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A FORTRAN PROGRAM FOR DETERMINING AIRCRAFT STABILITY AND

CONTROL DERIVATIVES FROM FLIGHT DATA

Richard E. Maine and Kenneth W. Iliff

Flight Research Center

INTRODUCTION

Determination of aircraft stability and control derivatives from flight data is of

great importance in flight testing and control system design. Several methods have
been used, but recent interest has turned toward maximum likelihood estimators.

In addition to producing the "best" possible estimates as defined by some probabi-

listic criterion, these methods can be automated to a large extent.

Experience at the NASA Flight Research Center has shown that derivatives can

be extracted with minimum effort by relatively inexperienced personnel using max-
imum likelihood estimators. Others have had some difficulty, perhaps partially due

to inadequately designed programs. A production version of a maximum likelihood

estimation program has been developed and used at the Flight Research Center to
determine aircraft stability and control derivatives from large amounts of flight data.

The program was designed to be compatible with as many types of computers as
feasible and was structured to accommodate alterations easily. The program is

applicable to many linear parameter estimation problems, although several of the

features are intended specifically for aircraft stability and control applications.

Reference 1 discusses an earlier program from which this maximum likelihood

estimation program was conceptually derived.

This report presents the modified maximum likelihood estimation computer

program used at the Flight Research Center for derivative extraction as well as

associated programs for table lookup of initial estimates of the derivatives and for

plotting results. Program listings and sample check cases for each program are

included in the appendixes.

SYMBOLS

A

Parenthetical symbols are computer identifiers for data channels.

stability matrix, or axial force (appendix E)



a (AN)
n

a (AX)
X

a (AY)
Y

B

C
m

C
rl

C Z

C

c O

D1

D2

Eli

E k

G

g

H

I

Ix

r×z

I Z

i

J

vertical acceleration, g

longitudinal acceleration, g

lateral acceleration, g

control matrix

dimensionless pitching-moment coefficient

dimensionless yawing-moment coefficient

dimensionless normal-force coefficient

vector of unknowns

a priori value of c

signal weighting matrix

a priori weighting matrix

expected value

relative error

observation matrix

acceleration of gravity, m/sec 2 (ft/sec2)

observation matrix

identity matrix

moment of inertia about the longitudinal axis, kg-m z (slug-ft2)

cross-product of inertia about the longitudinal and normal axes,
kg-m 2 (slug-ft2)

moment of inertia about the normal axis, kg-m 2 (slug-ft2)

time index

cost functional



L

Lo'Lo2'Lo3'L04

M

Mo'Mo2'Mo3'M04

N

No'No2'No3'N04

P (P)

q (Q)

R

r (R)

S

S

T

t

At

U

V

V

W

X

X 0'X02,X03'X04

rolling moment divided by moment of inertia about longitudinal
axis, rad/sec 2

rolling acceleration equation biases

pitching moment divided by moment of inertia about lateral axis,
rad/sec 2

pitching acceleration equation biases

yawing moment divided by moment of inertia about normal axis,

rad/sec 2, or number of time points

yawing acceleration equation biases

roll rate, deg/sec or rad/sec

pitch rate, deg/sec or rad/sec

dynamic pressure, N/m 2 (lb/ft 2)

acceleration transformation matrix

yaw rate, deg/sec or rad/sec

reference area, m 2 (ft 2)

auxiliary time variable, sec

total time, sec

time, see

time interval between samples, sec

control vector

velocity, m/sec (ft/sec)

variable bias vector

aircraft weight, N (lb)

longitudinal force divided by mass, m/sec _ (ft/sec 2 )

longitudinal acceleration equation biases



X

Y

Y0' '
Y02 Y03' Y04

Y

Z

Zo'Zo2'Zo3'Z04

Z

cc (A)

[3 (B)

5

8 (DA)
(2

5c,51 ,52

(DC,D1,D2)

8 (DE)
e

5 (DR)
F

n

0 (THET)

0' " " "002'003 '004

(9 (PHI)

+o,+o 2 , ,q)04q_03

state vector

side force divided by mass and velocity, rad/sec

side force equation biases

computed observation vector

normal force divided by mass and velocity, rad/sec

normal force equation biases

measured observation vector

angle of attack, deg or rad

angle of sideslip, deg or rad

control, deg or rad

aileron position, deg or rad

extra controls, deg or rad

elevator position, deg or tad

rudder position, deg or tad

noise vector

pitch attitude, deg or tad

biases in Euler pitch rate equation

revised time interval, see

Euler roll attitude, deg or tad

biases in Euler roll rate equation



Vc gradient with respect to c

2
V

C
second gradient with respect to c (Hessian matrix)

O null matrix

Superscript:

transpose

Subscripts:

p,q,r,V,a,_,

5a,5c,5 e ,

5r,51,52

partial derivatives with respect to the subscripted variable

i,k .th ktht and elements of vector or matrix

L iteration number

constant value

A dot over a quantity denotes the time derivative of that quantity.

PARAMETER ESTIMATION

The problem considered is: Given a set of flight time histories of an aircraft's

response variables, find the values of some unknown parameters in the system
equations that best represent the actual aircraft response. An intuitive mathematical

approach to this problem would be to minimize the difference between the flight

response and the response computed from the system equations. This difference

could be defined for each response variable as the integral of the error squared.

These signal errors could then be multiplied by weighting factors and summed to

obtain the total response error, thereby defining an integral squared error criterion.

A mathematically more precise formulation can be made in probabilistic terms.

For each possible estimate of the unknown parameters, a probability that the aircraft

response time histories take on the values actually observed can be defined. The

estimates should be chosen so that this probability is maximized. This process is

referred to as a maximum likelihood formulation of the problem. Maximum likelihood

estimators have many desirable characteristics; for example, they yield asymptot-

ically unbiased and consistent estimates. If the measurement noise is assumed to be

Gaussian, white, stationary, and uncorrelated, this formulation is equivalent to a

response error formulation, in which the weightings used are the inverse of the
measurement noise covariance matrix.



To mathematically describe the maximum likelihood estimator it is first neces-

sary to define the equations of motion for the aircraft system. These equations are:

R_c(t) = Ax(t) + Bu(t) (1)

L 0

y(t) = LG _-_

z(t) = y(t) + q(t) (3)

where

X

U

V

Y
Z

q

state vector
control vector
bias vector

computed observation vector
measured observation vector
noise vector

equations of motion into longitudinal and lateral-directional sets.
longitudinal equations are:

For the aircraft problem being considered, it is convenient to separate the
The linearized

{2

d q

dt

V

0

Z{2

M
{2

=

x

0

1 Z V -sin (8) cos (q_) _V

Mq M V 0

0 X V -cos (O)g

cos (_o) 0 0

"{21

ql
+

vI

01
L

Z8 e Zb c ZOZ51 Z5 2

M5 e M5 c MOM51 M8 2

X5 e X5 c XOX51 X8 2

o o o o 6 0

]

(4)

=-V[&- q + sin (0)cos (¢p)_vO] + aan g nbias

The linearized lateral-directional equations are:

i0011xzzlixzxl0dIIinnPeosLNrr....cos000L%NaYaNrLSY8rrLINIY8N22Y82LONOY08aI
0 0 1 cos (q)) tan (0) 0 0 0 0 0 _0 : 52

L1

(5)

(6)

V[_- sin (_,p + cos (a)r- cos (q_)cos (O)v_ _o] + aay = -_ Ybias
(7)

6



The unknown parameters are contained in the matrices A, B, G, and H and in

the bias vector, v. For notational simplicity, the unknown parameters will be

regarded as forminga vector c. ThenA, B, G, H, and v are functions ofc. There

is no provision for modeling state noise, that is, random or unknown inputs to the

system such as turbulence. (This problem is treated in reference 2.) Instead, it

is assumed that noise is introduced only in the measurement process. It is also

assumed that there is no noise in the control measurements.

The integral squared error criterion can now be expressed as finding the
vector of unknowns, c, that minimizes the cost functional:

T

1 fo [z(t)
J - T - y(t)]*Dl[z(t) - y(t)]dt (8)

or as approximated in the discrete case:

j _

N

1 *

1)
i=1

(9)

where D1 is the symmetric, non-negative definite weighting matrix, i is a time

index, and Nis the number of time points. The cost functional, J, can also be
called the index of performance or the fit error.

SOLUTION BY THE MODIFIED NEWTON-RAPHSON METHOD

Several algorithms for the minimization of nonlinear functionals exist that could

be used to minimize J. The modified Newton-Raphson method has proved to be the

most suitable for aircraft derivative determination, both in terms of computer time
and convergence properties.

The Newton-Raphson algorithm is an iterative method of functional minimization

which requires some initial estimate of c and a means of computing the first and
second gradients of J with respect to c. Revised estimates of e are then obtained
from the equation

cL = CL_ 1 - V d I(VCJ)L (10)

whereL denotes the iteration number, V c indicates the gradient with respect to c,

and V2c indicates the second gradient. The first and second gradients of J are then

N

VcJ - (N- 1) (z i - yi) D1 Vc(Z i - yi) (11)
i=1



N N

_cJ- N 1 _ciZ, y_)Dl_c(Z_ yi)+ _ ,_ (z_ yi)
i=1 /=1

2 z

DIVc(i - Yi) (12)

Computation of Vc(Z i - Yi) is relatively straightforward, as described in refer-

of V2_(zi,, - Yi) is much more time consuming; however,ence 3. Computation

Balakrishnan shows in reference 4 that the contribution of this term to the second

gradient goes to zero as the process converges. Thus, if we neglect this term, the
method is still an asymptotically unbiased estimator. The Newton-Raphson algo-
rithm with this term neglected is referred to as the modified Newton-Raphson algo-
rithm and provides the same result as obtained by quasilinearization.

Reference 1 describes a modification in the computation of the gradient that is

used on the firstiteration. This modification, analogous to linear least squares,

helps to obtain convergence when the initialestimates are far from the minimum.
With this modification itis often possible to start with estimates of zero for allthe

unknowns and stillconverge to the correct solution.

INCLUSION OF A PRIORI INFORMATION

Information from wind tunnel studies, previous flight tests, and other sources

(referred to collectively as predicted derivatives) is often available on the values
of some of the aircraft derivatives. It may be desirable to include this information

in the program's algorithm. The use of this information is particularly important
when there is a linear dependence or near dependence of the effect of several deriv-
atives, for instance, in a maneuver in which the control motion is due largely or

solely to a feedback of the states. The second gradient matrix then becomes ill-
conditioned, resulting in poor convergence properties and unreliable estimates. In
most instances a true minimum of the cost functional is still approached, despite the

ill conditioning. The location of this minimum may not be important, however,
because the linearly dependent derivatives could be altered greatly without signifi-

cantly increasing the cost. In this instance the slight improvement in the fit obtained
by altering the derivatives would not seem sufficient justification for altering them

from the a priori values.

One solution to this problem would be to add to the cost functional a quadratic

penalty function for departure from the a priori values. The cost functional, J,
would then be

N

1 y * *- ,. y,)+ (c Co)
i=l

where co is the a priori estimate, and D2 is a symmetric, non-negative definite



weighting matrix. The algorithm with this penalty function will be referred to as
the modified maximum likelihood estimator. It is important in this formulation for

the elements of D2tobe small enough that, in general, (c - c 0) D2(c - c0) isN

significantly less than (N- 1) (zi - Yi) Dl(zi - Yi)" Thus the estimates of
i=1

those parameters that are well defined by the response data will not be altered.

The firstand second gradients of J now become

N

2 X * *VcJ - (N - 1) (zi - Yi) D1Vc(Z i - Yi) + 2(c - CO) D2 (14)
i=1

N

2 y •V_J - (N- 1) Vc(z i - yi) DIVc(Z i - Yi)

i=1

+ 2 D2 (15)

where the second term of equation (12) has been neglected.

When this feature is used, convergence is generally improved. With small
enough values of D2, the estimates of the derivatives are not affected when the

maneuver is well conditioned, but poorly conditioned maneuvers may converge and
reveal some information instead of diverging.

CONFIDENCE LEVELS

One advantage of using a maximum likelihood estimator to determine aircraft

stabilityand control derivatives is that an objective measure of the validity of the

estimates is obtainable. With some other methods the main criterion of the validity
of an estimate is the engineer's subjective judgment.

Ifthe noise obeys the stated assumptions and DI is, in fact, the inverse of the

noise covariance matrix, the Cram_r-Rao inequality (ref. 3) gives a lower bound
on the covariance matrix of the estimates as follows:

IN I -I[ )*] * c
i=l

The right side of this inequality is recognized as (V2CJ)- 1 evaluated without the

term for a priori. This expression is available in the minimization algorithm
(eq. (12)), so these confidenee levels (sometimes referred to in the literature as



is determined from the A matrix: LONGif A(1,2) > +0.5, LATR otherwise. This
element is usually +I in a longitudinal caseor sin (ALPHA) in a lateral-directional
case.

Items (2) to (11) are related to the input time histories.
input from the time histories fall into three classes: observations, controls, and
extra. The observations form a vector, z, seven words long; the controls form a
vector, u, four words long; and the extra signals form a vector four words long of
quantities not actually used in the estimation process but useful in evaluating the
quality of the maneuver. For a longitudinal case,

[°e 82]*U = 8 c

: n'titu o ql
and for a lateral-direetional ease,

The signals which are

Z

(17)

(18)

(19)

[_ p r (p _ rl* (20)ay

[ ]*u = 6a 6r 61 62 (21)

Extra = a V Mach number

(2) CARD, TAPE-(logical) - input source for time histories. Set either

CARD = T or TAPE = T. Only one of the two variables can be set to true in the
NAMELIST. Default condition is TAPE = T.

(22)

(3) SPS - sample rate of input time histories (samples per second). If SPS is
not set, a default value is computed from the times shown on the time histories. The
times of the first two data points are subtracted and the difference rounded to the
nearest 5 milliseconds. The reciprocal of this value is then used as the default
value for SPS.

(4) THIN- (integer) - thinning factor for input data. If THIN = I, every point
on the file is used; if THIN = 2, every second point is used, and so forth. SPS is

the sampling rate of the data before this thinning. Default value of 1 is used.

(5) NCASE - number of disjoint maneuvers to be used in obtaining one set of
estimates. If two or more maneuvers were performed at approximately the same
flight condition, they may be processed together to obtain a single set of estimates.
Each interval will be weighted by the number of time points in the interval. Default
value of l is used.

(6) SCALE-(seven-word vector) -- scale factor for observations. The observa-

tions are multiplied by corresponding elements of SCALE when read in to compensate

for any scaling errors or sign changes. Default sets all elements of the vector to 1.0.

12



weighting matrix. The algorithm with this penalty function will be referred to as

the modified maximum likelihood estimator. It is important in this formulation for

the elements olD2 to be small enough that, in general, ,(c - cOj_ D2(c-\ Co_j is
N

significantlylessthan (N- 1) (z i - yi) Dl(z i - yi). Thustheestimatesof

i=1

those parameters that are well defined by the response data will not be altered.

The first and second gradients of d now become

N

2 y * *_c_ - _- _) .. (_- _) _ _c(_ - _)+ _(_- _o) _ _)
i=i

N

_ 7. *
i=I

where the second term of equation (12) has been neglected.

When this feature is used, convergence is generally improved. With small

enough values of D2, the estimates of the derivatives are not affected when the

maneuver is well conditioned, but poorly conditioned maneuvers may converge and

reveal some information instead of diverging.

CONFIDENCE LEVELS

One advantage of using a maximum likelihood estimator to determine aircraft

stability and control derivatives is that an objective measure of the validity of the

estimates is obtainable. With some other methods the main criterion of the validity

of an estimate is the engineer's subjective judgment.

Ifthe noise obeys the stated assumptions and D1 is, in fact, the inverse of the

noise covariance matrix, the Cram_r-Rao inequality (ref. 3) gives a lower bound
on the covariance matrix of the estimates as follows:

E[(c- Co)(C-Co)*] > [i=iVc(Zi - (16)

The right side of this inequality is recognized as

term for a prigri. This expression is available in the minimization algorithm

(eq. (12)), so these confidence levels (sometimes referred to in the literature as

, I-I
(V2cJ)-I evaluated without the



uncertainty levels) may be obtained with little additional effort. They can be useful
in assessing the validity of the estimates obtained even when the noise characteris-
tics are different from those assumed.

DESCRIPTION AND USE OF PROGRAMS

A basic computer program and two associated programs form a package that

has been used at the NASA Flight Research Center to successfully analyze 1500

maneuvers from 20 aircraft. The basic program, referred to as the modified maxi-

mum likelihood estimation program, or MMLE, is designed to obtain maximum likeli-

hood estimates from flight data. The associated programs, SETUP and SUMARY,

although not directly related to the mathematical aspects of parameter estimation,

have proved useful in extracting aircraft derivatives. The programs are designed

to be used easily with the longitudinal and lateral equations of motion (eqs. (4) to (7))

by applying appropriate default values. For the options in the programs, the values

designated as defaults are used only ifno other values are specified. Each program

is discussed in detail in the following sections.

In these programs a general matrix storage convention that permits flexibility

and error checking is used. Each matrix is dimensioned with a fixed number of

rows, MAX. The last row of the matrix, however, contains information about the

matrix, instead of containing matrix elements. The first number in the last row is
the number of rows of the matrix that are used; the second number is the number of

columns used; and the third element is the matrix name in A format. For example,

a 19 by 4 matrix called XJI could be stored in an array dimensioned 35 by 8 as:

COILl/T/I1 _ 4 ('o[!lml] _

{ ' 7F MntYix I []IlllS, 'It

19 rows , I el....... ts I [

/ /
Last row L 19. 4. XJI i Unused J

This convention permits a variable-size matrix to be stored in an array of fixed

dimension. The matrix manipulation subroutines can also check matrix compatibility

by examining the last row before performing operations.

The programs use a standard matrix input format which facilitates data checking.

The first card of any matrix to be input is a header card containing the name of the

matrix, left-justified, in columns 1 to 4, the number of rows in the matrix, right-

justified, in columns 9 to i0, and the number of columns in the matrix, right-justified,

in columns 11 to 20. The body of the matrix follows, one row to a card, in an 8F10

format.

Additionally, the abbreviation T is used to denote true and F to denote false.

NAMELIST variables follow the FORTRAN convention for type (names beginning

with I, J, K, L, M, or N indicate integer variables; all other names indicate real

variables), unless stated otherwise. Exceptions to this convention are given in

parentheses after the NAMELIST variable.
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MMLE -- MODIFIEDMAXIMUMLIKELIHOODESTIMATIONPROGRAM

The MMLEprogram can be run on most large modern computers with
FORTRANIV compilers. Approximately 31,00010words of core storage are required.
If overlay or segmentation is used, this requirement can be reduced to about
22,00010. Overlay and segmentation, however, are machine specific; directives
for segmenting the MMLEprogram on the CDC OPERATINGSYSTEMSCOPE3.4
(ref. 5) are included in appendix A (p. 92) and can be used as a guide for imple-
mentation on other systems. Someform of automatic plotting equipment is desirable.
The MMLEprogram plotting routines are written for a CaIComppen plotter (ref. 6).
If other plotting equipment is used, it may be necessary to modify the plotting rou-
tines. The user must verify whether the routines supplied are compatible with the
system being used.

From 4000to 20,000 words of temporary disk storage are required, depending
on the number of data points. This requirement is doubled if plots are made. A tape
drive (two if plots are desired) may be substituted for disk storage.

Two types of input data are required for the MMLEprogram. The measured
values contained in time histories of a flight maneuver must be available on cards,
tape, or a disk file. These time histories are limited by dimensions in the plotting
routines to i000 time points per maneuver; these dimensions may be changed easily.
In addition, the program must be provided information on the flight condition of the
maneuver, values of pertinent characteristics of the aircraft, a set of starting esti-
mates of the derivatives, and instructions controlling the activation of different
program options.

Listings of the MMLEprogram and its subroutines are given in appendix A.
A sample case is presented in appendix B.

Input Description

The inputs required for the MMLE program are described in this section. Each

program option is explained immediately after the description of the input that con-

trols the option.

Title card .-- The title card contains any information needed to identify a partic-

ular set of data that is appropriate to include in the printed and plotted MMLE output.

All 80 columns on this card may be used.

NAMELIST/INPUT/.-- (See appropriate FORTRAN reference manuals for the

format for specific machines.) The parameters included in the NAMELIST are as
follow s:

(1) LONG, LATR-(logical) -- type of aerodynamic mode to be analyzed. The

mode type is indicated by LONG = T or LATR = T for longitudinal or lateral-

directional, respectively. Only one type should be set. Ifneither is set, the type
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is determined from theAmatrix: LONGifA(I,2) > +0.5, LATRotherwise. This
element is usually +1in a longitudinal case or sin (ALPHA) in a lateral-directional
case.

z:[_ q

u : [8 e

Extra = Altitude Mach number

and for a lateral-directional ease,

Items (2) to (11) are related to the input time histories. The signals which are

input from the time histories fall into three classes: observations, controls, and

extra. The observations form a vector, z, seven words long; the controls form a

vector, u, four words long; and the extra signals form a vector four words long of

quantities not actually used in the estimation process but useful in evaluating the

quality of the maneuver. For a longitudinal case,

V 0 an q ax] (17)

]*8 e 81 8 2 (18)

Z

(19)

[_ p r q_ ay 1_ r]*
(20)

[ °Ju : 5 a 8 r 81 (21)

Extra = _ V Mach number

(2) CARD, TAPE-(logical) -- input source for time histories. Set either

CARD = T or TAPE = T. Only one of the two variables can be set to true in the
NAMELIST. Default condition is TAPE = T.

(22)

(3) SPS -- sample rate of input time histories (samples per second). If SPS is

not set, a default value is computed from the times shown on the time histories. The

times of the first two data points are subtracted and the difference rounded to the

nearest 5 milliseconds. The reciprocal of this value is then used as the default

value for SPS.

(4) THIN- (integer) -- thinning factor for input data. If THIN = i, every point

on the file is used; if THIN = 2, every second point is used, and so forth. SPS is

the sampling rate of the data before this thinning. Default value of I is used.

(5) NCASE - number of disjoint maneuvers to be used in obtaining one set of

estimates. Iftwo or more maneuvers were performed at approximately the same

flight condition, they may be processed together to obtain a single set of estimates.

Each interval will be weighted by the number of time points in the interval. Default
value of 1 is used.

(6) SCALE-(seven-word vector) - scale factor for observations. The observa-

tions are multiplied by corresponding elements of SCALE when read in to compensate

for any scaling errors or sign changes. Default sets all elements of the vector to 1.0.
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(7) FIXED-(seven-word vector) -- fixed biases for observations. The known
biases are added to the corresponding observations after scaling (item (6)) but
before any other operations with the data. Default sets all elements of the vector
to 0.

(8) DC-(four-word vector) -- known biases for controls. These biases are
added to the corresponding controls before any operations with the controls.
Default sets all elements of the vector to 0.

(9) NREC -- number of data words in each record on input tape. This param-
eter has no meaning if card input is used. The total number of words in each
record should be at least NREC + 4, because the first four words in the record
contain the time (hours, minutes, seconds, milliseconds) and are not counted as
data words. (Seedata file input section, p. 24.) NRECis limited by program
dimensions to _<100.Default value of 15 is used unless BOTH = T (item (II)); then
the value of 25 is used instead.

(10) ORDER-(15-word integer vector) - location of desired signals on input
tape. This parameter has no meaning if card input is used. The signals z, u, and

extra are considered to form a single vector of signals, and ORDER describes a

mapping of the data record from the tape onto this vector. The Ith word in the

resulting vector is set equal to the ORDER (1) data word in the tape record. (The

first four words in the tape record contain the time and are not counted as data

words.) The default is ORDER (1) = I for I = I, 2 .... 15, which implies that

there is no reordering from the input tape to the program.

(11) BOTH- (logical) -- special signal order with both longitudinal and lateral-
directional data on the tape. This parameter has no meaning if card input is used.

If BOTH = T, the input tape is assumed to contain all the data, both longitudinal

and lateral-directional, in a specific order. This order is a, q, V, 0, a n , (_, a x,

ay " 815 e , b c, 51 , 82 , go, altitude, Machnumber, , [3, p, r, , p, r, 8 a, 8 ,
r lateral

and 8 2 , where normally all angular measurements are in degrees, accelera-
lateral

tions in g units, and velocities in feet per second. Also, if BOTH = T, NREC is

overridden and set to 25; ifthe case is lateral-directional, the ORDER array is

automatically set to [16 17 18 12 19 20 21 22 23 24 25 1 3 14 15], which

overrides any order that may have been read in. Thus if the tape has data in the

proper order, BOTH may be set to T and the program will automatically pick off the

appropriate signals for the type of case being analyzed. Default condition is F.

Items (12) to (18) specify the form of the plotted output.

(12) PLOTEM-(logical) -- time history plots comparing measured and estimated

response produced ifPLOTEM = T. IfPLOTEM = F, no plots are made. If the

a priori variation option (item (53)) is activated, the related derivative plots will be
made instead. Default condition is T.

(13) PLTMAX - maximum error for plotting. If the error sum, J, of the last or

next to last iteration is greater than PLTMAX, time history plots are not made, even
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if PLOTEM = T, to avoid exceeding reasonable plotter limits. Instead, the measured
time histories are printed to provide hints about the presumed problem. PLTMAX
may not be larger than ERRMAX (item (22)) or it will be set equal to ERRMAX by
the program. Default value of 1. X l0 s is used.

(14) INCH- (logical) - plots scaled for inch grid paper ifINCH = T; otherwise,

for centimeter grid paper. Default condition is F.

(15) ZMIN, ZMAX-(seven-word vectors) -- minimum and maximum values on

vertical axis for plots comparing measured and estimated observations. The axes
are 4 centimeters long (2 inches if INCH = T). If corresponding elements of ZMIN
and ZMAX are equal for any signal, automatic sealing will be used on that signal.
Default values are all 0 (which implies that automatic scaling is used for the default,
since ZMIN = ZMAX).

(16) DCMIN, DCMAX-(eight-word vectors) - minimum and maximum values on
vertical axes for plots of controls and extra signals. The comments about ZMIN and
ZMAX (item (15)) apply. In addition, if automatic scaling is used for a signal and
there is no nonzero point on that signal, the plot of the signal will be omitted.
Default values of 0 are used.

(17) NCPLOT -- number of controls and extra signals for plotting. Only the
first NCPLOT controls and extra signals will be plotted in addition to the observa-
tions. This option may be used to reduce plotting of data that may be extraneous
for some cases. The value of NCPLOT must be between i and 8, inclusive. Default
value of 8 is used.

(18) TIMESC -- time scale for plots in seconds per centimeter (or seconds per
half inch if INCH = T). Default value of i. is used.

(19) PRINT-(logical) - time histories based on measured data and final com-
puted time histories printed ifPRINT = T. Default condition is F.

(20) TEST-(logical) --extra output printed each iteration ifTEST = T to facili-

tate debugging. Extra output includes time histories (in radians), the transition

matrix (ref. 8) and its integral, and the firstand second gradients of J. Default
condition is F.

(21) NOITER -- number of iterations desired. NOITER = 0 is defined as a special

case for which the program computes the final time histories using initial estimates
of the unknown coefficients; that is, the parameter estimation step is omitted entirely.
The measured time histories are always printed when NOITER = 0, regardless of the
value of PRINT (item (19)). Default value of 6 is used.

(22) ERRMAX -- maximum allowable error sum. If the error sum, J, at any time

becomes greater than ERRMAX, this is taken as an indication that the process is not
converging properly. Therefore, iteration will stop and the measured time histories
will be printed to provide clues to the reason for the problem. Default value of
1. X 10 _° is used.
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(23) BOUND - convergence bound. Ifthe error sum, J, in any iteration

changes by less than BOUND times the error of the previous iteration, the process
is assumed to have converged and iteration is stopped. Default value of 0.001 is
used.

(24) PUNCH-(logical) --punched card output ofnondimensional estimates. If

PUNCH = T, the final estimates of the nondimensional derivatives are punched on
cards along with the confidence levels obtained from the Cram_r-Rao bound.
Default condition is F.

(25) PUNCHD-(Iogical) - punched card output of dimensional estimates. If

PUNCHD = T, the final dimensionalA and B matrices are punched on cards. These

cards can be used to restart the program from the finalvalues. Default condition
is F.

(26) NEAT - number of time reductions in computation of transition matrix,
AAt AAt
e , and its integral. In typical aircraft uses, a direct series evaluation of e

may become computationally unstable for sample rates less than about l0 samples

per second. In such cases, the power series evaluation has been used to compute
A_ At

e and its integral, with _ - The desired transition matrices are then
2NEA T •

obtained after recursive applications of the formulas:

At [ (At)/2] 2e = e (23)

t_o t / 2

eASds = [e(At)/2 + /]SO
eAS ds (24)

This process provides improved computational stabilitywithout increased time or

complexity. In general, NEAT should be large enough to make _ _< 0.05 second.
NEAT = 0 implies direct series computation. Default value of 0 is used.

Items (27) to (48) are related to the geometry of the aircraft and the flight condi-
tion. Items (28) to (35) are required only if nondimensional derivatives are of inter-
est. If these items are not entered, very large values of all nondimensional deriva-
tives will be printed as a result of the default values to avoid accidental use of the
meaningless nondimensional coefficients.

(27) METRIC- (logical) -- unit designation for aircraft data. If METRIC = T, all
units are standard SI (MKS) units (meter, kilogram, second); otherwise, U.S. Cus-
tomary (EGS) units are assumed. Default condition is F. All input data units must
be consistent with the system specified.

(28) GROSWT --aircraft gross weight (pounds or newtons). Default value of
1. X 109 is used.
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(29) IX-(real) -- moment of inertia about the X-axis. This parameter is not

needed for longitudinal cases (slug-ft 2 or kg-m 2). Default value of 1. X 109 is used.

(30) IY-(real) - moment of inertia about the Y-axis.

needed for lateral-directional cases (slug-ft 2 or kg-m2).

is used.

This parameter is not
Default value of 1. × 109

(31) IZ-(real) -- moment of inertia about the Z-axis. This parameter is not

needed for longitudinal cases (slug-ft 2 or kg-m 2). Default value of i. × 109 is used.

(32) IXZ-(real) - cross-product of inertia between X- and Z-axes. This param-

eter is not needed for longitudinal cases (slug-ft 2 or kg-m2). Default value of 0 is

used.

(33) SPAN -- wing span (ft or m). Default value of 0.001is used.

(34) CBAR -- reference chord (ft or m). Default value of 0.001 is used.

(35) S -- reference wing area (ft 2 or m2). Default value of 0. 001is used.

Items (36) to (42) concern instrument locations relative to the center of gravity.

Angle-of-attack and angle-of-sideslip vane readings are corrected to the center of

gravity by using the angular rates. The system model includes an arbitrary accel-
erometer location, so that accelerations need not be corrected to the center of grav-

ity. The longitudinal axis locations are positive for instruments forward of the

center of gravity, and the normal axis locations are positive for instruments below

the center of gravity. All values are in feet or meters, and a default value of 0 is

used.

(36) XB -- location of angle-of-sideslip vane along the longitudinal axis.

(37) XALF -- location of angle-of-attack vane alon_' the longitudinal axis.

(38) ZB -- location of angle-of-sideslip vane alon_ the normal axis.

(39) XAY - location of a aceelerometer along tile longitudinal axis.
Y

(40) ZAY -- location of a aecelerometer along the normal axis.
2,'

(41) XAN - location ofe aeeelerometer along the longitudinal axis.
rl

(42) ZAX -- location of a aecelerometer along tile normal axis.
X

Items (43) to (46) are not used in the estimation process, but are useful for

identifying the flight condition of the maneuver. They are passed to the SUMARY

program for plot identification purposes.

(43) CG - aircraft center of gravity in fraction of chord. Default value of 0.25

is used.
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(44) MACH-(real) -- average Mach number. If 0, this parameter will be obtained
from the input time history. Default value of 0 is used.

(45) ALPHA -- average angle of attack. If 999., this parameter will be obtained
from the input time history. Default value of 999. is used.

(46) PARAM --any other parameter that might be used to distinguish between

flightconditions. PARAM may be used as flap position or wing sweep. Default
value of 0 is used.

(47) Q - average dynamic pressure. If 0, this parameter is obtained from the
input time history (Ib/ftzor N/m2). Default value of 0 is used.

(48) V --average velocity. If 0, this parameter is obtained from the input time
history (ft/sec or m/sec). Default value of 0 is used.

(49) VAR-(three-word logical vector) --option that controls variable bias. The

fifthto seventh signals of the observation vector have an unknown bias that is in-

cluded in the system model. (See p. 12 for the elements of the observation vector.)
This bias is determined ifthe corresponding elements of VAR are T. The initial

values of these variable biases are 0, except for the an bias in a longitudinal case,

which starts with a value of 1. The bias on a signal that has a D1 weighting of 0

cannot be determined; therefore, any attempt to determine a bias for an unweighted
signal will be overridden in the program. Default sets all elements of the vector to T.

(50) ZERO-(four-word logical vector) -- option that requires the program to
determine variable initialcondition. For each element of ZERO that is T, a variable

increment to the initialcondition is determined for the corresponding state. This
increment is added to the measured initialcondition to obtain the initialcondition

used for the computed data. Ifthe variable initialcondition is used in conjunction
with NCASE > i (item (5)), the same increment from the measured value is used for

each maneuver in the case. Default sets all elements of the vector to F.

(51) ND1, D1RLX, DITOL - parameters that affect diagonal D1 determination op-
tion. This puts the program into a different mode of operation. A D1 weighting ma-
trix (see matrix input section) should be determined for each airplane at the beginning
of its flight program. This option automatically determines the diagonal elements of
the D1 matrix based on a particular case and is activated if ND1 > 0. The program
executes one run with the initial D1 matrix (described on p. 23) input, or its default,
and then applies a simple iterative algorithm ND1 times to determine the proper D1
matrix. Each iteration of this algorithm involves another run through the estimation

loop to obtain a set of weighted relative errors (Ek - t zk(t) - Yk(t dt).

The algorithm is designed to find a D1 matrix that results in the weighted error

being approximately 1 on each signal being used (as indicated by a nonzero initial

estimate of the corresponding D1 element). The motivation for this procedure is

discussed in reference 3. The revised estimate of each diagonal element of the D1

matrix is then produced by multiplying the previous estimate by a factor that

depends on the previous weighted error of that signal, Ek, and a relaxation factor,
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1

DIRLX. ,IfE k _> i, the factor is (Ek - I)DIRLX + i; and ifE k < i, the factor is

(E-1. I_DIRLX + i. The variable DiTOLwill stop this process ifthe process has
/

converged before ND1 iterations. If, after any iteration, none of the weighted errors
1

are greater than DITOL or less than DITOL ' a final iteration will be run, and the

process will be stopped. The parameter WMAPR (item (52)) will be set to 0 ifthis

option is used, regardless of the MMLE program's input value. If plotting was

specified (item (12)), only the time history using the final D1 vector will be plotted.
If both the D1 vector determination and the a priori variation (item (53)) are acti-

vated, the D1 vector will be determined first, and the a priori variation will use the

finalDlmatrix. Default values used areND1 = 0, DIRLX = 1.2, and DITOL = 1.4.

Items (52) and (53) are related to the a priori feature.

(52) WMAPR -- overall weighting factor for a priori information. Each element

in the a priori weighting matrices APRA and APRB (see matrix input section) is

multiplied by WMAPR before use. A value of 0 implies that the a priori feature is

not used in the estimation process. Default value of 0 is used.

(53) NAPR, WFAC -- parameters that control a priori variation option which puts

the program into a different mode. Ifthe a priori feature is used, a set of a priori

weighting matrices should be selected at the beginning of the flight program for each

aircraft analyzed. In determining the best weighting matrices to use, it is useful to

run the same case with several values of WMAPR (item (52)). Reference 3 describes

this process. The option to vary the value of WMAPR is activated if NAPR is greater

than 0. The program then runs the entire case a total of NAPR times with different

values of WMAPR. The first run is with WMAPR = 0, and the second run is with the

value specified for WMAPR by item (52) (if 0 was specified, 0. 001 is used instead).

For each subsequent run, the value of WMAPR used is WFAC times the value used

on the previous run. Time history plots are never produced when this option is

used; instead, if PLOTEM = T (item (12)), the final estimates of each of the deriva-

tives are plotted versus WMAPR on a logarithmic scale. The a priori estimates,

which may be considered as the estimates obtained as WMAPR approaches infinity,

are also plotted to the right of the other estimates. These plots may then be used as
described in references 3 and 8 to estimate the best values to use for the a priori

weightings. For these plots to be correct, the NAMELIST variable PUNCH (item (24))

must equal F, because of the order in which the computations are performed. Default

values of WFAC = 100. and NAPR = 0 are used.

Time cards.-- For each of the NCASE (NAMELIST item (5)) time segments to be

included, one time card is required. The time cards contain the start and end times

for the segment expressed as hours, minutes, seconds, and milliseconds in the for-

mat (2(312,13,1X)). The program starts the segment at the first time point greater

than or equal to the start time and stops it at the last point less than or equal to the

stop time.

Matrix input.-- Several input matrices are read next in a standard matrix input

format. The matrices may be read in any order. Only the A and B matrices must be

read in; the others may be read in if the default values are to be changed.
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A matrix (4 by 4): The A matrix is the starting estimate of the stability matrix.
For a longitudinal three-degree-of-freedom case it should be:

.

Zct 1. Z V -sin (0) cos ((p) V_

M R Mq M V O.

X O. X V -cos (O)g

_0. cos ((p) O. O.

In a two-degree-of-freedom case the third column should be set to O.
directional case the A matrix should be:

sin (u) -cos (u) cos (_)cos (0)

L_ Lp L r O.

N_ Np N r O.

0. i. cos (_) tan (0) 0.

For a lateral-

Average values of a, O, q), and V are used in these matrices.

B matrix (4 by 5 to 4 by 8): The B matrix is the starting estimate of the control

matrix. The first four columns are for the control derivatives; the fifth column

contains aerodynamic biases (treated as control derivatives, in which the control

is defined as a constant value of 1 radian). Usually, only these five columns are

required. If NCASE is greater than 1, independent aerodynamic biases may be

determined for up to the first four maneuvers when necessitated by trim changes

or other factors. In this event, the fifth column's aerodynamic biases are included

in every maneuver, the sixth column's biases are included in all maneuvers after

the first, the seventh column's biases are included in all maneuvers after the second,

and the eighth column's biases are included in all maneuvers after the third. Thus

the total aerodynamic bias on the first maneuver would be in column 5; for the bias

on the second maneuver, columns 5 and 6 would be added; for the third maneuver,

columns 5, 6, and 7 would be added; and for the fourth and all subsequent maneu-
vers, columns 5, 6, 7, and 8 would be added. For a lateral-directional case the

B matrix should then be:

- Y&a Ysr YOY& 1 Y& 2 YO 2 YO 3 YO 4

L 5 L 5 L& L 0
a r 1 L52 L02 L03 L04

N 5 N 5 N O
a r N51 N52 N02 NO3 N04

O. O. O. O. £o0 £002 qo03 £004
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For a longitudinal case the B matrix would be:

z 5 z 5 Z 0e c Zs1 Z52 Z02 Z03 Z04

M52 MO 3 MO 4M5 e M5 c M51 MO M02

X 5 X 5 X 5 X 0
e c i X82 X02 X03 X04

O. 0 0 O. (_0 " " "• . 002 003 004

AA array (4 by 4): The AA array defines which elements in the A matrix are

to be determined by the program. Each element in the AA array should be either

I. or 0.. A I. implies that the corresponding element in the A matrix will be esti-

mated by the program, whereas a 0. implies that it will be held fixed at the starting

value. If not read in, the AA array has the following default:

Longitudinal -- Lateral-directional --

[1.0.0.0.][1.1.0.0.]i. 1. 0. 0. 1. I. I. 0.

0. 0. 0. 0. i. i. i. 0.

0. 0. 0. 0. 0. 0. 0. 0.

BB array (4 by 5 to 4 by 8): The BB array defines which elements in the

B matrix are to be determined in the same manner as the AA array defines those in

the A matrix. If not read in, the BB array defaults to:

Longitudinal -- Lateral-directional -

1. 0 0 O. 1 1 1 O. O.

1. O. O. O. 1 1. 1. O. O.

O. O. O. O. 0 1. 1. O. O.

O. O. O. O. 1 O. O. O. O.

AR matrix (4 by 4): The AR matrix is the a priori stability matrix and contains

the a priori value of the A matrix. If the a priori feature is used, the estimates are

weighted toward the AR matrix values. In general, the a priori values and the

starting values are the same, but it is possible to distinguish between them. Ifnot

read in, the AR matrix is set equal to the A matrix.

BR matrix (4 by 5 to 4by 8): The BR matrix is the a priori control matrix and

plays a role similar to that of the AR matrix. If not read in, it is set equal to the
B matrix.
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APRA matrix (4 by 4): TheAPRA matrix contains a prioriweightings for the
stability matrix and contains the weightings to be assigned to the elements of the
AR matrix for the a priori option. The program multiplies each relevant element
in theAPRA matrix by the overall weighting factor, WMAPR (NAMELIST item (52)),
and assigns it an appropriate diagonal location in the D2 matrix (eq. (13)). No

provision is made for the input of off-diagonal elements of the D2 matrix, although
they are provided for in the algorithm. If not read in, theAPRA matrix defaults to:

Longitudinal - Lateral-directional -

[1300000oI [13000.13o00.130o0.0.]15. 800. 0. 0. 0.15 500. 5. 0.

0. 0. 0. 0. 15. 800. 800. 0.

0. 0. 0. 0. 0. 0. 0. 0.

APRB matrix (4 by 5 to 4 by 8): The APRB matrix contains _ priori weightings
for the control matrix and plays a role analogous to that of the APRA matrix. If
not read in, the APRB matrix defaults to:

Longitudinal --

13000. 13000. 13000. 13000. O. O. O. O.

15. 15. 15. 15. O. O. O. O.

O. O. O. O. O. O. O. O.

O. O. O. O. O. O. O. O.

Lateral-directional --

13000. 13000. 13000. 13000. O. O. O. 0.]

0.15 0.15 0.15 0.15 O. O. O. 0

15. 15. 15. 15. O. O. O. 0O. O. O. O. O. O. O. 0

AP array (3 by 4): The AP array is used in the formation of tlne observation
matrix G of equation (2). For the aircraft identification problem, the observations
generally available are either elements of the state vector, their derivatives, or
accelerations. If only states and their derivatives are available, the G matrix
would be identical to the A matrix. When accelerations are also of interest, the
G matrix may still be expressed as a simple function of the A matrix: this function
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is specified by the AP array. For example, consider the two-degree-of-freedom

longitudinal case:

_ = Zcc_ + q cos (qo) sin (0)0 + Z 8 8 e
e

cos (p cos O) (25)

(26)

where

a = -cos _ cos 0 + a
nbias nins_ument bias

_ can be computed like _ ifFrom this example it can be seen that a n - anbia s ]
appropriate terms are simply multiplied by constant values of _V or 0. Thus each

g

element in the G matrix can be defined as the product of the corresponding element

in R-1A and a constant. These constants form the AP array. This formulation

results in a considerable saving of computer time. It should be noted that the

accelerometer offsets from the center of gravity (NAMELIST items (39) to (42)) add

terms to the G matrix after the basic terms are computed from the AP array. If the

AP array is read in, the BP array must also be read in. If not read in, the AP array
defaults to the following standard forms:

Longitudinal -- Lateral-directional --

v o. o o.]
g

1. 1.

1. 1.

-/ o. o. o
g

1. 1. 1. 1.

i o. o. o.
g

BP array (3 by 5 to 3 by 8): The BP array plays a role analogous to that of the

AP array. It defines the H matrix of equation (2) as a function of the B matrix.
Each element in the H matrix is defined as the product of the corresponding elements

in R-1B and the BP array. As in the G matrix, accelerometer offsets from the center

of gravity may cause additional terms to be added to the basic H matrix. If either
the AP or the BP array is read in, both must be read in. The BP array defaults to:

Longitudinal --

V

g

I.

1

g

V V V V V V V

g g g g g g g

1. 1. 1. 1. 1. 1. 1.

1 1 1 1 1 1 1

g g g g g g g
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Lateral-directional --

1. 1. 1. 1. 1. 1. 1. 1.

1. 1. 1. 1. 1. 1. 1. 1.

R matrix (4 by 4): The R matrix is an acceleration transformation matrix.

not read in, it defaults to the unit matrix for longitudinal cases, or for lateral-
directional cases to:

-i.
Oo

O. I.

IXZ

O. - --f_z 1.

O. O.

IXZ
O.

IX

O.

O. O. O. 1.

If

D1 matrix (5 by 5 to 7 by 7): The D1 matrix is the signal weighting matrix.
The diagonal elements are the weightings used for each response signal in the cost

functional. The size of this matrix determines the number of signals used in the

analysis; therefore, if/_ and }" are not measured for a lateral-directional case, the

D1 matrix should be 5 by 5. This reduction will save a significant amount of com-

puter time. If the D1 matrix is diagonal, it should be entered as a vector containing

the diagonal elements. The program will then recognize that the matrix is diagonal
and take advantage of this in its computations. A vector is indicated by a header

card with 0 for the number of columns. The vector is then entered on one card in

an 8F10 format. If not read in, the D1 matrix is assumed to be diagonal with the
following values:

Longitudinal --

[ 30000. 200000. O. 100000. 2000. ]

Lateral -

[500000. 1500. 1000000. 30000. 5000.]

ENDCASE.- The end of the matrix input is signaled by a card with ENDCASE

starting in column 1. If no more eases follow, this card should have simply END
instead of ENDCASE.

Card input.- If card input was specified, the input time histories are necessary
here. For each time point there should be a record of two cards containing four

time words (hours, minutes, seconds, milliseconds), seven observations, four con-

trois, and four extra signals. The order of these quantities is given in NAMELIST

item (11). The format is (312, I4, 7F10/SF10). Normally, the angular measurements

are in degrees, the accelerations in g units, and the velocities in feet per second.
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Data file input.-- If tape input was specified, the time histories must be on an

unformatted data file (either tape or disk). The device number of this file should be

specified as 4by the control cards. This file by default has 4 time words plus

15 data words per record, as in the card input. The length of the records on this

file and the order of the parameters (except for the time words) may be changed by

the use of theNREC and ORDER parameters (NAMELIST items (9) and (i0)); alter-

nately, the file may be specified to be in the special BOTH form (NAMELIST item (11)).

Normally, the angular measurements are in degrees, the accelerations in g units,

and the velocities in feet per second.

Output Description

Three basic forms of output are available from the MMLE program: printed,

plotted (time history or derivative plots), and punched card.

Printed output.- The three levels of printed output are controlled by the param-

eters PRINT and TEST (NAMELIST items (19) and (20)). The basic output is always

printed. If PRINT = T, measured and final computed time histories are also printed.

If, in addition, TEST = T, time histories in radians, the transition matrices, and

the first and second gradients of J are printed every iteration. The TEST parameter

is generally used only for program debugging.

Appendix B presents a listing for a sample case with only the basic output.

The first page (p. 112) of the output listing summarizes the input options chosen,

and the second page lists the matrices read in. The dimensional and nondimensional

starting values are then summarized. An asterisk indicates the values held fixed;
the other values are to be determined as unknowns in the program. Each iteration

includes a printout of the revised A and B matrices, the integral squared error on

each input signal, the weighted errors on each signal, and the total error sum.

This iterative loop may terminate in three ways. Ifthe error sum exceeds ERRMAX

(NAMELIST item (22)) at any time, the iteration will stop immediately and the input

time history will be printed (not included in appendix B). Ifthe maximum number

of iterations is reached or the process converges within the range defined by BOUND

(NAMELIST item (23)), normal termination will occur. The message "ITERATION

TERMINATED, ERROR WITHIN .00100 BOUND" indicates that the convergence bound

caused termination in the sample case.

Confidence levels in dimensional and nondimensional form are listed next.

These confidence levels are analogous to the standard deviation. Their magnitude

indicates the relative confidence to be placed in estimates of the same coefficient

from dif[erent maneuvers. A small confidence level for a particular derivative esti-

mate indicates that the estimate of the derivative should be very good. Confidence

levels are useful in fairing estimated derivative values.

The final page (p. i17) of the first case is a summary of the converged values.

The final dimensional and nondimensional derivatives are printed in the same format

as the starting values, followed by the finaIA and B matrices. The final integral

squared errors, weighted errors, and total error sum are printed, followed by a

summary of the converglence of the error sum.
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If either the D1 determination option (NAMELIST item (51)) or the a priori vari-

ation option (NAMELIST item (53)) is activated, the program prints an appropriate

message at this point and begins its second pass through the estimation loop. The

output resumes from the top of the third page. This output pattern would be

repeated as many times as specified by the option. If more cases follow, the same
output pattern is repeated for each case.

Plotted output.- If plotting is invoked (NAMELIST item (12)), time history

plots like those in appendix B will be produced. On the observation signals, the

solid lines represent the flight data and the dotted lines are the computed fits.

When plotting is invoked and the a priori variation option (NAMELIST item (53)) is

being used, time history plots are not produced, but, instead, the derivative plots
discussed under that option (not included in appendix B).

Punched card output.- IfPUNCH = T (NAMELIST item (24)), the nondimen-

sionalA and B matrices and confidence levels are punched on cards. These cards

are preceded by a header card which contains the characters LATR or LONG

followed by the first 35 characters of the title card and the values of MACH, ALPHA,

PARAM, and CG. These cards are in the exact format required for the SUMARY

plotting program. If the case is longitudinal, acomputed 8 appears in the

e trim

' CZo.matrix location for Cmo and C Z appears in the location for These quantities

are of more interest in this form, although the confidence levels are not readily
available. (The confidence levels punched are those for the original C and

CZ0.) The equations used to compute these parameters are: m0

C m + Cmo )
5 : (27)

e trim Cm 5
e

C Z = CZo + C Z (_ + CZ5 5 - cos (0)cos (qo) I_VV
e trim "qS (28)

e

These equations are valid only for a two-degree-of-freedom case with no lateral-
directional cross-coupling terms.

The final dimensional A and B matrices may be output on punched cards if

PUNCHD = T (NAMELIST item (25)) is specified. These matrices may be used ifit

is desired to restart a case from the final values and run additional iterations. If

the a priori feature is used in the restart, the original A and B matrices should be

relabeled AR and BR and inserted (see discussion of AR and BR matrices, pp. 20-21)

because the a priori values would be different from the new starting values. Any

variable bias from the original run should also be subtracted from the data using
FIXED (NAMELIST item (7)) in order to start at the same values as the final iteration
of the previous run.
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SETUP -- PREPROCESSING PROGRAM

One of the most time-consuming portions of the analysis of aircraft stability and
control derivatives is the preparation of input data for the derivative estimation pro-

gram. The preprocessing program, SETUP, automates much of this work and is a
key element in the routine processing of a large number of cases. It can produce,
at the user's option, the data file and the punched input deck for the MMLE program.

Listings of the program and its subroutines are presented in appendix C. A sample
case is included in appendix D.

The SETUP program reads a set of predicted derivatives to be interpolated and
dimensionalized for the given flight condition. The flight condition may be specified

by the user, or if appropriate data were recorded on a flight tape, the program can
obtain the flight condition automatically, given only the start and stop times for the

case.

When the program is used in the most automated manner, the only inputs
required for each ease are the start and stop times, the type of ease (longitudinal
or lateral-directional), and an indication of which controls were used for the partic-
ular maneuver if more than one control is relevant. Using the program in this

manner requires some preparation, but only at the beginning of the flight program
rather than for each case. This distinction is important when several hundred cases

are being analyzed, as has been done on several aircraft.

In preparation for the most automated use of the SETUP program, the user must
write four small FORTRAN subroutines. Subroutine TAPEIN reads a flight data tape,
finds the time interval requested, and places the data and times from the data into
two arrays. The sample included in appendix D reads an unformatted tape with time
in the first four words. Subroutine RDSET provides any initialization needed for

TAPEIN; in the sample ease it reads the number of channels on the input tape and
the channel numbers of the data needed. Subroutine COND obtains the flight condi-

tion if it is to be computed automatically instead of read in manually. The averages
of each of the data channels read in are available for use in this subroutine, and the

subroutine can compute the required parameters from these averages. The sample
obtains ALPHA, TttETA, PHI, DETRIM, Q, V, and MACH from the data channel

averages. The subroutine will also compute Q and V from knots indicated airspeed
and altitude, if preferred. Weight, inertia, and center of gravity are not computed
in the example subroutine, although they may be computed in user-supplied ver-
sions. Subroutine COND1 reads in any data needed in subroutine COND, for
instance, tables of inertia versus fuel weight. This subroutine, as given in appen-

dix C, is a null subroutine.

Input Description

The input data and the case specifications are described in the followin_ sections.

Options.-- The options to be used are specified by the following cards. All the

options begin in column 1. The cards may appear in any order (except for the
START card, as noted). Only the first four characters of each card are checked.
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WRITE TAPE -- instructs the program to write a data file for the MMLE program.

This option automatically invokes the READ TAPE option.

PUNCH DECK -- instructs the program to punch a data deck for the MMLE pro-

gram.

READ TAPE -- instructs the program to read an input tape. This option might

be specified if input tape data are needed to determine the flight condition for the

punched data card deck. This instruction is redundant if WRITE TAPE was speci-
fied.

START - signals the end of the options and the start of processing. This card

must be the last card in the options section.

Vehicle characteristics.- The input segment that starts here and ends at, but

does not include, User-supplied data (p. 30) is required if PUNCH DECK was spec-

ified in the preceding options. IfPUNCH DECK was not specified, this segment must
not be included.

NAMELIST/WIND/: The following parameters may be input in NAMELIST format:

(I) NABP -- number of angle-of-attack breakpoints for predicted derivatives.
Default value of 1 is used.

(2) NMBP -- number of Mach number breakpoints for predicted derivatives.
Default value of 1 is used.

(3) NBP -- number of sets of predicted derivatives. Each set is identified

subsequently as either lateral-directional or longitudinal and as having a particular

value of the extra identifying parameter PARAM (used if the data are to be separated

by some other criterion, such as wing sweep or flap position). Thus if there is one

longitudinal and one lateral-directional data set and no additional distinction is

made, NBP = 2. Dimensions in the program restrict the value of NBP to less than or
equal to 8. Default value of 1 is used.

(4) LATR, LONG-(eight-word logical vectors) -- parameters that specify dy-

namic modes of the predicted derivatives. The type of each set of predicted deriva-

tives should be specified by setting the corresponding element of either LATR or
LONG to true. Only one of the variables can be set to true in the NAMELIST. Default

type for each set is longitudinal.

(5) NCLA, NCLO -- number of coefficients per lateral-directional and longitu-
dinal data set, respectively.

(6) CGLA, CGLO -- reference center of gravity for lateral-directional and

longitudinal predicted derivatives in fraction of reference chord. Default value of

0.25 is used.

(7) MZLA, MZLO -- number of signals for the MMLE program to analyze in

lateral-directional and longitudinal cases (that is, the length of the Dl vector; see

DI matrix description, p. 23). The values must be between 5 and 7, inclusive.
Default value of 5 is 'used.
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(8) WMLA, WMLO-- overall a priori weighting for lateral-directional and

longitudinal cases (WMAPR in MMLE program). If WMLA or WMLO are not entered,

the SETUP program will not read the appropriate APRA and APRB matrices dis-

cussed subsequently and will use a weighting of 0. IfWMLA or WMLO are set to 0,

the corresponding APRA and APRB matrices will be read by the SETUP program and

punched with the MMLE program card deck, although the weighting on the matrices

will stillbe 0. If WMLA or WMLO is set to a positive value, the APRA and APRB

matrices will be read and punched normally. IfWMLA or WMLO is set to a negative

value, the APRA and APRB matrices will not be read and the absolute value of WMLA

or WMLO will be passed to the MMLE program (using the MMLE program's defaults

for the APRA and APRB matrices). In all these cases, the lateral-directional usage

and longitudinal usage are independent.

(9) DEG, RAD-(logical) -- parameters that specify degrees or radians for units

of predicted derivatives by setting either DEG = T or RAD = T. Only one of the two

variables can be set to true in the NAMELIST. The rotary derivatives are per radian

regardless of this option. Default condition is DEG = T.

(10) METRIC-(logical) - parameter that specifies SI (MKS) units if true and

U.S. Customary (EGS) units iffalse. All input data units must be consistent with

the system specified. Default condition is F.

(11) BODY, STAB- (logical) -- parameters that specify axis system of longitudi-

nal predicted derivatives as body or stability. Only one of the two variables can be

set to true in the NAMELIST. (Lateral-directional data are in the body axes system

independent of this option.) Default condition is STAB = T.

(12) S -- value of reference wing area (ft 2 or m 2).

(13) SPAN -- value of reference wing span (ft or m).

(14) CBAR -- value of reference wing chord (ft or m).

(15) SPS -- samples per second for data file. If not specified, 0 is passed to

the MMLE program which then, by default, determines SPS from the times on the
data file.

(16) PUNCH-(logical) -- option passed to the MMLE program to control its

PUNCH (MMLE NAMELIST item (24)) option to punch cards with final estimates of

the nondimensional derivatives and confidence levels. Default condition is F.

(17) XB, XALF, ZB, XAY, ZAY, XAN, ZAX -- instrument locations relative to

the center of gravity. The meaning of each of these parameters is the same as that

given in items (36) to (42) of the MMLE NAMELIST except that, as used here, these

values refer to the reference center of gravity for the predicted derivatives instead

of the flight center of gravity. If 0 is entered, it is assumed that the signals have

been corrected to the flight center of gravity, and no additional correction terms

will be used. Default value of 0 is used.

Vehicle name: The vehicle name is specified by up to eight characters, starting

in column 1. These eight characters will be used on the titlecard punched out for
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the MMLE deck and will be included on the first line of the output from the SETUP

program.

Lateral-directional weighting matrix: The lateral-directional D1 matrix is read
in as a vector on one card in a 7F10 format. This vector is omitted if no lateral-

directional predicted derivatives are read in. If every element is 0, the default in
the MMLE program will be used.

Longitudinal weighting matrix: The longitudinal D1 matrix is read in as a
vector. The comments for the lateral-directional D1 vector apply.

Lateral-directional APRA and APRB matrices: The APRA and APRB matrices

for lateral-directional cases are in standard matrix input format. As mentioned
above, these matrices are omitted if the WMLA parameter was not read in or was set

to a negative value.

Longitudinal APRA and APRB matrices: The APRA and APRB matrices for
longitudinal cases are in standard matrix format. The matrices are omitted if the
WMLO parameter was not specified or was negative.

Predicted derivatives: NBP sets of predicted derivatives are required in the
order specified in item (4) of SETUP NAMELIST/WIND/. Each set consists of data
for NCLA or NCLO coefficients, depending on whether the set is lateral-directional
or longitudinal. The data for each coefficient may be read as a function of Mach
number and angle of attack, or as a function of Mach number only in the following
forms.

The data for each coefficient begin with a header card containing the coefficient
name in the first four columns and either a 1 or a 2 in column I0; a 1 indicates that
the coefficient is a function of Mach number only, a 2 indicates that it is a function

of Mach number and angle of attack. The only acceptable coefficient names are:
lateral-directional - CYB, CLB, CNB, CLP, CNP, CLR, CNR, CYDA, CLDA, CNDA,
CYDR, CLDR, CNDR, CYDI, CLDI, CNDI, CYD2, CLD2, CND2; longitudinal (body
axes) -- CNA, CMA, CAA, CMQ, CNV, CMV, CAV, CNDE, CMDE, CADE, CNDC,
CMDC, CADC, CND1, CMD1, CAD1, CND2, CMD2, CAD2, CN, CA; longitudinal

(stability axes) -CLA, CMA, CDA, CMQ, CLV, CMV, CDV, CLDE, CMDE, CDDE,
CLDC, CMDC, CDDC, CLDI, CMDI, CDD1, CLD2, CMD2, CDD2, CL, CD. The
first two characters of each name indicate the force or moment coefficients (for
lateral-directional, CY = side force, CL = rolling moment, and CN = yawing

moment; for longitudinal, CL = lift force, CD = drag force, CN = normal force,
CA = longitudinal force (positive direction is rearward)), and the remaining char-
acters indicate the quantity with respect to which the derivative is taken. (A - angle

of attack, B - angle of sideslip, P, Q, R ~ angular rates, V ~ velocity, DE, DC,
DA, DR, D1, and D2 - controls.)

If the coefficient is a function of Mach number and angle of attack, the data for

each Mach number appear on a separate card, with each card containing the values
of the coefficient for the NABP angle-of-attack breakpoints. These cards are in an

8F10 format, and the card entries may be continued on additional cards if needed.
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If the coefficient is a function of Mach number only, the values for the NMBP

Mach number breakpoints appear on one card in an 8Fl0 format. As before, this
card may be continued if needed.

Angle-of-attack breakpoints: A card containing the NABP values of the angle-

of-attack breakpoints in an 8F10 format is necessary. If NABP = I, this card may
be blank.

Mach number breakpoints. A card containing the NMBP values of the Mach

number breakpoints in an 8FI0 format is necessary. If NMBP = I, this card may
be blank.

Arbitrary parameter breakpoints: A card containing the NBP values of PARAM

to distinguish the predicted derivative data sets is necessary. If no distinction

other than longitudinal and lateral-directional is used, this card may be blank.
The card is in an 8FI0 format.

User-supplied data for subroutine CONDI .- Any input required for subroutine

COND1 goes in the input data at this point. With the subroutine supplied, there is
none.

Input tape data.- The input tape data section should be omitted if the READ

TAPE option is not active. Any input required by subroutine RDSET is made here.

The subroutine supplied requires a card with the number of data words per record

of the input tape; this card is in an 15 format. This is followed by three cards

containing the channel numbers of the 40 channels to be used; each of these cards

is in a 1615 format. A 0 indicates a signal not used. The first 25 signals will be put

on the MMLE program tape ifa tape is written. (The signals should be in the BOTH

order defined by item (11) in the MMLE NAMELIST.) The last 15 of the 40 channels

are reserved for use in subroutine COND, should they be needed. These last

15 channels are typically used for fuel weight, flap position, or any other quantities

useful in identifying the flight condition and vehicle configuration. The SETUP

program automatically averages the values of all 40 data channels over the requested

time interval and passes these averages to subroutine COND through a labeled com-
mon block.

Case specification .- The case specification is repeated as many times as neces-

sary, once for each case to be analyzed.

Time card: The start time and end time for the case in hours, minutes, seconds,

and milliseconds are required. The format is 2 (312,13,IX).

NAMELIST/COND/: The following parameters may be read in NAMELIST/
COND/:

(1) LONG, LATR-(logical) -- type of case to be analyzed. Set either LONG or

LATR to true. Only one of the two variables can be set to true in the NAMELIST.

(2) CASE-(integer) - case number. Default value of 0 is used.
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(3) DELTA-(four-word logical vector) -- option that specifies which controls

were used in the maneuver. A value of T for any element of DELTA indicates that

the corresponding control was used. Ifall four locations are F (default condition),

the MMLE program default is used; this default is 8 for longitudinal cases, 8 and
e a

8r for lateral-directional cases. IfDELTA is omitted in a case but has been specified

in a previous case of the same type (longitudinal or lateral-directional), itwill
assume the values of the previous case.

(4) FLT-(integer) --flightnumber. This identificationis needed only on the
first case.

All the following items may be set in subroutine COND instead of reading them
in at this point. The subroutine supplied will set ALPHA, THETA, PHI, DETRIM,

Q, V, and MACH ifthe READ TAPE option is active.

(5) ALPHA -- average angle of attack.

(6) THETA -- average pitch attitude. Default value of 0 is used.

(7) PHI --average roll attitude. Default value of 0 is used.

(8) Q - average dynamic pressure.

(9) V -- average velocity.

(10) MACH-(real) -- average Mach number.

(11) PARAM - extra identifying parameter. Ifnonzero, the predicted deriva-
tive data with the same value of PARAM will be used for the derivatives. Ifthere is

only one longitudinal data set or one lateral-directional data set, or a longitudinal
and a lateral-directional data set, PARAM need not be specified. Default value of
0 is used.

(12) W - aircraft weight (pounds or newtons).

(13) IX, IY, IZ-(real) -- moments of inertia (slug-ft 2 or kg-mZ).

(14) IXZ-(real) - cross-product of inertia (slug-ft 2 or kg-m2). Default value
of 0 is used.

(15) CG --center of gravity in fraction of chord. Default is the predicted
derivative reference value.

(16) DETRIM -- trimmed value of 8e. Default value of 0 is used.

Items (17) and (18) are simply for convenience if q and V are not readily avail-
able. The subroutine COND supplied may compute q and V from the values of indi-

cated airspeed and altitude, using an approximation to the standard atmosphere.
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(17) KIAS-(real) --knots indicated airspeed. IfKIAS is nonzero, q and V will

be computed. Default value of 0 is used.

(18) ALT -- altitude (ft or m). Default value of 0 is used.

End card: The last card in the data deck contains a -i in the first two columns
to indicate the end of the data.

Output Description

The two primary outputs of the SETUP program are the MMLE program data
tape and the punched card deck. These outputs are described in the MMLE Input
Description section. A permanent disk file may be substituted for the data tape,
without modifying the program. The punched card deck from SETUP will be ready
to run through the MMLE program with the addition of control cards and the substitu-
tion of an END card for the last ENDCASE card at the end of the deck.

The printed output includes the predicted derivatives. For each case the data
channel averages as passed to subroutine COND are printed if an input tape was
read. All matrices punched in the MMLE program card deck are also printed for

easy reference. A sample case is presented in appendix D.

SUMARY - PLOTTING PROGRAM

Data presentation can be a time-consuming portion of the derivative estimation
process when a large number of maneuvers are involved. It is still common to
laboriously plot derivatives and wind-tunnel data by hand, a procedure which can
easily take longer than the entire estimation process. To efficiently utilize available

manpower, graphs or data listings should be automatically produced. The SUMARY
program produces plots of estimated derivatives and confidence levels as a function
of angle of attack and, if desired, provides predicted derivative values for compar-
ison. The program is presented as a prepared package that may be modified to meet
users' specific data presentation requirements. Listings of the program and its
subroutines are presented in appendix E. A sample case is given in appendix F.

The SUMARY program reads a set of predicted and flight-determined deriva-

tives, and plots specific groups of the data as instructed. Several groups may
appear on one plot, indicated by different symbols. The same predicted derivative
card deck used for the SETUP program may be used in the SUMARY program, or

predicted derivatives may be omitted. The flight-determined derivatives are
punched out by the MMLE program in the exact format required for the SUMARY

program.

Input Description

Title card.-- The titlecard contains any information needed to identify a partic-

ular set of data that is appropriate to include in the printed output. All 80 columns

on this card may be used.
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NAMELIST/WIND/.- Parameters in NAMELIST/WIND/ are as follows:

(1) NABP - number of angle-of-attack breakpoints for predicted derivatives.
Default value of 1 is used.

(2) NMBP -- number of Mach number breakpoints for predicted derivatives.
Default value of 1 is used.

(3) NBP -- number of sets of predicted derivatives. The definition of a set of

predicted derivatives is the same as that in the SETUP program. Default value of
1 is used.

(4) LONG, LATR-(eight-word logical vectors) -- types of each set of predicted
derivatives. The type is specified by setting corresponding element of either LONG
or LATR to true. Only one of the two variables can be set to true in the NAMELIST.

Default type for each set is longitudinal.

(5) NCLA, NCLO -- number of coefficients in lateral-directional and longitudi-
nal data sets, respectively. Default value of 0 is used.

(6) CGLA, CGLO -- reference centers of gravity for lateral-directional and
longitudinal predicted derivatives in fraction of chord. Default value of 0.25 is used.

(7) SHIFT-(logical) -- parameter that corrects data for center-of-gravity loca-

tion. If true, the flight Cma and Cn_ will be corrected to the predicted derivative

reference center of gravity. Default condition is F.

(8) DEG, RAD-(logical) -- options that specify degrees or radians for units of
predicted derivatives. Only one of the two variables can be set to true in the NAME-
LIST. Rotary derivatives are per radian regardless of this option. Default units are
degrees.

(9) BODY, STAB- (logical) -- options that specify body or stability axes for
input of predicted derivatives. If STAB = T, longitudinal predicted derivatives are
converted from stability to body axes. If BODY = T, no conversion is made. Only
one of the two variables can be set to true in the NAMELIST. Default condition is
STAB = T.

(10) PRINT- (logical) -- option that prints out predicted derivatives, if true.
Default condition is F.

(11) WTPLOT-(logical) - option that plots predicted derivatives, if true.
Default condition is T.

(12) CBAR, SPAN -- aircraft reference chord and span, respectively. These
quantities are needed only if SHIFT = T and there are lateral-directional data.
Default values of CBAR = 0 and SPAN = l0 s° are used.

(13) AMIN, AMAX - minimum and maximum for values on angle-of-attack axis.
Default values of AMIN = 0 and AMAX = 12. are used.
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(14) ASCALE - scale for angle-of-attack axis in degrees per centimeter.

Default value of 1. is used.

(15) YLEN -- length of ordinate axis in centimeters. Default value of 10. is

used.

(16) XDIST -- X-distance between plots in centimeters. Default value of 10. is

used.

(17) CRFACT - factor by which confidence levels are multiplied before

plotting. If equal to 0, no confidence levels are plotted. Default value of I. is used.

(18) NPARAM -- variable which distinguishes the two modes of data organiza-

tion to be used. If NPARAM = 0, flight data points are sorted by Mach number to

the nearest Mach number breakpoint. Plots are then produced with the different

Mach numbers indicated by different symbols. IfNPARAM > 0, Mach number is

ignored and the data are sorted by the value of PARAM, the extra identifying param-

eter, to the nearest PARAM breakpoint. Plots are then produced with different

symbols distinguishing these groups. The lowest Mach number of the predicted

derivatives is plotted if more than one Mach number breakpoint is specified. Only

one predicted derivative curve is plotted. In this case there should be only one

set of lateral-directional and one set of longitudinal predicted derivatives; if there

is more than one set, only the first will be plotted. Default value of 0 is used.

Predicted derivatives.- The NBP sets of predicted derivatives are necessary

in exactly the same format required for the SETUP program, including the cards

with angle of attack, Mach number, and PARAM breakpoints.

Flight data.- The flight data desired are required at this point in the form

punched on cards by the MMLE program if PUNCH = T (p. 25).

(1) Header card -- TYPE, TITLE, MACH, ALPHA, PARAM, CG in format

A4,1X,A35,4F10. TYPE is either LONG or LATR.

(2) A, B, AC, BC matrices in nondimensional form. The AC and BC matrices

contain the confidence levels. The fifth column of the B matrix in a longitudinal

case should contain C Z in the first row and 6 in the second row ifthey are
e trim

desired for plotting. These quantities replace the logically expected, but more

difficult to interpret, quantities (perturbation CZ0 and Cm0) from which they arederived.

Plotting instructions .-- The end of the flight data and the beginning of the

plotting instructions are signaled by a card with PLOT in the first four columns.

Then, for each set of plots desired, the following instruction cards are needed:

(1) TYPE, PARM, TOL - TYPE is either LATR or LONG. PARM should equal

one of the PARAM breakpoints of the predicted derivatives. The program will then

select the corresponding set of predicted derivatives to be used. Flight data points

with this same value of PARAM (+TOL) will be selected for plotting. For instance,

if PARM = 35. and TOL = 2., a flight point with PARAM = 36. will be plotted, but
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a flightpoint with PARAM = 38. will be rejected. In the special case, PARM = 0,

the first set of predicted derivatives of the correct type (LATR, LONG) is used
together with all the flightdata. The format of this card is A4,F6,FI0.

(2) Up to six cards specifying the derivatives to be plotted and the scales to

use. Four plot instructions are included on a card (less may be on the lastcard).

Each plot instruction is of the form DERIV, SMIN, SMAX; DERIV is the derivative

name, and SMIN and SMAX are the minimum and maximum values for the ordinate.

The valid derivative names are the same as those in the SETUP program for lateral-
directional data; for longitudinal data, all the body axis derivative names except

CA are valid and the additional name of DE may be used to plot 8 versus
etrim

atrim" IfSMIN = SMAX (in particular, ifleftblank), automatic scaling will be used

for the plot. The format of these cards is 4(A4,F6,FI0).

End card.- The end of the plotting instructions is signaled by a card with END
starting in column i.

Output Description

The printed output from the SUMARY program includes the header cards for all
flight points read in and a summary of the plotting instructions. The predicted

derivatives are printed if PRINT is set to T. In addition, informative messages are
provided if no predicted derivatives or flight data are available at a requested condi-
tion.

Plots are scaled for centimeter grid paper. Confidence levels are indicated by
vertical bars. Predicted derivative data are identified by small symbols that
correspond to those in the figure legend, at the beginning and end of each curve.
A sample is shown in appendix F.

CONCLUDING REMARKS

A digital computer program written in FORTRAN IV has been successfully
applied by relatively inexperienced personnel to aircraft linear parameter estimation
problems with measurement noise but no state noise. This maximum likelihood esti-

mation program includes an option for using a priori information and provides esti-

mates of the derivatives and confidence levels. A program to automate the setup

work and a program to plot the results have also been written. The three programs
form a package which has been used to successfully analyze 1500 maneuvers on
20 aircraft.

Flight Research Center

National Aeronautics and Space Administration

Edwards, Calif., January 22, 1975
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APPENDIX A

MMLE PROGRAM AND SUBROUTINES

Listings of the main program and the subroutines used in the MMLE program are

presented. The listings are preceded by a brief description, a flow chart, when
needed for clarification, and programing notes which explain some of the conven-

tions used and point out items needed to understand the operation of the program.

MAIN MMLE PROGRAM

Description: The main MMLE program activates the three operating modes of

the program (basic mode, D1 determination mode, and a priori variation mode).

Flow chart:

Execute basic run ]

Yes
,rmination

active? 1

t Determine 1D1

Yes

_,,,variation 1

Vary a priori
No weighting

If PLOTEM=T,plot l I If PLOTEM=Tplot
time histories coefficients

.t_ ]
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APPENDIX A -- Continued

Programingnotes: The PROGRAM card is required on CDC 6000/7000 systems.

On an IBM 360/370 system the following DD cards, or equivalent information, are

necessary to perform the same function as the PROGRAM card:

//GO.FT02F001 DD SYSOUT=B,SPACE=(TRK, 10,RLSE),

// DCB = (RECFM=FB, LRECL=80, BLKSIZE=3520)

//GO.FT03F001 DD SYSOUT=A,SPACE=(TRK,50,RLSE),

// DCB= (RECFM=FBA ,LRECL=I33 ,BLKSIZE=3458)

//GO.FT04F001 DD DUMMY

(Substitute the appropriate DD card for the input file if a tape or disk input is used.)

//GO .FT08F001 DD UNIT=SYSDA ,DISP= (NEW ,DELETE) ,SPACE= (CYL, (10,2)),

// DCB= (RECFM=VSB ,LRECL=92 ,BLKSIZE=924) ,DSN='PLOTTER DATA'

//GO.FT07F001 DD UNIT=SYSDA,DISP=(NEW,DELETE) ,SPACE=(CYL, (i0,2)),

// DCB= (RECFM=VSB, LRECL=84, BLKSIZE=844) ,DSN='INTERNAL'

//GO.PLOTTAPE DD DUMMY

(Substitute the appropriate DD card for the plotter file as used on the particular

system. The file name will be either PLOTTAPE or FTI3F001, depending on the

plotter software used.)

//GO.FT01F001 DD*

This routine alters PRINT and PLOTEM to suppress any extraneous output during

intermediate steps of the D1 determination and the a priori variation option.

Important variables -

ND1, NAPR - control the D1 determination and a priori variation options as

described in MMLE NAMELIST input.

D2 -- vector of final weighted relative errors returned from the estimation

process.

STORE -- storage for final coefficient values during a priori variation. It is

used to plot these values.
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Program listing:

PROGRAM MMLE(INPUT,PUNCH,GUTPUT,TAPEh,TAPE?,TAPE8,TAPE13,

- TAPEI=INPUT,TAPE2=PUNCH,TAPE3=OUTPUT}

MAIN 0

MAIN 10

MAIN 2g

MAIN 30

COMMON /ALLOIM/ MA_,MIX MAIN WO

COMMON /8UF/ 8UFFER,YO,THGT MAIN 50

COMMON /MAIRIX/ A,B,AA,BBtAP,BP,D1,RI MAIN 60

COMMON /COM/ NCASE,MZ,NPTS,NPI, SPS,PRI_T,LONG,LATR,PLOTEM,NDi, MAIN 70

OITOL,DIRLX,NAPR,hFAC,WMAPR,ERRSUM,LAST,RATIO MAIN 80

DIMENSION NPTS(15),DI(e,?),AMOLD(5,W), MAIN 90

- DHOLD(5,8],D2(7),A(5,W),B(5,8),AP{W,W},BP(W,8},STORE(IW,27) MAIN 100

,BUFFER[iO2W),RI(5,4} MAIN 110

LCGICAL PLOTEM,LONG,LAIR,PLT,AAI5,_),EE{5,8),STP,PRINT,PRNT, MAIN 120

FIRST,LAST MAIN 130

FIRSI=.IRUE. MAIN IWO

LAST=.FALSE. MAIN 150

5 REWIND W MAIN i60

REMIND 8 MAIN I?0

REWIND 7 MAIN 180

CALL EDIT MAIN 190

IF(NDI.EQ.Q.ANO.NAPR.LT.1) GC IO 10 MAIN 200

PLI=PLOTEM MAIN 210

IF(hAPR.GT.O) PLOTEM=.FALSE. MAIN 220

PRNT=PRINT MAIN 230

WHOLD=WMAPR MAIN 2W0

WMAFR=b° MAIN 250

MAX=5 MAIN 260

CALL AMAKE(AMOLD,A) MAIN 270

CALL AHAKE(BHOLO,8) MAIN 280

C_*_*_ _**_'__ BASE RUN MAIN 290

ib CALL OATA(.TRUE.) MAIN 300

CALL AGIRL MAIN _I0

IF(NDI.EQ.U) GO TO 15 MAIN 320

PLOIEM=,FALSE. MAIN 330

PRINT=.FALSEo MAIN 3_0

15 CALL OUTPUT(D2} MAIN 350

IF INDI.EQ.O) GO TO iO0 MAIN 360

C_,_*_ _*_*_*_*_ Di OETERMINATION (IF DESIRED) MAIN 370

TOLI=I./OITOL MAIN 380

DO 9Q I=I,ND1 MAIN _qO

STP=.TRUE. MAIN WOO

DO 30 J=L,MZ MAIN 410

IF(DI (J,J).NE.b.) GO TO 22 MAIN _20

O2(j)=Z. MAIN W30

GO TO 3_ MAIN hWO

Z2 IF(O_KJ).GT.DXTOL.OR.DZ(J).LT.TCLI) STF=,FALSE. MAIN WSO

IF(D_(J}.GT.I.) GO IO E5 MAIN 460

O2(j#=(£°IDZ(j)-X.),D/RLX+X° MAIN 470

GO TO 27 MAIN hBO

25 D2(J)=I,I({O2(J)-I.)_DIRLX+Io) MAIN h90

27 DX (J,J)=Ol (J,Jl_O2(J| MAIN 500

D2(J)=SQRT(D2(J)) M_IN 510

30 CONTINUE MAIN 520

IF(I.LT.NDI.AND..NOT.SIP) GO TO 4g MAIN 530

PLOTEM=PLT MAIN 5_0

PEINI=PRNT MAIN 55Q

_ HRITE(3,EO00) MAIN 560
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MAX=8

CALL ASPIT(D1) MAIN 570

MAX=5 MAIN 580

CALL AMAKE(A,AHOLD) MAIN 590

CALL AMAKE(B,BMOLD) MAIN 600

CALL DATA(.FALSE.) MAIN 610
CALL AGIRL MAIN 620

CALL OUTPUI(02) MAIN 630

IF(SIP) GO TO 95 MAIN 640

90 CONTINUE MAIN 650

95 WRIIE(3,_O02) MAIN 660

MAX=8 MAIN 670

CALL ASPIT(DI) MAIN 680

IQ0 IF(NAPR.GT,O) GO rO %QE MAIN 690

IF(,NOT.PLOTEM) GO TO 2G0 MAIN 700

CALL THPLOI(FIRSI} MAIN 710

FIRSI=.FALSE. MAIN 720

GO TO 2QQ MAIN 730
MAIN 740

1@5 PRINT=.FALSE.

IF(NHOLD.EQ.@.) WMOLD=.Q01 MAIN 760
WMAPR:NHOLD MAIN 770
I=O MAIN 780

I1Q I=I+l MAIN 790
JKMM=O MAIN 800

DO 130 J=1,3 MAIN 810
O0 120 K=I,_ MAIN 820

IF(BB(J,K)) GO TO 120 MAIN 830

JKMM=JKMM+I MAIN 840

STORE(I,JKMM)=B(J,K) MAIN 850
120 CONTINUE MAIN 860

DO 130 K:1,3 MAIN 870

IF(AA(J,K)) GO TO 130 MAIN 880
JKMM=JKMM+I MAIN 890

STORE(I,JKMM)=A(JgK) MAIN 900
13b CONTINUE MAIN 910

SIORE(I,JKMM÷Z)=ERRSUM MAIN 920
MAX=5 MAIN 930

CALL AMAKE(A,AHOLD) MAIN 940
CALL AMAKE(B,BHOLD) MAIN 950

IF(I-NAPR) lkQ,116,160 MAIN 960

140 WRITE(3,2OOi)WMAPR MAIN g70
CALL DATA(.FALSE.) MAIN 980

CALL AGIRL MAIN g90

CALL OUTPUT(DZ) MAINIO00

WMAPR=NMAPR_WFAC MAINtOtO
GO IO 11Q MAINt020

16& IF(,NOT.PLT) GO TO 200 MAIN1030
MAINIO_O

CALL APRPLI(STOREwAA,ee,NAPR,WHCLD,WFAC,LONG,FIRST,LAST,_AIIO) MAIN1050
FIRST=.FALSE.

20G IF(.NOT.LAST) GO TO 5 MAINIOEO

IF(.NOT.FIRST) CALL RLCT(O,,O.,_99) MAINIOTO
200_ FORMAT(15HOD1 REVISEO TO)) MAINIO80

2001 FORMAT(12HOWMAPR NOW =,E10.2) MAIN)090

2002 FORMAI(IOMOFINAL DI:) MAIN1100
STOP MAIN1110

END MAIN1120
MAIN113D
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SUBROUTINE EDIT

Description: Subroutine EDIT initializes the program, sets defaults, and reads

input options and matrices.

Programing notes: If used with a system that does not support the NAMELIST,

some other form of input might be used.

Subroutine MATLD, called at card 1820, sets appropriate elements of ABC to

-99999 when reading a matrix. These elements are then tested after all the matrix

input has been made to determine what matrix defaults are needed.

The R matrix is inverted at card 2460, since R -I is the form needed by the rest

of the program.

From card 2530 on, the AA and BB matrices are being converted to logical

variables and the number of the different types of unknown coefficients to be deter-

mined is found. An element in AA or BB is set to false if that element in A or B is

to be determined. This may be contrary to the expected convention.
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Subroutine listing:

SUBROUTINE EDIT

SETS DEFAULT VALUES AND REAOS PROGRAM CPTIONS FROM CARDS

COMMON IALLOIM/ MAX, MIX

COMMON /TOPLOT/ ZMAX,ZMIN,DCMAXgDCMINtTIMESCtNCPLOT

COMMON ITOGIRLIJKM,JKMMtJKMMIIERRMA_,ZEROIN,XTS,DOUNDtAPR,_
,VAP,ZERO,APRD, JKVtDIAG

COMMON /MATRIX/ A,BpAA,BqtAP,BP,DI,R

COMMON /COM/ NCASEtMZ, NRTS,NPTT,SPS,PRINTtLDNG,LATR, PLOTEM,NDI,

DITOL,DtRLX,NA°RtWFAC,WMAPR,ERRSUM,LAST,RATIO

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

EDIT

0
tO
20
]0
wO
50
69
lO

_0
90

100
COMMON /INFO/ HH,NOITER,MX,HXP1,MU, TEST,XBN,/BX,IPQP,IXYTtXT3, MZN,EDIT tlO

CORECT,BIASK_,PLTMAX,XT4,_qRVEC,PUNC_D,NEAT EDIT 120

COMMON /HEAONG/ LABE LS,TITLE,JLLIAN EDIT 13C

COMMON /TOOATA/ S,SPAN,XB,ZB,_AY, CAQD,ZAY_APRA,APRB,DC, EDIT 140

XALF,TMI N, TAPE, CB AR. A_P, STC ,E TC ,FIXEO,A R,BR, XA N, ZAX, EDIT 150
SCALE,NREC,OROER, METRIC,IX,IY,IZ,IXZ,O,V,GROSWT EDIT 160

COMMON IROUTHI PUNCH ,PARAM,MACHeALPHA,CG, AC, DC EDIT 170

INTEGER STC(15|,ETC(t5),THIN,ST(_)vET(4)9 EDIT 180
LABELS(15),LONLAB(15|,LATLAR(15),ORDER(15) EDIT tgO

LOGICAL CARO,TAPE,CORECT,METRIC,APBP, PUNCH,ZEROINDPUNCHD, EDIT 239

LAA(5,WI,1DD(5,8),LONG,LAT_,VAR(3),ZEROIW),LAST, EDIT 210
DIASKN,PLOTEM,TEST,PRINTDeOTH,OIAG,INCH EDIT 220

REAL IX,IY,IZ,IXZ,MACH,MATRX(B,8},JULIAN,AC(5,4),DC(5,B|,LA_(12) EDIT Z30
DIMENSION A(5,4),BIS,81,TITLEI20),DCMAX(DI,DCMINI8),XTW(3), EDIT 240

AA(5,W),Be(5,BI,AP(W,4),DPIW,8),NPTS(15),Dt(8,l),APRD(35|, EDIT 253
ZMIN(7| ,ZMAX(7) *ERRVEC(20)tOC(_I,APR(]5,]5), EDIT 260

XTSI35),AR(5,4),DR(5,BI,APRA(B,WI,APRB(5,8),ABC(t2),FIXED(l},EDIT 270

APRLON(5,Q),APRLAT(5.4I,BPRLON(5,8),BPRLAT(5,8),TLAT{3). EDIT 28C

TLON(3),TYPE(3},SCALE(7)tR(St4|,XT3(W)tAALAT(5,W},AALON(5,WI,EDIT 290

DBLAT(5,8I,BBLDN(5,8),DiLON{SI,DILAT(5} EDIT 300

EQUIVALENCE (AA{t,t),LAA(1,tt},(RB(i,L_,LDB(t,I|) EDIT 310
DATA LONLAB/WHAL_A,tHQ,1MV, WHTHETt2HAN_WH DDOT,2HAX,2HDE,2HOC, EDIT 320

]HDC1 ,3HQC2 ,3HPHI,3HALT,hHMACH_WHQBAR/_LATLAB/WHDETA_tHp, EDIT 330
LHR,3HPHI.ZHAY,_NRODT,4HRDOT,2HDA,2HOR,3HDCI,_HDC2,4HALFA EDIT 3_0
• IHV,4HHACH,WHqDARI,LAD/1FA,1HB,2HAA,2H@B,2HAR,2HBR,4HApRA, EDIT 350

" 4HAPRR,2HOI,2HAP,2HRP,IHRI,SUMLI3HSUM/,TLAT/_HLATE,3HRAL, EDIT $60

IH /,TLON/4HLONG, 4HITUD,4HINAL/,AALAT/3mI,,O,,_,,3mI,,Oo,k,, EDIT 370

O*'I.,t.,7"O*I,RBLATI3_I.,O.,4*,3_I.,O.,8*,IO_C.,_t.,E6_CoI,EDIT 380
" AALON/I.,1.,O.,O.,4°,O.,I.,O.,O.,4.,iO_O,/,OBLONI1.,L°,O.,O0,EDIT 390

4',_O.,8.,IO_.,i.,I.,_.,I.,16_O./,DILONI3OOC_.,2OgOCQ.,O., EOIT W_O

- tOOOOO,,2OOq./_ APRLONIt3COC°.lS..2_O.,4..Oo,ROJ..2_O.._°. EDIT WtO
" 10_O./,APRLAT/13000.,.15,15.,O.,4.,1300_.,50_.,800o,O.,4°, EDIT _20
" 13000.,5.,8CO.,7"O./,_PRLATII3090.,°tS,15.,O°,_.,13_OI.,°15, EDIT W]O
" 15..0..8.,13000...15.t5.,2_0o.13000.,.15,15..2_0./. EDIT WWO

" _P_LON/13_OO.,lS,,2_O.,_o_I3000o,lB.,2mO.,_.,13000°,iSo,_O,,EOIT _50
L3000,,tS.,23_O./,DtLAT/500000.,1500.,10000_O,,3COO0,,SOO_./ EDIT W60

NAMELIST /INPUT/ GROSWT,Q,S,SPAN,CB4R,V, IX, IY,IZ,IXZ,PUNCHD, EOIT 47Q

" XO,ZBtXAYtZAY, XAL_,XAN, ZAXtNMAPR,PLTMAX,NEAT, EDIT 480

- CG,MACH,ALPHA,PARAM.SPS,NCASE,NOITER,TEST,PLOTEM,TIMESC, EDIT W90
- aUNCH'THIN,LO_,LATR,WFAC,NDt,CARD,TAPE,BOUND,ERRMAX, EDIT SO0

METRIC,PRINT,NAPR,DLRLX,DITOL,FIXED,VAR,OC,INCM, EDIT 510

ZEPO,SCALE,ZMIN,ZMAX,DCMIN,DCMAX,NREC,ORDEP,BOTH,NCPLOT EDIT 520

JULIAN=OATE(JULIAN) EDIT 5]0
APR(35,3)=SUML EDIT 540

READ (1,2000) TITLE EDIT 550

WRITC(3,20_5)TITLE,JULI_N EDIT 560
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C__._._.i__''_i DEFAULTS

NCPLOT=_

V=O.

Q=O,

MACH=O,

PUNCHO=,FALSE,

NEAT:O

NREC:15

METRIC=.FALSE,

DOTH:.FALSEo

DO 14 I=I,15

1_ ORDEQ(1)=I

OO 10 I=1,_

DCMIN[I}=0,

10 OCMAX(1)=O.

DO 13 I=I,12

13 ARC(1)=LAB(I)

CDRECT=.FALSE.

CARD=,FALSE.

TAPE=.TRUE.

IEROIN=.FALSE.

DIASKN=.FALSE.

PLOTEM=oTRUE,

TEST=.FALSE°

LONG=.FALSE.

LAT_=,FALSE.

DIAG=,TRUE,

PLTMAX=I.E+05

ERRMAX=I.E÷20

PUNCH=.FALSE,

PARAH = O°

CG = .25

XB:O,

ZB:O.

XAY=O,

ZAY=O°

THIN=t

D1{_,11=5.

D1(_,2)=5°

MAX=_
CALL AZOT(DI)

MAX:5

MI×=5

R(5,11=_.

RlS_2)=B.

CALL AZOT{_)

DO 136 I=I,_

R{I,I)=1.

ZERO(II=.FALSE,

13E DC{I) = O.

XALF=O.

ALPHA=g99.

PRINT=.FALSE,

DO 137 I=1,?

ZMIN(II=O.

ZMAX(1)=O.

EDIT 570

EDIT 580

EDIT 5gO

EDIT 600

EDIT 619

EOIT 6_0

EDIT 630

EDIT 6WO

EDIT 650

EDIT 660

ZDIT 670

EDIT 680

EDIT 690

EDIT lO0

EDIT 710

EDIT 7_0

EDIT 73_

EDIT 7hO

EDIT 750

EDIT 760

EDIT 170

EDIT 7BO

EDIT 790

EDIT 800

EDIT _I0

EDIT 820

EDIT 830

EDIT _w_

EDIT 850

EDIT 860

EDIT 870

EDIT 8_0

EDIT 8_0

EDIT 900

EDIT 910

EDIT 920

EDIT 930

EOIT 9qO

EDIT 950

EDIT g60

EDIT 9ZO

EDIT 980

EDIT 990

EDITIOOG

EDIT1010

EDIT1020

EOITI030

EDITIOWO

EDITI050

EDITI050

EDITI070

EDITIO_O

EDITIOg_

EDIT1100

EDITIIt0

EOlTtl20

EOIT1130
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FIXEO(1)=O.

137 SCALE(1):i.

X AN=3o

ZAX=O.

OOUND:.O01

SPS=O.

WMAPR=Oo

NOITER=6

NCASE=t
NI=35

TIMESC=I.

DO 11 I=I,3

VAP(I)=.TRUE.

tt TYPE(I)=TLAT(I)

S:.OOt

SPAN=.O01

CBAR=.OCt

GROSWT=I.E_09

IY=I.E_09

IX=I.E+D9

IZ=I.E+Oq

IXZ=O.

NOl=O

NAPR=O

WFAC=IOO.

OIRLX:I,2

OITOL=t._

[NCH=.FALSE.

RATIO=.7_/4

READ (%,INPUT)

IF(INCH) RATIO=%.

IF(NOITER.EO.O) PUNCH=.FALSE.

IF(NOITER.EQ.O) PUNCHD=.FALSE.

PLTMAX=AMINt(PLTMAXtERRMAX)

IF(CARD) TAPE=.FALSE.

ATHIN=THIN

IF(SP$.NE.O.) HH=ATHINISPS

IF(@OTH) NREC=25

IF (LONG) GO TO

DO 2 I=1,15
2 LABELS(I|=LATLA@(1)

GO TO 8

5 DO 6 I=1,15
6 LARELS(I)=LONLA8(II

DO 12 I=1,3

t2 TYPE(I)=TLON(I)

8 CONTINUE

ZEROIN = ZERO(I|.OR.ZERO¢Z).OP.ZERO(3).OR. ZERO(W)

BIASKN = VAR(1).OR.VAR{_I.OR.VAR(3)

WRITE(3.2DOOITYPEtCARO.TAPE.SPS. THINtNREC,BOTH

WRITE(3.2OIO)WMAPR.NEAT,NOITER.BOUND.ERRMAX

IF(ND1.NE.Q) W_ITE(3,2OO6)NCI,EIRLX.DITOL

IF(NAPR.NE.O) WRITE(3,20@8)NAB_,WMAPR. WFAC

WRITE(3.2OII)PLOTEM. PLTMAX,NCPLOT,TIMESC.PRINT.TEST,PUNCH.PUNCHD

WRITE{3.2OI?)METRICIQ,V,MACH.ALPHApCG,PARAM,S.SBAN.CDAR. IX,IY.IZ,

IXZ,GROSWT.XALF,XAN,XB,XAY,ZB.ZAY

EOIT11_O

EOITL150

EOIT1160

EDIT1170

EDITt180

EOIT1190

EOITI20Q

EDIT1210

EOIT1220

EDITi230

EOITt2WC

EDITt25_

EOIT1260
EDIT1270

EDITI280
EOIT129Q

EOITlIQO

EDITi3IO

EDIT1320

EDITI3IO

EOITI3WO

EDITIISO

EDIT1360

EDIT1370

EDITI3@O

EOIT13g@
EOITI_)_

EDITIAIO

EDIT1420
EOITL_30
EDITI_O
EDITI_50
EOITIW60

EOITI_70

EDITtWO0

EDITIWO0

EDITISO0

EDIT151@
EDIT1520
EDITIS)O

EOITI5WO

EDITi550

EDITI560
EOIT157_

EDIT}SO0

EOITL590
EDITI6)3

EDITiOtO

EDITI6?_

EDITt630

EDITt6_O

EDITI659

EDITI660
EDIT1670
EOUTi680
EOITt690

EOITLT_O
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WRITE(3,ZO13)LASELS, VAR,ZERO,FIXED,OC,SCALE

IF{PLOTEM} WRITE(3,2OOI)ZMIN,OCMIN, IMA),DCMAX

SPS=SPS/ATHIN

DO IaO I=I.NCASE

READ (1,1000) ST,ET
STC(1)=STiWI+iOOO'(ST(3)+6O'ST(ZI_3600"ST(IIl

ETCII)=ET(W)+tOOC_IETi3)+6O'ET(Z)÷3600"ET(1))
tO0 WRITE{3,ZOO2)I.ST.ET

WRITE(3.2003) TITLE.JULIAN

WRITE(3.ZOOW)

MAX=8

101 CALL MATLD(MATRX,ABC,ILD)

IF(IABS(ILO|.EC.999) GO TO 108

IF(ILD.EO.9) DIAG=.FALSE.

IF(ILO.EQ.1) CALL MAK(A ,HAT_X,S)

IF(ILD.EQ.2) CALL MAK(B .MATRX,SI

IF(ILD. EQ.3) CALL MAK(AA ,MATRX,5)

IF(ILO.EQ.4| CALL MAK(BB .MAT_Xt5)

IF{ILO.EQ.51 CALL MAK(AR .MAT_X.5|

IF(ILO.EQ.6i CALL MAK(BR .MAT_X.5)

IF(ILD.EQ.7) CALL MAK(APRA,MATRX,5}
IF(ILO.EQ.8) Call MAK(APRB.MAT_X.5)

IFKIABS(ILOI.EQ.9) CALL MAK(OI,MATRX.8)

IF(ILO. EQ.10) CALL HAK(AP ,MATRX,4)

IF(ILD.EQ.tI| CALL MAK(BP ,MATRX._)

IF(ILD.EQ.12) CALL MAK(R,MATRX_5)

GO TO 101
108 MAX=5

HZ=DI{ett)

APBP=.FALSE.

IF(ABCI1O).EQ.-99999. .AND. ABCIll).EQ.-99999.) APBP=.TRUE.

IF(LATR.OR.LONG} GO TO It?

IF(A(I,2).GT. .5) GO TO 113

LATR=.TRUE.

GO TO 117

it3 LONG=.TRUE.

DO 11W I=I.12

[I_ LABELS(II=LONLAB(1)

WRITE(3.200/)

117 IFiILD.EQ.-999) LAST=.TRUE.

IF(ABC(5}°NE.-g9999.) CALL AMAKE(AR_A)

IF(ABC(6).NE.-?9999o) CALL AMAKE(BR.B)

IF(LONG) GO TO 121

IF(ABC{9).EQ.-99999.) CO TO 119

DO 118 I=I.5
118 DI(I.I)=DILAT(1)

119 IFKABC(7).NE.-99999.) CALL AMAKE(APRAtAPRLATI

IF(ABC(B).NE.-g9999.) CALL AMAKE(APR_,BPRLATI

IF(ABC(3).NE.-99999.) CALL AMAKEIAA.AALAT)

IF(ABC(WI.NE.-99999.} CALL AMAKE(BB,BeLAT)

123

ED ITt710

EDITXT20
EDITt730
EDIT1740

EDITITSO
EDITi760

EDIT1?70

EDITL7_O

EOITIT90

EDIT1800
EDIT1810
EOIT182O

EDIT18]O
ED ITI8_O

EDIT1850
ED I T1 _60
EOIT18IO

EDIT1880
EDIT189_

EDIT1900
EOITt9%0

EDIT1920
EDITt930

EOITl9wO
EDITI950

EDIT1960

EDIT1970

EOIT1980
EDIT1990

EOITZOOO

EOIT2OXO

EOIT20_O

EDIT2030

EOIT2OWO
EDIT2050

EDIT2O60
EOIT2070
EDIT2QSO
EDITZ090
EDIT2X_O
EDIT_ttO
EOIT2t_O

EOITZX30
EOIT21_O

EDIT_$50

EDITZ160
EDIT2170

EDIT_I_O
EDIT2190
EDITZZO0
EDIT_210

IF(XB. NE.O. .O_.ZB°NE.9. .OR.XAY.NE.O. .OR.ZAY°NE.O. ICORECT=.TPUEoEDIT22_O

IF(ABC(12)°ED.-9999_o} GO TO 123 EDIT2_30

R(2.3i=-IXZIIX EOITZ_WO
R(3,2)=-IXZ/IZ EDIT_Z50

IF(TEST) CALL AS_IT{R} EOIT_60

IF(.NOT.BOTH) GO TO 12_ EDITZZ70
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O0 7 I=I,3

I OROER(I)=I+t5

OROER(W)=t2

O0 g I=5,11

90_OE_(1)=I+I_

OROER(12)=i

ORDER(iI)=3

GO TO 122

121 IF(ABC(7).NE.-99999.1 CALL AMAWE(APRA,APRLON|

IF{ABC(B|.NE.-99999.) CALL AMAKE(APRB,BPRLONI

IF(ABC(3).NE.-99999.) CALL AMAKE(JA.AALON|

IF(A_C(h).NE.°99999o| CALL AMAKE(BB.BBLON)

IF(XALF.NE.O. .OQ. XAN.NE._. .OR. ZAX._E.O.) CORECT=.TRUE.

IF(AqC(9|.EQ.-99999°) GO TO 122

DO t24 I=1,5

12_ DI(I.II=DILON(1)

C**_*,,*-,*,_*_*-_,_'_'*_i_ AA AND BB TO LOGICAL VARIABLES

iZ2 CALL INV(R,MAXi

MX=AIMAX,2|

MU=8(NAX,2)

MXPI=M_+i

M_M=MZ-MX

00 150 I=MXPl,PZ

150 IF(Dt(I,I)°EQ°O.) VAR(I-MX;=.FALSEo

JKMMI=O

00 120 I=i,MX

O0 rio J=I,MX

IF(AA(I,J)) 107,I06,107

106 LAA(I,J)=oTRUE.

GO TO 110

tO7 LAA(I,J)=.PALSE.
JKMMi=JKMM%+I

iiO CONTINUE

O0 120 J=I,MU

IF(BB(I,J)) ti_,111, l%2

ill LBB(I,J)=.TRUE.

GO TO i20

1[2 LBB(I,JI=,FALSE,

JKMMX=JKHMI*I

120 CONTINUE

JKMM=JKMMI

00 125 I:I,MX

t25 IF(ZERO{I)) JKMMt=JKMMI+i
JKV=JKMMI
DO 126 I=i,MZM

IZ6 IF(VAR(1)| JKMMI=JKMMI*I

JKM=JKHHt+I

APR($Stl)=JKMM1
APR(35,2)=JKM
RETURN

1000 FORMATIZIIIZ,I3,1X)!

_000 FORMAT(ZQAk)

2001 FORMATK13H PLOT LIMITS/$X.THMINIMUM, l_PB.Z/SX,?HMAXIMUM_lSF8.Z)

20Q2 FORMAT(/IOHO MANEUVER, IW,XZH START TIME, WI5.11H STOP TIME, WIS|

2003 FORHAT(1HI,26X,_OAW, 13X,AIO}

_OOW FORMAT(/18HO INPUT MATRICES I)

EDIT2280

EOIT22gO

EOIT2300

EDIT2_IO

EDIT2320

EDIT2130

EOIT2_W0

EDIT2350

EDIT_360

EDIT2370

EOIT23_O

EOITZ390

EDITZWO0

EDITZWiO

EDIT2420

EOITZW30

EDITZ_WO

EDIT2W50

EDIT2460

EDITZW70

EDIT2W80

EOITZW90

EOIT25CO
EOIT2510
EOIT_5_O

EOIT2530

EOIT_5_O
EOIT2550
EDITZ560

EDIT25/0

EOIT2580
EDITZ590
EDIT2600

EOIT2610

EOIT2620

EDITZ6]O

EDIT2640

EDIT2650

EDIT2660

EOIT2670

EDIT26BO

EDIT2690

EOITZ700

EOITZ710

EOIT_T_Q

EDITZ730

EOITZTWO

EDIT2/50
EDIT2760

EOITZl/O

EOITZ780

EOITZ_90

EOIT2800

EDIT28iO

EDIT_820

EOITZBIO

EOIT28WO
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200E FORMAT(tHI,2FX,23AW, IOX,A1]/WOX,14HNEWTON-RAPMSON, EOIT2850

28H DIGITAL DERIVATIVE MATCHING/6OX,tOHi APR t9741 EDIT2860

_006 FORMAT(ZBHODI WILL BE DETERMINED USING,13, EOIT2870

-28H PASSES. RELAXATION FACTOR =,FS.2,13H TOLERANCE =,F5.2) EDIT2880

2@0) FORMAT(W6H THE A MATRIX INDICATES CASE IS LONGITUDINAL. EOII2890

-57HLABELS ABOVE ARE WRONG. AoPROPRIATE CORRECTIONS NOW MADE.} EOIT2BO0

200B FORMAT(23HOWMAPR WILL BE RUN WITH,I3,25H VALUES. FIRST 0., THEN,EOITZBLO

E9.2,27H. THEREAFTER MULTIPLYING BY,EB.2) EDIT2920

2009 FORMAT{ 50HOINFUT DATA {T INDICATES TRUE OR YES, F INDICATES , EDIT2930

12HFALSE OR NO) IIHO,WX,SA4,SH CASEIi6H DATA SOURCE, EDIT29wO

iOH CARD? ,Li,BX,6HTAPE? ,LIISX,12HDATA RATE IS, FS.0, EDIT2950

57H SAMPLES/SECOND ON SOURCE FILE (IF O, DETERMINED FROM TIM,EDIT2960

22MES ON THE SOURCE FILEtlIOX,26HDIVIDED BY THINNING FACTOR, EDIT2970

3H OF,I]ISX, t4HON INPUT TAPEI,IW, EDIT2980

56H DATA WCPOS PER RECORD. SPECIAL SIGNAL ORDER DEFAULT? , EDIT2990

LI) EDIT3ÙO0

2010 FORMAT(/I6HOPROG_AM OPTIONS/2&HO APRIORI WEIGHTING =,E8.2, EDITSOIO

I3X, I3,Z2H TIME HALVINGS IN EAT./ EDIT3020

5X,I_HITERATIONS =,I3,32H (ITERATION WILL STOP IF ERROR , EDIT}030

36HSUM C_ANGES RY LESS THAN A FACTOR OF,EB.2,1HIISX, EDITSOWO

WBHCASE WILL BE STOPPED IF ERROR SUM IS GREATER THAN,E9.2} EDIT3050

20L1 FORMATI//MOOUTPUT/12HO PLOTS? ,Li,25H (NO PLOTS UNLESS FINAL ,EDIT]060

22HERROR SUM IS LESS THAN,E9°3,iH}/tOX, EDIT3070

52HNUMBER OF CONTROLS AND EXTRA SIGNALS TO BE PLOTTED =tl]l EDITS080

IOX,2WHSECCNDS PER CENTIMETER =,FS.215X, EDITS090

$OHPRINTEO FLIGHT ANO FINAL COMPUIED TIME HISTORIES? ,LLISX, EOIIStO0

5/ME_TRA CUTPUT OF INTERMEDIATE STERS FOR A DIAGNOSTIC AID? ,EDIT3110

LllSX,51HPUNCHEO FINAL NON-DIMENSIONAL DERIVAIIVES AND CONFI,EOITSL20

14HDENCE LEVELS? ,LI/SX,2EHPUNCHEE FIkAt DIMENSIDNAL, EDIT3130

IOHMATRICES? ,LI) EOIT]IWO

20X2 FORMAT(/SWHOFLIGHT CONDITION ANO VEHICLE CHACTERISTIOS {0. INOICA,EOITSI50

55HIES VALUE OBTAINED FROM TIME HISTORY CN QBAR,V OR MACH), EOITSL60

IW_X,WgH(MACH,ALRHA,DG AND PARAM ARE FOR REFERENCE ONLY, , EDITSI?O

20HNOT USED IN PROGRAMI/SX,14HMETRIC UNITS? ,LX/SX, EOITSi80

IBHOYNAMIO PRESSURE =,Fli.I,BX,IOHVELOOITY =,F/.IlSX, EDITSt90

6HMACH =,FE.3,23X,THALPHA =,FT.2,22M {IF 999. , OBTAINED , EOIT]230

18MFROM TIME HISTCRYIISX, iBHCENTER OF GRAVITY =,F6,3,10X, EDIT]210

- 29HOTHER IDENTIFYING PARAMETER =,EtO.315X,ilHWING AREA =, EDIT3220

F/.I,17X,EHSPAN =,FT.2,_X,?HOHORD =,F6.2/SX,4HIX =,FB.I,2ZX, EOIT3230

4MIY =,FIO.I,WX,4HIZ =,FIQ.t,4X, SHIXZ =,FB.LIS_,BHWEIC_T =, EOIT32WO

FB.IISX,2EMINSTRUMENT OFFSETS FROF CGI EOIT_250

tOX,53HX-DIRECTION OFFSETS (+ = INSTRUMENT IS FORWARD 3F CG}/EDIT3Z60

tWX, SHALPHA,FB.3,4H AN,FB,311WX,4HBETA,FB.3,&H AY,F8.3/ EOII3270

tOX,W9H/-DIRECTION OFFSETS ( + = INSTRUMENT IS BELOW CG)/ EDIT32BO

IWX,WHBETA,FB.],WH AY,FB.S} EDIT}290

2Ji3 FORMAT(26HOSIG_AL SCALING ANO _IASESI9M SIGNALS,IX,IwAB,A_I EDIT3]UQ

IOH VAR eIAS,)2X,3(lX,LII/iiH V_R I.C. ,6X,Li,3{IX,Li)I EDIT33tO

12H FIXED 9IAS,iXFB.2/12H SCALE FACT,/Fe.2} EOIT3320

END EDIT3130
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SUBROUTINE DATA

Description: Subroutine DATA reads the input time histories, performs any
sealing and biasing required, and completes the program initialization. Averages
of several time histories are obtained for use as default values for input parameters
not set.

Programing notes: Comment cards separate major subroutine sections. Ifthis

is an intermediate step in the DI determination or the a priori variation option, most

of the subroutine is skipped since those sections were executed in the first step;
this is true when the formal parameter IN is false.

Important variables -

X -- vector containing one time point of the input time histories in degrees.

Z, DCR -- vectors containing the input observations and controls in radians.

C - matrix containing factors for nondimensionalizing derivatives.

APR -- matrix containing any off-diagonal a priori weightings. These weightings
would be stored in the upper triangular portion of APR. There are no terms inserted

here, but if such terms are desired, they may be inserted and the rest of the pro-

gram will treat them properly. This matrix is referred to elsewhere in the program
as SUM, and the lower triangular portion and the diagonal will be used to store
other information.

APRD - vector containing the diagonal a priori weightings.
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Subroutine listing:

SUBROUTINE DATA(IN)

READS TIME HISTORIES, PERFORMS VARIOUS INITIALIZATION

COMMON IALLDIMI MAX, MIX

COMMON /COM/ NCASE,MZtNPTStNPTT,SPS,PRINT,LONGtLATR,PLOTEM,NDt,

_ DITOL,OIRLX, NAPR, WFAC,WMAPR, ERRSUM,LAST,RATIO

COMMON /MATRIX/ A,BjAA,BB,AP,BP,DI,RI

COMMON /TOGIRL/JKM,JKMM,JKMM%,ERRMAX,ZEROIN, XTS,_OUND,APR,NI

DATA O

DATA 10

OATA _0

DATA ]0

DATA WO

DATA 50

DATA 60

DATA 70

DATA 80

'5

10

ZO

,_IASK,ZERO, APRD, JKV,OIAG DATA go

COMMON IINFOI HH,NOITERtMXtMXPttMU, TEST,XDN,ZeX,IPOR,IXYZtXT3,MZM,OATA 100

CORECT,BIASKN,PLTMAX,XTW,ERRVECtPUNCHD,NEAT DATA 110

COMMON /DIMENS/ C,EtWQStTMETN

COMMON /HEADNG/ LABELS,TITLE.JULIAN

COMMON /TOOATA/ StSPAN,XB,ZB,XAY, CARD, ZAY.APRA,APRB,OCBIAS,

XALF,THIN,TAPE, CBAR,APBP. STC,ETC,BIAS,AR.BR,XAN,ZAX*

_ SCALE,NREC,OROER, PETRIC,AIX,AIY, AIZ,AIXZ,Q,V,GROSWT

COMMON /ROUTH/ PUNCH ,BARAM,MACH, ALPHA,CGtACtBC

DIMENSION A('5,W)tB{'5,8)tTITLE(20|tXTW(3)*APRO(3'5),REOORD(IOO)'

. AA(5,_},BB('5,8|,X(t'5),Z{7),E(3.81, AP(W, WI,_P(W,8),

- EXTRAiW}, OCR(B),NPTS(151,DI(8,?)tDC(k|,

- C(3,8) ,ERRVEC(20),ARR(3'5,35),XT3(W|,RI('5.41,

_ XTS(35),AR(5,_),BRIS,8),APRA(5,W),APRB('5,BIwAC(StWt,BC('5"81

INTEGER T(_t,ORDER(I'5),THIN,STC(151,ETC{t'S)

REAL OCBIAS{W),CALIB(T),BIASi7)tLABELS(1S),MACHtSCALE(7)

LOGICAL COR£CT,METRIC, CAROtPLOTEM.APBP,AA,BB,TAPE*LAST,DIAG,

BIASKN,ZEROIN, TEST,LONG,LATR,PRINT,IN,BIASK(3),/ERO(W)'

DATA 1_0

DATA 130

DATA lhO

DATA 150

DATA 160

DATA 170

DATA 180

DATA 190

DATA 200

DATA 210

DATA 2ZO

DATA 230

DATA 240

OATA 2'50

DATA 260

OATA 270
- PUNCHO,PRNT

EQUIVALENCE(X(8),DC(1)I,(X(t2)*EXTRA(1)I

DATA STAR/IH_/,BLANK/IH /

PRNT=PRINT.OR.(NOITER. EQ.Q)

G:3Z,172

IF(METRIC) G=9.80665

RA0=57.29'58

LINE='SO

DO 5 1=I,3

XT_(1)=O.

00 I_ I=1,7

CALIB(I)=t.IRAC

Z(I)=O.

CALI_('5)=I,

00 20 I=_,8

OCR(I)=O.

IFK.NOT.LONG) GO TO '50

XTW(1)=I.

CALIB(3)=I.

CALIB(7I=t,

DATA _80

DATA EgO

DATA 3dO

DATA 310

DATA 320

DATA 350

OATA 3hO

DATA 35G

DATA ]60

DATA 3TO

DATA 380

DATA 39G

DATA WOO

DATA _19

DATA W_O

DATA _30

DATA _0

DATA WSO

DATA _60

DATA WTO
50 CONTINUE

C_._***__=**_*_*_=_ READ INPUT TIME HISTORY

IF(.NOT.IN) GO TO 50'5

IF(PRNT) WRITE(3,20Ol)

NPTT=O

AMACH=O.

ALFA:3,

AV=O.

AOBAR=O.

PHI=O.

DATA _80

DATA WgO

DATA '500

DATA '510

DATA '520

DATA '530

DATA 5WO

DATA '5'5Q

DATA 56_
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THETA=O. DATA 5TO

VEL=V DATA 590

DO 500 III=I,NCASE DATA 590

ISTMS:STD(II%) DATA 600

IETMS=ETC(I11) DATA 610

ITHIN=TNIN-I DATA 620

NPTS(I11)=O DATA 630

IF(I11.LE.4) DCR(It%+_)=l. DATA 6WO

260 IF (TAPE) GO TC 240 DATA 650

_EAO (1,1001) I,X DATA 660

GO TO 250 DATA 6TO

2_0 READ (W) T,(RECORD(1).I=t,NREC) DATA 680

250 IF((T(4)+IOOO4(T(3)+60_T(2)+36QO_T(t))).LT.ISTMS) GO TO 26C DATA 690

ITST=T(W) DATA 70Q

IF(.NOT.TAPE) GO TO 30G DATA 7%0

DO 270 I=1,15 DATA 729

270 X(I)=RECORD(OR(ER(I)) DATA 730

300 ITM=T(_)+IOOO_(T(3)+60_T(21+369O_T(1)) DATA 740

IF(ITM.GT.IETMS) GO TO _30 DATA 750

ITHIN=ITHIN+I DATA 760

IF(MOO(ITHIN,THIN).NE.G) GO TO 385 DATA 770

NPTS(I11) : NPTS(II1) ÷ 1 DATA 790

IF(NPTS(1).NE. 2.0_. SPS.NE.D.| GO TO 309 DATA 799

I=T(4)-ITST DATA 803

IF(I.LT.O) I=I*lO00 DATA 8%0

HH=((I÷2)I5)_5 DATA 820

HH=HH/IO00, DATA 830

SPS=le/HH DATA 840

C __=_=_=_e_*_ ADD BIASES AND SCALE FACTORS DATA $50

309 DO 3tO 1=1t4 DATA 860

DC(I)=DC(I)+DCeIAS(I) DATA 870

3tO DCR(I)=DC(I)/RAD DATA 880

DO 315 I=i.MZ DATA 893

315 X(II=X(I)_SCALE(1)+DIAS(I) DATA 90_

AMACH=ANACH+EXTRA(3) DATA 9i0

AQBAR=ADBAR+EXTRA(W) DATA 92&

IF (LONG) GO TO 350 DATA 930

IF(.NOT.CORECT) GO TO 340 DATA 940

IF(V.EQ.O.) VEL=EXT_A(2) DATA 950

X(1)=X(1)-(XD_X(3)-ZB_X(2I)IV_L tOAT 960

340 ALFA=ALFA+EXTRA(1) DATA 970

AV=AV+EXTRA(2) DATA q90

GO TO 360 DATA 990

350 IF(.NOT.CORECT) GO TO 355 OATAI030

IF( V.EQ.O.) VEL=X(3) DATAtOlO

X(t|=X(tI+XALFeX(2)/VEL DATA1020

355 ALFA=ALFA+X(1) DATAi030

AV=AV+X(3| DATA%O_O

PHI=PHI+EXTRA(1) DATA1050

THETA=THETA+XIW) DATAt060

360 DO 365 I=ttHZ DATAIOTO

365 ZIIi=_(I)_CALIB(I) DATA1080

ITIME=T(_)+iOOO_(T(3)+IOO_T(_)+IOOCO_T(I)) DATAI090

WRITE (71 ITIME,Z,DCR,EXT_A DATAXIO0

IF(.NOT.PRNT) GD TO 375 DATAXi_O

IF(_OD(LINE.50).ED°O) OATAt%20

-WRITE(3, iO03) TITLE.JULIAN,GROSWT,AIX_AIZ.AIXZ.AIY,O.V.LABELS OATAIt30
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WRITE(3,2OIO)T,X

LINE:LINE+I

375 I_(ITM.EQ.IETMS) GO TO W30

T85 IF (CARD) GO TO 400

REAO (W) T,(RECORO(I},I=I,NREC)

O0 393 I=1,15

390 X(I):RECORO(ORCER(I)|

GO TO 300

_00 READ (I,1001) T,X

GO TO 300

_30 IF(NPTS(Ill}°GT.OI GO TO _35

WRITEI3,2OOQ)Ilt

STOP

_35 NPTT=NPTT+NPTS(It1)

WRITE(3,2007)II1,NPTSKItl)

500 CONTINUE

ANPT=FLOAT(NPTT)

IF(MACH.EQ.O.} MACH=AMACN/ANPT

IF(ALPHA.EQ.999.) ALPHA=ALFA/ANPT

IF(V.EQ.O.) V=AV/ANPT

IF(Q.EO.O.) O=AQRARIANPT

VOG=VIG

AM=GROSWT_VOGI(Q_S)

VZ=2._V

1F (LONG) GO TO 170

C ___4_'_ LATERAL SETUP

XAN=-ZAY

ZAX=XAY

IPOR=3

IXYZ=t

PI=VOG

P3=i.

AP3=I.

QSB=Q_S_SPAN

QSB_=QSB_SPAN

C(I,2)=Lo

C(2,2)=V2"AIX/QSBB

C(3,2):V2"AIZ/CS_B

C(1.3)=0.

C(2,_)=C(2,2!

C(3,3)=C(3,2}

C(I,I)=AM/RAO

C(2,1)=AIXI(QSe_PAD)

C(3.1)=AIZI(QSB_RAO)

DO t6O 1=1,3

C(I._)=C(I.II_PAD

DO 150 J=W.7

160 C{I,J)=G(I.11

GO TO 200

C __*___ LONGITUDINAL SETUm

110 QSCI:Q'S'CBAP/AIY

THETA=THETA/ANPT

WQS=COS(THETAI_AO)_GOSIPHI/(RA_ANPT))_GROSWT/(Q_S)

IPOq=2

IXY_=3

_I=-VOG

P3=L./G

DATAIIWO

OATALLSO

OATAIL60

OATAIL70

DATALLSO

DATAll_O

DATA1200

OATAI_IO

DATAI_20

OATAX_30

DATAL240

OATA1250

DATAt260

OATAI_70

OATA12BO

DATAZ_gO

DATA1303

DATAt310

OATAL3_O

OATA1330

DATAI3_O

DATAt350

DATA1360

OATA1370

DATA1380

OATA1390

DATAI_OO

9ATAI_tO

DATAt_3

OATAL_3G

OATAI_O

OATAL_50

DATA_6O

DATAI_/_

OATAL_80

OATAI_90

DATA1500

OATA151O

DATAL520

OATAL53?

DATALSWO

DATA1550

DATA1560

DATAtS/3

DATA1580

OATA1599

DATAt600

OATAL610

OATAI62G

DATA1630

OATAI6WO

DATA1650

OATAL660

DATA1670

DATA1680

DATA16_O

DATAITO0
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AP3=_.

C(1,11=AMIRAD

C(2,1)=t./(QSCI_AD)

C(3,11=C(1,1)/V

C(I,2)=0,

C(2,2)=V2/(QSCI'CBAR|

C(3t2t=C{t,2I

DO IBO I=1,3

C(I,B)=C(I,I)_RAD

C(I,])=C(I,8|_VI?,

DO 180 J=wt7

%80 C(I,J)=C(I,II

THETN=THETA_C(ltl)

C SET E=gS"@@ IF DERIVATIVE IS FIXEC_ OTHERWISE E=@_ @Q

20D 00 220 I=1,3

DO 210 J=1,3

E(I,J|=STAR

IF(,NOT.AA(I,J| ) E(I,J)=_LANK

210 CONTINUE

00 220 J=W,8

K=J-3

E{I,J)=STAR

IF(,NOT,BB{I,K) I E(I,JI=BLANK

220 CONTINUE

HAX=8

C_m__I_o_ _m_ FORM AP AND BP IF NOT REAO IN

IF (AP_P) GO TO 129

00 112 J=I,MU

BP(I,J)=Pl

BP(2,J}=Z.

112 BP{3,JI=P3

O0 11W J:t,MK

AP(I,J)=O,

AP[2,J|=E,

tlh AP(1,J)=AP3

AP(19t}=Pl

AP(3_I|=P3

129 CONTINUE

XBN=XANIG

ZBX=ZAX/G

C'*_''**'''" "''''*'*'''_'''_*_''_ STORE APRIORI WEIGHTINGS

505 MAX=35

CALL AZOT{APR|

O0 510 I=I,35

APRO(I)=O,

5tO XTS(T|=O.

IF(NMAPR.EQ.O,) PETURN

K=O

O0 525 I=t_M_

DO 520 J=t,MU

IF(Qg{I,J) | GO TO 5_0

K=K+I

XT5(KI=B(I,J)-_RII,J)

APRO(K)=ARRB(I,J)_WMAPR

520 CONTINUE

DO 525 J=I,MX

IF(AA(ItJ) ) GO TO 525

DATA|710

DATALT20

DATAL?]O

DATA17_O

DATA1750

OATAIT60

OATAtT?O

OATA178Q

DATA1790

DATA%BOO

OATAtStO

DATAI820

DATA1830

DATAIBWO

DATA1850

DATAI860

OATA187O

DATA1880

DATA|890

DATA1900

OATAlgtO

OATA1920

DATAtg3G

DATALg_O

OATAI950

DATAIg6Q

DATA1970

DATA1980

DATAZggO

OATA2000

DATA2010

DATA202G

DATA20]O

OATA_O_O

DATA2O_O

DATA2960

DATA2OZO

9ATA2080

DATA2O_O

DATA2130

DATA2$10

OATA2L2O

DATA2130

DATA21WO

DATA2150

DATA2IGO

DATA2170

OATA2180

DATA21gO

DATA_200

DATA2210

DATA_220

DATA2230

DATA22_O

DATA2250

DATA2_60

DATA_70
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K=K+I DATA2280

XTS(K):A(I,J)-AR(I,J) OATA2ZBO

APRO(K)=APRA(ItJ)_WMAPR DATA2300

525 CONTINUE DATA2310

1001 FORMAT(312,IW,IFIO,_/BFIO.W) OATA232O

2_00 FORHAT(lqHOTIME INTERVAL,I3,10H NOT FOUND) OATA2330

2001 FORHAT(55HOINPUT TIME HISTORY WITH BIASES AND SCALE FACTORS ARPLI,OATA23WO

]8HED AND VANE CORRECTIONS ADDED FOLLOWS.) DATA2350

2003 FORMAT(1H1,26X,20Ah,13X,A[O/4HOW =,FB.1,6H IX =,Fg.I,EH IZ =, OATA2360

FlO.1,7H IXZ =,F/.I,6N IY =,Fg,I,SH QBAR =,F/.2tSH V =, DATA2370

FB*2/BX,_HTIMEt6XtI4AS,A_) DATA2380

2007 FORMAT(IHO,40X,35HTOTAL NUMBER OF POINTS FOR MANEUVER,I3,2H =,16) OATA2390

2010 FORMAT(iX,312,I3,2X,12FB,3,FS.1,FS.3,F8o2) DATA2_OO

RETURN DATA2WIO

ENO DATA2420

52



APPENDIX A -- Continued

SUBROUTINE AGIRL

Description: Subroutine AGIRL performs the parameter estimation.

the routine is skipped if NOITER = 0.

Flow chart:

Compute transition matrices and
observation matrices and

initialize iteration

Cards 570

1060

Set initial conditions

for maneuver
Cards 1090

1320

-i
'1

,dd contributions for this time poil [
to first and second gradients ]

No No_

Add a priori contributions I

to first and second gradients I

I If last iteration, eall CRAMER Ito compute eonfidenee levels

[ Solve system and Iupdate coefficients

Cards 1360

2040

Cards 2190

2270

Cards 2300

2560

Almost all
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Programing notes: For derivation of the form of the first and second gradients,
see reference 3.

Important variables --

SUM - contains second gradient in lower triangular and diagonal locations, and

off-diagonal a priori weightings in upper triangular. Diagonal a priori weightings

are in APRD. The first gradient appears as an extra column in SUM (the JKM th

column). The SUM matrix is printed each iteration when TEST = T.

RIA -- R-1A

RIB -- R-IB

R-IA&t
PHI1 -- e

APHI --

BPHI -- (APHI) (B)

AAP, BBP -- observation matrices formed from A and AP or B and BP, with any

terms for accelerometer offset from the center of gravity added. (These matrices are

referred to as G and H in the derivation.)

RIAP -- array of partial derivatives of AAP with respect to A.

_AAP (I, K)
RIAP(I,J,K)- aA(J,K)

RIBP -- array of partial derivatives of BBP with respect to B.

aBBP (I,K)
RIBP (I,J ,K) - DB(J,K)

Z, U -- measured values of observations and controls.

XT1, XT2 -- computed values for observations.

XT3 - variable initial conditions on the states.

XT4 -- variable bias on the observations other than states.

XT5 - difference between the estimated coefficients and the a priori values.

PB -- solution vector for the change in the estimates of the coefficients.

MX -- number of states.

MZ -- number of observations.
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Subroutine listing:

310

,320
C

33 0

35O

SUBROUTINE AGIRL

CORE SUBROUTINE - ITERATIVE LOCP

COMMON /ALLDIM/ MAX,MIX

COMMON ICOMI NCASE,MZ,NPTS,NPTT_SPS,PRINT,LONG,LATR, PLOTEM,NDI,
DITOL,DIRLX,NAPR, WFAC,WMAPR, ERRSUM, LAST, RATIO

COMMON /TOGIRL/JKM,JKMM,JKMMI,ERPMAX,ZEROIN,XTB,BCUND,SUM,NI

AGIR

AGIR

AGIR

AGIR

AGIR

AGIR

AGIR

AGIR

,BIASK,ZERO,APRD, JKVgOIAG AGIR

COMMON /INFO/ HH,NOITER,MX,MXPI,MU,TEST.XAN,ZAX,IPQR,IXYZ,XT3,MZM,AGIR

CORECT,BIASKN,PLTMAX,XT4,ERRVEC, PUNCHO,NEAT AGIR

COMMON /HEADNG/ LABELStTITLEwJULIAN AGIR

00 32 ll : k,NOITER

0

t3

20

3O

40

60

7O

_O

90

100

110
COMMON /MATRIX/ A,B, AA,BB,AP,BP,DI,RI AGIR 120
COMMON /ROUTH/ PUNCH,PARAM,MACH,ALP,CG,ACwBC AGIR 130

COMMON /DIMENS/ C,CC,E,WQS, TMETN AGIR 140

REAL XT3(4),XT4(3},XTBK35|,pB(35), APRCK351,LAEELS(15) AGIR 150

REAL U12(B_,U23(a),BPHI(5,8),EXTRA(4),AC(5,_,BC(5,8) AGIR L60

LOGICAL AAeBB,TEST,ZEROINeQIASKN,CORECTeLATR,ERSTOp,PUNCHD AGIR 170

,ZERO(4) ,eIASK(]) ,PRINT,LAST,DIAG,E(24),PUNCH,PLOTEM AGIR iBO

DIMENSION A( 5,@ ), B( 5,8 De SUM(35,35),PHIZ( 5,4 |, U( 8,3 ), AGIR /gO

AA( 5,4 ),BB( 5,8 ),RI(5.W|, APHI( E,4 ), Z( 8,3 ), AGIR ZOQ

APE 4,4 ),BP( 4,8 ). XJI(35,8 ),OUM%( 5,_ _,Ot( 8,7 ), AGIR 210

XTt2(4),AAP(3,WI,BBPI3,8|,RIA(5,_I,RIB(5,81, AGIR 220

XTl(7),NFTS(tB_,ERRVEC{20),XT_(7),D2(8),TITLE(20),XTE(W). AGIR 230
RIBP(_,4,BI,RIAP(Q,W,4),XJIDi(35,71,C{_,3),CC(3,5) AGIR 240

EQUIVALENCE (APHI(B,_),AOHIL),(PMII(B,]),PHIILI,(BPHI(5,3#,BPHIL) AGIR _50
DATA PHIIL/WHPHII/,APHIL/4HAPMI/,BPHIL/WHPHIB/ AGIR 260
ANPT=FLOATiNPTT|
ERMX=ERRMAX_ANPT AGIR 270
EN=loE_50 AGIR 280
ERSTOP=.FALSE. AGIR 290

AGIR 30_
DO 7 I=L,JKMMZ AGIR 310
PB(I)=O. AGIR 3_0

O0 2 I = t,MX AGIR 33_

XT3(I)=O. AGIR 340

IF (NOITER.EQ.C; GO TO Gag AGIR )50
WRITE(3,1OOO)TITLE,JULIAN,MACH,ALP,PARAM,CG AGIR ]60
CALL BERIV(LONE) AGIR 370

O0 320 I=I,MX AGIR 380
DO 3_0 J=i,MX AGIR 390

DO 3tO K=i,MU AGIR 400
RIBPiI,J,Ki=RI(I,JI_BPiI,K) AGIR 410
00 320 K=I,MX AGIR W20

RIA=(I,J,K)=RI(I,JI*AP{I,Ki AGIR W30

TERMS FOR ACCELEROMETER OFFSET FROM CG AGIR WWO

IF(.NOT.CORECT) GO TO 350 AGIR _50
DO 340 J=I,MX AGIR 460
DO 330 K=Z,MU AGIR 470
RIgP(1,J,KI=RIBP(I,J,K)÷XAN_RI(Z,j| AGIR W80
RIBP(IXYZ,J,K)=RIBP(IXYZ,J,K)*ZAX_RItIPQR,j) AGIR W90

DO 340 K=I,MX AGIR BOO

RIAP(I,J,KI=RIAP(I,J,K}÷XAN_RI(2,j) AGIR 5i0
RIAP(IXYZ,J,K)=RIAP(IXYZ,J,K)÷ZAX_RI(IPQR,jI 4GIR 5ZO

CONTINUE AGIR B30

WRITE(3,iO3)JKMMI AGIR 5WO

ITERATION LOOP AGIR 550

AGIR 560
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MAX = 5

CALL ASPIT(A)

CALL ASPIT (_)

CALL AMULT{RI, A,PIA)

CALL AMULT(RI,E,RIB)

C COMPUTE A_AP AND B_BP

O0 W5 I=I,3

DO WO J=%,MX

WO AAR(I,JI=RIAII,JI*AP(I,J)

DO W5 J=t,MU

W5 BBP(I,J)=RIB(ItJI'BP(I,J)

IF(oNOT.CORECT| GO TO 50

O0 _6 J=I,MX

AAP{L,J)=AAP(I,JI÷XAN'RIA(2,J)

W6 AAP(IXYZ,J)=AAP(IXYZ,J |*ZAX'RIA(IpQR'J)

DO _7 J=t,MU

BBP(t,JI=eeP(I,J|+XAN_RIB{2,J)

W1 BBP(IXYT,J)=gBP{IKYZ,JI+ZAX'RIB(IPQR,J)

50 REWIND ?

CALL AEAT(RIA,MH,PHI1,APHI,DUMt,SUM,NEAT)

CALL AMULT(APHI,_I,DUMtl

CALL AMAKE(APHI,DUMtl

CALL AMULT(APHI,B,BPHI)

IF(oNOT,TEST) GO TO 51

CALL ASPIT(PHIL)

CALL ASPIT(APHI)

CALL ASPIT(BPHI)

51 DO 5] I=t,MX

DO 53 J=l,I

TEMP=PHII(I,J)

PHIt(I,J)=PHII(J,I)

B3 PHIt(J,II=TEMP

MAX = NI

O0 60 I=I,JKM

O0 60 J=t,I

60 SUM(I,JI=O.

DO 52 I=I,8

52 D2(I) = 0,0
C VARIABLE BIAS

IF(,NOT°BIASKN) GO TO 3

IBIAS=JKV

DO 16 I : i,HZM

IF(.NOT.BIASK(I}; GO TO 16

IBIAS = IBIAS * 1

DO 15 J = I,MZ

L5 XJI(IBIAS,J)=O,

XJI(I_IAS,I÷MX)=lo

16 CONTINUE

WRITE(I,1001) (LA_ELS(I |,I=MXPI,MZ)

WRITE(3,102) (XTWKI),I=X,MZM)

C__*_m_ _m_ CASE LOOP

3 DO 26 LM = I,NCASE

NNHI=NPTS(LM)-I

_JI(NI,I|=JKV

XJI(NI,2I=MX

CALL AZOT(XJI}

READ (7) IT,XTI,IU(K,i),K=I,B),E XTRA

ADD TERMS FOR CG SHIFT IF NEEDED

AGIR 570

AGIR 500

AGIR 590

AGIR 600

AGIR 610

AGIR 620

AGIR 630
AGIR 6WO

AGIR 650
AGIR 660
AGIR 670
AGIR 680
AGIR 690
AGIR 700

AGIR TIO
AGIR 7_0

AGIR 7]0

AGIR ?wg
AGIR 750
AGIR 760

AGIR 7?0
AGIR 780
AGIR 790
AGIR BOO
AGIR 010

AGIR 820
AGIR 830
AGIR _wO
AGIR 850

AGIR 860
AGIR 870
AGIR 880
AGIR 890

AGIR 900
AGIR 910
AGIR 920
AGIR 930

AGIR 9_0
AGIR 950
AGIR 960
AGIR 970
AGIR 980
AGIR 990
AGIRXO00
AGIRtOtO

AG IR10 ZO
AGIRI030

AGIRtOWO

AGIRt050
AGIR1060

AGIRtO70

AGIRXOBC

AGIRIO90

AGIR1100

AGIRiitO

AGIRit2@

AGIRII3Q
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READ (7) IT,XT2,(U(K,ZI,K=I,8),EXTRA
C VARIABLE INITIAL CONDITION

IF(°NOT.ZEROIN) GO TO 6

IC=JKMM

00 4 I : 1,MX

IF(.NOT.ZEROII)) GO TO _+

IC = IC + 1
XJl tIC,I} =1.

XTIII) = XTI(I) + XT3(I)
XTZ(I) = XT2(I; + XT3(1)

W CONTINUE

IF(LH.NE,I! GO TO 6

WRITE (3, 1001) (LABELS{I),I=IBMX)

WRITE (3,108) (XT3(II,I=i,MX)
6 DO 8 I:I,MZ

ZII,I) = XTi(I)

8 Z(I,2) = XT2(1)

IF(TEST) WRITE ( 3, iii) ( XTi (I) , I=i,MZ)

IF(TEST) WRITE (3,111) (XT2 (1) ,I=I,MZ)

C '_4'_'* '__''P'_ _ q' _* 'J'_ *"_" _ _ '_'_'P _ I_ _ _ _ _ _ _ _ _* f _ TIME LOOP

C'_'_'_'_'_'_'_"_'_'f_'_'='_'_"_=_m_* COMPUTE GRAOIENT AND HESSIAN
DO 10025 IP = 2,NNM1

REAO (7) IT,(Z(K,3),K=I,/I,(U(J,3),J=I_8I,EXTRA
IF(LL.EQ.1) GO TO 203

DO Z01 I=t,HX

XT12(1)=.5'_(XTI(I;4.XT2(II)

201 XT6(1)=XT_(I)

GO TO 205

203 00 _OW I=I,MX

XTI2 (1) :. 54'(Z (I,2) +Z lI ,1) )

XT6(1)=Z(I,2)

Z(I,,1) = Z(I,2)
_OW Z(I,2) = Z(I,3)
205 CONTINUE

00 206 I=I,MU

UI_ (I)=.5'_ (U (I ,I) +U(I, 2 ) )

UZ3(I )=.5" (U ( I,_)'.'U( I, 3))
U(I,Ii-U(I_)

ZOE U(I,2)=U(I,3)

00 210 J=MXPI,MZ
00 210 JK=I,JKV

210 XJI(JK,J; =G°O

00 11 I = I,MX

XT1 (I)=XT2(I)
11 XT_{I)=O.

CALL AMUL T(XJI, PH I1,, XJIDI)

CALL AMAKE (XJ I_.XJIDI)

JK = 0

NO I_ J = LeMX

DO IZ K = leMU

XT_ (J)=XT2 (J) +{3PHI (J,K)_U_3 {K)

IF (BB{J,K)I GO TO iZ

JK = JK + 1
DO 115 I=I,HX

X JI (JK, I +MXI =RIBP ( I, J, K)'_U (K, I )

115 X JI (JK, I } =_(JI ( JK, I)'_,UlZ (K) _APHI lI, J)
iZ CONTINUE

AGIRllWO

AGIR1150

AGIR1160

AGIR11TO

AGIRI180

AGIR1190

AGIR1200

AGIRIZIO

AGIR1220

AGIR1230

AGIRiZhO

AGIR1250

AGIR1260

AGIR1270
AGIR1280

AGIR1290
AGIR1300

AGIR1310

AGIR13ZO

AGIR1330
AGIR13kO

AGIR1350

AGIR136_

AGIR1370

AGIR13BO

AGIR1390

AGIR1400

AGIRIWIO

AGIRI420

AGIRi_30

AGIRIWWO

AGIRIW50

AGIRIW60

AGIRIWTO

AGIRI_80

AGIRIW90

AGIRiBO0

AGIR151Q

_GIR1520

AGIRIB30
AGIRI_O

AGIRI550

AGIR1560
AGIR1570

AGIRIB80
AGIRIBBO

AGIR1600

AGIR1610
AGIR1620
AGIR1630
AGIRi6_O

AGIR1650

AGIRL660
AGIR1670

AGIR1680

AGIR1690
AGIR170_
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O0 I_ K = I,MX

XT2(J)=XT2(JI+PHII(K,J)=_TI(K)

IF(AA(J,K)) GO TO IW

JK = JK ÷ i

DO 1_5 I=I,MX

XJI(JK, I÷MX)=PIAP(I.J,K)'XT6(K)

12E XJI(JK,I)=XJI(JK, I)+XTI2(K)'APHI(I,J)

_W CONTINUE

O0 19 L = MXPI,MZ

LMMX=L-MX

O0 II JK=I,JKV

O0 17 K = I,MX

17 XJI(JK,L):XJI(JK,L) + XJI(JK,K) .AAp(LMMX'K)

XT2(Li=XTq(LMMXi

00 18 K : I,MU

18 XTZIL)=XT2(L)+BBP(LHHX, K)_U(K'2)

00 19 K = t,MX

E9 ×T2(L)=XT2{L)*AAPiLMMX, K)mXT2(K)

DO 20 J = I,MZ

XJI(JKM,J) = ZAJ, 3) - XT2(J|

20 D2IJ| : XjIIJKM, J)=_2 + 02(J)

IFITEST) WRITE(3,tiL){XT2(1).I =%,MZ}

IF(OIAG| GO TO 62

MIX=8

XJI(NI,tI=JKM

XJI(NI,2I=MZ

CALL AMULT(XJI,OI,XJIOl}

XJI(NItII=JKV

XJI(NI,2|=MX

MIX=5

GO TO 63

62 CALL DMULT(XJI,DItXJIDI,JKM,MZ|

63 CALL SUMULT(XJI,XJIDI,SUM,JKM,MZ}

IF(SUMIJKM,JKM).GI.E_MX) GO TO 510

i0025 CONTINUE

26 CONTINUE

C_._4_._m_m_m_4__ END OF TIME ANO CASE LOOPS

ERRSUM=SUM(JKM,JKM)/ANPT

ERRVEC(LL)=ERRSUM

WRITE(3,_OW)E_RSUM

IFIABS((EN-EPRSUM)/EN}.LT.BOUNC) E_STOP =,TRUE,

EN=ERRSUM

DO 6W I=I,MZ

XTIII)=DZ(1)/A_PT

6W 02(1)=XTiIIIAD%(I,I)

NRITE(3,1OS) IXTI(I|,I=I,MZ)

WRITE(3,106I(DZ(1),I=%,MZ|

DO 28 I =I,JKMM_

XTS(1) = XTS(1) + PB(I)

SUM(I,JKM}=SUM{JKM,I%-XTS(I)_APROII)

SUM(I,I|=SUM(I,I)+APRDII)

IMI=I-I

IF(IXt. EQ.O) GO TO 28

DO 27 J=I,IMI

27 SUM(I,J)=SUM(I,J)÷SUMiJ, I)

_@ CONTINUE

AGIP1710

AGIRI720

AGIRI730

AGIRITWO

AGIR1750

AGIR1750

AGIR1770

AGI_17_O

AGIPl?90

AGIRiS_O

AGIRI_IO

AGIRIB20

AGIRX83@

AGIRIBAO

AGIRI@50

AGIRIB60

AGIR1870

AGIR1880

AGIRIB90

AGIRigDQ

AGIRlgiO

AGIRIg_O

AGIRig_O

AGIRIgWO

AGIRIg50

AGIRig60

AGIR1970

AGIRlgaO

AGIRIggO

AGIR2@O0

AGIR20iO

AGIR2O2@

AG IR2 @ ]0

AGIRZ@_O

AGIR_OSQ

AGIR2@60

AGIR20/O

AGIR20@O

AGIRZOgO

AGIR_IO0

AGIR2110

AGIR2120

AGIR21IO

AGIR2140

AGIRZ15G

AGIR216

AGIR218@

AGIR2i90

AGIR2200

AGIR2_iO

AGIR222Q

AGIR22]O

AGIR22WO

AGIR2250

AGIR2260

AGIR2270
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_F (TE_T) CALL A_PIT(SLM)

I_(E_STOP,O_.(LL.EQ. NOITERI) CALL CRAPER(SUM, APRO,MU,MZ,ERPSUM)

CALL SCLVE(S!JM,P_!

IFITEST! WQITEI3,10?)IPB(II,I=I,JKMM_;

C _*_____ UPDATE COEFFICIENTS

IJ =

O0 31 I = I,MX

00 3_ J = i,MU

IF (_(I,J| ) GO TO 30

IJ = IJ + I

BII,J) = PBIIJ! + _(I,J!

30 CONTINUE

00 31 J = I,MX

IF (AA(I,J! } GO TO 31

IJ = IJ + i

A{I,J) = PB(IJ} _ A{I,J)

31 CONTINUE

IF(.NOT.ZEROIN) GO TO 35

O0 3W I=%,MX

IF(.NOT.ZERO(1)} GO TO 3W

IJ=IJ+1

XTI(I!=_T31II+PB(IJ}

3W GONTINUE

35 IF (.NOT.BIASKN ) GO TO 37

O0 36 I=I,MZM

IF (.NOT.BIASK(I)| GO TO 36

IJ=IJ*l

XTW(1) = XTA(I! + P_(IJ!

36 CONTINUE

37 WRITE(],IQI)LL

IF (£RSTOP% GO TO 38
32 CONTINUE

GO TO 500

38 WRITE(3,_IO!qOUNP

NOITER=LL

500 MAX=5

WRITE(3,200$!

CALL ASOIT(AC)

CALL ASPIT{BC)

W_ITE(3,2006)

O0 508 I=1,3

DO 5_7 J=l,3

507 AC(I,JI=AC(I,J)_C|I,JI

DO 50_ J=1,5
508 _C(I,J]=BC(I,JI_CC(I,J)

CALL ASPIT(AC)

CALL _SPIT(BC)

QETURN

510 WRITEI3,2OOIIERRMAX

NOITER=LL

ERRVECILL)=ERRPAK

tOi FOPMAT(//5OX,16HITERATION NUMBER,Ih,IOH COMPLETEO)

I_2 FORMAT{15H VARIAnLE BIAS ,3E12.W!

i03 FORMAT(1H+,IOOX,2OHNUMBER OF U_KNOWNS =,I3/1HG,20W,

- 23HENTERING ITERATION LOOP/ZSHO DIMENSIONAL DERIVATIVE ,
- 39HMATRICES PER RADIAN. BIASES IN RADIANS./I)

AGIR22QO

AGIP22gO

AGIR23CO

AGIR231D

AGIR232D

AGIR2330

AGIR23WO

AGIR2350

AGIR2]60

AGIR2370

AGIRZ]80

AGIR23go

AGIR2WO0

AGIR2WIO

AGIR2W20

AGIR2_30

AGIRZAWO

AGIR2wSO

AGIR2460

AGIR2W70

AGIRZW_O

AGIRZW90

AGIR2500

AGIR2510

AGIR2520

AGIR2530

AGIR25WO

AGIR2550

AGI_2560

AGIR2579

AGIR25_O

AGIR2593

AGIQ2600

AGIR2610

AGIR26ZQ

AGIR2630

AGIR26GO

AGIR2650

AGIR2660

AGIR2670

AGIR26_D

AGIR26gO

AGIR2700

AGIR2?iO

AGIR2720

AGIR2730

AGIR2?W@

AGIR2750

AGIR_760

AGIR2770

AGIR2780

AGIRZ?90

AGIR28@@

AGIR2BIQ

AGIR2@20

AGIR2@30

AGIR28WO
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tOW FORMAT(gBx,2OHWEIGMTEO E_ROR SUN =,E12.W)

Ig5 FORMAT(?H ERRORSIIX, 11Ei2.W}

10_ FORMAT(16H WEIGMTEO ERRORS/iX,IIEI2.W)

107 FORMAT{IZM mB VECTOR =,iOEi2.W/(12X,IOEI2._)}

10B FORMAT(IBM VARIABLE IC ,4EI2.W)

11Q FORMAT(37HO ITERATION TERMINATING, ERRCR WITHIN,Fg.6.BM BOUND.)

111 FORMATIiX,/E12.W}

LQO0 FORMAT(1H1,26X,20AW.13X,AIQIINO,IOX_lBMSTARTING VALUES,BX,

6HMACM =,FB.3,BX, THALPHA =,F/.2.BXtTHPARAP =,FIC.k, BX,

- WHCG :.F6.3)

1Q01 FORMAT(15X,?A12)

20Q1 FORMAT(WOMQITERATION TERMINATING. MAXIMUM ERROR OF,EZO.2,

- 9H EXCEEDEDI_THOINRUT TIME HISTORY FOLLOWS}

2003 FORMATIWBHOCONFIOENCE LEVELS FOR NEXT TO LAST ITERATION/

- 5X,13F(OIMENSIONAL)I)

2BOE FORMAT(22HO (NON-OI_ENSIONAL|)

600 RETURN

END

AGIR2850

AGIR2860

AGIR281O

AGIR2880

AGIR28gO

AGIR2900

AGIR29%0

AGIR29_O

AGIRZg30

AGIR2BWO

AGIR2950

AGIR2960

AGIR2gTO

AGIR2gBO

AGIR2ggo

AGIR]OOB

AGIR3010
AGIR3Q20
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SUBROUTINE OUTPUT

Description: Subroutine OUTPUT provides the final output in several forms.
The time histories are computed with the final derivative estimates and may be
printed or written on a file for plotting. Final derivative estimates are also printed
and, if requested, punched on cards. An error exit section to print the input time
history is entered if PLTMAX or ERRMAX was exceeded.

Programing notes: Time history data for plotting are written on unit 8. The
time histories are always computed to determine the final error sum, even if
neither printout nor plots are requested. Most variable names are similar to those
in subroutine AGIRL. ERRVEC contains the error sum from each iteration in AGIRL
for the convergence summary.
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Subroutine listing:

SUBROUTINE OUTPUT(D2 ) OUTP Q

OUTP 10

COMPUTES FINAL TIME HISTORY, OUTPUT MCCES AS SPECIFIED OUTP 20

OU TP 30

COMMON /ALLOIM/ MAXvMIX OUTP WO

COMMON IHATQIXI A.B. AA,..BQ.AP,BP.OI,RI OUTP 5C

COMMON /COM/ NCASEtHZINPTStNPTT,,.SPS.PRINTtLONG,LATR.PLOTEMINOI,p OUTP 60

- O ITOL,OI RLX, NAPR, WFAC, WMAFR, ERRSUM,.LAS I.RATI 0 OUTP 70

COMMON /INFO/ HH_.NOITER..HX,MXPI,HU,tTEST,XAN,ZAX_.IPOQtIXYZ.,XT3_.MZ_.OUTP 80

° COREC T.R IASKN, PLT HA X. X TW_ ERR VEC. PUNCHD,NEAT OUTP 90

COMMON/HEADNG/ L_BELS, TITLE.JULIAN

COMMON /DIMENS/ C.CC.E,WQS, THETN

COMMON /POUTH/ PUNCH tPARAM_MACH.ALP, CG,AC.BC

DIMENSION A¢5.4),B(5,B),AA(5.41.BB(5. Bl_AP(W.W),_P(_.B),01(8,7).

XT4(3)_NPTS{iS)_PHII(5_hI,APHI(5,4),DUMi(5_W)t

XTI(7|.XT2(7),D?(?|.I(_},eJI(_).TITLE(20_,UI(S),U2(B),

ERRVEC(20),AAP(3. W_,BRO(].8),XT6(/_.U(4}.AC(5.4)_BC($.B)

LOGICAL TEST.CCRfCT, BIASKN.LATR.PUNCH,FLOTEM,E(2W).PRINT,LAST.

OUTPT.PUNCHO,LONG

REAL CALIB(7).LAqELS(15).MACH,C{3,3},CC(3.5|,U3(_),Y(/),BIASO(W)

.RI(5,_),_IA(5,4).RI_(5.B),EXTRA(h).EXTRI(W).XT3(W|

DATA PHIIL/WHPHII/,APNIL/WHAPHI/.ALAT/4HLATP/,ALON/_HLONG/

RAD=S/.2958

00 5 I=1,7

5 CALIa(1)=I./RAD

CALIn(5)=L.

IF{LATR) GO TO 7

CALI_(3)=I.

CALI_(7)=I.

7 IF(NOITER.EQ.O| CO TO B

[F(ERRVEC(NOITER).GE.PLTMAX) GO TO WSO

B PHII(5,3)=PHIIL

APHI(5,3I=APHIL

OUTPT=PRINT.OR.PLOTEM

REWIND 7

MAX=5

WRITE(3,LOOD)TITLE,JULIAN

WRITE(3,2OOO)MACH,ALP, PARAM.CC

CALL DERIV(LOMG)

00 iD I=I,MZM

iO _IASD(II=WT4(I)/CALIn(I+MX)

IF(_IASKN) WRITE(3,LOO3)(XT4(I),I=I,MZM)

CALL AMULT(RI.A._IA)

CALL AMULT(RI._._IB)

CALL AEAT(RIA,MH,PHII.APHI.CUMI.BBP.NEAT)

CALL AMULT(APHI.PI,DUMI)

CALL AMAKE(APHI.OUMI)

IF (.NOT.TEST 1 GO TO &O

CALL ASPIT(APHI)

CALL ASPIT(PHII)

60 O0 70 I=I,MZ

TO 02(I)=0.

DO 55 I=i,3

00 52 JcI,MX

52 AAP(I,JI=RIA(I.J)_AP(I_JI

DO 55 J=I.MU

OUTP 10_

OUTP 110

OUTP L20

OUTP 130

OUTP IWO

OUTP 150

OUTP 160

OUTP 170

OUTP 180

OUTP IgO

O_JTP 200

OUTP 21C

OUTP 220

OUTP 230

OUTP 2_

OUTP 250

OUTP ?60

OUTP 2ZO

OUTP 280

OUTP 2gO

OUTP ]UO

OUTP 310

OUTP ]EO

OUTP 310

OUTP 340

OUTP _50

OUTP 360

OUTP 3?0

OUTP 380

OUTP 390

OUTP _QO

OUTP 410

OUTP _20

OUTP _]0

OUT_ _0

OUTP 45D

OUTP W60

OUTP WIO

OUTP _B_

OUTP _gO

OUTP 500

OUTP _%0

OUTP 5_0

OUTP 530

OUTP 540

OUTP 550

OUTP 560
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55 BBP(I,JI=RI_(IpJI*8PlI,J)

IF(oNOToCOqECT) GO TO 6g

00 61 J=I,MX

AAP(1,JI=AAP{I,JI_IA{2,Jt*XAN

6i AAP[IXYZ,J)=AAPiI_YZ,J)+ZAX*OIA(IPOR, J)

00 62 J=I,MU

OBP(I,J)=BBP(%,J)÷XAN*RI_i2tJ)

62 _BO(IXYZ,Ji=BBPiIXYZ,J)÷ZA_*_IB(IPQR, JI

69 CONTINUE

ERRSUM=O,

00 200 LM=I,NC_S_

NNMI=NPTS(LM|-I

READ (71 IT,XTE,U2,EXTRA

READ (71 ITI,XI2,UI, EXTRI

OO 75 I:t,MX

Y(Ii=XT6(I!+XT3(I!

75 XTIIII=XT2(I)+XT3(I;

IF(,NOT,OUTPT) GO TO 95

90 76 I=MXPI,MZ

YIII:XT6(I!

76 XTI(Ii=XT2{I)

00 B_ I=I,MZ

Z(I! = XT6(I}/CALIB(1)

Y(1)=Y(1)/CALIe(I!

XT2(1)=XT2(I|/CALIB(1)

80 XT6(I! = XTI(I}/CALIB{I}

O0 91 I=l,h

U3(I|:U2(1)*RAO

91 U(II:UIII!'RA*

IF(,NOT.PRINT| GO TO 93

WRITE 13, tO00 ! T ITLE,JUL IAN

IF(LM,E9. 1! WRIT_(3, 2005!

WRITEI3,2OO4!ILABELS(I),I=I,MZI

WPITE (3,113! IT, 1711} ,I=I,MZ }

WRITE(3,113)ITI, IXT6(I!,I=I,MZ!

LINE:2

IF(,NOT,PLDTEM| GO TO 95

93 WRITE (8) Y,Z,U3,EXTRA

WRITE 18! XT6tXT2,U, EXTRI

**************************************** TIME LOOP

95 DO 20_ IP=2,NNMI

READ (7| IT,Z,U2, EXTRA

00 110 I=I,MX

_JI(I!=O.

Xt21I|=O,

00 110 J=i,MU

lie BJI(II=BJIII)+B(I,J!'[U2(J!+UI(J))_,5

00 120 J=I,MX

DO t20 K=i,MX

120 XT2(J| = XT2(J) + BJI(KIiAPHIIJ,K) +

DO IWO L=MXPI,VZ

LMMX=L-MX

XT2{L)=XT4(LMMX!

O0 130 K=I,MU

130 XT2(L) = XT2KL) + U2(K)mBBP(LMMX, K}

00 I_0 K=ItMX

XTI(K!_PHII[J,K}

OUTP _70

OUTP _0

OUTP 590

OUTP 600

OUTP 610

OUTP 6ZO

OUTP 6_0

OUTP 6WO

OUTP 650

OUTP 660

OUTP 670

OUTP 680

OUTP 690

OUTP lOO

OUTP 710

OUTP ?20

OUTP 730

OUTP 140

OUTP lSO

OUTP 760

OUTP 770

OUTP 780

OUTP 790

OUTP 8S0

OUTP BiO

OUTP 820

OUTP 830

OUTP 8WO

OUTP 85_

OUTP 860

OUTP BTG

OUTP B_O

OUTP 890

OUTP 900

OUTP 910

OUTP 920

OUTP 930

OUTP 940

OUTP 950

OUTP 960

OUTP gTB

OUTP gO0

OUTP 990

OUTPtO00

OUTPt010

OUTPI020

OUTPZ030

OUTPIOWO

OUTPt05D

OUTPlO60

OUTPI070

OUTPI080

OUTPt090

OUTPliO0

OUTPlltO

OUTP1120

OUTPit30
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1_0 XTZ(L) = XTZ(LI + XT2(K|*AAP(LHMXtK)

00 150 J=I,MZ

XTI(J1 = XT2(J}

150 OZ(J) = 02(J) + (Z(J)-XT2(J))_2

IF(.NDT.OUTPT) GO TO 195

DO l?O [=I,HZ

7(I)=Z{I)/CALIB(I)

170 Y(1)=XTZ(I)ICALIR[I|

DO 191 I=1,4

191 U(I)=UZ(II'RAD

IF(PLOTE_) WRITE (8) Y,Z,U,EXTRA

IF(.NOT.PRINT) GO TO 195

IF(LINE .LT. 50J GO TO 190

LINE = 0

WRITE(],IOOOITITLE,JULIAN

WRITE(3,ZOO_)(LABELS(I|tI=I,MZ}

190 LINE = LINE+I

WRITE(3,113)IT,(Y(1),I=I,M/)

195 00 200 K=I,MU

UI(K] = U2(K)

20Q CONTINUE

WRITE(3,20O2}

CALL ASPIT(A)

CALL ASPITqBI

C _=_'=_'4_*=_'4"=_=='=_==_====_ PUNCHED OUPUT AS DESIRED

IF(,NOToPUNCHO) GO TO 300

CALL =LOP(A)

CALL PLOP(_|

]O0 [F(.NOT.PUNCH) GO TO kO0

O0 ]20 I=l,3

DO _lO J=l,_

]tO A (I,J)=A (I,J|_C(I,J)

00 320 J=1,5

370 B (l,J|=B (I,J|_CC(I,J|

A(5,1)=3.

B(5,1|=3,

TYPE=ALAT

IF(.NOT.LONG| GO TO 330

TYPE=ALON

C OETRIM AND C7 (GOOD ONLY FOR 2 DEGREE OF FREEDOM WITH NO EXTRA

C CONTROLS.|

R(2,Si=-(A(Z,1)_ALP_B(_,5))/_(2,t|

B(1,5)=B(1,5)+A(I,I|_ALP_B(t,I)_B(Z,5)-WQS

]30 WRITE(2,2OO1)TYPEt(TITLE(I|,I=t_9),MACH,ALP,PARAM_CG

CALL PLOP(A |

CALL PLOPfB |

CALL PLOP(AC|

CALL PLO_(BC)

_OO IF(.NOT.BIASKN| GO TO 209

WRITE(3,1004| (LABELS(I|,I=MXPI,MZI

WRITE(_tIOQ3} (BIASD(I|,I=I,MZM)

2@9 00 210 I=I,MZ

XTI(I|=OZ(II/FLOAT(NPTT)

02(1)=XTI(I)*DI(I,I|

210 ERRSUM = ERRSUM + OZ(1)

WRITE(3,IOO1)ERRSUM

OUIPIIWO

OUTPll50

OUTPlI60

OUTPtl70

OUTPtl80

0UT#1190

OUTPlZUO

OUTPt2tO

OUTPIZ20

OUTP_O

OUTP12_O

OUTPtZSO

OUTPIZ60

OUTP1270

OUTPi280

OUTPI290

OUTPt30D

OUIPt]IO

OUTPt3_O

OUTPt3]O

OUTPl3_O

OUTPI350

OUTP1360

OUTP1370

OUTPL380

OUTPI390

OUTPI_O0

OUTPI_tO

OUTPl_20

OUTP$_30

OUTPt_O

OUTPI_50

OUTPI_60

OUTPI_70

OUTPI_O

OUTPlW90

OUTPlSO0

OUTPl510

OUTPI520

OUTPlS]O

OUTP15_O

OUTP1550

OUTP156O

OUTPI570

OUIP1580

OUTP1590

OUTP160O

OUTP1610

OUTPl6ZO

OUTP1630

OUTP16_O

OUTPI650

OUTP1660

OUTPI670

OUTPl680

OUTP1690

OUTP1700
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WRITE(3,100)

WRITE(3,105)(XTI(I),I=I,MZ;
WRITE{I,106)

WRITE(I,IO5)(O2(1),I=I.MZ)

IF(NOITER°NE.O) WRITEI3,10_)(ERRVEC(I),I=i. NOITER).ERRSUM

IF{ERRSUM.LT.PLTMAX .OR. .NOT.PLOTEM| RETURN

450 WRITE{I,IOOZIPLTMAX

WRITE(3,1OOO)TITLE.JULIAN

WRITE(I.2OOW) (LABELS(1).I=I,MZI

PLOTEM=.FALSE.

REWIND 7

DO 500 I=i,NPTT

READ (7) IT, Z.U,EXT_A

DO _60 J=1,?

k60 Z(J):Z(J)ICALIB(J)

00 k70 J=l,k
_70 U(J)=U(J)_RAD

50C WRITE(3.113)IT.Z.U

I00 FORMAT(7H ERRORS)

105 FORMAT (1X.11E12.W)

IOE ¢ORMATII6H WEIGHTED ERRORS)

108 FORMAT(iHO.6ZX.6HERRORS/(IX.13FlO.2))

113 FORMAT(2X,I12,11FIO,W)

1000 FORMATtlH1,26X,2_AW, 13X, AlO/)

1001 FORMAT(gOX,2OHWEIGHTED ERROR SUM =,E12._)

OUTPI?IO

OUTP1720
OUTP1730
OUTP17_O
OUTP1750
OUTP1760
OUTPi77O

OUTP1780
OUTP179O
OUTPiBO0

OUTP1810

OUTPIB20
OUTPt83O
OUTPIB_O
OUTP1850

OUTP1860
QUIP1870
OUYP1880
OUTP1890
OUTPiBOO
OUTPtBtO

OUTP1920
OUTP1930

OUTP19_O
OUTP1950

1002 FORMAT(55HOOATA WILL NOT BE PLOTTED BECAUSE THE ERROR SUM EXCEEOS,OUTP1960

2_H THE MAXIMUM PERMISSIBLE, Ei_.2/ OUTPiB70
- 27HOINPUT TIME HISTORY FOLLOWS) OUTPlg80

1003 FORMAT(15H VARIABLE BIAS .4E12.4) OUTPI990
100_ FORMAT(BHODEGREES,TX,4AIZ) OUTP2000
2000 FORMAT(tHO_lOXot2HFINAL VALUES_MXt6HMACH =tFE.3*BXITHALPHA =tFT.Z_OUTP20tO

° 5X.THPARAP =,FIO._.MX._HCG :,F6.31 O4JTP2020

2_01 FORMAT(AW,1X, BAW, A3,4FIO.3) OUTP2030
20_2 FORHAT(ZZH FINAL DIMENSIONAL MATRICES) OUTPZ040

_O_ FORMAT(1HO,SX_WHTIME_IOX,IAtOl) OUTP2050
ZOOB FOPMAT(20H OUTPUT TIME HISTORY) OUTPZ060

RETURN OUTPZO?O

END OUTPZ080
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SUBROUTINE THPLOT

Description: Subroutine THPLOT plots measured and computed time histories

of observations and measured time histories of controls and extra signals.

Programing notes: The comment cards show how to decrease the run time in

some instances at the cost of some storage. At present, two time histories at a time

are read from the disk and plotted. Dimensions may be increased as indicated to

permit more than two to be handled simultaneously, resulting in fewer disk accesses.

With reasonably efficient disk units, the saving is not a significant portion of the

program execution time. The limitation of 1000 points per maneuver arises from

the dimensioning of X,XX,XXX and TIME as 1002. (The extra two locations are used

for scaling information.) Program size may be reduced or the permissible maneuver

length increased by changing this value. The special treatment of the title (plotting

groups of four characters in a DO loop instead of using only one call to SYMBOL) is

needed for compatibility with machines that use different word lengths.
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SUBROUTINE THPLOT(FIRST) THPL 0

C THPL tO

C PLOTS TIME HISTORIES THPL 20

C THPL 30

COMMON /_UF/ BUFFER, YO,THGT THPL 40

COMMON /COM/ NCASE,MZtNPTS,NPTT,SPS,PRINT,LONG,LATR,PLOTEM,NDI, THPL 5G

DITOL,DIPLX,NAPR,WFAC,WHAPR,ERRSUM,LAST,RATIO THPL 60

COMMON /TCPLOT/ XMAX,XMIN,DCMAX,DCMIN,TIMESC,NC THPL 70

COMMON /HEADNG/ LABELS,TITLE,JULIAN THPL 8O

COMMON /LI_COMI HOT THPL 90

DIMENSION OCMAX(_|,DCMIN(B|,XMtX(7),XMIN(7),NPTS(15),TITLE(20;, THPL 100

" _UFFER(lO2h),TIME(1002),XXX(lOO2,E),X(IOO2,/),XX(IOO2,t), THPL 110

" Z(7),DC(8),ZZ{T),LAgELS(15),MBGO(30) THPL 120

LOGICAL LONG,FIRST,LAST THPL 130

EQUIVALENCE (X(I_I),XXX(t,1)I,(XX(1,11,XXX(I,2]} THPL 149

DATA M_COI3HDEG'_HOIS'3HF/S']HDEGt3HGBS,4HDIS2_3HGeS, THPL _50

5_3HDEG'2HFT'IH '3HPSF'3HCEG'2_3HCIS_3HDEG,3HGeS,2_WHD/S2, THPL 160

5"3HOEG,hHFT/S, IH ,]HPSF/ THPL 170

NCHct TMPL 180

C ***_*w_***_*._w_* FOR A OIRECT DECREASE IN RUN TIME AT THE COST OF IHPL igO

C STORAGE, NCH MAY BE INCREASED (UP TO 7). THEN THE THPL 2_0

C FOLLOWING DIMENSIONS ANC EQUIVALENCE MUST BE THPL 2LO

C CHANGED. THPL 220

C OI_ENSIOh X(tOO2,NCH),XX(tOO2,NCH),XXX{tOO2,_NCH; THPL 230

C_==__ EQUIVALENCE (XX(1,Z),XXX(t,NCH_I|) TMPL 240

NBUF=102W THPL 250

TIMSC2=TIMESC_2" THPL 260

XO=5. TMPL _70

HGT=,01 THPL _80

NI_=_ THPL _90

TSI=SPS_TIMSC_ THPL 300

ITHIN='MAXI(TSI/20.,I.! THPL 310

REWIND 8 THPL 320

IF(.NOT.FIRST_ GO TO 10 THPL 330

CALL PLOTS(_UFFER,NgUF,13) THPL 3_0

CALL FACTOR(RATIO) THPL 350

YO=I_, THPL ]60

IF(RATIO.EQ.Iol Y0=9,5 TH_L 370

THGT=.I_/RAT_C THPL 380

C__ LAPELS AND TITLES THPL 390

10 Y75=YO+.375 TMPL WOO

IF (LONG) GO TO SO THPL 410

DO 20 I=1,15 THPL W20

20 MBCO(I)=MBCO(I¢IS) THPL k30

50 O0 _0O I=i,NCASE THPL WWO

CALL PLOT(XO,O.,-3) TH_L _53

CALL SYMBOL{-I*5,YO,THGT,TITLE(1),27O.,_) TH_L W60

DO 55 J:_,20 THPL W7_

_5 CALL SYHBOL(-I*5,999.,THGT,TITLE(J|,270°,_] THPL 480

IF(NCA%E.EQ.I) G0 TO 57 THPL _90

CALL SYMBOL(°2°,Y0,THGT,BHHANEUVER, 270,,8_ THPL 530

Y015=Y0-_'5 THPL 510

CALL NUM_ER(-2.,YO15,THGT,FLOAT(I),270.,°i) THPL 520

57 CALL PLTDAT{-_.5,YO) THPL 530

C _=**_=_*_*_ FORM TIME VECTOR AND PLOT TIME AXIS THPL 5_0

NOPTS=NPTS(I) THPL 550

NPI=NOPTS+t THPL 56@
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NP2:NOPTS+2

O0 60 J:I,NOPTS

60 TIME(J)=J

TIME(NPl):YO_TSI_t.

TIME(NP2)=-TSI

TLN=FLOATKNOPTS)/TSI

CALL AXIS KO.,YC,4HTI_,-W,TLN,2TO,,O.,TIMSCZ)

XORG=,5

C m'mmm_mmm_'m_m''" PLOT STATE TIME HISTORIES

ICHANQ=O

NGHAN:NCH

DO 120 K=1,7

IF{K ,EQ, I} GO TO 90

ICHANO=ICHANO&NCHAN

IF(ICHANO+NCHA_ ,LE, MZ) GO TO 70

IF(ICHANO ,GE,MZ) GO TO 125

NCHAN=HZ-ICHANO

70 REWIND 8

IF(I ,EQ. 1) GC TO g0

00 R_ J=I,NIP

90 DO 100 J=i,NOPTS

REAO (8) ZZ,Z,0C

DO 103 L=t,NCHAN

X(J,L)=ZIL_ICHANC)

iO0 XX(J,L)=ZZ(L*IC HANO)

DO 110 L=t,NCHAN

ICHAN=ICHANO_L

SCAL =(XMAX(ICMAN)-XMIN(IC HAN))_.5

XMN=XMIN(ICHAN)

IF(SGAL,NE,G.) GO TO t05

CALL SCALES(X(I,L),2.,NOPTS,.FALSE.)

CALL SCALES(XX(_,L),2,_NOPTS,, FALSE.)

SCAL=AMAXIIXX(NP2,L),X(NP2,L))

IF(SCAL,EO.-Qqg.) GO TO 110

_MN=X(NPt,L)

IF(XX(NP2,L},GT,X{NO2,L)) XMN=_X{NP_,L)

105 CALL SYH90L(XORG_I.,Y75,,%25,L_9ELS(ICHAN),O,_)

CALL AXIS(XORG,YO,MQCD(ICHANI,4,2,,3, t _MN,SCAL)

X(NPI,L)=XMN-XORG4SCAL

XX[NPl,L)=X(NP%,I)

X(NP2,L)=SCAL

XX(NP2,L)=SCAL

CALL LINES(X(i,L),TIME,NOPTS,t, C,ll

CALL LINES(XX(L,L),TIMEtNOPTS, ITHIN,-2,75)

XORG=XORG_2,5

110 CONTINUE

_20 CONTINUE

C ,_,_*_,_o_, PLOT CONTROL TIME HISTORIES

%2_ NCH2=NC HAN_

_F(NCH_,GT,NC) NCH_tNC

ICH_N3:-NCH?

00 L60 K:I,_

ICHAN3:ICNAN_*NCH2

IF(ICHANO.GE.NC) GO TO 170

IF(ICHAN,]+NCH2.GT,NC! NCH2=NC-]CwAN_

PE_IND B

I_PL St0

THPL 580

THPL 590

THPL 600

THPL 610

THPL 62Q

THPL 630

THPL 6_0

TMPL 650

THPL 660

THPL 670

THPL 680

TNPL 690

THPL 700

THPL 710

THPL 720

THPL 7]0

TNPL 7_0

THPL 750

THPL 760

THPL TT0

TNPL T80

THPL ?gO

THPL 800

THPL 810

THPL 820

THPL 830

TNPL 8_

THPL 850

TNPL 860

THPL 870

THPL 880

THPL 890

THPL 903

THPL 910

TNPL g20

THPL q30

THPL 9W0

THPL 95;

THPL _6Q

THPL 970

THPL _Bg

THPL gO0

THPLi000

THPLZ0t0

THOL_0_0

THPL10]_

THPLI0_0

THPL[050

THPL_O_O

THPL%_70

THPLI080

THOLI0_0

THPLIt00

THPLIlt0

THPLI_20
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I_(I ,EQ° 1) CO TO 1_

DO 139 J=I,NIP

130 READ (8)

1_0 O0 150 J=I,NOPTS

READ (8) ZZ,Z,OC

DO t50 L:I,NCH2

150 XXX(J,L):OC(L+ICHAN31

00 163 L=i,NCH2

J=L÷ICHANO

M=J*7

SCAL =(OCMAX(J)-OCHIN(J))*.5

DCMN=OCMIN(J)

ZF(SCAL.NE.O.) GO TO 1_5

CALL SCALES(XX_(llLI,2.,NOPTS,.TRUE.}

IF(XKX(NPZ,L).EQ.-9@9,) GO TO 16C

[F(XXX(NP2,LIoGE. o_ °OR. J, EQ=?J GO TO 153

XXX(NP2,L|=tO°

XXX(NPI,L)=-IO°

t53 SCAL=XXX(NP2,L)

OCMN=XXX(NP1,L)

155 CALL SYMBOL (XCRG÷t°,Y75,°t25,LABELS(M),3,_)

CALL AXIS(XORG,YO,MBCO(H),_,2e,Oo,DCMN,SCAL)

XXX(NP1,L)=DCMN-XORG_SCAL

XXX(NP2,L)=SCAL

CALL LINES(XXX(t,L),TIME,NOPTS,1, 0,1)

_ORG=XORG÷2,5

160 CONTINUE

1T0 NIP=NIP*NOPTS

XO=XORG+5.

200 CONTINUE

CALL PLOT(XO,O.,-31

RETURN

END

THPLll_0

THPLt150

THPLI160

THPLLt70

THPLlt80

THPLElg0

THPL1200

THPLL210

TNPL1220

THPL1230

THPL12_O

THPLt250

THPLt260

THPL1270

THPLtZ80

THPL1290

TH PL13_0

THPLt3t0

THPLt320

THPL1330

THPL13_0

THPL1]50

THPL1360

THPL1370

THPL1380

THPL1]g0

THPLI_00

THPLI_I0

THPLI_20

THPLI_30

THPLI_O

THPLl_50

THPLt_60
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SUBROUTINE APRPLT

Description: Subroutine APRPLT plots the variation of the derivatives with

a priori weighting. Itmay be used when the a priori variation option is active.
The information to be plotted is in the matrix STORE.

Subroutine listing:

t3

ztG

SUBqOUTINE ApppLT(STORE,AA,88,NAPR,WHOLO,WFAC,LONG,FIRST,LAST, APRP O

RATIO| APRP 10
APRP 20

PLOTS OERIVATIVES FOR APRIORI %A_IATIC_ APRP 30
APRP 40

COMMON I%UFI BUFFER,YO,THGT APRP 50

COHMON/H_AONGI LABELS, TITLE,JULIAN APRP 60

COMMON ILINCOM/ HGT APRP 70

LOGICAL AA(5,41,BB(5,B),LONG,PIRST, LAST APRP BO

REAL STORE(L4,2?},ALABLO(3,3i,ALABLAi3,]i,BLASLOf3,_I,BLABLa{3,WI,APRP gO

9UFFER(/O2h),WM&PR(l_I,LABELSI%5),TITLE(20; AP_P 100

DATA ALAgLAI2HY@,2HLBt_HNB,2NYP, 2HLP, 2FNP,2HYR,2HLR,2HNRI,BLABLA/ APRP 11Q

. 3HyoA,3HLOA, 3HNOA,$HYD_,3HLDR,3HNOR, WHYOC1,WMLOCI,WHNDCt, APRP 120

° 4HYOC2,WHLOC2tWHNOC2/,ALAELO/2HZA,2HMA,2HXA,2HZQ,2HMQ_2NXO, APRP rio

. 2HZU,2HMU,2HXU/,BLABLO/]HTOE,3HMDE,3HXOE,3HZDC,3HMOC,3HXDC, APRP tWO

. 4HZDCI,4HPDCI,4HXDCL,WH/DC2,_HMDC2,4HXOC2/ AP_P 150

HGT=.O 7 APRP t60

NBUF:IC2@ APRP tTO

JK=O APRP t@O

NPT=NAPR#_ APRP 190

NPTI=NPT)i APRP 200

NPT2=NPT_2 APRP 210

IF(.NOT.FIRST) GO TO 5 APRP 220

CALL PLOTSIgUFFER,NBUF,%3) APRP 238

CALL FACTORiRATIOi APRP 240

yo=t2. APRP 250

[_(PATIO. EQ.I.) Y0=9.5 APRP 260

THGT=.I2/PATIO APRP 270

CALL PLOT(O.,YC,-]I APRP 28_

CALL SYMgOL(-I.5,0..THGT,TITLE(1))270.,W) APRP 290

00 7 3=2,20 APRP 300

CALL SYMROL(-I.5,gg_.,THGT,TITLE(Ji*279..W) APRP 310

CALL PLTOAT(-_.,.5) APRP ]20

WMAPR(1)=_t. APRP 330

QO iO I=I)NAPP APRP ]40

WMAmR(I+II=WMAPR(1).i. APRP 350

NMAPR(KPTI)=O° APPP ]60

WMAPR(NPi2)=[, APRP 370

CALL NUM_E_(-*5,-I.,.I,O.,27_.,O) APRP 380

Y=-,75 APRP 3_0

IF(NAPR.LT.2) GO TO 220 APRP 4_3

NAo_£=NApR_ t APQP 410

H=WHOL0 APqP W20

OO _I0 I=I,NAPEt APRP 43Q

y=y_[. AP_P 440

CALL NUMBER(-.5,Y,.l,W)270.,31 APRP 450

W=W_WFAC APRP 460

CONTINUE APRP W70

CaLL SyMSOL(-I.,Y/Z.,.I_5,SHWMAPR,270.,5# APRP _&

90 200 I=I,3 APR o 4gO

00 I_0 J=I,_ APRP 500

IF(Bq(l,JI! GO TC 100 APR m 510

JK=JK+I AORP 520

CALL 5CALES[STCRE(I,JK),_.,NPT,.FALSE.I APRP 53G

DEq=BLABLA(I,j ) APRP 540

IF(LDNG| OE_=BLAqLO(I,J) APRP 550

CALL A_IS(],,O.,OEP, W,3.,3.,STORE(NPTI,JK),STOPE(NOT2,JK)) APRP 560
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CALL LINES(STORE(1,JK),WMAPR,NPT,t,t,I)

CALL PLOT(3.5,O.,-3)
I00 CONTINUE

DO 2_0 J=1,3

IF(AA(I,J)) GO TO 200

JK=JK*I

CALL SCALES(STCRE(1, JK),3.,NPT,.FALSE.)
DEP=ALABLA(I,J)

IF(LONG) OER=ALABLO(I,J)

CALL AXISI3.,O.,DER, 4,3,,9.,STORE(NPTI,JK),STORE(NPIZ,JK))
CALL LINES(STORE(1,JK),WMAPR,NPTtl,I,1)

CALL PLOT(3.5,0.,-3)

ZOO CONTINUE

WMAPR(_PT)=WMAFR(NPTI)

WMAPR(NPTt)=WMAPQ(NPT2)

NPT2=NPT%

NPTI=NPT

NPT=NAPR

JK=JK+t

CALL SCALES(STORF(I,JKI,3.,NPT,.FALSE.)

CALL AXIS(O.,O.,GHERROR,S,3.,O.,STORE(NPTt,JKI,STORE(NPT2,JK))

CALL LINES(STORE(1,JKI,WMAPR,NPT,I,I,I)

CALL PLOT(5o,-12,,-$)
RETURN

ENO

APRP

APRP

APRP

APRP

APRP

APRP
APRP
APRP
APRP
"PR P
APRP

APRP

APRP

APRP

APRP
APRP

APRP

APPP

APRP

APRP
APRP

APRP

APRP
APRP

APRP

5}'0

590

590

600

6J.0

620

630

6WO

650

6GO

G}'O

680

sgo

700

710

720

T30

7¢,0

750

760

},TO

7_0

790

801)

810
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SUBROUTINEMATLD

Description: Subroutine MATLD reads matrices from cards and identifies the
matrices.

Programing notes: ABC contains the names of the matrices that may be read in.
The program compares the name read with elements of ABC to determine which
matrix is being input. The characters ENDare taken as an indication that this is
the last case; any other word not identifiable as a valid matrix name signals the end
of a case, implying more cases to follow. The values of ILD and ABC indicate the
status of the matrix input.

Subroutine listing:

SUBROUTINE MATLD(HATRX,ADC,ILO) MAIL 0

C MATt tO

C LOADS IN MATRICES - DETERMINES WHICH MATRIX IS BEING READ MATL 20

C PASSES STATUS I_FCRMATION BACK TO NREDIT MAIL 30

C MATt _O

REAL MATRX(8,8I,ABC(tZ) MAIL 50

DATA ENOI3HENOI MATt 60

ILD:-ggg MATt 70

READ (l,tOOO) PATRX(8,3I,II,JJ MAIL 80

IF(MATRX(B_3|.EQ.EN01 RETURN MAIL 90

DO 10 1:1,12 MATt 100

IF(MATRX(B,31.NE. ABC(1)) GO TO 10 MAIL 110

ABC(I)=-ggg9g. MAIL tZO

ILD=I MAIL t30

GO TO 20 MATt tWO

tO CONTINUE MAIL tSO

ILD=g99 MAIL tAO

RETURN MAIL 170

ZO MATRX(8,t)=II MATt 180

IF(JJ.NE.G) GO TO 25 MATL tgO

C OIAGONAL MATRIX MAIL ZOO

ILD=-ILD MATL 2tO

MATRX(B,21=MATRX(8,1) MATt 220

CALL AZOT(MATRX) MATE 230

PEAD (i,1001) (MATRX(I,I),I=I,II) MATt 24Q

RETURN MATL 250

C FULL MATRIX MAIL 260

25 MATRX(B,2)=JJ MATL 270

DO 30 I=i,II MATt ZBO

]C READ (t,1001) (MATRX (I,J),J=t,JJ) MATt 290

RETURN MATt 300

tO_O FORMAT(A4,_X,I2,1tO) MAIL 3tO

lOOt FORMAI(SFIO,_) MATL 320

END MAIL 330
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SUBROUTINEMAK

Description: Subroutine MAK moves an input matrix from its temporary location
in MATRX to its proper location in X. Subroutines MATLD and EDIT have deter-
mined what the proper location is for each matrix.

Subroutine listing:

I0

SUBROUTINE MAK(X,MAT;X,NAX)

REAL X(MAX,2),MATRX{8, 8)

CALL ASPIT(NATRX)

X(MAX,3)=MATRX{8,3)

X(MAX,I)=MATRX(8,%)

X(MAX,2|=MATRX(8,2)

II=MATRX(8,%)

JJ=MATRX[8,2)

DO 10 I=1,1I

DO 10 J=l,JJ

X(I,J|=MATRX(I,J|

RETURN

END

MAK 0

MAK 10

MAK 20

MAK 30

MAK Wg

MAK 50

MAK 60

MAK 70

MAK 80

MAK 90

HAg 100

MAK 110

MAK %20
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SUBROUTINE DERIV

Description: Subroutine DERIV prints dimensional and nondimensional deriva-

tives with labels. Arrays E and EE contain the characters " " or "*" to indicate,

when printed, that a particular derivative is either varying or fixed, respectively.

Subroutine listing:

5

10

15

17

2O

Z5

29

t01
103
t3E
107

108

SUBROUTINE OEPlV(LONG) DERI 0

PRINT DIMENSIONAL AND NON-DIMENSIONAL DERIVATIVES DERI 10

COMMON /NEAONG/ LABELS,TITLE,JULIAN DERI 20
COMMON /MATRIX/ A.B. AA.B_.AP,_F,OI,_I OERI 30

COMMON /DIMENS/ C,CC,E,EE,WQS.THETN DERI WO

DIMENSION C(3,31,CC(].S).AIS.W|.9(5.BI,AP(4.wI,AA(5,4),Bq(5.8}, OERI 50
BP(4.8),ANI3.W|,ON(3.5}.E(3,3).EE(3.Si,Dt(8.TI OERI 60

REA L RI(5.WI.LABFLS(tSI,TITLE(20).LA_(3),LONLAB(31,LAILA_(3| DERI 70

LOGICAL LONG OERI 80

DATA FIIH I,G/IHCI.LAILAO/tHY,IHL.tHNI.LONLABItHN,IHM,tHAI DERI 90

DO 10 I=1.3 OERI 100
LAB(I):LATLA_(I| DERI 11B

DO S J=1,4 OERI 120
ANII,J)=A(I,J) DERI 130

DO I; J=t,5 DERI IW0

6N(I,J)=B(I,J) DERI 150

IF{.NOT.LONG) GO TO 2@ DERI 160
00 15 I:I,3 OERI 170
LAB(Ii:LCNLAR(I) OERI 180

AN(i,II:-AN{t.I) OERI 190

AN(3,II=-AN(],I) DERI 230

00 17 I:1,5 DERI /tO
8N(I.I):-BN(I,I) OERI 220
ON(3.1)=-BN(],I) DERI 23G

WRITE DIMESSIO_AL DEPIVAIIVES DERI 2W0

WRITE(3.t07) DERI 250
WRITE(],tOEI (La_ELS(1),I:I.3|, (LABELS(JI,J=8,11) DERI 260

WRITE(3.103| OERI 270
- (F,LAB(I|,(AN(I,J),E (I,J),J:i,31.(BN(I,JI,EEII.JI,J:I.S).I=l.3) OERI ZOO

NON-OIMENSIONALIIE OERI 290

DO 29 I = t.3 DERI 300

DO 25 J:l,5 OERI 310
8N(I.jI=BNII,J)_CCII.J) DERI 320

DO 29 J:l,3 OERI 330
ANII.JI=ANII,J}_C(I.J) DERI $_0
IF(.NOT.LONG) AN(I,Z):O. OERI 350
WRIT_(3,t011 DERI ]60
W_ITE(3,IOEI(LABELS(1)oI:I,3}.(LABELS(J),J=8.111 DERI ]70

WRIT£(3,I03| DERI 380

(G,LAB|I},IAN{I,J).E(I,J).J:I,3),(BN(I,JI,EE(I.J},J:I.5|.I:i.3) DERI 390
WRITE(3,108) OERI WOO
FORMAT(GOHONON-DIMENSIONAL DERIVATIVES I OEG (ROTARY /DAD)| DERI WIO

FORMAT((IX.2AI.B(FIW.6,At,IX))) OERI 420

FORMAT(TIItX, A_),tlX_THDELTA-O) OERI 430
4WO

WSO

_60

470

FORMAT(39HODIMENSIONAL DERIVATIVES / SEC I SEC*'2} OERI

FORMAT(/_OX.5OF( " ; INDICATES DERIVATIVE HELD FI×ED DURING MATCH)DERI

RETURN DERI

END OERI
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SUBROUTINE CRAMER

Description: Subroutine CRAMER computes confidence levels based on
Cram_r-Rao bounds.

Programing notes: The comment cards trace the steps of the subroutine. Note

the manipulation of the SUM matrix required to store the second gradient (Hessian)

with the a priori terms included, while also using the second gradient without the

a priori terms for the confidence level computation.

Subroutine listing:

SUBROUTINE CRAMER(SUM, APRD,MU,MZ,ERRSUM) CRAM 0

C CRAM 10

C COMPUTES CRAMEP RAO _OUNDS {CONFIDENCE LEVELS) CRAM 20

C CRAM 30

COMMON /ALLDIM/ MAX,MIX CRAM _0

COMMON IHATRIXI A,B,AA,@B,AP,BP,OI,_I CRAM 50

COMMON /ROUTHI PUNCH ,PARAM,MACH, ALP,CG,AC,_C CRAM 60

DIMENSION A(5,4),BKB,B),AA(5,4),BBK5,B).APK4,W),BP¢4,B),Ct(_,7), CRAM lO

- SUMI35,35),ACKB,4),_CKB,B),APRDK35),RI{5,4) CRAM 80

LOGICAL AA,qB,FUNCH CRAM 90

DATA ACL/2NACI,BCL/2HBC/ CRAH 100

AC(5,1)=3. CRAM 110

AC(5,2)=3. CRAM 120

BC(_L)=3. CRAM 130

BC(5,2)=5, CRAM 1_0

AC(5,])=ACL CRAM 150

BC(S,3)=BCL CRAM 160

JKMMI=SUMIMAX,I) CRAM 170

JK2=JKMMI-I CRAM 180

C '''''*''*_*'*''' SUBTRQCT OUT AP;IORI CONTRIBUTION TO HESSIAN CRAM 190

C ''*''_'''''_'''_'_ STORE COMPLETE HESSIAN TEMPORARILY IN CRAM 200

C _''*''''''''''''''" APRIORI LOCATIONS {UPPER TRIANGULAR) SINCE LAST CRAM 210

C "_*_'''_''_'_'_'' USE HAS BEEN MADE OF If. CRAM 220

TEMP=SUM(JKMMI,JKMMI) CRAM 230

SUM{JKMMI,JKMMI)=SUM(JKMMt,JKMMII-APRDIJKMMI) CRAM 2_0

APRO(JKMMI)=TEMP CRAM 250

DO tO l=i,JK2 CRAM 260

TEMP=SUM(I,I) CRAM 270

SUM[I,I)=SUM(I,I)-APRBKI) CRAM 280

APRO{I):TEMP GRAM 290

IP1:1+1 CRAM 300

DO 10 J:IPI,JKMMI CRAM 310

TEMP=SUM{J,I) CRAM 320

SUM(J,I)=SUM(J,I)-SUM(I,J) CRAM 330

10 SUM(I,J):TEMP CRAM _40

C _'_'_'_'_" O_TAIN DIAGONAL ELEMENTS OF INVEPSE CRAM 350

CALL OIAGIN(SUM) CRAM 360

C _'_*_'_'_ COMPUTE BOUNDS CRAM 370

WTS : 0.0 CRAM )CO

DO 30029 I : i,M/ CRAM _gO

IF {BI(I,I),NE.O.0% WTS = WTS + t.O CRAM 4_0

30029 CONTINUE CRAM 410

COEFF : ERRSUM / WTS CRAM 42B

L=O CRAM 430

DO 7i I:i,3 CRAM 440

DO 60 J=I,MU CRAM 450

8C{I,J)=O. CRAM 460

[F(BB{I,J) ) GO TO 6_ CRAM 410

L=L÷t CRAM 480

BC(I,J)=SQRT(ABSISUM{L,L))'COEFF) CRAM 490

60 CONTINUE CRAM 500

O0 7C J=i,3 CRAM 510

AC{I,J}=O, CRAM 520

IF(AA(I,J) ) GO TO 70 CRAM 530

L:L+I CRAM 540

AC(I,J):SORT(ABS(SUM(L,L#)_COEFF) CRAM 550

70 CONTINUE CRAM 569
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[F(.NOT.AA(I,W) ) L=L*t

71 CONTINUE

C __4_ RESTORE COMPLETE HESSIA@ TO LOWE_ TRIANGULAR PART

SUM(JKMM%,JKHMII=APRO(JKMM%_

00 _ I=I,JK2

SUM(I,I)=ARRO(I}

IP%=I+I

DO 80 J=IP$,JKMM%

80 SUM(J,I)=SUM(I,J)

RETURN

ENO

CRAM 5TO

CRAM 580

CRAM 590

CRAM 6JO

CRAM 610

CRAM 6ZO

CRAM 630

CRAM 6_0

CRAM 650

CRAM 660

CRAM 670
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SUBROUTINE AEAT

Description:
series expansion.

AAt
Subroutine AEAT computes e

At

and _0 eA_d_ using the Taylor

Programing notes: The computational method used when NEAT ¥ 0 is described
in the NAMELIST option NEAT (item (26), p. 15). The two matrices desired are
returned as PHI and APHI. A2 and A3 are temporary scratch storage.

Subroutine listing:

SUBROUTINE AEA1 (A .TT.PHI 9 APHIt A2, A3,NEAT| AEAT O

COMMON IALLOIM/ MAW,DMIX AEAT %0

DIMENSION A(I) ,PHI (1) , AZ (%) ,APPI (t) ,A3 (1| AEAT 20

MAX2 = MAX '_ Z AEAT 30

II=A(MAX) AEAT WO

PHI(MAX)=A{MAX) AEAT 5G

PHI (MAX21=A(MAX) AEAT 60

T= IT/(Z. _'NEAT) AEAT TO

CALL AZOT (PHI) AEAT 80

CALL AMAK E (ARH I,,PHI) AEAT 90

MI=-HAX AEAT 110

00 I I = t,II AEAT tZO

MI=MI _-MAK AEAT 13O

PHI(MI ÷ I) -- 1. AEAT 140

I CONTINUE AEAT 150

CALL AMAKE(AZ,PHI) AEAT 160

G = 1,0 AEAT 170

DO 2 I=i,l_ AEAT 180

8B = I AEAT 190

G = G"TIBB AEAT 20Q

CALL AAOOI1.,,.APHI,,G,pA2,APHI| AEAT ZIO

CALL AHULT(A,A2,A3) AEAT 220

CALL AMAKE(A2,A31 AEAT 230

CALL _AOO(I.,PMI,G,A_-,PHI) AEAT Zk, O

2 CONTINUE AEAT 250

IFINEAT.EQ.O) RETURN AEAT 2'60

00 26 I=Z,NEAT AEAT Z?'O

CALL AMAKE(A2,FHII AEAT Z_O

CALL AMULT(AZ,,A2_.PHI) AEAT 290

MI=-MAX AEAT 300

DO It J=l,II AEAT 310

HI=HI+MAX AEAT 3_.0

].0 A2(MI+JI=A2(MI,"J)÷I. AEAT 330

CALL AHULT(A2,APHItA3| AEAT ]kO

CALL AMAKE(APHI,A3| AEAT 350

20 CONTINUE AEAT 360

RETURN AEAT 370

END AEAT 380
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SUBROUTINEAMULT

Description: Subroutine AMULT computes C = A*Bo
the samematrix as either A or B.

Subroutine listing:

LO

2O

SUBROUTINE AMULT(A,B,C)

COMMON IALLOIMI MAX,MIX

RE_L AIII,B(II,C(II

HAXZ=MAX_2

_IX_=HIX_2

II=A(HAX)

C(HAX)=A[MAX]

JJ=A(MAX21

KK=B(MIX2]

C|MAX_)=B(MIXZ)

JE=(JJ-II_MAX

KE=[KK-1)_MAX

DO 20 I=1,11

KENO=KE_I

JEND=JE_I

L=%

DO 2_ K=I,KENO,MAX

C(K]=O,

JR=L

O0 I0 J=I,JEND,MAX

C(KI=A(JI_B{JB)+C(K}

JB=JB_I

L=L+MIX

RETUQN

ENO

The quantity C cannot be

AMUL 0

AMUL IO

AMUL ZO

AMUL 30

AMUL 40

AMUL 50

AMUL 60

AM UL 70

AMUL 80

AMUL 90

AMUL 100

AMUL 1%0

AMUL 120

AMUL 130

AMUL 140

AMUL 150

AMUL 160

AMUL 17D

AMUL 180

AMUL 190

AMUL 200

AMUL ZIO

AMUL 2ZO

AHUL 230

AMUL 2WO
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SUBROUTINE DMULT

Description: Subroutine DMULT multiplies XJI by a diagonal matrix D1.

Subroutine listing:

SUBROUTINE OMULT{XJI,DI,XJIDI,JKM,MZ} OMUL 0

REAL XJI(3B, B),XJIDXK35,7),DI(_,7) DMUL I0

DO 10 I=I,MZ OMUL 20

DO 10 J=Z,JKM OMUL 30

I0 XJIDt(J,I}=XJI(J,I)'DI(I,I) DMUL 40

RETURN DMUL BO

ENO DMUL 60

SUBROUTINE SUMULT

Description: Subroutine SUMULT adds the term XJIDI*XJI to the SUM matrix.

Only the lower triangular elements are accumulated because the result must always

be symmetrical.

Subroutine listing:

SUBROUTINE SUMULT(XJI, XJIOI,SUM,JKM,MZ| SUMU 0

REAL XJI(35,BI,XJIDi(35,7),SUM(35,35_ SUMU 10

DO _ I=_,JKM SUMU 20

OO I0 J=l,I SUMU 30

00 10 K=I,MZ SUMU 40

10 SUM(I,J)=SUH{I,J|+XJIDI(I,K)'XJI(J,K) SUMU 50

RETURN SUMU 60

END SUMU 70
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SUBROUTINE PLOP

Description: Subroutine PLOP punches a matrix on cards.

Subroutine listing:

SUBROUTINE PLOF (X)

COMMON IALLOIM/ MAX, MIX

DIMENSION X(_.)

I02 FORMAT (8F10,6)

103 FORMATIAW,wX, I2,11G)

MAX2=MAX÷MAX

MAX3=MAX2+MAX

II--X(MAXI

JJ=X ( MAX2 )

WRITE(2,103)X(MAX3), II,JJ

KE={JJ-I) _MAX

DO 2 I=l,II

KENO= I','KE

2 WRITE(2,%02) [X(K},K=I,KEND,MAX)

RETURN

ENO

PLOP 0
PrOP 10

PrOP _'0
PLOP 30
PLOP 40
PLOP 50
PLOP 60
PLOP 70

PLOP 80
PLOP 90
PLOP 100
PLOP 110

PLOP 120
PLOP 130
PLOP l_,n
PLOP 150

SUBROUTINE ASPIT

Description: Subroutine ASPIT prints a matrix.

Subroutine listing:

SUBROUTINE ASPIT(W)

C WRITES OUT MATRICES

COMMON IALLDIMI MAW,MIX

DIMENSION X{l)

I00 FORMATI%X,A_,3OX,13,_H BY,13)

101 FORMAT (12X,IOE12,W)

MAX2 = MAX " 2

MAX3=MAX2+MAX

II=X{MAW)

JJ=X(MAX2)

WRITE(3,1OO)W(MAY3),II,JJ

KE=(JJ-I)_MAW

DO i I =1,II
KEND=I+KE

I WRITE(3,101)IX(K),K=I, KENO,MAW}

RETURN

END

ASPI 0

ASPl 11.0
ASRI 20

ASPI 30
ASPl _0
ASRI 50
ASPI 60
ASPI 70
ASPl 80
ASPl 90
ASPI I00
ASPI 110

ASPI 120

ASPI 130
ASPI 140
ASPI 150

ASRI 160
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SUBROUTINE AADD

Description: Subroutine AADD adds scalar multiples of two matrices.

Z = g*X + h*Ywithg = i.

Subroutine listing:

SUBROUTINE AAOD IG,X_M,Y,Z! AAOO O

SPECIALIZED VERSION FOR NR ASSUMES G=t. AAO0 10

COMMON IALLDIM/ MAX, MIX AAOO 20

DIMENSION X(t),Y(I),Z(t) AAOO 30
MAX2 = MAX _ Z AADO 40

II = XIHAX) AADD 50

JJ = XIMAX2) AADO 60

JENO=(JJ-II_MAX÷t AADO TO

IIM1=II'l AAOO 80
DO 53 J=t,JEND,MAX AAO0 90

KENO=J÷IIM1 AAOO 100
DO 5] K=J,KEND AADO i10

53 Z(KI=X(K)÷H_Y(K) AAO0 1ZO

Z(MAXI=X(MAX) AADO 130

Z(MAX2)=X(MAX2) AADO 140

RETURN AADO 150
END AADD 160

SUBROUTINE AZOT

Description: Subroutine AZOT sets all elements of a matrix to 0.

Subroutine listing:

SUBROUTINE AZOT(X)

COMMON /ALLOIM/ MAX,MIX

DIMENSION X(i)

MAXZ = MAX • 2

IIMt=XiMAX)-%.

JJMt=X(MAX2)-I.
LENO=JJMI_MAX÷I
DO I L=t,LENO,MAX

KEND=L÷IIM1

O0 $ K=L,KENO

X(K|=O,
RETURN

END

AZOT 0
AZOT 10
AZOT 20

AZOT 30
AZOT _0
AZOT 50

AZOT 60
AZOT 70
AZOT 80
AZOT 90
AZOT 100
AZOT 110

AZOT 120
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SUBROUTINE AMAKE

Description: Subroutine AMAKE moves the matrix Y into X,

Subroutine listing:

SUBROUTINE AMAKE(X,Y) AMAK 0

COMMON /ALLOIM/ MAX, MIX AMAK I0

DIMENSION X{I} _.YII) AMAK 20

MAX2 : MAX _" 2 AMAK 30

I IMI=Y(MAX)-I. AMAK z,t.O

JJMI:Y(MAX2)-I. AMAK 5(}

LEND=JJMI"MAX+I AMAK 60

O0 I L=I,LENO,MAX AMAK 7(}

KEND:L÷IIMI AMAK 80

00 1 K:L,KENO AMAK 90

XIK)=Y(K) AMAK IQC

X(MAX)=Y (HAK| AMAK IiO

X(MAX2) :Y (MAX2} AMAK 120

RETURN AMAK 130

END AMAK 1¢_0

SUBROUTINE INV

Description: Subroutine INV inverts a general matrix in place.

Programing notes: Gauss elimination is used here; there is no pivoting, since

this subroutine will be called only for a well-conditioned, near-diagonal matrix

(the R matrix). See reference 9 for a discussion of this method.

Subroutine listing:

SUBROUTINE INV(A,MAX) INV 0

INVERTS A GENERAL MATRIX IN PLACE INV 10

NO PIVOTING (DIAGONAL ELEMENTS MUST BE NON-ZERO} INV 20

DIMENSION A(MAX,I) INV 30

N=AfMAX,I) INV 40

DO 80 K=i,N INV 50

BIGA=AqK, K) INV 60

DO 5_ I=I,N INV 70

IF(I.EQ.K) GO TO 50 INV 80

A(I,K)=-A(I,K)/BIGA INV gO

50 CONTINUE INV 100

DO 60 I:I,N INV 110

IF(I.EQ.K} GO TO 60 INV 120

DO 55 J:I,N INV 1]O

IF (J,EQ.K) GO TO 55 INV 140

A(I,J):A(I,J)÷A(I,K)'A(K,J} INV 150

55 CONTINUE INV 160

60 CONTINUE INV 170

00 79 J:I,N INV 180

IF(J.Eq.K} GO TO 70 INV 190

A(K,J}:A(K,J_/PIGA INV 230

7U CONTINUE INV ZlO

80 A(K,K_:I./BIGA INV 22(}

RETURN INV 230

END INV 2_0
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SUBROUTINE SOLVE

Description: Subroutine SOLVE solves the system of linear equations, Ax = b,

where A is symmetrical. It uses Cholesky's matrix decomposition. (See programing

notes for subroutine REDUCE.) Only the lower triangular and diagonal elements of
A are used.

Programing notes: The b vector is assumed to be stored as the N + 1 column

of A, where N is the dimension of the system.

Subroutine listing:

SUQ_OUT[NE SOLVE(A,_I

C

C SOLVES SYSTEM _X=B [A SYMMETRIC, _ STCQEO IN N+I COLUMN OF &|
C

_E_L A(35,1),X(35)

CALL _EOUCE (A)

N=A(_5,1|

NMI=N-I

NPI=N_I

C _w_*_ _ULTIPLY {t)_(8)

DO 7U I=2,N

IM£=[-I

00 7] J=I,IMI

70 X(1)=_(1)*A{I,J)_AfJ,NPll

C_'_'__ MULTIPLY _Y (OI]

A(I,NPl)=A(I,NFI)/A(I,I)

O0 aO I:2,N

8C A(I,NPl)=X(I)/A(I,I)

C'''_'_''_'_" MULTIPLY BY (L'] TO FORM {L*I'(OII'(L)'(B)

00 gJ I=I,NMI

X[I)=A[I,NPl|

[Pi=I+i

00 93 J:IPi,N

90 X[I)=X(I)+A[J, I)'A{J,NFll

X(N):A(N,NPi)

RETURN

ENO

SOLV

SOLV I0

SOLV 20

SOLV 3D

SOLV WO

SOLV 50

SOLV 60

SOLV 70

SOLV 80

SOLV g0

SOLV 100

SOLV llO

SOLV i20

SOLV 130

SOLV l_O

SOLV 150

SOLV 160

SOLV 170

SOLV 180

SOLV igO

SOLV 230

SOLV 210

SOLV 220

SOLV 230

SOLV Z_O

SOLV 250

SOLV _60

SOLV 270
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SUBROUTINE DIAGIN

Description: Subroutine DIAGIN obtains the diagonal elements of the inverse of

a symmetric matrix. It uses Cholesky's decomposition of the matrix. (See subrou-

tine REDUCE programing notes.)

Subroutine listing:

SUBROUTINE DIAGIN(A) DIAG 0

DIAG 10

FIND DIAGONAL ELEMENTS OF A INVERSE fOR SYMMETRIC A OIAG 20
OIAG 30

REAL A(35,1) DIAG WO

CALL REDUCE (A) DIAG 50
N=A(35,t) DIAG 60

NMI=N.i DIAG ID

O0 9Q I=t,NMt OIAG 80

A(I,I)=I./A(I,I) OIAG 90
IPt=I*t OIAG 100

DO 90 J=IP$,N DIAG ttO

90 A(I,II=A(I,I)*A(J,I)''2/A(J,J) OIAG 1_0
A(N,N)=lo/AIN,N) OIAG 230
RETURN DIAG tWO
END OIAG tSO
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SUBROUTINE REDUCE

Description: Subroutine REDUCE factors a symmetric matrix A by Cholesky's
matrix decomposition.

Programing notes: The matrix is factored into L-1DL -1., where L is the lower

diagonal with unity diagonal elements, and D is diagonal. The lower diagonal, L,

is returned in the lower triangular locations of A, except for the diagonal locations,
which contain Do

Subroutine listing:

SUBROUTINE REDUCE(A) RE DU 0

C REOU 10

C REDUCES SYMMETRIC MATRIX A STORED IN LCWER TRIANGULAR LOCATIONS REOU ZO

C TO THE FORM (LI)'(D)_(LI.) WHERE L IS A LOWER TRIANGULAR MATRIX REOU TO

C WITH UNITY DIAGONAL TERMS, O IS A DIAGONAL MATRIX, REDU 40

C I DENOTES INVERSE AND _ TRANSPOSE REOU 50

C REOU 60

REAL A(35_1) REDU 70
N=A(35,11 REDU 80

NMI=N-I REOU 90

DO 20 R=I,NMI REOU I00

KPI=K_I REDU 110

KMI=K-I REOU 120
AKKI=I,/A(K,K| REDU 130

DO 20 I=KPI,N REDU 140

AKKIK:A(I'K)_AKKI REOU 1SO

DO 10 J=I,N REDU 160

i0 A(J,II=A(J,I)-AKKIK_A(J,K) REDU 170

A(I,KI=-AKKIK REDU 180

IF(KMioEQ,O) GO TO ZO REDU 190
DO 15 J=I,KMi REOU 200

15 A(I,JI=A(I,J)-AKKIK*A(K,J) REDU ?lO

ZO CONTINUE REDU 220
C __'_ L IS NOW STORED IN LOWER TRIANGULAR PART OF A REDU 230

C __" EXCEPT FOR DIAGONAL, W_ICH CONTAINS O REOU 240

RETURN REOU ?50
END RE OU 260
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SUBROUTINE SCALES

Description: Subroutine SCALES determines scales for plotting the vector X on

an axis S inches long. Ifthe formal parameter ZERO is true, 0 must be included in

the scale.

Programing notes: The minimum value on the axis is returned in location

X(N + i), and the scale in units per inch is returned in location X(N + 2). The

only scales permitted are 2, 4, and 10 units per inch times a multiple of 10. A

-999. is returned to indicate that all values of X are the same.

Subroutine listing:

SUBROUTINE SCALES(X. S. N,ZERO) SCAL 0

LOGICAL ZERO SCAL tO

REAL X(1),FAC(3) SCAL 20

DATA FAC/2.._..IC./ SCAL 30

XMAX=X(1) SCAL _0

XMIN=X(1) SCAL 50

IFI.NOT.ZERO) CO TO IO SCAL 60

XMAX=O • SCAL 70

XHIN=O. SCAL BO

10 DO 20 I=t,N SCAL 90

XMAX: AMAXI (XHAX .X (I)) SCAL IOO

20 XMIN=AMINI(XHIN.X(1)) SCAL llO

A=XMAX-XMIN SCAL 120

IFIA.NE.O.) GO TO 30 SCAL 130

SCALE=-qB9. SCAL 1(*0

GO TO 100 SCAL 150

30 B=A/S SCAL 16Q

J=IFIX("BS(ALOGIC (F_} l) SCAL 170

IF(B.LT.I.) J=-J-i SCAL 1go

FAC T= I0 .'_,,.j SCAL 190

B=BIFACT SCAL ZOO

O0 50 I=1,3 SCAL 2In

SCALE=FACT-FAC (I) SCAL 220

AHIN=XHIN-AMOD (XMIN,SCALE) SC AL 230

IF(AMIN.GT.XHIN| AMIN=AHIN-SCALE SCAL 2_,0

IF((XHAK-AMIN).LE.SCALE'_S) GO TO IGG SCAL 250

50 CONTINUE SGAL 260

SCALE=IO._'FACT_'FAG(I) SCAL 270

AMIN=XHIN- _HOD (XHIN, SC ALE i SCAL _Q

TF(AMIN.GT.×MIN) AMIN=AMIN-SCALE SCAL 290

iO0 X(N+,I}=AMIN SCAL 300

X (N+2)=SCALE SCAL 3:LO

RETURN SCAL 320

END SCAL 3]8
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SUBROUTINELINES

Description: Subroutine LINES plots solid or dashed lines or symbols of theX-axis versus the Y-axis.

Programing notes: The quantities X and Y are assumed to have scaling informa-
tion in locations NPT + I and NPT + 2 as placed there by subroutine SCALESor
other sources. Every ISKIP point of the data is used, and the sign of ISKIP deter-
mines whether the plot is to be made starting from the lower numbered locations in
the arrays (positive sign) or the higher numbered locations (negative sign). If
JSKIP ---0, a solid line is plotted; if positive, a solid line is plotted with symbols
every JSKIPth point. If JSKIP = -I, only symbols are plotted. A dashed line may
be plotted using JSKIP = -2. The quantity L indicates the symbol to be plotted if
relevant, and HGT gives its height.

Subroutine listing:

3O

5O

SUBROUTINE LINES(X,Y,NPT,ISKIP,JSKIP, L! LINE

ISKIP=+ PLOT FORWARD,- BACKWARDS LINE

JSKI °= 0 LINE CNLY,& LINE AND _YMBOLS, - SYMBOLS ONLY OR DASHED LNLINE
COMMON /LINCOM/ HGT

REAL X(II,Y(1)

LOGICAL SYMB

IF(ABS(HGT-,5)oGEo.5) HGT=o07
XMIN=X(NPT+I)

YMIN=Y(NPT+I)

DX=X(NPT+2}

OY=Y(NPT+2)

IS=IABS(ISKIP)

N=(NPT-I|/IS÷I

NA=I

IF(ISKIP.LT.3} NA=IS'(N-I|+I

JMOD=MAX3(IABS(JSKIP),I)_IS
SYMB=.TRUE.

IF(JSKIP.EQ._) SYMB=.FALSE.
IL=-2

IF(JSKIP. LT.O) IL=-i

CALL PLOTiIXINAI-XMINI/OX,(y(N_)-YMINI/Dy,3p
O0 5_ I=I,N

IFISYMQ.ANO.MOO(NA-I,JMOD|°EQ.O) GO TO 30

CALL PLOTi(X(NA)-XMIN)/DX,(Y(N_)-YMIN)/OY,2)
GO TO 50

CALL SYMBOL((X(NA)-XMINI/DX,(Y(NA)-YMI_|IOY,HGT,L,OJIL)
NA=NA+ISKIP

RETURN

ENO

0

I0

ZO

LINE 30

LINE 40

LINE 50

LINE 60

LINE ?0

LINE 80

LINE 90

LINE I00

lINE %10

LINE 120

LINE 130

LINE lqO

LINE 150
LINE 160

LINE 170

LINE 180

LINE lgo

LINE 200

LINE 210

LINE 220

LINE 230

LINE 2WO

LINE 250

LINE 260

LINE 270

LINE 280
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SUBROUTINE PLTDAT

Description: Subroutine PLTDAT is used to identify plots. It is machine specific

for the date and time software. The subroutine may be altered to reflect the form of

plot identification desired (or a null subroutine may be used).

Subroutine listing:

suqRoUTINE PLTCAT(X,Y)

PLOIS DATE AND TIME FOR PLOT I[ENTIFICATION

HACNINE SPECIFIC FOR DATE AND TIME SOFTWARE

CALL SYMBOL{X,Y,.I,DATE(JULIAN}_.,%C)

CALL SYMBOLIg99.,Y,.I, TIHE(SFCONO),@.,I_I

RETURN

END

PLTD 0

PLTD I_

PLTO 20

PLTD 30

PLTD WO

PLID 50

PLTO 60

FUNCTION TIME

Description: FUNCTION TIME is a dummy function to substitute for the TIME

function available on CDC 6000/7000 systems. If using such a system, FUNCTION

TIME may be removed; for other systems itmay be rewritten to properly access the

system time, or it may be retained. It is called only from subroutine PLTDAT.

Function listing:

ME(A O

FUNCTION TIME (ARG) ME(A t n

DUMMY SUBROUTINE IF TIME NOT AVAILABLE ME(A ZO

DATA BLNKItH I ME(A 30

ARG=_LNK ME (A WO

T IME=BLNK ME{A 50

RETURN ME(A 60

END

FUNCTION DATE

Description: FUNCTION DATE is a dummy function to substitute for the DATE

function available on CDC 6000/7000 systems. As with FUNCTION TIME, FUNCTION

DATE should be removed if using such a system and should be either rewritten or

retained when used on other systems. It is called from subroutine PLTDAT and EDIT.

Function listing:

FUNCTION DATE(ARG)

DUMMY SUBROUTINE IF DATE NOT AVAILABLE

DATA BLNKIIH /

ARG=BLNK

BATE:BLNK

RETURN

END

TEtA 0

TE(A 10

TE(A ZO

TE (A 30

TE(A WO

TE(A 50

TE(A 60
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ASSEMBLER LANGUAGE SUBROUTINES

Since the program spends a large part of its time in matrix multiplication, the

execution time may be reduced considerably by writing the two small matrix multi-

plication subroutines AMULT and SUMULT in efficientassembler language code. In
the following listings these two subroutines are written in COMPASS for use on CDC

systems. These particular subroutines should be usable on any 6000 or 7000 series

CDC system with the FORTRAN EXTENDED compiler. (The RUN compiler has

different subroutine linkage conventions.) The use of these subroutines in place
of the FORTRAN routines will speed up the program by 20 percent to 25 percent. If

extensive use on other systems is anticipated, it may be advisable to make assembler

versions for them. Some FORTRAN optimizers may be efficientenough to negate the
gain realized; the 20 percent to 25 percent improvement mentioned, however, is

referenced to the highest level of optimization available with a CDC FORTRAN 4.0

compiler.
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ASSEMBLYSUBROUTINEAMULT

Subroutine listing:

10

11

12

15

16

IDENT AMULT
ENTRY AMULT
USE COOE

USE /ALLOIM/

1 MAX 956 1
1 MAM 9SS 1

USE CO£E

0400400000 + AMULT EO AMULT*_O_O0_8

5140033000 C SA4 MAX

515_C0_001 C SA5 MAM

63240 SB2 x4 MAX

63350 SB3 X5 HAM

6110777776 SBt -1 -1
55211 SA2 Ai-Bl B

55321 SA3 A2-BI C
66_21 SB4 £2+61 MAX-1

66631 SB6 _3+91 MAM-I

5341_ SA4 X1.84 _(HAX,tl

53526 SA5 X2+66 8(HAM.l)

106_ _X6 X4
53634 SA6 X3÷64 :C(MAX.I)

26444 UX_ a4,X4

2_k4_ LX4 64.X4
63541 SB5 x4,el II-t

26565 UX5 e6, X5

22565 LX5 96. X5
63750 SB7 X5 JJ

54553 SA5 A5÷63 9(HAM.2)

10655 _X6 X5

5_662 SA6 A6÷B2 =CIMAX,2|

26045 LJXO P4,X5
2204_ LXO 84_X0 KK

66_10 SB_ _i I=C FOR FIRST K

67W41 LOOPIK SB_ E4-BI I=I,1

73714 SX7 xI÷B4

66603 SB6 £0 J:O
76600 SX6 PO

_3_70 LOOPJ SA_ X7 A
5]526 SA5 X2÷86 B

40_5 ;X4 X4"X5 A_B

30664 PX6 X6÷W4 _C

73772 SX7 X7÷B2 STEP A

67661 SB6 _6-61 J:J÷t
_767000611 ÷ LT qE, BT,LOOPJ

24606 NX6 X6
5363W SA6 X3÷B_ =C

0745500010 ÷ LT R_,_5,LCCPIK
66410 SR4 P1 I=O

73051 SX_ XO+B1 K:K+t

73223 SX2 X2+83 STEP B

73332 SX3 X3+82 STEP C

0310000010 + NZ XO.LOOPIK
0_00300000 + EQ _MULT

£NO
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ASSEMBLYSUBROUTINE_SUMULT

Subroutine listing:

0

0 0_00_30000 +
1 6110000a01

5150000000 C

2 63250
10711

50t1000001

3 5021000001
5o_2aoooa1

533_o
63_30

5_41
53_0

5 _24_5
637_0

66500
63351

6 73075
53525

10655
66600

7 53406
53516

_05_5
30656

LO 6666Z
2_606

0767000007 *

li 53625
66551

_] 75_0(]9 O0 6 ,"

lZ 66500
61441

73111
73223

13 T3771
0704000006 ÷

14 0400000000 ÷

15

HA}(

SUMULT

LOOPIK

LOOPJ

IDENT SUMULT

ENTRY SUMULT

USE /ALLDIMI

BSS 2

USE CODE
EO SUMULT÷4000008
SBt 1 1
SA5 MAX

SB2 X5

_X7 Xt XJI
SAt AI+I xJIOl

SA2 AI_t SUM

SA4 A2+1

SA3 X4

SB4 X3 JKM
SAk A4+B1

SA4 X4

IX4 X4_X5

SB7 X4 MZ_M AX

SB5 eo
SB3 XS+Bl MAX÷t
SXO XT÷B5 LOCIXJIIK,t}!

SA5 X2+85 SUHIK,I)
Bx6 X5
Se6 BO J=O
SA4 XO+B6 XJI(K,J)

SA5 Xt÷B6 XJIiI,J)

FX5 X4_X5
FX6 X5÷X6
SB6 B6÷BZ J=J÷l

NX6 X6
LT B6,BTtLOOPJ
SA6 X2+B5 =SUM(I,K)

$85 eS+Bl K=K+I
LT DS,B_,LOOPIK
SB5 RO RESTART K

SB4 _4-BI LOWER K LIMIT l:I+l

SXI XI÷B1 STEP LOC(XJI(I,1)I

SX2 X2+B3 STEP SUM LOG TO DIAGONAL

SX7 X7÷BI

LT BQ,B4,LOOPIK

EQ SUMULT

END
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SEGMENTATION

Although the MMLE program does not require OVERLAY or SEGMENTATION to

fit on most large computers, it is usually desirable to segment the program to

decrease the load on the system. The following SEGMENTATION directives are used

on the CDC OPERATING SYSTEM SCOPE 3.4 to reduce the loaded program size from

74,0008 words to 52,0008 words (including all buffers and system routines for

input/output). The cost in execution time is negligible. The structure illustrated

by these directives may be used as a guide for implementing the MMLE program on

other systems.

PLTTREE TREE

DATTREE TREE

DOTREE TREE

TREE

LINES GLOBAL

ASPIT GLOBAL

GLOBAL

END

LINES- (THPLOT ,APRPLT)

MATLD- (EDIT, DATA)

AEAT- (AGIRL ,OUTPUT)

MMLE- (PLTTREE ,ASPIT- (DATTREE ,DOTREE) )

LINCOM

TOGIRL ,INFO, TODATA ,ROUTH ,DIMENS

ALLDIM, BUF, MATRIX, COM, TOPLOT, HEAD NG
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SAMPLE CHECK CASE FOR MMLE PROGRAM

This appendix presents a sample check case for the MMLE program. This

listing is intended to aid the user in checking out the MMLE program; therefore,

many of the available options have not been used.

INPUT CARDS

AIRCRAFT A CHECK CASE
&INPUT CARO=TeQ=520,,V=4665 • , SEND
3 G _

A
-0,u38

-16.79
1,55

B

12,76

,3577

0 0 3 5875
4

G. iil -1,0
-G,241 _.4
-3._028_ -_,042

1.
5

.01_8

20,_B
-2,_5

_,_369

01 7

2160. 6,5 W8ES,

ENDCASE

d 0 C 25 ,720[;

-,7]Ou .GBO_

3 _ L 5: _ ,680
-,8C0_ ,0800

O g ; 75 ,650_

0 0 _ l& .630
-,9200 ,2200

J _ 0 tZ5 ,620_

-.975_ .]50C
9 0 t53 ,62Oh

-l,QZOJ .6OOa
3 3 C 175 ,62G:

-t,CfiSG ,BSO_

3 0 _ 20_ °6303

-l,itO 1.08_.

_ _ 225 .650_3
-1.130_ 1,330:

0 0 3 25C ,7LOC
-1.165;: 1,550_

3 0 _ 275 ,720G
-i.igod 1,7401

J G J ]0_ ,750_

-1,220_ 1,9401

0 G J 325 ,780_

-1,245} 2.100_

0 _ 35_ ,8EO!
-1,27G.' 2,2_03

J 0 < 375 .810C
-l.2gG_ 2,370_

0 G J 40L ,_30_

-L,3IO_ 2,4700

O _ _25 ,889.

J b _] q59 .92_

-1.3551 2,6b0C
3 C _ _75 ,910

-1.]65d 2,6h03
] U _ 50: 1,3GQG

-1.37C. 2,fi50.

_ C 525 1,_30 r

-I,38G. 2,655_
d L 55 1.t2&.

-1.3a5. 2.6w3.

O _ ] 575 1,18_

-1,390 2.6307

2,000.

O,OOg:;

2,03_

0 00]_

i 9996

O 033

I 5315

0 0£3G

1 5C12

9 0]0_
1,5_15
n.Jo_]

1,5512

1.7_76

,boO,_C,
1.9999

9.3_J:

2._979

3.OG_
2,W98W
O,OCO.
3.0_22
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,OgOJ ,1700 O°O00C 0,0000
O 0 3 85_ 1,4GOG 13,6987 -1°8393 -29°5138

• 120_ ,1700 O°OO_C O,OOO0

O O 3 875 t,4707 13°_957 -1,8279 -29,303_
,140_ ,170_ 0,0000 0,0000

,173E

,170.

,1£50

,160U

,160E

,148L

,1_6;

.lqlE

,139C

,127_

,1220

o1170

o1100

,0980

.0950

.083D

,C76_

,071_

,064G

,0570

,049_

,0420

,0_0_

,0_80

,0200

,OO3E

-,OGIG

-,ocg_

-,014C

-,0330

-,038C

-,Ok7_

-,0570

37,49E9

36,4994

35,4972

33,4977

32,dC29

30,5_24

28,7495

77,0C24

_5,4962

23,9956

22,5C08

21,G503

19,4998

17,9995

16,2525

14,4999

13,4980

11,9977

10,497Z

9.0627

7,5_24

6,_541

5.GC21

3,2486

1,7477

.2521

-1°2493

-3,0027

-3,9997

-5,5C08

-6.9960

-7.998D

-9°2459

-1,9t_8

-1.8678

-1.8107

-1.77u4

-1,7_17

-1,621_

-1.5815

-1.5_15

-1,4212

-1.3524

-1.2782

-1,1977

-1,1175

-,9509

-,8709

-,7794

-,6819

-,6_16

-,4985

-,4.11

-,3209

-,[974

O,{u_C

.CSGZ

,1777

,2693

.3782

._526

.6_16

.68Z1

,8020
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0 Q 3 90u 1.520C

.17CL .17U_

0 0 3 925 1.600_

.Z10_ .170;

0 O 3 95_ 1.636_

.230_ ,170L;
3 0 3 975 1.7LOC

,2705 ,170_
0 3 4 C 1.78CG

,3COC .170G
0 0 4 25 1,830u

,3JOL .170_

0 0 4 5C 1,880C
.350S ,170G

3 0 4 75 t,930_
,380_ ,170!:

J O 4 10_ 1,9801

• 4G05 ,1700
0 _ 4 125 2,_10:

• 4Z5_ .1700
0 0 _ 15_ 2.020C

• 450_ .170_
0 0 4 175 2,050D

,472_ ,170_

0 _ 4 20_ Z.080_
.490u ,170_

0 0 4 225 2.150_
.510u .170_

0 0 _ 25c Z,lfiCJ
,530_ ,170c

Q 0 4 275 2.1703
.5501 ,170_

0 0 4 30_ Z,180_

,570_ .170_
0 G _ 325 2,2£0_

• 580u .17C_

0 0 4 350 2,2200
• 6UC3 ,170C

0 G 4 375 2.230;
• 610_ ,170C

0 0 4 40C 2.2_0:
.622_ ,170C

0 0 _ 425 2.250C

.640b .17C3

O 4 _5_) 2,270

• 65C_ .170_

0 G 4 475 2o280J

• 6600 ,170C

0 _ 4 50_ 2,2903

.6700 .170_

0 0 4 525 2.300_
• 675J .170_

O 0 _ 553 2,3201

,690u ,170_
0 0 4 575 _,3UG.

• 700_ .170_

O C 4 603 Z.3003

• 7u5. .170G
0 0 4 6?5 ?.3_0_

• 710_ .170C

3 0 4 65C 2,300_
.TZO' .170;

0 0 4 675 2,280_
• 7223 .17OL

3 u 4 7C_ 2.Z70C
.72_ .1703

13,498] -1,8223 -Z_,9995 -,OE2L -11,0641 ,8994
0,33_ 0._0_

13,000_ -1,7992 -28,5613 -.0711 -11,9997 1._]15
0.00n_ O.O00C

12.5017 -1,7_1E -28,0025 -,GSIC -13,4998 1,1518
0.0_ O.EbOC

O,O_OC O,OLG_
11.9983 -1.701_ -_7.7145 -.102C -15,996Z 1.35_Z

O.OOG3 O,L.OC

11.5303 -1,650_ -27.504) -.107G -17,002g 1._568

O.Qd_ O.OLOC

11.0023 -1.598h -26,9997 -.114C -17,9992 1.5616
C,O000 O.O00C

lb,8021 -1,5699 -26,5G12 -,l19G -19,4998 1,_504

C,GO0_ O,OGOC

10.499£ -1,5_14 -26.30C7 -.13h_ -_G.5_13 1.7706
O,OQO_ O,O00O
9.5519 -1.5_68 -26,2u33 -.134t -21.4976 1,8506
C,GO0_ O.OCOC
q.0_6 -1.3983 -26.Q127 -.1360 -_2.4989 1.98_8

0.C3_ O,OC60
8,4951 -1,35_I -25,8996 -,1_31 -23,0C_5 2.C_1Z

C.OOOu O,OGOC

7o997_ -1._723 -25,5_42 -.155C -23,5_03 Z.I_BB
0.0}_ 0.3000

7.4996 -1.1977 -_4.7994 -,1553 -23.6997 _,_Z88

O,O00u 0,0000
6,8.1 -1.£518 -24,5_15 -.157_ -23.81_3 2,_04

O.OJu. _,JJCO

6,4982 -1,0718 -24,3309 -.1650 -23.8987 2.3777

O,OO]_ G,OUOC

6.00C4 -1.0U28 -24.2L3_ -.172G -23.9956 2.418_

O,_O_L 0,010£

5,0C2_ -,9222 -_4,0_0 -.17_C -23,9951 2,46q8

0.0_3. O,OLOO

4,4978 -,8481 -23,8998 -,174C -23,_971 _._209
O,OOOu C,OCCO

3.999_ o.7791 -2].8_24 -,179C -23,748" 2.53_5

0,00_ O,OL£O
3.5012 -.6993 -23,8024 -.181_ -23.7_18 2.5727
g. O0_ O,GCO0

3.0626 -.6017 -_$,8C24 -.I_4_ -_3,5L%_ 2,5_g9
O,COOu 0.0000
_.Z977 -o5_C1 -23.8324 -.181C -2_.9975 Z.521Q

O.OSO. O,OOOO
1,7991 -,4527 -Z3,8_24 -.181G -22,7_56 2,4983

C,OOO_ O,O00O

1.1976 -,3782 -23,8LZ_ -.I_EL -22.4996 2.45Z7
O.OOOL O,GCDO

,8021 -.2808 -23.8C24 -.166C -21, q958 Z._ISE

O,OCb. 0,0_00
._98C -,21UE -_,OC]u -.186G -21,4977 2.3778

O,OOO_ 0,0300

O.OOC. -,1318 -24.0J33 -.1_41 -2C,5C09 2,3493

O,O]C. O.OuO0

-,4985 -°068B -_4.1u-4 -.IB_u -19.7_09 2,2B_6

O.O05_ O.OOO0

-1,0_26 .0172 -24,ZC35 -.181Z -19._Gll _,2LG3

0,033_ O,OCOG

-1,5014 ,0516 -Z4,3_09 -,1813 -17.9991 2.1317

_,OGi O.ÙCCO
-1.9997 ,1203 -2_.5G15 -,179Z -17.5(1_ Z.L_13

_,OuO_ O.O_OC

-2.498 c ,2CO_ -24.7_2_ -.172C -16.751k 1.9_26

u.O}L 0,0_00
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J 4 725 2.250_ -3.0325 .2292 -2W.7994 -.1720 -15o9959 1.9523

• 730u ,170_ C.O00C O,OuO0

O O 4 750 2,2000 -3,5Ull ,2808 -25,0000 -,1670 -14,7_78 1,7990
.7350 ,175_ O,COoJ 0,3000

Q 0 4 775 2.1_GL -3.7989 .3495 -25.3037 -.167_ -14,2501 1.7192

• 740. ,175C O,COOC O,OGO_
0 D _ HO0 2,120_ -4,2975 ,_011 -25,5_2 -,1570 -13,5005 1,6217

• 7451 .1750 0.000' 0,0_00

0 3 4 825 2,070 -_,4983 .4298 -25,6016 -,1550 -12.5_4_ 1,5698
.7503 .1750 0.0_0_ C.COOC

0 0 W _53 2,030_ -5,002_ ,_813 -25,6993 -,1_80 -12,011J 1,_498
• 750_ ,175_ n.O]_ C.3000

0 0 _ 875 1.9800 -5.5006 .5271 "25.8022 -.141_ -11.1995 1.3811

• 750_ ,1750 O,QOC_ O,O000

0 J _ 9Co 1°950_ -5.7987 .5673 -25.8996 -.1380 -9,997J 1.3_06

• 750. ,175_ O.0Ou. 0.0000
0 0 _ 925 1o9000 -5.9989 ,6010 -26,0027 -,1340 -9.0b04 1.2492

.750_ .175_ O,:_]L O.OCO0

0 0 4 950 1,8500 -6,2967 ,6188 -26,203] -,129L -7,9982 1,1_78
,755_ .175_ O.OOOc 0.0000

0 0 4 975 1.8305 -6.3996 .6472 -26.3007 -.12w3 -T, C013 1.1803

,760_ ,175_ O,OGC. 0._[00

0 0 5 G 1.7503 -6,4966 .6821 -26.5012 -.114_ -6.2509 1o1516
.763_ .1750 O.CO0; 0.0600

O _ 5 25 1,7_00 -6,5993 ,7222 -26.7992 -,1120 -5,5008 1.1301
.7650 .175] 0._3_: O,CCCO

0 O 5 5@ 1°6500 -6,696_ .7679 -26.9G23 -,1_7C -4,2518 I.[770

.768L ,1753 O.OG_L O.O_OC

0 0 5 7_ 1.600_ -6,7993 ,8022 -27.2_0_ -,tOCC -3,0_2_ 1,Z_87
,770_ ,1750 O,OOC_ O,OCOO

; 5 10_ 1.550_ -6.7989 ,819h -27o50WJ -,0950 -1.5012 1.0315

,770_ .175_ O.OOJO O,Q_OC
_ 5 125 1,520L -6.6956 ,8309 "27.70_5 -.0860 -.4985 1.033C

,772_ .1750 0,0_3_ 0.0000

0 3 5 15_ 1.430_ -6.6_33 .8826 -27,8C19 -._810 1.003_ .9800
.7720 ,175_ O.OOG_ 0,0_00

0 J 5 175 1.400Z -6.500_ .899_ -28.0_25 -.076_ 2._986 .9228

.773L .1750 U.O03_ 0.0300

0 _ 5 _0_ 1,350_ -6._989 ,9510 -28,0_25 -,0673 3,9995 ,8B27
,7750 .1800 O.gOJC 0.0_00

0 0 5 225 1.300_ -6.0036 .9799 -28,203_ -.062_ 5.9971 .B309

• 775_ .180_ C.00J_ O,OCO0
0 0 5 25: 1,230C -5.7998 1.0C30 -28.3_ -.3572 7.4983 .8194

.7600 ,IBOC 0°0005 0,0000
0 0 5 275 1.200L -5._9_9 1°0083 -28._36 -o0570 9,3204 .8022

.785_ .18_5 O.O00t, O,OCOO
J 5 300 1,1503 -5.203_ 1,011_ -28.5013 -.0455 10.495? .79_B

• 788_} ,1800 0,0000 C,O_O0

0 0 5 325 1,080_ -4,8017 1,_85 -28,7016 -,0350 _1._976 ,7_95
,790_ ,180C O,_Od_ O,OCO0

0 0 5 350 1.0300 -3.999_ 1.1172 -28.8047 -.0_50 12.9987 .7556
,79_ .1803 0.0000 Q.3dO0

0 O 5 375 1,Cb0[ -3,7989 1,1518 -28,9021 -,0280 14,5152 ,6992
• 795_ .180_ O,CGJ_ O,O_OC

0 0 5 h03 .9803 -3.3006 1.1892 -28.9021 -.0230 15.5023 .6988

• 8_0_ .1800 0.003 O.OCO0
O 0 5 425 ,920_ -2,8019 1,1978 -28,9995 -,021q 16,5t_9 ,6818

• 8000 ,180_ 0,60_C 9,OOOC
0 0 5 _5_ .8800 -2.03_ 1.2208 -28.9995 -,0180 18,000_ .E589

• 865_ ,1800 q,03_ O,_OC

0 0 5 475 ,83_0 -1,7019 1,2319 -29,1627 -,0140 18,7506 ,6303
•810_ ,180B C,OO0_ O,O_O0

O 0 5 50C ,800_ -1,0026 1,2491 -28,9995 -,0060 20o2518 ,6188
.8150 .1800 O,O00d O,O000

0 _ 5 _25 ,7500 -,_985 1.2780 -28,9021 -.C01_ 21.E023 °6316
,817_ .180_ 0,00_ O.OE_[
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0 0 5 550 ,T20_
• 8Z00 ,180G

0 0 5 575 .680_
,820_ °%802

O 0 5 60_ ,6500
• 823U ,18QC

0 5 625 ,6_00
.8Z5 r: '180_

0 0 5 ESO .570_
.8260 .180C

0 Q 5 E75 .5501
• 820u .180_

0 0 5 70Q .500U
.830_ .180C

0 G 5 7Z5 .4501
.8350 °18Q_

0 0 5 753 ,_30C
,837C .180C

0 0 5 775 ._OO_
o8_Ou .1800

0 0 5 800 .350_
,8400 .180_

0 O 5 8Z5 ,330G
,8_OJ ,180P

O Q 5 85_ .3L0_

.8_50 .180d
3 O 5 875 .2703

• 8500 .LSOG
AIRCRAFT B CHECK CASE

_INPUT GROSWT= 2k73,
Q= 39,0 ,Y= 415.2

XALF= 0.00 ,XAN= -.

ZMAX(3)=ICGO.,

CARO=T_

,2006 1,])09 -_8.804T ,G013
0,000_ O.G_OO

°8024 1.3EZh -28,7016 .008C
0.000] O,OOOO
1.5011 1.3E95 -28,6G_1 ,018_
O.OOU] 0,0000
1,9998 1,3808 -28,5010 .023_
O,UOG_ Oo_GO

2.4985 1.3984 -28°4C36 .028C
O,OO3C O°O_OC

3.501) 1.4209 -28.30_ .028C
O.Cb3 0.3C00

3.9996 1._3Z8 °E8,30C_ ,035C
0.00_C O.O_OO
4.498_ 1._727 -2_.ZD]J .0370
3.CCG O.OCQO
5.3003 1,_78_ -28.0025 ,0423
3.00_) 0.000C
5.9985 1.5_13 -27.8994 .0_40

O,OOO_ O.Oi_O0
6._976 1.5521 -27.8019 ,0520
_.OO0_ O,OOO0
7.3G0_ 1.569_ -27.7045 .0521
O.O0_ O.OCOO

7.9993 1°581k -27.6014 .0520
3.000. O°OOOG
8._978 1,5818 -27,5C_0 .959C
0,00C0 O,OCO0

,IX= 275. ,IY= 19C2. ,IZ= 2228.

,PUNCH=T ,TIMESC= °5 .BOTH=T.
01 ,ZAX= °53,

WNAPR= ,tOE+C1
LONG=T, S= 85.

113638750 113E458WO

,ALPHA= 7.86 ,HACH= .429 ,CG = .260 ,PARAH=
,SPAN= 16.C5 ,CBAR= 5,98 ,SPS= 5",, _END

A 4 4

-._Z035 t. OOCO0 -0.0003_ .032Z1
-3.79_30 -.36321 3.OCCO_ 3.OOGOG
15o66803 O.OGOO& -O.GOCQ3 -32.15869

_.JCgO0 .99155 3.OOOO_ 0.00300

B 4 5
-.Q6489 -_°3_00_ -B.OO090 -O,OOQOC ._73_6

°6. Z8_73 u.OOGO0 0.00CC3 O._OCOO .18165

8.3539E -_,CGGOC -G.OOGJ_ -O,O0_OG -2.39365
1.

01 5

IOOCOO,!; 70qOG ._

APRA k, h

.50QE+CS-G. -:.

.30CE+Ou ,ICOE+O_-_.

0° -Oo -3.
d. -_. -3.

APRB W 8

• IOOE+CI-_. -0.
3. -_. -_,

_. -3. -_.

END

113636 765

-Z.92_4
113638 785

-2.3376
113638 805

-1.739:

-_. 43_OOC,b lO3O_.; -3.J -O,Q

-0.

°0°

-0°

-0° .i',

-Ol -_

-0. -C,

_.575S -l.95gS 413,5412

,G30g -,0531 4.3639
8.5616 -2.C726 G13.6727

,0318 -.C486 _.385_

8,5408 -_,Z248 _13,6921

.G322 -.0_68 h.3858

-_° -_ °
-0 , -_
-_° -j,
_,1 . -]

4.3927 .7507
2.0 5_3 (*5594.9 8"_

4.3253 .7578
Z.t 125(,5599,9] 89

4.3085 .76_5
2.196 45599.9: 8:)

21.9992 .5789

23°0117 .5498

ZW.ZSQ3 ._986

24.5020 .4524

25.4985 ._i0

26,0_22 .3498

26°5_0Z .2981

27.4968 .Z5Z2

27,7_78 .1_90

28.0&51 .0974

28.5028 .1172

28.7CZ3 -,08_2

28.7474 -.1_90

28.9987 -.229Z

,IXZ= 1t.6,

5.0000,

-0.
-_°
-_°
-0o

O,ECU_ .L)GE

.4274 38.w_C6

O.G_QC -°E' b5
.4274 38.WWC6

O.GO0_ -.Z=15

._27_ 38._G6
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113638 825 8.55D9 -2°3516 413.7393

-1,541_ ,_331 -.0456 4.38E_

113638 845 8,587] -2,5260 413,7_8_

-1.9137 ._319 -.C437 4.3847

113638 865 8.6_12 -2.5961 _13.7C83

-2.6133 .0314 -.0411 4.3825

113638 885 8.5797 -2.6251 413.7C8h

-3.3808 .0302 -.0386 4o3781

113638 905 8.5?56 -2.5501 413.7084

-4,1495 .0281 -,0343 4,3781

113638 925 8.5627 -2.4277 413,7J84

-4o9065 ,0262 -.031_ 4.3793

113638 945 8,4809 -2,1846 413.7_84

-5,6_91 ,0253 -,0288 4,3831

113638 965 8._024 -1,9271 413,7_84

-6,075. ,0241 -,0256 4,386_

11363a 985 8.397_ -1,6396 413,7084

-6,0882 .0226 -.0223 4,39PE

113639 5 8.3924 -1.3778 413.6970

-5.6172 .G212 -._194 4.3935

113639 25 8.3589 -1.178_ 413.5372

-4,8719 ,OEI5 -,_178 4.39E8

113639 45 8.3762 -I.0928 413.160_

-4._66[ ._214 -.0154 4.413C

113639 6_ 8._[73 -1.038_ 412.6949

-3,2368 ,0213 -,0131 4.4120

113639 85 8.4205 -1,0744 _12.3642

-2,3875 ,/198 -oC131 4°4225

113639 105 8,4568 -1.2403 412.2143

-1.5454 ._186 -,0075 4.4328

113639 125 8.4908 -1.4808 412,1725

-.8791 .0164 -°0051 4.4407

113639 145 8.4271 -1.7332 412,1700

-.6G36 ,C154 -.0036 4.4463

113639 165 8.3779 -2.0156 412.1710

-.7918 .0129 -,0024 4.4493

113639 185 8.4097 -2.2631 412.1710

-1.3128 .Cl15 -.0012 4.452?

113639 205 8,4246 -2.438. 412.171_

-2,0049 .009_ -,0C12 4°4544

113639 225 8,3743 -2,5167 412.1710

-2,7575 ,0082 -,OOJ7 4.4577

113639 245 8,3433 -2,5156 412,171_

-3.5236 ._058 -,0032 4._622

113639 265 8.320& -2.4164 412,1710

-4.2_52 ,0C27 ,O_GJ 4,4671

113639 285 8.2572 -2.2232 412.1710

-5.0012 ,000{ -,CO_ 4.4721

113639 305 8,215{ -2.C162 412.1710

-5,4495 -,0033 -,0065 4,4786

113639 325 8.2278 -I°8144 412.1443

-5.3935 -.0G54 -.0012 4,4856

113639 345 8.2101 -1.6285 412.CE35

-4.8517 -°0U81 -,0_24 4,%9h2

113639 365 8,1986 -1.4795 411.9219

-4.0525 -.CC97 -.0039 4.5CKC

113639 365 8,2485 -1,4631 411,7953

-3,1842 -°Q117 -°0059 4,5147

113639 405 8,2806 -1,514. 411,7223

-2.293_ -,0138 -.6053 4.5241

113639 425 8,2579 -1.6447 411.70E2

-1,4101 -.UlSE -,011. 4,5338

113639 445 8.2446 -1.913b 411,7067

-.5447 -._172 -,C139 4.5_3_

113639 465 8,2341 -2.2763 411,7_72

• 2533 -.018_ -.0167 4.54_

4. 89 ,7521 O,OGO] ,OEOl

2 63545599.9589 ,427_ 38,4406

4.3038 .74C2 O.O00_ .C_27

2,306645599,9089 .4274 38,44_6

4.2496 .7307 0.0_6_ .C.53

2,380245599,9089 .427_ 38,4406

4.1654 .7241 0.0_03 ,e_ 44

2.464545599.9_89 .4274 38.4_6

*.098'J .7197 O°_O: ._IE

2,504645599.9_89 .42?4 38.4_06

_,_813 ,7_94 O,OCO_ °033J

2.534945_q9,9_89 .4274 38.4_06

4,0555 .6899 O,OCO_ ._:72

2,607945599.9089 ,4274 38,4406

3,982_ .6769 O.O_O0 .C163

2.692645599,9089 .4274 38.4_6

3.8979 .6845 O.OGO0 ,O00h

2.732745599.9389 .4274 38.4406

3.858_ .6937 O, OOO3 -,_042

2.763045599.9089 .4274 38,4_06

3,854_ ,7016 0,_00 -,_28

2.83654_599,6841 .4269 38,3552

3.8549 .7_85 0.0000 -.CbQ6

2.9208_5583,6748 .426Z 38.2710

3,8551 .7216 Q,O00_ ._301

2,96_945583.5624 .426] 38,2263

3.8550 .7233 O.OCOO -.C.11

2.964945583.45_ .4258 38,1_55

3,855_ .7297 O.O_Ou -,(_23

2,969645583,4501 ,4258 38.1855

3.8550 .7473 O.OOOO -.G057

3,023945583,4500 ,4258 38,1855

3.8289 .7544 O.OJ03 -.CG60

3,IC8545583,4E0_ .4258 38.1_55

3.7553 ,7504 O.OOO_ -,Cu_9

3.176245583.4_0_ ,4258 38.1_55

3.6708 .7553 C._O_ ,064

3.193045583.45EG .4258 38.1855

3.631_ .7624 O.O000 .0098

3.1926455_3.450D .4258 38.1855

3,6008 ,7494 O,OoO_ .C_89

3.192145583.4500 .4258 38,1855

3.5281 .7272 O._O_ .0_67

3.192145583.459_ ._258 3R.1855

3.4438 .7124 8.0C05 .0362

3.19214_5_3.45_C ,4258 38.1_55

3.4039 ,6955 b,C6C. .C_49

3.192145583.4500 °4258 38,1855

3.3999 ,6821 O.OGOb .[_37

3.192145583.45_ .4258 38,1855

3,_008 .6723 _,36_ .L 76

3.192145583,4500 .4258 38.1855

3,401_ .673Z 0.0_00 ._E84

3.192145583.3376 .4255 38.1428

3.3748 .6858 _,&_O ._' 45

3.192145583.2252 .4253 _8.1000

3.3012 .7G17 C, OGO_ ._14

3.1921455_3._252 .4253 38,1300

3.2168 .7179 O.G_O, ,C 27

3.192145583.2252 ,4253 38.1000

3.1770 .729_ 0.0GO3 .C_13

3.192145583.2252 ._253 38,1906

3,1729 .7409 &.OO0_ -.C;55

3,186545583,2252 .4253 38.1_00

3.1739 ,7466 6,0600 -.C12G

3,1321_55R3.2252 .4253 38,1 _G
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113639 485 8.1615 -2.670u 411.7_72

.8164 -o0189 -.018] 4.5525

113639 505 6._815 -3.0977 411.7071
.9446 -.0206 -.021J _.5539

113639 525 8.C343 -3.5353 411.7C71

,6279 -,C217 -,0227 4,5542
113639 545 7.9862 -3.9021 _11o7035

• Q335 -._237 -.0253 4,5553
113639 565 7.9403 -4.158_ 411.6851

-.6994 -.0239 -.0Z59 _,55kE
113639 585 7.926 -4.3669 411.6648

-1.4893 -.Q247 -.027_ 4.5549
113639 605 7.9117 -4.5Q01 411°6633

-2.7923 -.C258 -.0285 4,553C
113639 625 7.860_ -_.5177 _11.6611

-3,0865 -.0277 -.0306 4.5515
113639 645 7.7962 -4,436_ 411.633e

-3.89_7 -._292 -°0321 _.5496
113639 665 7.7513 -h.25_6 411.5855

-_.6789 -.0303 -,03_9 4.5497

113639 685 7.6943 -3.9591 411.560e
-5.4106 -,C3D3 -,0371 h,5495

113639 765 7.648Z -3.621k h11.557_
-5.8926 -.0312 -.0408 4°550h

113639 725 7,652C -3.2974 411,5585
-5.8926 -.031b -.Ok18 k.5509

113639 745 7.6546 -3.01_5 _11,5586
-5.3849 -._3QL -.0437 _.5551

113639 765 7,5991 -Z.77_ _11°558E
-k°5673 -°628E -.04_5 4.5583

113639 785 7.5399 -2.6_15 411,5585
-3.7_49 -,_E77 -o_46E 4.563_

113639 805 7,5_89 -2.5788 411o5585
-2.8_1 -.027_ -.0_73 h.563E

113639 R25 7.498L -Z.6C3t 411.5585

-1.893C -.C261 -,d_97 _,5647
113639 8_5 7.5116 -Z,75_3 411°5585

-,9899 -o025Z -°0511 4.563e
113639 865 7.5187 -3.00_7 411.5585

-,1498 -.02_2 -,0522 4,5645
113639 885 7,47G8 -3.3096 _11o5585

.4637 -.{229 -.0509 _.562k
113639 905 7.41Z5 -3,638_ _11.5585

.672C -,0222 -°051_ 4.5501

113639 925 7,383_ -3.9659 _11.5585
,4106 -,0223 -,C532 4.5561

113639 945 7,3_9_ -_.2379 411.5415
-.1821 -.C_Z3 -.G499 4,5530

113639 965 7.283" -4o4543 _11°_93_

-.9383 -o0215 -.0471 4,54_
113639 985 7.22C5 -4.5647 411.4381

-1.7_36 -.C209 -,0451 _.5450
11364; 5 7.1776 -_.6_89 _11.4121

-2.5779 -,Q208 -,0W23 _.5_02
1136_6 Z5 7.13_ -4.5Z40 _11.4_9_

-3._037 -.0201 -,O_CC 4,5X58

11364_ 45 7._856 -_.3477 411._1C1
-_.2229 -,619_ -,0366 h,5306

113640 65 7,0637 -4,0891 _11._101

-5,0267 -,C185 -.03_ h.5_58
113640 85 7.C516 -3.7457 _11,4101

-5,7853 -,0162 -,_303 _,52D_

113640 105 7,0_92 -3o349_ _11,4101
-6,2541 -,0181 -,0288 _,5159

11364G 125 7,007_ -2,9264 411,3834
-6.1758 -o0168 -.0255 _°51_£

3,1479 .7476 0,0000 -°013Z

3.047545583.2252 ,4253 38,1_01
3.0743 .7_2g C,O000 -.0102

2.979845583.2252 .4253 36,1_0G
_,9899 ,7_05 O,G_O& -,_ 52
_.9630_5583,2252 .4253 38.1_0C
2,9_39 ,7331 O,OGOC -,C._4
Z.937245583.2252 .4253 38.1_QC

2.8463 ,7_57 O.O00J .C'_22
Z.863745567.k531 ,4251 38.1313

2,7629 .6994 O,OCO0 .C327
2.7786455_3.2252 ._753 38.1000
Z.6971 .6679 _.OOO_ .Ou05
2.7388_5563.2252 .4253 38,13@0
2.6195 ,672_ O,_OOC -,CPll
2.73_745583,2252 .4253 38,1500

Z,5305 .6545 0,000_ -,CGIO
Z.7094_5567,_531 ,4251 ]8,1_13

Z,4367 ,6334 O°SOOC ,C:11

Z,635645567.4531 .4251 38,1613
_.3486 .6104 O,_O00 ,_14
2,550745567,4531 ,4Z51 38,1_13
Z.2 767 .5961 0,000_ .[ ;0_
2.510645567.4531 ._251 38,1013
2.206_ .5999 O, OCO0 -._13
2.5_39_5557,_531 ._251 38.1.13

Z,1224 .6074 0.0_03 -.C:14
_.447545567.4531 .4251 38.1J13

2.0557 ,5126 O. O000 -°C_10
2.3631_5557.453t ._51 3A.1_13
2.0389 .6193 0.000_ -.OSO_
2,29544_567.4531 .4751 38.1013

2,0337 .63_9 O.O00_ -°C'CC9

Z,ZEZ445567.4531 o_251 38o1:13
i°9802 .6419 O._CO_ -.C327
Z.178945567.W_31 .W251 38,1C13
1,8962 .6_89 0,0003 -,C_5

2,09_545567.4531 °_251 38.1313
1,8289 .6612 0.0000 -.CG_8
2.028245567._531 .4251 38,1 13

1,8066 .6693 0.0_0_ -.CC_8

1,95G2_5567.4531 ._251 38o1_13
1,7529 ,673_ _.OGO0 -,_:64

1.866445567._531 ,4Z51 38,1:13
1.6695 .6648 O.O[OD -,C_86

1,8209_5567._531 o4251 3_.1_13
1.5761 .6581 O,_OO:_ -.C575

1°7524_55_7.4531 ,4_51 38,1_13
1._659 .6421 _._BO0 -.CC52
1,678945551.692_ ,4256 38.1_25
1,3_6_ ,6286 G,3EO0 -.0452
1,6114_5551,6928 ._25_ 38.1325

1.3_31 ,6168 0.000] -.C_75
1.589_5551.6928 ._25; 36.1_25
1.2151 .5962 O.O_O_ -,0C77
1.5357_5551°6928 ._255 38.1_25
1,1432 .5712 C,0_3 -.C142
1,4511_5551.6928 .425_ 38.1:25
1.0726 .55_ O,OCO_ -._b6

1,3834_55_1.6928 ,h25C 38.1025
,969C ,5461 O,_CO -.C _4

1,3666_5551.69_8 ,_25C 38.1_25
.9167 .5448 g,O00? -.CS12

1.361445551.6928 .4250 38,1CZ5
.8459 .5425 C.3;b_ -._2_

1,3G75_5551.6926 .4250 38.1325
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113640 145 6.964_ -2.5579 _11.2815
-5.5759 -.G15E -.D246 4,511e

1136_0 165 6,9296 -2.2_71 _11.1199

-4.7276 -,0142 -.0222 4.51@?

11384J 185 6.9509 -2.0761 410.9929
-3.8206 -.0138 -.0218 4.5109

113640 205 7,0185 -1.9898 410o9480
-2.8999 -.0136 -.02Gd 4.5082

1136w0 225 7.0706 -1.988? 410.94h8

-1,9766 -.0134 -.5188 4.5C64
113640 245 7.0887 -2.0849 410.9459

-1.0609 -.012? -,0161 4°5038
11364_ 265 7.0668 -2.3011 410.9784

-.197C -.Cl18 -.0137 4,501_
11364_ 285 ?.0271 -2.5939 411.1147

• 5241 -.0108 -,0102 4.4978
113640 305 7.0645 "2.9426 411o3422

.998? -.0103 -.0074 4.4315

113640 325 6.9934 -3.3233 411.5377

1.1520 -,0@98 -.O04J 4.4841

11364_ 345 6.9488 -3.7194 411.6544
,9746 ".0098 -.C_04 4.4768

11364J 365 6.8709 -4.0653 411.74_2
• 5325 -.0098 .0037 4.4696

113640 385 6.8117 -4.3533 411.84137

-.0810 -.0099 .0076 4,4641
11364_ 4Q5 6.7841 -4.5533 411.7955

-.7934 -.G094 .0113 4.4593
113640 425 6.754G -4.6728 411.7772

-1.5786 -.0088 ,0139 4.4541
113643 445 6.7146 -4.7068 411.8288

-2.3973 -°0083 .016J 4,4465

11364_ 465 6.6734 -4.63_5 411,8957
-3.2418 -,GG8C .0179 4.438_

113640 485 6.6236 -4.45gi 411.943_
-4.0836 -.G&79 .02J1 4.428E

113643 505 6.5801 -4.175_ 411.962_
-4.9155 -.d_83 .PZ2 4.422?

11384& 5Z5 6.5553 -3.7833 412.0180
-5.7217 -.GC86 .C235 4,4188

11364C 545 6o514_ -3.2_56 412°1033

-6.5017 -.0C88 .0248 4.4140

11364_ 565 6.4414 -2.730_ 412.1719
-7.1179 -.0C91 °0256 4.4]04

113643 585 6.3935 -2.1577 412.1669

-7.3263 -.GC93 .C259 4.4J27
113640 605 6.3828 -1,6094 412.1885

-7.0376 -._93 .0251 4.3983
113646 _25 6.4021 -1.091b 412.1_8C

-6.4054 -.G089 .0236 4.3945
113640 645 6.45_E -.6705 412.1881

-5.6369 -._C88 .022_ 4.3945

11364U 665 6.5216 ".3391 412,1881

-4.8121 -*$_81 .0192 4,]981
11364C 685 6.5717 -.ld23 412.1881

-3.946_ -.CC7_ .0163 4.39E7
11364_ 7O6 6,5891 ._179 412.1881

-3.C331 -.LC61 .D124 4.3928
113640 725 6.5806 .D233 412.1881

-2.1398 -.C&51 ._g_ 4.3865

11364_ 745 6.5726 -._782 412.1881

-1.2149 -,Ob3_ .005_ 4.3805
1136_ 765 6,612_ -.2655 N12.1881

-.3748 -,0C22 .0018 4.3784
11364_ 785 6,696_ -.536_ 412.1881

.373_ -.&_09 -.0014 4.378_

• 7624 .5468 0.0O00 -.C]38
1.223145551.5_C5 .4247 38.C598

• 6957 ,5622 0.0_00 -.0362

1.155545551.4682 .4245 38.[17C
• 679_ .5797 O. OCdE -.0.58

1.138745551.4E82 ,4245 38,_170
,679] .5917 0.CC0_ -._356

1.139145551.4682 .4245 38._170

,6798 ,5991 0.0C00 -.(C82
1.139645551.4682 .4245 38._17D

.653? .6_85 0.000_ -,C110

1.139545551,4682 .4245 38.C17u
• 5803 o6219 0.0G0_ -.P117

1.139545551._682 .4245 38.b17_

• 4963 .6297 O,G_OC -.{112
1.139545551.6928 .4250 _8.1 25

.4506 .6306 0,0003 -.0102
1,139545551._C51 .4252 38.1_53
.3925 .6290 0.060_ -._.97

1,139545551.8C51 .4252 X8.1453
• 3096 .6269 0,O603 -.OlO0

1.139545551.8051 .4252 38.1453
•2425 .6239 0.0_0_ -._125

1.1395455_1.9174 .4255 38.1880
• 1997 .6112 0.0C9_ -,9124

1.139545551,9174 ,4255 38.1880
•1266 .5916 O. CCO_ -.E104

1.139545651,8[51 ,_52 38.1453

1.139545551.9174 ,4255 38.1880
-,1012 ,5646 0,000_ -.CC92

1.139545536.2811 .4255 38,232U
-.1936 ,6614 0,000) -.CIC4
1.139545536.2811 °4255 38.2320

-.2817 .5560 O.CCO_ -.[ 93
1,165845536.2811 .4255 38.2320
-.3427 .5320 0.0000 -.C 67

1.239645536,2811 ._255 38.2320
-.43C3 .5152 _,8_OJ -.C 54
1.32444553E.3933 .4258 38.2748

-._774 .5031 0.0C03 -.6,56
1,39_745536.3933 .4258 38.2748
-.5383 ,_961 O.CCOG -._C59
1°468645636.3933 ,4258 38.2748
-.6253 ,495C O.UOO_ -,_?4
1,552545536,3933 .4258 38.2748
-.6955 .50C1 O,G60_ -.L100
1.618645536.3933 ,4258 38.2748

-,5131 .5031 O.COOJ -.C1_2

L.696645538,3933 ,4258 38.2748
-.712? .5_92 6._003 -.t_79

1.8_6_45536.3933 ,4258 _8,2748
-.Tl_i .5204 0._C03 -,Ct:71
1.920545536.3933 ,4258 38.2748

-.7122 .5336 O._CO_ -,_;92
2.335745536.3933 .4258 ]8.2748
-,7122 .5467 _.OGO[ -.CZ18

Z.148745536.]933 .4258 _8,2748
-.7122 .5626 0.0C0_ -.0130
2,263745536,3933 .4258 38.2748

-.7122 .581E O,3EO _ -.C131

2.376745536.3933 .4258 38.2748
-.7122 .5984 0._C0] -.G128
2.491845536,3933 .4258 38.2743

-.712_ .6(84 C,_CO_ -.[125
2.6_4845_36._933 ,42_8 38.2748
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113640 805 6.7363 -,8618 412.1938
.9201 -,0015 -,C_3 4.3775

113640 825 6.7196 -1.25_J 412.2452
1,140£ -,C018 .OuC2 4,3717

113643 845 6.7228 -1.6553 412.2991
• 9901 -,_CI] -,0C12 6.3625

11364_ 865 6.7623 -2,_258 412.3576
.5463 -.Oh01 -.QO4J 4.3516

113640 885 6.7905 -2,3265 412.3896
-,090b -.GOQ1 -°0045 6.3397

113640 9C5 6.7796 -2,5559 _12.4171
-,822_ -.OD07 -.0036 4.3312

113640 925 6,7385 -2.6859 412.3830
-1.5956 -.C_21 -.6&_9 4,3293

113640 945 6.6842 -2.6935 412.3332

-2.3868 -.0046 .0_39 4.3202

113640 965 6.6612 -2.6015 412,2853
-3.2144 -,0064 ,6071 _.322E

113641 985 6.6636 -2.4222 412.2706

-4.0647 -,0066 ,057_ 4,3135

113641 5 6.6765 -2.1588 412,2703
-4,904_ -,0_56 ,0047 4.$b71

113641 25 6.6976 -1,8548 412.27_8

-5,7156 -,0062 ,0054 6._22

113641 45 6.7189 -1.3521 412,2708
-6.5_41 -,0&77 ,0076 4,2992

113641 65 6,7_92 -,8386 412,2707
-7.113_ -.0097 ,OlO6 4.2989

113641 85 6.7159 -.2981 412,2708

-7.3151 -._084 ,0J79 4.2979
113641 105 6.7416 .2068 412.2708

-7.0355 -.008_ .0069 4.2966
113641 125 6.7871 .6758 612.270_

-6,4287 -._G86 ,0074 4,25_5
113641 145 6.8215 1.0615 412,2708

-5.6734 -,C107 .C098 4,2963
113641 165 6,8603 1.3800 412.2671

-6.6624 -.0106 .0089 4,2992
113641 185 6.923] 1.5838 412,2317

-4,0182 -.GC93 .0369 4,3u23

113641 205 7.0201 1,670_ 412.1758
-3,1255 -.0077 .0047 h.3%42

113641 225 7.1_75 1,6673 412.1328
-2,2067 -,008_ ,0553 4.3_78

113641 245 7,152_ 1.5621 412.1484
-1.3078 -.0102 ,GQ6g 4.3133

113641 265 7,1738 1.3615 412.2235
-.4664 -,0123 .C_83 4.3191

113641 285 7.1852 1.0207 412.3097

.2674 -.0129 .008_ 4.3227

113641 305 7.2175 .6295 412.3559
.802_ -.0155 .0101 6.3242

113641 325 7.2808 .2203 412.4151
1.0262 -.018_ .012_ 4.3243

113641 345 7.3503 -,1925 612.4995

.9075 -,_217 .0139 4,3235

113641 365 7.3944 -°5932 412,5679
.5577 -.0266 .0167 4°3227

113641 385 7,413, -.9764 412,6114
,1364 -,0323 ,0199 4.3221

113641 405 7.3926 -1.3362 412.6858
-.2622 -.0375 .0222 k.322_

113641 425 7.3631 -1.5702 412.7710
-.6366 -,0413 .0233 4.325E

113641 445 7,3631. -1,8G1. 412,8115

-1.0074 -.0459 ,02_5 6.3288

-.712_ ,6146 O.O00J -oCl13

2,719945536.3933 ._258 38.2748
-.7122 ,62C0 O.COOO -.L115
2.833045536.505_ .426_ 38.3175
-.T395 ,6255 O.O_Ou -,CIZ9

2,9W814552_,7686 .425g 38,3188
-.8165 .6212 O.U&C_ -.E123
3,G6684553E.5_54 .4263 38.3175
-.9u48 ,6029 O.O_OC -,CC95

3.21_14552_.88_7 .4261 38.3615

-,9464 ,5861 0.0000 -.3389
3.33944553E,SD5_ ,426C 38.3175

-.9565 .5791 0,_C03 -,GII&
3.46554552_,7686 ,W259 38.3188

-1.0122 .5739 O._&OC -.C119
3,5923455_0.7686 ,4259 38,3188

-1.0999 .5627 _.00_0 -.LI01

3.739145520.768£ ,4259 38.3188

-i.17QW ,547C O.L_OQ -,_65
3.89_94552[.7686 .4259 36.3188

-1.1870 .530_ O.OOO) -.G_30

4.0 45545520.7686 ,4259 38,3188
-1.1875 .5211 0,3000 -,0_20

_,196645520.7686 .4259 38.3188
-1.1873 .5178 0._50J -.0C46

4.352045520,7686 ,4259 _8.3188
-1.20fl5 .5177 O._CO_ -,G_66

_.5026_5520.7686 ,4259 38.3188
-1.2288 .5183 O,_G? -._63

_.6537W5529.7686 .4259 38,3188

-1.2292 .5234 O.GOOC -,_164
_.809245520.7686 .4259 38.3188

-1,2C05 ,5335 _,0603 -°C070
4,959045520.TESE ,_259 38.3188

-1.1872 ,542_ O,_uO_ -.[_63
5.111245520.7686 ,4259 38.3188

-Io1866 ,5565 0,0000 -.0_58
5.266845520.7686 .4259 38.3188

-1.1873 .577_ O.CO00 -.0_72
5,4175455_5,0436 .4257 38.3200

-1.1870 .5561 0,000_ -,0_83

5.563365505,3636 .6257 38.3200
-1.1873 .612_ 0.0005 -,OCTE

5.69_7455_5,0636 .4257 38.3200
-1.1870 ,631_ C.OOOt -.CC60

5.810345505.0436 .4257 38.3200
-1.1597 .654_ O,OGC_ -.c_sg

5.9538455_5.1556 .426_ 38.3628
-1.0827 .6728 O.QCO] -.C371

6.077545505.1556 .4263 38.3628
-,9944 .6821 _._E03 -.oogo

6,176345515,1556 .426_ 38.3628
-.9527 .6864 0.0g00 -,0191

6.266645505.2676 ,42E2 3e,4_55
-,9485 .6818 G,OEOl -.0179
6°3777455_5.2676 ,_262 38.4355
-.9554 °6746 0,0_0_ -.0068

6.4918655_5.2676 ,426_ 38.4_55
-1,0121 ,6E72 O,_B_ -,_v57

6,586945505.2576 ,4262 38.4 55
-1.10C0 ,6630 $.0¢00 -,0062

6.681J45505.3796 .4264 38.4482

-1.1704 .6595 C.0000 -,0082

6.769945505.3796 ,4254 38.6682
-1.1879 ,6499 0,0_03 -,EJS2

6.8635455J5,3798 °4264 38.4482
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113641 465 ?.3?64 -1,9779 412o8156

-1.4C29 -,0514 ,426J 4.3314
113641 485 7.3535 -2,0998 412.814_

-1.8586 -,4557 .026_ 4,3350
113641 505 7.3449 -2,1635 412.8109

-2.3828 -,0602 .0271 h.3395
113641 525 7.2846 -2,1609 412.7890

-2.9_36 -.0658 .028? 4.3437

113641 545 7.2856 -2.0969 412.7732
-3,5098 -.0731 ,0296 4.3453

1136_1 565 7.284_ -1,9688 412.8341
-4.0621 -.G796 .03_1 4,3469

113641 585 7,2826 -1,7841 412.8609
-4.5779 -.0852 ,030] 4°3485

113641 605 7,2731 -1.5453 412.9141
-5.0387 -,0915 ,0295 4,3526

113641 625 1.2143 -1.259] 412.9644

-5.4322 -,0975 ,4289 4,3583
113641 645 7,2945 -.9367 413.0386

-5.7521 -olC26 .0277 4.3648
113641 665 7.3238 -,586d 413.1&19

-5.9762 -.1052 .0258 4.369£
113641 685 7.3381 -.2209 413.1844

-6,095_ -.1491 .0235 4.3734
113641 745 7.3679 ,14_ _13.2731

-6.1214 -.1138 .G21J 4.3770
113641 725 7o4081 ,4916 413.3408

-6.0699 -.1214 .0184 4.3821
113641 745 7.4376 .8247 413.3576

-5.9239 -o1275 .0156 4,387_
113641 765 7.4626 1.144_ 413.343e

-5.6691 -.t317 .0125 4o]941

113641 785 7.5164 1.4166 413.3135
-5.326? -,1329 .0092 4.4000

113641 805 7,569_ 1.6319 413.2652
-4.9299 -.1348 .0061 h.4d59

113641 825 7,6108 1.805J 413,2279
-4,4981 -,1385 .0033 h.410_

113641 845 7.6597 1.949_ 413.2102
-4,4433 -,1407 .0001 4.4161

113641 865 7o7h88 2,0252 413.2079
-3,574_ -.1435 -*0028 4,4202

113641 885 7,8768 2o_335 413.2139
-3.0749 -.1471 -.0_56 4._239

113641 905 8,0400 1,9937 413,2688
-2.5602 -o1511 -,0079 4,4260

113641 925 8.0795 1,8834 k13o3539

-2.068_ -.1544 -.0_95 _*4265
113641 945 8.1186 1.6903 413,4277

-1.6253 -.1581 -*010_ h,_257
113641 965 8.1385 1.4291 413,4994

-1.2239 -,1619 -o0101 qo424E
113641 985 8.1499 1.1514 413.5841

-,8823 -.1E42 -.0491 4°4223
113642 5 8,1768 .8657 413,6781

-.6_58 -,1670 -.0075 4,4191
113642 25 8,2498 .5536 413,769_

-,5259 -.1727 -.006? ho4169
113642 49 8,3543 ,2099 413,85_5

-.4995 -.1773 -.0066 4o4154
113642 65 8.4298 -.1315 413,8999

-.5424 -.1806 -,0056 k.4137
113642 85 8.4301 -.4fi97 413.9587

-.6642 -,1833 --,003_ 4.4104

113642 105 8,4694 -o7566 414.0427
-.9032 -,1859 ,0093 h.4_E_

-1.1875 .6404 0.0003 -.¢J52
6.954745505.3796 .4264 38.4_82

-1.1870 .6335 0.000'] -.C128

?.039745565.3796 .42E4 38.4482
-1.2143 .625_ _.OOO_ -.CL18

7.106_4550_.3796 ._264 38.4_82
-1.291_ .6174 0.0000 -.C_b9

7.184545489.6662 .4263 38.4495
-1.3796 .6179 O.GO03 -.C:31

7.269345489.666_ .4263 38.4_95
-1.4213 .6196 0,0000 -.8047

7.314945489.7781 .4265 38.4922
-1.4256 .6085 O.OCO_ -,L_23

7,373845489.7?81 .4265 38.4922
-1,4246 ,5961 O,OOOd ,0:0_

7o458_45489.7781 .4265 38.4922

"1.4303 .5931 G.O000 -._14
7.526_45489.7781 ,4265 38.4922

-1,4869 .5899 0._000 -.C.33

7.543_45489.8899 ,4268 38.535_
-1,5749 ,5906 0,0000 -,0424

?.548345h89.8899 .4268 38.5350
-1.6453 .5898 0.9000 .OCOE

7,602645490,0018 ,4270 38,5777
-1,6628 ,5929 O,O00J ,0313

7.687845490.0018 .427_ 38.57?7

-1,6565 .602_ G,O00_ -.C_11
?,756345490,0018 .427_ 38,5777

-1,5994 ,614_ 0,0003 -,C.19
7,772945490o0U18 .4210 38.5777

-1.5115 .6155 0.0000 .CC09

7,772645_90,C018 .4279 38,5777
-1,4411 ,6206 O.C_O_ ,018

7.772045490.0018 ,427_ 38.5777
-1.4236 .6372 0.0000 -.O_C?

?.772145474.30CG ,4268 38,5790
-1.4241 ,6554 0.000_ -,Oa21

7,772145474,3000 ,4268 38,5790
-1.42_5 .6673 0,0:0] -.C415

7.772145474,3000 .4268 38,5790
-1.3971 ,6761 O,QCOJ -._,16

7,772145474,3000 ,4268 38,5790
-1.3292 .6893 0,b003 -.C418

7,772145474,3_0_ ,4268 38,5790

-1,2319 ,7006 0,0003 -,_ 12
7.772145474.4118 ,4271 38,6217

-1,1902 .7173 Q,OG06 -,CC18
7,772145474.4118 ._271 38.6217

-1.1859 ,7306 0,0003 -.0024

7.772145_74.4118 .4271 38.6217
-1.1869 .7383 0,0000 -.0_14

7,7721_547_.5235 .4273 38.6644
-1.1870 ,7452 0,0000 -,0329

7.?72145474.5235 ,4273 38,6644
-1.187J .7527 0.0000 -,CJ61

7,772145h74o5235 ,4273 38.6644
-1.187_ ,7614 O,QCO0 -.0575

?,77214547_,6352 ,4275 38.7J71
-1,1870 ,7663 O,OCO0 -,_053

?,772145_74.6352 ,4275 38o7071
-1.1870 ,7662 0.0003 -.0317

7.772145474.6352 .4275 38,7_71

-1.1879 .7606 0.0000 .C_21
7,772145474.7469 ,4278 38,7498

-1,1870 .7552 O.9_OO ,0_45
7.772145474.7469 ,4278 38.7498
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113642 125 8.#327 -100202 414.1101

-1.267: -,1889 ,0046 4.4}21

113642 145 8,4781 -1.2382 414.1275

-1.7173 -,1928 .0091 4,398i

113642 165 8.5037 -1.4136 414.1401

-2.2184 -,1962 .9137 4.3938

113642 185 8.4@32 -1,5163 #1_.1q41

-2,7542 -.1977 .S173 4.3_9E

113642 ZO5 8.473q -1.5403 414.2209

-3.3067 -,1994 ,02C8 4.3856

113642 225 8,4635 -1,4998 414,2231

-3,8601 -,2[25 ,0245 h,3822

113642 245 8.4669 -1,4259 414,2102

-4,3958 -,2_57 ,0287 4,3792

113642 265 8,4733 -i,3015 414,206g

-4,884_ -,2089 .0331 4,3767

1136_2 285 8,470_ -I°123_ 414,2128

-5,312_ -,2123 ,0375 4,3743

1136_2 305 8,4743 -,8732 41_.2E75

-5,6727 -.2136 .0416 4.3707

113642 325 8.4689 -.5£03 41_.3523

-5.9532 -.2153 ,0442 4,]671

113642 345 8.47i7 -.2981 414._202

-6,122_ -,2195 ,0466 4,3641

113642 365 8,5024 -,009i 414,4428

-6,1739 -.2237 ,0494 4,3619

113642 385 8.5523 o2911 414,4969

-6,1i94 -,2248 ,J52_ _,35£5

1i3642 4C5 8.5822 .5724 414,6075

-5.9787 -.2233 ,0534 4.357C

Ii3642 425 8.596 ,8025 414,7451

-5,7561 -°2233 ,0547 4,3546

153642 445 8.6294 1,0105 41h.81_

-5,461d -.2247 .056Z 4.3525

113642 465 8.6838 1,1922 4i4,819_

-5,1137 -,2264 .0581 4.3511

113642 485 8,7506 1,3412 41_,7854

-4,729U -,2272 ,0599 4,3500

113642 505 8,8153 1,4179 414,7623

-4.2967 -.2261 .0632 4.3501

113642 525 8,8595 1,4284 414.7473

-3,8114 -o224_ .8607 4.3_97

113642 545 8,8736 1,3996 4i4,7447

-3.2801 -.2242 .0635 4.348£

113642 565 8,8811 1.3291 414.745C

-2,7438 -.2252 ,06_3 4.3486

113642 585 8,9093 1.1684 414,7507

-2,2467 -,228_ ,0638 4,3468

113642 6_5 8,9563 ,9346 _14,8652

-1.7986 -.2285 ,_639 4.343£

113642 625 9,0086 ,5967 414,895q

-I,401_ -,2291 ,069. _,3390

113642 _45 9.058J .28t6 415.0i77

-1.0565 -.2297 .0731 h.3337

Ii3642 665 9,0817 -,0565 _15,1453

-.7822 -,2301 ,J762 4,3297

113642 685 9,0864 -,4018 415,2866

-,594Q -.2293 ,_791 4.32E7

113642 705 9.0715 -,7FF7 415,3878

-.5046 -.2326 .08_1 4.3231

1136_2 725 9,0385 -1,186U 415.4275

-.5125 -,2363 ,8889 4,3193

113642 7_5 9.0644 -1,586J 415.4574

-,6304 -,2399 ,0926 4,3160

113642 765 8,9872 -1,9502 415,5267

-,8551 -.2_21 ,0966 4,3119

-1,187] .7543 0,000: ,0362

7,772145_7_,7469 ,427_ 38,74£8

7.777845479.7469 .4278 38.7_98

-1,1873 .751_ G.bCO2 .C62

7.811845474.7469 .4278 38.7498

-i,1873 ,7417 0.300] ,G.21

T,87734547_.8586 .428_ 38.7925

-1,21_3 ,7258 0.0000 -.032U

7.945245459.1683 .4279 38.7938

-I,2913 ,71_ g,000_ -,0_26

7,9£6345459.1683 .4279 38,7938

-1,3795 .7017 0,0_0_ ,O_E

8.U_244545g.iE83 .4279 38.7938

-1.4213 ,702C 0.000_ .CG30

8.0_2545459.1683 ._279 38.7938

-1,4256 .7_41 0,000_ ,C.46

8.0U2145459,1683 .4279 38.7_38

-1.4246 .7003 0,000) .£J69

8.002145_59.2799 .4281 38.8355

-1.424_ .7318 O.O000 °C_78

8,028645459.2799 ,4281 38,8365

-i,4245 .7082 0.000_ .6_43

8.103245459.2799 .4281 38.8365

-1,4245 .7184 0.0603 -.C!25

8,188945459.2199 ,4281 38.83E5

-1.4245 .720C 0.0600 -.0358

8.229345459.3915 ,4283 38,8_92

-1.4245 ,7225 0.0000 -.0350

8,233445459,3915 .4283 38.8792

-1,4245 .7167 0,0000 -.0o04

8,232445459.5031 ,4286 38,9219

-1._245 ,7149 0.0C0_ .CL_7

8,258845443,8243 .4284 38.9232

-1.4245 ,7283 0.030_ ,0065

8,333545459,5831 ,4286 38,9219

-1.4245 .7503 0,0005 ,CC03

_.419245443,8243 ,4284 38,9232

-1.4245 .7606 0,0C04; -.L 42

8.45964544_.8243 ,_284 38.9232

-1.3971 .7632 0,0003 -.OCl2

8,469445_43.8243 .4284 38.9232

-1.3202 ,7749 O.GGO3 .EZI4

8.523445443.8243 .4284 38.9232

-1.2319 .7905 0.0006 -._02G

8.66_6454_3,8243 ,4284 38,9232

-t,1902 ,8002 O,QlOa -.6_52

8,677045443.8243 ,4284 38,9232

-1,1059 ._148 0,0C00 -.;024

8.694345443.9358 ,4287 38,965£

-1.1869 .8382 O,CCOO -.{]17

8.720245_43,9358 ,4287 38.9659

-1,1870 ,8539 O.O[OG -,CJ4_

8.79_44_444.0473 ,_289 39,C_85

-1,1870 .850b 0.0C03 -°G_gl

8.88_454_4.G_73 .4289 39,[_85

-1.1870 .8_53 _,0_03 -.0131

8.9264454_4,1587 ,4291 39.C512

-i,187C .8474 0,0_00 -,_%53

_.985545_44.1587 ,429i 39,_512

-1,2143 .8497 0.0C0_ -,[133

9,07_045_4,1587 .4291 31._512

-1,2913 .839_ 0°_000 -,_.67

9,144:45444.1587 .4291 39,£512

-1°3796 ,8201 O.O_O0 .C010

9°216145444,2702 ,4294 39,0939
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113642 785 8,991?

-1.1282 -.2443

113642 805 8,9748

-1,371G -.2_47
113642 825 8.930W

-1.5_47 -.2451
113642 845 8,8721

-1.6749 -.2469
113642 865 8.834_

-1.7944 -,2487

113642 885 8,7901
-1.910_ -,2507

113642 9G5 8,7284
-2._297 -,2538

113642 925 8.6786

-2.1759 -.2559

113642 945 8.6489
-2.3432 -.2573

113642 965 8.6181

-2.5246 -.2575
113642 985 8,5761

-2.7133 -.259:_
113643 6 8,5341

-2.9128 -.2582

113643 25 8.4928
-3.1324 -.2619

113643 45 8._453
-3.367J -.2648

113643 65 8,379G

-3,5917 -.2689

113643 86 8,2822
-3,7884 -,2691

113643 105 8.1665
-3,976_ -.2295

113643 126 8.G742

-_,1668 -,271!
113643 145 8,0266

-4.3535 -,2764
1136_3 166 7.9986

-4,5233 -.281_
113643 186 7.9579

-4.6686 -,2848

113643 206 7.9225

-4.7_52 -.2857
113643 226 7.8973

-4.8852 -.285_

113643 246 7,8846

-4.974U -.2856

113643 266 7.8888

-5.0448 -.2878
113643 286 7.894 _

-5.0807 -.2889

113643 306 7.8705
-5.0882 -.2902

113643 326 7.8_88
-5.0656 -.2911

113643 346 7,8491
-5.0227 -.2897

113643 365 7.8505

-4,9533 -.2854
113643 386 7,8355

-4.8506 -.2832

113643 k06 7,8321

-_.7027 -.2821
113643 426 7.8598

-4.5438 -.Z833

-2.272G 415,5815 -1,4213 ,7939

.0998 4.3387 9.301245428.6029
-2.5674 415.6207 -1.4256 .7839

• 1029 4.302_ 9.374945428.7142
-2,8328 _15.6650 -1.4519 .8027

• 1061 4.3_24 9.447145428.7142

-3.0945 415.7207 -1,5287 .8219
• 11_5 4.2966 9,532245428,7142

-3.3C_7 415.7372 -1,6171 .8C72
.1137 4.2924 9.606045428.7142

-3,4851 415.7638 -1,6646 .7868
.1174 4.2888 9.678245428.7142

-3.6_48 415._3?1 -1.7255 ,7867
• 1212 4.2822 9,763445428._256

-_,7946 415,9217 -1,8125 .7915
.1246 4.284_ 9.858145428.8256

-3.9164 415.9617 -1.91_1 .780G
• 1262 4,282_ 9.95_245478.8256

-4.0079 415.9558 -2,0C4_ .7609
,1273 4,2790 1_.055745428,8256

-4.0877 415.9910 -2.0926 .7456

.1299 h,2744 10.151645428.8256

-4.1368 416.06_7 -2.1211 ,7368

,1329 4.2703 10,225545428.9369
-_.1579 _16.1322 -2.2_24 .7215

• 1373 h.2658 10,3097454_8.9369
-4.1215 416.1295 -2.3356 ,7C55

.1415 4.2592 10.424445413.2812

-4.068_ _16.1323 -2.4339 ,6983
.1457 4.2522 10.526745413,3924

-3.9925 416.1894 -2.5261 .7053
.1474 4,2473 19.675045413.392_

-3.888_ _16.2540 -2.6015 .7111

.148_ 4.2439 iJ.770145413.3924
-3.7383 416.2712 -2.6755 .7_77

,1503 4,2414 10,885645413.3924

-3.5836 41E.2711 -2.7632 .688Q
.1541 4,2388 11.027945413.3_24

-3.4136 416.27_6 -2.839_ .6713

.1566 4.2354 11,1_7245413.3924

-3.2287 416.2762 -2.9132 .6645

• 158_ 4,2302 11,277945413,3924
-3,0259 416.2968 -3.0009 .6657

.158G 4,2241 11.422645413.3924

-2.8001 416,3704 -3,07_9 .6566

.1562 4.2193 11,553545413.5C36

-2.5635 412._811 -3,088_ ,6507
• 1539 4.2158 11,681245_13,5636

-2,3219 416.5774 -3.115_ .6526
• 1524 4.2123 11.788745413.6148

-2.0681 412,6172 -3.1919 ,6581
.1492 4.2104 11.912145397,9706

-1.B_6C 416.6272 -3,28G3 .6616

o1453 4.2104 12,041045397.9706
-1,5385 416,6784 -3,3221 ,6581

.1399 4.2109 12.184545398.C817
-1.2977 416,7592 -3o326_ .6498

• 1333 4.2115 12.3139_5398o0817
-1.0682 416.7995 -3.3254 ,6492

.1251 4.2133 12._29_45398,9817

-.8561 416.8037 -3°3252 ,6630

,1176 4.2163 12,525145398.0817
-.6442 _16,8_27 -3,3253 .6718

,1102 4.2199 12.629245398.0_17
-.4_32 416.8322 -3.3253 .6663
• 1033 4.2240 12,7159_5398._817

0.0;03
.4292

O,OCOu

.4294

O.OOO0

.4294
O.OOOb

.4294

.4294

0._0_

.4294

0.0000

,4297
O.OOOJ

°4297

O.uO00

.4297
0.0_03

,_297

O.O000
.4297

0,0_00
._299

O.O_O_

42_9

0._000

_298

0.000_

4303

O.OCO]

_30_
0.0000

430_
O.OGO_

4303
,OCOO

4303
O.OLO_

.430)

0.0C0_

._307
O. GCOG
.4300

0,0000
.4302

0,000_
.4302

0.000_

,4305

0.0_0_

._303

O,_LO_
.4303

O,OOOO

.4305
O.OCOG

.4305
0,_003

,4305

O.900J

.4305

O,uO0_
.4305

O.OGO_

.4355

._92
39.£952

.0102

39.1379

,_016
39.1379

39,1379
-._318

39.1379
.046

39.1379
.0317

39.18_5
-.£J6u

39,1805

39.18_5
.tOE2

39.1805

._91

39.1805

._J43
39.2232

.C_16

39.2232

.C_29

39.2245
.&_46

39.2672

,C03O
39.2672

39.2672
-.C_11

39.2672

39,2672

-._3_
39.2E72

-.0_24
39.2672

.£]09
39.2672

.0030

39.3C98
.C_35

39°3_98

.C .28
39.3525

.CC13

39.3538

-.C_09

39.3538
-,C_21

39,3965
-.CCJ8

39.3965
,[_17

39,3925

.030_
39.3925
-,[313

39.3965

-,_318
39.3965
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1136;3 WW6 7.91W_ -.2701 W16.7892

-W,3822 -.2851 ,0967 ;,2272

1136W3 466 7.9515 -,lhZW ;16.782C

-;.216_ -.28;3 ,0896 _,2295

1136W3 ;86 7.9386 -.0362 _16,8322
-_,038_ -.Z819 ,08_7 _,2307

1136;3 506 7.923_ .0667 _16.8986

-3.8601 -.2813 .0761 h.2329

113643 526 7,9502 .143_ 416,9190
-3,6712 -,2799 ,0695 ;.2363

1136;3 5W6 7.q891 .1706 _16.9123
-3,_702 -.2773 .0631 _.240_

113E;3 566 8.0057 ,1706 _IE.gWEi
-3,2599 -,2768 ,0582 ;,2_37

1136_3 586 8,012B ,1619 _17.01_1
-3,Q_12 -,2783 ,0536 ;,2;EO

1136;3 606 8._121 ,1356 _17,0h33
-2.82;_ -,28_1 .0W88 k,2_81

1136W3 676 8.0{6_ ,0785 W17,0599

-7.6166 -,281_ ,0W41 4,251_

_136;3 6W6 8,_21_ -.0165 WtT,IOEE
-Z,;27_ -,2811 .0389 _,25E2

1136W3 666 8,0563 -.1266 _17.2_2_
-2.2536 -,2816 o0331 k,2609

1136;3 686 8,0812 -,2565 ;17,29C9

-2.0998 -,2831 .C28L W.2636

1136;3 706 8,100W -,_¢51 _17.3302
-1.9635 -.2821 .02kl h,265C

113643 726 R,1229 -,5715 _17o3T_1
-1.8_59 -,2779 ,G199 h.2676

1136;3 7k6 8.1375 -°7;37 _17,31E0
-1,75;L -oZ7WC ,_1;9 _.272k

1136_3 766 _.117_ -,9137 _17.2676
-1,6966 -,2715 .G098 ;,2782

1136k3 786 8.0898 -1.0875 _17,2382
-1.6725 -.2721 ,0_55 _.2831

1136;3 806 8,G_/ -1._628 ;17.2853

-1o6816 -.27_5 .C013 ;,28E8
1136;3 876 8.0918 -1,k;87 _17,36E8

-1.7071 -,2755 -,0C_7 ;°2898
1136_3 8;6 8,0822 -1,6231 _17._331

-1,7318 -,2727 -,O06J h,2925
1136_3 866 8,071: -1.7938 _17,5_68

-1.7689 -.2705 -.0093 _.2952

1136;3 886 8,0609 -1.9511 _17,5_38
-1,855F -°2677 -,0126 W,297_

1136W3 906 8,0_72 -2.G939 _17,66ql
-1.9897 -.2687 -,Q157 k,3_O2

1136;3 926 8°O_E -2,21D5 ;17.7_81

-Z.1;65 -.2711 -oCt8_ _,3C22
1136_3 9;6 8._9 -2,3117 _17.7178

-7,3157 -,2751 -,022J _,305h
1136;3 966 _,0263 -2,3863 _17.71_2

-2._96J -°_759 -,0256 h,3_91
1136;3 986 8,0L22 -2,_36_ _17.772C

-2,6817 -.2762 -°D29_ W,3121
1136k_ 6 7,9861 -2._527 _17,8557

-2.88;6 -.2762 -.D33_ ;.31_h
t136_ 76 7,9602 -2._5_ _17.922E

-3,1223 -,2752 -,0365 h,3_71

1136kk k6 7,9271 -2._3w_ _17.9652
-3,375_ -.2727 -,03q7 q,3203

1136kk 66 7.8863 -2.386J _18,0379
-3.6219 -,27C_ -,0_2_ h,3230

1136_ 86 7,875_ -7.30¢5 _18,1212
-3.8_3_ -,269_ -,0_;7 ho326C

-3.3;68 ,66_; O°OGOO -,C_11
12,8393_5398._817 ._305 39.3965
-3.39_5 .6703 O.O00_ -.CC23
12,9_2]_5398,0817 ._305 39.3965

13.0166;5398,1928 ,;308 39,_91
-3.5316 .6909 O,OCOC -.C_W8
13,0887_53_2,_02 ,_306 39°_0_

-3.5EJ1 ,6989 O.OCO'_ -.C_15
13.17_;_5382.5602 ._306 39,_0_

13.2h30_5382.5602 ._306 39._0_
-3.5632 ,7125 Q,OE01 ,CC19
13,2869W5382,5602 °_306 39°_;0_

-3,5631 ,7237 0,000_ -,C_23
13,3E2_h5382,6712 ,W309 39,_831
-3,5631 .7328 0,3000 -,C];8
13.kk81_5382.5602 ,_306 39,_;0_
-3,5631 .7392 O,Og03 -,0_30
13.;89)_382.6712 ,_309 39._831

-3o5631 ,7_03 0,0000 -._17
13,;932_5382.6712 ,;309 39,_831
-3.5631 .7385 O,OOOu -,0_05
13.519);5382,7822 ._311 39,E257
-3,5631 .7386 0,000_ -°0_I_

13,59_W$382,7822 °_311 39,5257

-3.5631 .7_12 O,O00C -,C_O
13.6811_5382.7822 ._311 39.5257

-3.5631 .7_12 0o0_0_ -°C355
13,722Jk5382.7822 ,;311 39.5257
-3°5631 .73E1 _,G£O0 -°0_28

13.7262_5382.7822 ,;311 39,5257
-3,5631 .738C G.OCO0 ,C005

13,7252;5367.1611 ,_309 39°527_
-3,5631 ,7_77 O, OQOC ,_lh
13.7251;53_7,1611 ok309 39.527C
-3,5631 ,75_7 O.OCOQ -°E305

13.7251;5367.272_ ,;312 39,5697
-3,5E90 .756; 0°0000 -,0_10
13,7251_5367,2720 ,_312 39.E697
-3.6257 .7517 O,OCOU -.0_0_
13,7251_5367.272_ ,_312 39,5697
-3,7138 .7_71 _,0003 .6hOE
13,7251_5367.3_29 ,_31_ 39.6123

-3,TSh3 ,7_25 O,OOO0 -._03
13°7251;5351.7733 ,;313 39,6137
-3,8019 ,7361 O.OOOO -,0909
13,7251;5351.88_1 ._315 39°6563
-3,8C1_ .7205 O,OCO_ -,_1_

13,7251k5351.88_1 .;315 39,E563
-3.8263 .7151 O,OOO_ -ICO2?
13,7251_5351,88_1 o;315 39,6563
-3.9Q5_ ,7156 O,O_03 -,&_3;

13o7251;5351,88ql ,;315 39,E563
-3,99_3 .7201 O,OEO! -,_.28
13°7251_5_51,99;9 ,_317 39.6989
-_.0357 .7169 O.OOgO -.C332
13,7251_5351,99h9 ,_317 39,6989
-_.0_59 .7135 O._GOG -._05C
13,7251;5351.99k9 ,_317 39,6989

-_,1_16 .7_5; O, OOC] -._35
13,719_;5351.99k9 °_31? 39.E_89
-_,1896 .6981 C,OOO_ -°£_b5

13.6849_5352.1057 ,_320 39o7W16
-;.ZEC_ ,6923 G.OOO9 °C_lk
13.6185;5352.1057 ,_323 39°7_16
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tt36_4 106 7.8763 -2.1989 _18.1608
-4.035_ -.2263 -.0_6C 4.3286

t13644 126 7.8742 -2.0731 4i8,1908
-4,2_23 -,2631 -,0481 4,3313

1136_ 146 7.8627 -1.9258 418,219_

-4.3532 -.2E34 -,0512 4,333_
113644 166 7.8642 -Io7417 418.1821

-4.5025 -.2622 -,05_1 _,3325

113644 186 7,872S -1,5331 418,1584
-4,6512 -,259_ -°056_ 4,]_01

11364_ 2C6 7°8726 -1,3112 W18.119?

-4,7873 -.2572 -,058B h,3hhl
11364_ 226 7.8555 -1.0926 _18,195_

-W.8829 -.2542 -°0612 4.348_

113644 246 7.8344 -.8775 418.2424
-4.9483 -.2525 -,6628 4.3508

113644 266 7.8315 -,65[5 418,2800
-4.9972 -.250_ -.0643 4.3524

11364_ 286 7.8584 -°4277 418,3431
-5°C425 -,2505 -o0663 4,3532

11364_ 306 7,8957 -°SO_B _18.4C93
-5.0603 -,2_87 -.0675 h.3538

1136_4 ]26 7.9108 .0368 418.4551

-5,0456 -,2425 -,0676 _,3553

113644 346 7,91_2 .2055 418,4_53
-5._CZ8 -.2339 -.0672 4,3583

1136_4 366 7,928_ ,4036 _18,51_
-4.9322 -.2287 -°G676 4,3612

113644 386 7,9631 ,6053 418,5215
-4.83Cq -.2265 -.0694 4,323_

11364_ 4G6 8,0019 .773_ 418.6399

-4°7_2_ -,2241 -.Q7C5 _.3637

113644 426 8,0375 ,9089 418,7234

-4o548_ -,2208 -.071_ 4.363_
11364_ _46 8.0584 1,0327 41B.7627

-4,3716 -,2189 -,072; _,3658
1136_ _66 8°0834 1,1445 418,7722

-4.1841 -,2178 -.07_ _.3683

1t3644 486 8.1C9: 1,229_ 418.8249
-3°9991 -.2179 -,0741 4.3693

113644 506 8.1298 1,2779 418°9379
-3.81G1 -°2152 -°8746 4°3762

11324_ 526 8,155_ 1,3615 418,97_E

-3.6144 -o2087 -.073. 4°3722
113644 546 8,2057 1,2936 _18o9922

-3.4118 -.1996 -°0754 4.3742
113644 566 8.2889 1,2642 419.918_

-3,2306 -,1902 -,0678 4,3?57
1132h_ 586 8°4C81 1o1961 _19o014_

-2,9813 -,1836 -,0663 ko3762

113644 606 _.546_ 1,0885 418.9813
-2.7677 -.1803 -.0659 _,3752

1136_ 626 8,6433 ,955_ 418,9523
-Z,5648 -o1772 -,065g _o37_5

11364_ 646 8,6723 o8115 419,044(
-2.37?4 -.17_5 -.0654 4,3738

113644 666 8,6786 ,6673 419.0882
-2.2670 -,1292 -,0642 4,3764

11364_ 686 8.7C3_ ,50_9 419,154_
-2.063_ -.165_ -,0628 h.3506

113644 l_6 8.7329 ,338_ 419.167C
-1.941_ -,1627 -,0618 4,3834

IL3644 726 8,7419 ,C942 4L9,1401
-1,8357 -,1587 -,06S2 4,3_15

11364_ 746 8,7539 -o1195 419,09]Z
-1,7451 -,1535 -.058_ 4,_795

-4,2778 ,6875 O,OGO; ,C117
13°5498_5352,1G57 ,h3_J 39.7_16
-4.2833 ,6_59 0,_00_ .G_2
13,50444_352,1_57 ,4325 39,7416

-_.3395 .652C 9.0C0: -.C710

13._918_5352.2164 ,4322 39.7842
-4,4277 ,6761 0.0003 -°{]2_
13.491745332,5076 .4318 39,7429

-4.4984 ,6691 O.GO0_ -.C02G

13.425345_32.5076 .4318 39.7429
-4.5159 ,6701 O.OCO_ -.(;11

1]°389845336°6183 .432] 39,7B55

-_.5155 .6724 O.OCO0 -.C515
13°303245336.6183 °432_ 39.7855

-4.515_ ,676_ O°_OJ -.[_28
13,262_45336,6183 ,432i; 39.7855
-4,5153 ,6706 0.3C9J -.L723
13.231445332,7289 .4323 39,8281
-4.515_ .6656 O.CLO_ -,C_tZ

I],127345332,7289 ,W323 39.8281
-_,515D °6658 O,OCO0 -.EtC3
13,U7_645332.7289 o4323 39,8281
-_.5153 .669C 0.C60C -oC_13

13.0298453]6.7289 ,4323 39.8281

-4,5150 ,6734 O,O_OC -._527
12,9988_5321,2529 ,4323 39.8721

-4o5150 .679C O,_CO; -,C_18
12,924545321,2529 ,4323 39.8721
-_,515_ ,681_ O,_GOC .[C29

12.8382_5321.2529 ._323 39.8721

-4.5150 .6859 0.5_0_ .C_9

12.791645321.3635 .4326 39.9147

-4,5150 .7_04 OoOCO: .[118
12,73214_321.3635 .4326 3_,9147
-_,515_ ,714_ O.gOOO -,0020
12,6_7145321,3235 .432S 39,9147
-4,515q .7195 0,990} °.0_14

12°5784_53_1.3635 ,4326 39,91_7

-4,51_0 .7209 O,dbOO ._11
12,5345_5321,4741 ,4328 39.9573
-4,515_ ,7319 O.O[OG .C119
12,_2974_321,4741 ,_328 39,9573

-4,5_91 .7_85 Oo_CO_ .C_03
12,374_4_321,47_i .4328 39.9573
-_,4523 .7215 O.GC03 -°CCOE

12,3066&5321,4741 ,4328 39.9573
-4.36_2 .7677 O.OGO_ .(C17
12,227345321,5846 .433 39.9999
-4.2936 ,7634 O.OCOG .&032

12,142145293,56_6 ,4328 40,Co23
-4,276J .7607 0.gLO0 ._C18
12,07_945293,S6&E ,4328 40,C323
-_,2764 ,7662 O,OGO3 -.0327
11.995645293,56_6 .4328 40.C_23

-_.2769 .782C C.3&O, -,[.:27
1L,glCS_5293.671& °4330 40.C450
-4.2769 .7939 O.CCO_ -.f113
11.843345293.671C ,4337 4_,_5C

-4.2769 .798_ O.OCO_ -.G_12

11.7642_5293,671C .W330 40.C450
-4.2763 .7943 O.9CO -.C'Oh

11,6791k5293,6716 ,433_ 40.6450
-4,2769 ,7g49 O°OCO_ ,0C39
11.612945275.0391 ,4328 _0.C_66

-4.276_ .8C1_ O°@G01 ._-22

11,532945275.0_91 .4328 40.0_26
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1136_k 766 8.7739 -.3505 _19.0625
-1.6864 -,1473 -,0566 _o378_

113644 786 8.7786 -°5907 4i9,C3Ee

-1,6607 -,1423 -,0556 4°3829
113644 806 8.7502 -.8_OG 419.018_

-1.6615 -,1348 -.0537 4°3889

tL36_4 826 8.7298 -1.0738 _19,0535
-1,6807 -,1291 -,0529 4,3930

1136_ 846 8,7272 -1,293_ 419,133Z
-1.7187 -.1266 -°0527 4.3_14

1136_4 866 8,71h6 -1,52G5 419,2000
-I.77h3 -,1277 -,0536 _.3882

t1364_ 886 8.8893 -1,7418 419,216E
-1,8560 -,1251 -°C533 4,388h

113644 906 8,6742 -1.933_ 419,_1E2
-1o9738 -,1215 -,05Z_ 4o3915

113644 926 8.6656 -2.1052 419,2Z13
-Z.1355 -,117C -,0511 4°3958

$136_4 946 8.6498 -Z.2618 419.3GQ_
-2,3129 -,1125 -.0492 _o3q80

113644 966 8,6378 -2,4313 _19,4558
-Z,459_ -.1082 -,0473 4.3973

1136_ 986 _.6115 -Z,5271 419.6267
-2°5_64 -,i035 -°0458 h,39E0

113645 6 8,5581 -Z,6443 419°7%22
-2,5543 -,0977 "°0_41 4,3963

113645 26 8,5C13 -2,7288 419o7328
-2.597_ -,_916 -.0425 _,3983

1136k5 46 8,4688 -2°7983 419o7£75

-2,6131 -.087_ -.0414 4,4000
113645 66 8,460C -2°8753 419.7_82

-2,639G -,0854 -,0413 4o4C16

113645 86 8.4477 -2,9584 419,7077

-2,6769 -,OBZI -.041L 4.4019
113645 106 8,4071 -3.&469 _t9.7379

-2,7171 -.0784 -,0385 _,4029

1136_5 126 8,329] -3.1199 419.7079
-2.7486 -.gTq5 -.G367 _.4£17

113645 14b 8.2445 -3,1695 _19.7_79
-2,7736 -,_?2E -,0359 4,_C01

113645 166 8,176J -3o2_38 419,7336

-2,8639 -,0699 -.0351 _,3995
1136h5 186 8,1184 -3,2_66 419.8111

-2,8266 -,5E65 -,034 4,3992
lt3645 206 8._649 -3.ZFZ7 _t9,938E

-2,8_39 -,0625 -,_3_3 _,3997
1136_5 226 8,0137 -3.2773 _19,9Eh3

-2,8853 -.0588 -.G308 q._C_3
1136_5 2_6 7,9761 -]°2797 420,0_17

-2,9498 -,0526 -.0_81 _,4_52
1%3645 266 7,9_Z6 -3,2937 420°0738

-3.6t33 -,0_61 -.C252 _,4_63

113645 286 7,9113 -3,3031 420.1619
-3,0689 -,040_ -.0225 h,40E?

113645 306 7.8866 -3°2849 420,2542
-3,_227 -,0377 -.0212 _,4_]65

113645 326 7,8637 13.234_ 420°3407

-3.177_ -,0358 -°O2O_ 4o_072
113645 346 7,8343 -3.1833 42C°4_59

-3,2W24 -,_336 -,C195 _.4G96

113645 366 7,7938 -3.1207 420°4222
-3.3163 -,G304 -.0L82 _,41h7

1136_5 386 717689 -3.0526 _20,4CE7
-3.389b -,024_ -.0156 4,4204

1L36_5 _C6 7,7386 -2.968_ _20°4q1_
-3._530 -.C218 -.0144 h°_238

-4.276q ,B156 0,300_ -,_37
1L.4h7945293.671S ,433C 40._50
-4.276_ ,819C 0.0000 -.0048

11,38_945275,0_91 ,_328 40,b4EE
-4.2769 .7945 O,OCO_ .0318

11,311845275.0091 ,_328 40,_466
-4.Z769 ,7743 O.OCO_ .0_43
11.216945275,1194 .433_ 40.C892
-4,282_ ,7873 0.0000 ,C_O_
11,170_5275.t19_ ,433_ 40,_92
-_,3396 ,8152 O,_CO] -,Cb33

11,11164527_,1194 ,433J _0,0892

-W.4277 ,8100 O._OO -.0331
11,027%45275,1194 ,433.] 40,g892

-4,W984 ,7912 O,OCO] -.0_20

10.93224527_.1_94 .4333 40.C892
-4.5_59 .7_k_ O.O00C -,_J26
1J.8_5275,1194 ,433q 40.C892
-4.5155 ,8016 O. OEO3 -,0G69
t3.755t_5275,_297 .433_ 40.1318
-_.5424 .7913 O.OEO_ -._81
1_.688645275.3_0§ ,4335 40.174_
-4,619_ .7717 O,OOO_ -,C_51

13,6_97_5275,3405 ,4335 40.1744
-4,7082 .77_7 O.OCO_ -.E_2C
1_.52504525E.8047 ,4335 _0.218E
-4.75_0 .7729 0,500C -.0135
10.458%4525_._047 ._335 4£,2186

-4,7817 .763J O,ObO: -.u747

1_,3793_5256.8_47 °4335 40.2186
-4.8579 .7527 0.3_00 -,_{;48
13.29_7_5256.80h7 ,4335 _0,2186

10,234E_525_.80_7 .4335 40.2186
-_.98_2 .7458 C,OCO_ -.C074
t_.1746_5256.8C47 .4335 _0.2t86
-5,0199 .7457 O.OCO0 -,_C35
10.10584525E,80_7 °4335 40.218E
-5.0962 ,7499 0,CC_3 -,&725

10.020545256.8C47 ,4335 40.2i8E
-5.1847 .7_42 0°0_03 -.0_35

9.931745256.8_47 ,4335 40.2186
-5.2266 .7282 O,_OOO -,0_17

9.858145256.9i_8 ,4338 40,2612

-5,2583 .7167 O,OOOQ .{320
9,786045238.3959 .4338 40.3,5_

-5.3345 .7133 _.OCO] ._u23
9.70Q7_5238,3959 ._338 40.365_

-5.4231 .7125 O,OEO0 -._008
9.627345238,3959 ,4338 40,3.5_

-5.4650 ,7i59 O, OOO0 -,_G52

9.5548_5238,5_59 ._341 _0.3_80
-5.4967 .7129 0.300a ".C_57

9,469645238,5C59 .4341 _0,348C
-5,5730 .703C O,OOO0 -,0923

9,375a_5238.6159 ,43h3 40.3_06

-5.661& .6975 0,_0] °,0_11

9.283145238.6159 ,4343 40.3956
-5.7094 .6987 0,000] -._2_

_.197645238.6159 ._343 40.3906

-5.7706 .6_58 6.000_ -.0_21
9.131045238.6159 ._343 40.3906

-5,8579 ,6948 C°OO00 -.O_tt
9.0521452]_.6159 ,4343 40.3%6
-5.9286 .69_9 O, OOOC -.O01C

8,967245220,1132 ,434] 4_._348
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113645 426 7.7170 -2,8894 420,41F_

-3,5058 -.0193 -o0132 _°42_F

113645 446 7.6816 -2°8Q9_ _Z0,4575
-3,550_ -._159 -*0116 4,4247

113645 465 7.6338 -2,71_2 420,523e
-3.5956 -,_119 -,0_96 4,4252

113645 486 7,5847 -2,6226 420o6065

-3.6555 -,0082 -°0C78 4.4294
113645 506 7.5552 -2,517_ 420.6721

-3°7323 -°DC35 -._5i h.4342
113645 52b 7.5313 -2,3999 _20.6085

-3.818: ,UC36 -.0006 4°43q0

1£3_45 546 7.518_ -2.2611 _20,7137
-3°8959 .0089 ,CB28 4,4_32

113_45 566 7,5063 -2,1321 420.7_53
-3.9672 .6105 .00_ h,4473

1136_5 586 7.4939 -2,0011 420,8_F_
-4,0226 ,0120 .0052 4o4513

113645 606 7.4746 -1.8571 420.8540
-4.0628 ,0132 ,CO63 4.4554

113645 626 7.4676 -1.686_ _20.8691
-4.1_05 ,0133 ,0065 h.4590

113645 646 7,4631 -1°5314 421,0368

-4,1422 ,0137 .0071 4.4609
113645 666 7,4456 -1,380_ 421,226_

-4,1955 ,0166 ,0097 4,h224
113645 686 7,4413 -1.2226 _21.378_

-4,2564 ,0203 o0131 h*4638
113645 706 7,462_ -1,047] 421.4925

-4.3117 ,021_ .0142 h°_65_
113645 726 7°4745 -,8675 421,5833

-4.3_99 ,0215 ,0146 4.4671
113645 746 7.477C -°6992 421.653_

-4.3872 .0222 ,0%6_ 4,4683

113645 766 7,4991 -,52_I 42_,6976
-4,4188 ,0225 ,017i 4,_70C

1136_5 786 7,5413 -,3301 _1,7111
-_.4426 .0224 .017_ h,4732

113645 806 7,5611 -,135_ _21,6962
-4,4621 °_233 ,0188 4,4747

113645 826 T,5715 ,_371 421.6965

-4.486j .0267 ,023_ 4°4734
113645 846 7°5877 .1976 421,7585

-4.511_ ,0293 ,0266 4,4698

-5,9521 °6837 0,0C03 -,0003
_.gbG34522q.l132 ,_3_] 40.43_8

-6,0_86 °6786 D.OCO_ °C,,05
8.821445220,1132 .4343 _0._348

-6.0965 .6781 0.0C0_ -,[011
8,71_U45229.2231 ._3_6 _C,477_

-6.167] .6744 0°0_02 -.{:22_
8,595045220°2231 .43h6 _0._774

-6.1849 ,669_ O,_O0_ .CJ01
8.5C51_5220,2231 ,4346 48._774

-6,2123 .6700 0,000_ ._17

8,_3q14522C.2231 ,4346 40,477_

-6.2A89 ,67_3 0,0000 -°0_21
8°3205_5220,2231 ,4346 40._774

-6,3777 ,6745 OoOOOO "*C_54
8,2_9245220,3332 ._3_8 _0.520G

-6.4197 .6675 0.0[0_ -.O_k3
8.134345220.3330 ,43_8 40.52Q_

-6,4240 .6639 O._CO_ -._L18

8.038945201.7367 o43h6 ;0.5216
-6.4229 ,66ql O,C_OC -,P_19

T,9_4645201.8465 °4348 40,5_2
-6.4228 ,6689 O._O00 -,C020

7,8497452_1,9562 ,_351 40.6067
-6,4229 .6671 0.0C00 -._C16

7,727545202.0660 .4353 40,6493
-6.4504 ,66_8 0,0003 -.0_16

7,619945202.066C ,4353 40.6_93
-6.5278 .6626 G. OOO0 -.C.19

7.4972452L2,1757 ,4355 40._919
-6,6167 ,6620 C.OUO] -._ 17

7,3632452J2.1757 .4355 40,6q19

-6.6586 ,6_9G 0.000] -.0315
7*2270452_2,2_5_ .4358 40,7344

-6.6629 .6563 0.0_0_ -.6 29

7,11_545183.7053 .4356 _9.7361
-6,6619 .6609 0._C0_ -,_(k3

7.024845183.7053 ,4356 40,7361
"6°6618 .6728 0.000_ -,0S35
6.9&9745183.?053 .4356 40,7361

-6,661_ ,6780 C.OCO) .010_
6.76824_183.7053 .4356 _0.7361

-6.6618 .6776 0,0000 .C 16
6,639645183,8i_9 °_35_ 40,7786
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Two sample plots from the MMLEprogram are shown. The plots as produced by
the automatic plotter are shown within the heavy lines. Explanatory material is
included to aid the user in implementing the program. Each plot is presented in two
parts to avoid loss of detail from a large reduction. The title on each plot corresponds
to the title on the output listing.
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APPENDIX C

SETUP PROGRAM AND SUBROUTINES

Listings of the main program and the subroutines used in the SETUP program

are presented together with supplementary information.

MAIN PROGRAM SETUP

Description: The main SETUP program sets several defaults and then reads the

option cards to determine whether itis to read an input tape, punch a card deck,

write an output tape, or perform any combination of these operations. Itthen directs

the execution of the assigned tasks for each case.

Programing notes: As in the MMLE program, the program statement is needed

on CDC 6000/7000 systems. On an IBM 360/370 system, DD cards perform this

function. Cards 590 to 730 are concerned solely with setting the default values for

DELTA as defined in the input description (p. 30).
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Program listing:

PROGRAM SETUPfINPUT,PU_CH,OUTPUT,TAPEW,TAPE%5,TAPEl=INPUT, MJIN 0

- IAPE2=PUNCH,TAPE3=OUTPUT) MAIN I0
COMMON /ALLOIMI MAX,MIX MAIN 20

COMMON /OPTION/ TAPE,DECKtREAD MAIN 30

COMMON /FLCONO/ ALPHA,THETA,Q,V,MACM, IXtIY,IZtIXZ,W,PHI,CG,KIAS, MAIN WO

- ALT,LONG,PARAM,FLT,CASE,AVG,DELTA,ST,ET, DETRIM MAIN 50
REAL MACN,IX,IY,IZtIXZ,KIAS,AVGiWO} MAIN 60

INTEGER ST(W),EIIW)tFLT,CASE MAIN 70
LOGICAL TAPEwOECKtREAD,LONG,LArR,DELTA(W),LATDEL(h),LONOEL(W),DEL MAIN 80
NAMELIST /CONO/ LONG,LATR,FLT,CASEIALPMAwTHETA,Q,VIMACH,W,IX.IY, MAIN 90

- IZ,IXZ,KIAStALT,CG,PARAM+OELTA,PHI_DETRIM MAIN lO0

DATA WRTI_HWRITI,PNCIhHPUNCI,ROIkHREADI,START/4HSTAR/ MAIN 110
MAX=5 MAIN 120

REWINO 15 MAIN 130
DO 10 I:1,W MAIN 140

LONDEL(I)=.FALSE. MAIN 150

10 LATDEL(I)=.FALSE. MAIN %60

TAPE=.FALSEo MAIN 170

DECK=.FALSE, MAIN 180

READ=,FALSE. MAIN 190

OETRIM=Q. MAIN 200

PARAM=Q. MAIN 210

CG=999, MAIN 220
IXZ=O. MAIN 230

ALI=@. MAIN 2W0

KIAS=O, MAIN 250

THETA=O. MAIN 260
PHI=Q° MJIN 270

FLI=O MAIN 280
CASE=O MAIN 290
LONG=°FALSE° MAIN 300

MAIN 310

READ OPIIONS MAIN 320
MAIN 330

20 READ (1,1000) OPTN MAIN 3W0
IF(OPIN.EQ,START) GO TC 50 MAIN 350

IF(OPTN,NEoNRT) GO TO 40 MAIN 360

TAPE=,TRUE. MAIN 370

NRITE(3,2OOl) MAIN 380
30 REAO=.TRUE° MAIN 390

WRIIE(3t2QOO) MAIN _O0
GO TO 2Q MAIN 410

_O IF(CPTN.EQ.RD) GO TO 30 MAIN W20

IF(OPTN.NE°PNC} GO TO 20 MAIN _30

DECK=.TRUE. MAIN 4_0

NRIIE{3,2Q02) MAIN WSO
GO IC 20 MAIN _60

50 IF(DECK) CALL SETIN MAIN W70

IF(READ) CALL ROSET MAIN 480

MAIN WOO
CASE LOOP MaIN 500

MAIN 510
10_ READ (ltlOQl) SltEI MAIN 520

IF(ST(1)°LToO) GO TO 200 MAIN 530
LAIR=°FALSE° MAIN 540
DO 110 I=i,_ MAIN 550

11& DELIA(1)=.FALSE. MAIN 560
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READ (I, COND)

IF(LATR) LONG= o FALSEo

DEL=OELTA (1) .OR.OELTA(_) .OR.OELTA (3) o OR°DELTA (W)

IF(LONG) GO TO 150

IF(.NOT.OEL) GO TO rio

DO 129 I=I,W

%ZO LATDEL(I)=DELTA(I)

GO TO 190

130 DO 143 I=I,W

tWO DELTA{II=LATOEL (I)

GO TO 193

150 IF(°NOToDEL) GC TO 170

DO I_9 I=I,4

160 LONDEL(I) =DELTA(I)

GO TO 'tgO

170 DO 180 I=I,W

180 DELTA (I)=LDNDEL |I)

igo WRITE (3 , ZOO 3) _L T, CASE, ST, ET, LONG

IF(READ} CALL TAPERO

IF(DECK) CALL PNCH
GO TO I00

lrl_o FORMAT (A_)

1001 FORMAT(2(312, I3,iXI)

_00 FORMAT(iSHOTAPE WILL BE READJ

2001 _ORMAT(?SHONLE TAPE WILL BE WRITTEN)

2002 _ORMATI25NOMLE DECK WILL BE _UNCHED)

2003 FORMA T (IH1,2G X, 6HFLI GMT,I 3,5X, WHCAS E, I4,5X, 4HTIME, _I_, WH

- WI_', 5X, i &HLONGI TUDINA L? ,LID

ZOC STOP

END

TO,

MAIN 5}'0

MAIN 580

MAIN 590
MAIN 600

MAIN 610

MAIN 620

MAIN 610
MAIN 64D
MAIN 650
MAIN 660

MA IN B70
MAIN 68_

MAIN 60C
MAIN 7C0
MAIN }'10
MAIN 72C
MAIN 73']

MAIN 7WO
MAIN 750

MAIN 760

MAIN 770

MAIN 780
MAIN 790
MAIN 8JO

MAIN 81g

MAIN 8_0
MA IN 8.30
MA IN 8_._

MAIN 850

MAIN 86C
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SUBROUTINE SETIN

Description: Subroutine SETIN initializes all information needed to punch the

MMLE program deck. It sets several defaults and reads in the values desired. It

also calls WINDIN to input predicted derivatives and COND1 to make any other input

required by the user.

Subroutine listing:

10

3O

35

SUBROUTINE SETIN SETI 0

COMMON /COM/ MZLA,MZLO,S,SPAN,CB_R, CGLA,CGLC, METRIC,DILO, SET/ IO

DILAtVEH,APRALAtAPRqLADAP_ALOIAPRPLO,WHLA,WNLO, PUNCH,CORECT, SETI 20

XALF,XB,ZB,XAN, ZAX,XAY,_AY,SPS,OLA,DLO $ETI 30

COMMON /OATAWT/ HBP, NMBP, NABP, EATA SET/ kO

COMMON /WIDATA/ NCLA,NCLO,AqP,MOP,BP,NEMAX,LONG SETI 50

REAL DAT_(3900},DILO{7},DtLA{TI,ABP(i6},MBP(t6},BP(B},VEH(2}, SETI 6_

APRALAiE,4I,APRALO{5,4},APRBLA(5,8),APRBLCi5,8} SET/ 70

LOGICAL _ETRIC,LONG(B),LATR(Bi,RAD,OEGtPUNCH, CORECT,BODY,STAB, SETI 83
LAT,LON,DLA,DLO SETI 90

NAMELIST /WIND/ NABP,NMBP, NBO,_,SPAN,CBAR,CGLA,CGLO,DEG,RAO, SETI iCO

METRIC, LC_G,LATR,MZLO,MZLA,NCLO,NCLA,WMLC,WMLA,DUNCH,XALr, SET/ 110
XAN,ZAX,XAY,ZAY,SPS,XB,ZB,BODY,STAB SETI t20

SETI 130
DEFAULTS SETI tWO
SPS=Z. SETI 150

X8=O. SETI t6g
ZR=C. SETI 170
XAY=_. SETI tOO

ZAY=3o SET/ i90

XAN=O. SETI 200

7AX=;. SETI _tO

XAL_=O. SETI 220
CORECT=,FALSE. SETI 230
CGLA=.25 SETI 2WO

CGLO=.25 SETI ZSO

MZLA=5 SETI 260

MZLO=5 SET/ 279

PUNCH=.FALSE. SETI 280

METRIC=,FALSE. SET/ 290
BOOY=.FALSEo SETI 300
9LA=.FALSE. SET/ 310
DLO=.FALSE. SETI 320

WMLA=-99999. SETI 330

WMLO=-99999. SETI 340

RAD=.FALSE. SEII 359

DO 5 I=i,300& SETI 360

DAT_(I):O, SETI ]70

DO t] I=1,8 SETI 380
BP{I}=O. SETI 390

LONG{/)=,TRUE. SETI WOO

LATR{I}=.FALSE. SETI W%0

NDP=i SET/ _20

NABP: t SETI k30
NMBP=t SET/ W40

tON=. FALSE° SETI WS{

LAT=.FALSE. SET/ W_O

READ fi,WINO} SET/ _70

IF{ABS(XBI*ABS{ZB}+ABSKXALF}*ARS{XAN)÷ABS(ZAX}+ABS(XAY|+ABSIZAY) SETI 489

.NE. 0.) CORECT=.TRUE. SET/ W9_

DO _q I=itNB D SETI 530

IF(.NOT.LATR{I}} GO TO 33 SET/ 510

LONG(II=.FALSE. SETI 5_0
IF{LONG(I}} GO TO 35 SET/ 530

LAT=.TRUE. SETI 5WO
GO TO W; SET/ 55G

LON=.TRUE, SET/ S60
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_G CONTINUE
READ (1,tO,O) VEH
[F(LAT] READ (1,10_) D1LA
IF(LON) READ (1,100%} O%LO

IF(DLLA(I}÷DLLA(2)_O%LA(3)_DILA(_I_DILA(5},GToO,) DLA=,T_UE,

IF(DILD(1)*DILO(2|_D%LO(3)_DILO(W)÷DtLC(5}.GT.O.) DLO=.TRUE.

IF(WMLA°LT.O,) GO TO 50

CALL LOADI(APRALA)

CALL LOADI(APRBLA}

50 IF(WMLO°LT,O,} GO TO 6C

CALL LOADIIAPRALO)

CALL LOAD%(APRBLO)
60 WRITE(3,2OCQ}VEH,CGLAtCGLO, RAO

CALL WINDIN(DATA,NBP,NMBP,NADP,BODY,.TRUE.,RAC)

CALL COND%

IOOQ FORMAT(2AW}

LGOI FORMAT(IF$9,W)

_000 FORMAT(IHI,2AW,SX,2THWIND TUNNEL DATA° REF CG =,F5.3,lH (LAT),,

- FS.3,23H (LONG} PER RACIAN? ,L1)

RETURN

END

SETI 570

SETI 58O

SETI 59O

SETI 600

SEII 6%0

SETI 620
SETI 63O

SETI 6WO
SETI 650
SETI 66@

SETI 670
SETI 680
SETI 6qO

$ETI 7_0
SETI 710
SETI 7ZC
SETI ?30
SETI IWO
SETT 750

SETI 760

SETI 770
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SUBROUTINE WINDIN

Description: Subroutine WINDIN reads in predicted derivatives, converting
longitudinal data from the stability axes to the body axes if required.

Flow chart:

Identify type of ]this set of data

Read derivative iname and key

No Yes

|

function of Maeh number funetion of Maeh number
only and angle of attaek

I I

_o_
I

i Idata to body axes if
read in as stability
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Programing notes: The loop from cards 770 to 1000 is written in a more expanded
form than necessary to improve its efficiency.

Subroutine listing:

C

2O

SUBROUTINE WINDIN{DATA,NQP,NMBP, NABP,BODY,PRINT,RAD) WIND 0

C WIND 10
C READS IN WIND TUNNEL DATA WIND 20
C WIND 30
C DATA IS DIMENSIONED (NBP,NMQ=,NABP,NCMAX| WITH THE LAST 2 HIND W6

C DIMENSIONS HANILEO IN FORTRAN FOR COMPILERS LIMITED TO 3-0 WIND 50

COMMON /WTDATA/ NCLA,NCLOtABP, MBP,BP, NCMAXtLONG WINO 60

REAL OATA{NBP, NMBP,i),ABP{tE),MBP(%EI,eP(B],DER(21,3) WIND 7_

LOGICAL LONGfB),BODY,PRINT,RAD WIND 80
INTEGER NNA_P(2i) WIND 90
DATA DERI3MCYB,3HCLB,3HCNB,3HCLP,3HCNP,3NCLR,3HCNR,_HCYDA,_HCEOA, WIND 100

" WHCNDA,AMCYOR,WHCLDR,WHCNDR, AHCYDI,_HCLDX,WHCNOt,AHCYO_, WIND 110

" 4HCLD2,_NCND2,IH ,1H , WIND 120

" 3HCLA,3HCPA,3HCDA,3NCMQ,3NCLV,]HCMV_3HCCV,4HCLDE_kHCMDE, WIND t30
" 4HCODE,_HCLOC,_HCMOC,AHCDDC, AHCLD1,AMCMOI,WHCODI,_HCLD2, WIND tWO

- 4HCHD_,WHCOD2,ZHCL,2HCO_ WINO t50
" ]HCNA,3HCPA*3HCAA,3HCMQ,3NCNVe3HCMV, 3HCAVtAHCNDE,_HCM_, WIND t60

- WHCADE,4HCNDC,WHCMDC, 4HCADC,WHCNDI,WHCMDt,4HCAOt,WHCN02, WIND t/O

_HCMO2,_HCADZ,_HCN,2HCA/ WIND 180
NCMAX=2t WINO 190

C READ NBP SETS OF WIND TUNNEL DATA WIND 200

DO 200 L=i,NBP WIND 210

NC=NCLA WIND 2ZO

LL=I WIND 230
IF(*NOT,LONG(LI] GO TO 5 WIND ZWO
NC=NCLO WINO 250
LL=2 WINO 260
IF(BODY) LL=3 WIND 270

5 IF(NC,EQ°O| GO TO 200 WIND 2_0

qO _EO II=%,NC WIND 290

C READ AND IDENTIFY DERIVATIVE NAME WIND 300

READ (1,1002) DERIV,N WIND 310

IF(PRINT} WRITE{3,2000)DERIV WIND 320

DO 1C I=I,NCMAX WIND 330

IF(DERIV.EQ.DER(I,LL)) GO TO 20 WIND 340

tO CONTINUE WINO 350

WRITE(3,ZOOtIDERIV WIND 360
STOP WIND 370
INPUT DATA AS FUNCTION OF MACH AND ALPHA OR MACH ONLY WINO 380

K2=I*NABP WIND 390

KI=KZ-NABP_I WIND _30
IF(NoLE.t} GO TO 40 WIND 410

OO ]0 J=I,NMB_ WINO 420

READ (1,100t) (DATAIL, J,K),K=KI,K2) WIND 430
30 IF(PRINT) WRITE(3,?OO_|{DATA[L,J,K},K=Kt,K2) WIND 44C

GO TO 60 WIND 450

_C READ {1,tOOt) (DATA(L,J,K1),J=I,NMBP| WIND W60
IF{DRINI_ WRITE(),2_OZ)[DATA(L,J,KtI,J=t. NMBP! WIND W?O
DO 50 J=I,NMBP WIND _B

DO 5C K:Kt,K2 WIND 4_0

5_ OATA(L,J,KI=OATA(L,J,KI) WIND 50_

6C IFf,NOT.RAD,OPo(ToGT.3.ANO. I.LToS|,O_oIoGT.tD| GO TO 100 WIND 510

DO 70 J:I,NMDP WIND 520

DO TO K=KI,K2 WIND 5_0
70 OATA(L,J,KI=OATA{L,J,K)/57°2_58 WIND 540

tO_ CONTINUE WINO 550

_O_ CONTINUE WIND 560
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C

2L 0

22C

180
300

1001
1002
ZOO0
2001
2r_O 2

Z003
200
200 E

READ BRFAKPOINTS

READ (1.1001| (ABP(Jt.J=I.NA_P)

IFIPRINT) WRITE(3.2OO3)[ABPIJ|.J=I.NABP)

READ (1,1001) (MBP(J),J=t,NMBP}
IF(PRINT) WRITEI3,2OO4I(NBP(J),J=I,NHBP)
READ (1.1001) (fiPlJ)eJ=teB)

IF(PRINT) WRITE(],ZOBB)(BP(JI_J=t,NBP)
IF(BODY} RETURN

CONVERT STABILITY TO BODY AXES

DO 210 I=l,Zl
NNABP(I}=I_NAPP

80 300 K=I,NABP
O0 220 I=ltZl
NNABP(I}:NNABP(1)+I

SA=SIN(ABP(K)/51.2958)
CA=COS(ABP(K)t57.2958)

00 3GO L=I,NBP

IF(.NOT.LONG(L)) GO TO ]00

DO 2_0 J=I.NMBR

TEMP=DA TA (LeJg NNABP(19 ))4CA+DATA ILl J. NNABP (2_) )_SA

DATAIL_ J. NNABP (20) }=DA TA (Lt J, NNABP(20 ) ) _CA-DATA (L t J,NNABP(19 } )_SA
DATA( L_ J_ NNABP (19) }=TEHP

TEMP=DATA(LtJtK)_CA_DATAIL,J,NNABP(2})_SA.OATAIL. J.NNABP(2C) )
- /57.2958

DATA(L_JtNNABP(Z}}=OATA(LtJ.NNADPI2I)_CA-OATA(L_J,K}_SA-
" DATAIL.JtNNABPI19))/57.2q_B

DATA(L,J.K):TEMP

TEMP=OATA(L.J,NNABR( k)I_CA_OATAIL,J,NNABP( 6}}'SA

DATA(L,JtNNA_P( B)):OATA(LtJ,NNABP( 6))_CA-DATA(L,JINNABP( _))_$A
DATA(LtJ, NNABP( 4))=TEMP

TEMP=OATA(L,J,NNABP( T})_CA+OATA(L,J,NNABP( 9)}oSA

DATA(LeJ,NNABP( 9})=DATA(L,JsNNABP( 9))_CA°DATA(L_J, NNABD( 7)t_SA
DATAIL.J.NNABP( 7|)=TEMP

TEMP=DATAIL,Jt_NABPIIOII_CA+DATA(LtJ_NNABP(12})_SA
OATA(LtJtNNABP(12))=OATA(L,J,NNABP(1Z})_CA.OATA(LtJtNNABD(lO)}eSA
OATA(L,J_NNABP(1C))=TENP

TEMP:OATAIL*J_NNABP(13))_CA÷OATAIL_J_NNABP(15))_SA

DATA(L,J. NNABP(l_))=OATA(L_J_NNABP(15})_CA°DATAIL_J,NNABP(13))_SA

DATA(L,J,NNABP(13))=TEM_
TEM_=DATB(L.J.NNABPII6))_CA÷DATA(L_J, NNABPI18))_A

DATA(L_J_NNABP(t8)):DATA(L,J,N_ABP(18))_CA-DATA(L,J.NNABP(16))_SA
OATAIL,J_NNABP(16)}=TEMP
CONTINUE

FORMAT(8FIO._)

FORHAT(AW_X, I2)

WIND 5?0

WIND 580

WIND 590

WIND 600

WIND 610

WINO 620

WIND 630
WIND 6_0

WIND 650
WIND 660
WIND 670
WIND 680
WIND 690

WIND 700
WIND 710
WIND 7ZO
WIND T30
WIND r_o

WIND 750

WIND 760

WIND ?lO

WINO 780

WIND 190

WIND 800
WIND 810

WINO 810
WIND 830
WIND 8_0
WIND 850

WIND 060
WIND 870
WIND B80
WIND 890
WIND 900
WIND 919
WIND 9_0
WIND 930

WIND 940

WIND 950

WIND 960

WINO B?O
WIND 980
WIND 990

WINDIO00

WIND1010
WIND1020
WIND1030

FORMAT(1X_AB} WINDIOWO

FORHAT(1X,AB._gHIS NOT A VALID DERIVATIVE NAME FOR THIS TYPE CASEIWINDt050

FORMATIBX_IOE13.5) WINOlO60
FORMAT(18H ALPH_ _REAKPOINTS/BX,10Ft3.5} WINDIO?O
FORHAT(17H HACH BREAKPCINTS/BX_10F13.5} WIND1080

FORHAT(18H PARAM B_AKRO[NTS/BX,lOF13.S) WIND1090
RETURN WINDltO0
ENO WIND1110
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SUBROUTINETAPERD

Description: Subroutine TAPERDsupervises the reading of the input tape and
obtains averages of the channels read in. It also writes the output file if desired.
It calls TAPEIN, the user-supplied input routine, to do the actual reading of the
input tape.

Subroutine listing:

tO

2O

33

W3

100

ttO

t20

2000 FORMAT(1HO,I5,22H POINTS IN-CASE, TINES,WIW,WH

- t/HOCHANNEL AVERAGES/(tOX,lOF12.4|)

RETURN

END

SUBROUTINE TAPFRD TAPE 0
COMMON /OPTION/ TAPE,DECK,READ TAPE 10

COMMON /ELCONDI ALPMA, TMETAtO,V,MACH, IX,IY,IZ,IXZ,W,PMI,CG,KIAS, TAPE ZO
ALT,LONG,PARAM, FLT,CASE,AVG,OELTAgST,ET,DETRIM TAPE 3_

REAL MACH,IX,IY,IZ,IXZ,KIAS,AVG(WOI,OATA(WG,XO0% TAPE WO

LOGICAL TAPE,DECK,READ,DELTA(W) TAPE 50

INTEGER ST(AI,ET{W),TIME(W, tqCt,JS T(W| TAPE 60

NFRAME=IO_ TAPE 70
00 1C I=l,_O TAPE 80
AVG(I)=C. TAPE gO
NPT=3 TAPE t_O

CALL TAPEIN{DATA,TIME,kFRAME,ST,ET) TAPE ttO
NFR=IABS(N_RAME) TAPE tZO
DO tO3 I=$,NFR TAPE t30

IF(TAPE) WRITE (_) (TIME(J,I),J=t_W).(D ATA(J,I)'J=%'2B) TAPE IWG

00 3_ J=l,_O TAPE %50
AVG(J)=AVG(Jt,CATA(J,I ) TAPE t60
NPT=NPT÷t TAPE 170

IF(NPT,NE,I| GO TO 100 TAPE 180
DO _ J=l,k TAPE 190
JST(J)=TIME(J,II TAPE Z_O
CONTINUE TAPE 210
IFINFRAME.GT.O) GO TO 2_ TAPE 22C
ANPT=NPT TAPE Z$O
00 120 I=t,W_ TAPE _40

AVG(1)=AVG(I)/ANPT TAPE 250
WRITE(],2OOO)NPT, JST,(TI_E(J, NFRI,J=%,_),AVG TAPE 260

TO,WI4/ TAPE Z70
TAPE _0
TAPE Z90
TAPE 3_0
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SUBROUTINE PNCH

Description: Subroutine PNCH dimensionalizes coefficients and punches the
MMLE card deck.

Programing notes: Through card 540, this subroutine contains some computa-
tions and initializations used in all cases. Then cards 590 to 980 contain the lateral-

directional dimensionalization and computations; cards 1030 to 1390 contain this

information for the longitudinal cases. The remaining cards control the punching

of the output deck.

Subroutine listing:

300 ?

SUBROUTINE PNCH PNCH 0

COMHON /FLCONOI ALPHAtTHETA,Q,V,NACH.IX.ZYtIZ,IXZtM,aHX,CG,KIAS. PNCH 10

ALT,LONG,PAqAHt_LT,CASE, AVG,OELTA,ST,ETtDET_IH PNCH 20

COHHON /COH/ HZL_IHZLOtS.SPAN_CSAR.CGLAICGLO, HETRICtDILO, PNCN 30

" D1LA,VEH_APRALA_APR3LA,APGALOtAPReLO.NMLAINHLO_PUNCHtCORECT_ PNCH 40

XALFtXB.ZBtXANtZAXtXAY.ZAYtSPS._LAIOLO PNCH 50

COMHON /DATAVTI NBPtNHRP,NA_P_CATA PNCH 60

REAL MACH,IX,IYtIZ*IXZtKIAStAVG(WO),DATA(3CO_)tDtLO(TItOtLAIT)t PNCH 70

" VEH(Z),APRALA(Bt_ItAPRALOISt_I,APRBLA(5,B)tAPRBLO(5,B)j PNCH 80

- A(S,_).B(E.SItBR(5.5)._(21),NASS PNCH 90

INTEGER ST(_).ET(_).FLT,CASE PNCH 100

LOGICAL LONG*DELTA(_).HETRIC.PUNCH,CORECTIOLA.DLO PNCN ttO

DATA ALAg,eLAA,B_LAB,ALATtALON/1HA,1HS,ZHBBt_HLATR,_HLONG/ PNCN IZO

A(Stl)=_, PNCH t3fl

A(St2):_, PNCH 1_C

AtS,_I=ALA8 PNCH 150

B(5,tl=_, PNCH 160

B(5,2)=5. PNCH 170

B(5,])=BLAB PNCH 15Q

CALL AZOT(A) PNCH t90

CALL AZOT(8) PNGH ZOO

CALL AHIKE(SB,_) PNCH 210

_(S,3):8BLAR PNCH 220

BB(1,S)=]. PNCN 230

BB(215)=t. PNCH ZkO

BB(ktS)=t. PNCH 250

CALL CONO PNCH _60

TXHESC=.5 PNCH _TO

IT=IIETIti'STI1)I_3600_IETIZI'STI2))_60_ET(3)-ST(3))_I_O_ PNCH ZSO

ET(_t-ST(4) PNCH ZgO

IFIIT,GT,12500) TIMESC=I, PNCH 390

IF(IT.GT,_OCO| TIMESC=2, PNCM 31C

CALL INTERP(OATA,NgP_NH_P,NABP,Xl PNCH ]ZO

RAO=ST,Z958 PNCH 3]0

CGFLT=CG PNOH 3_0

IF(CG.NE.999.) GO TO 7 PNCH 350

FORMAT(_HQCG NOT SPECIFIED. OEFAULTEO TO HINC TUNNEL.) PNCH 360

HRITE(3,3Q07) _NCH ]70

CGFLT:CGLA PNCH 380

IF(LONG) CGFLT=CGLO PNCH 390

OCG:C. PNCH _00

ALPR:ALPHA/RAO PNCH _10

THETR:THETA/RAO PNGH kZO

PH[R:PHI/RAO PNCH _30

STH=SIN(THETR) PNCH _0

CT:COS(THETR) PNCH _5C

CP:CO_(PHIR} PNCH _50

G:3Z.172 PNCH _70

IFIHETRIC) G:9.Sq665 PNCH k89

HAS$=H/G PNCH kgO

QS=Q_S PNCH 500

OSONV=QSI(NASS_V) PNCH 510

_RITE(2,3OOO)VEN,FLT,CASE, NACH,ALPHA,PARAH,N,[X,[Y,IZ,IXZ,O,V, PNCH 5Z_

- PUNCH,TI_ESC PNCH 530

HRITE(],_OOO)ALPHA_NACH_V_CGFLTtPARAP PNCH _

IF(LONG) GO TO lc0 PNCH 559

PNCH S_O
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LATERAL

WMAPR=ABS{WMLAI

IF(.NOT.CORECT} CO TO i_

DCG=CGFLT-CGLA

XBC=XB

XAYC=XAY

IF(XB.NE.O.) XBC=XBG+DCG*CBAR

IF(XAY.NE.O.] XAYC=XAYC+DCG_CBAR

WRITE(2,_OOI|XBCtZ_tXAYC.ZAY

10 TYPC=ALAT

9B{3,5)=1.

QSOMV=QSOMV_RAD

QSB=QS_SPAN'RAC

QSBIX=QSg/IX

QSBIZ=QSB/IZ

B_V=SDAN/(2._VWRAD)

QSBVIX=QSBIX_B2V

QSBVIZ=QSBIZ'B?V

9CG=OCG_CBAR/S_AN

Ait,II=QSOMV_X(1)

A{2,1):QSBIX_X(2_

Ai3,1I=OSBIZ'(X(_I+OCG_W(I)|

ail.2I=SINIALPR)

Ai2.?}=QSBVIX_X(_)

A(3,2I=QSBVIZ_X(5)

AIW.2)=I.

A(t.3)=-COS(ALPR)

A(2._I=OSBVIX_W(6}

AI3,3|=QSBVII_X(7)

A{W.3I=CP_STH/CT

A(t,W|=CP_CT_G/V

00 2_ I=1,_

J=3_I.5

BIItII=QSOMV_X(J|

B(2wI|=QSBIX_X(J*I)

9{3,I)=QSBIZ*iX(J+?)_DCG_X(J))

IF(.NOT.DELTaiI)_ GO TO ?0

9B(LoII=t.

8B(?_I)=1.

BBII,II=L.

20 CONTINUE

GO TO 2QO

LONGITUDINAL

I_0 NMAPR=_S(NHLO)

IF(.NOT.CORECT) GO TO 1L}

OCG=CG_LT-CGLO

XALFC=XALF

XANC=XAN

I_(XALFC.NE.[.) XALFC=XALFC*OCG=CBAR

IF(XANC.NE.O.! XJNC=_ANC÷DCG_C_AR

WRITE(?,3OQ3)XALFC,XANC,IAX

11_ TYPE=ALON

WRITE(2,3@12)

QSOM=QSOMV_V

PNCH 570

PNCN 580

PNCH 590

PNCH 630

PNCH 610

PNCH 625

PNCH 639

PNCN 6WO

PNCH 650

PNCH 66C

PNCH 6_0

PNCH 680

PNCH 690

PNCH 7%3

PNCH 710

_NCH 7ZO

PNCH 710

PNCH 7_0

PNC_ 7_0

PNCH 7_0

PNCH 770

PNCH 7_0

PNCH 79_

PNCH 8]0

PNCN 8tO

PNCH B_O

PNCH 830

ONCH 8W0

PNCH 85_

PNCH 860

PNCH 87_

PNCH 880

PNCH 890

PNCH 9_0

_NCH 910

PNCH 9_0

_NCH 930

PNCH q_C

PNCH 950

PNCH 960

PNCN 970

PNCH 9B_

PNCH 990

PNCH_O0

PNCHt_I_

_NCH!_0

PNCH_030

PNCHI_0

PNCHI050

PNCH1O60

PNCH1070

PNCH1080

PNCHI_90

PNCHttJ0

PNCHll_3

_NCHlt20

_NCH1130
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QSCIY=QS_CBARIIY

V2=2./V

QSCVIY=OSCIY_CeAR/(2._V)

A(I,1):-QSOMV_(I]_RAD

A(2,1)=QSCIY_(X(2)_RAD-OCG_A(I,I)IQSOMV)

AI3,i)=-QSOM_X(3]_RAO

A(1,2):1.

A(Z,2I=QSCVIY_X(_)

A(_,2)=CP

A(I,3)=-QSOMV_V2_X[5)

A(2,3)=QSCIY_V2"X(6)

A{3,3)=-QSOM_V2_X{?)

A(1,4)=-STH_CP_G/V

A(3,W)=-CI*G

O0 130 I=I,W

J=3_I+5

8(%,I)=-QSOMV _X(J)_RAD

9 (2, I ):QSCIY'(X(J+I) "R }D-DCG_B (1, I) IQSCMV )

8(3,I}=-QSOM'X (J_2]_RAD

[F(,NOT.DELTA(I)) GO TO 13C

_B($,I)=I,

BB(2,1}=I,

130 CONTINUE

BtI_5I=-QSOMV_X(20)-(A(I,I)_ALPHA_B(I,I)_DFTRIH)/RAO+CP_CT_G/V

R(Z,5):-(A(2tl)_ALPHA_B(2,1I_DETRIM)/RAD

B(3,5)=-QSOM'X(21)-(AI3,1)_ALPHA_B(3,1)4DETRIMI/RAO

Z30 IF(WMAPR.EO°99999,) WMAPR:C,

WRITE(2,3CO_IWMAPR,ALPHA,MACH, EGFLT,PARAM, TYPE,S, SPAN,CBAR,SPS,

t ST,ET

CALL PMAT(A!

CALL _MAT(B)

IF(OELTA(1).OR.DELTA(2},OR.DELTA(3),OR.DELTA(h)I CALL PMAT(BB}

IF(LONG) GO TO 210

IF(OLA) WRITE(2,3OOS)MZLA,DILA

IF(WMLA,LT.C.| GO TO 253

CALL PMATI(APRaLA)

CALL PMATI(APR_LA)

GO TO 250

21C IF(OLO) WRITE(2,3OOSIMZLO,_ILO

IF(WHLO.LT._.) GO TO 25_

CALL PMATI(APRALO)

CALL PMATI(APRBLO)

_50 WRITE(2,30061

RETURN

Z300 FORMAT(SHOALPHA :,F6,Z,gH MACH :,FS.3,BH Q =,F/.X,6H V :,

- Fl,I,TH CG :_P_*I,l_H PARAM :,FIO*_)

_O00 FORMAT[2A4,6X,EHFLIGHT,I_,6H CASE,IW,EX,SHMACH:,F5,3,

8H ALPHA=,F6,_,SH PARAM:,FT=2/15H _INPUT GROSWT=,FT,C,

PNCHltW0

PNCHltS0

PNCHlt60

PNCH1170

PNCHltBD

PNCHltq0

PNCHt_O0

PNCHt210

PNCHI_

PNCHI?_O

PNCHtZ_

PNCHt_50

PNCH1Z60

PNCHI_70

PNCH1280

PNCHI_gE

PNCH1300

PNCH1310

PNCH1]_O

PNCH13_O

PNCHI3W_

PNCHI]50

PNCHI_6_

PNCHt370

PNCHI]60

PNCM1390

PNCH1W00

PNCHi&t_

PNCHI_20

PNCHI_30

PNCHI_E

PNCHI_5_

PNCHIW60

PNCHIW?O

PNCHI_80

PNCHI_90

PNCH1500

PNCHt510

PNCH15_O

PNCH15]O

PNCH15WO

PNCHt550

PNCH1560

PNCHt570

PNCH1580

PNCH15_O

PNCH1630

PNCHI6tO

6H ,IX=,FT.0,6H ,[Y:,FT._,6H ,IZ:,F?._,IH ,IXZ:,FT.t,lH,/PNCH1629

3H 0:,FE,I,_H ,V:,F6,1,qH #PUNCH=,LI,ICH _TIHESC:,F]*I, PNCHt6]0

tOH ,_OTH=T,) PNCH16_O

3001 FORMAT(_H XB:,F6.2,6H ,Z_=,F6.2,TH ,XAY=,F6.2,ZH ,ZAY=,F6._, PNCH1650

1H_) PNCHI660

3302 FORMAT(t$H ZMAX(3):t00O,,| PNCHt6?0

_003 FORNAT(6H XALF=_F6. Z,TH ,XAN=,F6.2,ZH ,ZAX=,F6°2,1H_) PNCM/68O

300_ FORMAT(TH WMAPR:_E8.2_gH ,ALPHA:tF6.Z,SH tMACH=_FS.3,6H ,CG:_ PNCHI690

FS.3,gH ,PARAM:,FI_°k,IH,/tX,A_,?H:T, $:,F5._, PNCHt7JO
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8H ,SPAN=,F6,Z,8H

2(312,I3,1X))

3GO_ FORMAT(2HOI,TX,II/TFIO,I)

3_06 FORMATiTHENDCASE!

ENO

, C_AR=,F 6.2, 7H ,SPS=,F_.G,TH, SEND/ PNCH17'l 0

PNCH1720

PNCH1730

PNCH17_O

PNCH1 750

140



APPENDIX C -- Continued

SUBROUTINE INTERP

Description: Subroutine INTERP interpolates predicted derivative data tables

to obtain the nondimensional derivatives for a particular flight condition.

Programing notes: The subroutine first brackets the Mach number and angle
of attack of the flight condition between breakpoints of the predicted data; it also

selects the correct set of predicted data depending on the value of PARAM. The

interpolation is divided into four sections. The interpolation occurs in one of the
four sections on the basis of how many Mach and angle-of-attack breakpoints are

specified. If only one breakpoint is specified, the required code changes slightly,

because there are not two points to interpolate between.

Subroutine listing:

SUBROUTINE INTERP(DATA,NBP.NMBP.NABP, XI INTE O

C INTE 10

C INTERPOLATES WIND TUNNEL DATA INTE 20

C INTE 30

COMMON /FLCOND/ ALPHA. THETA.Q,V.MACH, IX.IY.IZ,IWZ.W.PHI_CG.KIAS, INTE WC

ALT,LONG,PARAM,FLT,CASE,AVG.OELTA.ST.ET,DETRIM INTE 50

COMMON /WTDATA/ NCLA,NCLO,ABP.MBPtBP,NCMAX.LONGWT INTE 60

REAL MACH,IX, IY.IZ,IXZ.KIAS,AVG(WOI.DATA(NBP,NMBP.X),ABP(X_), INTE TO

- MBP(16),BPKB},XK2t) INTE 80

INTEGER STKWI,ET(_I.FLT,CASF INTE 90

LOGICAL OELTA(4),LONG. LONGWT(BI.KORF INTE 130
C FINO CORRECT SET OF DATA INTE 110

L=I INTE 120

DO 60 II=I.NBP INTE %3C

XORE=ILONG.AND.LONGWT(II)I.OR.(.NOT.LONG.AND..NOT.LONGWTIIII) INTE t_G

60 IF((PARAM.EQ.BP{II).OR.PARAH_BPIIII.EQ.O.) .AND. XORF) L=II INTE tBC

C BRACKET ALPHA INTE 160

IFINABP.EQ.1) GO TO 50 INTE 170

DO W_ J=2,NABP INTE 180
IF(ALPHA.GT. ABP(J)) GO TO k3 INTE 190

EAP=(ALPHA-ABP(J-1}II(ABP(JI-A_P(J-t)I INTE 230

IF(EAP.LT.O.) EAP=O. INTE 210

GO TO 50 INTE 2_0
_O CONTINUE INTE 230

J=NABP INTE 2WO
EAP=t. INTE 250

C BRACKET MACH NUMBER INTE 260
BO IF(NMBP,EQ,I) GO TO 100 INTE 270

O0 20 I=2=NMBP INTE 289
IFIMACH.GT. MBFII)) GO TO 20 INTE 290
EHN=(MACH-MBPII-tI)I(MBP(1)-MBP(I-I)) INTE 300

IF(EMNoLT.O.} EMN=O. INTE 310
GO TO ]0 INTE 320

ZO CONTINUE INTE 330

I=NHBP INTE 3WO
EMN=I, INTE 350

]0 INt=I-1 INTE 360
IFINABP. EQ.t) GO TO tZG INTE 370

C INTERPOLITE DATA INTE 38_
DO 9_ K=I,NCMAW INTE 390
JK=(K-1I_NABP*J INTE WOO
JMIK=JK-t INTE _iO

pA=(OATA(LtI.JKI-OATA(L.IMi.JKI)_EMN*OATAILtINI,JK) INTE _20
pB=(DATA(L,I,JM1K)-OATAiLtIMt, JM1K) I_EMN÷OATA(LtIMttJM%K) INTE 4]0

90 X(KI:(PA-PB)_EAPtPB INTE _0
GO TO 200 INTE _50

100 IF(NABP.EQ.I) GO TO 1WO INTE k60
C INTERPOLATE IF ONLY I MACH BREAKPOINT INTE _70

O0 ltO K:I,NCMAX INTE _BO
JK:(K-1I_NABP+J INTE WDO
JM1K=JK-I INTE 530

rio X(KI=OATA(L,I,JMiKI+EAP_(OATA(L_I,JKI-OATA(L,1,JMtK)) INTE 510
GO TO 203 INTE 520

C IF ONLY 1 ALPHA BREAKPOINT INTE 53fi
tZO DO 139 K:I.NCMAX INTE 540

t30 X(KI:(OATAIL,I.KI-OATA{L, IM1,KII'EHN*OATA(L,IMI,K) INTE 550
GO TO 2PO INTE 560
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IF ONLY I ALPHA AND I MACH nPPAKPOINT INTE 573

1W0 00 159 K=I,NCMAX INTE 580

tSO X(K)=DATa(L.t,K) INTE 599

200 RETURN INTE 600

END INTE 6tO

SUBROUTINE PMAT

Description: Subroutine PMAT punches a matrix on cards in an 8F10.5 format.

Subroutine listing:

Z&

I00C

1001

SUBROUTINE PMAT(A|

PUNCHES A MATRIX

COMMON /ALLOIM/ wAX, MIX
REAL A(I)

II=A(MAX)

JJ=A{2=NAX)

WRITEI2,tODOtA(3_MAXI,II,JJ

KE=tJJ-I)mMAX

00 2_ I=l,II
KEND=I+KE

WRITS(2,1001) (A(KI,K=I,KEND,MAW)
CALL ASPITtA)

FORMAT(AW,4X,12,110)

_ORMAT(BFIO.5)

RETURN

END

PNAI 0
PMAT 10
PMAT 29
PHAT 30
PMAT Wg

PNAT 50
PMAT 60
PMAT 70

PHAT 80
PMAT _0

mMAT 100
RMAT 110
PqAT 12_
PMaT 130
PMAT 1_0

PMAT 1_0

SUBROUTINE PMATI

Description: Subroutine PMAT1 punches a matrix on cards in an 8E10.3 format.

Programing notes: This subroutine is needed in addition to PMAT because the

APRA and APRB matrices may contain large values but do not need as many signifi-
cant figures as other matrices.

Subroutine listing:

ZO

1000
1901

SUBROUTINE PMATIIAI

PUNCHES _ MATRIX IN E FORMAT

COMMON /ALLDIM/ MAX, MIX

REAL A(J)
II=AiwAX)

JJ:A(_MAX)

WRITE(2,1000}a(3VMAX),II,JJ

KE=(JJ-I)_MAX

DO 2_ I:l,II
KEND=I+KE

WRIT_(2,i�Oll (AIK),K=I,KEND,HA_|

FORNAT(AW,4X,12,1iO|

FORMATtBE13.3!

RETURN

END

RHAT 0

PNAT 10
PNAT 20
PNAT 30
PMAT WO
RHAT 50
PMAT 60
PMAT 7_
PNAT _
PMAT 90
PNAI 1_0

RMAT ilO
PMAT 1_0
PMAT 130
PMAT IWO
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SUBROUTINE RDSET

Description: Subroutine RDSET is user supplied; the subroutine listed here is

a sample. This subroutine should do any initialization or input required before

calling subroutine TAPEIN.

Subroutine listing:

1000
2000

SUBROUTINE ROSET ROSE q

ROSE I0

THIS SUBROUTINE SHOULD INCLUOE ANY INITIALIZATION DESIREO FOR ROSE Z9

READING THE INPUT TAPE, FOR INSTANCE SPECIFYING CHANNEL NUMBERS, ROSE 30

DATA SHOULO BE PASSEO TO SUBROUTINE IAPEIN WITH LABELLED CO_MON RDSE WO

BLOCK ITAPDATI ROSE 50
THIS SAMPLE VERSION READS TH_ NUMBER OF WOROS ON THE INPUT TAPE ROSE 60

AND THE CHANNEL NUMBERS OFTHE SIGNALS NEEDEO ROSE 70

ROSE 80
COMMON /TAPDAT/ NWORDtICHAN ROSE 9_
INTEGER ICHAN(_O) ROSE 100

READ (1,1000) NWORD ROSE 110

READ (1,t000) ICHAN ROSE 1ZO
WRITE(3,2OOOINWORO,ICHAN ROSE 139
rORMAT(i615| RDSE tWO

FORMAT(2OHOINPUT FILE CONTAINS_IS,Z2H DATA WORDS PER RECORD/ ROSE 150

9H CHANNELSI(IOX, 20IBI} ROSE 160

RETURN ROSE ITO
END ROSE 180
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SUBROUTINETAPEIN

Description: Subroutine TAPEIN is user supplied; the subroutine listed here
is a sample. This subroutine should be written to read data in the form available
for a particular flight program. The commentcards and sample program illustrate
the conventions required for interface with the rest of the program.

Subroutine listing:

C

C
C

5 C

C
C
C

C
10 C

C
C

C
C

15 C

2O

25

3O

35

40

10

20

30

tOO

SUBROUTINE TAPEIN(DATA,TIMEtNFRAMEtST,ET) TAPE O

TAPE 10

THIS SUBROUTINE SHOULD REAO THE INPUT TARE AND PLACE UP TO TAPE 20

NFRAME FRAMES IN THE TIME INTERVAL BETWEEN ST AND ET (START TIME TAPE 30

AND END TIMED INTO THE ARRAYS TIME AND OATA TAPE kO

THE TIME ARRAY SHOULD CONTAIN HOURStMINUTES,SECONDStMILLISECONOS TAPE 50

THE DATA ARRAY SMDULO CONTAIN THE DATA CHANNELS IN THE ORDER TO TAPE 60

WRITTEN ON THE OUTPUT TAPE TAPE 70

WHEN THE LAST TIME IN THE REQUESTEO INTERVAL IS FOUND, TAPE 89

NFRAME SHOULD BE SET TC MINUS THE NUMBER OF CRANES OF CATA TAPE 90

BEING RETURNED TAPE 100
TAPE 110

THIS SAMPLE VERSION READS AN UNFORNATTEO TAPE AND PICKS THE TAPE 120

SIGNALS DESIRED FROM THE CHANNELS SPECIFIED IN SUBROUTINE RD_ET TAPE t]O

TAPE 140
COMMON ITAPOAT/ NWORD,ICHAN TAPE 150
INTEGER ST(4),ET(W),TIME(k,1OO_,ICHAN(_O),IT(4) TAPE 160

REAL OATA(40tlOO),RECORO(150) TAPE 170
IST=STI4)+1000_(ST(3)_60*ST(2)_3600_ST(1)) TAPE 180
IET=ET(4)*1000_{ET(3)_60_ET(2)÷3600_ET(t)) TAPE 190
I=O TAPE 200

READ (1511T,(RECORDIJ),J=l,NWORD) TAPE _I0
ITH=ITI4)+100O_(ITIS)+60_IT(2)_SBOO_IT(1)) TAPE _20

IF(ITM.LT.IST) GO TO 10 TAPE 230
I=I÷l TAPE 240
DO 30 J=1,4 TAPE _50

TIME(J, II=IT(J) TAPE 260
DO 40 J=I,WO TAPE 770
OATA(J,I)=O. TAPE 289

IF{ICHAN(J).EQ.O) GO TO 40 TAPE _90

OATA{J,I)=RECORDIICHAN(J)) TAPE 300
CONTINUE TAPE 310
IFII.GE.NFRAME) RETURN TAPE 32_
IF{ITM.GE,IET) GO TO 100 TAPE 33_
READ (15)ITt[RECORD(JI,J=t,NWORO) TAPE 340

ITM=IT(4)÷tOOO_(IT(])÷60_IT(2}+]6OO_IT(t)l TAPE 350
GO TO 20 TAPE 360

NFRAME=-I TAPE 370
RETURN TAPE 380
END TAPE _99
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SUBROUTINE COND1

Description: Subroutine COND1 is user supplied, and is described by the
comment cards.

Subroutine listing:

SUBROUTINE CON01 COND 0
C CONO 10
C THIS SUBROUTINE SHOULD INCLUDE ANY INITIALIZATION NEEOEO CONO 20
C FOR SUBROUTINE CONO TO DETERMINE THE FLIGHT CONOITION COND 30

C TYPICAL ITEMS INCLUDED HERE HIGHT BF TABLES OF INERTIAS AS A COND _0
C FUNCTION OF GROSS WEIGHT CONO 50

C ANY OATA MAY BE PASSED TO SUBROUTINE CONO THROUGH A LABELLED CONO 60
C COMMON BLOCK /TA_LEI COMO 70
C SUBROUTINE SUPPLIEO IS A NULL SUBROUTINE COND 80
C COND 90

RETURN CONO 100

END CONO 110

SUBROUTINE COND

Description: Subroutine COND is user supplied. Itautomatically obtains the

flightcondition from the channel averages computed by TAPERD. The subroutine

listed illustratesthe method of doing this.

Subroutine listing:

tO

SUBROUTINE CONC CONO

CONO

THIS SUBROUTINE SHOULD SPECIFY THE FLIGHT CONDITION ANO OTFER CONO

PARAMETERS NOT READ IN THROUGH NAMELIST /COND/ CONO

AVG CONTAINS THE AVERAGE VALUES OF EACH CHANNEL READ OFF TI-E INPUTCONO

0

10

20

30

_O

TAPE IF THEPE WAS ONE READ COND 5_

THE USER MAY CHOOSE TO USE THESE AVERAGE VALUES FOR THE FLIGHT CONO 60

CONDITION INSTEAq OF READING IT IN CONO 70

FOR INSTANCE. IF ALPHA IS TO B_ OBTAINED FROM THE CHANNEL AVERAGE COND _O

THE STATEMENT CONO 90

ALPHA=AVG(1) CONO 100

WOULO BE INCLUDED MERE CONE ttO
THE SEVFRAL EXTRA CHANNELS AVAILABLE MAY BE USED TO OBTAIN CDND 120

FUEL WEIGHTS OR OTHER OUANTITIFS NEEOEO TO COMPUTE THE INERTIAS CONO 1]0
COflO 1_0

THE SUBROUTINE SUPPLIED OBTAINS ALPHA,THETA,PHI,DETRIM_O,V,ANO CONO 15C
MACH FROM SIGNAL AVERAGES AND COMPUTES 0 AND V FROM ALTITUDE CONO t6C

ANO KIAS(KNOTS INDICATED AIRSPEED) IF THESE ARE MORE REAnILY CONO 17q

AVAILAOLE (INDICATED BY A NON-ZERO VALUE OF KIAS) COND 180

CONO tqO

COMMON /OPTION/ TAPEqOECK, READ CONO 2_
COMMON /FLCONOI _LPHA,THETA,_,V,HACH, IX,IV,IZ,IXZ,N,PHI,CG,KIAS, CONO _10

ALT,LONG,PARAM.FLT.CASE.AVG, DELTA.ST.ET.DETRIH CONO 220
REAL MACM,IX, IY.TZ,IXZ_KIAS,AVG(40) CONO 230
INTEGER ST(4).ET(_I.FLT.CASE COND Z_O

LOGICAL DELTA(_).LONG, TARE,OECK. RE_D CONO _50

IF(.NOT.REAO) GO TO tO COND 2_0

ALPHA=AVG(1) CONB 27_
THETA=AVG(_( CONO 2_0
PHI=AVG(L2) CONO 290

OETRIH=AVGKBt CONO $00
O=AVG(151 CONO 310
V=AVG(31 CONO 320
MACM=AVG(I_) CONO 3TO

IF(KIAS.EQ._.) RETURN CONO 3WO
Q=(KIAS_,0582)=_2 CONO 350
DALT=ALT_.OOI COND 36D

V=I,688_KIAS_EXP(OALT_(,.)137_,OGOC975_OALT]) CONO 370
RETURN CONO _BO
END CONO 3qfl
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SUBROUTINE LOAD 1

Description: Subroutine LOAD1 reads a matrix from cards.

Subroutine listing:

15

IOOC

t_01

SUBROUTINE LOADI(A) LOAD 0

COHMON /ALLDTM/ MAX, MIX LOAD 10

REAL A(1) LOAD 20

MAX3=_MAX LOAD 30

DEAD (1,10001 A(HaXl),II,JJ LOAO _0

AfMAX)=II LOAD 50

A{2_MAXI=JJ LOAD 6P

KE=(JJ-I)_MAX LOAD 70

DO IC I=l,II LOAD 80

KEND:I+KE LOAD 90

READ (1,10C1) (A(K),K=I, KEND, MAX) LOAD i00

FORMAT(AW,4X,I2,IIO) LOAD 11_

FORHAT(_FIO,_) LOAD lZ9

QETUQN LOAD lid

END LOAD 1_0

SUBROUTINES ASPIT, AMAKE, AND AZOT

Subroutines ASPIT, AMAKE, and AZOT are identical to those used in the MMLE

program.
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SAMPLE CASE FOR THE SETUP PROGRAM

This appendix presents a sample check case for the SETUP program.

INPUT CARDS

PUNCH OECK

START

SN [NO NM_P=2,NAnP=2,_LO=8,LONG(1)=T,SPAN=15,, C_AR=_,,S=iOO.pSENO
SAMPLE

O.

CL Z

• l .5

Oo .&

CO Z

• 05 .t

.07 .12

CLA I

• 07 .065

COA 1

.01 .015

CMA 1

-.005 -.COE
CLDE 1

.0l .01
CMDE 1

-.oog -.011

CMQ I

-5. -5.

• 3 .7

.0 5.

O.

X02OSlOÙO %C2100000 SAMPLE CASE 1

_COND IX=3CO..IY=2jJO.,IZ=?OIO.,IXZ=IO.tW=2500..LONG=T.

FLT=I,CASE=I.Q=SC.,V=W50..ALPHA=_..MACN=°5.$CND

[OZS12OCG 1075220C0 SAMPLE CASE 2

_COND CASE=?.O=6Q..V=50e°.ALOHA=3o.HACF=.SS,_EKD
-%
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OUTPUT LISTING

SAMPLE WIND

CL

,IOOCOE+OO
O.

CD

,50CCOE-01
,70OOOE-C1

CLA
.7Q_UCE-OI

CDA

.IOCOOE-01

CMA
-.50C_OE-02

GLDE

• IOGOOE-OI

CMOE

-.gooio OE- 02
CMQ

-.SOGOOE+01

ALPHA BREAKPOINTS

.]DO00

MACH _REAKPOINTS

I}.OOCOO

PARAM BREAKPOINTS

O.O00OO

TUNNEL DATA.

.50COOE+O0

.qOOOOE+O0

.tOOOOE+O0

.IZOOOE+O0

.GSOOOE-OI

.%5000E-01

-._OCOOE-OZ

.10000£-01

-.IlO00E-OI

-.50000E+01

.7000_

5,00000

REF CG : .250 (LAT), .250 (LONG) PER RADIAN? F
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FLIGHT L CASE 1

CG NOT SPECIFIED, DEFAULTED TO WIND TUNNEL.

ALPHA = 4,GO MACH = ,509 Q = 5_,0

A W BY

-.SBWIE+O0 .1000E+01 -0,
-._383E+01 -.5000E+O0 O.
-,3970E+01 O. -0.

0° .1Q00E+01 0,

B _ BY
-°B192E-01 -0, -0,

°.7907E+01 O. O.

O, O. O.

TIME 10 20 51 0 TO lC 21 0 0

V = WSO.O CG = .2EO BARAM = O,OOCO

W

-0.
O.

-.3217E+02
d.

-0, .h2OWE-01
O. .3060E+00

-0. -.5900E_01

O. O.

LONGITUDINAL? T
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FLIGNT 1 CASE 2

CG NOT SPECIFIED. DEFAULTED TO WIND TUNNEL.

ALPHA =

A

3.00 HACH = .550 Q = 60.0 V =

4 BY 4

-.630WE_O0 .IOCOE_Q% -_o

-o5270E*01 -.SWOflE_O0 O°

-.5065E*01 _. -0.

O, ,_Q3OE*01 O.
BY 5

-o88_7E-01 -0° -0.
-.9509E_I a. O.

• SWOSE+30 -0, -Do
O. O. O.

TIME 19 ?S lZ 0 TO 10 25 ?2 0

500.0 CG = .2_0 PARAM = O.OOCO

-0.
O,
-o3?llE*O?

9.

-0. .2i65E-01

Oo .?TSgE)O0

-0, -. ?16(,E+01

O. O,

LONGITUDINAL? T
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PUNCHED CARD OUTPUT LISTING

SAMPLE FLIGHT 1 CASE 1 MACH= .50Q AL_FA= _.00 PARAM= O.O0
_INPUT GROSWT= 2500. .IX= 3@0. ,I¥= 2000. .IZ= 2000. .IXZ= 10.0.

Q= 50.0 .V = WSD.D ,PUNCH=F ,TIMESC= .5 .BOTH=T.
ZMAX(3)=1000..

WMAPR=O. ,AL_MA= W.OO ,MAEH= .500 ,CG= .750 .PARAM= 0.0000,

LONG=T, S= 100. .S°AN = 15.00 ,DEAR= 6.00 ,SPS= O., SEND
102051 0 1021 0 0

-,58_12 1,00000 -0.00000 -O.OObO0
-_,38313 -.50_00 O.COO00 O.O_OOO
-3.g7020 0.00005 °G._OOCO -32.17200

0,00000 1.00000 0.00001 5,00000
B _ 5

-.08192 -O.9OOOO -O.OOCO_ -O.OOOO0 ._204
-7°90682 O.OOCO0 0.02000 O.O0000 .30600

°45040 -O,OO00L -0.00000 -O,OOOO0 -5,90024
O.O000_ &.O0000 0,00000 0,00000 O. OOO00

ENDCASE

SAMPLE FLIGHT I CASE 2 MACH= .550 ALPHA= 3.00 PARAM= O.GO

$INPUT GROSWT= 25_0. .IX= 300. .IY= 2000° ,I/= 2000. ,IKZ= 10.0.

Q= 60.0 ,V= 500.6 .RUNDH=F ,TIMESC= ._ ,BOTH=T,
ZMAX(3}=IOCO..

WMAPR=D° ,ALPHA= 3.00 ,MACH= °SBO ,CG= .250 .PARAM= 0.0000.

LONG=T, S= 100. ,SPAN= 15°00 .CBAR= 6.0_ ,SPS= 0.. TEND
102512 0 102E22 0

A 4 4
-o630_ 1.00000 -O.O000O -0o00000

-5,27007 -°5_000 0,09000 0,00000
-5.06514 O.OOOOO -0.000_0 -32.1720G

O.O000_ 1.0000_ O,OOCO0 O.O0000
B 4 5

-.088_7 -&.O0000 -0.000_0 -_.00000 .02165
-9.50881 O°OOOOQ G°O0000 0°00000 .27594

,5_048 -0°0000_ -0°0000_ -O.O0000 -7,16k07

O.OOCO_ O,O000C _.00000 O,O000O 0°00000
ENDCASE
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SUMARY PROGRAM AND SUBROUTINES

Listings of the main program and the subroutines used in the SUMARY program

are presented together with supplemental information.

MAIN PROGRAM SUMARY

Description: The main program SUMARY sets defaults, reads the NAMELIST,

and initializesvariables.

Program listing:

PROG_A M SUMARY(INPUT,OUTPUTtTAPE69,TAPEI=INPUT,TAPE3=OUTPUT) MAIN 0

C MAIN 10

C SUMMARY PLCT OROfiRAM FOR MMLE 5ATA MAIN 20

C MAIN 30

COMMON /ALLOIM/ MAX,MIX MAIN 40

COMMON /LINCOM/ MGT MAIN 50

COMMON IWTOATAI NCLA.NCLOtABP,MB°tOP,NC MAW,LONG MAIN 60

COMMON /CGCORI SHIFT.CGLA,CGLO,COB MAIN 71

COMMON /NDPS/ NMQP,NABP,NB_tNPARAM MAIN 53

COMMON /INS/ NCLOTgWTPLOT MAIN gO

COMMON /SUMDAT/ YLOC,XSKIP.ALEk. ASCAL2,YSTEP, AMIN_TAQLA_.FOATA, MAIN 1_0

FDATAC,TITLE MAIN 110

COMMON /RSCL/ C_FACT,IWTL,IWTT.YLEN2.II.NaARM MAIN 120

REAL TITLEKZG).ABPI16),BP(B). MBPK16),CATA(3ooQ|'FOATA(5000)' MAIN ITQ

FOATAC(5_OOI,BUFKlO2k|.FOATK2G_I.FOATC(2_2_P,ALFS(2031* MAIN 140

TA_LA_(2).MLAB(Tt,PLA_(Tt MAIN 150

LOGICAL PRINTtLONG(8),LATR(Q),DEG,RAD,BODY,STAB,SHIFTtWTPLOI MAIN I@0

DATA MLA_I_MMACH. IH I, PLAB/4HPARA,IMM/ MAIN 170

NAMELIST /WIND/ N_PtNA_°,NMqDtNCLA,NCLOtRADt oEG'BODY'STAB' MAIN 18G

LONG,LATR,pPINTtCGLA_CGLOtNPARAMtSHIFTtWTPLOT,COFACTt MAIN 19_

AMIN.AMAX,ASCALE_YLEN,XOIST.CBAR,SPAN M_IN 2]0

NBUF=L_7 _ MAIN _10

MAX=4 MAIN 220

READ (1,1000) TITLE MAIN Z]O

WRITE(3.7OOO)TITLE MAIN 240

HGT=.O 7 MAIN 750

5HIFT=.FALSE. MAIN _60

CBAR=O. MAIN 270

SPAN=t.E+SO MAIN _0

NPARAM=O MAIN Z90

NCLA=O MAIN 3"0

NCLO=O MAIN 31_

NBP= 1 MAIN _70

CGLA=.TS MAIN 3]0

CGLO=.25 MAIN 3_0

NAQP=I MAIN 350

NMBP=I MAIN 360

PRINT=.FALSE. MAIN 370

00 5 I=i.3000 MAIN 380

5 DATA(I)=O. MAIN 190

OO I0 I=1,8 MAIN 4"0

LATR(I)=.FALSE " MAIN 410

LONG(It=.TRUE. MAIN _G

tO BP(I)=O. MAIN W3C

RAO=._ALSE. MAIN 440

STAB=.TRUE. MAIN WSO

BOOY=.FALSE. MAIN _6_

WTDLOT=.TRUE" MAIN 470

CR_ACT=I. MAIN 4AO

AMIN=Q " MAIN 490

AMAX=17° MAIN 5_0

ASCALE=I. MAIN 51_

VLEN=iO. MAIN 5_

XOIST=IO. MAIN 530

READ (I,WINO| MAIN 540

NPARM=NOARAM MAIN 5S_

COB=CBAR/SRAN MAIN 560
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ZC
C

:'5
C

C
30

C

kO

50
1000
2900

2OOt

2002

YLENZ=YLEN/Z. MAIN 570
YLOC=O, MAIN 580

ASCAL2=ASCALE_2, MAIN 590
ALEN=(AMAX'AMIkI/ASCAL2 MAIN 6_0

XSKIP=ALEN*XOIST/2, MAIN 610

YSTEP=YLEN2+I° MAIN 620
DO 2D I=t,8 MAIN 630

IF(LATR(1)) LONG(I)m.FALSE. MAIN 6WO

READ WIND TUNNEL DATA MAIN 650

CALL WINDIN(DATA,NBP,NMDP,NABP,BODY,BRINTtRAD; MAIN 660

IF(SHIFT) WRITE(],2QO1;COLA,CGLO MAIN 670

IF(CRFACT,NE.O.} WRITE(3,2OO2)CRFACT MAIN 68C

IWTI=t MAIN 690
IWT2=l MAIN 700

00 15 I=I.NABP MAIN 710

IF(ABP(II.LT.AMIN) IWTI=I÷I MAIN 720

IF(ABP(I|.LE.AMAX) IWT2=I MAIN 73C
NCMX=NCMAX*Z MAIN TWO

ND=NMBP_2 MAIN 750
TABLAB(1}=MLAB(11 MAIN 76_

TABLAB(2I=MLAB(2} MAIN 770

IF(NPARAM,LE.O) GO TO 25 MAIN 780

ND=NPARAM_2 MAIN 7gO

TABLA_(t)=PLAB(1) MAIN 8_0

TABLABI2)=PLABI2) MAIN 810

ND2=ND/2 MAIN 8ZO

READ FLIGHT DATA MAIN 83C

CALL FLIGHTINC_X,NDtFDATA,FDATAC) MAIN 8WO

CALL PLOTSIBUF,NBUF, 69) MAIN 850
CALL FACTOR(.T87_02) MAIN 860
CALL PLOT(O°,°_,-3) MAIN 87G

READ PLOTTING INSTRUCTIONS MAIN 880

CALL INSTR MAIN 8qO
IF(NPLOT.LE°_) GO TO 5C MAIN 900

MAKE PLOTS MAIN 9%0
00 _0 II=t,NPLOT MAIN 92O

CALL SUMPLT(FDAT,FDATC,ALFS,NO2,0ATA,NBP,NMBP,NABP) MAIN 930
GO TO 30 MAIN 9WO
CALL PLOT (O, ,0 ,_g99) MA IN 950
FORMAT(20Ah) MAIN 960

FORMAT(SiHIMMLE SUMMARY PLOTTING PROGRAM o+*_ 1 NAY 197kI MAIN 970

1HO,2OXtZCAW) MAIN 98_
FORMAT(55HOCNe AND CMA WILL BE CORRECTED TO THE WIND TUNNEl REFER,_IN 990

8H_NCE CGS,FSQ._, 7H (LATR},FiC.3,7H (LONG}) MAINI_O0

FORMAT(_8HOCONFIDENCF lEVELS WILL BE PLOTTEC MULTIPLIED BY,FS,I) MAINI01C

STOP MAINIOZC

END MAINI030
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SUBROUTINE FLIGHT

Description: Subroutine FLIGHT reads and sorts flight data.

Programing notes: Data are stored in the arrays FDATA and FDATAC. The

FDATA array contains derivative values, and the FDATAC array contains confidence

levels. Note that the sign of the X and Z coefficients is changed for longitudinal

data to agree with the more common N and A (axial) coefficients. The flight C m
a

and C are shifted to the wind-tunnel reference center of gravity if SHIFT = T.

LONLOC and LATLOC give the positions of data in the A and B matrices considered

as vectors.

Subroutine listing:

SUBROUTINE FLIGHT(NCNX,NO,FOATA,FDATAC) FLIG C

C READS FLIGHT DATA AND SORTS BY MACH OR PARAM FLIG 10

COMMON /NTDATA/ NCLAtNCLOtABPtMBP,_P,NCMAY,L ONG FLIG 20

COMMON /CGCOR/ SNIFT,CGLA,CGLO,COB FLIG 3D

COMMON /CASES/ NCASE FLIG WO

COMMON INBPSI NMB_,NABP,NBP,NPARAM FLIG 50

REAL FDATA(NCMX,NO,t)_FOATAC(NCMX,ND_I), ABP(1E),MBO(IE)'_p(S)' FLIG 60

A(16),B(32),AC(16),BC(32),MACH,TIIL(9} FLIG 70

LOGICAL LONG(BI,SHIFT FLIG 89

INTEGER NCASE(32),LONLCCq9%),LATLOC(t9) FLIG 90

DATA PLTIWHPLOTI,ALATIWHLATRI,LONLOCIt,2,396,9,tO,%I,t,2,3,5,6,7, rLIG tO0

9,10_11,13,IW,tE, t7,tS/,LATLOC/t,2,3,6,7,10,11,t,Z,3,5,6,7, FLIG 110

9,1D_11,13,1_,157 FLIG 12C

ND2=NO/2 FLIG 130

DO 10 I=l,IZ FLIG t40

1C NCASE(I)=D FLIG 150

ZO READ (1,10001 TYDE,TITL,MACH,ALPHA,PARAM,CG FLIG 160

IFITYPE. EQ.PLT) RETURN FLIG 170

WRITEI3,2OOO)TYPE,TITL,MACH,ALPHA,PAPAP,CG FLIG 1BO

C FLIGHT DATA IS STOREC AS FDATA(COEFFICIENI,GROUP,CASE) FLIG igO

C WHERE GROUP=INDEX IF LONG, OR INDEX+NDI2 IP LATQ FLIG _00

C AND INDFX IDENTIFIES EITHER THE HACH O_ (IF NPARAM. GT._) FLIG 210

C THE EXTRA PARAMETER FLIG 220

CALL LOAOI(A ) FLIG 230

CALL LOADtIB ) FLIG 240

CALL LOADi(AC) FLIG 250

CALL LOAOI(_C1 FLIG 260

INDEX=2 FLIG 270

IF(NOZ.LT.2) GO TO 60 FLIG 280

IF(NPARAM.GT.OD GO TO kO FLIG 2gO

DO 3[ INDEX=_,NM_P FLIG 330

IF(MACH.LT.(MpF(INOEX)+HGP{INOEX-III_.E) GO TO 6_ FLIG _10

]0 CONTINUE FLIG 320

INDEX=NMBP*i PLIG 338

GO TO 60 FLIG 340

_C DO 50 INDEX=2,NPARAN FLIG 350

IF(PARAM.LT.(B_(INDEXI+BP(INDEX-I))_.5) GO TO E_ FLIG 360

5O CONTINUE FLIG 370

INDEX=NPARAM÷I PLIG 3Be

60 INDEX=INDEX-1 FLIG 390

IF(TY_E.EQ.ALAI) GO TO 11_ FLIG W_O

C LONGITUDINAL - CHANGE SIGN OF x AND Z DERIVATIVES FLIG WIC

DO 70 I=1,11,2 FLIG W20

70 A(II=-AII) FLIG 4_0

DO 80 I=1,1g,2 _LIG k_0

80 9(I)=-B(I_ FLIG WSG

NCAS=NCASE (INDE X} ÷1 FL I G W6D

IF(SHIFT) A(?)=A(2)÷ICGLO-CG)=A(I) FLIG W70

00 100 I=1,21 FLIG W8_

IF(I.GE.8) GO TO g0 FLIG _9_

FOATA(I,INCFX,NCASI=A(LONLOC(I)) _LIG 530

FDATAC(I,INOFX,NCAS)=AC(LONLOC(II) FLIG 510

GO TO 100 FLIG 5_0

90 FDATA(I,INDEX,NCAS):B(LONLOC(I)) FLIG 530

FDATAC(I,INDEX,NCAS)=BC(LONLDC(1)} FLIG SwC

100 CONTINUF FLIG 550

GO TO 15_ FLIG 560
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ii0 INDCX=INDCW*ND2

NCAS=NCASE(INOEX}+I

It(SHIFT) A(3):a(3)+(CGLA°CG)_COB_A(1)

O0 IXO I=1,19

IFiI.GE._) GO TO 123

COATA(I,INOE_,NCASI=AILATLOC{I))

FDATIC(I,INDFX,NrA_)=AC(LATLOC(1)|

GO TO l_q

120 FOATA(I,INCCX,NChSI=_(LATLOC(1)}

FOATAC(I,INDEX,NCAS)=@C(LATLOC(1)!

13_ CONTINUE

15_ NCASE(INOEX)=NCA_

FDATAK?2, INDEX,NCAS)=ALPHA

FOATA(23,1NDCY,NCAS)=MACH

FOATAC(22,INQEX,NCAS):PA_AM

FDATAC(23,1NDEW,NCAS}=CG

GO T_ 27

1002 FOPM_T|IQA_.4FIO.6)

2_@C _OPMAT|LHO.A4,SX, gAW,4FI_.4|

END

FLIG

FL IG

FL IG

FL IG

FLIG

FLIG
FLIG

FLIG

FLIG

FLIG

EL IG

FL IG

FLIG

FLIG

_L IG

FL IG

FLIG

rL IG

FLIG

FLIG

570

5g0

610

610
620

6_0

65C

66O

67O

_0

69D

71".

72&

73C

740

75C

76D
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SUBROUTINEINSTR

Description: Subroutine INSTR reads plotting instructions.

Programing notes: The instructions are passed to the rest of the program in the
following form:

NPLOT -- number of coefficients to be plotted.

LATLON -- 1 if lateral data, 2 if longitudinal data.

PARM, TOL -- parameter value and tolerance.

LL -- number of the predicted derivative data set corresponding to LATLON and
PARM.

IDER -- parameter numbers that correspond to the coefficients to be plotted.

YMIN, YMAX -- minimum and maximum values for the ordinates.
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Subroutine listing:

2S

SUBROUTINE INSTR INST

REaOS INSTGUCTIO_IS ON COEFFICIENTS TO PLOT,SCaLES TO USE, INST

AND THE PARAMETER AND TOLERANCE FCP FLIGHT POINTS INST

00 NOT OVEGLaY THIS SUqROUTINE AS START,OERIV,SMIN AND SMAX MUST INST

BE PRESERVER INSI

COMMON /NBPS/ MMnP,NaBP,NBP*NPaRAM INST

COMMON IWTDATA/ NCLa.NCLOIaBP,MBP,BP,NCMAXtLONG INST

COMMON /INS/ NRLOT,WTPLOT INST

COMMON /SELECT/ pARAM, TOL,I_ER,YMIN,YMAX,LaTLON,DERIVS,LL,WT PL INST

REaL OERIV(4),SMINK4),SMaXK41,CERK21,2),YMIN(21),YM_X(21|, INST

- DERIVS(21|,ABP(16I,MBP{I&I,BP(S) INST

INTEGER IDER(21) INST

LOGICAL WTPLOT,WTPL,LONG(8} INST

DATA END,aLON,ALaT,BLAKK,STaRI3HENO,WHLONG,WHLAT_,IH ,WHSTAR/ INST

DaTa DEQI3HCYB,3HCLD,3MCNB,3MCLP,3HCNP,3HCLR,3HCNR,_WCYDA,_MCLDA, INST

4HCNOA,4HCYnR,WHCLDQ,4HCNCR,_HCYCI,WHCLOI,4HCNDI,_HGY_, IN ST

4HCLOZ,4MCNn2,Z_IH , INSI

]HCNa,3HCpA,3HCaA,3HCMO,3FCNV,3HCMV,3HCaV,4HCNDE,_HCM_E, INST

GHC6OE,WflCNOC,4HCMDC,_MCA_C,GHCNOI,4HCMDI,_HCAnI,_HCND2, INST

4HCMD2,4HCaOS,SHCN,2MDEI INST

IFKSTART,NE,STa_) READ (I,lOqi) DEPIV(1),SMIN(1),SMaW|I) INST

STaRT=STaR INST

NPLOT=O INST

IE(DERIV(II.EO.END} GO TO 120 INST

LATLON=I INST

IF(OERIV{II.EQ,aLON) LATLON=? INST

NC:lq INST

IF(LATLON,EO.S) NC:21 INST

PARAM:SMINII) INST

TOL:SMAX(1) INST

W@IT;K_,2OOG)DERIV{I),PAPAM,TOL INST

REaD (I,1001) (OrRIV(1),SMIN{I), SNAX(1)'I=I'4) INST

IFKOCRIV(II.E_.ALaT.OR,OcRIV{I),EO.aLO_.OR.OERIV(1).EQ.END}GOTO %QINST

DO 7_ I=1,4 INST

IFIDERIV(1),EQ,BLANK) GO TO 80 INST

NPLOT=NPLOT_! INST

YMIN(NPLOT|=SMINKI) INSI

YMaX(NPLOTt=SM_K(1) INST

DO 3? J:I,NC INST

IF(DERIV(I),EO,OCRKJ,LaTLON)I GO TO 60 INST

IO _ONTINUE INST

WRITCt3,20_2}OERIV(I) INST

STOP INST

60 IOERiNOLOT)=J INST

70 OERIVS(NPLOTI=CERIV(I| INST

GO TO 2_ INST

6fl REAO (l,lO_I} CEOIV(II,SMIN(1),SMAXII) INST

9C WRITE(_,SBOI)(CEP(IOERKI),LATLCNb_ I=L,NpLOTI INST

lO0 PaRM=PaRAM INST

WTPL=WTPLO T INST

IF(NPa_AM.GT,O) PaRM=O, INST

DO II0 II:I,NBP INST

IF((LONGIII_,AND, 4LATLON, EQ,I}) ,OR, INST

(.NOT,LONC{II),aNO.(LaTLON,EO,2))) GO TO lIO INST

LL=II INST

IE(PARM.BP(II}-(PaPM-BPKII)|.EQ,(.) GO TO 17; INST

i%0 CONTINUE INSI

0

tO

20

_0

40

5C

60

80

I,]0

Ii0

i_+O

150

160

LT_
180

ToO

2_0

;!'10

270

23_

240

?50

270

28(1

2gO

300

310

320

3_0

35O

3_0

370

"_80

3gO

4r..o

410

_,20

430

4.+0

450

460

470

4gO

(+gO

500

510

520

5"TO

5WO

55G

560
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WRITE(I,2OC3}

WTPL=._ALSE°

iOOi FOR_T(_(A_,r6.0,FIO.O|)

2001 FORMAT(27H COEFFICIENTS TO nE PLOTT_0/IX,2LA6;

2DQ2 FOPMAT(IHO,A4,_SH IS NOT A VALID OEPIVATIVE NaME FOP THIS PLOT_

20Q3 FORMAT(3_HCNO WIND TUNNEL DaTA AVAILAeLE)

_DOk FOPMAT(IHO,AW,EH PLDTS,5_,6HPAPAM=,FIO,4,SX,IOHTOLCPANCE=,FIO,4)

120 RETURN

END

INST 57Q

INST 5_0

INST 590

INST 6 0

INSI Gi_

INST 62C

INST 639

INST 6(+0

INST 65C
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SUBROUTINE SUMPLT

Description: Subroutine SUMPLT plots data for one derivative.

Programing notes: Most of the data manipulation has been done, and the data

are ready to plot. Thus this subroutine does littleexcept the actual plotting.

Subroutine listing:

SUR_OUTINE SUMPLT(FOAT,FOATC,ALFS,NO2,DATA,NRP,NMQP,NAR_)

C PLOTS SUMMARY INFORMATION FO_ CNE OcolVATIVE

COMMON ISUMOATI YL_,XSKIP,&LrN,ASCAL2,YSTEP, AMTN,TA_LAqtF_ATA,

FDATAC.TTTL c

COMMON /PSCL/ CQPACT.IWT%.IWT2,YLEN2.1T,NPARAM

COMMON IODAT/ _OPLCT,YMN,YSCALF.NCAS,C_F.WTR.DFRIV,WTO,KWT

COMMON /WTDATAI NCLA.NCLO,A_P,MnP.RP,NCMAX.LONG

PEAL FOAT(NO_,I),FOATC(N92,I},_L_S(N_Z.I),DAT_(NqP,NMBP.11.

" FDATA(_OOO|,F_ATAC(5000).TA_LAO(Z),A_P(I_),M_P(16),_p(8).

- TITLE{2}),WTD(tS,tG)tAnpS(18)

INTEGER NCAS(IG),ISY_(16)

LOGICAL NOPLOT.LONGIM).WTP

OATA ISYHRII,C,5,_,t?,I3,6,q,_,11,l,8,P,@_8,_/

NCMX=NCMAX+_

NO=N02"2

CAll PSCALE(NCMX,NO,ND2,FOATA,FOATAC,FCAT,FOATC,AIFS,OATAt_BR '
- NMBO,NARP_

IF(IT.ME.IT GO TO tO

CALL PLOT(Oo,-YLOC.-3)

VLOq=D.

CALL PLTDAT(XSKIP.12.25)

tO IF(NOPLOT) RETURN

KWTI=KWT-I

J=G

DO 15 I=IHTI,TWT2

J=J+l

15 ABPS(J)=ABP(1)

ABPS(KWT÷I}=AMIN

ABPS(KWT+2)=ASCAL2

IF(YLOC.NE._.) GO TO 3}

CALL PLOT(XSKI;.YSTE_.-_)

CALL SYMBOL(_.,YSTEP,.IW,TITLE(I).O.,W)

O0 23 I=2,20

2C CALL SYMqOL(q99..YSTFP,.I_.TITEE(I}._..W)

YLOC=YST_P

GO TO _3

]0 CALL PLOT(O.,-YSTEP.-3)

YLOC=O.

kO CALL A_IS(O..O.,EHALPHA,-5,aLEK.O..AMIN,ASCAL2)

CALL AXTS(O.,O..DERIV. 4.YLEN2._O..YMN_YSCALE)

CALL SYMBOL{ALEN.YLEN2,.IO.WHSYMBtG.,4|

CALL SYMBOL(ALEN+.5.YLEN_,.E_.TABLAB_O..S)

YORG=YL_N_

O0 5" I=t,NO2

I¢(NCAS{I).LF.O) GO TO 5]

vOQG=YOPG-._5

CALL SYMBOLIALEN*.%.YORG+.O?,.IW. ISYH8(I),O...I)

BPVAL:HB_(I)

IFINPARAM.GT.O) _PVAL=BP{I)

CALL NUMqER(ALEN+.5,YORG..I_.BPVAL.O..2)

5D CONTINUE

C PLOT _LIGHT POINTS

DO 90 I=t,NO2

NCI=NCAS(I}

TF(NCI.LE.OI GO TO 70

ISI=ISYM_IT)

DO &_ J=t,NCI

SUMP 0

SUMP 10

SUMP _C

SUHP ]_

SUMP WG

SUMP 50

SUMR _0

SUMF 70

SUMP 80

SUMP _0

SUMP I]0

SUMP $10

SUMP t20

SUHP rio

SUMP i_0

SUMP tSO

SUNP 150

SUMP 170

SUHP 1BO

SUMP _g@

SUHP 200

SUMP 210

SUMP _0

SUMP _3C

SUMP _6

SUMP 250

SUMP Z_O

SU_P _70

SUMP 280

SUMP _gO

SUHP 3_0

SUMP 3_

SUMP ]20

SUMP 33C

SUMP 3_0

SUM_ ]50

SUNP 160

SUMP 3tO

SUMP _O

SUMP _90

SUMP 400

SUMP WIO

SUMP _20

SUMP W]O

SUMP _0

SUMF _50

SUMP W60

SUNP WTO

SUMP _0

SUMP _90

SUMP 5)_

SUMP SlO

SUMP 5_0

SUMP 5_0

SUNP 5_0

SUMP 550

SUMP 560
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6G

C

70

8O

9C

IO0

XN=(ALFS(I,J)-AMIN)/ASCAL2

YN=(FOAT{ItJ)-YMNI/Y_CAL_

CALL SYMROL(XN,YN,,L&_ISI,Ooq-I}

IEI_gATC(I,JI.EO.O.) GO TO g_

HITE=¢OATC(T,JI/vSCALE

YNH=YN+HITE

XNP=XN+.03

XNM=XN-._3

CALL PLOT(XNH_YNN_3)

CALL PLOT(XN_,YNH,2)

CALL PLOT(XN,YNH_)

YNH=YN-HITE

CALL PLOT(XN_YNH.2)

CALL PLOT(XNM,YNH,_)

O4LL PLOT(XNP.YN_,2)

CONTINUE

PLOT WIN0 TUNNEL DATA

IF(.NOT. WTP) GO TO 90

IF(NPARAM.GT.0 .AND. I.EQ.tl GC TO 83

IF(NPAeAH.GT.0 .OR. NCI._Q.BI CO TO q0

WTO(KWT+t,I)=YeN

WT0(KWT*2.1|=YSCALE

CALL LINES(ARP;,WTD(I,I).KWT,t,KWTI.ISI)

CONTINUE

YN=-YMNIYSCALE

IFIYN.L_.O. .OR. YNoGT.YLEN_) GO TO I0£

CALL PLOT(AL_N.YN,_}

CALL PLOT(0..YN.2)

CONTINUE

RETUPN

EN0

SUMF 5_0

SUMP 580

SUrF 5gQ

SUMP 6_0

SUrF 610

SUHF 620

SUMP 63e

SUMP 6hO

SUMP 650

SUMP 66C

SUMP 670

SUMP 680

SUMP 690

SUMP 7_0

SUMP 710

SUNg 720

SUMP 730

SUMP 7_0

SUMP ?50

SUHP 76fl

SUMP 770

SUHP 780

SUMP 790

_UMP 830

SU_P 810

SUNP 820

SUMP 830

SUNP 8WO

SUMP 850

SUMF 8_0

SUMF 870
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SUBROUTINE PSCALE

Description: Subroutine PSCALE selects flight data points to be plotted on the

basis of the criteria specified in subroutine INSTR. Itplaces flight data and

predicted derivatives for a single derivative into arrays for plotting and determines
ordinate scales if needed.

Programing notes: Flight data are moved from arrays FDATA and FDATAC to

arrays FDAT, FDATC, and ALFS. Array FDAT contains the derivative values,

FDATC the confidence levels, and ALFS the angles of attack. Predicted derivatives

are selected from array DATA and moved to array WTD.

Subroutine listing:

5n

60

7C

80

85

90

SUBROUTINE PSCALF(NCMXtND,NOZ,FOATA,FDJTAC,FOAT,FOATC, ALFS,DATA, PSCA 0

NBP,NMBP,KAqp) PSCA 10

DETERMINES PLOT SCALES, SELECTS DATA TO BE PLOTTED PSCA 20

DATA TO BE PLOTTED IT SELECTED FROM ARRAYS FDATA ANn FOATAC PSCA 30

AND PLACEC INTO THE SMALLER ARRAYS FDAT,FDATC, AND ALFS PSCA WO

COMMON /CASES/ NCASE PSCA 50

COMMON IPSCLI CPFACT,IWTt,IWTZ,YLEN2, II,NPARAM PSCA 60

COMMON ISELEKTI _APAM,TOL,IOER,YMIN,YMAX,LATLON,DERIVS,LL,WTPL PSCA 70

COMMON /POAT/ NCPLOT,YMN,YSCAL_,NCAS,CRF,WTP,_ERIV,WTC,KWT PSCA 80

REAL FOATA(NCMX,ND,I),FOATACfNCMXtND, I),FOAT(ND2,1),FDATC(N02,11, PSCA qO

- ALFS(NO2,1),OATA(NRP,NMBP.1},YHIN(2%IeYMAX(21|,7SC(_}, PSCA 130

- DERIVS(21),WTOI18,16) PSCA 110

INTEGER IOER(21),NCAS(16),NCAS_(32) PSCA 120

LOGICAL WTPL,WTP,NOPLOT PSCA 1_0

HTP=WTPL PSCA IwO

LONLAT=ND2_K2"LATLON_ PSCA 150

JOER=TOER(III PSCA 160

OFRIV=DERIVS([I| PSCA 170

ZSC(1)=Oo PSCA 180

ZSC(2)=O. PSCA 190

CRF=CRFACT PSCA 2JO

IFIJOER.GT.Igl CQF=O. PSCA 710

IFIJDE_oEO.21| WTP=.FALSE, PSCA 22C

NOPLOT=.TRUE. PSCA 730

O0 9_ JJ=I,NOZ PSCA 2WO

JJL=JJ+LONLAT PSCA 250

NCJ=_ DSCA 260

NCASEJ=NCA_C(JJL) PSCA 270

IF(NCASEJ.LE.C) GO TO 6C PSCA 2_0

00 50 I=I,NCASEJ PSCA 290

IF{ PARAMOFDATAC(22,JJL,I|.NE.]. ,ANO. PSCA 300

ABS{PARAM-FOATAC(22,JJL,I)|.GT.TOL| GO TO 5_ PSCA 310

IF(FOATAC{JOER,JJL,I).LF.O.| GO TO 5C PSCA 320

NCJ=NCJ+I PSCA ]]0

FDAT(JJ,NCJ)=FDATAIJDER,JJL,I# PSCA 340

FOATC(JJ,NCJ)=FDATAC(JOER,JJL, T)_CRF PSCA 350

ALFS(JJ,NCJ)=FCATA(Z2,JJL,I) PSCA 360

ZSC(t)=AMINlfZSC(II,FOAT(JJ,NCJ)-FOATC(JJ, NCJ)) PSCA ]70

ZSC(2)=AHAXt(ZSC(2I,FDAT(JJ,NCJ|*FDATCIJJ,NCJ)} PSCA 3_0

CONTINUF PSCA 390

I_(.NOT. WTP) CO TO 85 PSCA _)0

IF[NPA_AM.GT.O ,AND, JJ.EO.11 GO TO 70 PSCA WIO

IF(NPARAM,GT.O .OR. NC J.EQ.3) Go TO 85 PSCA W20

KI=(JOEQ-II*NA_P+IWTt PSCA W]C

KNT=IWT2-IWTI+I PSCA 4WO

K2=Kt*IWT2-1WTI PSCA _50

J=_ PSCA _60

50 _? I=K1,K2 PSCA WTC

J=J+l PSCA _80

WTO(J,JJ)=OATA(LL,JJ,I) PSCA _90

ZSC(tl=AMINI(ZSC(X|,OATA(LL,JJ,I|| oSCA 500

ZSC(_]:AMAXI(/SC(ZI,DATA(LL,JJ,I)I BSCA 510

NCAS(JJI=NCJ PSCA 52B

NOPLOT=NOPLOT .AND. (NCJ,EQ.9) PSCA 5t0

IF(NO,LOT) CO TO 110 PSCA 5WO

IF(YMAX(III.EO.YMIN(II)| GO TO 1_0 PSCA 550

YMN=YMIN(III PSCA 560
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v SCALE--- (YMAX ( I [ )-YMIN I 111 !/ YL_N2

GO TO 200

199 CALL SCALES(7SC,YLFN2,2,,FALS_,)

YMN:ISG(3)

YSCALE=7SC{4)

GO TN 2(]_

lie WPlTE {3, 2090)DERIV

2)00 FORMATI3OHONO FLIGHT OATA AVAILABLE _OR ,A_,_

200 PETURN

ENO

PSCm 53'0

PSCA 5_0

PSCA 590

PSCA 60D

PSCA 610

PSCA 620

PSCA 6_0

PSCA 6WO

PSCA 650

DSCA 660

SUBROUTINES WINDIN, LOAD1, SCALES, LINES,

PLTDAT, TIME, AND DATE

Subroutines WINDIN, LOAD1, SCALES, LINES, PLTDAT, TIME, and DATE are

identical to those in the SETUP and MMLE program.
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APPENDIX F

SAMPLE CASE FOR THE SUMARY PROGRAM

This appendix presents a sample case for the SUMARY program.

INPUT CARDS

SAMPLE CASE FOR SUMARY

_WINO NCLO:6,LONG(II:T,NA_P=W,_ODY:T,AMAY:24.,ASCALE=2.,CRFACT:IO',$END

2

.65 .9 i.

2

.07 ._65 .86

2

-,005 -.G3B -.012

I

CN

,4

CNA

,075

CMA

-,086

CNOE

.02

CMDE 1

-,Dr

CMQ 2

-5. -5. -5.2 -6.

5. IG, t5. 20.

,5

%.

LONG AIPC@AFT B FLT I CASE I O. OOU a.803 l,CO3

A 3 _
-.06973_ C.OOJCOu 0.0000011 -.005_20

-.005J95 -5.276583 0.0303CV C,000300

.003742 C.03OCO: 3.?]0088 1.0COCO0

B 3 6

-.008_8_ O.OOCCO0 0.0300S_ G,O0300C -.3w64B_ .076820

-.011_56 O.COOG03 G,O00CuC G.O00000 -2.Z_B757 O.OCOGO0

.OO_65W O.O_OGOÙ O.OCC_ r.O00000 -.32826_ D.CCO00_

AC 3 3

,000077 ,352775 O,O_)OU

O,OQO00d G.C_OOOO O,OuO000

_C 3 5

.006656 C,10G_O_ 0,0_00_. C,O000OC ,_551

,000213 O,OCOGO0 O,OG050q O,O0000G ,030 825

0,030000 O.OGGCO_ O.OCdOOi O.CO0_O0 O,OOO000

LONG AIRCRAFT _ FLT 1 CASE 4 ).GO,) 1C,031 1._Od

-,06878_ O,OIOCOG 3.0JO00_ -,016320

-.01_0_+ -6.1483E_ 0.000031 8.OCOCO0

.056651 O,OEOC03 3,_0030_ O,OOO000

3 6

-,006378 O,O:dO0_ 0,030038 O,O)O000 -,653271 ,IJSEC_

-,0102_8 O,OOOOG_ 3,00000_ 0,001000 -5.$28_8 O,O00000

,00Z856 O,05bCOa O,OCO000 O,OOdO00 -,otIg_z 0,030600

AC 3 3

.0_I169 G.O@O00_ O.O00OO_

.O_QC_6 ,4_3856 _,8_OOd_

O.O,]o00n O._OOOC_ 0.C03003

_C 3 5

• 30101& O,OgCOC_ O.OgOOC3 O,O00000 ,31337_

,0[319_ G,OOCO00 O.O000_L O,OOO000 ,001911

G.O00C_D 0o6C880L, O.COC03J C.O00000 C°O00GO0

LONG AIRCPAFT B PLT i CASE 8 O,O_O 13.671 1,003

-,05172_ O,OOCCOd O,OOGg_? -,0_6_70

-,035243 -_,21B_l] 1.30000,3 C.COOGO0

.085995 C,OuO00C O,08OCOu 0,000100

B 3 6

-,OIgTG2 C,G£OCOC O,OJO010 0,000300 -,_13778 ,I_23B_

-.3093_6 O,O_OGO_ O,O_OOCu O.O00CO0 -6.7_5284 -O,CCC(O0

.OJZqg2 _,OJOGOJ O.OOOJ_J _.UOOJO0 -,08260_ O,O00OO0

AC 3 3

.0J1286 O,800OO_ O,OdCOCJ

.050_ .296974 3.00013_

O.CO_GOC C.OCO_OJ O.3JCqOL

qC 3 5

.c_l]gl o.0o8_0_ o._ueoco o.ooo_eo .o2ol_i

.du1202 g. OLCGO_ 3.03005_ O.OCOuO0 .0_163t

O.OOgGG_ 0.0_100_ 3.31b06_3 C.003800 G.3OO00]

• 26J

.263

.26L_
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LONG AIRCRAFT B
A 3 4

".058530 0.000500
-.008326 -Z,095303

• 005033 0.000000

B 3 6
-.013062 0.000000
-.01022_ 0.000003

• 002516 0.000000
AC 3 3

• 001301 Q.OGGCOd
• 006051 o2196_5

0.000300 O.OOCCon
9C 3 5

• 00%Z09 0.000000
.000t_7 O.OCOCO0

0.000000 O°O030JO

LONG AIRCRAFT B

A 3

-,065610 O.OqOOOQ

-,007W99 -W.851715
.00578_ 0.000000

B 3 5
.001381 C.CO0000

-.011126 O.O;C_O0

.00207_ 0.000C00
AC 3 3

• 001335 9.030000
.000056 .222093

0.000000 0.0)0000
BG 3 5

• 001252 0.000000
.000157 _.030000

0.000000 O.O_OCOO

LONG AIRCRAFT B

A 3 W

-.06193E 0.000C00
-.010069 -3.778632

.006358 0.000000
8 3 6

-.006655 0.000_0_
-,011583 0.03000_

• 0G1551 0.000039
AC 3 3

.001_70 0.03_000
.000073 .25_969

0.03030_ _.000_0_
8G 3 5

.0010_6 O.OOCCO0
• 00017i 0.000000

0.000500 0.000000
LONG AIRCRAFT B

A 3 W

-.055533 0.000_00
-.OttO31 -._6157

• 006307 0.0_0_00

B 3 6

-.015876 O,CO000d

-.0D_337 0,000000

• 0_1350 0,000000
AC 3 3

.0010Z3 O.OOCO00
• 000039 .1337_3

0.00000C 0.00000_
_C 3 5

• 00071? O.03000J
.000086 9.000000

0,000000 O.O00_OC

FLT i CASE It 0,000 t6.399 1.000

0.C00000 -.012960
0.000000 0.000000

0.030000 0.000000

O.O000OO 0,030060 -.935_26 .120320

• O000W6 C,O0OCO0 -8.7177t3 -O.00000Z
0.000000 0.C00300 ,00Z801 0.010000

O.O00_OO

0.030000

3.000300

3.000300 0.000_00 .023573
0.0900£0 0.000000 ._CIE8I

g. COOOOJ 0.000000 0.0_0C03
FLT 1 CASE 12 O,OOJ 17.993 t*_00

O.O000CG -.015_E0
0.000_00 0.000000
0.000000 0.000000

0.000000 C,CO0_00 -1._08667 .171330

0.0000_0 0.CC3000 -9.911981 -0.000000
0.0_000_ 0.000000 .00_800 0.000000

_.000000
3.00009_

0.000000

0.00000[ 0.000000 .027E91
0,00C000 0.000000 .OOZZTl

0.0007C0 0.000000 0.000000
FLT 1 CASE 15 0.003 ZC.088 1.C09

0.00000_ -.003_70

0.000_0 0.000000
0.000003 0.300000

0.0000_0 0.000000 -l._q56ZO .1_8190
O,300JC; 0.003600-1%.977_J -O.C_O000
0,000_00 G.0_0000 .d123_2 O.OCOCOO

0.000030
0.000300
0.0_0003

0,00000_ 0.000000 .330336

0._0000_ 0.000000 .00Z59_

0.00030_ 0.000000 0.000000

FLT 1 CASE 17 0.000 21.376 1.$00

O.O0000d -.008290

O.O0000O 0.000000

0.00_}03 0.000000

0.03000_ 0.000000 -1.LSW961 .tEq710

0.00000_ 0.000000-13o]0i825 -O.C_O000
0.00030_ 0.000300 .011709 C.000000

0.000000
0.B00000
0._00000

0.000000 0.000000 .021 76_
0.000000 0.000000 .301095
3.000000 0.000300 0.000003

.ZTO

.760

.260

.260
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APPENDIX F -- Continued

LONG AI_:CRAFT _ FLT J. C
A 3

-,057218 O,O00OO0 O.O00._OG
- o0 ll8k,_. ,1E5115 0,3_,G000

,O06LJ. 5 O.OCCOOG 0,0003CL

B ] 6
-,01276k, O.OOGO00 I},O0005C
-,0073G7 O.O0000C O.O_OOfJD

oOiJlt50 C.O00bO0 O,OCOOu:.
AC 3 3

,00$ 05;:' 0.000003
,000060 ,16%152

O,OGOJO0 O, 000_.00

BC 3 5
.000772 0.000000
°O00il8 0,03000..I

0,000003 3,000000

PLOT

LATR

CNB

LONG

CN CNA

C_A CMQ

END

3,000000

0,000_0_

0,00000G

O,OUO0O3

0,00000_

0,;0000_

ASE 19 0,000 Z_,6kl

-.005510
OoQQOO00

0,000000

0.000000 -1,t87_00 .1_5320

O,GO0000-15,32Z3t_ -O°O00OOO
0,000000 .0129_5 O,OOOOOO

G,OOOOOO ,025_2_
C.000000 .002325

0.003000 O°OOOO00

CMDE

DE

1,000

CNDE

CMDC

.260
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APPENDIXF -- Continued

OUTPUT LISTING

MMLE SUMMARY PLOTTING PROGRAM _ i JULY 197W

SAMPLE CASE FOR SUMARY

CONFIDENCE LEVELS WILL DE PLOTTED MULTIPLIED QY 10.0

_ VERSION 2

LONG AIRCRAFT _ FLT I CASE I O,]O3fi _,8C30

LONG AIPCRAFT q FLT 1 CASE h O.J]_C I0.C310

LONG AIRCRAFT 3 PLT 1 CASE 8 O,JgOC 13.6710

LONG AIRCOAFT _ FLT t CASE 11 O.ODPO 1E.39_0

LONG AIRCRAFT 3 FLT 1 CASE 12 0.30_0 17.9930

LONG AIRCRAFT R FLT 1 CASE 15 0.3000 20._880

LONG AIRCRAFT 3 FLT t CASE 17 J._O[;_ 21.]7E0

LONG AIRCRAFT q PLT i CASE 19 O.O0]P 22,641E

LAIR PLOTS PARAM: -O.O_CO TOLERANCE= -O,OOC]

TOLERANCE: -O.COS _

O r CMDC

COEFFICIENTS TO BE PLOTTFD

CNB

NO WIND TUNNEL DATA AVAILABL ;

NO FLIGHT DATA AVAILADLE FOP CNB

LONG PLOTS PARAM= -O,Og_

COEFFICIENTS TO BE PLOTTED

CN CNA CMOE CND£ CMA CMO

NO FLIGHT OATA AVAILABLE FOR CMDC

l.OOOO .26C0

I.GOOO .2610

1.C000 .261_

l. IOOO ,26E3

1.GO00 .26_0

1.CO00 .26C_

t. IO00 .26C0

1.0600 °2600
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APPENDIX F -- Continued

A sample plot from the SUMARY program is shown. The plot is presented in
four parts to avoid loss of detail from a large reduction. The plot as produced by
the automatic plotter is shown within the heavy lines. Explanatory material is

included to aid the user in implementing the program. Solid lines denote predicted
derivatives. Vertical bars (_[) indicate confidence levels.

C N

C N
(1

091 t _7"_4 I I .?g.4_ •

:_FIMPI_EC_SE fOP, SUMRRY

sl
-i

S_I
41

ol

4_*-oo

@

@(9
@

@

@

r
4'.00 e'.Ot) _ ? .Og i 6. OO 2}] .00 2_4 _00

2

I
J

4_

8

:_ .oo

hLPHR

4'.00 e'.oo _.oo _.oo @.ao
RLFHR

24.00
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APPENDIX F -- Continued

C

m 6
e

CN 8
e

SNMPLE C_SE FOR SUM_RY

T c_.
C_

m

_t
c_)

?-

'0.00

c3

JO .00

_LPM_
?_0 -OO

I

4.00

2'4 , O0

e'.oo L'.oo _._-oo _b.oo ?'_.oo
FILPI4F_

a
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APPENDIXF -- Continued

C
rfl

(Z

C
rn
q

SAMPLE C_SE FOR SUM_RY

g
41

._g

?

'0 ,00

_/-_ + _

\\#

,'._c, d.oo .'_.oo :_.o:, _b.oo
,qLPM_q

c_

_Sg
T

m_

JO -00

l
4 -00 e'.oo t_.oo I_.0o

F_LPI-IA
_0.00

74.00

"2'4.00
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APPENDIX F -- Concluded

8

e trim

S_MPL£ C_S_ FQR SUM_RY

c_

m_

I

_J30

(O

!5.0q ?O.Og

©

7
'24 __'r3
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