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ABSTRACT

A program has been developed which calculates optical path length

and phase distortion arising from the density field surrounding a laser

turret . Further , the program finds the optimum turret shape yielding

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

a~ coefficients for the turret shape polynomial in x—dlxection

coefficients for the turret shape polynomial in the e—d irection

extent of turret in x—direction; for x~ > .~~ radius of fuselage is R~.

t L the distance 2L is separa t ion between turrets

OPL optical path length

PD phase distortion; nondimensional

r radial distance

~
l
~1 I

-E R~ fuselage radius

W~ weighting factor for i—th bean direction

x axial distance in cylindrical coordinates

axial location of mirror center

z reference direction to measure angles within beam cross section
2 2

shorthand notation for 1 —

beam elevation angle

c nondimensional turret height ; R0 is reference length

radial location of mirror center

polar coordinate used to locate points or rays within the beam

8 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 descr ibed here which obtains the optimum shape

of a laser turret to minimuze optical. distortion of a laser beam. The

analysis and optim ization procedure on which the program is based are

• described in detail in Ref . 1.

The turret is assumed to be situated on a cylindrical fu selage, as

shown in Figure 1. The details of the turret geometry are shown In
a Figure 2. The shape of the turret is def ined by the product of two

polynomials, so that

r — €f (x) f(8) (1)

where

f(x )_ l +~~~ x +~~2 x2 +...+~~kx
k (2)

and

f(8) — 1. + b2 8 +. ..+ te~ (3)

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

FIgure 1. Small Perturbation Laser Turret on a Cylindrical Fuselage.

4
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Figure 2 . Turret Geometry .

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

2 $ 
~80

~~ $xx + + rr ’ ”~ T ’ 0  (4)
r

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

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

subsonic and supersonic flow. For transonic flow the analysis is nonlinear ,

L even for muall perturbations, and is not considered here. Reference 2

L. j discusses the formulat ion of the aerodynamics model for a variety of

geometrical shapes and flow reg imes.

From the solution of the potential equation, the perturbation . -
•

4 velocities, u and v , may be calculated anjwhere in the flow field. From

knowledge of the flow field the optical path length on any rs.y of a laser

7
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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

S 

and the ray on the beam center is calculated as

I ~OPL — OPL~ — OPL~ (5)

where the subscript i corresponds to the ref erence ray and j  corresponds

11 to the particular ray being considered. The phase distortion, PD, is

def ined as a~OPL/A where X is the wave length of radiation; Ref a. 3 and 4
- 

- - 
discuss OPt and PD in more detail.

LASER BEAM Z
N S..

4 . 
-

- 

- N / PRIMARY MIRROR
T AXIS OF

BEAM / N LASER TURRET/
H I  /
H 

x ~~~~~~~~~~~
.

~~~~~
—-

- ~~~~~~~~

. Y —

~ ~~~ / , /

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ “AZ1MUTH
7 ~ELEVAT)ON

REFERENCE
M~ AX ES

FIgur e 3. Laser B eam Orientation
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Phase distortion, PD, is calculated numerically at several radial

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

(PD) 2 over all calculation points for several beam orientations is con—

sidered to provide a measure of the “goodness” of the turret design.

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

then determined to minimize

SUMPD — W~, I I (PD) 2 (6)
orientations radii angles

where W~ is a weighting factor applied to the i—tb beam orientation. The

COPES/CO~~~N optimization program (Ref .5) is used to provide the turret

optimization capability.

rrayj

~~~~~~~~ 17 ICAL PHASE
DISTORTION
CALCULATION
POINTS
BEA M
CROSS-SECTION

- 
I - Figure 4. Phase Distortion Calculation Within the Laser Beam.
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Finally, the optical aberrations 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; ~ee

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.

1 1
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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

- accrony~i for COntrol Program for Engineering ~ynthesis, and CONMIN is an

accronym for CONstrained function MINimization. Both are general purpose

programs which may be applied to a wide var iety of engineering design

1 problams (Ref . 7) . If only the analysis of a specific turret shape is

I 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

- . 
-
~ the input data .

H ( COPES 
_ _ _ _

I cONMIN I TURRET
ANALYSIS

Figure 5. Program Organization.

The combined program containing COPES , CONMIN and laser turret

analysis is ref erred to by the accronym LASTOP , for LASer Turret ~ptImization.

1- 1 The entire program is written in FORTRAN IV and has been executed,

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

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

.9, 
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The program read s from unit 5 and wr ites on unit 6. Units 20 and 40 are

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

at the beginning of the COPES program.) Execution times on a CDC 7600

1 computer are approximately 0.3 and 1.0 CPU seconds for subsonic and

- supersonic flow respectively for the analysis of one b.am orientation .

In a typical design optiml~ation run, fifteen beam orientations may bS

considered. Assuming fif ty cand idate designs are analyzed b~~ors the

optimum is obtained , the total CPU time is from 200 to 750 seconds.

To execute the turret optim ization program, th. user must be

familiar with the mechanism by which data are transferr ed between analysis

and design programs . This is th , subj ect of th , following section.
~~~~~~ S1
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Eli. DATA TRANSFER

To coupl e th. ana lysis and opt imizatio n programs for au tomated design

opt imization , pertinent data must be transferred between pro gra ms. This
- 

I is dons by means of a single labeled common block. To execute the pro gram ,

it is necessary for th . user to know what inf ormation is transferred and

the locat ion in coomon of that inf ormation. This section def ines the data

to be transf erred and ident if ies their location within the common block. -

Th. variables contained in the “GLOBAL” common block are listed below;

the t erms have the following meanin g: I

LOCATION — The physical location of the variable in the common block.

por example, the polynomial coefficient is in location

2 while is in location 3. The usual design obj ective

(phase distortio n) , SUMP D2 , 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, obj ective and constraint functions are

interchangeable. For example, the minimum turret half—l ength

L (location 2].) 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 (locat ion 76) may be squght. subj ect to a

S -

13
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V
constraint on maximum phase distort ion (loestion 169) .

Because the turret height is intended as a design variabl e, —

it must also be a design variable here because it only ap— -

• . - pears on the right-hand side of equations in the program.

FORTRAN — Th, FORTRAN name of the variabl, used in the program.

MAXE — The mathwtic.a1 symbol for the variable (used in Ref . 1).

DEFINITION - Physical meaning of the variable .

i — i

I 
- 

-

- -
~~ I
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LOCATION TYPE FOWZRAN MASTR DEFINITION

1—20 D ABAR(20) Polynomial coefficients on
fr I 21. S ACL L Turret half—spacing for Fourier

anal ysis.

22 S AKPRIM k’ - Constant in phase distortion cal-
culations.

23 D,S AL L. Turret half length divided by RPUS.

24—53 S AMACRI ( 30) M ,, Mach number associated with i—tb
beam orientation.

54—73 D BBAR(20) Polynomial coefficients on f(8) .

74 S DENRTO Density of air divided by density
of air at sea level.

75 S DENGAM y Exponent in pressure-density re- 
-

lationship.

76 D,S EPS e Turret height divided by RFUS .

77 S EPSM Mirror center height divided
by RFUS .

78—107 S GAMMAI(30) y Elevation angle of i—th beam
orientation.

4 108—137 S PHII(30) $ Azimuth angle of i—th beam
orientation.

. 138 S RZUS a0 Fuselage radius (meters) .

139—168 C SLOPEX(30) f ’(x) Slope of turret surface in stream—
wise direction.

-

‘ 169 0 SUMPD2 £(PD) 2 Sum of squares of all calculated
phase distortion s.

— 170 D,S TDENRT p/p L Density of air instds canopyS divided by density of air at sea
- -

- 
level.

171 D,S THNAX Half angle of turret (degrees) .

• 172 S WAVEL A Wave length of radiation (meters)..

173—202 S WGHTI( 30) W~ Weighting factor on i—th beam
or ientation.

203 S X—coordi nate of center of mirror.
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IV. PROGRAM DATA -

1 The data for laser turret analysis and optimization are separat ed

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

- - -
~ the analysis and design operations. These are followed by the turret

: 1 analys is 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

simple d~river program given in the subsection on laser turret analysis .

In this case, the COPES data are omitted , and only the turret analysis

data are provided.

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

- preparing a prob lam.

I . 
-

a

I

-

-

1

i
i

_ _  
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A. COPES - A CONTROL PROGRAM FOR ENGINEERING SYNTHESES

The COPES program is a general purpose program to aid in design

- optimizatio n and is not limited to the specific application for which it

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

-
‘ co on block called GLOBcM.

The COPES program provides four specific capabilities:

1. Simple analysis — just as if COPES was not used .

2. Optimizat ion - minimization or maximization of one calculated

function with limits Imposed on other functions.

3. Sensitivity analysis — the ef f ect of changing one or more design

variables on one or more calculated functions.

- - 4. Two—variable funct ion space — analysis for all specified

combinations of two design variables .
- 

- COPES utilizes the general purpose optimization program CONM IN

(Ref. 2) for optimization, and this is the capability of primary interest

here. Data requirements for options 3 and 4 are included for completeness.

To better understand the COPES data requirements , the following defini—

tions are useful:

Design Variables — Design variables are those par ameter s which the

I optimization program is allowed to change in order to Improve the design .

Design variables appear only on the r ight—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 requir ed to have the

17
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seas value or be In a constant ratio, one 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 e directions,

the coefficients 
~~ 

may be independent variables, and the 
~~ 

say be dependent

variables . In this example, the total number of design variables will then

• 

. be twice the number of independent design variables.

Obj ective Funct ion — Th. parameter which is to be minimized or sax-

imized dur ing optimization is an objective function. Included are parameters
- 

- calculated as a func t ion of specified design variables during a sensitivity

or two—variable function space study. Obj ective func t ions 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. In this way, the maximum height is foaM for

which no constraints are violated.) An objective function may be linear or
~1~

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 func t ions always

appear on the left side of an equation. Just as for objective functions,

constraints may be linear or non—linear and implicit or explicit but must

be cont inuous 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.

I -i - 
The data required to run the COPES program are now def ined .. All GLOBAL

LOCATION NUMBERS ref er to the location of the specif ied variable in the

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

loc*tions are listed in the sect ion entitled DATA TRANSFER.

18
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4—i

-. 
The data are segmented into “b1o~~~” for convenience. All formats

are alphanumeric for TITLE, END, and STOP cards; F].O for real. data; and

1 110 for integer data . Comment cards may be inserted anywhere in the data

- 
- 

stack pr ior to the END card and are identified by a dollar sign ($) in

Column 1. The COPES data stack must terminate with an end card containing

- the word “END” in Columns 1—3.

Data coding forms are provided in Appendix C.

4 1 19
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COPES

DATA BLOCK A

DESCRIPTION: Title Card

FORMAT AND EXAMPLE

3 2 3 4 5 6 7 8 FORMAT

TITLE - 20A4
LASER TURRET OPTIMIZATION

- 

FIELD CONTENTS

1—8 Any 80 character title

RENARIS

1) Program is terminated by the word ‘STOP ’ in columns 1—4.

ft p

:~

-

- 
j 20
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COPES

DATA BLOCK B

DESCRIPTION : Program Control Parameters
•1

k FORMAT AND EXAMPLE

_i_ _~2 3~ 4_ ._ 5 6 7 8 FORMAT

t~~
AT

~~
_ [
~ 
!~ V )ZSV N2Vk~ TPP~VUT rps~~s IP2ZAR

-
- 2 1  4 3 2 0 0 0

FIELD CONTEW~S

1 NCALC: Calculation control
p 0 — Read input and stop~. Data of blocks A—B are

required. Remaining data are optional .
- - 1 — One cycle through program . Data of blocks

A—B are required . Remaining data are optional. —

2 — Optimization. Data of blocks A—I are required.
p Remaining data are optional.

- 
3 Sensitivity analysis. Data of blocks A—B and

p 3—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
- 

p 

analys is will be performed.
4 N2VAR: Number of objective functions in a two

variable function space study-.
5 IPNPUT: Input print control

0 — Print card images plus formated print of input .
- - - 1 — Pormated print of input only.

2 — No print of input.
6 IPSENS: Prin t control for sensitivity analysis. If

I-PSENS.GT.O detailed print will be called for
at each step in the sensitiv ity- analysis.

I 
- DEFAULT — No print .

7 IP2VAR: Pr int control for two variable function space
:4  study. If IP 2VAR.GT.O detailed print will be

called for at each step (each X—T combination) .
DEFAULT — No print .

21.
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1) Field 1 det ermines program execution.

- 2) Fields 2-4 identify which inf ormation will be read in subseq uent
data blocks.
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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 

~ ITEM ILIN0BJ NAC~VC1 NFDG 81l0
0 oF 51 01 0 ci o1

FIELD CONTENTS

1 IPR.INT: Print control used in optimization program,
-
t CONMIN.

0 — No print dur ing optimization.
1 — Print initial and f inal optimization information.
2 — Print above plus funct ion 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.
p 5 — Print above plus each proposed design vector , 

-obj ective function and constraints during the
one—dimensional search.

-
. 2 ITNAX: Maximum number of optimization iterations allowed.

DEFAULT - 20.
3 ICNDIR: Conjugate direction restart parameter.

DEFAULT — NDV+]..
4 NSCAL: Scaling paramet er . GT.O — Scale design

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

.5 ITP.M: Number of subsequent iterat ions which must satisfy
relative or absolute convergence criterion before

.. optimization process is terminated .
DEFAULT - 3.

6 LINOBJ : Linear obj ect ive function identifier. If the
optimization obj ective is Iciown to be a linear •funct ion of the design variables, set LINOBJ 1.
DEFAULT - Non—Linear.

7 NAC~~l: One plus the max imum number of active constraints
ant icipated . -

DEFAULT — NDV+2.

23
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FIELD CONTENTS
- 8 NFDG: Finite differ ence gradient identifier .

0 — All gradient information is computed by f inite
- difference.

1 — Gradient of obj ective is computed analytically. p

Gradients of constraints are computed by finite
F4 -- difference. -

.

1~ 
2 - All gradient information is cosputed analytically.

- I) For LASER TURRET OPTIMIZAT ION, the value of LINOBJ and NFDG should
always be zero. The value of NSCAL — 5 is suggested and ITEM — NAC~~~ — 0

-
- should be used. The value of IPRI NT may be reduced when the user is

- familiar with the optimization output .

I-

24
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COPES

DATA BLOCK D Omit if NDV - 0 in Block A

DESCRIPTION: Floating Point Optimization Program Parameters

FORMAT MID EXAMPLE 
-
:

1 2 3 4 5 6 7 8 PO~~t&T
FDCR FDCHM CT CTMIN CTh CTLMIN THETA PHI 8710
_ p .p  - p.o I .  p .o p p  p .o  p .p p .o p .o — ______

IDELFUN DABFUN I I I 2F10
1 0.0 0.0 1 1 

_ _ _

Note: - Two cards of data are read here. 
-

-. FIELD CONTENTS
p 

1 FDCH: Relative change in design variables in calculating
finite d i f f erence gradients.
DEFAULT — 0.01.

- 
2 FDCIU4: Minimum absolute step in. finite difference gradient

L calculations.
- 

I DEFAULT — 0.001.
3 CT: Constraint thickness parameter.

DEFAULT — —0.05.
; _~~ 4 CTMIN : Minimum absolute value of CT considered in the

optimization process.
- DEFAULT — 0.004 .

- - 
p 5 CTL: Constraint thickness parameter for linear and side

-3 - constraints.
DEFAULT — —0.01.

6 CTLKEN: Minimum absolute value of CIt considered in the
optimization process . -

.

~
: 

- 
DEFAULT — 0.001. -

p 7 THETA: Mean value of push-off factor in the method of feasible -

directions.
- DEFAULT — 1.0.

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

- DEFAULT — 5.0.
1. - DELFUN : Minimum relative change in objective funct ion to

- indicate convergence of optimization process.
I - DEFAULT — 0.001. -

2 DABFUN : Minimum absolute change in object ive function to in—
caca convergence of the optimizat ion process .
DEFAULT — 0.001 times the initial. objective value.

I-

25
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- 1) For LASER TURR.ET OPTIMIZATION default values of these parameters usually
work well.

. 1

H -

I
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COPES

DATA BLOCK E Omit if NDV - 0 £n Block A

DESCRIPTION: Total Number of Design Variables , Design Objective
-
, 

- Identification m d  Sign on Design Objective.

FORMAT AND EXAMPLE - 
-

-
~~~~~ 1 2~ 3 4 5 6 7 8 POR MAPT

I NDVTOT~ 101,1 SGNOLT I 1 12110,!
I 01 163 J —1.0 1 1 - I I
FIELD CONTENTS

- 

1 NDVTOT: Total number of variables linked to the
design var iables. NDVTOT must be greater
than or equal to NDV . This option allows
two or more parameters to be assigned to a

4 single design variable. The value of each
- 

parameter is the value of the design variable
times a multiplier which may be d i f f erent for
each parameter.
DEFAULT - NDV. -

2 lOLl : Global variable number associated with- objective

- 

function in optimization.

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

- 
- minimization.

DEFAULT — —1.0.

R~~~RXS

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.

27
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COPES

DATA BLOCK F Omit if NDV - 0 in Block A

- DESCRIPTION : Design var iable bounds, initial values and scaling factors.

P 
FORMAT AND EXAMPLE

1 2 3 4 S 6 7 8 PORMAT
VIII VUB x I s c i z~~ I I I- I’~° 

P

—3.0 3.0 0.0 1 0.0 1 1 I 1
- 

Note: Read one card for each of the NDV independent design variables.

FIELD CONTENTS

1 VIII : 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

I- ANALIZ.
- ‘

~~
- 4 SCM.: Design variable scale factor . Not used -

if NSCAL . GE • 0 in Block C .

RRMARXS

1) For LASER TURRET OPTIMIZATION , the values used in this mmple
are suggested.

28

-P  
- .~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-~~~~~~~~~~ - . -



- - ,—-
~~~

---,- . — -----------•
~~

.——-- 
~~~~~~‘ “ ~~~~‘!I ~~~~~~~~~~~~ 

P_,_ _55~~ ~~~~~~~~~ ~~~~~~~~~~~~ —- 
~~~~~~~~~~~~~~~~~~~ ~~~~~~ -

COPES

DATA BLOCK C Omit if NW - 0 in Block A.
- DESCRIPTION : Design Variable Identification

, P -
-~ ~

FORMAT AND ~~~)PLE

1 2 3 4 5 6 7 8 FORM AT
P F~~J~ 2a ~~ I I I I
- 

Note: Read one card for each of the NDVTOT Design Variables .

FIELD CONTENTS

• 1 NDSGN: Design variable number associated with
the var iable.

2 IDSGN: Global variable number associated with -

the variable.
3 AMULT : Constant multipliter on the variable.

The valu e of the variable will be the
value of the deSign variable, NDSGN
times AMULT.
DEFAULT — 1.0.

-.

4H
4 -

I - . -

29 
-

H — —

1--
_________ - 

~~~~~~~~~~~~~~ 
— —_ ------ -- - -



rr —, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~v-•-•- - -

~~~~~~~~~~~~~~
-- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _

_~~ _~5._
_ --- --~-----.-5- -.---. .--—----— --~~ 

~~~~~~~~~~~~~~~~~~~ --

/
COPES

- DATA BL0C~ N Omit if NDV o in Block A -

DESCRIPTIQN~. : Number of sets of constraine d parameters.

- FORMAT AND EXAMPLE - - -

ii I 
- 

- - 

. 
.

- 
F

NC0NS
I 

2 ~ 6 7 ~8

FIELD ~ONflNTS

¶
~ 1 1 NCONS: Number of constraint sets in the optimi—

P zation probl am.

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 . -

p - p

I

30 
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COPES

DATA BLOCK I Omit if NDV — 0 in Block A o r if NCONS — 0 in. Block N.
- 

—

DESCRIPTION: Constraint Ident if icatio n and Bounds.

I FORMAT AND EXAMPLE 
- 

- -

1 2 3 4 5 6 7 .8 FORMA T
I I [CON JcON LCON I

~~ 224 - 234 . ii - - -

H - L B L  sc~ i~ EU lsc~ 2 I .  I - 4F10
I — .~~ .3 .~~~ .3~ I -

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

- 
FIELD CONTENTS - - 

-

1 ICON: First Global number corresponding to
- - the constraint set .

2 ICON: Last Global number corresponding to the• constra int set . P

DEFAULT — ICON. - -

3 LCON : Linear constraint identifier for this set
of constrained variables. LCON — 1 m di—
cates linear constraints.
DEFAULT — 0 — Nonlinear constraint .

1 BL: Lover bound on the constrained variables.
- - 

- Value less than —1.OE+15 is assumed unbounded.
-
~~ 2 SCAL1: Normalization factor on lower bound .
-
‘ 

- DEFAULT — Max of ABS (BL) , 0.1. -

3 BU: Upper bound on the constrained variables.
• - Value greater than l.OE+15 is assumed
- unbounded. --- 4 SCAL2: Normalization factor on upper bound .

DEFAULT — Max of ABS (EU) , 0.1.

R~~~RKS 
- - 

-

- 

1) The normalization factors should usually be defaulted.

31
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DATA BLOCK S Omit if NSV — 0 in. Block A

DESCRIPTION: Sensitivity Obj ectives. -

P 
FORMAT AND ~W~ LE —

1 2 3 4 5 6 7 8 FORM AT
NSOBJ 

- 
I i I _ 5 FIlO 

-.- NSN1 NSN2 NSN3 I NSN4 I I 8110
26 27 4d 44 

- -

Note: Two or more cards are read here.

FIELD CONTENTS

1 NSOBJ : Number of separate obj ective functions
to be calculated as function.a of the
sensitivity variables.L 1-8 NSNI: Global variabl e number associated with
the sensitivity objective functions.

1) More than eight sensitivity obj ectives are allowed • Add data cards as
r equired to contain data.

- , 
1 

-

32
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COPES

-~~ - 

- - 
DATA BLOCK 

~~ - Omit if NSV - 0 in Block A 
-:

- 

DESCRIPTION : Sensitivity Variables - 

-

I FORMAT AND EXAMPLE - 
- - -

H 
L 261

EN5
4 

~ ~ 6 7 8 FORMAT

I SNSl ~ 
SNS2 SNS3 SNS4 F. . . . . . I _____ 

-

T 2.01 1.0 3.0 4.ct~ I - -

- - 

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

- - 
1 Note: Two or more cards are read here. -

FIELD CONTENTS 
- 

-

1 - ISENS: Global variable number associated with -~
- the sensitivity variable.

2 NSENS: Number of values of the sensitivity
- 

- 
P variable to be considered.

1-8 SNSI: Values of the sensitivity variable, for
S — 1, NSENS. J — 1 corresponds to
nominal value.

R~~~RKS

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

-
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COPES

DATA BLOCK L Omit if N2VAR - 0 in Block A
P 

DESCRIPTION: Two variable function space control parameters.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORM AT :
E N 2 V X I N 2 V X IN 2V !

A ~~i1 I I 
- 

I I ~~~~~° I
FIELD CONTENTS -

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

2 M2VX: Number of values of X—varia ble to be
- considered.

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

4 M2VY : Number of values of T—vari able to be
F considered. -

iH ‘ 
- 

-

~~ 
I

- -

- , -  I

i -‘ 4
- -
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COP~~
DATA BLOCK !4 Omit if N2VAR - 0 in Block A

DESCRIPTION: Objective Functions of Two—variable Funct ion Space Study.

- FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FORMAT .
I N ~ NZ2 NZ3 F Nz4 • I ~~~ 18 ~ 0

F I 7 4 211 67 I I

FIELD CONTENTS
- 

1—8 NZI: Global variable location corresponding
-~ to ITH function of X and Y in two

I- variable function space.

REMARKS I — 1, NZVAR, where NZVAB is read in Block A.

1) More than eight obj ect ive functions are allowed. Add data cards as
required to contain data.

35
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COPES

DATA BLOC! N Omit if N2VAR — 0 in Block A

DESCRIPTION: Values of X—variable in. Two—var iable Func t ion Space Study .

FORMAT AND EXAMPLE -

1 2 3 4 5 6 7 8 FORMAT
I ~~ l X 2 f  ~ 1 X 4  I . . . I . . .  I 8 ~~0I O.5E i.d i.~I 2.04 I I

FIELD CONTENTS

• 1—8 fl: Values of X—variab le to be considered
in two—variable function space.
I — 1, NZVX, where MZVX is read in Block L.

RENABKS

1) More than eight X—valu es are allowed . Add data cards as required to
contain data . -

I- - 

-

36
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COPES

DA~~~BLXK ~ Omit if N2VAR - 0 in. Block A

DESCRIPTION: Values of 7—variable in two—variable Function Space Study .

FORMAT AND EXAMPLE

1 2~ 3 4 5 6 7 8 FORMAT ’
Yl 72 f Y 3  E~~ I~~ I~~ I 1~~~° I ~ 

—

H 0.0 — 1.0 I 1.0 -t I I I I I -

FIELD CONTENTS

1—8 - Values of 7—variable to be consider ed
in two—variable function space.
I 1, MZVY, where I~ VY is read in. Block L.

R~~~ RKS

1) More than eight 7-values are allowed. Add data cards as required to
contain data. -

1-~
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COPES

DATA BLOCK P
- - 

DESCRIPTION : Copes data ‘END’ card.

FORMAT MID EXAMPLE

1 2 3 4 5 6 7 8 FORMAT
I I 13A.1 . IIiND I I I I ’

FIELD CONTENTS

- 
1 The word ‘END ’ in columns 1—3 .

R~~~RXS

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

2) This ends the COPES input data.

5~~~
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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 prog ram
- 

—

can be run by itself by using the following simple main program .

C MAIN PROGRAM FOR STAND ALONE LASER TURRET ANALYSIS. -

C

c —  n~pui
ICALC — ]. -

-
- CALL ANALIZ (ICALC)

C

C - EXECUTION AND OUTPUT .
— IC A L C — 3

CALL ANALIZ (ICALC)
STOP
END

- ‘ If this main progam is used , the COPES and CONM IN routines are omitted,

and the COPES data are not read . This provides simple analysis of a specified

turret and allows the turret analysis program to be tested independ ently.

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

F unit 6. -

The input data are segmented into blocks for convenience, just as for the

COPES data.

P 
Comment card s are not allowed in the turret analysis data.

Data coding forms are provid ed in. Appendix C.

-
‘S

- - 
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TURRET

-

~~~~~~ 
P DATA BLOCK A

DESCRIPTION: Title Card .

FORMAT AND EXAMPLE

- 
I

1 2 3 4 5 6 7 - 8  FORMAT
2~ 44

& T.ARVR T1T~ P~ T AMALYSIS

I :, FIELD CONTENTS -

1—8 Title : Any 80 character title.

a

--
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- TU~.RET

DATA BLOCK B

I DESCRIPTION : Aerod ynam ics, Optics constants

FORMAT AND EXAMPLE

1 2~ 3 ’  4 5 6 7 8 FORM AT
[AMAcE I DENRTO~ TDENRT I DENGAN ~ 

A1CPRIM WAVEL 
~ 

6F10
I 1.25 1 .25 I .25 

~ 
1.405 ~ .00023 3.44 

-

- 
FIELD CONTENTS

1 ANACH : Freestream Mach number.

2 DENRTO: Prees trea m air density/sea level density

3 TDENRT : Air dens ity inside turret/sea level
density

- 
- 4 DENGAZf: Exponent in pressure—density relationship

H .2. — (.a )~ -

- 
p0 p0

• 5 AKPRII4 : Phase distortion. constant , k’

6 WAVEL : Wav e length of radiation , A (meters)

R~~~RKS

-. 
- 

1) AMACE is the freestreain MACE number for all, beam orientations unless
specified otherwise in data Block N.

.5-

i P

- - 

P

41



r’
~
’
~ 

- -

~~~

------ --— - — •—————r’- ~~~~~~~~~~~~~~~~~~~~~~~~ - - - 5-s -s~ P-s~.5-s-s5-s -5~~-s _.55_ -s_-s~ ~~ _~,_~ _ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ _ --------
~

----- -:-——-- - —--— —- 
~~~~~~~~~~~~~ ~~~~~~~~~~~~~

TURRET

DATA BLOCK ~
- 
I 

- - 
DESCRIPTION : Turret Geometry

I 
-

FORMAT AND EXAMPLE -

1. 2 ’  3 4 5 6 7 ‘8 FORMAT
AL I T U M A X I A C L I E P S  I I
2.01 60.1 io.I 0.3 I I I

- FIELD CONTENTS -

1 RZUS: Fuselage Radius (meters)

- 2 
- 

AL: Turret half length divided by RPUS.

- I- 3 TENAX: Half angle subtended by turret (dig.)

4 ACL: Half spacing between turrets dividedF by RIUS , for Fourier Series calculations.

- ~~
- 5 EPS : Turret height divided by RFUS at

- x — r — 0 .

REMARKS
- 

1) ACL must be much larger for supersonic flow then for subsonic flow
to avo id interf er ence between turrets. ACL 5. is adequate for subsonic

- 
flow calculations.

- -

: 1  - 

-

~~

- 42

• I
- -- -- -— —,—— - - -—--—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ sr S1.t _

—- 
-

- - - - —



~~~~~--5---~~~ --—5-’- ---- — - s- -~—--~~~~~~~ .---.-—--s - - - -

TURRET

DATA BLOCK D

-
~ 

- DESCRIPTION : Turret Geometry -

FORMAT AND EXAMPLE 
- 

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ 6 7 8 F O ) A !  

-

-

FIELD - CONTENTS -

1 MAXK: Order of x-polynoinial_shape f~~~~ion.
- f ( x ) 1 + a lx + . . a k x P

2 MAD: Order of polZnomia]. ship. fun.C~~$u.
- 

f (e) — I + b10 + .. 8

I 3 NXBC: Number of sets of y and y ’ boundary
- I - conditions in x-direction, externally

imposed .
— 

- 4 NTHBC: Number of set s of 8 and 0’ boundary
conditions in 0-direction, externally

- imposed .

1) The ord er plus one of each polynomial must be at least as great as
- 

- the actual number of exter nally imposed boundary conditions. 
-

I ’

-j

43
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TURRET

- 

DATA. BLOCK E

DESC*IPTION: Polyn omial co.f f icien~ in x-direction.

FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 P O~~(*Zf i. I .. 1 . — hu.R6 F ...18710 I
L 0 4 — .61Uh1 0. — .18056 O $— .0O694’4

FIELD CONTENTS

1—8 ABABI - Coefficient of x—polynomial shape
function, f(x) — l  +~~~~~+H - maxk - 1
a x -insxk

R~~~&KS

I 1) The total number of coef f icients equals 1 + MAXK . Additional data cards
- are used as required to contain the data.

it :_1 :
1

i•~ I _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ _  _ _ _
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TURRET

DATA BLOCK F

- DESCRIPTION: Geometr ic boundary conditions in x-direction.

FORMAT AND EXAMPLE 
-

1 2 3 4 5 6 7 8 FORMAT ) - ,

L x  In c  I YPBC T I I 1 3n0 1I —‘.1 0.1 o.I I I I I - ;
- 

Not.: MISC card s are req uir ed.
-

~~ FIELD CONTENTS

1 X: X—location as fraction of tu rret half—l ength , AL ,
where boundary conditions is imposed. -

2 TBC : Required value of f(x) at x.

3 TPBC: Required value of f’(x) at x. 
-

P -
~~ 1) The boundary condition that f(x ,0) • BPS at x — 0 — 0 is automatically

imposed .
¼ 

2) If YBC or TPBC is input greater than or equal 200., the corresponding boundary
P condition is omitted , i.e., if YPBC — 200., no boundary condition is

imposed on f’(x) .

45 
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TURRET 
P

DATA BLOCK G

-

! 

- 
- DESCRIPTION : Polynomial coefficients in 0—directions.

FORMAT AND EXAMPLE .

1 2 3 4 5 6 7 ‘8 FORMA T ’
1 I SRAEl. BBA32 . . .

~~ 
. . • [ . .  ( S R~a~ I ... 1 8F10

i.t 0. — .61111 Ok.18056 I 04-~ 0069&~ I

I FIELD CONTENTS -

1—8 BBARI : Coefficient of 0 polynomiaL shape
function , f(e) • ~ . + +

0aaxp 
-

maxp

1) The total number of coefficients equals 1 + MAR . Additional data
cards are used as required to contain the data.

46
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P 
TURRET

DATA BLOCK H

-

‘ 
- 

- DESCRIPTION : Geometric bounda ry conditions in 8-direction.

- P FORMAT AND EXAMPLE

1 2 3 4 5 6 7 8 FOR MAT-
EHETA

I
TBC I T PBC

J I I [
3PlO

J

Note: NTHBC cards are required.

FIELD CONTENTS

- 1 THETA: 0—location divided by turret half angle,
- THI4AX, where the boundary condition is imposed .

2 YBC: Required value of f(8) at THETA.
3 ?PBC: Required valu e of f ’( 8 )  at THETA. -

H _
P 1) The bound ary condition that f(x ,8) - BPS at x — 8 — 0 is automatically

- 
- Imposed . -

- - 2) If YBC or YPBC is input greater than or equa l. 200., the corresponding boundary
condition is omitted, i.e. , if YPBC — 200., no boundary condition is
imposed on f ‘(8) .

3) Symmetry about 8 — 0 is ~iutomatically imposed.
- 

. 
-

P

- t- - I
- 47
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1 TURRET

DATA BLOCK I

I - - DESCRIPTION : Mirror locat ion.

FORMAT AND EXAMPLE

L i- ¼ -

1 2 3 4 5 6 7 8 FORMAT

I RPsM n 1 I I I 2fb
1 1.15 oj I E I

I FIELD CONTENTS 
-

1 EPSM: Distance fro m fuselage axis to mirror center
-- divided by RPUS . - 

-

2 EM: x—coord inate of mirror cent er divided by imis.

a~~~s
H

1) Mirror is along fuselage centerline, 8 — 0. -

— --Pt-

- 

. 

-

i
~1

‘H

P 48 
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~TUR3~~

DATA BLOCK 3 -

DESCRIPTION: Number of angular and radial location , on
beam where phase distortion is to be cal— -

culat ed .

FORMAT AND EXAMPLE 
-

3. - 2,~ 3 4 5 6 7 ~8 FORMAT

1 8 1 21 1 F 1 I 1
2hb0

1

FIELD CONTENTS

1 NETAI: Number of angular po ints -at which - -

phase distortion is calcula ted .
- 

2 NBBI: Number of radia l points at which -

phase distortion is calculated. - 9

4

49
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TURRET

DATA BLOCK r

-
. DESCRIPTION : Angles around beam at which phase

I distortion is calculat ed .

FORMAT MID ~~~HPLE •

3. - 2 3 4 5 6 
- 

7 8 FORMAT
f ETAl f ETA2 

~ 
ETA3 L . . . . ETA6 ~~ • . • 

~~ 
8710 —

I o4 45.[ 901 225. 1 I •

FIELD CONTENTS
- - -

H 1—8 ETAI : Angle at which phase distortion is -. -

calculated in the laser beam. - -

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 locations.

- - - -

50
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TURRET

DATA BLOCK L

DESCRIPTION: Radial location s in beam at which phase
distortion is calculat ed.

FOLMAT AND EXAMPLE

H 3. 2 3 ’  4 5 6 7 8 FORM Al’
I RB1 I 1~2 i ... f-itz4 [.. f . .j . .  .. 8710 -

-

10.025 10.05 1 - I 0.1 I I I

FIELD CONTENTS

1—8 R31: Radial. location in laser beam at
which phase distortion is calculated

RENAEKS

1) If more than eight radial- location s are consider ed ,
use additional data card s to contain the data .

2) Phase distortion is calculated at each combinat ion
of angular and radial locations.

51
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TURRET - 
P

- DATA BLOCK M

- DESCRIPTION : Number of separate beam orientations to be analyzed .

~P~¼J - - . -

I IORMAX AND EXAMPLE ~. 

-

-H .- - - 
- .

1 2 3 4 5 6 7 8 FORMAT

FIELD CONTENTS 
- -

1 NBEAZI : Number of beam orientations considered in 
-the analy sis. 

-

I -

‘1
-
~ 

P -

I -

~
: -

~
S

I-
-
~~ I
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TURRET

¼-- 

- 

DATA. BLOCK N

DESCRIPTION : Beam orientation information.

- FORMAT AND EXAMPLE 
- 

- . 
-

-

-

~~~~ 

- 

1 2 3 ’  4 5 6 7 8 FORMAT -
- I- PHI I GANMA. I AMkCHI ( WGHT J 1

I 304 45.1 141 1.1 I I — 1

- Note: NBEAM card s are required.

P FIELD CONTENTS 
-

. - 
-

- 1 PHI : Beam Az imuth angle. Measured f ront air craft
- nose positive to the r ight. (degrees)

- 2 GANMA: Beam elevation angle. Measured f rom the

I 

- horizontal plane , positive upward (degrees)
— 3 AM&CRI : Flight Mach i~umber for this beam orientation.

May be dif f erent then AMACH read in DATA
- Block B. DEFAULT • ANACE.

- - 4 WGET: Weighti ng factor which multiplies the phase
- 

~~~~
- disto rtion for this beam orientation.

Measure of relative importanc e to the des ign
-

~~ i obj ective. DEFAULT = 1.0. -

- REMARKS

1) If AMttCHI is read as zero , it is set equal. to AXA CH
- , r ead in DATA Block B.

2) If WGHT is read as zero , it is set to 1.0.

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

~ I 
-
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V. SAMPLE DATA

Assume the tu rret shown in Figure 1 is to be analyzed or designed .
c-

- 
The initial geometry of the turret , together with the aircraf t flight and

beam orientation information, is listed here.

A. GEOMETRY

— 2.5 meters — fuselage rad ius.

£ — 0.3 — turret height r elative to R0.

9. — 2 0 • turret half—length relative to R .0
L — 10.0 — turret half—spacing for Fourier series approx .

— 60.0 degrees • turret half angle.

f (x) — 1.0 — 0.611 1 ix2 
— 0.180 56x4 

— 0.006944 x6 
— shape function in K.

f(8) — f(x) — shape function in 8 [initially the same as f(x)].

- - Boundary conditions Imposed in this example are tha t f(x) — f ’(x) — 0 at x/L —
±1.0, and f(8) • f ’ ( O)  — 0 at O/8~~~ — 1.0. The boundary condition that

f(x ,e) — 0.3 — ~ at x • 8 — 0 is automatically imposed by the program.

A total of f ive boundary conditions is imposed on f (x) so that — a4
i.’ are computed by the analysi s program and may not be design variables . Six

boundary conditions are imposed on f(O ) ( includi ng synmetry requiraments) so

that only b6 may be treated as a design variable. The three design variables

available for optimization in this example are 
-

Variable Global Location

- - 

- 

6

a6
b6 60

Because the aerodynamic analysis is based on small perturbation theory,

it is only valid if the siope of the turret in the x-direction is sau l.

‘ I1-

L
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Therefore, constraint s a:e imposed on the design so that the turret shape

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

—0.3 c SLOPE(I) -c 0.3 I — 1,30

- SLOPEX is stored in global locations 139 — 168 inclusive. -~ 

-

B. AERODYNAMI CS

The aircraf t is assumed to fly at sea level, and the turret is not

pressurized so that

-
~~ DENBTO — TDENRT — 1.0

The aerodynamic and optical constants are

DENGR.A11 — 1.405

AICPRIM — 0.00023
- 

6 ~.Ofrared radiation
WAVEL — 3.4 x l0

AMACE - 0.7 nominal. Mach number

-~~~ C. MIRROR

The mirror is situated at

KM — 0.0

ci EPSM — 1.15

D. BEAN ORIENTATIONS

:~ 
Thr ee orientations are considered as follows: -

- -

-

- Beam Azimuth 
- 

Elevation
(PHI) (GANMA )

1 0. 50.

-~~~ 2 45. 30.

3 90. 10.

I - -

- 

~~TI ~~~~~~~~~~~~~ 
-

~~~
-- - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _________________________________



For brevity only three beam orientations are considered here.

Typically fifteen orientations are used for optimization .

- E. PEASE DISTORTION

The phase distortion is calculated at all combinations of two radial

I and eight angular positions.

R — o.05, 0.10 relative to R0.

— 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

- 
P 

of the mirror .

- - F. COPES DATA

P Based on the above requiresents, the COPES data are listed here on a

data sheet reproduced from APPENDIX C. These data are for a complete

- - optimization. If only a simple analysis is desired, these data may be

I run by changing NCALC in DATA BLOCK 3 to 1 instead of NCALC - 2 given here.

-‘P

4

i_j ~~~

. 

-
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-
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COPES DATA

DATA BLOCK A  -

- TITLE 1 FORMAT
* L4SS~C 7~ci~ A5f  o /rr .’4z~~-9 7-z,,t/ i97 fr~~~ ~~. 7 I 20A4

H DATA BLOCK B
+~ $ BhsCk • C,~u?R~~L. ~~~~~~~~~~~t NCALC NDV NSV N2VAR IPNPUT I IPSENS IP2VAR I FORMAT

-1 I _______ I I - I ano
DAXA B LOcK C-CMIT IF N D V - O

+I s  $LscIc d - Co#frfX ,V J4”~~SFR ~~~~~~~~~~~~€ .4S COMMEN7I
IPRDIT I IDtAX ICNDIR NSCAL ITEM I LINOBJ NACZIX1 I NFDG FORMAT

* rI- I 1 8110

DATA BLOCK D - ~~IT IT NDV -.0 ____________ _ _ _ _ _

+ 5 BLOCk 0 - C.~~,&,tAI R519c. A 4~,Fr5A.~ COMMEN~ 
-

FDCH FDCE1 CT CIMIN Cm CTLMIN 
~~ THETA PHI FORMAT 

-

* _~~~~~~~. 
_ _ _ _  _ _ _ _  

_____________ J_________ 8710
DELPUN DABFUN 

_______ _____________________________________ FORMAT
* e. 

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2710

DATA BLOCK I - o~rr IT NDV - a 
_______  -

+ Is 3L4’ck F - x.iz~~~ P//qsg D.ts~sA rz~~,i I C0MMEN~
NDVTOT I IOBJ I SCNOBJ_ 

___________________________________I FORMAT
* al .uq( —j~~ IZ IlO ,F1

DATA BLO CKF -ONI T IF N D V - 0  
_ _ _ _

+ gL,c* fl-_P~~~~~~~ ~‘~ As~p~~~ g ~~~~~~~~ COMMEN~
VLB VUB X SCAL ___________________________ FORMAT

* 4 (‘s~~fl ‘s~ .r g’~ ,— s 
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

4710 
- -

- —L ~~~~~ ______ ______ ____________________________ ______ -

CDI i~ flCC IN 7• 

~~~~ 

_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

P 
- ~ ..... 1.L _ _ _ _ _  _ _ _ _ _  _______________________ _ _ _ _ _

- - 

-

-1.0 
~~~~~~~~~ 

- 
_ _ _ _ _  - H

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
- - 

. 

—
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- COPES DATA CONT .
- DATA B L OC X G—OMI T IP N D V - O  

_ _ _ _ _

+ S SL.c* ~ - ~~~~~~~~~~~ ~~94f#91L8 j~~ r zf . C.4 f .XOA/ COMMENT
NDSCN IDSGN ANULT __________________________________ FORMAT

- 
* 

~~~~~~~~~~~~~ 
, —ç 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~I1O .T19
- H 

_ _ _  _ _ _  1-0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

-

~~~~~~~~~~~~~~~~~~~~~~~ A-~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

7 .1.. 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _

L~~~~~~ ~~~~~~~~~~ t~~~~~~~ 
- _

-

U ,
—‘.

~ 
—i. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _

-~~~~ D A T A B C K H — O M I T IP NDV O 
_ _ _ _

- + $ ILeC t /i - Cp ~~çr.q ~9 f t/  7~5 COMMENT
NOONS I - 

- RNAT

- 
* 110 

-
~~~

DATA BLOCK I — OMIT IF UDV - 0 OR NCONS - 0 - ______

- 

+ S A.sJ7-~~,4 rur ~~~~‘ slø’fj . COMMENT
- ICON ~ JCON ~ LCON ___________________________________ FORMAT

* iaeI J’SI .1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3110
+ $ ~~~~~~~~~ ~~ s~ii4LL ~çeg~~a~ 5,9TX A/ ‘~~

,R ~‘ COMMENT
: 

______ 
SCAL1 RU SCAL 2 ____________________________ 

FORMAT
- * -03 0.7 0.3 0. ~ ______________________________ 4710 

-
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COPES DATA CONT.

DATA BLOCK I CON~ . 
______  ___________________________ ______

DATA BLOCK 3 .(‘~~~Jt~ NSV - 0
+ 5  C~X’0fEN1

NSOBJ FORMAT
* 110
+ 5  cOMMENI

NSN1 NSN2 NSN3 NSN4 NSN5 NSN6 YSY7 NSN8 FORM AT
- * 8110 -

A

- 

+ 
DATA BLOCK K -~~~~~~ IF NSV - 0 

_ _ _ _ _

- IS ENS I NSENS FORMAT
- ; * I I 2110

- + 5  COMMEN1
$NS1 SNS2 SNS3 SNS4 SNS5 SNS6 SNS7 SNS8. FORMAT

* 8710
:

+ 5  c0MMEN,i
ISENS I NSENS . FORMAfl

* I - 2I1O 1~P + 3  - CO~ ’1ENI
SNS1 SNS2 SNS3 SNS4 SN~~ SNS6 SNS7 SNS8 - FORMAT

- 

* I 1 1 -  8710

1 

. 

- 
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COPES DATA — CONT.

-
~~~ DATA BLOCK K - CONT . - 

______

+ 5  ____
ISENS I NSENS I - FORMAT

* ( I 2110
H + $  _ COMMEN~SNS1 SNS2 SNS3 SNS4 SNS5 SNS6 SNS7 SNS8 . FORMAT

-

~~ * I I I I I  8V10

+ 5  C0!QfENI
ISENS I NSENS I - • FORMAT

* I I - 2110
COMMENI

SNS1 SNS2 SNS3 SNS4 SNS5 SNS6 SNS7 SNS8 FORMAT -

- H * _

DATA BLOCK L —(~~~~~)F N2VAR 0 - 

- 

-

O!’fIENIl
N2VX ~ M2VX ~ N2VY M2VY I I. FO~YAT

- - H -~~~~ *
— I I I X 411o

NZ1 NZ2 NZ3 — ~~~~~~ NZ6 NZ7 ~ T FORMA~
* _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  

8110

DATA BLOCK N -~~~~~~~)i~ N2VA& - 0
+ 

_____  ______  ______  ______  ______  ______  _____  _____

Xl X2 X3 X4 I~ 5 X6 X7 
_ _ _ _  _ _ _

* 
______ ______ ______ ______ ______ —— ______ ______ 

8F10

+ 
DATA BLOCK 0 -(~~~~ )ti N2VAR - 0 ________________________________

Ti Y2 Y3 T4 YS ‘(6 ‘(7 ‘(8 FOR.’(A T_-
- 

* 

_ _  4 -

_ _  _ _  _ _  _ _  

:

8710

DATA BLOCK P

_ _  

l~~9
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SUMMARY OF COPES DATA

LISTING OF DATA AS IT APPEARS ON PUNCHED CARDS
- 

COL.’.l 10 20 30 40 50
p

LASER TURRET OPTIMIZATION AT N — 0.7
$ BLOCK B — CONTROL PARAMETERS

-
~~~~~ 2 3

$ BLOCK C - — CONMIN INTEGER PARAMETERS
- - 5

I $ BLOCK D - CONMIN REAL PARAMETERS. USE ALL DEFAULTS .
-H 0.

- 0. -

- $ BLOCK E - MINIMIZE PHASE DISTORTION
H 

- 

3 169 — 1.0
$ BLOCK F — DESIGN VARIABLE LIMITS
$ COEFFICIENT A - 5
—3.0 3 0
$ COEFFICIENT A - 6

~~- -~ —3.0 3.0 -

$ COEFFICIENT B — 6
—3.0 3.0
$ BLOCK 0 — DESIGN VARIABLE IDENTIFICATION 

P

$ COEFFICIENT A - 5
1 6 1.0

$ COEFFICIENT A — 6
2 7 1 . 0

- 

- 
$ COEFFICIENT B — 6

3 60 1.0
$ BLOCK if — CONSTRAINTS

-

~~~~~ 1
$ BLOCK I — CONSTRAINT ON SLOPE

- i 139 168 1
-~ 

$ LIMITED TO SMALL PERTURBATION THEORY
I —0.3 0.3 0.3 0.3

- - 
$ BLOCK P — END OF COPES DATA
END - 

P

~1
t -1
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C. TURRET ANALYSIS DATA

The data required to analyze the laser turret described above ~ e listed

here on a data sheet reproduced from APPENDIX C. Note that the Mach number

I 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 anothcr run is

desired at a different Mach number, only AMA.CH (BLOCK B) need be changed.

1 - If certa in beam orientations are to be analyzed at dif f erent Mach number.;

the appropr iate value should be read in BLOCK N.

F ,

i_ i
‘~: f 1 62

— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

______________________



1 
- - ____ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

~~~~~~

LASER TURRET ANALYStS DATA 
-

k 
-: DATA BLOCK 4~I TITLE - 

I FORMAT I
* ~~~~ £ ~~~~~~ T”I~~ $r q7- ss,9 ~~~~~ 

- 
I 20A4 I

DATA BLOCK B - 
-

AMACH DENRTO TDENRT J DENGAN AKPRIM ( WAVEL I I FORMAT
o,~~ / 0  ( /~0 I ” 4~~ •~~ .& 3I 3 .4  ~~j 

- 1 6710

DATA BLOCK C 
-

RFUS AL THMAX ACL EPS I I FORMAT1
* £$~ I 2.~~ ( oo~ ~~~

- I ~~~ 1 5110 1

DATA BLOCK D -

I M.AXK [MAX? NXBC NTHBC I FORMA T
‘I a 1 4110

DATA BLOCK E ___________________________________________
A3ARO ABAR1 ABAR2 ABAR3 ABAR4 ABAR5 ABAR6 ABAR7 FORMAT

* __LL ‘ F ‘~~“ 
I ~ 1 ’ ’  I ~ ~~~ I 

8710

- P DATA BLOCK F 
______ _____________________________________ ______

_____  
YBC YPBC 

__________________________________ FORMAT
P * —f. o 0.. 0,. _______________________________ 3710

~fr
/\ 

_________ 

—

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  

- 

- 

-

DATA BLOCK, G _______________________________
BBARO BRAR 1 BBAR2 BBAR3 BBAR4 BEARS BBAR6 I BBAR7 I FORMAT 

--

-~ * ~~~~~~~~~ 
~~ • -

~~. fJJJJ 0• ~~~~~~~ a. ..aeP~r~44f 8710 - 
-

DATA BLOCK H ___________________________________
THETA YEC 

______  __________________________________ FORMAT 
- - .

_v_ j * 
______ 

0. 0. - 3710
________ ________ ________ ______________________________________________

________________________

__________ __________ __________ ____________________________________________________________ __________

- 
-
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LASER TURRET ANALYSIS DATA - CONT.

-
: - DATA BLOCK I

I 
- [ EPSM I ~~ 

FORMAT
*~~~ 1.1( 1 a. I 1 2710

H 
- 

DATA BLOCX J
- METAl NRBI - - I FORMAT

-

~~~~ *( 1 2110

- 
DATA BLOC K K - -

( t~~i ETA2 ETA3 ETA4 ETA5 ETA6 ETA 7 ETA8 I FORMAT
- ì  *( a. 4S is. jss - -/V~. ZZS 270. ~~~~~~~~~~~ ~ 

SF10
_ _ _  I

DATA BLOCK L
~ R31 R32 ( RB3 J R34 R35 f RB6 I R.B7 I R38 I FORMAT

* ~ 
a.og- ]~ a, .j ( I I I - I 1 8110

- 
DATA BLOCK N -

F ( NEEAN ~ FORMAT~
- *( - 3  I 110 ifr-

DATA BLOCK N 
______ ______ ____________________________ ______

PHI GI%~NA AMACHI WGMT _____________________________ FORMAT
- 

* ~~ _s-D. 
_ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

4710
- 4�~ 3o. 

______  ______  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______

_ _ _ _ _  ~L0. 
_ _ _ _ _  _ _ _ _ _  ________________________ _ _ _ _ _

- - -~~~~
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SUMMARY OF TURRET ANALYSIS DATA

LISTING OF DATA AS IT APPEARS ON PUNCHED CARDS

ii  COL.~ 1 10 20 30 40 50 60 . ..
- BLOCK I - - I
- 

A UBSONIC LASER TURRET AT SEA LEVEL - 
- 

-

- - B Li 1.0 1.0 1.405 0.00023 3.4—6
C L5 2.0 60.0 10.0 0.3 

-

H D 6 6 2 1
E ~.O 0. — .61111 0. —.18056 0. — .006944
~ 1.0 0. O~ -

- - F L.O 0. 0.
C ~.0 0. — .61111 0. — .18056 0. — .006944

H H ~.O 0. 0.
H I .15 0.
H J 8 2

K . 45. 90. 135. 180. 225. 270 .
(end of card) 315.

L LOS 0.1
M 3

- N 0. 50.
N 5. 30.
N 0. 10.

F 
- 

A 5TOP ’~~— (New COPES Data Title Card To Terminate Program After
This Run)

. 1  

-

-
- 

I
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-. VI. SAMPLE OUTPUT

- -~ I

-
~ CCCCCCC 0000000 ~ .PP.PP uuj u uss~ss- C 0 O p  P (  5C 0 0~~~~~~~~~ P (  5

- C 0 0 jppPpPp (SEE 5$$5s$$
-
~~~~~ C 0 0 !  $P t  C 0 o £ aCCCCC CC 0000000 P LEEEEU $U~~~~~$S

- N A $~~~~ —

- C O N T R O L P R O ~~~~R 4 p i  -

p O R

- -  
I N O I N E E R I N G  $ Y N T N E S I $  

- -

- 

T I T L E

- 

- 

- 
P 

LA SER TU RR ET O PTTM TZ iT T ON A~ N •
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- - CARD INAGES OF CONTRAL DATA S

- 
- CARD IMAGE

- 

1) LASER TURRET O~TIM TZAfI 0w AT N ~ 0.7
- 2) $ BLOCK B CONTROL PARAMETER S 

-
- 3) 

- 3- I) S BLOC K C — CO~ pIIN INTEGER PARA IETEPS
~-~~1 - 5) 5

6) $ BLOCK 0 — CONM IN REAL PARANETER$ , US( ALL DEFAULT S.
7 ) 0 .

• 6) 0,

~ 4 9) $ BLocK E • M INIM IZE PHASE DIS TORT ION
tO ) 3 - toO 1.0
L i ) $ BLOC K F — DESIGN VARIA BLE LIM ITS

- 12) S COEFFICIENT A — 5
- 13) —3.0 3.0

- 14) 1 COEFFICIENT ~ — 6
- - iS) —3.0 3.0

-
~ 16) $ COEFFICIE NT ~ — o

- 17) —3.0 3.0
- - 

- -  L5~ S BLOCK G — DER IGN VARIABL E IDENTIFICATION
19) 5 COEFFICIENT * — s

- 20) 1 - 
6 1.0

21) S COEFFICIENT 
~ — 6

- 22) 2 7 1.0
- 23) 1 COEFF ICIFNT B — 6

- - 24) 3 60 1.0-‘ -
- 25) 1 BLOCK H — CON STRA INTS

24) 1

27) S BLOCK I — CONSTRAI N T ON SLOPE
P 26) 139 165 1

- 
- 29~ 

s LIM ITED TO SMALL PERTURBATI ON THEORY
P 

- - 30) —0 .3 0.3 0.3 0.3
- 31) S BLOCK P • EN~ OF COPES DA T A

32) (NO

L 
- 

-

-
. - -  - - -- - — - - - -
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CARD IMAGES OF CONTNnL DATA

- 
- 

I 
-

k CARD gMAG C

$ )  LA SER TURRET Oi,1$TZATION AT N * 0.7
— 

- 2) $ BLOCK S — CONTROL PARAMETER S
- 

- 3) 2 3
- I ) $ BLOCK C • CONMIN INTEGER PARAMETERS

- S
6) S BLOCK 0 • CORM IN REAL PARAM(TERS , U$( ALL DCPAULT2.7) 0.

- 5) 0•9) $ BLUCK I • “IMINIZI PHASE OLSTORTION
tO) 3 - 169 •1.0

- ;  - 
11) ~ BLOCK F — DESIGN VARIABLE LIM ITS

- 12) S COEFFICIENT A — S
- 

- 13) •3.0 3.0
- ii) S COEFFICIENT ~ — 6

15) —3.0 3.0
- 16) $ COEFFICIENT ~~ • 6

- 17) —3.0 3.0
- 

- •  IS) S BLOC K 0 — DESIGN VARIABLE IDENTIFICATION
19) S COEFFICIENT A • 5
20) * o 1.0

P 2 1) $ COEFFICIENT ~ —
22) 2 7 1.0

P 23) $ COEF FIC IPNT B — 6
- 24) 3 60 J.0

25) S BLO CK H • CONST RA INTS
26) 1

- • - z7) S BLOCK I . CON STRA INT ON SLOPE
- /1 20) 239 165 t

- Z9~ S LIM ITED TO SMALL PERTU RBAT ION TH (ORY
- 30 )  .0.3 0,3 0.3 0.3

P - 31) $ 8LOCK P — EN~ OF COPES DAT A
32) (NO

t
.

- 

-

-
. 
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-
-
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TITLES
LASER TURRET OPT IM IZATION AT N a 0.7

I

CONTROL PARAM ETERS )
- CALC ULATION CONTROL, NCALC $ 2

- I NUMBER OF GLOBAL O(SjG$ VAR LABLES , NOV a 3
— 

NUMB ER OF $ NS ITTVTT Y VARIABL E S, P4SV a .0
NUMBER OF FUNCTIONS 7N TwO.SPACE , N2VA R a —0

- - INPUT INFORMATION PR iNT CODE , IPNPUT a .0
- SENS ITIVITY PRINT CObE. IPSENS a —0

-~ I TWO— SPACE PRINT CODE S IP2VA R a —O
DEBUG PRINT COO (, ~POBG a .0

- CALCU LA TION CONTROL, NCALC
VALUE MEANING 

-

- I SINGLE AN ALY STS
-
~~ 

- 2 OPTIMIZATION
3 SENSITIVITY

- I TWO—VAR IABLE FUNCTION SPACE

GLOBAL VAR IA BLE NUMB FR OF OBJECT IVE • 169
- -  MULT IPLIER CNEGAT IV E INDICAT ES M INIMIZATION) a ..l000f+O1

— CONM IN PARAMET ERS CI~ ZERO . CONM IN DEFAUL T W ILL OVER .RID1)
- 

IPR INT ITMAX XCND jR NSCAL ITRM LINOBJ NAC MXI NFDG
-

~ 

- - 5 —e .0 .0 .0 .0 5 .0

-
- 

- FDCI4 FDCH ,~ CT C T MI N
- 0. .0. .0. .0.

- CIL CTLNIN THETA PM I

- 
- .0. .0. .0. .0.

- - DELFUN DABiUN-. 0. .0.

DESIGN VA R IA BLE TN FOPNA TTON
I NON ZERO INITIA L VA LU E M ILL OVER .RIDE MODULE INPUT

- 0, V , LOWER UPPER INITiAL.
-
. NO. BOUND BOUND VALU ( SCALE

- * •,30000(,01 .300001+0* .0. .0.
2 •.30000E,o1 .I0000C.Ot —0. .0,

- 3 ..30000(.01 .300001+01 .0. .0.

- DESIGN VARIA BLE S
- 0. V. GLO S*i. MULTIPLYING

- - -- ID NO , VAR , NO. FACTOR
- 1 * 6 .100001+01

2 2 7 .100001+01
3 3 *0 .100001+01

.

~~~~~~
- CONSTRA INT INFORMAT ION

- 
TN(RE AR C 1 CON STR A j N T SETS

69
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GLO BAL GLOB AL. LINEAR LOWER NORN~L1ZA TION UPPER NORMALIZATION

~0 V AR, 1 VAR , 2 ID SOUND FACTOR SOUND FACTOR

I 1 159 - LOS I •,300001+00 .300001,00 .300001.00 ,30000(+0O

TOTAL NUMBE R OF CON5~R*IN (0 PA R A M ET E RS a 30

DA TA STOR AGE REQUIREM ENTS

- PEAL - 
INTEG ER —

INPUT EXECUTION AVAIL ABL E INPUT EXECUTION AVAILA SL(
144 *07 3000 103 L1$ 1000

~~~

1~~~~

- $
a -

1 1  
- —— - — —

-

I~~~~~ • 

-

It
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TURRET ANAL Y SIS INPU~

- TITLE
4 SUSSONIC LASER TURREj AT S(A LEVEL

1- AERO .OPTICS 
-

MACN NU MBER. AMACH S .100
EXTERNAL DENSITY RAT ,o ,4. DENRTO a 1,000

4 - INTERNAL DENSITY RA T TO, TDE NRT a 2.000
- PRLSSURE .OCNSITY EXP fl~€NT . DENCA M a 1,a05

-I- PHASE DISTORTION CON STANT , AKP RIN a ,2300E.03

- 
WAVELENGTH . WA V E L • ,3100E 03

GEOMETRY -
FUSELAGE RAD IUS , RpU~ a 2,500
TURRET HALF—LENGTH, • 2.000

- - TURRET HALF .ANGLE. TNM*X a *0.000 DEGRUS
- TURNET HEIGHT FACTOR , (PS a .300

TURRET HAL F.$PAC!NG, A d , • 10,000

- - - TURRET POLYNOMIAl, SHAPE COEFICIENTS
X .OIRECTION, ORDPR -

$ 6

COEFICIENTS
.10000(401 0, •.611*IE,00 0, ..I$03o1,00

- 
o. — ,69I4~i.O2

- 
BOUND ARY CONDIT IONS

- 
- X/L Y Y .PRIM(

- 0.000 .100 2OO.0~ o
.1,000 .0,000 — 0,000

F 
- 

1,000 .0,000 •O, 0~ Ø

-

~~~~~~ 

- THETA .OIRECTION . OROPR $ 6 -

COEFICIENTS
• ,10000t+01 0, .,olIIlE eOO 0, .,ISOSO(+00

0. ..69*IO(.02
- 

BOUNOARY CONDITIONS
- THCTAI THMAX V

1.000 .300 ?oo.000

I 
1,000 .0.000 .0,000

- - $ 
. LOCATION OF CENTER Oj wIRROR

- 
x~ $ —0,000 ~~~~~ a

I - - 
- - 

- 
- PHASE DISTORTION CAL~ULATION POINTS

- 
- 

• ANGLES
0.000 SS,000 90,000 t35,000 - 150, 000

- - — 
225,000 270.000 3*5,000

~~~
- — j RADII

.030 .100

•(AM 0RILNTATXON$

L I -  -
. 

- 

-
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PHI GAMMA MACH WEIGHT P

- * 0.00 So,00 .700 1.000
- 2 15,00 30,00 .700 1,000

- 
-~ I 

- 3 90.00 10,00 .700 1.000

- -
- - 

-

- 

PHA SE DISTORT ION CAI~~ULATION I

I SEA N ORIENTATION NUN~fR a 1
I IZNUTH ANG LE a 0,00 DEGREES

ELEV ATION A~GL1 a 50,00 DEGREES
- MA CH NUM5ER a .70

- - ETA X V A N
- 

- 0, 0,00 o~ 0. •19201,00 0.
,5000E.O1 0.00 o, .~000E—0* .13231+00 .734*1.00
,S000E.o1 lS,00 •3~3oE—ot .35361—01 .16291,00 ,Sa77E.00

- .1 - .~000E.01 90,00 •~ 0O0E—01 .66751—09 .*~9BE.00 •1~ gOE—O1
-I ,. - ,3000E—01 135.00 ,33361—o1 — .35361—0 1 .2* 74E,00 .,SSSiE,00

,5000E—0 1 150.00 •133~E O 8  — .50001—0 1 .22911.00 .77131+U0
- ,5000E.OI 225.00 .35361—0 * — .35361.01 ,2174E.OO .,535*1,00

,S000E—ot 270,00 ..,Sou OE—0 1 — .20021— OS ,LSOSE ,OO .15501—01
,5000E—01 313,00 .3~3*E•Ol .353*1—0 1 ,1~29E+0O ,5~77E+OO-‘ .10001+00 0.00 o~ .t000E.O0 ,1*O~(,OO .1.611+01

- ,1000E.00 45.00 ,70711 01 ,~ O71E—O 1 .*307E+00 .10091+01
,1000E.oO qo,00 •ioDoE .o0 .i3351—o5 .15291,00 .7.261.01
,*000EsOO 13~,0O ,7071E— 0 l — .70711—0* ,239*E,00 .,LOYOE+Ot
,1000(.00 180,00 ,2670E—08 — .10001.00 .26431+00 .,158i1.O*
,I000E,00 22~,O0 •,70711 0t — .70711—01 •239~E+00 ..*0701+O 1

- ,I000E,00 270,00 .,l000E.O0 .,400SE.08 ,l82~E.0O .7.261.01
-
~~ 

-
- - .10001,00 31~ ,00 .,707tE O1 .70711—0 1 .13071+00 .10591,01 -

-
- ZERN ICKE COEF FICIENT S ,

- 
- AVLRA ;1 • ,20553E—o2

- 
-- - T IL T , I • ,12534E+fl0 y a

FOCUS • ,3006?E—tp s- AST IG • •.203781.o2 .122771.04
- 

- - 
COMA ~ •.132bJE•~3 ..21463E.06 •.4 3 2 6E O3 ,23331(.02

-
~ PHASE DISTORTION CAL~uL ATIONS

BEAM OR IENTAT ION NUN~(Q a 2
- AZMU TN ANG LE • *5,00 DEGREES- 

‘ ELEVATION *NGl,( • 30,00 DEGREES
- 

MAC H NUMBER $ ,10
- P 

- P (tA K I A N
- 0, 0.00 o~ 0, .23321.00 0.

P - 
- ,g000E.O1 0.00 *, ,~0OOE—0 I .*..3E,00 .7p 12E+Q0

- 
- 

•S000(.o* .5,00 ,3q161.oi .35361—0 * .216*1,00 ,23a81+40
.50001.01 90,00 ,~ 0O0E—O 1 .o6151 09 ,2~01E+0O •.4o9*E+00

- 
,S000C.ot i35,00 _ 3536t..0I — .35561—01 .29771+00 .,59061.0O

- - 
- ,3000(.O 1 110.00 •133ç1—Oe .,~OOOE .OI .30*21,00 ..7~52L+00

-
- 

,SOOoE.o * 225,00 .33361—01 •,3336E.O 1 ,2533t.Oo .,1862E.O0
,~0I0E.01 270,00 .,~0OO1—O 1 •,2002E—0I ,Za~sE.0O .45631+00- ; 4 - ,S010E.01 3*5,00 .,33361.01 .33361—01 .20731.00 .54221.00

-~ 
.1,001,00 0.00 o. .I000E+00 ,1iI*t,00 .18001.01

-I-

I - - -

I 
- 
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-

.10001.00 *3,00 ~1o711—o1 ,701*E.0I •,lObSl.0O .63861+00
-: 

- .10001.00 90,00 ,*000E.O0 .15331—08 .2om0L,00 .,I.7$E+00
F - , .10001.00 135,00 •7o111.01 .,70111.I $ .34111.00 .,II2IE.OI

- 
- .10011.01 1110.00 ,2a70E.08 •.*000E,00 .35*11+00 ,l.8~E+01

- .11011.10 213,00 .707*1.01 •,TO7IE— 0* .30771,00 .,32321.00
I - .11101.00 270,00 .,I100E.O0 •.*0O51.06 .23091.00 ,89o01+00

.10001.00 315,00 .,70111.01 .70711.01 .13301,00 .17591.01

ZERN ICIIE COEFFICIENTqI

-‘ AVE RAGE $ ,l9176E.j~- TILT. K • ,133~8E’no V $ .,78917(.01
- FOCUS a ,31S12C—~,p- ASTIG $ .24*551—il .367031.02

COMA • .ISoSU os ,779q3E.~* .52971E 02 .27S0$E 02
I -

- 

PHASE DISTORTION CAL~uLATI ONS
SIAM ORIENTATION NUN~1R a 3

~~ 
-
~ 

- AZHUTI4 ANGLE • 90,00 DEGREES
-- ELEVATION ANGLE • 10,00 DEGREES

P 

- MACH NUMBER a ,10
R ETA K V A N

0. 0.00 0. 0. •3140E.Oo 0.
‘1* .30001—01 0.00 o~ .30001.01 .27081.00 ,7*ISE+00

- ,~OlOf.01 45.00 .35361—01 .~5 èE.01 .29281+00 .46861+00 -
~

— $ .50001.0* ‘o.OO ,SoOO(.ol .66751—09 .3.341.00 •,LS14E—01
3 

- -
- - 

.50001—01 13~,0O •3%36E—O* — ,353o1—0 * .39011+00 .,2o121.U0

.50001—0* 180,00 •1335E—Q8 — .50001.01 .40661.00 .,4*’OE,GO

.50001.0* 225.00 .35361.01 .,3536E—0I .39011,00 .,2612E+OO
P .30001—01 270,00 ,5000E 0$ — .20021—08 .34341.00 — ,1llaE—OI

- .50001—01 3*5,00 ..,33361.o1 .35361.01 .2921E,00 ,;686E+OO
- 

- 
.10001,00 0.00 o, .10001.00 .11831.00 .16921+01

/1 
- 

,t000E,00 45,00 •7n 711—Ol ,7O7IE— 0I ,l3bIE .oo ,981$1.uO
.10001.00 90,00 ,I000(,00 .13351—08 .3.131.00 •,9792E—Ol

- ,1000E,00 135,00 ~7o711.o1 — .707*1—0* ,424~E,0O .,66111.00
.10001,00 180.00 .26701.08 — .10001.00 ,~~ 1a(+00 •.57341+O0

— 
- 

.10001,00 223,00 .~7o71E.ol ,7O1IE .ol ,42*9E,Oo .,66l7E,00
1 - .10001,00 270,00 .,*000EsOO —.~O05E—OS ,3~t3(.0O .,97921—01

- ,1000E,00 313,00 .,1o71E.o* .70711—01 .23611,00 ,9S161+O0

-
~~ I

- - - 
$ 

- Z E RN IC K E C O EF FI C TE NT ii ,
- A V ER AGE $ .19153E—Ô1-t  - TILT , K ,996l3E~~ i V a —.7*1241.03 

-

FOCUS a ,6239$E—nl
- - - - a STI G • .8(84’E•O2 — .722951—0*

COMA • 303171.fll ,iOOSSE—O* .295991.02 ,179651.Q2

- 1- -~
- FLOW FIELD FOR THETA • 0,000 DEGREES

1 
- 

- 
MACH NUMBER a .1oo

- 

- -

I t t  - - 
-

- 

- 

- 

. 
-

— 
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~~~ 

-
~ —.40001+01 ,1000E+r,t — ,17311.02 •,75151—02 .18781.02 .13031—01

- I I 
- •.3600E+0t ,1OO0E .~ t — .71511—02 •,338~E•02 .62751—02 ,67~3E•02

—.32001.01 ,1000E.~ t •.711441.02 ,21941.0l .79481.03 •,4389E.02
‘.28001.01 .10001.0* — .72751—02 — .693*1—02 — .11 0.1.01 .13751—01

- ..1*OOE.O1 ,i009E+~ 1 ‘.160*1.01 •,*Q2BE.O* —.64031—02 ,60311.01
•,20001+01 ,10001+nt •,,092E.o1 —.82831—01 .39*01.01 ,1*.lE,00
e,16001.01 ,1028t.~~ — .73121.01 — .90*11—01 .11691,00 ,16751.00

- — .12001,01 ,l1O31+~ i — .91*11.0* •.37~aE—01 .15931.00 .19761—0*
.,$0001+0O .1$97Ei~~* — .77101—01 .37031—01 •1370E.O0 •,‘2831.01
•,*000E,00 ,1272E.~ i — ,42351.e* ,9050E.01 .73101.01 •,18621,00
.49741—13 .1~ 00(+~ 1 .53911.1* .108~1+00 — .93331.1* •,21ö81•0U
.40001+00 .1272 1.01 ,42351.Oi ,903o1.01 —.75*01.0* .,*862E.OO
.80001+00 , 1197E+ *i .77*01.01 •37031.O1 — .13701.00 —.92831.01
.12001,0* ,1$o3E.~,1 .91411.0* •,315.€.01 — .15931,00 ,49761—01

- .16001+01 ,1 O281+eI ,is*21.oi —.90611—01 — .11*91.00 .16731.00
- 

-~tt 
- ,Z000E.01 .1oo0E.~~ •40Q2E.o i — ,B2S3E— 01 — ,3Q401.0i .16411.00

- I - •2.OOE,01 ,l0001+oI .16011—0 1 •,gO2BE.0* .6.051—02 .80521.01
- .28001.01 .10001+0* •72731—02 — ,6934E— 02 .11041—01 ,1375E—0 1

.3aool,oI .10001.0* .71461—02 .219*1—02 — .79~81—03 —.43891.02I - ,3400E.0I ,1000E.~ t ,7t511.02 — ,33861.02 —.62751.02 ,6733E.02

- 
•.000E.01 ,10O0E’~~ .47571—02 — .75151.02 — .18781.02 .15031—01

- 
- - CRITIC AL PRESSURE CU ,FFICIENT ON SURFACE a *1,76395

¶ SURFA CE DEFINITION 
- 

((PS a .300)
P 

- POLYNOM IAL COEFICIIN,S (AC !), IaO ,MA XK ) IN X .OIRECTION -

.100001.01 0. .,OILLOE ,00 0, ,IlIoSE.O0

- 
-
~ 0. •.69440,.02

- 

POL YNOM IAL COEF ICI EN~S (8(1). Iao ,Naxp ) IN TNET A .OIRICTION
- .100001+01 0., - — .163211.01 0. .64*771.00

- 0, •,69440r.oZ

- COORD INATES
* Z Z.PPIME

- .2.200 0,0000 0,0000
-
~ - .2.000 ,0000 0,0000
I .1.800 .00*9 .0700
J - •1,600 .0278 .1375

.1.400 .0*10 .19* 8

.1.200 .1032 .2263
- - .1.000 ,1500 .2375

•.600 .1966 .22*9
$ •,600 .2385 .190*

- •,400 ,2716 .1377
- - •.200 .2927 .0122

I 
- .000 .3000 •,0000

- .200 .2917 —.0722
.400 ,2716 •,1377
.600 .2353 •,*9O1

- . - .~ .800 .1,6* ..2219
•~~~~~~~ - 1.000 .1500 — .2315

I-: - 1,200 .1032 — .2263
I - 

1.400 .0*10 — .1918
- 1,400 .0276 — ,1313

1.800 .00*, ‘.0700
1.000 

- 
.0000 0,0000

It - - 
- - - — - •
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a.aoo 0,0000 0.0000

I - THETA
P 

RADIANS DECREES Z i—P RI M E -

- • - .1,132 .66.0000 0,0000 0,0000 -

- 
- .1.0*1 .60.0000 .0000 —,0000

•,9I1 .54,0000 - .0107 .19i7
‘.638 .48,0000 .058? .326*

- .,733 .42.0 000 ,~ 177 .4082
— .626 .36,0000 ,i225 ,439,
•.524 .30,0000 •*684 .4302
•.419 —24.0000 .2114 ,3559
— .314 — 18,0000 .2482 ,313~
•,20~ —1 2 .0000 .27*4 ,lZol
,105 .6,0000 •2° 0 .1139
,000 ,0000 - .3000 —.0000
.105 *•0000 .2~ao —.1139

- .20, *2,0000 .2764 — .2209
- .314 10.0000 .2482 —.313’

.419 24,0000 .2114 .,3859
- 

- .324 30,0000 ,t6I. .,43o1 -i

.628 36,0000 .1225 •,4399
- ,733 *2 ,0000 •~ 177 •,40li

- -  .838 48,0000 .0387 —.328*-
- .9*2 54,0000 .0107 •,14*1

1 ,047 *0 ,0000 .0000  ,0000
1,152 66,0000 0,0000 0,0000

-
, -

SUM OF SQUARES OF PN 1$( DISTORTION • ,3**46E+02

- ‘ 4  -
- - - -

P - a
I i

H- 

- 

- 

-
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• a a e . a e a * a e a a a a a a * a a a a s a a . *
- 

* C O N M I N  a
t - * 

- 
*

- * FORTRAN PROQRAM FOR *
* -
a CONRTPATNED FUNCTION MINIMI ZATION a

- 4  * - *
• NASA /AMES RESEARCH CENTER . MO,FETT FIEl,D , CALIF , *

- a a
• a - 

VERSION II Jw.Y, 1975 *
a a
• a a s a * a a a a a a a  a • a a  a * a . * .  • a a a

- 

CONSTRA INED FUNCTION M IN IM IZAT ION

- - 
CONTROL PARAME TERS

L. IPRINT NOV ITMAZ NCON $8101 *CNOIR NSC&L NFDG

5 3 20 60 1 4 .0 .0

LINO8J ITRN NI N~ MS NI N3

- 

.0 S 5 66 S S 10
- CT CTNIN CTL C I L M I M

•,I0000E+00 .4*0001.02 ..I0000E.01 .100001.02

F. - 
- 

- THETA ON ! OELFUN DARFUN
- - ,I0000E+Ol •Si000E.0* .100001.03 .366481—01

- - FDCM
- .100001.01 .100001—01

- LOWER NOUNOS ON OECI~ tO N VAR IAB LE S (VLB)
1) •,30000E,0* ,30000E,01 — .300001+0*

UPPER SOUNDS ON OCCIii!p$ VARIAR%.ES (VUB )
I I  

- 
1) •S0000E,oI .300001.01 .300001+0 1

I 
- ~LL CONSTRAINTS ARE t INEARa

- - I N ITIA L FUNCTION I%FflRJI*TION
- - 

- OSJ • ,36b4S~E,0Z 
- - - -

DECISION VAR IABLES (t.VECTOR)
- 

- • - 1) 0, •,*,I40I.02 ..*94401 O2
-
- CONSTRAINT VA LUES (G.VECTOR )

1) ..~0o00t,0I ..*00001,01 ..Il3,S1’OI •,640211.00 — .132 181.0* — .*78161+00
- ‘ 

- 7) .,14725E,O1 .,Si7SSE,00 —.1601*1,01 —.396891,00 .,*70a1E .01 .,299911.O0
- 13) •.176421+01 •.2337*1,00 —.119101.01 — .209051+00 .,1779o1.01 — .220391,00
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1~ ) ..173*51,ol .~2b85oE+oo •,104951.o~ .,330’lf.oo .,*S3501.0* — .462001.00
25) •,1~ 023E ,O* .~5977i1.o0 •,12487E.0~ — .731301.00 .,108011,01 •.91516E.00
31) —.915841+00 .~~1G64lE ,0t — .731301.00 — .124571,01 — .397711+00 — .1*0231.01
37) —.4*2001+00 .,153BOE.01 —.350471,00 — .16*951,01 .,268501.00 — .173151.0*

- 
- .3) •.22039E.00 .,17796E ,01 —.209051.00 .,IT9IOE+0I ..235161. 00 — .176421,01

49) —.2999*1,00 _,1700*E,01 •,39B691,Oo ..lbOIlE ,0* ..521531.00 •.1*125E.01
-- I 

35) — .6761*1+00 .,13216E.01 — ,8~0211+0O —.113981+01 .,I0000E+01 — .100001.0*

BEGIN ITERA T ION NUMBç R *

• CT S .,I0000E+00 Cr1. a •, I00 00 E— 0 1 P141 a ,500001.O1

THERE ARE 0 ACT IV~ CONSTRAINTS -

- 
THERE ARE 0 V ICLA~~ED CONSTRAINTS

THERE ARE 0 ACT !VF SIDE CONSTRA IN TS

GRAOI(NT OF OBJ
I) •53*8S~.03 •~7043bE ,03 .197871.02

SEARCH DIRECTION (S.v CTOR) - -

1) —.759331,00 .100001.01 ,280921 01

ONE—D I$EN$ IONAL SEAR~sINITIAL SLOPE • — .litlE ,0* PROPOSED ALPHA • .32901—02

- I 
- CONSTR AINED ONE•DIM ,s$IONAL SEARCH INFORMAT iON a a a

- 
PROPOSED DESIGN
LL~~’ $ .329.31—42
x.VECTOR

- 
- 

•,lSIS~~.02 — .36461.02 .,7037E.02

OSJ a .330291,02
P 

CONSTRAINT VA LUES -
- 

..III0~+0* •.1000ç.01 •,1219(.Ol .,1605f.00 •.1407(-IQ 1 - .39271.00 — .15391,01 —.44051,00
~.*47*t,ii —.32*31,00 .,174’E,OI .,25101,00 — ,178b1,o1 ..2*441,00 — .17851,01 •.21491,00
— .17501.01 — .25031+00 •,la~31’Ol •,31711.00 —.15891+01 —.41131+00 —.14721,01 — ,52B3(.00

- 
- —.13371,11 — .6*301,00 — .11901,01 .,0097E.00 •.10371.01 —.96291.00 •,8633E,00 — .11171.01

•.73171,Oo — .12631,0* - .,5968E,oo — ,1*031,O1 •.47491,oQ — .13251,01 — .37361,00 —.16261.01-
•.l~7it.0O —.17021,0* ..230*E.0o .~1ylqE+O1 •.234i1,oO — .1 7*51+01 — .25211,00 ‘.17481+01
.,31341,0* — .1 6971,0* .,3B811,00 ., lb1lE , 01 — ,50431,00 .,1*94E,01 ..6*8oE,00 .13S*E. 01

- •.l1o11.0O — .11 841+01 ..I000E,0l —,10001,01

:1 — TWO POINT INTERP0l ,AT~0N it

- 

l 
PROPOSED DESIGN

• AL PHA a .164921—01

- 1 1  i -  - 

- 

- - - - —
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- J

- i—V ICTOR

-
~ 

•.11U1.01 .95481—02 •,71O7 1•02

- 

I 
OSJ S ,20635(.OZ

CONSTRAINT VALUES
— $10001.01 •.*000E,01 •,*Ii6I,01 .,SallC,00 •,I7191,01 — .25* 11,00 .~190?E.O1 —.92581—01

•,I9**E.0I •,359ó1— 01 ~,i9*31+0t •.3327E•01 — .16711.01 •,12671.O0 .,11*2E, 01 — .23841,00

..**301,OI — ,34~8E,00 ..~s8’E,01 .,S*ISE,00 •
,1345E,01 •,65m61,00 —.12061.01 —.79371.00

•.1076(.01 —.924*1,00 .,,~a5E’00 
.,1045E+0t •.$4901,00 .,*131E~O1 ..73311,00 

..12471+01

.,*o82E,00 —.13321,01 .,593o1,00 •,1407E,01 ..52*31,00 .,~47*€.01 ••**1*E.00 — .13331,01

•.ii
~
2t+00 — .1~8~1’01 .,37*31+OO •,1~29E+OI ..33i~t.00 •.1*ó21$01 —.31771.00 .,16621,01

•.31731,00 ..*6831+o1 ,34511,00 .,1655E,01 •,41131,00 ..13861,01 .,S3O*C.00 •.14491.01

- 
- — .71971.40 — .12601,01 ,I000E,01 .,1000E+01

THREE—POINT INTERPOLA TION

It
PROPOSED DESIGN
ALPHA $ .161211—01
i—V ICTOR
..1376E.01 .1*161—01 •,7433E.02

- 

OSJ • ,1947B1,02

CONSTRA INT VA LUES 
-

•.10001.01 — ,1000(.0t ..14$6E,01 .,51221,00 ..1791(.0I ..2O51E+0I 
..1951E,01 —.49481—0 1

.,2000E,01 .41451— 13 ..t96~E,01 .,Sio3E .O1 
..16821,01 •.IIS1E.00 —.11391,01 — .24131.00

•.**ISE+O1 — .304*1+00 •.1’$öØE.01 — ,~ 3g~E.00 — .13131.01 ~~~~~~~~~ — .11731,0* ..826b1+00

P 
•.io4*1,01 —.95641.00 .92761,00 .,10721,01 .,82371,00 — .1171E,01 .,73701,00 — .12631+01

..ö.OOE•00 — .13401,01 ..ç9231+00 .,1407E ,0t .,53261+00 .,tle*7 (+01 .,4766E.00 
.,1~ 21E+01

•.I2’71,00 — .15701.01 .,36631,00 .,1b14(,01 .,3503E.0O .,16501,01 
.,3256E,00 — .16741.01

— .31,11,00 •,14511$01 ..53qe1,00 .,t**OE$O1 —.40001,00 — .1eOOE~~0t —.S1bOE,00 .14641,O1

•,70761,00 •,12921,01 .,1000E,01 •,1000E,.01
- 

* * a END OF ONE.OI M FNS I O NAL SEARC H

CALCUL ATED ALPHA a ~101271—01

OIJ • ,1947841,02

DECISION VA R IABLES (1_VECTOR)
1) •.13765i.0* ~11163E .01 

.,74532E—02

CONSTRA INT VALUES (11 ,VICTOR )
I) —,10000E.0l •.100001,01 •.141701.01 — .512281+00 ..17913E,0I — .206731,00

$ 
1) •,1~505E,0* .49*841—01 .,20000E.01 ,414.8E—13 ..i96’lE.Ol —.3*0291—IL

- a ~$) •.11819E.01 •,118141.00 — ,1758?1’OI —.241331,00 •.1o1541+O1 .,31a591,00

$9) •,*4*aS1,01 .535331,00 .,131501.0i .,*$4991+00 — .117 341,01 •.62**IE,00

as) —.104361,01 .,9~ö401•0O 
.,9273?(+00 .,10724E,01 .,$23**1+00 •,117*3E-Ut

- 3*) —.737011.00 ..12630E+O 1 •.6599’1+00 — .13400E’Ol •.392331.00 —.14.731,01

P 3~1 •,532611,00 ..,1447*E,O1 .,IYS64E.00 —.152141,0* ~.a29711,0O — .157031,11
P 43) •.30ô2*E+00 .,1ö137E+01 — ,35026E+O0 ..161971+0* .,323781.00 •,1a7421+0 1

ii *~ 
..31’l’I,OO .,1650$’.0t .,33978E,00 —.1*6021,01 •,40000E.00 •.i*000E+01

- i - ~c•i 
- ~s) •,5I~91E.00 .~14040E,01 .,107761.0O ..12922E+01 ..100001+01 — .100001.01

BEGIN ITERATION NUMBcR I -
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- CT $ ..10000E,00 CTL •- — .100001.01 pM ! . .500001.0*

-
~~ 

- 

TWIRl ARE 1 ACT !VP CONSTRAINTS
CONSTRA INT NUN5fRS A~1

- - *0

THERE AR C 0 VIOLA ED CONSTRAINTS

- THERE ARE 0 AC TIVI 5101 CONSTRAIN TS
I 

GR ADIENT OP OBJ -

I 1) ,12355(,03 .•58717(,03 ,604*IE.01 -

GRADI E NTS OF AC TIVE *NO VIOLATED CONSTRAINTS -
CONSTRAINT NUMBER io

1) — .123421,02 .126331,02 0,

- - 
PUSH•OFF FACTORS, (T,s1yA (I), Ial ,NAC)

I) 0.

CONSTRA INT PARA METER . BET A $ •749961.00

SEARCH DIRECT ION CS.,ECTOR)
1) .100001,01 .976981,00 —.349401.01

ONE .OIHENSIONAL 3IAR~N
INITIAL SLOPE $ — .45011,03 PROPOSED ALPHA a .86531.02

- 
a * CO$STRAIN(Q ONE OIM cN SXONAL SEARCH IN FORMAT ION * * a

- - - 
PROPOSED DESIGN

- -
- ALPHA a .663541—02

X .VICTOR

- 
— .5*091.02 .19641.01 ..7?SbE—02

08,1 S .131721,02

CONSTRA INT VA LUES
•,ie0oE.ol — .10001,01 ..t534E,O1 .,06631,00 — .18421.01 — .13001.00 — .198~E,01 — .16441—01
— .20001,01 .33291.13 ..1937E,01 .,.340E—01 •.1823(-POL •.1770E.0O .1684E.0i — .31611,00

$ 

‘.13361,01 —.46211.00 ..1391(,01 —.60221+00 —.12721,0* —.72601,00 —.11641,01 —.83371,00
- •,*o741.oi — .92451,00 .,i0~aE.0i .,9964E,00 —.94461.00 —.10351,0* — .69311.00 — .11071.01

•.~433E.o0 — .11371.01 .76941.00 •,IIIIE .01 — .726*1.00 — .12731+01 —.65141.00 — .13491,01

- •,5*29E,oo — .14371.0* ,4621E,00 .~ i53T€,01 .,35651.oo —.16441,01 — .25411.00 •.* 7401,01

1 1 
- •,1i041.0O — .18301,01 .,1261E,00 - .,187*E.01 — .14831,00 ..l631E+O 1 — .27201.00 ‘.17261,01

•.53S’E,oo ..14*IE .O* .,l000l,01 .~io00tsO*
- 

- TWO—POINT I NT C RP OLA T~ 0s
P i  ~~~~~~~~~~~

• 

- 

PROPOSED DESIGN
ALPHA a •13?oSC.0l
X .VICTOR

79
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- 

•,~~2SE.14 .24431—01 ,79314E.02

- 
I ~~ a .136351,02

- CONSTRA INT VA LUES
- 

•.1000E,0 1 — , l0O0~ +01 ..*361E,01 —.43921,00 •,1872(+O 1 — .12111+00 —.20001,01 — .11791— 03
- - — .20001,01 .7*~6f— I3 ..19%7E.01 — ,825o(.01 .,17B6E ,o1 .,2117E,00 — .16401+01 — .36021.00

•,1I,21,01 .50791.00 ,13~9E,01 .öIISE+00 — .12*71,0* ..y~34E.O0 — .11591.01 — .64111,00
..*094E,0i ‘.90361.00 ..,i0491,01 —,‘SlS€,Oo — ,ioise ,oi ..91321,oo —.96321,00 — .10151.01
•.9g13E.00 .1049E,O1 •,Q0SbE,00 —.10941+01 — .*a11(+00 — .11391+01 .,15341,00 — .12471,01
.,*41S1,00 — .13591,01 .,3019E,00 •~~1492E,0i —.36021.00 — .16401,01 — .21171,00 — .17681.01

- •.S2SOE— 01 — .19111,01 0. —,2000E.01 —.1*191—03 — .20001+01 —.12611,00 — .18721,01
.43921.00 •.1Sb*E.01 ..1000E+01 ‘.10001.01

* * * END OF ONE .D~N~~ $IONAL SEARCH

CALCUL ATED ALPHA a ,137631.01 
-

- OBJ • ,1363B4E’o2

DECISION VAR IAB LE S (*.VECTOR)
1) — .352501.14 .2463*1.0 1 —.793421.02

- CONSTRA INT VALUES (G.~vECTOR)I - 1) .Z0000E ,0l .100001+01 •.*5~0$E.01 —.439201,00 — ,1a71 91.Ot — .126061.00
P 1) .,1999’E,Oi .,Ii7N OE .03 — .200001.0* •769751.13 .,191731.01 — .825031—01

I i3 —.178831+01 .2t1721 ,00 ,1o3 98E+01 —.360161.00 — .1492*1+01 •,5076o1.00P 
— 1~ ) ..13583E,ol .,64140E+O0 — ,124bbE .O~ —.733*51.00 .,i15491.01 — .541071.00

25) —.109441,01 ..90561E+00 — .lOaO SE +01 — ,951ab(’00 — .101481.01 —.905221+00I 31) ~.965221,00 .,to1 ’181,01 — .95146~ .0o ..10405~.01 .,905b1(.00 — .109441,01
- - 

I 37) •.~~ io7E,oo ..,21589E+01 •,153451,Oo — .124661,01 ~,oa1ø0E ,OO — .135851.01
~3) .,507B 61,00 .~.1a 9IlE+Ol — .3*01*1.00 .,163981,O1 — .211721 +00 — .118831.01

- I 49) •.12303E.0l .,19175E ,0* 0, —.200001.01 — .117901—03 — .199991.01

- 
35) •.12~o~~,o0 ,187191,01 ,a392OEs0O — .136081.01 — .100001.01 — .100001+01

A

I - 
- BEGIN ITERATI ON NUMB,R 3 -

I CT • —.100001,00 -CTL a — .10000 1—01 PHI $ .500001+01

I THERE ARE a ACT IVV CONSTRAINTS -

CONSTRA INT NUMBERS Aq(
6 10 51 53

THERE ARE 0 V IOLA~fD CONSTRAIN TS
- 

- THERE ARE 0 ACTIV , SIDE CONSTRAIN TS

- - GRADIENT OF OBJ
1) .S’1381.03 .6603*1,03 .613’eE.Ot - - - - -

~~ AD IENT$ OF ACTIVE INO V IOLATED CONSTRAINT S
- 

- CONS ’RAINT NUM IfR •- U •,127331,ol •*o7O41.02 0.

I - 

CONSTRA INT NUMBER i~o. 
-

- 
i -  I) — .123421,02 •12*33E.02 0,
4 -

80 -
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_:
CONSTRA INT NUMBER ~i

1) .123421,02 .126331+02 0,

CONSTRA INT NUMB ER 
~31) .127331+02 •1o704E,02 0,

— - PUSH— OFF FACTORS . (T,1~ yA (I). Ia1.NAC). 
-

1) 0, 0. 0, 0,

CONSTRAINT PARAMETER . BETA a .116241.01

SEARCH DIRECTION C 3.vE~TOR)1) —.592511,00 ..10000E.0* —.102031.01

$ ON1—OIM 1NSTONA 1. $EAR~N 
-

INITIAL SLOPE $ —.8,251,03 PROPOSED AL PHA • ,30361.02 
-

* a CONSTRAIN ED ONE .OIM FNSIONAI. SEARCH INFORMATION * * *

PROPOSED DESIGN
AL PHA Z ,305a21—02
i—VI CTOR
‘.18111.02 ,2157€—0t .,7965(—02 -

084 • .1493aE,02

CONSTRA INT VA LUES
•,ioOoE+oi — ,joool,01 ,t5351,oj —.06321,00 — ,i83’E,ol — .16111,00 — .19721,01 — .28111—0 1

4 - .198M1,01 •.lb IêE— 01 — .19151+01 — .84591—01 — .16001,01 •,2004E+00 —.16621,01 — .33841.00
— .,13201,0i .,47”E,OO ..1386E,0* •.61231,00 — .12721,01 —.72801.00 —.11781,01 —.8~371.0O

•.*IOOE+01 .0997E+O0 .,2041€,01 ‘.95921.00 — .99271,00 — .10071+01 •,9497E,00 — .10501+01
-
~~ 

- - —.90501,00 — .10931,01 ..,8519E,00 —.11481,01 —.78501,00 — .12151,01 ‘.10091,00 — .12991+01
•,5964E,oo — .14021,01 ..*801E,oq — .15201,01 —.35271,00 — .16471,01 .,22771,00 — .17721.01
— .12251.00 — .28771+01 ,o0qoE*O1 —.19391+0* .lal2E—O1 •,192a1+O1 •,2015E,00 •,1796E,01
•.19091,00 — ,1SO 9E,-~i1 .t000E ,0i —.10001,01

- 

TWO— POINT INTERPOLATiON

PROPOSED DESIGN - - - - -  -

ALPHA a .1 03611.02
3—VECTOR

•.~13~E’03 .23591—0* o,79451’G2 
-

OSJ a .14034f~02

CONSTRAINT VA LUE S
•,iSII1,Ii — .10001.01 ,i5521,O1 •,0480E,00 — .18611,0 1 — .13 931+00 •,19901,O1 — .94081.02
•.1994t,I1 — .35121.02 — ,1917E+01 — .83211—01 —.1 7921+01 — .20791+00 —.16471,01 — .35281.00

- ..*s at.i* •,s9$ml,oo .,1368E.01 .,6318E,00 —.12351,01 — ,74481,00 •.11851,01 — .83521,00
P ..i..•L.I$ ‘.903*1+00 — .10481.01 —.95411.00 ‘.10071+01 — .qq271+0Q .,97321,00 — .10271,01

.,e$71.ii — ,io.61,oi •,8874E,00 — ,11131.0i .,8221E,00 — .1*781,01 —.73561,00 .12641,01
• .08 ‘.13731.0* ,49631.0O —.15021.0* •,33781+00 .lôR2E+01 — .21711,00 — .17B3E-pOl
•. .81 •.t9I41,il •,20*1E.01 —.19191,01 ..25201.0* — .19751,01 — .13301,00 — .18471,01

- -4 - -

81 -
. 

-

- -
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-

‘.45671.00 — .13431+01 ..I000E+01 —.10001,01

I THREE— POINT INTERPOLATION

PROPOSED DESIGN -

ALPHA a .30*151.03
- *.VECTOR
I ‘.18181—03 .24321—01 ..7937E.02

- 
- 

- 
3 053 ~ .137301.02

3 
- CON$ TNsINT VA LUES

•.1000E,0t — .10001.0 1 ..1556E+01 ..44161+00 — .36691.01 .,,310€+O0 •,1997E,O 1 •.2922E.02
•.*9961,ot •,ibI9E—02 ..,i917E,01 - .,627i1—0 i •.17891,01 ..21061,00 —.16421,0* — .35801.00
•.14,SE,01 •.5051Es00 ..13611,O1 ..63s81,00 — .12491.01 .,7509E+OO — .11*11.0* — .53931,00

- 
..*o93E,ol — ,‘oSoE,oO .,i046E,01 — ,‘322E,00 — .10131,01 .,98741.00 —.96171,00 — .10161+01

- .94a41+00 — .tO~3E.0t ..q0021.00 .,I100(+O1 •.$355E+OO — .11851+01 —.74821,00 .1232E.01
..63721,00 — .13831,0* ...5051E,00 — ,14Q5E,0i — .35941,00 •.16411,O1 — .21331,00 —.1757e .o1

- - ‘.6631C 0t — .19131+01 .61071 02 •.1R,aE ,01 — .75411—02 .,19~2E+01 ‘.13541,00 — .164~Es01
— .44441+00 — .15561.01 .,I000E+01 —.10001,0*

a a * END OF QNI .DINFNSIONAL SEARCN

CALCULATED ALPHA a ~*q389E.17

- OBJ • ,136384E+02 NO CHANGE ON 054

DECISION VAR IAB LES (1.VEC TOR )
1) — .352581—14 .246331—0 1 —.79342E’~~

CONSTRAINT VA LU E S (G~V1CTOP )
-
~~~ 1) —.100001,01 .,10000E,01 —.156081+01 —.439201+00 — .1811 91+01 — .128081+00

- 7) .,*99991, oi .~,2t7 90E—03 — .20000t,Oj ,769151.13 ,t 9115E.O1 —.825031—01
-- 13) ‘.17801,01 .,2i1721 ,00 —.1a3961+01 —.380161+00 ..2~ 921E’O1 — .3076*1+00

- 1~ ) —.135631,0* ..,b*148E,00 .12406E,O1 .,75345E,00 .,115891.01 — .841071,00
- 25) •.t O94~E,o1 .~90561E,OO —.104851,01 .,951461,00 .,101 481+0l —.983221.00

3*) •.98~22E+00 ..lO1a ~1,0i .951~ b~ ’0O — .104051.01 .,905b1E+0O — .109441+01
37 ) •.B41011,00 ..~ 1tS8 9E,01 — .153451,00 — .124861,01 .,641’48E+O0 — .133831,01

3 - •3) — .5076*1.00 .~ 14921E .01 —.360161+00 — .183981.01 — .21*721 +00 •.178$3E+ 01
I; - 

- 
49) ..825031—o * .,19175E ,0L 0, — .200001,01 ..117901 03 ,199991.01

~5) .1Z60bE,00 •.18719E.01 —.~3920E.OO — .156051+01 — .100001+01 — .100001+01
- -- -

•BE IN ITERATION NUMB PR 4

- CT • •.342ooE.oi CTL a —.4*41*1—02 PHI • .500001,01

- 1 - - - - THERE ARE a ACT IVç CONS TRA INT S
CONSTRA INT NUMBERS A11  - -- - - 

- - -

- - — S 10 51 33
- 

T HERE ARC 0 YI0LAj~o CONSTRAIN TS -
- 

THERE ARE 0 ACT !V , SIDE CONSTRAINTS -

IRAOgINT OF O$J
-- 1) .391351,03 .**05*E+03 .873981+01 -

1*- - 
- - 

- 

- 

-

- -

82 
- 

-
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-
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- 

-

FE . - 

-

-

- 
GRADI ENTS OF ACT IVE AND VIO LATED CONSTRA INTS 

•

ri - CONSTRA INT NUMBER ~ti - 
- *) •,606231.oo .793291+00 0.

CONSTRAINT NUMB ER To . -

~) —.698831+00 .713291+00 0.

- 
CONSTRA INT NUMBER 511) .696631+00 .71~ 29E+00 0.

CONSTR A INT NUMBER c3~- 
1) .606231,00 ,7q5291,00 0,

PUSH—OFF FACTORS. (TMETAU). II1.NAC)

- 

1) 0, 0. 0, 0,

- 
CONSTRAINT PARANE TER • 511A • .116241.01

P SEARCH DIRECT ION CS .VECTOR)
1 

— 1) —.5925*1+00 .10000E,01 — ,10203E~~01

- - OHE .OINEP4SIONAL SEAR~ I4
INITIAL SLOPE a — .89251+03 PRO POSED ALPHA , .22911.02

I a CONSTRAINED ON (.OIM rP4SIONAL SEARCH INFORMATION * * a-

- - - PROPOSED DESIGN
AL PHA $ .229011.02 -

- x .VECTOR
- - — .13371— 02 .22341—0* ,79361.02

0B4 a .145791,02

CONSTRA INT VA LUE S
-
~~ — .10001,01 •.1000E.0 1 .,15411.0L •~4587E,Oo — .18471,01 — .15281,00 — .19791,01 •.21101—o i

- .1985E’Ol ‘.121,1—01 — .191oE,01 — .84071.01 — .17971+0 1 — .20321 +00 — .36561,01 — .34381,00
- ..13131pOl •.48691,00 ..i380E,01 —.61961,00 — .12661,01 — .73441,00 — .11721,01 —.828*1+00

— .10991,01 — .90121,00 — .10~ 3E+01 •,9g731.0O — ,qq~ 3~ -po Q — .10021.01 — .95861,00 — .10411+01
- 

- - —.918*1,00 ..~ -~33E,o1 ,8653E,00 — ,1135E ,01 — ,7~~ 1E,o0 — .12011.01 — .71401,00 — .12881,01

- 

P 

~~
- --— --T -  ..~0921+00 •.13911+01 ..4071E,00 — ,1~ i3E.O1 —.35461.00 — .16451+01 — .22371,00 •.1778€ ,0L

- .~_ _ _ .  _ _ ..r125I,00 ..18661+o1 .,OS8RE.o1 —,t’541.o i ..55861.01 — .19441,01 — .16311,00 — .18171,01
.,1779E,O~ — .15221+01 .,10001,01 —.10001.01

-
I 

- 
--- — — - — - __ —

~ 
- -  - - —

- 

- 
TWO—POINT INT1RPOLAT~ oN - - -

-~~ 
- -“  PROPOSED DESIG N

AL PHA ~ .78453E—03- x .VICTOR - 
-

— -j - - -  —.48491—03 .23831~01 ..l’aIE.02

-
~~ ~~ - 

- - - 
- 

084 I .139771,02 
- - - 

- -  

83 -

- 
- 

- - -- —
~~~- -“ — — -

~~~~~~~~~~
-- - P -

~~~~~
-

~~~~ 

- _ _



— -  
— -

~ ~~~~~~~~~~~~~~~ -~
- - —.--—-—

~~

,.---—--,--. — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - _______

I 
-

-: 
- . 

- 

- 
.

CONSTR AINT VA LUE S
•,I000E+O1 — .10001.01 — .13341+01 — ,445~E,00 •.18631,01 ‘.13651+00 — .19931,01 —.73041.02
•.1~~41,01 — .41781—02 .,t9171.O* .,63041.o1 — ,$7’IE,ol •.2OSSE,00 — .16431,01 —.33441+00

-- 
- — .1*991+01 — .50071+00 .,1344E+0* — .63401+00 — .12~31,O 1 •.7449t~0O .,11b31s01 —.63641.00

- •.10’bE.Ol —.9041E,00 .,$0411,01 •,93351,00 — .10091,0* —.99091,00 —.97811.00 — .10241+0*
•.*39~E+00 — .10*01+01 .,~9tU+00 —.11061+01 — .6267!.00 ..1173E’OI ..7399E,00 •.1260E+01
— .63041.00 — .13701.01 .,50071,00 •,1l”E.OI •,35$2E+o0 ‘.16421+01 —.2*381,00 — .11841,01
‘.92771.01 — .19071,01 ,13451—01 — ,*9$aE,01 — .191*1.0* .,*9811,01 .,1469I,00 — .18531+01

— I •.452SE+00 — .13461+0* — ,*000E+0L — .10001.01
- 

THREE—POINT INTERPOL~TION

PROPOSED DES ION
ALPHA $ .220441—03

. 1 - i—V ICTOR
- ‘.130*1.03 .2441(.01 .,79341—02

o5
~ 

a •137 161,02

CONSTRAINT VA LUES
- 

— .10001.01 — .10001.01 .,i359E,01 •,4411t,00 ..16701.o1 — .13041+00 — .19981+0 1 — .21371—02
•.1999E+01 — .13731.02 — .19171,01 ..82a5E 01 — .17891+01 — .21091+00 — .lo41E,C* —.35841.00
.,*4OUE.0i — .50381,00 ..,1361E ,* —,6394E,00 ..22461,01 .,lStbE ,00 — .1*601,01 — .83981.00
•.IOQSE+ 0i •.90521.00 .,jOg8E .0i —.93201.00 — .10131+ 01 .Q8b8E+0O .,48271,00 — .10171+01

—.01811.00 — .10521.01 —.90111.00 —.10961+01 —.63701.00 .,11 631+01 —.74911,00 .1250E+01
•.63B4E+00 — .13621,0* .,s0591,00 —,1494E.01 —.35961.00 .,16401,01 — .21291,00 ‘.17871+01
•.i~ 39C—0 1 •,191~E+01 -.43971—02 — .19q~ E+0t —.~qó3E—02 ..19951+O1 —.13341,00 •.18a71.01
•..‘29E,00 — .25571,0* — .10001,01 —.10001,0*

a * * END OF ONE—0J M,M3IONAI. SEARCH

- - 
CALCULA TED ALPHA a •433651.l7

- 
O~J a .1363841+02 NO CHANGE ON 084

- 
DECISION VARIAB LES (~.y ECTOR)

1) ..352* 11.34 .246311.01 •,7’3421•02

- CONSTRAINT VA LUES (G yECTOp)
- 

1) — ,10000€ ,0I ...t o000I.01 •,134081+0* ..439201,00 .,t67191+01 ..1280b1+00
- 7) .,1~999E•01 •.1i7901.03 •,200001,01 .149731.13 .,391751+01 —.625031—0 1

13) •,17~~3~+O* .211121,00 ‘.143981+01 •.3601o1+00 ..149u11+01 — .3076*1.00

- 

- I I’) •,133831,01 •~,b.1a6E,O0 — ,*21861+Oi —.lSSiSf.0o ..115l9E’01 — .84*071,00
23) •,109141,O1 .9~~~1E+00 •.104831+0i .,93iU~E+00 •.101431+01 — .965221.00 

—

C1 4 I 31~ ..96322E,00 .,1o1a81,0* •,951441.oo — ,141851.01 .,903•11~O0 ‘.109*41,0*- •31) — .841071,00 .,*1~~881,O2 •,7~34~E.0o — .124441+01 ..ö41461.00 — .135651+01
43) .,307661.oo .,14’21E,0* •,340161.oo •.143981,01 .,211721.G0 — .178831.01
49) •,62503C.G* .,i~ t 73E,01 0, .j0000E+01 .,*1 7941.03 — ,1qqqqE ,01

- g~) •.12~0öE+00 .,1~ i19C.01 •.4)q201,Oo •.*5ö051+O 1 .,10000(+Ol — .100001+0*

-

~~~~~~ 

- 

BEGIN ITERAT ION NUMI,R S
- 

CT $ •,116961.0* CTL • —.215441—02 PHI * .300001+01

THERE ARE a *CTIVc CONSTRAINTS
CONSTRA INT NUMBERS A 1

~ i

L I -

- 

I

84 -

-~~~~ 

~~~~~~~~~~~~~~~~



r ~ 
— - — 

~~~~~~~
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~~~~

-
-

- -

~~~ 

- - - —

- 
-

- 8 *0 51 33
- 

THERE ARE 0 VTO LA~E0 CON STRAIN TS

THERE ARE 0 ACTIV I $101 CON$TRA INTI

GRAD IENT OF OBJ -

- - I) ,39i35~.03 •beOSbE ,03 .473961+01
- GR ADIENTS OF AC T IVE AND V IOLATED CON STRAINT S

- CONSTRA INT NUMBER Bp 1) •.127331,o2 •1a7041,01 .,1 1B421—1t

CONSTRA INT NUMBER To
1) —.123421,02 ~12b33E ,02 0,

- 

CONSTRAINT NUMBER 
~1 -

- 
- 

- 1) .123421,02 ,12633E,02 •,*1B 421— *1

CONSTRA INT NUM BER 
~~1) .12733(.02 ,lô7OaE ,02 — ,2~6O6E—11

- PUSH—OFF FACTORS. (T~ETA(I), Ial,NAC)

- 
I) 0. •~, 0• 0,

- 
CONSTRAINT PARAMET 1R~ BETA • .116241.01

SEARCH DIRECTION (S—VECTOR)
1) •,39251E+OO •I0000E+01 ‘.102031.01

I ONE OIMENSIONAL . SEAR~H
- . INITIAL SLOPE a — .8,251,03 PROPOSED AL PHA • .15281—05

P 

- 
- * * CONSTR A INED ONE D IM FN$IONAL SEARCH INFORMAT ION * * a

P 

- 
- PROPOSED DESIGN

ALPHA a
i—VIC TOR

I 

.,9OS4~.ia .24631.01 ..79341.02
P 

OBJ a .136391,02

I - ‘CONSTRA INT VA LUE S
- - — .10001+0* — .10001,01 .,i561E ,01 •,4392E,00 — .18721,01 .,*2$ 1E.00 —.20001,01 — .13191—03

— ,Z000E,G1 •,81)OE—05 — .19171+01 —.52501—0 1 — .17881.0* — .21271+00 —.1*401,01 — .36021.00
3 -~ 

- — .1.921,01 — .50781.00 —.1 3591,01 ..b4151,00 •.12471.Oi — .75341+00 — .115 91,0* — .84111+00
- •.1004E,o* —.905*1,00 ..10491,0* — ,9515E,00 — .10151,01 — .98321,00 — .98321,00 — .10151+ 01

•.~~~*4C,00 — .10441,01 .,q0~~ E,0O •.10,~1+0t •,$41Q1,00 — , % 1 ~ 81.0L — .75341,00 — .12471+01
•.*s*5E.0o ‘.13581,01 .,507B1,00 — ,14921,01 — .3*021.00 •,to4OE ,01 —.21111,00 •.I766E,01

i i  •.i2521.01 — .19171+01 .,304e1.04 •.2000E .01 •,15581—03 — .20001+01 ‘.12811+00 —.16721.01
•,.3921,00 — .13611.01 ..10001.01 —.10001.01

- - 
TWO .POINT INTERPOl .AT~ Oq

1

- i  -

1! 85 

-
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I
- 

3 1 PROPOSED DESIGN -

AL PHA $ .530141.08
1 — V—VECTOR
3 - ‘.31411.06 .2*631.01 .,79341.02 -

084 • .136391,02
- CONSTRA INT VA LUES

•,toOOE.o i — .10001.01 ..ISbIE.01 .~4392E+00 •,*872E,01 —.12811,00 — .20001+01 — .12251—03
— .20001,01 — .20211.05 ..*9171,01 — .o2~0I—01 ‘.17601+01 — .Z1ITE+00 •.I4IOE,01 — .36021,00
•,ia’ZE,Ol — .30791,00 .,i3591,ol —.64*51,00 •,12471.et .,7S3aE,00 ‘.11591,01 —.64111.00

- — .109.1.01 .405b1+00 ..10a91+0* .9~i~ E+00 •,*01 5E+01 .,,8j2E+00 
..95921,00 ‘.Z01~(+0*

•,9SlSE,Oo — .10491,01 .,9OSaE,00 — .10941,0* •,6411E,00 ..IISOE,0* •.7S341,00 .12*TE,01
— .64151+00 ‘.135,1.0* ..~ U79E.0O —.14921,01 — .3402E+G 0 — .1*401,01 ‘.21171.00 —.17581,0*

P 
- •,825*E.0* — .i9*71,o1 .,1057!.o* —.20001.01 •.13081—o3 •,Z000€,01 — .12511,00 — ,1872t+01

- - .,*3~2t,0o •,156t1,01 •,10001,01 —.20001,01

THREE—ROINT INTERPOL~TI0N
— -4

P PROPOSED DESIGN
AL PHA $ .153801—08
X .VLCTOR
..OIISE.07 .211431.0 1 ..79341—02

4 o8J $ .13*361,02

~-j ~: CONSTRA INT VA LU E S
- •.*oOoE,o* — .10001,01 ..2S63E.01 •.$3~2E,0o •,1 8721,ol — .12811,00 — .20001.01 — .11931—03

P - — .20001,0* — .81831—04 .,*917E.01 — .82501—0 1 — ,1768E.O1 — .21*71+00 — .16401,0* — .36021,00
-~~~ •.I*O2Ei.01 —.50781,00 ..t3581,O1 — ,b*15E,00 •.1247E,o* ..13341,00 —.11591,01 —.84211,00j 

- 
•,1094E+01 — .905*1+00 — ,t0~81,01 .,93151+00 ‘.10151+01 — .95~ 2E+00 ‘.9832E,00 —.10151,0*

- 
- •,95*5E,oo — .1 0491,0* ..903oE,00 .,1094E,01 —.84111,00 ..11591,01 —.75341,00 — ,12a11,01
...4131+0O — .13591.0 1 ..~079E+0O ..1492E,01 •.3o021+00 — .1~ 4UE+0* ‘.21*71.00 — .11881.0*

- - - 
•,82301.0* .1’111+O 1 .~.3O’81.05 —.20001.01 ‘.12 161—03 — .20001+0 1 —.12BIE ,00 — .18721,01

- 
- — ,a392E .oo — .13611,01 ,*000E,01 —,10041+0J

3 . a * * ENO OF ONE .0IM~NSZON*L SEARCH

- CALCUL ATED ALPHA a ~23411E.20

OSJ $ .1383841+02 - NO CHANGE ON 054 
-

- DECISION VAR IAB LES C~.vECTOR)I- - 1) — .332*71—t I .2*6311—0* — ,1~3*2f’o2
- CONSTRAINT VALU E S (G VECTOR)

1) .,I0000E,01 •,100081+01 ,154061+0I •,13920E.OO — .167191.0* ..12506E,00

I -  - - - 7j — ,i999~1,ol .,1i790E.03 •,20000E.0i ,lbOlSE .13 — .191731,01 .,62503E—0 1
13) •,178131 pOl ..2i1121.00 .,).39$E.O3 —.3601oC.00 •.149211•01 ..SOleaI.00

- I 1~~) •.*3385E,ol •,8a148f+00 •,124*61+01 ..753151.00 ..*L3o’E,O l •.84i071.O0
3 23) •.1094*E.01 •9o5611,00 —.10*83E,oi •.OSlsaE,00 — .10*481.01 — .955221+00

— 31) •,98322(.oO .,*01441.01 •,951*~E+0O ..108151,01 .,e03**I+OO ‘.109*11,0*
37) •.SIiolE, oo ,1i3I’E,01 •,75343E,0o •.I1SobE ,01 ..o41481.00 .,135851.O1

- s3) — .507541.00 •,119211.01 •,3a01*E+00 .,143981,01 ..211721,00 ‘.178831,01
• *9) .,825o31.o* .,19*13E,o1 0, .,200001.01 •.11790E—03 •,*9,”E’O*

353 •,12e 0e(.o0 ..1$7191+O1 •,*38101+0Q •.2go 0$E.01 — .100001.0* •.I0000E,0I

r -

- - - -  - - 
- 

- 
-~~ - --

- 
- - 

-

~~~~~~ - 

- 
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FINAL OPTIMIZATION IN~ ORMA TION

054 a .13638*1+02 -

DECISION VAR IAB LES (y.vECTOR)
- 

P 
1) .352671—1I •2~631E .0 1 — .793421—02

CONSTRAINT VA LUES (G~vECTOR)
1) —.100001,01 ..,1o0001,01 —.156051,01 —.439201,00 .,t6719E.O1 ‘.226061+00- 

- 
7) ,19,,,E,01 ..~1i7,0€.O1 —.200001+01 ,78,751 13 — .191731.01 •.825031—0t

-~ - 
- *3 — .176831,01 ...,2~ l72E,00 —.103981,01 ..3bolbE ,00 ,149211,01 — .5078*1.00

19) ‘.135851.01 •.o**O SE.00 — .124661+01 ..753451.OO — .1158 91+01 — .84*071,00
23) .,10944E. o1 .9o5611,00 — .104851,01 —.95*441,00 ,,101481’Ol — .965221,00

- 31) — .98~ 22E.00 ...101481+01 — ,9~~1góE+00 .10~~55E+01 —.905*11+00 ‘.1094*I.Ot
37) •,84io71,oo ..1I589E,01 — ,753451,OØ .,12466E,0t •,o**458+00 — .135551+0 1

- I *3) •,SG78bEl OO .,14921€,01 — .340161.00 — .163981,0 * .,2ttlZE+O0 — .174131.01
•9) — .825031—01 ..,19175E .O1 0, ..20000€.O$ .,117901—03 —.199991,01
55) —.126061,00 ...IB7I9E ,O1 —.439201,00 ..15o081,01 ..10000E.O1 — .100001+01

THERE ARE 4 A CT IVW CONSTRAINTS
CONSTRA INT NUMBERS All

0 10 51 33 -

THERE ARE 0 V 1OLA~eo CONSTRAIN TS

THERE ARE 0 AC T IV F SIDE CONS TRAINTS

-~ TERMINATION CHITERIO N
A5S(1.OBJ (j.t)/~~J (1)) LESS THAN DELFUN FOR 3 ITERA TIONS

- AB$(O8J (I) OBJ (~.i)) LESS THAN DABFUN FOR 3 ITERATIONS

- NU MBER OF ITERATIONS • 5

• 

- 

OBJECTI VE FUNCTION W~ 5 EVA LUATED 27 TIMES

CONSTRAI NT FUNCTIONS WERE EVA LUAT ED 27 TIMES

PHASE DISTORTION CAL~ULAT1ON$

BEA M OR IENTAT ION HUMMER $ I
A ZMUTH ANGLE • 0,00 DEGREES

- i 1 • ELEVATIO N AN GLE • 50,00 DEGREES
- MA CN NUMBER $ ,70

(TA * I A N
- - 0. 0.00 0. 0, .193*1.00 0.

- .30001—01 0.00 0, .50001—01 .15341+00 .40ö0t,00
- 1 .30001—01 *3.00 •35341—0 l .35361.0* .16461,00 .29461,00

.30001.01 90.00 .50001—0 1 ,~ b75E.09 .1925E+00 .11791—0*
— .50001—0* 135,00 •33341—01 — .35361.01 .223oE.oe .,26821,00

-~ 
,S000E.Ot 160,00 •1~ 35t.08 .,~ 0O0E.0* .23611+00 •.ø130I+OG

— - - 

-
- .30001.01 223,00 .,3336E.01 .,3536E—01 .2230E.0O — .26821+00

- 
c - .50001—01 270.00 .,50001 01 •.20021.0$ .39281,00 .11791.0 1

,S000C—01 3*5,00 ..,3536E.01 .353*1.01 ,1646E,00 •29*oE+00
,*0041+00 0.00 0. .10001+00 .11171,00 .80381+00

-~~ I -

- - -

- 
-

L~ 
-

~~ —— 
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• ,10001.00 *5,00 ,loTtE— 01 ,i0111—04 .131 61,00 .316*1,00

I •1000E,00 90.00 •*000E+00 .15351—06 ,1631(+00 ,~7~0(’O1

4 - 
- ,10041.00 135.00 ,7071E’Ot .,70711.01 .24531,00 .,5~.*Z,O0

,I000E,00 180.00 ,ZelO ( O8 .,*000E,00 .276.1+00 •,Ii14E+00

- 
,I000E,00 223.00 •~7o71t— 01 .,70711.01 

,5183E.00 •,S6661+00

.10001+00 270.00 •,10001+00 ~,~005E’0I ,1~~Bt+41 
,;7*OI.Gt

I 

,10001,00 313.00 •,7~11E— 01 ,70711.01 ,13161.00 .51811,00

P - ZER N ICKE COEFPICTENT~I
- - AVER AGE $ .132221— ,2
- 

TILT, * a .69*621 01 V S .,56131E.03

POCUS a ,7$0271.jS
A$TIG a ..IOY7BE—02 ,7b626E.O3

- - 

- COMA a .i2116E’e* ,,207371 07 .185651’05 •*36401’02

- PHASE DISTORTION CAL~(JL AT IONS

• 
41kM ORIENTATION NUN41R • 2

: - - 
AZMUTH ANGLk • 43,00 DEGREES

- ELEVAT ION ANGLE • 30,00 O€GKEES
MACN NUMBER •

- 
R ETA I V A N

- 0, 0,00 0. 0, ,23911.00 0.

P 
- .30001.01 0.00 o, ,~O00E.01 .1,731+00 •*,601+00

P - .30001—01 ‘15 ,00 ,35361.01 ,33361—01 .22141,00 .23*81+00

— - ,3000E’Ol 90,00 •~~~O0E—O 1 •4b751’09 .26951+00 ..1,33E+UO

,50001.O1 t35.0O ,353b1.O% ..35361—Gt •3olOI.OO .,11BttE ,00

- ,3000E.01 180.00 •1 3351 O5 ,50001.01 .31571.00 •,~ 71êE+OO

,S000E.01 225,00 ..~ 3336E.0t .,33361—O 1 .25901 ,00 .,1923E,00

- •~0001.0t 270.00 .,~~ n0OI—0t ..20021 06 .24*61+00 .17971+00

- ,SoOOE— O* 315,00 ,3~ 3bE—O 1 ,33361.0t .20931.00 .46001,00

•1000E,00 0,00 0, .10001,00 .1193E,00 •l15tE+ 01

,$000E,00 45,00 •7o111—0 l .70711.01 .17241,00 .57151+00

.10001,00 90.00 ,l000E+00 .t33~g O 8 .27771+00 ~,37O0E+0O

.10001,00 133 ,00 ,70111 01 .,707*1.01 .33901,00 .,99*41.00

- ,*000E,00 *60,00 ,2ô70€.06 •,i000E,00 •36701,00 •,91811.0O

,I000E,00 22~~.0O ..70111 01 ,~ 071E—Ol .3*341,00 .,3431E+UO
- - ,1000E,00 270,00 .~1o00E+0O ~,*0O51.0~ .23231,00 ,35711+OO

,1000E,00 31~,00 ..,70111 01 ,70711 O1 .13351+00 •9ê.0E+00

ZER N ICKE C0EFFICIENT~,
- LVC*A;E • .437691.12

- TILT , I a ,647381’Ot V U •,3142ff •° I
- 

- 
- 

FOCUS a .291971.1?
ASTIG ~ .t767~1•n~ 

.391761—02
COMA a ,30l*2E— ~,3 .922 351—04 •i7 t111 02 .16110E’02

p -- - PHASE DISTORI1OM CA%J~ULA1IONS

- BEAM ORIENTATION HUMMER $ 3

U: I I - AZNU TH ANGLE • 90,00 DEGREES
- ELEVATION ANGLE a 10.00 DEGREES

I
. 

- - - -  -

- 
I 

I

- 
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- - 
- 

-

- - -  - - ~_ 1

MA CN NU MO IR • .70 
- 

-
- R ETA V V A N

— 
0, 6,00 o. 0. .34401+00 0,

- 
•5000E—01 0,00 0, ,~000E.01 .27071,00 •3017E+00

P 
- 

.30001—01 45,00 ,3536(.01 ,3536E.01 .293*1,00 .32471+00

.30001.01 90,00 .50001.01 .66751’09 .34391+00 — .11*01—02
- ,50001.01 *55,00 ,33361.01 .,53361.0* .39031,00 —.16081.00

- .30001—01 160,00 •133;E—06 — .50001.0 1 .40.61+00 —.24141+00
P ,S000E—01 225.00 .~353bE.02 — .35361.01 .39031,00 —.16061+00

.30001—0* 270.00 •~~ 00O(0* — .20021—06 .3a391.00 —.11.01—02
- - 

.50081—01 315.00 .,3536(—01 .333*1—01 ,2’31E,00 .32411,00

.10001,00 0.00 0. .10001.00 .17831,00 .12951,01

.10001,00 43.00 ,7071E 01 .70721.01 .23741.00 .80551+00
,l000E,00 9~,oo •looo1.00 ,*333E.0e .34351.00 .,08751—02

• .10001+00 135.00 .70711—02— — .70711—0 * •42361.00 — .43971+00
- •10001,00 *80.00 •2e70E—08 — .10001,00 .43111,00 .,b365E ,00

- - .10001,00 22~~,00 .,7071E 01 — .70711—0 1 ,a2jôE.0O — .43971+00
,10001,00 270,00 .l0 001+O0 .,oOOSE—06 .34351.00 .,4675E—02

- 

- .10001+00 313,00 .~7O71E’01 .701*1.0 1 .23711,00 .80551.00

ZER NICKE COEFFICIENT3 ,
- 

- AVERA ;L a ,18b72E— ~ t
- - TILT, V a .732711—01 V S •.50935E 03

- - FOCUS a .750431—02
ASTIG a .535’~E f l 2 — ,458121—O4
COMA • .230761.12 .101261’04 .410761—02 .122511—02

I -

• 

- 

FLON FIELD FOR THETA • 0.000 DEGREES

- 

- MACH 
:“

~~~~~~~ R 
• 

P141 Ii V 
- 

CM
- - - 

— ,~0o0f.0t .10001.1* —.12541.0* —.16201— 0* .22551—01 ,35881—01
-

- •.3400E+01 ,1O00E+~ t —.13191.01 .15501.01 .20791—01 — ,31~ 4E—0 1
•,3200E.0* ,100OE,~ t .,3774€—O2 .22541—01 — .19461.01 .,$547E—0 1
— .2.001.01 ,10O0E+~ 1 — .38571—02 —.31981—0 1 .~ 14bE— 01 .*221E—01• .,24001,.1 .20001,1* ,32’$21.0l •,lolbE ,Oo .13891.03 ,2*471+oo

- •,20Q0~,o1 .10001+01 — .81651—01 — .12361,00 .13281.00 .22,51,00
•,1600E,01 ,1018E,~ t — ,1o321.Oo .,42481.01 .18241,00 •51671—0 1
—.12001+01 ,11 93f+~ j ‘.84721.01 .33.11—01 .13701,00 — .86391—01-

- 
- •,5000t+0O ,126SE.,~ —,S57*E .O1 ,6501E—0* ,19131.0j .,1363E+OO

— .40001+00 .12941+0* —.24811—0 1 .88331.01 .33191—01 —.13761+00
.~~7~E 1 3  .1300E~o~ .78171—10 ,65651.0* —.12261—13 — .13*31.00P • .40001,00 ,12’4E.0~ ,ZbBIE .O1 ,6833E.O1 —.331’E.Ol —.13781.00

- - .80001+00 .12.51s*l .55711—01 .65011—01 — .79151—01 — .13831+00
.12001.01 .*143E+,~t .64711.01 ,3361E.01 — .13701,00 .,66391—O t

- 
- 

- .1*001.01 ,10761+.1 ,1032(+00 •,12481.0* — .152a1.00 .51.71.0*
1 - .20001+01 .14101.1, .61*31.01 .,1236E,00 •,1328E,00 ,2295E+0O

.2*001+0* ,1Q001.~~ .32421.01 
.,10751,00 — .138 91—01 ,21~~7E +0O

.2100E,0 1 .10001.01 .35511.02 .,3198E.01 .01961.01 .62211—01
- 

- 
— .32001.01 .10001.1* .37781.02 ,22341—0i .194*1.01 — ,45a 71.01

I .36001+0* .20001+01 .13191.01 .13501.0* — .20791.0* — .31s41•01
- .40001,01 ,I000E+jj .12541— 0* .,1620E—0 1 •,2255E.01 .35161—0 1

CRITICAL PRESSURE CO,FFICIE HT ON SURFACE a 41 ,76395

1 4. -

4 i : - . - 
I 

- -  - 

- 

-

I I , I 
- 

-- - 
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i-~ 4

- 
sURF ACE DEFIN ITION (fP$ a .300) 

-

POLY NOM IAL COEFICIENiS (Ad ). IaO, MA *k ) IN X .DIRECTION
- .101081+01 •.se843~.t3 —.103911,00 ,2B42Z~.*3 — .134541+00

•.332671—*4 .246311.0*

POLYNOM IAL COEFICIEN~S (5(I). !aO, MAX P) IN TNETA.DIRECTION
,*00001+01 0. ..*esSSE, o, 0. .845951,00

-x 0. •.79342?.02

COORD INATES
• 1 2 2—PRIME

.2,200 0,0000 0.0000

.2.000 .0000 — .0000

- - — 1 .800 ,0247 .2*82
- 

I 
-

- - —1.600 .078* .2981
.1,400 .1353 .2~3S

- 
.1.200 .192* .2449
—1.000 .2353 .1807

- - —.000 ,263* .1190
- 4  — —.600 .2637 •069*

- -  •.400 .2939 .0333
— .200 .2987 .0200
.000 ,3000 — .0000
.200 .2967 •.0100
.400 .2~3, •.0353

- - I - 

- .600 ,2637 — .0*94
- - .800 .2631 — .1140

1,000 .2353 — .1607
1.200 .1926

1 1.400 •1383 — .2435
1,600 ,0781 •.296*

- 
- 1.000 ,o247 — .2162

2,000 .0000 .0000
- 2.200 0,0000 0.0000

-~ I THETA
RADI ANS DEGREES 1 1—PRIME

-
- .1,152 —44,0000 0.0000 0.0000

.1,047 —40,0000 .0000 —.0000
.,942 —54,0000 .0207 .19*5
—.838 .a8,ø000 ,0386 .3284

I .,733 .42.0000 .0776 .4051
.,6~ 5 .36.0000 .1224 •4395

- 
I •.521 —30,0000 .1653 .43o3 -

•.‘i~ .24,0000 .2113 .3541
— 

- - — .3*4 .iS,o000 ,2482 .31*0
- 

- 
,209 - ‘*2,0000 .2781 .221 0

- - •,*03 —6.0000 .29*0 .1140
.000 .0000 .3000 —,00~0
.105 6,0000 .2940 —.1140
•ao’ 12,0000 j784 — .2210

•
~~~~~~ 

- .314 16,0000 .2452 •.3140
- .4I~ 24.0000 .2113 — .3861
- .324 30,0000 .1453 •,43o3

- .620 36.0000 .1224¶ I .733 42,0000 .0776 —.4061
.638 

- 
16,0000 .036* •.3aB 4

II 

- 
~~~~~~~~~~~~~
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,_

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-
-

-

-
s

-

I 
.942 54,0000 .0107 —.19*3
1,0*7 80,0000 .0000 .0000

- 
1.152 64,0000 0.0000 0.0000

- 

SUN OF SQUARES. OF PH~3E DISTORTION . •136351,0Z

1-

• 

- 

•
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COPES/CONMIN FORTR AN ROUTINES

• 1  FORTRAN PURPOSE
ROUTINE

COPES ..CQNtrol bogram for ~ngine.ring jyntheeis. This is the main
program ‘which organizes all design and analysis operations.

COPEO1 Reads COPES input data.

COPEO2 Controls optimization process.

COPEO3 Calculates objective and constraint functions in the form
required by CONMIN and performs data transfer operations.

cOPEO4 Controls sensitivity analysis process .

COPEO5 Prints sensitivity results .

COPEO6 Controls two—variable function space analysis process .

COPEO7 Prints two—variable function space analysis results.

ANALIZ User supplied subroutine for analysis of the problem under
consideration .

CONMIN Control routine for CONstrained function MINimization.

CNMNOI. 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 interpolation.

CNMNO5 Calculates search direction by Zoutendijk’s Method of Feasible
Directions.

CNMNO6 Solves one—dimensional search for cons trained problems.

• CNMNO 7 Finds the zero of a function by polynomial interpolation.

H CN~~O8 Solves the direction—finding sub—problem in Zoutendijk’s Method
of Feasible Directions.

U
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LASER TURRET ANALTSIS FORTRAN ROUTINES

~ I FORTRAN PURPOSE
• ROUTINE

ANALIZ Control routine for turret analysis.

BCOND Determines the dependent coefficien ts of th. polynomial shape
functions to satisfy the geometric boundary conditions .

BESJ Calculates the J Bessel functions.

BESIC Calculates the K Bessel functions .

BEST Calculates the ! Bessel functions.

CPPRIIT Prints perturbation velocities and pressure coefficient.

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

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

FXTOIC Calculates the Fourier coefficients of xk.

FXT34 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 Causian
elimination with pivot search .

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

PHDIST Calculates phase distortion .

PBIUV Calculates potential and perturbation velocities .

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

R.EFIND Calculates index of refraction.

EZIBINT Romberg improvement of trapezoidal rule integration.

RSURF Calculates radial coordinate , R , of the turret surface , given
X and 9.

SLOPE Calculates the slop, of the turret surface in the streamvise
direction.

97



~~
‘

~~~~~~~ •

PH
LASER TURRET ANALYSIS FORTRAN ROUTINES - CONCLD.

• . FORTRAN PURPOSE
~~

•
•

, 

I ROUTINE

.~~~ ~ - SRPINT Calculates the distance along a ray from the mirror to the turret
surface.

~J 1 1 SURPRT Prints the coordinates defined by the geometric shape functions ,• f(X) and f(9) .

TL’IPUT Reads laser turret analysis input .

TRAP2N Numerical integration using trapezo idal rule.

XRTPOB Calculates the polar coordinates , X, R and 9 of a given point on
a ray .

• ZERN Calculates the definite integral of the Zernicks coefficients .

ZINT Calculates the indefinite integra l of the Zernicke coefficients .

I - ~r j  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~•_ .
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FORTRAN VARIABLES CO!QIONLY USED IN LASER TURRET ANALYSIS PROGRAM

TURRET

ABAR(I) I—i coefficient of polynomial in x—direc tion.
I 

AC!. Half spacing of periodic turret for Fourier series approximation.

AL Turret half length .

ANX (I ,m) Fourier a—sub—rn coefficient on I—i. power of x.

ANT(I ,3) Fourier a—sub—n coefficient (3’.nI-l) on 1—1 power of x.

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

• i 
BBAR(I) I—i coefficient of polynomial in 0—direction.

EPS Turret height relative to fuselage radius at x — 9 0.

~ (AX Maximum number of rn—terms in Fourier expansion.

~ (AX Maximum number of n—terms in Fourier expansion.

• NTEBC Number of f and f ’  pairs of boundary conditions imposed
on geometry in 9—direction.

• NXBC Number of f and f ’  pairs of boundary conditions imposed
on geometry in x—direction.

• K Radial coordinate measured from centerline of fuselage.

RFUS Fuselage radius (meters) .

• SLOP~ C(I ) Turret slope at various x—locatio ns for 0 — 0.

• THETA Angular coordinate measured from the vertical axis .

THMAX Turret half angle.

• X Coordinate along fuselage centerline .

YYPXBC( I ,3) f and f’  boundary conditions in x—direction. S — 1. is
x location , 3 — 2 is f bounda ry condition and 3 — 3 is
V boundary condition .

TfPTB C(I ,J) f and V boundary conditions in 9—direction.

a

I
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MIRROR

Elevation angle measured from horizontal plane.
• GAZI MAI( I ) Angle GAZIMA for I—th beam orientation . • 

-

PHI Azimuth angle measured from negative x-axis.

PHIl (I) Angle PHI for I—th beam orientation.

BEAN

I. A Intercept of a ray with the turret surface.

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

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

ETAI(I) ETA for I—th beam element .

NBEAM Total number of beam orientations considered .

METAl Number of values of ETA used in phase distortion calculations .

I NRBI Number of values of RB used in phas e distortion calculations .

RB Radial distance from beam centerline .

REt (I) RB for I—th beam element .

WGHTI(I) Weighting factor for importance of the I—th beam orientation.

• Y Y—coordinate of a point on the beam.

• Z Z—coordinate of a point on the beam.

100
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AEBO — OPTICS

AKPRDI k ’ in phase distortion relations hip.

AZI!ACU Mach number.

ANA CRI(I) Mach number for I—th beam orientation. 
•

BETA A3S(l - ANACH**2)

CP Pressure coefficient .

I DENGAM Exponent in pressure—density relationship.

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

PDISTI(I) Phase distortion if I—tb ray.
• 

• 
PHIP? Potential function.

RINDEX Index of refraction.

SUMPD2 Sum of squares of phase distortion.

T(I) Trapezoidal rule or R omberg integration for phase distortion.

TDENRT Ratio of internal turret air density to sea level air density.

U Axial perturbation velocity.

V Radial perturbation velocity.

WAVEL Wavelength of laser beam.

+
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ARRAYS USED IN LASER TURRET ANALYSIS PROGRAM AND THEIR REQUIRED DIMENS IONS
1 ARRAY AND REQUIRED DEIEN SION(S) ACTUAL DIMENSION(S) IN PROGRAM

- 

LEAR (MAXK+l) ABAR (20)

AMA CHI(NB EAN) AM&CHI(30)

AMX( AXIC+l,MMAX) AME(lO,l5)

k A24(MAU+1) AN(1O)

ANT (MAXP+1 ,NMAX+1) ANT (10,15)

BBAR(MAXP+1) BBAR(20)

3?IX(MAXZC+l,MMAX) BMX(10,15)

BN (MAXK+l) BN(1O)

ETAI(NETAI) ETAI(16)

GA
~~

AI (NBEAM) GAMMAI(30)

PDISTI(NRBI*NETAI) PDISTI(200)

PHIl (NB EAN) PRII(30)

R3I(NRBI) RZI(lO)

SLOPEX (30) SLOP EX(30)

T(XTRAP+l) T(lO)

• • 
• 

TITLE(20) TITLE(20)

WCHTI(NEEAM) WGHTI(30)

• YYPrBC (NTHBC ,3) YTP TBC(lO ,3)

YYPXBC (NXBC, 3) TYPEBC (10 ,3)

ii’ .
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PROGRAM LISTING

-

I 103

_ _ _  • - —~~~



- 

•

• •

COPES — A CONTROL PROGRAM FOR ENG INEER ING SYNTHES IS SEPT , 77

c * * * * . .I a * *. * . . a* *.* e*~~~~~~~~~~~~~~~ ***~~~
C C~ p€S • CONTRO L PROG RAM FOR ENGINEERING SYNTHES IS . 20
C • Ie*****. .*.e.*******..* ..*.*ea.*e**....a....e.* a .* a* e*•** **~~** *a*  30

COMMON /CwMNI / T P R I NT ,NOV , I T M A X ,W CUN ,NSIOf, I CNDIR ,NSCAL , NFDG.FDC$ . 40• 1FDCH M ,CT ,~~TMIN, CTL ,CTL MIN . THETA ,PI4I ,MAC ,~ ELFUN ,D ARFUN .LgNO 8J, ITRM , 50
2ITER ,INFO R ,TG A TO ,INFO ,OBJ 80
CO MM ON /CAPESI/ A T ITLE( 20) 70

• COMMON /CnPFS2/ R A ( 5 0 0 0 ) , I A ( I 0 0 0 )  80
k • 

• • COMMON /Cr,p ES3/ SGNOPT ,NC A LC ,IOaJ ,NSV ,NSOBJ ,N CO NA ,M2VX ,M ZVX ,N 2YY ,M 90
I2V Y .N 2VA R .TPSENS ,IP’2V AR ,IPDBG ,NA CM X I ,N D VTO T ,LOCR (25),LQCICZS) ,ISCR too

110
COMMON /G~ Ø4CM/ A R RA Y( 1500) 120

• C BY 0 , N , VA N DEKPI. 4 A T S  OCT ., 1974 , 130
• C NASA .ANES RESEA I1CM CENTER . M OFFETY FIELD . CALIF . *40

C NCALC OPTYON S , iso
C 0. PE~~ ALL INPUT AND STOP . • Lao
C 1. S1~~ i E  PASS ANA L Y S I S . 170
C 2. OPT IMIZATION . *80• C 3. SEN S I T IVITY • Z F (X). 190
C 4, TW~ VARIA B LE FUNC TI ON SPACE • Z : FCX ,Y), 200
C •ee. .eee__ .. e_ 210

• C INPUT 2~ 0
C . eas e_C • CS C eS•SCCS•CSS _ •  230
C DI MENSI ON S OF A RRAYS A RR A Y , PA AN D IA. 140

• 
N A RRA Y~~15A O 250
NDRA S000 280• NDI A sI000 210

• C READ GENERAL SYNTHESIS CONT RO L INPUT . 280
10 CONT INUE 290
C SCRATCH TjpE NUMBERS , 300

ISC~~i.2O 31 0
• ISCRIa AO 320

CALL COPE~~ (RA ,IA , NDRA.NO IA ) 330
IF (NCALC .LT.0) GO TO 14 0 3”0

C CHECK TO ,NSURE STORA GE REQU IREM EN TS DO NOT EXCEED 350
• C D IMENSI O N r0 SIZES OF ARR A YS PA ANfl IA , 360

NORA1 * LOCP(25 ) 370
• NDIA 1 : LOCj (25 ) 380

IF (NOR Al ~,LE .ND PA .AN O .NDIAI ,LE.NQ TA ) GO TO 20 390
W R ITE C6 ,I3o) NDRA ,NUR A I ,NO IA .N O IA I 400
GO TO 140 410

- 
• 20 CONTINUE 420

C RE AD USER INPUT . 430• ICAL CSI 440• CALL A NAL ? 7 ( I CALC )  4S0
IF (NCALC ~ LF ,Q) GO TO 10 480

C ••••~~••••~~.e•e• •••~~~~•e•e • e.~~se.es.eee eee•ee ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ a io
C * .a* .***. * EXECUTION aeo

- • C Se ••e e•e
__

S CCCS SeC•SC•C eees eeeee ee.e.ee eeeeeeee• .eee.ee e e •  490
1F(P4CA I.C.ME. 2) GO TO 50 500

i~~ I

~~~~~~

104

-- —

~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _



___________________ - •  ~~~~~~~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 

.

•
•

COPE3 • A CON TROL PR OGRAM FOR ENG INE ERIN G SYNTHESIS SEPT. 17

• C CeeCeeCet  es sees 5e5 eeeee.eee.e.eSCeeeeee0e•eeS•~~~~e e 510
I • C IF A I4S(X CTn .GT.O OVER — R IDE USER I NPUT OF DECISION VAR iA B LES FOR 520
• • C OPTIMIZAT ~ (jN . 530

• 
• C accesSeS. ~~

_ .a cease. eeeae..ae.s _ _ _ _ _ •e e _• e e _ _ _ e _• e _ _ _ a~~ee .eeeeeeaac 540
DO 40 1:1 NOV 5~ O

4 xx~ A R sc PA ;T j) 560
IF (X X .LT _ 1 . OEe IO) GO TO 40 570

• N5aLOCR(5~ 580
• P~~sLOCI(2~ 590

• 00 30 J$ 1 .MOVT OT ooo
NNiS IA ( M2 ~ 610

• 
• - 

M21M2.1 820
• IF (NNI, NF.I) GO TO 30 630

NNI :Z A(J )
• • A R RA Y (NNi ~ 2RA (I)*RA (Nc ) 650

30 N5sN5+I 660
• • 40 CONTI NUE 670

50 CONT INUE 880
IF(NCALC. ME .3) GO TO 70 690

C eaae~~ene e..eeeee.eaeeee.e.eeaeee.se.eee.e..eee eae *e e
~~~~~~~~~~~~ 700

C TRANSF E R N OMI NAL VALU E S OF SENSIT IV ITY VARIABLES TO A R R AY , 710
• C •ne.eeee 

__ eeeeeee.eneeeee  • eesse eaeeeeeeeeeeeeeeee  en 720
• M64 Lf lCj( b~ 730

t47sLUCI (71 740
DO 60 I$1 .HSV 750
N IIA (M7) 760
M7 .M7+1 770

L. NMI IA( M6)  780
M6.Mo, 1 790

60 ARR A Y(IJN )2p A(N) 800
• 70 CO NTINUE 

• 
810

4 - IF (NCALC ,~~T.4) GO TO 140 820
GO TO (80,an ,12 0,13 0),N CA L C 830

I C eeeeeeecS 
___ e_eeea  •e ee •.eee a ee_ .eeee..ee~~ eeeeeee.eeSaeee~~~~~~

e
~~~ 840

C ONE ANA L YS IS 850

• C •.5ee..ee
___ S eeeeeeesf leeeee •• • e . e~~• e °~~~~” 860

80 I CALC *2 870
CALL A NAL T Z ( IC ALC) 880

I ICALC. 3 890

I CALL A PIA L, Z (ICA LC ) 900

• GO TO 10 91 0

r •~ 

• C eeee eeee ee a e te e e~~ee eeeaesee a_•eeeeesee.ee~~ eeeeeeeeCe5ae55C~~Ce 9~ 0
C O PT IMIZ AT ION 930
C CC CSCCC e _.ee. eee ee SeSeSeSe. See e e e e C eee~~ eeee e e eeeS SC~~~~~~~~~~~

5
~~~~ 940 -

90 CONTINUE 950

V N2sLOCR(2 ~ 960

• N3s 1.OCN(3 1 970

- NamLOC R (4 1 980
oo t oo III ,NOY 990

C X.V (CTOR . 1000

105
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t C~pE$ — A CONTRI’. PROGRAM FOR ENGINEERING SYNTHESIS SEPT. 77 •

• ~2.l.OCIC21 10*0
DO Q i Jt 1 ,NDVTOT 1020
N$ IA (M 2) • *030

1040
• IF(N,NE.Ii ~O TO 91 • 

1050 4

N5*1.OCR (5~ •J.* 1060
• N .IA (J) 1070 •

1
RA (I)IARR *Y (N )/RA (N5) 1060

• GO TO R? 1090
92 CONT INUE 1100• 92 CONTINUE 1110

N2.N2,l 1*20
N3sN3,t 1130

100 N4zN4+t  1140
C INI T1A L ANALYSIS. 1150

• C DESIG N VAR IA BLE VALUES. 11 60
M2ILOCI (2~ 117 0
NSZLOCR(SI 1180
DO l i t Iz1.NOVTOT 1190

• Ns!A (P42) 1200• HIIA CI ) 1210
ARRAY (P4)tàA(N )IRA (p15) 1220
N5ZNS,t 2230

Ill ~~~~~~~ 1240
- ~~~• C ANA LIZE INITIAL DESIGN S *250

*CA LC~ 2 1260• CAL l. AN AL~ Z (IC ALC ) 1270
C OUTPUT !N~ TrAL DESIGN. 1280

• ICALC s 1290
CALl. AN AL ~ zUC Al.C) *300

C OPTIW~ ZA T 1flp i. 1310
CALL COPE,’.? (ARRAY ,RA ,XA ,NA RRAY ,NDRA ,NDIA) 1320

C OUTPUT FIN AL OESIGN. 1330
ICALC .3 1340
CALL ANA Lj Z( ICA LC ) 1 350
GO TO *0 *360C •eaeeeeee ._e eeeee ee.ee.see5eeeeee eee ass ess eS eeeeeeeseseeeeeeea. 1370

C SENSITIVITY ANALYSIS 1380
C ~~~~~~~~~~~~~~~~~~~~~ eeeee e ee ..e.. .S.. SCeeSseSe Seas S .eeeeSeSCSSeee5SC 1390
*20 CALL COPEø~ (ARRAY ,RA ,IA ,P-IARRAY ,NORA ,NDIA ) *400
C OUTPUT REçUL TS.

CALL COPEn~ (RA ,IA ,Nt)PA .NDIA) *420
• GO TO tO 1430
• 130 CO NTINU E *440• C Sees e.e.c aeeeeeee . S~~ee. eSeee.CSe.eeeee..es seeeeeeseeeeaeee. a I 450

C TWO VARIA BLE FUNCTION SPACE *460
C SSSeSeSe _ .eeeeSSSSSeSSSeSflSeSeSS.eeee• ..e...ee..eee.e S.e.eeeeeee *470

CALL COPEi~6 (ARRAY ,NA ,IA ,NARRAY ,NDRA ,NOIA ) 1480
C OU TPUT R~ q~~~T3. *490

CALL COPE~ 7 (RA ,IA ,NDPA ,NOZA ) *500

• I •

. 1
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I COPES — A CONTROL PROGRAM FOR ENGINEERING SYNTHESIS SEPT. 77

GO TO t O  1510
1 40 CONTINUE *520

• t REWIND IS~ pi • 1530
REWIND IStR2 - 1S40
STOP 1550

• I C • . eeeeee _ S Seee eeee e.e C .Seeeeea e.SSSSeSS SaSSeS I 560
C FORMATS 1570

• 
• C Seee.eee __ 5  e eeeCSe S S C e eS.555e .S eeeeeeee S.eSe eSeeeSSSeeee* e 1580

150 FORMaT (/?SX, 6OHREQUIRED STORAGE FUR ARRAY PA OR IA EXCEEDS DIMENS 1S90

I IIO P1ED SIZF,5X ,5HARRAY ,2X ,QNDIME~ STU N,2X ,BHREQUIRED/7X ,2KRA ,I8,bX ,I 1600
25/7X,2$IA .IA, 6x,IS//5x,22s* * PRO~ NAM TER MI NAT E D 1610
END *620

‘ I
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1! .
• 8UBRoUtIN, cOPEOI SEPT. 77 •

• SUHROIJTINF COPEOI (RA ,IA ,NDRA ,NOIA ) • *0
COMMO N #CNMNL/ IPRINT NOV ,IT M AX ,NCON ,NSIDE,ICNOIR ,NSCAL .NF OG .FOCH , 20
IFDC$M.CT,~~TM1N.CTL.CTL HIN .THETA .PHI.NAC,DELFUN ,DAAFUN.LI NOBJ. ITRM , 30
2ITER ,TNFUG.IGOTO ,INFU,OBJ 40

4 COMMON /CnPESI/ ATITLF (20) 50
COMMON /CnPfS3/ SGNOPT ,NCALC , IOB J ,NSV ,NSOBJ,NCONA ,N2VX ,M2VX,N2VY ,M 60

• 
• 12Vy,N2VAR .IP$E$$,IP2VAN,IPOB (,NACMXI,NDVTOT.LOCP(25),LUCL (25).ISCR 70

50
DIMENSION RACNDPA ),TA (NDIA).CC(10),TITLE (20) 90
DAT A STOPI,tsS/,STQP2/%HT/ ,STOPS/1$OI ,STOP4,IMP#.STOPS/UHSTOPI *00

P•1 DATA ENO 1~~,NE,,EPID2/l HN/ ,EMD3/lHD, 1*0
I DATA COH/,H4/.COMMA/ *H ,/.SLANK/IW /.Z!RO,IH0/ 120
• c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *30

• C ROUTINE T0 READ CONTROL INPUT FOR COPES. 140
C 150

• C BY G, N, VAPI OERPLAATS MAR ,, 1973, 160
• C NA SAC AMES RFSEARCN CENTER . MOFFETT FIELD , CALIF . *70 —

• C eeeeaeeee e_ _ _ a e e e_ _ e e _ S_ ee  a_ eee • ..e e.ee.eesaeeeeae asses.. ease. 160
C READ CARD IMAGES ANO STORE ON UNIT 15CR?. STORE ON UNIT ISCRI 190
C WITHOUT COMMENT CAR DS 200
C eSeSeeee

_ __ eeeaeeeeeeae eee *SSCsSeSSee.ee Ses.seSe.e.seaeeeeee a... 210
REWIND IS~ R1 220

• REWIND ISrR2 • 230

NCARD$z0 240
l.OCI(25)sn 250
NCOMgO 280

2 FORMAT (80A1) 270
• ICA ROsO 260

10 READ (5,2 ) ( R A C T ) , Z~~I,8O) 290
• ICAROzICApD,1 300

• IFORNzO 310
C IS THIS TWF TITLE C ARD OR A COMMENT CARD? 320

IF(RA (1).fQ .COM ,OR .NCOM .EO .U) GO TO 27 330
• IF( RA ( 1) .cO .E401, A N O . C RA ( 2) , EO .ENO 2.AND ,RA( 3) . EQ ,END3)) GO TO 27 340

C UN,ORMAT T r0 INPUT C HECK. USE PA FOR T EMP. STOR A G E . 350
C CHECK FOR FORM ATTED INPUT, 360

00 25 J’i .Ro 370
4 IF(RA(J ).FQ .CO MMA) GO TO 26 380

IF( RA ( J),,O.CO M) GO TO 21 390
• 25 CONTINUE 400

27 CONTINUE 410
• IFOR MII aao

IF (RA(1).,W.COM) NCONzI 430 •

C NO COM MA FOUND. THIS DATA IS ALR EADY FORMATTED. 400
1 00 21 ~~~~~~~ Ab O

-t  21 R A J ~ 60)zQA(J 060
H I GO TO I6 470

26 CONT INUE ISO
1C ARD*ICAoD.t 490

~ C BLA NK 8.Vp~~IOP. 500

108



SUBROUTIN, COPEOI SEPT. 77

• DO 11 I~~* .8O 5*0
* 1 RA( I+$O) $ RLA NK • 520

• C CONVERT UNFORMATTED TO FORMATTED . 530
12.10 • 550

• LI.1 550
DO 12 I~~I ,6 560

C BLANK WOR KI NG VECTOR, CC, $70
DO 13 Jal to 550

*3 CC(J)3BLArnc 590
C PUT FIELD t IN CC. 600

Kb • 6*0
NFLGSO 620
00 14 JSLt, 80 o30

• JJaJ - 640
C IGNO RE LE~ OT NG BLANKS . 650

• IF (RACJ).FO .BLANK ,AND.K ,L T .1) GO TO 14 660
• C CHECK FOR COMMA . 670

IF( RA( J),,0.COM MA) GO TO *6 680
• C CHECK FOR COMMENT. 690

IF(RA(J).FQ .COM~ GO TO 17 700
710

IFCK ,LE .tô) GO TO 29 720
730

IF(P4FLG.GT .O) GO TO 1* 740
• WR I T E(b ,2A) ( RA ( L),Lb1, 8O) , I , (CC(l .),La1 ,t 0 )  750

28 FO R MAT( / 5y ~~37Na • INPUT FIELD EXCEEDS 20 CHARACTERS,SX , 780
• 

a t 3HCA NO j NPUT IS/ SX ,80A 1,5X ,17$ERROR IS IN FIELO ,I5,SX , 770
* 45HFTRST 10 NON—BLANK CHARACTERS ARE RETAINED AS ,2X .IO A *F5X , 700
* 2IHRESULTS MAY NOT BE VALID) 790

• NFLGz* 600
GO TO 24 810

2~ cC(K ,:Pac:i 1 820
‘A  14 CONTINUE 630

GO TO lB 840
• 17 CONTINUE 

• 850
C COMMENT FOUND. STORE BEGINNING IN FIELD I OR IN A CTUAL LOCATIO N , 880
C WH~~ H~ V~ R IS GRE~~ ER. $70

11.12—2 0 880
IF(I1.LT .1J1 TIzJJ 890
11.11.1 900
DO $9 J*J j~ 79 910

• IF (I1,GT .AO) GO TO 18 920
-

• 
RA (!*,6O),RA (J,1)

I’ I~~zt i,i  940
1 

• GO TO 16 950
16 CONTINUE 980
C STORE CONT ENTS OF CC IN 8. RIGHT JUSTIFIED, 970

• LIzJJ.I 980
• J1a!2,50 990

Do 22 J~~l.iO *000

I: 
~
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SUBROUTINF ~OPE0I 
‘ $EPT~ 77

• IF (K .E0,OT ~O TO 23 *010
IF(CC(K).ç0.BLANK ) CCCK)SZERO *020
RA (J*)sCCjK) 1030

I 4 JIIJI.t 1040 -

I a KZK.I 1050
I • 23 CONTINUE 1080 -

I • 12.12.10 1010
1 12 CONTINUE 

• *0$0
I C CHECK TO 

~~e 
IF MORE THAN 6 FIELDS OF INPUT ARE CONTAINED ON THIS 1090

C CARD, IF yçS, PRINT ERROR MESSAGE. 1100
I 

• IF (LI.GT.AO) GO TO 18 *1*0
DO 32 J.L1,O0 *120

• 

• 
IF(RA (J).ri~,CflMMA ) GO TO 33 1134

• IF (RA (J),r~.CflM) GO TO *8 1140
32 CONTI NUE *150

• GO TO 3 6 1160
B 33 WRITE(b,34)(RA(J),Js$,80) 1170

34 FOPMAT (/5K ,SIHe • INPUT DATA CARD CONTAINS MORE THAN EIGHT FIELDS! 3180
F a SX,l3piCAj0 INPUT IS/SX,ROAI/SX,Z4HRESULTS MAY NOT BE VALID) *190

• *8 CONTINUE *200
I IF(RA (1),pj~~ COM) WRITECISCR1,2)CRA (I).IzS1,1b0) *210

NCARD$aNCapOS,1 *220
IF((PACI) EQ.ST OPI .AND .RA (2),EIJ.STOP2).AND,(RA (3),EQ.STOP3 ,ANO. 1230
• R&(41.EQ .STOP4 1) GO TO 20 1240

• WRITE(ISC#?.4t)NCARDS ,(RA(I),!sl,50) *250
• IF (IFORM ,Fg~ 0) WRITE(ISCR2,41)NCARDS ,(RA(I).I.8*,6O) 1280

41 FORNAT(1S,6001) 1270
IF (RA (1).,O.END*,ANO ,(RA (2).E0.CNI’.2.ANO.RA (3),EQ,ENO3)) GO TO 20 *280

• GO TO I0 1290
k - i  20 REWIND IS~ R t  1300

• REWIND IS~
p
~ *310

C esaeeeeae e_ as•eeeeeee.e_ see.eeee.ee_eee..e.ee_ea__eee eseeeeeea e 1320
C GENERAL SYNTHESIS INFOPMATION *330
C •eeeeeese ,ee e e aeoeee.e I.oeee eee.eeeeseeeeee eeaee a access See 1 340
C TITLE, 1350

• C —e~~ DATA BLO~~ A~ • *360
READ (ISCRI. 750) CAT ITLE (I).I$1,20) *370
NCALCW .I 1350
IF (ATITLE fII .E Q,STOPS) RETURN 1390

• C CONTROL PA RA METERS. *000• 
• • C aceS DATA BLOrK 8, *410I READ (ISCR ~ ,770) NCALC,NOV ,NSV,N2VAR ,IPNPUT ,ZP$ENS,IP2VAR ,IPOBG 1420

IF (NCALC .LT.OI RETURN *430
IF (1PNPU?~ 4T ,2) GO TO 50 1040• WR ITE (&,ISI4I *450
WRITE (b,~~co) *460• WRITE (6,çôø) (AT !TLE(I), I.1,20) 1410

C •eeeeOaee..e eeeeeSaeSee ee..5s.e.ee...e.e...S..e ..eee eS.eee eeeo *450
C CARD IMAGE PRINT *490
C 5.eeoeeee.e_ eeeeee..ee.ee.ee..e.e....e..Seo_.e.ee_e_.ee .eeeeee ee * S00

. 4
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‘ 1

• .1 
I

• SUBROUTINE COPEO* SEPT, 77

IF (IPNPU~~ GT.0) GO TO 40 1510
WRITE (6,430) . 1S20
WRITE (6,a~ 0) 1530
DO 30 III , IC ARD *540
R!AD(ISCR 2.41)NCARDS ,(RA (J),Jb1,80) 1550• 30 WRITE(6,4ç0)NCARDS ,(RA (J),Jzl,80) 1560
REWIND IS~ q2 1570

SO CONTINUE 1560
• WR ITE (6,cTo) (ATITLE (I),I*t,2O) 1590

WRITE C6,~~8o) NCALC ,MOV I P4SV,N2VAR ,IPNPUT.IP SE NS,IP2VAR .IPDBG 1600
WRITE (6,i6o) 1630

50 NACI4xt.O 1620
• - NOYTOTsO 1630

• I NCONA .O 1640
• NAC MX2zO 1650
- IF (NDV .Lc,0) GO TO 200 1660

C •eee esee _ eeeeeeeeeee .see ees . ea eeeee ee ease eeeeeeee SesseeCee 1670
• • 

. C OPTIMI ZAT ION INFORMATION 1680
C eeeSseeee 

__
eeeee eSecee  a .e.seeeeeeee ee eeee.. 1690

C OPTIpq~ ZAT~~~ CONTROL VAR IA BLES . — CONMIN DEPENDENT. *700
C eec. D A T A BLO~ k C. $710

1 I READ (ISC~~1.770) 
IPRINT ,IT HAX ,IC NOZR ,N$CAL ,ITRM ,L!NOBJ,NACMX I.NFOG 1120

• 
• • C seeS DATA BLOCK 0. *730

READ (ISCR1. 780) FOC H,FDCHM ,CT ,CTMIN ,CTL ,CTL MIN ,TWET A ,PHI,DELFUN,O 1740
• 1ABEUN 1750 

•

I 
• C ~~ DATA 8LOh~ E, 1760

• C TOTAL NO , OF 0. ~~~ OBJECTIVE GLOBAL NUMBER , SIGN 1770
C ON OPT IM ITA TIQP4 OBJECTIVE, 1780

READ (ISCRI, 490) NDVTOT ,IOBJ.SGNOPT 1790
IF (NDVTO ~ •~~T•NOV) NUVTOTbNDV 1800
IF (NACMX1~_ LF.0) NACMXIZNOV .2 *8*0
IF (IPNPUY .GE.2) GO TO 60 1620

• IF (ABS(St NOPT).LT .1,OE tO ) SGNOPT .1, *830
WR ITE (6,~,3o) IOBJ.SGNOPT *640
WRITE (6,310) IPHINT ,XTM AX ,IC NOIR ,NSCAL,ITRM ,LI NOBJ ,NACMXI, NF DG 1850

• WRITE (6,320) FDC$,FDC p$M ,CT,CTMIN ,CTL,CTLMI N,THETA,PHI,DELFUN,DABF 1860
IUN *670

I 60 W 2SNOV ,3 1680
N3:H2,NDV~ 2 *690
N45N3,NOV,2 1900

C ——— a DAT A BLOrK F~ *9*0
C DESIGN VAQ IA BLE INFORMAT ION , LB, tIe , INITI AL VALUE, SC A L. *920

IF (IPNPU, .LT .2) WR ITE (6,040) 1930
NSRNI+PIDVp2 

• *94 0
IF (P15.LE~~NDRA ) GO TO 70 *950
WR ITE Cb.~~~0)  1960
WR ITE (6 .340)  *970
LOCQ (SS)’ wS *980

I GO To 300 *990
70 CONTI NUE

~~I ~b

- • 

• 

. 
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SUSROUTIN, COPEO1 SEPT. 77

• N$IDE.0 2010
00 80 I’I,NOV • 20~ 0
READ (ISCRI. b2O) RA (N2),RA(N3).RA (I),RA (N4),CTITLECJ).Ja1,5) ~030

• . IFC RA (N2) CT..t.OE,tS.OR ,RA (N3).LT .1 .0E,15) PISIDEaI 2040
IF(RA (N2) LE..1.OE.1S) RA (N2)..1,IE,*5 2050
IF(RA (N3) 0E,j,0E,1S) RA (N3)$1,*E,35 2060

• IF (IPNPU? .L T.2) WRITE Cb,650) I,RA (N2),RA(N3),RA (I),RACN4 ),(TITL( ~070
• . 1(J),Js1.51 2080

N?sN2,1 2090
P13*143,1 2100
N4.N4, I 2* 10

I 60 CONTINUE 2120
I 

- C ——— a DATA BLU~ K C, 2130
• C 0, V~ NO,, GL OB AL LOC A TIO N. MULTIPLYING FACTOR , 2*40

IF (IPNPUy •~~T~ 2) WRITE (6.500) 2150
N5s4*NOV+q 21o0
M2zN0VTOT~~ 2170

- • N5.N5,NDV,OT 2160
N3sN2,P4DVTOT 2190
IF (N6,L L ,~jORA ) GO TO 90 2200

I 
WRITE (6,330) 22*0
WRITE (6,3s0) ~220
LOCR (25)zp.3 2230 -

I GO TO 300 2240
94 CONTINUE 2250

I IF (M3,Lt p~flIA ) GO TO 100 22o0
WRITE (S.3A0) 2270
WRITE (6,~ 5O) • 2280
LOCI(?5)s’~3 2290
GO To 300 2300

• 100 CONT INUE 2310
DO 11 0 Isj,NDVTOT 2320

• • READ (ISCRI, 400) IA (M2).IA (T),RA (N5) 23.10
IF (ABS(PAç~15)).LT,1.0E—20) RA(N5)st ,O 2340 -

IF (IPNPUT .L T.2) WRITE (6,510) I,IA(M2).IA(1),RA (M5 ) 2350
M21N2,1 2360
NSsNS,1 2370

*10 CONTINUE 2360
NCON.0 2390

• C • e e  DATA BL(* g H, • 2400
C NUMB 5R OF CO NST RAINT SEt S, 2110

READ (ISCQ1,490) ~CO’4S 2420

• • 
IF (IPNPUT .LT.2) WRITE (6,670) 2430
IF (IPNPU,.LT,2) WR ITE (6,660) NCONS 2440
IF (NCONS FO.0) GO TO 200 2450

I IF (IPNPU,.L T .2) WRITE C6.b90) 2460
N6s4.NDV,~flVTOT.9 2470

• M3.2aNOVT oT. l  2460
• M1s 2. NDVTA T . NCONS 2490

I NIA UMIAL 2300

S

-
~~ I

I
1~

.
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SUBROUTINE COPEOI SEPT. 77
‘I

Lai • 2510
c •.~~. DATA 8LO~~ 1. 2520

NCONA*0 • 2530
DO *70 Ts~ ,NCONS 2540
NNNZNb+3 2550
IF (NP1N ,GI~ NDRA ) GO TO laO 2560

C GLOBAL NO’ 
~ . 

GLOBAL NO , 2, LINEAR CONSTRAINT ID. 2570
READ (ISCR ,770) ICONI ,JCONI ,LCONI 2560

C LB. NORM , OR. NORM . 2590
REAO (ISCRj, 780)(RA(J).JINb ,NNN) 2604)
IF(RA (N6).LE.el .OE+t5) RA(N6)s.I ,IE+15 2610 •

IF(RA (N6.,)~
GE,1, 0E.15) RA (N6,2)a1,IC,1S 2620

IF (RA (N61~j)~ LT .1.OEe2O) RA (Nb,t)$ABS (RA (N6)) 2630
• IF(RA(N6.j),LT .O ,l) RA (N6.1)*O.1 2640

IFCRA(N6+4)~ L T .$.OE.2O) RA(Nb,3).ABS(RA(N6,2)) 2650
• IF (RA (N6+~ ),LT .0,I) RA (M6,3)aO ,1 2660

C NUMBER OF VAR IABLES IN THIS SET. 2670
•~~~ 

I NVARZJCON .ICONI+* 2680
IF (NVAR .uT .l) P4VAR*1 2690
NCOP4AZNCONA ,NVA R 2700

C HOW MANY ~ONSTRAINTS? 27*0
J1=O 2720
IF (P&(N6 1~ GE..2,0E.1S) JIsI • 2730
IF(RA(N6.,)~ LT,1,OE.15) J1~~Jl.* 2740
NCONI*J*aPlvAR 2150
NCON*NCON~ NCONI 2760
IF ( J 1 , EQ~ o~ CO TO 130 2170

c ADD LINEAR CONSTRAINT IDENTIFIERS TO I$C, 2780
DO *20 J.,NCONI 2790
MQsM 4~~$ 2600
MMM*p44 26*0
IF (MMM ,G,.NOIA ) GO TO *90 2820

120 IA (M4)*l..CitNT 2330
• - 330 CONTINUE 2840

C ADD LB. UR AND SCAL TO BLU IF NVAR .CT.1. 2650 • . 
-

IF (NVAR ,F0•L) GO TO 150 2660
NVAR *INVAq .1 2870
DO 140 J*i, P4VA R I 2680
NNNsN6,1 2890
IF CNN N,G~.NDRA ) GO TO 160 2900
RA(Nb,4)ZQA (N6) 2910

• NA ( Nb+5)Z RA(N6 ’ l)  2920
-~~ RA (Nb.01s94(N6.2) 2930

14 
• 

• NA(N6,7)ZQA(N6,3) 2940
• 146.Noe4 - 2950

*40 CONTINUE 2900
*50 CONTINUE 2970
C A~~ CONSTR A INED VARIA BLE GLOBAL IDENTIFIERS TO ICON , 2980

• *CO NIVICONI 2990
DO 100 JZI,NV A R 3000

I •
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SIJBROUTINF COPEOI SEPT, 77

MNM*$3 3010
IF (t4MM ,Gj~ wOTA ) GO TO 190 - 3020
IA (M3).ICnP1I 3030
ICONI.ICONI.1 3040
IF(J.E0,1 1 GO TO lao 3050

C SHIFT ISC VECTOR , SOaO
LIIMI,1 3070

L2*
~
I 3080

. 00 143 k*MIA,M4 3090
IA (L1)$IA (L2) 3300
I..i.Li—t 3110

165 L2’L2.1 3120
MQVMI,t 3130
M4A .M4A+1 3140

1 I 160 MJRM3,I 
- 

3150
IF (IPNPU,.LT.2) WRITE (6.460) L,!CONI,JCONI,LCONI,RA (Nb),RA(H0+1) 3*80

*,RA (N6$2).RA (Nb+3) 3170
• N4.N4+4 3180

• LaNCON,I 3190
170 CONTI NUE 3200

IF (IPNPUT .LT.2) WRITE (6.470) NCONA 3210

GO 70 200 3220
-

• 
• 160 WRITE (6.~~3O) 

3230
WRITE (6,~~7G) 

3240
LOCR (?5)$NNN 3250
GO TO 300 3260

190 WR ITE (6,~~oO) 3270
WRITE (6,370) 3280

LOC I(25)*MMM 5290

GO 70 300 3300
200 CONTINUE 3310

• NSO8JsO 3320
• • NSVTOT .0 3330

- • C STARTING l OCATIONS FOR SENSITIVITY INFORMATION . 3310
NSVRsS*NDV,NUVTOT+4*P4CONA+9 335Q
N$VI.2.(Nnv,NCONA ) ,2.NDVTOI,NCUNA,1 3540
IF (NSV ,L,.O) GO TO ~II0 3370

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3360
• • 

. C SENSITIVITY INFORMATION 3390

C eseanos . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3400
IF (IPNPU,.LT.2) WRITE (4,590) 3410

C a.~~ DAT A BLOrK J, PART 1. 3420

C N508J, • 
3430

• READ (ISCDI .770) NSOBJ 3040

C —.•~ DATA 8LO~ K J, PART 2. 
3450

C NSENSZ. 3460
- 

• • • 
N5.NSVI 3470
MM5aM3+NSn4J—~ 

3480
• • - IF (MMS.LF •P4DIA ) GO TO 210 

3090

- 
WRITE (b.~~~4) 

3500

~~~~~ 
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• SUBROUTIN, COPEO1 SEPT. 77

WRITE (6.
~ ao
) 35*0

LOCI(25)s”MS . 3520
• 

GQ TO 300 3530
• 210 CONTINUE 35a0

READ (ISCPI, 77O) (IA(I).I.M5,HHS) 3550
IF (IPNPU,.LT .2) WRITE (8,530) NSfl8J 3SbO

• IF (IP NPU,.L T ,2) wRITE (6,520) (IA(I),I.M5,MMS) 3570
• 

• IF (IPNP’J~ .LT .2) WRITE Ca,aOO) 3580
N7.N$VR 

• 
3590

~6.NSv1,Nqo8J 3600
• M7.M4,$3v 36*0

00 230 I’j.N$V 3620 
-

• C ———— DATA BLOtK K , P A RT 1. 3830
C ISENS. NSENS. 3440

• REAO (*SCRj.770)IACMo),wN1 3650
• NN7sw7,Nr~~..~ 36o0

IF (NN1,Lç~ N0RA) GO TO 220 3670 I ill
• 

• WRITE (4,350 ) 3480
WRITE (6,390) 3690
LOCR (25)1N147 3700

• GO TO 300 3710
220 CONTI NUE 3720 -

• I C •—— ~~~~ DATA BLOrK K, PART 2, 3730-1 
• • C SEP15, 3740

RE A D (ISC,l.180) (RA(J),J*N7,NN7) 3750
IF (IP14PUT~r,E,2) GO TO 225 3760

. JJzN7~ 5 - 
377 0

JF (JJ.GT.NN7) JJ:NN7 3780 - •
WRITE(o,6,o)I.IA (Mo),(RA (J).J.N7,JJ) 3790
JJ.JJ.i 3800
IF(JJ,LE ,117) WRITE (b.o15)(RA (J),JSJJ,N7) 381~

225 CONTI NUE 3820
• • NSVTOTSNSVTOT,NN1 3830 - -

IA (M7).N7 38410
N7.P4N7,3 3850 -

Mbs Mb,* 3560
M7sM 7.1 3870

230 CONTINUE 3880
• • aso CONTINU E 3890

L 

M2VX.0 3900
M2VYZO 3910
IF (P(2VAR~.LE,o) GO TO 270 3920

C ss.5 ee_ 5e e fl5~~~~S eane5 e5eee eeees ene aeeeef l  noeseass 3930
C TWO VA RIABI E FUNCTION SPACE INFORMAT ION • 3940

• C •eeeess e ee e ae e ea  eaCeesaSee. Seese saS ~~sases Ssee eeeSeee sSS Se 3950
C e~~ DATA BLOrK L, 3960

• - • - C VARIABLE HUNKERS AND NUMBER OF V*iUtS OF K AND Y• 3970
READ (ISC R3, T7O) N2VX .M2yX ,N 2 VY ,M2VY 3960
N8*NSYR$NBVTOT 3990
M6aNSVI,NcOBJ,2.N$V 4000 •

‘ c i

_ _ _ _ _ _- 
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8UBROUTIN~ COPEOI SEPT. 77

NMIZP4S+N2VAI.t • 4010
IF (MW8,Lc~ P1DtA) GO TO 250 4020_
WRITE (6,~ a~ ) 

4030
WRITE (6,aoO) 5040
LOCZ (25)EMMB 4050

• • • GO TQ 300 IOoO
250 CONT INUE 4010
C eeee DATA BLO~ Ic H, 4080

• • • C GLOBAL VARTA BLE NUMBERS CORPESPONOING TO FUNCTIONS OF X AND Y, 4090
READ (ISC 9I,l7O) ((A(I).IzpjB,MM8) 4100

• iF C I~~’~PUT .LT .2) WR ITE (8, 130)  41*0
• IF UPNPU,.LT.2) WRITE (6,740) (IA(I).I*M8,NM8) 4120

C ease DATA BLO&,c N, 0130
C VALUES OF x COMPONENTS. 4140

NNSSNR$M2vX 1 4150
• IF (NN6.G~.NORA ) GO TO 260 4taO

READ (ISCRI. ?60) (R*(IJ,I:N8,NNS) 4110
IF CIPNPU,,LT .2) W R ITE (4 ,700)  N2VX 4180
IF (IPNPU,.LT,2) WRITE (6,720) (RA(!),11N6,NN8) 4*90

C ——— — DATA BLOhc O~ 
4200

C VALUES OF y COMPONENTS. 4210
N9*N6+M2Vy 4220
NN9SNQ+I42Vyel 4230
NNB.NN9 4240

• I READ (ISCpj, 760) (RA (I),**N9 ,NNQ) 4250
IF (IPNP4JT.L. T,2) WRITE (4.710) N2VY 4260

• IF (IPNPU,.LT .2) WR ITE (6,720) (PA (I), ISN9,NNO) 4270
Go TO 270 4280

:~~~~ • 
w~ *t~ (6,*3O ) 

4290
• WRITE C6 ,~~~fl) 

4300
• LOCR(25)ZNNR 4310

Go TO 300 4320
270 CONTINUE 4330
C seCeseee.*e ee eeeee e Ce es e e s  Seesesebe eeeeeesseesses eeeeese aeee ee•s 4340

C DYNAMIC STORAGE ALLOCATION 4350
C •eeesene eeeeSesee~~~~ee •eneesa~~~~.ee.e eee eeeeeee eSeecet 4560

NOV2aNOV., 4370
C REAL VAM IAR L~S, 

4380
• c x , 4390

• • LOCRCI)a1 4400
C Y~B, 4410

LOCR(2)*NDV,3 4020
- C VLj~ , •

LOCR(3)ILACR (2),NDV2 4440

C SCAt , 5450
LOCR (4)*LOCQ(3).NOV2 4460

• C AMULT. 4070
LOCP (5)*LOCR(4).NDV2 • 

4480
C dtti, 4490

- . 4 - LOCR (6)SLOCR (5)+NDVTOT 4500

116
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SUBROUTINE C0PC01 SEPT. 77

C SEP4$. 4510
LOCR(7)ILACR (6)+4*NCONA 4520

C XN~ V. 4530
LOCR (8)SLOCR (7),NSVTOT 4540

C YM~ V , 4550
p LOCR (9)ZLOCR (8)+II2VX 4540

• • C EXECUTIO N LEVEL A RRAY S • 4510
LOCR ( I0)II OCR ( 9)+M 2VY 4580
DO 280 1211,25 4590

280 LOCRU)ULACR (10) • 4400
C INTEGE R VAR IABLES. 46*0
C IOSG N. 4620

LOC I(n21 44630
C NDSGN, 4440

LOCI (2)*NnVTOT.1 4650
C ICON. 4660

• 
• 

LOCIC3)sLnCt (2).NDVTOT - 4670
• C ISC. 4680

LOCI(44)*LOC! (3)+NCONA 4690
C PISENS! 4100

LOCI(5)ZLOCT (a)+2a (NDVsNCOPIA) 4110
C ISENS. 4720

LOC I(6)aLr,CI(5),NSOBJ 4730
C N$~N5• 4740

LOCI (7)ZLOCI (6)+NSV 4750
C NZVZ, 4760

LOC !(6)Z LOCI (7) ,NSV 4770
C EXECUTION LEVEL ARRAYS, 4780

-‘ LOCI(4,ZLOCT(4),N2VAR 4190
00 290 I*~ 0,25 4800

290 LOCI(I)SLOCT (9) 4810
• • C STORAGE FOR CONMIN ARRAY S, 4620

IF (NCALC,ME .2) GO TO 295 4830
NRI*NQV 4840 -

IF (NACM X I.GT .NRI) NR!:NACMX 1 4850 
• r

• NRa3.NCON,~,NDV,NACMX,* (NDV2,NACMX3),NRI.4 4660

• NIWNACMX1.?.P4RI 4870
LOC R (25)3~ OCR (10)4NP 4880

• LOCI(25)$,OCI (9)sNI 4890
• . • GO TO 30 0 4900

295 NR*145V 4910
IF (NSOBJ.I~T~ NR) NRzNSQ9J 4920
IE(NCALC,,Q .3) U)CR (25)SLOCR (10),NR 4930

• IF (NCALC,FD ,4) LOCR (25)ILOCR (10 .PI2VAR 4900
500 CONTINUE 4930

1FCIPNPUT LT.Z) WRITL (b,430~ LOCR( 30),LOCR(25),NDRA ,LOCI (9),LOCI(25 
4980

.),NOIA 4910
RETURN • 4980

~ ~~
seee se .ee~~e~~~~~~~

s
~~~ 

See eeee. efleeeS esefleSeefleSSSeef leSeSSCS SS 4990

C FOR MAT S 5000

• 

• 
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• C SeeSSSee..__ Ssee.eeses ee_.eS..ees.eesee.e_5e.sSSSeSeeCSeeeeseeeess 5010
• 310 FOR MAT (/cx ,SRHCONMIN PARAMETERS ~1F ZERO . CONMIP4 DEFAULT WILL OVE 5020

IRSRIDE )//cx.aUIPRTNt .2x,SHITMAX.3x,bM!CND !R ,3X ,SHNSCAL.3X,4HITRN ,3 5030
• 2X .bML*NOB,.2X .8HNACMXI. 3X, OMNFOG/AI8 ) 5040
320 FORMAT (h,x,4HEDCM ,12x ,SMFOCM M .IIY ,2MCT ,I SX.SHCTM !N/IX ,4(2x.E14 ,5) 5050

*//bX ,3HCTt . 13X, b$CTLMIN. IOX.5,4TMETA . IIX,3$Pp.I/2X ,4C2X ,E14 ,5)// 5060
* 6X,6$OfLEt,M.IOX .bHDARFUM/IX.2(2X ,E&4,S)) 3070

330 FORMAT (/ 5X ,SONREQUIPED STORAGE TN ARRAY PA EXCEEDS AVAILABLE STO 5~ 80
IRAGE) 5090

340 FORMAT (/SX .27I4LJNABLE TO READ DATA BLOCK F) 5100
350 FORM AT C/cX ,ZTM(INABLE TO READ DATa BLOCK 0) 5110
360 FOR MAT (/,5X,5IIHNEQUIRED STORAGE IN ARRAY IA EXCEEDS AVA ILABLE STO 5120

IRAGE ) 
- 513 0

370 FOR MAT (/rx ,27HUNABLE TO READ DATA BLOCK I) 5*40
380 FORMAT (/cx .27NUP4ABLE TO READ DATA BLOCK J) 5150

• 390 FORMAT (/cx,27HUNAULE TO READ DATA BLOCK K)  5*80
• 400 FORMAT (/cX ,27HIJNABLE TO READ DATA BLOCK L) 5170

• 410 FORMAT( //çX ,2SND ATA STORAGE REQIJIPEHENTS//17X ,4HREAL,20X , 5180
* 7HINTEGEP/71 ,274f!NPUT EXECUTION AVA ILABLF,5X, 5190
* 27141NPUT EXEC UTTO PI AVAI LABLE/$X ,3110,2 X .31$0) 5200

420 FORMAT (Aj~ A2,A I,l9A 44) 5210
• 430 FORMAT (INI. 4X ,27HCARO IMAGES OF CONTROL DATA///SX ,4HCARD,20X,SPIIM 5220

IAGE) 5230
440 - FOR MAT (1~ øi • 5240
$50 FORMAT (18,2N),2X 180A1) 5250
470 FORMAT (/cX ,4OP4TOTAL NUMBER OF CONSTRA INED PARAM ETERS 2,15) 5260
460 FORMAT (/,SX ,2bMCALCULATI0N CONTROL, NCALC/SX ,5MV ALUE,3X ,7HMEANING 521C

1/lX .* .S’g.%SHSINGLE ANALfSIS/7X ,I HZ,SX,I2P4OPTZMIZATIONI1X .1P43,SX, 5280
2 IIHSENSITTV ITY/7X 11H 4.5X ,2YHIWO CVA RIA RL E FUNCTION SPACE) 5290

490 FORMAT(21j0.FI0.2) 5300
~00 FOR MA T (/,5X,1oMOESIGN VARIABLES/IIX.5H0, V ,,5X.4HGLOBAL .4X ,*IHMUL 5310

- 1TIPLyfNG/ç~ ,2$ID,5X.3piNO •,SX ,SMVAR , NO~ ,5l!44P4FACTOR) 5320
- 510 FORMAT (217,SX ,I5,b X .E12,S) 3330

• 520 FOR MAT (Sy.lbI5 ) 5340
530 FORM AT (/cX ,34HNUMI3ER OF SENSITIVITY OBJECTIVES ,15/5X ,S3HCLOBAL 5350

• INLJMI4fR$ ASSOCIA T ED W IT H S E N S IT I Y IT Y  O BJECTIVES )  5380
540 FORMAT (IM ~ ,///~ // ,5X ,47HCCCCCCC 0000000 PPPPPPP EEEEEEE S 5370

ISSSSSS/SX .IITMC 0 0 ~ P E S /SX,47 5360

• 2HC ~ 0 P P E S /5X .47HC 0 5390
• 3 0 ~pPPPPP LEEE SSSSSSS/SX.4714C 0 0 P 5400

• 4 E S/5X .47HC 0 0 P E 54*0 I-
$/5X.47HCCCCCCC 0000000 P EEEEEEE SSSSSSS 5420

• 6) 5430
• 

• 

550 FORMAT (/,,,/,IBX ,IQHN A $ A e A N E S/ ,I4X ,29HC 0 N T R 0 3. P 5~~~O
• 

* P 0 C P ~ M//26*
,5HF 0 R//8X.41HE N G I N E E R I N 0 S Y N T N

• • 2 € S I S )  5460
• 560 FORMAT (/ ,,/24X,OHT I 7 3. F,,SX ,20A44) 5470

570 FOR MAT (*M 14 41,bMT !TLF:/SX ,20A4) 5440
580 FOR MAT (/,,5 X ,IOMCONTROL PARAMETERSI,5X ,O2MCALCUL A TTUN CONTROL , 5490

• I • NCALC *.15/5X.O2HNUM8ER OF GLOBAL DESIGN VAR IA BLES , 5500

j

I • -
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2NDV *.ISISX,O2HNIiMBER OF SENSITIVITY VARIABLES . P1$V ,!5/5X,42 5510
3HNUMBER Or FUNCTIONS IN TWOeSPACE , N2VAR :,IS/5X .42MINPUT INFORMA 5520
4TIO N PRIN T COnE , IPNPUT ,I5/SX.42HSENS!IIVITY PRINT CODE. 5530
S - I~ cp~S *.I5/SX ,4L2HTWQ SPACF PRINT CODE, IP2VAR 5540
6*,15/SX ,4?NIP(SIJG PRINT CODE , IPOBG 2,15) 5550

590 FORM A T (/,~ 5X ,27pt’ * SENSITIV ITY INFORMAT ION) 5500
800 FORMAT (/~ qX .6MGL0$AL ,4X,7HN0MINAL/5X ,6HWUMBER ,2X ,844VARI A83.E.4X.5H 1~57Q

- • *VALUE,OX.IAMOFF .NOMINAL VALUES) 5580 
-

• .
~ 

610 FORMA l (SK ,TI4 ,18,SX,E%2.5,IX ,5E11.4) 5590
615 FORMAT(35X .SEIL .M) 5600
620 FORMAT (OrIO .2,IOAU) 5010

• 630 FORM AT (/52,3SNGLORAL VA RIA BLE NUMBER OF OBJ€CTIVC ,IOX ,tM:,I5/SX, 5820 -
I 46 MPIULTXPj .t ER (NEGAT 1VE IND ICATES M IN IM IZATION ) ,E12.4) 5030

• 440 FORMAT (/çX ,27H0*51SP4 VARI4SLE INFORMA TTON/ 5X ,5OMNON~ ZERU INITIAL 5040
IVALUE WILi OV ER5RIDE MODULE INPUT/5X ,SHD. V .,5X,5,4LOWER,10X,SMU PPE 5650

• 2R .qX ,7HIN~ TTAL/5X,3HNO.,7X ,5HBUUNO,10X ,5MR OuNO ,I 0X,5HVA3.UE,10X,5HS 56a0
SC A LE) 5670

• 
• 

650 FORMAT (Iq ,4X .E12.5,3X ,E12.5.3X ,E12.5 ,3X .E12,5,5A4) 5680
• 66 0 FORMAT (IB,Il,2I8,SX,E12.S,3X .E12.5,3X .E12,5,3X,Et2 .5) 5690

870 FOR MAT (/,5X ,22PICONSTPAINT IN FORMAT ION) 5700
680 FORMAT (/ cx . 9HT 14 ERE A RE, 13 , IbH  CONSTRAI N T SETS) 5710
690 FORMAT (1?x ,OHGLOBAL .2X ,OMC,LOBAL ,2X ,OHL INEAR ,6x,5HLOWER ,OX , 572 0

* I 3HNORMA II7A TION,?X .SH LIPPEP, 6X .I3HNORMA LIZAT IOPI/OX .2HID ,3X , 5730
* 6HVAR . 1 ,2X,BHVAR . 2,OX ,2MTD ,8X ,SHBOUND ,9X ,bM FA CTOR ,IO X , 5140
* 514800N0,QX,OHFACTOR ) 5750

700 FORMAT (/~~ K~ 49wGL OF3 A 3. VA RIABLE NUMBER CORRESPONDING TO X, N2V X :~ 5100
• t L S // S X ,~~0~~~ILuES OF KsV & R~~&633.E) 577 0

71 0 FORMAT (/~ SX ,49kGLOBAL YARIA8LE NUMBER C~ RRESPO NOTNG TO Y, P42VY s 5780
4 I %IS//Sx,2Os V A3.UE$ OF Y .VARIABLE ) 5790 -

• 720 FORM AT (3~ ,5(I2.d) 5800
730 FORMAT (/,/5X .51 P4* * TWO VAPI A BLE FUNCTION SPACE MAPPING INFt)RMATI 5810

1ON~ /5X ,S2W~ LQB AL VA R IABL E NUMBERS ASSOCIATED WITH F (X ..Y ), M2VZ) 5820
• 740 FORMAT (Sy.1Q15) 5830

750 FORMAT (Zn*4) 5840

~ I 770 FORMAT (8Ij~~1 5650
760 FORMAT (BFIO,2) 5860

END 5870
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SUBROUTIN, COPEO2 SEPT. 77
• SUBROUTIN, COPEO2 (ARRAY ,PA, I A .NA Q RAY ,NDRA,NDIA ) • 

*0
COMMON /CNMNI/ IPRINT .NOV ,ITM AX .NCON ,NSIDE .ICNDIR ,NSCAL,PIFOG,FDCH. 20
1FDC MM .CT,~~TM (N,CTL,CT3.MIN,THETA ,PH1.NAC ,DELpUN,DABFUN .LI NO8J,ITRM, 30

• 2ITER ,INFOB,IGOT O,INFU ,OHJ 40
COMMON /CnPFSI/ ATITLE (20) 50
COMMON 1CCiP!531 SGNOPT,NCALC,IUBJ,NSV ,NSOBJ,NCOPIA .N2VX .M2VX,N2VY ,M *0
IZVY ,N2VAR .TPSEP4S,IP2V &R ,IPOBG ,N&CMXT ,NOVTOT ,LOCR (23),LOC I(25),1SCR 10

• 
I *I,ISCI42 808 DIMENSION £RRA Y(NA RRAY ),RA (NORA ),TA(NDIA) 90

• C * * * *** .* * ** *** . .* * ** ** * i* * ** *** ** .** ** * *** * ** * ** *** * *** ** * * * * ** * **  100
C ROUTINE Tfl CONTROL OPTIM IZATION . 110

• - C *.,*****h.~~ *,****a****h.e*******,***e***.*******.*a****a********* 120
• 

• C BY G~ N, VANDEPPLAA TS MAR ,, 1973, 130
C NASA _A MES RESEARCH CENTER , MOFFETT FIELD , C A LIF. *440 • -

C eeeee.eee__ e eeeeeseeeeeeee aeeeeee S sSeseeeessSeeee ssee eeSee Se 150
C ARRA Y DIMENSIONS 1*0
C e5~~s 55ee 

__ e e a e e e eee e ee e eseeeeee.eseee.. ee Ses.. SeSeeeeaeeesSeee  110
NNI*NDV+2 *80
NN222*NOV~ I4CON 190
NN3:NACMX~ 200
NN4 NN3 210
IF (NDV ,Gj •NN4) NN4:NDV 220
NN522.NN4 230

C ee.seeees _e seeeae eeeee ee Seeeese  e e e e e e*_ e s e e e e e e e e e S e S e s S e S e  S eee 240
• C ARRAY STARTING LOCAT IONS 250

• C ~~e. eeeee _e ee.eseenee eeeeen .ee_e.s eee .eaeee_s eee_naeeaeaeeeeee  280
• C K , VLB, Vt,4, OF . A , 3, 0*, 02. C, 8, SCAL, ISC , IC, MS* 270

NXzI 280
NVL8sLOCR~ ?, 290
NVUB8LOCR f3) 300
NN$CAL2LOCR(4) 330
NDF$LOCR (i~~) 320

• NGZNOF +MNj 330 •

NASNG+NN2 340
P4$ZNA,PINI.NP43 550 -

J NGISNS.NNj 360
• NG~ ING1.Npp 2 370

I 
NCZPIG2.NN, 380

I NBZNC,NN4 390I N1SC~ LOC1L 4, 400
NIC2LOCI (,fl) 1 410
NMSIKN IC+NNI ‘120

C SSSS..es. ee ee eeeeeeee  See Sseeees eeeeeees eees eeeeseeee seeeeeef lee 4430
C OPTIMIZATION 440

• I C ~~~~~~~~~~~~~~~ 
__

e.eeee.seeee ee sseesees fl 5 S e e e e e s e e e e es  S eef leSeeeSeeee 450
• IGOTOsO 460 4

• C CALL CO NN~ N (X ,DF ,G,ISC,IC ,A ,S,G1,G2 ,C,MSI,A,VLB,VUB, 4470
• 

• 
C aSCAL,N1,N,,N3,N4,N5) 460

I • 
50 CONTINUE 490

• CALL CONM ,p~ CRA (NX ),RA (NDF),RA (NG,, IA (NISC).IA (NIC),RA (NA ),RA(NS), 500

I I

- • . • •

_  
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SUBROUTIN, COPEO2 SEPT. 77

tR4(NGI),R~~($G2),RA(NC),IA (NM5%),R4(NB),PA (Ny3.8),RA(NVUB).RA(NNSCAL 510
2),NNI,NN2.ww3.NN4I,MN5 520

I - 
C ANAL IZE . 330

CA3.I. COPEjj3 (ARRAY ,NARRAY, RA (NX),RA (NDF),RA (NG),IA(NIC). RA(NA),NNI 540
• I,NN2.NN3,PA, IA,NDRA .NDIA ) 550

• IF(IGOTO .~~T.0) GO TO 50 560
I RETURN 570

END 540

t 

.
‘b
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• SUBROUTINE cOPEOS SEPT , 77

• •
• SUBWOUTINç COPEO3 (ARPAY ,N A R K A Y ,X.DF,G,IC,A ,NNI,NN2,NN3,KA ,IA,NDRA *0

I,NØIA ) 20
COMMON /CWMN1/ IPRINT .NOV ,ITMAX ,NCON ,NSIOE,ZCNDIR ,NSCAL,NFOG,FDCH, 30
IFOCHW,CT,~~TMZN .CTL .CTLMLN . TMET A ,PHI .NAC ,DE3.FUN,DABFUM,LINOBJ, ITR,4 , 40

• 2ITER ,INFO O.!GOTO,INFO .OBJ 50
I COW4DN ~Cn pES~,, SGNOPT,P4CALC ,IOBJ ,N5V ,N$OMJ ,NCONA ,N2V X,M2VX,N2VY ,M 80

I2VY.N2VAR .IPSENS,IP2VAR,IPDRG,NACMXI ,NDVTOT ,L0CRC25),LOCZC?S),ISCR 70
• al,ISCRZ 80

DIMENSION ARRAY(NA ’4RAY),RA (NORA ),TACNO IA) 90
DIMENSION *(NNI),DF(NN1),G(NN2),IC(NN3).A(NN3,NNI) *00

C *** ** * *** .* ..*** t * * **** * *. .** *** ** ** ** * * * * * * * ** * ******* ** * *a* *****  *10
• • C BUFFER BETWEEN CONMIN ANO CO PES FUNCTION EVALUATION . 120

C ** * *e** * * *~~~~** * * * * * * * * * * * * * * * * * * * * * * * * * * *.* * * * * * ** * * ** * * * * * * *.* ** *  130
C BY 0. N, VANOERPLAAT S MAR ,, 1973. 140
C MASA.AME$ RESEARCH CENTER , I4OFFETT FIELD , CALIF . ISO

• C INITIAL ANAL YSIS HAS BEEN DONE , IF ITER a 0, GO EVALUATE 160
C OBJECTIVE AND CONSTRAINTS, 170

11 - 
• IF (ITER .L~ ,I GO TO 25 140

C • eeSeeee S ee eeeSeaSes SeeeeSSSCeeeeeeeeeeeeSeeS .eeeee  .eeeeees eeeeee 190
C T~ API5ECR DESIGN VAR IABLE VALUES TO USER ARRAY 200
C ~~~~

5 °~~~~~~See SeCeSCSSSSS S eSSSSSSSeeS SeeSeeeeSSeSS SeeS SaSS S SSSS 210
• NS8LOCR (5) 220

M2aLOCI(21 230
DO 20 ~:1.u0V’T0T 240

I NSIA (pq2) • 250
MSIA (t) 

• 2*0
• ARNAY(M)ap4 (N)*RA (N5) 2*0

NSsN5.1 280
• M2,M2,j 290

M9zMq~ 3 300
20 CONTINUE 310

fr 
• C •eSeeSSee e_ e.ee...S SeCeeef lSSS SSeeeSesf leSeS .eesee.ee.eeeene~~~~ee 320

• C - ANALIZE 330
C eeeee eee~~ _~~e e e e ee eee eee_ e eeeeseses ee ee eee eee eeee _ eeeeeeeees.seeee • 3440

I ICALC:2 350
CALL ANAL,Z(EC ALC) 3*0

C eees..eee~~
__ e_e.eeeeeee..e..eeeee.e. .eeee_._ae_aee.eeee..ee.ee ee.e 310

C OBJECTIVE 380
• C See Scene eee eS~~ 

OSeese e SWSSe55SeSSSeSSee5eSSeSeSee5SSSSSSS~~ S~~ 55 390
25 CONTINUE ‘100I OBJse$GNOPT,ARPAY (Z0$J) 410

IF (NCON ,F~ ,0) RETURN 420
C *eeeeeeee_ ee°SSSSSSSSSSSSSS. S e_ S _ _S  SCSSSSS S e S e~~~~aeSee *eS*e5S S 434)
C CONST RAIN T VALUES 4410

• C 555555555 eSS SSSC5SSSSSS5 ee.SSSSeeee SeeeSSeeSeSeeee ss~~. e  aese. e~~ 450 4
M3ILOCI(31 400

- N4ILOCR (b) 470
1 N Q  460
I 00 40 I$* .NCONA 490

C PAR AMETER IDENTIFIER , 500

~~~i

I

~ 
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SUBROUTIN, COPEO3 SEPt, 77

NNsI$($3) Sb
-
• 

CCuAR RAY (Ihl~~ 
I 520

C LOWER BOUND. 530
BBwRA (N4) 540
IF (BB,LT~,.I,oE,15) GO TO 30 550

C NOR$ALIZATTBP4 FACTOR , 560
- CISRA(N 6+j) 570

• C CONSTR AINT VALUE, 580
590

GcN )zceee~-c)/c1 600
- 

I C UPPER BOU~O. 810
• 30 BBIRA(N6.;3 620

C NORNALIZA~ TON FACTOR . 630
• Ct.RA(N4+~) - 

640 I
:

N6aN$+4 650
I’ •

• I M3sM~,I 660
IF (BB ,GT~,I.OE.1S) GO TO 40. 610

• C CONSTRAINT VALUE. 680
690

G(N)s(CC.4fl)/CI 700
aO CONTI NUE 110

- • RETURN 720
END 730

H

• I

- 

•

• j ‘b

ii

I~~
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SUBROUTINF cOPEO4 SEPT. 77

5uBR0~ TIN~ COPEO44 (ARPAY ,RA, IA ,NARRAY ,NDRA,NOIA ) 10
COMMON IC~ tqN II IPRIPJT ,NOv . ITM A Z ,NCON ,NSZDE, TCND IR ,NSCAL , NEDG, FDCH, 20

*FOCI4M .CT,j.TMIPI,CTL,CTLMIN, THETA .PHZ,NAC,OELEUN ,DABFU N,LINO$J, ITRM, 30
• ZITER,!NFOr.,TGO TO .INFU .OBJ 440

COMMON /CnPFSI/ ATITLE (20) 50
COMMON /CnPES3/ SGPIOPT ,NCALC ,I OBJ.NSV ,NSOPJ ,NCONA ,N2V*,M2VX,N2 VY ,N 80

I 
I2VY.N2VAR .IPSENS.IP2VAII,IPOBG .NACM*I,NDVTOT,LOCR(25),LUCI (25),ISCR 70

- •l,ISCR2 60
• 

• 
DIMENSION ARRAT (NARRAY) .RA(NORA),TA(M DIA ) 

I 
90

C a* * * * *a* *~~,** * * * * *a l* a I* * a* * * *a* * .a* *o * *a* * * *e .* * .* * * * * *a* * * * * *** *  100
C ROUTINE T0 PROVIDE SENSITIVITY IN FORMATION WI TH RESPECT TO 110
C A PRESC RIRED SET OF DESIGN VARIA $LES . 120

- C e* * *a* * * * **.* * * * * *t * * * * * *a* * * * * * *.* e* *a a a* * * * *,* * I* * * * * * * * * * * ** ** *  130
C BY C, N, VANO ERPLAAT S MAR ,, ‘ p 73 ,  1440
C STORE OUTPUT ON UNIT ISCRI, *50

• 
• REWIND IS~ ri ioo

• C 55SSe555e
__

~~ S S5S55S5eSC~~ S5SS5S5 S5•eSSeS5eS S eeeeee  S ee SeeeeSS * 10
• 

• C WRITE BASIC INEORMAT~ ON ON UNIT ISCRI 180
C •eee.eeee~~~~ee.sea eeeeee eea •eeeeS SSeSs ._ e _ _ e e _ see e _ eee e e e e s e 5*s 5 190
C TITLE. 2u0

WRITE (IS~Pl,33O ) (ATITLC (I),IS1,20) 210
C NCALC, NSv. N$OBJ 220

- WRITE (I$~ p1.340) NCALC,NSV .NSOBJ 230
C ISENS (I),,21,NSV . 240

• MbsLOCI (b~ 250
M75M4.NSV_1 200

• WR ITE (lSrpl,340) CIAU).I.Mb,M7) 270

• I C NSEN$Z (I).Izl ,NSOBJ , 280
• M5ZLDCI (5) 290

MbsM5+N$O~J.1 300
WRITE (ISrRt,3’10) (IA(I), IIMS,Mb ) 310
JC ALCs3 320

I 
• 

1CALC :2 330
C SesS.. 5SS_~~~~e eeeeeeeeeSee eeee ae~~eeeee eessssees  .~~ seeSe •e~~ eeeesSee 3440 —

1 C * * * *,*a*a~~ NOMINAL ********** 350

J C eee •S SSSSSS S.SSSSSS. a~~~~se~~~~esaS eSeSeese.  5 5seeeeeeSaSS.  300

• CALL ANALTZ (ICALC) 370
IF (IPSENS .GT.0) CALL ANALIZ (JCALC) 380

C SesSe•S e 5 S •5S5 5~~~~S SSSSSSSSS ea eeesSeeee5CSeSe~~
5

~~~~S 390
C WRITE NOMINAL RESULTS ON UNIT ISCRI 400
C •eee..•eS~~~~~~e s .eeesesss e.eeseeses e.e..ee.seese...ee•eeeeeeaee•aeoe 4110

- I C SENS (I,I) 420
I 

M7ZLOCI (7) 430
NIOW LO C R ( j O )  444 0
NII2PI IO 450

• DO IoO I~~i.PiSV 460
MZM7.Iet 470
NS1A(N) 460

• NA (N I* ) s R ~~(N) 490
160 N1I*NI1,1 SOO

I

~~~~1 

•

I ’ I

‘a. ’ - 
- 124
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SUBROUTINE COPEO4 SEPT. 17

I 510
WR1TE(ISC~ %,330)(RA(I),IsN10,N11) 520

C SENSITIVITY OBJECTIVES. OBJZ, 530
M5sL0C1(5

~ - 5440
4 t410~3.OCR(lO) 550

NIZIN IO 560
DO 170 Is~ ,MS0BJ 570

15 MaMS,Iet 580
MIIA (M) 

- 
590

RA(N11)SARRAY (M ) 600
ITO N11*N It,I 6*0

• Nt1*NIO,N qORJ5I 620
WRITE(I$Cflt.360)(RA (I),IsNbO, NI*) 630

C S e e s _ _ S e e  __5 5seeSeSS SeSees eese eSSence CSeSSSS Se eeee 5SSSSS5~~ SS55SS 640
C ***e*as*~. SENSITIVITIES ***~~~~~~ *~~* 050

~ 1 C SeSeS...e__ e eesSeeeeeeeeeeeeee.SSSSS Ses SeeSe 55 eee~~ eeeSSSeSSSeS5SSS 600
• 

• • NSV ALZ3.OCR($).LOCR (7)SNSV 
I 

670
- N$V*LIsQ 660

DO 320 I1211 N$V 690
C SENSITIVITY VARI AB LE NUMBER. 700

MoILOCI(a~ .jI.1 7* 0
1$ENSZIA (M4) 720

• C START ING l OCATION OF SENSITIVITY VALUES IN PA ~~M7 , ,  730
I P47SLOCI(71,tI.1 740

MAzJA (147.13 750
• 

M 7 S IA ( M 7 )  760
-
~ I C NUMBE R OF SENSITIVITY VARIAB LES, NSENS, 770

N$EN$IMBeM7 760
IF (IT.EO NSV ) NSENSSNSVAL .NSVAL%,t 790

• IF (NSENS~LE.I) GO TO 320 600

• C WRITE ISENS AND NSENS ON UNIT TSCpI . 8*0• NS€N$ISNS,NS.j 820
WRITE (ISr~R1,3440) ISENS,NSENSI 830

C SSeSSSSSS~~~~_ 5e5eee eeeee eaeeeeS S’ eeeeee S 5eee~~e Ce . eeesSSSeSSeeeeSSe 840
C VAR Y THE VALUE OF T14€ JEP4SITIVITY PARAMETER 850
C e~~ee~~~ ese _ 5.eeeeseeee s, assess Se es Ses eeeeeeee eeeeeeeSSS eeeeSeeeee  860

• DO 310 JJ.2,NSEN$ 870
NSVALISN$VALI,L 680
Kafl1,JJ I 890

• ARK AY (I$ENS)ZRA(k) 900
C WRITE SENP(T.J) ON u N I T  ISCRI, 910

I 
• 

I WRITE (!Srpi,350) ARKAY( !SENS) 920
C ANALIZE. 

• 
930

CALL ANAL ;7UCALC ) 940
IF (IPSENS ,r,T.0) CALL ANAL !Z (JCALC) 950

C •SSSS5C5 eSS S SS55S SSS5 C S S S 5 S S 5 S S eseeeese5Seeee e eeSseee ceess ees 900
C wpITE SENSITIVITY RESULTS (3M UNIT ZSCR* 910

• C Seeeeeeee.eeS.SSSSSSSSSSSSSSS5#SS.eS a_se_See .  Se.eesSeSeeSSSeeseSSS 980
- I C ORJZ. 990

N5BLOCX (5) *000

I 

• 
125
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• SUBROUTINE COPEO R sEPT. 77

NIOII.OCR(j0) 
• 1010

- P4111(410  • 1020
DO 300 !1;, NSOBJ *030
N$M3,1.I *040
M UIA ( M)  *050
RA (NI1)IA .RAY (M) *0*0

300 NIISNIL,t 1070
I - N*11N10,NBORJ .1  *0 80

15 W*ITE(ISCQI,3I50)(NA(I),IINIO,N1 t ) 1090
• . 310 CONTINUE 1100

ARRAY (ISE,.$,$RACM7) • 1*10
320 CONTI NUE 1120

. RETURN 1130
C CSSSSSC•Se.eeeSS•Sse Se e S 5 S° e5 S• • 5e5 ss.~~.Se SSt55eeS00 O 11140

C FORMATS I *150
• C Se5SSS.CS

__ S SSSSSSSSSSSSS SsseSee e S * *80
• 330 FOR MAT (2nAa) 117 0
• 

• 
• 340 FORMAT (bAtS) 1* 80

350 FOR MAT (SF15.8) 1190
END *200

ti • 

26
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SUBROUTIMp C0PE05 SEPT. 77

SUBROUTINE COPEOS (RA ,IA ,NDRA ,NOIA ) • 10
COMMON /CNMN*# IPRINT .NDV ,ITM AX ,NCON,NSIDE .ICNOIR ,PISCAL ,Nc DG.FOCN , 20
IFDCMM ,CT,~~yMZN .CTL,CTLMIN,THETA .PNI,NAC,DELFUN,DARFUN,LINOBJ,ITRM, 30
21TE4,INFO4),IGOTO,INFO .O4J 40
COMMON ~Ci-,p~S~ / ATITLE (20) 50

• COMMON /CflPESS/ SGNOPT ,NCALC,IO8J,NSV ,N$08J,NCONA ,M2VX ,142VX,N2VY ,M *0
• IZVY,N2VAR .IPS€NS.IP2VAR, !PUBG .NACMX1 .NDVTOT .LOCR (25).LOCI(25),LSCR 10

•1,ISCR2 80
4 • OTHENSIOtI RA (NDRA) .TA(NDIA) 90

C *.*.**,** ,*** * * * * *.* * *,* , ,* ,* .* . i , .* * * *** * *** * * *.* * * ** * * * * * * * * * * * *  100
C ROUTI NE T~ PRINT SE NS ITIV ITY IN FORMAT ION STORED ON UNIT ISCRI. 110 

• 
I

c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 120
C BY 0, N, VANDERPLAATS JULY, *974, 130

• C NASA .AMFS RESEARCH CENTER , MOFFETT FIELD, CALIF . 1410
• = RE WIND IS~ p* 150 •

C 5
~~~~~~

SS S S S.eeSSSS
~~

SSS SeeS.Se55S~~SSs e S5e.SSeee 5S 5S O5SSSeS 5 5e5S555 1*0
• C GENERAL TUFURMATION 170

• C 555555555 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S.s eees .Seeee.SSe e.Seeeeee.ee CeaSe 180

• C TITLE . 190
• RE AD (ISC~~1,on) (ATTTLE (T), Isl,201 200 •

C NCALC, NSV, NSOBJ 2*0
RE AD (ISCP%, 10) PICALC ,NSV ,NSOBJ 220
IF(NCALC ,p.,F.3) RETUR N 230
WRITE(6,8fl) 240

• ‘WR I TE (6,64)) (ATITLE (I),I**,20) 250
WRITE (6,00) NSV,NSOBJ 260

C ISENS (!).151,NSV, 270
READ (ISCR1, lO) (!A (I),Iz1,NSV) 280

• W R I T E  ( 6,1 1 0)  290
WR ITE (0,120) (TA (l),IZl ,NSV ) 300

C NSENSZ(t),111,NSOBJ. 310
• READ (ISCpj, 744) (IA (I),IzI,NSOBJ ) 320

WRITE (6,j~ n) 330
WRITE (0.120) (IA(I),Tsl ,NSOBJ) 340

- C S5SSeSefl_ ~~~ Ss55S~~See5SCe55f l55 CSe SeeseeSe.eesess .eeSSe .eSeeeSeS 350
C NOMINAL INFORMATION 360
C 5555S5S5 _ SSSSSSSSSSS SSSSSS SSSSe5e .ese .esse5eSs~~S.5eSSS5 ecesees 370
C SENS (fl.Ial.NSV . 380

RE AD (]Sc~~I.laO) (RA(I),I1*,NSV) 390
WRITE (6,lso) 400

- • I WR ITE (6.160) (QA (I),ISI. NSV) ‘4*0
• C OBJZ(T),I13,NSOBJ. 420

• READ (ISCo1, *40) (RA (!3,1a1.NSOBJ) 430
- WRITE ( b .j 7 0)  440

• WRITE (b,t64)) ( R A ( f l , ! 1 1 ,N S O BJ ) 450
• C SSeeseee e_ee eSaeS S S e e e ee e S S e eeSS ee e Ss ee saS S Seeee  S . e eSSeeeeS SSS S • S e  460

C **.*..a..~~ SENSITIVITY INFORMATION 4470
C eSeeeSSeS.e. SeflSSe See_s  eSSS5S5SS eSSSSSS •eeeeeeeeeeess See 480

WRITE (b,j~~0) 490
Do 40 ISE~ 5i1 .N$V 500

I

I 
-
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SUBROUTIN, c0PE05 SEPT. 77

4 C ISENS*, ~~ENST 510
READ CISCRI,70) ISLNSI,NSENSI 

I 

510
WRITE (6.j903 ISEMSI 530
IF (NSENST.EO,U) WR ITE (0,200) 540
IF (NSENS~ jQ.0) GO TO 40 550
DO 30 JJSI.NSENSI 560

• • 
I SENSCI,fl. S70

READ (ISCRI, 140) SENSTJ 580
-: C 08JZ(I),l111 N~O8J. 590

RE A D (ISCR11 I4O) (RA (I3,I.*,MSUBJ) 600
• N1t4!NO (4,MSOBJ ) 610

WRITE (b, , I O)  SENSIJ.(RA (I),I.1,N) 620
N~ (NSO13J— ~ )/4 630

- • IF (N .LT ,~~ GO To 20 6440
I L1:5 650

DO t o  I.I.,~ 660
I’ 

• LIsL*,3 670
• L2sM~ N 0 L ,P4SOBJ 680

WRITE (6,;2o) (kA(J),JZL),L2) 690
to LI aLl,4 700
20 CONTI NUE I 710
30 CONTI NUE 720

I 40 CONTINUE 730
• RETURN 7a0
I C Seeseee Se_ ~~e5eseeSS5eSee eees neSasse.sesee.e e S eeese eeseeesa eeeees  754)

C FOR MATS 7*0
I C ~~555e55S5..s ~~ S5S~~ Se55Se55SS55SSeCS sSSssSeeeSees .eeSeeeeSeeeSeeeeeC 170
- 

SO FORMAT (/,SX,5HTITLE/SX .20A4) 180
60 FORMAT (24)44) 790
70 FORMAT (1615) • 800
80 FORMAT (1~~t.4X.47HSTANOARD SENSITIVITY ANALYSIS RESULTS (P4CALCW3)) 810

• 90 FORMA T (/,SW,3bNNUMRER OF SENSITIVITY VAR IABLES. NSV.9X ,1H2,IS/SX, 820
*3RNNUMBER .OF SENSIT IVITY OBJECTIVES. NSOBJ ,bX ,IMI ,I5) 830 •

I • *10 FORMA T (/,5x,S2MGLOBAL NI)MBERS ASSOCIATE D WITH SENSITIVITY VAR 1ABL 840
*ESJ 850

120 FORMAT (Sv ,1015 880
130 FOR MA T (/,%X ,S3HGLOBAL NUMBERS ASSOC IATED W ITH SENSITIVITY OBJECTI 670

• *V ES )  880

I *40 FORMAT (5p~5.$) 890
I *50 FORMAT (,11,3X,2OHNOMINAL DESIGN TNFORMATION,/SX ,3IHVALUES OF SENS 900

IITIV ITY V ARTARLES ) 910
I 

• *80 FORMAT (Sy ,çE13 ,S) 
I 

920
• *10 FORMAT (/,SW,Q1HVALIJES OF SENSITIVITY OBJECTIVE FUNCTIONS ) 930
I 

• *80 FORMAT (/~~~ /5X ,~~NP4SENS1T1 VITY ANALYSIS RESULTS) 940 4I 190 FORMAT (/,3x ,ISM&LORAL V*RIABI.E,I5,,b 0x ,I HX .20x,414F(x)) 950
200 •ORMAT (/çx.SSMIME NOMINAL VALUE 15 THE ONLY V&LtJE/54,27HSPECIFIED 980

• 1 FOR THIS VARIABLE) 970
2*0 PORMAT (/~ X ,E*2 .’1.3X ,4(I3,4) 980

• 220 l ORM AT (IAX ,4E*3.41) 990. 4 EsO *000

I !  •
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SUBROUTINI COPEOD • SEPT. 77

SUOROUTIN, COPEO6 (ARRAY ,RA .IA ,N*QRAY ,NDR A ,NOZA) *0
C O MM O N  / CN MM L /  TP 14IN T ,NOV . ITMA X ,N C ON ,NSIDE .,TCNDIR.NSC&L ,NEOG ,FOCH , 20

• 

- IFDCHM ,CT,~~TNIN,CTL .CIL MIN.THLTA,PHI,NAC,D€LFUN ,DARFUN .LINOBJ.!TKM . $0
21T1R ,INFOr,•tGfl1O,INFO ,OBJ 40
COMMON /Cnp€St/ ATITLE(20)
COMMON /CnpES3/ SGNOPT ,NC A LC, !OBJ .NSV ,N$OBJ,NCONA ,P4SVX,M2VX,NIVY ,N 00

• I 
• *2VY.N2VAR •1PSENS,IP2VAR,jP0I3G.N&CMX1INDVTOT ,~ OCR (2S),~~UC~~(2S .ISCR 70
15 ‘l.ZSCR2 80

DIMENSION ARRA Y (NAR RAY), RA(NORA) ,IA (NOIA) 90
C ********* .*. **.*.********.t. . . , .***. .*. .*. *. *. *****u**. .**. .***** tue

- C RO U TINE  T~~ CA L C I IL A I F  FUN C T 1O ~IS OF TW Q  DESIGN V A R iA B LE S  FUR A LL 1 10

• C COMBINATInNS OF A SE~ OF PRESCRIBED V ALUES OF T$€3E VAI4IABLES. 120
C * * * *. A* * * . . .* *.* * * * * *.* * * * * * * * * * ** ** * *.* *. . .* * * * *.* . a* * * * *~~** * * *I*  130

• C WRITE OUTPUT INFORMATION ON SCRATCH UNIT ISCR1 . 1440
I C BY C, N, VANOERPLAAT S AUG., 1914. *50

C MA S A . AM E S  RE S E ARCH  CENTER, HOFFETT FIELD . CALI F . 1*0
• • REWIND IS~~~i 17 0

C 555e5e5 _ eSe S5SSSSSs5SS S 5 555S55 Se5~~ S S5See SS e e5_e S5SS 5SS55 SSS 180
C UNIT ISCRI WR ITE *90

- C ~~~ eaesess _ e  SeSSSaeeSeSe Ss e S s s seS 5 sSS.SeSSee e eeSeeeSSeSeS eeeeeee 200
W R ITE  (tSrpi,I60) (AT ITLE(I),I:l ,PO) 2*0

ØR ITE  ( TS r pl ,1l O)  N C AL C ,N 2 V AR ,M 2 V X ,N 2 VX ,M 2 VY ,N2VY 220
• 

• 

- C N2 VZ , 230
- MA:LOCI(8~ 240

250
I WRITE (ISçRlsI7O ) (IA (I),ISMB ,H9) 260

I 
• C eeeeees.S _ _ eSe.See..SSSe S C~~S eS5We S See. .. ~~e~~ se ae~~ .ese.eesseeeeee e 210

C TWO .VANIABLE FUNCTION SPACE 280
C SSCSS5S5 .ea eeSesSeSeS CS 5555555555S5S55 SSeSeSSSSSSee S S e  ssese 5es 290

ICALCs2 300
KC ALCs3 310
1510(4*1 320
N8zLOCR (8~ 330

344 0
DO ISO I2,~~I42VX 350

• • A R R A Y ( N 2 V Y ) S R A ( N 8 )  300
• DO *40 J$~ ,M2VY 370

M9SNR4ISI4)N 380
ARRAY (N2V~ )~ RA (N9) 390

C ANAL~ Z E ,  400 -

*1 0 CALL ANALj Z (ICAIC ) 4110
120 CONTINUE • 420

• IF (1P2VAM ~,;T.o) CALL AP1ALIZ (~ CALC ) 430
• C •SeC5eeSS~~es 5eSeS5s5Se SSeSSSS SeeSSeee.SSS •SS5SSSS•  eeSseeSeSS5S e 440

C UNIT ISCRI WR ITE “50
C SSSSSSSe Sees ee•eSeeneoSeSSSseeSSe 55555 SSeeeSS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ S

C WAITE X , j~ 470
• WRITE (ISCR*,l80) RA (N5),RA (N9) 460

C F ( x , y )  VA ,ijES, 4490
NIOILOCR(10) 500

‘5

4.
P 1

• I
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SUSROUT INp COpE0b SEPT. 77

NI1’NIG 5*0
Sb - •

I 00 *30 K.~~ N2vA1 530

- 
NIIA (M5) 540

4 NA (P41*)*A .RA’V(N) 550
N* $uNtl ,t 500
MBIMS.$ • 570

• - *30 CONTINUE
P4*1*N*O •N~ VARe~ 590
WR1TE (ISC~~I.150)(RA (4),~~*N*o.N%1) 6410

• I *40 CONTINUE 610

~9’N9,15I~~ 020
• 

I NBSNS,1
ISIGNSSTSIGP4 640

150 CONTINUE 650
RETURN 6*0

C Ses eess Se..eeseSseSeseeseeeeSeeee eeeeSeeeesese e55 eeSeSSeSeSS eesee 670
• 

I • 
- C FOR MATS *80

C *eeSeSeeS
~~

._ 55555555 SS5 CSCSSSS SOeeSeeS S 55 f lS55Se555S55SS55  S5SCSSS 690
160 FORMAT (2nAa 700
*70 FORMAT (IATS) 110
180 FOR MA T (~ pi5,5) 720

END 130

~~

•
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I

$UIROUTIN, CO.E07 • 
SEPT.17

$UBROUTIN, COPED? (RA ,IA ,P4DRA .NDIA ) 10
COMMON /CwsNt/ IPAINT ,NDV .ITM AX ,NCUN ,NSIDE,ICNOIR ,NSCAL .NFOG,FDCP4. 20

• IFDCMM .CT,r,NZP4,CTL.CTLMIN. TPIETA,PMI,NAC,DELFUN .DABFU N,LINO8J,ITRM, 30
�ITLR .INFOr..TGOTU.1NIO ,OBJ 40
COMMON /C~ ppSi/ ATITLE(20) 50
COMMON iCn~~ S;i SGNUPT.P4CALC ,IUBJ ,NSV .NSOBJ ,NCONA ,N 2 V X ,M2VX ,N2VY ,M *0

I I2VY .N?VAR .IPSENS .IP2VAR .IPOBG ,NACMXI .NOVTOT,LOCR(25),LOCI(25).ISCR 10
•1,ISC R2 80

I DIMENSION RA (P4ORA ),IA(NOTA ) 90
C *.*.*.*......,,*.... .,,*....*.*.....e.*..,*,..,... ***.**.**.****** too

I C ROUTINE T0 PRI NT TWO VA RIAB LE F~UNCTION SPACE INFORMATION STORED QN 110
I 

C UNIT ISCR I. 120 •

— C ************..***.***.*******I****.***..*.********a*************** 130
C BY C, N. VANOER PLAATS AUG., *974. 140

- C NA $A .Ap4E5 RESEARCH CENTER . MOFFETT FIELD, CALIF . 150
REWIND IS~ R 1 *60

C ~~~~~~~~~~~~~~~~~ ~~_ Se5eSe5Seeee SSSSSSSSS S Se s5eseaseSS5SSeSSSe5SSe 170
C GENERAL INFORMATION *80

-
• C Seeeee.SS_ ~~~ e_ S S S e ee5ee S e  SCSCSSSS.SSes C Ssse~~SeesS ee5SSS .eseseee.s 190

C TITLE. 
- 

200 -

HEAD (ISC~~j~ 80) (ATITLE(I) .T*t,201 210
I. READ (I$Cpi, 9O) NCALC ,N2YAR ,M2VX ,N2V X ,M 2VY .N2VY 220

• 1F(NCALC,NE ,44) RE T UR N  230

I C W2V7(I),I5*,N?VA H . 240
RE AD (I$CRI. 90) (IA(I),Iz*.N2VAR ) 250

II 

• 
WR IT ! (b,S~~~ 260
WRITE (6,40) (ATITI_ E(I),I:1,20) 270

C N2VI. N2V~ • 280
WRITE (6,140) P42VX .P42VY 290

C N2VZ, 300
WRITE (b,,50) 310
WA ITE (6,100) (IA(I),ISt ,N2VAR) 320

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
AS5SeSSSOCS 330

C TWO eVARIA BLE FIJNCTICN SPACE INFORMA T ION 3440
1 C •SSSCSSCS• eeeseeeeses S~~SSeSS55S .SSSSSSSSS esSSSeeeee 55 Ses eSesSee  35,)

J 00 30 I*1 1M~ VX 300
WRITE (b.,a4)) 370
DO 30 Js* .M2VY 360

C X , Y, 390

- I READ (I$CpI, 170) XX .YY ‘400
C F(x,Y), 4*0

N*OILOCA(jo 420
NIIZNIO,N;VANSI 430

I READ (!SCWI,$70)(NA(K ),KINIO ,Nt l) 444 0
Na4 450

• I IF (N2VAR ,L T, 4) NSN2VAR 460
N1*1N10.N.4 410

I IF(J ,E14.1 1 WRITE(b ,120)XX, Y’V ,(RA (K),KZN IO .NII) 480
.4  

• IF(J,GT ,* 1 WRTIE( b ,11O )YY ,(RA (k),K*Nl0,N11)
• IF (N .LE.NIVAR GO TO 20 500 • 

-1~~~~~ ‘5

I 

I 

- 
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SUBROUTINE C0PE07 SEPT. 71

I Nu(N2YA RST ),4 510
- N.N10*4 520

DO 10 K$l ,M 530

4 LaN,3 540

• IFCL ,GT ,NjI) L2PIII 550
• WR ITE (6,f30) (RA(K ~).KHRN ,L) 

560

10 NsL ,1 570
20 CON’ INUE 580

• 30 CONTINUE 590

• RETURN 600
C s s a _ _e es

___
seessees eeee.5555555ee5e5aeees5e 5e0C55555555555555 55 6*0

C FOR MATS 620
C SSSSeeSSS e.55S5~~~~~~~~~~~

55 SSf lsSSS 55555555555*  ~~~~~~~~~~~~~~~~~~~~~ 
55S555SS55 5 *30

I 40 FORMAT (/jSY.SHTITLE/5X .20A4) 640

- 
50 F O R M A T  (1Rl. 41,3SHIWOSVAHIABLE FUNCTION SPACE RESULTS) 650

• 80 FORMAT (241A4) 600
• 90 FORMAT (t~~~5) 

670
100 FORMAT (5y .* Ot5) 

- -
~~~~~ 680

• 11 0 FORMAT (/,SY,E12.4,3X.4E13.4) 69°
• 120 FORMA T (/~ X ,2EI2.4,3X,4E13 ,4) 100

-
~~~ 130 FORMAT (3~ x ,~ €13.~~) 

710
• 140 FORMAT (,,,,SX,48HGLOBAL NUMBER ASSOCIATED WITH X5VARIA BLE , N2VX t 720

l,15//SX,4~ HOLObAL NUMBER ASSOC IATED W ITH Y5VAR IAB LE , N2VY S,I5) 730

I 150 FORMAT (/,5x,37MCLOBA4. NUMBERS ASSOCIATE() W ITH F(X,Y)) 740 •

160 FO RM AT ( / , I O X .I 4 ”. Z l 4 , 1 H Y, 2 0 X , bM F ( X , Y ) )  - 
750

170 FOR MAT (SF15.8) 700

I c  END 770

- 
- 

‘ I

I 

- 
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SUBROUTINF CONMIN a CONSTRAINED FUNCTION M INIM IZATION SEPT. 17

SUBROUTINE CONMIN (X,DF,G,ISC,IC,A .$,G* ,G2.C,MSI,8,VLB,VUB,SCAL ,Nl 10
l,N2.N3,N4,N5) 20
COMMON /CNMHI/ !PRINT ,NOV ,ITMAX ,NCON ,NSIDE,ICNOIR ,NSCAL .NFDG.FDCH, 30
1FDC HM.CT,~~TMIN ,CTL,CIL M*N, THET A ,pMj,NAC ,OELFUN ,DARFUN,LINO8J,1TRM , ‘40
2XTER ,INFO4),TGOIO ,INFO ,OBJ 50
COMMON ,CflNSAV/OMI,DM2,DM3 .0M4,DM5,DM6,0M7 ,DMB ,DMQ ,DM IO,DCT,OCTL,P *0

• - LM II.A BOB J ,AROB J*, ALPIIAX .CTA ,CT AM ,CTSM .043J1,SLOPE,OX ,DXI.Fi, X1,OFTD 70
15 2F*,ALP ,FF F.DI(21),RSPACE,IDM1,IDM~ ,IDM3,JDIP, 80

• 4108J,KOBJ,KC OUNT,NC&L (2),NFE AS,MSC AL,NCO8J,NVC ,ID1 (7) 90
*,III.NLNC~ JGOTO ,ISPACF (2) 100
DIME NSION X (NI).UF (N1).G(N2),ISC(N2), TC(N3).A (N3.Nl ,,5(N1),GL(N2), *10
1G2(N2 ),C (N4),MSI(Nb),B (N ,N3),VL8(N1 ),VHB (N1 ),SCAL (N1) *20

1’ 
- 

C ROUTI NE Tn SOLVE CONSTRA INED UR UNCONST RAINED FUNCTION *30
C MTNIM IZA TI (ON . *40
C BY C, N , VANDE RPLAAT S APRIL, 1972. 150
C NA SA sAMES RESEARCH CENTER , MOFFETT FIELD , C A LIF . 160
C REFERE NCE1 CONMIN e A FORTRAN PROGRAM FOR CONSTRAINED FUNCTION 170
C MTPITM 1ZATIOW : USER’S MANUA L, BY G, N, VANDERPLAA TS, *80
C NAS A TM X.02,282, AUGUST . 1973, 190
C STORAGE REQuIREMENTS : 200
C PROGRAM 7000 DECIMAL WORDS (COC COMPUTER) 210
C A RRA YS ~ APPROX . 2*(NDV*I2)+26*NDV+41*NCON , 220

• C 
- 

WHERE N3 S NDV+2, 230
C RE.SCALE VARIABLES IF REQUIRED , 240

IF (NSCAL F4),O,OH ,IGOTO,EQ .0) GO TO 20 250
DO t o  Z~~1 •NDV - 200

10 X (I) C (I) 270
20 CONTINUE 280

- - C CONSTANTS 290
NOVISNDVi 300
NDv2:NOV,, 310

• IF (IGOTO ~fQ.0) GO TO 30 320
GO TO (15 O, ;70,tb0 ,bSO,670), IGOTO 330

C e ee.esses.see_ S ee.eeeea se .es . ses_s .eeeeee.see5ees~~~~~~s es  3440
c SA VE INPUT CONTROL PARAMET ERS 350
C •s.ss~~ eee _s seeesa .seses saees.ses es.e .eseesseeeeee ss .ese~~~~e Ses 360
30 CONTINUE 370

IF (IPRIN, ,GT .0) WRITE (6.1230) 380
IF (LI NON T.E0.0.OR .(NCUN .GT .0.OR.NSIDE.G T .0)) GO TO 4~O 390

C TOT ALLY UNCOP4STRAINED FUNCTION WITH LIPIEA R OBJECTIVE. ~4OII0

C SOLUTION j$ UNHOUNOED . ‘4*0
I WR ITE (b,*70) LINOBJ,NCON,NSIDE 420

If~ RETURN 430
40 CONTINUE 440

IOM IsITRM 450
IDM2*ITM A y 400
IDM3sICPlO~ q 470
DM)SDELFUPJ 460
OM?1DABFUW 490
DM3*CT 500

- 
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SUBROUTINE CONM IN  C O NS T RA I N E D  FUNC T I O N  M I N I MI ZA T IO N  $EPT~ 77

DMAWCTNIN - 
5*0

• DMSICTI_ 520
0M6*CTLMIPII 530
DN7’THETA 5440
DM3~pMI 550L - I 0M9.FOCH 5*0
OM1OIFDCHW Sb

C assesses ~~

__
eSeSeee se eee.seeeeeeeeee .aseeee eee.eeesesssss ees see 580

C DEFAULTS 590
— 
I 

- C 5SSSS.aeS •e5e5a5 555a55 aeSseeeae SCCSeSesf l55eSSeSn5ee5SSSeSS eec 600
- IF (ITRM .1E.0, ITRMz3 610

IF ( I T M A X LE ,o) ITMAX :20 620
NQVIsNOV.1 b30

- IF (ICNOIp ,~ Q,0) !CND !RINOV* 640 - -

IF (DELFIJ,a .LE .0.) OELFUN:,000t 650I - CT*SABS (CT) 600 I -

I IF (CT ,GE~~ ,) CT:— ,l 670
cTM1NZ ABs;CTMTN)
IF (CTMIN ,LE,O .) CTMIN :,004 690
C1LSSAB$ (rTL) 700

Ii IF CCTL ,Gc.O.) CTL*eO .O 1 710
CTLMIN3AB~ (CTLMIN) 720

I IF (CTLHIN ,LE .0,) CTLMINs ,001 730
IF (THETA ~~~~.0,) TPsETA ZI , 740
IF (PHI.tj.O,) PHI:5, 750
IF (FOCM ,1~~~Q,) FDCHS .01 760
IF (FDCHM .L€,o,) FOCP4HS .O1 770

I / C seeeSesSs
__ _ 

S eSeeSeeSesS a eeesseee ese•*e5 es es5s .esseesesaesee 760
- ,I C INITIALIZE INTERNAL PARAMETE RS 790
- 
I C eeeeesaes ~~5s eeeass. esseseessees esa se Sseeeeee se_es .  eeeeeees eeeees  as 800

INFOGiO 810
ITER ~~0 820
JDIR.0 630
IOI*Jao - - 64*0• J KOBJ.0 650
NDV2.NDV,, 860

I ACOUN TSQ I 670
NCAL (1)s0 - 

880
- • 1 - NCAL(2)z0 890

NACIO 9410
NELASIO 910
NSCAL*NSC~ L 920

- CT*IITNM 930
CT*sI,,CT~ 940

I OCT$ (CTMIW,ABS (CT))*.CTI 950
- DCTLS (CILMIN/ANS (CTLfl**CTI 960

PHII*PMT 970• AeO8Js.1 • 960
- 

I 

*$OBJls.* 990
‘5 ALPP$AX*,1 1000

I I
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SUBROUTINE CONNIM a CONSTRAINED FUNCTION MINIMIZATION SEPT. 77

I 

NCOBJ .O 1010
CTAM .ABS (~~ TM IN )  *020

CTBM,ABSCrTLMTN ) 1030
I C CALCULATE NUMBER OF LINEAR CONSTRAINTS , NLNC. *040
I NL NCiO 1050

4 IF (NCON ,FQ.0) GO TO *0 *000
• - DO So I’I.NCUN 1070

- 
- I - - IF (ISC(I~~.GT .O) NLNCSNLNC+1 1060

• 
- 50 CONTINUE 1090

60 CONTINUE 1100
C 5SSS5 5SS_ es eeses Se eaees ee cease. eeeees s seses aeeesesseeeaee  ~ 1 1 10

-~~• C CHECaç TO BE SURE THAT SIDE CnN$TRA INTS AR E SATISFIED 1120
I C •easese ssssesee seses s~~e~~e~~ a ese eeeee eeeesssess eees eeeesesee ee 1 130

I IF (NSIDE~.EQ.0) GO TO 100 1140
DO 90 I 1 ,NDV 1*50

- 

I 
IF (VLBU,.LE .VUBUfl GO TO 70 1160

• 
- 

• XX*,5.(VLR(T)+VUB (I)) 1*70
X (I)SXX 1180

I VLB(j) XX 1190
VUB (1)SXX 1200

- I WRITE (6.~~120) 1 1210
70 CONTINUE 1220

XX XU)5V1BC I ) 1230
I IF (XX ,GE ,o.) GO TO 80 *240

- C LOWER BOUND VIOLATED , 1250
WR ITE ( b .j 1 3 0)  X (I),VLB (I),I 1260
X (I)*VLH(T) 127 0
00 T0 90 1280

60 CONTINUE 1290

A XXSVUBCI )X(I) 1300
I IF (XX ,GE,~~,) GO TO 90 1310 1

WRITE (6,1140) X (I),VUB (I),I 1320
X (I)*VUB (T) 1330

90 CONTINUE 1340
100 CONTINUE 1350
C S *5555555_ •_ sesSSeee.eseees5s . .s .seeee.s s e e s s e e a ee5 es s e ee s e e e 5 e  13*0
C INITIALIZE SCALP~G VECTOR , SCAL 1370

I C •C5 CeaSes ~~s5s55CS.5S55S _.SSeSeSe_eSsseSesSesSeeese
SessseesSSS SS 1 380

- 
- iF (NSCAL ’EtI.O) GO TO 1~~0 1390 ; -

- IF (NSCAL L1.O) GO TI) 120 *400
DO 1*0 I ,.MOV 1410

110 SCAL (I)*I~ 1420
• GO TO *40 14430

- 120 CONTINUE 14110
I 

DO 130 I 1 , NOV 1450
I SIIAsS(SC*L(Iu *4460

IF (SI.LT ,j,OFebO ) SIi1.0E 5 1470 •

- SCAL(flIS, 1460
STat .,’SI I 1490

- X (I)SX(I).$!

III 
I 

•
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SU8R~UTT~~ CONMIN e CONSTRAINED FUNCTION MINIMIZATION SEPT, 11

IF C NSIDE~,Eq,O) GO TO 130 - 1510
V I_B(USVLR(T) .ST *520

VUB(I)WVUR(t).SI 1530
130 C ON T INU E  1540

140 CONTINUE *350
C Seeeeeese ~~5s sssaaSesSeeeeeee5s° eaSe S e _ e s  S.eeS..SSSSSSSSCSSSSS5S5S5 15*0
c a.*a~ CALr JLAT E INITIA L FUNCTION AND CONSTRAINT VALUES •**•* *570
C Se5SeaeeS _eeeeeesseeaeeeseee ass es .eeeaeeeeesee aeeeeeaeee SeSe5e5ee I 580

INFOWI 1590
NCAL(j)zl 1000
IGOTOSI 16*0
GO TO 950 • 1020

150 CO NTINUE 1630
• OBJ1 :OBJ *640

IF (OABFUPII .LE,O.) DABFUNS ,001*ABS (OBJ) 1650
IF (D ABFUW.LT .1 .OE.10) DABFUN*1.OFalO 1600

- I 
• IF (IPRINi’.LE.O GO TO boO 1070

• I C 555555555 eSeeeseSeseeS •SS5SS 5See eSs Seesee.SeeeaseeeseeSSeeeseee * 680
C PRINT INITIAL DESIGN INFORMATION *690
C 5505e 555 •aeeseeeeaSeeS ee.e a_CS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 70 0

IF (IPRIN,.LE. I) GO TO 220 1710
- IF (NSIDE° EQ,0.AND.P~CON ,EQ .O) ‘IRITE (6,1300) 1720

IF (NSIOE M€ ,o,flW ,NCON ,GT ,O) ‘IWITE (b , l � a 0 )  173 0
WR ITE (6,,2SO) IPRINT .NDV ,ITMAX ,NCON.NSIDE,TCNDIR ,NSCAL,NFDC.LINOB 17440

1J,fTRM ,Nl~~N2,M3.N4,NS ~75~
WA ITE (b ,I~~70) tT ,CTMIN ,CTL,CT%.~4IN,T14ETA ,PHI,DELFUN,DA5FUN *7*0
WR ITE (b.~~2601 FDCH,FOCHM 1770
Ir (NSIDE F0,O) GO TO *80 1780

- 
I I WRITE (6, 280) 1790

DO 1*0 I*I,NOV ,6 1600
MIZI4INO (NBV, L,5) 18*0

160 WRITE (6. 010) I,(VLB (J),JsI,Mt ) 1620
WRITE (6, 290) 1850
DO 170 !R~ ,NOV .6 *840
P41RMINO (N,~V,I.5) *650

*70 WRITE (6,1010) I,(VUB(J),J:I,M1) 18*0
180 CONTINUE *870

IF CNscAL CE.n) GO TO 190 1880
WR ITE (6.1310) 1890
WR ITE (6,~~~70, (SCAL(I).111. NOV) 

1900
IDO l CONTINUE *9*0

IF (NCON .F0.0) GO TO 220 *920
IF (NLNC.,Q ,0.OR,NLNC .EQ.NCON) GO TO 210 1930
WRITE (6.1020) 1940
DO 200 I*1,NCON .l5 *950
MIIMIN0 (NCON,7,la) 1960

200 WRITE ( b , i o O)  I,(ISC (J).JWI,M1 ) *970
GO To 220 *980

4 210 IF (NLMC ,,I*.PICON) WRITE (6,1 0410) *990
IF (NLNC.,q.O) WRI TE (6,j050) 2000
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SUBROUTIN, C4)NMIN • CONSTRAINED FUNCTION MINIMIZATIO N SEPT. 77

220 CONTINUE 2010
WRITE (6.jaSO) OBJ 

I 

2020
WRITE C6,,460) 2030
DO 230 IUI.NDV 20110
*151 . 2050
IF (NSCAL NE.0) X1.SCAL (I) 20*0

230 Gt (I)a*(II.~~i 2070
00 baO I’l•NDV,b 2080

- 
- Mt t$ 1N0(P4BV ,I,5) 2090• 240 WRITE (6,1010) t. (GLCJ).JsI.Mt ) 2*00

IF (NCUN.~ Q.O GO TO 260 2110
WR ITE ( 6 .j ~~4O 2120
DO 230 IsJ,MCO N,b 2*30
M1SMINO (PIrON,I,5) • 2*40

230 WR ITE (6.10*0) I,(G(J),JZI,M1) 2150
260 CONTINUE 21*0

• IF (IPRIN+ ,GT.1) WRITE (0.1370) 2170
C •asesse es~~

__ ess eses eeee e ass teSSSs eseeasf laseseesese a. esseesesee see 2180
C ************~~** * * ** *  BEGIN M INIM IZATION I. * * * ** * ** * * * *è * * * *  2190
C SSSS SSO 5_ eesaeeSSSS.5.SeeeeseSese S aseeseeses a e a s e_ _ S e e  Seas asses 2200
270 CONTINUE 2210

ITERsITER 1 2220
IF (ABOBJ, •LT ..000*) ABOBJIZ,0001 2230
iF (ABOBJj •GT ..2) ABORJI ,2 2240
IF (ALPHAY .r,T.1,) ALPWAX:1, 2250
IF (ALPHAw LT ,.0t) ALPHAX:.01 2260

- ‘ IF (IPRIN, ,GT ,2) WRITE (6,1320) TIER 2270
NFEASZNFEIS+1 2280
IF (NFEAS ~ GT,L0) GO TO 790 2290
IF CIP KINT.GT.3.ANO .NCON.GT.O) WRITE (6,1330) CT,CTL ,PHI 2300
CTASASS (CT) 2310
IF (NCOBJ ~,(0.O) GO TO 3*0 2320

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •e SeeseeSSCseSssSSSeSesS a Se eese ee 2330 - —

C NO MOVE ON LAST ITERATION , DELETE CONSTR A INTS THAT ARE NO 23a0
C LONGER ACT IVE . 2350
C ~~~~~~~~~~~~~~~~~~~ e

tsaatSSSSeSea.eseSeeseaseSeSeSSes aSSeS *eeSSs e Seseeeeee 2300
I: NNACSNAC 2370

DO 300 £51,MNAC 2380
NICIIC (I) 2390
IF (NIC,GT ,NCON) NAC SNAC sI 2400
IF (PIIC.Gj •NCON ) GO TO 300 24* 0
CT I~ CT 2420
IF (ISC(NTC).GT .0) CTIZCTL 2430

• IF (G(NICI .GT .CTI ) GO TO 300 2040
NACINACeI 2450
IF (I.EQ.NNAC) GO TO 300 24*0
IPI’I,L zabO
DO 290 Ka,pt,NNAC- 2460
1IsK.t 2490
DO 280 J$I.NOV2 2500

• I
’
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SUSROUTINc CONNIN a CONSTRAINED FUNCTION MINIMIZATION SEPT. 77
I’ I 

260 A (iI,J)aAjx,J) I 25*0
I 290 IC(II)u !C~~~) 2520
I 300 CONTINUE 2330

00 10 400 2540
• 3*0 CONTINUE 2350

I IF (MSCAL ’LT,NSCAL ,OR ,PISCAL.EQ ,O) GO TO 330 2560
• IF (NSCAL LT ,O.AND ,KCOUNT.LT ,ICNOTR ) CO TO 330 2370 - -

I 
• 

MSCALSO 2560
j ~COUNTs0 2590
1 C esee.sssa _ _e eaeeesseeeaeeesesasee.easeeeeseees.See • eeseeeeS.esSee ~60 0

C SCALE VAR IAN LES 2*10
C Sasesasea _ _ 5e .esaSsaeSeS esee Sses5eeseseeee5esssaseaeaeae essesasee 2*20

- DO 320 Is ,IOV 2*30

I SIISCALUi 2*40
4 I -  Xts5I*X(I) 2650

516.61 2660
- IF (NSCAL ’r,T,O) $IIAHS (XI) 2*70 

4 1

- - - IF (SI .LT’I,OEelO ) GO TO 320 2680
• SCAL (I 25y 2690

SIs1~~,SI 2700
X (I)aXI*S, 2710
IF (NSIOE EQ,0) GO TO 320 2720

- VLB(I):SIR*SI.VLM (j) 2730
VUB (j)sSIl~4$I.VlJ8(I) 2740

320 CONTIN(JE - 
- 2750

IF (IPRIN !.LT .0.OR.(NSCAL. LT .O IANO ,ITER .GT .* )) GO TO 330 2760
WRITE (6.1340)
WAITE (6,1470) (SCAL(T),IS*.PIOV) 2760

330 CONTINUE 2790
MSCALIM$CAL,1 2600

I MACsO 2810
I C Seseeeaee ss esaeeaseaaaeeeseasS eeee asseSses sass 5e s 555555e55 SC SS 2820

C OBTA IN GRA OI ENTS OF OBJE CTIV E AND A CTIVE CONSTRA INTS 2830
C easeaesee _ es_ s_ s__ Se_ S_ a. SSSSSCSeseflSeSseeeSSe S5~~ee S555e55555 nec 2840

INFO.2 2650
NCAL(2)sN~ AL (2),1 26*0
IF (PIFOG,I y~ 2) GO TO 350 2670
IGOTOz2 2680
GO TO 950 2690

330 CONTINUE 2900
I 

JOOTO SO 2910
360 CONTINUE 2920

I CALL CNMN~ 1 (JGOTO ,X ,DF ,G,ISC.IC ,A,G1 ,VLB ,VU8.SCAL,C,NCAL,OX,OZI.F 2930I 1I,X3,)II,W1,N2.N3,N1l) • 2940
IGOTOsS 2950

I IF (JGOTO ’,GT,0) GO TO 950 29*0
370 CONTINUE 2970

1 11 1 4  4 INFOuI 2960
II IF (NAC. C,• W 3) GO TO 790 2990

IF (NSCAL~.Vi.0,Ok.NFDG .EQ,0, GO TO 400 3000
I -

• 

1

- I
I

l

138
1

, • 
I

1 1 4  

-- -_ _ _ _  -- _ _ _ _ _  —— —
L~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - I - - I  ~~~~~~~~~~~ I

II ~~~~~~~~~ ~~~~ • •



• 

I 

- 
- 

I 

I I

Ii
I, - ‘ I

SUBAOIJTINp CONMIN a CONSTRAI NED FUNCTION MINII’ZZATION SEPT. 77

C SeeesSeee sesaeeaeSeseSSaeeeseaeeee seeeeaa saeseeeesaSeaae5eaeseeeee 30 * 0
C SCALE GRADIENTS 3020
C Saesseses

__ 
CsSSseeSSS ease asSe S55 05555 5 saeSaSSsSeSeeeSeees e5~~55C 3030

C SC*U GRA~ 1ENT OF OBJECTIVE FUNCTION , 3040
DO 360 I$j~,NOV 3050

•
~
I 1 360 DF(I)IOF(y).SCAL (I) 3060

-~ I 
I IF (NFDG.çQ. 1.OR .NA C. E0,0) GO TO 400 5070

- 

~ C SCALE GRAflIENTS OF ACTIVE CONSTRAINTS . 30*0
- I I 

DO 390 J$1,NDV 3090I 

- SCJsSCALC,~ 5*00
- 

I DO 390 !sj,NAC 5*10
390 A (I,J)SAU.J).SCJ 3120I 

400 CONTiNUE 
- 3* 30

IF (IPRINT~ LT.3,OR ,NCON ,EQ.0) GO TO ‘450 • 3140
- I C eeeaeeeeS_5s sessSsSaseee .SeS eSsSe es_ see_ se_ c SS5SS555SSSSSSS5SSSSS $150

C PRI NT 31*0
I - C SeeeeesSS

___
e.eseeseseeeseeees asssssee.sse Steee5aeSaSe5SOSeSsSSSSC 3170

- C PRINT ACT IVE AND VIOLATED CONSTRAINT NUMBERS. 3180
MIsO 3*90
N2~ N3 3200
IF (NAC .Ev* ,O) GO TO 430 3210
DO 420 I:IINAC $220
1.1Cc!) 3230
IF (J.GT .NCON ) GO TO 420 5240
0150(J) 3250
CIiCT AM $260

I IF (I$C(J),GT.0) C1.CTBM 3270
GISG IeCI  3280

- IF (GI,GT o.) GO TO ‘4 * 0 3290
C ACTIVE CONSTR AINT , 3300-r NIsMI,1

I MSI (MI3*J 3320
GO TO 4420 3330

010 N2sM2,l 3 3 0
C VIOLATED CONSTRAINT . 3350

M51(M2)sJ 33*0
420 CONTINUE 5370

• 
I 430 M31M2sN3 3380

WRITF (0.1060) MI 3390
Ir (Mt,E0’~~) GO TO 440 3400
WRITE (6,1070) 3410
WRITE (6,1490) (NSI(I),Is1.M*) 3020

0*0 WR ITE (b .jo$0) MS 3430
- IF (K ,E0,O, GO TO 450 3*40I 

WRITE (6.1070) 3450 1
I N31N3,t 3460 -

WRITE (6.1400) (MS1(1),I.N3,M2) 3o7o
430 CONTINUE 3*80

• C •Seee.ees _ seaaeSSsseasS S555SSSSSS5SSS5SCSSeSSCCCSeSSSSSSSSSSCS5S5S I.QO —:
C CAI CULATE GR AD IENTS OF ACT IVE SIDE CONSTRAINTS 3500 •

1

I

I
~
II1 ! II

I 
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- - SUBROUTINE CONMIN e CONSTRAINED FUNCTION MINIMIZATION sEPT. 77

C ..ee .ee .s_eeeeeee .e_see._ .eeeees___.ae.e_eeeeeeeae_eaSaeS se 35*0

- IF (NSZDE EO,O) GO TO 3*0 3520
I 

I MCNIs$COM 35_ s o
s Ig n 3340
DO 490 I*j,NDV 3550

- C LOwER BOUND. 3560
I X IsXtf )

XIDSVLB (1 1 3580
X12NABS (X,O) 3590

I IF (X12.LY .*,) X12st , 3600
I

. GIS (XIOe*y)/*I2 3610
IF (G!.LT..I1OE O) GO TO 470 3620

I 
NISMI,1 $.3o

3*40
NAC .NAC,t 3650
IF (NAC ,Gç,P13) GO TO 790 3660

I NCN1ZMCNL tI 3670
00 460 J*1,P40V 3680

060 A (NAC,J)*~~. 
3600

A (NAC.I)a_* . 3100
-
~~ 

I IC (NACJ’M rNI silo

I G(MCN*)$GT 3720
ISC (MCNI)., 3730 

I -

I - 
• C UPPER BOUND. 3740

1 *70 *IDSVUB (I) 3750
X*21A85 (*10) 37*0
IF (X12.L,.1,) X12s*, 377 0

A GIs(Xt.ZIp)/1l2 3780

I IF (GI ,LT ._I.OEe6) GO TO 490 3790

~ ~ I MISMI,* 3600
I I

I 551(51)’! 38*0
NACSNAC.I 3620

- 
- IF (NAC.Gp ,’43) GO TO 790 3630

NCN%sMCN%~~I 
3840

DO 4*0 J11,NUV 3850
060 A (NAC,J)s~ , 

3860

2 I A (NAC.I)s,, 3670
IC(N*C)*MrMI 3880

I - O (NCN*)’GT $390

- 
I *$‘(MCNI),* 3900

I I~~0 I CONIINUL $910
C eseeeee.a~~_eeeeseee_eees .eeeesSeSeeaSeeeeeaSeessaseaeSSsSesae5555e 3920

ii - C PRINT 3930

4 c .e. eee ... ._ ee.e.s .seesee.eaeeeeeee.eeee_ea..a ease._e.esee.s_5555e 39110
- 

C PRINT ACTI VE SIDE CONSTRAI NT NUMsIRS. 3950

- IF (IPII!NT ,L f,3) GO TO 3*0 3960

I 
WRITE (o,joeO~ 

M~ 3970
I IF (M ~~~.tU ,n) ~0 TO 5*0 

3960
WRITE (6,1100) 3990
DO 500 Iaj,sI ,t3 4000

i- j
It 

-

• 

- _ _ _  
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SUBROUTINE CONMIN • CONSTRAINED FUNCTION MINIMIZATION SEPT. 77

N2RNINO (Nj.I+14) 4010
500 WRITE C6.1400) (MSI(J).J.l,M2) 0020
5*0 CONTINUE 4030

I C PRINT GRA?~IFNTS OP ACTIVE AND VIO LATED CONSTRAINTS. 4040
I IF (IPRIN,,L T .4) GO TO 350 4050

1 4 WRiTE (b.j3SO) 4000
I 

I DO 520 I’I.NDv,b 4070
:

11
1 I - MISMINO(NOV.I,S) 4080

520 WR ITE (6,10*0) t. (OF(J),JSI,Mt, 4090
IF (NAC ,Efl,O) GO TO 550 ‘eIuO

1 WRITE (6,1360) 4110
- - I 

• DO 540 Iz1,NAC ~4 120
4130

I H2SMIeNCOw 4140
- 53*0 0*50 -

IF (M2,GT~ 0) M3*LABS(MSI(M2)) 111.0
IF (M2.LE o WRITE (6,090) Ml 4 * 7 0

- IF cMa .GT:o) WRIT E (6.1000) 53 4180 -

• DO 530 K’I ,NDV .b 4190 
-

MIUMI’40 (N0v,K,S) 14200
530 WRIT E (b .iOiO ) K. (A(I,J),JSK,Ml ) 42*0

I 540 WR IT E (6.i370) 4220
I 350 CONTINUE 4230

- C aSSsaaSsS flsSS saesseeesee Seaseess5 sesaseeeeeSsseeeseeeseeeeesseeee 4240
C *g*agg***~~~~*~ **** DETE RMINE SEARCH DIRECTION ~~~~~*~ a**a****** ‘4250

I C eeaeSSee5_ ~~~~Se5S5S5555C S 5SSCe555555555555 seas SeSe eas5S5 eeesaeeaae 42.0
ALPSI,OE,,o 4270

I IF (NAC. Gy.o) GO TO 560 4280
I C eeeeeas .e

___
eeseseeae aee sse a eeesse .a Saeeesssese ese aeeessseesesse 4290

~~ C UNCONSTRAINED FUNCTION 4300
C Se55ea5S5eee eSs5 a5s55ee55ees55seaeSeeSSa e_se_e._s5 .sseeeeeseeeeS 4310
C FIND DIRE~ITTON OF STEEPEST DESCENT OR CONJUGATE DIRECTION , 44320

NVCIO ‘4330
NFEAS.O 03410
I(COUNTZKCpUNT .1 4350

C IF KCOUNT GT .!CNOIR RESTART CONJUGAT F DIRECTION ALGORITHM . 43*0
IF (KCOON,.r.T.IC ND!R,OR.IO8J.E (J,2) KCOUNTgI 4370
IF (KCOUN1 .FQ.1) JDIRsO 4380

C IF JDIR S 0 FIND DI RECTION OF STEEPEST DESCENT . 44390 -

CALL CNMNø2 (JOIK ,SLOPE,OFTOFI,DF ,S,N1) 0400
• GO TO 6*0 441*0

360 CONTINUE 4420
C eeSeeeSos_ e eeeeaeaas se.SS5S esSese S Seses eesee 55 aeceseas aesSssSsS 41430

• - C CONSTRAINED FUNCTION ‘44440
C aSeeSseSe~~eseasSsSSeeSSe•eaeeasSeeasesSessasses s5 aeses Sseseeees 44454)

C FI ND USABI EsFEASIBLE DIRECTION . 4400
II I kCOUNTSO 04470
P JOIRsO 4480

• 4*4 9 0
I IF (PNI ,G,.*000,) P51.1000, 44500

- 
I~~

4 I

t i  I - 
•

- - 1.41
I
~~ . -
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-
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SUBROUTINE CONMIN a CONSTRAINED FUNCTION MINIMIZATION 5EPT, 77

IF (NFEAS .E0,% ) PHISPHI! 44510
C CALCUL ATE DIRECTION , 3, 4520

CALL CNMNAS (NVC, SLOPE,DF,G,ISC,IC.A ,S,C,NSI,B,NI ,192,N3,N4,N5) 4530
C IF Tpi~ 5 DESIG N IS FEASIBLE AND LAST ITERATION WAS iNFEASIBLE. 45440

- 
I 

- C SET AROBJI,,0S (3 PERCENT), o55 0
IF (NVC.E4.OSANO .NFEAS.GT ,1) ABOBJ1’.OS 45*0
IF (NVC, Ei~,0) NFEAS *O 4570
IF (IPRINy ,L T ,3) GO TO 580 4580
WR ITE (6,1380) 4590
00 57* 1S1. IAC ,b 4*00

I - HISMINO (NaC, I.5) 4610
• 579 WRITE C6.tnl O 1,(A (J ,NOVI),JZI.M1) 4620

I WRITE (6.1220) S (NOVI) 
I 

4630
560 CONTINUE 4640

- 
.4 

I C esesseas _e eeeaesaes ssass.aseas s5seesseeseese sesseesesssesaeess 5 4465 0
I C * * * * * * * * *.~~~*e**** ONE DINENSIONAL SEARCH *******.**a******s****** ‘4660

C Se~~sees~~ s __ e e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sees_S aeass aeeeeSee 5es5~~ee 4*670
IF (S PlDVj).LT.l.OEeb,AND.NVC .EQ .0) GO TO 690 4684)

- - C 5e55ee55a55s55555555 S •5Sa5555C~~s~~ SSea5eS555e5555S55SC asasSeas e 5 4690
C FIND ALPHA TQ OBTAIN A FEASIBLE DESIGN 4700

I 
C SSS a5SSSes55555S SsSsoea ssSeSSsSSsSSSaS esseeee 5SS55 S5SS a e es s s s e e e  0710

IF (NVC ,E~ ,o) GO TO 010 
4720

- ALP*eI, 1*730
I DO 600 I51.NAC 4740

I NCI*IC (j) o750
- C%sG (NCI) 4760

CTCZCT AN 44 770
IF (ISC (NrI,,GT .0) CTCZCTBM 4780
iF (C%.LE .CTC ) CU TO bOO 4790
ALp iso , 0800
DO S~~ J$,.NOV 44810

I- 4 500 ALP*.ALPI.s(J).A(I,J) 4820
I ALPIIALPI.a(I.NDV2) 0830

IF (AR5 (A ,P1).L T ,I.OE..20) ~O TO 600 4640

I ALPISeCI/A lpi 4850

t IF (ALPI.GT .ALP) ALP IALP I 44860
b~0 CONTINUE 4670

• 6*0 CONTINUE ‘4880
• C esesesess_ _ e eeeesSSees.seeaeeaeessea S_ sseseesssee esssseaeeseSes 555 4890

C LIMIT CHANCE TO ABOBJIaOBJ 4000

- 
C ~~se~~aeeSe.es 5e5S eee esesee SSSSSCe S eseeesSes 55e Ssesesce Seeee assess 401 0

. ALPI.t.O€.2. 0920
I SISABSCOB ,,, *930 4
I iF (51,LT~~.Ol ) $1a.0l 

a9440
II I IF (ABS (S, oPE).GT,1.0E 20) £LPI’AROBJI’SI/SLOPE 4950 •

II ALPISABS (*Lpl, 4060
ir (MVC.Gy,0 ) ALPI.10,*ALPI 4970

: 1 1  I IF (ALPI,p T,ALP) ALPIALPI 4960
- - 

I 
C SeeSSaSes.ea eeeeSSSeseSSSascsSssse ceases SeeseSSsseeeeSSSSaeSsSeSSS 0990
C LIMIT CHA NGE IN VAR IABLE TO ALPMAX 5000
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SUBROUTINE CONMIN e CONSTRAINED FUNCTION MINIMIZATION SEPT. 77

C •Sees.ees~~5eeeS.eeae .sseseeeees asseee .asseseseSSSeSeSessSSaeSeaeSS 301 0
ALPII.s1 ,OF.20 5020
00 624) ISj,NOV 5050
SI.A*3S S(,,, 5040

5030
IF (SI.LT .l.OE51 O .OR,XI.LT .0.l) GO 70 620 50*0

- I ALP1aALPH~~ ,q/$I 5070
IF (ALPI .iT.AL PII) ALP IIsALP1 5060

620 CONTINUE 
- 5000

IF (NVC ,G,~ 0) ALP1IZIO,*A LP1L SIuO
IF (ALPII LT.ALP) ALP*ALPIL 5110

~~I I IF (AI P,Gy ,J.O€,20) ALPZI.OE,20 5120
IF (ALP ,L,.I.OE.20) ALP*~~.0E.20 3*30
IF (TPRIN1 .LT.3) GO TO 64*0 5140
WRITE (6,1390) 5150
00 *30 ! s t , NO V, b 5160
MISMTNQ(NflV,I,5) 5170

630 WRITE ~(b~ jolO) I,(S(J).JsI,M1) 5180
WRITE (6.1110) SLOPE,ALP 5190

640 CONTINUE 3200
IF (NCOP4.GT.O.OR.t~SIDE,GT ,O) GO 10 660 5210

C — assfleeass__ s sseeeeseseee asees essasesesaSsseeseasc aeeaeeeseeeeeSse 522 0
C DO ONE OIMVISIONAL SEARCH FOR UNCONSTRAINED FUNCTION 3230
C ssee eseee ss eeasesseSeeeeees .eeses ..eSeese.essa S sses eaesSssSseeee 5240

J&07050 5250
630 CONTINUE 52*0

CALL CNMN r4$ (X ,S,DF .G,A .IC,SCAL .C.N1 ,N2,N3,N4) 5270
• IGOTO sO 5200

IF (Jr.OTO GT,o)  GO TO 950 5290
JOIR.l - 5500

C PROCEED T0 CONVERGENCE CHECK . 331 0
GO TO oBO 5320

- I C ceasesase ~~_ SssaSseeeeee esesessss_ssee sesss.,eeessesseesaessaeeeeS 5330 -

C SOL VE ONE_ DIMENSIONAL SEARCH PROBLEM FOR CONSTRAINED FUNCTION 5340
C •SaSeSaSe S_ _ se_ eec eeese .eesessee essseeeseeaseaeeeessS eessS Sesee 5150
660 CONTINUE 5360

JGOTOsO 5370
670 CONtINUE 3360

I 

CALL CNMN~ ô (X.DF .G,ISC,S.GI ,G2,VLB.VUB,SC AL,N1,P12, 5390
JOOTO sS 5400
IF (JGOTO 01.o) GO 70 950 54*0
IF (NAC,EI3 ,O ) JOIRSI 5420

C SSeesss ea~~ea See eseseese sesseses •sa• sass seessese nas~~saseee eease 555 54130
C UPDATE AL PHAX ... *... ~ ....*aa*****e a**e* 5440
C SSSSsseSe.s s5 S 5~~55e5 eeSeeeS s*See S esesessess eases. sac see eeaasasse 5450
6*0 CONTINUE 54*0
*90 CONTINUE 5470F- ’ IF (ALP .Gi,1.OE,l 9) ALPSO, 5080 ~ I -

~~~~~I;4  C UPDATE £~ p~ AX TO 81 AVERAGE OF MAXIMUM CHANGE IN X (I) 3490
-% C A59 ALHPA~. 5500

i
~
1 i

Jk 
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SUBROUTINE CONMIN CONSTRAINED FuNCTION MiNLN1ZAT (~ N SEPT. 77

AI.Pll.0. I 5510
1 DO 700 I*j,NDV 5520
I SZSABS(S(T)) 5530
I XI.ABS(X (,)) 3540

4 IF (XI ,LT I.0€slO) GO TO 700 3550
ALP1SALP*~~7,*T 5560

- IF (ALPI,o,.ALPII) ALPIIgALP1 5310
l
IE 700 CONTINUE 5580

ALP11z,5.~ ALPll,ALPNAX) 5590
ALP12*5.*.LPI4AX 5600
IF (ALP1 I GT,ALP12) ALP11 SA LPI2 5610

- AIPHAWSALIII 5620 - 
-
~I I NCOBJRNCORJ+I 5630 II

C ABSOLUTE tHANGE IN OBJECTIVE, 56440
I 

- OBJDSOBJLORJ - 5650
OBJBaA8$(n~JO) 5660

~~ IF (OBJB .,T.1.OE—10 ) OBJBSO. Solo
I IF (NAC .Eo.O ,OR ,06JB,GT.o,) NCORJtO 5680

- IF (NCOBJ GT.1) NCOBJsO 
I 

5690
I C eSseS sss__ e esseeaeeeae sssSSeaeesss sessssaeesas.seseesss eeaesse 5100

C PRINT 5710
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5720
C PRINT MOV E PARAM ETER , NEW X .VECTOR AND CONSTRAINTS . 5730

IF (IPRINT .LT .3) GO TO 710 5740
• 

I WRITE (6.1400) ALP 5750
710 IF (IRRINy •i.T.2) GO TO 780 5760

IF (05J8.6T.0. GO TO 720 577 0
IF (IDRTN1 r°,2j WR ITE (6.1410) ITER ,OBJ 5780
IF (IPRINT ,CT ,2) WR ITE (6,14*20) 084 3790
00 T0 740 5600

720 IF (IPRIN,,FQ.2) GO TO 730 5810
WRITE (b,14S~ 0) 003 5620
GO TO 740 5630 - ‘ I

730 WRITE (b,j440) ITER ,08J 5540
740 WRITE (6.1460) 5650 ;

- • 00 750 I’~ ,NDV 35*0
FF111. 5670

- IF (N$CAL PI(.O) FFISSCAL (I) 5660 - - I

,

750 G * ( I)SF F l,X( I) 5590
00 7*0 II1~ M OV .6 3900

I
- I 

- 
M1sM7N0 (N0~ ,J,5) 5910

7*0 14RITE (6.1010) !,(01(J).JSI,Ml ) 3920
IF (NCO N.c0.O) GO TO 760 5930 

-- WRITE (6.j4110) 59*0
I I DO 770 Is~ ,wCC1N,o sqjo 1$ I

M ISM IPIOCNCON,!,5, 5960
770 WRITE (6,~~flI0) 1,(G(J),JSI,M1) - 5970
160 CONTINuE 3960

- 
I 

C s5
~~~~55eSe._5 e555555a5555S55S5550a55eSS5S5SeSSe5 assesS5SS essassee e 39,0

C CHECK CONVERGENCE 6000

I 

I 

-

- 
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SUBROUTINE CONMI N e CONSTRA INED FUNCTION MINIMIZATION SEPT, 7?

C eeesseess.sessss see.seeeeseseeesaeeseeee see.easssssesaeeeseessasae I 6010
— C STOP IF h E R  EQUALS ITMA X , 6020

IF (ITER ,G€ ,ITMAX) GO TO 790 6030
C eeseeesoS _5 eessee ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ Se es_ s_ sees 

Seeeesess ease 60440

• C I ABSOLUTE CHANGE IN OBJECTIVE 6030
C eaesas as~~~~s es aease aaee s e e s e s  Sese eeseseseea.esse. e ss eess sa  eeesa sfl 6060

OBJBIABS (fl,lJO) 6070
— - KOBJsK0BJ~ l 6080

I
. I, (ORJA ,GE.OA8FUN,OR.NFEAS ,GT ,0) KO8JsO 6090

C SSS5eesSs _sss aesaa SeSesesse as SessSSss essCsSse St 5s aeesseeesses eS 6100
C REL A TIVE CHANGE IN OBJECTIVE 01*0
C Se S 55s 5.se 5s55~~

5S 5C ae5O5eee~~sseaseaaSaeS..eStseee e as essesees .  6*20
IF (ABS (O4JI).GT ,t.OEaIO ) OBJO:OBJD/A8S(OBJI) 0130
A8O6Jlz.5.~ ABS(AeOBJ).ABS(OBJD)) 6140
ABOBJSABSçOBJD) 6150

• I IOBJ2!OBJ ,1 
- 

6*60
iF (NVC,GT,O,OR,OBJD .GE.DELFU N) IOBJ:O 6170

• 
I IF (IOBJ.GE .JTR M.OR.KO8J.GE.ITR M) GO TO 790 6180

OBJI5OBJ 6190
C •SSS5SSSS

__
5e5S eeeeesss saseaesee ess.s .ssess __ s s ._ s _ ss s s es as e e se ee  6200

C REDHCF CT IF OBJECTIVE FUNCTION IS CHANGING SLOWLY 6210
C esasaeeea _seseaeeeeesssSeaess *ees eas e e ss e s a_ ee__ . ss_s s s e es e es ss e e e 6220

IF (IOBJ .jT .1,OR.NAC .EQ.0) GO TO 270 *230
CT*DCT*CT I • 6240
CTLSCTL*DI~TL 6230
IF1 ARS(CT~,.LT .CTMIN ) CT .CTMIN - 6260
IF(ABS (CTI,,LT .CTLMI N) CTL: CTLM IN 6270
5 essese Se e_s S e s es e es s as s ees s es s s a s eesse a ss s _ e ee a _ es s s s s a e ses s s e ee 6280

C CHECK FOR UNBOUNDED SOLUTION 6290
C ess eseeee~~ ss s _ s s s see_ _s s eess sss s s _ e e es _s e e e s s _ s __ ee s S e ss s es eaee 0300
C STOP IF O~j IS LESS THAN s*,0E,40. *110

IF (OBJ ,GT,51 ,0E+40) GO TO 270 6320
WRITE (6,960) 6330

799 CONTINUE 6340
IF (NAC ,Gç.N3) WR ITE (6,1500) 6350

C easssssss__ s asss~~Sseeessseeeesss a5 esss .eees.eee e esss eseeesses~~
5s e 6360

C *a.aa.a.*~~ .a..a FINAL FUNCTION fNFORMAT ION ~~~~~~~~~~~~~~~~~~~~~ *370
C 555 Cs es_s  ss ees s ee ss s ee s ee sS s s e e s eees esss  e e5s .5e ..se.aaeseeas 6380

IF (NSCAL ~FQ.0) GO TO 820 6390
I - C UNeSCAI~ THE DESiG N VARIAB LES , 6400

DO 810 l~~t ,PIDV 64*0
XIsSC AL (I, 64420
IF (NSIDE .EQ.0) GO TO 810 6430
VLB (I)SXI.VLb (I) 64140
VUR (I)SXI.vIJN(I) 6450

510 X (7)stI*X~ l) 6460
c saseeeeee55seseeseeeeesse esesesseseeeeeeeesesse cC sesssesessseesee e *470
C PRINT FINAL RESULTS 6480

e s _ S_ s_ s  SSCs s 5e5~~5e 5 5 s s e s 5 e 5 5 s  ~~eessSS5S5eSSs  6490
620 IF (IPRIN,.EQ,0,OR ,NAC .GE.N3) GO TO 940 6500

I l  I —
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SUBROUTINE CONMIN • CONSTRAINED FUNCTION MINIM IZATION SEPT. 7?

WRITE (6,js*0) 65*0
WRITE (b,jahO) OBJ 6320
WRITE (6.j4bO) - *530

Li DO 830 I*j ,’40V,b 6540
Nts M

~

tg0(N0v,I,5) o550
$30 WRITE (6.1010) 1,(X(J),JII.M1) 6560

IF (NCON ,rQ,0) GO TO 590 6510
WRITE (6.ji**0 6580
DO 8410 I$1 .MCON.O 6590

I, MISMIN0(NrON,T,S) 6600
$40 WRITE (6,10* 0) I,(GCJ),JsI,MI) 6*10
C DETE RMINE WHICH CONSTRAINTS ARE ACTIVE ANO pRINT. 8620

I 

NACZO 6*30
MVCZO 6640
DO 860 Ia .NCON 6650
CTASCTA M 

- 6600
IF (ISC(I),GT .O) CTA:CTBM 6670
GIzG(i) 6680
IF 01,GT CTA , GO TO 850 6690
IF (GI .LT’CF.A•NO.ISC(I).EQ ,O) GO TO 860 6100
IF (GI,I. T’ClL .AND ,ISC(I),GT .O) GO TO 860 61*0
NAC5NAC.* 6720
IC(NAC)Z1 6730
*0 10 860 6740- 

- 850 NVC*NVC+L 6750
MSZ(NVC)s, 6760

F 860 CONTINUE 8770
WRITE (6,1040) NAC 6780
IF (NAC.E~~ O) GO TO 870 6790 I -
WRITE (6.1070) 6800
WRITE (6.1490) (IC (J).J21,NAC ) 68*0

570 WRITE (6,1080) NyC 6820
IF (NVC,Eo,0) GO TO 880 6830
WRITE (6.jfllO) - 6840
WRITE (b,~~q90) (M51(J),Jz$,NVC) 6850

880 CONTINUE 6860
590 CONTINuE 6870

IF (N3IDE~~ a,0) GO TO 920 6880 =
C DETERMINE WHICH SIDE CONSTRAINTS ARE ACTIVE AND PRINT , 6890

MACSO 6900
DO 910 IS1.NDV 6910
XIsxc~~ 6920

I

; 
XIDSVLB (I, 

- 6930 —
- XIZIABS (X10) 69140

IF (Xl2.Ly •~~.) x12s1, 6950
Gh. (XID.Xj11X12 6980
IF (GT.l.T~ s1i 0E 6) GO TO 900 *910
P4ACSNAC,1 6980
MSI (NAC )IST 6990

000 *IOSVUB (I) 7000

‘5
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SUBROUTI NE CONMIN — CONSTRAINED FUNCTION MIN IMIZATION SEPT. 77 
- •

X12SABS (XTO) I I 7010
IF (X 1 2 .Ly 11, )  X 12 ’I ,  7020
GI5( xy.Xi~ )~ x t� 7030
IF (GI.LT .l.OEs6) GO TO 910 - 7040

• I NACINAC .1 7050
MSI (NAC)*T 70*0

910 CONTINUE 7070
4 WR ITE (6,1090) MAC 7080

IF (NAC ,E0•O) GO TQ ‘420 7090
I - 

I WRITE (6.jiOO) 7100
WRITE (6,,uqO) (MSI(J),JSt,NAC). 7110

920 CONTINUE 7120
WR ITE (6,1150) 7*30
IF (ITER .GF .ITMA X ) WRITE (6,11 60) 7140
IF (NFEAS r,E,10) WR ITE (6,1110) 7150Ill IF (IOI3J .GE.ITNM ) WR ITE (6,1190) ITRM 7*60
IF (KOBJ.~ F.ITRU ) WRITE (8,1200) URN 7170
WRITE (6.1210) ITER
WR ITE (6,i5 ?0) NCAL(1) 1190
IF (P4CON .GT.O) WRITE (6,1530) P4CAL (I) 7200
IF C NEDG .NE,0) WRIT E (6.1540) NCAL (2) 7210

I

- 
IF (NCON .4T.Q.AND .NFDG.EQ,2) WRITE (6,1550) NCAL (2) 7220 •

C cess e ssse _ _
~~s eese5ss aesee  a es ee es s eees e s es s e s e ss ee ss s eeesee eeeess 7230

C REeSE? BASIC PARAMETERS TO INPUT VALUES 7240
C assesses 5 ~~~ 5sS555S Ses ea eessssssaseesessesesseSeeesaseeeseseesees 7250
940 ITRM :IDM I 72*0

ITMAxsIOM ~ 7210
ICN D I R * I D M3  7280
DELFUNSDMj 7290
DABFUN$DMI 1300
CTsDM3 7310
CTMIN:DM4 7320
CTLzDM5 7330
CTLMIN:DNA 7340
THEIAzDM7 7350
PHIZDM 8 7360
FDCHSDM9 1370
FDC HMZOW I~ 7380
iGOTOsO 7390

I — 950 C O N TIN U E  7000

IF (NSCAL EO,O.OR .IGOTO ,EQ ,O) RETURN 7410
C UNsSCALE y*RIABLES . 7420

DO ‘460 Is1,NOv 7030
C (I)zx(T) 7*40

960 Z(!)s*(I).$CAL(I) 7450
RETURN 7060

C sssaessss_ea eseeeaesaeessaeeae seesesse eseeesssseeeeeaeesee assesSeS 7410
C FOR MAT S 74*0
C Sessasaes__.eeeeeeeeaseeeeeeaeeeeaeeae Sesess 5 sSsssseseseS eseaseee 7490 F
c 7590

I I  -
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SUBROUTIN, CONM!N a CONSTRAINED FUNCTION MINIMIZATION SEPT. 77

97~ FOR MAT (/,,~ X ,7pMA COMPLETELY UNCONSTRAINED FUNCTION WITH A LINEAR 75*0
* OBJECTIV E IS SPECIFIEO .’/IOX,8111.!NOBJ 5115/10X ,8HNCON s.I5/IOX ,8 7520
2NNSIDE :,15/,SX,35HCONTROL RETURNEO TO CALLING PROGRAM ) 7530

980 FORMAT (/,,S* ,56NCONMIN HAS ACHIEVED A SOLUTION OF OBJ LESS THAN s 7500
11.OE,40/5Y.32HSOLUTION A PPEAR S TOABE UNBOUNDED/5X ,Z6HOPTIMIZATION 1550

4 215 TERM !N TEO) 7560
990 FORMAT (Sy~ )1WCONSTR*TNT NUKBER ,I5) 7570
*000 FORMAT (5y ,?THSTOE CONSTRAINT ON VARCABLE , IS) 7580
*01 0 FORMAT (3y .!5,LH).2X ,6E13,5) 7590
1020 FOF~~tT (/cx ,IcML INEA R CONSTRAINT IDENTIFIERS (ISC)/SX .SbHNONSZERO 7600

II NOICATES LINEAR CONSTRAINT) 76*0
*030 FORMAt (3Y .T5 .IM),2X ,1515 ) 7*20
1040 FORMAT (/rY ,26HALL CONSTRAINTS AW E LiNEAR ) 7630
1050 FORMAT (/cX .3OHALL CONSTRAINTS ARE NON LIN IAR) 7640
1060 FORMAT (/cX ,QHTHERE ARE,15.1911 A CTIV E CONSTRAINTS ) 7650
*070 FORMAT (5y .22MCONSTPAINT NUMNERS ARE ) - 1460
1080 FORMAT (/cX ,’4HTI4ERE APE .15.21H V 1OLAI ED CONSTRAINTS ) 7610
1090 FORMAT (/cX .QMT HERE ARE , *5,2411 ACT!~ E SIDE CONSTRAINTS) 7680

- 
I *100 FORMAT (5Y ,II3HOECISTON WARIA 8LES AT LOWER OR UPPER ØOIJNOS,30P4 (~~IP’ 7690

LUS INOICAjES LQ~ ER BOUND)) 
7700

1110 FORMAT (/cX ,22MOtIE5OIMCNSZONAL SEAKCH,5X ,ISHIN ITIAL SLOPE s.E12.4, 7710
12X,I~~p4PROp~ $Efl ALPHA z,E12,a) 7720 -

*120 FORMAT (/hfSX ,35H* * CONM IW DETECTS VLB (I),GT,VUB(1 )/5X,S7P4F IX IS 7730
ISET X (I)ZVLR (!)SVUB (I) * .5*(VLB (1).VI,R (I) FOR I ~~~~~ 

1700
1130 FORMAT (/,15*,41P4’ * CONMIN DETECTS IN ITIAL X (I).LT ,VLo (I)/SX.6MX ( 7750

II ) ,E12.o.�X .BHVLB (I) *.E12,4/SX.35M X (I) IS SET EQUAL TO 418(1) F 7760
20R I :,!5) 777 0

1140 FORMAT (/,/5X .41H* * CONMIN DETECTS INITIAL X (fl.GT,VIJB(I)/5X,OHX( 7780
II) *,E*2.a.21.8HVUB(I) s,E$2.4i’SX .3511X (I) IS SET EQUAL to VUB (I) F 7790
20R I s,ISi 7800

1150 FORMAT (/cX ,2INTE RMINATION CR ITERION ) 7810
1160 FORMAT (l4~X~~I7HITER EDUALS UMAX ) 7820
*170 FORMAT (I~~~,b2HTEN CONSECUTIVE ITERATIONS FAILED TO P~1ODUCE A FEAS 7830

IIBLE DESIGN) 7840
1190 FORMAT (IA X,’43P4A85(ISOBJ (!el)/08J (Z)) LESS 141AM DELFUN FOR ,I3,11N 7850

I IT E RATIONq ) 78*0
1200 FORMAT (10X ,4311AB3(OBJ (!)SOBJ (I51)) LESS THAN DABFUN FUR ,13,11 41 1870

IIT (RATIONR) 7580
1210 FORMA T (/6X ,27HNUMBER OF ITERATIONS ‘.15) - 7890
*220 FORMAT (/SX ,2#HCUNSTRA INT PARAM ETER , RIT A 1,114,5) 7900
1230 FORMAT (1141. ////12X ,27 (2M* )/12X ,I H*,SIX ,1 H.,12X,t44.,204.11MC 0 ’ . ’  7910

IN I N,20X~~t,4*/t2X,tH* ,St X, *H*/12 X ,IH* .l5 X ,21H FORTRAN PROGRAM FOR 7920
2,15%,?(-i*/ 125,141•,51 X,I$’/*2X, tif * ,9X.33HCONSTRAINED FUNCTION MINIM! 7930

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
N~ SEARCN CEN 79440

4T(R. MOFFETT FIELD, ~~~ IF1,lX.1M *~~t2X ,I41*,S1*,iH*/12 Z.1H* ,t3 X,2S41V 7950
SERSIO N IX • JUL Y, 1975.13W ,IM.,12*.I H.,51X ,l M./12X .21(2M* )) 79*0

• *240 FORMAT (/,,,5x,33HCPM$TRAINEO FUNCTION M !NIM*ZA7ION//5X,IBHCONTRUL 7970
1 PAR AMETERS) 7980

*250 FORM AT (/5X ,80HTPRINT NOV UMAX NCON NSIDE ICNOIR NSC 7990
IA*. NFDG~8~ 8//5X,12NLINOBJ ITRM .5X .241N1,6X,2HN2 ,bX,2HN3,6X ,2PINU , 8000 - 

-

• I
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SUSROUTINp CONMIN e CONSTRAINED FUNCTION M INIM IZATION SEPT, 17

2bX ,�HN5,8~~~ 8010
1260 FORMAT (/~~~,4HFOC44,12X ,SHFDCNM/3X ,2Et44~ 5) 8020
1270 FO RM-AT (/QX ,2HCT ,14X ,SHCTMIN .I1 X•,3HCTL ,13X ,bHCTLMTN flX,4C2X.E14,5) 8030

*//9X.5NTHWTA , 11X .3~-~PHI , IIX ,6HOELFIJ N ,10X .bI4DABFUN/1X ,4(2X,E*4.5)) 8040
12~0 FORMAT (/~ X,40HLuWER BOUNDS ON DECISION VA RIAb LES (VIB)) 8050

~~ *290 FORMAT (/çX ,I4OH1IPPER MOUNDS ON DECISION VAR IA BL E S (VUB)) 80*0
II I 1300 FORMAT (, ,,5x,3SHUNCONSTRAI’IED FUNCTION MINIMI ZATION,/5X ,I8HCONTR 8070

101 PARAM€~ ERS) 8080
1310 FORMAT (/SX .2II4SCALTNG VECTOR (SCAL)) 8090
1320 FORMAT (,~ ,1SX ,22I-4BEGIN ITERAT ION NUNBER ,I5) 8*00
133 0 FORMAT (/~ x..iHCT S,E 1a.S,5X .SPICTL :,E*4.5,5X,5 41P1-$I *,E144.5) 8*10
1340 FORMAT (/SX ,25HNE’~ SCALI NG VECTOR (SCAL)) 8120
1350 FORMAT (/cV ,1541&RADIE N T OF OMJ ) 8130
1360 FO RMAT (/cx ,44LIHGRAO IENTS OF ACTIVE AND V IOLATED CONSTRAINTS) 8*40
1370 FORMAT (1~ ) 8150
1380 FORMAT (/qx .37HPUSH5OFF FACTORS, (THETA (I). I:1,NAC)) bloO

• 1390 FORMAT (/cx.2714SEARCH DIRECTION (S5VECTOR)) 8170
1400 FORMAT (/cX .IBI4CALCULAT ED ALPHA ,E14 ,5) 8180
1410 FORMA ( (1 ,,5X,6HITER S,15.5X ,5110RJ :,E1a ,5,SX ,I6HNO CHANGE IN OBJ 8190

1) 8200
1420 FORMAT (/Sx. SMOBJ :,EtS.o, SX ,1b ’-lNo CHANGE ON OBJ) 6210
*430 FORMAT (/çX, SMOBJ :.E15,6) 8220
1440 FORMAT (/.,~5X ,b41I TER :,l’j,SX ,SHORJ 1,114,5) 623 0
1450 FORMAT (/,~ X,?8HINITIAL FUNCTION INFORMAT ION/ /5X ,5HO8J s,115.6) 82440
1460 FORMAT (/çx,29MDECJSIDN VARIABLES (XaVECTON)) 8250
1470 FORMAT (3~ ,7E13,4) 8260
l’480 FORMAT (/sX ,2BHCUNSIRA INT VALU ES (G5VECTO R)) 6270 - 

-

14490 FORMAT (5y ,ISTS) - 8280 ; -

1500 FORMAT (/çX ,59HTIIE NUMBER OF ACT IVE AND VIOLATED CONSTRAI NTS EXCEl 8290
IDS N3et./~~~.64HOiMENSTUNED SIZE OF MATR ICES A AND B AND VECTOR IC 8300
2j5 iNSUFF~ CyE Nr/5*,61HOPT 1M IZAT1ON TERM I NAT ED AND CONTROL RETURNED 8310
3 TO MAIN ~pOGRAH ,) 8320

151 0 FORMAT (*,l l, ////4X ,3OHF !NAL OPTIM IZATION INFORMAT ION) 8330
1520 FO RMAT (/5X ,32HOBJECTI VE FUNCTION WAS EVA LUA TED ,8X ,IS,2X ,SHTIMES) 8340 -

1530 FO RMAT (/cx, 3SHCOP4STWA INT FUNCTIONS WERE EVA LUAT ED ,110,2X .SP4TI MES) 8350
1540 FORMA T (/cx, T6P4GRA DTEN T OF OBJECTIVE WAS CALCULATEO,I9,2X,SHTIMES) 83*0
1550 FORMA T (/8X ,4OHGRA DIINTS OF CONSTRAINTS WERE CALCU LAT EO ,15,2X.54111 8370

11415) 8380
END 8390

- 
- 
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$UNROUTINF CNMNO* SEPT, 77

SUSROUTIN, CNMNO I (JGOTO ,X ,DF,G,ISC,IC,A,G1.VL5,VUB,SCAL,C.NCAL,DX 10
t,DX1 .F1,X y.tI!.NI,N2,N3,N4) I 20
COMMON /CNMNI/ IPRINT ,NDV, ITMAX ,NCUN ,NSIDE, ICNDIR .NSCAL .I4FDG,FDCH, 30
IFOCNN .CT ,,TNIN .CTL .CTLM1N . TNETA,PNI,NAC,DELFUN ,DARFUN,LINOBJ, ITRM , 440
2ITER, INEOG , YGOTO, INFO,014J so
DIMENSION X (NI ).DF(Nl ),G(N2), ISC(N2), IC (N3),A (N3,P41),G1(N2),VLB(N1 60

1),VUR(Nt).SCAL (Nl),NCAL (2),C(N4) 70
C ROUTI NE TI~ CALCULATE GRA DIENT INFORMATION BY FINITE DIFFERENCE. SQ
C BY 6, N. VAP.4DERPLAATS JUNE, 1972. 90

NASA .AMES RESEARCH CENTER , MOFFETT FIELD, CAL IF . *00
m IF (JGOfO~ FQ .L) GD TO 10 110

IF (JGt)TO .EQ,2 ) GO TO 70 *20
INFOC*o 130

t I INFUINFO 140
NAC *0 150
IF (LINO8J. NE ,0.AND.ITER .GT ,1) GO TO * 0 160

C SsssesssS _5sese ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 70
C GRADIENT OF LINEAR OBJECTIVE 180
C SaeseSSSe _ e SeeeSSsSses SeSSSS asSesss asesesseesesaeessessssseee Sse * 90

IF (NFDG ,,O~ 1) JGOTO*I 200
IF (P.SFDG ,FQ.*) RETUR N 210

*0 CONTINUE 220
JOOTOsO 230
IF (NFDG ,~ t)•1 .AND,NCON ,EQ ,O) RETURN 240
IF (NCON ,FQ.0) GO TO 40 250

C ee essse e es5ssss ssesssseeesssase ssessseesSeesflsSesa a Sse5eese~~5es 260
C * * * DETERMINE WHICH CONSTRAINTS ARE ACT IVE OR V IOLATED * * * 270
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SeeSesee  See ees sseses asseSse  280

Do 20 I11~~NCON 290
IF (G(I ).,T.CT) GO TU 20 300
IF (I$C(I).GT.0.AND.G (I),LT 4CTL ) GO TO 2.0 310

I l l  NACZNAC ,l 320
IF (NAC .GE,N3) RETURN 330

- fr IC(N*C)SI 340
20 CONTI NUE 350

IF (NFOG .FO .l .ANO .NAC .E0.0) RET (JKW 360
IF ((LINUQJ ,GT .0,APID.IIER ,GT .1).AND .PdAC .EQ .0) RETURN 370

C •555es555 s.essseseeeesseeSeesessssees sessaess ss ee sss e ees ss5  se 380
C STORE VALUES OF CONSTRA INTS IN GI 390
C sesasse s ee.ssss.seee SS5S5S55eS~~~~e5 .eSee*s eeeseseeseeessssss ass 400 •

00 30 IsI ,piCON 410
30 GI (I)ZG (Ii 420
*0 CONTI NUE 430

JGOTO*0 4440
IF (NAC ,CD,o.AND ,NFDG.EQ ,1) RETURN 450

C seeesse s ~,es ssss so esaeesseesesese•sesseese.esescsseeeseesssees see a 4460

I CALCUL ATE GRADIENTS 4410
C SSs5es e5S5 ~~~ ee555O55 eases eases.. Oe eseseeesSsessaesseScsssSssse5 Se 4480

IP4FOG.1 490 -

INFO.I 500

- -

I i  b 
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SUBROUTINI CNNNOI I SEPT. 17 •

FIs0BJ 
- 

510 
—

111.0 - 520
50 ZII$III.1 530

XIUX (III) - 540
II~j  I DXIFDCNaXT 550

F DX.ABS(DX) 560
FDC MI*FOCHM • 570

-~~ I If c NscAçNE .oJ FDCHI*FDCHM/SCAL(IZI) 580
IF (D X ,LT 1FDCIII) OXiFOCHI 590
X*.XI,DX 400
IF (NSIDE FD.0) GO TO 60 610
IF’ (XI,LT ,VLB (!II).ANO.O1t ,LT,0,) XI ZXT OX 620
IF (Xl .GT .V (1b (III),AND.DX ,GT ,O,) X1IXIeDX 630

60 DX**1,/DX 640
X (III)zX1

*OX 
- 650

NCAL (I)*N tA L C I ) , I  660

C esees aeea~~~~~~aeeaee asses— see Ce Sesesese aaseeeseeeSees eeSeaSSe5e~~~~
555 670

• C FUNCTION EVALUAT ION 660
C eeeeeseee _ se sseass ess ese s s e— s e  esesseseeeeseseeeeseo  sesaessssese5ee 690 ‘

JGOTOS2 700
RETUR N 710 -

70 CONTINUE 120
X (III)*XI 130
IF (NFDG ,~ fl~ 0) DF(I1I):DX** (OBJ5FI) 740
IF (NAC ,E9~ O) GO TO 90 750

C Seassesss5seessssse S S S S  50 assse eeesss .sse es ees e essossesss  See 7*0
C DFTERMINE GRADIENT COMPONENTS OF ACTIVE CONSTRAINTS 770
C seeessees_5a SeeS5Se55ee5 eseeseessees.5 eseeeaseseesseses 5555550 SSse 780

DO 80 J*1.NAC 790
IIzIC (J) 800 - -

-
~~ 

- 80 A (J,)II)*DX,*(G (1t)eGI(Il)) 8*0
90 CONTINUE 820

IF (III ,Li ,NDV ) GO TO 50 830
INFOG:0 800
INFO.INF 850 -

JGOTOsO 860
O8JzfT 810
IF (NCON ,~ (),0) RETURN 880 ‘ I

• I • C 555555555 _ essese55ssaflssefls5eS sSessesseeesflsasse5SeeO555S5 5
~~~ 890

C SynRE CURRENT CONSTRA INT VALUES BACK IN GeVECTOR 900
C esese eeee __ 5 eseeee saeseseeseaae esseessseeseessse sseeass assess—see 910

DO 100 I:j,P.ICON 920
10.0 G~ i )iG1 (I1 - 930 -

RETUR N 940
I
I END 950

-
~~~ 

-
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SUBROUTINç CNMNO2 SEPT, 77 —

SURROUTIN, CNMNO2 (NCALC.SLOPE,DFTQFI,DF,$,N*) *0
COMMON /CMMPIII IPRINT ,NOV,ITMAX ,NCON,NSIDE,ICNOIR,N$CAL,NEOG.FDCN, 20
*FDCHN,CT,jITMIN,CTL .CTLMIN .THETA.PNI,NAC ,DELFUN ,OA8fUN,LINOSJ,ITNN . 30
2ITER ,INPO~ ,TGOTO,INFU ,OBJ *o
DIMENSION DF(NI),S(N1) 50

C ROUTINE T~ DETE RMINE CONJUGATE DIRECTION VEC TOR OR DIRECTION *0
C OF STEEPERT DESCE NT FOR UNCONSTR AI NED FUNCTION MINIMIZATION. 10

1 1 C BY 6. N, VANU FPDLAA TS APRIL, *912. 80
C NASA.AME5 RESEARCH CENTER , MOFFETT FIELD , CALIF. 

• 90
C NCALC = CALCULATION CONTROL . *00

- C NCALC s 0, $ S STEEPEST DESCENT. 1* 0
C NCALC l~ S . CONJUGATE DIRECTION . 120
C CONJUGATE DT~ ECTI°” IS FOU

ND BY FLETCJ4ERsREEVE$ ALGO RITHM . *30
C ~~

5a
~~
ss5eee 5se5555 seess assess Sees. eaas sssseseesee 55 555e5C55 5~~55 140

C CALCULATE NORM OF GRADIENT VECTOR 150
C ss sseess e _ •eSeeseeessseSsSse  sSs SSeeSa sesee e5s5sersS5SSeS sess ess 160

OFTOFtO. 170
DO *0 Z*1 ,p.’OV 180
OFIZDECI ) 190

- II~ tO DFTOFZDFT BF,DFIaDF I - 200
F C •eee ese •.ess eO assesses a ese ess saessseeseseee seeeeseesesaeee 2*01 

FI ND DIRECTION S *a**.***** 220 I
I

C sSessses _ _s seees eea asss .sseasseesaee 5555f lsa5555555 aesese. see—es  230
IF CNCALC ’ NE.)) GO TO 30 240
IF (OFTDF %,LT ,1.01s20) GO TO 30 250

C s eseseese . s sssss eesese S aeSsss eeas aeseeeseese  as SeSeee•eseS eS °S 2*0
C FIND FLETCHEI1aREEVES CONJUGATE DIRECTION 270

F C *5555e55 
~~~~~~~~~~~~~~~~~~~~~~~~~ 

es.seeaseseeesse.eoeseeeseeessees 280
• 

8ETA OFTD~~ oFTDF1 290
SLOPE= 0. 300 - I

00 20 I11 ,p.~r1V 310
DFI.DcU) 320
SIZSETA*S (!)SDFI 330
SLUPEISLOeE +SI*OFZ 340

20 S(I).SI 350
GO t O 50 360

F 30 CONTINUE 370
NCALC .0 380 4 -i

C seeees ss
__

ssseeSSesSse. sS Seseflssesesss as 5e5500555s55 SSO55SSS5SCO 390
C CALCULA TE DIRECTION OF STEEPEST DESCENT 4400
C a..eeeess

__
e.e.e SsSasoee eseseeflesseesess seseseoe s sassSeSaseess e 410

DO 40 11I ,NDV 420 •

40 S(1):eDF(T) 430
SLOPE.abF,~ E 4440

50 CONTINUE 4450
C eseeesaea ,eesoeeesseee .osesesoeSesese.o eseessee eeaeaseosssoesessse 44*0
C NORMALIZE S TO MA X 45S VALUE Of UNITY *70 -

- 
I 

- 
C eeeeOasae~~e.ee5eeseeesae.seeeoeese5eess5e .ssseeee5e esease SsasosSee 480

31.0. 490
00 60 tlt .NOV 500

-b
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SUBROUTIN, CNNNO2 

• 
SEPT. 77

S2IABS S(,,) 510I If (S2.GT ,s* $t~ 32 - 520I 
60 CONTINuE 

530- If (s1.LT:I.oE.2o) S*t*.~ E.?0 540I 
$*‘l ,/SI 550DFTOE I SDFThF*3I 

5*0DO 70 1:I,NOV 570I 
• 70 3(1)531*5 (1, 500I; SLOPES$I*RLOPE 

590RETURN 
600I ENO 
610

- 

I

-I

-~ I 

F

H

- 

-k-

I L

1~
‘5

$
1 I 
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• 5USROUTZNF CNM NO3 sEPT. 77

•3i1 $~ 8ROftTINc CNMNO3 (X,S,DF,G,A ,IC,$C*I.,C,N1,N2,N3,N4) 10
COMMON /CNN’ilI IPRINI ,NDV ,ITMAX ,NCON,NSIDE,!CNO!R ,RSCAL,NFDG,FDCH, 20
IFOCNM .CT.rTNJ N,CTL,CTLMIN ,THETA,PHI.NAC,DELFUN ,DARFU N,LZNOBJ,ITRM , 30
2ITER,INfOr..tGOTO.INFO .OBJ 

- 
440

COMMON JCAPiSAV / Dt (20),SLOPE,02(3),XI1,03, 50
- 2ALP,FFF,A,.A2 ,A3.A 44,F1,F2,F3,F44.O0(4),APP , *0

•DS($),RSPACF,IO1 (6),KCOUN T ,NCAL (2),102(4).KOUNT ,IO3(8), 70
*JGOTO ,ISP ACE (2) SO
DIME NSION X(Nl ),SCN1).DF (Nl ) ,G(N2,,A (M3,N1,, IC (P43),SCAL(Nl),C (N (4) 90

C ROUTI NE T~ SOLVE ONE5DIMENSIUNAL SEARCH IN UNCONSTRAINE D 100
C MIN II4IZAT TON USING 2sPOINT QUA URATL C INTERPOLATION , SsPOINT 110
C C~ BTC IN TERPOLAT ION AND 4~ P0jNT CUBIC INTERPOLAT ION, 120

I

l
: C BY 6, N, VAN OERPLAATS APRIL, 1912, 130

C P4A SA eAMES RFSEARCH CENTER , MOFFETT FIELD, CALI F. 140
• - 

C ALP z PROpflSEl) MOVE PARAMET ER . *50
C SLOPE I INITIAL FUNCTION SLOPE S SeTRANSPOSE TIMES DF. 160

• I - C SLOPE MUSy RE NEGATIV E. 170
C OBJ . INIT IAL FUNCTION VALUE , *80

ZROz0. 190
• IF (J60T0 10,0) GO 70 10 200

GO TO (50 ,$fl,110,1’40,180,220,270), JGOTO 210
C 5~~55Ss5S55Se55555 ~~5ee5S5S5S5S*5 •e 220 -

C - 
IN ITIAL INFORMAT ION (AL PHA 0) 230

C s esss eSse _ eeseseeseesss  5°~~~~~~~ °5s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e 2440
10 IF (SLOPE~LT,O.) 

GO TO 20 250
ALPIO. 260 F

• RETURN 270
20 CONTINUE 280

IF (IPRIN~~~~~~T ,4) W R I T E  (6,360) 290

FFF:OBJ 300
APIZO . 310
A lsO , 320
Fl’OBJ 330
A2SALP 3440

• I AlsO , 350
F3a0, 3*0
APsA ? 370

J KOUNTIO 380
L C a eseeesse _ •~~Ss5saSssSaSeeese5sSesseSe55S 5 eseaeaeees 55555 

_eeeeseeas 390
C MOVE A DISTANCE APaS AND UPDATF FUNCTION VALUE 4400
C eee.eeeee_5s.seee eeseess.seseeSa_eeeeesSsaeeeeeeseseseeSeseeesaee ‘410
30 CONTINUE 420

kOUNTsKQU~ y,l 030
DO 440 ZsI ,NDV 440

440 X(I)sX(I)tAP•S (!) 450
IF (IPRINT .GT .14) sMITE (6.370) AP 460
IF (XPRIN T.GT .U) WR ITE (6.380) (X(1),Ial.NOV) 4470
NCAL(1)SNrAL (1),I 480
JGOTOsI 490

- 
- RE T U RN  500 

-
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SUBROUTIN, CNMNO3 SEPT. 7?

SO CONTINUE 510
I F2508J - - 520

IF (IPR*N ~.CT ,44) WRITE (6,390) F2 530- IF (fl.LT ci~1 GO TO 120 540
I C 5°•55°SeeeeOsSeeSsflseessesssesesfles. SOe55SSseses SsS5sSeeSss see 550H C CHECK FOR ILL5CONDITIONING 5*0

F C 5S5SSS5SS.Se seeeSSseeefle flessesese SSeeseaSseSse 5 5~~5555sefle5SC5S 570
I 

- 
If (KOUNT~3 GT,S) GO TO *0 580

I FF52,aARS,f1) 590
4 IF (f2,LT cF) GO TO 90 600

I - 
- FF.5~ *A85,~~1 ) 6*0

IF (F2,LT 1FF) GO TO 60 620
A2s.5~ A2 630L A PS5A2 6440
ALP.a2 650 - 

-00 10 30 660
60 F3zF2 610

AISA? 680
• A21,5aA2 690I C •fls.eeea seseesseessess Sesseeseaee.seee.eseseessseeaas Ce 5.esssfl e 700

I C UPDATE DESIGN VECTOR AND EUNCTION VALUE 710
C •Seeeseea_es esss S55555e5 5 5ss e

~~eee 505 sesse sesseess e ssessseeseso 720 •AP$A?s*LP 730
ALP*A? 7440
DO To I~~l ,NOV 750

70 X(1)s*(1),ap*S(I) 760
* IF (IPRIN 11 r,T.4) WR ITE (6,310) *2 770

IF (1P91P41.GT .4) WRITE (6,380) (*(I),IzT, NDV) 180
190

I JGOIO=2 800 1 -RETUR N 810
80 CONTINUE 820

F2sOA J 830
IF (IPRINT .GT.4) WRITE (6,390) F? 840 •

C PROCEED Tfl CUBIC IN TER P OL A T I O N . 850 
I -

- 
- GO TO 160 860 •

190 CONTINuE 810
• C sesessse S_ses.esee as sese s a SeseesSees a sse.ssseeess .seessssssse ese 880

C *********. 2.POINT QUA DRATIC INTE RPOLAT ION •* ** * *i** *  690
C See 5aS505~~ sseeeaseeeees .5 eeseease .es aeseseasee seaseseesesesesse See 900

JJVI - 910I 

*1.1 920
CALL CN$NÔ4 (TI,APP,ZROIA I ,FI ,SLOPE ,A2,F2,ZRO ,ZRO ,ZRO,ZRO ) 930
If (APP .L,.ZRO.OII,APP ,GT ,A2) GO TO *24) 940

- 
- F3IIF 2 950

I I AIZA2 9*0• A2.APP 970I 

980
- C sseesssee s.e ssaesasess eeeeeeseae se— see eesseesaaeees seeessesssesss 990
I 

C UPDATE 0(516,4 VECTOR ANO FUNCTION VALUE 1000

- ‘5

I

I 
I I

I-t I 
I

I 155- 
-

1I -
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I 
-
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SUSROUTINf CNMNO3 SEPT. 17

C Seeeseeee _ •eessSeeeeessaeeeeoeSsessaeeeesesse Sesessee eeeaaSeseaese *0 * 0

- 1 APUA2 ALP I $020
ALPIA? 1030
DO 100 I$j. NDV - 1040

I *00 *(I)1X(I),AN*S(I) *050
I IF (IPR1NT~ IT •*) ‘H(!T( (a,370) 442 1060
4 If (IPRINI ,GT ,4) dRIIF (6,380) (X(I),IIl.NDV) *070

NCAL (1)5NrAL(1).1 • *080
JcoToaJ 1090

I
- RETURN 1100

$1 0 CONTINUE 111 0
F2IOBJ 1*20

- IF (IPRIN,.GT .4) WRITE (*,390) F? 1130
GO TO 150 1140

*20 A352..A2 1150
I C SeeesssSS_s.sseeeasssseeee..eosoee seseseseeasseeeeeeeeeSseeessaese 11*0
• C UPDATE DESIGN VECTOR AND FUNCTION VALUE 1170

C eSssessse.ee eseeeeSeasesessee sSSSseSessSSsessssaaess.eesSSeSs Sees. 1 180
A PIA3 ALP 1190
A LP*A 3 1200

• 00 130 I~~t ,NDV *210
*30 X (I)sx(I) *p*s(I) 1220

IF (IPRIN1’.GT ,4) WRITE (6.370) A3 1210
* - iF (IPRINr .GT .4) WRITE (6.380) (X(I),Izl ,WOV ) $240

NCAL(1)SNrAL (I),1 1250
I JGOTO.a 1260

RETUR N 1210
ISO CONTINUE 1260

FIsOBJ 1290
- IF (!PRIN,.GT .4) WRITE (6,390) F3 130 0

ISO CONTINUE *310
I iF (F3.LT F2) GO TO 100 1320

- :  - *60 CONTINUE *330
I C 5eseseaee _esesseaeeoeaes s5e5555a Se~~s~~s.s eeeeseeeeeseeesessaassesas 1340

C * * * * *.***~~ 5ePOlNT CUBIC INTERPOLATION a**aa**a *a 1350
C essSsaess~~ssesaesasasssseSaseS.easeessase seesea...s_eaa..e aeesea se 1 3*0

l!s3 *370
CALL CNNN~ a (t L .APP ,ZPO,A 1 .Fl,SLOPE,A?,F2.A3.F3,ZRO.ZRU) 1380
IF (APP .LT ,ZNO .OR.APP,GT .A3) GO TO *90 1390

c •eeeeeaee ..sseseeeoeeeeeeseaSseesaSes.sesseeeeeeeessse eeosassssss 1400
C UPDATE DERTOPI VECTOR AND FUNCTiON VALUE . *4*0

I C •Seeseeee _essSae seeeaeeesseseeeeeseeeaeseees SOeeasesSesssesseSs sea $421)
I A P ISAPP *4 30

~1 AP SA PPeA Lp *44 0
ALPSAPP - 1450

- 00 *70 II~ ,NOV 1060
I *10 K (1)BX (I),as*S(f) *410

IF (IPNINT,GT .4) ~RITF (6.370) ALP *480
IF (IPRINt ,GT ,~4) WR ITE (6,380) (x (I),!s2,P.QV) *490

I NCAL(*)IN?AL(1),* *500

I-

0-
I I I

• 

. 

— 

I
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- 

- 156
I I II~~~~~~~~~~ I~~~~~~~~~~~~~ I~~~~I ~~~~~~~~~~~ —_____—



— ~lI~I I~II•I~l~I_I _II_~III — III~ ~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

I

~~~~~~~~~~~i 

I I

~~

•

I
~ ~ 

I - 

-

- 

I 
-

I •

I

• 

I

4 I

- 
I 

-

1 1 - i
I SUBROUTINc CNNNO3 SEPT. 77

JGOTO55 - 15*0
RETUR N - 1520

I ISO CONTINUE *530
I IF (IPRIN,,r,t.’$) WRITE (6,390) OBJ *540

- C •5~~eeeaae~~ee seesssssesesSse 55 Ss5eseeSe 55 eseeeseess 
e .eeeeeeseeaaese 1550

C CHEC K CONVERGENCE *5*0
4 C aeeesee S5

__
~~ ssssseseese S SO5SSSS5 S555 SSSSSeS esesesee 5~~55e555S55S 1510

- - AA II .5APP/A2 1580
A82sA4S(F,~ *590

- AR3UARS(ORJ) 1600
*35*32 1*10
IF (A83.Gy~ AB) ABSAB3 1620
IF (A8 ,LT~,l.0Eel5) A8s1.OEstS 1630

I A Ss (A B2SA R3)/ A8  1640
IF (AAS (Aq )~~LT ,1.0Es1S ,AP4D ,ABS (AA ) ,LT..001) GO TO 330 *650

*45*3 16*0
I F4sF3 *610
• A3sAPP 1680

I 

• F3s08J 1690
IF (A3,GT *2) GO TO 230 *100
A35A 2 1110

Il l F3sf2 I *720
A2IAPP *730
P~ sO~j 1740

• GO TO 230 *750
$90 CONTINUE *760

I C seessessS _e ese aeSesse.S es es s e e s ee seeas ee s s e ees a s se s es  asseeaeeeSse * 770
C **ae*..**~~ a.POINT CUBIC iNTERPOLATION ********** 1780

- C Seeeeaees~~
__

seeeeeeeesaese s S55555s55s0s 5 seessee55seeSeSesS~~
5 ~~~~~~~~~~ 1 190

200 CONTINUE - 
1800

A4s2,aAI 1810
C UPDATE DEOIOM VECTOR AND FUNCTION VALUE . 132 0

APIA4eALP *830
ALPIA I *840

- 00 210 Is1.NOV 1850
210 X ( I ) sX ( I ) ,A PaS( I) *360

IF (IPRIMT .r,T.’4) WRITE (6,370) ALP 1810
IF (IPRINT ,GT.4) WRITE (6,360) (X (I ),TZ1,NDV) *880

• NCAL(1)INrAL(I),1 *890
JOOTnia 1900
RETURN *910

I-I 220 CONTINUE *920
FSIOBJ *930

- If (IPRTNT .GT,4) WRITE (6,390) F4 1940

- If (F4.6T f3) GO TO 230 1950
A Is A 2  19*0
Fl.’? 1970
A 2.A3 *980
F2IF 3 *990
A3sA* 2000

I -4~~~~~ ‘5

Il
l 

~ I

I - I

4 I - 
•
~

- 
• 
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$U$ROUTINc CNMNO3 SEPT. 77

- F3.F~ 2010
GO To 200 - - 2020- 

230 CONTINUE 2030 ,
Ii.* - 2040

II CALL CNMNOS (iI,APP ,AI ,A1.Fl,SLOP(,A2 .FZ,h3,f3,A4,F4) 2050I 
I if (APP-,Gy~~&$~ GO TO 250 20*0

I - A P.A$sA LP 2010
- I ALPIAI 2080

034sF! 2090
- DO 2ae I. ,NOV 2100

250 X (i)IX(I).Ap*3(j) 21*0
GO To 280 2*20

230 CONTINUE 2*30
C seeasease _.s s es esssaees e eessees es es ess eeseeee.ss esss eeSss ee seess 2140
C UPDATE DESIGN VEC TOR AND FUNCTION VALUE 2150
C ess.seaae

__
~~.~~.eee SsSsseees sessseseseseeeese Sssessesesaseoeeseaees 2160I I A PSA PPeA Lø - 2170-; 

I - ALP.*PP 2*80
I DO 2*0 ISi ,NOV 2190

260 Z(I).Y(I),A..$U) 2200 •
iF (IPNTNT. CT.a) WRITE (o.310) ALP 2210

I IF (IPRIN T.CT.u) WRITE (6.380) (X (I),IsI ,NDV ) 2220
2230

46010.1 2240
RETUR N 2250

270 CONTINUE 2260
- IF (IPRIP4,.GT .4) WRITE (6,390) 064 2270 I 

: 1

230 CONTINUE 2280
-

- 
I C see.sesae~~ es ec eSs eseesee see ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ac es 2290

F - 
C CHECK FOR ILL5CUNDTIIONING 2300- C °~~~~~~~~~~~ese 5 aeessessseSeeseeeess S eesee a ssseessessesesees.sssesa 23*0

IF (O3J.GT~ F2.UR.O8J .GT .F3) GO TO 290 2320
IF (O3J.L~~,F1) CU TO 330 2330
APS*IsALP 2340
ALP.*I 2350

I I - 034sF ! 2360 I
I GO TO 3*0 2370

290 CONTINuE 2380
IF (F2,LT~~ 3) GO TO 300 2390
08JzF3 2400
AP.A3.ALP 24*0
A~~ s*3 24420 I - -

o GO 7c~ 3*0 2430
300 084sF? 2440

I A P$A2eA LP 2450
I I A LPSA2 24*0
- 310 CONTINUE 2470

: 1  - C 5e5e55s5 .ee sssesseees 5555Se5e SSssSS sees SsSsSeseseseSeSSSSSSeSSs as 2460
- - C UPDATE DESIGN VECTOR 2490

C •aeSesSee_eoeeeesseeease sses seeseeeseeesseeeee s s s es es s a e e e see s e  se 2300

-~~ I

4 1 -

- 
- 

I 

I
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SUBROUTINF CNNNO3 
- 

SEPT. 77

DO 320 Tsj.NDv 2510
320 *(I)sX(I).Ap*S(I) - 2520
330 CONTINUE 2530 —

I - C SseSeeeesaae e eess esseesesesseese a essesesse a eseeseseese .eeeess es 2540
4 C CHECK FOR MULTIPLE M INIMA 2550

C SeeSsSseeeseeeSSSeseSeee sSeSs 55SeeeeSeeSs a SseesSeaseSSes eeeseaSase 2560
I

I
I 

- I IF (OBJ.L~~ FFF) GO TO 350 2510
- 

I 

C INITIAL FUNCTION IS MINIMUM . 2580
- I DO 340 I 1.NDV 2590

340 X (I)ZX(I)5ALP*S (I) 2600

~I I ALPIO . 2610
OBJRFFF • 2620

- I- 350 CONTINUE 2*10
JGOTOzO 26’~0 

I -

I - RETURN 2650
C ~~~~~~~~~~~~~~~ eee5s eeSCss.ssesesessssseaeSssseesaesase esseeeeeseesese e 2600

- 

I 
C FORMATS 2670

• C ees eeeeea .s_ es 5 5 5*e e eeS s s e see e S ses e e e s e s es es S s s S s . e e S s e s  seesesfl es 2*60
C 2690
360 FORM AT (/ ///5X ,6OH* * * UNCONSTRAINED ONEsDIMENSIONAL SEARCH INFO 2100

IRM AT ION * * * )  21* 0
170 FORMAT (/cx, 1MALPNA z,E1 4,5/5X,8HX5VECTOR ) 2720

- 130 F O RM A T  (SY ,6E13,5) 2110
390 FORMAT (/Sx, 5HOBJ :,L14,5) 2700

END 2750
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¶ SUBROUTINY CNNNO4 SEPT. 77

$UBROUTIN, CNMNO44 (II,XBAR,EPS,*i,YI,SLOP(,x2.ye,x3.Y3,*4,y4) *0
C ROijTp1~ T0 FIND FIRST XBAR ,GE,EP$ CORRESPO.IOING To * MINIMUM 20
C Of A ONEs~ iM (NSIONAL REAL FUNCTION BY POLYNOMIEL INTERPOLATION , 30
C 37 G~ N, VANUERPLAATS APRIL, 1912, 40
C NASA .A NES RESEARCH CENTER . NOFFET? FIELD, CALIF. 50

~1I
• C 60

C LI $ CALCULAT?DN CONTROL , 70
C U ?.POI~ T QUADR*TIC INTERPOLAT ION , GIVE N Xl, 72, SLOPE, 80
C ~2 ANO 72, 90
C 2F ~.pOfNT QUADRAT IC INTERPOLAT ION , GI VEN ‘I, Vt, 72, 72, *00
C ~3 AP4U Y3, 110

Li 3$ ~.POTN~ CUBIC INTERPOLAT ION , GIVEN Xi , ~t , SLOPE. 72, 72, 120
C 

~3 
AND 73.

C 41 4.POINT CURIC INTERPOLAT ION , GIVE N Xl, vi, 72, 72, 73, 1440
C x4 AND 74, *50
C (PS MAY B~ NEGATUE. 1*0
C IF REQQIR(fl MINIMUM UN ‘V DOES P401 (711$, OR TH( FUNCTION IS *70
C ILLaCONOITIONED, 711AM • (P5 1.0 WILL BE RETURNED *5 AN ERROR 180

• 
- C INOIC*TOR 190

C IF DESI RE0 INTERPOLATION IS ILL.CONOITIONED , A LOWER ORDER 200
I - C INTERPOLATyON . CONSTSTANT WITH INPUT DATA. WILL BE ATTEMPTED, 210

C AND It W~~~~~1 8( CHANGED ACCORDINGLy . 220
X8ARLsEPS .i . 230
XBARzXBAP j 240

250
IF (ABS(X ;i).LT .1,OEs2O ) RETURN 2*0
NSLOPIMOD ,.fy,2 ) 270
GO TO (*0 .20,40,50), II 280

*0 CONTINUE 290 I -

C esss sees _ _ .e.5.Ss ssesss ss .sees a5s s e s ea sa s s  asaeae.eesssess 5seSSSe 300
C IT sI 2ePOINT QUADRAT IC INTERPOLATION 310
C sseeaSse aeeeseaeeesaee eseesses I •ess sSas aeeesee e sssss eaassse — 320

lI st 330
DXsXI.x2 340
IF (A8S(Dy~ •LT.1.0E.2O) RETURNAAI ($LOPEt (y2_Y%)/OZ3/OX 360
IF (AA ,LT •1,0(s2O) RETURN 370
8$*SLOPEs,1.AA.X1 380
XBARs.,5.~~~,&A 390
IF (*BAR ,1 T,EPS *BARzXBAR t 400
RETURN 44*0

-
- 20 CONTINUE 4420 I

C saeessses__s eeeees es_ s_s ass asses_ se seaesese . SesS5~~ssessSeOs55e ease 430
C 11.2! 3s POjNT IIIIADRAT IC INTER PDtAT ION 4440
C seeeesSse~~.e eeeeee .ees5easeseassssas.sesaeesees.eea .sesss sesee see 450

lIt? 460
*21sx2—x1 070
711iX3.x1 460
732’xi.72 490

I-

_ I _

i ~0~ X21.X3j .x32 500

I,: ~

-; I

- 160
I~~ 
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SUBROUTIN, CNMNOR SEPT, 77

If ( *8S(Uq *~~~L 7 , t , OEe �~~) RETURN 510
F I AAs (Y1eX3~~ y2*73*,y3*7~~$)/QQ 520

IF (AA ,LT~~t ,0Ee2O ) 60 TO 30 
- I 530

r~I I 885 (y2eyl),X2I5AA*(X*,72) 5440
UI X 8A R S S .5*~~~~~~~ A A  550

IF (*BAR .iT .EPS) XB AR.XBAR I 560
RETUR N 570

30 CONTINUE 580
IF (NSLOP (Q.o) RETURN 590
C O b b  600

40 CONTINUE 610
C seeeeesss e ees eeese sSese sss 5 s SS see s ss .e ss e s e ees s eees ees a ss eS s Ss s e s  620
C IIZII 3sPOINT CUBIC INTERPOLATION 630
C •see5ease

__
~~ ee esees sssse 555e55555  see #s ees s ee e ss s e s ss  e •ss esess esss  640

11.3 650
X2IIX2sX* 660
X 3 l~~x 3— x 1 610
*32~ X3.X2 680
IJO$72I*X3j*83? 690

1 - IF (ARS(QO), LT.!.OEe2O) RETu RN 700
I~ I X 11~~xi*x I 110
-: DNOMZX2*X~ .73IsXI1*X32aX3~ X3*X2l 720

IF (ANS(DJIIOMJ,LT .* ,0Es201 GO TO 20 730
AA$((73*ay3Ia (Y2CY1)s721,721.(Ylsyi))/(73l*721).SLOP(*732)/DNOM 740
IF (A3S (Aa), LT,1,OEe2O ) GO TO 20 750
B85((Y2eYj)/X?ia$LQPE.AA *(72*72,Xt*X2_2. *XII))/72l 760
CC$SLOPEat..AA *X Ils2. *14N*Xi 770
BACZBB.BB.3,*AA *CC 180
If (eAc.Li.o. GO TO 20 790
8AC :SgRT(.~aC ) boo
XBARS (MAC_RR)/(3 .*AA) 810
IF (XBAR ,iT. EPS) %BAR:EPS 620

~~~~~

_ 
RETURN - 830

50 CONTINUE 3440
C eseseeses _ .e~~s~~~~

5 f l  SesS ss *Ss s es s s s eeeeeeses  a e e s s e s e s. ess es e es e ss s  850
C lu au 4ePOTNT CUBIC INTERPOLATION 860

• C saeseamse _.e ss.eea Ssass e ea aesese s s e e . sss s e ss e a es e ss ss e es ee s e  S ees 870

~2*’X2aX1 880
X31’xJ— Xl 890

900
X32~ 73—X2 910
*42~X4sX2 920
Xl*’xt.x i 930
XZ2~ x2.x2 940

~Iil 
733573.73 950

960
970

7222*82.7,2 930
021731e72j.132 990
If (A8S(0,1•LT,1.0E.3o~ RETURN 1000

‘5 
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SUBROUTINç CNMNOO - $EPT. 77

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *01 0
- 

0458*l1*742s7?22*X41+X4*X444*721 1020
I 

- Q5aXo1*x2~ .x42 1030
ONOM aO2.04 501 *U5 *040
IF (ABS(D~ flM),L1 ,1.0Ee30) GO TO oo 1050

*060
- I - 065Y4*721.y2*141,Y1.Z42 1070- 

AA$(02.06..03*O5)IUNOM 1080
I 63a(03e01.*A)102 *090

I CCS (Y2SYLAA* (X222.X*l*))/X2leI$$3.IXI+X2) *100
BACSBH*BBej,*A A*CC 1110

I IF (ABS(A&,.LT,t ,OEe2Q,flR,GAC ,LT ,0.) GO TO 60 1*20
UACZSQRT($At ) *130
‘8*Rs(BAC,44)l(3,*AA) - 1*40
IF (XBAR ,~~T,(PS) XBA HSXNA R1 *150
RETURN 1160

- 60 CONTINUE 1170
IF (NSLOP~~ O,I) GO TO 40 1180

- I- GO TO 20 1190
END 1200

- 
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SUBRQUTINF CNMN05 

I SEPT. 71

SUBROUTINE CNMNOS (NVC,SLOPE,DF.G,ISC, IC, A,5,C,M5l,N,N1.N2,N3,N4,N 10
15) - 20

-~ COMMON /CNM’41/ IPRINT ,HOV ,ITMAX .NCON ,NSIDE,ICNDIR ,NSCAL .NfOG,FOCH , 30
iFDCMM,CT,~~TMIN,CTL ,CTLM I N,THETA ,PuI,NAC,D(LFUN ,DA8FUN .LINO8J,ITRM, 40
2IT ER,t NFOr,,TGOTO,IM FO ,OBJ 50
DIMENSION DF(Nl ),G(P42), ISC (N2), IC(N3),A (N3,Nl),S(N1),C(N44),M51(N5) 60

- 
- *,3(N3.N3) 70
C ROUTINE T0 SOL VE DIRECTION FIND ING PROBLEM IN MODIFIED N (THOO OF 80
C FEASI BLE nYRECTIONS. 90
C BY C, N, vANUERPLAAT S MAY , *972, *00

I’

- 
C NASA.AMES PESEAI4CH CENTER , MOFFET I FIELD , CALI F ,
C NORM OF S VECTOR USED -‘(RE IS SsTRANSPOSE TINES S.I.E,t, 120
c IF NYC * ~, ~ IP,lD OI1IECTION BY ZOUTEP4DIJK’S METHOD. OTHER.!$E *30

I - C FIND MODIr IED DIRECTION . 1440
C aees es s ee _ 5 _ s s s s e ss s e sas as eseesse .ses .eeesseeeee.  e 5 sss es s s ee eeees 150

-: C *** NORM ALI ZE GRADIENTS , CALCULATE THETA ’S AND DETERMINE NVC •.~~ 160
C saasesess5_ .eeesSseee. eaeaeeaeeasses sseessesee aseeesseseeeeO5sse *10

NDv1sNDV,~ *60
NDV2~NDV+, 190
NA C*SNAC+j 2U0

- NVC O 210
TIIHAX:O . 

- 
220

CT As4RS(C~~ 230
CT1 :j,/CT~ 240
CT AM~ ABS(~~-ruI N) 250
CT.R:A8S(C,I , - 260
CT2SI./CT 4 270

~I I CT8M :ARS(rTLMTN) 280
*1st . 290
DO 40 1 1 ,N*C 300

C CALCUL ATE THETA 310
NCI !C(1) 120

II NCJSI 330
I IF (KCI ,Lf,NCOM) NCJSISC(NtI) 340
- C I a G (N C I )  - 350

I
I CTD’CTI - 160

CTCZC TAM 370
if (NCJ.LF .0) GO 10 10 380

I CTC :CTBM 390
f CTDZCT2 400
- *0 IF (C1. GT~ CTC) NVCsNVC+1 410

- THTIO , ‘120
- 

GGSI ,+CTO,c! 4430
IF (PICJ .EO .0.OfI ,Cl .GT .CTC) THTSTH(TA*GG*GG 440

I 
- w (NCJ .Gy ,O.ANO ,C1 .GT ,CTC) THI*TIITa3 ,*TP$(TA 4450

IF (THT,G1~ 5O ,) 1)41550, 4460
I IF (T HT ,Gt .YHMA Z ) TNNAX $THT 470

A (I,NOV I)5TiuT 480
C Sflaeeaes_ssa e e ssssese seassssse esee.smseeeaese.e*sesae eaeeee sas 490
C NORMALIZE GRADIENTS OF CONSTRAINTS 500

1 -

II1~

~ I
J I 
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- SUBROUTINE CNMNOS SEPT. 77

C es.aeeees
__

eeeseesse.eaeeeeesaeesese se.e 55551
5_555555 55S55S5555 51 0

I A (j.N0V?)g1~ 520
I if (NCI,GT .PICON ) GO TO 40 530

A~*O , 
- 5440

- DO 20 J51 .NOV
41$A 1,A (I .J)**2

4 20 CONTINUE 570
IF (A1, LT 1•OE.20) A1*1,OE~ 2O 580

I - AtsSQRT(A~~1
~ A (i,NDV?)541 600

A * s1 ,/ AI  - 610
00 3o J31 ,NOV 620

30 A(!,J) A1.A(I.J) 630
40 CONTINUE 640
C Sesessees 

___
eee .ea esesee sesees. .ssssssseeesse.eessseessessseseeses 650

C ‘~O~~ &i1ZE GRADIENT OF OBJECTIVE FUNCTION AND STORE IN NACeI 6*0
I ROW OF A 670

C esesesse s~~ _ ssss Sea esses s e s s e s  a asssese s esas aasea.seeesaeee ss eaSes 680
A lso . 690
DO So I5l ,NOV 700
£IsA1,DF(,,.*2 710

50 CONTINUE 720
IF (A1.LT ,i.0Es20) A1*l,0Ee20 730
A1SSQRT(A ,) 740
*1:1,/A t 750

I DO 60 I:1.NOV 160
-
~~ 60 A (NACI,I) *I*OF (I) 770

C BUILD C V ECTOR . 780
1% IF (NVC ,Gy~ Ø) GO TO 80 790

C •eesseeee  _ __ Seseea  esses aess e e s s es S e e s s a s e e e eee e ee e s e e s s S S~~~~~~~
5 5  800

C BUILD C FOR CLASSIC A L METHOD 810
C •Sss ssss ~~~~es5ee5as  5.see a s e ss ees e seee S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 820

NOBZNACI 830
A (NOB, NDV 11sI , 640
00 10 I 2 •NOB - 850

10 C(I)zaA (I1 p rnV l) 860
GO To *10 870 $

60 CONTINUE 880
I - C e.see.ese 5eesef lee.eeee ses ses SeeSsssSeeesesseeflsss essSseeCe S SS 690

C BUILD C FO P MOI)!FI(f ) METHOD 900
C esessesse  55

e s e e s s s s s e sS ee eSe  55 s esseasesseesse  Cees s e s ee a e s ss s es es s  910
I NDB:PIAC 920

A (NACI. NDyI):eP)4I 9*0
C See 55e555~~~~e5e55S55  ae*esesaeese es e es ess e es e ss ae  eseeeeeeee eeesese 9440
C SCA ,( THET A ’S SO TH AT MAX IMUM THETA IS UNITY 950
C ee s eeses ~~~ 5ese5Css asseess as eeee .aeeseeeseeeeeesaaeasseseeasesses 9*0

I 
IF(THMAX ,GT.O.00001) THMAXSI ,/T$4MAX 910 -I
00 90 Is* ,p~~B 980
NCIZIC (I) 990
CISCT A *000

~~

I
-

I 
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SUBRpUTI NE CNP4NOS SEPT. 17

IF (ISC(N~ f l,GT.0) Ct~ CT B
A(I,NOV*)5A (I,NOVI)*THNAX - 1020

90 CONTINUE *030
DO 100 Izj,NDR - 10410
C(I)sO. - 1050
DO 100 JZ11 NDVI *0*0

100 C(I)=C (I),A(I,J)*A (NACI,J) *070
1* 0 CONTINUE io~ o
C eeeeeaee 5 _a s s e 5 5 5 e 5 Ss s S  s e e e a ses S e ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ * 090
C BUILD B MATRIX 1*00
C _~~ e 5s555S5  C ese s s s e s  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ * * 10

00 *20 I3~~,iOR 1120
I 

- DO 120 J 1, IIDB 1130
B(I,J)s0. *140
DO 120 K j , NDVI *150

*20 B(j,J):8(y,JJ.A (1,K)*A (J,K) - 1* 60
C esesesess sees_ see seeeesseeessasea _ seeeeee_ 5_ee_ sasesesaseesaseeess 1 * 70
C SOL VE SPECI A L L, P, PROBLEM • 1160
C SesSsseee 5eeeseeseaeseeseesses eases .__e_ .eseees._ .seseseeesssseee 1190

CALL CNMNÔ8 (P1O8,NLR ,C,MS1,L4,P13.N4,NS) *200
IF (IPRINT IIT.1.AND.NER .GT .0) WRITE (6,180) 1210

C CALCULATE p(SIILTING DIRECTION VECTOR , S. 1220
510PE 0. 123 0

C e asassess sseseeessessss_see .ee .es_eeaeeeessseseeesesseesee seesee 1240
C USABLEsFEASIBLE DIRECTION 1250
C esseesees 

___
s~~essas~~sss55_ee s se55_e55esee_5e_ 5__ 5e5555_____ 5555 _ 5 1260

DO 140 I:j,~~DV 1270
- 

I Sl sO, *260
IF (NVC ,G,.o) SIZeA (NACI ,I) *290
DO *3 0 J ,NDM 1300

- 
I *30 StsStsA (J ,T)*C (J) isio

SLOPE:SLOp€.SI*OF(1) 1320
140 SCI)aSI 1330

S(t4O 9 1 ) Z % ~ 1340
IF (NVC .Gy ,o) S(NDV I)55A (NACI.NOVI) 13S0
DO 150 J:j,NOB *3*0

ISO S (NOVI):SfNOVI)sA (J.NDVI)*C (J) 1370
C esaesses e 5e_ se s e s s e eee ees ss es s s s s e sas ees s eess s ae es s e a m s s e e as sss a 1 380
C NORMALIZE S TO MAX ABS OF UNITY *390
C essssesss _ 5e5eesaseseeesssee se_es es ssss seas essaeess eeeseees~~sse * 4400

$1:0, 1410
00 160 Izj,ND V  *420

A IzA)I $(S(~~~~ *430
IF (At . CT SI) S1*A I 14140

140 CONTINUE 
I 

1450
IF (St.LT 1• OEelO ) S151.0Ee10 14460
51.1 ,/SI 1410
DO *70 I:j,NOV *480

170 5(I)z$1~ S~ i~ 
I 1490

SLOPESS1*~~LOPE 
*500

.4

-b
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I - SU8ROUTII~E CNNNOS1 $(PT 77
$ 

$(NOVI)’Sj.S(NOVl) - s
_
to

- RETUR N 1520
- C 

- 
1530

*80 FOR MAT (1 57.46H. • OIR(CTION FINDING PROCESS DID NOT CONVERG(/S*, 1540
I 12914. • S5VECTOR MAY NOT BE VALID) 1550

-
, 

I 
END ss.o

4 
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- • - SUBROUTINE CNMNO6 
- 

SEPT. 77

SUBR OUTIN, CNMNO6 (X,OF,G,ISC,5.Gt,G2,VLB, VUB,SCAL,N1,N2) *0
COMMON /CNNNI/ ZPRINT .NDV ,IIM AX ,NCON,NSIDE,ICNDIR,NSCAL,NFDG,FDCH, 20
1FOCHM .CT,~~TMI N ,CTL,CILM 1N . THETAIPHI.NAC,D (L,FUN ,OABFUN,LINOBJ. ITRM , 30
2ITER ,INFOG ,IGOTO ,INF O,OBJ 40

- 
- I COMMON /COPISAV/D1 (16),CT A ,C TAM ,CT 514.D2,SLOPE,0 (3),XI, 50

- . - 204,ALP ,D51p),A2 .A3,A4,D6,F2,F3,F’1,CV I,CV2,C VI,CV4,07,ALPCA ,A 60
:1 3LPFES,ALPI~hALPMIN .*LPNC ,ALPSAV ,A L~’SlD,ALPTOT,RSPACE,IO1 (1), 

,0
aNCAL (2).Ifl;(3),NVC ,103.!COUNT , 80

- - SI000DI,IGnna,2,IG000I,IG0004,IBEST ,I I I ,NLNC.JG0T O ,TSPACEC2) 90
DIMENSION 7(14% ).DF(141),G(42), !SC(N2),S(N1 ),G1(N2),G2(N2),VLB (N1).V 100
IUB (N%),SC*i(Nj) 110

C ROUTI NE T0 SOLVE ONE5DIM (NSIONAL SEARCH PROBLEM FOR CONSTRAINED 120
C FUNCTION MINIMIZ AT ION . *30
C BY G, N, VANDERPLAATS AUG., 1974, 140
C NAS A_AM ES ~cSE ARCH CENTER . MOFFETT FIELD , CALIF . 150
C O8J = INITIAL AND FINAL FUNCTION VALUE, 160
C ALP s MOVç PARAMETER . 170

- I C SLOPE ~ INITI AL SLOPE, 180
C 190
C ALPSII) : uflvE TO SIDE CONSTRAINT . 200
C ALPFES : MOVE TO FEASIBLE REGION , 210
C A~ PP4c z TMBVE TO MEN NQN5LINE4R CONSTRA INT . 220
C A~ PLN S MOVE TO LINEAR CONSTRAI NT , 230

- 
- C A~ PC~ ~ Mnv~ TO RE—ENCOUNTER CURRENTLY ACTIVE CONSTRAINT , 240

C ALPM IN MOVE TO MINIMIZ E FUNCTION , 250
C ALPTOT : jOTAL. MOVE PA RAMETER . 260

I ZROSO, 270
IF (JGOTU ~,(0.0) GO TO 10 200
$0 TO (140.310.520). JGOTO 290

-
~~ I 10 IF CIPRI N,.GE,5) WR ITE (6.730 ) 300

ALPSAV :AL~ 310
ICO’ffiT:0 320
ALPTOTSO . 330

C TOLER ANCE S. 340
CTAH.ABS(j-TMIN) 350
CTBMSAB$(FTLMIN) 360

C PROPOSED MOVE , 370
20 CONTINUE 380
C eesssesta• eeseeesss aaesae esasso 

esssnsseeseeesee_snessseseeaeses 390
C ••*ee BEGIN SEARCH OR IMPOSE SIDE CONSTRAINT MODIFICATIO N * *.~~. 400

esse s.ee ~~_e ss ees e  e s e e s s sesae es,.s ee s s e s e e e s ses e e ess eas.sessesee. 44 * 0
A2*A (PSAV 420
ICOUP.TSICOuNT,1 - 

430

ALPSIOS1.OE,20 4440
C INITI AL A, PwA AND OIIJ, 4450

ALPIO. 460
FIsOeJ 470

~SIf1.0 
- 4480

I1 ‘5 IF (NSIDE ’
,fQ,O) GO TO 70 490

C •..eseeee •5e eesesSeeeeeeee .sssaae e seeseessaS .eeseseseeeessese5ss 500

-

- 

-

- - 167
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SUBROUTIN, CNMNO6 SEPT. 77

C FEND MOVE TO SIDE CONSTRAINT AND TNSUR ( AGAI~ ST VIOLATION OF 510

- C SIDE C0NS~ RAI NtS - 520
C eeessaese.esesSeeessseasseeeaesesssS sees. aeseeeeeeeeeeseeeeeeeS se 530

00 60 I*1 ,NDV 540
S!s$(fl 

- 
550

If (ABS(Sy),GT .l ,OL—20) GO TO 30 560

I C CALCULATE ALPHA TO MINIMIZE FUNCTION 570
I - C easass eeeeeaeeesesesseeeeee seeee*seeeeeeases sseaeeseessseeeesseeee 580

11~~3 590
IF (A?.GT~,A3.AND .(IG0OD2,EQ .U,AND,IBEST ,EO,2)) 11.2 600
CALL CNM N 04 (II ,A L PM I N ,ZRO ,Z11O ,Fl ,SLOPE ,A2,F2,A3,F3,ZRO ,ZRO) 610

450 CONTINUE *20
I C s5sssasae •5 e eeeess Seeee s e s S S ees es s s e ee s s e a seeee a seeses eeseees  s 630

— 
I 

C PROPOSED MOVE 640
C seaSsssee_ . asaetesseese esesesseseaeessssse_ss .sssseeees .saess aas 650

I 
- C MOVE AT LEAST ENOUGH TO OVERCOME CONSTRAINT VIOLATIONS , 660 -~~

A4SALPFES 670
— C MOVE TO MjNIMIZE FUNCTION , 680

I 
IF (ALPMIN .GT .A4) A4 ALPMIN 690

C IF Aa ,LE.,’,, SET A4 $ ALPSID, 700
IF (A4 ,LE~ o,) AI8ZALPSID 710

C LIMIT MOVr TO NF~ CONST RAINT ENCOu NTER , 720
IF (A4 .GrALPLN ) ARIALPLN 730
IF (A4 .GT AL PNC ) A44$ALPNC 740 1 I

I C LIM IT MOV E TO REeENCOUNTER CURRENTLY ACTIVE CONSTRAINT . 150
I IF (A* ,GT .ALPCA ) £4$ALPCA 760
I C LIMiT A44 y~ 5 • . A 3.  770

IF C A4.GT ,(5..A3)) *4s5~~*A3 180
C UPDA TE OE $TG N, 190

IF (IBEST ,NE,3,OR ,NCON,EQ ,0) GO TO 410 600
C STORE CONSTRA INT VALUFS IN G2, F3 IS BEST. F2 IS NOT , 610

- DO 460 Iz~ ,NCON 820
1 - - G2(I)sG (I1 830

I 
- 460 CONTINUE 640

4470 CONTINUE 650
C IF A4:A3 A NO IG0001sO AND IGOOD3:~~, SET A4.,9*A3 , 860

ALPZA4 .A3 870
IF ((T0000%.E0,0,AND,I00003.EQ,1),AND ,ABS (ALP).LT ,l ,0Ea20) A4:.9*A 880

13 890
C esseeesee eee esseess eeesesseeeseeseeeseese eseseeeeeseasesesees 55a 900
C MOVE A DISTANCE *4 4.3  9*0
C sSeasessa _~~~~ees a e s s e s s eeee  as ess es s a ss e es es s s s s e sass s s e . ss e s aes s s ee  920

A LPSA 4eA 3 930
ALPIOT :ALPTOT+ALP 940
DO 480 I$j,NDV 950
XC i zX(I~~~ALP.S(I) 960

4480 CONTiNUE 910
- -TI IF (IPRIN,,L’.S) GO TO 5~ 0 980

- WRITE (6.720) 990
I 13 WRITE (6,740) *4 *000 *

‘5

41

I 

- .  - I
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SUBROUTINE CNMNOb SEPT. 71

IF (NSCAL (41,0) 00 TO 500 - 1010
DO 4440 !* ,NDV - 1020

•QO G(l)SSCAL (f%s7(I) 1030
WRITE (b,-j~ o) (G(I),I:*.NDV) 1040
GO TO 510 1050

4 500 WRITE (6,750) (X(!),IS1,NOV ) 50*0
5*0 CONTINUE 1010

- - 
- 

I C •sesasse esesseses.s.s 5555555 ss ..ssees es_see eeesssaseeeeseeees5ee *080
C ui PnATE FUNCTION AND CONSTRA INT VALUES 1090
C seeeessee ,_e eeSssss.eeses.eseeeee eessesee .sess_esees.seeeeasesseee 1*00

NCAL(1)sPlr$LC%)+l 1110
- I

-

- 
- JGOTO:3 1120

RETUR N 1150
520 CONTINUE *1 40

Fa:06J 
- 

1150
IF (IPRIN,.r,E.5) MRITE C6.760 FO 1160
IF CIPRI N-I .LT ,S.UR ,NCON,EQ.0) GO TO 530 117 0
WRITE (6,770) *180

- I WRITE (6,7S0) (G(I),I t,NCON) 1190
530 CONTINUE *200
C DETE RMINE ACCA PTA8ILITY of F4~ *21 0 

-

10000450 1220
Cv uzo . *230

- l 
- IF (NCON .~ Q,0) GO TO 550 1200

DO 540 ISI,NCON 1250
- - CCSCTAM 12*0

I
I If (ISC (I ,.CT ,O) CC:CTBM 1270

CIs4(T aCç - 1280
IF (C1.GT ,CV4, CV 4sCI *290

540 CONTINUE *300
IF (CVO ,Gi.O,) 160000:1 13*0

550 CONTINUE 1320
ALP*A4 1330
OBJaro 1340

C eseesesem~~_s ss eeeeee s ees s sseseeeee sae s e e e s s s s s s s S . e s s s s e s e s s5~~~~
5 135 0

C DETERMINE ~€ST 0(81GM 13*0
C esseeaeee _ e seees s aeass a s e Ssesass_ e e e e s s s a s.e ss e s _ e aseeeeseeseeee 157 0

GO TO (Sbø ,*10,b*0), IBEST 1380 :1

5*0 CONTINUE 1390
C CHOOSE BETw(EN Ft AND F4, *400

IF (I6000j,EQ.O.AND .IG0004,E0.0) CO TO 570 1410
- jf (CVI. Gi-.CV4) GO TO 110 *420
GO TO 580 *430

510 CONTINUE *4)40
IF (F4 .LE~.Ft )  GO TO 7 * 0  *050

580 CONTINUE 1460
C Fi IS BEST, 1410

ALPTOTZALPTOT5AO 1480
OBJIF I 1490
DO 590 I$I,WDV 1500 

* 
:11
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SUBROUTINE CNNNO. - SEPT. 17

*(I).7(I),A4~S(I) - 1310

~~0 CONTjWUE 1520
IF (NCON ,,O~O) GO TO 7*0 1530

II DO 600 I*~ ,NC0N *510
~~ II G(I).G*(I~ 5550

600 CONTINUE 1560
1

1 
- GO TO 720 *510

6*0 CONTINUE *580
C CHOOSE BETWEEN F2 AND f4, 1590

IF (I0000, ,F0.0,AND.I0000II.Ef),0) GO TO 620 *600

~~~ IF TCV2.GT.CV4) GO TO 710 *610
I I GO 70 630 1620

1 I 420 CONTINUE $630
IF (fl ,LE ’j2) GO TO 110 1640

6)0 CONTINUE 1*50
C F2 1S BESj, *660

. O8I~F2 5670
A2.AA5A2 

- 
1680

ALPTOTSALpTAT AZ *690
00 640 I 1, ’IDV 1100
XCI )sZ(I) A2.S(I) *110

6440 CONTINUE 1720
IF (NCON .rO ,0) GO TO 750 1730

E 00 650 1 $ , P4CON 1740
*15 0

650 CONTINUE *7*0
GO TO 7*0 1110

660 CONTINUE $700
C CHOOSE BETWEEN E3 AND F4, 1790

IF (I0OOD 3~EO,0.ANo,1GUOo4,EQ,G) GO TO 470 1300
IF (CV3.Gi ,CVI) GO io 110 1610
GO To 680 1820

670 CONTINUE *830
IF (F4 .LE F3) GO TO 7*0 

- 
*840

660 CONTINUE 
- 

teso
Il C ~

)IS BEST, *860
-~ OSJ$F3 1670

A3SAIeA3 *880
- ALPTUTIALPTOT.A 3 *890

00 640 19,NDV 1900
X (I)$X(1).A~ *S(I) 1910

490 CONTINUE 1920
I 

- 
IF (NCON ,f41•0) GO TO 71 0 1930

I DO 100 TS1.NCON *940
- 

I G(I1.G2 (I~ 1950
700 CONTINUE 1960
7$~ CONTiNUE 1970I ‘ ALP’*LPTO, *980

j~ (IPNINi ,G$ ,S) WRITE (6.190) 1990
JOOTOUO 

- 

2000 *
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SUBROUTI P4F CNNNO6 
- 

SEPT. 77

RETUR N 20*0
C esesse eee__.eseeee.asaee .easeeeeeesSesea *eessSs .aseaeeaeseeaeseea. 2020
C fORMATS 2030 I

C u N  COMPONENT OF S IS SMALL , SET TO ZERO , b o o
hi S(I).O, 2050 

I

SLOPESSLOp(eST*DF(I) ZOoO I

GO To ao 2070
30 CONTINUE 2080

*157(1) 2090 
I

SIs1,~~3I 2100
IF (S1,GT o.) GO To 440 21*0

C LOWER BOUND. 2120
XI2aV~j3(j~ 2130
*IIIABSCX,2) - 2*1-10
IF (XTl ,Lj,t ,) Xliii . 2150

C CONSTRAIN, VALUE. 2260
-4 - G!~~~x12exj)/XI1 2170H Ir (GI,CT I,OEsO ) GO TO 50 2180 -

~I
I II : 

I C PROPOSED MOVE TO LOWE R BOUND. 2190 I

ALPAZ (XI2_x1)eSI 2200
IF (ALPA ,,T.ALPSID) ALPSIDsALPA 2210 I

00 70 *0 2220 -

40 CONTINUE 2230
C UPPER BOUwO , 221-so

X!2ZVUH(I j 2250

t 

XI1SAB$ (X,2) 2260 -

If t XI%,L-~-~ ’i,) ~~~~~ 2270 I

C C0NST R A IN~ vALUE , 2280 -

GIi(XIaXI;~ /XTl 2290 I

- IF (GI.GT~,s*,OEeo) CO TO 50 2300
C PROPOSED MOVE To UPPER BOUND. 2310

ALPA .(712.xI)*SI 2320 I
If (ALP* .jT .ALPSID) *LPSIDSALPA 2330 I

GO 7060 2340 I

50 CONTI NUE 2350
C MOVE WILL VTOIATE SIDE CONSTRAINT . SET S(1):O, 2)60

SLOPE.SLO.(.S(I)*DF(I) 2370
S(I):O. 2300 I

K5IOsK5IO.~ 2390 - -

60 CONTINUE 2400 I

I

C ALPSID IS UPPER BOUND ON ALPHA , 24*0 1
Ic (A2,~~T

’4LPSID) A2*ALPS1D 2420 I
70 CONTINUE 2430
C SSS5eSSS5. _s eesae eeeeseeessese ess e eees seseSess es  e e c  aees.sese 2440
C CHECK LLLsCONOITIONING 2450 - -

C 5a~~ess5eseeSs5aeSse•se5 sea . ese~~eeees sceesnea assaeeeesesesaeeseee 24b0
IF (KSI D ,fr3,NOV .U54 ,ICOU NT, GT , l0)  GO TO 1*0  2410  -

IF (NV C ,E41.0,AN O,SLOPE ,GT ,0 .) GO TO 710 2480 I

ALPFE $s.* ~~9O -

ALPM !N:.I~ 2500 -

-

I I
- 171
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SUBROUTINE CNMNO6 I $~f7 77

ALFLN$t.1*AL PSID I 23*0
Fl ALPNCSALPq1~ 2520

- ALPCA$ALPSIO 2530
IF (NCON ,fQ~Q) GO TO 90 2SaO

I C STORE CONSTRAINT VALUES IN Cl. 2550
1 00 30 1$1.NCON 2560I 

G$ (I)sG(11 2570
80 CONTINUE 2580
90 CONTINUE 2590

4. C Sess easea.s esSes seeaeae eaase.see e 5555555555Ce5 Sses s s °5 es5ese5eS 2600
C MOVE A DIST ANCE A2~~~8 2 4*0I C esss...e. ,~~.._. _... ..._. ._ ..____ ... essseeeeeeesseeeeesseseesssesaea 2620 —

- ALPTOT :ALPTOI+A2 2630
I 

I DO *00 I’ •NDV 2640
X ( I ) i * ( I ) . A 2 e S ( I )  2850

500 CON1INUE 
- 2660

I IF (IPRTN,~ LT .S) GO TO 230 2*70
I AR!TE (6.740) A2 2400

If (N3CAL°~~4),o) GO TO 120 2690
I 00 110 !a;.NOV 2100I 

- 120 G(I)$SeAL fI)l X (I) 2 110
- WRITE (6,7501 (G(I).I t,tIOV ) 2720
GO To 130 2730

*20 WRITE (b.y~ o) (X(I),I:i,NDV) 2740
C •sesseee ssea aeessss ea.eeeseaae esesese flosses ..eaee Cease. es_ c _a ~150
C UPDATE FUNCTION AND CONSTRAINT VALUES 2160

- - C 5SS55S5S _sasssseeea.sse essseeeteseeasssaessseaeseeesese aeseessees 2170
*30 PICAL (f)IIIIrAL(I)+* 2780

JGOTOsI 27440
IA RETURN 2300r I - *440 CONTINUE 2810

F2SOBJ 2820
IF (IPR1N?~ GE ,5) WRITE (6,160) F2 2830 -

• I IF (IPRINY .LT,5.OR ,NCON .(Q,0) GO TO *50 2840
WRITE (6,770) 2850

I WRIT! (6.~ çn) (G(1),I’l,NCON) 2860
ISO CONTI NUE 2870

I - C es.eeeese~~55.s eeeeeeeeeseseeeeensees.see .aee .s. eseeeee.a .aesSease 2880
I C IDENTIFY ACCA PTAB ILETY (IF DESIGNS El ANfl F2 2890

C 5eeeessss~~se seeeeseaeeseeeseessee eese.eeeeseoses .aee.aeeeaeeeeee a 1900
C 10000 5 0 ys ACCAP TABLE . 2910

I C - CV • MAX IMUM CONSTRAINT VIOLATION , 2920
- 

- 10000110 2930I
: 100002:0 294*0

I - CV1~~~. 2950
I CV2:0, 

- 19*0 •

NyCiso 2970
I 

- 
- IF (NCON .fO.0) GO TO 170 2980

DO *60 ISII NCON 1990
* I CCICTAM 3000

I 
—

~I 
-

I t - I 
-

- 
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SUBROUTINE CNMNO8 - 77

IF (ISCCIi.GT .0) CCSCTBM - 3010
ClsGl (I).Cc 3020
C2s (I)aCr- 3030

I IF (c2.GT;o.) NVC1INVC 1+1 301-40
If (C1,GT,CvlI CV1sCI 3050

- IF (C2,GT ,Cv2) CV2:C2 30b0
I I 

*80 CONTINUE 307.)
IF (CVI.Gi .O,) 160001:1 3080
IF (CVZ.G,,o., IG0002sI 3090

I 
I 170 CONTINUE 3100

-
I ALPIA? 3110

U8JSF2 3*20
C •aeeaesee _ .seseseessssessaeaseeese essseseessaseeesaesess a eeesesse e 3130
C IF F2 VIO lAT E S FE WER CON STRAINTS THAN Ft BUT STILL HAS CONSTRAINT 31’40

~
:I I I I~ 

- 
C V I QLATION~ RETURN 3*50
C e ee eesse5 s ssses see es_s ee a eeeessssssessssseeesass.esees esesessess 3100

IF (NVCI,IT .NVC ,AND ,NVC 1 ,GT ,0) GO TO 710 3110
- C - eeeeseeee~~ ~~~~eesaes . sss s e es ea seee e .eee.esaesesssseaeeessasaee*s e  a 3180

C I0çNTIFY BEST UF DESIGNS Fl ANF F2 3190
C seseesess _ e eea •essseees eseeseeees sessessea_eesssseseeseeeeseeesss 3200
C IBEST CO RR(SPONDS TO MINIMUM VALU ( DESIGN , 32*0

I C If CONSTR AI NTS ARE VIOLATED, II3EST CORRESPONDS TO MINIMUM 3220
: 1  C CONSTRAIN, vIOLATION . 325 0

IF (IG000I.EQ ,0, AND,IG0002,E0,0) GO TO 180 3240

- I C VIOLATED fONSTRAINTS . PICK MINIMUM V IOLATIO N , 3250
IBESIiI 3280

- 
IF (CVI.G,.CV2) IBESTz2 3210

I CO T~ 190 32*0
*80 CONTINUE 3290
C NO CONSTR~ 1NT VIOLATION. PICK MINIMUM F. 3300

I IBESTs1 331 0
If (F2.LE’~~t ) IBEST:2 3320

190 CONT INUE 3330
XI:I 3340
IF (NCON ,ci),0) GO TO 23 0 3350

C eseessase .s ees esa  asesaeee.ssseee  555 eseeeasseee 5 ess SassSeesssses s  3360
C 2 e POINT INTERPOLATION ***** 3370

- I C •ssssss ee~~. ceases esseseessOssseeese 555555555 ease ~~~~~~~~~~~~~~~~~~~~~~~ ass 3360
11I 0 3390

- 200 IIIzIII.1 3400
I Cl:GI(11E~ 3410

C2iG (III) 34*20
I - IF (ISCUTI).E0 .0) GO 10 210 3450
I C ses seee ace sesssseses Ce eseeseseesseses a esesseess ease aseeess.eeese 34440

- 
I C LINEAS1 CONSTHA !NT $450

- C s_asses_s s_ sees eaaasssa aesesseeessessses.s s eas  a~~ s~~aeesssssees  Se. 3480
IF (C*,GE I,OEsS.AND .CI ,LE ,CTAM ) GO TO 220 3470

I~~~~~~~
I I CALL CNNN07 (IZ, ALP ,ZRU,ZRU ,C1,A2,C2 ,ZRO ,ZRO) 3480

I I IF (ALI’.L~~.fl.) GO II) 220 34*90 - -

IF (C1, GT .CT B M,AND ,ALP ,CT ,ALPFES) ALPFESZAL,p 3500 *

I~~~ J -
I I

I 
- 

-

- 

- 
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$U8R0UT!N~ CNMNO* 

SEPT. 77

1 IF (C1,LT~,CTL ,AND ,ALP,LT ,ALPLN) ALPLNIALP 35*0

GO To 220 3520

210 CONTINuE 5530

I 
C ns ceases ~~ae eseeess 55e55•eS 

aseeesssese e.ss.seeesssssesseee~~
5 access 3540

- 
I 

C NON.LIP4EAR CONSTRAI NT 3550

4 C essee ase ess s 5~~~~
5 eesss esaseeeesse5esesasOssseeesss05see~~~~~~~

5555 e 3560
IF (C1.GE~~t.0EsS.ANO .C1,LE,CT&M ) GO TO 220 3570

- - CALL CNMP4D7 (II ,ALP,ZRO.ZRO ,C1, A2,C2 .ZR0 ,ZR0) $580

I IF (ALP.Lf,0.) GO TO 220 
3590

If (Ct.GT ,CTAM .ANO .ALP .GT.ALPFE3) ALP,E$:ALP 
3600

-~ IF (Cl.LT .CT ,AND.*LP .LT ,ALPNC) ALPNC:ALP 3610

220 CONTINUE - 
3620

I IF (III.LT .WCON) GO TO 200 5*30

I 230 CONTINUE 3644 0
I IF tLINOB.,.f,T.0.O0.SLOPE ,GE.0.) GO TO 240 - 3650

~ I 
- C CA LCULA TE ALPHA TO M INIM IZE FUNCTION . 3680

CALL C’4MN04 (Il ,ALPMIN ,ZRO.2RO .Fl ,SL0PE,A2,F2,ZR0,2 , 0.~~~
O) 3670

- 240 CONTINUE 3660
I I 

I C esseseses 5 esaeeeeeaese e essassessesse_ssseseesessss_sse~~~~
seeeesas 3690

I C PROPOSED MOVE 3700
I I C 5~~~~555.~~ _ _ e seea e.eeseseesssaaesse5eee5se s*55555 5 e essseeseases 371 0

C MOVE AT LEAST FAN ENOUGH TO OVERCOME CONSTRAINT VIOLAT iONS, 3720 - I

I 
A5:A LPFES 3730

I C MOVE TO MTNTM IZE FUNCTION , 3740 - -

- IF (ALPMIN .aT.A3) A3 :ALPMIN 
3750

C IF A3,LE.Q, SET A 3  s ALPSIO. 3760 I -

IF (A3, LE.o.) A3:ALPS !D 377 0
C LI MIT MOYr TO NEW CONSTR AI NT ENCOUNTER . 3780

IF CA3 ,GT ALPNC ) A3:ALPNc 3790

IF (A3,GI~~AL PLN) A3*ALPLN 
3800

- C MAKE A 3  NONeZERO. 3*10
IF (A3,L* ,l.0 € 2 0) ASsl,QEelO 

3620
- C IF A3:A2*ALPS!D AND F2 IS BEST, GO INVOKE SIDE CONSTRAINT 3830

C MODIFIC AT ,nN, 3840

ALPB:1,eA ;/A3 3850

ALPA 5I ,aAi PSIO/A3 38*0

JBESTIO - 
3810

I - IF ( & 14$ (A ,  P~~~ ) , LT ,L ,0Ee t0 ,A ,A8S(ALP&~ .LT.i.0Ed10 ) JBEST:1 $880 - I

IF (JREST EO.I,*NO ,I8EST ,EQ ,2) GO TO 20 3890 I *

C SIDE CONSTRAINT CHECK P4OT SATISFIED, 3900
I IF (NCON ,cQ,0) GO TO 260 3910

C STORE CONSTRA INT VA LUES IN Ga, 3920

oo aso T1I,~ICON 
34430

I 
G2(I)TG(I~ 

39’s0

250 CONTINUE 5950
260 CONTINUE 3960

C IF A3IA2. 5(1 A31,9.A?, 3970

- IF (ABS(A ipN ),LT, l .OEeIO) A31 9*A2 3980

C MOVE AT L,*ST ,01iA2 . 39440

If- (A3 ,LT~~1,Ot.A2)) A3a .0I.A2 
4000

‘5

- - - I I - - - ~
I I - I -

-t IV

1*

- 
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II1 SUI*ROUTINF CNHNOo I $(PT , 77 

-

C LIMIT HOVr TO 5,*A2. 4010
I I IF (A3,CT~ (5..A2)) A3z5,eA2 4020

- C LIMIT MOVf yO ALPSIO . 4030
IF (A .GT ALPSIO) A3*AL PSID 4040

C MOVE A DISTANCE A3.S, 4050
- ALP$A3s82 44060

I ALPTOT :ALPTOT,ALP 4070
I

I DO 270 Isj.NOV 41-080
1, I K(I)sX (1)+ALP*S(I) 4090

270 CONTINUE 45100
IF (IPRINT.LT .S) GO TO 300 4110

- WRITE (6,740) 44120
WRITE (6.740) A3 4*30

- -4 - IF (NSCAL FO.0) GO TO 2~ 0 
4140

I 
- DO 280 !ZI,MOV 4*50

280 G(I):SC&LtI~~*X~ t) 41*0
WR ITE (6,730) (G(I),Ii1.NDV) 4*70

* GO TO 300 4*80
29* WRITE (6,750) (X(I),1S1,NDY) ‘5*90
300 CONTINUE 4200
C •asssssSe  

__
ee ss s ees eae s s ses e as _ s _ s a ss s es e_ es_ ea_ e e_ s e ss e es s 55as e 4214)

- C - uPDATE FUNCTION AND CONSTRAINT VALUES 4220

C ass es ssss _5 sssssaeseee  asesseee.e.e sesees eeesessee .eees5s5s~~~~~~~~~~~ 1-42 30
NCA L ( l ): N~~- A L ( I ), 1  4240 : 1

- JGOTOs2 4250
RETURN 4200

310 CONTINUE 4270
F3s08J 

- 
4280

IF (IPRI NT.GE.S) WRITE (6,760) F3 4290

- IF (IPRIN!.LT .S.OR ,MCON .EQ ,0) GO TO 320 4300

I- WRITE (6,770) 4310
WR ITE (6.i~ o) (G(1), I*1,NCON) ‘5320 I -

320 CONTINUE 4330
C ceases ___ ;__ _ __ s_ s_ __ .  asses eseeeseaaseeaseeseesssseesaees 555

~~~~~~~
5 ‘4 340

- ;  C CALCULAT E W A~~IMU M CONSTRA INT VIOLA T7ON ANI) PICK UST DESIGN ‘4350

C saaesaees• _seeeessseses 
a_es eeeas5ese.eeasse e eeeeessse eeaeseee ese 4360

I CV3$O , 4370
160303:0 ‘5380 I

I
~

NYCISO
IF (NC0N .,Q,0~ GO TO 340 

4400
- 00 330 ISj,NCON ‘44*0

I CC,CTAM ‘1-420
- If C!SC (I~~.GT .0) CC.CTBM 441-30

CtsG (fl—C~ 4440
IF (Cl.GT ,CYS) CV3:C1 4450

- IF (CI.GT ,ô,) NYCIINVCL,1 444001 4 330 CONtINUE
- IF (Cv3,Gi .0.) !G0003SI 4460
- 3440 CONTINUE 4490

-~ 

C DETERMI NE RE5T DESIGN , 4500 - :1

I 
-

- 
175

- -

EL - - 
I
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SUBROUTINE CNNNO6 SEPT. 77

IF (IBES T ’FQ.2) GO TO 360 
- 

1510
C CHOOSE BEt.*FEN Fl AND El , 4320

IF (I0000,.FQ .0,AND .IGOODI.E0,0) GO TO 350 44530
If (CVI.Gf,CV3) IBLSTs3 ‘45’40
GO TO 380 0550

330 IF (F3,LE EI) IBEST’3 4500
- I - GO TO 380 4570

360 CONTINUE 4580
C CHOOSE BETWEEN Fl AND E3~ 4590

IF (IG000;.EU ,0,AND,IG0003,EU.O) GO TO 170 4600
IF (CV2,&F ICVI) IBESTz3 ‘4kb
Go TO 380

370 IF (F3.LE~,E;) IBESIs3 4630
360 CONTINUE ~4640

ALPIA 3 4650
OBJ:F 3 - -  

46*0
C IF F3 y b 5  ATES FEWER CONSTRAINTS THAN Ft RETURN , 4670

IF (NVC1 .~~71NVC ) C,O TO 7*0 44680
C IF OBJECT IVE AND ALL CONSTRA INTS ARE LINEAR , RETUR N. 45690

IF (LINOB II ,NE ,O,ANO .NLNC .E~~.44CON) GO TO 7*0 4700
C IF A3 S A~ ~LN AND F3 IS BOTH GOOD AND BEST RETURN , 4710

A~ PB*t.aA~ P~ N~ A3 4720
IF ((AB8 (ALPB ).LT .1,0€s20.ANQ ,IBEST .EQ ,3),ANO.(I0000S.EQ.0)) GO TO ‘4730

1 710 - 
4 7150

C IF A 3 • A~ DqI O AND F3 IS BEST. GO INVOKE SIDE CONSTRAINT 4750
C MODIF!CAT,Ow. 44760

ALP*st ..A1PSIO/a3 4770

-
- IF (ABS(Al~~A).LT ,1 ,0Es20,AN D ,IBEST .EQ ,3) GO TO 20 £1780

I 
-~ C asseess sa_ 5e eeeseessse aesaeaesse seesseeseeeescesssseeseesesesaae 44790

C ***i*..**. 3 s POINT INTERPOLATION ********* 14800
C asaesssss_ s e sessseseassesasaseessseseesaeessse aeeeee_eeeseseeseses 4814)

ALPNC .ALP ITO 4820
ALPC ASALP III) 4830
A LPFE$z.l~ £58410
ALPM INI51 , 4850

- 
- 

IF (P4CON,FQ.0) GO TO auG 4860
III’o 4870

390 1111111.1 ‘1880
CISGI (III1 4890
C2zG2 (III~ 4900
C3:G(1II) 49*0
if C I S C ( X t f l , E t J.G) GO TO 400 4920

C eeaeaeese ,es e eseesesee sseeesaesseees eases asesessssfleseseseeeese 4930
C LI NEAR CONSTRAIN T , FIND ALPFES ONLY , ALPLN SAME AS BEFORE,
C •555555 aefls.eeeessseflsaeee seesesea assesses. eseessassee eeeesss se 491~~Ø

if (CI.LE CTBM) GO TO 43~ 
(5960

111*
CALL CNMNn7 (tI. ALP,ZRO,ZRO .Cl.A 3.C3,ZRO,ZRO ) 4960
IF (ALP ,GT ,ALPFES) ALPFESIALP 4990
GO TO 4~~~~ 5000

-~

I l  I
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I l SUBROUTINE CNMNO6 - 

SEPT. 77

I I 

~00 CONTINUE 5010
C 5555pe555 e 5 eseese 555555 .eeeee as~ja eeesseeesesses5eesSe esessess esea 5020
C NON—LINEAR CONSTRAINT 5030
C Cs 5555555  _ s s eeeeseeaa  aes s ee se  a.a s a e s s see s seeee e eesseesessae~~

5
~~

s 50410 :1

F 11:2 5050
CALL CNMN~ 7 (I1,ALP ,ZRO ,ZPO.Cl, A2,C2 ,A3,C3) 5000
IF (ALP ,Lf.7R0) GO TO 430 5070
IF (CI,GE C T.A ’~D.C 1, LE,0.) GO tO 41*0 - 501~0
IF (C1.GT CT AM ,OR ,CI ,LT,O.) GO TO ‘420 5090

C ALP IS MINIMUM MOV E. UPDATE FUR NEXT CONSTRA INT ENCOUNTER , 5100
£410 ALPA :ALP 5110

CALL Cu MN~ ? (T I ,ALP.ALPA ,ZRO ,C1,A?,C2 ,A 3 ,C3) 512 0 -:

IF (ALP .L,,A LPC A ,AND ,AL P ,GE.ALPA ) ALPCA :AL P 5130
Li TO ‘430 I 5140

4120 CONTINUE 5150
IF (ALP ,G,.ALPEES,AND ,C* .GT ,CTAM ) ALPFES :ALP 5*60
IF (ALP .LT.ALPMC ,AND ,C).LT ,0.) ALPNC :ALP 5170

£130 CONTINUE 5* 80
IF (III.LT ,NCON) GO TO 190 5190

4
~
0 CONTINUE 5200

IF (LINOB .,.GT .0.OR ,SLOPE .GT ,0.) GO TO 450 52*0

C assasese  e~~ _ s s e ee.s s e__ eeea es n_ s __ _ __ s _ e s_ s s e _ ss _ s_ _5 5*s s s ee ees*5 5  522 0
C ~~s5~~es5~~~~~~es as 5 5 5 5_ 5s 5 5 __ 5 ea_ 5 5 _ e_ 55 5 5 5_ a 5_ 5 5 5 5 5e 5_ 5 5 5~~~~

5e5555e55 5230
C 5240
720 FO RMA T (/~ X.25HTHREE .POLNT INTERPOLAT ION ) 5250
730 FORMAT (11,,/58H* a * CONSTRA INEO ONE5DIMENSIONAL SEARCH INFORMAT I 5260

ION * * a) 527 0
7U0 FORMAT (/:,SX,I5HPROPOSED OESIGN,SX ,7H ALP R A :,E12,5/5X ,8HX5VECTOR ) 5280
750 FORMAT (1X, 4E12.’4) 5290
760 FORMAT (/çx ,SHOBJ •.E13,5) 5300
770 FOR MAT ( x.17~4C0~1STR A INT VALUES) 5310
780 FORMAT (/15 r,23HTWO5POINT INTERPOLATION) 5120
7~ 0 

FORMAT (/çX .35H* * * END OF ONE— DIMEN SIONAL SEARCH) 5330
END 5340

177 
-
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SUBROUTINE CNMNOT SEPT. 77

SUBROUT1N~ CNMNO7 (II,XB A R,EPS ,Xl ,V1, X2,Y2.X1,Y3) 10
C ROUT I NE T~ WI NO FIRST X8AR ,GE.EPS CORRESPONDING TO A REAL ZERO 20
C OF A ONESrt1MENSIONAL FUNCTION BY POLYNOMIEL INTERPOLAT ION. 30
C BY C, N, VANOERPLAATS APRIL. 1972. 40
C NASA —AMES RESEARCH CENTER . MOFEETT FIELD, CALIF. SO
C It 3 CALCIjIATION CONtROL , 60
C l b ,.POTNT LINEAR INTERPOLATION . GIVE N XI . Yj~ X~ AND Y2, 70
C 23 *aPOINT QUAOPAT 1C INTERPOLATION, GIVEN Xl. VI, *2, Yl, 80
C y3 AND VI. 90
C EPS M A Y  Bc NEGAT IVE .

I~ C IF RIDUIN ED ZFRO ON Y DOES NOT EX ITS , OP THE FUNCTION IS 110
C ILL5CO NDITIONFD. XBAR 5 EPS I.0 WILL BE RETu RNED AS AN ERROR 120
C INDICATOR *30
C IF DESIRE~ INTERPOLAT ION IS ILLeCONOITIONED , A LOWER ORDER 140
C INTERPOLATION , CONS ISTA NT WIll-I INPUT DA TA , WILL BE ATTEMPTED AND 150
C II WILL Br CHA NGED ACCORDINGLY , *60

XBARIZEPS..I. *70
XBAR :XBAR

~ 
180

1 1
:
1 

I 
JJ:0 190
X~~ *X2 sX 1 100
IF (AAS (X ~ t),LT ,1,UE.20) RETURN 110
IF (I I , E0•fl GO TO 30 • 220

1 1
4 111 C 230

10 - CONTINUE 2450
C eesesaees ~~~ _ s_ asseess.sseeesssese~~.eesesseeesss .esesesssesesse5Sae 250
C 11:1: 2sPO!PIT LINEAR INTERPOLAT ION 2*0
C essence a~~ _ e esasseesseeeeeeesesees nsueenes sssseesessesese es 270 - 

-
-

I ll lIst 280
YY zYl*V2 290
IF (JJ.EQ~,o,OR .Y Y .LT .0.) GO 10 20 300

C iNTER POLATE BETWEEN *2 AND *3, 310
2 OYIY3sY2 

- 
320

IF (ABS(Dy ~~ LT,1.0E.2O) GO TO 20 130
XBAR:X2,Y,. (X2.X3)/DY 340
IF (X5AP ,~ T.EPS) XBARZXBA R 1 ISO
RETURN 3*0

20 DY SY 2 sY 1  370
C INTERPOLATE UFTWEE N Xl AND *2. 380

IF (ABS(Dy).LT,t.OEs2O) RETURN 390
*NAR s*1,Y~ ,(Xt.X2)/DY 400
IF (XRAR ,IT.EPS) XKAR :XBAR I £410
RETU RN 420

30 COP-4TIN(IE 430
C •esSasseS •e5eS5

~~ 
eefl ees eea s e s ss e  5 ass s s e . e ss eee e  SC as eeeesseees  s ea 440

C 11223 3aPOINT QUADRAT IC INTERPOLATIO N 450
C eesaase.s  ee5

~~~~
5••••5

~~~~
5• 5 5 5

~~
5 a~~ f le5ee5 55 a. e ess s e s e see s s s s5 5 se  400

JJ~~t 470
X31$X eXl 1580
X32*X3s12 4490

I 411 002 X 2 5 1X 3j * * 3 2  500

-

~~~~~~~ 
I

- 
. 
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SUBROUTIN, CNM NO7 I SEPT. 17

IF CABStOs~),LT.).oE—2o) RETURN 5*0
-: AAI (ytaX3;.yZ,X31,y3aX21)/0Q 520
IL IF (*RS(A~~~,LT.1, 0Es20) GO TO *0 530

88s(y2aVt~~,X2t -A A *(Xl+X2~ 5410
CCIYI5XI*(AA*X1+148) 550I 
BACsHBalW.~ ,aAA *CC 560
IF CB A C,L T.0,) GO TO 10 510

-~~ 

- BAC*SORTIRAC) 580
AA ..5/AA 390

- I X BA RZA A * ( RAC C BB )  600
~~ XB 2S A A * ( R A C $ R B )  610 II

IF (XBAR .I T,EPS) XBAR XBZ 620 a
IF (XB2,Ly ,XHAR ,AND,X82,GT,EPS) XRARZXB2 630
IF (XBAR .,y ,EPS) XBAK ZXBA R I 640

- RETURN 650
END 660

- 

C

H
I 

179
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- - SIJBROUTIN, CNNNO8 SEPT. 17

SUBROUTINE CNMNO8 (l-408.NER .C,MSI,8,N3.Na,N5) 10
DIMENSION cfNa).MS 1C NS),B (N3,N3) 20

C R~J(IT~ N~ T5~ SOLVE SPECIAL LINEAR PROBLEM FOR IMPOSING SeTNANSPOSE $0
- C TIMEs S.Lç.t ROUNDS IN THE MODIFIED METHOD OF FEASIBLE DIRECTIONS. 60
I C BY 0, N , VA l-IDFR PLAATS APRIL, 1972. 50

4 C NASA .AMES RESEARCH CENTER , ~OFFETT FIELD, CALI F , *0

- - - C RE P- , ‘ST RUC TUR AL OPTIMI ZATION BY METHODS OF FEASIBLE DIRECTIONS ’, 70
I C 0. N, VAN BFRPLAATS AWl) F , MOSES, JOURNAL OF COMPUTERS *0

C AND STRUCTu RES, VOL 3, PP 739.755, 1973, VU
C FORM OF L~ P, IS RXzC WHERE 1ST NOB COMPONENTS OF X CO;4TAIN VECTOR tuO
C U AND LAS, MOB COMPONENTS CON TA IN VECTOR V . CONSTRA INTS ARE 1*0

- C U,~~~,O, V .GE,0. AND USTRAMSPOSE TIMES V = 0. 120
C HER s ERROR FLAG, IF NER ,’1E ,0 ON RETURN, PROCESS HAS NOT 130
C CONVE RGED IN 5aNDN ITERATIONS , *440

- C VECTOR MSj IDENTIFIES THE SET OF BASIC VARIA BLES , ISO
• C sss .eees _ .eseesaesss .s5ssssss~~~~~ .ss ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 160

C CHOOSE IN iTIAL BASIC VAR IA BLES AS V , AND INITIALIZE VECTOR MS1 170
I C ~~55~~55555 _ 5s5sC essssseeaeasessesessssessesaes sesseasesessseeeeeee 180

- NERZI 190
- MIS2aNDB 200
C CALCULATE CRMTN AND EPS AND INITIALIZE 1i$~~, 210

1 I 
EPSZs1,OE,tO 220 -

CBMINsO , 230
I DO *0 Iul ,NDB 2150
I 81:8(1,1) 250

- : CBMAXSO , 2o0
iF (HI ,L T ° 1.0E 6) CBM *X s C (j ) /B l  270
IF (BT, G T ’EPS) EPSiBI 2*0

I - I IF (C8HAX ~ GT.CI4MIN) CBMIN=CB$Ax 290
10 M$I(1)z0 $00

IPSX,000I,EoS 31 0
- IF (EPS ,L,._1 ,OEalU ) EPS:el,0E 10 320
I IF (EPS,Gi ...000l) EPSSa.0001 330

CRMIN$CRMTN*I ,OEe6 3440
IF (C8MTN ~ L T.l.0Ed1O) CBMINSI .OEs1O 350
ITERIsO Ibo
NMAX:5*NDR ?7~

C eeesasasa~~_ sess5aesaessseseee see.s. 55ea55s5e5Ce aSeese55~~5 5 5~~~~~~~ 380
C **a a~~~aa*~ BEGI N NEW ITERATION aa aa a a a * . a  3(50
C eessnee 5ee555555se5 s5 *essae SSSesSessssSeeSssssSs  eSsSeee ses 400

- 20 ITERIzI TE*t ,1 1-410
-~~ IF (ITERI ,GT.WMAX ) RETURN 420

C FIND MAX . c I)/BU,I) FOR 1zl.NDI$, 4530
I CRMAXZ .9*t-IMIN 440

ICHK*0 £450
DO 30 I~~1 ,NOS ‘160
C%SC (l) £170

I- . 01:8(1,1) £480

I’- - IF (lsJ ,GT ~pS,OR .C1,GT ,0.) GO TO 30 490
COSC aIR ! - 500

- 
~~

4-

I - -

I 
-

II~~ J -

- 
- 

- 
I 

- 
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SUBROUTI NE CNMNO* SEPT. 77

IF (C8.LE~.CBt4*X) GO TO 
~o 

- 

510 I
;

~~~
- I I

1 

I ICH KZI 520
CBMAX ZCB I 530

30 CONTI NUE 5440
IF (CBMAJC IT.CBMIN) GO TO 70 550
IF (ICHK .EQ.0) GO TO 70 560

C UPDATE VErTON MSI. 570
JJ:ICHK 580
IF (MS1(JJ ~ ,EQ.0) JJ:ICMK,NDB 

590

‘ 
KKsJJ~ Nfl$ 600
IF (KK ,GT M2) ~~*JJeNOB 610
MS 1(KK):Ir~

p( 620
MS1(JJ)=O 630

C as essases  _as ssseses eess  a ~~ss esae eeeaaes seeee sessessea5e55Cea555555  640

1 - c PIVOt OF B (ICHK,ICIIX) 650
C eessssasa ~~~~~~~~~~~~~~~~~~~~~~~ S aeeessse_ sseeesseeesSs sSeeesee Seseeaaees ooo

88sl ,/B (Ir-HK,TCHP- ) 670
DO £40 J I .NOR 680

‘$0 H(ICHK,J):BB*M (ICMK ,J) 690
C(ICHK):CRNAX 700 I -

B (ICHX,ICMKISRB 7 14 0  -

C ELIMI NATE cOEFICIENTS QN VARIABLE ENTERING BASIS AND STORE 720
C COEFICIE NTS UN VARIABLE LEAV ING BASIS IN THEIR PLACE. 730

DO 60 I 1 ,NF$8 
- 7440

IF (I.EQ .ycu1K GO TO 60 750
BBI*R (I,IrMK) 760
8(I,LCHK) O. 770
DO 50 JZI .NOB 780

50 b(1,J)SR (y .J)sBBl*8(IC$4M ,J) 790
C (I)SC(I).RRI*CBMAX 800

60 CONTINUE 810
GO TO 2O 520

70 CONTINU E 330
NERS0 840

t C esesessas  _ as e ae see ss e se e  asesesee ss e asssasese.  eessseeaeeess a5e555 850

C STORE ONLy COMPONENTS OF UsVECTUR IN ‘C’. USE 6(1,1) FOR 860
C TEMPORARY STORAGE 870
C 55e5es555 _ 5seseeeeaess eeeaeee seasseseasesseee e sseee s eeeetSSSS 880 : 1

DO 80 I$1 ,NDB 890
B(I,1):C(T) 900

30 CONTINUE 910
00 90 1~~l ,NOB 

920
C (1 20. 930
Js1$I (1) 94*0

— IF (J.GT .A) C(I)sB(J,I) 950
IF (C(I).IT.0.) C(I)’O. 900

90 CONTINUE 970
V RETUR N 980

END - 
990

- -

- 

-

~~~
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-
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SUBROUTINy ANAL !Z a LASER TURRET ANALYSIS - SEPT. 77

SUBROUTIN, ANAL IZ (ICALC) 10
C ROUTINE Tfl PERFORM LASER TURRET ANALYSIS IN SUBSONIC ANO 20
C SUPER5ONI~’ rLflW. 

30
C BY C, N , VANDENPLAA TS 4ULY , 1911. 40
C NAVA L POSj~ RAfl lJAT S SO
C NAVA L POS,r,RADU*TE SCHOOL, MONTEREY , CALIF , 60

COMMON /Gp QRCM/ AKA RC2O ) .ACL ,A*~PRI M ,AL,AHACHI (30),BRAR (20),Oi NRTO. 70
* DENGAM ,EPS,EPSM,GAMMAI (30),PlIII (30),RFIIS,SLOPEX(10),30MP02. 80

-; 
I
I * TDENRT,TWMAX C WA VEL .’IGHT1 (30).XM 90

COMMON /CMLOC/ ETA! I 16),MA XK ,MAX P .NBEAM ,NETAI,tlRBT,NTHB C ,NXOC. 100
A RB! (I0),-rITLE (2O) ,YYPXBC (1O , 3).YYPTBC(l0, 3) 110
COMMON /CMLOCI/AMX (10, lS),BMX (10 , l5),ANT (Io, 15) 120

* 
DIMENSiON T(1O),AN (1O),BN(10),PDLSTI (200) 130

C FOURIER EXPANSION , 140
NMAXa IO 150

I 
MMAX .10 1*0 -

-

C OPTICAL PATH LENGTH. 170
K T R A P s3 180
854$. 190
NPRINTsQ 200

- 

- IF (IC A LC~.6T.t) GO TO 10 210
CALL TINPIIT 220

C CALCULA TE FOURIER COEFFICIENTS. 230
CALL FCOEF (AL ,ACL .THM&X ,AN ,DN ,HAXK ,MAXP ,NMAX ,MMAX ) 2440
!ETUR N 250

*0 CONTINUE 200
I
I ;  YYPXBC (1,~~~zEPS 270

I - YYPTBC (1,,1 EPS 280
IPRI HT:0 290 

I 
-

IF (ICALC EO,3,OR.NPRINI,GT.O) IPRINTs1 300
1PLOTvO 310
IF (ICALC ~ EQ.3) IPLOT:l 

320
• SU’~PD2:0. 

330
C BOUNDARY fONDITIONS , 340
C *eDIRECTIflp4• 350

N$yM s0 100
AMLJLT :EPS.RRAR(l) 370
CALL OCON O ~N5YM ,NX8C.YYP*BC, ABAR ,M*XX ,*L,ANULT) 380

c THETA.DIRFCTION . 390
I I I I~ 

NSYM:1 400
AMULTZEPS*4BAR (I) 410
CALL BCONB (NSYM. NYHBC .YYPTRC,8$AR ,MAXP ,T44N*X.AMULT) 420
00 30 IBEAM:I ,NREAM 4530
AMACH.AMA rHT (IBEAM ) 45110
CALL PUflI~~ (1,R ,THE TA ,EPSM ,XM ,PHJ,GAMM A ,RMO ,Y,Z,PP*IPP,U,V .CP ,ARA R ‘150 4 —

l,BB*R,AL, aCl ,THMAX ,EPS,R1NDEX ,RA ,ET A .AN, MN .M K .M&*P,NMl*,MM
~~~
,
~~T~ ‘*60

ZAP,A.R,T,OFLUPL,IREA M ,REFOPL.WA VE L , RFI IS,ETAT, RBI.G AMMA I,PMII, NET A ! 070 - 
! -

3,NRB!.TPE,jRT,PDI ST.I , DENG AM ,AH&CH ,CIEN$ITO,A K PRIM ,IPRI NT .IPLOT ) 4100

• 

I 
C SUN OF S(lu,ARt3 OF PHASE 0ISTURTIQN . 490

NNINRNI*NFTAI 500

3 —

182 
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SUBROUTTNc ANAL !Z e LASER TURRE T ANALYSIS 
SEPT. 17

SNPIiO. 
- 510

- 

- 00 20 Iil ,NN - 

520

20 $I4PIZSMPI,PlbIST1(T)**? 
530

- I - 
SUHPD?SSUMPD2+WGHT1 (IBEAM)*SMPL 

5440

30 CONTINUE 
550

THETAZO . 
560

*4:20 
570

XMAXS2.*A I 
580

XMIN :.XMAY 
590

RiO . 
boo

1F (IPR!l-1T~ FO.O ) ~
O TO 50 

610

DO 60 Ist ,l-IREAM
AMACHSA MA rHT (T) 

630

IF (I ,EQ .1) r,O TO 80 
6150

INISIeL 
- 

650 - -

4 00 10 Js1 , 1M1  

660

ONAC $:A M&rW I(J ) .ANACH 
*10

IF(ARS(PM~CW),LT .0.O01 ) GO TO 60 
680

10 CONTI NUE 
690

I - 
50 CONTINUE 

700

CALL CP9R,IT (TI4ETA, AMACH , AL ,ACL , 
THHAX ,MA X K ,l4*XP ,NMA X ,MM~~ , 

ABA R, 710

* RBAR .EPS.AN,RN,N , 1 *MA x , 0
~~~~~~

) 
720

60 CONTINUE - 

730

CALL SURPRT (ABAN ,B 8 .M K ,H P , 8.AL,T~~
A
~~ 

140

WRTTE (b.4fl) SU MPO2 
iso

C CALCULATE TURRET SLOPE At 30 POINTS, 
7*0

50 NVALz3O 
770

A NULT*EPS*RR AR (I) 
780

-~~ I CALL SLOPc (MA XK ,A BAP ,AL ,SLOPEX NVAL .AMUL ) 
790

RETURN 

500

C 

510

40 FORMAT (I//5X ,3b~~~~ OF SQU ARES OF PHASE DISTORTION .,E12,5
) 820

END 
830

~iE. 
1 -

. - - 
I~~~’~~~~~~~~~~~~ ’
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- SUBROUTINE NCOND SEPT. 77

- 

- 
SUBROIITINc RCOMD (NSYM. NRC .YYPBC.ABAR ,MAXE,XREF.AMULTS) 10

- DIMENSION YyPBC (10,3).ABAR (1),At& 0,l 0),8(10) 20

I - 
- 

- C ROUTINE In IMPOSE POLYNOMIAL BOUNDARY CONDITIONS. $0

I C THE FIRST NRCT COEFICIENTS OF ANAR ARE CALCULATED WHERE P4BCT 15 40

I 
- C THE TOTAL NUMBER OF B, C. 8. 50

C TOTAL NUMBER OF BOUNDARY CONDITIONS . 
60

NBCTsO 10

- - DO 10 I*l ,I4AC I 80

- IF (ABS (YVDBC (I,2)),LT ,100.) MBCT,NBCT,I 90

- 
IF (Al4$(YYPIIIC(I.3)),LT ,100.) N*3CT*h~ CT,t 100

- 10 CONTINUE • 110

- IF (NBC T.,( ,0) RETURN *20
-~~ I 

I 
HA XEIS NAX E4I *30

I C IMPOSE SYII,METRY IF REQUIRED . 1140

-~~ 4SYMISL
-; - If (NSYM .çQ,0) GO TO 30 

160

-~ 
- N$YM)$2 110

- DO 20 1:2 MAXE I,2 180 
- -

41 1 20 ABAR (I)s0~ 
190 

- 

-
30 CONTINUE 

200

C NUM~ I R OF COEFICLENTS ELIMINAT ED. ~1O - -

P4ISNRCT*NSyMl 220

14 C SET UP COFFICIENT MATRIX AND R145, 230

- N:O 2410

JJsN$YMI,j 230

Ii 
00 70 IZ1 ,NF,C 

260

- 
XsYY PB C (I .ij* XREF 270

I IF (AKS(YYPBC (I,2)).GE.100.) GO TO 50 2*0

I C Y BOUNDARY CONDItION. 290

NRN+t 300

8(N)JYYPBj-(I,2)/AMULTS 310

I Lii 
120

I - AAz I , 330
I DO 4$0 J.l.MAXEI,NSYML 

340

-~ IF (J,GT ,N%) R(N)$B (N)eABAR (J)*AA 350

IF (J.LE ,,1l) A(N ,L)ZAA
L:L,l 310

I AA zA A *X 380

IF (NSYMI F0,2) AA aAA *X - 390

00 CONTINUE 
400 - -

I SO CONTI NUE 0*0 : -

IF (ARS(YYPBC(1,3)).GF.1 00.) GO TO 70 4520

- C YePP~ ME BOUNDARY CONDITION , 430

I NSN+I 4410

- 
I 

- B (N)sYYPB~ (1,3 )/AMULTS 1150

- 
Ls2 4*0

3 A (N,j)a0, 4570
I I AAsI , 

£480
I , iF (NSYMI FD.2) AA aX 490 -

- 00 60 JIJ .y,MA XEI,NSYMI 
500

- 
- 

184 
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SUBROUTINp BCONO 
- SEPt. 77

- BB ELOAT ( .l)e l, 510— 
- IF (J,GT ,NJ) B(N)Z ~~(N)eA8*R(J) .8 B*AA 520IF (J.LE,*u~~ A (N ,L)IAAABB 530

S40- I - AA SA A *X  
530IF (N$YMI EO.2) A A IA A *X  560- I 

- 60 CONTINUE 
Sb-\ 

I 70 CONTINUE 
580I C 0ET (RMIN~ cO~FLCIE NTS. 590- 

I N u b  
600
610

~3aI0 620I 44~~J 
630NLCZ% 
640I CALL CELIN2 (A.R,N,NLC,M!,M2#M3,N4.NER) 650C STORE RE$,,1y$ IN ABAR . 660I I J’I~~NSYM1 670

- 

- I 00 lb I*1 ,P4 680- J:J,N5y*I l 
69080 ABAR (J)$8j1) 
700RETURN 
710I END 
7201 3  f

-

I 

185



r -- --‘-
~~~
-—

~ 
~~~~~~~~~~~~~~~~~~~~~~ I I~~~~~ I

- - -

---I, ,

- I

I 
- 

- 

- -

Ii 
- - - I-

1~

I - 
SUBROUTINE BESJ SEPT, 77

H c 
, 

*0
I I C ~ ~ ~ .• .... • ••~~~ • ~~~~~~~ • ~ ~~~~~~~ S ~ ~ ~~ 5~~~ 5 ,.. • I  • ~ ,~~ ~ ~ ~~S 1.1 ~ • •. • ~ ~ ~ ~ 

,..... 20
c - ~O
C SUBROUtINE BESJ 40
C • So
C PURPOSc 60

- - C COMPUTE THE J BESSEL FUNCTION FOR A GIVEN ARGUMENT ANO ORDER 10
I l

l 
- C *0

-~ C USAGE 90
C CAL i BESJ (X ,N,IIJ ,D.IER ) 100
C - 

110
- I C DESCRIPTION OF PARAMETE RS

- 
I 

- C X .TI4E ARGUMENT OF THE J BESSEL FUNCTION DESIRED 130
I C N .TWE ORUEN OF THE J BESSEL FUNCTION DESIRED 140

- - 
I - C BJ .TNE RESULTANT J BESSEL FUNCTION - *50

C 0 .REQ IP!RED ACCU RACY 160
I I C ZER_RESULTANT ERROR CODE WHERE 170

I C ~~
0sO NO ERROR 180

C IER’L P4 IS NEGA TIVE 190
C IER:2 X IS NEGA TIVE OR ZERO 200

I I I C TER*3 REQUIRED ACCURACY NOT OBTAINED 210

- 
C TER 4  RANGE UF N COMPARED TO X NOT CORRECT (SEE REI4AR~S) 220
c 230 I I

I C REMA RKB 2450

- 

I C N M~ $T HE GREATER THAN ON EQUAL TO ZERO, BUT IT MUST BE 230
C LESS THAN 2*0
C ;O,*0*X5X** 2/3 FOR X LESS TI-IAN OR EQUAL TO 15 270

I 9O,X/2 FOR X GREATER THAN 15 280
C - 

290
C SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED 300
C NONE 310

- 320
C METHOD 330
c RECu RRENCE RELATION TECHNIQUE DESCRIBED ~~ N. 

GOLDSTEIN AND 3140
C R, M, THALER, ’RICURRENC E TEC*4NIUUES FOR THE CALCULA TION OP 330
C BESSEL FUNCTIONS’,M.T.8.C.,V, 13,PP .102 108 ANI) l.A. STEGUN 360
C AND M~~ ABR AM OWI TZ ,IGE NERATION OF BESSEL FUNCTION3 ON 111GM 310
C SPEED COM PUTERSI ,M.T,A ,C,,V ,Il ,1 9S7,PP ,255e257 380
C -

-

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4400

C 410
I SUBROUTINE *3E$J (X,N,BJ,D,IER ) 020

I 
c £430

- - B7s .O 4440
IF(N)I0,2j ,.20

1 0 IEIIr$ - 4*0
- RETURN 470

20 IE (X)30,3~ ,31 1480
1 30 !1R12 £490

RETUR N 500
—C

I 

I

- 
I 

- -

I - -I
- 186 
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SUBROUTINE ~E~ J 
SEPT, 17

31 IF (Xat5,)~ 2,32,3
4 

- 510

32 P4TESTI2O , .j f l ,*Z S X * *  2/3 I 
520

GO to. 3~ 
530

34 HTEST:90,tx/2. 
54*0

Sb IF (NeNTESflUO,38,38 
350

38 IERX I 
560

-~ 4 I RETUR N 
310

4*0 IER:0 
380

NLzN,l 
590

~~ I
I
l~~ BPREyz.O 

600

C 
610

C COMPUTE STARTTNG VALUE OF 11 620

c 
- 630

I 3~I IF(XsS,)5O,bO ,6O 
6410

50 M A:X + b ,  
650

GO TO 70 *60

*0 M A I .4 * X + A f l./X  *70
70 MB:N,IFIX.X)/4+2 

680

MZERO:MAXA(MA ,MB) 
690

C 
700 ‘1

C SET LIPPER LTMTT OF M 
110

I— - C 
120

MMAX*NTES4 
730

100 DO 190 M$II7EHO.MMAX ,3 
140

- •  C 
iso 3 1

C SET 1 F (M ),~~(M~ l 3  
760 - - 

I
C 

770

FM1*1. OEe;lb 780

FM~~,O 
790

A LPIIA .0 800

IF (N.( M/2 ) .2) 120,110,12O 810

110 JT:st 820

GO TO 130 
830

120 JT:l 840

*30 M2:M.2 
*50 - 

4 
- -

00 160 K*~~,M2 8*0
MKzMe K 

870

8MK$2.*FLOAT (MI~)*FMI/XeFM 
880

FM .FMj 
890
900

IF(MMeNs l t lS U ,14O ,15O 
910

14* 0 BJsMPIW 
920

150 JTx JT 930

S$~~ JT 900

160 ALPHA:ALPHA .BMM *S 950

LI 8Mn12.aF Mj,leFM 
960

IF(N )ltbO ,170,IBO 
970

~2 I ~70 *1:6MM 
980

180 ALPMA.ALP,4A4BNIU 
990

BJS*IJ/ALPMA 
1000

1 •

— I - 
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SUBROUTINE lbESJ 
I SEPT. 77

1E(ABS(8J~ BPREV)eA8S10*8J) 
)200,200, 390 *0*0

1,0 $PPIV~ 8J 
*020

IER$3 
*030

I - I 200 RETURN 
1040

- 

END 
1050

I -

C
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SUBROUTINI BESM SEPT. 17

c SUBROU~ I NE BES K - 
- 

*0
C - 20
C COMPUTE T I-s E K BESSEL FUNCTION FOR A GIVEN ARGUMENT AND ORDER 30
C 40
C USAGE 

- 50
C CAL, RESK(X ,N,BK ,IER ) *0
C 

— 70
C DESCRIPTION OF PAWAI4 E IERS
C X .T14€ ARGUM ENT OF 1*4~ K t4~ SSEL FUNCTION DFSI~4ED 90
C N ..TI4E ORD~~ OF TMf K BESSEL FUNCTION DESIRED 100
C BK ~THE RESULTANT K BESSEL FUNCTION 110

- 3 C IER.RESULTANT ERROR CODE ~HE9E $20
C !E0’° NO ERROR 130

II C !ER I N IS NEGAT iVE 140
C TE952 X IS ZERO OR NEGATIVE ISO

-
~~ C TE~~ 3 X •1T , 14 7 0, MACMiNE RANGE EXCEEDED - Lao

C TER 4 BK ,GT~ 10**70 170
C - 180
C REMARKS 190
C N M13$1 BE-GREAT ER THAN OR EQUAL TO ZERO 2u0
C - 210
C SUBROU TINES AND FUNCTION SUBPROGRAMS REQUIRED 220
C NONr 230
C 2140
C METHOD 250
C COMPUTES ZERO ORDER AND FIRST ORDER BESSEL FUNCTIONS USING 2*0

• I C $ER~ ES APPROX IMATIONS AN~~ THEN COMPUT E S N TH ONDtR FU NC T I O N 27 0
C USING RECURRENCE RE LA T IOP4 . 280
C RECu RRENCE NELAT IOU AND POLYNOM IAL APPROXP~&TTUN TECHNIQUE 290

- I C AS OESCRIKED BY A .J.M.$iTCH(~OCK , ‘POLYNOMIAL A PPROX IMAT ION S 300
C - TO BESSEL FU NCTIONS OF ORDER ZERO AND ONE AN D TO RELATED
C FUN~ TTO NS’ , M .T,A .C,, Y.1t ,1957,PP ,8*—88, AND G.M. WATS ON. 3~ 0
C ‘A TREAT ISE ON THE THEORY OF 8ESSEL FUNCTIONS’ , CA MBRIDGE 530
C UNIVERSITY PRESS, ~~~~~ P, 62 340
C - I -  - ISOc 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
360

C 310
SUBROUTIN, RESK (X,N,BK,IER) 380
DIME NSION T(i?) 390

£100
IF (NI 10 ,20,20 410

*0 IER:~ 
- 420

RETUR N 430
20 IF (XI 30,30,40 ‘1440
10 IER:2 ‘450

RE T U R N  460
40 IF (X.t7O ~~ i 60,60,50 £170
50 IER:3 4480 - 3

RETURN 490
60 lEpso 500

I

.

- 189
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1.1 j  SUBROUTINE BE5K I SEPT. 11

ill IF (x—~ ,) 1*30,180,70 
510

70 A:(XP(.X) 520
8:1,/K 530
CSSQRT(B) 5140

530
0 Lz2,t 2  SoO

*30 T (L)sT(L—3)*B 570
IF (N—I ) q~ ,L1 0.4*O 

5*0

H C
C COMPUTE K~~ USING POL YNOMIAL APP ROX IMATION 600

c - 
6*0

90 bOsA .(1.25;T14L..156b642.T(% )..O8lb11128*T (21.,09139093*T (3)+.t 3445 620
t9blT (U)_ ,~ ;q9$50.T(S),.37Q24*OaT (6)..S247277.T (7),.S3753b8*T (B) .4 *30
2262bS3.T(,),.2164Stlb*T (1O)_.06OlSQq77*T (1l)4.009L89383*T (12))~

C 6440

IF (N) 40,~~00, L l 0 630
100 BK:G0 6*0

I RETURN 670

C 680
- - C COMPUTE K uSING POLYNOMIAL . APPROXI MATION 690

C 700
11 0 Gl:A* (j.2S;T3441..4699427*T(1)_ .I4AdSOS.T (2)+.1200427*I (3).1730’132 710

120

2O239aT(9)..2
1,lb1304*Tt140),.07b~ U00l*t(t1)..0t0B241R*T (12))*C 

73t1

IF (N—I ) i~~.l20,I30 
740

120 BKsGI 750
RETUR N 160

c 770

C FR OM KU .KI COMPUTE MN USING RECURRENCE RELATION 780

C 190
130 DO *60 JZ~~,N 8u0

GJ:2.a (FLflAT(J).1,)*G1/X .G0 *310
IF (GJ—l.~ E70) I50,15o ,l40 820

-~ 140 IER*4 830
GO TO 170 840

I J 150 G0:G~ 
*50 I

• L 160 Gt s G J  8*0
370 IIK:GJ 810

RETIJRN 880
180 8 SX / 2 .  890

A:.577215 y~ ALOG (8) 
900

I CsB*H 910
IF (N—I ) ~qô,?20,19O 

920

C 930
C COMPUTE Mn tISING SERIES EXPANSION 9440

C ‘SO
190 G0:—A 9*0

X 2J 11 , 4* 10
FACTiI, 4*80
HJa.O 4*90

C 00 200 Jj • * 
100 0

-

- 

I 

- 
- 

190
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SEPT. 77SUBROUTIN? ~E$W~
1010

RJ.%,/FL0~ T(J)X2J~~ 2JaC *030FaCT.*FACT~ RJ~ RJ 1040
NJsHJ,RJ 1050

200 1 0zG0,X2J.,ACT*(MJ A) I ObO
IF (N~ 22t*.210,2~ 0 1070

210 BK:I~0 1080
RETUR N 1090

C COMPETE Kj USING SERIES EXPANSION 
1100

C luO
220 X2JSB 1130FACTs* .

HJ.11 1*50G1z1 ,/X,X J.(.5+A HJ) 
1180

DO 230 ~~~~~ 117 0
X2J~ x2J*C *180

1190
P*CT.F ACT.RJ*RJ 1200
KJzHJ+NJ 121 0230 Gl~ Gl.X2J.FACT* (.5+(A HJ)*FL0AT (J)) 

1220
IF (N—I) ~~o.240.130

240 BKZ~~1 1240
RETURN USO
END

L

4 ; ;

191
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SUBROUTINç BUY ~~~~~~~ 77

C 10
C •, . . . . . , ,~~~

•
•

•
• . , , ,,,,.,...........,...,...........,................. 20

C 30
C $uBR0U~ TwE BUY
C 50

P 1 C PURPOSF bO
C COMPUTE THE Y 0E3SE~ ‘UNCTION FOR A G~~ EN ARGUMENT 

AND ORDER 70

C 80

• C USAGE 90
C CALj RESY(X ,N,BY ,IER ) 100
C 110
C DESCRIPTION OF PARAMETERS 120

r C X ,.THE ARGUMENT OF THE Y BESSEL FUNCTION DESIRED 130
N .THE ORDER OF THE Y sESSEL FUNCTION DESIRED 140

C BY ~TsE RES
ULTANT Y BESSEL FUNCTION 150

C IER _RESULTANT ERROR CODE WHERE $00
C ~~p:~ NO (RROR
C N IS P4E~~A T IV E  180
C TE~~~2 X IS NEGATIV E o~ ZERO 190
C ~~ Rz3 BY HAS EXCEEDED MAGN ITUDE OF 100.70 200
C 210
C REM ARK5 220
C V(Ry SMALL VALUES OF 1 MAY CAUSE THE RANGE OF THE LIBRARY 230
C FUNCTIUN ALOG TO BE E*CEEDEI) 240
C K M~~ T RE GRE AT FR THAN ZERO 250
C N MtI$T BE GREATER THAN OR EDUAL TO ZERO 200

c 270
C SUBROUTi NES AND FUNCTION SUBPROGRAMS REQUIRED 280
C NONF 290
C 300

r C METHOD 310
C RECURRENCE RELAT ION AND POLYNOMIAl. APPROX IMATTON TECHNIQUE 320
C A S 0€5C418E0 BY A.J,t4,HITC$COCK,’PO( YNOM IA L APPROXIMAT IONS 330

C TO RESSEL FUNCTIONS OP ORDER ZERO AND ONE AND TO RELATED 340

C FUNCTTU NS’. M.T.A ,C,s v , i 1 ,1~~5i ,pP~ 6o.88 , A MO G.N. wATSO N,
C ‘A TR EATISE ON THE THrORY OF BESSEL FUNCTIONS’ , CA MRHIDGE 3o0
C UNI VERSITY PRESS, ~~~~~ P, e2 310

C 380
C • . .... .. ... .,.. . ...., . .. . .. .. . . . . ... . s . . . . .. . . .. ........,.. .... ...

C 400
SUBROUTINF RESY(X ,N,BY ,IER) 410

C 420
C CHECK FOR ERRORS IN N AND * 450
C 440

$0 IEW’O 400
IF(*)tqo,~~qo,20 

410
C 480
C BRANCH IF * LESS THAN ~R EQUAL 4 490
C 500

L
12 _I

• •- • 
- -  

. 
-
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SUBROUTINF REST 
- 

SEPT. 77

20 IF(x.4 .O)~~O. 4O,3O 510
c • 520
C COMPUTE YG AND VI FOR X GREATER THAN 4 530
C 540

30 T1~~u,0/x 550
I2sT1.T~ 

560
P0z((((..fl000037043.T2,.0000173565).T2..0000487613)*T2 ‘570

I ,.O0OJ7~ j~$).T2 ,Q01753O82)*T24,39B9423 580
Uoz((((.OoQoO323l2*T2.,0OOO142O1S~ *T2,,0o003424683*T2 590

I _ ,O0OO 8~Q791 ).T2+.O00 6432~2)*T2.,0I24b694 600
P1z((((,0000042414*T2— .0000200920-J.12..00005807S9)*72 610

1 ~ ,0oO22~ 2 03 ) a T 2 , .Oo292182b~~~T2, .3089423 620
Q1z((((..fl0OOO36~

Q4*12,.0OUOtb22)*T2..0OOO398708 .T2 050
1 ,.O00tO A474I)eT2~ .00Ob3QO400)*T2,,0U40084 

640
A~ 2.0/S0R7(*) 

650
BsA*TI 660
CaX— .7553q42 670
Y0:A * PO*S 1p~~C)+B*Q0aCOS(C) 

680
T*z~ A .PIarn$(C).BaQ1*SIN (C) 

690
GO TO 90 700

C 110
- : C COMPUTE YG AND Y$ FOR X LESS THAN OR EQUAL TO 11 720

C 130
40 XXIX/2, 7110

X2IXX*XX 7b0
1*ALOG (XX~,.5772JS1 160
SUMSO. 770

• TERMST 780
• YOvT 790

A DO 70 Ls1,~~S 800
1F L.1 50,ao, 5U 810

50 SUMzSUM,l~~/ FLOAT (L .t )  820
6O FLSL 830

• 
- • TSZT.SUN 840

T(RMI (TERW.f.X2)/FL**2)*C$ , 1,/(FLaTS)) 80
10 Y OZ YO ,TERM 860

-• TERM s XX~~~T— .5) 
870

SUM~O, 880
Y 1:T ERM 890
DO 80 ~~~~~~ 

900
SUM SUM,l~~/FLflAT (L.1) 

910
FLzL 920
FLI*FL—I. • 930
TS :T—$U M - 

9110
TER NZ TERM . .12)/(FL1.FL))*((T$.,5/FL )/(TS,.S/FLI )) 950

60 T$1Y1•TERI. 960
P12$,oSbbjq$ 910
Y 0~ P12.Y0 960

- ~ • 
Y Is.pI2/X ,p12.Y$ 990

C 1000

F:
1.93

-
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SUBROUTINi BUY SEPT. 77

C CHECK IF ONLY Y0 OR TI IS DESIRED 1010
C $020

• • • ,0 IF(N.1)*0n,$oo,130 • *030
• C *040

C RETURN EIiN!R Y0 OR Y$ A3 REQUIRED 1050
C *060

• • 100 IF (fI~ tIO,j20,t10 *070
110 t~Y~ Y I 1080

- GO TO 170 1090
120 8YZYO 1100

GO TO 170 *110
C 1I~~0
C PERFORM RE~ tlRRENCE OPERATIONS TO FIND YN(X) *130
C *140

*30 YA2 YO lISO
I YBZYI *160

- K~~1 * 170
$40 T~ FLO*T (Z. KI/X 1*80

YC~ T.yB Y4 1190
IF (ABS (YC 1.l.0E70)145,145.14t *200

*41 IERz3 1210
B: RETURN *22 0

145 KiK,I 1230
IF(K.N)1S~,,$6o,I50 *240

*50 YAsYB *250
YBsYC 1260
GO To iao 1270

160 BYsYC *280
170 RETURN 1290

• tf\ 160 IERz~ 1300
RETURN 1310

$90 IERs? 1320
RETURN 1330
END *340
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SU8ROUTZN, CPPRNT SEPt. 77

SUBROIJTINF CPPWNT (THETA ,A NACH,AL,ACL,TUMAX ,MA X K ,MAXP,NM*X,MNAX ,A8 10
1A R ,8$AR ,Ep5,AN ,RN,N,XNLN ,XMAX ,R,DEN~A$) 20

DIMENSION A RA R( I ) , B I IA R( t ) , A N( 1),BN( I)  .30
C ROUTI NE T0 RRIHT PHI,UMV ,CP AT N,1 LOCATIONS ALONG X FOR SPECIFIED 40
C THETA 50
C IF R z 0 ~s 

INPUT , R IS CALCULATE D AS TURRET SURFACE . 60
C IF R,GT ,O IS INPUT , THAT R IS USED IN CALCULA TIONS. 70

IRsO 80
IF (R .GT ,0~~ IR~ I 90
WRITE (6,~~~) TMET A ,AMAC N 100
DXX CX MA X~ TNTN)/FLOAT(N ) 110
xzxMlN.ox 120

• NPIZN+1 130
00 10 I’I,NPI 1~10
X$ X +~~X ~~~• IF~ IR ,EQ,~~, CALL RSURF (ABAR ,BBA R,EPS,MA XK ,M A X P ,X,THETA ,AL,THMAX ,R) too
CALL PHIUV (X,THET A.N,AMA CM ,AL,ACL,THMAX ,MAXK,MA *P,NM~~~,MMAX ,

AbA
~~, 11 0

• I8BAR ,EPS.*R.BN,PHI,U,V) 180
CPa2 .*U•v..2 $90

10 WRITE (b ,3A)X,R ,PHI,lJ ,V ,CP 200
C CRIT ICAL PRESSURE COEFFICIEPIT. 2*0

CP$TARz2..(t.,.5*(OENGAM.I.)~~AMACH*AMACH)/(DlA’1~’FM~~/.) 220
• tX1 zUEUGAM,(DEMGAM~ *,) 230

CPSTARZ2..(CPSTAR..EX1.1,)/(DENGAH *AMACH*AMACH) 2110
WRjTE (b,4~ ,C*’5TA R 250

1 40 FORMAT (/Sy ,~ 2HCRITICAL PRESSURE COEFFICIENT ON SURFACE ~,F$0.5) 260
• RETUR N 2 10

C 280
20 FORM AT (//?,5X.22HFLOW FIELD FOR THETA :,F7 ,3,SH D~ GR~ ES/~ 290

• 5X ,22HMA rH NI)MBER 2,F7 •3//IO X ,IHX , 300
110X ,I HN ,9v ,;IIPHI, IIX ,IHU ,IIX ,IHV ,IOX ,�HCP) 310

30 FOR MAT(SX .oEI*.4) 320
END 330

- 195 .
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SUBROUTIN, OOPL SEPT. 77

SIJBROUTINF ~OPL (X ,R,TI4E TA,EPSM,XM,PMT,GAMMA,RHO,Y,2,PHIPP,U,V,CP, *0
IABAR ,I$BAR .AL ,ACL.THMAX ,EPS,RINDEX ,RB.EIA ,AN ,BN.MAXK ,MAAP ,NNAX, NMAX 20
2.KTRAP,A ,4,T,DELOPL,TDENRT ,DENGAH ,A$AC N.ITENRTO,AK PRIN,OELPLA) 30
bIMENSION ABAR (I),BBAR (I),AP4 (1)IBN($),T (1) 40

C ROUTI NE T~ CALC IH ATE CHANGE IN OPTICAL PATH LENGTH BY INTEGRATING So
C TW( INDEX 1W REFRA CTION • 1,0 FROM 0,0 TO A ANO A TO 8. 60

4 - C BY G, N, v&NOEWPLAATS NOV ,, 197b, 70
C NAV AL POS~~~~ADUATE SCHOOL , MONTEREY , CALIF . 60
C 90
C INTEGRATE FROM ZERO TO A FOR CONSTANT PRESSURE. DENSITY $00
C RATI O a Tr,€NRT, *10

DELOPI.IAKpRIM.TOENRT*A 120
• DELP~ AZDE~ ~RL 130

C KTRAP i M A X . NUMBER OF TRAPEZOIDAL SOLUTIONS . MAX NO, OF INTERV AL 140
C IS 21a (KTRAP—t ) 150

• N2s1 160
- • DO 30 KZI .KTRAP 170

IGOTOsO *80
• 10 CALL TNAP,~ CIGOT O,A ,B,N2,RHO ,RINOEX ) 190

IF (IGOTU ED.0) GO TO 20 200
C INDEX OF PEFRACT ION .1, 210

CALL REFINO (X ,lI,THET A ,EPSM ,XM ,PMI,GAMHA ,RHO,Y,Z,PHIPP,U,V ,CP,ABAR 220
1,BBAR .AL ,ACL ,THMAX ,EPS ,RINOE*,R8 ,ETA ,AN,SN ,NAXK .MAXP ,NMAX .MMAX ,OEN 230

1 
• 

2 AM,AMAC $.DENRTO.AKPRIM) 240
GO Tu lO 250

20 TCK)SRI NDFX 260
30 N232*N2 270

C HOMMERG INTEGRATION , 280
KIaI 290
CALL RMRI,ijT (T,KT RAP .K1) SOt)
DELOPLZDE,’riPL.T(l) 310
RETURN 320
END 330
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SUBROUTINy FCOEF SEPT. 77

SURROUTINç PCOEF (AL.ACL,THNAX,AN ,AN.MAXK ,MA*P,NNA*,MMAX ) *0
COMMON ~CW~ flC2/ AMX (lO,tS),BMX(L0,1S),ANT (j0,15) 20
DIMENSION AN (l),BN (1) 30

C ROUTI NE T~ CALCULATE FOURIER COEFFICIENTS FOR EXPANSION OF 40
C POLYNOMIA , SURFACE T N X AND f $ ET A , 50
C BY 0, N, V&NOFRPLAATS NAY , 1977, .0
C NAV AL POSTGRADUATE SCHOOL, MONTEREY, CALIF. 70
C COEFFICIENTS ON K, 80

MAXK p laMA y~ ,L 90
00 *0 N$1 ,.p4A X tOO
CALL FX TOw (M ,MA *K ,AL, A CL,AN ,B~4) 110

4 DO 20 Is1 ,MA XKR I *20
AMX(I,M)IAM( I) 130 - •

20 BMX (I,M)IRN(I) 140
10 CONTINUE ISO
C COEFFICIE NTS ON THETA . *60

• . MAXP PIaMA yp ,L 170
PI:3,1415ó?7 160
NMAXPI ZNMAX.l 190
00 SQ NP11$,NMAX P1 200
NsNP~ — 1 210

• CALL FXT0v~ Il,HAXP ,THMAX,PI,AN ,8N) 220
DO QQ IaI .MAXPP I 230

40 ANT (I,NPII*AN (I) 240
30 CONTI NUE 250

RETUR N 260
y END 270

1itH - 

-
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SUBROUTINp FXTUK SEPT. 77
-

• SUBROUTIN, FXTOK (N,K.X1, X2,A N,BN) *0
DIMENSION AN (t),BN (t) 20

C NOUtpi~ T~ CALC ULATE THE NTI4 FOURIER COEFICTENTS FOR THE 30
C EXP ANSION 0, %,  K , X * *2 ,  , , , X *,P ., 40
C FORM OF FnnQIF R SERIES 15 50
C Y a S~IP4,(AN (K+t)*COS (NK) • BN (K,1)*SIN (NX)), N a 0,1,2., INF. ao

• C BY G, N, VANUE RPLAATS Oi T. 22, 1976 70
C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF . 80
C 90
C INPUT . 100
C N • DESI RED FOURIER COEFICIENT . 110
C K • HIGEST ORDER EXPON ENT ON X FOR WHICH AN AND BN ARE REOUTWED . *20
C X~ — 1/2 INTERVAL OVER WHICH X*’K IS EXPANDED. 130
C *2 — 1/2 çPAC ING BETWEEN EXPANSIONS , *110
C OUTPUT. 150
C AN • V ECT O R HF A. COFF T C IENTS ~QR FOUR IER EXPA NSION . THE 1.0
C THE rOEFICIENT FOR X**I IS STORED IN THE 1+1 LOCATION OF AN , 170
C • FOR Iafl, I ,  2, , • . K. 180
C BN • VECTAR OF B .CUEFICIENIS FOR FOURIER EXPANSION . THE 190
C COEFTCTE NT FOR X.,I IS STU~ E~ IN THE 1,1 LOCATION OF 9N , 200
C F OR 1:0, I, 2, . • . K. 210
C NOTE — ALTHOUGH ONL Y THE COEFICIENTS FOR X**K MAY lIE REQUIRED, THE 220
C COEFTCIEN,S FOP EXPAN SION UN I, K , X.*2, , • X a a(i*—I) ARE 230

• C ALSO PROV YDEI) SINCE THESE ARE UBT*INED AS A CONSEQUENCE OF 240
C CALCULA Ti NG THE REQUIRED INFORMAT ION , 250
C 260
C CONSTAN TS 270

PlaS.I415927 280
290

• IF (N .GT .fl) GO TO 20 300
C SPECIAL CASE N a 0. 310
C A (N ,K) AN~ B (N ,K) APE THE FOURIER COEFICIENTS A— SUB—N AND B.SUR.N 320
C RESPECT IV ElY FOR THE EXPANS ION X*.K, K = 0, 1, . , , 330
C A~ Q,K~ a •5~~(x1**(K,l))a(1.(.*)*aK)/ (x2a (Ks1)) 340
C B(0,K1 ~ 350

SIGNa.I, 3o0
Clz.5/12 370
00 1 0 KPIat,~~MPl 380
CIaC1.X1 sqo
AN (KP$,SC .(1..SIGN)/FLOAT (I(P1) eio o
STGNU—SIGN 1*10

*0 BN(KPI)a0 420
t RETu RN 430

• C GENERAL CASE N •GT .O. (*40
C £( l~,~~~ a fx1*aK)* ($+(.*).*X)WS1M (N~PI*X1/X2 )/(N*PT) — ‘ISO
C ~K.X2/(N*PI))*B (N,K’I2 1160
C 8(N,i ) a rxt**K)e (.*+ ( 1 **K)*Ch)S (N*PI*X1/X2)/(N*PI) • 470
C lKaX?/(N*P1n*A (N ,K~~~) 4*80
C MH~R~ A (N,.l) a B( P-4 , .I )  a 0 4*90
C PT a 

~~~~~~~~~ 500

— ___________________________ - ___________

• - •- • •-
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SURROUTIN, FXTO K SEPT. 77

C SOLUTION ~FGI NS WITH K a 0 AND USES THE ABOVE RECURSION FORMULAS 510
C TO CALCULATE A(P4,K) AND B(N,K). 520
c 530
C coNsTANTS : S4*0

20 ANPI$FLQA, (N).PI 550
-1 ANPIXaANP,*K1112 ‘5.0

SIIIZSTN (ANPTX)/ANPI S10
CSIZCOS Ai.p !A )/ANPI 580

C K a O , - 
‘590

AN (1)a2,.~ Nl oOO
610

IF (K,EQ .n) RETURN 420

-
• C II a 

~~~ ~~, , • K 630
SIGNs—I . 6110
CCaX2/ANP~ 650
CI:1~ 660
00 30 KNa~ ,,cMP1 670
K:KN.I 680
CIaCI aX I 690
C2aFLOAT(w~ aCC 700
AN (KN)aCt, (I,+SIGN)aSNI .C2*HN (K) 710
NN (KN)zCI.(SIGN~ 1,)*CS1+C2aAH(K) 720

30 SIGN:.SIGN 730
RFTURN 74*0
END 750

F
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SUBROUTIN, FXY3Q • SEPT. 77

SURROUTIN, FXY3a (N ,%.Y,Z,HER) 10
- DIMENSION X(I),Y (1),Z(1),AA (4,4) 20

• - C ROUTINE T~ CA I.CUL AT E THE COEFFICIENTS OF A POLYNOMIAL 30

- C FUNCTION ~~ 2 IN K AND V , *0
- -~ • C BY 0, N, V.RDERPLAA TS NAY, 1977.

• I C NAVA L POSTGRADUATE SCHOOL, MONTEREY , CALIF . 60
• C —~ IN PUT. 70

C N — Nu MBER ~F INTERPOL ATION POINTS (N $ 3 OR 4 . 80
C X ,Y — K A~~ V COORDINATES, I:1.N. 90
C 2 • Z : F~ 1,Y) a FUNCTION VALUES , 100

I C Z IS OE~ TqOYED, 110
C ——OUTPUT . 120
C 2 — POLYNOMIAL COEFFICIENTS . ISO
C IF N a Y a Z(t) • l ( 2 ) *X  • Z(S)IY. 14*0

H C IF N a ~~, 
Y : Z(l) + Z(2)*X • zc3)*~ • Z(4)*X*Y . 150

C NER — ERRnP INOICATOR . 0 5 NO ERROR . NER ,GT.O * ERROR DUE TO 160

• C TM0 X,Y POINTS ARE THE SAME OR THREE X,Y POINTS ARE 170

C CO~ INE AR . 180

c 190
C DI MENSION OF AA HAT RIX AND NUMBER OF RHS VECTORS FOR EOUATIONS, 200

NDIMZ4 210
• NR*iSaI 220

C INSURE N a 3 ~R 1, 230

• IF(N,LT .3T a23 2110
IF(N.GT .a~ N$4 250

C SET UP COFFFICIENT MATRIX FOR SIMULTANEOUS EQUA TION SOLUTION . 260

00 10 l*l ,*t 270

A A* (t ,$):I 280
fr AA (I,2)5X 1, 290
• AA( T , )aYfj) 300

~0 AA (I, ti)ZXqI)*y(t) 310
I C SOLVE EQUAT IONS . 320

CALL GEt.IM2(A8 ,Z,N,NR HS,NDIN~ N01M ,NDIM ,NRHS,NER ) 330
IF(N.EO ,3T 7(~I)*O. 

34*0
RETUR N 350
END 360

F- —

• 200 
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SUBROUTINE GELIM2 SEPT , 77

SUBROUTINE GELIM2 (A,B, N ,NLC, M%,M2,M3,M4*,NER) 10
- 

• DIMENSION A (MI,M2),BC MS,M’I),X(10) 20
C SOLUTION OF SIMULTANEOUS EQUATION S W ITH MULTIPLE CONSTANT VECTORS 30
C Br GA’JSS FLT MTNAT ION, USING PIVOT SEARCH . 40

C BY C, N. VANDERPLAAT8 , 9—25—70 50
C AsCOEF , MAT RIX IISMAT R IX CONTAIN ING NLC CONSTANT VECTORS DO
C PIaNO . OF FOUATIOPI S MI AND M2 *R€ DIMENSIONS AS GIVEN ABOvE 70

• 4 - - C IF NERsI ON RETURN , A IS SINGULAR , 80
NEPal 90

* 0’)- C IN ZTI ALIZ, K TO ZERO 1*0
00 10 Isl.N 124)

• 1 0 K ( I ) a O  131)
C BEGI N ELIM INATION 140

- DO ~0 J$1 ,N • 150r C FIND BEST PIVOT ROw 1.0
A A O , 170j 

• IlsO 160
DO 20 I:I,N • 190
IF (K(I).t~ ,0~ GO TO 20 2u1)
IIBxARS(A (t,j)) 210
IF (BB. LE A A )  GO TO 20 220
AA BB 23o
11*1 240

20 CONTINUE 250
IF (It.Eu:o.op .AA .LE.Eps) RETUR N 260
K (II)aJ 270 H

C PIVOT ON pOSITION A(I7,J) 280
C REDUCE A(11,J) TO IDENTITY 290

AA aI ,/A (11,J) SIlo
DO 30 L J ,N

30 A (II,L)ZA ,II,L )aAA 320
00 40 L * ,NLC 330

- 40 B (II,L)58(TT,L).AA 340

-ì • C ELIM, COE,, Or JT H COL . FOR I,NE.I! 350
LIaJ.1
DO 80 IaI,N 370
IF (1.E0.,t) GO TO 80 380
B B a A C I ,J )  390

* - iF (ABS (B4*j,LE.EPS ) GO TO 80 400
IF (L*.GT~,Pn GO TO 60 410
00 ‘50 LaL11 N ‘420

50 A (I,L)aA(,,L).A(II ,L ).*3B 4*30
69 CONTINUE 440

• 00 7u L~~l .NLC 450
70 B(I,L)z8(,,I ).d(II,L)*BI3 460
60 CONTINUE ‘*70
90 CONTINUE 4480

I C RE.OROER VARIA BLE S TO OR IGINAL POSITION 490
• C TEMPORAPII y STORE SOLN , MATR IX IN A 500 - 

-

~
•

‘ I  - • - • - •
- . 

*

- 
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SUBROUTINE GELIM2 
• 

SEPT. 77 

S10I 00 100 Isj,N 520p~i 00 *00 Ja1,.ILC 510
100 

STORE VA Lu ER PACK IN P IN PROPER ORDER
I on i * o  Iz~ ,M 560• - LSK (I) 

- 570• • - - 00 110 J:I,I*ILC 580
*1 0 B(L.,J A C t ,J) 590

N€RaO 61*0
-~ RETUR N 610

END

4-

S

4 
• 
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SUBROUTIN, TZERN SEPT. 77 •

SURROUTI PJc IZERN (IRB,RRI,IETA,ETA I,NETA,R ,PD,A ) 
- 10

• Di MENSiON RRZ(l ),ETAHI ),PO(1),A(1),RI(4),TI(a),PD1(’4) 20
I C ROUTI NE To CALCULATE ZERNICKE FUNCTIONS OF SECTION OF BEA M WITH 30

C- FIRST MOOr 1RR, IETA . *0
C BY G~ N, VANOEWPLAATS MAY, 1977, 30

• C NAV AL POSTGRA DUATE SCHOOL, MON TER EY, CALIF. 40
C IF IPB $ A ND IETA 

~~, 
THIS IF THE FIRST CALL TO IZERN . 70

- c THEREFORE ZERO OUT VECTOR A , 80
iF (IRR ,GT ’~1•OR.ILTA .GT ,L ) GO TO to 90

-• DO 20 I~~1 .*o20 A (I)aO. *10
• 10 CONTINUE 120

C RADIAL COOROINATES , 130
RI(t)aO . 1110

I - IR8IaIRB—~ 150
-. 1F (IRB.GT _ t) RI (1) RBI (IRB1) 160

• RI (4):RI(I) 170

- • RI(2) RBI (TRB) *80
R~~(3)aRj(,~ 

190
C ETA COU RDTNATES . 200

TI (1)=ETA, (TETA) 210
TIC2 )=TI(,) 220
IETA 1SIET A.I 230
TI(3):ETA It I +6.2831854 24*0

I 1F (IETA ,Ly~ NETA ) TI(3)SETAI(IETAI) 250
Tf(4)sTt(~~) 280

- C PHASE DIStORTION . 270
N1z(IRfi.2~ ,NETA +tETA 280 

- 
-

N2aNI,NETA 290
N3SN2,1 300

• IF (IETA ,EQ,IIETA) N3aN3.NETA 3*0
• N4SNI,I 320

• IF (IETA ,EQ~ NETA ) NI4 N4*.NETA 330
• PDI(I) 0. 3u0

IF(N*.CT ,f l) POI (1):PO (N1) 350 -

POI(2):POCM;) 3o0

- 
PDI (3):PD fN;) 370
PDI(a )=0, 380

• 
- 

IE(Nl.GT ,nj Pfl1 (i$)SPO (Ni$ ) 390 :
1.

C CALCULATE INTEPPOLATION COEFF ICIENTS . 400
410

!EI RB.EU I HaS 420
CALL FXY3* (N,RI,TI,POI,NER) 430

C INTEG RAT ION . 440
• RIaRJ(I) 450 •

T2sTI 2) 460 4
• N2101 (2) 470

TSITI (3) 480
AZzPDI (I) 1190

• AIIPDI (2) 300
•
~1.

• —

. - - .

- 

• 
- 
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SUBROUTIN, TZERN . SEPT. 77

A2aPDI(3) 5*0A S a PDV (a )  ¶20C ALL~ ZERN,R,Rl,R2,T2,T3,AZ,A 1,A2,53,A) 330
RETURN 3110

• END 550

-~~ 

2~~



SUBROUTINE pHOIST * 5EPT, 77

• • $UBROUTTN, pNOZST (X,R,T$4ETA ,EPS M,*M ,PNI ,GAMMA ,RHO,Y,Z,PHIPP,U,V ,C LU
*P,ABAR 9BBAR ,AL,ACL, THMA Z ,EPS,RINDEX ,RB,ETA,A N ,BN ,MAXK ,MAXP ,NMAX .MM 20
2AX .KTRAP ,a.R,T,DLL0PL,1 BEAM,REFDPL,.~AVEL,RFUS.ETA I,RÔT,GANMA I,

PKII SO
- 3 ,NETA I,NR RI, TDEIIRT ,PO IST I ,DENGA M ,A NA C H,D EN RTO ,A KPRIHDIP RINT, IPLOT) ‘40

• DIMENSION ARAR (j),BRA*I (1),A N C I ),BN(1),T (1),ETAI(t), RdI (1),GAMMA ICI 50
— - *),PH1I (1),p~ I5II (l) 60

DIMENSION AT (32h*P (100),YP (t00),ZP(l00) 10
C ROUTINE T~ CALCULATE PHASE DISTORTION FOR THE IBEAM TURRET 80
C ORIENT ATION . 90
C BY G, (4, yANOERPLAATS NOV ., *9 76 *00

4 - C NAVA L POSt GRA DUATE SCHOOL, MONTEREY , CALIF . 110
c REFOPL a REFERENCE DELTA PATH LENGTH ALONG CENTER OF BEAM , 120

I NEXT RAa3 1*0
C BEAM ORIEPJTATTUN . 14’)

PHIapHII (ypFAM) 150
GAMMA:GAMMAT (IBEAM ) 160
Al$57,295~R.PHI *70
A~ $S7~ 29S7p .GAMMA 180
ZF (IPRZNT GT.0) MPITE(b,9O) 18EA14,A I , A2,AMACH 190

C CALCUL ATE REFERENCE PHASE DISTORTION . 200
R9:0. 2*0
ETA~~~. 220

• C TURRET SURFACE INTERCEPT , 230
CALL SRFIMT (XM ,EPSM ,PHI,GAMMA ,A ,RB,ET A ,X ,R ,T$ET A ,A BA R ,BBAR,EPS, MA 2440

I IXK, MAXP ,A u ,THMAX) 250
AIREFSA 260

C REFERENCE CHANGE IN PATH LENGTH DUE TO DISTORTION . 211
CALL DUPL (X,R,THETA ,EPSM,XM ,PMI ,GAMMA ,RHO,Y,Z,PHIPP,U,V,CPIA8~~~~8 280
IBAR ,AL, ACI , Y p4M A X , EPS, RINOEX, R B,ET * , AN ,BN , MA X K , M A X P , N M A X ,  MMA * ,  ~TRAP 290
2,A,b,TonE, OPL.TOEMRT,OENGAM,AMACH,DENRTO,AKPRIM,DELPLA ) 300
REFDPLaDE,OPL*RFUS/WAVEL 310

• A1a57.2957p.ETA 520
I A 2a0 , 330
• X P ( % ) a O , 340

VP (l)aO, 350
ZP(t)aO . - 

380
IF(1PRINT .G 1,O) aR ITE(b, I00)R8 ,A I ,A2, A2, A ,A2 370

- C CHANGE IN PATH LENGTH DUE TQ DISTORTION FOR SPECIFIED VALUES OF 380
C RB AN D £T~~ 390

- 
C I*4CRIMENT RP. ‘400

I ‘4)1*0 4 * 0
MMa I ‘*20

- DO 60 1R851,NRBI 430
I RBaNdI(IRR) 44* 0

C INCREMENT ETA . ‘4 50
00 SO IET*al,NEIA I 460 •

ET Aa TA IC ,E TA ) *70
C SURF ACE INTERCEPT . ‘480

-~~ CALL SI4FINT (XM ,EPSM ,PHZ ,GAMMA ,A ,RB ,ET A ,X ,R,THETA ,AB AP ,BBAR,EPS,MA 490
• IXK, MAX P,A 1 •TNMAX) 500

P
- • 205
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SUBROUTINE PHOIST SEPT, 77

C CHANGE IN PATH LENGTH DUE TO DISTORTION, 3*0
-
- CALL DOPL (X ,R,THETA ,EPSM,XM ,PHI ,GANMA ,RHO.Y,Z,PHIPP,O,V ,CP,A 8AN ,B 520

• IBA R.A L, ACl .T HMAX ,EP S,PINT)EX , I*p,E TA . API,BN,MAXK ,MAXP,N I IAX ,MNAX, K TPAP 530
2,A,B,T,DEI OPL,TOENRT.OENGAM ,AMACN ,OENRTO,AKPRIN,OELPLA ) 540

- • DPL$DELOP, aRFUS/MAVEL 550
• ~ • - 

NNS$N,I 5b0
MMaMM~~ 570

~ 4 
AT (P4N)aA 560
PDISTI (NN*,gOPL~ REFDPL 590

- I- - AtaS7.2qS,~ .ETa 600
XXaR8aS1N~Ey A , 6*0
VY*RRaCOS CETA ) 620
XP(MM)*XX 630
Y P(M M) $Y Y 640
ZP(M14)*POTSTI(NN) 650
IF (IPRINT *

.r,T.O, P’RITL (b,*OO)RB ,A * ,XX ,YY ,A ,PDISTI (NN) 660

-~ 
- IF (IRB ,LT ,P*R PI) GO TO 40 670

IF (IETA ,GT.t) GO TO 10 680
4 I XII$XP (NM.* 690

• YI1IYP(MM 1 700
• DPI*$PDISTI(NN ) 710 •

LT A IISETA ,ô.2*31654 720
GO TO 4O - 

730 *

C INTER P OLATE FOR MORE R0*JNDARY POINTS , 7*0
*0 NCOUNT$O

*tMIaMM+N(YTRA 7b0
XP(MMI)$Xp (WM ) 170

4 
YP (MMI)IYp (MM) 700

190
DET AS (ETA _Et*t ),(FLO AT(NEXTRA )+1 

~, 
$00

• DPDaPOIST, (P1N)—PUISTI .10 • 
-

• DXIXP(MM )_XTM % 620
DYaYp (MM )_YTMI 030

20 CONTINUE 640
• IF (ARS (DY).LT, I.0E— *0) flXat ,OE.tfl 850

IF (AHS(0Y),LT.1.OE .10) DY$l ,0E—to BoO
00 30 INT .t,NE XTRA 810 

- 
- 

-

(TA *ZETAt 1DETA 850
XXaRMa$ IN~ ET A t) 89’)
YYa NRaCOS (ETAI) 1100
XP(MM)IKX • 910
YP (NM)aYY 920
ZP(MM):PO,STI,DPDa (YY.YIMI)/OY 930

30 MMaMM,I 940

- 
-NCOU NT$NCOI,,IT.l 1150

• IF (IET A ,,T .METAI) Go TO ‘40 960
IF (PiC0UN+ •~~T ,I~ GO TO ~0 

910
DET*ICETAII.ET A)/(FLOAT (N(XTRA)+L .) 980
PI)ISTIZPOTSTI(HN) 990
OPDIOPII—POISTI 1000

• • 206
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SUPROUTINy pHOIST SEPT. 77

£T A $ IE T A  - 10 * 0

XIMIaXP (Mu) 1020
YIH*.YP(MM) 1030
D Xz X I t .X I w ~ 1040
DYsY11.YI~~i 1050
MM$Mp.,1 *ObO

• GO TO 20 1 070
40 CONTINUE 1080

• ETA IaETA 1090
PDI5Tl :PD~ SyI(NN) IIUO
XTM*ZXP (MM ) 1110
YIMlaYPCMw~ 1120

50 CONTINUE *150
60 CONTINUE 1140

• MMaMpq j 1*50
P$I$57,29ç7A*PHII(TALAM ) 1*60

-. 0AMMA 57.?957R*GAMMAI(IBEAM) 117’)
IF (IPLOT~ GT.O) CALL NAPS (MM .PHI,GAHMA ,NET AI,NRBI,XP ,YP,ZP) 1180

• • IF (IPRIN,.EQ ,0) RETUR N 1*90
C • CALCULATE ZERNICKE CU€FFICIE’ITS. 1200
C VECTOR ZP IS USED TO STORE ZERNICKE COEFFICIENTS, A , 1210

RHM AxzR8I~ p4R$y ) ie~ o
DO 62 IRMaI. NRBI 1230
DO 62 IET*:1,NETA I 124*0

62 CALL IZER W (TR PT,RBI.IETA, ETA I,NETAT ,PBMAX,PDISTI,ZPI 1250
12.0

63 FORMAT(,,?SX ,,21NZERNICKE CUEFFICIENTS/,SX,9HAV ERAGE z,E13.5/SX, 1270
‘9HT!LT, X a,E13, 5,IO X ,3iiy ~,E13,5/5X ,9*-,FQCus :,F13,5/5*, 1280

~ 9HASTIG t,2EI3.S/SX ,9HCOMA s,4fi3,S~ 1290
RETURN *300

C *51 0
90 FORMAT (/,,5X ,29HPHASE DISTORTION CALCULATIOMS,/SX ,2SMBE AM ORIENTA 1320

1T !ON NUMBçR *,15/5X,25HAZMUTH ANGLE ~,ç tO.2, PI4 DEGREES’ 1*30
a 5X,25HEL,V*TIO N ANGLE z,F10 .2,SH DEGREFS/5X, *340
aI IMMA CH N,,M*ER,t3 X ,1H a,F)O,2/10X ,IHR ,9X ,SNETA ,BX ,1HX ,11 X ,I NV ,*IX , * 350

*3o0
*00 FORMAT (5v,E,o.’4,2x,c7.2,DEI2.44) 1370

• END 1 180

1 ;
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SUBROUTINE PHIUV SEPT, 71

SUSROUTIPI, pNfUV (X,THETA,R,AM*C14 ,AL ,ACL,THMAX ,MAXK ,MAXP,NMAX ,MMA I *0
1,ABAR .BBAQ,EPS,AN ,*IN,P141,U,V) 20
DIMENSION APAR (1),BBAR (1),AN(1) ,BNCI) 30

- - C ROUTINE T0 CALCULATE POTENTIAL FUNCTION , PHI, AND PERTURBATION 40

-i I 
• 

C VELOC!T1E~ U AND V . 50
4 C BY 0, N1 VAN DERPLAATS OCT.. 1976 40

• C NAVA L POSTGR ADUA TE SCIIOOL, MONTEREY , CALIF . 10
1 

• - - C 60
- • 

- r C CDNSTANTS~, 
- 90

- D(Llal.OLa *00
- DEL2a*,OE.a 110

• BETAa*,.AMACHaa2 120
I 

• BET AaABS (PETA) ISO
BETARSORTjRETA ) 100
P~ s3,14I5Q~ 7 150

I BPILIBETA .PT/ACL 160
BPIRLaBPIIaR ITO
NMAXj$NM4 y~ j 180

- C INITIALIZç PM!, U AND V. 190
PNJIO , 200
U.0. 2*0
VaO . 220

II C CALCULATE POTENTIAL AND VELOCITIES, 230
C N — LOOP , 24* 0

II- 00 40 MaI ,p,MA X 250
AM$ FLOATCM ) 260
AMPILIANappTL 270

- AMP!RLZAM pPDIRL 
• 260

IF (AMAC$ ,tT,I,) Go TO 10 290
C SUBSONIC. 300
C K.BESSEL ~~NCTIONS FOR Na—i AND NaO , 310

Nil 320
1 CALL BUM (AMPZRL, N,BKR N,IER ) 130

CALL PESK ~aMPIL,N,BKN ,IER) 340
MaO 350
CALL 8ESK ~*MP1RL,N,BKR NPI,IER ) 160
CALL BESK (A MPIL,N ,BKNPI,IER ) 370

- GO TO 20 380
- 

*0 CONTINUE 390
C SUPERSON1~~. 

4*90
C J.eESSEL FUNCTIONS FOR Na— I AND ‘4.0. *10

PRECISS.4’)Ol 4*20
Nsj 4*30

L CALL BESJIAMPTRL .N,PJRPI,PRECIS,IER ) *4*0
- • CALL BESJrA’4PTL,N,BJN,PRECIS,IER) 450

BJRNS—BJR)1 4*60 -
•

BJN$.RJN 470
MaO 4*80 •
CALL BESJ .AMPIRL,N,BJRNP*,PRECIS ,IER) 1190
CALL RESJ 7*MPIL,N,BJNP*,PR€CIS,ILR ) 500

I
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-J SUBROUTIN, pN*UV SEPT. 77

i C T.BES$EL FUNCTIONS FOR Na—i AND Mao, • 510
:4 Na $ 520

CALl. B€SY ,AMPTRl.,N,BYRN ,IER) 530
CALL AES-Y .’AI4PIL.N.BY N.IER ) 54*0
8YRNa .8YR~ 550
BYNI.PYN 560
Nb 510

-
- - CALL BESYi’AMPTRL,Pl,BYRNPI,IER ) 560

CALL RESY **MPTL .N,IIYNP*,IER ) 590
20 CONTI NUE 600

C N • LOOP. 610
DO So NPIII,NMA ZI 620

~4aNP1.1 630
- IF (AMACH ,Ct,I,) GO 70 25 640

C SUBSONIC. 650
- BKNM1.6KN 660

BKRNMISPKQ’4 670
BK NaBKNP I 

- 
680

BKRNaKKR ’4pt *90
• - C N~~ MESSEt FUNCTIONS $Y RECURSION , 700

IKNPII2,acLnAT (N )aBKP4/AMPIL,BKNMI 710
BKiINPIa2,.PLOAT (N)aBKRN/aMPIKL,BKRNMI 120
60 10 27 730

25 CONTINUE 7110
* C SUPERSONIr. ~~°

BYNMISBYN 760
BVRNN ISBYRN 770

• I BYNIBYNP I 150
BYNN$BYPNPI 190

- BJNMIaBJN • 800
-~~ BJRNpq~ sPJQ~ 610

BJNaBJNPI 820
BJRNaPJRNp1 630

C ‘4,1 BESSEI FUNCTIONS BY RECURSION , 640
• ! BYNPII2.*FLOAT(N )*BYP4/AMPIL.BYNNI 850
• BYRNP*s2..,LOAT (N )aAYRN/AMPIWL .8YRNMI 860

BJNPII2,*FLOAT (N1*BJN/AMPIL~ 8JNM1 870
BJHNPIa2 ..FLO*T (M )aBJRN/AMPIRL_IIJRNMI 580

• - 27 CONT INUE 690 * 
-

C N,M COMPO NENT OF PH!, U A Nt) V~ 900
CALL PHUV WM (N,M ,X ,THETA ,AMA CH ,AL,ACL ,THP4AX ,BKNN1 ,BKNPI,BKR NMI,HKR 910 - -• 

- 
I N,BKRNPI,MA YK ,M AXP ,ABA R,RRAR,E PS ,A N .BN,P$INM,U’4M.VNM, 920

• a RJNNj, MJ~~,pJ NPt , BJI4NM),t4J NN ,RJ RNP1,BYNN1, BYN ,BY NP1,BYRN Nt,  930
a BY RN ,BYRNPI) 940

C UPDATE PHT, U AND V, 950
PMI$PHI+PHINM 960 

•

USU,IJNM 910
VIV,yNpq 1180

C CHECK CONVFRGENCE . 9110 *

1F(N .EQ,O1 ~
O TO 30. *000

• 

- 

- 
• 

•

II 
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SUBROUTINE PHIUV - 
SEPT. 77

I IFCABS (PN~NM).LT.DEL1.AND,(A8S (IJNM) ,LT.0EL1.AND,A83( M).Lt,0~~~*~~ *0*0

*0 0 TO SS LUQ

30 CONTI NUE 1010
33 CONTINUE *0*0

IFC H.EQ .I~ GO TO 16 *050

DPHIaA$S(PHI PP$IA ) $060
- 

• - DUaABS (U—,,A) 1010

OVaAI *4(V—v&) $080
IF (OP*4 1,LT.t)CLZ.ANO.(DU .LT ,DIL2.AND,OV ,LT.0EL2)) GL) TO 45 10110

Sb P*4IASPHI 1100
- UAaU 11*0

V A aV 1*20
40 CONTINUE *530

45 CONTINUE - 
111*0

- 
• RETURN *150

- 
I END 1* 60

4 -

i n

- 

210
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SUBROUTINE P$UVNM SEPT, 77

SUBROUTINE PHIIVNM (N,M ,X,THETA .AHACH ,AL ,ACL,TNMAX ,8KNM1.BKPIPI,BKRN 10
IM1,8KRN,BI~RNPI,MAXK .M*XP ,A I4AR,8BAR,EPS,AN ,BN,PHINM .UNM,VNM , 20
* BJNM1,BJW .RJNPI,BJRNMI,BJRN ,HJR P**Pi,BYNMI ,NYN,BYMP1,BYRNNI, 30
* BYRN ,BYR,i pl) *0

- COMMON /CMLOC2/AMX (10 ,15),BMX (I0 ,15 ),ANT (10,15) 50
DIMENSION ARAQ (*),BBAR (I),ANCL ),UN (11 64*

C ROUTINE T0 CALCULATE M,~4 COMPONENTS OF POTENTIAL, PHINM , AND 10
• C PERTURB ATjON VELOCITIES UNN AND VNM FOR A TURRET DEFINED BY A 80

C DOUBLE PUj YNOMIAL . 90
C BY 0, N, VAN DERPLAATS OCT., 1976 *00 I’

C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF . *10
C INPUT 120
C N,M — S,JHSCRIPTS ON PHI, U AND V , • 130
C * • 1ONGITUDINAL COORDINATE ALONG TURRET . 14*0
C THETA CIRCUMFERENTIAL COORDINATE AROUND TURRET , 150

• C BETA — ARS (1..AMACHaa2 ) 160
C AL,ACL • j / 2  LENGTH OF TURR ET ANn 1/2 PERIOD BETWEEN TU RRETS. 170
C TNMAx — ji2 CIRCUMFERENCE OF FUSILAGE OCCUPIED BY Tu RRET. *80 • -• C BKNMI, RK(4pl • K BESSEL FUNCTIONS a? N— I ANt) N+I, 190
C BKR NM1, BKRN , BKRNPI — K BESSEL FUNCTIONS OF R AT N I ,  N AND N+1. 200
C IIAXK , MA X D — MAX EXPONENT OF x AND THETA POLYNOMIALS. 210
C ASAR , BBAQ • X AND THETA PULYNO4IAL COEFICIENTS . 220
C AN , BN — 0IJMMY STORAGE DIMENSIONED HAX(MA *K,I, MAX P,l) 230

• 
- C OUTPUT 240

— C PHINM — PERTURBATION POTENTIAL. 750
C UNM • u PERTURBATION VELOCITY . 260 . • -

3 C VNM — v PERTU RBAT IO N V ELO CI TY , 270
C 280
C CONSTANTS 290

P1a3 .1 41502i 300
A MPL.FLOAr (M)*PI/ACL 310
BETAaAHS(1,.AMACMa.2 ) 3~ 0

-7 4 OETA:SQRT fRFTA) 330

t- I BMPLaRETA aAMPL 340
SMiAMPLaX 350

• CM5COS(S M ) SoO
SMaSI** (3M 1 370
$NaFLOAT(N).THETA 380
CN.COS(SN1 390

I MAXKP *ZMAYK,1 400
MAXPPIaMAyp ,I -

• C CALCULATE A_BAR TIMES A•SUB.H AND A— BAR TIMES B.SUB.M. 420
• AAN aO. 1*30

A RMa A ,
DO 10 I$l~~u4*XKPl ‘*50
AAM IAA M,Ap iAR (I)aAMX( I ,Pl) 460

-~~ 10 ABMI4*RM ,ARAR (f)aKMX(I,M) 470
1 - C CALCULATE R.BAR TIMES A.SUB.N, 4*80

-~ BANSO. 490
- BBNSO. 500 

*

— -
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SUBROUTINE PNUVN N SEPT. 17

NPIZN,1 510
00 20 IaI ,MAXPPI 520

20 •*NIB AN.NRAR (I)aANT(1,P4PI) 510
C CALCUL ATE E.SuB—N OF THETA . 540

• I FNaBANICN 550
IF (AP4ACI* ,4*T,I.) GO TO 30 560

C SUBSONIC . 510
* C CALCULATE PHINM , 580

C%SAAM *SM _*RM.CM S90
C2a8~ TAa(~ g~ P~ .bK NMI) 600
C3.2.*EPS.,MaBKRN 610
PI4IP4MZCS* rl ,C7 • 

620

C CALCUL ATE 11MM . 630
UNMZC3*AMPL* (AAM*CM+A8M*SM )/C2 64*0

- C CALCUL ATE VNM . 650
VNMa.AMPL.EPSaFN. (8KRNPI,KKRNMI)aCI/ (BKNP%,RKNNI) 680

- 

- I 
RETUR N 610

4 30 CONTINUE 680
-: C SUPERSO PI1~~, 690

ANNa8YNpl_ByNM(~~~JNP1 BJNM1 700
- BNMbRYNPLRYNMI.$JNPL,BJNM I 710

APBS*NM+RNM 120
- - 

- AMB2ANM.IiNM 730
- - AB2ZANMaa,,RPIMa.2 7440

• A * :APM*$M.~AH8*CM 750
A2bAI4B*SM.AP43.CM ToO
A 3aAA M*RY RN,* I4MII3J IIN 710 • 

•
• - - A4zAAMsI3JDN.AM~ a%4YRN 780
- • A5a2..EPS.FN/ (A $2*BETA ) 190

- C PHI’IM, 800• PMINMaAS*jAI*A3 .A2*A4) 810
C UNM, 820r UNM a *5aAMR La( A 2aA3 ~ A 1aA 4 ) 830
C V P4M - 840

VNMS.€PS.c$*ANPL.(CA%aAAM ..A2aA*3N)a(BYRNPI..BYWNMI), 850
• S (A1*ARM,A ,.AAM )*CBJRNPT .RJRNMI))/A82 $60I RETURN $70

END 580

• 

. 

•

1- • 
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SUBROUTIN E RE FIND - SEPT. 77

SUBROUTIN~ REF IP4O (X,R ,TWETA,EPS M,XH ,PIII,GAMMA ,RHO,Y,Z,PHIPP,U,V ,C 10
IP,ABAP ,BUAR ,AL,ACL ,THMAX ,EPS,RI NOEX ,RB,ETA ,AN ,BN ,MA XK ,M*XP.NMAX,MM 20
ZA K, DENGAM ,A MA C*i ,OENRTO ,A KPR IM) 30

II 
DIMENSION &BAR( 1),BBARCI).AN (1),BN (I) 4*0

I C ROUTINE T0 CALCULATE INDEX (IF REFRACTION —1 FOR a SPECIFIE*) POINT 50
1 - - C ON A BEAM ,

C BY G, N~ VA NDEH PLAA TS NOV., *976 , 70
C NAV AL POSTGRADUATE SCHOOL, MONTERE Y, CALIF . 80

• C GIVI N AZMUTH, ELEVA TION AND DISTANCE ALONG BEAM , CALCULATE 90
- 

- C K. THETA &ND R—COORO INATES, 100
- - CALL XRTPOR (XM ,EPSM,PHI ,GAMMA ,RNfl,Rb ,ET A ,X ,R ,T*4ETA ,Y ,Z) 110

• C CALCUL ATE POTENTIAL AND PERTURBAT ION VELOCITIES. 120
- CALL PNIUv (X ,TP4ETA,R ,AMACH ,AL, ACL,TIINAX ,MAXK,M AX P ,NMAX .MMAX ,ABAR, ISO

1BBAR ,EPS,AN.b**,PHIPP,lI,V ) • 14*0
C INDEX OF REFRACTiON . ISO

- CPa P,*U .vav 180

I - CIZI.s,SaDEN (4M*ANACH.A$ACN*CP 170
RINDEXaAKpR~ MaDENRTO/ (C1aaDENGAM ) 180
RETURN 190

~ 
I END

~1 
i’~- 21.3
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• SUBROUTINç RMRINT - SEPT. 17

SUBROUTINE RMR INT (T,K,K1) 10
DIMENSION 7(t) 20

C ROUTI NE T4* PERFORM POMBERO INTEGRATION , 30
C BY G~ N, VANO !RPLAATS - ROy ,, 197a 40

-k C NAVA L PO$T0RADUATE SCHOOL, MONTEREY , CALIF . 50
C 60
C INPUT 70
C T a VECTOR CONTAINING RESULTS OF TRAPEZOIDAL RULE INTEGRATION , 80
C IF ITt) CONTA INS TRAP . RULE RESULTS FOR N INTERVALS, T (2) 90
C CONT~~INS RESULTS FOR 2N INT ERVA LS , 7(3) CONTAINS WESULTS FOR 100
C 4*N INTE RVALS ANt) T(j) CON TA INS RESULTS FOR (2.*(1—1))N 110
C INTE RVALS. 120
C K a NUMBFP OF TRAPEZOIDAL RLILE RESULTS CONTAINED IN 7, 130
C MI ~ K ON LA ST CALL TO RM$INT , FIRST TIME RMB IP4T IS CALLED Ml x i . 1440
C OUTPUT, 150
C T a VECTOR CONTAIN ING LAST ROw OF RUMRFRG TABLE IN REVERSE ORDER , 1o0
C THE HIGHE ST ORDER APP ROX iMA TI ON T~ THE iNTEGRAL . IS jN T(I). 110
C T (2) GTVES THE 2ND HIGHEST ORDER £PPRQXIMAT ION SO TIlE 11*0
C DIFFER ENCE RETWEEN 7(1) AND (2) IS AN A CCURA CY ESTIMAT ION. 190
C T (K) IS THE HIGHEST ORDER TRAP , RULE APPRUX IMAT ION ANU IS NOT 200
C DESTROYE D. 2*0
C NOTE S 220
C 1) IF ACC uRAC Y IS NOT SATISFACTORY, THE NUMMEP OF TRAP RULE 230
C STATIOq$ CAN oE DOUDLED AND A NEW SOLUTION STORED IN K+1 OF T, 2110 4

C THEN SET M u M  ANt) K*K,I ANfl CALL RMBTN T A GA IN FOR NEI! SOLUTION. 2S0
C 2) ALL IN ,TTAL EI4TWIES OF T UP TO K 1  AR E DESTROYED. 2a0
C REFERENCE, CONTE , ELEMENT ARY NUMERICAL ANALYSIS , MCGRAW—MILL , 270
C 1965, ~P 12~~~

’l3
~~~
. 280

IF (k.LE.,~ RETURN 290
• - KIPI:K1,j 300

C BUILD ROW icuc OF ROI4BERG TABLE . 3*0
00 *0 KK:KIPI ,K 320
KM IZMK—I 33u
*11. 340
IaKK 350 I *

C PUT POW Mi IN T(I),I:1,KK jN REVERSE ORDER , T(KK) DOES NOT CHANGE. 360
DO 10 I12 I,KM I 370

— 1.1—i 34*0
• Aa4~ .A 390

10 T (I)s(A*T t!,1)•T(I))/(A•i,) 400
- RETURN 410

• 
- 

END 420

I 

-

—

- 
. 

• 214



- -~~~~~---~~~~~~~~r- ~~~~~’ 
•
~~~~

- - 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~•__••• - •

1’ - -

SUBROUTI NE RSURF . SEPT. 17

- SUBROUTINE RSURF (ABAR,BRAR ,EPS,MAXK ,MAXP ,X,THETA,AL ,THI4AX .R) 10
• DIMENSION ABAR(l),BRAR (1) 20

• • C RouT~~~ T0 CALCULATE THE NON .OIMENSIUNAL TURRET RADIUS AT 30
- C X AND TWE,A . 40
I C BY 0, N~ VAWOERPLAATS NOV ., *976, 50

C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF . 60 - 
-

- C SPtCi~ L CA SE • THETA OR I NOT UN TURRET , POI NT IS ON CYLINDRICAL 70
C FUSEL AGE . 80

- Na t , 90
IF (A135(TMETA).GE,TNMAX .OR ,ABS (X).GE.AL) RETURN 100

- C CONSTANTS *10- 
MAXK PtsN&~~~al 120
MAXPP IZMA yp.I 130

C POINT ON TURRE T , *40
C EVALUATE r~ O 150

- • 
- FX$ABAR(1I 160

IF (MAXK .EQ,0) GO 70 20 170
XIaI . 180

- - DO 10 IXa,,MAXK PI *90
XjsX !aX 200

• IF(A8S (XI~~.LT .1.0E.2O) Go TO 20 2*0
*0 FY$FX,A8Ap~ TX).XI 220
2o CONTINUE 230

C EVALUATE r(TH€TA) 24*0
FTH:BBAR (,) 250

-
, IF (HAXP .~ 0.0) GO TO 40 260

270
00 30 ITH*2.M AXPPI 280I 
THI $T H I* T I .4 ETA  290

IF(A B S( T H T ) , LT .1. O E  2 0 )  GO TO 40 300r 30 FTHaFTH,I3RAR (ITH)*THI 3*0
40 CONTINUE 320

C R.*,O • F~ X)aF (TH€TA)aEP$ - 330 • -

RZI.+FX*F TH.EPS 340
-
, 

RETUR N 350
END 360

-~• I I-

• I i

~~~~~- I
• . 

• ~~~~~~~~~~~
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- SUBROUTI NE SLOPE - SEPT. 17

SUBROUTI NE SLOPE (HAXK , ABAR,AL,SLOPEX ,NVAL,AMULTS) 10
DIMENSION ARAR (l).SLOPEX (1) ~O

C ROUTI NE In CA LCULATE SLOPE OF A POLYNOMIAL AT NVAL POINTS 10
I C BETWEEN * a —AL AND I * AL, 40

- IF (NVAL ., T,Z) RETURN 50
DXa2,.AL/ (FLOAT(NVAL ).I,) 60

I - X2~ AL.DX - 
70

MA XK1 aMA X 1,l 80

-~ I 00 30 lal.Nv AI. 90
X:X•DX 100

I SLOPEX(!)*o. 110

I IF (MAXK ,(T.I) GO TO 30 1~~O
• - SLOP~ X(I)aARAR(?) 

130
IF (MAXK .Et).1) GO TO 20 • 140

-~ A MULTSI . 150
h al . 180
DO 10 Ja3,MAX KL 170

- 
• 

M IZ X Ia X  t O O
AMULT3AMU1 7+ l , 190

t O  S LO P EX ( I ) 3 S L O PEX ( I) + A M U L TI A B AR (J ) * * T  21I 0

20 SLOPIM(I)2AMULTS*SL (IPEX (l) 210
30 CONTINUE 220

• I RETUR N 230

• I END 2440

- I I

• 

-

- 

• 
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SUBROUTIN, 5RFINT SEPT. 77

SUBROUTINE SRFINT (XM ,EPSM ,PHI,GAMMA ,A ,RB,ETA ,X ,R,THETA,A BAR ,BBAR , 10
1EPS .MAXX ,MAXP ,AL,THMAX ) 20
DIMENSION ABAR (1),ÔBAR (l) 30
ROUTI NE T~ CALCULATE DISTANCE ALONG BEAM FROM MIRROR TO TURRET 40

C SURFACE. 50
— • C BY C, P1~ VAN O€RP LAA TS NOV ., 1976 80

C NAVA L POSy GRADUATE SCHOOL , MONTEREY , C ALIF. 10
C OUTPUT. 80
C A a D I ST A NC E  FROM MIRROR TO TURRET SURFACE. 90
C IF A a •u.OE.6 ON RETURN , HORROR SURFACE IS OUTSIDE ~ .RRET to O
C SURF ACE 1*0
C IF A a j•oE.b 1)14 kETUNPI, NO INTERCEPT COULD BC FOUND AT A LESS *20

• C T HAN lO~ THIS ~~~~~~~~ RESULTS FROM UNRE ALISTIC TURRET SHAPE , 130
C METHOD. 1440

C FOR VAI1I U IIS V .LUES OF RHO. CALC ULATE I, RP A N D  T HE TA FUN A P OIN T  150

C ON Tp,( REAM , FOR EACH * AND THETA , CA LCULAT E 34$ FOR RADIUS TI) 180
C THE SURFACE. INTERPOLATE TO GET RW:R5. THE CURKESPUNOING VALUE 110

• C OF RHO T$ A . 180
DRHO ,2 190

C RADIUS OF BEAM RAY AT POINT ON MIRROR SURFACE, 2u0
RHO O. 210
Al:O , 220
RRI:EPSM 230
•
*:XM 2440
THETA :O, 250
IF (RR ,GT~~1,0E—4) CALL XRTPOB ( X M ,EPSM ,PHI ,GA MM A ,RHO,Rb ,ETA , X.RRI .

ITHETA ,Y,Z) 210
C SURFACE R i0IUS OF POINT Al I ANt) THETA , FOR RHO O , 280

CALL RS*JRF (A RA R ,BBA R ,EPS,MA XK ,MAXP ,X ,TP$ETA ,AL ,THM AX ,RSI) 290
DR1 xk S1~ Rp1 300

310 *
fr C IF DRI.LT 0, RASE OF MIRROR IS OUTSIDE TURRET , 320

IF (D RI,L1 0.) RETURN 330
C PICK A RM ITRA RY 14€ ! RHO A N D  IN T E R P O L A T E ,  3440

• 
*0 RsQ p~*()~~~~p~~~, 350

C RADfl4S OF POINT UN REAM . 360
CALL XRTP00 ( X M ,EPSM ,PHI ,G AM M A ,RHO, RH ,ETA ,X ,RR2, TPIETA ,Y ,Z) 370

C TURRET SUp~ *CF. 31*0
CALL RSUR F ~A8A**,k4bAW,EPS,MAXK ,MAXP ,X ,THEl A ,AL ,THMAX ,R52) 390
OR2aRS2.Rp2 4*00
OORaO R2—0o1 1410

IF (AHS(I)Dp).LT.1.OE lO ) ODR:l ,0 € — 10  420

-3 • - A sA I— flRHO~ flp1,flDR 430
IF (A .LE,p~ fl.flQ.RHO.GT .1O.) GO TO 20 440

C A IS EXTR *PVILAIEI) POINT , UPDAT E AND INTERPO LAT E AGAI N . 4*50 -

MQ I pR2 • 4*60

4*70• 0R1x0R2 4*80
A (aPI4O 490

• GO To 10 500

- 4

-H I - 
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SUBROUTI NE 5RFINT - SEPT, 77
• I 20 CONTINUE 510IF (A .LT.~~,) Aal ,OE.b 

• 

520RETUR N 530END 540

H
• 

•

H

L:j 
- 

. 
•
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3U8ROUTIN~ SURPRT SEPT. 77

SUBROUTI NE SURPRT (A$AR,BBAR,MAXK ,MAXP ,EPS,AL,THMA*) *0
- 

• DIMENSION ABAR (1),BBAR( 1)
• C ROUTI NE T~ PRINT SURFACE FUNCTION ORDINATES FOR POLYNOMIAL TURRET .

C BY C, N, v*NOERPLAAT S NOV ., 1978. ‘10
C NAVAL POSTGRADUATE SCHOOL, MONTEREY. CALIF . S
C INPUT . 60
C A$AR a VEC TOR OF POLYNOMIAL COEFICIE NTS IN I_DIRECTION . ABAR
C MUST BE DIMENSIONED AT LEAST MA X K + l  114 CALLING ROUTINE . 1*0
c BBA R a VEC TOR OF POLYNOM IAL CO€FIC IENTS IN THETA .DIRECTION . 90

C ~ RA R MUST RE DIMENSIONED AT LEAST MAXP +1 IN CALLING 100
C ROUTINE. 110
C MAIM 2 npoER OF X .POLYNOMIAL . 120
C MAX P 2 ORDER OF THETA—POLYNOMIA l • *30
C EPS a ~~~~LAR SURFACE MULTIPLIER. SURFACE = EP$aF(K)*F (THETA). lMt)
C AL ~ t/2 TUR RET LENGTH . 150
C THMAX 1/2 TURRET ANGLE. 1*0
C UIJIPtJT . *70
C POLYNOM IA l FUNCTION COOR DIN ATES IN TERMS OF I AT THETA a 0 AND 180

• C THET A AT X = 0. IVO
MA X KI MAX K,1 200
HAXP I$MAXp ,t 2*0
WRITE (6,70) EPS 220
WR ITE (6,R0) (ABAR (I),I j,MA X K I)

• WRITE (6,ofl) eao
WR ITE (6,Rfl) (BMAR (!),I:l,MAx PL) 250

C X .OIRECTI ON. 260
WR ITE (6,100) 270
DXZ .IaAL 280

• X :—1 .2aAL 290
-
~~~ DO 30 IZl .2! 300

• - X zX . Dx 3*0
Z:ABAR (I) 320
AMULT O. 3~ 0
ZPNIMaO , 340
IF ( HAXK .F0.0) GO TO �o 350
XIs), 3*0
DO 10 J:2.HAX KI 370
A MULTZAMUI T,1. 380

* I ZPRIM :ZPR TM.A’4ULT*ABAR (J)aXj 390
*1211*1 4*00

to ZaZ+ARAR( .I)*XI 410
20 CONTINUE ~h20

ZzEP5aHRAc~~~)*Z 4*30
ZPPIMaEPS4RRAR(1)*ZPRIM ‘140
iF (I.E0.j~~flPt .I ,EU ,23) laO , 1150

IF (~~.E0.j,OR.I.EQ .23) ZPRIMaO . 480
wRITE (6,110) A ,Z,LPHIM 4*70

30 CONTINUE 480
C TRE TA .DIR,CTION. 490

WR ITE (6,t~aO) 500

• I.

• 

- 

• 
- 

• 
- -• - • •

- 

- 

- 

- 
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SUBROUTI NE SURPRT • SEPT. 77
DTHU ,1*T MWAX 

• 

• 310
TN*.1.2*TNMAX - 520
00 60 I’1,23 330

1. I TMsTH.DTH Seo

~ I ZIB’IAR(l)
IF C MAXP .EQ ,O) GO TO 50
THIs), 570

• • AMULTaO , 54*0
ZPRIpis0~ 390
DO 40 Ja2~ M A XP t  bOO
ANISLTaAMU, y.t , 6*0
ZPRIN aZPR ,M.AMULTIÔRAR (J)aTHI 620

• THIS1HIeT ~
40 £aZ+NAAR (.y).T341 640
50 CONTINUE

Z$EPS*ASAQ1%)*Z 660I_i 
- ZPRIMaEPS,ABAR (U*ZPRIM 610

IF C1.EQ ,i .OR •I.EQ .23) laO. 680
• 

- ZPRIMSO , b90
THRaTH*51 2q578 100

• WR ITE (6,110) TH,THR ,Z,ZPRLM 11 0
60 CONTINUE 720

P:TURN 730
C • 740

- • 70 FORM AT (/ ,/5* ,JMHSURFA CE OEFI 14I1!ON,5X ,6H( EPS a,F7,3,IH)/SX,SMHPOL 750
IYNOP~~AL COEFICIENIS (AC !), 1ZO,MAXM) IN X.OIRECTION ) 7~ O

80 FORM*T (Sv ,5(l2.5) 170
~0 FORM AT (/~ *,SRHPOLYNOMIAL COEFICIFNTS (9(1), I:0,MAXP ) IN THETA DI 780

tRECTION ) 790
*00 FORM AT (/41 ,II HCOOROINAIES/A* ,$HX ,IIX ,tHZ ,91,7MZ PRINE) 800
1*0 FORMAT (Sy,F l.3.SX.pI,4.SX,rd,44.Sh,F8,4) 610 • -

i?0 FORMAt (/jjR ,SHTM(TAISX ,7MR AOIANS.bX .7HOLGRFES ,BX ,1HZ,9X ,7H2_PRIME 820
I) 830
END 3340

• . 1  •

i i  - 
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SUBROUTI NE TINPUT • SEPT. 77

- C SUBROUTINE TIPIPUT *0
C • 20
C INPUT CARD FORMAT 30
C ‘10
C a TITLEU ,Isj,2O FORMAT(20A4) 50

1 C ANYTH ING MAY BE TYPED IN CDL. 260
- C 70

• C AERO DYNAMICS — OPTICS 80
• C a A4AC$,DEIIRTrt ,TDENRT ,DEP4GAM,AM PRIM ,WAVEI . FORMAT (6F10) 90

C AMA CH a FREESTREAM MACH NUMBER
C OEURTI’ a FLIGMT DENSITY/SEA LEVEL DE~~

$ITY ito
C TOENRT a DENSITY INSIDE TURRET/SEA LEVEL DENSITY *20

C DENf,AM a EXPONENT ON PWFSSU~E..OEN5jTY RELATIONSHIP 150
• C AMPRIM ~ INDEX OF REFRACTION CONSTANT • 1440

C NAVEL * BEAM wAVE LENGTH ISV
C tOO
C GEOMETRY *70
C TURRET *80• C * RFUS ,AL,T1iM41.ACL,EPS FONNAT(SFIO ) 14*0
C RFUS a FUSELAGE RADIUS 200

- 
• C AL a TURRE T NflN.OIMENSLOP4AL HALF LENGTH 210

C THMAX a TURRET HALF ANGLE (RAD) 220
1 • C A CL ~ HALF T URRET S PA C I N(  230

C (PS 
~ 

TURRET HEIGHT MULTIPLIER 2440
C * M*XK ,M*IP,N~~RC,NTHBC FORM A TC8I1O ) 251)

- 
- - C MAIM a ORDER OF X POLYNOMIAL SHAPE FUNCTION 2*0

C MAXP a ORDER OF THErA .POLYNOMIAL 270

* 
C WXBC a NUMBER OF SetS OF Y AND Y.PRIME BOUNDARY 260
C CONDITIONS IN h—DI RECTION , EXTER NALLY f~4PQ $EO. 290
C NTHBC , PlUMbER OF SETS OF V AND Y.PRIME BOUNDARY 300

P - C CONDITIONS IN T3-,(1A~ ntRECT!ON, EXTERNALLY IMPOSED. I tO
C NOTE. AT XSTH(TAaO, Y~ EPS IS A UTOMAT TCA LL Y IMPOSED. 320 *

C a ABAR(I),I31 ,MAXK+) FORNA TCOFIO ) 330
C ARA R (y~ * 1—1 COEFICIENT OF X POLYNOI4IAL 3440
C a YYPXBC (I,J,, jal.3 NXRC CARDS FURMAT CBFIO) 3544
C YYPXl~C (I,J) a I, V AND YaPRIME BOUNDARY CONDITIONS IN THE 3~ O - •

C I— DIRECTI ON. 370
C a Bl3ARU~,,Ia1 ,NA *P+t FORMAT (AF1O ) 31*0
C BBAII ( T )  * 1.1 COEFICIENT OF THETA— POLYNOMIAL 390
C a YYPTBC (I,J), Ja~ ,3 MTpiBC CARDS FORMAT (8F10) 4300
C YYPTBr (I,J) a 1, Y AND Y PRIMF BOUNDARY CONDITiONS IN THE 43*0
C THETA—OIWECTION , 4420

- C 4430

C MIR ROR CENTER 414*0
- • C a EPSM ,XN FORMAT (IWIO) 4*50

c EPSM , 7—LOCATION OF CENTER (IF HORROR 4460 4

i a X LOCAT!011 OF CENtER OF MIRROR 470
C 4380

• C PHASE DISTOR TIO N CALCULATION POINTS 44*0
• C a N ET AZ , N R B I  F OR MA T ( 8 ! 1 0 )  500

- • 221 
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• SUBROUTINE TINPUT SEPT. 17

Ii C NET8I • NUMBER OF ET A ANGLES 
- 

510
C NRBI a NIJMBER OF RADIUS PUINTS 5~ O
C * ETAIU).1a1 ,NET A I FORMAT(8F*0) 550

• - C ETA ICT ) a ANGLE (DEGREES) s~ o
- C a RBICI ),1a),~~qpL FQNMAT (BFIO)

- 4 C RBI (I~ a RADIUS 5*0
C 510
C BEA N URIEP4TA~ T0PI 580

•1- C a P4BEAM FURMAT( 8110) 594)
C NBEAM ~ 

NIJM9(R OF DIFFERENT BEAM ORIENTATIONS ANALIZED 600
C • p$II(I),(AMM&I (T),AMAC IIT(I ),WGMTI(I) WISEAM CAR DS FORMAT (4!1O) 610
C P1411 (j) 2 A ZM U T H  ANGL E (DEGRUS ) 620

- C G A N M A T c T )  * ELEVAT ION ANGLE (DEGREES) *30
C AM ACHT (t) a MACH N UMBE R , DEFAUL T s AMACH . but)

- C W1 HTI 11) a WE IGHTING COEFFICiENT . DEF AULT a I, 650
-~ 

SU 13ROIITTN~ TINPUT 60(1
COMMON /G, DRCM/ ABAR (20),ACL,AKPRIP’,AL, AMACHI (30).UBAR (20),DEMNTO, *70

• * OENCAM ,C~ $,&SM,GAMM~ 1(30),PMtl (3O),RFUS.SLUPEX(3O),SUMPD2, bI40

I a TDENRI,IWHAX .WAVE L ,WGHTI (30),XM 690
COMMON /CMLOC/ ETA! (l1*),MA XK ,NAXP ,PI8EAM,NETA I,NR8T,NTHBC ,NIAC, 700

• a IIBT (10),yyyLc (2U),VYP*RC (I0,3), YVPTdC(tO,3) 11(1
C ROUTINE T0 REA D  IN PU T FOR LASER TuRR(T PHASE DISTOWTION ANALYSIS, 120
C - BY C. P4, VAWI)ERPLAAT S NOV.. 1976 130
C NAVAL POSTGRADUATE SCHOOL, MONTEREY, CALIF , 1~ O
C 150
C TITLE , 760

RE A D (S. lo) (TITLE (I),Ial,2o) 170
IPNPU?aO 780

• IF ~IPPIPUT (Q~0) wRITE (6,1430) (TITLE(1,,Ial, 20) 790
C AE*O—OPT!C$. 800

READ 
~~~~~~ 

A4AC H ,DENRTO ,TOINIIT,DE NGAM ,AMPRIM ,W AV EL 810
- IF (IPNPUT .E0,0, WHITE (6,150 ) AMACI4,DENRTO ,TDE NIIT,D(NGAM ,AMPRIM ,W 820

- IAV EL 830
-• C GEOMETRY . 840 • -

C TUR RET , 1*50
I REA D (5,80, I4FUS,AL,TI4M AX, ACL,(P$ 8*0

IF (IPNPUT .FO .0) wR ITE (6,160) ÔIFLJS ,AL ,TMMA X ,EPS ,ACL 870
TMNAXaTHM 41,57.29578 880
READ (5,9~ , MAX I( ,N A X P .NXBC .NTH H C ~90
NX B CaNX R C ,1 900
NTHNCaNTPImC.1 910

• MA XK1a ’4AX~ ,t 920
M A X P I a M A X D , t  930

- IF (!P’4PU,,!(A,o) “RITE (6,170) MAIM 9110
READ (3,81*) (A$AR (I),Ial ,MA *M 1) 950

I AR AR(i) a I 9*0
-

• I IF (IPNPU,.EIJ.0, WR ITE (6.180) (ARAR(I), 1s1,MAXII I) 910
YYPXpC(t ,1~~*0, 94*0

I 
YYP XNC(I,;)2EPS 94*0
YYP XOC (l,~~~a 2OU , 1000

ii-

!-

_• 
~

• 
. •

,
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SUBROUTINE TINPUT - SEPT. 77

IF (NIBC .Ei),1) GO TO 20 1010
IF (IPNPUT .FQ.O) WRITE (a,IO0) 1020
00 10 IS2.HXNC 1034)
RE AD (5.8~~ (YYPXBC (I,J), J*1,3) 1040

tO CONTINUE 1050
:~~~- 20 CONTiNUE 10*0

• IF (!PNPUT .E1).O) wRITE (6 ,110) ((YYPXBC(I.J),Jal,3),Ia1,NXBC ) *070
IF (IPNPUT .EQ ,0) W R IT E  (6,191)) NAIp 104*0J READ t5,d~~ (RBAI4 (I),T51 ,MAXP 1 ) 1090

C IMPOSE IIOI1HOARY CONDiTION R (0) t , 11(10
BBA R (1)al 1110
IF (IPNPUT •EQ ,V) WR ITE (6,180) (BRAR (1),Ial ,MAX PI) *120
YYPT R C( 1 .j ) IO . 1130
Y Y P T B C ( l ,? )S E P S  1140
YYPTBC (I,~~)S200, 1150

4 IF CNTHBC EO.1) GO TO 40 1160
IF (IPNPUT .EU .0) W R I T E  (e,120) 1170
00 30 IRJ Ø N TM RC 1180
RE A D (5,81*) (YYPI8C(I ,J),J*I,3) 1190

30 CONTINUE 1200
440 CONTINUE 1210

IF (IPNPUT .FU.O) WRITE C*,130) C YYPTRC(I,J ,Jal,3 ,Is1,NTMBC) 1220
C MIRROR CENTER . 123 0

READ (5,84)) EPSM,XM 1240
IF (IPNPUT .E’J.O) WR ITE (6,200) XM ,EPSH *230

C PP44S~ DISTORTION CALCULATION PoINTS . 1260
RE AD (5,9~ , NET A I,NRBI 1270
RE A D ~~~~~~ (ET*!(I),Iz1 ,NETA I) 1280
IF (IPNPUT .E0.0) WRITE (6.230) *290
IF (IPNPUT .FQ .0) W H I TE  (o,2110, (ETAI (I),Iat ,NETAI) 1300
Do ‘jo I:t.NETA I 1310

So ETA IU )*ETA ICT )/’3l,29578 1320
RE AD (5.80) (RRI (I),I*1,NRBI) *330
IF (IPNPIJ r.EU.Q) WR ITE (b,25U) 1340

• IF (IPNPUT .ET3.O) WR ITE (6,2410) (RRI (I), Iat, NRB!) 1350
C BEAM ORIENTATIONS. 1360

READ (5.94)) 4REAM 1370
IF (IPNPUT .FQ .O) WR ITE (6,210) 1380
00 b~ IZt ,N~ E*M 1 390
KE A DC5,1*0~ PPsII (1),GAMMA I(I), AMAC)f1 (I),WGHTI(1) 1400
1P (AP4ACNI (I).LI ,O.001) AMAC H I(I) *A MA CH *41*0
IF (APS(WGsiTy(T)). LT ,0,001) WG1411 (t)sI . 1420
IF (IPNPUT~ EQ.0) $RITE (b,220)1.PHII(I ).GAMMAI (I ),AMACPI! (!),WGMTI (1) 11430
PWII( 1)aP HTI (t)/Sl .29578 10110
GAMMAI(I),GAP’HAI(I)/57,2q5 71* *450

* 
• 60 CONTINUE 1460

RETUR N 1410
C 1480

10 FORM AT (2ii*a) 1490 - 
-

60 FORM*T (~ F1 4),2) 1500

1 1  • 223
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SUBROUTINE TINPUT - $EPT. 77

• 
~o FORMAT (4*Zj~~ 1510
100 FORMAT (/41, IOMBUUNOARY CONOITIUNS/SX .3HX,L,6X ,IHY,11X,1MY.PRIME) 1520

• 
11 1) FORM AT (3~q,3) 1530
*20 FORM AT (/~ X.IQ HBOUNDARY COND1TIONS,Sh .1I HTHETA,THMAX ,44X,INY.4X ,7HY 1’2440

l~~~R IME) 1550
130 FORMAT (Sv ,;FO.3) 13.0
$440 FORMAT (1u1, aI,2IMTURRET A NALYSIS IWPUT/,SX ,SHTITLE,5X ,20443) *570
*50 FORM*T (/,3~ .1IH AERO flPTICS/5X,$oHMACH NUMBER , AMA CH *54*0

I a,F6,II5X ,;6MEXflHNAL DENSITY RAT ION , DEW RTO a,Fo,3/SX ,3OM IN *59~2TERNAL DENSITY RATIO , TDEPIRT *,Fb ,3/5X ,3OHPMESSLINE .OENSCTY LIP 1600
SONENT . OE WGAM *,F6.3/5X,3OHPMASE OISTORTTON CONSTANT. AMPRIN a.E 1610
411.4/SX.3AMWAV ILENGTH. “AVEL a,E1* .41) 1620

14*0 FORMAT (/,5* ,$P.CLONETPY/SX ,21I4FUSELAGE RADIUS, RFUS a,F7,3/5x, 1*30
127p,TURWET 4 IiLF L€NG TP,, a,F7 .3/151,27HTIJHWET HALF.ANGLE, THI4AX 16430
2 a.Fl.3.914 DEGREES/S X.2YHTIJRRET HEIGHT FACTOR, (PS a,F1,3/5X,27H 1*50
ITUR R(T HA 1 F.SPACPIG, ACL a,F7 ,3) b o o

*70 FO R M A T  (/~~çX,3SHIUkRET PO LYN O M IA L  SHAPE CO(FICIENTS,5X ,241HX—O IKECT 1*70
• - lION, ORDER I,!S/SX.II IICOEFICIENTS) 164*0

260 FO RMAT (4y,5E13.S) 1690
190 F O R M A t  (/MX ,21*HTHETA .DIRECTIO II, ORDER a,I5/SX ,II P 4COEFICIENTS ) 1100
20(1 F O RM A T  (/,S*. 4*M L U CA T I ON  OF CENTER OF NIRRUR ISX,6NXM a,F7 ,3,SX .4 1710

IHEPSM a,F y ,3 ) 1120
210 FhRM *T (I/çX, 1 7$HEAM URIENIA TIONS/5X,I8H BEAM PHI GAMMA , IIX. 1130

• I2HM*CH wF If.P’T) 1140
220 FORWAT (t1*.2E$.?,2F8.3) * 750
230 FORMAT (/,,çX ,35HPHASE DISTORTION CALCU LAT ION POINTS/5X ,OHANGLES) 1160 

-
•

4 200 FORMA T (Sy,5F1 0.3) 1770
250 FORMAT (/rx ,5HRAUII) 1180

END 1790

: 1

- -I-
224

• 
- 

- -—-—— -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_______________________ -~ • • ~~~~~~~~~~~~~~~ 
--~~

H

SUSROUTINI TRAP2N SEPT. 77

SUBROUTINr ,RAP2N ( t G 3 ) T O ,A ,B,N2.X ,FX )

- • C ROUTI NE T0 PERFORM TRAPEZOIDAL RULE INTEGRATION FOR F(X)2N, 20
C BEG.IPIING WITH F(X)N, SO
C BY 6. N, VA PJD€RPLAATS NOV., 1976 110
C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF . 50
C INPUT 64)
c IGOTO a C~ LCUL 4TION PARA METER . INITIALLY CALL TRAP2N WITH 7)
C ‘GOT0 ~ o. 80
C A a LnWFR BOUND UN INTEGRAT ION , 90
C B a UPPER ROUNU UN INTEGRA IION. 100
C * Nh,MRER OF INTERVALS IISED IN THIS SOLUTION . N2 * 1 110
C Ir INTEGRATION IS JUST MEGINING, OTHERW ISE M2 a 2* P4 *20

- • • C O~ PREVIOUS SOLUTION . $3’)
C Fl a F 1)N (IN FORST CALL (IGOTO:0) AND F (X) ON SUBSEQUENT CALLS *410
C (,0OTOZI). 150
C OUTPUT *4*0
C IGOTO a C LCULATION CONTROL, IF TGOTO .NE.0. CALCUL ATE F(X) AND 110

• C CALL AGA IN , IF IGOTO*0 ON RETURN , INTEGRAT ION IS COMPLETE 24*0 •

C I • X VAL UE FUR N(W F U NC T I O N  EV A L U A T IO N  (IF IGOTO.NE .O) 190
C Ph a F~ x )2N IF IGOTOaO. T441S IS FI NAL SOLUTION . 200 - -

C USAGE K I~ 
TOTAL NUMBER OF TRAPEZOIDAL SOLUTIONS DESIRED . 2*0

c DO 20 I a I.k 220
C N 2a2a a (i—11 230
C IGOTO a O 240
C *0 CALL TRAP,((IGOTO .A ,B,N2,X,FX) 250
C 1F (IGflTO .F4),0) GO TO 20 260
C Fx a E d )  270
C GO TO IO - 280
C 20 CONTINUE 24*0
C SOLUTION IS COMPLETE. 300
C - 310

IF (IGOTO .i) 10,20,440 320
C CONSTANT , 330 •

10 HZ(B A)/FIOAT (N2) 3410
FNaO, 350

~ I 
A ja l . 3.0
A2a* . • 370
IF (N2.GT 

~) GO 
TO 20 380

C SPECI AL CASE , 1 INTERVAL , 390
- A % a H 1100

A2a ,5 4110
IsA 4120
IGOTOaI 430
RETURN 400

C GENERAL C*$(, N2.GE ,l
20 FN*a ,SaFX ,&i 4*0

Ia— I 410 -

• 30 1*1,2 aoo
IF (I.GT.N2) GO TO 50 4190
X*A,FLOAT (I).H 500

— L i  . 
-

• 225
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SU4*ROIITINE TRA P2N • 5(PT. 17

- ‘~~ . 5*0
• RETUR N

00 FN*EN+FX 53(1

GO TO 30 540

R SO FNaA~ *EN
F*IFNI,FN.H

• - iGOT O sO
RE TURN 

80
• END 590

• 

•

• 4

I S •
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SUBROUTINE XRTPOB - SEPT. 77

- SUBROUTINE IR?POB (IM ,EPSM,PHI,GAMHA ,RHO .R8,ETA ,X ,R,TI4ETA,Y,Z) 10
I_ i C ROUTINE T0 CALCULATE COORDINATES , X ,R,THETA OF A POINT ON A BEAM . 20

C BY G. N. YANDERPLAATS NOV ., 1916 30
C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF .

I; C INPUT , - SO
C IN a Y..LOCATI0N OF CENTER OF MIRROR . 60

- C (PSM a 7.LOCATI0W OF CENTER OF MIRROR . 70

• C PHI S AZ MUTH A NGL E M EASUR ED FROM POSITIVE X AX I S . 80
- 

- C GAMMA S FLFVATION ANG LE MEASURED FROM X~~Y PLANE . 90
C RHO a DISTA PICE ALONG BEAM , too
C RB * RADIAL DISTANCE FROM CENTER OF BEAM . 110
C ETA a &PIGULAR LOCATION MEASURED FROM LINE IN THE %~~Y PLANE , 124)

C OUTPUT. IS O
- C * a I_ CYLINDRICAL AND CA RT ISIAN COORDINATE. 140

- C Y 7 Y_ CARTISI A N COORDINATE . 150
C 7 a 7_C ARTISIAN COORDINATE . 

- too
- 

C II * RADIAL LOCAT ION TO POINT FROM X— A X 7S , 2 70
C THETA rIRCUMFERENTIAL LOCATION OF POINT FROM Z.AXIS . *80

• • C NOTE • ALL ANGLES ARE IN REDIANS , 190
• C 200

C CONSTANTS ’ 210
- SNP:$IN(PWI) 220

CNP*COSCPI.IT) 230
SNGa$IN (Gap .MA) 2(10

• I CHGaCOS (G,MNA ) 250
-~ SNEaSI NC E TA) 260

CNESCOS(ETA) 270
C CAR TISIA N COORDINATES . 2140

- C I a IN — DMD*COS(CAMMA )*COS (PHI) — RBa5IN (ETA )*SIN (PFII) + 290 -
•- C KBACOS (ETI)aSTN (GAPIMA)aCO$ (PP4T) 300

*5XPL_RHO*rNG,CP4P_RBa(SNEaSNP .CNEa$NG*CNP) 310
c c Y * RHOeC,j$~ GAMMA )aSIN (PHI) • RIs.SIN ETA *COSC PH I — 324)

C RR aCOS (ET *)aSIN(GAP4NA)*SIPI (PIiI) 330
• YaRNO*CNG.$NP.RB*(SN(aCNP+CN(*SNG.SNP) 340

C 7 a EPSM ~ PHO*SIN (GANMA ) • RBaCOS ((TA )*COS (GAPIMA) 350
ZIEPSM+RHOa$NG+RBaCNEaCNG 3*0

• C 370
• C POL AR CO (ipr,IN*TES. 380
- C X a x ~ 390

- C K * Sf3RT(Vaa2,Zaa2) (400
RaSQRT (Ya~ 2+Z*a2) 410

C THETA a AQCTAN (.Y/Z). 420

I

C GUARD AGA TNS T ZERO DIVIDE .
IF (ARS(Z).LT ,i.U (.b) Za* ,OE .b (1110

• YZaABS(Y/7) 4150
- TMETAaATA ~.(YZ) (1*0

C ANGLE GREAT ER THAN PI,2, (170
IF (Z.LT .it5) THEJAa3,1415927 .TH€TA 4480

C NEGATIVE * I4GI.E. 490 •

IF Y,GT ,A , THETAS—THETA 500

IL
27
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II SUBROUT INE IRTPOB - 
SEPT. 77

I RETUR N 310

I 
END 
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SUBROUTI NE 7ERN SEPT. 77

$UBROUTIN~ ZEQN (R,R1.R2,T1,T2,AZ,A*,A2. A3.A ) 10
DIMENSIO N *(1O),Z(10) 20

C ROUTINE T~ CALCULATE OPTICAL PROPERTIES OF PHASE DISTORTION IN 30
C TERMS OF 7FRNICKE POLYNOMIALS, 40
C BY 6, N, VANOF RPLAA TS NAY , 1977. SO
C NAVAL POSTr,QADUATE SCHOOL, MONTERE Y. CALIF . *0
C PHASE DISTORTION IS ASSUMED OF Ti-sF FuPH AZ • A L IR • 82aT • A 3aR *T 70
C WHERE H Z RA DIUS A ND T * THETA IN RAUIAN S .
C INPUT . 90
C It * BEAM R ADIu1 S , 100
C NI, TI a p owER LIM ITS OF INTEGRATION . 110
C R2, T2 = ifpPF~R LIM ITS Dr INTEGRATION . 120

• C A ., Al, A;, A 3 a POLYNOM IA L COEFFTCXENTS , 130
C A a VECTOq ~F ZE

RNICI~E COE FFICIENTS. ON FIRST CALL TO ZERN A MUST 1130
C BE ZERO. - ISO
C — — — — OUTPUT. 1*0
C A * UPDATFO VECTOR OP ZERNICKE COEFFICIENTS, *70

• C 180
- 

- DO 20 I:1~~a 190
GO TO (2l ,22,23,24),I 200

-
• 2* CALL ZINT (R.441,T1,AZ ,A1,A2,A3,Z) 210

SIGNaL . 220
Go TO 25 230

• 22 CALL ZINT~ q ,RI,T2,AZ,A I,A 2,A3,Z) 2(10
SIGNs— I . 250
60 T0 25 2*0

23 CALL ZINT~ R ,R2,T1,AZ,Al,A2 ,A3,Z) 270
SIGN*.I. 280
GO TO 25 290

244 CALL ZINT (R.R2,T2,AZ ,A 1 , A2,A3,Z) 300
SIGNal, 310

25 CONTINUE 320
DO 30 JZ1 1~ 330

30 A(J)aA(J),SIGN.Z(J) 340
20 CONTINUE 350

RETURN 3*0
END 370

-

~

S 
-

.

- 
229
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SUBROUTI NE ZINT • SEPT. 77

SUBROUTIN . 7INT(CAKR ,R,THETA ,AZ,At,A2,A3,Z) 10
DIMENSION u*O) 20

C • ROUTINE Tfl FVAL (JATE INTEGRAL OF ZERNICKE POLYNOMIAL TIMES PHASE 30
C DISTORTIOw AT II AN D T I4ITA . (11)
C bY 6, N, VANOERPLAATS MAY, *977. 50
C NAVAL POSTGRADUATE SCHOOL, MONTEREY , CALIF . *0
C 70 —

C CON5TANTS~, *0
CR2*CAPR.~ APR 90
CR3ICR2*C*PR *00
CR11*CR2*Cp2 110
N2aRaR 120-

~ 
- P3aR~ *R 130

R OSR 2aR2 140
• K3sR *Q~i IS O

R6aR3aR3 1.0
T2aTHETAay~ FTA 170
STSSIN (TISFTA ) 14*)
5T2*ST.ST 190
ST3 aSTaST ? 200
S2T*SIN(2 .TMFTA) ill)
S3TaSIN (3’1TH,!TA ) 220
CT * C O S ( T M E T A )  250
CT2’CT*CT 2(40
CT3SCT.CT ji 250
C2T*COS 2,.THETA) 2.0
C3TaCOS (3,,THETA) 270
PIaS ,14154?y 24*0
Sf2PI*SORT~ p~ ) 290
Z(1)*R2*TNETA .(.5.AZ .A1*R/3.+THETA*C .25*A2,A3*R/b.))/(CAPR*SRPI) 500 •

C T IL T . 310
Z(2)a2.*R T.(ST* (AZ/3,..2SaReAI).(CT.THETA*ST).(A2,S ,..25aAsaR))/ 320

• * (CRZaSOPfl 330
340

A (cI4~ *$Qp y~ 
- 350

C FOCUS. 3*0
310

* Ra (*l+ ,5,*3*TNETA)a(.2*42.Cq?/b .))/CSQPI.c p3) 380
• C A STI GMA TIçN~, 390

Z(5)*2.44004971R01 (,5.(,25eA7,,2*A1.R ).S2T,.5e(.25*A2..2*A3IR)* 400
* (TH~ TAeS~~ ,,25aC2t))/(SQPIa~ K3) 41 0 -

•

Z(6)a2.(11104A97*R4* (ST2 .(.?SeAZ..2*A 1eR) ,(.2SaA 2+ .2aA3 *M )a 4420
* (THETA*5,2.,5*THETA,,25,S2T))~~(5OPI.CR3 ) ‘430

4 - C COMA . ~4l40
Blaa .AZ.& i.R,o.. 4150

• • ZC1)a2.62,I(127.RS.(B1.(ST.(CT2.2.),3..5T3 ),fl?*(3,*THFTAaSST,CST . 4170
* ?7.*TME TAa$I.3.*CT.3*,ITHETA aST3_ 12, .CTISJ2)136.)/C5 (IPIICR41) 480
Z(A)*2,4*2,142711R5*(Ml*(CT;—CTa(312•2.)/3.).p2*(3..THE TAaC3T.53T. 490

a 21.aTHET*.CT.3..ST,3b.*THETA .CT3 12.aSIaCTZ)130,)/(SSIPIaCR41) 500

- -

- 230
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-; APPENDIX C -

DATA FORMS

‘H .

H

231



COPES DATA

DATA BLOCK, A
• • I TITLE I FORMAT

I 20A4

DATA BLOCK B _______

:~ 
rNCALC 

I ~~~ 
NSV N2VAR IPNPUT j IPSENS IP2VAR 

[ I
• DATA B L O C K C - O M I T IP N D V - O  -

1
ICNDIR 

1~~~~A 15 

~~~~~ 1
LINOBJ 

1
NAc~Oc1

1
NPDc I F O~ 9

-
. 

-; - DATA BLOCK D - OMIT IT MDV - 0 
______

+ CONMEN~FDCH FDCHN CT I CThIN CT!. CTLMIN [ THETA [PHI FORMAT
* I I I - 8710

DELPUN DABFUM FORMAT
* 2710

DATA BLOCK B - OMIT IF MDV — 0
+ 

F~NDVTOT IOBJ SGNOLT
I 2fl0 ,F1CI

- , DATA BLOCK F - OMIT IF N1)V - 0 
_____

_ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C0MMEN~VISE VUB X SCAL - FORMAT

* 
_______ _______ _______________________________ 

4710
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COPES DATA CONT .

- DATA BLOCK C — OMIT IF NDV — 0 
______

• 
+ $

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
C0!’NENT

NDSCN IDSGN ANULT ____________________________________ FORMAT
- 

- * 
______ ______ ______ ___________________________________ ~~I1O,F1G

DATA BLOCK H - OMIT IF NDV — 0 
______

- +Es COi~~ENT
[NCONS FORMAT

• *1 110
- DATA BLOCK I - OMIT IF MDV — 0 OR. NCONS — 0 

______

+ $  C~~IMENT
ICON {JCON LCON FORMAT

• * I 1 3110
_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~O1~~ENT
B!. SCALL RU SCAL2 _____________________________ FORMAT

* 
_______ _______ _______ ________ ________________________________ 

4710

233
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COPES DATA CONT.

DATA BLOCK I CONT . 
_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

______ ______ _______ ______ ______________________________ _______

DATA BLOCK ‘7 - OMIT IT NSV - 0
• + S  C0I’ff4EN’~NSOBJ I FORMAT

* I 11.0
+ $  COI~8(EI~]

NSN1 NSN2 ~4SN3 NSN4 NSN5 NSN6 NSN7 NSN8 FORMAT
* 1 I 1 1 1 1  8110

DATA BLOCK K — OMIT IF NSV - 0 
______

+~~ _ _ _ _ _

ISENS I NSENS I FORMAT
* I 1 2110
+ $  C0I’QIENl

SNSI. SNS2 SNS3 SNS4 SNSS 5N56 SNS7 SNS8 FORMAT

: .
* 1 I ~~~~~~~~~~~

1
i L 1 j ~~~~~~~~~~~

+ 5  
_ _ _ _

ISENS I NSENS I IORMAIT
* I 1 2110
+ $  C~~*(EN~SNS1 $1152 SNS3 SNS4 SNS5 SNS6 SNS7 $1158 . FORMAT 

-

i-i 

-
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COPES DATA - CONT.

DATA BLOCK K - CON?. - ______

+ 5  
_ _ _ _

* ISEIIS I NSENS I - . 
- FORMAT

* I I 2110
+ s  ~O~QfEN~$1451 $1452 $1453 $1454 511S5 $1456 SNS7 $1458 . FORMAT
* I 1 1 1  81IO

•
~~~~~~~~~~

+5  COMMEN~ISENS I NSENS f - . FORMAT
* I 1 2110
+ 5  CC~~*1EN]

51451 $1452 SNS3 SNS4 SNS5 SNS6 $1457 SNS8 FORMAT
* 

1 
- I • I • 

8710

DATA BLOCK L - OMIT IF N2VAR — 0 -

+ 5  I cOMMENTI
N2VX I ‘~2VX 

~ 
N2VY M2VY 

~ 
FOP~’.AT

* 
• 

I - I I 4110 )

• DATA BLOCK N - OMIT IT N2VAR - 0
+ 5  

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
COMMENI

1121 1122 1123 NZ4 ~ T—  1126 NZ7 1128 FORMAT
-
~~~ * 

_ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _

!)ATA BLOCK N - OMIT IF N2VAR - 0
• 

+ 1  
_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  

COI*IENI
- 

Xl X2 X3 X4 X5 X6 X7 X8 FORMAT
* _______ _______ _______ _______ _______ _______ _______ _______ 

8710

- • )ATA BLOCK 0 - OMIT IT N2VAR - 0 
______ ______ ______ ______________

_ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  _ _ _ _  
COMMENI

TI. 12 13 14 
_ _ _ _  _ _ _ _  

Y7 18 FORMAT
* ________ _______ _______ _______ _______ _______ 

8710 —

p 
_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

‘ I

DATA BLOCK P
_ _ _ _  I FORM&~~~

*~~ 4~ I 3A1 J

-
~ I
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LASER TURRET ANALYSIS DATA

• DATA BLOCK A
TITLE I FORMAT

1~1 *
— I 20*4

DATA BLOCK B
~~AC8 I DENRTO I TDENRT DF.NGAM 

~ AKPRIM WAVEL I I FORMAT
I I I I I I 1 6711$

• DATA BW’Z C
~~P~T A L  ITHMAX I ACL BPS I FORMAT

* 
_ _ _  I I 1 5710

DATA BW~K D
~ 14AU I MAXP INXBC J NTRBC I IORNAT

I I 1 1 4110

- DATA BLOCK E 
_______ ________________________________________________• f ABAZO ABARL ABAR2 ABAR3 A3AR4 A~AR5 hBAR 6 ABAa7 FORMAT

I ~ ~~ F _______ _______ I 1 

8710

DATA BLOCK F
• X YBC YPBC __________________________________ FORMAT
‘I- * 

______ _______ _______ ______________________________________ 3710

_ 
_  _  _ _ _ _ _ _ _  _

DATA BLOCK G 
______  __________________________________ ______

~~~~~~ EBAR I. BBAR2 BBAR3 BBAB4 BBA3.5 BBAR6 BBAR7 
~ 

PORMAT
* 

_ _  _ _ _  __  I 
J 8~~~

DATA BLOCK H 
_ _ _ _  _________________________ _ _ _ _mv~ t~c YPEC _____________________________________ FORMAT

* - 

~~3F1O~~

_ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  

j
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LASER TURRET ANALYSIS DATA - CONT.

DATA BLOCK I
1 1 [ EPSM ~ I ~ FORMAT

I 1 2710

T)ATA BLOCK J
[ NETAI j NRBI I - J FORMAT

I I *[ I I 1 2110

DATA BLOCK K 
-

I ETA1 ETA2 ETA3 ETA4 £TA5 ETA6 ETA 7 ETA8
~~~~~~~~~ I I I I 1

8710

1

DATA BLOCK L

~R8II ( R32 I RB3 RB4 I RB5 I RB6 RB7 I RB8 I FORMAT
* r I I I I I 8710

DATA BLOCK M
( NBEAN ( I FORMAT

*L ( 1 110

DATA BLOCK N 
______ ______ _____________________________ ______

PHI Gf~1~MA i*Z4ACHI WCRT ____________________________ FORMAT
* 

_______ _______ _______ _______ _______________________________ 
4F10

:. 

_______ _______ _______ _______ ________________________________ _______

I 
_____________ ______________ ______________ ______________ ______________________________________________________________ 

-
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