COPES program are now defined. All GLOBAL
LOCATION NUMBERS refer to the location of the specified variable in the

labeled common block, GLOBCM. The pertinent variables and their global

locations are listed in the section entitled DATA TRANSFER.

18
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3 The data are segmented into "blocks" for convenience. All formats

are alphanumeric for TITLE, END, and STOP cards; F10 for real data; and «
7 I10 for integer data. Comment cards may be inserted anywhere in the data #
; stack prior to the END card and are identified by a dollar sign ($) in ;
I Column 1. The COPES data stack must terminate with an end card containing j
i the word "END" in Columns 1-3.
Data coding forms are provided in Appendix C. ‘E
-9
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2 COPES

3

= DATA BLOCK _ A

1

DESCRIPTION: Title Card

FORMAT AND EXAMPLE

1 2 3 4 - ] 6 7 8 FORMAT

{ﬁ}‘ ' 2005 4
OPTIMIZATION

FIELD CONTENTS
1-8 Any 80 character title
REMARKS

1) Program is terminated by the word 'STOP' in columns 1-4.

gt

i
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COPES

DATA BLOCK B

DESCRIPTION : Program Control Parameters

FORMAT AND EXAMPLE

1 2 i 4 =10 6 7 8 FORMAT
| ncarc | xov | nsy | wovar lrenpor | rpsEng | IP2ZAR 7110 |
- i 4 i3 2 0 0 0
FIELD CONTENTS
1 NCALC: Calculation control
0 - Read input and stop. Data of blocks A-B are
required. Remaining data are optional.
1l - One cycle through program. Data of blocks
A-B are required. Remaining data are optional.
2 - Optimization. Data of blocks A-I are required.
Remaining data are optional.
3 - Sensitivity analysis. Data of blocks A-B and
J-K are required. Remaining data are optional.
4 - Two variable function space. Data of blocks A~B
and L-0 are required. Remaining data are
optional.

2 NDV: Number of independent design variables in
optimization.

3 NSV: Number of variables on which sensitivity
analysis will be performed.

4 N2VAR: Number of objective functions in a two
variable function space study.

5 IPNPUT: TInput print control

0 - Print card images plus formated print of input.
1 -~ Formated print of input only.
2 - No print of input.

6 IPSENS: Print control for sensitivity analysis. If
IPSENS.GT.0 detailed print will be called for
at each step in the sensitivity analysis.

. DEFAULT = No print.
7 IP2VAR: Print control for two variable function space

study. If IP2VAR.GT.O0 detailed print will be
called for at each step (each X-Y combinationm).
DEFAULT = No print.




REMARKS

1) Field 1 determines program execution.

. 2) Fields 2-4 identify which information will be read in subsequent
data blocks.
e
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COPES

DATA BLOCK C  Omit if NDV = 0 in Block A

DESCRIPTION : Integer Optimization Control Parameters

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 '8 FORMAT
IPRINT | ITMAX | ICNDIR | NSCAL | ITRM LINOBJ J NACMX1|{ N 8
5 | 0 5 0 o} 0 0
FIELD CONTENTS
1 IPRINT: Print control used in optimization program,
CONMIN.

0 - No print during optimization.

1 - Print initial and final optimization information.

2 - Print above plus function value and design
variable values at each iteration.

3 - Print above plus constraint values, direction
vector and move parameter at each iteration.

4 - Print above plus gradient information.

5 - Print above plus each proposed design vector,
objective function and constraints during the
one-dimensional search.

2 ITMAX: Maximum number of optimization iterations allowed.
DEFAULT = 20.

3 ICNDIR: Conjugate direction restart parameter.
DEFAULT = NDV+1.

4 NSCAL: Scaling parameter. GT.0 - Scale design

variables to order of magnitude one every NSCAL
iterations. LT.0 - Scale design variables accord-
ing to scaling values input.
DEFAULT = No scaling.

5 ITRM: Number of subsequent iteratioms which must satisfy
relative or absolute convergence criterion before

. optimization process is terminaCed

DEFAULT = 3.

6 LINOBJ: Linear objective function identifier. If the
optimization objective is known to be a linear
function of the design variables, set LINOBJ = 1.
DEFAULT = Non-Linear.

7. NACMX1: One plus the maximum number of active constraints
anticipated.
DEFAULT = NDV+2.

23
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FIELD CONTENTS

REMARKS

8 NFDG: Finite difference gradient identifier.
0 - All gradient information is computed by finite
difference.
1l - Gradient of objective is computed analytically.
Gradients of constraints are computed by finite
difference. ol
2 - All gradient information is computed analytically.

1) For LASER TURRET OPTIMIZATION, the value of LINOBJ and NFDG should
always be zero. The value of NSCAL = 5 is suggested and ITRM = NACMX1 = 0
should be used. The value of IPRINT may be reduced when the user is
familiar with the optimization output.

E
3

24

L 0 o e R A A

SRS T




e = e
7
h:

CoPES

DATA BLOCK

DESCRIPTION :

D

Omit if NDV = O in Block A

FORMAT AND EXAMPLE

Floating Point Optimization Program Parameters

1 2 3 4 5 6 7 8 FORMAT
FDCH FDCHM CT CTMIN | CTL CTLMIN| THETA | PHI 8F10
0.0 0.0 0.0 0.0 0.0 0.0 0.0
DELFUN | DABFUN 2F10
0.0 0.0

Note: Two cards of data are read here.

CONTENTS

FDCH:

FDCHM:

CTLMIN:

THETA:

PHI:

DELFUN:

DABFUN:

Relative change in design variables in calculating
finite difference gradients.

DEFAULT = 0.01.

Minimum absolute step in finite difference gradient
calculations.

DEFAULT = 0.001.

Constraint thickness parameter.

DEFAULT = -0.05.

Minimum absolute value of CT considered in the
optimization process.

DEFAULT = 0.004.

Constraint thickness parameter for linear and side
constraints.

DEFAULT = -0.01.

Minimum absolute value of CTL considered in the
optimization process. i

DEFAULT = 0.001.

Mean value of push-off factor in the method of feasible
directioms.

DEFAULT = 1.0.

Participation coefficient, used if one or more con-
straints are violated.

DEFAULT = 5.0.

Minimum relative change in objective function to
indicate convergence of optimization process.
DEFAULT = 0.001. :

Minimum absolute change in objective function to in-
cate convergence of the optimization process.
DEFAULT = 0.001 times the initial objective value.

25
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COPES

DATA BLOCK _E

Omit if NDV = O in Block A

DESCRIPTION : Total Number of Design Variables, Design Objective
Identification and Sign on Design Objective.

FORMAT AND EXAMPLE

4 5 6 7 ‘8 FORMAT

1 2 3
NDVIOT| IOBJ | SGNOBJ 2110, 71|
0] 163 =1.0
FIELD CONTENTS

1 NDVIOT: Total number of variables linked to the
design variables. NDVTOT must be greater
than or equal to NDV. This option allows
two or more parameters to be assigned to a
single design variable. The value of each
parameter is the value of the design variable
times a multiplier which may be different for
each parameter.

DEFAULT = NDV. :

2 I0BJ: Global variable number associated with objective
function in optimization.

3 SGNOPT: Sign used on objective of optimization to identify
whether function is to be maximized or minimized.
+1.0 indicates maximization. -1.0 indicates
minimization.

DEFAULT = -1.0.
REMARKS

1) For LASER TURRET OPTIMIZATION, the numbers used in this example are
correct if phase distortion is to be minimized. If phase distortion -
is to be maximized set SGNOPT = +1.0.
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# COPES
E | ==
| DATA BLOCK _F Omit if NDV = O in Block A i
% . DESCRIPTION : Design variable bounds, initial values and scaling factors. |
E | ;
E FORMAT AND EXAMPLE
| : s |
b | 1 - ix' s a4 s 6 7 8 PORMAT 1
e | VLB VUB X SCAL F;
bl | -3.0 3.0 0.0 0.0
_ Note: Read one card for each of the NDV independent design variables.
‘ FIELD CONTENTS ;
1 VLB: Lower bound on the design variable.
2 VUB: Upper bound on the design variable.
3 X: Initial value of the design variable.
If X is non-zero, this will supercede
the value initialized by subroutine ;
¥ _ ANALIZ. 1
4 SCAL: Design variable scale factor. Not used ;

if NSCAL.GE.O in Block C.
REMARKS

1) For LASER TURRET OPTIMIZATION, the values used in this example
are suggested.
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. i
E | COPES
i DATA BLOCK _G  Omit if NDV = 0 in Block A.
B | DESCRIPTION: Design Variable Identification :
:
: FORMAT AND EXAMPLE ;
- : " ‘ : i
1 $: .3 4 5 6 7 8 FORMAT
E | NDSGN | IDSGN AMULT I10,F 4
Note: Read one card for each of the NDVIOT Design Variables.
FIELD CONTENTS
i 1 NDSGN: Design variable number associated with ;
the variable.
_ 2 IDSGN: Global variable number associated with
: the variable.
3 AMULT: Constant multipliter on the variable.
¥ | b The value of the variable will be the
'x value of the design variable, NDS
k| times AMULT. :
| : DEFAULT = 1.0.
E |
b |
é
|
, i i
s |
b 1
b |
5
. |
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'3
: COPES
B | :
| . DATABLOCK _H_  Onmit if NDV = O in Block A

DESCRIPTION : Number of sets of constrained parameters.

FORMAT AND EXAMPLE

1 : % SRR 5 SN s 5 7 ‘8 FORMAT
NCONS 10 |
1
& | FIELD CONTENTS
E : 1 NCONS: Number of constraint sets in the optimi-
zation problem.
REMARKS

1) If two or more adjacent parameters in the Global common block have the
same limits imposed, these are part of the same constraint set.
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COPES

DATA BLOCK I Omit if NDV = 0 in Block A or if NCONS = 0 in glpck M.

DESCRIPTION : Constraint Identification and Bounds. . f

FORMAT AND EXAMPLE

1 2 3 % 5 6 7 8 PORMAT
L_ICON 1 _JCON 3 LCON
2243 234} 1 ;
BL |scara | By Jscar2 | . - : 4r10 |
"9_27 .3 fj 0;'_ 3 -

Note: Read two cards for each of the NCONS constraint sets.

FIELD CONTENTS
1 ICON: First Global number corresponding to ,
the constraint set. |3
2 ICON: Last Global number corresponding to the :
constraint set.
DEFAULT = ICON. =
3 LCON: Linear constraint identifier for this set
of constrained variables. LCON = 1 indi- -
cates linear constraints. :
DEFAULT = 0 = Nonlinear constraint.
1 BL: Lower bound on the constrained variables. 4
Value less than -1.0E+l5 is assumed unbounded. .
2 SCALL: Normalization factor on lower bound.
: DEFAULT = Max of ABS(BL), O.l.
3 "BU: Upper bound on the constrained variables.
Value greater than 1,.0E+l5 is assumed
unbounded.
4 SCAL2: Normalization factor on upper bound .

- DEFAULT = Max of ABS(BU), 0.l.
REMARKS

g &5 1) The normalization factorsshould usually be defaulted.
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DATA BLOCK J

DESCRIPTION :

COPES

Omit if NSV = 0 in Block A

Sensitivity Objectives.

FORMAT AND EXAMPLE

6 7 8
NSOBJ I10
4y ; '
NSN1 NSN2 NSN3 NSN&4 8110
26 21 AN 43
Note: Two or more cards are read here.
FIELD CONTENTS
1 NSOBJ: Number of separate objective functions
to be calculated as functions of the
sensitivity variables.
1-8 NSNI: Global variable number associated with
the sensitivity objective functions.
REMARKS

1) More than eight sensitivity objectives are allowed. Add data cards as

required to contain data.
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COPES

DATA BLOCK _ X _ Omit if NSV = 0 in Block A

e AL AT

DESCRIPTION : Sensitivity Variables : ; -

FORMAT AND EXAMPLE

SR AR S 6 7 8 TFORMAT

| ISENS | NSENS 2110
26 21 '

$NS1 SNS2 | SNS3 SNS4 I T 8F10 E
2.0] 1.0 3.0 z. T

Note: Read one set of data for each of the NSV sensitivity variables.

Note: Two or more cards are read here.

. FIELD CONTENTS
4 1 . ISENS: Global variable number associated with
the sensitivity variable.
2 NSENS: Number of values of the sensitivity
variable to be considered.
1-8 SNSI: Values of the sensitivity variable, for

J = 1, NSENS. J = 1 corresponds to
nominal value.

REMARKS

1) More than eight values of the sensitivity variable are allowed. Add
data cards as required to contain data.

D—
-
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COPES
DATA BLOCK _ L Omit if N2VAR = 0 in Block A

DESCRIPTION : Two variable function space control parameters.

FORMAT AND EXAMPLE

1 2 3 4 ] 6 7 ‘8 FORMAT
N2vx | M2vx | N2vy Mavy | 4110
26 5 2 E
FIELD CONTENTS

1 N2VX: Global location of X-variable in two-
variable function space.

2 : M2VX: Number of values of X-variable to be

. considered.

3 N2VY: Global location of Y-variable in two-
variable function space. :

4 M2VY: Number of values of Y-variable to be

considered. ; ‘




q

—
i
4
E |
3
k:
3

COPES i
t DATA BLOCK _M  Onit if N2VAR = 0 in Block A a
E | - 4
Za. DESCRIPTION : Objective Functions of Two-variable Function Space Study.
| ]
e | :
FORMAT AND EXAMPLE
3 7
1 2 3 4 5 6 7 8  FORMAT
Nzl Nz2 | nz3 [ wnze e B | 8110 |
7 4 24 67 g
e
FIELD CONTENTS
1-8 NZI: Global variable location corresponding ;
to ITH function of X and Y in two £

variable function space.
REMARKS I = 1, NZVAR, where NZVAR is read in Block A. %
B 1) More than eight objective functions are allowed. Add data cards as £
required to contain data. i
;

s
.
e s A
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COPES

DATA BLOCK _ N Omit if N2VAR = 0 in Block A

DESCRIPTION : Values of X-variable in Two-variable Function Space Study.

FORMAT AND EXAMPLE

3 6 7 ‘8 FORMAT

1l i - S
X1 X2 X3 X4 ey S 8F10
Sal 18 1.8 14
FIELD CONTENTS
1-8 XI: Values of X-variable to be considered
in two-variable function space.
I = 1, MZVX, where MZVX is read in Block L.
REMARKS

1) More than eight X-values
contain data.

are allowed. Add data cards as required to
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o
B | COPES
= DATA BLOCKR _ o Omit if N2VAR = O in Block A :

DESCRIPTION : Values of Y-variable in two-variable Function Space Study.

FORMAT AND EXAMPLE

1 1 2- 3 4 5 6 7 8 FORMAT
Y1 Y2 ¥3 .s e s 8F10 | |
1 5 { 0-0 -100 lQO Y E
e |
f FIELD CONTENTS
; ' 1-8 YI: - Values of Y-variable to be considered
4 in two-variable function space.

I =1, MZVY, where MZVY is read in Block'L.

; REMARKS
1) More than eight Y-values are allowed. Add data cards as required to
H b contain data.
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COPES
k| DATA BLOCK _P

DESCRIPTION : Copes data 'END' card.

FORMAT AND EXAMPLE

) | 1 P 5 6 7 8  FORMAT
% ‘ 3A1‘
b | END :

E | FIELD CONTENTS

{g? 1 The word 'END' in columns 1-3.

REMARKS

1) This card must appear at the end of the COPES data.

1 2) This ends the COPES input data.

1
|
|

|
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B. LASER TURRET ANALYSIS
Data for the laser turret analysis follow the COPES data. If the

general design capability of COPES is not needed, the analysis program

can be run by itself by using the following simple main program.
MAIN PROGRAM FOR STAND ALONE LASER TURRET ANALYSIS.

INPUT
ICALC = 1
CALL ANALIZ(ICALC)

EXECUTION AND OUTPUT.
ICALC = 3

CALL ANALIZ(ICALC)
STOP

END

If this main progam is used, the COPES and CONMIN routines are omitted,
and the COPES dataare not read. This provides simple analysis bf a specified

turret and allows the turret analysis program to be tested independently.

The turret analysis program reads from unit 5 and writes the output on

unit 6.

The input dataare segmented' into blocks for convenience, just as for the

COPES data.
Comment cards are not allowed in the turret analysis data.

Data coding forms are provided in Appendix C.




TURRET

DATA BLOCK A

DESCRIPTION: Title Card.

FORMAT AND EXAMPLE

Er

t& 20A4

FIELD CONTENTS

1-8 Title : Any 80 character title.

40
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TURRET

FORMAT AND EXAMPLE

: , f DATA BLOCK

f ! DESCRIPTION :

Aerodynamics, Optics constants

FORMAT

1 3" £ 3, 3k 5 6 8
AMACH DENRTO| TDENRT | DENGAM | AKPRIM| WAVEL 6F10 |
1.25 .25 .25}) 1.405 .00023} 3.4 -9}
FIELD CONTENTS
1 AMACH: Freestream Mach number.
2 DENRTO: Freestream air density/sea level density
3 TDENRT: Air density inside turret/sea level
density
; 4 DENGAM: Exponent in pressure-density relationship
: 2. @)Y
‘ | & po po
i L AKPRIM: Phase distortion constant, k'
.. 6 WAVEL: Wave length of radiation, A (meters)
REMARKS
‘ 1) AMACH is the freestream MACH number for all beam orientations unless
s | specified otherwise in data Block N.

41
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TURRET

DATA BLOCK _

DESCRIPTION: Turret Geometry

FORMAT AND EXAMPLE

1 r 3 3 4 5 6 : 8 FORMAT
RFUS AL THMAX | ACL EPS 5F10
2.5 2.0 60, A 0.3
FIELD CONTENTS

RFUS: Fuselage Radius (ueters)

1) ACL must be much larger for supersonic flow then for subsonic flow
ACL = 5. is adequate for subsonic

to avoid interference between turrets.
flow calculations.

42
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AL: Turret half length divided by RFUS.
THMAX: Half angle subtended by turret (deg.)

ACL: Half spacing between turrets divided
by RFUS, for Fourier Series calculationms.

EPS: Turret height divided by RFUS at
x=1r =0,
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TURRET

DATA BLOCK _D

DESCRIPTION: Turret Geometry

FORMAT AND EXAMPLE

1 O 5 6 7 8 FORMAT

MAXK MAXP NXBC NTHBC 4110

6 6 :
FLELD ' CONTENTS

1 MAXK: Order of x-polynomial_ shape fu ﬁxﬁion.

f(x) =1 +a,x+ ..a
1 ‘maxk *

2 MAXP: Order of polznom:lal shape f.unﬁt"{sn.
£(e) = 1 +b1 _+..b

3 NXBC: Number of sets of y and y' boundary

; conditions in x-d:l.ract:l.on, externally
imposed.

4 NTHBC: Number of sets of 6 and 6' boundaty
conditions in 6-direction, externally
imposed.

REMARKS

1) The order plus one of each polynomial must be at least as great as
the actual number of externally imposed boundary conditioms. ;

43
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4 TURRET
’ DATA BLOCK _E
i | ' DESCRIPTION : Polynomial coefficients in x-direction.
FORMAT AND EXAMPLE
. |
1 2° 3 4 S 6 7 ‘8 FORMAT
1- ABARJ. o o & - ARG e o o 8u0 I
1L 04 -.61111 0.]-.18056 04§-.00694 i
FIELD CONTENTS i
! 1-8 ABARYI: Coefficient of x-polynomial shape
a : foRction, dox) 1o+ alx + .o
3 3 Lmaxk
- maxk
' REMARKS
! 1) The total number of coefficients equals 1 + MAXK. Additional data cards
i k are used as required to contain the data.
g |
,:' |
% ’
b
E
E |
R |
i ;
: I s
i, i !
B |
-
¢ i 44
|
?.-’ U FTUS SO PNN ARG SEONOe R i ST AP -




TURRET

DATA BLOCK F

DESCRIPTION : Geometric boundary conditions in x-directionm.

FORMAT AND EXAMPLE

h j 1 2 $ s 5 6 7 8 FoRUT |
P X YBC YPBC 3F10 )
:‘ l -1. 0. ;

Note: NXBC cards are required.

| FIELD CONTENTS

, b 1 X: X-location as fraction of turret half-length, AL,
| vwhere boundary conditions is imposed.

b ‘ 2 YBC: Required value of f(x) at x.

i _

E | 4 3 YPBC: Required value of £'(x) at x.

“ 1

e | 1) The boundary condition that £(x,8) = EPS at x = § = 0 is automatically
i imposed.

j 2) If YBC or YPBC is input greater than or equal 200., the corresponding boundary
£ condition is omitted, i.e., if YPBC = 200, no boundary condition is
imposed on £'(x).

E

»:P ‘

i
.
et e

e
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TURRET

e ———

DATA BLOCK _g¢

DESCRIPTION : Polynomial coefficients in 6-directions.

FORMAT AND EXAMPLE : 3

E‘:* i . 1 2 3 - 4 5 6 7 ‘8 PORMAT ’
;" 1 m Bmz o oo e o o e o o Bm6 g 3'10 i
| 1. 0.] -.6111% 04-.18056 0. 00694
| FIELD CONTENTS '
1-8 BBARL: Coefficient of © polynomial shape
S,
4 maxp
i ==
g E 1) The total number of coefficients equals 1 + MAXP. Additional data

cards are used as required to contain the data.




TURRET ]
B 3
’ DATA BLOCK _H ’
2 DESCRIPTION : Geometric boundary conditions in 6-direction.
e i
v |
; FORMAT AND EXAMPLE
5 ! - f x | &
E | 1 2 3 4 S 6 7 8 FORMAT
ki (TRETA_| YBC | yPRC r10 |

1. o. o i

Note: NTHBC cards are required.
by |
E 1 THETA: 6-location divided by turret half angle, i
THMAX, where the boundary condition is imposed. i
2 YBC: Required value of £(8) at THETA. 3
4 3 YPBC: Required value of £'(9) at THETA.
g E REMARKS
& |
: 1) The boundary condition that f(x,6) = EPS at x = 9 = 0 is automatically 3
@ imposed. :
2) 1If YBC or YPBC is input greater thanor equal 200., the corresponding boundary
4 condition is omitted, i.e., if YPBC = 200., no boundary condition is ]
b | imposed on £'(8). :
kL ‘[ 3) Symmetry about 6 = 0 is automatically imposed. 1

et A
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TURRET

DATA BLOCK I
DESCRIPTION : Mirror location.

FORMAT AND EXAMPLE

1 2 3 4 3 6 7 ‘8 FORMAT
EPSM XM l ZEIO
1.15 0
FIELD CONTENTS
1 EPSM: Distance from fuselage axis to mirror center
divided by RFUS.
2 xM: x~-coordinate of mirror center divided by Rrys.
REMARKS

1) Mirror is along fuselage centerline, 6 = 0.

48
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TURRET

DATA BLOCK J

DESCRIPTION : Number of angular and radial locations on

beam where phase distortion is to be cal-
culated.

FORMAT AND EXAMPLE

T T 5 5 7 ‘8 FORMAT
_ NETAI | NRBI G ; 2110 |
8 2
FIELD CONTENTS
1 NETAI: Number of angular points .at which

phase distortion is calculated.

2 NRBI: Number of radial points at which
phase distortion is calculated.

49
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TURRET

DATA BLOCK K
DESCRIPTION : Angles around beam at which phase

distortion is calculated.

FORMAT AND EXAMPLE

e R

50

%; | 1 2 3 5 6 -
| : ETal | Etaz | ETA3 [ . . | ETas . . | ... .Vsro |
‘ 0. 45, 904 225. .
FIELD CONTENTS :
1-8 ETAI: Angle at which phase distortion is
calculated in the laser beam :
REMARKRS

1) If more than eight angular locations are considered, use
additional data cards to contain the data. -
¥ 2) Phase distortion is calculated at each combination of

angular and radial locatioms.
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DESCRIPTION . Radial locations in beam at which phase

FORMAT AND EXAMPLE

distortion is calculated.

& 3 3 a4 5 6 7
. RBL e 1 . nas 1 ... g 8F10
0.025 0.05 0.1
FIELD CONTENTS
1-8 RBI: Radial location in laser beam at
which phase distortion is calculated.
REMARKS

1) 1If more than eight radial locations are considered,
use additional data cards to contain the data.

2) Phase distortion is calculated at each combinatcion
of angular and radial locatioms.




TURRET

DATA BLOCK M

DESCRIPTION : Number of separate beam orientations to be analyzed. ; 1

FORMAT AND EXAMPLE

k| | FIELD CONTENTS

. 1 NBEAM: Number of beam orientations considered in _
£ | the analysis. ¢
| .

:
#
3
o
“
E

e

oy s,
&
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TURRET

DATA BLOCK _N

DESCRIPTION . Beam orientation information.

1 2. S A 5 6 7 '8 FORMAT
_ PHI _ jcaMA | AMACHI | WGHT® . : 4F10
30. 45, 14 1.
Note: NBEAM cards are required.
FIELD CONTENTS
1 PHI: Beam Azimuth angle. Measured from aircraft
nose positive to the right. (degrees)
2 GAMMA: Beam elevation angle. Measured from the
: horizontal plane, positive upward (degrees)
3 AMACHI: Flight Mach rumber for this beam orientation.
£ May be different then AMACH read in DATA
Block B. DEFAULT = AMACH. :
4 WGHT: Weighting factor which multiplies the phase

distortion for this beam orientation.
Measure of relative importance to the design
objective. DEFAULT = 1,0.
REMARKS
1) If AMACHI is read as zero, it is set equal to AMACH
read in DATA Block B.
2) 1If WGHT is read as zero, it is set to 1.0.

3) This ends the input' data for laser turret
analysis.

pes
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V. SAMPLE DATA
Assume the turret shown in Figure 1 is to be analyzed or designed.
The initial geometry of the turret, together with the aircraft flight and

beam orientation information, 1s listed here.

A. GEOMETRY &
Ry = 2.5 meters =  fuselage radius.
~ 4.’ € = 0.3 =  turret height relative to R,.
é . = 2.0 =  tuyrret half-length relative to Ro.
‘ L =10.0 =  turret half-spacing for Fourier series approx. 1
;* s ™ 60.0 degrees = turret half angle. 4
| £(x) = 1.0 - 0.6111 1x° - 0.180 56x* - 0.006944 x° = shape function in X. 1
| £(0) = £(x) = shape function in 6 [initially th§ same as £(x)].
E“ ' Boundary conditions imposed in this example are that f(x) = £'(x) = 0 at x/2% =

+1.0, and £(8) = £'(8) = 0 at e/em = 1.0. The boundary condition that
£f(x,0) = 0.3 = ¢ at x = § = 0 is automatically imposed by the program.
ifr"‘ | A total of five boundary conditions is imposed on f(x) so that ;o - 54
| are computed by the analysis program and may not be design variables. Six
?Lv | boundary conditions are imposed on £(6) (including symmetry requirements) so
that only 36 may be treated as a design variable. The three design variables

available for optimization in this example are

c Variable Global Location
] 3 “ 6

ag 7

bg 60

Because the aerodynamic analysis is based on small perturbation theory,

it is only valid if the slope of the turret in the x-direction is small.




T

Therefore, constraints ace imposed on the design so that the turret shape

i contained in vector SLOPEX is less than 0.3 in magnitude. That is.

-0.3 < SLOPE(I) < 0.3 I=1,30
SLOPEX is stored in global locations 139 - 168 inclusive.
B. AERODYNAMICS
The aircraft is assumed to fly at sea level, and the turret is not
pressurized so that |
DENRTO = TDENRT = 1.0
The aerodynamic and optical constants are
DENGRAM = 1.405
AKPRIM = 0.00023
-6 fnfrared radiation
WAVEL = 3.4 x 10

AMACH = 0.7 nominal. Mach number

T

C. MIRROR
The mirror is situated at
M = 0.0
EPSM = 1.15

D. BEAM ORIENTATIONS

Three orientations are considered as follows:

Beam Azimuth Elevation
(PHI) (GAMMA)
1 0. i 50.
2 45, 30.
3 90. 10.
, 1
1

oSN e
'I
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For brevity only three beam orientations are considered here.
Typically fifteen orientations are used for optimizatiom.
E. PHASE DISTORTION

The phase distortion is calculated at all combinations of two radial
and eight angular positionms.

R = 0.05, 0.10 relative to Ro.

n = o, 45, 90, 135, 180, 225, 270, 315 degrees
Note that since the maximum value of R'is 0.10, this is the assumed radius
of the mirror.
~F. COPES DATA

Based on the above requirements, the COPES data are listed here om a
data sheet reproduced ffmm APPENDIX C. These data are for a complete
optimization. If only a simple analysis is desired, these data may be

run by changing NCALC in DATA BLOCK B to 1 instead of NCALC = 2 given here.
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TITLE FORMAT
| LHSER TURRET OF/TTMIZATION ABJ) fM=0.7 _20A4
DATA BLOCK B :
+I8 BlLock 8 ~ CoWTRoL PRRAMETERS
NCALC | NDV___|NsV IPSENS | IP2VAR FORMAT
*, 2 E] 8I10
DATA BLOCK C - OMIT IF NDV = O
+[ Block ¢ - CowMIN THNTESEFR PAAAMETERS Co
IPRINT | ITMAX ICNDIR LINOBJ | NACMX1 | NFDG FORMAT
* 51 _8I10
DATA BLOCK D - OMIT IF NDV = 0 ;
+[8 BLock O - cCommzn 55g g ABMHETEAS COMMENT]
FDCH FDCHM CT [CTLMIN THETA | PHI FORMAT
* o. F
[ DELFUN | DABFUN FORMAT |
* o. 3 2F10
DATA BLOCK E - OMIT IF NDV = 0
+8 Block £ - MMINIUIZRE PHRsE DISTORTZON COMMENT
NDVTOT | IOBJ SGNOBJ FORMAT
* 3| Jé9 ~Z.0 2110, F10
DATA BLOCK F - OMIT IF NDV = O
+ Lock F - DEsTcv LI ITS COMMENT]
[ VLB VUB X FORMAT
* |9 CoEFlfrcsEvy # -5 4F10
3 Col Allcczgm|T 2 -¢
-3.0 3.2
F‘ Cog £ VPzezsu|r B-¢
-3.,0 !lo

DATA BLOCK A

COPES DATA




COPES DATA CONT.

DATA BLOCK G — OMIT IF NDV = Q
+|8 Block & - 2BSzén VPRIAELE LIBHTEFLCRTION

NDSGN ] IDSGN | AMULT
s copalezezsiz »-5
2 gt Lo
cosplezcza Nr 4-é
21 _zo
| g cegrlprcsanly p-¢
4 ‘ 3 go Lo
1
| |
4
E [ |
|
p
| DATA BLOCK H - OMIT IF NDV = 0
E» +[B3lock 4 - CoNSTAAINTS COMMENT
4 NCONS e
' * I10
. DATA BLOCK I - OMIT IF NDV = O OR NCONS = 0 :
+8 CovsTRA TNT N SlofE . COMMENT
f ICON JCON LCON FORMAT | - »
’ *| Fal 1és -8 I10_1 :
5 +[5 irusTsp 7o _smALL JEATVABAT Zer THEeRY COMMENT 1
BL SCALL | BU SCAL2 FORMAT :

*| -0 2.32| o.3 2.3 4F10

T OO T
{ o -
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COPES DATA CONT.
DATA BLOCK I - CONT.

T
DATA BLOCK J {OMIT)IF NSV = 0 ‘
+5 COMMENT|
¥ NSOBJ FORMAT
| " 110
| 3 +s . COMMENT
b | [ ¥sN1 [ NSN2 _ [NSN3 NSN4 — TNSN5 | NSN6 NSN7 [ Nsng FORMAT
E | * 8110
4 A
: | DATA BLOCK K {GDIF NSV = 0
: +[s P COMMENT]
ISENS | NSENS : FORMAT
: * 2110 |
| A » st SRR
| SNS1 [ sus2 _ [sNs3 SNS4__ |SNSS___[SNs6 SNS7__ | snss. FORMAT |
* 8F10
1
; +1s COMMENT|
ISENS | NSENS . FORMAT |
* ' 2110
& | +s =3 "COMMENT]
by - sNs1 [ sNs2 _ [sNs3 SNS4  TsNs5 _ [Snsé SNS7 | SNS8 . | FORMAT |
B | W 8F10
by




TRV

DATA BLOCK K - CONT.

COPES DATA - CONT.

s O i CO>
ISENS | NSENS FORMAT
* I10
* s — S e 1—_———L—
SNS1 | SNS2 | SNS3 SNS4 _ |SNS5 | SNS SNS7 | SNS8 . { FORVAT
» —l
b TR COMMENT]
ISENS | NSENS FORMAT |
* 2110 |
+
SNS1 SNS2 SNS3 SNS4  |SNS5 | SNS6 | SNS7 ] sNss FORMAT
& F10
DATA BLOCK L ~(OMIT YF N2VAR = 0
e A s S COMM
N2VX | M2VK | N2VY M2VY FORAT |
* 4110 |
DATA BLOCK M -Cmrr IF N2VAR = 0
+5_ e - = COMMENT]
NZ1 NZ2 NZ3 Nk NZ NZ6 NZT | NZ FORMAT |
*
DATA BLOCK N _-_Counf)zr N2VAR = 0
+ S
X1 X2 X3 X6____|X5 X6 X7 X8 _
* e F
DATA BLOCK 0 —{OMIT)IF N2VAR = 0
+ o CO!
Y1 Y2 13 Y4 15 Y6 Y7 Y8 FORMAT | -
* BF10 |
DATA BLOCK P
END FORMAT |
* [EN—D 3AL -

S e
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SUMMARY OF COPES DATA

LISTING OF DATA AS IT APPEARS ON PUNCHED CARDS

COL.~ )

= 20 30 40 50 cope

LASER TURRET OPTIMIZATION AT M = 0.7
$ BLOCK B - CONTROL PARAMETERS

2 3
$ BLOCK C.-~ CONMIN: INTEGER PARAMETERS
5
$ BLOCK D - CONMIN REAL PARAMETERS. USE ALL DEFAULTS.
0.
o. ;
$ BLOCK E - MINIMIZE PHASE DISTORTION
3 169 -1.0
$ BLOCK F - DESIGN VARIABLE LIMITS
$ COEFFICIENT A - 5

-3.0 3.0
$ COEFFICIENT A - 6
‘300 3-0
$ COEFFICIENT B - 6
-3.0 3.0

$ BLOCK G - DESIGN VARIABLE IDENTIFICATION
$ COEFFICIENT A - 5

1 6 1.0
$ COEFFICIENT A - 6

2 71.0
$ COEFFICIENT B - 6

3 60 1.0
$ BLOCK H - CONSTRAINTS

1
$ BLOCK I - CONSTRAINT ON SLOPE

139 168 1

$ LIMITED TO SMALL PERTURBATION THEORY
-0.3 0.3 0.3 0.3
$ BLOCK P - END OF COPES DATA
END
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G. TURRET ANALYSIS DATA

The data required to analyze the laser turret described above are listed
here on a data sheet reproduced from APPENDIX C. Note that the Mach number
for each beam orientation (BLOCK N) is read as zero so that all beam orienta-
tions will be analyzed at the nominal Mach number of 0.7. If another rum 1:
desired at a different Mach number, only AMACH (BLOCK B) need be changed.
If certain beam orientations are to be analyzed at different Mach numbers,

the appropriate value should be read in BLOCK N.
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DATA BLOCK A

LASER TURRET ANALYSIS DATA

t

TITLE FORMAT |
SVUBSomIC LARSER TVRREI BT sSE68 _LEVEL 20A4
DATA BLOCK B :
AMACH | DENRTO | TDENRT | DENGAM | AKPRIM | WAVEL FORMAT
2.9 .0 /2 l.408 |.00023 ] 3.4 —¢ 6F10
DATA BLOCK C ,
RFUS | AL THMAX | ACL EPS | FORMAT
2.5 | z.0 ‘o, s °.3 SF10
DATA BLOCK D :
MAXK [ MAXP | NXBC NTHBC FORMAT

é é Z 1 4110
DATA BLOCK E -
[ ABARO T'ABARL [ABAR2 | ABARI | ABARG |ABARS | ABARG | ABAR7 | FORVAT |
2.2 o. |-o.é7104 2. |-atsesé . 0, 006744 8F10
DATA BLOCK F
X YBC YPBC [ FORMAT |
=Z.° °. 2. 3F10
1.0 o, o,
[ ]
I 3
I
DATA BLOCK G %
BBARO | BBAR 1 |BBAR2 | BBARJ | BBARG | BBARS |BBAR6 | BBAR7 | FORMAT
o. lo.s2224] o, 0. 40056 0.  |-aaired | 8F10
: ] |
DATA BLOCK H BRI,
[ THETA | YBC___ | YPBC FORMAT
Z.2 o. 2. 3F10 |
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LASER TURRET ANALYSIS DATA - CONT.

DATA BLOCK
EPSM X1 FORMAT
) 2,.15]| o. 2F10
DATA BLOCKR J .
NETAI | NRBI FORMAT
* 2110
DATA BLOCK K Lo i 5
ET ETA2 ETA3 ETA4 ETAS ETA6 ETA7 ETA8 FORMAT |
1 4S. 90, 135, /8, 225, | 272. | 32%. 8F10 |
DATA BLOCK L = e 4
RBL___ | RB2 RB3 RB4 RBS RB& RB/ RB3 FORMAT |
*| co5| ot 8F10
DATA BLOCK M
NBEAM FORMAT |
* _3 110
DATA BLOCK N
PHI GAMMA [AMACHI [ WGHT FORMAT
® o. 50, 4F10
445 30.
90. 10.
64




SUMMARY OF TURRET ANALYSIS DATA

LISTING OF DATA AS IT APPEARS ON PUNCHED CARDS

COL~» 1 10 Jo' 30 4L JQ': ﬁ&_u.u.

SONIC LASER TURRET AT SEA LEVEL ks
.7 1.0 1.0 1.405 0.00023 3.4-6 '
2.0 60.0 10.0 0.3 :
6 2 1
-.61111 0. -.18056 -.006944
o. 1
o.
-.61111 0. -.18056 -.006944
o.

2
90. 180. 225. 270.
(end of card) 315.

50.
30.
10.

TOP<€— (New COPES Data Title Card To Terminate Program After
. This Run)

A
B
C
D
E
F
F
G
H
I
J
K
L
M
N
N
N
A




%I § VI. SAMPLE OUTPUT

2 f ccccccc 0000000  PPPPAPP  EEEEEEE 3353338 :
: o » P € s

» L s
PPPPPRP  EEEE $333ssS
" € s

[ € s
cccceccc 0000000 EEEEEEE  $333sSS

o000 Nn
-X-N-¥-¥-)
~X-N-N-)

' ‘ NASA « ANES
b | f - CONTROL PROGRAM
Z : ENGINEERING SYNTHESTIS

TTTLE
< LASER TURRET OPTIMIZATION AT M = 0.7

rader i s b ey dlian
L R g, PRE R R Y oy )

g o 7l

- e

4

T
Solit 3 s

PR RSEOR S
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CARD IMAGES OF CONTRaL DATA »

CARD

IMAGE

1) LASER TURRET OSTTMIZATION AT M 3 0.7

2) s
q) $

BLOCK 8 « CONTROL PARAMETERS
e : 3
BLOCK C « CONMIN INTEGER PARAMETERS

S) S
;) $ BLOCK D « CONMIN REAL PARAMETERS, USE ALL DEFAULTS,
) o,

8) o,

9) $ BLOCK E = MINTMIZE PHASE DISTORTION
10) 3 . 169 =1,0

11) 3 BLOCK F « DESIGN VARIABLE LIMITS

12) 8 COEFFICIENT A = S

‘3’ 3,0 3.0 3

14) 8 COEFFICIENT 4 « &

ls’ «3,0 3.0 '

16) 8 COEFFICIENT p o« &

17) =3,0 3.0

18) 8 BLOCK G <« DESIGN VARIABLE IDENTIFICATION
19) 8 COEFFICIENT 4 « S
20) 1 3 6 1.0
21) 8 COEFFICIENT 4 . &

22) 2 7 1.0

23) § COEFFICIENT B « &

24) 3 60 1,0
25) 3 BLOCK M < CONSTRAINTS

26) 1

27) 8 BLOCK I - CONSTRAINT ON SLOPE

28) 139 168 1

29) 8 LIMITED TO SwaLlL PERTURBATION THEORY
30) <0,3 0,3 0,3 0,3

31) S BLOCK P o ENp OF COPES DATA

32) E€ENO

67
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IMAGES OF CONTRn DATA »

IMAGE

LASER TURRET Oar{MIZATION AT M = 0,7
8 BLOCK B « CONTROL PARAMETERS

H 3
$ BLOCK C « COnNMIN INTEGER PARAMETERS

s
$ BLOCK D « CONWIN REAL PARAMETERS, USE ALL DEFAULTS,
0,

0
$°BLUCK € = MINTNIZE PHASE DISTORTION
3 . 169 =1,0
s BLOCK F = DESIGN VARIABLE LIMITS
$ COEFFICIENT A = S
«3,0 3.0 _
$ COEFFICIENT i « 6
«3,0 3,0
$ COEFFICIENT a . &
*3,0 3.0
$78LOCK G - DE§GN VARIABLE IDENTIFICATION
$ COEFFICIENT 4 « S
1 z 6 1.0
S COEFFICIENT 4 . &
2 7 1.0
s COEFFICIFNT B « ©
3 &0 1,0
$ BLOCK H « CONSTRAINTS

1
$ BLOCK I « CONSTRAINT ON SLOPE

139 168
3 LINITED TO SwaLl PERTUQBATIQN THEORY
0,3 0.3 0,3 0,3
S BLOCK P « ENp oF COPES DATA
ENO

P PRPI— —m
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TITLE: y
LASER TURRET OPTIMIZATION AT M 2 0,7 L)

CONTROL PARAMETERS?

CALCULATION CONTROL, NCALC = 2
NUMBER OF GLOBAL DESyGN VARIABLES, NOV = 3
NUMBER OF SENSITIVITy VARIABLES, NSV 3 =0
NUMBER OF FUNCTIONS pn TWO=SPACE, N2VAR = <0
INPUT INFOURMATION PRynNT CODE, IPNPUT = =0
SENSITIVITY PRINT cOpe, IPSENS 3 =0
TRO=SPACE PRINT CODE, IP2VAR a2 <0
DEBUG PRINT CODg, IPOBG = =0
CALCULATION CONTROL, NCALC
VALUE  MEANING :

1 SINGLE ANALYSTS

2 OPTIMIZATION

3 SENSITIVITY

'] TWO=VARIABLE puUNCTION SPACE
GLOBAL VARIABLE NUMBFR OF OBJECTIVE s 169

MULTIPLIER (NEGATIVE INDICATES MINIMIZATION) = «,1000g+01

CONRIN PARAMETERS (IF ZERO, CONMIN DEFAULT wWiLL OVEReRJDE)

xP;xnr ITMAX ICNDYR  NSCAL ITRM  LINOBJ NACMXQ NFDG
-0 S

<0 « 0 £y} «0
FOCH FOCuum cT CTMIN
Qe .°o «0, -0.
cTL CTLmgN THETA PHl
-0, -0, «0, =0,
DELFUN DABFUN
Oe -0,

DESIGN VARTABLE {NFOQMATION
NON=ZERO INITIAL VALug WILL OVERe=RIDE MOOULE INPUT

0. Y. LOWER UPPER INITIAL

NO. 80UNO BOUND vALUg SCALE
1 ©,30000E+01 .30000€+01 <0, -0,
2 «,30000€401 .30000€401 <0, -0,
3 «,30000€+01 .30000€+01 <0, -0,

DESIGN VARIABLES

De Ve 6LOBA MULTIPLYING

10 NO, VAR, NO. FACTOR
1 1 6 «10000E%01
2 2 14 «10000€+01
3 3 60 +10000€+01

- CONSTRAINT INFORMATION

THERE ARE | CONSTRATNT SETS

69
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NORMALIZATION
FACTOR
+30000€+00

S — - ey

L T TR I e~ n

T e

1 i
| ! 3
1 3
1 { .
i
i
: GLOBAL GLOBAL LINEAR LOWER NORMALIZATION UPPER
g0 VAR, | VAR, 2 10 8QUND PACTOR BOUND
. 1 139 - 168 1 ©,30000E+00 +30000€¢00 +30000€+00
TOTAL NUMBER OF CONSTRAINED PARAMETERS = 30
DATA STORAGE REQUIREmgNTS
REAL : INTEGER
! INPUT EXECUTION AVAILABLE INPUT  EXECUTION AVAILABLE
: 144 a07 $000 103 118 1000
x 1
bd s e 23
| is
% 70
12 S
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f TURRET ANALYSIS INPUF

¥ TITLE :
SUBSONIC LASER TURRET AT SEA LEVEL 2

i AERQ=0PTICS
MACH NUMBER, AMACH s 700

! EXTERNAL DENSITY RATrgN, DENRTO s 1,000

i INTERNAL DENSTTY RATyg, TDENRT = 1,000

¢ PRESSURE=DENSITY EXPaNENT, DENGAM = 1,405
PHASE DISTORTION CONSTANT, AKPRIM = ,2300€.03
WAVELENGTHe WAVEL s ,3800€-05

GEOMETRY :
FUSELAGE RAOTUS, RFUg s 2,500
TURRET HALF=LENGTH, s 2,000
TURRET MALF<ANGLE, THMAX = 60,000 DEGREES
3
z

TURRET MELIGHT FACTOR, gPS 300
TURRET MALF=SPACING, ACL 10,000

TURRET POLYNOMIAL SHapE COEFICIENTS

X=0IRECTION, OROFR 3 &
i COEFICIENTS
; ,10000€401 0, «,61111E400 0, «,18056¢+00
t O -.09.‘o¢-°2
: BOUNDARY CONDITIONS
! /L Y  YePRIMg

0,000 .300 200,000

®]1,000 «0,000 «0,000
1,000 «0,000 «0,000

THETAOIRECTION, OROFR 3= &
COEFICIENTS
«10000€+01 O, 61111400 O,
O e,869840€-02

«,18056g+00

B e,

BOUNDARY CONDITIONS

THETA/THMAX Y Y=PRIHE
0,000 «300 200,000
1,000 «0,000 «0.000

R )

o y LOCATION OF CENTER Of MIRROR
xp s -0.000 !'s" s 1,150

BT e s PHASE OISTORTION CALFULATION POINTS
ANGLES

i 0,000 as,000 90,000 135,000 180,000
§ i : 225,000 270,000 315,000

;‘i_ RADIT

! «080 «100

SEAM onxgnrartons
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45,00 30,00

AN
; 0,00 So,00
3 9,00 10,00

PH] GAMMA MACH WEIGHT

«700 1,000
700 1,000
<700 1,000

PHASE DISTORTION CALFULATIONS

BEAM ORIENTATION NUMpgR l

AZMUTH ANGLE

1}
0,00 DEGREES

ELEVATION ANGLE s $0,00 DEGREES
MACH NUMBER s 5
R ETA 4 x Y A »

0. 0,00 o, 0, +1920€+00 0,

«5000€=01 0,00 o, +5000E=01 016236400 ,7546E+00
+5000€=01 4s,00 sssoi-ox «3536E<01 «1629€400 ,S477E+00

.50005-01 90,00 .soooE-ot e667SE=09  ,1898E+00 ,1350E=01
«95000€201 135,00 ,3536E=01 «,3536E«01 «2174E400 <«,5351E+00
.soooe-ot 180,00 .1335E=08 =,5000E=01 22291E900 =,77aSE*V0
«5000€-01 225,00 o, '3536E«01 «,3536E«01 ,2174E400 «,5351E£400
+5000€-01 270,00 o, "5000€=01 «,2002€=08 ,1898E+00 ,1850€<01
+«S000E=01 315,00 -,sss.E-ot ¢3536E=01  ,1629E¢00 ,Sq77E+00
<1000€4+00 0,00 +1000E+00 ,1109€+00 L1a61€+01
«1000€+00 45,00 70715-01 07071E=01  ,1307E+00 .1089€+01
+1000€E+00 90,00 1oooEooo ¢1335€E«08  ,1829E+00 ,7326E-01
«1000€+00 135,00 1071:-01 «,7071E=01 02396E+00 <,1070E+401
+1000€4+00 180,00 za1o£-oo «31000E+00 ,2645E+00 «,1581E+01
+1000E+00 225,00 ..7ovl£-ot ©,7071E=01 «2396E+00 «,1070E+01
«1000€400 270,00 o,1000E¢00 <,4005E=08 «1829€400 e7826€=01
.1000€400 315,00 ..7071E=01 ¢7071E=01 «1307€+400  ,1089E+01

ZERNICKE COEFFICIENT¢/

AVERAGE = «10883E<p2

TILT, X 3 ,1288%4E+a0 Y3 =,10536€~02

FOCUS = ,30067E=93

ASTIC = «,20378E=gp2 ,12277E-04

cOMA 3 ©,13262E-03 «,21063E<06 «,48326¢-03 ,25331g=02

PHASE OISTORTION CALFULATIONS

BEAN ORIENTATION NUMmgR = 2

AZMUTH ANGLE s 45,00 DEGREES

ELEVATION ANGLE s 30,00 DEGREES

MACH NUMBER s b

R ETA ; X Y A N

°. 0,00 0, 0. .3332(000 [ IS
«$5000€=01 0,00 @, ¢8000€=01  ,19g3E+00 ,7872€+00
+5000€<01 45,00 ,3836E=01 03536€<01  ,2166E400 ,2368£400
«5000€<01 90,00 _S000€=01 0667SE=09  ,2601E¢00 =,4896E+00
+5000€01 135,00 ,3S36Ee01 «,3536E<01 02977E400 «,8906L+00
«8000€=01 180,00 ,13356=08 «,5000€-01 030626400 «,7552E+400
«5000€-01 225,00 ,,35306E<01 «,3536€-01 028336400 «,1882€400
«$000€=01 270,00 «,5000€=01 «,2002€=08 ,2434E+00 ,4%a3E+00
«5000E-01 315,00 o, 3536€-01 ¢ 3S36E=01 «2073E+00 «8a22E+00
«1000€400 0,00 o, «1000€+00 «1181E+00 «1800E+01

T
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«1000€+00 as,00 1071!-01 «T7071E=«01 +,1668E+00 +6386E+00
«1000€¢00 90,00 looo¢oco o1335E=08 ,2640E+400 «,9374E+00
«1000€000- 135,00 7ort£oot e, 7071E=01  ,3411E¢00 «,1821E+01
«1000€+00 169,00 2.70:-00 ©o1000€+00 ,3547E+00 «,1486E+01
«1000€q000 22%,00 .,107|E-Ol «o7071E=01 ¢3077E+00 «,3232€000
«1000€+00 270,00 o, 1000€¢00 <«,4005E=08 +2309€¢00 +8960€+00
«1000€400 315,00 o,7071E=01 «7071E=01 +1530E¢00 «1759€+01

ZERNICKE COEFFICIENTS/

AVERAGE s «89776E€<q2

TILT, X ® .13300:000 Y8 «,78917g-01

FOCUS 3 ,37912€=p2

ASTIG 3 _26035€=p2 «5670%5€=02

coma 8 ,050%8€=q3 . 7799SE=04  ,32978E=02 .27808E=02

PHASE DISTORTION CALCULATIONS

BEAM ORIENTATION NUMRgR . 3

AZMUTH ANGLE 90,00 DEGREES

ELEVATION ANGLE n 10,00 DEGREES

MACH NUMBER s o7

g ETA ] X Y A ]

Qe 0.00 o. Oe «3840€+00 0.
+5000€=n1 0,00 o, «5000€=01 ,2708E4+00 ,7185E+00
«5000€=01 45,00 «3536E=01 *«3536E=01 «2928E+00 +3686E+00
+5000€-01 90,00 ,5000E<01  ,667SE=09  ,3434E+00 <,1813E=01
«5000€=01 135,00 sssoe-ol ®03536E=01  ,3901E+400 «,2612E+00
«5000€-01 180,00 13355-00 ©,S000E=01  .4066Ee00 =,4199€400
,5000€201 225,00 ..3536E=01 <,3536E<01 ,3901E400 «,2612E+00
+S000E=01 270,00 o, 5000E=01 =,2002E=08 ,3a34E+00 «,1814E=01
«5000€-01 315,00 ., 3536E-01 +3536E-01 02928E400 ,4686E400
«1000E+00 0.00 o, «1000E+00  ,1783E+00 ,1692E+01
«1000€400 45,00 ,7071€=01 ,7071E«01 ,2361E+00 ,9818E+00
+«1000E+00 90,00 ,1000E+00 ¢1335E=08 ¢3G13E+00 «,9792E=01
«1000€400 135,00 ,7071E=0l <«,7071E«01 ,4249E400 «,0617E4+00
«1000E+00 180,00 ,2,70€E=08 <=,1000E400 ,4S14E+00 «,8736E+00
«1000€400 225,00 ., 7071E«01 «,7071E<01 24249E€400 «,6617E+00
«1000E+00 270,00 o, 1000E400 =,4005E=08 ,3q13E400 «,9792E=01
«1000E400 315,00 ., 7071€=«01 ,7071E=01 ,2361E400 ,9818E+00

ZERNICKE CGEFFICIENfsl

AVERAGE = ,19155E=9

TiLT, X = _99613E=qy Y8 o,78723€-03

rFoCus 3 .oz:vee-nz

ASTIG =  ,81849€=j> «,72295E=04

coMA ] .sos:rt-nz +10055€=08  ,29599€«02 ,17965€«02

FLOW FIELO FOR THETA 5

MACH NUMBER

+700
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«,8000E+01
©,3600E+01
-.3200(001
©,2800€+01
»o2800€+01
©,2000E+01
®y1600€+01
«,1200€+01
«,8000€+00
©,8000€+00
0@97a€=13
+9000€+00
+8000E+00
«1200€+01
«1600E+01
+2000€+01
.QQOOQOOI
«2800€+01
+3200€+01
«3600€+01
«a000€+01

R
«1000€+q1
«1000E¢q1
«1000E+qg1
«1000€+01
«1000€+¢99
«1000€+01
«1028€+01
«1103E+01
«1197€+01
.1272€+01
«1300€+01
«1272€+q
«1197€+01
«1103€eq1
«1028€E+01
«1000€+gy
«1000E+01
+1000€+0y
+1000€+01
«1000€+q ¢
«1000€+01

PHI
,3757€=02
e, 7151€=02
..7]“°€.°z
-, 7275E=02

=, 1601E=01

®,3092€=01
e, 7512€=01
., 9141E=01
e, 7710€=01
«.4235€01
«5391€=1g
L4235€=01
«7710E=01
<9141E=01
«7512E=01
L8092E=01
+1601E=01
+1275E=02
«7146E=02
«T151E=02
«U47S7E=02

v
*,7515€=02
*,3380€=02

«2194€<02
*,6934€=02
-, 40208€<0)
*,8283€-01
«,90061€<01
*,3756E=01

«3703E=01

.9030€=01

«1084E+00

+9030€=01

«3703€E<01
..37505.0‘
*,9061E=01
-, 8283E<01
*,4028E=01
,6933€202

«2194€E=02
«,3386E=02
*,7515€=02

CRITICAL PRESSURE CUFFFICIENT ON SURFACE =

SURFACE DEFINITION

«10000€E+01 o,

POLYNOMIAL COEFICIENTS (B(I)s» 130,MAXP)

«10000€+02 o,

0.
COORDINATES
X

-2.200
'20000
“o‘oo
1,600
.".00
.!.!00
.loooo
*,800
®,600
*,800
©,200
000
«200
+«800
0600
«800
1,000
1,200
1.400
1,600
1.800
2,000

(ePS =

3 +300)
POLYNOMIAL COEFICIENTS (A(I), I=0,MAXK)

*,61110€E+00 O,

©,69440r.02

=,18321€E+01 0,

©,69440p.02
4 I=PRIME

0,0000 0,0000
0000 0,0000
«0069 «0700
0278 01378
00610 01918
<1032 02263
«1500 «237S8
01966 2299
«238S 01908
12716 1377
2927 0722
«3000 «,0000
.2’37 '.0722
2716 -, 1377
2388 «,1908
11966 .,2209
+1500 ©,237%
.1032 «,2203
.0.10 ..‘.“
0278 «,137%
00069 «,0700
0000 0,0000

74
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«10878€<02
06275E-02
0 71948E=03

®,1103E-01
©,6405E-02
03960€<01
«1169€400
.19032000
«1370E+00
+«7510E<01
=e9533E=1g
=,7510€E=01
*,1370E+00
«,1593E+00
. 1169€+00
-, 3'605‘0 ‘
06405E=02
e1104E<01
*eT94B8E=03
=,6275€=02
=e1878E-02

a1.7639S

IN X<OIRECTION

ce
«1503€<01
067336202
-, 4389€<02
¢ 1375E=01
+80S2E=01
+1641E+00
+1675€+00
«8976E=01
v,9283¢€-01
v, 1862400
-.21305000
«,1862E+00
©,9283E<01
< 4976E=01
«167SE+00
+1041E+00
«8052F=01
+1375€<01
=,3389€=02
«©733E<«02
+1503E-01

011805E+00

IN THETA-DIRECT]ION

+880677€+00
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3
F
!! ! 2,200 0,0000 0,0000
B | ‘ ; THETA
E - RADIANS DEGREES z Z=PRINE
?" 1 01.152 ....oooo °.°°°° 000‘00
.‘ i .l.°.7 -60.0000 .0000 ..°.°°
‘ | =,942 .,'.0000 . 20107 o""
y -,0838 =48,0000 0387 <3286
-.,33 '.2.0000 .07,7 .‘0.3
'052. -30.0000 .‘2!3 ..,”
-.SZC .30.00.0 clb.. 0.302
-, 819 «24,0000 2112 <3889
-, 314 «18,0000 2082 «3139
., 209 12,0000 2764 2209
105 «6,0000 «2980 1139
«000 +0000. «3000 ©,0000
<108 6,0000 2940 -, 1139
209 12,0000 2764 -,2209 1
.3‘. 10.0000 .2..2 '.3‘!’ 4
419 20,0000 2118 -, 3859 1
. «328 30,0000 1684 -,3302
628 36,0000 «122% -, 4399
: #733 42,0000 #0777 -,4082
e <838 46,0000 «0387 -, 3286
902 54,0000 «0107 =,1907
1,087 60,0000 «0000 +0000
1,152 66,0000 0,0000 0,0000 r
SUM OF SGUARES OF PHMASE DISTORTION = ,36648E+02

75




co
FORTRAN

VERSION I1I

LR AR B N N N IR N N

NMIN
PROGRAM FOR

CONSTRAINED FUNCTION MINIMIZATION

CONTROL PARAMETERS
!P:IN‘ NOV 1THAX NCON
3

20 60

LINQGBJ [TRM Ni N2

-0 3 s 66
ct cTMIN

©,10000€+00 43000002

THETA eHI

+10000g+01 «50000g+01

FOCH FOCHM

«10000€-01 +10000€=01

N3 Na
S S

cTL
®,10000€=01

ODELFUN
«10000€=03

LOWER BOUNDS ON DECIgrON VAaxaaL!s (VL8)

1) ©,30000€+01 <, 30000€+01

=,30000€+01

uvvln B0UNDS ON OECIQIPN VARIABLES (VU8)

1) +30000E+01  _30000E+01
ALL CONSTRAINTS ARE ;" INEAR

INITIAL FUNCTION INFARMATION
o8J s «306482€+02

DECISION VARTABLES (xoVECTOR)
1) 0, ,09080E=02

CONSTRAINT VALUES (GoveECTOR)
1) ©,10000€+01 o,10000€+01
7 *,14725€401 o, 52753E400
13) o, 17642€+01 ..23516!000

«30000E+01

©,69380E02

-, 11598€+01
°,16011E+01
«, 17910E+01

NSIDE ICNOIR
q

CONSTRATNED FUNCTION MINIMIZATION
NASA/AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,
' JuLy, 1978

TR B IR B P B B B B BN B B I R B RN BN B

L 2k 2% IR N A B M N N N N

NSCAL  NFDG

NS
10

CTLMIN

«10000E<02

DARFUN

036648¢-01

«,83021€+00
«.39889€400
«,20905€+00

-, 13218€+01
«e17001E+01

©y17796€+01

©,67816E+00
..2.”.E'°0
*©,22039€+00

.




o

35 o i e T
T e

ALPHA s

A oo A S e el 8

Pt Rl A

e ey <
B ——

2
:

PROPOSED DESIGN
0160492€<01

77

19 0 1731SE+01 ., 26850E¢00 «,16495€401 «,35047E+00 «,15380€+01 <=,86200E¢00
) ! 2%) @ 180236401 o.59771€400 «,124B7E+01 «,75130€400 «,10841E+01 =,91586E+00
Bt 31) ©,91G86E+00 o, 10841E401 «,75130€400 <«,12487E401 «,59771E+00 <=,14023E+01
E: | * 37 ©,46200€300 o 15380E+01 «,3S047E+00 =,16495E+01 «,26850E¢00 =,1731SE+01
g e3) ©,22039€400 o, 17796E+01 <,2090SE400 =,17910E+01 «,23576E+00 =,17642E+01
&3 49) ©,29994€400 o,17001€401 «,39889E+00 «,16011€+01 «,52753E+00 <,14725E+01
ke | ss) ©.67816E400 o, 13218E401 «,84021E400 <«,11598E+01 «,10000E+01 =,10000€+01
3 {
!f{ BEGIN ITERATION NUMBER 1
}é‘z . CT s =,100006+00 CTL = «,10000€=01 PHI &= ,50000€+01
| THERE ARE 0 ACTIVE CONSTRAINTS
i |\
o THERE ARE 0 VICLATED CONSTRAINTS
g THERE ARE 0 ACTIVF SIDE CONSTRAINTS
|
. GRADIENT OF 08J :
k- 1) «53385€+403 ., 70436E+03 ,19787€+02
;- SEARCH DIRECTION (SeygcTOR) i :
2 1) ©,75935€400 _10000€+01 <,28092E<01
K ONE=DIMENSIONAL SEARCH
3 | INITIAL SLOPE = <=,1111E+04 PROPOSED ALPHA ¢ +3298€<02
E |
.’.' !
g |
g ® ® CONSTRAINED ONE=DIMpNSIONAL SEARCH INFORMATION « # #
= PROPOSED DESIGN
= | ALPHA & ,32985E<02
: XeVECTOR
< 0.25.5(-03 .03.‘.£.°a ..7017;-02
i 1 08J = ,33029€402
! i CONSTRAINT VALUES 3
ks i ©e1000g+01 <,1000g001 <,1219g+01 «,780Sg+00 «,1407g+Q1 =,5927g¢00 =,1559€4+01 «,4805E+00
B | ' 160706401 «,3203E400 o,1789E401 «,2510€400 «,1786E+01 «,2134E+00 =,1785E401 <=,2139E+00
1 ©o1750€+01 <©.2503E400 o,1683E+01 «,3171E4+00 <,1589E+01 «,8113E400 <«,1472E+01 <,5283E+00
. ©o1337€401 =,6630€400 < 1190401 «,8097E+00 <,1037E+01 «,9629E+00 «,8833E400 <,1117€+01
& | @ 7387€400 <,1265E401 . «,S968E400 <, 1403E401 «,A709E400 «,1525E+01 =,3738E400 «,1626€401
e . ©, 20786400 <,1702E401 <,2506E+00 <, 1749E+01 «,2387F+00 =,1755E401 «=,2521E+00 <,1748E+01
| ©3034€000 «,1697€+01 o,3881E400 «,10126401 <,50493E400 «,1496E+01 =,6486E+00 =,13551E+01
E ©,8161E400 <=,1184E+01 <,1000E401 <«,1000€+01
¥ | ' THOSPOINT INTERPOLATiON




1

XeVECTOR
*,1252€=01

08d s

«20655€+02

CONSTRAINT VALUES

©.1000€401
*,1964E+01
e, 1630€,01
*.1076E+01
..6“2!000
«,8152€+00
«,3175€,00
©,7197€+00

«,1000€+01
'03500!.01
«,3098€+00
*,9241€+00
'01332!00'
'o‘S.S(OOl
e, 1683E€,01
«,1280€+01

ee7807€02

..1080!00!
-.IQGSEOOI
..'."EOO‘
«e956SE+00
..59302000
«e3713E+00
..30535000
..10002003

THREE=POINT INTERPOLATION

PROPOSED
ALPHA =
XeVECTOR
.0‘3,.!'01

08J s

DESIGN
«18127€<01

«1118€=01

«19478€402

CONSTRAINT VALUES

e,1000g+01
©,2000€,01
o,1515E+01
e,1044EL01

°,6600E+00
®,8297€400
«,3192€+00
..707“’°°

» » o ENO OF

©,1000g+01

+2135€«13
,3845€+00
®,9564€+00
e,1340g+01
«,1570€401
*.1p81F+01
*,1292¢g+01

CALCULATED ALPHA 3

o8d s

<198784€,02

-.7‘53‘002

e 1388€+01
«e1969€401
ee14549E+01
ee9276E400
-159258000
ee3863E400
«e3398E+00
..10005001

L18127€<01

DE:IS!ON VARTABLES (x-VECTOR)

1)

e, 1376Sg<01

lllO}g-Ol

CONSTRAINT VALUES (G.VECYOQ)

;l
)
+ 13)

©o10000E+01
o, 1950S€E401
..‘0“’£00‘
®,1864SE401
e,10836E+01
e, 73701400
©,53264€400
©,38026E+00
e, 31919€+00
*,51697€+00

-, 10000€+01
P d’ﬂllf.ﬂl
..1131‘!.00
-, 53553€400
-, 95630€400
P 120305001
-, 10674E401
..‘01376001
-, ‘6.0.!00‘
e, 14880E+01

8EGIN ITERATION NUMBER 2

«,5618€+00

.5921!-01
e, 51156400
«,1043E+01
- 1507!00!
- ngO!oOl
«,1655€401
e.1000€+01

,5122€+00
e, 3103E01

.slsstvoo
«,1072E+01
-, *1407E4018
-, *1614E401
- 15905001
«,1000E+01

ONE«DIMENSIONAL SEARCH

°,1769€+01
«,1871€+0}
'013‘55001
'.".°s’°°
e ,5263E+00
=, 337SE+00
.0.115!000

'ol"lEOOl
-,1882E+01
'0131§E0°‘
*,8257€+00
=.5325E+00
©,3503E+00
«,8000€+00

,2511€+00
*,1287€+00
e, 6548€+00
e, 1151E+01
..]“7.‘00‘
16626401
.,1500(001

©,208Tg+00
e,11815+00
°,68506+00
e,1178€¢01
e,14p7€+01
e, 1650E+01
=e1600E+01

e, 1907€+01
..‘7°2E0°l
-.lzottoﬂl
e, 7531E+00
'.0.7‘E0°‘
«,3177€+00
=,5306€400

*,1951E+01
«,1759€+01
e, 1173E+01
«,7370€400
e, 4786E+00
°,3258E+00
«,5160€E+00

*,9256€-01
=,2384€+00
«,7937E+00
e, 1247E+01
*,1535€+01
*,1682E+01
®,1469€+01

°,4948E-01
-.23155000
«,8260E€+00
=,1263E+01
*,1521E+01
e, 16TUE+OL
e, 1484E+01

-, 7453202

e, 18878E+01
- 200005001
- 17SO1E0°i
-, lll§0€00|
- 02757!000
.. 65999400
...7'..:000
=,35028E+00
.33978E400
*,70778€E+00

«,51220€+00

Ld1448E=13
«,20135E400
-, 68899E 400
-, 10724E+01
°,13300€+01
«, 15214401
e, 16497E+01
« 16602€401
-, 12922E+01

es 1 T913E401
..19090E001
e 161SUE+01
w11 734E+01
.82506E*00
-, 59255€+00
«,82971E+00
«,32578E+00
©,80000€+00
©e10000€E+01

©,20873E+00
©,51029€=01
©,38459€+00
©,82660E+00
e,11763E:01
©,1407SE+01
«,15703E+01
°,16742€+01
«,16000€+01
©,10000E+01




B | f c ; o Lo . : ST

CT 8 «,10000€+00 CTL = «,10000€E=01 PHT ® +50000E+01
: ! THERE ARE 1 ACTIVE CONSTRAINTS
| CONSTRAINT NUMBERS Apg
| 10

THERE ARE 0 VIOLATED CONSTRAINTS
THERE ARE 0 ACTIVy SIDE CONSTRAINTS

GRADIENT OF 0OBJ X 3
] o 12385€403 ., 58717E+03 .80811E+01

¥ it
S b e

ey S R B s i
-t

GRADIENTS OF ACTIVE anD VIOLATED CONSTRAINTS
CONSTRAINT NUMBER 1g,
1) ®,12342g+02 J12033E+02 O,

PUSH=QFF FACTORS, (THegTACI),» Isl,NAC)
1) 0,

CONSTRAINT PARAMETER, BETA = .78996E+00

GRS S SRR s ARG,

SEARCH DIRECTION (SevgcTOR)
1) «10000g+01 .97698€+00 =,3d940g=01

QA T e BT TN 32 A

4 ONE=OTMENSIONAL SEARCH
& INITIAL SLOPE = «,dg01E+03 PROPOSED ALPHA 3  ,8655E=02

T et

® ® CONSTRAINED ONE=DIMpNSIONAL SEARCH INFORNATION « * »

PROPOSED OESIGN
ALPHA 3 ,86554E<02
X«VECTOR

© 5109802 ,1964g=01 o,7756€=02

08J = «15172€402

3 : CONSTRAINT VALUES
4 3 ©e1000E401 <,1000€+01 o,1538€401 «,3663E400 «,1882E401 «,1580€+00 <=,1982€401 =,1844€=01
©,2000€+01 «5329€=13 < 1937E401 «,p340E«01 <«,1823E+01 «,1770E+00 =,1684E+01 =,3161E+00
i 0e1538€401 ©,3021€400 o, 1398401 «,6022E+00 =,12726+401 «,7280E+00 =,1104€+01 =,8357€+00
©o1076E401 ©,9205E400 <,1004E401 «,5964E400 «,9086E+00 «,1055E+01 «,8931E+00 <=,1107E+01
©,8833€¢00 ©,1157E401 <,7894E+00 <, 1211E+01 «,7266E+00 «,1273E+01 ®,6514E+00 <=,13a9€401
©e5029€400 <« 1037€401 o,0627E400 =, 1537€401 «,3565€400 «,1644E01 <«=,2531E+00 =,1746E+01

i N
e e | N —

o o

#

: © 17008900 <«,1830E401 <« 1261€E+00 < 1879E+01 ~,1485€+00 «,1851E+01 «,2720€+00 ~=,1728€E+01
‘ ©,5389€400 =,1361E+01 «,1000E401 =,1000€401

e 3 TNO=POINT INTERPOLAT}oN

NEL . -

B | PROPQOSED DESIGN

g "1 ALPHA 8 ,13765¢<01

3 i XeVECTOR

79

B e ——

gy Sl

-&"




[ —

'.!SZQE-IC
08J =

02063E=01

«13638€¢02

CONSTRAINT Va_LUuES

®,1000g+01
*,2000€,01
*, 1892€+01
e,1094€,01
*,9515€¢00
....‘s¢0°°
©,82%50€=01
*,8392€+00

=,1000g+01

«7698€-13
*¢5079€+00
«,9056E4+00
©e1049€+01
«,1359€401
=,1917€+01
*e1561E+01

oo 7934Ee02

..‘s.‘!’o‘
«e1917E,01
otlss'EOO‘
..10495001
©e9056E+00
-.80795000

0.
*e1000E+01

«,3392g+00
*,8250€-01
e 641SE+00
-, 9515€400
=, 1094E+01
- 1492€401
= ,2000€¢01
=,1000E+01

o # « END OF ONE=DIMEFNSIONAL SEARCH

CALCULAT
08J =

ED ALPHA =

«136384€+02

L13765€<01

p(C;SION VARIABLES (x-vECTOR)

®,35250E-14

+28631E=01

co?gtntlnr VALUES (GavECTOR)

7)
13)
19
es)
31)
37
a3)
49)
ss)

*,10000€+01
©,19999€,01
=, 178836401
e, 13585€4+01
*,1094a€+0)
0.705225000
e, 84107E400
©,50786E+00
*,82503€-01
*,12806E+00

. 10000E+01
-2 21172E+00
-,08148E400
-.905&15000
.. 10148E+01
o, 11509E¢Ol
e, 14921E+01
-, ‘01755001
..“1‘9!’“1

BEGIN ITERATION NUMBFR 3

cT = °
THERE AR

«10000€+00
€

‘CTL =

4 ACTIVE CONSTRAINTS

CONSTRAINT NUMBERS Aqg

8
THERE AR
THERE AR

GRADIENT
1)

10 S S3

oF n8J
+39138g403

.06056€+03

=, 79342€=02

©,15608E+01
«,20000€+01
,16398E+01
-,12066E401
=,1048S5E+01
= 95146¢+00
e,7534SE+00
=, 36016E¢00

o,
=.a3920€+00

©,10000€=01

0 VIOLA7eD CONSTRAINTS
0 ACTIVe SIDE CONSTRAINTS

.67398g+01

GRADIENTS OF ACTIVE anD VIOLATED CONSTRAINTS

CONSTRAL
1)

CONSTRAL
1)

NT NUMBER
*.12733€4+02

NT NUMBER

1
*,12342g4+02

L16708€4+02

]
L12633€402

80

©,1872E401 «,1281+00 «,2000E+01 <,1179€=-03}
@, 1788E401 ©,2117€400 =,1640E+01 <=,3602E+00)
©, 1207401 «,7534E+00 <«,1159€+01 <=,8411E+00)
©o101SE401 «,9852€E+00 =,9852E¢00 «,1015€+01}
©,8411E400 ©,1159E+0]1 =, 753UE+00 <=,1247E+01}
©,3602E¢00 «,1640E¢01 <=,2117E+00 <=,1788E+0
®,1179€=03 «=,2000E+01 <,1281E¢00 <=,1872E+01]
®, 439206400 «,18719€+401 <=,12806E+00
oTO97SE=13 «,19175€+01 =,82503E=01
®,36016E400 «,14921E+01 =,50786E+00
«,7S3USE«00 «,11S89E+01 =,84107E+00
©,95136E+00 «,10148E+01 =,98522E+00
©,100ASE+01 «,90561E+00 =,10943E+01
©,12466E401 «,64148E+00 <«,13585E+01
©, 163986401 «,21172E+400 <=,17883E+01
w,20000E+01 <,11790€E=03 =,19999E+01
©,15608E+01 <,10000E+401 <=,10000E+01
PHI = +50000€+01




CONSTRAINT NUMBER

1)

«12342€+02

CONSTRAINT NUMBER

1)

012733402

J12633E¢02 0,

L16704g+02 O,

PUSH=OFF FACTORS, (TugTA(I), I=l1,NAC).

1) 0,

0.

CONSTRAINT PARAMETER, BETA =

SEARCH DIRECTION (SevgcTOR)

1) ©,59251E+00 «,10000E901 =,10203€=01

ONE=OIMENSIONAL SEARgHM

INITIAL SLOPE =

PROPOSED DESIGN

ALPHA = 30562F~02

X«VECTOR
@ 1811202 (2157€=01 «,7965€=02

08J = «14934E402

CONSTRAINT VALUES
..‘0005001 ‘010005901 .o’SSSEOO‘
®,1984E201 @ 1524E=01 «,191SE+01
©,1520€501 «,48799€400 o,1388E401
©, 11006401 ©,39976400 <,1041E+01
©,9050€400 <«,1095€401 <,8519€400
©,5980E400 <«,1402€+01 <,a801€E400
©,1225E400 <=,1877€401 <.p096E=01
©,8909€400 <,1509E+51 «o1000E401

THQePOINT INTERPOLATYQN

PROPOSED DESIGN

ALPHA = ,1036iEe02

l-VEcTOR
«,6139g-03 235901 4,794Sg=02

08J = ,14034€502

CONSTRAINT VALUES
©,1000€90! <«,1000E+01 <,1552€E+01
©,5994€901 <,5512E«02 «,1917€+01
0, 1902€,01 «,0984€400 o,1368E,401
© 1090£001 2,9034E400 <,108pE+01
“,PI878,00 «,1004€401 o,8874E,00
- 200 <,13738+01 <,4985E+00
-, ol *,1908€+401 <,2067Ea01

«11628E+01

«.8925E+03 PROPOSED ALPHA 3

e, 8652€400
®e 5“595'0 1
e, 6123E400
*,9592€+00
°,1188E401
«,1520€4+0%
*,1939€4+01
«,1000€4+01

«,4480€4+00
«,8321E=-01
-,6316€400
*,9541E+00
o, 1113E401
«,1502E4+01
«,1979€401

81

0 30S56E~02

# n CONSTRAINED ONE«DIMpNSIONAL SEARCH INFORMATION « » »

=,1839€+01
e,1800€E+01
e,1272E401
*.9927E+00
..73505000
*,3527E+00
"7“222.01

©,1861E+01
®,1792E+01
=,1255E+01
..1007!’01
«,8221E+00
=.3576E+400
®,2524E-01

.,16115000
= ,2004E+00
e, 7280E4+00
*,1007E+01
e, 1215€+01
-,1647E+01
v, 1926E+01

e, 1393E+00
*,2079E+00
e, 7348E4+00
©,9927E+00
..l‘7°£0°‘
-.10025001
- 197SE+01

-, 1972E+01
©,1662€+01
*,1176E+01
®,9497E+00
«,7009€+00
=,2277E+00
«,201SE+00

©,1990E€+01
e, 1647E+01
e, 1165¢L401
«,9732€+00
«,7356E+00
«,2171E+00
®,1530E+00

*,2811E=01
-.338“5000
=,8237E+00
=.1050E+01
«,1299€+01
=, 1772E+01
=, 1798E+01

©,9608E=02
=, 3528E€+00
«,8352E+00
“,1027E+01
©,1264€E+01
«,1783E+01
©, 1847E+01




fooies s

GRADIENT OF 08y
1) ¢39138€+03

+66056E¢03

«67398€+01

82

©,4567E+00 =,1543E+01 <,1000E+01 =, 1000E+01 :
) THREE=POINT INTERPOLATION
PROPOSED DESIGN
ALPHA =  ,30615€-03
X=VECTOR
0.1.!‘[-03 .2“32!'°t -.7’31!002
08J = ,13750E402
CONSTRWINT VALUES ;
©o1000E401 <,10008+401 <,1558E¢01 «,8318g+00 «,1869g+01 =,1314g+00 <,1997€+01 <«,2922E=02
©o1990€,01 <,1629€<02 o,1917E401 <, 8271€=01 «,1789E401 =,2106E+00 <=,1642€¢01 <=,3580E+00
©,1395€+01 <,5051£400 «,i361Ee01 =,6386€+00 «,1209E+01 =,7509E+00 <,1161E¢01 <=,8393€+00
@o1095€401 «,9050€400 .,1048E401 «,9522€E400 <«,1013E+01 «,9874E400 =,9817E400 <=,1018E+01
®,Q8oBEP00 <=,1063E+01 <,9002€+00 <, 1100E+01 «,33556+00 =,{16SE+01l =,7482£400 <,1252E+01
©o63726400 «=,1363E401 <,S50S1E400 =, 1495E401 ©,359UE+00 «,1641E901 ©,2133E+00 =,1787e+01
©o8651E=01 =,1913E+01 <,(107E=02 ©,1994E+01 <«,7541E=02 «,1992E+01 =,13S4E+00 «,1865E+01
©,4444E400 <=,1556€+401 <,1000E+01 < _1000€+01
» * « END OF ONE=OIMpNSIONAL SEARCM
CALCULATED ALPHA s L,69389€-17
oBJ s «136384E+02 NO CHANGE ON 08J
DECISION VARIABLES (yeVECTOR)
1) *,35258E=14  ,24633E=01 <=,79342E=p2
cunsrnAxur YALUES (GavgCTOR)
1) «10000E401 & 10000E+01 <, 15608E+01 =,43920E+400 «,18719€+01 <=,12806E+00
7) .,199oos.ot e, 11790€203 ,20000E401 ,76975E=13 «,19175E+01 =,82503E<01
13) 178836401 «.211726400 <, 15398E401 =,36016E+400 <,14921E+01 =,50786E+00
19 ®,1358S€401 o, 00148E400 ©,12066E40] «,7534SE+00 «,11589E+01 <=,84107E+00
25) e, 10944E+01 ¢o§61Eooo ©,10485E+01 «,95146E400 «,10148E+01 =,98522E+00
31) *,98522E+00 .btoxaanox *,9514pE+400 ©,10085E+01 «,90561E400 =,1094uE+01
37) ©,84107€400 o, 11589€401 «,7S34SE400 «,12066E+01 «,6414BE+00 <=,13585E+01
e3) ®,S0TB6E+00 o, 1g921E+01 ©,36016E+00 =,16398E+01 «,21172E400 =,17883E+01
49) 82503601 .,19175E401 O, «,20000E¢01 «,11790€=03 =,19999E+01
ss) ©,12806E+400 ., 18719€+01 ©,33920€400 <=,15608E+01 =,10000E+01 <=,10000€+01
"7 _BEGIN ITERATION NUMBFR @
; ~ CTs «,38200€-01 CTL 8 «,36816E=02 PHI = +50000€+01
A - THERE ARE & ACTIVE CONSTRAINTS
5 CONSTRAINT NUMBERS Aqg e
g | = 6 10 S1 S3
| e THERE ARE 0 VIOLATED CONSTRAINTS
4 7 THERE ARE 0 ACTIVe SIDE CONSTRAINTS

e e —

R T AR A 1 I N TN 1A




CONSTRAINT NUMBER
1) *e60623E+00

CONSTRAINT NUMBER

1) -

269883E+90

CONSTRAINT NUMBER

1)

+69883E+00

Co%&rnalut NUMBER

)

.°°b23z0°°

GRADIENTS OF ACTIVE aNp VIOLATED CONSTRAINTS

.79529€+00 o0,

10,
«71529€+00
st
JT1529€+00

L 79529€+00

PUSH=0FF FACTORS, (TugTA(I), Ixl,NAC)

1) 0,

CONSTRAINT PARAMETER, BETA =

SEARCH DIRECTION (SevecTOR)
1) «,59251£+00

«.10000€+01

ONE=DIMENSTONAL SEARCH

INITIAL SLOPE =

PROPOSED DESIGN

ALPHA =
X»VECTOR
-.1337E-02

08J =

«22907E=02

«2232E€-01

«18579€402

CONSTRAINT VALUES

©1000E401

"®,1988€+01

e, 1513€401

T ®41099E+01

..9160(.00

T ey 6092E400
:6__.,¢.P1355000

THOSPOINT

ALPHA =

X«VECTOR
©,8649¢<03
08d =

*,1000E+01
*,1219€-01
®,3869€,00
*.9012€+00
e, 1233E,401
©.1391E+01

*,1888E4+01

®,1522€+01

e 7958E=02

..ts“EQO‘
ee1916E+01
-.‘3‘0500‘
*e8653E400
..‘G7|E’°°
..0569E901

o.l@ﬂ?(’Olw

INTERPOLATTON

PROPOSED DESIGN
«78455€<03

02385¢g401

«13977€402

A..79l2£-02

°

.116245001

*,10203g>01

©,802SE+03 PROPOSED ALPHA ¢

-, 4587€400
.000072‘01
,6196€400
*,9573€+00
o, 1135E401
e,1513€+01
e, 1953E401
©,1000E+01

83

«2291E=02

® ® CONSTRAINED ONE=DIMgNSIONAL SEARCH INFORMATION » # »

=, 1847E401
®,1797€+01
®,1266E€401
«,9983E+00
we7991E400
“o3546E+00
®,5566E«01

=,1528€+00
©,2032E+00
«,7344E+00
«,1002E+01
.QIEOIEOG‘
=, 1645E+01
«,19a4E+01

*,1979E+01
°,1656E+01
«,1172E401
«,9586E+00
«,7140€+00
«,2237E+00
=,1831E+00

*,2110€=01
«,3438€+00
«,8281E+00
«,1041E+01
=,1286€+01
©,1776€+01
*,1817E+01




CONSTRAINT VALUES 2
©o1000E401 <=,1000E+01 «(1559E+01 ©,0459E+00 «=,1863E401 =,1365€+00 <«,1993E401 «,7304E-02
: ©e1996€401 =,3170E«02 « 1917401 = ,8300Ee0] «,1793E401 «,2088E400 =,1645€+01 =,3546E+00
3 ©o1099E+01 <,5007€400 = 1366E+01 =,6340€+00 <,1253E¢01 =,7469E+00 <,1163E+01 <«,8366€+00
i ©e1096E401 ©,9041E+00 o,1047E401 o ,9535€400 «,1009€401 «,9909E¢00 =,9761E+00 «,1020€+01
] ©,9395E¢00 =,1060€+01 <«,A918E+400 =, 1108E+01 '=,8267E400 <, 1173E+01 «,7399€¢0C <,1260E401
3 ©,6304E+00 ©,1370E401 <«(S007E¢00 < 1499408 <«,3S82E+00 <=,1642E+08 =,21588+00 =,1784E+01
b | ©g9277Ee01 ©,1907E+0! «,1565E<01 <,1984€401 o,1914E«0l «,1981E¢01 =,1369€400 <,1853E+01
e | ©,352SE+00 <*,1S48E+01 <,1000E+01 <,1000€+01
4 -
. THREE=POINT INTERPOLATION
- | = PROPOSED DESIGN
e ! ALPMA 3 ,22044E-03
il X=VECTOR
g | ©,1306€=03 ,2081E~01 «,7936g~02
b 08J 3 ,13716€002
{
1 CONSTRAINT VALUES ;
Ee | ©g1000E¢01 <©,1000E401 o,1559E401 ©,0811€400 «,1870E+01 «,1304E+00 <=,1998€+401 <,2137E€=02
‘ ©01999E+01 <,1173E+02 «,1917E+401 <=, 8265E=01 <,1789E+01 <,2109€400 =,1641Ee0f =,3586€+00
1 © 1494EL01  «,50588400 <,1361E401 < 6394E400 «,1248E401 «,7516E+00 =,1160E401 <=,8398E+00
4 ©o109SE+01 ©,9052E+400 «,10g8E+01 ©,9520€+400 <,1013E¢01 =,9868E¢00 «,9827E+00 =,1017E+01
- ©,93818+00 <=,1052g+01 <,9017E+00 = 1098g+01 =,8370F+00 =,1163640] <«,7497E400 =,1250E+01
§e © 6388E400 <«,1362€401 ,5059€400 =, 1494E401 ,3596E4+00 =,1640€E+01 =,2129E+00 =,1787E+0}
. “ ©.8539E=01 ©,19016E+01 «,3397€=02 =,199pE+01 =,5463E=02 <=,1995E+01 ©,1330E+00 <=,1867E+01
! © 8829€400 <«,1557E+01 «,1000E401 «,1000€+01
f { * ¢ » END OF ONE=DIMpNSIONAL SEARCH
b | CALCULATED ALPHA = ,43368Ee17
4 08d = 136384402 NO CHANGE ON 08J
i DECISION yARTABLES (yeyECTOR)
e | 1) v, 35267218  _28631E<01 <, 79342E«02
CONSTRAINT VALUES (GovECTOR)
1) @ 10000E+01 «,10000€401 ,156086+401 <,33920€+400 «,18719€401 =,12806E+00
1 14} ©,19999€,01 .,11790€E<03 <« 20000E+01 «76975E=13 «,19175E401 <,82503€-01
! 13) e 178836401 o,21172E+400 ,14398E+01 ©,36016E+00 ©,14921E+01 <=.50786E+00
| 19) = 13585€401 «,60138E400 «,12066E+01 <«,75345€400 «,11589E+01 =,84107E4+00
! 2%) ©,10084E401 o,90861E+00 <, 1048G5E+01 <«,98186E+00 «,10148E+01 =,98522E+00
" 31) *, 985226400 .,10148E,01 « 95146E400 <«,10885E+01 «,90501E+00 =,1094d4k+01
-37) @ 841076400 o, 11S89E+01 =, 7834KE400 «,120p6E+01 «,64198E+00 «=,13585E+01
a3 ©,50786E400 o, 18921E,01 «,36016E400 <«,16398E+01 «,21172€+00 <=,17883E+01
49) «,82503€<01 ,19175E+01 O, ©,20000E¢01 «,11790E=03 <,19999E+01
ss) @ 12806E400 «,18719€+01 =, 03920E+00 =,15608E+01 «,10000€+01 <,10000E+01
E < BEGIN ITERATION NuwBer S !
' g 3
e CT 3 «,11696E201 CTL 3 «,21584E=02 PHT a +50000E+01 1
& 3
i THERE ARE @ ACTIVe CONSTRAINTS
£ ! CONSTRAINT NUMBERS Ang
1
| {
[‘; ' -
?’ ‘
|
, j 84

'




THERE ARE
THERE ARE

1)

st S3

0 VIOLA7ED CONSTRAINTS
0 ACTIVe SIOE CONSTRAINTS
GRADIENT OF 08J

+39138¢+03

,66056E+03

67398401

GRADIENTS OF ACTIVE ann vIOLATED CONSTRAINTS
CONSTRAINT NUMBER
1) e, 12733E402

CONSTRAINT NUMBER

1
1 e, 12342€+02

co??raatnr NUMBER

+12342€+02

CONSTRAINT NUMBER

1)

'ugg-orroracroas. (TRETACI), Isl,NAC)
.

«12733g+02

16704402

]
L12633€402

st
L12633E+02

3
,16704€+02

CONSTRAINT PARAMETER, BETA =
SEARCH DIRECTION (SevecTOR)

1) e

$92S1g+00

«.10000E+01

ONE=DIMENSIONAL SEARCH

INITIAL SLOPE =

o, 11802€=1}

., 11842€=1}

*,29606E-11

o 11624E401

=,10203€-01

«,8025E+03 PROPOSED ALPHA ¢

0 1528€=05

®* * CONSTRLAINED ONE=DIMpNSIONAL SEARCH INFORMATION # & &

PROPOSED DESIGN

ALPHA =
X=VECTOR
. 9054E=06

08J =

+15281E<05

02063¢=01

+13639€+02

“CONSTRAINT VALUES

®,1000€401
©,2000E+01
®,1892E+01
©,1094E,01
®,9510€+00
o ,6815€400
'..2’2!001
*,8392€+00

THNO=POINT

«,1000E+01
’0013OC'°5
©.5078€+00
©,9056E400
©,1049€+01
«,1359€4+01
*,1917€+01
©,1561E+01

oo 7934€<02

e 15616401
«e1917€401
oo 1359E+01
..‘O'QGOO‘
°e90545E+00
©e5078E400
©y3088E=04
ee1000E4+01

INTERPOLATTON

«,3392€400
-,8250E=01
., 6415€400
-, 95156400
©,1090€+01
., 1492€401
«,2000€+01
«,1000E+01

85

e, 1872E+01
.117‘°€0°‘
*,12087E+01
=, 1015€E+01
*,8410€+00
«,3602E+00
*,1550E=03

ey

e, 1281E+00
©,2117€+00
=, 7534€+00
=,9852E+00
®,1159€+01
®,1640E+01
=,2000E+01

*,2000€+01
e, 1640E€+01
e,1159€¢01
©,9852E+00
«,7534€+00
©,2117E+00

*,1319€-038
©,3602E+00
«,8411E+00
=, 1015€+01
«,1247€+01
«,1788E+01
®,1872E+01




PROPOSED DESIGN

ALPHA =
XeVECTOR
*,3141¢<006

08J =

«93016E=-06

«2463¢-01

¢13639€402

CONSTRAINT VALUES

©,1000€401
«,2000€+01
0.1092!001
©,1094€+01
*,9515E,00
®,6815E+00
=, 8251E.01
°,8392€+00

©,1000E+01
©,2821€05
C.SO 7'!000
©,9056E+00
«,1049€401
©,1359€+01
'v""!.b‘
«,1561€+01

«e7934E«02

e 1561E401
ee1917€+01
..lsquOO‘
ee1049€+01
©e9050E,00
005079E0°°
2e1057Ea04
ee1000€+01

THREE=POINT INTERPOLATION

PROPOSED DESIGN

ALPHA 3
X«VECTOR
®,9113g-07

08J =

+15380E=06

22U63g«01

+13638E¢02

CONSTRAINT VALUES

e, 1000€401
«,2000E+01
°,1892€,401
®,1094E+01
©,9515€400
*spd15E+00
°,8250g<01
«,8392E400

e o & ENO

*,1000E+01
*,8183E-0p
®,5079€4+00
®,9056E+00
©,1049€,01
*,1359€+01
®,1917g¢01
*,1561E+01

e 793“!.02

..1501!00!
ee1917€+01
..'35’!00‘
ee1049E+01
.Q°°s°50°°
«e§079€+00
..30&5(.05
..10005001

=,8392€+00
- .8350(-01
,6415€400
«,9515E+00
e,1094€,01
=, 1492€401
«,2000E4+01
«,1000E+0}

=,0392E+00
'.02505'01
«,6415€400
., 9515€+00
«,1094€,01
©,1492€+01
*,2000€+01
®,1000E+0}

OF ONE=DIMpNSIONAL SEARCH

CALCULATED ALPHA =

08J s

«136386€+02

,25011E.20

- NO CHANGE ON 08J

olc}!xou VARTABLES (xevECTOR)

©,352067€=14

«+28631E=01

cou:tnaxnt VALUES (GaveCTOR)

©,10000€+01

7 «,19999€401

15 *,17883E+01
19 ©,1358%g+01
29) e, 10944E401
1) ©,98822€+00
7 e, 88107€400
a3) *,50786E+00
49) «,82%503€-01
ss) ©,12806€+00

..IOOOOEOOI
e, 11790€-03
o, 2!172!000
.,“l"!’oo

e, 90561€400
-, lOl'.tOOl
-, 115093001
-, 18921E+04

10113(00‘
-.ll?l’('@l

*,79342€=02

=,15608€+01
L4 20000!00!
L] 1039D£0°l
- lllOOEOOl
-.100055001
©,95186E+00
e,75345€+00
;,3.01.!000

o a3920€+00

..‘.72200‘
*.1788€+01
e, 1247E+01
*,1015E+01
o ,8411E+00
©,3602€+00
e, 1308E<03

e, 1872E+01
=,1788E+01
..12“7E001
e,101gE¢01
«,8411E+00
=, 3602€+00
©,1216g=03

=, 12081E+00
*,2117€+00
..7530(000
*,9852€+00
o,1159€+01
=, 1640E+01L
'.COOGEOQl

..lZOlEooo
°.le7€000
..753“!000
=,9852E+00
e 1159E401
e 164UE+OL
'.ZOOOE’O‘

*,2000E4+01
e, 1640E4+01
o, 1159€+018
-, 9852E+400
®,7S34E+00
*,2117E400
©,1281E+00

«,2000€+01
°,1680E+01
*,1159€4+01
*,9852€+00
,7534E+00
*,2117E+00
«,1281E+00

,1228€=03
-.3002(000
*,8411€+00
*,1015E+01
°,1247E+01
=,1788E+0})
*,1872E+01

©,11935E-03
®,3602E+00
*,8411E+00
*,10tSE+01
*,1247E+01
®,1788E+01
*,1872€+01

©,43929€+00

«T697SE=13
=,36016E+00
«,753a5%¢+00
e, 95186€400
*,10485E+01
,12066€401
*,16398¢€+01
©,20000€E+01¢
=,15608E+01

*,18719E+01
e, 1917SE+01
e, 14921E+01
..115095001
e,10148E+01
©,90861E+00
e, 60148E+00
«,21172E+00
@, 11790E=03
o, 10000E+01

*,12806E+00
=,82503E-01
«,507806E+00
©,88107€E+00
«,98522€+00
«,10944E+01
=,13585E+01
®,17883E+01
.. 19999€+01
®,10000E+03




~

FINAL OPTIMIZATION INgQRMATION

08J s

o 136384E+02

otc§31on VARTABLES (yVECTOR)

®,35267€=1a

.2a631E<01

CONSTRAINT VALUES (GovECTOR)

1)

7
13)
19)
2%)
31)
37
a3)
a9)
sS)

THERE ARE

©,10000E+01
=,19999¢+01
e, 17883E401
*,13585¢+01
.,IOOGnE.ol
*,98522E+00
e,84107€400
«,S50786E£+00
'.025035001
e, 12806E€+00

-, 10000E+01
-, ‘ ‘ 1‘05.03
-,21172E400
=264148E400

e,70561E4,00
-.IOIMGEOOI
-, 11589E,01
.,1092l5901
«.19175E+01
.. 18719€,401

4 ACTIVe CONSTRAINTS

CONSTRAINT NUMBERS Agg

THERE ARE

TERMINATION CRITERION
ABS(1=08J(1=1)/nAJ(1)) LESS THAN DELFUN FOR 3 ITERATIONS
LESS THAN DABFUN FOR 3 ITERATIONS

10 Si S3
THERE ARE

A88(08J(1)=08J(7=1))

NUMBER OF [TERATIONS 3 S

OBJECTIVE FUNCTION W,s EVALUATED

- 793‘2:‘02

e,15608E+01
*,20000E+01
*,10398€4+01
®,124p6E+01
*,10485E401
*,95146E+00
-, 75345E400
=,36016E+00
0

L]
-,43920€4+00

0 VIOLATED CONSTRAINTS
0 ACTIVg SIDE CONSTRAINTS

27

CONSTRAINT FUNCTIONS WERE EVALUATED 27

PHASE DISTORTION CALFULATIONS

BEAM ORTENTATION NUMpgR = 1
AZMUTH ANGLE

ELEVATION ANGLE

MACH NUMBER

R

0.

" ¢$5000€=01
«5000E=01
+$000€=01
«5000€<01
«$000€=01
«5000€=01
«85000€=01
«5000€<01
«1000€+00

ETA
0,00
0,00
45,00
90,00
135,00
180,00
225,00
270,00
315,00
0,00

0

0.
0,

" 3536E=01
+5000E=01
35365-01
~1338E<08

-, 353‘!'01
..5000E=01
-,3536"0‘
0.

+00 DEGREES
so0,
.70

00 DOEGREES

Y
0.
+5000€=01
e3536E<01
2667SE=09
©,3536E<01
=, 5000€=01
©y,3536E«01
©,2002E=08
+3536€-01
«1000€+00

«,43920€+00

¢ 7697SE=13
«,36016E+00
=,7534S5E+00
«,95146E€+00
‘.100055’91
«,12466E401
°,16398€+01
«,20000€+01}
e, 15608E+01

©,18719€+01
es1917SE+01L
e, 10921E+01
©,11589€E+01
=, 10148E 401
©,905615+00
e, 64 148E+00
..21‘725000
we11790€-03
®o10000E+01

TIMES
TIMES
A N

+1951E¢00 o0,
«1536E+00 «3060E+00
«1646E+00 «2946E+00
+1928E+00 e1179E=01
02230€400 «,2882E+00
¢2361E+00 «,4180€E+00
¢2230E+00 «,2882€+00
+1928E+00 «1179€<01
+1646E+00 02946E+00
«1117E+00 «8038E+00

©,12806E+00
=,82503€E=01
«,50786E+00
«,84107E+00
*,98522E+00
®,10944E+01L
«,13585E+01
=,17883E+01
*,19999€+01
«o310000E+01




R . AP St Iy T st "2\ e
B & v RN

e

Pt ',3‘,-‘ FRaet TR

w “W:’\

«1000€+00 45,00 ;70115-0! «TOT1E=M +1316E¢00 +5981E+00
«1000€+00 90,00 _1000€+00 ,1335E~08 JIBSBE400  +4740E=01
+1000€+00 135,00 1071(-0! -, 7071€=01 +2083E¢00 «,5606E+00
«1000€+00 180,00 2510£-°! ©o1000E+00 «2766E400 ®o8476E+00
<1000€+00 225,00 1071!-01 ®o7071E=01 «2083£400 =,5666E+00
+«1000€+00 270,00 .,IOOOEOOO «,g005E=08 +1ASBEVO *«8760€=01
«1000€+00 315,00 o, 7071E=01 ¢« 7071E=01 «1316E+00 +95981E+00
TERNICKE c0£rrtclENTq/
AVERAGE = ,13222€=02
TILT, X 8 ,69862E~-01 Y8 «,5737g=03
FOCUS = ,78027E=¢3
ASTIG s .lO??ac-nz +76826E=05
COMA s «82196€=qa ©e20757€E=q7 <=,16585E=03 +13640€=02
PHASE DISTORTION CALGULATIONS
BEAM QRIENTATION NUMaER s 2
AZMUTH ANGLE s 45,00 DEGREES
ELEVATION ANGLE s 30,00 DEGREES
MACH NUMBER s 70
R ETA X Y A N
0. 0,00 o, 0, «2591E+00 0,
+5000€=01 0,00 o, .50005001 «1973E+00 +8980E+00
+5000€=01 45,00 35365-0! ¢3536E=01 22219E400  .23@9€+00
+8000€=01 90,00 .5000€E=01 «6b67SE=09  ,2695E+00 e, 1833E+00
«5000E<01 135,00 ssst-Oi eo3536E=01 +3090€400 «,4811E+00
soooe¢ox 180,00 ,1335E=08 =,5000€-01 +31G7E400 =,4716E+00
+5000€<01 225,00 3536(-01 ©,3536€=01 +2894E400 <,1923E400
soooe-ox 270,00 o, snOOE-Ol =,2002€E=08 «2a66E+00 «1797€+00
.5000E-08 315,00 o, 35365-01 «3536E<01 «2093E+00 4600E+00
.1000!000 0,00 J1000E+00  ,119SE+00  ,11S1E+01"
«1000€+00 45,00 7o1l£-01 «7071E=01 «1724E+00 +9715€E+00
looocooo 90,00 loooeooo J133GE=08  (2777E400 <,3700E+00
looo:.oo 135,00 7071E=01 «,7071E-01 +3S90E+00 «,9916E+00
.10005000 180,00 25105-00 e 1000E400  (3676E400 =,9181E400
<1000€+00 225,00 ..7071&-01 e 7071E=01 e3134E+00 «,33S51E+00
«1000€+00 270,00 o,1000E400 e, 3005E=08 «2323E+00 +«3S74E+00
«1000€¢00 315,00 e, 7071E=01 «7071E=01 +1538E+00 «9660E+00
| 5
ZERNICKE COEFFICIENTS/
AVERAGE = +43769€=p2
TILT, X 3 ,84736E=01 vys e,31425€=01
FOCUS = ,29897€<p2
AgTiC s «1787a€=pn2 «39176€=02
coma s .309t2£-53 «92258E=08  L17111€°02  +16210€=02

PHASE DISTORTION CALFULATIONS

BEAM ORIENTATION NUMpER s
AZMUTH ANGLE s
ELEVATION ANGLE s

3
90,00 DEGREES
10,00 DEGREES




s

gt
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O L ey e

g S

o

en
Wy

T

b

RRRGfs o

= SEL by Wk

e O

MACH NUMBER s 70

: R ETA ; X Y * A )

0. 0,00 o, 0. +3840E€+00 O,
«S000E-01 0,00 o, +§000€«01 «2707E¢00 «5017E+00
+5000€-01 45,00 »3536E<01 «3536E<01 «2931E+00 +3247E+00
«5000€<01 90,00 ,SO000E=01  ,667SE=09 ,3039€+00 =,1160E=02
«5000€-01 135,00 23536E=01 «,3536E=01 +3903E+00 «,1608E+00
¢$000€=01 180,00 _1335E=08 <,5000E=01 ,3066E+00 =,2919E400
«5000€201 225,00 o, 3536E=01 «,3536E«01 ,3903E400 «,1608E+00
«5000E=01 270,00 o,5000E=01 «,2002E-08 +33039€+00 <,1160E=02
¢5000E«01 315,00 ., 3536€=01 ,3536€<01 ,2931E+00 ,3247E+00
«1000E400 0,00 o, «1009€400  ,1783E400 ,1295E+01
«1000E+00 45,00 _7071E=01  ,7071E=01 ,2374E+00 ,8055E+00
«1000€400 90,00 ,1000E+00 ,1335E«08  ,383SE+00 o,4875E=02
01000€E+00 135,00 _7071E=01- «,7071E=01 ,32S6E+00 «,48397€+00
«1000€400 180,00 _2670E=08 <=,1000E+00 ,3518E+00 <«,6368E400
«1000€+00 225,00 o, 7071E=01 «,7071E=01  ,42S56E+00 «,4397€+00
«1000€400 270,00 o, 1000E+00 «,4005€E=08 ,3435E+00 =,d875E=02
«1000€+00 315,00 <, 7071E=01 «7071E-01 +2374E+00 «80SSE+00

ZERNICKE COEFFICIENTS/

AVERAGE = «18672€=p

TILT, X 3 ,73271E=ny Y& o,50955e~03

FOCUS 3 _78043E=p?

ASTIG S ,53594Eepn2 «,45822g-04

cOoMA 8 ,23076E=gp +10126E=0d  ,31076E=02 .12251E-02

FLO® FIELD FOR THETA 3

0,000 DEGREES

v cP
+2255E=01 ,3588E<-01
+2079€=01 =,3144E=01

®,1946E<01 «,0547E<01
*.4196E=01 ,5221€E=01
«1389E01 ,2187E+00
«1328E+400 ,2295E+00
«1828€400 ,S167E-01
¢1370E+00 «,8839€=01
«7915E=01 »,1363E+00
e3319€=01 «,1378E+00
*,1226E=13 «,1313€+00
©,3319E«01 «,1378E+00

MACH NUMAER s LJl00
X R PHI u
o 4000€+01 ,1000€4qy =,1250E«01 =,1820€-01
©,3600E+01 ,1000E+n1 =,1319E«01 ,1550€=01
©¢3200€E401 ,1000€+9y <, 3774E=02 ,2254€<01
©,2800E+0! ,1000E+nf =,.3857E=02 =,3198E<01
©,2000E90! ,1000E4qy =, 3202E=01 «,1079€4+00
©,2000€+01 ,1000E+0) =,8165E=01 =,1236E+00
o1600E+01 ,1078€4qy = 1052E400 ,8248€E=01
0, 1200€+01 ,1193E+01 =,84a71E=01 ,3381E=01
©,8000€+00 ,31265€+gy =,5S571E=01 ,6501E<01
©o4000E+00 ,1294E+91 <,2681E=01 ,6833E-01
o8970E=13 ,1300€E+n1 ,7817E=18 ,6565€<01
08000E+00 ,1294E¢qy ,2681E«01 ,6833E<01
«8000E+00 ,1245E+01 ,5571E«01 ,6501E<01
¢1200€401 ,1193E+g; ,B8471E=«01 ,3381E<01
01600€+01 ,1078E+n1 ,1032E+00 =,a248E=01
02000€+01 ,1000€+py ,8165E«01 =,1236E400
«2800E+01 .1000€+01 .32a2E=01 =,1075E+00
+2800E+01 ,1000€+0y ,3857E«02 «,3198€-01
«3200€401 ,1000€+gy ,3770Ee02 ,2254E=01
¢3600€+01 ,1000€+n1 ,1319€=01 ,1550€<01
¢8000€+01 ,1000€¢0y ,1254E<01 <, 1820E<01

CRITICAL PRESSURE COpprFICIENT ON SURFACE =
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©,791SE=«01 «,13p3E+00
©,1370E+00 =,8639E=01
©y1824E+00 ,S167E=01
«,1328€+00 ,2295€E+00
*,1389€=«01 ,2147€+00

v4196€=01 ,6221E«01

¢1946Ee0y «,8547E=01
©,2079€=01 «,3144€=01
©,2255E«01 ,3588€E-01
a1,7639S
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SURFACE DEFINITION _ (EPS 3 ,300)
POLYNOMIAL COEFICIENTS (ACI), 130,MAxK) IN X=DIRECTION
¢10000E+01 «,56843p.13 =,10591€+00 . ,28422¢~13 «,13454€400
©,35267€=14 246310}

POLYNOMIAL COEFICIENTS (B(I), 130,MAXP) IN THETA«DIRECTION

+10000€+0% o, ’ *,18333E+01 O, +84895€400
o . 793027<02 1
CCORDINATES
P z Z<PRINE : 3 |
2,200 0,0000 0.0000 |
2,000 <0000 =20000 1
1,800 0247 02182
e]l,600 20781 2981
1,400 <1383 2935 |
1,200 L1926 22049 ?
«1,000 2353 «1807 :
800 <2651 01190 ‘
600 ,2837 <0696
=,400 .2’3’ +03S3
«,200 .2"7 «014d0
«000 «3000 =,0000
200 .2937 *,0140
«800 2939 ©,0353
600 2837 =,0696 |
«800 «2651 1190 1
1,000 2353 «,1807
1,200 1926 =,2049
1,400 01383 ,2935
1,600 0781 .,2981
1,800 0247 -,2182
2,000 «0000 «0000
2,200 0,0000 0.,0000
THETA
RADIANS DEGREES 4 Z=PRIME
o1,152 «66,0000 0.0000 0,0000
el,047 «60,0000 «0000 «,0000
‘.’.3 -5'.0000 .0107 .l’ls
.O." 04..0000 003‘0 .328.
*,733% «42,0000 «0778 <3081
,628 «36,0000 1228 +8398
-,528 «30,0000 «1683 «4303 3
,819 «24,0000 2113 <3861
=,314 «18,0000 2082 3140
-.209 012.0000 .2,.. .22|°
®,109 «6,0000 2940 «1140
«000 0000 «3000 ®,0000
.105 ..00'0 02’.0 .ol".o
209 12,0000 2704 -, 2210
«318 18,0000 2082 «,3140 i
o819 24,0000 2113 *.3861 1
524 30,0000 1683 «,8303
0628 36,0000 1228 «,3398
o733 42,0000 0776 e,4081
<838 28,0000 «0386 *, 3280
90
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s L H
. > 1.153

$4,0000
60,0000
66,0000

«0107
«0000
0,0000

-, 19%4S
« 0000
0,0000

SUM OF SQUARES OF PWisE DISTORTION = ,13638E+02
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PROGRAM FLOW CHARTS AND FORTRAN VARIABLES
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LASTOP = A COMPUTER CODE FOR LASER TURRET OPTIMIZATION OF SMALL==ETC(U)
DEC 77 & N VANDERPLAATS: A E FUHS

NPS69=77=004




% COPES/CONMIN FORTRAN ROUTINES

# FORTRAN ' PURPOSE
| ROUTINE

i COPES CONtrol Program for Engineering Synthesis. This is the main
program which organizes all design and analysis operationms.

COPEO1 Reads COPES input data. ‘ P
COPE02 Controls optimization process. j

lé | COPEQ3 Calculates objective and constraint functions in the form :
required by CONMIN and performs data transfer operatioms.

. COPEO4 Controls sensitivity analysis process.
COPEQS Prints sensitivity results.

COPEO6 Controls two-variable function space analysis process. ;

o COPEQ7 Prints two-variable function space analysis results. -!
{; ANALIZ User supplied subroutine for analysis of the problem under %
e consideration. 3
’. ; - 3
& 4 CONMIN Control routine for CONstrained fumnction MINimizatiom. i

CNMNO1 Calculates gradients by first forward finite difference.

CNMNO2 Calculates search direction by Fletcher-Reeves Conjugate
Direction Method.

CNMNO3 Solves one-dimensional search for unconstrained problems.

CNMNO4 Finds the minimum of a function by polynomial interpolatiom.

f; ‘ CNMNOS Calculates search direction by Zoutendijk's Method of Feasible
B i Directions.

f“ 3 CNMNO6 Solves one-dimensional search for constrained problems.
CNMNO7 Finds the zero of a function by polynomial interpolation.

CNMNOS Solves the direction-finding sub-problem in Zoutendijk's Method
of Feasible Directions.

3 '\,um),l'yv_-;«“.fn;\
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LASER TURRET ANALYSIS FORTRAN ROUTINES

FORTRAN PURPOSE

ROUTINE

ANALIZ Control routine for turret analysis.

BCOND Determines the dependent coefficients of the polynomial shape
functions to satisfy the geometric boundary conditions.

BESJ Calculates the J Bessel functionms.

BESK Calculates the K Bessel functionms.

BESY Calculates the Y Bessel functions.

CPPRNT  Prints perturbation velocities and pressure coefficient.

DOPL Calculates the change in optical path length along a ray.

FCOEF Calculates and saves coefficients for Fourier Series approximation
to the turret geometry.

FXTOK Calculates the Fourier coefficients of xk.

FXY34 Fits a surface approximation to a three or four cornered segment
of phase distortion within the laser beam.

GELIM2 Solves a set of linear simultaneous equations using Gausian
elimination with pivot search.

IZERN Calculates Zernicke functions for a prescribed section of the
laser beam.

PHDIST Calculates phase distortion.

PHIUV Calculates potential and perturbation velocities.

PHUVNM  Calculates n,m component of potential and perturbation velocities.

REFIND Calculates index of refractiom.

RMBINT Romberg improvement of trapezoidal rule integration.

RSURF Calculates radial coordinate, R, of the turret surface, given
X and ©.

SLOPE Calculates the slope of the turret surface in the streamwise

direction.




LASER TURRET ANALYSIS FORTRAN ROUTINES ~ CONCLD.

FORTRAN PURPOSE
ROUTINE

SRFINT Calculates the distance along a ray from the mirror to the turret
surface. :

SURPRT Prints the coordinates defined by the geometric shipe functions,
£(X) and £(9).

TINPUT Reads laser turret analysis input.

TRAP2N Numerical integration using trapezoidal rule.

XRTPOB Calculates the polar coordinates, X, R and © of a given point on
a ray.

ZERN Calculates the definite integral of the Zernicke coefficients.

ZINT Calculates the indefinite integral of the Zermicke coefficients.

T B R T e T e SO oo T NP B e e e g e
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FORTRAN VARIABLES COMMONLY USED IN LASER TURRET ANALYSIS PROGRAM

o

J;;j i A ABAR(T) I-1 coefficient of polynomial in x-direction. -
3 { ACL Half spacing of periodic turret for Fourier series approximation. .
| AL Turret half length. 4

AMX(I,m) Fourier a-sub-m coefficient on I-1 power of x.
¢ : ANT(1,J) Fourier a-sub-n coefficicnt (J=n+l) on I-1 power of x.

BMX(I,m) Fourier b-sub-m coefficient on I-1 power of x.

BBAR(I) I-1 coefficient of polynomial in 6-direction.

EPS Turret height relative to fuselage radius at x = 6 = (.,

MMAX Maximum number of m-terms in Fourier expansion.

NMAX Maximum number of n~-terms in Fourier expansion.

NTHBC Number of f and f' pairs of boundary conditions imposed
on geometry in ©-direction.

i NXBC Number of £ and f' pairs of boundary conditions imposed

on geometry in x-direction.

R Radial coordinate measured from centerline of fuselage.

RFUS Fuselage radius (meters).

SLOPEX(I) Turret slope at various x-locations for 6 = 0.

THETA Angular coordinate measured from the vertical axis.

THMAX Turret half angle.

X Coordinate along fuselage centerline.

YYPXBC(I,J) £ and £' boundary conditions in x-direction. J = 1 is
x location, J = 2 is f boundary condition and J = 3 is
f' boundary condition. ‘

YYPTBC(I,J) £ and £f' boundary conditions in 6-direction.




MIRROR

G b b

3
4
)
|
.
i
i

GAMMA Elevation angle measured from horizontal plane.

GAMMAI(I) Angle GAMMA for I-th beam orientation. j

; PHI Azimuth angle measured from negative x-axis.. -

| PHII(I) Angle PHI for I-th beam orieatation.

4

i S

" A Intercept of a ray with the turret surface.

f B Upper limit for phase distortion calculations along a ray.

" ETA Angular point from local z-axis to a point on the beam.

E | ETAI(I)  ETA for I-th beam element.
NBEAM Total number of beam orientations comsidered.

-F NETAI Number of values of ETA used in phase distortion calculations.

NRBI Number of values of RB used in phase distortion calculationms.
RB Radial distance from beam centerline.
RBI(I) RB for I-th beam element.

WGHTI(I) Weighting factor for impoitanco of the I-th beam orientation.

Y Y-coordinate of a point on the beam.

A Z-coordinate of a point on the beanm.

4 100




- F7;

; AERO - OPTICS
f AKPRIM k' in phase distortion relationship.
!
‘ AMACH Mach number.

s gl e R 0 e P M

AMACHI(I) Mach number for I-th beam orientation.

{
3
H
i
i

BETA ABS(1 - AMACH*#*2)

cp Pressure coefficient.

DENGAM Exponent in pressure-density relationship.

DENTRO Ratio of external air demsity to sea level air demsity.

PDISTI(I) Phase distortion if I-th ray.

PHIPP PoFencial function.
;é | RINDEX Index of refraction.
3 SUMPD2 Sum of squares of phase distortion.
B T(I) Trapezoidal rule or Romberg integration for phase distortion.
;- : TDENRT Ratio of internal turret air density to sea level air demsity.
%}‘ U Axial perturbation velocity. *
&il v Radial perturbation velocity.
WAVEL Wavelength of laser beam.
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. ARRAYS USED IN LASER TURRET ANALYSTS PROGRAM AND THEIR REQUIRED DIMENSIONS
- . ARRAY AND REQUIRED DIMENSION(S)  ACTUAL DIMENSION(S) IN PROGRAM
ABAR (MAXK+1) ABAR(20)
AMACHI (NBEAM) ~ AMACHI(30) : -
AMX (MAXK+] , MYAX) AMX(10,15)
AN (MAXK+1) AN(10)
ANT (MAXP+1 , NMAX+1) ANT(10,15)
BBAR (MAXP+1) BBAR(20)
BUX (MAXK+1,MMAX) BMX(10,15)
BN (MAXK+1) BN(10)
; ETAL(NETAI) ETAI(16)
GAMMAT (NBEAM) GAMMAT (30)
; PDISTT (NRBINETAI) : PDISTI(200)
A PHII (NBEAM) PHII(30)
'“ RBI(NRBI) RBI(10)
SLOPEX(30) SLOPEX(30) jf
" T(RTRAPH1) 1(10) |
" TITLE(20) TITLE(20) ;F
| | WGHTT (NBEAM) WGHTI(30) %
“ YYPTBC (NTHEC, 3) YYPTBC(10, 3)
YYPXBC (NXBC, 3) YYPXBC(10, 3)
1B
B
4
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COPES = A CONTROL PROGRAM FOR ENGINEERING SYNTHES]S SEPTY, 77

T L T S T R L I T e T A TR L R T
CoPES = CONTROL PROGRAM FOR ENGINEERING SYNTHESIS,

AR RN RS g e AR R AR RN NN QAR IR R QAN PG O R AR R AN AR RO NRRRAAN NS

COMMON /CnMN1L/ TPRINT NDV,]TMAX,NCON,NSIDE, JCNDIR,NSCAL,NFDG,FDCH,

"IFDCHMoCT/rTMINSCTLICTLMINS THETA»PHI/NAC/»DELFUN,DABFUN,LINOBJ, ITRM,

21TER, INFOe,1G0TO, INFO,08y
COMMON /CnPES1/ ATITLE(20)
COMMON /CnPES2/ RA(S000),14(1000)
COMMON /CaPES3/ SGNOPT NCALC [08J NSV ,NSORJ ,NCONA ,N2VX ,M2VX,N2VY,M
|zvv N2VAR PSENS, IPzVan xPoac NACMX[ novrot Locn(zS).LOCX(ZS)-IScR
+ISCR2
COMNON IG| DBCM/ ARRAY(1500)
BY G, N, VANDERPLAATS 0CT,, 1974,
NASA=AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,
‘NCALC OPT1oNS:
0, REaD ALL INPUT AND STOP,
1, SINGLE PASS ANALYSIS,
2e OPTIMIZATION,
3, SENSITIVITIY « Z 2 F(X),
4, TWp VARIABLE FUNCTIUN SPACE = Z = F(X,Y),
LLTE LT ET TN INPUT ARRARRE AN
DIMENSIONE OF ARRAYS ARRAY, RA AND Ia,
NARRAY=1Sq0
NDRA=S000
NDIAS1000
READ GENERaL SYNTHESIS CONTROL INPUT,
CONTINUE _
SCRATCH T,LAPE NUMBERS,
ISCR1=20
ISCR2340
CALL COPEQy (RA,IA,NDRA,NDIA)
IF (NCALC, LT,0) GO TO 4o
CHECK TO TNSURE STORAGE REQUIREMENTS DO NOT EXCEED
DIMENSIONgp STZES OF ARRAYS RA AND 1A,
NDRA1=LOCR(25)
NolllsLOCV(asy
IF (NDRAP’ LE<NDRA AND ,NDTIAJ,LE,NDTA) GO TO 20
WRITE (6,150) NORA, NDRA! NOIA.NDXAI
G0 TO 140
CONTINUE
READ USER INPYUT,
ICALC=1
caLL ANALvrtlclLC)
IF (nCALC’ .LFs0) GO TO 0O
............-..-.........---o.-..-..--.-.--..-gv.-.--...-Oo.-....-
Sentannnny EXECUTION Rk RRRtaN

IF (NCALC,Ng.2) GO TO SO

10

20

30

40

S0

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
259
260
270
280
290
300
310
320
330
3u0
350
360
370
380
390
400
410
a20
430
aq0
aso0
460
a70
480
490
500

.
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COPES = A CONTROL PROGRAM FOR ENGINEERING SYNTHESIS SEPT, 77
.'.¢.-..-:_.o.o-c.-..--...-.--.----.-.-.-..... - =
IF ABS(X(1))«GT.0 OVER=RIDE USER INPUT OF DECISION VARIABLES FDR
OPTIMIZATtUN.

-...-......--.....-...-...-.-...-.-.-............-.-.-......-..--.
00 40 I=1 nnDV

XXZARS (RA(1))

IF (XX,L7_{,0E=10) GO TO 40
NSsLOCR(S)

M2=LOCI(2,

DO 30 Jsi,NnVTOT

NN13TA (M2,

M2s3M241

IF (NNi,Ng.1) GO TO 30
NNi=IA(J)

ARRAY (NN1yaRA(I)#RA(NS)
NS=NSs 1

CONTINUE

CONTINUE

IF(NCALC.ME 3y GO TO0 70
TRANSFER yOMlNAL VALUES OF SENSITIVITY VARIABLES TO ARRAY,
Me=L0CI (6

M7sLOCI(7)

00 60 I=i, NSV

Ns[A(M7)

M7EMT74+1

NN2IA(M6)

MosMbe}

ARRAY (NN) zRA (N)

CONTINUE

IF(NCALC,.aT,4) GO TO 140

60 To (80,90,120,130),NCALC

- ONE ANALYSIS
IcALC=2
CALL ANALTZ(ICALC)
IcaLcs3
CALL ANALTZ(ICALC)
.60 To 10
....--..-..-..--..-.-..--.-.-.O..-.O.-..-.--..--.-.-.o.....--.-...
. OPTIMIZATION
®oe ®ese®ae LT L P I T T I T P PP PR PR P D P P DL DL L Ll b b
CONTINUE .
N23LOCR (2,
N32LOCR (3,
NasLOCR(d)
00 100 I=y,NOV
XeVECTOR,
105

510
520
S30
S40
550
560
S70
580
S90
600
610
620
6390
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000

o,




CoPES = A CONTROY, PROGRAM FOR ENGINEERING SYNTHESIS SEPT, 77

M2sLoCI(2) 1010
DO 91 J=i ,NDVTOT 1020 -
NsIA(M2) % - 1030 -
M2zM241 1040
IF(N,NE, Iy GO TO 91 : 1050
NSaLOCR(S)+J=1 1060
NzlA(J) 1070
RA(T)3ARRaY(N)/RA(NS) 1080
60 To 92 1090
91 CONTINUE 1100
92 CONT INUE 1110
N23N2+ 1} 1120
N3=N3+ 1 1130
100  NazNasl 1140
¢ INITIAL ANALYSIS, 1150
(A DESIGN VARTABLE VALUES, 1160
M2=L0CI(2y 1170
NS=LOCR(S) 1180
0O 111 Isy,NOYTOT 1190
N=[A(M2) 1200
8 MzIA(I) 1210 2
ARRAY(M)=pa (N)=RA(NS) 1220
NSENS+ 1 1230
111 M2zM2+1 1240
c ANALIZE IntTIAL DESIGN, 12S0
IcaLcs2 1260
CALL ANAL7Z(fCALC) 1270
c OUTPUT INyTTAL DESIGN, 1280
Icatcs3 1290
A CALL ANALTZ(ICALC) 1300
Y c OPTIMIZATyON, 1310
i CALL COPEn2 (ARRAY,RA,IA,NARRAY,NDRA,NDIA) 1320
N c QUTPUT FlnaL DESIGN, / 1330
& ICALC23 1340
g | CALL ANALTZ(ICALC) 1350
2 G0 70 10 3 1360
‘} ¥ ' c ..o.-....;..-....-........---.o-..-.-.....-.o-..-...o----....O..-. 1370 o
o ¢ . SENSITIVITY ANALYSIS 1380
A Cc ettt bt e el el oo coe 1390
B 120 CALL COPEpg (ARRAY, RA,IA NARRAY,NDRA,NDIA) 1400
e c OUTPUT REsULTS. 1410
i CALL COPEnS (RA,IA,NURA,NDIA) 1420
i Ga T0 10 1430
130 CONT INUE 1440
c 5 :.--- Sesesgreccevsastcveecacassaasse e 1450
! (o : TWO VARTABLE FUNCTION SPACE 1460
E c .-‘..‘-."-....--‘.--.O...-.-.-......-.......C...........-........ l“’o
i CALL CUPEne (ARRAY,RA,IA,NARRAY,NDRA,NDIA) 1880
H (4 OUTPUT RESULTS. 1490
b5 CALL COPEn7 (RA,IA,NORA,NDTA) 1500 .
e
e <~
B
Bl |
i e
g i
s |
o ;
b |
}, i
106
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C
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1
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COPES = A CONTROL PROGRAM FOR ENGINEERING SYNTHESIS SEPT, 77

60 TO 10
CONTINUE
REWIND ISrRt
REWIND ISpR2
STOP

s FORMATS
FORMAT (/;;X,QOHREOUIRED STORAGE FUR ARRAY RA OR 1A EXCEEDS DIMENS
1 IONED S12p/5X,SHARRAY,2X, 9HDIMENSTOUN, 2X, BHREGUIRED/7X,2HRA, 18,6X,1
25/1x, ZMIA,,Q,gx.IS//Sx.22n~ * PROGRAM TERMINATED)
END




gl piangy - S
g R T

RS

i G

S

oy _
N T DR

o
- .5

e

;wwm’;_ﬂ“:‘,.;,l..;-t}i}'g‘:..u‘.fi- _‘i( :."‘ %

- e et

ooOoOOOOOO N

10

25
27

21
26

SUBROUTINg COPEO! 4 SEPT, 77

SUBROUTINE COPEO1 (RA,IA,NORA,NOIA)

COMMON /CnMNi/ IPRINT,NOV, LTMAX,NCON,NSIDE, Icuola NSCAL,NFDG,FOCH,
IFDCN"cCanYMINaCYLnCTLMINoTNETA:PH!aNACoDELFUNoDABFUN LINOBJ,ITRM,
2ITER, INFUg, 1GOTO, INFU,08J

COMMON lCnpﬁsll ATITLF(20)

COMMON /CnpPES3/ SGNOPT,NCALC,108J,NSV,NSORJ,NCONA,N2VX,M2VX,N2VY,M
lZvv.nszn,taSENS.!PZVAn.Iposh.utcuxl,NovroT.Locn(zSJ.LuCL(ZS).lscn
*1,1SCR2

DIMENSION RA(NORA) , TA(NDTA),CC(10),TITLE(C20)

DATA STOP|/\us/.SY092/1nvl.370P3/1ﬂ01.stoPﬂllnPl.stoPS/ﬂusrovl

DATA gNlelue/,ENoellHN/ END3/1HD/y

DATA COM/yHg/,COMMA/LH,/,BLANK/IN /,ZERO/1HO/

ﬂtt'...tt,..ttt't.'!'t.i'tﬁttttit'.t.'ttatt.!i.Qt.t.t'tttt’tt"lt.

ROUTINE Tn READ CONTROL INPUT FOR COPES,

Q.iﬁtttit.,g.gltt.ttt'tig...iti'i.tﬂ"ttt..tlttil.t"."'.tt"lt'.

BY G, N, VANDERPLAATS MAR,, 1973,

NASA-AHES _RFSEARCH CENTER, MOFFETT FIELD, CALIF,

-.-.- SoedeTVeeewede CX LY ] oeevcew
READ CARD [MAGES AND STORE ON UNIT ISCR2, STORE ON UNIT ISCRY
WITHOUT CQMMENT CARDS
REWIND ISrRi
REWIND 1SeR2
NCARDS=20
LoCI(2S)=n
NCOM=0
FORMAT(80a1)
ICARD=0
READ(S, 2)(Rl(!)nl31050)
ICARD=ICARD+!
1FORMz0
IS THIS Tuyg TITLE CARD OR A COMMENT CARD?
IF(RA(1).Fn,COM,0R NCOM,EQ,0) GN TO 27
IF(Rac1),.FO, END1,AND, (RA(2),EQ,END2,AND RA(3),EQ,END3)) GO TO 27
UNrORnATI Fp INPUT CHECK. USE RA FOR TEMP, stuaAgE.
CHECK FOR FORMATTED INPUT,
00 2S5 J=1,80
1IF(RA(J).Fa,COMMA) GO TO 26
IF(RA(J).Fq,COM) GO TO 27
CONTINUE
CONTINUE
IFORM=1
IF(RA(1)  NF,COM) NCON=Q
NO COMMA gQUND, THIS DATA IS ALREADY FORMATTED,
00 21 Jei,R0
RA(J+80)=n,(J)
Go T0 18
CONTINUE
1CARD=ICARDS)
BLANK BeVpcTOR,

v 108

& e e—————

10
20
30
40
50

70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
a50
460
a70
a80
490
$00

o e o e — - —— . ite



[

3
=8
ey
1
i3
4 4
¥

Bt el
e

"
i Las (S

e - IR PR
S A L

it el A

28

29
14

17

19

SUBRQUTIN¢ COPEO! SEPT, 77

00 1y I=t,a0

RA(I+80)=RL ANK

CONVERT UNFORMATTED TO FORMATTED,

12210

LIz}

00 12 I=1,8

BLANK WORkING VECTOR, cC,

00 13 Jtl"o

CC(J)=RLANK

PUT FIELD p IN CC,

Ks0 A
NFLG=0

00 1a J=Lt,80

JJsJ = :

IGNORE LEADING BLANKS,
IF(RACJ) FN. BLANK ,AND K, LT,1) GO TO 14

CHECK FOR caMMA,

IF(RA(J).FQ,COMMAY GO TO 16

CHECK FOR CAMMENT,

IF(RACJ)FR . COM) GO TO 17

KaKel 2

IF(K,LE,10) GO TO 29

KsKey T

1F (NFLG,Gr_ 0) GO TO 1a

WRITE (6,2a)(RA(L),L=1,80),1,(CC(Ly,L=1,10)
FORMAT(/Sy,37He « INPUT FIELD EXCEEDS 10 CHARACTERS/SX,
# {3HCARD tNPUT IS/SX,B80A1/SX,17HERROR IS IN FIELD,iS/SX,
&« 4SHFIRST 1o NON=BLANK CHARACTERS ARE RETAINED AS,2X,10A1/5X,
« 24uRESULTS MAY NOT BE VAL]ID)

NFLG=1

GO To 14

CC(X)=RA ()

CONTINUE

G0 70 18 :
CONTINUE

COMMENT FaunD, STORE BEGINNING IN FIELD I OR IN ACTUAL LOCATION,
WHICHEVER 1S GREATER,

11212-10

IF(l1 LT 00y T13JJ

Iisl1ey

00 19 JzJy1,79

1F¢11,67,80) GO TO 18

RA(L1480)gRA(J+1)

I1slfet

GO0 To 18

CONTINUE _

STORE CONTENTS OF CC IN B, RIGHT JUSTIFIED,
LizdJel

J1312+80

00 22 J=i,10

: ! 109

$10
520
$30
S40
S50
560
$70
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000




SUBROUTINF cOPEO} SEPT, 77
IF(X,EQ,0y GO TO 23 X 1010
lF(CC(K).gQ,BLANK) CC(x)sZERO 1020
Ra(J1)=CCex) 1030
JizJiel 1040
22 KzKey % 1050
23 CONTINUE 1060
12a12+10 1070
12 CONTINUE 1080
c CHECK TO !Et IF NORE THAN 8 FIELDS OF INPUT ARE CONTAINED ON THIS 1090
c CARD, 1IF veS, PRINT FRROR MESSAGE, 1100
IFcLI, GT.Ao) GO TO 18 1110
0o 32 J=zigp, R0 1120
IF(RA(J).rn COMMA) GO TO 33 1139
IF(RA(J).rn CoM) GO TO 18 1140
32 CONTINUE 1150
GO TO 18 1160
2 33 WRITE(6,34) (RA(J),J=1,80) 1170
3a FORMAT (/Sy,51H+ « INPUT DATA CARD CONTAINS MORE THAN EIGHT FIELDS/ 1180
* SXnISHCApn INPUT [S/SX,B0A1/5X,24HRESULTS MAY NOT BE VALID) 1190
18 CONTINUE 1200
IF(RA(1) nE,COM) WRITE(ISCR1,2)(RA(1),1281,160) 1210
NC‘RDSSNCAROSOI 1220
IFC(RACL) 50.37091 AND,RA(2),EW,STOP2) ,AND, (RA(3) ,ER,STOP3,AND, 1250
» RA(B).EG sTaP4)) GO 70 20 1240
na17e(tscna,a|)NCARDS.(RA(I).l-x,AO) 1250
IF(IFORM g 0) WRITE(ISCR2,a1)NCARDS, (RA(1),1=81,60) 1200
a1 FOR"A?(IS/aoAl) 1270
IF(RA(1),F0,END1 ,AND, (RA(2),EQ,ENP2,AND,RA(3),EQ,END3)) GO TO 20 1280
G0 TO 10 _ 1290
20 REWIND ISeRi 1300
REWIND ISeR2 1310
c Secessccn go ccecccacnane - ece - oo 1320
c GENERAL SYNTMESES XNFOIHArxon 1330
c ...C--...-;... - - eeSee ‘}“o
c TITLE, 1350
C e==e DATA BLOFK A, 1360
READ (lSCn|,7so) (ATITLE(I),121,20) 1370
NCALC=e1 1380
IF(ATITLE;1).EQ,STOPS) RETURN 1390
(4 CONTROL P.RAMFTERS, 1400
C ®e== DATA BLOeFk B, 1410
B i READ (ISCQ|,77°) NCALC,NOV,NSV,N2VAR, IPNPUT, IPSENS, IP2VAR, IPDNBG 1420
g | ‘ . IF (NCALC,LT,0) RETUKN 1430
| i IF (IPNPUY 67T,1) GO TO So 1440
! WR1TE (boqan) 14S0
WRITE (6,550) 1460
i unlts (6/560) (AIITLE(I) 131,20) 1470
c sy 23 B T P TP T T TP 1480
¢ 5 CARD IMAGE PRINT 1490
4 ~ C [ITT T T T Py PR T TP Y PTT P T - ecae cce 1500

110

CELAT LS by
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B | SUBROUTINF COPEO1 SEPT, 77 i

IF C(IPNPUT,GT,.0) GO TO 49 1510 i
WRITE (6,a30) A 1520 3
WRITE (6,aa0) 1530
00 30 1s1,1CARD 1540
READ(ISCR),a1)NCARDS, (RA(J),J=21,80) 1550
30 WRITE(6,450)NCARDS, (RA(J),J=1,80) 1560
REWIND ISeR2 1570 ‘
a0 CONTINUE 1580
WRITE (6,570) (ATITLEC(I),131,20) 1590
WRITE (6,580) NCALC,NDV,NSV,N2VAR, IPNPUT, IPSENS, IP2VAR, IPDBG 1600 3
WRITE (6,a80) 1610 3
S0 NACMX120 1620 E
NOVTOT=0 1630 , o
NCONAz0 1640 i3
NACHMX220 : 1650 :
IF (NOV,Lg,0) GO TO 200 1660 i
c .......-.;...--.-.--....-.....--.‘....-.-...-.-.-...-.-..-...-0-.- le70 i '
/ c OPTIMIZATION INFORMATION 1680 4
C .000-....;-;.-000000-.c-.--...----.--...o... egee oe 1090 ¥
c OPTIMIZATyON CONTROL VARIABLES, « CONMIN DEPENDENT, 1700 g
C ==== DalTa BLOek C. 1710 - i
READ (I1SCR1,770) IPRINT,JTMAX,ICNDIR,NSCAL,ITRM,LINOBJ,NACHX1,NFDG 1720 :
C ===e DATA BLO¢K O, 1730 o
READ (ISCry,780) FDCH,FDCHM,CT,CTMIN,CTL,CTLMIN, THETA,PHI,DELFUN,D 1740 -
1ABFUN : 1750 g ﬁ
C ==ee DATA BLOrx E, 1760 3
c TOTAL NO, OF D. V., UBJECTIVE GLOBAL NUMBER, SIGN 1770 i
c ON OPTIMIZaTION OBJECTIVE, 1780
READ (1SCmp,490) NDVTOT,108J,SGNOPT 1790
IF (NOVTOy LT,NDV) NOVTOT=NDV 1800 ! -
] IF (NACMX1 LE,0) NACMX12NDV4s2 1810 P
= IF (IPNPUT _GE,2) GO TO 60 1820 P
s IF (ABS(SrNOPT),LT,1,0E=10) SGNOPT3e}, 1830 '
2 WRITE (6,430) 108J,SGNOPT 1840 - '
2 WRITE (6,310) 1PRINT,ITMAX,ICNDIR,NSCAL,ITRM,LINOBJ,NACMX],NFDG 1850 i o
: ‘“RI'E (6,320) FOCH,FOCHM,CT,CTMIN,CTL,CTLMIN, THETA,PHI,DELFUN,DABF 1860 '
& UN 1870 :
P 60 N22NDV+3 1880 :
2 N3=N24NDV L2 1890 S
NGSN34NDV, 2 1900 i 3
C eeee DATA 8L0fk F. 1910 l 4
c DESIGN VAQUaBLE INFORMATION, LB, U8, INITIAL VALUE, SCAL, 1920 |
_ IF (IPNPUY _ LT,2) WRITE (6,640) 1930 %
B NSENGeNDV, > 1940 l ;
] ¢ IF (NS.LE_ nDRA) GO TO 70 1950 :
‘ WRITE (6/330) 1960 4 ;
WRITE (6,34a0) 1970 -
LOCR(25)2nS 1980 b
! 60 To 300 1990

70 CONTINUE )

111
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e | SUBRQUTINF COPEO1 SEPT, 77
s | NSIDE=0 2010
£ | 00 80 I=t NDV 2020
e | READ (lSCog,ezO) RA(Nz).RA(NS).RA(x) RA(NG),(TITLE(J),J=1,5) 2030
| : lr(ungua) GTeel0E+1S5,0R RA(NI) LT,1,0E+15) NSIDEsi 2040
£ | IF(RA(N2)/LE, =1, 0E+15) RA(N2) %=1, 1E+1S 2050
b2 | IF(RA(N3) GEL1,0E415) RA(N3)31,1E41S 2060
B | IF (IPNPUT LT,2) WRITE (6,650) I,RA(N2),RA(N3),RACI),RACNG), (TITLE 2070
Ee | 1(J)eJd=1,5, 2080
£ | N2sN2+ g 2090
B N33N3s1 2100
. LTELTTY! 2110
S 80 CONTINUE _ 2120
g | . C ==== DATA BLOeK G, 2150
. c 0, vV, NO,, GLNBAL LOCATION, MULTIPLYING FACTOR, 2140
b | IF CIPNPUT,LT,2) WRITE (6,500) 2150
e | " NS24aNDV+q 2160
e | M23NOVTOT 2170
3 i . N6ZSNSsNDVTAT 2180
k- "SlﬂeoNOthT 2190 :
7 IF (N6,LE’ NORA) GO TO 90 2200 v
9 ' WRITE (6:130) 2210 :
18 WRITE (6,350) 2220
e | . LOCR(25)=ns 2230
e | GO To 309 2240
- 20 CONTINUE 2250
5 IF (M3,LE NnIA) GO TO 100 2260
£ | WRITE (6,3460) 22170
ke | WRITE (6,350) : 2280
i LOCI(2S)3u3 2290
% { ! 60 To 300 2300
b | 100 CONTINUE 2310
4 ' 00 110 Isy, NOVTOT 2320
READ (lSCn;,anO) IA(M2),IA(1),RA(NS) 2350
IF(ABS(RA(NS)) LT, °E-20) RA(NS):I 0 2340 3
IF (IPNPUT,LT,2) WRITE (6,510) I,IA(M2),1A(1),RA(NS) 2350
M23M241 2360
F ; NSENSe1 2370
3 ] 110 CONTINUE 2380
g J ; NCON=0 2390
o C esce DATA sLof‘K |“ 2400
iy c NUMBER OF cONSTRAINT SETS, 2610
k. 1 . READ (ISCojy,490) NCONS 24290
g | ! IF (IPNPUY LT, 2) WRITE (6,670) 2430
b i IF (xPN'Uv "LT.2) WRITE (6,680) NCONS 2440
p 3 IF (NCONS’ rn.o) G0 T0 200 2450
i 1F (lPNPUt LT.2) WRITE (6,690) 2060
i uoan.nDVouovrorov eu7ro0 .
§ H3224NOVTATH1 2480
% . Ma=2aNOVTnT o NCONS 2490
! MaAzmael 2560




SUBROUTINg cOPEO!L SEPT, 77

i Pt s el

3 | L=y g : 2510
b i C eoee DA?A 8Loex I, 2520
i i ’ NCONA30 : 2530
A 00 170 I=y,NCONS 2540
B | NNNZN6+3 2550
E: | IF (NNN,G}_NDRA) GO TO 180 2560
;-4 c GLOBAL NU° 1, GLOBAL NO, 2, LINEAR CONSTRAINT 1D, 2570
g READ(ISCR' 770) ICONI,JCONI,LCON] 2580
s | c LB, NORM, ym, NORM, 2590
| READ(ISCRy, 7en)(RA(J) J=N6,NNN) 2600
e | IF (RA(NG), L Eoel, 0E+15) RA(Nb)E=1,1E+1S 3 2610
i | lF(RA(Néoa) GE,1,0Ee15) RA(N6e2)21,1E41S 2620
o i IF (RA(N6+1y ,LT,1,0E=20) RA(Nool)SAes(nAtua)) 2630
& | XF(RA(Nbog) TLT.0,1) RA(N6+1)20,1 2640
. IF(RA(N6+3) LT,1,0E=20) RA(NO+3)ZABS (RA(NG+2)) 2650
{ IF(RA(N6+3) LT,0,1) RA(N6+3)30,1 2660
i c NUMBER OF VARIAHLES IN THIS SET, 2670 !
3 NVAR=ZJCONTLICONT+1 2680 :
£ : % IF (NVAR, T,1) NVAR31 2690 .
ki NcoNAsNCOua.NVAR 2700 :
c HOW MANY EONSTRAINTS? 2710 i
Jis0 2720 ¢
IF (RA(N6y GE,=1,0E+15) Ji=1 . 2730
IF(RA(NOQ’) LT.1,0E+15) JizJiel 2740 :
NCONladltnvAR 2750 !
NCON=NCON,NCONT 2760 i
: IF (J1,EQ ) GO TO 130 2770 :
3 c ADD L!NEA: COMSTRAINT IDENTIFIERS TO 1SC, 2780
e 00 120 J=j,NCONI 2790 :
s LLELTYS 2800 ’
MMMSMY 2 28190 ;
IF (MMM,Gy _NOIA) GO TO 190 2820 1
120 IA(MaysLCaNT 2830 {8
130 CONTINUE 2840 o
c ADD LR, Up AND SCAL TO BLU IF NVAR,GT,§, 2850 - e
IF (NVAR,fq,1) GO TO 150 2660 | 8
NVARi2NVAQat 2870 1
DO 140 J3y,NVARY 28480 .
NNN2N6+T 2890 v 4
2 IF (NNN,GT _NORA) GO TO 180 2900 i
RA(No+d)spa(Nb) 2910 i
E : RA(N6+S)3pa(N6+1) 2920 l;
1 RA(NG6+6)3RA (N6+2) 2930 :
| 7 Rl("bo?)taA(N6¢3) 2940 !_
ey | NosNe+4d 2950
s 140 CONTINUE 2960 1
& 150 CONTINUE 2970 i -
e | c ADD CONSTRAINED VARIABLE GLOBAL IDENTIFIERS TO ICON, 2980 . i
o8 . 1CON1=ICONT 2990 g
e | 00 160 Jaj, NVAR 3000 :
! : '

113
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SUBROUTINF COPEO1 SEPT, 77

MMMEM3 o

IF (MMM ,GY _NDTA) GO TO 190
1A¢M3)sICaNy

ICON1=ICONp el

IF(J.EQ,1y GO TO 160

SHIFT ISC veCTOR,

LizMael

L2zMa

DO 165 K=maa,Md

1ACL1)SIA(L2)

Lisly=y

L22L2-]

MazMa+ 1

MaAZMAA+]

M3IZMIe| .
IF (IPNPUT LT,2) WRITE (60660) L,ICONI,JCONI,LCONT,RA(NG),RA(NO®L)
1oRAING+2) ,RA(NGS3)

N6=N6+4

LeNCON+ 1

CONTINUE |

IF CIPNPUT L T,2) WRITE (6,470) NCONA
60 T0 200

WRITE (6,330)

WRITE (6,370)

LOCR(2S)=NNN

GO TO 300

WRITE (6¢360)

WRITE (6,370)

LOCI(25)2umHM

G0 10 300

CONTINUE

NS08J=0

NSVTOT20 s

STARTING | nCATIONS FOR SENSITIVITY INFCSRMATION,
NSVREAaNDy 4NOVTOT+4aNCONA 9
NSVIZ24(NnVeNCONA) ¢2eNDVTOTeNCUNAGL
IF (NSV,Lg,0) GO TO 240

SENSITIVITY INFORMATION

IF (IPNPUT.LT.2) "RITE (64590)

esee DATA BLOex J, PART |,

NSOBJ,
READ (I1SCpy,770) NSOBJ

C eee= DATA BLOgK J, PART 2,

c

NSENSZ,

MSaNSV1

MMSZMSeNSARJ =1

IF (MMS,Le NOTA) GO TO 210
WRITE (6,340)

’ 114

et A e AV U S VB B8 A TGN S T

3010
3020
3030
3040
3050
3000
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3ar0
3a80
3490
3500

A Tty B X AL P R




SUBROUTINF cOPEO!L

WRITE (6,%80)
LOCI(2S)2ums
Go To 300

210  CONTINUE
READ (18CR1,770) (IA(I),I3MS,MHS)
IF (IPNPUY LT, 2) WRITE (6,530) NSnBJ
IF (1PNPUT LT,2) WRITE (6,520) (IA(I),l3MS,MMS)
IF (IPNPUT L T,2) WRITE (6,600)
N73NSVR
M6aNSV1IeNg0RJ
M7aMeeNSY _

00 230 Isy, NSV

C e=== DATA BLOrKk K, PART |,

(4 ISENS, NSgnsS,
READ(ISCRy,770) 1A (M6),NNY
NN7EN7¢NNg ot
IF (NN7,Lp _NDRA) GO TO 220
WRITE (6,330)

WRITE (6,390)
LOCR(2S)3NNT
60 To 300

220 CONTINUE _

C e=== DATA BLOrk X, PART 2,

c SENS,

READ (13691,790) (RA(J)»JENT,NNT)

IF (IPNPUT  GE,2) GO TO 225

JJ=N74+S

IF¢Jy. GY.NN7) JUSNNT

Hl]fE(b,b,o)l IA(M6), (RA(J),JENT,JJ)
JIzdJet

IF(JU,LENT) WRITE(6,615)(RA(J),J=JJ,NT)

225 CONTINUE
NSVTOTSNSyTOT#NNI
IA(MT7)SNT
N72NN7+1
MosMo s}

MTsM7+1

230 CONTINUE

240 CONTINUE
Maviso
M2vVYz0
IF (N2VAR LE.0) GO TO 279

SEPT, 77

c ) ..-...-...-..........--.....‘.-...-..... evegde
E ; TWN=VARTABLE FUNCTION SPACE INFORHATION
Ld ece®acs LT eeeaegeecsese e
C ee=e DATA BLOPK L,
c VARIABLE wNUMHFRS AND NUMBER OF VALUES OF X aAND Y,
READ (1SCRy,770) N2VX,M2VX,N2VY,MaVY
NE=SNSYR4NgyTOT
MB2NSVI+NgOAJ+2aNSY

3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3010
3620
3630
3640
3650
3600
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
5910
3920
5930
3940
3950
3960
3970
3980
399¢
4000

4 v

A e e



SUBROUTINg COPEO!Q f SEPT, 77

MMBZMB+N2yAR®
IF ¢mM8,Lg NDTA) GO TO 250
WRITE (6,360)
WRITE (6,a00)
LOCI(25)=una
60 To 300
250 CONTINUE
C e=== DATA BLOgk M,
(4 GLOBAL VAﬂtAULE NUMBERS CORRESPONDING TO FUNCTIONS OF X AND Y,
READ (1SCg1,770) (IA(Y),I=M8,MM8)
IF (IPNPUY LT ,2) WRITE (6,730)
IF (IPNPUY L T,2) WRITE (6,740) (I1A(T),13M8,MM8)
C eece NATA BLOrK N,
c VALUES OF canronsnrs,
NNBENB+M2y el
IF (NN8,.GT _NORA) GO TO 260
READ (lscnt.lno) (RA(I1),13N8,NN8)
1F (!PNPUv LY.2) WRITE (6,700) N2VX
IF (IPNPU7 LT,2) WRITE (6,720) (RA(I),I1ZN8,NNB)
C eeece DATA BLOrx o,
c VALUES OF vy Con#ouenrs,
N9=Ng+M2VYy
NN9EN9+M2yyel
NNB8SENN9
READ (1SCqp1,780) (RA(I),I=N9,NN9)
IF (IPNPUY LT, ,2) WRITE (6,710) Nevy
IF (JPNPUY.LT,2) WRITE (6,720) (RA(I),I=N9,NN9)
60 To 270
260 WRITE (6,330)
WRITE (6,a00)
LOCR(25)=nNA
60 10 300
CONTINUE

-~
o

OYNAMIC STORAGE ALLOCATICN

NOV23INDV+>

REAL VARIBLES,

x.

LOCR(1)=21

VLB, ,
LOCR(2)2Npve3

Vul,
LocR(S)sanl(2)0N0V2
SCAL,
LOCR(C)Gann(l)0N0v2
AMULT,
Locn(S)aann(n)oNDVZ
8Lu,.
LOCR(6)2LNACR(S)+NDVTOT

o 6 0o 0o 0O OO0 o0onn

40390

4020 _

4030
4040
4050
4000
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270
4280
4290
4300
4310
4320
4330
4340
4350
4360
a37o
4580
4390
4400
4410
4420
4430
4440
4450
Q460
a470
q480
4490
4500

a3 i Sy
i ai,

i

. e e e

| et & e o e s w e



SUBROUTINF COPEO1

SENS,
XM2¥,

™2V,

o o o 0

00 280 I=

I0SGN,
LocI¢1)st
NDSGN,
ICON,
IsC,
NSENSZ
ISENS,
NSENS,
NevZ,

o o o 0 O 0O O 0o oon

00 290 1I=

290 LOCI(I)=LncI(9)
¢ STORAGE FnR CONMIN ARRAYS,
IF (NCALC,nE,2) GO TO 295

NRI=NOV

LOCR(7)ZLnCR(6) +4#HCONA
LOCR(8)3LnCcR(7)+NSVTOT
LOCR(9)sLnCR(B) +M2VX
EXECUTION | EVEL ARRAYS,
LOCR(10)2) oCR(9) +M2VY
11,25

80 LOCR(I)sLncr(10)
INTEGER VaRTABLES,

LOCT(2)3NnyTOT+1
LOCI(3)3LncT(2)¢NDVTOT
LOCIc4)=Lact (3)+NCONA

LOCI(6)3LnCTI(S)+NSOBJ
LOCI(7)=LacT(6) ¢NSY
LOCI(B)=LncT(7)+NSY

EXECUTION _EVEL ARRAYS,
LOCI(9)3LnCT(A)+N2VAR

10,25

LOCI(S)=LncT(a)+2«(NDVeNCONA)

IF (NACMX} GT NRI) NRIsNACMX{

NRE3«NCON, 5NNV eNACMX ] 4 (NDY2+NACMX])+NRI 44
N!lNlCN!l;a.NRI

LOCR(25)3) 0CR¢10) +NR

LOCI(2S)% ncl(9)+NI

GO To 300
295 NReNSV

IF (NSOBJ,AT NR) NR=NSOBJ

IF (NCALC,FQ,3) LOCR(25)SLOCR(10)+NR

IF (NCALC,Fn,4) LOCR(2S)3LOCR(10)+N2VAR

300 CONTINUE

SEPT, 77

IFCIPNPUT ( T,2) WRITE(6,410)LOCR(10),LOCR(2S),NDRA,LOCI(9),L0CL(2S

*),NDTA
RETURN

c
c

FORMATS

4510
4520
4530
4540
4550
4560
4570
4580
as90
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
a770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950
4960
4970
4980
4990
5000
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i‘ SUBROUTINF COPEOY SEPT, 77
c ..-......;-...-.-c.--.....-.-.---...-.---......-..-.-.--......--.. so ‘ o
310 FORMAT (/gx,5RHCONMIN PARAMETERS (1F ZERO, CONMIN DEFAULT wiILL OVE 5020
IReRIDE)//qx,OHIPRINT ,2X,SHITHMAX, 3%, O4TCNOIR, 53X, SHNSCAL ) 3X,dNITRM,3 S030
2X, 6HLINOB 1,2X, 5HNACMX L, 3%, 4HNFDG/18) 5040
320 FORMAT (/4X,4HFDCH,12X,5HFDCHM, 11X,2HCT, 14X, SHCTMIN/1X,4(2X,E14,5) 5050
EE | ®//76X,3HCT , 13X, 6MCTLMINS 10X, SHTHETA, 11X, 3HPHI/1X,4(2X,E14,5)// S060
3 | ® 6Xs)6HDELFUNC 10X, 6HDARFUN/1IX,2(2X,E14,5)) S070
. 330 FORMAT (/,5x,S4HREUUIRED STORAGE TN ARRAY RA EXCEEDS AVAILABLE STO 5080
IRAGE) : 5099
& | 340 FORMAT (/gx,27HUNARLE TO READ DATa BLOCK F) S100
¥ 350 FORMAT (/gx,27HUNABLE TO READ DATa BLOCK G) 5110
i 360 FORMAT (/5YX,S4MREQUIRED STORAGE IN ARRAY Ia EXCEEDS AVAILABLE STO S120 ,
| 1RAGE) S130 3
| 370 FORMAT (/gx,27HUNABLE TO READ DATA BLOCK 1) 5140 E
& 380 FORMAT (/gx,27HUNABLE TO READ DATA BLOCX J) 5150 3
3 390 FORMAT (/gx,27HUNABLE TO READ DATA BLOCK K) 5160 3
E: | 400 FORMAT (/gx,27HUNABLE TO READ DATA BLOCK L) 5170 i3
4 3 g a10 FORMAT(//6%x,25HDOATA STORAGE REGUIREMENTS//17X,dHREAL,26X, 5180 v
: * THINTEGER/T7X,27THINPUT gXECUTION AVAILABLE,SX.» S190 '3
« 2THINPUT FXECUTTON AVAILABLEZ1X,3110,2X%,3110) S200 -
420 FORMAT (A7,A2,A1,19A4) S210 v
L+ 430 FORMAT (1My,4X,27HCARD IMAGES OF CONTROL DATA///SX,4HCARD,20X,SHIM S220 i
; 1AGE) 7 5230 1
e 440 FORMAT (1n0) 3 S240 1
- 450 FORMAT(18,{H),2X,80A1) 5250 i 4
470 FORMAT (/gx,40HTOTAL NUMBER OF CONSTRAINED PARAMETERS =,I5) 5260 e

]
i
| 480 FORMAT (/,5%X,26HCALCULATION COMTROL, NCALC/SX,SMVALUE,3X, THMEANING sa1c
‘ $/77%e 1115y, SHSINGLE ANALYSIS/7X,1H2,5X, 12HOPTIMIZATION/TX,1H3,5X, 5280

b | 2 {{HSENSITIVITY/7X, 1H4,5X,27HTW0VARIABLE FUNCTION SPACE) 5290 4

| 490 FORMAT(21(0,F10,2) 5300 {4

| 500  FORMAT (//gXsy6HDESIGN VARIABLES/{1XsSHDe V,r5Xe6HGLOBAL,GX, 1 1HMUL 5310 i
ITIPLYING/SX,2HID¢SXs3HNO,/)SXy8HVARs NO::5Y¥;5HFACTOR) 5320 i

S10  FORMAT (217,5%,15,6X%,E12,9) 5330 3

S20  FORMAT (Sy,1615) 5340 - I3

S30 FORMAT (/gx,34HNUMHER OF SENSITIVITY OBJECTIVES =,I5/5X,53HGLOBAL 5350 i

e INUMBERS ASSOCTATED WITH SENSITIVITY ORJECTIVES) 5360 13

' S40  FORMAT (1wy,/////7,5%,4THCCCCCCC 0000000 PPPPPPP  EEEEEEE S 5370 '

E: 158SSSS/SX, 4 THE 0 0o »p P S /5%X,47 5380 i

i : 2HC 0 o » P E s /SX,4THC (] 5390 E

E | 3 0 PpPPPPPP  EEEE $SS585S/5X, 4THC ] o P 5400 &

br I a E $/5X,a7HC 0 0 P 3 5410 E

b S §/5X,q7HCCCCCCC 0000000 P EEEEEEE  $SSSSSS 5420 |

| ©8) 5430 j

B S50 FORMAT (/7//7/,18%,19HN A S A = A ME S//1aX,29HC ON TR O L P 5440 1

B | f 1 ROGR 4, M//26X,5HF O R//BX,41HE NG I NEER I NG S VYNTH 5450 :
2ES 1 S) 5460 -

S60 FORMAT (/7,//724%X,9HT 1 T L F//5X,20A4) %470 ,

S70 FORMAT (1u(,4%X,6HTITLF:/5X,2044) 5480 :

T

EXTRTE
i e R
.

580 FORMAT (/,/5X,19HCONTROL PARAMETERS}?/SX,d2HCALCULATION CONTROL, S490
1 : NCALC =2,15/Sx,42HNUMBER OF GLOBAL DESTGN VARIABLES, 5500

,
His

K
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E |

<

2 » '
75 1
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S

$90
600

610
615
620
630

640

650
660
670
680
690

700
710

720
730

740
750
770
780

SUBROUTINg COPEO!L SEPT., 77
2NDV =,15/6x,U2HNUMBER OF SENSITIVITY VARIABLES, NSV z,15/5X,42
3HNUMBER Of FUNCTIONS IN TWQ=SPACE, N2VAR =,15/5X,42HINPUT INFORMA
4TION PRINT COpE, IPNPUT 3, IS/SX.“EHSENSIIIVITY PRINT COOE,

s - IPQENS =,1S/5X,42HTWO=SPACFE PRINT CODE, IP2YVAR
63%,15/5X, a;unEsuG PRINT COOE, IPDBG =,I15)

FDRHAY (/;/sx 27H* * SENSITIVITY INFORMATION)

FORMAT (/la!,oHGLOGAL 4X, THNOMINAL/SX,6HNUMBER ,2X ,8HVARTABLE ,4X,SH
\VALus.ex,iauurr-NOHINAL vALUES)

FORMAT (Sy,14,18,5%,£12,5,1%,5E13,4)

FORMAT(35y,SE11,4)

FORMAT (4F10.2,1044)

FORHAT(/Sy 3SHGLORAL VARTABLE NUMRER OF OQ0BJECTIVE,10X,1H=,I5/5X,

1 abnMULr1pLTEn (NEGATIVE [NDJCATES MINIMIZATION) -.612 4)

FORMAT (/gx,27HOESIGN VARTABLE INFORMATION/SX,50HNON=ZERU INITIAL
IVALUE wWIL nvER-RIoe MODULE INPUT/5X,SHD. V.sSXsSHLOWER,10X,SHUPPE
2R,9X, 7THINTTTAL/SXs 3HNO ., 7X,SHBOUND, 10X, SHROUND, 10X, SHVALUE, 10X, SHS
3CALE)

FORMAT (Ia,aX,E12,5,3X,E12,5,3X,E12.5,3%X,E12,5,544)

FORMAY (Im,17,218,5%,g12,5,3%X,E12,5/,3%,E12.5,3%X,E12,5)

FORMAT (/,5%,22HCONSTRAINT INFORMATION)

FORMAT (/gx,9HTHERE ARE,[3+,16H CUNSTRAINT SETS)

FORMAT (l?x,quLO&AL,zl,QHGLOSAL,aX,bHLINEAR,bX.SHLONER,bxo
* 13HNORMA) 1ZATTON, 7X,SHUPPER,6Xs 1 SHNORMALTZATION/6X,2HID,3X,

* 6HVAR, 1,2%,6HVAR, 2,4X,2H1D,8X,SHBOUND,9X,6HFACTOR,10X,
* SHBOUND,ox,6HFACTOR)

FORMATY (/}5!,09HGLOBAL VARIABLE NUMBER CORRESPONDING TO X, N2VX 3,
L1S//5%s203yaALUES OF XeVAQIABLE)

FORMAT (/,qx,aoucLoaAL VARIABLE NUMBER CORRESPONDING TO Y, N2VY s,
115/7/5%,20HyALUES OF YeVARTABLE)

FORMAT (3x,5E12,4)

FORMAT (/,,;x SiH#* » TWOVARIABLE FUNCTION SPACE MAPPING INFURMAT]
1ON//SX,S2uGLORAL VARIABLE NUMBERS ASSOCIATED WITH F(X,Y), M2V2)

FORMAT (Sy,101S)

FORMAT (2n44)

FORMAT (81109

FORMAT (8f10.2)

END

5510
5520
5530
5540
5550
$560
5570
5580
5590
5600
Se10
5620
5030
5640
5650
S660
S670
S680
5690
S700
S710
5720
S730
S740
§750
5760
5770
5780
S790
5800
5810
S820
5830
5840
5850
5860
5870
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SUBROUTINg CcOPEO2 SEPT, 77

SUBRQUTINg cOPEn2 (ARRAY,RA,IA,NARRAY, NDRA,NDIA)

COMMON /CnMNl/ IPRINT, NDV ITMAX,NCON,NSIDE,ICNDIR, NSCAL.NFDG FDCH,
lFocHH.cv.prnlu.crL,canIN.YHErAaPuluNAc DELFUN,DABFUN'LINOBJpITRH.
21TER, INFOgr, 1GOTO, INFO,08y

COMMON /CnpFS1/ ATITLE(20)

COMMON /CnPES3/ SGNOPT,NCALC,IUBJ,NSV,NSOBJ,NCONA,N2VX,H2VX,NEVY, M
12VY,N2VAR [PSENS,IP2VAR,IPOBG,NACMX] ,NDVTOT,LOCR(25),L0C1(25),1S¢CR
*l,1SCcR2

DIMENSTION ARRAY(NARRAY),RA(NDRA),TA(NDIA)

'ttttiI.t;....t.ltﬂ.t*tiQtﬁttiii..t..'.t'gtttt‘t.Q‘.tt.t..!t'.tttt

ROUTINE Tn CONTRUL OPTIMIZATION,

ARV R AR R R Gy AR R RN AR AN AN AR AN R R AR R R AR RN AR IR AR AN R AR ANARRRNORAANRA AR

BY G, N, vVANDERPLAATS MAR,, 1973,

NASA-AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,

Soesevee oecocas Spenew MNSITIYT PR P E L P L Y DL AL AL ALl b bl 1)

E ARRAY DIMENSIONS

NN1=NDV+2

NN232#NDV 4NCON

NN3=NACMXY

NNG=NN3

IF (NDV,GT NN4) NNa=NDV

NNS=24NNG

: ARRAY STARTING |_OCATIONS

X, VLB, VYum, OF, A, 8, Gy, G2, C, B, SCAL, ISC, Ic, MS1

Nx=s1

NVLB=zLOCR{2)

NVUB=sLOCR¢3)

NNSCAL=LOgR(4)

NOF2LOCR(y0)

NG=NDF +NNy

NASNG#NN2

NSaNA+NNT oNN3

NG1SNS+eNNy

NG2=NG14NN2

NC=NG24+NN>

NB=NC +NNU

N1SC=L0C1(a)

NIC=LOCI(10)

NMS1eNIC+yN3

OPTIMIZATION

........‘.‘........-.-.....-.......-...........- -

1607020

CaLlL CON"YN (X,DF.G,ISC.IC,A,S.GI,GZ.C,NSl,B,VLB,VUB.
#SCAL,N1,N> ,N3,NG,NS)

CONTINUE

CALL CONMtN (RA(NX),RA(NDF),RA(NGy,IA(NISC),IA(NIC),RA(NA),RA(NS),
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SUBROUTINg COPEO2 2 SEPT, 77

1RACNGY) R (NG2) +RACNC) , TACNMS ) RACNB) ,RACNVLB) yRACNVUB) ) RACNNSCAL
2) 4 NN1,NN2 NN3,NN4,NNS)

ANALIZE.

CALL COPEgn3 (ARRAY,NARRAY,RA(NX),RA(NDF),RA(NG), IA(NIC),RA(NA),NNY
1/NN2,NN3,Ra, JA/NORA,NDIA)

IF(IGOT0,q7,0) GU TO SO

RETURN

END

121

S10
520
S30
S4a0
S50
560
S70
580




SUBROUTINF COPEOD SEPT, 77

SUBROUTINF COPEO3 (ARRAY,NARRAY,X,DF,G,IC,A,NN§,NN2,NN3,RA, TA,NDRA 10
1/NDIA) 20
COMMON /CnmMNl/ IPRINT,NOV, ITMAX,NCON,NSIDE, ICNOIR,NSCAL,NFDG,FOCH, 30
| 1’0C""0C'lrTNINOC‘LOC".NINDrHETAoPHloNACDDELFUN DAQ?U":LXNDGJ'ITRH, 40
| 2ITER, INFOg, 1GOTO, INFU,08J 50
f e | COMMON /CnPEST/ SGNOPT,NCALC,10BJ,NSV,NSORJ, NCONA,N2VX, M2VX,N2VY , M 60
s i 12VY/N2VAR, ,pssus.Isztn.xP006.~ACuxx,unvvor.Locu(zS).LOCL(25),Isca 70
b $ 2 #],ISCR2 80
x| m DIMENSION ARRAY(NARRAY),RA(NDRA),TA(NDIA) 90
e | DIMENSION x(NN1),DF (NN1),G(NN2),IC(NN3),A(NN3,NNji) 100
& c AN R R AR e g AN AR RN R R R R AR R AR EN R AR AR AR A SR AANNAR R AN SRR A R AR RA AT RN 110
| c BUFFER BETWFEN CONMIN AND COPES FUNCTION EVALUATION, 120
{ c AT R AR AN Gy R AN R RN AR RN AR AR RN R AN R RN RN RN R R IR R ARG A NN AR N R RN RSN 130
i c BY 6, N, VANDERPLAATS MAR,, 1973, 140
i [+ NASA-AMES RESFARCH CENTER, MOFFETY FIELD, CaALIF, 150
i c INITIAL ANALYSIS HAS HEEN DONE, TF ITER = 0, GO EVALUATE 160
{ c OBJECTIVE anD CONSTRAINTS, 170
4 3 lF(ItER Lr 1) GO 70 25 180
c ....- wedootustueaePrasrSace - evee - ve 190
i C TgAMSFER DESIGN VARTABLE VALUES TO USER ARRAY 200
C AT AL T L T L pepsey PYITI IR YL DL LD PSS PR R PR L P P PR PP DL L L L L D L L) e]o
= NS=LOCR(S) 220
2 M2zL0CI(2y 230 y
4 00 20 i=1,nunVvVTOT 240
g | ; NsIA(M2) ; 250
! MeIA(T) 260
2 | : ARRAY (M)3pa (N)*RA(NS) 210
| NS=NS+ | 280
B | M2=M24 1 290
B | M9zM94 1 300 {
£ 20 CONT INUE 310 !
S p‘ c .-.--....;-.-.--.-.......-o.. esoces - - = - e d 4 320 *
i | c . ANALTZE 330
'}A i c -........;----.....--...... : Svecow ecoesce - eeeee®®ae s“o 5
b | IcaLcs2 350 '
3 CALL ANALtZ2¢ICALC) 300 :
c ceecsccsvoenca ene ane - cescceccccvse 370 .
(4 L 08JECTIVE 380
> c .........-..‘-..........-.'...--.....--....-.--.Q...-..-..-.-.-... 390 |
e | 2S CONTINUE 400 |
iy l 08J2=SGNOPT+ARRAY (108J) a0 {
B | IF (NCON,FQ,0) RETURN a20 H
: { c ...C..-.n;-...-...--.-..-.-.------.--.o..¢.-¢..¢-..----.-..-.-.--. 450
1 (4 CONSTRAINT VALUES aa0 i
c .‘-..Q.Q.;..--.-----.-...-.-‘.-....-........‘-.’..O.-...-...-..... nso J
= M32LOCI(3) 460 i
i N62LOCR(6) aro -
i Nz0 ' 480
2 ” DO 40 1=1,NCONA a90
o5 c PARAMETER TnENTIFIER, So0
|
" \ “
A i e
= |
o
3!
5
122
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SUBROUTINF COPEO3

NNsTA(M3)

CCaARRAY (NN

LOWER BOUNnD,
BBaRA(NG)

IF (B8,LT .1.0E+15) 6O To 30
NORMALIZATINN FACTOR,
Ci=RA(Nb+y)
CONSTRAINY VALUE,
NaN+y

G(N)=(BB=cC)/Ct

UPPER BOUND.
BBIRA(N6¢2)
NORMALIZAyvioN FACTOR,
CLaRA(N6+T)

N6sSNG+d

M3sM3e1

1IF (8R,GT’ 1, 0E+15) GU TO 4u.
CONSTRAINTY VALUE,
NeN+

G(N)=(CC=pRp)/C!
CONTINUE

RETURN

END

123
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S10
S20
S30
S40
550
560
S70
580
590
600
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620
630
640
650
660
670
680
690
700
710
720
730
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! SUBROUTINg cOPEOG SEPT, 77
SUBROYTINF COPEOU (ARRAY,RA,IA,NARRAY,NDRA,NDIA) 10
COMMON /CNMNL/ IPRINT, NOV,ITMAX,NCON,NSIDE, ICNDIR,NSCAL,NFDG,FOCH, 20
LFOCHM,CToeTMIN,CTL,CTLMIN, THETAsPHI+NAC,DELFUN,DABFUN,LINOBJS, ITRN, 30
£ | i 2ITER, INFOR, 1GOTO, INFU,0RY 40
E ) COMMON /CnPES1/ ATITLE (20) S0
1 COMMON /CnPES3/ SGNOPT NCALC,108J,NSV,NSORJ,NCONA,N2VX,M2VX,N2VY, M 60
lZVY1N2V‘R,1F55N30IP?V‘R:[POBGuN‘CnXIpNDVTGprOCﬂ(Z5)pL0Cl(29) ISCR 70
#1,1SCR2 80
n D!MENSXON ARRAY (NARRAY),RA(NDRA),TA(NDIA) g 90
c BRI RR R RAR e a AR AR A AR AN GO A AN AR R QR P R R A AR RARSARRAIN RO RN AN 100
c ROUTINE Tn PROVIDE SENSITIVITY INFORMATION WITH RESPECT TO 110
(4 A PRESCRIgen SET OF DESIGN VARIAHWLES. 120
C .tiﬁttﬁtt_...!cttth'I.t"ﬁl'ttlkt.t‘ttlt'.t.l.n!lgttlﬂtt..ttﬁ."tt 130
. c BY G, N, VANDERPLAATS MAR,, !973, 140
| (4 STORE OUTpyT ON UNIT ISCR1, 150
1 REWIND IS¢Ry 160
| C pra eesse eme ceces cesccevcaw 170
2 . C WRITE BASIC INFORMATION ON UNIT ISCR1 180
: c -....-...;.--....C...C..- oa® oee - - l°°
o c TIILE, . 200
E: WRITE (IScR1,330) (ATITLE(I),I31,20) 210
c NCALC, NSy, NSOBJ 220
WRITE (xspaa.sno) NCALC/NSV,NSOBJ 230
c ISENS(I)rT21¢NSY, 240
MezLOCI (6) 250
M72Mp4NSV Ly 260
WRITE (ISeR1,340) (IA(I),IsMe,M7) 270
c NSENSZ2(1),1=1,NS0BJ, 280
MS=zLoCI (Sy 290
M6zMS4NSOp et 300
WRITE (ISER1,340) (IA(1),I3MS,Mb) 310
JCALCs3 320
ICALC=2 330
c .-.-....-;.;.---......--...--.--.-...... woa coccveavdoe 340 -
3 (4 taeRannnn, NOMINAL ARNARARIER 350
B C cecmcancs covancan *%a eome ececoarvevcsssscncvsascane 360
CALL ANALTZ(ICALC) 370
| IF (IPSENS 6T,0) CALL ANALIZ (JCALC) 380
. | C coevee sy T LT Y DT T Y gy T T *ee 390
‘ c NRITE NOMINAL RESULTS ON UNIT tscnl 400
c Ceccceres qevssvncecrsecoan ceence - e 4q10
! (455 SENS(I,1) 420 '
M73L0C1(7) 430
N10=LOCR(10) 440
o+ NLisn10 450
" DO 160 I=y, NSV 460
5 NaMTelet 470 .
e NmlA(N) . 480
| . HA(N{1)2RR(N) 490
kY 160  NijaNgiel 500
E | ~
b .
"l ]
E |
5 |
= IR :

sy

S

; . 124
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SUBROUTINF cOpEO4 . SEPT, 77
Ni13N|0¢Ngval S10
WRITE(ISCp1,350)(RACI),I=NY0O, Nll) 520
c SENSITIVIyy ORJECTIVES, 08JZ, S30
MS=LOCI(S) S40
N103LO0CR(10) S50
pe <1 ; Ni1EN1O0 S60
e | 5 D0 170 Isy,NSNBJ S70
e | ° MzMSelet 580
B’ 3 MalA(M) S90
et | RA(N11)3ARRAY (M) 600
| 170 Npp3Ngied 610
| - Ni12N10+NSNAJ=1 620
i WRITE(ISCR1,350) (RACI),I=N10,N1Y) 630
C LT L P ey e T L T T T P T PR P T T P PP P PP P Y P L PR PR L L L L LA L L L L L 640
1 c Casranant, SENSITIVITIES SeARARRRAN 650
i c Sasee ®ene®e -.....-?.....---...--..... - ﬁbo =
. . NSVAL=LO0CR(A)«LOCR(7)=NSV 670
© NSVALI=0 680 i
D0 320 IIgy,NSV 690 4
(4 SENSITIVIYY VARIABLE NUMBER, 700 C
Me=LOCI(6y41le1 710 %
1SENS=IA(Ms) 720 3
c STARTING | nCATION OF SENSITIVITY VALUES [N RA (M7), 730 3
M73L0CI(7)e11el 740 ;
MASIA(MT+4) 750
M7=1A(M7) 760
C NUMBER OF SENSITIVITY VARIABLES, NSENS, 770 :
NSENSzMBeu7 780 i
IF (11,EQ NSV) NSENSINSVALeNSVAL1 41 790 )
IF (NSENS’ "LE.1) GO TO 3290 800 1
c WRITE ISENS AND NSENS ON UNIT [SCRI, 810 E
NSENSt=NSenS=t 820 .8
WRITE (ISFR1,340) ISENS,NSENSI 830
Cc LTI LT L Ly PYILL LI L DI PR LY R el P DD DL L L T L dd 840 ‘ 4
¢ VARY THE VALUE OF THE SENSITIVITY PARAHETEn 850 .
C oe cew®e esccce, cone cee evegce e cace 860 .4
00 310 JJ=z2,NSENS 870 .
3 NSVAL13NSyaLlel 880 o3
. KsMTeJJel 890 1
s ARRAY(ISEnS)SRA(K) 900 :
v c WRITE SENS(T,J) ON UNIT ISCRy, 910 3
- | WRITE (I1SrR1,350) ARKAY(ISENS) 920 | 4
- c ANALIZE, 930 13
S CALL ANALyZ(ICALC) 940 I8
B IF(IPSENS T.0) CALL ANALIZ(JCALOC) 950 &
“‘ 4 [+ ....-......--...-..-.-.-...-..---.-.---..--....‘-- - - o 960 ‘ )
£y | C WRITE SENSITIVITY RESULTS ON UNIT ISCRI 970 3
| c e eccs®e DY T T T T TTY TR T T P P T T ) - - 980
e c 0RJZ, 990 i
; -~ MS=LOCI (S, 1000 ;
3 A
B |
i :
Bl |
é. 125
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K } )
";; 2 . -
2
4 ‘1 7
E | SUBROUTINE COPEOU il
E | L3 X p 1010
8 N103LOCR(7q) 1020
B, | NI1ENLO : 1030
| MEMSelel 1050
B | MeIA(M) 1 1000
=,) RA(N11)ZAQRAY (M) 1070
e 300 ulx:ntto:‘ o 1080
S | N11EN10+NgORJ= 090
i i » WRITE(ISCR),350)(RA(E),1aN10,NI1) :100
k| . 310 CONTINUE 1110
o | ARRAY (ISEnS)SRA(MT) i 1120
B | 3 320 CONTINUE 1150
e | S RETURN = eee - 1140
| LI A LT L L P T I Al Ll d = T
b ¢ FORMATS : O e
1: { c = e - oedgeevcscvee® b 1 170
i 330 FORMAT (20a4) 1180
E i 340 FORMAT (141S) 1190
. 350 :::nn (S¢r15.8) 1200
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SUBROUTINg COPEOS SEPT, 77

SUBROUTINF COPEOS (RA,IA,NORA,NOIA)

COMMON /CnMN1/ IPRINT, NDV.!THAX NCON, NS!OE.ICNOIR NSCAL ,NFDG,FOCH,
"DC"".C'!fVNlNOCVLaC‘L”lNUfﬂkrlnpﬂllNIClDELFU"oD‘BFUN'LINOUJ'XYR"'
2ITER, INFOR, 16GOTO, INFO,0R)

Conﬂou /CnPESY/ Arere(zo)

COMMON /CnPES3/ SGNOPT NCALC,108J,NSV,NSOBJ,NCONA,N2VX,M2VX,N2VY, M
leV'NZVlR.'PSENSl[PEV‘RJ[PUBG.N‘CN"ONDVYO‘OLOCR(Z5)DLQC[(ZS) ISCR
®1,ISCR2

OIMENSION RA(NDRA),TA(NDIA)

RN R AR RN o R AN AR AP AN QAR R P ORI N A AR ARSI R ARRAAN PR ARAR AR RO RN A AR

ROUTINE Tn PRINT SENSITIVITY [NFORMATION STORED ON UNIT ISCRI,

AR RSN R o R QPR R AR QAR AR R R R R R AN R R AN AR P AN R AR AR R A RARRRRARANRNARAR

BY G, No VANDERPLAATS JULY, 1974,

NASA«AMES RESEARCH CENTER, MOFFETTYT FIELD, CALIF,

REWIND ISrRy

A AL L L L L Pt L L LI A I L DAY DA DAL L LA P L ey Ll g ow

3 GENERAL INFURMATION

bl AL L L L L et T I AL I L L L DY 1} L LA - -

TITLE,

READ (ISCay,60) (ATITLE(D),Is1,20)

NCALC, NSy, NSOBJ
READ (1SCpy,70) NCALC,NSV,NSOBJ

IF (NCALC.nF,3) RETURN

‘ﬂl‘E(boBo)

* WRITE (6,%0) (ATITLE(I),121,20)

WRITE (6,00) NSV,NSOBJ

ISENSCI),121,NSV,

READ (ISCmy,70) (IA(cI),I=1,NSVY)

WRITE (6,110)

WRITE (6,120) (IA(I),I21,NSV)

NSENSZ(1),121,NSOBJ,

READ (ISCa1,7n) (IACI), 1= ,NSOHBY)

WRITE (6,130)

WRITE (6,9120) (IA(I),121,NSOBJ)

.‘.-.............--..--...--..-...'..--...-..’...-........-..'...
2 NOMINAL INFORMATION

.....Q...-...-...-.-.-....-..'..........‘..-..-... -

SENS(1),I2q,NSV,

READ (1SCn1,140) (RA(I),I21,NSV)

ARITE (6,150)

WRITE (6s760) (RACI),I=1,NSV)

08J2(1),1321,NS0BJ,

REAO (ISCoy,140) (RA(I),I21,NS0BJ)

WRI1TE (b6,170)

WRITE (6,160) (RA(I),I21,NSDBJ)

............'........-.-...-.........---....-..-...-.....-.---....

kastannae, SENSITIVITY INFORMATION SRARRRNARNS

....-....;..-.ocdco. - - - eeeese
WRITE (b,1A0)
00 40 ISEnsal, NSV
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160
170
180
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200

210
220

SusRoUT
ISENST,

INp COPEOS SEPT, 77

NSENST

READ (iSCnmy,70) ISENSI,NSENSI
WRITE (6,190) ISENSI

IF (NSENSt €9,0) WRITE (6,200)
IF (NSEN81 EW,0) GO TO 4o

D0 30 JJ:,,nSENSl

SENS(1,J)),

READ (ISCojp,140) SENSIJ

08J42(1)

+ley,NSOBJ,

READ (ISCpy,140) (RA(I),I=1,NSUBJ)
NsMINO(4,n$08J)

WRITE (6,210) SENSIJ,(RA(I),I=31,N)
N’(NSOHJ'!)/“

IF (N,LT,y3 GO TO 20

Li=S

0o 10 I=1,N

L2=L1+3
L2aMINO

(L: NSOBJ)

WRITE (6vPZO) (RACJI)»JIaLE,L2)

Lizlied

CONTINUE
CONTINUE
CONTINUE

RETURN

FURMATS

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(//qx,SHTITLE/SX'aoAa)

(29a0)

(1p15)

(au‘,ax Q7HSTANDARD SENSITIVITY ANALYSIS nesuurs (NCALC=3))
(//5%X» 36HNUMRER OF SENSITIVITY VARIABLES, NSV,9X,1H=,I5/5X,

§1 39HNUMBER 0F SENSITIVITY OBJECTIVES, NSORJ,e6X,1Hs,IS)

FORMATY
1€S)
FORMAT
FORMAT
1VES)
FORMAT
FORMAT
1ITIvITY
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
1 FOR TH
FORMAT
FORMAT
EnD

(/5% »S2HGLORAL NUMBERS ASSDCIA1ED u]tn SENS!TXVITY VAR1ABL

(5v,1015)
(/,sx,ssucLoaAL NUMBERS ASSOCIATED WITH SENSITIVITY 0BJECTI

(5F£15.8)

(/1515! 26HNOMINAL DESIGN INFORMATION//SX,3{HVALUES OF SENS
VARTARLES)

(Sy,SE13,5)

(//sxoa|HVALUES OF SENSITIVITY OBJECTIVE FUNCTIONS)
(/777/5X,2BHSENSITIVITY ANALYSIS RESULTS)

(//sx,|SNGLonAL VARJABLE, IS//710X,1HX,20X,4HF (X))

(/7gx, 3SHTHE MUMINAL VALUE 1S THE ONLY VALuelsl.a1HSPECXF!EO
IS VARTABLE)

(/tx,il?.“.)l.ﬂtl!.“)

(1ax,4€13,4)

¥ 128
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SUBROUTINg cOPEOS . SEPT, 77

SUBROUTINF COPEO6 (ARRAY,RA,1A,NAQRAY,NDRA,NDIA)
COMMON /CyMNLl/ TPRINT, NOV,ITMAX,NCON,NSIDE, JCNOIR,NSCAL ,NFDG,FOCH,

* LFOCHM,CT)rTMIN,CTL,CTLMIN, THETA/)PHI/NAC/,DELFUN,DARFUN,LINOBJ, ITRM,

21TER, INFOg, 1GOT0, INFO,08)

COMMON /CapPES1/ ATITLE(20)

COMMON /CnPES3/ SGNOPT,NCALC,108J,NSV,NSOBJ,NCONA ,N2VX,M2VX,N2YY,M
12VYN2VAR, 1PSENS, [P2VAR, [PUBG,NACMX1 ,NDVTOT,LOCR(29),LUC1(25),ISCR
*1,ISCR2

DIMENSION ,ARRAY(NARRAY),RA(NDRA),IA(NDIA)

l-ntt.tot;.gagatttcot.at."ﬁtttt..tca.atnoﬁgutgtt.t.t.tt.!.t'tﬁ'tt

ROUTINE Tn cALCULATE FUNCTIONS OF TWO DESIGN VARIABLES FOR ALL

COMBINATINNS OF A SET OF PRESCRIBED VALUES NF THESE VARIABLES,

FARR QAR S G QAR AR AR R RN NG AN AN AR R AR RN A AR PR RSN ARAR AR IR R RO NARA S

WRITE OUTpyT INFURMATION ON SCRATCH UNIT ISCRi,

BY 6, N, vANDERPLAATS AUG,, 1974,

NASA=AMES RESEARCH CENTER, MOFFETY FIELD, CaLIF,

REwWIND 1Scei

LA L L LT DL PN PX L AL L L L] ewvew - - - o=

o UNIT ISCR1 WRITE

WRITF (IScR1,160) (ATITLEC(I),I=1,20)

WRITE (ISFR1,170) NCALC,N2VAR,M2VX,N2VX,M2VY,N2VY

NevZ,

MB=LOCI(8)

M9sLOC1(S) et

WRITE (ISCR1,170) (IA(CI),I3M8,M9)

prss——y (AT L I I AT DL DL DR P L PR Y L DL L DLl Ll Ll d
3 TWO=VARTABLE FUNCTION SPACE

Seedesnce 0% L - - *w ecoowsooaawcSea

ICALC=2

KCALC=3

ISIGN=1

N8=LOCR(8y

N9=LOCR(9) a1

DO 150 1=y, m2VX

ARRAY (N2Vy)sRA(N8)

D0 140 J=¢,M2VY

N92N94+1SInn

ARRAY (N2VyysRA(N9)

ANALIZ2E, 2

CALL ANALTZ(ICALC)

CONTINUF

IF(IP2VAR, gT,0) CALL ANALIZ(KCALC)

....-.O--.-.-..--.--O......-..-.‘-........-.....-- - e

7 UNIT ISCRy WRITE
.... _....‘......-......-.....-.---..-Q-......-...

WRITE X, y,

WRITE (ISKR1,180) RA(NB),RA(NI)

'("') V‘LUES.

N10sLOCR(10)
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290
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SUBROUTINF COPEOS

Ni1EN10
MesLoCI(8

00 130 K=y,N2VAR

NsIA(M8)
RA(N11)ZAQRAY(N)
LISELTERY!
M8zMBe |

CONTINUE
Ni{1SN10eNDVARS]

WRITE(ISCRY,180) (RACK),KaN10,N11)

CONTINUE
N9zN9sISIaNn
N8=N8el
1S1GN==TSTGN
CONTINUE
RETURN

SEPT, 77

FORMAT (24a4)
FORMAT (1415%)
FORMAT (5f§5.8)
END

coae cegnee
FORMATS

S10
S20
S30
S40
S50
So0
S70
540
S90
600
610
620
6350
640
650
600
670
680
690
700
710
720
730
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SUBRQUTINE COPEOT ; SEPT, 77

SUBRQUTINg COPEQ7 (RA,IA _NDRA,NDIA)

COMMON /CnmN1/ IPRINT,NDV, [TMAX,NCON,NSIDE, JCNDIR,NSCAL,NFDG,FDCH,
1FOCHMCTopTMIN,CTLACTLMING THETA,PHI+NAC/DELFUN,DABFUN,LINOBJ, ITRH,
21TER, INFOg, 160TD, INFO,08)

COMMON /CaPFS1/ ATITLE(20)

COMMON /CnPES3/ SGNOPT, NCALC,I0BJ,NSV,NSOBJ,NCONA,N2VX,M2VX,N2VY,M
L12VY s N2VAR , 1pSENS, IP2VAR, JPOBG,NACMXL,NDVTOT,LOCR(25),L0CI(25),ISCR
*1,ISCR2

DIMENSION Ra(NDRA),IA(NOTIA)

'......l....O't..t.tQ....tQ..Qt'..t.t.ﬁ‘..t'.tiﬁ"lt.."!C.‘t'itt.

ROUTINE Tn PRINT TwO VARTABLE FUNCTION SPACE INFORMATIUN STORED ON

UNIT ISCRy,

".*t.t.0.....t..Oi't'.'.".t.t..i"...'Q'QQ.Q"Q....t..tti'.'.'..

BY G, N, VANDERPLAATS AUG,, 1974,

NASA<AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,

REWIND IScR1
g GENERAL INFORMATION
....-.-‘..--.--.--........-......-.......-'......-...-.-...-..-.Q.
TITLE,

READ (1SCm1,80) (ATITLE(I),I=1,20)

READ (ISCRy,90) NCALC,N2VAR,M2VX,N2VX,M2VY,N2VY
IF (NCALC.NE,4) RETURN

N2VZ(1),1z1,N2VAK,

READ (1SCr1,90) (1ACI),I=1,N2VAR)

WRITE(6,5n)

WRITE (6,40) (ATITLE(I),I21,20)
N2vX, N2Vy,

WRITE (6,140) NAVX,N2vy

Nevz,

WRITE (6,150)
WRITE (6s100) (IA(CL),121,N2VAR)

_TWO=VARTABLE FUNCTICN SPACE INFORMATION
....---.-..-..-....Q..-...--.....‘-......--.-...-.--.....-....‘--.
D0 30 I=1 maVX
WRITE (6,160)

00 30 J=1,M2VY

X, Y,

READ (1SCpy,170) XX,YY

F(Xev), _

N10=LOCR(y10)

Ni{1EN10¢NDyARe]

READ(ISCR{,170) (RA(K),KEN10,N11)

Nsa

IF (N2VAR| | T,4) NEN2VAR

Ni§ENT1OeNL |

IF(J,EU,1y WRITE(6,120)XX,YY, (RA(K),K2N1D,N11)
IF(J,GT 1y wRITE(6,110)YY, (RA(K),KZN1O,N11)
IF (N,LE.N2VAR) GO TO 20
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SUBROUTINF COPEO7 SEPT, 77

Mz (N2VAR=1)/4
NEN10+d

00 10 K=1,M

LaNe3 5
IF(L,GT,Ny1) L3NIt
WRITE (6,130) (RA(KK),KKsN,L)

LEIRSY

CONT INUE

CONTINUE

RETURN

LA L L DT L L L s 21 weesoesgacscaves L4 badand
FORMATS

CL L L Y T Y ey T weow bl d - o=

FORMAT (/5% ,SHTITLE/SX,20A4)

FORMAT (1My,4X,35HTWO0=VARTIABLE FUNCTION SPACE RESULTS)
FORMAT (2044)

FORMAT (1415)

FORMAT (Sy,1015) =

FORMAT (/1Sx,E12.4,3X,4E13,4)

FORMAT (/3x,2E12,4,3%,4€13,4)

EORMAT (33x,4E13.4)

FORMAT (/,//5X,d8HGLURAL NUMBER ASSOCIATED WITH XoVARIABLE, N2VX =
1,15//5%,4ApugLOBAL NUMBER ASSOCIATFO wiTH YeVARTABLE, N2VY 3,15)
FORMAT (//Sx,»37HGLOBAL NUMBERS ASSOCIATED WITH F(X,Y))

FORMAT (/710K 1HK 12X, IHY 20X, ONF(XsY))

FORMAT (SF15.8)

END

S10
S20
530
S40
SSo
560
S70
580
S90
600
610
620
030
640
650
660
670
680
690
700
710
720
730
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SUBROUTINF CONMIN « CONSTRAINED FUNCTION MINIMIZATION SEPT, 77

SUBROUTINg CONMIN (X,DF,GoISC,ICsA+SyG1+G2+CsMStsB,VLB,VUB,SCAL/NI
1,N2,N3,N4 NS)

COMMON /CnNMN1/ IPRINT, NDV, ITMAX,NCON,NSIDE, ICNDIR,NSCAL,NFDG,FDCH,
LFDCHM CTor TMIN,CTL,CTLMIN) THETA,PHI/NAC/DELFUN,DARFUN,LINOBJ,1TRM,
2ITER,INFOgr,16G0T0, INFO,08J

COMMON /CANSAV/OM},DM2,DM3,DM4,DMS,DM6,0M7,DM8,0M9,0M10,0CT,DCTL,P
IHI1,ABOBJ, ARORJ1,ALPHAX,CTA,CTAM,CTBM,0BJ1,SLOPE,DX,DX1,FI,XI,DFTD
2F1,ALP,FFF,nl(21),RSPACE, IDM1,1DM2,10M3,JDIP,
4108J,K0BJ,KCOUNT ) NCAL(2) ,NFEAS,MSCAL,NCOBJ/NYVC,ID1I(T)

%, 111,NLNC, J60TO, ISPACF (2)

DIMENSION x(Ny),DF (N1),G(N2),ISC(N2),TC(N3),A(N3,N1),S(N1),GI1(N2),
1G2(N2) +C(NGI P MST(NS) ) B(NISN3),VLB(NL),VUB(NT) »SCAL(NT)

ROUTINE Tn SOLVE CONSTRAINED UR UNCONSTRAINED FUNCTION

MINIMIZATION.

BY G, N, vaANDERPLAATS APRIL, 1972,

NASAeAMES RESEARCH CENTER, MOFFETT FIELD, CALIF,

REFERENCE; CONMIN « A FORTRAN PROGRAM FOR CUNSTRAINED FUNCTION

MINTMP2ATION: USER'S MANUAL, BY G, No VANDERPLAATS,
NASA tM Xeb62,282, AUGUST, 1973,
STORAGE RpQUIREMENTS:
PROGRaM = 7000 DECIMAL WORDS (CDC CUMPUTER)
ARRAYQ = APPROX, 2% (NDV*%2)+26*NOV+4=xNCON,
WHERE N3 = NDV42,

RE«SCALE vaARIABLES IF REQUIRED,

IF (NSCAL fn,0,0R,1GOTO,EQ,0) GO TO 20

00 10 I=1 ,NDV

Xe1)=C(1)

CONTINUE

CONSTANTS'

NDV1=NDV 4+

NDV2=NOV+>

IF (1GOTO gq,n) GO TO 30

GO0 To (15q,370,360,650,670), 1G0TO"

; SAVE INPUT CONTROL PARAMETERS
..-.-.........-...........-...-...-.‘-.. .....-.---.--.-O.----...--
COMTINUE _

IF (IPRINy GT7,0) WRITE (6,1230)

IF (LINOB;j g0,0,0R, (NCUN,GI,0,0R, NSIDE,GT,0)) GO TO <O

TOTALLY UncONSTRAINED FUNCTIUN wITH LINEAR OBJECTIVE,

SOLUTION 1s UNBOUNDED,

WRITE (6,070) LINOBJ,NCON,NSIDE

RETURN

CONTINUE

IOM1=TTRM

IDM2=1 TMAY

IoOM3=ICNDTR

DM1=DELFUN

OM23DABFUN

OM3=CT

133
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SUBROUTINF CONMIN = CONSTRAINED FyNCTION MINIMIZATION

DMACTMIN
DMS=CTL
DMe=CTLMIN
DM73THETA
OMBsSPHI
DMOSFDCH
DM10=FDCHw

SEPT, 77

DEFAULTS

..-.....-..- ecscs eovces -
IF (ITRM, g.0) ITRM=}

IF (17TMAX L E,0) ITMAX=20
NDVI:NDV01

IF (ICNDIQ €Q,0) ICNDIR=NDV1
IF (DELFUN.LE,0,) DELFUN=,0001
crs-aas(cr

IF (cT1,GE’ ,0.) CT=e,

CTNIN=A83 cf*IN)

IF (CTMIN LLE«0.,) CTMIN=,004
CTLZ=ABS(rTL)

IF (CTL,GF, 0.) CTL3=0,01
canlusAaq(cILntN)

IF (CTLMIN,LE,O0,) CTLMIN=,001
IF (THETA' LE.O ) THETAst,

IF (PHI, Lr 0.) PHI=S,

IF (FOCH, ¢, 0,) FDCH=,01

IF (FOCHM £, o.) Focnns.ot

INITIALIZE INTERNAL PARAMETERS

bl A Al L L L L e P R LI L LT T L] eoee - -
INFOG=0

ITER=0

JNIR=0

10RJ=0

K0BJ=0

NDV2=NDV+)

KCOUNT=0

NCAL(1)s0

NCAL (2)=0

NACs30

NFEAS20

MSCAL=NSCaL

CTiISITRM

Cri=q,/CTy
DCT2(CTMIN/ABS(CT))eaCTY
DCTL2(CTLMINZABSC(CTL) ) a2CTy
PHI12PH]

AB0BJ=2,1

ABOBJ1Is, |

ALPHAXS, |

134
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SUBRQUTINF CONMIN = CONSTRAINED FUNCTION MINIMIZATION SEPT, 77

NC0BJ=0

CTAMZABS (¢ TUIN)

CTBMzABS(rTLMIN)

CALCULATE NUMBER OF LINEAR CONST N

g c RAINTS, NLNC,

IF (NCON,Fq,0) GO TO 60

DO S50 I=1,NCON

IF (ISC(Iy),57,0) NLNC=NLNC+*+!

CONTINUE

CONTINUE

.....‘.'...--..--.-.....-....-.....----............-..-.....---...

7 CHECk TU BE SURE THAT SIDE CNNSTRAINTS ARE SATISFIED
-....-...--.-......-. -....-....-...-...--..--......-....--..-..-

IF (NSIDE ER.0) GO TU 100

D0 90 I=1,NDV

IF (VLB(Iy,LE.VUB(I)) GO TO 70

XXz,5«(VLA(I)+VUB(I1))

X¢I1)=xXx

VLB(I)=XX

vuB(1)=xX

WRITE (6,1120) 1

CONTINUE

XxzX(I)=vigcl)

IF (xX,GE_0,) GO TO 80

LOWER BOUnp VIOLATED,

WRITE (6,5130) X(I),VLB(I),I

X(I)=sVLB(1)

GO0 To 90

CONTINUE

XxzvVUB(l)ax(l)

IF (xx,GE'0,) GO TO 90

WRITE (6,y140) X(I),VUB(I),I

X(I)=VUB(T)

CONTINUE

CONTINUVE

.---.-.......---.Co.--..----.--c..-.-..g--..-c-.-....-.--.-..-c...

] INITIALIZE SCALING VECTOR, SCAL

LT T P sy P P T P L P P P L L DA R P P DR PR DR PR L L L P D DL L L L L Ll d ddnddd

IF (NSCAL En.0) GO TO 149

IF (NSCAL_LT,0) GO TU 120

D0 110 I=sy,NDV

SCAL(I)=1],

GO TO 140

CONTINUE _

DO 130 I=7,NOV

ST=ABS(SCAL(I))

IF (SI,LT,1,0€=20) SI=i,0E=S

SCAL(I)=Sy

St=1,/S81

X¢I)=x(I)est
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1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1560
1370
1380
1390
1400
1410
1420
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1460
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1480
1490
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IF (NSIDE gn,0) GO TO 130
VLB(I)!VL.(I).S!
VUB(I)=2VUR(T) ST
CONTINUE
CONTINUE
-'.-.........--.‘. —-..--....--..'.....-.........---‘
[T L CAL(ULATE INITIAL FUNCTION AND CONSTRAINT VALUES srnen
....-....--...‘.-..-...‘-....--......--......... e
INFOz1
NCAL (1)31
IGOoTOs}
60 To 950 <
CONTINUE
0BJ1=08J
IF (DABFUN,LE,0,) DABFUNs, 001+ABS (0BJ)
1IF (DABFUN, LT, 1,0€E10) DABFUNSI 0F=10
IF (IPRIN? e, 0) GO TO 260
I PRINT INITIAL DESIGN INFORFATION
....-..-.....-. ....‘....-...'....-....--......-......-......-...'.
IF (IPHrNr LE.!) GO To 220
IF (NSIDE EQ.0.,AND,NCON,EQ,0) “RITE (6,1300)
IF (NSIDE NE.0,OR, NCUN GT,0) WRITE (6,1240)
WRITE (g,,;so) xpnxnr NDV ITMAX,NCON,NSIDE, ICNDIR,NSCAL,NFDG,LINOB

lJ' lTRN.ngNZDNscN“ NS

WRITE (6,1270) CT,CTMIN,CTL,CTLMIN, THETA,PH],DELFUN, DABFUN
WRITE (6,7260) FDCH,FOCHM

IF (NSIDE_FR.0) GO TO 180

NRITE (6.1250)

DO 160 I:' NDV, 6
NISHINO(Nnv.loS)

WRITE (609010) I,(VLB(J),J=I,M1)
WRITE (6.12#01

DO 170 I=y,NDV,6

MiZMINO (NAV, [+5)

WRITE (6,1010) I,(VUB(J),J=1,M1)
CONTINUE

IF (NSCAL,GF.0) GO TO 190

WRITE (6-'310

WRITE (6,9470) (SCAL(1),121,NOV)
CONTINUE

IF (NCUN,gn,0) GO TO 220

IF (NLNC.rn 0,0R,NLNC ,EU,NCON) GO TO 210
WRITE (64 on)

00 200 1:,,uco~ 15
MIZMINO(NCON,Te14d)

WRITE (691030) I,CISC(J),J=1,M1)
GO0 To 220

IF (NLNC,en NCUN) WRITE (6,1040)
IF (NLNC.¢n,0) WRITE (601050)
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1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1600
1670
1680
1690
17900
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1879
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
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220

230

240

250
260

270
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CONTINUE

WRITE (6.1490) 08J

WRITE (6r1460)

Do 230 Il',ubv

Xi1s1,

1F (NSCAL .NE.0) X13SCAL(I)

Gl(l)tl(l).xn

00 240 13y,NDV,6

M1ZMINO(NpY,1+S)

WRITE (6,1010) 1,(G1(J),J=1,M1)

IF (NCUN.g@,0) Go TO 260

WRITE (6,7480)

DO 250 I3y,NCON,0

MIZMINO(NEON, I+5)

WRITE (6s1010) I,(G(J),JsI,M1)

CONT INUE _

IF (IPRINY 6T,1) WRITE (6,1370)

LA L LT L L L et T XL L LI L T Y L At d - RO, et o]
tantantnnygonannttanr BEGIN MINIMIZATION sesvanantasaasadsnsantng
bl L L L L L 1 L gt T L 1 J eegew I T TT Y T P T E Y P L DL L L DAL L L ]
CONT INUE

lTERs!TERo

1F (ABOBJg L7,.,0001) ABOBJ1=2,0001

IF (ABOBJY, Gf,.Z) ABORJI=,2

IF (ALPHAY GT,1,) ALPHAX=1,

IF (ALPHAy LT,.ol) ALPHAX=,01

IF (IPRINY 6T.2) WRITE (6,1320) 17ER

NFEAS:NFEgsgl

IF (NFEAS' GT.10) GO TO 790

IF C(IPRINT T, 3,AND,NCON,GT,0) WRITE (6,1330) CT,CTL,PHI
CTA'ABS(C?)

IF (NCOBJ' L,EQ.0) GO 7O 319
........-.--.-....-....-.-.-...---..-.-.-..--....--- -
NO MOVE On LAST ITERATION, DELETE CONSTRAINTS THAT ARE NO

LONGER ACTIVE,

NNACENAC

DO 300 Isy,NNAC

NICsIC(I)

IF (NIC,G7,NCON) NACSNACel
IF (NIC,GY NCON) GO TO 300
Criscr

IF (ISC(N1C).GT,0) CT1=CTL
1IF (G(NICy,6T.CT1) GO TO 300
NACEMAC=}

IF (1.EQ.NNAC) GO TO 300
IPiz1el

DO 290 K=ypq,NNAC

11zKet

00 280 Jsy,NOV2

2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
etlio
2120
2130
2140
2150
2160
el7o
21890
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2350
2340
2350
2300
2370
2380
2390
2400

2410

242y
2430
2440
2450
2460
2870
2480
2490
2500

Bas ool
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280
290
300

o000

320

330

o0 0

350
360

370
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ACIL,J)2A¢k,J)

IC(I1)sIC¢x)

CONTINUE

60 To 400

CONTINUE

1F (MSCAL LT NSCAL ,OR NSCAL,EQ,0) GO TO 330

IF (NSCAL L T,0,AND, xcounr LY lcNora) GO TO0 330

MScAL=0

KCOUNT=20

2 SCALE VARIABLES
..-o. opew eee ceesoa -

Do 320 Isy,NOV

SI=SCAL(I,

XT=STax(1,

S18sS!

IF (NSCAL 6T,0) SIzABS(X])

1IF (s1, Lt 21,0€E=10) GO TO 320

SCAL(I)=SV

SI=1,/S51

X(I)SXI'SV

1F (NSIDE EB.0) GO TO 320

VLB(I)=SIuaSI-VLH(l)

YUB(I)=SIaaSIeVUB(I)

CONTINUE .

1fF (1PR!N7 LT,4,0R, (NSCAL,LT,0,AND,ITER,GT,1)) GO TO 330
WRITE (001300)

WRITE (6,1470) (SCAL(1),121,NDV)

CONTINUE

MSCALEMSCaL ol

NAC=0

....’......-.-.-.‘-..-..........-............... -....-..-.........

oatAju GRADIENTS OF OBJECTIVE ANp ACTIVE CONSTRAINTS

.....-....-..-.-.---n-...----..-.---..-........--....--......-o...
INFOs?2

NCAL (2)=NFAL(2) ¢

IF (NFNG,'T,2) GO TO 350

160T70=2

GO To 950

CONTINUE

JGOT0=0

CONTIMUE

CALL CNMNgq (JGOTO, X DF.G,ISC 1C,A,61,VLB,VUB,SCAL,C,NCAL,OX,0X1,F
lx.xl.xlx.uu.Nz»NS-N“)

160T0=3

IF (JGOTO,GT.0) GO TO 950

CONTINUE

INFOs1

IF (NAC, Gr,us) GO 10 790

IF (NSCAL’ £Q,0,0R,NFOG,EQ,0) GO TQ 400
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2520
2530
2540
25%0
2560
2s70
2560
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
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2860
2870
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2890
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2980
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[ ....-.o..;..-....-...--. - P ccow 3010
c 3 SCALE GRADIENTS 3020 ]
c .-..-....2...--.........-......-.-.. - - *e 3030 -
c SCALE GRANIENT OF OBJECTIVE FUNCTION, 3040
00 380 I=y,NOV 3050
380 OF(l)sOF(r)eSCAL(I) 3060
5 IF (NFDGegn.1.0R.NAC.EQ.0) GO TO 40O 5070
R - SCALE GRANTENTS OF ACTIVE CONSTRAINTS, 3080
. D0 390 J=zy,NOV 3090
e | SCJ=SCAL (1) 5100
g7 | DO 390 I=y,~nAC 3110
b - | _ 390  A(I,J)3A(1,J)eSCJ 3120 o
e 400 CONTINUE _ 3130 v
g ! IF (IPRINY LT,3,0R,NCON,EN,0) GO TO 450 . 3140
c ..--.-..-........‘-.--...--...-.-..--..... L ] ’lso ;
! ¢ . PRINT 3160 i
c ..-....--,--...-.'.....--.-.--.0..-..... - }‘10 £
k| . c PRINT ACTrvE AND VIOLATED CONSTRAINT NUMBERS, 3180 ?
= M120 3190 ; 5
- M2=N3 3200 13
4 IF (NAC,En,0) GO TO 430 3210 i
- : D0 420 I=j,NAC 5220 '
£ | J=ic(I) 3230 +
i IF (J.GT,ncON) GO TO 420 3240 ;
E | G126(J) 3250 - 4
s | Ciz=CTAM 3260 ]
B | IF (1SC(Jy,6T7,0) C1=CTBM 3270 i
b | Gl3GI-C1 3280 i
| IF (61,67%0,) GO TO 410 3290 5
3 . c ACTIVE COnNSTRAINT, 3300 i
18 MisMyet 3310 |
g : MS1(M1)2J 3320 .
34 60 To 420 3330 - '3
f | 410  M23M241 3340 i
i c VIOLATED cONSTRAINT, 3350 {
A MS1(M2)=2J 3360 H
420 CONTINUE 3370 4
e | 430 M3zM2eN3 3380 14
iy WRITE (6,71060) M1 3390 H
. IF (M1,EQ o) GO TO 440 3400 ]1
| : WRITE (6,91070) 3410 H
s | WRITE (6,1490) (MS1(I),1=1,M1) 3420 :
| 480  WRITE (b,)0R0) M5 3430 l‘
3 IF (n3,EQ 0) GO TO 450 3440 3
E: WRITE (6,1070) 3450 1'
k. M3ENZ4l 3460 1
33 WRITE (6,1490) (MS1(1),13M3,M2) 3470 3
4 aso CONTINUVE 3480 13
-‘ | C Sessesccs,ornccccsncccacas eonceecccecccccnce 3a9%o0 e
& c CA{'CULATE GRADIENTS OF ACTIVE SIDE CONSTRAINTS 3500 s
e ~
&

o —

139




: | |
I i
g i &
P |
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_'; ! C .-.-......-.-.-.. » - PR p— 3510
£y | IF (NSIDE gQ.0) GO TO Slo 3520
e | MCN1=NCON 3530
S { Miz0 3540
s | DO 490 I=27,NDV 35%0
> | c LOWER ROUND, 3560
| X1ax(1) 8570
A XIDEVLB(I, 3580
k| X12%ABS(X1D) 3590
E IF (x12,L7,1.) X1231, 3600
e Glz(XxID=Xy) /K12 3610
B | IF (GI,LT .1,0E=6) GO TO 470 3620
b MisMiel 5030
k- | : MS1(M1)sey 3640
| NACENAC+1 : 3650
iR IF (NAC, Gr, N3) GO TO 790 3560
o ! MCN12MCN1 ¢ 3670
) : 00 460 Ja,,uov 3680
7 460 A(NAC,J) 30, 3690
4 A(NAC, D)=l 3700
¥ IC(NAC)=MeNY 3710
ﬁ,l G(MCN1)=Gy 3720
e ISC(MCN1) 2y 3730
g4 c UPPER BOUyp, 3740
3 a70  X1DaVUB(l, 3750
& | X122ABS (X1D) 3760
S | IF (X12.L7,1.) X1231, 3770
‘ GIs(XT=XIpy/X12 3780
; IF (GI,LT o1,0E=0) GO TO 490 3790
{ LIE LIRS 3800
M8 (M1)s] 3810
NACSNAC+] 3820
IF (NAC, Gr, N3) GO TO 790 3830
MCN1SMCNI g} 3840 .
00 480 Jsy NOV 3850
7 480  A(NAC,J)3q, 3860
3 A(nlc,l)s'_ 3870
A IC(NAC)2MeNy 3880
G(MCN1)=Gy 3390
1S (MCN1 ) g 3900
490  CONTINUE 3910
c .....CQ..;‘....-.....‘... eo%e - . 3940
¢ g PRINT 3930
C eceace - - sececcsee 3940
c PRINT Act,vg SIDE constnnlnt NUMGERS, 3950
IF (IPRINY, L7.3) Go 10 S10 3960
B WRLTE (8,)090) M1 3970 .
i ! 1F (my.,EQ,0) GO 10 510 3980
! WRITE (6,.100) 3990
' { ~ 00 S00 13y ,m1,1S 4000
!
| .

} SR : 140




e’ )
i i s
| SUBROUTINF CONMIN e CONSTRAINED FUNCTION MINIMIZATION SEPY, 77
M2BMINQ(M7,1414d) 4010
so00 WRITE (6,1490) (MS§(J),J=l,M2) 4020 3
= S10 CONTINUE 4030 4
b | c PRINT GRANIENTS OF ACTIVE AND VIOLATED CONSTRAINTS, 4040 b
e | IF (IDRINY LT.4) GO TO0 S50 4050 E
£ WRI1TE (6,1350) 4000 ;
b | : . DO 520 1=4,NDV,6 4070 3
g -m HllNINO(Nnv,loS) 4080
ke | S20 WRITE (6,1010) 1, (VF(J),J31,M1) 4099 !
E | 1F (NAC,Eq,0) GO TO SSO 4100 :
e | WRITE (601360) 4110
g | ) D0 Sa0 I3y, NAC 4120
| MizIC(I) 4150
& | M23M1«NCON 4140
F . M3=0 4150
‘j IF (M2,67° ,0) M3SLABS(MS1(M2)) 4100 :
b y 1F (M2,LE 0) WRITE (6,990) Mi a170 e
L . 1F (m2.67° ,0) WRITE (6,1000) M3 4180 :
B DO 530 K=y,NOV,6 4190
4 Hlt*lNO(Nnv,K.S) 4200 E
530 WRITE (601010) Ko(ACLI,J),J3K,M1) 4210
# 540 WRITE (6.1370) 4220
i $S0  CONTINUE 4230
> j C .--.---o.;.-....-o--.-........o...-c..-..--...-.- - 4240
kL C tantantnt aotanenr DETERMINE SEARCH DIRECTION ti.ﬁgt.ttttit.l!ttt 4250
% c ---......;...-....-....‘- ece PSR owRSseeneeaeSve Qeoo
“ ALP=1,0E+20 6270
g { IF (Nlc.Gy.o) GO TO Sé0 4280
it 1 c oo - PP PR e T T T P DY T LT T ) 4290
A < uucousrnAxnso FUNCTION 4300 .
Fi c L R SR T LT 4310
g | c FINO DIREFTION OF STEEPEST DESCENT OR CONJUGATE OIRECTION, 4320 "
g NVC20 4330 . 8
g NFEAS20 4340 | 3
A KCOUNT=KCAUNT+1 4350 '
3 c IF KCOUNT GgT,ICNDIR RESTART CONJUGATE OIRECTION ALGURITHM, 4300 ! i
g 1F (KCOUNY T, ICNDIR.OR,[08J,EQs2) KCOUNTzL 4370 i 8
’ IF (KCOUNY_FQ,1) JDIR=0 4380 :
4 c IF JOIR = FIND DIRECTION OF STEFPEST DESCENT, 43990
k. CALL CNMNg> (JOTR,SLOPE,DFTDFY,DF ,S,NY) 4490 ‘
By G0 T0 610 4410 i
N | S60  CONTINUE 4420 i
= (o LET T TP T R Y T T T T I TP T TP T eee oe 4alo0 {
c CONSTRAINED FUNCTION 4440 -
j C -.....-.....---.o'..-..-- - P R L T T T YT T T udasy .
b c FIND USAB| F=FEASIBLE DIRECTIUN, 4460 ]
E | KCOUNTa0 4470
. | JOIR=0 4 4480
. PHiSio,ePur 4a90
s IF (PA1,67,1000,) PHI=1000, vy .
T ‘
B | 4
i
e | z
; .
% ".
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600
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IF (NFEAS EQ.1) PHIZPHIY
CALCULATE DIRECTION, S,
CALL CNMNgg (NVC,SLOPE,OF,G,ISC,IC,A,S,C,MS1,8,N1,N2,N3,N4,NS)
IF TulsS DESIGN IS FEASIBLE AND LAST ITERATION WAS INFEASIBLE,
SET AROBJ13,05 (S PERCENT),
IF (NVC.ER.0+AND.NFEAS.GT,1) ABORJ1Z,0S
IF (NVC,En,0) NFEASSO
IF (IPRINT L7,3) GO TO S80
WRITE (6.1300)
00 S70 I=y,NAC,6
"lS"INO(NAC'XoS)
WRITE (6,1010) I,(A(J,NOV1),d31,M1)
WRITE (6,1220) S(NOVI)
CONTINUE
.-.--..---..--.¢---o-.--.....-0..-..c--....-..-.-----.-.-00....--.
RARARNRRR g RNRNRS ONE=DIMENSIONAL SEARCH sanaatrsensntssansoatidan
IF (S(NOV!).LT,I.OE-b.ANo,NVC.EQ.O) GO TO 690
FIND ALPHA TO OBTAIN & FEASIBLE DESIGN

one®e ceoeegeemsdeondee oecw - eoeee EX T XA TR
IF (NVC,En,0) GO TO 610
ALPZet,
DO 600 I3y, NAC
NCI=IC(Y)
CtaG(NCI)
CTCECTAM _
IF (ISC(NF1).GT,0) CTCaCTBM
1f (C1,LE cTC) GV TO 600
ALP1s0, _
D0 S90 J=j,NOV
ALPISALPL,s(J)*A(L,J)
ALP1zALPl4a(l,NDV2)
IF (ABS(A1P1),LT,1,06220) GO TO 600

ALP12=C1/aLP1
IF (ALP1,RT.ALP) ALP=2ALPY
CONTINUE
CONTINUE _
see®ae *eee SRR SS S e eSageew

: LIMIT CHANCE TO ABOBJ1408J
CL T L LT T T 1 pepmesy PRATIIIT LT DL L L L 1Y
ALP1=],0€E420
3!!‘83(001
1F (SI.LT .01) Sis, 0}
IF (ABS(S.opE).bt 1,06=20) ALP13AR0BJ12SI/SLUPE
ALPlaaeS(‘LPl)
IF (NVC.GT,9) ALP1310,*ALP}
lF (ALP1, T ,ALP) ALPBALPY
eoee®e oo oe ‘......‘...‘.......

LIMIT cuANGE IN VARXASLE 10 ALPNAX
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4520
as3o0
4540
4550
4560
4S70
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
a760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
49%0
490
4970
4980
4990
$000
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....-.-..;......-.-.-......-.C... - - "aeo® .o

ALPllcl.Or.zo

D0 620 Iz, NOV

Sl-AustS(t))

X1zABS(X(7))

IF (S1.,LT _1,0p=10,0ReX1,LT40,1) GO TO 620

lLPI:ALPHA(.KI/SI

IF (ALP1, T ALP11) ALP11=ALPY

CONTINUE

IF (nvC, Gy ,0) ALP11210,2ALP1Y

1F caLPtt’ LT ALP) ALPaALPll

IF (ALP, Gr 1.0E¢20) ALP=1,0E+20

IF (ALP, LF,1.0E=«20) ALP31,0E=20

IF (!PﬂlNy LY 3) GO TO 640

WRITE (6.1300)

00 630 I=y,NDV,6

M12MINO(Nny, [+5)

WRITE (6,1010) I,(S(J),Jd=l,M1)

WRITE (60,1110) SLOPE,ALP

CONTINUE

IF (NCON.rt 0,0R,NSIDE,GT,0) GO Yo 660

.‘.-..'.....‘-.‘..-.-..-...- -*ee

DO QNE=NIMENSIONAL SEARCH FoR uucoustaAlNED Fuuctlun

JG0T0=0

CONTINUE

CALL CNMNq3 (X,S,DF,G,A,1C,SCAL,C,N1,N2,N3,NU)

I60T0=4

IF (JGOTO GT.0) GO TO 9So

JO1Rs=1

PROCEED Tn CONVERGENCE CHECK,

G0 To 680

...--.--.--..-.-..-.-...-.--.--.--.--..-.-...-.-..........-.......
SOLVE Owg=DIMENSIONAL SEARCH PROBLEM FOR CONSTRAINED FUNCTION

L LA LT L L L sy PRI AL LI LI LRI A L DL Y L P Y 2 Y 2y L Y L P L DL L L L L L L Ll 1]

CONTINUE

JGOTo=0

CONTINUE

CALL CNMNge (X,DF,G,18C,S,61,62,VLB,VUB,SCAL,N1,N2)

160T0=S

If (JGOTO g1.,0) GO 7O 9S50

IF (NAC,Eg,0) JOIRs3y

......- oaw ...-.-.-......-.-....-.............
feataanttgqptanantn UPDATE ALPHAX tesatdatdadat AR NRRNasRRRR
..‘..........-...............".-... Seoseseoeoeee
CONTINUE
CONTINUE

IF (ALP,Gy, 1,0E+19) ALP=0,
UPDATE ALpWAX TO BE AVERAGE OF MAXIMUM CHANGE IN X(I)
AND ALHPAY,
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5010
$020
$030
5040
5050
5060
S0790
S0b60
5090
S1vo0
S110
S120
S130
S140
S150
S1e0
Si70
S180
S190
5200
Se10
S220
5230
5240
5250
S260
%270
S280
5290
S300
S310
5320
S330
S340
5$3%0
S360
S370
S380
$390
S400
Saj0
S4a20
Sa3o
S440
5450
S4e60
S470
5480
S4990
5500

s g g«
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4
b ALPit1=0, y $S510
- - Do 700 x:,,nov 5520
b | 5!:‘ﬂ&(3(r)) 5530 3
o XI!‘BS(!(, §540 i
- IF (XI,LT.y,0€=10) GO TO 700 5550 ;
! ALvlsALP-qy/xr 5560 g
IF (ALP1,.aT,ALP11) ALP113ALPY S$S70 3
700 CONTINUE 5580 -
ALP112,SeralPll+ALPHAX) $590 i
ALP1235,#sL PHAX 5600 ;
IF (ALPil GT.ALP12) ALPI=ALPL2 Selo0
o : ALPHAX:ALM] S620
B | NCOBJ=NCUR S+t 5630
: | c ABSOLUTE ¢HANGE IN O0BJECTIVE, 5640
| - 08JD208J1 .0RJ . 5650
. | 08JB=48BS (nA.ID) S660
k| IF (08JR,) T,1,0E=10) ORBJA30, S670
+3 s IF (NAC,En, 0.0R,UBJB,GT, 0+) NCORJ=0 5680
A IF (NCOBJ' ,GTe1) NCORJ20 5690
: " c ......-.-....-...-...1:'...-.'----.-.-. - - esevceevee 5700
e c PRINT 5710
kS > c ....-......-c.-.--.......-.-....-.....-. ooceas acee 5120
- c PRINT MOVg PARAMETER, NEW X=VECTOR AND CONSTRAINTS, 5730
b | IF (IPRINY,LT,3) GO TO 710 5740
& WRITE (b.,aoo; ALP 5750
| 710 IF (IPRINT,|.T,2) GO TO 780 5760
; i IF (0RJB.gf.0,) GO TQ 720 5770
B | IF (IPRINY F0,2) WRITE (6,1410) ITER,08J 5780
oA IF (IPRINT.GT,2) WRITE (6,1320) OBJ $790
| Go To 740 S800
720 IF (IPRIN{,eG,2) GO TO 730 5810
WRITE (b,|a‘;0) 08J 5820
= | GO TO 740 5830 =
A 730 WRITE (6,7440) ITVER,08J S840
k. 720 WRITE (b,ya60) . 5850
e 00 7S0 I=y,NOV $860
A . FF13q, 5870
33 1F (NSCAL "NE.O) FFisaSCAL(I) 5880
A 750 Gl(l)-rrl.x(lt 5890
Rt 00 760 I3y ,NUV,6 $900
i Hla'ﬂm)(NQv,loS) S$910
2 760 ARITE (601010) I,(G1(J)oJ=l,M1) 5920
i IF (NCON,gn,0) GO TO 780 5930
! : WRITE (6,14R0) $940
' Do 770 12y ,muCON, 0 S940
Nl-"!~0(Nco~.roS) $960 .
770 WRITE (6,9010) 1,(6(J),Jel M) - S970
. 780 CONTINUVE $980
c .-...-...;........'..'....‘.. e®®ocses oesvew ELEX X 3 s”o
¢ CHECK CONVERGENCE 6000 $

it ' : 144
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SUBROUTINF CONMIN « CONSTRAINED FUNCTION MINIMIZATION SEPT, 77

STOP IF ItTgER EQUALS [TMAX,
IF (ITER,ge,ITMAX) GO TO 790
-‘......-.-........-.--..-..-....‘.....-.... oaw oo
% ABSOLUTE CHANGE IN OBJECTIVE
.........-....-..-.‘..-....--......-...-...-...........-.....-..-.
08JB=ABS(nRJD)
K0BJ=KOBJ 4y
IF (0AJB,cE,DABFUN,OR NFEAS,GT,0) KOBJ=0
2 RELATIVE CHANGE IN OBJECTIVE
....--.-..‘-.-..C.........-.-....-........--......................
IF (ABS(0RJ1),6T,1,0€E«10) 0BJD=08JO/ABS(0BJ1)
AB0BJ13,5,(ABS(ABOBJ)+ABS(0BJD))
ABOBJzABS(08JD)
108J3108J4y
1F (NVC, GT 0.,0R,08JD,GE.DELFUN) 10BJ=0
If (IOBJ.re.lTRH OR.K0BJ,GE.ITRM) GO TQ 790

08J1=08J
....-...........-.'..-...-.-.-..--.‘ eoeegee -
REDncF cT IF OBJECTIVE FUNCTION IS CHANGING SLOWLY
-Q-. - .....---.q.--.o...‘-.-.---..-,---.-..-..-...--
IF (108J,1'1,1,0R,NAC,EQ, 0) GO T0 270
CTs0OCT#CT
CTLSCTL#*DeTL

IF(ABS(CT) LT ,CTMIN) CT=aCTMIN
IF(ABS(CY|) LY CTLMIN) CTL==CTLMIN
j CHECK FOR UNBOUNDED SOLUTION
(I TT P Y LY sy YT I YL PR Y Y P L DL L PR I DR Y DN PR LD DL L L L L b bbbt 2]
STOP [F OgJ IS LESS THAN =1,0E¢40,
IF (08J,6G7,-1,0E+40) GO TO 270
WRITE (6;980)
CONTINUE
IF (NAC,Gg,N3) WRITE (6,1500)
-o.a-aa-.;:.a... FINAL FUNCTION ;NFORHAYION athaaatANRRRRRRARAR
1F (NSClLiEQ-O) GO-TO 820
UNeSCALE THE NESIGN VARIABLES,
00 810 I=y,NOV

XI=SCAL(I
IF (NSIDE £@.0) GO TU 819
VLB(I)=2X1aevLB(I)
VUBC(I)SX1avuB(l)
X(I)aIXoxty)
(LT T P T Y pp P YL T PR P Y LRI DL D LR R P L DL L T - -
; PRINT FINAL RESULTS
Sooe s eoece I I I TR LT Y P L PP DL L L LD L Ll 1

IF (IPRINY _EQ,0,0R NAC,GE,N3) GO TO 940
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+ 6010

6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
6250
6260
6270
6280
6290
6300
6310
6320
6330
6340
6350
6360
8370
6380
6390
6400
6410
6420
6430
6440
6450
6460
6470
6480
6490
6500

el
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SURRQUTINF CONMIN » CONSTRAINED FUNCTION MINIMIZATION

WRITE (6,7510) A
WRITE (6,1430) 08J

RRITE (6,5460)

Do 830 I3y ,NOV,0

N\aHlNO(NDv,XOS)

WRITE (6,1010) J,(X(J),Jal,M1)

1F (NCON.rn 0) GO TO 890

WRITE (6.10!0)

DO B840 I=y,NCON,0

”l'”lNO(NfUN'IOS)

WRITE (6,7010) I,(G(J),J=l,M1)
DETERMINE wMICH CONSTRAINTS ARE ACTIVE AND PRINT,
NAC=0

NvVC=0

00 860 Isj,NCON

CTazCTAM

IF (1SC(1y,6T7,0) CTASCTBM

GI=G(1)

IF (G1,6T7° cra) GO 10 8S0

IF (GI,LT LCToAND,ISC(1),ER,0) GO 70 860
1IF (6I,LT’ LCTL AND,ISC(I),67,0) GO TO 860
NACSNAC+)

IC(NAC) =1

G0 10 880

NVCaNVC+1

MS](NVC) =y

CONTINUE

WRITE (6,7060) NAC

IF (NAC.Eq.0) GO TO 870

WRITE (601070)

WRITE (6,1490) (IC(J),J=1,NAC)

WRITE (6,1080) NVC

IF (NVC.Eq,0) GO To 880

WRITE (6,1070)

WRITE (6,1490) (HS!(J),J:l'NVC)
CONTINUE

CONTINUE

IF (NSIDE'ga.0) GO T0 920

DETERMINE wHICH SIDE CONSTRAINTS ARE ACTIVE AND PRINT,
NAC=0

D0 910 I1s7,NDV

X1eX(T)

XID=VLB(1)

xaz-ABS(x,n)

1fF (XlZ L' 1e) XIZSI.

cx-(xro-x;,/xlz

IF (GT.LT =q,0E=6) GO TO 900

NACSNAC+]

MS1(NAC)=o1

X10=VUB(L,

B 146
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6510
6520
6530
6540
6550
6560
6570
6580
6590
6600
6610
6620
6630
6640
6650
6660
6670
6680
6690
6700
6710
6720
6730
6740
6750
6760
6770
67890
6790
6800
6810
6820
6830
6840
6850
6860
6870
6880
6890
6900
6910
6920
6930
6940
6950
6960
6970
6980
6990
7000
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SUBROUTINF CONMIN « CONSTRAINED FUNCTION MINIMIZATION SEPT, 77

X123A8S(X7D)
IF (XlZ.Ly.l.) xlz".
GIs(XxI=XIn)/sXt2
IF (GI.LT .1,0E=6) GO TO 910
NACENACe1
MS1(NAC) =y
CONT INUE
WRITE (6,1090) NAC
IF (NAC,Eq,0) GO TQ 920
WRITE (6,7100)
WRITE (6,1490) (MS1(J),J=1,NAC).
CONTINUE _
WRITE (6,7150)
IF (1TER,aF ITMAX) WRITE (6,1160)
IF (NFEAS_GE.10) WRITE (6,1170)
IF (10BJ,RE,ITRM) WRITE (6,1190) ITRM
IF (KOBJ.aF.ITRM) WRITE (6,1200) TTRM
WRITE (6,3210) ITER
WRITE (6,1520) NCAL(1)
IF (NCON,mT,0) WRITE (6,1530) NCAL(1)
IF (NFDG.nE,0) WRITE (6,1540) NCAL(2)
IF (NCON,gT,0,AND,NFUG,EG,2) WRITE (6,1550) NCAL(2)
- RE=SET BASIC PARAMETERS TO INPUT VALUES
ITRM=1DMY
ITMAX=IDM>
ICNDIR=2IDMS
DELFUN:DHi
DABFUN=DMA
CTsDOM3
CTMINZDMY
CTL=DMS
CTLMINSDM,
THETA=DM?
PH[IDNQ
FDCH=OM9
FDCHMSOM] o
1607020
CONTINUE
IF (NSCAL £Q,0,0R,IGUTO,EQ,0) RETURN
UNeSCALE yaRIABLES,
DO 90 I=¢,NDV
Ccl)=x(l)
X(I)sx(I)esCAL(I)
RETURN
Secfacaca a0 - LT LT Sescccwse e Seo
FORMATS

7010
7020
7030
7040
7050
7060
7070
7080
7090
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
7400
7410
7420
7430
7440
7450
7460
7470
7480
7490




970

980

990

1000
1010
1020

1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

1130

1140

1150
1160
1170
1190
1200
1210

1220
1230

1240
1250

SUSROUT!N§ CONMIN o CONSTRAINED FyUNCTION MINIMIZATION SEPT, 77

FORMAT (/,,8X,72HA COMPLETELY UNCONSTRAINED FUNCTION WITH A LINEAR
1 OBJECTIVE 1S SPECIFIED//10X,B8MHLINOBJ 3,15/10X,B8HNCON =,15/710%,8
@HNSIDE =, 15//5X%, 3SHCONTROL KETURNEDO TO CALLING PROGRAM)

FORMAT (/,,sx S6HCONMIN HAS ACHIEVED A SOLUTION OF O8J LESS THAN «
11 0!000/5!.32N30LU!ION APPEARS TOABE UNBOUNDED/SX,26HUPTIMIZATION
2ls TERMINLTED)

FORMAT (Sy,{7HCONSTRATINT NUMBER,IS)

FORMAT (Sy,27HSIDE CUNSTRAINT ON VARIABLE,IS)

FORMAT (3y,15,1H),2X,6E13,5)

FORMLT (/gx 3SHL INEAR CONSTRLINF IDENTIFIERS (ISC)/SX,36HNON=ZERQ
LINDICATES LrNEAR CONSTRAINT)

FORMAT (3x,15,1H),2%,151%)

FORMAT (/gx,26HALL CONSTRAINTS ARE LINEAR)

FORMAT (/5x,30HALL CONSTRAINTS ARF NONeLINEAR)

FORMAT (/gx,9HTHERE ARE,[S,19H ACTIVE CONSTRAINTS)

FORMAT (Sy,géucONStRAINT NUMHERS ARE)

FORMAT (/gx,9HTHERE ARE,IS5,21H VIOLATED CONSTRAINTS)

FORMAT (/5x,9HTHERE ARE,[S,24H ACTIVE SIDE CONSTRAINTS)

FORMAT (Sx, QSNDECISION VARTABLES AT LOWER OR UPPER BOUNUS,30M (MIN
1us INOICAYES LOWER ROUND))

FORMAT (/gx,22HONE=NIMENSIONAL SEARCH/SX,1SHINITIAL SLOPE s,E12.4,
lax,1¢HPROpo%En ALPHA =2,E12.4)

FORMAT (/,/5X,35H« « CONMIN DETECTS VLB(I).GT,VUB(I)/SX,57HFIX IS
1SETY X(1)=VLR(1)=VUB(I) 3 ,S5a(VLB(r)evR(I) FOR I =2,19)

FORMAT (/,/5X,d1H* * CONMIN DETECTS INITIAL X(I), LT, VLBC(I)/SX,6HX(
11) 2,E12,4,2%,8HVLB(1) =,E12,4/5X,35nX (1) IS SET EQUAL T0 vLB(I) F
e0R I =,15

FORMAT (/)/sl,alﬂt « CONMIN DETECTS INITIAL X(I).GT,vUB(I)/SX,6HX(
t1) =,€12,a,2%,8HVUB(L) 2,E12,4/5X,3SHX (1) IS SET EQUAL TO vuB(I) F
20R 1 2,19

FORMAT (/gx,21HTERMINATION CRITERION)

FORMAT (lax,17HITER EQUALS ITMAX)

FORMAT (1qax,62HTEN CUNSECUTIVE ITERATIONS FAILED TO PRODUCE A FEAS
11gLE oEsIrN)

FORMAT (1ax,d43HABS (1=0B8J(l=1)708J(I)) LESS THAN DELFUN FOR,I3,11H
11TERATIONS)

FORMAT (10x,d43HABS(0BJ(1)=UBJ(I=1y)) LESS THAN DABFUN FUR,13,11H
LtITERATIONG)

FORMAT (/5x,22HNUMBER OF ITERATIONS =,15)

FORMAT (/gx,2RHCUNSTRAINT PARAMETER, HETA 2,E14,5)

FORMAT (1M1,//7/7/712%,27(2He )/712%,1He,S51X, 1H.112X,1H.,201.!lﬂc 0N
iM 1 N, Zox.lut/12Xo1Nt Slx,1He/12X,1H*,15X,214 FORTRAN PROGRAM FOR
2:ISKotu./|axo1na.Slx.luallex.|ut,ex.31nco~srnax~eg FUNCTION MINIMI
3ZATION,9X 1Ha/12%,1Ha, 51X, 1Ha/12X%,1He,2X UBHNASA/AMES RESEARCH CEN
4TgR, norFrrv FIELD, cALlr..lx.lu-IIZK.lh'osax.lnnllZX.ln-.lsx.ZEHv
SERSION I1 JULY, 1975,13X,1He/12%,1He,S1X,1Ha/12X,27(2H2 ))

FORMAT (////SX.JSHCONSTRAINEO FUNCTION NlNlMIZA!lON//SX.lOHCON!ROL
1 PARAMETERS)

FORMAT (/gx,60HIPRINT NQV ITMAX NCON NSIDE ICNDIR  NSC
1AL NFDGIBICI/SKol?HLINOBJ TTRM,SX,2HN1,6%X,2HN2,6X,2HN3, 6X,2HNY,
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7510
7520
7530
7540
7550
7560
7570
7580
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720
7730
7740
7750
7760
7770
7780
7790
7800
7810
7820
7830
7840
7850
7860
7870
7880
7890
7900
7910
7920
7950
7940
7950
7960
7970
7980
7990
8000
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1260
1270

1280
1290
1300

1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410

1420
1330
1440
1450
1460
1470
1480
1490
1500

1510
1520
1530
1540
1550

SUBROUTINE CONMIN « CONSTRAINED FUNCTION MINIMIZATION SEPT, 77

26X,2HNS/81a)

FORMAT
FORMAT

(/ex,4HFDCH, 12X, SHFDCHM/3X ,2€14,5)
(/ax,2HCT, 14! sncrHlN,nxX,snctL 13X,6HCTLMIN/1X,4(2X,E14,5)

17/19X%, SHTHrtA.th SnPHx 13X, bHDELFUN.lOX,bHDABFUNllx 4(2%,€E14,5))

FORHAT
FORMAT
FORMAT

(/g% ,d0HLUNWER uuuuos UN DECISION VARTIABLES (vLB))
(/§%,40HUPPER ROUNDS ON DECISION VARTABLES (VuB))
(/7/75%,3SHUNCONSTRATNED FUMCTION MINIMIZATION//SX, 18HCONTR

10L PARAMETERS)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMA Y
1)

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

(/5x,21HSCALING VECTOR (ScCAL))

(/,,,sx 22HBEGIN ITERATION NUMBER,19)

(/gx,4HCT 2,E1ue5,5X/)SHCTL -cEl“oSaSXlSHPH] 2,E14,.5)
(/5x,2SHNEN SCALING VECTOR (SCAL))

(/5x,1SHGRADIENT OF 0BJ)

(/5% ,44HGRADIENTS OF ACTIVE AND VIOLATED CONSTRAINTS)
(ly

(/gx,S7HPUSN-OFF FACTORS, (THETA(I), Is1,NAC))
(/5x,2THSEARCH DIRECTION (S=VECTOR))
(/5X,1BHCALCULATED ALPHA z,E14,5)

t////Sx 6HITER =,]15,5X, SHORJ -,Ela 5,5X,16HNO CHANGE IN 08J

(/5x,5H0BJ =,E15,6,5X,16HNO CHANGE ON 08J)

(/gx SHOBJ 2,E15,6)

(////SX,bHITER 2,15,5X,5H0RJ =,E14,5)

(//SX,28HINTITIAL FUNCY10~ INFQRMATION//SX.SHOBJ =2,E15,6)
(/gx,29HDECISIDN VARIABLES (XeVECTOR))

(3¢,7€13,4)

(/gx 2BHCUNSTRAINT VALUES (GeVECTOR))

(Sy, 15!5)

(/qx SQHTHE NUMBER OF ACTIVE AND VIOLATED CONSTRAINTS EXCEE

1DS N3, /RX 64HDIMENSTUNED SIZE OF MATRICES A AND B AND VECTOR IC
215 xnsu;r, TENT/SX,6140PTIMIZATION TERMINATED ANp CONTROL RETURNED
3 TO MAJN pROGRAH )

FORMAT
FORMAT
FORMAT
FORMAT

FORMAT

IMES)
END

(1H1,7/7//74%,30HFINAL OPTIMTZATION INFORMATION)

(/sx, 3?H08JECTIVE FUNCTION WAS EVALUATED,BX, IS 2X,SHTIMES)
(/8x,35HCONSTRAINT FUNCTIONS WERE EVALUAYEorllO 2X,SHTIMES)
(/6%x,36HGRADTENT OF OBJECTIVE WAS CALCULATED,IQ9s2X,SHTIMES)
¢/5X,40HGRADIENTS OF CONSTRAINTS WERF CALCULATED,1S,2X,SHII
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8010
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8040
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8060
8070
8080
8090
8100
8110
8120
8130
8140
8150
8100
8170
8180
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8200
8210
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8230
8240
8250 i
8260 ]
8270

8280

8290 ;
8300 i
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SUBROUTINF CNMNOY SEPT, 77

SUBROUTINg cNMNO1 (JGOTO,X,DFsGeISCsIC,A/G1,VLBsVUB,SCAL,C,NCAL,DX
LeDX1,FL Xy, TIToN1/N2,N3,ND)

COMMON /CnmMNILl/7 IPRINT, NDV, ITMAX,NCON, NS!DE.ICNDIR NSCAL,NFDG,FDCH,
lFocuN.c'orvnlN.cTL.chNIN.tueTA.an NAC/,DELFUN, OAaFUN.LxNOuJ.IYRN.
21TER, INFOr, 16OTO, INFO,0HY

olnCNSION x(ui),or(ul).G(Nz).lsc‘ne) ICC(N3),A(N3,NL),G1(N2),VLB(N]
1),VUR(NL) ,SCAL(NI),NCAL(2),C(NU)

ROUTINE Tn CALCULATE GRANDIENT INFORMATION BY FINITE OIFFERENCE.

BY G, N. VANDERPLAATS JUNE, 1972,

NASA<AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,

IfF ¢Jeoto’ LEQs1) GO TO 10

IF (JG3T07gn.2) GO TO 70

INFOG=0

INFEINFO

NAC=20 ;

IF (L!NOBJ,NE.O.AND.ITER.GV.l) GO TO 10

GRADIENT OF LINEAR OBJECTIVE

Cantoswes, Lo etentenceeSgacan aee o CEREX E XX

IF (NFDG,pn,1) JGOTO=}

1F (NFDG,FQ,1) RETURN

CONTINUE

J60T0=30

IF (NFDG,Fn,1,AND,NCON,ER,0) RETURN

IF (NCON,gq,0) GO TO 40

# & » DETERMINE WHICH CONSTRAINTS ARE ACTIVE OR VIOLATED » « #

...--Q'...--.-.--..-......-.......-..-...-‘.-....'-.-.....-O.-....
DO 20 I=1,NCON
IF (G(I).lT CT) GO TC 20
IF (1SC(1I) sr «ANDG(I),LT.CTL) 6O TO 20
NAC=SNAC+1
IF (NAC,Gp _N3) RETURN
1c(NaC) =l
CONTINUE
IF (NFOG,r0,1,AND,NAC,EQ,0) RETURN
IF ((LINUmy, GY 0, AND ITER GT,1).,AND,NAC,EQ,0) RETURN
StORE VALUES OF CUNSTRAINTS IN G1
oo 30 I=1, NCON
Gl(l)sctll
CONTINUE
JGoTOo=0
IF (NAC,EQ, 0,AND,NFDG,EQ,1) RETURN
..C.--...........0.-..o-...‘...-.---..-.........---..-..-.-.-..--.
¥ CALCULATE GRADIENTS
b L L L DT L L st P LI AL AL AL T A DL T LI I P P DR LR L P L D DAL L L D L LD Ll dd L
INFOGs1
INFOs1q
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10
20
30
40
S0
60
70

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
a10
429
430
Q40
a590
460
470
480
490
500
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SUBROUTINF CHNMNO1 . SEPT, 77

F1z08J
1888 1]
1113111}
XIsX(1I1)~
DXsFDCHaXy
Dx=ABS (0X,
FDCH12FOCHm e
1F (NSCAL NE.0) FDCHiz2FDCHM/SCAL(ILI)
IF (DX,LT FpCH1) DX3FOCHY
X13X1+0X
IF (NS!DE FR.0) GO TO 60
IF (x1, L!'vLB(XXX) AND,OX,LT,0,) X12XTeDX
IF (X1,67 _vubclll) AND DX.GT 0.) X{zXle0X
Dx1s3,/0X
X(II1)=XI4nX
NCAL(l)SNrAL(l)ol
5 FUNCTION EVALUATION
-..-..-..-.-.....-..-..........-......--.-.-..-.--..--......-.-.-.
JGOTO0=2
RETURN
CONTINUE
X(I111)=sxl
IF (NFDG,fn,0) DF(111)=Dx1#(0BJ=F1)
IF (NAC,Eq,n) GO TO 90
LT T P T sy PY I LT P L P LT DL D R T TP T PP T L add L]
DETERMINE GRADIENT COMPONENTS OF ACTIVE CONSTRAINTS
D0 80 J=1,NAC
11=1C(J)
ACJrIID)=pXy*(G(11)=61(11))
CONTINUE _
IF (111,LY NDV) GO TO SO
INFOG=0
INFOs INF
JGOTO0=0
0gJ=F1 i
IF (NCON,gn,0) RETURN
STORE CURRENT CONSTRAINT VALUES BACK IN G=VECTOR
LT LT E LD e P LI AL DL T LR DL DXL L L L 2 1) ow ow eveocossesvewe
DO 100 I=§y,NCON
G(I)=61(I,
RETURN
END
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S10
520
530
5S40
550
Se0
S70
S80
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
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SUBROUTINg CNMNO2 SEPT, 77

SURROUTINg CNMNO2 (NCALC,SLOPE,DFYDF1,DF,8,N1)

COMMON /CayMNL/ IPRINT,NOV,1TMAX,NCON,NSIDE,JCNDIR,NSCAL,NFDG,FDCH,
IFOCHM,CTorTMIN,CTL,CTLMING THETACPHI/NAC/DELFUN,DABFUN,LINOBS, I THN,
21TER, INFOg, 160TO, INFU,08J

DIMENSION pF(N1),S(N1)

ROUTINE Tn DETERMINE CONJUGATE DIRECTION VECTOR OR DIRECTION

OF STEEPEST NESCENT FOR UNCONSTRATNED FUNCTION MINIMIZATION,

B8Y G, No vaNDFRPLAATS APRIL, 1972,

NASA«AMES RESEARCH CENTER, MOFFETT FIELD, CaALIF,

NCALC = Ca(CULATION CONTROL,

NCALC s O, S =z STEEPEST DESCENT,
NCALC = I, S 3 CONJUGATE DIRECTION,
CONJUGAIE.DykgchON 1S FOUND RY FLETCHERREEVES ALGORITHM,
AL T I DT L L B TR I LA L DX LA LIS L R L AR Sl LT L A DL LT L Al d bt ddadd 4d
CALCULATE NORM OF GRADIENT VECTOR

...-......‘-.-.C---........-........‘-....-...--..n.....-..----..‘

OF1DF =20,

D0 10 I=1,nOV

DFI=nF (1)

OF TOF2DF TnF 4 DF I#DF1

LA LT LT L L P T Ll LI XY PSSR S TR A A P I LT Py 21 d -

Asakmnbnn, FIND OIRECTION S RARRRRA KGR

O L L L L L P LT LI L TAL I I PI I AL AL P LI DR D L DL L L DL Ll Dbl daddnd L

IF (NCALC NE,1) GO TO 30

IF (OFTDPFy LT, 1,0E-20) GO TO 30

.--.......-..-.--.........’...-..‘..-.-...-.'.....-'..........-..-

i FIND FLETCHER-REEVES CONJUGATE DIRECTION

.--.----.9.--.....‘-O--.‘-........-...-. Sedeew GC...-......‘.-.....

BETA=OFTDge/OF TDF1

SLOPE=0,

00 20 I=1,NDV

DFI=DF (1)

SI=BETA*S(1)=0F]

SLUPE=SLOpE+SI*0F]

S(¢1)sst

60 10 S0

CONTINUE

NCALC=0

............................-............-.-...’...-....'.'.....-.
CALCULATE DIRECTION QOF STEEPEST DESCENT

....--‘..-.......--...‘-.......-....‘..........‘..--...-....--....

D0 40 I=1, NNV

S(1)==0F (1)

SLOPE=<DF rpF

CUNTINUE

...-.-.-....-.......‘..‘...-..‘-.....-...-......-..’...‘...‘...-...

NORMALIZE S TO MAX ABS VALUE OF UNITY

.......‘............-...............................-...-.........
Si1=20,
00 60 I=j NDV

10
20
30
40
50

70

80

90
100
110
120
130
140
150
160
170
180
190
200
2190
220
230
240
250
260
270
280
2%
300
310
320
330
340
350
360
370
380
390
400
a10
a2o
430
q40
450
460
470
480
490
500

SRR S




.

60

70

SUBRQUTINe CNMNQ2

$23488(S(1))

IF (S2,67 s1) $1382
CONTINUE

IF (S1,L771,0€20) S121,0€e20
Si=),/81
DFTOF 120F rnFest

00 70 I=1 N0V
S(I)281+S¢1)
SLOPE=S1eg OPE
RETURN

END

153

SEPT, 77

S10
S0
530
S40
550
560
S70
580
590
600
610
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,i SUBROUTINg CNMNO3 SEPT, 77
1 SyBROYTINg CNMNO3 (X,5,0F,G,A,1C,SCAL,C,N1,N2,N3,N4) 10
b COMMON /CnMN1/ IPRINT, NDV, ITMAx.ncON NSIDE, ICNDIR,NSCAL,NFDG,FOCH, 20
R | lFocHP.c'.gynlN.cTL.cILHKN;TH&'A:PHIoNAcoDELfUN,DABFUNnLINOUJollﬂno 30 ;
21TER, INFOR, 160TO, INFO, 0By 40 i
F connou ICnusAvl 01¢20),SLOPE,D2(3),XI,03, S0
1 | 2".""'0“,AZ;ASOI‘:F‘uFZ:FSrF“!D“(“).APP; o0
| «DS(B),RSPACF,ID1(5),KCOUNT,NCAL(2),1D2(4),KOUNT,103(8), 70
i «JGOTO, ISPAcE(2) 80
| . DIMENSION x(N1),S(N1),DF(N1),G(N2y,A(N3,N1),IC(N3),SCAL(N1),C(NY) 90 ;
k| (3 ROUTINE Tn SOLVE ONE=NIMENSIUNAL SEARCH IN UNCONSTRAINED 100 ]
c MINIMIZATION USING 2«POINT QUADRATIC INTERPOLATION, 3«POINT 110
e (4 CUBTC INTERPOLATION ANp 4=POINT cuBIC INTERPOLATION, 120 ;
3 ¢ BY G, N, VANDERPLAATS APRIL, 1972, 130 ]
$ c NASA=AMES RFSEARCH CENTER, MOFFETT FIELD, CALIF, 140 3
| c ALP z PROp(OSEN MUVE PARAMETER, 150
a c SLOPE = INTTIAL FUNCTION SLOPE = S=TRANSPOSE TIMES OF, 160
5 (4 SLOPEF MUST RE NEGATIVE, 170 =
o c 0BJ = INIvrTaL FUNCTION VALUE, 180 ¢
e 2ZrROZ0, 190 V3
bit . IF (JGUTO gn,0) GO TO 10 200 e
: 6o To (S0,80,110,140,180,220,270), JGOTO 210
& c ‘--...-.C.--O.‘..l....-.-......l-.-.--....-.-.-.-.-.--I-.-..-.-... 220 5 :.
- c : INITIAL INFORMATION (ALPHA=0) 230
7"; c --.-..-.-;.-...--..-....-....................-.o..-...‘-.-.-..-... 2.0
- 10 1F (SLOPE’ L 1,0,) GO TO 20 250 :
ALP=0, 260 !
i . RETURN 270 b
E 20 CONTINUE _ 280 -
g IF (IPRINY, GT,4) WRITE (6,360) 29¢ A
- | FFF=08J 300 i
i AP120, 310 18
Alz0, 320 P
F1208J 330 :
A23ALP 340 '3
A3z0, 350 = i
F3a0, 360 {
AP=ZA2 370 '
KQUNT=0 380 i
- c -.-.-....;....-...'-.-‘.I...-Q-.-...'..-....--.....I...OI eSS See 390 i
4 c MOye A DISTANCE APaS AND UPDATF FUNCTION VALUE 400 s
‘ﬁ' c LA L L L L LT L et 2L L L LA L DL L DL LA - - eesccvee .o 410 =
3 30 CONT INUE a20 | 4
e KOUNT=KOUNT» ! a30 ’ E
N .00 4o =1 NnV a40 13
: a0 X(I)8X(1)eaPeS(I) aso 1
k. IF (IPRINY _GT,4) WRITE (6,370) AP 460 3
, IF (IPRINY.GT,4) WRITE (6,380) (X(1),121,NOV) il ;
b NCAL(1)SNFAL (1)1 480 1
i JGoToz1 e ) g
A RETURN S00
e
28
E

5

PR

i
b i :

o e B L B ST 0 P e AN AN M A 6 SO AT A 5 5

e
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SUBROUTINF CNMNO3 SEPT, 77
. S0  CONTINUE
B | F2s:08y y
£ IF (xpalnr 6T,4) WRITE (s,390) F2
IF (Fa L Fl) GO TO 120

c ...0_ - Saresevovesesaave - LT

c CHECKX FOR ILL=CONDITIONING
E (# '............-..............-..... Y LT voce ecsccsesse
e | IF (KOUNT|§7,5) GO TO 60
b | FFz2, aARS(F1)
s 143 (fz LY FF) GO TO 90
e | - 3 FF:S.QABS Fi)
B | a IF (F2,LT FF) GO TO &0
k| A22,5.A2
e | APzep?
k| ALP=ZA2
£ | Go To 30
s 60  F3zF2
s | A3zA2

- A23,52A2
i c Al L DL T T L L S P T T L T T L TP T T T T 1 T T Py papapep eoce

» p (4 UPDATE DESIGN VECTOR AND FUNCTION VALUE
' ‘;, i c ‘...-.-...-.--...-..-o-...'.....-.-....-..‘.....--.-0--.-......-..
3 APzAZeALP

ALPSZA2
00 70 I=1,NnDV
70 X(3)sx(1),aPeS(I)
IF (IPRINY GT,d4) WRITE (6,370) A2
IF (IPRINT GT,4) WRITE (6,380) (X(I),121,NOV)
NCAL (1)=NFAL (1) +1
JG0tT0=2
RETURN
80 CONT INUE
F2308J
IF (1PRINY GT,8) WRITE (6,390) F2

c PROCEED Tn cUalc INTERPOLATION,
60 T0 160
90 CONTINUE
c .........;.-....-.-.....-..-........-.-.-......-.-.-’......--.-.-.
g Rasnaennn, 2=POINT GUAoﬂlttc INTERPOLATION atatrnatae
JJ" - - - ‘..-......--'.‘.-- -
1131
CALL CNMNgg (1I,APP,ZRO,A1,F1,SLOPE, A2,F2,2ZR0,ZR0,2R0,ZRQ)
IF (APP,LT,2R0.0R,APP ,GT, Aa) co To 120
‘ F3zF2
b5 | A3=zA2
- A2z APP
JJ=0
“ C ......---...o...---...-.. eeegeee ee
A c UPDATE DESIGN VECIOG ANO FUNCT!ON VALUE
&
- »
By )
-
. | H
b |
& || ;
E ]
1 - 3
12 ‘ {
Ex ] g 155
| |
!
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S10
S20
530
S40
550
500
570
580
590
600
610
620
630
640
6S0
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
9900
910
920
930
940
950
960
970
980
990
1000
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130

150

OO

oMn0

170

SUBRQUTINF CNMNO3 SEPT, 77

...O-....;...... - EX LY XX ) -
APSA2eALP 4 S
ALPZA2
00 100 I=),NDV
X(1)sX(T)gares(l)
}: (:::}:v s; W43 WRITE (64370) A2
( 7.6T,4) WRITE (6,380) (X(I),I=1,ND
NCAL(l)!NrAL(l)ol bt o .
JGOTo=3
RETURN
CONTINUVE
F2308J 2
IF (IPRINY GT,4) WRITE (6,390) F2
Go 10 150
A332,04A2
.......‘.......-....-.....'..'...‘--.-..--.-.-.......C..'.'.-.....
UPDATE DESIGN VECTOR AND FUNCTION VALUE
..-..--..-...-.........'..‘.-.‘..-....-..-...--.. PR E R L RN EX R AN
AP3A3Z<ALP = . :
ALP3Al
00 130 Ilv NOV
1(!)81(1),AP'3(I)
IF (IPRINT _GT,4) WRITE (6,370) A3
IF (IPRINT, ‘6T.4) WRITE (6,380) (X¢l),1=1,NDV)
NCAL(l)sNrAL(l)ol
JGOTO0=4
RETURN
CONTINUE
F3208J -
IF (IPRINY GT,4) WRITE (6,390) F3
CONTINUE
1F (F3,.LT’ .F2) GO TO 1%0
courtnue :

eee®e LT TP Y L L P L T T T T ] LY 24
:..aa..to, 3«POINT CUBIC INTERPOLATION eRRBARRARR
éXSJ

ALL CNNNna (11,APP,2ZRO,A1,F1,SLOPE,A2,F2,A3,F3,2ZR0,2ZRV
IF (APP,LT ZR0,0R,APP GT AS) 6o To 190 s i
...................‘........-.-.....-.— - veosoeveseSae

UPDAYE DESTGN VECTOR AND FUNCTION VALUE,

"""’ Seogtecowvecseovecsedeses
AP=APPeALp
ALP3APP :
00 170 1=j,NOV
X(1)sX(1)gamS(I)
:: (;::::r c; 4) WRITE (6,370) ALP
4 1.67,4) WRITE (6,380) (Xcl),Isi,N
“CAL(!)lNrAL(l)ol (X¢1),I31,NOV)

1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1100
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
13%0
1300
1370
1380
1390
1400
1aj0
1420
1830
1440
14s0
1460
1470
1480
1390
1500
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180

190

C
200

210

220

SUBROUTINg CNMNO3 SEPT, 77

JGOoTosS

RETURN

CONTINUE _

IF _(IPRINT GT,4) WRITE (6,390) 08

e P L LI L P I LD DL P L R L R Y D L L L X g -

iy CHECK CONVERGENCE
.....--....-'--O..---.......‘--..-..-....-....-.....-.....-.......
AAS1, <APP 42
AB22ABS(F))
AR3=ARS(0ay)y
ABzAB?2 3
IF (AB3,Gr aB) AB=24AB3
IF (A8,LT |, 0E=15) AB=1,0E=15
AB2(AB2=AR3)/AB
IF (ABS(ARy LT,1,0E=15,AND,ABS(AA),LT,,001) GO TO 330
AGzAl
FasF3
A3zAPP
F3308J
IF (A3,GT a2) GO TO 230
A3=AQ
F3=F2
A2zAPP
F2208J
GO To 230
CONTINUE
LA L AL L L L L ey 1 A LAl LA DAL L 4d ceee eoece - eocee
tentannnd, 4=POINT CUBIC INTERPOLATION RRNRRORRRR
CONTINUE
AQz2, A3
UPDATE DEgIGN VECTOR AND FUNCTION VALUE,
APzAQeALP
ALP=AQ
00 210 I=y,NOV
X¢I)sX(I)aaPeS(I)
IF (IPRINY 6T,4) WRITE (6,370) ALP
IF (IPRINY GT,4) WRITE (6,380) (X(I),I=1,NDV)
NCAL(1)=NpaL (1)l
JGOTN=6
RETURN
CONTINUE
Fas=08J c
IF (IPRINY 6T,4) WRITE (6,390) Fu
IF (Fa.,GT _fr3) GO TO 230
AlsA2
F1sF2
A2sA3
F2sfF3
A3zAa

' ; 157

1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
16990
1700
1710
1720
1750
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
19350
1940
1950
1960
1970
1980
1990
2000




.
oy Saaadky Asal

SUBROQUTINF CNMNO3 SEPT, 77
F3sFaq 2010
. 60 To 200 - : 2020
& | 230 CONT]INUE 2030 ’
e I1s4 7 2040
. CALL CNMNaa (TI,APP,A1,A1,F1,SLOPE,A2,F2,a3,F3,44,F4) 2050
; IF (APP., Gy, al) GO TO 250 2060
APzAl<ALP 2070
ALPE=AY 2080
0sJsF 1 2090
00 2a0 sy, NOV 2100
260  X(I)=mX(Il),aPeS(1) 2110
, Go To 280 2120
4 250 CONTINVE 2130
3 Cc - B eteececccrnqgecescce csceaavce 2140
A c UPDATE DESIGN VECTOR AND FUNCTION VALUE 2150
" c -......-.;....-..0.-...._ eme rrrrrrrerx e e LY L L L LT leO
E APz APPeALpD : 2170
2 ALP3APP 2180
= D0 260 137,NDV 2190
LA 260 X(1)sX(I),aPeS(I) 2200 |
| . IF (IPRINY,GT,.4) WRITE (60370) ALP 2210
B | IF (IPRINyY 6T 4) WRITE (6,380) (X(I),I31,NOV) 2220
i NCAL (1)3NpaL (1) 1 2230
3 JGOoTOo=7 2240
RETURN 2250
270 CONTINUE _ 2260
IF (IPRINY gT,4) WRITE (6,390) O08J 2270
¥ 280 CONTINUE 2280
i c ..---....;...- eoeacey egseasseese eeoweestew 2290
- ¢ y CHECK FOR ILL<CUNDITIONING 2300
sr | c bttt LI PO T DL L LA T T I LI L e T L T R I PP PR P PR L LIS L DL L DS 2310
by | IF (0BJ.GY F2,0R,08J,GT.F3) GO TO 290 2320
| IF (0BJ.Lf_F1) GU TO 330 2330
ol APzAl=ALP 2340
e | ALPEAY 2350 2
£ 08JsF | 2360
- 60 T0 310 2370
b 1 290 CONTINUE 2380
% IF (F2,LT F3) GO TO 300 2390
o 0BJ=F3 2400
i AP2A3eALP 2410
¥ ALP=Al 2020
b G0 To 310 2430
x4 300 0RJ=F2 2440
| APEA2<ALP : 2450
A ALP2A2 2460
e 310 CONTINUE 2470
b 3 Cc Conccecrs oo oa escccacccvesscccs e 2480
' | ¢ A UPDATE DESIGN VECTOR 2490 3
3 ! Iz c A A L3 1T 1 1 L ey P IIIITT DL P LT T LYY P 1) - eoee 2‘00
£ 3 ‘ s| b
r 2l
Y. 3 :
-4 % :
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350

OO0 0

370

380 -

390

SUBRQUTINE CNMNO3 SEPT, 77

00 320 I=j,NOV
X(1)ax(I)4aPeS(I)
CONTINUE
LA L L LT L L L pepeesy PRI LLILI LTI L DL LT Y - -.e

CHECK FOR MULTIPLF MINIMA
LTI LT YT L pepsy PYIIIIII R P L DL D P DAL PR DL DY P Y DL L L DL LD AL L Dbl L
IF (0BJ,Lfr FFF) GO TO 350 =
INITIAL FUNCTTION IS MINIMUM,
D0 340 I3y,NDv
X(I)sX(I)aalLPaS(I)
ALP30,
ORJSFFF
CONTINUE
JGOT0=20
RETURN i

FORMATS

FORMAT (/7///5%,60Ha » « UNCONSTRAINED ONE«DIMENSJONAL SEARCH INFO
IRMATION = o )

FORMAT (/§x,7HALPHA =,E13,5/5X,8HX=VECTOR)

FORMAT (Sx,6E13,5)

FORMAT (/5x,SHOBJ 2,E14,5)

END

159

2510
2520
2530
2540
2550
2560
2579
2580
2590
2600
2610
2620
2630
2640
2650
26060
2670
2080
2690
2700
2710
2720
2730
2740
2750
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SUBROUTINg CNMNOY SEPT, 77

SUBROUTINF cNMNOQ (15,XBAR,EPS,X]1,Y),SLOPE,X20Y2,X3,Y3sXd,Y4)
ROUTINE Tn FIND FIRST XBAR,GEL.EPS CORRESPO.NING TO A MINIMUM
OF A ONg=p(MENSIONAL REAL FUNCTION BY POLYNOMIEL [NTERPOLATION,
8Y G, N, yANVUERPLAATS APRIL, 1972,
NASA<AMES RESEARCH CENTER, MOQFFETY FIELD, CALIF,

I1 s CALCyLATION CONTROL,
11 2.POINT QUADRATIC INTERPOLATION, GIVEN Xt, Yi, SLOPE,

x2 ANO Y2,

23  3ePOINT gunonATxc INTERPOLATION, GIVEN Xy, Y1, X2, Y2,
x3 AND VY

31 3.POINT CUBIC INTERPOLATION, GIVEN X1, Yi, SLUPE, X2, Y2,
X3 AND Y3,

4: a.POINT CURIC INTERPOLATION, GIVEN Xi, Y1, X2, Y2, X3,
Y3, X4 AND Y4,

EPS MAY Be NEGATIVE,
IF REQUIRgp HMINIMUM ON Y DOES NOT EXITS, OR THE FUNCTION IS
lLLOCDNDlytoNEDo XBAR 3 EPSe],0 WILL BE RETURNED AS AN ERROR
INDICATOR,
IF OFSIREp INTERPOLATION IS ILLeCONDITIONED, A LOWER ORDER
INTERPOLATTON, CONSISTANT WITH [NPUT pATA, WILL BE ATTEMPTED,
AND J1 Wy BE CHANGED ACCORDINGLY,
XBAR1=EPS.,

XBARzXBAR

X213x2=X1 _

IF (ABS(X31).LT.1,0€=20) RETURN

NSLOPaMOD¢11,2)

G0 To ¢10,20,40,50), 11

CONTINUE

bl L AL L L L L ey P LI L DAL DA P L LR L L L LT T P Y P P T Y Y e e T DL DR L L L L L L T )
I11s1: 2«POINT QUADRATIC INTERPOLATION

b Al DL L L et P T A LT DDA DL L L DL DL P LT Y Y - eeaw bkl

11=1

DX=XleX2

IF (ABS(Dy) ,LT.1,0E«20) RETURN

AAZ(SLOPE, (Y2aY1)/DX)/0X

IF (AA,LT] |, 0E=20) RETURN

BA2SLOPE=> oAAnX]

XBARze,SeanR/AA

IF (XBAR,; T . EPS) XBAR=XBARY

RETURN

CONTINVE

e cese®a SPfaeSyGenssewlegtSvoebeceew eva® -
1122: 3«POINT WUADRATIC INTERPULATION

.'....OCC....-..-...‘.-......--O.........‘...........0.‘...---.'..

1122

X213x2-X1]

X313x3eXy

x323x3ex2

QQ2X21eX 3¢ ,.x32

160
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10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
100
170
180
190
200
210
220
2390
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
39
4900
ato
a20
430
aaq
as50
a60
470
480
499
S00
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SUBROUTINF CNMNOY SEPT, 77

IF (ABS(Un) . LTe1,0E=20) RETURN
AAE(Y1aX32aY22eX310Y3aX21)/Q0Q
IF (AA,LT | 0E=20) GU TO 30
882(Y2=Y1y)/x21=AA*(X14X2)
XBARZe,SeqR/AA
1IF (XxBAR,) T . EPS) XBARzXBAR]
RETURN
CONT INUE
IF (NSLOP' En.0) RETURN
Go To 10
CONTINUE
7 11233 3«POINT CUBIC INTERPOLATION
...-..O....-.............-...........--........-.....-‘-...-....-.
11=3
X213X2eX}
X31=x3exy
X32=X3eX2
90=X21 X3¢ 4x32
IF (ARS(UQy,LT,1,0€E=20) RETURN
X11sxqex1
DNOM=X24X3 X3t =X11aX32eX3aX3aX21
IF (AHS(ONOM) LT.1,0E=20) GO TO 20
AAB((X31ay3ga(Y2eY])eX2]aX21+(Y3aY1))/(X3)2X2]1)=SL.OPE2X32)/DNOM
IF (ABS(A4).LT.1.,0E=20) GO TO 20
BB ((Y2eYy)/X21eSLOPEAAL(X24X24X12X2u2,4X11))/X21
CCaSLOPE=g sAANX1122,2BHaX]
BAC=HR«BH_3, 2AARCC
IF (BAC.LY,0.) GO TO 20
BACSSORT(nar)
XBAR=2(BAC.BR)/(3.%AA)
IF (XBAR,) 1 ,EPS) XBAR=EPS
RETURN
CONTINUE
......-.-...--.......--....-.....-....-....-....----..'.-....‘...-
: 1124t 4«PQINT CUBIC INTERPOLATION
SoeSasece e %acce oe
X212X2eX]
X312X3eXx]
Xq13x4«X]
X32=x3X2
X42sxdex2
X{isxtext
X223x2eX2
X33=x3ax3
Xgusxaexy
Xiglaxtaxyy
XIZZtKZQIéz
023X31aX2]4x32
IF (ABS(0py LT,1,0E«30) RETURN

161

S10
S20
S30
5S40
S50
S60
S70
580
$90
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
98¢0
990
1000

i i 0, i i o S <

i

5 T

o e e,



SUBROUT INg CNMNO4 = SEPT, 77

Q1EX]11*X32eX224X3 1 +XJex334X2]

VA=Yl aXa2=X2224 XU eXyaxadnX2]
QSEXa1#X27 4x42

DNOM2Q2204.0124US

IF (ABS(DnOM™) ,LT,1,0E=30) GO TO 60
O33Y3aX21y20X31¢4YaX32
Q68YaaX21v24XU1eY]eXd2
AAB(N2206.03405) /ONOM

B8R=(A3=01,44)/02

CCa(Y2eY 1 aAR(X222eX111))/X21=BBa(X14X2)
BAC=8R*BR.3,*AACC

IF (ABS(A4y,LT,1,0€=20,0R,BAC,LT,0,) GO TO 60
BAC3SORT (aaC)

X¥84R2(BACLAR) /(3,244)

IF (Xx8AR. T,EPS) XBAR3XBAR!

RETURN

ConTINUVE

IF (NSLOP g0.1) GO TO 40

GO0 To 20

END
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SUBROUTINE CNMNOS ' SEPT, 77

SUBROUT INg CNMNOS (NVC,SLOPE,OF,G,ISC,IC,A,5,C,M51,B,N1,N2,N3,N4,N
15) :

COMMON /CnmMN1/ JPRINT,NOV,ITMAX,NCON,NSIDE, TCNOIR,NSCAL,NFDG,FOCH,
SFOCHM CTorTMIN/CTL,CTLMINS THETASPHI/NAC/DELFUN,DABFUN,LINOBJ, ITRN,
DIMENSION pF(N1) ¢ G(N2),ISC(N2),IC(N3),A(NI,N1),S(NI),C(NG),MS1(NS)
1,8(N3,N3)

ROUTINE Tn SOLVE DIRECTION FINDING PROYLEM IN MODIFIED METHOD OF
FEASIRLE nIRECTIONS,

BY G, N, vVANDERPLAATS

NASA«AMES RESEANCH CENTER, MOFFETT FIELD, CALIF,
NORM OF S veCTOR USED HERE IS S~TRANSPOSE TIMES S,LE.l.

IF NVC = 5 FIND DIRECTION HBY ZOUTENDIJK'S METHOD, OTHERWISE
FIND MODIgreD OIRECTION,

MAY, 1972,

LA T I T T L L L Py PYI AT PR CE DL LR PRSI PR PR P R E P L DL L A L L bbb bl L]
*ex NORMp| [2F GRADIENTS, CALCULATE THETA'S AND DETERMINE NVC #a=
-..--..--.-‘ P TIEI LT PP Y Y YL P P L PR P Y Y L Y P Y L L L L LAl ]
NDV1aNDV+{
NDV2=NDV+>
NAC1=NAC+y

NYC=0

THMAX=0, _
CTA=ABRS(Crt)y
CT1=1,/CTa
CTAM=ABS (¢ TMIN)
CTR=ABS(Cry )
Cresy1,/CTn
CTBM=ABS(FTLMIN)
At=i,

00 40 I=t NaC
CALCULATE THETA
NCI=1C(])

NCJ=}

IF (NCTI,Lp NCON) NCI3ISCNCI)

Ci1sG(NCI)

crTo=CcTt

CTC=CTAM

IF (NCJ,LF,0) GO TO 10

CTC=CTBM

Cro=CcT2

IF (C1.GT cTC) NVC=NVC+l

THT=0,

GG=1,+CTD.CH

IF (MCJ,En,0,0R,C1,6T,CTC) THT=THETA#GG*GG

1F (NCJ .67 0.AND,C1,GT,CTC) THI=THT=3 #THETA

If (THT,6y7,50,) THT=SO,

IF (THT .Gt THMAX) THMAXZTHT

ACI/NOVI)2THT

L L L LD L L L sy PR A A A L AL L DAL LA LA A A A DL AL L Xl ALl L A Dl b bd A ewesaeeSoe

NORMALTIZE GRADIENTS OF CONSTRAINTS

.

10
20
30
40
S0
60
70
80
90
100

110 .

120
130
140
150
160
170
180
190
200
210
220
230
240
2s0
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
a60
470
480
a9%0
500

e
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SUBROUTINg CNMNOS SEPY, 77

........-.........‘..-..-.....-............. S -

ACI,NOV2) 2y,

IF (NCI,Gt NCON) GO TO 49

ALz0,
0o 20 Js1,NOV

ArzAfeA(l, gynel

CONTINUE

IF (AL,LT .1,0E=20) Alsg, 0E=20

A12SQRT(AY)
ACI,NDV2)2at

Alsl, /A1
b0 30 J=1,NDV

A(L,dy=hlaacl,d)
CONTINUE
NORMALIZE GRADIENT OF UBJECTIVE FUNCTION AND STORE [N NACel
ROW OF &

A1s0,
bo SO 131 ,NpV

‘ltllooF(v)a'Z
CONTINUE

IF (AL,LT 1,0E=20) Al=1,0E=20

A[SSORT(A')

Ag=zt, /A1
0o 60 I=1, N0V

A(NACY1,I)=a1#nF(I)

BUILD € VECTOR,

IF (NVC.G!.O) GO TO 80

LT L Ty e P P P e P P PR PR D P L LR R PR P L L R L L L L L Ll Lot

BUILD C FOR CLASSICAL METHOD

'..-.--..--‘..o-.....¢-........C-.n.-.-.O-.--.-..-..--..-.-Q.-.-.-
NDBENACY _

A(NOB,NDVy =1,

00 70 I=1_,NnB

C(l)==A(l NnVY)

60 T0 110

CONTINUE

. BUILD C FOR MODIFIED NEYHOD

LT PP ey P T TP T T P Y P DT P T T T eoe - oae e
NDB=NAC

A(NACH 'NDY‘ )=oPHl
-........--..-.......-.--..-.....-..-......-.-...-‘ .

SCALE THETA'S SO THAT MAXIMUM THETA 1S UNITY

....-...---‘-..-.................‘......’....-...--.....'......-.-
IF(THMAX ,@T7,0,00001) THMAXZ1,/THMAX

00 90 I=1,nn8

NCI=IC(I)

CisCta

S10
Se0
S30
S40
S50
Se0
S70
S80
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
Y00
970
980
990
1000

+ e L o e e



100
110

o000 (2]

|
:
¥

130
140

OO -

160

170
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SUBROUTINF CNMNOS SEPT, 77

IF (ISC(NF1Y,6T,0) Ci3CYB
ACI/NOVY) A (I, NDVL)aTHMAX
CONTINUE
DO 100 1=7,NDB
CcIr)=o0, .
00 100 J=y ,NOVI
CCI)=C(I)eacl,d)2A(NACL,J)
CONTINUE

BUILD B MATRIX
D0 {20 181 NUR
00 120 J=y,NDB
B(I,J)=0,
00 120 K=j,NDVI
B(I,J128(1,J)=ACL,K)%A(J,K)

- SOLVE SPECIAL L, P, PROBLEM ’
.--..-..--.........Q...-............O.-.......--..‘---...--...-...
CALL CNMNgg (NDB,NER,C,MS1,B,N3,Na,NS)

IF (IPRINTY 6T,1,AND, NER 6T, o) WRITE (6,180)
CALCULATE neSuLf!NG DIRECTION VECTOR, S,
sLOPE=°. ol
USABLE-FEASIBLE DIRECTION
...-......-‘--....--.-..'..-..-.......-..... ........--......--.-..
00 140 I=y,NDV
Si=0,
IF (NVC Gr 0) S1s=A(NACt,I)
00 130 J=7,NDR
S1=St=A(J,1)*C(J)
SLDPE=SL0954SI'0F(1)
S$(I)=S1
S(NDV!):I
IF (nvC, Gr 0) S(NDV1)3=A(NAC1,NOVY)
D0 150 J=y,NDR
S(NDV1)=S¢NDV1)=A(J,NOV1)*C(J)
..........-..--........-.-.-...Q---..-.-......-.-.-.....-.-..C-...

. NORMALIZE S TO MAX ARS OF UNTTY
LT T T LT T ppseny PRIII LI LTI AL LD Lo XL R L L L 2 - Seoe
S1=0,

00 160 1=y, uov

ALsABS(S(

IF (A1,GT SI) Si=Al

CONYXNUE

IF (S1,LT71,0E=10) S121,0E=10
Si121,/81

Do 170 !8| NOV

5(1):81:5;:)

SLOPE=S1+§LOFE

165

1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1300
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
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SUBROUTINg CNMNOS

S(NDV])ESyaS(NOVE)
RETURN
¢ :

180  FORMAT (/;S5X,46H* » DIRECTION FINDING PROCESS DID NOT CONVERGE/SX, 1540

129M2 » SeygpCTOR MAY NOT BE VALID)
EnD

166

SEPT, 77

1510
1520
1550
15%0 9
1500 ,
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SUBROUTINF CNMNOG ; SEPT, 77

SUBROUTINg CNMNQG6 (X,DF+G,ISC,S¢Gy,G2,VLB,VUB,SCAL,N1,N2)

COMMON /CnuNL/ IPRINT,NOV,ITMAX,NCON,NSIDE, ICNDIR,NSCAL,NFDG,FDCH,
LFDCHM, CTorTMIN,CTL,CTLMIN) THETA/PHI s NAC/OELFUN,DABFUUN,LINOBJ,ITRM,
2ITER, INFUg, 1GOTO, INFO,08J

COMMON /CaNSAV/D1(16),CTA,CTAM,CTRM,D2,SLOPE,D3(3),XI,
204,ALP,DS¢p),A2,A3,A4,06,F2,F3,F4,CV],CVR,CV3,CV4,D7,ALPCA,A
SLPFES,ALPI NoALPMIN,ALPNC,ALPSAV/ALPSID,ALPTOT,RSPACE,ID1(T7),
#NCAL(2),In2(3),NVC,103,ICOUNT,

S160001, 1Gn0N2, 1GOOD3, 1GOONY, IBEST, II1,NLNC,JGOTO, ISPACE(2)

DIMENSION x(Nt),DF(N1),G6(N2),ISC(N2),S(N1),G1(N2),G2(N2),VLB(NL),V
1UB(N1),SCaL(Nt)

ROUTINE Ta SOLVE ONE=DIMENSIUNAL SEARCH PROBLEM FOR CONSTRAINED

FUNCTION m{NIMIZATION,

BY G, N, vaMDERPLAATS AUG,, 1974,

NASA<AMES RESEARCH CENTER, MOFFETY FIELD, CALIF,

08J = INItraL AND FINAL FUNCTION VvALUE,

ALP = MOVe PARAMETER,

SLOPE = INTTIAL SLOPE,

ALPSID = movE TO SIDE CONSTRAINT,

ALPFES = mOovE TO FEASIBLE REGION,

ALPNC = Mave TO NEwW NONe«| INEAR CUNSTRAINT,

ALPLN = MayfF TO LINEAR CONSTRAINT,

ALPCA 2 Mpvg TO RE-ENCOUNTER CURRENTLY ACTIVE CONSTRAINT,
ALPMIN = wOVE TO MINIMIZE FUNCTION,

ALPTOT = yoTAL MOVE PARAMETER,

ZR0O=0,

IF (JGOTU ER.0) GO TO 10

60 TO (149,310,520), JGOTO

IF (IPRINY GE,S) WRITE (s,730)

ALPSAV=ALP

ICOUNT=20

ALPTOT=0,

TOLERANCES,

CTAMZABS (¢ TMIN)

CTAMzABS(rTLMIN)

PROPOSED movE,

CONTINUE

LI I TP Y ey PY LI L DL PR L PRI DL LI D P L P R L P R PR L L L D D DL L L Ll Ll bl bt ol
teane BEGIN SEARCH OR IMPOSE SIDE CONSTRAINT MODIFICATION sanwe
A23ALPSAV

1COUNT=ICAUNT¢1

ALPSIN=21,nE+20

INITIAL A)PHA AND 0BJ,

ALP=0,

F1s08J A

KS1n=0

IF (NSIDE gn.0) GO TO 70

10

290

30

40

S0

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
260
290
300
310
320
330
340
350
360
370
380
390
400
410
420
a3o0
q40
450
460
a70
480
490
500
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SUBRQUTINF CNMNOO SEPT, 77

FINO MOVE TO SIDE CONSTRAINT AND INSURE AGA!"ST VIOLATION OF

S1DE CONanAlNTs

‘................-...... - - L 1L J

00 60 'I1=1 N0V

$13S(1)

1F (ABS(S7),GT,1,0L=20) GO TO 30
CALCULAYE ALPHA TO MINIMIZE FUNCTION

.....-...................‘....-...-.........’...-

113

IF (A2,67° LA3.AND, (160002,EQ0,0,AND,IBEST EQ,2)) [la2

CALL cNNNna (11,ALPMIN, zno zuo Fi, SLOPE A2,F2,A3,F3,2ZR0,ZR0)

CONT INUE

...........-.--......'..........--....-.. oeeeveveogeacewee eoooeeeSew
. PRUPOSED MOVE

Seetseeve o000 ccae eeoe LY 1 ceeoswvesevee - Seoe

MOVE AT LpaST ENOQUGH TO OVERCOME CONSTRAINT VIOLATIONS,

AQsALPFES

MOVE 7O MyNTMIZE FUNCTION,

IF (ALPMIN,GT,Ad) A4SALPMIN

1F A4 LE.n, ser A4 3 ALPSID,

IF (A4,LE p,) A4=ALPSIOD

LIMIT HOV; 70 NEW CONSTRAINT ENCOUNTER,

IF (aa, GT'ALPLN) AY4sSALPLN

IF C(AG,GT_ALPNC) A4SALPNC

LIMIT nov; 70 RE<ENCUUNTER CURRENTLY ACTIVE CONSTRAINT,

IF (AQ,GT _aALPCA) A4sALPCA

LIMIT A4 70 5,eA3,

IF (A4,GT (5.2A3)) A4zS,2A3

UPDATE oqucN

1F (IBEST NE.3.,0R,NCON,EQ,0) GO T 470

STORE CONRTRAINT VALUFS IN G2, F3 IS BEST, F2 IS NOT,

DO 460 I=¢,NCON

62(1)2G(1,

CONTINUE

CONTINUE _

IF Ayg=A3 ann 16000130 AND IGOOD3=1, SET A4=,9#A3,

ALPZA4=Al

IF ((1600ny EQ,0,AND,IGO0OD3,EQ, 1), AND ABS(ALP) LT 1,0E=20) Ad4z,9%A

13

.........‘..-.. oeccew ceocscoefeseee%0g

_ MOVE A DISTANCE A«.s

AL LD DT L L L gy PI T LA L AL L LY Y eoeevevee eecew

ALPEA4=A]

ALPTOT=ALPTOT4ALP

00 480 lt1 NOV

l(x):X(l).ALP.S(l)

CONTINUE

IF (IPRINT LT,5) GO TO S10

WNRITE (6,720)

WRITE (6,7a0) A4
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SUBROUTINF CNMNOO SEPT, 77

IF (NSCAL' LEA,0) GO TO SO0

DO 490 I=zjy,NOV

G(l):SCALg])tx(!)

WRITE (6,750) (G(I),I=1,NDV)

G0 T0 510

WRITE (6,750) (X(I),1=1,NDV)

CONTINUE _

(LT DT P iy e I L Y PR T Y LY T P Y Y Y L Y Y ) ecesce cce
HPDA]’E FUNCTION AND CUNSTRAINT VALUES

-..-.cccc-------.-..-.....-....-...-......C-....-......-'......-..

NCAL (1)=NFAL (1)1

JGOT0=3

RETURN

CONTINUE

Fu=08J

IF (IPRINT _GE,S5) WRITE (6,760) Fa

IF (lPRINt LT,.S.UR,NCON,EQ,0) GO 7O S30

WRITE (6:710)

WRITE (6,750) (G(I),I=1,NCON)

CONTINUE

DETERMINE ACCAPTABILITY OF F4,

16000D4=0

Cvazo,

IF (NCON,fq,0) GO TO SS0

DO S40 I=y,NCON

CC=CTAM

1F (18C(Iy,67,0) CC=CTBM

Ci26(1)<Cp

1F (C1.6T.cvay CvasCl

CONTINUE

1F (Cva,Gv,0.) 1GOODAsy

CONTINUE

ALP=AG

08J=F4 g

.....-...-.......'...-...--..--...-..-.-..-..-........--..-....--.

DETERMINE WEST DESIGN

LI T T D ey P I I I T P N TP LT P PR P PR PR R L Y D P P L L L DR L L L L LAl L

G0 TO (Sé6n,s610,660), UBEST

CONT INUE

CHOOSE RETWEEN F1 AND Fd,

IF (160004 ,€Q,0,AND, 160000 Ed,0) 6O T0 S70

“IF (Cv1,Gr, ch) GO 10 710

60 Y0 S80
CONTINUE
IF (Fa,LE F1) GO TO 710
CONTINUE ~
F1 IS HEST,
ALPTOT3ALPTNT=AL
08J=F1
00 S90 Isj,NOV

169

1010
1020
1030
1040
1050
1000
1070
1080
1090
1100
t11i0
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1200
1270
1280

1290

1300
1310
1320
1330
1340
1350
1300
1570
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
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600
6to0

620
630

640

650
660

670
680

690

700
710

SUBROUTINp CNMNOO

X(I)ax(1)aaa*s(1)
CONTINUE .

IF (NCON,pq,0) GO TO 710
00 600 Izy,NCON
G(1)sGt(1ly

CONTINUE

60 To 710

CONTINUE

CHOOSE REYWEEN F2 AND F4,
IF (160003,F0,0,AND,IGUODY,EN,0) GO TO 620
IF (cva2,Gr,cva) GO TU 710
60 T0 630

CONTINUE

IF (Fa,LE F2) GO TO 710
CONTINUE

F2 1S BEST,

ORJsF2

A23A0eA2
ALPTOTsALPTNTSA2

DO 640 I=y NODV
X(I)sX(1)eA2eS(1)

CONT INUE

IF (NCON,g0n,0) GO TO 710
00 650 13¢,NCON
G(l1)=62(1,

CONTINUE

GO To 710

CONTINUE

CHOOSE BETWFEN F3 AND F4,
IF (16000y,€Q0,0,AND,1GU0DA,EQ,0) GO TO 670
IF (Cv3.Gr,cva) GO 7O 7190
GO0 TO 680

CONT INUE

IF (Fa,LE’F3) GO TO 710
CONTINUE

F3 1S BEST,

08J3F3

A32AQeAl

ALPTOT=ALpTNTAl

00 690 sy NDV
X¢l)sx(l)aainS(l)
CONTINUE

IF (NCON,pn, 0y GU TO 710
00 700 T=zq,NCON
G(I)sGa(l,

CONTINUE

CONTINUE

ALPsALPTOY

I1f CIPRINTY, GE.S) WRITE (6,790)
JGOT0s0

170

SEPT, 77

1510
1520
1550
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1090
1700
1710
1720
1730
1740
1750
1700
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000




o000

30

SUBRQUTINE CNMNOG
RETURN

seet, 77

..-....-.;;;.-‘...-.‘...- - eove eeove
. FORMATS

ITH COMPONENT OF S IS SMALL, SET TO Zero,

S$(1)=0,

SLOPE2SLOpE«ST+DF (1) 4

GO To 60

CONTINUE

XI=X(1)

S1=1,/51

IF (st GT_0,) GO TO 40

LOWER BOUuo

X12avLB (I

llllABS(XvZJ

IF (xr11, Lf 1) XI1=z1,

consvnalN1 VALUE,

G!s(xIZ-X,)/KII

IF (61,67 _~1.,0E=6) GO TO SO

PROPOSED nnvE TO LOWER BOUND,

ALPA=(XT2.x1)eSI

IF CALPA T ALPSID) ALPSID=ALPA

GO To 60

CONTINUE

UPPER BOUND,

X123VUB (1)

XI1=2ABS(X12)

IfF (x11% LY 1e) X1tz

CONSTRAINY VALUE,

GIs(xI=XI>)/XT1

IF (GI.GT’ .1.05-0) GO0 70 So

PRDPOSED unvE TO UPPER BOUNDO,

ALPAZ(X12ox1)#SI

IF CALPA,) T, ALPSID) ALPSID=ALPA

GO To 60

CONTINUE

MOVE WwILL vIOLATE SIDE CONSTRAINT, SET S(I)=0,

SLOPE=SLOPE=S(1)+OF (1)

S¢1)=0,

KS10=xSID,}

CONTINUVE

ALPSID IS yPPER BOUND ON ALPHA,

iF thz.ol ALPSID) A23ALPSID

CONTINUE

Sescgesss ,o%0consaves - LR RS

ancx ILL-CONOITIONKNG

lF (xsxo rn ~ov UR, ICOUNT,GT,10) 60 T0 710
IF (NVC,En, 0.AND, SLOPE Gt,0, ) G0 10 710
ALPrssa-l

ALPﬂlua-l

2010
2020
2030
2040
2050
2000
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
219¢
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
eudice
2420
2430
2440
2us0
2460
2470
2480
2490
2500

AT T O g e



SUBROUTINgF CNMNOG SEPY, 77

ALPUNZL 14aLPSID

ALPNc:ALPq'o

ALPCACALFQ(Q

IF (NCON,FqQ,0) GO TO 90

STORE CONSTRAINT VALUES IN Gi,

00 80 Izf, NCON

61¢I)sG¢ly

CONTINUE

CONT INUE

LA L L DL L L L et P ITITTY L T P YT Y TP -
MOVE A DISTANCE A2*S

...--.-'.....-......--.....---..‘..-.......-.-................-....

ALP?nT:ALgrn?oAZ

DO 100 !'!,MDV

X(1)sx(l)q4a2+S(1)

CONTINUE

IF (IPRINY L T,5) GO TO 130

"RITE (61100) A2

iF (NSCIL‘EﬂoO) GO TO t20

D0 110 1Isy,NOV

G(I)sSCALoryex(l)

. WRITE (6.150) (G(I), I=1,NDV)

GO Tn 130

WRITE (6.790) (XtI),121,NDV)

.--l...-....occocoooouo-- cccseasssccduseseton

UPDATE FUNCTION AND CONSTRAINT VALUES

LA L L L L L L L Jepseet P T LT T T T TR P LY T LT L Y T T T sy - T ppepe =y P T TSI T Y T

NCAL(1)2NFaL(1)¢)

JGaTo=t

RETURN

CONTINUE

F2z08J

IF (IPRINT GE.S) WRITE (6,760) F2

1F (]PRINY L7,5.0R,NCON,.EQ,0) GO TO 150

WRITE (6-110)

WRITE (6,750) (G(I),121,NCON)

CONTINUE j

Seconsvav,,q eocoen

JINENTIFY ACCAPTAGILITY OF DESIGNS Fi AND F2

-... - oe -

xcooo 3 0 1S ACCAPTABLE,

CV = MAXImiym CONSTRAINT VIOLATION,
1600D 130

160002=0

Cvizop,

Cveszo,

NVC1z20 :

IF (NCON,pp,0y) GO TO 170

00 160 2y ,NCON

CCaCTaAm




s TP

160

170

OO ONOOOO OO0

190

aono

200

oMN0n

SUBRQUTINF CNMNOO g SEPT, 77

IF (1SC(Iy.GT,0) CC=CTBM
ClsGl(l)-rc

CZtﬁ(t)-Cr

IF (2,67 ,0.) NVC1=NVCH4y
IF (c1t, etr’ ,CV1) CvisCl

IF (c2,67° .Cv2) cvaesc2
CONT INUE

IF (cvy, Gr +0.) 1G00D1=1
IF (cve, Gr 0.) 1GOODRst
CONT INUE

ALP3AQ

UBJ3F2

IF F2 VIO ATES FEWER CONSTRAINTS THAN F1 BUT STILL HAS CUNSTRAINT
VIOLATIONS RETURN

IF (NVC1, T NVC,AND,NVC1,GT,0) GO TO 710

InpeNTIFY REST OF DESIGNS Fl ANF F2
1BEST CORReSPONDS TO MINIMUM VALUE DESIGN,
1IF CONSTRyINTS ARE VIOLATED, IBEST CORRESPONDS TO MINIMUM
CONSTRAINY VIOLATION,
IF (160001 £9,0,AND, IGDDnZ £EQ,0) GO TD 180
VIOLATED rnNSrnAths. PICK MINIMUM VIOLATION,
IBEST=1
1IF (CV1.G6r,cV2) IBEST=2
Go To 190
CONTINUE
NO CONSTRLINT VIOLATION, PICK MINIMUM F,
IBEST=1
1IF (F2,LE F1) IBEST=2
CONTINUE
I1=21 :
IF (NCON,fQ,0) GO TO 230
tante : 2 @ POINT INTERPQOLATION attne
It1=0
ITI2I11e}
C1=6G1 (111,
C2=G(111)
IF (ISC(I11)«EN,0) GO T0 210

LINEAR CONSTRAINT

...'.....-.-.--........ ...---....--....-...................‘-.-...
IF (C1,GE | ,0E=5,AND,C1,LE,CTRM) GO TD 220
CaLL cunnny (11,ALP, zwu.znu Ci1,A2,C2,2ZR0,2ZR0)
IF (ALP.Lg,04) "GO TN 220
IF (Cl.GT.cYBH,AND,ALP,GT.ALPFES) ALPFES=ALP

173
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SUBROUTINE CNMNO® SEPT, 77

IF (C1,LT.CTL,AND ALP LT ALPLN) ALPLNzALP

G0 To 220

CONTINUE

e Y T LT L P Y LA L L L L L L LA DL Al Ll bddedd eoe
NONeLINEAR CONSTRAINT

"".--'.---'--0"-.-...--'.--O---------..-.-o---.--o.-..-.--.-o..

IF (C1,GE’ | 0E=5,AND,C1,LE.CTAM) GO TO 220

CALL CNMNp7 (I1,ALP,2ZRO,2R0,C1,A2,C2,2ZR0,ZR0)

IF (ALP.LF,0,) GO TO 220

IF (C1.GT.cTAM AND ALP,GT,ALPFES) ALPFESSALP

IF (C1,LT CT,AND,ALP,LT,ALPNC) ALPNCzALP

CONTINUE _

IF (111,LT_NCON) GO TO 200

CONTINUE

IF (LINOB] GT,0,0R SLOPE GE,0,) GO TG 240

CALCULATE aALPHA TD MINIMIZE FUNCTION,

CALL CNMNqg (I1,ALPMIN,ZRO,ZRO,F1,SLOPE,A2,F2,2ZR0,ZR0,ZR0,ZR0)

CONTINUE |

x PROPOSED MOVE

MOVE AT LeaST FAR ENOUGH TO OVERCOME CONSTRAINT VIOLATIONS,

A3=ALPFES

MOVE TO MINTMIZE FUNCTION,

IF (ALPMIN GT,A3) A3SALPMIN

IF A3,LE,p, SET A3 = ALPSIOD,

IF (A3,LE.0.) A3=ALPSID

LIMIT MOVe TO NEW CONSTRAINT ENCOUNTER,

IF (A3,GT ALPNC) A3=2ALPNC

IF (A3,GT _aALPLN) A32ALPLN

MAKE A3 NaNeZERO.

IF (A3,Lt,1,0E=20) A3=1,0E=20

IF A32A224LPSID AND F2 IS BEST, GO INVOKE STIDE CONSTRAINT

MODIFICATTON,

ALPB=1,°A2/4A3

ALPAZ1,=A; PSIN/AS

JBEST=0

IF (ABS(AIP8) . LT,1,0E«10, AND ABS(ALPAY, LT 1 ,0E=10) JBEST=Y

IF (JBEST gn,1,AND,IHEST EQ,2) GO TO 20

STDE CONSTRAINT CHECK NOT SATISFIED,

IF (NCON,Fq,0) GO T0N 260

STORE CONSTRAINT VALUES IN G2,

00 250 1=7,NCON

62(1)=6(1,

CONT INVE

CONTINUE

IF A3=2A2, SET A33,9.4A2,

IF (ABS(A;'PAR),LT.1,0E=10) A3, 9442

MOVE AT LEaST 01042,

IF: (A3,LT,(,01042)) A32,0104A2

3510
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3aso
3860
3370
3880
3890
3900
3910
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SUBROUTINE CNMNOG - SEPT, 77

LIMIT MOVF 710 S,*A2,

IF (L}.Gr. tS--AZ) ) A3s3S5,e42

LIMIT MOVe TO ALPSID,

IF (A3,GT ALPSID) A3a3ALPSID

MOVE A DISTANCE A3eS,

ALPSA3=A2

ALPTOTzALPTOT+ALP

D0 270 1=y,NOV

XCIYSX(I)eaLPAS(])

CONT INUE

IF (IPRINy L7.5) GO To 300

WRITE (6/7R0)

WRITE (6,7a0) A3

IF (NSCAL' LE0.0) GO TG 2%

00 280 181 NDV

G(x)ssclL(r)tx'I)

WRITE (6,750) (G(l),I1231,NOV)

GO TO 300

WRITE (6,750) (X(1),121,NDV)

CONTINUE

.-'-.-....--.-cccco.o.-...-.-..-.-.o-...--c....--..----o-..--.o--.

1JPDATE FUNCTION AND CONSTRAINT VALUES

NCAL(1)SNpaAL (1) et

JGOTos2

RETURN

CONT INUE

F3=08J

IF (IPRINT GE,5) WRITE (6,760) F3

IF (IPRINY LT7,5,0R,NCON,EQ,0) GO TO 320

WRITE (6.170)

WRITE (6,750) (G(I),I=1,NCON)

CONTINUE

......-.--..--..-.....o'-ﬂ‘........‘.--.-.--....-----..-..'---....
CILCULAYE MAXIMUM CONSTRAINT VIOLATION aNp PICKX BEST DESIGN

...........-..-.........-.....-.-....---..-.'...--.--....."....-.

Cvi=o,

1G0J0320

NVC1s0

IF (NCON,pq,0y GO TO 340

00 330 I=y,NCON

CC=CTAM

IF (18Ctly,67,0) CC=CTBM

CisG(I)=Cp

IF (C1,67 _cv3) Cv3sCi

IF (c1, cr’ .0,) NVCIESNVC]i+y

CONTINUE

IF (¢v5.67v,0.) 1G00D3=}

CONT INUE

DETERMINE REST DESIGN,

4010
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4090
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4110
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4130
4140
4150
4160
4170
4180
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4200
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4220
4230
4240
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4290
4300
4310
4320
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4340
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4500
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SUBROUTINF CNMNOO SEPT, 77

IF (IBEST gn,2) GO TO 360

CHOOSE BETWEEN F1 AND F3,

IF (160004 FQ,0,AND,1GOOD3,EQ,0) GO TO 35S0

IF (CV1,GF CV3) IBEST=3

GO To 380

IF (F3,LE’F1) IBEST=3

Go TO 380

CONTINUE _

CHOOSE BETWEEN F2 AND F3,

1F (160007 ,e0,0,AND,IGUOD3,EQ,0) GU TO 370

IF (Cv2,6F,CV3) 1BEST=3

GO To 380

IF (F3,LE_F?) IBEST=3

CONTINUE

ALPZA3

08JsF3

IF F3 VIO)ATES FEWER CONSTRAINTS THAN F1 RETURN,

IF (NVCi,.,y T ,NVC) GO TO 710

IF OBJECTrvE AND ALL CONSTRAINTS ARE LINEAR, RETURN,

IF (LINOB;j _NE,0,AND NLNC ,EQ _NCON) GO TO 710

IF A3 3 A|OLN AND F3 IS HOTH GOOD AND BEST RETURN,
ALPAZ1 ,=A PLN/AS

IF ((ABS(aLPB).LT.1,0E=20,AND,IBEST,ER,3),AND, (1GOOD3,EQ,0)) GO TO
1 710

IF A3 = A 'PSID AND F3 IS BEST, GO INVOKE SIDE CONSTRAINT
MODIFICATTON,

ALPAz|,=A) pSID/AS

IF (ABS(A 'PA),LT,1,0E-20,AND,IBEST,EQ,3) GO TO 20

Tantneaen, 3 « POINT INTERPOLATION ReRARREAY
ALPNC=2ALPSID

ALPCAzALPSIN

ALPFES3el’

ALPMINze]

IF (NCON,fn,0y) GO TO 440

111=0

ITI=111+1

C13Gi (I,

C2362¢1I11,

C3=G(111)_

1fF (!SC(IIYI.EG.O) GO TO ago0

LT T T LT ey PR ITII T DY PR LR P PR P PR Y B L T L L L L L L L L Ll b L
LINEAR CONSTRAINT, FIND ALPFES ONLY, ALPLN SAME AS BEFURE,
.....-.-..-....Q..-............-....O'.- ............-..-.‘........
IF (C1,LE cT8M) GU TO 43¢

I1=1

CALL CcNMNa7? (T1,ALP,ZRO,2ZR0O,C1,A3,¢3,2R0,2R0)

IF (ALP,GY ALPFES) ALPFES=ALP

G0 10 a30

4810
4520
45350
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4600
€510
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4690
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a740
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SUBROUTINg CNMNOG ; SEPT, 77
400 CONTINUE ' So010
Cc Lrr e ey e e P L L L R L LI L DL L L L L R L L Ll bbbt d S020
(4 ; NONeL INEAR CONSTRAINT 5030
Cc ....-.-..;-..-.--..-..--q.-.-..-..--.-...-..-...-...-..-..--..-.-. S04
11=2 ) S050
CaLL CNMNq7 (II,ALP,2R0,2R0,C1,A2,C2,A3,C3) S060
IF (ALP.Lf_ZRﬂ) GO TO 430 5070
IF (C1,GE_ cT,AND.CI,LE,0,) 6O TU 410 - S0B0
1F (C1.GT7 cTAM,OR,C1.LT,0,) GO TO 420 5090
¢ ALP IS MINIMUM MOVE, UPDATE FUR NEXT CONSTRAINT ENCOUNTER, S100
410 ALPAzALP 5110
CALL CNMNa7 (T1,ALP,ALPA,ZRO,C1,42,C2,A3,C3) 5120
IF (ALP.LY.ALPCA.AND.ALV,GE.ALPA) ALPCASALP 5150
69 To 430 < S140
420 CONTINUE _ 5150
IF (ALP,GY ALPFES,AND,C1,GT,CTAM) ALPFES=ALP 5160
IF (ALP,LT_ALPNC,AND,C1,LT,0,) ALPNC=ALP 5170
430 CONTINUE _ 5180
IF (111,Lv NCON) GO TO 390 5190
qao CONTINUE 5200
IF (LINOBy 6T,0,0R,SLOPE,GT,0,) GO T0 4S0 5210
C ...----..;.---ocncoua-...---—.-..-..---------..o.--...-.-----.-.-- 5220
Cc ...0-.--.;.-..--.o--o.-.---...-.-.-..-.---.------...-.-------.---o S2350
(% 5240
720 FORMAT (/6x,2SHTHREE«PGINT INTERPOLATION) 5250
730 FORMAT (/,/7/58H% x & CONSTRAINED ONE-DIMENSIONAL SEARCH INFORMAT] S260
10N * » 2) S270
740 FORMAT (/)5X,{SHPROPUSED DESIGN/SX,7THALPHA =,E{2,5/5X,8HX=VECTOR) 5280
750 FORMAT (1y,RE12,4) 5290
760 FORMAT (/gx,SHOBJ 3,E13,95) 5300
770  FORMAT (/gx,17HCONSTRAINT VALUES) S310
780 FORMAT (/5x,23urn0.901~1 INTERPOLATION) S320
B 790 FORMAT (/gx,35H% # « END OF ONE=DIMENSIONAL SEARCH) 5330

i END S340

177
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SUBROUTINF CNMNOT7 SEPT, 77

SUBROUTINg CNMNO7 (II,XBAR,EPS,X{,Y1,X2,Y2,%X3,Y3)
ROUTINE Tn FIND FIRST XBAR,GE,EPS CORRESPONDING TO A REAL ZERO
OF A ONE=nymENSIONAL FUNCTION BY PULYNOMIEL INTERPOLATION,
8Y G, N, VANDERPLAATS APRIL, 1972,
NASA=AMES RESFARCH CENTER, MOFFETT FIELD, CALIF,
Il = CALCyLATION CONTROL,
13 2<POINT LINEAR INTERPOLATION, GIVEN X1, Yi, X2 AND Y2,
23 TePOINT QUAORATC INTERPOLATION, GIVEN X1, Y1, X2, Y2,
¥3 AND Y3,
EPS MAY Hp NEGATIVE,
IF RgQUIRgp 2ZFRO ON Y DUES NOT EXTTS, OR THE FUNCTION IS
ILL=CONDITINNED, XBAR = EPSel,0 WILL BE RETURNED AS AN ERROR
INDICATOR',
IF DESIREn INTERPOLATION IS ILL=CONDITIONED, A LOWER ORDER
INTERPULATION, CONSISTANT WITH INPUT paTa, WILL BE ATTEMPTED AND
11 WILL BF CcHANGED ACCORDINGLY,
XRAR12EPS.,
XBAR=XBARY
JJ=0
X213X2<X1 _
IF (ABS(X31).LT.1,0E=20) RETURN
IF (I1,EQ_2) GO TO 30

CONTINUVE
1Is1: 2<POINT LINEAR INTERPOLATION
11=1
YYsYtaY2
1F (JJ.EG:o_OR.YY.LT.o,) GO T0 20
INTERPOLATE BETWEEN X2 AND X3,
OyzY3ey2
IF (ABS(Dvyy,LT,1,0E=20) GO TO 20
XBAR=X24Y34(X2=X3)/0Y
IF (XBAR,; 7T EPS) XBAR=XBAR1
RETURN
DY=Y2ev]
INTERPOLATE BETWEEN X1 AND X2,
IF (ABS(Dy) ,LT.1.0t=20) RETURNM
XBARSX1eY1o(X1=X2)/0Y
IF (XRAR,; T,EPS) XBAR=XBAR|
RETURN
CONTINUE
LA LA L DL T L et P I A AL LI DAL T AL E L Y L LT L] T LT YT Y P L L D L L L LA LA L)
11223 3«POINT QUADRATIC INTERPOLATION
LT T Ty ey e L L L P T e R P P P PR Y P DR DL L L L DL L Rl L
Ji=t
X318x3ex]
X32Ex3ex2
0Q=x21exX3yax32
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SUBROUTINF CNMNO?

IF (ABS(OR),LT+1.0E=20) RETURN
AAz(Y12X32aY2eX31¢Y38X21)/00

IF (ARS(A4),LT,.1,0E-20) GO TO 10
BB3(Y2=Y1)/x21=4Ae(X14X2"
CCaYjeXiacaasx1+B8)
BAC2HR*HB 4, #AA=(C

IF (sAC,Lt,0,) GO TO 10
BAC2SORT(RAC)

AAz ,5/7AA

XBARzAA« (RAC=88)

XB23wAA® (RACYRB)

IF (XBAR T,EPS) XpaK=XxB2

IF (XB2,LT XBAR,AND,XB2,GT,.EPS) XBARzXB2
IF (xBAR, 'T EPS) XBARzXBAR|
RETURN

END
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Si0
520
530
5S40
S50
S60
570
S80
S90
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610
620
630
640
650
660
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SUBROUTINg CNMNOB SEPT, 77

SUBROUTINg CNMNOB (NDB,NER,C/MS1,BsN3,NU,NS)

DIMENSION ¢ (N4),MS1(NS),B(N3,N3)

ROUTINE Tn SOLVE SPECIAL LINEAR PRUBLEM FOR IMPOSING SeTRANSPOSE
TIMES So.Lg.! BOUNDS IN THE MONIFIED METHOp OF FEASIBLE DIRECTIONS,
BY G, N, vANDERPLAATS APRIL, 1972,
NASA«AMES RESEARCH CENTER, MOFFETT FIELD, CALIF,

REFe *STRucTURAL OPTIMIZATION BY METHODS OF FEASIBLE DIRECTIONS',
G, N, VANRgRPLAATS AND F, MOSES, JUURNAL OF COMPUTERS

AND STRUCTURES, VYOL 3, PP 739755, 1973,

FORM OF L’ P, IS AX3C WHERE IST NDB COMPONENTS OF X COWNTAIN VECTOR
U AND LASTY NDB COMPONENTS CONTAIN VECTOR vV, CONSTRAINTS ARE
U,GE,0, V.GE<O0s» AND U=TRANSPOSE TIMES V =z 0,

NER 3 ERRaR FLAG, IF NER,NE,0 ON RETURN, PROCESS HAS NOT
CONVERGED [N S+#NDH ITERATIUNS,

VECTOR MSy TOENTIFIES THE SET OF RASIC VARIABLES,
.--...-.-......-’--...-...--......-.-.-..-..-‘..------...-.--.-.-‘
CHOOSE INTTTAL BASIC VARTAHLES AS V, AND INITIALIZE VECTOR MS1
NER=1

M2224NDB

CALCULATE cRMIN AND EPS AND INITIALIZE MS1,

EPSze1,0E410

CBMIN=O,

00 10 I=1,NpB

81=B(1,1)

CBMAX=20,

IF (nx.Lt;-|.o€-o) cBMAX=C(I)/81

IF (B1,GT ¢PS) EPS=8l

IF (CBMAX GT,CHBMIN) CBMINSCBMAX

MS1(1)=0

EPS=2,0001 498

IF (EPS,LY,el,0E=10) EPSse},0E=10

IF (EPS,Gr,=.0001) EPS==,0001

CBMIN=CBMyN#] ,0E=b

IF (CBMIN | T.1,0E=10) CBMIN=1,0E«10

ITER1=0

NHA!:S-NDE

LI LI DT T L ey P LI L L L L Y e L I L e P L P T P P P Y R LT DL L L L L L L LDl d
naaa'.caaé BEGIN NEW TTERATION atatandtan
(LI L LT L sy P LI IR P P P P L DL L P D P P P PP DXL DL R R L DL L DL Ll dad L
1TER1=ITER sl

IF (ITERI_GT.NMAX) RETURN

FIND MAX, c(I)/R(I,1) FOR I=21,NDH,
CAMAXz 92epMIN

ICHK=0

DO 30 1=1,nnB

CizC(1)

Bls8(1,1)

IF (RI,GT gPS,0R,C1,6T,0,) GO TO 30
CB=Cy /BRI i
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SUBROUTINF CNMNOS

IF (CB,LE cAMAX) GO TO 3p

ICHK=1

CaMAx=zCB

CONTINUE

IF (CBMAX' | T,CBMIN) GO To 70

IF (ICHK,pQ,0) GO TO 70

UPDATE VErcTOR MS1,

JJsICHK

IF (MS1(JJ),.EQ,0) JJSICHK+NDB

KKsJJ+NDB

IF (XK,GT M2) KK=JJ=NDB

MS{(KK)=IrnHK

HS1(JJ)=0

(I T L LTI L ppseey PRI L LI L LI A DAL A AL LA A A A DL AL L b g d oee
- PIVOT OF B(ICHK,ICHK)

.-...-----..... L) ..-....-..-.-..—..--....-....-‘....

8831,/8(IcHK, TCHR)

DO 40 J=1,NDR

BCICHK,J)zpa*a (1CHK,J)

CCICHK)=CrMAX

BC(ICHK, ICHK)=RB

ELIMINATE cOEFICIENTS ON VARIABLE ENTERING BASIS AND STORE

COEFICIENTS ON VARIABLE LEAVING BASIS IN THEIR PLACE.

DO 60 I=1,nDB

IF (I.,EQ,JcHK) GU TO 60

BB12B(I,IcHK)

B¢l,ICHK) =0,

00 S0 J=1,NDB
B(l,J)3R(1,])=BB12B(ICHK,J)
C(1)=C(I).aR12CBMAX
CONTINUE

GO To 20

CONTINUE

NER=20

STORE ONLY COMPONENTS OF U=VECTOR IN «Ct  USE 8(I,1) FOR
TEuPoRARY.STOEAGE

LT L LT L L st P L L LA L AL L g L - cecscess
00 80 I=1,nnB

BeIl.1)=3C(1)y

CONT INUE

00 90 I=1,NDB

Ccl)=o0,

JaMSicl) |

IF (J,6T,a) CC(I)2B(J,1)

IF (Cc1)ar7,0,) C(I)=0,

CONTINUE

RETURN

END




SUBROUTINg ANALIZ « LASER TURRET ANALYSIS ; SEPT, 77
SUBROUTINFE aANALIZ(ICALC) 10
(4 ROUTINE Tn PERFORM LASER TURRET ANALYSIS IN SUBSONIC AND 20
¢ SUPERSONIe FLNW, 30
(4 8Y G, N, VANDERPLAATS auLY, 1977, 40
(4 NAVAL POSTGRADUATS S0
c NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF, 60
COMMON /Gy ORCM/ ABAR(20),ACL,AKPRIM,AL,AMACHI(30),8RAR(20),0ENRTY, 70
* DENGAM/EPS,EPSMsGAMMAT (30),PHIT(30),RFUS,SLOPEX(30),SUnPD2, 80
* TDENRT, TMAX WAVEL,WGHT]I(30), XM 90
COMMON /Cm NC/ ETAL(16),MAXK,MAXP NBEAM,NETAL,NRBT,NTHBC,NXBC, 100
* RBI(10),7yTLEC20),YYPXBC(10,3),YYPTBC(10,3) 110
COMMON /Cm 0C2/AMX(10,15),BMx(10,15),ANT(10,15) 120
DIMENSION T(l10),ANCL10),BNC10),POISTI(200) 130
(4 FOURIER ExpANSION, 140
NMAX=210 150
) MMAXS10 100
c OPTICAL PatH LENGTH, 170
KTRAP=3 180
B=4, 190
NPRINT=0 200
IF (ICALC gT.1) GO TO 10 210
CALL TINPyY 220
(4 CALCULATE FNURIER COEFFICIENTS, 230
CALL FCOEF (AL,ACL, THMAX,AN,BN,MAXK,MAXP, NMAX , MMAX) 240
RETURN 250
10 CONTINUE _ - 260
YYPXBC(1,2)2EPS 270
YYPTBC(1,2)=EPS 280
IPRINT=0 290
IF (ICALC.EN,3,0R,NPRINT GT,0) IPRINTs} 300
1PLOT=0 310
IF (ICALC gn,.3) IPLOT=y 320
SumMPD2=0, 330 5
c BOUNDARY £nNDITIONS, 340 ;
c X«DIRECTINN, 350
: NSYM30 360
= AMULT=ZEPS,ARAR(1) 370
CALL BCONp (NSYM,NXBC,YYPXBC,ABAR,MAXK,AL,AMULT) 380
(4 THETADIRpCTION, 390 .
NSYMs 400 +
AMULTZEPS L ARAR(1) 410 | 3
b | CALL RCONp (NSYM,NTHBC,YYPTRC,BBAR,HAXP, THMAX ) AMULT) a20 i
| ! 00 30 IBEam=zl,NREAM 430 | 8
! i AMACHZAMACFKT (TBEAM) 440 P
! i CALL PHDIST (X,R,THETA,EPSM, XM, ,PHT,GAMMA,RHO,Y,2,PHIPP,U,V,CP,ARAR 450 4
{ i 19BRAR, AL, ACL?» THMAX JEPS,RINDEY ,RA,ETA, ANJ BN, MAXK, MAXP ) NMAX ) MMAX, K TR 460 |
£ ! 2AP, A8 TinELUPL ) IBEAM,REFOPL, MAVEL /RFUS,ETAT)RBTI/GAMMAL/PHII,NETAT a70 ) A
gl | B 3,NRBI,TDENRT,POISTI,DENGAM, AMACH,DENRTO, AKPRIM, IPRINT, IPLOT) 480
. ¢ SUUM OF SGIARES OF PHASE pISTURTION, 490
pol g o NNENRBI+NETAL $00
o] i
¥ | 3 :
" | - !
‘ !
'
AQJ . ; 1
_-' 182 3
! i
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20

70
80
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SUBROUTINE ANALIZ = LASER TURRET ANALYSIS

SMP130,

00 20 I31,NN
SHP12SMP | 4pNISTT (1) ##2
SUMPDZ:SUu9029NGH'1(IBEAH)tSNPl
CONTINUE

THETAZO,

Ns20

XMAXZ2, %A}

XMINsaXMAY

R30,

1IF(IPRINT  £0,0) GO TO 50

DO 60 I=1 NREAM

AMACHZAMARHTI(T)

IF(1,EQ,1y &0 TO 80

IM1s]el

00 70 J=si, Mt

DMACHSAMACHT (J) =AMACH -
IF (ABS (DM4CH) ,LT,0,001) GO TO &0
CONTINUE

CONTINUE

Catl C"’RNT(THETAoAHACH'AL,ACL,THMAX,HAXK,NQXP,NH.X,HHAX,ABAR.
* neAR.EPs,An.aN.N.xuln.qux,a,ogNgAu)

CONTINUE

CaLL sunpir(AaAn,aeaa,nAxu,nAxP,EPS,AL,TnnAx)

WRTTE (6,40)SUMPD2

CALCULATE TURRET SLOPE AT 30 POINTS,
NvAL=30

AMULT2EPS«gRAR(1)

CALL SLOPg (HAxK,ABAR,AL,SLOPEX,NVAL,AMULY)
RETURN

FORMAT (/;/§X,36HSUH OF SGUARES OF PHASE DISTORTION 2,E12.5)

END

510
520
530
S40
S50
560
S70
580
590
600
610
020
630
o4
650
660
6170
680
690
700
710
720
730
740
750
700
770
780
790
8v0
810
820
830
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40
S0

SUBROUTINg RCOND SEPT, 77

SURRQUTINg ACOND (NSYM,NRC:YYPBC,ABAR,MAXE,XREF,AMULTS)
DIMENSION vaBC(iO,!).ABAR(I).A(lo.101,8(10)
ROUTINE Tn THMPOSE POLYNOMIAL BOUNDARY CONDITIONS,
THE FIRST NACT COEFICIENTS OF ARAR ARF CALCULATED WHERE NBCT 1S
THE TOTAL NUMRER OF 8, C, So

TOTAL NUMggR OF BOUNDARY CONDITIONS.
NBCT=0

00 10 I=1,nAC

IF (ABS(YypPAC(1,2)),LT,100,) NBCTaNBCTel
IF (ABS(YYPRC(I,3)).LT,100,) NBCT=NBCTel
CONTINUE

IF (NBCT. 1 g,0) RETURN

MAXE1SMAXF,

IMPOSE SYuMgTRY IF REQUIRED,

NSYMiZ1

1f (NSYM,gq,0) GO TO 30

NSYMy32

D0 20 Is2,mAXEL,2

ABAR(1)=0

CONTINUE

NUMgeR OF anFlclENts ELIMINATED.
N1sNBCTaNgyml

SET UP COFfFICIENT MATRIX AND RHS,

N=0

JUSNSYML ¢y

Do 70 I=1,NKC

XzYYPBC(I,1)*XREF

IF (ABS(YyPRC(I,2)).6E,100,) GO T0 50

Y BOUNDARy CONDITION,

N3N+t r

B(N)SYYPBr (1,2)/AMULTS

L=}

AAst,

DO 40 J31,MAXE1,NSYML

IF (J.GT.N1) R(N)ZR(N)=ABAR(J)*AA

IF (J.LE,N1) A(N,L)=AA

LaL+y

AAZAARX

IF (NSYM1 FQ.2) AAsSAAWX

CONTINUE

CONTINUE _

IF (ARS(YypPBC(I,3)),GF,100,) GO TOo 70
YePRIME HBIINDARY CONDITION,

NN+ 1|

B(N)SYYPBE (1,3)/7AMULTS

Ls2

A(Ns1)20,

AAst,

IF (NSYM1 FR,2) AAsX

00 60 JsJ g, MAXE],NSYMY

184

10
20
350
q0
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
350
340
550
360
370
380
390
400
410
420
430
440
4s0
400
470
480
avo
So00

RN SRR TR

R




a

60
70

SUBROUTINg BCOND

883FLOAT(1)ey,
IF (J,6T,ng) B(N)ISB(N)=ABAR(J)2BBeAA
IF (J,LE.ng) ACN,L)ZAABS
LaL e}
AAzAArX
1F (NSYML EQ,2) AAsAAaX
CONT INUE
CONTINUE
DETERMINE cOEFICIENTS,
LIE Y
M2z10
M3z1g
M4zt
:Lc:l
ALL GELImMD (A,B,N,NLC,M{,M2,M3,M4,NER
STORE RESu_TS IN ABAR, i e
JafengYML
Do 80 I=1,n
J3JeNSYM
ARAR(J)2B¢1)
RETURN
END

185

SEPT, 77

Si0
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$30
$40
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560
S70
580
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600
610
620
630
640

© &850

660
670
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690
700
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SUBROUTINF BESJ SEPT, 77

P
000000000 ,,00000000000000000000000000000000000000000°0000 00000000,

SUBROUTINE BESJ
PURPOSE
COMPUTE THE J BESSEL FUNCTION FOR A GIVEN ARGUMENT ANDO ORDER

USAGE
CAL) RESJ(X,N,BJ,D,IER)

DESCRIPTION OF PARAMETERS
X oTHE ARGUMENT OF THME J BESSEL FUNCTION DESIRED
N oTHME ORDER UF THE J BESSEL FUNCTION DESIRED
B8J oTHE RESULTANT J BESSEL FUNCTION
0D <REQUIRED ACCURACY
IER.RESULTANT ERRUR CODE WHERE
{ERS0 NO ERROR
JERZL N IS NEGATIVE
fER=2 X IS NEGATIVE OR ZERO
TER23 REQUIRED ACCURACY NOT OBTAIMED
1ER=4 RANGE OUF N COMPARED TO X NUT CORRECT (SEE REMARKS)

REMARKS
N MysT BE GREATER THAN OR EQUAL TO ZERO, BUT IT MUST BE
LESg THAN
204108 X=Xax 2/3 FOR X LLESS THAN OR EQUAL TO 1S
90+X/2 FOR X GREATER THAN 15
SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
NONg
ME THOD

RECIIRRENCF RELATION TECHNIQUE DESCRIBED 8Y H, GOLDSTEIN AND
ReM, THALER-'RECURQENCE TECHNIQUES FOR THE CALCULATION OF
BES*EL FUNCTIONS' /MeToAeCarVel3,PP, 102108 alND ToAe STEGUN
AND M, ABRAMOWITZ, «GENERATION OF HESSEL FUNCTIUNS ON HIGH
SPﬁpo COMPUTERS , M T A C,pV, 11,1957,PP,255257

SUBROUTINg RESJ(X,N,B8J,0,IER)

O OO0 OO OO0 NOOONOONONNMNAOOA0

BJz2,0 _

IF(N)10,20,20
10 IER=}

HE TURN 3
20 IF(X)30,30,31
30 IER=?
RETURN

10

20

50

40

S0

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
400
470
480
490
S00

<. —

p o e e i .




SUBROUTINg 3ESJ SEPT, 77

31 IF(X=15,)%2,32,34 ' 510
32 NTEST=220,410,4XeXax 2/3 ; S20
G0 10. 36 S30
34 NTEST=90,4x/2, 540
36 IF(NeNTEST)u0,38,38 550
38 IER=4 %60
4 RETURN 570
@ 40 IER=0 ) 580
5 N13N+t 590
H BPREVZ,0 600
. c ; 640
A 3 COMPUTE STARTING VALUE OF M 620
a4 (o : 630
5 IF (X=5,)50,60,60 A
£ S0 MAsXs6, 650
b Go To 70 660
s 60 MA=] 4sXegpn, /X 070
3 70 MBaN4IFIXpx)/u+2 680
23 MZERO=MAXq (MA,MB) 690
b c 700
i c SET UPPER LTMIT OF M 710
. c 5 720
13 . MMAXSNTESY 730
- 100 DO 190 M3M2ERD,MMAX,3 740
3 ¢ : , 750
i c SET F(M),F (M=t} 760
s c , 770
g FM121,0E=38 780
i FMz,0 790
o/ ALPHAZ,0 800
14 lF("o("lly.?)lZOnllO,l?O 810
110 JTs=f 820
v 60 To 130 830
4 120 Jr=1 840
& 130 M2=Me2 850
Z DO 160 K=j,M2 860
& MKSMeK 870
e BMKZ2,*FLNAT (MK) *FM1/XeFM 880
4. FMsFMy 890
P FM1zaMK 900
| 1F (MKeNe1,150,180,150 910
. 140 BJsHMK 920
& | 150 JT==J7 i
B | SzieJT 940
B 160 ALPHAZALPUA4+BMK S 950
& BMKS2, aF My /x=FY 960
3 ’ 1F(Ny180,170,180 970
| 170 BJsBMK 980 -
| 180 ALPHAZALPuWA+8MR 990

BJsHJ/ALPMA 1000




o AR 3
il ey

|
|
i
|

SUBRQUTINF RESJ

IF(ABS(BJ_RPREV)=ABS(DeBJ))200,200,190
190 BPREV=8J

1ERS3
200 RETURN

END

188

SEPT, 77
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1050




SUBROQUTINg BESK SEPT, 77

SUBROUTINE BESK ; =

COMpYTE THE K BESSEL FUNCTION FOR A GIVEN ARGUMENT AND ORDER

USAGE
CAL; BESK(X,N,Bk,IER)

DESCRIPTION OF PARAMETERS
X oTHE ARGUMENT OfF TME K BESSEL FUNCTION DESIRED
N _THE ORDFK OF THE K BESSEL FUNCTION DESIRED
BK oTHE RESULTANT K BESSEL FUNCTION
JTER_RESULTANT ERROR CODE WHERE
TER30 NO ERRUR
TER=1 N IS NEGATIVE
TERS2 X IS ZERO OR NEGATIVE
1ER=3 X 6T, 170, MACHINE RANGE EXCEEDED
TERS4 BK 67, 10270

REMARKS
N MiysT RE-GREATER THAN OR EQUAL TO ZERO

SUBROUTINES AND FUNCTION SUBPROGRAMS REGUIRED
NONg

ME THOD

COMp(TES ZERO ORDER AND FIRST ORDER BFESSEL FUNCTIONS USING
SERYES APPROXIMATIONS ANp THEM COMPUTES N TH ORpER FUNCTION
USInG RECURRENCE RELATION,

RECIHRRENCE RELATION AND POLYNOMTAL APPROXIMATIUON TECHNIQUE
AS neSCRIRED BY A,J,M,HITCHCOCK, 'POLYNUMIAL APPROXIMATIONS
70 pESSFL FUNCTIUNS OF ORDER ZERO AND UNE AND TO RELATED
FUNEGTTONS'y M T, Acces» Vo11,1957,PP,80088, AND Go.N, WATSON,
'A TREATISE ON THE THEORY OF BESSEL FUNCTIONS'¢ CAMBRIDGE
UNIverSITY PRESS, 1958, P. 62

0 .
TRUCEIITT Lot IV RITOITQPINRNPN00 000000 r0tettelosretloneeRencton

OO OO0 NOONONONOOOMNOOOONOOONO OO0

SUBROUTINg RESK (X,N,BK,IER)
DIMENSION T1¢12)

BK=,0

IF (N) 10,20,20

1ERS}

RETURN

IF (x) 30,3040

IER=2

RETURN

IF (x=170"0) 60,60,50
1ER=3

RETURN

1ER=0

o S ¢ o s e g b
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SUBROUT INg RESK : SEPT, 77

IF (x=3,) 480,180:70
70 ASEXP(=X)

8z1,/%

C2SQRT(R)

T(y)=B

00 80 L=2,12
80 T(L)=T(L=y)+B

IF (N=1) q0,110,90

COMPUTE Kn USING POLYNOMIAL APPROXIMATION

90 GO0sAa(1,2533181=,1560642aT(1)+,0881112847(2)=,09139095T(3)+,1544S
1964T(8)=,5299R500T(5)+,3792410aT(6)=,52472774T(7)4+,5575368aT(8)=.4
226263347(9)+.218051847(10)=,0608097747(11)¢,009189383+7(12))4C

IF (N) 40,300,110
100 BK=GO
RETURN

COMPUTE Ky USING POLYNOMIAL APPROXIMATION

110 G1zAa(],26331014,8699927,T(1)=,1468583aT(2)4,12004272T(3)=,1730432
PaT(d)s,284761R47(5)=,05903424T(6)4,62833814T(7)=,66322954T(8)¢,505
2023947(9)o,25A1300aT(10)4+,078800014T(11)=,01082418#7(12))+C

IF (Ne1) a0,120,130

120 BKzG]

RETURN

FROM KO,K7 COMPUTE KN USING RECURRENCE RELATION

130 DO 160 J=3,N
6GJ=2,#(FLAAT(J)=1,)2G1/X4G0
IF (GJ=1,ag70) 150,150,140
140 JER34
G0 10 170
150 Go=6G1
160 G136J
170 BK=GJ
RETURN
180 B=x/2,
A2 5772157,AL0G(8)
Cap*8
IF (Mel) 190,220,190

COMPUTE Kn USING SERIES EXPANSION

190 GO=ea
Xx2J=1,
FACT=1,
HJs,0
00 200 J=2i,6

Sto
520
S30
S40-
550
S60
S70
580
S90
600
6l0
629
630
640
650
600
670
680
6990
700
710
720
730
740
750
760
770
780
190
800
810
820
830
840
850
860
870
880
890
990
910
920
930
940
950
960
970
980
990
1000
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200
210

o000

220

i 230

240

SUBRQUTINg BESK

RJ=1,/FLOAT(Y)

X2J3x2J2+C
FACT2FACT4RJ*RJ

HJsHJ+RJ
G02G0eX2J4FACTa(HI=A)

IF (N) 220,210,220

BK=360 '
RETURN

COMPUTE Ky USTNG SERIES EXPANSION

X2J=8
FACT=1,
HI=1, ¢
Glst,/X0X?J.(.50A-HJ)
00 230 J=>,8
X2J3x2J+C
RJ=1,/FLOAT (J)
FACT=FACT ,RJ*RJ
zJ::JoﬂJ
1261 ¢X2JoFACT#(,S¢(A=HJ)#FLOA
IF (N=1) 130,240,130 : L
BKzEG
RETURN
END

SEPT,

7

1010
1020
1050
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
120¢
1210
1220
1230
1240
1250
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SUBROUTINF RESY SEPT, 77

e

.
""""'ooctotooOooo-'co'c.ocooc.ov'loocoo-v'o't00000000'0'00'000

SUBROUTTNE BESY

PURPOSE
COMPUTE THE Y BESSE. PUNCTINN FOR A GIVEN ARGUMENT AND ORDER

USAGE
CAL;" RESY(X,N,BY,TER)

ODESCRIPTION OF PARAMETERS
X LTHE ARGUMENT OF THE Y BESSEL FUNCTION DESIRED
N _THE OROER UF THE Y HMESSEL FUNCTION OESIRED
BY oTHE RESULTANT v BESSEL FUNCTION
1IER_RESULTANT ERROR CODE WHERE
1ER20 NO ERROR
TER®1 N IS NEGATIVE
JERS2 X IS NEGATIVE UR ZERO
TER33 BY HAS EXCEEDED MAGNITUDE OF 10%270

REMARKS
VERY SMALL VALUES OF X MAY CAUSE THE RANGE OF THE LIBRARY
FUNCTIUN ALOG 10 BE EXCEEDED
X MyysT RE GREATFR THAN ZERO
N MiysT BE GREATER THAN OR EQUAL TO ZERU

SUBROUTINES AND FUNCTION SURPROGRAMS REQUIRED
NONg

ME THOD
RECIIRRENCE RELATION AND POLYNOMIAL APPROXTMaTTON TECHNIQUE
AS opSCRIBED BY AcJ M HITCHCOCK, 'POIL YNOMIAL APPRUXIMATIONS
10 ReSSEL FUNCTIONS UF ORDER ZERO AND ONE AND TO RELATED
FUNCTIUNS s MoT,AoCos Vol11,1957,PP,86<88, AND GoN. WATSON,
'A TREATISE ON THE THEORY OF BESSEL FUNCTIONS', CAMBRIDGE
UNIVERSITY PRESS, 19%8, P, 62

'oh'u-'on.;;o..o.!oo'oo!oto'tocoo.uotc.'lc'c.'c‘o.oo;c.oo|'o'000.o
SUBROUTINE RESY(X,N,BY,IER)
CHMECK FOR gRRORS IN N AND X
IF(N)1R0,70,10
10 1ER=0 -
1F (X)190,190,20

BRANCH IF x LESS THAN OR EQUAL 4

192
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40
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60
70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
510
320
330
340
350
360
370
380
390
490
aj0
a0
450
440
450
a60
470
480
490
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30

50
60

70

80

SUBRQUTINF RESY SEPY, 77
l'(l-l.O)io,CO.SO {
COMPUTE Yo AND Y] FOR X GREATER THAN 4

Tisd,0/X%

T123T1eT)
POZ((((=e0000037003724,0000173565)272=,0000487613)aT2
1 +,00017303)2T72<,001753062)472+,3989423

WO ((((.0000032312+4722,0000142078,4T724,000034d2468)aT2
1 =,0000849791)2724,0004564324)¢T2-,01246694
P1=((((.00000424142T2=,0000200920)272+,0000580759)xT2
1 =,000223%2035)272+,002921826)472+,3989423
Q12((((=.000003659U2T24,00001622)aT22,0000398708)aT2
1 +,0001044741)«T72-,0006390400)«T72+,03740084
A22,0/S0RT(X)

B=A»T g

Caxe,78539082

Y0zA«POeSTN(C)+B2Q0+COS(C)
Y1z=AeP12cnS(C)+B2Q1SINCC)

6o Ta 90

COMPUTE yo AND Y{ FOR X LESS THAN OR EQUAL TO 4

XX:XI?.

X2sXXaXX
T=ALOG(XX)4,5772157
SumsoQ,

TERMsT

YosT

D0 70 L=1,15

IF (L=1)50,60,50
SUMESUMe1 /FLOAT(L=1l)
FLsL

TS=TeSUM

TERMS (TERM, (=X2)/FLan2)x(lo=1,/(FL2TS))
Y0=Y0+TERM

TERM 3 XXg(T=,5)
SUMsQ,

Y1=TERM

00 80 L=2,16
SUMESUM+1  /FLOAT(Lel)
FLsL

FL!"L".

TS=T=SUM

TERM= (TERMo (=X2)/(FL1aFL))#((TSe S/FL)/7(TSe,5/FL1Y)
YisY+TERM
P122,636619A
Y0=P122Y0
YizeP12/X,p12aY1

193
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si0
520
530
S4a0
550
S60
$70
S80
S90
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
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OO0 00

OO0

%

100
110

120

130

140

141
14S
150
160
170
180
190

SUBRQUTINE BESY

CHECK IF oNLY YO OR Y1 IS DESIRED
IF(Ne1)100,100,130

RETURN EITHER YO OR Y{ AS REWQUIRED

IF(N)110,120,110
Byayy

G0 Yo 170

8ysyo

6o To 170

PERFORM REFURRENCE OPERATIONS TO FIND YN(X)

YAsYQ

YR=Y}

K=t

T2FLOAT(2ek)/X
YCaTaYHeV,
lF(lBS(VC)-'00570)16591“50141
IER=3

RETURN

K3K+q

IF (K=N)154,160,150
YAzYB

YBaYC

G0 To 140

BysvyC

RETURN

1ER=y

RETURN

1ER=2

RETURN

END

194

SEPT, 77

1010
1020
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1040
1050
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1070
1080
10990
1100
1110
11¢0
1130
1140
1150
1100
1170
1180
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1210
1220
1230
1240
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1290
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1310
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1350
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SUBROUTINg cPPRNT : SEPY, 77

SUBROUTINg cPPRNT (THETA,AMACH,AL,ACL, THMAX, MAXK, MAXP ) NMAX , HHAX, AB
LAR,BBAR,EpS, AN, BN, N, XMIN, XMAX,R,DENGAM)

DIMENSION ARAR(1),8BAR(1),ANC1),BN(1)

ROUTINE Tn PRIMT PHI,UMY,CP AT Ney LOCATIONS ALONG X FOR SPECIFIED
THETA

IF R 2 0 ts INPUT, R IS CALCULATED AS TURRET SURFACE,

IF R,GT,0 1S INPUT, THAT R IS USED IN CALCULATIONS,

IR=0

IF(R,GT,0,) IR=1

WRITE (6,50) THETA,AMACH

DX=(XMAXeYMIN)/FLOAT(N)

X=XMIN=DX

NP1=N+|

00 10 Isi, NPL

XaxX+0X

IF(IR,EO,0) CALL RSURF (ABAR,BBAR,EPS,MAXK,MAXP, X, THETA, AL, THMAX,R)
CALL PHIUy (X, THETA,R,AMACH )AL ACY ¢ THMAX ) MAXK s MAXP ) NMAX ) MMAX , ABAR,
1BBAR,EPS) aN,BN/PHI, U, V)

CP2=2,2U=yael

WRITE(6,3ay)X,R,PHI,U,V,CP

CRITICAL PRESSURE COEFFICIENT,
CPSTARZ2ew(1+4.5* (DENGAMa1,) *AMACH*ANACH)/( DENEAM +1.)
EX130ENGAM/ (DENGAMel,)

CPSTARZ2,,(CPSTAR*4EX1=1,)/ (DENGAMRAMACH®AMACH)

WRITE(6,40)CPSTAR

FORMAT(/Sx,a2HCRITICAL PRESSURE COEFFICIENT ON SURFACE =,F10,5)
RETURN

FOR"AY(II}/SX,ZZNFLDN FIELD FOR THETA =,F7,3,8H DEGREES//
* SX,22HMArH NUMBER 3,F7,3//10%,1HX,

110X, 1HR, 9y, SHPHT, 11X, 1HU, 11X, 1HY,10X,2HCP)
FORMAT(SX,6E11,4)

END

195
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70

80

90
100
110
120
130
140
150
lo0
170
180
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200
210
220
230
240
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2060
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330




SUBROUTINg NOPL SEPT, 77
SUBROUTINg nOPL (X,R, THETA,EPSMsXM,PHI ,GAMMA,RHO,Y,2,PHIPP,U,V,CP, 10
1ABAR,BBAR, 4L s ACL, THMAX ,EPS,RINDEX,RB,ETA, AN, BN, MAXK, MAXP ) NMAX MMAX 29
2/KTRAP,A,R, T,DELOPL, TDENRT . DENGAM, AMACH,DENRTO,AKPRIM,DELPLA) 30 3
DIMENSION ARARC1),BRBARCI) ANCI),BN(1),T(1) 40
c ROUTINE Tn CALCULATE CHANGE IN OPTICAL PATH LENGTH BY INTEGRATING So
c THE INDEX 0F REFRACTION « 1,0 FROM 0,0 TO A ANp A TO 8, 60
c BY G, N, vaNDERPLAATS NOV,, 1976, 70 1
(o NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF, 80
c 90 3
(o INTEGRATE pROM ZERO TO A FOR CONSTANT PRESSURE, DENSITY 100 1
c RATIO = TngnRT, 110 :
DELOPLZAKPRIMaTDENRT2A 120
DELPLA=ZDE; gPL 130
c KTRAP = Max, NUMBER OF TRAPEZOIDAL SOLUTIONS, MAX NO, OF INTERVAL 140
c 1S 22#(KTRapP=1) . 150
N2=1 160 "
DO 30 K=1,KTRAP 170 g
. 160T0o=0 180
10 CALL TRAP»N (1GOTO,a,8,N2,RHO,RINDEX) : 190
IF (160TU gn,0) GO TO 20 200
(o INDEX OF ReFRACTION i, 210
CaLL. REFIND (X,R,THETA,EPSM,XM,PHT,GAMMA,RHO,Y,Z,PHIPP,U,V,CP,ABAR 220 .
1,8BAR, AL, aCL, THMAX ,EPS,RINDEX,RB,ETA, AN,BN,MAXK,MAXP,NMAX,MMAX, DEN 230 E
wﬂ 26AM, AMACH,DENRTO, AKPRIM) 240 .
g 80 Tu 10 250
R 20 T(K)=RINDgy 260
30 N2z2aN2 270
ROMBERG INTEGRATION, 280
Kisi 290 1
CALL RMRINT (T,KTRAP,K1) 300
DELOPLSDE| nPL+T(1) 310 ';
RETURN 320 i
END 330 3
3
B
]
'
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SUBROUTINg FCOEF

SUBROUTINE FCOEF (AL ACL, THMAX AN, AN, MAXK, MAXP , NMAX , MMAX )

COMMON /Cui 0C2/ AMX(10,15),8MX(10,15),ANT(10,15)

OIMENSION anC1),8N(1)

ROUTINE Tn CALCULATE FQURIER COEFFICIENTS FOR EXPANSION OF

POLYNOMIA| SURFACE TN X AND THETA,
BY G, N, yaNDFRPLAATS

NaVAL POSTRRADUATE SCHQOL, MONTEREY, calLIF.
COEFFICIENTS ON X,

MAXKP13MAYK4l

DO 10 M=l mMAX

CALL FXTOx(M,MAXK,AL,ACL,AN,BN)
D0 20 I=1,mMAXKP1Y

AMX (I, M)zancD)

BMX(T1,M)3aNnc])

CONTINUE

COEFFICIENTS ON THETA,
MAXPPiZMAypel

P1=3,1415027

NMAXP1ZNMaAx 41

DO 30 NP1gzy,NMAXPQ

NaNPiel

CALL FXTOwx(N,MAXP, THMAX,PI,AN,BN)
00 4ag I=1,MaXPPY

ANT(I,NPLlyzaNCD)

CONTINUE

RETURN

END

; ; 197
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SUBROUTINE FXTOK : SEPT, 77

SUBROUTINg FXTOK C(NoK,X1,X2,AN,8N)
DIMENSION anC1),8N(1)
ROUTINE Tn CALCULATE THE NTH FOURIER COEFICIENTS FOR THE
EXPANSION oF 1, X, Xee2, , , o Xuak,
FORM OF FnuyRiFR SERIES IS

Y 3 SiM, (AN(K+1)#COS(NX) ¢ BN(Ke1)aSIN(NX)), N = 0,1,2,, INF,
BY G, No VANDERPLAATS ~ 0cTe 22, 1976
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF,

INPUT,
N « DESIRgp FNURIER CNEFICIENT,
K e HIGEST ORDER EXPOMENT ON X FOR WHICH AN AND BN ARE REQUIRED,
X1 = 1/2 yNTERVAL OVER WHICH X&#K IS EXPANDED,
X2 @ 1/2 sPACING BETWEEN EXPANSIONS,
ouTPUT,
AN o VECTAR UF A<COFFICIENTS FOR FOURTER EXPANSION, THE
THE eNEFICIENT FOR Xaxl IS STURED IN THE I¢1 LOCATION OF AN,
) FOR I=0, 1, 24 o o o K.
BN « VECTAR UF H=CUEFICIENTS FOR FOURTER EXPANSION, THE
COEFTCTENT FOR Xeal IS STURED IN THE I+41 LOCATION OF BN,
FOR I:o. | ) -1 o o o Ko
NOTE « ALTHOuGM ONLY THE COEFICIENTS FOR X#AK MAY BE REQGUIRED, THE
CNEFICIENYS FOR EXPANSION UN 1, X, Xae2, , , Xan(K=1) ARE
ALSO PROVypgD SINCE THESE ARE UBTAINED AS A CONSEQUENCE OF
CALCULATING THE REQUIRED JNFORMATION,

CONSTANTS,
P133,1415027
AMPI3Ke)
IF (N,GT.ny GO TO 20

SPECIAL CASE., N = 0,
A(N,K) ANn H(N,K) ARE THE FOURIER COEFICIENTS A=SUBeN AND B=SUBeN
RESPLCTIVerY FOR THE EXPANSIUN X#aKy, K = 0y 1) o o o
ACOrK) 32 Sa(Xiaw(Kel))e(lo(=l)aaK)/(X2a(Ke1))
B(0/K) 2 9
SIGN:.l.
Cis,S5/x2
DO 10 KP1zg,AMPY
CizClext _
AN(KP1)3Cy,(1,=SIGN)/FLOAT(KPY)
SIGN2=SIGN

10 BN(XP1)=0’
RETURN

GENERAL CASE, N,GT,O0,
A(NIx) 3 {!1'-K)'(10(-1)-'K)~8!N(N'91-X|IXZ)I(N'PI) »

(KeX2/(N*P1))aB(N,Ke1)
B(NyK) B oxteeK)a(olo(ol)aaK)aCOS(NaPTaX1/X2)/ (N2PI) ¢
(KaX2/7(N*P1)) oA (N,Ke])
WHERE A(N,=y1) = B(Neel) 2 0
Pl s v 1415927

10

50

40

$0

60

70

80

90
100
110
120
130
140
150
to0
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
4900
a10
420
a30
qa0
450
400
a70
a80
490
S00

coimde Bt s s e e o




e
3

. SURROUTINF FXTUK SEPT, 77
c SOLUTION agGINS WITH K = 0 AND USES THE ABOVE RECURSIUN FORMULAS Sio0
c TO CALCULATE A(N,K) AND B(N,K), S20
c S3o0
. C CONSTANTS', S40
20 ANPIaFLOAT(N)#PI 950
ANPIX3ANPT X1 /X2 500
SNISSTN(ANPTX)/ANP] 570
CS12COS(ANPIX)/ANP] S80
c K=z0, $90
AN(1)=2,+3N1 600
BN(1)=0, 610
IF (K,EN.4) RETURN 620
c K 31,2 , ¢ XK o3
SIGNzel, 640
CC=X2/ANPY 650
Ci=t, 660
00 30 KN=)>, KMP1 670
. K3KNe{ 680
C1=C1aXi 690
. C23FLOAT (k) eCC 700
5 AN(KN)3C1,(14+SIGN)aSNT1=C2aHN(K) 710
g BN(KN)3C1,¢SIGN=1,)2CS1+C22AN(K) 720
3 30 SIGN==SIGNn 730
o "RETURN 740
4 END 750
%
L)
4
£ i
1‘ | .
ﬂ ~
-
B ) o
T
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SUBROUTINF Fxv34 4 SEPT, 77

SUBROUTINg FXY34(N,X,Y,Z,NER)

DIMENSION XC1)oY(1),2(1),AA(4,4)

ROUTINE T CALCULATE TWE COEFFICIENTS OF A POLYNOMIAL
FUNCTIUN afF 2 IN X AND Y,

BY G, M, yaNDERPLAATS MAY, 1977,
NAVAL POSTGRADUATE SCHOOL, MUNTERFY, CALIF,

= [NPUT,

W e NUMBER OF INTERPOLATION POINTS (N = 3 OR 4),
X,Y « X AMp Y COORDIMATES, 131,N,
2 « 2 3 Fex,Y) = FUNCTION VALUES,

Z 1S DESTROYED,

«=QUTPUT,

Z = POLYNQMTAL COEFFICIENTS,
IF N 3 3, Y = 2(1) & Z(2)2X ¢ I(3)nY,
IF N S g, Y 3 Z01) & Z(2)*x ¢ Z(3)xY ¢ Z2(4)axwy,
NER « ERRAR INDICATOR, 0 = NU ERRGR, NER,GT,0 = ERROR DUE TO
TWa XoY POINTS ARE THE SAME OR THREE X,Y POINTS ARE
€Oy [NEAR,

DIMENSION pf AA MATRIX AND NUMBER OF RHS VECTORS FOR EWUATIONS,
NpIM=4

NRHS=1

INSURE N g 3 OR 4,

IF(N,LT,3y) N33

IF(N,GT, 4y N34

SET UP COgprFICIENT MATRIX FOR SIMULTANEOUS EQUATION SULUTION,
0o o0 I=1, N

AA(T,1)=1

AA(l,2)3X,T)

AA(T,3)=2Y (1)

AA(T,a)zXetyeY (1)

SOLVE EQUaTTONS,

CALL GELIm3(AA,2Z,N,NRHS,NDIM NOIM,NDIM,NRHS,NER)

IF(N.EQ.S\ l(a):ao

RETURN

END
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SEPT, 77

SUBROQUTINF GELIMZ2

SUBROUTINg GELIM2 (AsB,N,NLC,MisM2,M3,M4,NER)

DIMENSION A (M1,M2),B(M5,M4),K(10)

SOLUTIUN nfF STMULTANEQOUS EQUATIONS WITH MULTIPLE CONSTANT VECTORS
BY GAUSS pLTMINATION, USING PIVOT SEARCH,

BY G, N. VANDERPLAATS, 9=25%5=70

AsCOEF, MaATRIX BIMATRIX CONTAINING NLC CONSTANT VECTORS

NSNO, OF gNUATIONS M1 AND M2 sRE DIMENSIUNS aS GIVEN ABOVE
IF NERs{ nN RETURN, A [S SINGULAR,
NER=1

EPS=1 ,0€E=20

INITIALIZF x TO ZERO

0o 1o I=1,n

K(I)=0

BEGIN ELIMINATION

Do 90 J=i,N

FIND BEST prvoT ROW

AAz0,

11=0

Do 20 I=t,N -

IF (k(l).nE,0) GO TO 20
BB=ARS(A(7,0))

IF (BB,LE_ aa) GO TO 20

AA=88

I1=1

CONTINUE

IF (11,6Q° 9,0R,AA,LE.EPS) RETURN
K(1l)=J

PIVOT ON pnSITION A(I1,J)
REDUCE A(t11,J) TU IDENTITY
AAzl,/A(11,0)

D0 30 L=J,N
ACII,L)=ArTT,L)*AA

0o a0 L=1,nLC
BCII,L)=Be1T,L)*AA

ELIM, COEr, OF JIH CUL, FOR I NE,T1I
Li=sJet

0o 80 I=1,N

IF (1,EQ,71) GO TO 80
88sA(I,J)

IF (aBS(Bay,LE,EPS) GO TO 80
!F (L1,6T_ N) GO TO 60

00 50 L=Ly,N

ACToL)SA(T, L)=A(II,L)88
CONTINUE

DO 70 L=1,NLC
BeI,L)=B(r,L)eB(I1,L)«B8
CONTINUE

CONTINUE

RE«ORDER vaARIABLES TO URIGINAL POSITION
TEMPORARI; Yy STURE SOLN, MATRIX IN A
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.! SUBROUTINF GELIM2 SEPT, 77
3 00 100 I=,x ;ég
*Tl 00 100 J=y,NLC e
) (i STORE VALUFS RACK IN R IN PROPER ORDER 3
B DO 110 Isy,N 44
| TLaK(l) s 570
; D0 110 J=7,NLC $80
3 i 110 B(L,JIZA(T,T) 44
| Eyun 600
. | RETURN it
- | END
i!
|
1
:
5,_
| | -
B |
8 |
4 | .
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SUBROUTINF TZERN SEPT,

SUBROUTINg [ZERN(IRB,RRI,IETA,ETAT,NETA,R,PD,A)
DIMENSION RRI(1),ETAI(1),PD(1),A()),RI(U),TI(4),PDI(4)
ROUTINE Tn CALCULATE ZERNICKE FUNCTIUNS OF SECTION OF BEAM WITH
FIRST NODr tRB, IETA,

BY G, N, VAMOERPLAATS MAY, 1977,
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF.

IF IR8 =2 | AND IETA = {, THIS IF THE FIRST CALL TO [ZERN,
THEREFORE 2gRO OUT VECTOR A,
IF(IRR,GT | OR,IETA,GT 1) GO TO 1p

DO 20 I=1,10

A(l)=0,

CONTINUE

RADIAL COnRNINATES,

RI(1)s0, _

IRB121IRBe

1F (IRB,GT 1) RI(1)=RBI(IRB1)

RI(4)=RI(1)

RI(2)=RBI(IRB)

RI(3)=R1(>)

ETA COURDTNATES,

TI(1)=ETAT(TETA)

T1(2)=TI(y)

IETA1=1ETast

TI(3)=ETAy(1)46,2831854

IFCIeTA,LY NETA) TI(3)=ETAI(IETALY

Ti(3a)=Tl(x)

PHASE DISTORTION,

Nis(IRR=2) NETA+IETA

N2zN| oNET,

N3z2N24+1

IF(IETA,EqQ NETA) N32N3=NETA

Ng=sNp+|

IF(TETA,EQ _NETA) NA=NGeNETA

PDIC1)=0,

IF(N1,GT,n) PRIC1)2PO(NT)

PDI(2)=PD¢N?)

PDI(3)=PD¢N3)

PDI(4)=0,

IF(N1,GT.ny PDJ(4)SPD(NU)

CALCULATE NTERPOLATION COEFFICIENTS,

Nsa

IF(IRB,EUQ 1) N=3

CALL FXY34(¢N,RI,TI,POI,NER)

INTEGRATInN,

R13RI(1)

T2s11(2)

R23R] (2)

T3sT1(3)

AZ3PDI(1)

A1sPDI(2)

‘ 203 T
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SUBROUTINE 1ZERN

Az-'o}(!;

A3zPDI (4

CALL zERN}Q,R'.Rz. 72.13.‘20“.‘2"3.‘)
RETURN

END

SEPT, 7

S10
S20
S3o0
Sao0
S50




(2] [a K Nalalal

NnoOoO

Gl i o abaiic

SUBRQUTINF pHDIST 2 SEPT, 77

SUBROUTINg PHOIST (X,R,THETA,EPSM, XM, PHI,GAMMA RHO,Y,Z,PHIPP,U,V,C
1P, ABAR,BBAR,AL,ACL, THMAX ,EPS,RINDEX,RB,ETA, AN, BN, MAXK,MAXP ,NMAX MM
2AX,KTRAP, 4, Ry T,OLLUPL, IBEAM,REFOPL ¢ NAVEL ,RFUS/ETAT,RET/GAMMAL,PHI]
3eNETAT/NRaT, TDENRT,POTSTI,DENGAM)AMACH,DENRTO,AKPRIM, IPRINT, IPLOT)

DIMENSION ARAR(1),BRAR(1),ANC1),BNC1),T(1),ETAT(1),REI(1),GAMMAL(Y
1),PHII(1),pPnISTI(1)

DIMENSION AT1(32),%P(100),YP(100),2P(100)

ROQUTINE Ta CALCULATE PHASE DISTORTION FOR THE JIBEAM TURRET

ORIENTATIAN,

BY G, N, VANOERPLAATS NOV,, 1976

NAVAL POST GRADUATE SCHOOL, MONTEREY, CALIF,

REFOPL = REFERENCE ODELTA PATH LENGTH ALONG CENTER OF BEAM,

NEXTRA=3

BEAM ORIENTATTION,

PHIZPHII(1RFAM)

GAMMAZGAMMAT (TBEAM)

A1=57,2957a«PHI

A2357,2957a+GAMMA

IF(IPRINT GT,0) WRITE(6,90) IBEAM,A1,A2,AMACH

CALCULATE RgFERENCE PHASE DISTORTION,

RB=0,

ETA=0,

TURRET SUrpACF INTERCEPT,

CALL SRFINT (XM,EPSM,PHI,GAMMA,A,RB,ETA,X,R, THETA,ABAR,BBAR,EPS,MA
LXK, MAXP, Ay , THMAX)

AIREF =4

REFERENCE CHANGE IN PATH LENGTH DUE TO DISTORTION,

CALL OUPL (X,R,THETA,EPSM,XM,PHI,GAMMA,RHD,Y,2,PHIPP,U,V,CP,ABAR,B
luARoAL.ch,THH“:EPS;RINDEXoRﬂoETA,lN,BN,MAlKnH‘XP,NM‘X;HHA!:KTRAP
20408, T,DE) 0PL, TOENRT ) DENGAMs AMACH, DENRTO, AKPRIM/DELPLA)

REFDPL=DE) nPL#RFUS/WAVEL

A1357,295784ETA

A220,

XP(1)=0,

YP(1)=0,

IP(1)=0,

IF(IPRINT GT,0) WRITE(6,100)RB,AL,A2,A2,A,A2

CHANGE IN PATH LENGTH DUE TO DISTORTION FOR SPECIFIED VALUES OF

RB AND ETa,

INCRIMENT RA.

NN=0

MMzl

D0 60 1RBzy,NRBI

RBsRBI(IRR)

INCREMENT ETA,

00 S0 IETsst/NETAL

ETAZETAI(TETA)Y

SURFACE INTENWCEPT,

CALL SRFINT (XM,EPSM,PHI,GAMMA,A,RB,ETA,X,R, THETA,ABAR,BBAR,EPS,MA
1XK MAXP, A} , THMAX)
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SUBROUTINF PHOIST SEPT, 77

c CHANGE IN paTM LENGTN DUE TO DISTORTION,
CALL DOPL (X,R,THETA,EPSM,XM,PHI,GAMMA,RH0,Y,Z,PHIPP,U,V,CP,ABAR,B
18ARIALIAC) , THMAX ,EPSIRINNEX s RRIETA, AN, BN MAXK ) MAXP ) NHAX o MMAX ) K TRAP
2¢Ae8,T,0E) 0PL, TOENRT,DENGAH, AMACH,DENRTO, AKPRIM, DELPLA)
DPLRDELOP) 4RFUS/wWAVEL
NNaNNe¢ 1} *
MM3MM4 {
AT (NN)SA
PDISTI (NN! goPL-aE'D-L
A1257,29578+ETA
XXZRB2SINCETA)
YY=RB+COS(ETA)
XP (MM)3XX
YP(MM)=YY
ZP (MM)SPOTSTI (NN)
IF(IPRINT GT,0) wRITE(6,100)RB, A1, XX,YY,A,PDISTI(NN)
IF (IRB,LT,NRRI) GO TO 40
IF (1ETA,aT.1) GO TO 10
X113xP (MM,
Y112YP (MM,
OP11=PDISTT¢NN)
ETA113ETA,p, 2831854
GO 10 40
C INTERPOLATE FOR MORE BOUNDARY POINTS,
10 NCOUNT=0
MMISMMeNEYTRA
XP(MM])sXp (uM)
YP (MM )3Yp (MM
2P(MM1 )32 MMy
DETAZCETAETAL)/(FLOAT(NEXTRA)+1,)
OPD=PDISTY (NN)=PDIST|
OXSXP(MM)ox T4
DYSYP (MM) oy TMY
20 CONTINUE
1IF (A85(Dyy ,LT,1,0E=10) DX31,0E=lp
IF (ARS(Dvy,LT,1,0E=10) DY=1,0E=10
0O 30 INTg¢ , NEXTRA
ETALSETALLDETA
XXSRHeSIN FTAL)
YY2RBaCOS(ETAL)
XP(MM)ZXX :
YP(MM)ZYY
ZP (MM)2POTST140OPD# (YYeYIH1) /DY
30 MMaMM4]
‘NCOUNT=NCAUNT ¢ 1
IF (IETA, T ,NETAL) GU TO 4o
IF (NCOUNT, GT,1) GO TO 4o
DETA=(ETAJ «ETA)/(FLOAT(NEXTRA)®y,)
PDIST12POYSTI(NN)
OPDEDOPl1=pnISTY

: ' : 5208
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SURROUTINg PHDIST SEPT, 77 £

ETAYSETA ; 1010
XIMIZXP (Mu) 1020 |
YIMIzZYP (Mu) 1030 !
. DXsX1teXImy 1040 ?
DYSY jeYIny 1050
MM=MMe | 1060
! GO To 20 1070 J
§ | 40 CONTINUE 1080 |
1 ETAIZETA 1090 |
4 PDIST12PDTSTI(NN) 1100 |
’w XTM1=XP (Mu) 1110 |
, YIMLISYP (MM) 1120 |
& | 50 CONTINUE 1130 |
- 60 CONTINUE 1140 |
g i MMzMMe | ¥ 1150
b | PHIS57,2967A+PHLII (IBEAM) 1160
4 GAMMAZST7,295782GAMMAT (IBEAM) 1179
| IF (IPLOT.GT,0) CALL MAPS (MM,PHI,GAMMA,NETAI,NRBI,XP,YP,ZP) 1180
IF (JPRINT.EQ,0) RETURN 1190 1
(g CALCULATE 2eRNICKE CUEFFICIENTS, 1200 o3
C VECTOR 2P 1S USED TO STORE ZERNICKE CNEFFICIENTS, A, 1210 1
RBMAX=RBI (NRBT) 1220 !
DO 62 IRH={,NRB1 1230 g
DO 62 IETa=y,NETAI 1240
62 CALL IZERN(YRBIRBISIETA+ETATI,NETAT,RBMAX,PDISTI,ZP) 1250 :
WRITE(6,63%)¢ZP(1),121,10) 1200 3
63 FORMAT (//75%,22HLERNICKE CUEFFICIENTS//SX,9HAVERAGE =,E13,575X, 1270 3
294TILT, X 2,E13,5,10%,3ny =2,E13,5/5X,94FOCUS  =,F13,5/5%, 1280 ;
* 9HASTIG  2,2E13,5/5X,9HCUMA 2,08€13,5) 1290 i
RETURN 1300 i
1310 :
90 FORMAT (/,,5X,29HPHASE DISTORTION CALCULATIONS//SX,2SHBEAM ORTENTA 1329 V8
1 ITION NUMBegr 3,15/5X,2SHAZMUTH ANGLE 2,¢10,2,84 DEGREES/ 1530 |
* SX,2SHELpvATION ANGLE 2,F10,2,81H DEGREFS/SX, 1340 :
#1 {HMACH NyMRER,15X,1na,F10,2/10X, {HR,9X, SHETA,B8X, {HX, 11X, 1HY, 11X, 1350
*IMA, 11X, 14N 1300 i
100 FORMAT (Sy,E10,4,2X,F7,2,6E12,4) 1370 :
‘ END 1380 J
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e | SUBROUTINF PHIUV SEPT, 77 i
e | SUBROUTINg PHTUV (X, THETA/RoAMACH, AL ACL, THMAX , MAXK , MAXP ) NHAX ) MMAX 10 %
e | 1,ABAR,BBAQ, EPS,AN,BN,PHI,U,V) 20 j
B | DIMENSION ARAR(1),8RAR(1),ANC1),BN(1) 30 |
A c ROUTINE Tp CALCULATE POTENTIAL FUNCTION, PHI, AND PERTURBATION 40 E |
r C VELOCITIES U AND V. $0 |
5. c BY G, N, VANDERPLAATS oct,, 1976 60 |
By - | c NAVAL POSYGRADUATE SCHOOL, MUNTERFY, CALIF, 70 |
s | c 80 |
§ | € CONSTANTS', - 90
E ; DEL1=21,0E.q 100
: DEL2=1,0E.4 110
| BETAS| ,=AMaCHa®2 120
4 BETAZABS(RETA) 150
. | BETA=SQRT(RETA) 140
- P123,14d15077 g 150
E- | BPILEBETA,PT/ACL 160
B BPIRLEHPI) 4R 170
] & NMAX|SNMAY, 1 180
c INITIALIZg PHI, U AND V, 190
3 PHlso, 200 3
s us=o0, 210 T
e Vs0, 220 ;
c CALCULATE pOTENTIAL AND VELOCITIES, 230 ;
c M < LOOP, 240 ]
e 00 40 M=1, MMAX 250 : 3
s AMZFLOAT (M) 260 &
AMPIL=AMegp (L 270
AMPIRL3AM,pPIRL ' 280 ]
IF (AMACH gT.1,.,) GO TO to 290 ;o
& c SUBSONIC, 300 i
A ¢ KeBESSEL FUNCTIONS FOR Nzel AND N=0, 310 .
: 3 N'l 3‘0 ;e
i CALL BESK (aMPIRL,N,BKRN, IER) 330 i
CALL RESK (aMPIL,N,BKN,IER) 340 4
N30 3% - 3
CALL RESK (aAMPIRL,N,BKRNP1,IER) 360 !
CALL BESK (AMPIL,N,BKNP1,1ER) 370 : H
60 To 20 380
10 CONTINUE 390
c SUPERSONTe, 490 3
c JeBESSEL FINCTIONS FOR Ns=1 AND N30, a0 ;-
PRECIS3,0001 420 = |

! N={ a3o ' 4

; CALL BESJyaMPTRL,N,RJRN,PRECIS, IER) 440 !

g CALL 8ESJeawPIL,N,BIN,PRECIS, IER) as0 | 3
> | BJRNzeBJ Ry 460 i =
-4 x BINSRIN 470 {8

b | N30 480 - ! ]
.2 g CALL RESJpaAMPIRL,N,BJRNPY,PRECIS, [ER) 490
§ CALL RESJpaMPIL,N,BINP1,PRECIS, IER) S0
Y E »
B | -
.” 1
»"'). h‘
Ry | zw
H




SUBROUTINF pHIUV SEPT, 77

YeBESSEL FUNCTIONS FOR Nze| AND Nzo,
N={

CALL BESY;aAMPTRL,N,BYRN,IER)

CALL BESY aMPIL,N,BYN,IER)

BYRNz=BYRN
BYN2RAYN
Ns20
CALL BESYaMPIRL,MN,BYRNPY, [ER)

CALL RESY¢aMPIL,N,BYNP],ER)

CONTINUE
N e LOOP.

00 30 NPlgy,NMAX1
NaNPlel
IF (AMaCH,aT,1,) GO TU 25
SuBSoNIC,

BXNM|ZBKN
BKRNM I sRKaN
BXN2RKNP]

BKRNZBKRND |
Nel HESSE; FUNCTIUNS BY RECURSION,
BKNP 32,0 DAT(N)*BKN/AMPIL ¢ BKNM]
BURNP 182, oFLOAT(N) #BKRN/AMPIRL +BKANM]
6o To 27
CONTINUE _

SUPERSONIE,

BYNM{SBYN
BYRNM12BYRN
BYN2RYNP]

BYRNZBYRNp{

BJINM2BJN
BJRNM1=RJIaN
BINZBJNP |
BJRNZRJRND :

Ne1 BESSE) FUNCTIONS BY RECURSION,

BYNP{22 ,ap NAT(N)#BYN/AMPIL=BYNM|
BYRNP 122, ,FLOAT(N)«BYRN/AMPIRL=BYRNM]

BINP122, 2 DAT(N) *BIN/AHPIL=BINM]
BIRNP 132, FLOAT(N)2aBJRN/AMPIRL «BJRNMY
CONTINVE

N,M COMPONygNT OF PHI, U AND V,

CALL PHUVNM (N,M,X,THETA,AMACH,AL ,ACL, THMAX,BKNM] ,BKNP ], BKRNM], RKR
IN,UKRNP T au‘lK,!‘XP, ABAR/RRARIEPS, gNoBN,PHINM)UNM, VNM,
*« RJNML ,RIN,RINPL,BJRNM] ,HIRN,BIRNPL ,BYNM] ,BYN,8YNP] ,BYRNM],
& BYRN,BYRNPY)

UPDATE PNy, U AND v,

PHISPHI+PHINM

UsUesyUNM

Va2VeUNM

CHECK CONygRGENCE,

IF(N,EQ,0y ¢O TO 30.

209
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SUBROUTINF pHIUV SEPT, 77

l;;A%(;:yuu).u.oeu.mo,(Aas(unn.u.oeu.Auo.nscvun).u.ocun
[ ]
30 CONTINUE -
3S CONTINUE
IF(M,EQ, 1y 6O TO 36
OPHI=ARS (PHI=PHIA)
DUsABS (U=11a)
OVEARS(V=va)
IF (0PHI, LT NEL2,AND, (DU,LT,0EL2,AND,DV, LT, DEL2)) GU TD 45
36 PHIAZPHI
UAsU
VAsvV
40 CONTINUE
as CONTINUE <
RETURN ;
END
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SUBROUTINg PHUVNM SEPT, 77

SUBROUTINF PHUVNM (NpM, X, THETA,AMACH,AL»ACL, THMAX,dKNM] ) BKNP ], BKRN
1M1, BKRN,BRNP1/MAXK,MAXP ,ABAR/BBARIEPS,AN,BN,PHINM,UNM, VNM,
* BJNM1,BJIN,RINP1,BJRNM] ,BJRN,BJRNP],BYNM] ,BYN,BYNP],BYRNMT,

* BYRN,BYRMPY)

COMMON /CmpNC2/7AMX(10,15),BMX(10,15),ANT(10,15)

DIMENSION ABAR(1),BBARC1),AN(1),bN(1)

ROUTINE Tn CALCULATE N,M COMPONENTS OF POTENTIAL, PHINM, AND
PERTURBAToN VELUCITIES UNM AND VNM FOR Ao TURRET DEFINED BY A
ODOUBLE PU; YNOMIAL,

BY G, N, VANDERPLAATS 0CcT,, 1976
NAVAL POSTGRANUATE SCHOOL, MONTEREY, CALIF,

INPUT

N, M « SYHSCRIPTS ON PHI, U AND V,

X © LONGITUDINAL COORDINATE ALONG TURRET,

THETA e CIRCUMFERENTIAL COORDINATE AROUND TURRET,

BETA ® ARS(1,=AMACH22Q)

AL,ACL = §/2 LENGTH OF TURRET ANn 1/2 PERIOD BETWEEN TURRETS,

THMAX « 372 CIRCUMFERENCE UF FUSELAGE OCCUPIED BY TURRgT,
BKNM|, BKMP] « K BESSEL FUNCTIUNS AT Nel AND Nsi,

BKRNM1, BkRN, BKRNP] o« X BESSEL FUNCTIONS OF R AT Nal, N AND Ne¢i,
MAXK, MAXp <« MAX EXPONENT OF X AND THETA POLYNOMIALS.

ABAR, BBAR « X AND THETA POLYNOMIAL COEFICIENTS,

AN, BN = pIMMY STORAGE DIMENSIONED MAX(MAXK+1l,MAXPel)

ouUTPyT

PHINM = pgRTURBATION POTENTIAL,
UNM e Uy PERTURBATION VELOCITY,
VNM = v PERTURBATION VELUCITY,

CONSTANTS'

PI123,1415027
AMPL=sFLOAT (M) ePI/ACL
BETAZABS (1, «AMACH2a2)
BETA=SART (RETA)
BMPL=RETAAMPL

SMZAMPL # X

CM=COS (SMy

S“ISIN(SH)

SNSFLOAT (N)«THETA
CN:CDS(SN,

MAXKP12MAyK o1

MAXPP13MAyp 4l s
CALCULATE A<BAR TIMES AeSUBeM AND AeBAR TIMES Be=SUBeM,
AAMEO,

ARM=z0,

DO 10 131,mMAXKP1
AAMBAAMOARAR(T) *AMX (I, M)
ABMIARMaARAR(T)#BMX ([, M)
CALCULATE ReBAR TIMES A=SUBeN,
BANz0,

B8NE9,

211
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SUBROUTINg PHYVNM

NP1ENe]

00 20 Isi maxPPy
BANZBANGBRARCI)«ANT (I, NPY)
CALCULATE fFeSUB=N OF THETA,
FNgBANRCN

1F (AMACR,aT,1,) GO TO 30
SUBSONIC,

CALCULATE pHINM,

CizAAMRSM_ aRMACH

C23BETA« (aKNP1+BKNMY)
C322,«EPS FN2BKRN
PHINM=C32c ¢ /C2

CALCULATE ynM,
UNMZC3eAMpy o (AAMaCMeABMeSM) /C2
CALCULATE yNM,

VNM2oAMPL ,gPSaFNe (3KRNP| 4RKRNM] ) oC1/ (BKNP | ¢RKNML )
RETURN

CONTJMNUE

SUPERSOMI e,
ANMZHBYNP Y _aYNML +8INP LB INMY
BNM=BYNP | _RYNM] =HJNP | +BINM]
APRZANMeRNM

AMBSANM=BnM

AB2SANMax> sANMa s
A{SAPRaSM_aMBaCM
A22AMBaSM,APBaCM
AISAAM*RYRN+ARMABJIRN
AdzAAMeBIDNCARMABYRN

A522  2EPS.FN/ (AB2+BETA)

PHINM,

PHINMZAS (a1 4A3+4A24A4)

UNM,

UNMZASAMP| o (A24A3=A14Ad)

VNM >
YNMIaEPSerNaAMPLA((ALlaAAM=AR2ABM) , (BYRNP|BYRNM])
S(A12ARMAAS>,AAM) « (BJRNP 1 =RJRNMT ) ) 7aB2
RETURN

END

SEPT, 77
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SUBROUTINg REFIND . SEPT, 77

SUBROUTINg REFIND (X,R,THETA,EPSM,XM,PH] ,GAMMA ,RHN,Y,Z,PHIPP,U,V,C
I1P,ABAR,BBAR,AL,ACL, THMAX ,EPS,RINDEX,RB,ETA,AN,BN,MAXK,MAXP ,NMAX ) MM
2AX,DENGAM, AMACH,DENRTO, AKPRIM) .

DIMENSION ABAR(1),8BAR(1),AN(1),BN(1)

ROUTINE Tn CALCULATE INDEX OF REFRACTION =i FOR 4 SPECIFIED POINT

ON A BEAM'

BY 6, N, vAMDeRPLAATS NOV,., 1976,

NAVAL POSTGRANUATE SCHOOL, MONTEREY, CALIF,

GIVIN AZMiTH, ELEVATION AND DISTANCE ALONG BEAM, CALCULATE

X, THETA AND ReCOORDINATES,

CALL XRTPaR (XM,EPSM,PH],GAMMA,RHN,RYE,ETA,X,R,THETA,Y,2)

CALCULATE paTENTIAL AND PERTURBATION VELOCITIES,

CALL PHIUy (X,THETA,R,AMACH,AL,ACL, THMAX,MAXK,MAXP, NnAx MMAX, ABAR,
1BRAR,EPS, AN, BN)PHIPP,L1,V)

lnosx OF ReFRACTION,

CPz=2 tUeyav

Cl131,4,52nENGAMNAMACHAAMACHCP

RINDEXZAKPRIM«DENRTO/ (C1#*DENGAM)

RETURN

END
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SUBROUTINg RMBINT : SEPT, 77

SURRQUTINg RMARINT (T,K,K1)

DIMENSION 1(1)

ROUTINE Tn PERFORM ROMBERG INTEGRATION,

BY G, N, vANDERPLAATS ; NOV,, 1976
NAVAL POSYGRADUATE SCHOOL, MONTEREY, CALIF,

INPUT
T 3 VECTQR CONTAINING RESULTS OF TRAPEZOIDAL RULE INTEGRATION,
IF T(1) CONTAINS TRAP, RULE RESULTS FUR N INTERVALS, T(2)
CONTLINS RESULTS FOR 2N INTERVALS, T(3) CONTAINS RESULTS FOR
4N INTERVALS AND T(1) CONTAINS RESULTS FOR (2#a(]=1))N
INTERvALS,
K = NUMBep OF TRAPEZOIDAL RULE RFSULTS CONTAINED IN T,
K! 2 K ON | oST CALL TO RMBINT, FIRST TIME RMBINT 1S CALLED Ki=i,
OUTPUT,
T =3 VECTAR CONTAINING LAST ROw O RUMBRERG TABLE IN REVERSE OROER,
THE HIgueST ORPER APPROXIMATION TU THE INTEGRAL IS IN T(1),
T(2) GYVveS THE 2ND HIGHEST ORDER APPROXIMATION 50 THE
DIFFERFNCE BETWEEN T(1) AND T(2) IS AN ACCURACY ESTIMATION,
T(K) 1§ THE HIGHEST ORpER TRAR, RULE APPRUXIMATINN ANp IS NOT
DESTROYEN,
NOTES
1) TF ACCiRACY IS NOT SATISFACTORY, THE NUMRER OF TRAP RULE
STATIONS CaN BE DOUBLED AND A NEW SOLUTION STORED IN Ke¢i OF T,
THEN SgT K13K ANp K3Ke] ANp CALL RMBINT AGAIN FOR Ntw SOLUTION,
2) ALL INTTTAL ENTRIES OF T UP TO Ke1 ARE DESTROYED,
REFERENCE, CnNTE, ELEMENTARY NUMERICAL ANALYSIS, MCGRAWeHILL,
1965, PP j26=133,
IF (K,LE.1) RETUKN
KiPi=2Kl+l
BUILD ROW xx OF ROMBERG TABLE,
DO 10 KK=k1Pi,K
KM1ZKKe1
A=y,
12Kk
PUT ROW Kx N T(I1),I=1,KK IN REVERSE ORDER, T(KK) DOES NOT CHANGE,
DO 10 II=¢,xM
Iz]ey
Asd, A
10 Telyz(haTirelyeT(I))/ (A1)
- RETURN
END
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SUBROUTINg RSURF . SEPT, 77

SUBROUTINE RSIUKF (ABAR,BAAREPS/MAXK, MAXP, X, THETA,AL ¢ THHAX,R)
DIMENSION ARAR(1),URAR(1)

ROUTINE Tn CALCULATE THE NOUNDIMENSIUNAL TURRET RADIUS AT
X AND THEYa,

BY G, N, vaNDERPLAATS NOV,, 1970,
NAVAL POSTGRADUATE SCHOUL, MONTEREY, CALIF,

SPECIAL C4SE « THETA OR X NOT UN TURRET, POINT 1S ON CYLINDRICAL
FUSELAGE.

Rsq, -

IF (ABS(THETA) ,GE,THMAX ,0R,ABS(X),GE,AL) RETURN
CONSTANTS',

MAXKPtzMAYKe!

MAXPP13MAYp sl

POINT ON tiiRRET,

EVALUATE f(x?

FXSABAR(1y

IF (MAXK,pn,0) GO TO 20

XI=1, .

DO 10 IX=), MAXKP1

XIsXTeX

IF(ABS(XIy LT,1,0E«20) GO TO 20

FYSFXeABAR(tX)2XI]

CONTINUE

EVALUATE £ (THETA)

FTH=BBAR(})

1F (MAXP,fFq,0) GO TO 40

THI=1,

00 30 ITH=z2,MaxPP1

THISTHI#THETA

1F (ABS(THYy LT,1,0E=20) GO TO 40

FTHSFTHeBRARCITH) #THI

CONTINUE

R21,0 ¢ Fyx)*F(THETA)EPS

Rz],¢FX*F THAEPS

RETURN

END
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SUBROUTINg SLOPE

SUBROUTINg SLOPE (MAXK,ABAR,AL/SLOPEX,NVAL,AMULTS)
DIMENSION ARAR(1),SLOPEX(1)

ROUTINE Ta CALCULATE SLOPE OF A POLYNOMIAL AT NVAL PUINTS
BETWEEN X = =AL AND X 3 AL,

IF (NVAL,) 71,2) RETURN

DX=22,eAL/ ¢FLOAT(NVAL)=1,)

X2eAl =DX

MAXK]SMAXK o1

DO 30 I=1,NVAL

XsX+DX

SLOPEX(I)=0.

IF (MaxXX,pt7,1) GO TO 30
SLOPEX(I)=ABAR(2)

IF (MAXK,Fn,1) GO TO 20

AMULT=1,

Xist,

DO 10 J=3,mAXK]

XIsXIaX

AMULT=AMU 741,
SLOPEX(1)2SLOPEX(I)+AMULTeABAR(J)2XT
SLOPEX(1)2aMULTS2ASLOPEX(])

CONTINUE

RETURN

END
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b SUBROUTINg SRFINT SEPT, 77

f SUBRQUTINg SRFEINT (XM,EPSM,PHI,GAMMA,A,RB,ETA,)X)R,THETA,ABAR,BOAR,
LEPS,MAXK, uaXP, AL, THMAX)
DIMENSION ABAR(1),BBAR(1)

C ROUTINE T CALCULATE DISTANCE ALONG BFAM FROM MIRROR TO TURRET
c SURFACE,
C BY G, N, VANDERPLAATS NOV,, 1976
c NAVAL POST GRADUATE SCHOOL, MONTEREY, CALIF,
¢ OuTPuT,
c A = DISTANCF FROM MIRRUR TO TURRET SURFACE,
C IF A 3 _y 06«6 ON RETURN, MORRUR SURFACE 1S5 QUTSIDE YJRRET
c SURFACE
c IF Ao = 5 0Ee6 OM RETURN, NO INTERCEPT COULD BE FOUND AT A LESS
c THAN 10, THIS Pwopagiy RESULTS FROM UNREALISTIC TURRET SHAPE,
C METHOD,
c FOR VARIUnS ViLUES OF RHO, CALCULATE X, RR AND THETA FUR A POINT
c ON THE RpAM, FOKR EACH X AND THFTA, CALCULATE RS FOR RADIUS T0O
! c THE SURp,ACE., INTERPOLATE TO GET RR=RS, THE CORRESPUNVDING VALUE
g c OF RHO 13 A,
DRHO=,2
c RADIUS OF ggAM RAY AT POINT ON MIRROR SURFACE,
RHO=0, :
E A120,
y HR{SEPSM
“X=xM
THETA=0,
IF (RR,GT’ y,0E=4) CALL XRTPOB (XM,EPSM,PHI,GAMMA,RHO,RB,ETA,X,RR1,
(THETA,Y, 2y
c SURFACE Rap1US OF POINT AT X AND THETA, FOR RHO=0,
CALL RSURp (ARAR,BBAKR,EPS,MAXK,MAXP,X, THETA,AL, THMAX,RS1)
DR1=KkSi=Rpy
Azel ,0E=6
c IF DR{,LT g, RASE OF MIRROR IS OUTSIDE TURRET,
IF (DR1,LT_ 0.) RETURN
C PICK ARBITRARY NEW RHN AND INTERPOLATE,
10 RHO=RHO+DpHN
o RADIUS OF pnINT UN REAM,
CALL XRTPpnp (XM,EPSM,PHI,GAMMA,RHO,RH,ETA,X,RR2,THETA,Y,2)
(s TURRET SUpfFaCE,
CALL RSURF (ABAR,BbAR,EPS,MAXK,MAXP,X, THETA,AL, THMAX,RS2)
DR23RS2<-RR2
DNDR=DR2<Do
IF (ABS(DNP).LT,.1,0E=10) DDR=},0E=10
5 AsA] «DRHO4pRIL/DDR
’ IF (A,LE,RHN,NR ,RHO,GT,10,) GO TO 20
c A IS EXTRLpNLATED POINT, UPDATE AND INTERPOLATE AGAIN,
RR13RR2
i RS1=RS2
g DRy1=DR2
AlzRHO
GO Tn 10

217

10

20

30

40

S0

ov

70

80

90
1vo0
119
120
130
140
150
160
170
1680
190
200
210
220
230
240
250
260
210
280
290
300
310
320
330
340
3%0
360
370
380
390
a0v
410
420
430
440
as0
460
470
480
490
S00




SUBROUTINg gRFINT

20 CONTINUE
IF (A,LT.0,) AZ1,0E=6
RETURN
END

SEPT, 77
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SUBROUTINE SURPRT

SUBROUTINg SURPRT (ABAR/HBBAR,MAXK,MAXP,EPS,ALsTHMAX)
DIMENSION ABAR(1),B8BAR(1)

ROUTINE Tn PRINT SURFACE FUNCTION ORDINATES FOR POLYNOMIAL TURRET,

BY G, N, VANDERPLAATS NOV,, 1976,
NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF,

INPUT,
ABAR

88AR

MAXK
MAXP
EPS

AL
THMAX
UuTPULT,

VECTNR OF PULYNOMIAL COEFICIENTS IN X«-DIRECTION, ABAR
MUST BE DIMENSIUNED AT LEAST MAXKke1 IN CALLING RNUTINE,
VECTOR OF PULYNOMIAL COEFICIENTS IN THETA=DIRECTION,
ARAR MUST BE DIMENSIONED AT LEAST MAXP+i IN CALLING
ROUTINE.

ARDER OF X=POLYNOMIAL,

NROER OF THETA=POLYNOMIA(,

SCALAR SURFACE MULTIPLIER, SURFACE = EPS#F (X)s«F (THETA),
172 TURRET LENGTH,

172 TURRET ANGLE,

POLYNOMIA) pUNCTION COURDINATES IN TERMS OF X AT THETA = 0 AND
THETA AT yx = 0,

MAXK|SMAXK 41

MAXP12MAXP 4

MRITE (6,70) EPS

WRITE (6,R0) (ABAR(I),I=1,MAXK])

ARITE (6,00)

NRITE (6,A0) (BBAR(I),I=1,MAXP])

X=DIRECTIqN,

ARITE (6,100)

DX=,12A

Xze] ,2%AL

L

00 30 I=z1,23

XsX+DX

ZzABAR(1)

AMULT=0

ZPR1IM=0,
IF (MAXK,FQ,0) GO TO 20

X1=1,

00 10 J=2,mMAXK]
AMULTSAMU) Tol,
IPRIM=2ZPRYM4AMULTAABAR (J)#XI

XI3X1aX

10 Z3Z2+ABAR(.1)eX]

20 CONTINUE
LzEPS+HBAD ()2
ZPRIMSEPSsRRAR(1)*ZPRIM
IF (1,E09,1,08,1,E0,23) 210,
IF (:,EQ,y,0R,I,EQ,23) ZPRIM=0,
WRITE (6,110) Xo2)ZPKIM

30 CONTINUE
THETA=DIRFCTION,
WRITE (6,120)
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SUBRQUTINF SURPRT 7 SEPT, 77

OTHE §eTHupX
THEe] ,20TymMaX
00 60 121,23
THETHOTH
Z3BBAR(1)
IF (MAXP,pn,0) GO TO SO
THi=y,
AMULT=0,
ZPRIM20,
00 4o J=2,MaxP}
AMULTZAMU) T4,
ZPRIMIZPRyMsAMULTA3BAR(J) o TH]
THIZTHL«TyW
40 23Z+HBRAR( 1) #THI
S0 CONTINUE
13EPSeABAR (1) el
IPRIMSEPS,ABAR(1)#ZPRIM
IF (I.EQ.!.ORQIQEGOZS) =0,
.JF (1.EQq.y ,NR,I,EQ,25) ZPRIM=0,
THR2THAST7 29578
WRITE (5,110) TH,THR,Z,2ZPRIM
60 CONTINUE
PZTURN

70 FORNAT (/,/8X%,18HSURFACE DEFINITION,SX,6H(EPS =z,F7,3,1H)/SX,S4nPOL
LYNOMAL CAEFICIENTS (ACI)s 120,MAXK) IN X=DJRECT]ON)

80 FNRMAT (Sy,SE12,5)

.0120':" (/x,58HPOLYNOMIAL COEFICIENTS (B(l1), 1=0,MAXP) IN THETA=DI

ECTION)

100 FORMAT (/8%,1 1HCOORDINATES/AX, | HX, 11X,1HZ,9X, THZ=PRIME)

110 FORMAT (Sy,p7,3,5X,F8,405X,F8,4,5x/F8,4)

120 FORMAT (/1aX,SHTHETA/SX, THRADIANS, 6X, THDEGREES, 8X, 1HZ,9X, THZ=PRIME
1)
END
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S50
$40
S50
Se0
570
S80
S90
600
610
620
30
6490
050
660
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780
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810
820
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840
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E | SUBROUTINE TINPUT , SEPY. 77
b c SUBROUTINg TINPUT 10
| c X 20 [
e c INPUT CARp FORMAT 30 |
’ c 40 |
i3 f C » TITLE(1),I237,20 FORMAT (204A4) 50 |
£ c ANYTHING MAY BE TYPED IN COL, 2~80 o 3
b | (4 70 1
ke | C AERODYNAMICS . OPTICS 80 :
i | C » AMACH,DENRTA, TDENRT,DENGAM, AKPRIM, waAVEL FORMAT(8F10) 90 g
,f j c AMACH 2 FREESTREAM MACH NUMBFR 100 4
4 4 DENRTa 2 FLIGHT DENSITY/SEA LEVEL DENSITY 110
i c TDENRT =z DENSITY INSIDE TURRET/SEA LEVEL DENSITY 120
c DENGAM = EXPUNENT ON PRESSURELDENSITY RELATIONSHIP 130
| c AKPRIM = INDEX OF REFRACTION CONSTANT ; 140
(% WAVEL = BEAM wAVELENGTH 150
’ c 160
<
Py | G C GEOMETRY 170
B« C TURRET : 180
s C » RFUS, AL, THMax,ACL,EPS FORMAT(8F10) 190
B c RFUS = FUSELAGE RADIUS 200
e c AL s TURRET NONeDIMENSIONAL HALF LENGTH 210
s c THMAX g TURRET HALF ANGLE (RAD) 220
s c ACL s HALF TURRET SPACING 230
7 C EPS s TURRET HEIGHT MULTIPLIER 240
N C * MAXK,MAXP,NggC,NTHBC FORMAT(8I10) 250
3 MAXK =z NRDER OF X=POLYNOMIAL SHAPE FUNCTION 200
C MAXP g ORDER OF THETA=POLYNAMIAL 270
c NXBC = NUMBER OF SETS OF Y AND Y«PRIME BOUNDARY 280
C CONDITIUNS IN Xap[RecTION, EXTERNALLY [MPUSED, 290
c NTHBC s NUMBER OF SETS UF Y AND Y~PRIME BOUNDARY 300
¢ CONDITIUNS [N THETA-pIRECTION, EXTERNALLY IMPQOSED, 310
[ NOTE. AT XBTMETA30, YZEPS IS AUTOMATTCALLY IMPOSED, 520
C & ABAR(T),I=l MaXkel FORMAT(6F10) 330
c ABAR(1) 3 l=] COEFICIENT OF XePOLYNOMIAL 340 -~
C « YYPXBC(I,J), J=1,3 NXRC CARDS FURMAT(8F10) 3%0
c YYPXBpe(TeJ) = X, Y ANO YSPRIME BOUNOARY CONDITIONS IN THE 300
c X«DIRECTION, 370
C » BBAR(CI),I=1,MAXPo FURMAT(8F10) 380
(4 B8BAR(1) = I=1 COEFICIENT OF THETA=POLYNOMIAL 390
C » YYPTBC(T,J), J=1,3 NTHBC CARDS FORMAT(8F10) )
c YYPTBe(Ied) 3 Xy, Y AND YSPRIME BOUNDARY CONDITIONS IN THE 410
c THETA=DIRECTION, 420
c 430
C MIRKOR CENTER 440
C » EPSH, XM FORMAT(8F10) as0
c EPSM g 2=LUCATION OF CENTER OF MORROR 460
¢ XM g XeLOCATION OF CENVER OF MIRROR aro -
c .1)
C PHASE DISTORTION CALCULATION POINTS 490
i . C » NETAI,NRBI FORMAT(8110) 500
i
]
f
!
. %

221
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| SUBROUTINg TINPUTY SEPT, 77

& ! (4 NETAI 3 NUMBER OF ETA ANGLES S10

e | c NRBT 3 NUMBER OF RADIUS PUINTS 520

| C « ETAI(I), I3l NETAL FORMAT (8F10) 950

% | C ETA1(7r) = ANGLE (DEGREES) 5S40

5 | C « RBI(I),I21,nRRI FORMAT(8F10) $50

34 ¢ RBI(1y 3 RADIUS So0

| c 4 570

C BEAM (RIENTAYTIQON 580

C o NBEAM FURMAT(8110) 590

c NBEAM z NUMRER OF DIFFERENT HEAM ORIENTATIONS ANALLIZED 600

C « PHIT(1),GAMMAT(T) AMACHT (L), wGHTI(]) NBEAM CARDS FORMAT(8110) 619

c PHII(7) 3 AZMUTH ANGLE (DEGREES) 629

c GAMMAT (1) 2 ELEVATIUON ANGLE (NEGREES) 650

c AMACHY (1) 3 MACH NUMBER, OEFAULT 3 AMACH, b4l

c wWGHY1 1) 2 WEIGHTING COEFFICIENT, DEFAILT = 1, 650

SUBROUTTNg TINPUT 600

COMMON /Gy nACM/ ABAR(20),ACL,AKPRIM,AL,AMACHI(30),UBAR(20),0ENRTO, 670

* DENGAM/EDS,EPSM)GAMMAL(30),PHITI(30),RFUS,SLUPEX(30),SUMPD2, 680

® TOENRT ) THMAX,RAVEL,WGHTT(350),xXM 690

COMMON /Cu  0C/ ETAI(16),MAXK,YAXP NBEAM,NETAI,NRBT,NTHEC,NXBC, 700

* RBT(10),7yTLE(20),YYPXRC(10,3),YYPTOC(10,3) 710

c ROUTINE T READ INPUT FOR LASER TURRET PHASE DISTONTION ANALYSIS, 720

c BY G, N, yANDERPLAATS NOV,, 1976 750

c NAVAL POSYGRADUATE SCHOOL, MUNTEREY, CcaLIF. 740

c 750

C TITLE, 700

READ (S,7a) (TITLE(I),1=1,20) 770

IPNPUTZO0 780

IF (1PNPUT £Q,0) WRITE (6,140) (TITLE(I),121,20) 790

€ AERD-QPTICS, 800

READ (S,89) AMACH,DENRTO,TOENRT,DENGAM, AKPRIM, WAVEL 810

IF (1PNPUT_EU,0) WRITE (56,1503 AMACH,DENRTO, TDENRY,DENGAM, AKPRIM, W 820

1AVEL 830
C GEOMFTRY, s40 -

c TURRET, 850

READ (S.80) RFUS,AL, THMAX,ACL,EPS 860

IF (IPNPUY g0 ,0) ~RITE (6,160) RFUS,AL,THMAX,EPS,aCL 870

THMAXZTHM, x /57 ,29578 860

READ (S,90y) MAXK,MAXP,NXBC,NTHHC 890

NXBCSNXRC 4y 900

; NTHACEMTHAC 41 910

by | ] MAXK]SMAXK .y 920

g MAXP{aMAXD 930

B | y IF (1PNPUY £0,0) WRITE (6,170) MAXK 940

b READ (S,8a) C(ABAR(I),T21,MAXKY]) 959

v | ARAR(1)21’ 900
B IF (1PNPUT EU,0) WRITE (5,180) (ARAR(I),Isl, MAXK]) L

YYPXRC (1,720, 980

YYPXHBC(1,p)2EPS 990

YYPXBC(1,%)2200, 1000

222
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SUBROUTINF TINPUT . SEPT, 77

IF (NXBC,.gn,1) GO TO 20

1IF (IPNPUT, £Q,0) WRITE (6,100)

00 10 I=2 Nxﬂc

READ (s.eo) (YYPXBC(I,J),J31,3)

CONTINUE

CONTINUE

IF (IPNPUY _FU,0) WRITE (6,110) ((YYPXBC(I,Jd),J=1,3),131,NXBC)
IF (1PNPUT _EQ,0) WRITE (6,190) MAXP

READ (S,80) (RBAR(L),T=1,MAXPY)

IMPUSE BONDARY CUNDITIUN R(0)=1,

BBAR(1)=1,

IF (IPNPUT_E0,0) WRITE (6,180) (BRAR(I),Iz1,MAXP1)
YYPtRC(Io;)ao

VVP?BC(I:;):EP%

YVPIBC(|'1)=£OO.

IF (NTHBC gQ.1) GO 7O 40

1F (1vuouf EW,0) WRITE (o0s120)

Do 30 Is2 urnnc

READ (S, ao, (vvyP18C¢l,J),J=1,3)

CONTINUF

CONTINUE

IF (IPNPUY _FU,0) WRITE (6,130) ((YYPTRC(I,J),J=1,3),131,NTHBC)
MIRROR CENTER,

READ (S,8qp) EPSM, XM

IF (I1PNPUT_EY,0) WRITE (6,200) XM,EPSM

PHASE D!STORf[nN CALCULATION POINTS,

S0

READ (S,90) NETAI,NRBI

READ (S,R0) (ETAI(I),I=1,NETAI)

IF (IPNPUY _EH,0) WRITE (60230)

IF (IPNPUT FG,0) WRITE (6,240) (ETAI(I),121,NETAI)
00 50 1=1, NE'AI

ErAl(x)serAl(r)/s7 29s78

READ (S,89) (RAI(I),I=1,NRHT)

IF (IPNPUY _EU,0) WRITE (6,250)

IF (IPNPUT EN,0) WRITE (6,240) (RRI(I),131,NRBI)

BEAM ORIENTATIONS.

60

70
80

READ (S,90) NAREAM

IF (IPNPUY _FQ,0) WRITE (6,210)

00 60 I=1,NREAM

READ(s.ao, PHI1 (1) ,GAMMAT (I),AMACHI(I),"GHTI(])
IF(AMACRI(1).LT7,0.001) AMACHI(I)2aAMACH

LF (ARS (WOMTT(T)),LT,0,001) WGHTI(T)=1,
lF(IPNPUT EN.0) "QITE(ouZZO)l PHIT(1),GAMMAT(I),AMACHI(]),wGHTI(])
Puxl(x’*’ul!(t)/57 29S78

GAMMAT (1) 2GAMMAT(])/57,29578

CONTINUE

RETURN

FORMAT (2044)
FORMAT (8F10,2)
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SUBRQUTINg TINPUT ) SEPT, 77

90 FORMAT(8I7q)

100 FORMAT (/gx, 19HBUOUNDARY CONDITIONS/SX,3HX/L,6X,1HY,ax,7THY«PRIME)

_ 110 FORMAT (3¢, 3)

120 FORMAT (/gx,19HBOUNDARY CONDITIONS/SX, | 1HTHETA/THMAX,aX, LHY,4X, THY
1=PKIME)

130 FORMAT (Sy,3F9,3)

140 FORMAY (lu[,l! 21NTURRET ANALYSIS INPUT//SX,SHTITLE/SX,2044)

150 FORMAT t//ql.a|nAEno-nPtxc5/sx.5°unncu Nunaeﬁ, AMACH
1 2,F6,3/5%,36HEXTERNAL DENSITY RATION, DENRTO 2,F0,3/5%,30H]IN
ZUERNAL nEust'V RATIO, TOENRT 2,F6,3/5%,36HPRESSURE=DENSITY LXP
SONENT, NEyGgAM =,F6,3/5X,36HPHASE stront:ou CONSTANT, AxPRIM =,E
411,4/5%)3AMWAVELENGTH, waAVEL 20E11,4)

160 FORMAT (/,5%,ARGLOMETRY/SX,27HFUSELAGE RADIUS, RFUS 3,F7,3/5x%,
127THTURRET LALF=LENGTH, 2,F7,3/SX,2THTURRET HALF=ANGLE, THMAX
2 30k7,3,94 ODEGREES/SX,27THTURRET HEIGHT FACTOR, EPS 3,F7,3/5X,27H
3TURRET HA) FeSPACING, ACL 3,F7,3)

170 FORMAT (/,65%X,3SHTURRET POLYNOMIAL SHAPE COEFICIENTS/SX,24HX=DIRECT
110N, NPROER =,15/5%, 1 {HCOEFICIENTS)

180 FORMAT (4y,SE13,5)

190 FORMAT (/gx,2uHTHETANIRECTION, ORDER =,15/5X,{1HCUEFICIENTS)

200 FEORMAT (//Sx,28MLUCATION OF CENTER OF MIRRUR/SX,6HXM 2,F7.3,5%,6
IHEPSM 3,F7 . 3)

210 FORMaT(//6x, 1 THREAM ORIENTATIONS/SX,18HBEAM  PHI] GAMMA,4X,

* 1 2HMACH WFIGHT)

220  FORMAT(18, 2F¥,2,2F8,3)

230 FORMaT (/,ql,;SnPuAse DISTORTION CALCULATION POINTS/SX,6HANGLES)
240 FORMAT (Sy,SF10,3)
250 FORMAT (/gx,SHRADII)

END

1510
1520
1530
1540
1550
1500
1570
1580
1590
1600
1610
1620
1650
1640
1650
1060
1070
1680
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1700
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1780
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E SUBROUTINE TRAP2N SEPT, 77
b SUBROUTINg TRAP2N (1GOTO,A,8,N2,X,FX) 10
E c ROUTINE Tn PERFORM TRAPEZOIDAL RULE INTEGRATION FOR F(X)2N, 20
k. (4 BEGINING WITH F(X)N, 30
e | c BY G, N, VANDERPLAATS NOV,, 1976 40
e (o NAVAL POSTGRAQUATE SCHOOL, MONTEREY, CALIF, 50
C INPUT 60
c IGOTO = C4LCULATION PARAMETER, INITIALLY CALL TRAP2N WITH 70
(4 lro10 = O, 8o
Cc A 2 LawfFR BOUND UN INTEGRATION, 90
c 8 2 UppgR BOUND UN INTEGRATION, 100
c N2 s NpMRER OF INTERVALS USED IN TWIS SOLUTION, N2 3 1 110
C lg INTEGRATION IS JUST BEGINING, OTHERWISE N2 = 2N 120
c Of PREVIOUS SOLUTION. 139
c FX 3 Fex)N ON FORST CaLL (IGOTN=0) AND F(X) ON SUBSEQUENT CALLS 140
c (rgoTo=1), 150
¢ OuTPurY 160
c IGOTO = CjLCULATION CONTROL, IF 1GOTO,NE,0, CALCULATE F(X) AND 170
. c CaLL AGAIN, 1F [GOTD30 ON RETURN, INTEGRATION IS COMPLETE 180
c X 3 XevaLUE FUR NEW FUNCTION EVALUATION (IF IGOTO.NE,.O) 190
c FX = Fex)2N TF 1G0T0=0, THIS IS FINAL SOLUTION, 200
€ USAGE K 1S TOTAL NUMBER OF TRAPE20IDAL SOLUTIONS DESIRED, 210 ;
: c Do 20 I =_y,K 229 i
3 c N2z2a2(l=y) 250
5 i c 16010 = 0 240 o
- | € 10 CALL TRAP>((IGOTO,A,B,N2,X,FX) 250 f
* C 1IF(1GNTO0,Fn,0) GO TO 20 260
= i c FX 3 F(X) 270
| c Go T0 10 : 280
gx | ¢ 20 CONTINUE 290
A c SOLUTION 7§ COMPLETE, 300
£ | ¢ : i 310 :
e | IF (160TOoq) 10,20,40 320 :
e | c CONSTANT, 330 §
4 10 Hz(Bed)/F) oAl (N2) 340 i
3 FNzO, 350 :
. “'l' 300 3
: A2z}, 370
g & IF (N2,6T° 4y GO TO 20 380
b c SPECIAL CaSF, 1 INTERVAL, 390
3 - AtsH 400 ;
. A22,5 s !
e | XsA : 420 '
B | 160%0=1 430 | &
B | RETURN 440 & |
| c GENERAL CaSE, N2.GE,! 450 3
. 20 FN13,SeFXqay 260 e |
5 Ize a70 - |
i | 30 I=s1e2 480 ]
) | IF (1.GT.n2y) GO TO SO 490 |
. XZA+FLOAT (1) aH S00 e |
- ‘ |
B ;
& ‘4
. | 3
H LR |
2 { i ‘;
1 | 3
i 225
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SUBROUTINF TRAP2N

160102
RETURN

40 FN3FNOFX
GO 70 30

SO0 FNzA2«FN
FX3FNLeFNgH
1607020
RETURN
END

226
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si0
$20
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S40
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SUBROUTINg xRTPOB ; SEPT, 77
0

SUBROUTINg XRTPOB (XM,EPSM,PHI,G
+GAMMA ,RHO,RB,ETA,» X, R, THET
g :euéxns Tn c;:ggt:1$scoonolNAres, x,n,tuétA'orA; éo;nteo;'x';élﬂ. ;g
o No vanN A
(4 NAVAL POSTGRADUAT bl 3
S el G € SCHOOL, MONTEREY, CALIF, 40
c XM = y.LOCATION OF CENTER OF MIRR : 4
.- 0“
c EPSM = 7. 0CATION OF CENTER OF uxnnnR: 4
c PHI 2 AZMUTH ANGLE MEASURED FROM PNSITIVE XeAX[S "
c GAMMA = FIFVATION ANGLE MEASURED FROM XeY PLANE : %
¢ KMO = pISTANCE ALONG 4EAM, i e
2 pADIAL DISTANCE FROM CENTER NF BEAM
3 ETA = ANGULAR % 544
i ANGUL LOCATION MEASURED FPOM LINE IN THE XeY PLANE, 129
c b3 2 YoCYLINDRICAL AND CARTISTAN ot
YeCYL OR
c Y 2 §oCARTISIAN COORDINATE. | ' vk 150
g 5 z 7.c;at131gn COURDINATE, / 133
= RADIAL LOCATIUN TO POINT FROM XeAXIS
c THETA = CIRCUMFERENTIAL LOCAT 8 4
ION OF POIN R -
g NOTE « ALL ANGLES ARE IN REDIANS, i s ::g
c CONSTANTS', 210
SNPSSIN(PuHT) b
CNP=COS(PuWT) o
SNGESIN(GamMmA) oo
CNG=CNS(GammA) 4
SNESSIN(ET,) 200
CNE=COS(ETA) 270
E SAR7§SIAN,COOGDINAYES. gzg
2 XM = aHNeCOS(GAMMA)«COS(PH e R
(4 ua.cos(sr,,.srntsAnMA)zcos(surf) bl e 300
¢ :s:";:";o;cuc;c‘“:-nut(SHE.SNP-CNE.SNG.CNP) 228
*CNS(GAMMA) «aSIN(PHI) « RB N ¢
c RA*COS(ETA)aSINCGAMMA) aSIN(PHI) o i 330
: ;:aug;g:c,snp.ﬁe.(swe.cnpocne-SNG.SNP) iig
= + RHNaSIN(GAMMA) ¢+ RB«CO >
" lsEPsnoknn.sNGoRe-CNE-cné sabic bt mo it ;Zg
¢ POLAR COUPNINATES S5
¢ hyin INa o 380
c R 2 SART(vee2¢2ex2) ban
R3SART (Yo ,242a02) &
E | c THETA = ApCTAN(=Y/2), azo
B | c ?ga?ga;c;:qst ZERO DIVIDE, :ig
e | (Zy,LT,1,0E=6) Z= -
g“ | | . Aol ey 1,0E=b 440
3 | THETAZATAN(Y2) i1
| c ::GL% G:tareﬂ THAN P12, :;:
l (Z,LT,0,) THETAZ3,1415927=THET
c NEGATIVE aNGLE. ¢ : 5 490
490

IF (Y,GT,0,) THETAZ=THETA 500
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SUBROUTINg ZERN SEPT, 77

SUBROUTINE ZERN(R/R1,R2,T1,T20AZ,A10A2,A3,A)

OTMENSION 2(10),2(10)

ROUTINE Tn CALCULATE OPTICAL PROPERTIES OF PMASE DISTORTION IN

TERMS OF 7pRNICKE POLYNOMIALS.

B8Y G, N, yANDERPLAATS MAY, 1977,

NAVAL POSTGRANUATE SCHOOL, MONTEREY, CaALIF,

PHASE DISTORTION IS ASSUMED OF THE FURM AZ & AQeR & A2aT & A3aRwT

WHERE R = RADIUS AND T = THETA [N RApIANS,

INPUT, J

R 3 BEAM panlus,

Ry, Ty = ynwER LIMITS OF INTEGRATTION,

R2, T2 = pPER LIMITS OF INTEGRATION,

AZ, A1, A>, A3 3 PULYNOMIAL COEFFTCIENTS,

A 3 VECTOm 0oF ZERNICKE COEFFICIENTS, ON FIRST CALL TO ZERN A MUST
8€ ZEro. .

eee= QUTPUT,

A = UPDATEn VECTUR OF ZERNICKE COEFFICIENTS,

DO 20 I=1,4

GO TO (21,22,23,24),1

CALL ZINT(R,Ry,T10AZsALrA2/A3,2)
SIGN=1,

Gn 10 25

CALL ZINT(R,R1,T2,AZ,A1,A2,A3,2)
SIGN=ze},

G0 To 2%

CALL ZINT(Q,R2,T),AZ,A1,A2,A3,2)
SlGN:-l .

GO To 2S5

CALL ZINT(@,R2,T2,AZ,A1,A2,A3,2)
S1GN=y,

CONTINUE

00 30 J=1 49

A(J)ZA(J)4SIGNRZ(J)

CONTINUE

RETURN

END

229
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00

70
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230
240
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280
290
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310
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SUBROUTINg ZINT : SEPT, 77

SUBROUTINg ZINT(CAPR,R)THETA,AZ A ,A2,A3,2)
OIMENSION 2(10)

. ROUTINE Tn FVALUATE INTEGRAL OF ZERNICKE POLYNOMIAL TIMES PHASE

DISTORTION AT R ANp THETA,
BY G, N, yaNDERPLAATS MAY, 1977,
NAVAL POSTGRADUATE SCHOOL, MUNTEREY, CALIF,

CONSTANTS'

CR23CAPRepr PR

CR3sCR2+CaPR

CRas=CR24Cq2

K2zR#*R

R3IsR24R

R4=R2eR2

RSsRaRY

RezR3«R3

T2STHETAaTHETA

STSSIM(THETA)

ST23STeST

ST33STaST>

SZT:S!N(Z;.YHETA)

S3ITESIN(3 _oTHFTA)

CT=COS(THeTA)

CT23CT#CT

CT}SCY'CT?

C212CNS(2, 4 THETA)

C3T2CUS (3. «THETA)

P1=3,1415427

SAPI=SQRT;p1)
Z(1)3R2aTHETA(,5eAZ+ALaR/3,¢THETAR(,25042+A5aR/6,) )/ (CAPR2SGPI)
TILT,
2(2)32,#R34(STa(AZ/3,4,254ReA1)#(CTHTHETARST )9 (A2/3,4,25+A32R))/
* (CR2eSQPY)
2(3)222,2030((AZ/3,4,25+A12R)aCTu(ST-THETARCT)#(A2/3,4,25%432R))/
* (CR22SQP7) 3

Focus,

1(0):1.0041olbaRZaTNETA.(,25.(RE-CRE).(Al.,SaAZ.THETA)0
* Re(Al14,54,3°THETA)*(,24R2=CR2/6,))/(SQAPI*CR3)

ASTIGMAT [qu,
Z(S)'Z.dnqul97nﬂﬂ-(.Sa(.ES-AZo.Z.Al-R,aSZTo.Sa(.25.12¢.£-A30R)'
* (THETA®SO74.25+C21))7(SAPLI*CRS)
21(6)82,340gR97eRU#(ST2a(,250AL4,24A10R)*(,254A2¢,22A32R) 0

* (THETARST e SaTHETAS ,25482T7))/(SOPI+CR3)

Coma,

Blz,2eA24a1eR/0,

B22,2¢A2443R70,
L(7)22,82Ru27oRS#(BLa(STa(CT242,)/8,°ST3)¢+R20(3,aTHETA2S3T4C3Te
* ?7.tfHEVA.SlOS.'CI'lh.OVNEYIOSFSolZ.tcfnST?)/Sb.)I(SQPIGCRQ)
L(R)22,8284271*RS*(BIo(CTY=CT#(8T242,)/3,)¢R2#(3,aTHETARC3T=S53Te
® 27 aTHETA,CT43,0ST436,0THETAGCT3212,0e5TaCT2)/306,)/(SNPIaCRY)
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250
200
270
280
290
500
510
320
330
340
350
360
370
580
390
490
410
420
a3o
440
450
dov
470
480
490
S00
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APPENDIX C

DATA FORMS
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i A i

> oS ek iy
£ SIREREY SHeH=21. A

P

NP SO




it e

COPES DATA
DATA BLOCK A

e i

[ TITLE [ FORMAT
* | 2044
DATA BLOCK B %
+B :
E S e e —
| NCALC_| YDV NSV N2VAR | IPNPUT | IPSENS | AR FORMAT
. *, ?;'!fn?oh?l
s ‘K
; DATA BLOCK C - OMIT IF NDV = 0
= + = i co
% , jeRmr Trmiax TTcwotR TWSCAL TTTRM TLTNOBY T WAGHC TNFDG rggsr
DATA BLOCK D - OMIT IF NDV = 0
i o — SN T SO RS £
FDCH__| FDCHM__|CT CIMIN | CIL CTLMIN | THETA | PAI FORMAT
¥ Rnianl s mSEh0.
DELFUN | DABFUN FORMAT |
# : 2F10
DATA BLOCK E - OMI NDV = 0
+ PN CO
4 NDVTOT | T0BJ | SGNOBJ FORMAT
* 2110, F1
DATA BLOCK F - OMIT IF NDV = 0
b fE R it " co
i | VLB VUB X SCAL FORMAT
i - 4F10
|
|
i
.1
1 i
| it
4. |
|
|




COPES DATA CONT.

DATA BLOCK G - OMIT IF NDV = O

S

[ NDSGN IDSGN

AMULT

COMMENT!
FORMAT
110,F16{

DATA BLOCK H - OMIT IF NDV = 0

COMMENT
NCONS FORMAT
110
DATA BLOCK I - OMIT IF NDV = O OR NCONS = O
B CORMENT
. ICON JCON LCON FORMAT
110
S COMMENT
BL SCAL1 BU SCAL2 FORMAT




3
o
i COPES DATA CONT.
3 1
s DATA BLOCK I = CONT.
B | - ey —
4 :
? )
|
4
b, |
E
3 {
E | DATA BLOCK J - OMIT IF NSV = 0
3 +3
‘ NSOBJ FORMAT
A * 0
v )
- | +
A b ;ﬁﬁ NSN2 | NSN3 | NSN4 _ |NSN5 ] NSN6 | NSN7 ] NSN8 | FORMAT
E | . I
|
0
i | DATA BLOCK K - OMIT IF NSV = 0
5| +|§
| [_ISENS_| NSENS T
- 10
+ s — pressc—— ce——
& SNS1 | SNS2__ | SNS3 SNS4 _ JSNS5 | SNS6 SNS7_ ] SNS8 RMAT
* i *
E -
ﬁ. +1S
: ISENS | NSENS : 7 :
E SNS1__| SNS2__ | SNs3 SNS& NS NS6 SNS/ | SNS8 | FORMAT |
£ | - *
f : 3
i
Q\.
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COPES DATA - CONT.

DATA BLOCK K - CONT.

+f5
» [ ISENS | NSE FORMAT |
i * 110 |
. T S - q
4 SNSL__ | SNs2__ | sNs3 SNS 'SNS5 ] SNS [SNS7 ] SNS8 . | FORMAT |
E | * [ 8F10 |
; |
3 : e G
SENS | NSENS FORMAT f
* 2110
+ COMMENT]
4 SNSL | SNs2 | sNs3 SNS4__ JSNSS | SNS6 ] SNS7 ] SNS8  § FORMAT |
; . 8F10
{

i ‘ DATA BLOCK L - OMIT IF N2VAR = 0
)

+5" iz R ' | COMMENT]
- | N2VX [M2vX  |N2VY M2VY | FORVAT
. - | 4110 3

DATA BLOCK M - OMIT IF N2VAR = 0

g | Lyz1 NZ2 NZ3 NZ4_ NZ5 NZ6 NZ7 NZ8 FORMAT
3 b BI10
| DATA BLOCK N - OMIT IF N2VAR = 0
i W =L i = Z COMMENT]
B X2 X3 X4 <5 X6 X7_ X RMAT
* SF10 | ‘
i
| BLOCK O - OMIT IF N2VAR = 0
2 B i = - e
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 FORMAT
E | - SF10 | 4
]
% ; i
i | DATA BLOCK P !
¥ lm FORMAT ]
* |[END 3AL
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p—

eheet

LASER TURRET ANALYSIS DATA

P

BLOCK A

DAT,

WAVEL

s

EPS

ACL

AL THMAX

DATA B

IER DENRTO | TDENRT | DENGAM | AKPRIM

*

RFUS

DATA BLOCK C

=

NTHBC

NXBC

DATA BLOCK D

YPBC

DATA BLOCK G

BBAR B B
 [ERaE0 TBBAR'T TReARs T BBARS




DATA BLOCK I

TR

Ll )

LASER TURRET ANALYSIS DATA - CONT.

EPSM ™ FORMAT |
* | 2F10 |
DATA BLOCK J e
NETAI [ NRBI FORMAT
*| 2110 |
DATA BLOCK K Lol i o
ET. [ETA2 ] ETA3 ETA% ETAS ETA6 ETA7 ETA8 FORMAT §
* 8
DATA BLOCK L N
RB [ RB2 RB3 RB4 RBS RB6 RB7 "RBS r':omm |
* 8F10
DATA BLOCK M
NBEAM FORMAT |
*| 0w |
DATA BLOCK N
PRI GAMMA |AMACHI | WGHT FORMAT |

4F10
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